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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIRECCION DE NUEVAS CREACIONES
E. S. D.

Re:  Expediente No. 11-057.122
Solicitud de patente a nombre de BAKER HUGHES INCORPORATED

Yo, SILVANA MARIA LOPEZ DIAZ identificada como aparece al pie de mi firma,
domiciliada en la Carrera 11 No. 86-53, piso 6, obrando como apoderada sustituta de
acuerdo con la sustitucién presentada el 12 de diciembre de 2013 de la sociedad
BAKER HUGHES INCORPORATED, domiciliada Texas, Estados Unidos de
América, solicitante de la patente de la referencia, en respuesta al oficio No. 9105
notificado por fijacién en lista el 29 de julio de 2014, relacionado con concepto técnico
de fondo, y teniendo en cuenta el memorial presentado el 6 de octubre de 2014,
mediante el cual se solicité una prérroga de 30 dias para dar respuesta al referido oficio,
me permito manifestar:

1. Con fundamento en la facultad que confiere el articulo 34 de la Decisién 486 al
solicitante para modificar la solicitud de patente en cualquier momento del
tramite, presento junto con este memorial nuevo capitulo reivindicatorio, el cual
consta de 31 reivindicaciones y reemplaza completamente el capitulo presentado
anteriormente. En el nuevo capitulo reivindicatorio se realizaron las siguientes
modificaciones:

1.1 Como primera medida, se modificé la antigua reivindicaciéon 1 con el fin de
incluir las caracteristicas técnicas descritas en las antiguas reivindicaciones 3, 5y
7, y definit con mayor claridad y exactitud la composiciéon en nanoemulsién
termodinamicamente inestable reclamada en la presente solicitud.

1.2 Asimismo, se eliminé la antigua reivindicaciéon 4, con el fin de eliminar
definiciones en forma negativa.

1.3  Adicionalmente, se incluy6 la nueva reivindicacion 4.

1.4 Consecuentemente, todas las reivindicaciones fueron reenumeradas en
concordancia con las modificaciones indicadas en los numerales anteriores. .

En cuanto a estas modificaciones, me permito decit que las mismas no amplian de
ninguna manera la materia objeto de la presente solicitud y se realizaron con el animo
de superar las objeciones de claridad, novedad y nivel inventivo, planteadas por el
examinador en su concepto técnico.
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En cuanto al nimero de reivindicaciones, atentamente nos permitimos decir que no se
adjunta tasa por reivindicaciones adicionales, toda vez que el nuevo capitulo
reivindicatorio tiene menor nimero de cldusulas que el originalmente presentado y es
en esencia el mismo objeto pero mas limitado y definido con mayor claridad.

Es pertinente aclarar que las nuevas reivindicaciones 5 a 23 corresponden a las
antiguas reivindicaciones 8 a 26, las cuales ya habian sido concedidas mediante
resolucién No. 62454 emitida el 25 de octubre de 2013 por el Superintendente de
Industria y Comercio. Se indica que Unicamente se modificé la numeracién de las
reivindicaciones con el fin de ajustar esta a las modificaciones realizadas a las antiguas
reivindicaciones 1a 7.

2. Claridad de la solicitud

Respecto a las objeciones de claridad, el solicitante manifiesta que mediante la
presentacién del nuevo capitulo reivindicatorio quedan subsanadas la totalidad de las
objeciones, de modo tal que las nuevas reivindicaciones proporcionan claridad y
concisiéon a la invencién descrita, siguiendo las recomendaciones realizadas por el
examinador en su concepto técnico.

Como primera medida, es deseo del solicitante manifestar que en la nueva
reivindicaciéon 1 se define de manera especifica la composicion en nanoemulsion
termodinamicamente inestable, ya que se incluyen las definiciones para cada uno de los
componentes de la composicién. Especificamente, se indica que la composicion
comprende (1) una fase continua en fase no polar, (2) una fase discontinua en base
polar que comptrende agua y una sal, (3) un agente sutfactante y (4) un agente solido de
carga, donde la sal se selecciona del grupo que consiste de “ur cloruro de sodio, potasio,
calcio, plata, cobalts, niguel, cobre, cinc o hierro; un bromuro de sodio, potasio, calcio, plata, cobalio,
niguel, cobre, zinc o hierro; un sulfato de sodio, potasio, calcio, plata, cobalto, niguel, cobre, cinc o
hierro; un fosfato de sodio, potasio, calcio, plata, cobalto, niquel, cobre, cinc o hierro; un formiato de
sodio, potasio, cesio u otro cation; una sal de amonio; y combinaciones de los mismos”, el agente
surfactante se selecciona del grupo que consiste de “un surfactante anidnico seleccionado del
grupo que consiste de sulfatos de metales alcalinos de alguilo, sulfonatos de alguil éter, sulfonatos de
alguilo, sulfonatos de alquilarilo, sulfatos de éter de alguilo lineales y ramificados y sulfonatos, sulfatos
de aleokoles  polipropoxilados, alcobol sulfatos polietoxilados, polipropoxilados aleohol sulfatos
polietoxilados, disulfonatos de alquilo, alguilarilo disulfonatos, disulfatos de algutlo, sulfosuccinatos de
alquilo, sulfatos de éter de alquilo, sulfatos de éter de cadena lineal y ramificada, carboxilatos de
metales alcalinos, carboxilatos de deidos grasos, y ésteres de fosfato; un surfactante no ionico seleccionado
del grupo que consiste en amidas, diamidas, ésteres de polighiol, poliglicdsidos de alquilo, ésteres de
sorbitan, ésteres de metil glucisido y etoxcilatos de alcohol; un agente surfactante cationico seleccionado
del grupo que consiste de ésteres metilicos de arginina, alcanolaminas y alquilendiaminas; un agente
surfactante que contiene una extension central de brazo-espaciador no idnico y un grupo polar, idnico o
no idnico, en el que extension central d brago-espaciador resulta a partr de un proceso seleccionado del
grupo que consiste de polipropoxilacion, polietoxilacion y ambos; y surfactantes diméricos, agentes
surfactantes, agentes surfactantes gemelos, surfactantes escindibles 3 surfactantes  fluorados; y
combinaciones de los mismos”, y el agente solido de carga se selecciona del gtupo que
consiste de “sulfaty de bario, carbonato de calcio, hematita, imenita, siderita, tetroxido de
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manganeso y combinaciones de los mismos”. De esta forma, se presenta la composiciéon de
interés de una forma clara y especifica.

Adicionalmente, se indica al examinador que, siguiendo sus recomendaciones, la frase
“en donde la composicion en nanoemulsion es un fluido de perforacién” y el término “de fluido de
perforacion” en el preambulo de la reivindicacién 1, fueron eliminados del presente
capitulo reivindicatotio.

Por otra parte, es deseo del solicitante manifestar que la antigua reivindicacién 4 fue
eliminada con el fin de definir la composicién reclamada en las nuevas reivindicaciones
1 a2 4 de una forma clata en concordancia con los lineamientos de patentabilidad en
Colombia. Se indica que la antigua reivindicacidén 6, que corresponde en esencia a la
nueva reivindicacién 3, fue modificada con el fin de eliminar definiciones en forma
negativa.

En consecuencia, nos permitimos informar que las nuevas reivindicaciones 1 a 23 se
ajustan a las disposiciones del articulo 30 de la Decision 486.

3. Novedad y Nivel Inventivo

El examinador establece en su concepto técnico la falta de novedad de las antiguas
reivindicaciones 1 y 2 a la luz de las ensefianzas técnicas descritas en los documentos
US3920073 (D1) y US6581687 (D2), y la falta de nivel inventivo de las antiguas
reivindicaciones 1 a 26 a la luz de las ensefianzas técnicas descritas en los documentos
D1, D2y W(02005090851 (D3).

Iin este sentido, me permito decir que el articulo 16 de la Decisién 486 de la Comision
de la Comunidad Andina establece que la invencién se considera nueva cuando no esta
comprendida en el estado de la técnica. Si de acuerdo con el espiritu de la norma legal
indicada, la invencién no se considera como nueva si esta “comprendida’ en el estado de
la técnica, dicha norma se esti refiriendo, naturalmente, a la totalidad del invento y no a
alguno o a algunos de los componentes.

Asi, para que la invencién pierda su calidad de novedosa, es claro que ella, TODA
ELLA, ha de estar contenida en el “comunto de conocimientos existentes que son aplicables al
proceso industrial” como define el estado de la técnica el Tribunal de justicia del Acuerdo
de Cartagena (Proceso No. 6-IP-89, sentencia de 31 de octubre de 1989, publicada en
Jurisprudencia del Ttibunal de Justicia del Acuerdo de Cartagena, Tomo 11, BID-
INTAL, Buenos Aires, 1994, pagina 60).

Aplicando lo anterior al caso concreto, para que las razones que aduce ese despacho
para desvirtuar la novedad fuesen ciertas, serfa forzoso que se demostrara que la
invencion de mi mandante esté comprendida en el estado de la técnica, especificamente
en forma individual en los documentos D1 o D2, de forma TOTAL, lo cual no sucede
con la materia reclamada en el nuevo capitulo reivindicatorio.

En cuanto al nivel inventivo, me permito indicat que el articulo 18 de la Decision 486
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establece que “Se considerard que una invencion tiene nivel inventivo, si para una persona del oficio
normalmente versada en la materia técnica correspondiente, esa invencion no hubiese resultado obvia ni
se hubiese derivado de manera evidente del estado de la técnicd”.

Lo anterior significa que el analisis de nivel inventivo NO es una comparacién de los
objetos de las anterioridades y la solicitud en estudio. El analisis de nivel inventivo
debe demostrar la obviedad de la invencidn y establecer cémo ésta no contiene un
salto cualitativo, que demuestre su altura inventiva, teniendo en cuenta que se hace
necesario demostrar que la invencién analizada carece de nivel inventivo y hubiese
sido obvia para una persona versada en la materia.

Considerando las anteriores definiciones, es deseo del solicitante presentar argumentos
que desvirtian las declaraciones del examinador y demuestran la falta de novedad y
nivel inventivo indicada en el referido oficio.

Se indica al examinador que la composicién reclamada en el nuevo capitulo
reivindicatorio hace referencia uUnicamente a nanoemulsiones termodinamicamente
inestables, las cuales son estructutal y fundamentalmente diferentes de
microemulsiones - termodindmicamente estables. Estas diferencias se describen en el
capitulo desctiptivo de la solicitud originalmente presentada. Particularmente, es deseo
del solicitante resaltar las siguientes secciones:

[0003] Las nanoemulsiones tienen muchas propiedades fisicas que las distinguen de
otras_emulsiones. Debido a su tamaro de gota medio_pequeriv, que es a menudo mds
pequerio _gue las longitudes de onda dpticas del espectro  visible (menores de
aproximadamente 400 nm), las nanoemulsiones usualmente parecen Irasparentes o
translucidas a simple vista, asin en altas fracciones de volumen de gola.

[0005] Las nanoemulsiones son usualmente estables contra la segmentacion o cremage
con alta estabilidad cinética, probablemente porque el movimiento Browniano y las tasas
de difusion son mayores que las sedimentacion o tasas de cremado inducidas por la
gravedad. Sin_embargo. ellas_son_usualmente sistemas_sin_equilibrio (que requieren
tipicamente entrada de energia para la formacion), y asi termodindmicamente inestables, v
por lo tanto tienen una tendencia a separarse en las fases constitutivas.

[0012] Las encuetas de literatura reciente muestran que la formulacion de
microemulsiones OJW y W/O mediante dispersion o métodos de dispersion o
emulsificacion de energia alta es aparentemente muy comin, aunque la formacion de
microemulsion mediante condensacion o métodos de emulsificacion de “baja energia”, que
toman ventaja de las propiedades fisico quimicas de estos sistemas basados en la
transicion de fase que tiene lugar durante el proceso de emulsificacion, aparentemente estan
comensando a generar interés. il dltimo de los procedimientos mencionados de “baja
energia” se puede llevar a cabo al operar en aéreas particulares del diagrama de fase con
una tension interfacial muy baja, que son dreas de cristales liguidos y microemulsiones; al
final del proceso de emulsificacion, las nanoemulsiones formadas no estin en_equilibrio
termodindmico como ly estaba el sistema original.
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[0015] Se debe notar que en las_nanoemulsiones se puede tipicamente formular
utilizando_menos tensoactivo del que se requiere para muchas microemulsiones; asi, es
muy probable que las nanoemulsiones juegan un papel crecientemente importante
comercialmente. Un__componente de costy principal _involucrado _en producir
nanoemulsiones es usualmente la entrada de energia requerida; los métodos para reducir
estos costos de energia son de interés.

