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METHODS TO PREVENT FORMATION DAMAGE FROM FRICTION REDUCERS

BACKGROUND
Field
[0001] This disclosure relates to servicing a wellbore. More specifically, it relates to methods
of preventing formation damage from friction reducers.
Background
[0002] Natural resources such as gas, oil, and water residing in a subterranean formation or
zone are usually recovered by drilling a wellbore down to the subterranean formation while
circulating a drilling fluid in the wellbore. After terminating the circulation of the drilling fluid, a
string of pipe, e.g., casing, is run in the wellbore. The drilling fluid is then usually circulated
downward through the interior of the pipe and upward through the annulus, which is located
between the exterior of the pipe and the walls of the wellbore. Next, primary cementing is
typically performed whereby a cement slurry is placed in the annulus and permitted to set into a
hard mass (i.e., sheath) to thereby attach the string of pipe to the walls of the wellbore and seal the
annulus. Subsequent secondary cementing operations may also be performed.
[0003] Friction reducers are typically included in wellbore servicing fluids during pumping in
order to minimize damage to the formation. Generally, friction reducers comprise aqueous
solutions of a chemical additive which function to alter the fluid rheology by enhancing the
viscosity and lowering the friction. When the chemical additive comprises a polymer, e.g.,
polyacrylamide, the polymer could, over a period of time degrade. For example, degradation of
the polymer may occur by hydrolysis of the polymer resulting in charged compounds that can be
neutralized by the formation of a salt. These salts of polymeric origin tend to form polymer-cation
aggregates in the presence of multivalent cations such as calcium, magnesium, or aluminum.
These polymer-cation aggregates will grow in size over time and can clog surface equipment,
piping, and potentially cause pore closure in downhole formations. Thus, an ongoing need exists
for friction reducers having a reduced tendency to form such aggregates.

SUMMARY

[0004] Disclosed herein is a method of servicing a wellbore comprising placing a wellbore

servicing fluid comprising a modified friction reducer into the wellbore.
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[0005] Also disclosed herein is a modified friction reducer comprising a degradable polymer
having functional degradable moieties, a polymer having a molecular weight of from about SM to
about 30M, a polymer having a PDI of from about 1.0 to about 2.5, a weakly crosslinked polymer,
or combinations thereof.
[0006] The foregoing has outlined rather broadly the features and technical advantages of the
present invention in order that the detailed description of the invention that follows may be better
understood. Additional features and advantages of the invention will be described hereinafter that
form the subject of the claims of the invention. It should be appreciated by those skilled in the art
that the conception and the specific embodiments disclosed may be readily utilized as a basis for
modifying or designing other structures for carrying out the same purposes of the present
invention. It should also be realized by those skilled in the art that such equivalent constructions
do not depart from the spirit and scope of the invention as set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] For a more complete understanding of the present disclosure and the advantages
thereof, reference is now made to the following brief description, taken in connection with the
accompanying drawings and detailed description, wherein like reference numerals represent like
parts.
[0008] Figure 1 is a schematic of various polymerization methods.
[0009] Figure 2 is a schematic of a weakly crosslinked polymer.
[0010] Figure 3 is a plot of the percentage friction reduction as a function of time for the
samples from example 1.
[0011] Figures 4 and 5 are plots of the molecular weight as function of time for the samples
from example 2.
[0012] Figure 6 is a plot of the percentage of friction reduction as a function of time for the
samples from example 3.

DETAILED DESCRIPTION

[0013] It should be understood at the outset that although an illustrative implementation of one
or more embodiments are provided below, the disclosed systems and/or methods may be
implemented using any number of techniques, whether currently known or in existence. The
disclosure should in no way be limited to the illustrative implementations, drawings, and

techniques below, including the exemplary designs and implementations illustrated and described
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herein, but may be modified within the scope of the appended claims along with their full scope of
equivalents.

[0014] Disclosed herein are methods of servicing a wellbore. In an embodiment, the method
comprises placing a wellbore servicing fluid (WSF) comprising a modified friction reducer into a
wellbore. In an embodiment, the modified friction reducer comprises a friction reducer that has
been subjected to one or more techniques such as functional moiety degradation (FMD), overall
concentration reduction (OCR), and/or crosslinking reduction (CR). FMD, OCR, and CR will be
described in more detail later herein. Methods of servicing a wellbore with fluids comprising
modified friction reducers may either reduce or eliminate the formation damage potential
associated with the use of these fluids during wellbore servicing operations.

