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METODOS PARA EL USO DE ADITIVOS DE PERDIDA DE FLUIDO QUE

CONTIENEN MICROGELES

La presente invencidn se refiere a métcdcs para
usar aditivos para el control de pérdida de fluido. En
forma mas especifica, por lo mencs en algunas formas, la
presente invencién se refiere al usc de aditives para el
contrel de pérdida de fluido en fluidos de perforacibén y
servicio que «contienen microgeles para operaciones
subterraneas.

Cuando se perfora Qrificios de pozo en formaciones
productoras, se utiliza fluides de perforacién que
reducirédn el dafio a la permeabilidad de tales formaciones
Yy a su estabilidad, para producir hidrocarburos. Se
utiliza fluidos de servicio cuando se realiza operaciones
de terminacién en fcrmaciones productoras y cuandc se
realiza operaciones de reacondicionamiento en @ las
formaciones. Los fluidos de perforacién vy servicio
depositan una capa de particulas conccidas como “torta de
filtro” scbre las paredes de los orificios de pozo dentro
de las formaciones productoras. Se cree que la torta de
filtre ayuda a evitar gque los fluidos de perforacidn y de
servicio se pierdan en la formacidén y evita que los
s6lidos entren en las porosidades de la roca. Después de
la terminacidén y antes de iniciar la produccidn, se

descompone generalmente a la torta de filtro o se deja



que se descomponga a fin de permitir que el producto
fluya hacia el orificio de pozc para la produccién. Es
importante la descomposicidén de la torta de filtro para
conservar la conectividad del orificio de pozo y la
permeabilidad natural de la roca del yacimiento. Si no
se descompone o se permite que se descomponga, la torta
de filtro podria presentar un impedimento para la
produccién, entre otras cosas, mediante la alteracién de
la permeabilidad del vyacimiento. Una vez que se ha
disminuido la permeabilidad del yacimiento, raras veces
es posible devolverlo a su condicidén original. Esto se
podria distinguir de la funcidén de los aditivos
(denominados algunas veces en el arte “modificadores de
permeabilidad relativa” o “RPMs”) gue se utilizan
frecuentemente en fluidos de conformacién o fracturacidn
para sellar de manera permanente las entradas de agua
hacia las Areas del yacimiento de hidrocarburo gue rodean
a un orificio de pozo.

Los fliuidos de perforacién y servicio (tales como
fluidos de perforacidén) pueden contener aditivos para el
control de pérdida de fluido a fin de ayudar a evitar que
tales fluidos se pierdan hacia 1las formaciocnes. Los
fluidos de perforacidn son cualesquiera de cierto numero
de fluidos y mezclas de fluidos vy sdélidos {como
suspensiones sdélidas, mezclas y emulsiones de liquidos,

gases y sélidos) utilizados en operaciones para perforar



orificios de sondeo en la tierra. Se ha intentado en
muchas formas 1la clasificacién de los fluidos de
perforacidén, produciendo frecuentemente mayor confusién
que percepcidén, Un esqguema de clasificacién, ofrecido
aqui, se basa solamente en la composicién de lodo
destacando al componente que define claramente la funcidn
y rendimiento del fluido: (1) basado en agua, (2) basado
en aceite y (3) gaseoso (neum&tico). Cada categoria
tiene una variedad de subcategorias que se socobreponen
entre si en forma considerable. Idealmente, un lodo de
perforacidon no es perjudicial para a formacidén, lo cual
significa gue no deja particulas, fincs, etc., gque tengan
un impacto negativo en la permeabilidad de la formaciédn.
Un lodo de perforacién es un fluido destinado a
perforar a través de la seccién de yacimiento de un
orificio de pozo en una formacidén subterréanea. Las
razones para usar un fluido especialmente disefado
incluyen pero no estldn necesariamente limitadas a: (1)
perforar a la zona de yacimiento en forma satisfactoria,
frecuentemente un orificio de drenaje largo y horizontal;
{2) reducir los dafics y aumentar la produccidén de las
zonas expuestas; y (3) facilitar la terminacién deseada
del ©pozo, la cwal ©puede 1incluir ©procedimientos
complicados. Un lodo de perforaciédn se asemeja

frecuentemente a un fluido de terminacién que puede



comprender una salmuera, posiblemente agentes para
formar enlaces y/ polimeros.

El término “lode de perforacién”, tal como se
emplea aqui, se refiere genéricamente tanto a lodos de
perforacién como a fluidos de perforacidén a menos que se
especifique de otroc modo.

Otros tipos de fluideos de tratamiento gque pueden
utilizar materiales para el control de pérdida de fluido
incluyen pero no estédn limitados a pastillas (tales como
pastillas de tamiz interno), que son fluides con una
cantidad relativamente pequefia (por ejemplo, menos de 200
barriles) de una mezcla especial de lodo de perforaciédn
para realizar wuna tarea especifica que el lodo de
perforacién del tipo regular nc puede realizar. Ejemplos
incluyen pastillas de alta viscosidad para ayudar a
elevar a 1los fragmentos fuera de un orificio de pozo
vertical; pastillas de agua dulce para disolver
formacicnes de sal invasoras, pastillas para liberacidén
de tuberia destinadas a destruir a la torta de filtro vy
aliviar las fuerzas de adhesidén diferencial, asi como
pastillas de material de circulacidén perdida para
taponar una zona .de robo. Otro ejemplc es una
pastilla tamiz que puede ser Util conjuntamente con una
operacidén de rellenado con grava.

Ejemplos de aditivos convenciocnales para controlar

la pérdida de fluidos de tratamiento basados en agqua,

(



incluyen peclimeros solubles en agua no idénica tales como
almidones, almidones derivados, gomas, gomas derivadas vy
materiales celulédsicos. Los aditivos de pérdida de
fluido incluyen almidones que varian frecuentemente en
la proporcidén de contenidc de amilosa a amilopectina vy
pueden ser modificados o no con un agente de degradacién
tal como epiclorchidrina. Del mismo modo, los almidones
naturales no pueden ser uniformes en términos de calidad
y efectividad. Estos almidones degradados frecuentemente
no tienen estabilidad térmica a temperaturas hasta de
mas o menos 250°C y a temperaturas por encima de 25C°F
pueden ser wutilizados de manera efectiva solamente
mediante el aumento de la carga del fluido de tratamiento
con el almidén degradado, reabasteciendo constantemente
al fluide de tratamiento con el almidén degradado o
utilizando un eliminador de oxigeno conjuntamente con
dicho almidédn degradado. A temperaturas por encima de
300°F, inclusive mediante el usc de las medidas antes
mencicnadas, lcs almidones degradados no pueden ser
aditivos efectivos para el control de pérdida de fluido.
Se utilizan también polimercs sintéticos lineales
convencionales, pero algunas veces requieren otros
aditiveos, tal como una arcilla, para poner funcionar
efectivamente como aditivos destinados a controlar la
pérdida de fluido. Sin embargo, el uso de la arcilla

puede ser problemdtico en fluidos de perforacidn, ya que



la remocidén de 1la arcilla a partir de la formacién
subterranea puede ser dificil debido a que se infiltra en
los poros de 1la formacidén subterrdnea. Ademas, la
adicidn de arcilla a un fluido de tratamiento aumenta de

manera notable la viscosidad del fluido, 1lo cual puede

dar lugar a que se termine la perforacién a una
velocidad reducida. Otro prcblema es que algunos
polimeros sintéticos no pueden ser utilizados

satisfactoriamente de manera conjunta con algunas
salmueras, por ejemplo, salmuera divalente. Se cree
que esta incompatibilidad evita que el polimero sintético
se asocle con la arcilla para formar colocides de enlace,
los cuales son deseables debido a que ofrecen ciertoc
grado de pérdida de fluido, por ejemplo, un fluido de
perforacidn.
RESUMEN

La presente invencién se refiere a métodos para
utilizar aditivos destinados a controlar la pérdida de
fluido. En forma més especifica, por lo menos en
algunas formas, la presente invencidén se refiere al uso
de aditivos para controlar la pérdida de fluido en
fluidos de perfcracién vy servicico gque comprenden
microgeles poliméricos, en operaciones subterraneas.

En una forma, la presente invencidédn proporciona un

lcdo de perforacidén que contiene un fluido base acuoso y

v



un aditivo para el contrcl de pérdida de fluido gue
contieﬁe por lo menos un microgel polimérico.

En otra forma, la presente invencidn proporciona un
método que comprende suministrar un fluido de tratamiento
con base acuosa que contiene un aditivo para controlar la
pérdida de fluido y que lleva por lo mencs un microgel
polimérico; c¢olocar al fluido de tratamiento con base
acuosa en wuna formacidén subterridnea a través de un
crificio de pozo gue penetra a esta Ultima; permitir que
el aditivo para el control de pérdida de fluido quede
incorporado en una torta de filtro situada en una
superficie dentro de la formacidn subterrdnea; permitir
gque se degrade la torta de filtro; y  producir
hidrocarburos desde la formacién.

En otra forma, la presente invencién proporciona un
método que comprende suministrar un lodo de perforacién
que lleva un fluido con base acuosa y un aditivo para el
control de pérdida de fluido, el cual comprende por 1o
menos un microgel polimérico; hacer circular al lodo de
perforacidén en una formacidn subterranea; permitir que el
aditivo para contrclar la pérdida de fluido quede
incorporade en una torta de filtro situada en una
superficie dentro de la formacidén subterrénea; permitir
que la torta de filtro sea degradada; vy producir

hidrocarburcs a partir de la formaciédn.
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En otra forma, la presente invencidén proporcicna un
método que comprende: suministrar una pastilla de tamiz
internc que comprende un fluido base acuoso y un aditivo
para controlar la pérdida de fluide que lleva por lo
menos un microgel polimérico; y colocar a la pastilla de
tamiz interno en una fermacién subterrédnea, de modo que
la misma quede situada entre un tamiz de relleno de grava
y un area de la formacién subterranea.

Las caracteristicas y ventajas de la presente
invencién seran féacilmente evidentes para los expertos en
el arte. Si bien los expertos pueden realizar numerosos
cambios, los mismos se encuentran dentro del espiritu de
la invencién.

BREVE DESCRIPCION DE LOS DIBUJOS

Estos dibujos ilustran ciertos aspectos de algunas
de las formas de la presente invencidén y no deben ser
utilizados para limitar o definir a la misma.

La figura 1 es una fotografia de wuna solucién
transparente de una dispersidén de microgel después de
disclucién en agua.

La figura 2 es una micrografia de la dispersién de
micreogel de la figura 1.

DESCRIPCION DE LAS FORMAS PREFERIDAS

La presente invencidén se refiere a métodos para

utilizar aditivos destinados al control de pérdida de

fluido. Mas especificamente, por lo menos en algunas



formas, la presente invencién se refiere al uso de
aditivos para controlar la pérdida de fluido en fluidos
de vperforacidén y servicio que comprenden microgeles
poliméricos en operaciones subterraneas.

Pueden existir ventajas potenciales para los métodos
y composicicnes de la presente invencién; se hace alusidn
aqui a soclamente algunos de ellos. La presente
solicitud proporciona lodes de perforacién,
preferiblemente para uso como un locdo o pastillas de
perforacién ¢ terminacién, los cuales forman
rapidamente una torta de filtro delgada y degradable.
Una vez mas, para propdsitos de claridad, el términc
“lodo de perforacién” tal como se emplea aqui se refiere
generalmente tanto a lodos de perforacién comec a fluidos
de perforacién, a menos que se especifique de otro modo.
Los fluidos de perforacién de la presente invencidén son
menos invasivos para la formacién pero sin embargo
proporcionan lubricidad, control efectivo de la pérdida
de fluido y buenas caracteristicas de sellado y enlucido
de la torta de filtro. La torta de filtro resultante
puede ser facilmente levantada y facilmente removida o
disuelta para ayudar a garantizar poco dafio superficial y
residual. Sin embargo, los fluidos son estables durante
periodos prolongados a alta temperatura. En particular,
se cree que los fluidos de perforacidén de la presente

invencién tienen rendimiento mejorado en comparacién a
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los fluidos convencionales gque contienen derivados de
almiddén, por ejemplo, debido a que pueden ser utilizados
a temperaturas estdticas efectivas de fondo de pozo hasta
de por 1lc menos 400°F o més, mientras mantienen un
efectivo control de la pérdida de fluido y reducen asi
dafios en la formacidén. Al hacerlo asi, estd abierta una
amplia serie de aplicaciones para el avance tecnolégico e
ingresos por concepto de producto. Se cree qgue a
concentraciones iguales, los fluidos de perforacién de
la presente invencidén que contienen aditivos para el
control de pérdida de fluido con los microgeles descritcs
agui, dan un rendimiento aumentado (por ejemplc, un
orden de incremento de magnitud) en Jla cantidad de
pérdida de fluideo, en comparacién con materiales de
pérdida de fluido basados en almiddn.

Otra ventaja potencial puede ser gue los fluidos de
perforacién de la presente invencién tienen la capacidad
de ser utilizados sin la adicidén de arcilla, lo cual
permite una limpieza mas fécil, dafios minimos en la
formacién, tiempos de perforacidén mas répidos y la
eliminacidén de los problemas ascociados con la viscosidad
aumentada de los fluidos cuandc se agrega arcilla.

En algunas formas, la presente invenciédn proporcichna
un lodo de perforacidén con base acuosa que comprende un
aditivo para el contrcl de pérdida de fluido de 1la

presente invencidn, el cual contiene por lo menos un
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microgel polimérico. En c¢tras formas, la presente
invencién proporciona fluidos de perforacidn que
contienen un fluido base acuoso (por ejemplo, salmuera o
agua potable) y unc o mas aditivos para contrclar 1la
pérdida de fluide que contienen por lo menos un microgel
polimérico. En uso practico, con respecto a 1la
construccidén de una torta de filtro que se degradaré
facilmente, puede ser ventajoso incluir agente de
obturacién en el lodo de perforacién que quedara
incorporado en la torta de filtro. Sin tales agentes de
obturacidén, los microgeles poliméricos pueden formar una
torta de filtrc efectiva pero la misma puede ser dificil
de remover. Otros componentes del lodo de perforacidn
pueden comprender agentes para aumentar la densidad,
arcillas, polimeros asi como otros aditivos comunes a
lodos de perforacidn con base acuosa, incluyendo pero
sin limitarse necesariamente a lubricantes, inhibidores
de la corrosién, otros inhibidores y agentes para
eliminar oxigeno.

En algunas formas, se puede incluir aditivo para el
control de pérdida de fluido en el lodo de perforacién,
en una cantidad de mas o mencos 5% en peso © menos, en
peso del componente activo del microgel polimérico.

El fluido base de los lodos de perforacién de la
presente invencidén puede ser cualquier f£luido apropiado

con base acuosa pero no estd limitado necesariamente a



salmueras {o sea, agua que contiene una sal). En algunos
casos, pueden ser apropiadas las salmueras qgque tienen
una densidad de por lo menos 9 libras/galdn, referidas
como “salmueras de alta densidad”. Las salmueras pueden
contener esencialmente cualesquiera sales apropiadas
incluyendo pero sin limitarse necesariamente a sales
basadas en metales, tales como calcio, magnesio, sodio,
petasic, cesio, zinc, aluminio y litio. Se prefieren las
sales de calcio y zinc. Las sales pueden contener
esencialmente cualquier anidn; los aniones preferidos son
aniones menos costosos gue incluyen pere no estan
limitados necesariamente a cloruros, bromuros, formatos,
acetatos y nitratos. En general, el fluido base esta
presente en un lodo de perforacioén de la presente
invencién en una cantidad en la escala desde mas O menos
35% hasta mas o menos 97% en peso del mismo, de manera
méas preferible desde aproximadamente 70% hasta mas o
menos 95% o mas.

Preferiblemente, cuando se utilizan, los agentes de
obturacidén son ya sea auto-degradables o degradables en
una solucién apropiada de limpieza (por ejemplo, un
solvente reciproco, agua, una solucidbén &cida, etc.).
Ejemplcs de agente de obturacién apropiados para uso en
los métodos de la presente invencién incluyen pero no
estdn necesariamente limitados a citrato de magnesio,

citrato de calcio, succinato de calcio, maleato de
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calcio, tartratc de calcio, tartrato de magnesio, citrato
de bismutc, carbonato de calcio, cloruro de sodio y otras
sales y sus hidratos. Ejemplos de agentes degradables de
enlace pueden incluir pero no estéan limitados
necesariamente a agente de obturacién que contienen
materiales degradables tales como polimeros degradables.
Se considera aqul que un polimero es “degradable” si tal
degradacidn se debe, entre otras cosas, a proceso guimico
o de radicales tales como hidrélisis, oxidaciédn,
degradacién enzimatica Q radiacién ultravioleta.
Ejemplos apropiados de polimeros degradables gque pueden
ser empleados de acuerdo con la presente invencién
incluyen pero no estédn limitados necesariamente a
aquellos descritos en 1la publicacidén de Advances in
Polymer Science, Vol. 157, titulada “Degradable Aliphatic
Polyesters” editado por A C. Albertson, cuya descripciédn
se ilncorpora aqui a modo de referencia. Ejemplos
especificos de polimeros apropiados incluyen pero no

estan limitados necesariamente a polisacaridos tales como

dextranos o celulosas; guitinas; quitosanos:; proteinas;
orto-ésteres; poliésteres alifaticos; peoli(lactidos);
peoli(glicolidos); poli (hidroxi butiratos);
peli(anhidridos); policarbonatos alifaticos;
poli (ortoésteres); acidos (poliamino) ; 6xidos de
polietileno) y polifosfazenos. También son apropiados

las combinaciones y derivados de los mismos.



Cuando se elige un agente particular de obturacién,
se debe conocer el rendimiento del mismo a la escala de
temperatura de la aplicacién. Los agentes de obturacidn
utilizados pueden estar presentes generalmente en las
composicicones de lodo de perforacidén en una cantidad en
la escala desde mas o menos 1% hasta mads o menos 40% en
peso del mismo, de manera mas preferible desde mas o
menos 5% hasta mas o menos 25%. En general, los agentes
de cbturacidén pueden tener un tamafio de particula en la
escala desde mas o menos 1 micra hasta mas © menos 600
micras. Preferiblemente, el tamafic de la particula de
obturacidén estd en la escala desde mé&s © menos 1 hasta
mas o menos 200 micras, pero puede variar de formacidén a
formacién. El tamafo de particula wutilizado esta
determinado por el tamafio de la garganta de los poros de
la formacidn.

El término “microgel polimériceo”, tal comoc se emplea
agui, se refiere a una particula en forma de gel dJue
contiene una red de polimero degradado (por ejemplo,
scluble o dilatable en agua). En algunas formas, el
aditive para el control de pérdida de fluido puede ser
suministrado en un medio continuo, por ejemplo, en una
forma de dispersién. En otras formas, 1los microgeles
poliméricos pueden ser utilizados sin ningdn medio
continuo, por ejemplc, en forma seca. Una de las muchas

caracteristicas Ntiles de <ciertas formas de los



microgeles poliméricos de la presente invencidén es que se
cree que dilatan o© encogen en respuesta a estimulos
externos, por ejemplo, pH y temperatura. En algunas
formas, algunos de los microgeles poliméricos pueden ser
consideradcs como super-abscrbentes puesto que contienen
mas de 99% de agua. Esto puede ser ventajoso en algunas
aplicaciones en las cuales es importante la absorcién de
agua.

Cuandc hay una porcién importante del aditivo para
el control de pérdida de fluido en un lodo de perforacién
de la presente invencidn, los microgeles poliméricces
pueden ser dispersados en un medio continuo antes de la
adicién al fluido. En algunas formas, el aditivo para el
control de pérdida de fluido puede comprender un medio
continuo. Eiemplos de medios continuos apropiados
pueden incluir pero no estan limitados necesariamente a
fluidos con base acuosa, alcoholes, glicerina, glicoles,
poliglicol aminas, policles y cualquier derivado de los
mismos. Ademas, en algunas formas, el medio continuo
puede contener un fluido seleccionado a partir del grupo
que consiste de metanol, etancl, n-propancl, isopropancl,
n-butanol, butancl secundario, iscbutancl, t-butanol, una
mezcla de metancl, etancl, n-propanol, isopropanol, n-
butanol, butancl secundarioc, isobutancol ¢ t-butancl vy
agua; una mezcla de sulfato de amonio, sulfato de sodio

o sulfato de potasic y agua, una mezcla de cloruro de



sodio, cloruroc de potasio o cloruro de calcio y agua; y
sus combinaciones. Opcionalmente, el medio continuo
comprende un fluido seleccionado a partir del grupo que
consiste de etanol, una mezcla de t-butancl y agua; y una
mezcla de sulfato de amonio y agua. También son
apropiadas las mezclas de tales compuestos. Ejemplos de
fluidos apropiados con base acucsa pueden incluir pero no
estdn necesariamente limitados a agua dulce, agua de mar
y salmueras (por ejemplo, aguas saladas saturadas).

Ejemplcs de salmueras apropiadas incluyen pero no estén

limitadas necesariamente a salmueras monovalentes,
salmueras divalentes y salmueras trivalentes que
contienen sales solubles tales como cloruro de scdio,

cloruro de calcio, bromuro de calcio, bromuro de =zinc,
carbonato de potasio, formato de sodio, formato de
potasio, formatco de cesio, acetato de sodio, acetato de
potasio, acetato de calcic, acetato de amonio, clorureo de
amonio, bromurc de amonio, nitrato de sodio, nitrato de
potasio, citrato de amonio, sulfato de amonio, nitrato de
calcio, carbonato de sodic, carbonato de potasio,
cualquier combinacidén de los mismos y cualquier derivado
de ellos. Ejemplos de alcoholes apropiadcocs incluyen pero
no estan limitados necesariamente a metanol, etanol,
propanol, isopropancl, butanol, butanol terciario, etc.
Ejemplos de glicoles apropiados incluyen perc no estén

limitadcs necesariamente a poliglicecles, propilenc
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glicol, etileno glicol, etc. En algunas formas, el medio
continuo puede estar presente en cualquier escala
apropiada gque incluye proporciones de medio continuo a
microgel polimérice de més o menos 30:70, mds o mencs
20:80, mas o menos 10:90, més o menos 5:95 y mas © menos
0:100 por ciento en peso.

En algunas formas, lcs microgeles pcliméricos pueden
comprender un producto de reaccidn formado por medio de
una reaccidén apropiada de polimerizacién de un pclimero
(o mondémero} y un agente de degradacidén. En una forma de
un método para formar microgeles de la presente
invencién, la polimerizacidén es una polimerizacidén por
dispersién en un medic continuo que es esencialmente
inerte a4 las reacciones de transferencia de cadena. Se
forman particulas de microgel de polimero degradado que
se cree son insolubles o cuando mas dilatables en el
medio continuo. Si bien no se desea limitarse a ninguna
teoria en particular, se cree gue en algunas formas el
agente de degradacidn puede actuar como un iniciador que
forma ramificaciones de cadena del polimero o mondmero,
las cuales pueden reaccionar a su vez entre si para
formar un microgel polimérico. Otros iniciadores
apropiados pueden incluir aquellos conocidos por los
expertos en el arte, tales comc foto-iniciadores,

iniciadores térmicos y sus combinaciones.



En algunas formas, el polimero {o mondmero) puede
comprender cualquier polimero ¢ mondmero aprcpiado gque
pueda formar un microgel polimérico cuando se degrada.
Los polimeros y mondmeros apropiados pueden incluir pero
no estan limitados necesariamente a aquellos gue
comprenden unidades basadas en acrilamidas, alcoholes

vinilicos, wvinil pirrolidcnas, vinilpiridinas, acrilatos,

poliacrilamidas, alcoholes peolivinilicos, polivinil
pirrolidonas, polivinil piridinas, acrilatos,
poliacrilamidas, alcoholes polivinilicos, polivinil
pirrolidonas, polivinil piridinas, poliacrilatos,
polibuteno succinato, pclibuteno  succinato-coadipato,
polihidroxi  butirato-valerato, polihidreoxi  butirato-
covalerato, policaprolactonas, amidas poliéster,

tereftalatos de polietileno, tereftalato de polietileno
sulfonatado, éxidos pelietileno, polietilenocs,
polipropilenos, copoliéster aromaticos alifatico, acidos
poliacrilicos, polisacaridos (tales como dextran o
celulosa), quitinas, quitosanos, proteinas, poliésteres
alifaticos, acidos polilactices, peoli(glicolidos),
peli(e-caprolactonas), éteres poli(hidroxi éster),
poli(hidroxi butiratoes), peoli (anhidridos),

policarbonatos, poli{crto ésteres), acidos (poliamino),

6xidos peli(etileno) . 6xidos (polipropileno),
poli(fosfazenos), amidas poliéster, poliamidas, poli-
estirenos, cualquier derivado de los mismos, cualquier
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copolimero, homopolimerc o terpolimero o cualquier mezcla
de ellos. En algunas formas, el mondémerc puede incluir
un grupo no saturado, tal como un mondémero gque incluye un
grupo vinilo. Ejemplos de monémercs gque contienen vinilo
pueden ser descritos mediante la férmula
C(R1) (R2}=C(R3) (Rq), en 1la cual Ri, Rz, Rj y Rsg son
segmentos que producen solubilidad ¢ dilatacidén de este
monémero en el solvente comin. Opcionalmente, Ry, Rz, Rs
v Ry pueden estar seleccicnados cada uno en forma
independiente a ©partir de pero sin limitarse a
hidrégeno, metilo, etilo, CONH-2, CONHCH3, CON (CH3) 2,
CHpS03H, CH2S03Na y COONa. En una opcidén adicional, el
monomero comprende un compuesto seleccionado a partir
del grupo gue consiste de hidroxietil acrilato,
acrilamida e hidroxietil metacrilato. Ejemplos de
copolimeros apropiados que pueden ser utilizados con los
mismos pueden incluir polimeros inorgénicos y organicos.
Alguncs de estos polimeros y mondmeros pueden ser mas
apropiados para aplicaciones con una temperatura menos
alta que otras; sin embargo, la degradacidén puede
aumentar su estabilidad térmica. En algunas fcormas, el
polimero o mondmero puede comprender un polimero o
monémero soluble en agua. En algunas formas, el polimero
o monbémero puede comprender un copclimero de blogue con
una porcidén gque es soluble en agua y una porcidn que es

inscluble en agua.



