o o
SUPERINTENDENCIA DE INDUSTRIAY COMERC

I
o 020 DI NUEVASCR

Facha: 201 4-40-24 091416 Eoa 378 FASENAGIONAL

PATENTEIYIL 78
1‘31111 PRESENTACION  Fofios: 129

: 0\.l L N 'o
Industria y Comercio

SUPERINTENDENCIA

DELEGATURA PROPIEDAD INDUSTRIAL

SOLICITUD DE PATENTE DE INVENCION
PCT

EXPEDIENTE No

TITULO METODO PARA _ MEJORAR LA
ESTABILIDAD DE FLUIDOS DE PERFQORACION
CON BASE DE ACEITE A ALTAS TEMPERATURAS

CLASIFICACION INTERNACIONAL

SOLICITANTE HALLIBURTON ENERGY SERVICES,
INC

DOMICILIQO Duncan, Oklahoma, Estados Unidos de
Ameérica

APODERADO _ LUZ HELENA ADARVE GOMEZ

BOGOTA D.C.




SUPERINT ENDENCIA o1 INDUSTRIA ¥ COMERCICO

| LT
ﬂi llllllllllllllllllll

No. 11-142080. -p0gg
Fecha: 2011-10.24 09:14: 1

Tra. 11 PATENTE DBD 2020 DIR NUEVASC
Indnstria y "Comercio Act 411 PRESENTAGION "2, 378 FASENACIONAL]

Folios: 129
SUPERINTENDENCIA

FORMULARIO UNICO DE SOLICITUD DE PATENTE

PCT
ENTRADA EN FASE NACIONAL

SOLICITUD DE . o ;o
- : Patente de Modelo de Ut:lldad

lDENTIFlCACiON '

- | Lugar de Constitucion: s Estados Unidos de América '

Teléfono: 3137800 Fax, 3122410 ' Cuélﬁ
Numero

E-mail: general@cardenasycardenas.com

Nombre:  LUZ HELENA ADARVE GOMEZ IDENTIFICACION

Direccion: Carrera 7 No 71-52 Tarre B Piso 9 m NIT I___I NIT
Teléfono: 313 7800 Fax. 312 3500 [Jore [Jotwo
E-Mail: general@cardenasycardenas.com Cual

Nimero 41575435 TP 14884
BTA C.S.J.

Nombre: Anthony Curtis Philip

INVENTOR(ES)

(72) Direccion: AA Thorton & Co, 235 High Holborn, Londres WC1V 7LE, Gran Bretaiia

Nacionalidad o Domicilio: Londres, Gran Bretafia

& PCT (86)

Solicitud internacional No. WO 2010/122302 A1 Fecha 28.10.2010
Publicaciéon Internacional No.  PCT/GB2010/000804 Fecha 22.04.2010

Titulo(54): METODO PARA MEJORAR LA ESTABILIDAD DE FLUIDOS DE
PERFORACION CON BASE DE ACEITE A ALTAS TEMPERATURAS

e

(33)Pais de Ongen (32)Fecha (31)N° de Solicitud

Prioridad

Fle ]

us 24.04 2009 12/386,944

Comprobante de Paga No.: 11-102764 20.10.2011




I Titulo: METODO PARA MEJORAR LA ESTABILIDAD FLUIDOS DE PERFORACION CON BASE DE ACEITE A ALTAS TEMPERATURAS

d® ANEXxOS

Comprobante de pago de la tasa de presentacién de la solicitud.

Documento que acredita la existencia y representacion legal cuando el solicitante sea persona juridica.
D Poderes, si fuere el caso.

D Documento de cesion del inventor al solicitante 0 a su causante,

Traduccidn de la solicitud internacional al castellano (Resumen, Resumen, descripcion, reivindicaciones,
dibujos)

Copia del examen preliminar internacional efectuado por la Autoridad Internacional de Examen Preliminar
(IPEA)

D Traduccién del examen preliminar internacional efectuado por la IPEA,

D De ser el caso, copia del contrato de acceso.

D De ser et caso, documento que acredite la licencia o aulorizacion de uso de conocimientos tradicionales de
las comunidades indigenas.

D De ser el caso, certificado de depdsito del material bioldgico.

[X] Arte final 12x12.

D De ser el caso, informacién sobre otras solicitudes de patente o titulos obtenidos en el extranjero por el mismo
titular o su causante, relacionadas parcial o totalmente con la invencion de esta solicitud.

El Recibo Reivindicaciones adicionales No 11-102777

X | Prioridad
http:/fiwww wipo.int/patentscope/search/en/detail.jsf.jsessionid=1E9CB2CD25DBF 388E3B2846E 18810F 28.wap
p27docld=W02010122302&recNuim=18&1ab=PCTDocuments&maxRec=&office=&prevFilter=&sortQption=&quer
yString=

FIGURA CARACTERISTICA

ACEITE BASE ACCOLADE CALIENTE CON AGUA

ppm Alcohol

gy T T

MUESTRA A NINGUNO

12 Solicito la Concesidn de la patente

NOMBRE: LUZ HELENA ADARVE GOMEZ

P

14884

\#b, CC 41578435 BTA  TP. Y




!
1
SUPERINTENDENC!A DE INDUSTRIA Y COMERCIO
{ NIT : 800.176.089-2
.-

|
‘ RECIBO DE CAJA No. 11 - 102764

Industria y Comercio
J SUPERINTENDEMCIA Bogota D.C., Octubre 20 de 2011 - 15:20:01
1 RECIBIDO DE : CARDENAS & CARDENAS ABOGADOS PI LTDA NI 830.083.491

*** Soporte del Pago ***
TIPO PAGO BANCO CHENTA Nn PAGO EECHA PAGO VR PAGO
CONSIGNACION BANCO DE BOGOTA 062754387 427474460 20/10/2011 9.764.000.00

\ & _§

*** Conceptos Pagados ***
CANT _RENTISTICO CONCEPTO Vr UNDITARIO _ Vr CONCEPTO

1 TRAMITES DE SOL. DE PATENTE DE 571.000.00 571.000.00
INVENCION $571.000.00

150005-01-01 SOLICITUDES

SON: *™QUINIENTOS SETENTA Y UN MIL PESOS MONEDA CORRIENTE***

Respinsable: r\

Recibo\de CajaAplicado al Expediente No.

y COMERTIO

\ifiﬁi‘im\\l\\\\!\o\n!!!!,\},!!:z‘&%w

n \n
‘,a(;ha Z PA‘-ENTL\ ON
oy 1h4 pRESENTA ACH

"
X
1 .
.-'..;. lh‘.hlag
Hin
| a
" a
- P

A3 1

ol
3

ol

Sede Centro: Carrora 13 No. 27 - {0 Pisos 3,4,5 y 10 Bogotd, D.C.- Colembla
Web: www.slc.gov.co  e-mai: infof@sic.gov.co Conmutador: {371) 5870000 Fax: (571} 5870284 Linea: 018000-910165 Call Center: (571) 8513240

. Octubre 20 de 2011 - 15:29:02




SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
NIT : 800.176.089-2

of-
Y RECIBO DE CAJA No. 11 - 102777
Industria y Comercio
SUPERINTENDENCIA Bogota D.C., Octubre 20 de 2011 - 15:29:01
RECIBIDO DE : CARDENAS & CARDENAS ABOGADOS PI LTDA NI 830.083.491
*** Soporte del Pago ***

TIBEO PAGO BANCO CUENTA No. PAGO FECHA PAGO VR PAGO

CONSIGNACION BANCO DE BOGOTA 062754387 427474460 20/10/2011 9.764.000.00
*** Conceptos Pagados ***

CANT. RENTISTICO CONCEPTO VEUNDITARIO Ve CONCEPTO
10 50005-01-01 SOLICITUDES 1607 REIVINDICACION UNITARIA ADICIONAL 27.000.00 270.000.00

A LAS 10 INICICIALES

$270.000.00

SON: “*DOSCIENTOS SETENTA MIL PESOS MONEDA CORRIENTE***

@sabie:r\

Recibo de Caja Ap iéado al Expediente No.

\NDUiY CO\T\{ acio

GUPERWT ENDE “ "

A et
a,\f“ ¥ o s

e ha
hﬂuu uuu
Sede Centro: Carrera 13 No. 27 - 00 Pisos 3,4,5 y 10 Bogota, D.C.- Calombia

Wab: www.sic.gov.co o-mai: info@skc.gov.co  Gonmutador: (571) 5870000 Fax; {571) 5670284 Linea: 018000-910465 Call Cantar: (571) 6513240
. Qctubre 2¢ de 2011 - 15:25:03




SUPERINTENDENC!A DE INDUSTRIA Y COMERCIO

DiVISION DE NUEVAS CREACIONES
TARJETA ARCHIVO PROPIETARIOS N
PATENTE DEINVENCION __ PCT _X__  MODELODE UTILIDAD ____ DISENO INDUSTRIAL ___

[ndustria y Comercio

SUPERINTENDENCIA
{21) N° de salicitud: (22) Fecha de solicitud:
(51) Clasificacion Internacional :

(71)Solicitante(s) HALLIBURTON ENERGY SERVICES, INC

(72) \nventor(es) Anthony Curtis Philip

(74) Apoderado. LUZ HELENA ADARVE GOMEZ

(30) Prioridad (31) No. Prioridad 32) Fecha  (33) Pais
12/386,944 24.04.2009 Us

{85) Fecha inicio fase hacional. 24.10.2011
(86) Datos relativos a la presentacion de fa solicitud PCT
Fecha de presentacion de la solicitud: 22.04.2010
| No. de solicitud PCT/GB2010/000804
(54) Titulo METODO PARA MEJORAR LA ESTABILIDAD DE FLUIDOS DE PERFORACION CON BASE DE ACEITE A ALTAS
TEMPERATURAS

IN




| (jg SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
| DIVISION DE NUEVAS CREACIONES

~ Industria y Comercio TARJETA ARCHIVO TEMATICO
SUPERINTENDENCIAPATENTEDE INVENCION __ PCT _X__ MODELO DE UTILIDAD ___ DISERO INDUSTRIAL

L(21) N° de solicitud: (22) Fecha de solicitud:
{51) Clasificacion Internacional :
(71)Solicitante(s) HALLIBURTON ENERGY SERVICES, INC

(72) Inventor(es} Anthony Curtis Philip T B ACCOLARE ot o et
_ fa'x_l - e e e _-.?
{74) Apoderado: _LUZ HELENA ADARVE GOMEZ | - T
(30) Prioridad {31) No. Prioridad 32) Fecha (33) Pais E josed I
12/386,944 24.04.2009 us G I

'(85) Fecha limite inicio fase nacional; 24.10.2011 (87} Publicacion internacional:
(86) Datos relativos a la presentacién de la solic. PCT Fecha: 28.10.2010

Fecha de presentacion de la solicitud: 22.04.2010 No. Publicacion W02010/122302 A1

No. de solicitud PCT/GB2010/000804 .

'(54) Titulo: METODO PARA MEJORAR LA ESTABILIDAD DE FLUIDOS DE PERFORACION CON BASE DE ACEITE A ALTAS
TEMPERATURAS .

(77) Resumen: "

Se describen métodos para mejorar la estabilidad de fluidos de perforacicn con base de éster, introducir entubado y/o
cementar un orificio de pozo en una farmacicn subterranea, asi como también fluidos mejorados de perforacién con base
de éster para uso a altas temperaturas. Se logran las ventajas de la invencién mediante la inhibicidn de la hidrétisis de los
ésteres contenidos en el fluido de perforacion, mediante la adicion de un inhibidor de hidrdlisis carbodiimida monomérica o

polimérica al fluido de perforacion. L




ti : SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES

Industria y Comercio EXTRACTO PARA PUBLICACION

SUPERINTENDENCIA SOLICITUD DE PATENTE DE INVENCION

(21) N° de solicitud: {51) Int Cl

22) Fecha de solicitud: (71)Solicitante(s) HALLIBURTON ENERGY SERVICES, INC

(30) Prioridad  (31) No. Priodidad 32) Fecha (33) Pais
12/386,944 24.04.2009 US
(72) inventor(es) Anthony Curtis Philip

(74) Apoderade:  LUZ HELENA ADARVE GOMEZ

(64) Titulo: ~ METODO PARA MEJORAR LA ESTABILIDAD DE FLUIDOS DE PERFORACION CON BASE DE ACEITE A ALTAS
TEMPERATURAS

Resumen:

Se describen métodos para mejorar la estabilidad de fluidos de perforacién con base de éster, introducir

entubado y/o cementar un orificio de pozo en una formacion subterrénea, asi como también fluidos mejorados

de perforacion con base de éster para uso a altas temperaturas. Se logran las ventajas de la invencion

mediante la inhibicidn de la hidrdlisis de los ésteres contenidos en el fluido de perforacién, mediante la adicién
de un inhibidor de hidrdlisis carbodiimida monomérica o polimérica al fluido de perforacién.







METODO PARA MEJORAR LA ESTABILIDAD DE FLUIDOS DE
PERFORACION CON BASE DE ACEITE A ALTAS TEMPERATURAS

ANTECEDENTES DE LA INVENCION

1. Campeo de la Invencidn

La presente invencién se refiere a composiciones vy
métodos para perforar, cementar y entubar orificios de po-
zo en formaciones subterraneas, particularmente formacio-
nes que contienen hidrocarburo. En forma mas particular,
la presente invencidén se refiere a fluidos de perforacién
con base de aceite o fluido sintético que comprenden emul-
siones invertidas, tales como fluidos que utilizan por
ejemplo ésteres, los cuales combinan alta compatibilidad
ecclogica con buenas propiedades de estabilidad y rendi-
miento.

2. Descripcién del Arte Pertinente

Un fluido o lodo de perforacidén es un fluido espe-
cialmente disefiado que circula a través de un orificio de
pozc conforme estéd siendo perforado, para facilitar 1la
operacidén de perforacidn, Las wvarias funciones de un
fluido de perforacidn incluyen retirar todos los escombros
de la perforacidn desde el orificio de pozo, enfriar y lu-
bricar a la broca de perforacidn, ayudar a sostener al tu-
bo y a la broca de perforaciédn; y proporcionar un presién
hidrostética para conservar la integridad de las paredes
del orificio de pozo y evitar explcsiones en el mismo.
Los sistemas de fluido especifico de perforacidn estan se-
leccionados para mejorar una operacidén de perforacidén de
acuerdce con las caracteristicas de una formacidén geclédgica

particular.



Se utiliza normalmente lodos basados en aceite o fluido
sintético para perforar esquistos que se esponjan o derrum-
ban, sal, yeso, anhidrita u otras formaciones de evaporacién,
formaciones que contienen sulfuro de hidrégeno y orificios
calientes o de alta temperatura (mas de 300 grados Fahrenheit
("°F”)), pero pueden ser utilizados en otros orificios que
penetran a la formacién subterranea. A menos que se indique
de otro modo, se comprenderda que los términcs “lodo de acei-
te” o “lodo con base de aceite” o “fluido de perforacidén” in-
cluyen aceites sintéticos u otreos fluidos sintéticos asi como
también aceites naturales o tradicionales; se entendera que
tales aceites pueden comprender soluciones invertidas.

Los locdos con base de aceite utilizados en la perfora-
ci6én, comprenden tipicamente: un aceilte base (o fluido
sintético) que contiene a la fase externa de una emulsién in-
vertida; una solucidén salina acuosa (tipicamente una solucién
que contiene mas o menos 30% de cloruro de calcio) que inclu-
ye a la fase interna de la emulsidén invertida; emulsionadores
en la cara de contacto de las fases interna y externa; vy
otros agentes o aditivos para control de la suspensidn, peso
0 densidad, humectacidén con aceite, pérdida de fluido humec-
tante con aceite o filtracidén, asi como control de la reolog-
ia.

Un fluido de perforacién con base de aceite o emulsidn
invertida puede ccontener cominmente entre mas o menos 50:50
hasta mas © menos 95:5 per volumen de fase aceite a fase
agua. Un lodo constituido totalmente por aceite contilene
simplemente 100% de aceite en fase liquida por volumen, o©

sea, no existe fase acuocsa interna.



Los lodos o fluidos de perforacidén basados en emulsidn
invertida (llamados también lcdos de perforacién invertida o
lodos o fluidos invertidos) constituyen un segmentc clave de
la industria de fluidos de perforacién. Sin embargo, los ca-
da vez mas numerosos fluidos de perforacién basados en emul-
sidn invertida han estado sometidos a mayores restricciones
ampientales y exigencias de rendimiento y costo. Si bien los
fluidos de perforacién con emulsién invertida basados en
éster satisfacen muchas preccupaciones ambientales, tienden a
perder efectividad o utilidad & las altas temperaturas del
campo petrolero. En consecuencia, existe una necesidad cre-
ciente e interés a nivel industrial por nuevos fluidos vy
métcdos de perforacidén que proporcionan rendimiento mejorado,

ofreciendc al mismo tiempo aceptacidén ambiental y econdmica.

RESUMEN DE LA INVENCION

La presente invencién proporciona métodos mejorados para
perforar orificios de pozo en formaciones subterraneas, em-
pleando lodos o fluidos de perforacidn con base de aceite.
Tal comc se emplea agqui, se entenderid a los términos “perfo-
racién” o “perforacién de orificios de pozo” en el sentido
mas amplic de las operaciones de perforacién, las cuales in-
cluyen introduccidén del entubado y cementacién asi como tam-
bién perforacidn, a menos que se indique especificamente de
otro mode. En forma mds particular, la presente invencién
proporciona un método para mejorar la estabilidad de 1los
fluidos de perforacidn con base de aceite, mas particularmen-

te a altas temperaturas. La presente invencidédn proporciona



también fluidos de perforacién con base de aceite que tienen
estabilidad meijorada a esas temperaturas altas.

Cualguier fluido de perforacidén que lleve un componente
hidrolizable puede beneficiarse con la presente invenciédn.
Los ésteres y amidas son particularmente susceptibles a
hidrdlisis y, asi, la invencidén es particularmente ventajosa
con fluidos de perforacidén de emulsién invertida que contie-
nen ésteres y/o amidas, particularmente como el aceite base
para los fluidos de perforacidn, pero también como aditivos o
componentes en los fluidos de perforacidén, tales como por
ejemplo emulsionadores y aditivos para el control de pérdida
de fluido. Se logra los beneficios de la invencidn mediante
la inhibicidén de la hidrdlisis de ésteres y/o amidas que
constituyen al fluido de perforaciédn. Se logra particular-
mente tales beneficios a temperaturas mas altas, o© sea, a
temperaturas de 275°F (135°C) ¢ més altas y llegan hasta tem-
peraturas tan altas como 450°F (232°C}) o mas, tales como las
que pueden encontrar en la perforacién de crificios de sondeo
en formaciones subterréneas para recuperar hidrocarburocs.

De acuerdo con el método de la invencidn, se agrega una
carbodiimida y preferiblemente una policarbodiimida al fluido
de perforacién como un inhibidor de la hidrélisis. Una can-
tidad de carga de 5 libras/barril (16,7 kg/m’) serd efectiva
tipicamente para los propdsitos de la invencidn, aunque se
puede utilizar otras cantidades en forma satisfactoria con
experimentacién. Los fluides de perforacidén de la invencidn
comprenden una base de aceite éster o emulsidén invertida y/o

aditivos éster o amida tales como, por ejemplo, emulsionado-



res y aditivos para el control de pérdida de fluido, asi como
una carbodiimida o preferiblemente una policarbodiimida.

BREVE DESCRIPCION DE LOS DIBUJOS

La figura 1 es un grafico que compara la cantidad de al-
cohol producide, indicando hidrélisis, en muestras gue con-
tienen base éster y aqua con aditivos policarbodiimida o sin
ellos, después de calentamiento a 370°F (188°C) durante 16
horas.

La figura 2 es un gréafico que compara la cantidad de al-
cohol producido, indicando hidrélisis, en muestras gque con-
tienen base éster y agua con aditivos policarbodiimida y sin
ellos, después de calentamiento a 370°F (188°C) durante per-
iodos de 16 horas, 40 horas, 64 horas y 88 horas.

La figura 3 es un grafico gue compara la cantidad de al-
cohel producido, indicando hidrélisis, en muestras gue con-
tienen base éster, agua y cal, con aditives policarbodiimida
y s8in ellcs después de calentamiento a 370°F (188°C) durante
16 horas.

La figura 4 es un grdfico que compara la cantidad de al-
cohol producido, indicande hidrélisis, en muestras de un
fluido de perforacién con emulsién invertida basada en éster,
con aditivos policarbodiimida y sin ellos, después de lamina-
do en caliente a 150°F (66°C) durante 16 horas y luego a
370°F {188°C) durante 16 horas,

DESCRIPCION DETALLADA DE LAS FORMAS PREFERIDAS

Los fluidos de perforacién con emulsidn invertida basa-
dos en éster son preferidos como lodos de perforacidn basades
en aceite, para aceptabilidad ambiental y cumplimiento de los

reglamentos. Sin embargo, en 1los fluidos del arte anterior,



el éster puede ser vulnerable a la hidrdélisis particularmente
a las altas temperaturas gue se pueden encontrar en la perfo-
racién de formaciones subterréneas para la recuperacién de
hidrocarburcs. Tal hidrélisis puede dar como resultado la
descomposicién del fluido el cual, final o eventualmente, se
vuelve inutil como fluido de perforacién. En consecuencia,
el uso de fluidos de perforacién con base de éster es menos
comun a altas temperaturas, las cuales aumentan tipicamente
la velocidad de hidrélisis del éster.

La adicién de cal a un fluido de perforacién, tal como
ha sido practica comin en campos petroleros, puede tener el
efecto secundario negativo de aumentar la magnitud de la
hidrdélisis en fluidos de perforacidédn del arte anterior. La
cal proporcicna una mayor concentracién de ion de hidréxido
nuclecofilico en el fluido, lo cual puede aumentar la hidré-
lisis. En consecuencia, generalmente se evita el uso de la
cal en fluidos de perforacién con base de éster,

La presente invencién proporciona un método para mejorar
la estabilidad de fluidos de perforacién con base de éster y
aditivos para fluidos de perforacidn, inclusive a altas tem-
peraturas e inclusive en presencia de cal u otras fuentes de
ion hidréxido. Se logra esta mejora reduciendc la magnitud
de hidrdélisis que tiene lugar en los sistemas de fluido de
perforacién con base de aceite. La inhibicién de la hidréli-
sis de acuerdoc con la presente invencidén, permite una mayor
aplicacidén de fluidos de perforacidén con base de éster en am-
bientes de alta temperatura, con mayor conservacién de las

propiedades deseables del fluido.



En el método de la presente invencidén, se logra la esta-
bilidad mejorada de los fluidos de perforacién con emulsién
invertida basada en éster, mediante la adicién o incorpora-
cidn en el fluido de perforacién de una carbodiimida, prefe-
riblemente una policarbodiimida. Se cree gue el carbono car-
bodiimida es mas reactivo que el carbonc carbonilo de un
éster y por lo tanto se espera que la reaccién de la carbo-
diimida con agua o hidrédxido (hidrélisis) sea mas facil que
la hidrdlisis del éster del fluido de perforacién. En conse-
cuencia, la reaccién de la carbodiimida con agua ¢ hidréxido
previene o inhibe que el carbonoc carbonilo del éster reaccio-
ne con agua o hidréxido; que se otro mode podria hidrolizar
al éster dando comc resultado que este Ultimo no quede hidro-
lizado. Esto es particularmente importante y sorprendente en
fluidos de perforacién y especialmente en fluidos de perfora-
cidén con emulsién invertida, debido a que tales fluidcs con-
tienen ya agua como parte de su composicién. Sin embargo, la
carbodiimida puede mantener la efectividad para mejorar la
estabilidad del fluido con el paso del tiempo, por ejemplo
durante un tiempo suficiente para perforar uno o mas pozos U
orificios de sondeo subterrdneos. En ctras palabras, la car-
bodiimida no es inmediatamente “utilizada” o diluida hasta
que se vuelva ineficaz después de su incorporacidén en el
fluido.

