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reservolrs using a process for preparing a dis-
persion of capsules for use downhole includ-
ing the steps of providing capsules containing
a dense liquid, each capsule having a capsule

7 == e ——. T~ wall defining an mner area, the capsule wall
T having an outer side. The capsules are tunc-
/ ,/ 130 tionalized by adding a carbon dioxide-philic
/ N compound to the outer side ot the capsule
\ __________________________________ wall. A dispersion 1s then prepared by adding
k“ - " the functionalized capsules to supercritical
120 carbon dioxide such that a stable dispersion of
T —_— capsules 1n supercritical carbon dioxide 1is

A achieved.

FIG. 1



CA 02890666 2015-05-04

WO 2014/075061 A3 M0N0 00 A0 A 0 R R

Published: (88) Date of publication of the international search report:

—  with international search report (Art. 21(3)) 23 October 2014

—  before the expiration of the time limit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



PCT PATENT APPLICATION

DENSIFYING CARBON DIOXIDE WITH A DISPERSION OF
CARBON DIOXIDE-PHILIC WATER CAPSULES

FIELD OF INVENTION

[0001] This invention generally relates to the field of o1l recovery from reservoirs.

More specifically, it relates to the recovery of oil from sandstone and carbonate reservoirs.

BACKGROUND OF THE INVENTION

[0002] Carbon dioxide flooding processes are an important enhanced oil recovery
method to recover o1l from both sandstone and carbonate reservoirs. Approximately one
third of the original o1l in place 1s recovered by primary and secondary recovery processes.
However, this typically leaves two-thirds of the oil trapped in reservoirs as residual oil after
water flooding. An additional 5-20% of the o1l may be recovered by carbon dioxide flooding
processes. However, increasing the recovery beyond this has remained difficult because of
several challenges. First 1s the gravity override of the injected carbon dioxide due to density
difterences between the injected carbon dioxide and resident fluids in the reservoir. The
carbon dioxide, being lighter, tends to rise to the top of the reservoir thereby bypassing some
of the remaining o1l. This results in poor o1l recovery in the lower portion of the reservoir.
This problem 1s especially acute i thick formations. The second challenge is viscous
fingering that 1s caused by the lower viscosity of the injected carbon dioxide. Typical dense
carbon dioxide viscosity at reservoir conditions 1s in the range of 0.05-0.1 cP, which is much
lower than the viscosity of resident o1l and brine. The resulting unfavorable mobility ratio
leads to viscous fingering. This causes early carbon dioxide breakthrough, high carbon
dioxide utilization factors, poor sweep efficiency, and low overall oil recoveries. The third
challenge 1s reservoir geology and heterogeneities, including high permeability streaks and

fractures that can affect the sweep efficiency of a carbon dioxide enhanced oil recovery
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flooding processes.  While water-alternating-gas processes have shown {0 mmprove the
mobility of carbon dioxide somewhat, water-aliernating-gas processes have not completely

overcome these challenges.

[3863] increasing the density and viscosity of carbon dioxide can alleviate many
of these challenges and lead to substantial higher recovery than conventional carbon dioxide
enhanced o1l recovery processes. Carbon dioxide density can be mcreased by blending m
beavier compatible materials.  However, lunited success has been achieved using thas
approach, partly because the densitics of the molecules that have previously been used are not

high enough.

FHEIEY Addihionally, known methods use surlactants to foam oF 10 Create water n
carbon dioxide reverse micelies. While creating a foam addresses the challenge of viscosity,
it {eaves the chalienge of density unresolved. Although research results have demonsirated
that surfactant-induced carbon dioxude foams are an effective method for mobility control n
carbon dioxide foam flooding, the toam’s long-term stability during a ficld application s

ditficult to maintam,

| BUG5] Morcover, even it a carbon dioxide thickener, whether a polymer or small
molecule, 18 ideuntified, operational counstraints may face operators who would try to
inplement the technology mn a pilot-test. Nearly all potential carbon dioxade thickeners are a
solid at ambient temperature and a means of mtroducing a powder mnto the carbon dioxide
stream must be employed, possily by first dissolving the thickener in an organic solvent n

ordor (o form a concontrated, viscous, purmpable sohution.

| GOGG] Reverse nucelles carry a small amount of water with a significant amount
of surtactant duc to the naturc of mucclles. in other words, micclics carry hittic pavload duc to
their high surface to volume rafios.

