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Como resultado del examen de fondo, realizado con fundamento en el articulo 45
de la Decisién 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 descriptivo,
comprendido en los folios 5 a 13 de la solicitud en estudio.

b) Para el presente estudio se tendra en cuenta el capitulo reivindicatorio que
comprende 5 reivindicaciones en el folio 14 de la solicitud en estudio.

c) Conforme lo establece los articulos 9, 10 y 11 de la decision 486 de la
Comisién de la Comunidad Andina, la presente solicitud en estudio fue

' presentada el 6 de octubre de 2000, y en el momento de la radicacion Si
se reclamo prioridad de la primera solicitud presentada en ltalia MI99A
002104.

2) Objeto de la Invencién

a) Las reivindicaciones 1 a 5 de la solicitud en estudio se refieren a un
proceso para recuperar y mover alquitran de refinerfa mediante la formacion
de dispersiones aceite en agua del alquitran antes mencionado; dichas
dispersiones tiene un contenido de agua de al menos 20% por peso, y el
agente dispersante es seleccionado de sales de metales alcalino y amonio,
y mezclas relativas, de los condensados de acido naftalensulfénico con
formakdehido, que consiste en: a) fluidificar el alquitrdn mediante
calentamiento a una temperatura al menos igual a su punto de
ablandamiento; b) mezclar el alquitran fluidificado de este modo con la
cantidad de agua deseada y agente dispersante hasta obtener una
dispersion de aceite en agua; c) recuperar y mover el alquitrdn en la forma
del aceite en dispersion de agua formada en el paso (b).

b) El anterior procedimiento busca mejorar la racuperacion de alquitran.
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c) Segun la Clasificacion Intemacional de Patentes, la codificacién para esta
solicitud comresponde a C 10 L 1/32

3) Determinacién del Estado de la Técnica
El articulo 16 de la Decisidon 486 de la Comision establece:

*El estado de la técnica comprenderé todo lo que haya sido
acceslble al publico por una descripcion escrita u oral, utilizacion,
comercializacidn o cualquier oiro medio anies de la fecha de
presentacién de la solicitud de patente o, en su caso, de la prioridad
reconocida.”

“Sélo para el efecto de la determinacién de la novedad, también se
considerarda dentro del estado de la técnica, el contenido de una
solicitud de patente en irdmite ante la oficina nacional competente
cuya fecha de presentacion o de prioridad fuese anterior a la fecha
de presentacién o de prioridad de la solicitud de patente que se
estuviese examimando, -siempre que dicho contenido este incluido
en la solicitud de, fecha anterior cuando ella se publique o hubiese
transcurrido el plazo previsto en el articufo 40.”

Consultadas las bases de datos y los archivos con que cuenta la entidad,
especialmente bajo las clasificaciones C 10 L 1/32, B 01 F 1710 y las mas
cercanas a ellas, se encontrd que antes del 8 de octubre de 1989 (fecha para
determinar el estado de la técnica) hablan sido publicados los documentos que
se enumeran en la siguiente tabla los cuales se relacionan con procesos para
recuperar productos derivados del petréleo altamente viscosos.

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

N° | Documento Thulo prpade
Process for recovering and causing highly
D1 | WO 9401684 viscous pefroleum products to flow 20.01.1994

4) Evaluacion de los requisitos de patentabllidad

El articulo 14 de la Decisidbn 4868 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
tecnologla, slempre que sean nuevas tengan nivel inventivo y sean
susceplibles de aplicacién industriarl .

En cumplimiento con este articulo, se procedié a evaluar los requisitos de
novedad, nivel inventivo y aplicacion industrial con el fin de establecer Ila
patentabilidad de la invencién reivindicada en la solicitud en estudio.



a) Evaluacién del Nivel Inventivo

El art. 18 de la Decisibn 488 de la Comision de la Comunidad And
establece:

“Se consideraré que una invencion tiene nivel inventivo, si para
una persona del oficio normalmente versada en el arte en la materia
técnica correspondients, esa invencion no hubiese resulfado obvia
ni se hubiese derivado de manera evidente del estado de la
técnica”.

D1 WO 9401684 describe un proceso para recuperar y mover productos
de petrdleo altamente viscoso por la formacién de dispersiones de
aceite en agua, conteniendo por lo menos 15% en peso de agua y el
agente dispersante siendo seleccionado de las sales de metal
alcalinos y de amonio, y mezclas relativas, de los condensados de
4cido naftalensulfénico con formaldehido (ver por ejemplo pagina 4
ultimo pamafo) que comprende:

- fluidizacién del alquitrdn por calentamiento a una temperatura por fo
menos igual a su punto de suavizamiento (ver los ejemplos)

- mezclado de los productos altamente viscosos con la cantidad
deseada de agua hasta que una dispersién de aceite en agua sea
formada

- recuperacion y movimiento del alquitrdn en la forma de la dispersion
del paso anterior.

De lo anterior, las diferencias que existen entre D1 y la presente solicitud
soN:

- En la presente solicitud el proceso es usado para la recuperacién y
movimiento de alquitran de refineria
- El contenido de agua en la dispersion es de por lo menos 20% en

peso.

De acuerdo a lo contemplado en el folio 5 el témino alquitrdn de
petréleo se refiere a residuos petroliferos que tienen un punto de
ablandamiento mayor de 80°C, generalmente 100°C, lo cual se
encuentra en el mismo rango de los productos definidos en D1.

De lo anterior, el proceso reivindicado resulta obvio partiendo de D1.

b) Resumen

En conclusion los requisitos de patentabilidad de Ia' presents solicitud
podrian ver afectados asl:

o st

N° | Documento Reivindicaciones afectadas R“':;:Lt;q“‘
D1 | WO 9401684 1-5 Nivel inventivo




5) Notlficacién

v 7

En cumplimiento del articulo 45 de la Decision 486 de la Comision de la
Comunidad Andina, se le indica que dentro del término de sesenta dias contados
a partir de la fecha de la notificacién de la presente comunicacion debe responder
a la notificacién. En caso de no dar respuesta al presente requerimiento, o si a
pesar de la respuesta subsistieran los impedimentos para la concesion, se

denegard la patente.

