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(57) Abrege(suite)/Abstract(continued):

Including an organic material, a composite substantially homogeneous formed particle including a first portion of an at least partly
cured binder and filler particles, or a hybrid particle having an inorganic particle as a core and a composite coating including at least
partially cured resin and filler. The curable coating includes a continuous phase including a curable liquid resin and reactive powder
particles embedded or adhered to the continuous phase. The reactive powder particles typically include one or more of a resole
phenolic-formaldehyde resin, a novolak phenolic-formaldehyde resin, a polyester resin, an acrylic polymer resin, a urethane resin or

an epoxy resin. A method including applying a coating including the continuous phase including the curable resin and reactive or
non- reactive powder particles embedded or adhered to the continuous phase.
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LOW TEMPERATURE COATED PARTICLES FOR USE AS PROPPANTS OR
IN GRAVEL PACKS, METHODS FOR MAKING AND USING THE SAME

ABSTRACT

Disclosed herein are free tlowing coated particles and low temperature methods of
making same. Each particle has a curable coating disposed upon a substrate. The
substrate is a particulate substrate including an inorganic material, a particulate substrate
including an organic material, a composite substantially homogeneous formed particle
including a first portion of an at least partly cured binder and filler particles, or a hybrid
particle having an 1norganic particle as a core and a composite coating including at least
partially cured resin and filler. The curable coating includes a continuous phase including
a curable liquid resin and reactive powder particles embedded or adhered to the continuous
phase. The reactive powder particles typically include one or more of a resole phenolic-
formaldehyde resin, a novolak phenolic-formaldehyde resin, a polyester resin, an acrylic
polymer resin, a urethane resin or an epoxy resin. A method including applying a coating
including the continuous phase including the curable resin and reactive or non-reactive

powder particles embedded or adhered to the continuous phase.

DOCSMTL; 407063 7\1



15

20

25

CA 02718659 2015-03-10

LOW TEMPERATURE COATED PARTICLES FOR USE AS PROPPANTS OR
IN GRAVEL PACKS, METHODS FOR MAKING AND USING THE SAME

FIELD OF THE INVENTION

[0002] The disclosure relates to coated particles and to methods for making and
using the same. In particular, this disclosure relates to coated particles that are used in
well stimulation treatments as proppants or in gravel packs, and made by coating a particle
with a curable liquid resin at ambient temperature, applying a reactive powder (e.g., a
resole powder, a novolak powder, a polyester powder, an acrylic polymer powder, a
urethane powder or an epoxy powder) to the coated particle and mixing until dry at low
temperature. If desired the particles may also be used in coated sand applications for the

foundry industry.

BACKGROUND OF THE INVENTION

[0003] The term "proppant” is indicative of particulate material which is injected
into fractures in subterranean formations surrounding oil wells, gas wells, water wells, and
other similar bore holes to provide support to hold (prop) these fractures open and allow
gas or hiqud to tlow through the fracture to the bore hole or from the formation.
Proppants are commonly used to prop open fractures formed in subterranean formations

such as oil and natural gas wells during hydraulic fracturing.

[0004] Uncoated and/or coated particles are often used as proppants to keep open
fractures imposed by hydraulic fracturing upon a subterranean formation, e.g., an oil or

gas bearing strata, or as filtering media in gravel packs.

[0005] The uncoated proppants are typically particles of sand, ceramics, glass
beads, walnut shells, etc. as known in the art. Particles used to prop fractures generally

comprise sand or sintered ceramic particles. The advantage of sand is that it is
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inexpensive. Its disadvantages are its relatively low strength (high crush values) and
lower flow capacities than sintered ceramic particles. Sintered ceramic particles are
disadvantageous in that the sintering 1s carried out at high temperatures, resulting in high

energy costs to produce, and expensive raw materials are used.

[0006] The coated proppants have individual particles coated with a resin. The
individual particles are typically particles of sand, ceramics, glass beads, walnut shells,
etc. as known 1n the art. The proppant coatings may be precured or curable. The precured
proppants include a substrate core and a coating of resin cured prior to insertion into the
subterranean formation. The curable proppants include a substrate core and a coating of
resin cured downhole to form a consolidated proppant pack. Resin formulations typically
used for curable coatings on proppant substrates (sand, ceramic, etc.) result in a highly

crosslinked coating on the surface of the substrates.