[BUB7] A capsule based carbon dioxide system addresses the density challenge by
delivering a substantial amount of 2 dense hquid, such as water or heavy filler, The surface-
volume rano of the capsule 18 much smaller than that of reverse micelle, hence more paviocad
can be added to the capsule based carbon dioxide systermn and more density increase can be

realized using such a system.

[6668] A capsule based carbon dioxade system also addresses the viscosity
challenge because of the drag force of carbon dioxide on the capsuies, and the mherent

viscosity ¢of carbon dioxide-philic molecules on the capsules.
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SUMMARY OF THE INVENTION

|49 The teatures and advantages of the present mvention will be readily
apparcnt 10 those skilled m the art upon a reading of the description of the preterred

cembodiments that follows.

3810 Some embodiments of the invention are related to a process for preparing a
dispersion of ¢apsules for use downhole mchuding providing capsules containing a dense
bouid. Each capsule has a capsule wall that defines an mner area. The capsuic wall also has
an outer side. The capsules are functionalized by addmg a carbon dicxade-phibic compound
to the outer side of the capsule walll A dispersion 18 then prepared by addimmg the

functionalized capsules 10 sapercritical carbon dioxyde such that a stable dispersion of

capsules m supereritical carbon dioxide 18 achicved.

{3011} A stable capsule dispersion that 18 usctul for enhanced il recovery
includes a disperse phase of a plurality of functionalized capsules. Each functionalized
capsule contains the dense hguid m an mner area within the capsule wall,  Each
functionalized capsule 18 operabie to be stably dispersed within supercritical carbon dioxide.
The capsule wall of cach mnctionalized capsule defines the inner area and has an outer sude
functionalized with a carbon dioxade-philic compound. The stable capsule dispersion also
imcludes a continuous phase of supercritical carbon dioxide. The stable capsule dispersion
has a density that 18 greater than the density of supercritical carbon dioxide at the same
conditions (that 15, temperature, pressure). The stable capsule dispersion also has a viscostty

that 1s greater than the viscosity of supereriical carbon dioxade at the same conditions.,

|81 2] In some embodiments of the mmvention, the capsules are prepared by a
process that meludes providing a sccond higuid that 18 opcerabic to form a hiquid phase whcn
combined with the dense hguid. A first monomer 18 added to the dense liquid to creaie a
monomer-hiquid compostiion. A second monomer 18 added to the second bigqud 10 create ¢
second monomer-higuid composition.  The monomer-higuid composition 18 added to the
second monomer-hiquid composition and agitated {0 create a dispersion of monomer-hguid
composition with the second monomer-ligud composition such that mlimate muxing 1S
achicved. The agitation contipucs for a pre-defernuned amount of time such that
polymerization of the first and second monomers 18 achieved at the hiquid-ligquid interface and

capsuies are formed.



10013} Another embodiment of the invention is a process for enhancing ol
recovery. The process includes providing capsuies containing a dense liquid, each capsule
having a capsule wall defining an inner area, the capsule wall having an outfer side. The
capsules are functionalized by adding a carbon dioxide-philic compound to the outer side of
the capsule wall to create functionalized capsules. A capsule dispersion ts then prepared by
adding the functionalized capsules to supercntical carbon dioxide such that a stable
dispersion of capsules in supercritical carbon dioxide is achieved with the stable dispersion
having a density greater than supercritical carbon dioxide. The stable dispersion of capsules
in supereritical carbon dioxide is then injected into a reservoir. Because the density of the
stable dispersion of capsules in supereritical carbon dioxide is greater than the density of
supercritical carbon dioxide atone, the injection wii! tiood the reservoir more untformly than
supercritical carbon dioxide alone.  Additionally, the injection should reduce viscous
fingering of the supercritical carbon dioxide, increase aweep efficiency, and reduce early

carbon dioxide breakthrough.