[0015] In an embodiment, a method of servicing a wellbore comprises placing a WSF
comprising a modified friction reducer into the wellbore. In an embodiment, the modified friction
reducer comprises a degradable polymer. Examples of degradable polymers suitable for use as
modified friction reducers include without limitation polysaccharides, polyacrylamide, or
combinations thereof. In an embodiment, the degradable polymer comprises polyacrylamide.
Herein, the disclosure may refer to a polymer and/or a polymeric material. It is to be understood
that the terms polymer and/or polymeric material herein are used interchangeably and are meant to
each refer to compositions comprising at least one polymerized monomer in the presence or
absence of other additives traditionally included in such materials.

[0016] In an embodiment, a modified friction reducer comprises a polymer (e.g.,
polyacrylamide) having functional degradable moieties in the polymer backbone. In such
embodiments, the modified friction reducer when introduced to the wellbore as a component of a
WSF may function as intended during the wellbore servicing operation. Subsequent to the
wellbore servicing operation, the functional degradable moieties of the modified friction reducer
may be subject to one or more wellbore conditions that result in degradation of the modified
friction reducer by reaction of these moieties. Degradation of the modified friction reducer as a
result of reaction of the functional moieties is herein termed functional moiety degradation. The
degradation products of the modified friction reducer may exhibit a reduced tendency to form
aggregates in the presence of multivalent cations such as calcium, magnesium or aluminum and
thereby reduce the potential of these materials to adversely affect the formation and/or wellbore

servicing operations.
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[0017] Examples of functional degradable moieties suitable for use in this disclosure include
but are not limited to esters, amides, ethylene oxides, carbonates, acetals, and the like. In an
embodiment, the functional degradable moieties of the modified friction reducer are introduced to
the polymer backbone at positions designed to produce degradation products within one or more
user and/or process desired size ranges. For example, the functional degradable moieties may have
been introduced to the polymer backbone so as to provide degradation products having a desired
number average molecular weight (M,) range from about 0.5M to about 5M, alternatively from
about 1M to about 4M, alternatively from about 2M to about 3M or alternatively from about 1 M
to about 2M. Molecular weight (MW) is expressed in millions of Da, e.g., a polymer with a
molecular weight of 7 x 10° Da will be described as a polymer with a MW of 7M, where M stands
for 10° Da.

[0018] In an embodiment, the modified friction reducer comprises polyacrylamide having
functional degradable moieties. Without wishing to be limited by theory, degradation of the
modified friction reducer results in lower molecular weight degradation products which keep the
polymer concentration within a WSF below the overlap concentration C*. Herein, the overlap
concentration, C* refers to the polymer solution concentration below which the steric and frictional
interactions of neighboring polymer coils are negligible. Alternatively, C* can refer to the
crossover concentration between the dilute and semidilute states of a polymeric solution. C* is
directly proportional to the MW of a polymer, and consequently is directly proportional to the size
of the polymer chains. In other words, the size of the polymer chain in terms of MW could be used
for predicting whether the polymer chain will form aggregates. C* is described in more detail in
Macromolecules (1987), volume 20, pages 362-366, which is incorporated by reference herein.
[0019] In an embodiment, the modified friction reducer comprises a limited number of
functional degradable moieties in the polymer backbone. For example, the modified friction
reducer may have about 3 functional degradable moieties per polymer chain, alternatively from
about 1 to about 5 functional degradable moieties per polymer chain, or alternatively from about 2
to about 4 functional degradable moieties per polymer chain.