Notifiquese el presente oficio conforme a lo dispuesto por el numeral 5.2, literal e)
del caplitulo quinto del titulo primero de la Circular Unica N°® 10 de 2001

ALIX CARMENZA CESPEDES DE VERGEL
Jefe Divisién de Nuevas Creaciones

E! anterior requerimiento fue notificado por fijacion en la lista, de fecha

21 0 2065
Concepto Técnico N° EXAMINADOR TECNICO EXAMINADOR JURIDICO
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"PROCESS FOR RECOVERING AND CAUSING HIGHLY VISCOUS
PETROLEUN PRODUCTS TO FLOW"

The present 1invention relates to sn isproved
process for recovering and causing highly viscous
petroleua products to flow through drilled well bores
or pipelines.

Causing highly viscous petrolsus products or
residues, 1n particular those with an API grade lower
than 15, to flow through ducts {s difficult owing to
their high viscosity and consequently poor flouwing
ability.

A method for improving the flowing ability of,
and recovering, these highly viscous products consists
in adding Lighter crude petroleum gradas or
hydrocarbons to sald products. This blending decreases
the viscosity of the system and hence {ncrsases the
flowing ability thereof, but displeys the drawback of
requiring considersbly high Investment costs and
consequently fs rather esxpensive. Furthermore, not
always Light fractions or crude petroleum grades are
available.

Another nmsthod for improving the fluidity of
highly viscous products inside the pipsitines, consists
in 1{installing heating means at frequent {intervals
atong the pipeline; 1n that vay, the so hsated crude
or pstroleun product has a3 Low viscosity and,
therefore, conveying it is easier. These heating weans
can be cperated by using s portion of conveyed product
as fuel. This technique may result in the Lass of 15-
20X of transparted product.
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Another method for conveying heavy petroleum
praoducts or residuss through pipelines consists in
pumping them through the pipeline as more or Less
fluid aqueous enulsions. Said emulsions are of oil-in-
water (O0/W) type and therefore are decidadly wmore
fluid than the crude pstroleum to be conveyed.

The oil-in-uater emulsions, prepared by adding,
with stirring, water and an emulsifier to the oil to
be conveyed, are then pumped into the pipelin-..

The emulsifier agent should produce a stable and
flufid oil-in-water emulsion with a high oil Level.

for the process to be advantageous, it 1
necessary that the emulsifier agant is cheap and
capable of generating emuisions which are stable
during the pumping period.

The emulsifiers proposed heretofore are not fully
compliant with the sbove said requisites.

For example, US-A-4,246,920, US-A-4,285,356, US-
A-4 265,264 and US-A-4,249,554 disclose emulsions
which contain an oil Level of only 50X; wunder these
conditions, this mesns that helf volume of the
pipeline is unavailsble for transporting petroteus.

On the other hand, the Canadian patent Nos.
1,108,205; 1,113,529 and 1,117,568, a3 wuell as US-A-
4,246,919 discloss rather small decreases in
viscosity, notuithstending the relatively Llow eoil
proportion.

uUs-A-4,770,199 discloses, on the contrary,
emulsifier agents which are constituted by complex

blLends of non-ionic alkoxylated surfactents with

g
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carboxylLated ethoxylated-propoxyiated species. The
non-ionic surfactant contained in the above said blLend
obvicusly is sansibtle to temperature, and
consenquently it may become insoluble in water under
determined temperature conditions. Furthermore, the
above said surfactants are very aexpensive and
contribute to increase the process costs.

Finally, EP-B-237,7T24 uses, as emulsifier agents,
mixtures of ©carboxylatsed ethoxylates - and sulfate
ethoxylates, products not easily available on the
market, and rather expensive,

Therefore, a purpose of the present invention is
a process for recovering and causing very viscous
pestroleus products to flow, which process overcomes,
or at Leasst partially reduces, the sbove said
drawbacks which affect the prior art. '

In accordance therewith, a first aspect of the
present invention relates to a process for recovering
and causing highly viscous petroleum products to flow,
characterized 1in that the above satid high-viscosity
petroleus products are recovered asnd caused to flow as
squeous dispersions wherein the water content of said
dispersions 1s of at -Least 15X, said dispersions being
formed by bringing said high-viscosity petroleun
products 1into contact with an aqueous solution of a
sulfonate dispersant selected from one er msors of
alkali wetal or ammonium organic sulfonates having,
with reference to the sodium salts of sajd sulfonates,
the following properties:

(A) a sulfur content of at Least 10X, preferably



WO 94/01684 PCT/EP93/01775

15

comprised within the range of from 11 to 18%;

(B) a wuater solubility at 20°C of at Least 15X by
weight, preferably comprised within the range of
from 20 to 60X by weight;

(C) a decrease 1in water surface tension, at a
concentration of 1X by weight, not higher than
10X, usually not higher than B8%;

By "highly viscous" or "high-viscosity" petroleum
products, very highly viscous crude petroleum grades,
which cannot be extracted from the wells by means of
the usual technologies, or petroleus residues from any
sources, for example atmospheric residues or vacuum
residues, are meant. In any cases, the above said very
viscous petroleum products will have sn APl gravity
lower than 15" and s viscosity at 30°C higher than
40 000 mPas.

The above listed properties (i.e., solubility in
water, very small decrease in water surface tension,
sulfur content) 1nequivocally differentinte the
sulfonated dispersants from the wusual sulfonated
surfactants. The Latter display completely different
properties, 1.es., poor water solubility, considerable
decrease Iin water surface tension, and a sulfur
content which is often Lower than 10X. 1In particular
the first two mentioned properties are of basic
importance in order to differentiate a dispersant from
a surfactant. -

Typical examples of sulfonate dispersants which
meet the above requirements are the products deriving

from the condensation of (alkyl)naphthalene sulfontc

&7
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acid and formaldehyde, sulfonated polystyrenes,
Lignosulfonates, the oxidative sulfonation products
obtained by treating special aromatic fractions with
sulfur trioxide. =

In general, the organie sulfonates displaying
dispersant properties are substances with a higher
molscular weight than 1000. owing to their
considerably high solubility in uweater and the presence
of 1iporpganic (usually sulfate} salts, a precise
deteraination of their molecular weight ameets with
serious difficulties.