En algunas formas, el agente de degradacidédn puede
comprender cualquier agente que pueda reaccionar con un
polimero o monémerc para formar un microgel polimérico.
En algunas formas, el agente de degradacién puede
comprender un agente covalente de degradacién. Ejemplos
de agentes apropiados de degradacién pueden incluir
agentes que forman un radical. Los agentes apropiados de

degradacidén pueden incluir perc nc estan limitados a

2,2'-azobis-{2-metil butironitrilo), 2,2"-
azobis (iscbutiramida hidrocloruro), 2,2’ —azobis[2~
imidazolin-2-il)propanoldihidreocloruro, 1,1"-
azobis{ciclohexanol carbonitrilo), 2,2"'—-azobis{2-~metil
propionamidina dihidrccloruro, acido 4,4’ ~azobis (4-
cianovalérico), persulfato de amonio, dihidrato de 1la

sal monosodica de acido hidroxi metanosulfinico,
persulfato de potasio, persulfato de sodio, perdxido de
benzoilo, ‘1,1-bis(amil peroxi terciario)ciclohexano, 1,1-
bis (butilperoxi terciario) ciclohexano, 2,2-
bis(butilperoxi terciario)ciclo hexanao, 2,2-
bis(butilperoxi terciario)butano, perdxido de 2,4-
petanodicna, 2,5-bis(butilperoxi terciario)-2,5-dimetil
hexano, 2,5-di (butilperoxi terciario)-2,5-dimetil-3-

hexino; perédxido de 2-butancna, hidroperdxidc de cumeno,

di-terciario-amil perdxido, dicumil perédxido, laurcil
peréxido, hidroperdxido butilico terciario, peracetato
de butilo terciario, peroxide de butilo terciario,

LY



peroxibenzoato de butilo terciario, butilperoxi

terciario-2-etilhexil carbonato, dietileno glicol
dimetacrilato, azobis-isobutircnitriloe y sus
combinaciones. Un experto en el arte podria seleccionar

un agente apropiado de degradacién basado en el polimero
o mondmero a ser degradado.

En algunas formas, la cantidad del agente de
degradacién utilizado conjuntamente con el polimero o
monémerc puede ser cualquier cantidad necesaria para
locgrar el grado deseado de degradacién y otras
caracteristicas. En algunas formas, la relacidn de
agente de degradacidén a mondmero o polimero utilizado
para formar al microgel polimérico puede estar en la
escala desde més o menos 100:1 hasta mds ¢ menos 5.000:1
en peso.

En una forma de un método para formar a los
microgeles de la presente invencidén, la polimerizaciédn
es una polimerizacidén por dispersidén en un medio continuo
tal como un medio continuo que contiene alcohol t-
butilicc/agua y sulfato de amonio. Tanto el mondmero
(tal como pero sin limitarse a acrilamida) y el agente de

degradacién (tal como pero sin limitarse a N,N’-etileno-

bis~acrilamida) son esencialmente solubles o por lo
menos dilatables en el medio continuo. Los microgeles
resultantes no son solubles en el medio continuo. Se

cree que este medio continuo es relativamente inerte (o



por lo menos no es tan reactivo para alterar la
formacién de los microgeles) a las reacciones de
transferencia de cadena mediante la propagacién de
radicales. Mediante la extraccidén del medio continuo
utilizando una técnica apropiada, si se desea se puede
secar a los microgeles.

En forma opcional, se puede incluir también un
estabilizador coloidal en el medio continuc durante la
polimerizacidén. Un ejemplo de un estabilizador coloidal
es anfifilico, tal como un estabilizador coloidal
anfifilico que contiene un estabilizador seleccionado a
partir del grupo que consiste de poli(vinil pirrolidona)
{PVP), cloruro de polidialil dimetil amonioc (poli-
DADMAC) y sus ccmbinaciones.

En una forma de un método para formar a los
microgeles de la presente invenciédn, la polimerizacidn
es una polimerizacidén por dispersidén de mondmeros
vinilicos sclubles o dilatables en agua (representados
por C(R;) {(Rz)=C(R3) (R4}, en la cual Ry, R, R3 vy Ry son
segmentos que preducen la solubilidad o dilatabilidad de
este mondmero en agua y del medic de polimerizacidén en
presencia de un agente de degradacién radicalmente
polimerizable (tal como  pero sin limitarse a
C(Rs) {Re}=C(Ry) = {Rg) ~C (Rg) =C (R10) {(R11) , donde  Rs-Ry;  son
grupos que permiten la solubilidad o© capacidad de

dilatacién de este agente de degradacidén en agua y del

A



medioc de polimerizacién) en un medio {(tal como pero sin
limitarse a t-butanol/agua vy solucién de sulfato de
amcnio en agua) para el cual se evita o suprime la
transferencia de cadena del radical de propagacién.
Aprovechando la estabilidad deficiente de la dispersidn

resultante a un alto contenido de polimerc {por ejemplo,

13% en pesc), en ausencia de cualquier agente de
degradacién, el resultado puede ser un pedazo de
macrogel.

La escala de tamafic para estos microgeles

poliméricos puede variar desde mds o menos 10 mm hasta
mas o menos 1 mm de diametro. Una escala apropiada de

tamano puede ser 10 micras hasta mas ¢ mencs 500 micras.

En una determinada composicién se puede utilizar una
escala de microgeles poliméricos de tamafio desigual. Un
experto en el arte podria seleccionar un tamafio

apropiado de los microgeles poliméricos, tomando como
base las caracteristicas de la formacidén subterridnea en
la cual se podria utilizar a tales microgeles, 1la
temperatura de la formacién subterranea, el grado de
estabilidad requerido de los microgeles poliméricos y los
costos. Del mismo modo, pueden variar las formas de los
microgeles poliméricos y pueden depender de varios
factores que incluyen pero no estan limitados
necesariamente a temperatura, medio continuo utilizado vy

grado de degradacidn. Los microgeles pcliméricos pueden



tener cualquier forma, por ejemplo, ©por lo menos
parcialmente esférica. Dependiendo del método en el cual
se forman los microgeles poliméricos, puede variar la
forma de 1lcs mismos. Un experto en el arte podria
seleccionar una forma apropiada de 1los microgeles
polimérices, tomando como base las caracteristicas de la
formacién subterranea en la cual se podria utilizar a los
mismos, la temperatura de esta ultima, el grado de
estabilidad requerido de los microgeles pocliméricos y los
costos. Ninguna forma particular es critica para usoc en
la presente invencidn.

En algunas formas, los aditivos para el control de

fluido de la presente invencidén no pueden  ser

suministrados con un medio continuo. Estas pueden ser
referidas como las formas “secas”. Por ejemplo, en
algunas formas, los microgeles poliméricos son
polimerizados, los microgeles poliméricos pueden ser

extraidos a partir del medio continuo y luego secadcs
utilizando una técnica apropiada para formar a los
microgeles poliméricos en polvo.

En algunas formas, la presente invencidn ccmprende
un fluido de perforacidn con base acuosa gque lleva un
aditivo para controlar la pérdida de fluido, de la
presente 1invencidn, que comprende por lo menos un
microgel polimérico. En algunas formas, el aditivo para

el control de la perdida de fluido puede ser incluido en



el fluido de perforacidén en una cantidad de mas o menocs
5% o menos en peso del componente activo del microgel
polimérico. Otros componentes de los fluidos de
perforacidn pueden comprender agentes de obturacidén y
otros aditivos comunmente utilizados.

En algunas formas, la presente invencidén ccmprende
una pastilla de tamiz interno que contiene un fluido
basado en agua y un aditivo para el control de pérdida de
fluido, el <cual contiene por 1o mencs un microgel
polimérico. En algunas formas, el aditive para el
control de la pérdida de fluido puede ser incorporado en
la pastilla de tamiz interno en una cantidad de mas o
menos 1 a mas o menos 10% en peso del compuesto activo
del microgel polimérico.

En algunas formas, la presente invencidédn proporciona
un lodo de perxforacidén que contiene un fluido con base
acuosa y un aditivo para el control de la pérdida de
fluido que centiene por lo mencos un microgel polimérico.

En algunas formas, la presente invencidn proporciona
un método gque comprende proporcionar un fluido de
tratamiento con base acucsa gue contiene un aditivo para
contrclar la pérdida de fluido, el <cual contiene un
microgel polimérico; y ceclocar al fluido de tratamiento
con base acucsa en una formacidn subterranea a través de

un orificio de pozo que penetra a la misma.



En algunas formas, la presente invencidn
propcrciona un método que comprende: proporcionar un lodo
de perforacién que contiene un fluido con base acuocsa y

un aditivo para controlar la pérdida de fluido que

contiene por lo menos un microgel polimérico; y hacer
circular al lodo de perforacién en una formaciédn
subterranea.

En algunas formas, la presente invencidn proporciona
un método que comprende: proporcionar una pastilla de
tamiz interno que contiene un fluido con base acuosa y un
aditive para controlar la pérdida de fluido que contiene
por lo menos un microgel polimérico; y colecar a la
pastilla de tamiz internc en una formacidén subterrénea,
de modo gue tal pastilla quede situada entre un tamiz de
relleno de grava y un area de la formaciédn subterrénea.

Para facilitar una mejor comprensién de la presente
invencién, se cofrece los siguientes ejemplos de ciertos
aspectos de algunas formas. De ningun modo se debe
interpretar que 1los siguientes ejemplos limitan o}
definen el alcance completo de la invencién

EJEMPLGS
Ejemplo 1

Se prepard particulas de microgel polimérico de
acuerdo con el siguiente procedimiento. Se prepard una
mezcla de 95,0 gramocs de etanol, 20,0 gramos de

acrilamida, 0,50 gramos de polivinil pirrolidona y 0,50
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gramos de dietileno glicol dimetacrilate, en un matraz de
tres cuellos y capacidad de 250 mL, equipado con un
condensador y un agitador mecdnico. Se purgd a la mezcla
con gas nitrégeno durante 30 minutos y luego se calentd
hasta 65°C. Luego, se inyecté en la mezcla 5,0 gramos
de una solucién de azobis isobutironitrileo en etanol (1%
de azobis isobutironitrilc en peso). Se mantuvo a la

mezcla a 65°C bajo nitrdgeno y se agitd durante 22 horas

a 300 rpm. Luego, se dejd enfriar a la mezcla hasta
temperatura ambiente vy se obtuvo una dispersidén de
particulas con tamafios desde 10 ypm hasta 100 um (en

agua) con un contenido de sélideos de aproximadamente 17%
en pesc. La figura 1 es una fotografia de una dispersién
de microgel transparente formada en este ejemplo. La
figura 2 es una micrografia de la dispersién de microgel
formada en este ejemplo. Luego, las dispersiones fueron
centrifugadas a 4800 rpm durante 5 minutos. Después de
esto, se decantdé al liquido sobrenadante y se recogid
los sedimentos, los cuales fueron derivados al vacio a
aproximadamente 50°C durante toda la noche para producir

polvos secos sueltos bien dispersados.

Ejemplo 2
Se prepard particulas de microgel polimérico de
acuerdo con el siguiente procedimiento. Se prepard una

mezcla de 95,0 gramos de una mezcla de t-butanol y agua

(90% de t-butanol en pesco), 15,90 gramos de acrilamida,
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0,20 gramos de N,N;-etileno-bis-acrilamida y 0,50 gramos
de poli(vinil pirrolidona), en un matraz con tres
cuellos, capacidad de 250 mL, equipado con un
condensador y un agitador mecanico. Se purgd a la mezcla
con gas nitrdgeno durante 30 minutos y luego se calentd
hasta 65°C. Luego, se inyectd en la mezcla 5,0 gramos
de solucidén de azobis isobutironitrile en etancl (1% de
azobls isobutironitriloc en peso). Después de eso, se
dejé enfriar a la mezcla hasta temperatura ambiente y se
obtuvo una dispersidén de particulas con tamafos desde
10 um hasta 300 um, con un contenido de sélideos de

aproximadamente 13% en peso.

Ejemplo 3
Se prepard particulas de microgel polimérico de
acuerdo con el siguiente procedimiento. Se prepard una

mezcla de 75,5 gramos de una solucién al 40% de sulfato
de amonio en agua, 7,5 gramos de acrilamida, 12,0 gramos
de una solucién al 20% de cloruro de polidialil
dimetil amonio en agua, 6,7 pL de poli (etileno
glicel) diacrilato y 20,0 gramos de agua desionizada en
un matraz con tres cuellos vy capacidad de 250 mlL,
equipado con un condensador y un agitador mecanico. Se
purgé a la mezcla con gas nitrégeno durante 30 minutos y
luego se calentd hasta 35°C. Después se inyectd en la
mezcla una solucidén de 5,0 gramos de 2,2’ -azobis[2-{2-

imidazolin-2-il)propanoldihidrocloruro en agua (0,01% de

V



2,2'-azobis[2-(2-imidazolin-2-il)propanco]dihidrocloruroc
en peso). Luego, se mantuvo a la mezcla a 35°C bajo
nitrégeno y se agitd durante 22 horas a 300 rpm. Después
de eso, se dejd enfriar a la mezcla hasta temperatura
ambiente y se obtuvo una dispersidn de particulas con
un contenido de sélidos de aproximadamente 9% en peso.
Luego, las dispersiones fueron centrifugadas a 4800 rpm
durante 5 minutos. Después, se derivdé a los sedimentos
al vacioc a aproximadamente 50°C durante toda la noche
para producir polvcs secos sueltos y bien dispersados.
Ejemplo 4

Se prepardé particulas de microgel polimérico de
acuerdo con el siguiente procedimiento. Se prepar& una
mezcla de t-butanol y agua (90% de t-butanocl en peso),
15,0 gramos de acrilamida, 0,50 gramos de poli{vinil
pirrolidona), en un matraz de tres cuellos con
capacidad de 250 mL, equipado con un condensador y un
agitador mecénico. S5e purgdé a la mezcla con gas

nitrdégeno durante 30 minutos y luego se calentd hasta

65°C, Luego, se inyectd una solucidn de 5,0 gramos de
azobis isobutironitrilo en etanol {1% de azobis
iscbutironitrilo en peso) en la mezcla. Después de

aproximadamente 20 minutos, se inyecté en la mezcla una
solucidén de 0,10 gramos de N,N'-etileno-bis.-acrilamida
en 5,0 gramos de una mezcla de t-butanol y agua {90% de

t-butancl en peso) . Luego, se mantuvo a la mezcla a



65°C bajo nitrégeno y se agitd durante 22 horas a 300
rpm. Después, se dejdé enfriar a la mezcla hasta
temperatura ambiente vy se obtuve una dispersidn de
particulas ccn tamafos desde 10 pm hasta 300 pm con un
contenide de sélidos de aproximadamente 13% en peso.
Luego, se centrifugd a las dispersiones a 4800 rpm
durante 5 minutos. Luego, se decantdé al liquido
sobrenadante y se recogid los sedimentos, 1los cuales
fueron secados al vacio a aproximadamente 50°C durante
toda la noche para producir polvos secos sueltos y bien
dispersados.
Ejemplo S

Se prepardé particulas de microgel polimérico de
acuerdo con el siguiente procedimiento. Se prepard una
mezcla de 75,5 gramos de una solucién al 40% de sulfato
de amonio en agua, 7,5 gramos de acrilamida, 12,0
gramcs de sclucidén al 20% de cleruro de polidialil
dimetilamonio en agua, 67 uL de poli(etilenoc glicol)
diacrilato y 20,0 gramos de agua desionizada, en un
matraz con tres cuellos y capacidad de 250 mL, egquipado
con un condensador y un agitador mecanico. Se purgd a la
mezcla con gas nitrdégeno durante 30 minutos y luego se
calentd hasta 35°C. Luego, se inyectd en la mezcla una
solucidén de 5,0 gramos de 2,2’ -azobis{2(2-imidazolin-2-
il)propano) dihidrocloruro en agua (0,01% de 2,2"-

azobis[2-(2-imidazolin-2-il)propanol}dihidrocloruro en



peso) . Luege, se mantuvo a la mezcla a 35°C bajo
nitrdégeno y se agitdé durante 22 horas a 30C rpm.
Después, se dejé enfriar a la mezcla hasta temperatura
ambiente y se obtuvc una dispersién de particulas con un
contenido de sélides de aproximadamente 9% en peso.
Luego, se centrifugd a las dispersicnes a 48C0C rpm
durante 5 minutos. Luego, se decantd al liguido
sobrenadante y se recogidé los sedimentos, los cuales
fueron derivados al vaclio a aproximadamente 50°C durante
teda la noche para producir polvos secos sueltos y bien
dispersados.
Ejemplo 6

Se prepard la composicién de prueba de acuerdo con
el siguiente procedimiento. Se prepard una mezcla de
75,5 gramos de una solucidén al 40% de sulfato de amonio
en agua, 7,5 gramos de acrilamida, 12,0 gramos de una
solucidén al 20% de cloruro de polidialil dimetilamonio en
agua y 20,0 gramcs de agua desionizada, en un matraz con
tres cuellos y capacidad de 250 mL, equipado con un
condensador y un agitador mecanico. Se purgd a la mezcla

con gas nitrdgeno durante 30 minutos y luego se calentd

hasta 35°C. Luego, se inyectd en la mezcla 5,0 gramos
de una solucién de 2,2"-azobis{2(2-imidazolin-2-
il)propanco) dihidroclorurc en agua (0,01% de 2,2'-
azobis{2-(2-imidazolin-2-il)propanojdihidrocloruro en
peso) . Luegc, se mantuvo a la mezcla a 35°C bajo



nitrégeno y se agitdé durante 22 horas a 300 rpm.
Después, se dejé¢ enfriar a la mezcla hasta temperatura
ambiente y se cbtuvo una dispersidén de particulas con un
contenido de sdlidos de aproximadamente 9% en peso.
Ejemplo 7

Se prepard® la composicién de prueba 2 de acuerde con
el siguiente procedimiento. Se prepard una mezcla de
75,5 gramos de una solucidén al 40% de sulfato de amonio
en agua, 7,5 gramos de acrilamida, 12,0 gramos de una
solucidn al 20% de clorurc de polidialil dimetilamcnic en
agua, 6,7 uL de poli(etilenc glicol)diacrilate y 20,0
gramos de agua desionizada, en un matraz con tres cuellos
y capacidad de 250 mL, equipado con un condensador y un
agitador mecanico. Se purgd a la mezcla con gas
nitrogeno durante 30 minutos y luego se calentd hasta
35°C. Luego, se inyectd en la mezcla 5,0 gramos de una
solucidn de 2,2"-azobis[2(2-imidazolin-2-il} propano)
dihidrocloruro en aqua (0,01% de 2,2'-azobis[z-(2-
imidazolin-2-il)propanoldihidrocloruro en peso). Luego,
se mantuvo a la mezcla a 35°C bajo nitrdégeno y se agitd
durante 22 horas a 300 rpm. Después, se dejd enfriar a
la mezcla hasta temperatura ambiente y se obtuvo una
dispersidén de particulas con un contenidc de sédlidos de
aproximadamente 9% en peso.

Ejemplc §
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Se prepard la composicién de prueba 3 de acuerdc con
el siguiente procedimiento. Se prepardé una mezcla de

90,0 gramos de una mezcla de t-butanol y agua (90% en

peso de t-butanol), 15,0 gramos de acrilamida, 0,50
gramos de poli(vinil pirrolidona), en un matraz con tres
cuellos y capacidad de 250 mL, equipado con un

condensador y un agitador mecanico. Se purgd a la mezcla
con gas nitrégeno durante 30 minutos y luego se calentd
hasta 65°C. Luego, se inyectd en la mezcla 5,0 gramos
de una solucidén de azobis isobutironitrilo en etanol (1%
en peso de azobis isobutironitriloc). Después de
aproximadamente 20 minutos, se inyecté en la mezcla una
solucidn de 0,10 gramos de N,N’-etileno-bis-acrilamida en
5,0 gramos de una mezcla de t-butancl y agua (90% en peso
de t-butancl). Luege, se mantuvo a la mezcla a 65°C bajo
nitrégenc y se agitd durante 22 horas a 300 rpm.
Después, se dejd enfriar a la mezcla hasta temperatura
ambiente y se obtuvce una dispersién de particulas con

tamafios desde 10 um hasta 300 pm, con un contenido de

s6lidos de aproximadamente 13% en pesc. Luego, se
centrifugd a las dispersiones a 4800 rpm durante 5
minutos. Después se decantd al liquido sobrenadante y se

recogidé los sedimentos, los cuales fueron derivados al
vaclo a aproximadamente 50°C durante toda la noche para
producir polvos secos sueltos y bien dispersados.

Ejemple 9

JO



Se prepard la composicién de prueba 4 de acuerdo con
el siguiente procedimiento. Se prepard una mezcla de
90,0 gramos de t-butanol y agua (90% en peso de t-
butancl), 15,0 gramocs de acrilamida, 0,50 gramos de
poli(vinil pirrolidona), en un matraz con tres cuellos vy
capacidad de 250 mlL, equipado con un condensador y un
agitador mecanico. Se purgd a la mezcla con gas
nitrégeno durante 30 minutos y luego se calentd hasta
€5°C. 1Luego, se inyectd en la mezcla 5,0 gramos de una
solucidn de azobis isobutironitrilc en etanol (1% en peso
de azobis isobutironitrilo). Después de aproximadamente
20 minutos se inyectd en la mezcla una solucidén de 0,40
gramos de N,Nf-etileno-bis-~acrilamida en 5,0 gramos de
una mezcla de t-butancl y agua (90% en pesc de t-
butanol). Luego, se mantuvo a la mezcla a 65°C bajo
nitrégenc vy se agitd durante 22 horas a 300 rpmn.
Después, se dejd enfriar a la mezcla hasta temperatura
ambiente y se obtuvo una dispersién de particulas con un
contenido de sélidos de aproximadamente 13% en peso.
Luego, se centrifuygd las dispersiones a 4800 rpm durante
5 minutos. Se decantd al liquido scbrenadante y se
recogié los sedimentos, los cuales fueron derivados al
vaclo a aproximadamente 50°C durante teda la ncche para
producir polvos secos sueltos y bien dispersados.

Ejemplo 10



Se prepard la composicién de prueba 5 de acuerdo con
el siguiente procedimiento. Se prepard una mezcla de
20,0 gramos de t-butancl y agua (90% en peso de t-
butanol), 15,0 gramos de acrilamida, 0,50 gramos de
poli(vinil pirrolidona), en un matraz con tres cuellos y
capacidad de 250 mL, equipado con un condensador y un
agitador mecanico. Se purgd a la mezcla con gas
nitrégeno durante 30 minutos y luego se calenté hasta
65°C. Luego, se inyectd en la mezcla 5,0 gramos de una
solucidén de azobis isobutironitrilo en etanol (1% en peso
de azobis isobutironitrilo). Después de aproximadamente
20 minutos se inyectd en la mezcla una solucién de 0,20
gramos de N,N’-etileno-bis-acrilamida en 5,0 gramos de
una mezcla de t-butancl y agua (90% en peso de t-
butanol). Luego, se mantuvo a la mezcla a 65°C bajo
nitrdégeno y se agitdé durante 22 horas a 300 rpm.
Después, se dejdé enfriar a la mezcla hasta temperatura
ambiente y se obtuvo una dispersidén de particulas con un
contenido de sélidos de aproximadamente 13% en peso.
Luego, se centrifugd las dispersiones a 4800 rpm durante
5 minutos. Se decantd al liquido sobrenadante y se
recogid los sedimentos, los cuales fueron derivados al
vacio a aproximadamente 50°C durante toda la noche para
producir pclves secos sueltos y bien dispersados.

Ejemplo 11
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Se preparé la compesicidén de prueba 6 de acuerdo con
el siguiente procedimiento. Se prepard una mezcla de
80,0 gramos de t-butancl y agua (90% en peso de t-
butanol), 15,0 gramos de acrilamida, 0,50 gramos de
poli(vinil pirrolidcna), en un matraz con tres cuellos y
capacidad de 250 mL, equipado con un condensador y un
agitador mecanico. Se purgdé a la mezcla con gas
nitrégeno durante 30 minutos y luego se calentd hasta
€5°C. Luego, se inyectd en la mezcla 5,0 gramos de una
solucidén de azobis iscbutironitrilo en etanol (1% en peso
de azobkis isobutironitrilo). Después de aproximadamente
20 minutos se inyectd en la mezcla una solucidn de 0,050
gramos de N,N’'-etileno-bis-acrilamida en 5,0 gramos de
una mezcla de t-butanol y agua (90% en peso de t-
butanol) . Luego, se mantuveo a la mezcla a 65°C bajo
nitrégeno y se agitdé durante 22 horas a 300 rpm.
Después, se dejdé enfriar a la mezcla hasta temperatura
ambiente y se obtuvo una dispersién de particulas con un
contenido de sélidos de aproximadamente 13% en peso.
Luego, se centrifugd las dispersicnes a 4800 rpm durante
5 minutos. Se decanté al 1liquido sobrenadante y se
recogid® los sedimentos, los cuales fueron derivados al
vacio a aproximadamente 50°C durante toda la noche para
producir polvos secos sueltos y bien dispersados.

Ejemplo 12



Se prepardé la composicién de prueba 7 de acuerdo con
el siguiente procedimiento. Se mezcld cantidades iguales
de los polvos procedentes de los Ejemplos 8, 9, 10 y 11
para producir un aditivo en polvo para el control de la
pérdida de fluido.