[0020] In an embodiment, the functional degradable moiety may be introduced to the polymer
backbone using any suitable methodology. In an embodiment, the modified friction reducer is
prepared by introducing the functional degradable moiety in the polymer backbone (e.g.,

polyacrylamide) during polymerization with a diradical diinitiator. By definition, a diradical
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diinitiator is an initiator molecule capable of forming polymers on each of its two ends, as opposed
to a radical initiator which is capable of forming polymers on one end only. Examples of diradical
diinitiators suitable for use in the FMD method include but are not limited to diamine-based photo-
diinitiators and atom transfer radical polymerization (ATRP)-based initiators. In an embodiment
the diinitiator excludes cerium nitrate.
[0021] In an embodiment, the diradical diinitiator is a diamine-based photo-diinitiator. A
diamine-based photo-diinitiator suitable for use in the present disclosure can be characterized by
general Formula I.

H,N— Ry 5-NH;

Formula I

where R; is meta-phenylene, ethylene, or -(CH,-CH, -NH),-CH,-CH,-. Referring to formula I,
the atoms in parentheses represent repeating units of the formula where the repeating units may
occur n times with the value of n ranging from about 1 to about 1000, alternatively from about 1 to
about 500, alternatively from about 2 to about 50, or alternatively from about 2 to about 10,
alternatively from about 2 to about 5, or alternatively from about 2 to about 4.

[0022] In an embodiment, the diinitiator comprises one or more compounds characterized by

)k/%
R

3

general Formula II:

Formula IT
wherein R, comprises any leaving group suitable for use with the methods of this disclosure, and
R; comprises any deactivating group suitable for use with the methods of this disclosure. A
leaving group herein refers to a molecular fragment that would depart from a chemical compound
with a pair of electrons in a heterocyclic bond cleavage while a deactivating group, also known as
an electron-withdrawing group, refers to an atom or a group of atoms that draws the electron
density toward itself in a given compound. In an embodiment, R, comprises halides (e.g.,
bromide, chloride), tosylates (e.g., p-toluenesulfonate), mesylates (e.g., methanesulfonate), methyl
sulfate, nitrates (e.g., -ONQO>), phosphates (e.g., -OPO(OH),), acyl chlorides, tetraalkylammonium
salts, ammonium salts, esters, acid anhydrides, alcohols, carboxylic acids, phenoxides, ethers, and

the like. In an embodiment, R; comprises a phenyl group (CgHs-), nitro group,
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tetraalkylammonium salts, ammonium salts, cyano groups, sulfonates, carboxylic acids, esters,
aldehydes, ketones, and the like, all of which may be attached to an alkyl chain (e.g., O.N -CH;-)
or any other suitable moiety.

[0023] Examples of diamine-based photo-diinitiators suitable for use in the present disclosure

include without limitation compounds having Structure I and/or Structure IL

Structure 11

Referring to Structure II, the atoms in parentheses represent repeating units of the formula where
the repeating units may occur n times with the value of n ranging from about 1 to about 1000,
alternatively from about 1 to about 500, alternatively from about 2 to about 50, or alternatively
from about 2 to about 10, alternatively from about 2 to about 5, alternatively from about 2 to about
4.

[0024] In an aspect, a modified friction reducer of the type disclosed herein is prepared using
an ATRP-based diinitiator. In an embodiment, the ATRP based diinitiator comprises 2-
hydroxyethyl 2’-bromoisobutyrate (HO-EBiB), propargyl 2-bromoisobutyrate (Prop-BiB), bis(2-
[2’-bromoisobutytyloxyl]ethyl)disulfide (BiBOEDS), di’, tri’, tetra,” or hexafunctional initiators
with bromoisobutyrate groups or combinations thereof. In an embodiment, the ATRP based

diinitator comprises a compound characterized by any of Structures Illa-IIIg.
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[0025] Methods and conditions for forming polymers (e.g., polyacrylamide) utilizing diamine-
based photo-diinitiators or ATRP-based diinitiators of the type disclosed herein are known to one
of ordinary skill in the art with the aid and benefits of this disclosure and schematized generally in
Figure 1. Polymerization techniques utilizing diinitatiors are described in more detail in J. Poly.
Science (2010), Volume 48, pages 1878-1886, which is incorporated by reference herein in its
entirety.