Se demuestra la efectividad de la invencién en los si-
guientes experimentos.

Experimento 1:

Ya gque la hidrdlisis de un éster causa gque se pilerda

parte de la molécula del éster como un alcohol, se puede me-



dir la efectividad de los inhibideores de hidrélisis vigilando
a produccién de alcohol gue se forma en la hidrédlisis del
éster. En el caso de un fluido con emulsién invertida basa-
da en éster, vendido por Halliburton Energy Services, Inc.,
en Houston, Texas y Duncan, Oklahoma, bajo la marca denomina-
ci1én comercial fluido de perforacién ACCOLADE®, se puede vi-
gilar la cantidad de alcohol producido mediante cromatografia
gasecsa/espectrometria de masa. Asi, se prepararon las mues-
tras que contienen fluido base ACCOLADE®, salmuera de cloruro
de calcic y un emulsionador, con una carga de 5 libras/barril
{16,7 kg/m3) y sin ella, de una de dos policarbodiimidas co-
merciales: el liquido viscoso policarbodiimida STABAXQL® P2GO0
(Muestra A) y la policarbodiimida P en polvo STABAXQOL® (Mues-
tra b), ambas disponibles en Rhein Chemie Rheinau GmbH, Mann-
heim, Alemania. Las muestras fueron envejecidas estaticamente
a 370°F (188°C} durante 16 horas y luego fueron probadas con
respecto al contenido de alcochol, tal como se indica en la

siguiente Tabla 1.

Aditivo % en peso de al- ppm de alcochol
cchol
Policarbodiimida ¢,041 409
Muestra A
Policarbodiimida G,053 529
Muestra B
Ninguno {(Control) 0,61 6133

En la Figura 1 se ofrece los datos en forma de grafico.
Los datos indican gque se observé mas de 90% de reduccidén en
la cantidad de alcchol producido en presencia de policarbo-
diimidas. Esta reduccidén indica una reduccidén en la magnitud
de hidrélisis del éster en el fluido base ACCQOLADE®.

Experimentc 2:




Las muestras de las mismas composiciones del Experimento
1 fueron envejecidas estaticamente a 370°F (188°C) durante 16
horas, 40 horas, 64 horas y 88 horas y se probaron con res-
pecto al contenido de alcchol después de cada periodo trans-
currido de envejecimiento, tal comc se muestra en la siguien-

te Tabla 2.

TABLA 2

Aditivo % en peso de al- ppm de alcohol
cochol

Policarbodiimida 0,06 ' 570
Muestra A - Enve-
jecida Estatica-
mente durante 16
horas

Policarbodiimida 0,16 1588
Muestra B - Enve-
jecida Estatica-
mente durante 16
horas

Ninguno (Contrcl) 0,59 5876
Envejecido Esta-
ticamente durante
16 horas

Policarbodiimida 0,13 1333
Muestra A - Enve-
jecida Estatica-
mente durante 40
heoras

Policarbodiimida 0,33 33089
Muestra B - Enve-
jecida Estatica-
mente durante 40
horas

Ninguno (Control) 1,00 10005
Envejecido Esta-
ticamente durante
40 horas

Policarbodiimida 0,34 3365
Muestra A - Enve-
jecida Estatica-
mente durante 64
horas

Policarbodiimida 0,74 7373
Muestra B - Enve-
jecida Estatica-
mente durante 64
horas

Ninguno (Control) 1,25 12476
Envejecido Estéa-
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ticamente durante

&4 horas
Pclicarbodiimida 0,74 7398
Muestra A - Enve-

Jjecida Estdtica-
mente durante 88

horas
Policarbodiimida 1,34 13427
Muestra B - Enve-

jecida Estatica-
‘mente durante 88
horas ‘

Ninguno {Control) 1,37 13749
Envejecido Esta-
ticamente durante

88 horas

En la Figura 2 se presentan los datos en forma de grafi-
co. Los datos indican que después de 64 horas, ambos aditi-
vos policarbodiimida redujeron todavia la concentracién de
alcochol y, después de 88 horas, el Aditivo A presentd todavia
la capacidad de reducir la magnitud de hidrélisis del éster
que tuvo lugar. No esta clara la razdén por la cual el Aditi-
vo A mostrd un rendimiento superior frente al Aditivo B, aun-
gue la naturaleza liquida del material pudc haber permitido
su disclucidn completa en los fluidos libres de sdélidos pro-
bados en este experimento, dando lugar a una mayor eficacia.

Experimento 3:

Las muestras que contienen base ACCOLADE®, salmuera de
cloruro de calcio y un emulsionador, fueron preparadas con la
carga de 5 libras/barril y sin ella, de una de dos policarbo-
diimidas comerciales o sea las policarbodiimidas STABAXCL®
P200 y STABAXOL® P, disponibles en Rhein Chemie Rheinau GmbH,
Mannheim, Alemania, como en los experimentos 1 y 2, excepto
gque a cada una de las muestras para este Experimento 3 se
agregd cal (3 libras/barril [10 kg/m3]). Las muestras fueron

envejecidas estaticamente a 370°F (180°C) durante 16 hecras y
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|se probaron con respecto al contenido de alcohol, tal como se

|Iilustra en la Tabla 3.

TABLA 3
i Aditivo % en peso de al- ppm de alcohol
] cohol
'Policarbodiimida 0,64 6434
|
Muestra A
Policarbodiimida 0,56 5556
Muestra B
Ninguno (Control) 0,98 9804

La Figura 3 contiene los datos en forma de graficoc. Ta-
les datos indican que se logra una reduccidén importante de la
hidrélisis con los aditivos policarbodiimida inclusive en
presencia de cal y aun cuando la adicién de cal al fluido de
perforacidén incrementa la magnitud de la hidrélisis debido a
la presencia de mayores concentraciones del ion hidréxido méas
nucleofilico. El porcentaje de reduccidén de la hidrdélisis en
las muestras, logrado con los aditivos policarbodiimida, en
comparacidén con el control fue de 34,4% en el caso de la
Muestra A con policarbodiimida y de 43,3% en el caso de la
Muestra B con policarbodiimida.

Experimento 4:

Se prepard muestras conteniendo al fluido de perforacidn
con emulsidén invertida ACCOLADE® con una carga de 5 1i-
bras/barril (16,7 kg/m3) y sin ella de una de dos policarbo-
diimidas comerciales, STABAXOL® P200 y STABAXOL® P policarbo-
diimidas disponibles en Rhein Chemie Rheinau GmbH, Mannheim,

Alemania, tal como se indica en la Tabla 4.
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TABLA 4

Muestra de Poli- A B Ninguna
cafbodi~imida (Control)
Base ACCOLADE®, 0,519 0,519 0,519
ba?riles

250.000 ppm de 0,0676 0,08676 G,0676
sallmuera CaCls,

ba&riles

LESUPERMUL® &ci- 10 10 10

do graso polia-
mﬂnatado, libras

FACTANT® 1 1 1
d%rivado de

acelte de sebo

altamente  con-

céntrado, libras

ADAPTA® 3 3 3
copolimero meti-

lestireno/ acri-

lato para con-

tEolar la fil-

tracidn HPHT,

libras

Rev Dust, libras 20 20 20
Barita, libras 497 497 497

|

Policarbodiimida 5 0 0
luestra A, lbs

Bolicarbodiimida 0 5 0
Muestra B, lbs

Todos los productos con marca comercial se encuentran disponible en
dalliburton Energy Services, Inc., en Houston, Texas y Duncan Oklahoma.

Las muestras fueron laminadas en caliente a 150°F (66°C)

—_—

-

laliente a 350°F

(188°C)

oncentracién de alcohol.

urante 16 horas y luego fueron probadas con respecto a la

Las muestras fueron laminadas en

durante 16 horas adicionales y pro-

kadas con respecto al alcohol, tal como se ilustra en la Ta-

!bla 5.
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TABLA 5

Aditivo % en peso de al- ppm de alcohol
cohol

Policarbodiimida 0,04 416
Muestra A - lami-

nada en <caliente
a 150°F

Policarbodiimida 0,03 277
Muestra B - lami-
nada en caliente
a 150°F

Ninguno (Control) 0,0¢ 626
laminadec en ca-
liente a 150°F

Policarbodiimida 0,71 7129
Muestra A - lami-

nada en caliente

a 370°F

Policarbodiimida 0,09 871
Muestra B - lami-

nada en caliente

a 370°F

Ningunc {Control) 0,78 7761

laminado en ca-
liente a 370°F

Estos datcs se presentan en forma de grafico en la Figu-
ra 4. Los datos demuestran gue el porcentaje de reduccidén de
la hidrélisis con el aditivo policarbodiimida Muestra B,
cuando se compara con el contrecl, fue de 89% sobre este ulti-
mo después de envejecimiento a 370°F (188°C). La Muestra A
no tuve un rendimiento tan bueno en el lodo completo, debido
posiblemente a que el material estaba humedecido scobre los
sélidos que se encontraban presentes en el fluido.

Aunque se realizaron los experimentos con la base éster
ACCOLADE® y un lodo de perforacién con emulsidn invertida AC-
COLADE®, se puede apreciar los beneficios de la invencién cocn
otros lodos de perforacidén gque tiene base éster. Algunos
octros ejemplos de lodos de perforacidén que llevan emulsiédn
invertida con base éster incluyen, sin limitacidén, PETRO-

FREE®, PETROFREE® LV y PETROFREE® SF disponibles en Hallibur-
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ton Energy Services, Inc. en Houston, Texas. Otros ejemplos
adicionales se describen en la Patente Norteamericana No.
7.485.602 emitida el 3 de febrero de 2009 a nombre de Jeff
Kirsner y otros; y en la Patente Norteamericana WNo. 7.456.135
emitida el 25 de ncoviembre de 2008 a nombre de Jeff Kirsner y
ctros, entre muchos otros ejemplos. Del mismo modo, 1los
fluidos de perforacién que tienen una base amida u otra base
vulnerable a la hidrélisis, pueden beneficiarse con la adi-
cién de una carbodiimida o policarbodiimida con un inhibidor
de la hidrdlisis.

Ademas, los lodos de perforacién con emulsién invertida
de la invencidén o para uso en la presente invencién, han sido
mezclados con su base de emulsidn invertida, otros fluidos o
materiales necesarios para constituir a los lodos completos
de perforacién. Tales materiales pueden incluir, por ejemplo:
aditivos destinados a reducir o controlar la reologia de la
temperatura o para ofrece dilucidn, por ejemplo, aditives que
tienen las denominaciones comerciales COLDTROL®, ATC® vy
OMC2™; aditivos para mejorar la viscosidad, por ejemplo, un
aditivo que tiene la denominacién comercial RHEMOD L™; aditi-
vOs para proporcionar viscosidad aumentada temporal para
propdésitos de transporte (hasta el sitio del pozo) y para uso
en barridos, por ejemplo, un aditivo gue lleva la denomina-
cidén comercial TEMPERUS™ (4cido graso modificado); aditivos
para contrcl de la filtracidn, por ejemplo, un aditivo gue
lleva la denominacién comercial ADAPTA® (copolimero metil es-
tireno/acrilato); aditivos para control de presién a alta
temperatura {(HTHP) vy estabilidad de la emulsidén, por ejemplc,

un aditivo que lleva la denominacién comercial FACTANT™ (de-
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rivado de aceite de sebo altamente concentrado); aditivos pa-
ra emulsiconamiento, por ejemplo, un aditive que lleva la de-
nominacién comercial LE SUPERMUL™ (&cido graso poliaminata-
do); y aditivos para dilucidén, por ejemplo aditivos que lle-
van las denominaciones comerciales COLDTROL® (derivado de al-
cohol), OMC2™ (4cidc graso oligomérico) y ATC® (éster de aci-
do graso modificado) y los ejemplos de aditivos descritos en
la Patente Norteamericana No. 7.435.706 emitida el 14 de oc-
tubre de 2008 a nombre de Heinz Mueller y otros y en la Soli-
citud de Patente Norteamericana No. 10/432.786 presentada el
10 de diciembre de 2003 de Heinz Mueller y otros, tituladas
ambas “Diluyentes para Emulsiones Invertidas”. Todos los
productos con marca de fébrica mencicnados anteriormente se
encuentran disponibles en Halliburton Energy Services, Inc.
en Houston, Texas, U.S.A. Ademds, los fluidos pueden compren-
der una soclucidn acuosa que contiene un compuesto, composi-
cién o material para disminuir la actividad del agua, que
comprende a la fase interna de la emulsién invertida. Tal
sclucidén puede ser una solucidén salina que contiene clorurc
de calcio (tipicamente mas o menos 25% a mas o menos 30%, de-
pendiendo de la salinidad o actividad del agua de la feorma-
cidén subterranea), aunque se puede utilizar en forma alter-
nativa o adicional otras sales o materiales para disminuir la
actividad del agua, conocidos en el arte,

Muchos otros ejemplos de componentes de lodo de perfora-
cidén seran facilmente conocidos por 1los expertos en el arte.
Se sabe también que tales componentes pueden incluir un éster
o amida, conocidos como vulnerables a la hidrdlisis a alta

temperatura. Por ejemplo, los aditives LE SUPERMUL®, EZ®
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MUL, EZ MUL® NT, EZ MUL® NS5, DRILTREAT® INVERMUL®, INVERMUL®
NT y ADAPTA® son emulsionadores y aditivos para el control de
la pérdida de fluido que contienen ésteres y amidas. La adi-
cidn de carbodiimida, preferiblemente una policarbediimida,
al lodo de perforacidn de acuerdo con la presente invenciédn,
mejora la estabilidad de tales aditives y por lo tantoc mejora
la estabilidad del leodo de perforacidén en forma completa. En
otras palabras, la carbodiimida inhibe 1la hidrélisis del
éster o amida en tales aditivos. Asi, se puede lograr venta-
jas mediante la adicién de una carbodiimida o peclicarbodiimi-
da a un lodo de perforacidén gue contiene aditivos éster o
amida cuando el aceite base del lodo de perforacién no puede
contener un éster o amida.

Las preparaciocnes exactas de los fluidos de perforacién
utilizados en la perforacién de orificios de sondeo varian
con los reguerimientos particulares de la formacidn subterréa-
nea. S5in embargoe, los aditivos enumerades anteriormente pro-
porcionan algunos ejemplos. Un ejemplo preferido de lodo de
perforacidén de la presente invencién puede tener la prepara-
cién utilizada en el Experimentc 4 estudiado anteriormente.
Un par de otros ejemplos preferidos de lodos de perforacidn
de la presente invencién tienen las preparaciones indicadas

en la siguiente Tabla 6.
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TABLA 6

Preparaciones Ejemplares

Fluidos y Compuestos

Fluido de Perforacion
con Emulsién Inverti-
da ACCOLADE®

Fluido de Perforacién
con Emulsidén Inverti-
da PETRCFREE® SF

Base ACCOLADE® (ba-
rriles)

0,590

PETROFREE® SF BASE
{(barriles)

LE MUL™ ! (libras)

LE SUPERMUL™ ! (1i-
bras)

Cal (libras)

DURATONE®  HT’ (li-
bbras)

Agua potable (barri-
les)

BDAPTA®* (libras)

RHEMOD L™ ® (libras)

GELTONE® II®* {libras)

VIS-PLUS®' (libras)

BAROID® ® (libras)

138

Cloruro de calcio

(libras)

31

DEEP-TREAT® ° (1i-
bras)

Pelicarbodiimida (li-
bras)

Mezcla de aceite de sebo oxidado y estabilizador de

emulsidén de acido graso poliaminatado

filtracidén
Agente para
HTHP

Agente para

el control de la

suspensidn de

agente para impartir viscosidad

18

acide

Emulsicnador de &cido graso poliaminatado

Agente Lecnardita organofilica para control de la

filtracidn

graso

Copolimero

modificado/



Agente para impartir viscosidad con arcilla organofilica
Agente de suspensidén de acido carboxilico

Agente para aumentar la densidad de sulfato de bario
molido

Agente para aumentar la densidad de sal sulfato de
socdio/diluyente

Todos los productos con marca de fabrica indicados en la
Tabla 6 se encuentran disponibles en Halliburton Energy Ser-
vices, Inc., en Houston, Texas, incluyendo: estabilizador de
emulsién LE MUL™ (una mezcla de aceite de sebo oxidado y Aci-
de graso poliaminatado); LE SUPERMUL™ (4cido graso poliamina-
tado); agente para el control de la filtracidédn DURATONE® HT
(leonardita organofilica); ADAPTA® agente para el control de
la filtracidén (copolimerc metilestirenc/acrilato particular-
mente apropiado para proporcionar control de filtracién HPHT
en sistemas de fluido no acuoso): RHEMOD® L™ agente de sus-
pensién/agente para impartir viscosidad (acido graso modifi-
cado): agente para impartir viscosidad GELTONE® II ({(arcilia
organofilica); agente de suspensién VIS-PLUS® Aacido carboxi-
lico); BAROQID® agente para aumentar la densidad (sulfato de
bario molido); y DEEP-TREAT® agente humectante/diluyente (sal
sulfonato de sodio).

Ejemplos de policarboxiimidas preferidas comercialmente
disponibles utiles en la preparacién indicada en la Tabla 6
incluyen, sin limitacién, policarbodiimidas STABAXOL® I, STA-
BAXOL® P y STABAXOL® P200, todas disponibles en Rhein Chemi
Rheinau GmbG, Mannheim, Alemania.

La férmula preferida para las carbodiimidas que pueden

ser utilizadas en la presente invencidén es la siguiente:

19



R—N=C=N—R’

ep la cual R y R’ son iguales o diferentes y estédn seleccio-

nados a partir del grupc que consiste en grupos aromdticos vy
g&upos alquilo grupos alqueniloc y grupos alquinilo de cadena
ﬂecta y ramificada. Los grupos alquilo y aromaticos son mas

ﬂreferidos dque lecs grupos alquinilo o alquenilo. BSe prefiere

|

%as policarbodiimidas aromaticas sobre las policarbodiimidas
Ae cadena recta, ramificada o ciclica, aunque se puede utili-

| . .. . o . .
zar en la invencion policarbodiimidas de cadena recta, rami-

ficada 0 ciclica. Se prefiere a las carbodiimidas poliméri-

tas sobre las carbodiimidas. Preferiblemente, R tiene &atomos

|

de carbono C; a Ciy y en general se preferiran las policarbo-

diimidas que tienen un peso molecular en la escala de mas o

menos 500 a mds o menos 10.000 gramos/mol, para usc en la
presente invencién., El grupo arcmdtico puede estar conectado

bl grupo N a través de un grupo hidrocarburo, tal como un
|
[@rupc alquilo, por ejemplo un grupo alquilo C;.

Carbodiimidas adicionales gque se creen tienen utilidad
en la presente invencidn se describen en la Patente Norteame-

{ricana No. 6.498.225 y en la Patente Norteamericana No.
WS.360.888 a modo de ejemplc, la Patente Norteamericana No.

6.498.225 describe especificamente copolimeros con base de

policarbodiimida que tienen la férmula general:
X=[—{A)p= (B} n—Io—X

|en la cual:

| X es idéntice o diferente y estd seleccicnado a partir

del grupo que consiste de -NHCO-R’’’, =NHCONH-R’’’, -NHCOO-

rR*7*, =-NHCOS-R’’’, -COG-R"’’, -O-R‘’’", -NR;, -S-R""’, -QH, -

S-H, -NH2, -NHR’'’ y -NCO y en la cual el grupoc R’’’ denota
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un radical alquilo, cicloalquilo, aralquilc o arilo que con-
tiene 1 a 30 aAtomos de carbono:

m, n son independientes entre si y son cada uno un ente-
ro de 1 a 1000;

0 es un entero de 1 a 500;

A estd seleccionado a partir del grupo gue consiste de
las carbodiimidas o policarbodiimidas de la férmula:
- (-N=C=N-¥-)- en la cual Y estd seleccionado a partir del
grupo que consiste de compuestos aromdticos orto o biorto
sustituidos, aralguilenos en lcos cuales el &4tomo de carbono
enlazado al grupo carbodiimida esté& sustituidec por grupos al-
guilo C; a C4; y cicloalguilenos en los cuales el Atomo de
carbono enlazado al grupo carbodiimida estd sustituido por
grupos alquilo C; a Ci4; vy

B estd seleccionado a partir del grupo que consiste de
{poli)dioles, (poli)diaminas, (poli)dimercaptanos, (po-
li)aminocalccholes, (poli)aminomercaptanos vy (poli}mercapto
alcoholes. La Patente Norteamericana No. 5.360.888 describe

policarbodiimidas que son los productos de reaccidén de iso-

cianatos aromaticos sustituidos tales como : 2,6-
diisopropilfenil isccianato; 1,3,5-triisopropil-2,4-
diiscocianatcbencenc; naftaleno-1, 5-diisocianato; 2,4-

diisccianato-3,5-dimetiltolueno; 4,4f-metilenc bis(2,6-dietil
fenil isocianato); 4,4 -metileno bis(2-etil-6-metilfenil iso-
cianato); 4,4’'-metileno bis(2-isopropil-6-metil fenil isocia-
nato); 4,4'-metileno kis(2,6-diisopropil fenil isccianato); y
4,4’ -metileno bis(Z-etil-6-metilciclohexil isocianato).

Comc se indicé anteriormente, se puede lograr las venta-

jas de la invencién empleando un lodo de perforacidn de la

21



invencidn, el cual comprende o contiene un éster o amida, en
operaciones de perforacién en las cuales se ha agregado a di-
cho lodo de perforacidén una carbodiimida, preferiblemente una
policarbodiimida. Las operaciones de perforacién -ya sea per-
foracién de un orificic de sondeo vertical, direccional u
horizontal, realizando un barrido, introcduccién de entubado y
cementacidn- pueden ser realizadas por los expertos en el ar-
te con otros fluidos de perforacién. O sea, se prepara u ob-
tiene un lodo de perforacidén de la invencién y se lo hace
circular a través de un orificio de pozo conforme estd siendo
perforado (o barrido o cementado y entubado) para facilitar
la operacidén de perforacidén. E1l fluido de perforacién retira
los escombros desde el orificic de pozo, enfria y lubrica a
la broca de perforacién, ayuda a sostener al tubo y a la bro-
ca de perforacidn, y proporciona una presidn hidrostatica pa-
ra conservar la integridad de las paredes del corificio de po-
zo y evitar explosiones en el mismo. Se mejora la prepara-
cidén especifica del lodo de perforacién de acuerde con la
presente invencidén, para la operacidén de perforacién particu-
lar y para las caracteristicas y condiciones de la formacién
subterranea particular (tales como temperaturas). Por ejem-
plo, se aumenta la densidad del fluido segun sea apropiado
para las presiones de la formacidén y se lo diluye segun sea
apropiado para las temperaturas de la formacidén. Ademas, los
fluidos de la invencién pueden ser reciclados durante una
operacidn de perforacidén, de mode gue los fluidos que circu-
lan en un orificio de pozo puedan ser recirculados en este
ultimo después de retornar hacia la superficie para extraer a

los escombros de la perforacidén, a modo de ejemplo. El1 lodo
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|de perforacién de la invencién puede estar seleccionadc para
luso en una operacién de sondeo a fin de cumplir con los re-
glamentos ambientales que rigen las operaciones de perfora-
cién en una formacidén subterranea particular.

