wO 2021/086752 A1 |0 00000 KRN0 0 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert J
(o wer Orgmiation 2 0 O 00 O 000

International Bureau

/ (10) International Publication Number
(43) International Publication Date = WO 2021/086752 Al
06 May 2021 (06.05.2021) WIRPOIPCT
(51) International Patent Classification: Published:
CO9K 8/536 (2006.01) CO9K 8/524 (2006.01) o .
CO9K 8/56 (2006.01) CO9K 8/528 (2006.01) —  with international search report (Art. 21(3))
CO9K 8/70 (2006.01) E21B 37/06 (2006.01)
E21B 43726 (2006.01)

(21) International Application Number:
PCT/US2020/057096

(22) International Filing Date:
23 October 2020 (23.10.2020)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
16/672,161 01 November 2019 (01.11.2019) US

(71) Applicant: BAKER HUGHES OILFIELD OPER-
ATIONS LLC [US/US], 17021 Aldine Westfield, Hous-
ton, TX 77073 (US).

(72) Inventors: BESTAOUI-SPURR, Naima; 31 Kearny
Brook Place, The Woodlands, TX 77381 (US). USIE, Mar-
ty J.; 214 Fern Hollow, Youngsville, LA 70592 (US).
DEBENEDICTIS, Frances H.; 17119 Mountain Crest
Drive, Spring, TX 77379 (US).

(74) Agent: JONES, John Wilson; Jones Delflache LLP, 1333
Heights Boulevard, Suite 300, Houston, TX 77008-4585
(Us).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP, KR, KW,KZ, LA, LC,LK,LR,LS,LU,LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US,UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE,LR, LS, MW, MZ, NA,RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: COATED COMPOSITES CONTAINING DELAYED RELEASE AGENT AND METHODS OF USING THE SAME

(57) Abstract: A composite for controlling the release of a well treatment agent or for inhibiting or preventing the formation of con-
taminants into a fluid or a surface within a reservoir contains a well treatment agent immobilized on a sutface of the support or into
the pores of a porous support. The composite is at least partially coated with an organic polymer or inorganic material. The composite
exhibits sufficient strength for the composite to be used as a proppant or in conjunction with a proppant.



WO 2021/086752 PCT/US2020/057096

APPLICATION FOR PATENT

INVENTORS: NAIMA BESTAOUI-SPURR;
MARTY J. USIE;
FRANCES DEBENEDICTIS

TITLE: COATED COMPOSITES CONTAINING DELAYED

RELEASE AGENT AND METHODS OF USING THE
SAME

SPECIFICATION

Field

[0001] A method for releasing a well treatment agent into a well or into a conduit
extending to or from a well is provided wherein a composite of at least one well
treatment agent and a substrate for the well treatment agent is introduced into the well
or conduit. The composite is at least partially covered with a coating. The well
treatment agent is slowly released from the substrate and into the well or conduit

through fissures of the coating.

Background

[0002] Hydraulic fracturing, a common method for producing hydrocarbons from
a well, consists of pumping a fluid into a subterranean formation penetrated by the well
at a sufficient pressure to cause the formation or enlargement of fractures. Downhole
conditions contribute to the formation and deposition of scales, salts, gas hydrates and
paraffins; precipitation of asphaltenes; formation of emulsions (both water-in-oil and
oil-in-water); and formation of rust in the wellbore, production string and other tubulars
within the well and conduits extending from and to the well. These contaminants
decrease permeability of the subterranean formation and reduce well productivity. In
acute situations, the lifetime of production equipment is shortened. In order to rid such
contaminants from wells, tubulars, flow conduits and equipment, it typically is
necessary to stop production. This is both time-consuming and costly.

[0003] Several methods have been employed for introducing well treatment agents
into production wells. For instance, a liquid well treatment agent may be forced into

the formation by application of hydraulic pressure from the surface which forces the
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treatment agent into the targeted zone. Alternatively, the delivery method may consist
of placing a solid well treatment agent into the producing formation in conjunction with
a hydraulic fracturing operation. These liquid injection treatments provide little to no
protection deep into the reservoir. Another disadvantage of these methods is the
difficulty in releasing the well treatment agent into the well over a sustained period of
time. As aresult, treatments must repeatedly be undertaken to ensure that the requisite
level of treatment agent is continuously present in the well. Such treatments result in
lost production revenue due to down time and increase costs by enhancing the
likelihood of intervention/remedial treatments.

[0004] U.S. Patent Nos. 7,491,682; 7,598,209; 7,493,955; 9,010,430; 9,029,300;
and 9,656,237 disclose the successful use of composites for the slow release of well
treatment agents. A disadvantage of such composites is the inability of prolonged
release of the well treatment agent into a targeted area. This is particularly evident in
hydraulic fracturing operations. Methods of improving the slow or delayed release of
well treatment agents at targeted locations as well as improved methods for delivering
such treatment agents into targeted locations in wells, formations, conduits and/or

vessels have been sought.

Summary

[0005] In an embodiment, a method of fracturing a subterranean formation
penetrated by a wellbore is provided wherein a fluid is pumped into the wellbore under
pressure. The fluid comprises (i) proppant and (ii) a composite comprising a well
treatment agent immobilized onto a surface of a support or into the pores of a porous
support, wherein at least a portion of the surface of the composite is coated with an
organic polymer or inorganic material. The proppant and composite are transported
into an enlarged or created fracture in the formation and hydrocarbon fluids are
produced from the enlarged or created fracture. Stress is applied to the proppant and
composite and fissures are created in the coating of the composite. The well treatment
agent is released from the support through the created fissures in the coating while the
created or enlarged fracture remains open with the proppant, the fissures in the coating
being the resultant of pressure applied onto the composite. The formation of
contaminants in the wellbore are inhibited or minimized by the released well treatment

agent.
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[0006] Another embodiment is drawn to a method of controlling the rate of release
of a hydrocarbon soluble, water soluble or both hydrocarbon and water soluble well
treatment agent into a dendritic fracture extending from a primary fracture during a
hydraulic fracturing operation. In this embodiment, a composite is pumped into near
field (near wellbore) primary fractures as well as into far field secondary fractures
propped open with a proppant. The composite comprises a well treatment agent
immobilized onto a surface of a support or into the pores of a porous support. At least
a portion of the surface of the composite is coated with an organic polymer or inorganic
material. The particle size of the coated composite may be greater than or equal to the
particle size of the proppant. In some instances, the particle size of the coated
composite may be less than or equal to the particle size of the proppant. The well
treatment agent is released from the composite through fissures created in the coating
from the applied stress.

[0007] Another embodiment is drawn to a method of stimulating a subterranean
formation penetrated by a wellbore wherein a composite comprising a well treatment
agent immobilized onto a surface of a support or into the pores of a porous support is
pumped under pressure into the wellbore. At least a portion of the surface of the
composite is coated with an organic polymer or inorganic material. The composite is
transported into an enlarged or created fracture in the formation and hydrocarbons are
produced from the fracture. Stress is applied to the composite and fissures are created
in the coating. The well treatment agent is released from the support through the created
fissures in the coating. Formation of contaminants in the wellbore are inhibited or
minimized by the released well treatment agent.

[0008] Another embodiment is drawn to a method of controlling release of a well
treatment agent into a well, into a conduit extending to or from a well or onto the surface
of a subterranean formation penetrated by a well wherein a composite comprising the
well treatment agent immobilized onto a surface of a support or into the pores of a
porous support is pumped into the well. At least a portion of the surface of the
composite is coated with an organic polymer or inorganic material. The formation of
contaminants are inhibited or controlled within the well by slowly releasing the
immobilized well treatment agent from the support into the well through fissures of the
coating.

[0009] In still another embodiment, a method of controlling the rate of release of a

well treatment agent into a well or onto the surface of a subterranean formation
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penetrated by a well during a stimulation or sand control operation is provided wherein
particulates capable of withstanding pressures of at least 2,000 psi are pumped into the
well along with a composite comprising the well treatment agent immobilized onto a
surface of a support or into the pores of a porous support. At least a portion of the
surface of the composite is coated with an organic polymer or inorganic material. The
well treatment agent is released into the subterranean formation through fissures of the

coating caused by the exerted pressure.

Drawings
[00010] FIG. 1 and FIG. 2 demonstrate the effect of the coated composites described

herein on the inhibition of asphaltene precipitation in crude oil.

[00011] FIG. 3 shows a comparison of rheology of a fracturing fluid with the
composite versus a fluid without the composite.

[00012]  FIG. 4 shows a comparison of rheology of a fracturing fluid containing a
fines control additive without the composite, a fluid with the composite, and a fracturing

fluid containing both composite and fines control additive.

Detailed Description

[00013]  Characteristics and advantages of the present disclosure and additional
features and benefits will be readily apparent to those skilled in the art upon
consideration of the following detailed description of exemplary embodiments of the
present disclosure and referring to the accompanying figure. It should be understood
that the description herein, being of exemplary embodiments, are not intended to limit
the claims. On the contrary, the intention is to cover all modifications, equivalents and
alternatives falling within the spirit and scope of the claims. Changes may be made to
the particular embodiments and details disclosed herein without departing from such
spirit and scope.

[00014]  As used herein, the terms "disclosure”, "present disclosure" and variations
thereof are not intended to mean every possible embodiment encompassed by this
disclosure or any particular claim(s). Thus, the subject matter of each such reference
should not be considered as necessary for, or part of, every embodiment hereof or of
any particular claim(s) merely because of such reference.

[00015] Certain terms are used herein and in the appended claims to refer to

particular components. As one skilled in the art will appreciate, different persons may
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refer to a component by different names. This document does not intend to distinguish
between components that differ in name but not function. Also, the terms "including”
and "comprising" are used herein and in the appended claims in an open-ended fashion,
and thus should be interpreted to mean "including, but not limited to . . . ." Further,
reference herein and in the appended claims to components and aspects in a singular
tense does not necessarily limit the present disclosure or appended claims to only one
such component or aspect, but should be interpreted generally to mean one or more, as
may be suitable and desirable in each particular instance.

[00016]  All ranges disclosed herein are inclusive of the endpoints. Unless stated
otherwise, any range of values within the endpoints is encompassed. For example,
where the endpoints of a range are stated to be from 1 to 10, any range of values, such
as from 2 to 6 or from 3 to 5 will be defined by the range. The suffix "(s)" as used herein
is intended to include both the singular and the plural of the term that it modifies,
thereby including at least one of that term. All references are incorporated herein by
reference.

[00017] The use of the terms "a" and "an" and "the" and similar referents in the
context of describing the invention (especially in the context of the following claims)
are to be construed to cover both the singular and the plural, unless otherwise indicated
herein or clearly contradicted by context.

[00018] A composite for use in the disclosure comprises at least one well treatment
agent immobilized onto a surface of a support or into the pores of a porous support. At
least a portion of the surface of the composite is coated with a resin, plastic, sealant or
cement. The coating preferably surrounds the entire surface of the composite though
the coating may cover only a portion of the surface of the composite. Where the coating
only surrounds a portion of the surface of the composite, it is preferred that at least 50%
and usually at least 75% of the total surface area of the composite is coated.

[00019]  The coating shields the well treatment agent immobilized onto the surface
of the support or into the pores of a porous support from the environs until the coating
develops cracks or fissures. The well treatment agent then is released into the environs
through the crack(s) or fissure(s).

