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AGENTES TENSOACTIVOS VISCOELASTICOS Y METODOS PARA LA

ELABORACION Y USO DE LOS MISMOS

ANTECEDENTES
Campo Técnico
[0001] La presente reﬁelacién se relacicona de manera general
con fluidos para mantenimiento de perforaciones de pozos. Méas

especificamente, esta revelacidén se relaciona con agentes
tensoactivos viscoeladsticos asi como con los métocdos para

elaborar y utilizar los mismos.

Antecedentes

[0002] Los recursos naturales tales come el gas, petrdleo y
agua que residen en una zona o0 formacidén subterrdnea se recuperan
usualmente al taladrar una perforacién de pozo hacia la formaciédn
subterrdnea mientras se hace circular un fluido de perforacidén en
la perforacidn de pozo. Durante el taladrado de una perforacidn
de pozo se puede hacer circular un fluido de perforacidn hacia
abajc a través del interior de la sarta de perforacién, a través
de la broca de barrena, y hacia la superficie a través del anillioc
entre las paredes de la perforacién de pozo y la sarta de
perforacidn, La sarta de perforacidén puede ser una tuberia de
perforacidén, una sarta de tuberia de revestimiento © cualguier
otro conducto apropiado. Entre otras cosas, el fluido de
perforacién circulante lubrica la broca de barrena, lleva 1los
detriteos de la perforacién hacia la superficie y balancea la

presidén de la formacidédn ejercida sobre la perforacidn de pozo.



Un problema asociado con el taladrado de una perforacidén de pozo
puede ser una pérdida no deseable de grandes cantidades del
fluido de perforacién hacia la formacidén subterréanea. Se puede
hacer referencia a este problema comoc una “circulacién perdida” y
las secciones de la formacién hacia las cuales se pierde el
fluido de perforacién son referidas come “zonas de circulacién
perdida”. En adicién a los fluidos de perforacién, los problemas
con la circulacidédn perdida también se pueden encontrar con otros
fluidos, por ejemplo fluidos de separacién, fluidos de
completacidén (por ejemplo, salmueras) asi como fluidos de
reacondicionamiento que pueden ser hechos circular en una
perforacién de pozo. En la presente, fluido de separacidédn se
refiere a cualquier liguido que se utiliza para separar
fisicamente un liquido de propésito especial de otro; un fluido
de completacidén se refiere a un liquido libre de sélidos que se
utiliza para facilitar las operaciones finales antes de iniciar
la produccién; y un fluido de reacondicionamiento se refiere a un
fluido de control de pozo, que se utiliza durante el desarrollo
de los tratamientos de mantenimiento o correctivos en un pozo que
produce hidrccarburos, Una wvariedad de factcocres pueden ser
responsables por la circulacién pérdida. Por ejempleo, la
formacién subterrdnea penetrada por la perforacidén de pozo puede
ser altamente permeable o puede contener fracturas o grietas en
la misma. Asimismo, la formacién puede resquebrajarse bajo la
presién hidrostdtica aplicada por el fluide, permitiendo de esta
manera gque el fluido se pierda en la formacidén. Por ejemplo, las
fracturas en 1la formacién subterranea pueden ser creadas o©

incrementadas debido a la presidén hidrostatica del fluido de



perforacidén con la pérdida resultante de fluido de perforacién en
esas fracturas.

[0003] Se ha desarrollado wuna cantidad de métodos para
controlar la circulacién perdida. Un métcdo gue se utiliza
comunmente para controlar la circulacién perdida involucra 1la
colocacidén de los materiales de circulacién perdida en la zona de
circulacidén perdida. Estos materiales de circulacidén perdida se
pueden colocar en la formacién, por ejemplec, como pildoras de
circulacién perdida en un intento por controlar y/o prevenir la
clrculacidén perdida. Las pildoras de circulacién perdida
convencionales pueden tener una variedad de desventajas tales
como la gran cantidad de materiales necesarios para alcanzar las
propiedades deseadas {(por ejemplo, viscosidades, etc.) asi como a
las dificultades asociadas con la remocidédn de los materiales
componentes de la pildora una vez que el tratamiento ha sido
completado. Por consiguiente, puede ser deseable desarrcllar

composiciones mejoradas para el control de la circulacidn

perdida.

RESUMEN
{0004] Se revela en la presente un métode para el
mantenimiento de wuna perforacién de pozo gue comprende la
colocacién barreno abaje de una composicidén gque comprende un
conjuntc de agentes tensocactivos gque comprende un agente
tensocactivo catiénico y un agente tensoactive anidénico, en donde
el conjunto de agentes tensocactivos cuando se pone en contacto

con una solucidén acuosa forma una composicién viscosificada en



presencia de menos de aproximadamente 30% en pesoc de un

hidrétropo.

BREVE DESCRIPCION DE LOS DIBUJOS
[0005] Para una comprensién mas cabal de la presente
revelacién y de las ventajas de la misma, se hace ahora
referencia a la siguiente breve descripcién, tomada en conjunto
con los dibujos anexos y la descripcién detallada:
[C006] Llas Figuras 1 y 2 son gréaficos de la viscosidad como
funcién de la tasa de esfuerzo cortante para las muestras del
Ejemplo 1.
[(G007] La Figura 3 es un grafico de 1la viscosidad como
funcién de porcentaje del agente tensocactive para las muestras
del Ejemplo 2.
(0008] Las Figuras 4 a 5 son graficos de 1la viscosidad
compleja, médulo de almacenamiento y médulo de pérdida comoc
funcidn de la frecuencia para las muestras del Ejemplo 3.
(0002] Las Figuras 6 a 7 son graficos de la viscosidad de
esfuerzo cortante cerc como funcién de la temperatura para las
muestras del Ejemplo 4.
[0010] La Figura 8 es un grafico de la viscosidad de esfuerzo
cortante cero como funcién de la temperatura para las muestras
del Ejemplo 5.
[0011] La Figura 9 es un grdfico de la viscosidad compleja,
médulo de almacenamiento y médulc de pérdida como funcidédn de la

frecuencia para las muestras del Ejemplo 6.



[(0012] La Figura 10 es un grafico de la viscosidad y del
esfuerzo cortante como funcién de la tasa de esfuerzo cortante
para las muestras del Ejemplo 6.

[0013] La Figura 11 es un grafico de la viscosidad como
funcién del porcentaje de agente tensoactivo catiénico para las
muestras del Ejemplo 6.

[0014) La Figura 12 es un grafico de la viscosidad de
esfuerzo cortante cero como funcién del porcentaje en peso de
SDBS para las muestras del Ejemplo 7.

fO015) La Figura 13 es un grafico de la viscosidad y del
esfuerzo cortante como funcién de la tasa de esfuerzo cortante

para las muestras del Ejemplo 8.

DESCRIPCION DETALLADA

[0016] Para comenzar, se debe entender gque aunque a
continuacidén se provee una implementacién ilustrativa de una o
mas de las configuraciones, los sistemas y/o métodos revelados en
la presente se pueden implementar utilizando cualquier cantidad
de técnicas, ya sea actualmente conocidas o en existencia. La
revelacién en ningun sentido estd limitada a las implementaciones
ilustrativas, dibujos y técnicas ilustradas a continuacién,
incluyendo los disefios e implementaciones ejemplares que se
ilustran y describen en la presente, pero puede ser modificada
dentro del alcance de las reivindicaciones anexas junto con todo
el alcance de sus equivalentes.

[0017] En la presente se revelan composiciones (por ejemplo,

composicicnes para mantenimientc de perforaciones de pozos) que

AL



comprenden por lo menos un agente tensoactivo catiénico y por 1lo
menos un agente tenscactivo anidnico. Se dice que dichas
composiciones contienen un conjunto de agentes tensoactivos
catibnico-anidénico (CASP). En una de las configuraciones, el
CASP puede reaccionar con uno o mas de los componentes del fluido
de mantenimiento de perforaciones de pozos formande una
composicidén viscosificada gque se denota de aqui en adelante como
CASP-VC. Una CASP-VC del tipo que se describe en la presente
puede ser util en varias operaciones de mantenimiento de
perforaciones de pozos. Por ejemplo, la CASP-VC puede ser 1util
en el tratamiento de perforacicnes de pozos que experimentan
circulacién perdida. Los componentes del CASP y CASP-VC asi como
también los métodos para elaborar y utilizar los mismcs se
describiran con mayor detalle mAs adelante en la presente.

[0018] En una de las configuraciones, el CASP comprende un
agente tenscactive catidnico. Los agentes tensoactivos en
general scn agentes Thumectantes que reducen la tensién
superficial de wun liquido en el cual ellos se disuelven,
permitiendc una dispersién mas facil y disminuyendo la tensién
interfacial entre dos liguidos. Cada uno de los agentes
tenscactives tiene una cabeza hidrofilica que es atraida por las
mocleculas de agua y una cola hidrofébica que repele el agua y se
enlaza en si misma a los materiales hidrofébicos tal como el
aceite y 1la grasa. En la presente, un agente tenscactivo
catidénico tiene un cabezal cargado positivamente y una cola
hidrofdbica que comprende una cadena de carbonos. Un agente
tensoactivec catidnico adecuadc para su uso en esta revelacién

puede tener una cadena de carbonos gue tlene una longitud desde



aproximadamente 8 hasta aproximadamente 24, de manera alternativa
desde aproximadamente 8 hasta aproximadamente 18,
alternativamente desde aproximadamente 12 hasta aproximadamente
22, de manera alternativa desde aproximadamente 16 hasta
aproximadamente 24. Los ejemplos de agentes tenscactivos
catiénicos adecuados para su uso en esta revelacién incluyen sin
limitacién sales de amonio cuaternario, sales de amonio
cuaternario etoxiladas, o6xides de amina o una combinacién de los
mismos. En una de las configuraciones, el agente tensocactivo
catiénico comprende clorurc de esteariltrimetilamonio, tosilato
de cetiltrimetilamcnio, cloruroe de cetiltrimetilamonio, bromuro
de cetiltrimetilamonio, cloruro de miristiltrimetilamonio,
bromuro de miristiltrimetilamonio, cloruro de
dodeciltrimetilamonio, bromuro de dodeciltrimetilamonio, cloruro
de deciltrimetilamonio, bromure de deciltrimetilamonio, cloruro
de octiltrimetilamonio, <cloruro de erucil bis-(hidroxi etil)
metilamonic, cloruro de eruciltrimetilamonic, o una combinacién
de los mismos. En una de 1las configuraciones, el agente
tenscactive catidnico puede estar presente en el CASP en una
cantidad desde aproximadamente 0,01 por ciento en peso (% en p.)
sobre la base del peso total del CASP hasta aproximadamente
99,99% en peso, de manera alternativa desde aproximadamente 0,1%
en peso hasta aproximadamente 99,9% en peso, alternativamente

desde aproximadamente 1% en peso hasta aproximadamente 92% en

peso.
[0019] En una de las configuraciones, el CASP comprende un
agente tenscactivo aniénico. En la presente, un agente

tensoactivo aniénico tiene un cabezal cargado negativamente y una



cecla hidrofébica que comprende una cadena de carbonos. Un agente
tenscactive aniénico adecuado para su uso en esta revelacién
puede tener una cadena de carbonos que tiene una longitud desde
aproximadamente 8 hasta aproximadamente 24, de manera alternativa
desde aproximadamente 8 hasta aproximadamente 18,
alternativamente desde aproximadamente 12 hasta aproximadamente
22, de manera alternativa desde aproximadamente 18 hasta
aprcximadamente 24, Los ejemplos de agentes tenscactivos
aniénicos adecuados para su usc en esta revelacién incluyen sin
limitacidén sales 4&lcalis de Acidos, sales &lcali de acidos
grasos, sales alcalinas de &cidos, sales soédicas de acido, sales
sbdicas de 4cido graso, sulfatos de alquilo, etoxilato de
alquilo, sulfatos, sulfonatos, jabones © una combinaciédn de 1los
mismos. En una de las configuraciones el agente tensocactive
anidénico comprende oleato de sodio, estearato de sodio,
dodecilbencenosulfcnato de sodio, miristato de sodio, laurato de
sodio, decanocatc de sodio, caprilato de sodic, cetil sulfato de
sodio, miristil sulfato de sodio, lauril sulfatoc de sodio, decil
sulfato de sodio, octil sulfato de sodio ¢ una combinacidn de los
mismos.

f0020Q] En una de las configuraciones, el agente tensoactivo
aniénico puede estar presente en el CASP en una cantidad desde
aproximadamente 0,01 por ciento en peso (% en p.) sobre la base
del peso total del CASP hasta aproximadamente 99,99% en peso, de
manera alternativa desde aproximadamente 0,1% en peso hasta
aproximadamente 99, %% en peso, alternativamente desde

aproximadamente 1% en peso hasta aproximadamente 99% en peso.

AD



[0021] En una de las configuraciones, la cantidad de agente
tensoactivo catidnico presente en el CASP es mayor que la
cantidad de agente tensocactivo aniénico y dicha composicién es
denomina un CASP ricc en agente tensoactivo catiénico. De manera
alternativa, la cantidad de agente tensocactivo aniénico presente
en el CASP es mayor gque la cantidad de agente tensoactivo
catidénico y dicha composicién se dencmina un CASP rico en agente
tenscactivo aniénice,

[(0022] En una de las configuraciones, la proporcién de agente
tensocactivo catidnico: agente tenscactivo anidnico (CAR) puede
ser seleccionada por una persona con les conocimientos habituales
en la técnica con los beneficios de esta revelacién para mitigar
los efectos no deseados que normalmente se asocian con la puesta
en contacte de un conjunto de agentes tensocactivos con otros
materiales. Por ejemplo, la CAR se puede seleccicnar para
reducir o eliminar la separacién de las fases cuando el CASP se
pone en contacto con una solucidn acuosa. Ademas, la CAR se
puede seleccionar para reducir o eliminar la precipitacién de uno
0 ambos componentes del CASP cuando se pone en contacto con una
selucidén acuosa. Por ejemplo, la CAR puede ser desde
aproximadamente 1:100 hasta aproximadamente 100:1; de manera
alternativa desde aproximadamente 90:1 hasta aproximadamente
1:90; alternativamente desde aproximadamente 80:1 hasta
aproximadamente 1:80; de manera alternativa desde aproximadamente
70:1 hasta aproximadamente 1:70; alternativamente desde
aproximadamente 6C:1 hasta aproximadamente 1:60; de manera
alternativa desde aproximadamente 1:50 hasta aproximadamente

50:1; alternativamente desde aproximadamente 40:1 hasta
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aproximadamente 1:40; de manera alternativa desde aproximadamente
30:1 hasta aproximadamente 1:30; alternativamente desde
aproximadamente 20:1 hasta aproximadamente 1:20; de manera
alternativa desde aproximadamente 10:1 hasta aproximadamente
1:10; alternativamente desde aproximadamente 1:9 hasta
aproximadamente 9:1,

[0023] En una de las configuraciones, un CASP (por ejemplo,
"un CASP rico en agente tensoactivo catidnico, un CASP rico en
agente tensoactivo anidnico} puede ser puesto en contacto con una
solucidén acuosa para formar una CASP-VC. La solucidén acuosa
puede comprender agua dulce © agua salada, por ejemplo, una
solucién salina acuosa no saturada o una solucién salina acuosa
saturada tan como salmuera o agua de mar. La solucidn acuosa y
el CASP puedeﬂ ser puestos en contacto mediante cualquier manera
conocida por una persona con conocimientos en la técnica con los
beneficios de la presente revelacidn. En wuna de las
configuraciones, la solucidén acucsa comprende una salmuera. La
salmuera puede ser cualquier sclucién adecuada de agua salada
saturada o casi saturada. Por ejemplo, la salmuera puede ser
cualquier solucién salina saturada o casi saturada adecuada que
comprende agua y un porcentaje en peso de sal mayor due
aproximadamente 90, 95, 99 6 99,9. Los ejemplos no limitativos
de salmuera adecuada por su uso en la presente revelacién
incluyen cloruro de amonio, cloruro de potasio, cloruro de sodio,
bromuro de zinc, cloruro de calcie, bromuro de calcio, bromuro de
sodio, formiatc de potasio, formiato de sodio, formiato de cesio
0 una combinacién de los mismos. En una de las configuraciones,

el CASP puede ser puesto en contacto con la soluciédn acucsa en
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una cantidad desde aproximadamente 0,0l1g hasta aproximadamente
20g de CASP por B80g de solucidn acuosa, de manera alternativa
desde aproximadamente 0,1lg hasta aproximadamente 15g de CASP por
80g de solucién acuosa, de manera alternativa desde
aproximadamente 1lg hasta aproximadamente 10g de CASP por 80g de
solucidn acuosa.

[0024] La CASP-VC que se describe en la presente puede
exhibir comportamiento viscoelédstico. Los materiales
viscoelédsticos exhiben tanto caracteristicas viscosas como
elasticas cuando son cobjetc de deformacién. En una de las
configuraciones, la viscoelasticidad de la CASP-VC puede ser
ajustada para satisfacer una necesidad deseada del proceso o del
usuario mediante el ajuste de la CAR o la concentracién total del
agente tensocactivo, La habilidad para ajustar o afinar la
viscoelasticidad de 1la CASP-VC puede permitir a wun usuario
seleccionar una CASP-VC apropiada en base a las necesidades de
una perforacién de pozo y sus requerimientos de procesamiento.
Por ejemplo, la CAR puede ser optimizada para producir una CASP-
VC que tiene una viscosidad adecuada para su uso en zchas de
circulacién perdida a mayor profundidad o a una temperatura
elevada.

[0025] En una de las configuraciones, la CASP-VC puede
exhibir una viscosidad en un rango desde aproximadamente 0,001
Pa*s hasta aproximadamente 100.000 Pa*s, de manera alternativa
desde aproximadamente 1 Pa*s hasta aproximadamente 100.000 Pa*s,
de manera alternativa desde aproximadamente 100 Pa*s hasta
aproximadamente 100.000 Pa*s sobre un rango de temperatura desde

aproximadamente 10 °C hasta aproximadamente 200 °C, de manera

AD
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alternativa desde aproximadamente 25 °C hasta aproximadamente 200
°C, de manera alternativa desde aproximadamente 50 °C hasta
aproximadamente 200 °C. La viscosidad es una medida de 1la
resistencia de un fluido que esta siendo deformado por el
esfuerzo cortante. En otras palabras, es la resistencia de un
liguido a fluir. La determinacién de las propiedades que se
describen en la presente se puede realizar utilizando cualquier
metodologia adecuada conoccida por una persona con conocimientos
en la técnica. Por ejemplo, el mdédulo de almacenamiento, el
médulo de pérdida y la viscosidad se pueden determinar por medio
de la aplicacién de una tasa de esfuerzo cortante constante a la
CASP-VC y la lectura del esfuerzo cortante utilizando una
geometria de copa en cilindro estacionario de separacién angosta

tal como se describe en Rheology: Principles, Measurements and

Applications, por C.W. Macosko, Wiley-VCH, Nueva York (1994) 1la

cual se incorpora en la presente como referencia en su tctalidad.
{002¢] En wuna de 1las configuraciones, la CASP-VC puede
exhibir una viscosidad de esfuerzo <cortante <cero desde
aproximadamente 0,001 Pa*s hasta aproximadamente 100.000 Pa*s, de
manera alternativa desde aproximadamente. 1 Pa*s hasta
aproximadamente 100.000 Pa*s, de manera alternativa desde
aproximadamente 100 Pa*s hasta aproximadamente 100.000 Pa*s schre
un rango de temperatura desde aproximadamentel0 10 °C hasta
aproximadamente 200 °c, de manera alternativa desde
aproximadamente 25 °C hasta aproximadamente 200 °C, de manera
alternativa desde aproximadamente 50 °C hasta aproximadamente 200
°C. La viscosidad de esfuerzo cortante cero se refiere a la

viscosidad en el limite de la tasa de esfuerzo cortante menor.
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La viscosidad de esfuerzo cortante cero es la viscosidad que un
producto finalmente alcanzard cuando estd en reposc y tranguilo.
La viscosidad de esfuerzo cortante cero se determind conforme se
describe lineas antes en la presente con la excepcidén de que los
datos fueron extrapolados a esfuerzo cortante “cero” y la
viscosidad se leyd en dicho esfuerzo cortante.
[C027] En una de las configuraciones, la CASP-VC tiene una
viscosidad compleja desde aproximadamente 19 Pa*s  hasta
aproximadamente 100.000 Pa*s, de manera alternativa desde
aproximadamente 100 Pa*s hasta aproximadamente 100.000 Pa*s, de
manera alternativa desde aproximadamente 1.000 Pa*s hasta
aproximadamente 100.00C Pa*s para un rangoe de frecuencias desde
aproximadamente 0.00001 Hz hasta aproximadamente 1.000 Hz, de
manera alternativa desde aproximadamente 0.01 Hz hasta
aproximadamente 1.000 Hz, de manera alternativa desde
aproximadamente 1 Hz hasta aproximadamente 1.000 Hz. La
viscosidad compleja se refiere a 1la funcién de 1la viscosidad
dependiente de la frecuencia determinada durante la oscilacién
arménica forzada de esfuerzo cortante, Estd en relacién con el
médulo de esfuerzo cortante complejo y representa el angulo entre
el esfuerzo cortante viscoso y el esfuerzo cortante. La funcién
de la viscosidad compleja es igual a la diferencia entre la
viscosidad dindmica vy la viscosidad fuera de fase, o parte
imaginaria de la viscosidad compleja:

n*(iw)=n'()-in"(o)
en donde

n* = viscosidad compleja

9
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n’ = viscosidad dindmica
n'’ = viscosidad fuera de fase

La viscosidad compleja se determind tal como se describe
breviamente en la presente con la excepcién de que la frecuencia
se mantuvo constante.
{0028] El mdduloc de almacenamiento en los materiales
viscoelasticos mide la energia almacenada y representa la porcién
eldstica del material. E1l médulo de pérdida se relaciona con la
energia disipada como calor y representa la porcién viscosa
relacionada con la cantidad de energia perdida debido al flujo
viscoso, En una de las configuraciones, 1la CASP-VC tiene un
modulo de almacenamiento desde aproximadamente 0,001 Pa hasta
aproximadamente 1.000 Pa, de manera alternativa desde
aproximadamente 0,1 Pa hasta aproximadamente 1.000 Pa, de manera
alternativa desde aproximadamente 1 Pa hasta aproximadamente
1.000 Pa, para un rangc de frecuencias desde aproximadamente
0,00001 Hz hasta aproximadamente 1.000 Hz, de manera alternativa
desde aproximadamente 0,01 Hz hasta aproximadamente 1.000 Hz, de
manera alternativa desde aproximadamente 1 Hz hasta
aproximadamente 1.000 Hz. En otra de las configuraciones, la
CASP-VC tiene un modulo de perdida desde aproximadamente 0,001 Pa
hasta aproximadamente 1.000 Pa, de manera alternativa desde
aproximadamente 0,1 Pa hasta aproximadamente 1.000 Pa, de manera
alternativa desde aproximadamente 1 Pa hasta aproximadamente
1.000 Pa, para un rango de frecuencias desde aproximadamente
0,00001 Hz hasta aproximadamente 1.000 Hz, de manera alternativa
desde aproximadamente 0,01 Hz hasta aproximadamente 1.000 Hz, de

manera alternativa desde aproximadamente 1 Hz hasta
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aproximadamente 1.000 Hz. El médulo de almacenamiento y el
médulc de perdida se determinaron tal como se describe
anteriormente en la presente.

[0029] En una de las configuraciones, la CASP-VC estid libre
de sdélidos. En la presente, libre de sélidos se refiere a la
cantidad de sélidos que es igual a o menor que aproximadamente 3%
&n  peso, de manera alternativa igual a ¢ menor que
aproximadamente 2% en peso, de manera alternativa igual a o menor
que aproximadamente 1% en pesc sobre la base del peso total del
CASP. Los ejemplos de so6lidos incluyen sin limitacién
particulas, arenas, materiales de la formacién o una combinacidn
de los mismos.

(0030] En una de las configuraciones, la CASP-VC puede
soportar gradientes de presién alta. La viscoelasticidad elevada
generada por medio del CASP permite gque el fluido resista
gradientes de presidn alta.

[0031] En una de las configuraciones, los CASP del tipo que
se describen en la presente pueden ser introducidos en un fluido
de mantenimiento de perforacién de pozo o a una perforacién de
pozo y llevar a cabo su funcidén proyectada ante la ausencia
sustancial de un hidrétropo y/o excesc de sal (por ejemplo, el
CASP esta libre, sustancialmente libre o no contiene una cantidad
material de un hidrétropo y/o exceso de sal). BAmbes hidrétropo y
el exceso de sal se utilizan para estabilizar el crecimiento
micelar. En la presente, un hidrétropo se refiere a un compuesto
que solubiliza los compuestos hidrofébicos en soluciones acuosas.
Por 1lo general, los  hidrdtropos consisten de una parte

hidrofilica y una parte  hidrofébica (como los agentes

U~
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tensocactivos) pero la parte hidrofébica es generalmente muy
pequefia para generar la auto-agregacidén espontédnea. Los ejemplcs
de hidrétropos incluyen, por ejemplc y sin limitacién, p-tolueno
sulfonato de sodio, =xilen sulfonato de sodic, salicilato de
sodio, alcoholes alguilicos o una combinacidn de los mismos. En
las configuraciones alternativas, los CASP son introducidos en un
fluido de mantenimiento de perforacién de pozo o© a una
perforacién de pozo y llevan a cabo su funcién proyectada ante la
presencia de un hidrdtropo. En una de 1las configuraciones, el
CASP comprende mencs gue © igual a aproximadamente 30; 20; 10; 9;
8; 7; 6; 5; 4; 3; 2; 1; 0,1; 0,01 & 0,001% en peso de uno o mas
hidrétropos basadc en el peso total del CASE. En una de las
configuraciones, el CASP comprende una cantidad de sal igual a o
menor gue la cantidad de saturacién. En una de las
configuraciones, el CASP comprende una cantidad en exceso de sal
igual a © menor gue aproximadamente 1,0; 0,1; 0,01; 0,001 6
0,0001 de porcentaje en peso sobre la cantidad de saturacidn (es
decir, £1,0; 0,1; 0,001 & 0,0001% en peso de exceso de sal).