Al revisar el documento D1, se nota que este unicamente se refiere a microemulsiones
estables de agua en aceite (ver columna 2, lineas 29-32; columna 3, lineas 41-47;
columna 7, lineas 32-39; columna 10, lineas 42-54; columna 10, tabla 2; columna 13,
lineas 22-25). No todas las reivindicaciones del documento D1 mencionan “una
microemulsion de agua en aceite” (ver reivindicacién 6 en columna 14, lineas 59-61), pero
todas requieren la presencia de “un agente liguido_estabilizante” (ver reivindicacion 1 en
columna 14, linea 30; reivindicaciones independientes 10 y 15 también requieren un
agente estabilizante). De esta forma, es claro que las composiciones en nanoemulsién
termodinamicamente inestable reclamadas en la presente solicitud son estructural y
fundamentalmente diferentes de las microemulsiones termodindmicamente estables
descritas en el documento D1.

De manera similat, el documento D2 tnicamente hace referencia a microemulsiones
estables de agua en aceite (ver columna 3, lineas 32-35; columna 5, lineas 59-66,
particularmente la linea 59 “es importante que la microemulsion sea térmicamente estable”;
columna 7, lineas 27-28, 41-42). Todas las reivindicaciones del documento IDD2
requieren la presencia de una microemulsiéon. De esta forma, se demuestra que las
composiciones en nanoemulsién termodinamicamente inestable reclamadas en la
presente solicitud difieren técnicamente de las microemulsiones termodinamicamente
estables descritas en el documento D2.

Adicional a lo anterior, es importante resaltar que la nueva reivindicacién 1 incluye
restricciones técnicas en relacién con la sal, el surfactante y el agente sélido de carga,
descritas en las antiguas reivindicaciones 3, 5 y 7, que no fueron objetadas por el
examinador en cuanto a novedad en el referido oficio. Asi, deseamos manifestar que se
entiende que la inclusién de dichas caracteristicas en la nueva reivindicacion
independiente 1 es un argumento adicional para defender la novedad de tal
reivindicacion.

Pot lo tanto, es claro que la nueva reivindicaciéon 1 contiene mas de una diferencia
técnica_con la invencién descrita en los documento D1y D2 y por tanto debe ser
considerada como novedosa a la luz del estado de la técnica citado.

En cuanto al nivel inventivo, es deseo del solicitante indicar, como primera medida, que
la combinacién de las ensefianzas descritas en los documentos D1 y D2 no menciona o
sugiere la composicién en nanoemulsién termodiniamicamente inestable reclamada, ya
que dicha combinacién solo se limita a microemulsiones termodinamicamente estables.

FEn relacién con el documento D3, el solicitante indica que, a la luz de las
modificaciones realizadas, este no es relevante de manera particular para la composicion
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reclamada en el presente capitulo teivindicatorio. Dicho documento describe
nanoemulsiones poliméticas como teductores de friccién para flujo multifasico,
especificamente flujo que tiene una fase de aceite y una fase de agua. lLas
composiciones descritas en D3 requieren una fase externa de hidrocarburo y una fase
acuosa interna que tiene un polimero soluble en agua disuelto en el mismo, tal como
una poliacrilamida. De hecho, la relevancia del documento D3 para la presente
invencion se desctibe en el patrafo [0017] del capitulo descriptivo originalmente
presentado. Se aclara al examinador que en la nueva reivindicacion 1 se indica que el
surfactante puede set un polimero (por ejemplo sulfatos polialcoxilados) y la fase
discontinua en base polar comprende agua y una sal disuelta que no contiene un
polimero soluble en agua como se describe en el documento D3.

En este sentido, considerando las caracteristicas técnicas especificas incluidas en la
nueva reivindicacién 1, y las diferencias técnicas entre los documentos citados y la
composicién reclamada, no es posible que una persona del oficio normalmente versada
en la técnica hubiera podido derivar en forma obvia todas las caracteristicas técnicas de
la invencién como se describe en la nueva reivindicacién 1, ya que, como se demonstro
anteriormente, los documentos D1, D2 v D3 D2, no definen, en forma individual o en
combinacién, todas las caracteristicas técnicas descritas en la invencién reclamada en el
nuevo capitulo reivindicatorio.

En necesario resaltar que la composicién especifica reclamada en la presente solicitud

presenta_el efecto técnico mejorado relacionado con_la reduccién de arrastre y/o
reduccion de la presion de la friccion en las perforaciones petroleras.

Analogamente, de maneta similar a como lo indica el examinador en su teporte
técnico, el método de sondeo descrito en la nueva teivindicacién 5 (que corresponde a
la antigua reivindicacién 8) y el método de produccién de la nanoemulsién descrito en
la nueva reivindicacion 18 (que corresponde a la antigua reivindicacion 21) son
inventivos a la luz del estado de la técnica citado

Asi, se demuestra que las nuevas teivindicaciones 1 a 23 cumplen con los requisitos de
novedad y nivel inventivo, tal como se define en los articulos 16 y 18 de la Decision 486
y como se explica detalladamente en el Manual Andino y la Guia para Examinadores de
la Superintendencia de Industria y Cometcio.

Adicional a lo anteriot, es deseo del solicitante indicat, que la solicitud de patente
divisional de la prioridad de la presente solicitud (solicitud en Estados Unidos de
América No 12/625,832), que cottesponde en esencia al capitulo reivindicatotio
presentado junto con el presente memorial, ha sido concedida el pasado 2 de
septiembre de 2014 bajo el nimero US 8,822,385. De esta forma, el examinador de la
Oficina Estadounidense de Patentes y Marcas ha reconocido la novedad, el nivel
inventivo y la aplicabilidad industrial de la invencién reclamada igualmente en la
presente solicitud.

Asi, aunque el solicitante reconoce la independencia de cada Oficina de Patentes, desea
manifestar que resulta sorprendente que otras Oficinas de Patentes hayan reconocido la
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patentabilidad de la presente invencién, mientras Gnicamente la Oficina de Patentes
Colombiana se aparta de dicha opinién, siendo la novedad, el nivel inventivo y la
aplicabilidad industtial conceptos totalmente universales. Copia de la patente concedida
No. US 8,822,385 se presenta como anexo al presente memorial.

4. Tramite surtido en el presente expediente

Solicito a ese Despacho tener en cuenta que aun cuando mi representada ha respondido
a las nuevas objeciones ahora consideradas por ese Despacho, no solo sobre las
reivindicaciones que habian sido previamente negadas (1 a 7), sino también sobre las
cuales se habia decidido otorgar ptivilegio de patente (8 a 26), desea respetuosamente
insistir en su inconformidad en relacién con el tramite surtido en el presente
expediente. Evidentemente ese Despacho no tuvo en consideracién que al momento
de presentar el recurso interpuesto contra la Resolucién No. 62454 del 25 de octubre
de 2013, sus pretensiones claras eran las de revocar la decisiéon en cuanto a la
negacién de las reivindicaciones 1 a 7 del capitulo reivindicatorio presentado,
mas no sobre la decision de otorgar dicho privilegio a las reivindicaciones 8 a 26.
Fn consecuencia la Resolucién No. 13023 del 28 de febrero de 2014, mediante la cual
ese Despacho resolvié el recurso de teposicién interpuesto por mi representada, resulta
contraria a las disposiciones legales vigentes.

Lo anterior por cuanto al momento de la expedicién de dicha decisiéon de concesion
parcial, era obvio que el Examinador ya habia realizado un estudio de
patentabilidad, de acuerdo con el cual no existia un documento que afectara los
requisitos de_novedad, nivel inventivo y aplicacién industrial para las reivindicaciones 8
a 26, motivo por el cual ese Despacho resolvid otorgar el privilegio de patente a la
materia contenida en estas reivindicaciones 8 a 20.

De acuerdo con el examen de patentabilidad efectuado y notificado a mi representada
mediante el Oficio No. 352 del 22 de enero de 2013, se determin6 que en el estado de
la técnica se encontraba solo un documento que afectaba la novedad de las
reivindicaciones 1 a 7 y a pesar de los atgumentos presentados por mi representada
sobre dicha objecién, en la Resolucién No. 62454 del 25 de octubre de 2013 se resolvio
otorgar parcialmente el privilegio de patente para las reivindicaciones 8 a 26 por
considerar tal y como lo sefala el paragrafo SEXTO de dicho acto administrativo: “Que
de acuerdo_con lo expuesto en el presente caso_la(s) reivindicacion(es) 8 a 26 cumplen los requisitos de
novedad, nivel inventivo y aplicacién industrial de que trata el articulp 14 de la Decision 486, por lo
tanto hay lugar a conceder para ellas el privilegio de patente solicitado; asi mismo, se niega el privilegio
de patente para la(s) reivindicacion(es) 1 a 7, por carecer de novedad como se explicd anteriormente.”

(Subrayado nuestro).

Es por lo anterior que no resulta admisible ni ajustado a la ley que con posterioridad se
expida la Resolucién No. 13023 que tesuelve revocar dicha decisién de concesion
parcial y ordene un nuevo examen de patentabilidad, notificado mediante el Oficio No.
9105 del 29 de julio de 2014, ahora afectando por novedad y nivel inventivo a todas las
reivindicaciones, de la 1 a la 26, causando de esta maneta un agravio injustificado a
mi representada, a quien ya se habia notificado una decisién favorable de
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concesion sobre las reivindicaciones 8 a 26.

Adn mas debido a la existencia de este derecho de concesién parcial sobre las
reivindicaciones 8 a 26, mi representada en cumplimiento del Articulo 80 de la Decision
486 de la Comision de la Comunidad Andina y con el fin de preservar tal derecho, el 9
de diciembre de 2013 presenté ante esa entidad, la solicitud de pago de anualidad y
efectué el pago de la tasa oficial correspondiente. Por lo tanto esa concesion de
derecho parcial ya no era una mera expectativa sino un derecho adquirido, por lo que es
evidente el agravio injustificado causado a mi representada con la expedicion de la
Resoluciéon No. 13023 del 28 de febrero de 2014 y el Oficio No. 9105 del 29 de julio de
2014, sobre el cual y en gracia de discusién del tramite incorrecto surtido en este
expediente, presenté los argumentos y modificaciones manifestados en los numerales 2
y 3 de este escrito.

En efecto, en la Resolucién No. 13023 del 28 de febrero de 2014, ese Despacho hace
pronunciamientos sobte materia que no habia sido objeto de revocacién en el recurso
de reposicién interpuesto por mi representada, de tal manera que viola la disposicion
legal contenida en el Articulo 80 del Cédigo de Procedimiento Administrativo y de lo
Contencioso Administrativo que establece: “Decisidn de los recursos.  |encido el periodo
probatorio, si a ello hubiere lugar, y sin necesidad de acto que asi lo declare, deberd proferirse la decision
motivada que resuelva el recurso. La decision resolverd todas las peticiones que hayan sido
oportunamente planteadas y las que surjan con motivo del recurso”. Insisto a ese Despacho que el
objeto del recurso de reposicién presentado impugnaba la decisién relativa a la
negacion de las reivindicaciones 1 a 7 unicamente.

Las normas que regulan las actuaciones y decisiones administrativas y en especial el
mencionado articulo 80 del Cédigo de Procedimiento Administrativo y de lo
Contencioso  Administrativo, establecen la obligacién para las autoridades
administrativas de pronunciarse de manera concreta en relacién con todos los asuntos
planteados y dar los motivos en que fundamenta su decision.

Adicionalmente y en virtud del principio de la “reformatio in pejus”, la administracion
tiene prohibido fallar sobre puntos no expuestos por el recurrente en el recurso, es
decit que debe limitarse a considerar los puntos que el recurrente pide sean
considerados, lo cual no ocurrié en el presente caso y hace que la Resolucién No.
13023 del 28 de febrero de 2014 y en consecuencia el Oficio No. 9105 del 29 de julio
de 2014, resulten contrarios a la ley.

No puede desconocerse en el presente asunto la aplicabilidad de las anteriores
disposiciones, cuya compatibilidad se detiva de la misma aplicacién de los ptincipios
que otientan las actuaciones administrativas, y que estan previstos en el articulo 3 del
Cédigo de Procedimiento Administrativo y de lo Contencioso Administrativo, siendo
incluso de origen constitucional. Especificamente me refiero al principio al debido
proceso, también consagrado en el articulo 29 de la Constitucién y a los principios de
eficacia, economia y celetidad en virtud de los cuales la administracién debe agilizar sus
decisiones, suprimiendo tramites innecesatios y temoviendo de oficio los obsticulos
puramente formales, cuidando ante todo de dar la oportunidad para que los interesados
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manifiesten los hechos en que sustentan sus peticiones, todo esto dirigido hacia una
finalidad unica prevista en la Constitucién Politica en su articulo 209 parrafo 2o.: “Las
autoridades administrativas deben cootdinar sus actuaciones para el adecuado
cumplimiento de los fines del Estado” (se resalta), entre los cuales me permito destacat,
los de: “garantizar la efectividad de los principios, derechos y deberes consagrados en la

Constitucion” y “facilitar la participacién de todos en las decisiones que los afectan”
(Articulo 20. C.P.).

Tan manifiesta es la aplicacion de lo dispuesto en el articulo 209 parrafo 20. de la C.P.
dentro de las actuaciones administrativas, que precisamente con ellos se busca evitar
decisiones contradictorias con claros perjuicios a los administrados, los cuales no
pueden estar sujetos al arbitrio de la administracion.