[0007] Curable resin coated proppants and precured resin coated proppants have
been commercially available for use as propping agents. A curable proppant has a resin
coating that includes a resin that is usually at least partially, and but not tfully, cured. In
contrast, a "precured" proppant has a cured resin coating. The terms “cured” and
“curable” are defined for the present specification by three tests historically employed 1n

the art.

[0008] a) Temperature Stick Point Test: placing coated material on a heated melt

point bar and determining the lowest temperature at which the coated material adheres to
the melt point bar. A “sticking temperature” of greater than 350°F, typically indicates a

cured material, depending upon the resin system used.

[0009] b) Acetone Extraction Test: an acetone extraction method, as described
below, to dissolve the fraction of resin within the coating that is uncured. A weight loss of

< 5% typically indicates that the particle has a procured coating.

[0010] ¢) Compressive Strength Test: no bonding, or no consolidation of the
coated particles, following wet compression at 1000 psi at 200 °F for a period of as much

as 24 hours, which typically indicates a coating that was precured in the manufacturing

process.

DOCSMTL: 407063 7\1
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[0011] Unless otherwise indicated, the terms cured and curable are defined by the

Compressive Strength Test.

[0012]} Proppants are generally used to increase production of oil and/or gas by
providing a conductive channel in the formation. Fracturing of the subterranean formation
is conducted to increase oil and/or gas production. Fracturing is caused by injecting a
viscous fracturing fluid or a foam at a high pressure (hereinafter injection pressure) into
the well to create a fracture. A similar effect can be achieved by pumping a thin fluid
(water containing a low concentration of polymer) at a high injection rate. As the fracture
is formed, a particulate material, referred to as a "propping agent” or "proppant” 1s placed
in the formation to maintain the fracture in a propped condition when the injection
pressure is released. As the fracture forms, the proppants are carried into the fracture by
suspending them in additional fluid or foam to fill the fracture with a slurry of proppant in
the fluid or foam. Upon release of the pressure, the proppants form a pack that serves to
hold open the fractures. The propped fracture thus provides a highly conductive channel
in the formation. The degree of stimulation afforded by the hydraulic fracture treatment 1s
largely dependent upon formation parameters, the fracture's permeability, the propped

fracture length, propped fracture height and the fracture's propped width.

[0013] Gravel packing treatments are used to reduce the migration of
unconsolidated formation sands/fines into the well bore. In gravel packing operations, the
coated and/or uncoated particles suspended in a carrier fluid are pumped into a well bore
in which the gravel pack is to be placed. The carrier fluid leaks off into the subterranean
zone and/or is returned to the surface while the particles are left in the annulus between the
production string and the casing or outside the casing in the subterranean zone adjacent to

the wellbore.

[0014] Gravel pack operations generally involve placing a gravel pack screen in
the well bore and packing the surrounding annulus between the screen and the well bore
with the particles. The gravel pack screen is generally a type of filter assembly used to
support and retain the particles placed during the gravel pack operation. A wide range of

sizes and screen configurations are available to suit the characteristics of a particular well

bore, the production fluid, and the subterranean formation sands. Such gravel packs may

DOCSMTL: 4070637\1
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be used to stabilize the formation while causing minimal impairment to well productivity.
The gravel pack acts as a filter to separate formation sands from produced fluids while
permitting the produced oil and/or gas to flow into the well bore. The particles act to
prevent formation sands from plugging the screen or migrating with the produced fluids,

and the screen acts to prevent fines from being produced to the surface and out of the well.

[0015] Gravel packing may also be used to protect the well borewall production
integrity by employing a tightly packed deposit of aggregate comprising sand, gravel or
both between the borewall and the production pipe thereby avoiding the time and expense
of setting a stecl casing from the surface to the production zone which may be many
thousands of feet below the surface. The gravel packing 1s inherently permeable to the
desired hydrocarbon fluid and provides structural reinforcement to the borewall against an
interior collapse or flow degradation. Such well completion systems are called "open
hole" completions. The apparatus and process by which a packed deposit of gravel is
placed between the borehole wall and the production pipe 1s encompassed within the
definition of an "open hole gravel pack system." Unfortunately, prior art open hole gravel
pack systems. for placing and packing gravel along a hydrocarbon production zone, have
been attended by a considerable risk of precipitating a borechole wall collapse due to
fluctuations 1n the borehole pressure along the production zone. ‘These pressure
tluctuations are generated by surface manipulations ot the downhole tools 1n direct fluid

