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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES

2020
Bogota, D C, 11 de Mayo de 2005

Doctora )
DILIA RODRIGUEZ D'ALEMAN
Representante BP EXPLORATION OPERATING COMPANY LIMITED

ASUNTO Radicaciébn No 00-48492
Tramite 002
Evento 001
Actuacion 430
Oficio ¢ 17801
Folios ~* 143

Como resultado del examen de fondo, realizado con fundamento en el articulo 45
de la Decision 486 de la Comision de la Comunidad Andina, se le comunica

1) Documentos estudiados:

a) Para el presente estudio se tendran en cuenta el capitulo descrptivo,
comprendido en los folios 50 a 62 de la solicitud en estudio

b) Para el presente estudio se tendra en cuenta el capitulo revindicatono que
comprende 17 rewvindicaciones en los folios 63 a 64 de la solicitud en
estudio

¢) Conforme lo establece los articulos 9, 10 y 11 de la decision 488 de la
Comision de la Comunidad Andina, la presente solicitud en estudio fue
presentada el 28 de junio de 2000, y en el momento de la radicacion Sl se
reclamo pnondad de la pnmera solictud presentada en Gran Bretana
GB9915214 2

2) Objeto de la invencion

a) Las revindicaciones 1 a 17 de la solicitud en estudio se refieren a una
micro emulsion que comprende (1) una fase oleosa, (1) una fase acuosa que
comprende una solucidn acuosa de un producto quimico soluble en agua
para la explotacién de un yacimiento de petréleo o de gas o una dispersion
acuosa de un producto quimico dispersable en agua para la explotaciéon de
un yacimiento de petréleo o de gas y () al menos un surfactante,
caractenzada porque la fase acuosa esta distnbuida en la fase oleosa en
forma de gotitas que tienen un didmetro del orden de 1 a 1 000 nm o en
forma de micro dominios que tienen al menos una dimension de longitud,
ancho y espesor del orden de 1 a 1000 nm

b) El antenor producto busca mejorar la explotacibn de yacimientos de
hidrocarburos
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c) Segun la Clasificacion Intemacional de Patentes, la codificacion para esta
solicitud corresponde a C 09 K 7/002

3) Claridad de la Solicitud

a) El articulo 28 de la Decision 486 de la Comision de la Comunidad Andina
de Naciones establece

"La descripciébn debera divuigar la invencion de manera
suficientemente clara y completa para su comprension y para que
una persona capacitada en la matena técnica comespondiente
pueda ejecutarla”

Aunque no se establece claramente y con detalle en la legislacidn la forma
de presentar una solicitud, universalmente se siguen unos parametros para
facilitar su estudio La forma de presentacidén de la presente solicitud, no
permite una lectura facil dado el tamafio de la letra Se recomienda al
solicitante enviar un nuevo texto completo con un tamafio de letra
adecuado

b) El articulo 30 de la Decision 486 de la Comisidn de la Comunidad Andina
establece que

‘“Las rewvindicaciones definiran la matena que se desea proteger
mediante la patente Deben ser claras y concisas y estar
enteramente sustentadas por la descripciébn Las rewvindicaciones
podran ser independientes o dependientes Una reivindicacion sera
independiente cuando defina la matena que se desea proteger sin
referencia a otra remvindicacién anterior Una reivindicacién seréd
dependiente cuando defina la maternna que se desea profeger
refinéndose a una rewvindicacion antenior Una reivindicacion seré
dependiente cuando defina la materia que se desea profeger
refinéndose a una reivindicacién anterior - Una reivindicacion que
se refiera a dos o mas rewvindicaciones anteriores se considerara
reivindicacién dependiente multiple ”

El capitulo reivindicatono no es claro toda vez que

1} No se encuentra comectamente redactado Dadas las muchas
explicaciones que da el solicitante en las revindicaciones, se toma
confuso el identrficar el objeto a ser protegido Por su estructura todas
las reivindicaciones deben constar de dos partes Una pnmera parte, el
preambulo, sirve para situar el objeto de la invencion dentro de un
contexto técnico, es lo que se conoce y sobre lo que no se reclama
ningin pnvilegio Si el solicitante en esta parte afirna que quiere
proteger una micro emulsién, no es necesano que explique que
comprende una fase acuosa, una fase oleosa y por lo menos un
surfactante, pues todas las micro emulsiones tienen esas
caracteristicas y un técnico medio lo sabe Ademas, st se habla de un
producto quimico dispersable en agua, se puede afirmar que dicho
producto es soluble en agua Por lo tanto ese preAmbulo largo tedioso y
confuso, puede quedar reducido a “Micro emulsibn que ncorpora un
producto quimico soluble en agua para mejorar la explotacion de un
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yacimiento de petréleo o de gas, caractenzado por " Se entendena
por el escnto, que la segunda parte (o0 parte caracteristica, que define
lo que se considera novedoso y se desea proteger), consiste en la
distnbucidbn de la fase acuosa en la fase oleosa Debe corregirse el
capitulo

n) La remvindicacién 12 no aporta ningln elemento técnico nuevo y solo se
evidencia un uso que se le quiere dar al compuesto de las pnmeras
remvindicaciones Por tanto, dicha remvindicacién no puede ser aceptada
y debe eliminarse

m) La reivindicacion 17 no revela ninguna caracteristica técnica valida que
permita dentificar o caractenzar un producto Se trata s6lo de una
apreciacion subjetiva (aumentar eficacia) Debe elminarse esta
reivindicacion

Iv) Las reivindicaciones no encuentran soporte en la descripcibn Como se
observa en la revindicacién 1, el solicitante quiere que se le proteja una
micro emulsidn con ciertas caracteristicas, que son las mismas que en
el folio 52 dice el mismo solicitante son conocidas Existe una clara
contradiccién

De acuerdo a lo antenor, el capitulo revindicatono no cumple con el
requisito de clandad de acuerdo a lo establecido en el Art 30 de la
Decision 486

4) Reivindicaciones de uso

El articulo 14 de la Decision 486 de la Comisidon de la Comunidad Andina
establece

*Los Paises Miembros otorgaran patentes para las invenciones
sean de producto o procedimienio, en todos Ilos campos de la
tecnologfa, stempre que sean nuevas, tengan nivel inventivo y sean
susceptibles de aplicacion industnal®

Las reivindicaciones 13 y siguientes simplemente comresponden a un uso del
producto, mas no estan caractenzando un método nuevo El producto quimico
que sirve para {os pozos necesanamente se debe inyectar dentro del pozo, en
ocasiones se inunda y siempre se deja que actue el producto en la formaciéon Es
evidente que lo Unico que se pretende aca es proteger el uso del producto

Tal como se dijo en lineas antenores, es evidente que la reivindicacién 12,
ademas de su mala redaccién, evidencia la proteccion de un uso

Tal como esta contemplado en la legislacion el uso no se protege Se protegen
los productos o procedimientos, donde el producto este correctamente definido
por su conformacion o su composicion, y los procedimientos por la sene de etapas
que busquen un fin El uso no corresponde ni a un uso nt a un procedimento El
uso es simplemente la aplicacion industnal de esos productos o procedimientos

Por lo antenor, las revindicaciones 12 a 16 no son patentables de acuerdo al Art
14 de la Decision 486



5) Determinacion del Estad de la Técnica

El articulo 16 de la Decision 486 de la Comisidn establece

“El estado de la técmca comprendera todo lo que haya sido
accesible al publico por una descripcion escrita u oral, utilizacion,
comercialzacién o cualquier otro medio antes de la fecha de
presentacion de la solicitud de patente o, en su caso, de la priondad
reconocida *

“Solo para el efecto de la determinacion de la novedad, también se
considerara dentro del estado de la técnica, el contenido de una
solicrtud de patente en trémite ante la oficina nacional competente
cuya fecha de presentacion o de prioridad fuese antenrior a la fecha
de presentacién o de priondad de la solicitud de palente que se
estuviese examinando, siempre que dicho contenido este incluido
en la solicitud de fecha anterior cuando ella se publique 0 hubiese
transcummido el plazo previsto en el articulo 40 *

13.»-'0

Consultadas las bases de datos Yy los archivos con que cuenta la entidad,
especialmente bajo las clasificaciones C 09 K 7/02 y las mas cercanas a ellas, se
encontré que antes del 29 de junio de 1999 (fecha para determinar el estado de la
técnica) habfan sido publicados los documentos que se enumeran en la siguiente

tabla

los cuales se relacionan con micro emulsiones

De acuerdo con o establecido en el articulo 16 se determin6 el estado de la
técnica y se encontrd el siguiente antecedente

. Fecha de
(-]
N° | Documento Titulo Publicacién
Polymers useful 1n the recovery and processing of
D1 | US 5186257 natural resources 16 02 1993
D2 | US 4741399 | Qil recovery process utlizing gravitational forces 03 05 1988
Process for manufactunng inverse microlatices of
water soluble copolymers, the resultant inverse
D3 | US 4681912 microlatices and their use for improving the 2107 1987
production of hydrocarbons
D4 | US 4012329 Water in o1l micro emulsion drilling fluids 1503 1977
D5 | US 3688851 Treating subsurface formations 05 08 1972
D6 | US 3670816 Oil recovery process 20 06 1972
D7 | Us 3254714 Use of micro emulsions in miscible type oil 07 06 1966

recovery procedure




6) Evaluacién de los requisitos de patentabilidad

El articulo 14 de la Decision 486 de la Comision de la Comunidad Andina
establece

“Los Palses Miembros oforgaran patentes para las invenciones,
sean de producto o procedimiento, en todos los campos de la
tecnologia, siempre que sean nuevas tengan nivel inventivo y sean
susceptibles de aplicacién industrial’

En cumplimiento con este articulo, se procedi6 a evaluar los requisitos de
novedad, nivel inventivo y aplicacion industnal con el fin de establecer la
patentabilidad de la invencion reivindicada en la solicitud en estudio

a) Evaluacion de la novedad y el del Nivel Inventivo

El at 16 de la Decision 486 de la Comisibn de la Comunidad Andina
establece

“Una invencién se considerara nueva cuando no esta comprendida
en el estado de la técnica ” °El estado de la técnica comprendera
todo lo que haya sido accesible al pablico por una descripcion
escrita u oral, utihzacion comercializacion o cualquier otro medio
antes de la fecha de presentacion de la solicitud de patente o, en su
caso, de la prioridad reconocida *

“Sélo para el efecto de la determinacion de la novedad, también se
consideraré dentro del estado de la técnica, el contenido de una
solicitud de patente en trdmite ante la oficina nacional competents,
cuya fecha de presentacién o de prionidad fuese anterior a la fecha
de preseniacion o priondad de la solicitud de patente que se
estuviese examinando, siempre que dicho conterido esté incluido
en la solicitud de fechas de priondad cuando ella se publique o
hubiese transcurrido el plazo previsto en el articulo 40 "

El art 18 de 1a Decision 486 de la Comisidn de la Comunidad Andina
establece

“Se considerard que una invencion tiene nivel inventivo, s para
una persona del oficio normaimente versada en el arte en la materia
técnica correspondiente, esa invencion no hublese resultado obvia
ni se hubiese dernivado de manera evidente del estado de la
técnica”

Eldocumento D1 US 5186257 muestra una sene de polimeros
empleados en yacimientos, los cuales son aplicados en forma de micro
emulsidbn Todo lo que muestra la presente solicitud se puede denvar de
D1



De la mismaforma D2 US 4741399 revela métodos donde la inyeccién
de compuestos (algunos enumerados en la presente solicitud) mejora el
rendimiento de pozos de hidrocarburos Combinando este documento con
uno cualquiera de los demas documentos citados se pemite liegar a lo
que el solicitante desea proteger para Colombia

D3 US 4681912 muestra micro emulsiones de copolimeros solubles en
agua dentro de una fase oleosa junto con surfactante(s) que mejoran las
caracteristicas de los pozos de hidrocarburos Partiendo de D3, un técnico
medio puede llegar a lo que se quiere proteger en la presente solicitud

Igualmente D4 US 40123280 muestra micro emulsiones como las
esbozadas en la presente sohcitud y que también se usan en perforaciones
de hidrocarburos Se evidenciaria la presente solicitud partiendo de D4
Muchas de las ventajas que tedncamente obtiene el solicitante ya habian
sido descubiertas por la antenondad

D5 US 3688851 o D6 US 3670816 mencionan emulsiones que cumplen
con el mismo objetivo propuesto en la presente solicitud Al combinar uno
de estos documentos con otro cualquiera de los enumerados se encuentra
lo que el solicitante desea proteger para Colombia

D7 US 3254714 también revela el uso de micro emulsiones para el
tratamiento de pozos
b) Resumen

En conclusion los requisitos de patentabilidad de la presente solicitud se
podrian ver afectados asi

N° | Documento | Rervindicaciones afectadas Requisito que afecta
D1 | US 5186257 1-17 Novedad
Nivel inventivo
D2 | US 4741399 1-17 Nivel inventivo
D3 | US 4681912 1-17 Novedad
Nivel inventivo
D4 | US 4012329 1-17 Novedad
Nivel inventivo
D5 | US 3688851 1-17 Nivel inventivo
D6 | US 3670816 1-17 Nivel inventivo
D7 | US 3254714 1-17 Novedad

Nivel inventivo

7) Notificacléon

En cumpiimiento del articulo 45 de la Decision 486 de la Comisidn de la
Comunidad Andina, se le indica que dentro del término de sesenta dias contados
a partir de la fecha de la notificacion de la presente comunicacién debe responder
a la notificacibn En caso de no dar respuesta al presente requenmiento, o0 si a
pesar de la respuesta subsistieran los impedimentos para la concesion, se
denegara la patente
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Notifiquese el presente oficio conforme a lo dispuesto por el numeral § 2, Iteral e)
del capitulo quinto del titulo pnmero de la Circular Unica N° 10 de 2001

DOQRIS POLO CORDOBA
Jefe Divisién de Nuevas Creaciones (E)

El antenor requenmiento fue notificado por fijacién en la lista, de fecha

19 A0 2005
Concepto Técnico N° EXAMINADOR TECNICO EXAMINADOR JURIDICO
Cédigo No Cédigo No

663 202003
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1

POLYMERS USEFUL IN THE RECOVERY AND
PROCESSING OF NATURAL RESOURCES

Ths application 1 a divisional of copending
tion Sex No. 736,831 filed Jul 18, 1985, now US Pat

2
dnve fluds can melude gaseous flinds such as steam,
carbon dioxide, and the hke
In one embodiment of this mvention the polymers
described heren are used as the polymenc viscosfier in

appbca- 5 sieam shmulahon This 1 particularly desirable under

condiions of a hostile environment In a stesmflood

No. 5,080,809, which 1s 2 contmuston-m part of co-  operation crosshoked or uncrosthnked polymeric vis-
pending Ser No 568,363 filed Jan. 9, 1984  comiiers m a0 aqueous surfactant solution and steam are
pow U S Pai No. 4,951,921, which s a continuation-in-  1njected 1nto subterranean formations to effect permea-
part of copending mpphcation Ser No 461,707, filed 10 bility correchon by transporting foamed surfactant mto
Jam 28, 1983 now US Pat No. 4,644,020 high permeatihty zomes mto divert subsequently in-
This invention relates to new and nseful polymers  jected steam to the relatively oil-rich less permeable
Further, thas invention: relates to the preparation of such ~ zones The polymenc vscoatfier thereby greatly en-
polymers and their use 1o the recovery and processmg  hances the thermal stability of the foamed surfactant
of natural resources, such as for example m such appl- 15 solution thus prolonging the effective ime penod of the
cauons as enhanced oil recovery, well dniling, worko- ty correction operation.
ver and completion, the treatment and thickening of In anather steam stimulstion technique, the steam is
water for pse in vanous applications, and mmemalsbene-  mjected mto the reservoir followed by an extended shut
fication. Sull further, this mvention relstes to the mtro- 10 penod aof for instance 1-2 weeks. The steem 15 fol-
duction of certmn polymers of the prior art as wefl as 20 lowed by s hot agqueous surfacmnt active COmYpoEition
the mventive polymers of the presemt mvention into  The well it put back m production immediately and any
subterranean well bares where high temperatures and-  steam channefling the surfactant causes it to
Jor sshimty and/or hardness of formation waters are  foam and block the sieamflow The steam finds an alter-

encountered

BACKGROUND

Mapy synthetic polymers have been developed and
wed m procemes for the recovery of natural resources.
Generally a deirable property 18 that such polymers

mopart to & hqud as increased viscosity when & rela- 30

tively small quantty of the polymer 1 added, and pref-
erably at a mamimal cost. There i5 an mcreasing demand
for such polymers which will withstand hostile environ-
mepts mcluding, e.g. high temperatores, ligh salimty

and hugh content of mulhvalent metal cations, com- 35

monly known as “hardness ions™, as well as the high
acdity, temperature and shear conditions encountered

15 processes such as acid fractunng. Vanous polymers
may be used m the processes far recovery of treatment

of nateral resources disclosed below as pertinent to this 40

invention

ENHANCED OIL RECOVERY
Q1 accomulated wiathin & subterranean oil-bearng

formation 1 recovered or produced therefrom through 43

wells, callad praduction wells, drilled mto the subterrs-
nean formation. A large amaunt of such ol 18 left i the
subterranean formatons if prodneed only by prmary
depletion, L&, where only formation energy 1 msed to

recover the oil Where the imtial formation energy 15 30

madeguate or has become depleted, supplemental oper-
stions, often referred to as secondary, tertary, en-
banced or post-primary recovery operations, are em-
ployed. The term “enhanced”™ will be used herem to

referred to all such operations. In the most successful 55

and most widely used of these operanons, & flmd 15
mjected mto the formation by pumping 1t throogh one
or more mjechion wells drilled mto the formation, ofl 18
dmplaced withm and is moved through the formanon,

nate lawer mne where the heat wall be

25 transferred to the ol and formation thus providing &

more efficent steam stumulanon process. As the steam
condenses and the foam collapses, the channels open up
to produce oil The presence of the polymers described
herein (gelled or ungelled) wath the steam stabilizes the
foam The foam to which this invention can
be applied are descnibed in U S Pat. No. 3,993,133, the
disclosure of which » hereby mcorporated by refer-
ence.

Although conventonal waterflooding 1s effective m
obtamming addwronal ol from oil-beanng subterranean
formations, the technique does exhibit a namber of
shartcomings. Faremost among these shortconungs 15
the endency of flooding water to “finger” throngh en
al-besrmg formation and to thus bypass substantial
poruons thereof By fillering is meant the development
of unstable water siream fronts which sdvance toward
the prodaction wells more rapdly than the remainder
of the flooding water Furthermore, when fingenng
encountered, the water does not normally displace as
much o 1n the portions of the formations which 1t
contacts as 1t 18 potentally capable of displacing

It has been established that waterfloods perform less
ansfactorily wath the more viscous mls than wath rela-
tvely nomviscous ot The fingenng and bypasuing
tendencres of water are related to the rabo of the viscos-
nty of the ol to the viscoslty of the flooding water, and
also related to fractures and/or high permeatulnty zones
m the formathon The visconity of these ouls vanes from
a3 low as ome or two centipasse to 1,000 centipalse or
lugher Water generally has a viscosty of about ] centi-
polse at room temperature.

In order to restrict the mobility of the flooding water
10 no greater then the mobthty of the oil, water thicken-
mg agents have been added to increase the viscosity of

and is produced from oae or more productich wells 60 the water Smtable agents for mcreasing the viscomty of

drilled mto the formation. In the particular
operation of thus sort, fleld water or field brme  usoally

employed 25 the injection flmd and the operation 18
referred to as a waterflood. The injechion water is ofien

the flooding water are water-soluble or water-disperss-
ble, lugh molecular weight polymers These polymers
may sdsorb on the formation surfaces, and accumulate
m (or absorb) and reduce permesbility through the rock

referred to as floodmg hiqmd cr flooding water as distin- 65 pores. Comsequently, the polymers cause the fioodmg

gushed from the i situ formation, or connate water
Flulds mjected later can be referred to as dnving flmds.
Although water 15 the most common, mnjecton and

water (Winch can contamn polymer or other agents)
njected therebehmd to flow into previously snunvaded
portions of the formation However, these polymers are
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3
susceptible to adverse effects present i some subterra-
nean formanons, such as high temperature and dis-
solved electrolytes, which cause the polymers to pre-
crpitate and/ar lose thear viscomty-enhancing effective-

ness, thus increasing flood water mobility, and gener- §

ally become less effecthve as mobility contral agents,
To maxmize the recovery of @l m post-pnmary ml

recovery operations, a substantially umform permeatnl-

ity should enst throughout the strata. If the formation

4

High-yielding bentonite clay, when treated with lugh
molecular weight polyacrylamide and polyacrylate
polymers or copolymers of vinyl acetate end malesc
anhydnde, can be made to produce about the same
viscosity &8 twice the amount of nntreated bentomite.
See Park et al, 01l & Gas Joumnal, May 30, 1960, pp
81-34

Excessive flud loss from the dnling flud may con-
tammate the producing formation, permanently dusplac-

permestulity is heterogencous, the flooding fluds will 10 jng oil and blociang production If the formation pene-

seck aress of high water permeability, producmg chan-
nelng and the passage of excess dnving flmd to the
producing well. As the more water-permeable strata are
depleted of o, the dnving flwsd thus has a tendency to

follow such channels and further increase water pro- 15

duction, reflected m an increased water/oil mtio st the

produciag well. More nniform lood fronts can be ob-

toned m formators of pooumform permeabihty by
ty correction of the more water-

permeainhs
strata of the formation. One method for reducmg the 20

water permeability of these more permeable strata is the
mpection of plugging matenals mto the formaton struts

to ut least partwlly plug the more water-permesble
zones and achieve reduced water permeability m smd

zones Pluggng matensl con be formed m st 1o the 25

formation by the mjechon of one or more reactant sub-

stances which chemically react to form bodies of re-

duced water permesbibity, aliematively monomers or

mw:polmnwh!chmpolymmblemdufmmm
hoas.

DRILLING, WORKOVER AND COMPLETION
FLUIDS

In the art of drilling wells to tap sublerranean depos-

its of nutural resources, such as gas, geothermal stesm 33

or odl, especaally when dnlling by the rotary method or
the percussion mcthod wheremn cuttngs must be re-
moved from the bare hole, 1t 15 necessary 1o use a dnl-
ling fimd, as 15 well known 10 those skilled 1n the art

The subject % dwcussed more fully n US Pat. No. &

3,023,234 In addition to havmg the desrable rheolop-
cal properties such as viscosty and gel strength, it 18
very mportamt that such dniling fluds exhubit a low
rate of filtration or water loss, that », the drilhng flusd

must prevent excessive amounts of finid, or “filtrate™, 45

from flowmg from the bore hole mto the surrounding
formation. The loss of water or ather flmd from the
dnihng flmd 15 prevented by the formation of a filter
cake which deponts from the dnilmg fluid and scal the
wall of the bore hole.

To produce an effective drillmg mud, the clays mzed
with water should dwperse to a certan exient, aot ex-
cecding an acceptshle opersting range. That m, the
mdividual clay particles should hydrate and repel each

other and will remun m suspension (formmg & “mod™ 55

or viscous dnlimg fluid) and filter out to form a rels-
tvely less permesble coating ¢n the borehole walls,
Excessive flocculation, bowever, causes larger particles
to form, wth the result that none of the objects of a

“dnlhng mud™ are achieved Numerous formulations, 60

compomtions ind additves {o optmize the performance
of drillmg flmds for vanous applicatons have been
developed. For mstance, US Pat No. 3,816,308 dis-
closes composihons compnsng mixtures of carboxylic

ac1d polymers and saluble metal salts with the ohject of 63

merezsing the “yield™ (defined as the number of barrels
of 15 centiporse mud which can be prepared from ane
ton of clay) of relatively low grade bentomite clays.

trated 15 of the heaving shale type, such shale may ab-
sorb water from the dnlhng flind and by a caving or
swellng action, common 1o bentonite matenals, close
the bore kole around the dnil steam, choke off circula-
tion of dnllmg fled, and serze the dnll siring Simlar
results may occur simply from the abrupt mcrease m
vamcostty of the drilhng fluid which is caused by exces-
uve flud loss. The adverse consequences of excesave
flud loss n the drilhag of very deep wells are mare
severe due to the high temperatures and pressures en-
countered m such drillmg operations. To increase the
denaty of the dnilhing floid so that it will exert sufficient
hydrostatic pressure on the walls of the borehole,
weighting agents such a3 heavy msoluble metat salts are
added to the flind Drilhng flnds must be of snfficient
vigcosity to mmntam the weighting ageat m suspension,
but a relatrvely amall decresase w flud contenmt may
incresse such viscomty to the pomt where the drill

30 Bnng bnds The tendency to Jose bgwd 1n a borehole s

grestly mcreesed by the ligh temperatures and pres-
sares encountered

Since most dnlhing fluds are “non-Newtoman” flo.
ds, the apparent viscomty at given conditions of shear
reic and shearing stress may change in a noo-linear
manner with certam parameters. Tins property makes it
difficult to provide dnlling flmds which will perform
within acceptable ranges dunag the entire process of
dnlling a well

In the miung of dnlkng fimds m preparanon for
dnilling operahons, agriation af a certain degree of sthear
for some period of ime 8 normally required to achieve
the desired degree of thickenung, but excesnive agitation
may cause the apparent viscomty 1o decrease Smce the
degree of shear achieved m most dnlhing flud circulat-
ing systems 13 low, it 1s mportant that a8 mnmmum of
mixing tume at a relatively low rate of shear produce the
desired thickeming, so that maxmmum thickeung is ob-
tuned under operating condinons Measurable variables
which may characterire the apparent viscomty of a
dniling fluid include the plastic viscomty, yeld pomnt
and the rate and degree of gelstion. The viscomty of a
fwd normally decreases with an mcrease in tempers-
ture, bot certam polymer additives or defloccuisting
sgents may reduce, or cven reverse, this tendency
However, the long-chain polymers which are most
effective 1n achieving this effect are the most vulnerable
to breskdown through omdaton, shear and thermal
cifects, Le. the doration of exposure to lugh temperature
driling operatons. Also, many soch polymers tend to
preciprtate and/cr Jose viscosity as well as effechveness
as water loss additives when exposed to dissolved elec-
trolytes, particularly when divalent metal canons mch
ss Ca++ and Mg++ are present In drillmg fluwds, the
resulting vulnerability to breakdown 15 exacerbated by
the density of the mud, whuch 1s directly related to the
weighting agents required for a given formation pres-
sure The extremely high temperatunes encountered m

Y
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dnlling geothermal wells also tend to cause early break-  ery such as polymer additions, rucellar flooding, steam
down of mud sdditives, myection, etc.

Breakdown of water loss control polymers or defloc- Both workover and completion fluds are used m part
culants causes & large increase in the flud loss accompa-  to control well prewsure, to prevent the collapse of
nied by an mcresse w filter cake thickness. The thick- 5 casing from overpressure, and to prevent or reduce
ness of filter cake wil) be determined by the solxds con-  corroaon of canng. A dnlhing flud may be sunable for
tent of the mud High denaity dniling flwds with Iapge  completion or workover applications m some cases, but
amounts of weighting materuls produce very thick not 1 2]l cases. ' When a special workover or completon
filter cakes when fluid Joss control 1s lost These conds- o g::tsmed.nummllyapoorormmblednﬂml
tions often resnlt in differential sucking of the dnll
strmg. It = demrable to develop addiives which will The compostions of warkover and completion fluds
enshle dnlhng fiuids to retan therr proper viscosity and <20 daffer from the compositions of drilhng muds, smce
fluad content over a broader mnge of conditions. workover and completion flurds have funchons which

fhuds are used m the drilling of various types chffer from those of dnilling flmds A workover or com-
of wells Workover and completion fimds, i contrast, 13 pletion flmd differs from a dnllmg flwd 10 several ways.
are those flnds nsed i the completion and servicmg of A workover flud does not have 10 be compatble with
such wells. Complenon fluids are those fluids vsed after dnlled solids. Usually, a workover flud 1s used m cased
drilling 13 complete and dunng the steps of completon, hales, and the formation 18 exposed only at perforations
or recomplenan, of the well. Coapletion can melude _ Whereas a driling flmd must protect the formation
cementmg the casmg, perforating the casing, seting the 20 from swelling or dintegrstion, & workover fimd must
tublng and pump, etc. llqtv.\«:lu'I.o\\verllﬁ:vmula yofthe‘fom If El?“yd:l

arkover contamn no solids my

T ﬂ,“;fﬁ?;‘:ﬂﬁ%‘mmm be vsed, they should be scxd soluble. Similarly, the com-

positons, properties and functions of workover fluds
mphmgapmnlz.-momnndmmhﬁdwu, 25 can differ from those of completion flnds.

loggmg, though conuderable progress m the

Further with regard to aand cansolidation, the poly- Mﬁjdw&?mxﬂeﬂmﬂmmmhn;m
mers described herein are particularly useful becanse of cant room for further improvement. For example, wells
their stability onder hoshle environment conditions are being completed and serviced in mcreasngly hostile
Sand consoldatien 1» broadly dusclosed 1n U S. Pat No 3 egvironmenis involving, e.5, Mgh temperatures and
3,974,928 the dusclowure of which 1 bereby mcorpo- ™ b gh fevels of salmity snd/or hardness in the formation
wated by reference Then mtu gelation of the polymenc  yarer Thus, new additrves for workover and comple-
viscosfier can mvolve crosshnking through the use of 4o, f1ds winch retmn ther properties st elevated
polyvalent metal 100y such as alummmum of chromiem or temperstures and gh concentrations of dusolved elec-
a sequestered metal system such as aluminum citrate, as 35 trolytes are m demand

described 1n detail herem,
In one embodiment of this mvention the polymers TREATMENT OF MINERALS AND WATER
disclosed can be used as thickenmg agents o hydrauhe In procensing mmeral ores it is often necesmry to

fracturing processes of the type described, for mstance, separate wvided aquecus su3, on,
m US Pat No. 3,727,689 the disclosure of which i 40 mm]ﬁ;:e::“‘;.m wu;l:::m&gs.fm mpu:.:p.]
hercby meorporated by reference. The use of polymenc  water supphes or industral apphications, 1t 1s ofien nec-
vacosfiers comprmng N-vinyl-2-pyrrolidone copoly-  exsary to remove finely divided sobds which may be
mers such as 30/30 wit/wi poly (N-vinyl- .- therein Improvements m the esse of separa-
co-acrylamude) mnparts excellent thermal stabilny to tion of finely divided solids from aqueovs suspeamon
saxd fracturmg fluids even i the presence of hard bnines 45 either by sedimentation or by filtranon have been ac-
and high temperature, Le hostile environments. Other  complished by 1ncorporsting &mall emounts of kugh
matios of monomers can also be used, genetally from molecular waght water-soluble polymers 10 such sus-
70:30 to 3070 weight percent ply(N-vinyl-2-pyr-  pensions. Among such polymers high molecular weght
robdone acrylamude) Polyvalent metal crosslinking of  polyscrylamide and hydrolyms products thereof have
exid copolymers can be effected by a redox couple e3., 50 proven to be effechive on a wide vanety of ore suspen-
sodrum dichromate/sodiam bisulfite or with alummum sons. Improved polymers have been developed for thrs
canon sequestered with catrate as further described  porpose, for example, Sullivan disclosesm U'S Pat No
berein. 3,146,193 (1964) certam high malecular weight water-
In one embodimen, thus invention is used m fracture  goluble copolymers of certain vinyl substituted, mtro-
uggmg of subterrancan formations as disclosed 1n U'S 35 gen-contmmng, heterocyclic ning compounds with ac-
Pat. No 3,845,822 the disclogure of which u hereby rylamde which can be mcorparated it aqueous suspen-
meorporated by reference. In a fracture plugging pro-  mons of finely divided morgamc sohds to facilitate the
cess the in stu polyvalent metal crosslmking of the  concentration and separation of such sohds
viscotifiers 15 tnggered by the sequential Further improved polymers are m demand for appli-
injection of (1) an oxudant compomnon contuning & 60 cabons mvolving concentrsted brime solutions, eg,
reducible polyvalent metal such a5 chrommum +6 a1 potssh ore processing, The Amencan potash industry
sodmm dichromate and (2) a water-soluble sulfurcon-  annually treats more than 18 MM toms of ore from
taming reducing agent such as sodiom bisulfite (redox  which more than 3 MM tors of potash concentrate 13
systcm), The stabahty to bosule environment condiions  recovered. Most of this product 15 used as fertbzer;
of the polymers descnbed heremn make them particu- 65 however, nearly all of the potassium required by other
larly snted to use m fracture plugging. U §. indusines comes from thus concentrate.
Workover also broadly melndes steps vsed m prepar- A typical potash ore consists of sylvite (20-23%),
mg an existing well for secondary or ternary ol recov-  halite (60-75%), and clay (4-20%) The potassium con-
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tammmg muneral 1 sylvite (KCl) The major mmpunnes
are hahte (NaCl) and clay The mxed ore 18 processed
at the mme ate The processing vanes with the Jevel of
clay, the higher clay ores requirmg a more extennve
treatment Tins extennve freatment 15 becomng more
widely utilized as the mines grow more mature and ose
lower grade ores.

The adverse effect of clay u caused by the high affin-
ty of potash collectors for clay, which duminishes their
cost effectiveness. In the processmg, which conusts of
subsequent crushing, gnndmg, kydrolytic clay removal,
and flotatson, the time, cost and steps reqmred depend
upon the clay content. When more than a few percent
of clay = present, the clay must be “bhinded” by poly-
mlmuhgmrsmmmtonmhbdoremllm

ition

A prefexred step wonld be clay removal by floceala-
tion with a brne soluble polymer, since all procesning 5
conducted in satursted bnne to prevent mineral dissolu-

tion. Thae polymer, in adtition to brine solubithity, must 20

retain s schivity and ihus cost effectiveness m the pres.
ence of the high 1onic strength bnne medmum. The effec-
tiveness of most polymers, such as the polyacrylamides,
are reduced, and 1 many cases the polymers are acto-
ally prectmatated 10 such brmes Thus, effective floccu-
lating agents winch wal! withstand such saturated bnnes
are m demond.

POLYMER ADDITIVES

In some cases, vanous polymers have been found 30

wsefal m more than one spplicatian, such as those de-
scribed above However, among the most severe apph-
cations 13 enhanced o1l recovery, m which polymer
additives must form stable and viscous aqueous solu-

23

tions while exposed to hugh temperatures and dissolved 35

electrolytes for as long as several years, often requiring
reteation of a soluton viscomty of et least about 10
centipoises st room temperature, and must reduce the
permeability of rock to the flooding water by adsorbing

8

polyvinylpyrrolidone, hydroxyethyl celluloses, cellu.
lose sulphate esters, guar gums, xanthans and scleroglu-
cans) for viscosity reteption and porous media flow
performance under lagh temperature (30° C., 194° F),
high salimity, and high pressure condiuons For polymer
flooding in North Seal oil reservorrs, the cniters were
that & palymer solution should be five tmes move vis-
cous than sex water and Jose less than 20 percent of its
viscouty 1n 50C days at 90° C. Scleroglucan polymens
game the best performance m the tests, producing the
required viscosty in polymer solutions of about 500
ppm and retaining most of this viscomty through 500
days’ aging at 90° . Polyacrylammdes were “particu-
larly unsuitable”, as they precipltated within 60 days
in90* C. seawnter, apparently due to the presence of
calcium and magnesmm ons. Polyvinylpyrrolidones
were very stable bot had to be used i hugh concentra-
tions (20,000 ppm) to pve adequate viscosty There 1
0o indication: thet copolymers of vizylpyrrohdenes and
acrylamrdes were tested at high temperatures. McCar-
mick et 1l DOE/BETC/3603-10, p. 5, 117 prepared
such copolymers but concluded that they had “low
solution vescomty and appear of Inttle value m EOR "
Thus they were not tested. Thus, there 18 o substantial
need for polymers which wounld be useful 1n the recov-
ery of natural resources 1 hostile environments, such a5
1 North Sezl o1l reservours, and 1 vanous operations
for processing natural resources in hostile environ-
ments

SUMMARY OF THE INVENTION

Among the objects of the mvention are polymers
suitable for nse m the recovery and processing of natu-
ral resources, such a3 m enhanced ol recovery opem-
tions, tn dnlling, workover, and comgiletton flmds, and
m the treatment of minerals and water Other objects of
the mvention are polymers suitable for nse 1n subterra-
nean well bores and reservoirs, such as oil-beanng res-
ervowrs, and mn the treatment of minerals and water

on the rock m the formation Many commercial water- 40 when the polymeys are exposed to severe condthons,

soluble polymers have been tested for apphcality in
enhanced oil recovery, but prior to the present inven-
tion no mch polymer has fully sansfied the requre.
ments referred to above

Polyecrylamde, for example, provides the desired 43

viscosity and reduces rock permeability in many n.
stances, but 1t frequently loses viscosity m water con-
taming dusolved electrolytes. Polyvinylpyrrolidone,
although stable in the presence of dissolved electrolytes

mcluding multyvalent caucns at the temperatures fugh 50

enough to canse hydrolysis of polyacryluemde at sigmfi-
cant rates (ie, <200° F), has only been available m
grades of low vmcomty Polyvinylpyrrolidone also
demonstrates tadexirable an rock, thus an

undesirable remstance factor and residual resistance 55

factor Furthermore, polyvmylpyrrolidone 1s much
more expensive than polyarylamide and many other
commercial polymers. Thus, 1t 18 apparent that as the
demand for recovery and processing of natoral re.

BOUTCES InCreases, improved polymer addinves for sech 60

processes & enhanced ol recovery will be in demand
See, e.g., Davison and Mentzer, “Polymer Flooding 1n
North Seal Ol reservomn,” paper SPE 9300, presented
at Fall Conlerence of Society of Petroleum

Engineers
of AIME, Dallas, Tx, Sept 21-24, 1980 and published 63

m the Sociely of Petrolewn Engineers Journal, June
1982, pp. 353-62 Davuon and Mentzer evaluated over
140 polymers (generally clamified s polyacrylamrdes,

meluding hugh temperatures and/or highly saline eavi.
ronments and/or water with & lugh concentration of
bardness 1ons

Other objects of the wmveston are processes for the
recovery and processing of natural resources as de-
scribed above Further objects of the invention are
processes for the recovery and processing of natural
resources m which polymers are employed that are
suitabie for exposure to severe conditions as described
above.

Other objects, advantages and features of the inven-
tios will be readily apparent 10 one skilled 1o the art
from the following detmled description of the invea.
tion, the drawings, and the appended clums

According to this invention, novel processes are pro-
vided compnsmg the ntroduction of palymers com-
prismg an N-viny! lactam and an unsaturated amide mto
a subterranean well bore, snch that saud polymers are
exposed to hostile condiions such as temperatures of at
least sbout 120 F Said polymers are stable when ex-
posed to water of mgmficant sahinrty and/or hardness.
The polymers can be at lesst partially dmsolved 1 van-
ous fluds, meluding for example an aquecnos finud, or m
s {luid conmtumng st lesst one composibons selected
from the group conusting of bases, polymenc viscosfi-
ers, surfactants and cosurfactants, and combmations of
any two or more of said compostons. The polymers
can be crosshnked with vanous crosshnking agents

85
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The polymers are prefernbly water-soluble or water-
daspersible.

Further according to this mvention, novel methods
are provided for the preparation of novel polymers of
N-vmy! lactams, prefersbly N-vinyl-2-pyrrobdone, -
cludmg homopolymers, copolymers and terpolymers.
In one embodiment of the nvention, such polymers are
prepared unng parhcular polymernization media and
polymenzation iartstors or rachation sources, which
produce polymers useful n the recovery and procesang
of natural resources, such as introducmg such polymers
mto & subterranean well bore as above described When
the polymers are prepared m preferred polymenzation
media such es water contaimng mixed electrolytes with
a free madical mrhator, novel polymers are obtamed
which have relanvely lugh viscosity and molecular
weight, snd mamtan these properties even 1n hanh
envircnments baving lugh temperature and/or salinity
snd/or hardness. Also according to the mvenhon, »

polymenzation medium consuting ementially of a ter- 20

tiary alkanol eand a free radical mutistor can be em-

Further sccording to this invention, novel methods
are provided for the production of terpolymers, consist-

mg essentially of the comonomers o5 described above 25

polymenzed with a mmmor amount of a termonamer of a
hydrophobic or non-amonic character

When these copolymers and terpolymers are pre-
puedbycmbmngthemmwummwe-

tmmng mized electrolytes, or & neat
tertiary alkanol such as t-butyl alcohol, with a free rads-
cal mtumtor selected from certan orgamic %0 com-
pornds or arganic peromdes, or vamg electromagnetic
radistion such as gamma radiation, polymers are ob-
tuned which have high viscomty and molecular weght
and which mantamn their viscosity, thus their useful-
ness, even in harsh envronments havmg high tempera-
ture, salinty and/or herdness, end when subjected to

shear conditions. Certan of these polymers can be char- 40

acterized by K values of greater than 140 (K values are
related to relative viscomity, as discussed folly herein)
By umng shightly different proportions of monomer
unts and different molecular weights m some cases, it
has been duscovered that the resnltmg copolymers and
terpolymers are generully useful m processes for the
recovery and processmg of natural resources compris-
mg enhanced o1l recovery, uze as additives for dnving,
workover and completion fluds, selecuve pluggpng of

zones of excess permeability mn subterranean formations %0

by -ty polymenzaton, the treatment of minerals i
therr recovery and processing, flocculation of -
pended solids, and the thuickeming and treatment of
water for vanous uses.

Further m aoccordance with this mvention, it b as
been duscovered that polymers of supenior properues
can be prepared by a method of polymenizing & mono-
mer mixture comprising N-vinyl pyrroldone and acryl-
amude employmg electromagnetc or nuclear radiation,
prefersbly m an agueous polymernization medmm,

Furthermore, 1t has been discovered that m processes
compnsng the imroduction of a polymer mto a subter-
ranean well bore so that said polymer 15 exposed to &
temperature of at least about 120 F,, especully m waters
of high sabmity and/or hardness, the copolymers and
terpolymers of the prior art compnsing monomers and
termonomers as described heremn can be used as well as
the mventive analogous polymers prepared by the

43

55
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methods of this mvenuon in the specified polymenza-
tion media, Further advaniages are apparent when such
polymers are exposed to temperatures of at least about
150 F, particularly for temperatures above about 200
F, includmg temperatures of 250 F, 275 F., and even
300 F

Further 1 accordapce wath the present wvention,
polymers prepared 1n accordance with this smveation
are added to & liqmd contaming solids to md m floccu-
lating such solids, wherein the temperature of the hqud
15 at least about 150 F and/or the liqud heas a salimity of
at least about 10 grams per kilogram of solution.

In accardance with one process of this invention, &
polymenzation mhibitor is introduced mto an oil-bear-
mg formation under condihons designed to allow per-
meation of the polymenzation mhititor into both the
more permeable zones and the less permeable zones,
followed by a flnsh which selectively removes the poly-
menzanon inkibitor for the more permeable zomes.
After this, a muxture of N-vinyl lactam, unsaturated
amide and optionally, & minor portion of a termonamer,
and a polymenzation catalyst are mtrodoced into sad
formaton together or mdependently to form a flmd
diversion plug mn the absence of the polymenzation
mhibitor, thus selectively plugmng the more permeable
zones in the formation The preferred monomers of this
mvention polymenze well m polymenzaton medsa
mmilar to the connate water found m the oil-bearmg
formations, and the palymers thus formed m sito retam
thear viscomty well under the condrirons encounteved 1n
“hostile™ formation environments, eg high tempers-
ture, hugh salinrty and/or tugh concentration of hard-
ness 1018

Still forther accordng to this mvemtion polymer
compomtions of at least one of a hydrophihic N-vinyl
Iactam and a hydrophhic vinyl-contaning sulfonate and
optionally an unsaturated amde are used to thcken
water used to recover o1l under hostile condrtrona,

Stll yet further m accardance wath this mnvention a
polymer which 13 not capable of imparting as hugh s
viscoxty to water a3 » polyscrylamude 13 used under
hostile environment conditions where acrylamide poly-
mers are useless becauwse of precipitation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG 1 shows the variation of visconty with tempera-
tore of unaged polymers of this 1nvenhon compared
with palymers of the prior art and synthetic sea water

FIG 2shows the vanation of viscosity with tempera-
ture of heat-aged polymers of F1G 1

FIG 3 illustyetes the vascosity ratio of aged copoly-
mers of the mvention as 8 function of comonomer pro-

portions.

FIG 4 illustrates cloud point temperatures for co-
polymers of the inventuon aged a1 different tempers-
tures.

FIG § lllustrates equilibnum cloud pont tempera-
tures for copolymers of the nvention aged at different
temperatures.

FIGS 6 and 7 lllustrate the depree of hydrolyms of
the acrylamide umts attmned in copolymers of the -
vention aged at different temperatures

FIG 8 shows X values for copolymers of the mven-
tion 8! vanous concentrations compared with copoly-
mers of the prior art

FIQ 9 shows K values for copolymers of the inven-
tion as well as capalymers of the prior art at vanous
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concentrations and for vanous polymenzaton and test
media

FIG 10 dlustrates Screen Factors for copolymers of
the mvention tested at vanous concentrations m SSW

FIG 11 ilustrates the viscossty of homopolymers of 3
thes invention which are subjected to heat aging.

FIG 12 s a plot of clond pomt versus multivalent
canon concentrahon

FIG 13 15 & plot of per cent hydrolysis versus days
sged 10

FIG M & a plot of precapitation ttmes as s function of
temperature and drvalent 10n concentration.

FIG 15 1 & plot of aged viscomty data on polymers
havmg monomer ratios of components as shown on the

tnangular graph.
FIG 16 s a plot similar to FIG 15 except the unsaty-
rated amde 8 N,N-dmmethylacrylarmde

DETAILED DESCRIPTION OF THE
INVENTION
Polymen

As med herem the term “polymers” 18 used genen-
cally, unless otherwme mdicated, to mean homopoly-
mers, copolymers and terpolymers and thus includes
polymers prepared vang any number of momoners. 25

The homopolymers of N-vinyl lactams prepared m
sccordance with thss tnvention have improved viscos-
nty, and mamtan thus viscoaty well under adverse con-
droons such as lugh temperature, high salmity and/or
Ingh concentrations of “hardnest” ions. Thus, desplie 30
therr relatrvely lugh cost compared to some commercial
polymenc viscomnfiers, these polymers are smtable for
certam processes for the recovery of natural resonrces
under such adverse condinons.

The copolymers and terpolymers of this invention 33
appear t0 be well mnted for vanous applications mclud-
mg enhanced oil recovery (EOR), dnlling flnd water
loss addittves, workover and completion fiwd additives,
selective pluggimg of “thuef zones™, minerals beneficaa-
tion, water thickening, water trestment, and the bke. In 40
a presently preferred embodmment, the copolymers and
terpolymers, 10 be descnbed sobsequently, are well
adapted because of ther cutstanding viscosity stability
in hostile, saline, bard water environments, for polymer-
flooding purposes. A hoshle environment for the pur- 43
pose of this application 1 one in which the temperature,
sahiuty and/or hardness cation content 15 lugh enoogh
1D cause precipitaton, loss of viscomty and/or similar
adverse effects withm s nommal penod of time s con-
vemnonal polymers otherwise smtsble for use in such 50
spplications Such conventional polymers include, for
example, polyscrylamudes. The advazitages of the paly-
mers of this invention are apparent when they are em-
ployed m hostile environments of at least 120° F or as
more specifically defined m FIG 14. Brackish and/or 33
hard aqueous flowls havmg a salinity of at least about 10
grams per kilogram of solution and/or a fracton of
divalent hardness 1ons to total cahont of st least about 1
weight percent and particularly at least sbont § weight
percent m combination with temperatures of st lesst 60
about 120 F are considered hashile environments. Since
hardress cations such as Ca+3 end Mg+2 are particu-
larly damaging to many such polymers, when the salin-
ity and hardcess cahion content are relanvely hugh the
hostle zone is defined by a relatively lower tempers- 65
fure. A hostile envoonment, for example, 13 one
wherem the reservoir temperature can be es low s 150
F and the electrolyte concentration of dissolved salts in

13
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the avalable water, both 1njection water (which may be
seawater) and formation water, 15 at least about 35,000
ppm (with abont 1730 ppm combmed calcium and mag
nesium ions), ie., about 3 5 weaght percent or lugher,
equivalent to a seshmty of shout 35 grams per kilogram
of solution At lower reservorr temperatures, from e.g.
about 120 F up to about 150 F, a relstively lugher salin-
ity and/or content of hariness cations would creste
such a hosnle environment, say, for example a salmity
of at least about 50100 grams per klogram with a
fraction of divalent hardneas cations to total cations of
at least about 20 weaght percent. At temperatures of at
least about 120 F, a hostile environment for palymenc
viscoatfiers can also be created by a strongly bamc envi-
ronment, € g§., concentrations of at least about 5 weight
percent to of strong base, which accelerates the hydro-
lyms process m many palymers Such conditions are
encountered in processés compnsing, €g, caushc
flooding of oil-bearmg subierranean formations

A hostle environment can best be viewed a3 one 1
which conventionally used thickerung agents are unsta-
ble. Polyacrylamules are such conventonslly used
thickening agents.

Polyacrylamdes as commonly used for Enhanced Onl
recovery (EOR) hydrolyze at elevated tempematures
and will eventuslly precipitate 1n the presence of diva-
lent cations. The following 1 the method by which the
lrmuts of a hostle envranment are determuned uung th
cnteria That 15, the boundary below which this poly-
mer remans in saluhon indefimtely and above which 1o
days or montha 1t falls out of solntion, resulting m loss of
polymer viscosrty and pluggmg of the formaton defines
a hostile environment.

Any polyacrylumude m hard brmes will eventually
turn clondy (i.e , begin to precipitate if its temperature 15
rased high enough). FIG 12 shows the clond point as
& function of divalent cation concentrahon for 1000
ppm by weight ongually unhydrolyzed commercial
polyacrylemude in vanious brmes These solotions were
thermally hydrolyzed to different levels in 5% sahne
solunon prior to addtion of divaient cations (equal
amounts of calaum and magnesnm 1 ppm by waght)
ard making clovd pomt messurements. In the absence
of divalent cations (a condihon not found 1n petroleum
reservorrs), this polymer stays 1n solution up to 400" F
(the lmuts of the measurement) regardless of the level of
hydrolysis. The presence of divalent cations, on the
other band, affects the cloud pont depending on the
hydrolyus and hardness level That 15, the higher the
hydrolyms level and divalent cation concentration, the
lawer the cloud pomt

FIG 13 shows the effects of me and temperature on
the hydrolyss of 1000 ppm of the same unhydrolyzed
commercaal polymer This figure mdicates that at a
given temperature the level of hydrolyss increases with
tme, but cventually reaches an equlibnum. Using a
standard thermodynamic treatment of an equilibnom
reaction, where K15 the equlibrium constant, AS® and
AH" are the standard entropy and enthalpy changes for
the reaction, R 1 the gas constant and T % the absalute
temperature

(4]
ke 47 !

Fittmg this equation to Kyand T values denved from
FIG 13 gave valoes of AS® and AH®, which were then

&P
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used to calculate Koy and equilibrrum level of hydrolyss
for any desired temperature. A standard analysis of the
kmetics of hydrolysis gives the following equation

@

a_dgu —

y v =k

where Ao, Ae and A are the arude concentrations at
zero hme, st equlibrium and at 1, respectuvely, and kris
the rate constant for the forward (hydrolysis) reaction
By fitung amide concentrations to equation (2) kyvalues
were calculated for the five temperatures represented 1n
FIG 13 A Bt of these results to the Arrhemus equation

kl=w-lﬂlr (6]
gave values for C, the pre-cxponential factor and Ea,
the activation energy The forward rate constant for
any desired temperature could then be calculated
Using the kyvalue for a given temperature and equation
{2), the time required to achieve a given degree of hy-
drolyus can be calcalated This can be done so long as
the detared hydrolysis level 1s lower than the eqmhib-
muam level of hydrolyss for that ure, that 15 as
long 8s A> Ae m equation (2). For A= Ae this equation
predicts time to approach infinity, and for A < Ae time
= undefined In other words the hydrolyns level at any
Mumpmme camnot exceed the equilbrium value for

temperature.

FIG 12, wath appropnate iterpolation, cen be used
to define the hydrolyns level that causes the onset of
precimtanon for any given temperature and hardness
level Equations (1), (2), and (3) predict the tme taken
to reach this level of hydrolyss. If the equlibrium by-
drolyms level 15 legs than the level causng mstability,
the tnme 15 mfinite. In other words, an imtally unhydro-
lyzed polyecrylamide will be indefinitely stable under
the chosen condrions. If the equihbniom hydrolyus
level 15 greater than the level causmg instability, the
polymer will ulumately precipriate and the calculation

5

30

k>

gmves the time to the onset of mnstability If the two 40

hydralys:s levels are exactly equal, the stabhihty humt hag
been defined.

By repeated calculations at closely tempers-
tures for many hydrolyms levels, FIG 14 was gener-
ated This mves contour lines of equal precipitanion tme
a3 a function of temperature and hardness level Any
condibons above and to the nght of the infimty Ime
represent hostile environments for polyacrylamides i
the sense thai the polymer wall eventually precipitme
Note that the 100 days Ime hes very close to the mfimty
e, that withm a practical range of tunes for
EOR projects the actual stability trme 15 not much of an
msue.

It must be pointed out that FIG 14 1 for an unhydro-
lyzed palymer and the stability imes represented are
muoch longer than for elready partially hydrolyzed
{~30%), polyacrylamides commonly med 1n EOR

the palymer used 1n this study has & mod-
erate molecular welght (MW) and those commonly
uwsed m EOR with ngher MW will precipitate at lower
temperatures under the same hardness and hydrolyms
levels. It must also be mentioned that polymer concen-
tratton may play a role m precipitation of polymer and
FIG 14 represents stabality limits for 1000 ppm of poly-
mer

Smce there i so Iittle difference between the 100 day
curve and the infimity curve, there 18 no need to make an
arbutrary designation of a time bmit for the time parame-

L]
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ter but rather mfimty can be used Also, nnce almost all
formations where there 13 an otherwise hostle eaviron-
ment wall have at Jesst 400 to 1000 ppm multivalent
cations, and since the infimty curve becomes aimost flat
after about 1000 ppm, the hardness parameter can fim-
ply be anything grester than 500-1000 ppm by weight
multivalent cations This leaves the temperature as the
signuficant factor, the temperature bemng anything over
about 170° F at greater than (000 ppm multvalent
cations although, of course, defining the hostile envi-
ronment as above (Le above and to the nght) of the
infinity Ime 13 more precise. Generally the temperature
will be within the range of 170°-400" F or at least
170°-300° F and the multivalent cation conceatranon
will be withm the range of 500 to 220,000 or more Lkely
1000 to 10,000 ppm by weight based on the waght of
water

Although several biopolymers have bene reported 10
be stable 1n sea water for extended penods at tempera-
tures up to a range of from about 150 F to nearly 200 F,
sbove about 200 F the only water-soluble polymer
known 1o mamtain 1ts solotion viscosity under these
conditions 18 polyvinylpyrrolidone (PVP). However,
PVP 1 relatively expensive and 1t requires hugh concen-
trabons, ¢ g abont 20 wesght percent or more, 1o obtmn
suitable viscosmies for polymer flooding

The copolymers and terpolymers of this mvention are
generally water-soluble or water-dispermble and
cheaper to prepare than PVP These polymers can be
retauned 1n solution m the aqueows polymenzatnon me-
dium in which they are prepared When prepared by
macwation polymenzation m a8 viscous polymer mass
{commonly known as a “gel log™) the polymers are also
water-soluble. However, when the polymer 1 separated
from such an aqueous medinm and dned, 1t = generally
expected to be water-dispersible and/or swellable, but
may not be completely water-soluble On the other
hand, the polymers aeparated from a polymenzation
medmm consisting essentially of a tertiary alkanol 1o
accordance with thas invention and dned appear to be
generally water-soluble, which can be an advantage
when a granular, water-soluble polymer matenial 18
demired They have been found to provide adequate
solution viscosity with exceptional thermal stability and
resistance to clectrolyte effects, thus are supenor to
PVP for EOR m hot, sehne environments, especially
those contauming “‘hardness” or multivalent metai cah-
ons such as Ca+2, Mg+, eic Therr preparation and

are described 1n Examples I, IT, 1T, IV, V,

V1, V11, V111, XIV, XV, XVI, XVII, XVIII, XIX, X3,
XX1, and XXII

The polymers of this mvention ere denved from mon-
omer units of N-vinyl lactams preferably having the
formule

ﬂ'lzll:h-"'?lz

C=0

RZCo

Ry Pl'l
CH=CH;

where R and R are selected independently from the
group conmisting of hydrogen, methyl and ethyl and n 13
an integer of from 1 to 3 These monomers are generally
water-soluble or water-dispersible A more preferred
class of compounds are those of the formula
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where R 15 hydroges, methyl or ethy! The monomer
umit presently most preferred 13 N-vinyl-2-pyrrohidene.
Preparation and propertizs of the homopolymers are
descnbed m Examples XJ and XII
Alternatively, mn place of or m addinon to the N-viny]
lactams, L& , N-vinyl cyclic amides, open chamn N vinyl

16

o
R R
HC=C=~C~NR;

s wheremn each R’ 15 mndividually selected from H and

methyl Especially suitable in addition to acrylannde are
N-methylacrylamide and N,N-dimetbylacrylamde
(OMAm) For both the vinyl lactam and unsatorated

10 amude the scope can be viewed functionally as mncluding

the replacement of hydrogens with hydrocarbon groups
8o long as the monomer remains hydrophilic. By hydro-
phakc 15 meant 1f the monomer were homopalymenzed,
the polymer would be water soluble A monomer which

smides surtable for use m the present invention are de- o sy not form a water-saluble homopolymer but which,

scribed by the formula

H N =]
¢
| &
wherem each R3 15 independently selected from H and
1-6 preferably 1-2 carbon atom alkyl groups, R}and R4

are selected from 1-3 carbon atom alkyl groups The
preferred monomer 15 N-methyl-N-vinylacetarmde be-

canse of the exceptonsl resistance to hydrolyes of co- 30

polymers made therewnth m combmation with the un-
saturated amide monomers and/or vmyl-contanmng
sulfonate monomers described herem Such polymers
are particularly swied for reservours of 190 F or greater

(88* C.) m the presence of 400 or more ppm multrvalent 33

cations such as Ca+2 or Mg

Although the R2, R3, and R* groups can be mdepen-
dently selected as noted, the resnlting monomer must be
hydrophilic as defined herean to be used as the N-vinyl

1n the amount used in & copolymer resnlts n a water-sol-
uble capolymer i also viewed 1n a broader sense within
the defimton of hydrophilic

The mmmum amount of N-vinyl lactam comonomer

20 requred is that amount necessary to provide the desired

polymer properties, e.g viscosity and stability, under
the expected environmental conditions. For example,
polymers contuning a minor amount, up to sbout 10
weaght percent, of the vinyl lactam could be effective in

25 the recovery and processmg of natural resources, such

as for example m enhmiced oil recovery m reservours
having temperstures m the range of about 120 F to
about 150 F and/or formation waters of mgmficant
salumty and/or hardness Polymers of these proporhons
coold also be wseful under more adverse conditions of
exposed for shorter peniods of tome.

The monomer weight matios of the copolymers can
very rather widely Genemally, VP Am ranos m the
range from about 1090 to about 90:10 are employed
dependusg upon the mntended appheation, but prefera-
bly VP.Am weight ratios mn the range of about 23 73 to
about 75.25 are employed, more preferably from about
40-60 to about 70:30. The optrmum VP.Am weight may

vary accordmg to the application For example, m EOR

amide component of compositons of this Invention. 40 the range presently preferred 15 from about 6535 to

These alternative N-vinyl amude components can be
viewed as open cham or with the R? and R* groups
fased as the Iactam component. Heace the genenic term
N-vmyl amide is used to include both the lactam and the

open cham N vinyl amide, these both bemg hydro- 43

phtlic

Copolymers of this mvention are produced by copo-
lymennng & comonomer of an unsaturatad amde hav-
mpg the formula

]
E"—C—NH;

where R” 18 an unsaturated mdical selected from 1-alke- s

1yl groups such as etheayl (vinyl), propenyl, isoprope-
nyl, 1-butenyl, wobutenyl (2-methyl-1-propenyl), I-
pentenyl, l-isopentenyl (3-methyl-1-butenyl), and I-
methyl-1-butenyl with a comonomer of at least one

about 50:50, bused oz prolonged aging studies con
ducted with the copolymers, but for m sitn polymernza-
tion applications a relatively broad range of from 25 75
to 7525 18 preferred A copolymer presently particn-
larly preferred for certmn applications after heat aging
at 230 F contams about 60 weight percent VP and about
40) wesght percent Am, ing to a 11 molar
ratio. The VP Am weight ratios of 1090 to 90 10 corre-
spond to molar ratos of about 694 10 85 13

After heat aging, copolymers of these 60:40 propor-
tions have besn found to retsin thelr viscosity well m
hot, saline environments. On the other hand, when the
copolymers are to be used without such pre-aging,
higher, if lesc persistent, viscosities have been obtmned
with copolymers having VP-Am weight ratios in the
range of from about 45.55 to sbout 35:45, or preferably
about 50-30. Smee the VP.Am weight ratios are ex-
pressed in terms of 100 parts by weight of the copoly-
mer, the weight percentages of the monomer umts 1n

N-vinyl Iactam as described above. These umsaturated 60 the copolymer can be read directly

amydes are generally water-soluble or water-dispersible.

Further i accordance with this mvenhon, novel and

/..'I'h monomers presently preferred are N-vinyl-2-pyr-  useful terpolymers can be prepared by copolymenzing
ohdone (VF) and acrylamide (Am). For convemence,  a first monomer umt of an N-vinyl lactam and a second
the terms VP and Am will be used to refer to the first  monomer unit of an unsaturated amude as descnibed
and secand monomers, respectively, m the discussions €5 above with a nunor pornien of a third monomer selected
berem from the group conaisting of hydrophobic compounds,

A more preferred class of unsaturated amide mono-  vinyl pyndines and hydroxyalkyl esters of ethylenical-

mers are those of the formula ly-unsaturated carboxyhc acids and combinations of
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any two ar more thereof Parbicularly swtable second
monomers are acrylamide and N-substituted unsatu
reted amides such as N,N-dimethylacrylamde For
convemence, the third monomer will heremnafter be
referred to s a termonomer, as disinguished from the
first and second monomer umws descnibed sbove, which
are referred to as comonomers, or VP and Am for con-
venience The hydrophobic compounds suitsble for the
tamonomery are generally selected from the gromp
conslsting of monovinyl aromatic hydrocarbons having
from 8 to sbout 12 carbon atoms such as styrene, vinyl
esters of saturated carboxyhc acids having from 3 to
about 6 total carbon atoms such s vyl acetate, slkyl
esters of ethylemcally-unsaturatad monocarboxylic
aculs having from 3 to about 22 carbon atoms, such as
ethy]l scrylate, and ethylemcally-unsaturated mitriles
having from 3 to about 5 total carbon atoms, such as
scrylorstnle Other smitable hydrophobic menomers are
N-vinyl acetemude and 2-vinyl quinohne. Also sutable
hydrophobic monomers are acryloyl pyrrohdones,
dhacetoneacrylamide and N- and N,N-alkylacrylamides
where the alkyl groups contmn more than two carbon
atoms. By hydrophobic 15 meant that if the monomer
were homopolymenzed it would be water msoluble
although m amounts up to 25 percent 1t can be present
herein and the total polymer s still water soluble Other
surtable compowunds (hydrophulic but not amomc) m-
clude vinyl pytrutines such as 4-vinyl pyridine, aryloy}
morpholme, methyl vinyl ether, cthyl vinyl ether, ds-
methylallyl ammomum chlonde, dimethylaminoethyl
acrylate, N-vinyl uorea, acryloyl ures, N,N-die-
thylsmnoethyl acrylste, N-methyol acrylanude, tert-
batylaminoethyl acrylate, dsmethylammopropyl meth-
acrylamude, methscrylamidopropyl tnmethy! ammo-
mum chlonde, and hydroxyalkyl esters of ethylemcally-
unsaturated monocarboxylic acids having from 3 to
about 22 carbon atoms, such as hydroxyethyl acrylate
Termonomers which are presently preferred compnse
(meth)acrylic acids and thesr monovalent salts and thar
esters such as methyl acrylate, butyl acrylate, methyl
methacryiate and lauryl methacrylate, acrylomtnle,
dhacetone acrylamide end styrenc for Incressng the
hydrophobic character of the terpolymers, vmyl pyn-
dines, hydroxypropyl methacrylate and hydroxyethyl
methacrylate end hydroxyethyl acrylate as water solu-
ble monomers which mcrease the hydrophihc character
of the terpolymers wathout mtroduciag termonomers
which are senstive to metal cattons (and because good
results have been obtamned with 4-vinylpyndine and
S-methyl-2-vinylpyndine); and vany] acetate due to s
low cost and ready availabhty

As with the copolymers, the monomer weight rahos
of the terpolymers can very rather widely, depending
upan the intended apphication, but preferably the termo-
nomer will be present as no more than sbout 10 weight
percent of the monomer umts More broadly,
however, particularly with non-ionic hydrophyhe ter-
monomers up to 23 weight per cent can be osed The
first and second monomer umitg can be present m ap-

k]

35

40

43
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umits 1n weight ranos of 30.50, but as dusclosed above,
the three monomer umts can be combmed 1n any comtn-
nation, provided the termonomer does not exceed 10
weighty percent, but preferably 15 at least 1 weight
percent, and the first and second mopnomer units are
withain the range of weight ratios as disclosed for the
copolymers Based on the examples, the termonomer 15
prefernbly present as from sboot 2 to about 8 waght
percent, or more preferably, from about 3 to about §
weight percent, based upon total monomers.

as the copolymenzation resction produces polymer
in near-quantitatrve yield, the desired ratios of VP to
Am can be obtamed by controllmg the ratios of VP
monomer and Am monomer charged to the reactor and
the rates at wihich the monomers are fed nto the reac-

tor

Another sigmficant aspect of this mvention 15 de-
scribed as follows. Polyacrylamide has hastorcatly been
a standard material for thickening water for o1l recov-
ery At s concentration of, for mstance, 015 weight
percent in aea water, polyacrylarde mmparis a viscosity
to the resulting sclation which 15 about ten to twenty
tumes the viscomity of sea water at the same temperature.
For instance, sea water st room temperature has a vis-
cosity of approximately | compared with 10 to 25 for
the same water conlammg & quarter weight percent
polyacrylamide and this viscosity remmins essentally
unchanged on agng et room temperatore. At 230° F
(121" C.) sen water has 8 viscosity of ebout 0.3 The
same water with 0.25 weight percent acrylamnde -
tially has the vmcosity of sbout 10 but on agmg the
acrylamde precipnates rendenng 1t totally useless with
the resulting sea water not having a viscosity increased
any after the preciyptation.

The followng description of FIGS 15 and 16 show
that 1n accordance with the mnvention, significant en-
hancement of the viscomty of polymer flood water 5
possible even when the water 18 to be used in reservoirs
exhibiting hostile conditions.

In FIGS. 15 and 16 the viscosity data 15 for polymer
aged 7 dayn et 300" F and then the visconty
41 250' F The 300" F aging test 15 carmied out as fol-
lows Synthelic sea water (SSW) 1s prepared from dis-
tlled water to which salts are added as described here-
mafter The polymer 1 chssolved in the SSW io form a
015 weight percent solotion. It is then subjected to
vacoum and f pecessary mitrogen purge to remove
oxygen It is then sealed under 100 pug mtrogen pres-
sure in a glass lined contaner and aged 7 days at 300" F

As can be seens from FIG 15, polymer compositions
depicted therem have aged viscosities of (.7 {Le. better
than 2 ttmes sea water) ar greatar, generally 1.0 (about
3 times sca water) or greater Thus in accordance with
this invention for the first time the psychological barner
has been crossed to utihiymg polymers which do not
impart the 10 to 20 fold increase m viscosity assocmted
with standard matenals such as acrylamide. The inven-
tors have surpnsmgly discovered that the water soluble
polymers described herean because of thewr resstance to

proximately the range of weight ratios disclosed for the &0 precipitation on agng at lugh temperatures are effective

copolymers, consnstmg the major portion of the terpoly-
mer, with the termonomer proviing the remaming
mnor parhion  For example, the terpolymer can consist
of 45 weight percent each of the first and second mono-
mers, with 10 weight percent of the termonomer, 49
waght percent each of the first and second monomers
with 2 weight percent of the termonomer, and so on.
These examples contamn the first and second monomer

mn spite of their apparent poor performance in standard
Toom temperature viacosity testa. In high temperature
apphcations the only ngmficant factor 18 the viscosty
unparted after aging

The polymers shows 1o area B of FIG 15 represent
composiions which are preferred because of stabihty
even at 250° F Those of area E are useless because of
precipitaton at hostile eavironment temperatures of

[O\
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170" F Areas D and C represent polymern stable up to
at least 170° F and 200° F respectively The area en-
compassed by area B can be mcreased somewhat by
ntihzzng N,N-disubstituted scrylanude as shown m

FIG 16. The area encompassed n region A 1 less pre- 5

ferred becanse the viscosity mmparted to the sea water 13
80 low that higher concentrations are required to give
effectrve solutions. Such composttions are not useless,
bowever, and can be used if desired with best results
obtamed umng the lnghest moleculer weight polymen
obtamable,

As stated heremabove the onaged viscomty at sn
arbitrary test temperature of 250° F (121" C) for a
solutton contamnmg .25 weight percent polyarylanude

unaged fs sbout 10. For polymers as shown 1n FIG 15 15

having aged viscosmies of 1 the wnaged wviscosity i3
sbout 15 Other polymers depicted as being encom-
pavsed by the nseful polymers in accordance with thus
invention can have unaged viscomties at 250° F (121"

C.) of about 2 or slightly more (some specific compon- 20

tons are higher then thig) Thns the invention m one
aspect can be viewed as utihnng a polymer m a hostile
enviroument which polymer 1n an unaged testat 250°F
1n & concentration of 0 25 weight percent imparts to sea

water a viscomty of less than one third (Le a viscosty of 25

1o more than 2 or no more than 3) the viscomty m-
parted by the same amount of & standard unaged zcryl.
amude polymer such as N-Hance 1027 by Hercules

1]
RCmC—(X)p- POy

where 1n each formula R s methyl, ethyl or H prefera.
bly methyl or H and provided further that at least one of
the R groups on the termunal carbon of the vinyl group
is H and the other is H ar methy] In another embadi-

jo ment, the non-termmal R can be a group which wall

make the vinyl grovp more reactive. As an example, R
oan be a mtro group.

M 1n esch formula » H, Na+, K+, L1+, R"™ N+,
Cat++ or Mpt++ and

X m each formula 13

CHalo-2
where n 15 an integer of 1-5 preferably 1-3and R"' 5

In another aspect, the vention resides m the urpns-  ydividually selected from 13 carbon atom alkyl

mlnlnmhspwhucmtheN-ﬂnylmdemthPwm

wuparts s dopropartionate stability to the pelymers
contammng pendam smide groups such as Am denved
polymers as well a3 copalymers of unsaturated nmudes
such g5 acrylamide and vinyl-containing sulfonate mon-

ps, or H, R’ m selected mdividually from H,
«ROH or a 1-3 carbon atom alkyl radical

In a broader embadment, M can be selected from
those cations recited ahove and 10 addition can be ather
metals such as Zn++, Sr++, Fet++, and

does not stabihze the esters discussed heresnafier (such
as SPM). In fact, the VP/SPM is not as effective as the
SPM hamopolymer SPM represents, €. , potassium or
sodium 3-methacryloyloay propanesulfonate or (3-sul-
fopropyl)methacrylc ester, sodium or potassium salt
In order to dishnguish between the N-vinyl lacism
and unsstursted amde comonomers which are hydro-
philic and non-tonic or neutral on the one hand and the
slfonste comonomer which 15 also hydrophilic but

+NH3;RINH +3 where R1 15 1-20 carbon atom divalent
hydrocarbon radical Examples of orgamc cations are
those formed from methylamine, diethylamine, ethyl-
ene dismme, tetramethy] ethylene diamine, ang chan

% qiammes soch az Ciy diammes and N-propylammnodse-

thanol Polyetber dunwnes are particularly sintable
Such materisls are sold under the tradenarne Jeffamine
ED-600, ED-900 and ED-2001 and have the following

genera) structure

CHy CH; CHy

! | |
MN—CH—CHz—(0—CH—CHy45 (0= CHCHz)y=(OCHz=CHgNH,

amonic on the other hand, the sulfonate 13 arutrarfly

where a+b n 2-3 and n 15 8-4] Another parhcularly
desirable class of amnes 15 the multi-bamc aminet such
as poly(ethylenrmme). The scid form of the monomer

veferred to 83 the “third comanomer” This then further 35 can be reacted with the polyether diamines m water or

dutingwuishes from the monamers referred to as termo-
nomers whech are generally hydrophobic or if hydro-
phulic are not anionse.

