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ENHANCED OIL RECOVERY USING TREATMENT FLUIDS COMPRISING
COLLOIDAL SILICA WITH A PROPPANT

Field of the Invention

The present invention relates to improved oil recovery methods using known proppants in

combination with treatment fluids comprising colloidal silica.

Backeground of the Invention

A proppant is a solid material, typically sand, treated sand or man-made ceramic
materials, designed to keep an induced hydraulic fracture open, during or following a fracturing
treatment. It is added to a fracking fluid which may vary in composition depending on the type of
fracturing used, and can be gel, foam or slickwater—based. In addition, there may be
unconventional fracking fluids. Fluids make tradeoffs in such material properties as viscosity,
where more viscous fluids can carry more concentrated proppant; the energy or pressure
demands to maintain a certain flux pump rate (flow velocity) that will conduct the proppant
appropriately; pH, various rheological factors, among others. In addition, fluids may be used in
low-volume well stimulation of high-permeability sandstone wells (20k to 80k gallons per well)
to the high-volume operations such as shale gas and tight gas that use millions of gallons of
water per well.

Although hydraulic fracturing was first performed in 1947 (in Kansas, using sand from
the Arkansas river), wide-spread experimentation didn’t occur until the Barnett Shale play in the
80s, and usage has exploded in the first decade of this century.

Initially, proppant was simply sand, but over time other materials have been incorporated.
There are resin-coated sands, ceramic-coated sands, and now we have proppant composed of
sintered (powdered) bauxite — and ceramic materials made from it.

Although sand is a common proppant, untreated sand is prone to significant fines
generation; fines generation is often measured in wt% of initial feed. A commercial newsletter
from Momentive cites untreated sand fines production to be 23.9% compared with 8.2% for
lightweight ceramic and 0.5% for their product. One way to maintain an ideal mesh size (i.e.

permeability) while having sufficient strength is to choose proppants of sufficient strength; sand
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might be coated with resin, to form CRCS (Curable Resin Coated Sand) or PRCS (Pre-Cured
Resin Coated Sands).

U.S. Patent No. 10,113,406B1, “Pulsed Hydraulic Fracturing with NanoSilica Carrier
Fluid”, issued Oct. 30, 2018, to Saudi Arabian Oil Company of Dhahran, Saudia Arabia. The
invention described and claimed herein relates to fracturing a reservoir tncludes providing a pad
fluid to the reservorr via a wellbore in a well to create tractures in the reservaoir, providing a
fracturing fhaid to the fractures via the wellbore, providing a nanosthica cartier flind to the
fractures via the wellbore, activating the nanosilica particles with an activator to vield a
nanosilica gel, and shuting in the wellbore at a welltbore pressure, thereby allowing the
nancsilica gel to form proppant piliars in the fractures. The nancsilica carrier fluid inclades
nanosilica particles.  The nanosilica carner fluid 18 provided to the fractures and it comprises
pulsing quantities of the nanosiiica carrier fluid 1nto 2 continnous flow of the fracturing fluid or
alternately pulsing guanuties of the nanosilica carrier fluid and the fracturing fluid. An elapsed
twe between pulsing the quantities of the nanosilica carrier fhuid 1s between 2 seconds and 10
minufes.

U.S. Patent No. 9,512,352 B2, “Well Treatment Fluids and Methods Utilizing Nano-
Particles”, issued Dec. 6, 2016 and is assigned to Halliburton Energy Services, Inc. of Houston,
Texas. Well treatment flinds and methods that utilize nano-particles are described and claimed.
Exemplary nanc-particles are selected from the group consisting of particulate nano-silics, nanc-
aliming, nano-zine oxide, nano-boron, nano-iron oxide, and combinations thereof. Embodiments
also relate 1o methods of cementing that inchide the use of nano-particles. An exemplary method
of cementing comprises infroducing a cement composiiion into a subterranean formation,
wherein the cement composition comprises cement, water and a particulate nano-silica,
Embodiments also relate to use of nano-particles in drilling fluids, completion fiuids, simulation
flurds, and well clean-up fluids.

U.S. Patent No. 9,951,267, “Infused and Coated Proppant Containing Chemical
Treatment Agents and Methods of Using Same”, issued April 24, 2018, to Carbo Ceramics Inc.
of Houston, Texas, This patent claims a proppant composition for use in hydraulic fracturing,
the composition comprising: a plurality of particulates; a non-degradable coating; and at least
one particulate of the plurality of particulates comprising a degradable shell encapsulating at

least a portion of the non-degradable coating, and a chemical treatment agent, the at least one
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particulate having a long term permeability measured in accordance with ISO 13503-5 at 7,500
psi of at least about 10 D; wherein the particulate is a porous particulate; and wherein the at least
one chemical treatment agent separates from the at least one particulate when located inside a
fracture of a subterranean formation after a period of time.

US Patent No. 9,234,127, “Angular Abrasive Proppant, Process for the Preparation
Thereof and Process for Hydraulic Fracturing of Oil and Gas Wells, issued on January 12, 2016
to Mineracao Curbimba Ltda of Brazil. This invention is an angular abrasive proppant
comprising angular sintered particles of a material selected from bauxite, clay-minerals and
mixtures thereof, with particle sizes varying from 30 mesh to 150 mesh. A process for the
production of an angular abrasive proppant comprising sintered particles of a material selected
from bauxite, clay-minerals, and mixtures thereof comprises the steps of drying, grinding,
pelletizing and sintering a bauxite starting material, grinding the sintered pellets, and sizing said
particles to a particle size varying from 35 to 150 mesh is also described. A hydraulic fracturing
process uses as proppant the angular abrasive proppant as described above.

US Patent No. 7,954,548, “Proppant for Hydraulic Fracturing of Oil and Gas Wells”.
issued on June 7, 2011 to Mineracao Curimbaba Ltda. of Brazil. This patent describes and
claims a proppant for the hydraulic fracturing oil or gas wells, which consists of a mixture of
from 10 to 95% by weight of a spherical proppant and from 5 to 90% by weight of an angular
material, the percentages being based on the total weight of the mixture. The proppant obtained
according to the present invention is useful for eliminating or decreasing the “flow-back”
phenomenon in operations in oil or gas wells.

US 7,482,310 B1, “Method of Fracturing Subterranean Formations Utilizing Emulsions
Comprising Acrylamide Copolymers, issued on Jan. 27, 2009 to Kroof Chemical Company, Inc.
and Superior Well Services, Inc., both of Pennsylvania. A method of treating a subterranean
formation penetrated by a well bore 1s desenbed and claimed. This method meludes the steps
of{a} preparing a fracturing fluid containing a mixture resulting from:{1} providing a water-in-oti
ervulsion composition that includes: (i) 5% 1o 99% by weight of a water-in-ail eroulsion polymer
comprising a polyimer or copolyvimer containing repeat units from an acrylamide wonomer i)
0.5% 10 90% by weight of a carrier solvent; and (111} & to 90% by weight of a fluidizing agent;

and adding 0.1% to 10% by weight of one or more inorganic microparticles, whers the total of
< . o D
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all components is 100% by weight; and (11} adding the water-in-oil emmision composition o

water; and (b contacting the subterranean formation with the fracturing fhuid,

WO 2018/187550 A1, “Brine Resistant Silica Sol”, Published on Oct 11, 2018 and is
assigned to Nissan Chemical America Corporation (the same assignee of the instant patent
application.) A brine resistant silica sol is desenibed and claimed. This brine resistant silica sol
comprises an aqueous collowdal silica mixture that has been surface functionalized with at east
one maoiety selected from the group consisting of a monomeric hydrophilic organosilang, a
suxiture of monomeric hvdrophilic organosilane(s) and monomeric hydrophobic organositane(s}),
or a polysiloxane oligomer, wherein the surface functionalized brine resistant aqueous colipidal
stiica sol passes at least two of three of these brine reustant tests: AP Brine Visual, 24 Hour
Neawater ¥Visual and AP Turbidity Meter,

US 2015/0292308 A1, “Stimulation of Wells in Nano-Darcy Shale Formations”,
Published on Oct. 15, 2018, and is assigned to Flex-Chem Holding Company, LLC of
Weatherford, Oklahoma. This patent application issued on April 17,2018 as US Patent No.
9,944,843 B2. This patent describes and claims formuistions and methods for stimulating the
production from wells in nano-darcy shale formations. In one emvbodinient, the method tncludes
injecting a treatment mixture contatming a metal complexing agent into a vano-darcy shale
formation adiacent 1o a well at a pressure below the fracture pressure of the formation. A
sutficient contact time 15 allowed and then the treatment mixture s pumped from the subsurface.
This has been shown to stimulate well production in shale formations. Without being held to a
particular theory it appears that the metal complexing agent 18 binding with naturally occurring
metals in the shale formation, and particulardy divalent metal jons, which are then extracted with
the spent fluid. This removal of naturally cccurring metals may be increasing the permeabulity of
the formation in the contact region adiacent o the well, thereby causing the observed ncreased
production.

US 2014/0374095 A1, “Nanoparticle Slurries and Methods”, Published on Dec. 25, 2014
and is assigned to Schlumberger Technology Corporation of Sugar Land, Texas, and is now
abandoned. This patent application describes and claims fluids comprising elongated
nanoparticles and methods of using the fluids 1o freating a subterranean formation penetrated by

a wellbore.



10

15

20

25

30

WO 2020/092920 PCT/US2019/059417

US 2014/0338906 A1, entitled “Proppant With Enhanced Interparticle Bonding”,
Published on Nov. 20, 2014 and is assigned to Preferred Technology, LLC of Radnor,
Pennsylvania. This patent application issued on Oct. 16, 2018 as US Patent No. 10,100,247 B2.
In this patent application, polymer-coated proppants for hydraulic fracturing of oil and gas wells
have an outer layer portion that comprises an organotunctional coupling agent, preferably an
arganofuncuonal silane coupling agent are described and claimed. The use of an
organofunctional silane coupling agent 1o the cuter laver portion of the proppant coating is
preferably chosen to expose functionaltiies that will be reactive towards similar functionalities of
adiacent and sitmilarly coated proppanis so that, when wtroduced downhole, these proppants
form interparticle bonds at the temperatures and crack closure pressures found downhole in
fractured strata. Such enhanced tuterparticle bonding helps keep the proppant in the fracture and
mainiains conductivity with reduced flowback. The invention also helps proppants designed for
iow teraperature well to bond more firmly and allows proppants designed tor high temperature
wells 10 bond well even at lower downhole temperatures, thereby extending their usefid range.

WO 2014/176188 A1, “Process for Treating and Recycling Hydraulic Fracturing Fluid”,
Published on Oct. 30, 2014 and is assigned to E.I. DuPont de Nemours and Company of
Wilmington, Delaware. A method for freating hydraulic fracturing fluid ts disclosed. The
hydraulic fracturing flind s treated with an antonic stlica-based colloid in an amount and for g
sufficient ime {0 coagulate certain contaminants contained in the hydraulic fracturing fluid. The
contanmunants can thereafier be removed from the hydraulic fracturing thad.

