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FIBER AGGREGATE

Background

[0001] Various fiber aggregates are known, including those for use in applications such as

concrete composites, filtration, and absorption.

[0002] In another aspect, various multi-component fibers are known. Useful properties of
some of these fibers include fiber bonding, wherein for example, a low melting or
softening sheath covers a higher melting core. The sheath, when melted or softened serves

as a bonding agent for the core.

[0003] In another aspect, oil and gas field operators have a need for controlling proppant
flowback. Several different approaches have been used to solve this problem, including
the use of resin coated (e.g., the coating may be thermosetting resins, such as epoxies and
phenolics, and thermoplastic clastomers, such as acrylic resins) proppants. The coated
proppants are expected to adhere to each other at the down hole to form an integrated
proppant block in down hole. A disadvantage of resin coated proppants for proppant
flowback control is the potential premature curing of the proppants, as well as

compatibility with the components of hydraulic fracture fluid, such as breakers.

[0004] Relatively short fibers (see, e.g., U.S, Pat. Nos. 5,330,005 (Card et al.), 5,501,275
(Card et al.), and 6,172,011 (Card et al.)) have been applied to flowback control. A
disadvantage of this approach is its efficiency in controlling flowback. Other approaches
have been proposed, such as inclusion of short fibers in the resin coated layers on the
proppant, and the modification of proppant geometry including the aspect ratio and

particle size distribution.

[0005] There is a need for additional flowback control options.

Summa

[0006] In one aspect, the present disclosure describes a fiber aggregate(s) comprising
organic polymeric fibers, wherein at least 50 (in some embodiments, at least 55, 60, 65,
70, 75, 80, 805, 90, 95, 96, 97, 98, 99, or even 100) percent by volume of fibers present in

the aggregate are the organic polymeric fibers, wherein the organic polymeric fibers have
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an average length in a range from 2 to 20 millimeters (in some embodiments, in a range
from 2 to 10 millimeters), wherein the organic polymeric fibers have an average diameter
up to 100 micrometers (in some embodiments, up to 95, 90, 85, 80, 75, 70, 65, 60, 55, 50,
45, 40, 35, 30, 25, 20, 15, or even up to 10 micrometers), and comprises at least 75 (in
some embodiments, at least 80, 85, 90, 95, 97, 98, 99, or even 100) percent by solid
volume of the aggregate, wherein up to at least 80% (in some embodiments, up to at least
85%, or even at least 90%) by number of the organic polymeric fibers have an acute
included angle between the fibers at fiber intersections (i.e., points of fiber to fiber
contact) not greater than 20° (in some embodiments, not greater than 15°, or even less than
10°), wherein the aggregate has an unrestrained bulk density of at least 0.05 g/cm’ (in
some embodiments, in a range from 0.2 g/cm’ to less than 1.2 g/cm’, or even from 0.2
g/em’ to 1 g/cm’), and wherein at least 85% (in some embodiments, at least 90, 95, 97, 98,
99, or even 100) by solid volume of the aggregate disassociates to provide dispersed fibers
according to The Aggregate Disassociation Test. The term “solid volume” refers to the
volume of the aggregate less any porosity (both open and closed porosity). In some
embodiments, the fiber aggregate(s) comprise binder to facilitate holding the fibers

together, while in other embodiments, the fiber aggregate(s) is free of binder.

[0007] Fiber aggregates described herein are useful, for example, for flowback control
applications in wellbores and reservoirs. The fiber aggregates are also useful for
facilitating the maintenance of proppant distribution during injection and placement in
wellbores, as well as aiding in providing a more uniform proppant distribution in the

fracture(s).

[0008] Advantages of fiber aggregates described herein for these applications can include
a relatively convenient way to add the fibers to wellbores and reservoirs that reduce or
eliminates fiber clumping, as well as facilitates or otherwise aids in the desired dispersion
of the fibers into fluid. Use of fiber aggregates described herein can also provide a more
precise way to measure and deliver the fibers to the desired location given the relatively

more handleable form of the fibers in the aggregates versus loose fibers.
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Brief Description Of The Drawings

[0009] For a more complete understanding of the features and advantages of the present
invention, reference is now made to the detailed description of the invention along with

the accompanying figures and in which:

[00010] FIGS. 1A-1D are schematic cross-sections of four exemplary multi-component

fibers described herein.

[00011] FIGS. 2A-D are clastic modulus vs. temperature plots of certain ethylene-

methacrylic acid ionomers.

[00012] FIGS. 3-5 are digital photographs of exemplary fiber aggregates described

herein.

