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REDUCING FLOW-BACK IN WELL TREATING MATERIALS

TECHNICAL FIELD

This invention relates to particulate compositions suitable for hydraulic fracturing
treatments (i.e., as a composite proppant), and also suitable for gravel packing in sand
control, or for other well formation treatments. Specificaily, the invention is directed to
the use of a composite proppant in a method for enhancing the stabilization of, and
reducing particulate flow back and fines transport in a well formation. The composite
proppant comprises a proppant substrate having magnetic particles attached to the outer

surface of the pfoppant using an adhesive binder as a coating on the proppant substrate.

BACKGROUND OF THE INVENTION

Proppants are used to keep open fractures created by hydraulic fracturing of a
subterranean formation, e.g., i an oil or gas bearing strata. Typically, the fracturing is
performed in a subterranean formation to increase oil or gas production. Fracturing can
be caused by injecting a viscous fracturing fluid (frac fluid) at a high pressure into the
well. As fractures are formed, a particulate material, referred to as a "propping agent" or
"proppant” 15 placed 1 the formation to maintain the fracture in a “propped” open

condition when the mjection pressure is released. As a fracture forms, the proppants are

carried into the well by suspending them in a fluid and fHilling the fracture with the slurry
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of proppant particles. Upon release of the pressure, the proppants lodge in the fractures
so that the fractures do not close once fracturing pressure 1s reduced. Using proppants
increases production of o1l and/or gas from a subterranean formation by providing highly

conductive channels through the formation for the oil and/or gas to flow to the well head.

The maintenance of these channels provides increased flow of various flwuds, e.g.,

hydrocarbons such as natural gas and oil.

Proppant materials that have been widely used include: (1) particulate sintered ceramics,
typically aluminum oxide, silica, or bauxite, often with clay-like binders or other
additives to mcrease the particulate’s compressive strength, especially sintered bauxite;
(2) natural, relatively coarse, sand, the particles of which are roughly spherical, generally
called "frac sand" and (3) resin-coated particulates of (1) and (2), ie., resin-coated

proppant.

One of the problems commonly encountered when using these and other such proppant
materials for maintaining the fractures created in a subterranean formation in an open
condition 1s the flow back of both proppant and other particulates through the formation

with the hydrocarbon being recovered.
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[06]  One approach for inhibiting such flow back centers on the use of a coated proppant,
where the proppant is coated with a thermosetting resin composition.  The resin s
intended to cure in place creating a hard permeable mass when the proppant s lodged in
the formation. Typically, the resin-coated proppant is deposited in the tractures after a
large quantity of uncoated proppant material has first been deposited. In other words. the
last portion of the proppant deposited in cach fracture, often reterred to in the art as the
"tail-mn” portion, constitutes the proppant coated with the thermosetting resin. Upon
curing the resin, the tail-in portion of the proppant is consolidated into a hard permeable

. '*

mass having a high compressive strength.  With that structure in place. unconsohidated

- ". ’.
v

proppant and formation particulate solids are hopetully prevented from flowing out of the

fractures with the recovered hyvdrocarbons.

07}  Another approach to reducing the occurrence of particulate How back 1s desceribed mn LS.
Patent No. 8,003,214, In accordance with that invention, the proppant is provided with a
coating of a thermoplastic resin adhesive.  Onc particularly preferred class of
thermoplastic matenals 1s those substances commonly referred to as hot melt adhesives.
By using such materials. the coating on the proppant exhibits a latent tackiness, i.¢., the
tackiness of the coating does not develop until the proppant is placed into the
hydrocarbon-bearing formation. The latent tackiness aids in the ease ot handling of this

coated proppant prior to down well placement where aggregation then occurs as

225740601
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the thermoplastic coating thereafter softens or at least partially fuses to cause the tacky
(sticky)} material (adhesive) to produce agglomerates as particulates bridge one-to-another
thus forming a stable framework within the fracture to provide a fluid permeable region

within the subterranean formation.

U.S. Patent 6,116,342 describes still another approach which attempts to provide flow
back control in well fracture operations. According to the disclosed method, a
combination of a proppant and a separate magnetized material is placed in the formation
fractures. The magnetized matenal 1s comprised of a magnetizable metal which can be in
the form of beads, fibers, strips, particles or the like, or the metal can be embedded 1 or
coated on a non-metallic material. As the magnetized matertal moves 1nto voids or
channels located within the proppant bed through which both deposited proppant and
natural formation particulates can flow from the formation, the magnetized matenal
[orms clusters which are held together by magnetic attraction. These clusters purportedly

facilitate the formation of permeable proppant bridges. Such magnetized material-
proppant bridges then impede the flow-back of proppant and formation solids, while

allowing hydrocarbon [low through the formation.