WO 2013/192634 A2, “Self-Suspending Proppants for Hydraulic Fracturing”, Published
on Dec. 27, 2013, assigned to Self-Suspending Proppant LLC. This patent application describes
and claims modified proppanis, comprising a proppant particle and a bydrogel coating, wherein
the hvdrogel coating localizes on the surface of the proppant particle to produce the modified
proppant. Methods of manufacturing such proppants and methods of use are also mncluded.

US 2010/0147515 A1, “Surface Modification for Cross-Linking or Breaking Interactions
with Injected Fluid”, Published on Jun. 17, 2010, issued as US Patent No. US 8,360,149 B2 on
January 29, 2013, and is assigned to Schlumberger Technology Corporation. A method and
apparatus for treating a subterrancan formation with a fluid, including fornung a fluid including 2
organositane and a particulate and otroducing the fluid into a subterranean formation with

exposed surfaces, wherein the organosiiane modifies the particulate or surfaces or both is
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described and claimed. Also, a method and apparatus for treating a subterranean formation with a
flurd, welnding formang 2 fhud mchluding an organostlane and indroducing the Hud wto a
subterranean formation with exposed surfaces, wherein the organosilane modifies the surfaces
with a first functional group.

“Qilfield Applications of Colloidal Silica Gel”, published in November of 1991 by the
Society of Petroleum Engineers, authors: J.J. Jurinak (Conoco Inc.) and L.E. Summers (Conoco
Inc.), Document ID:SPE-18505-PA, describes the development of a practical reservoir fluid flow

control system based on colloidal silica gel.

Commercially available ceramic proppants are available from Carbo,

http://www.carboceramics.com/products-and-services/fracture-technologies/ceramic-proppant.

CARBQO is an industry-leading technology and service company that provides engineered oilfield
production enhancement, industrial performance enhancement, and environmental protection
solutions. Carbo’s corporate headquarters are located at Energy Center II, 575 N. Dairy Ashford
Rd., Suite 300, Houston, Texas, USA 77079.

These are considerations when selecting proppants (as shown in

https://info.drillinginfo.com/proppant-the-greatest-oilfield-innovation/)

Size — the physical size of the proppant needs to be adjustable per the condition of the rock.
Typically measured between 8 and 140 mesh (106 pm — 2.36 mm).
Geometry — in some cases the shape of the proppant needs to be adjusted.
Weight — largely depending on the depth of the frac the density of the proppant will need to be
adjusted.
Some important measured qualities of proppant are:
Conductivity — basically the amount of flow that the proppant will allow.
Crush Resistance — deeper wells and varied lithologies require different stress properties.
Acid Solubility — tests of solubility in acid can indicate contaminants, and let you know how the
proppant is likely to perform underground.
Nissan Chemical America Corporation offers colloidal silica products for sale as well as

fluids incorporating colloidal silica products. https://www.nissanchem-usa.com/ Nissan

Chemical America Corporation, is a New York corporation having a place of business at 10333

Richmond Avenue, Suite 1100, Houston, Texas 77042 acting in its own name and in the name of
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its parent company, Nissan Chemical Corporation, having offices at 5-1, Nihonbashi 2-Chome,
Chuo-ku, Tokyo 103-6119, Japan.

Improved oil recovery treatment methods are well established in the oil industry. What
would be desirable are modifications to existing EOR methods to increase the recovery of oil
from an underperforming oil well using engineered nanoparticles or colloidal particle-based

treatment fluids.
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Summary of the Invention

The first aspect of the instant claimed invention is a method of increasing production
from a hydrocarbon containing formation by adding a proppant to the formation, characterized in
that a treatment fluid comprising a colloidal silica nanoparticle is added to the formation before,
during or after the time the proppant is added to the formation.

The second aspect of the invention is the method of the first aspect, characterized in that
the treatment fluid comprising the colloidal silica nanoparticles is added to the formation before
the time the proppant is added to the formation.

The third aspect of the invention is the method of the first aspect of the invention,
characterized in that the treatment fluid comprising the colloidal silica nanoparticles is added to
the formation during the time the proppant is added to the formation.

The fourth aspect of the invention is the method of the first aspect of the invention,
characterized in that the treatment fluid comprising the colloidal silica nanoparticles is added to
the formation after the time the proppant is added to the formation.

The fifth aspect of the invention is the method of the first aspect of the invention
characterized in that the treatment fluid comprising the colloidal silica nanoparticles is added to
the formation before and during the time the proppant is added to the formation.

The sixth aspect of the invention is the method of first aspect of the invention
characterized in that the treatment fluid comprising the colloidal silica nanoparticles is added to
the formation during and after the time the proppant is added to the formation.

The seventh aspect of the invention is the method of the first aspect of the invention
characterized in that the treatment fluid comprising the colloidal silica nanoparticles is added to
the formation before and after the time the proppant is added to the formation.

The eighth aspect of the invention is the method of any one of the first through seventh
aspects of the invention, wherein the treatment fluid comprising a colloidal silica nanoparticle is
a crude oil recovery chemical solution comprising a silane compound, an aqueous silica sol
having an average particle size of from about 3 nm to about 200 nm.

The ninth aspect of the invention is the method of the eighth aspect of the invention,
wherein the aqueous silica sol comprises silica particles in which at least a part of the silane

compound is bonded on the surface of at least a part of the silica particles in the sol.



10

15

20

25

30

WO 2020/092920 PCT/US2019/059417

The tenth aspect of the invention is the method of eighth or ninth aspect of the invention,
wherein the silane compound is at least one compound selected from the group consisting of a
silane coupling agent having at least one organic functional group selected from the group
consisting of a vinyl group, an ether group, an epoxy group, a styryl group, a methacryl group, an
acryl group, an amino group, an isocyanurate group, an alkoxysilane group, a silazane group and
a siloxane group.

The eleventh aspect of the invention is the method of any one of the eighth, ninth or tenth
aspects of the invention, wherein the aqueous silica sol is present in an amount of from about
0.1 % by mass to about 20 % by mass, based on the total mass of the crude oil recovery chemical
solution, in terms of silica slid content.

The twelfth aspect of the invention is the method of any one of the 1 through 11%
aspects of the invention, wherein the proppant is sand.

The thirteenth aspect of the invention is the method of the 12" aspect of the invention,
wherein the sand is 20 mesh, 40 mesh, 70 mesh, or 100 mesh.

The fourteenth aspect of the instant claimed invention is the method of the twelfth aspect
of the invention, wherein the sand is a combination of 100 mesh and 40 mesh, a combination of
70 mesh and 40 mesh, or a combination of 40 mesh and 20 mesh.

The fifteenth aspect of the invention is the method of the first aspect of the invention,

wherein the proppant is coated with the treatment fluid comprising colloidal silica nanoparticles.

Brief Description of the Drawings

Figure 1 Shows Modern Proppant Choices

Detailed Description of the Invention

The first aspect of the instant claimed invention is a method of increasing production
from a hydrocarbon containing formation by adding a proppant to the formation, wherein a
treatment fluid comprising a colloidal silica nanoparticle is added to the formation before, during
or after the time the proppant is added to the formation.

The proppant materials that are intended to stay within the hydrocarbon-bearing

formation are referred to as the proppant pack.
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Proppants are commercially available and come in many different shapes and sizes and
compositions. See Figure 1 for an illustration of commercially available Proppants.

Nanoparticle-based fluids are used in hydraulic fracturing procedures to improve the
recovery of oil and gas hydrocarbons. In a current process, a nanoparticle-based hydrocarbon
recovery fluid is pumped down an oil well in one portion, referred to as a “pill”, directly prior to
pumping a pad stage, i.e. nanoparticle-based Hydrocarbon Recovery fluid is pumped as a pre-pad
pill. The pad stage during a fracture stimulation job consists of pumping a fracturing fluid which
initiates and propagates the fracture in a formation. The pad stage is followed by a
slurry/proppant stage where both fluid and proppant are pumped to keep the created fractures
open and provide conductivity to the wellbore. The slurry/proppant stage is usually followed by
a flush stage. In this way the nanoparticle-based fluid is forced into the induced and secondary
fracture network of a hydraulically-fractured or re-fractured well to affect intimate contact of
nanoparticle-based fluid with hydrocarbons existing in the fracture network. This occurs before
induced fractures are created and further “propped” open by the proppant materials pumped into
the oil well during the Proppant stage.

When the proppant stage is finished, fluids may be pumped from the surface through the
proppant materials to affect different desired outcomes. A nanoparticle-based fluid may be
pumped after the proppant stage as a post-proppant/pre-flush pill to affect deposition of the
engineered nanoparticles onto the surfaces of the proppant materials after this fluid stage is
allowed to flow back over the proppant pack. A nanoparticle-based fluid may also be pumped as
a pre-pad pill, during the pad stage or with the proppant in the slurry/proppant stage
concurrently.

During the flowback/production phase, and as fluids flow out of the freshly fractured/re-
fractured oil well to the surface, the fluids experience a drop in temperature and pressure. The
change in temperature and pressure conditions may cause several types of precipitation of
dissolved species which may negatively affect the performance of the well.

From the hydrocarbon phase, relatively high molecular weight paraffins may be caused
to precipitate out of the hydrocarbon solution. This precipitation may occur within the proppant
pack, near well bore or in tubulars (aka piping). This may cause paraffins to be deposited onto
the surface of the proppant materials, effectively reducing the permeability and/or fluid

conductivity of the proppant pack. From the aqueous phase, dissolved salts and/or minerals may

10
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also experience precipitation onto available surfaces as the fluid experiences reduced
temperature and pressure on the way out of the well. These precipitated salts and minerals are
typically referred to as “scale”.

It has been found that an appropriately formulated nanoparticle-based fluid can be
formulated to deposit the designed nanoparticles deliberately onto the surface of proppant
particles before or during the flowback/production phase. This deposition process may be
designed to occur after a nanoparticle-based fluid is pumped as a pre-pad pill, during the pad
stage, in the slurry/proppant stage, as a post-proppant/pre-flush pill and as the frac fluids flow
back after the well is completed.

The deposition of the proper type of nanoparticles onto the surfaces of proppant materials
is expected to reduce the tendency of paraffins and scale to nucleate and form deposits onto the
surfaces of proppant materials. This, in turn, will mitigate the reduction in permeability/fluid
conductivity through the proppant pack and allow desirable hydrocarbons to be produced more
efficiently and for a longer period of time from the well.

In addition to providing paraffin and scale control an appropriately formulated
nanoparticle-based fluid can aid in the flowback of desirable oil and gas. An appropriately
formulated nanoparticle-based fluid can also effectively act as a friction reducing agent, which
can be observed by a pressure drop during pumping when the particles are first pumped
downhole as well as the reduced pressure required to produce oil from the treated well. This
friction-reduction property can also be observed as a reduced need for artificial lift in a typical
well where artificial lift is usually required.