‘ La descripcién anterior de la invencidén se refiere a

Lormas preferidas. Se puede realizar varios cambios en los

oo

dletalles de los fluidos y métodos de usoc descritos, sin apar-

arse de los alcances propuestos de esta invencién tal como

- et

e define en las reivindicaciones finales.
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REIVINDICACIONES

1. Un métedo para perforar un orificio de sondeo en una

formacidén subterrédnea para la recuperacidén de hidrocarburos,
el cual comprende las etapas de proporcionar o usar un fluido

de perforacidén con base de aceite que contiene una carbodii-

mida; y perforar el orificio de sondeo en la formacién sub-
terranea.

cual la perforacién en la formacién subterrdnea incluye tem-

peraturas en la escala desde mas o mences 275°F (135°F) hasta

|

|

|

{

I

|

\ 2. Un méetodo, de acuerdo con la reivindicacién 1, en el
|

|

|

‘mas o menos 450°F {(232°C).
5.

Un método, de acuerde con la reivindicacidén 1 o 2, en el

‘cual el lodo de perforacidén comprende una emulsidén invertida

‘basada en éster.

|

‘4. Un método, de acuerdc con la reivindicacién 1, 2 o 3, en

Pa cual la carbodiimida tiene la férmula:

|

| R-N=C=N-R’
?n la cual R y R’ son iguales o deferentes y estdn seleccio-
nados a partir del grupo gue consiste en grupos aromidticos y
l

grupos alquilo, grupos alquenilo y grupos alquinilo de cadena
I

ﬁecta o ramificada.

%. Un método, de acuerdo con la reivindicacidén 4, en el
cpal R tiene atomos de carbono C; a Cig.
6l Un método, de acuerdo con la reivindicacién 4, en el

|

c?al R’ tiene &tomos de carbono C; a Csp.

71 Un métcdo, de acuerdo con la reivindicacién 1 anterior,

en el cual la carbodiimida es un polimero.
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8. Un método, de acuerdo con cualesquiera reivindicaciones
anteriores, en el cual la carbodiimida es monomérica.

9. Un métedo, de acuerdo con cualesquiera reivindicaciones
anteriores, en el cual la carbodiimida es un inhibidor de 1a
hidrélisis.

10. Un método, de acuerdo con cualesquiera reivindicaciones
antericres, en el cual la carbeodiimida tiene un peso molecu-
lar en la escala de méds o menos 500-10.000 gramos/mol.

11. Un método, de acuerdo con cualesquiera reivindicaciones
anteriores, en el cual el fluido de perforacién comprende un
aditivo que contiene un éster. '

12. Un método, de acuerdo con la reivindicacién 11, en el
cual el aditivo es un emulsionador.

13. Un método, de acuerdo con cualesquiera reivindicaciones
anteriores, en el cual el lodc de perforacién comprende un
aditivo que contiene una amida.

14. Un método, de acuerde con la reivindicacidén 1, en el
cual el lodo de perforacién contiene agua.

15. Un fluido de perforacidén para perforar un orificio de
sondeo en una formacién subterranea, el cual comprende: una
base continua; una fase interna; un emulsionadeor; un agente
para el control de la filtracién; u agente para aumentar la
densidad; y una carbodiimida.

16. Un fluido de perforacidén, de acuerdo con la reivindica-
cién 15, en el cual la fase continua comprende una emulsidn
invertida con base éster.

17. Un fluido de perforacién, de acuerdo con la reivindica-
cién 15 o 16, en el cual el emulsionador comprende un éster o

una amida.
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18. Un fluido de perforacién, de acuerdo con la reivindi-
cacién 15, 16 o 17, en el cual el agente para controlar la
filtracidén comprende un éster o una amida.
19. Un fluido de perforacién, de acuerdo con la reivindi-
cacidén 15, 16, 17 o 18, en el cual la carbodiimida es una
policarbodiimida que tiene un peso mclecular en la escala
de 500 a més o menos 10.000.
20. Un fluido de perforacién, de acuerdo con cualesquiera
reivindicaciones 15 a 19, en el cual la carbodiimida tiene
la férmula:

R-N=C=N-R’
en la cual R y R’ son iguales o diferentes y estdn selec-
Icionados a partir del grupo que consiste en grupos aroma-
|ticos y grupos alguilo, grupos algquenilo y grupos alquini-
‘lo de cadena recta o ramificada, y grupos alguilo cicli-

|

|cos.
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METODO PARA MEJORAR LA ESTABILIDAD FLUIDOS DE PERFORACION

CON BASE DE ACEITE A ALTAS TEMPERATURAS

Resumen

Se describen métodos para mejorar la estabilidad de
fluidos de perforacién con base de éster, introducir entu-
bado y/o cementar un orificio de pozo en una formacién
subterranea, asi como también fluidos mejorados de perfo-
racién con base de éster para uso a altas temperaturas. Se
logran las ventajas de la invencién mediante la inhibicién
de la hidrdélisis de los ésteres contenidos en el fluido de
perforacién, mediante la adicién de un inhibidor de hidré-
lisis carbodiimida mcnomérica o polimérica al fluido de

perforacién.
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La figlura 1l es un grafico que compara la cantidad de alcohol

produ'cido, indicando hidrélisis, en muestras que contienen

base éster y agua con aditivos policarbodiimida ¢ sin ellos,
después de calentamiento a 370°F (188°C) durante 16 horas

! 1/2
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ENVEJECIMIENTO PROLONGADO DE ACEITE BASE ACCOLADE CON AGUA
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FIG. 2

La figura 2 es un grafico que compara la cantidad de alcohol
produci’do, indicando hidrélisis, en muestras que contienen base
éster y agua con aditivos policarbodiimida y sin ellos, después
de calentamiento a 370°F (188°C) durante periodos de 16 horas,

| 40 horas, 64 horas v 88 horas
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La figura 3 es un gridfico que compara la cantidad de alcohol pro-
ducideo, indicando hidrélisis, en muestras gque contienen base
éster, agua y cal, con aditivos policarbodimida y sin ellos des-
pués de calentamiento a 370°F (188°C) durante 16 horas

PRUEBA DE LODO COMPLETOQ
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FIG. 4

La figura 4 es un grafico que compara la cantidad de alcohol pro-
ducido, indicande hidrdlisis, en muestras de un fluido de perfo-
racién cen emulsion invertida basada en éster, con aditivos poli-
carbodiimida y sin ellos, después de laminado en caliente a 150°F
(66°C) durante 16 horas y luego a 370°F (188°C) durante 16 horas
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METHOD FOR ENHANCING STABILITY OF
OIL BASED DRILLING FLUIDS AT HIGH TEMPERATURES

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to compositions and methods for drilhing,
cementing and casing boreholes in subterranean formations, particularly hydrocarbon bearing
formations. More particularly, the present invention relates to oil or synthetic fluid based
drilling fluids and fluids comprising invert emuisions, such as fluids using esters for example.
which combine high ecological compatibility with good stability and performance properties.

2. Description of Relevant Art

[0002] A drilling fluid or mud is a specially designed fluid that is circulated through a
wellbore as the wellbore is being drilled to facilitate the drilling operation. The various
functions of a drilling fluid include removing drill cuttings from the wellbore, cooling and
lubricating the drill bit. aiding in support of the drill pipe and drili bit, and providing a
hydrostatic head to maintain the integrity of the wellbore walls and prevent well blowouts.
Specific drilling fluid systems are selected to optimize a drilling operation in accordance with
the characteristics of a particular geological formation.

[0003] Oil or synthetic fluid-based muds are normally used to drill swelling or
sloughing shales, sait, gypsum, anhydrite or other evaporate formations, hydrogen sulfide-
containing formations, and hot or high temperature (greater than about 300 degrees Fahrenheit
(*** F) holes, but may be used in other holes penetrating a subterranean formation as well.
Unless indicated otherwise, the terms *oil mud” or “oil-based mud” or “drilling fluid” shall be
understood to include synthetic oils or other synthetic fluids as wel! as natural or traditional
oils, and such oils shall be understood to comprise invert emulsions.

(0004 Qil-based muds used in drilling typically comprise: a base oil (or synthetic
fluid) comprising the external phase of an invert emulsion; a saline, aqueous solution
(typically a solution comprising about 30% calcium chloride) comprising the internal phase of
the invert emulsion: emulsifiers at the interface of the internal and external phases: and other
agents or additives for suspension. weight or density, oil-wetting, fluid loss or filiration

control, and rheology control.
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[0005] An oil-based or invert emulsion-based drilling fluid may commonly comprise

bet

ween about 50:50 to about 95:5 by volume oil phasc to water phase. An all oil mud simply

comprises 100% liquid phase oil by volume; that is, there is no aqueous internal phase.

|10006] Invert emulsion-based muds or drilling fluids (also called invert drilling muds

or

ng

invert muds or fluids) comprise a key segment of the drilling fluids industry. However,

reasingly invert emulsion-based drilling fluids have been subjected to greater

environmental restrictions and performance and cost demands. While ester based invert

€

ulsion drilling fluids satisfy many environmental concerns, they tend to lose effectiveness

or utility at high oilfield temperatures. There is consequently an increasing need and industry-

wide interest in new drilling fluids and methods that provide improved performance while

-

st

Su

| affording environmental and economical acceptance.

MMARY OF THE INVENTION

|0(£07'] The present invention provides improved methods of drilling wellbores in

subterranean formations employing oil-based muds or drilling fluids. As used herein, the

term “drilling” or “drilling wellbores™ shall be understood in the broader sense of drilling

operations, which include running casing and cementing as well as drilling, unless specifically

ind

icated otherwise. More particularly, the present invention provides a method for

improving the stability of oil-based drilling fluids, most particularly at high temperatures.

The present invention also provides oil based drilling fluids having improved stability at such

hig
[0
pre

iny

h temperatures.
08] Any drilling fluid comprising a hydrolysable component may benefit from the
sent invention. Esters and amides are particularly susceptible to hydrolysis and thus the

ention is particularly advantageous with invert emulsion drilling fluids comprising esters

andfor amides, particularly as the base otl for the drilling fuids but also as additives or

components in the drilling fluids, such as for example, emulsifiers and fluid loss control

additives. The benefits of the invention are obtained by inhibiting hydrolysis of esters and/or

am

ides in or comprising the drilling fluid. Such benefits are particularly rcalized at higher

temperatures, that is. at temperatures of 275°F (135°C) or higher and extending to

ten

boy

peratures as high as about 450°F (232°C) or more, as may be encountered in drilling

choles in subterranean formations for recovery of hydrocarbons.
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(0009) According to the method of the invention, a carbodiimide, preferably a
palycarbodiimide, is added to the drilling fluid as a hydrolysis inhibitor, A S Ib/bbi (16.7
kg/m’) loading amount will typically be effective for purposes of the invention, although
other amounts may be successfully used with experimentation. Drilling fluids of the
invention comprise an ester oil or invert emulsion base and/or ester or amide additives, such
as for example, emulsifiers and fluid loss control additives, and a carbodiimide. or preferably

a polycarbodiimide.

BRIEF DESCRIPTION OF THE DRAWINGS

[0610] Figure 1 is a graph comparing the amount of alcohol produced, indicating

hydrolysis. in samples containing ester base and water, with and without polycarbodiimide
additives, after heating at 370° F (188°C) for 16 hours.

[0OI1] Figure 2 is a graph comparing the amount of alcohol produced, indicating
hydrolysis, in samples containing ester base and water, with and without polycarbodiimide

additives, after heating at 370° F (188°C) for periods of 16 hours, 40 hours, 64 hours and &8

hours.

(0012} Figure 3 is a graph comparing the amount of alcohol produced. indicating
hydrolysis, in samples containing ester base, water, and lime, with and without
polycarbodiimide additives, after heating at 370° F (188°C) for 16 hours.

IO(;iBI Figure 4 is a graph comparing the amount of alcohol produced, indicating
hy(J

polycarbodiimide additives, after hot rolling at 150°F (66°C) for 16 hours and then at 370° F
(ISEEC’C) for 16 hours.

rolysis. in samples of an ester based invert emulsion drilling fluid, with and without

DEL‘AILED DESCRIPTION OF PREFERRED EMBODIMENTS

100\41 Ester based invert emulsion drilling fluids are favored as oil based drilling

fluids for eavironmental acceptability and regulatory compliance.  However, in prior art
fuids. the ester can be vulnerable to hydrolysis, particularty at high temperatures that can be
encountered in drilling subterranean formations for the recovery of hydrocarbons. Such
hydrolysis can result in breakdown of the fluid, which ultimately or eventuatly renders the
fluid unusable as a drilling fluid. Consequently, the use of ester based drilling (luids is less

cmnlmon at high temperatures, which typically increase the rate of ester hydrolysis.
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1|20015',| The addition of lime to a drilling fluid, as has been common practice in the
J)ilfield, can have the negative side-effect of increasing the amount of hydrolysis of esters in
prior art drilling fluids. Lime provides a greater concentration of nucleophilic hydroxide ion
0 the fluid, which can escalate hydrolysis. Consequently, lime is usually avoided in ester
hased drilling fluids.

0016] The present invention provides a method for enhancing the stability of ester-
|msed drifling fluids and drilling fluid additives, even at high temperatures, and even in the

presence of lime or other sources of hydroxide ion. This enhancement is accomplished by

reducing the amount of hydrolysis that occurs in oil-based drilling fluid systems. Hydrolysis

i|nhibilion according to the present invention allows for greater application of ester based

drilling fluids in higher temperature environments with grea'ter retention of desirable fluid

properties.

0017] In the method of the present invention, enhanced stability of ester based invert
emulsion drilling fluids is obtained by adding to or including in the drilling fluid a
carbodiimide, preferably a polycarbodiimide. The carbodiimide carbon is believed to be more
reactive than the carbonyl carbon of an ester and hence the reaction of the carbodiimide with

water or hydroxide (hydrolysis) is expected to be more facile than hydrolysis of the ester of

the drilling fluid. Consequently, the reaction of the carbodiimide with the water or hydroxide
;?revents or inhibits the carbony! carbon of the ester from reacting with the water or hydroxide
that might otherwise hydrolyze the ester, resulting in the ester not becoming hydrolyzed. This
is particularly significant, and surprising, in drilling fluids, and especially invert emulsion
drilling fluids, because such fluids already contain water as part of their composition. The
carbodiimide is nevertheless able to maintain effectiveness in enhancing the stability of the
fluid over time, as for example for a time sufficient to drill one or more wells or subterranean
troreholes. That is, the carbodiimide is not immediately “used up” or diluted to
ineffectiveness upon placement into the flutd.

[(0018] The cffectiveness of the invention s demonstrated in the following

experiments.




Experiment |:

{0019] Since hydrolyzation of an ester causes part of the ester molecule to be lost as
an alcohol. the effectiveness of hydrolysis inhibitors can be measured by monitoring the
production of alcohol that is formed in ester hydrolysis. 1n the case of a state-of-the-art. ester-
based. invert emulsion fluid sold by Halliburton Energy Services, Inc.. in Houston. Texas and
Duncan, Oklahoma under the tradename ACCOLADE® drilling fluid, the amount of alcohol
produced can be monitored by gas chromatography/mass spectrometry. Thus, samples
containing ACCOLADE® base fluid, calcium chloride brine, and an emulsifier, were
formulated with and without 5 1b/bbl (16.7 kg/m?) loading of one of two commercial
polycarbodiimides: the viscous liquid STABAXOL® P200 polycarbodiimide {Sample A} and
the powder STABAXOL® P polycarbodiimide (Sample B), both available from Rhein
Chemie Rheinau GmbH, Mannheim, Deutschlandas (Germany). The samples were static

aged at 370°F (188°C) for 16 hours and then tested for alcohol content, as indicated in Table |

below,
TABLE 1
Additive wt. % alcohol ppm alcohol
Polycarbodiimide Sample A 0.041 409
Polycarbodiimide Sample B 0.053 526
None (Control) 0.61 6133
10020} The data is also graphed in Figure t. The data indicates that a greater than

90% reduction in the amount of aicohol produced was observed in the presence of the
polycarbodiimides. This reduction indicates a reduction in the amount of hydrolysis of the
ester in the ACCOLADE® base fTuid.



E'xgeriment 2:

Igl)02]1 Samples of the same compositions of Experiment [ were static aged at 370°F

6

(;188"(3) for 16 hours, 40 hours, 64, hours and 88 hours, and tested for alcohol content after

dach elapsed aging period. as shown in Table 2 below.

l TABLE 2
l Additive wt. % alcohol ppm alcohol
IIF’o]ycarbodiimide Sample A 0.06 570
l' Static Aged 16 hours
l, Polycarbodiimide Sample B 0.16 1588
I Static Aged 16 hours
!
! None (Control) .59 5876
Static Aged 16 hours
I‘ Polycarbodiimide Sampie A 0.13 1333
| Static Aged 40 hours
|
| Polycarbodiimide Sample B .33 3309
Jl Static Aged 40 hours
|
| None (Control) 1.00 10005
' Static Aged 40 hours
|
| Polycarbodiimide Sample A 0.34 3365
Static Aged 64 hours
Polycarbodiimide Sample B 0.74 7373
Static Aged 64 hours
None (Control) 1.25 12470
Static Aged 64 hours
Polycarbodiimide Sample A 0.74 7398
Static Aged 88 hours




Polycarbodiimide Sample B 1.34 13427
Static Aged 88 hours

j None (Control) 1.37 13749
Static Aged 88 hours

0022} The data is also graphed in Figure 2. The data indicates that after 64 hours,
both polycarbodiimide additives still reduced the alcohol concentration, and after 88 hours,
Additive A still showed the ability to reduce the amount of ester hydrolysis that occurred.
The reason Additive A showed superior performance to Additive B is unclear, although the
liquid mature of the material may have allowed the material to be more fully solubilized in the
solids-free fluids tested in this experiment leading to greater efficacy.
Experiment 3:
10023] Samples containing ACCOLADE® hase, calcium chloride brine, and an
emulsifier, were formulated with and without 5 Ib/bbi loading of one of two commercial
polycarbodiimides. STABAXOL® P200 and STABAXOL® P polycarbodiimides, available
| from Rhein Chemie Rheinau GmbH, Mannheim. Deutschlandas, as in Experiments 1 and 2,
except to each of the samples for this Experiment 3 was added time (3 [b/bbl [ 10 kg/m’|). The
samples were static aged at 370°F (188°C)for 16 hours and tested for alcohol content, as

shown in Table 3.

TABLE 3
Additive . - wt. % alcohol ppm alcohol
\
Potycarbodiimide Saml-J!c A 0.64 6434
Polycarbodiimide Sample B 0.56 5556
None (Control) 0.98 9804
[0024] The data is also graphed in Figure 3. This data shows that a significant

reduction in hydrolysis is obtained with the polycarbodiimide additives. even in the presence

of Time. and even though the addition of lime to a drilling fluid typically increases the amount
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of hydrolysis due to the presence of greater concentrations of the more nucleophilic hydroxide
ion. The pereent reductions in hydrolysis in the samples with the polycarbodiimide additives
when compared to the control werc 34.4% in the case of polycarbodiimide Sample A and
43.3% in the case of polycarbodiimide Sample B.
Experiment 4:
[0025] Samptes containing ACCOLADE® invert emulsion drilling fluid were
formulated with and without 5 1b/bbl (16.7 kg/m") loading of one of two commercial
polycarbodiimides, STABAXOL® P200 and STABAXOL® P polycarbodiimides, available
from Rhein Chemie Rheinau GmbH. Mannheim, Deutschlandas, as indicated in Table 4.
TABLE 4
Polycarbodiimide A B None (Control)

Sample

ACCOLADE® base, 0.519 0.519 0.519
bbi

250,000 ppm CaCl, 0.0676 0.0676 0.0676
brine, bhl

LE SUPERMUL® 10 10 10
polyaminated fatty
acid, th

FACTANT® I ! 1
highly concentrated

tall oil derivative, |b

ADAPTA® 3 3 3
methyistyrene/acrylate
copolymer for HPHT

filtration control. b

Rev Dust, Ib 20 20 20
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Barite, |b 497 497 497
Polycarbodiimide 5 0 0
Sampie A, |b
Polycarbodiimide 0 5 0
Sample B, b

All rademarked produets are available from Halliburton Energy Scrvices, Inc. in Houston, Texas and Duncan. Oklahoma.

[0026] The samples were hot rolled at 150°F (66°C) for 16 hours and then were tested

for alcohol concentration. The samples were hot rolled further at 370°F (188°C) for 16

additional hours and tested for alcohol, as shown in Table 5.

TABLE §

Additive

wt. % alcohol

ppm alcohofl

Polycarbodiimide Sample A 0.04 416
hot rolied at 150°F
Polycarbodiimide Sample B 0.03 277
hot rolled at 150°F
None (Control) 0.06 626
hot rolled at 150°F
Polycarbodiimide Sample A 0.71 7129
hot rolled at 370°F
Polycarbodiimide Sample B 0.09 871
hot rolled at 370°F
None {Control) 0.78 7761

hot rotled at 370°F




10027] This data is also graphed in Figure 4. The data shows that the percent
reduction in hydrolysis with the polycarbodiimide additive Sample B, when compared to the
control, was 89% over the control after aging at 370°F (188°C). Sample A did not perform as
well in the whole mud, possibly because the material was wetted onto solids that were present
in the fluid.

[0028] Although the experiments were conducted with an ACCOLADE® ester base
and an ACCOLADE® invett emulsion drilling fluid, benefits of the invention may be seen
with other ester based drilling fluids. Some other examples of commercial ester based invert
emulsion drilling fluids include, without limitation, PETROFREE®, PETROFREE® LV, and
PETROFREE® SF drilling fluids available from Halliburton Energy Services, Inc. in
Houston, Texas. Still further examples are taught in United States Patent No. 7,485.602,
issued February 3, 2009, to Jeff Kirsner. et al, and in U.S. Patent No. 7.456,135, issued
November 25, 2008 to Jeff Kirsner, et al., among many other examples. Also, drilling fluids
having an amide base or other base vulnerabie to hydrolysis may benefit from addition of a
carbodiimide or polycarbodiimide as a hydrolysis inhibitor.

[0029] Further, the invert emulsion drilling fluids of the invention or for use in the
present invention have added to them or mixed with their invert emulsion base. other fluids or
materials needed to comprise complete drilling fluids. Such materials may include, for
example: additives to reduce or control temperature rheology or to provide thinning, for
example, additives having the tradenames COLDTROL®, ATC®. and OMC2™; additives
for enhancing viscosity, for example, an additive having the tradename RHEMOD LT™:
additives for providing temporary increased viscosity for shipping (transport to the well site)
and for use in sweeps, for example, an additive having the tradename TEMPERUS™
{modified fatty acid); additives for filtration control, for example, an additive having the
tradename ADAPTA® (methylstyrene/acrylate copolymer); additives for high temperature
high pressure control (HTHP) and emulsion stability, for example, an additive having the
tradename FACTANT™ (highly concentrated tall oil derivative); additives for emulsification,
for example, an additive having the tradename LE SUPERMULT™ (polyaminated fatty acid);
and additives for thinning. for example additives having the tradenames COLDTROL®
(alcohol derivative), OMC2™ (oligomeric fatty acid), and ATC® (modified fatty acid ester)
and example additives taught in U.S. Patent No. 7,435,706, issued October 14, 2008 to Heinz



Muelier, et al. and in U.S. Patent Application No. 10/432.786, filed December 10. 2003 of
Heinz Mueller, et al., both entitled “Thinners for Invert Emulsions.” All of the
aforementioned trademarked products are available from Halliburton Energy Services, Inc. in
Houston, Texas, US.A. Additionally. the fluids may comprise an aqueous solution
containing a water activity lowering compound, composition or material, comprising the
internal phase of the invert emulsion. Such solution may be a saline solution comprising
calcium chioride (typically about 25% to about 30%, depending on the subterranean
formation water salinity or activity). although other salts or water activity lowering aterials
known in the art may alternatively or additionally be used.