The third comonomer n referred to as & vinyl-con

tunmg sulfonate which {3 meant to encompass the anid 60

also. They are represented by the following formula.

11
RC=C—)p-15HM

& solvent such as DMF, DMSO, alcohol or muxtures
thereof and the salt precipitated and solated. In the case
of agueovs systems, the monomer generally 18 added
Iast. In some mstances, there may be a preference for
tertiary srmunes nstead of the

In the case of polyvalent cations the resultmg mono-
mer untts which are [CRz—=CR(X)o.1~~SO;3];M and a
small amount of [CRy—CR{ o 1—SO:]M+have a
grester molecular weight and also have the patential for

&3 cromlmlang m the resulting polymer While not wish-

mg to be bound by theory, the use of such drvalent

Also the asalogous phosphonate compounds are repre-  cations can be viewed 1 creating an iomc crosslmiang

sented by the following formula can be used

of two or more monomer upits, Le.

0L



5,186,257

21

CHy
|- N/
SOy~ "'?f-(CHﬂ.— N{'EOQ -~
CHy CHjy

After polymenzation this m effect gives croslmking
between polymer chams thus increasng the molecular
weight and hence merenses the viscosity the resulung
polymer will impart 1o water However, surprmngly

the most dramanc effect s 10 give more stable polymer
m copolymenzations with unsatursted armides such as
scrylamude. While not wishing to be bound by theory,
apparently the polyvalent cation monomer 15 more
nearly equal to or greater than the acrylamde m reac-
avity end thus avoids long segments of polyamide ho-
mopolymer blocks from being formed which render the
entiwe molecule ynatable This increased stabihty 15 par-
ticularly remerkable m polymer compositions having 10
weight percent or grester, 1.e., 10-90, preferatly 10-50
weight percent of the unsaturated amide. Indeed, the
difference 1 hydrolyms remstance of copolymers pro-
duced from monomer salts of the various metals, pri-
mary, secondary, snd tertry or duummes allows fine

10

tumng of the propernes of the final polymer to surt a
particular o

ecnd use.

Salts of the metals and ammes hated ahove such as
chlorides, sulfates end carbonates, eg NaCl, CaCly,
MgClz, Na;SOs4, and especially (NH4)2C)2C03 or com-
bmations thereof can be added to the already produced
polymer to improve ease of drying, to make the poly-
mer more easily redissolved and 10 mhibit 1myde forma-
bon. Examples of sntable monomers are

HH
C=C=—50N1
H

viayl sulfonate, sodum salt

0

¥

a3

H

(T

I —N—c—tl:—so;N.

H CHy H
sodium-2.-acrylamdo-2-methylpropane sulfonate (so- s
dwim AMPS)

R E 8058

o=

B

myrene salfopae, aodinm mh

(v ]

HH 80sNa

=

H

sodinm vyl toloeme sulfonate

A H H

C-—50yNa

sodiom p-vinylbenryl gulfonate

o
H=—C=2C—SOyNa

22

~continued
1-altrosthylena solfome acid, sodium =l

(3-mullopropyl)methacryllc estes, potessium salt (SPM)
Frgrmy
CRC=C=N=—C—C—PFOjMa

i G h

2-acrylamido 2-methylpropane phosphame acid, sodium salt

The first two formulae for X can be viewed as

wherem Z 1

ll'
=N=— or =—0—

1 ¢, amudes or esters. Of course, mixtures of these am-
ades and esters can also be used.

These are known monaraers and can be produced as
18 known i1n the art Particularly with regard to the
N-sulfoh -substrtuted acrylamdes, they are
disciosed m US. Pat No. 3,679,000 assygmed to the
Lubnzo! Corporation, the disclosure of which patent is
meorporated by reference The 2-acrylamdo-2-methyl-
propanesulfomucacyd 13 avalable from Lubnzcl under
the dessgnation AMPS

Punfied AMPS monomer results in surprisingly supe-
nor polymer While not wishing to be bound by theory,
1 18 believed the lngher punty results in lngher molecu-
lar weight wiich is responsible for the mncreased viscos-
ity mparted to water by polymer made from punfied
monomer Preferably the monomer 1 punfied 10 con-
tain less than 130 ppm, preferably less than 50 ppm by
weight cham transfer-promoting mpurites such as al-
lylic compounds. This s done by recrystalhzation from
hydrons acetic acud or lower alcohols, chromato-
graphic techniques or other standard punfication proce-
dures,

Thus usefnl compositions can be described as poly-
mens produced from 2 monomer componbon compns-
ing st lesst one of & hydrophbilic N-vinyl lactam (more
broadly an N-viny] amude) or a hydrophilic vinyl con-
tammg sulfonate galt or the corresponding acad, option-
ally contarmang i addition a hydrophilic unsaturatad
amude and if desired a termonomer as dmcloged heremn-
sbove, saxd polymer being stable. Not preciprtating after
7 days 81 300° F (149" C) is one way of defining ntabil-
ity which has been definitely correlated with long tenn
stability at 250° F for N-viny! lactam/unsaturated
amide polymers Particularly with the N-vinyl lactam
contemmng polymers, after a modest imtial drop n vis-
casity on agng, the viscosity on continued aging re-
miung essentially wnchanged. Becanse of thns enhance-

B8
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ment of stability on extended aging these N-vinyl lac-
tam contammng polymers are particularly switable for CHj

extremely harsh environments as defined for instance t:N s
5

I
ST

by the area above the 20 day hne or even the S day kine
CHy w80 C NH—c“CH;!O;H

or 1 day line t FIG 14. By N-vinyl lactam contmmng A
polymers as uwsed m this contest of extremely harsh Il'o:H oy
environment stabahty s meant polyrners having at Jeast
10 werght percent combined N-vinyl lactam and unsatu- PPy
mated amrde, at least half of which 13 N-vinyl lactam
In certmn applications it is believed there 13 an advan- 10 The 2-meibylpropenephosphomic acid (MPP) shown
tage to copolymer compasitions having at least 20  above can be synthenzed from wsobutylene, PCls, and
weight percent each of the vinyl-contaming sulfonate  SO; as described m said DE 3,210,773 Other phos-
and the N-vinyl lactam {more broadly N-vinyl amide)  phonated alkenes also may be used, however, for stabil-
and 0-40 weaght percent of the unsaturated emude. In sty the carbon which i artached to the mtrogen 1o the
other instances composinons having at least 10 weight 15 fanetionalized polymer must be disvbstitnted. That 1,
percent of all three monomers (lactam, amide and sulfo-
nate are preferred). R
Polymers of 80-95, prefersbly 85-90 weight percent N\
sodmm AMPS and 5-20 preferably 10-15 weight per- /°'=c“-'l-
cent VP are particularly suitable for water loss poly- 20 CH)
mers. Such polymers are of particular uthity 1n ngh rd
temperature geothermal dnllmg flwds partcularly ROP
those not employing the clay usually assocaated with
dnihng fluids. These polymers are also especaally ated ~ Where
for coating weighting agents 10 reduce abrasion of Den- 23 R==alkyl, phenyl, etc R=H
simx-type 1ron ore. Vanous denvatives of the phosphome acid may also
The followng is a more detmled dscussion of the  be made prior 10 the reaction onto the polymer, pro-
phosphonate-contamming  compomtions The 2.  Vided thuﬁe denvanves are stable 1n the presence of
acrylamido-2-methylpropanephosphonic acid (AMPP)  #trong ac
or fts salts (the metal bemg as defined for M heremnbe- 30  Polymers with pendant nztnle groups contst of poly-
fore) com be prepared as described m German Offen &erylomutrile and copolymers of ecrylonitnle such as-
legungaschnft DE 3,210,775 (Sept 29, 1983), the disclo-  poly(acrylomitnle-co-styrenc)
sure of which 18 hereby mcorporated by reference. poly(acrylonnnle-co-acrylamide)
For reservoars with temperatures m the range of 170 poly(acrylomtnie-co-N-vinyl-2-pyrrolidane-co-acryls-
to about 230 F the homopolymer of AMPP or its co- 35  tude)
polymers (including 3 or more combinations)  poly(ecrylomitrile-co-methacrylic acud)
with acrylamide (Am), AMPS or its salts, methacrylam-  poly(scrylonitrile-co-acryhc acad)
wde, N.N-dmethylacrylamide, viny] acetate, acrylom-  poly(acrylomtrile-co-N-vinyl-2-pyrrohdone)
tnle, or 2-vinylpymolidone (VP) may be used How-  poly(acrylomtrile-co-methylmethacrylate)
ever, s the temperature increases within thi range the 40 Polymer Charactenzation
Am content In the copolymers must be reduced
For reservomrs with ugher temperatures and appre. The polymers of this lovention can be characterized
csable hardness levels, the Z-crylamido-Z-methyl- & to relatve molecular weight and viscosity by K val-
propanep te co~ and terpolymers with VP are  Ues calculated from measured relative viscomities ¥ it
preferred because of their improved retention of viscos- 43 Vanous concentrations. In this calculaton, X=100 k,
sty Thos, with phosphonate copolymers, reservours where k 13 Fikentscher's constant, obtained from the
wath temperatures of about 230F ar lugher require co-  equation
polymers of AMPP wath VP; terpolymers of AMPP,

AMPS (salts, especially Na+), and VP; terpolymers of Iog el
DeapolmymofAMPP.MS(nlu).VP.mdAmurso i W |
m

These phosphonate-contaumung polymers may be pre-  where 1,718 the viscossty of the solution compared wath
pared 1 the manner described heremafier m more de-  1is solvent and C 18 concentration in grams per 100
tail, 1e., by solution polymerization 1n water, m gel log ~ mulliliters {or 1 deciliter) of solution. The develapment
form, i suspension or shury or by mverse-emulman 35 and mgmficance of K values are discussed more fally in
polymemmlmhmnnmybempﬁlhedbytypl- Example VIIL
cal chemical agents such as azo compounds, h In comtrast to the copolymers of 50-99 mole percent
trites, paramenthane hydroperomde +FeSO4.1H10 N-vinyl-2-pyrrolidone and 1-50 mole percent acrylam-
potsssum persulfate, etc or by radation (A-rays, elec-  1de, with K values of 10 10 140, disclosed and clamed
tron beam, UV, etc). The preferred method will be the 6 by U'S Pat No. 3,500,925, the copolymers of this -
one that supphes the highest molecular weight in & vention have K values of more than 140 when measured
conveniently used physical form. at concentrattons of | gram/decaliter or less. The high-

In a different aspect of this mventon, phosphome  est X values genenlly comelate with the preferred
acud or a compoartion contmnmg phosphonate groups  methods of preparation and testing of the copolymers of
can be added to & pr:formnd polymer which contains &5 this invention, as described m example VIII Copolymer
pendent nitrile (~-C==N) umts, along with Ha804 or  solutions prepared and tested by the methods presently
some other strong acad 1n water at —25° t0 80° C,, 1 considered optumum can have K values i the range

from of abont 150 to at jeast about 250.
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The polymérs of ths invention can be further charac-  media contaung electrolytes, monomer concentrations
terized by measunng the cloud point temperature, as i the mange of from sbout 13 to about 35 weight percent
ined and more fully discussed herein and 1 Exam-  are most effective, with concentranons of about 20 to 30
ples V, VI and XVII The polymers are preferably  weight percent parucularly preferred For alcohohic
tested for cloud point temperstures at heat agang for & 5 media, moncmer concentrabons in the range of from
penod of tme wiuch produces an equilibrum cloud  about 15 to abont 35 weight percent are most effechve,
pomt tempecaore representabve of the polymer's per-  wath concentrations of sbout 20 to 30 weight percent
formance m, &g, enhanced clf recovery m reservoirs of  particularly preferved
equrvalent temperatures. The equilibnum cloud pomts For a gaven palymer snd set of polymenzation condy-
appear to correspond to an equibbrium degree of hy- 10 tons, the viscosty obtained will reach a maxwmuem fora
drolyus, as defined clsewhere herem, generelly imited  certmin range of monomer concentratons in the poly-
to about 70-80 percent, which mey partuily sccountfor  menzation medsum, generally lymg between shout 20
the supenor properties of the preferred copolymers. to about 50 weight percent. Reacton rate increases,
Polymermation thus reaction time decreases, as the weight percent of
15 monomers 13 mereased  Thus, 1t 15 generally desirable to
The polymers of this invention can be formed usng  use a concentration of monomers which will produce a
» emulnon, mverse emulsion (water-n-0il) Of  polymer of maximnm vicosity m a8 ressonable reaction
shury polymenzation processes. In one embochment of  trme  Other conmdesstions are the actual viscosity re-
the invenhon, a process for producing the polymers  guired of the polymer m s applications, solubslity of
compnses carrymg oust the polymenzanon i 4 homoge- 20 the palymer m 1ts applications, solubilty of the paly-
peous solution process m which the polymerieation  mers 1n water, and transportation/handhing expenses.
medum 13 weter contunmg certmn dissolved muxed The SSW used for preparation of many of the poly-
electrolytes, or presently most preferably, water con-  mers described heren (unless otherwise indicated), for
taning appropriate dissolved salts such as found in sea  example, was prepared with the mgredients tabulated

water, 10 provide & mmolated or synthetic sea water 25 pel to contam the followmg quantinies of dissolved
(SSW). Natural sea water and formation brines can also -I:‘w

be uzed in the polymerzation media and can be filtered
to remove sohd matenal if desired or necessary Brines

3

contumng & ugh percentage of dssolved sohds can be Componnd Quanuty
diluted wath fresh water to provide an appropnate com- 30 NaHCD) [T
centration of dissolved soixds. Alternatively, salts can be NazS04 TS g
sddded, if deemed necessary o obtan the deswred salt 'é:g‘ 4::-;':!
Jevel In mnother embodiment, shurry polymenzation is .,u,"’:.‘h’% m_n:
preferebly conducted wath a polymenzation medium H0, diiiied to 100 Liters mack

emmngua;zofmalmhol,pd‘enhlynmt 35
tertiary alkano) which generally has from 4 to sbont 8 . "
carbon atams, most preferably t-butyl alcohol, since the Thu “recipe l\ﬂul t:l::jl::d to produce the womc
polymenc product s msoluble m the alcobol and can 0T

thus be conveniently separated.

In accordance with one embodiment of the mvention, 40 lon Concestrsarm, ppm
the mventrve processes can be used to prepare the - preny 1053
ventive polymers by carrylng out the polymerization Catl pred
out 1n a palymenzation medum using monamer con- Mgtd L2356
centrations ranging broadly from the minimum required HOO, = 143
to produce a polymer solution of the desired viscomty, 45 :‘o‘_, e
e.§, a3 low as 0 1 weight percent, up to very concen- Tow —:&'nm

trated solutions which smowmt to admixtures of the

mogomers with a minor amomnt of the polymenzation

medmem, e.g, as hugh a3 80 weight percent monomers Thts was equivalent to a tote] concentration of dis-
based on the moncmers plus medium The polymers 50 solved salts of sbout 3 4 weight percent, or an amonic
prepared in the preferred medin in monomer concentra-  strength of about 0.7 The chvalent hardness cations
tions over this read range will all exhibit stable viscosi-  (Ca+2and Mg+3) amounted to about 16 weight percent
ties, when exposed to hostile environments of high tem-  of the total canons. Vanons combinatons of such salts
perature and/or salnity sud/or hardness, bat will not  can be used to prepare solutions with 10nic concentra-
be a3 viscous as those prepared at Optinum menomer 35 1Oms spproxmsting those of sea water from vanous
concentrations. However, the polymers are genernlly  locanons

produced from salutions of total mopomer concentra- Electrolyte-contaming SSW polymenzation media
tions rangiag from sbout 5 to about 50 weight percent employed 1n the invention can have sahnity values rang-
Preferably, polymenzation 1s carned out masolubonof  1ng from sbout 10 to 100 g per kg, and preferably from
total monomer concentration m the range from sbont 10 60 sbout 30 to about 43 g/kp, of the solution Sahmty 5
to about 40 weight percent, mnce the use of monomer  defined a5 the total dussolved soluds m sea water In
concentrations below about 10 weight percent tends to natural sea water, sty and chlorimty are related by
be uneconomncal, and optimum polymer viscomty s the expression salinity= ] 835X chlormity, according
generally obtmned at less than sbout 35 weight percent  to “The Oceans, Theyr Physics, Chemustry and General
monomers. Also, when s lngh concentration of electro 65 Biology™, by H. V' Sverdrup, M W Johnson and R EL
Iytes Is to be used in an squecns medium, the ugher  Flemung, Preauce-Hall, Inc. 1942, p. 51 Thus, calcu-
concentrationt of monomers may mhibut the solubilty  lated chlorinities corresponding to sahmties of 30 to 43
of the electrolytes. For free radical mitiation in squecus ~ g/kg of solnbon range from sbont 16 to about 23 g/kg
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of soluton The womc strengths of the solutions corre- TABLE 2
spondmg to these ranges vary from about 0.6 to about
0.9 It can readily be seen that a salinty of 100 g/kg 15 Mc‘“’“‘mgmmw“’
approximately equivalent to 10 percent dutsolved sohds, Component % m o m
based upon the weight of the solution. L) o5 T Ty Y
The Sverdrup reference, on p. 55, states that aabinty m' i et .89 €
m the oceans generally hes between about 331037 g/kg Nay3Ou. g b\ osa an 4.63 'y
sea water but may reach 40 g/kg sea water or more:n =~ CaCla g 0916 1.08 131 141
certam locations such as the Red Sea. However, the  RCu8 r T ot v e
reference siates, on p. 163, that regardless of the abso- 10 m.‘:o"' 5 0.086 0.0%4 oile 0123
hate concentration of dissalved solids, the ratios be-  HyBOy 5 0.0 oms a3t 0033
tween the more abundant substances remmn virtually 5<Chg aan 0023 o0 0.030
constant Preferably, systhetc sea water compomtions N 8 00023 _gom _ ooms __amy
should have spproxmmatsly this rato, although the Tuls lih D'_w 0& .61 408 “a
overell concentrations can vary 13 Wt 9% Sclids 10 31 40 43
A composiion for simulated sea-salt for preparation  Caleulsted fonic as 0.67 asl on

of “substitutr OCean water” (SOW) 15 disclosed in  Sweasth
ASTM D-1141 (1982, paxt 31, p 1074) The compom-
mmthefdlommwunﬁwhnhwmm The data presented tn Table 2 show that the calen-
dissolved m water at the quantities shown to make a © lated 1omic strengtin for sabmities varymg from 30 g to
hter of solution will provide s substrtute ocean water for 43 g per liter of solution range from about 0.6 to about
testing purposes The materials and the guantities re- 0.9
quired to make a hter of solution are shown m the table At a constant weight ratio of the 5 component SSW
29 system generally used in the mnvention, the weights of
each component are calculated for salmities rangng

TABLE 1 from 30 g of 43 § per hter of solunon The calculsted

Scbetitote Qoean Waley ASTM D 1141 weights, total dissolved sobds and estmated weaght
Compound L Welght Percent percent thereof based on 1 hier of solubon and the
NaC) M3 L03 wmmmw-:cyvmnuea
Reys > 1134
Gl 118 wm TABLE }
| {] 4693 193
NaHCO;3 0301 056 Calcoisted Coxwponent Ranges F:Syuhne Sea Witer (SSW)
50s by by 35 Compouent N BIESW) M o
Sl a3 om MNaCl, g 19950 210 25460  H.00
e o M om G e

)

Ba(NOj); Toob 0.0000994 net CeCly. 3 . 1% 1.643 1% 2001
Mu(NOy) 0.0000M40 &0 NaHOOy, B D.174 {1,205 0221 0.290
CafNOyn 0.0000008 Texal Drsolved 0.453 012 3758 4268)
Za(NOy) 0.0000096 Soluk, g
Po(NOah 0.0000066 Wi % Bolids 29 14 7 4.1
AgNO3 0.00000049 Caleulated lonc 0 [}, 0.76 0.8

Berength

43

n’m"‘ sbove d':uu““ generally wé:‘;"‘ ‘The presently preferred polymeriration medum used
mmm“ ""‘“‘llmﬂ ."v iy "“mnlt" o, 10 Produce the polymers of this mvention is the 3 com-
Lake Products Co, lac, Ballwain, Mo. Subseute  POCCR #ystem shown m Table 3 sbove having a calcu-
ol Bl o abont 41 “'t lated 10mic strength of about 0 7 and about 3 4 weight
ocesn wumdmm“mm The weight o, oercent dmsolved sobds Tt 15 expected that polymeriza-
m Example Trace AMOUMS 4, redis shown in the varnous tables, regardless of the
compounds hated below the hine can be opuon-  ,ypber of components present m the media, which
;ﬂg:dmwmdmdemum“w have calculated somc strengths ranging from sbout 0.6
desired to sbout 0.9, will also be suitable m prepanng the
used s prepanng the sobsutute ocean water 15 sbout  more concentrated or more dilute versions of these
19.26 g/kg solution, counting the bromde and floonde SSW compoamions, having 10mc strengths m the range
jonts as chioride ions. Tins corresponds to a calculated from about 3.0 to 0.2, can be prepared and used as poly-

salmty of sbont 35 3 g/kg solution The total dmsolved  merization media for thn inventron
soluls are 36.03 g/L of solution, which amount to about gp  On the other hand, the agueous polymenzation media
3.5 weight percent of the solution. of this mnvention cap be based on oul field brimes, at
Al a constant weight ratio of comporents asindicated  patural or dilute strength Such brines can be filtered or
in Table ], the weights of each component canbe calcw-  otherwise punfied to remove undesrable sold matter
inted at vanous salmities for the 10 companent system. Qil field brines can contun up to about 25% by
The calculated weights, tatal dissolved solids and esti- 65 weight, based on water, of dusalved margame salts. In
mated weight percent thereof based on | liter of solu-  addition 10 NaCl, brines usually contam up to about
tion and the calculated ionic strengths thereof are mven  109% by weaght, based on the total amount of salts pres-
m Table 2 ent, of Ca+¥and Mg+? Small amounts of other soluble

)’r
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Penodic Group I and Group I salts are also frequently nsed, as Iomuc Strengths m this range have been found to
present, ¢ g, NaHCO;, KC, BaCl and the like Typical — produce mgmificant improvements m the polymen pre-
brmnes contzn from about 1 to 14 wt %, based on wa-  pared m soch polymerization medin. Aquecus polymer-
ter, of dissolved salrs. 1zation media having Ionic Strengths of n the range
Ahthough the ressons for the supenonity of aqueons 5 from about 06 to sbout 0.8 are presently preferred for
polymenzation medin contaming electrolytes are pot  most applications, as polymers having viscoarhes higher
presenily understood, polymers prepared o such medis  than otherwise obtmnable snd excellent heat stabihiry
can be prepared therein These ionic strengths
velues than srmuler polymers prepared in conventional “bracket” the Iomc Strength of natural sea water,
medm such as duwtilled water Also, these polymers are 10 which for, e.g , the North Sea, 1 about 0.7
mr&uﬂmﬁﬁmmuhmyudh:ﬂt The pH of the aqueous polymenzahon media em-
ployed 1n this mvention should be controlled dunng the
conditions than the polymers prepared using media polymerization process, as excesave acyhty of alkalm-
versely affect ymenmtion process or
thm.umbymemmdlbamplem 13 &deminmﬁuﬂmmmwm.
A pu:’lﬂy Prﬂ::d mddu" d"h tluule u::' the copolymer or terpolymer Generally s pH in the range
toins ot losst pme electool vio elected from b fint krow,  ©f from 4 10 about 10 s scceptable, with a range of from
of sbout 6 to sbont 8 preferred. An added benefit of the ose
conslsting of alkah metal salts and, st least one electro- of electrolytes i the pol mecha of thy B
Iyt sclected from a second group conmshing of alkalme 39 that the ymumddandmm used
carth metal salts, 2 an spproxumation 10 a syntheticses ~ YoRoon B combmmations yees
genesally will buffer the pH to a value withm the pre-
water Although not presently understood, st appears
thar the combmation of menovalent and divalent cat-  ferred range, 88 with natural sea water
ons 53 a1 Jeast one property of synthetic tea water which 1t has been found that with copolymenzation of N-
enhances the properties of copalymers prepared 1 snch 54 vinyl lactams and unssturated smudes supenor results
medie. Thus, 1t 18 believed thet a frachon of divalent  are obtamed by carrymg out the polymerzation at a pH
hardness cations to total cations of at Jeast about 1 w“ﬂmmi'wdsmmcdﬂmﬂm
weight percent will improve a polymerization medium vmyi contaming or
contmmmng NaCl or other alkah metal electrolytea  2c1d) monomer sysiems the pH should be from 7 to 10.5
Smece the synthenc ses water used successfully con- 5 c2cept where the “M of the sulfonate m R™ N+, 1w
tuned shout 16 weght percent hardness cations (hased HN4+, 10 which cese the pH can be a2 low 25 4.5 Thus
upon total cations), the polymenzaton media of ths  mall instances a pH of 7 to 10.5 s satisfactory In those
mvention should preferably contan such a fraction of az~ systems not having s sigificant amonnt of the vanyl
lenst sbout 10 weight percent hardness cations, butcan ~ containmy sulfonate the pH can be as low as 4 although
contain cp to about 50 weight percent or even more, as 3s Gemerally it will be at least 3 Within this range, the
with sumple nuxtures of the alkali meta) and elkalme ~ resulung polymer imparts greater viscosity to water As
earth mits. The presence of certan anions may also  described tm greater detml elsewhere heven, the poly-
enhance the effect of the polymenzation medn de-  menzahon 1 carned out tn aqueous mecha preferably
scribed herein, perhaps through a buffenng achon Var-  contaming monovalent electrolytes and mimated by
fous concentrations of the salts can be used, genenally ., radistion or chemica) rmhators or both.
rengmg from abont 0.1 1o about 10 weight percent or If the polymer 1 to be made on or near an offshore ofl
more, preferably at least 1 weight percent, based wpon  repovery site natural seat water would predictably be
the total weight of the polymenzation medium For  (he preferred polymenzatian medium, doe to rts sutable
polymers to be used in certmn appheations. such s, ¢.g,  properties and ready availsbility at low cost. Sea water
mm:nm-mimm“ may require trestment ta render 1t surtable for nae as &
saturation tagecus ymerization medium and/or oil recovery flooding
In addition to the use of a specified concentration of ?lzlld.mchuforumple.ﬁlmmmm
& muxture of electrolytes containing both alksh and  gyq golids such as sand and microrganmms and treat-
slkaline carth metal galts, the aqueous polymerization  yent with 8 biocade to prevent the growth of microor-
media contaning such electrolytes can be characterized o) gpnicme. Flooding flmds shonld preferably be mmilar to
by the resulting lomc Strength, given by the formula and/or compatble with the formaton water, a3 1

IS =30 Z2-CZP4 23 Inown to those skilled m the srt.

where Cj, Cy, etc exch represent the molar cancentrs- Polymenation Ininators
] ar
md.lmmmmmm]mmzl_ss The polymers of ths invention can be prepared by
Z3, etc. ure the charges of the respective soms, both processes umng vanous free radical polymenzatian
positve and negative, sud n equals the number of ddfer- wutistors known to those skilled in the art. Preferred
ent 1ons m the polymerization medmum wrtiators mclude chemical polymenzation untiators, the
For farther diwcusmon of Ionic Streagth, see, c g, mtroduction of electromagnetic or miclear radiation to
Fritr and Schenk, “Quantative Anslytical Chemutry”, 60 generate free radicaly, and combinations of both tech-
Second Edition (Allyn & Bacon, Boston, 1969), pages ~ Mques.
9-10. Chemical polymerization imtiators employable m the
QGenerally, aquecis polymenzation media with elec-  POIYmenEzanon processes are ol or water soluble com-
trolyte fonic Strengths in the range of from sbont 0410 pounds known in the art to genernte free radicals for
sbout 3.0 are effective 1n inproving the propertes of 85 ths purpose selected (rom ax0 compounds end organic
the polymers of this invention, preferably, amounts of  Peroxudes such as 2,2%-azobisisohutyronunie (commer-
mixed electrolytes suffiment to produce an Jome  Cually svalshle ss Vazo-54(® from E. I Du Poni),
Strength of m the range from about 0.5 10 sbout 20are  2--butylazo-2-cysnapropane, 2,2"-azobis(2.4-dimethyl-

E
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valeromtrtile) (Vazo-052 & from E. I Du Pont), 2, 2
azohs(2-amicinopropane) hydrochlonde (V-50 from
wako) 2-t-butylazro-2-cyenopropane, 2-t-butylazo-2-
cyanobutane, 2-t-butylazo-1-cyanocyclohexane, ben-
zoyl peroxide, ch-t-butyl peroxide, t-butyl peroxy- ace- s
tate, t-butyl peroxypmvalate, 2-t-butylazo-2-cyano-4-
methoxy-4-methylpentane (comunercially available ag
Luszo § 33 from Lucidol Div, Pennwalt Corp ), and
byponrtnies such ss t-butyl hypominte and t-amyl hy-
pomtnie 2-t-butylazo-2-cyano-4-methylpentane (Lus- 19
z0® 70, avalable from same source), 4,4'-azobis(4-

to have a tendency to adversely affect the polymer; )5
however, sorne peroxides are effective at lower temper-
atures than those at wiuch most azo compounds are
weful A particularly surtable Jower temperature snitia-
tor 1» 2,2'-azobas (2,4-dimethyl-4-methoxy-valeronitrile)
mmudlﬂylvnﬂ-hlenVuOSB&omEl Du Pont, 5,

Presently preferred compounds mclude t-butyl perox-
mvnhu {t-BPP) (particularly for the polymenzation
med of t-alkanols), Luazo 55, Luazo 70, p-menthane
hydroperande activated by FeS04.7HzO complexed
with ethylene diamune tetracetic acad and redoced with
sodiom formaldehyde sntfoxylate (ths mrbator 1s some-
times referred to a8 hydroperoxide act
wHwﬂhSBR.SBRHn;deﬁneduFeSO..m
and sodiumn formaldehyde sulfonate), and especially
azo-buis-sobutyronsinie (AIBN), mnce polymers pre- 5
pared in its presence generally yield more viscous solu-
tions, e.g., ligher malecular weight polymer, than those
prepared m the presence of t-butyl peroxypivalate
Luazo 70 has been found to give excellent results be-
nmnalquﬂ.uummmfwmlydlmbleh”
aquo than solids such as AIBN Luazo 585, also a hqud,
should display a sumlsr advantage The 4-cyanovalenc
acud compounds are preferred because they are water
soluble An mert atmosphere substantially free of free
oxygen or other Inown inlubiting matenals should be
provided when chesmcal polymerization inthators afe
wied Muxed initistor systems of any of the preferred
inittors and a peroxsde such as potassium persulfate
which can be activated at low temperatures by reducing
agents can be used In thus regard, the preferred 1mita-
tors are Vazo 33 and the para-menthane hydroperoxide
referred to herewnabove Other preferred iutiators are
water-soluble azo compounds contamng anudine mo-
eties such as

L
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V-362.7'-Azobua(N, N dimethylenesobutyra-
raidine)dirydrochloride

¥, 1 g N
C-C’-'Nﬂ!l—?hc ZHCl 5
Nll/ L‘b CHy \N'l-l

V50 1.7'-Arcbu(Z-emidinopropane)dihydrochloride

S CH) NH
~ ™ ™) ¢
N CHy CHy NH;

which sre commercuslly svailable from Wako Pure 63
Chemicals Industries. Anothey preferred group of iuti-
ators are the alkylhypomtmes commercaally availshle
from Catalyst Resources, Incorporated. Alkylhypom-

32
tntes are low temperature thermal end photochemieal
sources of alkoxy rachcals. The parent compound 1
actually a trans-alkylhypomtnte with the following
structnral formula

RO—O—N=N—O—RI*

wheran Re 1 a C3 to Cj3 carbon atom hydrocarbyl
radical

Chemucal polymenzation imtiators which are sub-
stantislly soluble m the polymenzation medi of this
mventon can be added directly to the monomer solu-
tion, or dissolved or dispersed i a mmall amount of
solvent which 1s muscible or soluble therean before being
added to smd monomer splution

Chemical polymerization mnators winch are wnsuffi-
clently soluble in the polymerization media of thm m-
vention 1n the concentration requured for muthon can
be added m the commercially avalable state or dus-
persed as o fine powder, but are geperally more effec-
tively employed if dmsolved in & Lgquid soluble or misc-
ble m the medium. For example, & water-nuscible sl-
vent such as acetone or s aleohol can be used to solukd.
Irze azobimsobutyromtrile, the preferred chemical mitia-

”m‘,lndtodnpeneitmtheaqmulpolymenam

media or alternatively 1t can be dissolved 1n the vyl
Inctam monomer

The polymens of thw wventon can also be prepared
1n processes where mitiation cas be achieved at least
plrullly by uradiation by electromagnetic or nuclear
radiation, &g, gamma radution, as known to those
skiled 1n the art. The regulting polymers when dilated
with water or SSW to a common solids level, for exam.
ple 2 weight pexcent or less, are generally found to
exlubit solution viscosities comparsble to or greater
than mmuilar polymers prepared by chepucal mutation
Such frradatton can be wsed to mtste polymenzation
esther alone or m conjunction with the chemical a mina-
tors already mennioned as well s other commonly used
free radical inmaton and senutizers. In contrast to the
mert stmosphere required when chem:cal iitiators are
used, free oxygen can be present when rachation along s
nsed 1o mnate polymerzation, although sepenor re-
sults are obtamned when oxygen 15 excluded While
gamma rachation from sources such as Cobalt 60, Ce-
sium 137 and Indmum 192 is presently preferred, other
sources of rachation can be used, includmg X-rays,
beams of neatrons, electrons or other charged particles,
or ultraviolet light from sunlight or artificial sonrces
An amonnt and intennty of such radation should be
used effecthive to provide the desired viscomty and ay
essentually complete polymenzation

In general, 1omic strength of the polymenmton me-
drum, Le the presence of salts enhances the viscosity of
the resniting polymer with chemcal mitwtion. The use
of an 10mc (salt} medum, a jow level of chemical instie-
tor n conjunction with gamma ray wrradiation can be
used to pve 8 lugh molecular weight, linear polymer
with a low degree of cromhnking. Any sequence can be
used but preferably the resction medium contaning the
chemical initiator w first irradisted and thereafter the
polymenzation i3 completed by the chemcal means

The intensity of the radiation, thus the dosage mte,
<an be vaned during the process. Dase and dose rate are
mterdependent vanshles, and should be selected in tan-
dem, and 1n conjunctan with other relevant vanables as
known to those skilled in the art.

&3



)

5,186,257

33

Radiatton methods can be used to inttiste polymenza-
tion 1n vanous aquecns and organic media The mven-
tion polymers can be prepared by radution polymenza-
uon 1 aqueous medw contamnmg mixed electrolytes, as
previously disclosed, or 1n media consiting essentially
of af least one alechol, preferably a beat tertary alka-
nol, as previously duclosed

It has been ducovered that polymers of exceptmal
viscomty and resistance to the adverse effects of hostile
environments, e.g., hugh tempersture, salinity, hardness
ton content or alkalinity, can be prepared by a method
compnamg polymenzng a monomer mMXture Comprs-
ing N-vinyl pyrrolidone and acrylanude by free radical
mitiation at Jeast parnatly carned out by the mtroduc-
tion of electromagnetic or nuclear radiation, preferably
gamma mdighion Preferably an aqueons polymenizanon
mediom 13 used, with medan comprising a synthetic ses
water of mused electrolytes as previously duclosed
particularly preferred

L]

Radishon palymenzation can be carned ont aver g X0

broad range of polymenxation temperatures (taken as
the average tempersture of the monomer solution),
ranging from just above freenng to ust below the boal-
mg point of the monomer solution. However, as shown

in Example XXIII, chilling the monomer solution to 25

counteract the heatng effect of the polymenzaton
reaction can produce advantages such as higher molec-
ular weight Thos, m one embodiment, 1t 15 preferred 1o
chill the monomer muxture to a temperniure above
freezing before, duning, and/or after irracation.

Soch coaling can be facilitated by carrying out the
polymenzation m plastac bags or other contamners with
center holes knd submersmg the contamers m a coaling
bath

Normally, sbout 0.03 to sbout 2.0 weight percent of
chemical mitwtor based on total monomer weight 15
used for chemical mtiation alone, with a reaction tem-
peratnre m the range of about 20° to about B0* C , pref-
erably sbout 50° C.

¥

3

In many instances there has been found a preference 40

for lower temperatore imhation, re —10° to 60" C.
preferably — 10" C. to 30" C., more preferably 5° C. to
15" C. At these lower temperatures a lngher viscomty

18 cbtamed Thess lower temperstures are

polymer
suitable for both chenucally imtiated polymer and wra- 45

diation 1mtiated polymer, or comnations thereof The
low temperature mitiation partucularly lends steelf to
“on mte" polymenzation st room or ambient tempera-
ture which can even be done without any tempesature

M
and redissolved or dispersed at or near the locauon
where they are to be used, thus mummizing trangporta-
tion costs. Generally, the polymers formed m an alco-
holic medium are more readily 1solated, if destred, than
those formed 1n aqueous media

Monomer Proportions

The first and second monomer proporhons for co-
polymers of this invention can vary widely, as previ-
ously duclosed. Generally, VP:Am weight matios of
about 10-90 to about 90-10, as apphed to the nuxture of
monomers polymenzed, are used, but copolymers hav-
mg VF:Am weight mtios as low ss 5-95 and as high as
99 1 can be prepared and employed for speciahized ap-
pheatons. As used in ths paragraph the term VP is
meant to be genenc to N-vinyl lactams and N-vinyl
anudes as broadly disclosed and Am is genenc to unsat-
urated amides as broadly disclosed herein (ie.., to set out
the weight ratios broadly for frst monomersecond
monomer) snd the ratios are intended to cover “muzed™
copolymers, Le. N-vinyl pyrrobdone/acrylanude/N,N-
dmethylscrylannde. Generally, the mmimum smount
of the VP monomer requured to produce copolymers of
the demired charactenstics wall be used The polymers of
vmyl-contumog sulfonate salts, phosphonate salts (or
the corrésponding acids) or esters as the third comono-
mer or vinyl lactams (more broadly N-vinyl anndes) as
the first component and unsaturated amides, if present,
as the second component can have monomer ratos &y
shown in F1GS. 13 and 16 excluding ares F, although of
course, propartions shown are most preferred for the
specific mosomers set out

‘Thus, the first component (the N-vinyl amide) can be
present 1n an amount within the range of 0-100, prefera-
bly 10-90, mare preferably 30-70 weight percent based
on the wesght of all monomers mcorporated into the
polymer The second component (the unsaturated am-
1de) 1n an amount within the range of 0-80 (up to 85 m
VE/Am) preferably 10-53 weight percent and the third
component (the sulfonate, phosphonate or ester) in an
amoznt withm the range of 0-100, prefersbly 10-95,
more preferably 40-90 weight percent. In all instances,
there can be a termanamer present 1n the amount set out
elsewhere herein based on the total weaight of the other
components, the ratros just set out heremnsbove thus
bemg the relative propornons of the first, second, and-
for third components to each other

A 90710 NaAMPS/VP u particularly swtable for

comtrol Thus m of particular value where gel logs of 50 Water loss control in dnlling muds. Dnllmg flmds 1n

only 20-30 wesght per cent aohds are prepared smce

behavior of the mutistor and the polymensation charac-
teristics of the monomer gsed Surpnaingly, in smte of
the limrted solobility of the low temperature mtmtor
2,2"-420bm (2, 4-dimethyl-4-methoxyvaleromtrile) excel-
lent results are obtamed 1n aqoecus media.

The reaction is generally substantially complete, e.g.
providing substantwlly quantitative coover-
mon, after about 1 1o about 10 honrs. Smaller quantines
of instiator requure longer polymenzation tune, bat pro-
duce Ingher molecnisr weaghts. A reaction tsme of
about 2 hours i normally employed in bench acale
processes. The reyultng polymers are not necesanly
isalated Instesd, the solutions are further diluted as
formed 10 obtun the desred concentration of polymer
However, the polymers generally can be molated, dned

2]

whuch all the hostile environment-resmtant polymers
described herean can be nsed are well known m the art.
Genenlly, they coptun finely divided clays such as
bentonites, kaolm (kaohnite) or illrtes and also argano-
colloude such as carbaxymethyl cellulose or sodium
polyscrylate. Frequently, quebracho and/ar a sulfo-
nated axphalt 1 & constituent. The polymers described
herein can be present 1n such fluids s sn amount withm
the range of 0.5 to 10, preferably 1 to 5 based on weaght.
These polymers are also capable of performng m high
temperature geothermal dnlhing fluds, which generally
have no clay, where otber polymers under the same
crcumstances break down The high tempersture can
be defined as a hostile environment defined as a temper-
ature and divalent 1on concentration above the mfinite
days ine of FIG 14, ar more broadly, in some mstance,
& temperature sbove 170° F or more preferably above
200° F
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In addition any of the polymers having a matw of
monomers a5 shown can also have a termonomer pres-
ent m an amount up to 25 weight per cent based on the
total weight of monomers as discussed herembefore

For cnhanced cil recovery applhicatons, the preferred
copolymers of thu mvention comprise copolymen of
N-vinyl-2-pyrroldose (VP) and scrylamude {(Am) 1n
which the weight ratios of VP.Am prefersbly range
from abgut 30-70 to sbaut 70-30. The high proportions
of VP are preferred for reservous having more “hos-
tile” condiboms, e g, lugher temperature, salimity and
hardness of the formatwom water For example, copoly-
mers for use at over 260 F should prefernbly contan at
least about 60 exght percent VP, while copalymers for
use at about 250 F can have sbout 50 weight percent VP
or more For lower temperatures, copolymers wath
lower proportions of VP can be tolerated, ¢ g, for tem-
peratures of about 220 to about 250 F, about 40 weight
VP or more should niffice, while for temperatures as

10

low s 200 F, the copolymers can obtam at least abont 20

30 weight percent VP Copolymers having VP.Am
monomer weight ratios in the nge of from about &5 35
to about 35-45, or about 60-40, are particularly preferred
for use m Ingh temperature EOR as these copolymers
will produce the lighest viscomty relative to sea water
after a short equlibration time 1 the lugh temperature
reservorr For applications requirmg shorter stability
umes, greater viscomty can be obtamed from copoly-
mers of lgher acrylamide content, although these are

25

36

useful 1 dnlhing wells, mcluding use as additives for
drilhing, workover and completion flmds, can have any
desired weight ration, but generally such weight ratios
will be from abont 30 to about 60 weight percent VP
with the balence Am. The exact proportions can be
chosen to produce properties compriaing high visconty
and resistance to high temperatores, salinity and hard-
oess wns whnch are optimal for the environment m
which the drilling, workover ar completior flud s to
be used As mentioned earlier, the requurements for
drilung, workover and completion fluds differ sigmfi-
cantly, e.g., dnllmg flmds are pormally thickened with
clay, while workover fluids are preferably clay free.

In gesneral, when conditions are less severe, e.g , the
fluxds are to be exposed to high temperatures, sahnrty
and/or hardness 1on concentrations for shorter periods
of time, a lower proporton of VP can be used m the
copolymer, thus reducing costs snd mcressmng the vis-
cosity, attamable per mmt of copolymer

Conversely, for very hostile environments and ex-
tended expoayres, as m, ¢ g, the polymer flooding of a
North Sea reservow, a lugher proportion of VP wall
generally be required for effectiveness, regardless of the
relative cost

For apphcations requnng mamly a flocculant, as,
&K , water treatment and/or thickenmg, clanfication of
beverages, or minerals beneficuation, lower proporbons
of VP can be used, e.g m the range of from about 20 to
50 weight percent, with the remmunder Am In example

less stable than the 6040 compomitions. While 6040 30 XXIII, s copolymer having 30% VP and 70% Am was

(VP.Am) copolymers are presently preferred for long-
term Ingh temperature spphcations, 50:30 weight per-
cent copolymers have displayed exceptional thermal
stability m aging studies conducted 1n water, and partic-

ularly m SSW, at temperstures ranging from about 200 33

to about 300 F See Examples | and {1 For example,
such 50:40 copolymers, employed as 2 weight percent
solutions 1n SSW, have mwven clear solutions after agmg
at 250 F for more than 918 days (487 plus 431) while the

solution viscomties remam about the same or somewhat 40

higher than when first tested Although the majonty of
testing has mvolved the 305 copolymers, which are
presently preferred for wse at temperatures of about
240-260 F, tests of aged 6040 (VP.Am) copolymers
show that they are generally supenor at temperatures
above about 250 F Additional tests of the 50 50 copoly-
mers conducted at 300 F in S5W have shown that the
solutions may turn cloudy without loss of most viscos-
ity sfier & few days aging, but that the cloudiness drap-

pears upon shight cooling. The cloudiness typically firm 50

appears af a temperature between about 260 and about
230 F Based on these observabions, 1t appears that a
preferred upper temperature limit for long-term thermal
stabihty for the preferred wmventive 50-50 copalymers
in the range of sbout 280-300 F Cloud points for the
6040 copolymers are in the range of 290-320 F, sug-
gesimg 320 F as the upper preferred use temperature for
these compositions. For certain applications, e.g., dril-
hing flumds, some of the preferred aged or onaged poly-

4

L

successfolly nsed to flocculate and remove clay from s
turbid nver water semple.

The terpolymer of ths invention can aJso be talared
for certain applications by adjusting the proportions
and types of monomers charged For simphcnly, the
term “termonomer” 18 used heremn to mean a monomer
or monomers other than the principal monomers of
N-vinyl lactam and vnsatursted amide, although it 15
recogmzed that techmcally N-viny] lectam and unsatu-
rated amide are also termonomers. A munor portion of &
termonomer, for examople 8 hydrophobic compound, 15
mcluded to alter characterstics of the polymer such as
ts tendency to adsorb on ar absorb 1n a rock formaton
(Adsorption refens o the sttachment of polymer mole-
cules to the rock serface by phymcal or chermical means,
winle absorption refers to such larger scale phenomens
as 1ming of the polymer solution wathin the pore
structure of the formation rock ) Other polymer charac-
tenistics which can be altered by wncorporating such a
termanomer 10 the polymer mnclude solubility 1 water,
brine and oils, as well a3 cromlnking ability The ter-
polymers of this invention have been found to be as
stable as the copolymers wmder conditions of high tem-
perature and/or salmty and/or hardness, as shown m
Examples XV through XXI, and thus provide stsble
polymers with vanoes useful properties.

The termonomer can be added m a quantity m the
mange of from about (.1 to not more than about 25
waght per cent, genenally nor more than 10 weight

mezs can be subjected to temperatures a3 high as at least 60 percent of the total monomers charged The major
about 330 F for periods of a few days, or temperatures  portion of the terpolymer conmsts essentially of the first

as lugh as at least about 400 F for peniods of a few hoars,

monomer and second mopomer as disclosed for the

While preaged copolymers of approxmately 6040  copolymers, with their relatve proporhons or weaght
VF/Am weight rahos are presently preferred for use in~ rahos vansble over the same range as i the copalymers

high tempemtnre enhanced ol recovery, the copoly- 65 to adept the polymers for vanous apphcations.

mers of this mvention can be “demgned™ and prepared

Generally, the terpolymers can contam 1n the range

n proportions which result 1 properties which are  of from about 10 to sbout 90 weight percent of an N-
optimal for vanous other appheatons Copolymers  vmyl lectam or more broadly N-vinyl amide such as
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N-vinyl-2-pyrrolidone as a first monomer, with & sec-
ond monomer of an ansaturated amide such as acrylam-
ide m the range of from about 90 to about 10 weight
percent and the termonomer as disclosed above present
a5 an amount mn the range of from about 0.1 to about 10
weight percent, preferably from about 10 to about 10
weight percent Preferably, the terpolymers coniun
about 25 to about 73 weight percent N-viny] lactam,
about 75 to abaut 25 weight percent unsaturated aaude,
and about 2 to 8 weight percent termonomer A termo-
nomer content of ahout 3 to about 5 wesght percent
presently most preferred For enhanced ol
apphcations at reservorr tem of above shout
230 F, it s prescntly preferred that the proportons of
sad first monomer and said second monomer be ap-
proximately or nearly equal, 1 ¢ , that the weight ratio of
the first and second monomers be m the range of about
45,55 to ahout £8.35

1n addition to varying the monomer proportions, the

maolecular weight of all the mventive palymers can be 20

vaned accordmg to the amount of mtator used ar by
mtiatton by gamms uredistion, for example Thus, a
relatively Ingh molecular weight may be suitable for
EOR, or for fl suspended solids, while for

drilling flnds, a lower molecular wesght can be used to 25

kmit the degree of flocculation of suspended clay
‘The vanous processes of the invention for the recov-
ery or processing of natural resources can be \mproved
by the use of the nove] polymers prepared by the meth-
ods of this invennon, as disclosed earhier, although the
polymers of the prior art prepared from the same maono-
mers ¢can be employed a5 well The advantages of em-
ploymg the polymens of this nvention become moare
apparent whea the polymer 15 exposed to & tempersture
of m least sbout 150 F or higher Genenully, m carryng
cut the vanocus processes for recovery of natural re-
sources sccordmg to thus invention the polymer s gen
crally at least partially dissolved m an aqueous flud, and
can be introduced mic subtetranean formations wath a

flud comprismg at least one componton selected from 40

the group conmstmp of bases, polymenic, viscomfiers,
crosshnking agents, surfactants and cosurfactants, and
combinations of any two ar more of smd compontions.
The polymers can also be used 1n conduction with car-

3

bon dhox:de m carbonated waterflooding In the vanous 45

processes, sad polymer can be cross-linked with van-
ous croashnking agents. The aqueous flmd to which the
polymer is exposed can have a mignificant salinnty and-
/or hardness, e.g. a sahmty of at lenst about 10 grams

per kilogram of solution with a fraction of divalent 50

hardness cations to total cations of at least about 1
weight percent, or particulariy, a fraction of divalent
hardness 10ms of mt least sbout 5 weight percent. The
polymer can be exposed o vanous aqueous flinds in the
preparation of the polymer and polymer solutions for
ust in the process, 1a the mtroduction 1nto the well bore
and/or formation, or m contact with subterranesn for-

as
selecfed as mdicated elsewhere herein for the mvenuve
terpolymers. The polymers used m these processes and
compositions of the mvention will hydrolyze, and when
heated 1n solution to a temperature such 23 at least about
150 F for a smtable period of tume, will reach an equalib-
rom degree of hydrolyms end an equiibnum cloud
poant temperature. Generally, an equilibnum degree of
hydrolyns for a given temperature (thus mdscanng long
term stability at that temperature) will be obtmuned by
heating at a lugher temperature for a short ime For
mstance, heating at 300 F for 7 days gpves the equhib-
nium degree of hydrolyms for 250 F Heating at abont
250 F for at least about 7 dayn gives the equiibnum
degree of hydrolysns and equilibnum cloud pomt tem-
pernture for about 1830 F Hydrolyss of the polymers to
the desmwred degree can also be obtaned by contacung
them with o base or acid, optionally while heatmg, as
explmned more fully below

‘The polymer can be at lesst partially disolved in a
haqund which 15 creulsted in & well bore used m certan
processes of the mveation, such as for example when
said polymer 15 nsed aa 8 dniling flmd, & workover flwd,
or a completion flud.

It has been discovered that the vanom polymen
prepared m accordance with this mvention, as well as
some of the correspondmg polymers of the pnox art,
can be useful 1n vanous processes such as for instance
for recovery or procesung of natural resources, com-
prismg enhanced cil recovery, the dniling. workover
and completion of wells for the recovery of natural
resources such as o, gas and geothermal wells, the
thickening and/or trentment of water for mse, and min
erals benefication For exsmple, m accordance with one
embodmment of the mventon & process for the enhanced
recovery of forl from st least one high temperature
production well comprises injecting an aqueous flnd
thickened with a VP/Am polymer into at least one
injection well to 1mprove the recovery of ol from the
producton well. In such novel apphcations, the
VP/Am polymers can be used m comjunction with
vanous other matenals, such as bases, surfactants, co-
mrfactants, polymenc vucomfiers, croshnking agents
and the hike, used smgly or m comknation

For example, the bases can be water-soluble bases
selected from the group consisting of alkah and slkaline
carth metal hydroxides, ammonrum hydroxide, alkah
metal carbonates and chermcal buffer salts which dm-
solve wath bydrolyrs to yield alkaline fluids, such as
sodiom phosphate, sodium borates and sodwin sibeates,
or combmnations of at least two of saxd bases.

Surfactants can be selected from amonic, canonic or
nomone surfactants, sutable anome snrfactants m-
clude petroloum sulfonates, alkah metal carboxylates
such as sodiom oleste, carboxyalkylsted or sulfated
polyethoxylated alkyl phenols, carboxylated or sulfo-
nated polyethoxylated atkyl phenals, carboxylated,
sulfated or sulfonated polyethoxylated alcohols or car-

mation water The polymers wiuch can be vsed mthe  boxyhe acds, and carboxylsted, sulfated or sulfonsted
vanous processes for the recovery of natural resources  polyethoxylated thicls. Switable catomc surfactants
fnclude copolymers produced from monomer mixtores 6¢ 1nclude long cham fatty ammes and quaternary ammo-

of N-vinyl lactams and unsaturated anndes and terpoly-
mens prepared by mcorporating & mmnor amount of at
least one termanomer, generally amounting to about 10
weight percent or Jess based on total weight of mono-

mum saits of fatty aqmnes, Suitable nomomec surfactants
mclude polyalkoxylsted compounds prepared from
substrates of long cham alcohols, alky] phenols, carboa-
yhc acids, asmnes and thols These surfactants can be

mers, ioto the monamer mixtare, The proportuons of the 65 used in cominnanions or mixtures

manomers in the monomer muxture can vary over 8

Suutable cosurfectants can be polar orgsmc com-

broad range, es disclosed for the polymers produced by~ pounds selected (rom the group conmsting of astursted
the methods of thus invention The termonomerscanbe  and unsaturated alcohols having from 3 to sbout 10

4
\M
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carbon atoms, phenols, amines, esters, mercaptans, alde.
hydes, ketones, amudes, sulfoxides, orgamc nitro com-
pounds, orgamic mtriles, sulfones, area, and polyethox-
ylated alcohols. These cosurfactants can be used m
combinations or mixtures.

The polymers, copolymers and terpolymers dis-
cussed herem are of appheabality 1o the moblity buffer
followmg s nucellar or microemulnion slug of the type
disclosed m Hedges et 31 US Pat No. 4,265,308 (May
5, 1981) the disclosure of which ts hereby ncorporated
by reference. In thus embodiment 8 mcroemulnon slug
is formed m a hostile environment followed by a mobil-
ity buffer comprmng water and 0.05 to 1 preferably
0.1-0.25 wt percent polymer, followed by dnive water

40

polymer compositions Generally, the formaldehyde 15
used m an amount withm the range of 0 02 weaght per-
cent 1o 100 weight percent, and the phenal 16 used 18 &n
amount within the range of 0.02 weight percent to 100
wesght percent, based on 100 weight percent polymer

That 15, m the most preferred embodiment, the mole
rato of foermaldehyde to phenol 1 sbout 3 1 which 15
about the same as 1 1 weight rauo. Most generally, the
formaldehyde s present m an emount of about 1-10

16 weaght percent based on polymer, which if the polymer

18 a 1 weight percent solution iz water 15 100-1000 ppm
based on total solunon. Mole ratiosof 1 110 5 1, prefera-
bly 21 to 4 1, also work quite well a5 does the entire
mange descnbed hereinabove under the proper condi-

For instance a surfactant system, generally compnsing a 15 tions. It 15 noted that the crosshaling with formalde-

petroleum sulfonate surfactant and a C»-Cg, prefershly
C4-Cs aleohol cosurfactant, 15 mjected into & reservorr
10 form a microemuipon m miv Thereafter the mobibty
buffer is mjectad followed by Iyection of 2 conven.

hyde utilizes amude groups m the polymer cham At
least about 4 waight percent amude COMONOMET 8 re-
quired to effect gelahon

Qelling with multivalent cations occurs when there

toml dnve flnd compnsmg water, generally salme 20 are pendant carbozylic acyd or acd salt groups 1n the
weter Onl 15 recovered at a production well spaced  polymer chain esther from hydrolysis of acrylamide or
apart from the mpection well as the drive floid pushes  from copolymerizing with an acid or acd salt such as

the mobility buffer slng which pushes the mcroemul-
sion which sweeps the ol out of the pores in the forma-

tion and to the produchon well Polymenc viscosifiers 25

can be, for exsmple, Wopolyscchandes, cellulose
ethers, scrylarmde-denved polymers, or muxtures

Croshinkmg agents can be selected from vanom

acrylic acyd or sodmm scrylate as described m detail
heremafter

Alternatively, a urea-formaldehyde crosshnlang sys-
tem can be prepared by reactung formaldehyde wrth
urea in 2 mole ratio of 2-6 moles formaldehyde to one
mole of ures, more preferably & mole ratio of about 4-1
15 wsed The reachon 3 carried out 1 agueows medhom

smtsble croushiniang sgents. Examples meiude vanous 30 This muxture, with phenol, forms geis. In operation,

aldehydes and tnvalent metal cations such as
Al+3Cr+3, gnd Fe+3 Also switable are multifunctional
ammnes such as dismmes. For example, aluminom citrate
can be used admixed with the polymer or 1n slugs alter-

then, a water slug, thickened with a polymer having
crosslinking sites such ss pendant carbozamule groups
m admixture with the geliing agent s myected mto s
well to form a gel to effect permesnlity contrast correc-

natmg with polymer slugs. Soluble compounds of Cr+3 33 ton to divert subsequent dnve flads or steam to rela-

or Fe+3 can be used, or cxidizable compounds of dva-
lent won such as FeCly can be used in conjunchon with
2 gaseons oxudant such as arr or oxygen Phenols or
phenolic matenals such as hgmtes can be used Formal-

uvely oil-rich less permeable rones Examples of smt-
gble polymers are NaAMPS/Am and VP/NaAMP-
S/Am erther partially bydrolyzed or contammg acryhic
acid or an acrylate s described heremnafter Alerns-

dehyde, acetaldehyde, chromuum+2 and alummum+3 40 tvely, the components can be iyjected sequentally

arc perticularly usefu]l m cnsstorated amde and/or
N-vinyl lactam polymers

The formaldehyde can be used alone or with a pheno-
Lic compound such as phenol The specific combination

of formaldehyde and phenol requires a relatvely lugh 45

temperature to effect gelation. By using OH substituted
phenols the reactivity can be speeded up or the reaction
carned out at a lower temperature Examples of such
phenolic compounds are recorcinol and catechol, con-

versely, a meta director such as —C==N or chlonpe can 50

be sobstituted onto the phenol 1o slow down the reac-
ton. Salicylc acyd can also be used.

Surtable pheniohe compounds melude pheno, resorcs-
nol, catechol, hydroqmnones, trihydroxyphenals, o-,
m-, or p-cresol, xylenols, tuphencl A, and tannms

More speaifically, with regard to aldchydes such as
formaldchyde, 1t has been fourd that phenol or a pheno-
lic compound must be used 1n addition to the formalde-
hyde to give a gel in a reasonable tme at 2

withm the renge of room tempersture of 300F (149" C.) &

However, because the polymers are imnherently stable,
the geh, oo, are surprinngly table even 1n the presence
of water contmmng Ingh (greater than 300, generally
grester than 1000-100,000 parts per nullion by weight)

divalent metal cation concentrations. The phencol or 65

phenalic compound may have 1o be used m only trace
amoants to give stable gels, 1.e., gels that do not set op
too quickly, at lugher temperatures and with particular

(preferebly the polymer = mjected first) so as to effect
all of the gelanon m-situ

By varying the amount of crosalmking ingredwnts,
particularly the phenol or phenobc compound, the
amount thereof and the pH (preferably at greater than
7 5) the gelation rate can be tailored to the particular
reservoir In addihon to nesr-well trestment, these
crosslinked polymers are also uwsefol m steam flood
operations, as for instance where an aqueous surfactant
system and & polymenc thickener are mjected with
steam to gwve a foam 1o divest subsequent dnve flud
For m-situ gelation, any one of three components: poly-
mer, phenohic compound or formaldehyde can be with-
held and igjected later to cause gelation.

For crosshnlung with trivalent metals, some acid
must be present Ths can come from acad prodoced
throngh preparation and/or aging because of hydrolyns
or acid such as acrybe acid can be added durmg the

preparation

More specifically with regard to bavalent metal/oxy-
gen gelling systems for permeatnlity correction, in »
water permeability cofrection process mvolving the 1o
situ polyvalent metal crossiinking of polymenc vis-
costfiers such as polyacrylanude tniggered by the se-
quential myection of (1) an oxilizable bivalent metal
such as m a bivelent 1ron compound (e.g FeCly) and (2)
a gascons oxidant such as mr or oxygen, vmcoufiers
prepared by the reaction of N-vinyl-2-pyrrohidone with

e
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one or more ethylemcally unsatursted comonomers
mch a3 acrylamide, methacrylamude, vinyl acetate,
acrylic scud, acrylate esters and the ke are used This
system  of particular value under hostle environment
cooditions This crosslinking procedure 15 more specifi-
cally descnbed 1n US. Pat No. 3,658,129, the disclo-
sure of winch 15 hereby mcorporated by reference That
1, the presence of the carboxyhc acid or more prefers-
bly the mlt dunng polymenzation gives pendant car-
baxylste groups from the polymer chun which form
crosshnking cites

Also, redox systems such as sodium dichraaiate and
sodwm bisulfite a5 disclosed m U S Pat. No 3,749,172,
the diclosure of which 1 hereby incorporated by refer.
ence can be used

Alpha., beta-carboxybe acid such as acrylic acd,
particularly iz the salt form cen alaso be msed as a fourth
camonomer with the N vinyl ammde, unsaturated amide
end vinyl-contammg sulfonste, or sumply 24 & comono-
mer with the N-vinyl amide and the unsaturated amide
or vinyl-conturng sulfonate, or ns & comoncmer with
the vinyl-contammng sulfonate and the unsaturated am-
ude

It has been found that the salt of acrybc acid iunparts
far greater stebnlity to the polymer as messured by shelf
hfe (ability to remam water-¢oluble on standing at room
temperature or temperatures bkely to be found m stor-
age) than the acid itself Any salt can be used mejudmg
salts of civalent metal catons bot generally sodium
acrylate 13 used Thus the result can be cbimned by
copolymenzing a salt of acryhc acd with the other
manomers or by hydrolyung an umsturated amide-
contmnmg polymer under alkslme conditions, the for-
mer bemg preferred. In emulsion polymenzation, the
acid can be used qute satmfactonly

The use of acryhc acid or an acrylate can be viewed
s replacmg 5-30, preferably 8-40 weight percent of
one of the other monomers (generally the unsaturated
amide with the acrylie acid or scrylate to provide cross-
linking sites, Of particnlarly smiable compotion 18 &
30/190/35/5 weight percent VP/Am/NaAMPS/-
sodium acrylate polymer That » comparad with a
30/15/35 compomiion, the 30/10/55/5 has 33} percent
of the gcrylamide replaced with soduum acrylate
Broadly the acrybc ecyd or acsd calt can be used in an
amount within the range of 1-30, preferably 2-15
weight percent, the remaunder inciuding at least one of
a bydrophilic N-vinyl amide or a hydrophilic vinyl
contsining sulfonate salt or sulfomc acid Sahs of snbsti-
tuted acryhc acad snch as methacrylic acd can also be
used as well as salts of higher unsaturated acyds wnclud-
mg those with up o § carbon atoms. In such cases the
same contiions and concentrations set oot for the acry-
late also apply In shenlyte terms the copolymer will
contan shout 120, preferably 2-13 weight percent of
the scrybe acud or scrylate salt monomer

The scrylate salt can also be nsed simply as a como-
noer to provide the polymers used n this invention. It
has been found that with ptherwise 1dentical monomer
systems, those nsng the acryhc acid monomer are un-
stable because the polymers produced have a short-
encd shelf ife; wheress, those systerns usmg the scry-
Iate sait monomer produce polymers possessmg a much
Ionger shelf hfe.

Thus, while exther the axd or salt form can be used to
produce gelied polymer, only the salt form has the Jong
shelf hffe demred.

13

3
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Any suitable emount of the polymers, mncluding the
polymers of the mvention as well a3 analogous poly-
mers of the pnior ant, can be used m the embodiments of
the invention concermung the recovery and processing
of natural resources Genenlly, the inventive polymers
prepared by the novel methods of this invenhon can be
used 10 smaller quantities due to thewr supenor proper-
ties, and are thus preferred

For example, 1n the mtroduction of the polymers (of
the invention or pnor art) into a subterranean well bore
a subterranean formation 1n processes for enhanced o1l
recovery, a small bot effectrve amonnt of polymer
thould be used to produce the desired viscosity or other
properties in the injection flmd. Bazed upon the proper-
nes of the formaton and the intended nature and dura-
ton of the process, the type and amount of the polymer
should be selected to acheve the desred effects over
the sppropriate tume period. As a generat gude, the
amount of polymer used will be In the range of from
abont 500 ppm to about 10,000 ppm, preferably 1,000
ppm to about 3,000 ppm, besed on the weight of the
mjection flued For gelabon, 5,000 to 10,000 ppm poly-
mer x preferred Generally the goal wall be to select an
economucal amount and type of polymer to produce the
demred effect for the required tme. Thase skilled 1 the
art can determune the amount of polymer to be used by
suitable expernments carmned out 1n hght of this disclo-
sure

In some cases the use of polyreers prepared 1n accor-
dance wath this mveobon m compjunction wath such
other matenals can present particular advantages. For
example, because of hke charge mierchun repulmon
(includmg the polymer-surfactant complex) when such
polymers are 1n an electrolyte solution with & surfac-
tant, these systems should demonstrate incressed saline
resistance, and thus increased viscosty stability The
polymers of this invention can be used to mprove the
process of driling a borehole 1n a subterranean forma-
tion, by carculating 1n the borehole a drilhng flmd com-
prising the palymer, so that the ugh temperature water
loss of the dnihng flnd 18 reduced and mmproved viscos-
ity and/or gel strength are obtamed Polymers of this
invention can be used m dnlimg flmds comprmng fresh
ar salt water, clays, weighting agents and other driling
flud ingredients. These polymers are partcularly sut-
able for dnfling flmd addmves i formatims having
igh temperatures, sahmty content and content of hard-
ness 1005, unce they tend to retmn their viscosty well
even when aged at elevated 18 salme and-

temperatures
50 /or hard water In gddstion to use as & driling flud

53

addimve, the polymers of ths mventron c2n be effec-
tively used as additives m vanons workover and com-
pletion fluds, eg., for reducing the loms of a flnd
pumped mto 4 sabterranean borehole, by maintamung a
autable vucosity, and immproving the flad's abshty to
suspend weighting agents

When mtroduced 1nto & well bore m processas for the
dnlimg, completion or warkover of wells, the polymers
can be used m amall amounts effective 10 echieve the
effects demred, such as reduction of hugh
water loas, suspenmon of weighting agents and the like.
As A geners) guide, the amount of polymer nsed will be
1n the range from about 0.10 to about $, preferably 0.5 10
shout 2 pounds per barre] of flud. Those skilled in the
art can determme the amount of polymer to be used by
suitable expenments m light of this dmclosure The
polymers are useful m such apphications at temperatures
up to at Jeast about 400 F In one embodiment, the

13
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polymers can be added to a workover/completion fiwd
to provide a flud whuch 18 substaanelly clay free, wath
» pH 1 the range from about 7 to about 10

The m situ polymenzation embodiment of this mven-
tion s appheable 10 any stuation wherein it 15 desired to
selectively plog the more permeable zones 1n a subterra-
pean formation by m situ polymernization of » polymer
The mvention n pnmanly directed to the selective
pluggmg of the more permeable zones, known as thief
zones, to ynprove the sweep efficency of postpnmary
o1l recovery processes.
The preferred plug-formmng materals of this mven-
thon, sre watersoluble, polymenzable monomers com-
prmung an N-viny! lactam as previously dhsclosed. The
polymers of N-vmyl-2-pyrrohdone are presently pre-
ferred For most applicattons it xs presently preferred
that the polymer be a copolymer produced in mtu by
copalymenzing the N-vinyl lactam wath an unsaturated
smude a3 previously duclosed, preferably acrylamude
Copolymers preferably contain an amounnt ranging from
sbout 25 w0 sbout 75 weght percent of the N-vinyl
lactam, the remunder being the uncaturated amide For
certam apphcations the copolymer can comprise an
addstional monamer, or termonomer, producmg s ter-
polymer conimmng major portons of the N-viny} lac-
tam and the nnsaturated amude i the proportions previ-
omly duclosed, wath the termonomer selected from the
group conmsting of hydrophobic and nonamomic com-
pounds as disclosed previously

Tins embodisment of the invention preferably m- 0

volves injecting mto the formation a polymenration
miubitor or poison for the particular monamer(s) to be
polymenzed. For mstance, matenals to inhibit the poly-
merizaton of scrylamide, such as potassium ferncys- 55
arde, hydroqumone and the like can be mjected 1n the
formatron. Polymenmtion mhubitors for the N-vinyl
Iactam can be injected into the formation m addition to
or 1 lieu of the mhibitor for the unsaturated amude, such
as for example, those selected from the group consistmg 4,
of benzoquunone, nitrosobenzene and alkyl- substrtuted
derrvauves and the like An appropriate catalyst or free
mdical mrnator selected from the matenals disclosed
elsewhere heren 15 ingected into the formation with the

monomer(s) 10 cause palymerzation in mtu, 22 de 4

scribed m Exsmple XIT1 Methods for the mtroducthon
and selective removal of polymenzation inhitators for
permeabnlty correchon in sobterranean formations sre
dnclosed by Barton m U S Pat No. 4,190,109, msued

Feb. 26, 1980, and saangned to Phillips Petrolenm Com- sp

pany, Bartlcyville, Okl

When moncmers are myected into a farmation or
employment m this embodment of the inventon, the
amount of monomers used 15 not critical 5o long as at
least an effective amount 13 present, and the concentra-
tom of the resuling manomer solution does not pro-
duce a viacosity so great as 10 cause chfficolties in em-
placmg the monomers m the portion of the formation
where they are to polymenze The effective amount can

4
bu-methylene-acrylamide can be employed as a cross-
lmking sgent m the process of m-situ polymenzaton

The advantage obtammed by naing the mventive poly-
mers through m-sitp polymenzation m & subterrancan
formation 1 that polymers of enhanced viscosity and
stability to the effects of lngh temperatures, e g at least
about 150 F, salmty and/or concentration of hardness
1008 are obiained when the monomers are polymenzed
m the presence of electrolytes, preferably a mixture of
electrolytes selecied from the groups of alkah metals
salts and alkahne earth metal salts Such an electrolyte
solution can be mtroduced as the polymenzation me-
diom 1n the process of flushuing out the polymenzaton
inhibitor, or m certain formations the formation water
can be used at Jeast partially as the polymenzation me-
dwrm, with or without filtenng or other treatment. The
formatior water and/or fluzd flush material preferably
have s salinity of at least about 10 grams per kilogram
solution and/or a frachon of divalent hardness cations
of at least about 1 wesght percent, based upon the total
catons. By formmg a viscous and stable polymer m the
more permeable zones of the formation, the permeatnl-
1ty of the formation 13 made more umform with &
smaller quantty of monomers, and the permeatulity
correction can be expected 10 be longer lasting.