This prior patent indicates that the magnetized material utilized with a particular sized
proppant should have a stmular s1ze to the proppant 1n order to insure that the proppant

bed contamning the magnetized material has sufficient permeability. The patent also

-4 .
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suggests that the magnetized material be included n a fracture or fractures with the
proppant 1n an amount in the range of from about 0.1 % to about 25 % by weight of the

proppant, and preferably ranges from 1 % to 5 % by weight of proppant.

While these techniques can be applied in an effort to control the undesired flow of solids
through the formation during hydrocarbon recovery operations, the art continues to
search for other techniques of fracturing and placing proppant in subterranean formations
in a way to limit flow-back of both proppant and formation solids with the recovered

hydrocarbon f{luid.

BRIEF DESCRIPTION OF THE INVENTION

The present mvention 1s particularly directed to the use of a composite proppant in a
method for enhancing the stabilization of and reducing particulate flow back and fines
transport 1n a well formation. The composite proppant of the present invention comprises
a proppant substrate having magnetic particles attached to its surface by an adhesive
binder as a coating on the surface of the proppant substrate. As such, the present

nvention represents an improvement of the technique described in U.S. Patent 6,116,342.

Suitable proppant substrates for practicing the present invention include traditional
proppant materials such as (1) particulate sintered ceramics, typically aluminum oxide,

silica, or bauxite, possibly with clay-like binders or other additives to increase the

_5 .
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particulate’s compressive strength, especially sintered bauxite and (2) natural, relatively
coarse, sand, the particles of which are roughly spherical, generally called "frac sand."”
As described below, other matertals disclosed as being suitable for use as a proppant,
such as newer materials designed to exhibit high crushing resistance, also can be

employed.

[13] In one embodiment, magnetic particles are attached to the surface of such the crush
resistant proppant substrates, including the above-noted conventional proppant substrates.
The magnetic particles may be attached to the proppant substrate using a variety of
methods such as by using an adhesive coating. The amount of magnetic particles affixed
lo the proppant substrate may range anywhere from about 0.1 to about 10 % based on the
proppant substrate weight, with an amount of about 0.5 to 5% by weight of the proppant
being prelerred. (In the broader aspects of the present mvention, similar coatings of
magnetic particles may also be applied to lower density proppant substrates such as

hollow glass balls, walnut hulls and sealed porous ceramics to achieve a similar effect).

[14] In practicing the present invention, the magnetic particles can be prepared from a
magnetizable metal selected from the group consisting of iron, ferrite, low carbon steel,
iron-silicon alloys, nickel-iron alloys, iron-cobalt alloys and other similar magnetizable
metals. The magnetizable metals are utilized as small particles that are coated in

powdered form on the outside surfaces of the proppant substrates using an adhesive

_ G -
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coating. The metal particles can be magnetized either belore or after the coating
operation. A preferred source of the magnetic particles 1s magnetite, which 1s a

ferromagnetic mineral with chemical formula Fe;O4, one of several wron oxides, and a

member of the spinel group.

As noted, small magnetite particles are a suitable source of the magnetic particles having
magnetic properties. Magnetite 1s a ferromagnetic miperal also known as won(ll, 1)
oxide. Magnetite has the chemical formula Fe;O4, which 1s sometimes expressed as

FeO-Fe,0O5 to more fully express the structure of the mineral.

Magnetite particles are commercially available in various average particle sizes and size
ranges. Particles of a size substantially smaller than the proppant particulates are
preferably used. Typically, particles having an average (number average) particle size of
about 10 to about 100,000 mm, preferably between about 200 and about 80,000 nm, and
usually between about 1000 and 50,000 nm can be blended with a suitable adhesive to
provide a coating for the proppant particulates. Alternatively, the magnitite particles can
be adhered to the adhesive coating after the coating has been apphed to the proppant
particulates and belore the adhesive 1s dried (or hardened). The average particie size 1s
selected by the practitioner to provide the magnetic performance required of the proppant
while minimizing cost. For example, smaller particles provide the advantages of ease in

attachment and retention on the surface of the proppant particulates. However, such

-7 -
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small particles are relatively costly as compared with larger-sized particles. Similarly,
larger particles may provide more of a magnetic effect and are available at a lower cost
than smaller particles. A mix of sizes also may be used. The particles preferably are
thoroughly blended 1f a mixture of sizes 1s used. Selection of the particle size of the
magnetic particles can be made by the skilled practitioner with the guidance provided

herein.