[0030] Many other examples of drilling fluid components will be readily known to
those of skill in the art. Also known is that such components may inciude an ester or an
amide, known to be vulnerable at least at high temperatures 10 hydrolysis. For example, LE
SUPERMUL®, EZ® MUL, EZ MUL® NT, EZ MUL® NS, DRILTREAT®, INVERMUL®,
INVERMUL® NT and ADAPTA® additives are emulsifiers and fluid loss control additives

that contain esters or amides. Adding a carbodiimide, preferably a polycarbodiimide, to the

drilling fluid according to the present invention enhances the stability of such additives, and
consequently enhances the stability of the drilling fluid overall. That is. the carbodiimide
ténhibits hydrolysis of the ester or amide in such additives. Thus advantages may be realized
lby adding a carbodiimide or polycarbodiimide to a drilling fluid containing ester or amide
additives even when the base oil of the drilling fluid may not comprise an ester or amide.
10031} The exact formulations of drilling fluids used in drilling boreholes vary with
the particular requirements of the subterranean formation. The above listed additives,
however, provide some examples. A preferred example drilling fluid of the present invention
r#llay have the formulation used in Experiment 4 discussed above. A couple of other preferred
ekample drilling fluids of the present invention have the following cxample formulations set
I'{!‘orth in Tahle 6 below,

| TABLE 6

Example Formulations

Fluids and Compounds ACCOLADE® Invert PETROFREE® SF
Emulsion Drilling Fluid Invert Emulsion Drilling Fluid
A? COLADE® Basc (bbl) 0590 1 e




\
|
J

PETROFREE® SF BASE| = .. 0.568
(bbl)

LEMUL™ '(by | 4
LE SUPERMUL™ - (Ib) 10 6
Lime (Ib.) ] 4
DURATONE® HT " (lb.) [ = 4
Freshwater (bbl) 0.263 0.254
ADAPTA® “ (Ib.) 2
RHEMOD L™ * (]b.) i
GELTONE® 11°(b.y | 5
VIS-PLUS® "(1by | o i.5
BAROID® * (Ib.) 138 138
Caleium chloride (1b.) 32 31
DEEP-TREAT® " (lb) | - 2
Polycarbodiimide (Ib.) 5 5

' Blend of oxidized tall oil and polyaminated fatty acid emulsion stabilizer.
* Polyaminated fatty acid emulsifier.

! Organophilic feonardite filiration control agent.

* Copolymer HTHP filtration contro! agent for non-aqueous sysiems,

* Modified fatty acid suspension agent/viscosifier.

® Organophilic clay viscosifier.

" Carboxylic acid suspension agent.

* Ground barium sulfate weighting agent.

? Sulfonate sodium salt welting agent/thinner.

[0032] All trademarked products in Table 6 are available from Halliburton Energy
Services. Inc. in Houston, Texas. including: LE MUL™ emulsion stabilizer fa blend of
oxidized tall oil and polyaminated fatty acid); LE SUPERMUL™ emulsifier (polyaminated
fauy acid): DURATONE® HT filtration centrol agent (organophilic leonardite): ADAPTA®
filtration control agent (methylstyrene/acrylate copolymer particutarly suited for providing
HPHT filtration control in non-aqueous fluid systems): RHEMOD L™ suspension
agent/viscosifier (modified fatty acid): GELTONE® 1l viscositier (organophilic clay); VIS-



13

I&’LUS@ suspension agent (carboxylic acid): BAROID® weighting agent (ground barium
sulfate): and DEEP-TREAT® wetting agent/thinner (sulfonate sodium salv).

[0033] Examples of preferred commercially available polycarbodiimides useful in the
formulations set forth in Table 6 include, without limitation. STABAXOL® I, STABAXQL®
P. and STABAXOL® P200 polycarbodiimides, all available from Rhein Chemie Rheinau
GmbH, Mannheim, Deutschiandas {(Germany).

10034] The preferred formula for carbodiimides for use in the present invention is as

follows:

R—N=C=N—R'

where R and R' are the same or different and are selecied from the group consisting of
aromalic groups, and straight chain, branched, and cyclic alkyl groups. alkenyl groups, and
alkynl groups. Alkyl and aromatic groups are more preferred than alkynl or alkenyl groups.
Aromatic polycarbodiimides are preferred over straight chain, branched. or cyclic
polycarbodiimides, although straight chain, branched, or cyclic polycarbodiimides can be
used in the invention. Polymeric carbodiimides are preferred over carbodiimides. Preferably
R has C, to Cyo carbon atoms, and generally polycarbodiimides having a molecular weight in
the range of about 500 to about 10.000 g/mol will be preferred for use in the present
invention. The aromatic group may be connected to the N group via a hydrocarbon group,
such as an alkyl group, eg a C alkyl group.

[0035] Further carbodiimides believed to have utifity in the present invention are

described in United States Patent No. 6,498,225 and in United States Patent No. 5.360.888.

for example.  United States Patent No. 6,498,225 specifically teaches polycarbodiimide-
| based copolymers having the general formula:
X~|—(Al—{B)0—]o—X
where:

X is identical or different and is selected from the group consisting of
—NHCO—R™, —-NHCONH-R"". ~NHCOO—R™, —~NHCQS—R"'. —COO—R"™, —O—R"",
—NRs, =5—~R™. —OH. —S§—H, —NH,, —NHR™", and —NCO. and wherein the group R™
denotes an alkyl, cyclcoalkyl, aralkyl or aryl radical containing | to 30 carbon atoms;
m, n are independent of one another and are each an integer from | to 1000:

o is an integer from | to 500:
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A is selected from the group consisting of the carbodiimides or
polycarbodiimides of the formula: —(—~N=C=N--Y—)}— where Y is sclected from the group
consisting of ortho-or bisortho-substituted aromatics, aratkylenes in which the carbon atom
linked to the carbodiimide group is substituted by C, to Cys-alky! groups, and cycloalkylenes
in which the carbon atom linked to the carbodiimide group is substituted by C, to Cj4-alkyl
groups; and

B s selected from the group consisting of (poly)diioles, (poly)diamines,
(poly)dimercaptans, (poly)aminoalcohols, (poly)aminomercaptans and
(poly)mercaptoalcohols. United States Patent No. 5,360,888 teaches polycarbodiimides that
are reaction products of substituted aromatic isocyanates, such as: 2.6-diisopropylphenyl
isocyanate; 1.3.5-triisopropyl-2.4.-diisocyanatobenzene; naphthalene-1,5-diisocyanate: 2.4-
diissocyanato-3,5-dimethyltoluene: 4.4'-methylenebis(2,6-diethylphenyl isocyanate): 4.4'-
methylenebis(2-ethyl-6-methylphenyl isocyanate); 4.4"-methylenebis(2-isopropyl-6-
methylphenyl isocyanate); 4,4'-methylenebis(2,6-diisopropylphenyl isocyanate); and 4.4 -
methytenebis(2-ethyl-6-methylcyciohexyl isocyanate).

[0036] As indicated above, the advantages of the invention may be obtained by
employing a drilling fluid of the invention, comprising or containing an ester or amide, in
drilling operations, wherein the drifling fluid has added thereto a carbodiimide, preferably a
polycarbodiimide. The drilling operations—whether drilling a vertical or directional or
horizontal borehole, conducting a sweep, or running casing and cementing—may be
conducted as known to those skilled in the art with other drilling fluids. That is, a drilling
fluid of the invention is prepared or obtained and circulated through a wellbore as the
wellbore is being drilled (or swept or cemented and cased) to facilitate the drilling operation.
The drilling fluid removes drill cuttings from the wellbore, cools and lubricates the drill bit,
aids in support of the drill pipe and drill bit. and provides a hydrostatic head to maintain the
integrity of the wellbore walls and prevent well blowouts. The specific formulation of the
drilling fluid in accordance with the present invention is optimized for the particufar drilling
operation and for the particular subterranean formation characteristics and conditions (such as
temperatures). For example. the fluid is weighted as appropriate for the formation pressures
and thinned as appropriate for the formation temperatures. Further, the fluids of the invention
may be recycled during a drilling operation such that fluids circulated in a wellbore may be

recirculated in the wellbore after returning to the surface for removal of drill cuttings for
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example. The drilling fluid of the invention may even be selected for use in a driiling
operation to comply with environmental regulations governing drilling operations in a
particular subterranean formation.

[0037] The foregoing description of the invention is intended to be a description of preferred
embodiments. Various changes in the details of the described fluids and methods of use can

be made without departing from the intended scope of this invention as defined by the
appended claims.
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CLAIMS

I A method for drilling a borehole in a subterranean formation for the recovery of

hydrocarbons, comprising the steps of: providing or using an oil-based driiling fluid
comprising a carbodiimide: and driiling the borehole in the subterranean formation.
2. A method according (o claim 1, wherein the drilling in the subterranean formation

includes temperatures in the range of the range of about 275°F (135°C) to about 450°F
(232°Q).

3. A method according to claim 1 or 2. wherein the drilling fluid comprises an ester

based invert emuision.

A method according to claim 1, 2 or 3, wherein the carbodiimide has the formula:
R—N=C=N—R’

where R and R’ are the same or different and are selected from the group consisting of

| aromatic groups and straight chain. branched, and cyclic alky! groups, alkenyl groups, and
alkyni groups.

|

‘ 5. A method according to claim 4, wherein R has C, to Cygcarbon atoms.

\

‘\ 0. A method according to claim 4, wherein R’ has C, to Cipcarbon atoms.

| .

\7. A method according to any preceding claim | wherein the carbodiimide is a polymer.
3

\

A method according to any preceding claim, wherein the carbodiimide is monomeric.

b. A method according to any preceding claim, wherein the carbodiimide is a hydrolysis
fo .
i\nhibltor.
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A method according to any preceding claim, wherein the carbodiimide has a molecular
ght in the range of about 500- 10,000 g/mol.

A method according to any preceding claim, wherein the drilling fluid comprises an

litive comprising an ester.

A method according to claim 11 wherein the additive is an emulsitier.

A method according to any preceding claim, wherein the drilling fluid comprises an

additive comprising an amide.

14.

A method according to any preceding claim | wherein the drilling fluid comprises

waler,

5.

A drilling fluid for drilling a borehole in a subterranean formation comprising: a

continuous phase; an internal phase: an emulsifier; a filtration control agent; a weighting

age

16.

nt; and a carbodiimide.

A drilling fluid according to claim 15, wherein the continuous phase comprises an

ester based invert emulsion.

7.

A drilling fluid according to claim 15 or 16, wherein the emulsifier comprises an ester

or an amide.

18.

A drilling fluid according to claim 15, 16 or 17, wherein the filiration contro] agent

comprises an ester or an amide.

19.

A drilling fluid according to claim 13, 16, 17 or 18, wherein the carbodiimide is a

polycarbodiimide. having a molecular weight in the range of 500 to about 10,000.

20.

A drilling fluid according to any one of claims 15 to 19 wherein the wherein the

cm'h(l;diimide has the formula:



8
R—N=C=N—R'

where R and R’ are the same or different and are selected from the group consisting of

aromatic groups and straight chain, branched, and cyclic alkyl groups. alkenyl groups, and

alkynl groups.
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ABSTRACT

Methods for enhancing the stability of ester based drilling fluids for drilling, running casing
in, and/or cementing a borehole in a subterrancan formation are disclosed, as well as
improved ester based drilling fluids for use at high temperatures. The advantages of the
invention are realized by inhibiting hydrolysis of the esters in the drilling fluid by adding a

monomeric or polymeric carbodiimide hydrolysis inhibitor to the drilling fluid.
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METHOD FOR ENHANCING STABILITY OF
OIL BASED DRILLING FLUIDS AT HIGH TEMPERATURES

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to compositions and methods for drilling,
cementing and casing boreholes in subterranean formations, particularly hydrocarbon bearing
formations. More particularly, the present invention relates to oil or synthetic fluid based
drilling fluids and fluids comprising invert emulsions, such as fluids using esters for example,
which combine high ecological compatibility with good stability and performance properties.
2. Description of Relevant Art

[0002] A drilling fluid or mud is a specially designed fluid that is circulated through a

wellbore as the wellbore is being drilled to facilitate the drilling operation, The various

functions of a drilling fluid include removing drill cuttings from the wellbore, cooling and
lubricating the drill bit, aiding in support of the drill pipe and drill bit, and providing a
hydrostatic head to maintain the integrity of the wellbore walls and prevent well blowouts,
Specific drilling fluid systems are selected to optimize a drilling operation in accordance with
the characteristics of a particular geological formation.

[0003] Oil or synthetic fluid-based muds are normally used to drill swelling or
sloughing shales, salt, gypsum, anhydrite or other evaporate forrations, hydrogen sulfide-
containing formations, and hot or high temperature (greater than about 300 degrees Fahrenheit
{*° F')) holes, but may be used in other holes penetrating a subterranean formation as well.
Unless indicated otherwise, the terms “oil mud” or “oil-based mud” or “driiling fluid” shall be
understood to include synthetic oils or other synthetic fluids as well as natural or traditional
oils, and such oils shall be understood to comprise invert emulsions.

[0004] Oil-based muds used in drilling typically comprise: a base oil (or synthetic
fluid) comprising the external phase of an invert emulsion; a saline, aqueous solution
{typically a solution comprising about 30% calcium chloride) comprising the internal phase of
the invert emulsion; emulsifiers at the interface of the internal and external phases; and other
agents or additives for suspension, weight or density, oil-wctting, fluid loss or filtration

control, and rheology contro.
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{0005] An oil-based or invert emulsion-based drilling fluid may commonly comprise
between about 50:30 to about 95:5 by volume oil phase to water phase. An all oil mud simply
comprises 100% liquid phase oil by volutne; that is, there is no aqueous internal phase.

[0006] Invert emulsion-based muds or drilling fluids (also called invert drilling muds
or invert muds or fluids) comprise a key segment of the drilling fluids industry. However,
increasingly invert emulsion-based drilling fluids have been subjected to greater
environmental restrictions and performance and cost demands. While ester based invert
emulsion drilling fluids satisfy many environmental concerns, they tend to lose effectiveness
or utility at high oilfield temperatures. There is consequently an increasing need and industry-
wide interest in new drilling fluids and methods that provide improved performance while

still affording environmental and economical acceptance.

SUMMARY OF THE INVENTION

[0007] The present invention provides improved methods of drilling wellbores in

subterranean formations employing oil-based muds or drilling fluids. As used herein, the
term “drilling” or “drilling wellbores™ shall be understood in the broader sense of drilling
operations, which include running casing and cementing as well as drilling, unless specifically
indicated otherwise. More particularly, the present invention provides a method for
improving the stability of oil-based drilling fluids, most particularly at high temperatures.
The present invention also provides oil based drilling fluids having improved stability at such
high temperatures.

[0008] Any drilling fluid comprising a hydrolysable component may benefit from the
present invention, Esters and amides are particularly susceptible to hydrolysis and thus the
invention is particularly advantageous with invert emulsion drilling fluids comprising esters
and/or amides, particularly as the base oil for the drilling fluids but also as additives or
components in the drilling fluids, such as for example, emulsifiers and fluid loss control
additives. The benefits of the invention are obtained by inhibiting hydrolysis of esters and/or
anudes in or comprising the drilling fluid. Such benefits are particularly realized at higher
temperatures, that is, at temperatures of 275°F (135°C) or higher and extending to
temperatures as high as about 450°F (232°C) or more, as may be encountered in drilling

boreholes in subterrancan formations for recovery of hydrocarbons.

5D
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[0009] According to the method of the invention, a carbodiimide, preferably a
polycarbodiimide, is added to the drilling fluid as a hydrolysis inhibitor. A 5 Ib/bbl (16.7
kg/m*) loading amount will typically be effective for purposes of the invention, although
other amounts may be successfully used with experimentation. Drilling fluids of the
invention comprise an ester oil or invert emuision base and/or ester or amide additives, such
as, for example, emulsifiers and fluid loss control additives, and a carbodiimide, or preferably

a polycarbodiimide.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Figure 1 is a graph comparing the amount of alcohol produced, indicating

hydrolysis, in samples containing ester base and water, with and without polycarbodiimide
additives, after heating at 370° F (188°C) for 16 hours.

[0011] Figure 2 is a graph comparing the amount of alcohol produced, indicating
hydrolysis, in samples containing ester base and water, with and without polycarbodiimide
additives, after heating at 370° F (188°C) for periods of 16 hours, 40 hours, 64 hours and 88§
hours.

[0012] Figure 3 is a graph comparing the amount of alcohol produced, indicating
hydrolysis, in samples containing ester base, water, and lime, with and without
polycarbodiimide additives, after heating at 376° F (188°C) for 16 hours.

[0013] Figure 4 is a graph comparing the amount of alcohol produced, indicating
hydrolysis, in samples of an ester based invert emulsion drlling fluid, with and without
polycarbodiimide additives, after hot rolling at 150°F (66°C) for 16 hours and then at 370° F
{188°C) for 16 hours.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

10014] Ester based invert emulsion drilling fluids are favored as oil based drlling

fluids for environmental acceptability and regulatory compliance. However, in prior art
fluids, the ester can be vulnerable to hydrolysis, particularly at high temperatures that can be
encountered in drilling subterranean formations for the recovery of hydrocarbons. Such
hydrolysis can result in breakdown of the fluid, which ultimately or eventually renders the
fluid unusable as a drilling fluid. Consequently, the use of ester based drilling fluids is less

cornmon at high temperatures, which typically increase the rate of ester hydrolysis.
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[0015] The addition of fime to a drilling fluid, as has been common practice in the
oilfield, can have the negative side-effect of increasing the amount of hydrolysis of esters in
prior art drilling fluids. Lime provides a greater concentration of nucleophilic hydroxide ion
to the fluid, which can escalate hydrolysis. Consequently, lime is usually avoided in ester
based drilling fluids. _

[0016] The present invention provides a method for enhancing the stability of ester-
based drilling fluids and drilling fluid additives, even at high temperatures, and even in the
presence of lime or other sources of hydroxide ion. This enhancement is accomplished by
reducing the amount of hydrolysis that occurs in oil-based drilling fluid systems. Hydrolysis
inhibition according to the present invention allows for greater application of ester based
drilling fluids in higher temperature environments with greater retention of desirable fluid
properties.

[0017] In the method of the present invention, enhanced stability of ester based invert
emulsion drilling fluids is obtained by adding to or including in the drilling fluid a
carbodiimide, preferably a polycarbodiimide. The carbodiimide carbon is believed to be more
reactive than the carbonyl carbon of an ester and hence the reaction of the carbodiimide with
water or hydroxide (hydrolysis} is expected to be more facile than hydrolysis of the ester of
the drilling fluid. Consequently, the reaction of the carbodiimide with the water or hydroxide
prevents or inhibits the carbonyl carbon of the cster from reacting with the water or hydroxide
that might otherwise hydrolyze the ester, resulting in the ester not becoming hydrolyzed. This
is particularly significant, and surprising, in drilling fluids, and especially invert emulsion
dniling fluids, becanse such fluids alrcady contain water as part of their composition. The
carbodiimide is nevertheless able to maintain effectiveness in enhancing the stﬁbility of the
fluid over time, as for example for a time sufficient to drill one or more wells or subterrancan
boreholes.  That is, the carbodiimide is not immediately “used up” or diluted to
ineffectiveness upon placement into the fluid.

f0018] The effectivencss of the invention is demonstrated in the following

experiments.
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Experiment 1:

[6019] Since hydrolyzation of an ester causes part of the ester molecule to be lost as
an alcohol, the effectiveness of hydrolysis inhibitors can be measured by monitoring the
production of alcohol that is formed in ester hydrolysis. In the case of a state-of-the-art, ester-
f)ased, invert emulsion fluid sold by Halliburton Energy Services, Inc., in Houston, Texas and
Duncan, Oklahoma under the tradename ACCOLADE® drilling fluid, the amount of alcohol
produced can be monitored by gas chromatography/mass spectrometry. Thus, samples
]containing ACCOLADE® base fluid, calcium chloride brine, and an emulsifier, were
[formulated with and without 5 Ib/bbl (16.7 kg/m®) loading of one of two commercial
,l polycarbodiimides: the viscous liquid STABAXOL® P200 polycarbodiimide (Sample A) and
| the powder STABAXOL® P polycarbodiimide (Sample B), both available from Rhein
| Chemie Rheinau GmbH, Mannheim, Deutschlandas (Germany). The samples were static
| aged at 370°F (188°C) for 16 hours and then tested for alcohol content, as indicated in Table 1

| betow.

, TABLE 1

, Additive wt. % alcohol ppm alcohot
Polycarbodiimide Sample A 0.041 409

| | Polycarbodiimide Sample B 0.053 529

,[ None (Control) 0.61 6133
[0020] The data is also graphed in Figure 1. The data indicates that a greater than

90% reduction in the amount of alcohol produced was observed in the presence of the

polycarbodiimides. This reduction indicates a reduction in the amount of hydrolysis of the

ester in the ACCOLADE® base fluid.
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Experiment 2:
{0021] Samples of the same compositions of Experiment 1 were static aged at 370°F

(188°C) for £6 hours, 40 hours, 64, hours and 88 Lours, and tested for alcohol content afier

each elapsed aging period, as shown in Table 2 below.

TABLE 2
Additive wt, % aleohol ppm alcohol
Polycarbodiimide Sample A 0.06 570
Static Aged 16 hours
Polycarbodiimide Sample B 0.16 1588
Static Aged 16 hours
None (Control) 0.59 5876
Static Aged 16 hours
Polycarbodiimide Sample A 0.13 1333
Static Aged 40 hours
Polycarbodiimide Sample B 0.33 3309
Static Aged 40 hours
None (Control) 1.00 10005 :
Static Aged 40 hours !
Polycarbodtimide Sample A 0.34 3365
Static Aged 64 hours |
Polycarbodiimide Sample B 0.74 7373
Static Aged 64 hours
None (Control) 1.25 12470
Static Aged 64 hours
Polycarbodiimide Sample A 0.74 7398

Static Aged 88 hours
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i Polycarbodiimide Sampie B 1.34 13427
Stafic Aged 88 hours
None (Control) 137 ] 13749
Static Aged 88 hours
[0022] The data is also graphed in Figure 2. The data indicates that after 64 hours,

both polycarbodiimide additives still reduced the alcohol concentration, and after 88 hours,
Additive A still showed the ability to reduce the amount of ester hydrolysis that occurred.
The reason Additive A showed supetior performance to Additive B js unclear, although the
liguid nature of the material may have allowed the material to be more fully solubilized in the
solids-free fluids tested in this cxperiment leading to greater efficacy.

Experiment 3:

[0023] Samples containing ACCOLADE® base, calcium chloride brine, and an
emulsifier, were formulated with and without S Ib/bbl loading of one of two commercial
polycarbodiimides, STABAXOL® P200 and STABAXOL® P polycarbodiimides, available
from Rhein Chemie Rheinau GmbH, Mannheim, Deutschlandas, as in Experiments 1 and 2,
except to each of the samples for this Experiment 3 was added lime (3 Ib/bbl [10 kg/m’]). The
samples were static aged at 370°F (188°C)for 16 hours and tested for alcohol content, as

shown in Table 3.

TABLE 3
Additive wt. % alcohol ppm alcohol
Polycarbodiimide Sample A 0.64 6434
Polycarbodiimide Sample B .56 5556
None (Control) 0.98 9804
[0024) The data is also graphed in Figure 3. This data shows that a significant

reduction in hydrolysis is obtained with the polycarbodiimide additives, even in the presence

of lime, and even though the addition of lime to a drilling fluid typically increases the amount
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of hydrolysis due to the presence of greater concentrations of the more nucleophilic hydroxide
ion. The percent reductions in hydrolysis in the samples with the polycarbodiimide additives

when compared to the control were 34.4% in the case of polycarbodiimide Sample A and

8

43.3% in the case of polycarbodiimide Sample B.

Experiment 4:

[0025)] Samples containing ACCOLADE® invert emulsion drilling fluid were
formulated with and without 5 Ib/bbl (16.7 kg/m®) loading of one of two commercial
polycarbodiimides, STABAXOL® P200 and STABAXOL® P polycarbodiimides, available

PCE/GB2O10/MB04

from Rhein Chemie Rheinau GmbH, Mannheim, Deutschiandas, as indicated in Table 4.