circulation within the well and completion string. Further discussion of gravel packs is

presented by US Patent No. 6,382,319,

(0016] In some situations the processes of hydraulic fracturing and gravel packing
are combined 1nto a single treatment to provide stimulated production and an annular
gravel pack to reduce formation sand production. Such treatments are often referred to as
"frac pack” operations. In some cases, the treatments are completed with a gravel pack
screen assembly 1n place, and the hydraulic fracturing treatment being pumped through the
annular space between the casing and screen. In such a situation, the hydraulic fracturing
treatment usually ends 1n a screen out condition creating an annular gravel pack between

the screen and casing. This allows both the hydraulic fracturing treatment and gravel pack

to be placed 1n a single operation.
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[0017] Moreover, sand control 1s another consideration when extracting
hydrocarbons such as natural gas and crude o1l from the earth's subsurface formations,
from boreholes drilled into hydrocarbon bearing production zones. Production of o1l, gas
and water from unconsolidated or weakly consolidated formations 1s normally
accompanied by the production of formation sand particles along with the produced fluids.
The production of sand with the well fluids poses serious problems such as the erosion of
sub-surface and surface production facilities and the accumulation of the sand in the
wellbore and surface separators. Several methods such as gravel packing, screens and
plastic consolidation have been in use for many years with varying success. However,
these methods have several-technical and cost limitations. Further discussion of sand

control 1s presented by US Patent No. 6,364,019.

[0018] When the oilfield industry “fractures hydrocarbon bearing formations, the
use of proppants to retain the high surface area created by the fracture has become
common practice. It is highly desirable that the proppant particles are of high performance
and can be produced in highly efficient processes (are economically attractive). It 1s
further desirable to develop coated particles that can be produced at remote sites, such as

field applied at or near the wellsite.
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SUMMARY OF THE INVENTION

[0018a] In accordance with one aspect of the present invention, there is provided a
free flowing coated particles having a particle size range of about 6 mesh to about 200
mesh, each particle comprising: a substrate selected from the group consisting of: a
particulate substrate comprising an inorganic material and optionally an at least partially
cured coating, a particulate substrate comprising an organic material and optionally an at
least partially cured coating, a composite particle comprising a substantially homogeneous
formed particle comprising a first portion of a binder and filler particles dispersed
throughout said first portion of binder, wherein said first portion 1s at least partly cured,
wherein the particle size of the filler particles ranges from about 0.5 to about 60 um; and a
hybrid particle comprising a composite layer disposed on an morganic particulate core, the
composite layer comprising an at least partially cured organic coating and ftiller particles,
wherein the particle size of the filler particles ranges from about 0.5 to about 60 um; and a
coating disposed upon the substrate, the coating comprising a continuous phase
comprising a curable liquid resin and a reactive powder embedded or adhered to the
continuous phase, wherein the curable liquid resin comprises at least one member selected
from the group consisting of resole phenolic-formaldehyde resins, polyester resins, acrylic
polymer resins, urethane resins, epoxy resins, melamine resins and anhydride resins, and
wherein the reactive powder comprises at least one member selected from the group
consisting of resole phenolic-formaldehyde resins, novolak phenolic-formaldehyde resins,
polyester resins, acrylic polymer resins, urethane resins and epoxy resins, wherein the

reactive powder 1s reactive with the curable liquid.

[0018Db] In accordance with another aspect of the present invention, there 1s
provided a free flowing coated particles having a particle size range of about 6 mesh to
about 200 mesh, each particle comprising: a substrate selected from the group consisting
of: a particulate substrate comprising an inorganic material and optionally an at least
partially cured coating, a particulate substrate comprising an organic material and
optionally an at least partially cured coating, a composite particle comprising a
substantially homogeneous formed particle comprising a first portion of a binder and filler
particles dispersed throughout said first portion of binder, wherein said first portion 1s at

least partly cured, wherein the particle size of the filler particles ranges from about 0.5 to

about 60 um; and a hybrid particle comprising a composite layer disposed on an inorganic

- 59 -
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particulate core, the composite layer comprising an at least partially cured organic coating
and filler particles, wherein the particle size of the filler particles ranges from about 0.5 to
about 60 um; and a coating disposed upon the substrate, the coating comprising a
continuous phase comprising a curable liquid resin and a reactive powder embedded or
adhered to the continuous phase, wherein the curable liquid resin comprises at least one
member selected from the group consisting of resole phenolic-tormaldehyde resins,
polyester resins, acrylic polymer resins, urethane resins, epoxy resins, melamine resins and
anhydride resins, wherein the reactive powder comprises an e€poxy resin, and wherein the

reactive powder 1s reactive with the curable liquid.