Composite proppants having a core of a high crush-resistant proppant substrate with a
coating of magnetic particles (as noted above) adhered to the proppant surface may be
prepared using a variety of processes. The proppant substrate of the composite proppant
of the present invention should be sufficiently strong to withstand a closure pressure of at
least 3,000 psi, preferably the crush resistance of the proppant should be sufficient to
withstand a closure pressure of at least 5,000 psi, and more preferably the crush
resistance of the proppant should be sufficient to withstand a closure pressure of at least
7,500 psi and higher. In one example, a crush resistant proppant substrate, e.g., a ceramic
or silica sand particle, may be heated and mixed with an adhesive resin and a magnetic
particulate material. The resin i1s added to the mixture as an adhesive for attaching the

magnetic particulates to the surface of the proppant substrate. After mixing the proppant

substrate, the adhesive resin and the magnetic particles for a predefined period of time,

the mixture then 1s discharged screened and cooled. -
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BRIEF DESCRIPTION OF THE DRAWING

18]  This patent or application file contains at least one drawing executed in color. Copies of
this patent or patent application publication with color drawing will be provided by the

Office upon request and payment of the necessary fee.

[19] Figwe 1 1llustrates a colored photomicrograph of an embodiment of a coniposite

proppant with a coating of magnetic particles adhered using a cured novolac resin.

DETAILED DESCRIPTION OF THE INVENTION

[20] The present invention relates to a composite proppant comprising a proppant substrate
and a coating on the substrate of small magnetic particles adhered to the substrate using
an adhesive binder. The composite proppant can be used in petroleum and gas
production to "support/prop" hydraulic fractures in a subterranean formation. The
proppant keeps the hydraulic fractures open for the inflow of petroleum and/or natural
gas, and the cohesive force between the coating of magnetic particles on the separate
proppant particulates facilitates the formation of an mtegral bed that functions much like

a hlter for retarding flow back.

|21]  The mnvention also relates to the coated proppant substrate as a composite proppant and to

methods for making and using these composite proppants.

_g_
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According to one or more artangements of the present invention, [ractures 1n
subterranean formations may be created by injecting a treating fluid (e.g., a fracture flud
or frac fluid) into the subterranean formation. Procedures for hydraulically fracturing a
formation and suitable fracturing fluids for use in such procedures are known to those
skilled in the art and do not form part of the present invention (see for example U.S.
Patents 6,059,034 and 6,330,916). The treating fluid (hydraulic fracturing fluid) is
mjected at a high pressure to force the creation of subterraneous fractures. In o1l drilling
operations, subterraneous fractures may increase the size and number of channels through
which oil and/or other hydrocarbons may be extracted. Creating fractures in a
subterranean formation generally enhances the flow of the hydrocarbon material (e.g.,

ot}) being extracted during recovery operations.

To maintain these fractures open, as 1s well known, proppants are injected and lodged in
the fractures. Without a supporting structure (provided by the proppant) to hold the
fractures open, the fractures likely would close to some extent impeding the subsequent
flow of the hydrocarbon flumd through the fractured formation. Proppants are typically
transferred 1 the initial myection of fracture fluid or may be included n a subsequent
injection of fluid into the formation for retaining the fractured formation in an open
position. In many instances, fractures may be created in areas far from the fluid injection

pomt. The chemistry of suitable fracturing fluids for transporting proppants throughout a

- 10 -
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subterranean formation are known and do not need detailed description herein as such
flutds do not form a critical part of the present invention. Once the coated composite
proppants of the present invention reach a fracture, the proppants lodge within the
fracture and aided by the coating of magnetic particles on their surface, agglomerate to

form a stable framework within the fracture to provide a fluid permeable region.

In order to prepare the composite proppant of the present invention, a crush resistant
proppant substrate, which typically comprises a particulate material, such as sand, a
naturally occurring mineral, such as fused zirconia, a ceramic, such as sintered bauxite, or
a sintered alumina, or another non-ceramic refractory such as milled or glass beads, as
well as their resin-coated counterparts, 1s coated with magnetic particles. The proppant
substrate used for preparing the composite proppant of the present invention should be
sufficiently strong to withstand a closure pressure of at least 3,000 psi, preferably the
crush resistance of the proppant substrate should be sufficient to withstand a closure
pressure of at least 5,000 psi, and more preferably the crush resistance of the proppant
substrate should be sufficient to withstand a closure pressure of at least 7,500 psi and

higher.