This deliberate deposition of nanoparticles can also be applied to the induced fracture
network within the formation, the secondary/existing fracture network within the formation, and
the “tubulars” or piping that is used to conduct fluids up out of the formation to the surface.

Engineered nanoparticles are expected to reduce the tendency of high molecular weight
hydrocarbons such as paraffin and scale to nucleate onto available surfaces and cause a reduction

in recovery of desirable hydrocarbons.

11
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Example

In the following potential examples, each ingredient that is used to create a surface
treated colloidal silica, is listed as Parts of Ingredient, per 100 parts of surface treated colloidal
silica.

ST-025 and ST-32C are commercially available colloidal silicas from Nissan Chemical
America Corporation, located at 10333 Richmond Avenue, Suite 1100 Houston, TX 77042 or
from Nissan Chemical Corporation, located at 5-1, Nihonbashi 2-Chome, Chuo-ku, Tokyo 103-
6119, Japan.

The first set of Examples focuses on the synthesis of brine resistant colloidal silicas.

Examples 1 2 3 4 5 6
Ingredients O

ST-025 76 76 76 76 76 76

Deionized water 11.1 11.1 11.1 11.1 11.1 11.1

Propylene Glycol 10 10 10 10 10 10
3-(Triethoxysilyl)propyl

Succinic Anhydride 2.9 1.9 1.9

N-(Triethoxysilylpropyl)-
O-Polyethyleneoxide
Urethane 2.9

Silane, trimethoxy|3-
(oxiranyl methoxy)propyl] 2.9

3-Ureidopropyl
Triethoxysilane 2.9

2-(3,4 epoxycyclohexyl)-
ethyltrimethoxysilane 1

3-(Trimethoxysilyl)propyl
Methacrylate 1

Total | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00

12
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Examples 7 8 9 10 11 12 13

Ingredients[]

ST-025 76 76| 76 76| 76| 76 76

Deionized water | 11.1 11.1 [ 11.1 11.1 [ 11.1 | 11.1 11.1

Propylene Glycol 10 10] 10 10 10| 10 10

3-(Triethoxysilyl)propyl
Succinic Anhydride 1.9 19| 19 19 19| 19 1.9

Hexamethyl Disiloxane 1

Hexamethyl Disilazane 1

Trimethoxy Methyl Silane 1

Trimethoxy Phenyl Silane 1

Vinyl Trimethoxysilane 1

3-(N,N-Dimethylaminopropyl)-
Trimethoxysilane 1

3-(Diethylamino)propyl
trimethoxysilane 1

Total | 100 100 | 100 100 | 100 | 100 100

Examples[] 14 15 16 17 18| 19| 20| 21
Ingredients
ST-025 76 76 76 76 76| 76| 76| 76
11.
Deionized water | 11.1 11.1 11.1 11.1 11.1]11.1 1] 11.1
Propylene Glycol 10 10 10 10 10] 10| 10 10

3-(Triethoxysilyl)propyl
Succinic Anhydride 1.9 1.9 1.9 1.9 19] 19| 19| 19

Trimethoxy(octadecyl)sil
ane 1

Isobutyl
Trimethoxysilane 1

Hexyltrimethoxysilane 1

Decyltrimethoxysilane 1

Isooctyltrimethoxysilane 1

Hexadecyltrimethoxysila
ne 1

Propyltrimethoxysilane 1

Octyltriethoxysilane 1

Total 100 100 100 100 100 | 100 | 100 | 100

13



WO 2020/092920 PCT/US2019/059417

Examples 22| 23 24| 25| 26| 27| 28| 29| 30

Ingredients[]

ST-025| 70| 80| 75| 72| 76| 76| 76| 76| 76

Deionized water | 14.1 [ 19.1 | 11.1 | 13.1 | 11.1 | 11.1 [ 11.1 [ 11.1 ] 11

Propylene Glycol 13 8 10] 12 10] 10 10| 10| 10

3-
(Triethoxysilyl)propyl
Succinic Anhydride | 2.9

N-
(Triethoxysilylpropyl)-
O-Polyethyleneoxide

Urethane 29 19| 19| 19| 19|19

Silane, trimethoxy|[3-
(oxiranyl
methoxy)propyl] 3.9

3-Ureidopropyl
Triethoxysilane 2.9

2-(3,4
epoxycyclohexyl)-
ethyltrimethoxysilane 1

3-
(Trimethoxysilyl)propyl
Methacrylate 1

Hexamethyl Disiloxane 1

Hexamethyl Disilazane 1

Trimethoxy Methyl
Silane 1

Total | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
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ExamplesO 31 32 33 34 35 36 37
Ingredients]

ST-025 76 76 76 76 76 76 76

Deionized water | 11.1 | 11.1 11.1 11.1 11.1 11.1 11.1

Propylene Glycol 10 10 10 10 10 10 10
N-

(Triethoxysilylpropyl)-
O-Polyethyleneoxide
Urethane | 1.9 1.9 1.9 1.9 1.9 1.9 1.9

Trimethoxy Phenyl
Silane 1

Vinyl Trimethoxysilane 1

3-(N,N-
Dimethylaminopropyl)-
Trimethoxysilane 1

3-(Diethylamino)propyl
trimethoxysilane 1

Trimethoxy-
(octadecyl)silane 1

Isobutyl
Trimethoxysilane 1

Hexyl-trimethoxysilane 1

Total | 100 100 100 100 100 100 100
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Examples[]

38

39

40

41

42

Ingredients[]

ST-025

76

76

76

76

76

Deionized water

11.1

11.1

11.1

Propylene Glycol

10

10

10

10

10

N-
(Triethoxysilylpropyl)-
O-Polyethyleneoxide
Urethane

1.9

1.9

1.9

1.9

1.9

Decyl-
trimethoxysilane

Isooctyl-
trimethoxysilane

Hexadecyl-
trimethoxysilane

Propyl-
trimethoxysilane

Octyl-triethoxysilane

Total

100.00

100.00

100.00

100.00

100.00
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Examples 43 44| 45| 46| 47| 48| 49| 50| SI

Ingredients

ST-025| 76| 76| 70| 80| 76| 76| 76| 76| 76

Deionized water | 10 9(le.l | 11.1 |11.1 |11.1 J11.1|11.1 | 11

Propylene Glycol | 11.1 | 12.1 11 6 10] 10 10| 10| 10

3-
(Triethoxysilyl)propyl
Succinic Anhydride | 2.9

N-
(Triethoxysilylpropyl)-
O-Polyethyleneoxide
Urethane 2.9

Silane, trimethoxy|[3-
(oxiranyl
methoxy)propyl] 2.9 19] 19] 19] 19] 19

3-Ureidopropyl
Triethoxysilane 2.9

2-(3,4
epoxycyclohexyl)-
ethyltrimethoxysilane 1

3-
(Trimethoxysilyl)propyl
Methacrylate 1

Hexamethyl Disiloxane 1

Hexamethyl Disilazane 1

Trimethoxy Methyl
Silane 1

Total | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
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Examples

52

53

54

55

56

57

58

Ingredients

ST-025

76

76

76

76

76

76

76

Deionized water

11.1

11.1

11.1

11.1

11.1

Propylene Glycol

10

10

10

10

10

10

10

Silane, trimethoxy|3-
(oxiranyl methoxy)propyl]

1.9

1.9

1.9

1.9

1.9

1.9

1.9

Trimethoxy Phenyl Silane

Vinyl Trimethoxysilane

3-(N,N-
Dimethylaminopropyl)-
Trimethoxysilane

3-(Diethylamino)propyl
trimethoxysilane

Trimethoxy(octadecyl)silane

Isobutyl Trimethoxysilane

Hexyltrimethoxysilane

Total

100.00

100.00

100.00

100.00

100.00

100.00

100.00
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ExamplesO 59 60 61 62 63
Ingredients
ST-025 76 76 76 76 76
Deionized water 11.1 11.1 11.1 11.1 11.1
Propylene Glycol 10 10 10 10 10
Silane, trimethoxy|[3-
(oxiranyl methoxy)propyl] 1.9 1.9 1.9 1.9 1.9
Decyltrimethoxysilane 1
Isooctyltrimethoxysilane 1
Hexadecyltrimethoxysilane 1
Propyltrimethoxysilane 1
Octyltriethoxysilane 1
Total | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
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Examples 64| 65| 66| 67| 68| 69| 70| 71| 72| 73

Ingredients

ST-025 76| 76| 76| 76| T6| 76| T6| T6| 76| 76

Deionized water | 11.1 | 11.1 | 11.1 [ 11.1 [ 11.1 [ 11.1 [ 11.1 11,1 | 11 [11.1

Propylene Glycol 10 10 10 10 10 10 10 10] 10 10

3-
(Triethoxysilyl)propyl
Succinic Anhydride | 1.45

N-
(Triethoxysilylpropyl)-
O-Polyethyleneoxide
Urethane | 1.45 | 2.9

Silane, trimethoxy|[3-
(oxiranyl
methoxy)propyl] 2.9

3-Ureidopropyl
Triethoxysilane 291 19| 19] 19| 19119 19

2-(3,4
epoxycyclohexyl)-
ethyltrimethoxysilane 1

3-
(Trimethoxysilyl)propyl
Methacrylate 1

Hexamethyl Disiloxane 1

Hexamethyl Disilazane 1

Trimethoxy Methyl
Silane 1

Trimethoxy Phenyl
Silane 1

Total | 100 | 100 ] 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
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Examples

74

75

76

77

78

79

80

81

Ingredients

ST-025

76

76

76

76

76

76

76

76

Deionized water

11.1

11.1

11.1

11.1

11.1

11.1

Propylene Glycol

10

10

10

10

10

10

10

10

3-Ureidopropyl
Triethoxysilane

1.9

1.9

1.9

1.9

1.9

1.9

1.9

1.9

Vinyl Trimethoxysilane

3-(N,N-
Dimethylaminopropyl)-
Trimethoxysilane

3-(Diethylamino)propyl
trimethoxysilane

Trimethoxy(octadecyl)silane

Isobutyl Trimethoxysilane

Hexyltrimethoxysilane

Decyltrimethoxysilane

Isooctyltrimethoxysilane

Hexadecyltrimethoxysilane

Propyltrimethoxysilane

Octyltriethoxysilane

Total

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00
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Examples 82 83 84
Ingredients

ST-025 76 76 76

Deionized water 11.1 11.1 11.1

Propylene Glycol 10 10 10
3-Ureidopropyl

Triethoxysilane 1.9 1.9 1.9

Hexadecyltrimethoxysilane 1
Propyltrimethoxysilane 1
Octyltriethoxysilane 1
Total | 100.00 100.00 | 100.00
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Examples[]