[0032] Sin desear estar limitados por la teoria, la
viscoelasticidad ajustable de la CASP-VC que se revela en la
presente se puede atribuir al mecanismo de c¢recimiento de las
micelas en estas composiciones. Un mecanismo para la formacién y
crecimiento de micelas ©puede involucrar 1las interacciones
electrostdticas de un agente tensocactiveo catidénico y un agente
tensoactivo aniédnico {por ejemplo, CASP). En este mecanismo, el
CASP interactGa para formar un agente tensocactivo zwitteridnico
de seudc cola doble que se auto acopla en una bicapa de agente

tensoactive en forma de hojas lamelares de micelas en forma de
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gusano o vesiculas. La presencia de sal (por ejemplo,
hidrétropo) puede facilitar el crecimiento de micelas o la
creacion de vesiculas multilamelares debide a la interacciodn
entre los agentes tenscactivoes catidnicos y aniénicos, agentes
tensoactivos catidénico/ aniénico e hidrétropo, y agentes
tenscactivo catidénico/ anidnico y sal inorgéanica.

[0033] Ademas, la longitud de la cadena del agente
tenscactivo «catiénico y anidnico puede afectar las micelas
resultantes. Cuandc los agentes tensoactivos catiénicos vy
aniénicos son de longitud de cadena similar, hay un amplio
espacio de la fase en donde los agregados de bicapa estan
estables. Sin embargo, cuando existe una diferencia en las
longitudes de las cadenas, el espacic de la fase de bicapa sera
mas pequefio, estabilizando de este modo las micelas sobre un
rango de concentracién méds amplio. Para generar la diferencia de
longitud de cadena entre los agentes tensocactivos catiénicos vy
anidnicos, la cantidad de agente tensoactivo catiénico puede ser
mucho mayor cuando se compara con el agente tenscactive aniénico
o vice versa. Ademas, 1incluso en cantidades equimolares de
agentes tensocactivos catidénicos y anidnicos en donde la
diferencia de longitud de cadena entre los agentes tensoactives
catidnices y anidnicos es suficientemente grande, una fase de
micelas serd estable. Sin embargo, una fase de micelas no estaré
estable si los agentes tensoactivos catiénicos y anidnicos tienen
longitudes de cadenas similares.

[0034] E1l segundo mecanismo propuesto involucra una
transicidon del CASP de una fase vesicular de baja viscosidad (por

ejemple, cerca de agquélla del agua con 1% en volumen de esferas)
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a una fase viscoelédstica de alta viscosidad por medio de un
incremento en la temperatura. En 1la presente, una fase
viscoelastica de alta viscosidad se refiere a una cantidad mayor
gue aquélla de la fase vesicular a- la vez que a la misma
concentracién general de agente tensoactivo. En este mecanismo,
una fase de bicapa vesicular unilamelar se g¢genera mediante la
mezcla del agente tensoactivo catiédnico y el agente tensocactivo
aniénico. En contraste con el primer mecanismo en donde una
diferencia en la longitud de cadena de carbonos ayuda en la
formacién de las micelas, la cantidad del agente tensocactive
catidnico puede ser similar al agente tensocactivo anidénico en la
fase vesicular, por ejemplo una CAR 1:1. Conforme se incrementa
la temperatura, la tasa de intercambio de agente tensoactivo
entre la vesicula y el agua se incrementara. El aumento ocurre
de forma mas répida para un agente tensoactivo de cadena corta
que para un agente tensocactive de cadena larga, conduciendoc a una
menor concentracidn (por ejemplc, conforme se determina por medio
de la resonancia mégnética nuclear) de un agente tensocactivc en
la bicapa, de este modo posiblemente promoviendo el crecimiento
de micelas.

[0035] El tercer mecanismo propuestc involucra el desarrollo
de una curvatura espontdnea por medio de la mezcla de los agentes
tensoactives y la generacidén de una fase lamelar con muchos
defectos «con cualidades similares al gel como visualizado
utilizando técnicas de formacién de imagenes. En este mecanismo,
se forma un gel catiénico/ anidnico por medio de una fase de
defecto lamelar. A una elevada concentracidén de agente

tensoactivo de doble cecla (por ejemplo, bajos contenidos de agua,
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igual a o mayor gque aproximadamente 50% en peso de agente
tensoactivo), a menudo se forma una fase de hoja lamelar {Laipna) -
Conforme se incrementa el contenido de agua a una cantidad desde
aproximadamente 60% en peso hasta aproximadamente 80% en pesc, la
separacién de bicapa generalmente se hincha hasta una cierta
separacion que expele cualquier exceso de agua que se afada. La
separacidn puede ser determinada mediante el uso de cualguier
técnica adecuada tal como una técnica de dispersiédn de rayos x de
angulo pequerio. En el caso de las bicapas catidnicas/ anidénicas
(agentes tensoactivos de “seudo” <cola doble), existe una
curvatura esponténea que conduce a emplazamientos con defectos de
vesicula mulilamelar (MLV) gue existen con la fase de hoja
lamelar conforme se agrega mas agua. La formacidén de los
emplazamientos con defectos MLV dentro de la fase de hoja lamelar
conduce ademas & hojas lamelares entrecruzadas con los
emplazamientos con defectos MLV, generando de este modo un gel
altamente viscoelastice c¢on una viscosidad mayor que 1.000
centipoise,

[0036] En una de las configuraciones, una CASP-VC del tipo
que se describe en la presente se puede utilizar para controlar
la c¢irculacidén perdida en una formacién subterranea. Se debera
entender gque “formacién subterranea” abarca tanto las areas por
debajo de la tierra expuesta asi como las Areas por debajo de la
tierra cubierta por agua tal comc el océano o agua dulce. En el
proceso de perforaciédn de un pozo, a menudo se enfrentan zonas
con bajas gradientes de fractura, =zcnas fracturadas, etc. y la
pérdida de todo el fluido de perforacién a la formacién se vuelve

un problema. Las pérdidas del fluido de perforacién pueden
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dificultar el progreso de la perfcracién del pozo, agregar costos
a la perforacién del pozo, impedir la perforacién del pozo a la
profundidad objetivo y/o ocasionar la pérdida total de la seccién
perforada a pozc abierto. En dicha configuracidén, el CASP se
puede introducir en una sarta de perforacién, ser bombeado hacia
abajc a una zona de circulacién perdida tales comoc vacios, zonas
vugulares y fracturas normales o inducidas mientras se perfora.
El CASP puede luego entrar en contacto con un fluido en la zona
de circulacidén perdida y formar una CASP-VC que sustancialmente
sella 1la =zona de «circulacién perdida con poca o ninguna
interrupcién de las operaciones de perforacién y reduccién en la
pérdida del fluido de perforacién a 1la =zona de circulacién
perdida.

[0037] En otra de las configuraciones, se puede bombear un
CASP hacia abajoc hacia una zona de circulacién perdida, se puede
introducir un fluido de mantenimiento de perforacién de pozo
desde la perforacién de pozo hacia la zona de circulacién perdida
en donde el CASP entra en contacto con el fluido de mantenimiento
de la perforacién de pozo y forma una CASP-VC gque sustancialmente
sella la zona de circulacién perdida. Tal como se utiliza en la
presente, un “fluide de mantenimiento” se refiere a un fluido que
se utiliza para perforar, completar, reacondicionar, fracturar,
reparar o de cualquier manera preparar una perforacién de pozo
para la recuperacién de materiales gque permanecen en una
formacién subterranea penetrada por la formacién de pozo. Los
ejemplos de fluidos de mantenimientc incluyen, pero no estén
limitados a, papillas de cemento, fluidos de perforacién o lodos,

fluides de separacidén, fluidos de fracturamiento, fluides de
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empaque de grava ¢ fluidos de completacidén, todos los cuales son
conocidos en la técnica. Los métodos para la introduccidén de
composicicnes en una perforacién de pozo para sellar las zcnas
subterraneas se describen en las patentes estadounidenses Nos,.
5.913.364, 6.167.%67 y 6.258.757, cada una de las cuales se
incorpora en la presente como referencia en su totalidad.

[(0038] La CASP-VC puede formar una masa intacta que no fluye
de elevada viscosidad dentro de la zona de circulacién perdida
que tapona la zona e inhibe la pérdida del fluide posteriormente
bombeado. En una de las configuracicnes, la CAR es ajustada a
fin de preducir una CASP-VC de elevada viscosidad que tapona una
zona a tTemperaturas elevadas, tales como agquéllas gue se
encuentran a mayores profundidades dentro de una perforacién de
pozo.

[0039] En otra de las configuraciones, las CASP-VC forman
pildoras de circulacién perdida para su uso en salmueras de
completacidén. Las CASP-VC que se divulgan en la presente pueden
formar pildoras posteriores a la perforacién libre de sdlidos y/o
pildcras de pérdida de fluido posteriores al empaque de grava que
son utiles en el mantenimiento de una perforacién de pozo durante
las operacicnes de completacidn.

[0040] En una de las configuraciones, se utiliza wuna CASP-VC
para el mantenimiento de una perfcracidn de pozZo.
Posteriormente, se puede romper la visocelasticidad de una CASP-VC
(es decir, 1la viscosidad de 1la CASP-VC puede ser reducida)
poniendc en contacto la CASP-VC con una cantidad efectiva de un
rompedor de viscosidad tal como hidrocarburo o un rompedor

interno. La habilidad para romper la viscosidad de una CASP-VC
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puede ser Gtil por ejemplo para la limpieza de una perforacién de
pozo. Los ejemplos de rompedores internos adecuados para su uso
en la presente revelacidén incluyen sin limitacién rompedor SP,
rompedor VICON NF, rompedor OXQL II, rompedor GBW-40 y rompedor
HT, los cuales estdn comercialmente disponibles de Halliburton.
Los ejemplos de hidrocarburos adecuades para su uso en la
presente revelacidén incluyen, por ejemplo, y sin 1limitacién,
petroleo crudo, gas natural e hidratos de gas. Las cantidades
efectivas de hidrocarburcs y rompedores internos pueden ser
determinadas por una persona con conocimientos en la técnica con

la ayuda de la presente revelacién.

EJEMFPLOS
[D041] Habiéndose descritc de manera general la revelacién,
los siguientes ejemplos se proporcionan como configuraciones
particulares de la divulgacién y para demostrar la préctica y
ventajas de la misma. Se debe entender que los ejemplos se
proporcionan de manera ilustrativa y nc tienen la intencién de

limitar la memoria descriptiva o las reivindicaciones de manera

alguna.

EJEMFLO 1
[(0042] Se investigd el comportamiento reoldégico de las CASP-
VC del tipo que se describen en la presente. Se prepararon ccho
muestran, designadas Muestras 1 a 8. Las Muestras 1 a 4 se
prepararon utilizando oleato de sodio (NaQle), que esta

comercialmente disponible de TCI America como el agente

tensoactive anidnico y cloruro de octil trimetil amonieo (CgTACY,
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que estd comercialmente disponible de TCI America como el agente
tensoactivo catiénico. Las Muestras 1 a 4 se prepararon
utilizande una relacidén CgTAC:Na® de 3:7, 4:6, 2:8 y 1:9,
respectivamente. Las muestras fueron luego disueltas en agua
desionizada (DI Hy0) en una cantidad suficiente para formar una
solucidén al 3% en peso. Puesto gque las Muestras 1 a 4 tenian una
mayor relacidén anidnica a catidnica, las CASP-VC resultantes
fueron ricas en agentes tensoactivos aniénicos.

[0043] Las Muestras 5 a B se prepararcn utilizando octoato de
sodio (NaCap) que estd comercialmente disponible de TCI America
como el agente tensoactivo aniédnico y cloruro de estearil trimeil
amonioc  (Cy3TAC), que estd comercialmente disponible de TCI
hmerica como el agente tenscactivo catidnicoc. Las Muestras 5 a 8
se prepararon wutilizando una relacidén de C13TAC:NaCap de 7:3,
6:4, 8:2 y 9:1, respectivamente. Las muestras luego fueron
disueltas en agua desionizada (DI H,0) en una cantidad suficiente
para formar una solucién al 3% en peso. Puesto que las Muestras
1 a 5 tenian una mayor relacién catiénica a anidénica, las CASP-VC
resultantes fueron ricas en agentes tensoactivos catiénicos. La
Tabla 1 tabula los tipos de agente tensoactivo catidénico vy

aniénicoc y las relaciones para cada muestra.

TARLA 1
Muestra | Agente tensocactivo | Agente tensoactivo CAR % en
catidnico anidénico Peso
1 CsTAC NaO 3:7 3
2 CgTAC NaO 4:6 3
3 CgTAC NaQ 2:8 3
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4 CgTAC NaC 1:9 3

5 C1gTAC NaCap 7:3 3

6 C1sTAC NaCap 6:4 3

7 C15TAC NaCap 8:2 3

8 C1sTAC NaCap 9:1 3
{0G44] Las mediciones recldgicas se llevaron a cabo

utilizande un MCR 501 con un cilindro concéntrico de 27 mm, que
es un redmetro comercialmente disponible de Anton Paar a una
temperatura de 25 °C.

[0045] La Figura 1 es un grafico de la viscosidad como una
funcién de la tasa de esfuerzo cortante para las Muestras 1 a 4.
La Figura 2 es un gréafico de la viscosidad como una funcién de la
tasa de esfuerzo cortante para las Muestras 5 a 8. Las
viscosidades de esfuerzo cortante cero de las Muestras 1 a 4 se
pueden determinar extrapolando la viscosidad nuevamente al punto
de esfuerzo cortante teérico cero y fueron 1200, 93, 33 y 0,006
Pa*s, respectivamente. Las viscosidades de esfuerzo cortante
cerc de las Muestras 5 a 8 se pueden determinar extrapolando la
viscosidad nuevamente al punto de esfuerzo cortante tedrico cero
y fueron 542, 196, 0,4 y 0,001 Pa*s, respectivamente. Los
resultados demostraron gque la viscosidad de esfuerzo cortante
cero es altamente dependiente de la relacidén catidnica/ anidnica
y puede ser ajustada variandc la misma. Asimismo, se puede
generar un incremento de un millén de veces en la viscosidad
mediante la adicién de agente tenscactiveo c¢on carga opuesta
independiente de sal o concentracién de hidrégeno.

EJEMPLO 2

2\
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[0046] Se investigd la viscosidad de esfuerzo cortante cero
de una CASP-VC rica en agentes tenscactivos catiénicos y rica en
agentes tenscactivos anidénicos. Las Muestras 1 a 8, gue se
describen en el Ejemplo 1, se utilizaron nuevamente en este
ejemplo. Ademas, cinco muestras mis, designadas como Muestras 9
a 13, fueron preparadas tal como se describe en el Ejemplo 1. La
Tabla 2 tabula 1las CARS vy tipos de agentes tensoactivos

catidénicos y anidnicos para las Muestras 9 a 13.

TABLA 2
Muestra Agente tensoactivo | Agente tensocactivo CAR % en
catidnico aniénico Peso
9 CaTAC NaoQ 5:5 3
10 CgTAC NaQ 6:4 3
11 CgTAC NaO 0:10 3
12 C13TAC NaCap 5:5 3
13 C1gTAC NaCap 4:6 3
[0047]) La Figura 3 es un grafico de la viscosidad como una

funcidén de 1la fraccidén en peso del componente menor para las
Muestras 1 a 13. Para las Muestras 1 2 4 y 9 a 11, el componente
menor fue el agente tensoactivo catiénico. Para las Muestras 5 a
8 y 12 a 13, el componente menor fue el agente tensocactivo
aniénico. Los resultados demostraron que la CAR gue gener6 la
viscosidad maxima fue aproximadamente 70:30 y 30:70, tal como se
muestra por los picos para las CASP-VC ricas en agentes
tensocactivos anidnicos y ricas en agentes tensoactivos catiénicos
en la Figura 3. Ademas, tanto las CASP-VC ricas en agentes

tensocactives catidnicos y ricas en agentes tenscactivos aniédnicos
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exhibieron incrementos pronunciados en la viscoelasticidad hasta
300.000 veces cuando se compara con los componentes individuales
de los agentes tensoactivoes, Este incremento en la
viscoelasticidad también se observd de forma visual colocando las
Muestras 1 y 5 en frascos separados e invirtiendo ambas frascos.
En ambas frascos, las muestras de gel viscoeldstico permanecieron

suspendidas durante 10 segundos.

EJEMPLO 3
[0048] Se investigaron las propiedades dindmicas de las CASP-
VC del ¢tipo que se describen en la presente. De manera

especifica, se determind la viscosidad compleja, médulo de
almacenamiento y médulc de pérdida como una funcién de 1la
frecuencia para las Muestras 1 a 3 y 5 a 7 del Ejemplo 1. Las
Figuras 4 y 5 son graficos de la viscosidad compleja, moédulo de
almacenamiento y médulc de pérdida como wuna funcién de la
frecuencia para las Muestras 1 a 3 y 5 a 7, respectivamente. Los
resultados demostraron gque estos fluidos presentaron tanto un
moédulo ge pérdida como un médulo de almacenamiento significativo,
demostrando por consiguiente su viscoelasticidad.
EJEMPLO 4

[0049] Se investigbé el efecto de la temperatura en la
viscosidad de las CASP-VC. Las viscosidades de esfuerzo cortante
cero de las Muestras 1 y 5 del Ejemplo 1 se probaron en un rango
de temperatura de 70 °F a 190 °F. Los resultados para ambas

CASP-VC rica en agentes tenscactivos aniénicos (Muestra 1) y una
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CASP-VC rica en agentes tensoactives catiénicos (Muestra 5) se
muestran en las Figuras 6 y 7, respectivamente.

[0050] Los resultados demuestran que hubo un decrecimiento en
la viscosidad en varios ordenes de magnitud en cada rmuestra
conforme aumentd la temperatura. Sin embargo, la viscosidad para
las CASP-VC ricas en agentes tensoactivos catidnicos y ricas en
agentes tensoactivos aniénicos fue incluso aproximadamente 10 y
30 veces mayor respectivamente que aquélla del agua (viscosidad
del agua a 154 °F es aproximadamente 0,000315 Pa*s). De este
modo, incluso a elevada temperatura, hay un incremento apreciable
de la viscosidad cuando se compara con el agua.

[0051] Sin desear estar limitados ©por la teoria, la
disminucidn observada en la viscosidad conforme la temperatura
aumentd puede ser el resultado de la solubilidad de los CASP en
el incremento del agua (es decir, aumenté la concentracién
critica de micelas). La solubilidad incrementada del CASP puede
conducir a una cinética mas rapida y micelas mas cortas y mas
pequeiias. La presencia de estas micelas mias cortas y mas
pequenias puede contribuir al decrecimiente observado en la
viscosidad.

[0052] Una persona con conocimientos en la técnica y con los
beneficios de la presente revelacidén podrd ajustar los CASP, de
tal manera que la viscosidad de la CASP-VC tiene una respuesta
reducida a la temperatura. Por ejemplo, una técnica consiste en
utilizar agentes tensoactiveos de cadena de alquilo tales como
agentes tfensoactives catidnicos C;; y agentes tensocactivos
zwitteridnicos Cp;. Ademds, se pueden explctar los cambios en el

comportamiento en la fase de agentes tenscactives <con la

24



28

temperatura (es decir, transicién de vesicula a micelas en forma

de gusano). El enfoque final consiste en incrementar la
concentracidén de los agentes tensocactivos en el CASP. Mediante
el incremento de la concentracién, se puede alcanzar el

entrelazamiento © concentracién cruzada inclusoc con micelas de
longitud mucho mas cortas. En otras palabras, la respuesta
viscoeléastica ocurre cuando hay un incremento en la
concentracidn, longitud o ambas.

[0053] También se investigd la estabilidad de la CASP-VC. Se
prepard una solucién de agente tenscactivo aniénico que comprende
la Muestra 1 y se chservd durante un periodo de tiempc de 7 dias
a una temperatura de 25 °C. Se observé que el agente tensocactivo
aniénico se degrada con el tiempo, conforme la solucién de
componente unico se volvié algo turbia en unas pocas semanas.
Sin desear estar limitado por la tecria, el enlace doble en la
cadena de alquil oleato puede ser oxidado, causando que el agente
tensocactive se wvuelva igual que el jabén de sodio y A&cido
estedrico. El Jjabdén de sodio y 4acido estedrico tiene una
solubilidad mucho mencr en agua y puede no formar micelas en
forma de gusanos tan facilmente como Jjabén de sodio y &cido
oleico.

[0054] Igualmente se preparé una CASP-VC rica en agentes
tensoactivos aniénicos y se cbservd durante un periodo de tiempo
de 7 dias a una temperatura de 25 °C. La CASP-VC rica en agentes
tensoactivos anidnicos también se volvid turbia, mostrod
viscosidad reducida y comenzé a separar las fases después de unas
cuantas semanas, Este comportamiento puede ser explotado ya que

puede ser Util para la degradacién del material viscoeldastico sin
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la utilizacidén de ningin componente agregado. A temperaturas
elevadas, puede ocurrir dicha descomposicién de la viscosidad en
el orden de dias, lo cual puede ser util para una pildora de
circulacién perdida, puesto que permitird que el material de
circulacién perdida se disuelva y permitird gque comience la
produccidn. Se observé que wuna CASP-VC rica en agentes
tensoactivos catidénicos permanece estable por un periodo de

tiempo mayor de 30 dias a una temperatura de 25 °C.

EJEMPLO 5

{0055] Se investigd la estabilidad de temperatura de una
CASP-VC rica en agentes tensoactivos catiénicos y se compard con
un agente tenscactivo solamente catidnico. La CASP-VC rica en
agentes tensocactivos catidnicos, designada Muestra 14, fue
tosilato de cetil trimetil amonio/ dodecilbenceno sulfonatc de
sodio (CTAT/SDBS) de 97:3 que se prepard como una solucidén al 3%
en peso. El agente tensoactivo solamente catidnico, designado
Muestra 15, fue CTAT gque se prepard como una solucién al 3% en
peso. Las viscosidades de esfuerzo cortante cero para las
Muestras 14 y 15 se midieron para un rango de temperatura desde
75 °F hasta 190 °F. Los resultados se muestran en la Figura 8.

[0056] Haciendo referencia a la Figura 8, la viscosidad de
esfuerzo cortante cero disminuydé conforme aumenté la temperatura
para ambas muestras. Sin embargo, la caida en la viscosidad de
esfuerzo cortante cero a temperatura elevada {(aproximadamente por
encina de los 150 °F) para la Muestra 14 fue menor gue la Muestra

15 debido a la adicién del agente tenscactivo anidnico. Sin
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desea estar limitados por la teoria, la menor caida en la
viscosidad de esfuerzo cortante cerc se puede deber al mayor
enlace de un agente tensoactivo versus un hidrétropo simple o
debido a la menor solubilidad de los agentes tensoactivos versus
los hidrétropos. De este modo, dichos CAP ofrecen mayor
estabilidad a la temperatura que los agentes tensocactivos

tradicionales.

EJEMPLO 6

[0057] Se investigdé la tolerancia de 1las CASP-VC ricas en
agentes tensoactivos catidnicos y ricas en agentes tenscactivos
aniénicos a la sal. Se seleccioné la Muestra 5 del Ejemplo 1
para la CASP-VC rica en agentes tensoactiveos catiénicos. Se
prepard una muestra comparativa de CASP-VC rica en agentes
tensoactivos catiénicos en salmuera, designada Muestra 16, a
partir de CIl8TAC/NaCap gque tiene una relacién 7:3 la cual se
prepard comc una solucidén al 3% en peso (similar a la Muestra 5)
y 0,15M de salmuera de bromuro de sodio (NaBr). La viscosidad
compleija, moédulo de almacenamiento, médulo de pérdida vy
viscosidad de esfuerzo cortante cero de las Muestras 5 y 16 se
midieron y los resultados se muestran en las Figuras 9 y 10. Los
resultados demostraron que la CASP-VC era capaz de mantener su
viscosidad con 1la adicidén de sal. Sin desear estar limitado por
la teoria, esto sugiere que las interacciones electrostaticas no
son la fuerza dominante en la formacién de la viscoelasticidad.

[0058] Se seleccioné la Muestra 1 para el CASP rico en

agentes tensoactivos anidnicos. Se prepard una muestra
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comparativa de CASP-VC rica en agentes tensoactives anidnicos en
salmuera, designada Muestra 17 a partir de una relacién de
NaO:CgTAC de 7:3 y 0,15M de salmuera de bromuro de sodio (NaBr).
Se midid la viscosidad compleja, médule de almacenamiento, médulo
de pérdida y viscosidad de esfuerzo cortante cero de las Muestras
1 v 17. Los resultados se muestran en la Figura 11. Los
resultados demostraron que la CASP-VC rica en agentes
tensoactivos anidnicos experimentd una gran caida en sus
propiedades viscoeldsticas sin la adicién de la sal, lo que
sugiere que las interacciones electrostiticas estédn formandc la
viscosidad de esfuerzo cortante cero. Esta viscosidad puede ser

recuperada variando la CAR para cambiar la carga total en la

micela.