[0018¢] In accordance with yet another aspect of the present invention, there 1s
provided a free tlowing coated particles having a particle size range ot about 6 mesh to
about 200 mesh, each particle comprising: a substrate selected from the group consisting
of: a particulate substrate comprising an inorganic material and optionally an at least
partially cured coating, a particulate substrate comprising an organic material and
optionally an at least partially cured coating, a composite particle comprising a
substantially homogeneous formed particle comprising a first portion of a binder and filler
particles dispersed throughout said first portion of binder, wherein said first portion is at
least partly cured, wherein the particle size of the filler particles ranges from about 0.5 to
about 60 um; and a hybrid particle comprising a composite layer disposed on an 1norganic
particulate core, the composite layer comprising an at least partially cured organic coating
and filler particles, wherein the particle size of the filler particles ranges from about 0.5 to
about 60 um; and a coating disposed upon the substrate, the coating comprising a
continuous phase comprising a curable liquid resin and a reactive powder embedded or
adhered to the continuous phase, wherein the coated particles further comprise a surface
treatment selected from the group that consists of a non-reactive powder, a resin or
resin/curing agent combination, or both, disposed on the coating, wherein the curable
liquid resin comprises at least one member selected from the group consisting of resole
phenolic-formaldehyde resins, polyester resins, acrylic polymer resins, urethane resins,
epoxy resins, melamine resins and anhydride resins, wherein the reactive powder
comprises at least one member selected from the group consisting of resole phenolic-
formaldehyde resins, novolak phenolic-formaldehyde resins, polyester resins, acrylic

polymer resins, urethane resins and epoxy resins, and wherein the reactive powder 1s

reactive with the curable liquid.

- 5b -
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[0019] In one embodiment, there is provided free flowing coated particles having a
particle size range of about 6 mesh to about 200 mesh (3360 - 74 pum), each particle
includes (1) a substrate selected from (i) a particulate substrate comprising an 1norganic
material and optionally an at least partially cured coating, (i1) a particulate substrate
comprising an organic material and optionally an at least partially cured coating, (111) a
composite particle comprising a substantially homogeneous formed particle comprising a
first portion of a binder and filler particles dispersed throughout said first portion of
binder, wherein said first portion is at least partly cured, wherein the particle size of the
filler particles ranges from about 0.5 to about 60 um, or (iv) a hybrid particle comprising a
composite layer disposed on an inorganic particulate core, the composite layer comprising
an at least partially cured organic coating and filler particles, wherein the particle size ot
the filler particles ranges from about 0.5 to about 60 pm; and (2) a coating disposed upon
the substrate, the coating comprising a continuous phase comprising a curable liquid resin

and a reactive powder embedded or adhered to the continuous phase.

[0020] In another embodiment, the curable liquid resin in the above described free
flowing coated particles includes resole phenolic-formaldehyde resins, polyester or
unsaturated polyester resins, acrylic polymer resins, urethane resins, €poxy resins,

melamine resins, anhydride resins or any combination or subset thereof.

[0021] In another embodiment, the reactive powder in the above described free
flowing coated particles includes resole phenolic-formaldehyde resins, novolak phenolic-
formaldehyde resins, polyester resins, acrylic polymer resins, urethane resins, epoxy resins

or any combination or subset thereof.

[0022] In another embodiment, the above described free flowing coated particles
further include a surface treatment which includes resole phenolic-formaldehyde resins,
polyester or unsaturated polyester resins, acrylic polymer resins, urethane resins, €poxy

resins, melamine resins, anhydride resins or any combination or subset thereot.

[0023] In another embodiment, there is provided a method of preparing the above

described free flowing coated particles which includes mixing the substrate with the
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curable liquid resin at a temperature of between about 50°F to about 150°F to form the

coating comprising the continuous phase, then admixing the reactive powder such that 1t is

embedded in or adhered to the continuous phase.