[0026] In an embodiment, a modified friction reducer comprises a polymer solution having a
concentration that is reduced when compared to the amount typically utilized for friction reduction.
For example, if polymer A is utilized as a friction reducer at concentration x, then the modified
friction reducer of this disclosure can be used at concentrations of 0.5x, 0.1x, 0.01x, or 0.001x and
achieve comparable friction reduction efficiencies. Without wishing to be limited by theory, a
modified friction reducer comprising a polymeric material having a higher molecular weight
and/or a narrow PDI would generally allow for the use of less polymeric material that provides
some user and/or process desired amount of friction reduction. Utilization of a reduced amount of
modified friction reducer may result in there being a reduced amount of degradation products such
that the formation of aggregates is avoided.

[0027] In an embodiment of the OCR method, the modified friction reducer comprises a
higher molecular weight polymer and/or a polymeric material having a narrow polydispersity
index (PDI). The polymer may comprise acrylic acid-based polymers, acrylamide-based polymers,
methacrylic acid-based polymers, methacrylamide-based polymers, or combinations thereof.
[0028] In an embodiment, the modified friction reducer comprises higher MW polymers (e.g.,
higher MW polyacrylamide). In an embodiment, the higher MW polymer (e.g., polyacrylamide)
ranges in size from about 5M to about 30M, alternatively from about 10M to about 28M, or
alternatively from about 17M to about 26M. In an embodiment, the modified friction reducer
comprises the higher molecular weight polymer and exhibits some user and/or process desired
friction reducing ability when used in amounts ranging from about 0.001 weight percent (wt.%) to
about 2 wt.%, alternatively from about 0.05 wt.% to about 1 wt.%, or alternatively from about 0.1
wt.% to about 0.5 wt.% based on the weight of the WSF to which the friction reducer may be
added.

[0029] In an embodiment, the modified friction reducer comprises a polymeric material having

a narrow PDI. PDI is a measure of the heterogeneity of the polymer solution. The lower the PDI,
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the more homogeneous the solution is, i.e., the polymer chains are more similar in size. The higher
the PDI value, the more heterogeneous the polymer solution is, i.e., the polymer chain lengths are
very different, leading to a very wide distribution of MWs in the polymer solution. Without
wishing to be limited by theory, a narrow PDI allows for effective use of a lower MW polymer, as
most of the polymer chains are of similar size and would contribute to a similar extent to the
friction reducing ability of the material. For example, a polymeric material having a broad PDI
(i.e., PDI values greater than about 1.6) may have the friction reducing capabilities associated with
the higher molecular weight portion of the polymeric composition. If the higher molecular weight
portion comprises only a small fraction of the total composition (e.g. 20%) only that fraction of the
total composition functions as a friction reducer. Thus, more of the broad PDI polymeric material
is required to achieve the desired friction reducing efficiency when compared to a narrow PDI
polymeric material which may have the portion of polymer responsible for the friction reducing
efficiency present in a larger amount (e.g., 80%). In an embodiment, the modified friction reducer
comprises a polymeric material having molecular weight in the range of from about 4M to about
10M, alternatively from about SM to about 9M, or alternatively from about 6M to about 7M and a
PDI in the range of from about 1 to about 2.5, alternatively from about 1.1 to about 1.8, or
alternatively from about 1.2 to about 1.5.

[0030] In an embodiment, the modified friction reducer comprises a weakly crosslinked
polymeric material. A weakly crosslinked polymeric material suitable for use as a modified
friction reducer may comprise strongly entwined, but ultimately reversible networks. Weakly
crosslinked polymeric materials suitable for use as modified friction reducers include without
limitation polymers comprising non-covalent ionic crosslinks, degradable crosslinks, and
crosslinked polysaccharides. Specific examples of modified friction reducers comprising weakly
crosslinked polymeric materials are depicted in Figure 2. Referring to Figure 2, the wavy
horizontal lines represent the polymer chains, and the thick vertical lines represent the crosslinks.
[0031] In an embodiment, the modified friction reducer comprises a polymeric material having
non-covalent ionic crosslinks. Such materials may be prepared by contacting oppositely charged
polymeric materials under conditions suitable for the formation of ionic-bonds. In an embodiment,
a weakly crosslinked polymeric material is prepared by contacting an anionic polymer and a

cationic polymer. For example, a partially hydrolyzed polyacrylamide which is anionic will form a
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strong but reversible polymer network with cationic polymers such as poly-
diallyldimethylammonium.