EJEMPLO 7
[0059] Se investigd la viscosidad de esfuerzo cortante cero
de la CASP-VC del tipo gque se describe en la presente. Se
prepararon cuatro muestras, designadas Muestras 18 a 21. La

Muestra 18 fue una solucidn acuosa al 3% en peso de tosilato de
cetil trimetil amonio (CTAT). Las Muestras 19 a 21 fueron CTAT/
dodecilbenceno sulfonato de sodio (SDBS) con una CAR de 99:1,
97:3 y 95:5 respectivamente y se prepardé como una solucidédn acuosa
al 3% en peso. Las viscosidades de esfuerzo cortante cero de las
Muestras 18 a 21 se determinaron que eran 126, 205, 255 y 207
Pa*s respectivamente y se muestran en la Figura 12. E1 CTAT
forma soluciones micelares en forma de gusanos viscoelasticas con

elevadas viscosidades de esfuerzo cortante cero. Mediante 1la

29
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adicidén de una pequefia cantidad de SDBS en las Muestras 19 a 21,
las soluciones se volvieron altamente viscosas con viscosidades
de esfuerzo cortante cero incrementadas en comparacién con la
Muestra 18. Ademas, la viscosidad de esfuerzo cortante ceroc de
la Muestra 20 fue m&s del doble (256.000 centiPoise) cuando se
compard con la Muestra 18 (126,000 centiPoise).

{0060] Se prepard otra muestra, designada Muestra 22. La
Muestra 22 fue CTAT/ octil sulfato de scdio (S0S) con una CAR de
94:6 y se prepard como una solucidn acuosa al 3% en peso. La
viscosidad de esfuerzo cortante cero de la Muestra 22 se
determiné que era 470.000 centiPoise, que fue més del triple
cuando se compard con la Muestra 18. Estos resultados
demostraron la habilidad del CASP para incrementar la visccosidad

de las soluciones.

EJEMPLO 8
(0061] Se investigd el efecto de utilizar agentes
tenscactivos que contienen cadenas largas de alquilo en las
propiedades de 1la CASP-VC, Se 1investigaron tres muestras,
designadas Muestras 23 a 25. Las Muestras 23 y 24 que fueron el
CASP rico en agentes tensoactivos catidénicos, se prepararon a
partir de cloruro de erucil bis-(hidrexi etil) metilamonio
(EHAC)/ sal sdédica del &acido n-caprilico (NaCap) con una CAR de
8:2 y 2:1 respectivamente como una sclucidn acuosa al 3% en peso.
La Muestra 25, que fue el CASP rico en agentes tensoactivos
catiodonicos, se prepard a partir de cloruro de erucil bis- (hidroxi

etil)metilamonio/ sal sddica de &cido decanoico con una relacién

3%
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catidénica: aniénica de 9:1 como una solucién acucsa al 3% en
peso. Se determinaron las viscosidades de esfuerzo cortante cero
para las Muestras 23 y 24 y los resultados se muestran en la
Figura 13. Las viscosidades de las Muestras 23 y 24 estuvieron
en un rango desde 200.000 hasta 800.000 centiPoise mientras que
la viscosidad de 1la Muestra 25 fue aproximadamente 70.000
centiPoise. Los resultados demostraron que los agentes
tensoactivos de cadena larga que generan viscosidad apreciable
(>10 Pa*s) a temperaturas elevadas también forman estos agregados
viscoelasticos catidénicos/aniénicos.

[0062] &4  continuzcidn, se investigd la habilidad del
hidrocarburo para reducir la viscosidad de la CARSP-VC. Una

porcién de las Muestras 23 a 25 se colocd en frascos individuales

y se intrcdujo un fluido hidrocarburo en cada frasco. El1 fluido
hidrocarburo que se utilizé para la prueba fue diesel. Luego se
agitdé cada frasco para mezclar la CASP-VC con el diesel. Cada
frasco fue luege invertida y se observéd visualmente. Ante la

ausencia del hidrocarburo, los CASP forman masas viscosas gque
permanecieron suspendidas durante segqundos, ver Ejemplo 2. Sin
embargo, con la adicién de un hidrocarburo, luego de la inversién
de los frascos la masa no estuvo completamente suspendida y se
observé que el fluido fluydé por ambos CASP rico en agentes
tensocactivos catidnicos y rico en agentes tensoactivos aniénicos.
[0063]) Mientras que se han mostrado y descrito las
configuraciones de 1la revelacién, una persona experta en la
técnica puede realizar modificaciones a la misma sin apartarse
del alcance de 1la invencidn. Las configuraciones que se

describen en la presente son sclamente ejemplares y no tienen la



intencién de ser limitativas. Muchas variaciones ¥
modificaciones de la divulgacién que se revela en la presente son
posibles y estan dentro del alcance de la divulgacién. Cuando
rangos numéricos o limitaciones son sefialados de manera expresa,
dichos rangos de expresidén o limitacicnes deberan ser entendidos
que incluyen rangos iterativos o limitacicnes de similar magnitud
gque caen dentro de los rangos o limitaciones sefialados de manera
expresa (por ejemplo, desde aproximadamente 1 hasta
aproximadamente 10 incluye, 2, 3, 4, etc.; mayor gque 0,10 incluye
0,11:; C,12; 0,13; etc.). Por ejemplo, cuando se divulga un rangoe
numérico con un limite inferior Ry, y un 1limite superior Ry,
cualquier numero que cae dentro del rango es revelado de manera
especifica. En particular, los siguientes numeros dentro del
rango son divulgados de manera especifica: R=Ry+k* (Ry-Ry), en
donde k es una variable en un rango desde 1 por ciento hasta 100
por ciento con 1 por ciento de incremento, es decir, k es 1 por
ciente, 2 por ciento, 3 por ciento, 4 por ciente, 5 por ciento,
.+., 50 por ciento, 51 por ciento, 52 por ciento, ..., 95 por
ciento, 96 por ciento, 97 por ciento, 98 por ciento, 99 por
ciento o 100 por ciento. Ademas, cualquier rango numérico
definido por dos nuameros R tal como se define lineas antes
también es igualmente divulgado de manera especifica. El uso del
término “de manera opcional” con relacién a cualquier elemento de
una reivindicacién tiene la intencién de significar que se

requiere el elemento objeto, o de manera alternativa, no es

requerido. Ambas alternativas estédn proyectadas para estar
dentro del alcance de la reivindicacién. El emplec de términos
mas amplios tales como comprende, incluye, tiene, etc., deberan

W\



3s

ser entendidos gque proveen soporte para los términos mas
limitados tales como consiste de, consiste esencialmente de,
compuesto sustancialmente de, etc.

[0064] Por consiguiente, el alcance de la proteccién no estéa
limitado por la descripcién planteada lineas antes sino solamente
esta limitada por las reivindicaciones que siguen, dicho alcance
incluyendo todos los equivalentes de la materia de las
reivindicaciones, Todas y cada una de las reivindicaciones se
incorporan en la memoria descriptiva como una configuracién de la
presente revelacidn. De este modo, las reivindicaciones son una
descripcién adicional y son una adicién a las configuraciones de
la presente divulgacién. La discusién de una referencia no es
una aceptacidén de que constituye arte previo a la presente
divulgacién, de manera especial cualquier referencia que puede
tener una fecha de publicacidn posterior a la fecha de prioridad
de esta solicitud. Las revelaciones de todas las patentes,
solicitudes de patentes y publicaciones que se citan en la
presente, son por lo tanto incorporadas como referencia, en la
medida en gque las mismas proveen detalles ejemplares, de
procedimiento u otros detalles suplementarios a aquéllos

planteados en la presente.
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REIVINDICACIONES
Lo que se reivindica es:

1. Un fluido para mantenimiento de perforaciones de POZOS
comprendiendo un conjunto de agentes tensoactivos_que comprende
un agente tensoactivo catidénico y agente tensoactivo anidnico;
caracterizado porque el conjunto de agentes tensoactivos cuando
es puesto en contacto con una solucidn acuosa forma una
composicidn viscosificada en presencia de menos de
aproximadamente 30% en peso de un hidrétropo.

2. Un fluido de acuerdo «con la Reivindicacién 1,
caracterizado porque el agente tensoactivo catiénico tiene una
longitud de cadena de carbonos desde aproximadamente 8 hasta
aproximadamente 24,

3. Un fluido de acuerdo con la Reivindicacién 1 & 1la 2,
caracterizado porque el agente tensoactivo catiénico comprende
sales de amonioc cuaternario, sales de amonio cuaternario
etoxiladas, 6xidos de amina o una combinacién de los mismos.

4. Un fluido de acuerdo con la Reivindicacién 1, 2 & la 3,
caracterizado porque el agente tensocactive catidnico comprende
cloruro de esteariltrimetilamonio, tosilato de
cetiltrimetilamonio, cloruro de octiltrimetilamonio, c¢loruroc de
erucil bis~{hidroxi etil)metilamonio, cloruro de
eruciltrimetilamonioc, cloruro de cetiltrimetilamonio, bromurc de
cetiltrimetilamonio, cloruro de miristiltrimetilamonio, bromuro
de miristiltrimetilamonio, <cloruro de dodeciltrimetilamonio,
bromuro de dodeciltrimetilamonio, cloruro de deciltrimetilamonio,

bromuro de deciltrimetilamonio, o una combinacidén de los mismos.

W
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5. Un fluido de acuerdo con cualgquiera de las
reivindicaciones precedentes, caracterizado porque el agente
tenscactivo catidnico esta presente en el conjuntoc de agentes
tenscactivos en una cantidad desde aproximadamente 0,01% en peso
hasta aproximadamente 99,99% en peso basado en el peso total del
conjunto de agentes tensocactivos.

6. Un fluido de acuerdo con cualguiera de las
reivindicaciones precedentes, caracterizado porque el agente
tensoactivo aniédnico tiene una longitud de cadena de carbonos
desde aproximadamente 8 hasta aproximadamente 24.

7. Un fluido de acuerdo con cualguiera de las
reivindicaciones precedentes, caracterizado porgue el agente
tensoactivo anidnico comprende sales &lcalis de Aacidos, sales
alcalis de A&cidos grasos, sales alcalinas de 4&cidos, sales
sbédicas de Acido, sales sédicas de &cido graso, sulfatos de
alquilo, etoxilato de alquilo, sulfatos, sulfonatos, Jabones o
una ccmbinacidén de los mismos.

8. Un fluido de acuerdo con cualquiera de las
reivindicaciones precedentes, caracterizado porque el agente
tensocactive anidnico comprende oleato de sodio,
dodecilbencenosulfonato de sodic, decanocato de sodic, octil
sulfato de sodio, caprilato de sodio, estearato de sodio,
miristato de sodio, lauratc de sodio, cetil sulfato de sodio,
miristil sulfato de sodio, lauril sulfato de sodio, decil sulfato
de sodio, o una combinacién de los mismos.

9. DUn fluido de acuerdo con cualquiera de las
reivindicaciones precedentes, caracterizado porque el agente

tensoactivo anidnico estd presente en el conjunte de agentes

U
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tensoactivos en una cantidad desde aproximadamente 0,01% en peso
hasta aproximadamente 99,99% en peso en base al peso total del
conjunto de agentes tenscactivos,

10. Un fluido de acuerdo con cualquiexra de las
reivindicaciones precedentes, caracterizado porque el conjunto de
agentes tensoactivos tiene una relacién de agente tensoactivo
catidénico: agente tensocactivo anidénico desde 1:100 hasta 100:1.

11. Un fluido de acuerdo con cualquiera de las
reivindicaciones precedentes, caracterizado porque el conjunto de
agentes tenscactivos es puesto en contacto con la solucidén acuosa
en una cantidad desde aproximadamente (0,01 gramos hasta
aproximadamente 20 gramos por 80 gramos de la solucién acuosa.

12. Un fluido de acuerdo con cualquiera de las
reivindicaciones precedentes, caracterizadec porgque la solucién
acuosa comprende agua, salmuera, un fluido para mantenimiento de
perforaciones de pozos o una combinacién de los mismos.

13. Un fluido de acuerdo con la Relvindicacién 1z,
caracterizado porque la salmuera comprende cloruro de amonio,
cloruro de potasio, cloruro de sodio, bromuro de zinc, cloruro de
calcio, bromuro de calcio, bromuro de sodic, formiato de potasio,
formiato de sodio, formiato de cesio o una combinacién de los
mismos.

14. Un fluido de acuerdo con la Reivindicacién 12 o la 13,
caracterizado porgue el fluido para mantenimiento de
perforaciones de pozos comprende papillas de cemento, fluidos de
perforacidn, fluidos de separacién, fluidos de fracturamiento,
fluides de empague de grava, fluidos de re-acondicionamiento,

fluidos de completacién o una combinacién de los mismos.
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15. Un fluido de acuerdo con cualguiera de las
Reivindicaciones precedentes, caracterizado porque la composicién
viscosificada estd libre de sélidos.

16. Un fluido de acuerdo con cualquiera de las
Reivindicaciones precedentes, caracterizado porque la composicién
viscosificada tiene una viscosidad desde aproximadamente 0,001
Pa*s hasta aproximadamente 100.000 Pa*s a una temperatura desde
aproximadamente 10 °C hasta aproximadamente 200 °C.

17. Un fluido de acuerdo con cualquiera de las
Reivindicaciones precedentes, caracterizado porque la composicidn
viscosificada tiene una viscocsidad de esfuerzc cortante cero
desde aproximadamente 0,001 Pa*s hasta aproximadamente 100.000
Pa*s a wuna temperatura desde aproximadamente 10 °C hasta
aproximadamente 200 °C.

18. Un fluido de acuerdo con cualquiera de las
Reivindicaciones precedentes, caracterizado porque la composicién
viscosificada tiene una viscosidad compleja desde aproximadamente
10 Pa*s hasta aproximadamente 10.000 Pa*s a un rango de
frecuencia desde aproximadamente 0,00001 Hz hasta aproximadamente
1000 Hz.

19. Un fluido de acuerdo con cualquiera de las
Reivindicaciones precedentes, caracterizado porque la composicién
viscosificada tiene un mbdulo de almacenamiento desde
aproximadamente 0,001 Pa hasta aproximadamente 1.000 Pa a un
rango de frecuencia desde aproximadamente 0,00001 Hz hasta
aproximadamente 1000 Hz.

20. Un fluido de acuerdo con cualguiera de las

Reivindicaciones precedentes, caracterizado porque la composicién

W



40

viscosificada tiene un médulo de pérdida desde aproximadamente
0,001 Pa hasta aproximadamente 1.000 Pa a un rango de frecuencia
desde aproximadamente 0,00001 Hz hasta aproximadamente 1000 Hz.

21. Un fluido de acuerdo con cualqguiera de las
Reivindicaciones precedentes, caracterizado porque la composicién
viscosificada comprende una pildora posterior a la perforacién
libre de sélidos o una pildora de pérdida de fluido de empaque de
grava.

22. Un método para el mantenimiento de perforaciones de
pozos gque comprende: la colocacién de un fluido de acuerdo con
cualquier reivindicacién precedente en la perforacién de pozo.

23. Un método de acuerdo con la Reivindicacién 22, que
comprende ademads poner en contacto la composicién viscosificada
con un rompedor de la viscosidad.

24. Un método de acuerdo con 1la Reivindicacién 23,
caracterizado porque el rompedor de la viscosidad comprende un
fluido hidrocarburo, un rompedor internc o una combinacién de los

mismos.

ux
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AGENTES TENSOACTIVOS VISCOELASTICOS Y METODOS PARA LA

ELABORACION Y USO DE LOS MISMOS

RESUMEN DE LO REVELADO

Un método para el mantenimiento de perforaciones de pozo que
comprende la colocacién barrenc abajo de una composicién gque
comprende un conjunto de agentes tenscactivos comprendiendo un
agente tensoactivo catiénico y un agente tensoactivo anidénico, en
donde el conjunto de agentes tensocactivos cuando entra en
contacto con una sclucidén acuosa forma una composicién
viscosificada en presencia de menos de aproximadamente 30% en

peso de un hidrétropo.
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VISCOELASTIC SURFACTANTS AND METHODS OF MAKING AND USING
SAME

BACKGROUND

L0001 ] The present disclosure generally relates lo wellbore servicing fluids. More
particularly. this disclosure relates to viscoelastic surfactants and methods of making and using
same.

Background

{0002] Natural resources such as gas, oil, and water residing in a subterrancan formation or
zone are usually recovered by drilling a wellbore down to the sulterranean formation while
circulating a drilling fluid in the wellbore. During the drilling of a well bore a drilling fluid
may be circulated down through the inside of the drill string, through the drill bit. and to the
surface through the annulus between the walls of the well bore and the drill string.  The drill
string may be a drill pipe. a casing string, or any other suitable conduit. Among other things,
the circulating drilling fluid lubricates the drill bit. carries drill cuttings o the surface, and
balances the formation pressure exerted on the well hore. One problem associated with the
drilling of & well bore may be the undesirable loss of large amounts of the drilling fluid into the
subterranean formation,  This problem may be referred 10 as "fost circulation” and the sections
of the formation into which the drilling fluid is tost are referred to as “lost circulation zones,”
In addition to drilling fluids. problems with fost circulation may also be encountered with other
Muids. for example, spacer flutds. completion Muids (e.g.. brines) and workover fluids that may
be circulated in a well bore. Herein a spacer fluid refers to any lguid used to physically
separate one special-purpose liguid from another: a completion fluid refers 10 a solids-free
frquid used to lacilitate final operadons prior to initiation of production: and a workaver Muid
refers (o a well-control fluid, that is used during the performance of maintenance or remedial
treatments on a hydrocarbon producing well. A vartety of factors may be responsible for losi
circulation. - For example, the subterrancan formation penetrated by the well hore may he
highiy permeable or may comain fractures or crevices therein. Furthermore. the formation may
breakdown under the hydrostaue pressure applied by the fluid, thereby allowing the fluid to he

lost nto the formation.  For insiance. fractures in the subtemrancan formation nay be created or



enhanced due o the hydrostatic pressure of the drilling fluid with the resulting loss of drilling
hud into those fractures.
[0003) A number of methods have been developed to control lost circulation. One method
commonty used to controb lost circulation involves the placement of lost circulation materials
into the lost circulation zone. These lost circulation materials may be placed into the formation
for example as lost circulution pills in an attempt to control and/or prevent lost circulation.
Conventional lost circulation pills may suffer from a variety of drawbacks such as the large
amount of materials needed to achieve desired properties (e.g., viscosities. etc.) and difficulties
associated with removing the component materiats of the pill once the weaument has been
completed. Thus, it would be desirable 1o develop improved compositions for controtling lost
circulation,
SUMMARY

{0004] Disclosed herein is a method of servicing a wellbore comprising placing downhole
a composition comprising a surfactant package comprising a cationic surfactant and anionic
surfactant, wherein the surfactant package when contacted with an agueous soluwtion forms a
viscositied composition in the presence of less than about 30 wi.% of a hydrotrope.,

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] For a more complete understanding of the present disclosure and the advantages
thereof. reference is now made 1o the following brief description. taken in connection with the
accompanying drawings and detailed description:
[0006] Figures | and 2 are plots of viscosity as a function of shear rate for the samples
from Example 1.
10607] Figure 3 is a plot of viscosity as a function of percent surfactant for the samples
from Example 2.
[0008) Figures 4-3 are plots of complex viscosity. storage modulus, and loss modulus as a
function of frequency for the swmplies from Cxample 3.
[0009] Figures 6-7 is a plot of zero shear viscosily as a function of temperature for the
samples from Example 4.
|10010) Figure § is a plot of zero shear viscosity as a function of temperature for the samples
from Example 3.
[0011] Figure 9 is a plot of complex viscosity. storage modulus, and loss modulus as a

function of frequency for the samples from Exaniple 6.
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{0012} Figure 10 is a plot of viscosity and shear stress as a function of shear rate for the
samples {from Example 6.
[0013] Figure 11 is a plot of viscosity as a function of percentage of cationic surfactant for
the samples from Example 6.
[0014] Figure 12 is a plot of zero shear viscosity as a {unction of weight percentage of
SDBS for the samples from Example 7.
[0015] Figure 13 is a plot of viscosity and shear stress as a function of shear rate for the
samples from Example 8.

DETAILED DESCRIPTION
[0016] it should be understood at the outset that although an illustrative implementation of
one or more embadiments are provided below. the disclosed systems and/or methods may be
implemented using any number of techniques, whether currently known or in existence. The
disclosure should in no way be limited to the illustrative implementations, drawings. and
lechniques ilfustrated below. including the excmplary designs and implementations itlustrated
and described herein, but may be modified within the scope of the appended claims along with
thetr (ull scope of equivalents,
[6017] Disclosed herein are compositions (e.g.. wellbore servicing  compositions)
comprising at least one cationic surfactant and at least one anionic surfactant.  Such
compositions are said o contain a cationic antonic surfactant package (CASP).  1n an
embodiment. the CASP may react with one or more components of the wellbore servicing fluid
to form a viscosified composition hereinafter denoted CASP-VC. A CASP-VC of the type
described herein may be useful in various wellbore servicing operations.  For example, the
CASP-VC may be useful in the weatment of weltbores experiencing lost circulation. The
components of the CASP and CASP-VC as well as methods of making and using same will be
deseribed in more detai later herein,
{0018] In an embodiment. the CASP comprises a cationic swlfactanl.  Surfactants in
general are weitting agents that lower the surface tension of a liguid 0 which they are dissolved.
allowing easier spreading and decreasing the intertacial tension between two lguids. Each
surfactant has a hydrophilic head that is attracted 1o water molecules and a hydrophobic tail that
repels water and attaches itself to hydrophobic materials such as oil and grease. Hercin a
cationic surfactant has a pasitively charged head and a hydrophobic tail comprising a carbon

chain. A cationic surfactant suitable for use in this disclosure may have a carbon chain having
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a length of from about 8 to about 24, afternatively from about 8 10 about 18, alternatively from
about 12 to about 22, alternatively from about 16 to about 24. Examples of cationic surfactants
suitable for use in this disclosure include without limitation guaternary ammonium salts,
cthoxylated guaternary ammonium salts, amine oxides, or a combination thereof. In an

embodiment.  the cationic  surfactant  comprises  stearyhrimethylammonium  chloride.

cetyltrimethylammonium tosylate. cetyltrimethylammonium chloride.
cetyltrimethylammonium bromide, myristyltrimethylammonium chloride,
myristyltrimethylammonium bromide, dodecyltrimethylammonium chloride.
dodecylirimethylammonium bromide, decylirimethylammonium chloride,

decyltrimethylammonium  bromide. octylimethylammonium  chloride. erucyl bis-(hydroxy
ethyDmethylammonivm  chloride. erucylurimethylammonium chloride, or a combination
thereof. In an embodiment, the cationic surfactant may be present in the CASP in an amount of
from about 0.01 weight percent (wi.%) based on the twial weight of the CASP to about 99.99
wi.%. alternatively from about 0.1 wt.% (o about Y9.9 wt.%. alternatively from about | wt.% to
about 99 wt. %.

[0619] In an embodiment. the CASP comprises an anionic surfactant, Herein an anionic
surfactant has a negatively charged head and a hydrophobic tail comprising a carbon chain. An
anionic surfactant suitable for use in this disclosure may have carhon chain having a tength of
[rom about 8 to about 24, alternatively from about § to about 18, alternatively from about 12 10
about 22. afternatively Irom about 18 to about 24, Examples of anionic surfactants suitable for
use in this disclosure include without Hmitation alkali salis of acids, alkali salts of fady acids.
alkatine salts of acids. sodium salts of acid. sodium salts of fatty acid, alkyl sulphates. alkyl
cihoxylate, sulphates. sulfonates. soaps. or a combination thereaf. In an embodiment, the
anionic surfactant comprises sodivm oleate, sodium stearate. sodium dodecylbenzenesulionaie,
sodivm myristate. sodium Jaurate. sodium decanoate. sodium caprylate. sodium cetyl sulfate,
sodium myristyl sulfate. sodium lauryl sulfate. sodium decyl sulfate, sodium octyl sulfate, or a
combination thereof.

[0020] in an embodiment. the anionic surfactant may be present in the CASP in an amount
of from about 0.01 weight percent (wi.5 ) based on the total weight of the CASP to about 99.99
wt.% ., alternatively from about 0.1 wt.% to about 99.9 wi.%. alternatively from about | wt.% o

aboui 99 wi.%.
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fo021] I an embodiment the amount of cationic surfactant present in the CASP is greater

than the amount of anionic surfactant and such a composition is termed a cationic rich CASP.,
Alernatively. the amount of anionic surfactant present in the CASP is greater than the amount
of cationic surfactant and such a composition is termed an anionic rich CASP,

[0022] In an embodiment. the cationic surfactant:anionic surfactant ratio (CAR) may be
chosen by one of ordinary skill in the art with the benefits of this disclosure so as to mitigate
unwanted effects normally associated with the contacting of a surfactant package with other
materials. For example, the CAR may be chosen 0 as to reduce or eliminate phase separation
when the CASP is contacted with an aqueous solution, Further, the CAR may be chosen so as
reduce or eliminate precipitation of one or both components of the CASP when contacted with
an aqueous solution.  For example, the CAR may be from about 1:100 to about 100:1;
alternatively from about 90:1 to about 1:90: alternatively from about 80:1 to about I:80;
alternatively from about 70:1 to about 1:70: alternatively from about 60:1 to about 1: 60
alternatively from about 1:50 to about 50:1: alternatively from about 40:1 to about 1:40;
alternatively from about 30:1 to about 1:30: alternatively from about 20:! to about 1:20:
alternatively from about 10:1 o about 1:10: aliernatively from about 1:9 to about 9:1.