The proppant substrate, such as sand or a ceramic (optionally pre-coated with a resin),
generally has a distribution of particles having sizes in the range of from about 4 mesh to

about 100 mesh (U.S. Standard Sieve numbers)(i.e. the particles pass through a screen

_ 1] -
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130 microns (100 mesh)). Preferred proppant substrates have a distribution of particle

sizes i the range of 8 mesh (2380 microns) to 60 mesh (250 microns), and more usually

W

in the range of 16 mesh to 50 mesh ({preferably at least 90% by weight of the particles

satisty such mesh size range)).  Particularly preferred proppant substrates have a

distribution of particle sizes with at least 90 % by weight of the particles having a size

within the range of 20 mesh to 40 mesh, ¢ g., between about 830 and about 423 microns.

126]  In accordance with the present invention, the proppant substrate then is provided with a
coating of magnetic particles.  In the broadest aspects of the present invention, the
proppant substrate can be and preferably is coated with pre-magnetized metal particles,
such as magnetite. The magnetic particles can be incorporated into a coating on the
proppant substrate by being premixed into a resin composition used to coat the proppant
substrate, or by separately adding the particles during the proppant coating process.
Alternatively, the proppant substrate can instead be coated in the same way with
magnetizable metal particles and then the composite proppant can be passed through a
magnetic tield to magnetized the particles in place on the coating. In this latter case, the
magnetic treatment can be performed prior to. or after suspending the coated proppant n

the fracturing fluid.

22574060 1
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Preferably, the magnetic particles have a particle size smaller than the proppant substrate
particulates, usually the magnetic particles have an average (i.e., a number average)
particle size 50 % smaller than 90% by weight of the proppant particulates, and more
preferably the magnetic particles have an average (i.e., a number average) particle size an
order of magnitude smaller than 90% by weight of the proppant particulates. In one
embodiment, the magnetic particles have a distribution of particles sizes in the range of
30 mesh to smaller than 635 mesh (U.S. Standard Sieve numbers), i.e., a particle size
smaller than 600 microns and possibly smaller than 20 microns. As is conventional,
when a mesh size range 1s recited, 1t means that the distribution of particles pass through
the screen with the more open mesh size recited in the range and are retained on the
screen having the less open {more closed) mesh size recited in the range. For the most
part, at least 90% by weight of the particles in a given sample are intended o have the
recited distribution. Usually, the magnetic particles have a distribution of particle sizes in
the range of 100 mesh to smaller than 635 mesh, /e, a particle size smaller than 150

microns and as small as 20. Preferably, the magnetic particles have a distribution of

particle sizes in the range of 170 mesh to smaller than 635 mesh, i.e., a particle size

smaller than 90 microns and as small as 20 microns.

To prepare the composite proppant of the present invention, the magnetic (or

magnetizable) particulates are adhered to the surface of the proppant substrate. In a
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preferred embodiment of the present invention this 1s accomplished by affixing the
particulates to the surface of the proppant substrate using an adhesive binder. An
adhesive typically 1s applied in an amount of 1 to 10 weight percent of the proppant
substrate, and more usually tn an amount of 2 to 5 percent. In the broadest aspect of the
invention a wide variety of adhestves can be used, including phenolic resins, urea resins,
1socyanate resins, epoxy resins and the like. The nature of the adhesive resin i1s not

narrowly critical.

One particularly common adhesive for use in the present invention is the class of phenol-
formaldehyde novolac resins commonly used {o coat conventional proppants. Phenol-
formaldehyde novolac resins can be produced by reacting a molar excess of phenol with
formaldehyde n the presence of an acid catalyst, such as sulfuric acid, hydrochloric acid
or, oxalic acid (usually in an amount of 0.2 to 2% by weight based on the phenol).
Mamtaining the mole ratio of phenol to formaldehyde at, for example, 1:0.7-0.9, is
common when preparing such resins. However, the present invention is not to be limited

10 any particular type of novolac resin.

Novolac resins are thermoplastic, /.e., they are not self-crosslinkable. Novolac resins are

converted to cured resins by, for example, reacting them under heat with a crosslinking
agent, such as hexa (also called hexamine or hexamethylenetetramine), or for example,

by mixing them with a solid acid catalyst and paraformaldehyde and reacting them under

- 14 -



|31]

CA 02685193 2009-10-30

WO 2008/144238 PCT/US2008/063055

heat. Novolac resins also may be cured with other cross linkers such as resoles and

CPOXIES.