[00020] The coating strengthens the composite, protects the well treatment agent
from harsh environmental conditions and prolongs the time which the well treatment
agent is released into the environs. This allows for more well treatment agent to be

transferred bottomhole.
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[00021]  The enhanced strength of the composite enables delayed release of the well
treatment agent into the environs until the coating is cracked under elevated stress. As
such, the coated composite is of particular value in those treatment operations where
the formation is subjected to high compressive forces, such as in stimulation operations
like hydraulic fracturing, slickwater fracturing, acid fracturing and frac packing; the
well treatment agent being released from the composite during such operations.
[00022] In a preferred embodiment, the coated composite is pumped into the well as
a component of a fracturing fluid. The fluid may be pumped under pressure to create
or enlarge a fracture. Further, the fluid may be pumped into a well wherein fractures
have already been created or enhanced in the formation. The composite may be
transported into the fracture. The composite is capable of withstanding elevated in-situ
pressures. Over time, the pressure creates fissures (or cracks) in the coating. The well
treatment agent disassociates from the support and is gradually released into the
environs through the fissure(s). The released well treatment agent inhibits or prevents
the formation of undesirable contaminants within the well (including within produced
fluids). Since the coating prolongs the time of release of the well treatment agent into
the fracture (compared to a substantially similar composite which is uncoated),
[00023]  Typically, the coating on the composite ensures the treatment agent is not
released until elevated stress levels are reached. In an embodiment, the coating hardens,
isolates and/or protects the composite from adverse formation or wellbore conditions
when subjected to elevated stresses. As such, the coated composites may function as
an intermediate strength proppant. In an embodiment, the coated composites may be
subjected to elevated stresses of 1,000 psi or 2,000 or 4,000 psi or greater, typically at
least 6,000 psi, often at least 8,000 psi, in other instances at least 10,000 psi, in other
instances at least 12,000 psi and other cases at least 15,000 psi and in some instances
even higher stresses such as 20,000 psi or higher. In an embodiment, the amount of
stress to which the coated composites may be exposed before fissure(s) are created is
first determined. The well treatment agent is then released from the composite through
the fissures once the pre-determined stress is reached downhole.

[00024] The coated composite is particularly useful in wells which experience
closure stresses in the same range or proximity as the maximum stress levels which the
coated composites can withstand. The coated composites exhibit no or minimum

conductivity losses at increased loadings.
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[00025] In a preferred embodiment, the coated composites may be used in near
wellbore fractures. Further, since they may be exposed to higher stress levels, the
composites are useful in the inhibition of contaminants in created or enhanced fracture
in the deepest part of the well. The slow and controlled release of the well treatment
agent reduces precipitates and lowers conductivity damage to plugging. Controlled
release of the well treatment agent from the composite through the fissure provides for
a certain amount of well treatment agent when needed for control of contaminants,
preserving the rest of the well treatment agent for subsequent release. Such slow and
controlled release of the well treatment agent provides increased protection as the well
ages.

[00026]  Further, the high crush resistance of the coated composite enables controlled
release of the well treatment agent through the fissure(s); the portion of the well
treatment agent retained within the composite on the surface of the support or into the
pores of the porous support may be released at later times. The delay mechanism
evident in the slow release of the well treatment agent lowers conductivity damage to
plugging and provides increased protection to the well as it ages. As such, the coated
composites provide a cost effective long term flow assurance solution over methods
presently used while increasing hydrocarbon recovery.

[00027] The particle size of the coated composite may be of any mesh size. In an
embodiment, for instance, the particle size of the coated composite may be 20/40;
16/30; 3/40; 40/70, etc. vary. In an embodiment, the particle size of the coated
composite, such as at far field, may be less than 150 pm, including less than 100 pm
and often less than 50 pm.

[00028] In an embodiment, the specific gravity of the coated composite may be from
1.06 to 4.0 g/cc.

[00029] In an embodiment, the stress level to which the coated composite is
subjected may be dependent on the amount and/or thickness of coating on the
composite. In some cases, the layer of coating on the composite may constitute between
from about 1 to about 15 percent, for instance from about 4 to about 10 percent, to the
total mass of the coated composite. In an embodiment, the thickness of the coating
applied on the surface of the composite may be from about 0.5 um to about 1 pm,
typically from about 1 pum to about 500 um. The coating imparts resistance to the

composite and improves crush strength thereby minimizing defragmentation of the
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composites during downhole operations as recited herein. In an embodiment,
increasing the thickness of the coating on the composite enables the coated composite
to withstand higher compressive forces. The crush resistance of the coated composite
at elevated pressures enables slow release of the well treatment agent(s) while fracture
faces remain propped open.

[00030] In an embodiment, the coated composite exhibits a strength much higher
than that of a substantially similar composite though uncoated composite. The coated
composite has been demonstrated to exhibit proppant like characteristics using API
standard testing protocols.

[00031] While the coated composite may function by itself as a proppant, in some
instances the coated composite does not exhibit as high as strength exhibited by a
conventional proppant such as sand, ceramic, bauxite and ultra lightweight proppants
having an apparent specific gravity less than or equal to 2.45. In an embodiment, the
composite may be admixed with other conventional proppants. The composite provides
delivery of the well treatment agent into the fracture while the conventional proppant
keeps the fracture from closing. Mixtures of the coated composite and conventional
proppant thus provide long term flow assurance without impairing conductivity.
[00032] In another embodiment, the coated composite may be pumped into the well
in a fluid which also contains a conventional proppant (either coated or uncoated); the
conventional proppant having strength capable of withstanding higher compressive
forces than the coated composite. The size of the coated composite enables the coated
composite to be premixed in the early stages of a fracturing operation. The coated
composite can be added directly to the proppant blender tub or optionally slurried in
with a brine or viscosified aqueous slurry. The coated composite is of sufficient
strength such that it does not affect fracture conductivity. Release of the well treatment
agent from the support through the fissure(s) may occur when the stress applied to the
coated composite exceeds the maximum stress and crush resistance of the coating will
withstand before showing some cracks. At that point, the well treatment agent
disassociates from the immobilized support through the fissures created by the
application of stress onto the coated composite. During and after release of the well
treatment agent, the fracture may remain open by the proppant until compressive forces
exerted on the proppant crush or otherwise make the proppant ineffective. The slow
release of the well treatment agent from the fissure(s) of the coating may continue while

permeability of the proppant pack is retained.
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[00033] In an embodiment, the coated composites may be used with any of the
composites referenced above which have not been coated and which exhibit the ability
to withstand greater than 20 psi stress without breaking. In an embodiment, the coating
and support of the composite may be selected so as to provide a continuum of release
of well treatment agent(s) as compressive forces within the well increase. Thus, the
well treatment agent(s) may be released into the well and produced fluids over a wide
host of compressive forces. For example, at low pressures, the immobilized well
treatment agents of the uncoated composites may be released from their support. As
stresses are elevated, the immobilized well treatment agent may be released from the
coated composites through the fissure(s) in the coating of the composite. In an example,
the use of the coated composites with non-coated composites enhances the duration of
the life of the well by providing continual release of the well treatment agent(s) at
pressures greater than about 1200 psi, API RP 56 or API RP 60.

[00034] In some instances, the coated composite may be pumped into the well in
different stages from those of a proppant laden fluid.

[00035] In an embodiment, the coating may be an organic polymer which may be
cured, partially cured, or uncured. Suitable organic polymers may include thermoplastic
as well as thermosetting resins.

[00036] Exemplary thermoplastics include polyethylene, acrylonitrile-butadiene
styrene, polystyrene, polyvinyl chloride, fluoroplastics, polysulfide, polypropylene,
styrene acrylonitrile, nylon, and phenylene oxide.

[00037] Exemplary thermosetting resins include epoxy resins, phenolic resins,
melamine formaldehyde resins, polyester resins, polyurethanes, epoxy-modified
phenolic resin, and derivatives thereof.

[00038] The organic polymer comprising the coating may be crosslinked.

[00039]  Preferred coatings include epoxy resins, phenolic resins (like phenol
formaldehyde resins), polyurethanes, polycarbodiimides, polystyrene, polyamides,
polyamide imides, furan resins, melamine formaldehyde resins or a combination
thereof.

[00040]  In an embodiment, the strength of the organic polymer may be increased by
using a strength enhancing additive in conjunction with the organic polymer. Such
additives include, but are not necessarily limited to, waste materials such as silica sand,
Kevlar fibers, fly ash, sludges, slags, waste paper, rice husks, saw dust, and the like,

volcanic aggregates, such as expanded perlite, pumice, scoria, obsidian, and the like,
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minerals, such as diatomaceous earth, mica, borosilicates, clays, metal oxides, metal
fluorides, and the like, plant and animal remains, such as sea shells, coral, hemp fibers,
and the like, manufactured fillers, such as silica, mineral fibers and mats, chopped or
woven fiberglass, metal wools, turnings, shavings, wollastonite, nanoclays, carbon
nanotubes, carbon fibers and nanofibers, graphene oxide, or graphite. For instance, the
compressive strength of the composite may be increased by using a combination of the
organic polymer and strength enhancing additive. As an example, the release of the
well treatment agent from the coated composite may be delayed at higher stress levels
(such as in deep water wells) above 12,000 psi when the coating is composed of both
organic polymer and strength enhancing additive.

[00041] In another embodiment, the coating may comprise an inorganic material.
Suitable materials include inorganic compounds such as those containing metal. In a
preferred embodiment, the metal is zirconium or zinc. Exemplary inorganic materials
include zirconium silicate as well as zinc silicate.

[00042] The coating may be applied to the composite by low temperature curing
methods as well as indirect heating processes. In an embodiment, the organic polymer
or inorganic material may be mixed in a vessel at elevated temperatures, typically from
about 200 to about 350, preferably around 250° F. The inorganic coating may also be
applied onto the support by a sol-gel reaction. For instance, a zinc silicate coating may
be formed by a sol-gel reaction of sodium silicate and zinc sulfate or tetraethyl
orthosilicate and zinc nitrate. The inorganic coating may then be hardened.

[00043]  The coated composite does not require excessive amounts of well treatment
agents. The amount of well treatment agent in the coated composite is that amount
sufficient to effectuate the desired result over a sustained period of time. For instance,
where the well treatment agent is a scale inhibitor, the amount of scale inhibitor present
in the coated composite is that amount required to prevent, or to at least substantially
reduce or inhibit the formation of scales.

[00044]  Generally, the amount of well treatment agent in the coated composite is
from about 0.05 to about 70, in some cases from about 0.05 to 50 weight percent,
preferably from about 0.05 to about 40 weight percent, more preferably from about 0.05
to about 20 and in some cases from about 0.1 to about 15 weight percent, and in other
cases from about 0.1 to about 10 weight percent, based on the total weight of the

composite.
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[00045]  Once released into the environs, the well treatment agent may be effective
for up to 6 months, in most cases greater than 9 months, typically more than 12 months
or 18 months and often up to 24 months and in some cases upwards to three to five
years.

[00046] In an embodiment, the well treatment agent may be immobilized onto a
support or incorporated into the pores of a porous or high surface area support prior to
coating.

[00047]  For example, the composite may consist of a well treatment agent adsorbed
onto an adsorbent substrate, such as a water-insoluble, oil-insoluble or both water and
oil-insoluble adsorbent. A portion of the well treatment agent may further be absorbed
into interstitial spaces of the support. The adsorption of the well treatment agent onto
the solid adsorbent limits the availability of the free well treatment agent in water. In
addition, the well treatment agent immobilized onto the support has limited solubility
in water.