[0024] In another embodiment, the above method further includes the step of

applying a surface treatment to the free tflowing coated particles.
[0025] The powders employed in the method may be reactive or non-reactive.

[0026] The reactive powders in the products and/or methods are reactive with at
least the above-mentioned continuous phase. Employing reactive powders advantageously
improves unconfined compressive strength properties of the particle. Non-reactive
powders, for example, silica flour are inert with respect to the continuous phase, and may

be added to improve processing or storage properties.

[0027] Typically the reactive powders comprise at least one member of the group
consisting of resole phenolic-formaldehyde resins, novolak phenolic-formaldehyde resins,
polyester resins, acrylic polymer resins, urethane resins and epoxy resins. The method of
making utilizes the low temperature application of organic resins to sand and ceramic
substrates in cycles requiring only a matter of minutes that yields high performance coated
particles for the oilfteld (and foundry) industry. The powder 1s added to effectively dry

the applied liquid coating and allow the coated particles to be separated and tree flowing.

[0028] The substrate is defined as the portion of the particle coated by the one or
more outer coatings of the present invention. The substrate can be present in the coated
particles in an amount of about 85 to about 99.5 weight percent (wt. %), based on the total
weight of the coated particles. In one embodiment, in which the outer coating 1s placed
directly on a sand or ceramic particle, the substrate i1s present in an amount of about 95 to

99.5 wt%, based on the total weight of the coated particles.

[0029] The outer resin coating typically i1s between 0.5 to 15% of the total weight
of the particle. In another embodiment, the resin coating is between 0.5 to 6.0% of the
total weight of the particle.

DOCSMTL: 407063 7\1
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[0030] In one embodiment, the outer coating is placed directly on a single
inorganic particle. Typically the particulate substrate comprising an inorganic material 1s
a sand or a ceramic particulate substrate. A preferred inorganic substrate i1s 40/70 sand. In
embodiments employing the inorganic particulate substrate coated with the one or more
layers of coating comprising a continuous phase comprising curable liquid resin and
reactive powder particles, preferably the dry free flowing particle has a loss on ignition
(LOI) of about 0.3 to about 8%, about 0.3 to about 5%, about 0.5 to 5%, about 0.75 to 4%
or about 0.75 to 3%. Unless otherwise stated, all percentages disclosed in this

specification are weight percents.

(0031} In embodiments employing an organic particulate substrate, preferably the
dry free flowing particle has a LOI of about 0.3 to about 5%, not including the LOI
attributable to the ignition of the organic particulate substrate.

[0032] In embodiments of a coated particle in which the substrate 1s a composite
particle, then the LOI would be the combination of the LOI of the composite substrate
(which would normally be in the 12-15% range based on the total weight of the substrate,
after it has been cured) plus the LOI of the resin coating on the substrate (0.5 to 5% by
weight based on the total weight of the coated particle). In such embodiments the overall
LOI is typically about 12 % to about 20 % (including the LOI attributable to the organic
binder of the composite substrate and the coating, but not including the LOI, if any,
attributable to the filler of the composite substrate). Typically, the filler particles are about
70 to 90 weight percent of the composite particle. Typically, the composite substrate 1s
about 95 to about 99.5 wt% of the coated particle of this invention.

[0033] The composite substrate may comprise about 10 to about 90 weight percent
(wt. %), typically about 70 to about 90 wt. %, inorganic filler materials based on the total
weight of the composite substrate. In an embodiment, the inorganic materials can be
present in an amount of about 20 to about 80 weight percent (wt. %), based on the total
weight of the composite substrate. In another embodiment, the inorganic matenals can be
present in an amount of about 30 to about 70 weight percent (wt. %), based on the total

weight of the composite substrate. In yet another embodiment, the inorganic materials can

DOCSMTL: 407063 7\1
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be present in an amount of about 40 to about 60 weight percent (wt. %), based on the total

weight of the composite substrate.

[0034] Typically, the composite particle has a sphericity of at least about 0.7.