En consecuencia, adicional a la argumentacién sobre claridad, novedad y nivel
inventivo de la invencién de mi representada presentados con este esctito, también
solicito amablemente a ese Despacho tener en cuenta la fundamentacién antetiot sobre
el tramite surtido en el expediente de la referencia.

5. Habiendo atendido cabalmente las objeciones presentadas por ese despacho,
atentamente solicitamos se conceda el privilegio de patente de invencién a la solicitud
en estudio o si el sefior examinador considera que subsisten razones para nuevamente
objetar la presente invencién, rogamos expedit otro examen de fondo con los debidos
motivos y razones que sustenten su objecion con el fin de que nuestro mandante tenga
la posibilidad de exponer sus atrgumentos con base en la intetpretacién de los articulos
45 de la Decision 486 -el cual otorga la facultad al examinador para emitir los examenes
de fondo- y 42 del Cédigo de Procedimiento Administrativo y de lo Contencioso
Administrativo que sefiala que: “Habiéndose dado oportunidad a los interesados para expresar
sus opiniones, y con base en las pruebas ¢ informes disponibles, se tomard la decision que serd motivada.
La decision resolverd todas las peticiones que hayan sido oportunamente planteadas dentro de la
actuacion por el peticionario y por los terceros reconocidos”. (El subrayado es nuestro).

En consecuencia, solicitamos a ese despacho pronunciarse en relaciéon con todos los
argumentos presentados en este memotial dando estricta aplicacién al principio del
debido proceso consagrado en el articulo 29 de la Constitucién Nacional

Senor Director,

RN

SILVANAMARIA LOPEZ DI

C.C. 22.468.787 de Barranquilla
T.P 147463 del CSJ
notificaciones@clarkemodet.com.co
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REIVINDICACIONES

Una composicién en nanoemulsion termodinamicamente inestable que

comprende:

(1) una fase continua en base no polar,

(2) una fase discontinua en base polar con un tamafo promedio de gotita de
menos de 1000 nm, en donde la fase polar comprende agua y una sal
disuelta seleccionada del grupo que consiste de

un cloruro de sodio, potasio, calcio, plata, cobalto, niquel, cobre, cinc o
hierro;

un bromuro de sodio, potasio, calcio, plata, cobalto, niquel, cobre, zinc o
hierro;

un sulfato de sodio, potasio, calcio, plata, cobalto, niquel, cobre, cinc o hierro;
un fosfato de sodio, potasio, calcio, plata, cobalto, niquel, cobre, cinc o hierro;
un formiato de sodio, potasio, cesio u otro cation;

una sal de amonio; y

combinaciones de los mismos,

(3) un agente surfactante seleccionado del grupo que consiste de

un surfactante aniénico seleccionado del grupo que consiste de sulfatos de
metales alcalinos de alquilo, sulfonatos de alquil éter, sulfonatos de alquilo,
sulfonatos de alquilarilo, sulfatos de éter de alquilo lineales y ramificados y
sulfonatos, sulfatos de alcoholes polipropoxilados, alcohol sulfatos
polietoxilados, polipropoxilados alcohol sulfatos polietoxilados, disulfonatos
de alquilo, alquilarilo disulfonatos, disulfatos de alquilo, sulfosuccinatos de
a|qui|o,lsulfatos de éter de alquilo, sulfatos de éter de cadena lineal y
ramificada, carboxilatos de metales alcalinos, carboxilatos de acidos grasos,

y ésteres de fosfato;

W
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un surfactante no idnico seleccionado del grupo que consiste en amidas,
diamidas, ésteres de poliglicol, poliglicosidos de alquilo, ésteres de sorbitan,
ésteres de metil glucosido y etoxilatos de alcohol;

un agente surfactante catiénico seleccionado del grupo que consiste de
ésteres metilicos de arginina, alcanolaminas y alquilendiaminas;

un agente surfactante que contiene una extension central de brazo-
espaciador no iénico y un grupo polar, iénico o no ionico, en el que extension
central d brazo-espaciador resulta a partir de un proceso seleccionado del
grupo que consiste de polipropoxilacion, polietoxilacion y ambos; y
surfactantes diméricos, agentes surfactantes, agentes surfactantes gemelos,
surfactantes escindibles y surfactantes fluorados; y

combinaciones de los mismos, y

(4) un agente solido de carga seleccionado del grupo gque consiste de sulfato
de bario, carbonato de calcio, hematita, ilmenita, siderita, tetroxido de

manganeso y combinaciones de los mismos.

2. La composicién en nanoemulsién termodinamicamente inestable de la
reivindicacion 1, en la que el tamario promedio de las gotitas de la fase discontinua
es menor que 400 nm, la fase en base no polar es una fase de aceite y la fase en

base polar es una fase acuosa.

3. La composicion en nanoemulsién termodinamicamente inestable de la
reivindicacion 2, que comprende ademas un co-surfactante seleccionado del grupo
que consiste en un mono-alcohol, un poli-alcohol, un acido organico, una sal de un
4cido organico, una amina, un polietilenglicol, un solvente etoxilado vy

combinaciones de los mismos.
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4. La composicion en nanoemulsion termodindmicamente inestable de la

reivindicacion 2, en donde la fase continua en base no polar es una fase de aceite.

5. Un método que comprende los pasos de:
Introducir una nanoemulsién termodinamicamente inestable en un pozo de sondeo
donde la nanoemulsién comprende:
(1) una fase continua en base no polar,
(2) una fase discontinua en base polar con un tamano promedio de gotita de
menos de 1000 nm, y
(3) un agente surfactante; y
un paso adicional seleccionado del grupo que consiste de:
la perforaciébn de un bozo utilizando un fludo que comprende la
nanoemulsién termodinamicamente inestable;
completar un pozo con un fluido que comprende la nanoemulsion
termodinamicamente inestable;
remediar una formacion subterranea, que no sea por acidificacion,
utilizando un fluido que comprende la nanoemulsién termodinamicamente
inestable;
acidificar una formacion subterranea usando un fluido que comprende la
nanoemulsién termodinamicamente inestable;
fracturar una formacion subterranea usando un fluido que comprende la
nanoemulsién termodinamicamente inestable; y

combinaciones de los mismos.

6. El método de la reivindicacion 5, donde la nanoemulsion termodinamicamente

inestable comprende ademas un agente sélido de carga (4).
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7. El método de la reivindicacion 6, donde en la nanoemulsién
termodinamicamente inestable, el agente soélido de carga se selecciona del grupo
que consiste de sulfato de bario, carbonato de calcio, hematita, ilmenita, siderita,

tetroxido de manganeso y combinaciones de los mismos.

8 EI método de la reivindicacion 5, donde en la nanoemulsion
termodinamicamente inestable, el tamafio promedio de las gotitas de la fase
discontinua esta entre 400 nm y 700 nm, la fase en base no polar es una fase de

aceite y la fase en base polar es una fase acuosa.

9. El método de la reivindicacién 8, donde en la nanoemulsion
termodinamicamente inestable, la fase acuosa comprende agua y una sal disuelta,
la sal disuelta es diferente del material elegido para el surfactante (3) y para el

agente sélido de carga (4).

10. EI método de la reivindicacion 9, en el que la sal disuelta en la fase acuosa se
selecciona del grupo que consiste en:
un cloruro de sodio, potasio, calcio, plata, cobalto, niquel, cobre, cinc o hierro;
un bromuro de sodio, potasio, calcio, plata, cobalto, niquel, cobre, zinc o hierro,
un sulfato de sodio, potasio, calcio, plata, cobalto, niquel, cobre, cinc o hierro;
un fosfato de sodio, potasio, calcio, plata, cobalto, niquel, cobre, cinc o hierro;
un formiato de sodio, potasio o cesio otro cation;
una sal de amonio; y

combinaciones de los mismos.

11. El método de la reivindicacion 6, donde la nanoemulsion termodinamicamente

inestable comprende ademé&s un co-surfactante, donde el co-surfactante es
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diferente del material elegido para el surfactante (3) y para el agente sélido de
carga (4) y se selecciona del grupo que consiste de un mono-alcohol, un poli-
alcohol, un acido organico, una sal de un acido organico, una amina, un

polietilenglicol, un solvente etoxilado y combinaciones de los mismos.

12. El método de la reivindicacion 5, donde en la nanoemulsion
termodinamicamente inestable se selecciona el agente surfactante (3) del grupo
gue consiste de
un surfactante anionico seleccionado del grupo que consiste en sulfatos de
metales alcalinos de alquilo, sulfonatos de alquil éter, sulfonatos de alquilo,
sulfonatos de alquilarilo, sulfatos de éter de alquilo lineales y ramificados y
sulfonatos, sulfatos de alcohol polipropoxilados, alcohol sulfatos
polietoxilados, polipropoxilados alcohol sulfatos polietoxilados, disulfonatos
de alquilo, alquilarilo disulfonatos, disulfatos de alquilo, sulfosuccinatos de
alquilo, sulfatos de éter de alquilo, sulfatos de éter de cadena lineal y
ramificada, carboxilatos de metales alcalinos, carboxilatos de acidos grasos y
ésteres de fosfato;
un surfactante no ionico seleccionado del grupo que consiste en amidas,
diamidas, ésteres de poliglicol, poliglicésidos de alquilo, ésteres de sorbitan,
ésteres de metil glucédsido y etoxilatos de alcohol;
un agente surfactante catiénico seleccionado del grupo que consiste de esteres
metilicos de arginina, alcanolaminas y alquilendiaminas;
un agente surfactante que contiene una extension central espaciador-brazo no
ionico y un grupo polar, idnico o no idnico, en la que los no i6nicos
espaciador de brazo de extension resultados centrales de un proceso
seleccionado del grupo que consiste de polipropoxilacion, polietoxilacion y

ambos;



10

15

20

25

surfactantes diméricos, surfactantes gemelos, agentes surfactantes, agentes
surfactantes fluorados escindibles; y

combinaciones de los mismos.

13. El meétodo de la reivindicacion 6, donde el liquido tiene una propiedad
mejorada seleccionada del grupo que consiste de reduccion de la pérdida de
presion por friccion, la reduccion de la subsidencia del agente de carga y ambas,

en comparacién con un fluido por lo demas idéntico ausente en la nanoemulsion.

14. Un método que comprende la perforacion de un pozo utilizando un fluido de
perforacion que comprende una nanoemulsion termodinamicamente inestable,
donde la termodinamicamente inestable comprende:
(1) una fase continua en base no polar,
(2) una fase discontinua en base polar con un tamano promedio de gotita de
entre 400 nmy 700 nm, y
(3) un agente surfactante,

(4) un agente solido de carga [[;]]

15. El método de la reivindicacién 14, donde en la nanoemulsiéon
termodinamicamente inestable, el agente solido de carga se selecciona del grupo
que consiste de sulfato de bario, carbonato de calcio, hematita, ilmenita, siderita,

tetroxido de manganeso y combinaciones de los mismos.

16. El método de la reivindicacion 14, donde en la nanoemulsion
termodinamicamente inestable, la fase en base polar comprende agua y una sal
disuelta, la sal disuelta que es diferente del material elegido para el surfactante (3)

y para el agente solido de carga (4).
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17. El método de la reivindicacion 14, donde Ila nanoemulsion
termodinamicamente inestable comprende ademas un co-surfactante, donde el co-
surfactante es diferente del material elegido para el surfactante (3) y para el
agente solido de carga (4) y se selecciona de entre el grupo que consta de un
mono-alcohol, un poli-alcohol, un acido organico, una sal de un &cido organico,
una amina, un polietilenglicol, un solvente etoxilado y combinaciones de los

mismos.

18. Un método de fabricacion de una composicibn en nanoemulsion
termodinamicamente inestable que comprende:
(1) mezclar un grupo de componentes que comprende un aceite y un agente
surfactante,
(2) adicionar una solucion de sal acuosa al resultado de (1) mezclando,
(3) mezclar el resultado de (2),
(4) adicionar mas de la solucion de sal acuosa al resultado de (3) mientras se
mezcla, y
(5) mezclar el resultado de (4)
para dar una composicién en nanoemulsién termodinamicamente inestable que
comprende una fase continua en base no polar y una fase discontinua en base

polar.

19. El método de la reivindicacién 18, en el que el grupo de componentes de (1)

comprende ademas un co-surfactante.

20. ElI método de la reivindicacion 19, en el que la solucién de sal acuosa

comprende una sal que se selecciona del grupo que consiste de:

1>
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un cloruro de sodio, potasio, calcio, plata, cobalto, niquel, cobre, cinc o hierro;
un bromuro de sodio, potasio, caicio, plata, cobalto, niquel, cobre, cinc o
hierro;
un sulfato de sodio, potasio, calcio, plata, cobalto, niquel, cobre, cinc o hierro;
un fosfato de sodio, potasio, calcio, plata, cobalto, niquel, cobre, cinc o hierro;
un formiato de sodio, potasio, cesio o de otro cation; cloruro de amonio,
bromuro, sulfato, fosfato, formiato;
una sal de amonio; y
combinaciones de los mismos;
con la condicién de que el porcentaje promedio en peso de la sal en la solucion
acuosa de sal sea al menos una décima parte del porcentaje en peso de esta sal

en agua a 25 ° C en la maxima solubilidad.