10014] A further cmbodiment to the invention is a process for prepanng a
dispersion of capsules. The capsules contain a heavy liquid filler. Each capsulc has 3 capsule
wall that defines an inner area. The capsule wall also has an outer side. The capsules are
functionalized by adding a carbon dioxide-philic compound to the cuter side of the capsuic
wall. A dispersicn is then prepared by adding the functionalized capsules to supercritical
carbon dioxide such that a stable dispersion of capsules in supercritical carbon dioxide 1S
achieved.

| 01 5] in a further embodiment, a liquid capsule is prepared using a hydrogel
Water or heavy liquid can be stored in the hydrogel. The hydrogel based particles or capsuies
are functionalized by adding a carbon dioxide-philic compound to the outer side ot the

hydrogel capsuie.
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[0015A] In a broad aspect, the invention pertains to a process for enhancing oil
recovery comprising the steps of providing co-polymerized capsules containing a first liquid, the
tirst liquid having a density greater than the density of supercritical carbon dioxide. Each capsule
has a capsule wall defining an inner arca, the capsule wall having an outer side. The capsule wall
has an outer side, the capsules being prepared by a process. The process steps provide a second
liquid, the second liquid being operable to form a liquid phase when combined with the first
liquid. A first monomer is added to the first liquid to create a first monomer-liquid composition.
A second monomer 1s added to the second liquid to create a second monomer-liquid composition.
The first monomer-liquid composition is added to the second monomer-liquid composition. The
first monomer-liquid composition and the second monomer-liquid composition are agitated to
create a dispersion of first monomer-liquid composition in the second monomer-liquid
composition, and allowing the first and second monomers to diffuse and to co-polymerize at a
liquid-liquid interface at a pre-determined time such that co-polymerized capsules are formed
encapsulating the first liquid. After preparing the co-polymerized capsules, the capsules are
functionalized by adding a carbon dioxide-philic compound to the outer side of the capsule wall
to create functionalized capsules. A capsule dispersion is prepared by adding the functionalized
capsules to supercritical carbon dioxide such that a stable dispersion of capsules in supercritical
carbon dioxide 1s achieved, with the stable dispersion having a density greater than supercritical
carbon dioxide, and the stable dispersion of capsules in supercritical carbon dioxide being injected

INtO a reservolr.

_4a-
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GRIKE DESCRIPIION O F BRAWINGD

[{3431 6] So that the manner m which the features and advantages of the wmvention,
as well as others that will become apparent, may be understood m more detad, a more
particular description of the mvention brictly summarized above may be had by reference to
the embodiments thereof, which are illustrated n the appended drawings, which form a part
of this specification. It 15 to be noted, however, that the drawings llustrate only various
cnibodiments of the mvention and are thoerefore not to be considered hmiting of the

mvention s scope 4s it may mciude other cifective embodunents as well,

86177 Dhgure 1 15 a drawing of a carbon dioxide enhanced o1l recovery system

known mn the art.

{B81§] Figure 2 shows that reservolr geology and heterogeneitics can inchide high

permeability streaks and fractures that can aficct the sweep efficiency of a carbon dioxide

enhanced od recovery flood.

1341 9] Figure 3 shows a schematic of the carbon dioxade-pmbic capsule systom

according to an embodiment of the claimed mvention.
DEIALED DESURIPTION OF THE INVENTION

U2 0] Embodmments of the mvention are rclated to a process for preparing a
dispersion of capsules for use downhole mcluding the sieps of providing capsules containing
a dense licind. Each capsule has a capsule wall that delines an mner area. The capsule wall
also has an outer side. The capsules are functionalized by adding a carbon dioxade-philic
compound to the outer side of the capsulc wall. A dispersion s then prepared by adding the
functionalized capsules to suporceriical carbon dioxide such that a stable dispersion of

capsules m supercritical carbon dioxide 18 achieved.

G021} A “dispersion” 15 a two-phase system where one phase consists of finely
divided particles {(often in the colloidal size range) that 15 distributed throughout a bulk
substance, where the particles are the disperse or mternal phase and the bulk substance the
continuous or external phase. Solid-in-hquid colioidal dispersions (loosely called solutions)
can be precipitated, m that larger particies will gradually coslesce and either rise 1o the top or

settie out, depending on their specific gravity relative o the bulk substance.