Detailed Description

[00013] At least 50 (in some embodiments, at least 55, 60, 65, 70, 75, 80, 805, 90, 95, 96,
97, 98, 99, or even 100) percent by volume of fibers present in the aggregates described
herein are the organic polymeric fibers. Exemplary organic polymeric fibers for making
aggregates described herein include fibers comprised of thermoplastic polymers,
thermoset polymers, and combinations thercof. In some embodiments, the fibers are
comprised of at least one of a thermoplastic or thermoset polymer. In some embodiments,
the fibers are multi-component fibers and/or blends of different fibers compositions (i.e.,
fibers having two or more regions of phase and/or chemical compositions; in other words,
two or more regions that are distinct either physically, chemically, or both physically and
chemically (e.g., regions having different glass transition temperatures, T,). As one of
many examples, in the case of multi-component fibers, the material in the inner core of a
core-sheath fiber may be selected for strength, flexibility and robustness, while the outer
layer may be selected for its adhesive qualities. As another example, a side-by-side
bicomponent fiber may have one component selected for strength, flexibility and
robustness, while the other component may be selected for its adhesive qualities. Other
suitable multi-component articles include those wherein the least robust material is
enclosed in a more robust sheath; those wherein polymers such as polylactic acid and

polyglycolic acid are enclosed in a sheath comprised of polyester, polyamide, and/or
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polyolefin thermoplastic; those wherein a sensitive adhesive, for example, a pressure-
sensitive adhesive, temperature-sensitive adhesive, or moisture-sensitive adhesive, or
curable adhesive is enclosed in a degradable sheath, such as a polymer sheath; and those
wherein one of the components is selected to be tacky at a specific downhole temperature,
such as the bottomhole static temperature (BHST), and have a modulus of less than

3 x 10° dynes/cm” at a frequency of about 1 Hz.

[00014] Other fibers that may be present include glass, ceramics, metals, natural fibers,

and combinations thereof.

[00015] Suitable fibers can be made by techniques known in the art and/or obtained
commercially. For example, multi-component fibers can generally be made using
techniques known in the art such as multi-component (e.g., bi-component) fiber spinning
(see, e.g., U.S. Pat. Nos. 4,406,850 (Hills), 5,458,472 (Hagen), 5,411,693 (Wust),
5,618,479 (Lijten), and 5,989,004 (Cook)).

[00016] Suitable polymeric materials for making multi-component fibers are known in
the art. Desirable multi-component fibers comprise at least two polymers, one having a

softening point up to 150°C and the other having a melting point of at least 130°C.

[00017] For the core-sheath configurations it is within the scope of the present disclosure
to have multiple sheaths. Each component of the fiber, including additional polymers, can
be selected to provide a desirable performance characteristic(s). For example, if the sheath
polymer is flows a too low a temperature it can be increased by adding a second polymer
with a higher flow temperature. Various configurations have certain advantages
depending on the application intended. Further, for example, the core-sheath and the
islands configuration (see, ¢.g., FIG. 1B and 1C respectively) in the sea have 100% of the
surface one material, whereas the segmented pie wedge (see, e.g., FIG. 1A) and the
layered (see, e.g., FIG. 1D) configurations have less than 100% of the surface one

material.

[00018] Exemplary polymers having a softening point below 150°C include ethylene-
(meth)acrylic acid copolymers, ethylene(meth)acrylic acid ionomers, polyamides,
polyvinylidene fluorides, cyclic olefins,
tetrafluoroethylene/hexafluoropropylene/vinylidene fluoride (THV) copolymers,

crosslinked polyethylenes, crosslinked polypropylenes, moisture cured polyurethanes (i.e.,