Howaver, the above sald dispersant sulfonates
inherently have a high molecular welight {(e.g., Lligno
sulfonates), or are prepared by means of processes
Leading to increases in solar weight. For example,
well -knoun are those commercial dispersants which are
obtained from the condensation of (alkyl)naphthslens
sulfonic acid with formdldehyde.

By the expression “{alkyl)naphthalenesulfonic
acid“; either o naphthalenesulfonic ae{d or an alkyl
naphthalenesulfonic wscid, or their wmixtures, are
meant, 9in which from one to three hydrogen atoms in
the naphthalene molety asre replaced by a same numbsr
of C1-Cq alkyl radicals.

The above said forsaldehyde-naphthalene sulfonic
acid condensate is an easily found product on the
market; aoreover, various types are avallable which
are differant due to their molecular weight, or,
practically, their different ratic of naphthalene
sutfonic acid to formaldehyde with uwhich they are
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prepared.

The salts. of (alkyl)naphthalene sulfonic acid
condensates with formaldehyde (“CANF's") are prepared
by causing sulfuric acid to react with (alkyt)
naphthalene acid and subsequently condensing the
resulting (alkyl) naphthalene sulfonic acid with
formaldehyde.

The ratio of forasaldehyde to (alkyl)
naphthalenesulfonic acid i1s critical, because a Low
value of such & ratio csusses a inadequate degree of
poLymerization to be achieved, and a too high value of
said ratio causes the condensate to undergo a
crosslinking process, with thes resulting product
consequently <turning into an insoluble one both in
water and in oil.

A typical CANF preparation 1{is reported in
Ulaann's Encyclopedia of Industrial Chemistry, Fifth
Ed., VolL. A8, page 587.

Obviously, products deriving from wmixtures of
naphthalens and slkylnaphthalenes; or from naphthalene
grades having a purity level lLower than 100X, and
anyway not Llower than 85X, wiLl operate in an as
effective way,

Sulfonste dispersants displeying ths above
disclosed characteristics are elto those which are
prepared by means of processss of “"oxidative
sulfonation" ot particulsr fractions, of prevailingly
argmatic character. The expression "oxidative
sulfonation" {s wused herein in order to refer to a

process in which, by treating the above said fractions
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with $03, not only a sulfonation, but alsc an increase
in molecular weight results.
The above salid process, disclosed 1in EP-A-
379,749, consists of:
~= bringing sulfur trioxide in either Lliguid or gas
fora, into contact with a solution of fuel eil from
steam cracking in $02, with a ratio, by weight, of
503 to fuel oil comprised within the range of from
0.7:1 to 1.7:1 and & retio, by weight, aof $02:503
comprised within the range of from 0.5:1 to 10:1,
at a temperature comprised within the range of froms
0 to 120ecC, until a complete or substantially
complete conversion of $02 is obtained;

-- removing, by evaporastion, sulfur diexide firom the
sutfonated fuel oil;

== neutralizing the sulfonated fuel oil with @en
sgueous solution of an alkal{ msetal or ammonium
hydroxide;

-= recovering the nsutralized sultfonated disparsant.

The term “fuel oil from steam cracking" is used
herein 1in order to refer to the high-boiling Liquid
residue deriving from naphtha and/or gas oil ecracking
used to produce Light olefins, in particular ethylens.
This fuel ofl did not found any valuable commercial
uses, and 1its price 13 presently computed on a
calories base.

Most ethylens is produced worlduide by cracking
ges oil and/or naphtha in the presence of steam (ses
Ulmenn's Encyclopedia of Industrial Chemistry, Vol.
A10, page A7).

o
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The reaction byproducts are partiatly constituted
by such gases as hydrogen, sethane, acetylene, propane
and so forth; Liquid fractions with boiling point
comprised within the range of from 28 to 205°C; end,
finally, by a high-boiling residue, the so-said "fusl
oii from steam cracking” ("FOK").

This fuel oil 1is formsed with veriable ylelds
acecording to the operating conditions of the cracker
and, above all, as a function of the type of
feadstock. The yields of fueil oil typically are of
15 - 20% when the cracker is fed with gas oil, and of
2 - 52 when naphtha is fed. Also the chemfcal
composition of the resulting fuel oil wmay display
minor changes as a function of said parameters. In any
case, such a product contains a ainioum content of 70X
of aromatics, wususlly comprised within the range of
from B0 to 90X, as determined by column cromatography
according to ASTM D 2549, wuith the balance to 100
being constituted by saturated and polar species.

FOK's aromatic portion is constituted by at Least
75%, by aromati¢c and alkyl aromatic species with tuo
or more fused rings.

At Least 50X of FOK boils at a Lower tesperaturs
than 3400C ("340°C-"); in general, FOK's carbon
content is higher thasn 80Z; end FOK's density at 15°C
is of 0.970 kg/dm3.

FOK 13 dissolved 1n sulfur dioxide, and the
resulting solution is brought into contact with sutfur
trioxide in either Liquid or gas form. In particular,

the reaction 1s carried out at temperatures comprised

<
LS
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within the range of from 0 to 1200C, wunder such
pressures as to keep the reaction wmixture in the
Liquid phase and generally of from 1.5 to 45 bars,
with a ratio, by weight, of sulfur triexide to FOK
conprised within the range of from 0.7:1 to 1.7:1,
while sisultsneocusly stirring the reaction mixtures.
Operating at higher temperatures than 120eC is
disadvantageous, because sulfonate dispersants with
not completely satisfactory characteristics are
obteined.