FLOCCULATION

Other apphications for the polymers of this invention
mclude methods for concentrating finely divided or-
ganic or morganic sohds from an agueous suspension
thereof by admixing with the suspenmon an effective
amount of the copolymer to cause acceleratad sedimen-
m of the suspended sohds and mamtanmg the

treated suspension under quiescent conditions to sepa-
rate a clanfled supernatant Lqud layer and & concen-
trated solid suspenmion layer

In carrying out the floccnlation embodmment of the
mvention, the inventive polymer 15 distributed 1n a sus-
pension of finely divided morganic solids 10 any fashton
by which ramd, thorongh mixing may be accomphshed
without excesnive agitation In 8 preferred method of
operation, the copolymer is dissolved in water and -
troduced mto the suspension in the form of a dilute
aqueous salutian  Following the introducton of the
polymer solution, the treated suspension 1s transferred
with a minmnum of agitation and sheanng ection mto a
guescent zone such as a sedunentation vesse) to allow
the development and setthng of agglomerates of the
finely divided solids In practice, the polymer solution
may be sprayed or otherwrnse introduced mio a flume or
other condurt throngh which the suspenmon 15 moving
In such operations the condut may be equpped with
baffle plates or other means of mild agitatron at or 1m-
mediately following the pomt of introduction of the
polymer solution to essure thorough mixing Preferably
the polymer salution 15 added portronwise or at a plural-
ity of sites to accomplish thorough distnbution of floc-
culant without local overtreatment,

be very small, as where the permeability of a zone s to 60 Following the mmmg of the solution of polymer with

be decreased shightly, or larger where

monomer solution should be used which will permit an
effective amount of the monomers to polymerize m situ

vouds, the suspepmon of finely divided solids, es set forth
etc. are to be plugged. A concentration and amount of

above, the treated suspension may be subnutied to van
ous conventional procedures for the concentration or
separation of solids from the suspension For example,

m the demred 2ones and have the deured effect on the 65 the treated sospension may be fed mnto a setthng tank or

permeshility of those zones
Optionally, a surtable difunctional or other multifunc-
tionz] monomer such as for example divinylbenzene or

thickener to effect the separation of 8 concentrated
tlurry of solids as an underflow product and s clarfied
squecus effiuent as an overflow product.
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The amount of palymer to be employed will vary  property 1 this applicaton because of the shesrng
depending upon the type of morganic sohds, the degree  nature of the pump on the flnd
of subdivision thereof and the rate of setthng required
With Inghly amenable solids, such as certam cherucal Drag Reduction Agent
preciptates, excellent improvement mn settlng rate and 5 The water-soluble polymers described heremn are also
clamty of supernatant iqud can be obiamed when em useful as drag reducing agents. Dray reducing agents
ploymg only 0.001 pound of palymer per ton of sus-  are polymenc matenals that are edded to flowing hquid
pended solsds. For most finely ground matenals, good  streams to reduce fncvon losses They accomphsh this
resclts can be obtained when employmg sbout 001 to by reducing turbulence and mcreasmg laminar flow in
about 0.1 pound of polymer per ton of suspended solids, 10 the system Agun, because the fhud will likely pass
sithough loadngs runging up to 1 or 2 pounds of poly-  through s pump, polymer shear stabality 15 an impartant
:;ﬂpu m ot;:uhtll:d may somet:;inla be rfudlund. partic-  attribute.

y W] solids are to be filtered following treat-

ment. In any case, an amount tufficient to mcrense the Cloud Pomt Measurements
rate of sedmentation of the solds 15 employed. Insome )3 When en aqueous solution of a water-saluble polymer
cases the inventive polymers erc convemently em-  such as an scrylamidedenved polymer » hested,
ployad m eompmehon with other flocculants such a5 turns cloudy st higher temperature Ths clondiness

polyscrylamides or natural polymers. dissppears upon cooling and reappears as a result of
Pre addtional beatmg The tempersture st which such

Scale Provestion ! 20 cloudiness first appears 13 & property related to the solu-

1t 15 Imown to use palyscrylamide m aqueons o hility of the polymer, and 13 known a3 the clond pount

to remove and/or prevent the formation of scale as  Cloud point corresponds to the lower cntical solution
shown for mstance in Booth et &l US. Pat No.  temperature described by Billmeyer mn Ins Textbock of
3,463,730 Ang. 26, 1969) However, m systems having  Polymer Science, Second Edition (Wiley-Interscwence,
multivalent 10ns end/or high temperatore, polyacryl- 25 New York, 197]1) at pages 39-43 The lower cnfical
amude precipitates out afler a time. The polymens de-  solunon temperature  the higher temperature at which
scnibed herein, however, can be used 1n boilers, evapo-  a salvent, such as water, m a given single-phase polym-
rators, coching towers, heat exchangers, and other de-  er-solvent system, such as FVP-Am in a synthene sea
vices where a thermal gradient exists or where areas are water, 15 no longer a good solvent. At this temperature,
catalytically active and thus induce scale formahon into 30 the single phase system undergoes phese scparation, as
agueocus sysiems Thus 1o a ctility of the type just de-  shown by FIGS 2-8 in Bilimeyer Such phase separs-
scribed wherem the temperature and divalent metal  tion  often marked by clouding, haning or precipita-
cution concentranon s sbove the infinite days ee of  tion of the polymer Such phase separstion, and thus the
FIG 14, compomitions described m this invention make  lower cnhcal solubon temperature or cloud pomt, can
the difference between a successful and an unsuccesaful 35 be observed visually or measured by vanouvs apparstus,
system. mcluding turndimetry Since chemucal modification of
The polymer can be used m the same concentrations  the polymer or solvent does not necessanly occur st or
& those polymers of the prior art, 1e, from 0 1 to 500  near the lower cnical solution temperature, redissolu-
parts per milhon, preferably 1 10 20 parts per milhon,  tion of the cloud, suspension or precapitate 15 noted
for instance, as disclosed 1 saxd U S. Pat No 3,463,730 40 when the tempemtore decrenses below the lower enl-
and for the wtilmes described 1n saxd patent, the duclo-  cal solubon tempemtore
sure which s hereby incorporated by reference Otber Apparatms has been developed 1n connecthion with the
umilar utlities for the polymers descnbed i this mnven-  research on this mvention to measure cloud pauwts at
tion where conditians such as tugh temperature and Ingh temperatures (up to abouat 325 F or even 400 F)
multivalent ions ezt include inhibting scale formation 45 Unless otherwise noted, this spparatus and the method
on the surfaces of membranes m reverse osmoss appara-  descnbed were used to determune the cloud points
tuses, to fluidize and disperse msoluble allovium depos- herein To determune the clond powunt of a given polymer
ats such as st from water systems ss for mstance, depos-  wath thns apperatus, a solution of the polymer compns-
13 of st alluviom and the hike left by water systems in =~ mg 0 25 or O 5 gram {as indicated) per deciliter of poly-
coohng towers, once through coolng systems and umu- 50 mer m SSW is produced and a 35 ml aliquot of thus
lar devices end gas scrubbers. These Iatter are measnt to solution 18 placed 1 a 43 ml ampule and torch-sealed
mclude wet scrubbers being used to clear effinent from  under vacuum The ampule 15 then placed m » protec-
boiler stacks, incwnerstor stacks, Ume kilne, foundries,  tive chamber inmersed i 8 sllaicone oil bath contawmmg
blaxt furnaces, baaic axygen furnaces, open-hearth nmits, Dow Carming 200 Fluid. A Brinkman Model PC-301
coke plants, paper mill recovery boilers, pet food many- 55 probe colorimeter 11 used to supply a source of ight and
factunng facilities, electnic furnaces, smelters, and as-  a detector The hght from the colonmeter 1 passed
phalt plants. Another utihty 15 aquecus hydranlic fluds ~ through a 30 mnch Brinkmaa fiber optic hght guide (No
under crcumstances where the flwds encounter tugh ~ 2023602-F) and then directed through the solution The
temperatures and/or multivalent 1ona. transmitted hight s passed by another identical fiber
60 optic hght guide to the detector The sample 15 heated
Hydmuhe Flud Viscosdier from a temperature where the polymer solution 1 clear
The water soluble polymers described hereinare used 10 2 temperature where cloudmess exsts, and is then
to thicken water-based hydraulic fluds allowing these  allowed to cool For ezample, to measure clond poimnts
flwds to be used directly in pumps dessgred for the 1o the range of sbout 250-275 F, the silicone ol bath
more viscons ot-based fluds. Thickened water-based 63 contaygmmg the ampule 15 heated from 200 F to 280 F and
flmds also can be used st bugher pressures than ontlnck-  cooled back ta 200 F n spproxumately one (1) hour
ened flinds because of the lower mternal leakage in the  with the heating cycle faking about 30 mmuotet Use of
hydrauhe pump Palymer shear stabihity 15 an important & pressure cell allows gomg to 400 F To detect the
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onset of clonchness, the absorbance of the polymer solu-
tion 18 measured and recarder (on & stnip ckart recorder)
as & function of tempersture for the heatng-cooling
cycle {Absorbance is outputted by passng the transmut-
tance signal through a loganthmic amplifier and on to
the recarder ) The average of the temperatures at which
the first trace of cloudmess appears and the last trace of
cloudiness dmappears employing the sbove described
apparatus and method s the numencal average cloud
point temperature, herewmafter “cloud pomnt,” & that
term 18 used 1n the specification and claims unless other-
wie indicated This measurement appears to be quite
reproducible to withm +3% with the apparatvs pres-
ently in use.

it has been noted that the clond pomts of the copoly-
mer solotons of ths mvention can be correlated with
desirahle properties comprmng the remstance of the
copolymers 10 high temperatures. Generally speaking,
the lugher the cloud pomt of the freshly-prepared poly-
mer, the lugher the temperature (which can be as much
as sbout 30 F or more (but generally no more than 10F
shove the cloud point) which the copolymer can be
expected to withstand without suffening 8 sigmficant
loss m its capacity to mmpan vicomity to the test solu-

15

tion. See Example V Furthermore, tests to determme 25

cloud point after agng can be used to mdicate the pros-
pects of the copolymers withstanding further aging
under such conditicns, or under less severe condiions.
As shown in FIG 5 and duscnssed m BExample V1, al

thoogh the cloud points messured for copolymer sam- 30

ples aged a1 different temperstures mrhally vary, as
aging exceeds about 20 days, the cloud points approach
a common equlibram value This equilibnum value is
believed to be an excellent ndicator of the copolymer’s
resutance to degradation (precipitation) at lagh temper-
atures.

The VP Am copolymers and terpolymers of this
mvenuon hydrolyze As n known, hydrolyms of an
smde alters the anude funchomalty to an acid (or ts

salts). In the case of acrylasude, acrylic acid or 1ta salts 40

are formed. In the case of polyacrylamude or sts copoly-
mers, mcludmg VP-Am, the palymer 15 altered to con-
tain monomer vnits of carboxyhe acids or thewr salts,
thus mtroducmng ionc character 10 the polymer The
degree of hydrolyns has been found to increase 1o a
manmum equilibrium valne of sbout 70 to 80 percent at
250 F bated on the acrylamsde content. It has been
noted that the clowd pomt temperatore also changes
over the same time frame and equilibrates. The infer-
ence 15 that the cloud point reflects the
basic polymer nature, and that the stability of the equ-
Bbrium cloud point temperatore (corresponding to the
stabnbty of the degree of hydralyas of the copolymer)
probably mdicates a constant polymer makenp.

The utihty of cloud point messrements as predictors
of the performance and/or stabulity of polymer compo-
mtions in high temperature environments 18 disclosed in
US. Pat. No 4,016,932, which states that in surfactant
systems for oil recovery compnaing at Jeast one smome
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muned 1n aqueous solutions simular to the proposed enw-
ronment far employment, e.g n salinity and hardness,
and at standarchzed concentrations of the polymer For
use 1n enhanced o1l recovery wn hot saline formations,
for example, polymmers having cloud pomts m bnine of at
least as hugh us the formation temperature after short-
term aging st elevated tempersture are preferred Since
longterm vicosity stabihty at hugh temperatures 15
required 1n enhanced oil recovery, and mnce polymers
having relatively lugh cloud pomts after aging correlate
well with polymers having such stability, polymers
with relatively high eloud pomts are preferred for use in
cnhanced 01] recovery pracesses. Conversely, polymers
used m dnliing fluds and the hke are subjected to high
formation and/or well bore temperatures, salmity and
hardness 1ons for shorter periods of tme Thus, poly-
mers with cloud pomnts relatively lower with regard to
formaton and/or well bore temperature than those
requared m polymers selected for, e.g, enhanced ol
recovery, can be utthred 1n drlimg flmds, etc. For ex-
ample, a polymer with a clood pomt somewhat jower
than the maxymum formation and/or well bore tempera-
ture may perform adequately and retan the deswed
properties such as viscosity for a period of use lonrted 1o
weeks, days or even hours. Thus is particularly impor-
tant when dnlhng or servicing deep and/or hot wells,
such as geothermal wells.

Based op the relatively stable properties of the poly-
mers switable for use m the processes of the mnvention
after short-term heat agmg, for applicatons where max-
unum stalahty 1n hot, salme environments » desred, the
polymens can be pre-aged or hydrolyzed before use
That 15, the polymers are hydrolyzed o solution by heat
agng at & sujtable temperature untl an eqmbibnum
velue of hydrolysis is attamed The agmg temperature
must be less than the decomposition temperature of the
polymer The polymers can be aged in any available
aqueons medsurn, but media similar 1o the esvironments
m which the polymers are to be employed are presently
beheved to produce optimum results. Since the aging
fime and temperature are interdependent, to fully staba-
hze polymer such as vacomty, the polymers
must be aged for long enough at the temperature se
lected to produce an equilibrium degree of hydrolysis.
‘The polymers can alsc be at Jeant partislly hydrolyzed
by trestment i soluhion with & base, an acid, & polyscid
such as polyacrylic acid, a polyelectrolyte such as poly-
vmnylpyrrolidone or an electrolyte such as an alkah or
alkalme earth meal salt,

The degree of hydralyss can be tested directly by the
Dow Color Test, as described m Example V11 berean,
or can be estzmated by the equilibrum cloud poant tem-
peraiure, a5 described m example VI The mmmum
temperature swiable for this pre-sging 18 a temperature
lugh enough to produce & hydralysis rate which allows
pre-aging to be completed 1 a reasonable tme. As seen
m FIG &, iemperatures of at least b 150 F, preferably in
the range of about 250 F to about 300 F should gener-

and a1 lesat one noniomc surfactant, supenor resnlts ave §0 ally produce sustable hydrolyss rates for the mventive

obtamed when the nomonic sarfactant is chosen 1o have

polymers Temperstures higher than 300 F can be used,

a cloud pount alightly above the formation temperature provided suitsble cquipment i available and the decom-
Smilarly, messurement of this tnvention, before and/or  position temperature of the polymer m not exceeded In
after aging at elevated temperatures, facihitates the se-  the production and pre-aging of a given polymer, the
lection of polymers whuch wafl provide supenor perfor- 65 relstionship between the imes and temperatures Appro-

mance and stabulity for the vanous apphcations dis-
closed herean. For the best prediction of polymer per-

pnate for pre-aging can be readily determned 'When 2
temperature of at Jeast about 250 F 1 used, the polymers

formance, 1t 15 preferred that the cloud points be deter-  are prefersbly aged for at least about 7 days
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The mvention 15 further illustrated by the following
ezamples, which should not be regarded as more limit-
ing than the appended ciamms. Unless otherwise noted,
all percentages and/or parts are by weight.

EXAMPLE I

Copolymer Preparanion and Testing

The polymer preparations were carmed out m 10
ounce crown top glass bevernge bottles. Each bottle
was charged under an mert a
of the monomer(s), 2000 g of the reacton medium
{t-butyl alcohol, distilled water, water contaming salts
or SSW, as specified) and 002 g of unator, or the
specified amount 1n terms of weight percent, based on

the total monomer weight and desired solution viscos- 13

ity Each bottle was parged for about 10 1o 20 minutes
with an argon sireasn to remove oxygen and capped
The SSW was prepared as described earlier

The botties were placed o & bath mamtamned at 30" C.

50

Screen factors, when reported, were determmed by
measurmg the time reqired for passage of an aliquor of
aqueous polymer solution by gravity flow through five
100-mesh stainless stee] screens, and dividmg this hme
by the time required for passage of the same amount of
solvent through these screens under udentical condi-
uons. Screen factors are related to visconty of the poly-
mer soiution, thus the jugher the factor the hugher the
viscogicy The test method 1 detalled by Foshee, W C.,

with 200 g total 10 Jeanung, R R and West, ] J m Paper SPE 6202 enn-

tled “Preparstion and Testing of Partially Hydrolyzed
Polyacrylamide Solotions™ presented at the 51st Annual
Fall Meeting of the Society of Petroleam Engineers m
New Orleans, Oct 3-6, 1976

In Table IV, footnote f, the cloud pont was visally
estmated with an aged sample tested a1 an elevated
temperature by placing the ampale contaming the poly-
mer m another bath mmntuned at a lower temperatore,
80 that the polymer solution was cooled suffimently to

and rotated for at lesst 4 hours to achieve substantially X 8low redmsolving of the precimtated polymer The

complete polymenzation of the monomers. The bottles
were removed and the resuiting solubions 1 aqueous
mediz were diluted with the specified test medum to
obtain the desred viscosites for the tests. Polymers

prepared in t-butyl alcohol were separated from the 23

alcohol medivm by elutnation, then diluted with the
test media for viscomty tests.

Agmg of the samples were conducted in torch-sealed
piass smpules containzng about 30 to 35 ml of polymer
solation, & g., 2 waight percent or as apecified n the
Tables, m an oven mamtaned at the spectfied tempera-
ture. At various time mtervals, ampules were removed,
observed for any evidence of precipitztion and cooled
to room temperature. Each seal was broken and the

wiscouty of the solution as a fimction of shear rate was 3

measured at 77 F (ambent room temperature) with a
Brookfield LVT mndel viscometer equipped with an
UL adapter for viscomty measurements et different
shear rates, Each viscomty listed 1 an average of three

bath temperature was then slowly raised and the tem-
perature at which cloudiness vismally reappears was
recorded s the cloud pomnt For example, the cloud
pount of & polymer solution aged at 250 F that had be
came cloody was determmed to be 213 F (see footnote
f, Table IV) by coolng the hot mxture to about 180 F,
thus allowmg the precapitated polymer to redusolve
The temperature was slowly rsed until 215 F was
reached, at winch pomnt the cloodiness visually reap-
peared. This temperatore was recorded as the cloud
pomnt

As discussed earlier, it has been found that cloud
pomt can be carrelated with the maximum temperatures
at which such polymers can be expected to retam their
viscomty when aged. Thus, newly-formulated polymers
can be quickly evaluated as to thewr suitability for labo-
ratory or field tests for retention of viscomty under
agmg at elevated temperatures.

The viscontics of the aged polymers are Luted mn

measarernents at each shear ate 40 Tablel
TABLE [
AuuludquHMmuupdmornvwrmm
and Acrylamide Preparsd m 3SW with 0.5 Weaght Percent AIBN! and
——— Different Mouowner Ritios and Aged o SSW
Brookfleld*
Weighit Percent Viscosity, centpose
Comcentranem in - Days | _sfteragmgat

Sample VP Am swW aged 20F INF
1 100 0 1) 0 181 16
(homopalymes) a 1423 133
L 140 126

(7L - -
2 3 128 b1 [ ¥ ] 554
(copolytmer) 1 6a.1 &y
49 [ %] &9

124 - o
k] k] 15 20 1] 462 448
(copolymer) 17 Q9 438
“ &0 419

120 =2 -t
4 €as s b1 0 1084 1004
{copolytmer) 27 1249 1050
4 1230 1170
103 1210 1138

120 —a —F

5 0 0 1 e m »

{copolymer) % 4 478

a7 A% Me

9 Ed

6 79 A3 10 o B0 ]

“ 194 132

nt
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TABLE I-coptinued

Agmg Resuls For Homopelymers and Copalymers of N Vioyl-2-Pyrrehdeoe
sud Acrylamde Prepased in 8SW with 0.5 Weight Percet AIBN? and

Differeat Monomer Ramos snd Aged In BSW

Brookfistdt
Wesghi Pervemt Viscomty centipolee,
Concentraticaln  Days ___sheroagmper,
Samiple VP  Am SSW aged 00F BOF
43 1686 10007
101 164 910
ny e —
7 2 78 20 0 1% 1330
{copalymer) 20 >2000 1o
4 >2000 ny
9% 1988 1y
13 —* -
] 125 88 20 0 >2000 »2000
{eapolymer) 20 > 2000 >
42 >2000 “w/
100 2000 o
nz - —f
$ ¢ 1m 04 0 191 191
(coatral) 4 kY, 1
" - 144
T TV 134
” 13+ 160
aging cenzianing

very sall tnoowy of precgalse,. iod cootmumy

yu 20 F.clewm B F

Syery bugy whie precipliase At 78 F., clear with a lins flosting material.

*Yery hazy with winié prcapitets oo spale shies. text comtinuiog

Nexy cloady with much whise precipriam as smpule sde. At 78 F., cleer with clear gl
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18 TABLE I

Viscosity of 2 Welght Percent Solutions of 30:50 VP-Am
Prepared wath Dafferent Inhistors
in Dhetilled Water and Dnluied iy SSW

_Imtutor Brooklleld
The agmg results presented 1n Table I show that the 4 _RunNo Desmpuon Weght Pacent®  Viscomty b cP

mvention VP and VP/Am polymers are more ther- 1 AIRNT 1 157

mally stable under the test conditions at 200 F than the 2 . 03 6

polyacrylamide control The solution viscosities of the 3 - o =

copolymers genenally increase with mereasmg Am con- 5 +BPPY 10 1n2

tent The lower soluttan viscosities of sample 3, 75/25 44 6 - 0.5 123
7 018 28
.

VP/Am, compared wrth those of sample 2, 87 5/12.5 o prd

VP/Am, are behieved 10 be anamolous, ince later work ey
shows viscosrty results intermediate to those of samples et ot sy
2 azd 4 of Table I The vanous copolymers, however, ::.:.,,,_m.: kol Table1
show consistently good thermal stability 1n thus test g “Huntpermypenine

The hugher the level of Am m the copolymer, the

greater the probabulity of precipitanon at a test tempera- TABLE I

tore of 250 F For example, when the Am level 3 ngher

than about 75 weight perceat, precipitation occurs at Y poly e reparcs whth Dfireen Taseacrs
some trme less than about 20 days. When the Amlevel 45 _ i SSWendDilmedinBSW
1s Jower than sbout 65 weight percent, the results show Inltiatar Brookfield

much less to no precipitation occurrmg, even after up to RunNo  Description  Welght Percent®  Viscoshty 2eP

about 125 days st 230 F Based on both the viscomty and 1 AIBN® 10 53D
the stability results, the dats m Table I wdicate that 2 - os Ll
suttable copolymers for EOR have VP/Am levelsrang- o 3 . a8 >20m
ing from sbout 60/40 to about 40/60 at the temperatures : ared Ly >
tested Such copolymers provide reasonsbly viscous ¢ o5 194
solutons at relatively low polymer concentranons : - :.'g ;z:

which sre very reustant to thermal degradation The

lugher proportions of VP are generally preferred for g5 e es veight of moscman.
use 1n reservoirs having more *hostile” conditions, e g., :ll—uurﬂhkﬂnidfﬂtl
hugher temperature, salmity and hardness of the forma- 4 sayipess

tran water
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The results m Tables II and III show rather dramah-
cally that the viscosiues of the polymers prepared in
SSW with AIBN ere substantially lugher m comparson

to the viscosthes of corresponding polymers, prepared

m water ustng AIBN mitustor It 13 also clear from the $

data that AIBN 18 preferred over the t-BPP os the mita-
tor, based on the much lugher polymer solution viscos)-
ties obtaned The data 13 Tables II and TII also show
that the viscomties of polymers prepared with an AIBN

mutiator or mversely proporticnal to the amount of 10

mitintor employed, as would be expected by those
akilled 1n the art This trend 15 not consistent m the
polymers prepared with .BPP, suggeshng that some
mteraction may take place between the polymer pro-
duced and the t-BPP 1o the solution

TABLE IV

s4
m Table V The SSW was prepared as disclosed in
earher

TABLE ¥V
" Gamma Jrredistion of VF-Am Solvuoes 11 28°C _

Sam- _ Polymenzauon Condiugns
ple Time Dosage Dacnptios of
No Medum Mmies KRad Polymenzed Mixtore

Clear soft gal-like
Yallaw, soft gel-hke

Chear snfl gel

Yellow mif gel

Clear very thick solubon
Yellow essily flow solution

558858
18 18 18
*§ 8§

Sampies 5 and 6 apparently did not receive enough

Aging Resuhs for Several 50:50 PV Am Capalymens
nSSWort Aleohol and Aged 1 SEW 1 30 F
Initistor Capolymer Brookfield
Sample Reacten Weght  Concenmudon Days  Viscosdty®
No Mediom Descipuon  Percemd Wi % Aged P
1 5w AIBN 1.0 20 [ ]
3 N
M s
m mne
k1] —-—
1 55W AIBN 013 o5 0 195
F ] 280
61 né
L -
o ssW +BPP 035 20 0 198
M 235
™ 263
190 -
4 1-butyl t-BPP 1.0 29 0 (11
alcobol 32 e
(TBA) 63 0
m ¥
Notex
“Seme a3 described in forermr® of Tuble 1
Stume polyoucr m bn ran 1 Table [N
Same polymer o = fon 4, Tahle 11
%Same polymer a1 m nm T Tabie 111

Civar solwrian i & paralle] st wt 250 F., texs enmarwuing.

#Tesied 91 250 P The Palymer solmion became elondy sfier 13 days at 250 F The cloutmess daap-
petred o cooling w roam temperaire iad apparently dad oy affect soletion viscoshy The clond

point was deterramed tn be 313 F
TRrued on wixghi of monster

The data given m Table IV show typical resalts ob-
tamed with 30-30 PV-Am copolymers prepared in SSW
or t-butyl alcohol and aged at 200 F or 250 F Sample 1
has beent aged for over 1467 days at 250 F with clear

solotions obtmined, mdicating the exceptional stabulity 50

of the polymer m a saline hard water environment
under the test condmons employed

Since t-BPP 15 believed to intersct with the polymer
produced, t would not appropriate 10 draw any conclu-
mons from the results of ssmples 3 and 4

EXAMPLE @1

50:50 VP.Am Copolymers Prepared by
Gamma-Irradiation

A senes of 30:40 weaght percent VP.Am copolymers §0

was prepared by gammsarmadistion A 20 weight per-
cent soluton of monomers 1n disulled water (control
runs 1, 3 and 5) or syntheiic sen water (SSW) (inventive
runs 2, 4 and 6) were uradiated st room temperature,

eg. 25° C. Bach sample, contanmg water and mono- £5

toers, weighed about 15 g The dosage rate was 600
knlorads per bour The nature of the polymenzaton
media, mradiation umes and results obtained are given

53

45 radmtion to give polymers of suffictent molecular

weight to provide demrable solution wiscosities when
dilnted Nor further testing of these samples was done
However, 14 g portions of samples, 1 to 4 were mdivadu-
ally admxed with 266 g porbons of water or SSW,
corresponding to the polymenzation medium em-
ployed, to produce salutions contammng 1 0 weight per-
cent polymer, with each muxture placed m a closed
contaper and tumbled for 4 days. It was noted that
samples 1 and 2 completely dissolved to give solutions
1A znd 2A, each contaming about 1 weight percent
solids, Samples 3 and 4 contaned crosslinked gel sus-
pended in the solution and were deemed to have re-
caved an overdose of raduiation No further testng of
these was done

The vascosities of solutions 1A end 2A were deter-
mined with a Brookfield viscometer provided with a
U L. Adaptor at 6 RPM and 24° C. Solution 1A had a
viscomty of about 46.5 cp and solution 2A had a viscos-
ity of sbout 38 8 cp, which under the condidons em-
ployed are consudered comparable

The above results demonstrate that the copolymers of
this invention can be prepared in SSW by gamma.
wradiation

19
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EXAMPLE Il
Inherent Viscouties of 50-30 VP-Am 1n Vanous Medsa

Vncosihies of the polymer solutions disclosed 1n the
examples herem have been expressed vanously as
Rrookfield viscosity, relative viscosity, inherent viscos-
iy, mmmnsic viscosity or specific viscosity Defimtions
and discasuons of these terms can be found 1n Example
VI or “Vicometry,” Encyclopedia of Polymer Sa-
ence and Techunology, Val 14, pp 717-22 (John Wiley
& Sons, New Yorik, 1971), and m J R. Fned, “Molecu-
lar Weaght and its relation to propert:es,” Plastics Engt-
neermg, August, 1982, pp 27-30

A senes of 3050 (by weight) VP-Am copolymers
was prepared as before by solution polymenzation at
50" C unng sbout 0 1 g (0.50 weaght percent based on
total components) AIBN as mutmtor, 10 g each of VP
and Am and 200 g of polymenzation medium The
polymenzation media employed ranged from distilled
water to water contaunng one or more dissolved salts as
mdicated below The Jonie Strength (I.S ) of each solo-
ot conamng s dusoived salt or salts was abount 0.7,
the I S. of S5W

Each polymenzation nin was condocted overmght,
e.g abaut 15 bours. The mberent viscomty of each co-
potymer solution contmnmng 9 1 weaght percent copoly-
mer was determuned by means of an Ubbelohde viscom-
eter at 25° C m dutilled water and m water contmmng
one or more cissolved salts.

The results are given 1 Table V1

TABLE V1
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0.25 wesght percent polymer level m the same medinm
employed 1n 113 preparation

Each diluted polymer solution was divided into 2
portions to give 6 test samples ;n all In senes 1, the
three dsurmular unaged polymer solutions were indivad-
oally tested to determme how soluton wiscostty
changed over the tempersture range of about 30 10 300
F In senes 2, the three dissamlar polymer solutions
were aged far 7 days at 300 F in an essentully oxygen-
free

Ahquots of each polymer solution were passed
throngh s capillary viscometer, a 40 foot length of 0 069
mch mner dizmeter stamless steel tubing The solution
viscosities, m terms of centipowse (cP), were calculated
from the viscometer results by applymg the Posemlle
equation a3 known m the art

The vascomty remlts obtamed for unaged polymers
are tabulated m Table VIT and shown m FIG 1, results
for the aged polymers are tabulated 1n Table VIII and
shown i FIG 2 The results obtamned with the unaged
polymers, shown m FIG 1 s curves A, B, and C show
that they have ngnificantly greater solution viscomlies
than does SSW conlunmg no polymers, shown m FIG
1 as curve D, over the §0 to 300 F temperature span
tested (Curve D was drawn from the propertes of
SSW lited mn Table IX) The polymers prepared 1
either zaline, IS of 0.7, (carve B) or SSW, IS of 07,
(curve C) heve mgmficantly grester viscomties than
does the polymer prepared in distilled water (curve A)
aver the entire temperature range tested

Inherem Vscanty of 50-30 VP-Am m Varions Meda
t

Al Salt-Contminmg Medls at 0.7 lomc Strenxth

Isherent Visconity Medinm

Run Folym Jaherent Viscoshy, dL./g*, 28 C
No. Mednm Wauer SSW NaCi/MgClz NeCi CoeCh  MpClhy
1 Water 54 57 — 12 56 s
2 8sw 1.0 73 69 71 n 12
3 NeQm 6.3 61 63 68 (1] 6.6
4 CoChimg 63 6.3 63 45 64 [ 3]
5 MpChag 44 (%] &4 &3 &4 &4
€ NaCl/MgChz g 6.7 6.8 6.2 [X] 6.3 4l
AU semples far ascaty were 1 005 weght pevota towd solids Esch value
i the txbls i Sy sverage of e p was whhm about Q) decliters per

B5%1 st ro NaCLMgCh. Preparcd by mizmg cqal volames of 07 LS. Nac) amd 0.7 35

The mherent vucomty results for the 30:30 VP Am
copalymer prepared m SSW of 071§ are conmstently

The rewults obtamed with the polymer aged for 7

Iluhathulholepmpudmtheotherpolymmmn’ 50 days st 300 F are shown i FIG 2 They indicate agan

media employed. Generally, the copolymers

m such media exhibited about the same viscomty resclts
regardiess of the mherent viscosity media chose for
therr determunations. While the mventive polymers
prepared n SSW or muxed electrolyte media have
higher viscomties, polymers prepared m the other media
can be need m certain process embodments of this -

EXAMPLE IV
Effects of Heat Aging on Viscosttres

Several 50/40 VP/Am copolymers were prepared st
50* C. m the manner previously descnbed umng 0.25
waght percent AIBN as the mitiator m an agueous
polymenzation medium as follows Polymer A was
prepared 1n distilled water Polymer B was prepared in
0.7 I S Nacl solution. Polymer C was prepared m 07
LS SSW A portion of each polymer was diluted io the

&

that all of the polymers (curves A, B, C) have grester
solution viscosities than does SSW (curve D) over the
temperature range tested

The results also show that polymers prepared (curve
C) m SSW are substannally more remstant to the effecis
of heat than polymers prepared m saline (curve B) or n
dighilled water (curve A), based on therr sgmficantly
jgreater solution viscomties over all temperatures i this
test. However, even the polymers prepared in aalme or
dunlled water are potentially mseful m certan process
embodments of this invention,

As shown 1 FIG 2, the viscamties of all the poly-
mers prepared approach that of SSW above 300 F
However, 1t should be noted that even at these tempera-
tures the polymers are present as homogeneous solu-
tons In contrast, other polymers such 85 polyacryl-
amde precipitate as solids at about 200 F or below
Furthermore, the viscomty of the mventive VP-Am
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copalymers relative to that of SSW at 200 F can be
mcreased by unng lugher concentrations of the copoly-
mers, and/or copolymers of hugher moleculer weight
TABLE VII

Umaged Polymers
Potymenzed m Folymenzed Folymenzed
Distilled Water m NaCl m SNSW
Temp Visc Temp Ve Temp Ve
(F) (e (F) (P (F} (M)

8 135 l 432 n 43N
92 17 %0 417 [ 1] 423
110 191 1a3 sl 100 in
17 174 110 w 1m L4g
124 161 13 .05 119 i
136 133 129 108 123 176
147 123 142 44 13% 1
159 114 144 119 152 ¥’
166 1.07 161 193 138 1.0
1% o Y 188 171 1M
183 (L)) 150 167 m 17
L] a8l 9 147 9 13
04 030 [} ) 140 x 141
217 an b 125 09 146
4 arn ne 12 m i19
237 a6 m 113 e 113
244 asl FLs) 1.01 M2 1.4
58 ass 281 097 113 093
165 (L1 84 (1] 280 052
78 a3 n 08 mn aRn
188 031 a89 a7 ¥ 0.76
300 0.49 m s 303 07

TABLE VIl
—Aped Polymers

Folymenzed m Potymensed Polymensed
Dustilled Water w NaCl in SSW

Temp Vuc Temp Ve Temp Viee
{F) {cP) (F) (cP) (F) ()
[ ] 14 80 b)) ] 4.3
% 1.33 ] irn b 4.62
109 12 107 138 108 Als
123 099 19 199 119 1)
133 0.87 132 171 13 19
147 0.7 143 148 143 144
160 0.68 137 127 157 107
174 0.82 10 1.08 10 10
12 .56 L1} 093 184 143
200 0.3 1% 0.80 197 134
m 047 209 030 . 1M
6 0.43 a ase n (1]
39 038 3 a3 ™ [1¥r ]
a1 037 M6 047 247 084
264 a3 28 040 159 [+£})
Fagd an 270 0.34 m [V}

e 028 m [k 184 05
300 Q.26 01 0.15 a3 029

TABLE IX

SESW Vooowuties
Tempereture F Visconty (cF)

Q37
oM
ol
Qi

Q.43
300 023

n
a8

10

13

65

EXAMPLE V
Cloud Pomnts and Viscosity

A senies of VP/Am copolymers having VP/Am
weight ratios of 90710, 80/20, 70/30, 60/40, 55745,
50/50 and 45/55 ma before was prepared as before m 0.7
1S salme wath 0.256 weight percent AIBN (based on
the total monomer) as the mbtiator A portion of each
palymer soluttem was diluted to 025 weight percent
copolymes 1 0 7 LS. §SW n senes A and 1o 0.50 weight
percent copolymer m 07 1S S5W m senes B The
sertes A solutions were subsequently aged for 1 week at
300 F in the absence of oxygen and the polymer viscos-
ity of each solution determuned =t 300 F using a capil-
lary viscometer as previously descnbed. The senes B
solutions were divided nto two Portion 1 was
aged for 7 weeks in SSW at 250 F in the absence of
oxygen- Porton 2 was aged i SSW at 300 F for 7
weeks 1n the abscnce of oxygen The clovd pomt of
each solution in series B was determuned m the mauner
previously described

The senes A viscostty results are shown mn FIG 3,
plotted as polymer vmcomty/SSW vucosity ratio v
copolymer compostion. The series B clond pomt re-
sults are plotted in F1IG 4. The viscomty results inchcate
that the most viscous polymer solutions were obtained
at VP/Am weight mages varying from about 80/20 1o
abont 50/50. The optimum range, with these polymery
as the basis, appears 10 be about 65/35 to about 55/45,
with 60/40 gwing the best results Although copoly-
wmers prepared 1 tynthetic ses water shoold be more
viscous, the optrmurn range of monamer proportions
should be mmilar to that abtained here.

The cloud point results plotted 1n FIG 4 mdicate that
the most degradation-resutant copolymers are formed
with a VP/Am weight range varymg from sbout 90/10
to sbout 55/45 That 15, the cloud point vaned from
about 295 F for 38/43 PVP/Am copolymer to sbout
300 F for the 90/10 VP/Am copolymer However, the
peak cloud pomt temperature, for the 60/40 copolymer,
was above 325 F, the hout of the appartus nsed for that
run, for the sample aged at 250 F These results, 1 light
of the highest soluton viscosity results obtamed with
heat-aged 60/40 copolymer (FIG 3), suggest that tius
copolymer 15 about optymum m compositon for EOR
apphications 1 reservoirs with temperatures at least
sbout 250 F On the other hand, the results obtained at
300 F suggest that copolymers having abount eqmvalent
performance can be when the VP/Am weaght
mtios vary from about 70/30 to about 60/40. As noted
above, afthough copolymers prepared m synthenc sea
water shonld dusplay superior viscosity and stability, the
optunum ranges of monomer proportions shonld corre-
spond 1o thoae determined here.

Generally, better results were obtamed with the co-
polymers aged at 300 F (except for the 60/40 copoly-
mer) thae at 250 F The degree of hydrolyns appears to
stabilize at about 809% Am hydrolyzed At 809% Am
bydrolyzed the VP-Am (aged) sample 5 completely
saluble in SSW at the temperatores below the cloud
pomnt. This eqmlibnium value, or conmistency of degree
of hydrolyss with tiume, permits a safe predschon thet
the polymer properties, specafically solubehty and wvis
cosity, will not chenge apprecubly with tme

The viscomuties and cloud pomts obtamed for copaly-
mers prepared m salme solution mdicate that such co-
polymers would be useful m certam process embodi-
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ments of ths mvention, even if nol as viscous or stable
&s copolymers prepared m synthetic sea water
EXAMFLE VI
Eqmhbnum Cloud Pomts

A 50/50(weaght ratio) VP/Am copolymer was pre-
pared as before in 0.7 1S S5W umng 0.125 weight
percent AIBN (based on the iotal mopomer) as the

mutator nepdymuwlmwdduwdmsswm

to obtun a solution 0.5 waght percent co-
polymer Individual portions of the diluted copolymer
solution were aged for the specified time at the specified
temperatures (250 F, 280 F and 300 F) m the absence of

oxyges, and the clocd pomt of each copolymer solution 4

determined a3 previowaly described The resuls ob-
tmned are plotted m F1G 5§

The curves mdicate that the cloud point temperatures
declme, ¢ g, perhaps (25-30 F, m the first 10 days ag-

mg, regardless of the aging temperature The copoly- 3

mer solution exposed to the lnghest temperature, 300 F,
showed the steepest dechne. After about 10-15 days,
however, the clond point temperatures of samples aged
at the lugher temperatures remnamed about the same for

the darstion of the test, ¢ g, 25 days The cloud pomt 33

temperstures thus appear 1o stabilize at an equilibrium
value of about 260-270 F, whether tested at 250, 280 or
300 F, mdicating that the copolymer should be remstant
to degradation in hot, saline environments at tempera-
tures st least as ngh as the equilibnum cloud pont
tempersture.

EXAMPLE VI

Hydrolyms of the Copolymers

As mentioned earlier herem, the equilibnom cloud
points and resultant properties of the aged copolymers
are beheved related to the degree of hydroiyns of the
copolymers. Selected samples of the eopolymers were
tested for degree of hydrolysus by the Dow color test,
described more fully by Foshee, et al, 1n Paper SPEG202
(New Orleans, 1976), previously cited To determane
the percent hydrolyss, the concentration of amide sur-
wiving the hydrolyss is determned by an 10dometnic
method, converting the amide groups to N-bromoa-
mde, foliowed by a reaction with potassmom rwdude 1o
form 1odine wiuch 13 then complexed with starch, The
amount of tins iodine-starch complex 1y then spectro-
photometncaliy measured The degree of hydrolyms
can also be determmed by the titrahon of amontumions
produced as a result of the hydrolyss with sochum
hydroxide, bat the Dow color test has been found to be
more convenent and nufficently accurate. In FIG 6,
the effect of agmng m SSW on the degree of hydrolyms

of a 0.5 weight percent solution of a 3040 PVP-Am 34

copolymer prepared m SSW u plotted for three differ-
ent agng temperatures. It is apparent that the hydroly-
ms process la relatively slow when the polymer 1 aged
at 200 F but exceeds the 50 percent pomt after about 15

60

altam a percent hydrolyss m the range from about 65 to
73 percent after sbout 13 days sging

EXAMPLE VIII

K Values as Indhcators of Relative Viscosity and
Molecular Weaght

Fikentscher K values were developed to relate the
relanve viacosity of any polymer solution to concentra-
tion, and ar funcuions of malecular weight of the poly-
mers This K equals 1000 k, where k 1 ziven by “Fi-
kentscher’s formula”,

Lon gt _ :s e &
where C 15 concentration 1n grams per dectliter solgtion
The development and uses of these K values are de-
scribed by K. H Meyer in “Natural and Synthetic High
Polymers™, pp 24 =(Interscience, New York, 1942) and
Schildknecht in “Vmyl snd Related Polymens”™, p. 676
{John Wiley & Sons, New York, 1952)

The relstive viscomty (viscomity atio), N, 18 the
ntic t/ts, whick can be determuned from the sverage
efflux times measured for the solution, t, and for the
solvent, to.

With sufficiently long efflux times, e g, about 100
seconds or longer, the specific viscomty, %y, can be
determmed from the relationalup

(]
Tp=—p

(Generally, for the soluhons employed, the valne 7 is
determined by subtractmg 1 from %)

The rsuo, nyp/C, 15 called the reduced viscomty (vis-
cosity number)

The mtnnzic viscosity can be determined by plotting
reduced viscouty v concentration and extrapolating to
meagure the ntercept for zero concentration

For greater detail, see ASTM D 2857 and/or Poly-
mer Technology—Part 3, pages 27-13, Plastics Eng:-
neenng, August 1962

K values have been used for years to descnbe the
viscosty grades of commercislly marketed celtulomc
polymers as well as polyvinylpyrrahdones and other
polymers. The use of K values has become well estab-
hshed and 18 retmned as a means of expressing relative
molecular weight, for example, K vatues for solutions of
homopolymers of viny! slky] ethers are reportad in
Kurk-Othmer, a of Chemicol Technology,
Second Edition, Volume 21, pp 419-420. As previomly
discossed heran, U.S. Pat. No 3,500,925 discloses and
clamas hamopolymers and copalymers of N-viny] lac-
tams, wcluding N-vinyl-2-pyrrohdone, having K vaioes
of 10 to 140. Fikentscher, et al disclose mU S Pat. No
3,006,900, tssued Oct 21, 1961, copolymers of methac-

days at 250 F ‘'When the copolymer s aged at 300 F, 40 6o rylamude and N-vinylpyrrolidone, and “muxed copoly-
percent hydrolyss is attamed almost inmediately, and ~ men” mcluding at least one other monomer such as

60 percent 5 exceeded within ten days. However, as
seen m FIG 7 and as described earher herein, these
copolymers tend to attam sn equilibniom degree of hy-

acrylamude, charactenzed by K values of at least sbou!
353
Examples of mnventive and control copolymers of

drolyss eventually, no matter what the aging tempers- 65 5040 VP.Am composition were prepared by methods

ture Asseen in FIG 7, samples of 2 0.5 weight percent
50 50 copolymer of VP-Am prepared m S5W and aged
m SSW a the temperatures of 250, 280 end 300 F all

disclosed herein, tested for relative viscosity (Twy), and
charactenzed by K values calculated m zccordance
with the above formula

12—
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Relative Viscomty Measurement

Relative viscomitics (94) of the VP-Am copolymers
were determmed by companng the flow tune of poly-
mer solution at » ;aven polymer concentration with the
flow ume of the heat solvent The following relatnonship
of flow times describes Relative Viscosity

J_' = flow tme palymer solution
'I-l-,.,. = flow time of nest solvent

In all examples heremn, relative viscosity was mea-
sured 1n an Ubbelohde #1 capillary viscometer at 25 0°
C. Flow tumes were taken by stop watch, and the times
recorded i most cases to the nearest 1/100th second or
in al] cases to the closest 1/10th second. The precioon
of this ume mesnrement was assured by repeating each
flow through the viscometer three tmes, and an sver-
age flow time, from & range of values of no moare than
2/10th second, reported

Based upon the precision of these and other measure-
meats, the precisioe of the calculated K values 15 est-
mated to be + less than sbout one K value onit.

Surprisingly, the K valuoes calculated for even co-
polymers prepared m a distilled water polymenzation
medmm were lngher than those reported 1n US. Pat.
No. 3,500,925, and the K values for copalymers pre-
pared by the mventve methods disclosed herem were
substantially Ingher Over the ranges tested, the K val-
uss were found genevully w0 vary inversely with poly.
mer concentration in the test solution, e g., the lower
the concentration, the lugher the K value Some vans-
hon was also found dependmg upon the nature of the
solunon m which the polymers were tested for relstive
wiacomty before calculating the K values. For polymers
prepared m the same polymerization medis, measure-
ment of relative viscomty m synthetic sea water (SSW)
generally produced lugher K values than for those
tested 1 K20, with polymers tested m a solution of
mixed salts producmg K values lower than the synthenc
sea water but shightly Ingher than solutons of NaC)

FIG 8 describes the variation of the K value with the
polymer concentration i test soluhon for copalymers
prepared 1n water Since it was mdicated 11 ahe
sources m the hterature that measurements for K values
were made with a concentration equal to 1 0 g per decy-
hter of solution, one of these samples was tested m
water at this concentration and a X valoe of (b 1418
was obtained for it. In these aqueous systems, the con-
centrations in grams/deciliter and weight percent are
approximately equal, Identical samples were tested 1n
vanous clectrolyte solutions at concentrabons of 05
8/dL and below As can be seen m FIG 8, the K values
obtamned were gensrally tugher than those caleulated
for samples tested m water at the same concentrations.
The maximum value were seen for samples tested m
synthetic sea water, with K values rangmg from 149 to
176 samples tested in water prodoced K values 3to 3
untts Jower For clanty, only the values for samples
tested m SSW and HzO have been plotted, with all data
hsted in Table X Those samples tested m salme solotion
produced K values rangmg from 150 to 179, with sam-
ples tesied 1n solotions of magnesum chlonde snd cal-
caum chlonde prodocmg K values shightly below these

figures.

Samples of VP:Am (30-50) copolymer were also pre-
pared m SSW and tested n SSW for comparmon with
the copolymers prepared in water The results of rela-
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tive viscosity measurements and calculated K values are
tabulsted 1n Table XI The K values for concentrations
m the range from 0.025 to 1 O g/deciliter are plotted in
FIG 8 for companson with the copolymers prepared in
water and tested in water The K value of 1377 ob-
tuned for C=1.0 d/gL 15 substantially lngher than the
K of 141 § obtained with the Hz0/H20 copolymer, and
this advantage persists over most of the concentration
range, cvén compared to the samples made 11 water and
tested m solutions of vanous electrolytes. (The notation
H30/H70 means the copolymer was prepared m water
and 118 viscosity was determined m water } The K val-
ues of about 178 for C=0.05 and 0.028 are mconmstent
with this trend, and may represent the honut of errors m
wesghng or other messurements

FIG 9 shows plots of K values versus concentration
from FIG § for a hizuted range of concentrations equal
to 0.025 to 0.1 grams/deciliter Severat of the samples
prepared in water duplayed an apparent maximom K
value at a conceatraton of 0.05 g/dL. Samples of co-
polymers of the same 50-50 composition were then
prepared m vanous agueous polymernizethion media con-
taining electrolytes, tested for relahve vmcoarty at con-
centrations of 0.05 g/dL, and the K values calculated
As seen m FIG 9 and Table X1, the K values for these
copolymers were sobstantially higher than for the sam-

so Ples made o water A smaller amount of vanahon was
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cobserved depending on the solution medium 1n whuch
the polymers were tested Maumum values were ob-
tamed for the sample prepared and tested n synthetic
sea water, piving & K value of 200.4 A second polymer
sample of the same compomtion (SSW II) prepared and
tested m synthehc sea water gave a K value of 194 3
The average of these K values, 197 4, 15 comparabie to
the values gbtained for other samples prepared in syn-
thetic aca water anc tested 1 varous electrolyte soju-
tions, and 1 substantally hugher than the valoes ob-
tuned for the polynters prepared and tested m other
electrolyte solutions. Tested m water, this matenal pro-
duced a K value of about 196. Samples prepared w
saline soluton produced a K value of about 192, regard-
less of the test medium Samples prepared n a polymeri-
zahon mediam contmmng & nuxture of Nacl and MgCly
produced K values rangmg from 183 to 192, with the
maxmmum being obtamed for the samples tested m a
solution of HiO While not all the differences m K
values for eamples prepared and tested in vanons medmn
can be explamed, and some differences may be due to
statistical vanations sud/or operator error, the copoly-
mers prepared 1n electrolytes, particularly synthetic sea
water, NiCl or a mixture of salts, produced mgnrficantly
higher K values than those copolymer samples pre-
pared 1 HyO These polymers were of mgmficantly
higher K value than many commercial polymers, in-
cloding polyvinylpyrrolidone and the polymers claumed
in US Pat No. 3,500,925 Thuos, while the mventive
copolymers prepared m synthetic sea water or mixed
electrolyte solunons are supenior as reflecied by thewr
relative viscosities and K values, the copolymers pre-
pared 1n H7O or other electralyte solutions are guffi-
ciently viscous to be useful 1n certan process embodi-
ments of the mvention

Sk
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TABLE XIlcontmued

Calculated K values for VP-Am copolymer (50.50 wa percent)
prepared m dutlied water with 0.3 wt percent AIBN

and tested in varions media

Calculated K valus for VP-Am copolymers (30 30 compotition)
prepared m various medha with 0.5 wi. percent AIBN snd

tested :n vanious media. {All concentratroms 0% g/d1)

Come (!Idl.) Medive Trel K Vahe
1.0 Hi0 M3 141 8
05 H0 644 1426
015 HiO im 1578
a.10 HO 146 1687
Q05 Ho0 13 1714 10
oms H0 131 1602
o0s 55w [ %) 1493
a2’ S5s5w 315 161.0
010 SSW 10 1708
0os 8w 1.3 1763
0023 b4 g 115 1739 15
as My 7.04 1514
a3 MY, 30 1621
aio MGy 154 1546
Qaos MyCly 12 M9
s MgCly 113 1ms
03 CaCly 686 1903 0
029 CoCly in 16817
o.10 CoCly 16 163.6
005 CaCly 1.2 1739
o003 CaClz 114 1682
0s NQ (1) 1508
025 NaC %3 1624 28
[1§1:) NaC) 173 1733
005 ] 1% 1688
0025 NaCY 116 1793
TABLE XI %
Caleulated K values for VP.Am copolymer (30:30) wi percent)
1 SSW with 0.5 wt t AIBN and jepted m SSW
Coac. (g/dl) 2 K value
1.0 FrivT 1517 38
as r24 1580
025 .63 m2
(]} 181 1811
nos () 177
0.029 116 1782
40
TABLE XII
Calculsted K values for VP-Am copolymers (30:50 composition)
prepared in vanons peedla with 0.5 wt peresnt AIBN and
———leed 1n verioos medie. (AUl concentrations Q03 g/dl}, 45
Polymerization Ten
Medium Mednm el K Value
SSW 55w 144 200.4
5w Ss5Wm 14) 1543
sSwW N} 1.4 1984 0
SSW CaC)y 1.4 1954
L MgC1y 1.43 1984
SSw H0 142 1964
NaCl BSW 140 HL2
Nall NeQ 140 1922
NaCl Cally 139 1540 15
NaCl MgCly 1.5 1900
NaCl HO 1w 180.0
Nell/MgChy SSwW 1 1279
NaCl/NCY; N1 138 179
NeQ)/MgChy HO 140 1922
NvQ1/MpCly CCly 137 116 &
NaCl/MgCl, MgCy; 136 1834
CaCly MpCh 13 1900
CaChy sw 138 1me
CaCly CaCl3 i3 1ok ]
CalCly NaCY 12 ms
Gy Hi0 137 1819 55
Mgl 55W 138 1879
MgQl; NeCl 15 1179
MpCl, MgCly 138 1879
MgCl; CaCly 138 1579

Polymenzaton Ten

Medinm Medhim el K Valoe
MpClz H0 1M 1879

“Aversge of Two roms miing arparmte batchet

EXAMPLE IX
Screen Factor Tests

A senies of 50/50 VP/Am copolymers was prepared
m 071S. SSW at 50 C. as previously descnibed usng
AIBN as the initiator Each copolymer solubon was
produced with a dufferent amount of imtstor, the mnge
extendmpg from 0 13 to 1 0 weaght percent AI1BN based
on monomer weight Esch polymer solution was fur-
ther diluted with SSW to provude solutions having from
sbout 0.2 to 1 weight percent polymer The screen
factors for the vanous solutions were deternuned at 78
F and at 180 F by messunng the tme required for
passage of an ahiquot of the polymer solution by gravity
flow through five 100-mesh stainless steel screens at the
designated temperature and dividing this tme by the
time required for passage of the same amount of SSW
through these screens under Mentical conditions. This
method is described by Foshee, et al, a3 previously
cited

The results obtmned are plotted 1 FIG 10 The
screen factors are directly related to the molecular
weight of the polymer, ¢.g how much AIBN was used
1 1ts preparation, and accordingly 10 1ts solution viscos-
1ty The lgher the molecular waght (lugher the soln-
tion vicosity) the higher the screen factor over the
range studied Polymer molecular weight 18 mversely
related to mtiator concentration, 8s 1s known n the ant
Consequently, the highest screen factor 18 obtained with
the polymer prepared wath the least amount of inmator
Screen factors at [80 F are smaller than their connter-
parts at 78 F, ss expected For example, a solution
contmming 1 weight percent copolymer (copolymer
prepared with D 13 weight percent AIBN) has a screen
factor of about 32 at 78 F and about 7 at 180 F

Screen factors are easier and faster to obtan than
resistance factors and they can be used to estmnate the
relanve magmitudes of the resstance factors at the same
temperstures. A resistance factor describes a decrease in
mobility of a polymer solution 1 companson with the
flow of the aqueous medium w which it 15 prepared
With chemically smular polymers, as the acreen factor
Increases the resstance factor also mcreases. For exam-
ple, screen factors messured for 0.5 weight percent
solutions of the 30/50 VP/Am copolymers (prepared
with 0.13, 0.25 and 1 0 weight percent AIBN in S5W)
mSSWat 180F are 33,24, and 1 3, while prehminary
average resistance factors for sdentical solutions mes-
sured 1n Berea cores are 12 1, 9 8 and 5.0, respectively
These values result 10 an average ranp and the screen
factor for snother copolymer m this group, one can
esumate 118 resustance factor under the same condihons

Detailed information relating (0 screen factors, resis-
tance factors and the like are given by Jennmes, R R,
Rogers, J H and West, T ] “Factors Influencing
Mobility by Polymer Solutions”, J, Pet. Tech (March
1971), 391-401

yeM
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EXAMPLE X
Drilling Mud Additives

A senies of five VP/Am 50/50 weight percent co-
polymers was prepared Two of the samples were pre-
pared 1n t-botyl aleohol using 1 weight percent t-BPP,
based on the monomers, as the mstiator The remaining
three samples were each 1n saturated NaCl
water, usmg ATBN as the initiator at weight percent
Jevels, based on the monomen, of 10, 0.5 and 025,
respectively , The samples prepared m NaCl water are
comparson polymers

The samples were tested m vanous dniling muds, as
specificd, for low and high temperature water loss prop-
erties, plestic vucomty, yield pomt value and gel
strength

The mitinl evaluation of the polymers was done o
muds by addmg 3 5 weight percent attapnipte clay to
ather 5 weight percent NaCl solution (bese mud A) or
satvrated NaCl water (bsse mnd B) Polymers submust-
ted as sobds were forst ground and sifted into mud sh-
quots while they were stured with a Hanulton Besch
Multimizer to mmumize lumpmg. Frovimon was made
for polymers submrtted as solutions by withholding the
corresponding volume of water from the base mud
when 1t was prepared Water was added as
depending on the concentrations of the particular poly-
mer samples. After the polymers were added to 200 mL
alxuots of mud, the mud samples were stirred for 20
mmutes with the Multimixer

Before any tests were made, the mud samples were
cooled to room tempersture {about 25 C) while stand-
mg a mmumum of 2 hours Next, the samples were
stirred 2 minutes with the Multmmixer and tested with
Famn Model 35 VG meter to determune plastic viscos.
1ity, vield point value and gel strength. These tests, and
a water loss test at room temperature, were made m
accordance with AP1 RP 13B The mud pH values

were also recorded All tests were repeated after the 4

muds were aged for 16 hours at 80 C m the abtence of
oxygen Apparent vicomty was deterouned at 600
RPM with the VG meter assuming Newtoman flow
For the hugh temperature tests, base mod A was
treated with 12 Ths/bbl bentomte clay and a 2 Iby/bbl
Desco@® thinner, Philips Petroleum Co., a blend of
sulfomethylated quebracho and sodum dichromate,
slong with sofficient NaOH to obtaun the desred pH
before addition of the polymers Polymer addition and

mmtal testing were dane at room temperature as in the sg

low temperature tests. After the uatlal tests, the mud
samples were aged in brass bombs m the absence of
oxygen for 16 hours at 360 F After aging, the mods
were cocled to room stitred for 2 mnutes
with the Mulumixer, and tests on plastic viscosity, yldd
ponnt value, pH, and water loss were repeated The
mtmthu:mudswnhghmmtmmhn
test performed at 325 P and 500 pm differential pres-
sared

3

-
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Polymer 3, hke 3 except used 025 weight percent
AIBN

The results are reported 1n Tables XIII, XIV, and IV
The results presented m Tables XIII and XIV mdicate
that at low polymer concentrations, & g about 1 lb/bb!
mud, made with 3 5 weight percent attapulgite clay in 5
waght percent NaCl water or m saturated NaCl water,
relatively poor water loss performance 1 both unaged
and m aged test sarnles was noted However, when the
amount of polymer was mcreased to about 3 or 4 Ibs
polymer bbl mud, water loss values for the nnaged and
aged samples were low, e.g about 5-7 mL/30 mugutes
at room tem

Teble XV summanzes the performance of the co-
palymers mn hard brme mods. The hard brine was a
synthetic brme prepared by dissolving 1235 g NaCl, 308
g CaCl; and 78 3 g MgCi;.6H10 m 5000 mL of tap
water The calcnlsted calcom on concentration 1 this
brine 15 1 68 waght L

20 The results 1n Part A of Tshle XV indicate that n

L]
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mud prepared by muang 2 Ths/bbl of asbestos fiber and
16 Ths/bbl of P93 illite clay from Roger Lake, Calif
the hard brme, the water loss values of an inventive
copolymer prepared in t-butyl alcohol were equivalent
or better than those obtained with a commercially avail-
ghle mud addiive (Driscal @ IT) when the polymers are
used at 2 Tba/bhl under conditions employed With
lesser amounts of polymer, the commercial polymer i
supenor under much test conditons, (Drucal @ N s
50/50 weight percent mixture of carboxymethylhy-
droxyethyl cellulose and polyethylens glyool having a
molecular waght of wbout 8,000 available from Drilting
Specigites Co , Bartlesville, Okla. 74004)

The data 1n part B of Table XV show thet mventive
polymer 2 is more effective (lower water loss results)
than companson polymer 4 m the mud sbsent the Flo-
sal ) fiber (asbestos fiber) but in the presence of added
bentomte clay However, 1n this test the commercial
polymer gave somewhat better results, e.g. lower water
logs, than mventive polymer 2.

The lugh tempenature waier loss values for a mud
caomposed of 12 Tba/bb! bentonte clay, 2 Ibs/bbl Des-
co () thmner and sufficcent NaOH to mve & pH of about
10-12 admized with base mud A (3 5 weaght percent
attapulgite clay 1n 5 weight percent NaCl water), m the

or ebsence of 1 Ib/bbl of gypsum, are pres-
ented in Table XVL The water loss data show that
inventive polymer 2 pntally gives somewhat higher
results at room temperature than those obtuned wath
the commercial polymer Drispac@ Superlo, a car-
boxymethyl cellnlose of Drilling Specialtes Co. How-
ever, after agng the polymers for 16 hoursat 360 F and
retesting them at room temperature, the data show the
inventrve polymer to be clearly supenor to Soperla in
the absence or presence of added gypsum. The water
loss data also show the mventve polymer to perform
better n the absence of gypsum, both inttally and after
agmg, than the commercial polymer, Cypan & sodium
polyacrylate of American Cyanamide. However, aged

In the Tables tke polymers are identfied as follows. & Cypan performs somewhat better than the aged mven-

Polymer 1, made m t-buty] slcohol with 1 weight
percent t-BPP based on the monomens.

tion copolymer v mud containing gypsum
The water loss dats additionally show the compan-

Polymer 2, like 1, except submutied s a sohd for son polymers io be equivaient or better in performance

than inventive polymer 2 m mmutial testing and especially

testmg.
Polymer 3, made in saturated NaCl water, | weaght & sfter aging the palymers, both n the shsence of pres-

percent AIBN based on the monomers

Polymer 4, like } except used 05 weight percent
AIBN

ence of gypsum Very low lugh temperature water los
results are also obtammed with the comparison polymer
Based on sopenior resolts prezented before with the
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mventve polymers prepared m SSW, whether aged or  bebeved that smd mventive polymers wall ontperform
unaged, relative to those made i NaCl or other ague the comparizon polymers 1n dnlhing mud apphcations as
ouz solution contamung one or two clectralytes, it 15 well

TABLE XIII
Screenmp Tests in Bose Mud A

Polymer

Cooe ____ _ IumiProseues ____ Agsdl6Hownm8C
Tb/bbl AV®* PV/YP'* QGela*® pH WL™ AV PV/YP Oeb pH WL*
Base Mud®*** 335 ur 1/ L 1n ] e 34 82 1M
Polymer |

1 b} /10 48 80 26 16 m7me ¥4 B3 100

3 12 1074 23 80 715 B3 1076 on 43 91
Polymer3 103 /3 Vi 81 10 176 43 12 18

]

Polymer3 14 8/14 1 &2 0 175 8/19 7 81 1.
1

“Apperen) vocoply <F (smmmng Newbimlss Dow md & shear rais of 1012 reciprocal sosomds).
PV — Piasthe viscnlty, ¢p

YP — Yiid poiat, To/100 ag. 0L

Geh — Gel mnmgth, ¥ 42c/10 won,, I/100 3¢, B

WL — APl water losa, mL/30 misrmies

**%Hate Mud A — 1.9 percest stapolgite clay s 3 peveest NoOJ noiction.

TABLE XIV
Screening Tests m Baxe Mud B

Polymer

Conc. Lantal Properiiey Aged 16 Hoors a1 80 C.
/bl AV* PV/YP  Oels pH WL AV PV/YP Geli pH WLe*

- Base Mud** & 42 Vv 77 1 [TIY i1 171 19

Polymer |

1 125 " A 16 T - - e —
3 163 14 11 11 34 — — e —
Palymer 2

] 25 023 1715 74 105 - - - - -
3 p1] 1712 11 15 68 W04 12 19 AS
Polymer 3

100 " 1078 5A 76 % 143 109 66 16 146
125 13 12/6 ¥va 13 N 125 7 i 18 I
375 a3 0 M O13 % 0¥ 11/3 172 18 &3
Polymer 4

128 13 1178 VA 74 16 133 8P W8 19 &
an “3 33 TA 81 33 w1y 11 11 58
Polymer 3

1 135 £, ] 4 716 &1 1 Y10 &7 16 1%
128 4 1274 /3 74 N3 1285w V4 16 I .

378 ] 32/28 23 74 55 3113 W19 V2 17 MR

*AY — Appaent viacoslty cP (smaming Newinaian flow sod » shasy rue of 1022 recyprocal seeonds).
*4¢Bur Mud B — 3.3 pereent siispolgrie clay m mowsed NoCl waiy

SseWater loss, mL/30
TABLE XV
—Screcmng Tests 1w Mard Brine® Mods
Imoml ] at 80 C
Materials Conc., fa/bhl PVYP Ges WL FV/YP Gebs WL
AM/VP  Driscal @ Il pH 64-1.0) (pH 6.1-6.4)
Fan A Muds Prepared with 2 y/bbl Floal (D fiber and 16 Th/bbl P93
Dliee from
- -— Vi3 /14 180 _ -_ —_
-— 1 10  14/10 143 (7] 5/ 180
- 2 wa X 719 119 Ve ] 80
Palymer 3
1 -_— 76 19715 20 Vs 11712 95
2 -— 107 410 10 /10 7 6.0
Fart B Muds Prepared without Flosal fber but trested wath 16 [b/bbi P95
clay and other clays a4 specificd
(16 To/bb) bemonite elay added)
- — 1 i1 % - _
- i &6 710 13 -_ -— —
Polymer 2 ¥l [ 74} 7 -

10 1/bbl bestonue clay added
Palymer 4 - /1 1 B - - -
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TABLE XV-continued
Screevung Tests in Hard Brw® Muds
o ltutal Propertses  _ Aged 16Hounat 80C
Muerials Cope., b/ PVAYPF Ged WL PV/YP Geh WL
AM/NP Dzl ®D (pH §4-7.0) {pH &1-6.4)
—No sddrmonal clay added
Johymerd
- 1 “«1 N 148 - - -
L] ] 1 11 210 - -— -
1 - L7 01 - - -
1 - v 11 13Im - - -
The was with the ander of addition
1 - 41 171 83 - - -

'mwhn—dw-ﬂqlm;mn.cﬂ,uus.mmu
3000 mi g witit The ealchih lon eraceniratinn b caleulxiad 15 be 1.673 parrent by weight
S=Them WL valwes were calovlaind after & cne mmmuee o

TABLE XV1
High Tempersiure Taws - Effect of Oypsun
Matermly
Conc., Th/bbl Initi®roperties = Aged JéHowsauSOF
Folymer Gypum PV/YP Geh pHi WL PV/YP Qs pH WL HTWL
Eese Mud®
- - 34 s/A1 100 B& w6 WA 19 17 -
- 1 33 410 97 100 P /4 78 10 -
Part A Mud Add
Drpac (D Soperio
3 - N2 WM 53 6D L] 13 0 %0 -
3 1 F TR B TR T Y3 710 76 10, -
podium
) — &2 5 nNe WD An Y ST I T
3 1 43 1% 1é 173 24 11 2 7 -
Pan B VP/Am
Polymer2_
3 - W w83 82 1w 1m o 18 —
3 1 /2 /M1 98 00 1446 416 73 640 -
Polymer 3
3 /10 k1) n? a9 114 an 91 4 [ Y
2 1 1577 ¥6 11/6 104 1M 23 %1 k6 &
1T — 1/ 40 113 i3 N/a &7 [} 60 pL}
s 26729 LY, ] 112 7 2740 [ 723 [ &1 &0 k1)
Potymer 4
3 - /3 4.3 11.4 3.7 /4 3% LS 58 8.
173 H 2 472 111 £ X ] 28741 272 22 35 »
Palymer3
1 -_ 14710 /4 ur a4 16712 11 0 26 30,
1 1 14710 s 116 27 13712 n 0 23 48
3 — 21737 4% 113 19 30748 &1 o 4.0 .
3715 1 28/36 &7 114 [ %] 28/40 L% 13 &l 34

"The omxd for these tests wrs prwpered by addiag 12 M/bbl bemoaise clay 2 lhvbhl Do @ tenper and MaOH 10 Bass Mudd A, Buse Mud A 5 LI%
attigrlyiis chiy tn 3 percan NaCl) waler
=HTWL — High saxperatrs, bigh pressure waler lom, APL mL/10 mis, at 315 P and 300 ol

EXAMPLE XI specified electrolytes in sufficient deionized water 1o
Preparation and Propertics of PVP Homopolymer prepare 18 Iters of soluton

Ths example describes the preperation and the aque-

ous solution viscasity behavior of poly(N-vinyl-2-pyr- 55 Je—— ‘Approsunste Blectral
ralidone) This homopalymer sample of Nevinyl-2pyr-  Eyeetreiye Wt Electralyte (§) __ Concentranon _(lﬂl:).

rohdone was prepared m accordance with the wiventive

polymenzation procedure described previously herem, m E a
¢, polymenzation of N-vinyl-Z-pyrroldone (VP)m  NaQ 4:.‘ z:.:
g:lobuty:.mmle (%’nlﬁlj.m strength) fnstisted by pao- & MgCly-6H0 193.9 08

A charge of 20.0 g N-vinyl-2-pyrrohdone was placed
ma 10-ounce crown top polymenzation bottle with 0.10  The 10mc strength of the syothetic seawater was sbout
B azobissobutyromtrile (AIBN) mtator and 2 200 g 07 The reachon muxture was degassed for 20 mnutes
portion of synthetic seawsater The instistor Jevel was 65 before the polymenzation vessel was placed 1na 50° C.
0.5 wt. 9% AIBN, based on the weght of monomers  constant tempersture water bath The polymenzation
charged A stock solgtion of the synthetic sea waterwas  reacnon vessel was secured 1n a rack and rotated cantine
prepared by dissolving the approximate amonnts of the  wovaly for 25 hours et 50° C. At the end of the reaction
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n
period, the reaction mass was homogeneons and mobile,
end very viscous.

A surtable experonental sample for viscosity measure-
ments was prepared by combining a 100 g portion of the
polymenzation resction mass with 400 g of synthene
seawater This dilution gave a mixture which was about
1 8 wt. percent polymer Before combining the polymer
sample with the synthetic seawater, the latter was
purged with Nz m a dry box for 2 hours. The oxygen
comtent of the synthetic seawater after the N2 purge was
about 5 ppb (parts per bilkon). After muxmg the poly-
mer sample and synthetic sea water, the solation was
farther purged wath N3 for 3 hoors 1o & dry box before
any solution vmocomties were determined A umilar
solution of a commercially available poly(N-vinyl-2-
pyrrolidone) (GAF PVP K-100) was also prepared for
visconty messurements for companson

The respective solutions of expermmental and com-
mercial  poly(N-vinyl-2-pyrrohdone) polymers were

15

aged at 200 F and 250 F 1o determine the effect of 20

thermal agmg on solotion viscosities. After a specified
aging period, mdividual sample solutions were cooled
to amient temperature before messurmg Brookfield
viacosty at the demgnated rpm  Results are summanzed

in Table XVII The inttial viscosity of the expernmental 23

solution was 16.1 cp at 6 rpm, whereas the mitial viscos-
ity of the commercual polymer solutton was aboat 13 1
epat S rpm.

72
tion of N-vinyl-2-pyrrohdone m distilled water Sam-
ples of the poly(N-vinyl-2-pyrrolidone) polymers as 2
wt percent solutions in synthetac sea water were used in
Brookfield viscosity determmations and the results are
summanzed i Table XVIiI

TABLE XV

_Solutoo Viscosmes of FVP Samples
AIBN Inltator Typsof Vocomty Polymermation

Rou No,.  Leve (wt %) Run {cF) Medium
1 10 Control 9.0 Dixilled H10
2 0 Inventdon 183 jSWe
3 [} Iovenbon 234 SSwWe
4 0 Joventicn 243 BSW*

*The preparstion of the syntheris sm walsr b gives in Exxmpls X1

Refernng to the resulrs in Table XVIE (sce runs 1 and
2), it 13 evadent that the solution viscostty of the poly(N-
vinyl-2-pyrrobdone) prepared m synthetc seawater
with 10 percent AIBN mihator was approxmately
twice that observed for the PVP mmilarly prepared n
distilled water Runs 3 and 4 fllnstrate that greater solu-
tion visconibes for the mventive poly(N-vinyl-2-pyrrol-
dope) aamples resulted on the use of lower levels of
AIBN putiator, presumably because of the lgher mo-
lecular weaghts obtaned in runs 3 and 4 relative to the
molecutar weight obtained in run 1 (This effect bas
been noted previously m other examples and mn the

detailed description.)