10

15

20

25

30

WO 2009/079315 PCT/US2008/086323

an isocyanate group crosslinks in the presence of water), epoxies, crosslinking acrylates,
crosslinking silicones, or thermoplastic polyurethanes. Such polymers can be made by
techniques known in the art and/or are commercially available. For example, partially
neutralized ethylenemethacrylic acid co-polymer is commercially available, for example,
from E. I. duPont de Nemours & Company, Wilmington, DE, under the trade designations
“SURLYN 8660,” SURLYN 1702,", "SURLYN 1857," and “SURLYN 9520”).
Polyethylene is commercially available, for example, from Dow Chemical Company,
Midland, MI, under the trade designation “DOWLEX 2517”). Low density polyethylene
is commercially available, for example, from ExxonMobil, Irving, TX, under the trade
designation “LD 200.48). Exemplary polymers having a melting point of at least 130°C
include nylon, poly(cyclohexanedimethanol terephthalate), poly(ethylene naphthalate),
poly(4-methyl-1-pentene), poly(phenylene sulfide), polyoxymethylene, or polysulfone.
Such polymers can be made by techniques known in the art and/or are commercially
available. For example, nylon is commercially available, for example, from BASF, North
America, Florham Park, NJ, under the trade designation “ULTRAMID B27 E01”).
Poly(phenylene sulfide) is commercially available, for example, from Ticona Engineering
Polymers Florence, KY, under the trade designation “FORTRON 203”). Moisture cured
polyurethanes are available, for example, under the trade designation “TIVOMELT
9617/11,” “TIVOMELT 9628, and “TIVOMELT 9635/12” from Tivoli, Hamburg,
Germany; “PURMELT QR116” and “PURMELT QR3310-21” from Henkel Consumer
Adhesives, Inc., Avon, OH; and “JET WELD TS-230” from 3M Company, St. Paul, MN.
Curable epoxy resins are available, for example, under the trade designations
“SCOTCHCAST 5555” and “SCOTCHCAST 5400 from 3M Company. Thermally
crosslinked acrylic hotmelts reported, for example, in U.S. Pat. No. 6,875,506 (Husemann,
et al.). Crosslinking silicone is available, for example, under the trade designation
“MASTERSIL 800” from Master Bond, Inc., Hackensack, NJ. Polyoxymethylene is
available, for example, under the trade designation “CELCON” (¢.g., Grade FG40UO01)

from Ticona Engineering Polymers.

[00019] The polymers suitable for making multi-component fibers are also suitable in
some cases for use in making single component fibers. The fibers may also be

crosslinked, for example, through radiation treatment or chemical means.
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[00020] For example, glass fibers can be obtained through melt spinning processes.
Crystalline ceramic fibers can be made, for example, via sol-gel spinning processes,

followed by firing at high temperature.

[00021] In some embodiments, the aggregates may comprise one type of fiber, two or
more types of fiber, or a combination of fibers and particulates. Exemplary particulates
include the thermoplastic polymers mentioned above such as polyethylene and

polyurethane in addition to thermoset polymers such as epoxy powders.

[00022] In some embodiments, the fiber exhibits both hydrocarbon and hydrolytic
resistance as determined by the Hydrocarbon and Hydrolytic Stability Tests, respectively.
In some embodiments, the fibers are non-fusing up to at least 110°C (in some
embodiments, up to at least 125°C, 150°C, or even up to at least 160°C). Non-fusing
fibers are known in the art. “Non-fusing” multi-component fibers are fibers which can
autogenously bond (i.e., bond without the addition of pressure between fibers) without
significant loss of the multi-component architecture. The spatial relationship between the
first polymer and the second polymer is retained in non-fusing multi-component fibers.
Typically multi-component fibers undergo so much flow of the first polymer during
autogenous bonding that the multi-component structure is lost as the first polymer
becomes concentrated at fiber junctions and the second polymer is exposed elsewhere.
This is undesirable for maintaining a tacky network of fibers since the second polymer is
typically non-tacky. In non-fusing fibers heat causes little or no flow of the first polymer
so that the fiber tack is retained along the majority of the multicomponent fibers. To test
the non-fusing nature of the fibers, a specific test is used (see "Non-Fusing Fiber Test" in

the working examples section).

[00023] In some embodiments, the multi-component fibers comprise at least first and
second polymers. In some embodiments, the first polymer is at least one of an
ethylene(meth)acrylic acid copolymer, ethylene(meth)acrylic acid ionomer, polyamide,
polyvinylidene fluoride, crosslinked polyethylene, crosslinked polypropylene, moisture
cured polyurethane, epoxy, crosslinking acrylate, crosslinking silicone, or thermoplastic
polyurcthane, and the second polymer is at least one of a nylon,
poly(cyclohexanedimethanol terephthalate), poly(ethylene naphthalate), poly(4-methyl 1-
pentene), poly(phenylene sulfide), polyoxymethylene, or polysulfone. In some
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embodiments, the second polymer has an elastic modulus that is higher (in some
embodiments, at least 10, 25, 50, 75, 100, 500, 1000, 5000, or even at least 10,000 times
higher) than the elastic modulus of the first polymer. In some embodiments, at least one

of the first or second polymer is crosslinked.

[00024] In some embodiments, the first polymer has a softening temperature up to 150°C
(in some embodiments, up to 140°C, 130°C, 125°C, 120°C, 110°C, 100°C, 90°C, or even
up to 80°C), wherein the second polymer has a melting point of at least 130°C (in some
embodiments, at least 140°C,150°C,160°C, 170°C, 175°C, 180°C, 190°C, 200°C, 210°C,
220°C, 225°C, 230°C, 240°C, or even at least 250°C), wherein the difference between the
softening point of the first polymer and the melting point of the second polymer is at least
10°C (in some embodiments, at least 15°C, 20°C, 25°C, 50°C, 75°C, 100°C, 125°C,
150°C, or even at least 175°C). In some embodiments, the first polymer has an elastic
modulus of less than 3 x 10° N/m” at 1 Hz at at least -60°C (in some embodiments, up to at
least -50°C,-40°C, -30°C, -25°C,-20°C,-10°C, 0°C, 10°C, 20°C, 25°C, 30°C, 40°C, 50°C,
60°C, 70°C, 75°C, or even up to 80°C).