21. El método de la reivindicaciéon 18, que comprende ademas la adicién de un

agente sdlido de carga al resultado de (5).

22 El método de la reivindicacion 18, en la que la adicién con mezclado de (2) se
produce hasta que la viscosidad de la composicién de (2) alcanza una viscosidad
de al menos aproximadamente 275 cP cuando se mide a una velocidad de
cizallamiento de 500/s a 25 ° C; y la mezcla de (3) se produce hasta que la
viscosidad de la composicién de (3) cae por debajo de aproximadamente 20 cP

cuando se mide a una velocidad de cizallamiento de 500/s a 25 °C.

23. La composicién en nanoemulsién producida por el método de la reivindicacion

18.

\3
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1
NANOEMULSIONS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a divisional patent application from
U.S. Ser. No. 12/625,832 filed Nov. 25, 2009, which issued
Jan. 22,2013 as U.S. Pat. No. 8,357,639, which in turn claims
the benefitof U.S. Provisional Patent Application No. 61/193,
449 filed Dec. 1, 2008, where U.S. Ser. No. 12/625,832 is a
continuation-in-part application of 11.S. patent application
Ser. No. 12/490.783 filed Jun. 24, 2009, which issued Jul. 3,
2012 as U.S. Pat. No. 8,210,263, which claims the benefit of
U.S. Provisional Patent Application No. 61/076,022 filed Jun.
26, 2008, and is also a continuation-in-part of U.S. patent
application Ser. No. 12/146,647 filed Jun. 26, 2008, which
issued Jan. 10, 2012 as U.S. Pat. No. 8,091,646, which appli-
cation in turn claims the benefit of U.S. Provisional Patent
Application No. 60/947.870 filed Jul. 3, 2007, and which is
additionally a continuation-in-part application of U.S. Ser.
No. 11/866,486 filed Oct. 3, 2007, which issued Jan. 10, 2012
as U.S. Pat. No. 8,091,645, all of which are incorporated
herein in their entirety by reference.

TECHNICAL FIELD

The present invention relates to nanoemulsions, their
preparation and their uses, such uses including those relating
to the oil ficld (the oil and gas industry). This invention also

relates to water-in-oil (W/0), oil-in-water (O/W) and other :

classes of nanoemulsions. It more particularly relates, in non-
limiting embodiments, to nanoemulsions and their prepara-
tion and use in drilling, completion, well remediation and
other vil and gas industry related operations. In addition, the
invention relates to reducing friction pressure losses and/or
reducing subsidence of solid weight material, such as barite
sag or settling of particles in the annulus of a well. during oil
and gas operations.

BACKGROUND

Nanoemulsions have many physical properties that distin-
guish them from other emulsions. Duc to their small mean
droplet size, which is often smaller than optical wavelengths
of the visible spectrum (thus less than about 400 nm),
nanoemulsions usually appear transparent or translucent to
the naked eye, even at high droplet volume fractions. The
terms sub-micron emulsion (SME) and miniemulsion are
sometimes used as synonyms for the term nanoemulsion.
Nanoemulsions have great potential for use in many indus-
tries and applications.

A nanoemulsion may bc defined as a type of emulsion
wherein the dispersed/discontinuous phase has a mean drop-
let size of less than 1000 nm; the components of the continu-
ous and dispersed/discontinuous phases must be immiscible
enough to allow for the respective phase formation. Some
nanoemulsions may have a smaller range for mean droplet
size specified, and it is possible to have more than one dis-
persed/discontinuous phase. These emulsions are typically
composed of a nonpolar phase (usually denoted as the oil
phase), a polar phase (typically aqueous and denoted as the
aqueous or water phase), a surfactant and optionally one or
more additional co-surfactant(s). There may be a narrow
droplet size distribution depending on the preparation pro-
cess.

Nanoemulsions are usually stable against sedimentation or
creaming, with high kinetic stability, probably because
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Brownian motion and diffusion rates arc higher than the sedi-
mentation or creaming rates induced by gravity. However,
they are usually non-equilibrium systems (typically requiring
energy input for formation), and thus thermodynamically
unstable, and therefore have a tendency to separate into the
constituent phases.

In general, there are two primary methods to prepare a
nanoemulsion: (1) by “persuasion” and (2) by “brute force”,
which are described in the chapter, “Nanoemulsions”, by
Salager, Forgiarini and Marquez, in Pharmaceutical Emul-
sions and Suspensions, (2" edition), Nielioud and Marti-
Mestres editors, Taylor and Francis (L.ondon). Preparation by
persuasion involves taking advantage of certain phase transi-
tions, while preparation through brute force involves impart-
ing sufficient shear to reduce the droplet size of the immis-
cible internal phase below 1000 nm. These methods may be
further described as follows.

(1) By Persuasion

(1.1) Phase Transition from Near-Optimum State Via
Change in Single Variable

This method involves change in one formulation variable
such as salinity or temperature for a system near optimal
(HLD (hydrophilic lipophilic deviation) near 0), such as
applying a higher temperature to a Winsor I1I microemulsion
(a middle-phase microemulsion in equilibrium with two
excess phases, water and oil; it can be understood as an
accumulation of swollen micelles, so numerous that they
touch one another, forming a perfectly bicontinuous struc-
ture).

{1.2) Phase Transition from Near-Optimum State Via
Change in Multiple Variables

This method involves change in more than one formulation
variable, such as applying higher temperature and inclusion
of additional salt in a Winsor [1I microemulsion.

(1.3) Catastrophic Inversion

This method involves causing a low internal phase emul-
sion to invert such that the internal phase becomes the exter-
nal phase.

(1.4) Phase Transition Stabilized by Liquid Crystal
Formation

This method involves stabilization of nanodroplets by lig-
uid crystal formation from a state near HLD- 0.

(2) By Brute Force

This method may involve the use of a high speed mixer, a
high pressure homogenizer, a high frequency ultra-sonic
device, a small pore membrane, etc.

Surveys of recent literature show that formation of O/W
and W/O nano-emulsions by dispersion or high-energy emul-
sification methods is apparently fairly common, while
nanoemulsion formation by condensation or “low-energy”
emulsification methods, which take advantage of the physi-
cochemical properties of these systems based on the phase
transition that takes place during the emulsification process,
is apparently starting to attract interest. The latter mentioned
“low energy” procedures can be carried out by operating in
particular areas of the phase diagram with a very low interfa-
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cial tension. which are arcas of liquid crystals and microemul-
sions; at the end of the emulsification process, nanoemulsions
formed are not in thermodynamic equilibrium as was the
original system.

Properties of nanoemulsions, such as small droplet size,
relative high kinetic stability and optical transparency seem to
depend (at least in many cases) not only on composition
variables but also on preparation variables such as emulsify-
ing path, degree of mixing energy input and emulsification
time. These are described further in T. G. Mason, J. N. Wilk-
ing. K. Meleson, C. B. Chang, and S. M Graves, “Nanoemul-
sions: Formation, Structure, and Physical Properties”, Jour-
nal of Physics: Condensed Matter, 18 (2006) R635-R666; and
m C. Solans, J. Fsquena. A. M. Forgiarini, N. Uson, D.
Morales, P. Izquierdo, and N. Azemar, “Nanoemulsion: For-
mation, Properties and Applications” in D. Shah, B. Moudgil,
K. L. Mittal (Eds.), Adsorption and Aggregation of Surfac-
tants in Solution, Surfactant Science Series, Marcel Dekker,
New York, 2003, pp 525-554.

Nanoemulsions are an emerging technology which show
promisc for application in many industrial arcas. Current
main applications of nanoemulsions seem to concentrate in
high value-added fields, such as in nanoreactors for polymer-
ization, in chemical, cosmetic and pharmaceutical applica-
tions and in the food industry. One recent example of this
relates to a composition and methods for making and using
nanoemulsions as a delivery system, the emulsions created by
high shear stress technology, and gives applications in the
nutritional, pharmaceutical and cosmetics fields.

It is of note that nanoemulsions can typically be formulated
using less surfactant than is required for many microemul-
sions; thus, it is very likely that nanoemulsions will play an
increasingly important role commercially. A major cost com-
ponent involved in producing nanoemulsions is usually the

energy input required; methods of reducing this energy cost :

are of interest.

A recently conducted literature survey revealed no mention
of the use of nanoemulsions in drilling, completion, remedia-
tion or many other oil field fluids or processes. A few items of
interest were noted.

One such item is WO 2005/090851 which relates to the use
of polymeric nanoemulsions as drag/friction and/or pressure
reducers for multiphase flow. The polymeric nanoemulsions
are said to facilitate flow and reduce drag and friction in
mutltiphase pipelines containing both oil and water including
oil/water, oil/water/gas, oil/water/solids, and oil/water/gas/
solids, such as are used for oil or gas production, gathering,
and transmission and for hydro-transport of oil sand or heavy
oil slurries. The polymeric nanoemulsion drag reducers are

made by combining components with sufficient mixing to :

form droplets of acceptably small size with the nanoemul-
sions reported to be storage stable and to have a low viscosity
of about 200 ¢P or less which enables easy pumping. These
nanoemulsions have a hydrocarbon external phase, droplets
of an aqueous internal phase having water-soluble polymer
dissolved therein, where the droplets have an average size
below about 300 or even 200 nm, and at least one surfactant.
An example of a suitable drag reducing polymer used here is
polyacrylamide. One particular application of the composi-
tion is the continuous injection of the nanoemulsion polymer
product through a subsea umbilical into multiphase flowlines
to achieve increased production and/or reduction in pressure
drop through the treated system.

Another item noted is U.S. Patent Application Publication
No. 2008/-0110618 which discloses nanoemulsion, macro-
emulsion, miniemulsion and microemulsion systems with
excess oil or water or both (Winsor I, IT or 111 phase behavior)
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or single phase microemulsions (Winsor [V) that improve the
removal of filter cakes formed during hydrocarbon reservoir
wellbore drilling with oil based muds. The macroemulsion,
nanocemulsion, miniemulsion and microemulsion systems
with excess oil or water or both or single phase microemul-
sion removes oil and solids from the deposited filter cake. In
one embodiment, the emulsion system (a single phase micro-
emulsion, nanoemulsion, or other emulsion) may be formed
in situ (downhole) rather than produced or prepared in
advance and pumped downhole. Skin damage from internal
and external filter cake deposition might be reduced using
these systems.

Given the short supply of energy in the world today, there
is always a need to produce oil and gas and related materials
more efficiently. There are many sources of inefficiency; for
example, it is well known that friction pressure losses and
subsidence of solid weighting materials reduce such effi-
ciency and that the use of certain additives can increase it;
some of this is described in more detail below.

Numerous drilling fluids and procedures used in the drill-
ing of subterranean oil and gas wells along with many related
fluids and procedures in the oil and gas industry (such as
completion and remediation) are known in the art. Much of
the discussion that follows on drilling can be applied to other
oil field fluids and processes as well.

In rotary drilling, there are a variety of functions and char-
acteristics that are expected of drilling finids, also known as
drilling muds, or simply “muds”. Drilling fluids are typically
classified according to their base fluid. In water-based muds,
solid particles are typically suspended in water or brine. Oil
can be emulsified in the water which is the continuous phasc.
Brine-based drilling fluids are water-based muds (WBMs) in
which the aqueous component is brine. Oil-based muds
(OBM) are the opposite or “inverse™; solid particles are typi-
cally suspended in oil, and water or brine is emulsified in the
oil and therefore the oil is the continuous phase. Oil-based
muds may be either all oil or water-in-o0il emulsions, which
are also called invert emulsions. In oil-based mud, the oil can
consist of any oil that may include, but is not limited to, diesel,
mineral oil, esters, or olefins. OBMs as defined herein include
synthetic-based fluids or muds (SBMs) which are syntheti-
cally produced rather than refined from naturally-occurring
materials. SBMs often include, but are not necessarily limited
to containing, olefin oligomers of ethylene, esters made from
vegetable fatty acids and alcohols, or ethers and polyethers
made from alcchols and polyalcohols, paraffinic and other
natural products and mixtures of these.

Solid particles are often added to drilling fluids for various
reasons. Weighting agents such as barite, calcite or hematite
particles may be added to the drilling mud to increase the
density of the fluid and ensure that the fluid provides adequate
hydrostatic pressure in the wellbore. These particles may
settle and/or stratify in the fluid as it is being pumped through
the wellbore. It is well known that settling and sagging of
solids such as barite may lead to safety and operational prob-
lems, particularly in inclined boreholes. In weighted drilling
muds, barite as well as other weighting agents tends to seg-
regate slowly, settle in the lower side of the borehole and start

. sliding in boreholes drilled at high angles from the vertical.