OG22 fn some erobodiments of the wvention, the capsules are prepared by &

process that mceludes providing a second liquid that 18 operable to form a hquid phase when
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combimned with the dense hquid. A first monomer 18 added to the dense hquid to creaie a
monomer-bigud composttion. A second monomer 18 added to the second higmd o ¢reate a
second monomer-higuid composition.  The monomer-liquid composition 18 added to the
second monomer-iguid composition and agitated {0 create a dispersion of monomer-hguid
composition with the second monomer-liquid composition such that intirmate mixing 18
achicved. The agitation continucs for a pre-deternuned amount of time such that
polvmerization of the first and second monomers 18 achieved at the hquid-hgud mnderface and
capsuics are formed. In turther embodiments, the second ligud and the dense agqueous hiquid

are the same.

{(3023] An embodunent of the mvention 18 4 process for enhancing o1l recovery.
The process mcludes providing capsules containing a dense liquid, cach capsule having a
capsule wall defining an mner area, and the capsule wall having an ouler side. The capsuies
are tunctionalized by adding a carbon dioxide~-philic compound to the outer side of the
capsuic wall to Create functionatized capsules. A capsule dispersion 15 then prepared by
addimg the ftunctionalized capsules to supercntical carbon dioxide such that a stable
dispersion of capsules m supercritical carbon dioxide 1s achieved with the stable dispersion
having a density greater than supercrifical carbon dioxide. The stable dispersion of capsules
in supercritical carbon dioxade 18 then myected mto a reservoir. Because the density of the
stable dispersion of capsules 1 supercritical carbon dioxide 1s greater than the density of
supercritical carbon dioxade alone, the mjecnion will flood the reservolr more uniformiy than
supercritical carbon dioxide alone. Additionally, the wmyection should reduce wviscous
fmgermg of the supcrcriiical carbon dioxude, inCreasc sweep ciiwicncy, and reduec carly

carbon dioxide breakthrough.

{324} The present mvention will woprove the recovery of o3l over traditional
enhanced o1l recovery systerns by enbhancing recovery of oil from bypassed zones, For
instance, Figure 1 1s a drawing of a traditional carbon dioxide enhanced oi recovery system.
in the previously known systems, such as the one shown i Figure 1, there 15 a gravity
override, whereby the carbon dioxide wyected at wmyection well 100 rises as a gas sweep 110,
a water sweep 120 occurs below the gas sweep, and o1 containing rogions are completely
untouched by the carbon dioxide. This resulis m a bypassed zone 130 from which ot 18 not
fully recovered by the production at well 140, Embodiments of the present mvention reduce

or climinate the bypassed zone 130, This 18 accomplished by mcreasing the density of the
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supercritical carbon dioxide and thus reducing the gravity override that 1s experienced within

the system. Addmionally, the viscosity of the supercritical carbon digxade will be mcereased.

{3425] The capsule-based carbon dioxade system of the present mvention
addresses the viscosity challenge associated with fraditional enhanced ot recovery sysiems
because of the drag torce of carbon dioxide on the capsules, and the mherent viscosity of
carbon dioxide-philic molecules on the capsules n the present sovention., This overcomes the
viscous fhingering of the fraditional carbon dioxide enhanced oil recovery systems.  Viscous
fingering this caused by the lower viscosity of mjected carbon dioxide mn traditional carbon
dioxide epbanced o1l recovery processes. The present mvention will reduce this fingermng
etfoct by moreasmg the viscostty of the supereritical carbon dioxade that 18 mjected o a

well, thus mcreasing the oil recovery from a given weil,

(3026} The present mvenuon will alse address the reservow geology and
heterogeneities sssues of wells, As shown in Figure 2, reservorr geology and heterogeneisties
can meiude hugh permceability streaks and fractures that can atiect the sweep etficiency of 4
carbon dioxide enhanced oil recovery process.  As shown in Figure 2, which 15 a typical
porosity v. permeability plot, as porosity mereases, permeability increases. While the data
shown i Figure 2 as obtamed for a reservonr in Saudi Arabig, the same general trend should
he seen i other reservomrs as well,  The present mvention will address these issues by

increasing the densiy and viscosity of the supercritical carbon dioxide, thus mcreasing the

sweep efficiency of the carbon dioxide ot recovery process.