[00048]  Where the support is a water-insoluble adsorbent, it may be of various kinds
of commercially available high surface area materials having the affinity to adsorb the
desired well treatment agent. In an embodiment, the surface area of the adsorbent of
the composite may be between from about 0.5 m*/g to about 1,000 m*g and more
typically from about 0.5 to about 700, in some instances from about 0.5 to about 110
m?/g and in other instances from about 0.5 to about 60 m?/g.

[00049]  The adsorbent may be any of various kinds of commercially available high
surface area materials onto which the well treatment agent may be adsorbed.

[00050]  Suitable adsorbents include finely divided minerals, fibers, ground almond
shells, ground walnut shells, and ground coconut shells. Further suitable water-
insoluble adsorbents include activated carbon and/or coals, silica particulates,
precipitated silicas, silica (quartz sand), alumina, silica-alumina such as silica gel, mica,
silicate, e.g., orthosilicates or metasilicates, calcium silicate, sand (e.g., 20-40 mesh),
ceramics, bauxite, kaolin, talc, zirconia, boron and glass, including glass microspheres
or beads, fly ash, zeolites, diatomaceous earth, ground walnut shells, fuller's earth and
organic synthetic high molecular weight water-insoluble adsorbents. Particularly
preferred are alumina, diatomaceous earth and ground walnut shells. Alumina is
particularly preferred in those instances where it is desired for the coated composite to

withstand high compressive stresses, including up to 20,000 psi.
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[00051]  Further useful as adsorbents are clays such as natural clays, preferably those
having a relatively large negatively charged surface, and a much smaller surface that is
positively charged. Other examples of such high surface area materials include such
clays as bentonite, illite, montmorillonite and synthetic clays.

[00052] The weight ratio of well treatment agent to water-insoluble adsorbent may
be between from about 9.8:0.2 to about 0.2:9.8, often from about 9:1 to about 1:9.
[00053] The composite may be prepared by adding the well treatment agent to the
adsorbent and mixing until the well treatment agent is readily adsorbed and/or absorbed.
The product may then be dried at elevated temperatures (for instance, from about 220°F
to about 250°F) until the percent moisture of the resulting product is less than 3%.
Suitable methods of preparing well treatment agents adsorbed and/or absorbed onto a
support, such as a water-insoluble adsorbent, are disclosed in U.S. Patent Nos.
7,491,682; 7,493,955; 7,977,283; and 8,664,168, all of which are herein incorporated
by reference.

[00054] The well treatment agent is released (desorbed) from the adsorbent over
time. Release of the well treatment agent into a targeted area may be controlled by the
presence of the coating on the composite. The time for solubilization (desorption from
the adsorbent) of the well treatment agent is increased by the presence of the release
resistant layer. The well treatment agent is not, however, released into the environs
until the coating contains at least one fissure(s). The well treatment agent may then be
released into the environs through the fissure(s). In some instances, a fissure may be
formed prior to the well treatment agent being released from the adsorbent. Once
released from the adsorbent, the well treatment agent migrates from the inside of the
composite into the environs through the fissure(s).

[00055]  Suitable composites also include those composed of a porous particulate as
support onto which or within one or more well treatment agents are immobilized.
Typically, the particle size of the porous particulate is between from about 0.3 mm to
about 5 mm, preferably between from about 0.4 to about 2 mm. In some instances, the
amount of well treatment(s) in such coated composites is between from about 1 to about
600 ppm and may be as low as 1 ppm. Such small amounts of well treatment agent(s)
may be sufficient for up to 1,000 pore volumes.

[00056] The porosity and permeability of the porous particulate is such that the well
treatment agent may be absorbed into the pores of the porous particulate material.

Typically, the porosity of the porous particulate is between from about 5 to about 30
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volume percent. A commercially available instrument which uses mercury intrusion,
such as the AutoPore Mercury Porosimeter (Micromeritics, Norcross, GA), for
measuring the internal porosity of the particulate and the interstitial volume (of a pack)
may be used to determine the porosity of the porous particulate. Generally, the amount
of well treatment agent in such composites may be is from about 0.05 to about 70
(preferably from about 0.1 to about 2) weight percent based upon the total weight of
the composite.

[00057] Exemplary porous particulates include those which are generally spherical
and insoluble in well fluids under subterranean conditions, such as at temperatures less
than about 250°C. and characterized by a porous matrix. The porous particulates may
be inorganic or organics. Since the well treatment agents employed in the composites
are capable of being absorbed into the interstitial spaces of the porous particulates, they
may be slowly released from the porous particulates into produced fluids after a fissure
is created in the coating. In some cases, the fissure may be created in the coating prior
to the well treatment agent being released (desorbed) from the porous particulate. Upon
release from the porous particulate, the well treatment agent may then flow from the
inside of the composite into the environs through the fissure. Produced fluids are then
exposed to the well treatment agent.

[00058]  Suitable as porous particulates are those particulates set forth in U.S. Patent
No. 5,964,291 and U.S. Patent No. 7,598,209, herein incorporated by reference. For
instance, the porous particulate of the composite may be any naturally occurring or
manufactured or engineered porous ceramic particulate, as well as any organic
polymeric material, that has an inherent and/or induced porosity.

[00059]  Suitable as inorganic ceramic materials are alumina, magnetic glass,
titanium oxide, zirconium oxide, ceramics, silicon carbide, aluminosilicates and other
silica-based materials. Examples of non-natural porous particulate materials include,
but are not limited to, porous ceramic particles, such as fired kaolinitic particles, as well
as partially sintered bauxite. The porous particulates may further be porous natural
ceramic materials, such as lightweight volcanic rocks, like pumice, as well as perlite
and other porous "lavas" like porous (vesicular) Hawaiian Basalt, porous Virginia
Diabase and Utah Rhyolite. Such naturally occurring materials may be strengthened or
hardened by use of modifying agents to increase the ability of the naturally occurring

material to resist deformation. A starch binder may be employed.
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[00060]  Suitable polymeric materials for use as the porous particulate in such
applications include thermosetting resins, such as polystyrene, a styrene-
divinylbenzene copolymer, a polyacrylate, a polyalkylacrylate, a polyacrylate ester, a
polyalkyl acrylate ester, a modified starch, a polyepoxide, a polyurethane, a
polyisocyanate, a phenol formaldehyde resin, a furan resin, or a melamine
formaldehyde resin.
[00061] The composites may be prepared by conventional processes, such as
electrofusion, spray-drying and pelletization. In a preferred embodiment, the
composites are prepared by placement of the porous particulate into a dilute solution or
suspension of the well treatment agent and permitting the porous particulate to imbibe
the well treatment agent.
[00062] The composite may further be composed of a well treatment agent and a
calcined metal oxide, such as those disclosed in U.S. Patent No. 9,029,300. Such
composites include those where a well treatment agent is adsorbed onto a nano-sized
calcined porous substrate of high surface area.
[00063]  The porosity and permeability of the calcined porous substrate may be such
that the well treatment agent may also be absorbed into the interstitial spaces of the
porous substrate. In an embodiment, the surface area of the calcined porous substrate
of such composites may be between from about 1 m?/g to about 10 m?%/g, in some cases
between from about 1.5 m*/g to about 4 m?/g, the diameter of the calcined porous
substrate may be between from about 0.1 to about 3 mm, in some cases between from
about 150 to about 1780 micrometers, and the pore volume of the calcined porous
substrate may be between from about 0.01 to about 0.10 g/cc. The porous metal oxide
is typically spherical and insoluble in well fluids under subterranean conditions, such
as at temperatures less than about 250° C.
[00064] The porous substrate may be a metal oxide, such as alumina, zirconium
oxide and titanium oxide. The support of the coated composite is typically a calcined
metal oxide of high surface area such as alumina, zirconium oxide, aluminosilicate and
titanium oxide. The substrate may further include silica. Typically, the porous substrate
is alumina.
[00065] The adsorbent may be prepared by:

(a) mixing a metal oxide hydrosol (such as aluminum oxide hydrosol)
containing a hydrate of the metal oxide or activated metal (such as activated alumina)

and an additive component selected from carbon (such as carbon black) or a high
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molecular weight natural organic material (such as wood flour and starch) which is
insoluble in aqueous solution up to a temperature of 50° C and carbon with a solution
of hydrolyzable base to form a mixture;

b) introducing the mixture in dispersed form into a water-immiscible liquid
having a temperature of from about 60° to 100° C, whereby gel particles are formed;

© aging the gel particles in the liquid at the temperature and subsequently
in an aqueous base, such as an aqueous ammonia solution;

(d) recovering the aged particles; and then

(e calcining the recovered particles.
During calcination, the additive component is removed. The calcined particles have a
lower bulk density when the additive component is present during calcinations than
when the additive component is not present. Typically, the bulk density of the
composite is between from about 75 to about 150 Ib/f. In addition, combustion of the
additive component during calcinations of the hydrosol results in formation of pores of
the calcined metal oxide.
[00066] The metal oxide hydrosol may optionally contain a silica-containing
substance which in their non-soluble form is coprecipitated with the metal oxide
particles. The silica-containing substance is preferably a low density silica, such as that
prepared by hydrolysis of silicon tetrachloride in an oxyhydrogen flame and known
under the designation pyrogenic silica.
[00067] In an embodiment, spherical metal oxide adsorbent may be prepared from a
concentrated metal oxide hydrosol of a pH value in the range of about 3 to about 5
which, in turn, is prepared by dissolving metal in hydrochloric acid and/or metal
chloride in aqueous solution or by dissolving metal hydroxychloride in water, the
concentration of which is adjusted so that metal oxide derived from the sol amounts to
15 to 35% by weight, preferably to 20 to 30% by weight of the mass of the calcined
particles. Metal oxide hydrate and/or activated metal, preferably of an average particle
diameter of maximally 10y, is then added to the hydrosol in an amount so that the metal
oxide content amounts to 65 to 85% by weight, preferably 70 to 80% by weight of the
calcined particles. Optionally, pyrogenic silica may be added to the hydrosol such that
the SiO; content of the calcined particles amounts to 10 to 40% by weight. A soft to
medium-hard wood flour may then added to the mixture, the wood flour being ground
to a finer particle size such that it is present in a quantity of 5 to 35% by weight,

preferably 10 to 25% by weight relative to the mass of the calcined particles. The
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hydrosol containing the wood flour may then be mixed with a concentrated aqueous
solution of hexamethylene tetraamine and then sprayed or dropped into a column filled
with the mineral oil of a temperature of 60° C to 100° C. The gel particles are then
allowed to remain at the temperature of precipitation for a period of time from 4 to 16
hours; thereafter the gel particles are aged for 2 to 8 hours in aqueous ammonia solution,
washed with water, dried at 100° C to 150° C, or preferably at from about 120° C to
about 200° C, preheated to 250° C to 400° C and calcined at a temperature of 600° C
to about 1000° C.

[00068]  Alternative methods for making metal oxide adsorbent are further disclosed
in U.S. Patent No. 4,013,587, herein incorporated by reference.