Novolac resins bave long been used for the coating of proppants. A solid novolac resin,
generally in flake form, 1s added to preheated proppant (200 °F to 400 °F)(93 °C to 204
°C) in a suitable production coater, the temperature being above the melt point of the
novolac (typically 170 °F to 200 °F)(77 °C to 93 °C). The heat causes the novolac resin
to melt and the mixing action uniformly coats the surface of the proppant. Subsequent to
achieving uniform coating, an aqueous solution of hexa typically 1s added. The added
water cools the coated proppant through evaporation as the hexa is distributed throughout
the resin. This cooling rapidly drops the temperature of the coated proppant and initially
prevents the curing of novolac resin by the added hexamine. The so-coated proppant can
be discharged at this point, further cooled and screened. When used, the presence of the
hexamine 1n the novolac coating allows the coating to cure under the elevated
temperature conditions encountered in the subterranean formation (cured-in-place). In an
alternative process, the novolac-hexamine coating may be allowed to achieve full cure in
the mixer itself, prior to discharge of the coated proppant (pre-cured coating). These
coating and curing techniques are well known and understood in the prior art and can be

adapted with only routine experimentation for use in affixing the magnetic (or

magnetizible) particles to the proppant substrate in connection with the present invention.

- 15 -



CA 02685193 2014-06-26

[32]  In accordance with the present invention, the conventional procedure for making a coated
proppant with a novolac resin is modified by including the magnetic (or magnetizable)
particles along with the molten novolac resin and proppant in the mixing operation.
Thus, when the coating is cooled, the particles become adhered to the surface of the

proppant substrate though the adhesive action of the novolac resimn.  Alternatively, the

magnetic (or magnetizible) particles can be added to the solhid novelac resin in an

operation separate from. ie, prior to, to coating operation. This embodiment 1s

tHustrated in the following specitic examples.

133]  In another embodiment of the mvention, the adhesive used te adhere the magnetic {(or
magnetizible) particles to the proppant substrate may be a thermoplastic resin of the type

disclosed in ULS. Patent No. 8.003.214.

[34]  In particular, various types of thermoplastic materials that may be used as an adhesive lor
adhering the magnetic {or magnetizible) particles to the proppant substrate in this
embodiment of the invention broadly include polyethylene: polypropylene: SIS (styrene-
isoprene-styvrene) copolymers: ABS copolvmers (f.e.. acrvionitrile-butadiene-styrene):
SBS  (styrene-butadiene-styrene) copolymers: polvurcthanes: EVA  (ethylene vinyl
acetate) copolymers; polyvstyrene: acrylic polvmers, polyvinyl chlonde and other similar

fluoroplastics; pine rosins and modified rosins, such as rosin esters including glyveerol

16 -
228574060 .1
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rosin esters and pentaerythritol rosin esters; polysulfide; EEA (ethylene ethyl acrylate)
copolymers; styrene-acrylonitrile copolymers; nylons, phenol-formaldehyde novolac
resins, waxes and other similar materials and their mixtures. Particularly preferred for
use as the thermoplastic adhesive material are those substances commonly referred to as
hot melt adhesives. For example, hot melt adhesives such as Opt-E-Bond™ HL0033
manufactured by the HB Fuller Co., and Cool-Lok™ 34-250A manufactured by National
Adhesives may be used as an adhesive for attaching the magnetic (or magnetizible)
parficles to the crush resistant proppant substrate. Other adhesive options include pine
rosins and modified rosins marketed by Georgia-Pacific Comporation as NOVARES®

1100 and NOVARES® 1182.

One of the benefits of using such a thermoplastic resin as the adhesive in connection with
the composite proppant of the present invention is that after the thermoplastic coated
proppants 1s lodged n a fracture, thermal energy in the subterraneous formation causes
the thermoplastic to become tacky (sticky) and fuse with other similarly thermoplastic-
coated proppants and thus acting in concert with the magnetic particle coating to form a
supporting framework for keeping the fracture open. Furthermore, the tacky (sticky)
nature of the thermmoplastic coated proppants is expected to help keep the magnetic
particles from eroding from the proppant substrate and/or help to capture any eroded

particulates and may also capture other loose solid particulates in flow-backs. As such,

- 17 -
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the amount of solid material that 1s extracted with the desired hydrocarbon, e.g.,

petroleum, may be further controtled or reduced further enhancmg flow back reduction.

In one example of the present invention, a powdered magnetite 1s mixed with a molten
thermoplastic resin and the molten mixture 1s coated on a proppant substrate to yield a
compostte proppant. Alternatively, powdered magnetite (or other equivalent material)
can be mixed with a molten thermoplastic resin that then 1s cooled to form a solid form of
the resin (e.g., flake) with magnetic (or magnetizible) particles distributed through its
mass. The so-formed resin 1s then used to coat the proppant substrate. Thus, not only is
the composite proppant provided with an mherent tackiness, the composite proppant also

has an enhanced cohesiveness due to the adherence of the magnetic particles on the

proppant.