{GH27] in further cmbodiments, the dense bgpud of the prosent mvention 1s non-
supercritical at downhole operating pressure and temperature.  In further emboduments, the
dense igquid has a density of at east about 8.5 g/ce (grams per cubic centimeter). In further
embodiments, the preferred dense liquid has density of at least about 0.55 g/ce. In {further
crnbodiments, the preterred dense hquad has density of at about least .60 gice. Preferred
dense higuads mmclude watcr, but can also include any other hguids winch will have hmucd
environmental impact and which will not mmpede recovery of o1 from a welll In some

cmbodiments, the dense Bgquid 18 a dense aqueous hauid,

|02 8] in further embodiments, the dense biquid 18 g heavy hquid fidier. The filler
can mchude any variety of heavy hiqguid filler but particularly preferred heavy hquid filiers
have densities of at least about §§.59/cc. In hurther embodiments, preterred heavy liguid filiers

have denstties of at least about .55 g/ce. In turther ernbodiments, the preferred heavy bignd
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fillers have densities of at least about .60 g/ce. Additionally, m some embodiments, the
heavy hguid fdler wall have himated environmental impact. In some emboduments, the heavy
hauid fillers are selected frorm toluene, crude o1l, ester, sahicone oil, alcohols, acetone, and the

fike.

{3029} The first monomer can be any monomer capable of reacting with the
second monomer {0 form a8 co-polymer capsule that can be functionahzed with carbon
dioxide-philic compounds.  In preferred embodunents, the first monomer 18 an amme. In
particularly preferred embodiments, the first monomer is tricthviene tetranune. In other
crabodiments, the first monomer 18 selected from hexamethylene tetramine, ethylene diamaine,

hexamethylene dianune, dicthylene frtamine, and the hike.

RLIRTHE: The second monomer can be any monomer capable of reacting with the
first monomer 0 form a co-polymer capsule that can be functionalized with carbon dioxide-
philic compounds.  In preferred embodiments, the second monomer s an isocyanate. In
particularly  preiferred  omboduments, the 1socvanate 1B polymeric  diphenylmethane
ditsocyanate. In a preferred embodiment, the polymeric diphenvimethane diisocyanate 18
Mondur® MRS, In some embodiments, the second monomer 18 selected from isophorone
disocyante, Monduwr® 489, hexamethylene dusocyanate, 1,4 phenvlene dusocyanate, tolaene

2.4 ditsocyanate, and the like,

({BO31] Carbon dioxade-philic compounds mclude finonne contammg compounds
such as perfluorosthers, Hluoreoalkvis, fluoroacrylates, fiuorcalkanes, and fluoroethers; sihicon
containing compounds includmg suoxancs, such as polydimcthylsiloxane, and silicones;
oxygenated hvdrocarbon compounds such as propyiene oxides; and other hvdrocarbons such
as polyvinyl acetate. Particularly preferred carbon dioxide-philic compounds mclude
fluorinated carbon dioxide-soluble surfactant and oxygenated hydrocarbon carbon dioxide-
philic molecules. In some embodiments, the carbon dioxude-philic compound 1s poly (1,1

dihydropertiuorociyl acrviaic).

{3832 A further embodiment of the mvention is a process for preparng a
dispersion of capsules. The capsules contain a heavy hquid filler that 15 heavier than carbon
dioxide. Fach capsule has a capsule wall that detines an mmner arca. The capsulc wall also
has an outer side. The capsules are functionalized by adding a carbon dioxide-philic

compound to the outer side of the capsule wall. A dispersion is then prepared by adding the
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functionalized capsules to supercritical carbon dioxide such that a stable dispersion of

capsules m supereritical carbon dioxude 18 achieved.

HRR] The capsules resulfing from the processes described herein are operabie 1o
be stably dispersed in supereritical carbon dioxide., The resulting overall density of the
supercritical carbon dioxide mcreases as a result of the stable dispersion of the capsules
theremn. Additionally, the dispersion of capsules m the supercriical carbon dioxide increases

the viscosity of the supercritical carbon dioxide.