TABLE XVII
Yiscounet of PVP* Solubons A

Aging % Indtial  Agmg % Initial

Period Viscosity Penod Visooity
(Dsyn) Vioouty Lot (Duys) Viscoslty Lowm

Typaeof Run  @W00F (5 4] (200 F) QHDF (cF) (230 F)
Controd 1] 131 0.0 0 131 0.0
{Commercial é 104 2046 [ 92 F. 1
K-100 PVP) 19 92 218 114 118 99
41 7% »? 40 10.5 198
13 32 48 119 91 298
Igvenuon 0 161 0.0 0 161 00
(Experi 21 142 118 21 138 143
mental PYF) 43 14.0 13.0 48 114 158
93 133 16.1 93 132 18.0
13% 138 14.3 129 138 161
248 137 149 245 134 158

Ve paly(N-viayl-2

Refernng 10 the results in Table XV, it 3 evident
that the imtia] viscomty of the experrmental polymer
solutiont was not only lugher than that of the control run
(16.1 centipoise vs. 131 centipomse) but on thermal
aging at esther 200 F or 250 F., the expenmental poly-
mer soluton exhibited & lower percentage loss of the
mtially observed solution viscostty than did the com-
mercally svailable polymer solubon See FIG 11, m
whuch the viscosties of these samples are plotted versus

aging tume. It 13 noteworthy that the control system o

solutien vaiscosity aged at eather 20 F or at 250 F had
diminished by about 30 percent of the mrtial visconty m
a time penod of 118 days, whereas the solution viscosity
of the experzmental system even on aging for 245 days

at either 200 F or at 230 F hnddimmhedb‘yonlyw

about 15 percent of the mitial viscasny
EXAMPLE XII
PVP Vucomtes
N-Vmyl-2-pyrrobdonc was pol

EXAMPLE XIII
In Snu Polymenzstion for Permeability Correction

This example describes the in situ copolymenzation
of N-vinyl-2-pyrrolidone and acrylamude to effect a
permeability correction in a high sahnity, lugh tempera-
ture oil-bearmg subterranesn formanon Swtable ratios
of monomers, for example, N-vinyl-2-pyrrohdone and
acrylamide, vary over the broad range as disclosed
carlier heremn. In the followmg calculated axample, the
weight ratio of N-vmyl-2-pyrrohdene (VP) to acrylam-
1de (Am) = 60.40, which correspands to sbout 1 mole off
VP to 1 mole of Am

CALCULATED EXAMPLE

Two pore volumes (based upon the intended area of
treatment) of & one weight percent equeous solution of

m synthetic 63 sodiom-1-naphthylamme-4-sulfonate  polymenzaton

ymenzed
seawster at three imtiator levels of AIBN m a proce-  inhibitor 15 mitroduced through an injection well into an

dure essentially the same as described 10 Example XI A
control run was carned out involving the polymenza-

exhaustively waterflooded, oilkbeanng subterranean
formation with a reservolr temperature m the range of
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ahout 250 F and s connate water salinity on the order
of 200,000 ppm tota! dissalved sohids contamng up to
60,000 ppm or lgher of divalent cations such as Ca 44
and Mg+ + Said formation has been subjected to sec-
ondary waterfloodmg prior to mjection of the polymer-
naton mhilntor to such an extent that the mpected
water 15 channelmg through the hgh permeabilty
zones and the water to oil ratio oat the producing wells
is very high, e g. greater than about 100 1

After all of the polymenzeation mhibitor slug has been
mtroduced, a 0.5 pare volume slug of predomoantly
agueons sodium chlonde contamng about 15000 ppm
total dissolved sobds 13 wsed to flush the previously
mjected polymenzation mhibrtor form the more peyme-
able zones without completely removing same from the
less permesable zones

An m srto copolymenzation treatment slug compris-
ing about 90 werght percent salme water based on total
weight of the shug, admxed with an equmolar mixture

of N-vinyl-2-pyrrolidone (VF) and acrylamide (Am) 2

(60 parts by weight VP and 40 parts by weight Am),
and 0.3 waght percent AIBN (azobisisobutyroatrile or
other )unteble mtuatar; based m total weight of mono-
mers) i ijected followimng the flushing of the polymen-

mtion {abitor form the ugh permeabitity zones. The 25

saline water used m the 1n sty copolymenza-
tion treatment slug can be any available water compati-
ble with the formation, but 1s preferably characatenized
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mixtures were routinely degassed for 20 to 30 munutes
before seahng The charged bottle was ratated for about
16 hours 1n a constant temperature bath at 50° C On
removing the bottle from the bath and cooling to room
temperature, the instant product mixture appeared to be
& viscous flud somewhast cloudy and whitsh in color
Thas procedure yielded a 46 5:46 5 70 weaght percent
VP/Am/MMA terpalymer

Table XIX (below) discloses a variety of VP/Am/-
MMA terpolymers prepared in devonized water

TABLE XIX

Devonized Water Pol tiom Mednm

Ram Wi % VP Wi % Am Wi % MMA
r ca 4508 . e 025
2 “°n “n 0.30
3 "3 49.3 100
4 450 40 300
3 “as as .00
[ ] a5 s 5.00
7 4.5 443 700
] 440 450 10.00

“Initiator wes .13 wi. permest AIBN besed on total monsners charged

(B) synthetic Ses Water Polymenzation Medium
(Invention)

The preparative procedure was etsentially the aame
&s that described m {A) except for the use of synthetc

by an jomic strength of about 0.7 and contams & muxture  scawater (SSW) as the polymenzaton mednun The
of electrodytes such as, e.5., NaHCO;, NaCl, CaClz, 3 compostbon and preparation of the synthetic seawater
heremshave,

NSOy, snd MgCly The m situ copolymenzaton 13
allowed to progress undisturbed for & period of approx-
mately 24 houre.

1 described
For example, the following charge was placed m & 10
oX crown top reactor bottle to prepare & 48 3:48.330

At the end of 24 hours, a tertiary o1l recovery surfac-  weight percent VP/Am/MMA terpolymer
tant flood 15 carmed cut, e.g., n a manmer as described m 35

US Pat No 4,343,711 Oil recovery 1s mcreased as
evidenced by a lower water to oil rano at the producing
wells

EXAMPLE XTIV

Preparation of Terpolymers
As previowsly disclosed, this nvention encompasses

terpolymer compomtions Specific terpolymers pre-
pared and tested can be described by the formula

VP/An/X,

wherein VP represents N-vinyl-2-pyrrolidone denved
units as an N-viny] lactam, Am represents acrylanude

denived wts as an unasturated amide, and termonomer 30

X represents untts denived form vanous monomess such
as methyl methacrylate (MMA), methyl acrylate (MA),
butyl acrylate (BA), hydroxyethyl acrylate (HEA)
lanryl methacrylate (LMA), scrylonsnle (AN), vinyl
acetate (VA), styrene (STY), 4-vinyl pyndine (-VPy),
S-methyl-2-vinylpyndme (MVPy), and maxtures
thereol The chemically-infteted preparations of repre-
aentetive terpolymers m vanous polymenzabon media
are described hereinbelow

(A) Dedonized Water Polymenzation Medium
(Control)

A charge of 27 9 g Novinyl-2.pyrrolidome (VP), 27 9
§ acrylamude (Am) and 42 g methyl methacrylate

45

913 N-vinyk2-pyrrolidane (VE)
"1g Acrylamde (Am)
06g Methryl Methscrylar (MMA)
oms g (AIBN,
0129 wi. parcent)
00 5 Synthete Seawater (3SW)

Table XX (below) ducloses a vanety of VP/Am/-
MMA terpolymers prepared in synthetic seawater
TABLE XX

Bewater Medium (0.7 innie o

Run
Noo. Wi%VP WigAm WiHMMA Wi%AIBN

9 $s 4“3 10 0.12%
10 a3 L) L] 0125
1l 483 »s 1.0 0250
12 “@s Lokd 30 021%0
n 40 4.0 40 0230
" 473 4713 50 0130
15 4140 410 &0 ax
16 9.3 93 10 030
1”7 "3 a3 30 [ ]
18 40 a0 40 a%x
19 a3 475 50 050
20 410 41.0 00 0.%0

"Axobishobutyropitrile initiior (ATEN. w1 pooes bmal o tola) msomens

60 churged)

(C) Sodmm Chloride Solution Polymenzaticn Medmum

(Cemtrol) (0.7 1omic strength)

(MMA) was placed 1n & one quart crown top beverage 63 The preparative procedure was essentislly the same

bottle together with 600 g desonized water and 0.03 g
azobsmobutyromitnte witmtor (AIBN, 0.13 wt percent

as that described 18 (A) except for the use of squeous
socium chlonde solution as the polymenzation medium

based on total weight of charged monomers) Reaction ~ The 15 hter batches of 0.7 omc strength salt stock
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solution were prepared by dissolving 61 36 g NaCl m
1440 mL of delozed water

For example, the following charge was placed 1 a
one quart crown top reactar bottle to prepere a
48 5:48.5.3 0 weaght percent VP/Am/MMA terpoly-
mer

3y Acrylsenbie (Am)

14g Methy! Methaerytate (MMA)

omg Axcizmobmyroghrile (AIBN
Q130 Wi pereeat)

&00 g Bodinm Chloride Solubon (0.7 kouic
strength)

‘Table XXI (below) discloscs a vanety of VF/Am/-
MMA terpolymers prepared in 0.7 10mic strength aque-
ous sodram chionde solutian

Table XX (below) discloses addiionza] terpolymers

prepared m (.7 onre strength agquecus sodm chlonde
solotion.
TABLE XXI
Aquecus Na Polymerisstion Medium (0.1 wnic srengih)
s WMISVPF WiNAD Wi % MMA
2 a vy aun 0as
n »7 87 050
a "3 “s 1.0
X 9.0 0o 100
B 483 a5 00
b 418 “s 5.00
n “%s %5 100
n 5.0 4.0 10.00
» 0 9.5 1.00

'ln:-nunpuulﬁhd-mlwma-
21-28).
Mppitistor wrs 01133 Wt paroest ATEN beed o total memowcrs charged (Ram 29).
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N-vinyl 2pyrroldons (VF)
Actymmide (Am)

Methyl Methacrylate (MMA)
Tert-butyl peronyprvalate (0.123 wt percent)
Ter-butyl alcohg)

bhr:

L

At the end of a 27 hour reachion peniod, the reaction

muxture was poured into stirnng hexane to preciprtate
19 the terpolymer product. The product was molated by
suction filtration and dned m vacuo (20 45 g, co. quant-
tative)

‘Tables XXIII and XXIV (below) dstlose a vanety of

VP/Am/MMA terpolymers prepared 1n tert-butyl al-

15 conol
TABLE XXITl
—Xerdery Bucyl Aloohol Pubymerization Megum
Run

20 No Wt % VP WiS%am WiHBMMA WiRl
» 415 43 30 0124
n 430 430 100 [[BFL
n 475 98 50 0230
1 430 450 100 025
M 417 473 30 450

3 3 430 430 100 030
% 0 300 30 050
3 630 30 100 as0
B 415 413 30 asa
» 300 €50 0 as0
40 230 63.0 100 050

30 “ihlasesr was 1-buryd peroxyprvalate (WA percess based an total wexght #f charged
[ )]

TABLE XXIV

Terpolymerizabon® Using Styrene, Vinyl Acetue And
Lauryl Methacrylate Termonamens

35

TABLE XXII No WI%VP Wi%Am Termomomerh™d Wil
Terpolymen Preparcd m Aquecns NoCl Salabon 1 4.0 30 A0 0.50
(0.7 yomac gtrangth) 12 €0 200 100 0.50
ey o 0.0 650 0 050
Run VP wt ermonomery™t o 180 650 100 9.50
BAn T 2] 473 as 50 0.50
4 "3 4S5  Methyl Acylste (MA) 38 450 450 100 0.50
a 43 4.3  Buyl Acrylaz (BA) $? k] 9,5 50 013
a4 a8 43  Hydosyethyl Acrylate (HEA) 58 4.0 450 100 028
“ as 493 Lanryl Methacrylate (LMA) FTE a3 914 A0 023
4 0 #3  Acrylgnimls {AN) ™ a3 Y 50 0,123
:_'6 :;-: ::-: :Lm“mwn &t “&£.7 a7 23 o5
a4 #5  4Vinyl Pyridine (+-VPy) [kt oupmtisier o i ey iy
» ] 493 S-Mettryh-2-Vimyl “Termasomer way siyreae (Rom 59, 80)
50 493 455  Mizmre (MNA + VAY ermonarser win biaryt methucryiste (Rom 61-84).

*The tereotmcancy wis present i 1.00 wt pereest based on total weight of mencmens
chagudl.

0.3 wi perees methvyl mathacryiaty + 0.5 wi peroent vioyl socoate g o sotel
weight af monasnars charged
DA wi. percias AIEN Inftherer

(D) Tertiary-Butyl Alcohol Polymerization Madinm
(lnvention)

the preparative procedure was essentially the same aa
that deseyibed mn (A) except for the use of tert-butyl
tlcobol as the polymenzation medium and the we of
tert-botyl peroxypivalate as the mitator Terpolymer
products were precipitated by dilubon of the rescton
mixture with hexane and removed by suction filtraton

33

WL peseest thutyl peroxypivalete inivistor (based on tota) Eonorters)

‘The following examples demonsirate the thermal
stability of vanons terpolymer compomtions (see Exam-
ple XIV) m synthehic scawater &t elevwied tempers-
tures Solution Brookfield viscomties were measured 1n
the thermal aging tests and retention of solution viscos-
ity was taken as a manifestation of terpolymer stabihity
under the test conditons. Selected data are tabulated

&0
EXAMPLE XV
Thermal Aging of Terpolymers
Test samples, e.g., of VP/Am/MMA terpolymer

In a typical run, ¢ g., the following charge was placed 65 soluhons were prepared by combuinng sufficient ter-

m a 10 oz crown top reactor bottle to prepare a

47 5:47 5 3.0 weght percemt VP/Am/MMA terpoly-
mer

polymer wnth synthetic seawater (SSW, 07 jomc
strength) 1o give a 0.5 wt percent (5000 ppm) sclution
of the terpolymer (active baws). The test solution was
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purged of oxygen by mert gas entrminment before run-
mng the therme] aging tests Aging tests were rontmely
carned out by mcubatng sealed semples at 200 F, 250
F and 300 F for specafied time penods. After cooling
the samples, Brookfield viscosittes of the thermally 5
aged samples were determuned at 77 F to determune
vecomty retention of the solution after subjection to
elevated temperatores in the presence of electrolytes.
The results are shown 1 Table XXV

All of the tests shown m Teble XXV mmvolved the use 10
of terpolymers prepared m synthetic seawater with an
mtiator level of 0.5 wt percent AIBN (based on total
MOonomers)

TABLE XXV

Ageg Perd 200 F BOF Apng JO0F Agmg
{Days) Vacodty (eF) Viscoshty (cF)  Visceshy (cP)

Tharmal Aging of 47 $/47.3/9.00 Weight Percent
VP/Am/MMA Terpolymer
0 dayn 23 7.8 7.3
A dmn 99 8.7 s
56 days 3] 77 14
112 days 94 1) 64
190 days 93 83 43

Thermal Agmg of 45.5/48 /3.0 Weight Percent
T r

pL
Odays 90 90 9.0
12dayn n7y 114 bl ]
42 days 123 1L0 51
64 days 14 103 b
118 days 124 102 T3

Thermal Ag;. of #9.5/49 _srn.no Weight Percest »

— VP/Am/MMA Terpolymer

Ocdayn 163 103 103
17 days 4.1 126 "
57 dayn 142 126 61
0 days 140 120 79

133 days 13t 124 8l 3

Refernng to the results i Table XV, 1t 15 evident that
good retention of solution viscosty wes noted m all
three terpolymer compomitions after aging at 200 F and 40
250 F Attenton 1s called 10 the fact that the terpaly-
mers contmning 1 wt percent and 3 wi percent methyl
methacrylate (MMA) retained s greater percentage of
the atial solution viscomty 1 the 300 F tests than did
the terpolymer contmming 5 wt percent MMA, viz, 79 4
percent viscosity retention and about B3 percent viscos-
#ty retention compared to 60 percent viscomty reten-
tion.

EXAMPLE XVI

Thermal Aging of Terpolymers

All of the tests shown 1 Table XXVI wnvolved the
use of terpolymers prepared in synthenc seawater with
an mitiator level of 0.125 wt. percent AIBN (based on
total monomers) Test sumples were 0.5 weight percent $9
terpolymer 1 synthetic seawater for viscosity measure-
ments taken at 77 F after aging at the indicated elevaied
temperature.

50

TABLE XXV1 '
AgngPerod 200F Agmg 19F Agmg JOF Agmg
(Days) Visecahty (cPF) Viscosity (cF)  Visceshy (o)
Thermal Aging of 47 5/47 3/5.0 Wesght Percem
VP/Am/MMA Terpolymey

] 121 121 121
13 134 156 120 &5
4 171 13 .3
101 169 133 &7
147 97 133 27

TABLE XXV1-continued
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Agng Pemod  200F Agmg  2XF Apng  J0OF Agmy

{Day) Vncoty (cF) Viseomny (cP)

Viscamty (cF)

Therma) Aging of 48.5/48.5/2.0 Weight Percent

VP/Am/MMA Terpalymer
0 133 13.8 128
] 176 167 99
4% 196 163 80
105 "eé 131 93
148 190 5.8 42
‘Thermal Aping of #9.3/49 5/1.00 weight percent

VP/Am/MMA Terpolymer
0 141 M2 142
13 200 175 4.6
47 173 175 124
106 ia 1.5 71
148 163 144 102

Refernng to the results 1o Table XXVI, #t n evident
that the inal solution viscomty values for the three

0 terpolymers (12 1, 13 8, 14.2) sre ngnificantly grester
corresponding

than the valges m Table XXV (75, 9.0,
10.3) Presumably, this 1 due to the lugher average
molecular weights of the Table XXVI terpolymers,
which can be attributed to lower levels of imtator, viz.,
0.125 wt percent ATBN compared to 0 50 wt. percent
AIBN It 1s evident that the solution sample contaming
1 wt. percent methyl methacryiate terpalymer retamed
e greater percentage of the mitial soluhon vscouty m
the 300 F tegts than did the terpolymers contamng 3
wt percent and 5 wt. percent MMA, viz, sbout 72
percent viscosity retention compared to shont 39 per-
cent viscosity retention and about 65 percent viscomty
retention The viscosity of 9 7 obtained upon aging the
5 wt. percent MMA terpolymer for 147 days at 200 F
zppesrs Jower than would be expected, probably due to
the presence of oxygen or other operator errar

In general, it is behieved that the apparent fluctuahons
of soluhon wviscosities noted throoghout the thermal
agmg tests are related 1o the extent of the percent hy-
drolyus of pendant —CONH3 groups, mince it Is well
known that the vuconfymng effectrveness of polyscryl-
amudes passes through & maxunium as a function of the
degree of hydrolyss of anude moieties along the poly-
mer backbone The vanously structured terpalymers
could well vary in ther mberent tendency to andergo
hydrolyss of pendsat amude groups along the polymer
backbone.

EXAMPLE XV1I

Terpolymer Cloud Point Temperatures

Tins example discloses clond pownt deternmmanons of

terpolymer composibons prepared as hereanbafore de-
scribed 1n Examples XV and XV1 which had been aged

m synthetic seawiter at temperatures m the range of
200-300 F Results are summanzed m Table XVII

TABLE XXVT1
Clood Pomt Determiastions on VP/Am/MMA Terpolymer
n Seavater

Thermal Agmg Pouns F
Days & F 1% MMA 3% MMA 5% MMA
15T@300F* 2756

160 @ 300 F
12 @ MO F
135 @ 30O F
MW @ OF
14 @ S0 F
1B @10F
185 @ 10 F

300.7
976

>98
2544



5,186,257

79
TABLE XXVIl-continued

Clowd Pount Determinancny on VP/Am/MMA Terpolymer
Prepared in Syathenc Seawater
Thermal Aging Cloud Poumis °F_{After Aging)

D @F 1% MMA B MMA 5% MMA
WEMOF LY

4 @ 20F %3

NL@ IO P 839

01 @ I0F m)

SI@M0FP M15
G@MOF 2622

%@ INOF 2846
% ®M0F s

“EXOF ms

98 @ MO F b7 T

I OF )

M QBOFL prit )

112§ X0F 6 >0

5
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the terpolymer system contaumng 1 wt percent MMA
was shghtly ugher than that of the 5 wt percent MMA
system

EXAMPLE XIX
Therms] Stablity of Unaged Terpolymers

‘Tiis example compares the thermal stabuhity of 0.23
weight percent solution of unaged VP/Am/MMA ter-
polymers (49 5/49 3/1.00 weight percent) as evidenced
by solution viscosibes determined by capillary viscome-
try One of the terpolymers was prepared 1n delomized
water whereas the other terpolymer was prepared wn
synthetic seawater Resolts are summanzed m Table
XXX

*pnabichobusyresitrile bitator Jevel was 0,123 Wi percem
S Azghhissboryromiirile initistor Jevel was 05 wi parosnt

Referring 10 the resalts in Table XXVII, 1t 18 evident ¥

that the terpolymers containing 1 wt percent MMA
and 3 wt. percent MMA extubit somewhat higher cloud
pomts under comparable condiions than terpolymers
contaimng 3 wt. percent MMA This observation was
spparent for terpolymenzation mtiated by 0.125 wt.
perceni AIBN or 0 50 wt percent AIBN

EXAMPLE XVIII

Stabulity of Thermally Aged Terpolymers

Thu example demonstrates the thermal stability of
terpolymer compositwns contmmng varying amounts
of methyl methacrylate (MMA), the balance beng
equal weights of acrylamxde (Am) and N-vinyl-2-pyr-
rahidore (VP). Solution viscosrties were determuned at
different temperatures by capillary viscometry as 15 well
known 1n the art. In general, 0 25 werght percent solu-
ons of the terpolymers were aged at 300 F for seven
days before viscostties were determmed Two terpoly-
mers were stucied (1) &8 VP/Am/MMA polymer (49 5
wt % VP, 49 5wt % Am, ] 0wt % MMA) prepared in
synthetic seawater with an AIBN level of 0.125 wt.
percent besed on total monomers charged, and (2) a
VP/Am/MMA terpolymer (475 wt % VP, 475wt %
Am, 5.0 wt % MMA) prepared m synthetic seawater
with an AIBN level of 0,13 wt percent Resnlis are

summerized m Table XX VIII
TABLE XXVIII
Caplilary Viscomeser Results on Aged
VP/Am/NMA Terpalymers
Approimmste
Temp F* 1% MMAY 59 MMA?
108 4.00 FY)
130 un an
153 201 168
s 1. 119
s a 0.8
230 06l 061
s 042 04
0 (%]} oM
305 029 0
“Tempersizre of

viomity messnre,
ST erpalycirization was carvied om le rynfhetic sexwater

Referning to the results m Table XXVIII, 1t i evident
that the MMA level can be as hugh as at least 5 weight
percent without adversely affectng solution viscosity
or thermal stability of the terpolymer systems. In the
tempersture range of 103 F to 205 F., the vucomty of

3

3%

33

45

TABLE XXIX
Solution Viscoslnes of VP/An/MMA Terpolymers
Vi
Appreannate Vimomry (cF)
Temp. F¢ 19% MMA® 19 MMA®
03 3.6 &2
130 181 193
155 19 1.48
188 148 1.07
03 110 09
B na 076
83 0.6 0.61
280 o9 %
305 Y] 044
10 synihetx: scawpter
‘ne—-m in delommed water
Tempostas of vixahy mesuremen

Refernng to the results i Table XXX, st 15 evident
that the viscosmies m the polymer system contaning the
terpolymer prepared in synthetic seawater are some-
what hugher than the viscositics observed m the system
contaimng the terpolymer prepared in desomized water

EXAMFLE XX

Viscosihes of Salutions Contmmng VP/Am/X
Terpolymen by Programmed Capillary Viscometry

Ths example discloses temperature-programmed
capillary viscometer results on 0.25 weight percent
solutions of control terpolymers consshing of N-vmyl-
2-pyrrolidone (VP) and scrylamide (Am) and a third
termonomer X (1 wt percent) selected from the group
of methyl acrylate (MA), butyl acrylate (BA}, hydroxy-
ethyl acrylste (HEA), lnury] methacrylate (LMA), ac-
rylonitrile (AN), vinyl acetaste (VA), styrene (STY),
4-vinylpyridine (+-VPy), 5-methyl-2-vinyl pyndine
(MVPy) and muxtures thezeof Soluttons were aged for
7daysat J00F before carrymg out the capillary viscos-
ity measurements. Results are summanized 15 Tahle
XXX The terpolymers were prepared m 0.7 wome
strength aqueous sodsum chionde soluhon mrtiated by
0.25 wt percent AIBN (based on total monomers) Al-
thoogh not prepared 10 polymerization medis comprs-
ng mixed salts or synthetic sea water, as preferred for
the inventive polymers, the properties of these terpoly-
mers are expected to reflect the influence of the duffer-
ent termonomers used The properties of tespolymers
prepared m preferred medis, e.g. SSW, should be am-
larly nffected by the type and amount of termonomer
used Each terpolymer resulted from a reactor charge
of 49 5 wt percent VP, 49 S wt percent Am and 10 wt
percent of the termonomer designated o Table XXX

3¢
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TABLE XXX
Soluton Vmscosmies of Aged Terpolymers VP/Am/X®*
Viscashy (cP)
Tamp. F4  (MAY (BAY (HEAF (LMAF (ANY (VAY (STY¥ (VPP (MVRyY T
L] by 3 167 12 ERE) 15 37 4.1 4.) ES )

Ha 1 )7 ol .13} e 07 an 265 0 197
180 on or [T 056 110 a4 1, 149 128 113
123 047 .64 040 a40 a6 42 o 0.65 a? a3
1% as a4 (1% 1] as a4l a6 o8 s [-X ] a40
15 021 a0 03 as2 a1 023 0% (8 [.EE) ax
300 037 o8 NMe* NM** 024 021 Q19 024 a1 026

=K repressots (enpocomar e defined In foomons & Lwroogh |

“Mia represcan methy) scrylae

SBA represean txayl acrytere

SHEA repruscats rylae

AL MA rrprescets brory) methacrytaes

“AN represents

A/A represeass vinyl sommte

ISTY regresenn

A VPy reqperaran

] Seviayt

7Y yepresents u 1 | wi/wn smmture of oethy! methacryisee (MMA) sad vioyl socae (VA)

Henparaters of [re————

NM repressan Not hicusred

Refernng to the resits in Table XXX, 1t 13 evident
that the mmtial viscosites of the thermally aged system

hydroxyethy! acrylate (HEA), lauryl meth- 25

contmnmg

scrylate (LMA), and vinyl acetate (VA) termonomers
were mgnificantly lower than systems contmnmg the
other desgnated termomomers. Perhaps this indicates
the greater mherent tendency of the pendant mometes in

these three tespolymers to biydrolyze durmg the 7 day

thermal aging at 300 F before measunng solution vis-
coartses by programened capillary viscometry All of the
systems mn Table XXX showed greatly reduced viscon-
hies at elevaied temperatures, parhcolarly at tempera-
tures above 180 F However, these viscosties are sull
greater than that of synthetic sea water at comparable
temperatures. At temperutures up to 250 F, ngher
viscosities were exhibited by systems contmmng pyn-
dine-denived termonomers such as 4-vioylpyndine
(#VPy) and 5-methyl-2-vimnylpyndine (MVPy)

This observation perhaps 15 related to the fact that the
pyndme motety u probebly the least readily altered
groupmg under the test condihons. A sumilar rationale
may account for the less dramatic effects in the terpoly-
mer systems dersved, respecuvely, from VP, Am and
styrene; and VP, Am and acrylomtnie (AN) In general,
the test condrtions eppear severe encugh to canse igmf-
icant hydrolyma of pendant ester moieties.

Calculations show that between 85 F and 300 F , the
terpolymer contamng MA lost 89 6 percent of ity vis-
conty and the BA terpolymer lost 82.6 percent of 113
viscosity, while the terpolymers containmg 4-VPy and
MMVPylan 94.3 and 93 1 perceat, respectively, of ther

taes.

EXAMFLE XX1

Viscosities of Unaged Terpolymers

This example discloses viscomties of unaged 0.25
weight percent solutions contmmng VP/Am/MMA
terpolymens. Terpolymers
late (MMA) at Jevels of 0.25 to 10 weight percent, with
the balance of the terpolymer conmstng of equal
welghts of uninn denved from N-vinyl-2-pyrrohdone
(VP) and acrylamide (Am) Relative viscomtres a2 well

s Brookfield viscomties are presented for the senes of &

control terpolymer composrtions prepared m 0.7 swonic
strength squeous sodium chlonde solution. Brookfield

45

contamed methyl methacry- 60

compontions prepared 1 deicmzed water and selected

mventive terpolymers prepared m syothetic seawater
Results are summanzed m Table X201

TABLE XXXI
—Viscosnes of Unaged Terpolymer Solutions
4.7 lomc
Stength®
Deuionized Q.7 lonc Synthete Ter-
Strength® Seawater podymer
Wi Tapolymer Terpolymer Terpoiymer Relative
MMA® Viscoslty (cP) Vucosity (cF) Vscomty (cP)  Visoosty®
0.2% 16 51 o 1m
0.50 39 5.1 Nu! 174
10 T 54 13 173
20 FL) 51 NM 187
30 s 43 51 1.5
w 16 46 50 157
1708 34 47 N/ 1.4}
10.0% 3¢ 44 N/ 148

®Baterwe of terpalymer occepravs eqel weight proportoes of VP sad Am et
Wl in delomsed water

“Terpalymer was prepared in 0.7 fonle mrwngth squeom ssdinn chloride aslotinn.
SOEWEST

costties 1o water solutons of electrolytes. As noted m
footnotes £, g, and h of Tabie XXXI, attention i cailed

late (MMA) exhibited greatly reduced water solubili-

visconhes are given for mmilar control terpolymer  ties

v
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EXAMPLE XXII
Radation Polymenzation in SOW

A senes of VP/Am copolymers was prepared m
substitute ocean water at about 80 F (27° C.) under an >
argon stmosphere by iradistion with gamma rays from
a cobalt 60 source having a maxmmum dose rate of about
S MRad/hour Three of the samples were 10 waght
percent each Am and VP and 30 weight percent SSW
(50730 VP/Am) The remaining 20 samples were each w
12 weight percent Am, 18 weight percent VP and 70
weight percent SOW The substitute ocean water em-

was made nsing the sea salt described i Table I
at a concentration of about 4.2 weight percent, with a

84
could be expected to be lugher, winle st lngher concen-
trations the K values shoold be lower To eshmate such
K values, the values obisined at a concentration of 0 23
g/dL could be extrapolated using the slopes of the exst-
mg curves for umilar copolymers.

The relative weghts of the monomers and SOW
employed, the total dose gven esch sample and corre-
sponding dose rate employed, the percent convermon
obtaned, the Brookfield, mhereat and relative viscom-
ties of each copolymer prepared and the calculated K
values are given 1n Tehle XIXII Convermon of mono-
mers 10 copolymers were determined in each run by
either NMR and/or gravimetric practices as known 1n
the art. Conversions ranged from 90 to 100 percent.

TABLE XXXII
Radlaton Condiusn and 15 Obtaned
Sample _ Waght Percent  Total Dost  Duse Rate Percent Vacowtes,
Nol AM VP SOW ARad kRad/br Cooverson Relanve Inheremdl/p  Calcolated K Value
1 0w M 160 19 %0 PXT] 338 1359
b W w @0 w9 98 340 o 166.6
3 w 1w W @0 nl 7] in 4 1826
&8 17 " 70 1074 a7 9% - — -
s 17 8 M 440 130 90 341 113 19
6 7 w7 410 68 9% 81 e 1689
nH 12 18 ] 144.0 (17} 190 - —_ -
1 7 B " 0.0 o5 ] 301 441 1515
9 1 on " 0.0 4730 " 243 18 1420
10 12 18 T 100.0 00 93 4 491 1668
n 12 1’ 7 2000 &0 93 - - -
126 n ow N 1000 0 9 9 145 1763
O 3 1 P 200.0 a0 9% - - -

Notes
“Waloms see (or mmples | @ 3 s 1 lser for reammder w 3 e
disalva.

sxmple did Dot completely
N clal umperaturs Sefore irradistion sbow 41 F (8 )
Wiirien] semprrarurs bafore trradiation show 43 F (11 )
ha duch olgoiiies no detereiaon mady

calculated onic strength of about 0.8

Each sample soluhon was contmned mn a closable
polyethylene bag, the sample was degassed by bubbling
argon through it to duplace the air and the bag was
closed Each bag was placed mto an open top pate 40
board box for convenience during the irradution pro-
cest and for Jate processing. To msure more even pene-
tration of the gammia rays mto the sample each sample
was rrradiated for about half of the total exposure ime
on each sle by turnmg the sample 180 midway 43
through the process. Each comonomer-SOW solution
was converted mto & wiscous mass of water soluble
copolymer (gel log) by the irradiation unless specified

Relative viscosites of each sample were determined %0
at 25* C. in o No 1 Ubbelohde viscometer as 0.25
weight percent copolymer In SSW

Inberent viscomtics were determmned from relative
viscosiies by employmng the conventional relationshp

1]
mm.%

K values of each sample were calculated as described 60
m Example VIII from the relative solution viscosthes,
Since all viscomities herewn were measured for solohons
of 025 weight percent copolymers (equrvalent to 025
prum/deciliter), to compare the X values compisted
therefrom wrth ather K values it may be desurable to 65
compensate for copalymer cancentration. That is, a8
seen by the curves in FIG &, at concentrations of less
than 025 g/dL the K values for the same copolymers

The results 1 Table XXXII indicate the malecular
weights of the vanous copolymers prepared by gamms
vradiation in SOW, ss reflected by the mherent viscos-
ity data, are related to copcentration of the monomers,
tatsl dose given the system, the dose mte used and
polymenzation tempersture For the 50/50 VF/Am
copolymers prepared at a total monomer concentratian
of 20 weight percent, the low wherent viscosity of 3 33
dL/g and K value of about 135 obtained with a total
dose of 16 kRad and a dose rate of about 19 kRad/hr for
sample 1 show substantally lower viscosty compared
to saroples 2 and 3 However, sample 2 shows an mnher-
ent viscosity of 4.94 dL/g and K value of about 167
The dose rate was the same as for example 1 but the
total dose was tnpled to 48 kRad. On the other hand,
the mherent visconty of 4.68 dL/g and K value of about
163 obtaned with sample 3 shows that mamtxrmag &
medium total dose of about 48 kRad coupled with &
higher dose rate of sbout 33 kRad/hr has yelded &
sightly less deurable copolymer (Jower viscomty) for
EOR than that of sample 2.

Similarly, mspectmg the conditions used and results
obtained for samples 4 to 13, the 60/40 VP/Am copoly-
mevs, a smilar trend 3 noted For example, sample §
shows that a medium dose rate of sbout 33 kRad/hr
coupled with a medrum total dose of 48 kRad yields »
copolymer having an mherent vucosity of about 5 i3
dL/g and K value of about 171 The total monomer
concentration in prepanng samples 4 to 13 was 30
weght percent This concentration and/or difference m
VP/Am weight ratio has apparently shified the most

TEY
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desirable dose rate from about 19 kRad/hr for sample 2
to about 33 kRad/hr for sample §

In comparmg mherent viscosities end K values of
sample 6 (5 02 dL/g and 169), sample B (4.41 dL/g and
158) and sample 9 (3 63 dL/g and 142) with those of &
sample 5 (5 13 dL/g and 171), 1t ts noted that all samples
recerved a mediom total dose of 48 to 50 kRed How-
ever, increanng the dose rate form a medium value of
about 33 KRad/hr to lagher values ranging from about
64 to 4700 kRad/hr resulted 1n the formation of copoly- 10
mers having decressmg inherent viscosities, Le. The
hgher the dose rate under these condions, the lower
the polymer viscomty The iradiation applied 1n the
preparaton of samples 4 and 7 was excessive and cross-
bnkmg was noted, e.g insoluble or nearly msoluble 15
polymers were made

The effects of total dose at & high doae rate of 600
kRed/hr and polymerization temperature are shown mn
the resulis obtmned for eamples [0-13 The mherent
viscosity of 4.91 dL/g and K value of about 167 ob- 20
tamed for sample 10, at toml dose of 100 kRad and
polymenzation temperature of about 80 F , 8 somewhat
lower than the wnherent viscosty of 545 dL/g and K
wvalue of about 176 obtuned for aample 12 at a total dase
of 100 kRad and polymenzation temperature of about 25
43 F This suggesis that the molecular weight of the
copolymers can be mcreased by decreasing the poly
menzation tempersture o a temperature below amb-
ent, provided that freezing of the system 18 avouled. The
temperature can be Jowered prior to, durmg or sfier ¥
wradimhon. This temperature will vary, depending upon
the concentration of monomers and the nature of the
polymenzation medium. For the monomer concentra-
tions and polymenzauon medinom employed 1n this Ex-
zmple, 2 mmimum temperature of about 20 F can be 38
employed. The results obtmned for samples 11 and 13
nducate that the tota] dose of 200 kRad was exceanve
onder the conditsons employed Thus, some crosshok-
ing (gellanon) occurred and the polymer samples did
pot dissolve encvgh to obtam meaningful viscosity val- 40
urs and K values

In thus Example, the results show that the capolymer

B6

ably m EOR Mampulsuon of total dose, dose rate,
temperature and other vanabies can be practiced es
need to obtain polymers having the desired properties
for the end uses contemplated Polymenzetiom 18 most
desirably carried ont m the shsence of molecnlar oxy-
gen Sumlar selected doses/dose rates or conditions can
be used for prepanng these polymers i the tertary
alkanol media referred to elsewhere heran

EXAMPLE XX1I11
Vp-Am Copolymers ss Flocculants

Several mvention copolymers and several commer-
caully available polymers as controls were tested for
efficacy as floccalatng agents in Cagey River (Okla-
homa) water contammg 250 ppm added beatonne clay
of 325 mesh particle mze. The nver water had an myual
turbidity of about 87 nephelos units. The procedures of
ASTM-D 2035-80 and ASTM Standards cxted theremn
were followed

The joventve ers comustmg of VP/Am
weaght ratos of 40/60, 30/70 and 20/80 were prepared
m SSW at 49 C. o the presence of 0.5 waght percent
ATBN based on the weight of the monomers. A portion
of each copolymer was subsequently diluted with SSW
to form & 1 weight percent solution and the Brookfield
viscomties of the solubons were determmed at 25 C. at

pm.

Sample 1, 40/60 VP/Am, had a Brookfield viscosity
of about 73 cP as determuned with 2 U L, spmdle.

Sample 2, 30/70 VP/Am, had a Brookfield viscomty
of about 157 cP as determuned with a No. 1 spindle

Sample 3, 20/80 VP/Am, had » Brookfield viscosty
of about 232 cP determmed with & No. 1 spmdie.

In the procedure followed, each 1500 mL jar, con-
tumng 1000 mL of the water-clay muxture and 0.5 ppm
of the test polymer based on the contents of the jar, was
stured for 1 minute at a flash mix speed of 105 rpm The
speed was reduced to 20 rpm and sturmg contmued for
20 minutes. The strrer was withdrawn and resulis then
determuned 1n accordance with the ASTM procedare
except for color of the water wiich was nat recorded.

The resules are set forth m Table XOOXII

TABLE X211l

VP/Am As Floccula
Remarks __Invention
Ron No. 1 1 3 4 s 6 7 [
Sarople Deacripsion /0 VR/AM /0 VR/Am AWK VP/Am  11BL 1150
Hﬂﬂmﬂl ™m 711 1 711 711 .06 106 .08
Inrbal ty ncpbelos mmts 1 7 | 1 n 57 n 86 [73
Test temp. C n: 72 mn2 72 2 n2 233 ng
Time, firm Doc, min. [ L] [1] [X] D.§ 1) o3 ol [T
Floc nze wodum medum medion mednn medion mediom  coame mediom

fine Boe foe fine flas fime fine
Serding rate, mm. 15 33 3 33 55 35 02 40
Turbidiey 13 mis, scrils; nephelos 19 0 13 it 34 32 s 15
Firal emple pH 718 714 T 1.0 737 73 1.69 (3]
Ohenin mv of 2 nom

“iBers Paly-Floc @ 11271, Bets Laborstores, Inc., Trevase, PA
ety PotyFicc @ 1150
having the highest inherent viscosity (5.45 dL/g) was
made at 52 F by the monomer soluton to 60
obtam s total dose of 100 kRad by employng a dose rate

‘The results obtamned with the inventive copolymers

of 600 kRad/hr This copolymer would be expected 10 are comparabie to those obtamed with commercaal floc-
provide acceptable performance m EOR In addinon,  culant, Betz Poly-Floc (® 1180, Although the tests were
copolymers having somewhat lower mherent viscom-  conducted 2 nver water contaming an unknown con-
ties, e.g 313 dL/g and 502 dL/g, were made by em- €5 centration of dusolved salts (The water 1 considered to

ploying total doses and dose rates of 48 kRed and 33
kRad/hr and 48 kRad and about 64 kRad/hr These
copolymers wonld also be expected to perform credn-

be hard- water bused on its reactson with saap), it
expected that the inventive copolymers will serve as
effective flocculating agents for processes mvolving the
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clanficanon of water contmning suspended matter Spe-  soluhons of 01 and 025 weight percent copolymers
cific apphcations rght be in clanfication of brackish  (eqguivalent fo O.) or 0.25 gram/decibter), to compare
water, removal of fines m minera] processing te., phos-  the K values computed therefrom with other K values
phate mimng, nranmm or copper minng, or removal of 1t may be desrable to compensate for copolymer con-
clay from potash ores suspended m concentrated brines. 5§ centration That 1, a8 seen by the curves 1 FIG 8, at

concentrattons of less than 025 g/dL the K values for

EXAMPLE XX1v the same copolymers couid be expected to be higher,
Comparstive Properties of Polymers Prepared by while at higher concentrations the K values should be
Radunton Polymenzanos i SOW and HXO lower Toestimate such K values, the valoes obtmned at

of 0.1 or 0.25 g/dL could be extrapolisted
A senes of VP/Am copolymers was prepared m |0 concentration

substitute ocesn water at about 80 F (27" C.) under an ::lnsthellopﬂofthemﬁn;msformdueo-
argon atmosphere by rrradiation with gamma rays form ymers.

a cobalt 60 source employlog a dose rate of about The relative weights of the monomers and SOW
25302600 KRad/hoor These samples were each 18 polymenzation medium employed, the totel dose miven

weaght percent VP, 12 weght percent Am and 70 15 each sample and corresponding dose rate employed, the
weight percent HyO {control) or SOW (inventon) m?‘::ﬂm obisined, tl:el :ncenm:;;d ﬁ
o e e the " PO tive viscosities of each copolymer prepared and the

was made unng the sea salt described 10 Table 1 at a
concentration of sbout 4 2 weght percent, with a caley- , Saiculsted K values are grven in Table XXXIV Con-
Inted jomg strength of about 0.8. 20 vermon of monomers to copalymers was determitned 1n

Each semple solution was contamed 1n 8 clogsble D Fun by gravmmetnc practices as koown 1a the art
polyethylene bag, the sample was degassed by bubblmg Convermons ranged from 93 to 100 percent
TABLE XXXIV
Radusias Condinans and Resilis Obwed for
Total Pervent Coacen- Viscoaities
Sample Inventon/ __ Wepht Percent Dose DokeRme Con tratiem, Brook» Rela- Inherent Calculsied
No? Costral PV Am Medlum* ARad kRad/br venion WiPoeear fiedeP dve  dl/g K Value

1 [ 18 13 M0EOW) 100 1600 9 [ ) - e 48 1617
1 1 1] 11 Wsow) 10 2530 w7 1.0 44 -— - -_—
2 b} 18 1 WEOW) 100 2530 %7 01 -_— 17 519 ms
2 1 | |.] 11 Wsow) 100 1330 »7 D25 -_— 32s 4.6 1631
3 [~ 1] 12 %(H0) 100 50 100 19 M _— -_ —
3 C 1t 11 TUH0) 100 130 100 al -— 1.40 4.67 1603
3 [ 13 12 WHL0) 100 213% 100 o —_— P2 ) 4.13 154.1

Notes.

Volpre

argon
closed Each bag was placed mto an open top paste Samples | and 2 of mventtve palymers were prepared

convenence durmg the wradiston pro- 1 different batches wath the same monomer proportions
ceas and for later processing. To insure more even pene-  and reaction conditions, except for s slightly different
tration of the gamma rays mto the sample each sample  radiation dose rate. The valoes obtained for relative and
was uraduted for about half of the total exposore tme 45 immherent viscomtics st concentrations of 0.25 weaght

wis canverted mto & viscous mass of water soluble  m Hz0), st & concentration of 10 weight percent, a
copolymer (gel log) by the irradistion. Brookfield viscosrty twice a3 hugh was obtamed for
The Brookfield viscomty of each sample diluted m 0.7 5¢ sample 2 At a concentration of 0.1 weight percent, the
Iomc Strength SSW (as described earher herein) was relative viscomty was sboat 7 percent lugher and the
determined at 25° C. at 6 rpm naing a #1 spindle. The  mhberent visconty was abont 10 percent higher for in-
diluted sample wes prepared by dissolving 1650 g gelin ventive polymer sample 2, prepared m SOW Smnilarly,
483 3 g SSW, equivalent 10 about 1 0 weaght percent  when tested st concentrations of 0.25 weight percent,
copolymer 35 the sample 2 solution gave a relatrve viscomty about 13
Relative vocosties of each mample were determined  percent lugher and an nherent viscoarty about 14 per-
at 25° C. o a No. 1 Ubbelohde viscometer a8 01 and  cent higher than those obtamed from sample 3, pre-
025 weight percent copolymer in SSW pared m H;0
Inherent viscosities were determined from relatve The K values for the mventive polymer sample 2
viscosities by employmg the conveanonal relatonship &0 (SOW) solution were about 1) units ngher than those
for mmple 3 (H30) soluton when tested at 0.1 weight
percent concentration, and sbout 9 units lugher when
tested at 0.25 weight percent, This further mdicates the
“'M'm% supenianity of the polymers prepared m accordance
€5 with the invention (in SOW) compared with those pre-
K values of each sample were calculated as described  pared m HzO (control) The greater numencal differ-
in Example VIII from the relatve solution viscostties ence in K values observed at the lower concentration 15
Sunce the relative viscomities herein were messured for  conmsient with the vanatiom m X value with concentra-
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tion, noted i Example VII1 The K values obtamed for
sample 3 at concentrations of 0.1 and 0 25 weight per-
cent can be plotted on & graph such as FIG 810 forma
Ime approximately parallel to the lower curve for 30-50
VP/Am copolymers prepared in H20 By extrapolanng
this Ime to a concentration of 10 weight percent (ap-
proxmnately equivalent to 10 grams/deciliter), 2 K
valve of about 135140 can be estimated, which i typr-
cal of supenor polymers of the prior art. However, by
plotting K vatoes for sample 2 and extrapolanng in the
same manner, an ertmated K value of at least about
145-150 18 obtained

Thus, the use of a polymerzation medum contamng
electrolytes, preferably a muxture of electrolytes as in
the SOW or SSW described herein, m prepanng the
polymers of this invention by radiation polymenzaton
improves ther viscosity properties, analogons to the
results describe chn the prevsous examples for cherical
mstiation Furthermore, other propemes compraing
cloud point snd the remstance 10 loss of viscosity in
hostile environments (lugh temperature, salmity and/or
hardness) would slso be as shown 1n the
previous examples when such polymenzaton media
were used with chemical ististors  Thus, the wse of
radistion with polymenzation media compnsmg mixed
electrolytes, such as & synthetic sea water, 1 a preferred
method of preparmg the polymers of this invention
becanse 1t 18 believed, based partly upon the work car-
ned out thus far, that palymers produced according to

90
water to the gel to prepare 0.1 weight percent and 0.25
wedght percent polymer solutions for viscosity measure-
ments. Relanve viscomties of the 01 weight percent
solutions st 25° C. were determuned m & capillary vis-
cometer The unaged viscomties of the 0.25 eght per-
cent polymer solotions were determined by high pres-
sure camllary viscometry In order to messure the aged
viacomty of a polymer solution, the solution was aged 1n
asealed bomb at 300 F for 7 days as described heretnbe-
fore. The aged viscomty of the sample was then deter-
mined by lugh pressure capillary viscometry The for-
mation of precapitate in the agmg test mdicated that the
polymer Iacked snfficient thermal stability m the hard
salmty test medium to mernt any forther consideration
as a mobilrty control agent m hostile environmenis (Le.,
temperatore 170° F, hardness cations > 500 ppm)
Since the visconty of the synthetic North Sea water
at 250° F was found to be on the order of 0.28 centi-
poise this valne was used to mndicate the relative effec-
tiveness of the palymer salubons to mobilize erude oil
over that which would be expected unng nea water as 8
flooding medium.
The examples presented hereinbelow are representa-
uveoﬂh:inmmtelchmg.Unlmothmnoted the
were prepared and tested 1 accordance
mm-bowynhﬂupmmmmuudmm
tion tunes were usnally on the order of 24 hoors and
reaction mixtures were usually neither shrred nor tum-
bled dunng the pol The total sohds level

ymerizathions
the present invention uning radiation mtation will pro- 30 genemally was m the range of 5% to 50% with most of

duce polymerns having a higher viscouty compared to
chemical mutsted polymers of the mvention

ADDITIONAL EXPERIMENTAL

The generzl expenmenta! procedure used to prepared 38

the polymers of the following examples mvolved the
cherging of monomers and water {(mther distilled water
or salme water) to crown top bottles along with suitable
mmators. The reachion muntures were degassed with an

mert gas for approxumately 20 runutes before capping 40

and allowing polymerization 10 take place at a specified
temperature depending on the chemical mnhator nyed
For radiation induced polymerizations, no chenucal
minator was added and the resction mixture m the

crown top bottles was irradiated with snitable radistion 45

dosages At the end of the reaction period, the eatire

reaction mass was tsually m the form of a gel
Charactenzation of reaction products was carned out

by additnan of sufficsent amounts of synthetic North Sea

the preparstions being carried out 1n the range of 20%
o0 33% total sohds.

EXAMPLE XXV
NaAMPS Polymern For Hostile Environments

This example presents 1n summary form representa-
tive polymer composrhons which are potentially useful
as mohirty control agents under hostile environment
conditions. These samples are charactenzed by the
presence of sodium 2-acrylamdo-2-methylpropanesul-
fonate (NaAMPS) units. Solutioms of these polymers m
synthetic North Sea water (2500 ppm polymer) at 250
F exhitated wnaged vascosiies m the range of 150 to
7 05 centipomse. After thermal aging of these solutions m
synthetic North Sea water at 300 F for 7 days, the aged
viscosities of these solutions vaned in the range of [ 28
to 4 39 centipoise The viscosty of sea water at 250 F
1s about 0.28 centipojse,

TABLE XXXV
Hostls Envircament Polymens Coptammg
—Sodium 2-Acrylsmido-2-Methylpyopenesulfonste (NAAMPS) Units

Semple Wt %

WVi.% Wi % W%

Visouity (¢F)
lhere  3F OS0opm)

No NaAMPY* VPP Ap® DMAm? Vicoahy (L/g  Ussged  Aped VR

1 00
o
L o

oo/

100
s/
»
&/

L B T R

boBooBoo

0 ] 11.04 108 43 164
0 E 190 0 1% By
15 ] 01 19 118 &6
0 [ ] 733 192 1T s
L Q 5% 243 [4) il
15 [ w 108 140 10
] ] 743 im 13T 49
(] [ e 1% 133 48

137
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TABLE XXXV-continued
Hostlle Eovironment Polymen Contammg
om 2- Meil onate (NaAMPS) Units
Vucomty {(cP)

Semple WL % WLl WL WL % Inhercnt F (1500

No MNiAMPS* VP*  Am¢ DMAmY Viscosty (JL/F Umaged Aged VR®
y 50 25 0 119 156 128 46
“NaAMPS represess sodium J-ecrylamidn.2-metvylpromnesl fomee,

SP repromemn N-vinyl-2-pyrrolidone.

'ﬁ.nnw

NN-dathyiacryizande.

"VE mpresents Viscosity Retio and s ealevtsiod by divading the aged visomity of the polymer solxtion by 028 (be
wimosity of sca water st 290" F.)

'ldd.nh“ wid ve Mres! 40 prepure the soxdnrm sh (NaAMPS) weed
Lﬂﬂ-&ﬂn“m-ﬂhh

#in this and spirequent examples, weien atherwise acied, vicory wes devermised on 0.1 WA geroent soiutioes fa

Synthetic North S Water 21 25 C

Referring to the results m Table XXXV, 1t » evident
that the use of refined grade AMPS m homopolymer
sample 1 (¢f Nos 4 and 5) gave the homopolymer
system with the lnghest aged wviscomty, re., 459 cP
compared to 179 cP (Sample No 4) and 1.42 cP (Sam-
ple No. 5). these systems, respectively, exhibited aged
viscossties which were 16.4, 6.4 and 5 ] tunes as viscous
&3 sea water at 250 F

Referrmg to samples 2 and 7, it 13 apparent that the
30/70 DMAmM/NsAMPS copolymer (Sample 2) made
with refined garde AMPS matenal exhibsted & lngher
aged viscomty than dxd the copolymer prepared from
commercial AMPS matena] (Sample 7).

The same conclution apphes to the three component o,

polymer samples, numbers 3 (from refined grade
AMPS) and 6 contaming 30 weght percent VP, 13
waght percent acrylumde and 55 weight percent
NaAMPS. Sample 9 (VP/Am/NaAMPS polymer

MSRS)sanotharpleoflpolymusymas

which exhibited g mgnificant aged viscosity value. In
each three component polymer (i &., samples 3, 6 and 9),
the relative weight percent ratio of VPand Am was 2 1
In the course of this work, the weight ratto of VP to

Am m three component polymer compositions 1 prefer- .,

ably not less than 11

Referring to sample B, it is evident that copolymers of
VP and NaAMPS are ueeful 1n hostile environments for
enhanced o1l recovery: the aged viscostty at 250" F
being 4.8 times the viscomty of sea water at 250" F

Attention 13 called to the fact that the aged viscosties
of samples 1-9 10 Table XXXV were 4 6 to 16.4 tmes
the visconty of sea water at 250° F Polymerfloods with
suck polymeric viscosifiers under hostile environment

candions would be expected to be sigmificantly more o

effecive m moluhzing crude oil then waterflooding

EXAMPLE XXV1
Sodwm 2-Acrylamido-2-Methylpropanesulfanste
(NaAMPS) and Homopolymens of NaAMPS
This example describes the preparation of NeAMPS
from refined grade Z-acrylamido-2-methyipropanesnl-
fonic acad as well as the preparation and thermal aging

of NaAMPS bhomopolymer The low temperature 60

VAZO 133 chemical imittor was used m the ambient
temperature polymenzation. VAZO® 33 b 22.
azohbus(2,4-dmmethyl-4-methoxyvaleromtrile).
The sodum salt of 2-acrylamido-2-methy]

sulfonic aced was
sulfonuc acid (refined grade) (029 mole) m an aerated
alkalme solution which had been prepared by dissolving
12 g (0.3 mole) of sodium hydroude m 60 g of dishlled

by dussolving 60 g of the 65

water The pH of the mixture et this pomt was approxi-
mately 13 and 0.89 g (4 3 mmoles) of 2-acrylamdo-2-
methylpropanesulionic acid (refined grade) was added
to adjust the pH to about 3 An additional 1 8 g of water
was added 10 mve a total mxture of about 135 grams (50
wt 55 NaAMPS). A 50 weight percent aqueous solution
of NaAMPS monomer was routinely used as a stock
solunon for homopolymer, copolymer and three com-
ponent polymer preparations.

A 60 g portion of a 50 weight percent aqueous solu-
tion of NaAMPS (30 g NanAMPS), 25 7 g distilled water
and 15 mg of sohd VAZO E 33 was charged to a 10
ounce crown top botile. After degasung the mixture
with argon for 20 munntes, the bottle was capped and
stored for 24 bours et aminent temperature. This reac-
tion charge contaned 35% total solids and 0 05 phm of
Inrtiator

The gelled reaction mass was muxed with sufficient
synthetic North Sea water to prepare 0.1 weight per-
cent and 0.25 weaght percent solutions of visconty mea-
surements. The homopolymer solution exhibited an
inherent viscosity of 11 04 dL/g, an vasged viscosity of
703 centipose and an aged viscosity of 4 39 centipouse
This aged viscosity is approximately 156 tmes greater
then the viscomty of sca water st 250° F

EXAMPLE XXVI1

Poly(N-Vmyl-2-Pyrrolidone-co-Sodium-2-scrylamsdo.
2-Methylpropancsulfonaic)

This example describes the preparation of
VP/NaAMPS copolymers contamng, respectively,
25/75, 33/67 and 35/65 weight ratios of the respecuve
comonomers. VAZO (B) 33 was used as the inmhator at a
level of 0.10 phm in the first two runs and m the 33/65
run the mutiator was 0.10 phm t-butyl hyponitnte

For the 23/75 copolymer, a 45 g partion of a 50
weight percent solution of NeAMPS (prepared from
commercial grade 2-acrylamido-2-methylpropanesnl-
fonic acid), 97 5 g dustilled water, 30g VPand 4.5 g of
a stock solution of mtiator prepared by dmssolving 0 267
gof VAZO () 33 1n 40 g VP was charged to a 10 ounce
crown top bottle. After degassing the muxture with
argon for 20 mumnnutes, the bottle was capped and stored
for 24 bours at ambient tempersture The reachon
charge was 209 total solids. The 33/67 and 35/63 co-
polymers were similarly prepared

The gelled reaction masses were mdividually mxed
with sufficient synthetic North Sea water to mve 0.1
weight percent and 025 weight percent solutions for

+4]
32
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viscosity measurements The results are shown m Table
XXXV1

TABLE XXXV1
Aging Resalts cn VP/NaAMPS Copolymers 5
Aged In Synthene Narth Sea Water
Viscosity (¢F)
WiWy Inherent 230" F_{2300 ppm)
VP/NaAMPS Vicrdty (0L/g)  Unaged  Aged
23775 693 150 un
33/67 431 1 123 10
33/65 428 150 113

Referring to the results tn Table XOOXVT, 1t s evadent
thet the aged viscomhes of the copolymer solutions at
250" F were severnl tmes greater than the viscosity of 19
sea water (D.28 cP) at 230° F These copolymers, there-
fore, are potential candudates for polymerfloods m hos-
tile envronments.

EXAMPLE XXVIII 20

N-Vinyl-2-Pyrrobdone/Acrylamide/Sodumm
2-Acrylamdo-2-Methylpropanesulfonate Polymers
Tho sample describes the preparation of polymers of
VP, Am end NaAMPS using VAZO @ 33 as the mitie- 5,
tor {(0.10 phm) Appropniate quantities of monomers
were used to prepare VP/Am/NaAMPS polymers of
the followmng composmtions. 33/11/56; 25/10/6S,
30/15/55, and 25/15/60

The gelled reaction masses were mdividually mxed "
with sufficient synthetsic sea water to prepare 0 1 waght
percent and 0 25 weaight percent solut:ons for viscomty
measrements. The results are summanzed wn Table

TABLE XXXVII k]
Apng Results oo VP/Am/NaAMPS Polymers Aged
{n Synthenc North Sea Water
Viseomty (cF)
Wi/ Wi/Wh Inherent 250" F (1400 ppm)
VP/Am/NaAMPS  Viscosity (L/g) Unuged Aged  4n
1W/11/3% 702 137 108
35/10/65 79 1.65 .20
/13755 138 119 113
15/15/60 743 148 103

Refernng to the results 1 Table XXXVIL, it 13 appar- *
ent that the VP/Am/NaAMPS polymers are candi-
dates for mobilty control agent sin hostle environ-
ments becanse the aged vicostes of the three compo-
nent polymer solutions of 3 5 to 6.5 times the viscoalty 4,
of sea water at 250° F indicates excellent stabiity The
weight ratio of VP to Am m these hostile environment

varied over the range of 1661 to 31 m
these 250 F tests. At temperatures of 250 F and sbove
a ratio of at least 1 1 N-viny] lactam-unsaturated ammde P
15 preferred. A lower matio, for instance as low as 0.11 1
c;gl;mdmlowul:mperﬂmnpplmmmhun
|

EXAMPLE XXIX
Polymenzation Wrth Low Temperature Imtator

This example demonstrates that copolymers and
three component polymers of NaAMPS as well as
VF/Am copolymers can be prepared with tertiary
butyl hypomtnte as the chemical mustor These prepa- 65
rations were carmed out 1n essentially the same manner
a8 the runs unng VAZO ® 33 and the mherent viscon-
ties of the rescticn products were of the same order of

)
magmitude as observed 1o the VAZO ® 33 runs. The
aged wviscosiies of several VP/Am copolymers are
shown m Table XXXXVIN

TABLE XXXVIII
Sclution Vacosites of Palymens Initisted by Ternsry
| Hyponnsite m North Sea Water]
Vuocouty (cF)

WuWUW Tnkerest _2F GX0ppm}
VP/An/NaAMPS  Visctity W!_) Unaged Aged
S0/40/0 1031 (3% TS5y 182 129
6/40/0 9.18 (20% T 5.)° 1.93 108
60/40/0 136 (0% TS.)" 139 086
30/18/38 7.60 NM* NM*
waes 758 NM* NM*
30/20/30 751 NM* NM*
300/70 427 NM* NM*
15043 &2 150 133
PVP/PAm (80/40)F NM* 0.97 Pped®
NM ropromnts Not Mostured,
“T 5. represents tota) wabids

*Tim control sxmpl 'was preparad by blmniflng 6 pirts by welght of polyvinyl
pyrralidons with 40 parts by weigit of palyscrylnusio.
"The selmion of the FVP/PAm homapolyreyr blaad fafled the bigh temperstzre
aging wn @ cvidenced by the formation of & preciphxts.

The results on the 60740 VP/Am copolymers in
Table XXXVIII mdicate that mitetion with tertary
buty] hyponstnite gave copolymers which did not pre-
cipitate on aging and exhilnted aged solution viscosties
at 250 F which were at least several times the visconty
of sea water at 250 F By contrast, a 60/40 wt/wt blend
of PVP/PAm homopolymers fiiled the thermal agmng
test as evidenced by precipitate formation

Refernng to the NeAMPS denved polymers in Tahble
JOIXVIN, 1t 18 cvident that the polymers exhibited
mherent viscosities which are gimilar in magmiude to
those polymers prepared hereinabove by VAZO § 33
miaton

EXAMPLE XOOX

N-Vinyl-2-Pyrrohdone/Acrylamide/Dhacetone
Acrylamide Polymers (VP/Am/DAAm)

This example describes the preparations and testing
of VP/Am/DAAm polymers. The polymerizaniom
were carned out erther is synthetic sea water or chstilled
water In accordance with the general experiments]
procedure described heremsbove (209 total solds,
VAZO @ 33 mutmtor at 0.06==0015 phm)

The gelled reaction masmes were mdviduslly dis-
solved m sufficient symthetsic North Sea water to give
0.1 weight percent ead 0.25 weight percent polymer
solutions for viscosity measurements. Resulta are sum-
manzed in Table XXXIX

TABLE XXXIX
Agmg Renulss on VP/Am/DAAm Polymen
e ABrd In Synibetic North Sca Water
Vheanty (2F)
WWoWt Inbeyent 150" F {2500 ppm)
VP/Am/DAAD Vhocdry (dL/g)  Unaged Aged
50/43/3 (K] L.54 074
50/43/7 14 120 (1§ )
50/40/10 [T 1.9 0.8%
03513 ane 1.8 097
48738/ 14 144 L.66 097
45/743/10 L In 050
40750710 1.40° 204 Ppead
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unaged viscosity of 2.45 cP and an aged viscomty of 1 42

TABLE XXXIX-continued
Awns Pemul's on VF/Am/DAAR Palyman cP (sce sample mmnber 5 i Table XXXV)
Aged m § ¢ Narth Ses Witer EXAMPLE XXX
WUWUWL Inberent zs; ¥ qugcm)“ 5 Poly(N-Vmyl-2-Pyrrolidone-cl-Sodium-2-Acrylamido-
VP/Am/DAAm _ Vuccsly (/)  Unaged  Aged 2-Methylpropanesulfonate) Imtiated by Radwbon

/50720 7 19 Ppdd

“:M-mw-llImMMhm
North waler

SThese sareples failed the Hostiie mvirtermess tharrm] agmy Mts becacse pracip.
i Sertd) ke thr polyiner nolutions.

Referrmg to the results m Table XXXDX, 1t 15 evident
that the firgt mx entnes performed well 1 the thermal
agng tests exhubiting aged viscomties on the order of 2.5
to 3 3 nmes the vacomty of synthetic sz water st 250 F
The last two entries of Table XXXIX failed to perfarm
well in the thermal aging tests resnlting in the formation
of precipitates

In regard to the last two entries of Table XOO(IX, it
should be noted that the wesght retro of N-vanyl-2-pyr-
rolidone to acrylamude m the three component poly-
mers was Jess than 11 Referrmg agamn to the first nx
three component palymers of Table XXXIX, 1t should
be noted that the wesght ratio of N-viny)-
to acrylamide vaned over the range of 1 1 to about 1.4 1
in these 230 F tests. At temperatures of 250 F and
above a yatio of at least 1 1 N-viny) lactam-unsatursted
amude o preferred. A Jower ratio, for mstance az low as
0.11 ¢ can be used m lower temperature spphcatians
such as at 170 F 'Thus observation suggests that thermal
stabilization of the three component polymer systems Is
related to the weight ratio of VP to Am i the polymer

EXAMPLE XXXI

Homopolymerization of NaAMPS

This example describes the homopolymenzation of
NaAMPS withont the add:ibon of any convenhonal
chermcal nutiator In thus procedure advantage 18 taken
of the fact that the free acid, 2-acrylamudo-2-methylpro-
panesulfomic acid spontaneously polymenzes m the
presence of water and/or mitiates the polymerization of
NaAMPS in agueous solutian.

To a salution of 43 6 g of NaOH (1 09 males) of 230.%
g of dusblled water was added 226 0 g (10504 motes) of
2-acrylamido-2-methylpropanesoifonic acyd (commer.
caal grade) slowly with strnng. With external cooling
and 2 slow rate of additson, the temperature was maun-
tamed at 30" C or below The concentrated solution
was transferred to a stoppered flask and kept at room
temperature for 30 mmutes. The flask was then cooled
to 5° C for 48 hours. A hugh viscomty clear gel was
obiained Optionally, the homopolymenzatton may be
carned out by substituting esther a saline or a sea water
formulstion for the dishiled water

The homopolymer solubon in synthenc Nosth Sea
water exhibited an inberent viscosity of 7 39 dL/g; and

15

15

k4

35

43

%

Thi cxample describes the copolymenzation of
NaAMPS and VP mitiated by cobalt 60 rrachation The
NaAMPS monomer was prepared by the neutrahzation
of commercial grade 2-acrylamndo-2-methylpropane-
sulfonic acid

A 134 g portion of 2 50 weight percent agqueous salu-
tion of NaAMPS, 220 g of distilled water and 87 g
N-vinyl-2-pyrrolidone were placed i a 26 ounce crown
top bottle Afier degaanng the muxture for 20 minmes
wrth argan, the bottle was capped The reactor charge
contained 40 weight 9% total sohda. Polymenzation was
mitiated by vsing s dose rate of 100 Krad/kour for 0.4
hour (dose of 40 Krad) The viscous reaction mass was
dimolved n sufficient synthetic North Sea water to give
2 0.25 weight percent solution of copolymer for viscos-
ity measurements.

The inherent viscosity of the copolymer seolution was
603 dL/g et 25* C The nnaged viscosity was 130
centipouse and the aged viscomty was 12 centipome
‘Thus aged viscomty 18 ahout 4 3 times the viscosty of sea
water st 250 F Copolymen of NaAMPS and VP mt-
ated by irradushon are potentially wsefol as motnlity
buffers n hostile environments

EXAMPLE XOXXT

Preparation of VP/Am Capolymers by Radiation
Imbation

This example describes the preparation of VP/Am
copolymers  [poly(N-vmyl-2-pyrrolidone-co-acryla-
mude] i syothete sea water with radmtion mrtishon
The samples of 50/50 wt/wt copolymers were prepared
at 20% total solds and the samples of 60/40 wt/wit
copolymers were preparcd at 30% total solids. The
reaction mixture were charged to crown top bottles,
degassed with argon and capped The boitles were
exposed to gamma redistion from a Co% source at the
mtensity and dosage noted 1n Table XL below FPaly-
menzation was signaled by warmung of the reaction
mxture (reaction exotherm) and the thickeping of the
reactinn mass to & gel

The gelled reaction masses were mdividually dis-
solved in synthetic sea water to grve 1000 ppm copaly-
mer solutions for determining relative and mherent
visconties at 25° C Additonal copolvmer solubons
were prepared at 2300 ppm for thermal aging study
The relative and inherent viscosities were determined
from measurements made 1n 8 capllary viscometer The
waged viscosaties of the 2500 ppm copolymer solutions
were determined by hugh prespure capillary vscometry
at 250 F The copolynter solutions (2300 ppm) were
aged for seven days at 300° F before determumng aged
visconnes by lugh pressure capiflary viscometry at 250°
F Results are smmumanzed in Table XL.

TABLE XL

Apulmlumxrfmm

Intuned)
North Sea Water
Viscoslty (cF)
Tokerrat _130 P (2900 porm)

Wi/Wi VP/Am % Total Scfith K Value lntenuty Krad/he Dose Krd  (dL/g) Usaged  Aged

30750 0
/30 0

204
213

4 14 TA6 19 (1]
100 40 L13 186 09
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TABLE XL -conunued
Aging Renults on VP/Am (Radianan katisted) Copolymers
— AgedmSyntencNorthSeaWaer
Viscosity (cP)

Inbereat 230 F (2500 ppm)

WU/Wi VP/Am 9% Total Solds K-Valna Intenmty Krad/hr Dos Krad  (dL/g) Unaged  Aged

[ - 200 0 ] " 13 o
040 ] 15 0 “% 74 148 098
%0 k] 190 0 40 (7'} 135 0.95
40 0 204 [ 1) 44 TA4 129 054
SNSW* -_— — - -_— -—_— — [+1]
SENSW repressnts eyntbwsic Novth Ses wates
Refernng to the aged viscomties m the above table, 1t
= evident that the copolymer solution values were 3 ta
3 5 thnes the viscomity of synthetic sea water at 250° F EXAMPLE XXXV

The shghtly higher inherent viscostties of the 50/50 29

copalymers 1 attributable to the ligher percentage of
scrylamide umts compared to the 60/40 copolymer
The whole range of radiation dosages appear to result in

N-Vinyl-2-Pyrrohdone/N,N-Dimethylacrylamide/-
Sodum 2-Acrylamudo-2-Methylpropanesclfonate

copolymer samples gpving approxymately the same aged Thus example describes the preparation of

viscoubies m the
results indicste that the radhation mtated copolymers
would be sutable for enhanced oil recovery operations
onder hostile environment conditions

EXAMPLE XXTV

polymers
apmg tests In general, these 33 of NeAMPS, VP and DMAm usng VAZO ® 33 as the

mmator (0.10 phm) Appropriate quantities of mono-
men were used to prepared NeAMPS/VP/DMAmM

polymers of the following composstions. 25/10/65 and
15/15/60 Reaction tme was 24 hours at amhent tem-

30 perature and the tota] solids level was 20%

Polymerization With Low Temperature Imhator

In thy example the preparation of a senes of 60/40
wt/wt N-vinyl-2-pyrrolidone/acrylarmde copolymers
at different salids leve! ia described The copal
tion was mitiated by VAZO
dmmethyl-4-methoxyvaleromtnle)] m the range of 0.03
to 0.10 phm.