[0023] In an embodiment, a CASP (e.g., a cationic rich CASP, an anionic rich CASP) may
be contacted with an agueous solution to form a CASP-VC. The agueous solution may
comprise fresh water or sali water. e.g.. an unsaurated aqueous salt solution or a saturated
agucous salt solution such as bring or scawater. The aqueous solution and CASP may be
contacted in any manner known to one of ordinary skill in the art with the benefits of this
disclosure. In an cmbodiment the aqueous solution comprises a brine. The brine may be any
suitable saturated or a ncarly saturated saltwater solution. For example, the brine may be any
suitable saturated or a nearly saturated salt solution comprising water and greater than about 90,
93,99, or 99.9 wir.% salt. Nonlimiting examples of brines suitable for use in this disclasure
include ammonium chloride, potassium chioride. sodium chloride, zine bromide, calcium
chloride. calcium bromide, sodiem bromide. potassivm formate. sodium formate. cesium
formate or a combination thereof. In an embodiment, the CASP may be contacted with the
aqueous solution in an amount of from about 0.01g to about 20g CASP per 80g aqueous
solution. alernatively from about 0.1y o about 15g CASP per 80g aqueous solution.

alernatively from about 1 to about 10g CASP per 80g aqueous solution,
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{0024] The CASP-VC described herein may exhibit viscoelastic behavior.  Viscoelastic
materials exhibit both viscous and elastic characteristics when undergoing deformation. In an
embodiment. the viscoelasticity of the CASP-VC muy be adjusted to meet a user or process-
desired necd by adjusument of the CAR or the total concentration of surfactant. The ability to
adjust or tune the viscoelasticity of the CASP-VC may allow a user to select an appropriaie
CASP-VC based on the needs of & wellbore and its processing requirements. For example. the
CAR may be optimized to produce a CASP-VC having a viscosity suitable for use in lost
circulation zones at higher depth or at‘an elevated temperature,

[0025] In an embodiment, the CASP-VC may exhibit a viscosity ranging from about 0.001
Pa*s 1o about 100,000 Pa*s, alternatively from 1 Pa*s about to about 100,000 Pa%s,
allernatively from about 100 Pa*s to about 100,000 Pa*s over a temperature range of from
about 10°C 10 about 200°C. alternatively from about 25°C o about 200°C. alteratively from
about 50°C to about 200°C. Viscosity is a measure of the resistance of a fluid which is being
deformed by shear stress. In other words, it is the resistance of a liquid to flow. Determination
of the properties described herein may be made using any suitable methodology known o one
of ordinary skill in the art. For example, the storage modulus, loss modulus and viscosity may
be determined by applying a constant shear rate 10 the CASP-VC and reading the shear stress

using a nartow gap cup in bob geometry as described in Rheology: Principles. Measurements

and Applications, by C.W. Macosko. Wiley-VCH. New York (1994) which is incorporated by
reference herein in its entirety.

|6026] In an embodiment. the CASP-VC may exhibit a zero shear viscosity of from about
0.001 Pa*s to about 100,000 Pa*s. alternatively from about 1 Pa*s 1o about 100,000 Pa*s,
alternatively from about 100 Pa*s to about 100.000 Pa*s over a wmperature range of from
about 10°C 10 about 200°C. alternatively from about 25°C 10 about 200°C, alernatively from
about 50°C 10 abowt 200°C.  Zero shear viscosity refers to the viscosity at the limit of low
shear rate. The zero shear viscosity is the viscosity a product will ultimately attain when at rest
and undisturbed. The zero shear viscosity was determined as described previously herein with
the exception that the data was extrapolated to “zero” shear and the viscosity read at that shear.
[0027] n an embodiment. the CASP-VC has a complex viscosity of from about 10 Pa*s to
about 100.000 Pa®s, alernatively from about 100 Pa*s to about 100.000 Pa*s. aliernatively
from about [.000 Pa*s to about 100,000 Pa*s for a range of frequencics of from about 0.00001

Hz 10 about 1.000 Hz. allernatively from about 0.01 Hz (o aboui 1.000 Hz, alieratively rom
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about 1 Hz to about 1.000 Hz. Complex viscosity refers a frequency-dependent viscosity

function determined during forced harmonic oscillation of shear stress. It is related to the

complex shear modulus and represents the angle between the viscous stress and the shear

stress. The complex viscosity function is equal 1o the difference between the dynamic viscosity

and the out-of-phase viscosity, or imaginary part of the complex viscosity:
n*iw)=n(w)-in"(a)

where

n = complex viscosity

n’' = dynamic viscosity

n" = out-of-phase viscosity

The complex viscosity was determined as described previously herein with the exception that

the frequency was kept constant.

[0028] The storage modulus in viscoelastic materials measures the stored energy and

represents the elastic portion of the material. The loss modulus relates to the energy dissipated

as heat and represents the viscous portion related to the amount of energy lost due to viscous

flow. Inan embodiment. the CASP-VC has a storage modulus of from about 0.001 Pa to about

1.000 Pa. alternatively from about 0.1 Pa to about 1,000 Pa. alternatively from about | Pa to

about 1,000 Pa for a range of frequencies of from about 0.00001 Hz o about 1.000 Hz.

aiternavvely from about 0.01 Hz to about 1.000 Hz. alternatively from about | Hz to about

1000 Hz. In another embodiment. the CASP-VC has a loss modulus of from about 0.001 Pa to

about 1.000 Pa. alternatively from about 0.1 Pa to about 1.000 Pa. alternatively from about | Pa

to about 1.000 Pa for a range of frequencies of from about 0.00001 Hz to about 1.000 Hz.

aliernatively from about (.01 Hz to about 1.000 Hz, alternatively about | Hz to about 1.000 Hz.

The storage modulus and loss modulus were determined as described previously herein,

[0629] In an embodiment, the CASP-VC is solids free.  Herein, solids free refers w the

amount of solid being equal to or less than about 3 wt.6. altematively equal o or less than

about 2 Wi %. alternatively equal 10 or lesy than about 1 wi.% based on the Lotal weight of tw

CASP. Examples of selids include withoul limitation particles. sands, formation materials. or a

combination thercof.

|0630] In an embodiment, the CASP-VC can withstand high pressure gradients. The high

viscoelasticity generaed by the CASP allows the fluid to resist high pressure gradicents.
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{0031] In an embodiment. CASPs of the type described herein mav be introduced 10 a
wellbore servicing fluid or to a wellbore and carry out its intended function in the substantial
absence of a hydrotrope and/or excess salt (e.g., the CASP is free, substantiall y free. or does not
contain a material amount of a hvdrotrope and/or excess salt). Both hydrotropes and excess salt
are used to stabilize micellar growth. Herein a hydrotrope refers to a compound that solubilises
hydrophobic compounds in aqueous solutions, Typically, hydrotropes consist of a hydrophilic
part and a hydrophobic part (like surfactants) but the hydrophobic part is generally too small to
cause spontaneous self-aggregation. Examples of hydrotropes include for example and without
fimitation  sodium  p-toluenesutfonate, sodium xylene sulfonate. sodium salicylate. alkyl
alcohols, or a combination thercof. In alternative embodiments, the CASPs are introduced 1o a
wellbore servicing fluid or to a wellbore and carry out its intended function in the presence of a
hydrotrope. {n an embodiment. the CASP comprises less than or equal to about 30, 20. 10, 9,
8.7.0.5.4.3,2.1.0.1.0.01, or 0.001 wt% of ane or more hydrotropes based upon the total
weight of the CASP. In an embodiment. the CASP comprises an amount of salt cyual {0 or less
than the saturation amount. In an embodiment, the CASP comprises an excess amount of salt
equal to or less than about 1.0, 0.1, 0.01. 0.001. or 0.0001 weight percent over the saturation
amount {i.e., £ 1.0, 0.1, 0.001. or 0.000! wt % ¢xcess salth.

{0032 Without wishing to be limited by theory, the wnable viscoelasticity of the CASP-
VC disclosed herein may be auributed to the mechanism of micelle growth in these
compositions.  Onc mechanism for the formation and growth of micelles may involve the
electrostatic interactions of a cationic surfactant and an anionic surfactant (e.g.. CASP). Inthis
mechanism, the CASP interacts to form a pseudo-double tailed zwitterionic surfactant that selt
asscmbies into a surfactant bilayer in the form of lamellar sheets of vesicles or wormlike
micelles. The presence of salt (e.g. hydrowope) may facilitate the growth of micelles or the
creation of multilamellar vesicles because of interaction bhetween cationic and  anionic
surfactant, cationic/anionic surfactant and hydrotrope, and cationic/fanionic surfactant and
inorganic salt.

10033] In addition. the chain length of the cationic and anionic surfactant may affect the
resulting micelles, When the cationic and anionic surfactants are of similar chain length. there
is a wider phase space where the bilayer aggregates are stable.  However. when there is a
difference in chain lengths, the bilaver phase space will be smaller. thus stabitizing the micedles

over 4 wider concentration range. To generate chain fengih difference between the cationic and

>
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amonic surfactants. the amount of cationic surfactant may be much larger when compared to
the anionic surfactant or vice versa. Further, even at equimolar amounts of cationic and anionic
surfactats wherein the chain fength difference between the cationic and anionic surfactants is
sufficicnily large. a micelle phase will be stable. However. a micelle phase will not be stabie if
the cationic and anionic surfactants have similar chain lengths.

{0034] The second proposed mechanism involves a phase transition of the CASP from a
low viscosity vesicle phase (e.g.. near that of water with 1 vol.% spheres) to a higher viscosity
viscoelastic phase by an increase in temperature. Herein, a higher viscosity viscoelastic phase
refers to an amount higher than that of the vesicle phase while at the same overall concentration
of surfactant. In this mechanism, a unilameliar vesicle bilayer phase is created by mixing the
cationic surfactant and the anionic surfactant. In contrast to the first mechanism where a
difference in carbon chain length aids in micelles formation, the amount of the cationic
surfactant may be simitar o the anionic surfactant in the vesicle phase., for example a 1:1 CAR.
As temperature increases, the surfactant exchange rate between the vesicle and water will
increase. The increase occurs more rapidly for a shorter chain surfactani than for a longer chain
surfactant. leading to a lower concentration (e.g.. as determined by nuclear magnetic resonance)
of one surfactant in the bilayer, thus possibly promoting the growth of micelles.

10035] The third proposed mechanism involves development of a spontaneotis curvature by
mixing surfactants and creating a defect ridden lamellar phase with gel-like qualities as
visualized using standard imaging techniques. In this mechanism, a cationic/anionic gel is
formed by a lameHar defect phase. At high double-tailed surfactant concentration (¢.g.. low
water contents, equal to or greater than about 50 wi.% surfactant), a lamellar sheet (Lypia) phase
is often formed. As the water content is increased to an amount of from about 60 wt.% to about
80 wt.%. the bilayer spacing gencrally swells to a certain spacing that expel any excess water
that is added. This spacing may be determined using any suitable technique such as smail
angle x-ray scattering technique. In the case of cationic/anionic bilayers {“pseudo”™ double
tatled surfactants), a spontaneous curvature exists that leads 1o muhilanmellar vesicle (MLV)
defect sites existing with the famellar sheet phase as more water is added. The formation of
MLV defect sites within the {ametlar sheet phase further leads to lamellar sheets entangled with
MLV detect sites. thereby creating a highly viscoelastic gel with a viscosity greater than 1.000

centipoise.
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{6030] I an embodiment. a CASP-VC of the type described herein may be used to control
lost circulation in a subtervanean formation. It is fo be understood that “subterranean
formation” encompasses both areas below exposed earth and areas below carth covered by
water such as ocean or fresh water. In the process of drilling a well. low fracture eradicnts
zones, Iractured zones, cte. are often encountered and loss of whole drilling fluid 1o the
formation becomes a problem. Losses of drifling fluid can impede the progress of drilling the
well. add cost to the drilling of the well, prevent the drilling of the well to target depth. andfor
cause the total loss of the drilled open hole section. In such an embodiment. the CASP may be
mtroduced into a drill string. pumped down to a lost circulation zone such as voids. vugular
zones, and natural or induced fractures while drilling. The CASP may then contact a fluid in
the Jost circulation zone and form a CASP-VC that substantially seals the lost circulation zone
with little or no interruption of drilling operations and reduction in foss of drilling Nuid to the
lost circulation zone.

10037] In another embodiment, a CASP may he pumped down to a lost circulation zone. a
wellbore servicing fluid may be introduced from the wellbore 1o the lost circulation zone
wherein the CASP contacts the wellbore servicing fluid and forms a CASP-VC that
substantially seals the lost circulation zone. As used herein, a “servicing fluid™ refers to a fluid
used to dnll. complete. work over. fracture. repair. or in any way prepare a wellbore for the
recovery of materials residing in a subterrancan formation penetrated by the wellbore.
Examples of servicing Muids include. but arc not limited to. cement slurries. diilling fluids or
muds. spacer fluids. fracturing fluids. gravel pack fluids, or completion fluids, all of which are
well known in the art.  Methods for introducing compositions into a wellbore to seal
subterranean zones are described in U.S. Patent Nos. 5.913.364; 6.167.967: and 6.258.757.
eich of which is incorporated by reference herein in its entirety.

[0038])  The CASP-VC may form a nen-flowing, intact mass of high viscosity inside the tost
circulation zone which plugs the zone and inhibits loss of subsequently pumped fuid. n an
embodiment. the CAR is adjusted so as 1o produce a high viscosity CASP-VC that plugs a zone
atelevated temperatures, such as those found at higher depths within a wellbore.

[0039)  [n another embodiment. the CASP-VCs form lost circulation pills for use in
completion brines. The CASP-VCs disclosed herein may form solids free post perforation pills
andfor post gravel pack fluid loss pills that are useful in servicing a wellbore during completion

operations,
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[0040] In an embodiment. a CASP-VC is used 10 service a welibore. Subsequently. (he
viscoelasticity of a CASP-VC may be broken (i.c.. the viscosity of the CASP-VC may be
reduced) by contacting the CASP-VC with an elfective amount of a viscosity breaker such as a
hydrocarbon or an internal breaker.  The ability Lo break the viscosity of a CASP-VC may be
usefu! for example for wellbore cleanup, Examples of internal breakers suitable for use in this
disclosure include without limitation SP breaker, VICON NF breaker. OXOL 1l breaker, GBW-
40 breaker. and HT breaker. which are commercially available from Halfiburion. Examples of
hydrocarbons suitable for use in this disciosure include for example and without limitation
crude oil. natural gas and gas hydrates.  Effective amounts of hydrocarbons and internal
breakers may be determined by one of ordinary skill in the art with the aid of this disclosure.

EXAMPLES
[0041] The disclosure having been generally described. the following examples are given
as particulur embodiments of the disclosure and to demonstrate the practice and advantages
thereof. It is understood that the examples are given by way of iltustration and are not intended
to limit the specification or the claims in any manner.

EXAMPLE |
[0042] The rheological behavior of CASP-VCs of the type described herein was
mvestigated.  Eight samples, designated Samples 1-8, were prepared.  Samples -4 were
prepared using sodium oleate (NaOle), which is commercially avaitable from TCI America as
the anionic surfactant and octy! trimethyl ammonium chioride (CsTAC), which is commercialty
available from TCl America as the cationic surfactant. Samples 1-4 were prepared using a
CiTAC:NaO ratio of 3:7. 4:6, 2:8. and 1:9 respectively. The samples were then dissolved in
deionized water (D1 HO) in sufficient quantity 1o form a 3 wt.% solution. Since Samples 1-4
had larger anionic ratio to cationic, the resalting CASP-VCs were anionic rich.
[(043] Sample 5-§ were prepared using sodium octoate (NaCap). which is commercially

available from TCH America as the anionic surfactant and stearylirimethylammonium chloride

{CxTAC) which o commercially available from TCI America as the calionic surfactant., -

Samples 5-8 were prepared using a CisTAC:NaCap ratio of 7:3 6:4. 8:2. and 9:1 respectively.
The samples were then dissolved in deionized water (D1 H:0) in sufficient quamtity to form a 3
wi.% solutton. Since Samiples 5-8 had larger cationic ratio to anionic, the resulting CASP-VCs
were cationic rich. Table | tabulates the cationic and anionic surfactant types. and ratios for

vach sample.
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Table |
Sample | Cationic Surfactant | Anionic Swrfactant | CAR | Weight %

[ CsTAC NaQ A7 3
2 CsTAC NaO 4.6 3
3 CeTAC NaQ 2:8 3
4 C4TAC NaO 1:9 3

C:TAC NaCap 7:3 3
6 CiyTAC NaCap 6:4 3
7 CixTAC NaCap 82 3
8 CsTAC NaCap 9:1 3

(6044 Rheological measurements were performed using an MCR 501 with a concentric
cylinder of 27mm, which is a commercially available rheometer from Anton Paar ai a
temperature of 25°C.

[0045] Figure | is a plot of viscosity as a function of shear rate for Samples 1-4. Figure 2
is a plot of viscosity as a function of shear rate for Samples 5-8. The zero shear viscosities of
Samples -4 may be determined by extrapolating the viscosity back to the (heoretical zero-
shear point and were 1200, 93, 33, and 0.006 Pa*s respectively. The zero shear viscosities of
Samples 5-8 may be determined by extrapolating the viscosity back to the theoretical zero-
shear point and were 542, 196. 0.4, and 0.00} respectively. The results demonstrated that the
zero-shear viscosity is highly dependent on the catienic/anionic ratio and can be wned by
varying it.  Also. over a million fold increase in viscosity can be generated by adding an
oppositely charged surfactant independent of salt or hydrotrope concentration,

EXAMPLE 2

[0046] The zero shear viscosity of an anionic rich and a cationic rich CASP-VCs were
investigated.  Samples -8, described in Exumple 1, were used again in this example.  In
addition. five more samples. designated Samples 9-13. were prepared as described in Example

t. Table 2 tabulates the cationic and anionic surfactant lypes and CARs for Samples 9-13.
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Tahle 2

Sample | Cationic Surfactant | Anionic Surfactant | CAR | Weight %
9 CoTAC NaO 5:3 3
10 CyTAC NaO 6:4 3
H C4TAC NaO 10 3
12 CisTAC NaCap 33 3
13 CisTAC NaCap 4.6 3

{047] Figure 3 is a plot of viscosity as a function of weight fraction of minor componcnt
for Samples 1-13. For Samples 1-4 and 9-11. the minor component was the cationic surfactant.
For Samples 3-8 and 12-13. the minor component was the anionic surfactant. The results
demonstrated that the CAR that created the maximum viscosity was about 70:30 and 30:70. as
shown by the peaks for the anionic rich and the cationic rich CASP-VCs on Figure 3. In
addition. both the cationic rich and the anionic rich CASP-VCs exhibited pronounced increases
in viscoelasticity up to 300,000 fold when compared to the individual surfactant components.
This increase in viscoelasticity was also ohscrved visually by placing Sampled 1 and 5 in
separate vials and inverting both vials. In both vials, the viscoelastic gel samples remained
suspended for over 10 seconds.
EXAMPLE3

[GD48] The dynamic properties of CASP-VCs of the type described herein were
mvestigated.  Specifically. the complex viscosity, storage modulus. and loss modulus as a
function of frequency for Samples 1-3 and 5-7 from Example 1 were determined. Figures 4 and
5 are plots of complex viscosity, storage modulus. and loss modulus as a function of frequency
for Samples 1-3 and Samples 5-7 respectively.  The results demonstrated that these uids
displayed both a significant loss modulus and storage modulus. thereby proving their

viscoelasticity,

A
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EXAMPLE 4
[0049] The effect of wemperature on the viscosity of CASP-VCs was investigated.  The
zero shear viscosities of Samples | and 5 from Example 1 were tested over the temperature
range of 70°F to 190°F. The results for both an anionic rich CASP-VC (Sample 1) and a
cationic rich CASP-VC (Sample 5) are shown in Figures 6 and 7 respectively,
{00307 The results demonstrated that for there was a decrease in viscosity by several orders
of magnitude in cach sample as the temperature increased. However, the viscosity for the
cationic and anionic rich CASP-VCs was still about 10 and 30 times greater respectively than
that of water (viscosity of water at [94°F is about 0.000315 Pa*s). Thus. even at high
fempcerature, there is an appreciable viscosity increase when compared to water.
[0051] Without wishing to be limited by theory the observed decrease in viscosity as the
temperature increased may be a result of the solubility of the CASPs in water increasing (i.c..
the critical micelle concentration increasedy. The increased solubility of the CASP may lead to
faster kinetics and shorter and smaller micelles. The presence of these shorter and smaller
micelles may contribute 1o the observed decrease in viscosity.
{0052] One of ordinary skill in the art with the benefits of this disclosure may adjust the
CASPs such that the viscosity of the CASP-VC has a reduced response to temperature.  For
example, one technique is to use alkyt chain surfactants such as Cas cationic surfactants and Cx
zwitterionic surfactants. In addition. changes in surfactant phase behavior with temperature
may be exploited (i.e.. vesicle to wormlike micelle transition). The final approach is to increase
the concentration of the surfactants in the CASP. By increasing the concentration, one maty
achieve the entanglement or crossover concentration cven with much shoster length micelles.
In other words. the viscoelastic response occurs when there is cither an increase in
concentration. fength, or both.
(033} The stability of the CASP-VC was also investigated. An anionic swrfactant solution
comprising sumple 1 was prepured and observed over a time period of 7 days at a temperature
of 25°C. The anionic surfactant was observed to degrade with time. as the single component
solution became somewhat cloudy in a few weeks. Without wishing to be limited by theory.
the double bond in the oleate alkyl chain imay be oxidized. causing the surfaclant to become the
same as stearic acid sodium soap.  Stearic acid sodium soap has a much lower solubility in

water and may not form wormlike micelles as readity as oleic acid sodum soap.

45
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[0054] An anionic- rich CASP-VC was also prepared and observed over a time period of 7
days at a temperature of 23°C. The anionic rich CASP-VC also became cloudy. displayed
reduced viscosity and began to phase separate after a few weeks.  This hehavior may be
exploited In that it may be useful for degradation of the viscoelastic material without the
utihization of any added components. Al higher temperatures. such break down of viscosity
may occur on the order of days. which may be useful tor a lost circulation pill. as it will allow
the lost circalation material to dissolve and allow production to begin. A cationic rich CASP-
VC was observed to remain stable for a time period of greater than 30 days at a temperatare of
25°C.

EXAMPLE 5
[0055] The temperature stabifity of a cationic rich CASP-VC wus investigated and
compared o a cationic only surfactant. The cationic rich CASP-VC. designated Sample 14,
was cetyl trimethylammonium tosylate/sodium dodecylbenzene sulfonate (CTAT/SDBS) of
97:3 which was prepared as a 3 wt.% solution. The cationic only surfactant, designated Sample
15. was CTAT which was prepared as a 3 wi.% solution. The zero shear viscosities for
Samples (4 and 15 were measured for a range of temperature of from 73°F to 190°F. The
results are shown in Figure 8,
[0056] Referring to Figure 8. the zero shear viscosity decreased as the temperature
increased for both samples.  Howcever, the drop in zero shear viscosity at high emperature
{about above 150°F) for Sample 14 was less than Sample 15 because of the addition of the
anionic surfactant.  Without wishing to be limited by theory. the lesser drop in zero shear
viscosity may be due to the greater binding of a swrfactant versus a simple hydrotrope or due to
the lower solubility of surfactants versus hydrotropes.  Thus. these CASPs offer greater
temperature stability than traditonal surfactants.

EXAMPLE 6
(0057 The tolerance of cationic rich and anionic rich CASP-VCx 1o salt was investigated.
Sample 5 from Exampie | was selected for the cationic rich CASP-VC. A comparative sample
of cationic rich CASP-VC in brine. designated Sample 16, was prepared from C18TAC/NaCap
having 7:3 ratio which was prepared as a 3 wt.% solution (similar to Sample 3) and 0.15M
sodium brontide (NaBr) brine. The complex viscosity, storage modulus, loss modulus, and
zero shear viscosity of Samples 5 and 16 were measured and the results are shown in Figures 9

and 10, The results demonstrated that the CASP-VC was able 10 maintain its viscosity with the
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addition of salt.  Without wishing 10 be limited by theory, this suggests that electrostatic
interactions are not the dominant force in the creation of the viscoelasticity.
[00358] Sample 1 was sclected for the anionic rich CASP. A comparative sample of anionic
rich CASP-VC in brine. designated Sample 17 was prepared from NaO:CyTAC ratio of 7:3 and
0.15M sodium bromide (NaBr) brine. The conplex viscosity. storage modulus. loss modutus.
and zero shear viscosity of Samples 1 and 17 were measured. The results are shown in Figure
11, The results demonstrated that the anionic rich CASP-VC suffered a large drop in its
viscoclastic properties with the addition of salt, which suggests that electrostatic interactions
are creating the large zero shear viscosity. This viscosity can be regained by varving CAR (o
change the overall charge on the micelle.