3834 The dispersion of capsules 1 supercritical carbon dioxade mereases the
viscosity of the supercritical carbon dioxide due to the drag force of carbon dioxide on the
capsules, and the inherent viscosity of carbon dioxnide-phibic molecules on the capsules. A
conceptual drawing of the carbon dioxide-philic compounds attached 1o the outer side of the
capsule wall 1s shown n Figure 3. As shown in Figure 3, there 18 a filling i the inner area
208, In some ermnbodiments, the fithing 1s water or other dense hquid, Surrounding the mner
arca 18 a polymer capsule sheil 210, Attached t0 the polyvmer capsule shell are carbon
dioxide-philic functional groups 230, These capsules are dispersed m supercritical carbon

dioxide.

|43 5] According to some embodiments, the capsules are nano-scale. Nang-scale
capsules according {0 the mvention can range mn size from about 10 nanometers 1o about
1,000 nanometers, Nano-scale capsules zccording 10 the wmvention can range m size from
about 0.1 nanometers to about 1,000 nanometers. In some embodiments, the nano-scale
capsules according 10 the mvention can range i s12¢ from about 3 nanomgeters to about 500
nanomeiers.  In some embodiments, the nano-scale capsules according 1o the mvention can
range in size from about 30 nanometers to about 250 nanometers. In some embodiments, the
nano-scale capsules according to the mvention can range in size from about 130 nanometers
to about 200 nanometers. In some embodiments, the capsules are of untform size. In further
cmbodimoents, the capsuics arce of uniform size such that the size of the capsulces docs not vary

by more than about 30% percent. In other embodiments, the capsules are not of unorm size,

{3836} According to other embodiments, the capsules are micro-scale. Micro-

scale capsules according to the mvention can range in s1ze from about 0.01 micrometers to

1,000 micrometers.  In some embodiments, the micro-scale capsules accordimmg to the
mvention can range i size from about S nucrometers (o about 500 nucrometers.  In some

embodiments, the nucro-scale capsules according 10 the mvention can range m s1iz¢ {rom

9.
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apbout SO micrometers to about 250 micrometers. In some embodiments, the micro-scale
capsulies according to the mvention can range 1o s1ze from about 100 mucrometers 1o abowt
200 micrometers.  In some embodiments, the capsules are of umform size.  In further
crabodiments, the capsules are of uniform size such that the size of the capsules does not vary

by more than about 30% percent. In other embodiments, the capsules are not of uniform size.

[0037] In a further embodument, a3 hiquud capsule 1s prepared using a hydrogel.
The hvdrogel based particles or capsules are functionalized by adding a carbon dioxide-philic
compound 10 the outer sude of the hydrogel capsule. The particles or capsules can be made of
any suitable hydrogel material, including gelatin, chitosan, starch, algimate, polyvinyl alcohol,
polyethylene oxide, polvvinyl pyrrohdone, and polvisopropyl acrvianude. Hydrogel particies
can be formed by various technigues. For example, chitosan can be dissolved in acidic water
and then the dissolved chitosan can be forced to precipitate out mw basic solufion. The
precipitate ¢can be n the form of particles with a wade range of diameters, depending on
cxperimental conditions, A ¢rosshinking agent can then be miroduced to ensure the mtegrity
of the chitosan particies. The chitosan particles are hydrogel particles given the amount of

water absorbed by the chitosan particies.

|BU38] Ernbodiments of the present mpvention may suitably comprise, consist or
consist cssentially of the elements disclosed and may be practiced m the absence of an
clement not disclosed. For example, 1 can be recogmzed by those skilled i the art that

certain steps can be combined into a single step.

LR Uindess dofined otherwise, all technical and sciontific torms usced bave the
same meaning as commonly understood by one of ordinary skill m the art 1o which thas
invention belongs.

2D e< .