The polymer samples were characterized by deter-
mmng relshve and mherent visconties of polymer solu-

ymeriza-
33 [2,2-azobms(2,4- 33

tons (1000 ppm) in synthenc sea water at 25° C. The 40

unaged viscomties of the polymer (2500 ppm) in syn-
thetic sea water were determined by ugh pressare cap-
fllary viscometer at 250" F Polymer salutions (2500
ppm) were aged for 7 days at 300" F before determun-

ing aged viscouties by lngh pressure capillary viscome- 45

try a1 250" F Results are summanized i the table below

TABLE XLI
Aging Rerin on VAZO @ 55 Initieced 60740 WrWh
TN Vieyh 2 Pyarcintons ot Acymaite i T 0
. Bymhetc North Ses Waner {0.05 phen Inltistor Level)
) Inherest Viscoslty (cP)
Teal  Rebtive  Viscosty 250 F (2500 pow)
SobM  Vicodty @/ Unged _ Aped
T 210 A 197 ol >
91 1% . 0 oxr
150 T 7 10 s
00 m 12 m 091
230 208 716 110 0.85
300 L9 [ %] 093 on
SNEW* 1.00 - - 018 &0

YENEW repressan synthesic North Bas weter
S thia yps VAZO (@ 13 wa wnd y Q) ph

to the resulty o the sbove table, it can be

seen that the VP/Am copalymers performed well in the 63

thermal aging test exhibitng aged viscomties on the
order of 2.5 to 3 5 tumes the viscomty of synthetic sea
water at 250° F

The gelled reaction mames were mdivadoally mixed
wath sufficient synthetie North Sea water to prepare 0.1
weight percent and 0.25 weight percent solutwons for
vicouity measurements. The results are summanzed m
Table XLIL

TABLE XLI1
Apmg Results on NaAMPS/VP/DMAD Polymers
Aged) jn Synthedc North Sea Water
Viscoany (cP)
Wi W beem  _GF G300 ppen)

VP/DMAD/NaAMPS ~ Vacaslty (dL/g) Unaged  Aged

15/10/63 40 124 1.08

23/1574) (1) 126 09

to the viscomty results in Table XLII, it 18
evident that the polymers would be uscful a3 mobibty
buffers in hostile environments because the aged vicos-
1ties are about 3 3 to 3 € trmes the visconity of sea water
u20F

EXAMPLE XXXVI

VP/DMAm (50/50) and (40/60) Polymers and
VYP/Am/DMAm Polymers

Thus example describes the preparation and testing of
N-vinyl-2-pyrrokdone/N,N-dimethylacrylamude poly-
mers and  N-vmyl-2-pyrrohdone/acrylammde/N,N-
dmmethylacrylamude polymers. The copolymers were
prepared 1n synthetic North Sea water, respectively, at
9 1% and 209 total solids, wath 0 10 phm VAZO ) 33
mitator Two polymers 47 5/47 5/5 VP/Am/DMAm
and 45/45/10 VP/Am/DMAm were simlarly pre-
pared snd tested.

The gelled reaction masses were mdividually mixed
with sufficient synthetic sea water to prepared 0.1
weight percent and 0.25 weight percent solutions for
viscosity measurements The resulfs are summanzed In
Table XLIII

=]
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TABLE XLIIO TABLE XLV
Agmng Rexults on VP/DMAy Copolymens sad VP/Am/DMAD Aging Results on Reyresentative VP/Am/NaAMPS
Pol In North Sea Water —Polymen Aged i Systhetic North Bea Wter
Viscesdty (cP) [ Viscoarty (cFF)
WWUW Inherent 2R F_(2500 perm) WUWI/WI Inherent AN F (50 ppin)
VP/AM/DMA®  Vacouty (dL/g) Unaged  Aged VP/Am/NaAMPS ~ Viscosy [dl/g)  Unmiged =~ Aged
40/0/60 - 30/15/55 201 11 118
50/30/0 e ‘11: ::: X/13/35 b 0 .
o341 1% 10 om 10 jemar Yo X
45/743/10 110 1.8 0.67 28/725/40 LY 176 108
/50 L o8 an /2747 wos 220 1.08
30/20/50 o8 1% 099
S0/45/9 . 1 0.9
Refernng to the results in Table XLIIL, 1t can be sen 0/43/77 s 177 0.93
that the conrposations hsted are surtable for me as mobil- — &25/50/78 539 137 oM

ity buffers m hostle envircoments becanse the aged
vicontes are on the order of 2 to ) tumes the viscomty
of sea water ot 230° F

EXAMPLE XXXV

N, N-Dmnethylscrylsmude/Sodwmm
2-Acrylarmdo-2-Methylpropanesulfonate Copolymers

This example describes the preparahion and testing of 25

copolymers of DMAm and NeAMPS usmng VAZO ®
33 as the mitutor (0.10 phm). The copolymenzatons
were camed out m dustilled water at ambient tempers-
rures for a penod of 24 hours. The following DMAm/~

NaAMPS copolymers were prepared 60/40; 70/30; »

and 80/20
The gelled reaction masses were mixed indivrdually
with sufficient synthetic North Sea water to prepare 0.1

weight perceat and 0.25 weight percent solutions for 3s

viscosity measurements The results are summarized m
Table XLIV

TABLE XLIV

Aging Resuln oa DM Am/NuAMPS Copolymen
Aped s Synthetic North Ses Water

Viscomty (<)
Wi/We Inherent 250° F (2500 ppm)
DMAW/NsAMPS __ Viscouty (dl/g) __ Unaged __ Agnd
&0/60 848 208 oss
0/ 785 am 137

The results m Table XLIV indicate that the

DMAmM/NaAMPS copolymers are potentially usefol as sp

mobility control agents in hostile enviromnents becanse
the aged viscosities of 3 to 5 tnes the viscomy of sea
water at 250" F sndicates excellent stability In a relsted
capenment, & 23/75 scrylamide/NaAMPS copolymer

Medlh:tbnmﬂlgngtﬂl(lsdvumtyond').”

However, a 10/50 xcrylamude/NsAMPS copolymer
solution exhibited an aged viscouty of 0 53 cP which is
about 2 times the visconty of sea water at 250° F

EXAMPLE XXxXvino
VP/AM/NaAMPS Polymens
This example presents m tabular form (see Tahle

XLV)a vanety of VF/Am/NsAMPS polymer compo-

mitzons which performed well enough m thermal aging
tests to ment consideration as mobility control agents 1n
hostile environments

The last entry m Table XLV n a 425/50/75
VP/Am/NeAMPS polymer which performed very

20 poorly n the thermal agmg test (aged visconty 0.34 cP,

the viscosity of sea water at 250° F s about 0.28 cP)
Part of this lack of thermal stability is believed related
o the weaght ratio of VP 10 Am in the polymer Part g
beheved related to something which went wrang dur-
mg the sample preparabon Thus polymer would be
useful m jower temperature It shoald be
noted that in the first mne entnies of Table XLV winch
all perfarmed well m the thermal sgmp tests the poly-
mers coptamed 11 wt/wt rato of VP.Am The Inst
polymer entry mn the table contamed <11 wt/wt mtio
of VP.Am

EXAMPLE XXXVIX
Potagsiom styrene Sulfonate/N,N-Dimethylacrylamide
Copalymer

This example describes the preparation and testing of
a 30/70 weght percent potassium styrene sul-
fonate/N,N-dmethylacrylamide copolymer The sam-
ple was prepared using practical grade potaspum sty-
rene sulfonate (4-vinyl benzene solfonic acid potsssinm
salt) available from Tndom Chenucal Inc/Fluks A G
Copolymenzanon was carrved out at 359 total sohids in
distilled water with VAZO@® 33 mutiator st ambient
temperature for a period of 24 hours.

The gelled reaction mass was mixed wath sufficient
synthetic North Sea water to prepare 0.1 weight per-
cent and 0.25 weght percent solutions for viscomty
meanurements. An inberent viscoarty of 3 44 dL/g and
an aged viscouty of 0.77 cP were measured on the 0 ]
welght percent and 0.28 weight percent solutions re-
wpectively

EXAMPLE XL

Inverse Emuluon Polymenzaton For Prepanng
Hostile Environment Polymers

This example descnbes the preparstion of poly(-
sodium 2-acrylamide-2-methylpropancsulfonate)(-
NaAMPS bomopolymer), poly(N vnyl-2-pyrroldone.
c}-sodium 2-acrylamido-2-methyipropanesal-
fonate)(VP/NaAMPS copolymer) and poly(N-vinyl-2-
pyrrolidone-co-scrylamide-cosodium  2-acrylamudo-2-
methyl-propanesulfonate)VP/Am/NaAMPS  poly-
mer) by mverse emulnon polymenzation.

The recerpes for the polymenzations are summanzed
in Table XLV1
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TABLE XLVI

102

Recerpes For loverse

Emalsion Polymerizsimns
(Renetson Temperatore 5° C., Resctwon Time 120 Hoars)

VW HR  WWIW

30/15/33
1Av6?

Sxmple Teronic
No.  Taluexe (! HZO(g) 1102(g) VP(g) Am(g) AQNsAMPS VP/Am/NaAMPS
* 40 F- ] 5 9 4.3 33
» 40 163 H 10 0 ©
» 40 (L] 0 0 ] [ ]

/07100

The imhuar was VAZO @ 33 00 phun) and the mriscusn was s propasyteed ethoxylsied sthylenadinrane evailable

from RASF Wysndutis snder the tradepamme Tearonle 1500,

The sbove reachon charges were placed m idividual
10 ounce crown top bottles to prepare, respectively,
YP/Am/NeAMPS (30/15/55) polymer, VP/NaAMPS
(33/67) polymer and NaAMPS homopolymer by m-
verse emulmon polymerization. The neceasary amount
of VAZO® 33 was added »s an aliquot of a stock
solotion of mtissor in toluene The surfactant was dis-
solved in toluene and sdded to the reactar bottle fol-
lowed by the specified smounts of monomers and wa-
ter After degassmg the reaction muxture for 20 mmutes
with argon, the bottle was capped and tumbled for
about 5 days in a 3* C. constant temperature bath. The
reachon products were milky fluids

Poruons of the milky flmds were mdividually muxed
with sufficient synthetic North Sea water to give O Iwt
9% snd 0.25 wt % solutions for viscosity messurements.
The results are shown 1n Table XLVII

TABLE XLVII
Apging Results 10 Sysihete North Sea Water
Wjth Polymers Prepared by Inverse Emulsion Polymerasion

Isherent Vecouty (cP)

Sample WUWUIWi Vacomty _230 F (31500 poen)

No.  VP/Am/NIAMPS _ (dL/g)  Usiged  Aged
1 /188 911 166 o
PR, YT 622 136 106
3 00/ §17 15 0.94

Refernng to the results in Table XL VI, 1t » apparent
that the disclosed polymers prepared by emulsion poly-
merization are poteattal candidates for mobulity control
agents 1n hoshle environments because of their en-
hanced thermal stabuity mdicated by the fact that their
2ged viscosines were on the order of 3 t0 4 tmes the
viscomsty of seawater at 250 F

FURTHER EXPERIMENTAL
EXAMPLE XLI

This example describes the preparanon and thermal
aging testng of two polymers prepared, respectively,
by the copolymenzation of N-methyl-N-vimyl scetam-
xie (NMVA) with acrylamde (Am) and by the ter-
polymenzation of NMVA with Am and sodwm 2-
acrylamdo-2-methylpropanesulionate (NeAMPS).

Appropriate quanhines of monomers were used to
prepare the NMVA/Am 50750 wi/wt copolymer and
the NMVA/An/NoAMPS 30/15/55 wt/wt/wt ter-
polymer The polymenzations were carmed out m ac-
cordance with conventonal solution polymerizatiom
technology using a total sohds level of 309 1 distilled
water af amizent temperature with 0.1 phm of imitiator

The gelled reaction masses were mixed with soffi-
crent synthetic North Sea water to prepare 0.1 waght
percent and 0.25 weight percent solntions for salution
viscouty measurements. The NMVA/Am 50750 wt/wt
copolymer solution exhitited an mherent viscomty of
111 dL/g and an aged solotion viscosity of 13 centr-
pouse. The NMVA/Am/NaAMPS 30/15/55 wt/wt/wt

15

20

s

35

40 exhibiied » solubon

45

i

terpolymer solution exhituted inherent vacoaity of 96
dL/g end an aged soluton viscomty of 1 7 centipose. In
Tahle XLVIII the performance of these polymers 1s
compared to that of previously described hostile enw-
roament (HE) VYF/Am 50/30 wi/wt and
VP/Am/NaAMPS 30/15/55

TABLE XLVIII

N-Mothyl-N Vinyl Acctamude Denved
Pol For Use Enviroaments

Aged
IV 10 Visosity
Ren Monomer Units (Wh %) SNSW SNSW
NMVA? VP Am' NaAMPSY I5°C ©.29)
0 %0 [ 1ni 13
0 20
10
0

0 19 12
13 35 9.6 17
0 15 a3 L5 17
*A repitacmiative grl bog cample of & 50730 VP/Am copolymer Wi naed in this et
"NMVA reproents N-twethyl-N-viny] sswtanode.
NP reprrseats N.
TAm sepreean sarylxmide
HUAMPS reproms Knten Jecrylamide-J-methyipropsasmifom.
AV reprascon Eheren) Viseoshy (4L7g) o Synibatle North Ses waser
Jaged vigormlty s the cboervad sohutivg visity sfter e sclution wa aged for one
wesk of XSO F

Referning to the aged solution viscosity resnlts mn runs
1 and 2 of Table XLVIII, 1t 15 evident that & solution of
the 50/350 wt/wt NMVA/Am copolymer in SNSW
viscopty comparable 1o that of a
soluton of the 50/50 wt/wt VP/Am copolymer in
SNSW Perhaps this result reflects the comparable ther-
mal mability of the NMVA/Am and VF/Am copoly-
mers in SNSW solouon  Thiss behavior may be atrributa-
ble to the capacity, respectively, of the NMVA and VP
moieties to chsproporhonately retard the hydrolys rate
of the pendant scrylamude amude function This 1s par-
ticularly remarkable since these compounds da not have
the cychc lectam structare which has beer shown to
enhance stability
Referring to the aged solution viscomty results m runs
3 and 4 of Table XLV1IL, 1t ts evnident that a soluton of
the 30/15/55 wi/wt/wt terpolymer i SNSW exhibrted
thermal stability comparable to that of a sohrtion of the
30/18/55 wi/wt/wt VP/Am/NaAMPS terpolymer
SNSW AS mdicated above, tins resnit demonstrates
the copamty of the NMVA snd VP moteties to retard
the hydrolyss rate of the pendant acrylamude amide
function

EXAMPLE XL1I

Ths example described hostile environment poly-
mers denved from methacrylute esters of hydroxyal-
kenesulfouc acsds Thu example s divded mto three
parts to cover () the homopolymer of 3-metha-
cryloyloxypropanesulfome acid and water saluble salts
thereof (SPM), (b) copalymers of SPM with (1) N,N
dumethylserylemude (DMAm), () sodum 2-

|46
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scrylamido-2-methylpropanesulfonste (NaAMPS), ()
N-methylacrylamude (NMAm), (v) N-(metha-
cryloyloxyethyl)-N,N-dimethylanmaopropanesulfonate
betuine (SPED), (v) potassium J-acryloyloxypropane-
sulfonste (SPA) and (vi) N-vinyl-2-pyrrobdone (VP) 5
and (c) terpolymers of SPM with () DMAm/-
NaAMPS, (1) VP/Am and (ih) VP/NeAMPS.

All of the above polymers were prepared m accor-
dance with conventional soluton polymenzahon 1ech-
nology namg total solds levels of 20-45% 10 dutilled 10
waler at ambient temperature with about 01 phm of
inttiator The cited weight percentages of polymer com-
posiuons reflects the relative weights of monomers
charged to the polymenzation zone.

(a) Homopolymers of SPM (potassum 3-metha- 15
cryloyloxypropane sulfonate)

The gelled reaction masses form the homopolymenz-
aton runs were mixed with sufficient synthetic North
Sea Water 10 prepare 0.1 weight percent and 025
weaght percent solutions for solution viscomty measure- 20
ments. Test results are summarized m Table XLIX

TABLE XLIX
—SPM Homopolymer Performance In SNSW
Viscouty 250 F 25
Ron % o {0.25 SNSW) cP
No TS* SPM® SPA® SNSW25 C Uniged Aged
] X 100 [ 14 18 1.4
2 3 100 0 [ &) 19 15
3 43 100 ] 8.6 3 18
4 L) 0 10 L3 31 Poed¥# 30
4% TS repevscons % Tosal Solkhs in the palysaruation owediom.
“EFM represcaly potmmmsn
4SPA represcmy potesn

#5FA homopalymer sysiem falled the thammal aging test (Precipiorvien).

Refernng to runs 1, 2 and 3 m Table XLIX, 1t 13 33
evident that the SPM homopolymer in SNSW prowided
s solution which retained & mgrificant percentage of its
viscosity afier thermal aging and the aversge solution
wiscostty of the thermally aged solution was 3 7 nmes
tbat of sea water 21 250 F This behavior mdicates that 40
SPM homopolymer 15 potentially useful mn mobility
control under hostile environment conditions.

Attention is called to the uaexpected resuli cbserved
1n run 4 of Table XLIX. The homopalymer of SPA (the
lower homolog of SFM) faled to mpart thermally 45
stable viscosity to the soluton in the lugh temperature
test precipitaton accompanes) the loss of soluton vis-
couty

(b) Copolymers of SPM

() DMAm/SPM (wt/wt) 10/90, 20/80, 30/70, %0
40/60, 30/50, 65/35/ 80/20

104

TABLE L

Performance Tesl Rewin on DMA®/SPM Copalymen®

Viconty 150 ¥

Rem ___(Wi%) V@) _(QSSNIWIP

No. DMAm® SPMY

SNSW23'C.  Uneged  Aged

c 100 0 Ny a6 044
4 |[] 0 72 30 3
5 n (1] L A2 i2
[ 0 0 D 33 14
7 40 &0 a » 3
] 4 0 L 8 | 34 23
9 & £ [ %] 23 13
10 L) 0 9 2] 09
n rans 4-10 were prupored i JO% Total Salsds.
DMAD reprasens N,
L J-meth sulfonsts.

m&-nwnumm“mwhmn
40% Total Scbds gave s sgad visooulty of 19 o
NN nepresciis Not Mestied.

Refernng to the results m Table L, 1t 15 evident that
copolymers of DMAm snd SPM, especaally those com-
positions comtmnmg 50 or more weight percent SPM
are good candidates for mobility control under hostile
eavironment conditons the average aged soluton vis-
cosity, &.g., in runs 4-8 being 8 5 times the viscouty of
sex water at 250 F The homopaolymer {see run C) of
DMAm m SNSW exhinted an sged solution viscosity
wiuch was anly about 1 6 mes the aged viscomity of sea
water at 250 F

(h) NeAMPS/SPM (wt/wt) 1090, 15/85, 25/75,
30/70, 50/50, 65/35

TABLE L
Performance Tat Resahts an NaA M
Mosomer Unlts Viscoelty 250 F 9
Rm V@l (029 ENSW) cP
No. MaAMPS* SPMY 6NSW23S C  Umged  Aped
1 10 $0° 1 11 19
12 15 ] “ 1% 12
13 23 3 &2 18 16
L4 » n 1] 16 oy
18 L) 2 &) 1 11

SCopolymer s ran 11-16 ware prepared 1 30% Toual Salwds.

“NaAMPS represcas sacdhom

xpe ‘pocaziom 3 yloylarypropsnasc fonae

Tha was prepared o2 300 Tolal Solds. Ancther sample prepred 1
33N Totl Soixds geve an aged sciution vieeoslty of | 7P
SrVucanly of we water ot 20 F o abemt 029 P

Refernng to the result mn ‘Table LI, 1t 1 evident that
copolymers of NaAMPS end SPM over s range of
composnitions are good candudates for mobihty control
under hostile environment conditions. the average aged
wviscosity bemng about 4.9 times the viscosity of sea water
st 20 F

(i) NMAm/SPM (wt/wt) 10/90

(iv) SPED/SPM (wt/wt) 30/70

{v) SPA/SPM (wt/wt) 30/70

{vi) VP/SPM (wt/wt) 20/80, 10/90

TABLE LI

Performance Tegt Results on NMAD/SPM

SFED/SPM, SPA/SPM snd VP/SPM Copolymens®
Vaconty 25) F
Ron ____ Monomer Usi (Wy %) {821 SNSW) eF
No. NMAm® SPED* SPAC SPMY VP* IV@ISNSWIS C Umgd Aged
” 10 0 ] % ] [ %1 L& o
18 0 30 0 o 0 14 4 12
19 0 1] b ] k] 0 [ %) 16 11
n [} |14 0 0 0 65 1.6 /1]

jud
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TABLE LIl-conunued

Performance Test Results on NMAm/SPM
SPED, SPA/SPM snd VP/SPM *

Viscosity 250 F
Ron Monomer Unrts (Wt %) (0.25 SNSW) cP

No. NMAm®* SFED* SPA® SPMY VP* IV(D1)SNSW2S C. Umaged Aped
21 0 0 0 % 10 13 v 13

*Copolymers o rozy 17-19 wars prwparsd 2 J0% Total Salids.
“NMAD represcats Nemalkylscryleside
SSPED nepresenns N-{medryacryloylazyeikyT)-N.N-Simeteylsminopropenesotfoare betune.

VP reprasents Novinyl-2-pyrrolidens.
TABLE LIV-contmued
Performance Tesz Resoles on VP/Am/SPM and
e YP/NsAMPS/SPM Tapolymen®
20 Viscomty
Referrmg to the results 1o Table LTI, 1t 15 evident that v 150F @1
the varions copolymers of SPM are potentially useful m @ ENSW) cP

hostile environments because the aged solution viscos- Rom Monemer Undts (Wi %) SNSW  Un-

fies were 3 2 to 4 6 ames the viscosity of sea water at No. VP* Am* NaAMPS® SPMY 25°C  aged Aged

gsghh-mMymnmm:o%ahemmnm” 31 0 o @ 20 13 15 13
omopolymer 18 effective a Am/SPM co- = :

polymer s SNSW on agung at 250 F was not effective mm‘m 1 308 o) ki

83 evidenced by an eged solotion viscomty of 03 cP 'A-"I;';"“”‘"""- A

which 15 essentlly the same as the viscosity of SNSW mmuuwmm

a2 F 0
(c) Terpolymers of SPM Refernng to the results in Table LIV, it s evident
() DMAm/NaAMPS/SPM (wt/wt) 80/10/10,  that the vanous terpolymers of SPM are potentully
60/20/20, 30/30/40, 20/60/20, 13/13/70 usefol 1n hostile environments because the aged soluton
TABLE L1 viscosthies were m 4.6 umﬂn th;_ .memm of
35 sea water at 250 F torun 3] m , 1t
DMAm/NAAMPS/SPM Terpeipmer® can  be concluded that the  20/60/20

v VP/NasAMPS/SPM terpolymer (see aged solubon vis-
Q1)  Viscosity 2%0F coxly) performed better than the VP/Am/SPM ter-

Ron _Monomer Units (W %) ___ SNSW _(0.25 SNSW)cP ymers of runs 27-30.
No. DMAmM* NaAMPS* SPMf 25 C  Unaged Aged ‘opol

2 B 10 1 92 21 o7 EXAMPLE XLIII

. x oL 21 This exsmple describea the use of selected hostile
2 b 2 © 2 12 20 environment polymers as lugh temperature ugh pres-
2 15 n 13 6.8 17 13 surc waler loss control agents 1n dnlling muds. The

*Terpolymen were prepused a1 30% Toml Sobds. 43 followng polymers were tested gs water loss coatrol

"DMAm repremmts NN <methyiacrytumide agents

HPM represcass pottatzam 3.emtiueryloytorypropunmtionsts. {(a) Poty(N-vnyl-2-pyrrhdone-co-sodium 2-acrylamdo-

2-methylpropanesulfonate) (VP/NaAMPS) (20/9%0

Refernng to the results in Table LI 1t 18 evadent wi/wt

)
that the 1 of SPM tally 90 ©®) Poly(N-vinyl-2-pyrrolidone-co-acrylamude-co-
usefal m mmwmﬁheum tb:r:gedmﬁinmyn sodum 2-acrylamido-2methylpropanesuifonate)
viscositres were 2 5 to 7 tmes the viscosity of sea water (VP/Am/NaAMPS) (30/15/55 wi/wt/wt)

a0 © i Hﬂmmmlwm
VP/An/SPM 0/20, 30/1 om

artsys, donp (0 SV SV, 33 sodram i) (VE/AMMNAMBSTNOAR)

R AM wi/wt) 60/20 ymcrﬂmplﬁuca as Ogs wene dug

(m) VP/N PS/SPM ( ) 20/ four percent solubions to sssure good dispersion m

TABLE LIV muds. The high sobds muds were cooled to embient

Performmee Test Resahs on VP/Am/SPM and temperature and afllowed to stand for 2 hours before any

e VP/NoAMPS/SPM Tepolymers: 60 tests were carned out Platc vicomty (PV), weld

v 20F 028 point (YF), gel atrength (Gels) and water Joss at room
o) SNSW) cP temperature (RTWL mL/30 min) were determmed 1

Ren Menomer Usts (W} %) SNSW U accordance with AP1 RP 13B

No. V¥ Amd After the mitial tests, the mud samples were aged at a
o YT fo NPy ST BC S AR 5 spocrfed temperstur for 16 hours before repeshag the
#n B 10 0 &0 95 15 o3 above tests. The most severe test carried out on the
2% 4 15 0 4 71 15 08 muds was a water loss test at 325 F and 500 pm
n oo » 0 50 B 13 a8 (HTWL, High Temperature Water Loss)

45
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TABLE LV
Hosule Environmen Pl To Control Wazer Los in 12.2 Ib/gal Salcwnter Mud® 3 Ib/bbl

Polymer Run Injtial Properties Final Propertscs {sged 16 Hrs @ 360 F )
Additive No. PVo7Ypr QGeh’ pH WLY PV/YPP Gele pH WLY HTWL'
VP/NaAmP§ 1 /3% 2765 8T 40 29/53 WA 13 a2 b1
(10/90)
VYP/Am/NaAMPS 2 15/13 7% 100 NM# 21/ 1M T4 6D 30
(30N5/3%)
VP/An/NsAMPS/NaAA 3 /5 1A% Al X6 2337 A T4 A6 110
(20/10/53/%)
SNM reyreitin Not Meamured,
PV reprpsents Plastic Viscoslty
SYP represan Yaeid Polnl, /100 87
“Och represears Ol Strengsh, 10 sec/10 mia, Bv100 A7

frwpeTainrn).
“HTWL represcnts High Temperetore Waser Lo (ml/30 min; @ 129 P sud 500 pul). The tharmally sgnd tusople {16 brs @ 360 F.) wm
uﬁwﬂuwﬂ“hwmumwhuﬁ*“ummﬂﬂTﬁ
vmam-ny-n—ph—n-n--mr and 500 pai 08 detering the HTWL values.
“Saltwases tooud sontained 17 perent bwsicetie, § )3 peroent P93 Dike Clay wnd 30 porost barise (2 4 poresst mh water An additiona]
10 Bkl Noll was edded siter trexoment wikh § B/t Thommben (grice, 3 R/l Deaco @ thimmer MaOH and pofymer

Refernng to the water loss values m Table LV, t1s  mers, 1., crosshinkmg of these polymers wath polyva-
evident that the muod system of run | contamng the 20 lent metal cations such as Cr(III), s facilitated. Incorpo-
10/90 VP/NaAMPS copolymer additive was some- ration of the scrylic acid units into the polymer 15 pref-
what more effective than the polymer additives of runs ~ erably carrred omt by copolymenaing acryhc acid with
2 and 3 for comtrolling water loss particularly at lngh  the appropriate monomers to produce “acryhc acid
temperature. 2 modified” polymers such as eg., poly(N-vhyl-zapyh

mhdme-eo-ccry -co-todnum
EXAMFLE XLIV methylpropanesulfonate-coacrybe acid) (wmm/sy

This example compares the performance of paly(N-  (VP/Am/NaAMPS/AA) and poly(N-vinyl-2-pyrrol-
vmnyl-2-pyrrohdore-co-sodiom 2-acrylamudo.2-methyl-  dope-co-acrylanmde-co-acrylic  acd)  (50/45/3)
propancsulfonate) (VP/NaAMPS) (10/90 wt/wt) m  (VP/Am/AA).
dnllmg muds with the performance of several commer- 30 These acryhe acyd modified polymers were prepared
cully avalable dnlling mud addibves m sccordance with convennanal solution polymerizs-

The tests were carned out m 122 Ib/gel saltwater  tian technology umng total solids Jevels of 20-30%
muds The base mud contuned 2 7 percent bentonite,  distilled water at ambient temperature with aboyt Q.1
915 percent P95 ihte cley aud 30 percent bante m 4  phm of mitiator The cited weight percentages m the
percent salt water An addrional 20 Ib/bbl salt was 335 polymer compositions reflect the relatrve weights of
added afier treatment with 5 [b/bbl Tannathin igmite, 2  monomers charged to the polymenzation zone, ¢ g, the
Jb/bbl Desco (B thinner, NaOH and polymer Thetests  50/45/5 VP/Am/AA polymer was prepared by charg-
were carnied out az descnbed in the previons example mg, respectively, 50, 45 and 3 parts by weight of VP,

Resolts are summarized i Table LVI Am and AA 1o the polymenzation zone.
TABLE LVI
of 10/90 VP Addinve With Comerchl Addin

Rm J.-IM_ 15 m F
Addrtive No. Pya/ypd pH wLd FV'/YI" Gehf
10/90 VP/NaAMPS 1 % lms 02 47 I/ X% 1.4 a1 m
Rewo Mut 3 Wy 133 04 70 920 /19 7T 46D NM#
Milchexs Kee Ses 3 /D 134 WS A9 /M /W 18 7T M0
Paroud Therns-Chek 4 155 /12 102 71 W13 VIS TS I3 t0d
Imco Denalan i 1 I8 94 W0 1A Y T4 Bl Mo
NatiStach Verna TL600 6  11/16 1348 102 16 13721 2240 76 169 310
Henkel Rhagthik $0-11 7T 192 163 102 184 240 14 T4 &2 Mo
Hoechst Hoseadsill 2825 L 136 15 99 8§71 1n #» 71 11 X
Honaddl) V3118 9 1473 T4l 97 8 158 /8 10 96 440

NM reprastads Kot Wcamered.
“Bee fowmatin a, b, <, d sl # bn Bamerple XLID {Tubls LV).

Referrmg to the results in Table LVY, it is evadent 55

that the 10/90 VP/NaAMPS capalymer additive m ran The dichromate-thiosulfate redox couple was used m
1 imparted better water lom control properties both at  the laboratory expenments to demonstrate the gelation
smbient temperature (WL values) and at elevaied tem-  of the scrylic acd modified polymers The Cr(II)
perature (HTWL values) than did the commeycully ¢rosshnking agent 1 generated from the redox couple as
awm.umamofnu;ss.q,s.a.amds The com- 60 indicated by either of the equations

mercaa) addibve in run 7 proved to be comparable

™ 435703 ™ + 26H+ =480+ 13

performance to the 10/90 VP/NaAMPS copolymer b —8804" 4+

EXAMPLE XLV

Ths example describes the modification of VP and- 65
for AMPS copolymers or terpolymens with acryhe acid
tn order to mncorporate suffioent carboxylic acid groups  The polyvalent metal cation crossimlang agent presum-
m the polymer structure 30 that gelation of these poly-  ably coordmates with the pendant carboayhe acad

Cri07™ + 6520y~ + 14H+—2Cr +1.4.35,048
+7THO

4498
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groups It is contemplated that acrybc acd modified
polymers can be gelled wath other conventionel cross-
tinking agents such as, ¢ g, chroomum(IIT) propionate,
slummum citrate, chromum(III) acetate, chromum-
(III) crtrate and the like as well as other known redox
conples such as chchromate-bisulfite and the hike.

In the expertmental test runs, stock solonons of -
chromate, thicsulfate and acrylic acad modified poly-
mer were used ta charge the respechve components to
the geiation vestel In order to mamtan enacrobie test
condrtions, capped 10 ounce pop botiles were used as
gelation vessels Three hole metal caps with rubber
scals provided a means for mjecting reagents mto the
vesse]l and withdruwing samples from the vessel with
synnges thereby mmimizing contact of the system wath
oxygen Laborutory mampulsthons were routmely car-
ned out m a glove box with an mert gas atmosphere
such as helium or nitrogen to further mimmize the pos-
mbility of contact with oxygen The pop bottles contain-

110

The dichromate stack solution was prepared by dis-
solving 20 grams of NazCryO+.2H;0 in mufficient water
to give 100 mL of atock soluhon The polymer stock
solunon was prepared by dissolving sufficient polymer
In water to give a 1 wesght percent solution of polymer
(active basi) The thiosulfate stock soluton was pre-
pared by disolving 50 grams of Ne3$20:.5H20 10 nuffi-
cient water to gve 100 mL of salunon

One hundred gram portoas of the polymer solution
were usually used m the test runs. A test level of 600
ppm N2aCryOn.2H 70 required the addrtion of 0 3 mL of
the dichromate stock soluton. A tufficient amount of
the thiosnlfate stock solution was added to the system so
that the ppm rato of Na;5;03.3H;0 to NayCridv2-
H10 was on the order of 5 1, viz,, about 3000 ppm
reductant to 600 ppm oxdant Synthetic Arkansas-Bur-
bank niver water was used m the preparations of all the
experimenial solutons. In many runs, the dichromate
level waa meressed to 1200 ppm and the thiosulfate

ing the aqueaus test mxtures of polymer, dichromate 20 level was mcreased to 6000 ppm

and thiosulfate were incubated at a specified tempere-
ture such as 120 F AT specified time intervals, pop
bottles were removed from the constant temperature or
mcubation zone and examined for the extent of gelation
befare returnmg the vessel for further mcubatbon.

As the work progressed, 1t was cstablished that pro-
cedures could be done at the lab bench provided that all
systems were purged with an mert gas before cappmg
the bottles and all transfers of matenals were made by
synnge

Cels were quatitatively evaluated by notmg the ten-
dency of the gela to flow as reflected by tongue length
measurements. Zero on the tongue leagth scale being
defined by the flud level m the bottle when the bottle 13

25

m the upnght posthion. Imtal tongue length messure- 15

ments were taken to the nearest sixteenth of an inch
with the bottle 1n 2 honzontal positon If the gel flurd
touched the mside of the bottle cap with the bottle m a
horzontal position, the fluid was considered not gelled

(NG). In the honzontal position, tongue lengths of 4 1o 40

5 mmches were conmdered hight to very ight gels. These
are gel systems that still lowed quite readily but the
“'gel tongoe" did not contact the cap when the botile
wes 1 the honzontal ponton As gelation progressed,
the measured tongue length became shorter

As the gel assumed g firmer character, the bottle was
tilted downward 15" from the honizonta) before mezsur-
mg the tongue length Tongue lengths of O to 2 inches
were conudered hard gels, tongue lengths of 2 1o 4

43

Representative gel test resplts are summarized m
Tables LV and LVIIL

Refernmg 1o the results m Table LVIL, 1t 18 evident
that the unmodhfied VP/Am (50/50) palymer failed to
gel 1n the fresh water medium at 120 F (run 1) Appar-
ently this was due to the lack of carboxy] groups in the
polymer

Referring to runs 2 throngh §, 1t 8 evident that the
polymers gelled apparcatly due to the presence of pen-
Gant carboxyle acad gronps on the acryhe acld units. In
run 3, the concentration of dichromate and thiosulfate
were doubled relatrve to the concentrahons wsed 1 run
1 resulting 1n the formation of hard gel 1n a short timne (1
day) at the hsgher concentration The VP/Am/AA
(50/45/5) system (run 4) produced a hard gel (H) m 2
days whereas the VP/Am/AA (50/40/10) system {ran
3) required 8 days for the formation of a hard gel.

Referrmg to the resuits m Table LVIIL, it 18 evadent
that the mnmodified VP/Am/NaAMPS (30/15/5%)
pelymer failed to g¢l in the fresh water medium st 120
F (run 6) Presumahly this was due to the lack of car-
boxyl groups 1n the polymer Refernng to rons 7-11, it
s evident that polymers beanng the carboxylic acid
groups on the acrylic acid nnits were gelable under the
conditions of the test Kuns 9 and 11 (compared to 8 and
10) mdchcate that gelahon wes more extensive if the
dichromate and thiosulfate concentrations were dou-
bled Referring to runs 10 and 11, u appears that poly-
mers wath lngher levels of acrylic acud are less readily

mches were conndered mediem gels, and tongue 50 gelled Higher concentration levels of the redox compo-

lengths of 4 to 5} inches were conndered hght gels.

nents may be necessary at the higher acrylic acid Joad-
ings. Presently, it s preferred that the acryhe acid mon-
omer level be m the range of I to 15 weight percent.

TABLE LVl
Oelaucu® Suuhes Op Acrybe Acld Modified VP*/Am® Polymer (Fresh Water 120 F)

Character of Qe

Parod of Dave
Polymer RmNo. <] 1 21 3 4 8 14 1622231734 M09 6
VP /Am® (30/9%0) 1 L L L L L L L L
VP/Am/AA (30749/1) 1 L MMMMM MM M M
VP/Am/AA (30/45/1)# 3 L HHHSHHH K H H H
VP/Am/AA (30/45/%) 4 M HH H HH
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TABLE LVIl-continued
Gelation® Stadies On Acrylc And Modified VP9/Am? Polymer (Fresh Water 120 F )

Character of G

Penod of Duys
Polymer RenNo. <! 1 1 3 £ 8 14 16 22 23 27 31 34 4 %0 6
VIF/Am/AA (50/40/10) 5 L LM H H H H H H H

*The redax couple of sedivm dichrrange (enaiant} wd sodimn teosylfate (radoian was wrd w the peflmg system (600 ppo asadaat,
50 ppn reducust).
#n chis yun 1200 ppn exident end THO prn Todosttnt was used.

Neviyl-2-pyrrolidos:

SAm repressns soryhamide

TAA represents scrylic scid

“Gels are characterized s hard (M), soduem (M) sat Inght (L). The tomgue iength ranges for these denguations are, respectvaly @ io
Tinches, 1 1o 4 inches and 4 to 5] Iaches in 8 10 ounce boule tited dowmwand 13° below horimnnl. In chr borizootal position, sagoe
lengibs of 3 t0 S} bnhun xrw desipiated o3 Bght (L) gotn. Firms geis which pasiad weay from e wails of the pop boule but othararse
mabntalned thelr bnegrity duving the test were still comsid ered or deignatad = N gels

TABLE LVl
Gelancs® Sindies On Acrylic Ackd Moddfied
VEi/Amb/NaAMPS /A A? ierpolymer (Fresh Water 120 F}
Charscter of Gel¥
Period of Days
Folymer RmNo «1 | 2 3 4 8 4 16 A 23 2 N U 4% In
VP/Am/NaAMPS (30/13/35) ] L L L L L L L L L L L
VP/Am/NaAMPS/AA (30/14/35/1) 7 L HW W H H H w
VE/Am/NaAMPS/AA (30/10/35/9) 3 L L L M M H H H HHBH
VER/An/MaANTS/AAP (X0/10/55/%) 9 L M H H R H R H H
VP/AM/TaAMPS/AA (30/3/55/10) 10 NGt NG No NO NG NG NG L»
VP/An/NaAMPS/AAR (30/3/55/10) 11 NG MG NO NG L L M <l
s * fooimote in Table LY
Fiae # famsncty m Table LV
Sigor fantutes n end  In Table LVIL
“NaAMPS represenn sodum J-ecryiumsde--metbyy ipropemesnlfonate.
“9ex: foctpoic d fn Tebir 1VII
‘AA represrts scrylic scid
duys.
STweive days: Hard g (H) had puebert fram walls of bortle bet the gel exkibied we synoem.
days. Seme condman w (oetacir §.

‘mm-mumumqnwmcum
SFifty-tues days.

‘These sodium acrylate modified polymers were pre-

EXAMPLE XLVI 4p Pared m accordance with conventional solution poly-

Ths example descnbes the modification of polymers ~  menzation techonlogy usmg total soluds levels of
with sodium scryiste in order to incorporate sufficcent  20-20% in distulied water at ambient temperuture with
carboxylate groups m the polymer structure so that sbout 0 I phm mitistor The cited weight percentages in
gelation of these polymers, 1¢e, crossinking of these the polymer compositians reflect the relative weights of
polymers with polyvalent metal cations such as Cr(III), 45 TMONOmers charged to the polymenzation zone, ¢ ., the
is facihitated Incorporation of the sodiwm acrylate umty ~ 50/45/5 VP/Am/NaAA polymer was prepared by
mto the polymer 15 preferably carned out by copoly-  charging, respectively, 50, 45 and 5 parts by weight of
meninng sodium acrylate wath the appropnate mono- VP, Am and NaAA to the polymerization zone It was
mers to produce “sodium scrylste modified” polymens  hughly preferred to use abquots of a 25 weight percent
such #s e.g, poly(N-vioyl-2-pyrrohdone-co-acryla- ., aquecus solution of sodium scrylate for mtroducing the
mide-co-sodmum  2-acrylamudo-2-methyipropanespifon- ™ desired amount of NsAA Alternatively, the proper
ate-co-sodiom acrylate) (30/10/55/5) (VP/Am/-  relative amounts of VP, Am and acrylic acud conld be
NaAMPS/NaAA) snd poly(N-viny)-2-pyrrohdope-co-  charged 1o the polymenzation rone and the pH adputed
acrylamude-co-sodivm acrylats) (590/43/5) VP/Am/-  to convert the acrylic amd to sodium acrylste pror to
NaAA), snd paly(N-vinyl-2-pyrrohidone-co-sadium g5 the polymenzaton The expenmental procedures de-

2-acrylamdo-2-methylpropanesulfonate-co-sodm scribed 10 Example XLV were used 1n this example to
acrylate)}(VP/NaAMPS/NaAAX30/50/10). prepare and evaluntc the gels denved from sodium
acrylate modrfied polymers. Results are summanzed 1n
Tables LIX and LX.
TABLE LIX
Gelatlon* Studics On Sodlam Acryiete Modified VP*/Am? Priymer (Fresh Water 200 F )
Characier of G
Penod of Days
Palymer RunNo. <1 | 2 8 6 8 11 14 16 21 24 29 41 &1 47 7
VP/Am (%0/30) 12 Na/
VI/Am/NaAAS (30/45/1) 3’ H H H H H N H H
VP/AR/NaAA (0/40/10) 14 H R HHH HH H H
VP/AR/NRAA (03072 15 L M HHH HH H H
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TABLE LIX-contnued
Gelation* Studres On Sodnmm Acrylate Modifled VPS/Am? Polymer (Fresh Warer 200 F )

Charscter of Gel?
Fenod of Days

Polymer RmNo. <1 1 2 5 & 85 L1 4 1621 24 29 41 42 £ T

VP/Am/NaAA (50710/40) 16 NG* NG NG H H H H

*The redox couple of sodiam dachramare (cxidant) e sodiesn rvosulfae (reducumi) was wed o8 the gelhng systesn (1200 ppm caxda 6000 ppm
ai5cq foornoun & end b In Exsmple XLV (Tuble LVI).

represents soefiom acrylate
fooencte d o Exsmple X1V {Table LVII)
“NCI reproments Not Cellad: fiuid (lowed to hotily cap when batrle was pauitigned In o berbronta) arastation.
Nox gelled (NQ) sher 4 days i fresh watar G X0 F., ot geBed (NO) after 14 days In Synthele North B waiwr @ 200 F
TABLE LX
Gelaton® Studies On Sodum Acrylate Modified
VP*/Amb/NaLAMPST/AAY Water 200 F
Charscter of GeM
Penod of Duys
Polymar RunNo. <1 1 2 4 [ 18 25 3% 38 61 64 71 90 53 100
VP/Am/NsAMPS (MV/15/9) I8
VP/AR/SAS/NaAA (30710/95/%) ¥ M H HH M M M M
VF/Am/SA/NsAA (30/10/50/10) N M _ H HH H H M M M
VP/AM/SA/NsAA (30/10/40/20) 1. NG/ NO H H H B
VP/SA/NaAA (30/60710) 7+ L H W H

*The mdos ecxple of sodivm dichromste (oxidant) and sdiom tidomifur (redociso) was mmd me the geilmg syman (1200 ppe oxidans, 6000 ppm

h—-uuhmxwmmwm
md NaAMPS represem sndiom s 1fhnate
mdhmnvrrﬁl.wn

NpAA regreaeni mdben acrylate.

NO represents Not Oeflad Qi igwee] 10 bottle cxp whes bottle was

& berinantal

pashoned orkeatsbon.
nhﬂdmu)dhllﬁphmmem&uﬂdmmmIldlnhly-ﬂ-ththIUF

e meSom was Syntbsnc Nonh S weter § X0 P
Tioer pariod was M days.
#Time peried wa 167 dayn.

It was noteworthy that the sheif-life of the sodmm
acrylate modified polymers was mgnificantly longer

than the shelf Ide of the acrylic acid modified polymers 33

described m Example XLV This was reflected by the
loss of water solubility m the acryhe acud modified
polymers This behavior 18 presumably due to the acid
promoted mnxlization of pendant —CONH; groups

wherem the pendant —CO2H groups of the acrylic acid 40

umits are sufficiently acidic to promote the rmdization
Smnce the sodium acrylate modified polymers lacked
pendant —COxH groups, no built-in acudic promoter
was present to tngger the imidzation reaction between

pendant —CONH; groups. Of the modified polymers, 45

the sodiom ecrylate modified compomtions are pres-
ently preferred over the analogous acrylic acid modi-
fied composihons

Refernng to the results 1n Table LIX, it s evident

that the imnmodified VP/Am (30/50) polymer fafled to 50

gel m erther the fresh water mednon &t 200 F (run 12)
or m the synthetic North Sea water medwum at 200 F
(footnote ). Presumably this was due to the absence of
carbaxylate groups in the polymer Referrmg to the

results m ruma 13 through 16, 1t 13 evident that the so- 43

doum acrylate modified polymers were gelable under
the test condrtsons. The siower gelation rate observed n
run 16 may be due to the relatively ugh level of sodum
acrylate in the polymer, e, 40 weight percent. Once

ring to the results 1a runs 19 through 21, it 18 evident that
the sodum aerylate modified polymers were gelable
under the test condittons In run 22, a sodwm acrylate
modified polymer was gelled 1n Synthetic North Sea
water at 200 F The slower gelaton mate noted in run 21
may have been due to the relatvely higher level of
sodrum acrylate, 1 e, 20 wetght percent Even higher
levels of the redox components may be necessary to gel
polymers with higher carboxylate loadings. Presently, 1t
15 preferred that the carboxylate monomer level be m
the range of 1 to 15 waight percent
EXAMPLE XLVII

Ths example describes the preparation of magnesium
2-acrylamdo-2-methylpropanesulfonate 4-hydrate
[Ma{AMPS).4H20] from the reacton of magnesium
acetate 4-hydrate [Mg(OAcC):4H70] with either (a)
refined grade 2-acrylamido-2-methylpropanesulfome
acd (AMPS) or (b) commercaal grade AMPS

Thermal aging test data are also presented m this
example for (i) poly(magnesiom 2-scrylamido-2-
methylpropanesnlfonate), (1) poly(magnesium 2-
acrylarmdo-2-methyipropanesulfonate-co-sodium
scrylemudo-2methylpropanesulfonate) (30/30 w\m)

sgam the gelation capacity of the vanous polymers was 60 [Mg(AMPS)2/Na(AMPS)], and () poly(magnesium

probably due to0 the presence of carboxylate groups
pendant from the sodnm acrylate umits.

Referning to the results i Table LX, 1t 15 evident that
the unmoddied VP/Am/NaAMPS (30/15/55) polymer

2-acrylamido-2-methylpropanesnlfonate-co-sodium  2-
acrylamido-2-methylpropanesulfonate) (10/90 wt/wt)
[Mg(AMPS),/Na(AMPS)] The cied weight percent-
ages of monomers wn these polymer composiions re

fuled to gel m esther the fresh water mediom at 200 F 65 flects the relative weights of monomers charged to the

(nm 18) or m the Synthetic North Sea water medum st
100 F (footnote g) Appearently this was due to the
absence of carboxylate groups in the polymer Refer-

polymenzation zone, eg., for the 350/50 wt/wt
[Mg(AMPS)2/Na{AMPS)] polymer, equal weights of
magnenum  2-acrylamido-2-methylpropanesulfonate

w4
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and sodwm 2-acrylamudo-2-methylpropanesulfonate
were charged to the polymenzation zone

(a) Preparation of Mg(AMPSy4H:0 from refined
grade AMPS.

In a glass reactor equipped wath mn mnlet tube for
purgmg the system cantmuously with air was placed 60
g distilled water and 26.6 g (0 12 mole) of magnesum
acetate &hydrate This solution was stirred and mam-
tamed under mr blanket as 50 g (0.24 mole) of refined
grade  2-acrylamudo-2-methylpropanesulfonic acid
(AMPS) was slowly added and the reaction mixture
temperature was kept below 30* C.

After addition of the refined grade AMPS, the entire
reactan mass was poared mnto 8 3 1 volume/volume
muxtore of acetone (1500 mL) and cyclohexane (500
ml) io precipitate magnesium 2-scrylamido-2-methyl-
propanesulfons 4-hydrate, Mg(AMPS); 4H;0 (FWt
508) This mucture was chilled in an 1ce bath for one
hour before removing the precipitate by sucton filtra-
tion The product was washed twice with 100 mL por-
tons of cyclohexsne and dned mn vacuo at ambent
temperature to give approxmmately a quantitative yeld
of Mg(AMPS); AHZO

(b) Preparation of Mg(AMPS)2.4H10 from commer-
cial grade AMPS.

In a glass reactor equpped with an inlet tube for
porging the system continuonsly with air was placed 80
g dushlled water and 395 g (0.18 mole} of magnenzm
scetate 4-hydrate. This soluttion was stured and main-
tamned under air as 78 g (0.36 mole active basis) of com-
mercial grade 2-acrylanudo-2-methylpropanesulfomc
acd (AMPS) was slowly added and the reaction mix-
ture temperature was kept below 30* € The reaction
mxture was strred an additional 15 minutes afier all the
AMPS had been added In order to soluluhze all the
components m the muxture, the strred maxture was
aliowed to warm to ambient temperature

The entre reaction mass was poured mto a 5 1 volg-
me/volume moxture of acetone (2500 mL) end cyclo-
hexane (500 ml) to precipitate Mg(AMPShAH20
This mixture was chilled m an ice bath for one hour
befare removing the preciptste by sucton filtration
The product was washed three ttrmes with 100 mL por-
tions of cyclohexane and dned mn vacuo at 40° C. to give
sbout 2 95% yeld of Mg(AMPSh.4H:0

The polymers used in the thermal aging tests were
prepared m accordance with conventional solution
polymernization technology usmg total solids levels of
20-30% 1n dutilled water at ambient temperature with
about 01 phm of imtetor The samples of sodim 2-
scrylamido-2-methylpropanesulfonate (NaAMPS) and
Mg(AMPS); AH,0 used in the polymenzstions were
prepared form refined grade AMPS. The gelled reac-
ton masses from the polymenzations were amuxed with
mifficient synthetic North Sea water to prepare 01
weight percent and 0.25 weight percent solutions for
solubon messurements. Test results are sum-
manzed m Table LXI

TABLE 1.X]

Mp{AMPS); Polymers m Synthetsc Nerth Sca Waler (GNSW)
Vo Vcmlty 250 F
Run _Monomer Usits (W1 %) ENEW [0.25 SNSW) cP

No. Mg(AMPSp NaAMPS 5 C Unaged  Aged
1 100 0 "% 242 176
2 0 50 989 in 17
3 10 90 B6S 218 17

25

L
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Refernng to the results in Table LX]I, it 15 evident
that the Mg(AMPS);-containmg polymers in SNSW
provided solutions which retaned s sgmficant percent-
age of solution viscosity afier thermal aging and the
average solution viscosity of the thermally aged solu-
tions was ehout 6 times that of sea water at 250 F This
behavior mdicates that the polymers are potentally
pseful 1n mobility control ander hostile environment
conditions.

Preliminary investgations of the analogous systerns
witk calcium 2-acrylamido-2-methylpropanesolfonate
[Ca(AMPS);] and alummom 2-acrylamido-2-methyl-
propanesulfonate [AI(AMPS);] mdicated that these
aalts were sigficantly less soluble m aqueous systems
than the Mg(AMPS); monomer In view of ths findimg,
the Ca{AMPS); and AI(AMPS)j composmians were not
extensively studied

EXAMPLE XLVIII

Thi example describes the preparxtin of dmoune
salis of 2-acrylamido-2-methylpropanesulfonic acid
(AMPS). The molated aalts or solotions of these salts
can be prepared by nentralinng AMPS with selected
diamines such as N,N,N',N'-tetramethylethylene -
amine (TMEDA), N,N,N',N'-tetramethyl-1.4-
butanedmamine (TMEKBA) and N,N,N’,N'-tetrameth-
yl-1,6-hexandediamme (THDA)

Thermal aging test data are also presented m this
example for polymers denived form the diumme/AMPS
salts

{(2) Preparation of TMEDA(AMPS);

A solution of AMPS was prepared m a 300 mL. Erlen-
meyer flask by mixing 250 mL of N,N-dimethylforma-
mde (DMF) with 30 g (0.24 mole) AMPS. A separate
solution of N,N,N',N'-tetramethylethylenediamine
(TMEDA) m DMF was prepared by muxing 146 g
(0 12 mole) TMEDA wath 50 mL of DMF in a 250 mL
flask The strred DMF solution of AMPS wes cooled
m an 1ce hath dunng the dropwise addihom of the TME-
DA/DMF solutton. After this addihon was complete,
the reaction muxture was strred for another 15 mmutes

The total reaction mass was poured mto 1000 mL of
cyclohexane and the addtion of 280 ml. of methanol
gave a two phase mixture. The top phase was separsted,
diluted with 1000 mL of acetone and allowed 1o stand
16 hours to complete the precipitation of the diamine-
/AMPS salt The precipitate was removed by suchon
filtration and dried m vacuo at ambient temperature to
mve 43 8 g of TMEDA(AMPS); (68% yield)

{b) Preparation of TMEBA(AMPS);

A solution of N,N,N',N'-tetramethylbutansdiamne
(TMEBA) was prepared m & 500 mL Erlenmeyer flask
by muxmg 300 mL of DMF wath 22.2 g (0 15 mole) of
TMEBA. This solution was stirred m an ice bath and to
this cold solution was added portion-wase a total of 60 g
.29 mole) of powdered AMPS (commercial grade)
After all the AMPS had been added, a thick slurry wa
obtamned.

This slurry was diloted with 150 mL of methylethyl
ketone before pouring the entire reachon mass into a
muxture of 500 mL of cyclohexane and 350 mL of meth-
ylethyl ketone. Precipitaton of the TMEBA(AMPS);
salt was allowed to continue for one hour and forty-five
mmnutes before suction filtrahon. The product was
washed twice with 100 mL partions of cyclobexane and
dried in vacuo at 35° C. to give 76.8 g TMEDA-
(AMPS) (95% yield).
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{c) Preparation of THDA(AMPS);
This salt N,N,N',N'-setramethylhexanedismmonmum
2-acrylamxdo-2-methylpropanesulfone [THDA.-

{AMPS);] was prepared in essentially the same manner
as the above TMEDA(AMPS); and TMEBA{AMPS);
selts.

Polymers of the vanous diammne/AMPS salts were
prepared m accordance with conventionsl solution
polymenzation technology using total sohds levels of
20-30% m distilled weter at ambient temperature with
about 0 1 phm of mitrator As indicated heremabave the
cated weight percentages of monomer umts m the poly-
mer composibons reflects the relative weights of mono-
mers charged to the polymenzation zone .

The gelled reaction messes form the polymenzations
were puxed with sufficsent synthetic North Sea water to

118
was carned out at 33% total solids with 5 parts by
weight of TMEBA/(AMPS); and 95 parts by weight of
NaAMPS prepared from refined grade AMPS The
aged solotion viscomty value of 5 31 15 about 19 hmes

5 the viscouty of sea water at 250 F which indicates that

this system possesses potentia] as a mobbty control
agent under hoshle environment condibons

EXAMPLE XLIX

10 This example describes the preparation of AMPS

salts of dmines whuch are charactenzed by the pres-
ence of an ohgomeric mowety between the ammo
groups These compounds are poly(oxyethylene) di-
amnes denved from oxide-capped polyeth-

15 ylene glycol The AMPS salts of these dixmmes have

the structures shown below,

(AMPS-) u,ﬁ—cl'.u—cu; CH~ al:am.-[o—car-z:'—];ﬁm (AMPS-)
CHy CH) N
ﬁl )

AMPS— represeats H;c-dl—c—hm—(l:—ﬂ'lz—mr

prepare 0.1 weight percent and 0.25 waight pevcent

CHy
The dismines used 1n nevtraizing AMOS are available

solutions for solution viscomty measurements Test re- 39 from Texaco Chemcal Co. and are kmown as Jeffarmne

sults are summanzed m Table LXI1
TABLE LXI1

Ed Compounds The dixmunes ED-600, ED-900 snd

Pol of Diang

Salus in Synthehe North Sea Water

v (0.1 {0.23 SNSW) cP

Rm  TMEDA® ___Monomer Uniis (Wi %)  THDAS
No. (AMPShp NaAMPS? TMEBAT(AMPS): (AMPS); SNSW25 C. Unaged Aged
i [ [ [ o

1 10 %0 0 0
> 10 . 0 )

4 [+ 100 o o

] 0 87 3 o
& [} 95 5 )]

7 0 50 10 o

] Q 1 13 0

9 0 0o o 0

0 0 o ]

1 0 0

Lo 10

955 1138 1m7¢
88 193+ 1354+
1) 167 093
58 130 ass
62 133 142
(1] 13 125
19 L40 m
43 130 143
43 1.44 141
[+ 13 134
&0 136 130

wai Mt % VP 13w & Am, 10 wi 5 TMEDA (AMPH) and 43 w1 % NasAMPE

*Tha componrthen
*0A duplicar: sumple of this composition prepared from vefined

#Unaged valoe an o duplicns sempls was 243 and aged valee was | M.
+Umged valce oo doplicate mple was 240 snd aged value wes | 94

grade AMPS pxve on sxaged ralution vaxcodty of 381 and an

*TMEDAAMPE); represces the mbt of J-scrylamiio-Jawthylpropussscd o acel (AMPS) and NONN" N -trirameshyle-
thylnedismine.

representy apdivm J-acyylmudn-1-nethyipropensmtionts.
“TMEBA{AMPS); reprvswnts the ml of AMPS and NNN'K" ethyl-1.4

STHDAAMPS); represests the b of AMPS azd NNV sthyl-1 5

Referring ta the results w Table LXTI, 1t 13 evident

that relatively amall Josdings of the dinmune (AMPS); ss

monomer m copolymerizations with NaAMPS (from
commercial grade AMPS) provided potentially wseful
modified palymers. Afier thermal aging, solutions of
these modified polymers 1n SNSW exhibited good re-

ED-2001 were used snd their descriptors are shown
below

teation of solution viscomty (see aged and unaged vis- 9  Dismine anRange (x+ b)Range  Approx Mol Wi

costty values). The average aged viscomity of the di-
anune (AMPSy;/NaAMPS copolymer soluboms was
about 5 umes the viscomty of SNSW at 250 F Ths
behavior shows that the polymers are wsefuol i moinhty
control under hostile environment condstions.

The best performer in Table LXI11 = found 1n run 6**
In the preparation of the 5/95 TMEBA/(AMPS); salt,
refined grade AMPS was used The copolymenzation

ED-600 -y 1.3 600
ED-500 15-16 -} 0
ED-200} 4D-41 2-3 v 2000

63 ‘Thermal aging test data are also presented m thus

example for polymers denved from the oligomenc
dumine/AMPS salts
{a) Preparation of ED-600/(AMPS); monomer

|5l
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A charge of 63 3 g (0.202 equivalent, 4 7% excess) of  polymer solutions was about 3 3 tumes the viscouty of
ED-600 and 97 6 g of dbiled water was placed inn 400  SNSW at 250 F Thas behavior indicates that the subject
mL beaker This stirred muxture was chilled 1in an 1ce polymeny are wsefa]l m hosnle environments, 1¢, at
bath dunng the gradoa! addition of 40 g (0.193 equiva-  temperatures 1o excess of 170 F and mn the presence of
lent) of 2-acrylamido-2-methylpropanesulforuc ac:id 5 greater than 500 ppm divalent metal cations Most re-
(AMPS). The reaction mixture temperature was main-  markable x5 the essentially 100 percent retentton of vis-
tamed at a temperature of less than 30" C asthe AMPS  comty on high temperature aging.

TABLE LX111
of MPS); Seks thetic Ses Wrter
Unsts (Wt %) [0S SNSW) P

Run No. ED-S00F (AMPS) ED-W0P(AMPS: _ NaAMPS _ ED-2001°(AMPSh IV@I)SNSW25 C.  Umaged  Aged

12 2 0 ™ 0 63 129 146

13 3 0 9 0 58 116 114

7 10 o % 0 52 09 10

1” 0 2 ] 0 s4 117 108

16 0 10 0 0 T 09 0N

17 ° ° 9 2 a8 m 1.08

1 o 0 © 10 49 10 09

“ED-4R (MW ga. 400) b an cligomeris dmmme deacribed by the fiarssls

T o]

Mlhhﬁm;dhdu-ruih*

[~ 1]
|
|
AW ea. F00) b deacrioed By oy sbeon Fommiams Wherein u [ 3-36 amd {a + b) b 3-).
SED-XI01 (W cn. 200) Is decrived My the above formsis whersia 5 Is 8041 #0d (¢ + b) b 31,

was added After all the AMPS had been added, the
reaction muxture was stured for an additional 30 mm- EXAMPLE L
utes. The measwred pH of this muxture waa 7 68. This
procedure provided an aqueons muxture of ED- This example describes the organic crosmlmling (ge-
§00/(AMPS), containing approximately 50 weght per- 30 lation) of polymers useful in » hostile environment char-
cent of the ED-600/(AMPS); monomer Alquots of  acietized by the presence of pendant —CONH; groups
thas solution were waed tn the solution polymenzations  dlong the polymer cham. The preferred cromlinking
(b) Preparation of ED-900/(AMPS); monomer system 1 & cambnation of phenol and formaldehyde
This monomer was prepared m essentally the same  The following polymers were tested (a) poly(N-vayl-
manper s the ED-600/(AMPS); monomer described 35 2-acrylamdo-
above A stock solution of ED-900/(AMPS); n water Wﬂpmm;sﬂnf;) w%{luﬂ;)z (wt/wi/wit)
(50 weight percent) was prepared Aliquots of this soln- Am/NeAM -vinyl-2-pyrrohdone-
tion were used in the solubon polymenzations The pH amide-co-sodium  2-acrylamido-2-methylpro-
of ths stock solution was 7 78 panesulionate) (30/15/55) (wt/wit/wt) (VP/Am/-
(c) Preparation of ED 2001/(AMPS); mosomer 4 NaAMPS),  (c)  poly(acry! um  2-
Thus monamer was prepared mn essentislly the same  Acrylamudo-2-methylpropanesulfonate) (40/60) (wt/wi)
manner s the ED-600/(AMPSp and ED- (Am/NaAMPS) md (d) poly(N-vinyl-2-pyrrolidone-
900/(AMPS); monomers. A stock solution of ED-  co-acrylumude) (60/40) (wt/wt) (VP/Am)
2001/(AMPS); 1n water (50 weight percent) was pre- Synthetic North Sea water was used as the agueous
pared Aliquots of this solohon were use din the solu- 43 medium 1p all of the expenimental work. Synthetic
tion polymenzations. The pH of this stock solubon was ~ North Sea water was prepared by dissolving the follow-
$5%6 ing snonnis of salt in sufficient dehilled water 1o give 18
Polymers of the vanous oligomenc dismine AMPS  biters of saluton (SNSW)
malts were prepared in scxordance with conventional

solution polymenzation technology uung total solids 50 oa a0
levels of 20-35% m distilled water at ambient tempera- NagS0, 'ru:
ture with about 0.1 phm of mnitistor As wndicated sbove, NgHCOy Alg
the cited weight percentages of monomer umts m the MgCl.60 1995
polymer compomtioms reflects the relative weights of G130 Bés
manamers charged to the palymernzation zane 55

‘The gelled reaction masses from the polymerizations Stock solutions of polymers were prepared m SNSW
were mixed with sufficient synthettic North Sea waterto In general, sufficient gel log polymer was dimsolved m
prepare 0.1 weight percent and 025 weight percent  SNSW to give a polymer concentration of 10,000 ppm
solotions for solution visconty measurements. Test re- Far example, an 18.5 g sample of gel log polymer con-
sults are summanzed m Tahle LXIII 60 tunmg 3$ wesght percent polymer can be dissolved m

Referring 1o the results in Table LXTIL it w evadent  suffictent SNSW to give about 647 g of 10,000 ppm
thet the oligomenc dinmns/AMPS salts m relstively  polymer solution. Thus proved to be a convenient con-
small smounts yielded copolymers with NaAMPS  centration for use m these gelation expermments.
whuch are useful as hostile environment polymers After Stock solutions of phenol and formaldehyde were
thermal aging in synthetic North Sea water, solut:ons of 65 prepared by mung formahn solution (37 weight per-
these modified polymers exhibited good retention of  cent formaldehyde, 139 wemght percent CHyOH and
solution viscoaity (ef aged and unaged viscosity val- 49 1 weaght percent H20) and phenol (88 weight per-
ues) The average aged vicomty values of the modified  cent phenol, 12 weight percent water). The weight ratio

/95
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of formaldehyde to phencl 15 preferably about 11
whuch corresponds to about a 3 1 molar ratio of formal-
dehyde to phenol In order to obtan, g, a 1 1 wt/wt
ratio of phenol to formaldehyde, 29 6 g of phenol (88 wt
96 CgHsOH) 15 caombmed wath 70 4 g of formalin (37 wt
% HCHO)

2 6x0.48a 200 g CgHsOH

WAX0IT=16.0 g HCHO

The 100 g of solution exhitated a density of about 1.076
g/mL. Ths stock soluton contains about 260,000 ppm
CsHsOH and sbout 260,000 ppm HCHO

The preparation and thermal aging of HCHO/Ce
H3OH cromhinked HE polymer gels was carrred out in
ampoules with a capacity of about 62.5 mL. The cyhn-
dncal glass ampoules were 23 mm ODX225 mm m
Jength, one end was scaled and to the other end was

sealed 8 6 mm OD X80 mm long glass tube This tube 20

was sealed by & torch prior to incubstion of the test
samples. The total test sample i each ron amounted to
about 20 mE.

After the introduction of the polymer soluton and
the HCHO/CsHsOH gelling agent, the amponle was
alternately purged with nitrogen and evacuated by a
vacuum means 3 tmes at ambent temperature. The
system was then chilled for 2 minutes in a salt water-ice
bath and the purge/evacuation cycle was repeated

The tce-malt water bath was replaced with an 85 F
water bath snd the system was sllowed to warm up for
sbout 2 minutes. The ampoule was gently shaken which
resulted m the controlled bubblng of the polymer test
sample. The amponle was removed form the warm
water beth and the system was adjusted to 1 atmosphere
N3 pressure

The ampoule was re-cooled m the salt water-ice bath
before repeating the Nz purge/evacuation cycle Before
seahng off the ampoule wath a torch, the pressure m the
ampoule was adjusted to about 0.8 atmosphere N,

The sealed amponles contaimng about 20 mL of the
palymer solution and the HCHO/CeHsOH gelling sys-
tem were mcubsted in an ar-circnlating tempersture
controlled oven The ampoules were placed 1n an alum
nun contaner equipped with a clamp-fastened top and
the contamer was placed mn the oven Ampoules were
removed form the oven at specified time mtervals and
ihe test fluids were cbserved in regard to their tendency
to flow Semples were incubated at 200 F 250 F and
OF

I the gel flud flowed the entire 225 mm length of the
ampoule with the ampoule m & honzontal onentation,
the flud was consdered not gelled (NG)- As gelstion
progresied the gels were qualtatively evalusted by
noting the tendency of the gels to flow as reflected by
“tongue lengths” Zero on the tongue length scale being
defined by the flud tevel in the ampoule when the am-
poule = 1n an upright pomtion Once the gelahon had

progressed to the pomnt at which tongoe lengths were g

on the arder of §” in the borizontal position, the gel was
dengnated a5 hard (H~). If the tongue lengths were on
the order of 1" m a tilted ponticn 45° from the horizon-
ta], the gel was dessgnated as hard (H) If no gel move-
ment was detectable with the ampoule 1n an mverted
cnentation, the ge] was designated as very hard (VH).

Sample mixtures of polymers and the HCHO/Cs
HsOH organic crosslinking {gelation) agent were pre-

55
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pared, e g., by mxing appropnate amounts of SNSW
polymer solution and a gelling sgent solution containg
equal concentrations of formaldehyde and pheno! The
total sample muxture m each run was on the order of 20
ml.

In the systema studied, the relative concentrations of
formaldehyde and phenol (ppm) were about the same
The concentration of polymer 1 the test semples was
aboat 10,000 ppm. In rans 1-6 and 10-12 (Table LXIV)
the formaldehyde and phenol concentrations were 10
the range of 450 to 600 ppm. In runs 7-9 the phenol and
formaldehyde concentrahons were i the range of 2750
ppm

Refernng to the 200 F results m Table LXIV, 3¢,
runs 1,4, 7 and 10, 3t w» evident that all the polymers
crossimked to hard to very hard gels which exhitated
good stabihty over a long penod of time at 200 F None
of these gels had lost stabality when the tests were tero-
nated, respectively, at 35, 35, 155 and 99 days

Refernng to the 250 F results 1n Table LXIV, 1e,
runs 2, 5, 8 and 11, it u evident that ell the palymers
except for Am/NeAMPS (40/60) (see nm 8) croes-
hinked to hard or very hard gels which exhibited good
stability over a long period of tme at 250 F None of the
stable gels 1n runs 2, 5, and 11 had degraded when the
tests were termmated, respectvely, ot 40, 40 and 99
days. The system in rup 8 gave a relatively fast gelsion
rate but the gel exhibited mgmificant syneress and the
test was terminated 1 sbout 19 days.