[00069] In a preferred embodiment, when the metal oxide adsorbent is alumina
adsorbent, the adsorbent may be prepared by hydrolyzing aluminum alkoxides to render
nano sized alumina, drying to remove water and then introducing the dried aluminum
in a dispersed form into an oil at a temperature of from about 60° to 100° C, whereby
gel particles are formed. The gel particles are then aged in the liquid and subsequently
in an aqueous ammonia solution, recovered and then calcined. Nano sized alumina may
be produced having an average diameter in the range from about 0.4 mm to about 1
mm.

[00070] The well treatment agent once released (desorbed) from the calcined oxide
may then flow into the environs once a fissure(s) is created in the coating. In some
instances, the well treatment agent is released from the calcined oxide after a fissure is
formed in the coating. In such instances, the well treatment agent flows into the
environs after a fissure appears in the coating layer.

[00071] The composite may further be composed of a well treatment agent and a
calcined metal oxide, such as those disclosed in U.S. Patent No. 9,029,300. Such
composites include those where a well treatment agent is adsorbed onto a nano-sized
calcined porous substrate of high surface area.

[00072] In another embodiment, the support of the composite may be prepared by
mixing a clay (such as bentonite or bauxite) or a metal oxide of high surface area with
a pore generating component such as an organic compound or a component capable of
releasing carbon dioxide (such as calcium carbonate), and then pelletizing. The pellets
may then be sintered. The release of carbon dioxide during sintering enhances the

porosity of the sintered product. In another embodiment, the mixture may be sprayed
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onto a proppant such as sand, aluminosilicate or ceramic and then dried and exposed to
higher temperature to generate porosity.

[00073] The well treatment agent is preferably water soluble, hydrocarbon soluble
or both water and hydrocarbon soluble.

[00074] In a preferred embodiment, the well treatment agent may be at least one
member selected from the group consisting of demulsifying agents (both water-in-oil
or oil-in-water), corrosion inhibitors, scale inhibitors, salt inhibitors, paraffin inhibitors,
gas hydrate inhibitors, salt formation inhibitors, asphaltene dispersants, foaming agents,
oxygen scavengers, hydrogen sulfide scavengers, water soluble tracers, oil soluble
tracers, biocides and surfactants as well as other agents wherein slow release into the
production well is desired.

[00075] The well treatment agent may be a solid or liquid. In an embodiment, where
the well treatment agent is a solid, it can be dissolved in a suitable solvent, thus making
it a liquid. Where the well treatment agent is a solid, the well treatment agent may
remain intact on the solid adsorbent until the flow of a solubilizing liquid. For instance,
where the well treatment agent is an inhibitor for scales, corrosion, salts or biocidal
action, the treatment agent may solubilize (desorbed from the adsorbent) into produced
water. In the absence of water flow, the well treatment agent may remain intact on the
solid adsorbent. As another example, solid inhibitors for paraffin or asphaltene
solubilize into the hydrocarbon phase of produced fluid.

[00076] In a preferred embodiment, the coated composite described herein
effectively inhibits, controls, prevents or treats the formation of inorganic scale
formations being deposited in the formation and wellbore as well as in tubulars,
conduits, etc. The coated composites described herein are particularly efficacious in
the treatment of scales of calcium, barium, magnesium salts and the like, including
barium sulfate, calcium sulfate, and calcium carbonate scales. The coated composites
may further have applicability in the treatment of other inorganic scales, such as zinc
sulfide, iron sulfide, etc.

[00077]  Suitable scale inhibitors are anionic scale inhibitors.

[00078] Preferred scale inhibitors include strong acidic materials such as a
phosphonic acid, a phosphoric acid or a phosphorous acid, phosphate esters,
phosphonate/phosphonic acids, the various aminopoly carboxylic acids, chelating

agents, and polymeric inhibitors and salts thereof. Included are organo phosphonates,
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organo phosphates and phosphate esters as well as the corresponding acids and salts
thereof.

[00079]  Phosphonate/phosphonic acid type scale inhibitors are often preferred in
light of their effectiveness to control scales at relatively low concentration. Polymeric
scale inhibitors, such as polyacrylamides, salts of acrylamido-methyl propane
sulfonate/acrylic acid copolymer (AMPS/AA), phosphinated maleic copolymer
(PHOS/MA) or sodium salt of polymaleic acid/acrylic acid/acrylamido-methyl propane
sulfonate terpolymers (PMA/AMPS), are also effective scale inhibitors. Sodium salts
are preferred.

[00080]  Further useful, especially for brines, are chelating agents, including
diethylenetriaminepentamethylene phosphonic acid and ethylenediaminetetra acetic
acid.

[00081]  Suitable salt inhibitors include any of the fructans or fructan derivatives,
such as inulin and inulin derivatives, as disclosed in U.S. Patent Publication No.
2009/0325825, herein incorporated by reference.

[00082] Exemplary of the demulsifying agents that are useful include, but are not
limited to, condensation polymers of alkylene oxides and glycols, such as ethylene
oxide and propylene oxide condensation polymers of di-propylene glycol as well as
trimethylol propane; and alkyl substituted phenol formaldehyde resins, bis-phenyl
diepoxides, and esters and diesters of the such di-functional products. Especially
preferred as non-ionic demulsifiers are oxyalkylated phenol formaldehyde resins,
oxyalkylated amines and polyamines, di-epoxidized oxyalkylated polyethers, etc.
Suitable oil-in-water demulsifiers include poly triethanolamine methyl chloride
quaternary, melamine acid colloid, aminomethylated polyacrylamide etc.

[00083] Exemplary paraffin inhibitors include ethylene/vinyl acetate copolymers,
acrylates (such as polyacrylate esters and methacrylate esters of fatty alcohols), and
olefin/maleic esters.

[00084] Exemplary corrosion inhibitors useful herein include but are not limited to
fatty imidazolines, alkyl pyridines, alkyl pyridine quaternaries, fatty amine quaternaries
and phosphate salts of fatty imidazolines.

[00085]  Gas hydrate treating chemicals or inhibitors that are useful include but are
not limited to polymers and homopolymers and copolymers of vinyl pyrrolidone, vinyl

caprolactam and amine based hydrate inhibitors such as those disclosed in U.S. Patent
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Publication Nos. 2006/0223713 and 2009/0325823, both of which are herein
incorporated by reference.

[00086] Exemplary asphaltene treating chemicals include but are not limited to fatty
ester homopolymers and copolymers (such as fatty esters of acrylic and methacrylic
acid polymers and copolymers) and sorbitan monooleate.

[00087]  Suitable foaming agents include, but are not limited to, oxyalkylated sulfates
or ethoxylated alcohol sulfates, or mixtures thereof.

[00088] Exemplary surfactants include cationic, amphoteric, anionic and nonionic
surfactants. Included as cationic surfactants are those containing a quaternary
ammonium moiety (such as a linear quaternary amine, a benzyl quaternary amine or a
quaternary ammonium halide), a quaternary sulfonium moiety or a quaternary
phosphonium moiety or mixtures thereof. Suitable surfactants containing a quaternary
group include quaternary ammonium halide or quaternary amine, such as quaternary
ammonium chloride or a quaternary ammonium bromide. Included as amphoteric
surfactants are glycinates, amphoacetates, propionates, betaines and mixtures thereof.
The cationic or amphoteric surfactant may have a hydrophobic tail (which may be
saturated or unsaturated) such as a C12-C18 carbon chain length. Further, the
hydrophobic tail may be obtained from a natural oil from plants such as one or more of
coconut oil, rapeseed oil and palm oil.

[00089] Preferred surfactants include N,N,N trimethyl-1-octadecammonium
chloride: N,N,N trimethyl-1-hexadecammonium chloride; and N,N,N trimethyl-1-
soyaammonium chloride, and mixtures thereof. Suitable anionic surfactants are
sulfonates (like sodium xylene sulfonate and sodium naphthalene sulfonate),
phosphonates, ethoxysulfates and mixtures thereof.

[00090] Exemplary oxygen scavengers include triazines, maleimides,
formaldehydes, amines, carboxamides, alkylcarboxyl-azo compounds cumine-
peroxide compounds morpholino and amino derivatives morpholine and piperazine
derivatives, amine oxides, alkanolamines, aliphatic and aromatic polyamines.

[00091] The hydrogen sulfide scavenger may be an oxidant, such as an inorganic
peroxide, e.g. sodium peroxide, or chlorine dioxide, or an aldehyde, e.g. of 1 to 10
carbons such as formaldehyde or glutaraldehyde or (meth)acrolein or an amine based
scavenger, such as a triazine or a hexamine.

[00092] The well treatment agent may also be a tracer which are hydrocarbon soluble

and/or water soluble tracer. Coated composites containing tracers may be used to
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monitor the reservoir. As produced fluid passes through or circulates in the well, the
tracer released from the support slowly dissolves over a generally constant rate over an
extended period of time in the water or hydrocarbons which are contained in the
formation and/or well. The coated composites thus provide a continuous supply of the
tracer into the targeted area. Gradual dissolution of the tracers insures that they are
available to produced fluids for extended periods of time.

[00093]  Suitable tracers include dyes (such as phenoxazone dyes, fluroescein,
pyridinium betaines dyes, solvatochromatic dyes, Oregon Green, Cascade Blue, Lucifer
yellow, Auramine O, tetramethylrhodamine, pysranine, sulforhodamines,
hydroxycoumarins; polysulfonated pyrenes; cyanines, hydroxylamines, neutral red,
acridine orange; acids (such as picric acid and salicylic acid) or salts thereof; ionizable
compounds (such as those which provide ammonium, boron, chromate, etc., ions); and
radioactive materials (such as krypton-85); isotopes; genetically or biologically coded
materials; microorganisms; minerals; and high molecular weight synthetic and natural
compounds and polymers (such as oligonucleotides, perfluorinated hydrocarbons like
perfluoro butane, perfluoro methyl cyclopentane and perfluoro methyl cyclohexane).
[00094]  The tracer may also be a chelate, such as ethylene diamine tetra acetic acid
(EDTA)) or a salt thereof. U.S. Patent No. 4,264,329, herein incorporated by reference,
discloses acceptable metal chelates formed by reacting aryl substituted ethylene
diamine tetra acetic acid and a metal ion selected from the consisting of lead, cadmium
and zinc. Such chelates react with fluorogenic agents, such as fluorescamine and o-
phthalaldehyde. Fluorescence spectroscopy is then used to detect the chelate.

[00095]  The tracer may also include carbon quantum dots which may be detected by
a wide variety of methods, such as those disclosed in U.S. Patent 10,280,737

[00096] In an embodiment, any of the well treatment agents referenced may further
be tagged with a tracer (such as those referenced above). When the well treatment agent
is tagged, the taggant may or may not be immobilized into the interstitial spaces of the
support. Where the well treatment agent is tagged, the taggant joined with the well
treatment agent to form the tagged well treatment agent must be compatible with fluids
naturally present in the reservoir and within the rock itself as well as be compatible with
the fluids injected into the reservoir as part of the formation treatment. (The term
“joined” shall refer to the union of the taggant and well treatment agent to form a single
particulate and shall include, but not be limited to, the bonding or complexing of the

taggant onto the well treatment agent.) Typically, the particle size of the taggant is
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between from about 0.001 microns to about 100 microns. In some instances, the particle
size of the taggant is less than or equal to 0.05 microns. The amount of taggant in the
tagged well treatment agent is normally from about 1 to 50 weight percent, preferably
from about 1 to about 10 weight percent.