Ejemplo 13

Se realiz6 pruebas de pérdida de fluido sobre las

composiciones 1-7 de acuerdo con el siguiente
procedimiento. Se agregd dosis variables de cada una de
las composiciones de prueba, asli como del aditivo

convencional para controlar la pérdida de fluido N-Drill
HT Plus® (disponible comercialmente en Halliburton Energy
Services, Inc., Houston, Texas) para separar
composiciones de lodo de perforacidédn que contienen 0,09
gramos de agente para impartir viscosidad N-VIS®
(comercialmente disponible en Halliburton Energy
Services, Inc., Houston, Texas}, 14,0 gramos de agente de
obturacidn BARACARB® 5 (comercialmente disponible en
Halliburton Enerqgy Services, Inc., Houston, Texas), 3,5
gramos de agente de obturacidén CARACARB® 5 Halliburton
Energy Services, Inc., Houston, Texas) y 137 gramos de
una solucidn al 26% en pesc de NaCl en agua. Se redujo
la cantidad de NaCl en los lodos de perforacidn, que
agregan los aditivos de control de pérdida de fluido de
los Ejemplos 6 vy 7, para tomar en cuenta la salmuera

presente en tales aditivos. Se coclocd a cada uno de los



lodos de perforacién en una Prensa de Filtro de 175 mL
de “OFITE HPHT para evaluar la pérdida de fluido. En un
experimento tipico, se ajustd las presiones hasta 600 vy
100 libras por pulgada cuadrada (700 y 200 1libras por
pulgada cuadrada cuando la temperatura esta por encima de
300°F} en la parte superior e inferior de una camara de
muestra, la cual fue 1llenada con lodo y precalentada
hasta la temperatura de prueba. Se recogié al liquido
drenado procedente de un papel filtro con una porosidad
de 2,7 um, sellado en el fonde del cilindro. Se ofrece
en la Tabla 1 el rendimientc de cada aditive para el
contrcl de pérdida de fluido. El rendimiento aceptable
de un aditivo fue establecido en 10 ML vclumenes de

filtrado con una prueba de 30 minutos.

7



Tabla I

Aditivo Para el | Tempera-~ Agente de | Dosis Pérdida
Contrel de Pérdida de | tura (°F) Cegrada- (% en | de Fluido
Fluide cidn peso) (mL)
N-DRILL HT PLUS® 250 N/A 2,0 8,5
Composicién de Pruehba 250 0] 2,0 100
1

Composicién de Prueba 250 0,006 2,0 4,3
2

N-DRILL HT PLUS® 300 N/A 2,0 100
Compesicidén de Prueba 300 0,006 2,0 100
i

Composicién de Prueba 300 0,006 1,0C 32
2

Composicidén de Prueba 300 0,006 g, 5 37
p

Compecsicidén de Prueba 300 0,7 2,0 6,3
3

Composicidén de Prueba 300 0,7 1,0 16,3
3

Composicién de Prueba 300 0,7 0,5 50,0
3

Composicidén de Prueba 350 Q,7 2,0 49,0
3

Composicién de Prueba 350 2,7 2,0 10, 2
4

Composicidn de Prueba 350 1,3 2,0 7,5
5

Conposicién de Prueba 350 0,3 2,0 43,5
6

Composicidn de Prueba 350 1,3 2,0 6,5
7

En algunas formas, la presente invencidén proporciona
un métodc que comprende: suministrar un fluido de
tratamiento con base acucsa gue ccntiene un aditivo para
el contrcl de pérdida de fluido que lleva por lo menos un
microgel polimérico; colocar al fluido de tratamiento
con base acuosa en una formacién subterrdnea a través de
un orificic de pozo que penetra a la misma; permitir que
el aditivo para el control de pérdida de fluido quede
incorpcocrado en una torta de filtro situada sobre una

superficie dentro de la formacidén subterrdnea; permitir



gue se degrade la torta de filtro; y producir
hidrccarburos a partir de la formacién.

Como se puede apreciar en la Tabla I, la composicidn
de prueba 1 gque representaba un polimero de alto peso
molecular en calidad de forro no presentd efectividad
como casi todo el fluido drenado. La composicién de
prueba 2 (en sclucidén de salmuera) funcioné mejor que N-
Drill HT Plus® (pérdida de fluido de 4,3 mL en
comparacién a una pérdida de fluido de 9,5 mL) a la misma
dosis y a 250°F. Sin embargo, cuandc se probd a 300°F,
tanto la composicién de prueba 2 como N-Drill HT Plus@®
fallaron casi completamente durante la prueba a una dosis
de 2 por ciento en pesc. La composicidn 2 pudo reducir la
pérdida de fluido hasta 32 mL y 37 mL a una dosis de 1
por ciento en peso y 0,5 por ciento en peso
respectivamente.

A 300°F, la composicién de prueba 3 (contenido de
agente de degradacidédn de aproximadamente 0,7 por ciento
en pesec) contrcld la pérdida de fluido alrededor de 6,3
mL, pero sin embargc este aditivo no pudo satisfacer los
criterios de rendimiento aceptable de un volumen de 10 mL
del filtrado en 30 minutos a 350°F. Las composiciocnes de
prueba 5 y 7 (contenido de agente de degradacién de
aproximadamente 1,3 por ciento en peso) pudieron
controlar la pérdida de fluido alrededor de 7,5 y 6,5 mL

a 350°F respectivamente. Sin embargc, el aumento del



contenido de agente de degradacién hasta 2,7 pbr ciento
en peso (segun lo demostrado por la composicién 4) dio
como resultado una pérdida de fluido de 10,2 mL.

Como se puede apreciar en la Tabla 1 y demostrado
adicionalmente por la Figura 3, la dosis tiene un efecto
sobre el control de la pérdida de fluido. Tal como se
ilustra en la Figura 3, la pérdida de fluido mediante la
composicién de prueba 3 disminuydé desde 50 mL hasta 6,3
mlL yva gque la dosis de este aditivo aumenté desde 0,5 por
ciento en peso hasta 2,0 por ciento en peso. Asi, es
altamente probable que la pérdida de fluide pudiera ser
reducida adicionalmente a dosis supericres a 2,0 por
ciento en peso, aun cuando podria existir una dosis
ideal.

Comc se puede apreciar en la Tabla 1, el wvolumen del
filtrado disminuyd desde 43,5 mL hasta 7,5 mL, cuando el
contenido del agente de degradacidén del correspondiente
aditivo de pérdida de fluido aumentd desde 0,3 por ciento
en peso hasta 1,3 por cientc en peso (ver composiciones
de prueba 6, 3 y 5}, Con un aumento adicicnal del
centenido de agente de degradacidn hasta 2,7 por ciento
en peso (ver composicién de prueba 4), el volumen del
fiitrado aumenté¢ ligeramente hasta 10,2 mnL. En forma
sorprendente, se observd efecto sinergético cuande se
utilizé una mezcla como el aditivo (ver composicidén de

prueba 7). El lodo conteniendo este aditivo dio lugar a
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una pérdida de fluido de solamente 6,5 mL, mas bajo que
el logrado con cualesguiera otras composiciones de prueba
no mezcladas y muy por debajo del valor aceptable de 10
mL. Sin desear cefiirse a ninguna teoria, se cree que la
sinergia se debidé probablemente a la distribucién fisica
de las particulas de microgel polimérico contenidas en el
lodo, las cuales mejoraron la reduccidn de pérdida de
fluido.

Por 1lec tante, la presente invencidén esta bien
adaptada para lograr los objetivos y ventajas
mencicnados, asi.como también aquellos gue son inherentes
a ella. Las formas particulares descritas anteriormente
son 1ilustrativas solamente ya que la presente invencidn
puede ser modificada y llevada a la practica en formas
diferentes pero equivalentes evidentes para los expertos
en el arte que tienen el beneficio de los principies
descritecs aqui. Rdemds, no se pretende establecer
limitaciones con respecto a los detalles de construccidn
¢ diseno ilustrado aqui, diferentes a los descritos en
las reivindicaciones finales. Por lo tanto, es evidente
gque las formas ilustrativas ©particulares descritas
anteriormente pueden ser alteradas o modificadas y todas
€sas variaclones se consideran dentrc de los alcances vy
espiritu de la presente invencién. Todos los numeros y
escalas descritos anteriormente pueden variar en cierta

magnitud. Siempre que se describe una escala numérica
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con un limite inferior y un limite superior, cualquier
numero y cualgquier escala incluida caen dentro de la
escala especificamente descrita. En particular, cada
escala de wvalores (o sea, “desde mas o menos a hasta mas
o) menos b o, de manera equivalente, “desde
apreximadamente a hasta b” o, de manera equivalente,
“desde aproximadamente a-b”) descrita agqui se entenderéa
come indicando cada nUumero y escala abarcados dentro de

la escala méas amplia de valores. Ademas, los articulos

W w £’

indefinidos un” o una”, tal comc se emplean en las
reivindicaciones, estan definidos aquil para significar
uno o mas de uno de los elementos que presenta. Del
mismo modo, los términos en las reivindicaciones tienen
su significado simple y corriente, a menos gque el

propietario de la patente lo define explicita vy

claramente de otro modo.
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REIVINDICACIONES

1. Un lodo de perforacidn que contiene un fluido base
acuosc y un aditive para el control de fluide que
comprende por lo menos un microgel polimérico.

2. El lodo de perforacién, de acuerdo con la
reivindicacién 1, en el cual el aditivo para el control
de pérdida de fluido estéd contenide en el lodo de
perforacién en una cantidad hasta de mds © menos 5% en
peso del componente activo del microgel polimérico.

3. El lodc de perforacidn, de acuerdo con la
reivindicacién 1, en el cual el microgel polimérico tiene
un diametro en la escala de mas o mencs 10 mm a més o
menos 1 mm.

4. El lodo de perforacién, de acuerdoc con la
reivindicacién 1, en el cual el microgel poliméiico
comprende un producto formado mediante una reaccidn de
polimerizacidén de un polimero o copolimero y un agente de
degradacién.

5. El 1lodo de perforacién, de acuerdo con la
reivindicacién 4, en el cual el polimero o copolimero
comprende por lo mencs una unidad basa en por lo menos un
compuesto seleccionado a partir del grupo que consiste
de acrilamidas, alcoholes wvinilicos, vinil pirrolidonas,
vinilpiridinas, acrilatos, poliacrilamidas, alcoholes

polivinilicos, polivinil pirrclidonas, polivinil



piridinas, poliacrilatos, polibutileno succinato,
polibutileno succinato-coadipato, polihidroxi butirato-
valerato, polihidroxi butirato-covalerato, policapro
lactonas, amidas poliéster, tereftalatos de polietileno,
tereftalato de polietileno sulfonatado, 6xidos de
polietilenc, peolietilencs, polipropilenos, copoliéster
aromadtico alifético, acidos poliacrilicos, polisacéaridos
(tales como dextran o celulosa), quitinas, gquitosanos,

proteinas, poliésteres alifaticos, acidos polilacticos,

poli(giicolidos), poli{e-caprolactonas), éteres
poli (hidroxi éster), poli (hidroxi butiratos),
poli{anhidridos), policarbonatos, poli{orto ésteres),
acidos {(poliamino), éxidos poli(etileno), dxidos
(polipropileno), poli(fosfazencs), amidas poliéster,
poliamidas, poli-estirenos, un copolimerc de los mismos,

un homopolimero de los mismos, un tetrapolimero de los
mismos y cualquier derivado de ellos.

6. El lodo de perforacidn, de acuerdo con la
reivindicacién 4, en el cual el agente de degradacién
comprende por lo menos un agente seleccicnadec a partir
del grupo que consiste de: dietileno glicol
dimetacrilato, azobisisobutironitrilo y 2,2'-azobis{2-{Z-
imidazolin—2-il)propanc]dihidrocloruro.

7. E1l locdo de perforacién, de acuerdo con la
reivindicacidén 1, el cual contiene ademés un agente de

obturacién.



8. Un método gue comprende:

proporcionar un fluido de tratamiento «con base
acuosa gue contiene un aditivo para el control de pérdida
de fluido que lleva por lo menos un microgel polimérico;

colocar al fluido de tratamiento con base acuosa en
una formacidén subterranea a través de un orificio que
penetra a ia misma;

permitir que el aditivo para el control de pérdida
de fluido quede incorporade en una torta de filtro
situada sobre una superficie dentro de 1la formacidn
subterranea;

permitir que la torta de filtro sea degradada; vy

preducir hidrocarburos a partir de la formacién.
9. El método, de acuerdo con la reivindicacién 8, en el
cual el aditivo para el control de pérdida de fluido esta
incorporado en el fluido de tratamientc con base acuosa
en una cantidad hasta de 5% en peso del componente activo
del microgel polimérico.
10. El método, de acuerdc con la reivindicacidén 8, en el
cual el micregel polimérico tiene un diametro en la
escala de mds o menos 10 mm a mads o menos 1 mm.
11. El método, de acuerdc con la reivindicacién 8, en el
cual el microgel polimérico contiene un producto de
reaccidn formade mediante una reaccidén de polimerizacidn

de un polimerc o copolimero y un agente de degradaciédn.



12. El métcdo, de acuerdc con la reivindicacidén 11, en
el cual el polimero o copolimero comprende por lo menos
una unidad basa en por lc menos un compuesto seleccionado
a partir del grupo que consiste de acrilamidas,

alccholes wvinilicos, vinil pirrolidenas, vinilpiridinas,

acrilatos, poliacrilamidas, alcoholes polivinilicos,
polivinil pirreolidonas, polivinil piridinas,
poliacrilatos, polibutileno succinato, pclibutileno
succinato-coadipato, polihidroxi butirato-valerato,
polihidroxi butirato-covalerato, policapro lactonas,
amidas poliéster, tereftalatos de polietileno,
tereftalato de polietileno sulfonatado, 6xidos de

polietileno, polietilenos, pclipropilenos, copeoliéster
aromatico alifatico, acidos poliacrilicos, polisacéaridos
(tales como dextran o celulosa), gquitinas, guitosanos,

proteinas, poliésteres alifaticos, é&cidos poliléacticoes,

poli(glicolidos), poli{e-caprolactonas), éteres
peli(hidroxi éster), poli (hidroxi butiratos),
peoli(anhidridos), policarbonatos, poli{orto ésteres),
acidos (poliamino), édxidos poli (etileno), 6xidos
{(pclipropileno), poli (fosfazenos), amidas poliéster,
poliamidas, poli-estirenos, un copolimero de los mismos,

un homopolimero de los mismos, un tetrapolimerc de 1los
mismos, derivados y cualquier combinacién de ellos.
13. El método, de acuerdo con la reivindicacién 11, en

el cual el agente de degradacidn comprende por lo menos

54



un agente seleccicnado a partir del grupo gque consiste
de: 2,2"-3zobis- (Z2-metil butironitrilo), 2,2"-azobis
(isobutiramida hidrocloruro), 2,2’ -azobis(Z2-imidazolin-2-
il)propancldihidrocloruro, 1,1’ -azobis{ciclohexanol
carbonitrilo}, 2,2"-azobis{Z2-metil propionamidina
dihidrecloruro, acido 4,4’ —azobis(4-ciancvalérico),
persulfato de amonio, dihidrato de la sal monosddica de

dacido hidroxi metanosulfinico, persulfato de potasio,

persulfato de scdio, perdéxido de benzoilo, 1,1l-bis(amil
peroxi terciarioc)ciclohexano, 1,1-bis(butilpercoxi
terciario) ciclohexano, 2,2-bis(butilperoxi terciario)
ciclo hexano, 2,2-bis{butilperoxi terciario)butano,
perédxido de 2,4-petanodiona, 2,5-bis(butilperoxi
terciario)-2,5-dimetil hexano, 2,5~di(butil peroxi
terciario)-2,5-dimetil-3-hexino; perdxido de Z-butanona,
hidroperdéxido de cumeno, di-terciario-amil ©perdxido,
dicumil perdxido, lauroil perdxido, hidroperéxido
butilico terciario, peracetato de butilo terciario,

perdoxido de butilc terciario, peroxibenzoato de butilo
terciario, butilperoxi terciario-Z-etilhexil carbonato,
dietileno glicol dimetacrilato, azobis-isobutironitrilo,
derivades y sus combinaciones.

14. E1 método, de acuerdo con la reivindicacidén 8, en el
cual el fluide de tratamiento con base acuosa comprende
ademas un agente de obturacidn.

15. Un método que comprende:

2



proporcionar un lodo de perforacidédn que contiene un
fluido base acuoso y un aditivo para el control de la
pérdida de fluido que contiene por lo menos un microgel
polimérico;

hacer circular al 1lodo de perforacién en una
formacién subterréanea:;

permitir que el aditivo para contrclar la pérdida de
fluidc quede incorporadc en una torta de filtro situada
sobre una superficie dentro de la formacién subterrédnea;

permitir que la torta de filtro sea degradada; vy

producir hidreccarburos desde la formacién.
16. El método, de acuerdo con la reivindicacién 15, en
el cual el aditive para controlar la pérdida de fluido
estd incorporado en el lodo de perforacién en una
cantidad de hasta mads o mencs 5% en peso del componente
activo del microgel polimérico.
17. El1 método, de acuerdo con la reivindicacién 15, en
el cual el microgel polimérico tiene un didmetro en la
escala de mas o menos 10 mm & mas o mencs 1 mm.
18. E1 método, de acuerdo con la reivindicacién 15, en
el cual el microgel polimérico comprende un producte de
reaccidén formado mediante una reaccidén de polimerizacidn
de un polimero © cqpolimero y un agente de degradacién.
19. El método, de acuerdo con la reivindicacidén 18, en
el cual el pclimerc o copolimero comprende por lo menos

una unidad basada en por lo menos un compuesto



seleccionade a partir del grupo que consiste de

acrilamidas, alcoholes wvinilicos, wvinil pirrolidonas,
vinilpiridinas, acrilatos, poliacrilamidas, alcoholes
polivinilicos, polivinil pirrolidonas, polivinil
piridinas, poliacrilatos, polibutileno succinato,

polibutileno succinato-coadipato, polihidroxi butirato-
valerato, polihidroxi butirato-ceovalerato, policapro
lactonas, amidas poliéster, tereftalatos de polietileno,
tereftalato de polietileno sulfonatado, 6xidos de
pelietileno, polietilencs, polipropilenos, copoliéster
arcmadtico alifético, &cidos poliacrilicos, polisacaridos
(tales como dextran o celulosa), gquitinas, quitosancs,

proteinas, poliésteres alifaticos, A&cidos polilacticos,

poli(glicolidos}, poli{e-caprolactonas), éteres poli
(hidroxi éster), poli(hidroxi butiratoes), poli
(anhidridos), policarbonatos, polil(orto ésteres), Aacidos
(poliamino), Ooxidos poli(etileno), 4dxidos
(polipropileno), poli{fosfazenos), amidas poliéster,

poliamidas, poli-estirencs, un copolimerc de los mismos,
un homopolimero de los mismos, un tetrapolimero de 1los
mismos, derivados y cualquier combinacidén de ellos.

20. El1 método, de acuerdo con la reivindicacidén 18, en
el cual el agente de degradacién comprende por lo menos
un agente seleccionade a partir del grupo que consiste
de: 2,2"-azobis- (2-metil butironitrilo}, 2,2’ —azobis

(isobutiramida hidrocloruro), 2,27 -azcbis[2-imidazolin-2-
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il)propanc]ldihidroclorurao, 1,1 -azobis({ciclohexanol

carbonitrilo), 2,2"~azobis{2-metil propicnamidina
dihidrocloruro, acido 4,4" —azobis(4-ciancovaléricoy},
persulfatc de amcnio, dihidrato de la sal monosdédica de

acido hidroxi metanosulfinico, persulfato de potasio,

persulfato de sodio, ©perdxido de benzoilo, 1,l1l-bis{amil
percxi terciario)ciclohexanco, 1,1-bis{butilperoxi
terciario) ciclohexanc, 2,2-bis(butilpercoxi terciario)
ciclo hexano, 2,2-bis(butilperoxi terciario)butano,
perdéxide de 2,4-petanodiona, 2,5~bis(butilperoxi
terciario)~-2,5-dimetil hexano, 2,5-di(butil peroxi

terciaric)-2,5-dimetil-3-hexino; perdxidoc de 2-butanona,

hidroperdéxido de cumeno, di-terciario-amil perédxido,
dicumil ©peréxido, lauroil ©perbdxide, hidroperéxido
butilico terciario, peracetato de butilo terciario,

peréxido de butilo terciario, peroxibenzoato de butiloe
terciario, butilperoxi terciario-2Z-etilhexil carbonato,
dietileno glicol dimetacrilatoc, azobis-isobutironitrilo,
derivados y sus combinaciones.
21. El método, de acuerdo con la reivindicacién 15, en
el cual el lodo de perforacién comprende ademds un agente
de obturacidn.
22. Un método gue comprende:

propeorcionar una pastilla de tamiz interno que

contiene un fluido base acuoso y un aditivo para el



control de pérdida de fluido que lleva por lo menos un
microgel polimérico; y

colocar a la pastilla de tamiz interno en una
formacién subterranea, de modo que la misma quede
colocada entre un tamiz de relleno de grava y un area de
la formacién subterrdnea.
23. El1 método, de acuerdc con la reivindicacidédn 22, en
el cual el aditivo para centrolar la pérdida de fluido
esta incorporado en la pastilla de tamiz interno en una
cantidad de mas o mencs 1% en peso a m&s o mencs 10% en
peso del componente activo del microgel polimérico.
24. El métcdc, de acuerdo con la reivindicacién 22, en
el cual el microgel polimérico tiene un didmetro en 1la
escala de mas o menos 10 mm a mas © mencs 1 mm.
25. El1 método, de acuerdo con la reivindicacidédn 22, en
el cual el microgel polimérico contiene un producto de
reaccidn formado mediante una reaccién de polimerizacién
de un polimero o un copolimero y un agente de
degradacidn.
26. El método, de acuerdc con la reivindicacidn 25, en
el cual el agente de degradacién comprende por lo menos
un agente seleccionado a partir del grupo gque consiste
de: 2,2’ —azobis- (2-metil butironitrilo), 2,2'-azobis
{iscbutiramida hidrocloruro), 2,2'-azobis[Z2-imidazolin-2-
il)propanoldihidrocloruro, 1,1"-azobis{ciclohexanol

carbonitrilo}, 2,2 —azobis{2-metil propionamidina
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dihidrocloruro, adcido 4,4" -azobis(4-cianovalérico},
persulfato de amonio, dihidrato de la sal monosédica de

acido hidroxi metancsulfinico, persulfato de potasic,

persulfato de sodic, perdxide de benzoilo, 1,1-bis{amil
peroxi terciarioc)ciclohexano, 1,1-bis(butilperoxi
terciario) ciclohexano, 2,2-bis(butilperoxi terciario)
ciclo hexano, 2,2-bis(butilperoxi terciario)butanc,
perdxido de 2,4-petanodiona, 2,5-bis(butilperoxi
terciario)-2,5-dimetil hexano, 2,5-di{butil peroxi
terciario)-2,5-dimetil-3~-hexino; perdéxido de 2-butanona,

hidroperéoxido de cumeno, di-terciaric-amil peréxido,
dicumil peréxido, lauroil perdxido, hidroperdxido
butilico terciario, peracetato de butilo terciario,
perdxido de butilo terciario, peroxibenzoato de butilo
terciario, butilperoxi terciaric-2-etilhexil carbonato,
dietileno glicol dimetacrilato, azobis-isobutironitrilo,
derivados y sus combinaciones.

27. El método, de acuerdo con la reivindicacidén 25, en
el cual el polimero o copolimero comprende por lo menos
una unidad basada en por lo menos un compuesto
seleccionado a partir del grupe que consiste de:

acrilamidas, alcoholes viniliccs, vinil pirrolidonas,

vinilpiridinas, acrilatos, ©poliacrilamidas, alcoholes
polivinilicos, polivinil pirrolidonas, polivinil
piridinas, poliacrilatos, pelibutileno succinato,

polibutileno succinato-coadipato, polihidroxi butirato-
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valerato, polihidroxi butirato-covalerato, policapro

lactonas, amidas poliéster, tereftalatos de polietileno,

tereftalato polietileno sulfonatado,

polietileno, polietilenos, polipropilenos, copoliéster

aromatico alifatico, &cidos poliacrilices, polisacaridos

(tales como dextran o celulosa), quitinas, gquitosanos,

proteinas, poliésteres alifaticos, 4acidos poliléacticos,

poli{glicolidos), poli(e-caprolactonas),

poli (hidroxi poli (hidroxi butiratos),

(anhidrides), policarbonatcs, poli{crto ésteres),

(peliamino), peli(etileno),

(polipropileno), poli{fosfazenos), poliéster,

poliamidas, pocli-estirenos, un copolimero de los mismos,

un homopolimero de leos mismcs, un tetrapolimerc de los

mismos, derivados y cualquier combinacién de ellos.
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METODOS PARA EL USO DE ADITIVOS DE PERDIDA DE FLUIDO QUE

CONTIENEN MICROGELES

Resumen

Se proporciona métodos y fluidos que incluyen pero
no estan limitados a un lodo de perforaciédn que contiene
un fluido base acuoso y un aditivo para controlar la
pérdida de fluido que contiene por lo menos un microgel
polimérico; y un método que comprende: proporcionar un
fluido de tratamiento con base acuosa que contiene un
aditivo para controlar la pérdida de fluido que comprende
per lo menos un microgel polimérico; colocar al fluido de
tratamiento con base acuosa en una formaciédn subterranea
a través de un orificio de peczo que penetra a esta
Gltima; permitir que el aditivoe para el control de
pérdida de fluido gquede incorporade en una torta de
filtro situada sobre una superficie dentro de 1la
formacidén subterrédnea; permitir que la torta de filtro
sea degradada y producir hidrocarburos desde la

formacidén. Se proporciona también métodos adicionales.
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La figura 1 es una fotografia de una solucidn
transparente de una dispersion de microgel después de
disolucion en agua

Figure 1
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La figura 2 es una micrografia de la dispersién de
microgel de la figura 1

Figure 2
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METHODS OF USENG FLUID LOSS ADDITIVES COMPRISING MICRO GELS
BACKCROUND

[0001] The present invention relates to methods of using fiuid Joss control
additives. More specifically, at least in some embodiments, the present invention relates to the
use of fluid loss control additives in drilling and servicing fluids that comprise polymeric micro
gels in subterTancan operations.