Refernng to the 300 F results in Table LXIV, 1 e,
runs 3, 6, 9 and 12, it 1 evident that all the polymers
except for Am/NaAMPS (40/60) (see run 9) cross-
Linked to bard or very hard gels which extubited good
stabnlity over a long penod of time at 300 F None of the
hard gels m runs 3, 6 and 13 had exhibited any syneresis
when the tests were termunated, respectively, at 40, 40
and 99 days The system m run 9 gave a fast gelanon
rute but the gel exhibited severe synerean and the vest
was lermunated 1n less than 3 days

Attention 15 called to the relatrvely high concentra-
tions of formaldehyde (2542 ppm) and phenol (2942
ppm) used with the Am/NaAMPS (40/60) copalymer
mruns 7, 8 and 9 In runs 1-6 and 10-12 the formalde-
hyde and phenol concentrations vanied over the range
of about 450 ppm to sbout 600 ppm. Perheps the hugher
concentrations of the HCHO and phenol at the higher
temperstures of 230 F and 300F resulted 1n an undesir-
sble overtreatment reflected m the synerens of the gel
The syneresm sometymes resolts if the gel s too haghly
crosslinked. At 200 F, however, the lugher concentra-
tons of HCHO and phenc! (see run 7) resulted m & very
hard gel which had extubuted no syneress after 153 days
at 200 F

In prelimmary studies the polymer sin Table XVII
were crosslinked with HCHO/CgHsOH m fresh water
at200F 250 F and 300 F The very hard gels exhibited
no gynevesis n agig studies at 200 F , 250F and 300 F

The results 1n Table LXIV, especaally in runs 1-6 nnd
10-12 mdicate that the gels preduced by the
HCHO/CsHsOH cromlmking of stable polymers bear-
mg pendant —CONH; groups 1n SNSW are nseful for
permeability contrest corrections under harsh environ-
ment conditions, 1 e, temperatures 1n excess of 170 F
and hardness cation concentrations m excems af 500
ppm.
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TABLE LXIV

Run  Oven Temp.  Drtentable Charcter Length of
HE Polymer No. F Ocl (Days)  Appoared Completed® of GeV' Test (Duys)
VP/AmE/NaAMPSE® 1A 00 4 %0 Hand 33
(A3/25/40) 2 1%0 13 s Very Hard 0
] W o 28 Very Hard «
VP/Am/MNaAMPS o 200 &0 1o Hard 33
(A0/15/35) 5 kL 18 40 Hard 40
] X0 0as 0 Hard 40
Am/MNaAMPS ¥ 00 k1) X Very Hard 153
{40/60) ] 30 <10 <30 <1%
9 300 <0.6 (-1} Syoeresedt <27
VP/Am 10t o n “ Hard »
{60/40) n %0 3 e Very Harnd %
12 300 1 3 Hard »
VP represents N viayS-2-pyrrolidons.
SAmn represesey acrylemide.
“NaAMPS represass sodiwm

L-scrylamided.outhyipropesesalfone.
‘mm&mmmtmdmmmh.ﬂmn-nwu:nsnmurm

amposls m the borizontal

aylindrical
“Thow v lslicets the approaite member of days of incobation raguired o reach the e finkzes of the gal
/he ¥ or band geie provided tongne leagtie o the order of §* with the aspoci is & itad ariexmtion of 43 froa the horlswntal The

VH or very hand gubs showsd oo gl whb the o wa W'

e geis sacergoing fymerels exbibited s biyer of Buid which el ssparsted from che bady of the gel. The mare arvers ibe synarsh, the
gﬂudmuvd-d‘m-mﬂuphn Aging sty were terminated sy sixim 53 fystreshs was detactsble

of

of palymer formaldchyds and phennl, respettivaly were 9977 ppm, 351 pp snd 398 ppn
aad

formaldeiryde
iCaneamraticns of palymer formakiehyde sad phesol, respectively werr 9998 ppm, 3343 pem and 3942 ppm.
Aoarssrrations of petymer farmmidairyds: kad phescl, respecavely were 9916 ppo, 434 ppn and 451 ppen,

Whhle this mvention has been described 1 detail for 30

the purpose of flustretion, 1t 15 not to be construed as

hmuted thereby, but i 1ntended to cover all the changes

snd modificstions wathin the spart and scope thereof
‘That whuch 5 claimed 15

contmued
CHriey

(CHoa

1 A process compnmng myecting a surfactant system 33 Where 1 1 on integer of 1-5, and R™ u a 1-3 carbon

mio a subterranean formaton under hostile condibons
defined as having » formatron temperature and multiva-
lent cation concentration above the infimte days hine of
FIG 14 through an mnjection well to form s miceller

composthion or microemulston m sud formaton, there- 40

after mjecting a mobihty buffer slug comprsmng a
water-soluble polymer produced from a monomer com-
PosIuon compnang st least one monomer selected from
the group consistng of hydraphuhic N-viny! amrdes and
hydrophlic components of the formula

R R
RCmC—{X)p.| SO:M or

R R
ROmC-=(X).1 PO3M whereln

R 1 methyl], ethyl or H, provaded further that at least
one of the R groups on the termunal carbon of the vyl

group 15 H and the other u H or methyl, M 15 selected 53

from the group conmsting of H, Na+, K+, Lit,
Rnu‘Nq.. c.++, M'++. In+ +' sr++' Fe""!" Mn+ +,
and +NH3RINH;+ where R! 18 o 1-20 carbon atom
divalent hydrocarbon radicsl, R 13 H, —ROH or a

Iﬁ;ammmmdkylmwhﬂunx:swlmw

atom alkyl group, or H, thereafter mtroducing a dnive
wmdmwmngoﬂfrmamcedmnprodmnon

2. A process sccordmg to claim 1, wherewn said con-
ditions are further defined by a concentraton of saxd
divalent 1ons within the range of 1000 to 100,000 ppm.

3. A process compnsng injecting 8 surfactant system
wto a subterranean formaton under hoshle conditions
defined as having & formation temperature and multiva-
lent caton concentration above the infinite days ine of
FIG M through an injection well to form a miceller
camposition or microemulsion m sad formation, there-
after mjechng a mobihity buffer slug compnsing & poly-
mer produced form a mondmer CoOmpOsIon COmMpIIng
at least one monomer selected from the group connist-
g of hydrophihic N-vanyl lactams, kydrophilic vinyl-
containmg sulfonate salts and the corresponding acads
thereof, thereafier mtroducing a drive flud, and recov-
ermg oil from a spaced apart productiom well.

4. A process according to clum 3 wherein smd sur-
factamt compontron comprises a petroleumn sulfonate
surfactant and an alcchel cosurfactant.

53 A process accordmg 10 claim 4 wherem said poly-
mer 13 & homopolymer of N-vinyl-2-pyrrolidone.

6. A process according to claun 4 wherewn smd poly-
mer 15 & copolymer of N-vinyl-2-pyrrolidone and an
unsaturated amde.

7 A process accordmg to clarm 6§ wherem said unsat-
urated amde Is selected from the groop conmsting of
acrylamide and N,N-dimethylacrylamde.

8. A process according to clum § wherem sud mono-
mer composttion comprised N-vinyl-2-pyrrolidone and
sodium 2-acrylamdo-2-methylpropane-sulfonate
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9 A process according to clum 3 wherein smd moao-
mer composition comprisey N-vinyl-2-pyrrolidone.

10 A process aecordmg to claum 3 wherein said mon-
omer composttion comprues said N-vinyl lactam, sasd
vinyl-contuming sulfonate salt and an ussamrated am-
ide

126
11 A process according to clmm 3 wheremn said mon
omer compoxttion comprises sodm 2-acrylapudo-2-
methylpropanesulfonate
1 A process sccording to clum 11 wherein smd

3 monomer oonsists essenhally of said sodum-2-

10

35

45

55

acrylamido-2-methylpropanesulfonate
13 A pracess accordmg to clam 11 wherein sad
monomer COMpOsInon comprises sodium 2-acrylamido-
2-methylpropanesulfonate and an unssturated mmde
selected from acrylanude and N.N-.dmet.hyhcryhmﬂ:
L]

5
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There 8 disclosed & method of recoveriag o1 from a
subterranean oil formation having the vertical thickness
of 40 it or more The method explorts the effect of
gravity on the vanous slugs of diverse matenals m-
Jected mto the otl column of the formation The method
compnses mjechng a surfactant slug mto the lower
50-75% of the vertical thickness of the o1l column, then
injecting a slug of & mobility coatrol polymer into the
upper 30-75% portion of the thickness of the oil col-
umn, followed by the injection of a slug of a dnve flwd
over substantially the entire vertical thickness of the oif
formation. Ophonally, & low-salruty pre-flush slug may
be mjected to remove hugh salinity water from contact
wiih the ¢il and an allmlme pre-trest sclution may be
myjected to remove divalent 1ons pnior to the mpechon of
the sarfactant slug
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OIL RECOVERY PROCESS UTILIZING
GRAVITATIONAL PORCES

BACKGROUND OF THE INVENTION

1 Field of the Invention

The tnvention 13 directed to an improved method of
recovenng ol from underground, relatively thick o
formahons. More particularly, the invention is chrected
to the recovery of cil from such formatons wherem a
surfactant and a moblity coatrol agent, alone ar with
additional optional agents, are mjected mto the forma-
tion at predetermuned, vertically-spaced portions of the
ail formation

11 Descniption of the Prior Art

In the recovery of cil from subterranesn formations,
the ail is usually mitally extracted by primary recovery
techmques which rely on the naturaily-occurrng reser-
voir pressare forces to provide the pressure necessary
10 recover the oll. Once the recovery tech-
ruques are completed, a substantial emount of oil may be
present 1n the retervow, depending on the reservowr
conditions. To recover thu ail, secondary recovery
techniques have been employed m the past Oae of such
secondary recovery techmques mvolves waterfloodng,
whereby water Is mjected 1nto the porous rock, thereby
displacing the brme and part of the o1l m the portions of
the formaton contacted by the waterflood. As injected
water mvades the porous rock, an ail-water transthon
zone 15 created wherem the mereasing saturation by the
water causes the rupture of the continnous ol flaments
If the rock-oil-water system 1 preferenbally water wet,
the oil that remmns 18 in the form of discontinuous glob-
oles or ganghs surraunded by rock and solated by
water This oil 18 trapped by capillary forces and 1
normally referred to in the art as “resdual oil” The
restdual il communicates directly wath water-saturated
flow channels, It 13 known in the art that pores contam-
g the resdual oll contan very little water The forma-
tion of the reudual ml gicbules dunng the waterflood-
1ng process 15 dependent zpon a number of critera, such
a3 otl-water mnterfacaal tension and pore geometry Ter-
uary ol recovery techmiques have been developed in
the past to recover this remdual o1l In the tertary oil
recovery it 18 easentinl that the water in the water-
saturated flow channels be replaced with a different
flud which mnteracts with the o1l 1n the trapped gengl
and canses at least & part thereof to be dsplaced snd
coalesce with other sumilarly-displaced globules of oil
to form a continuous o1l stream which is forced to flow
m the formation and then 1 recovered at the surface
thereof, e.g., throngh a switable well

Vanous surfactants have been used i the past i the
tertiary ool recovery techniques to cause the resdual o1l
globales to be displaced and subsequently coalesce wath
other similarly-dmplaced oil globules to form a continu-
ous o1l flow, as deacribed, € g., by Reed et al, in “Some
Phyuochemical

Sur&ctaut and Polymer Floocing”, AMERICAN IN—
STITUTE OF CHEMICAL ENGINEERS SYMPO-
SIUM ON IMPROVED OIL RECOVERY BY SUR-
FACTANT AND POLYMER FLOODING Kansas
City, Kana,, 1976, Published by Acadenuc Press, Inc.,
New York, 1977, the eatire contents of which are incor-
porated heresn by reference.

Petroleum scifonates, usually obtaned by subjectmg
hydrocarbons, such as crude ail or partmlly refined oil,

3
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to sulfonation canditions are known in the art as effec-
tive surface active agents used m enhanced o1l recavery
{EOR) epphcations. Varous sulfonates and the use
thereof as surface acting agents m the enhanced oil
recovery applications are disclosed by Ahearn et al,
U S Pat No. 3,302,713, Patton, U S. Pat. No. 3,373,808,
Jones, US Pat No 3,506,071, Gale, US. Par
3,861,466, and Aude et al, U S. Pat. No. 4,250,973 Ad-
drtionally, other materials known in the art can alsg be
used s surfactants to free the ol and coalesce the dw-
persed globuies thereof into a continuons stream. Such
suitable other surfactants inciude, but are not lumited to
synthetic alkylaryl sulfonates, as described m US Pat,
No. 3,994,342, internal olefin and alpha-olefin sulfonates
described i U S Pat. No 4,549,607, propoxylated cth-
oxylated alcoho] or alkylpkenol ether sulfetes and sulfo-
nates described m U § Pat. No. 3,977,471, aliphatic and
aromatic carboxylates described m US. Pat. No
4,556,493, and nomonic surfactants, as descnbed by
Gracias et al m the paper “Cntena for Structuring
Surfactants to Meximuze Solubiizatson of Ol and Wa-
ter- Pant 1-Commercia] Nonionics”, which appeared m
Soc of Petr Eng Journal (Oct, 1982), 22, 743-T749

The entire contents of all of the above patents and
publications are mcorporated by reference herein

‘The surfactants used 1a the large volumes necessary
to recover a substanbal proportion of the residual ol
substentially mcrease the overall cost of o1l recovery
Accordingly, it m:mportant to mimmize, when possible,
the amount of the surfactaat used to recover the remd-
ual ol from a particular formation. Simularly, moblity
control polymers, also used wn the past to control the
flow of drive flmd and/or flooding flmds inta the ql
formation also add substantially to the overall cost of
the ofl recovery cperation Accorndingly, it 15 also 1m-
portant to minmmize the amonnt of such mobility control
polymers used m the tertiary recovery operations.

Thus, a need still exists in the art for providing an
improved process of recovenng il from underground
formetions wherein the amount of the snrfactants and
mobility contrel polymers used in the o1l recovery pro-
cess 18 substannally reduced

SUMMARY OF THE INVENTION

A method of recovening o1l from a subterranean oil
formation having the vertical thickness of at least 40
feet utilizes at least one myect:on well and at least oze
production well spaced apart from the mjection well
The method compnses the consecutive steps of
(1) mjecting & surfactant slug mto the lower 50-75%

vertical thickness of the oil column,

(2) myecting a slug of » robihty contro! polymer into
the upper 50-75% portion of the vertical thickness of
the o1l column,

(3) mpecting & dnve flud throughout substantially
100%& of the vertical thickness of the o1l column, and,

(4) recovenng oil from the production well.

DETAILED DESCRIPTION OF THE
INVENTION

The mjection of the surfactant and the mobility con-
trol polymer slugs into the oil columan at the vertical
thaickness regwns specified herein promotes the man-
mum utdization efficiency of the surfactant and the
moblity control polymer since the gravity forces actmg
<n the respective slugs of these matenals tend to maxi-
ouze the recovery of the ail upon mjection of & imued

157
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amount of chemicals 1ato the underground formation.
The surfactant desirably forms a muddle phase micro-
emulsion wath the reservorr brine and oil. The density of
the microemnulsion is greater than that of the ol m the
formation but lower than that of the water; accordingly,
the microemuinen and oil released by the microemul-
mon tend 1o travel upwards in the vertical ml formahon

The polymer slug 18 injected after the surfactant slug
mto the upper 50 to 75% porton of the vertical thick-
ness of the o1l column because, at the tune of the mpec-
tion of the polymer slug, most of the ol in the formation
15 either located n the upper portion of the o column
or 1s nugrating mn that direction. Accordingly, the mjec-
tion of the polymer slug into the upper region of the ail
column maximzes the efficency of the polymer The
mjection of cpticnal, addrtional slugs of diverse materi-
als, drscussed below, into the ol column at the relative
vertical elevahions, specified below, of the o1l column s
also designed to obtamn maxmom advantage from the
pravitationel forces actimg on such slugs, thereby maxi-
mizing the effimency of the mjection thereof The term
“wvertical thickness of the o1l column™, as used herem,
designates the thickness of the portion of the formation
contuning the ou, measared 1n & vertical direction from

20

the top to the bottom of that portion of the formation. 25

To fully utilize the beneficial effact of the gravitational
farces on the ol recaovery 1n the method of this inven-
tion, the subterannean ol colnmn must have the vertical
thickness of at least about 40 feet, preferably at least

4

sulfonates, such as those described in US Pat No
3.977471, which are not yet offered as commercial
surfactants, and ethoxylated alcohol and alkylphenol
carboxylates, such a1 synperomc AIC and synperoruc
NPSC surfactants, respectrvely, offered by Imperul
Chemycal Industries. These and other surfactants pro-
posed for nse 1n enhanced ol recovery processes may
be employed m pravity-ssmsted chemical flood process
described heren

The surfactant » normally used as a water addiive m
an aguoeous soluhon, but may be injected as a water
external mcroemulnion, or as an od external nucro-
emuiston. Surtable concentrations of surfactants 1n the
surfactant alug range from about 0.01% by weight to
about 129 by weight, preferably about 01 to sbout
2.0% by weaght. The upper limit of this range 18 asvally
determmexd by the solubiity of the surfactant 1n a field
bnne, and by the fact that the use of larger concentra-
tions may mgnificantly increase the overall cost of the
ol recovery opemation The squegus solution of the
surfactunt may be formed pnor to the myecton of the
solution mnto the formation or it may be formed m situ
by mjectng & separate stream of the surfactant mto the
aqueous water siog or slugs injected separately mnto the
formation. The addrtran of the surfactant to the aqueous
water slug may be continuous ar discontinnous without
departing from the acope of the invention, 50 long as the
average concentrations of the surfactant in the surfac-
tant slugs myected wto the formation are mamtamed 1

sbout J00 feet. The ol formaton compramg the ol 30 the aforemennoned range.

eolumn must sddihonally have the following character-

The surface-achve character and o1l displacement

wshes: ugmficant vertical permeability, desirably at least  efficiency of the aqueous surfactant solution are sub-

one-tenth or more of the honzontal permeability, and
should not contun extenmive shale laminations or other
barners to vertical flud migration

The surfactants used 1n the present nvention are any
of the well known surfactants used heretofore m en-
hanced ol recovery applications Thus, sulfonates pro-
duced by sulfonating hydrocarbons can be used es the

3

surfactants. Swiable sulfonates are those of Aude et al, 40

US Pat. No. 4,290,973, Ahearn et al, U S. Pat. No.
3,302,713, Gale, U S Pat. No. 3,861,466 and Ahearn et
a, US Pat No 3,283,812, the entire contents of sl of
which are mncorporated herem by reference, Switable

sulfonstes used m the mvention are those having a solu- 43

Inlzation retio of about three or igher The solubilrza-
ton ratio 18 defined as V,/V,, wherein V, 18 the volame
of ail solubibized bry & usut of valume of petroleum sulfo-
nate reactant, V, in & muddle phase microemulnon at

“mdpamt™ or “ophmal sabmty™ The solubthration 50

ratto and the method of calcuiating thereof are de-
scribed by Reed et al i the aforementioned paper ent-
ded "Some Phymochenucai Aspects of Microemulnion
Flooding A Review™

Other materinls may also be used as surfactants. For 33

example, synthetic alkylarylsulfonates, such as alkyl-
benzene-, alkyltoluene- or alkylxylene-sulfonates, e.g
Enordet LXS (near alkyl ortho-xylene sulfonates)
offered by Shell Chemical Company; internal olefin or

stantlly enhanced by mcorporating into 1t small
amounts of water-soluble salts, such as sodum, potas-
sum or ammonnm salts. As bitle as 0 1 weight % of
sodiom chlonde, for example, may markedly improve
the surface activity of petroleum or synthetic alkylaryl
sulfonate nuxtures. Preferred concentrations of sodium
chlonde for these surfactants which may optionally be
used herem are between about 0.3 weight % to shout §
weight %, preferably about 0.4 weight 9% to about 2
weight % Salt concentrabons m excess of about 5
weight 9% become detrumental, since they tend to “aalt
out” these surfactants from the aqueous medwum,
thereby considernbly reducing the effectve concentra-
tion of surfactanta at the flood front end rendering them
less effictent. Dentred salinuty for surfactants, other than
the synthetic or slkylaryl surfactants, which may be
employed m thrs process may range up to sbout 1S to
sbout 20%, dependmg wpon the optmal salimty of the
surfactant species. The myechon of the surfactant slug 13
coatrued normally unnl S to 50 percent of the reservor
pore volume (PV) has been mnjected. The volume of
surfactant wyjected will depend upon the surfactant
conceptration. The total surfactant inyected, stated m
terms of the product of the surfactant concentrauion
(%) and alug uze (% PV), 13 normally n the range of
about 10 to about 100, preferably about 10 to about 50.
The presence of polyvalent jons, such as calcum, m the

alpha clefin sulfonates, as e.g. Enordet IOS or AOS 60 water-surfactant muxtures of the mvention s undesir-

series surfactants offered by Shell Chemical Company;
ethoxylated aicohol ether sulfates or sulfonates, sach as

able (if e petroleum or synthetic alkylaryl sulfonate
surfactant u employed) and gencrally should be muni-

Shell Chemical Neodol 25-3S and Ethyl Corporation ~ mized When this 18 not feasible, the aqueous solution of
EOR 100, respectively; ethoxylated alkyl-phenol ether  the surfactsat should be treated appropriately 5o as to
sulfates or sulfonates, such as Alipal CO 436 offered by 65 reduce the concentration of the polyvalent 10ns

CGAF Corporation and Dodiflood V3620 offered by
Hoechst chemucal Co, respectively; propoxylated eth-
oxyleted alcohol and slkylphenol ether sulfates and

The mobility caatrol polymer myected n the second
step of the method of the present invention mzy be any
ane or a combination of the polymers well known n the
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art for controllng the mobility of the drive flmd slog,
and it Is injected nto the formation after the izjechon of
the surfactant slug 18 completed The mobilty control
polymer slug prevents, or at least minumizes, fingermg

of dnive flmd into the surfactant slug and the channelmg
of fluds into the more permeable regions of the forma-
tion, thereby directing most of the dnve flud mto
contact with the ol and recovenng a substantis] pro-
portion of the o1l Switable polymers used as the mobil-
ity control agents include, but are not limited to, xan-
than gum or natural polysaccharide polymers, such as
Xanflood polymer offered by Kelco, or polyacrylamde
synthetrc polymers, such as Dow Pusher polymers of-
fered by Dow Chemucal Company Preferred polymers
are partially hydrolyzed polyacrylamide or xanthan
polysaccharide polymers. The concentration of the
polymer in the second step of the imnvention 15 normally
about 100 to about 3000 ppm, preferably about 300 to
about 1000 ppm. The concentration will normally be
sufficient to provide a polymer solution mobility (k/g)
lesy than the mmumum molity of the oil/water bank
bemng displaced. In thus respect, k 18 the effective perme-
abihty of the ol column to the polymer solution of
Hmlw!;.mwecﬁmofthemobihtyeontmlpoly-
mer slug is continued untl about 109 to about 100%,
preferably about 10% to shout 50% of the reservorwr
pare volume 13 injected.

The salmty of the moblty control polymer alug
should be lower than the critical salinity for establishing
8 type [I phase environment by the surfactant/-
brne/oud system of the reservorr For a petrolewm sulfo-
nate or alkylaryl sulfonate surfactant, the salinrty of the
polymer dnve soluhon 18 normally withir: the range of
about 0 03 to about 2 0%, preferably withun the range of
about 0.2 to about 1 0%

After the mpection of the molity control polymer
slug 13 completed, a slug of drive fluid 18 mjected sub-
stantially into the entire vertical thiciness of the ail
column The dnve flud 18 any well known dnve fluxd
used m the enhanced ol recovery apphcations. Thus,
the dnve flud may be a gas or water which displaces
the oi, previosly freed by the surfactant mjection,
towards the production well Normally, the drive flud
13 water, or brine wiuch may contuin additves, such as
alcohol or sacnficaal agents employed to mummize re-
tentton of sorfactant axd polymers. The injection of the
dnive fluld 15 continued to effect the displacement of
formatton ol through the production well until exther
all of the oil bas been displaced from the formation or
unhl the economzcal hmit of the rabo of the dnve fhind
to farmation oil has been reached In a preferred em-
bodiment, uung petrolenm or synthetic sulfonate sur-
fnctanu,thednveﬂmdulowuhnﬂywmr.lnvmgﬂu
sahmty, ve., the salt concentration, of about 0 05% to
about 2 0%, preferably about 0.2 to about 1 0%

If the method of the present invention employs a
petroleum or alkylaryl sulfonate to recover ol from an
oil formation contmmng high sshmty brne (39 or
more), it 18 necessary to myject a low sabmity pre-flush
slug, pnor to the injection of the surfactant, substan-
tally mnto the entire vertical thickness of the oil column
and, :f the o1l column is positioned on top of an underly-
mg high salmity aquifer in communicatton with the ol
column, nto some portion of the aquifer immediately
underlying the hine of the oil-water contact. The func-
tion of the low salimty pre-flush alug is to displace the
high salmty water in the formanon away from the
vicuuty of injection wells, so that the subsequently-
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injected surfactant 1n the surfactant slug 18 not precapi-
tated by the high sahmity water The composition of the
low salnty pre-flush slug 15 such that it estabishes an
ophmal salimty level wathm the o1l column for the oper-
ation of the surfactant mjected thereafter The pre-flush
slug compnses a low salmity water, typically fresh
water to which sodium chlorde has been added, or 2
softened field brackish water The salmity of the pre-
flush slug 18 generally about 0.1 to about 50% by
weght, but for petroleum or alkylary! sulfonates it 1
preferably about 0.4 to about 20% by weight. The
amount of the low-salimity pre-flush slug mjected 13
about 0 1 to about 1 0 pare volumes of the il reservorr,
depending upon reservonr characteristics, preferably it
15 about 0.2 to about 0.5 of the ol reservowr pore vol-
ume The frachonal height of the aquifer included 1n the
pre-flush mjection depends upon such reservorr factors
ac specific permeahility of the rock, the rauo of the
vertical to honizontal permeability, defined as permes-
hility measured in the vertical direchon to permeability
measured honzontally to the reservorr lzyenng (strata),
reservorr thickness, well spacing, salimity of the aquifer,
fraction of the oil-bearing reservoir volume to be sur-
factant-flooded and other factors peculiar to each o1l
reservorr, as will be apparent to those sialled m the art,
and which will dictate the depth in the aqmfer to which
the pre-flush slug must be mjected However, the verti-
cal portion of the aqufer, adjomung the oif column, to
be pre-flushed is ugnally at least 10% and not more than
50% of the height of the oil column. The low-salinity,
pre-flush slug 19 designated heren ay step (A) end, if
employed, it 15 injected m the method of the present
invention immedrately ahead of step 1, or step Al, alka-
line pre-treat soluuon mjection, 1if the latter 1s employed.

Optonally, the concentration of the divalent 10ns
remammg within the reservorr after the pre-flush slug
may be reduced by injecting a slug of an alkaline pre-
treat solution mto the formaton. Such an alkaline pre-
treat solution may contam any well known agents, used
fn the past to remove or neutralize divalent rons, cis-
solved 1o an agueons base. Suiteble agents are sodium
carbonate or sodium orthosilicate, and the concentra-
tton of such agents in the pre-treat solution 13 generally
In the range of 0.1 to 1 09%, desrably m the range of 0.2
to 0.3% The alkahine agents may be supplemented by
added NaCl to adyust total salinity of the pretreat slug to
near optumal sahmty of the surfactant utihzed 1n the
process The alkaline pre-treat solution may be injected
mto the formation normally untl 3 to 5% of a pore
volume (deswrably 10 to 20% PV) has been imnjected
The alkaltne pre-treat solution mjechon step 18 referred
to herewn as step (Al) and 1t 18 conducted immediately
before step (1} of the method of the present mvention.
The aikalme pretreat solution 1s njected into the entire
vertical thickness of the oil formation.

If the process of the mnvention 18 used to recover oil
from ao ou formation positzoned on top of the aquifer,
the alkaline pre-treat solution s not injected wnto the
aquifer

The salimties of the low salimty pre-flush solution,
surfactant slug, and polymer dnve are genernily se-
lected to mamtam the surfactant m a Type I phase
environment over as long a dustance as practical The
muddle and upper phase microemulmons produced
within the Type III phase environment are less dense
than brine and more dense than ol Accordingly, they
will tend to mgraie upward towards the exsting ml-
water boundary m the reservorr, releasing o1l previ-
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ously trapped by capillary forces m the lower portion of
the o1l column as it 15 contacted The released cil will
also tend to mugrate upwardly to the top of the reser-
vorr In ths connection, the term “Type III Phase Envi-
ronment” 1s used herem to designate the salinity mterval
m which a three phase system conmstng of bnne, a
muddle phase microemulsion, and oil may be formed by
muxing the swfactant, the oil, and the brme with the
reservow

For the purposes of exemplhification, set forth below
are the concentrattion and sahmity lmuts, m % by
weaght, for the vanous alugs used m the process of the
mvention vtthzing petroleum or alkylaryl sulfonate
surfactants.

Genersl Range Preferred Range

Preflush Salimty (1} 0.1-3.0% 04-20%

Pretreat Salinity 0.3-3.0% 04-20%

(incl alk. agt) (1}

Pretreat Alk. Conc. 0.1-1.0% 0.2-0.5%
Surfectenr Cone, a01-12% 0.1-2.0%
Surfactant Sahnity (2) 03-5.0% 04-20%

Polymer Conc. 100-3000 ppm ACT  300-1000 ppm ACT
Polymer Saltmty (3) 0.05-2.0% 02-1.0%

Drive Sallnity {4) 0.05-2.0% 0.2-1.0%

{1) Preferred] pre-finsh ond pretreat sallody b margoally bgher tom the optimal
sty for the surfactant employed. Pretrext solbity inclodes concencrasion of

alkahmne sacrificiol agent, of any end addad NaCL

(2) Preferred surfactan) safinity is oear opumal sallnuty for the surfacisat employed
o withm the g of the critical lower mlinity for Type 111 phuae coviroomen

(lower Imit) 1o the opeeal salinity (spper Hmit)

{3) Preferred mlmnty for polymer dnve & cargemlly lower 1han the cntxcal lower

sty for Type III phate environmeny

(4} The safinity may grede dowsrwind to & linmnsing lower salmity needed o prevent

dummags to Injection welly from swelling clys.

In a preferred embodiment, the method of the present 3¢

invention 18 conducted 1n an oil formation perforated by
at least one inpection well and at least one production
well spaced apart from the mjection well, with the two
wells being 10 commumication with each other

It will be apparent to those skilled m the art that the 40

speaific embodiments discussed ahove can be success-
fully repeated with mgredients equuvalent to those ge-
nerically or specifically set forth above and under van-
able process conditions.

From the foregong specificahon, one skilied tn the
art can readily ascertmn the essenhal features of this
inventton and without departing from the spint and
scope thereof can adapt 1t to vanous diverse apphcs-
tions.

We claim

L A method of recovering oil from a subterranean oil
formation havmg the vertical thickness of at least abont
40 feet, compnsing an o column which = a portion of
the formation containing the oil, the formation contam-
ing at least one mjection well and at least one produc-
tior well spaced-apart from said ijection well, com-
prmng the consecutive steps of

(1) myectng a surfactant siug mto the lower 30 to
75% vertical thickmess of the oil column,

{2) mjecting a slug of a mobility control polymer into
the upper 30 to 75% portion of the vertical thuck-
ness of the cal column,

(3) 1nzecting a slug of a dnve flud over sobstantially

the enttre vertical thuckness of the ol column, and, 45

(4) recovenng il from the production well
1. A method of clum 1 wheremn, prior to saud step (1),
there 1 conducted the followng step

8
{A) mjecting a pre-flush slug of a relatively low salin-
ity water mto the entire vertical thickness of the oil
column.
3 A method of ciaim 2 wherein the pre-flush slog

S compnses a sodmm chlonide solution or softened field

water and has the salmity of about 0.1 to about 5 0%

4. A method of clam 3 wheren the surfactant slug
COmprises an aqueous solution of petroleum or alkylary!
eolfonate surfactants.

8. A method of claam 4 wherein the mobility control
polymer comprises an aqueous solution of partully
hydrolyzed polyacrylemude or xanthan polysacchande
polymers.
6. A method of clum 5 wherein, subsequently to sed
step (A), but prior to smd step (1), there s conducted the

step
(A1) ipjectng an alkaline pre-treat solution stug sub-
stantially into the entire verncal thickness of the o1l
colurmn.

7 A method of claim § wheremn the alkshne pre-treat
solution slug comprises an aqueouns solutioe of the so-
dium carbonate or sodium orthosilicate

8 A method of clarm 5§ wherem the dnve flmd 15 a
field brine, fresh water or a muxtore thereof of sahmty
lower than accessary to produce a Type I1I phase envi-
ronment for the surfactant/brme/o1l system of the res-
ervorr

9 A method of claim 7 wherem the dnve flud = o
field brine, fresh water or a8 muxture thereof of salimty
lower than necessary to produce & Type III phase envi-
ronment for the surfactant/bnine/oil system of the res-
ervoir

10. A method of claim 8§ wherein the salhinity of the
pre-flush siug 15 about 0.4 to about 2 0%

11 A method of clamm 10 wherem the salimty of the
surfactant slug 18 about 0.4 to about 2 0%

12. A method of claim 11 wheren the sahimity of the
slng of the mobility control polymer 13 about 0.2 to
about 1 0%

13. A method of claim 9 wheren the salimty of the
pre-flush slug 18 about 0.4 to about 2.0%

14. A method of clmm 13 wherein the salmity of the
surfactant slug s about 0.4 to about 2 0%

15 A method of clum 14 wheresn the sahmty of the
slug of the molity control polymer 15 about 0.2 to
about 1 0%

16. A method of claim 2 wherem the oil column 15 In
contact with an underlymng body of water, and wherein
the pre-flush slug 18 mpected into at least a portion of the
underiymg body of water

17 A method of claum 16 wheremn the pre-flush slug
1 injected mto a vertical thickness portion of the under-
lymng body of water which 15 at least 109% of the vertcal
thickness of the oil column

18. A method of clmm 17 wherein the pre-flush slug
18 mjected nto a verncal thickness portion of the under-
lying body of water which 1z 509% or less of the vertical
thickness of the il column

19 A method of clam 18 wherem the pre-flush slug
comprises & sochum chlonde solution or softened field
water and has the sahnity of about 0.1 to about 5.0%

20. A method of claim 19 wherein the surfactant shug
comprses an aqueous solution of petroleum or alkylaryl
sulfonate gurfactants,

21 A method of clum 20 wherein the mobility con-
trol polymer comprises an agreous solution of partally
hy;irolym polyacrylamude or xanthan polysacchande
polymers.

e
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22. A method of clum 21 wheren, subsequently to
said step {A), but pnior to said step (1), there 15 con-
ducted the following step

(Al) mjecting an allmlne pre-treat solution slug sab-

stantally tnto the entire vertical thickness of the ol
column

23. A method of clum 22 wherein the alkaline pre-
treat solutton slog comprises an aguecus soluhon of
sodium carbonate or sochum orthombicate.

24, A method of clum 21 wheremn the dnve flpd n s
field brne, fresh water or a mixture thereof of salinity
lower than necessary to produce a Type III phase envi-
ronment for the surfactant/brme/o1l system of the res-
exvorr

o

10

ronment for the surfactant/brine/oul system aof the res-
ervorr

26 A method of clwm 24 wherem the salinity of the
pre-flush slug 15 about 0.4 to about 2 0%

27 A method of clum 26 wherein the sahmty of the
surfactant slug 18 about 0.4 to about 2 05

28 A method of clmm 27 wheremn the sahimty of the
shug of the mobihty control polymer 15 about 02 to
about 1 0%

29 A method of claim 25 wheremn the sshmty of the
pre-flush slug 1s aboat O 4 to about 2.0%

30. A method of claum 39 wheren the sabmty of the
surfactant siug 1s about 0.4 to about 2.0%

31. A method of clum 30 wherem the salinity of the

25 A method of clam 23 wheren the dave fluid 1w 8 15 slug of the mollity control polymer 15 gbout 02 to

field brine, fresh water ar a musture thereof of salinrty
lower than necessary to produce a Type I1I phase envi-

15

35

55
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[57 ABSTRACT

By a new process, mverse microlatices of watersoluble
copolymers are prepared by copolymenzation within
an mverse microemulmon obiamed by admixing an
agqueous phase contanmg the hydrosoluble monomers
to be copolymenzed, an organc phase and a non-tonic
warfactant or a mixture of non-iomic surfactants, whose
H L B ranges from 8 to 11

The resultant microlatices can be diluted 1 water 50 &8
to form thnckened solutions, which can be used 10 mm-
prove the production of hydrocarbons from oil forma-
oons, particularly m cnhanced recovery methods or
methods for preventing water mflows in producing
wells.
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PROCESS POR MANUFACTURING INVERSE
MICROLATICES OF WATERSOLUBLE
COPOLYMERS, THE RESULTANT INVERSE
MICROLATICES AND THEIR USE FOR
IMPFROVING THE PRODUCTION OF
HYDROCARBONS

The mvenhon relates to a process for manufacturmg

mverse microlances by copolymenzation, In an wverse 10

microemnlson, of at least two hydrosoluble vinyl mon-

omers, and to the mveme microlatices obtained by this

process by “hydro-soluble” 15 meant “water-soluble™
ut

1t also concerns the use of these inverse microiatices 13

1n the preparaton of thickened aqueous solutions for
improvag the production of hydrocarbons

BACKGROUND OF THE INVENTION

The encrgy cnais has led to the development of nu- 20

merous surveys m order to recover & maximuom amouat
of the 01l present m the fields. Among the vanous con-
sxlered methoda, one of them conasts of floodsag the ail
field by mexns of an mjection of salt water in order to

force petrolenm out of the pores of the rock where it s 29

adsorbed. However, the difference in mobility between
o1l and water conmderably reduces the efficiency of sud
method In order to improve thus techmique, 1t 1s known
to thicken the mjachon water by means of hydrosoluble

polymers, such a3 partially hydrolized polyscrylavudes, 30

mhmdﬂodmmmhtewpolymmwpolyumhl-
On the other hand, 1t has been found that agueous
solutons, thickened by means of polymers, mected 10

wells amultanecunly producmg water and oil, kit the 35

water production sufficiently without changing the odl

However, the use of hydrosoluble poly-
mers under actual conditions of use on the field, 1 often
a dehcate operation As a matter of fact, the handlng,

stormg and dussalution of polyacrylamides, as powder, 40

gives ruse to certain problems, perticularly those due to

Pat. Nos. ),284,39), 3,624,015, 3,826,771 and 4,022,731,
ay well as German patent No. DE-A-

application
2.554.082 and Britwh Pat. Na. 2.030.578, sre of particn- 50

lar mierest.

In the formulations disclosed 1n these documents, the
surfectant = moat often selected from non-sonic surfac-
tants havmng & low H L B (Hydrophtlic Lipophilic Bal-

ance), providing a water-1n-oil emulsion. It conssts 55

usually of a sorbitan monocleate or monostearate. On
the other hand, 1t lkas been stated that certan surfactants
of ngher H L B are also Hable to give water-In-oil
emulsions (French Pat. No. 2 245 671)

However, mverse Iatices abtamed
prior art methods suffer from different
partcularly a0 mstability which results 1n o strong ten-
dency to scttle and n the requirement of intense and
delicate shesnng dunng therr dmsoluton in aqueons
phase, 1.¢. dunng therr mvermon.

Moare recently, 1t has been proposed 10 we mverse
microlatices of hydrosoluble polymers of improved
stabnbty (French patent spphcaton No. 2 524 §99),

L

according to the &
dsadvantages,

2
prepared by using snionic or cattomic surface-active
agents.
SUMMARY OF THE INVENTION

A new process for prepanng stable, transparent in-
verse microlatices, of hydrosoluble copolymers, usng
certmn proportions of non-1onic surfactants and resalt-
mg 1n ncressed contents of copolymers, has now been
diucovered This 15 of particular mterest m view of the
use of thest microlances to form thuckened solutions
used for mproving the praduction of oil fields

The microlatices prepared by the process of the m-
vention further have the advantage of bemg auto-
mversable.

The process for manufactuning imverse microlatices
according to the invention 15 generally defined by the
followmg steps of

(a) preparmg a microemulsion (stable and transpar-
ent) of the water-m-ail type, by admuxing

(i) an aqueous solution of the acrylic monomers to be
copolymenzed wath

(i) an oily phase, comprming at lesst one hydrocar-
bon llqllﬂn

(iu) n the presence of at least one non-10nuc surfactant
whose H L B value ranpes from B to 1] (when using a
mxture of surfactants, the resultant H L B 1 connid-
ered).

(b) subjecting the obtamed mverse microemulnon of
step (3) to polymenzation condions up to complete
polymenzation and production of a steble, transparent,
mverse microlstex of ligh molecular weight (the term
transparent alsc meaning translucent)

It will be recalled that an cmulsion 15 a dsphasic, tur-
bid, onstable medmm. Under stirnng, particles, dis-
pened ather m water or m o1l, are observed which
have a wide nze distnbuton about an average value of
the order of a micron. When polymenzing an emnlunon,
the polymer is dispersed m the large emulsion drops
(Qmmeter of about 1 to 10 microns) as well as m the
small emulsfier micelles (diameter of aboat 5 to 10 am).

A mucroemulzon m also formed of two hqmds msolu-
ble m esch other and a surfactant, but, in contrast with
the emulaiom, the mere mxture of the constituents gives,
without sny sgration, & transparent or translucent ther-
modynamically stable medium

In the formulations of mverse microemulsions leading
to the microlances of the mventon, the aguecus phase
contams at least two hydrosoluble acrylic monomens
on the ooe hand, acrylamude and/or methacrylasmde
and, on the other hand, at least another acrylic mono-
mer selected from acryho acad, methacryhic acd and
aliah salts of these acads. In the moxture of acryhc mon-
omers, the second acrylic monomer content may range
from 15 to 60% by weight and preferably from 20 o
43% by weaght.

In order to obiam an Imverse microemulmon, it 18

Iman paremeiers

tton, H L B of the muafactant or of the surfactant mmx-
ture, temperatore, nature of the organie phase and com-
position of the aquecus phase.

‘The monomers content of the aquecus phase 1a gener-
ally 20-£0% aad usually 30-70% by welght.

Genernlly the pH of the monomers aquecos solution
ranges fram 8 to 13 and advantageously from 9 to 11

The selection of the orgamc phase has & substantal
effect on the minimum sarfactant concentraton neces-
sary (o obtam the inverie mcrocmuluon This organic

“+&1
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phase may coamst of a hydrocarbon or & hydrocarbons The mze of the particles dispersed m the inverse mi-
muxture Isoparaffimic hydrocarboas or mixtures thereof  crolatices according to the mvention may be deter-
are the best smtable 1n order to obtun mexpentive for-  mmed by means of the quan-elashic hight ecattermg The
mulatrons (lower cortent of surfactants) of mverse m-  opuical soorce on the ight scattening apparatus conmsts
croemulnons. 5 of a Spectra Physics argon-ion laser operating at 488
The ratio by weaght of the amounts of aqueous phase nm The tone dependant correlation function of the
and hydrocarbon phase 18 chosen as high as posmble, so scattered mtenmty 1s derived by unng a digital correls-
a3 1o obtam, after copolymenzation, a microlatex of  tor with 72 channels. The mntensity correlation data
high copolymer content Practuically, ths ratto may have been treated by using the method of cumuilants,
range, for example, from 0.5 to 3/1, usnally it m close to 10 piving the average decay rate <I'~1> of the correls-
2/1 bon function and the vanance V The latter measures
The one or more surfactants are selected m view t0 the amphitude of the distribution of the decay rate and
obtam a HL B value rangmg from 8to 11 Asamatter  its value 1 given by the formula
of fact, outside this range, the mverse microemulnions
cither cannot be obtamed, or require a consderable !5 Fu(<l>? <T3>Wel>?
amount of surfactants, incompatible with an economical
process. kn addhmion, in the so-defined H L B range, the ~ Wheren <I'?> 1 the second moment of the distribu-
surfactant content must be sufficient to obtan an m-  bOR
verse microemulnon. Too low concentrations of surfac- For copolymer solunons of low polydispersty, the
tants lead to mverse emulsions simlar to those of the 20 vanaoce V, a8 o first approxmation, 18 related to the
pror art aad form no part of this mvennon. polydupcrty index Mw/Mn (weght average molecu-
Within the H L B range, the surfactani concentration,  lar weight/number average molecular weight) by the
1 proportion to all of the constituents of the micro-  relabonship
emulsion 18 preferably higher than & value y (in % by
weight) approumately defined by the following erapm- 23 Mw/Mac=144 ¥

cally <= The molecalar weight of the cbtamed copolymen
yoifxi110n+534 depends to a large exient on the copolymerization tem-

- perature Temperatures lower or equal to about 30° C.

Y

whevein 2 wthe HL B value of the surfactant or surfac- 30 are always preferred when very high molecular weaghts

tant muxture. are demired, as for mverse microlatices destined 1o be
ERIEF DESCRIPTION OF THEDRAWING oo soocess of the mmeenion provades sisble and

The accompanying drawmg shows a curve represent- transparent mverse muicrolatices of high hydrosoluble
g the sarfactant concentration versns the HL B valne 35 copolymer content (20 to 33% by weight) The mverse
On this figure, the preferted domain of the mvenuon  microlahces, prepared in the presence of non-onic sur-

~= has been hachured factunts, bave a remarkahle stability to tempefature in

I

o

With respect to the opper hot of the surfactant cop-  contrast with the mverse nucroemulsions from which
centration, it 1 desirable, for economical reasons, to  they are prepared
lrmit smd concentration to 25% by weight of all the 40  Inverse microlatices obtmned by the process of the
~exonstifuents of the mverse microemulgon. mventon, can be used m many applications, partico-
When prepanng the mverse microemulsion, the texn-  larly m the techmiques of odl production. Hydrocarbons
persture of the ouxinre must be carefully controllad, m  Eahanced Recovery, ground consohdstion, manufac-
view of the sensitivity to temperature of the mverse  ture of drillmg mude, prevention of water mflows dur-
mucroemuliions in the presence of non-lonic surfactants. 43 g the bringng m production of oil wells, and as com-
Thm tempemature mfluence i3 mcrensed 23 the sucfactent pletion of fcmranon fimds,
concentration is closer to the mmmum ocontent requred Genenlly, the Enhanced Ofl Recovery methods with
for obtaining an mverse microemnbsion. the use of polymer aqueous solubons consist of injectmg
In order to reduce the required surfactant content,  swud solvtions m the field through st least one myechon
and to linut to & mimmum the temperature influence on 50 well, to carculate it through the formation and recover
the stability of the mverse microemulnons, the Iatter  the duplsced hydrocarbons through at least one pro-
will be, st mmrh ss possihle, prepared at a temperature  ducng well.
as close ms possible to that selected for the copolymer- The methods nemg mverse microlatices of the inven-
umation tion for Enhanced Recovery are not substantially differ-
The hydrosoluble acryhc monomers present in the 55 ent from those sbove-described for the water-m-oil

for ezample, azobsasobutyrositnle, or hydrophilic,  ter, 1n a proportion on of 30 to 5000 ppm, preferably 100

such, for example, as potassiom persulfate. 2000 weght of with respect
The copolymenzation is performed very quickly, for immmh%ﬁ'ﬂwmuﬁﬁ

example 1n & few mmotes, m & photochemical way,
quantitstively, and leads 10 the formation of stable and 65 :‘T shown the effictency of the fnverse microlatices

traneparent mucrolatices whose parhicles radius 1s of the The method for preventing water inflows 1n produc-
order of 2040 nsnometers with 2 narrow dutribution myg wells, conmity of miectmg mto the producmg well,
range. m the part of the field to be treated, an aqueons solution
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of polymer, prepared accordmg to the mvention by
mverse microlatex desolution 1n water The polymer s
adsorbed 1o 8 large extent on the walls of the formahon
surrounding the well where i 18 mjected When amd
well » then brought agmn in production, the o1l and/or
the gas selectively traverse the ireated zone whereas the
water passage 18 reduced

In addition to these apphcations, the hydrosoluble
polymens, prepared as a microemulsion, may be used as.

coagulants for separating soluds suspended 1n hquids

ficatation and drmmng adjuvants in the manufacture
of paper pulp; or

flocculants m water treatment

The wnverse microlatices oblamed by the process of
the mmvention may also be msed 1n assembling of glass
fibers, m the leather mndustry or 1n the ficld of pants.

EXAMPLES

The following exemples fllustrate the mvention, but
must not be connidered as hm:ting m any way the scope
thereof Examples 1, 10 and 14 to 17 are given by way
of comparman and farm no part of the mvention

EXAMPLE | (comparative)}

77,8 g of SOLTROL 220 (inorgamc paraffinic 01
having an desillaton pomt of 244° C end a final point of
287" C), 25 g of a mixture of 21 4 g of polyoxyethylene
soriqtol hemaoleate (ATLAS G 1086) and 3 6 g of sorty-
tan seaquuoleate (ARLACEL 83) whose HL B (hydro-

balance) is 925, are admixed under X

plubc hpophibc

strnng. 613 g of acrylamde and 20.7 g of giacial
acryhe acad are dmsclved m a muxture of 42.2 g of dis-
olled water with 23.0 g of a 30% by weght sodum
hydroxude solation and this solutwon 1 edded to the
o1l/surfactant emxture. The amomnt of surfactants corre-
sponds to 10% by weight of all the constituents. After
ane hour of purging with mitrogen at room temperature,
the resultant emulsion (turtud and onstable) is heated to
40" C. and 6.3 10—* mole of t-buty! peroxyprvalate per

13

L

kH )

mole of monomer are added thereto, the temperature 40

bemng mamtmined between 40° and 50° C. for about 1
hour

The so-obtained latex 1 turbid and decantation takes
place dormg stomge.
EXAMPLE 2
When example | 1 repeated, but with the use of 63 5

s of srfactents muxtmre, wiach corresponds to 22% by
weaght of all the constrinents, the resultamt mixture, m

contrast 10 example 1, is hmpid and monophamne (mcro- %0

emulnon) and remams a3 such after copolymerizabon.
By precipriabon in acetone and succesmve washings
with scetone and methanol, an acrylamme-sodium acry-
Iate copolymer is obtmmned Ita vmscomty m

Bquecus
solation (400 ppm of copolymer snd 5000 ppm of 53

NaCl), messured at 30° C, s 1 30 mmi/a.
EXAMPLE 3
Example 1 m repeated but as the orgac solvent an

woparaffime cut (ISOPAR M) having an mita] distilla- &0

umpomtofzoz"cmdnﬁmlpomotm'c.umd
and 3 pmxture of surfactants (36.6 g) corresponding to
14% of the weight of all the comstrituents 13 msed. The
resultant mrxtore 18 hmpid and
After copolymenzation, & monophanc
crolatex) contamng 35 3% by weight of acrylamide-
sodium acrylate copolymer m obtamed An aquecus
solution containmg 400 ppm of said copolymer and

45

ouxture (mr- 65

6
5000 ppm of NaCl, meagured at 30° C. has & vecouty of
1 4 mml/s.

BEXAMPLE 4

2535 g of ISOPAR M and 90 g of a mexture of surfac-
tants conmsting of 12.6 g of sorbntan sesquioleats and
77.4 g of polyoxyethylene sarbitol hexaoleate (resultant
HL DB 9 3)xre added to an aqueous solution contmning
38 25 g of acryhc acid and 89 25 g of acrylamide neu-
trahzed with sochum hydrozide to a pH close to 10, This
amount corresponds to 15% by weight of all the constut-
uents. 0.21 g of azobmssobutyronntnle 1 added to the
resoltant monophasic mixture which 15 degased for |
hour and heated for 2 hours at 60" C., giving a stable
and transparent microlatex whose particle radins, deter-
mmned by quasi-¢clastic hght scattenng, » about 25nm,
with a variance of 3%

By precipration 1n ecetone and successive washings
with acetone snd methanol, an acrylamide-sodiom acry-
late copolymer m obtamned (with a (otal conversion)
whose viscosity, determined at 30° C. m a 400 ppm
copglymernnd 5000 ppm NaCl equeous soluton, 15 1 5
mm/s

EXAMPLE 3

Example 4 » repeated, except that azobmssobutylom-
trile 13 onntted and the copolymenzanon 13 conducted
under UV radubon for 5 munutes, the temperature
being mamtained at 20° C. With a total conversion, an
acrylamude-sodinm scrylate copolymer 1 obtamed
whose vaconty, messured at 30° C 1 a 400 ppm co-

ymer and 5000 ppm NaCl aquecus solution, is 3 15
mm3/s On the other hand, the intrmoc viscomty of samd
copolymer, dissolved in water coatmnmg 20 g/t of
NaCl, has been found equal to 3250 cc/g on the baus of
measurements effected with a LS 30 viacommeter of
CONTRAVES Company and extrapolated to zero
conceatrabon and shear rate.

EXAMPLE 6

In the condiwons of example 4 for carrying out the
mverse microcmulmon, the proportions of each of the
two surfactants are varied and the minimom smount of
wrfactants for obtaming, after copolymenzaton, s sta-
ble and transparent inverse microlatex, & deterauned m
each case.

The results are reported m the followmg table

TABLE I

Misiwvam surfactant concentraton
1o obtmn & sisble and transpareot
lnverse sxicrolatex
HLB (ibywu!:l)

L H 1)

9.3 12
102 16

EXAMPLE 7

200 g of ISOPAR M and 92 g of the surfactant mix-
ture of example 3 arc added to 400 g of an aqueous
solution cantmnmg 60 g of acryhe acid, 140 g of acryl-
emiude and the sodrum hydronde amount required o
sttam a pH close to 10. This amount corresponds o
13 3% by weight of all the comstituents. The copaly-
merization, condocted under the same conditions =
described m example S, provides a stable and transpar-
ent mucralatex whose particles mdins, deternuned by
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quasr-elastic light scattering, 15 about 40 nm, with a
vanance of 5% This mverse microlatex contamns 31 6%
by weight of an acrylamudesodium acrylate copolymer
contaming 35 9% by weght of sodium acrylate

The mirmaic viscomty of sud polymer 18 3520 cc/g 3

(solution at 20 g/ of NaCT)
EXAMPLE 8§
200 g of ISOPAR M and 106 g of the mixture of

EXAMPLE 13

200 g of ISOPAR M end 100 g of polyoxyethylene
sorbitol oleate (ATLAS G 1087, H L B=9 2) are added
to 400 g of an aqueous solution contaming 50 g of
acrybe acid and 130 g of acrylumde, whose pH has
been brought to 10 by addition of sodium hydroxide.
This amount corresponds to 14 3% by weight of all the
constituents.

surfactants of example 4 are added o 400 g of an aque- '© The copolymenzation s0-obtaned copolymenzation

ous solution contammg 40 g of scrylic scad, 150 g of
acrylamude and the sodum hydroxde amount required
to attam a pH of ¢ Tis amount corresponds to 15% by

weight of il the constriuents. The copolymerization, |¢

conductad in the same conditions as in example 5, pives
8 monophanic mixture containing 30.19% by weght of
acrylamdesodium  scrylate copolymer comtammg
24.6% by wesght of sodium acrylate.

The viscosity of an aqueous solution contmomg 400 20

ppa of smd copolymer, determmed at 30° C. m the
presence of § g/1 of NaCl, 1 2.7 um?/s

EXAMPLE 9

When, m czample 8, ISOPAR M is replaced with 25

trmethyl-pentane, everything else bemg unchanged, an
inverse mcrolatex of mmlar characterstics as in exam-
ple § = obtamed.

of the mverse microemulsion, conducted in the condi-
tions described m example 5, grves a stable and transpar-
ent mverse microlatex contaimng 30.79% by weight of
an acrylamude-sodium acrylate copolymer contmnmg
30.3% by weight of sodium acrylate

EXAMPLE 14 (comparative)

When example 7 13 repeated, except that the propor-
twons of the two surfactants are modified 50 as to obtan
the resultant H L B of 7 6, 1t 18 not possible to obtan,
under these condittons, any mverse microemmnluon,
even when high amounts of sarfactants (more
than 319 by weight)

EXAMPLE 15 (comparative)

When, in example 7, the misture of surfactants

replaced with ethoxynonylphenol contamng 8 ethylene
oxide recurrent nmts per molecule and havinga HL B

- EXAMPLE 10 (comparative) 0 of 12.3, everything else bemyg unchanged, it 18 not posa-

ble to obtam 1 these caondrsons, any mverse mecro-
. _ When, m example 8, the woparaffimc solvent (ISO-  emnlsion, even when addng high surfactant amounts
PAR M) 18 replaced with an aramatic solvent (tolusne), (more than 35% by weight)
everythmg else bemg unchanged, 1t 8 mpossible to
Obtam an mverse microemmlsion, even with the addition ,, EXAMPLE i6 to 22
of high amounts of surfactants (319 by weight). 155 g of ISOPAR M and a vanable amount of a mux-
= ture of surfnctents having a H L B valoe of 9 3, already

T

EXAMPLE 11
200 g of ISOPAR M and 115 g of a mixture of surfac-

- -~ tmts containmg 11% by weight of sortatan trioleate 4o

(Montane £5) and 89% by wesght of ethoxylated sorts-
tan tnoleate (Montanox 85) are added to 400 g of an
aqueons solution contammg 60 g of acrybic acad and 140
g of acrylamude, whose pH has beex bronght to 10 by

addition of sodram hydrowde. The H L B of the surfac- 45

tants mixture is 10 and the surfactant amount corre-
sponds 10 16% by wegint of all the constituents,

The copalymenzation, canducted m the seme condl-
tions as described m example 5, gives a monophanc
mixture contammg 30.5% by weight of an

The intrmmc viscosity of smd polymer 13 3200 cc/g
(in aqueons solution at 20 g/1 of NaCl).

EXAMPLE 12

200 g of ISOFAR M and 1135 g of the mixtore of
surfactants of exemple 11 are added 1o 400 g of an aque-
ous solution containmg 170 g of acrylamide aud 30 g of
acrylic acld, whose pH has been brought to 9 by adds-
tion of sodiom hydroxde. This amount corresponds to
16% by wesght of all the constituentz.

The copolymerization, achieved mn the same condi-

tions a8 in exgmple 5, grves 2 monophesk: nuxture con- 5

tammng 29.3% by weight of an acrylamde-sodym scry-
h&emﬂmmﬁm 18 7% by wesght of sodium
acry.

used m certaun of the precedmg examples (14% by
weaght of sorbitan sesquioleate and 869 by weight of
polyethoxylated sorbitol hexacleate are added to 255 g
of an aqueous solubon contaming 44 g of acrylic ac:d
and 82 g of scrylamide, neutrahized with sodrum hy-
droxde up to a pH close to 10. The amount of mriac-
tant puature i reparted m teble I heremafter The
resultant mixtore 15 degased and then heated at 45 C.
for 45 mnutes in order to copolymenze the monomers.

There {8 thus obtamed a of inverse latwes
whose final copolymer concentration = about 22 to
25% by weaght with respect to all the constituents. The
proportion of sodsum acrylate m the copolymers 18 429

turtudimetry, the bydrodynamuc radu Ry of the part-
cles, determmed by the quas-elastic diffumon of Lgit

ss and an evalustion of the stambty of sad latices.

TABLE II
Surfuctant Optacal
Eunm  oomcemtration  tremmmission Ry
ples (% by waght) (%) {mm)  Stability
16* B2 11 >0 Sedimentation
bl 1.0 13 >80 aller o few
hours
12 134 n k1) Buable
19 155 -] 3 even
] 180 -} 275 afer
2l 01 B F stveral
-] 11 9 F montbs
Socmperstive exasglcs
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From thia table, 1t appears that mcrolahces obtamed ves with the plateau visconty on the one hand, and the
m examples 18 10 22 are stable and have a lugh optical  sbsence of polymer losses between the mput and the
transmussion and a amall particle radivs, in contrast with ~ output of the porous mediom on the other hand, shows
the resules obtaned in examples 16 and 17 that for the selected parous medium, the ingectivaty of

The values of surfactanis or surfactant mixtures con- 5 the nmucrolatex dwpersion m matwfactory Particularly,
centrations, taking into account the corresponding HL.  no indication of clogging was observed
B values, were used to draw a curve shown mn the ac- ‘When mpectmg field brine after the polymer solution,
companying FIGURE, mdwcating the spproumative g value of the permeability reduction of 2 36 18 obtuned,
bmnt between a zone wherein no stable mverse mi-  winch charactenizes the presence of an adsorbed poly
crolatex 15 obtamned and a zone wherein stable inverse 10 mer layer on the walls of the porous medivm The
microlances can be obtamed. On this FIGURE, the  behavior i chamcterstic of an acrylamide-sodium ac-
preferred domam of the mventon has been hachured rylate copolymer of ligh molecular weight.

On the other hand, the fact that the permeability to
EXAMPLES 23 to 25 water 18 permanently reduced makes it possible to con-

100 g of ISOPAR M and 33 g of the same surfactant 1S template the use of the mverse microlatices of the mven-
mixture a8 1o the precedmg examples (H L B=9 3)are  tyom ip the prevennon of water mflows 1n producing
added to 200 g of &n aqueous solution contamng 30gof  wells, as ilustrated m the following example.
acryle acid and 70 g of acrylarude, newtralized with
sodium hydroxide up to a pH close to 9 EXAMPLE 27

The obtmined monophsnc mixture, to which s added 20 A porous medrum (L =20 can, =5 cm) 1s prepared
0.15 g of azobmsobutyrominle, 1s degased and maiw- by corng a Vosges sandstone contuning sbout 10% of
tamed for 5 honrs at a temperature difenng according  clay The permeabilities of ths Vosges sandstone to sea
to the conmdeved example A sieble and transparent  water (total salt content =37 g/1 and to the field water
mverse microlatex is always obtaned and the copoly-  (total salt content o8 g/T) are respectively 0.478 D and
merization 18 complete. 3 0467 D The porosity 1 18%

By precipitation i scetone and successive washings From the microlatex of example 13, & solation 15 scpa-
with scetone snd methanol, scrylsmde-sodium acrylate  rutely prepared which contams 500 ppm of achve co-
copolymers are scparated and thewr vacomty deter-  pojymer 1n sea water and in field water The relative
muned, a2 30* C., m aqueovs solutions contanmng 1000 yiycamties obtained m the Newtonian zane of smd ny-
ppm of copolymer and 5000 ppm of sodwm chlonde. 30 crglatex dispersed in both waler types are respectively
The viscomty values are different according 10 the co-  yR =5 1 (ficki water) and GRo=3 | (sea water), the

polymerization temperature ratio of the two vicosities bemg equal to 1 63
In conformity with the teaching of ﬂ‘}cgr;l:h Par
- No 2 325 797 (corresponding to No.
BuepleZ T e Gy 35 4,095,651) meued to the mame of the applscant and con-
Bmmple2s T =2 C Varomty- 1.4 ound/s cerning the prevenhon of water mflows 1 producmg

wells, the mucrolatex solution (Cp =500 ppm) o injected

at constant rate q=3 cm?/h ( y=2.1sec—') m sea water

EXAMPLE 26 © {t=30" C.). After mjection ofnboutSl;l(Pv=pmu

parous volume) of smd mucrolatex solution, the polymer mjec-

Test of mpectrwity of medwm tion 15 dscontinued and sea water 13 injected by the inlet

A porous mediom 15 prepared by packing, 1n 8 glass  gyee of the core in view to determne, on the one hand,
cylinder, sand from ENTRAIGUES EN 34, of granu-  ¢the decrease of permeability R to sea water before and
lometry rangmg from 28 to 50 wml. The characterstics  fter the polymer introduction and, oo the other hand,
of the so-obtained porous medium are as follows. L=60 45 1 deduce therefrom a thickness of the adsarbed layer,
mm, &=20 mm, Vp=86 cc, k=204 D, ¢$=45%  calcgiated by the formuls
{(k=permesbility #t0 water exprested m Darcy ,
$=porosity)

A solaton of acrylamude-sodium acrylate copolymer 2=R, PP
(1000 ppm) » prepared by dupersng the mverse m- 50 4
crolatex obtamed 10 example 7 in 2 field bnne of total
salt content close (o 3 g/1 The rheological curve of saxd
copolymer solution, as determuned by mesns of LS 30  wheresn R, demgnating the avernge radms 15 equal
viscommeter, makes appareat the presence of a platean g R, pore
1n the valuey of relative viscosity versos shear rate (rels- 53
tive viscomity at rero shear rate 9R,=20, at 30" C.)

The polymer solubion m then mjected at comstant rate ™
{q=15 cc/h by means of a puton pump of perfoser ¥
type; the pressure losses are measured at the termmals
of the porous medmm for the polymer solution and €  The obtamed values are as follows Ry=1 80, §=0.62
expressed m proportion 1o the vahues initially obtained  pm
with the field bnne. Thus, a mobility rato 1 defined Through the outlet face of the core, field water I
which, 1n the expermmentn] conditions, becomes siab  myjected i oppostie direction, thus smulatmg the water
hized at a vaive of 21.6. It 1s forther observed that the  produchon 1 the producmg well. New values of the
stabihzation of the mobility decrease corresponds to an 65 permeability reduction and of the thickness of the ad-
equalization of the polymer concentratioas, determmed  sorbed layer are thus respectively obtamed. Rx=2 92,
by viscoshmetry, between the mput md the outpot of  8=0.50 mucron. The ratio of the respective tincknesses
the core. The comparison of the molity decresse val-  of adsorbed lxyers respectively with the field water and

Ry
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the sea water 13 1 61, value which s very close to 1 63,
representing the ratio of the plateay viscomtses m saud
two watcrs. This indicates that the itroduction of the
copolymer took place m sach condittons that the thick-
neys of the adsorbed layer vaned m the same ratio as the
viscomties Accordingly, the production of soft water
from the field 18 decreased, thereby decreasng the pro-
duction water/ol rato (WOR)
What 1 clarmed as the mvention 18.
1 A process for producing a stable mverse mcrolatex
comprmng the steps of
{a) admxing
an aqucons solution contamming at least one acrylic
monomer (i) selected from acrylamide and meth-
acrylamide and at least another acrylic monomer
(1) sclected from acrylic acud, methacrylic acud
and alkah salts of smd acadg, st & concentration
from 20 to 30% by weight m amd aqoeons solu-
ton,
an auly phase comprsmg at lesst ane hydrocarbon
hqud, the ratio by wesght between sud aqueous
solution and saxd oily phase beang from 0.5/1 o
3/1, and

5

12

1 A process sccording to clain 1, wheremn sud
scrylc monomer (i1} 18 sodium acrytate.

3 A procem according to claim 3, wheren sud
acrylic monomer (i) amounts 1o 15-60% by wesght of
the acrylic menomer muxtore

4 A process according to clum 3, wherein saxd
acryhic monomer (i) amounts to 20-45% by weight of
the acrylic menomer mixture.

P 5 A’process according to claim 1, wherem, in step

15

(a), the pH of sud agueous solution 15 from 8 to 13

6 A process according to claim 1, wherem, mn step
(a), the otly phase compnaes at least one soparaffinic
hydrocarbon

7T A process according to clum 1, wheren, 1n step
(a), the ratio by weight between the monomers aqueous
solutron and the mly phase 15 about 2/1

8. A process accordmng to clam 1, wherem, n step
(a). the proportion of surfactant or surfactant puxture is
at most 25% by weight of all the constitoents of said
mverse microemulzon

9 A process accordmg to clamm 1, wherem, m step
(b), the polymerzanon 13 conducted by heating m the
presence of a radical reachions nrhiator

10 A process according to clamm 1, wherem, 1n step

& non~amc surfactant or a non-onic surfactant 25 (b) the polymerizanon 13 initated by raduation.

pnxture having s H L. B from 8 to 11, m a propor-

11 An mverse mucrolatex obtamed by the process

tiom, with respect 1o all the mvolved constitu-  acoording to clam 1 having a copolymer content from

ents, lagher than shout a valae y, given, 1n per-
cent by weaght, by the relatonship-

y=S3 X110 X454

3

20 to 35% by weaght.

12. In & method for preparmg a thickened ageeous
solution, comprmng dilotng m water an mverse m-
crolatex in sach a proportion that the resultant aqueous
solution has a copolymer concentration from 30 to 5000

wherewn X 13 the HL B of smd surfactant orsmd ~ ppm by wesght the improvement wherem the mverse
mrfactant mixture, so a3 to form sn mverse m  yucrolatex 18 one of clam 11

croemulson, and
(b) subjectmg the inverse mcroemulston obtained m
step (a) to copolymerization condinons.

»

43

13. A thickened agueons solution, obtamed by the
method of clamm 12,

&)
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1
WATER-IN-OIl. MICROEMULSION DRILLING
FLUIDS

CROSS REFERENCE TO RELATED
APPLICATIONS

Thn is a contmuston-m-part of our copending pa-
tent epplicatson, Ser No 391,109, filed Aug. 27, 1973,
now abamdoned.

BACKGROUND OF THE INVENTION

1 Field of the [nvention

2 Description of the Prior Art
Dniling fluids desirably have a vanety of characterss-
tics to facuntate explortation of m subter-

recrurem
Four basic types of drilling fluids are presently avail-
able to the |

1 prevent formation damage to water-senstive reger-

vorrs,

2. maintam bole stabibity m heaving, dispersing,
swellng, sticky, and sloughmg chales by shielding
the shales from free water;

3 prevent hole and permit cormg m
water-soluble rocks, such as salt,

4 secure full core recovery m unconsoldated forma-

taona,

5 obtain cores which have not been flushed by water

6 mamtain stable mud properties in deep and high
temperature holes which requnre heavy mud,

7 prevent differental-pressure stickmg of drill pipe,

B prevent corrosion of dnll prpe, camng, and tubmg
which reduces expensive workovers,

9 permit the use of alummum dnll pipe for deeper
drillmg by protectmg alummum from salt cormo-

mon,
10 mcreass drillng rates by better lubnication and
removal of shale cuttmgs without duntegration of

cuttngs, and
11 generally permut the obtaining of lower denaty
flubds than water-bated muds. Another

i

muds have found widely accepted use in the Guif
Coast area, Pennsylvama reservoirs of Central Ok-
lahoma, the Arctic North , and reservosrs m
Rusug The water-in-01l cmmubnon muds generally
have a hugh resmtivity to electncal current due to
the od, such adversely affects electncal loggmg

techmiques,
From a standpomnt, it 18 demrable that the

logging
dnllmg flud be sufficrently conductive of electncaty to

1 Water-based mud whuch is the most common and  provade a path for the electrc current to pass from the
winch conmets of water (fresh or slt), vanous  current electrode mto the formation If the fluid = too
clays, wesghting matenals, and other necessary $5 conductive, short-circuting can occur between the

addrtives;

current and the

Mmmwymutﬁcﬁnguunpluddr?lzg

fhnds U S. Pat. No. 2,696,468 to Fischer dmcloses a

bons, ¢.8. diesel oul, a few percent water, and addr 60 conductive oil-base drilkng fiwd contamumg up to 10%

tives, and

water, an

and an agent. Fischer

4 Water-in-oil emubion muds which are often called  teaches that above 10% water the fhud loses s desired

mverted emulsion muds and consist of emulsifiers,
water and o1, and other additives The water-m-o1l

and becomes an emulmon-bage flund. Fiacher

properties
in US. Pat. No 2,739,120 teaches sumilar dniling fluxds

emulzon muds are the most popular for overcom- 63 contaning non-ionic surfactants.

mg most of the serlous drillmg problems. A typcal

US Pat No 3,111,491 to Atkms, Jr et al teaches

al-external emultion mud conmsts of diesel ol and ~  that oil-base drilling fluids lose ther desred
water m a 73, 6:4, or 35 ratio to winch may be  when the water concentration exceeds 10%
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US Pat No 3,110,668 to Anderson teaches an
emulszion fluid composed of guar gum derivatives and a
murface-active agent (nonionac and cationsc) Anderson
teaches that emulsions contaming anwonic surfactants
wre undesirable unless stabilreed m accordance with hs
mvention ¢ g m the presence of calcmum, magnesium,
sodium, and sumudar materials which are generally en-
countered durmg dnlhing operstions

US Pat No 3,264,214 to Stratton teaches the une of
metal petroleum sulfonates prepared from high vmcos-
1ty ous as effectrive defoaming agents for drillmg flusds.
The dnlling fiud can be an emuision

SUMMARY OF THE INVENTION

Apphicants have dmcovered an oil-external mcro-
emulsion mud which will conduct electncal current
(such permits the use of ordinary electrical logming
techmques), has suitable viscosrty, gel strength, and
low fluid loss charactenstics, 15 more economcal than
convenbonal water-m-o1l emulnon muds, 18 stable over
a wide range of salimty condrttons, = mherently corro-
mon-remstive, has desmmable lubncity charactenshcs, a
relatively lngh water concentration which permuts more
economical drilling fluds, and wiuch exhibits an un-
usual charactenstic of having more favorable rheolog-
cal propertics as the temperature of the microemulmion
mecreases

DESCRIPTION OF PREFERRED EMBODIMENTS

The water-m-ol mxcroemuisions or ol-external mr-
croemulsions contan water, sopdium petroleum suifo~
nate, hydrocarbon, bentorute, and optionally, cosur-

preferably about 20 to about 75 and more preferably

about 84%, and preferably about 10 to about 78% and

more preferably about 25 to about 70% The sodum 40

sulfonate 1 present m concentrations of about 1 io
about 30% and preferably about 2 10 about 20% and

4

ples of refined fractions of crude oil or synthesized
hydrocarbon include paraffinie compounds such as
llqueﬁedpetroleumgass.pmpme pentane, heptane,

decane, dodecane, cycloparaffinic compounds mclud-
lngcyclolm:m etc , aryl compounds mncluding mono
as well as polycjrcllc compounds such as naphthenic
and anthracenic compounds and substituted products
thereof meluding toluene, alkyl phenals, etc, haloge-
nated hydrocarbons.