EXAMPLE 7
{0059] The zero shear viscosity of CASP-VCs of the type described herein was
investigated. Four samples, designated Samples 18-21. were prepared. Sample 18 was a 3
W% aqueous solution of  cetyl wrimethylammonium tosylate (CTAT). Samples 19-21 were
CTAT/sodium dodecylhenzene sulfonate (SDBS) with a CAR of 99:]. 97:3, and 93:5
respectively and was prepared as a 3 wt.% aqueous solution. The zero shear viscosities of
Samples 18-21 were determined to be 126, 205. 255. and 207 Pa*s respectively and are shown
in Frgure 12, CTAT forms viscoelastic wormlike micellar solutions with high zero shear
viscostties. By adding a small amount of SDBS in Samples 19-21. the solutions became highly
viscous with increased zero shear viscosities when compared to Sample 18, Furthermore, the
zero shear viscosity of Sumple 20 was more than doubled (256.000 centiPoise) when compared
to Sample 18 (126.000 centiPoise).
[00607 Another smmple. designated Samiple 22, was prepared.  Sample 22 was
CTAT/sodium octyl sulfate (SOS) with a CAR of 94:6 and was prepared as a 3 wt.% AQUeCUR
solution. The zero shear viscosity of Sample 22 was determined to be 470,000 cenliPoise.
which was more than tripled when compared 10 sample 18, These resuits demonstrated the
ability of CASPs o increase the viscosity of solutions.

EXAMPLE 8
{0061} The effect of using swrfactants containing fonger alkyl chains on the propeities of
the CASP-VC was investigated. Three samples. designated Samples 23-23, were investigated.
Samples 23 and 24, which were the cationic rich CASP. were prepared from erucyl his-

(hydroxy ciliyiimethylammonium chloride (EHAC) n-caprylic acid sodium safi (1 iaCap) with
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a CAR of 8:2 and 9:1 respectively as a 3 wt.% aqueous solution. Sample 25. which was the
cationic rich CASP was prepared  from  erucyl  bis-thydroxy  ethylimethylammonium
chioride/decanoic acid sodium salt with a cationic:anionic ratio of 9:1 as a 3 wi.% aqueous
solution. The zero shear viscosities for Samples 23 and 24 were determined and the rexults dre
shown in Figure 13. The viscosities of Samples 23-24 ranged from 200.000 to 800.0000
centiPoise while the viscosity of Sample 25 was about 70,000 centiPoise.  The results
demonstrate that the long chain surfactants that generate appreciable viscosity (>10 Pa¥s) at
elevated wemperatures also form these cationic/anionic viscoelastic aggregates.

[0062)] Next. the ability of hydrocarbon 10 reduce the viscosity of CASP-VC was
investigated. A portion of sampies 23-25 were placed in individual vials and a hydrocarbon
MMuid was introduced 1o each vial, The hydrocarbon fluid used for the test was diesel. Each vial
was then shaken to mix the CASP-VC with diesel. Each vial was then inverted and visually
observed. In the absence of the hydrocarbon, the CASPs form viscous masses that remained
suspended for seconds, see Example 2. However, with the addition of a hydrocarbon, upon
inversion of the vials the mass was not completely suspended and fluid was observed to flow
for both the cationic rich and anjonic rich CASPs.

[063] While embodiments of the disclosure have been shown and  described,
modifications thereof can be made by one skilled in the art without departing from the scope of
the invention. The embodiments described herein are exemplary only. and are not intended (o
be limiting. Many variations and modifications of the disclosure disclosed herein are possible
and are within the scope of the disclosure.  Where numerical ranges or limitations are
expressly stated. such express ranges or limitations should be undersiood to include iterative
ranges or himitations of ltke magnitude falling within the expressty stated ranges or
limitations (e.g.. from about [ to about 10 incfudes. 2. 3. 4, ete.: greater than 0.10 includes
0L 012.0.83, ete.). For example, whenever a numerical range with a lower limit, R, and
an upper limit. Re is disclosed. any number falling within the range is specifically disclosed.
In particular, the following numbers within the range are specifically disclosed:
R=R,+k™(R, -R¢). wherein k is a variable ranging from 1 percent 1o 100 percent with a |
pereent increment. ek is | percent. 2 percent, 3 percent, 4 percent. 5 percenl. ... 50
percent. 51 percent. 32 percent. ... 95 percent. 96 percent. 97 percent, 98 percent, 99 percent.
or 100 percent. Moreover. any numerical range defined by two R numbers as defined in the

above I8 also specifically disclosed. Use of the term "optionadly” with respect 1o any element
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of a claim is ntended 10 mean that the subject element is required. or alternatively. is not
required. Both alternatives are intended tw be within the scope of the claim. Use of broader
ferms such as comprises, includes, having. eic. should he understood to provide support for
narrower terms such as consisting of. consisting essentially of. comprised substantiafly of. etc.

[0064] Accordingly. the scope of protection is not limited by the description set out above
but is only limited by the claims which follow. that scope including all equivalents of the
subject matter of the claims. Each and every claim is incorporated into the specification as an
embodiment of the present disclosure. Thus. the claims are a further description and are an
addition to the embodiments of the present disclosure. The discussion of a reference is not an
admission that it is prior art to the present disclosure, especially any reference that may have a
publication date after the priovity date of this application. The disclosures of all patents, patent
applications, and publications cited herein are hereby incorporated by reference, to the extent
that they provide exemplary. procedural, or other details supplementary to those set forth

herein,
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CLAIMS:

1. A weltbore servicing fluid comprising a surfactam package comprising a cationic
surfactant and anionic surfactant: wherein the surfactant package when contacted with an
agueous solution forms a viscosified composition in the presence of less than about 30 wt.% of
a hydrotrope.

2 A fluid according to claim |. wherein the cationic surfactant has a carbon chain length
of from about 8 to about 24, |

3. A fluid according to claim 1 or 2, wherein the cationic surfactant comprises quaternary

ammonium salt. ethoxylated quaternary ammonium salts. amine oxides. or a combination

thereof.
4. A fluid according to claim 1, 2 or 3. wherein the cationic surfactant comprises
stearyltrimethylammonium chloride. cetyltrimethylammonium tosylate,

octyltrimethylammonium chloride, erucyl bis-(hydroxyethymethylammonium chloride, erucyt
trimethylammonium chloride cetylrimethylammonium chloride,  cetyltrimethylammonium
bromide, myristyltrimethylammonium  chioride, myristyltrimethylammonium  bromide,
dodecyltrimethytammonium chloride, dodecyltrimethylammonium bromide,
decyltrimethylammonium  chloride. decyltrimethylammonium bromide. or 2 combination
thereof.

3, A fluid according (o any preceding claim, wherein the cationic surfactant is present in
the surfactant package in an amount of from about 0.0} wi.% 1o about 99.99 wi.% based on the
total weight of the surfactant package.

6. A luid according to any preceding claim. wherein the antonic surfactant has a carbon
chain length of from about § to about 24,

7. A fluid according to any preceding claim. wherein the anionic surfactant comprises
alkali salts of acids. atkali salts of Fauty acids. atkaline salts of acids. sodium salts of acid.
sodium salts of Tatty acid. alkyl sulphates. alkyl cthoxylate. sulphates. sulfonates. soaps. or a
combination thereof.

8. A fluid according to any preceding claim. wherein the anionic surfactant comprises
sodium ofeate. sodium dodecylbenzenesulfonate. sodium decancate. sodium oceyl sulfate,
sodivim caprylae sodium stearate. sodium myristate. sodium fawrate, sodium cetyl sulfate,

sodinn myrisiyl sultate, sodium laurey! sulfate, sodium decyt sulfate. or a combination thereof.
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Q. A fluid according to any preceding claim, whercin the anionic surfactant is present in
the surfactant package in an amount of from about 0.01 wl.% to about 99.99 wi.% based on the
total weight of the surfactant package.

10). A fluid according to any preceding claim, whercin the surfactant package has cationic
surfactant:anionic surfactant ratio of from 1:100 to 100;1.

i1 A fluid according to any preceding claim. wherein the surfactant package is contacted
with the agqueous solution in an amount of from about 0.01 grams to about 20 grams per 80
grams of the aqueous solution.

12, A tluid according 10 any preceding claim. wherein the aqueous solution comprises
walter, brine. a wellbore servicing fluid. or a combination thercof,

13 A fluid according 10 claim 12, wherein the brine comprises ammonium chloride,
potassium chloride. sodium chloride, zine bromide, calcium chioride. calcium bromide. sodium
bromide. potassium formate. sodium formate, cesium formate or a combination thereof.

14. A fluid according to claim 12 or |3, wherein the wellbore servicing fluid comprises
cement sturries, drilling Ruids. spacer fluids. fracturing fluids, gravel pack fluids, workover
fluids. completion fluids. or a combination thereof’.

I5. A fluid according to any preceding claim 1. wherein the viscosified composition is
solids free,

10, A fluid according to any preceding claim, wherein the viscositied composition has a
viscosity of from about 0.001 Pa*s to about 100,000 Pa*s at a temperature of from about 10°C
to about 200°C.

t7. A fluid according 1o any preceding claim. wherein the viscosificd composition has a
zero shear viscosity of from about 1.001 Pa*s to about [100.000 Pa*s at a temperature of from
about 10°C 10 abowr 200°C.

18, A fuid according to any preceding claim. wherein the viscosified composition has a
complex viscosity of from about 10 Pa*x to about 10.000 Pa*s al a frequency range of from
about 0.0000!1 Hz w about 1000 Hz.

(9. A fluid according 10 any preceding ¢laim. wherein the viscosified composition has a
storage modulus of from about 0.001 Pa to about 1.000 Pa at a frequency range of from about
0.00001 Hz to about 1000 Hz.
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20. A fluid according to any preceding claim. wherein the viscosified composition has a
loss modulus of from about 0.001 Pa to about 1.000 Pa at a frequency range of from about
0.00001 Hz 10 about 1000 Hz.

21 A fluid according 10 any preceding claim. wherein the viscosified composition
comprises a solids free post perforation pill or a gravel pack fluid loss pill.

22, A method of servicing a wellbore comprising: placing a fluid according to any
preceding claim in the welibore,

23, A method according to claim 22. turther comprising contacting the viscosified
composition with a viscosity breaker,

24, A method according to claim 23, wherein the viscosity breaker comprises a

hydrocarbon fluid. an internal breaker, or a combination thereof.
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ABSTRACT
A method of servicing a wellbore comprising piacing downhole a composition comprising a
swfactant package comprising a cationic surfactant and anionic swactant, wherein the
surfactant package when contacted with an agueous solution farms a viscosified composition in

the presence of tess than about 30 wit.% of a hydrotrope.
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PATENT COOPERATION TREATY

From the RECEIVING OFFICE

To: PCT
A A Thornton & Co
233 High Holborn NOTIFICATION OF THE INTERNATIONAL
London APPLICATION NUMBER AND OF THE
e e 1 e e INTERNATIONAL FILING DATE
A {(PCT Rule 20.2(c))
WCIV TLE ;o Tmee T
] t Date of mailing
et bnierrrit=rem N | Rt 19 MAR 2010
Applicanr's or agent's {iie reference \ RTANT N i
PCIPINA1846 IMPORTANT NOTIFICATION
Internationa) application No. Internatonal filing date  raayemondisear Priority date fGspmontivycar)
PCT/GB2H0/000473 17/03/2014 07/04/2009
Applicant

Halliburton Energy Services Inc et al

Titlz of the invertion
Viscoelastic surfactants and methods of making and using same

1. The applicant is hereby notified that the international appiication has been accorded the iniernational application number anc
the international filing dats indicated above.

was trangmitted to the Inrernational Bureau on

2. Th:I%IiC}ds further notified tha: the record copy of the international application: 14 ¥ ¥
AR 20%

D has not vet been transmitted o the International Burean for the reason indicated below and a copy of this
netification has been sent to the Internationat Bureau®:

because the necessary naiional security clearauce has not yet been obtained.
b ¥

D hecause ‘reasun o be specifedic

*  The Iniemationel Bureau meniturs the wansmital of the record copy by the receiving Cffice and wili notifv the appticant
{veth Formn PCT/IB/301) o its receipt. Should the record ¢opy noi kave been raceivag by the expiréiion of 14 months from
th: priarity date, the International Bureau will notifi the applicant (Ruls 22.1{c)).

Name and mailing addrzss of the reegiving Office { Authorized officer
Tmtellectual Propemy Office
- - teve Bevan
Cerdiff Read. Newpen 3
South Wales NPi0 & - <2
Faesimile No. @ Telephone No. 01033 814588

Form PCTRO 0S5 (July 2008) Inteliecrual Property Oftce 15 an operating name ofthe Pateat Office



pcP

REQUEST

The undersigned requests tha the present
inicrmational application be processed
according to the Patent Cooperation Treaty.

oy rL‘Ig CHTILE USE ONY  ve——

International A pphication No

ntermational Filing Date

N of receiy ing Oiliee and “PCT Intemational Appheation™

Appheant’s orngent’s like reterence

Gedesivedy (12 churacters nravinenni PC/P/IN/27846

Box Na. | TITLE OF INVENTION

VISCOELASTIC SURFACTANTS AND METHODS OF MAKING AND USING SAME

Bax No. 11 APPLICANT D This persen is also invenlor

Nuame and address: (Famely name foifowed by gaven vame; #ora bemal cnitie fuil officral desconotier,
Pl adelress imnst nclede posiad code and ne of counpry. The countay of'the dcdress mdicated i thes
Boxas ihe applicant 5 Stuie ithat 15, conntry) of vestdence i 'no State o residue s indicoteed helorw.

HALLIBURTON ENERGY SERVICES, INC.
P O Box 1431

Duncan

QOkiahoma 73536

us

Telephnne No.

Faesnuile Neo.

Applicant’s registration No. withthe Oflice

State fthat s, conntmed o nationalin:

us

us

Slate fthat is. corntrvy of residence:

This person is applicam
1oy the purpases ol

all desigated all designated States exeept
D Starles the United States ol Ameriva

Ihe Unifed States
of Aneriva enly

the States indicated in
the Supplemantal Iox

Box N [Il FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)

‘Z] Fanher appheants and or {[arther) inventors are indicated on a continustion sheet,

Box N IV

AGENT OR COMMON REPRESENTATIVE: OR ADDRESS FOR CORRESPONDENCE

The persen tdemidicd below is licreby hies been apponited 10 act on bebadl
of the apphivantt s before the cempetent Internationalb Authonnes as.

x]

g I:l comman
B represemative

Nume and nddress: omile neme litlewesd - ven name: Lo e ol 2angy, nfl offeal de s oo,
Fhre acddrese msd onomde postl codde and maine o coiom)

CURTIS, Philip, Anthony,
A A Thornton & Co

235 High Holbomn
London WC1V 7LE

GB

spuee above is ased instend W indicate o speeil address 1o wiieh comrespondence s

_Telephene No.
+44 20 7405 4044

l“pennmife N

+44 20 7405 3580

Agent’sregisiraion No with the Office

Address for eorrespondence: Mark ths cheehebos where noagent or coninon representatis e is s been appaniled and the

heuld be seal

Form PO RO Tol et sheer ¢ pril 2007y

Sew Newes 10 e ot Jerm



Sheet No. 2

e

Box No. 111 FURTHER APPLICANT{S) AND/OR (FURTHER) INVENTOR(S)

none of the jr).llrm g swh-haves (s used, this sheet showtled not be wnclnadedd m the regiest.

e fofiowed hy wiverr namie; 1or g foval eatiye, Im’frm‘u rol desigraion. § This person is;
’hu uu’u’u e smmrmdmie pomu cnedet el reames of conntry, The connny: of e dddress srudiceried i s
Herc o the aggficont s Sttt v, counirpt of vreatelence 5o Sile: of restderc 1 imdicated felow,) D upphean oniv

VAN ZANTEN, Ryan, _ ,

4335 Tylergate Drive [Z] applicant amlb inventor

Sori D i entor anly A7 this check-hox

Tprmg 473 s murked, do ot jill in beliaw
exas 77

us Applicants registration No, witlithe Office
Suwte it is. conn of unationali: i \mh tthat is. comrvs of residence;

This pesson is Jpphmllll all designated .|IE desigiv uuj Ktales encepl the il Suncs the States |m||._.||u] in
tor the purposes of® Sutes the Lnited States of . America ul Amerniea onby the Supplemenial Boy

Ndmt‘ wind address; (Famidy namia followed v given amie; for o legal ennnv, il omcmi descamarion,
Thee caclelreas amest ine tncdee postod voce aned vane of o, The countin: ag ite addvess inedicatod i 1ins
Bovis theapplicant s Siale (that 15, conntrrs of residence i me Staie ef restdence 1+ andedied below. D wpplicant only

HARRISON, DOUgIaS‘ J, [ZI applicant and inventor
) cant 4 ¢
11823 Brantley Haven Drive " -
D mventor only off dis check-hox
Tomball is mrked do nor fill in helow )
Texas 77375

This person is:

us Applicant’s registration No. with the Otfice

Stie (that £5, comnenred of nationality: State (that is. et of residence:

us us

the 1 ited Stales the States indicated in

This person is applicant all designated all designated Siates exvepl
of America only e Supplemental Box

fow the purposes ol Stales the United States of America

Namne and address: oFunily name foflowed by grvenname; jor e gal ennuy, il official dusigration. | This Person is:
The wehdress inust meide postal code und name of conniry. The countre of the addresy meieatee m this
B os the applicant s Stete (it 1, comntry) of resizddence i o Stete ol restdence s indieated heiow, ) E

CURTIS, Philip, Anthony, _

A A Thomton & Co D apphicant and mventor

235 ngh Holborn D in\'cmfr?u}_\' (.!'fr;y;; {‘h;-:'ﬂ,'-fm.\'
fe mrarked, oo net fifl iy beton )

London WC1V 7LE :

applicant only

GB Applicant’s registration No, \\||h|'u,()t‘l|u
Stale et fs, comtrrs ol nationality; Sate i is, conrpyi ol regidenee:

This persen is applicam D all desigucd D all desigmted States exeep D the 1 'nited States ilu Srates md:._']h.d in
Tor the purpeses ol Slaies the Uniled States of America

of Americi only the supplemental Box

I‘hHUL‘ aml ~lddl(-“'~ (e namie alfiowed By given nam; i ..'.fu. waleniine, fudl afticiol desiananos,
Pl archdrese vnst nedtade posiel crele i e of - ONIINY. e Cestiy of Hhe acddress ondicated mihits
Hox :xthe applicant 's Xlate 1that 1y, conntrv) af rosidence 17 10 Sizte of residence 1s indicated bedow D

This person 1s:
applicant enty

D appheant and vepior
[:] invenior only off s check-hox

i~ wrarked dovea JHEDr el

Applicant 3 registratcon Neowiih the OfTice

- . . . Foem . - -

Suate cthat i, comry) of nationality: ;e fthat is. commmvy o residenve:

Hns MELINE appheant -ll dnngl.llLd .JII dusignated States exvept the Faited '\l.llv the Stten indivated
21 he purpeses ol Srtes the United States of America ol Anenca only the Supglemental Box

I Further apphicants amd or (further smventors are idicated on aneiher continuation ~heet

lorm PUT RO 0T teontnuation sheety (April 2007) Sew Nees fo the roguest form



Sheet Mo,

Supplemental Box

(i

{if)

1y

tiv)

-

1 the Supplementd Box is sor psed, this

sheet shewld ot be inchaded in the reguest.

I of the Bewes, cxeept Boxes New VEEGS iocs firwiich
o specil comtintuation hox is priviced, the space is insuffiviens
tecfrransh all the information: i suclicase, weite ™t urtennation
of Bux N7 sindicate the meanher of the Boxt aud firnish i
prformation fn the same mer ay eequired aecor i ter the
edprioms of e Box i which the space way insafficien, in
puarticublur:

if more than ene person is to be indicated as applicant and/
op inventor qand e Ccontfeation sheer” i avaifable: in such
case write "Comnention of Box No " aad indicate for oach
acddinemial person thie sume ope of inforvattion as reynired fn
Box Ne HE The counirye of te aiddress indicated in this By iv
f!h’up,')ﬁc‘ﬂn! wNnte et is, vt of residoee ﬂ.nrh.\'luh’ qf
residence is indicated below:

o Box Ne I or i any of the sub-boxes of Box No [, e
idication “the States indicated in the Supplemental Box” i
chocked: in such case, write “Continmetion of Box No o or
“Cemitistuation of By No I o *Camtinuetion of Boxes No,
ained Noc I fas the cuse mav bea, indicate the e of the
applicanttst nvolved and, iext o teachy such ucaine, the Stateis
tanrd ew, whewe applicable, ARIPO, Fnrasion Ewopean or
ELAPL patents for the purposes of which the named person is
applicant;

o Box Noc 5o v any of the suh-boxes of Box No, 1 the
inventor or the imventor/applicans is nor invenior for the
purposes of all designated States or for the purposes of the
Lnited States of America: in such cuse, write "Centimation
af Box Noo {17 or "Comtinuation of Box No. (7 or
“Cemtintuation of Bexes No. H ard No, T s the ease nay
ho) indicate the mae of the nvenrorisi and next 1o teach)
el nanwe, the Statedsy tamd or, whore applicahle, JTRIPO,
Fnrasian, Euwrapeaiior QAP patens for e prrposes of witich
the muned gerson is invenior:

i i additient 1o the agontest indieated in Box No. 1 there wre
Jurther agenrs: o osucle case. wyie “Comtinuation of
Box No 17 und mdicane for vach fiurthor agent the siume hope
ef infoarmation ax required in Box No, N

i inBox No VL there are more than threee earlier applications
whose priovity is claimed: in sueh case, weite "Comtinmation
of HBox Noo 1T and indicate for vach additiomal carlier
applicatione e same (vpe of infarmarion s reqhiecd
in Beox No 1L

ik applicent intends tor muke an fndication of e wish
the itertiational application be reated, in cerigin desigated
Stertes. o v applicanon fin a patent of uddition, cerificate of
acdedinenm, inveitiear s certificete of addition or ity certificale
of addition: i such a case, write o pome cr neo<Jedter code
of euch designated Stase concerned and the indication * patent
of addition.” “certificate of addition.” “inventor's cestificare
of addition” or “urility certificate of addition. " the rmmiber of
the purent apphication or parettt patent or other pavent graom
carrel the dlate af srant of the pareat patent or other purent grat
o the date of flmg of the parem applieauon (Rules 4.1 o
etned s fray or by,

If the applicanr Duends 7o make an imdieation of i wish ta
the nucrnational application be reated, in e nted Siaes of
dmerica. av g contintasion e continnasionn-part of s
vurfier upplication,  in awclt @ case, write "Usiiod States o
dnreriea T e UST wd the sdivution Ccomtinuation” or

cottissation-in-part " and the meorber and e fiting date of
e parent applications i(Rudes 47 Tiaitivs and $9bis. fid).

CONTINUATION OF BOX Il

P A Curtis is applicant for Malawi (MW) only.

CONTINUATION CF BOX NO IV

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

LERWILL, John,

GILL, lan Stephen,

HEDGES, Martin Nicholas,
TURNER, Craig Robert,
BENNETT, Adrian Robert James.
SOUTH, Nichotas Geoflrey
JENNINGS, Michae! John
COTTRILL, Emily Elizabeth Helen
PATEL, Nikesh Prakash

AMERY, Marcus James

e PO RO 1 cvupplementad sheety tApril 2007

NS Notes to e pegueest form



Vo Sheet Mo, . 4.