The main problems caused by this phenomenon are pressure
control due to density variations or non-linear hydrostatic
pressure gradients, lost circulation, high torque and drag.
Stuck pipes and plugged boreholes and even lost circulation
occur because of the presence of thick and tight barite beds.
Traditionally, organophilic clays have been added to drilling
fluids to overcome the sag problem. However, these materials

2)
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increase the viscosity of the drilling mud causing a decrease
in drilling efficiency since relative high pumping pressure
may be required.

Another important oil and gas operation is completion.
Completion is the operation that prepares a well bore for
actually producing oil or gas from the reservoir. The goal of
the completion operation is to optimize the flow of the reser-
voir fluids into the well bore, up through the producing string,
and into the surface collection system. The nature of the
reservoir helps determine the type of completion to be used,
such as open hole or cased hole completion, as well as helping
determine tuid selection. Many applicable methods and flu-
ids are described in the an.

Oil and gas well remediation is important to the industry as
well. This refers to attempts at restoration of the initial char-
acteristics of producing formation rocks or removal of for-
mation damage. Remediation may involve use of one or more
of a variety of fluids and methods of application with many
described in the art.

There are other important oi} and gas operations, including
acidizing, stimulation and fracturing. Many fluids and proce-
dures for these are known in the art.

There is still a need for improved methods and composi-
tions for these various operations, and nanoemulsions are
found to £ill this need.

SUMMARY

There are provided herein panoemulsion compositions
comprising: (1) a continuous phase, (2) a discontinuous or
dispersed phase with a mean droplet size of less than 1000
nm, (3) a surfactant and (4) a solid weighting agent; whercin,
one of the phases (1) and (2) is a non-polar based phase and
the other of these is a polar based phase.

One alternative nanocemulsion composition comprises: (1) 35

a continuous phase, (2) a discontinuous or dispersed phase
with a mean droplet size of less than 1000 nm, and (3) a
surfactant; wherein, one of the phases (1) and (2) is an non-
polar based phase and the other of these is a polar or aqueous
based phase, with the polar or aqueous based phase compris-
ing a polar solvent or water and a dissolved salt of formic acid.
Alternatively, an ammonium salt may be used in place of or in
combination with the salt of formic acid. These alternative
nanoemulsion compositions may further comprise a co-sur-
factant and/or one or more additives.

There is also provided in one non-limiting embodiment
methods of making nanoemulsion compositions comprising:
(1) mixing a group of components comprising an oil or other
non-polar solvent and a surfactant; (2) adding a polar or

aqueous based salt solution to the result of (1) with mixing;

(3) mixing the result of (2); (4) adding more of the salt
solution to the result of (3) while mixing; and (5) mixing the
result of (4).

Additional non-restrictive nanoemulsion compositions
may be defined in a “product-by-process” sense correspond-
ing to each of the methods of making nanoemulsions compo-
sitions given herein (including all variations and combina-
tions). It is worth noting here that nanoemulsion
compositions may be path dependent; that is, different com-
positions may result when the same components are com-
bined using different methods.

In another non-restrictive version there are provided meth-
ods of using nanoemulsion compositions in various processes
relating to the oil and gas industry. Such methods include, but
are not necessarily limited to: drilling a wellbore using a fluid
comprising a nanoemulsion; completing a well using a fluid
comprising a nanoemulsion; remediating a subterranean for-
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mation using a fluid comprising a nanocmulsion; stimulating
a subterranean formation using a fluid comprising a
nanoemulsion; and fracturing a subterranean formation using
a fluid comprising a nanoemulsion. Any of these methods
may be done with or without acid or acidizing as applicable.

Similarly, other methods for the use of nanoemulsions
include using these emulsions in acidizing/acid treatments
per se or in combination with other operations, well treat-
ments generally, as well as in cleaning pipces, pipelines, tanks
and vessels. Any of these methods may be done with or
without acid or acidizing as applicable.

Nanoemulsion compositions may be used in or as fluids for
oil and gas operations resulting in sag reduction and/or fric-
tion pressure reduction compared to when they are not used.

DETAILED DESCRIPTION

It has been discovered that nancemulsions are useful as oil
field fluids, such as a drilling, completion or remediation
fluid, among other uses. Methods of preparation and uses
thereof are also set out. The nanoemulsions are ordinarily
stable and can contain significant amounts of brine while
retaining uniform dispersion. They may allow for density
control based upon the salt type, content and volume of brine,
with and without the use of solid weighting materials, which
allows for efficient drilling, completion, remediation or other
oil field fluids, often with very low viscosity and/or solids
content. The nanoemulsions include, but are not necessarily
limited to, water-in-0il (W/Q), oil-in-water (O/W) and other
classes of nano-emulsions. Such designs usually have several
bencfits, including reduced pressure losses and reduced sub-
sidence of weight material. Selection of a particular nano-
emulsion may be via a phase diagram.

Nanoemulsions may be used in novel drilling and other oil
field fluids to improve performance and efficiency of opera-
tions. This may be through various means such as in reducing
friction pressure losses, as a means to aid and improve the
ability to suspend solid particles (which might be done inside
the droplets of the nanoemulsions) to reduce the settling and
sagging of particles in the annulus of a well during the drilling
or completion operations or at other times and locations in
these and related operations and/or as a means to provide
better delivery of additives.

Note that throughout this disclosure that “nanoemulsion”
and “nanoemulsion composition™ and the like are to be con-
sidered as interchangeable terms, unless otherwise indicated.

The nanoemulsion compositions herein comprise: (1) a
continuous phase, (2) adiscontinuous or dispersed phase with
a mean droplet size of less than 1000 nm, (3) a surfactant and
(4) asolid weighting agent; wherein, one of the phases (1) and
(2) is a non-polar based phase and the other of these is a polar
based phase.

In these nanoemulsion compositions, the solvents for
phases (1) and (2) must be immiscible enough to allow for the
formation of the phases specified. It should be understood that
the surfactant (3) may be present within phase (1), within
phase (2), between phase (1) and (2), elsewhere within the
nanoemuision composition, or at some combination of these
locations, and similarly and independently that the solid
weighting agent (4) may be present within phase (1), within
phase (2), between phase (1) and (2), elsewhere within the
nanoemulsion composition, or at some combination of these
locations. The materials chosen for the surfactant (3) and the
solid weighting agent (4) are taken to be single chemical
species, distinct from each other, unless otherwise specified.
The surfactant (3) might be a bifunctional, yeta single chemi-
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cal specics surfactant, such as onc having polyglycol and
polyamino functionality in the same molecule, however.

The mean droplet size (synonymous with average droplet
diameter) of the discontinuous phase in these compositions
may alternately be in a subrange coming within the overall
range of less than 1000 nm. Such subranges (in nm) would
include any that can be described by any of the following
numbers as its upper end (except the lowest of course) with
any of the following that is a lower number as the lower end,
as well as any ranges that can be described as “less than” any
of the following numbers, the numbers being: 995, 950, 900,
800, 750, 700. 600, 500, 400, 300, 250, 200, 100, 75, 50, 25,
20,10, Sand 1. Of course, the mean droplet size is understood
to always be larger than zero. Some specific ranges of interest
include, but are not necessarily limited to, 1 to 100 nm, 1 to
500 nm; 20 to 500 nm; 100 to 500 nm; 400 to 700 nm which
is approximately the wave-length range of visible light; 1 to
995 nm; and less than 1000, 750, 700, 500, 400, 100 or 75 nm.

The mean droplet size (or average diameter of the droplets)
of the discontinuous phase may be determined via a size
distribution profile found using a technique known in the art
as Dynamic Light Scattering (DLS) or Photon Correlation
Spectroscopy (PCS). In this technique, the distribution of
diffusion coefficients is determined by measurement and cor-
relation of the statistical fluctuations in the light scattered
from a system of particles (here the droplets) under the influ-
ence of Brownian motion (also called “random walk™). The
average diameter of the scattering particles can be calculated
based on the diffusion coefficient D and the known viscosity
of the system by applying the Stokes-Einstein relation:

D=kT/6mr:

where k is the Boltzmann constant, T is the absolute tempera-
ture in degrees Kelvin, 7 is the viscosity of the solvent and r
is the average particle radius.

It might be useful in some embodiments to have and/or to
distinguish between two or more discontinuous phases.

In the nanoemulsion compositions, the non-polar based
phase may be o1l based (such as based on diesel, mineral oil,
hydrocarbons, olefins, esters or other solvents or mixtures of
these known in the art for use in the oil phase of an emulsion)
and/or the polar based phase may be aqueous based (or based
on some other polar solvent such as methanol, ethanol or
iso-propanol). The polar based phase may comprise a dis-
solved salt and when this phase is an aqueous based phase, it
may comprise water and a dissolved salt. In any case, the
dissolved salt is taken to be a single chemical species that is
different from the material chosen for the surfactant (3) and
for the solid weighting agent (4), as applicable, unless other-
wise specified.

For W/O or O/W nanoemulsions, the volumetric or weight
ratio range of oil:water may be 99:1 to 1:99 or otherwise,
depending on the embodiment.

A variety of surfactants may be used for the surfactant (3)
in the nano-emulsions including, but not necessarily limited
to, anionic surfactants, nonionic surfactants, cationic surfac-
tants. amphoteric surfactants and (extended) surfactants con-
taining a non-ionic spacer-arm central extension and an ionic
or nenionic polar group. More specific surfactants of interest
include, but are not necessarily limited to, monomeric cat-
ionic and monomeric amphoteric types. Other examples
include, but are not necessarily limited to, anionic surfactants
selected from the group consisting of alkali metal alky! sul-
fates, alkyl ether sulfonates, alkyl sulfonates, alkylaryl sul-
fonates, linear and branched alkyl ether sulfates and sul-
fonates, alcohol polypropoxylated sulfates, alcohol
polyethoxylated sulfates, alcohol polypropoxylated poly-
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cthoxylated sulfates, alkyl disulfonates, alkylaryl disul-
fonates, alkyl disulfates. alkyl sulfosuccinates, alkyl ether
sulfates, linear and branched ether sulfates, alkali metal car-
boxylates, fatty acid carboxylates, and phosphate esters; non-
ionic surfactants selected from the group consisting of
amides, diamides, polyglycol esters, alkyl polyglycosides,
sorbitan esters, methy] glucoside esters and alcohol ethoxy-
lates; cationic surfactants selected from the group consisting
of arginine methyl esters, alkanolamines and alkylenedi-
amines; and (extended) surfactants containing a non-ionic
spacer-arm central extension and an ionic or nonionic polar
group, wherein the non-ionic spacer-arm central extension
results from of polypropoxylation, polyethoxylation or both.
Other suitable surfactants are dimeric or gemini surfactants,
cleavable surfactants and fluorinated surfactants.

Materials that may be used for the solid weighting agent (4)
include, but are not necessarily limited to, any of the variety of
materials known in the art for this purpose such barium sul-
fate, calcium carbonate, hematite, ilmenite, siderite and man-
ganese tetraoxide. Use of a combination of materials here
may be specified at times as well. The key here is that these
materials have very limited solubility in water or oil, and they
are present in enough concentration so as to be to some extent
suspended solids in the fluid in question. It should be under-
stood that the designation barium sulfate is taken to include
the chemical species as well as the mineral form, barite, and
similarly for calcium carbonate and calcite.

The average diameter of the weighting agent particles may
also be significant. In particular, it may be useful to some-
times specify that at least in the discontinuous phase (and
maybe other phase(s) and/or overall in the nanoemulsion) that
the average diameter of the weighting agent is smaller than
the mean droplet size in the corresponding nanoemulsion’s
discontinuous phase; possible mean droplet sizes are given
above and serve as specific disclosure for solid weighting
agent particle size within the limits specified here. Thus for
example, where the mean droplet size is 400 to 700 nm, the
average diameter of a solid weighting agent used might be
specified as any size smaller than 400 nm such as less than
400, 300, 250, 200, 100, 75, 50, 25, 20, 10, 5 or 1 nanometer
(nm), or within ranges that can be constructed from these
numbers. In other instances, other criteria and sizes might be
specified, such as average diameter of the weighting agent in
either or both phases as less than 10, 5, 1, 0.5, 0.1, 0.05, 0.01,
0.005 or 0.001 millimeter (mm), or less than 500, 250 or 100
nanometers (nm).

It should be understood that an insoluble material (such as
a mineral, a sized or ground solid or a polymer) other than
what is “known in the art” as a possible solid weighting agent
may also be used as solid weighting agent (4) as long as it may
perform a weighting function. Considerations applicable to
“standard” solid weighting agents given herein would also
apply to these “alternate” solid weighting agents. If such a
material does not perform a weighting function, then it may
be used as an additive, but would not be considered as being
the solid weighting agent (4) in such a case, but only an
additive.