[0002] When well bores are drilied into producing formations, drilling fluids are
utilized which will minimize damage to the permeability of the formations and their ability to
produce hydrocarbons. Servicing tluids are utilized when completion operations are conducted
in producing formations and when conducting work-over operations in the formations. The
drilling and servicing fluids deposit a layer of particles known as “filter cake™ on the walls of the
well bores within the producing formations. The filter cake is believed to help prevent the
driliing and servicing fluids from being Jost into the formation and prevents solids from entering
the porosities of the rock. Following completion and prior to initiating production, the filter cake
is usually degraded or allowed to degrade to allow product to flow into the well bore for
production. Degrading the filter cake is important to retain well bore connectivity and the
natura] permeability of the reservoir rock. If not degraded or allowed to degrade, the filter cake
could present an impediment to production, inter adia, by altering the permeability of the
reservoir. Once the permesbility of the reservoir has been diminished, it is seldom able to restorc
it to its original condition. These should be distinguished from the function of additives
(sometimes termed in the art “relative permeability modifiers” or “RPMs") that are often used in
conformance or fracturing fluids to permanently seal water influxes to hvdrocarbon reservoir
areas surrounding a well bore,

{0003] Drilling and servicing fluids (such as drill-in fluids) may comprise fluid
loss control additives to further assist in preventing the drilling and servicing fluids fiom being
lost into the formations.  Prilling fluids are any of 2 number of fluids and mixtures of fluids and
solids {as solid suspensions, mixtures and emulsions of liquids, gases and solids) used in
operations e drill boreholes into the carth. Classifications of drilling flwds has been altempted
in many ways. oflen producing more confusion than insight. One classification schemme, piven
here. is based only on the mud composition by singling out the component that clearly defines

the funciion and performance of the fluid: (1) aqueous-based. (2) oil-based and (3) gaseous



(pneumatic). Each category has a variety of subcategories that overlap each other considerabiy.
Ideally, a driiling ftuid is non-damaging to the {formation, meaning that the fluid does not feave
behind particulates, fines, etc. that negatively impact the permeability of the formation.

{0004] A drill-in fluid is a fluid designed for drilling through the reservoir section
of a well bore in a subterranean formation. The reasons for using a specially designed fluid
include, but are not necessarily limited to: (1) to drill the reservoir zone successfully, often a
tong, horizontal drain hole; (2) to minimize damage to and maximize production of exposed
zones; and (3) to facilitate the well completion needed, which may include complicated
procedures. A drili-in fluid often resembles a completion fluid in that it may comprise a brine,
possibly bridging agents, and/or polymers.

{0005] The term “drilling fluid™ as used herein refers generically to both drilling
fluids and drill-in fluids unless otherwise specified.

{0006] Other types of treatment fluids that can utilize fluid loss control materials
include, but are not limited to, pills (such as inside screen pills), which are fluids with a relatively
small guantity (e.¢., less than 200 bbl) of a special blend of drilling fluid to accomplish a specific
task that the regular drilling fluid cannot perform. Examples include high-viscosity pills to help
[ift cuttings out of a vertical well bore, freshwater pills to dissolve encroaching salt formations,
pipe-frecing pills to destroy filter cake and relieve differential sticking forces, and lost circulation
matenal pills to plug a thief zone. Another example is a screen pill that may be useful in
canjunction with a gravel pack operation,

[0007] Examples of conventional fluid loss control additives for water-based
treatment fluids include nonionic water soluble polymers, such as starches, derjvatized starches,
gums, derivatized gums, and cellulosics. Fluid loss additives that include starches ofien vary in
the ratio of amylose to amylopectin content, and may or may not be modified with a crosslinking
agent such as epichlorohydrin. Alse, natural starches may not be uniform in terms of quality and
effectiveness. These cross-linked starches often do not have thennal stability at temperatures up
wo about 250 °F. and at lemperatures zbove 250 °F, they can only effectively be used by
increased loading the treatment fluid with the cross-linked starch, constemly replenishing the
trealmentt {luid with the cross-finked siarch, or using an oxygen scavenger ir conjunction with
the cross-jinked starch. At temperatures above 300 °F, even by the use of the above mentioned

measures, ciuss-linked starches may not be effective Hluid loss control additives.
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[0008] Conventional linear synthetic polymers are also utilized, but oftentines,
they require another additive, such as a clay, to be able to effectively fanction as Buid loss
control additives. However, the use of clay can be problematic in drill-in fluids, as removing the
clay from the subtermanesn formation can be difficult because it infiltrates into pores of the
subterranean formation. Furthermore, the addition of clay to a treatment fluid dramatically
increases the viscosity of the fluid, which can cause driliing to be completed at a reduced rate.
Arother issue 15 that some synthetic polymers cannot be used successfully in conjunction with
some brines, for instance, divalent brines. This brine incompatibility is thought to prevent the
synthetic polymer from associating with the clay to forming bridging colloids, which are

desirable because they pravide a degree of fluid loss, e.g., in 2 dnll-in fluid.
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SUMMARY

[0009] The present invention relates fo methods of using fluid loss control
additives. More specifically, at least in some embodiments, the present invention relates to the
use of fluid loss control additives in dnlling and servicing fluids that comprise polymeric micro
gels in subterranean operations.

[0010] In cne embodiment, the present invention provides a drlling fluid
comprising an aqueous base fluid and a fluid loss control additive that comprises at least one
polymeric micro gel.

[0011] In another embodiment, the present invention provides a method
comprising: providing an aqueous based treatment fluid comprising a fluid loss control additive
that comprises at least one polymeric micro gel; placing the aqueous based treaiment fluid in a
subterranean formation via a well bore penctrating the subterranean formation; allowing the fluid
loss conirol additive to become incorporated into a filter cake located on a surface within the
subterranean formation; allowing the filter cake to be degraded; and producing hydrocarbons
from the formation.

[0012] In another embodiment, the present invention provides a method
comprising: providing a drilling fluid comprising an aqueous base fluid and a fluid loss control
additive that comprises at least one polymeric micro gel; circulating the dnlling fluid in a
subterranean formation; allowing the fluid loss control additive to become incorporated into a
filter cake located on a surface within the subterranean formation; allowing the filter cake to be
degraded; and producing hydrocarbons from the formation.

[0013] In another embodimemnt, the present invention provides a method
comprising: providing an inside screen pill comprising an agueous base fiuid and 2 fluid loss
conirol addilive that comprises at lcast one polymeric micro gel, and placing the inside screen
pil in a subterranean formation so that the inside screen pili is localed between a gravel pack
screen and an area of the sublerranean fonmation.

[0014] The features and advantages of the present invention will be readily
appareant 0 those skilled in the ar. While numerous changes may be made by those skilled in

the art, such changes are within the spirit of the invention.



BRIEF DESCRIPTION OF THE DRAWINGS
[2015] These drawings illustrate certain aspects of some of the embodiments of
the present invention, and should not be used to limit or define the invention.
{0016] Figure I is a photograph of a transparent soiution of a micro gel dispersion
after dissolving in water,

[0017] Figure 2 is a micrograph of the micro gel dispersion of Figure 1.
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DESCRIPTION OF THE 'REFERRED EMBODIMENTS

{00]8] The present invention relates to methods of using fluid loss control
additives. More specifically, at least in some embodiments, the present invention relates to (he
use of fluid loss confrol additives in drlling and servicing fluids that comprise polymeric micro
gels in subterranean operations.

[0019] There may be scveral potential advantages to the methods and
compositions of the present invention, only some of which are alluded to herein. The present
application provides drilling fluids, preferably for use as a dnlling, drili-in, completion fluid or
pills, which quickly forms a thin, degradable filter cake. Again, for the sake of clarity, the term
“drilling fuid” as used herein refers generically to both drilling fluids and drili-in fiuids unless
otherwise specified. The drilling fluids of the present invention are less invasive to the formation
vet provide Jubricity, effective fluid loss control, and ;_;',ood filter cake sealing and plastering
characteristics. The resulting filter cake can be easily lifted off and readily removed or dissolved
to help ensure low skin and residual damage. Moreover, the fluids are stable for prolonged
periods of time at high temperatures. In particular, the drilling fluids of the present invention are
believed to have enhanced performance over conventional fluids that comprise starch
derivatives, for instance, because they can be used at effective static bottom hole temperatures up
to at least aboul 400 °F or tnore while maintaining effective {luid loss control, thus minimizing
formation damage. In doing so, a vast range of applications is open for technological
advancement and new product revenue. It is belicved that in equal concentrations, the drlling
fluids of the present invention that comnprise fluid loss additives comprising polymeric micro gels
described herein give an increased performance (e.g., an order of magnitude increase) in the
amount of fluid loss over starch-based fiuid loss materials.

[0020] Another potential advantzge may be that the drilling fluids of the present
invention may be used wathout the addition of clay, which allows for easier clean up, minimal
formation damage, faster dribhing times, and the avoidance of problems associated with the
increased viscosity of fluids when clay is added.

[0021]} In some embodiments, the present invention provides an agueous-based
drilhimy Muid that comprises 2 {lud ioss control additive of the present invention that comprises
at Teast one polyimeric mico gel. In other embodiments, the present invention provides drilling

fluids that comprise an aqueous base flard {e.g.. a brine or fresh water), and one or more {luid



loss control additives that comprise at least one polymeric micro gel. In practical usage, with
respect to building a filter cake that will casily degrade, it may be beneficial to include bridging
agents in the drilling fluid that will become incorporated into the fiiter cake. Without the
bridging agents, the polgg_nen'c micro gels may form an effective filter cake, but that filter cake
may be more difﬁcultsr:t{d'remove. Other components of the drilling fluid may comprise
weighting agents, clays, polymers, as well as other additives common to agueous-based drilling
TNuids including, but not necessarily lirmited to, lubricants, corrosion inhibitors, other inhibitors,
and oxygen scavengers.

[0022] In some embodiments, the fuid loss control additive may be included in
the drilling fluid in an a;-nount of about 5% or below by weight of active component of the
polymenc micro gel,

[0023] The base fluid of the driliing fluids of the present invention may be any
switable aqueous-based fluid including, but not necessarily limiled to, brines (ie., water
comprising a salt), In som%_instanccq, brines having a density of at least about 9 Ib/gal, referrcd
to as “high density bﬁnes‘,';"; may be suitable. The brines may contain substantially any suitable
salts, including, but not necessarily limited to, salts based on metals, such as calcium,
magnesium, sodium, potassium, cesium, zinc, aluminum, and [ithium. Salts of calcium and zinc
are preferred, The salts may contain substantially any anions, with preferred anions being less
expensive anions including, but not necessarily limited to chlondes, bromides, fonnates,
acetates, and nifrates. Generally, the base fluid is present in a drilling fluid of the present
mvention in an amount in the range of from about 35% to about 97% by weight thereof, more
preferably from about 70% to about 95% or more.

[0024] Prefe:rably, when used, the bridging agents are either self-degrading or
degradable in a suitable cl;m-up solution {e.g., a mutual solvent, water, an acid solution, etc.).
Exzmples of bridging agents suitable for use in the methods of the current invention include, but
are not necessarily Jimited .!to, magnesium citrate, calcium citrate, calcium succinate, calcium
maleate, calcium tartrate, .lmagnesium fartrate, bismuth citrate, calcium carbonate, sodium
chloride and other saifs, and the liydrates thereof. Exainples of degradable bridging agents may
include, but are not necessarily limited to, bridging ageats comprising degradable materials such
as degradabic peivmers. A polymer is constdered to be “degradable” herein if the degradation is

due to, mter alin, chemical and/or radical process such as hydrotysis, cxidation, enzvmatic



degradation, or UV radiation. Suitable examples of degradable polymers that may be used in
accordance with the present invention include, but are not necessarity limited to, those described
in the publication of Advances in Polymer Science, Vol. 157 entitled “Degradable Aliphatic
Polyesters” edited by A. C. Albertsson, the disclosure of which is hereby incorporated by
reference. Specific examples of suitable polymers include, but are not necessarily limited to,
polysaccharides such as dextrans or celluloscs; chitins; chilosans; proteins; orthoesters; aliphatic
polyesters; poly{lactides); poly(glycalides); poly{e-caprolactones); poly(hydroxybutyrates);
poly(anhvydrides); aliphatic polycarbonates; poly(orthoesters); poly(amino acids); poly(ethylene
oxides); and polyphosphazenes. Combinations and derivatives of these are suitable as well.

(0025} When choosing & particular bridging agent to use, one should be aware of
the performance of that bridging agent at the temperature range of the application. The bridging
agents utilized may be generally present in the drilling fluid compositions in an amount in the
range of from about 1% to about 40% by weight thereol, more preferably from about 5% to
about 25%. Generally, the bridging agents may have a particle size in the range of fiom about 1
micron to about 600 microns. Preferably, the bridging particle size is in the range of from about
1 to about 200 microns but may vary from formation to formation. The particle size used is
deiermined by the pore throat size of the formation.

[0026] The term “polymeric micro gel” as used herein refers to a gelled particle
comprising a cross-linked polvmer (e.g., water-soluble and water-swellable) network. In some
eimbodiments, the fluid loss control additive may be delivered in a continuous medium, e.g., in a
dispersion form. In other embodiments, the polymeric micro gels may be used without any
continuous medium, e g., in dry form. One of the many useful fzatures of certain embodiments
of the polymeric micro gels of the present invention is that they are believed to swell or shrink in
response to an external stimuli, e.g., pH and temperature. In some embodiments, some of the
polymeric micro gels may be considered to be super absorbent in that they can contain over 99%
water. This may be advantageous in some applications wherein water absorbance is important.

[0027} When comprising a substamial porticn oi the {luid loss control additive in
2 drilling fluid of the present invention, the polymeric micro gels optienally may be dispersed in
a contimuous medium before addrtion to the fiuid. [n some embodiments, the fluid loss control
additive may comprise a continuous medivm. Examples of suitable continuous mediums may

include, but are not necessanily Inmited to, agqreous-based fluids. alcohals, glycerin, glycols,



polyglycol amines, poiyols, and any derivative thereof. Additionally, in some cmbodiments, the
continuous medium may comprise a fluid sclected from the group consisting of methanol,
ethanol, n-propanol, isopropanol, a-butanol, sec-butanol, isobutanol, r-butanol, a mixiure of
methanol, ethanol, #-propanol, isopropanol, s-butanol, sec-butanol, iscbutanol, or ¢-butanol and
water, a mixture of ammonium sulfate, sodium sulfate, or potassium sulfate and water, a mixture
of sodium chloride, potassium chloride, or calcium chloride and water, and combinations thereof,
Optionally, the continuous medium comprises 2 fluid selected from the group consisting of
ethanol, a mixture of +-butanol and water, and a mixture of ammonium sulfate and water.
Mixtures of these may be suitable as well. Examples of svitable aqueous-based fluids may
include, but are not necessarily limited to, fresh water, sea water, salt water, and brines {eg.,
saturated salt waters). Examples of suitable brines may include, but are not necessarily limited
to, heavy brines, monovalent brines, divalent brines, and trivalent brines that comprise a soluble
salts like sodium chloride, calcium chloride, calcium bromide, zinc bromide, potassium
carbonate, sodium formate, potassium formate, cesium formate, sodium acetate, potassium
acetate, calcium acetate, ammonium acetate, ammonium chloride, ammonium bromide, sodium
nitrate, potassium nitrate, ammonium nitrate, ammonium sulfate, calcium nitrate, sodium
carbonate, potassium carbonate, aity combination thereof, and any derivative thereof, Examples
of suitable alcohols may include, but are not necessarily limited to, methanol, ethanol, propanol,
iso-propanol, butanol, terl-butanol, and the like. Examples of suitable glycols may include, but
are not necessarily limited to, polyglycols, propylenc giycol, ethylene glycol, and the like. In
some embodiments, the continuous medium may be present in any suitable range including ratios
of continuous medium to polymeric micro gel of about 30:70, about 20:80, about 10:90, about
5:95, and about 0:100 by weight.

[0028] In some embodiments, the polymeric micro gels may comprise a reaction
product formed by a suitable polymerization reaction of a polymer (or monomer) and a
crosslinking agent. In one embodiment of a method of farming the micra gels of the present
inveniion, the polymenzalion is a dispersion polymerization in a continuous medium that is
supslantially inert wward chain transier rezctions. Crosslinked polymer micro gel particles are
formed. which are believed o be inscluble or at most swellablc in the continuous medijum.
Whiie not wishing 0 be limited to eny particular theory, it is belicved tha in some embodiments,

the crossiinking agent may act as an initiator forming chain branches of the pelvmer or



monoiner, which in fum may react with onc another to form a polymeric micro gel. Other
suitable initiators may include those known to those skilled in the art such as photoinitiators,
thermal initiators, and combinations thereof.

[0029] In some embodiments, the polymer (or monomer) may comprise any
suitable polymer or monomer that can form a polymeric micro gel when crosslinked. Sviteble
polymers and monomers may include, but are not necessarily limited to, those that comprise
units based on acrylamides, vinyl alcohols, vinylpyrrolidones, vinylpyridines, acrylates,
polyacrylamides, polyvinyl alcohols, polyvinylpyrrolidones, polyvinylpyridines, polyacrylates,
polybutylene suvccinate, polybutylene succinate-co-adipate, polyhydroxybutyrate-valerate,
polyhydroxybutyrate-covalerate,  polycaprolactones, polyester amides, polyethylene
terepnthalates, sulfonated polyethylene terephthalate, polyethylene oxides, polyethylenes,
polypropylenes, aliphatic aromatic copolyester, polyacrylic acids, polysaccharides (such as
dextran or ccllulosc), chitins, chitosans, proleins, aliphatic polyesters, polylactic acids,
poly(glycolides), poly(e-caprolactones), poly(hydroxy ester ethers), polythydroxvbutyrates),
poly(anhydrides), polycarbonates, poly(orthoesters), poly(amine acids), poly(ethylene oxides),
poly{propylene oxides), poly(phosphazenes), polyester amides, polyamides, polystyrenes, any
derivative thereof, any copolymer, homopelymer, or terpolymer, or any blend thereof. In some
embodiments, the monomer may include an unsaturated group, such as a monomer including a
vinyl group.  Exemplary vinyl-contaiming monomers may be described by the formula
CR)(R2)=C(R3)(R,), wherein Ry, Ra, Ry and Ry are segments rendering the solubility or
swellability of this menomer in the common solvent. Optionally, Ry, Rz, R3 and R4 can each be
independently selected from, but not limited to, hydrogen, methyl, ethyl, CONH,, CONHCH;,
CON(CHz)s, CH380;H, CH280;Na and COONa. In a further option, the monomer comprises a
compound selected from the proup consisting of hydroxyethyl acryiate, acrylamide and
hydroxyethyl methacrylate. Examples of suitable copolyiners that may be used with these may
include inorganic and orgenic polymers. Some of these polymers and monomers may be more
suited for less high temperalure applicalions than others: however, crosslinking may increase
tneir thermal sability. In some embodiments the polymer or moromer may comprise a water
selunie pelymer or monormer,  [n sonte embodiments the palymer or mongmer may comprise a

black copolvmer with a portion that is water soluble ind a portion that is water insoluble.
pol: I P
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[0030] In some embodiments, the crosslinking agent may comprise any
crosshinking agent that can react with a polymer or monomer lo form a polymeric micro gel. In
some embodiments, the crosslinking agent may comprise a covalent crosslinking agent.
Examples of suitable crosslinking agents may include crosslinking agents that form a radical.
Suitable crosslinking agents may include, but arc not limited to, 2,2’-azobis-{2-
methylbutyronitrile), 2,2°-azobis(isobutyramidine hydrochloride), 2,2’-azobis[2-(2-imidazolin-2-
yl)propane]dihydrochloride, 1,1"-azobis(cyclohexanecarbonitrile), 2,2’-azobis(2-
methylpropionamiding)  dihydrochloride, 4,4’-azobis(4-cyanovaleric  acid), ammonium
persulfate, hydroxymethanesulfinic acid monosodium salt dihydrate, potassium persulfate,
sodium persulfate, benzoyl peroxide, 1,1-bis(ferr-amylperoxy)cyclohexane, 1,1-bis(sers-
butylperoxy)cyclohexane, 2,2-bis(tert-butylperoxy)butane, 2,4-pentancdione peroxide, 2,5-
bis(tert-butylperoxy)-2,5-dimethylhexane, 2,5-di(tert-butylperoxy)-2,5-dimethyl-3-hexyne; 2-
butanone peroxide, cumene hydroperoxide, di-fert-amyl peroxide, dicumyl peroxide, lauroyl
peroxide, fert-butyl hydroperoxide, tert-butyl peracetate, feri-butyl peroxide, fert-butyl
peroxybenzoate, fert-butylperoxy-2-ethylhexyl carbonate, diethylene glycol dimethacrylate,
azobisisobutyronitrite, and combinations thereof. A person of ordinary skill in the art would be
able to select an appropriate crosslinking agent based upon the polymer or monomer (o be
crosslinked.

[0031] In some embodiments, the amount of crosslinking agent used in
conjunction with the polymer or monomer may be any amount necessary to create the desired
degree of crosslinking, and other characteristics. In some embodiments, the ratio of crosslinking
agent to monomer or polymer used to form the poiymeric micro gel may be in the range of from
about 100:] tc about 5,000:1 by weight.

[0032] In one embodiment of a method of forming the micro gels of the present
invention, the polymerization is a dispersion polymenzation in a continuous medium such as a
consinunus medium comprising t-butyl alcohol/water and ammeonium sulfaie. Both the monomer
(such as, but not timited to, acrylamide) and the crosslinking agent (such as, but not fimited to,
N_N’-¢thylene-his-acrylamide) are substantially soluble or at least swellable in the continuous
medium. The resultant micro gels are noet soluble in the continuous medium. The continuous

medium is beiieved o be refatively inert {or ai least not so reactive as {o disrupt micro gels from
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forming) toward chain transfer reactions by propagating radicals. By removing the continuous
medium using a suitable technique, the micro gels may be dried if desired.

[0033] Optionally, a celloidal stabilizer may also be included in the continuous
medium during polymerization. One example of a colloidal stabilizer is amphiphilic, such as an
amphiphilic colloidal stabilizer comprising a stabilizer selected from the group consisting of
poly(vinyl pyrrolidone) (PVP), polydiallyldimethylammonium chloride (poly-DADMAC), and
combinations thereof.

{00347 In one embodiment of a method of forming ihe micro gels of the present
invention, the polymerization 1s a dispersion polymerization of water-soluble or swellable vinvl
monomer(s) (as represented by C(R1)(R2)=C(R3)(R4), where R1, R2, R3 and R4 are segments
rendering the solubility or swellability of this monomer to water and the polymerization
medium) in the presence of radically polymerizable crosslinking agent (such as, but not Hmited
to, C(RE}RE)=C(R7)-RE-C(RO)=C(RIONR11}, where RS - R1l are groups rendering solubility
and swellability of this crosslinking agent to water and the polymerization medium) in a
medium (such as, but nol limited to, t-butanol/water and amnionium sulfate solution in water), to
which the chain transfer of propagating radical is avoided or suppressed. By taking advantage of
the poor stability pf the resultant dispersion at high polymer cantent (e.g., 13 wt %), in the
absence of any crosslinking agent, the result may be one chunk of macro gel.

[0035] The size range for these polymeric micro gels may range from about 10
nm to about | mm in diameter. A suvitable size range may be 10 microns to about 500 microns.
In a given composition, a range of disparate sized polymeric micro gels may be used. One of
ordinary skill in the art would be able to select an appropriate size of the pelvmeric micro gels
based upon the characteristics of the subterranean formation in which the pelymeric micro gels
would be used, the temperature of the subterranean formation, the degree of stability required of
the polymeric micre gels, and the costs. Also, the shapes of the polymeric micro gels may vary,
and may depend on several factors including, but not necessarily limiied to, temperature, the
contimious medium used, and the depree of crosslinking.  The polymeric micro gels can be any
shape. {or example, at least partially spherical. Depending on the method in which the polymeric
micre geis are created, the shape of the polymeric micro gels can vary. One of ordinary skill in
the art would be able 10 scleet an appropniate shape of the polymeric micro gels based upon the
characieristics of the subterranean formation in which the polvmeric micro geis would be used,
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the temperature of the subterranean formation, the degree of stability required of the polymeric
micro gels, and the costs. No parsicular shape ts critical for use in the present invention.

[6036] In some empodiments, the [luid loss control additives of the present
inventicn may not be delivered with a continuous medium. These may be referred to as the
“dry” embodiments. For example, in some embodiments, after the polymeric micro gels are
polymerized, the polymeric micro gels may be removed from the continuous medium and then
dried using a suitable technigue to form the powdered polymeric micro gels.

(0037} In some embodiments, the present invention comprises an aqueous based
drill-in fluid comprising a fluid loss control additive of the present invention that comprises at
least one polymeric micro gel. In some embodiments, a fluid loss control additive may be
included in the drill-in fluid in an amount of about 5% or below by weight of active component
of the pelymeric micro gel. Other components of the drill-in fluids may comprise bridging
agents and other commonly used additives.

[0038] In some embodiments, the present invention comprises an inside screen
pill comprising a water-based fluid and a fluid loss control additive comprising at least one
polymernic micro gel. In some embodiments, fluid loss control additive may be included in the
inside screen pill in an amount of about 1 to about 10% by weight of active component of the
polymeric micro gel.

[0039] In some embodiments, the present invention provides a drifling fluid
comprising an aqueous base fluid and a fluid loss control additive that comprises at least one
polymeric micro gel.

(0040] [n some embodiments, the present invention provides a method
comprising: providing an aqueous based treatment fluid comprising 2 fluid loss control additive
thal comprises at least one polymeric micro gel; and placing the aqueous based treatment fluid in
a subtcrranean {onmation via a weil bore penetrating the subterranean formation,

[0041] In spme embodiments, the present invention provides a method
comprising: providing a drifling fluid comprising an aqueous base fiuid and a fluid loss control
additive that comprises ai least one polymeric micio gel; and circulating the drilling fluid in a
subperranaan formation.