In the preferred aesmbodiment, the reaction
tenperature is of from 20 to 100°C, with a ratio, by
weight, of sulfur trioxide to FOK-comprised within the
range of from D0.8:1 to 1.6:1. Advantasgeously, FOK
concentration 1in the solution is kept at 20 - 50%,
with sulfur trioxide being gradualty added to the
reasction mixture.

The required reaction times in order to achieve »
complete, or substantially complets, conversion of
sulfur trioxide are ganerally co.prileq within the
range of from 10 to 120 minutes, and typically are of
the order of 70 sinutes.

At the end of the sulfonstion, sulfur dioxide is
resoved from the reaction mixture by ~rfeducing the
pressure and optionally flowing an inert gas stream
(e.g., nitrogen) through the reaction naixture, 1in
order to remove any LlLast traces of sulfur dioxide.
Advantageously, during the removal of sulfur dioxide,
the reaction mixture 32 kept at temperatures of the

same order of magnitude as used during the sulfonation

oF
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step. So separated sulfur dioxide may be recycled,
after 'being _.preliminarily condensed, to the
sulfonation step, or it can be sent to another use,
e.9., to a sulfuric scid production facility. 1In any
cases, sulfur dioxide disptays a high enough purity
Level as not to require any preliminary purification
treatments,

Sulfonated FOK obtainad after separsting sulfur
dioxide, 1s salified by means of a treatment with an
aqueous solution of an'alkati metal or ammonium,
preferably aqueous sodium hydroxids.

The resulting product has s wmolecular weight
(M), as detearained by gel permeation in squeocus phase
with two coupled detectors (rsfractive index and
differential viscometer) which indicatively is of from
10,000 o 40,000, according to the exparimentsl
conditions. The @above gsaid dncreass in wmolecular
ueight is due to the oxidizing -- besides sulfonating
-=- power of 803 under the reaction conditions.

In that way, an aqueous solution i, obtained of
the sulfonsted dispersant, which is constituted (based
on dry matter) by 75 - 85X, by suifonsted organic

species containing, on an averags, from 0.35 to 0.70

mols of sulfonic moieties per ench 100 ¢ of organic

sulfonate, with the residual content being sulfate or
sutfite, besides small amounts of crystal water.

Going back to the process sccording to the
present invention, the tarm "dispersion” is applied
herein to a multiphase system in which one phase is

continous and at Least another phase I3 finely

B
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dispersed.

. By the term "dispersant", products or product
blends are meant which promote the formation of =&
dispersion or stabilize a dispersion.

In the dispersion according to the present
invention, the continuous phase is water and the
dispersed, finely distributed, phase is constituted by
the particles, probably of both solid and Liquid
character, of heavy petroleum product.

The aqueocus disperstons of the present invention
are stabilized, by a prevailingly electrostatic
mechanisz, by the dispersants prepared in tha above
disclosed uay.

The ratio of the petroleum product to water by
uoight may vary within s wide range, for exsnple of
from 90:10 to 10:90. Of course, due to obvious
economic reasons, the use is preferred of high levels
of petroleum residue, which however could result 1n
the resulting dispersions disadvantageously having
excessivaly high viscosity values.

An optimal composition of the dispersion, which
is a function of the type of product to be caused to
flou, will contain a water level comprised within the
range of from 15 to 40X, relatively to the total
dispersion weight.

Also the dispersant amount is a function of the
type of product to be csused to flow; in any case, the
diapersant Llevel which is necessary in order to have a
stable and fluid dispersion is comprised within the
range af from 0.2 to 2.5X, preferably of from D.4 to
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1.5%, with all said percent values being based on the
amount of dispersant agent relatively to the total
amount of water and petroleus product.

The aqueous dispersion of the heavy petroleus
product can be accomplished as follows:

First of atl, the salt, preferably the sodium
salt, of the sulfonated dispersant, is dissolved in
water.

The agqueous solution of the dispersant 1is5 then
added to the petroleus product to be caused to flow
and the dispersion 1s prepared by stirring the
resulting phases by means of a turbine, or with a
paddie stirrer, or with centrifugal pumps.

In the case of the exploitation of petrolsum

uells containing hesvy crude petroleum grades which

cannot be caused to fitow by means of the wusual
technologies, the crude petroleum can be recovered by
means of the sbove procedure.

In particular, the aqueous solution of the
disperssnt to be injected into the well in such 2 way
that it comes into contact with petroleum at a deeper
depth than of the recovery pump, or equal to 1it.

in that case, the mechanical sixing action
produced by the pump will be snough to produce a
flowing dispersion at welihead.

In this regard, 4t may prove useful to underline
that the good rheclogical properties necessary for an
effective recovery of petroleua as an agueous
dispersion sre neither depending on the homogensity of
the dispersion, nor from the size of (solid or Liquid)

o
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particles dispirsed in the water phase.

In othesr .words, the process according to the
present 1invention does not require any particulsr
mixing forms, nor is 1t bound to a particular size of
the dispersed particles. In fact, the crude petroleum
can be ¢aused to flow and recovered alsoc in the event
when the dispersed heavy oil is in the form of
particles with macroscopic size.

The dispersions according to ‘the present
i{nvention sre very storage stable also over Long
storage times (in fact, no phase separation was
observed even after some hour hundreds).

In thst way, the above said dispersion can be
stored as desired inside suitable tanks and then it
can be transferred to the pipeline or to the tanker at
tha right time. '

Furthermore, this technique consisting of
recovering or causing said heavy petroleums products to
flow by using an aqueous dispersion displays further
advantages resulting from Low cost products, which can
be obtained by starting from Largely available raw
materials, being used as the dispersents.

finally, as thess very highly water soluble
dispersants, differently from the usual surfsctants,
do not cause a considerable decreass in water surface
tension, no additions ars required of antifocaming
agents to the aqueous dispersions of petroleum residue
of the present invention.

The following exasmples are reported in order to

better 1llustrate fhe presant invention.