The dissolved salt (taken as distinct throughout from
weighting agents, surfactants, co-surfactants, additives, or the
like also present, unless indicated otherwise), if present in the
polar or aqueous based phase of the nanoemulsion composi-
tions may be any salt that can be dissolved to some appre-
ciable extent in the polar or aquecous based phase, including
any such soluble chlorides, bromides, sulfates, phosphates,
formates, acetates, citrates or ammonium salts. Some more
specific examples include soluble chlorides of sodium, potas-
sium, calcium, silver, cobalt, nickel, copper, zinc or iron;
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bromides of sodium, potassium, calcium, silver, cobalt,
nickel, copper, zinc or iron; sulfates of sodium, potassium,
calctum, silver, cobalt, nickel, copper, zinc or iron; phos-
phates of sodium, potassium, calcium, silver, cobalt, nickel,
copper, zinc or iron; formates, acetates or citrates of sodium,
potassium, cesium or some other cation; and ammonium
chloride, bromide, sulfate, phosphate, formate, acetate, cit-
rate or ammonium salts of some other anion. The dissolved
salt may actually be specified as a combination of such spe-
cies at times. As to concentration, the amount of dissolved salt
may among various embodiments be in any range possible
from greater than zero to saturation; as an example, the aver-
age weight percentage of the dissolved salt in the polar or
aqueous based phase may be at least (or alternately less than)
0.01,0.050.1,0.2,0.25,0.3,0.4,0.5,0.6,0.7,0.75, 0.8, 0.9,
0.95,0.99 of the weight percentage of this salt in water at 25°
C. at maximum solubility with other examples using ranges
made up from any possible combination of these same frac-
tions of saturation, such as 0.1 t0 0.99, 0.1 t0 0.9, 0.25 t0 0.75,
etc.

Additional or co-surfactant(s) may be used in the compo-
sitions as well. It should be understood that any co-surfactant
is independently present within phase (1), phase (2), between
phase (1) and (2), elsewhere within the nanoemulsion com-
position, or at some combination of these locations. The
co-surfactant is taken as a single chemical species that is
different from the material chosen for the surfactant (3), for
the solid weighting agent (4) and for the dissolved salt if
present, unless otherwise specified. Examples of materials
that are often chosen as co-surfactants include mono-alco-
hols, poly-alcohols, organic acids (such as formic, acetic or
citric), salts of organic acids (such as formates, acetates or
citrates), amines, polyethylene glycols, ethoxylated solvents
and active surface additives.

The nanoemulsion compositions may further comprise one
or more additives selected from the group consisting of
asphaltene dissolvers, wax dissolvers, corrosion inhibitors,
viscosifiers, thinners, fluid loss contro! agents, lost circula-
tion materials, alkalinity control agents, shale inhibitors,
defoamers, biocides, lubricants, oxygen scavengers, and
deflocculants. Similarly, they may further comprise a min-
eral/inorganic acid (such as HCl or H,SO,) or an organic acid
(such as formic, acetic or citric) additive. Additives may be
present in either the continuous or the dispersed/discontinu-
ous phase or both.

To minimize confusion from possible overlapping compo-
nents. throughout this disclosure, additives present are taken
as distinct from one another and from the surfactant (3),
weighting agent (4), any dissolved salt, co-surfactant or the
like present and vice versa for all these.

It is possible to have polymer free (dissolved and/or other-
wise) varieties of the nanoemulsions as well; polymer free
may apply to such nanoemulsions overall or only to one or
more phases individually therein. Similar considerations
apply to amines, lignin and/or anionic surfactants.

An alternative nanoemulsion composition comprises: (1) a
continuous phase, (2) a discontinuous or dispersed phase with
amean droplet size of less than 1000 nm, and (3) a surfactant;
wherein, one of the phases (1) and (2) is a non-polar based
phase and the other of these is a polar or aqueous based phase,
with the polar or aqueous based phase comprising a polar
solvent or water and a dissolved salt of formic, acetic or citric
acid, of an ammonium salt or a mixture of these. The dis-
solved salt may be another of the salts named herein as well.
This alternative nanoemulsion composition may further com-
prise a co-surfactant and/or one or more additives, the addi-
tives selected from the group consisting of mineral acid (such
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as HCl or H,SO,) or organic acid (such as formic, acetic or
citric). asphaltene dissolvers, wax dissolvers, corrosion
inhibitors, viscosifiers, thinners, fluid loss control agents, lost
circulation materials, alkalinity control agents, shale inhibi-
tors, defoamers, biocides, lubricants, oxygen scavengers, and
deflocculants. The disclosure and discussion on detail and
variations given previously for other nanoemulsions may be
applied here as well as applicable.

1t should be understood that the disclosure given here
should be interpreted broadly enough so that any variation
discussed as to composition may be used in combination with
any others unless this would be contradictory or otherwise
obviously inappropriate under the circumstances. The same
understanding should be applied to methods as well and to
combinations relating to methods and compositions as appli-
cable.

The nanoemulsions may be formed by many methods
including the following (described in detail in the chapter,
“Nanoemulsions”, by Salager, Forgiarini and Marquez, in
Pharmaceutical Emulsions and Suspensions, (2"d edition),
Nielloud and Marti-Mestres editors, Taylor and Francis (Lon-
don), as applicable/adaptable which are part of the invention
in this regard:

(1) By Persuasion

(1.1) Phase Transition from Near-Optimum State Via
Change in Single Variable

Itis contemplated that the nanoemulsions may be prepared
by phase transition, taking advantage of the physicochemical
properties of the oil/water/-surfactant systems, preferably but
not limited to transitions due to changes in temperature, such
as reported in Shinoda, K. et al., “The stability of O/W type
emulsions as a function of temperature and the HLB of emul-
sifiers: The emulsification by the PIT-method”, J. Colloid
Interface Sci. 1969, 30, 258-263, or any of the variables
affecting the hydrophilic-lipophilic deviation (HI.D). The
HI.D is a dimensionless expression that represents the devia-
tion of the formulation from the “optimum” in which the
oil/water/surfactant system exhibits three-phase behavior, i.e.
Winsor III type, and a minimum interfacial tension, as
described by Salager et al., “Partitioning of ethoxylated
octylphenol surfactants in microemulsion-oil-water systems.
Influence of temperature and relation between partitioning
coefficient and physicochemical formulation”, Langmuir
2000, 16, 5334-5539. Changes in temperature or any of the
variables affecting the HLD allow the preparation of
nanoemulsions by (i) starting the emulsification process at the
optimum formulation region (HLD::0) and slowly shifting it
away or (ii) crossing the optimum formulation and displacing
the formulation slightly from this optimum, which in both
cases results in a decrease in solubilization of either the oil or
aqueous phase and produces a release of the excess phase
under the form of nanoemulsion size droplets.

The nanoemulsions may also be prepared by phase transi-
tion changing variables affecting the hydrophilic-lipophilic
deviation HL.D such as temperature, salinity of the aqueous
phase, nature of the surfactant, nature of oil phase and
changes in the alcohol effect. In one non-limiting embodi-
ment, the oil/water/surfactant system close to the optimum
formulation (HI.D close to 0) exhibits a monophasic behav-

» ior, i.c. Winsor IV type which may producc uniform mono-

dispersed nanoemulsions.

{1.2) Phase Transition from Near-Optimum State Via
Change in Multiple Vanables

Nanoemulsions may sometimes be prepared by phase tran-
sition combining changes in temperature or any of the vari-
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ables affecting the hydrophilic-lipophilic deviation (HLD),
and minor changes in the water to oil ratio of the system. In
one embodiment, minor changes in water to oil ratio implies
that the phase behavior of the oil/water/surfactant system
undergoes through the formation of a liquid crystal phase.

(1.3) Catastrophic Inversion

A method is contemplated for making the nanoemulsions
by catastrophic inversion of a low internal phase emulsion
adding small amounts of the internal phase under low and
long lasting mixing, which results in an inversion of the
emulsion producing nanoemulsion size droplets of the origi-
nal external phase. Allowing that the proposal of a mechanism
here should in no way be construed as limiting the scope of
the present methods and compositions, it is believed that this
inversion process is helped by the formulation and the initial
formation of multiple emulsions which makes the apparent
internal phase ratio much higher than the overall one.

(1.4) Phase Transition Stabilized by L.iquid Crystal
Formation

Nanoemulsions herein may sometimes be prepared by a
phase transition that is stabilized by the presence of liquid
crystal layers wrapping around the released nanoemulsion
sized droplets, as described by Forgiarini et al., “Formation
and stability of nano-emulsions in mixed nonionic surfactant
systems”, Prog. Colloids Polymer Sci. 2001, 118, 184-189.In
one non-restrictive embodiment, nanoemulsions prepared by
transition are stabilized by a rapid change in the formulation
or temperature after emulsification that produces a quick shift
of the formulation from the region closed to HL.D: -0 to avoid
fast coalescence of the nanodroplets and secure stability, as
described by Salager, J. L. “Emulsions properties and related
know-how to attain them” in Nielloud I & Marti-Mestres (3,
eds. Pharmaceutical Emulsions and Suspensions, Chapter 3,
New York: Marcel Dekker, 2000:73-125.

2. By Brute Force

The nanoemulsions herein may sometimes also be pro-
duced using a high speed mixer, a high frequency ultra-sonic
device, a high pressure homogenizer, a small pore membrane
andsor the like. Using brute force type methods, nanoemul-
sions herein are prepared by providing an external energy
input to the oil/water/surfactant system using high shear
stress or inertial disruption perhaps to overcome the effect of
interfacial tension and reach the levels of Laplace pressure of
droplets having the expected size to fragment large micros-
cale droplets into the nanoscale. In this embodiment, an
excess of surfactant is present in the continuous phase in the
form of micelles that dissociate into monomers that rapidly
adsorb on the newly created surface area of the nanoemulsion
sized droplets and coat the interfacial film, thereby preventing
shear-induced coalescence. The concentration of surfactant
in the system also plays a role in determining the limiting
droplet size when all other parameters are fixed. Apparatus
suitable for preparing the nanoemulsions by mechanical
energy input include, but are not limited to, devices offering a
high power density with a small and well defined disruption
zone including:

(2.1) high spced rotor-stator machincs such as colloid
mills, static mixers with special orifice geometry that com-
bine shear and elongation flow or homogenizers which pro-
vide high power density through a large pressure drop and
produce either axial or radial elongation;
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(2.2) microfluidizer high pressure homogenizers which
offer high continuous turbulent flow and extreme extensional
shear. combined with compression, acceleration and high
pressure. In this type of device, streams of premixed emulsion
flow through rigid micro channels;

(2.3) high frequency ultrasonic devices that provide ultra-
sonic disruption creating vacuum cavities followed by implo-
sions and back and forth high-pressure shock valves that
breaks up the drop of the initial premixed coarse microscale
emulsion. In this process, performing a number of recircula-
tion steps may be required to obtain reasonably uniform drop-
let size distributions; and

(2.4) nanoemulsification by passing the internal phase
through the pore of a membrane that contacts a cross flow of
the continuous phase; nanoemulsions obtained through this
method are practically mono-dispersed.

Methods of making nanoemulsion compositions further
comprise: (1) mixing a group of components comprising an
oil or other non-polar solvent and a surfactant; (2) adding a
polar or aqueous based salt solution to the result of (1) with
mixing; (3) mixing the result of (2); (4) adding more of the
salt solution to the result of (3) while mixing; and (5) mixing
the result of (4).

Some helpful “variations” in steps of this basic procedure
may include one or more of: in step (2), the adding is between
a minimum and maximum rate with mixing and/or is contin-
ved until the viscosity increases to at least a minimum value
at a given temperature; in step (3), mixing the result of (2)
continues until the viscosity drops at least below a given value
at a given temperature and/or there is an energy addition
condition of importance here (and/or at another step) as well;
in Step (4), the adding of the salt solution is continued only to
a predetermined effective overall total; and in step (5), mixing
the result of (4) continues until trbidity is at least less than a
given value.

In these methods of making nanoemulsion compositions,
the group of components of step (1) may further comprise one
or more additional or co-surfactants.

In these methods, the salt {taken as distinct throughout
from weighting agents, surfactants, co-surfactants, additives,
or the like also present, unless indicated otherwisc) in the salt
solution may be any salt that may be dissolved to some
appreciable extent in a polar or aqueous based phase, inciud-
ing, but not necessarily limited to, soluble chlorides, bro-
mides, sulfates, phosphates, formates, acetates or citrates or
ammonium salts. In particular the salt solution may comprise
a soluble salt that is a chloride of sodium, potassium, calcium,

> silver, cobalt, nickel, copper, zinc or iron; a bromide of

sodium, potassium, calcium, silver, cobalt, nickel, copper,
zinc or iron; a sulfate of sodium, potassium, calcium, silver,
cobalt, nickel, copper, znc or iron; a phosphate of sodium,
potassium, calcium, silver, cobalt, nickel, copper, zinc or
iron; a formate, acetate or citrate of sodium, potassium,
cesium or other cation; ammonium chloride, bromide, sul-
fate, phosphate, formate, acetate or citrate or an ammonium
salt of some other anion; or in some cases a combination of
these. As to the concentration of the salt solutions used in
these methods, the amount of dissolved salt in these solutions
may among various embodiments be in any range possible
from greater than zero to saturation: as an example, the aver-
age weight percentage of the dissolved salt in the polar or
aqueous based phase may be at least (or alternately less than)
0.01,0.050.1,0.2,0.25,0.3,0.4,0.5,0.6,0.7,0.75,0.8, 0.9,
0.95, 0.99 of the weight percentage of this salt in water at 25°
C. at maximum solubility with other examples using ranges

O
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made up from any possiblec combination of these same frac-
tions of saturation, such as 0.1 10 0.99,0.1t00.9,0.25t0 0.75,
etc.