[0035] In embodiments of a coated particle in which the substrate is a hybrid
particle (1inorganic particulate core having a composite layer of the organic coating and
inorganic filler), then the LOI would be the combination of the LOI of the hybrid substrate
(which would normally be in the about 5 to about 20% range based on the total weight of
the substrate, after it has been cured) plus the LOI of the resin coating on the substrate (0.5
to 5% by weight based on the total weight of the coated particle). In such embodiments
the overall LOI 1s typically about 5.5% to about 25% (including the LOI attributable to the
organic binder of the hybrid substrate and the coating). Typically, the cured or at least
partially cured composite layer 1s about 25 to about 40 weight % of the hybrid particle.
Typically, the hybrid particle 1s about 95 to 99 weight % of the coated particle of this

invention.

[0036] The ratio of components, order of additions and time of the addition and
mixing are selected to form such free flowing particles. For example, if the powder is
mixed with the inorganic uncoated substrate particles betore the curable liquid resin 1s
applied, then adequate coating does not occur. Also, the ratio of curable liquid resin and
powder is selected to achieve proper coating. Too much powder results in excess loose
powder, and too much liquid curable resin delays drying out and becoming free flowing.
Either situation will contribute to particle agglomerations (multiple particles sticking

together) and affect storage stability of the finished product.

[0037] The present invention relates to a method of forming a proppant pack or a
gravel pack comprising suspending the above-described free flowing particles in a carrier

fluid to form a suspension and injecting the suspension into a subterranean formation.

[0038] The present invention also relates to a proppant or gravel pack particle
comprising a substrate having a coating of curable liquid resin containing reactive powder

embedded 1n the curable resin coating.

DOCSMTL: 407063 7\1
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{0039] Coating sand or ceramic substrates with a curable liquid resin at room
temperature, followed by the introduction of a powdered phenol-formaldehyde novolak
resin (with or without curatives such as hexamethylenetetramine) yields a high

performance, free flowing resin coated particle that can be used as an oiltield proppant.

[0040] The liquid resin coating is reactive with the reactive powder. For example,
a resole coating may assist with curing the novolak powder and/or the powder may contain
hexamethylenetetramine (HEXA) to assist in curing the resole coating. Typically the
reactive powder or non-reactive powder has an average particle size of about 200 mesh
(74 microns) or smaller, or about 230 mesh (63 microns) or smaller; or about 270 mesh
(about 53 microns) or smaller. For example, typical particle size of powdered resin ranges
from 5 to 35 microns with a small amount of fines. Preferably the reactive powder
comprises a novolak powder or a resole powder. Generally at least a majority of the
powder in or on the coating comprises reactive resin powder. The non-reactive powders
and reactive powders do not dissolve or do not appreciably dissolve in aqueous servicing

fluids and oil-based servicing tluids.

[0041] In the outer curable coating the typical ratio of liquid resin to powder (total
of reactive powder and optional inorganic powder) is approximately 1:3 to 1:6. The
weight ratio of the liquid resin to powder of the outer coating is preferably 12-30% liquid
resin and 70-88% powder. When this is applied to the substrate, some of the liquid resin
evaporates, so on a dry solids basis, we have a ratio of 8-20% solids from the original
liquid resin and 80-92% solids from the powder. Thus, for example, for a particle having
an inorganic particulate substrate and an LOI of about 3 weight percent, the total powder
on the final particles would be 80-90% X 3% = 2.4-2.7 weight %. The liquid to powder
ratio may change depending on surface area of the particle being covered, liquid resin’s
flow properties and powdered resin particle size distribution. Conditions and weight ratios
are determined to obtain so the resulting product particles are dry and free flowing with

little or no free excess powder.

[0042] The curable coatings can be applied at/near the wellsite. In this process, the

operations may be a continuous addition to a moving bed of the substrate. However,

producing the coated particles by this process is within the scope of this invention whether

- 10 -
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precoated onto the proppant at the sand coating plant or various remote locations, such as

a part of a transload/inventory warehouse, at or near a wellsite. The process 1s also a quick

and economical way to expand production capacity and with low capital costs.

[0043] The present invention is advantageous because the method results in a
curable coated particle that binds downhole. Also, the present method can be performed
In remote locations in a low cost plant. Freight savings may also exist by minimizing the
costs associated with transporting substrates. Also, this no (or low)-heating process
achieves energy savings over comparable processes which heat phenol-formaldehyde
resins to melt the coating onto the substrate, to drive off the aqueous portion of a liquid
resin or which apply heat to dry or cure the resin coating. Also, by avoiding heating the
present method minimizes emissions of volatiles which must be dealt with in a process
which heats phenol-formaldehyde resins to melt the coating onto the substrate, to drive off

the aqueous portion of a liquid resin or which apply heat to dry or cure the resin coating.
BRIEF DESCRIPTION OF THE FIGURES

[0044] The following 1s a brief description of figures wherein like numbering

indicates like elements.