The amount of magnetic particles used 1n the coating on the proppant substrate may
broadly range from about 0.5 weight % to about 50.0 weight % based on the weight of
the proppant substrate. If desired, the invention allows high levels of magnetic particles
to be adhered to the proppant substrate, e.g., above 25% up to 50% by weight of the
proppanl. Most often, the amount of magnetic particles used in the coating on the
proppant substrate may range from about 1 weight % to about 5 weight % based on the

weight of the proppant substrate.

_18 -
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As noted above, the proppant substrates coated with the magnetic particles may comprise
any particulate material with sufficient crush resistance to be useful as a proppant and
may include commonly used proppant substrates such as silica sand, ceramics, bauxite

and the like, as well as their resin pre-coated alternatives.

With respect to size, composite proppants of the present invention typically have a
particle size distribution in the range of about 4 mesh to 100 mesh (mesh size according
to the U.S. Standard Sieve Series). Generally, at least 90% by weight of the particulates
(e.g., composite proppants) added to the treating or fracturing fluid have a size falling
within this range. Preferably, at least 90% by weight of the particulates have a size
distribution of 8 to 60 mesh, and more preferably 16 to 50 mesh. In some particularly
preferred arrangements, at least 90% by weight of the particulates have a particulate

distribution size in the range of 20 mesh to 40 mesh.

According to one or more embodiments, proppant substrates of lower apparent specific
gravity may also be used. These types of proppants may include natural or synthetically
produced materials and structures such as hollow glass balls, walnut hulls and porous
ceramics. Using proppants having relatively lower apparent specific gravities may
reduce the viscosity and pressure required to pump the fluid carrying the proppant

through the subterraneous formation.

- 19 -
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While the discussion herein refers to well drilling operations in particular, one of ordinary
skill in the art will appreciate that the use of the composite proppants according to the
present tnvention may be used tn a variety of other applications and operations as well.
For example, in addition to the ot drilling operations discussed above, the composite
proppants may be used in gravel packing procedures in which a screening device is
placed in a wellbore. Other hydrocarbon recovery-related operations may also benelit
from the use of the composite proppants of the present invention as will be apparent to a

worker skilled in such related procedures.

As noted above, the composite proppants described herein may be prepared using a
variety of processes. In one example, stlica sand coaled with magnetite powder may be
prepared by initially heating the uncoated sand, adding a hot melt adhesive and mixing
the sand with the adhesive for a predefined amount of time. Subsequently, powdered
magnetite may be added to heated mixture, coating the silica sand with the magnetite
particles. The formation of the composite proppant may include multiple steps of adding
adhesive to insure that the magnetite particles coat the silica sand sufficiently. Once the
sand has been sufficiently coated with the magnetite particies, the composite propparnt is

cooled and discharged, and then screened to the desired particle size distribution.
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One of ordinary skill in the art will appreciate that the amount of substrate, resin and
magnetic particulate coating material may vary based on the desired degree of coating,

weight of the substrate, type of substrate, type of resin and other factors.

The present inveniion also pertains to a method of propping a subterranean formation
using a proppant composition that consists essentiaily of the composite proppant of the
present nvention as the sohds component and a camier flmid for the proppant. In
particular, in the method of using the composite proppant m accordance with the present
invention, when the composiie proppant of the present invention is intreduced mnto the
well formation with a carrier fluid, the composite proppant particulates comprise at least
60%, preferably 70%, more preferably 80% and generally 90% or higher (i.e., up to
100%) by weight of the proppant particulates then being introduced into the formation.
In other words, proppant not having a surface coating of the magnetic particles are only
mtroduced in a minor amount, or more preferably are not introduced except in a very
mnor amount (if at all) into the well formation at the same time (i.e., with the same
carrier fluid in the proppant composition) that the composite proppant particulates of the
present invention are introduced. In this way, the ability of the proppant composition to
produce a framework structure within the formation that can successfully reduce
particulate [low back 1s significantly improved, relative to the method described in U.S.

Patent 6,116,342.
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[45]  The method of the present invention has particular utihity when the composite proppant 1§
used as the “tail-in” portion of a well treatment operation. i¢., the tail-in portion of the
proppant composition in the well treatment operation consists essentially of the

*}.

composite proppant of the present tnvention.