[00097] In an embodiment, the well treatment agent(s) of the coated composite may
be surface treated to render it more hydrophobic and/or oleophobic upon being released
from the support and into the environs through the fissure(s) of the coating of the
composite. For instance, hydrophobicity and/or oleophobicity of the well treatment
agent may be enhanced by attaching a surface modifying agent comprising a fluorine
containing moiety, organo-silicon containing moiety or both a fluorine containing
moiety and an organo-silicon containing moiety onto the surface of the well treatment
agent(s). [As used herein, “attaching” shall include, but not be limited to, adhering,
grafting, bonding (including covalently bonding) or otherwise linking the hydrophobic
and/or oleophobic moiety to the surface of the well treatment agent(s) or to the coating
of the coated composite containing the well treatment agent(s). ]

[00098]  Further, hydrophobicity and/or oleophobicity may be imparted to the well
treatment agent(s) by attaching to the surface of the well treatment agent(s) a carboxyl,
hydroxyl, amino, imino, amido, thio or phosphonic acid radical, cyano, sulfonate,
carbonate or a mixture thereof

[00099] In an embodiment, the hydrophobicity and/or oleophobicity of the well
treatment agent(s) immobilized on or within the support of the composite may be
modified by soaking the well treatment agent in a bath containing the surface modifying
agent and then drying the modified well treatment agent. Alternatively, the well
treatment agent may be rendered hydrophobic and/or oleophobic by first adsorbing the
well treatment agent onto or within the support of the composite and then subjecting
the composite to heat.

[000100] In an embodiment, the organo-silicon containing moiety may be attached
onto the surface of the well treatment agent(s) by reacting the well treatment agent(s)
with a silane, polysiloxane or a polysilazane.

[000101] Examples of organo-silicon containing materials are those having the

formula R'4xSiAx or (R!3Si)B as well as organo(poly)siloxanes and
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organo(poly)silazanes containing units of the formula:

R! RIR®

+— SiO —— or Si-N

R R

where R! may be the same or different and is a hydrocarbon radical containing from 1
to 100, such as 1 to 20 carbon atoms and 1 to 12, preferably 1 to 6 carbon atoms and R’
may be hydrogen or a hydrocarbon or substituted hydrocarbon having 1 to 12,
preferably 1 to 6 carbon atoms. In addition, R! may be a substituted, hydrocarbon
radical such as halo, particularly a fluoro-substituted hydrocarbon radical. The
organo(poly)siloxane may further contain additional units of the formula: R%>SiO»
where R is a halogen such as a chloro or fluoro substituent.

[000102] In an embodiment, the organo-silicon containing compound may be an
organo(poly)siloxane or organo(poly)silazane of a number average molecular weight
of at least 400, usually between 1000 and 5,000,000.

[000103] The substituent A in R'4xSiAx may be hydrogen, a halogen such as chloride,
OH, OR? or

O-CR?
e}

wherein B in the above structural formula may be NR%*., R? a hydrocarbon or
substituted hydrocarbon radical containing from 1 to 12, typically 1 to 4 carbon atoms.
R? is hydrogen or has the same meaning as R! and xis 1,2 or 3, y is 1 or 2.

[000104] Preferably, R! is a fluoro-substituted hydrocarbon. Preferred are such

fluoro-substituted hydrocarbons are those of the structure:

— HEME)®), ——

Y
where Y is F or CoFonsi; mis 4 to 20 and nis 1 to 6; R is alkyl containing from 1 to 4
carbon atoms and p is O to 18. Also, fluoro-substituted hydrocarbons may be of the

structure:

G A(CF-CFy O)p (CF-CH,-O)(CH),

v Y
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where A is an oxygen radical or a chemical bond; nis 1 to 6, y is F or CyF2q; b is at
least 1, such as 2 to 10; mis O to 6 and pis 0 to 18.

[000105] Preferred organo-silicon materials include halogenated siloxanes,
halogenated alkoxysiloxanes such as perfluoroalkoxysiloxane (PFOSi), alkoxy
halogenated alkoxysilanes, such as alkoxy-perfluoroalkoxysilane;
alkoxyacetylacetonate halogenated polysiloxanes, such as alkoxyacetylacetonate-
perfluoroalkoxysiloxane, alkoxy-alkylsilylhalides; polyalkylsiloxanes, such as
polydimethylsiloxanes, and alkoxyacetylacetonate-polyalkylsiloxanes, such as
alkoxyacetylacetonate (acac) polydimethylsiloxanes.

[000106] In an embodiment, the fluorinated hydrocarbon is Re-(CH2),-X where Ry is
a perfluorinated hydrocarbon group including an oxygen substituted hydrocarbon
group, such as a perfluorinated alkyl group or a perfluorinated alkylene ether group and
p is O to 18, preferably 0-4, and X is a polar group such as a is carboxyl, like of the
structure «(C=0)-OR; and R is hydrogen, perfluoroalkyl, alkyl or substituted alkyl
containing from 1 to 50 carbon atoms.

[000107] Examples of perfluoroalkyl groups are those of the structure F-(CFY-CF2)n
where Y is F or CoFonv;mis 4 to 20 and nis 1 to 6.

[000108] Examples of perfluoroalkylene ether groups are those of the structure:

G A(CF-CFy O)p (CF-CH,-O)(CH),

¥ Y
where A is an oxygen radical or a chemical bond; nis 1 to 6, Y is F or CpFa,; bis 2 to
20, mis O to 6, and p is O to 18, preferably 2 to 4 and more preferably 2.

[000109] Preferred fluorinated materials are esters of perfluorinated alcohols such as
the alcohols of the structure F-(CFY-CF2)y-CH2-CH2-OH where Y is F or CpFops1; m
is4to20andnis 1 to 6.

[000110] Further preferred as fluorinated hydrocarbons are perfluorinated
hydrocarbons of the structure Ry-(CH»)p,-X where Ry is a perfluoroalkylene ether group
or a perfluorinated alkyl group such as those described above, p is an integer of from 0
to 18, preferably O to 4, and X is a carboxyl group, preferably a carboxylic ester group
containing from 1 to 50, preferably from 2 to 20 carbon atoms in the alkyl group that is
associated with the ester linkage.

[000111] Further preferred as fluorinated hydrocarbons are perfluorinated
hydrocarbons of the structure Ry-(CH»z)p-Z where Ry and p are as defined above,

preferably Rris a perfluoroalkylene ether group such as those described above, and p is
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from 2 to 4, and Z is a phosphorus acid group. Examples of phosphorus acid groups

o
ROP-OR'’: ROP-OR; and R"-P-OR
o
are: O o
1 I I

where R" is a hydrocarbon or substituted hydrocarbon radical having up to 200, such
as 1 to 30 and 6 to 20 carbons, R” can also include the perfluoroalkyl groups mentioned
above, and R' is H, a metal such as potassium or sodium or an amine or an aliphatic
radical, for example, alkyl including substituted alky] having 1 to 50 carbons, preferably
lower alkyl having 1 to 4 carbons such as methyl or ethyl, or aryl including substituted
aryl having 6 to 50 carbons.

[000112] Preferably, the phosphorus acid is of formula II where R and R' are H.
[000113] In an embodiment, the fluorine containing moiety may be of the formula
Re-(CH2)p- where Rr is a perfluorinated alkyl group or contains a perfluorinated
alkylene ether group and p is 2 to 4, preferably 2. In an embodiment, the fluorine
containing moiety may have a number average molecular weight of less than 2000.
[000114] Examples of perfluorinated groups for the fluorine containing moiety are

those of the structure:

— FECRy),
Y

where Y is F or CyFans; mis 4 to 20 and nis 1 to 6. A preferred oligomeric or

perfluoroalkylene ether group is of the structure:

GiFoni1-A-(CHF-CE-O)p(CX-CHy-0-)(CHy ), -

Y Y
where A is an oxygen radical or a chemical bond such as CFz; nis 1 to 20, preferably

1to 6; Y is H, F, CoHons1 or CoFonii; bis at least 1, preferably 2 to 10, m is O to 50, and
pis 1 to 20.
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[000115] Modification of the well treatment agent(s) of the composite may further
provide reduced surface energy, such that movement of water and other liquids is
facilitated once the well treatment agent is released into the well since the well
treatment agent (upon being released from the coated composite) and into the environs
through the fissure(s) will be repelled.

[000116] In addition to inhibiting or preventing the formation of contaminants within
a formation or wellbore, the composites may be used to inhibit or prevent the formation
of contaminants onto the surface of a conduit in an underground reservoir or a conduit
which extends to or from the underground reservoir. Further, the coated composites
may be used in controlling the release of a well treatment agent into a well or within a
formation or onto the surface of a tubular, conduit, etc. during a well treatment
operation. Such release may be controlled for the life of the coated composite.
[000117] In an embodiment, the coated composite may be transported into the
wellbore, formation, tubular or conduit in a carrier fluid. The carrier fluid could be a
fracturing fluid or acidizing fluid. The well treatment agent may be released into a
targeted area in the well, formation, tubular, conduit, etc. and thus control or inhibit the
formation of contaminants onto such surfaces A continuous supply of the well
treatment agent into the targeted area may be provided as disassociated well treatment
agent enters the environs through the fissure(s) of the coating.

[000118] The coated composite enhances the stability of the pumped fluid. This is
especially evident when the coated composite is a component of a fracturing fluid.
Some well treatment agents are known to adversely affect one or more physical
properties of the pumped fluid when they are prematurely released. For instance, well
treatment agents which are acidic in nature (such as acidic scale inhibitors, like
phosphonic acid), once they are no longer immobilized onto a support or incorporated
into the pores of a porous or high surface area support, may decrease the pH of the
pumped fluid. As an example, a decrease in pH in the pumped fluid has been noted
when an acidic scale inhibitor is desorbed from a high surface area water-insoluble
adsorbent. Such a decrease is minimized or prevented when a coating is applied onto
the composite. The coated composites described herein prevent or mitigate the
premature release of the well treatment agent. This enhances compatibility of the well
treatment agent with the pumped fluid as compared to when the well treatment agent is

pumped into the well uncoated.
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[000119] Suitable carriers include aqueous based systems like brines, such as a
saturated potassium chloride, sodium chloride, zinc bromide, calcium bromide, sodium
brines and mixtures thereof, salt water such as seawater or fresh water. In other
embodiments, the coated composite may be carried into the formation, tubular or
conduit in a liquid hydrocarbon, surfactant or gas, such as nitrogen or carbon dioxide.
The coated composites may further be injected into the formation in liquefied gas, such
as liquefied natural gas or liquefied petroleum gas as well as in foams, such as carbon
dioxide, nitrogen and carbon dioxide/nitrogen. The fluid is preferably aqueous, steam
or gas.

[000120] In an embodiment, the coated composites may be slurried into a brine or
into an aliphatic or aromatic hydrocarbon. A thickener may optionally be added to the
slurry to provide a viscous fluid.  Suitable viscosifiers include clay and clay-like
materials and conventional polysaccharides such as cellulose, starch, and
galactomannan gums as well as polyvinyl alcohols, polyacrylates, polypyrrolidones and
polyacrylamides and mixtures thereof.

[000121] The amount of coated composite present in the composition is typically
between from about 15 ppm to about 100,000 ppm. When the carrier fluid is brine, the
weight percentage of the coated composite in the composition is generally between
from about 0.02 to about 2 weight percent.