[00025] In some embodiments, multi-component fibers described herein further comprise
at least one additional (e.g. a third, fourth, fifth, etc.) polymer each independently having a
softening temperature up to 150°C (in some embodiments, up to 140°C, 130°C, 125°C,
120°C, 110°C, 100°C, 90°C, or even up to 80°C) and/or a melting point of at least 130°C
(in some embodiments, at least 140°C,150°C, 160°C, 170°C, 175°C, 180°C, 190°C,
200°C, 210°C, 220°C, 225°C, 230°C, 240°C, or even at least 250°C). In some
embodiments, cach additional (e.g. a third, fourth, fifth, etc.) polymer is independently at
least one of a ethylene(meth)acrylic acid copolymer, ethylene(meth)acrylic acid ionomer,
polyamide, polyvinylidene fluoride, crosslinked polyethylene, crosslinked polypropylene,
moisture cured polyurcthane, epoxy, crosslinking acrylate, crosslinking silicone,
thermoplastic ~ polyurethane, nylon, poly(cyclohexanedimethanol terephthalate),
poly(ethylene  naphthalate), poly(4-methyl-1-pentene), poly(phenylene sulfide),

polyoxymethylene, or polysulfone.

[00026] Exemplary multi-component fiber configurations are illustrated in FIGS. 1A-1D.
Referring to FIG. 1A, pie-wedge fiber 10 has a circular cross-section 12, and first polymer

14a and 14b, second polymer 16a and 16b, and third and fourth polymer 18a and 18b. In
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FIG. 1B, multi-component fiber 20 has circular cross-section 22 and first polymer sheath
24, and second polymer core 26. FIG. 1C shows multi-component fiber 40 having core-
sheath structure with a first polymer sheath 44 and plurality of second polymer cores 46.
FIG. 1D shows multi-component fiber 30 having circular cross-section 32, with five
layered regions 34a, 36b, 34c¢, 36d, 34e, which comprise alternatively at least the first and

second polymers described herein.

[00027] Typically, the dimensions of the fibers in an aggregate, and components making
up the fibers are generally about the same, although use of fibers with even significant
differences in dimensions are also useful. In some embodiments, it may be desirable to
two or more different groups of fibers (e.g., at least one different polymer, one of more
additional polymers, different average lengths, or otherwise distinguishable constructions)
where one group offers a certain advantage(s) in one aspect, and other group a certain

advantage(s) in one aspect.

[00028] In some embodiments, the fiber aggregates further comprise binder. Exemplary
binders include water soluble synthetic polymers (e.g., polyvinylpyrrolidinone and
polyacrylic acid), water swellable synthetic polymers (e.g., polyacrylamide), and natural
products (e.g., guar gum and xanthan gum). The material is chosen so that the dissolution

of the binder occurs at the desired rate.

[00029] Other additives that may be used include glidants (i.c., flow aids) such as silicon
dioxide and talc and lubricants such as fumarate or stearate salts, to aid in efficient
tabletting. Disintegrants such as swellable polymers (e.g., polyacrylamide) may be used to
aid in breaking up the aggregate in the target environment. Coatings such as sugar, wax
and starch may be used for protection and/or brand recognition. Wetting agents or
dispersants (e.g. detergents, soap, polysorbate, glycerin, and propylene glycol) may also be

used to improve dispersibility.

[00030] The material is chosen so that the dissolution of the binder occurs at the desired
rate. Aggregates described herein are composed mainly of short cut fibers which are
formed into the aggregate and function to aid in delivery of the article in the intended

application.

[00031] The amount and type of additives used may depend, for example, on the

particular application and desired properties. For example, a low molecular weight



10

15

20

25

WO 2009/079315 PCT/US2008/086323

polyvinyl pyrrolidinone may be used to make aggregates that disperse rapidly, whereas a
high molecular weight polyvinyl pyrrolidinone may be used to make aggregates that

disperse more slowly.

[00032] In some embodiments, the optional additives are dry blended with the fibers, and
then processed using pressure to densify the ingredients to the desired shape and size. In
some embodiments, the binder polymer can be coated on the fiber surface from solution

and then subjected to densification process.