[46] [n order to prevent the composite proppant having the magnetized particle coating from
magnetically attaching 1o the well casing or to a hiner in the well bore betore entering the
fractured zone, the fracturing fluid contaimng the composite proppant should be pumped

at a sufficient rate to erode or scour any attached composite proppant from the walls of

the casing or liner.

[47]  While the invention has been described with respect to specttic examples cluding
presently preferred modes of carrying out the invention. those skilled in the art will
appreciate that there are numerous variations and permutations of the above described

systems and techniques that fall within the scope of the appended claims.

EXAMPLE 1

48] A proppant resin having embedded magnetite particles was prepared. About 1210 grams

of solid flake novolac resin (available trom Georgia-Pacific as GP-2202 proppant resin)

22574060 1
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was melted at 140 to 150 °C. To the molten novolac, 173 grams of powdered magnetite
with an average particle size of 15 microns (15,000 nm) along with 12 grams of solvent,
DBE-2 (DBE-2 is understood to contain about 20% to about 35% dimethyl adipate, about
65% to about 80% dumethyl gluterate, and up to 3% maximum of dimethyl succinate
available from DuPont, Wilmington, Del.), for viscosity control. The molten mixture
was formed 1nto a thin sheet and allowed to cool. The cooled magnetite impregnated

resin was broken into small pieces.

EXAMPLE 2

[49]

3000 grams of a proppant substrate was preheated in an oven to 450-500 °F (232-260 °C)
and then added to a preheated mixer. Both standard Frac sand (20/40 silica sand from US
Silica) and a 20/40 ceramic proppant from Carbo Ceramics were used as proppant
substrates). When the temperature withun the mixer, as measured by IR, indicated 400 °F
(204 °C), 107 grams of the magnetic resin of Example 1 was added (this provided about
0.5% by weight of magnetic particles based on the weight of the proppant. After mixing
tor about 10 seconds, 15.8 grams of powdered hexa (hexamethylene tetramine) and 2
orams of wax were added. Then, mixing was continued for an additional two minutes
and the coated proppant was then discharged and allowed to cool to room temperature.
By itself, the proppants coated at the level of about 0.5 weight percent magnetite did not

exhibit much magnetic cohesion, although they were attracted and were held to a magnet.
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Figure | 1s a colored photomigrograph of the composite proppant of this example having
magnetite particles attached by the resin adhesive to the surface of the proppant substrate.

The magnetite appears as dark specs on the surface of the opaque proppant substrate.

EXAMPLE 3

> —

31]

[52]

The coated composite proppant of Example 2 was subjected to a magnetizing treatment
by passing the coated proppant particles through a half inch diameter by fifteen mches
long plastic pipe which was surrounded by five permanent magnets attached and equally
spaced but offset 90° from one another. The coated proppant material was passed
through the magnetic hield established in this device several times before then being

tested.

To test the resulting composite proppant for its relative cohesiveness, equal amounts of
the composite proppant of this Example and a conventional novolac-coated ceramic
proppant were placed on a horizontal glass plate. The plate was elevated at an angle of
approximately 45° and tapped several times. The ceramic proppant coated with resin
without the magnetite rolled off the plate, while the proppant having the resin coating
with the adhered magnetic particles remained as a single mass on the plate, thus

demonstrating the effectiveness of the magnetic cohesiveness.
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(53] The present mvention has been described with reference to specific embodiments.
However. this application 18 intended to cover those changes and substitutions that may
be made by those skilled in the art without departing from the scope of the clams.

Unless otherwise specifically indicated. all percentages are by weight. Throughout the

Lt

spectfication and i the claims the term “about”™ 15 intended to encompass + or — 3%,

P
1.3
3

2eRTRORG
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CLAIMS:

l. A method for treating a subterranean formation comprising mtroducing mto fractures in
the formation particles comprising a compositc proppant. said composite proppant comprising a
core of a proppant substrate having an adhered coating of magnetic metal particles, wherein the
magnelic metal particles comprise 0.1% to 10% of the composite proppant by weight, and
wheremn the proppant substrate 1s sufficiently strong to withstand a closure pressure ot at least

3,000 psi.

2 The method of claim 1, wherein the proppant substrate 18 bauxite, silica sand or porous

Ceramic.
3. The imethod of claim 2. wherein the proppant substrate 1s coated with a resin,

4. The method of clamm 1, wherein the magnetic particles comprise magnetite.

LaFY
<

The method of claim 1, wherein the proppant 1s bauxite or porous ceramic,

6. The method of claim 3, wherein the magnetic metal particles comprise above 0.5% {0

5.0% by weight of the compaosite proppant.