TABLE 4

Polycarbodiimide

Sample

A

None (Control)

ACCOLADER® base,
bbl

0.519

0.519

0.519

250,000 ppm CaCly
brine, bbi

0.0676

0.0676

0.0676

LE SUPERMUL®
polyaminated fatty
acid, Ib

10

10

10

FACTANT®
highly concentrated

tall 0il derivative, Ib

ADAPTAE
methylstyrene/acrylate
copolymter for HPHT
filtration comntrol, Ib

Rev Dust, 1b

20

20

&
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Barite, 1b 497 497 497
Polycarbodiimide 5 0 0
Sample A, Ib
Polycarbodiimide 0 3 0
Sample B, 1b

All trademarked products are aveilabte from Halliburton Energy Services, inc. in Houston, Texas and Duncan, Oklahoma.

[0026] The samples were hot rotled at 150°F (66°C) for 16 hours and then were tested
for alcohol concentration. The samples were hot rolled further at 370°F (188°C) for 16

additional hours and tested for alcohol, as shown in Table S,

TABLE §
Additive wt. % alcohol ppm alcohol
Polycarbodiimide Sample A 0.04 416
hot rolled at 150°F
Polycarbodiimide Sample B 0.03 277
hot rolled at 150°F
None (Control) 0.06 626
hot rolled at 150°F
| Polycarbodiimide Sample A 0.71 7129
hot rolled at 370°F
Polycarbodiimide Sample B 0.09 871
hot rolled at 370°F
Nene (Control) 0.78 7761
hot rolled at 370°F
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[0027] This data is also graphed in Figure 4. The data shows that the percent
reduction in hydrolysis with the polycarbodiimide additive Sample B, when compared to the
control, was 89% over the control after aging at 370°F (188°C). Sample A did not perform as
well in the whole mud, possibly because the material was wetted onto solids that were present
in the fluid.

[0028] Although the experiments were conducted with an ACCOLADE® ester base
and an ACCOLADE® invert emulsion drilling fluid, benefits of the invention may be seen
with other ester based drilling fluids. Some other exarples of commercial ester based invert
emulsion drilling fluids include, without limitation, PETROFREE®, PETROFREE® LV, and
PETROFREE® SF drilling fluids available from Halliburton Energy Services, Inc. in
Houston, Texas. Still further examples are taught in United States Patent No. 7,485,602,
issued February 3, 2009, to Jeff Kirsner, et al, and in U.S. Patent No. 7,456,135, issued
November 25, 2008 to Jeff Kirsner, et al., among many other examples. Also, drilling fluids
having an amide base or other base vulnerable to hydrolysis may benefit from addition of a
carbodiimide or polycarbodiimide as a hydrolysis inhibitor.

[0029] Further, the invert emulsion drilling fluids of the invention or for use in the
present invention have added to them or mixed with their invert emulsion base, other fluids or
materials needed to comprise complete drilling fluids. Such materials may include, for
example: additives to reduce or control temperature rheology or to provide thinning, for
example, additives having the tradenames COLDTROL®, ATC®, and OMC2™; additives
for enhancing viscosity, for example, an additive having the tradename RHEMOD L™,
additives for providing temporary increased viscosity for shipping (transport to the well site)
and for use in sweeps, for example, an additive having the tradename TEMPERUS™
(modified fatty acid); additives for filtration control, for example, an additive having the
tradename ADAPTA® (methylstyrene/acrylate copolymer); additives for high teniperature
high pressure control (HTHP) and emulsion stability, for example, an additive having the
tradename FACTANT™ (highly concentrated tall oil derivative); additives for emulsification,
for example. an additive having the tradename LE SUPERMUL™ (polyaminated fatty acid);
and additives for thinning, for example additives having the tradenames COLDTROL®
{alcohol derivative), OMC2™ (oligomeric fatty acid), and ATC® (modified fatty acid ester)
and example additives taught in U.S. Patent No. 7,435,706, issued October 14, 2008 to Heinz
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Mueller, et al. and in U.S, Patent Application No. 10/432,786, filed December 10, 2003 of
Heinz Mueller, ¢t al., both c¢ntitied “Thinners for Invert Emulsions.” All of the
aforementioned frademarked products are available from Halliburton Energy Services, Inc. in
Houston, Texas, U.S.A. Additionally, the fluids may comprise an aqueous solution
containing a water activity lowering compound, composition or material, comprising the
internal phase of the invert emulsion. Such solution may be a saline solution comprising
calctum chloride (typicaily about 25% to about 30%, depending on the subterranean
formation water salinity or activity), although other salts or water activity lowering materials
knowm in the art may alternatively or additionally be used.
[0030] Many other examples of drilling fluid components will be readily known to
those of skill in the art. Also known is that such components may include an ester or an
amide, known o be vulnerable at least at high temperatures to hydrolysis. For example, LE
SUPERMUL®, EZ® MUL, EZ MUL® NT, EZ MUL® NS, DRILTREAT®, INVERMUL®,
INVERMUL® NT and ADAPTA® additives are emulsifiers and fluid Ioss control additives
that contain esters or amides. Adding a carbodiimide, preferably a polycarbodiimide, to the
drilling fluid according to the present invention enhances the stability of such additives, and
consequently enhances the stability of the drilling fluid overall. That is, the carbodiimide
inhibits hydrolysis of the ester or amide in such additives. Thus advantages may be realized
by adding a carbodiimide or polycarbodiimide to a drilling fluid containing ester or amide
additives even when the base oil of the drilling fluid may not comprise an ester or amide.
FO031] The exact formulations of drilling finids used in drilling boreholes vary with
the particular requirements of the subterranean formation. The above listed additives,
however, provide some examples. A preferred example drilling fluid of the present invention
may have the formulation used in Experiment 4 discussed above. A couple of other preferred
example drlling fluids of the present invention have the following example formulations set
forth in Table 6 below.

TABLE 6

Example Formulations

Fluids and Compounds ACCOLADE® Invert PETROFREE® SF

Emulsion Drilling Fluid Invert Emulsion Drilling Fluid

ACCOLADE® Base (bbl) N B —
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PETROFREE® SF BASE|] = - 0.568
(bbl)

LEMUL™ by | e

LE SUPERMUL™ ¢ (1b.) 10

Lime (Ib.) 1

&2 &2 & -

DURATONE® HT * (ib.)

Freshwater (bbl) 0.263 0.

[\=]
Lh
£

ADAPTA® " (Ib.) 2 S

RHEMOD L™ ° (ib) 1 R

GELTONE® i1 ° (Ib.) S 5

VIS-PLUS® ' (Ib.) 13

BAROID® ° (Ib.) 138 138

Calcium chloride (Ib.) 32 31

DEEP-TREAT® (b)) | = c—emeeem 2

Polycarbodiimide (1b.) 5 5

' Blend of oxidized tall ol and polyaminated fatty acid emmlsion stabilizer.
? Polyaminated fatty acid emulsifier.

* Organophilic leonardite filtration control agent.

* Copolymer HTHP filtration control agent for non-aqueous syslems,

* Modified fatty acid suspension agent/viscosifier.

§ Organophilic clay viscosifier.

7 Carboxylic acid suspension agent.

¥ Ground barium sulfate weighting agent.

? Suifonate sodium salt wetting agent/thinner.

[0032] All trademarked products in Table 6 are available from Halliburton Energy
Services, Inc. in Houston, Texas, including: LE MUL™ cmulsion stabilizer (a blend of
oxidized tall oil and polyaminated fatty acid); LE SUPERMUL™ emulsifier (polvaminated
fatty acid); DURATONE® HT filtration contro} agent (organophilic leonardite); ADAPTA®
filtration control agent (methylstyrene/acrylate copolymer particularly suited for providing
HPHT filtration control in non-aqueous fluid systems); RHEMOD L™ suspension
agent/viscosifier (modified fatty acid); GELTONE® II viscosifier (organophilic clay), VIS-
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PLUS® suspension agent (carboxylic acid); BAROID® weighting agent (ground barium
sulfate); and DEEP-TREAT® wetting agent/thinner (sulfonate sodium salt).

[0033] Examples of preferred commercially available polycarbodiimides usefut in the
formulations set forth in Table 6 include, without limitation, STABAXOL® 1, STABAXOL®
P, and STABAXOL® P200 polycarbodiimides, all available from Rhein Chemic Rheinau
GmbH, Mannheim, Deutschlandas (Germany),

[0034] The preferred formula for carbodiimides for use in the present invention is as
follows:

R—N=C=N—R'

where R and R' are the same or different and are selected from the group consisting of
aromatic groups, and straight chain, branched, and cyclic alkyl groups, alkenyl groups, and
alkyn! groups. Alkyl and aromatic groups are more preferred than alkyn! or alkenyl groups,
Aromatic polycarbodiimides are preferred over straight chain, branched, or cyclic
polycarbodiimides, although straight chain, branched, or cyclic polycarbodiimides can be
used in the invention. Polymeric carbodiimides are preferred over carbodiimides. Preferably
R has C to Cyq carbon atoms, and generally polycarbodiimides having a molecular weight in
the range of about 500 to about 10,000 g/mel will be prefetred for use in the present
invention. The aromatic group may be connected to the N group via a hydrocarbon group,
such as an alkyl group, eg a C; alkyl group.

[6035] Further carbodiimides believed to have utility in the present invention are
described in United States Patent No. 6,498,225 and in United $tates Patent No. 5,360,888,
for example. United States Patent No. 6,498,225 specifically teaches polycarbodiimide-
based copolymers having the general formula:

XA (B)—]—X
where;

X is identical or different and is sclected from the group consisting of
—NHCO—R™, —NHCONH-R"", -NHCOO—R™, —NHCO$—R™, —COQO—R"", —O—R™,
—NRy, —5—R™, ~OH, —§—H, —NH,, ~NHR™", and —~NCO, and wherein the group R
denotes an alkyl, cyclcoalkyl, aralkyl or aryl radical containing 1 to 30 carbon atoms;

m, n are independent of one another and are each an intcger from 1 to 1000

o is an integer from 1 to 500;
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A is sclected from the group consisting of the carbodiimides or
polycarbodiimides of the formula; —(—N=C=N—Y—)— where Y is selected from the group
consisting of ortho-or bisortho-substituted aromatics, aralkylenes in which the carbon atom
linked to the carbodiimide group is substituted by C, to Cis-alkyl groups, and cycloalkylenes
in which the carbon atom linked to the carbodiimide group is substituted by C; to Cjy-alkyl
groups; and

B is selected from the group comsisting of (poly)diioles, (poly)diamines,
(poly)dimercaptans, (poly)aminoalcohols, (poly)aminomercaptans and
(poly)mercaptoalcohols. United States Patent No. 5,360,888 teaches polycarbodiimides that
are reaction products of substituted aromatic isocyanates, such as: 2,6-diisopropylphenyi
isocyanate; 1,3,5-triisopropyl-2,4,-diisocyanatobenzene; naphthalene-1,5-diisocyanate; 2,4-
diissocyanato-3,5-dimethyltoluene; 4,4’-methylenebis(2,6-diethylphenyl isocyanate); 4,4’-
methylenebis(2-ethyl-6-methylphenyl 1socyanate); 4 4’-methylenebis(2-isopropyl-6-
methylphenyl isocyanate); 4,4 -methylenebis(2,6-diisopropylphenyl isocyanate); and 4,4°-
methylenebis(2-ethyl-6-methyleyclohexyl isocyanate).

[0036] As indicated above, the advantages of the invention may be obtained by
employing a drilling fluid of the invention, comprising or containing an ester or amide, in
drilling operations, wherein the drilling fluid has added thereto a carbodiimide, preferably a
polycarbodiimide. The drilling operations—whether drilling a vertical or directional or
horizontal borehole, conducting a sweep, or running casing and cementing—may be
conducted as known to those skiiled in the art with other drilling fluids. That is, a drilling
fluid of the invention is prepared or obtained and circulated through a wellbore as the
wellbore is being drilled (or swept or cemented and cased) to facilitate the drilling operation.
The drilling fluid removes drill cuttings from the wellbore, cools and lubricates the drill bit,
aids in support of the dnll pipe and drill bit, and provides a hydrostatic head to maintain the
integrity of the wellbore walls and prevent well blowouts. The specific formulation of the
drilling fluid in accordance with the present invention is optimized for the particular drilling
operation and for the particular subterranean formation characteristics and conditions (such as
temperatures). For example, the fluid is weighted as appropriate for the formation pressures
and thinned as appropriate for the formation temperatures. Further, the fluids of the invention
miy be recycled during a drilling operation such that fluids circulated in a wellbore may be

recircutated in the wellbore after returning to the surface for removal of drill cuttings for

A\
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example. The drilling fluid of the invention may even be selected for use in a driliing
operation to comply with environmental regulations governing drilling operations in a
particular subterranean formation.

{0037] The foregoing description of the invention is intended to be a description of preferred
embodiments. Various changes in the details of the described fluids and methods of use can

be made without departing from the intended scope of this invention as defined by the
appended claims.
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CLAIMS

L. A method for drilling a borehole in a subterranean formation for the recovery of
hydrocarbons, comprising the steps oft providing or using an oil-based drilling fluid

comprising a carbodiimide; and drilling the borehole in the subterranean formation.

2. A method according to claim 1, wherein the drilling in the subterrancan formation

includes temperatures in the range of the range of about 275°F (135°C) to about 450°F
(232°C).

3. A method according to claim 1 or 2, wherein the drilling fluid comprises an ester

based invert emulsion.

4, A method according to claim 1, 2 or 3, wherein the carbodiimide has the formula:
R—N=C=N—R'

where R and R’ are the same or different and are selected from the group consisting of
arornatic groups and straight chain, branched, and cyclic alkyl groups, alkenyl groups, and

alkynl groups.

5. A method according to claim 4, whercin R has C; o Cy carbon atoms.
6. A method according to claim 4, wherein R' has C; to Cyg carbon atoms.
7. A method according to any preceding claim 1 wherein the carbodiimide is a polymer.
8. A method according to any preceding claim, wherein the carbodiimide is monomeric.
9. A method according to any preceding claim, wherein the carbodiimide is a hydrolysis

inhibitor.
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10. A method according to any preceding claim, wherein the carbodiimide has a molecular

weight in the range of about 500-10,000 g/mol.

11. A method according to any preceding claim, wherein the drilling fluid comprises an

additive comprising an ester.

12. A method according to claim 11 wherein the additive is an emulsifier.

13, A method according to anv preceding claim, wherein the drilling fluid comprises an

additive comprising an amide.

14. A method according to any preceding claim 1 wherein the drilling fluid comprises

water.

15. A dnlling fluid for drilling a borehole in a subterrancan formation comprising: a
continuous phase; an internal phase; an emulsifier; a filtration control agent; a weighting

agent; and a carbodiimide.

16. A drilling fluid according to claim 15, wherein the continuous phase comprises an

ester based tnvert emulsion.

17. A drilling fluid according to ¢laim 15 or 16, wherein the emulsificr comprises an ester

or an amide.

18. A drilling fluid according to claim 15, 16 or 17, wherein the filtration control agent

comprises an ester or an amide.

19. A drilling fluid according to claim 15, 16, 17 or 18, wherein the carbodiimide is a

polycarbodiimide, having a molecular weight in the range of 500 to about 10,000,

20, A drilling fluid according to any one¢ of ctaims 15 to 19 wherein the wherein the

carbodiimide has the formula:
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R—N=C=N--R'
where R and R' are the same or different and are selected from the group consisting of

aromatic groups and straight chain, branched, and cyclic alkyl groups, alkenyl groups, and
alkynl groups.
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purposes of ol desighuted States or for the purposes of the
Lnited Stares of America: i such cose. weire “Comtinneatim
of Box No. " or “Comtimmation of Box No. [[1” oe
“Cratinuttion of Bives No 1 and No [T tas the case may
bed. indicaie the nae of te iuveniors) and, wext b feaeh)
such marne, e Swaeies) fand or, wiere upplicahfe, ARIPO),
Baerasian, Enropean ar O:APEpatent) for the purposes of which
the naned PESERE 15 inardor;

i in aleditten to the agent(sy ndicated in Box No. 0 there are
Jurther agents: in such case. write “Contingation of
Box No, W e inclicate for each friher agent the same epe
of information as required in o No, 17

i, i Beax No 1T dhere are more than three earlier applications
whase priorify is claimed: ool eose, write 0 otinrtion
af Box Moo V17 and indicate Jor el additional earlior
application e same fvpe of information ax required
i Box Vo T

i the applicans imtencds wo make ai wdicateor of the wish et
s imteraaiona! applicaton be trearod, it cortain desigmied
Stattes, oty an application for a paient of adidition, ecriificate of
additicnr, iiventor s cortificate of addition o wtilin cortificare
of addition: in sucl a case, write the neome oF fwosfeder eods
af vach de aguated State coneerned and the indicatian “patent
of addition, " “certificate of addition.” “inventor's certificate
af uddition” or “utifity certificate of addition. " e mmther of
the parent application o paremt patems or other Jxtrestl grunt
atred e date of et of the parens pesent or other parens gront
o thie deite of filing of e parent application (Rackes 4 1 iy
o A9his fra) o rhi,

{the applicant iniwndy o emake are indication of the wish tdat
dre indernationed applivation be wreared. v e Ureited States of
Amierica, as a contivaalion or CORTIHM =gt of
corticr application: in suelt @ case, wene “United Statos of
Anierica”™ o U8 wnd the indication continaation” or
“eonfingation-in-part” and the armber and dre_fiting dote of
e purent application (Rufes 4 Henciv) and 49hes 1rdy),

CONTINUATION QF BOX I

P A Cunlis is applicant for Malawi (MW) onty.

CONTINUATION OF BOX NO Iv

Further agents of A A Thornlon & Co., 235 High
Holborn. London, WC1V 7LE, United Kingdom, who
have been appointed to act on behalf of the
applicants before the competent Inlernational
Authorities are:

LERWILL, John,

GILL, fan Stephen,

HEDGES, Martin Nicholas,
TURNER, Craig Robert,
BENNETT, Adrian Robert James,
SOUTH, Nicholas Geofirey,
JENNINGS, Michael John,
AMERY, Marcus James
COTTRILL, Emily Elizabeth Helen,
PATEL, Nikesh Prakash.

Form PCTT RO G supplemental sheety A pal 2007y
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SheetNo. .. 4. ..

Box No. ¥V DESIGNATIONS

The Bling of this regeest constitites under Rule 4.9(9), the desigantion olall Conlraciing Stales bound by the PCT on e intermalionad
titing date. for1he geant of everv kind of prowection avaijable and, where applicable. tor the grant of both regronad and national patents.
Flowever,
D D Germany is nat designated tor any kind of nationy] protection

P Tapaiy is ot designated tor sy kind of uational protection
D KR Republic of Korea is not designated for ary kind of national protection

RU Russinn Federation is non designated for any kind of sational protection

iThe check-hoxes whove inav anly be wsed o cxelude verevocably the desi fations concerned if ar the time of fling or subseqrensh under
Rude 26bis 1, e internationd application comains in Rox Ne. 17 a priority claing to an caviier national application filed in the particular
State concerned. in order i avoid the ceasing of the effect wnder the vational Iy, af this earlier national applicuiiog.)

Box No. VI PRIORITY CLAIM

The prionty of the tllowing carlier applicationts ) is bereby elaimed:
P 3 2 PE )

Filing date Ninmher Where carlier applivation m:
of eardier applicalion of carlier application national annliean - —
feeny o vieary counly ‘ulr];\ff;;nhcr. regionab application: Jinternoional application:
ST WTO regional {1Tige receiving Oftice
item (1)
24/04/2009 12/386,944 us
{24 April 2008)

ilent {2)

e (3}

E] Further priority claims are indicated 1 the Supplemental Rox.

Transmit certified copy: the receiving Oilice 5 requested to prepare and transmit o the Inlereational Murean 1 cortilicd copy ol the
calier application(s} funlv of the earlicr application was filed with the Office which for the purposes of this ineraational applicaion
is the receivipg (ffice) identilicd ghove as:

D all items D dem 1) [:I ttemi (2) D 1em (3) D ather. see Supplemenal Box

Restore the vight of priority: the reeeiving Otfice is requesied o restore the right uf prierity for the cadier application{s) idenlited
ghove or inthe Supplemental Rox as itemis) L L .. ) Wee also the Netes 1o Box Xo, L further
infornarion must be provided 1w support a reguest (o rostore the right of privein,

Incorporatinn by refercace: where an clement of the international upplication refireed (0 in Asticle 11(| Wi d} or o) or a part of
the desersplion. claims or drrwings referred to in Rule 20.3(2) is not oiherwise somained in this international application but is
completely contained in an carlicr application whose priontv 15 claimed on the date an which once ar more elements refemed fes in
Article FICLKGD were finst qeceived by she reeciving Office. that element ar purt is. suebjeet 1 confinnation under Rule 2005,
ieorporated by referenee in this international application Tor the purposes ol Rule 206

Box No. V11 INTERNATIONAL SEARCHING AUTHORITY

Choice of Intevautional Searching Authority (ISA) o' ivo or peore Interntional Searching Anthoriios are COPEIen o carey el e
imerntional search. indicate the Awthoray chasen: the tve-letter code may be useds;

ISA/ EP.

Request to use results of eavlier search: reference to that search f i carlicr search s freen carvied o by or regrested fromn the
Inremiativmad Searclting tutharin.

2ute rdav preantte vear) Number Comniry ror regromal Offices

Bax No. VI DECLARATIONS

The loliowing declarations ace comained in Boxes Nas, YT to (v) imark dre upplicuble Number of
check-foxes below ard indicare in she right colnn the namber of cach npe of declaration;. declaratiens
D Box Nu. VIl b Declamatiun us 1o ihe identity of the inventor

D Box No. VIH (i) Brecturaiion s w the applicant™s calitiement, as at the intesnatamal filing

date_to apply for and be granted s patent

D Rox Mo, VI (i} Dreclaration s to the zpplicant’s cntrtlement. as w1 ihe intersational 1iling
davie. 1o elai the priarity of the earher application

[:j Hos No, VHI (i) Prechuration of imventarship fonly T e purpuses of the desigmtion of the
Uniled States of America)

D Box Mg, VHT 14y Declaration s to non-prejudiciafl diselasures or exceptions 1o Jack o nevells

‘orm PUT RO U] (seeond sheety tApnl 2000 Sve Nodex i the reguest form



SheetNo. . 3

Box No. IX  CHECK LIST: LANGUAGE OF FILING

This intermational spplication contains;

(0) on paper, the 1ellowing ninnber of
sheets:
request (including
declaratron and
supplemental sheets) 5
deseription (eneluding
sequenee listing andor

labfes related therelo) ‘ 15
claims 3
ahsiract . 1
drawings : 2
Sub-total sumber of sheets 28

sequenee Listing
tabtes related theretn

ifor henh. acral inher
of shecrs of filed on poper,
whether or not also

Jited iy electranic firm:
see (el holow)

Total number of sheets : 26
() £ oaly in electranic form
(Seetion 8IHAXIN
iy [ sequence listing
(i [ wbles relsted thereto
o) O also in electronic form
{Section 80 1Ta)ii))
Gy [ sequence tisting
¢ity 3 rables related thereto
Type nnd number of carriers (disketie.