85

86

87

88

89

Ingredients[]

ST-025

76

76

76

76

76

Deionized water

11.1

11.1

11.1

Ethylene Glycol

10

10

10

10

10

3-
(Triethoxysilyl)prop
yl Succinic
Anhydride

2.9

1.9

N-
(Triethoxysilylpropy
1)-O-
Polyethyleneoxide
Urethane

2.9

Silane, trimethoxy|[3-
(oxiranyl
methoxy)propyl]

2.9

3-Ureidopropyl
Triethoxysilane

2.9

2-(3,4
epoxycyclohexyl)-
ethyltrimethoxysilan
e

3-
(Trimethoxysilyl)pro
pyl Methacrylate

Hexamethyl
Disiloxane

Hexamethyl
Disilazane

Total

100.00

100.00

100.00

100.00

100.00
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Examples[]

90

91

92

Ingredients[]

ST-025

76

76

76

Deionized water

11.1

11.1

Ethylene Glycol

10

10

10

3-
(Triethoxysilyl)prop
yl Succinic
Anhydride

1.9

1.9

1.9

3-
(Trimethoxysilyl)pro
pyl Methacrylate

Hexamethyl
Disiloxane

Hexamethyl
Disilazane

Total

100.00

100.00

100.00
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Examples 93 94 95 96 97 98 99
Ingredients]
ST-025 76 76 76 76 76 76 76

Deionized water 11.1 11.1 11.1 11.1 11.1 11.1 11.1

Ethylene Glycol 10 10 10 10 10 10 10

3-
(Triethoxysilyl)propyl
Succinic Anhydride 1.9 1.9 1.9 1.9 1.9 1.9 1.9

Trimethoxy Methyl
Silane 1

Trimethoxy Phenyl
Silane 1

Vinyl
Trimethoxysilane 1

Total | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
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ExamplesO 100 101 102 103 104 105
Ingredients[]
ST-025 76 76 76 76 76 76
Deionized water 11.1 11.1 11.1 11.1 11.1 11.1
Ethylene Glycol 10 10 10 10 10 10
3-(Triethoxysilyl)propyl
Succinic Anhydride 1.9 1.9 1.9 1.9 1.9 1.9
Hexyltrimethoxysilane 1
Decyltrimethoxysilane 1
Isooctyltrimethoxysilane 1
Hexadecyltrimethoxysilane 1
Propyltrimethoxysilane 1
Octyltriethoxysilane 1
Total | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
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Examples 106 107 108 109 110 111 112

Ingredients[]

ST-025 78 74 76 76 76 76 76

Deionized water 11.1 11.1 11.1 11.1 11.1 11.1 11.1

Ethylene Glycol 8 12 10 10 10 10 10

3-
(Triethoxysilyl)propyl
Succinic Anhydride 1.45

N-
(Triethoxysilylpropyl)-
O-Polyethyleneoxide
Urethane | 1.45 1.45 1.9 19 1.9

Silane, trimethoxy|[3-
(oxiranyl
methoxy)propyl] 1.45 1.45

3-Ureidopropyl
Triethoxysilane 1.45 1.45

2-(3,4
epoxycyclohexyl)-
ethyltrimethoxysilane 1.45 1

3-
(Trimethoxysilyl)propyl
Methacrylate 1

Hexamethyl Disiloxane 1

Total | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
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Examples

113

114

115

116

117

118

Ingredients[]

ST-025

76

76

76

76

76

76

Deionized water

11.1

11.1

11.1

11.1

Ethylene Glycol

10

10

10

10

10

10

N-
(Triethoxysilylpropyl)-
O-Polyethyleneoxide
Urethane

1.9

1.9

1.9

1.9

1.9

1.9

Hexamethyl Disilazane

Trimethoxy Methyl
Silane

Trimethoxy Phenyl
Silane

Vinyl
Trimethoxysilane

3-(N,N-
Dimethylaminopropyl)-
Trimethoxysilane

3-
(Diethylamino)propyl
trimethoxysilane

Total

100.00

100.00

100.00

100.00

100.00

100.00
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Examples| 119 120 121 122 123 124 125 126
Ingredients[]

ST-025 76 76 76 76 76 76 76 76

Deionized water] 11.1 11.1 11.1 11.1 11.1 11.1 11.1 11.1

Ethylene Glycol 10 10 10 10 10 10 10 10

N-
(Triethoxysilylpropyl)
O-Polyethyleneoxide
Urethangg 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9
Trimethoxy(octadecyl)si
laneg 1

Isobutyl
Trimethoxysilane) 1

Hexyltrimethoxysilane 1

Decyltrimethoxysilane 1

Isooctyltrimethoxysilane 1
Hexadecyltrimethoxysil{
anej 1

Propyltrimethoxysilang) 1

Octyltriethoxysilane 1

Total|100.00 {100.00 |100.00 |100.00 {100.00 |100.00 {100.00 |100.00

29



WO 2020/092920 PCT/US2019/059417

Examples 127 128 129 130 131 132 133 134

Ingredients

ST-025 76 76 78 74 76 76 76 76

Deionized water | 11.1 9.1 9.1 12.1 11.1 11.1 11.1 11.1

Ethylene Glycol 10 12 10 10 10 10 10 10

3-
(Triethoxysilyl)propyl
Succinic Anhydride | 1.45

N-
(Triethoxysilylpropyl)-
O-Polyethyleneoxide
Urethane 1.45

Silane, trimethoxy|[3-
(oxiranyl
methoxy)propyl] | 1.45 1.45 1.9 1.9 19 19

3-Ureidopropyl
Triethoxysilane 1.45 1.45

2-(3,4
Epoxycyclohexyl)-
ethyltrimethoxysilane 1.45 1

3-
(Trimethoxysilyl)propyl 1.45
Methacrylate 1

Hexamethyl Disiloxane 1

Hexamethyl Disilazane 1

Total [100.00 {100.00 |100.00 |100.00 |100.00 {100.00 |100.00 [100.00
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Examples

135

136

137

138

139

140

141

Ingredients

ST-025

76

76

76

76

76

76

76

Deionized water

11.1

11.1

11.1

11.1

11.1

Ethylene Glycol

10

10

10

10

10

10

10

Silane, trimethoxy|3-
(oxiranyl methoxy)propyl]

1.9

1.9

1.9

1.9

1.9

1.9

1.9

Trimethoxy Methyl Silane

Trimethoxy Phenyl Silane

Vinyl Trimethoxysilane

3-(N,N-
Dimethylaminopropyl)-
Trimethoxysilane

3-(Diethylamino)propyl
trimethoxysilane

Trimethoxy(octadecyl)silane

Isobutyl Trimethoxysilane

Total

100.00

100.00

100.00

100.00

100.00

100.00

100.00
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ExamplesO 142 143 144 145 146 147
Ingredients
ST-025 76 76 76 76 76 76
Deionized water 11.1 11.1 11.1 11.1 11.1 11.1
Ethylene Glycol 10 10 10 10 10 10
Silane, trimethoxy|[3-
(oxiranyl methoxy)propyl] 1.9 1.9 1.9 1.9 1.9 1.9
Hexyltrimethoxysilane 1
Decyltrimethoxysilane 1
Isooctyltrimethoxysilane 1
Hexadecyltrimethoxysilane 1
Propyltrimethoxysilane 1
Octyltriethoxysilane 1
Total | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
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Examples 148 149 150 151 152 153 154

Ingredients[]

ST-025 76 76 76 76 76 76 76

Deionized water 6.1 7.1 8.1 9.1 11.1 11.1 11.1

Ethylene Glycol 15 14 13 12 10 10 10

3-
(Triethoxysilyl)propyl
Succinic Anhydride 29

N-
(Triethoxysilylpropyl)-
O-Polyethyleneoxide
Urethane 2.9

Silane, trimethoxy|[3-
(oxiranyl
methoxy)propyl] 2.9

3-Ureidopropyl
Triethoxysilane 2.9 1.9 19 19

2-(3,4
epoxycyclohexyl)-
ethyltrimethoxysilane 1

3-
(Trimethoxysilyl)propyl
Methacrylate 1

Hexamethyl Disiloxane 1

Total | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
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Examples

155

156

157

158

159

160

161

Ingredients[]

ST-025

76

76

76

76

76

76

76

Deionized water

11.1

11.1

11.1

11.1

11.1

Ethylene Glycol

10

10

10

10

10

10

10

3-Ureidopropyl
Triethoxysilane

1.9

1.9

1.9

1.9

1.9

1.9

1.9

Hexamethyl Disilazane

Trimethoxy Methyl Silane

Trimethoxy Phenyl Silane

Vinyl Trimethoxysilane

3-(N,N-
Dimethylaminopropyl)-
Trimethoxysilane

3-(Diethylamino)propyl
trimethoxysilane

Trimethoxy(octadecyl)silane

Total

100.00

100.00

100.00

100.00

100.00

100.00

100.00
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Examples 162 163 164 165 166 167 168

Ingredients[]

ST-025 76 76 76 76 76 76 76

Deionized water 11.1 11.1 11.1 11.1 11.1 11.1 11.1

Ethylene Glycol 10 10 10 10 10 10 10

3-Ureidopropyl
Triethoxysilane 1.9 19 1.9 19 1.9 19 1.9

Isobutyl Trimethoxysilane 1

Hexyltrimethoxysilane 1

Decyltrimethoxysilane 1

Isooctyltrimethoxysilane 1

Hexadecyltrimethoxysilane 1

Propyltrimethoxysilane 1

Octyltriethoxysilane 1

Total | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
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Examples[ 169 170 | 171 | 172 | 173 | 174 | 175

Description Ingredients(]
Colloidal silica
25 wt% silica
solids available
from Nissan
Chemical
America ST-0-25 | 52.68 50 51 25
Alkaline
Colloidal Silica
from Nissan
Chemical
Company, Japan ST-32C 59.28 48 451 25
Deionized water | 36.05 | 27.97| 40 |41.5|385| 43| 35
Propylene
Glycol 8| 75| 8.5
Ethylene Glycol | 806 | 985] 75 10
Silane,
trimethoxy|[3-
(oxiranyl

— | methoxy)propyl] | 3.21| 29| 25| 25| 3|35] 5
Total (g) 100 100 [ 100 | 100 | 100 | 100 | 100

In examples 7-168 it is expedient to make a Polysiloxane Oligomer Premix Preparation
before surface functionalization of colloidal silica mixtures.
Polysiloxane Oligomer Premix Preparation:

Make pH 3 water from 100g deionized water and 3-4 drops of 10% HCI while mixing
and monitoring the pH using a calibrated pH meter. Continue until the pH of the mixture is
measured to be 3.0 Add the organosilanes in the required proportions to form a mixture of
organosilanes, then add pH 3 water to the organosilane combination and mix with magnetic
stirrer/stir bar in a 100mL polypropylene beaker.