Stae concerned. in ardor 1o avoid e ceasing of the effect. wider the

Box No, ¥V r)r.:s|(;wm(1-1\:_“‘“"“‘f

The 1iling of this request constitutes under Rule 4.9¢a), the designation of all Comcting States bound by the PCT on the internationad
tHing date. for the grant of evers hind of prtection avatlable and, wheee applicahle, (or the grant of both regional and national patents.
However,

D D Crermany is nof designated for any hind o naiional prowction

D A2 Lapan is nrat desigmated torany Kind of national proleetion

D KR Republic of Kore:

RU Rus<ian Federation is not desicnated tor ans kind of natiosai proteetion

s ot desigaated (O any Kind of national proteciion

The chock-boves ahove mavone be wged o exehede trreveocahlvy the desiviatums conecrmed i et the tinee of filmg or sabsogrenh under
Rule 26bis 1, the arternarional application contains in Box New Ul a priovine clois tean carlier sedtonad application filed i the partiendar
nectional lave, of this cavlier uatiomail application. i

Box No. V1 PRIORITY CLAIM

The priority of the following carlicr applicationts) is hereby elaimed;

Filing date Number Where carlier application is:
ol earlter application ol eaglier application it analee _ -
telars et voars cml:n[l;\‘ U?i\&t_%'hc':' regiomal application: jinternational applivation:
GEAWTO regional Office receiving (HTice
iem (1} i
07/04/09 12/419.893 us l
(07 April 2009) i
ilem (2)
i

item (3) ; : o
E
e i

[:I Furlher priority claims are indicated in the Supplemental Box,

Transmit certified copy: the receiving Office is requested 1o prepare and trangnit to the hternational Bureau a cerlified copy of the
cinlicr applicaiionsy fonly if the carlier applicatiar was fHled widi the Office whieh for the purposes of tis Diternational applicanm
15 the receiving Officer Wentilied above as:

D al items D nem(l) D wem (2} [:l item {3) D ather, sce Supplemental Flox

Restore the vight of priovity: the receiving Office i requesied to restore the right of priority for the carlier application(s) ientified
shove orin the Supplemental 3ox as iemds} ¢ b See also the Notes to Box No UL furdher

ireforntction mst he provieded 1o support o reguesi o rosiore Hie right of priori,)

-
Incorporation by refecence: where an element of the intemational application relerred 10 in Artiele 1 iy or e or a part ol
the deseription. claims or drawings relerred o in Rule 20.50ay i not otherwise contained in this imernational application but is
completely contained in an carlier application whose priority is claimed on the date on which one or more elements referred 0 in
Article THRRED were irst reecived by the reeeiving Office. tat element or part 15, subjeet 0 contirmation under Rule 20.6.
inenrporated hy referenee in this international application for 1he purposes of Rule 20,6,

Bux No. VII INTERNATIONAL SEARCHING AUTHGRITY

Chojce of Tnternational Searching Authovioy (ISA) of oo or more hiernational Searching Auiferitics are comperent s carr: ot tiw
international search, incdicate the Dethorise chosvn: e fecslettor eode may b wsed);

ISA/EP

Recuiest in use results of earlier senrch: refereace to that search ¢f au curlicr search fues boer carvied iut iy e rogaesiod from e
fservmitienntd Searching . latfiorioe:

Idle selav memdlt vears Mumniber Country cor pegronad (ffica

Box N VIHE DECLARATIONS

The tsliowing dechsrations are comtnined in Hoxes Nos. VI (Y 0 001 amark the applicoble Number of
check-hoves below and widicare iy the right colimmn the smumbor of sach fpe of declranens: decluraitens
l:] Box Noeo VI () Peckacanon as o the idestity of the inventur
D Box Ne. V1) Deelaration as to the applicant’s eititiement. ag at ihe inemationad (iing
date, Lo apply for and be granted a parent
D Fos Neo VI (i Dectaration as 1o the appleant’s eotrdement, as wt the intermatinnal Giling
date. 10 claim she priority of 1he curlier applivation
L___] Hox Na. VHI (i) Declaration of biseatomshup tonly Tor the purpeses of the designation of e
Fhited Slates of Amerivay
D Hox Moo VI o Decluration as Lo non-prejudicral diselosures v exceptions o lack of noveln
Porm PCT RO O iseeond sheet) (Apnl 20817 See Nedow 1o 1o regue fien



Sheet No, 5 c

Box No. IX CHECK LIST: LANGUAGE OF FILING

Thes nterimtivnal applicalion contains: E s international applicaion is accompanied by ihe [erllowing Ninmber
() ap paper. the lofowing nmber af temis) amark ihe applicable chicek-hoves below ard indicase in olilenes
sheets! B ' rrght coluney e impsher of cach niem:
requeesd Gincluding I. B Tee catewdation sheet : 1

declaration and 2 O orginal separate power ol attorney
supplemental sheets) : 5 . . .
. . A O vriginal general power of altorney
deseriptbon fexcluding = ) -
sequened lisling and or 4.0 copy el geweral power of atiemes: relerence number.
thles selaied theseind : 18 Hame G e el
claims : 3 50 statement explaining dack of signaturg
absirg : 1 6. &G priosy dng;uncquw i%catig-.:d i Box No. Vias
drasinas . 13 Hem(a ) USSN 121498.893 0 0 T 1
Sub-total nurmber of sheets - 40 7. O transtadon of intemational application inte
o : : rhmmmgl.’fi ........................................

sequence Jisting e . . . .

ables selated theret 8. O separate indications concerning deposited mieronrganisim
tables related thereto or other hinlogical material
ofior hoth. actial nnmber fetion S E

(fe i ”f HCHAE D 9. O seguence listing in electronic Form
of sheets if filed on paper., iindicate tpe and number of carricrs)

whetler co et alvs . i Ype an BT oy earrer . .
Siled in electronfe form; (v [ copy submitled Lo the purpases ol inlernational search under
seu 1) helow) Rule 2z nnly {and ned as par of the international application) |

. Gty T combe where cliock-box thiiy or eliip is marked in fof cofut

e “nf sheets 4 ’ o o : < - :

Total number of sheets 0 additionad copies inctuding. where applicuble. the copy {or the
(b [ omly in clectronic form purposes el internationa scarch under Rule 135er

{Section B0 (i niy wogciher with relevant statement as to the identity of the copy or
iy £ sequence listing capies with the sequence listing mentioned in Yefl column
iy £ tables related therete 1. [T wables in etecteonic form refated to sequenee isting

tes [ alse in electrnnic form nddicate rope and pamiber of carricrs)

(Rechon 30 1)) tiy 3 copy submitied Tor the purposes of international search under
tiy O sequence lisiing Neetion 802 th-guerer) only urd not as part ol the international
apphicaiion
iy O tables related therero . pplication) . ) o

Ty d het of carriers (disk iy J ety where ehvek-box thivin) or fo0ii) is marked bt lefi cofunns
;)IT,')NM “98‘ R ro "'"f”"'"" (disketc. additienal copics inclading. where applicable. the copy for the
(\ ;J\l‘( | E!L -R or nther) on which are purposes of infernational search under Section 302¢h-guater)
conlaing 10 e . : . . -
oo listing: ain O together with relevaal sistement as 1o the identine of the copy o

O sequenee listing: ... .. ... copics with the ables mentioned in et eofumn
0 tbles related theretor ..o M. M other rpegpen Letter e 1
nselelitionef copies 10 he fidicated wnder
ftenes Kk aped o LG Qe righit cofusnn

Figure of the drawings wihich Fig 1 Langunge of filing of the Enalish

should accompany the absiract: g nteriational application, ngus

Box No. X SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE

MUV R0 enef stettaniee pfvae the s of e porsons ageinny i Hre copen B0 w el H peesurt s (8 sl et Jie iy pof eivions SRR st i et
/ ‘N i ! B i 4 r} i 14 k

CURTIS, Philp, Anthony,
17 MARCH 2010

lor eeetving Glliee use only

T Baw of actuat receipt ol the purperied 2 Drawines:
mternational spplicabion:
. - e e e .. D reveived:
3. Carrevted Jdate ef actugl receipt due 1o later bul
ety recerved pepers of drawings conplenng
the paarparted aternational gpplication

4. Dute ol tinels feecipt ol'the reguired I D not reeeived:
corrcenoms inder PO Article TH2): .
} ——
3. Intermsional Searching Auwthoritn Poh [:] Transmittal of zenveh copy deluved
HiTma or mate are competent) ISA/ ‘ uatid seareh lee is pnd |

Iar inwernabional Buvesu wse onls

[rate of receipt of the record eop
v the Inlenimtional Baee.

Form PCTT ROY 10T thast sheet) (A pnl 2007) Sve Neden or the veguess fiirm



' PATENT cooPERATIORBEARIVED

From the INTERNATIONAL SEARCHING AUTHORITY

To:

A.A. Thornton & Co.

Attn Curtis, Philip: Anthony
235 High Hdiboun ., Foatati

=CEIVED

e jun 200

PCT

- NOTIFICATION OF TRANSMITTAL OF
HE INTERNATIONAL SEARCH REPORT AND
TEHE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION
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Applicant's or agent's hle reference

FOR FURTHER ACTION

HALLIBURTON ENERGY SERVICES, INC.

PC/P/N/27846 See paragraphs 1 and 4 balow
Intsrnaticnal applicatien No. international filing date

PCT/GBE2010/000473 (day/monthiyear) 13 703/2010

Applicant

1. [%]

Filing of amendmenls and statement under Article 19:

international Search Report.

2. []
3. []

4. Reminders

The appllcant is hereby nolified that the international search repart and the written opinien of the Inlernational Searching
Autharity have been established and are transmitied herewith.

The applicant is entitied, it he so wishes, to amend the claims of the International Application (see Rule 46):
When? The time limit for filing such amendments is normally two manths from the date of transmitial of the

Where? Directly to the Intarnational Bureau of WIPQ, 34 chemin des Colombettas
1211 Geneva 20, Switzerland, Fascimile No.: (41-22) 338.82.70

For more detailed instructions, see the notes on the accompanying sheet.

The appilcant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the Intemational Searching Authority are transmitted herewith.

With regard to any protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

D the protest together with the deciston therson has besn transmitted to the International Bureau togéthar with the
applicant's request to forward the taxts of both the protest and the decision thereon to the dasignated Offices.

D no decision has been made yet on the protest; the applicant will be notifled as soon as a decislon Is made.

Shorlly after the expiraiion of 18 months from the priorlty date, the international application will be published by the
International Bureau. If the applicant wishes to avold or postpone publication, a notice of withdrawal of the international
application, or of the priority claim, must reach the International Bureau as provided in Ruies 90bis.1 and 90bis.2, raspectively,
before the completion of the tegchnical preparations for international publication.

The applicant may submit comments on an informat basis on the written opinion of the International Searching Authority to the
International Bureau. The International Bureau will send a copy of such comments to all designated Offices unless an

International preliminary examination report has hean or |s to be established. Thesa comments would also be mads avalilable to
the public but not bafore the expiration of 30 manths from the priority date.

Withln 19 months from the pricrity date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed iIf the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date {in some Offices even later); otherwise, the applicant must, within 20 months from tha priority date, parform the prescribed
acts for entry into the national phase before those designated Offices.

In respect of other designated Offices, the time fimit of 30 months (or later) will apply even if no demand is filed within 12
months,

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCT Applicant's
Guide, National Chapters.

Name and malling address of the Intarnatlonal Searching Authority | Authorized offlcer

T o% European Patent Cffice, P.B. 5818 Patentlaan 2 .
Arne Nielsen-Hannerup

. _0) Tol. (+31-70) 340-2040

v Fax: (+31-70) 340-3016

NL-2280 HV Rijswik
Form PCT/ISA/220 (July 2009) (See notas 6n accompanying sheet)



NOTES TO FORM PCT/ISA/220

These Natas are intended to give the basic instructions concerning the flling of amendments under article 18. The
Notes are based on the requirements of the Patent Coaperation Treaty, the Regulations and the Administrative Instructions
under that Treaty. In case of discrepancy between these Notes and those requirements, the fatter are applicable. For mora
detalled Information, see also the PCT Appllcant's Gulde.

In these Notes, "Articla”, "Rule”, and "Sectlon” refer to the provisions of the PCT, the PCT Regulations and the PCT
Administrative Instructions, respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, after having received the International search report and the written aplnlon of the International
Searching Autherity, one opportunity to amend the claims of the international application. It should however be emphasized
that, since all parts of the international application {claims,description and drawings) may be amended during the
International preliminary examination procedure, there Is usually no need to file amendments of the claims under Article 19
except where, e.g. the applicant wants the latter to be published for the purposss of provisional protection or has another
reason for amending the claims before intemationai publication. Furthermore, it should be emphasized that provisional
prolecticn s available in some States only (see PCT Applicant's Guide, Annex B).

The attention of the applicant is drawn to the fact that amendments to the claims under Article 19 are not allowed where
the International Searching Authority has declared, under Article 17(2), that no international ssarch report would be
established (see PCT Applicant's Guide, International Phase, paragraph 296).

What parts of the international application may be amended?
Under Article 19, only the claims may be amendad.

During the International phase, the claims may also be amended (or further amended) under Article 34 before the
International Prellminary Examining Autharity. The description and drawings may only be amended under
Article 34 before the Internationat Examining Authority.

Upon entry into the national phase, all parts of the international application may be amended under Article 28 or,
where applicable, Article 41.

When? Within 2 months from the date of transmittal of the intsrnational search report or 16 months from the priority date,
whichever time limit expires later. 1t should be notad, hawever, that the amendmants will be consldered as having
been recelved on time if they are received by the International Bureau afier the explration of the applicatle time
limit but before the completion of the technical preparations for international publication (Rule 46.1).

Where not to file the amendments?

The amendments may only be filed with the International Bureaw and not with the receiving Office or the
internationat Searching Authority (Rule 46.2).

Where & demand for international preliminary examination has beenfs filed, see below.

How? Elther by cancelling one or more entire claims, by adding one or more new claims or by amending the text of one
or more of the ¢laims as filed.

A replacement sheet or sheets containing a complete set of claims in replacement of all the claims previousty flled
must be submitted.

Where a claim Is cancelled, no renumbering of the other claims is required. In all cases where claims are
renurmbered, they must be renembered consecutively in Arabic numerals {Section 205(a)).

The amendments must be made in the language In which the international applicaticn is to be published.

What documents must/may accompany the amendments?
Letter {Section 205(b)):
The amendments must be submitted with a letter,

The letter wiil not be published with the international application and the amended claims. It should not be
confused with the "Statement under Article 19(1)" (see below, under "Statement under Article 19(1)%).

The letter must be in English or French, at the choice of the applicant. However, if the language of the

international application is English, the letter must be In English; if the language of the international application

is French, the letter must be in French.

Notes to Form PCT/SA/220 (first sheet) (July 2009)



NOTES TO FORM PCT/ISA/220 (continued)

The letter must indicate the differences betwsen the claims as filed and the claims as amended. It must, In
particular, Indicate, in connection with each clalm appearing in the international application (It being understood
that Identical indications concerning several claims may be groupad),whether

{ the claim is unchanged:

() the claimis cancelled;

(i) the claim is new;

(iv} the claim replaces one or more claims as filed;

{v) the claim is the rasult of the divislon of a claim as filed.

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

1. {Where originally there were 48 ciaims and after amendmant of some claims there are 51J:
"Clalms 1 to 28, 31, 32, 34, 35, 37 to 48 replaced by amended claims bearing the same numbers;
claims 30, 33 and 36 unchanged; new claims 49 to 51 added.”

2. [Where originally there were 15 claims and after amandment of all claims thers are 11}
"Claims 1 to 15 replaced by amended claims {1 to 11." ’

3. [Where orlginally there were 14 claims and the amendments consist in cancelling some claims and in adding
new cialms):
*Claims 1 to 6 and 14 unchanged; ¢laims 7 to 13 cancelled; new claims 15, 16 and 17 added.” or
"Claims 7 1o 13 cancelled; new claims 15, 168 and 17 added; all other ¢lalms 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 rgplaced by amended
claim 14; claim 17 subdivided into amended claims 15, 16 and 17; new claims 20 and 21 added.”

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

The amendments may be accompanied by a statement explaining the amendments and indicating any Impact
that such amendments might have on the description and the drawlngs (which cannot be amsnded undsr Article 19(1)}.

The statement will be published with tha international application and the amended claims.
It must be in the language in which the international app[icatiori Is to be published.
It must be brief, not exceeding 500 words If in English or if transtated into English.

It should not be confused with and does not replace the fetter indicating the differences between the claims as filed
and as amended. It must be filed on a separate sheet and must be Identlfied as such by a heading, preferably by
using the words "Statement under Article 19(1)." .

It may not contain any disparaging comments on the international search report or the relevance of citations
contained In that report. Reterence to ¢itations, relevant to a given claim, contained In the international search
report may be made only in ¢onnection with an amendment of that claim. :

Consequence if a demand for international preliminary examination has already been filed

if, at the time of tillng any amendments and any accompanying statement, under Article 19, a demand for
international preliminary examination has already been submitted, the applicant must preferably, at the time of
filing the amendments (and any statement ) with the International Bureau, aiso file with the International
Praliminary Examining Autharity a copy of such amendments {and of any statement) and, where required, a
translation of such amendments for the precedure befors that Authority (see Rules 55.3(a) and 62.2, first
sentence). For further information, see the Notes to the demand form (PCT/IPEA/401).

it a demand for international preliminary examination is made, the written opinion of the International Searching
Authorlty will, except in certaln cases where the International Prellminary Examining Authority did not act as
International Searching Authority and where It has notlfied the International Bureau under Rule 66.1bis(b), be
considered to be a written opinion of the International Preliminary Examining Authority. If 2 demand is mads, tha
applicant may submit to the International Preliminary Examining Authorlity a reply to the written opinion togsther,
where appropriate, with amendments betore the expiration of 3 months from the date of maliling of Form
PCT/ISA/220 or before the explration of 22 months fram the priority date, whichever expires later (Rule 43bis.1{c)).

Consequence with regard to translation of the international application for entry into the national phase

The applicant’s atiention is drawn to the fact that, upon entry into the nattonal phase, a translation of the ¢laims as
amended under Article 19 may have to be furnished to the designated/elected Officas, Instead of, or in addition to,
the franslatlon of the claims as filed.

For further detalls on the requiremants of each designated/electad Office, sea the PCT Applicant's Gulds,
National Chapters.

Notes to Form PCT/ISA/220 (second sheet) (July 2009}




PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

{PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file referance FOR FURTHER see Form PCT/ISA/220
PC/P/N/27846 ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/montt/year) (Earilest) Priority Date (day/month/year)
PCT/GB2010/000473 17/03/2010 07/04/2009
Applicant

HALLIBURTON ENERGY SERVICES, INC.

This international search report has been prepared by this Internatienal Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the intarnational Bureau.

This intemational search repart consists of a total of 4 sheets.
Itis also accompanled by a copy of each prior art documant cited in this repert.

1. Basis of the report '
a. With regard to the language, the international search was carried out on the basis of:

the international application In the language in which it was filed

D 4 translation of the international application into , which is the language
of a translation furnished for the purposes of International search (Rules 12.3(a) and 23.1(b)}

' This interational search report has besn established taking into account the rectification of an obvlous mistake
authorized by or notified to this Authorlty under Rule 81 (Rule 43.6bis{a)).

Certain claims were found unsearchable (See Box No. i}

OO O

Unity of invention is lacking (see Box No (11}

4. With regard o the title,
the taxt Is approved as submitted by the applicant
the text has been establishad by this Authority to read as follows:

[ ES

5. With regard to the abstract,
the text is approved as submitted by the applicant

D the text has been established, according to RAule 38.2(h), by this Authorlty as it appears in Box No. IV, The applicant
may, within one month from the date of malling of this international search report, submit comments to this Authority

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstractisFigure No. _1
&@s suggestad by the applicant
D as salected by this Authority, because the applicant falled to suggsest a 1I'gure
D as selected by this Authority, because this figure better characterizes the invention
b. []  none of the figures Is to be published with the abstract

With regard to any nucleotide andfor amino acid sequence disglosed In the international application, see Box No. I.

Form PCT/ISA/210 {first sheet) (July 2009}



INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2010/000473

A. CLASSIFICATION OF SUBJECT MATTER

INV. C09K8/035 C09K8/40 C09K8/42 C09K8/60 C09K8/68
E21B43/04
ADD.

According to Internalional Patent Classification {(IPC) or to both nationa! classification and IPC

B. FIELDS SEARCHED

Minimum documantation searched (classification system followed by classification symbols)

CO9K E21B C11D

Documeniation searched other than minimum documentation 1o the exient thal such documents are includsd In the fields searched

Elecironic data base consulted during the Inlernational search (name of daia base and, where practicai, search lerms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TQ BE RELEVANT

Category* | Chation of document, with indicatton, where appropriate, of the relevant passages Relevant to ¢laim No,

X US 2003/019627 Al (QU QI {US] ET AL SAMUEL 1-24
MATHEW M [US] ET AL)

30 January 2003 (2003-01-30)
claims 1,5; examples 20,21

Myw

22 Qctober 2002 (2002-10-22) 9-2

X US 6 468 945 B1 (ZHANG KEWEI [CA]) 1-3,5-7,

figure 1; table 1

page 1, line 1 - Tine 5
page 4, 1line 6 -~ line 9

table 1

column 1, line 54 - line 65; claims 1,7;

page 7, line 3 - Tine 15; examples 1,4,7;

X WO 01/83946 Al (TRICAN WELL SERVICE LTD 1-3,5-22
[CA]; ZHANG KEWEI [CAJ; ONEIL BILL [CAD)
8 November 2001 (2001-11-08)

-/

Further documents are listed in the continuation of Box C.

See patent family annex,

* Special categories of cited decuments :

'A' document defining the general state of the art which is not
considered to be of particular relevance

*E* earfler document but published an or after the International
filing date

'L" document which may throw doubls on priofity clalmi{s) or
which is cited o establish the publication dale of another
cltation or othar special reason (as specified)

*0" document referring to an oral disclosure, uss, exhibltion or
other means

*P* document published prior to the international filing date but
later than the priorily date claimed

'T* later document published afier the inlernatlonat fifing date
or priorlly date and nof in conflict with the application but
ciled to understand the princlple or theory underlying the
Inventlon

‘X" documant of panicular relevance; the claimad Invention
cannot be considered novel or cannol be considered to
involve an Inventive step when the documant is taken alone

"Y' documeni of particular relevance; the claimed inventlon
cannot be consldered to Involve an inventive slep when the
document is combined with one or more other such docu-
lme:ls, such combination being obvious o a persen skliled
n the art.

*&' document member of the same patent family

Date of the actual completion of the international search

11 May 2010

Dale of mailing of the Intlemational search raport

26/05/2010

Name and malling address of the ISA/
European Palent Oifice, P.B. 5818 Patentlzan 2
NL - 2280 HV Rljswilk
Tel (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Redecker, Michael

Fomm PCT/ASA/210 (second sheat) (April 2008}

page 1 of 2



INTERNATIONAL SEARCH REPORT

international application No

PCT/GB2010/000473

C(Continuation}). DOCUMENTS CONSIDERED TQ BE RELEVANT

Category*

Cltation of document, with Indication, whers appropriate, of the retevant passages

Relevant 1o clalm No,

X

WO 01/29369 Al (SCHLUMBERGER TECHNOLOGY
CORP {US]) 26 April 2001 (2001-04-26)

page 20, line 8 - Tine 12; claim 1; figure
1

US 3 985 686 A (BARRAT CHRISTIAN)

12 October 1976 (1976-10-12)

column 5, 1ine 22 - 1ine 39; claim 1;
examples 1,2

US 2008/305157 Al (ENGLISH DOUGLAS S [US]
ET AL) 11 December 2008 (2008-12-11)
paragraphs [0002], [0004]; example 1

C. TONDRE, C. CAILLET: "Properties of the
amphiphilic films in mixed
cationic/anionic. vesicies: a comprehensive
view from a literature analysis”

ADV. COLL. INTERF. SCI,

vol. 93, 31 December 2001 (2001-12-31),
pages 115-134, XP002581807

tables 1,2

1-3,5-23

1-21

1-21

1-24

Femn PCT/SA/210 (continuation of second sheel) (Al 2005)

page 2 of 2

pé)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

_ PCT/GB2010/000473
Patent document Publication Patent family Publication
cited in search report date member(s) dale
US 2003019627 Al 30-01-2003  NONE
US 6468945 Bl 22-10-2002 CA 2257699 Al 30-06-2000
WO 0183946 Al 08-11-2001 AU 5602301 A 12-11-2001
US 2003168217 Al 11-09-2003
W0 0129369 Al 26-04-2001 AT 353947 T 15-03-2007
AU 8011500 A 30-04-2001
CA 2387248 Al 26-04-2001
DE 60033419 T2 29-11-2007
DK 1230468 T3 11-06-2007
EP 1230468 Al 14-08-2002
MX  PA02003618 A 14-10-2003
NO 20021684 A 14-06-2002
Us 2002132741 Al 19-09-2002
us 6399546 Bl 04-06-2002
US 3985686 A 12-10-1976 CA 990666 Al 08-06-1976
DE 2261849 Al 28-06-1973
FR 2164700 Al 03-08-1973
GB 1375450 A 27-11-1974
LU 64487 Al 16-07-1973
NL 7217258 A 22-06-1973
us B310740 IS5 28-01-1975
US 2008305157 Al 11-12-2008  NONE

Form PCTISA/210 (patent family annax) [Apsil 2005)



PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

~ PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

{PCT Rule 43bis.1)

see form PCTASA2Z20

Dale of mailing
(day/monthirear) see form PCTASAR210 (second sheet)

Applicant's or agents file reference FOR FURTHER ACTION

see form PCTASAL220 See paragraph 2 below

internaticnal application No. International filing date (dayfmeonthiear) - Priority date (day/monthirear)
PCT/GB2010000473 17.03.2010 07.04.2009

Intemational Patent Ciassiﬁca-iion (IPC) or bath national Hassification and IPC

INV. COSK8/035 CO9K8/40 CO9K8/M2 CO9KB/E0 CO9KBES E21B43/04

Applicant
HALLIBURTON ENERGY SERVICES, INC.

1. This opinion contains indications relating to the following items:

X Box No. | Basis of the opinion

O BoxNo. It Priority

O BoxNa. lll  Non-establishment of opinion with regard o novelty, inventive step and industrial applicability
[J Box No. IV Lack of unity of invention

Box No. vV Reasoned statement under Rule 43bis.1(a}(i} with regard to novelly, inventive step and industrial
applicabifity; citations and explanations supporting such statement

O Box No.Vl Certain documents cited
X} Box No. Vil Certain defects in the international application
Box Ne. VIlt  Certain observations on the international application

2. FURTHER ACTION

if a demand for international preliminary examination is made, this opinion will usually be considered to be a
written opinion of the International Preliminary Examining Authority ("IPEA") except that this does not apply where
the applicant chooses an Autharity other than this one to be the IPEA and the chosen |PEA has notifed the
International Bureau under Rule 66.1bis(b) that written opinions of this International Searching Authority

will not be so considered.

If this opinion is, as provided above, considered to be a written apinion of the [PEA, the applicant is invited to
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months

from the date of mailing of Form PGTASA/Z220 or before the axpiration of 22 months from the priority date,
whichever expires later.