[0042] In some embodiments, ibe present invention provides a methed

comprising:  providing an inside screen pill comprising an aqueous base fuid and a fivid loss
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control additive that comprises at lezst one palyineric micre gel, and placing the inside screen
pill in o subterrancan formation so that the inside screen pill is located between a gravel pack
screen and an area of the subterranean formation,

[0043] To facilitate a better understanding of the present invention, the foliowing
examples of certain aspects of some embodiments are given. In no way should the following
examples be read to limit, or define, the entire scope of the invention,

EXAMPLES
Example 1

[0044] Polymeric micro gel paritcles were prepared in accordance with the
following procedure. A mixture of 95.0 g of ethanol, 20.0 g of acrylamide, 0.50 g of poly{vinyl
pyrrolidone), and 0.50 g of diethylene glycol dimethacrylate was prepared in a 250 mL three-
neck flask equipped with a condenser and a mechanical stirrer. The mixture was purged with
wilrogen gas for 30 minutes and then heated to 65°C. A 5.0 g solution of azobisisobutyromtrile
in ethanoi (1% azobisisobutyronitrile by weight) was then injected into the mixture. The mixture
was then kept at 65°C under nitrogen and stimred for 22 hours at 300 rpm. The mixture was then
allowed to cool to room temperature and 2 dispersion of particles with sizes from 10 um to 100
um (in water) was obtained with solids content of approximately 17% by weight. Figure 1 is a
photograph of the transparent micro gel dispersion formed in this example. Figure 2 is a
micrograph of the micro gel dispersion formed in this example. The dispersions were then
centnifuged at 4800 pm for 5 minutes. The supcrnatant was then decanted and sediments were
collected. The sediments were then derived under vacuum at approximately 50°C overnight to
generate loose, well dispersed dried powders.

Example 2

[0045] Polymeric micro gel particles were prepared in accordance with the
{ollowing procedure. A mixiure of 95.0 g of a mixture of t-butanol and water (90% t-butanol by
weight), 15.0 g of acrylamide, 0.20 g of N,N'-ethylene-bis-acrylamide, and .50 g of poly(vinyl
pyvirolidone) was prepared in a 230 mL threc-neck fask equipped with a condenser and a
mechanicat siimrer. The mixture was purged wiih nitregen gas for 30 minuies and then heated o
65%C. A 5.0 g solution of azobisisobutyronitrile in ethanol (1% azobisisobutyronitrile by weight)
wis then injected into the mixture. The mixture was then kept at 65°C under nitrogen and stirred

for 22 hours at 300 rpm.  The mixture was then allowed 0 cool 0 room temperafure and a
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dispersion of particles with sizes from 10 pm 10 300 um was obtained with a solids conient of
approximately 13% by weight.
Example 3

[0046] Polvmeric micro gel particles were prepared in 2ccordance with the
tollowing procedure. A mixture of 75.5 g of a 40% solution of ammonium sulfate in water, 7.5 g
of acrviamide, 12.0 g of a 20% solution of polydiallyldimethylammonium chloride in water, 6.7
pL of poly(ethylene glycal) diacrylate, and 20.0 g of de-ionized water was prepared in a 250 mL
three-neck flask equipped with a condenser and a mechanical stirrer. The mixture was purged
with nitrogen gas for 30 minutes and then heated to 35°C. A 5.0 g solution of 2,2’ azobis[2-(2-
imidazolin-2-yl)propane]dihydrochloride in  water (0.01%  2,2’-azobis[2-(2-imidazolin-2-
yl)propane]dihydrochloride by weight) was then injected into the mixture. The mixture was then
kept at 35°C under nifrogen and stirred for 22 hours at 300 rpm. The mixture was then allowed
to cool 1o Toom temperature and a dispersion of particles with a solid content of approximately
9% by weight wag obtained. The dispersions were then centrifuged at 4800 pm for 5 minutes.
The supernatant was then decanted and sediments were collected. The sediments were then
derived under vacuum at approximately 50°C overnight to generate loose, well dispersed dried
powders.

Example 4

[0047] Polymeric micro gel particles were prepared in accordance with the
following procedure. A mixturc of 90.0 g of a mixture of t-butanol and water (90% t-butanol by
weight), 15.0 g of acrylamide, 0.50 g of poly(vinyl pyrrelidone), was prepared in a 250 mL
three-neck flask equipped with a condenser and a mechanical stirrer. The mixture was purged
with nitrogen gas for 30 minutes and then heated to 65°C. A 5.0 g solution of
azobisisobulyroniirile in ethanol (1% azobisisobutyronitrile by weight) was then injected into the
mixture. After approximatety 20 minutes a solution of 0.10 g of N,N’-ethylene-bis-acrylamide
m 5.0 g of a mixture of t-butanol and water (90% t-butanol by weight) was injected into the
mixture. The mixture was then kept ai 65°C under nitrogen and stirred for 22 hours at 300 pm.
The mixture was then aliowed (0 cool 1o room temperature and a dispersion of particles with
sizes frem 10 win to 300 pm was cbtained with a solid content of approximately 13% by weight.

Fhe dispersions were then centrifuged at 4800 rpm far 3 minutes. The supernatant was thea



decanted and sediments werce collected.  The sediments were then dried under vacoum at

approximately 30°C overnight to generate loase, well dispersed dried powders.
Example 5

[0048] Polymeric micro gel particles were prepared in accordance with the
following procedure. A mixture of 75.5 g of a 40% solution of ammonium sulfate in water, 7.5 g
of acrylamide, 12.0 g of 2 20% solution of polydiallyldimethylammonium chloride in water, 67
1L of poly(ethylene glycol) diacrylate, and 20.0 g of de-ionized water was prepared in a 250 mL
three-neck flask equipped with a condenser and a mechanical stirrer. The mixture was puiged
with nitrogen gas for 30 minutes and then heated to 35°C. A 5.0 g solution of 2,2’-azobis[2-(2-
imidazotin-2-yl)propane]dihydrochloride in water (0.01% 2,2’-azobis{2-(2-imidazolin-2-
vl)propane]dihydrochloride by weight) was then injected into the mixture. The mixture was then
kept at 35°C under nitrogen and stirred for 22 hours at 300 ;pm.  The mixture was then allowed
lo cool to room temperature and a dispersion of particles was obtained with a solid content of
approximatcly 9% by weight. The dispersions were then centrifuged at 4800 rpm for 5 minutes.
The supcrnatant was then decanted and sediments were collected. The sediments were then
derived under vacuum at approximately 50°C overnight to generate loose, well dispersed dried
powders.

Example §

[0049] Test compesition ! was prepared in accordance with the following
procedure. A mixture of 75.5 g of a 40% solution of ammonium sulfatc in water, 7.5 g of
acrylamide, 12.0 g of a 20% solution of polydiallyldimethylammonium chloride in water, and
20.0 g of de-iomzed water was prepared in a 250 mL three-neck flask equipped with a condenser
and a mechanjcal stirrer. The mixture was purged with nitrogen gas for 30 minutes and then
heated to 35°C. A 3.0 g solution of 2,2’-azobis|2-(2-imidazolin-2-yl)propane]dihydrochloride in
water (0.01% 2.27-azobis[2-(2-imidazoiin-2-yl)propane]diydrochloride by weight) was then
injecied into the mixture, The mixiure was then kept at 35°C under nitrogen and stirred for 22
hours at 300 rpm. The mixture was then alfowed {0 cool o reom remperature and a dispersion of
pacticies was oblained with a solid centent of approximatelv 9% by weight.

Example 7
(00507 Test composition 2 was prepared in accordance with the following

procedure. A mixture of 75.5 g of a 40% solution of ammonium suifate in water, 7.5 g of
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acrylamide, 12.0 g of a 20% solunon of polydiallyldimethylarnmonium chloride in water, 6.7 pl
of poly(ethylene glycol) diacrylate, and 20.0 g of de-ionized water was prepared in a 250 ml
three-neck flask equipped with a condenser and a mechanical stirrer. The mixture was purged
with nitrogen gas for 30 minutes and then heated to 35°C. A 5.0 g solution of 2,2°-azobis[2-(2-
imidazolin-2-yl)propane]dihydrochloride in  water (0.01%  2,2’-azobis[2-(2-imidazolin-2-
yl)propane]dibydrochloride by weight) was then injected into the mixture., The mixture was then
kept at 35°C under mitrogen and stirred for 22 hours at 300 rpm. The mixture was then allowed
i cool to room temperature and & dispersion of particles with a solid content of approximately
9% by weight was obtained.
Example 8

[005]] Test composition 3 was prepared in accordance with the following
procedure. A mixture of 90.0 g of a mixture of t-butanol and water (90% t-hutanol by weight),
15.0 g of acrytamide, 0.50 g of poly(vinvl pyrrolidone), was prepared in a 250 mL three-neck
flask equipped with a condenser and a mechanical stirrer. The mixture was purged with nitrogen
gas for 30 minutes and then heated to 65°C. A 5.0 g solution of azobisisobutyronitrile in ethanol
(1% azobisisobutyronitrile by weight) was (hen injecied into the mixture. After approximately
20 minutes a solution of 0.10 g of N,N’-ethylene-bis-acrylamide in 5.0 g of a mixture of t-
butanol and water (90% t-butanot by weight) was injected into the mixture. The mixture was
then kept at 65°C under nitrogen and stirred for 22 hours at 300 pm. The mixture was then
alfowed to cool 1o room temperature and a dispersion of particles with sizes from 10 um to 300
pm was obtained with a solid content of approximately 13% by weight. The dispersions were
then centrijuged at 4800 rpm for 5 minutes. The supernatant was then decanted and sediments
were collected. The sediments were then derived under vacuum at approximately 50°C
overnight o geperaie loose, well dispersed dried powders.

Example 9

{0052] Test compasition 4 was prepared in accordance with the following
procedure. A mixture of 80.0 g of 2 mixture of t-butanol and water (90% t-butanol by weight).
13.0 g of acryiamide, 0.50 g of poiy(vinyl pyrrolidone), was prepared in a 250 mL. threc-neck
Hlask equipped wiih 2 condenser and a mechanical stirrer. The mixture was purged with nitrogen
gas for 3G sunures and Uren heated (0 63°C. A 3.0 g solution of azebisisobutyroniteile in ethanal

(1" azobisieohutyronitrile by weight) was then injected inte the mixture. After approximately



20 minutes a solution of 0.40 g of N,N’-ethylene-bis-acrylamide in 5.0 g of a2 mixtwre of t-
butanol and water (90% t-butanel by weight) was injected into the mixture. The mixture was
then kept at 63°C under nitrogen and stirred for 22 hours at 300 rpm. The mixture was then
allowed to cool to room temperature and a dispersion of particles was obtained with a solid
content of approximately 13% by weight. The dispersions were then centrifuged at 4800 rpm for
5 minutes. The supernatant was then decanted and sediments were collected. The sediments
were then derived under vacuum at approximately S0°C overnight to gencrate loose, well
dispersed dried powders.
Example 10

{0053] Test composition 5 was prepared in accordance with the following
procedure. A mixture of 90.0 g of a mixture of t-butanol and water (90% t-butanol by weight),
15.0 g of acrylamide, 0.50 g of poly(vinyl pyrrolidone), was prepared in a 250 ml three-neck
flask equipped with a condenser and a mechanical stirrer. The mixture was purged with nitrogen
gas for 30 minutes and then heated to 65°C. A 5.0 g solution of azabisisobutyronitrile in ethanol
(1% azobisisobutyronitrile by weight) was then injected into the mixture. Afler approximately
20 minutes a solution of 0.20 g of N,N’-ethylene-bis-acrylamide in 5.0 g of a mixture of t-
butanol and water (90% t-butanol by weight) was injected into the mixture. The mixture was
then kept at 65°C under nitrogen and stirred for 22 hours at 300 rpm. The mixture was then
allowed to cool to room temperature and a dispersion of particles was obtained with a solid
content of approximately 13% by weight, The dispersions were then centrifuged at 4800 rpm for
5 minutes. The supemnatant was then decanted and sediments were collected. The sediments
were then derived under vacuum at approximately 50°C overnight to generate loose, well
dispersed dried powders.

Example 11

{0034] Test composition 6 was prepared in accordance with the following
procedure. A mixture of 90.0 2 of a mixture of t-butanol and water (90% t-butanol by weight),
15.0 g of aerylaniide, 0.20 g of pely(vinyl pyrrolidone), was prepared in a 250 mL three-neck
{lask equipped with @ condenser and a mechanical stirrer. The mixture was purged with nitrogen
gas for 30 minuies and then heated lo 65°C. A 5.0 g solution of azobisisobulvronitrile in ethanol
(1% azolnsiscbutyronitrile by weight) was then injected into the mixture. Afier approximately

20 minutes a solution of 0.050 g of N,N’-ethylene-bis-acrylamide in 5.0 g of a mixture of t-
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butanol and waler (90% {-butanol by weight) was injected into the mixture, The mixture was
then kept at 65°C under nitrogen and strrred for 22 hours at 300 rpm. The mixture was then
allowed to cool to room temperature snd a dispersion of particles was obtained with a solid
content of approximately $3% by weight. The dispersions were then centrifuged at 4800 rpm for
5 minutes. The supernatant was then decanted and sediments were collected. The sediments
were then derived under vacuum at approximaiely 50°C ovemight to generate loose, well
dispersed dried powders.
Example 12

{0055] Test composition 7 was prepared in accordance with the following
procedure. Equal amounts of the powders from Examples 8, 9, 10, and 11 were mixed to
generate a powdered fluid loss control additive.

Example 13

(0050 Fluid Toss tests were performed on test compositions 1-7 in accordance
with the tollowing procedure. Varying dosages of each of the test compositions as well as
conventional fiuid loss control additive N-Drll HT Phs® (commercially available fom
Halliburton Energy Services, Inc., Houston, Texas) were added to separate drilling mud
compositions comprising 0.09 g of viscosifier N-VIS® (commercially available form
Halliburton Energy Services, Inc., Houston, Texas), 14.0 g of bridging agent BARACARB® 5,
(commercially available from Halliburton Energy Services, Inc., Houston, Texas) 3.5 g of
bridging agent CARACARB® 5 (commercially available from Halliburton Energy Services,
Inc., Houston, Texas), and 137 g of a 26% by wejght solution of NaCl in water. The amount of
NaCl i the drilling fluids that the fluid loss control additives from Examples 6 and 7 were added
to was reduced to account for the brine present in those fluid loss control additives. The drilling
fluids were each placed into a 175 mL “OFITE” HPHT Filter Press for fluid loss evaluation. Ina
typical experiment, pressures werc adjusted to 600 and 100 psi (700 and 200 psi when the
temperature is above 300°F) on the lop and bottom of a sample chamber, which was filled with
mud aind prebeated to test temperature. Drained liquid, from a filter paper with a porosity of 2.7
win sealed on the boitom of the cylinder, was coliected. The performance of each fluid loss
control additive is provided below m Table 1. The acceptable performance by an zdditive was

set w be 16 ML volume of Ritrate with 30 (11 est.
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Table 1
Fluid Loss Cunirbl L Températdre TCr?:sli:‘ltdng Dosage A Fluld Luss ,fl
C Adamve PP vy, Wby
N-DRILL HT PLUS® 250 N/A 2.0 9.5
Test Composition | 250 0 2.0 100
Test Composition 2 230 0.006 2.0 4.3
N-DRILL HT PLUS® 300 N/A 2.0 100
Test Composition 2 300 0.0006 2.0 100
Test Composition 2 300 0.006 1.0 32
Test Composition 2 300 0.006 0.5 37
Test Composition 3 300 0.7 2.0 6.3
Test Composition 3 300 0.7 1.0 16.3
Test Composition 3§ 300 0.7 0.5 50.0
Test Composition 3 | 350 0.7 2.0 40.0
Test Composition 4 350 2.7 L 2.0 10.2
Test Composition S 350 1.3 20 7.5
Test Composition 6 350 0.3 2.0 43.5
Test Compuositicn 7 350 1.3 2.0 6.5

[(0057] In some embodiments, the present invention provides a method
comprising: providing an aqucous based treatment fluid comprising a fluid loss contro] additive
that comprises at least one polymeric micro gel; placing the aqueous based treatment fluid in a
subterranean formation via a well bore penetrating the subterranean lonnation; allowing the fluid
loss contrul additive to become incorporated into a filter cake located on a surface within the
subterrancan furmation; allowing the {ilter cake to be degraded, and producing hydrocarbons
from ihe formation.

[003R] As can bee seen by Table §, test composition 1 which represented a liner
liph maolecuiar weight polymer did not show effectiveness as vearly all fluid drained out. Test
comgusition 2 {in brine selution) was found to perfonn better than N-Drill HT Plus® ({luid loss
of 4.3 mL compared fa a fivid loss of 9.5 mL) at the same dosage at 250°F. However, when

tasted at 300°F. both test composition 2 and N-DRILL HT' Pius® nearly wailed compistely during
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the test at 2 dosage of 2 weight percent. Test composition 2 was able to reduce fluid loss to 32
ml and 37 mL at a dosage of 1 weight percent and 0.5 weight percent, respectively,

[GO59] At 300°F, test composition 3 (crosslinking agent content of approximately
0.7 weight percent) controlled fluid loss around 6.3 mL, however this additive failed to meet the
criteria of acceptable performance of 10 mL volume of filtrate within 30 minutes at 350°F. Test
compositions 5 and 7 (crosslinking agent content of approximately 1.3 weight percent) were able
to contral the fluid loss around 7.5 and 6.5 mL at 350°F, respectively. However, increasing the
crosslinking agent content to 2.7 weight percent (as demonstrated by compesition 4) resulted in
fluid loss 0of 10.2 mL.

[0060} As can be seen by Table 1, and further demonstrated by Figure 3, dosage
has an effect on the fluid loss control. As shown in Figure 3, the fluid loss by test composition 3
decrcased from 50 mL te 6.3 mL as the dosage of this additive increased from 0.5 wt percent to
2.0 weight percent. Thus, it is highly likely that the fluid loss would be further reduced at
daosages higher than 2.0 weight percent, even though an optimal dosage might exist.

{0061] As can further be seen by Table 1, the filtrate volume decreased from 43.5
mL to 7.5 mL, when the crosslinking agent content of the corresponding fluid loss additive
increased from 0.3 weight percent to 1.3 weight percent {See test compositions 6, 3, and ).
With a further increase of the crosslinking agent content to 2.7 weight percent (see test
composition 4}, the filtrate volume increased stightly to 10.2 mL. Surprisingly, synergist effect
was observed when a mixture was used as the additive (See test composition 7)., The mud
containing this additive led to a fluid loss of only 6.5 mL, lower than those by any other non-
mixed test compositions and well below the acceptable value of 10 mL. Without wishing to be
limited to theory, it is believed that the synergy was probably due to the physical distribution of
the polymeric micro gel particles in the mud, which enhanced the fluid loss reduction.

i0062] Therefore, the present invention is well adapted to aitain the ends and
advantages mentioned as well as those that are inherent therein. The particular embodiments
disciosed above are illustrative only, as the presest invention may be modified and practiced in
difTereni but equivaient manners apparent to those skilled i the an having the benefit of ihe
wwachings herein. Furthermore, no limilations are intended {10 the details of constrction ar
design herein showi, other then as deseribed in the claims below, it is therefore evident that the

particular illustrative embediments disclosed above may be allered or modified and all such
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variations are cansidered within the scope and spirit of the present invention. All pumbers and
ranges disclosed above may vary by some amount. Whenever a numerical range with a lower
limit and an upper limit is disclosed, any number and any included range falling within the range
arc specifically disclosed. In particular, every range of values (of the form, “from about a to
about h,” or, equivalently, “from approximately a to b,” or, equivalently, “from approximately a-
b"} disclesed herein is to be understood to set forth every number and range encompassed within
the broader range of values. Moreover, the indefinite articles “a” or “an”, as used in lhe claims,
are defined herein to nean one or more than one of the element that it introduces. Also, the

terms in the claims have their plain, ordinary meaning unless otherwise explicitly and clearly

defined by the patentee.
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What is claimed is:

1. A drilling fluid comprising an aqueous base fluid and a fluid loss sontrol
additive that comprises at least one polymeric micro gel.
2 The drilling fluid of claim 1 wherein the fluid joss centrol additive is

included in the drilling fluid in an amount up to abeut $% by weight of active component of the

polymenc micro gel.

3 The drilling fluid of claim 1 wherein the polymeric micro gel has a
diameter in the range of about 10 nm to about 1 mm.

4. The dnilling fluid of claim 1 wherein the polymeric micro gel compriscs a
reaction product formed by a polymerization reaction of a polymer or copolymer and a
crosslinking agent,

5. The drilling fluid of claim 4 wherein the polymer or copolymer comprises
at least one unit based on at least one compound selected from the group consisting of;
acrylamides, vinyl aleohols, vinylpyrrolidones, vinylpyridines, acrylates, polyacrylamides,
polyviayl alcohols, pelyvinylpyrrolidones, polyvinylpyridines, polyacrylates, polybutylene
succinate, polybutylene succinate-co-adipate, | polyhydroxybutyrate-valerate,
polyhydroxybutyrate-covalerate,  polycaprolactones, polyester  amides, polyethylene
terephthalates, sulfonated polyethylene terephthalate, polyethylene oxides, polyethylenes,
polypropylenes, aliphatic aromatic copolyester, polyacrylic acids, polysaccharides (such as
dextran or cellulose), chitins, chitosans, proteins, aliphatic polyesters, polylactic acids,
poly(glycolides), poly(z-caprolactones), poly(hydroxy ester ethers), poly(hydroxybutyrates),
poty(anhydndes), polycarbonates, poly(orthoesters), poly(amino acids), poly{ethylene oxides),
poly(propviene oxides), poly(phosphazenes), polvester amides, polyamides, polystyrenes, a
copolymer thereof, a homopolymer therof, a tetrapolymer thereof, and any derivative thereof.

6. The drilling {luid of claim 4 wherein the crosslinking agent comprises at
least ore crosslinking agent selected from the group consisting of dicthylene glycol
dirneihacivlate, azebisisobutyronitrile, and 2.27-azobis] 2-(2-imidazolin-2-

yDpropane]dihydrochlaride.

7. The drilling fluid ef claim 1 further comprising a bridging agent.
& A method comprising:

providing an aquecus based treatment fluid comprising a fluid loss control
additive that comprises at least one polymeric micro gel;
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placing the aqueous based trcatment fluid in 2 subicranean formation via
a well bore penetrating the subteranean formation;

aliowing the fluid loss control additive 1o become incorporated into = filter
cake located on a swiace within the subterranean formation;

allowing the filter cake to be degraded; and

producing hydrocarbens from the formation.

9. The method of claim 8 wherein the fluid loss control additive is included

in the aqueous based treatment fluid in an amount up to about 5% by weight of active component

of the polymeric micro gel.
10.  Themethod of claim 8 wherein the polymeric micro gel has a diameter in

the range of about 10 nm to about | mm.

11, The method of claim 8 wherein the polymeric micro gel comprises a
reaction product formed by a polymerization reaction of a polymer or copolymer and a
crosslinking agent. A

12 The method of claim 11 wherein the polymer or copolymer comprises at
feast one unit based on at least one compound selected from the group consisting of:
acrylamides, vinyl alcohols, vinylpymolidones, vinylpyridines, acrylates, polyacrylamides,
polyvinyl aicohols, polyvinylpyrrolidones, polyvinylpyridines, polyacrylates, polybutylene
succinate, polybutylene succinaie-co-adipate, polyhydroxybutvrate-valerate,
polyhydroxybutyrate-covalerate,  polycaprolactones,  polyester  amidcs,  polyethylene
terephthialates, suifonated polvethylene terepiithalate, polyethylene oxides, polyethylenes,
polypropylenes, aliphatic aromatic copolyester, polyacrylic acids, polysaccharides (such as
dexiran or ceifulosc), chiting, chitosans, proteins, aliphatic polyesters, polylactic acids,
poly(glycolides), poly(s-caprolactones), poly(hvdroxy ester ethers), poly(hydroxybutyrates),
pely(anhydndes), polycarbonates, poly(orthacsters), poly(amino acids), poly(ethylene oxides),
poly(propylene oxides), poly(phosphazencs), polvester amides, polyamides, polysiyrenes, a
copolymer thereof, a homopoiymicr therof, a tetrapolymer thercol, derivatives and any
combinanons thereof.

13, The method of claim 11 wherein the crosslinking agent comprises at least
one  crosslinking  agent  selected  from  the group consisting oft 2,27 azobis-(2-

methylbhutyronitrile), 2,2 -azobis(isobutyramidine hiydrochloride), 2,2"-azobis{2-(2-irnidazolin-2-



ylypropane]dihydrocliloride, 1,17-azobis{cyclohexasecarbonitrile), 2.2’-azobis(2-
wathylpropionamidine)  dilydrochloride,  4,47-azobis(4-cyanovaleric  acid), ammonium
persulfaie, hydroxymethanesulfinic acid monosodium salt dihydrate, potassium persulfate,
sodium  persulfate, benzoyl peroxide, 1,1-bis(teri-amylperoxyjcyciohexane, 1,1-bis(zert-
butylperoxy)cyclohexane, 2,2-bis(tert-butylperoxy)butane, 24-pentsnedione peroxide, 2,5-
bis(tert-butylperoxy)-2,5-dimethylhexane, 2,5-di(tert-butylperoxy)-2,5-dimethyl-3-hexyne; 2-
butanone peroxide; cumene hydroperoxide, di-fert-amyl peroxide, dicumyl peroxide, lauroyl
peroxide, ‘ert-butyl hydroperoxide, ifers-butyl peracetate, tert-butyl peroxide, (tert-butyl
peroxybenzoate, fert-butyiperoxy-2-cthythexyl carbonate, diethylene glycol dimethacrylate,
azobisisobutyronitrile, derivatives and combinations thereof
14.  The method of claim 8 wherein the aqueous based treatment fluid further
comprises a bridging agent.
15, A method comprising;
providing a drilling fluid comprising an aqueous base fluid and a fluid loss
control additive that comprises at least one polymeric micro gel;
circulating the drilling fluid in a subterranean formation;
allowing the fluid loss control additive to become incorporated into a filter
cake located on a surface within the subterranean fonnation;
allowing the filler cake to be degraded; and
producing hydrocarbons from the formation.
16.  The method of claim 15 wherein the fluid loss control additive is included

in the driiling fluid in an amount up to 2bout 5% by weight of active component of the polymeric

micro gel.
7. The method of claim I5 wherein the polymeric micro gel has a diameter in

the range of about 10 nm to about | mm.

£8.  The method of claim {5 wherein the polymeric micro gel comprises a
reaction product foimed by a polymerization reaction of a polymer or copolymer and a
crossiinking agent.