CIRROM. CIR ar other) on which are
contasred the

tadditiona! capies 1o he indicatad under
ftems Duiiy andor T i righs eadinmg

Lhis internationad application is accompanied by the fultowing Number
Hen s} tntark the applicaple check-hoves helow and indicate i of ilems

ittt columm the snunber of cach iemi:
1. fee calealation sheet

1J

00000 O0OR

origital separate power of alorey

origmal general power of atlorngy

ifans: . ...

wemisk ...

or ather biological material

sequenve listing in electronic form

tindicare e and nnniher of carriers)

statement explaining lack of signudure
priodly documentis) ideniitied in Box No. V| as

trnslation of international spplication iato
Cangtiager: ... 000

1

capv of gencral power of attermes; referenee mumber.

separate indizations coneeming deposited microorganism

i) [0 copy submitted for the purposes of international search uider
Rufe $30er vnly Gand notas putol e intermationat spplication) ;

(i) [ roniy where check-berx (hiei) o tesei is marked i left cotunnn
additionul copies meluding. where appheable. the copy Jor the
purposcs of international scarch under Rale 13ar

gii) [ together with celevant siatement as 1o the identity of the copy or
copics with 1he sequence listing mentioned in lefl cobun

1 O tables in electronic Form related 1o sequence lsting

ifndicare npe and munber of carricrs)

iy [ copy subnitted for the purposes of international search under
Seetion SU2{b-gnater} only Cand notas part of the internalional

application)

iy O tatily: where chock-box (hitiiy er (eaii ix inarked i lefi columny
addutional copies inctuding, where appl wealile. the capy for (he
purposes of international seerch under Seetion 802(h-earer)
giny O togethes wallirelevant statement as lo the identity of the eopy or
copres with the tables mentioned in lefl column :

I, olher (specifiy. Letter

Figure of the draw ings which
should zeeompany the abstract:

Fig 1

Languape of fiting of the
interationat] application:

English

Rax No. X

SIGNATURE OF APPLICANT. AGENT OR COMMON REPRESENTATIVE

Xext i vich wgnature, indicae the ncme of the persen sivning wid the ceguicaly i which the perserr sims (i sl caansssy i mon obiows from FeAdIng e requzit).

CURTIS Philip Anthony
22 April 2010

1. Date of actual reeeipt of the purported
miernational application:

Far receiving Offiee e anly

2. Brrawangs:

D reeeived:

A

the puzported imernational appheation:

Corrected date ol acturl reeeipt due w later but
fimely recerved papers or drawings completing

4. Dawe of tmely rcs.'cién of the required
corrections unders PCT Aricle 11(2):

D e received:

A

. Intermational Seareling Autherily
(i o or more are competenty: — {SA /

i
1o Transmittal of search copy delaved

: wnlil seareh fee is paid
|
i

Date of reesipt of the recard copy
by the Interrationat Burenu.

For lernational Hurean use onh

Form PCT RO 10T {last sheet) ¢Apal 20073

Sev Newes ior the reguest ferm



PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

RECEIVED
23 JuL 200

To:
Curtls, Philip Anthony
AA. Thomton & Co.
235 High Helborn

{.ondon
WCIV 7LE
GRANDE BRETAGNE

RECEIVED
21 JUL 200

PCT

NOTIFICATION OF TRANSMITTAL CF
THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

et et 3 o (PCT Ruile 441)
Date of mailing
{day/ronihiyear)
21 July 2019 (21-07-2010)
Applicant's or agent's file raference
PAC/NIZ7858 WO FOR FURTHER ACTICN Sew paragraphe 1 and 4 below

International application No.
PCT/GR2010/000804

lnternational filing date
{daymonthAear)

22 April 2010 {22-04-2010)

Applicant

HALLIBURTON ENERGY SERVICES, INC.

Flilng of amendments and statament ynder Article 19:

internaticnai Search Repont.

2

4. Reminders

months.,

Gulde, National Ghapters.

1. The applicari is hereby notilied that the international search report and the written epinion of the International Searching
Authority have been established and are transmitted herewith,

The applicent |5 antitied, it he so wishes, to amend the claims of the Intamational Application {see Aule 48):
When? The time limit for filing such amendmanis is normally two months from the date of transmittal of the

Where? Directly to the Intematianal Bureau of WIPQ, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Faseimile No.: (41-22) 338 82.70

For more detailed Instructions, seethe notes onthe accompanying sheet.

The applicant is hersby natified that no inlernational saarch repart will be established and that the declaration under
Arlicle 17(2){a} to that effect and the written opinion of the Intemational Searching Authority are transmitted herewith.

3. D With regard to any pratest against payment of (an) additional fea(s) under Aule 40.2, the applicant is notified that:

the protest togather with the dacision theraon has been transmittad to the Intarnational Bureau together with the
applicant's raquest to forward the texta of both the protest end the dacision thareon to the designated Offices.

no decisicn has baan made yet an the protest; the appifeant will ba nolifisd as soon as a decision is mads,

Shertly after the cxpiration of 18 manths from the priority dale, the internaticnal application will be published by the
International Bureau. I the applicant wishes to avoid or pastpone publicalion, & netice af withdrawal of the Intermationa)
application, or of the priority claim, must reach the International Bureau as provided in Rules 8054s.1 and Ghkis.3, respectively,
before tha complelion of tha technioal preparetions for international publication,

The appiicant mey submit commerts on an informal basis on the written opinion of the Intermational Searcking Authority fo the
!memational Bureau. The International Bureau will send a topy of such comments to all designated Otfices untess an

intarnational prelintinary examination rapor has besn o is 1o be astablished. These commants would also be made availabls ta
the publis but not belore the expiration of 30 months from the priority date.

Within 18 months from the priority date, but only in respect of some designated Oftices, a demand for internationat preliminary
examination must be filed if the applicant wishes to postpane the entry into the rational phase until 30 manths fom the priority

date (in some Cffices sven later); otherwiss, the applicant must, within 20 months from ihe phiatity date, periorm
acts for entry into the nationaf phase belfore those designated Offices.

In respect of other designated Offices, the lime limit of 30 months {or later) wifl apply even if no demand is liled within 19

See the Annax to Form PCTAB/301 and, for details about the appiicable time timils

the prescribed

¢ Ofice, see the PCT Applicants

———""RECORDS N

1 v

Name and mailing address otihﬂﬁ'ﬁﬁﬁﬂ&él Segrghi
T e Europesn Patent Qfficd, T, 88118 Patanttaan 2
‘g)) NL-2280 HY Rijswifk .
. Tel. (+31-70} 340-20404 .
Fax: (+31-70) 340-3014 p‘—}\:&r{ Mo A o

Tof: +49 (0)89, 2399-8
MM

uthorized officer
FeRBAR, Claydia

Pt

'IForrn BCTASA220 (July 2008)

|

{See notes an accompanying sheat)



NOTES TO FORM PCT/ASA/220

Thesa Notes are intended to give the basic instructions conceming the fiing of amendments under articla 19. The
Netes are based on Ihe requirements of the Patent Cooperation Treaty, the Regulations and the Administrative Instructions
under that Treaty. In case of discrepancy betwaen these Notes and thase requirements, the fatter are appiicable. For more
detailed information, see also he PCT Agplicant's Guida.

In these Notes, "Articie”, "Rule”, and "Section” refer to the provisions of the PCT, ihe PCT Ragulations and lhe PCT
Administrative Instructions, respactivaly.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 13

The applicant has, afler having recaived the intemational search report and the writlen opinion of the Infarnational
Searching Autharity, ore opsortunity to amend the claims of the international application. It should however be emphasized
that, since atl parts of the international application {¢laims.description and drawings) may ba amended during the
international prefiminary examination procedure, there Is usually no need to fite amendments of {he claims under Article 19
excapt whers, e.g. the applicant wanis the latter to be published for the purposss of provisional protection or has another
reason lor amending the daims before international publication. Furthermare, it should be emphasized that provisienal
protection is available in sama States only {see PCT Applicant’s Guids, Annex B).

The atentlon of the applicant is drawn to the fact that amendments Io the claims under Articie 19 are not allowsd where
the International Searching Authorlly has declared, under Anticle 17(2), that no international search report would be
established (see PCT Applicant’s Guide, International Phase, paragraph 296).

What parts of the Internationsl application may be amended?

Under Article 19, only the claims may ba ameaded.

During the internatleral phase, the claims may also bs amended (or further mended) under Article 34 bafore the
Intemational Prefiminary Examining Autharity. The description and drawings may only ba amenced under

Article 34 befors the Internationat Examining Authority.

Upan entry inic the national phase, alt pans of the internalional application may be amended under Adicle 28 or,
where applicabla, Article 41.

Whan? Within 2 months from the date of transmittal of $he internatfanal search repart or 16 months from the priority date.
whichever lime limil expires Jater, [t should be noted, howevar, that the amendments will be considered as having
bzen received on time if they are recaived by the Intemational Bureau after the expiration of the applicable tima
limit but before the completion of the technical preparations for insarnational publication (Rule 46.1).

Where nol to file the amendments?

The amendmenis may only be lied with the Internztional Bureau and not with the recelving Office or the
International Searching Authority [Aule 46.2).

Where a demand for internationat preliminary examination has beens filed, see below.

How? Elther by cancelling one or mors entire claims, by adding ane ar mare new claims er by amending the text of one
or more of the claims as filed.

A replacerment sheet or sheets cantaining a complete sel of claims in replacement of all the clalms previousty filed
miust be submiited,

Where a ¢laim is cancelled, no renumbering of the other claims is required, In all cases whers claims are
renumbered. they must be renumbered consecutively in Arabic numerals {Section 205(a)}.

The amendments must be made in the languags in which Ihe international application is to be published.

What documents must/may accompany the amendments?
Letter (Seclion 208(¢h)):
The amandmemnis must be submitied with a fetter.

The lefter witl not be published with the international applicatian and the amended claims. 1t should not he
caniused wilh the “Statement under Article 19(1)" (see below, under "Staternent undar Article 19(1)7).

The letter must be in English or French, ot the cholce of the applicant. However, it the language of the
international application s English, the letter must be in English; Il the language of the international application
is French, the letter must be in Freach.

Nates fa Farm PCT/ASA/229 (first sheel) {July 2009;

IDOCID: <XS 20100601198 _|_»



NOTES TC FORM PCT/ISA/220 (continued)

The letter must indicate the differences betwsen ihe claims as filed and the claims as amended. It must, in
parlicular, indicate, in conneciion with each claim appearing in the infernational apolication (it being understood
that idestical indications conceming several claims may be grouped),whether

(i} the claim is unchanged;

(i} the claim is cancelled;

{iii) the claim is naw;

{iv) the claim replaces one or more dlaims as filked;

(v) theclaimis the resuft of the givision of a claim as filed.

The following examples illustrate the manner in which amendments must be explained in the
accompanying lefter:

1. [Where originally there ware 48 claims and after amendment of some claims there are 51}
"Claims 1 t0 28, 31, 32, 34, 35, 37 lo 48 replaced by amended claims bearing the same numbers:
claims 30, 33 and 36 unchanged; new ciaims 43 to 51 added.”

2. [Whers originalfy thare wera 15 ciaims and alter amendment of all claims there are 1 1]:
"Claims 1 to 15 replacad by amended claims 110 11.*

3. [Where originally there were 14 claims and the amendments consist In cancelling some claims and in adding
new cfaimsh:
“Claims 1 lo 6 and 14 unchanged:; claims 7 {0 13 cancailed: new claims 15, 16 and 17 added.” or
*Claims 7 1o 13 cancalled; new claims 15, 16 and 17 added; ali other claims unchanged.”

4. [Where various kinds of amendments are made]:
“Claims 1-10 unchanged; claims 11 to 13, 18 and 19 cancelled: claims 14, 15 and 16 replaced by amanded
claim 14; claim 17 subdivided inlo amended claims 15, 16 and 17; new claims 20 and 21 added.”

“Statement under article 19{1)" (Rule 46.4)

The amendments may be accomparied by a stalement explaining the amendments and indicating any impact
that such amendments might have on the dascription and the drawings {(which cannot be amended urder Anicle 19¢1)).

The statement will be published with the intemational application and the amended claims.
it must be in the language in which the Infemational applicatian is to be published.
It must be briet, not exceeding 500 words i in English or it translated inlg English.

Ht should nat be confused with and does not replace the latter indicating the diflarences between the claims as filed
and as amended. it must be filed on a separaie sheel and must be idenlillad as such by a heading, preferably by
uging the words "Statement urder Article 19(1)."

It may not contain any disparaging comments on the internationat search report or the relevanca of citations
conlained in that report. Reference to citations, relevant ta a glven clalm, contained in tha international search
report may be made only in cormection with an amendment of that claim.

Consequence if 2 demand for internalional greliminary examination has already been filed

i, a1 the time of fling any amendments and any accompanying statement, undes Article 19, a demand far
internatlanat preliminary examinalion has already baen submitted, the applicant must preferably, at the time of
liling the amendments (and any statement ) with the International Bureav. also file with the International
Preliminary Exarnining Authorily a copy of such amendments (and of any statemont) and, wherg required, a
translation of such amendments for the procedure before that Authority (see Rules 55.3{a) and 62.2, first
senlence). For further information, see the Notes 1o the demand form (PCT/IPEAM0T).

It a demand for intarnational prefiminary examination is made, the written opinion of the International Searching
Authority will, except in certain cases where the Internatlonal Preliminary Examining Authority did not act as
international Searching Authority.and whers it has notified the Intemational Bureaw under Sule 66.154s(b). be
considered {o ba a wrilten opinian of the Intemnational Prefiminary Examining Autharity, H a demand is made, (he
applicant may submit to the international Preliminary Examining Authority & reply te the written opinion together,
whers appropriate, with amendments be'ore the expiration of 3 months rom tha date ot maiting of Form
PCTASA220 or befors the expiration of 22 months from the priority date, whichever expires fater (Rule 43bis.1{c).

Consequence with regard o translation of the international application for entry into the nationai phase

The applicant’s attention is drawn 10 the fact that, upen entry into the natlonal phase, a transfation of the cisims as
amended under Arlicle 19 may have to be furnished ‘o the cesignatedsalectad Olfices, instead of. or in addition 1o,
the transiation of the ciaims as filed.

For turther details on lhe requirements of each designated/efected Office, sse the PCT Appiicant's Guids.
Natianal Chapters.

Motes to Form PCT/ISAR20 {second sheet) (July 2008}

TOCID: <X§,
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PATENT COOPERATION TREATY

PCT

(PCT Anrticle 18 and Rules 43 and 44)-

INTERNATIONAL SEARCH REPORT

Applicant's ar agsnt's file reference

PAC/N/27868 WO

FOR FURTHER

see Form PCT/ISA220

ACTION as well as, where applicable, itam § Ealow.

International application No.

PCT/GB2010/000804

inteenational filing date {day/monthyear)

22/04/2010

{Earligst) Priodty Date [day/month/vear)

24/04/2008

Applicant

HALLIBURTON ENERGY SERVICES, INC.

This interatianal search report consists of a total ot 3 sheeats.
E It is als¢ accompanigd by & copy of each prior arf doecumen cited in this report.

This international search report has been prepared by this Intarnationgl Searching Authority ard is ansmitted to the applicant
gccording to Articie 18, A copy is being transmitied to the International Buraau,

1. Basls of the report

2.

3.

4. With regard to tha title,

5. With regard to the abstract,

8. With regard {o the drawings,

D 2 translation of the international application Into
of a translation furnished for the purposes of international search (Rules 12.3{a) and 23.1{b})

a. With regard to the language, the international seaerch was camed out on the basis of;
@ tha internalional application in the languaga in which it was filed

, which Is the language

Certaln claims were found unsearchable {See Box No. 11}
Unity of inventicn Is lacking (see Box No 1t

the text is approved as submitted by the applicant
D the text has been sstablishad by this Authosity to read as tallows:

the 1axt is approved as submittad by the applicant

the text has been established, according to Rule 38.2(b), by this Autherily as it appears in Box No. IV. The applicant
may, within ong month from the date of mailing of this international search report, submit commenis to this Authority

This international search raport has been established taking into account the rectification of an cbvlous mistake
authorized by or nefified 1o this Authority under Rule 91 (Fule 43.6bis(a}).

b [
c. D With regard to any nucteotide and/or amine ecid sequencs disclosed in the intemational application, see Box No. [,

a. the figure of the drawings to be publishad with the abstract is Figure No. _],

as suggested by the applicant

D as selacied by this Authority, because the applicant falled to suggest a figure

E] as selected by this Authority, because this figure befter charactesizes e Invention
b. D nona of the ligures is to be published with the abstract

Form PCTASAM1D (first sheet) {July 2000)



INTERNATIONAL SEARCH REPORT

International spplication Na

PCT/GB2010/000804
A. CLASSIFICATION OF SUBJECT MATTER
INV.  C09K8/34 C09K8/36
ADD.

According to intemational Pelent Classification (IPC) or to both national classBication and IPC

B. FIELDS SEARCHED

Minimum documentalion searched (classificalion system ollowed by classfication symbols}

09K (086

Bocumentation saarched other than minimum documantation to (Me extent that such decumants are inckided in tha tislds searched

Electronic data base consulted during the inlemational search {name of dala base and, where praciical. search terms ysed)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | CHation of document, with Indicalion, where appropriata, of the relevant passages Relevan 1o claim No.

Y US 2001/009890 Al (PATEL ARVIND D [US] ET 1-20
AL) 26 July 2001 (2001-07-26)
example 4

claims 1-13
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Box No.! Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:
& the internationat application in the language in which it was tiled

O atransfation of the internationai apoplication inta , which is the languags of a transtation furnished for the
purposes of international search (Rufes 12.3(a) and 23.1 {b)).

2. {1 This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

3. With regard to any nucleotide andior amine acid sequence disclosed in the international application, this
opinion has been established on the basis of a sequence listing fited or furnished;

a. (means}
O on paper
O in electronic form
b. (time)
0 in the international application as filed
O together with the international application in etectronic form
0l subsequently to this Authority for the purposes of search
4. L) in addition, in the case that more than one version or capy of & sequences listing has baen filad or furnished,
the required statements that the information in the subsequent or additional copies is identical to that in the
application as filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments;

Box No. il Priority

1. B The vaiidity of the priority claim has not beer: considered because the International Searching Authority
does not have in its possession a copy of the earfier application whose pricrity has been claimed or, where
required, a transtation of that earlier application. This opinion has nevertheless been established on the
assumption thet the refevant date (Rules 43bis.1 and 64.1) is the claimed pricrity date.

2. 0 This opinion has been established as if no pricrity had been claimed due to the fact that the priority ciaim
has baen found invalid (Rules 43bis.1 and 64.1). Thus for the purposes of this opinion, the internationa!
filing date indicated above is considered o bs the relevant dats.

3. Additional obsarvations, if necassary:
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Box No.V  Reasoned statement under Rule 43bJs.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1, Statement

Novefty (N) Yes:
No:

Inventive step (IS} Yes:
No;

Industrial applicabiiity (I1A) Yes:
No:

2. Citations and exptanations

see separate sheet

Claims
Ciaims

Claims
Claims

Claims
Claims

Box No. VIli Certaln observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the

claims are fully supported by the description, are made;

see separate sheet
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emV

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Reference is made to the following documents;

D1 US 2001/009890 A1 (PATEL ARVIND D [US] ET AL) 26 July 2001
(2001-07-26)

D2 EP 1138 706 A1 (RHEIN CHEMIE RHEINAU GMBH [DE]) 4 October
2001 (2001-10-04)

D3 US 2004/072696 At (PATEL ARVIND D [US]) 15 April 2004 (2004-04-15)

i Novelty :

1.1 Since none of the documents cited in the search report disclose all the
features of independent claim 1, it is considered that said claim as well as
dependent claims 2-9 are novel over said prior art documents.

1.2 Since none of the documents cited in the search report disclose ali the
features of independent claim 15, it is considered that said claim as well as
dependent claims 16-20 are novel over said prior art documents.

2 Inventive step :

2.1 Claim 1 relates to a method for drilling a borehole in a subterranean formation
for the recovery of hydrocarbons, comprising the steps of: providing or using
an oil-based drifling fluid comprising a carbodiimide; and drifling the borehole
in the subterranean formation.

2.2 None of the cited document discloses an oil-based fluid, or an ester based
invert emultion, comprising a carbodiimide.
The technical problem solved by this differentiating feature is to improve the
effecliveness of ester based invert emulsion (which satisfy many
environmental concerns) at high cilfield temperature, by acting as a hydolysis
inhibitor.

Form PCTASA/23T {Separste Shaat) (Sheat *) {EPO-Aptll 2005}
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AUTHORITY (SEPARATE SHEET) PCT/GB2010/000804

2.3

2.4

2.5

Hence, it has to be noted that the alledged technical problem is only solved if
the oil-based drilling fluid is an ester based invert emulsion.

Therefore, it appears clearly here that the technical effect is not present for
the whole claimed area, but only for ester based invert emulsions (dependent
claim 3}. Furthermore, the examples are only considering ester based invert
emulsion, confirming that the technical effect is only shown for this kind of
base fluid.

Therefore, if a pasitive contribution to inventive can be granted, this can only
be done is the scope of claim 1 is limited to ester based invert emulsions.

Document D1 discloses ester based invert emulsions, used as drilling fiuids
(see claims), In the example, it is shown that the properties are measured up
to 250°F, and are satisfying.

Document D3, disclosing a similar methad and drilling fluids, states even (see
examples) that this kind of ester based invert emulsions are stable up to
300°F.

This seems to indicate that a temperature limitation {such as done in present
dependent claim 2} is aiso mandatory in present independent ciaim 1, in order
to have the technical effect present over the whole claimed area.

On the other hand, document EP 1 138 706 (D2) discloses a process for the
preparation of polycarbodiimide, as well as the use as ester hydrolysis
inhibitors.

Hence, the skifled person, starting from D1, and wanting to use such ester
based invert emulsion at higher temperature, knows that he will have to inhibit
the hydrolysis of said ester (which is highly influenced by the temperature).
Since the use of polycarbodiimide as ester hydrolysis inhibitors is known from
other chemical field, the skilled person would consider that solution, to
improve the method of document D1.

Therefore, the subject-matter of independent claims 1 or 15 is not considered
as being inventive over a combination D1 and D2.

Form FCTASA/237 (Sepatate Shest) (Shew: 2) (EEO-Apil 2005}
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AUTHORITY (SEPARATE SHEET) PCT/GB2010/000804

2.6 Dependent claims 2-14 and 16-20 do not appear to contain any additional
features which, in combination with the features of any claim to which they
refer, meet the requirements of the PCT with respect to inventive step.

Re Item Vil
Certain observations on the international application

i The term “about” used in claims 2, 10, 19 is vague and unclear and leaves
the reader in doubt as to the meaning of the technical features to which it
refers, thereby rendering the definition of the subject- matter of said claims
unclear.

2 Claim 16 is unclear under Art. 6 PCT. Indeed, said "continuous phase" is
continuous, and cannot be an “invert emulsion”, as it is stated in said claim.

3 In claim 20, the wording "wherein the wherein the carbodiimide..." should be
corrected, since it is unclear (Art. 6 PC).

Form PCTASAI207 {Separas Sheat} (Sheet 3] (£PC-Api 2005)
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applicant may file amended claims under Art. 19 PCT directly with the
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date, whichever expires later (Rule 54bis PCT). Amendments under Art.
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on the WO-I1SA directly with the International Bursau of WIPO. These
will be communicated to the designated Offices together with the IPRP
(International Preliminary Report on Patentability) at 30 months from the
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CROSSLINKING AGENTS FOR PRODUCING GELS FOR OILFIELD
APPLICATIONS

BACKGROUND OF INVENTION

Field of the Invention

[0001] Embodiments disclosed herein relate generally to gels for use in downhole
oilfield applications. More particularly, embodiments disclosed herein relate to gels

and methods for treating a wellbore such as methods of strengthening a wellbore,
Background Art

[0002] It is well known in the petroleum industry that some hydrocarbon-bearing
formations are weakly consolidated or, in fact, may be unconsolidated formations.
While such formations are known to contain substantial quantities of oil and gas, the
production of oil and gas from these formations is difficult because of the movement
of particulates such as sand particles and other finely divided particulate solids from
the unconsolidated or weakly consolidated formation into the wellbore. This
movement is a result of the movement of fluids and may be a result of the differential
pressure between the formation and the wellbore created by pumping or by the

production of fluids upwardly through the wellbore.