For further options, see Form PCTASA220.
3. For further details, see notes to Form PCTASAZ220.

Name and mailing address of the ISA: Date of completion of Authorized Officer o
this opinion fy‘"‘ ""w.i
;0)) Eurapean Patent Office .;GCET;TSTmO Redecker, Michael E; _0))) }
——— D-80288 Munich 5, &
Tel. +4089 2309 -0 Telephone No. +49 89 2395-2286 "oy gagin
Fax: +49 89 2399 - 4465

Form PCTASAR237 {Cover Sheet) (July 2009)




WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/GB2010/000473

Box No.| Basis of the opinion

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

- atransiation of the international application into , which is the language of a transtation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

2. O 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 and/or amino acid sequence disclosed in the international application, this
opinion has been established on the basis of a sequence listing filed or furnished:

a. {means)
(J on paper
U in electronic form
b. {(time)
O inthe international application as filed
O together with the international application in slectronic form

O subsequently to this Authority for the purposes of search

4. L In addition, in the case that more than ane version or copy of a sequence listing has been filed 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.V  Reasoned statement under Rule 43bis.1(a){i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

Noveity (N) Yes: Claims
No: Claims 1-24

Inventive step (IS) Yes: (Claims
Na: Claims 1-24

Industrial applicability (I1A) Yes: Claims 1-24
No: Claims

2. Citations and explanations

see separate sheet

Form PCTASA/237 (April 2007)



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/AGB2010/000473

Box No. VIt Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

See separate sheet

Box No. VIil Certain 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

Form PCTASA/237 (April 2007)

,\r\’b



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/GB2010/000473

Re ltem V

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 2003/019627 A1 (QU QI [US] ET AL SAMUEL MATHEW M [US] ET
AL) 30 January 2003 (2003-01-30)

D2 US 6 468 945 B1 (ZHANG KEWEI [CA]} 22 October 2002 (2002-10-22)

D3 WO 01/83946 A1 (TRICAN WELL SERVICE LTD [CA); ZHANG KEWEI
[CA]; ONEIL BILL [CA]) 8 November 2001 (2001-11-08)

D4 WO 01/29369 At (SCHLUMBERGER TECHNOLOGY CORP [US])) 26
April 2001 (2001-04-26)

D5 US 3 985 686 A (BARRAT CHRISTIAN) 12 October 1976 (1976-10-12)

D6 US 2008/305157 A1 (ENGLISH DOUGLAS S [US] ET AL) 11 December
2008 (2008-12-11)

1. Novelty

Furthermore, the severe lack of clarity mentioned in section VIl notwithstanding, the
subject-matter of claims 1-24 is not new in the sense of Article 33(2) PCT, and the
criteria of Article 33(1) PCT are therefore not met.

1.1 The document D1 discloses {the references in parentheses applying to
this document) a method of reducing fluid loss of a fracturing fluid by providing
a fluid comptising a thickening amount of a surfactant forming viscosifying
micelles (cl. 1). The viscosity of the fluid is reduced by contact with
hydrocarbons (cl. 5).

Form PCT/ISA/237 (Separate Sheat) (Sheet 1) (ERO-April 2005)



WRITTEN OPINION OF THE International application Ne.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/GB2010/000473

Example 20 discloses a viscosified fluid comprising erucyl amine oxide and
sodium behenyl sulfate, whereas example 21 discloses a fluid comprising
erucyl quaternary ammonium chioride and laureth carboxylate.

Therefore, the disclosure of document D1 seems to anticipate the subject
matter of independent claims 1 and 22, which are not considered to be novel
over D1 in the sense of Article 33(2) PCT.

Dependent claims 2-8, 9-21 (see also the corresponding clarity objection
Viil-1), 23, 24 do not contain any features which, in combination with the
features of any claim to which they refer, meet the requirements of the PCT in
respect of novelty since the respective technical features are disclosed by D1
as cited above.

1.2 The subject matter of claims 1-23 is anticipated by the disclosure of
documents D2-D6, see the corresponding passages cited in the search report.

e [tem VIl

Certain defects in the international application

1. The unit "Fahrenheit”, used throughout the description and the figures, is
not recognised in international practice and should be replaced by the
appropriate Sl unit (Art. 5 and Rule 10 PCT).

2. The origin of the data shown in Fig. 11 is not clear, since the corresponding

passage in § 58 refers only to 2 samples, namely samples 1 and 17, while
figure 11 shows results for 3 different concentrations of cationic surfactant.

Re Item VI
Certain observations on the international application

The application does not meet the requirements of Article 6 PCT, because claims 1, 2,

5-7, 9, 11-21 are not clear.

Form PCT/ISA/237 (Separate Sheel) (Sheet 2) {EPO-April 2005)
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WRITTEN OPINION OF THE International appication No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/GB2010/000473

1. The feature of forming a viscosified composition after contact with an
aqueous solution in product claim 1 as well as the features disclosed in the
product claims 11-21 relate to a method of using the product rather than
clearly defining the product per se - said product being represented by the
wellbore fluid comprising the surfactant package before it has been contacted
with an aqueous solution - in terms of its technical features. The intended
limitations are therefore not clear from this claim, contrary to the requirements
of Article 6 PCT.

Therefore, said feature disclosed in claim 1 as well as the subject matter of
claims 11-21 is considered to be non limiting.

2. Claims 1, 15-20 do not meet the requirements of Article 6 PCT because the
matter for which protection is sought is not clearly defined. The claim attempts
to define the subject-matter in terms of the result to be achieved, which merely
amounts to a statement of the underlying problem, without providing the
technical features necessary for achieving this result.

3. An essential feature seems to be missing in claim 1, since said claim
discloses a fluid, while the only limiting technical features of said claim are the
presence of a surfactant package (see also clarity objection Viil-1), i.e. a
definition of the used base fluid is missing. Furthermore, it appears from the
disclosure of the description and the examples that all fluids according to the
invention are water-based (Art. 6 PCT).

4. The term "wherein the anionic surfactant comprises alkali salts of acids/
alkaline salts of acids/sodium salts of acid" used in claim 7 is unclear since
said salts in their broad definition are not known in the art as representing
surfactants (Art. 6 PCT).

5. The term "about" used in claims 2, 5, 6, 9, 11, 16-20 is vague and leaves
the reader in doubt as to the meaning of the technical feature to which it
refers, thereby rendering the definition of the subject-matter of said claims
unclear (Article 6 PCT).

Form PCT/ISA/237 (Separate Sheet) (Sheet 3) (EPO-April 2005)
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6. Claim 3 is unclear in defining an amine oxide as a cationic surfactant (Art. 6
PCT)

7. The expression "incorporated herein by reference” used throughout the
description is unclear (Art. 5 PCT and GL 4.26) and should be deleted.

8. The definition of the scope of legal protection by elements inside ranges in
§ 63 of the description is unclear (Art. 5 PCT) and should be deleted.-
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VISCOELASTIC SURFACTANTS AND METHODS OF MAKING AND USING
SAME

BACKGROUND
Technical Field

[0001) The present disclosure generally relates to wellbore servicing fluids. More

particularly, this disclosure relates to viscoelastic surfactants and methods of making and using

same.
Background

[0002] Natural resources such as gas, oil, and water residing in a subterranean formation or
zone are usually recovered by drilling a wellbore down to the subterranean formation while
circulating a drilling fluid in the wellbore. During the drilling of a well bore a drilling fluid
may be circulated down through the inside of the drill string, through the drill bit, and to the
surface through the annulus between the walls of the well bore and the drill string. The dnll
string may be a drill pipe, a casing string, or any other suitable conduit. Among other things,
the circulating drilling fluid lubricates the drill bit, carries drill cuttings to the surface, and
balances the formation pressure exerted on the well bore. One problem associated with the
drilling of a well bore may be the undesirable loss of large amounts of the drilling fluid into the
subterranean formation. This problem may be referred to as "lost circulation” and the sections
of the formation into which the drilling fluid is lost are referred to as "lost circulation zones."
In addition to drilling fluids, problems with lost circulation may also be encountered with other
fluids, for example, spacer fluids, completion fluids (e.g., brines) and workover fluids that may
be circulated in a well bore. Herein a spacer fluid refers to any liquid used to physically
separate one special-purpose liquid from another; a completion fluid refers to a solids-free
liquid used to facilitate final operations prior to initiation of production; and a workover fluid
refers to a well-control fluid, that is used during the performance of maintenance or remedial
teannenﬁ on a hydrocarbon producing well. A variety of factors may be responsible for lost
circulation. For example, the subterranean formation penetrated by the well bore may be
highly permeable or may contain fractures or crevices therein. Furthermore, the formation may
breakdown under the hydrostatic pressure applied by ﬂle fluid, thereby allowing the fluid to be

iost into the formation. For instance, fractures in the subterranean formation may be created or
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enhanced due to the hydrostatic pressure of the drilling fluid with the resulting loss of drilling
fluid into those fractures.
[0003] A number of methods have been developed to control lost circulation. One method
commonly used to control lost circulation involves the placement of lost circulation matenals
into the lost circulation zone. These lost circulation materials may be placed into the formation
for example as lost circulation pills in an attempt to control and/or prevent lost circulation.
Conventional lost circulation pills may suffer from a variety of drawbacks such as the large
amount of materials needed to achieve desired properties (e.g., viscosities, etc.) and difficulties
associated with removing the component materials of the pill once the treatment has been
completed. Thus, it would be desirable to develop improved compositions for controlling lost
circulation.
SUMMARY

[0004] Disclosed herein is a method of servicing a wellbore comprising placing downhole
a composition comprising a surfactant package comprising a cationic surfactant and amionic
surfactant, wherein the surfactant package when contacted with an aqueous solution forms a
viscosified composition in the presence of less than about 30 wt.% of a hydrotrope.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005]  For a more complete understanding of the present disclosure and the advantages
thereof, reference is now made to the following brief description, taken in connection with the
accompanying drawings and detailed description:
[0006] Figures 1 and 2 are plots of viscosity as a function of shear rate for the samples
from Example 1.
[0007] Figure 3 is a plot of viscosity as a function of percent surfactant for the samples
from Example 2.
[0008] Figures 4-5 are plots of complex viscosity, storage modulus, and loss modulus as a
function of frequency for the samples from Example 3.
[0009] Figures 6-7 is a plot of zero shear viscosity as a function of temperature for the
samples from Example 4.
[0010] Figure 8 is a plot of zero shear viscosity as a function of temperature for the samples
from Example 5.
[0011] Figure 9 is a plot of complex viscosity, storage modulus, and loss modulus as a

function of frequency for the samples from Example 6.
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[0012] Figure 10 is a plot of viscosity-and shear stress as a function of shear rate for the
samples from Example 6.
[0013]  Figure 11 is a plot of viscosity as a function of percentage of cationic surfactant for
the samples from Example 6.
[0014] Figure 12 is a plot of zero shear viscosity as-a function of weight percentage of
SDBS for the samples from Example 7. ‘
[0015] Figure 13 is a plot of viscosity and shear stress as a function of shear rate for the
samples from Example 8.

DETAILED DESCRIPTION
[0016] It should be understood at the outset that although an illustrative implementation of
one or more embodiments are provided below, the disclosed systems and/or methods may be
implemented using any number of techniques, whéther currently known or in existence. The
disclosure should in no way be limited to the illustrative implementations, drawings, and
techniques illustrated below, including the exemplary designs and implementations illustrated
and described herein, but may be modified within the scope of the appended claims along with
their full scope of equivalents.
[0017] Disclosed herein are compositions (e.g., wellbore servicing compositions)
comprising at least one cationic surfactant and at least one anionic surfactant. Such
compositions are said to contain a cationic anionic surfactant package (CASP). In an
embodiment, the CASP may react with one or more components of the wellbore servicing fluid
to form a viscosified composition hereinafter denoted CASP-VC. A CASP-VC of the type
described herein may be useful in various wellbore servicing operations. For example, the
CASP-VC may be useful in the treatment of wellbores experiencing lost circulation. The
components of the CASP and CASP-VC as well as methods of making and using same will be
described in more detail later herein.
[0018] In an embodiment, the CASP comprises a cationic surfactant. Surfactants in
general are wetting agents that lower the surface tension of a liquid in which they are dissolved,
allowing easier spreading and decreasing the interfacial tension between two liquids. Each
surfactant has a hydrophilic head that is attracted to water molecules and a hydrophobic tail that
repels water and attaches itself to hydrophobic materials such as oil and grease. Herein a
cationic surfactant has a positively charged head and a hydrophobic tail comprising a carbon

chain. A cationic surfactant suitable for use in this disclosure may have a carbon chain having
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a length of from about 8 to about 24, alternatively from about & to about 18, alternatively from
about 12 to about 22, alternatively from about 16 to about 24. Examples of cationic surfactants
suitable for use in this disclosure include without limitation quatemary ammonium salts,
ethoxylated quaternary ammonium salts, amine oxides, or a combination thereof. In an

embodiment, the cationic surfactant comprises stearyltrimethylammonium chloride,

cetyltrimethylammonium tosylate, _ cetyltrimethylammonium chlonde,
cetyltrimethylammonium bromide, myristyltrimethylammonium chloride,
myristyltrimethylammonium bromide, dodecyltrimethylammonium chlonde,
dodecyltrimethylammonium bromide, decyltrimethylammonium " chloride,

decyltrimethylammonium bromide, octyltrimethylammonium chloride, erucyl bis-(hydroxy
ethyDmethylammonium chloride, erucyltrimethylammonium chloride, or a combination
thereof. In an embodiment, the cationic surfactant may be present in the CASP in an amount of
from about 0.01 weight percent (wt.%) based on the total weight of the CASP to about 99.99
wt.%, alternatively from about 0.1 wt.% to about 99.9 wt.%, alternatively from about 1 wt.% to
about 99 wt.%.

[0019] In an embodiment, the CASP comprises an anionic surfactant. Herein an anionic
surfactant has a negatively charged head and a hydrophobic tail comprising a carbon chain. An
anionic surfactant suitable for use in this disclosure may have carbon chain having a length of
from about 8 to about 24, alternatively from about 8 to about 18, altematively from about 12 to
about 22, alternatively from about 18 to about 24. Examples of anionic surfactants suitable for
use in this disclosure include without limitation alkali salts of acids, alkali salts of fatty acids,
alkaline salts of acids, sodium salts of acid, sodium salts of fatty acid, alkyl suiphates, alkyl
ethoxylate, sulphates, sulfonates, soaps, or a combination thereof. In an embodiment, the
anionic surfactant comprises sodium oleate, sodium stearate, sodium dodecylbenzenesulfonate,
sodium myristate, sodium laurate, sodium decanoate, sodium caprylate, sodium cetyl sulfate,
sodium myristyl sulfate, sodium lauryl sulfate, sodium decyl sulfate, sodium octyl sulfate, or a
combination thereof.

[0020] In an embodiment, the anionic surfactant may be present in the CASP in an amount
of from about G.01 weight percent (wt.%) based on the total weight of the CASP to about 99.99
wt.%, alternatively from about 0.1 wt.% to about 99.9 wt.%, alternatively from about 1 wt.% to
about 99 wt.%.
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[0021) In an embodiment the amount of cationic surfactant present in the CASP is greater
than the amount of anionic surfactant and such a composition is termed a cationic rich CASP.
Alternatively, the amount of anionic surfactant present in the CASP is greater than the amount
of cationic surfactant and such a composition is termed an anionic rich CASP.
{0022] In an embodiment, the cationic surfactant:anionic surfactant ratio (CAR) may be
chosen by one of ordinary skill in the art with the benefits of this disclosure so as to mitigate
unwanted effects normally associated with the contacting of a surfactant package with other
materials. For example, the CAR may be chosen so as to reduce or eliminate phase separation
when the CASP is contacted with an aqueous solution. Further, the CAR may be chosen so as
reduce or eliminate precipitation of one or both components of the CASP when contacted with
an aqueous solution. For example, the CAR may be from about 1:100 to about 100:1;
alternatively from about 90:1 to about 1:90; alternatively from about 80:1 to about 1:80;
. alternatively from about 70:1 to about 1:70; alternatively from about 60:1 to about 1: 60,
alternatively from about 1:50 to about 50:1; alternatively from about 40:1 to about 1:40;
alternatively from about 30:1 to about 1:30; alternatively from about 20:1 to about 1:20;
alternatively from about 10:1 to about 1:10; altemnatively from about 1:9 to about 9:1.
[0023) In an embodiment, a CASP (e.g., a cationic rich CASP, an anionic rich CASP) may
be contacted with an aqueous solution to form a CASP-VC. The aqueous solution may
comprise fresh water or salt water, e.g., an unsaturated aqueous salt solution or a saturated
aqueous salt solution such as brine or seawater. The aqueous solution and CASP may be
contacted in any manner known to one of ordinary skill in the art with the benefits of this
disclosure. In an embodiment the aqueous solution comprises a brine. The brine may be any
suitable saturated or a nearly saturated saltwater solution. For example, the brine may be any
suitable saturated or a nearly saturated salt solution compnising water and greater than about 90,
95, 99, or 99.9 wt.% salt. Nonlimiting examples of brines suitable for use in this disclosure
include ammonium chloride, potassium chlonide, sodium chloride, zinc bromide, calcium
chloride, calcium bromide, sodium bromide, potassium formate, sodium formate, cesium
formate or a combination thereof. In an embodiment, the CASP may be contacted with the
aqueous solution in an amount of from about 0.01g to about 20g CASP per 80g aqueous
solution, alternatively from about 0.1g to about 15g CASP per 80g aqueous solution,
alternatively from about 1g to about 10g CASP per 80g aqueous solution.
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[0024] The CASP-VC described herein may exhibit viscoelastic behavior. Viscoelastic
materials exhibit both viscous and elastic characteristics when undergoing deformation. In an
embodiment, the viscoelasticity of the CASP-VC may be adjusted to meet a user or process-
desired need by adjustment of the CAR or the total concentration of surfactant. The ability to
adjust or tune the viscoelasticity of the CASP-VC may allow a user to select an appropriate
CASP-VC based on the needs of a wellbore and its processing requirements. For example, the
CAR may be optimized to produce a CASP-VC having a viscosity suitable for use in lost
circulation zones at higher depth or at an elevated temperature.

[0025] In an embodiment, the CASP-VC may exhibit a viscosity ranging from about 0.001
Pa*s to about 100,000 Pa*s, alternatively from 1 Pa*s about to about 100,000 Pa*s,
alternatively from about 100 Pa*s to about 100,000 Pa*s over a temperature range of from
about 10°C to about 200°C, altematively from about 25°C to about 200°C, altematively from
about 50°C to about 200°C. Viscosity is a measure of the resistance of a fluid which is being
deformed by shear stress. In other words, it is the resistance of a liquid to flow. Determination
of the properties described herein may be made using any suitable methodology known to one
of ordinary skill in the art. For example, the storage modulus, loss modulus and viscosity may
be determined by applying a constant shear rate to the CASP-VC and reading the shear stress
using a narrow gap cup in bob geometry as described in Rheology: Principles, Measurements
and Applications, by C.W. Macosko, Wiley-VCH, New York (1994) which is incorporated by
reference herein in its entirety.

[6026] In an embodiment, the CASP-VC may exhibit a zero shear viscosity of from about
0.001 Pa*s to about 100,000 Pa*s, alternatively from about 1 Pa*s to about 100,000 Pa*s,
alternatively from about 100 Pa*s to about 100,000 Pa*s over a temperature range of from
about 10°C to about 200°C, alternatively from about 25°C to about 200°C, alternatively from
about .50°C to about 200°C. Zero shear viscosity refers to the viscosity at the limit of low

shear rate. The zero shear viscosity is the viscosity a product will ultimately attain when at rest
and undisturbed. The zero shear viscosity was determined as described previously herein with
the exception that the data was extrapolated to “zero” shear and the viscosity read at that shear.

[0027] In an embodiment, the CASP-VC has a complex viscosity of from about 10 Pa*s to
about 100,000 Pa*s, alternatively from about 100 Pa*s to about 100,000 Pa*s, aiternatively
from about 1,000 Pa*s to about 100,000 Pa*s for a range of frequencies of from about 0.00001
Hz to about 1,000 Hz, alternatively from about 0.01 Hz to about 1,000 Hz, alternatively from
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about 1 Hz to about 1,000 Hz. Complex viscosity refers a frequency-dependent viscosity
function determined during forced harmonic oscillation of shear stress. It is related to the
complex shcar modulus and represents the angle between the viscous stress and the shear
stress. The complex viscosity function is equal to the difference between the dynamic viscosity
and the out-of-phase viscosity, or imaginary part of the complex viscosity:
n*(iw)=r7(w)-in"(v)

where

n’ = complex viscosity

n' = dynamic viscosity

n" = out-of-phase viscosity

The complex viscosity was determined as described previously herein with the exception that
the frequency was kept constant.

[0028]  The storage modulus in viscoelastic materials measures the stored energy and
represents the elastic portion of the material. The loss modulus relates to the energy dissipated
as heat and represents the viscous portion related to the amount of energy lost due to viscous
flow. In an embodiment, the CASP-VC has a storage modulus of from about 0.001 Pa to about
1,000 Pa, alternatively from about 0.1 Pa to about 1,000 Pa, altemnatively from about 1 Pa to
about 1,000 Pa for a range of frequencies of from about 0.00001 Hz to about 1,000 Hz,
alternatively from about 0.01 Hz to about 1,000 Hz, alternatively from about 1 Hz to about
1,000 Hz. In another embodiment, the CASP-VC has a loss modulus of from about 0.001 Pa to
about 1,000 Pa, alternatively from about 0.1 Pa to about 1,000 Pa, altemnatively from about 1 Pa
to about 1,000 Pa for a range of frequencies of from about 0.00001 Hz to about 1,000 Hz,
alternatively from about 0.01 Hz to about 1,000 Hz, altematively about 1 Hz to about 1,000 Hz.
The storage modulus and loss modulus were determined as described previously herein.

[0029] In an embodiment, the CASP-VC 1is solids free. Herein, solids free refers to the
amount of solid being equal to or less than about 3 wt.%, alternatively equal to or less than
about 2 wt.%, alternatively equal to or less than about 1 wt.% based on the total weight of the
CASP. Examples of solids include without limitation particles, sands, formation materials, or a
combination thereof.

[0030] In an embodiment, the CASP-VC can withstand high pressure gradients. The high
viscoelasticity generated by the CASP allows the fluid to resist high pressure gradients.
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[0031]) In an embodiment, CASPs of the type described herein may be introduced to a
wellbore servicing fluid or to a wellbore and carry out its intended function in the substantial
absence of a hydrotrope and/or excess salt (e.g., the CASP is free, substantially free, or does not
contain a material amount of 2 hydrotrope and/or excess salt). Both hydrotropes and excess salt
are used to stabilize micellar growth. Herein a hydrotrope refers to a compound that solubilises
hydrophobic compounds in aqueous solutions. Typically, hydrotropes consist of a hydrophilic
part and a hydrophobic part (like surfactants) but the hydrophobic part is generally too small to
cause spontaneous seif-aggregation. Examples of hydrotropes include for example and without
limitation sodium p-toluenesulfonate, sodium xylene sulfonate, sodium salicylate, alkyl
alcohols, or a combination thereof. In alternative embodiments, the CASPs are introduced to a
wellbore servicing fluid or to a wellbore and carry out its intended function in the presence of a
hydrotrope. In an embodiment, the CASP comprises less than or equal to about 30, 20, 10, 9,
8,7,6,5,4,3,2,1, 0.1, 0.01, or 0.001 wt% of one or more hydrotropes based upon the total
weight of the CASP. In an embodiment, the CASP comprises an amount of salt equal to or less
than the saturation amount. In an embodiment, the CASP comprises an excess amount of salt
equal to or less than about 1.0, 0.1, 0.01, 0.001, or 0.0001 weight percent over the saturation
amount (i.e., < 1.0, 0.1, 0.001, or 0.0001 wt % excess salt).

[0032]  Without wishing to be litnited by theory, the tunable viscoelasticity of the CASP-
VC disclosed herein may be aftributed to the mechanism of micelle growth in these
compositions. One mechanism for the formation and growth of micelles may involve the
electrostatic interactions of a cationic surfactant and an anionic surfactant (e.g., CASP). In this
mechanism, the CASP interacts to form a pseudo-double tailed zwitterionic surfactant that self
assembles into a surfactant bilayer in the form of lamellar sheets of vesicles or wormlike
micelles. The presence of salt (e.g. hydrotrope) may facilitate the growth of micelles or the
creation of multilamellar vesicles because of interaction between cationic and anionic
surfactant, cationic/anionic surfactant and hydrotrope, and cationic/anionic surfactant and
inorganic salt.

[0033] In addition, the chain length of the cationic and anionic surfactant may affect the
resulting micelles. When the cationic and anionic surfactants are of similar chain length, there
is a wider phase space where the bilayer aggregates are stable. However, when there is a
difference in chain lengths, the bilayer phase space will be smaller, thus stabilizing the micelles

over a wider concentration range. To generate chain length difference between the cationic and
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anionic surfactants, the amount of cationic surfactant may be much larger when compared to
the anionic surfactant or vice versa. Further, even at equimolar amounts of cationic and anionic
surfactants wherein the chain length difference between the cationic and anionic surfactants is
sufficiently large, a micelle phase will be stable. However, a micelle phase will not be stable if
the cationic and anionic surfactants have similar chain lengths.