The mixture will appear hazy at first, then it should change appearance and clarify to a
visually clear, transparent solution. After the clear, transparent mixture is achieved, wait at least

30 minutes to allow for the oligomerization reaction to proceed to completion.

36



10

15

20

25

30

WO 2020/092920 PCT/US2019/059417

Wait 30 minutes with each mixture to allow for oligomerization reaction before
using it to surface treat aqueous silica sols. After 30 min the organosilane oligomer
mixture can be used to surface treat aqueous silicasols.

Polysiloxane oligomer preparations are observed for clarity,
gelation/polymerization, or formation of agglomerations/white precipitate. Preparations
resulting in clear liquids or clear slight viscous liquids are listed as “OK” and deemed
usable. Those preparations showing gelation/polymerization agglomeration, or white
precipitate formation are concluded to be unusable. It is believed that oligomer
preparation without sufficient monomeric hydrophilic content are prone to failure in an

aqueous or semi aqueous environment.
Surface Functionalization Method of Aqueous Silicasols
Standard Formula, use for all Silica Sols utilizing Polysiloxane Oligomer surface

treatment

Aqueous Silica Sol (ST-O25 or ST-32C) 59.28

Deionized water 27.98
Ethylene Glycol or Propylene Glycol 9.85
Silane Oligomer Premix 29
Total Parts 100.01

Add aqueous silica sol ST-32 C or ST-025, DI water, Ethylene Glycol or
Propylene Glycol and a stir bar to a glass reactor and bring the silica sol to 50°C. A
10mL addition funnel is fitted to the reactor and used to add the polysiloxane oligomer
preparations dropwise while the reaction mixes until finished. Surface treatment is

allowed to react with silica surfaces for a period of 2 hours at S0C and allowed to cool.
Surface Functionalization Method of Aqueous Silicasols

Standard Formula use for all Silica Sols utilizing monomeric organosilanes surface

treatment, such as examples 1-6 and examples 169-175.
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ST-32C or ST-025 59.28
Deionized water 2798
Ethylene Glycol or Propylene Glycol 9.85
Monomeric Organosilane or mixture 29
Total Parts 100.01

Add aqueous silica sol ST-32 C or ST-O25, DI water, Ethylene Glycol and a stir
bar to a glass reactor and bring the silica sol to 50°C. If a mixture of organosilanes is
used, these are prepared and mixed by hand before adding to an addition funnel. A 10mL
addition funnel is fitted to the reactor and used to add the monomeric organosilanes or
mixture of monomeric organosilanes dropwise while the reaction mixes until finished.
Surface treatment is allowed to react with silica surfaces for a period of 2 hours at 50C

and allowed to cool.

Brine resistant silica sols and hydrocarbon recovery fluids comprising surface
functionalized nanoparticles, where the surface functionalized nanoparticles are brine resistant
silica sols, can be found in U.S. Patent Application. No. 15/946,252; filed April 5, 2018, entitled
“Brine Resistant Silica Sols”; U.S. Patent Application No. 15/946,338, filed April 5, 2018,
entitled “Hydrocarbon Formation Treatment Micellar Solutions”; U.S. Patent Application No.
16/129,688; filed: September 12, 2018, entitled “Crude Oil Recovery Chemical Fluids”,
which application claims priority to Japanese Patent Application No. JP 2017-175511; and U.S.
Patent Application No. 16/129,705; filed: September 12, 2018, entitled “Crude Oil Recovery
Chemical Fluid”, which application claims priority to Japanese Patent Application No. JP 2017-
175511; wherein all US Patent Applications are herein incorporated by reference, in their
entirety.

When selecting/using a fluid to be used in combination with a proppant in the treatment
of an oil and/or gas well, it is important for the fluid to have the right combination of additives
and components to achieve the necessary characteristics of the specific end-use application. A
primary goal amongst many aspects of hydrocarbon formation treatment is to optimize recovery
of oil and/or gas from the formation. However, in part because the fluids utilized during the

operation of an oil and/or gas well are often utilized to perform a number of tasks
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simultaneously, achieving necessary to optimal characteristics of the Hydrocarbon Recovery
Fluid comprising surface functionalized nanoparticles is always challenging.
Additional commercially available compositions suitable for the Hydrocarbon Recovery
Fluid include the nanoActiv® HRT product line available from Nissan Chemical America
Corporation, located at 10333 Richmond Avenue, Suite 1100 Houston, TX 77042. These
products, including developmental products that are currently being trialed, use nanosized
particles in a colloidal dispersion, which allows the fluid to work by causing a Brownian-motion,
diffusion-driven mechanism known as disjoining pressure to produce long efficacy in the
recovery of hydrocarbons in conventional and unconventional reservoirs.
Current commercially available nanoActiv®HRT products, include, but are not limited
to:
a. HRT BIO/G — am environmentally friendly version
b. OFS CORR PRO - a version containing a sour gas scavenger for reducing

corrosion of iron piping due to H2S

o

HRT-78 — a version formulated for high temperatures

&

CPD-60 — a version containing a hydroxysultaine surfactant
CPD-37 — the original version that was first sold
f. HRT-53-economical, high performing commercial product

g. HRT-53 C-another version of HRT-53C with a more dilute composition

Additional Hydrocarbon Recovery Fluids comprising functionalized colloidal silica
mixtures suitable for this invention include a crude oil recovery chemical solution which is
excellent in resistance to high temperature and salt, characterized by containing a silane
compound, an aqueous silica sol having an average particle size of from about 3nm to about 200
nm.

In an embodiment of the Hydrocarbon Recovery Fluid comprising surface functionalized
nanoparticles, the aqueous silica sol contains silica particles in which at least a part of the silane
compound is bonded on the surface of at least a part of the silica particles in the sol.

In another embodiment of the Hydrocarbon Recovery Fluid comprising surface
functionalized nanoparticles, the silane compound is at least one compound selected from the

group consisting of a silane coupling agent having at least one organic functional group selected
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from the group consisting of a vinyl group, an ether group, an epoxy group, a styryl group, a
methacryl group, an acryl group, an amino group and an isocyanurate group, an alkoxysilane
group, a silazane group and a siloxane group.

In another embodiment of the Hydrocarbon Recovery Fluid comprising surface
functionalized nanoparticles, aqueous silica sol is present in an amount of from about 0.1% by
mass to about 20% by mass, based on the total mass of the crude oil recovery chemical solution,

in terms of silica solid content.

Preparation of Treatment Fluid to be used with Proppant

First Step: Preparation of Aqueous Sol

Synthesis Example 1

In a 500-ml glass eggplant flask, 200 g of an aqueous silica sol (SNOWTEX (registered
trademark) ST-O manufactured by Nissan Chemical Corporation, silica concentration = 20.5%
by mass, the average particle diameter of 11.0 nm according to the BET method, DLS average
particle diameter of 17.2 nm) and a magnetic stir bar were put. After that, with stirring with a
magnetic stirrer, 4.0 g of 3-glycidoxypropyltrimethoxysilane (Dynasylan GLYMO manufactured
by Evonik Industries AG) was charged such that the mass ratio of the silane compound to silica
in the aqueous silica sol was 0.09. Subsequently, a cooling tube through which tap water flowed
was installed above the eggplant flask. Under reflux, the temperature of the aqueous sol was
increased to 60°C and held at 60°C for 3 hours, and thereafter cooled. After cooling to room
temperature, the aqueous sol was taken out.

We obtained 204 g of an aqueous sol including an aqueous silica sol surface-treated with
a silane compound in which the mass ratio of the silane compound was 0.09 with respect to silica
in the aqueous silica sol, the silica solid content = 20.2% by mass, pH = 3.1, electrical

conductivity = 452 pS/cm, and DLS average particle diameter = 24.3 nm.

Synthesis Example 2

An aqueous sol was obtained through the same operation as in Synthesis Example 1
except that 7.9 g of 3-glycidoxypropyltrimethoxysilane (Dynasylan GLYMO manufactured by
Evonik Industries AG) was charged such that the mass ratio of the silane compound was 0.20

with respect to silica in the aqueous silica sol (SNOWTEX ® ST-O manufactured by Nissan
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Chemical Corporation, silica concentration = 20.5% by mass, average particle diameter of 11.0

nm according to the BET method, DLS average particle diameter of 17.2 nm).

We obtained 208 g of an aqueous sol including an aqueous silica sol surface-treated with
a silane compound in which the mass ratio of the silane compound was 0.2 with respect to silica
in the aqueous silica sol, silica solid content = 20.6% by mass, pH = 2.9, electrical conductivity =

544 uS/cm, and DLS average particle diameter = 19.5 nm.

Synthesis Example 3

An aqueous sol was obtained through the same operation as in Synthesis Example 1
except that 15.8 g of 3-glycidoxypropyltrimethoxysilane (Dynasylan GLYMO manufactured by
Evonik Industries AG) was charged such that the mass ratio of the silane compound was 0.40
with respect to silica in the aqueous silica sol (SNOWTEX ® ST-O manufactured by Nissan
Chemical Corporation, silica concentration = 20.5% by mass, average particle diameter of 11.0

nm according to the BET method, DLS average particle diameter of 17.2 nm).

We obtained 216 g of an aqueous sol including an aqueous silica sol surface-treated with
a silane compound in which the mass ratio of the silane compound was 0.4 with respect to silica
in the aqueous silica sol, silica solid content = 20.5% by mass, pH = 2.9, electrical conductivity =

474 uS/cm, and DLS average particle diameter = 19.7 nm.

Synthesis Example 4

An aqueous sol was obtained through the same operation as in Synthesis Example 1
except that 31.6 g of 3-glycidoxypropyltrimethoxysilane (Dynasylan GLYMO manufactured by
Evonik Industries AG) was charged such that the mass ratio of the silane compound was 0.80
with respect to silica in the aqueous silica sol (SNOWTEX ® ST-O manufactured by Nissan
Chemical Corporation, silica concentration = 20.5% by mass, average particle diameter of 11.0

nm according to the BET method, DLS average particle diameter of 17.2 nm).

We obtained 231 g of an aqueous silica sol surface-treated with a silane compound in

which the mass ratio of the silane compound was 0.8 with respect to silica in the aqueous silica
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sol, silica solid content = 20.6% by mass, pH = 2.8, electrical conductivity =413 uS/cm, and
DLS average particle diameter = 20.8 nm.

Synthesis Example 5

In a 500-ml glass eggplant flask, 250 g of an aqueous silica sol (SNOWTEX ® ST-OXS
manufactured by Nissan Chemical Corporation, silica concentration = 10.4% by mass, the
average particle diameter of 5.0 nm according to Sears method, DLS average particle diameter of
8.1 nm) and a magnetic stir bar were put. After that, with stirring with a magnetic stirrer, 88.9 g
of 3-glycidoxypropyltrimethoxysilane (Dynasylan GLYMO manufactured by Evonik Industries
AGQG) was charged such that the mass ratio of the silane compound to silica in the aqueous silica
sol was 3.4. Subsequently, a cooling tube through which tap water flowed was installed above
the eggplant flask. Under reflux, the temperature of the aqueous sol was increased to 60°C and
held at 60°C for 3 hours, and thereafter cooled. After cooling to room temperature, the aqueous

sol was taken out.