These methods may further comprise the adding to the
result of step (5), a solid weighting agent and/or one or more
additives, the additives selected from the group consisting of
mineral acids (such as HC] or H,SO4), organic acids (such as
formic, acetic or citric), asphaltene dissolvers, wax dissolv-
ers, corroston inhibitors, viscosifiers, thinners, fluid loss con-
trol agents, lost circulation materials, alkalinity control
agents. shale inhibitors, defoamers, biocides, lubricants, oxy-
gen scavengers, and deflocculants. The solid weighting agent
may be as to type, amount and otherwise as given previously
in the discussion of the nanoemulsion compositions; simi-
larly, additives here may include those mentioned in conjunc-
tion with the description of “alternate” solid weighting agents
above. Additives may be present in either the continuous or
the dispersed/discontinuous phase or both. To minimize con-
fusion from possible overlapping components, throughout
this disclosure, additives present are taken as distinct from
cach other and the surfactant, any weighting agent, dissolved
salt, co-surfactant or the like present and vice versa for all.

Additional factors of possible importance in the methods
herein include temperature, salinity, component amounts and
ratios, as well as factors relating to energy input.

In a more specific embodiment of the methods herein for
making nano-emulsions compositions, steps (1) to (5) above
are done with a co-surfactant added to the mix in step (1) and
in addition: (a) in the group of components of (1), the oil is
hydrogenated minera! oil, the surfactant is imidazoline with 1
to 5% (often about 3%) by weight methanol and the co-
surfactant is succinamide with the surfactant and co-surfac-
tant in a weight ratio of about 4:1, and the oil to the total of the
surfactant and co-surfactant in a ratio of about 0.043 bbl: 1.0

Ib {15.0 liters:1 kg): and (b) the aqueous salt solution is about :

45 weight percent calcium bromide in water with the amount
of this salt solution added in (2) and (4), per 1.0 bbl (SI
alternate is 1 cubic meter) of hydrogenated mineral oil in (1)
being about (.42 bbl (S] alternate is 0.42 cubic meter) and
about 0.84 bbl (SI alternate is 0.84 cubic meters), respec-
tively. This is similar to Example 1 given below. The embodi-
ment just given may be “extended” so as to further comprise
adding to the result of {5) a polypropylene homopolymer so
that the resulting weight ratio of polypropylene homopoly-
mer to succinamide is about 0.63:1.0; a polypropylene
homopolymer and barium sulfate so that the resulting weight
ratio of polypropylene homopolymer to succinamide to
barium sulfate is about 0.64:1.0:17.5; or manganese tetraox-
ide so that the resulting weight ratio of manganese tetraoxide

to succinamide is about 52.5:1.0. This “extension” is similar

1o Example 2 below.

The two previous cmbodiments (those stated as similar to
Fxamples | and 2) may sometimes be “enhanced” wherein
the adding with mixing of step (2) continues until the viscos-
ity of the composition of (2) reaches a viscosity of say at least
about 275 cP when measured at a shear rate of 500/s at 25° C.;
and the mixing of (3) is continued until the viscosity of the
composition of (3) drops say below about 20 cP when mea-
sured at a shear rate of 500/s at 25° C.

Additional nanoemulsion compositions may be defined in
a product by process sense corresponding to each of the
methods of making nanoemulsions compositions given in
this disclosure (including all variations and combinations)
and are hereby disclosed. It is worth noting here that
nanoemulsion compositions may be formation path depen-
dent; that is. different compositions may result when the same
components are combined using different methods.

—
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Using nanoemulsion compositions is also contcmplated in
various processes relating to the oil and gas industry. Such
methods include, but are not necessarily limited to methods
comprising;: (1) drilling a wellbore using a fluid comprising a
nanoemulsion; (2) completing a well using a fluid comprising
a nanoemulsion; (3) remediating a subterranean formation
using a fluid comprising a nanoemulsion; (4) stimulating a
subterranean formation using a fluid comprising a nanoemul-
sion; and/or (5) fracturing a subterrancan formation using a
fluid comprising a nanoemulsion. Any of these methods may
be performed with or without acid or acidizing as applicable.
The panoemulsions of these methods include nano-emul-
sions generally as well as any of those in particular herein.

Similarly, other methods for the use of nanoemulsions
include using these emulsions in acidizing/acid treatments
per se or in combination with other operations, well treat-
ments generally, as well as in cleaning pipes, pipelines, tanks
and vessels. Any of these methods may be done with or

. without acid or acidizing as applicable. Nanoemulsions com-

positions generally may be used in these methods as well as
any of those described in particular herein.

Other methods include those where nanoemulsion compo-
sitions generally and those described herein in particular are
used in or as fluids for oil and gas operations resulting in sag
reduction and/or friction pressure reduction compared to
when they are not used. According to one non-limiting
embodiment in this area, reduction of friction pressure losses
and reduction of solid particle sag in an oil field fluid includes
suspending solid particles in the dispersed and/or continuous
phase of a nancemulsion. The resulting fluid composition
may be used as an oil field fluid such as a drilling or comple-
tion fluid. The reduction in sag that is achieved is in the range
of about 10% to about 30% when compared with a fluid of the
same composition that does not include a nanoemuision. The
use of a nano-emulsion in an oil field fluid composition does
not usually significantly increase the viscosity of the fluid. In
one non-restrictive embodiment, the apparent viscosity
change of the fluid composition is less than about 5, 10, 15, 20
or 25% at 25° C. The embodiments described in this para-
graph may make use of nanoemulsions generally or those
described in particular herein.

The methods for use of nanoemulsions may make use of
nanoemulsions generally, nanoemulsions wherein the mean
droplet size of the dispersed/discontinuous phase is less than
750, 500, 250 or 100 nm, and those of WO2007/112967
described previously, the latter document hereby incorpo-
rated by reference in its entirety for this purpose.

Note that in this disclosure, unless otherwise indicated, a
component amount given in percent is in weight percent.

The following examples serve to illustrate some features of
the present invention, but should not be taken as exhaustive or
limited in this regard.

Example |
A Nanoemulsion without a Solid Weighting Agent

Several oil-external emulsion formulations were prepared
utilizing various water phase salinities (WPS) in order to
demonstrate the formation of a nanoemulsion. Calcium bro-
mide brine was employed as the internal phase of the emul-
sions. while hydrogenated mineral oi} (EDC 99/DW; source:
Total) was utilized as the externa! phase. An emulsifier (imi-

20
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dazoline with about 3% by weight methanol) and a wetting
agent (succinamide) were included to properly stabilize the
emulsions.

The formulations were prepared to demonstrate the forma-
tion of a brine-in-0il emulsion as well as a brine-in-oil
nanoemuiston. The formulation for each fluid is shown below
in Table 1.

TABLE 1

FLUID FORMULATIONS FOR EXAMPLE |
(S1 or metric equivalents are given parenthetically)

Product A B C
Hydrogenated mineral oil, 0.430 (68.4)  0.430 (68.4) 0.430 (68.4)
bbl (liters)

*Emulsifier, [b (kg) 8 (3.63) 8 (3.63) (3.63)
**Wetting agent, b (kg) 2 (D.91) 2 (091) 2 (0.91)
Calcium bromide brine, 0.540 (85.9) 0.540 (85.9) 0.540 (85.9)
bbl (liters)

WPS, weight % CaBr, 40 45 47.5

O1l Brine Volume Ratio 46/54 46/54 46/54

*kimulsifier 1s the surfactant,

**Wetting agent is the co-surfactant

The emulsions were prepared using the following proce-
dure:

1. Measure out the appropriate quantity of oil, emulsifier,
wetting agent, and calcium bromide brine of the appropriate
salinity to prepare 1 lab barrel of each mixture to be made.

2. Using a Multimixer and a stainless steel conical mixing
cup, begin mixing the oil. Add the emulsifier and wetting
agent using a syringe.

3. Allow oil/lemulsifier/wetting agent blend to mix for 1
minute.

4. Begin adding the brine slowly. Once approximately half of
the brine has been added, the viscosity of the mixture will
increasce to the point that the vortex will close. Allow two
minutes of mixing for the viscosity to reduce, then add the
remaining quantity of brine.

5. Allow emulsion to stabilize by mixing for at least an addi-
tional 30 minutes (at least 35 minutes total).

Using the formulations and preparation method listed
above, 1 lab barrel aliquots were made of each of the fluids.
After mixing, the appearance and properties of each of the
fluids was documented as shown in Table 2 below. The
appearance of fluids A and C were substantially identical.

Both of these fluids formed stable, turbid oil-external emul- ¢

sions after mixing. Fluid B manifested as a transparent stable
brine-in-oil nanoemulsion. Measurements of electrical stabil-
ity were performed for each of the three samples; the mea-
surements performed for these fluids indicated that each was
an oil continuous fluid (W/QO).

The turbidity of each of the samples indicated the differ-
ence in droplet size between the samples. These measure-
ments were made using a LaMotte 2020e turbidometer. For
the normal invert emulsions A and C, the turbidity was >>1,
000 NTU, while sample B had a turbidity of only 60 NTU.
Sample B was so transparent that printed words could be read
through the fluid when held behind a vial with a /2 inch (1.3
cm) diameter. Dispersed systems (systems composed of an
immiscible phase dispersed in a second phase) that are trans-
lucent or transparent usually have an average droplet size of
less than one micron (1000 nm).
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TABLE 2

EMULSION PROPERTIES FOR EXAMPLE 1

Property A B C
Electrical stability, V 330 440 500
Turbidity, NTU >2,000 60 1,250

Preparation of these fluids is different from building a
standard brine-in-oil emulsion. Typically, when mixing an
oil-external emulsion such as those utilized for oil-based
drilling fluids, a low viscosity is observed in the initial stage
of the mixing. As more and more brine is added, the viscosity
begins to increase and eventually levels off as the brine addi-
tion is completed.

In the case of this example, when the brine was added to the
oil, emulsifier, and wetting agent of each of samples A, B and
C, an extremely high viscosity was noted after approximately
half of the brine had been added. The formation of an ordered
liquid crystal phasc was likely responsible for the obscrved
increase in viscosity. Imparting additional mixing energy to
the fluid caused a fairly rapid breakdown of the viscosity of
the fluid, indicating a phase transition probably occurred.
Samples A and C transitioned to a standard opaque oil-exter-
nal emulsion phase after additional mixing. Fluid B, however,
transitioned to a brine-in-oil nanoemulsion fluid. After the
transitioning through the (apparent) liquid crystal phase to the
nanoemulsion fluid, further additions of brine did not cause
reformation of the viscous phase.

For samples prepared as sample fluid B above, the maxi-
mum viscosity dctermined on mixing at a shear rate of 500/s
was 275 cP at 25° C. This was determined by placing the oil
and emulsifiers in the sample cup of an MCR 301 Anton Paar
rheometer equipped with a vane stirrer. The stirrer was then
started, followed by addition of the brine. This mixture was
allowed to stir for 90 minutes. During mixing, the maximum
viscosity occurred after 1 minute and was found to be 275 cP
at 25° C. The final viscosity of the nanoemulsion after mixing
was found to be 20 cP at 25° C.

In this example, a stable brine-in-o0il nanoemulsion (fluid
sample B) was successfully formulated and tested. The
method of formation of the nanoemulsion involved choosing
appropriate compositional elements (such as the salinity of
the internal phase) with the application of mechanical mixing
energy. The nanoemulsion formed was transparent with a
high electrical stability.

The process of forming a nanoemulsion in sample B was
likely a combination of the two principal methods of making
nanoemulsions—by “brute force”, by imparting enough
shear to create fine droplets and by “persuasion”, by choosing
particular elements of composition or a formation path to
result in a nanoemulsion. In the case of sample B, described
above, the two methods were combined to form the transpar-
ent nanoemulsion. Only through the use of a narrow range of
salt concentration can the nanoemulsion be formed. Employ-
ment of an internal phase with a salinity outside of this narrow
range will result in formation of a standard opaque brine-in-
oil emulsion rather than a nanoemulsion as seen above.

Application of mixing energy is important in this case as
well. Preparation of a fluid of the same composition as sample
fluid B above in a narrow glass tube without use of a mechani-
cal mixing device appears to lead to the formation of the
viscous liquid crystal phase, with a very slow apparent tran-
sition to a Winsor 11 state. When this procedure was carried
out and 24 hours had elapsed, equilibrium had not yet been
reached. An upper phase largely composed of the base oil

2%
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with a small amount of surfactant present was seen, while a
lower phase of a gelled aqueous phase was noted. A middle
phase, thought to be a liquid crystal phase, was seen appar-
ently in the process of separating into the oil and aqueous
phases. Comparing the appearance of sample formed with
little shear with that of sample fluid B above (formed with
higher shear), it is apparent that application of shear was
critical to forming the nanoemulsion here.