[00033] Exemplary techniques for making fiber aggregates described herein include

roller compaction, chilsonating, briquetting, granulating, tableting, and slugging.

[00034] Typically, the fiber aggregates are of a shape that provides ease of use in the
application. These shapes can be spherical, elongated spheres, disk or the like. Size can

be of uniform diameter or multimodal and range from 5 mm to 5 cm.

[00035] The present disclosure also describes a method of making a modified hydraulic
fracturing fluid, the method comprising introducing fiber aggregates described herein into
a hydraulic fracturing fluid such that the fibers separate from ecach other to be generally
uniformly dispersed therein. In some embodiments, the hydraulic fracturing fluid further

comprises proppant.

[00036] The present disclosure also describes a method of contacting a subterrancan
formation with a modified hydraulic fracturing fluid, the method comprising introducing
fiber aggregates described herein into a hydraulic fracturing fluid such that the fibers
separate from each other to be generally uniformly dispersed therein to provide a modified
hydraulic fracturing fluid; and injecting the modified hydraulic fracturing fluid into a well-
bore, the well-bore intersecting the subterrancan formation. In some embodiments, the

hydraulic fracturing fluid further comprises proppant.

[00037] The present disclosure also describes a method of making a modified hydraulic
fracturing fluid, the method comprising introducing fiber aggregates described herein into
a hydraulic fracturing fluid such that the fibers separate from ecach other to be generally
uniformly dispersed therein. In some embodiments, the hydraulic fracturing fluid further

comprises proppant.
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[00038] The present disclosure also describes a method of contacting a subterrancan
formation with a modified hydraulic fracturing fluid, the method comprising introducing
fiber aggregates described herein into a hydraulic fracturing fluid such that the fibers
separate from each other to be generally uniformly dispersed therein to provide a modified
hydraulic fracturing fluid; and injecting the modified hydraulic fracturing fluid into a well-
bore, the well-bore intersecting the subterranean formation. Exemplary hydraulic
fracturing fluids are well-known in the art and include water-based and/or oil-based carrier

fluids.

[00039] In some embodiments, the hydraulic fracturing fluid further comprises proppant.
Exemplary proppants are well-known in the art and include sand, nut shells, aluminum and
aluminum alloys, wood chips, crushed coke, granulated slag, pulverized coal, crushed
rock, granules of metal (e.g., steel), sintered bauxite, sintered alumina, refractories (e.g.,
mullite), and glass beads. Typically, the ratio of fiber aggregate described herein to
proppant is, by weight, less than 99:1.

[00040] The following examples are provided to illustrate some embodiments of the
invention and are not intended to limit the scope of the claims. All percentages are by

weight unless otherwise noted.

Unrestrained Bulk Density Test

[00041] Unrestrained bulk density was determined as described in ASTM D1895-96 test
method B (2003), except a 500 milliliter graduated cylinder (rather than a 400 muilliliter
cylinder) with a diameter of 50.8 mm (2 inch) and the cylinder was filled to 150 milliliters
(rather than 400 milliliters), and the unrestrained bulk density is an average of 5

measurement runs.

The Aggregate Disassociation Test

[00042] This test describes a method of determining the ease of disassociation of a fiber
aggregate using a magnetic stir plate (Model RCT B S1; manufactured by IKA Works,
Wilmington, NC). In this test, a 100 ml plastic beaker was filled with 30 grams of distilled
water. To this beaker was added a fiber aggregate to be tested and a 3.8 cm (1.5 inch)

10
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polytetrafluoroethylene coated magnetic spinbar (manufactured by VWR International,
West Chester, PA). The dial on the magnetic stir plate was set to 10 (resulting in 394
revolutions per minute), and the time it took to disassociate 85% by volume of the fiber
aggregate was noted and recorded. To pass the test at least 85% by volume of the fiber

aggregate disassociates in the water in not greater than 5 minutes.

Melting Point Test

[00043] The melting points of the polymeric components of the invention are determined

as described in ASTM D3418-03 (2003).