[0032] In an embodiment, the modified friction reducer comprises a polymeric material having
covalent degradable crosslinks. In an embodiment, a modified friction reducer comprising a
polymeric material having covalent degradable crosslinks is characterized by polymer chain
lengths ranging from about 0.75M to about 5M, alternatively from about 1M to about 4M, or
alternatively from about 2M to about 3M. In some embodiments, a polymeric material having
covalent degradable crosslinks for use as a modified friction reducer is formed by crosslinking
under sheer. Crosslinking under sheer specifically refers to crosslinking under flow with the result
of crosslinking inter-chain as opposed to intra-chain. Crosslinking under sheer is described in
more detail in Macromolecules (1985), volume 18, pages 1915-1918, which is incorporated by
reference herein in its entirety.

[0033] In comparison to the FMD method, the modified friction reducer comprising covalent
degradable crosslinks utilizes short polymer lengths coupled with the presence of degradable
covalent crosslinks to generate a weakly crosslinked polymeric material. The modified friction
reducer comprising covalent degradable crosslinks has the degradable portions (i.e., crosslinks)
disposed between polymer chains such that degradation of the polymer results in intact polymer
chains. In contrast, a modified friction reducer prepared by the FMD method has functional
degradable moieties disposed along the backbone of a polymer chain. Degradation of the modified
friction reducer prepared by the FMD method is expected to result in polymer fragments of
differing lengths depending on the location of the functional degradable moiety. Degradation of
the modified friction reducer comprising a polymeric material having covalent degradable
crosslink is expected to result in intact polymer chains having the previously disclosed polymer
chain lengths.

[0034] Examples of weak crosslinkers that may be employed in the formation of a modified
friction reducer comprising a polymeric material having covalent degradable crosslinks are the
compounds characterized by Structures IV, Structure V and Structure V1.

Structure IV

10
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Structure V

Structure VI

Referring to Structures IV-VI, the atoms in parentheses represent repeating units of the formula
where the repeating units may occur n times with the value of n ranging from about 1 to about
1000, alternatively from about 1 to about 500, alternatively from about 2 to about 50, alternatively
from about 2 to about 10, alternatively from about 2 to about 5, or alternatively from about 2 to
about 4.

[0035] In an embodiment, the modified friction reducer comprises a weakly crosslinked
polysaccharide. Polysaccharides suitable for use in the formation of the modified friction reducer
include without limitation derivatized polysaccharides such as guar, xanthan, diutan, and
combinations thereof.

[0036] In embodiments where the modified friction reducer comprises a degradable moiety
(e.g., a functional degradable moiety, covalent degradable crosslink) degradation of that moiety
may be carried using any suitable methodology. In some embodiments, the friction reducer is a
component of a WSF that is placed into a wellbore. In such embodiments, conditions within the
wellbore (e.g., pH, temperature, moisture) may be sufficient to promote degradation of the
modified friction reducer. In some embodiments, the modified friction reducer is contacted with
one or more materials placed into the wellbore which function to degrade the degradable portions
of the modified friction reducer. For example, the modified friction reducer may be contacted with
an acidic material, or a pH-modifying material. Any suitable methodology may be employed for
contacting the modified friction reducer comprising degradable portions with materials which
degrade the degradable portions. In an embodiment, a method of servicing a wellbore in a
subterranean formation comprises placing a WSF comprising a modified friction reducer having
degradable portions into the wellbore. The method may further comprise introducing one or more

materials which function to degrade the degradable portions of the modified friction reducer. In
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such embodiments, introduction of the one or more materials which function to degrade the
degradable portion of the modified friction reducer are introduced sometime after the modified
friction reducer has served its intended function in the wellbore.

[0037] In an embodiment, the modified friction reducer comprises a polyacrylamide modified
with ester linkages as the functional degradable moieties. In such an embodiment, degradation of
the modified friction reducer could be achieved by hydrolysis of the ester linkages under the
conditions typically encountered in a wellbore.

[0038] In an embodiment, the modified friction reducer comprises a polyacrylamide modified
with amide linkages as the functional degradable moieties incorporated into the backbone. In such
an embodiment, degradation of the modified friction reducer could be achieved by hydrolysis of
the friction reducer under basic conditions and increased temperatures.