We obtained 338 g of an aqueous sol including an aqueous silica sol surface-treated with
a silane compound in which the mass ratio of the silane compound was 3.4 with respect to silica
in the aqueous silica sol, the silica solid content = 14.3% by mass, pH = 2.9, electrical

conductivity = 163 puS/cm, and DLS average particle diameter = 8.1 nm.

Synthesis Example 6

An aqueous sol was obtained through the same operation as in Synthesis Example 1
except that in a 500-ml glass eggplant flask, 200 g of an aqueous silica sol (SNOWTEX ® ST-
OL manufactured by Nissan Chemical Corporation, silica concentration = 20.0% by mass, the
average particle diameter of 46 nm according to the BET method, DLS average particle diameter
of 75.8 nm) and a magnetic stir bar were put, and then, with stirring with a magnetic stirrer, 31.9
g of 3-glycidoxypropyltrimethoxysilane (Dynasylan GLYMO manufactured by Evonik
Industries AG) was charged such that the mass ratio of the silane compound was 1.6 with respect

to silica in the aqueous silica sol.
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We obtained 231 g of an aqueous silica sol surface-treated with a silane compound in
which the mass ratio of the silane compound was 0.8 with respect to silica in the aqueous silica
sol, silica solid content = 21.2% by mass, pH = 3.1, electrical conductivity = 160 uS/cm, and

DLS average particle diameter = 76.4 nm.

Synthesis Example 7
An aqueous sol was obtained through the same operation as in Synthesis Example 1 except that
in a 500-ml glass eggplant flask, 115 g of an aqueous silica sol (SNOWTEX ® ST-OZL-35
manufactured by Nissan Chemical Corporation, silica concentration = 35.7% by mass, the
average particle diameter of 83 nm according to the BET method, DLS average particle diameter
of 126 nm), 85 g of pure water and a magnetic stir bar were put, and then, with stirring with a
magnetic stirrer, 32.8 g of 3-glycidoxypropyltrimethoxysilane (Dynasylan GLYMO
manufactured by Evonik Industries AG) was charged such that the mass ratio of the silane

compound was 0.8 with respect to silica in the aqueous silica sol.

We obtained 232 g of an aqueous silica sol surface-treated with a silane compound in which the
mass ratio of the silane compound was 1.6 with respect to silica in the aqueous silica sol, silica
solid content = 20.7% by mass, pH = 2.6, electrical conductivity = 579 uS/cm, and DLS average

particle diameter = 119 nm.

Preparation of Treatment Fluid for use with Proppant

Example 1

In a 300-ml styrene container, a stir bar was put, and 91.0 g of pure water was charged.
With stirring with a magnetic stirrer, 2.3 g of an anionic surfactant sodium a-olefin sulfonate
(NEOGEN ® A0O-90 manufactured by DKS Co. Ltd.) was charged and stirred until it was
completely melted. Subsequently, 4.7 g of an anionic surfactant sodium dodecyl sulfate
(Shinorine ® 90TK-T manufactured by New Japan Chemical CO., Ltd.) was charged and stirred

until it was completely melted.
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Subsequently, 22.0 g of the aqueous silica sol produced in Synthesis Example 2 was
charged. Subsequently, 30.0 g of polyoxyethylene nonylphenyl ether (reagent Tergitol ® NP-9
manufactured by Sigma-Aldrich Corporation) with HLB = 13.0 was charged as a nonionic

surfactant and then stirred for 1 hour to produce a chemical fluid of Example 1.

A brine test sample (a) was prepared according to the high temperature and salt resistance
evaluation-1 and held at 100°C for 30 hours. After that, the sample was taken out to evaluate the

resistance to high temperature and salt.

Example 2

A chemical fluid of Example 2 was produced through the same operation as in Example 1 except
that the amount of pure water charged was 106.0 g and the amount of polyoxyethylene
nonylphenyl ether (regent Tergitol ® NP-9 manufactured by Sigma-Aldrich Corporation) with
HLB = 13.0 charged as a nonionic surfactant was 15.0 g.

A brine test sample (a) was prepared according to the high temperature and salt resistance
evaluation-1 and held at 100°C for 30 hours. After that, the sample was taken out to evaluate the

resistance to high temperature and salt.

Example 3

A chemical fluid of Example 3 was produced through the same operation as in Example 1 except
that the amount of pure water charged was 113.5 g and the amount of polyoxyethylene
nonylphenyl ether with HLB = 13.0 (reagent Tergitol ® NP-9 manufactured by Sigma-Aldrich

Corporation) charged as a nonionic surfactant was 7.5 g.
A brine test sample (a) was prepared according to the high temperature and salt resistance

evaluation-1 and held at 100°C for 30 hours. After that, the sample was taken out to evaluate the

resistance to high temperature and salt.
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Example 4
A chemical fluid of Example 4 was produced through the same operation as in Example 2 except
that polyoxyethylene styrenated phenyl ether (NOIGEN ® EA-137 manufactured by DKS Co.

Ltd.) with HLB = 13.0 was employed as a nonionic surfactant and charged in an amount of 15.0

g.

A brine test sample (a) was prepared according to the high temperature and salt resistance
evaluation-1 and held at 100°C for 30 hours. After that, the sample was taken out to evaluate the

resistance to high temperature and salt.

Example 5

A chemical fluid of Example 5 was produced through the same operation as in Example 2 except
that the amount of pure water charged was 99.6 g, and 21.4 g of a product of polyoxyethylene
styrenated phenyl ether (NOIGEN ® EA-157 manufactured by DKS Co. Ltd.) with HLB = 14.3
diluted with pure water to contain 70% of active ingredients was charged as a nonionic

surfactant.

A brine test sample (a) was prepared according to the high temperature and salt resistance
evaluation-1 and held at 100°C for 30 hours. After that, the sample was taken out to evaluate the

resistance to high temperature and salt.

Example 6

In a 300-ml styrene container, a stir bar was put, and 99.5 g of pure water was charged.
With stirring with a magnetic stirrer, 1.8 g of an anionic surfactant sodium a-olefin sulfonate
(NEOGEN ® A0O-90 manufactured by DKS Co. Ltd.) was charged and stirred until it was
completely melted. Subsequently, 5.3 g of an anionic surfactant sodium dodecyl sulfate
(Shinorine ® 90TK-T manufactured by New Japan Chemical CO., Ltd.) was charged and stirred

until it was completely melted.

Subsequently, 22.0 g of the aqueous silica sol produced in Synthesis Example 2 was

charged. Subsequently, 21.4 g of a product of polyoxyethylene styrenated phenyl ether
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(NOIGEN ® EA-157 manufactured by DKS Co. Ltd.) with HLB = 14.3 diluted with pure water
to contain 70% of active ingredients was charged as a nonionic surfactant and then stirred for 1

hour to produce a chemical fluid of Example 6.

A brine test sample (a) was prepared according to the high temperature and salt resistance
evaluation-1 and held at 100°C for 60 hours. After that, the sample was taken out to evaluate the

resistance to high temperature and salt.

Example 7

In a 300-ml styrene container, a stir bar was put, and 99.6 g of pure water was charged.
With stirring with a magnetic stirrer, 3.5 g of an anionic surfactant sodium a-olefin sulfonate
(NEOGEN ® A0O-90 manufactured by DKS Co. Ltd.) was charged and stirred until it was
completely melted. Subsequently, 3.5 g of an anionic surfactant sodium dodecyl sulfate
(Shinorine ® 90TK-T manufactured by New Japan Chemical CO., Ltd.) was charged and stirred

until it was completely melted.

Subsequently, 22.0 g of the aqueous silica sol produced in Synthesis Example 3 was
charged. Subsequently, 21.4 g of a product of polyoxyethylene styrenated phenyl ether
(NOIGEN ® EA-157 manufactured by DKS Co. Ltd.) with HLB = 14.3 diluted with pure water
to contain 70% of active ingredients was charged as a nonionic surfactant and then stirred for 1

hour to produce a chemical fluid of Example 7.

A brine test sample (a) was prepared according to the high temperature and salt resistance
evaluation-1 and held at 100°C for 60 hours. After that, the sample was taken out to evaluate the

resistance to high temperature and salt.

Example 8

In a 300-ml styrene container, a stir bar was put, and 99.6 g of pure water was charged.
With stirring with a magnetic stirrer, 3.5 g of an anionic surfactant sodium a-olefin sulfonate
(NEOGEN ® A0O-90 manufactured by DKS Co. Ltd.) was charged and stirred until it was

completely melted. Subsequently, 3.5 g of an anionic surfactant sodium dodecyl sulfate
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(Shinorine ® 90TK-T manufactured by New Japan Chemical CO., Ltd.) was charged and stirred

until it was completely melted.

Subsequently, 22.0 g of the aqueous silica sol produced in Synthesis Example 3 was
charged. Subsequently, 21.4 g of a product of polyoxyethylene styrenated phenyl ether
(NOIGEN ® EA-157 manufactured by DKS Co. Ltd.) with HLB = 14.3 diluted with pure water
to contain 70% of active ingredients was charged as a nonionic surfactant and then stirred for 1

hour to produce a chemical fluid of Example 8.

A brine test sample (b) was prepared according to the high temperature and salt resistance
evaluation-2 and held at 100°C for 60 hours. After that, the sample was taken out to evaluate the

resistance to high temperature and salt.

Example 9

In a 300-ml styrene container, a stir bar was put, and 99.6 g of pure water was charged.
With stirring with a magnetic stirrer, 3.5 g of an anionic surfactant sodium a-olefin sulfonate
(NEOGEN ® A0O-90 manufactured by DKS Co. Ltd.) was charged and stirred until it was
completely melted. Subsequently, 3.5 g of an anionic surfactant sodium dodecyl sulfate
(Shinorine ® 90TK-T manufactured by New Japan Chemical CO., Ltd.) was charged and stirred

until it was completely melted.

Subsequently, 22.0 g of the aqueous silica sol surface-treated with the silane compound
produced in Synthesis Example 4 was charged. Subsequently, 21.4 g of a product of
polyoxyethylene styrenated phenyl ether (manufactured by DKS Co. Ltd. NOIGEN ® EA-157)
with HLB = 14.3 diluted with pure water to contain 70% of active ingredients was charged as a

nonionic surfactant and then stirred for 1 hour to produce a chemical fluid of Example 9.
A seawater test sample was prepared according to the high temperature and salt

resistance evaluation-3 and held at 100°C for 60 hours. After that, the sample was taken out to

evaluate the resistance to high temperature and salt.
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Example 10

In a 300-ml styrene container, a stir bar was put, and 99.6 g of pure water was charged.
With stirring with a magnetic stirrer, 3.5 g of an anionic surfactant sodium a-olefin sulfonate
(NEOGEN ® A0O-90 manufactured by DKS Co. Ltd.) was charged and stirred until it was
completely melted. Subsequently, 3.5 g of an anionic surfactant sodium dodecyl sulfate
(Shinorine ® 90TK-T manufactured by New Japan Chemical CO., Ltd.) was charged and stirred

until it was completely melted.