H
©
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E-x_a_m_p._l_s.3
In order to demonstirate the dispersing properties

of the coampounds according to the present fnvention,
experisents were carried out on two very viscous
petroleum products from different origins.

The first one i3 a "Gela" crude petroleum
displaying the follouwing characteristics: API grade 9;
viscosity in 1ts pristine state 120 000 w©oPas, and,
after dilution with 30X of 800 wPas gas oil, at 30oC.

The second product 1s a +370°C distillation
residue "Beliaym" crude, uwith AP! grade 13, and a
viscosity of 80 000 =Pas at 30°C.

The dispersions were prepared by adding the

petroleum product, hested up to a temperature of

approximately 60oC in order to flux 1t, to an aqueous

solution of the dispersant agent asnd subsequently

stirring the resulting mixture with a turbine stirrer

at approximately 10 000 rpms for a time comprised

within the range of from 10 to 50 seconds.

The resulting dispersions were Left sélndinu at
room temperature (about 20-22¢C). From time to time,
the dispersions wers checked for phase separation and
the rheological characterization of the dispersions
was carried out.

In order to carry out these measursments (the
results of which are reported in Table 1) s rheoneter
Haske RV12 with eouotie geometry weas used (model NV
P, bob radius 20.04 am, torque radius 21.00 sa, bob
height 60 mm), wuwith a knurled bob so as to reducs the
slipping’ phenomena typical of amatertals disptaying

v 4
2\
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yleld stress. The bob bottom is displaced backuards,
in such s way that during the introduction of said bob
inte the dispersion, an asir bubble is retasined which
is capable of wminimizing the edge effects. AlLL
measurements were carried out at 30°C, only using
sanples capable of wetting the metal of the bob-
couette system and which did not result to have
undergone phase sasparation.

The stress measursments were carried out by
increasing the shear rate up to the constant value of
100 sac-! within a very short time (5 seconds), and
following the stress changes over time under constant
shear conditions.

Hithin a very short time, the viscosity reaches »a
constant value which is reported in Table 1. .

The yield stress, 1i.e. the minisal stress which
is necessary in order to cause a mass of fluxed cnude
petroleum to start flowing, was calculated by
extrapolations. The method used is based on Casson's
modet, which consists in preparing a chart showing the
square root of streas as a function of the roat square
of shear rate snd Linearly extrapolating the resulting
curve doun to zero shear rate value. The square of the
intercept value at shear rate 0 supplies the desired
yield stress valus.

EXABBLES_1-8

_In thess Elllnl;l, the dispesrsant used is the
sodium salt of ths condensate of naphthalene sulfonic
acid with formsldehyde (sulfur content: 13.2X). The
surface tension of an 10X agqueous solution thereof at

el
L
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25°C is of 70.5 dyne/cm, vs. the value of 71.5 dyne/cn
of pure water. The water salubility of said dispersant
at 20°C is of approximately #44.5X.

Example 8 should be regarded as a Coaparison

Example, because at these Levels of dispesrsant:

concentration a stable suspansion 4§s obtained which is

too highly viscous to be pumped by means of usual

puUmpSs.
TABLE.1

Example Crude 0il bisp., M0 Time, Viscosity Yield
No. (type) X-wn i-w hours aPas Pa
1 Gela 0.4 29.8 120 &70 1.6
" : " w» " 408 450 1.0
2 Gela 0.6 30.0 120 330 0.5
" " » " 384 310 0.6
3 Gela 1.5 29.6 72 270 0.7
[1] n " n 2“ m 1 .o
& Gala 1.5 29.5 T2 280 0.9
" - o " 288 ‘340 1.1
5 Gela 2.4 29.6 96 220 0.7
" " - " 288 220 0.5
é Gala 0.9 36.3 T2 100 0.3

[1] [ 1] [ 1] " zu 1 10 o- ‘

e

2
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7 Belaym 1.0 29.8 9% 195 0.3

L1} L 1) [1] [ 1] m 1as 0.3

5 8 Gels 0.1  29.9 120 960 1.0

" " " " 384 1000 2.6

10

15

20

* ¥-u = % by weight

The test of Example 4 was carried out by adding
the aqueous solutien of the dispersant to the
petroleum residus. The results, nearly squivalent to
those of Egllplo 3, demonstrate that both said methods
for preparing the dispersion ars squivalent.
EXANELES_2:-12

By operating according to the same procedure as
disclosed in Example 1, dispersions are prapared by
using the dispersants disclosed in EP-A-379,749 ,
obtained by sulfonating with 503 the fuel oiL from
steam cracking preduced at the cracksr of Priole
(Stcily) (referred to in the follouwing, for the sake
of simplicity, ss "FOKP") and neutralizing the
resulting sulfonate with aqueous NaOH.

In particular in Example 9 a dispersant is used
which s prepared under the following conditions:
$02 /503 /FOKP r;tios = 1.47:0.80:1, temperature during
$03 addition comprised within the range of from 21 to
37 and end temperature about 80°C. The disperssnt is
used in its pristine state, with a content of 79X of
active species, uwith the balance to 100 baing

constituted by 16.3X by wueight of sulfates and
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sultites and 4.7% of crystal water.

In Example 10

produced under the following conditions:

ratios = 1.48:1.49:1,

a dispersant is

used which 1is
$02 /503 /FOKP

temperature during 803 additien

comprised within the range of from 11 to 33°C and end

temperature 100 ~109eC.

pristine state, with &

species,

The dispersant is used in its

content of 70X of

active

with the balance to 100 baing constituted by

25.2X by weight of sulfates and sulfites and 4.8X of

crystal water.

In Exasmple 11

produced under the following conditions:

ratios = 1.48:1.2%:1,

comprised within the

temperature) up to a saximum of 111eC.

a dispersant is

range of fronm

which is

S0z /503 /FOKP

temperature during 503 addition

15¢¢ (inftial

The dispersant

is used in its pristine state, with a content of 72.9%

by weight of active spacies,

being constituted by 22.1%
and 5.0X of crystal water.