19, The method of claim {3 wierein the polymer or copolymer comprises at
icast one umit bused on at least one compound selecied Fom the prowp consisting of:

acrylamides, vinyl aleohols, wvinvipvmolidenes, vinylpvridines, acrylates, polvacrylamides,
- 4 H P - H .y - ? k] p - o -
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polyvinyl alcohols, polyvinylpyrrolidones, polyvinylpyridines, polyacrylates, polybutylene
suceinate, polybutylene succinate-co-adipate, polyhydroxybutyrate-valerate,
poiyhydroxvbutyrate-covalerate,  polycaprolactones,  polyester  amides,  polyethylene
terephthalates, suifonated polycthylene terephthalate, polyethylene oxides, polyethylenes,
polypropylenes, aliphatic aromatic copolyester, polyaerylic acids, polysaccharides (such as
dextran or cellulose), chitins, chitosans, proteins, aliphatic polyesters, polylactic acids,
poly(glycolides), poly(e-caprolactones), poly(hydroxy ester ethers), poly(hydroxybutyrates),
poly(anhydrides), polycarbonates, poly(orthoesters), poly(amino acids), poly(ethylenc oxides),
poly(propylene oxides), poly(phosphazenes), polyester amides, polyamides, polystyrenes, a

copolymer thereof, a homopolymer therof, a teirapolymer thereof, derivatives and combinations

thereof.
20.  The method of claim 18 wherein the crosslinking agent comprises at least

one crosslinking  agemt  selected from the group consisting of: 2,2 -azobis-(2-
methylbutyronitrile), 2,2"-azobis(isobutyramidine hydrochloride), 2,2’ -azobis[2-(2-imidazolin-2-
yl)propanc]dihydrochloride, 1,17-azaobis(cyclohexanecarbonitrile), 2,27-azobhis(2-
methylpropionamidine) ~ dihydrochloride,  4,4-azobis(4-cyanovaleric  acid), ammonium
persulfate, hydroxymethanesulfinic acid monosodium salt dihydrate, potassium persuifate,
sodium persulfate, benzoyl peroxide, I,I-bis(tert-amylperoxy)cyclohexane, 1,1-bis(tert-
butylperoxy)cyclohexane, 2,2-bis(lert-butylperoxy)butane, 2,4-pentanedione peroxide, 2,3-
his(tert-butylperoxy)-2,5-dimethythexane,  2,5-di(tert-butylperoxy)-2,5-dimethyl-3-hexyne;  2-
butanone peroxide, cumene hydroperoxide, di-tert-amyl peroxide, dicumy] peroxide, lauroy!
pesuxide, fert-butyl hydroperoxide, zertbutyl peracetate, fert-butyl peroxide, Lert-bulyl
peroxybenzoate, fert-butylperoxy-2-ethylhexyl carbonate, diethylene glycol dimethacrylate,
azohisisnhirtyronitrite, derivatives and combinations thereof.
21. The method of claim 15 wherein the drilling fluid further comprises a
bridging agent.
22. A method compnising:
providing an inside screen pill comprising an agueous base {luid and a
fluid loss contral additive that comprises at least one polvimeric micro gel, and
placing the inside screen pill in a subterranean formation so that the inside

screer pifl is localed between g gravel pack screen and an area of the subterranean formating.
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23.  The method of claim 22 wherein the fluid loss control additive is included
in the inside screen pill in an amount of about 1% to about 1024 by weight of active component
of the polymeric micro gel.

24.  Themethod of ciaim 22 wherein the polymeric micro gel has a diameter in
the range of about 10 nm to about 1 mm.

25. The method of claim 22 wherein the polymeric micro gel compriscs a
reaction product formed by a polymerization reaction of a polymer or copolvmer and a
crosslinking agent.

26.  The method of claim 25 wherein the crosslinking agent comprises at least
one crosslinking agent selected from the group consisting of 2,2’-azobis-(2-
methylbutyronitrile), 2,2’-azobis(isobutyramidine hydrochloride), 2,27-azobis[2-(2-imidazolin-2-
ylipropaneldihvdrochloride, 1,1’-azobis(cyclohexanecarbonitrile), 2,2"-azcbis(2-
methylpropionamidine)  dihydrochloride,  4,4’-azobis(4-cyanovaleric acid}), ammonium
persulfate, hydroxymethanesulfinic acid monosodivm salt dihydrate, potassium persulfate,
sodium persulfate, benzoyl peroxide, 1,1-bis(terr-amylperoxy)cyclohexane, 1,1-bis(zert-
butylperoxy)cyclohexane, 2,2-bis(tert-butylperoxy)butane, 2,4-pentanedione peroxide, 2,5-
bis(tert-butylperoxy)-2,5-dimethylhexane, 2,5-di(tert-butylperoxy)-2,5-dimethyl-3-hexyne; 2-
butanone peroxide, cumene hydroperoxide, di-ferz-amyl peroxide, dicumyl peroxide, lauroyl
peroxide, ‘ert-butyl hydroperoxide, tert-butyl peracctate, tert-buiyl peroxide, rert-butyl
peroxybenzoate, fert-butylperoxy-2-cthylhexyl carbonate, diethylene glycol dimethacrylate,
azobisisobutyronitrile, derivatives and combinations thereof.

27. The method of claim 25 wherein the polymer or copolymer comprises at
least one unit based on at least one compound selected fom the group consisting of:
acryfamides, vinyl alcohols, vinylpyrrolidones, vinvipyridines, acrylates, polyacrylamides,
polyvinyl alcohols, polyvinylpyrrolidones, polyvinylpyridines, polyacrylates, polybutylenc
succinate, polybutylene succinate-co-adipate, polyhydroxybutyrate-valerate,
polvhydroxybutyrate-covalerate,  polycaprolactones, polyester  amides, polyethyiene
terepiithalates, sulfonated polyethylene tercpiithalate, polyethylene oxides, potyethylenes,
pelypropyvienes, aliphatic aromntic copolvester, polyacrylic acids, potysaccharides (such as
destran or cellulose). chitins, chitosans, proteins, 2liphatic polyesters, polylaciic acids,

noiviglyeolides), poly(z-caprolactones), polv(bydroxy ester ethers), poly(hydroxybutyrates),
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poly(anhydrides), pelycarhonates, poly{orihoesters), poly(amino acids), poly(ethylene oxides),
poly(propylene oxides), polv{phosphazenes), polyester amides, polyamides, polystyrenes, a

copolymer thareof, a homopolymer therof, a tetrapolymer thereof, and any derivative thereof



ABSTRACT
Methods and fuids are provided that include, but are not limited to, a diilling fluid comprising
an aqueous base fuid and a fluid loss control additive that comprises at least one polymeric
micro gel and a method comprising: providing an aqueous besed treatment fluid comprising a
fluid loss control additive that comprises at least one polymeric micro gel; placing the aqueous
based treatment fluid in a subterranean formation via a well bore penetrating the subterranean
formation; allowing the fluid loss control additive to become incorporated into a filter cake
located on a surface within the subterranean formation; allowing the filter cake to be degraded;

and producing hydrocarbons from the formation. Additional methods are also provided.

O]
=)

iy



2 1
Figure

N



Figure 2

TR



T Ay 0°

SUBSTITUTE SHEET (RULE 26)



PCT/GB 2010 /000657

Figure 2

SUBSTITUTE SHEET (RULE 26)



| TYNOIDVNYILNI
|  NOIDYOINgnd




w0 2010/112866 A 1|1 00000001000 0 O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

UM AR T
(10) International Publication Number

WO 2010/112866 Al

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
7 October 2010 (07.10.2010)

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for ever
CO9K 8/512 (2006.01) kind of national protection available): AE, AG, AL, AM,

(21) International Application Number AO, AT, AU, \Z BA, BB, BG, H”' BR, “\.\' BY, BZ,
g 'm'T'tlli‘nlnmnmv ( ._-\_LII,L_'I__,t \_\_( ), L_'R,(L_(z. |l|-\1_J!\,I)\1,J>_t__r.

ry DZ, EC. EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT,

(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
I April 2010 (01.04,.2010) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

(25) Filing Language English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(26) Publication Language English SE, SG, SK, SL, SM, ST, 8V, SY, TII, TJ, TM, TN, TR,

IT, TZ UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data

12/418.323 3 April 2009 (03.04.2009) us (84) Designated States (unless otherwise indicated, for ever

kind of regional protection available): ARIPO (BW, GH,

(71) Applicant (for all designated States except US): HAL- GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
LIBURTON ENERGY SERVICES. INC. [US/USJ; ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

P.O Box 1431, Duncan, Oklahoma 73536 (US) TM), European (AT, BE, BG, CH, CY, CZ. DE, DK, FF,

ES, FlI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BI, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG)

(71) Applicant (for MW only): CURTIS, Philip, Anthomy
[GB/GB]. A A Thornton & Co, 235 High Holborn, Lon-
don WCIV 7TLE (GB)

(72) Inventors: and
(75) Inventors/Applicants (for US onlv): EZELL, Ryan, G,
[US/USY; 2367 Village Leal Drive, Spring, Texas 77386 - with international search report (Art. 21(3))
(US). WU, Jun Jim [CA/US]; 9014 Landsdown Drive,
Houston, Texas 77096 (US)

Published:

j s - ~atian aof the time limit for mdine the
Defore the exprrafnion of the fime amit for amending i

claims and 10 be republished in the event of receipt of
(74) Agents: CURTIS, Philip, Anthony, et al.; A A Thomton amendments (Rule 48.2(h))
& Co, 235 High Holborn, London WC1V 7LE (GB)

(54) Title: METHODS OF USING FLUID LOSS ADDITIVES COMPRISING MICRO GELS

Figure 1

(57) Abstract: Methods and {luids are provided that include, but are not limited to, a drilling fluid comprising an aqueous base
fluid and a fluid loss control additive that comprises at least one polymeric micro gel and a method comprising: providing an
aqueous hased treatment fluid comprising a fluid loss control additive that comprises at least one polymeric micro gel; placing the
aqueous based treatment fluid in a subterranean formation via a well bore penetrating the subterranean formation; allowing the
fluid loss control additive 1o become incorporated into a filter cake located on a surface within the subterranean formation; allow-
mg the hiter cake to be degraded; and producing hydrocarbons from the formation. Additional methods are also provided

9+



WO 2010/112866 PCT/GRB2010/000657

METHODS OF USING FLUID LOSS ADDITIVES COMPRISING MICRO GELS
' BACKGROUND

[0001} The present invention relates to methods of using fluid less control
additives. More specifically, at least in some embodiments, the present invention relates to the
use of fluid loss control additives in drilling and servicing- fluids that comprise polymeric micro
gels in subterranean operations. ‘

[0002] When well bores are drilied into producing formations, drilling fluids are
utilized which will minimize damage to the permeability of the formations and their ability to
praduce hydrocarbons. Servicing fluids are utilized when completion operations are conducted
in producing formations and when conducting work-over operations in the formations. The
drilling and servicing fluids deposit a layer of particles known as “filter cake” on the walls of the
well bores within the producing formations. The filter cake is believed to help prevent the
drilling and servicing fluids from being lost into the formation and prevents solids from entering
the porosities of the rock. Following completion and prior to initiating production, the filter cake
is usually degraded or allowed to degrade to allow product t¢ flow into the well bore for
production. Degrading the filter calcé is important to retain well bore copnectivity and the
natural permeability of the reservoir rock. If not degraded or allowed to degrade, the filter cake
could present an impediment to production, inter alia, by altering the permeability of the
reservoir. Once the permeability of the reservoir has been diminished, it is seldom ablie to restore
it to its orginal condition. These should be distinguished from the function of additives
(sometimes termed in the art “relative permeability modifiers” or “RPMs”) that are often used in
conformance or fracturing fluids to permanently seal waier influxes to hydrocarbon reservoir
areas surrounding a well hore.

[0003] Drilling and servicing fluids (such as drill-in fluids) may comprise fluid
loss control additives to further assist in preventing the drilling and servicing fhuids from being
lost into the formations. Drilling fuids are any of a number of fluids and mixtures of fluids and
solids (as solid suspensions, mixtures and emulsions of liquids, geses and solids) used in
operations to drill boreholes into the earth. Classifications of drilling fluids has been attempted
in many ways, often producing more confusion than insight. One classification scheme, given
Trere, is based only on the mud composition by singling out the component that clearly defines

the function and performance of the fluid: (1) aqueous-based, (2) oil-based and (3} gaseous
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(pneunatic). Each category has a variety of subcategories that overlap each other considerably.
Ideally, a drilling fluid is nop-damaging to the formation, meaning that the fluid does not leave
behind particulates, fines, etc. that negatively impact the permeability of the formation.

[0004} A dnll-in fluid is a fluid designed for drilling through the reservoir section
of a well bore in a subterranean formation. The reasons for using a specially designed fluid
include, but are not necessarily limited to: (1) to drill the reservoir zone successfully, often a
long, horizontal drain hole; (2) to minimize damage to and maximize production of exposed
zones; and (3) to facilitate the weli completion needed, which may include complicated

procedures. A drill-in fluid often resembles & completion fluid in that it may comprise a brine,

possibly bridging agents, and/or polymers.

[0005] The term “drilling fluid” as used herein refers generically to both drilling -

fluids and drill-in fluids unless otherwise specified.
[0006] Other types of treatment fluids that can utilize fluid loss control materials

include, but are not limited to, pills (such as inside screen pills), which are fluids with a relatively
small quantity (e.g., less than 200 bbl) of a special blend of drilling fluid to accomplish a specific
task that the reguiar drilling fluid cannot perform. Examples include high-viscosity pills to help
lift cuttings ont of a vertical well bore, freshwater pills to dissolve encroaching salt formations,
pipe-freeing pills to destroy filter cake and relieve differential sticking forces, and lost circulation
material pills to plug a thief zone. Another example is a screen pill that may be useful in
conjunction with a gravel pack operation.

[0007] Examples of conventional fluid loss control additives for water-based
treatment fluids include nonionic water soluble polymers, such as starches, derivatized starches,
gums, derivatized gums, and ceflulosics. Fluid loss additives that include starches often vary in
the ratio of amylose fo amylopectin content, and may or may not be modified with a crosslinking
agent such as epichlorohydrin. Also, natural starches may not be uniform in terms of quality and
effectiveness. These cross-linked starches often do not have thermal stability at temperatures up
to about 250 °F, and at temperatures above 250 °F, they can only effectively be used by
mcreased loading the treatment fluid with the cross-linked starch, constantly replenishing the
treatment fluid with the cross-linked starch, or using an oxygen scavenger in conjunction with
the cross-linked starch. At temperatures above 300 °F, even by the use of the above mentioned

measwres, cross-linked starches may not be effective fluid loss control additives.
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[00C8] Convantionai linear synthetic polymers are also utilized, but oftentimes,
they require another additive, such as a clay, to be able to effectively function as fimd loss

control additives. However, the use of clay can be problematic in drill-in fluids, as removing the -

clay from the subtermranean formation can be difficult because it infiltrates into pores of the
subterranean formation. Furthermore, the addition of clay to 2 treatment fluid dramatically
increases the viscosity of the fluid, which can cause drilling to be completed at a reduced rate.
Arother issue 15 that some synthetic polymers cannot be used successfully in conjunction with
some brines, for instance, divalent brines. This brine incompatibility is thought to prevent the
synthetic polymer from associating with the clay to forming bridging colloids, which are

desirable because they provide a degree of fluid loss, e.g., in & drill-in fluid.
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SUMMARY

[0009] The present invention relates to methods of using fluid Joss control
additives. More specifically, at least in some embodiments, the present invention relates to the
use of fluid loss control addifives in drilling and servicing fluids that comprise polymeric micro
gels in subterranean operations.

. [0010] In one embodiment, the present invention provides a drlling fluid
comprising an agueous base fluid and a fluid loss contro] additive that comprises at least one
polymeric micro gel.

[0011] In another embodiment, 'the presemt invention provides a method
comprising: providing an aqueous based treatment fluid comprising a fiuid loss control additive
that comprises at least one polymeric micro gel; placing the agueous based treatment fluid in a
subterranean formation via a well bore penetrating the subterrancan formation; allowing the fluid
loss control additive to become incorporated into a filter cake located on & surface within the

subterranean formation; allowing the filter cake to be degraded; and producing hydrocarbons

from the formation. ‘
[0012] In another embodiment, the present invention provides a method
comprising: providing a drilling fluid comprising an aqueous base fluid and a fluid loss control
additive that comprises at least one polymeric micro gel; circulating the drilling fluid n a

subterranean formation; allowing the fluid loss control additive to become incorporated into a

filter cake located on a surface within the subterranean formation; allowing the filter cake to be .

degraded; and producing hydrocarbons from the formation.

[0013] In another embodiment, the present invention provides a method
comprising: providing an inside screen pill comprising an aqueous base fluid and a fluid loss
control additive that comprises at least one polymeric micro gel, and placing the inside screen
pill in a subtemanean formation so that the inside screen pill is located between a gravel pack
screen and an area of the subterranean formation.

[0014] The features and advantages of the present invention will be readily
apparent 10 those skilled in the art. While numerons changes may be made by those skilled in

the art, such changes are within the spirit of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0015] These drawings iliustrate certain aspects of some of the embodiments of
the present invention, and should not be used to limit or define the invention.
{0016] Figure 1 is a photograph of a transparent solution of a micro gel dispersion

after dissolving in water.
{001 7] Figure 2 is a micrograph of the micro gel dispersion of Figure 1.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0018] The present invention relates to methods of using fluid loss control
additives. More speciﬁcally, at least in some embodiments, the present invention relates to the

use of fluid Joss conirol additives in drilling and servicing fluids that comprise polymeric micro

 gels in subterranean operations.

"[0019] There may be several potential advantages to the methods and -

compositions of the present invention, only some of which are alluded to herein. The present
application provides drilling fluids, preferably for use as a drlling, drill-in, completion fluid or
pills, which quickly forms a thin, degradable filter cake. Again, for the sake of clarity, the term
“drilling fluid” as used herein refers generically to both drilling fluids and drill-in fluids unless
otherwise specified. The drilling finids of the present invention are less invasive to the formation
yet provide lubricity, effective fluid loss control, and ;good filter cake sealing and plastering
characteristics. The resulting filter cake can be easily lifted off and readily removed or dissolved
to help ensure low skin and residual damage. Moreover, the fluids are stable for prolonged
periods of time at high temperatures. In particular, the drilling fluids of the present invention are
believed to have enbanced performance over conventional fluids that comprise starch
derivatives, for instance, because they can be used at effective static bottom hole temperatures up
to at Jeast about 400 °F or more while maintaining effective fluid loss control, thus minimizing
formation damage. In doing so, a vast range of applications is open for technological
advancement and new hmduct revenue. It is believed that in equal concentratiof:s, the drilling
fluids of the present invention that comprise fluid Joss additives comprising polymeric micro gels
described herein give an increased performance (e.g., an order of magnitude increase) in the
arnount of fluid loss over starch-based fluid loss materials.

[0020] Another potential advantage may be that the drilling fluids of the present
invention may be nsed without the addition of clay, which allows for easier clean up, minimal
formation damage, faster drilling times, and the avoidance of problems associated with the
increased viscagity of fluids when clay is added.

{0021] In some embodiments, the present invention provides an aqueous-based
drilling fluid that comprises a fluid loss contro] additive of the present invention that comprises
at least one polymeric micro gel. In other embodiments, the present invention provides drilling

fluids that comprise an aqueous base fluid (e.g., a brine or fresh water), and one or more fluid
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loss control additives that comprise at least one polymeric micro gel.* In practical usage, with
respect to building a filter cake that will easily degrade, it may be beneficial to include bridging
agents in the drilling fluid that will become incorporated into the filter cake. Without the
bridging agents, the polymeric micro gels may form an effective filter cake, but that filter cake
may be more difficult to remove. Other components of the drlling fluid may comprise
weighting agents, clays, polymers, as well as other additives common to aqueous-based drilling
fluids including, but not necessarily limited fo, lubricants, corrosion ighibitors, other inhibitors,
and oxygen scavengers.

[0022] In some embodiments, the fluid loss control additive may be included in

the drilling fluid in an amount of about 5% or below by weight of active component of the
polymeric micro gel. .
[0023] The base fluid of the drilling fiuids of the present invention may be any
suitable aqueous-based fluid including, but pot necessarily limited to, brines (i.e, water
comprising a salt). In some instances, brines having a density of at least about 9 Ib/gal, referred
to as “high density brines,” may be suitable. The brines may contain substantially any suitable
salts, including, but not necessarily limited fo, salts based on metals, such as calcium,
magnesium, sodium, potassivm, cesium, zing, aluminum, and lithtum. Salts of calcium and zinc
are preferred. The salts may contain substantially any anions, with preferred anions being less
expensive apions including, but not necessarily limited to chiorides, bromides, formates,
acetates, and nitrates. Generally, the base fluid is present in a drlling fluid of the present
invention in an amount in the range of from about 35% to about 97% by weight thereof, more
preferably from about 70% to about 95% or more.

[0024] Preferably, when vsed, the bridging agents are either sélf-degrading or
degradable in a suitable clean-up solution (e.g., a mutual solvent, water, an acid solution, etc.}.
Examples of bridging agents suitable for use in the methods of the current invention include, but
are not necessarily limited to, magnesium citrate, calcium citrate, calcium succinate, calcium
maleate, calcium tarirate, magnesium tarirate, bismuth citrate, calcium carbonate, sodium
chloride and other salts, and the hydrates thereof. Examples of degradable bridging agents may
include, but are not necessarily Jimited to, bridging agents comprising degradable materials such
as degradable polymers. A polymer is considered to be “degradable” herein if the degradation is
due to, inter alia, chemical and/or radical process such as hydrolysis, oxidation, enzymatic

o4



WO 2010/112866 PCT/IGB2010/000657

degpradation, or UV radiation. Suitable examples of ‘degradable polymers that may be used in
accordance with the present invention include, but are not necessarily limited to, those deseribed
_in the publication of Advances in Polymer Science, Vol. 157 entitled “Degradable Aliphatic
" Polyesters” edited by A. C. Albertsson, the disclosure of which is hereby incorporated by
reference. Specific examples of suitable polymers include, but are not necessarily limited to,
polysaccharides such as dextrans or celluloses; chitins; chitosans; proteins; orthoesters; aliphatic
polyesters; poly(lactides); poly(glycolides); poly(e-éaprolactones); poly(hydroxybutyrates);
poly{anhydrides); aliphatic polycarbonates; poly(orthoesters); poly(amino acids); poly{ethylene
oxides); and polyphosphazenes. Combinations and derivatives of these are suitable as well.

[0025] When choosing a particular bridging agent to use, one should be aware of
the performance of that bridging agent at the temperature range of the application. The bridging
agents utilized may be generally present in the drilling fluid compositions in an amount in the
range of from about 1% to about 40% by weight thereof, more preferably from about 5% to
about 25%. Generally, the bridging agents may have a particle size in the range of from about 1
micron to about 600 microns. Preferably, the bridging particle size is in the range of from about
1 to about 200 microns but may vary ﬁ'om formation to formation. The particle size used is
determined by the pore throat size of the formation.

[0026] The term *“polymeric micro gel” as used herein refers to a gelled particle
comprising a cross-linked polymer (e.g., water-soluble and water-swellable)} network. In some
embodiments, the fiuid loss control addiﬁ;we may be delivered in 2 continuous medinm, e.g., in 2
dispersion form. In other embodiments, the polymeric micro gels may be used without any
continuous medium, e.g., in dry form. One of the many useful features of certain embodiments
of the polymeric micre gels of the present invention is that they are believed to swell or shrink in
response to an external stimuli, e.g., pH and temperature. In some embodiments, some of the
polymeric micro gels may be considered to be super absorbent in that they can contain over 99%
water. This may be advantageous in some applications wherein water absorbance is important,

[0027) When comprising a substantial portion of the fluid loss contro) additive in
a drilling fluid of the present invention, the polymeric micro gels optionally may be dispersed in
a continuous medium before addition to the fluid. I some embodiments, the fluid loss control
additive may comprise 2 continuous medium. Examples of suitable continuous medivms may

include, but are notf necessarily limited to, aqueous-based fluids, alcohols, glycerin, glycols,
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polyglycol amines, polyols, and any derivative thereof Additionally, in some embodiments, the
continuous medium may comprise a fluid selected from the group comsisting of methanol,
ethanol, #-propanol, isopropanol, n-butanol, sec-butanol, isobutanol, ibutanol, a mixture of
methanol, ethanol, n-propanol, isopropanol, n-butanol, sec-butanol, isobutanol, or s-butanol and
water, a mixture of ammonium sulfate, sodium sulfate, or potassium sulfate and water, a mixtare
of sodium chloride, potassium cl;Ion'de, or calcium chloride and water, and combinations thereof.
Optionally, the continuous medium comprises a fluid sclected from the group consisting of
ethanol, a mixture of sbutanol and water, and a mixture of ammonium sulfate and water.
Mixtures of these may be suitable as well. Examples of suitable aqueous-based fluids may
include, but are not necessarily limited to, fresh water, sea water, salt water, and brines {e.g.,
saturated salt waters). Examples of suitable brines may include, but are not necessarily limited
to, heavy brines, monovalent brines, divalent brines, and trivalent brines that comprise a soluble
salts like sodium chloride, calcium chloride, calcium bromide, zine bromide, potassium
carbonate, sodium formate, potassium formate, cesium formate, sodium acetate, potassium
acetate, calcium acetate, ammonium acetate, ammonium chloride, ammonium bromide, sodium
nitrate, potassium nitrate, ammonium pitrate, ammonium sulfate, calcium nitrate, sodium
carbonate, potassium carbonate, any combination thereof, and any derivative thereof. Examples
of suitable alcohols may include, but are not necessatily h'nﬁted to, methanol, ethanol, propanol,
iso-propanol, butanol, tert-butanol, and the like. Examples of suitable glycols may include, but
are not necessarily limited to, polyglycols, propylene glycol, ethylene glycol, and the like. In
some‘embodiments, the continuous medium may be present in any suitable range including ratios
of continuous medium to polymeric micro gel of about 30;70, about 20:80, about 10:90, about
5:95, and about 0:100 by weight.