Subsequently, 22.0 g of the aqueous silica sol surface-treated with the silane compound
produced in Synthesis Example 3 was charged. Subsequently, 15.2 g of polyoxyethylene
tridecyl ether (NOIGEN ® TDS-90 manufactured by DKS Co. Ltd.) with HLB = 13.6 was
charged as a nonionic surfactant and then stirred for 1 hour to produce a chemical fluid of

Example 10.

A brine test sample (a) was prepared according to the high temperature and salt resistance
evaluation-1 and held at 100°C for 30 hours. After that, the sample was taken out to evaluate the

resistance to high temperature and salt.

Example 11

In a 300-ml styrene container, a stir bar was put, and 99.6 g of pure water was charged.
With stirring with a magnetic stirrer, 3.5 g of an anionic surfactant sodium a-olefin sulfonate
(NEOGEN ® A0O-90 manufactured by DKS Co. Ltd.) was charged and stirred until it was
completely melted. Subsequently, 3.5 g of an anionic surfactant sodium dodecyl sulfate
(Shinorine ® 90TK-T manufactured by New Japan Chemical CO., Ltd.) was charged and stirred

until it was completely melted.

Subsequently, 22.0 g of the aqueous silica sol surface-treated with the silane compound
produced in Synthesis Example 4 was charged. Subsequently, 21.4 g of a product of
polyoxyethylene styrenated phenyl ether (manufactured by DKS Co. Ltd. NOIGEN ® EA-157)
with HLB = 14.3 diluted with pure water to contain 70% of active ingredients was charged as a

nonionic surfactant and then stirred for 1 hour to produce a chemical fluid of
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Example 11.
A brine test sample (b) was prepared according to the high temperature and salt resistance
evaluation-2 and held at 100°C for 60 hours. After that, the sample was taken out to evaluate the

resistance to high temperature and salt.

Example 12

In a 300-ml styrene container, a stir bar was put, and 48.8 g of pure water was charged.
With stirring with a magnetic stirrer, 3.5 g of an anionic surfactant sodium a-olefin sulfonate
(NEOGEN ® A0O-90 manufactured by DKS Co. Ltd.) was charged and stirred until it was
completely melted. Subsequently, 3.5 g of an anionic surfactant sodium dodecyl sulfate
(Shinorine ® 90TK-T manufactured by New Japan Chemical CO., Ltd.) was charged and stirred

until it was completely melted.

Subsequently, 72.8 g of the aqueous silica sol surface-treated with the silane compound
produced in Synthesis Example 4 was charged. Subsequently, 21.4 g of a product of
polyoxyethylene styrenated phenyl ether (manufactured by DKS Co. Ltd. NOIGEN ® EA-157)
with HLB = 14.3 diluted with pure water to contain 70% of active ingredients was charged as a

nonionic surfactant and then stirred for 1 hour to produce a chemical fluid of Example 12.

A seawater test sample was prepared according to the high temperature and salt
resistance evaluation-3 and held at 100°C for 60 hours. After that, the sample was taken out to

evaluate the resistance to high temperature and salt.

Example 13

In a 300-ml styrene container, a stir bar was put and 6.4 g of pure water and 131.1 g of
the aqueous silica sol surface-treated with the silane compound produced in Synthesis Example 4
were charged and stirred with a magnetic stirrer. With stirring with a magnetic stirrer, 3.5 g of
an anionic surfactant sodium a-olefin sulfonate (LIPOLAN ® LB-440 manufactured by Lion
Specialty Chemicals Co. Ltd., active ingredients: 36.3%) was charged and stirred. Subsequently,

1.3 g of an anionic surfactant sodium dodecyl sulfate (Shinorine ® 90TK-T manufactured by
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New Japan Chemical CO., Ltd.) was charged and stirred until it was completely melted. Then,
7.7 g of a product of polyoxyethylene styrenated phenyl ether (manufactured by DKS Co. Ltd.
NOIGEN ® EA-157) with HLB = 14.3 diluted with pure water to contain 70% of active
ingredients was charged as a nonionic surfactant and then stirred for 1 hour to produce a

chemical fluid of Example 13.

A seawater test sample was prepared according to the high temperature and salt
resistance evaluation-3 and held at 100°C for 60 hours. After that, the sample was taken out to

evaluate the resistance to high temperature and salt.

Example 14

In a 300-ml styrene container, a stir bar was put and 14.7 g of pure water and 131.1 g of
the aqueous silica sol surface-treated with the silane compound produced in Synthesis Example 4
were charged and stirred with a magnetic stirrer. With stirring with a magnetic stirrer, 1.2 g of
an anionic surfactant sodium a-olefin sulfonate (LIPOLAN ® LB-440 manufactured by Lion
Specialty Chemicals Co. Ltd., active ingredients: 36.3%) was charged and stirred. Subsequently,
0.45 g of an anionic surfactant sodium dodecyl sulfate (Shinorine ® 90TK-T manufactured by
New Japan Chemical CO., Ltd.) was charged and stirred until it was completely melted. Then,
2.6 g of a product of polyoxyethylene styrenated phenyl ether (manufactured by DKS Co. Ltd.
NOIGEN ® EA-157) with HLB = 14.3 diluted with pure water to contain 70% of active
ingredients was charged as a nonionic surfactant and then stirred for 1 hour to produce a

chemical fluid of Example 14.

A seawater test sample was prepared according to the high temperature and salt
resistance evaluation-3 and held at 100°C for 60 hours. After that, the sample was taken out to

evaluate the resistance to high temperature and salt.

Example 15
In a 300-ml styrene container, a stir bar was put and 15.5 g of pure water and 131.1 g of
the aqueous silica sol surface-treated with the silane compound produced in Synthesis Example 4

were charged and stirred with a magnetic stirrer. With stirring with a magnetic stirrer, 1.2 g of
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an anionic surfactant sodium a-olefin sulfonate (LIPOLAN ® LB-440 manufactured by Lion
Specialty Chemicals Co. Ltd., active ingredients: 36.3%) was charged and stirred. Subsequently,
0.45 g of an anionic surfactant sodium dodecyl sulfate (Shinorine ® 90TK-T manufactured by
New Japan Chemical CO., Ltd.) was charged and stirred until it was completely melted. Then,
1.8 g of polyoxyethylene styrenated phenyl ether (manufactured by DKS Co. Ltd. NOIGEN ®
EA-127) with HLB = 11.7 was charged as a nonionic surfactant and then stirred for 1 hour to

produce a chemical fluid of Example 15.

A seawater test sample was prepared according to the high temperature and salt
resistance evaluation-3 and held at 100°C for 60 hours. After that, the sample was taken out to

evaluate the resistance to high temperature and salt.

Example 16

In a 300-ml styrene container, a stir bar was put and 14.0 g of pure water and 131.1 g of
the aqueous silica sol surface-treated with the silane compound produced in Synthesis Example 4
were charged and stirred with a magnetic stirrer. With stirring with a magnetic stirrer, 1.2 g of
an anionic surfactant sodium a-olefin sulfonate (LIPOLAN ® LB-440 manufactured by Lion
Specialty Chemicals Co. Ltd., active ingredients: 36.3%) was charged and stirred. Subsequently,
0.45 g of an anionic surfactant sodium dodecyl sulfate (Shinorine ® 90TK-T manufactured by
New Japan Chemical CO., Ltd.) was charged and stirred until it was completely melted. Then,
3.3 g of polyoxyethylene styrenated phenyl ether (manufactured by DKS Co. Ltd. NOIGEN ®
EA-207D, active ingredients: 55%) with HLB = 18.7 was charged as a nonionic surfactant and

then stirred for 1 hour to produce a chemical fluid of Example 16.

A seawater test sample was prepared according to the high temperature and salt
resistance evaluation-3 and held at 100°C for 60 hours. After that, the sample was taken out to

evaluate the resistance to high temperature and salt.

Example 17
In a 300-ml styrene container, a stir bar was put, and 90.1 g of pure water was charged.

With stirring with a magnetic stirrer, 3.5 g of an anionic surfactant sodium a-olefin sulfonate
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(NEOGEN ® A0O-90 manufactured by DKS Co. Ltd.) was charged and stirred until it was
completely melted. Subsequently, 3.5 g of an anionic surfactant sodium dodecyl sulfate
(Shinorine ® 90TK-T manufactured by New Japan Chemical CO., Ltd.) was charged and stirred

until it was completely melted.

Subsequently, 31.5 g of the aqueous silica sol produced in Synthesis Example 5 was
charged. Subsequently, 21.4 g of polyoxyethylene styrenated phenyl ether (manufactured by
DKS Co. Ltd. NOIGEN ® EA-157) with HLB = 14.3 was charged as a nonionic surfactant and

then stirred for 1 hour to produce a chemical fluid of Example 17.

A brine test sample (a) was prepared according to the high temperature and salt resistance
evaluation-1 and held at 100°C for 60 hours. After that, the sample was taken out to evaluate the

resistance to high temperature and salt.

Example 18

In a 300-ml styrene container, a stir bar was put and 18.4 g of pure water and 127.4 g of
the aqueous silica sol surface-treated with the silane compound produced in Synthesis Example 6
were charged and stirred with a magnetic stirrer. With stirring with a magnetic stirrer, 1.2 g of
an anionic surfactant sodium a-olefin sulfonate (LIPOLAN ® LB-440 manufactured by Lion
Specialty Chemicals Co. Ltd., active ingredients: 36.3%) was charged and stirred. Subsequently,
0.45 g of an anionic surfactant sodium dodecyl sulfate (Shinorine ® 90TK-T manufactured by
New Japan Chemical CO., Ltd.) was charged and stirred until it was completely melted. Then,
2.6 g of a product of polyoxyethylene styrenated phenyl ether (manufactured by DKS Co. Ltd.
NOIGEN ® EA-157) with HLB = 14.3 diluted with pure water to contain 70% of active
ingredients was charged as a nonionic surfactant and then stirred for 1 hour to produce a

chemical fluid of Example 18.
A seawater test sample was prepared according to the high temperature and salt

resistance evaluation-3 and held at 100°C for 30 hours. After that, the sample was taken out to

evaluate the resistance to high temperature and salt.
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Example 19

In a 300-ml styrene container, a stir bar was put and 15.3 g of pure water and 130.5 g of
the aqueous silica sol surface-treated with the silane compound produced in Synthesis Example 7
were charged and stirred with a magnetic stirrer. With stirring with a magnetic stirrer, 1.2 g of
an anionic surfactant sodium a-olefin sulfonate (LIPOLAN ® LB-440 manufactured by Lion
Specialty Chemicals Co. Ltd., active ingredients: 36.3%) was charged and stirred. Subsequently,
0.4 g of an anionic surfactant sodium dodecyl sulfate (Shinorine ® 90TK-T manufactured by
New Japan Chemical CO., Ltd.) was charged and stirred until it was completely melted. Then,
2.6 g of a product of polyoxyethylene styrenated phenyl ether (manufactured by DKS Co. Ltd.
NOIGEN ® EA-157) with HLB = 14.3 diluted with pure water to contain 70% of active
ingredients was charged as a nonionic surfactant and then stirred for 1 hour to produce a

chemical fluid of Example 19.