[0045] FIG. 1 depicts an embodiment of a coated particle comprising a sohd
inorganic or solid organic substrate upon which is disposed a resole coating that comprises

a reactive powder.

[0046] FIG. 2 depicts another embodiment of a coated particle that comprises a
solid inorganic substrate upon which is disposed a resole coating that comprises a reactive

powder and inorganic or inert organic fillers.

[0047] FIG. 3 depicts another embodiment of a coated particle that comprises a
substrate, wherein the substrate comprises the composite particle which 1s an agglomerate
of inorganic particles and binder upon which is disposed a resole coating that comprises a

reactive powder.

[0048] FIG. 4 depicts another embodiment of a coated particle that comprises a

substrate, wherein the substrate comprises the hybrid particle comprising a composite

- 11 -
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layer disposed on an inorganic particulate core, the composite layer comprising a cured
organic coating and an inorganic filler upon which 1s disposed a resole coating that

comprises a reactive powder.

[0049] FIG. 5 shows a photograph of particles of Sample A "as is" produced in a

laboratory at a magnification of about 10X.

[0050] FIG. 6 shows a photograph of particles of Sample B "as is" produced in a

laboratory at a magnification of about 10X.

[0051] FIG. 7 shows a photograph of a slug of Sample B particles formed after a
1K psi UCS test at 200 degrees F at a magnification of about 10X.

[0052] FIG. 8 shows a photograph of Sample B particles after a hot tensile test at a

magnification of about 10X.

[0053] FIG. 9 shows a sample of unpowdered resole from a comparative example

at a magnification of about 12X.

[0054] FIG. 10 shows a sample of the product produced by a process which
reversed the order of coating and powder sample from a comparative example a

magnification of about 30X.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0055] As used herein, the terms “first,” “second,” and the like do not denote any
order or importance, but rather are used to distinguish one element from another, and the
terms “the”, “a” and “an” do not denote a limitation of quantity, but rather denote the
presence of at least one of the referenced items. Furthermore, all ranges disclosed herein

are inclusive of the endpoints and independently combinable.

[0056] The present proppant or gravel pack particle comprises a particle substrate
having a coating of curable liquid resin containing reactive powder embedded in the
curable liquid resin coating. The reactive powder may be a resole phenolic-formaldehyde

resin powder, a novolak phenolic-formaldehyde resin powder, a polyester resin powder, an
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acrylic polymer resin powder, a urethane resin powder, or an epoxy resin powder,

including any combination or subset of such reactive powders.

[0057] Typically for proppant, gravel pack or foundry sand, individual particles of
the particulate substrate have a particle size in the range of USA Standard Testing screen
numbers from about 6 to 200 mesh, e.g., 20 to 40 mesh. Typically for proppant or gravel
pack individual particles of the particulate substrate have a particle size in the range of
USA Standard Testing screen numbers from about 8 to about 100 mesh (i.e. screen
openings of about 0.0937 inch to about 0.0059 inch), 20 to 80 mesh, or preferably 40 to 70
mesh. Typical individual particles of the particulate substrate have a diameter of about
0.01 to about 0.04 inches. Typically for foundry applications the substrate i1s sand or

ceramic with particle size ranging from 30 to 140 mesh.

[0058] For example, the substrates 2, 21, 42 of, FIGs. 1-4 can have average
particle sizes of about 100 micrometers to about 1,400 micrometers (about 140 mesh to
about 14 mesh) or about 300 micrometers to about 600 micrometers (about 50 mesh to

about 30 mesh) or about 400 micrometers to about 850 micrometers (about 40 mesh to

about 20 mesh).

[0059] The organic coating disposed upon the substrate is curable prior to its use

as a proppant or in a gravel pack.