In Exsmple 12

produced under the foltowing conditions:

a dispersant is

with the balance to 100

of sulfates and sulfites

used whieh is
$02 /503 /FOKP

ratios = 1.55:0.97:1, tempersture during 503 addition

comprised within the range
the addition of SO03, and
within the range of from 79
used in 1ts pristine state,
weight of active species,
constituted by 14.8%
and 5.6% of crystal watar.

All the

being

dispersants

of from 12 to 36oC during
end tempsrature comprised
to 83°C., The dispersant is
with a content of 79.4X by
with the balance to 100

of sulfates and sulfites

prepared according t6 as

%
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disclosed in EP-A-379,T49 contein 11.6 - 13.8% of
sulfur, have a water solubility of from 41 to 47X, and
cause a decrease in water surface tension comprised
within the range of from 3 to 8X.

In Table 2, the numbers relate to different

dispersants and the Lletters reslate to different

formulations.
IABLE_2
Example Crude 01l Disp., Hal Time, Viscosity Yield
No. (type) X-un i-u hours mPas Pa
9a Gela 1.0 29.5 264 800 2.0
" " " - 576 1150 2.0
" " " " 146 1300 2.0
9% " 0.6 30.0 50 250 1.0
10n Gela 0.3 30.2 144 840 0.4
" " " " 384 500 1.7
10b " 0.6 29.7 72 190 0.0
" " " " 28 205 0.2
10c " 1.0 30.3 2h T0 0.0
" " " " 312 93 0.0
" " " " 2 [¢) 0.0
10d Belaym 1.0 30.0 96 285 0.2
u " " " 268 205 0.0
11a Gela 0.6 30.0 50 290 0.0
11b " 1.0 29.4 264 F341] 0.0

{continues)

T
x
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(continuation of Teble 2)

Example Crude 01t pisp., HO Time, Viascosity Yield

No. (type) Y- X-v hours mPas Pa
11b Gels 1.0 29.4 576 340 0.0
" " " " 1464 260 0.0
e . 1.0 29.9 600 200 0.0
" " " " 936 - 230 0.0
" " " " 1008 290 0.0
11d " 1.0 30.2 600 150 0.0
" " " " 936 150 0.5
" " " " 1008 140 0.0
12a "o 0.6 30.0 S0 290 0.3

x -y = X by welght

Fron these data, the fluxing properties of the
shove disclosed sulfonates and the storage stabitity
of the resulting dispersions can be apprecisted.
EXAMBPLE_QFE_AN_ON-FIELR_BRODUCTION_TESI

In the instant Example , the trend of the
production teat is reported, which is carried out by
using an aquecus dispersion {s reported, which was
carried out on GELA 105 well.

The situstion of the welt is reported in Figure
1.

WellL 105 1s a producer of a heavy oil grade,
which is fluxed by wsans aof the injection of gas ofil
at @ level of 10X By volume, based on the crude oil,
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1ntq the annular region comprised betusen the tubing
and the cesing (annulus, A) and artificially recovered
by a rod pump (B) installed st 1115 & 0of depth and
actuated by a surface unit of conventional type. The
net oil production under conditions of fluxing with
gas oil 1s of espproximately 30 m? per day.

The test of production with the water dispersion
wes carried out without supplying any modifications to
the well completion and in order to perform the test,
the gas oil was replaced by an aqueous dispersant
solution injected at such a flow rate as to obtain »
theorstical 0/4 ratie of 70:30.

Aiming at altering as negligibly as possible the
conditions of the well, we additionally tried to kesep
constant the net ofil throughput. For that purpose,
before replacing the gas oil with the aqueous solution
of the dispersant, the atroke of tha plunger of the
rod pump was increased from 70 inches up to 85 inches,
with an increase in theoretical oil throughput from 28
m3 per day up to 39.5 m? per day being obtained.

The surface facility is schematically displayed
in Figure 2.

In the following, the measursd parsmeters, the
adopted methods and the test time scheduls are
disclosed and commented.

Yeasured_paramgiers

Puring the tests the following parsmeters were
measured svery hour:
* Gross throughput;

* Flux flow rate (gas oil or DHN);

el
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w Wellhead temperature snd pressure;

% Water cut;

Furthermore, a sample of produced fluid was

vithdrawn every & hours and was evaluated for:

% Viscosity:

% Water cut;

%« X Level of Light species.

The % Level of Light species/gas oflL in the samples
collected every & hours was measured by stripping.
The evaluation of the % content of gas oil flux in
the crude oil produced during the test uas carried
out by comparison with a flux-free crude oit
sample.

The ueter cut was measured by the Marcusson method.
The measurements of viscosity were carriesd out by
using the rotational viscomster Hasake RV1I2 yith
bob=cup gecaetry and knurled bob. The fiow curve
was wessured by varying the shesr rate value within
the range of from 0 to 400 secands-1. Owing to the
often macroscopic Lack of homogeneity of the
collected dispersion samples, all samples wuere
homogenized by wusing and Ultrasturrax turbine at
2000 rpsn.

The pumping cycle recording was carried out during
every test step by using dynsmometer of
mechanical types.

The trend of the main parsmeters measured 1is

shown in Figures 3, & and 5.

Jest_time_achedule

The test consisted of five steps, during each of

Lo
A
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which a different delivery situstion occurred:

(F1) Well wunder pumping, fluxed with gas oil at

approximately 10X;

(F2) Displacement of the annular fluid (gas oil) by DW

1.2i1)%, injection rate 16 u3 per day;

[1) The flow rate of the dispersant is referred to the
total weight of sn O/W dispersion with the ratio
of 70:30. Theresfore, the true concentration of the
injected solution can be obtained by multiplying
the indicated concentration times 100/30 = 3.33.

(F3) Nell under pumping, fluxed with DN 1.0% ,
injection flow rate 13.5 m? per deay;

(F4) wdell under pumping, fluxed with DM 0.6% ,
injection flow rate 13.5 m? per day;

(F5) Well under pumping, not fluxed.