[0039] In an embodiment, the modified friction reducer comprises a polyacrylamide having a
molecular weight of equal to or greater than about 15M and/or a PDI ranging from about 1.0 to
about 2.5. In such embodiments, the modified friction reducer may be included in a wellbore
servicing fluid in amounts ranging from about 0.01 wt.% to about 0.5 wt.% based on the weight of
the WSF to which the friction reducer may be added.

[0040] In an embodiment, a modified friction reducer of the type disclosed herein exhibits a
friction reducing efficiency of from about 20 % to about 80 %, alternatively from about 30 % to
about 70 %, or alternatively from about 40 % to about 60 %.

[0041] The modified friction reducers disclosed herein may be included in any suitable
wellbore servicing fluid. As used herein, a “servicing fluid” refers to a fluid used to drill,
complete, work over, fracture, repair, or in any way prepare a wellbore for the recovery of
materials residing in a subterranean formation penetrated by the wellbore. Examples of servicing
fluids include, but are not limited to, cement slurries, drilling fluids or muds, spacer fluids,
fracturing fluids or completion fluids. It is to be understood that “subterranean formation”
encompasses both areas below exposed earth and areas below earth covered by water such as
ocean or fresh water.

[0042] In an embodiment, the modified friction reducers may be included in wellbore
servicing fluids that are employed in well completion operations such as primary and secondary
cementing operations. The wellbore servicing fluids may be placed into an annulus of the wellbore

and allowed to set such that it isolates the subterranean formation from a different portion of the
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wellbore. The wellbore servicing fluids thus form a barrier that prevents fluids in the subterranean
formation from migrating into other subterranean formations. Within the annulus, the wellbore
servicing fluids also serves to support a conduit, e.g., casing, in the wellbore. In an embodiment,
the wellbore in which the wellbore servicing fluids are positioned belongs to a multilateral
wellbore configuration. It is to be understood that a multilateral wellbore configuration refers to a
primary wellbore with one or more secondary wellbore branches radiating from the primary
borehole.

[0043] The modified friction reducers may be introduced into a wellbore where they will
function as intended, subsequently degrade and exhibit a reduced tendency to form aggregates that
could potentially damage the formation.

[0044] In an embodiment, modified friction reducers of the type disclosed herein may be
advantageously employed under challenging wellbore conditions and can be used at temperatures
ranging from about 80 °F to about 400 °F, alternatively from about 100 °F to about 350 °F or
alternatively from about 150 °F to about 300 °F.

[0045] In an embodiment, a traditional friction reducer comprises a degradable polymer.
When using traditional friction reducers, the degradable polymer may form one or more
degradation products that interact with constituents disposed within the wellbore to produce
materials that adversely affect the wellbore servicing operation. For example, the friction reducer
may comprise polyacrylamide which can hydrolyze over time into polyacrylamide-co-acryllic
salts. 'The polyacrylamide-co-acrylic salts may complex multivalent cations disposed in the
wellbore (e.g., Ca®*, Mg, AI’*) and form aggregates. When the polymer-cation aggregates reach
the critical overlap concentration C*, they will form gel-like structures and could lead to wellbore
damage comprising clogging of the equipment piping, and pore closure in downhole formation. In
an embodiment, the methods described in this disclosure, i.e., the functional moiety degradation
method, overall concentration reduction method, and crosslinking reduction method, yield
modified friction reducers whose degradation products are designed to remain under C* for the
duration of servicing the wellbore and exhibit a reduced tendency to form aggregated polymer-
cation complexes. In an embodiment, the methods disclosed herein provide for modified friction
reducers which display some user and/or process desired friction reducing efficiency at a