The water can be soft water, brackish water, or brme
water Where a high gel strength 1 desired, the water s
preferably soft or dmstiled water Also, where ions are
present m the water, ttupmfm'edﬂlnthemm
compatible with the rons within the subterrancan for-
mation bemg drilled mto.

The petroleum sulfonate useful with Apphcants’ m-
croemulsions are petroleum sulfonates and more par-
ticularly sodum petroleum sulfonates. The average
equivalent weght of the mlfonate s withmn the range of

20 about 350 to about 525, preferably about 400 to about

470 and more preferably about 410 to about 440 The
petroleum sulfonate can be s monosulfonate, polysul-
fonate such as a dwsulfonate, or muxtures thereof Also,
the petroleum sulfonate can be a pure sulfonate or one

25 having, for example, 50% or more and preferably about

60% or more active sulfonate The petroleum sulfonate

q
30 should be within the above indicated ranges.

The cosurfactant can be an alcohol, amine, ester,

contaimmng a hydroxyl group and one or more different
functional proups, such as an ether group, etc. Exam-

of preferred cosurfactants melude mopropanol, n-

more preferably about 5 to about 10% by volume
Concentration of the bentonite w about 0 1 to about  octamol, decyl alcobhols, alkeryl alcohols such as p-
15%, preferably about 1 to about 10% and more prefer- 45 nouyl phenol and akohobe hquors such as fusel ol
sbly about 2 to about 6% by weight. A cosurfactant,  Mmtures of two or more cosurfactants are yseful with
also identfied as a semi-polar organic compound, can  this mvention.
be present m amounts of about 0 01 to about 20% and The electrolyte can be a water-soluble morgamc
about 0 1% to about 5% by volume Electro-  base, morganic acud, or morgamc salt, preferably it »
lytes or water-soluble salts, as menttoned earher, can S0 the latter Examples of electrolytes mclude sodum
be added to the water withm the microemulmon, ¢ g. 1n Ilydmmde.lodmchlmﬂa.lodlmmlfam.hydmnhlo-
amomts of about 0 001 to about 5% and preferably nc acd, sulfunc acid, sodum nrirate, ammomum
about 0 ) to about 3% by weyght, based on the aqueons ~ chloride, ammonnm hydroxide, potassnim chlonde,
medium Other additrves can be incorporated uto the mEmnphdoﬂnumeﬁddecﬂolyumﬂ&pend
mcroemulnion, o.8. additives to onpart low flud loss 55 upon the hydrocarbon, aqueous phase, surfactant and
charactenstics. cosurfact

ant, reservar fhuds, reservomr temperature,
The hydrocarbon can be crude ofl, both sweet and et

sour, a partially refined fractwon of crude oil {e.g. mde The nucroemulnion can be prepared by dissolving tha
cuts from crude columms, crude column overheads, gas  petroleum sulfonate m the hydrocarbon, then adding
ots, kercsene, heavy naphthas, naphthas, straight-run 60 water to obtam a deswred The cosurfactant
gasohne, hiquefied petroleum gases), refined fracttons  can optionally be dmsolved m the hydrocarbon phase
of czude ol {propane, butane, pentane, decane, etc ) and electrolyte can be dissolved m the water phase
and synthesized hydrocarbons mcluding halogenated  The bentonite » mcorporsted mito the microemalnon
bydrocarbons. From an econooucal standpomnt, the by muxing it with the water phase and then combmmng
kydrocarbon = preferably a partially refined fracthon of 45 thie bentonite-water sec-with a mixiure conslating of the
crude oul (€ g. diesel fucl or a gasolme cut off of a crude hydrocarbomn, petrolerm sulfonste, and optionsl cosar-
colunn) Also, unsulfonated hydrocarbon within pe- factant. The amount of water within the microemmnlsfon
troleum sulfonates 1s useful a8 the hydrocarbon Exam- o directly dependent on the vescosity. Other components
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of the microemnlsion directly influence the viscoeity, eg.
the concentration and type of cosurinctant, the cmeen-
tration and average equivalent weight of the petrolenm
sulfonate, the amount of electrolyte within the aqueous
phase of the miroemmision, the temperature of the
microemulsion, ete.

mmmnhonwnmmnm-dnpembleclly

dupembllnypwpemumruﬂtfmchnnml

and/cr physical properties of the clay Preferably, the
clay has a ugh degree of hydration, such a1 bentonite,
a clay contammg mostly montmonllonite, with munor
amounts of quartz, cniatobabte, bioftite, etc Other kands
of clays commoniy wsed i drilling fluids may be used in
the microemulsion Examples of useful clays include
Aquagel (a trademark of Baroud Divimon, Natonal
Lead Co , Houston, Texas, U.S A and dentifies a Wy-
ammg bentonite), Baroco (a trademark of Barod Divi-
sion, and dennfies a clay that s not as nch i montmo-
nllonrte as the Aquage] clay), Zeogel (a trademark of
Baroid Dvision and wdentifies an attapugite clay vsed
to mpart gel strength to salt-water muds), and simmlar
types of clays. The bentonite clays are especially useful
with the mvention

Other additves may be wncorporated into the mero-
emulszons to mpart desired charactenstics to the dril-
ling fluuds Such addmives arc kmown m the art and
mchide weighting agents such as banum sulfate, lost
circulation agents such as plant fitwes, shredded rub-
ber, plastic foil, mca flakes, and preservatves, such a8
chemcal bactencudes, funpicides, sand anb-fermenta-
tives. However, muach additrves must be compatible with
the microemulsion, Le they oust not react with compo-
nents of the microemulsion to phase-separate the mu-
croemulmon or to wmpart adverse chemical properties
thereto

To teach preferred embodments of the mventon,
Apphcants compared thewr mzeroemulsion dnllng flu-
1ds to commercially avalable dnliing fluids. Also, Ap-
phcants’ microcmnulsions were tested with other com-
ponents knwon in the art and the particular preferences
necessary for Apphcants’ microsmulmon were substan-
tiated by laboratory expenments. The following dwcas-
mion presents the laboratory evaluaton

LABORATORY MEASUREMENTS

Laboratory testmg of the dnilmg flurds, 15 based on
standard recommended by the American
Petroleum Insttute (APl Recommended Practice RP
13B, Second Edition, Apnl, 1969) In certam cases, the
stanciard procedures were modified to measure mud

properties at clevated temperatures.
MUD WEIGHT
Mud weight or density = expressed m pounds per
gelion In each example, the amount of weightng mate-
nal necessary to gve a weight of ten pounds per gallon
was calculated and added to every sample
VISCOSITY, YIELD POINT AND GEL STRENGTH

These measurements were done with a mult-phase
direct- Fann V-G vmcometer as recom-
mended by AFl Recommended Practice 13B, pp 5-6

the drillmg fhnd at clevated temperatures— this was
done by wrappmng a1 hesting coil aroumd the sample
contmner, and letang the sample and mstrument equih-
brate to a preselected temperature before measure-

5

15

25

3o

a5

6

ment. The viscostty 1n centiposes 18 expressed as plas-
tic viscoaity and/or as apparent viscosity Yeeld pomt
and gel strength are expressed 10 pounds per 100 sq .
The gel strength or thixotropy 18 measured 10 seconds
after the sample has beon stured vigorously and 15 mea-
sured a second trme 10 munutes after vigorous stwnng--
-procedure 18 grven in page 6 of API RP 13B

FILTRATION TESTS

Filtration tests were conducted at room temperature
and at clevated temperatures using a high-temperature
mud cell defined m US Pat. No 3,617,868 to Beatel et
al

RESISTIVITY

Ressstivity of the dnlling fluoxd = measured at room
temperature and at elevated temperature vtmng the
mud cell identsfied 1n U.S Pat. No 3,617,868 to Bextel
et al Resstwity s reported i ohm-metem.

NECESSITY OF USING SODIUM PETROLEUM
SULFONATE WITHIN MICROEMULSION

Oil-external mucroemulsions were made with ammo-
num petroleum sulfonates. Three common dnilling
nn.u!clnyl.le.Aqulgel Baroco, and Zeogel (thess are
trademarks of Baroed Division, National Lead Com-
pany, Houston, Texas), were separately added to the
mcroemulsion  All of these three clays caused the
mcroemulsion to phese separate mto two to mx distinct
layers Some of these layers differed only mn amount
and particle size of clay but other layers were of dd¥er-
ent compoations from the onginal microemulsion. The
refractive mdex measurements of the filtrate from ddf-
ferent layers vertfied phase separation of the mucro-
emulsion

It was rattonalzed that the reason for phase separa-
tion probably was due to the relative order of prefer-
ence with wiich eabons compete for exchange pom-
tons on clay structures That s, the ammonum cation
on the sulfonate 1 attracted prefarentially to the clays
where it replaces cahons mitmally on the clays Thus,
the sulfonate loses the ammonmum cabon and gams
cations which adversely mfluence the stabihty of the
microemulnon

An udentical microemulnon was made with sodium

arate. The composthon of the microemulsion 18

Component Amommt and Type

Sodium petrolenn Petwemats H1

— 2 Epme 0

Hydrocerbon 379 w

Cosurfactant 10 o p-xnyl alonhal! 100 ml
IMCTosmuinen companents

‘Water 2914  mi water contsmung
28,000 ppm total diwwmived

Petronate HL sulfonate has an average equuvalent
weaght of 450 and an actiwity of about 62%, and, Pyron-
ate 50 has equvalent weight of about 360, axd contams
about 50% sctive sulfonate—these sulfonste trade-
marks belong to Sooncbormn Chenucal Co., New York,
NY, US.A The mcrocmulson first tested had the

equry-
alent weight of about 404 and 15 about 8% active sulfo-

133
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nate These microemuilsions are oil-external and phase
f;sh!eFover the temperature range of about 70° to about
To the nucroemulsion contaming the sodum petro-

8
lower 1n the presence of salts, however, with a concen-
tration of 28,000 ppm of TDS m the water, the ctheolog-
wal properties are stil within operational range of con-
ventional drilhng flmds The rheologws! properties

leum milfonate there m added vanous amounts of dry 5 were detcrmaned at 74° F and at different weaght con-

Agquagel and Bamte (finely divided banum sulfate)
The microemulnon did not phase separate However,
measured gel sirength of the composrion was too low
for sunable dnlling fhuds. The clay and bante tended to
settle from the mcroemuluon even though the micro-
cmuliion was phase stable It 1 postulated that the
clay-uater nterachon 18 necessary to unpart gel
strength, by addmg dry clay to the oil-external micro-
emulsion, the clay and water were effectively seques-

centranons of Aquagel m the mucroemulmon, the
Aquage] was added by first obtainmg an aqueous mix-
ture of the Aquagel 1n water and then adding 1t to an
anhydrous mrcroemuldston stock solution In each case,

10 the mud weight of the microemulmon 1 adjusted to ten

pounds per gallon by adding barite. Also, the apparent
viscosity is determmed at 100 rpro and at a shear rate of

100 rpm = 170.4 sec-11 Rheological properties of

particular microemulsions are indicated 1n Table 1

TABLE 1
Qe
Welght % Viy —TIOSOTe  Vield Vel
Samplc* Agqoagel  Water  (cp) e/100 18 Tow100 A8

A 09 delled M ) MY

3 oi ¥ 120 sn '

C 224 " 530 11714 '

B 29 “ &0 2433 "

E 2% 200 130 as/6 17

Pp TDS

HNMmmat messnreble with svellsbls eatrument
*aiTir compusitions gre Sheution] o the mitrosnoisien greviemly descrlived sscept the water is replaced
by te imdicaind wamy within Talis |

tered from one another This adversity was cured by

As m cvident from the above table, the apparent viscos-

adding the clay in a clay-watzr suspension rather than 30 mes and gel strengths increase with mcreasmg clay

edthng dry clay to the mcroemulon To obtmn max-
mal gel strengtha, the clay can be rmxed with soft water,
or waler contanmg a very mmumum salt content and
the clay-water shury added to the microemulsion dnl-
Iing fluids—~e g compare Sampls D with Sample E 1n
Table 1 However, Sample E which contams 28,000
ppm of TDS stll has sufficrent gel strength to be opera-
tive as a good dnllmg flind

It 8 postulated that the clay, barrte and other water
dspersible matonals are contaned within the micelles
of the microemmuimon and because the microemulson 13
thermodynamucally stable, the water dispersible mate-
nels withia the micelles cannot separate due to gravity
That s, the mucelles contam water and they are ther-
reodynamically despersed withmn the oil phase, thug, any
water dipersible matenal withm the water is also
“thermodynawmcally dispersed” and will not settle out
due to gravity

RHEOLOGICAL PROPERTIES

Rbeologacal propertnes of the microemulsion drilhng
Bwds are tlustrated m Table 1 Thes particular driling
fluid had a composttion dentical to that of the previ-
ously descnbed sodiwm petroleum sulfonate mucro-
emuinon dnlling fhud except whore mdicated, the
water exther had 28,000 ppm of TDS (total dissolved
solids) or had cssentially 0 ppm of TDS As 15 evident
from Table 1, the rheological properties are deculedly

content. Although the gel strengths are acceptabls, the
viscostties of the above-indicated microemulmons may
be too lugh for conventional field applications, how-
ever, these examples show that or-external microemul-

35 moms obtamed with distilled water (distlled water pro-

motes the maximum posmble clay swellmg) will yield
very high viscomties. These high viacosrties can be de-
creased by etther the water concentrations
or addmg saits—ace Sample E wherem the water con-

40 runs 28,000 ppm of TDS and the apparent viscosity s

I?vommcormpundltnaphsucmwtynfmcenu-
pones) Thm table also mdicates theat mud-like gel
strength and hugh viecomty values can be obtaned with
less than 3% Aquagel- ordinary water-based muds may

43 requre 5 to 10% Aquagel to produce sumilar mud prop-

erttes. These high viscomty, oil-external microemnul-
aions have partscular utility m reservows at very high
temperatures, ¢ g at hugh ahove 200° F
whege the mcroemulmon » shll stable but the

350 of the microemuimon m subatantnlly reduced from

Table 1 valuen,
EFFECTS OF TEMPERATURE AND AQUAGEL
Effects of temperature and the concentration of

55 Aquagel in the microemulsion are fllustrated i Table

2 The compomnton of the mucroemulsion m this Table
13 idontscal to that earher defined except the water 18
replaced with dmtilled water

TABLE 2

W%

Temp.
Semple  Aquagel F

aﬁu Viscomuty Yield Value (lgd!mllo )]
(cp ut 100cpxn) (ep) lbs/100 fi* Bn/100 B

035 74

L1 l”
" 193
2.24 4
" 100
” 140

[t Lt -4 ]

3w NDM. NM. sh
204 N.M NM. 46
9 73 11 5/6.3
58 42 6 5/6
590 NM NM 1114
350 NM N.M 14419
ns NM NM 14720

+77
P
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TABLE 2-continued
Gel
wis T Yiekd Valur (10 See/10 Min)
Al P (puiooga e Baioon a/100 %
M " 130 155 ) 9 123
N X ) " 630 NM M 24/33
o " 100 3% NM NM 2393
P " 140 260 NM NM 26044
Q " 190 240 a3 L] 267

comparable 10 published values for prior art types of
dnllmg muds. Also, the gel strengths mcreased mark-
edly with mcreasmg temperahmo—agam, ths = a dis-
tmct advantage

s FILTRATION AND RESISTIVITY PROPERTIES

The resmstivity and filtrahon charactensbcs are a
functson of and Aquagel content, are tllus-
trated 1n Table 3 In each case the mud weight of the
mucroemulsion 18 adpusted to 10 lbs per gallon by addi-

20 tion of barte  Also, the compeartion of the microemul-

=on = identical to that descnbed previously except the
water contams about 600 ppm of TDS or salts.

Lead Company, Houston, Texas, the drilling rud hav- TABLE 3
compomtion W% ‘lt’. Lom Rosmtivty
wg the s Senple Aczmgrl F m0mm.  ohm-mekers
po— pore— s s w4 038
T »” 150 4 026
Diirsed Puel No. 2 0.537 (bhl) U " 200 & 0.16
Waer 0.228 (bbl) 0V » 290 136
Envveraud 15 (b acthve exoulsifier)
Daratoos 8 (Ib filtrate control) w 2.4 14 <} 099
Petrotone 4 (. natural clay) X ’ 100 <l 073
= 1=~ AT T R
L AA ' 280 1 030
Propavtass of the drillg muds are a3 Gafkrws B 19 ] 0 130
cC ” 100 0 0.89
. 145 Db " 150 2 0.62
Ayt qm'MF "; EE " 200 2 043
pEbets : i oo -
L] Baroxd Waies-m-Oll
Bloc Swbility, v 520+ 40 00  Emniwon M 74 0 N+
HH  Pdslon Mnd 100 2 »
I BuboMd 1% 2 "
The components 1n the dnilmg mud are- Inverrmul (a KK = Pouudsion Mod 290 I "

trademark of Barosd Divismion, National Lead Co.,

Houston, Texss, and identifies an active emulmfier 45
readily disperaible m oll), Duratone (2 trademark of  From Table 3 it u evident that Apphcants® oil-external
Baroad Dvimon, wdentifics a

cdbid).l’em(lm of Barod Divisom,
denuﬁundny-lilrgmntmllﬂmmﬂnu
pending propertes of crude or refined ofls and ol
muds), and Oehione (a trademark of Barowd Diviszon,
ldcmiha organophilic collowd) This drilhng
contains diesel fuel and water (appl-
mumllﬂunabmﬂnummm).
but bas less of o water/odl ratio than does Applicants’
dlustrated ncroemuision. This o-external cmulsion

mmud, at 74° F , has a plastic of 77 cp,

50 dustinct advantages for )

characterstic—-thn » ighly demrahle to prevent
tson damage or to stabalize the well bore and also has a

muds—tins 1 an advantage m electrical logging; most
water-m-0il emulmon muds such as are dlustrated by

55 Sampies GG through KK will not conduct a measurea-

ble current and thus are not suted for electrical loggmng
pmcaduru. Applicants’ oil-external microemuisons,

viscomty
a yield pomt of 33 Iba/100 sq fi., a gel strength of 15
Inllmnqﬁatmmuglllllllo?ﬂv:?ﬁgom
These values are withm the rangs ues for Appli- 60 emulmons mcroese with ncreamng Aquagel content
cants” microemulaton dnlling fhud at elevated tempera-
tures. By comparmg thus prior art oll-extarnal emulmon
drilhong mud with Applicants’ mcroemulsion, it 8 evi- ADVANTAGES OF OIL-EXTERNAL
dent that Apphcants’ microesouluon drilling flud, at MICROEMULSION DRILLING FLUIDS
elovated temperatures, has at least equal rheological 65 Applcants’ ail-external mcroemulaion drilling fluids
properties This » a decuded advantage of Apphicants’  enjoy the same advantages as do oil-external emulsion
microemuision drillmg fluids over the prior art. Also,ff  muds over water-based muds, ci-m-water emulmon

it w desred to lower these rheologcal properties of  muds and oil-based muds. However, Applicants” oil
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external microemulmon muds have advantages over the
ail-external ecnmlsnon muds 1n that

1 the od-external microemulsion muds conduct elec-
tncal current, this B nesded for ordinary electncal
loggmg techmgues—moat presently used oil-based 5
emulszon muds do not,

2 Applicants’' oll-external mucroemulsion dnlhng
fluids use ordmary, untreated bentomte, eg the
Wyommg bentomte clay, to mpart suitable viscos-
1y, gel strength, and filtraton charactenstice—-the
currently svmlable oil-external emulnion muds re-
quire pretreated clays to make them oleophihc,
and also requure orgamc collowds and ofi-wettmg
agumtopvethenecamypmput

3 Apphcants’ oilexternel microemulssom dnllmg
fluwds requure less clay than do the presently avail-
ahle oll-external emulsion muda,

4 Apphcants’ oil-external mcroemuluon dniling
fluds are stable over a wule range of salt
concentrations—such advantage = an economcal 20
advantage e well as an operational advantage—the
samples teach oil-external microemulnons contam-
mg 28,000 ppm of TDS, ths 1s a salt concentratron
spproaciung that of sea water,

5 the inherent properties of Apphcants’ od-external
mcrocmulsion dnjhing flunds elrmmate the need for
several clawes of dnlbing fhud additives such es
corrosion inhibrtors, emulnfiers, filtrate-reducemn,
lubricants, thinners, and vscosifiers--the properties
of the microemulsion can be controlled merely by
altenng the composthon of the pnnapal compo-
nents, 1 e clay, water, alcohol, hydrocarbon, etc.,

6 Apphcints’ oil-external microemulsion
fluuds have hugher water contents than do the con-
venttonal cil-external emulnon muds—thee 15 a de-
cidedly economcal advantage, and

7 Applicants’ cil-external rmicroemulsions are visco-
elastic and allow for drag reduction, the emulstons
are not vacoclastc In essence, Apphicants’ oil-
external mucroemulsion muds are more economcal
than cogventonel emulnon muds and conduct
sufficient electnicity to permt the use of electrical

loggmg ues.

It » not mtended that Applicants’ mventon bo hm-
nted by the taught herewn. Rather, all equuva-
lents obvious to thosa skafled m the art are mtended to
bes mcorporated withn the scops of the mventon as
defined within the specification and appended claima.

What s claamed ix

1. An oi-external microemulnon dniling fhnd whach
will conduct sufficzent electncal current needed for
clectrical loggmg of & subterrancan formation, the mi-
croemuinon of about 15% to about 90% by
volume water, about 5 to about 84% by volume bquid

12
5 The compomtion of clum 1 wherem the petroleum
?Jouhmm;pmtmmumm:ofaboutZ%m
t

&mwd&mlmmw
5 tulfonate = present m concentratsons of a 5w

about 10% by volume
7 The com| of clazm 1 wherem the average

wvalent of the petroleum sulfonate is about
8. The composhon of claom 1 wherem the micro-

10 cmulnon contame about 2 to about &% by weight,

h;ndﬁ-;lﬂnmdotrwml Koo
, composition of clamm micro-
emulsion contams about 1 to about 10% by weght,
based on the water, of 2 water-dupermble clay

10. The composition of clamm 1 wherem the clay =
bentonita

11 The compomtion of clamn 1 wherein the clay 1

l!.'l'h:eanpcllmdm of clamm 1 wherein the

mcro-

emulnon contame bante

mcroemulnon comproed of
1 about 5% to about 78% by volume of iquid hydro-
carbon winch 1 crude oal, frac-
um(l)dfmndeoilormﬁnedtnmun(l) of crude

ol
30 2 about 20% to about 75% by volume of water con-

35
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SMMQNISbMSSwW&m
I8 AN INCTEATIC of mor-
mnltormhhaﬂmﬂmdaymdlmd
water having been premmed prior to admixture
with the remammg camponents of saxd nncroemul-

mons
15. The microemulsion of clamn 14 wherein the co-
surfactant comtama about 3 to sbout 16 carbon atoms.
16. The mcroemulsion of clarm 14 wharemn the co-

50 mufactant s an alcohol

17. The mcroemninon of claim 14 wherem the pe-
troleum sulfonate has an average
mﬂmu:ennpdlhomnoaoabumﬂo
18. The mcroemulinon of ciaim 14 wherem the co-

l:ydmcubon ‘shout 1% to about 30% by volume of a 55 Surfactant bas & water solubility of about 001% to

sodium petroleum sulfonate having an average cquiva-
lent weight of about 350 to about 525, and about 0 1%
to about 15% by wesght, based on the water, of a water-

clay, said clay having been 1mncorporated m

dispersible
themmmuhmbymmgltwnhdwmphuwb

and then mixing the day-water mxture with the re-
Dxaming of the mucrosmulsion

2. The microemulmon of claim 1 wherem 1t contans
about 0 01 to about 20% by volume cosurfactant.

3. The compoartson of claim 2 wherem the cosurfact-
ant is an alcobol contammg about 1 to about 20 carbon
atoms

about 20% st amblent tenperature.
lD.Wmlnonofdml‘whuemdnhy—

drocarbon is a refined fraction of crude

20. The microemulsion of clamm l4wlmdnlhwa—

tn-dmblﬂa*dlyup:umnmmmmnﬂmdabmlz

21. The mucroemulsion of claom 14 wherein the wa-

] of bentonite
lﬂ'-dnmubledly enmgiled b the wa.
montmorillomte

mr-dhpern'bladnyheomprlndof
nﬂ. The mucroerminon of claum 14 wherem the water
]

24. The microemuinon of clarm 14 wherem the mi-

4, The compomtion of clamn 1 wherem the hquid croemulsion containa barite.

hydrocarbon = a refined fraction of crude oil.

' & ¢ * »
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ous phasss of the emuiuons possess particular water
contact. The aqueous vapor pressure of an oil-base

substantially prevent the migration of water from the
flud to the formations. The aqueocus vapar pressure of
an earth formaton 8 deterrmmed. A method and ap-
paratus are disclosed for determming the compatibshity
of a well flurd with a water-senmtive subsurface forma-
tion wherein a substentwily unaltered sample of the
formation 18 immersed 1n the flud and the directron
and extent of water migration between the well flud
water-in-0il -

of the emulsions possess particular water vapor pres-
sures relative to the formations winch they contact.

35 Clairs, 8 Drawing Figures
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TREATING SUBSURFACE FORMATIONS only along the beddmg planes and that the fmlures
winch occur are dug to such penetration It has also

CROSS REFERENCES TO RELATED been generally amumed that hard shales are non-

APPLICATIONS swelling in the presence of water

This applicahon 15 a contmuanon-in-part of appbca- 5 Difficulties in driling through gumbe and other soft
tion, Ser No 726,693, filed May 6, 1968, now aban-  shales have been alleviated to some extent in the past
donad, which was a continuation-in-part of application, by the use of water-in-cu mnvert emulsion muds aed
Ser No 675,490, filed Oct. 16, 1967, now abandoned,  other oil-base fluids. The use of invert emulsion muds
and apphcation, Ser No 699,255, filed Jan 19, 1968,  prepared wath saturated sodium chlonde solutions or
now abandoned 10 ¢ moderate amounts of calcium chlorids, nor-

BACKXGROUND OF THE INVENTION
1 Field of the Invention

mally less than 250,000 parts per mullion, 1n the water
phase of the emulsiona has also provided some im-
provement. The results obtawned with such fluwds, how-

Thus mvention 15 directed prmanly to the dnlling of |, :::t. have generally been inconmstent and unpredicta-

wells through water-senntive earth formations More
partcularly, the invention 1 concerned writh methods
for formulating driflng flutds, methods for driling, and
dallmg flmgd compaositions which enahle formations o

be drilled wath a minimum of difficulty The mvention ,q

also pertaimns, w general, to methods for desigmng and
applymg fluds which find use in contact with shaley
earth formations, and fluid comtposrtions for such use

2 Descripton of the Prior Art

Onl-base muds, including water-in-o1l invert emulsion
muds, have also been used for dnlling hard shales In
most mstances such vse has provided lrttle, if any, im-
provement over the use of water-base muds Senous
mud loases, formation damage, and increased operating
expenses have often been mmcurred Although increas-
g the weght of the dniing flud and dnlling more
slowly has often helped, efforts to overcome difficulties

The problems encountered m drilhing through shales 25 ancountered with hard shales have in the past been lar-
and sumlar wateraenmtive formations are of long  gely unguccessful.

standing 1n the petroleum industry Such problema are
particularly acute in deep formations comammg hard
shales but are also troublesome mn shallower forma-
tions. The nature and extent of the difficulties encoun-
tered generally depend s part upon the characterstics
of the particular water-sensiive formations to be
penctrated Geologically speaking, such formations
normally contam fine-grained argllaceous matenals
which 1n a compressed state have very low permeabil-
ties, generally less than 0 001 milhdarcy Since such
materials may have been deposted under widely dif-
ferent circumsiances and subsequently subjected to dif -
ferent temperature and pressure conditions, water-sen-

siive formatons may have mineral compositions and 40

water contents which vary consulerably

Water-senamive shales are broadly categorized m the
petroleum industry as crther “‘soft™ shales or “hard”
shales Soft shales are generally considered to mnclude
the plastic, gumbo, wet, hydratable, and swetlng shales
which “dissolve” or disperse readily i water Soft
shales usually occur 1n young strabgraphic sequences
and m the shallower formatons within any strat-
graphic sequence “Hard™ shales, on the other hand,
gre hard and are substantially mnsoluble and nondisper-
mble 10 aqueous medis. They generally contain much
less water and montmonlionite than do soft shales.
Hard shales generally occur m older, deeper forma-
uons

Soft shales and hard shales both present serous
problems dunng dnlling operations If soft shales are
drilled with water or water-base fluds, for example,
they may roadily disperse or dissolve in the circulatmg
flod to form a troublesonte plastic mans This disper-

sion has been generally attnibuted to the presence of

montmorillontte in the shales. Hard shales, on the other
hand, do not normally disperse mn the flwd but
nevertheless quickly loge therr strength and break and
slough Unul racently there has been no satwfactory or
pccepted explanation for the failure of hard shales The
extremely low permesbilities of these shales have led
observers 1o theonze that drilhing flnds can penetrate

SUMMARY OF THE INVENTION

Thus invention provides means for alleviating
problems normally encountered when shales and
mmilar water-sensitive argillaceous earth formations
are contacted with aqueous fluds The invention
greatly extends the application of oil-base dnlhng fluids
for dnlhng water-sensitive formations and 18 especally

35 ysefulin dnihng or treating hard shale formations such

as the Mlway and Dexter shales in East Texss and
West Lousana, the Wolfcamp ghale n West Texas, the
Spnnger and Atoks shales in Oklahoma, and similar
hard shales elsewhere

In accordance with the mvention, 1t has now been
found that shales, shaley sands, and mmilar arpiliacecus
formations, 1n spite of thewr extremely low permeabil-
ty, poasess a trong attractzon for water and are capablo

45 of withdrewing water from water-in-0l emulsions and

other finds with which they come m contact This sen-
anivity to water 13 evidenced by dimensional changes in

response to the absorption or desorption of water
Thess changes, although sometimes very shight, con-

50 mbuto matenally to formaton fedlure It has been

found that the rate at which such a formaton
withdraws water from a particular aqueous flud is a
quamtiive meusure of the degree of water senmutvity of
the formaton 1n the presence of that fluid This rate

33 and hence the water sensmitivity of the formaton can be

assessed by at least partially immersing a substantially
unaltered sample of the formatron m the fluid and mea-
surmg the changes m dimanmons, weaght, or other pro-
perties of the sample, directly or indmectly, over a

60 galected penod A preferred method of measunng the

water senutuvity of the formation 13 to measure the
deformation rate, whether visible or subvimble, of a for-
mation sample in the presence of the flusd

Although the mechammns responsible for the
transfer of water between the emulsion fluzd and the ar-
gillaceous shale with which the emulmion fluld comes in
contact are evideptly complex and are not fully un-
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3

derstood, expenience has ghown that water tranafer
from the emulsion flurd to the shale will normally occur
if the vapor pressure of the agueous phase of the flud 1»
greater than the vapor pressure of the formation Mea-
surement of vapor pressures thus provides a convement
techmique for ths evalustion of emulsion fluda. Aque-
ous vapor pressure 18 direcily proportional to the actwi-
ty of water and hence water tansfer will normally
occur from emulsion to shale when the actuvity of the
water contained within the aqueous phase of the emul-
swon exceeds that of water contamned within the shale It
18 important to note that the aqueous vapor pressure of
the formation normally differs from the vapor pressure
of the water or brine contamned within the formation It
appears that certamn electricel or absorptive forces as-
sociated with the matrix or compoaition of the forma-
tion iself greatly decrease the vapor pressure which the
water contamoed thersin would otherwise be expecied

4

vention is to provide improved water-in-;il emulsion
dnlling fld compositions. While cil-base flurds and 1n-
vert emulsion flnids, which are both water-in-o1l emul-
sion fluds, are sometimes distinguished on the bams of
water content, all three tenms are treated s
synonymous herein It is still another aspect of the in-
vention to provide methods for demgning mproved
conng fluida, treating fw:dy, fracturing Buida, dwplace-
ment fluds, and the ke which contact water-sensitive

19 formations

BRIEF DESCRIPTION OF THE DRAWINGS
FIG 1 schematically depicts an elevation view of a

15 dmplacement transducer instrumented with strain

gauges suitable for performng the simulation test
method of the invenbon

FIG 215 a schematic plan view of the apparatus of
FIG 1

to have Measurement of the aqueous vapar pressureof 39 FIG 3 o a schematic diagram of an electnes] arcutt

the formation, which charactenizes the actuvity of the
formation water, 15 therefore an important aspect of the
mvention

Two general methods for designung oil-base dniling
fluids i eccordance with the mvention are disclosed
Both involve the addition of vapor pressure depressants
to the aqueous phase of the emulsion fluxd m amounts
sufficient to elhminate or to retard transfer of water
from the drilling flnd to the armilaceous formanon
The first method 15 & direct mmulation of the interac-
tion of the fluid and the water-senmtive formation A
water vapor pressure depressant 1 preferable first dis-
solved 1= the aqueaus phase of the emulsion dnlling
flud The rate of water transfer between this flud and
the formation 1s then quantitatively deterrmned by im-
mersing a sample of the formation 1n substantally its
natural state in the flud and determumng the rate of
deformation The concentration of the water vapor
depreasant can then be mncressed and addiional sam-
ples tested unnl a concentration that reduces the rate
of deformation to substantially zero 1s found A defor-
mation rate that for all practical purposes approaches
zero ndicates that the fluid can be used with litle
hikebhood of damaging the formation

45
A second method for demgming dnling fluds

requires that the aqueous vapar pressure of the argil-
laceous shale formation first be determined This can
be done by exposing formaton samples to atmospheres
above different saturated salt solutions having known
water vapor pressures unt) equiibnum 1s reached By
observing the weight change of the sample resulting
from water migration, the vapor pressure of an at-
mosphere that would result m no weight change u
determined Thue value represents the formation vapor
premsure After thus determining the vapor pressure of
the shale formation, an emulsion flud having an aque-
ous vapor pressure substantiafly equal to that of the for-
mation can be prepared Such a fluid can be used to
dnll the water-senmtive formation with httle hkehhood
of the hole sloughing.

It is styl] & further aspect of the mvention to provade a
method and apparatus t0 monrtor mvert emultion
dnlhng flutds at the well site dunng dniling operations
so that the flnd compaution can be changed to com-
pensate for dnlling fluid contarenants and the hke en-
countered in the borehole Another aspect of the in-

that can be used with the apparatus of FIG 1

FIG 4 graphcally illustrates unnt elongation versus
log time data recorded while testing a hard shate in ac-
cordance with the ssamulation test method of the inven-

25 tion

FIG 5 gmphcally llustrates the rate of deformation
extubrted by a number of samples of an argillacecus
shale formaton contacted by water-in-o1l emulsion
dnilhng flurds having different aqueocus achvities.

FIG 6 shows the water vapor pressure {P), relative
to the vapor pressure of pure water (P,), exhubited by a
West Texas hard shale at 25° C for varous water con-
tents within the shale

FIG 7 1 a correlation showing the average vanation

35 |n the water content of a shale m tarms of depth of buri-

al within the earth.

FIG 8 15 a correlation showng the average vapor
pressure (P} of two hard shales and one soft shale rela-
tive to the vapor pressure of pure water (P,) a1t 25° C
for different shale water contents.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

I Design of Dniting Fluids
A The Stmulation Test Method
I Nature of the Simulation Test Method
The simulation test 18 based on the discovery that the
rate at which shales and other argllaceous formations

50 absorb water from a particular aqueous fluid 13 a quan-

titative measure of the degree of water sensivity of the
formaton m the presence of the flund The test 18 per-

formed by at loast partially immerumng & sampie of the
formation which is 1n substantally its natural state of

35 hydration in the dnlling fluid of mterest and determm-

ng the rate of water absorption

One method for determinmg the water absorbed 15
bychange of weight of the sample The sample 18
weighed mitwily and 1ts change in weight observed over
a period of ume Any change 1n weaght which occurs 1s
attnibutable to the migration of water Weight measure-
ments can be obtaned while the sample is irmmersed by
suspending 1t 1 the dnlhing flud and penodically

65 recording the suspended weight. In heu of this, the sam-

ple may be withdrawn from the flud after a fxed
peniod of tume, cleaned, and then weighed Another
method recognizes that the remstivity of the sample wall

&1
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decrease a5 it sbsorbs water and utilizes changes 1n re-
sishvity to measure the amount of water ahsorbed. Sull
other methods are based on the measurement of
changes in somc velocity, compressive strength, and
other phyncal properties which vary with water con-
tent to indicate the rate of absorption

The preferred method of measurmg absorption 18 to
log the rate of change 1n dmensions of a shale sample
while 1t 13 immersed in the dnihng fluld This gives a
direct measurement of the deformation of theshale due
1o the dnihng fluid and thus provides a quantitative
measurement of the rate of water absorption A wide
variety of devices for recording changes in dimensions
may be used, wncluding micrometers, optical equip-
ment, dial displacement indicators, and the hke The
preferred apperatus, however, is a displacement trans-
ducer instrumented with stram gauges.

2 The Duplacement Transducer Apparams

FiGS 1 and 2 dlustrate e resistance stramn gange dis-
placement traneducer suitsble for measuring the
change in dunensions of a sample of shale or mmilar
matenal. This apparatus includes a rectangular base 10
from which a substantially cylmdncal column 12 ex-
tends vertically A senes of beveled teeth on the upper
portion of column 12 form rack 14

Cantilever deflection bearn 22 engages rack 14 The
outermost eud of the deflection beam extends
downwardly io an L-shape terminating in a frusto-coni-
cal end termmua 24. Contactor shoe 21 s mounted on
end termmuys 24. The mnermost end of the deflechon
beam 22 contans a generally aval aperture 23, one end
of which forms a yoke that fits over upright column 12
and forms a shdable support with the column Shaft 18
passes through deflection beamn 22 ut the other end of
aperture 23 Knobs 16 are mounted on the ends of shaft
18 Pimon 20 w supported on the shaft 18 10 a position
corresponding to the middle of the aperture to
cooperate with ack 14 Upper stram gauges 28 and 26
are mounted on the upper nde of deflection beam 22
Lower stramn gauges 27 and 28 are positoned on the
other sude of the beam

A cylmdnical pedestnl 30 extends from a rectangular
base 10 underneath contactor shoe 21 The upper sur-
face 31 of the cylindrical pedestal 18 smocth and forms
a bearing surface underneath shale sample 34 Cyhn-
dncal cup 29 glides upon cyhndrical pedestal 30 Seal-
mg member 32 13 mounted between the cup and the
pedestal to prevent the lsakage of fluids.

FIG 3:llustiates an electnical circuit suitable for use
with the stram gauge diplacement transducer ap-
paratus A four-resistor electrical bridge in which strain
gauges 25, 26, 27, and 28 form the resstors 1 shown
At leat four resistors are generally used to obtain in-
creased amphtude and inherent tamperature compen-
sation Vanable resistor 32 i placed in the circmnt to
balance the bndgs prior to strain measurements. Volt-
age source 35 creates a difference 1n potential across
resistor 32 and across the bridge between contacts 36
and 37, causing direct current to flow through ressstor
32 and the legs of the bridge formed by resistors 28 and
27, and 26 and 28, respectively Voltage = measured

6

stram gauge trarsducer on and off Although the rels-
uvely simple strain gauge cwrewt iiiustrated Is suttable,
other carcusts such as those ilnstrated sn M Hetenyl’s
book, Handbook of Experimental Stress Analysis, John
Wiley & Sons, Inc, New York, New York (1950)
could readilybe adopted

Prior to uning the straip gauge transducer, it must be
calibrated to determme the relationslup between ob-
served volteges and displacement. Ths can be done by

10 first zerowng the voltmeter, as 18 discussed below, and

then placing successively larger or smaller articles of
known length between contactor shoe 21 and ¢ylndr-
cal pedestal 30 and observing the voltages From these
data a constant that relates voltage and dwplacement

15 can be obtained.

To use this equipment to analyze the compatibulity of
a dnihing fluid and » particolar shale, a sample of the
shale should be placed on surface 31 of cyhndrical
pedestal 30 Deflection beam 22 u then lowered by
turrung knob 16 Tius rotates shaft 18 on which pmnton
20 1s mounted Pinion 20 cooperates with rack 14 to
convert the rotattonal movement of the kaob 16 mto a
downward translational movement of beam 22 The

25 beam should be lowered until contactor shoe 21 en-

gages the shale sample 34 and holds it firmly m place
on surface 21 of the pedestal 30

Wrth the shale sample thus mounted, the strain gau-
ge's electrical circwt sbould be balanced Voltage

30 source 35 m energized by cloming swiltch 46, causing

current to flow through vanable resmstor 32 and both
sides of the resistance bnidge The bnidge 18 balanced by
adjusting vanable resstor 32 untl voltmeter 44 1
zeroed. Once the bridge has been balanced, the voltags

35 readings will indicate deformation Cylindneal cup 29

15 then ramed to its uppermost posiion so that the
upper edges of the cup are above the top of sample 34
Sufficient dnlimg flud to cover the sample = then
poured mito the cup held between contactor shoe 21

40 and surface 31 of cylmdrical pedestal 30

Onece the dniling fimd contacts the sample mounted
within the strain gauges, the sample will bogin to absorb
water and expand 1if it 3 mcompatible with the fuid
Expanmon of the sample will force contactor shoe 21

45 upward, deflecung beam 11 Deflection of the beam

results 1o deformation of the strmn gauges and
produces an mbalance 1 voltage readings across the
bndge, If the flud absorbe water from the sample, the
sample will generally extubst shrinkage Such shrinkage
aleo pormally produces an mmbalance 1n voltage
readings acrom the bnidge. However, these voltages will
have an opposite sign from those ceused byswellng.
Several voltage readings should be taken at vanous
tunes after the sample has been immerged in the dnlling

55 flud The voltage readings are proportional to the dis-

piacement of the sample between contactor shoe 21
and pedestal 30 The relationshnp between dsplace-
ment and thne can be determined from the calibration
constant and used to determine the rate at which ths

wumphwﬂlabmb“mﬁmnthoplmeuludnllm;

flud, When companng data, it is yseful to normalize
the displacement data by dividing each reading by the
sample length. The normahred data is then reforred to

between terminals 40 and 42 by voltmeter 44 In leu of P as “strain " The rate so dotermiined u tndicative of the

this, & suitable strain indicator, such as Mode} P-350
sold by The Budd Company, Phoemuxwille, Pennsyl-
vama, could be used Swnch 46 m used to tumn the

degres of compatibility between the water-senmtive
formation and the drilling fluid.

3 Selecton and Prepamation of Formahon Samples

185
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The determunation of the water sensitivity of a sub-
surface formaton mn the presence of a partcular
dnlimg fuid i accordance with the invention 18 nor-
mally camned out with » sample of the formation having
substantially its 1n srtu compomtion Exposure to high
temperatures and other treatment that may alter the
composition should be avoided. It 1 preferred that this
sample be wn substantially 1ts natural state of hydration
so that rts surface absorption behavior will approximate
m st absorption behavior Laboratory tests performed
a1 reservorr condittons of temperature and pressure,
when compared with absorphon tests conducted under
atmosphenc conditions, mdicats that stmosphenc tests
are sufficiently accurate for most practical purpases.

The formaton samples utihzed may be preserved
core samples from the subject well or from & nearby
well that penetrates the same formation Such
preserved samples are particularly representative when
the cormg fluid used inlybata absorption of water by the
water-sensitive formation Fragments of the formaton
entramed by the drilling flusd and carried to the surface
<an also bo used. Since a water-sensrtive formaton well
begin hydration as soon as it m contacted with a water.
contaming dnling fluid, it 15 preferable that such frag-
ments be recovered as early as posmible after inrtial con-
tact of the rock by the fluud Hence, the depth of the
formaton of interest ghould be estimated and samples
from the earhest returns from dnliing the formation
should be secured for the test. The use of an oil-base
dnllog fluid treated tn accordance with the invention
generally umphfies the recovery of samples in substan-
trally their natural state of hydranon

Where severe hydmtion of the formation has oc-
curred, the samples obtained should be restored to
ther natural state of hydrahon Hydration 18 not always
encountered when the dnlling fluid 15 a treated otl-base
fluid and 15 generally more severe where a water-base
fluid 15 used to dnll a lughly water-seomtive shale
Restoration to a substantially natural state can be ac-
comphshed by baking the samples at a temperature
shghtly above 100° C untd sample dennty corresponds
with typical shale denmty for this formation and depth
of burial Sample density cun be rapidly determuned by
means of a graduated density hiqud column, the mercu-
ry pump pressure chamber method, or other swtable
techniques Correlations of shale denmity versus depth
of bural are available m the Literature for vancus for-
mations and are typified by those pubhished by K F
Dallmus wm hiws study “Mechanics of Basin Evolutron
and Its Relation to the Habrtat of Oi m the Basin,"”
Halxtar of Od - A Symposium, Tulsa, Amer Assoc
Petrol Qeal, 1958, p 883-931 It u important that
temperatura not greatly exceed 100° C since excesive
temperatures may result m substantial changes in
charactenstics of the aample.

4 Dnlling Fluid Deaign

Use of the method and apparatus of the invention to
formulate an oil-base drilling flurd that will prevent or
minmize absorphon and thus promote borehole stabili-
ty 1 based n part on the observation that an oil-base or
water-i>-ol emplmon mud having an agueous vapor
pressure substantially equal to or less than that of the
troublesome water-sensitive formation will prevent ab-
sorption of water by the formation Samples of the
water-sensitive formation m substantially their natural
statc should be used, as indicated above Several of

65

8
these samples are preferably immemsed in a cor-
responding number of diferent ou-base drilling fluids
having different aqueous vapor pressures and stran-
time data are obtained for each flud-formation com-

3 binanwon Thus procedure can be greatly expedited by

using a number of strain gauge displacement transdu-

cem
A eeries of water-m-oll emulsions or other od-base
muds having different aqueous vapor pressures can ba

10 prepared by adding vanous concentrations of morgame

saits such as NaCl or CaCl, to the mud A number of
other vapor pressure depressants are discussed herein
m connection with the method of determining the

15 Vapor pressure of an carth formation Suitable vapor

pressure depressants are not Imaited to these or smilar
inorgaruc sahts, however Aay soluts mtroduced imto
the squeous phase will reduce the aqueous wpor pres-
sure

20 FIG 4 ilustrates struv-tme data obtaned In ac-

cordance with the mvenuon for the hard, argillaceous
Wolfcamp shale Flnd A 13 water, and the high rate of

absorpuon for this flund s typscal of a very compatible
flnd Fluids B, C, D, and E are water-n-oil invert emul-

25 mons contarung 1n the aqueous phase, as vapor pres-

sure depressants, 130,000-ppm NaCl, 200,000-ppm
NaCl, 270,000-ppm NaCl, and 450,000-ppm CeCl,,
respechvely Curves B, C, and D illustrate the reduc-
tion 1n absorption that occurs as the concentraton of

30 the aqueous vapor pressure depressant 13 increased and

the aqueous vapor pressura of the flurd approaches that
of the formation Curve E dlustrates behavior charac-
tensuc of & water-in-otl emuision mud with an aqusous
vapor pressure that hes been reduced below that of the

35 water-senstive formation Instead of swelling, the shale

sample shnnks, indicating that water s being desorbed
from the shale sample The use of a dniling flusd with a
composition similar to that of mud E would therefore

4g Prevent absorption of water by the shale Generally,

however, there s hitle incentive In atiemptng to
dehydrate a water-senmtive formation and therefore
such a fluid would normally be considered to contamn
an excesdive amount of vapor pressure depressant In

435 most cases 1t would be more economical to reduce the

concentration of CaCly m Fluid E so that its stratn-log-
time curve would more closely approach the zero strain
line than to use a mud such as Flmd B

FIG 8 illustrates graphucally the rates of deformation

50 of a serics of shale samples exposed to ivert muds hav-

INg varying aqueous achvities {relative vapor pres-
sures) The shale formation on whuch the tests were run
had an aqueous actvity of 0 7 Each test involved 1m-
merng a shale sample m an nvert mud having a

55 known aqueots achvity for a perrod of 10 houmn, mea-

suning the strain, and then computing the average rate
of straan of the sample over this trme period It will be
noted that shale samples exposed to muds having aque-
ous activittes higher than ¢ 7 swelled and that the ob-

60 gerved rate of swellmg mcreased as the difference in

aquecus activity between the mud and the sample -
creased Samples contacted with muds having aqueous
actvities lower than 0 7 shrenk Agawm, however, the
rate of deformation mcreased m relation to the activity
difference These data demonstrate that when a df-
ference i activity exists, water will flow erther from the
emulsien mud to the shale or from the shale to the mud
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The former causes awelling of the water-sensitive sub-
terranean farmation, leading to its sloughing mto the
wellbore, the lafter increases the water content and
thus vcosity of the dnllmg flud, necesmtaung
frequent addmons of oil, salt and other matenals
required to mamtam the drilling find. However, when
the activity of the mud 18 substantially equal to that of
the shale formaton bemg dnlled, a unique relationship
exsts. So long aa this balanced condrtion 18 mamntaned,
there B subnantally no migraton of water i erther
direction Thus, it is especially demrable to mantan
the agueous activity of the mud about equal to that of
the shale and thereby both elmmate cloughing of the
borehole and obviate the addition of salt, o1l or other
matenals to the mud normally required when it 13 con-
taminated by water

Although the ammulation test has been discussed in
relation to water-m-o1l emulmon dnlhng fluids the utih-
ty of the simulation test 1s not mited to this type of
drilling fluxd The ammulation test method and epparatus
can be used to determune the compatbiity of any
dnlling flud with a water-sensitive formaton and can
be ctiployed to select the most compatble dnlling fluwd
from any group of dnlling fhuds. The method and ap-
paratus can also be used 1o determme whether or not
particular formation 13 watersaensitive and to select
fluids for use 1n secondary recovery, well stimulation,
or other well operations, as 15 more fully discussed sub-
sequently herein

B The Formation Vapor Pressure Test Method

I The Method of Determining the Vapor Pressure of
an Earth Formaton

The aqueous vapor pressure of a shale or other

water-contaning earth formation can be determmed by 135

subjecting a sample of the formation to air of a constant
known humehty for a penod of time sufficient for
moisture within the shale to reach equilibrium with the
moisture 1n the ar It will normally be difficult to

Asx noted above, 2 number of different saturated
aqueous solutions should be selected such that & given
farmation sampla 18 equilibrated at a range of relative
humidsties. The use of 8 to 10 dfferent relative humids-
ties ranging from about 10 percent relative humidity to
95 percent or move relative humdity has been found to
be very desirable and effective In this connechon, 1t
has been found to be qurte effective 1o use the follow-
ing saturated solutions to obtain a suitable range of at-

19 mospheres The solutions and the relative humidites

which exst above these soluttons are listed below

Sawated sotutlon of Retative hunndicy (%) a23°C
5
1% 10.0
mc.q. eu,g'o 29.5
Ca(NO,)y, 4HO 50.5
NHC1+ KNO, ni
(NH)y 30, 80.0
:-Tmnn ::£
2 KeCriOy 980

Many of these salts, mcidentally, may themselves be
used withm the aqueous phase of invert emulsions for
the purpose of establisimng the vapor pressure of that
phase. If vapor pressures lesa than that obtamable for a
saturated caloum chloride solution are demred, solu-
tions of ZnCl, 1% HO, LiC1 H,0, ZnBr,, LiBr

30 2H;0; potamsium hydroxide or other stronger vapor

pressure depressant may be employed The depressant,
of course, must be compatible with the nvert emulsion
of interest, and such compatinity should be tested
prior to actual use

After a formation sample has reached equibbnum
writh a particular atmosphere of known relative humeds-
ty, the sample chould be withdrawn from the at-
mosphere and 1ts water content promptly determined
A smmple procedure for deterrmning sts water content 18

preselect a burmdity condition such that the natural 40 to weigh the equilibrated sample, and then repeat the

water content of the shale will be 1n equiibnum with
thus conditon of humidity So, generally speaking,
several different hurmidity conditions must be used to
obtan u range of water contents withm the sample
which will span the 1n smitu water content of the forma-
tron withm the carth

A very conventent procadure for exposing samples of
a given formanon to ar of different hurmudities 1 to
suspend or place the sample m a sealed container in an
atmosphere of air above a saturated agueous solution
of a solute which containg an excess of undissolved
solute Thus, it 18 known that the relative humudity of
the enclosed space above such a solution where the
sarnple has been placed will ramain substantially con-
stant at 8 glven temperature—convemently room tem-
perature (25° C) An article contamning an explanation
of this pnnciple and also listmg a number of saturated
solutions and solutes 18 contamed 1n Ecology Vol. 41,
No 1, pp 232-237 (January, 1960) Typicelly, a senea
of severul different saturated solutions can be
prepared, and one or more aamples of a given shale or
other formstion can be exposed to an enclosed at-
mosphere abova each of these samples for a sufficient

weighung after the sample has been dned at about 105°
C for a penod of 12 to 24 hours. The loss 1 weight of
the sample 18 a drect measure of the equilibrated water
content of the sample The vapor pressure of the gam-

45 ple for thm water content 13 the vapor pressure of water

at room temperature (or the temperature of the

equhbrium condition) multiphad by the percent rels-

tive humdity of the air 1n equiibnum wnth the sample
After the vapor pressures and water contents of a

50 grven sample or set of samples have been determuned,

these values can be recorded on a suitable chart or
other record mediom and intermediate values can be
determuned from the resulting correlation Thus, FIG 6
of the drawing shows two correlations (A for absorp-

53 tion condihous, snd D for desarption conditions) ob-

taned by subjecting samples of &8 West Texas hard
shale o eaght different conditions of relative humdity
rangng from 10 percent relauve humidity to 98 per-
cent relative humxdity at a temperature of 25° C These
curves also apply for temperatures at least as Ingh as
100° C As can be seen, shightly ddTerent correlations
were obtaned for tests in which water was desorbed
from the shale samples as compared with tests in which

penod of tme for equilibrium to occur Complete“wnerw-horbedhythanhlloumplu The shale

sample m thm instance had an mn situ water content of
2 22 weight percent ss determined by analyzing a small
central portion of & care cut directly from the forma-

equilibrium will normally take about 1 or 2 weeks, but
substantial equibbrium can normally be attaned m
about 1 or 2 days.
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tion under condions such that the water content of
most of the core was undisturbed From FIG 6,1t 15 ap-
parent that this formation has a water vapor pressure
{or “formation vapor pressure™) relative to the vapor
pressure of pure water of between about 0 71 and 0 81

Another convenient method for determining the
aqueous vapor pressure of a water-senmtive formation
13 1o place a sample that 15 representative of the subsur-
face formation m a sealed contminer until 1t reaches
equihbrium with the enclosed atmosphere A direct
measurement of the relative humidity of the formation
sample can then be made Tho method 1s also useful for
determinmg the aqueous vapor pressure of a water-
containing gil-base dnlling fluld Apparatus for mea-
sunng relative hummdity » wadely available Typical of
such apparatus 18 the Catalog No 2200 ELECTRO-
HYGROMETER that m sold by Lab-Line Instrument,
Inc , Melrose Park, 1l

2 Selection and Preparation of Samples

As mdicated eather, the use of thi mmvention m
designing well fluids should be preceded by a deter-
mmahon of the vapor pressure charactenstics of the
portions of the zones or formatons which the emulsion
fluxd will contact. In the cass of a dnlling operation, as
pointed out earhier m the dscussion of the simulauon
test, a sample of the formation of interest should be ob-
tained so that its vapor pressure can be determmed. Iif a
sample of the formaton 15 not obtamable directly from
the well being drilled, then an effort should be made to
obtain a sample from a nearby we!l It 18 also posmble,
howsver, to collect and use cuttings from the well
which 15 bemng drilled

Agam, the preferred type of formation sample to ob-
tain and study 1= a sample from the central portion of a
core which has been cut from the formation under con-
ditions suntable to preserve the natural conditbons of
the core as much as posaible If such a sample 13 aveila-
ble, a reasonebly accurate determination can be made
of the amount of in mitu water contamned 1n the core If
such a core cannot be obtamed, the formation’s water
content can be esumated from FIG 7 FIG 7 s 8 cor-
relavon showing how the water content of many shaley
formations within the earth vary, on the average, with
imcreasing depth of bunal Thus, if a given formation
lies about 10,000 feet beneath the surface, it may be
expected {0 have, on the average, a water content of
about 2 weight percent. It 15 then possible to use this

10
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out above with respect to dnlling flud demgn by the
emulation method, it 1s especally destrable to maintain
the aquecus achivity of the mud at a level abaut equal
to that of the water-senmtive formaton Balancing the
activites in thm fashion chminates any substantal
mugration of water between the emulsion fluid and the
formation, thereby ellminating any sloughing of the
borehole as well as contamination of the mud by water
contained within the shale

However, economics or other conmderations may
occamonally make 1t undesirable to attempt to
completely reduce the aqueous vapor pressure of the
dnihng flud to that of the formaton As long as the
water transfer between the flurd and formation 13 1nsuf-
ficient to cause excessave formation failure dunng the
time penod the water-sensitive formation 1 exposed to
the wellbore, the aqueous vapor pressure of the drilling
flud can be considered to be substantially equal to that
of the water-senstive formation However, 1t 18 prefera-
ble ta reduce dnling flurd vapor pressure to a level that
18 equal to or below that of the formation

It should be noted that mixtures of salts can be used
1n the water phase of an invert, but such mixtures are
subject to the common-ion effect Their aqusous solu-
tions may thus have hugher aqueous vapor pressures
than would otherwise bo suggested by the total salt con-
centration It should also be noted that the emulsifier
and other water-soluble constituents of the dnlling
fluid may tend to shightly alter the vapor pressure of the
aqueous solution containing the vapor preasure depres-
sants when the smulsion fluid is prepared Thus the
aqueous vapor pressure of the emulsion fluid, which 15
the aqueous vapor pressure of the water phase of the
emulsion fluid, may differ slightly from that of the
aqueous salt solution used to prepare the emulsion
Generally speaking, howover, an mvert emulsion
dnltng flud wherein the aqueous phase 1 saturated
with sodimn chlonde may be used where the vapor
pressure of the formation hes a value (P) about three-
fourths of the vapor pressure of water (P,) at the same
temperature (Le, a relatve vapor pressure of 0 75)
Refermng to FIG 8, such a mud would be successful in
drilling the deep, hard, West Texas shale (A) shown
there which possesses a natural water content of about
2 2 weight percent In that regard, it should be noted
that hard argillacecus shales seldom exhibit relative
aqueous vapor pressures in excess of 0 75 The deep,

water content, in combination with the method S0 hard, Lowsiana shale (B), for example, would normally

descnibed earlter for determinng the vapor pressure of
a formation within the earth, 1o amve at an approx-

be dniled with an mvert emulsion fluid wherem the
aqueous phaze consits of saturated caleium chioride

mate value of the vapor pressure possessed by the for-  solution (1¢, a relative vapor pressure of 0 30) Ths

mation m 1tz natural condition within the earth
3 Dnillng Flutd Design
Once the formation vapor pressure 18 known, it 18

55

shale has a connate or natural water content of about
1 8 or 1 9 weight percent. The soft, gumbo shale (C)
has a connate or natural water content of about 11

then posmble to select and formulate a water-m-od  weight percent and 18 best sansfied by a fluid with an

dnlling fluid having an 2queous phase vapor pressure

aqueous phase vapor pressure less than a saturated

which bears a particular relation to the aqueous vapor aqueous NaCl solution
pressure of the formation Generally speaking, 1t 18 50

deswrable that the aqueous phase of the dnlling flud
have an AqUEOUS YEPOr preasure no greater than that of

C Emuinion Dnlling Fluids Designed by the Methods
of the Invention
Referring specifically to water-in-oil mvert emulsion

the water-senmitive formation This frequently requires drilhing flwds, a vanety of euch fluds are commercially

the aqueous vapor pressure of the dnlhing fluid to be
less than that of a saturated sodwum chlonde solution

63

avalable for use 1n dnlling wells Fluids of this type
may be modified by the addition of vapor pressure

and often 1t 15 demrable to saturate the aqueous phase  depressants and can be used for dnllng through water-
of the dniling flud with calclum chlonde As pomnted  sonsiuve formations difficult to dnit with the commer-

58
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clal flurds. Typical invert emulsion dnlhing fluds con-  vapor pressure of the flnd can be determmed. In this
tain droplets of water finely dspersed or emulsified in connaction, It may be desireabls to continuoualy moni-
en o base Dresel fuels, kerosenes, and luigh-gravity  tor the aqueous vapor pressure of the cil-base mud with
crude ous are frequently used as the oil base, and about  the displacement transducer and compare 1t with the
10 to 70 percent of fresh or common talt water s enru)- 5 formanon vapor premure. Another convenlent method
sified thersin with the help of switable emulsifying and  to monutor the aquecus vapor pressure of the mud 12 to
stabilemg agents Amome, nomome, and mmxed place a sample m a cloted container and directly mea-
amonic-nononic emulsifiers are all med for this pur-  sure the refative hupudity of the atmosphere 1n contact
pose The emuluficrs and stabihnng agents employed  with the samples as 1s discussed above

in the fluds should be compatible with sodium 10 The condition and compomtion of the oil-base flutd
chlonde, calcum chlonde, or whatever water vapor  can be determined by penodically emulsion. a
Pressure depressant 1= to be incorporated in the aque-  mud sample and determinng its water content. In addi-
ous phese of the modificd composmtions One specific  tion, the water can be analyzed for sts content of vapor
invert emulsion dnlhng flud compostion which has 15 Pressure depressant. Thus, of tho vapor pressure of the
been tosted and appears satsfactory for meny applics- ~ aqueous phase 1 bewng controlled by the presence of
tions compnses 70 volume percent No 2 diesel fuel, 25  calcuum chlonde, the aqueous phase can be analyzed
volume percent water saturated with calcium chlonde,  for this salt

and 5 volume percent sorbitan mono-oleate as the The condiion of the dnllimg flusd can atso be qualste-
emuisfier No difficulty, however, has been encoun- 3 hvely evaluated by observing the cuttings produced 1n
tered 1 obtaming other sahsfactory compostions the drilling operation if the water-sensiive formation
smply by adding sedyum chionde or calcium chlonde  such that it will undergo vimble deformation as it ab-
to certain existmg commeraally avaleble invert emul-  sorbe water If the cottings are firm and uniform, it can
mon dnlhng flids. Where formanons are particularly  therefore be inferred that the fluid and the formation
water-sensttive it may be desirable to prepare 2 dnlhing 25 &re in satssfactory condition. On the other hand, of the
fluid having a vapor pressure which is less than thatofa  cuttings become softer or more diffuss, the concentra-
mud containing a saturated calcium chlonde solution tion of the vapor pressurc depressant in the aqueous
Solutions contaimng ZnBr,, ZaCly, LiBr, LiCl, or  phaseof the fiuid should be mereased

sumiar water-soluble salts can be employed for thus If an mvert emulmon dnlling flwd prepared m ac-
purpose In additon, it hes been found that a supersatu- 30 cordance with the mvention loses water from 1ts aque-
rated CaCly mud can be formed by adding addiuonal  ous phase dunng drilling, 1t » probable that the water Is
CaCl, to a mud having a saturated CaCly solision asthe  bemg absorbed by the surmroundmg formation, and iof
aqueous phase. Such supersaturated CaCl, muds have  this s the case, dnlhng conditions will tend to become
vapor pressures lower than those of saturated CaCl, 18 more adverse It 18 theyefore demrable, under such cir-
muds. Other water vapor depressants contemplated to =~ cumstances, to add vapor pressure depressant to the
be useful 1 the various embodiments of this iInvention agueous phase of the fluxd unti 1ts aqueous vapor pres-
mclude still other water-acluble aalts, phosphonic acid,  Blre 1s no greater than the aqueous vapor pressure of
scetic acid, and other water-soluble acids, glycerol,  the formation being dnllod. This can generally be done
sodium hydroxide, potasnium hydroxide, etc Py by wigarously muxmg the fluid at the surface of the

D Monitonng the Dnlling Fluid at the Wellsite earth with fresh depressant.

Once a compatble dnlhing flud hes been selected Aa noted previously, dnlling flukis prepared 1n ac-
and mtroduced into the dnlhng system, it 3 advisable cordunce with the present wnventon are especally ap-
to monitor the flud penodically to insure retention of  plicable for use m the dnlling of hard shales. Until the
compatibility Contamuwants, absorption, and other 45 advent of thus invention, there has been no satisfactory
phenomena may cause gradual changes in the composs-  procedure for dealing with such shales As noted prews-
tion of the mud Montonng can be repudly eccom-  ously, such hard ghales generally have aqueous actv-
plished by penodically immersing samples of succes-  tres less than 0 75 which comresponds to a saturated
sive formations penetrated by the well n portions of  solution of NeCl The results obtained 1n accordance
the mud in contact with thesc formations and loggmg 30 with the wnvention have shown that wvert emulsion
the direction and extent of water migration betwoen  muds wherein the aqueous phase is water ssturated
each such ssrople and the mud in which it 13 immersed  with calcium chloride are remarkably effective for a
with the displacement iransducer apparatus wde vanety of such shales ¥, dunng the course of

In some cases it may be desirable tomongtorthomud ~ dnlhing such a sbale, additional calgum chlonde must
with calibrated shale samples having known vapor pres- 33 be added to the mud system, ths may be done by mix-
sures. These callbrated samples may be preserved sam-  ing powdered caloum chlonde mnto the flud Pow-
ples of the formation beang dnilled that have been taken  dered calcium chloride has been found to readily enter
from another well Synthetic shale specumens, clay  the aqueous phase of an invert emulnion driling fhud
specimens, and the hke, prepared so that they have par- Abnormal pressure zones represent serious drilling
ticular aqueous vapor pressures can also be used. 0 hazards in many areas where wells are dnlled Onc
Calibrated shale samples representative of the water-  characterishic of such zones 18 a transition zone that lies
tensitive formaton are equivalent to substantially unal-  just above the abnormal pressure zone and that sxinbr
tered formation samples and tha necesnity forobtaning 2 marked increase wn water content. Since s cor-
such samples from the well bmng drilled can thus be & responding mcrease may also be observed 1 the water
chmmated By companng an oil-base fluid of unknown — activity of shales in the transinon zone, continuoualy
aqueous vapor pressure With shale samples having  loggmg the actity of formations penetrated provides a
knovm aqueots vapor pressures, It 18 apparent that the  method of detecting abnormal pressure zones, Water

—
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actity of a ghale 15 reflected by the ratio of its aqueous  be reduced through application of the present nven-

vapor pressure to the vapor pressure of pure water at
the same témperature, 1¢e, relative humidity It may
therefors be demirable to log the aqueous vapor pres-
sure of the dnlling cuttings of the formahons as they
are penetrated. Measurements can bo performed by ex-
posing the cuttings to atmospherss of varying known
humidities as discussed above, by placing the cuttings
m & closed contamer and directly measuning the rela-
tive humxdisty of the atmosphere 1n contact with them as
also dmcussed above, or by usmg the displacement
transducer apparatus i conjunction with a senes of oil-
base fluds having known aqueous vapor pressures If
the aqueous vapor pressure of the shale 18 equal to that
of the oil-base fluid, when the shale sample 8 placed in
contact with the fluid it will exhibit no deformation.

Il Used of the Methods of the Invention for Other
Fluids

A Treating Flurds

The principles of this mvention are also applicables to
otherwise conventional well fluid compositions such as
packer fluds, coring fluds, completion fluids, and well
treating flurds. With respect to treating fluds, for ex-
ample, the methods and apparatus of the mnvenhon are
useful in demgming fluids for repanng and restonng
water-damaged formations In the past, it has been con-
ventional practice in the ficld to attempt to restore
water-damaged formations by treating them with con-
centrated galt water (30,000-50,000 ppm) or with sol-
vents such as alcohols which have at least some degree
of muscibility with both water and hydrocarbons In ac-
cordance with the present mvention, a suitable treating
fluid 18 a water-m-o1l emulsion wherein the aqueous
phase has a sufficiently low vapor pressure go as to at-
tract water from the damaged formation, thereby
dehydrating and restoring the formation Suitable ouls
for use mn the emulion include diesel fuels, kerosenes,
hght fuel ous, ight crude o1ls, light petrolenm fractions,
LPQ'%, and the hke Oud-base and water-in-o1 mvert
emulsion dnling fluxds contaming vapor pressure
depressants are also generally surtable for use as packer
fluids, conng fluids, completion fluids, etc

B Displacement Flmids

The pnnciples of the invention are also apphcable to
fluid composthons and methods used 1n displacing o1l
from reservows In recent years, for example, it has
been observed that water-in-oil emulsions and
microemulsions are useful in duplacing oil from reser-
voirs Such flnds generally are prepared from the same
types of oils used to prepare wvert emultion treating
fluds Soluble oils have been employed to form
microemuliton displacement fluids Such formulations
are typified by the displacement flueds disclosed n U S
Pat No 3,254,714 The emulsion or microemulsion s
mjected nto a reservoir at one point and dnven from
that pomt through the reservor toward a second point
where duplaced oil i recovered from the reservoir
Since such emulstons and microemulsions have a sub-
stantial degree of miscibihity with reservoir oils, and
mince their viscosities can be controlled to a considera-
ble degres, they appear attractive for use as oil-displac-
wg media If such flwds, however, are employed in for-
mations which are shaley or have shale streaks, there is
a tendency for the shales to iterfere with the effective-
ness and stahility of the emulnions This tendency can

5
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ticm by controling the vapor pressure of the aqueous
phase of the emuluions or microemulsions so that it e
substantially equal to or less than the aqueous vapor
preasure of the shaley constituents of the formation
‘The manner of control Is the same as that descnibed for
dnling flnds earlier in this dsclosure Since the vapor
pressure of droplets of a hquid become slgmficantly
higher than the vapor pressure of the bulk hqurd riself if
the droplets are emall enough, droplet diameter can be
a demgn conmderation in formulating microemulsion
displacement fluids. Data on the effect of droplet
diameter 1s presented by Paul Becher on page 8 of
Emulsions Theory and Practice, Reinhold Publshing
Corporation, New York (1957)

C Fractunng Fluids

Many of the hydraulic fractunng fluids used to smu-
late oil wells contrun water When such fractunng fluids
are used in the presence of argillacenus, water-senmtive
formations, the formatrons tend to swell and are
thereby damaged This damage can be prevented by
using oi-base or water-m-oil invert emulsion fracturing
flinds prepared 1n accordance with ths invention For
fracturing flds the amount of vapor pressure depres-
sant added to the aqueous phase of the emulson fluid
should be sufficient to reduce the aqueous vapor pres-
sure of the emulmon fluid to a level substantially equal
to that of the water-sensitive formaton A particularly
successful fracturing method which 1s descnbed n U §
Pat. No 3,378,074 utlizes a vmcous dispersion of
water-m-o1l as a fractunng flud The viscous flud 18
lubncated down the borehole by mearis of an annular
ring of water Since tha fractunng flmd and the annular
ning are subjected to extreme turbulence as the com-
bined stream 18 forced through perforattons and into
the formation to be fractured, 1t appeary that at least
temporarily both combine to form a water-in-o1l emul-

40 1o As a result, 1t 1s desirable to add a vapor pressure
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depressant to both the intemnal phase of the fracturing
flurd and the water used to form the annular nng

M General

It will be understood, and particularly so with respect
to the clams which follow, that while numerous
references are made herein to the aqusous achvity,
relative humidity or relative vapor pressure of maten-
als, e g., earth formations, samples of such formations
and water-contarung fluds, 1n each case the quantita-
tive value referred to i the ratio of the aqueous vapor
preasure of the material to the vapor pressure of water
at the same temperature This mto 18 proportional to
the aqueous vapor pressure of the matenal, can be
measured rapidly and accurately and has proved tobe a
convenent quantitative value for chamactenzing the
aqueous vapor pressures of matenal employed or acted
upon 1n association with the methods of the mvention
Along thess same lines, 1t will also be understood that
the aqueous vapor pressure relabonships between well
flurds and carth formations referred to herewn refer to
the aqueous vapor preasures of matenals as they exst
at downhole temperatures Also, when the aqueous
vapor pressure of an earth formation is mentioned it 18
assumed that the earth formation 18 at ite natural state
of Hydration A particular advantage in characterzing
the agueous vapor pressure of a materal by 1ts relative
aqueous vapor pressure 18 the relabve insenmitivity of

=3
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the rabo to tempersture when compured to the ab-
solute aqueous vapor pressure. Thes = particularly ad-
vantageous whers messurements are catried out on
well flutde gnd formation samples in the laboratory or

18

11 A method as defined in claim 10t which saxd at-
masphere 1 contect with sid sample iy 1n substantial
equilibnumn with sand sample

12 In a mothod of drillmg a well in & water-semmitive,

in the field at ambient conditions for the purpose of 5 argllaceows formabon with a water-m-cil smulsion

dengnmg emulsion fluds for downhole conditions.
That measurements of relative aqueous vapor presgure
conducted st atmosphenic condmions of temperamure
and premure are very good approximations of
downhole condiions has been dsmonstrated re-
peatedly by the excellent results achieved when uming
fluds designed by thess techmgues i actual well
drilling operations.
What 1z clasmed is

1 A method of dnlling a well 1n & waler-sensitive, ar- !

mpliaceous formation with a water-m-o11 emulmon
drilling fluzd which compnises momitanng the aqueous
vapor pressure of saud driling fluid dunng the dnlhng
operation and mamtaming An 2qUECUS VEPOr pressure
depressant i the aqueous phase of saxd dniling flud in
a concentration suffictent to substantially prevent
migration of water from saiud flwd to sazd formauon

2 A method as defined m clam 1 10 which the ague-
oS vapor pressure of the dnihing fluid m menitored by
mensuring the relative humdrty of the atmosphere in
contact with s sample of the drilling flwmd

3 A method as defmed mn clam 1 m which sad
water-ssnaitive formation 18 an argillaceous hard chale
formaton

4 A method as defined m ¢clum 1 1n which a suffi-
cient concentratton of said aqueous vapor pressure
depressant 1 mamntawned in the aqueous phase of sad
driling fluxd to render the aqueous vapor pressure of
the dnlling fiuid about equal to the equeous vapor pres-
sure of saxd water-sensitive formation,

5 A method 25 defined m clam 4 in winch sad
water-sensitive formaten 1 an argillaceous hard ghale
formation

6 In a well operathon m which a water-sensitive, ar-
gpllaceous shals formation having a naturel state of
hydration 1 contactad with 8 water-in-oif emultion
flmd, the improvement which ¢compnises mamtaning
the aqueous vapor pressure of said emulsion flund at 2
value which will prevent a sample of saxd formation at
said natural stats of hydration from absorbing water
from saxd emulmon flud

7 A method as defined in claym 6 in which the earth
formaton 1 a hard shale

8 A method as defined m clam 6 in wihuch the aque-
ous vapor pressure of smid emulsion fluvd x mamtuned
at a value wiuch will prevent mugraton of water
between said sample and sald emulsion flmd

9 A method of dnlimg a well through a subterrane-
an, wattt-scoative, argillaceous formstion compnang
determming the aqueous vapor pressure of a sample of
sad formation having substantally the same stato of
hydration as the natural hydraton of saxd formation
and dnihng saud formation with & water-mn-oi emulsion
dnliing fluid having an squeous vapor pressure substan-
tially no greater than the aqueous vapor pressure of
seud sample

10 A method as defined m clam 9 n which the
aqueous vapar pressure of said sample 15 determmed by
measurmg the relative humdity of the stmosphere n
contact with the sample

4o Which comprises

dnlling fluid contaming an aqueous vapor pressure
depressant within the aqueous phase, the improvement
which compnses measunng the degrees of atraction
possessed by one or more samples of smd formation for

10 water in swd emulsion fluid upon contact therewith and

at different sample water contents, determuning the
concentration of aqueous vapor pressure depressant
within saxd aqueous phase requred to substantially
s prevent nugration of water from saxd aqueous phase to
a sample of smd formanon for a water content substan-
tally equal to that of sard formation, and dnlling said
formation with said emulmon flud contammg sad
veqtured concentration of vapor pressure depressant m

20 the aqueous phase thereof.