The method of claim 1, wherem the magnetic metal particles are adhered to the proppant

substrate using a hot melt adhesive.

8. The method of claim 1. wheremn the magnetic metal particles are adhered to the proppant

substrate using a novolac resin crosslinked with a hexamine.
Y, The method of claim 7., wherein the hot melt adhesive includes a thermoplastic resin.

0. The method of claim 4. wherein the magnetite comprise (1.5% 1o 5.0% by weight of the

composite proppant.

11, A particulate composite proppant comprising a proppant substrate having an adhered

coating of magnetic metal particles, wherein the magnetic metal particles comprise 0.1% to

- 26 -
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10.0% of the composite proppant by weight, and wheremn the proppant substrate 1s sufficiently

strong to withstand a closure pressure of at least 3,000 psi.

"

. K

The particulate composite proppant of claim 11 further comprising an adhesive adhering

the magnetic metal particles to the proppant substrate.

13, The particulate composite proppant of claim 12, wherein the adhesive includes a

thermoplastic resin.

14, The particulate composite proppant of ¢claim 12, wherein the adhesive includes a wax

powder.

15, The particulate composite proppant of claim 11, wherein the magnetic metal particles

COMPrise magnefite,

16, The particulate composite proppant of claim 13, wherein the magnetite comprises 0.5%

to 5.0% by weight of the particulate composite proppant.

17.  The particulate composile proppant of claim 11, wherein the proppant substrate

comprises at feast one of a porous ceramic. sihica sand. bauxite and hollow glass.

Ig. The particulate composite proppant of claim 17, wherein the proppant substrate has a

resin coating.

19, The particulate composite proppant of claim 16, wheremn the proppant substrate

comprises a particulate silica sand.

20, A particulate composite proppant comprising a proppant subsirate having an adhered
coating of magnetic metal particles, wherein the magnetic metal particles comprise 0.5% to
S0.0% of the compeosite proppant by weight. and wherein the proppant substrate s suttictently

strong 1o withstand a closure pressure of at least 3,000 psi.

gl

21, The particulate composite proppant of claim 20, wheren the magnetic particles comprise
over (1.3% 1o 5.0% of the composiie proppant by weight.
- 27 .
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22.  The method for treating a subterranean formation of claim 1. wherein the composite
proppant 15 introduced inte the fractures of the subterrancan tormation wath a carrier thud to

form a proppant compesition, and the composite proppant particufates comprise at least 80% by

X »

weight of the particulates in the carrier flund.

~y ™y

The method of claim 1, wherein at least 90% by weight of the magnetic particles have a

particle size distribunion from about 20 um to about 130 um.

24, The method of claim 1, wherein at least 90% by weight of the proppant substrates have a

particie size distribution from about 2350 um to about 2,380 pm.

25, The method of claim 1, wherein at least Y0% by weight of the magnetic particles have a
particle size distribution from about 20 um to about 150 um. and wherein at least 90% by weight

of the proppant substrates have a particle size distribution from about 250 um to about 2,380 1um.

26.  The method of claim 25, wherein at lcast 90% by weight of the magnetic particles have a

particte size distribution from about 20 um to about 90 um.

27, The method of claim 1, wherein the proppant substrate 1s sufficiently strong to withstand
a closure pressure of at least 3.000 psi.
28, The method of claim 1, wherein the proppant substrate 1s suthiciently strong to withstand

a closure pressure of at least 7,500 psi.

29, The particulate composite proppant of ¢laim 11, wherein at least 90% by weight of the

magnetic particies have a particle size distribution from about 20 wm to about 150 pm.

30, The particulate composite proppant of claim 11, wherein at least 90% weight of the

. e

proppant substrate have a particle size distribution from about 230 um to about 2.380 um.

31, 'The particulate composite proppant of claim 11, wherein at least 90% by weight of the

magnetic particles have a particle size distribution from about 20 pm to about 150 pm. and

- D8 .
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wherein at least 0% weight ¢f the proppant substrate have a particle size distribution from about

250 um to about 2,380 nm.

4 X : , n
30 -

The particulate composite proppant of claim 31, wherein at least 90% by weight ol the

magnetic partictes have a particle size distnbution from about 20 wm to about 90 pm.

33, The particulate composite proppant of claim 11, wherein the proppant substrate

comprises at least one ol a porous ceramie. bauxite. and hellow glass,

34, The particulate composite proppant of claim 11, wherein the proppant substrate is

33, The particulate composite proppant of claim 11, wherein the proppant substrate 1s

sufficiently strong to withstand a closure pressure of at least 7,500 ps.

- 28 .
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