Example 2

Some Nanoemulsions Formulated with Solid
Weighting Agents

All formulations in this example were prepared in the same
way as the nanoemulsion in example 1 (sample fluid B),
except that viscosifier and solid weighting agents were added
after formation of a nanoemulsion to form a weighted, solids-
laden system as applicable.

A nanoemulsion of moderate viscosity was formulated
with the composition described in Table 3 below (formulation
1). Its viscosity versus strain was about 100cP at 0.75/s versus
about 20 cP at 500/s, both at 25° C. Addition of barium sulfate
to this formulation (more precisely, one almost like it, see
Table 3 below), showed that this fluid did not present prob-
lems of solid particle sag; no difference in density between
the top and bottom of the sample was observed after 24 hours
of static aging.

Formulation 2 was prepared with the components listed in
Table 3 below; it contained the solid weighting agent, man-
ganese tetraoxide, and remained stable without settling prob-
lems as well.

TABLE 3

NANOEMULSION FORMULATIONS FOR EXAMPLE 2
(SI or metric equivalents are given parenthetically)

Nanoemulsion
Formulation 2
(with Weighting

Nanoemulsion
“Formulation 17

(with Weighting Agent

Nanoemulsion Agent Manganese
Product Formulation 1 Barjum Sulfate) Tetraoxide)
EDC 99.DW_ bbl 0.4285 (68.1} 0.4185 (66.5) 0.4047 (64.3)
(lirers)
Emulsifier. tb (kg) 797 (3.61) 7.7 (3.54) 7.53 (3.42)
Wetting Agent, b 1.99 (0.9) 1.9 (0.89) 1.88 (0.85)
tkg)
12.9 Ib/gal CaBr,, 0.3370 (85.4) 0.5245 (R3.4) 0.5072 (80.6)
bbl {liters}
Fiber, 1b (kg} 1.25 (0.57) 1.2 (0.57) —
Manganese -— -- 98.73 {44.8)
Tetraoxide, Ib (kg)
Barium Sulfate, b -— 34.07 (15.47) —
(kg)
Density, Ib/gal 10.09 (1.21) 10.67 (1.28) 11.86 (1.42)
tkg/liter)

EDC 99/DW 15 a hydrogenated mineral o1 (source: Total)

Emulsifier 1s mmdazoline with about X weight °» methanol (surfactant)
Wetting Agent 1s succinamide (co-surfactant)

12.9 Ivgal Calenun Bromide s the same as (1.55 kg/liter)

Fiber is a polypropylene homopaolymer (a viscosifier)

Manganese tetraoxide 1s a solid weighting agent

Rarium sulfate is a salid weighting agent

Example 3

Mean Droplet Size of the Discontinuous Phase of a
Nanoemulsion

The mean droplet size (average droplet diameter) of the
discontinuous phase of the nanoemulsion fluid B of Example
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1 was determined by Dynamic Light Scattering (DLS), also
known as Photon Correlation Spectroscopy (PCS). This tech-
nique was described previously. The value obtained was
about 56.9 nm.

Applicants apply nanoemulsions to friction pressure losses
and the subsidence of solid weighting materials, as well as
other needs for better efficiency through their use in drilling,
completion, remediation and other oil field fluids and pro-
cesses.

In the foregoing specification, the invention has been
described with reference to specific embodiments thereof,
and has been suggested as effective in providing cffective
methods and compositions for improving drifling fluids and
completion fluids used in drilling and completing subterra-
nean reservoirs and formations. The methods and fluids
herein are also useful in remediating and stimulating forma-
tions, such as by fracturing. However, it will be evident that
various modifications and changes may be made thereto with-
out departing from the broader spirit or scope of the invention
as set forth in the appended claims. Accordingly, the specifi-
cation is to be regarded in an illustrative rather than a restric-
tive sense. For example, specific combinations of compo-
nents and/or reaction conditions for forming the
nanoemulsions, whether modified to have particular shapes
or certain functional groups thereon, but not specifically iden-
tified or tried in a particular drilling or completion fluid to
improve the properties therein, are anticipated to be within
the scope of this invention.

The present invention may suitably comprise, consist or
consist essentially of the elements disclosed and may be
practiced in the absence of an element not disclosed.

The words “comprising” and “comprises” as used through-
out the claims is to interpreted “including but not limited to”.

What is claimed is:

1. A thermodynamically unstable nanoemulsion composi-
tion comprising: '

(1) a non-polar based continuous phase,

(2) a polar based discontinuous phase with a mean droplet

size of less than 1000 nm,

(3) a surfactant, and

(4) a solid weighting agent.

2. The thermodynamically unstable nanoemulsion compo-
sition of claim 1, wherein the mean droplet size of the dis-
continuous phase is between 400 nm and 700 nm, and the
non-polar based phase is an oil phase and the polar based
phase is an aqueous phase.

3. The thermodynamically unstable nanoemulsion compo-
sition of claim 2, wherein the solid weighting agent is selected
from the group consisting of barium sulfate, calcium carbon-
ate, hematite, ilmenite, siderite, manganese tetraoxide and
combinations thereof.

4. The thermodynamically unstable nanoemulsion compo-
sition of claim 2, wherein the aqueous phase comprises water
and a dissolved salt, the dissolved salt being different from the
material chosen for the surfactant (3) and for the solid weight-
ing agent (4).

5. The thermodynamically unstable nanoemulsion compo-
sition of claim 4. wherein the dissolved salt in the aqueous
phase is selected from the group consisting of:

a chloride of sodium, potassium, calcium, silver, cobalt,

nickel, copper, zinc or iron;

a bromide of sodium, potassium, calcium, silver, cobalt,
nickel, copper, zinc or iron; a sulfate of sodium, potas-
stum, calcium, silver, cobalt, nickel, copper, zinc or iron;

a phosphate of sodium, potassium, calcium, silver, cobalt,
nickel, copper, zinc or iron;

a formate of sodium, potassium, cesium or other catjon,

an ammonium salt; and

combinations thereof.
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6. The thermodynamically unstable nanoemulsion compo-
sition of claim 2, further comprising a co-surfactant, where
the co-surfactant is different from the material chosen for the
surfactant (3) and for the solid weighting agent (4) and is
selected from the group consisting of a mono-alcohol, a poly-
alcohol, an organic acid, a salt of an organic acid, an amine, a
polyethylene glycol. an ethoxylated solvent and combina-
tions thereof.

7. The thermodynamically unstable nanoerulsion compo-
sition of claim 1, wherein the surfactant (3) is selected from
the group consisting of

an anionic surfactant selected from the group consisting of
alkali metal alky! sulfates, alkyl ether sulfonates, alkyl
sulfonates, alkylaryl sulfonates, linear and branched
alky!l ether sulfates and sulfonates, alcohol polypro-
poxylated sulfates, alcohol polyethoxylated sulfates,
alcohol polypropoxylated polyethoxylated sulfates,
alkyl disulfonates, alkylaryl disulfonates. alky! disul-
fates. alky! sulfosuccinates. alkyl ether sulfates, linear
and branched ether sulfates, alkali metal carboxylates,
fatty acid carboxylates, and phosphate csters;

a nonionic surfactant selected from the group consisting of
amides, diamides, polyglycol esters, alky! polyglyco-
sides, sorbitan esters, methyl glucoside esters and alco-
hol ethoxylates;

a cationic surfactant selected from the group consisting of
arginine methy! esters, alkanolamines and alkylenedi-
amines:

a surfactant containing a non-ionic spacer-arm central
extension and an ionic or nonionic polar group, wherein
the non-ionic spacer-arm central extension results from
a process sclected from the group consisting of polypro-
poxylation, polyethoxylation and both; and

dimeric surfactants, gemini surfactants, cleavable surfac-
tants and fluorinated surfactants; and

combinations thereof.

8. A thermodynamically unstable nanoemulsion composi-
tion comprising:

(1) a non-polar based continuous phase,

(2) a polar based discontinuous phase with a mean droplet

size of between 400 nm and 700 nm,

(3) a surlactant, and

(4) a solid weighting agent selected from the group con-
sisting of barium sulfate, calcium carbonate, hematite,
ilmenite, siderite, manganese tetraoxide and combina-
tions thereof.

9. The thermodynamically unstable nanoemulsion compo-

sition of claim 8 wherein the non-polar based phase is an oil
phase and the polar based phase is an aqueous phase.

10. The thermodynamically unstable nanoemulsion com- ¢

position of claim 9, wherein the aqueous phase comprises
water and a dissolved salt, the dissolved salt being different
from the material chosen for the surfactant (3) and [or the
solid weighting agent (4).

11. The thermodynamically unstable nanoemulsion com-
position of claim 10, wherein the dissolved salt in the aquecus
phase is selected from the group consisting of:

a chloride of sodium, potassium, calcium, silver, cobalt,

nickel, copper, zinc or iron;

a bromide of sodium, potassium, calcium, silver, cobalt,
nickel, copper, zinc or iron; a sulfate of sodium, potas-
sium, calcium, silver, cobalt, nickel, copper, zinc or iron;

a phosphatc of sodium, potassium, calcium, silver, cobalt,
nickel, copper, zinc or iron;

a formate of sodium. potassium, cesium or other cation;

an ammonium salt; and

combinations thereof.
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12. The thermodynamically unstable nanoemulsion com-
position of claim 8, further comprising a co-surfactant, where
the co-surfactant is different from the material chosen for the
surfactant (3) and for the solid weighting agent (4) and is
selected from the group consisting of a mono-alcohol, a poly-
alcohol, an organic acid, a salt of an organic acid, an amine, a
polyethylene glycol, an ethoxylated solvent and combina-
tions thereof.

13. The thermodynamically unstable nanoemulsion com-
position of claim 8, wherein the surfactant (3) is selected from
the group consisting of

an anionic surfactant selected from the group consisting of
alkali metal alkyl sulfates, alkyl ether sulfonates, alkyl
sulfonates, alkylaryl sulfonates, linear and branched
alky!l ether sulfates and sulfonates, alcohol polypro-
poxylated sulfates, alcohol polyethoxylated sulfates,
alcohol polypropoxylated polyethoxylated sulfates,
alky! disulfonates, alkylaryl disulfonates, alkyl disul-
fates, alkyl sulfosuccinates, alkyl ether sulfates, linear
and branched ether sulfates, alkali metal carboxylates,
fatty acid carboxylates, and phosphate esters;

a nonionic surfactant selected from the group consisting of
amides, diamides, polyglycol esters, alkyl polyglyco-
sides, sorbitan esters, methyl glucoside esters and alco-
hol ethoxylates;

a cationic surfactant selected from the group consisting of
arginine methy] esters, alkanolamines and alkylenedi-
amines;

a surfactant containing a non-ionic spacer-arm central
extension and an ionic or nonionic polar group, wherein
the non-ionic spacer-arm central extension results from
a process sclected from the group consisting of polypro-
poxylation, polyethoxylation and both; and

dimeric surfactants, gemini surfactants, cleavable surfac-
tants and fluorinated surfactants; and

combinations thereof.

14. A method of making a thermodynamically unstable
nanoemulsion composition comprising:

(1) mixing a group of components comprising an oil and a
surfactant, (2) adding an aqueous salt solution to the
result of (1) with mixing, (3) mixing the result of (2),

(4) adding more of the aqueous salt solution to the resultof
(3) while mixing, and

(5) mixing the result of (4) to give a thermodynamically
unstable nanoemulsion composition comprising:

(a) a non-polar based continuous phase,

(b) a polar based discontinuous phase with a mean droplet
size of less than 1000 nm,

(c) a surfactant, and

(d) a solid weighting agent.

15. The method of claim 14, wherein the mean droplet size
of the discontinuous phase is between 400 nm and 700 nm;
and the non-polar based phase is an il phase and the polar
based phase is an aqueous phase.

16. The method of claim 14, wherein the group of compo-
nents of (1) further comprises a co-surfactant.

17. The method of claim 14, wherein the aqueous salt
solution comprises a salt that is selected from the group
consisting of:

a chloride of sodium, potassium, calcium, silver, cobalt,

nickel, copper, zinc or iron;

a bromide of sodium, potassium, calcium, silver, cobalt,
nickel, copper, zinc or iron;

a sulfate of sodium, potassium, calcium, silver, coball,
nickel, copper, zinc or iron;

a phosphate of sodium, potassium, calcium. silver, cobalt,
nickel, copper, zinc or iron;
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a formate of sodium. potassium, cesium or other cation;
ammoniwn chloride, bromide, sulfate, phosphate, for-
mate;

an ammonium salt; and

combinations thereof;
with the proviso that the average weight percentage of the salt
in the aqueous salt solution is at least one-tenth of the weight
percentage of this salt in water at 25° (C. at maximum solu-
bility.

18. The method of claim 14, wherein the adding with
mixing of (2) occurs until the viscosity of the composition of
(2) reaches a viscosity of at least about 275 cP when measured
at a shear rate of 500/s at 25° C., and the mixing of (3) occurs
until the viscosity of the composition of (3) drops below about
20 cP when measured at a shear rate of 500/s at 25° C.
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