sufficiently low concentration so as to have a concentration of degradation products that are
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designed to remain under C* for the duration of servicing the wellbore and exhibit a reduced
tendency to form polymer-cation aggregates.
[0046] In an embodiment, the modified friction reducers described in the present disclosure
function as low-damaging friction reducers in highly caustic environments within wellbores
comprising sensitive formations. Examples of sensitive formations include without limitation
formations heavy with monovalent cations such as sodium and potassium and polyvalent cations
such as Mg”* and Ca®* in carbonates and swellable clay contained in the formation.
[0047] Modified friction reducers of the type disclosed herein reduce energy losses due to
friction in the wellbore servicing fluids. For example, the modified friction reducers may reduce
energy losses during introduction of the aqueous treatment fluid into a well bore due to friction
between the aqueous fluid in turbulent flow and the formation and/or tubular good(s) (e.g., a pipe,
coiled tubing, etc.) disposed in the wellbore. Modified friction reducers of the type disclosed
herein may be included in a wellbore servicing fluid in any amount sufficient to provide the desired
level of friction reduction. In some embodiments, the modified friction reducer may be present in
an amount in the range of from about 1 ppm to about 5,000 ppm, alternatively from about 10 ppm
to about 3,000 ppm or alternatively from about 100 ppm to about 1,000 ppm.

EXAMPLES
[0048] The embodiments having been generally described, the following examples are given
as particular embodiments of the disclosure and to demonstrate the practice and advantages
thereof. It is understood that the examples are given by way of illustration and are not intended to
limit the specification or the claims in any manner.

EXAMPLE 1
[0049] The properties of a wellbore servicing fluid comprising a modified friction reducer
were investigated. Specifically, the friction reduction efficiency variation over time was compared
for FR-66 and a modified friction reducer of the type disclosed herein. The results of this
comparison are presented in Figure 3. FR-66 friction reducer is a liquid friction reducer that is
commercially available from Halliburton Energy Services. Both FR-66 friction reducer and the
modified friction reducer were used at a concentration of 0.5 gallons per 1,000 gallons (gpt), and
the testing solution was prepared by adding the friction reducer to fresh water. The modified
friction reducer tested was a polyacrylamide polymer obtained by reacting the diamine-based

photo-diinitiator of Structure I with a polyacrylamide chain with a MW of 1M. The samples were
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tested in friction loop experiments, by measuring the pressure gradient difference across a section
of a metal pipe, where the polymeric aqueous solutions were flowed through. Water was used as a
baseline as it has 0% friction reduction efficiency. When a polymer is added to the water, there is a
pressure drop across a section of the metal pipe. The fluids were sent inside the pipe at a turbulent
flow of 10 gallons/min, 16 gallons/min, or 26 gallons/minute. The friction loop technique is
described in more detail in U.S. Patent Publication No. 20090298721 A1, which is incorporated by
reference herein in its entirety.

EXAMPLE 2
[0050] The properties of a wellbore servicing fluid comprising a modified friction reducer
were investigated. The modified friction reducer tested was a polyacrylamide-based higher
molecular weight polymer with a MW of 16M, and is hereinafter designated MFR-X. Specifically,
the stability of the MFR-X molecular weight over time was determined. MFR-X molecular weight
degradation over time was monitored by multi-angle laser light scattering (MALLS). The samples
were prepared at a concentration of 2 mg/mL modified friction reducer in water which was
adjusted to a pH of 4.75 with BA-20 buffering agent. BA-20 buffering agent is commercially
available from Halliburton Energy Services. The molecular weight of MFR-X was monitored over
a period of 12 days, and the data displayed in Figure 4 indicate that there is a decay of the polymer
molecular weight over this period of time, from 16M to 0.7M.
[0051] MFR-X was also tested in a friction reduction efficiency experiment, in a similar
manner to the experiment described in Example 1. The friction reduction efficiency for MFR-X at
a concentration of 0.05 gpt was compared to the friction reduction efficiency of FR-66 at a
concentration of 0.5 gpt. Although the concentration of MFR-X was 1/ 10" of the FR-66
concentration, they both displayed nearly the same friction reduction efficiency. The use of MFR-
X at 1/10"™ of the concentration of FM-66 would theoretically generate at most 1/ 10™ the amount of
aggregates that could potentially damage the wellbore formation. However, since the
concentration of modified friction reducer required to see an effective friction reduction efficiency
is so low, it is expected that the system will be under the concentration overlap C* for cation
complexation, and no aggregates should form.
[0052] The friction reduction efficiency for MFR-X was investigated at two concentrations, 10
ppm and 20 ppm, and the results are displayed in Figure 5. The friction reduction efficiency data

of MFR-X used at either 10 ppm or 20 ppm is similar to the friction reduction efficiency for the
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FR-66 at 0.5 gpt. The results indicate that the overall concentration of the modified friction reducer
can be lowered by a factor of 50-100, while still preserving the desired friction reduction
efficiency.
EXAMPLE 3