[0034) The second proposed mechanism involves a phase transition of the CASP from a
low viscosity vesicle phase (e.g., near that of water with 1 vol.% spheres) to a higher viscosity
viscoelastic phase by an increase in temperature. Herein, a higher viscosity viscoelastic phase
refers to an amount higher than that of the vesicle phase while at the same overall concentration
of surfactant. In this mechanism, a unilamellar vesicle bilayer phase is created by mixing the
cationic surfactant and the anionic surfactant. In contrast to the first mechanism where a
difference in carbon chain length aids in micelles formation, the amount of the cationic
surfactant may be similar to the anionic surfactant in the vesicle phase, for example a 1:1 CAR.
As temperature increases, the surfactant exchange rate between the vesicle and water will
increase. The increase occurs more rapidly for a shorter chain surfactant than for a longer chain
surfactant, leading to a lower concentration (e.g., as determined by nuclear magnetic resonance)
of one surfactant in the bilayer, thus possibly promoting the growth of micelles.

[0035) The third proposed mechanism involves development of a spontaneous curvature by
mixing surfactants and creating a defect ridden lamellar phase with gel-like qualities as
visualized using standard imaging téchniques. In this mechanism, a cationic/anionic gel is
formed by a lamellar defect phase. At high double-tailed surfactant concentration (e.g., low
water contents, equal to or greater than about 50 wt.% surfactant), a lamellar sheet (Lajpha) phase
is often formed. As the water content is increased to an amount of from about 60 wt.% to about
80 wt.%, the bilayer spacing generally swells to a certain spacing that expel any excess water
that is added. This spacing may be determined using any suitable technique such as small
angle x-ray scattering technique. In the case of cationic/anionic bilayers (“pseudo” double
tatled surfactants), a spontaneous curvature exists that leads to multilamellar vesicle (MLV)
defect sites existing with the lamellar sheet phase as more water is added. The formation of
MLYV defect sites within the lamellar sheet phase further leads to lamellar sheets entangled with
MLV defect sites, thereby creating a highly viscoelastic gel with a viscosity greater than 1,000

centipoise.
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[0036] In an embodiment, a CASP-VC of the type described herein may be used to control
lost circulation in a subterranean formation. It is to be understood that “subterranean
formation” encompasses both areas below exposed earth and areas below earth covered by
water such as ocean or fresh water. In the process of drilling a well, low fracture gradients
zones, fractured zones, etc. are often encountered and loss of whole drilling fluid to the
formation becomes a problem. Losses of drilling fluid can impede the progress of drilling the
well, add cost to the drilling of the well, prevent the drilling of the well to target depth, and/or
cause the total loss of the drilled open hole section. In such an embodiment, the CASP may be
introduced into a drill string, pumped down to a lost circulation zone such as voids, vugular
zones, and natural or induced fractures while drilling. The CASP may then contact a fluid in
the lost circulation zone and form a CASP-VC that substantially seals the lost circulation zone
with little or no interruption of drilling operations and reduction in loss of drilling fluid to the
lost circulation zone.

[0037) in another embodiment, a CASP may be pumped down to a lost circulation zone, 2
wellbore servicing fluid may be introduced from the wellbore to the lost circulation zone
wherein the CASP contacts the wellbore servicing fluid and forms a CASP-VC that
substantially seals the lost circutation zone. As used herein, a “servicing fluid” refers to a fluid
used to drill, complete, work over, fracture, repair, or in any way prepare a wellbore for the
recovery of materials residing in a subterranean formation penetrated by the wellbore.
Exampiles of servicing fluids include, but are not limited to, cement slurries, drilling fluids or
muds, spacer fluids, fracturing fluids, gravel pack fluids, or completion fluids, all of which are
well known in the art. Methods for introducing compositions into a wellbore to seal
subterranean zones are described in U.S. Patent Nos. 5,913,364; 6,167,967; and 6,258,757,
each of which is incorporated by reference herein in its entirety.

[0038] The CASP-VC may form a non-flowing, intact mass of high viscosity inside the lost
circulation zone which plugs the zone and inhibits loss of subsequently pumped fluid. In an
embodiment, the CAR is adjusted so as to produce a high viscosity CASP-VC that plugs a zone
at elevated temperatures, such as those found at higher depths within a wellbore.

[0039] In another embodiment, the CASP-VCs form lost circulation pills for use in
completion brines. The CASP-VCs disclosed herein may form solids free post perforation piils
and/or post gravel pack fluid loss pills that are useful in servicing a wellbore during completion

operations.
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[0040] In an embodiment, a CASP-VC is used to service a wellbore. Subsequently, the
viscoelasticity of a CASP-VC may be broken (i.e., the viscosity of the CASP-VC may be
reduced) by contacting the CASP-VC with an effective amount of a viscosity breaker such as a
hydrocarbon or an internal breaker. The ability to break the viscosity of a CASP-VC may be
useful for example for wellbore cleanup. Examples of internal breakers suitable for use in this
disclosure include without limitation SP breaker, VICON NF breaker, OXOL II breaker, GBW-
40 breaker, and HT breaker, which are commercially available from Halliburton. Examples of
hydrocarbons suitable for use in this disclosure include for example and without limitation
crude oil, natural gas and gas hydrates. Effective amounts of hydrocarbons and internal
breakers may be determined by one of ordinary skill in the art with the aid of this disclosure.

EXAMPLES
[0041)  The disclosure having been generally described, the following examples are given
as particular embodiments of the disclosure and to demonstrate the practice and advantages
thereof, It is understood that the examples are given by way of illustration and are not intended
to limit the specification or the claims in any manner.

EXAMPLE 1
[0042] The rheological behavior of CASP-VCs of the type described herein was
investigated. Eight samples, designated Samples 1-8, were prepared. Samples 1-4 were
prepared using sodium oleate (NaOle), which is commercially available from TCI America as
the anionic surfactant and octyl trimethyl ammonium chloride (CsTAC), which is commercially
available from TCI America as the cationic surfactant. Samples 1-4 were prepared using a
CsTAC:NaO ratio of 3:7, 4:6, 2:8, and 1:9 respectively. The samples were then dissolved in
deionized water (DI H;0) in sufficient quantity to form a 3 wt.% solution. Since Samples 1-4
had larger anionic ratio to cationic, the resulting CASP-VCs were anionic rich.
[06043] Sample 5-8 were prepared using sodium octoate (NaCap), which is commercially
available from TCI America as the anionic surfactant and stearyltrimethylammonium chloride
(CisTAC), which is commercially available from TCI America as the cationic surfactant.
Samples 5-8 were prepared using a CsTAC:NaCap ratio of 7:3 6:4, 8:2, and 9:1 respectively.
The samples were then dissolved in deionized water (DI H;0) in sufficient quantity to form a 3
wt.% solution. Since Samples 5-8 had larger cationic ratio to anionic, the resulting CASP-VCs
were cationic rich. Table 1 tabulates the cationic and anionic surfactant types, and ratios for

each sample.
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Table 1

Sample | Cationic Surfactant | Anionic Surfactant | CAR | Weight %
1 GTAC NaQ 3.7 3
2 CsTAC NaO 4:6 3
3 CsTAC NaO 2:8 3
4 CsTAC NaO 1:9 3
5 CisTAC NaCap T3 3
6 CisTAC NaCap 6:4 3
7 CisTAC NaCap 8:2 3
8 CisTAC NaCap 9:1 3

[0044] Rheological measurements were performed using an MCR 501 with a concentric
cylinder of 27mm, which is a commercially available rheometer from Anton Paar at a
temperature of 25°C. _
[0045) Figure 1 is a plot of viscosity as a function of shear rate for Samples 1-4. Figure 2
~ is a plot of viscosity as a function of shear rate for Samples 5-8. The zero shear viscosities of
Samples 1-4 may be determined by extrapolating the viscosity back to the theoretical zero-
shear point and were 1200, 93, 33, and 0.006 Pa*s respectively. The zero shear viscosities of
" Samples 5-8 may be determined by extrapolating the viscosity back to the theoretical zero-
shear point and were 542, 196, 0.4, and 0.001 respectively. The results demonstrated that the
zero-shear viscosity is highly dependent on the cationic/anionic ratio and can be tuned by
varying it. Also, over a million fold increase in viscosity can be generated by adding an
oppositely charged surfactant independent of salt or hydrotrope concentration.

EXAMPLE 2
[0046) The zero shear viscosity of an anionic rich and a cationic rich CASP-VCs were
investigated. Sampleés 1-8, described in Example 1, were used again in this example. In
addition, five more samples, designated Samples 9-13, were prepared as described in Example
1. Table 2 tabulates the cationic and anionic surfactant types and CARs for Samples 9-13.
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Table 2
Sample { Cationic Surfactant | Anionic Surfactant | CAR | Weight %
9 ~ GTAC NaO 5:5 3
10 CyTAC NaO 6:4 3
11 CsTAC NaO 0:10 3
12 CisTAC NaCap 5:5 3
13 CisTAC NaCap 4.6 3

[0047)] Figure 3 is a plot of viscosity as a function of weight fraction of minor component
for Samples 1-13. For Samples 1-4 and 9-11, the minor component was the caticnic surfactant.
For Samples 5-8 and 12-13, the minor component was the anionic surfactant. The resuits
demonstrated that the CAR that created the maximum viscosity was about 70:30 and 30:70, as
shown by the peaks for the anionic rich and the cationic rich CASP-VCs on Figure 3. In
addition, both the cationic rich and the anionic rich CASP-VCs exhibited pronounced increases
in viscoelasticity up to 300,000 fold when compared to the individual surfactant components.
This increase in viscoelasticity was also observed visually by placing Sampled 1 and 5 in
separate vials and inverting both vials. In both vials, the viscoelastic gel samples remained
suspended for over 10 seconds.
EXAMPLE 3

[0048] The dynamic properties of CASP-VCs of the type described herein were
investigated. Specifically, the complex viscosity, storage modulus, and loss modulus as a
function of frequency for Samples 1-3 and 5-7 from Example 1 were determined. Figures 4 and
5 are plots of complex viscosity, storage modulus, and loss modulus as a function of frequency
for Samples 1-3 and Samples 5-7 respectively. The results demonstrated that these fluids
displayed both a significant loss modulus and storage modulus, thereby proving their

viscoelasticity.
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EXAMPLE 4
[0049] The effect of temperature on the viscosity of CASP-VCs was investigated. The
zero shear viscosities of Samples 1 and 5 from Example 1 were tested over the temperature
range of 70°F to 190°F. The results for both an anionic rich CASP-VC (Sample 1) and a
cationic rich CASP-VC (Sample 5) are shown in Figures 6 and 7 respectively.
[0050] The results demonstrated that for there was a decrease in viscosity by several orders
of magnitude in each sample as the temperature increased. However, the viscosity for the
cationic and anionic rich CASP-VCs was still about 10 and 30 times greater respectively than
that of water (viscosity of water at 194°F is about 0.000315 Pa*s). Thus, even at high
temperature, there is an appreciable viscosity increase when compared to water.
[0051) Without wishing to be limited by theory the observed decrease in viscosity as the
temperature increased may be a result of the solubility of the CASPs in water increasing (i.e.,
the critical micelle concentration increased). The increased solubility of the CASP may lead to
faster kinetics and shorter and smaller micelles. The presence of these shorter and smaller
micelles may contribute to the observed decrease in viscosity.
[0052] One of ordinary skill in the art with the benefits of this disclosure may adjust the
CASPs such that the viscosity of the CASP-VC has a reduced response to temperature. For
example, one technique is to use alkyl chain surfactants such as Cy, cationic surfactants and Cz;
Zwitterionic surfactants. In addition, changes in surfactant phase behavior with temperature
may be exploited (i.e., vesicle to wormlike micelle transition). The final approach is to increase
the concentration of the surfactants in the CASP. By increasing the concentration, one may
achieve the entanglement or crossover concentration even with much shorter length micelies.
In other words, the viscoelastic response occurs when there is either an increase in
concentration, length, or both. '
[0053] The stability of the CASP-VC was also investigated. An anionic surfactant solution
comprising sample 1 was prepared and observed over a time period of 7 days at a temperature
of 25°C. The anionic surfactant was observed to degrade with time, as the single component
solution became somewhat cloudy in a few weeks. Without wishing to be limited by theory,
the double bond in the oleate alkyl chain may be oxidized, causing the surfactant to become the
same as stearic acid sodium soap. Stearic acid sodium soap has a much lower solubility in

water and may not form wormlike micelles as readily as oleic acid sodium soap.
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[0054] An anionic- rich CASP-VC was also prepared and observed over a time period of 7
days at a temperature of 25°C. The anionic rich CASP-VC also became cloudy, displayed
reduced viscosity and began to phase separate after a few weeks. This behavior may be
exploited in that it may be useful for degradation of the viscoelastic material without the
utilization of any added components. At higher temperatures, such break down of viscosity
may occur on the order of days, which may be useful for a lost circulation pill, as it will allow
the lost circulation material to dissolve and allow production to begin. A cationic rich CASP-
VC was observed to remain stable for a time period of greater than 30 days at a temperature of
25°C.

EXAMPLE 5
[0055] The temperature stability of a cationic rich CASP-VC was investigated and
compared to a cationic only surfactant. The cationic rich CASP-VC, designated Sample 14,
was cetyl trimethylammonium tosylate/sodium dodecylbenzene sulfonate (CTAT/SDBS) of
97:3 which was prepared as a 3 wt.% solution. The caticnic only surfactant, designated Sample
15, was CTAT which was prepared as a 3 wt.% solution. The zero shear viscosities for
Samples 14 and 15 were measured for a range of temperature of from 75°F to 190°F. The
results ére shown in Figure 8.
{0056] Referring to Figure 8, the zero shear viscosity decreased as the temperaturé
increased for both samples. However, the drop in zero shear viscosity at high temperature
(about above 150°F) for Sample 14 was less than Sample 15 because of the addition of the
anionic surfactant. Without wishing to be limited by theory, the lesser drop in zero shear
viscosity may be due to the greater binding of a surfactant versus a simple hydrotrope or due to
the lower solubility of surfactants versus hydrotropes. Thus, these CASPs offer greater
temperature stability than traditional surfactants.

EXAMPLE 6
[0057] The tolerance of cationic rich and anionic rich CASP-VCs to salt was investigated.
Sample 5 from Example 1 was selected for the cationic rich CASP-VC. A comparative sample
of cationic rich CASP-VC in brine, designated Sample 16, was prepared from C18TAC/NaCap
having 7:3 ratio which was prepared as a 3 wt.% solution (similar to Sample 5) and 0.15M
sodium bromide (NaBr) brine. The complex viscosity, storage modulus, loss modulus, and
zero shear viscosity of Samples 5 and 16 were measured and the results are shown in Figures 9

and 10. The results demonstrated that the CASP-VC was able to maintain its viscosity with the
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addition of sait. Without wishing to be limited by theory, this suggests that electrostatic
interactions are not the dominant force in the creation of the viscoelasticity.
[0058] Sample 1 was selected for the anionic rich CASP. A comparative sample of anionic
rich CASP-VC in brine, designated Sample 17 was prepared from NaQ:CsTAC ratio of 7:3 and
0.15M sodium bromide (NaBr) brine. The complex viscosity, storage modulus, loss modulus,
and zero shear viscosity of Samples 1 and 17 were measured. The results are shown in Figure
11. The results demonstrated that the anionic rich CASP-VC suffered a large drop in its
viscoelastic properties with the addition of salt, which suggests that electrostatic interactions
are creating the large zero shear viscosity. This viscosity can be regained by varying CAR to
change the overall charge on the micelle.
EXAMPLE 7

[0059] The zero shear viscosity of CASP-VCs of the type described herein was
investigated. Four samples, designated Samples 18-21, were prepared. Sample 18 was a 3
wt.% aqueous solution of cetyl trimethylammonium tosylate (CTAT). Samples 19-21 were
CTAT/sodium dodecylbenzene sulfonate (SDBS) with a CAR of 99:1, 97:3, and 95:5
respectively and was prepared as a 3 wt.% aqueous solution. The zero shear viscosities of
Samples 18-21 were determined to be 126, 205, 255, and 207 Pa*s respectively and are shown
in Figure 12, CTAT forms viscoelastic wormlike micellar solutions with high zero shear
viscosities. By adding a small amount of SDBS in Samples 19-21, the solutions became highly
viscous with increased zero shear viscosities when compared to Sample 18. Furthermore, the
zero shear viscosity of Sample 20 was more than doubled (256,000 centiPoise) when compared
to Sample 18 (126,000 centiPoise).
[0060] Another sample, designated Sample 22, was prepared. Sample 22 was
CTAT/sodium octyl sulfate (SOS) with a CAR of 94:6 and was prepared as a 3 wt.% aqueous
solution. The zero shear viscosity of Sample 22 was determined to be 470,000 centiPoise,
which was more than tripled when compared to sample 18. These results demonstrated the
ability of CASPs to increase the viscosity of solutions.

- EXAMPLE 8
[0061) The effect of using surfactants containing longer alkyl chains on the properties of
the CASP-VC was investigated. Three samples, designated Samples 23-25, were investigated.
Samples 23 and 24, which were the cationic rich CASP, were prepared from erucyl bis-
(hydroxy ethyl)methylammonium chloride (EHAC)/ n-caprylic acid sodium salt (NaCap) with

A
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a CAR of 8:2 and 9:1 respectively as a 3 wt.% aqueous solution. Sample 25, which was the
cationic rich CASP was prepared from erucyl bis-(hydroxy ethyl)methylammonium
chloride/decanoic acid sodium salt with a cationic:anionic ratio of 9:1 as a 3 wt.% aqueous
solution. The zero shear viscosities for Samples 23 and 24 were determined and the results are
shown in Figure 13. The viscosities of Samples 23-24 ranged from 200,000 to 800,0000
centiPoise while the viscosity of Sample 25 was about 70,000 centiPoise. The results
demonstrate that the long chain surfactants that generate appreciable viscosity (>10 Pa*s) at
elevated temperatures also form these cationic/anionic viscoclastic aggregates.

[0062]  Next, the ability of hydrocarbon to reduce the viscosity of CASP-VC was
investigated. A portion of samples 23-25 were placed in individual vials and a hydrocarbon
fluid was introduced to each vial. The hydrocarbon fluid used for the test was diesel. Each vial
was then shaken to mix the CASP-VC with diesel. Each vial was then inverted and visually
observed. In the absence of the hydrocarbon, the CASPs form viscous masses that remained
suspended for seconds, see Example 2. However, with the addition of a hydrocarbon, upon
inversion of the vials the mass was not completely suspended and fluid was observed to flow
for both the cationic rich and anionic rich CASPs. _

[0063] While embodiments of the disclosure have been shown and described,
modifications thereof can be made by one skilled in the art without departing from the scope of
the invention. The embodiments described herein are exemplary only, and are not intended to
be limiting. Many variations and modifications of the disclosure disclosed herein are possible
and are within the scope of the disclosure. Where numerical ranges or limitations are
expressly stated, such express ranges or limitations should be understood to include iterative
ranges or limitations of like magnitude falling within the expressly stated ranges or
limitations {e.g., from about 1 to about 10 includes, 2, 3, 4, etc.; greater than 0.10 includes
0.11, 0.12, 0.13, etc.). For example, whenever a numerical range with a lower limit, R,, and
an upper limit, Ry, is disclosed, any number falling within the range is specifically disclosed.
In particular, the following numbers within the range are specifically disclosed:
R=R,+k*(Ry-R.), wherein k is a variable ranging from 1 percent to 100 percent with a !
percent increment, i.e., k is 1 percent, 2 percent, 3 percent, 4 percent, 5 percent, ..., 50
percent, 51 percent, 52 percent, ..., 95 percent, 96 percent, 97 percent, 98 percent, 99 percent,
or 100 percent. Moreover, any numerical range defined by two R numbers as defined in the

above is also specifically disclosed. Use of the term "optionally" with respect to any element
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of a claim is intended to mean that the subject element is required, or aiternatively, is not
required. Both alternatives are intended to be within the scope of the claim. Use of broader
terms such as comprises, includes, having, etc. should be understood to provide support for
narrower terms such as consisting of, consisting essentially of, comprised substantially of, etc.

[0064] Accordingly, the scope of protection is not limited by the description set out above
but is only limited by the claims which follow, that scope including all equivalents of the
subject matter of the claims. Each and every claim is incorporated into the specification as an
embodiment of the present disclosure. Thus, the claims are a further description and are an
addition to the embodiments of the present disclosure. The discussion of a reference s not an
admission that it is prior art to the present disclosure, especially any reference that may have a
publication date after the priority date of this application. The disclosures of all patents, patent
applications, and publications cited herein are hereby incorporated by reference, to the extent

that they provide exemplary, procedural, or other details supplementary to those set forth

herein.
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CLAIMS:

1. A wellbore servicing fluid comprising a surfactant package comprising a cationic
surfactant and anionic surfactant; wherein the surfactant package when contacted with an
aqueous solution forms a viscosified composition in the presence of less than about 30 wt.% of
a hydrotrope.

2. A fluid according to claim 1, wherein the cationic surfactant has a carbon chain length
of from about 8 to about 24.

3. A fluid according to claim 1 or 2, wherein the cationic surfactant comprises quaternary
ammonium salt, ethoxylated quaternary ammonium salts, amine oxides, or a combination
thereof.

4. A fluid according to claim 1, 2 or 3, wherein the cationic surfactant comprises
stearyltrimethylammonium chionde, cetyltrimethylammonium tosylate,
octyltrimethylammonium chloride, erucyl bis-(hydroxyethyl)methylammonium chloride, erucyl
trimethylammonium chlonde cetyltrimethylammonium chloride, cetyltrimethylammonium
bromide, myristyltrimethylammonium chloride,  muyristyltrimethylammonium bromide,
dodecyltrimethylammonium chloride, dodecyltrimethylammonium bromide,
decyltrimethylammonium chloride, decyltrimethylammonium bromide, or a combination
thereof.

5. A fluid according to any preceding claim, wherein the cationic surfactant is present in
the surfactant package in an amount of from about 0.01 wt.% to about 99.99 wt.% based on the
total weight of the surfactant package.

6. A fluid according to any preceding claim, wherein the anionic surfactant has a carbon
chain length of from about 8§ to about 24.

7. A fluid according to any preceding claim, wherein the anionic surfactant comprises
alkali salts of acids, alkali salts of fatty acids, alkaline salts of acids, sodium salts of acid,
sodium salts of fatty acid, alkyl sulphates, alkyl ethoxylate, sulphateé, sulfonates, soaps, or a
combination thereof.

8. A fluid according to any preceding claim, wherein the anionic surfactant comprises
sodium oleate, sodium dodecylbenzenesulfonate, sodium decanoate, sodium octyl sulfate,
sodium caprylate sodium stearate, sodium myristate, sodium laurate, sodium cetyl sulfate,

sodium myristyl sulfate, sodium lauryl sulfate, sodium decyl sulfate, or a combination thereof.
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9. A fluid according to any preceding claim, wherein the anionic surfactant is present in
the surfactant package in an amount of from about 0.01 wt.% to about 99.99 wt.% based on the
total weight of the surfactant package.

10. A fluid according to any preceding claim, wherein the surfactant package has cationic
surfactant;anionic surfactant ratio of from 1:100 to 100:1.

11. A fluid according to any preceding claim, wherein the surfactant package 1s contacted
with the aqueous solution in an amount of from about 0.01 grams to about 20 grams per 80
grams of the aqueous solution.

12. A fluid according to any preceding claim, wherein the aqueous solution comprises
water, brine, a wellbore servicing fluid, or a combination thereof.

13. A fluid according to claim 12, wherein the brine comprises ammonium chloride,
potassium chloride, sodium chloride, zinc bromide, calcium chloride, calcium bromide, sodium
bromide, potassium formate, sodium formate, cesium formate or a combination thereof.

14. A fluid according to claim 12 or 13, wherein the wellbore servicing fluid comprises
cement slurries, drilling fluids, spacer fluids, fracturing fluids, gravel pack fluids, workover
fluids, completion fluids, or a combination thereof.

15. A fluid according to any preceding claim 1, wherein the viscosified composition is
solids free.

16. A fluid according to any preceding claim, wherein the viscosified composition has a
viscosity of from about 0.001 Pa*s to about 100,000 Pa*s at a temperature of from about 10°C
to about 200°C.

17. A fluid according to any preceding claim, wherein the viscosified composition has a
zero shear viscosity of from about 0.001 Pa*s to about 100,000 Pa*s at a temperature of from
about 10°C to about 200°C.

18. A fluid according to any preceding claim, wherein the viscosified composition has a
complex viscosity of from about 10 Pa*s to about 10,000 Pa*s at a frequency range of from
about 0.00001 Hz to about 1000 Hz.

19. A fluid according to any preceding claim, wherein the viscosified composition has a
storage modulus of from about 0.001 Pa to about 1,000 Pa at a frequency range of from about
0.00001 Hz to about 1000 Hz.
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20. A fluid according to any preceding claim, wherein the viscosified composition has a
loss modulus of from about 0.001 Pa to about 1,000 Pa at a frequency range of from about
0.00001 Hz to about 1000 Hz.

21. A fluid according to any preceding claim, wherein the viscosified composition
comprises a solids free post perforation pill or a gravel pack fiuid loss pill.

22. A method of servicing a wellbore comprising: placing a fluid according to any
preceding claim in the wellbore.

23. A method according to claim 22, further comprising contacting the viscosified
composition with a viscosity breaker.

24. A method according to claim 23, wherein the viscosity breaker comprises a

hydrocarbon fluid, an internal breaker, or a combination thereof.
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