Softening Temperature Test

[00044] Data to determine softening points of the first polymers is illustrated in FIGS.
2A-2D. This data was generated using a stress-controlled rheometer (Model AR2000
manufactured by TA Instruments, New Castle, DE). In the test procedure, resin particles
of the polymer were placed between two 20 mm parallel plates of the rheometer and
pressed to a gap of 2 mm ensuring complete coverage of the plates. A sinusoidal
frequency of 1 Hz at 1% strain was then applied over a temperature range of 80-200°C.
The resistance force of the molten resin to the sinusoidal strain was proportional to its
modulus which was recorded by a transducer and displayed in graphical format. Using
rheometric software, the modulus is mathematically split into two parts: one part that was
in phase with the applied strain (elastic modulus -- solid-like behavior) (for ethylene-
methacrylic acid ionomers obtained from the E. I. du Pont de Nemours & Company,
Wilmington, DE under the trade designations “SURLYN 9520,” “SURLYN 8660,”
“SURLYN 1857,” and “SURLYN 1702,” respectively, see lines 1, 4, 7, and 10,
respectively”). and another part that was out of phase with the applied strain (viscous
modulus -- liquid-like behavior) (for ethylene-methacrylic acid ionomers “SURLYN
9520,” “SURLYN 8660,” “SURLYN 1857,” and “SURLYN 1702”) see lines 2, 5, 8§, and
11, respectively). The temperature at which the two moduli were identical (cross-over
temperature) was defined as a softening point, as it represents the temperature above

which the resin began to behave predominantly like a liquid (see points 3, 6, 9, and 12).
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The softening points for the selected ethylene-methacrylic acid ionomers (“SURLYN
9520,” “SURLYN 8660,” “SURLYN 1857,” and “SURLYN 1702”) were determined to
be 116°C, 96°C, 121°C, and 92°C, respectively.

Hydrolvtic Stability Test

[00045] 0.5 gram of fibers was placed into a 12 ml vial having 10 grams of deionized
water therein. The vial was nitrogen sparged, sealed with a rubber septum and placed in
an autoclave at 145°C for 4 hours. The fibers were subjected to optical microscopic
examination at 100x. They were deemed to have failed the test if either at least 50 percent
by volume of the fibers or at least 50 percent by volume of one of the first or second

polymer comprising the fiber dissolved and/or disintegrated.

Hydrocarbon Stability Test

[00046] 0.5 gram of fibers was placed into 25 ml of kerosene (reagent grade, boiling
point 175-320°C, obtained from Sigma-Aldrich, Milwaukee, WI), and heated to 145°C for
4 hours under nitrogen. After 24 hours, the kerosene was cooled, and the materials were
examined using optical microscopy at 100x. They were deemed to have failed the test if
cither at least 50 percent by volume of the fibers or at least 50 percent by volume of one of

the first or second polymer comprising the fiber dissolved and/or disintegrated.

Making of the Fiber

[00047] The core material for the fibers was nylon 6 (obtained under the trade
designation “ULTRAMID B27 E01” from BASF North America, Florham Park, NJ). The
sheath material was a blend of 80% by weight of an ecthylene-methacrylic ionomer
(obtained under the trade designation “SURLYN 1702” from the DuPont Company,
Wilmington, DE) and 20% by weight of a nylon 6 (“ULTRAMID B27 E01”).

[00048] The materials were formed into sheath-core bicomponent fibers as described in
Example 1 of U.S. Pat. No. 4,406,850 (Hills), except (a) the die was heated to 270 °C; (b)
the extrusion die had eighteen rows of orifices where each row had 36 orifices, making a

total of 648 orifices; the die had a transverse length of 264.2 mm (10.4 inches); (c) the
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hole diameter was 1.02 mm (0.040 inch) and the L/D ratio was 6.0; (d) the polymer flow
rate was 1.0 grams/hole/minute; (¢) the fibers were quenched by 15°C air emitted at 1.42
standard cubic meters per minute (100 kilopascals pressure and 0.0 °C) on either side of
the die extending downward about 64 centimeters; (f) the spinning speed was adjusted to
produce a filament average diameter of 21 micrometers; and (g) the rates of polymer flow

were adjusted to produce a fiber with 50% mass flow of both sheath and core.

Example 1

[00049] 0.25 gram of loose fibers were loaded into an evacuable 13 mm KBr pellet die
(obtained from International Crystal Laboratories, Garfield, NJ). The KBr die was loaded
between two 31 cm (12 inch) plates of a press (Model 2699, manufactured by Carver
Press, of Wabash, IN) and a pressure of 17.2 MPa (2500 psi) applied, resulting in
individual aggregates as shown in FIG. 3. The longest dimension of the compressed

aggregates (i.e., Example 1 aggregates) as shown in FIG. 3 was about 15 mm.

[00050] The unrestrained bulk density of these aggregates was determined using the
“Unrestrained Bulk Density Test” to be 0.21 g/cm’. The Example 1 aggregates were
tested for disassociation according to the Aggregate Disassociation Test. The time for

85% by volume disassociation was 51 seconds.