In Table 3 the representative delivery parameters
and the properties of the produced fluild are reported
for the five test steps.

Comments_gpn_ihe_issl

-= DM solutions at suitable concentrations were

prepared as batches of approximately 30 m? each, by
dituting, with fresh water, a sodium naphthalene
sulfonate condensed uith formaldehyde, supplied as
s concentrated solution containing 40X by weight of
dispersant.

== puring the displacement step a DM 1.2% solution was

injected at a flow rate of 24 m® per day. The

concentration excess and the high flow rate value

8t
40
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imposed during this step has the precautionat
purpose of asking available l'certlin amount af
additive which would be capable of modifying the
wettability of the walls of the production tubing.
The strong incresse in production rate (Figure 3)
occurred during the displLacement of the gpas oit
fnside the snnulus may be attributed to the
extremely good rheological characteristics of the
0/H dispersion obtained during this step. In fact,
the values of injectad DN flow rate (24 @ per day)
and of recovered product flLow rate (on an average,
70 m? per dsy) indicate an 0/W ratio of about
65:35, -corresponding to a lLower viscosity than 150
mPa.s, 1.e., about B0 times lower than of the oil
fluxed with gas oifl.

Owing to the sudden increase of oil production by
the well, the wellhead choke was partialiy closed
in order not to risk an increase in stratum water
throughput. The tast uas continued with the
welihead choke being partially closed.

The trend of the viscosity of the D;OGUCId fluid
over time, 1is reported in Figure 5, together with
the trend of contained water. It should be streossed
the positive outcome that for all reported O/NW
ratios, to the wellhead always a fluid disperaion
srrived. In particular, even for O0/4 ratios of

80:20, the sxternal phase was aluays water and the

rheological properties remainsd, for ail lnalysedl

samples, better than as obtainable by means of the
dilution with gas oil.

&
4\
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In order to evnluaée the fluxing effectiveneas, we
regarded it suitable to describe the test trend by
means of the wellhead productivity index (Plheaa)d,
defined as the following ratio:
PIneada = Qoi11 / (STHP - FTHP)}

wheresin:

% Qog1 s the net oil fiow rate,

% STHP 4s the static wellhead pressure, and

% FTHP 18 the flowing wellhead pressure.
For each test step, the static pressure STHP wvas
recalculated on the basis of the hydrostatic
pressure of the fluid contained inside the tubing.
From the behaviour of Plhesd during the several
test steps, reported in Figure &, the increase in
productivity can be clearly seen which was {nduced
by the system fluxing with Du. The net oil
productivity was doubled when the gas oil fluxed
system ~-- Plaggqe = 2.5 (m¥/day){kg/cpl) == yas
replaced by the dispersed systes with 1% of
dispersant by weight == Plhead = 4,5
(m3 /day)(kg/cn?). A further increase in
productivity was obtained when the dispersion was
produced with 0.6%X of dispsrsant by weight: Plneas
s 5 (m?/day)(kg/cml).
The dynamosetric analysis evidenced that both
during the oil fluxing with gas oflL, and with the
DM, the well delivered spontaneously, whilst uhen
no flux was present [Step (F5)], the pump supplied
work.

This matter of fact 1is also confirmed by the

51



WO 94/01684

10

15

20

30

PCT/EP93/01775

26.

volumetric efficiency behaviour, in the values of
which increases wvere observed of 100X in the
presence of flux (either DOW or gas oil) and,
respectively, of B0% with flux free oil.

Anyway, from the dynamometric records a msaningful
difference betueen the pesrfoermane of the pump in
the presence of both fluxing systems {(with gas oil
or with D) could not be observed,

-= It f{s worth while observing that the viscosity of
the dispersion is affected to a much Lower extent
by tempsrature, as compared to the viscosity of the
product fluxed with gas oil. Such a feature s
evidenced by the behaviour. of viscosity . with
varying temperatures within the range of from 25 to
55¢¢ for both systems, which 1s reported in Figure
7. .

CONCLUSIONS

The field test enabled the possibility of both

producing and transporting crude petrolsum as a

dispersion of oil in water admixed with the dispersant

according to the present invention, to h; checked with
positive outcome. In particular, the following
conclusions msay be draswn.

Eeasibilisy_ef_crude_oil_preduction:

== The mechanical pixing action performed by the rod
puap and the injection of the aqueocus solution inte
the snnulus resulted to be sufficient in order to
form and produce a fluid dispersion,

== The viscosity of the dispersion with 0/ ratio =
70:30X by weight resulted to be 30 - 50 times Lower

g
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than of petroleum diluted with gas oilL at 10 - 12X
by weight (250-400 mPa.s, vs. about 12,500 mPa.s);

== Even 1in the case of 0/W ratios close to 80:20X by
weight, the well Leaving product retained 1{ts
character of an 0/@ dispersion, and displayed
bsetter rheological properties than of gas oill
fluxed petroleunm;

-- The c¢onsiderable decrease in viscosity obtained
when the system was converted froama a gas oilL fluxed
one into the dispersed system, caused a
considerable decrease in pressure drop along the
tubing which 1in i1ts turn yielded, thanks to the
high productivity index of the well, the observed
jncrease in net petroleum production from 30 m3/day
up to peak values of more than 100 w3 /day. The
produe;ion was decreased back to its initial values
by acting on the uweillhead choke;

~— The productivity of the well sharply increased when
the Plhead value was increased from 2.5
(@3 /day)(kg/cmi) up to 5 (m3/day)(kg/cmi).

-= The rheologicsl characteristics of the produced
dispersion and the PInesa value resulted to be
better when the dispersant additive was used st a
Level of 0.6X by weight, than at 1X by weight.

Irepspers_akility of the dispersion _insids_tha_flow

Lipg:

-= The good rheological properties of the o0O/M
dispearsion caused a considerable decrease in
pressure drop values also iq the flow Line from the

well to the Petrolesum Stock Centre, about 1 kn
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}ong. In fact, the pressure drop decreased from
the value of 3 kg/cm? st a flow rate of 34 ad/day
(gas oil fluxed system), down to s PP = 0.5 kg/cm?
at a flow rate of 43 s3/day (in the case of the
dispersed system).