[000122] The composition may further contain between from 0 to about 10 weight
percent of an inorganic salt. Suitable inorganic salts include KCI, NaCl, and NH4Cl.
[000123] As stated, the coated composite is particularly applicable for use in a
stimulation operation. When used in a treatment operation employing proppant, the
proppant may have an apparent specific gravity between from about 1.05 to about 4.0.
In an embodiment, the proppant may be be lightweight (having an apparent specific
gravity less than or equal to 2.65, preferably less than or equal to 2.45, more preferably
less than or equal to 2.25, in some cases less than or equal to 2.0, in other cases less
than or equal to 1.75, in other cases less than or equal to 1.5, in still other cases less
than or equal to 1.25 and in other cases less than or equal to about 1.06) as well as
heavier proppants such as those having an apparent specific gravity of 2.65 or greater,
such as sand, alumino, aluminosilicates, ceramics and bauxite.

[000124] In an embodiment, the coated composites may be used in hydraulic
fracturing operations where small fractures have been created or enlarged. For instance,

the coated composites may be used in hydraulic fracturing operations wherein fractures
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have been propped open with proppants having a particle size no greater than 150 pm.
In a preferred embodiment, the coated composites are used in near-wellbore fracturing
operations. This may be particularly be the case in the treatment, inhibition or
prevention of asphaltenes which typically occurs near wellbore due to the drops in
pressure.

[000125] When used in fracturing, the particle size of the coated composite may be
greater than or equal to and in some cases less than or equal to the particle size of the
proppant. The well treatment agent may then be slowly released into the fracture while
or after being solubilized. Such applications are especially useful in the treatment of
secondary, dendritic fractures extending transversely to the trajectory of a primary
fracture. Such fracture patterns are not uncommon in the treatment of low permeability
formations, such as shale. In an embodiment, the well treatment coated composite may
be used in those applications where a primary fracture is formed in the near field around
the wellbore and dendritic fractures extend from the primary fracture far field.
[000126] In addition to their use in hydraulic fracturing, the coated composites may
be included in fluids used in well treating applications near wellbore and may be
directed toward improving wellbore productivity and/or controlling the production of
formation sand. Particular examples include gravel packing as well as in a frac pack
operation.

[000127] Where the coated composite includes a tracer, a well treatment agent, or
where a tracer is tagged onto the well treatment agent, the coated composite may be
used to monitor hydrocarbon production. In an embodiment, the amount of tracer in
the coated composite may be from about 1 to 50 weight percent, preferably from about
14 to about 40 weight percent. In some instances, the amount of tracer in the coated
composite may be as low as 1 ppm. The minimum amount of tracer in the fracturing
fluid is that amount sufficient to permit detection within the produced fluid.

[000128] Since the tracers may be detected in recovered produced fluids, the method
described herein does not require downhole equipment for detection. Typically, fluids
transported out of the well are evaluated and the tracer(s) which dissociates from the
composite and into the well through the fissure(s) are identified on the fly or at a
location distant from the wellbore.

[000129] Monitoring of the tracers within fluids may be by visual inspection,
chemical analysis, standard spectroscopy methods such as infrared, ultraviolet and mass

spectroscopy, spectrophotometric methods, chromatography (including liquid
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chromatography), ultraviolet light, fluorescence spectroscopy, electrochemical
detection, infrared, radioactive analysis, x-ray analysis, PCR techniques combined with
sequential analysis, electron capture detection or optical fibers. The selected detection
method is based on the properties of the tracer. For instance, where the tracer is an
aromatic compound, the method of detection is preferably by ultraviolet light. Where
the tracer exhibits fluorescence, the detection method may be by fluorescence
spectroscopy.

[000130] In an embodiment, the tracers which are released through the fissure(s) of
the coating may be used to identify fluids produced from the well and in a preferred
embodiment, identify the zone from which the fluid was produced. (The term “zone”
as used herein may refer to separate formations within a well or separate areas within a
single formation within the well.) Fluid pumped into the production well at different
locations may contain coated composites having qualitatively and/or quantitatively
tracers.

[000131] When multiple zones are being fractured within the wellbore, coated
composites may be introduced into different zones wherein the tracer of the composite
(or the tracer tagged onto the well treatment agent) is distinguishable by being
qualitatively (and/or quantitatively) detectable. The distinguishable tracers are selected
such that the tracer of a composite pumped into one zone is unable to mask the
characteristics of a tracer of a composite pumped into another zone when released into
the environs through the fissure(s) on the coating. The zone within the formation from
which recovered fluid is produced may be identified from the tracer in the recovered
fluid. Further, the amount of hydrocarbons produced from one or more of the zones
may be determined.

[000132] Thus, for instance, a first treatment fluid having a coated composite of a
tracer immobilized onto or within the support may be introduced into a first zone of a
formation. A second treatment fluid having coated composites comprising qualitatively
and/or quantitatively distinguishable and immobilized tracers from the fluid introduced
into the first zone may be introduced into a second zone of a formation. The zone from
which the fluid is produced may be determined by identifying the tracer which is
released into the produced fluid . (It is understood that the terms “first” and “second”
need not be sequential and only denote the order of addition of the fluids into the
formation or the order of addition of zones treated in a formation. In other words, the

first zone is merely penultimate to the second zone. Thus, for example, the “first zone”
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may refer to a third zone of a multi-zone formation and the “second zone” may refer to
a sixth zone of a multi-zone formation; the “first treatment fluid” may be a fourth
treatment fluid introduced while the “second treatment fluid” may be the eighth
treatment fluid introduced.)

[000133] In addition to monitoring different zones in hydrocarbon production wells
and determining the zone in which hydrocarbons have been produced from the
formation, the coated composites may also be used to monitor produced water (such as
zinc containing water), oil and gas for flow assurance and for maintaining regulatory
compliance. The ability to analyze the fluids on-site, quickly and frequently, further
assists operators to detect flow assurance, asset integrity and process problems early
enabling them to take preventative action to minimize the risks of production loss and
to adapt the treatment operation.

[000134] The coated composites may also be used to sweep a production well in an
enhanced oil recovery (EOR) operation, such as flooding. Coated composites may be
introduced into injection fluid and the injection fluid introduced into the formation. The
injection fluid may be introduced by being pumped into one or more injection wells.
Typically, the coated composites are soluble in the injection fluid.

[000135] The detection of the well treatment agent released from the coated
composites in fluids produced from the production well is indicative that the sweep,
i.e., removal of the oil from pore spaces within the formation, has been completed.
[000136] Further, tracers of coated composites may also be used to determine sites of
flowback water and produced water as well as for detection or early warning of
phenomena such as water breakthrough.

[000137] In yet other embodiments, the coated composites may be used as a tracer to
determine fluid flow paths through the subterranean formation and into produced fluids.
For instance, the coated composites may be introduced into an injection fluids during
at least one of water flooding, steam assisted gravity drainage, steam flooding, cyclic
steam stimulation, or other enhanced oil recovery stimulation processes.

[000138] In an embodiment, different coated composites having tracers which
distinguishable from each other may be introduced in an aqueous fluid into different
injection wells. Fluids produced from the well may be analyzed to determine if water
breakthrough has occurred in the production well. By using coated composites having

different tracers, the injection well from which the water in the breakthrough water was

29



WO 2021/086752 PCT/US2020/057096

pumped may be determined by optical spectroscopy. The injection well, into which the
water in the breakthrough water has been determined to have been initially introduced,
can be shut off. Thus, the coated composites can be used to optimize enhancement of
hydrocarbons during secondary recovery operations by shutting down the injection well
feeding into the formation into which sweep efficiency has been maximized. Thus, the
flow of water from the injection well into that portion of the formation having been
completely swept may be terminated.

[000139] In an embodiment, the coated composites may be introduced into an
aqueous fluid which is then introduced into injection wells. The aqueous fluid
introduced into each of the injection wells contains a composite having a qualitatively
distinguishable tracer as well treatment agent. The aqueous fluid serves to maintain
pressure in the hydrocarbon-bearing reservoir. The pressure is maintained above the
bubble point. Should tracers be detected in produced fluid from the production well,
the operator would know to take remedial action and shut down the injection well from
which the tracers had originally been introduced. The injection well, once shut down,

may be repaired to prevent further flow of aqueous fluid into the production well.

EXAMPLES

[000140] All percentages set forth in the Examples are given in terms of volume units

except as may otherwise be indicated.

[000141] Example 1. Asphaltene destabilization. A crude oil (Crude Oil #1)
containing 8.42% asphaltene content was analyzed. Table I shows the results of the
asphaltene inhibitor screening using the destabilization testing for untreated crude and
crude oil treated with (50 ppm) of an asphaltene inhibitor (Al), commercially available

as FlowSolve 150 from Croda Oil & Gas.

Table I
Chemical % Asphaltene Precipitation at 15min
Crude Oil #1 Untreated 29%
Al Trace

30



WO 2021/086752 PCT/US2020/057096

The untreated blank sample immediately began to precipitate and after 15 minutes had
precipitated 29% while the treated crude oil show no precipitation.

[000142] Table II shows results of several columns prepared using a mixture of an
alumina oxide proppant (90 wt.%) and 10 wt.% of solid particles containing uncoated
composite or coated (epoxy resin) composite or composite after applying stress. The
substrate of the composite was calcined aluminosilicate and the well treatment agent
was the asphaltene inhibitor. Untreated crude oil was flowed through the column and
the effluent samples were collected 60 mLs (5 pore volumes) at a time. The column
was maintained at 60 °C for the length of the experiment in a water bath. The efficiency
of the treatment was monitored using the asphaltene destabilization testing. Table II
shows the percentage of asphaltene deposition of the samples with the corresponding

pore volumes 10, 20, 30, 40, etc.

Table 11
10% Slow 4% coated Slow 4% coated Slow
Chemical Release inhibitor | Release inhibitor | Release inhibitor
20/40 20/40 20/40 stress SKpsi

Untreated 29 29 29

10 PV 0 0 0

20 PV Trace 0 0

30 PV 1 25

40 PV 4 trace

50 PV 8 17

60 PV 25 21

[000143] Example 2. The same testing method of Example 1 was repeated. A crude

oil (Crude Oil #2) containing 2% asphaltene content was analyzed. Table III shows the
results of the asphaltene inhibitor screening using the destabilization testing for
untreated crude and crude oil treated with (50 ppm) of an asphaltene inhibitor (Al),

commercially available as FlowSolve 150 from Croda Oil & Gas.
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Table II1
Chemical % Asphaltene Precipitation at 15min
Crude Oil #2 Untreated 17%
Al Trace

[000144]

Table IV compares the results of columns prepared using uncoated and

coated samples. For uncoated samples, 60 pore volumes were collected before the

asphaltene precipitated and packed similar to the untreated blank sample.