[0028] In some embodiments, the polymeric micro gels may comprise a reaction
product formed by a suitable polymerization reaction of a polymer (or monomer) and a
crosslinking agent. In one embodiment of a method of forming the micro gels of the present
invention, the polymerization is a dispersion polymerization in a continuous medium that is
substantially inert toward chain transfer reactions. Crosslinked polymer micro gel particies are
formed, which are believed to be insoluble or at most swellable in the continuous medium.
While not wishing to be limited to any particuler theory, it is believed that in some embodiments,
the crosslinking agent may act as an initiator forming chain branches of the polymer or
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monomer, which in tumn may react with one another to form a polymeric micro gel. Other
suftable initiators may inchude those known to those skilled in the art such as photoinitiators,
thepmal initiators, and combinations thereof -

[0029] In some embodiments, the polymer {or monomer) may comprise any
suitable polymer or monomer that can form a polymeric micro gel when crosslinked. Suiteble
polymers and monomers may include, but are not necessarily limited to, those that comprise
units based on acrylamides, vinyl alcobols, vinylpyrrolidones, vinylpyridines, acrylates,
polyacrylamides, polyviny! alcohols, polyvinylpyrrolidones, polyvinylpyridines, polyacrylates,
polybutylene succinate, polybutylene succinate-co-adipate, polyhydroxybutyrate-valerate,
polyhydroxybutyrate-covalerate,  polycaprolactones,  polyester  amides, polyethylene
terephthalates, sulfonated polyethylene terephthalate, polyethylene oxides, polyethylenes,
polypropylenes, aliphatic aromatic copolyester, polyacrylic acids, polysaccharides (such as
dextran or cellulose), chitins, chitosans, proteins, aliphatic polyesters, polylactic acids,
poly(glycolides), poly(e-caprolactones), poly(hydroxy ester ethers), poly(hydroxybutyrates),
poly(anhydrides), polycarbonates, poly(orthoesters), poly(amino acids), poly(ethylene oxides),
poly(propylene oxides), poly(phosphazenes), polyester amides, polyamides, poljstyrenes, any
derivative thereof, any copolymer, homopolymer, or terpolymer, or any blend thereof. In some
embodiments, the monomer may include an unsaturated group, such as a monomer including a
vinyl group. Exemplary vinyl-containing monomers may be described by the formula
CR{R2)=C(R3)(R4), wherein Ry, Ra, Rs and Ry are segments rendering the solubility or
swellability of this monomer in the common solvent. Optionally, R), Ry, Ra and R4 can each be
independently selected from, but not limited to, hydrogen, methyl, ethyl, CONHz, CONHCHs,
CON{(CHs)2, CH,S0:H, CH,S0;Na and COONa. In a further option, the monomer comprises a
compound selected from the group consisting of hydroxyethyl acrylate, acrylamide and
hydroxyethyl methacrylate. Examples of suitable copolymers that may be used with these may
include inorganic and organic polymers. Some of these polymers and monomers may be more
suited for less high temperature applications than others; however, crosslinking may increase
their thermal stability. In some embodiments the polymer or monomer may comprise a water
soluble polymer or monomer. In some embodiments the polymer or monomer may comprise a

biock copolymer with a portion that is water soluble and & portion that is water insoluble.
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[0030] In some embodiments, the crosslinking agent may compﬁée any
crosslinking agent that can react with a polymer or motomer to form a polymesic micro gel. In
some embodiments, the crosslinking agent may comprise a covalent crosslinking agent.
Examples of suitable crosslinking agents may include crosslinking agents that form a radical.
Suitable crosslinking agents may include, but are pot limited to, 2,2’ -azobis~(2-
methylbutyronitrile}, 2,2°-azobis(isobutyramidine hydrochloride), 2,2’-azobis[2-(2-imidazolin-2-
yDpropaneldihydrochloride, 1,1°-azobis(cyclohexanecarbonitrile), 2,2'-azobis(2-
methylpropionamiding) ~ dihydrochloride, 4.4’-azobis(d-cyanovaleric  acid), ammonium
persulfate, hydroxymethanesulfinic acid monosodium sali dihydrate, potassium persulfate,
sodium persulfate, benzoyl peroxide, 1,1-bis(ter-amylperoxy)cyclohexane, 1,1-bis(fers-
butylperoxy)cyclohexane, 2,2-bis(tert-butylperoxy)butane, 2,4-pentanedione  peroxide, 2,5-
bis(tert-butylperoxy)-2,5-dimethylhexane, 2,5-di(tert-butylperoxy)-2,5-dimethyl-3-hexyne; 2-
butanone peroxide, cumene hydroperoxide, di-ters-amyl peroxide, dicumyl peroxide, lauroyl
peroxide, ferr-butyl ﬁydmperaxide, tert-butyl peracetate, tert-butyl peroxide, ferr-butyl
peroxybenzoate, tert-butyiperoxy-2-ethylhexyl carbonate, dicthylene glycol dimethacrylate,
azobisisobutyronitrile, and combinations thereof. A person of ordinary skill in the art would be
able to select an appropriate crosslinking agent based upon the polymer or monomer o be

crosslinked.
[0031] In some embodiments, the amount of crosslinking agent nsed in

conjunction with the polymer or monomer may be any amount necessary to create the desired
degree of crosslinking, and other characteristics, In some embodiments, the ratio of crosslinking
agent to monomer or polymer used to form the polymeric micro gel may be in the range of from
about 100:1 to about 5,000:1 by weight.

[0032] In one embodiment of a method of forming the micro gels of the present
invention, the polymerization is a dispersion polymerization in a continuous medium such as a
continous medium comprising t-butyl alcohol/water and ammonjum sulfate. Both the monomer
(such as, but pot limited to, acrylamide) and the crosslinking agent (such as, bot not limited to,
N N’-ethylene-bis-acrylamide) are substantially sotuble or at least swellable in the continuous
ruedium. The resultant micro gels are not soluble in the continuons medium. The continuous

medinm is believed to be telatively inert {or at least not so Teactive as to disrupt micro gels from
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forming) toward chain transfer reactions by propagating radicals. By removing the continuous
medium using 2 suitable technique, the micro gels may be dried if desired.

[0033] Optionally, a colloidal stabilizer may also be included in the continuous
medium during polymerization. One example of a colloidal stabilizer is amphiphilic, such as an
amphiphilic colloidal stabilizer comprising a stabilizer selected from the group consisting of
poly(vinyl pyrrolidone) (PVP), polydiallyldimethylammonium chioride (poly-DADMAC), and
combinations thereof.

[0034] In one embodiment of a method of forming the micro gels of the present
invention, the polymerization is a dispersion polymerization of water-soluble or swellable vinyl
monomer(s) (as represented by C(R1)(R2)=C(R3)(R4), where R1, R2, R3 and R4 are segments

rendering the solubility or swellability of this monomer to water and the polymerization .

mediiml) in the presence of radically polymerizable crossl_inkjng agent (such as, but not limited
to, C(RS5YRE)=C(RT7)-R8-C(RI)=C(R10)(R11), where R5 - R11 are groups rendering solubility
and swellability of this crosslinking agent to water and the polymerization medium) in a
medium (such as, but not limited to, t-butanol/water and ammonit;m sulfate solution in water), to

which the chain transfer of propagating radical is avoided or suppressed. By taking advantage of

the poor stability of the resultant dispersion at high polymer confent (e.g., 13 wt %), in the
absence of any crosslinking agent, the result mﬁy be one chunk of macro gel.

[0035] The size range for these polymeric micro gels may range from about 10
nim to about 1 mun in diameter. A suitable size range may be 10 microns to about 500 microns.
In a given composition, a range of disparate sized polymeric micro gels may be used. One of
ordinary skill in the art would be able to select an appropriate size of the polymeric micro gels
based upon the characteristics of thé subterranean formation in which the polymeric micro gels
would be used, the temperature of the subterranean formation, the degree of stability required of
the polymeric micro gels, and the costs. Also, the shapes of the polymeric micro gels may vary,
and may depend on several factors including, but not necessarily limited to, temperature, the
continuous medium used, and the degree of crosslinking. The polymenc micro gels can be any
shape, for example, at least partially spherical. Depending on the method in which the polymeric
micro gels are created, the shape of the polymeric micro gels can vary. One of ordinary skill in
the art would be able to sclect an appropriate shape of the polymeric micro gels based upon the

charactenstics of the subterranean formation in which the pelymeric micro gels would be used,
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the temperature of the subterranean formation, the degree of stability required of the polymeric
micro gels, and the costs. No particular shape is critical for nse in the present invention.

' [0036] In some embodiments, the fluid loss control additives of the present
invention may not be defivered with a continuous medium. These may be referred to as the
“dry” embodiments. For example, in-some embodiments, after the polymeric micro gels are
polymerized, the polymeric micro gels may be removed from the continuous medium and then
dried using a suitable technique to form the powdered polymerie micro gels.

{0037] In some embodiments, the present invention comprises an aqueous based
drill-in flaid comprising 2 fluid loss contro] additive of the present invention that comprises at
Jeast one polymeric micro gel. In some embodiments, a fluid Joss control additive may be
included in the drill-in fluid in an amount of about 5% or below by weight of active component
of the polymeric micro gel. Other components of the drill-in fluids may comprise bridging
agents and other commonly used additives.

(0038] In some embodiments, the present invention comptises an inside screen
pill comprising a water-based fluid and 2 fluid loss control additive comprising at least ope
polymeric micro gel. In some embodiments, fluid loss control additive may be included in the
inside screen pill in an amount of about 1 to about 10% by weight of active component of the
polymeric micro gel. '

[0039] In some embodiments, the present invention provides a drilling fluid
comprising an aqueoﬁs base fluid and a fluid loss control additive that comprises at Jeast one
polymeric micro gel.

[0040] In some embodiments, the present invention provides a method
comprising: providing an aqueous based treatment fluid comprising a fluid loss control additive
that cornprises at least one polymeric micro gel; and placing the aqueous based treatment fiuid in
a subterranean formation via a well bore penefrating the subterranean formation.

[0041} In some embodiments, the present invention provides a method
comprising: providing a drilling fluid comprising an agueous base fluid and a fluid loss control
additive that comprises at least one polymeric micro gel; and circulating the drilling fluid in a
subterranean formation. '

[0042] In some embodiments, the present invention provides a method

comprising: providing an inside screen pill comprising an aqueous base fluid and a fluid loss
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control additive that comprises at least one polymeric micro gel, and placing the inside screen
pill in a subterranean formation so that the inside screen pill is located between a gravel pack
screen and an area of the subterranean formation.

[0043] To facilitate a better underétanding of the present invention, the following
examples .of certain aspects of some embodiments are given. In no way should the following
examples be read to limit, or déﬁne, the entire scope of the invention.

EXAMPLES.
Example 1

[0044] Polymeric micro gel particles werc prepared in accordance with the
following procedure. A mixture of 95.0 g of ethanol, 20.0 g of acrylamide, 0.50 g of poly(vinyl
pyrrolidone), and 0.50 g of diethylene glycol dimethacrylate was prepared in a 250 mL three-
neck fiask equipped with a condenser and a mechanical stirer. The mixture was purged with
nitrogen gas for 30 minutes and then heated to 65°C. A 5.0 g solution of azobisisobutyroniirile
in ethanol (1% azobisisobutyronitrile by weight) was then injected into the mixture. The mixture
was then kept at 65°C under nitrbgen and stirred for 22 hours at 300 rpm. The mixture was then
allowed to cool to room temperature and a dispersion of particles with sizes from 10 pm to 100
um (in water) was obtained with solids content of approximately 17% by weight. Figure lisa
photograph of the transparent micro gel dispersion formed in this example. Figure 2is a
micrograph of the micro gel dispersion formed in this example. The dispersions were then
centrifuged at 4800 rpm for 5 minutes. The supernatant was then decanted and sediments were
collected. The sediments were then derived under vacuum at approximately 50°C overnight to
generate Joose, well dispersed dried powders.

‘ Example 2

{0045] Polymeric micro gel particles were prepared in accordance with the
following procedure. A mixture of 95.0 g of a mixture of t-butanol and water (30% t-butanol by
weight), 15.0 g of acrylamide, 0.20 g of N,N'-ethylene-bis-acrylamide, and 0.50 g of poly(vimyl
pymrolidone) was prepared in a 250 mL three-neck flask equipped with & condenser and 2
mechanical stirrer. The mixture was purged with nitrogen gas for 30 minutes and then heated to
65°C. A 5.0 g solution of azobisisobutyronitrile in ethanol (1% azobisisobutyronitrile by weight)
was then injected into the mixture. The mixture was then kept at 65°C under nifrogen and stirred

for 22 hours at 300 rpm. The mixture was then allowed to cool to room temperature and a
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dispersior of particles with sizes from 10 pm to 300 pm was obtained with a solids content of
‘approximately 13% by weight.
Example 3
{0046] Polymeric micro gel particles were prepared in accordance with the
following procedure. A mixture of 75.5 g of a 40% solution of ammonium sulfate in water, 7.5 g
of écrylanﬁde, 12.0 g of 2 20% soluﬁm} of polydiallyldimethylammonium chloride in water, 6.7
uL of poly(ethylene glycol) diacrylate, and 20.0 g of de-ionized water was prepared in a 250 mL
three-neck flask equipped with 2 condenser and & mechanical shirer. The mixture was purged
with nitrogen gas for 30 minutes and then heated to 35°C. A 5.0 g solution of 2,2’-azobis[2-(2-
imidazolin-2-yl)propane]jdihydrochloride in water (0.01% 2,2’-azobis[2-(2-imidazolin-2-
yDpropane]dihydrochloride by weight) was then injected into the mixture. The mixture was then
kept at 35°C under nitrogen and stirred for 22 hours at 300 rpm. The mixture was then allowed
to cool to room temperature and a dispersion of particles with a golid content of approximately
9% by weight was obtained. The dispersions were then centrifuged at 4800 rpm for 5 minutes.
The supernatant was then decanted and sediments were collected. The sediments were then
derived under vacuum at approximately 50°C ovemight to generate loose, well dispersed dried
powders.
Example 4
[0047] Polymeric micro pel particles were prepared in accordance with the

following procedure. A mixture of 90.0 g of a mixture of t-butanol and water (90% t-butanol by
weight), 15.0 g of acrylamide, 0.50 g of poly(vinyl pyrrolidone), was prepared in a 250 mL
three-neck flask equipped with & condenser and a mechanical stirer. The mixfure was purged

with nitrogen gas for 30 minutes and then heated to 65°C.- A 5.0 g solution of
azobisisobutyronitrile in ethanol (1% azobisisobutyronitrile by weight) was then injected into the
mixture. After approximately 20 minutes a solution of 0.10 g of N,N’-ethylene-bis-acrylamide

in 5.0 g of a mixture of t-butanol and water (90% t-butanol by weight) was injected into the

mixture. The mixture was then kept at 65°C under nitrogen and stirred for 22 hours at 300 rpm.

The mixtire was then allowed to cool to room temperature and a dispersion of particles with

sizes from 10 pm to 300 pm was obtained with a solid content of approximately 13% by weight.

The dispersions were then centrifuged at 4800 rpm for 5 minutes. The supernatant was then
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decanted and sediments were collected. The sediments were then dried under vacuum at
approximately 50°C overnight to generate loose; well dispersed dried powders.
' Example 5

[0048] Polymeric micro gel particles were prepared in accordance with the
following procedure. A mixture of 75.5 g of a 40% solution of ammonium sulfate in water, 7.5 g
of acrylamide, 12.0 g of 2 20% solution of polydiallyldimethylammonium chloride in water, 67
nL of poly(ethylene glycol) diacrylate, and 20.0 g of de~ionized water was prepared in a 250 mL
three-neck flask equipped with a condenser and a mechanical stirrer. The mixture was purged
with nitrogen gas for 30 minutes and then heated to 35°C. A 5.0 g solution of 2,2’-azobis[2-(2-
imidazolin-2-yl)propaneldihydrochloride in water (0.01% 2,2’-azobis(2-(2-imidazolin-2-
yl)propaneldihydrochloride by weight) was then injected into the mixture. The mixture was then
kept at 35°C under nitrogen and stitred for 22 hours at 300 rpm. The mixture was then allowed
to cool to room temperature and a dispersion of particles was obtained with a solid content of
approximately 9% by weight. The dispersions were then centrifuged at 4800 tpm for 5 minutes.
The supernatant was then decanted and sediments were collected. The sediments were then
derived nnder vacuum at approiimately 50°C overnight to generate loose, well dispersed dried
powders.

Example 6 o

[0049] Test composition 1 was prepared in accordance wifh the following
procedure. A mixture of 75.5 g of a 40% solution of ammonium sulfate in water, 7.5 g of
acrylamide, 12.0 g of a 20% solution of polydiallyldimethylammonium chloride in water, and
20.0 g of de-ionized water was prepared in a 250 mL three-neck flask equipped with a condenser
and a mechanical stirrer. The mixture was purged with nitrogen gas for 30 minutes and then
heated to 35°C. A 5.0 g solution of 2,2’ -azobis[2-(2-imidazolin-2-yl)propaneldihydrochloride in
water (0.01% 2,2’-azobis[2-(2-imidazolin-2-yl)propane}dihydrochloride by weight) was then
injected into the mixture. The mixture was then kept at 35°C under nitrogen and stirred for 22
hours at 300 rpm. The mixture was then alfowed to cool to room temperature and a dispersion of
particles was obtained with a solid content of approximately 9% by weight.

Example 7
[0050] Test composition 2 was prepared in accordance with the following

procedure. A mixture of 75.5 g of a 40% solution of ammonium sulfate in water, 7.5 g of
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acrylamide, 12.0 g of a 20% solution of polydiallyldirnethylammonium chloride in water, 6.7 pL
of poly(ethylene glycol) diacrylate, and 20.0 g of de-ionized water was prepared in a 250 mI;
three-neck flask equipped with a condenser and & mechanical stimer. The mixture was purged
with nitrogen gas for 30 minutes and then heated to 35°C, A 5.0 g solution of 2,2’-azobis[2-(2-
imidazolin-2-yl)propane]dihydrochloride in water (0.01% 2,2’-azobis[2-(2-imidazolin-2-
yDpropane]dihydrochloride by weight) was then injected into the mixture. The mixture was then
kept at 35°C under nitrogen and stirred for 22 hours at 300 rpm. The mixture was then allowed
to cool to room temperature and a dispersion of particles with a solid content of approximately
9% by weight was obtaived. .
Example B
[0051] Test composition 3 was prepared in accordance with the following
procedure. A mixture of 90.0 g of a mixture of t-butanol and water (90% t-butanol by weight),
" 15.0 g of acrylamide, 0.50 g of poly(vinyl pymolidone), was prepared in 2-250 mL three-neck
flask equipped with a condenser and a mechanical stirrer. The mixture was purged with nitrogen
gas for 30 minutes and then heated to 65°C. A 5.0 g solution of azobisisobutyronitriie in ethanol
(1% azobisisobutyronitrile by weight) was then injected into the mixture. Afier approximately
20 minutes a solution of 0.10 g of N,N’-ethylene-bis-acrylamide in 5.0 g of a mixture of -
butanol and water (90% t-butanol by weight) was injected into the mixture. The mixture was
then kept at 65°C under nitrogen and stirred for 22 hours at 300 pm. The mixture was then
allowed to cool to room temperature and a dispersion of particles with sizes from 10 pm to 300
pm was obtained with a solid content of approximately 13% by weight. The dispersions were
then centrifuged at 4800 rpm for S minutes. The supernatant was then decanted and sediments
were collected. The sediments were then derived under vacvum at approximately 50°C
overnight to generate loose, well dispersed dried powders. -
Example 9
[0052] Test composition 4 was prepared in accordance with the followmg
procedure. A mixture of 90.0 g of a mixture of t-butanol and water (90% t-butanol by weight),
15.0 g of acrylamide, 0.50 g of poly(vinyl pyrolidone), was prepared in a 250 mL three-neck
flask equipped withi a condenser and a mechanical stirrer. The mixture was purged with nitrogen
gas for 30 minutes and then heated to 65°C. A 5.0 g solution of azobisisobutyronitrile in ethanol

(1% azobisischutyronitrile by weight) was then injected into the mixture. After approximately
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20 minutes a solution of 0.40 g of N,N’-ethylene-bis-acrylamide in 5.0 g of 'a mixture of -
butanol and water (90% t-butanol by weight) was injected into the mixture. The mixture was
then kept at 65°C under nitrogen and stirred for 22 hours at 300 rpm. The mixture was then
allowed to cool to room temperature and a dispersion of particles was obtained with a solid
content of approximately 13% by weight. The dispersions were then centrifuged at 4800 rpm for
5 minutes. The supernatant was then decanted and sediments were coliected. The sediments
were then derived under vacuum at approximately 50°C overnight to generate loose, well
dispersed dried powders.
' Example 10

[0053] Test composition 5 was prepared in accordance with the following
procedure. A mixture of 90.0 g of a mixture of t-butanol and water (90% t-butanol by weight),
15.0 g of acrylamide, 0.50 g of poly(vinyl pyrrolidone), was prepared in a 250 mL three-neck
flask equipped with a condenser and a mechanical stirrer. The mixture was purged with nitrogen
gas for 30 minutes and then heated to 65°C. A 5.0 g solution of azobisisobutyronitrile in ethanol
(1% azobisisobutyronitrile by weight) was then injected into the mixture. After approximately
20 minutes a solution of 0.20 g of N,N’-ethylene-bis-acrylamide in 5.0 g of a mixture of t-
butano] and water (90% t-butanol by weight) was injected into the mixture. The mixture was
then kept at 65°C under nitrogen and stirred for 22 hours at 300 rpm. The mixhre was then
allowed fo cool to room temperature and a dispersion of particles was obtained with a solid
content of approximately 13% by weight. The dispersions were then centrifuged at 4800 rpm Tor
5 minutes. The supernatant was then decanted and sediments were collected. The sediments
were then derived under vacuum at approximately 50°C ovemight to generate loose, well
dispersed dried powders.

Example 11

[0054] Test composition 6 was prepared in accordance with the following
procedure. A mixture of 90.0 g of a mixture of t-butano! and water (0% t-butanol by weight),
15,0 g of acrylamide, 0.50 g of poly(vinyl pyrrolidone), was prepared in a 250 mL three-neck
flask equipped with e condenser and a mechanical stirrer. The mixture was purged with nitrogen
gas for 30 minutes and then heated to 65°C. A 5.0 g solution of azobisisobutyronitrile in ethanol
(1% azobisisobutyronitrile by weight) was then injected into the mixture. After approximately
20 minutes a solution of 0.050 g of N,N’-ethylene-bis-acrylamide in 5.0 g of a mixture of t-
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butanol and water (90% {-butanol by weight) was injected into the mixture. The mixture was
then kept at 65°C under nitrogen and stirred for 22 hours at 300 rpm. The mixture was then
allowed to cool to room temperature and a dispersion of particles was obtained with a solid
content of approximately 13% by weight. The dispersions were then centrifuged at 4800 rpm for
"5 minutes. The supernatant was then decanted and sediments were collected. The sediments
were then derived under vacuum at approximately S0°C overnight to generate looss, well
dispersed dried powders.
Example 12
[0055] Test composition 7 was prepared in accordance with the following
procedure. Equal amounts of the powders from Examples 8, 9, 10, and 11 were mixed to
generate a powdered fluid loss control additive.
Example 13
[0056] Fluid loss tests were performed on test compositions 1-7 in accordance
with the following procedure. Varying dosages of each of the fest compositions as well as
conventional fluid loss control additive N-Drill HT Plus® (commercially available from
Halliburton Energy Services, Inc., Houston, Texas) were added to separate drilling mud
compositions comprising 0.09 g of viscosifier N-VIS® (commercially available form
Halliburton Energy Services, Inc., Houston, Texas), 14.0 g of bridging agent BARACARB® 5,
(commercially available from Halliburton Epergy Services, Inc.,, Houston, Texas) 3.5 g of
bridging agent CARACARB® 5 (commercially available from Halliburton Energy Services,
Inc., Houston, Texas), and 137 g of a 26% by weight solution of NaCl in water. The amount of
NaCl in the drilling fluids that the fluid loss control additives from Examples 6 and 7 were added
to was reduced to account for the brine present in those fluid loss control additives. The drilling
fluids were each placed into a 175 mL “OFITE” HPHT Filter Press for fluid loss evaluation. Ina
typical experiment, pressures were adjusted to 600 and 100 psi {700 and 200 psi when the
temperature is above 300°F) on the fop and bottom of a sample chamber, which was filled with
mud and preheated to test temperature. Drained liquid, from a filter paper with a porosity of 2.7
um sealed on the bottom of the cylinder, was collected. The performance of each fluid loss
control additive is provided below in Table 1. The acceptable performance by an additive was

set to be 10 ML velume of filirate with 30 min test.
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Table 1
Fluid Loss Control Températﬁre Ch‘?isglix:‘l:ing Dosaée ‘ Fimd Loa,s v
- Additive ) _ LEF) . o). . {wt ?@' | (n"'LLZ,i !
N-DRILL HT PLUS® 250 N/A 2.0 9.5
Test Composition 1 250 0 2.0 100
Test Composition 2 250 0.006 2.0 4.3
N-DRILL HT PLUS® 300 N/A 2.0 100
Test Composition 2 300 0.006 2.0 100
Test Composition 2 - 300 0.006 1.0 32
Test Composition 2 300 0.006 0.5 37
Test Composition 3 300 0.7 2.0 © 6.3
Test Composition 3 300 0.7 1.0 16.3
Test Composition 3 300 0.7 0.5 50.0
Test Composition 3 350 0.7 2.0 40.0
Test Composition 4 350 2.7 20 10.2
Test Composition 5 350 1.3 2.0 7.5
Test Composition 6 350 0.3 20 43.5
Test Composition 7 350 13 2.0 6.5

[0057] In some ecmbodiments, the preseni invention provides a method
comprising: providing an aqueous based treatment fluid comprising a fluid loss control additive
that cotnprises at least one polymeric micro gel; placing the aqueous based treatment fluid in a
subterranean formation via 2 well bore penetrating the subterranean formation; allowing the fluid
Joss control additive to become incorporated into a filter cake located on a surface within the
subterranean formation; allowing the filter cake to be degraded; and producing hydrocarbons
from the formation.