Example 2

[00051] A 1% by weight polyvinylpyrrolidone (“PVP”) solution was made by dissolving
1.5 grams of solid PVP (obtained under the trade designation “PLASDONE K-90” from
ISP Corp., Wayne, NJ) into 150 grams deionized water. 40 grams of loose fiber was
loaded into a food processor (Hamilton Beach Model 70590, manufactured by Hamilton
Beach, Washington, NC). The dial on the food processor was turned to “blend” and 41.5
grams of the 1% PVP solution was sprayed slowly onto the fibers as they spun. The
blending time was 2 minutes. More specifically, the solution was applied to the fibers by
placing the outlet of a hand activated spray bottle at the throat of the bowl and directing
the stream of fluid at the tumbling fibers. The solution was added over the first 30 second

period of the blending process.
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[00052] The damp fibers were emptied into a 3.8 liter (one gallon) glass jar and the jar
placed on a long roll jar mill (Model 801CVM, manufactured by U.S Stoneware, East
Palestine, OH). The dial on the roller was set to 75%, resulting in a tumbling rate of about
4.9 revolutions per minute. As the fibers tumbled, a total of 44.8 grams of the 1% PVP
solution was intermittently sprayed onto the fibers. The time of tumbling was 20 minutes.
More specifically, the solution was applied to the fibers by placing the outlet of a hand
activated spray bottle at the opening of the glass jar with the stream of fluid directed
toward the tumbling fibers. The solution was added over the first 3 minutes of the
tumbling process. The resulting damp, tumbled aggregates were then placed in a
conventional forced air oven set at 60°C for 4 hours resulting in the aggregates (i.c.,
Example 2 aggregates) shown in FIG. 4. The longest dimensions of the Example 2

aggregates were in the range of 10-20 mm.

[00053] The unrestrained bulk density of the Example 2 aggregates was determined using
the “Unrestrained Bulk Density Test” to be 0.098 g/cm’. The Example 2 aggregates were
tested for disassociation according to the Aggregate Disassociation Test. The time for

85% by volume disassociation was 249 seconds.

Example 3

[00054] Example 3 aggregates were prepared as described in Example 2, except distilled
water was used in place of the 1% PVP solution. The longest dimensions of the Example 3

aggregates as shown in FIG. 5 were in the range of 10-20 mm.

[00055] The unrestrained bulk density of the Example 3 aggregates was determined using
the “Unrestrained Bulk Density Test” to be 0.098 g/cm’. The unrestrained bulk density of
the loose fibers was 0.042 g/cm’. The Example 3 aggregates were tested for
disassociation according to the Aggregate Disassociation Test. The time for 85% by

volume disassociation was 90 seconds.

[00056] Samples of cach of the Example 1-3 fibers chopped to a length of about 6 cm and
tested using each of the Hydrocarbon Stability Test and the Hydrolytic Stability Test. All
passed both tests.
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Non-Fusing Fiber Test

[00057] The fibers were cut to 6 mm lengths separated, and formed into a flat tuft of
interlocking fibers. Further, the diameter of a portion of the cut and separated fibers were

measured. The diameters of 20 fibers were measured, and the median recorded.

[00058] Tufts of the fibers were heated in a conventional vented convection oven for 5
minutes at the selected test temperature. Twenty individual separate fibers were selected
and fiber section diameters measured and the median recorded. The fibers were
designated as “non-fusing” if there was less than 20% change in fiber diameter after the

heating.

[00059] A fiber having the same sheath as that of Examples 1-3 but with a core of a
different nylon from that of Examples 1-3 (obtained under the trade designation “ZYTEL
RESIN 10INCO010” from the E. I. duPont de Nemours & Company) was evaluated using
the Non-Fusing Fiber Test, wherein the seclected test temperature was 150°C. The

diameter of the fiber changed least than 10% after being subjected to the test.

[00060] Similarly, a (comparative) co-PET/PET polyester binder fiber (obtained from
KoSa, Salisbury, NC under the trade designation “KOSA T-255; a 3 denier sheath-core
binder fiber with 50% by weight core and 50% by weight sheath) was evaluated using the
Non-Fusing Fiber Test, wherein the selected test temperature was 120°C. The diameter of
the fiber changed from 20 micrometers before heating to 14 micrometers as a result of the

heating.

[00061] Various modifications and alterations to this invention will become apparent to
those skilled in the art without departing from the scope and spirit of this invention. It
should be understood that this invention is not intended to be unduly limited by the
illustrative embodiments and examples set forth herein and that such examples and
embodiments are presented by way of example only with the scope of the invention

intended to be limited only by the claims set forth herein as follows.

15



10

15

20

25

30

WO 2009/079315 PCT/US2008/086323

What is claimed is:

1. A fiber aggregate comprising organic polymeric fibers, wherein at least 50
percent by volume of fibers present in the fiber aggregate are the organic polymeric fibers,
wherein the organic polymeric fibers have an average length in a range from 2 to 20
millimeters, an average diameter up to 100 micrometer, and comprise at least 75 percent
by solid volume of the fiber aggregate, wherein up to 80% by number of the organic
polymeric fibers have an acute included angle not greater than 20°,wherein the fiber
aggregate has an unrestrained bulk density of at least 0.05 g/cm’ and wherein at least 85%
by solid volume of the fiber aggregate disassociates to provide dispersed fibers according

to The Aggregate Disassociation Test.