The viscosity of the 0/N dispersion resulted to be
much Lless sensible to temperature changes, than of

the petroleum diluted uith pas oil (Figure 7).

Bt
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Comparison Data Relevant to Products and Well Situatiens

Preses: delivery parsaeters

Pump stroke (inches)

Pump strokes/minutes

Theoretical delivery
(wd /d)

Flux pressure (kg/ca?)

Agtual dsliyery parseeters

Gross throughput (s?/d)
THP (kg/esd)

THT (o()

Produged fluid

Light fractions :

(X by weight)
Viscosity at 30»C (mPa.s)
Rheological behaviourii]
Water cut distillation

(2 by weight)

3| £3 4 £5
70 85 85 85
3.32 332 3.3 3.32
28 39.5  39.5  39.5
43 29 26 —
42 64.8  43.2 30
4.2 7.2 6.2 16
2.5 20 21 —
15.6 4.6 5.4 4.5
12500 320 »40000
N T T N
0.1 29.8 1.5
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" Gross throughput (»3/d) 34 43 —— 30
Prassure drop {kgfé;i) 3 0.5 — 10
F1: Crude petroieun sample 0G105 collected on Feb.
19¢th, 1993 at 12:00 a.m.; ftlux: gas oil
F3: Crude petroteum sample 0G105 collected on Feb.
22nd, 1993, at 5:00 p.m.; flux: DW 1%
F4: Crude petroleum sample 06105 callected on Faeb.
24nd, 1993, at 1:00 p.m.; flux: DW 0.48X% _
F5: Crude petroleum sample 0G105 collected on March
3rd, 1993 after about 48 hours without flux.
L1] N = Newtonian flLuid (viscosity dindependsnt from
shear rate)l.
T = Thixotropie TflLuid {decreasing viscoesity with
increasing shear rate or over time under fixed

shear rate conditions).

LEGEND IN RESPECT OF FIG. 2a

L]

—l

12 -

Wellhead

bW injection pumps

DW transfer tank

Storage tank for the commercia) solution of DNM SH4O
D4 preparation tank

Pump for water/DNM SH4D prepsration solution

Choke manifold

Heater
Twin measurement tanks

Pump for transfer of produced fluid tp the st C.R.0. {Crude

Petroleum Centre)

Cluster
Water cut meter

SUBSTITUTE SHEET
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c.l_a i s
1. Process for recovering and causing highly
viscous petroleum products to move, characterized 1in
that the above said high-viscosity petroleum products
are recovered and caused to flow s aqueous
dispersions wherein the water content of said
dispersions 1s of at' Least 15X, sald dispersions being
formed by bringing said high-viscosity petroleum
products 1into contact uwith an aqueous solution of =&
sulfonated dispersant selected from one or mors of
alkal!{ metsl or ammanium organic sulfonates heving,
with reference to the sodium salts of said sulfonstes,
the following properties:
(A) a sulfur content of at Least 10X
(B) a water solubility st 20°C of at Least 15% by
walight; '
(C) a decrease {in water surface tension, at a
concentration of 1X by weight, not higher than
10X.
2. Process according to claim 1, in which the
dispersant has the foltowing properties:
(A) s sulfur content comprised within the rangs of
from 11 teo 18X,
(B) a water solubility at 20°C comprised within the
range of from 20 to 40X; weight:
(C) a decrease in water surface tension, at a
cancentration of 1X by weight, not higher than 8X.
3. Process according to claim 1 or 2, in which
the dispersant is selected from the salts of atkali

metals or ammonfum of condensates of (alkyl)

o
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naphthalens sulfonic acid with formaldehyde.

4. Process according to claiml or 2 in vhich the
dispersant is selected from one of more of sodium or
ammonium sulfonates obtained by:

-= bringing sulfur trioxide in either Liquid or gas
form, into cantact uith a solution of fuel oil from
steam cracking in S02, with a ratio, by weight, of
S0z to fuel oil comprised within the range of frem
0.7:1 to 1.7:1 and a ratio, by weight, of 502:50;
comprised wuwithin the range of from 0.5:1 to 10:1,
at a temperature conprised within the range of from
D to 1200C, wuntil a copplete or substantially
complete conversion of 503 {is obtained;

== repoving, by svaporation, sulfur dioxide from the
sulfonated fusl oil;

-- neutralizing the sulfonsted fuel oil with an
aqueous solution of an slkali metalt or asmonium
hydroxide;

== recovering the neutralized sulfonated dispersant.

S. Process according to claim 4, characterized in
that the sulfonstion step is carried odt by operating
at & temperature comprised within the range of froa 20
to 100, uith a ratio, by weight, of sulfur dioxide to
fuel oil comprised within the range of from 0.8:1 to
1.6:1.

6. Process sccording to claim 1, 1in which the
water content in the dispersion is comprised within
the range of from 15 to 40X, based on the total weight
of the dispersion.

7. Process according to claim 1, in which the

)
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highly viscous petroleum product has s lLower gravity
than 15° API.

8. Process according to claim 1, 34n which the
amount of dispersant 1s comprised within the range of
from 0.2 to 2.5%, vrelatively to the total weipht of
the dispersion.

9. Process according to cisim 8, in which the
anount of dispersant is comprised within the range of
from 0.4 to 1.5%, relatively to the total weight of
the dispersion.

10. Pumpable dispersion of a very viscous
petroteun residue in water, which coaprises 40-85X of
a very viscous petroleum product, ene or aore
dispersants according to claim 1 1in an amount
conprised within the range of from 0.2 to 2.5X, the
balance to 100X bsing water,

11. Pumpable composition according to claim 10, in
which the dispersant 1{s contsined in an smount

comprised within the range of from D.4 to 1.5X.

S
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