A seawater test sample was prepared according to the high temperature and salt
resistance evaluation-3 and held at 100°C for 30 hours. After that, the sample was taken out to

evaluate the resistance to high temperature and salt.

Example 20
A chemical fluid of Example 20 was produced through the similar operation as in

Example 13.

A seawater test sample was prepared according to the high temperature and salt
resistance evaluation-4 and held at 100°C for 75 days (1800 hours). After that, the sample was

taken out to evaluate the resistance to high temperature and salt.
Example 21

A chemical fluid of Example 21 was produced through the similar operation as in

Example 14.
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A seawater test sample was prepared according to the high temperature and salt
resistance evaluation-4 and held at 100°C for 75 days (1800 hours). After that, the sample was

taken out to evaluate the resistance to high temperature and salt.

Reference Example 1

A chemical fluid of Reference Example 1 (comprising no silane compound) was
produced through the same operation as in Example 1 except that 22.0 g of an aqueous silica sol
(SNOWTEX ® ST-O manufactured by Nissan Chemical Corporation) was charged instead of
the aqueous silica sol produced in Synthesis Example 2.

A brine test sample (a) was prepared according to the high temperature and salt resistance
evaluation-1 and held at room temperature for 7 days. After that, the sample was taken out to

evaluate the salt resistance.

Reference Example 2

A chemical fluid of Reference Example 2 (mass ratio of silane compound to silica: 0.09)
was produced through the same operation as in Example 1 except that 22.0 g of the aqueous
silica sol produced in Synthesis Example 1 was charged instead of the aqueous silica sol

produced in Synthesis Example 2.

A brine test sample (a) was prepared according to the high temperature and salt resistance
evaluation-1 and held at room temperature for 7 days. After that, the sample was taken out to

evaluate the salt resistance.

Reference Example 3

A chemical fluid of Reference Example 3 (comprising no nonionic surfactant) was
produced through the same operation as in Example 1 except that the amount of polyoxyethylene
nonylphenyl ether (reagent Tergitol ® NP-9 manufactured by Sigma-Aldrich Corporation) with

HLB = 13.0 charged as a nonionic surfactant was 0 g.

A brine test sample (a) was prepared according to the high temperature and salt resistance

evaluation-1, but it became cloudy immediately after preparation, and white gel was precipitated.
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Reference Example 4

A chemical fluid of Reference Example 4 (comprising nonionic surfactant having a low
HLB value) was produced through the same operation as in Example 4 except that the amount of
polyoxyethylene styrenated phenyl ether (manufactured by DKS Co. Ltd. NOIGEN ® EA-017)

with HLB = 2.7 charged as a nonionic surfactant was 15.0 g.

The chemical fluid prepared as above caused complete two-phase separation of an
aqueous phase composed of the aqueous silica sol and the water-soluble anionic surfactant and
an oil phase composed of the nonionic surfactant. Therefore, the evaluation of resistance to high

temperature and salt could not be carried out.

Comparative Example 1

In a 300-ml styrene container, a stir bar was put, and 99.6 g of pure water was charged.
With stirring with a magnetic stirrer, 6.8 g of an anionic surfactant sodium a-olefin sulfonate
(NEOGEN ® A0O-90 manufactured by DKS Co. Ltd.) was charged and stirred until it was

completely melted.

Subsequently, 22.0 g of the aqueous silica sol produced in Synthesis Example 3 was
charged. Subsequently, 21.4 g of a product of polyoxyethylene styrenated phenyl ether
(NOIGEN ® EA-157 manufactured by DKS Co. Ltd.) with HLB = 14.3 diluted with pure water
to contain 70% of active ingredients was charged as a nonionic surfactant and then stirred for 1
hour to produce a chemical fluid of Comparative Example 1 (comprising only one anionic

surfactant).
A brine test sample (b) was prepared according to the high temperature and salt resistance

evaluation-2 and held at 100°C for 60 hours. After that, the sample was taken out to evaluate the

resistance to high temperature and salt.
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Comparative Example 2

In a 300-ml styrene container, a stir bar was put, and 99.6 g of pure water was charged.
With stirring with a magnetic stirrer, 6.8 g of an anionic surfactant sodium dodecyl sulfate
(Shinorine ® 90TK-T manufactured by New Japan Chemical CO., Ltd.) was charged and stirred

until it was completely melted.

Subsequently, 22.0 g of the aqueous silica sol produced in Synthesis Example 3 was
charged. Subsequently, 21.4 g of a product of polyoxyethylene styrenated phenyl ether
(NOIGEN ® EA-157 manufactured by DKS Co. Ltd.) with HLB = 14.3 diluted with pure water
to contain 70% of active ingredients was charged as a nonionic surfactant and then stirred for 1
hour to produce a chemical fluid of Comparative Example 2 (comprising only one anionic

surfactant).

A brine test sample (b) was prepared according to the high temperature and salt resistance
evaluation-2 and held at 100°C for 60 hours. After that, the sample was taken out to evaluate the

resistance to high temperature and salt.

Comparative Example 3

In a 300-ml styrene container, a stir bar was put, and 128.0 g of pure water was charged.
With stirring with a magnetic stirrer, 22.0 g of the aqueous silica sol produced in Synthesis
Example 4 was charged and stirred until it to produce a chemical fluid of Comparative Example

3 (comprising only silane/silica and comprising no surfactant).

A brine test sample (b) was prepared according to the high temperature and salt resistance
evaluation-2 and held at 100°C for 60 hours. After that, the sample was taken out to evaluate the

resistance to high temperature and salt.

Comparative Example 4
In a 300-ml styrene container, a stir bar was put, and 121.6 g of pure water was charged.
With stirring with a magnetic stirrer, 3.5 g of an anionic surfactant sodium a-olefin sulfonate

(NEOGEN ® A0O-90 manufactured by DKS Co. Ltd.) was charged and stirred until it was
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completely melted. Subsequently, 3.5 g of an anionic surfactant sodium dodecyl sulfate
(Shinorine ® 90TK-T manufactured by New Japan Chemical CO., Ltd.) was charged and stirred
until it was completely melted. Then, 21.4 g of a product of polyoxyethylene styrenated phenyl
ether (NOIGEN ® EA-157 manufactured by DKS Co. Ltd.) with HLB = 14.3 diluted with pure
water to contain 70% of active ingredients was charged as a nonionic surfactant and then stirred
for 1 hour to produce a chemical fluid of Comparative Example 4 (comprising only surfactant

and comprising no silica/silane).

Choice of Proppant

In an embodiment, the proppant is sand. This is the cheapest, most abundant, and most
used. The common forms of proppant sand are 20 mesh, 40mesh, 70mesh, 100mesh, and
combinations of these such as the common combinations 100/40mesh, 70/40mesh, and 40/20

mesh. There are many commercially available sources of sand suitable for use as a proppant.

Coating method of Proppant
4kg of commercially available proppant sand of 70/40 mesh size was placed into a 4L Nalgene
container and covered with treatment fluid comprising colloidal silica particles. The container
was then sealed, and the sand/fluid mixture was mixed by shaking allowed to stand at room
temperature for 12 hours to effect nanoparticle deposition onto proppant sand surfaces. The
mixture was then poured into a 12” x 24” glass baking dish and placed in a 100C oven for a
period of 24 hours until the mixture was dried. Samples of coated proppant sand and uncoated

roppant sand were submitted to a 3™ party laboratory for conductivity testing.
propp party ry y g
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What is Claimed:

1. A method of increasing production from a hydrocarbon containing formation by
adding a proppant to the formation, characterized in that a treatment fluid comprising a colloidal
silica nanoparticle is added to the formation before, during or after the time the proppant is added

to the formation.

2. The method of Claim 1 characterized in that the treatment fluid comprising the
colloidal silica nanoparticles is added to the formation before the time the proppant is added to

the formation.

3. The method of Claim 1 characterized in that the treatment fluid comprising the
colloidal silica nanoparticles is added to the formation during the time the proppant is added to

the formation.

4. The method of Claim 1 characterized in that the treatment fluid comprising the
colloidal silica nanoparticles is added to the formation after the time the proppant is added to the

formation.

5. The method of Claim 1 characterized in that the treatment fluid comprising the
colloidal silica nanoparticles is added to the formation before and during the time the proppant is

added to the formation.

6. The method of Claim 1 characterized in that the treatment fluid comprising the
colloidal silica nanoparticles is added to the formation during and after the time the proppant is

added to the formation.

7. The method of Claim 1 characterized in that the treatment fluid comprising the
colloidal silica nanoparticles is added to the formation before and after the time the proppant is

added to the formation.

8. The method of any one of Claims 1-7, wherein the treatment fluid comprising a

colloidal silica nanoparticle is a crude oil recovery chemical solution comprising a silane
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compound, an aqueous silica sol having an average particle size of from about 3 nm to about 200

nm.

9. The method of Claim 8, wherein the aqueous silica sol comprises silica particles
in which at least a part of the silane compound is bonded on the surface of at least a part of the

silica particles in the sol.

10. The method of Claim 8 of 9, wherein the silane compound is at least one
compound selected from the group consisting of a silane coupling agent having at least one
organic functional group selected from the group consisting of a vinyl group, an ether group, an
epoxy group, a styryl group, a methacryl group, an acryl group, an amino group, an isocyanurate

group, an alkoxysilane group, a silazane group and a siloxane group.

11. The method of any one of Claims 8-10, wherein the aqueous silica sol is present
in an amount of from about 0.1 % by mass to about 20 % by mass, based on the total mass of the

crude oil recovery chemical solution, in terms of silica slid content.
12. The method of any one of Claims 1-11, wherein the proppant is sand.

13. The method of Claim 12, wherein the sand is 20 mesh, 40 mesh, 70 mesh, or 100

mesh.

14. The method of Claim 12, wherein the sand is a combination of 100 mesh and 40

mesh, a combination of 70 mesh and 40 mesh, or a combination of 40 mesh and 20 mesh.

15. The method of Claim 1, wherein the proppant is coated with the treatment fluid

comprising colloidal silica nanoparticles.
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