2. The fiber aggregate according to claim 1, wherein organic polymeric fibers
in the fiber aggregate are present in amounts selected from at least 75 percent volume, at

least 90 percent volume, or at least 95 percent volume.

3. The fiber aggregate according to any of claims 1 to 2, wherein the fibers

have an average length in a range from 2 to 10 millimeters.

4. The fiber aggregate according to any of claims 1 to 3, wherein the fibers
comprise at least 85 percent by solid volume of the fiber aggregate, at least 90 percent by
solid volume of the fiber aggregate, or at least 95 percent by solid volume of the fiber

aggregate.

5. The fiber aggregate according to any of claims 1 to 4, wherein at least 85%
by solid volume of the fiber aggregate disassociates in water to provide dispersed fibers

according to The Aggregate Disassociation Test.
6. The fiber aggregate according to any of claims 1 to 5, wherein at least 85%

by solid volume of the fiber aggregate disassociates in kerosene or diesel to provide

dispersed fibers according to The Aggregate Disassociation Test.
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7. The fiber aggregate according to any of claims 1 to 6, wherein the fiber

aggregate has an unrestrained bulk density greater than 0.2 g/cm” to less than 1.2 g/cm’.

8. The fiber aggregate according to any of claims 1 to 7, wherein the fibers

comprise multi-component organic polymeric fibers.

9. The fiber aggregate according to any of claims 1 to 8, further comprising a

binder.

10. The fiber aggregate according to any of claims 1 to 9, wherein the fibers
comprise multi-component fibers each comprising at least first and second polymers,
wherein the first polymer has a softening temperature up to 150°C, wherein the second
polymer has a melting point of at least 130°C, wherein the fibers exhibit both hydrocarbon
and hydrolytic resistance as determined by the Hydrocarbon and Hydrolytic Stability
Tests, respectively, wherein the first polymer has an elastic modulus of less than 3 x 10°

N/m? at 1 Hz at at least -60°C, and wherein the fibers are non-fusing up to at least 110°C.

11. The fiber aggregate according to claim 10, wherein the second polymer has

an elastic modulus that is higher than the elastic modulus of the first polymer.

12. The fiber aggregate according to claim 10, wherein at least one of the first

or second polymer is crosslinked.

13. The fiber aggregate according to any of claims 1 to 12, wherein the fibers
comprise multi-component fibers cach comprise at least first and second polymers wherein
the first polymer has a softening temperature up to 150°C, wherein the second polymer has
a melting point of at least 130°C, wherein the first polymer is at least one of a
cthylene(meth)acrylic acid copolymer, ethylene(meth)acrylic acid ionomer, polyamide,
polyvinylidene  fluoride, tetrafluoroethylene/hexafluoropropylene/vinylidenefluoride
copolymer, crosslinked polyethylene, crosslinked polypropylene, moisture cured
polyurethane, epoxy, crosslinked acrylate, crosslinked silicone, or thermoplastic

polyurethane, wherein the second polymer 1is at least one of nylon,
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poly(cyclohexanedimethanol terephthalate), poly(ethylene naphthalate), poly(4-methyl 1-
pentene), poly(phenylene sulfide), polyoxymethylene, or polysulfone, wherein at least one
of the first or second polymer has an elastic modulus of less than 3 x 10° N/m? at 1 Hz at

at least -60°C, and wherein the fibers are non-fusing up to at least 110°C.

14. The fiber aggregate according to any of claims 1 to 13, wherein at least
some of the multi-component fibers further comprising a third polymer has a softening

temperature up to 150°C.

15. A method of making a modified hydraulic fracturing fluid, the method
comprising introducing aggregates according to any of claims 1 to 14 into a hydraulic
fracturing fluid such that the fibers separate from each other to be generally uniformly

dispersed therein.

16. A method of contacting a subterranean formation with a modified hydraulic
fracturing fluid, the method comprising introducing aggregates according to any of claims
1 to 15 into a hydraulic fracturing fluid such that the fibers separate from each other to be
generally uniformly dispersed therein to provide a modified hydraulic fracturing fluid; and
injecting the modified hydraulic fracturing fluid into a well-bore, the well-bore

intersecting the subterranean formation.

17. The method according to claim 15 or 16, wherein the modified hydraulic

fracturing fluid further comprises a proppant.
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