[0060] FIG. 1 shows an exemplary embodiment of the coated particle 10
comprises a particulate substrate 2 upon which is disposed an organic coating 4. The
particulate substrate 2 can comprise an organic material and/or an inorganic material. The
substrate 2 preferably comprises a single inorganic particle. The organic coating 4
comprises a curable liquid resin as a continuous phase 6 and a reactive powder 8
embedded or adhered to the continuous phase 6. If desired, a non-reactive powder such as
inert inorganic or inert organic filler powders, such as silica flour, may be employed
together with or in place of the reactive powder 8. Reactive powders are preferred
because they advantageously may improve the unconfined compressive strength of the

particle 10.
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[0061] FIG. 2 depicts a coated particle 12 which 1s the embodiment of FIG. 1
modified to further include inert inorganic or inert organic filler particles 14 embedded or

adhered to the continuous curable liquid resin phase 6.

[0062] FIG. 3 depicts another embodiment of a coated particle 20 that comprises a
substrate 21 and a coating 4 disposed on the substrate 21. The substrate 21 comprises an
agglomerate of inorganic particles 22 and binder 24. The coating 4 comprises the reactive
powder 8 and continuous curable liquid resin phase 6. If desired a non-reactive powder
such as inert inorganic or inert organic filler particles, such as silica flour, may be
employed together with or in place of the reactive powder 8. Reactive powders
advantageously may mmprove the unconfined compressive strength of the particle 20. In
one embodiment, the addition of a non-reactive powder improves the storage properties of

the coated particles.

[0063] FIG. 4 shows another exemplary embodiment comprising a coated particle
40 which comprises a substrate 42 having an inorganic particle 44 as a core and an at least
partially cured coating 46 which comprises inorganic or organic fillers 48. A coating 52 1s
deposited on this substrate 42. Coating 52 compriscs a curable liquid resin continuous
phase 54 and reactive resin powder 56. If desired a non-reactive powder such as inert
inorganic or inert organic filler particles, such as silica flour, may be employed together
with or in place of the reactive powder 56. Reactive powders advantageously may
improve the unconfined compressive strength of the particle 40. Preferably, the powder
56 comprises a reactive novolak or resole. If desired non-reactive powders (not shown),
such as silica flour, may be provided in or on coating 52. In one embodiment, at least a

majority of powder in or on the coating 52 comprises reactive resin powder.

A. Single Particle Substrate

[0064] As shown, for example, in FIGs. 1 and 2, the substrate may be a single
particle. The substrate can be any of the organic or inorganic particulate solid materials
normally used as propping agents, gravel pack or for sand control. For example, suitable
particulate material, i.e., includes sand, naturally occurring mineral fibers, such as zircon

and mullite, ceramic, such as sintered bauxite, or sintered alumina, other non-ceramic

refractories such as milled or glass beads, or walnut shells. The substrates can have any
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desired shape such as spherical, egg shaped, cubical, polygonal, or the like. It 1s generally
desirable for the substrates to be spherical in shape. Substrates can be porous or non-
porous. The substrates do not melt at a temperature below 200°F or 225°F; typically the
substrates do not melt at a temperature below 450°F or 550°F. The substrate particles are
hard and resist deforming or can be deformable. Deforming 1s different from crushing
wherein the particle deteriorates. Optionally the single particle substrate may have an at

least partially cured resin coating.

[0065] US Patent Application Publication No. 2006/0078682 to McDaniel et al.,
also discloses particulate substrates, comprising silica and alumina 1n a silica to alumina
welght ratio of about 2.2 to about 5 and a bulk density of less than or equal to about 1
gram per cubic centimeter, suitable for use as a single particle substrate in the present

invention.

[0066] Examples of other inorganic materials that can be used 1n the substrate are
inorganic oxides, inorganic carbides, inorganic nitrides, inorganic hydroxides, inorganic
oxides having hydroxide coatings, inorganic carbonitrides, inorganic oxynitrides,
inorganic borides, inorganic borocarbides, or the like, or a combination comprising at least
one of the foregoing inorganic materials. Examples of suitable inorganic materials are
metal oxides, metal carbides, metal nitrides, metal hydroxides, metal oxides having
hydroxide coatings, metal carbonitrides, metal oxynitrides, metal borides, metal
borocarbides, or the like, or a combination comprising at least one of the foregoing
inorganic materials. Metallic cations used in the foregoing inorganic materials can be
from transition metals, alkali metals, alkaline earth metals, rare earth metals, or the like, or

a combination comprising at least one of the foregoing metals.

[0067] Examples of suitable inorganic oxides<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>