[0058] As can bee seen by Table 1, test composition I which represented a liner
high molecular weight polymer did not show effectiveness as nearly all fluid drained out. Test
composition 2 (in brine solution) was found to perform better than N-Drill HT Plus® (fluid loss
of 4.3 mL compared to a fluid loss of 9.5 mL} at the same dosage at 250°F. However, when
tested at 300°F, both test composition 2 and N-DRILL HI' Plus® nearly failed completely during
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the test at a dosage of 2 weight percent. Test composition 2 was able to reduce fluid Joss to 32
mL and 37 mL at a dosage of 1 weight percent and 0.5 weight percent, respectively.

{00597 At 300°F, test composition 3 (crosslinking agent content of approximaiely
0.7 weight percent) controlled fluid loss around 6.3 ml, however this additive failed to meet the
criteria of acceptable perfomaahce of 10 mL volume of filtrate within 30 minutes at 350°F. Test
compositions 5 and 7 (crosslinking agent content of approximately 1.3 weight percent} were able
to control the fluid loss around 7.5 and 6.5 mL at 350°F, respectively. However, increasing the
crosslinking agent content to 2.7 weight percent (as demonstrated by composition 4) resulted in
fluid loss 0f 10.2 mL.

[0060] As can be seen by Table 1, and further demonstrated by Figure 3, dosage
has an effect on the fluid loss cositrol. As shown in Figure 3, the fluid loss by test composition 3
decreased from 50 mL to 6.3 mL as the dosage of this additive increased from 0.5 wt percent to
2.0 weight percent. Thus, it is highly likely that the fluid loss would be further reduced at
dosages higher than 2.0 weight percent, even though an optimal dosage might exist.

{0061] As can further be seen by Table 1, the filirate volume decreased from 43.5
mL to 7.5 mL, when the crosslinking agent content of the corresponding flvid loss additive
increased from 0.3 weight percent to 1.3 weight percent (See test compositions 6, 3, and 5).
With a further increase of the crosslinking agent content to 2.7 weight percent (see test
composition 4), the filtrate volume increased slightly to 10.2 mL. Surprisingly, synergist effect
was observed when a mixture was used as the additive (See test composition 7). The mud
containing this additive led to & fluid loss of only 6.5 mL, lower than those by any other non-
mixed test compositions and well below the acceptable value of 10 mL. Without wishing to be

limited to theory, it is believed that the synergy was probably due to the physical distribution of

the polymeric micro gel particles in the mud, which enhanced the flnid loss reduction.

[0062] Therefore, the present invention is well adapted to aftain the ends and
advantages mentioned as well as those that are inherent therein. The particular embodiments
disclosed above are illustrative only, as the present invention may be modified and practiced in
different but equivalent manners apparent to those skilled in the art having the benefit of the
teachings herein. Furthermore, no limitations are intended to the details of construction or
design herein shown, other than as described in the claims below. It is therefore evident that the

particolar illustrative emboediments disclosed above may be altered or modified and all such
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variations are considered within the scope and spirit of the present invention. All numbers and
ranges disclosed above may vary by some amount. Whenever a numerical range with a lower
limit and an upper imit is disclosed, any number and any included range falling within the range
are specifically disclosed. In particular, every range of values (of the form, “from about a to
about b,” or, equivalently, “from approximately a to b,” ot, equivalently, “from approximately a-
b”) disclosed herein is to be understood to sat forth every number and range encompassed within
the broader range of values, Moreover, the indefinite articles “a” or “an”, as used in the claims,
are defined herein to mean one or more than one of the clement that it introduces. Also, the

terms in the claims have their plain, ordinary meaning unless otherwise explicitly and clearly

defined by the patentee.
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What is claimed is:
1. A drilling fuid comprising an agueous base fluid and a fluid loss control

additive that comprises at least one polymeric micro gel.

2. The drilling fluid of claim 1 wherein the fluid loss control additive is
included in the drilling flnid in an amount up to about 5% by weight of active component of the
polymeric micro gel. _ '

3. The drilling fluid of claim 1 wherein the polymeric micro gel has 2
diamneter in the range of about 10 nm to about 1 mm.

4, The dn‘lling- fluid of claim 1 wherein the polymeric micro gel comprises &
reaction product formed by a polymerization reaction of a polymer or copolymer and a

crosslinking agent. ‘
5. The drilling fluid of claim 4 wherein the polymer or copolymer comprises

at least one unit based on at least one compound selected from the group consisting of:
~ acrylamides, vinyl alcohols, vinylpyrrolidores, vinylpyridines, acrylates, polyacrylamides,
polyvinyl alcohals, polyvinylpyrrolidones, polyvinylpyridines, polyacrylates, polybutylene
succinate, polybutylene - succinate-co-adipate, . polyhydroxybutyrate-vaierate,
polyhydroxybutyrate-covalerate,  polycaprolactones, polyester  amides, polyethylene
terephthalates, ‘sulfonated polyethylenc terephthalate, polyethylene oxides, polyethylenes,
polypropylenes, aliphatic aromatic copolyester, polyacrylic acids, polysaccharides (such as
dextran or cellulose), clitins, chitosans, proteins, aliphatic polyesters, polylactic acids,
poly{glycolides), poly(a-capiolactones), poly(hydroxy ester ethers), poly(hydroxybutyrates),
poly(anhydrides), polycarbonates, poly(orthoesters), poly(amino acids), poly(ethylene oxides),
poly(propylene oxides), poly(phosphazenes), polyester amides, polyamides, polystyrenes, a
copolymer thereof, a hoinopo]ymer therof, a tetrapalymer thereof, and any derivative thereof.

6. The drilling fluid of claim 4 wherein the crosslinking agent comprises at
least 'one: crosstinking agent selected from the group comsisting of:  dicthylene glycol
dimethacrylate, azobisisobutyronitrile, and 2,2"-azabis{2-(2-imidazolin~2-
yl)propane]dihydrochloride.

7. The drilling fluid of claim 1 further comprising 2 bridging agent.

8. A method comprising:

providing an aqueous based treatment fluid comprising a fluid loss control

additive that comprises at least one potymeric micro gel;
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placing the aqueous based treatment fluid in a subterranean formation via

a wel] bore penetrating the subterranean formation;
allowing the fluid loss control additive to become incorporated into a filter
cake located on a surface within the subterranean formation;
allowing the filter cake to be degraded; and
producing hydrocarbons from the formation. _
9. The method of claim 8 wherein the fiuid loss control additive is included
in the aqueous based treatment fluid in an amount up to about 5% by weight of active component

of the polymeric micro gel.
10.  The method of claim 8 wherein the polymeric micro gel has a diameter in

the range of about 10 nm to about 1 mm.

11.  The method of claim 8 wherein the polymeric micro gel comprises 2
reaction product formed by a polymerization reaction of a polymer or copolymer and a
crossiinking agent. -

12.  The method of claim 11 wherein the polymer or copolymer comprises at
least one unit based on at least one compound selected from the group comsisting of:
acrylamides, vinyl alcohols, vinylpyrrolidones, vinylpyridines, acrylates, polyacrylamides,
polyvinyl alcohols, polyvinylpyrrolidones, polyvinylpyridines, polyacrylates, polybutylene
succinate, polybuatylene succinate-co-adipate, polyhydroxyhutyrate-valérate,
polyhydroxybutyrate-covalerate,  polycaprolactones,  polyester  amides, polyethylene
terephthalates, sulfonated polyethylene terephthalate, polyethylene oxides, polyethylenes,
polypropylenes, aliphatic aromatic copolyester, polyacryiic acids, polysaccharides (such as
dextran or cellulose), chitins, chitosans, proteins, aliphatic polyesters, polylactic acids,
poly(glycolides), poly(s-caprolactones), poly(hydroxy ester ethers), poly(hydroxybutyretes),
poly(anhydrides), polycarbonates, poly(orthoesters), poly(amino acids), poly(ethylene oxides),
poly(propylene oxides), poly(phosphazenes), polyester amides, polyamides, polystyrenes, a
copolymer thereof, a homopolymer therof, a tetrapolymer thereof, derivatives and any
combinations thereof.

13.  The method of claim 11 wherein the crosslinking agent comprises at least
one crosslinking agent selected from the group consisting of 2,27 -azobis-(2-

methylbutyronitrile), 2,2’-azobis(isobutyramidine hydrochloride), 2,2’-azobis{2-(2-imidazolin-2-
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ylypropane]dihydrochloride, 1,17-azobis(cyclohexanecarbonitrile), 2,27-azobis(2-
methylpropionamidine)  dihydrochloride, 4,4 -azobis(4-cyanovaleric  acid), ammonium
persulfate, hydroxymethanesulfinic acid monosodium salt dihydrafe, potassium persulfate,
sodium persalfate, benzoyl peroxide, 1,1-bis(teri-amylperoxy)cyclohexane, 1,1-bis(ters-
butylperoxy)cyclohexane, 2,2-bis(tert-butylperoxy)butane, 2,4-pentanedione peroxide, 2,5~
bis(tert—butylperoxy)-Z,S-dimeththexane, 2,5-di(tert-butylperoxy)-2,5-dimethyl-3-hexyne; 2-
butanone peroxide, cumene hydroperoxide, di-fert-amyl peroxide, dicumyl- peroxide, lauroyl
peroxide, ferr-butyl hydroperoxide, fert-butyl peracetate, fert-butyl peroxide, tert-butyl
peroxybenzoate, tert-butylperoxy-2-ethylhexyl carbonate, diethylene glycol dimethacrylate,
azobisisobutyronitrile, derivatives and combinations thereof.

14.  The method of claim 8 wherein the aqueous based treatment fluid further
comprises a bridging agent.

15. A method comprising:

providing a drilling fiuid comprising an aqueous base fluid and a fluid loss
control additive that comprises at least one polymeric micro gel;
‘ circulating the drilling fluid in a subterranean formation;
) allowing the fluid loss control additive to become incorporated info a filter
cake located on a surface within the subterranean formation;
allowing the filter cake to be degraded; and
producing hydrocarbons from the formation.

16.  The method of claim 15 wherein the fluid loss control additive is included
in the drilling fluid in an amount up to about 5% by weight of active component of the polymeric
micro gel.

17.  Themethod of claim 15 wherein the polymeric micro gel has a diameter in
the range of about 10 nm to about I mm.

18.  The method of claim 15 wherein the polymeric micro gel comprises a
reaction product formed by a polymerization reaction of 2 polymer or copolymer and a
crosslinking agent.

19.  The method of claim 18 wherein the polymer or copolymer comprises at
least one unit based on at least one compound selected from the group consisting of:

acrylamides, vinyl alcobols, vinylpyrolidones, vinylpyridines, acrylates, polyacrylamides,
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polyvinyl alechols, polyvinylpyrrolidones, polyvinylpyridines, polyacrylates, polybutylene
succinate, polybutylene succinate-co-adipate, polyhydroxybutyrate-valerate,
polyhydroxybutyrate-covalerate,  polycaprolactones, polyester ~ amides, polysthylene
terephthalates, sulfonated polyethylene terephthalate, polycthylene oxides, polyethylenes,
polypropyleues, aliphatic aromatic copolyester, polyacrylic acids, polysaccharides (such as
dextran or cellulose), chitins, chitosans, proteins, aliphatic polyesters, polylactic acids,
poly(glyeolides), poly(e-caprolactones), poly(hydroxy ester ethers), poly(hydroxybutyrates),
poly(anhydrides), polycarbonates, poly(orthoesters), poly(amino acids), poly(ethylenc oxides),
poly(propylene oxides), poly(phosphazenes), polyester amides, polyemides, polystyrenes, a
copolymet thereof, a homopolymer therof, & tetrapolymer thereof, derivatives and combinations
thereof.

20.  The method of claim 18 wherein the crosslinking agent comprises at least
ope crosslinking agent selected from the group consisting of 2,2’-azobis-(2-
methyibutyronitrile), 2,2’-azobis(isobutyramidine hydrochloride), 2,2’-azobis{2-(2-imidazolin-2-
yi)propane]dihydrochionde, 1,1’-azobis(cyclohexanecarbonitrile), 2.2°-azobis(2-
methylpropionamidine) ~ dihydrochloride, 4,4’-azobié(4-cyanovaleﬁc acid), ammonium
persulfate, hydroxymethanesulfinic acid monosedivm salt dihydrate, potassium persulfate,
sodium persulfate, benzoyl peroxide, 1,1-bis(tert-amylperoxy)cyclohexane, 1,1-bis(ferz-
butylperoxy)cyclohexane, 2,2—bis{tex’c—butylpemxy)butane, 2,4-penfanedione peroxide, 2,5-
bis(tert-butylperoxy)-2,5-dimethylhexane, 2,5-di{tert-butylperoxy)-2,5-dimethyl-3-hexyne;  2-
butanone peroxide, cumene hydroperoxide, di-terf-amyl peroxide, dicumyl peroxide, lauroyl
peroxide, fert-butyl hydroperoxide, feri-butyl peracetate, tert-butyl peroxide, rerz-butyl
peroxybenzoate, tert-butylperaxy-2-ethylhexyl carbonate, diethylene glycol dimethacrylate,
azobisisobutyronitrile, derivatives and combinations thereof.

21.  The method of claim 15 wherein the drilling fluid further comprises a
bridging agent.

22. A method comprising:

providing an inside screen pill comprising an aqueous base fluid and a
fluid loss control additive that comprises at least one polymerie micro gel, and
placing the inside screen pill in a subterranean formation so that the inside

screcn pill is located between a gravel pack screen and an area of the subterrancan formation.
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23.  The method of claim 22 wherein the fluid loss control additive is included
in the inside sereen pill in an amount of about 1% to about 10% by weight of active component
of the polymeric micro gel.

24.  The method of claim 22 wherein the polymeric micro gel has a diameter in
the range of about 10 nm to about 1 mm. )

25.  The method of clain 22 wherein the polymeric micro gel comprises a

reaction product formed by a polymerization reaction of a polymer or copolymer and a
crogslinking agent. _ _
26.  The method of claim 25 wherein the crosslinking agent comprises at least
one crosslinking agent sclected from the group conmsisting of: 2,2’-azobis~(2-
methylbutyronitrile), 2,2°-azobis(isobutyramidine hydrochloride), 2,2°-azobis[2-(2-imidazolin-2-
yDpropanejdihydrochloride, 1,1’-azobis(cyclohexanecarbonitrile), 2,2’-azobis(2-
methylpropionamidine)  dihydrochloride, 4,4'-azobis(4-cyanovaleric  acid), ammomnium
persulfate, hydroxymethanesulfinic acid monosodium salt dihydrate, potassium persulfate,
sodium persulfate, benzoyl peroxide, 1,1-bis(tert-amylperoxy)cyclohexane, 1,1-bis(fers-
butyiperoxy)cyclohexane, 2,2-bis(tert-butylperoxy)butane, 2,4-pentanedione peroxide, 2,5-
bis(tert-butylperoxy)-2,5-dimethylhexane, 2,5-di(tert-butylperoxy)-2,5-dimethyl-3-hexyne; 2-
butanone peroxide, cumene hydroperoxide, di-fert-amyl peroxide, dicumnyl peroxide, lauroyl
peroxide, tert-butyl hydroperoxide, tert-butyl peracctate, fert-butyl peroxide, tert-butyl
peroxybenzoate, tert-butylperoxy-2-ethylhexyl carbonate, diethylene glycol dimethacrylate,
azobisisobutyronitrile, derivatives and combinations thereof.

27.  The method of claim 25 wherein the polymer or copolymer comprises at
least one unit based on at least one compound selected from the group consisting of:
acrylamides, vinyl alcohols, vinylpyrrolidones, vinylpyridines, acrylates, poiy-acxylamides,
polyvinyl alcohols, polyvinylpyrmli&ones, polyvinylpyridines, polyacrylates, polybutylene
succinate, polybutylene succinate-co-adipate, polyhydroxybutyrate-valerate,
polyhydroxybutyrate-covalerate,  polycaprolactones,  polyester amides, polyethylene
terephthalates, sulfonated polyethylene terephthalate, polyethylene oxides, polyethylenes,
polypropylenes, aliphatic aromatic copolyester, polyacrylic acids, polysaccharides (such as
dextran or cellulose), chitins, chitosans, proteins, aliphatic polyesters, polylactic acids,

poly{glycolides), poly(e-caprolactones), poly(hydroxy ester ethers), poly(hydroxybutyrates),
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poly(anhydrides), polycarbonates, poly{orthoesters), poly(amino acids), poly(ethylene oxides),
poly(propylene oxides), poly(phosphazenes), polyester amides, polyamides, polystyrenes, a
copolymer thereof, a homopolymer therof, a tetrapolymer thereof, and any derivative thereof.
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CONTINUATION OF BOX i

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

CONTINUATION OF BOX NO v

Further agents of A A Thornion & Co., 235 High
Halborn, Londen, WC1V 7LE, United Kingdom, who
have been appocinted to act on behalf of the
applicants before the competent International
Authorities are:

LERWILL, John,

GILL, 1an Stephen,

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

AMERY. Marcus James
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Boy Voo vV DESIGNATIONS
I filing of this request constitutes under Rute 4960, the designition of ul} Conttraching States bouid by the PCT on the inernationgl
filing date, for the grant of every kind of protection available and, where apphicable. for the grant of both regional and nationnl patents.

Hovwerves.

D I Germany is ot designated for any kind of national protection
B lapan is not designated for any Kind ol national protection

D KR Republiv of Korea is oot designated for amy kind of national protection
RU Russian Federtion is nod designated for any Kind of nanomal protectivn

P Ieck-Deney abve e ondy e wsed i eneliedo teercvo abivg the desivnations onweritod i the time of filing orsihsegqueenth gader
)

Rutde 2Abis £, the imtersational application comtuim in Bux Ao Efapraovine elaim to an carlice wational application filed in the prarticudoar
Statc comeerned. inorder o avoid the ceasing of the cttect, wider dee national lne, of this caviier masfona upplication. )

Rox No. VI PRIORITY CLAIM

I'he priorny of the follawing earlicr applicatton(s) is hereby clamed:

Filing date Number Where carlier application is;
of earlicr application of carlier applicalion mtional anplication: : : _ - —
thnanthorear) COUNTEY ;b[:'r;‘\lczubcr' regional applicatfon: [international application;
o WTO regional Office receiving Office
item (11
’ 03/04/09 12/418,323 Us

(3 APRIL 2009)

tem (24

item (3

D Further priority elaims are indicated in the Supplemental Box.

Fransmit certified copy: the recerving Offiee is requesied ta prepare and transmit o the international Buscau a certiticd copy of the
carlicr applivationdsy fondy if the vartier applicaion vas filed with the Office which for the purposes of this international application
ix fhe receiving Officed ndennified ahove as:

D wll items D item i} D item 42y D jtem €31 D ather, see Supplemental Box

Restore the right of privvity: the receiving Offiee is requested 9 restore the right of priority for the earhier applicationts) identificd
above or v the Supplemeniad Box asitemisyi o B _ Y WSevaiso the Newes 1o Box Noo 1Lz further
sfernaion ISt he provicked to support o regrcst b resiore e vl af prinvin

Ineorporation by relerence: where an clement of the internationsl application referred 10 in Article 11D RA) o 01 or a part of
the descnipiion, cliims ar drawings referred to in Rute 20.5a) is not otherwise contined in this international application hut is
compleieky contained in an carlier application whase priority is ¢laimed on the date on which one or more elements refesred 1o in
Article TTEN MY were first received by the recerving Office. that elemest or part is. subject to confirmation under Rule 20.6.
incorporated by reference in this international application for the purposes af Rule 20 6,

Box No. VIL INTERNATIONAL SEARCHING AUTHORITY

Chuaice of International Seacehing Aotharity (K.Y vif aoo o nnore ivermatonad Scarchung Gudiorities are congretent fo earry our the
wteritaticatd search, indicote the duthenins choven: dne tao-ferrer code neae e pveds

ISA, EP DU e L R DU
Request o wse vesalts of carlier search: reference to that seareh oy an curlior seentdt bas boca corvicd our e or vequiested frong dhe
Indo opationnal Scavcdneg wliorined

Daate ichin . prmiide vear) Number Cowniry for regioanad Efice)

By So, VHIT DECLARATHOINS

Fhe toluwing deelarations e contmned @ Baves New VI w o) omork the applic adle Number of
clvech-fenes hebo aid wdicaie wr pie righi colmn e neonber of cach e of declaration); declarations
B S VA Deelaaion as io the wdentiy of the inventor

Bux No, VI GD Declaration 2t she applicant™s earitlement. as at the international fifny
dare. e apply fis and be grunted » patent

Box No. VIH i Beclaration as o the appheanns enitlement. as at the infernanonal Hling
e, we cfanm the prioviy of the sarlicr appheation

Hov No Vo Peclazaiion of mventarship tonly o the puipeses of the destigaaton of the
Fied Siares oi” irenien

00 000

Bosw No VT 4y Declaration as to sovprejdicmat diselosures or exeeptions (o bick of govel;
[

Petm PUE RO HY tsecond sheet) LApet 2007 See Notey io the vegioess jurm
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Boy No, IX

CHECK LIST: LANGUAGE OF FILING

s intermstional application containg;
ta) an paper, the [ollowing number of
shevts:

reguest tincluding
declaraton and

supplemental sheets) 5
deseriplion texchuding

sequence listing adror

tbles retiared theretoy 22
claims 6
absiragt 1
draw ings 2
Sub-total muniber of sheets 36
seyuenee listing

tables related thereio

thon ok, cacrnal mamber

of sweers it filed on papeer,

whetfer or nop also

e i efeerronic i

s de) bty

Total number of sheets 36

i [ only in cleetronic form
(Seciion 80Ha
it OO seauence listing
(1) [ abdes refated thereto
1O atso in clectronic form
(Seeiinn ROMai
(0 L sequence listing
i) £ 1ables related thereto
Ty pe and number of carriers (diskete.
CD-RONE CD-R or other) on which are
contained she

O sequence listing: ... ... ...

teakditionad copies so be firdicored wider
e Wi conkar IO Jir vivhe ¢ ooy

Namher
uf ilems

Uhis mtermational apphieation i accompanied by the following
ilesns) dunrh Hee appricable clieck-bones bodows amd mdicate in
el cofian the iemdoer of cak iem).

i. b ree valculation sheed
.

arigingl separate power of attermey
3. vrigmal general power of atamey

copv ol gencral power of altorsey: reference musber.
ifany: ..

statement expleining lack of signature
privrily dovwinent=) ientilied in Box No. VI ag
HeMESI

iranstation of international application into
flenmsiniged:

“

separate indications concerning deposited microorganism

or other brological material

sequenee listing in clectronic form

dimficare npe wnd nimber of carriers

03 copy submitied for the purposes of infernational search under
Rule Lrrerontyv (and not as part of the international application) :

89 comly where chedk-Pos thitil or (i) is nurked in teft coltumng
addrtivnal copies including, where applicable. the copy fur the
purposes of nvternational search under Rule | 3rer

1in

O sogether with relevam stalement as to the identity of the copy or
vopies with the sequence listing mentioned in left column

(41}
10 [ wbles inchectranic forn related 1o sequence listing
rindicate (vpe and mmher of carriers)

L copy subuwitted for the purpeses of internationad search under
Section S02Ch-graary only 1and not as paet of the internationat
application)

O v whtere choeck-box ()i or (eigsiy is marked in lofi columng
additional copies inclueling. where applicable, he copy for the
purposes of internationad search urmler Section 862¢b-orer)

O weether with relevant statement as t the identity ot the copy or
copies with the tables mentioned in keft column :

(i}
()
i)
1. b4

ather fspecifis:

Fivure of the drawiogs which Fi
: g hish g g
shienld accompany the absiracr;

Language of ﬁling of the
intermational application:

English

Box No, N SIGNATURE OF APPLICANT,

Vot o caslt g, tidicute e vemic of e perasi sain

AGENT OR COMMON REPRESENTATIVE
& el Wi capaacty inowhiieh e person signs (il swch CUpUCHY s et ofwions fivm veading the request),

CURTIS. Phitip. Anthony,
1 APRIL 2010

i
i

Date ol acival reesip: of the purporna
tiermmionad application:

For receiviag Office use only

T

i 2. Drawings:

Beh ceeivesd papers vr diavw s compleiry
tie purpoticd wimanonal applicaiion,

Comrecivd dinte of actual receipt due e Lane it

|:| receied:

A
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D not recerved:
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ISA ;

i
|
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SUPERINTENDENCIA DE INDUSTRIA ¥ COMERCIO

A

Tra. 11 PATENTEIYII

Act. 411 PRESENTACION

LISTA DE CHEQUED

. 50 NUEVASCR , ’

o TNt evi7 EAGENACIONALI ADMISION A TRAMITE - NUEVAS CREACIONES
Folios: 141

TR PRESENIERI oIS (38>

—— “TAIENTEDETNVENTION || MODELO DE UTILIDAD [ | Art 33 Decision 486/00

HEEEn

Indicacién que se solicita una patente.

Datos de identificacidn del sclicitante o de la persona gue presenta la solicitud
Descripcion de la invencion

Dibujos de ser estos pertinentes

Comprobante de pago de las tasas establecidas {De ser el caso formato de descuento)

Completa D Incompleta D

PATENTE DE INVENCION PCT E MODELC DE UTILIDAD PCT D Art.33 Decisidn 486/00, Circular Unica

XXX X

Indicacion que se solicita una PCT

Copia de fa solicitud en espafol, tal como fue presentada inicialmente (capitulo descriptivo,
reivindicatorio, resumen)

Dibujos de ser esios pertinentes

Comprebante de pago de las tasas establecidas (de ser el caso formato de descuento)

h)

Completa E Incompleta D

DISENO INDUSTRIAL [ | {Art. 119 Decision 486/00)

[ ]
(]

[]
]

indicacién que se solicita Disefio industrial

Datos de identificacion del solicitante o de la persona que presenta la solicitud

Representacion grafica y fotografica del Disefio industrial @ muestra del material que incorpora el
disefio

Comprobante de pago de las tasas establecidas

Completa I:I Incompleta D

ESQUEMA DE TRAZADO [ | (Art. 92 Decisién 486/00)

oot

Indicacion que se solicita un esquema de trazado
Datos de identificacion del solicitante o de la persona que presenta la salicitud
Representacion grafica de un esquema de trazado

Comprobante de pago de las tasas establecidas

Completa D : ncompleta D

PIG2-FOB (2009-11-18)