[06063] Some formations are weakly consolidated or unconsolidated initially and
others become weakly consolidated as a result of the production of fluids from the
formation, especially when water is present in the produced fluid. Formations of this
type are formations which are, at least in part, consolidated by the presence of clays in
the formation. Such clays can become dispersed and expanded by the production of
aqueous fluids from the formation, thereby weakening the overall formation to the
point where it becomes unconsolidated or weakly consolidated with the resulting
production of particulates into the wellbore. As a result, uncemented, weakly
consolidated or unconsolidated formations impose limits on the draw-down pressure
which can be used to produce fluids from the formation. This limits the rate at which

fluids can be produced from the subterranean formation.

[0004] Further, during drilling of such wells, lost circulation of the drilling fluid is a
tecurring drilling problem, characterized by loss of drilling mud into downhole

formations that are fractured, highly permeable, porous, cavernous, or vugular. These
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[0005]

[0006]

earth formations can include shale, sands, gravel, shell beds, reef deposits, limestone,
dolomite, and chalk, among others. Other problems encountered while drilling and
producing oil and gas include stuck pipe, hole collapse, loss of wel} control, and loss
of or decreased production. Induced mud losses may also occur when the mud
weight, required for well control and to maintain a stable wellbore, exceeds the
fracture resistance of the formations. A particularly challenging situation arises in
depleted reservoirs, in which the drop in pore pressure weakens hydrocarbon-bearing
rocks, but neighboring or inter-bedded low permeability rocks, such as shales,
maintain their pore pressure. This can make the drilling of certain depleted zones
impossible because the mud weight required to support the shale exceeds the fracture

resistance of the sands and silts.

In attempting to cure thesc and other probiems, crosslinkable or absorbing
polymers, loss control material (LCM) pills, and cement squeezes have been
employed. Gels, in particular, have found wtility in preventing mud loss, stabilizing

and strengthening the wellbore, zone isolation, and water shutoff treatments.

For example, with respect to zonal isolation, situations may arise during which
isolation of certain zones within a formation may be bereficial. Specifically, one
method to increase the production of a well is to perforate the well in a number of
differcnt locations, either in the same hydrocarbon bearing zone or in different
hydrocarbon bearing zones, and thereby increase the flow of hydrocarbons into the
well, The problem associated with producing from a well in this manner relates to the
control of the flow of fluids from the well and to the management of the reservoir.
For example, in a well producing from a number of separate zones (or from laterals in
a multilateral well} in which one zone has a higher pressure than another zone, the
higher pressure zone may disembogue into the lower pressure zone rather than to the
surface.  Similarfy, in a horizontal well that ecxtends through a single zone,
perforations near the "heel” of the well, i.e., nearer the surface. may begin to produce
water before those perforations near the "toe" of the well. The production of water
near the heel reduces the overall production from the well. Thus, it may be
advantageous to also use a cement or gel to isolate one zone from another in

managing a hydrocarbon reservoir.

DD
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[0007] Further, with respect to water shut-off treatments, some wells generate much
more water than anticipated, or in other cases, the rate of water production suddenly
increases. One of the primary techniques used to restrict water from entering the well
bore includes the injection of gels into the formation that shut off water-bearing
channels or fractures within the formation, and prevent water from making its way to

the well.

|0008]) Thus, there is a continuing need for the development of gels for various

downhole applications.

SUMMARY OF INVENTION

[0009] in one aspect, embodiments disclosed herein relate to a process for treating an
earth formation that includes injecting a gelling agent having at least one active
hydrogen into the earthen formation; injecting a polycarbodiimide crosslinking agent
into the earthen formation; and allowing the gelling agent and the polycarbodiimide

crosslinking agent to form a gel.

[0010] In another aspect, embodiments disclosed herein refate to a gel that includes
the reaction product of a gelling agent and a polycarbodiimide crosslinking agent;
wherein the gelling agent comprises at least one of a lignin, a lignosulfonate, a tannin,
a tannic acid, a modified lignin, a modified lignosulfonate, a modified tannin, a
muadified tannic acid, biopolymers, starches, carboxy methyl cellulose, polyacrylates,
polyacrylamides, polyamines, alloxylated amines, poly vinyl amines, polyethylene

imines, and combinations thereof.

[0011]} Other aspects and advantages of the invention will be apparent from the

following description and the appended claims.

DETAILED DESCRIPTION

10012} In one aspect, embodiments disclosed herein relate to gels formed from
carbodiimide crosslinking agents. In other aspects, embodiments disclosed herein
relate to processes for making such gels, and applications in which the gels disclosed
herein may be useful.

[0013] A gel is a colloidal system in which an extended porous network of

interconnected molecules spans the volume of a liquid medium. Although gels appear

-
J
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to be solid, jelly-like materials, by weight, gels are mostly liquid. The gels of the
present disclosure may be used in downhole applications as a component of drilling
nud and may be preformed and pumped downhole. Altemnatively, reactants or
components may be introduced simultaneously or sequentially downhole forming the
gel in situ. For example, the components may be pumped into a wellbore which
traverses a loosely consolidated formation, and allowed to cure, thereby forming a
polymeric network which stabilizes the formation and the wellbore as a whole.

[0014] The polycarbodiimide crosslinking agent and a gelling agent (the material 1o
be crosslinked) having an active hydrogen functional group may be reacted to form a
gel. In some embodiments, the gelling agent may be dissolved in water to form a
solution, and a crosslinking agent may be added to the solution,. reacting with the
gelling agent to form a gel. In other embodiments, the pH of the solution may be
adjusted 1o effect or enhance gel formation,

[0015] Thus, the desired gel may be achieved by exposing a gelling agent having at
least anc active hydrogen functional group and a polycarbodirmide crosslinking agent.
A polycarbodiimide crosslinking agent is a molecule containing two or more
carbodiimide functional groups, -N=C=N-. As known in the art, the term active
hydrogen compound refers to a compound that will give up or transfer a hydrogen
atom to another substance, such as amine, carboxylic acid, sulfonic acid, phosphoric
acid, or hydroxyl groups. The reaction between a carbodiimide and an active
hydrogen compound proceeds by the addition of the active hydrogen bond to one of

the carbon-nitrogen double bonds as shown below in Eq. 1:

o2 2 Q2 .
R / | ]
— —_— N
+ N—=—C=—=N Y e \C /
X——H !
X
\R1
Eq. 1
[0016] However, the type of active hydrogen compound may have some bearing on

whether any further reaction occurs. Specifically, for a carboxylic acid reacting with

a carbodiimide, upon the addition reaction between the carbodiimide and the
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carboxylic acid, the following the addition reaction may result in a less stable O-
isoacylurea, which may then rearrange to form a more stable N-acylurea, as shown in

Eq. 2 below:

0 Eq.

2
[0017] Further, one skilied in the art would appreciate that due to the formation of the
less stable intermediate, O-isoacylurea, it is possible that such intermediate may react
with any available amines or carboxylic acids, for example, to form amides or acid

anhydrides, respectively, with urea by products.
[0018] Polycarbodiimide

[{0019] Thus, as described above, a polycarbodiimide compound is a carbodiimide
compound containing at least two carbodiimide groups, i.e. -N=C=N— within the
molecule. Such polycarbodiimide compounds may be used alone or two or more of
them may be used in combination. Such polycarbodiimide compounds containing two
or more carbodiimide groups may be formed by subjecting a polyisocyanate
compound (containing at least two isocyanate groups) to decarboxylation in an

organic solvent in the presence of a carbodiimide formation catalyst.

10020] Examples of such polyisocyanates which may be used include aliphatic,
alicyche, aromatic or araliphatic diisocyanate compounds. Aliphatic polyisocyanates
may include hexamethylene diisocyanate, trimethythexamethylene diisocyanate,
dimeric acid diisocyanate, lysine diisocyanate and the like, and biuret-type adducts
and isocyanurate ring adducts of these polyisocvanates. Alicyelic diisocyanates may
include  isophorome  diisocyanate,  4,4-methylencbis(cyclohexylisocyanate),
methylcyclohexane-2 4- or -2,6-diisocyanate, 1,3- or 1.4-

di(isocyanatomethyl)cyclohexane, 1,4-cyclohexane diisocyanate, 1,3-cyclopentane
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diisocyanate, 1,2-cyclohexane diisocyanate, and the like, and biuret-type adducts and
isocyanurate ring adducts of these polyisocyanate. Aromatic diisocyanate compounds
may include xylylene diisocyanate, metaxylylene diisocyanate, tetramethylxylylene
diisocyanate, tolylene diisocyanate, 4 4'-diphenyimethane diisocyanate, 1,5-
naphthalene diisocyanate, 1,4-naphthalene diisocyanate, 4,4'-toluydine diisocyanate,
4,4'-diphenyl ether diisocyanate, m- or p-phenylene diisocyanate, 4,4-biphenylene
diisocyanate, 3,3'-dimethyl-4,4'-biphenylene diisocyanate, bis(4-isocyanatophenyl)-
sulfone, isopropylidenebis (4-phenylisocyanate), and the like, and biuret type adducts
and isocyanurate ring adducts of these polyisocyanates. Polyisocyanates having three
or more isocyanate groups per molecule may include, for example, triphenylmethane-
4,4' 4 -triisocyanate, 1,3,5-tnisocyanato-benzene, 2,4,6-riisocyanatotoluene, 4,4'-
dimethyldiphenylmethane-2,2',5,5-tetraisocyanate, and the like, biuret type adducts
and isocyanurate ring adducts of these polyisocyanates. Additionally, isocyanate
compounds used herein may include urethanation adducts formed by reacting
hydroxyl groups of polyols such as ethylene glycol, propylene glycol, 1,4-butylene
gtycol, dimethylolpropionic acid, polyalkylene glycol, trimethylolpropane,
hexanetriol, and the like with the polyisocyanate compounds, and biuret type adducts

and isocyanurate ring adducts of these polyisocyanates,

[0021] Other isocyanate compounds may include tetramethylene diisocyanate,
toluene diisocyanate, hydrogenated diphenylmethane diisocyanate, hydrogenated
xylylene diisocyanate, and trimers of these isocyanale compounds; terminal
isocyanate group-containing compounds obtained by reacting the above isocyanate
compound in an excess amount and a low molecular weight active hydrogen
compounds (e.g., ethylene glycol, propylene glycol, trimethylolpropane, glycerol,
sorbitol, ethylencdiamine, monoethanolamine, diethanolamine, triethanolamine etc.)
or high molecular weight active hydrogen compounds such as polyesterpalyols,
polyetherpolyols, polvamides and the like may be used in embodiments disclosed

herein.

[0022] Other useful polyisocyanates include, but are not limited to 12-
ethylenediisocyanate, 2.2.4- and 2,4 4-trimethyl- | 6-hexamethylenediisocyanate,
1,12-dodecandiisocyanate, omega, omega-diisocyanatodipropylether, cyclobutan-1,3-

ditsocyanate, cyclohexan-1.3- and | 4-diisocyanate, 2.4- and 2,6-diisocyanato-1-
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methylcylcohexane, 3-isocyanatomethyl-3,5,5-trimethylcyclohexylisocyanate
(“isophoronediisocyanate"), 2,5- and  3,5-bis-(isocyanatomethyl)-8-methyl-1,4-
methano, decahydronaphthathalin, 1,5-, 2,5-, 1,6- and 2,6-his-(isocyanatomethyl)-4,7-
methanohexahydroindan, 1,5-, 25-, 1,6- and 2,6-bis-(isocyanato-4,7-
methanohexahydroindan, dicyclohexyl-2,4'- and -4,4'-diisocyanate, omepa, omega-
diisocyanato-1,4-diethylbenzene, 1,3- and 1.4-phenylenediisocyanate, 4.4'-
diisocyanatodiphenyl, ~ 4.4™-diisocyanato-3,3"-dichlorodiphenyl, 4,4'-diisocyanato-
3,3'methoxy-dipheny],  4,4'-diisocyanato-3,3'-diphenyl-diphenyl, naphthalene-1,5-
diisocyanate, N-N'-(4,4'-dimethyl-3,3'"-diisocyanatodiphenyl)-uretdion, 2,44
triisocyanatano-diphenylether,  4,4',4"-triisocyanatotriphenylmethant, and  tris(4-

isocyanatophenyl)-thiophosphate.

10023] Other suitable polyisocyanates may include: 1,8-octamethylenediisocyanate;
1,11-undecane-methylenediisocyanate; 1,12-dodecamethylendiisocyanate; 1-
isocyanato-3-isocyanatomethyl-3,5,5-trimethylcyclohexane;  1-isocyanato-1 -methyl-
4(3)-isocyanatomethylcyclohexane:; 1-isocyanato-2-isocyanatomethylcyclopentane;
(4,4 and/or 2,4'-) diisocyanato-dicyclohexylmethane; bis-(4-isocyanato-3-methylcyc-
lohexyl)-methane; a,a,a'a-tetramethyl-1,3- and/or -1,4-xylylenediisocyanate; 1,3-
and/or 1,4-hexahydroxylylene-diisocyanate; 2,4- and/or 2,6-hexahydrotoluene-
drisocyanate; 2,4- and/or 2,6-toluene-diisocyanate; 4.4"- and/or 2,4'-diphenylmethane-
diisocyanate; n-isopropenyl-dimethylbenzyl-isocyanate; any double bond containing
isocyanate; and any of their derivatives having urethane-, isocyanurate-, allophanate-,

biuret-, uretdione-, and/or iminooxadiazindione groups.

[0024] Polyisocyanates may also include aliphatic compounds such as trimethylene,
pentamethylene, |,2-propylene, 1.2-butylene, 2,3-butylene, 1,3-butylene, ethylidene
and butylidene diisocyanates, and substituted aromatic compounds such as dianisidine

diisocyanate, 4,4'-diphenylether diisocyanate and chlorodiphenylene diisocyanate.

[6025] Other isocyanate compounds are described in, for example, U.S. Patent Nos.
6,288,176, 5,559,064, 4,637,956, 4,870,141, 4,767.829, 5,108,458, 4,976,833, and
7,157,527, US. Patent Application Publication Nos. 20050187314, 20070023288,
20070009750, 20060281854, 20060148391, 20060122357, 20040236021,
20020028932, 20030194635, and 20030004282, each of which is hereby incorporated

by reference. Isocyanates formed from polycarbamates are deseribed in, for example,

7
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U.S. Patent No. 5,453.536, hereby incorporated by reference herein. Carbonaie
isocyanates are described in, for example, U.S. Patent No. 4,746,754, herby

incorporated by reference herein,

[0026] Further, no limitation on the type of polyisocyanate compound from which a
polycarbodiimide may be derived is intended to be placed on the gels of the present
disclosure. It is also appreciated that one or more polyisocyanates may be used in

accordance with some embodiments of the present disclosure,

[6027] Additionally, in the decarbonation condensation reaction between the one or
more polycarbodiimides, it may also be desirable to include a monofunctional water-
soluble or dispersible organic compound of component to impart solubility or
dispersibility in water to the polycarbodiimide compound being formed, depending on
the type of gel desired to be formed (aqueous gel or non-aqueous gel). The compound
should be one which has monofunctionality and can react with the terminal isocyanate
groups of the polycarbodiimide compound derived from the isocyanate as discussed
above to block the terminal groups. Such water-soluble or water-dispersible organic
compounds may be any compounds which have one group capable of reacting with an
isocyanate group, e.g., a hydroxyl group, carboxylic acid group, amine group or
sulfonyl group, and which are soluble or dispersible in water. Thus, for example,
such compounds may include monoalkyl esters and monealkyl ethers of bifunctional,
water-soluble or water-dispersible organic compounds having preferably OH groups
at terminal ends thereof, e.g., polyethylene glycol, polypropylene glycol and the like,
and monofunctional organic compounds having a cationic functional group (e.g, a
group containing nitrogen) or an anicnic functional group (e.g., a group containing a
sulfonyl group). Specific cxamples may include polycthylene glyeol monomethyl
ether, polypropylene glycol monomethyl ether, and the like. Alternatively, where
hydrophilicity is not desired, one skilled in the art would appreciate that a
monoisocyanate may be used at the terminal ends of the carbodiimide, and that such

ends may also be blocked with blocking agents, as known in the art.

[0028] Organic solvents which may be used to form such carbodiimides are ones
having a high boiling point and having no active hydrogen atom reactive with the
isocyanate compound or the carbodiimide group-containing compound formed.

Specifically, such solvents may include aromatic hydrocarbons such as toluene,

8
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xylene and diethylbenzene; glycol ether esters such as diethylene plycol diacetate,
dipropylene glycol dibutyrate, hexylene glycol diacetate, glycol diacetate,
methylglycol acetate, cthylglycol acetate, butylglycol acetate, ethyldiglycol acetate
and butyldiglycol acetate; ketones such as ethyl butyl ketone, acetophenone,
propiophenone. diisobutyl ketone and cyclohexanone; and aliphatic esters such as
amyl acetate, propyl propionate, ethyl butyrate, and the like may be used alone or in
combination. Furthers, examples of carbodiimide formation catalyst may include any
known in the art, including phospholenes, phospholene oxides and so forth, U.S.
Patent Nos. 5,958,516, 6,124,398, 5,688,875, and 5,360,933 disclose the synthesis and
use of various carbodiimides, which are herein incorporated by reference in their
entirety. Further, examples of commercially available polycarbodiimides that may be
used as crosslinking agents include those sold under the tradename Carbodilite V-
Sentes from Nisshinbo Industries, Inc. (Chiba, Japan).

[0029] Gelling Agents / Materials to be Crosslinked

10030] For reaction between a gelling agent and a polycarbodiimide crosslinking
agent to occur, the gelling agent must contain at least one functional group reactive
with a carbodiimide. As discussed above, carbodiimides are reactive with functional
groups having an active hydrogen, i.e. a hydrogen available to be given up or
transfered to another substance (the carbodiimide), such as amine, carboxylic acid,
sulfonic acid, phosphoric acid, or hydroxyl groups. Thus, there is no limit on the type
of materials that may be crosslinked with the carbodiimides, so long as they (or a
modified version thereof) contain(s) an active hydrogen group reactive with a
carbodiimide. It is envisioned that the gelling agents that may be crosslinked with the
polycarbadiimide crosslinking agents of the present disclosure may include a wide
variety of compounds, including conventional gelling agents, as well as compounds
not typically used as gelling agents in downhole application.

[0031] For example, in some embodiments, gelling agents, or the materials to be
crosslinked, may include lignins, lignosulfonates, tannins, tannic acids, modificd
versions thereon (such as to include higher phenol content or active hydrogen content,
e.g., amine functional groups, etc.) and combinations thercof. Such types of gelling
agents are frequently used in downhole applications; however, they have been

conventionally crosslinked with crosslinking agents such as bichromate,
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epichlorohydrin, and aldehydes, etc., which are not considered 1o be environmentally
acceptable due to the relatively high toxicity of the crosslinking agents, while more
environmentally acceptable crosslinking agent may not provide the desired gel
strength.

[0032] In addition to conventional lignitic or tannic based gelling agent, other getling
agents suitable for use in the present disclosure may include biopolymers including
starches, celluloses, chitin, alginates or other gums, etc., and synthetic polymers such
as polyacrylates, polyacrylamides, polyols, polyamines, polyesters, polyurethanes,
polyvinylalcohols, combinations thereof, and copolymers thereof, etc.

{0033} Suitable starches may include natural starches, chemically modified starches,
and mixtures of one or more natural and/or chemically modified starches. Natural
starches may include those of potato, wheat, tapioca, rice, corn, and roots having a
high starch content, among others. Chemically modified starches may include
carboxymethyl starch, hydroxyethyl starch, hydroxypropyl starch, acetate starch,
sulfamate starch, phosphate-modified starch, nitrogen-modified starch, and dextrin,
among others, Suitable cellulosic materials may inciude cellulose or derivatives
thereof including hydroxyethyl cellulose, carboxymethyl celiulose, hydroxypropyl

* methyl cellulose, etc.

[0034] Further, suitable synthetic polymers include, for example, polyacrylates,

polyacrylamides, polyols, polyamines, polyesters, polyurethanes, polyvinylalcohols,

etc.

[0035] Aliphatic polyols uscful in preparing polyurethane gels may have a molecular
weight of 62 up to 2000 and inchude, for example, monomeric and polymeric polyols
having two or more hydroxyl groups. Examples of the monomeric polyols include
ethylene glycol, propylene glycol, butylene glycol, hexamethylene glycol,
cyclohexamethylenediol 1,1,1-trimethylolpropane, pentaerythritol, and the like.
Examples of polymeric polyols include the polyoxyalkylene polyols (ie., the diols,
triols, and tetrols), the polyester diols, triols, and tetrols of organic dicarboxylic acids
and polyhydric alcohols, and the polylactone diols, triols, and tetrols having a
molecular weight of 106 to about 2000. Other examples of suitable polyols include:
glycerine monoalkanoates {e.g., glycerine monostearates): dimer fatty alcohols;

diethylene glycol;  triethylene glycol; tetracthylenc glycol; 1.4-

10
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dimethylolcyclohexane; dodecanediol; bisphenol-A; hydrogenated bisphenol A; 1.3-
hexanediol; 1,3-octanediol; 1,3-decanediol; 3-methyl-1,5-pentanediol; 3,3-dimethyl-
1,2-butanediol; 2-methyl-1,3-pentanediol: 2-methyl-2,4-pentanediol; 3-
hydroxymethyl-4-heptanol, 2-hydroxymethyl-2,3-dimethyl-1-pentanok; glycerine:
trimethylol cthane; trimethylol propane; trimerized fatty alcohols; isomeric
hexanetriols; sorbitol; pentaerythritol; di- and/or tri-methylolpropane; di-
pentaerythritol;  diglycerine; 2,3-butenediol; trimethylol propane monoallylether;
fumaric and/or maleinic acid containing polyesters; 4,8-bis-(hydroxymethyl)-
tricyclof5,2,0(2.6)]-decane long chain alcohols. Suitable hydroxy-functional esters
may be prepared by the addition of the above-mentioned polyols with epsilon-
caprolactone or reacted in a condensation reaction with an aromatic or aliphatic
diacid. These polyols may be reacted with any of the isocyanates described above.
Further, in addition to such polyols, one skill in the art would appreciate that
polyurethane prepolymers formed from isocyanates and polyols may also be reacted
with the polycarbodiimide crosslinking agents to form a gel in accordance with the

present disclosure,

Aliphatic polyamines useful in preparing polyureas may have a molecular
weight of 60 to 2000 and include monomeric and polymeric primary and secondary
aliphatic amines having at least two amino groups. Examples include alkylene
diamines such as ethylene diamine; 1.2-diaminopropane; 1,3-diaminopropane; 2,5-
diamino-2,5-dimethyihexane; 1,1 1-diaminoundecane; 1,12-diaminododecane;
piperazine, as well as other aliphatic polyamines such as polvethylenimines (PEI),
which are ethylenediamine polymers and are commercially available under the trade
name Lupasol® from BASF (Germany). PEls may vary in degree of branching and
therefore may vary in degree of crosslinking. LUPASOL® PEls may be small
molecular weight constructs such as LUPASOL ® FG with an average molecular
weight of 800 or large molecular weight constructs such as LUPASOL® SK with
average molecular weight of 2,000,000. Cycloaliphatic diamines suitablc for use may
include those such as isophoroncdiamine; ethylenediamine; I,2-propylenediamine;
I.3-propylenediamine; N-methyl-propylene-1,3-diamine; 1,6-hexamethylenediamine;
i 4-diaminocyclohexane; 1,3-diaminocyclohexane; N,N'-dimethylethylenediamine;

and 4.4'-dicyclohexyl-methanediamine for example, in addition to aromatic diamines,

11



WO 29146987 PCT/IB2O09/005037

such as 2. 4-diaminotoluene; 2,6-diaminotoluene; 3,5-diethyl-2,4-diaminotoluene; and
3,5-diethyl-2 6-diaminotoluene for example; and primary, mono-, di-, tri- or
tetraalkyl-substituted 4,4"-diamino-diphenylmethanes.  Additionally, while many
diamines are listed above, one of ordinary skill in the art would appreciate that tri- and

tetraamines may also be used in other embodiments of the present disclosure.