$440 The smgular forms “a.” “an.” and “the” inchide plural referents, unless the
| | & ; . | ,
context clearly dictates otherwise,

2

(3041 As used herein and in the appended claumns, the words “comprise,” “has,
and “include” and all grammatical variations thereof are each intended to have an open, non-

Lmating meaning that does not exclude additional elements or steps.

G042 ] Han

-~

res may be expressed herein as from about one particular value, and/or

{

-

to about another particular value, When such a range 15 expressed, it 18 t0 be understood that
another embodiment 18 from the one particular value and/or 1o the other particular vaiue,

along with all combinations within said range.

-1{3-
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{43 Although the present invention has been described in detail, 1t should be
anderstood that varous changes, substitutions, and alterations ¢an be made hercupon without

departing from the principle and scope of the mvention.  Accordingly, the scope of the

present mvention should be determined by the followmng claims and thewr appropriate legal

equivalents.

~11-



The invention claimed is:

1. A process for enhancing oil recovery comprising the steps of:

providing co-polymerized capsules containing a first liquid, the first liquid
having a density greater than the density of supercritical carbon dioxide, each capsule
having a capsule wall defining an inner area, the capsule wall having an outer side, the

capsules prepared by a process comprising the steps of:

providing a second liquid, the second liquid operable to form a liquid

phase when combined with the first liquid;

adding a first monomer to the first liquid to create a first monomer-liquid

composition;

adding a second monomer to the second liquid to create a second

monomer-liquid composition;

adding the first monomer-liquid composition to the second monomer-

liquid composition;

agitating the first monomer-liquid composition and the second
monomer-liquid composition to create a dispersion of first monomer-liquid

composition in the second monomer-liquid composition; and

allowing the first and second monomers to diffuse and to co-polymerize
at a liquid-liquid interface at a pre-determined time such that co-polymerized

capsules are formed encapsulating the first liquid;

212 -
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after preparing the co-polymerized capsules, functionalizing the capsules by
adding a carbon dioxide-philic compound to the outer side of the capsule wall to create

functionalized capsules;

preparing a capsule dispersion by adding the functionalized capsules to
supercritical carbon dioxide such that a stable dispersion of capsules in supercritical

carbon dioxide is achieved with the stable dispersion having a density greater than

supercritical carbon dioxide; and

injecting the stable dispersion of capsules in supercritical carbon dioxide into a

reservoir.

2. The process according to claim 1, wherein said first liquid is non-supercritical

al downhole operating pressure and temperature.

3. T'he process according to claim 1, wherein the first liquid has a density of at least
0.5 g/cc.
4. The process according to claim 1, wherein the first monomer comprises

tricthylene tetramine.

5. The process according to claim 1, wherein the second monomer comprises

polymeric diphenylmethane diisocyanate.

- 13 -
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0. The process according to claim 1, wherein the carbon dioxide-philic compound

comprises fluorinated carbon dioxide-soluble surfactant or oxygenated hydrocarbon

carbon dioxide-philic molecules.

7. The process of claim 1 further comprising injecting water into the reservoir.

8. The process of claim 1 further comprising injecting a second amount of stable

dispersion of capsules in supercritical carbon dioxide into the reservoir.

9. The process of claim 8 further comprising injecting a third amount of stable

dispersion of capsules in supercritical carbon dioxide into the reservoir.

10. The process of claim 1 wherein the first liquid further comprises a heavy liquid
filler.
11. The process according to claim 1, wherein the co-polymerized capsules include

nano-scale capsules between about 0.1 nanometer to about 1,000 nanometers.

12. The process according to claim 1, wherein the co-polymerized capsules include

nano-scale capsules between about 10 nanometers to about 1,000 nanometers.

_14 -
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13. The process according to claim 1, wherein the co-polymerized capsules include

nano-scale capsules between about 50 nanometers to about 250 nanometers.

14, The process according to claim 1, wherein the co-polymerized capsules include

micro-scale capsules between about 0.01 micrometer to about 1,000 micrometers.

15. The process according to claim 1, wherein the co-polymerized capsules include

micro-scale capsules between about 5 micrometers to about 500 micrometers.

16. The process according to claim 1, wherein the co-polymerized capsules include

micro-scale capsules between about 50 micrometers to about 250 micrometers.

_ 15 -
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