Table IV
Pore 10% Al 4 wt % 9wt % 4 wt % Co'ated 9wt % C(?ated
Volume 20/40 Coateq Coateq Composite composite
Composite | Composite 20/40 20/40 stress
20/40 20/40 stress SKpsi SKpsi
Blank 17% 17% 17% 17% 17%
4 0% 17% 17% 0% 3%
8 0% 17% 17% 2% 8%
12 0% 17% 17% 0% 7%
16 0% 17% 17% 0% 0%
20 0% 17% 17% 0% 3%
24 0% 17% 17% 0% 5%
28 0% 17% 17% 0% 7%
32 0% 17% 0% 7%
36 0% 17% 0% 7%
40 0% trace 7%
44 0% trace 7%
48 0% trace 8%
52 0% trace 8%
56 0% trace 8%
60 trace 3% 8%
64 trace 3% 17%
68 trace 3%
72 flock 3%
76 flock 5%
80 flock 5%
84 flock 5%
88 flock 8%
92 flock 8%
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4 wt % 9wt % 4 wt % Coated |9 wt % Coated
Pore 10% Al Coated Coated Composite composite
Volume 20/40 Composite | Composite 20/40 20/40 stress
20/40 20/40 stress SKpsi SKpsi
96 Flock 8%
100 Flock

[000145] In the case of 4% coated samples, untreated crude oil was flowed through
the column and the effluent samples were collected 48 mLs at a time. Thirty six pore
volumes were collected however, all asphaltenes deposited similar to the untreated
blank sample. No inhibition was observed, demonstrating that the 4% coating delayed
the release of the asphaltene inhibitor. Table IV shows the percentage of asphaltene
deposition of the samples with the corresponding pore volumes 4, 8, 12, 16, etc. FIG.
1 shows the asphaltene deposition test of the effluent samples after 24 hours.

[000146] The 4% coated was mixed with proppant a 90/10 ratio then exposed to 5
kpsi stress for 10 minutes. The mixture was used in a column test. One hundred pore
volumes were collected without asphaltenes depositing similar to the untreated blank
sample. This demonstrates that after the applied stress, the asphaltene inhibitor was
efficiently released and inhibited the asphaltenes from deposition. Table IV shows the
percentage of asphaltene deposition of the samples with the corresponding pore
volumes 4, 8, 12, 16, etc.

[000147] Example 3. A column was prepared using a 9 wt. % coated composite
sample. Twenty eight pore volumes were collected however asphaltenes deposited
similar to the untreated blank sample. No inhibition was observed. This demonstrated
that the 9% coating delayed the release of the asphaltene inhibitor. Table III shows the
percentage of asphaltene deposition of the samples with the corresponding pore
volumes 4, 8, 12, 16, etc.

[000148] A sample made of 90% proppant and 10% (w/w) of the 9 wt. % coated
composite was exposed to 5 kpsi stress for 10 minutes. When the mixture was used in
a column test and crude oil #1 flown through, eighty pore volumes were collected
before the asphaltenes depositing similar to the untreated blank sample. This
demonstrates that after the applied stress, the asphaltene inhibitor is partially released
leading to the conclusion that a higher stress is needed to completely release the
inhibitor. It also means that the 9% coated particles are releasing the inhibitor slower

at 5 kpsi than the 4% coated particles. Table II further illustrates that the lifetime of a
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well may be extended by using the coated composite in conjunction with the uncoated
composite.

[000149] Example 4. Asphaltene destabilization. A crude oil (Crude Oil #1) having
an asphaltene content of 8.42% was analyzed. Table IV shows the results of asphaltene
inhibitor screening using the destabilization testing for untreated crude and crude oil

treated with 50 ppm of the Al of Example 1.

Table IV
Chemical % Asphaltene Precipitation at 15min
Crude Oil #2 Untreated 29%
Al trace

[000150] The column of the alumina oxide proppant (90 wt.% and 10 wt. % of the
solid particles was then prepared. The substrate of the composite was calcined
aluminosilicate and the well treatment agent was the asphaltene inhibitor. Untreated
Crude Oil # 1 was then flowed through the column and effluent samples were collected
120mLs (10 pore volumes) at a time. FIG. 2 shows the Solid Inhibitor 1 and Solid
Inhibitor 2 versus untreated crude oil wherein:

[000151] Solid Inhibitor 1 showed at 80 pore volumes asphaltene inhibition of the
dispersion was 100% compared to the untreated oil.

[000152] Solid Inhibitor 2 showed at 10 pore volumes only a small amount of
inhibitor was released and by 20 pore volumes there was no inhibition. After release
was triggered, Solid Asphaltene Inhibitor 2 showed 100% inhibition of asphaltenes at
80 pore volumes. This demonstrates that until the release mechanism is triggered, the
asphaltene inhibitor does not release.

[000153] Since the composite containing the asphaltene inhibitor was to be delivered
into the formation with the fracturing fluid, compatibility with the fracturing fluid to
ensure no negative impact on fluid rheology was evaluated. FIG. 3 shows the rheology
of the fracturing fluid exposed to the composite compared to the control fluid have no
exposure to the composite. As can be seen the interaction with the crosslinked gel
performance is negligible at 1,300 pounds per thousand gallon (pptg) of solid inhibitor
applied.
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[000154] Since a fines control additive was incorporated into the fracturing fluid on
two of the zones completed, rheology tests were performed to determine if any impact
could be observed. FIG. 4 shows the rheology of the optimized frac fluid containing
breaker with the addition of the fines control additive and a coated composite for
comparison.

[000155] FIGs. 3 and 4 confirm that the composite is compatible with the fracturing
fluid and can be easily applied and optimized as necessary. Based on these results, a
large amount of the composite may be applied during the fracturing operations without
limitation due to frac fluid compatibility. This allows for sufficient placement of the
coated composite for extending protection and treatment life.

[000156] The Examples demonstrate slow release of the well treatment agent
throughout the proppant pack without affecting conductivity. This provides enhanced
protection from formation damage in areas beyond traditional squeezes. Slow release
of the well treatment agent can delay the precipitation of contaminants as the wells are
being produced. With the delay mechanism, the release of the well treatment agent can
be further postponed to release later in the life of the well.

[000157] The methods that may be described above or claimed herein and any other
methods which may fall within the scope of the appended claims can be performed in
any desired suitable order and are not necessarily limited to any sequence described
herein or as may be listed in the appended claims. Further, the methods of the present
disclosure do not necessarily require use of the particular embodiments shown and
described herein, but are equally applicable with any other suitable structure, form and
configuration of components.

[000158] Embodiment 1. A method of controlling release of a well treatment agent
into a well, into a conduit extending to or from a well, or onto the surface of a
subterranean formation penetrated by a well, the method comprising:

(a) pumping into the well a composite comprising the well treatment agent
immobilized onto a surface of a support or into the pores of a porous support, wherein
at least a portion of the surface of the composite is coated with an organic polymer or
inorganic material; and

b) inhibiting or controlling the formation of contaminants within the well
by slowly releasing the immobilized well treatment agent from the support into the well

through fissures of the coating.
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[000159] Embodiment 2. A method of controlling the rate of release of a well
treatment agent into a well or onto the surface of a subterranean formation penetrated
by a well during a stimulation or sand control operation, the method comprising
pumping into the well particulates capable of withstanding pressures of at least 1,000
psi and a composite comprising the well treatment agent immobilized onto a surface of
a support or into the pores of a porous support, wherein at least a portion of the surface
of the composite is coated with one organic polymer or inorganic material; and
releasing the well treatment agent into the subterranean formation through fissures of
the coating.

[000160] Embodiment 3. A method of stimulating a subterranean formation
penetrated by a wellbore comprising:

(a) pumping under pressure a composite comprising a well treatment agent
immobilized onto a surface of a support or into the pores of a porous support into the
wellbore wherein at least a portion of the surface of the composite is coated with an
organic polymer or inorganic material;

b) transporting the composite into an enlarged or created fracture in the
formation;

© producing hydrocarbon fluids from the enlarged or created fracture;

(d) applying stress to the composite and creating fissures in the coated
organic polymer or inorganic material;

(e releasing the well treatment agent from the support through the created
fissures in the coating; and

@ inhibiting or minimizing formation of contaminants in the wellbore with
the released well treatment agent.

[000161] Embodiment 4. The method of embodiment 3, wherein the subterranean
formation is stimulated by slickwater fracturing, hydraulic fracturing, acid fracturing or
frac packing.

[000162] Embodiment 5. The method of embodiment 4, wherein the subterranean
formation is stimulated by slickwater fracturing.

[000163] Embodiment 6. The method of any of embodiments 1 to 4, wherein the
composite is pumped in a fluid, the fluid further comprising a proppant.

[000164] Embodiment 7. A method of fracturing a subterranean formation penetrated

by a wellbore comprising:
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(a) pumping into the wellbore under pressure a fluid comprising (i)
proppant and (ii) a composite comprising a well treatment agent immobilized onto a
surface of a support or into the pores of a porous support, wherein at least a portion of
the surface of the composite is coated with an organic polymer or inorganic material;

b) transporting the proppant and composite into an enlarged or created
fracture in the formation;

© producing hydrocarbon fluids from the enlarged or created fracture;

(d) applying stress to the proppant and composite creating fissures in the
coated organic polymer or inorganic material;

(e releasing the well treatment agent from the support through the created
fissures in the coating while the created or enlarged fracture remains open with the
proppant, the fissures in the coating being the resultant of pressure applied onto the
composite; and

@ inhibiting or minimizing formation of contaminants in the wellbore with
the released well treatment agent.

[000165] Embodiment 8. The method of any of embodiments 3 to 7, wherein multiple
zones of the subterranean formation are subjected to fracturing and wherein the well
treatment agent of the composite introduced into two or more of the zones is either (i)
a tracer or (ii) tagged with a tracer and wherein the tracer of the composites are
qualitatively distinguishable.

[000166] Embodiment 9. The method of embodiment 8, further comprising
monitoring the amount of hydrocarbons produced from each of the multiple productive
zones by quantitatively detecting the amount of tracer in the produced fluid.

[000167] Embodiment 10. The method of any of embodiments 1 to 9, wherein the
well treatment agent is not released from the composite through the fissures until a pre-
determined stress is reached.

[000168] Embodiment 11. A method of controlling the rate of release of a
hydrocarbon soluble, water soluble or both hydrocarbon and water soluble well
treatment agent into a dendritic fracture extending from a primary fracture during a
hydraulic fracturing operation, the method comprising:

(a) pumping into near field primary fractures and far field secondary
fractures propped open with a proppant a composite comprising the well treatment

agent immobilized onto a surface of a support or into the pores of a porous support,
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wherein at least a portion of the surface of the composite is coated with an organic
polymer or inorganic material; and

b) releasing from the composite the well treatment agent through fissures
created in the coating.
[000169] Embodiment 12. The method of embodiment 11, wherein the particle size
of the coated composite is less than the transverse dimension of the dendritic fracture
extending from a primary fracture.
[000170] Embodiment 13. The method of any of embodiments 6 to 12, wherein the
apparent specific gravity of the proppant is from about 1.06 to about 4.0.
[000171] Embodiment 14. The method of any of embodiments 1 to 13, wherein at
least 2,000 psi is applied onto the coated composite.
[000172] Embodiment 15. The method of embodiment 14, wherein at least 6,000 psi
is applied onto the coated composite.
[000173] Embodiment 16. The method of embodiment 15, wherein at least 8,000 psi
is applied onto the coated composite.
[000174] Embodiment 17. The method of embodiment 16, wherein at least 10,000
psi is applied onto the coated composite.
[000175] Embodiment 18. The method of embodiment 17, wherein at least 12,000
psi is applied onto the coated composite.
[000176] Embodiment 19. The method of embodiment 18, wherein at least 15,000
psi is applied onto the coated composite.
[000177] Embodiment 20. The method of embodiment 19, wherein at least 20,000
psi is applied onto the coated composite.
[000178] Embodiment 21. The method of any of embodiments 1 to 20, wherein the
surface of the well treatment agent immobilized onto the surface of the support or into
the pores of the porous support is hydrophobic and/or oleophobic.
[000179] Embodiment 22. The method of embodiment 21, wherein the surface of the
well treatment agent is with a fluorine containing moiety, organo-silicon containing
moiety or both a fluorine containing moiety and an organo-silicon containing moiety.
[000180] Embodiment 23. The method of embodiment 22, wherein the organo-
silicon containing moiety is a silane, polysiloxane or a polysilazane.
[000181] Embodiment 24. The method of embodiment 22, wherein the fluorine
containing moiety is Ry-(CH»)p-X where Ry is a perfluorinated hydrocarbon group and

pisOto 18.
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[000182] Embodiment 25. The method of embodiment 22, wherein the fluorine
containing moiety is of the structure:

CHFZH—A—(CF—(FZ-O)b'(CF'(HTO')m(CHZ)p

Y Y
where A is an oxygen radical or a chemical bond; nis 1 to 6, Y is F or CpFa,; b is 2 to
20, misOto 6, and pis O to 18.
[000183] Embodiment 26. The method of embodiment 22, wherein the fluorine
containing moiety is a perfluorinated hydrocarbon of the structure R¢-(CHz),-Z where
is a perfluoroalkylene ether group, p is from 2 to 4, and Z is a phosphorus acid group.
[000184] Embodiment 27. The method of any of embodiments 1 to 26, wherein the
well treatment agent is selected from the group consisting of asphaltene inhibitors, scale
inhibitors, corrosion inhibitors, paraffin inhibitors, salt inhibitors, gas hydrate
inhibitors, asphaltene inhibitors, oxygen scavengers, biocides, foaming agent, emulsion
breakers, surfactants, hydrogen sulfide scavengers, water soluble tracers, oil soluble
tracers and mixtures thereof.
[000185] Embodiment 28. The method of embodiment 27, wherein the well treatment
agent is an asphaltene inhibitor, a scale inhibitor or a mixture thereof.
[000186] Embodiment 29. The method of any of embodiments 1 to 28, wherein a
well treatment fluid comprising the coated composite is pumped into the well and
further wherein the amount of coated composite in the well treatment fluid is between
from about 15 ppm to about 100,000 ppm.
[000187] Embodiment 30. The method of any of embodiments 1 to 29, wherein the
lifetime of the coated composite after being introduced into the well or conduit is at
least nine months.
[000188] Embodiment 31. The method of any of embodiments 1 to 30, wherein the
particle size of the coated composite is less than 150 pm.
[000189] Embodiment 32. The method of embodiment 31, wherein the particle size
of the coated composite is less than 100 pm.
[000190] Embodiment 33. The method of embodiment 32, wherein the particle size
of the coated composite is less than 50 pm.
[000191] Embodiment 34. The method of any of embodiments 1 to 33, wherein the

organic polymer is a resin, plastic or sealant.
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[000192] Embodiment 35. The method of embodiment 34, wherein the coating is
selected from the group consisting of phenol formaldehyde resins, melamine
formaldehyde resins, urethane resins, epoxy resins, polyamides, polyethylene,
polystyrene, furan resins and mixtures thereof.
[000193] Embodiment 36. The method of any of embodiments 1 to 35, wherein the
coating is selected from the group consisting of zirconium silicate and zinc silicate.
[000194] Embodiment 37. The method of any of embodiments 1 to 36, wherein the
amount of the well treatment agent in the composite is between from about 0.05 to
about 70 weight percent.
[000195] Embodiment 38. The method of any of embodiments 1 to 37, wherein the
composite comprises the well treatment agent adsorbed onto a water-insoluble
adsorbent.
[000196] Embodiment 39. The method of embodiment 38, wherein the water-
insoluble adsorbent is selected from the group consisting of activated carbon, silica
particulate, precipitated silica, zeolite, diatomaceous earth, ground walnut shells,
fuller's earth, silica, aluminosilicate and alumina.
[000197] Embodiment 40. The method of embodiment 39, wherein the water-
insoluble adsorbent is diatomaceous earth or precipitated silica.
[000198] Embodiment 41. The method of any of embodiments 38 to 40, wherein the
weight ratio of the treatment agent to adsorbent in the composite is between from about
9:1 to about 1:9.
[000199] Embodiment 42. The method of any of embodiments 38 to 41, wherein the
surface area of the adsorbent is between from about 0.5 m*/g to about 1,000 m?/g.
[000200] Embodiment 43. The method of any of embodiments 38 to 42, wherein the
weight ratio of the well treatment agent to adsorbent in the composite is between from
about 9.8:0.2 to about 0.2:9.8.
[000201] Embodiment 44. The method of any of embodiments 1 to 37, wherein the
support is a calcined metal oxide.
[000202] Embodiment 45. The method of embodiment 44, wherein the:

(a) the surface area of the calcined metal oxide is between from about 1
m?/g to about 10 m?/g;

(b) the diameter of the calcined metal oxide is between from about 0.1 to

about 3 mm; and
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(c) the pore volume of the calcined metal oxide is between from about 0.01

to about 0.10 g/cc.
[000203] Embodiment 46. The method of embodiment 44 or 45, wherein the calcined
metal oxide includes alumina, aluminosilicate, zirconium and/or titanium.

[000204] Embodiment 47. The method of embodiment 44 or 45, wherein the calcined

metal oxide further includes silica.
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CLAIMS

What is claimed is:

1. A method of stimulating a subterranean formation penetrated by a
wellbore comprising:

(a) pumping under pressure a composite comprising a well treatment agent
immobilized onto a surface of a support or into the pores of a porous support into the
wellbore wherein at least a portion of the surface of the composite is coated with an
organic polymer or inorganic material;

b) transporting the composite into an enlarged or created fracture in the
formation;

© producing hydrocarbon fluids from the enlarged or created fracture;

(d) applying stress to the composite and creating fissures in the coated
organic polymer or inorganic material;

(e releasing the well treatment agent from the support through the created
fissures in the coating; and

@ inhibiting or minimizing formation of contaminants in the wellbore with
the released well treatment agent.

2. The method of claim 1, wherein the subterranean formation is stimulated
by slickwater fracturing, hydraulic fracturing, acid fracturing or frac packing.

3. The method of any of claims 1, wherein the subterranean formation is
stimulated by hydraulic fracturing and further wherein the well treatment agent of the
composite introduced into two or more of the zones is either (i) a tracer or (ii) tagged
with a tracer and wherein the tracer of the composites are qualitatively distinguishable.

4. The method of claim 1, wherein at least 2,000 psi is applied onto the
coated composite.

5. The method of claim 4, wherein at least 8,000 psi is applied onto the
coated composite.

6. The method of claim 5, wherein at least 12,000 psi is applied onto the
coated composite.

7. The method of claim 1, wherein the surface of the well treatment agent
immobilized onto the surface of the support or into the pores of the porous support is

hydrophobic and/or oleophobic.
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8. The method of claim 1, wherein the well treatment agent is selected from
the group consisting of asphaltene inhibitors, scale inhibitors, corrosion inhibitors,
paraffin inhibitors, salt inhibitors, gas hydrate inhibitors, asphaltene inhibitors, oxygen
scavengers, biocides, foaming agent, emulsion breakers, surfactants, hydrogen sulfide
scavengers, water soluble tracers, oil soluble tracers and mixtures thereof.

9. The method of claim 8, wherein the well treatment agent is an asphaltene

inhibitor, a scale inhibitor or a mixture thereof.

10. The method of claim 1, wherein the organic polymer is a resin, plastic
or sealant.
11. The method of claim 10, wherein the coating is selected from the group

consisting of phenol formaldehyde resins, melamine formaldehyde resins, urethane
resins, epoxy resins, polyamides, polyethylene, polystyrene, furan resins, zirconium
silicate, zinc silicate or mixtures thereof.

12. The method of claim 1, wherein the support of the composite is:

(a) a water-insoluble adsorbent; or

(b) a calcined metal oxide.

13. A method of fracturing a subterranean formation penetrated by a
wellbore comprising:

(a) pumping into the wellbore under pressure a fluid comprising (i)
proppant and (ii) a composite comprising a well treatment agent immobilized onto a
surface of a support or into the pores of a porous support, wherein at least a portion of
the surface of the composite is coated with an organic polymer or inorganic material;

b) transporting the proppant and composite into an enlarged or created
fracture in the formation;

© producing hydrocarbon fluids from the enlarged or created fracture;

(d) applying stress to the proppant and composite creating fissures in the
coated organic polymer or inorganic material;

(e releasing the well treatment agent from the support through the created
fissures in the coating while the created or enlarged fracture remains open with the
proppant, the fissures in the coating being the resultant of pressure applied onto the
composite; and

® inhibiting or minimizing formation of contaminants in the wellbore with

the released well treatment agent.
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14. The method of claim 13 wherein the apparent specific gravity of the
proppant is from about 1.06 to about 4.0.

15. The method of claim 13, wherein at least 8,000 psi is applied onto the
coated composite.

16. The method of claim 15, wherein at least 10,000 psi is applied onto the
coated composite.

17. The method of claim 16, wherein at least 12,000 psi is applied onto the
coated composite.

18. The method of claim 17, wherein at least 15,000 psi is applied onto the
coated composite.

19. The method of claim 13, wherein the well treatment agent is selected
from the group consisting of asphaltene inhibitors, scale inhibitors, corrosion inhibitors,
paraffin inhibitors, salt inhibitors, gas hydrate inhibitors, asphaltene inhibitors, oxygen
scavengers, biocides, foaming agent, emulsion breakers, surfactants, hydrogen sulfide
scavengers, water soluble tracers, oil soluble tracers and mixtures thereof.

20. The method of claim 19, wherein the well treatment agent is an
asphaltene inhibitor, a scale inhibitor or a mixture thereof.

21. The method of claim 13, wherein the organic polymer is selected from
the group consisting of phenol formaldehyde resins, melamine formaldehyde resins,
urethane resins, epoxy resins, polyamides, polyethylene, polystyrene, furan resins,
zirconium silicate, zinc silicate or mixtures thereof.

22. A method of controlling the rate of release of a hydrocarbon soluble,
water soluble or both hydrocarbon and water soluble well treatment agent into a
dendritic fracture extending from a primary fracture during a hydraulic fracturing
operation, the method comprising:

(a) pumping into near field primary fractures and far field secondary
fractures propped open with a proppant a composite comprising the well treatment
agent immobilized onto a surface of a support or into the pores of a porous support,
wherein at least a portion of the surface of the composite is coated with an organic
polymer or inorganic material; and

b) releasing from the composite the well treatment agent through fissures

created in the coating.
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23. The method of claim 22, wherein the particle size of the coated
composite is less than the transverse dimension of the dendritic fracture extending from
a primary fracture.

24. A method of controlling release of a well treatment agent into a well,
into a conduit extending to or from a well, or onto the surface of a subterranean
formation penetrated by a well, the method comprising:

(a) pumping into the well during a well treatment operation a composite
comprising the well treatment agent immobilized onto a surface of a support or into the
pores of a porous support, wherein at least a portion of the surface of the composite is
coated with an organic polymer or inorganic material; and

b) inhibiting or controlling the formation of contaminants within the well
by slowly releasing the immobilized well treatment agent from the support into the well
through fissures of the coating.

25. The method of claim 24, wherein the well treatment operation is a
stimulation or sand control operation and further wherein the composite is capable of

withstanding pressures of at least 1,000 psi.
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