[0037] In yet another embodiment the aliphatic amine may be a polyetheramine such
as those commercially available under the trade name JEFFAMINE® Huntsman
Performance Products (Woodlands, TX). For example, useful JEFFAMINE ®
products may include triamines JEFFAMINE ® T.5000 and JEFFAMINE ® T-3000
or diamines such as JEFFAMINE ® D-400 and JEFFAMINE ® D-2000. Useful

polyetheramines may possess a repeating polyether backbone and may vary in
molecular weight from about 200 to about 5000 g/mol. In addition, hvdrazino
comounds such as adipic dihydrazide or ethylene dihydrazine may be used, as may
also, alkanolamines such as ethanolamine, diethanolamine, and
tris(hydroxyethy)ethylenediamine. Further, in another embodiment, the polyamine

may be a polyethylenimine (PEI), which are ecthylenediamine polymers and are

commercially available under the trade name Lupasol® from BASF {Germany). PEls
may vary in degree of branching and therefore may vary in degree of crosslinking.

[0038] Further, various carboxylate containing polymers may include such as
polymers as polyacrylates (formed from monomers such as acrylic acid, itaconic acid,
maleic acid, fumaric acid, and chrotonic acid or an anhydride thereof with an acrylic
ester such as methyl acrylate, ethyl acrylate, butyl acrylate, 2-ethylhexyl acrylate, and
2-hydroxyethyl acrylate, methyl methacrytate, and TMPTA with a non-acrylic acid
comonomer such as acrylamide and acrylonitrile, and optionally a-methylstyrene,
vinyl acetate or the like), polyesters (formed by a monoesterification reaction between
glycol or polyester glycol terminated with a hydroxyl group and tetracarboxylic acid
dianhydride to thereby extend the chain), polyaspartates (which also contain amides),
and polylacetates, amide containing polymers such as polyacrylamide, in addition to
other polymers containing suitable functional groups, such as hydroxyl, amine,
sulfonic acid, carboxylic acid groups, etc.

[0039] Additionally, such list is not intended to be exhaustive. Rather, any variation

on the type of gelling agent may be expecied depending on the type of gel desired.
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One skilled in the art would appreciate that depending on the type of gel desired,
suitable monomers may be selected to have impart the desired hydrophobicity or
hydrophilicity to the polymer.  Thus, where an aliphatic base fluid is used, one may
select a longer chain compound such as a long chain ester of acrylic or methacrylic
acid, a vinyl ester of a long chain acid, a vinyl alkyl ether, ethylene, propylene,
butadiene or isoprene, a hydroxyl group-containing long chain fatty acid, poly-t-butyl
styrene lerminated with amine, hydroxyl, carboxyl or unsaturated groups, or
polyisobutylene, polybutadiene or polyisoprene terminated with amine, hydroxyl or
carboxyl groups. Where the base fluid includes aromatic hydrocarbons, somewhat
shorter chain analogs of these polymers may be employed, such as polymers of
methy! or ethoxyethyl methacrylate, ethyl acrylate, styrene or vinyl toluene. Where
the' base fluid is weakly polar, e.g., a higher alcohol, ketone or ester, suitable
solvatable components include aliphatic polyethers, polycsters from shori-chain
difunctional acids and alcohols, short-chain alcohol esters of acrylic or methacrylic
acids, and polymers of short-chain hydroxy-acids. If a strongly polar base fluid is
used, such as methanol, ethanol, glycols, the polymer may inciude polymers of acrylic
or methacrylic acids, ethylene oxide or vinyl pyrrolidone, polyvinyl alcohol or
polymers of glycerol or glycol monomethacrylates. Further, if an aqueous base fluid
is used, a synthetic polymer may be formed from comonomers possessing functional
groups such as hydroxyl, cishydroxyl, carboxyl, sulfate, sulfonate, amino or amide.
Further, one skilled in the art would appreciate that such monomers may be combined
with comonomers including, for example, vinyl phosphonic acid, vinyl phosphoric
acid, vinyl sulfonic acid, vinyl sulfuric acid, vinyt arsonic acid, vinyl arsenic acid,
vinyl selenonic acid, vinyl selenic acid, vinyl benzoic acid, acrylic acid, or derivatives
thereof, including salts and esters (mono or bis) derivatives thereof and styrene
derivatives thereof, so that desired crosslinking with carbodiimides may occur.

§0040] In yet other embodiments, combinations of any of the above listed materials to
be crosslinked may be used. Further, one skilled in the art would appreciate that
depending the gelling agent selccted, it may be necessary to adjust the pH so that the
crosslinking reaction between the gelling agent and the crosslinking agent may be
cnabled or enhanced by effecting the active hydrogen functional groups. Adjustment

of pH may be achieved using typical agents known in the art.

I3



WO 2009/ 116987 PCT/IB2009/005037

[0041] Crosslinking Conditions

[0042) When combining the gelling agents with the polycarbodiimide crosslinking
agents, the crosslinking agent may be present in an amount effective (o crosslink the
gelling agent. In some embodiments, the crosslinking agent may be used in an
amount ranging from about 0.05 to about 50 weight percent based on the total weight
of the gelling agent(s). In other embodiments, the crosslinking agent may be used in
an amount ranging from about 5 to about 40 weight percent based on the total weight
of the gelling agent(s): from about 10 to about 35 weight percent in yet other
embodiments. In other embodiments, a weight ratio of the crosslinking agent to the
gelling agent may be from 1:2000 to 1:1; from 1:20 to 1:2 in other embodiments, and
from 1:10 to about 1:3 in yet other embodiments.

[0043] The amount of crosslinking agent may affect the hardness of the resulting gel.
For example, in some embodiments, for a constant weight of gelling agent, increasing
the amount of crosslinking agent may result in a higher crosslinking density, and
therefore a harder gel. Using the guidelines provided herein, those skilled in the art
will be capable of determining a suitable amount of cross-linking agent to employ to
achieve a gel of the desired hardness.

{0044] Aging Temperature

[0045] In some embodiments, the gelling agent and the crosslinking agent may be
reacted at a temperature from -50 to 300°C. In other embodiments, the gelling agent
and the crosstinking agent may be reacted at a temperature from 25 to 250°C; from 50
to 150°C in other embodiments; and from 60 to 100°C in vet other embodiments. In
certain embodiments, the reaction temperature determines the amount of time
required for gel formation.

[0046] Time Required for Gel Formation

[0047] Embodiments of the gels disclosed herein may be formed by mixing a gelling
agent with a crosslinking agent. In some embodiments, a gel may form immediately
upon mixing the gelling agent and the crosslinking agent. In other embodiments, a
gel may form within 1 minute of mixing; within 5 minutes of mixing in other
embodiments; within 30 minutes of mixing in other embodiments. In some
embodiments, a gel may form within 1 hour of mixing, within 8 hours in other
embodiments; within 16 hours in other embodiments: within 80 hours in other

embodiments; within |20 hours in vet other embodiments.
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[0048] pH

[0049] In some embodiments, the gelling agent and the crosslinking agent may be
reacted in a medium having a pH greater than 4. In other embodiments, the geiling
agent and the crosslinking agent may be reacted in a medium having a pH greater than
6; a pH greater than 7 in other embodiments; a pH greater than 8 in other
embodiments; a pH greater than 9 in yet other embodiments.

[0050] Reagents which may be used to adjust the pH may include alkali metal
hydroxides, such as sodium hydroxide, potassium hydroxide, calcium hydroxide, and
rubidium hydroxide, lithium hydroxides, benzyltrimethylammonium hydroxides, and
the partially npeutralized salts of organic acids, such as tri-sodium
cthylenediaminetetraacetic acid. In some embodiments, the alkali metal hydroxide,
pH adjusting agent, or buffer, may act as a catalyst, effecting or enhancing the
crosslinking reaction between the pelling agent and the crosslinking agent.

[0051} Water Concentration

[0052] In some embodiments, a solution of gelling agent(s) and crosslinking agent(s)
in water may initially have a viscosity similar to that of water. A water-like viscosity
may allow the solution to effectively penetrate voids, small pores, and crevices, such
as encountered in fine sands, coarse silts, and other formations. In other
embodiments, the viscosity may be varied to obtain a desired degree of flow sufficient
for decreasing the flow of water through or increasing the load-bearing capacity of a
formation. The viscosity of the solution may be varied by increasing or decreasing
the amount of water relative to the crosslinking and gelling agents, by employing
viscosifying agents, or by other techniques common in the art.,

{0053] In some embodiments, the combined amount of gelling agents and
crosslinking agents may range from 0.5 to 100 weight percent, based upon the total
weight of water in the solution. In other embodiments, the combined amount of
gelling agents and crosslinking agents may range from 3 to 100 weight percent, based
upon the toial weight of water in the solution; from 20 to 70 weight percent in other
embodiments; from 25 to 65 weight percent in yet other embodiments. As used
herein, total weight of water is exclusive of any additional water added with pH
adjusting reagents,

10054) The gelling agent and the crosslinking agent may react to form gel beads. For

example, in some embodiments, bead formation may be effected by agitation of the
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solution. In other embodiments, bead formation may be effected by forming an
emulsion or suspension of the reactants in water. In certain embodiments, an
emulsion or suspension may be formed using an organic solvent, emulsifying agents,
or combinations thereof,

[0055] Hardness

{0056] The reaction of the gelling agent and the crosslinking agent may produce gels
having a consistency ranging from a viscous sludge to a hard gel. In some
embodiments, the reaction of the gelling agent and the crosslinking agent may result
in a soft clastic gel. In other embodiments, the reaction may result in a good gel; ina
hard gel in yet other embodiments. The hardness of the gel is the force necessary to
break the gel structure, which may be quantified by measuring the force required for a
needle to penetrate the crosslinked structure. Hardness is a measure of the ability of
the gel to resist to an established degree the penetration of a weighted test needle.

[0057] Hardness may be measured by using a Brookfield QTS-25 Texture Analysis
Instrument.  This instrument consists of a probe of changeable design that is
connected to a load cell. The probe may be driven into a test sample at specific
speeds or loads to measure the following parameters or properties of a sample: -
springiness, adhesiveness, curing, breaking strength, fracturability, peel strength,
hardness, cohesiveness, relaxation, recovery, tensile strength burst point, and
spreadability.  The hardness may be measured by driving a 2.5mm diameter,
cylindrical, flat faced probe into the gel sample at a constant speed of 30 mm per
minute. When the probe is in contact with the gel, a force is applied to the prohe due
to the resistance of the gel structure unti] it fails, which is recorded via the load cell
and computer software. As the probe travels through the sample, the force on the
probe and the depth of penetration are measured. The force on the probe may be
recorded at various depths of penetration, such as 20, 25, and 30mm, providing an
indication of the gel’s overal] hardness.

[0058] In some embodiments, the resulting gel may have a hardness value from 10 to
100000 gram-force. In other embodiments, the resulting gel may be a soft elasic gel
having a hardness value in the range from 10 to 100 gram-force. In other
embodiments, the resulting gel may be a firm gel having a hardness value from 100 to
500 gram-force. In other embodiments, the resulting gel may range from hard to

tough, having a hardness value from 300 to 100000 gram-force, from 1500 to 75000
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gram-force in other embodiments; from 2500 to 50000 gram-force in yet other
embodiments; from 3000 to 30000 gram-force in yet other embodiments.

[0059) In other embodiments, the hardness of the gel may vary with the depth of
penetration. For example, the gel may have a hardness of 1500 gram-force or greater
at a penetration depth of 20 mm in some embodiments. In other embodiments, the gel
may have a hardness of 5000 gram-force or greater at a penetration depth of 20 mm;
15,000 gram-force or greater at a penetration depth of 20 mm in other embodiments;
and 25000 gram-force or greater at a penetration depth of 25 mm in vet other

embodiments.

[0060)] With respect to the variables listed above (i.e. temperature, time, etc.), those
having ordinary skill in light of the disclosure will appreciate that, by using the
present disclosure as a guide, properties may be tailored as desired.

{0061] Applications

[0062] Some embodiments of the gels disclosed herein may be formed in a one-
solution single component system, where the crosslinking agent(s) are premixed with
the gelling agent (material to be crosslinked). The gel may then be placed or injected
prior to cure. The gel times may be adjusted by changing the quantity of water (or
other solvent) in the solution. Other embodiments of the gels disclosed herein may
also be formed in a two-component system, where the crossinking and gelling agents
may be mixed separately and combined immediately prior to injection. Alternatively,
one reagent, the crosslinking or geiling agent, may be placed in the wellbore or the
near-wellbore region where it may then be contacted by the other reagent, either the
crosslinking or gelling agent as required,

[0063) Embodiments of the gels disclosed herein may be used in applications
including: as an additive in drilling muds; as an additive for enhancing oil recovery
{EOR); as one additive in loss circulation material (LCM) pills; welibore {(W8B)
strengthening treatments; soil stabilization; as a dust suppressant; as a water retainer
or a soil conditioner; as hydrotreating (HT) Auid loss additives, and others.

[0064] Hse in Drilling Muds

{0065] Drilling fluids or muds typically include a base fluid (for example water,

diesel or mineral oil, or a synthetic compound), weighting agents (for example,

barium sulfate or barite may be used), bentonite clay, and various additives that
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serve specific functions, such as polymers, corrosion inhibitors, emulsfiers, and
lubricants. Those having ordinary skill in the art will recognize that a number of
different muds exist, and limitations on the present invention is not intended by
reference to particular types. During drilling, the mud is injected through the center
of the drill string to the drill bit and exits in the annulus between the drill string and
the wellbore, fulfitling, in this manner, the cooling and lubrication of the bit, casing
of the well, and transporting the drill cuttings to the surface.

[0066] The gels disclosed herein may be used as an additive in drilling mud. Tn some
embodiments, the gels may form a filter cake or one component of a filter cake that
forms along the wellbore as drilling progresses. The gels contained in the drilling
fluid may be deposited along the wellbore throughout the drilling process, potentially
strengthening the wellbore by stabilizing shale formations and other sections
encountered while drilling. Improved wellbore stability may reduce the occurrence of
stuck pipe, hole collapse, hole enlargement, lost circulation, and may improve well
control.

[0067] Wellbore stability may also be enhanced by the injection of a low viscosity
mixture of a gelling agent and a crosslinking agent into formations along the wellbore.
The mixture may then continue to react, strengthening the formation along the
wcllbore upon gellation of the mixture.

[0068]) In other embodiments, the gels disclosed herein may aid in lifting solid debris
from tubing walls and through the tubing annulus. Hard gels circulating through the
drill pipe during drilling may scrape and clean the drill pipe, reruoving any pipe scale,
mud, clay, or other agglomerations that may have adhered to the dritl pipe or dril!
tubing. In this manper, the drill pipe may be maintained free of obstructions that
could otherwise hinder removal of drilled solids from the drill pipe during drilling.

[0069] Enhanced Oil Recovery

(0070} Embodiments of the gels disclosed herein may be used to enhance secondary
oil recovery efforts. In secondary oil recovery, it is common to use an injection well
to inject a treatment fluid, such as water or brine, downhole into an oil-producing
formation to force oil toward a production well. Thief zones and other permeable
strata may allow a high percentage of the injected fluid to pass through only a small

percentage of the volume of the reservoir, for example, and may thus require an
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excessive amount of treatment fluid to displace a high percentage of crude oil from a
reServoir.

[0071] To combat the thicf zones or high permeability zones of a formation,
embodiments of the gels disclosed herein may be injected into the formation. Gels
injected into the formation may partially or wholly restrict flow through the highly
conductive zones. In this manner, the gels may effectively reduce channeling routes
through the formation, forcing the treating fluid through less porous zones, and
potentially decreasing the quantity of treating fluid required and increasing the oil
recovery from the reservorr.

[0072] In other embodiments, gels may also be formed in situ within the formation to
combat the thief zones. Gelling agents may be injected into the formation, allowing
the gelling agents to penetrate further into the formation than if a gel was injected.
The crosslinking agents may then be injected, causing the previously injected gelling
agents to crosslink within the formation. By forming the gels in situ in the formation,
it may be possible to avert channeling that may have otherwise occurred further into
the formation, such as where the treatment fluid traverses back to the thief zone soon
after bypassing the injected gels as descnibed above.

[0073] LCM Pills

[0074] As mentioned above, gels disclosed herein may he used as one component in a
drilling fluid. The gels may form part of a filter cake, minimizing seepage of drilling
fluids to underground formations and lining the wellbore. As another example,
embodiments of the gels disclosed herein may be used as one component in loss
circulation material (LCM) pills that are used when cxcessive seepage or circulation
loss problems are encountered, requiring a higher concentration of loss circulation
additives. LCM pills are used to prevent or decrease loss of drilling fluids to porous
underground formations encountered while drilling.

[0075] [n some embodiments, the crosslinking agent and gelling agent / material may
be mixed prior to injection of the pill into the drilled formation. The mixture may be
injected while maintaining a low viscosity, prior to gel formation, such that the gel
may be formed downhole. In other embodiments, the gelling material and
crosslinking agent may be injected into the formation in separate shots, mixing and
reacting to form a gel in situ (in the formation following injection of the LCM pill

shots). In this manner, premature gel formation may be avoided.
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[0076) For example, a first mixture containing a gelling agent may be injected into
the wellbore and into the lost circulation zone. A second mixture containing a
crosslinking agent and/or pH modifier may be injected, causing the gelling agent to
crosslink in situ to the point that the gel expands in size. The expanded and hardened
el may plug fissures and thief zones, closing off the lost circulation zone,

[0077] Soil Stabilization

{0078) Gels described herein may be used as one component of a soil stabilizer. For
example, lignosulfonates may be used for stabilizing road base courses and the like,
Pulverized soil may be mixed and worked with the stabilizing composition in a single
or multiple layer, compacting each layer as it is laid down. The compaction may be by
any suitable method such as rubber-tied rollers or sheepsfoot rollers. The amount of
stabilizing composition used depends on the type of soil, moisture content and other
factors. The exact amount of stabilizing composition and the amount of water
dilution vary with soil type, moisture content and other factors.

[0079] Dust Suppressant

[0080) Gels described herein may also be utilized for dust control, dust suppression,
dust palliative treatment, road stabilization and many other dust binding
applications. The lignin molecule functions by adsorbing on the substrate and the
binding effect results from intermolccular forces between the lignin molecule and the
substrate. The lignin molecule is unique as it has several different polar groups and
aromatic systems. This increases the affinity of the molecule which results in
improved adhesion, and makes it suitable for a wide range of substrates.

[0081] The binding praperty of tignin-based products may be utilized in many types
of dust control and dust prevention, such as dust-suppression in roads, parking lots,
racing tracks, quarries, paddocks, and construction sites, dust-palliative or dust
prevention treatment of public and private roads, road and soil-stabilization of
secondary roads and areas, sand dune and earth stabilization on areas to be kept free
from dust and wind erosion, and others.

[0082] For example, to prevent the loss of road surface fines and prolong the useful
driving life of unpaved roads, dust control measures are usually cmployed before
maintenance is required. The primary dust suppressants in use are: water (fresh and
sea), chloride compounds, lignin derivatives, and resinous adhesives. When used as

dust suppressant, the lignin polymers act as glue binding the soil particles together.
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[0083) Gels disclosed herein may be used in other processes, including the
aforementioned applications such as water retainers, soil conditioners, and
hydrotreating (HT) fluid loss additives. It is further contemplated that gels described
herein may be useful in other processes and applications known to those skilled in the
art.

[0084] Advantageously, embodiments disclosed herein provide for the formation of a
gel formed using low or non-toxic crosslinking agents. These gels have the benefit of
being formed from materials that provide a better health, safety, and environmental
profile as compared dichromates, aldehydes, and epichlorohydrins. The crosslinking
agents disclosed herein may also provide a low-cost alternative for the formation of
desired gels. Embodiments of the gels disclosed herein may form a soft elastic gel.
Other embodiments of the gels disclosed herein may form a hard gel.

[0085] While the invention has been described with respect to a limited number of
embodiments, those skilled in the art, having benefit of this disclosure, will appreciate
that other embodiments can be devised which do not depart from the scope of the
invention as disclosed herein. Accordingly, the scope of the invention should be

limited only by the attached claims.
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CLAIMS

What is claimed:

9.

. A process for treating an earth formation, comprising:

injecting a gelling agent having at least one active hydrogen into the earthen
formation;
injecting a polycarbodiimide crosslinking agent into the earthen formation; and

allowing the gelling agent and the polycarbodiimide crosslinking agent to form a gel.

The process of claim t, wherein the gelling agent and the crosslinking agent are

injected simultaneously.

The process of claim 1, wherein the gelling agent and the crosslinking agent are

injected sequentially.

The process of claim 1, wherein the polycarbodiimide is formed from the

decarbonation of at least one diisocyanate.

The process of claim 1, wherein the gelling agent comprises at least one of a lignin,

lignosulfonate, tannin, modified versions thereof, or combinations thereof.

The process of claim 1, wherein the gelling agent comprises at least one biopolymer
selected from a starch, a cellulosic material, modified versions thereof, and

combinations thereof.

The process of claim 1, wherein the gelling agent comprises at least one synthetic
polymer selected from polyacrylates, polyacrylamides, polyols, polyamines,
polyesters, polyurethancs, polyvinylalcohols, combinations thereof, and copolymers

thercof.

The process of claim 1, wherein a weight ratio of the crosslinking agent to the gelling

agent ranges from about 1:20 to about 1:2.

A gel comprising:

the reaction product of a gelling agent and a polycarbodiimide crosslinking agent;
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wherein the gelling agent comprises at least one of a lignin, a lignosulfonate, a tannin,
a tannic acid, a modified lignin, a2 modified lignosulfonate, a modified tannin,
a modified tannic acid, biopolymers, starches, carboxy methy! cellulose,
polyacrylates, polyacrylamides, polyamines, aiioxyléted amines, poly vinvl

amines, polyethylene imines, and combinations thereof.

10. The gel of claim 9, wherein the polycarbodiimide is formed from the decarbonation of

11

at least one diisocyanate.

The gel of claim 9, wherein the gelling agent comprises at least one of a lignin,

lignosulfonate, tannin, modified versions thereof, or combinations thereof.

on

12.Thc gel of claim 9, wherein the gelling agent comprises at least one biopolymer

13.

14.

15.

18.

19,

selected from a starch, a cellulosic material, modified versions thereof, and

combinations thereof.

The gel of claim 9, wherein the gelling agent comprises at least one synthetic polymer
selected from polyacrylates, polyacrylamides, polyols, polyamines, polyesters,

polyurethanes, polyvinylalcohols, combinations thereof, and copolymers thereof,

The gel of claim 9, wherein a weight ratio of the crosslinking agent to the gelling

agent ranges from about 1:20 to about 1:2.

The gel of claim 9, wherein the reaction product is formed at a temperature between
25°C and 350°C.

. The gel of claim 9, wherein the gel has a hardness of 1500 gram-force or greater at a

penetration depth of 20 mm.

. The gel of claim 9, wherein the gel has a hardness of 5000 gram-force or greater at a

penetration depth of 20 mm.

The gel of ¢laim 9, wherein the gel has a hardness of 15,000 gram-force or greater at a

penetration depth of 20 mm.

The gel of claim 9, wherein the gel has a hardness of 25,000 gram-force or greater at a

penetration depth of 25 mm.
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20. Use of the gel of claim 9 in a drilling fluid, in a loss circulation material pill, in
wellbore strengihening, in zonal isolation, as a soil stabilizing agent, as a dust

suppressant, or as a heat transfer fluid loss additive.
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