13. In a method of dnlling & well 1n @ water-gensitive,
argillacegus shale formation with a water-in-cil emul-
mon dnliing flud wheremn the agueous vapor presture
of smd dnlhng flud 15 greater than the agueous vapor

25 pressure of smd formation dunng dnlling, the improve-

ment which comprses adding a water soluble, aqueous
vapor pressure dspressant to said drithag flud n a
quantity sufficient to lower the aqueous vapor pressure
of said dniting flud to a valus substantially equal to the

30 gquecus vapor pressure of sard formation

14 A method as definod 1n clamm 13 m which said
water-gensitive formation = an argillaceous hard shale
formation

15 In a method of dniling a well in & water-sentitive,

35 argllaceous shale formation wrth a water-mn-oil emul-

sion drithog fluid wherein the aqueous vapor pressure
of sand drilhng fhnd during drilling is lesa than the aque-
ous vapor pressurs of said formation, the improvement
the aqueous vapor pressure
of saud dnlling fud to a value substanually equal to the
aqueons vapor pressure of smd formaton

16. A method 2s defined in clum 15 10 which the
aqueous vapor pressure of the drlling flutd 18 inereased

45 :ymlddmgmtertntheaqumphueofmddnllmg

17 In a method of driling a well in a water-sensitive,
shale formation wrth a water-m-oil emul-
sion dnilling fluid, the improvement which comprmes

50 mantainng an aqueous vapor pressure depressant in

the water phase of the dnihng flud in a concentration
sufficient to prevent the absorption of water by saxd
water-sensive formanon from aaud dnlling flud

18. A method as defined m clam 17 1n which said

55 water-sensitive shale formation 15 & hard, argllsceous

shale formation

19 In a method of driling a well through a water-
senstave, argillaceous shale formation with a water-m-
otl emulsron driling flwd, the impravement which

€0 comprises mantaming the aqueous vapor pressure of

said emulnon fluid at a value which will prevent the
migration of water from said emulslon fiwd to sud for-
mation.

20 A method as defined in ¢lam 19 m which said

65 formation = & hard shale

21 A meathod as defined by claum 19 n which the
agueous vapor preasure of savd emulnon flud u main-

13/
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tamed at a value which will prevent migration of water
between said emulmon fluid and said formatwon

22 A method as defined 1n claim 21 1n which saud
formation 18 a hard shale

23 In a method of dnlling 2 well 1n a hard, argil-
laceous shale formation with a water-m-o1l emulsion
dnlling flud containing an aqueous vapor pressure
depressant 1o the aqueous phase thereof, the improve-
ment which comprises maintaining the aqueous vapor
pressure of the dnthng fluid at a level that 9 substan-
ually no greater than the aqueous vapor pressure of
saxd hard argillaceous shale formation.

24 In a method of circulating a water-in-od emulsion
fluid within a well m a water-senautive, argiilaceous
shale formation having an aqueous activity less than
0 75, the improvement which compnses mantaining an
aqueous vapor pressure depressant in the water phase
of smd flud 1n a concentrauion such that the aqueous
activity of sald fluid 1s substantially equal to the aque-
ous activity of saud formation

25 A method es defined by claim 24 wherein the
aqueous vapor pressure depressant 1s calcium chlonde
and the aqueous achwity of smd formation w not sub-
stantially lower than O 3

26 In a method of dnliing a well through a hard, ar-
gillaceous shale formation having an aqueous activity
less than O 75, the rmprovement which compnises cir-
culating a water-in-01l emulmon dnlling fliid withm
sard well, savd dnliing flurd having an a2queous activity
about equal to that of said formation

27 A method as defined 1n claim 26 wheremn the
aqueous activity of saud shale formation 13 not substan-
tially lower than 03 and the aqueous phase of saud
dnilling fluid 18 an aqueous solution of calcium chlonde

1o
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28 In a method of drilling a well through a water-
sennitive shale formation with a water-in-oil emulsion
dnilling fluid, the improvement which compnses deter-
mming the type and concentration of an aqueous vapor
pressure depressant required in the aqueous phase of
sad emulmon flud to prevent said formaton from
withdrawing water from sand emulsion flud and main-
tamng the concentration of sad aqueous vapor pres-
sure depressant in the agueous phase of saxd emulsion
fluid at a level substantially no lower than said required
concentration

29 The method of claum 28 wherein sard aqueous
vapor pressure depressant m a water-soluble salt.

30 The method of clarm 29 wherein saud aqueous
vapor pressure depressant 18 sodium chlonde

31 The method of clamm 29 wherein saud aqueous
vapor pressure depressant i caloiinn chlonde

32. In a method of drilling a well through a water-
genmtive shale formation with a water-m-o1l emulsion
dniling fimd, the improvement whnch compnses deter-
mning the type and concentration of an aqueous vapor
pressure depressant required m the aqueous phase of
said emulsion flid to prevent mugraton of water
between sad emulsion fluid and saxd formation and
mamtanng the concentrahon of smd aqueous vapor
pressure depressant 1n the aqueous phase of said emul-
sion flud at a level substantially no lower than sawd
required concentration

33 The method of clam 32 wherein said agueous
vapor pressure depressant i a water-soluble salt.

34 The method of claim 33 wherein said agueous

vnyr 'ﬁ% mm’gg%mm said aqueous
vapor pressure depressant 13 calcium chloride
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157] ARSTRACT

A method of displacing oll from 2 subsurface, water-seqsitive,
ail-bearing formation is disclossd. The aew method iavolves
dstermuning the aquecus vepor preasurs of the water-sensitive
formation and injecting into the formation through an wput
well m oll-conttusm displacement fluikd having water
dispersed thewein winch fhuld bas an aquecim vapor pressure
no greatey than that of the formation, and recovering oul cha-
piaced thereby from tha formation at & polnt removed from
the poiat of wjection.
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OIL RECOVERY PROCESS

CROSS-REPERENCES TO RELATED APPLICATIONS
Thas spplication

» a contimuation-m-part
Ser No 726,693, filed May 6, 1968, now sbandoned, which >

in turn was & contimuation-in-part of epplication, Ser No.
675490, fled Oct. 16, 1967 and appilcation, Ser No
699,253, filed Jan. 19, 1968, both now abandonad. It is alss
batad in part on panding applicatron, Ser No. 19,574, a con-
unustion-in-part of appiication, Ser No. 726,693, filed Mar
16, 1970,

BACKGROUND OF THE INVENTION

1 Field of ths Invention
This lnvention is drrected to methoda for displacing ofl from
a subsurface, water-sensitive, olil-bearing formation with sn ofl

2
tnuous displscemnent flulds snd, whils described bereln
primacily in relation: to the drilfing of watar-seasitive forma-
tians, its appiicabliity to displacermert operations will be ap-

of spplication, _  Parent to those skilled in the art.

In accordance with the invemtion, it has now been found
that shales, shalsy sanda, and smmilsr argilinceous formations,
m spite of thelr extremely low permeablity, potsess a strong
atiraction for water wd are capable of withdrawing water
from water-in-oll emulsions and otker flulds with which they

10 coms In contact. This sensitivity to water is evidenced by

dimenaional changes in response to the abeorptian or desorp-
tion of water These changes, aithough sometimes very slight,
contribute materially to formation faflure. k kas been found
that the rate at which sach a formation withdraws water from

13 & particulsr squecus fluid is a quantitive messure of the

degres of water senaitivity of the formation In the presencs of

petroleum mdnsery for a number of yeurs. Thess mmd-m—nﬂamuﬁud
cormally involve injecting & quantity of » displecing
fhud tto u parmeable, sarion @t agremsrenut.  ARBOugh the mecheniams respomsible for the transfer of

terstices of the formation Injection operations are
contmued ootll & substantial percuntage of the produced fluid 30 Complox and are not fully understood, experience has shown
is comprised of the displnceng fiufd. The use of thess dispipce-  that water transfer from the emulsion fiuld to the shale will
ment processes es & supplement to or following primary of ~ Bormally occur if the vapor presmre of the aquecus phase of
recovery fraquently results m substantel Increasss in the 1o fhod » greater than the vapor pressure of the formation
overall recovery of crade oil from productive formations. Measurement of vapor presares this provides 3 convenrent
A number of prohlems are encountered m displacement 35 technique for the evihuation of emulion fulds. Aqueous
operationy which are conducted in water-sznsitive formations.  vapor pressura it directly proportional to the activity of water
The nature and extent of the difficulties encountered ara de-  and henco water transfer will normally aceur from emulndn to
pendent upon the characteristics of the particular reservolr  shale when the activity afthe water contained within the aque-
rock to be flooded and are particulardy acuts where the forma-  ous phase of the emuktion exceeds that of water comtained
tions contain argillacecus materiah. When argllacecus 40 within the shale. It is important to note that the agqueous vapor
matenal & contamed in the reservoer rock, the introduction of ~ pressure of the formation vormally differs from the vapor
water into the formation frequently resulis in swelling of the  pressure of the wader or brine contamed within the formation
argillacecus matenal which tn turn causes 8 reduction of Tt appears that certain electrical or absorptive forces as-
matrix permesbility This permeshility
clay swelling may significantly impair the effective permeshili- 45 greatly decrense the vapor pressare which the water contained
ty of the reservolr rack, thereby reducing injectivity and therein would otherwine be expected to have. Messurement of
rendenog displacoment aperatiovs much more difficult. It is the aqueous vapar pressure of the formation which charae.
thereliore desirabie that the displacement flulds which contact terzes the sctivity of the formation water, is therefore an bn-
the clay-contalning rock mutris nat cause cley swelling with ”mmweadﬁam
attendant reduction in permeabllity of the formation. Two geoeral methocds for designing ofl-base drilling ficids in
= known for instance that smploymg fresh water s a dis- sccordance whh the mvention are disciosed. Both tavelve the
piacement fluid where the formation contains addition of vapor pressure depressamts to the aqueous phase of
montmorillonite or other hydratable clays results m clay the emulsinn fhid in amousts mfficent to ehrmnats or to re-
swolling Accordingly, 1t has been suggested that water-sensl- gs tard tamder of water from the drilimg fiuld to the srgilaceous
Uvo formations be fiooded with brines or with flusds having oll ™ fopmation. The first method Is a direct simulation of the m-
-theumﬂ%m;mv:hnﬂﬁﬂ:en:m teraction aof the fud and the watersensmve formation. A
from swelling. axte: flusda uently includs wiley vapor presure depressant 19 prefierably first desolved m
dispersions of water in ofl as for example water-in-ail emyl- the aqueous phase of the emalsion drilling fiuld The mto of
mona. A large number of additives have been employed in con- o water ansfer between this fhud and the formation m then
Junction whh these oli-continuous displacement flulds which — quamtitatively determined by mmerxing a sample of tha for-
contain dmpersed water, including the addition of vanous  mation i substartally its natural stete in the Sukd and deter-
electralytes to the aqueous phase for & veriety of reasons. TRt~ mmng the e of deformation. The concentraton of the
problems cansed by swelling of arglilaceous matenals, desplte  water vapor deprassint can then be meressed and additional
the uze of oil continuous fluids bave, however, heretofore per- g5 xxmples tested umi o concentration that reduces the rate of
asted Thers therefors exists a nesd for s method of desigaing  deformation to substantially zevo is found. A deformation rate
a displacement fluld that will not result in reduction of matrix that for all practical purposes approaches vero indicates that
permeability m water-scomtive formations caused by swelfing the fluld can be used with Hide bkalihood of damaging the for-
of argillacecus matenals. matdon.
70 Asscond method for designing driling fhrids requires that
SUMMARY Of THE INVENTION the aquecyus vapar pressure for the argiiiaceous ahatle forma-
The pressat invention provides means for alleviating the  ton first ho determined. This can be done by exposing forma-
problems normally encountered when watersemitive argll ton aamples to atmospheres sbove different satursted salt
laceous earth formations are contacted with aqueocs Bulde solutions having known water vapor premures untll equiibel-
The {aventuca greatly improves the pecformance of oll-con- 73 um is reached. By ohserving the weight changs of the sample
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requlting from water migration, the vapor pressuwre of an at-  fixed period of time, cleaned, and then weighed,
mosphere that would remilt in oo weight change s determined.  method recognises that the resistivity of the smple will
Ths vajue represents the formation vapor presture. Afterthus ~ docresse as It absorba water and utilives changes in resistvity
detearmining the vapor pressure of the shale formation, s to pwepsure the smount of water abscrbed. Still other methods
emulsion fluld havmg &n squeous vapor pregsure substantially 5 are based on the meanmement of changes m sanic velocity,
equal to that of the formation can be prepared. Such a fluid  compressive strength, and other physical propertes which
can bo uweed 1D drill the watersanshive formmion with iinle  vary with water content to indicats the rats of
Likeiihood of the hole sloughing, The preferred mothod of messuring absarption is w log the
It is still & further aspect of the invention to provide an im- rate of change in dimensions of & shale sxmple while it is Im-
proved method of displacing ofl from water-sensitive sarth 10 meed In the drilling fizid. This gives a direct messurement of
formatiors. The mproved method comprises determining the the deformation of the shale dus to the drilling fluld and thus
equecus vapor preasure of the water-sensitive formation and ~ provides a quamitative meanmament of the rate of water sb-
injecting into the formation through an input well an oll-con- sarption, A wide variety of dovices for reconding chunges m
tinuous displecing fluld having water dispersed therein In lsﬂthMhﬁmmw
which the fluld has a8 aquéous vapor pressure no greatorthan —— oquipmant, dial displacument indheators, and the Hke. The
that of tha formation, snd recovering afl displaced theroby  preferred apparatus, however, is a displacement transducer in-
from the formation st & point removed from the point afinjec-  strumented with strain gruges.
ton By mamtsining this relationship betwesn the aquscus 2. The Desplacament Transducer Apparatus
vapor pressure of the formation and of the displacement fiuld, 5 F¥GS. 1 and 2 fustrate a resistance strain guuge displuce-
migration of water fyom the fluld to the srgillacecn formation ~~ ment tanducer suitabis for mtaturing the change un dimen-
is prevented, climmating ewelling of the wgllacoous materint  thons of & stnple of shale or emiler materiat. This spparatia
In the matnix and resuitent permeabilty roduction. The dis-  Includes a rectangulnr base 10 from which a substemtially
placement method of the presant Invention will thus be seen to mﬂﬁlﬂﬂ ﬂﬁ?'ﬂﬁlﬂfh:::gm
-mn.m m'.m vailabls heneto- on Wﬂh ‘cohunm
:.: ovr ! u Cantilever defiection besm 22 engages rack 14. The outer-
most end of the deflection beam extends downwandly m an L-
BRIEF DESCRIPTION OF THE DRAWINGS shape terminetmg in & frusto-conical end terminm 4. Con-
tactor shos 21 #s mounted on end terminug 24, The mnermant
&Omm:pdm 30 end of the deflsction beam 23 contains s genesally oval sper-
performing the srmulstion text method of the inventon. mﬂmﬂdﬁhﬂmanﬂx:mw
column florme a slidable support column. Shaft
F10.2 ma schematic plan vicw of the apparatus of FIG 1 18 pasces through deflection beam 22 st the ather end of sper-

m"‘:‘::m'* """;'I_‘.’I'Cﬂ;“““‘“' clrcult that e 23, Knobs 16 are moanted o the ends of shaft 18. Pixn

35 20 o supported on the shaft 14 in a pontson carresponding to
momm-ﬂmmhx the middle of the aperturs to coopernts with rack 14. Upper

strain gauges 25 and 26 are mounted on the upper side of

the simulation test mathod of the invention. deflection beam 22 Lower strum gauges 27 and 28 are posl-
FIO § grephically illustrates tha rate of deformation ex- tioned on the other mde of the beam

tubited by a number of sumpies of an argillaceous shale forma- 4o A cylindncal pedestal 30 extends from a rectangoler base

::Hmmw "!.:;mm emulsion dniling flukds having 10 underneath contartrr shoe 21 The upper surface 31 of tha

quecus cylindrical pedestal is tmooth and forms a bearing surface un-

FIG 6 shows tho water vapar pressure (P), relative to the dernsath shale sample 34. Cylindrical cup 29 sfides upon

pressure of pure water (F,), exhibuted by & West Texes cylindrical pedestal 30. Sesling member 31 b mounted

E

FIG 7 b 2 correlation thowing the average variation in the
water content of a shale in ters of dopth of burial within the 3 [y hoeeict 5 Mﬁmmmn:::.

enrth gauges
resistor electrical bridge in winch strain 25,26,27, and
FIG 8 = & carrelation thowmg the average vapor pressire 50 o9 o0 "0 ronerrs 't choen Mhﬂhlll’l:ﬂlll!
(P) of two hard shales and one saft shalo relstive to the vapor ool ged 1o cbtan increased amplitnde and mberest
pressure of pure watet (P, at 25° C for different shalo Wi porypergurs compensation. Varisble resisterr 32 in placed fn
contents. the cirenit to balance the bridge prios to stesin measyremants.

PREFERRED EMBODIMENTS Veltuge source 35 creates o difference m potental acrom re-
DESCRIFTION OF THE 55 sistor 32 and across the bruige between contacts 36 end 37,

L Design of Drilling Flulds casing direct cuprent to flow through resistor 32 and the logs
A The Sumulstion Test Method of the bridge formed by resistors 25 end 27, an 26 and 28,
| Nature of the Stnmulation Test Method respectively Voltage Is measurod betwesn terminals 48 and

The sanulation test is based on the discovery that therate st .o, 43 by voltmeter 44. In Geu of this, » suitable strain indicator,
which shalss and other srgillaceois formanom abeark water such s Model P-350 aold by The Budd Company, Fhoesix-
from & particular aqueciss fluid b & quantitative measure of ville, Permayivanis, could be used. Switch 46 is used to tum
the degros of water sensitrvity of the formation in the presence the strain gaugs tranaducer on and off. Although the relatively
of the fluld. The test is performed by at loast partially bn-  shnpls strain geugs circutt flhutrated b suitable, other clrcuits
merxing & smple of the formation which is tn substantially #ts 55 such s those [ustrated in M. Hetenyl's book, Handbook of
natural state of hydration m the drilimg fuld of interest and  Experimental Stress Analysls, John Wiley & Soms, Inc., New
detarmmmg the rate of water absorption. York, New Yark { 1950) could readily be adopted.

One method for determining the water abmorbed b by Prior to uing the stmin gouge tansdocer, it must be
change of welght of the sample. The tamplo o weighed ink- calibrated to determme the relatiomaing between observed
tally and ta chunge in wesght obaerved over a period of thue 70 voliages and displacement. Tha can be done by firg zevoing
Any change in weigin which occure is anrbuwmble to the  the valtmeter, & Is ducumzed bulow, and then placing succes-
nigration of water Weight mesmmements can be obtabned sively larger or smaller articles of known length between con-
while the snmple is imwmamed by suspending it in the drilling tactor shoe 21 and cylindrical pedestal 30 and observing the
fluld and periodically recording the suspended weight. In Heu voltages. From theme dats w constent that relates volmge and
of tho, the smnple may be withdraun from the fuld xiter & 73 displacement can ba obtsined.

205
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Defiection beam 22 'e then Jowernd by turning know 16. This
rotates shaft 18 on winch pinion 30 b mounted. Pinion 20

with rack 14 to convert the rotational movement
of the knob 16 into a downward translational movement of
beam 22. The beam should be lowered until contactor shos 21
engages the shale eaxplo 34 and holds It firmly in place on sur-
face 31 of the pedestal 30.

With the shale sample thus mounted, the strain gauge's elec-
trical chrealt should be balanced. Voltage sorce 38 1 eter-
gued by closing swhch 46, comemg current to Bow through
varisble resstor 32 and both sides of the reslstince beidge

edges of the cup are above the top of sample 34. Sufficient
dniling fluld to cover the sample is then potred into the cup
held between camtactor shoo 21 and surface 31 of cylindrical
pedestal 30.

Once the drilling flnd contaets the sample mounted within

the strain ganges, the sample will begin to absarb water and 55

expand of 1t is incampatible with the fhuid Expansion of the

6

test. The use of an ofi-bese drilimg fivid trexted in sccordance
with the mventios ganerally simpiifies the recovery of samples
n substagrially their natural state of hydration.
Where severe hyrdration of the formation has occurred, the
5 spmples obtained should be restored to their nature] state of
hydmtion Hydration is not always encountered when the
drilling Buid =» » treated ofl-base fuid sod i generally more
sovere whare a water-base fiuid o used to drill u highly water-
somuitive shale Restoration to a substantiafly nxtural sixte can

10 pe scoompiished by beking the samples at o tampersture

slightly above 100* C. until sample density cormespands with
typical shale demsity for this formetion and depth of burlal
Sampie density can be rapidly determined by means of a grad-

l,wmmmmmmm

chamber method, or other suitahle tecimiques. Correlatioes of
shals deruty versus depth of burial are avallable in the thara-
ture for various formations and are typified by those published
by K. F Dallmua in his study “Machanics of Busin Evolution

20 Swd lis Relation to the Habitat of Olf In the Basin,” Halstst of

Qil - A Symposium, Tulsa, Amer Amoc. Petrol. Geol,, 1958,
p- 883-831 Tt ks tovportant that temperature uot greatly ex-
coed 100° C. since axcensive temperaiures may result in sub-
stantinl chranges in characterintics of the sample
4. Drilling Fluid Design
Use of the method snd apparatias of the invention to formu-

sampla will force contactor shoe 21 upward, deflecting beam Iate an oil-base drilling flusd that will prevent or mmimize ab-
12 Defiection of the boam results fn deformation of the strain sorption end thuy propots borehole stabifity = based in part
gauges and produces sn rmbalance in voliage readings across on the obeervation that an oilbase or waterdn-oll exmlgion
the beidge. If the fiuid absorbe water from the sample, the sam- 30 mud having an aqueous vepor pressure substantrlly equat to
pls will geperally exlabat Such shrinkags also nor-  or less then that of the troublesomea water-seneitive formathon
mally produces an imbalance in voltage readings across the will prevent almorption of water by ths formation. Samples of
bridge However, these voltages will have an opposite sign ~ the watersensitive formation in sebetantially thelr matural
from those cxuwed by state should be uaed, 22 mdicated shove. Several of thess sam-
Soveral veltage readings should be taken at varous trmes 35 plea are proferably hnmersed in 8 corresponding number of
after the srmple has been imxnemsad in the drilling fluld, The different oil-base drilling flulds havmg diffsrent aquoocus vapor
voltage readings are propostional to the dlaplacement of the  pressures snd strain-thne: data are obtained for each formation
semple between contactor ahoe 21 and pedestal 30. The rels-  combination, This procedure can be greatly expedited by
tanghup between displacement and ttme can be determined using & number of strain guugs tranaducers.
from the cabbration constant and used 1o determine the rate 40 A series of waterin-cll emulnons or other oil base muds
at whch ths sampls will absorb water from the particular having different aquecus vapor pressures can be prepared by
drilling flud Whem camparing data, it is vseful to normaliee adding various concentrations of iacrganic saits speh as NoCl
mwmwaﬁmmmwmm or CaCl; to the mud. A tumber of otlrer vapor pressure
length The nommalmed data is then yeferred to as “stram ™ __ depressams are discussed bereln in connection with the
mmndmdhmdhﬂndunuudm 43 method of determining the vapor pressure of an earth forma-
mmmmmmmm tion Suitable vapor presyure depressants are not tmited to

conditions, indicste that atmospheric tests are mf-
ficlently accurate for most practical purposes.

The formation samples utiized may be preserved core mam-
ples from the subject well o from & nesrby wall thee
penetrates the same formation. Such pressyved szmplss are

particularly representmative when the coring fluld ussd inhibits
abeorption of water by the watersemsitive formatun  Prag-
ments of the formation entramed by the drilling fludd mnd car-
ried to the surface cen also be used. Since a water-sensitive

theve or similar inovguoc salts, however Any solute In-
troduced ioto the squeous phase will reduce the agoeous

o YRPOS prosure.
FIG 4 Qlostrates strain-time date obtzined m accordance

with the tnvention for the herd, argillaceoms Wolfcamp shale
Fluid A Is water, and the high rete of alworption for this flnid s
typica? of 8 very compatible fiuld Flulds B, C, D, and B are

sorphon thit occurs ea the concentrahon of the aquecus vapor

60 Presiure depressant is increased and the aqueous vapor pres-

sure of the fimd epproaches that of the formation Curve E I
lustrates behavior characteristic of & waterin-oll emulsion
mud with an squecus vapor pressure that has besn redhiced
below that of the water-somitive formatwon, Instead of

65 swalling, the shale sumple dhrinks, indicating that water s

being desorbed from the shale sample. The vse of a drilling
{fluid with a cosposition sirdlar to that of mud E would there-
fors prevent absorption of water by the shals, Genevally, how-
ever, thare h Hule incentive in attempting to delrydrate a

formation will begin hrydration as soan ss it = contacted witha 70 witer-semyitive formanon end therefore such & fuld would
water-containmg drilling fuld, it is prefargbie that xuch frag- oormally be conmdered to comain an excessive xmommt of
ments be recovered on early sa possible after initial contact of vapor presture depressant. In most oases it would be mare
the rock by the fluid. Hence, the depth of the formation of in- economical ta reducs the concentrution of CaCl, in Fluld E o
terest should be estimated and samples from the carliest that ity strain-log-time curve would mere closely approach the
returm from drilling the formatson should be secured for the 73 zero strain line than t uss & mud such as Fiuld E.
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FIG $ Mustrates graphically the rates of defarmation of &
series of shale samples exposed o frrvert muds baving verying
aquecus activities (relative vapor pressures). The shale forms-
tion an winch the tests wers run had sn aguecus activity of
0.7 Each test involved tmering a shale sample In an invert
wud having a Imown agueon ectivity for a period af 10 bours,
messuring the strain, and then computing the average mute of
straln of the sample over this time period. It will be noted that
sbale samples expoted to muds havmg agqueous activirles
higher than O 7 rwelled and that the observed rate of swellmg
Increassd &3 the difference In aquecus activity botween the

Sxmples

having nqueous activites lower than 0.7 shrank. Again, how-
ever, the rate of defarmation increased m relation to the ac-
tivity difference These data demonstrate that when a di-
ference In activity exists, water will fiow edther from the emul-
sion mud to the shele or from the shals to the mud. The former
causos swellmg of tho water-senmitrve subterranean formation,
leading to its sloughing into the wellbore; the latter incronses
the water content and thus viscosity of the drilling fiuld, neces-
shiating frequent additions of oil, sah, and other materiah
required to maintam the driling fivid However, when the ac-
tvity of the mod m substantially equal to that of the shele for-
matxm bemg drilled, & unique reiationsing exists. So Jong e
Uus balanced conditron fs malntained, there Is substuntially no
ungratron of water in either divection. Thus, it is especially
desirable to maintain the aqueous activity of the mud sbout
equal to that of the ahals and theraby both eliminats sloughing
of the borehols and obviate the addition of sait, o or other
materiale to the mud normally required whem it & con-
ramnated by watar

Ahbough the smulation test has been dscumsed In relstion
1o water-in-oil emmirion drilling fluids the utitity of the smula-
tian test is not limited to this type of dniling flcad. The snnula-
tion temt method and apparatus can be med to determine the
compatibility of any drilling flmd with a water-gemmtive forma-
tion and can be employed to scloct the most compmtible
dritlicg fiuld fram any group of drilling Buids. The mothod and
apparatus can slio be usad 1o determine whether or not a par-
ticular formation ls water-gengitive and to selact Suids for use
in secondary recovery, well stimulation, ar other well opera-
tions, as is mare fully discumsed subsequemly herein.

B The Formation Vapor Pressure Test Method

| The Method of Determining the Vapor Pressure of an
Earth Formation

The aqueous vapor pressure of & shale or other water-con-
tainmg enrth formation cen be determined by subjecting
samuple of the formation to alr of & constant known
for a perid of trme sufficient for moisture within the shale to
reach equilibrium with the molsture in the ax It will nanmally
bo ddficult to preselect & humidity condhbon such thet the
outural water contemt of the shale will be in equitibriam with
this condition of humidty So, speakung, several dd-

Aa nated above, & pumber of different saturated aquecis
solutions ahould be seleated such that a given formation wm-
ple is equilibruted mt a range of relative kumidGties. The we of
8 ™ 10 dfferant reimtive umidities ranging from abowt 10
peroent reixtive humidhy to 95 perceat or mare reixtive bu-
midity hes been found to be very desirsble and effsctive In
this connection, it has been found to be quite effoctive to use
U following ssturated solutions to obtain & suitable range of

‘The salutions and the relative kumiditles which

stmospheres.
10 gzist above these solutions are listed below

we
3s After » formation

Relutive bumidiry
(%) 1 25°C

solution of

WHO
80

T
' B0,
‘Trtyaty
KH M,

EERE

2

7
3441344

b

Many of thes main, incidentally, may themsaives bo used
within the aqueow phass of invert emalsions for the paposs
of establishing the vapor prezsute of that phase. If vapor pres-
sures Jess than thet cbeainghls for 2 sutureted calctum chioride
solution are desived, sclutions of ZeCT, 1 MH/O; LICI HO;

vapor depresuan,
of course, must be compatible with the invert emulsion of in-
torest; md such compatibibity should be tested prior to actual

smmple has reached equiibnem with a
particular stmorphere of known relative humidity, the sample
shouid be withdrawn from the atmosphere and 1ix water con-
tent promptly dotermined A simple procedure for determm-
ing itn water content 1 to wesgh the equilibrated sample, and
then repeat the weighmg after the sample han been dried ot

40 bout 105°C. for a permxd of 12 10 24 hours. The ke in welght

of the sample i a direct meamire of the equiibrated water
coutent of the sample. The vapar pressure of the sample for
ths water content is the vapor pressure of water at room tem-

45 peruture (or the temperatiurs of the equilibrium condition)

multiptied by the parcent relative humidity of the air in
equilibchon with the sample.

After the vepor premures and water contents of & gliven
sample or set of samples have been determined, these valuss

50 can be recurded an & smtable chant or other record medium

alsorpticn
condaicm) obtamed by subjecting samples of & West Taxas

ferent bumldity conditions must be used to obtain » range of 55 hard shalo to eight different conditions of relative bumidity

wader contents within the sample which will span the in mtu
wator content of the formation within the earth.

A very convenjent procedure for exposmg samples of a
given farmation to amr of different hurnudites i to suspend or

ranging from 10 percent relative humidity to0 98 percent rela-
tive bumidity st a temperature of 25° C These curves ako
spply for tempergtures =t benst as high a3 100° C As can be
seen, slightly different correlations were obtxined for tests in

place the sample in 2 sealed container in an atmosphere of afr 60 which water was desarbed from the shale samples a3 com-
above s ssturated aqueous sotution of a solute which cantolns pared with tegts bn which water was absorbed by the shale sam-
an excens of undissolved solute. Thua, it i known that the rels- pics. The shale sumple in this lustamce had an in situ water
trve humpdity of the enciosed space sbove such a solution content af 2 22 weigit percent as determmead by snalyzing a
where the sample hes been placed will rermein substantially  small ceatral portion of n core cut directly from the formation
constant «t & givan temperature — comvenlertly room tem- 65 under condidons such that the water content of most of the
peruture (25° C) An atticle containing an explanation of thls  care was undisturbed. From FIG 6, it m apparent that this for-
principle and also listing 8 number of ssturated soluboms and ~ mation hen & water vapar pressure (for “formation vapor pres-
solutes s contaumed In Bcology Vol 41, No. I, pp. 232-237 surv"’) relative to the vapor pressure of pure water of between
Jan, 1960) Typcally, a senes of soveral different saturated  about 0.71 and 0.81

solutions can be prepered, and one or more samples ofagives 70 Another convenbent method for

shale ar other formation can be exposed to an enciosed =t-
mosphare shove cach of these samples for & sufficient period
of time for equilibrium to occcur Complete equilibrium will
ocormally taka sbout | or 1 woeks, but substantisl

can normally be sttamed fn sbout 1 or 2 days.

asaled comtainer yntil & reaches equifnum with the enclosed
stmosphere. A direct messurement of the relative humidity of
73 the farmmton mmple cm then be made. This method & als

20T
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useful for determbrmg the aquects vapor pressure of 2 water-
cantaining oliabase drilling fiuld, Apparatus for measuring
relative homudity s widely avallshle Typical of such ap-
paratus b the Catalog No. 2200 ELECTRQ-HYGROMETER

that 1 sold by Lab-Line Inscrument, Inc., Melrose Park, B- 5

lincis.
2 Selectn and Preparation of Samples
As indicated earber, the use of this invention in designing
well fluids ahould be precedod by a determmation of the vapor

prossure chavactaristics of the portions of the sones or forms- 10

uons which the enuinon fluld will contact In the cmse of &
drilling oparation, as pointsd out eartier in the dmcussion of
the simulanion test, & sxmple of the formaticn of interest
should be obtmned a0 that its vapor pressure can be deter-
mined. ¥f a sample of the formatwan Is not obtainable

from the well being drilled, then an effort should be mads to
obtxin a eample from a neacby well kt is also pamible, bow-
ever, to collect snd use cuttings from the well which » belng

Agam, the preferred typeo of formation sunple to obtain and
study i a sample from the central porton af a eore which has
been cut from the formation under conditions suitable to

10

that the emyhifier nd other water-solubly constituenty of the
drilling fiuld may tend to slightly alter the vapor pressure of
the aqueous solution the vapor pressure depres-
santa when: the emulsion fluid Is prepared. Thus the aquoous
vapar presure of the eruilsion fiuld, which is the aquecus
vapar premure of the weter phase of the emubsion fhid, may
differ slightly from that of the aquecus st solution used to
prepare the emulslon. Generally speaking, however, an mvert
emulnon drilling fluld wherein the aquecus phase 1 saturated
with sodium chloride may be used where the vapor premure of
the formation hes & value () about three-fourths of the vapor
pressure of water (P,) a2 the sme temperature (Le., a relstive
vapor presure of 0.73). Referring to FIO. 8, wuch a mud
would be succemsful in drilling the deep, bard, West Tezas
shale (A) shown there which possesses » natural water content
of about 2.2 weight percent. In that regard, it should be noted
that hard argfliacecus shales sckiom exhibl refutive aqueany
vapor pressures in excems of 0.75 The desp, hard, Loulslans
shalo (B), for example, would normally be drilled with an in-
vert emulsion fluld wherein the aquoous phase conshsts of
saturated calclum chioride solution (Le., & reistive vapor pres-
sure of 0.30) This shals has & connate or natural water con-

preserve the aatural conditions of the core as much as posn- temt of about 1 8 or 1 9 weight parcent. The soft, gumbo shele
bla. i such 3 mupls s avallnbie, a accurate deter- 24 (C) has a oosmsste or natural water content of about 11 waight
gnaton ¢an be made of the amount of in sity water conteined percent and is best satufied by o fhiid with an aqueous phase
in the core If such a core cannot be obtained, the formation’s  vapor pressure less than a saturated aqueous NaCl solution
content can be estrmated from FIG 7 FiG. 7 » & comelation C. Emulsion Drilling Fluids Designed by the Methods of the
showing how the water content of many shaley farmations Invention.
withm the esrth very, on the avernge, with increming dupthof 30  Referring epecifically to water-in-oil invert emubsion drilling
burlal. Thus, f a given formaton bes aboot 10,000 feet flnds, a variety of such flulkds are commercally avallable for
beneath the surfece, it may be expected to have, on the  use in drilling wells. Floida of this type may be modified by the
sverago, & water content of about 2 welght percent. It fs then addition of vapor pressure depressanty and can be used for
posible to use this water cagtent, in combinatson with tha drilling through water-sensitive formaions difficult 1o drill
method descrnbed esrher far determining the vapor presaae 35 with the commercal fluds. Typical mvert emulnon drilling
of a formaton whhin the earth, 10 arrive at an approximae fiutds contain dropiets of water finely dispersed or exonliafied
value of the vapor pressure possemed by the formation In ns i an off base. Dieel fucls, ketosenes, and bigh-gravity crude
natural condition within the earth ofls are frequently used as the oll bass, and about 10 to 70 per-
3 Dnihng Pluld Design cent of fresh or common sait water s emubified thereln with
Once the formation vapor pressure is known, it is then 40 the belp of sutable emulnfylng mmd stabdming agenta
pomible to eslect and formulate a water-in-oll drilling flusd Anionie, nommic, and mixed anjonic-noasom emuinfiers are
having an agueous phase vapor pressare which bears & par- all used for this The croubifiery and stabiiving agents
wcular relaton to the aqueous vapor pressare of the forma-  employed in the flulds should be competible with sodium
twon Generally speaking, it s desirable that the squecus phass chioride, calcium chloride, or whatever water vapor pressure
of the drilimg fluxd have an aqueots vapor pressare no grester 45 depressant i to be incorporsted in the aqueous phase of the
than that of the watersenutive formation. This frequently modified compositions. Oune speeific invert emulsion drilling
requires the aqueous vapor pressure of the driitmg fluid tobe  fluld conposituon wiuch has beon tested and sppears satixfine-
lem then tha: of & saturated sodium chioride solution and tory for many applications comprmes 70 voluree percent No. 2
mu-mmmqumnudm”mm.nmummmmm
¢riling fluld with calcum chioride. As pamted out shove with chionde, and 5 volume percent soristan mono-oleate a8 the
respect to driling fluld design by the simulation method, i emniufier No difficulty, however, has been encountered m

non Balancing the actrvities in this fastuon elinmnxtes any sub- g5 mercially svallable bnvert omitislon drilling fulide. Whare for-
stantia] migration of water between the eaminon thiid and the mations are particularly water-sensitive it may be desirahles to
formation, thereby aliminating sny sloughmg of the borehale prepare a drilling fivad having & vapor pressure which is less
st well g3 contamination of the niud by water contaired within ~  than thet of « mud contyining a sutursted calclum chioride
thashale solution. Salutioms containmg ZnBr, ZaClh, LiBy, LiQl, or

However, economics or other conuderation may ocos- go mmiler water-soluble sals can be employed for this purpose
slonally maks it undesmrahle to attempt to complately reduce In adidition, it has been found that o supersaturatsd CaCl, rand
the aqueons vapor pressure of the drilling fluid to that of the  can be farmed by adding additionsl Cal(l, to & mud having &
formation. Aa long as the water transfer between the fluid and ~ saturated CaCl, sclution s the aqueous phase Such super-
formation s lsufficient 10 come cxcessive formation fallure saturzted CoCl, muds have vapor presaures lower thun thoss
durmg the time period the water-semitive formation is ex- §5 of sutumted CaCl, muds. Other waier vapor depressants con-

posed to the wellbore, the aqueoun vapor premxire of the
drilling fhud can be comidered to be substantially equal to
that of the water-sensitive formanon. Howevar, it bs prefierabla
to reduce drilling fluid vepor pressure to a levet that o equal to
or bedow that of the formation.

It should be noted that mixtures of salts can be used in the
water phase of gn fovert, but such mixtures are subrject to the
common-on effect. Their squeows solutions may tins have

tempiated to be aecful in the various embodiments of this in-
vantion include stil] other water-solublo salts; phosphoric aeid,
scetic acld, and other water-soluble ackls, ghycarol, sodium

hydroxids: potessium hydrooade; ete
70  D. Monitoring the Drilling Fluid at the Wellsite

Once s compatible drilling fiuid has been eclocted mnd in-
troduced lato the driling system, it Is advissbis to monitor the
fuld pesiodically to inwure retention of compadbility Con-

higher squeous vapor pressures than would otherwiss be sug- taminants, sbeorption, and other phenomena may camse
gested by the toml salt concentration. It should also be noted 73 gradual changes in the composition of the mud. Monitoring
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can be rapidily accomplished by periodically rmmarsing sam-  content. Since s correspanding incresse may also be observed
ples of successive formations penetrated by the well in por- In the water activity of shales In the transition zons, continu-
tions of the mud m contact with these formations and logging ~ ously logging the activity of formations penetrated provides s
the direction and extent of water migration between each such method of detecting abmormal pressure zones. Water activity
sxmple and the mud in which it is immemed with the displace- 3  of a shals Is refiected by the ratio of its aqueous vaper pressure
ment raneducer apparatus, to the vepor pressure of pure water at the same temperature,
In some cases it may be desushle to monitar the mud with ~ Le , relurive humidiity It may therafore be desirable to log the
calibrated shale samples having known vapor pressures. These aqueoas vepor pressure of the drill cuttings of the formstions
callbrated samples may be preserved samples of the formation ai they are penetrated. Meanmements cun be performed by
belng drilled thut hsve bean taken from snother well !0 exposing the cuttings to atmospheres of varying known bu-
Synthetic shale specimams, cluy spectmens, and the ke,  midities as discusaed sbove, by placing the cuttings in a closed
prepared so that they have particular aquoous vRpOr pressures cantuiuer and directly measymg the relstive bumidity of the
can alko be used. Calitrated shale sumples representative of atmosphere in contact with them as also discussad above, or
15 by wusing the displacement transducer spparstus in conjunc-
unaitered formation samples and the necessity for obtaining "~ tlon with a series of all-base fmds having known squeous
wich samples from the well being drilled can thm be vapor pressures. i the aquecus vapor premure of the shale s
elimmated. By comparing an oil-base fluid of unknown sque-  equal to that of the cil-base fund, when the shale sampls iy
Ous vapor pressure with shale samples having knovm aquecus  placed in contact with the fnd it will extnbit no deformation.
vapor prosures, 1t [s apparent that the vapar pressure of the o0 11 Une of the Mathods of the Invention for Other Flukds
fluld can be determuned. In ths connection, it may be demra- A Treating Flulds
bie o continvously monhor the aqueous vapor presture of the The principles of this invention are also applicahle to other-
cal-base mud with the daplacement ttamsducer and compareit wme conventional well fluld compositions such as packer
with tho formation vapor presure. Another convenient  flulds, coring flukds, completian flulds, and well treating flusds.
method to momior the aqueous vapor pressure of the mud s 29 With respect t0 trewting fluids, for example, the methods and
to place a sample 1n a closed container and directly meamuoe apparatus of the invention are usefit in designing fhads for
the relative humidity of the atmosphere in contact with the repaiting and restoring water-demmaged formations. In the
samples as w discussad ahove. past, it ha been conventional practice un the fiald to atvempt
The condition and composition of the oll-beas fluld can be o restoze water-damaged formations by treating them with
determmed by perfodically emulsion-breaking a mrud sampie 30 concentrated salt water (30,000-50,000 ppm) or with sol-
and determinng its water content. In addition, the water can vents such ss alcobols which have at least some degree of
be anslyzed for its content of vapor pressure depressant. Thus,  muscibility whth both water and hydrocarbens. In sccordancs
If the vapor presure of the aqueous phase i being controfled  with the present invamion, & suitable trextmg fluld is & water-
by the presence of calaum chiorids, the aquocus phase can be in-oll emultion whesein the agqueous phese has a nfficiently
analyzed for ths mlt. 35 low vapor pressure 0 a1 10 aftract water from the
The condition of the drillng fluid can siso be qualitatively  formaton, thereby dehydrating and restonng the formaton
evalunted by observing the cuttings produced in the drilling ~ Sultable ofls for use m the emulsion inclode dissel fuels,
if the water-sensinive formation s such thet 1t will  kerosenes, light fuel ofls, hght crude aila, hght petroleum frac-
undergo vinble deformutzon as 1t sbeorbs water If the cuttngs tons, LPG's, and the llke Qil-base and water-m-ail Invent
arv firm and wnuform, it can therefiare be inflerred that tive fhedd Wmmnuhmmmw
and the formahon are 1n aathsfactory condition On the other are alw gererally sultable fior use 2s packer fluidy, coring
hand, f the cuttings become softer or more diffice, the con- fluids, completion finids, etc.
centration of the vapor pressure depremant in the egusous B, Displacement Fhids
phase of the fluld should be incressed The principles of the mvention are slso applicable to fluxd
I an invert emulslon drillmg fuid prepared in sccordance 4% compomtions and methods used m dmplacing ofl froan reser-
wazh the inventson lowes water fram its aquecus phase during vours. [n recent years, for example, it has been obscrved that
driliing, it 15 probable that the water ks being absorbed by the waler-tn-all emulsions and microemulnons are useful in do-
formation, and if this is the case, drilllng condl-  placing il from reservoirs. Such fhads generally ary prepared
tions will tend to become mare ndverse. It ks therefore desira- 50 from the same types of ofls used to prepare Invert emukion
ble, undar such circumytances, to add vapor pressure depres- treating fluds, Soluble oils have been employed to form
mant to the aqueous phaee of the fiuid until ita aqueous vapor mcroemulsion displecement fluids, Such farmulations are
presture Is no greater than the aquecns vapor precsure of the typufisd by the dwplacement fiuds disclosed in U S, Put. No.
formation being drilled. This can generally be done by 3,254,714 The emulsion or mcToemulsion 1y injectsd mto »
vigoroualy mixing the fluld at the surface of the oarth with g Tesorvoir at cme poht and driven from that point through the
fresh depressant. reservolr towsrd a second point where displaced oll »
As noted previoualy, drilling fiuids prepared in accordance recovesed fram the reservolr Smoe wch emubsions and
with the present mvention are especially spplicable for wein ~ microemuplsions have & substwriml degres of miscilnlity with
the drilimg of hard shales. Uniil the advent of this invention,  reserwoir oils, and smce thelr viscosities can be controlled to 3
there has been no satisfactory procedures for dealing with mich 5o considershin degres they appesr attractive for use s cil-dbs-
stales. As noted previoualy, smuch hard shales generally have placing medin. ¥ such Shulds, howsver, are employed in forma-
agqueous activities ety than 0 75 which corrosponds to a saty- tions which are shaley or have shals streaks, there Is & ten-
rated solution of NaCl The resulis obtained m sccordance dency for the shales to interfere with the offectivencss and sta-
with the Invention have shown thet mvert emulrion muds  bility of the emulsioms. This tendency can be reduced through
wherem the aquecus phase is water satwuted with calchen 53 spplication of the presemt invention by coatrolling the vapor
chlonde nre remarkahly effactive for a wide vanoty of such pressune of the aqueous phase of the emulnons of mieroemul-
shales If, during the course of drilling such a shale, additional sions so that it is substantially equal to ar Jess than the aqueous
calchum chlorkie must be addad to the mud eystem, this may vapar preasure of the shaloy constituents of the formatlon.
be done by mixing powdered calcium chiorids into the fluld, The manner of contral = the mmo o3 that described for
Powdered calcrum chlurde hay been found 1o readily emeor 70 drilling fluids earlier in this duciosure. §ince the vapor pres-
the aqueous phese of au invert emutsion drilling fluid. sure of droplets of & liquid become aignificantly Ingher than
Abnormal pressure zones represent serfoss drilling hatirds  the vapor pressure of the bulk Bauid iteelf It the droplets are
in many wreas where wells are diflled. Ono charecteeistic of  amall enough, dropict diemeter can be » design consideration
such 20nes Is a transition zone that hes just shove the sbnor- in formulating mikroemubilon displacemant fluids. Data on
mal pressure zone and that exhibits & marked incresso in water 73 the effiect of droplet diameter i pressnted by Paul Becher on
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USE OF mcnomutsmNs IN MISCIBLE-TYPE
Wllllmll.Gm'lycowﬂetm:n-gdmw Olton
Denver, Calo,, astignors to Marathon Ol Company,
Fmilay, Obio, a of Ohlo ¥
Filed Nov S, 1965, s« No. 506,550
10 Cla (Cl 166—9)

This application 13 a continuation-in part of our co-
pending United States patent application Senal No.
212,134, llled July 24, 1962, and Senal No 324,216, filed
November 18, 1963

Thus invention relates to the use of improved flooding
matenals i secondary-typs o recovery operations.
Mare particularly, it relates ta the use of microemulsions
n such o1l recovery operations

United States Putents 3,082,822 and 3,126 952 teach
the use of solunons of surfactants 1n hydrocarbons i sec-
ondary ol recovery Cssszar, Umted States Patent
3,163 214 teaches the use of substantially anhydrous
sojuble ous in sccondary-type o1l recovery Nomunal
amounnts of water are contamed 1n some of the systems
described 1n this patent ‘This solntons of this last pateat
are diluted with inert nonaqueous solvents to obtam de-
sired viscosities.

Csaszar uses generzl terms 1o descrbang a number of
the components of his solutions Stable systems which

re formulated 1n en attempt to approximate the sys-

descnibed by thus patent reveal that the further ad-
iion of water creases thewr wascomty ‘This viscosity
bebavior 13 also common to the anhydrous “stock” sys-
tems to which water was ndded io formulate the watar-
contaming “soluble oils” described m applicants’ Scnal
No 212,134 and Serial No 324 216 and osed 1n com-
pletad flald tests

We have discovered that water can be reedily sch-
strtuted for the nonaqueous solvent utilized 1n the Caaszar
patent under cértam limuted condions and that the re-
sulung “soluble oils” can be used 1n secondary and ter-
tiary ol recovery

This invention is based on the discovery that the
phenomena dstcnbed in the followmg partagraphs are
common to gbstanbally “anhydrons soloble ols” on ad-
dibon of water “Anhwirous soluble oils” ars defined
as guite stable, subatantially clear, solutions of snrfactants
in nonpolar solvents where the sorfactant concentration,
mcluding the concentraton of cosurfactants, 15 substan-
tinlly above the cntical micelle concentration 1n the non-
polar solvent This phenomenon may also be applicable
to the hqud crystel systam where the surfactant con-
centtration 18 quite high  When water 18 incrementally
added ta the anhydrous soluble oils, assuming a chemucal
balance (approached by the hydrophile-lyophile balance

r other methods) 13 reached and that the snhydrous
uble o1l i compatible wath the water, & senes of
omena have been found to occur The phenomena
occurnng on 1mtial addihon of waier will be discussed
below 1n the order of thewr occurrence

Flrst reglon of warer content.—The mucellar system 13
stable and substantially clear The wiscosity has been
found to nss in every instance tested on the incromental
addihon of water to the aystem

Second region of water content.—The system 13 turbld
and quite stable Thare 13 usunlly & continued increase
1 viscosity on addition of water

Third region of water content—The oyatem 18 turbud
The aystem apparently Increases in instablity with in-
creanng water content Generally, the viscosity decreases
or Jevels off

Fourth region of water content—The systems of this
water content are clear and gtable The viscosity of
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thess systems 13 often relatively low when compared to
the high viscositees found at the wet nde of the second
region of water content and tha drier side of the thud
region of water content

Coatinued water sddition usuvally results in other
phtnomena and a sometumes irregular irend of viscomty
with a final incresse to & peak associated with an un-
vernion of the system to an oil- in-water opaque or opal-
cscent emulnon Somestmes thare 13 inetabihity and in-
vermion pnor to the occurmence of the large viacosity peak
associated with mverson This latter phenomenon has
been noted m systems whltimng hght hydrocarbons, such
as butane, as the ponpolar external phase

It is postulated that turb:dity occurs 1 the orl-external

3 systems donng water addition e the mucellar systems are

changing from one or emore forms of mucelle stable at
lower water concantrations to one or more forms atable
st tugher svater concentrations It should be noted that
tardity and opacaty occur when the dispersed phese has
a refrachve mdex differing from that of the external phase.
Generally, these phenomenn would not be seen where
the refraciive indices were (be sama. The water concen-
tratons at which the postulated mucellar forms change
vary with surfactant concentration, the number and type

3 of surfactants, waler concentrations, ismperatures, salt

concentration, ete.

The first viscosity peak normally ocours between ebout
2 and 15% water concentration while the peak sssociated
with aversion occurs ai water concenirations rangug
from lower than about 15% to higher then about 40%
water

Differences 1o the first and second remons of waler
content and Jater regions of swater content are pomted np
by the following phenomens which were fonnd in all sys-
ems tested

(1) The elactrical condustivity of the systems on the
dry snde of this first peak 1ncrease to a maximum at a
wiater concéntrabon shghtly lower than that caumng the
viscogity peak and then decreases to a mmmumum and then
rupidly mcreases at about ths water concentration needed
to wnvert the oil-extsrnal system to & water-external sys-
tem Ths phenomenon 1s depicted by the stylized dashed
hine of the dra

(2) Treatment of fuids of remon 2 with ultrasome
enerxy reduces the vircosity of these systems markedly
However, on completion of the treatment, the viscomty
rapudly nases to approxumately its formar leve] Canverse-
ly, as moch as a week 15 required for the systems of
regon 3 to regamn sobstantrally therr mtal visconty after
ultrasonic irradietion.

(3) Whike the unltrasonic wave-induced low viscosty
exists, the depressod viscoarty system of region 3 will take
up water more readily than wall the depressed viscomty
system on tha dry side of the peak

The fiude vtihized 10 the process of this mvention con-
ta:n an amounnt of water sufficient to form systems having
a nonpolar external (continuous) phase and the properties
of the thurd or higher regions of water content as deline-
ated above  Thess gystems are heremafter termed “water-
contaning soluble oils” to differentiate them from the
substantially anhydrous solobls ofls of the art Prefer-
gbly, the fiuds utilized 1n the procets of this invention
contan at least that amount of water necessary to formu-
lete the systeme described under the heading “Fourth
Region of Water Content.” Generally, these systems are
clear but may be turtid—t.e,, hazy or cloudy—pnor to
the opacity accumog oa the wversion of thess systems
through addition of additional water These preferred
systema are refarred to bereafter as “microemnizions.”

It 1 apparent that many ddferent components may be
whilized 10 the manufactore of compositions nseful 1n the
mventon  Further, new surfactants, cosurfactants, ete.,
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are constantly being developed and made commercially
available Many of these components will nndoubtedly
be found to be adaptable for the preperation of “water-
containing scluble oils’ and “microemulsions™ nseful 1n
the present invennon It should be equelly obvious that
the properties of these systerns will vary from those de-
scribed above  The invention claumed lhes in the use of
water as an inexpenuve diluent rather than the relatively
expenstve hydrocarbon diluents used m the priorart  To
formulate o “water<contaiming soluble aill” or “micro-
emulsion™ useful 1n applicants’ process will call for chemi-
cal knowledg= and skill, but the duty of the colowd
chemist will be like that of an architect who prescribes
1 the construction of a building the proper materials and
the proper dimensions therefor From his knowledge as
a chemist of the materials avalable, the routine proced-
ures available in this field, and the requisites for tuch a
process, he will know or deduce with confidence their
applicability in the preparations of fluds usefnl in the
inventuon or, otherwise, n the case of novel maienals he
will know routine tests which will provide rehable data
While it 15 acknowledged that chemusts, using the skill
of the art, can formulate systems of sufficient instability
or costs to preclude their use 1n commercial field opera-
tions, we may safely agsbme that no one will wish to make
such a useless composition or will be misled because it 1s
passible to musapply the teachings of this specification
m order to do 50

Applicants’ mvention comprises injecting 11t a sub-
terranean oil-bearmg formation, through at least one in-
jection well dnlled therein, relatively stable substantally
transparent “waier-contaming soluble oils™ driving the
said sooble culs toward at least one production well dnilled
wmto said oil-beaning formation, and recoverning petroleum
fluids through at least one production well

The mvention is dlustrated by further reference to the
drawing which also depicts, in styhzed form, viscosity
behavior observed on the addiwon of water to stabls
Csaszar-type solutions or appheants previously men-
tioned anhydrous “stock’ solutions It is not intended
that this drawing be representative of viscosity behavior
for all useful “water-contaiung soluble oils™ ms these
curves vary with component concentration, surfactant
surfactant conceniranion, etc It 13 seen that, on addinion
of small amounts of waler, the viscomty increases to a
first viscomty peak  On addition of shll mofe water, the
viscosity decreases The decrease often ends m a small
viscosity peak such as that shown at about 10% water
concentration One or more of such small peaks can
be observed on the addition of water 10 the * soluble oils”
found, as depicted between about 10% and about 33%
water concentration  When sufficent water 13 added, at
about 33%-—as depicied, this system becomes shightly
turbid and finally the viscosity increasss to the ipversion
pownt at about 50% waler concentration

Microemulsions are made up of a nonpolar external
or contmuaouns phase which 1s preferably a hydrocarbon,
a polar internal or discontmuous phase which iy prefer-
ably water, and at least one surfactant One or more
cosurfactants or cosolvents (cosolubilizers) can also be
utthzed ‘““Water-contaminiog eoluble oils" and “micro-
emulsions” are, for purposes of this invent:an, relatrvely
stabls and relntively transparent water-in-oil dispersions
Microemuisions have been called “transparent emulsions *
One descniption of some mcroemulsions™ is found 1n
Schulman and Montagne, Annals of the New York
Academy of Sclences, 92, 36671 (1950) The mucro-
emulstons, obvicusly, will not be transparent if made
up of cerlan crude oils or other components which con-
tain various eolor bodies as impuntues

The microemuluons used m this process are mobile
and stable to the 1ony and fluds in the formatiom, 1e
they do not break readily in the presence of these ma-
tenals These microemulsions can contain sdditives to
insure optmum coperations, for example, corroson in-
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hibitors ¢an be used 1n sour flekds and bactericides where
necessary

Preferably, microemulsions used 1n the process of this
invention coniamp, by volume, from about 45 to about
83% hydrocarbons, from about 10 to greatsr than 40%
whater, at Jeast about 5% surfactant, and a cosurfactant

Materials which can be used as the petrolevm-base
constituents of useful microemultions mnclude petroleum
crudes, for example, a sweet crude from the Ilinois Basin,
“hght ends," kerosene, octane, end pentane

Alcohols containing up to about 8 carbon atoms are
preferred casurfactants i the m:croemulsions of thig in-
vention Ethagol, isopropancl, 2-pentanocl, isobutanol,
cyclo-hetxanol, cresol, and phenol are preferred alcohols
The secondary jower aliphatic alcohols, particularly is0-
propanc], are tha most preferred alcochols for use 1o the
composiion of the banks used i the process of this in-
vention Other solubbzing compounds (cosurfactants)
such as lower molecular weight amunes and ketones can
also be used

Surfactanls which can be used include the vanous
nomonic, catioruc, and amonic surfactants Examples
of such surfactants include sodivm glyeeryl monolaurate
sulfate, dihexyt sodium succinate, hexadecylnaphthalene
sulfonale, diethyleneglycol sulfrte, glycerol disulfoacetate
monomynstate, p-toluidene sulfate laurate, p-chloroani-
line sulfate laurate, sodium sulfato oleylethylamhde, tri-
ethanolamtne myristate, N methyltaunne cleamide, pen-
teerythritol monostearate, polyglycerol monolaurate, tr-
ethanclamine oleate, morpholine stearnte, hexadecyl in-
mathylammonmm chlorde, ditetradecyl dimethyl am-
momum chlonide, n dodecyl-drethyleneglycol sulfate,
monobutylphenyl phenol sodium mifate, and tnethanol-
amine laurate or triethanolamioe oleate

We prefer to utilize amomnic surfactants such as higher
alkylaryl monosulfonates, particilarly alkylnaphthenic
monosulfonates, wherom the alkyl radical contatns from
about 10 to 20 carbon atoms The sodum salts of
dialkylsuccinates are also particularly desirable surfac-
tants for use in making up the microemulsions. It 13 pre-
ferred that the alkyl rodicals of the succinate compounds
contain from about 6 to abont 10 carbon atoms

Microemulsions utilizing chlorinated solvents as ths
nonpolar phase sre preferentially prepared uvhilung a
nontonic surfactant such as the sodiom sulfate denivative
of 3,8-diethylindecanol-6 or the sodivm sulfate deriva-
tive of 7-ethyl-2-methylundecanol4 Amins detergents,
for example, 1-hydroxyethyl-2 heptadecenyl glyoxalidine,
are preferred where the water 1n the formation 1 acidic
or corlains relatively large amoonts of caleum or heavy
metal 1008

The type of microemulsion and surfactant utrlized mn
the microemuluon depends vpon the temperature of the
formation and the hardness, including sabmty, and PH
of the connats water and the water used to make up the
microemuolnen Tt would be futile to nse detergent
such as sodium oleate m & formation contaimnyg relatrvely
high concentrations of calcium and magnesrum 1008, as
the precipitated calcium and magnesum soaps would plug
the formation Whers thers 15 a natural detergent m
the crude, a surfactant having a similar 10mic charge must
be used to avoid precipitating an insoluble reaction prod
uct Preferably, the microemulsion can emulsify large
amounts of fresh water and has a low viscosty at the
pont where the microemuluion inverts to form a water-
external emulsion

Water 15 the preferred polar solvent and 1 preferably
soft However, ordinary hard tap water and even rela-
tively brackish waters can ba used with detergents which
are stable to the contamipating tons The water ulilized
can be of a clasy designed to overcome problems ansing
out of the waler senmitivity of a particular formation
Techmiques used m preparing microemulsions sre known
The composition 15 generally prepared by dissolving the
surfactant in the nonpolar constituent However, thy
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surfactant can also be included 1n the polar consttoont
Preferably, the surfactant end cosurfactant are dissolved
in a petroleum flud, dnd water 15 added to the petroleum
fraction :ncrementally with apitation

The amount of slug nsed mcreases, though the percent
of pore volume decreases, with the volume of reservoir
to be swept ‘Thus, 2 5 to 5 0% of pore volume are ade-
quate to flood a 40-50-acre area, while 5-109% of pore
volume are necessary for a 5—-10-acre area

We prefer to myect mto the formation a slug of micro-
emulsion bank matensl of from 1-209% and at least
about 3 to ebout 10% of the pore volume of the forms-
tion Thirty percent, or more, bank matenal can be
utihzed However, such large banks can prove eco-
nomucally unattrachve

It is difficuls to define the exact amount of bank mate-
nial requred in this process, Ideally, sufficzent bank
matarial should be used to provide a substentally con-
tmuous zone of bank material, at the penmeter of the
area from which it 13 desired to recover petroleum crude,
between the crude m the formation and the matenal
used to drive the bank Somehimes 1t may be more eco-
nomucal to use a amall slug, expecting substantia] breaka
m the bank &t the final perimeter, to obiain only a partial
recovery of crude rather than to use a large alug and ob-
tain a complete recovery 1n the swept area The amount
of bank required will also vary with the area to be swept.
Crude viscosity, substamtial variations in formation per-
meability, and other conuderations also affect the pore
volume to be used Thus, increased amocunis of bank
material are required where the viscosity of the crude 13

high wiscosity at the Jeading edge to the low viscomty
t the trailing adge will be amall
After mection of the bank 19 completed, a drive mats-

| d:h In order that the mcremental drops :n viscogity from
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mg CpHan 10SOyNa, with n=25-30 and having a long
parafinie chain attached to an aromatic-naphthemic nuc-
Ieug, 1« muxed with the pasohme The water 13 then
dumped into the cantainer and thereafter rapidly agitated
at temperatures of about 30-34° C. Higher temperatures
cause some cloudiness and lugh wiscosties Thus, 400
ml of a muxture contaning 7.4% sulfonats, 496%
straight run gasolne, and 43% water requwe about 30
minutes to become transparent with vigorons agtation

EXAMPLE II

Four floods are performed in an unconsohidated sand
packed (Blackbawk E Sand) into 10’ x 05* pupe. The
pack has a poromry of 37 7% and a permenbibty of 10 &
In each test, tha gand pack 15 prepared in the same manner
with Ilinms water Hughes crode 13 mmected into the
sand pack as the oil phase, and air 18 injected as the gas
phese  The vanous slups are followed by fresh water at
a constant inpecbon rate of 36 7 ec /hr

Various flooda and slugs are ntilized 10 a seres of ex-
penments set ont in the table below A sing 18 made up
of 24% water, 3.8% isoprapanol, 11 6% alkylaryl naph-
thealc sulfonate, and 60 6% straught run gasohne The
slug should have a viscomty of sbout 11 cp A 40%
water content, nonalecholic mucroemulsion 13 mads up
of 409 water, 44% stralght ran gasollne, and 16% sul-
fonate The nomalccholc microemulsion should have
a viscomity of ebout 15 ¢p Ao emulsion contammg 60%
water, 296 wopropanol, and 38% of s straight run gaso-
line-alkylnaphthenic sulfonate guxture 1o a ratio of B4 16
The emulsion should have a viscosity of about i1 cp.

Comparable resilts are obtamned with the ncnalcoholic
transparent emulsion only when the alug 1s tapered with
a second slug of 12% pore volume of a water external,
609 emulsion conlamnmng aleahol

Dusplacement efficiencias of alcoholic and nonolcohole

systems

Tars Volames to
Lo Injectad

e A A
{alecholic) {nantlochelia) aﬂl H:O lﬁﬂ &Hg

Misaible Slug Secandary Ofl Rosovery—Foremt of Original O in Ploce

. - L4 on8
i e ¥ ﬁ: ﬂ'g
14 - - wni 0.7 sL3 w3
Iniiinl Fluid Baturations—~Peromit of Pore Valuma
Watar Bat - 181 TR 4.2 11
ON Bat_ o M4 A [T}
Afr Bt ”we ard m3a -]
rial 15 mjected mto the formotion, usually through the EXAMPLE I

same injection wells, to force the bank matenal through
formatton ond the crude ahead of tho bank
terial. Water or thickened water 13 the preferred
dnve matenial Other drive materiels sre also useful
Examples of such metenals include mitrogen, carbon
dioxide, and naturzal gas

The followmg specific examples more fully diustrate g4

our mvention, but 1t 1» not mtended that our invention
be hmited to the exact petroleum consttuents, sarfac-
tants, cosolvents, or procedures atilized Rather, it 18 1n-
tended that all equivalents obvious to those skillad in the
art bes included wnthin the scope of our invention as
claymed

EXAMPIE I

Microemulsions, ns deflned above, are prepared from
an alkylaryl sulfonate, water, and stralght nm gasolme
The sulfonste, having an empirical formula approximnt-

70
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A pentane slug contamung 3.4% isopropanol, 33%
water, 510% pentane, and 12 6% commercial alkyl-
naphtheric monosulfonate can be found to yield the
following results when compared with a regular water
flood 1 & sand pack such as that of Example II Water s
the drive material

Secondary ol recovery percent of original od in place
(wrth 33% watler content microemulsion)

Pore Volumes to | 2095 PV 135% PV Regular
be Injectad Blog Biss | Blug Rizs sﬁﬂ. Watarfiood
t‘. - - = 8.4 . Al .. -
-- - - 0.0 0.2 ar 570

‘2‘”
208
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CXAMPLE 1V

A pentane slug containmg 16% isopropanol, 68%
water 24 5% pentane, and 6 1% alkylnaphthenic mono-
sulfonate gives the fallowing recovery efficlency when
tested 1n the unconsolidated sand pack of Examples II &
and II Agam, weter 13 the drrve matenal

Secondary oil reconery pereent of onginal oil In place
(ueth 689 w ater-external emulnon)

10
I"gro \ olames 2% 1L 1IN
Lo ba Injected Blug Bize | Blug Bize
21 2.4 15.3
1. [ — 8.1 % ] 15

Now having descnbed our nvention, what we claim 1s

1 In a process for the recovery of ¢rude petroleum
fluds from permeable subtcrrancan formationa having 20
at feast one injeclion mezns and ONt rEcavery means in
fluid commumcation with said subterranszan formation,
the steps compnsing injecting through at least one myec-
tion means & water-contaming soluble oil, displacing sad
water-contaimng soluble oil toward at [east one recovery 28
msans, and recovenng substantial displaced crude petro-
leum flwids through aa;d at least one recovery means

2 The process of claim 1 wherein the water containing
soluble o1l 13 & mucroemuluon.

3 The process of claim 2 wheremn the microemulsion 30
c?]nums from about 10 to about 209% water as a dispersed
phase

4 The process of clam 2 wherein the volume of micro-
emuision imected mto the formatron compnses from
about 1 10 about 20% of the pore volume of the forma- 38
tion being flooded

§ The process of claim 2 wherein the velume of micro-
emulsion injected into the formatron comprises at least
abowt 3 to about 10% of the pore volume being Rooded

6 The process of ¢claun 2 wherein the mucroemulsion
contains an at least partially oil-soluble sulfopate sur-
factant

7 The process compnsing mnjecting mto a permeable
crode oil-contamnmg subterranean formation having at
least one mnjecuon well and st least one recovery well
in communtcation therewsth, the process compnang in-
jecting into sard formaton through said at least one
myection well g microemulsion containing at Jeast about
10% water as the dispersed phase, thercafter mjzctmg
into said formation through smd injection well water to
displace sald microemulsion toward at feast one recovery
well and recovering substantial displaced crude petroleum
fluids through saxd at least one recovery well

8 The process of clmum 7 wherein the volume of micro-
emuinon wyested into the formation compnises from about
1 ta sbout 20% of the pore volume of the formation betng
floaded

9 The process of claim 7 whereia the volume of
mucroemulsion mjected into the formaton comprises at
least about 3 to about 109 of the pore volume being
flooded

10 The process of claun 7 wheremn the micrcemulsion
;onmru an at least partinlly oil-scluble suifonate sur

actant
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