[0053] The properties of a wellbore servicing fluid comprising a modified friction reducer
comprising a weakly crosslinked polymer were investigated. The weakly crosslinked polymer was
obtained by crosslinking polyacrylamide chains with a molecular weight of 1M in the presence of
the weakly crosslinker of Structure IV. The modified friction reducer had highly labile crosslinks
as a minor component with polyacrylamide as a major component. The weakly crosslinked
polymer system was hydrated for 5 min, and then this material was directly tested in friction loop
experiments of the type previously described herein. The friction reduction efficiency variation
over time was recorded for the friction reducer FR-66 and the modified friction reducer, and the
results of this comparison are displayed in Figure 6. FR-66 was used at a concentration of 0.5 gpt,
the modified friction reducer was also used at a concentration of 0.5 gpt, and the solutions were
prepared by adding the respective friction reducer to fresh water. Friction reduction was negligible

for the sample containing the modified friction reducer likely due to the extremely labile

crosslinks.
ADDITIONAL DISCLOSURE
[0054] The following are nonlimiting, specific embodiments in accordance with the present
disclosure:
[0055] Embodiment 1. A method of servicing a wellbore comprising placing a wellbore

servicing fluid comprising a modified friction reducer into the wellbore.

[0056] Embodiment 2.  The method of embodiment 1 wherein the modified friction reducer
comprises polysaccharides, or polyacrylamide.

[0057] Embodiment 3. The method of embodiment 1 or 2 wherein the modified friction
reducer comprises functional degradable moieties.

[0058] Embodiment 4.  The method of embodiment 2 wherein the functional degradable
moieties comprise esters, amides, ethylene oxides, carbonates, acetals, or combinations thereof.
[0059] Embodiment 5. The method of embodiment 3 or 4 wherein the functional

degradable moieties are present in an amount of about 3 per polymer chain.
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[0060] Embodiment 6. The method of any of embodiments 1-5 wherein the modified
friction reducer is present in the wellbore servicing fluid in an amount of from about 1 ppm to
about 5000 ppm.

[0061] Embodiment 7. The method of any of embodiments 1-6 wherein the modified
friction reducer comprises a higher molecular weight polymer.

[0062] Embodiment §.  The method of embodiment 7 wherein the higher molecular weight
polymer has a molecular weight of from about 5 M to about 30 M.

[0063] Embodiment 9.  The method of embodiment 7 or 8 wherein the higher molecular
weight polymer is present in the wellbore servicing fluid in an amount of from about 0.01 wt.% to
about 0.5 wt.%.

[0064] Embodiment 10. The method of any of embodiments 1-9 wherein the modified
friction reducer comprises a polymer having a PDI of from about 1.0 to about 2.5.

[0065] Embodiment 11. The method of any of embodiments 1-10 wherein the modified
friction reducer comprises a weakly crosslinked polymer.

[0066] Embodiment 12. The method of embodiment 11 wherein the weakly crosslinked
polymer comprises non-covalent ionic crosslinks.

[0067] Embodiment 13. The method of embodiment 11 or 12 wherein the modified friction
reducer comprises a cationic and anionic polymer.

[0068] Embodiment 14. The method of embodiment 13 wherein the cationic polymer
comprises a partially hydrolyzed polyacrylamide.

[0069] Embodiment 15. The method of embodiment 13 wherein the anionic polymer
comprises poly-diallyldimethylammonium.

[0070] Embodiment 16. The method of embodiment 11 wherein the weakly crosslinked
polymer comprises covalent degradable crosslinks.

[0071] Embodiment 17. The method of embodiment 11 or 16 wherein the weakly
crosslinked polymer comprises polysaccharides.

[0072] Embodiment 18. The method of embodiment 11, 16, or 17 wherein the
polysaccharides comprise guar, xanthan, diutan, or combinations thereof.

[0073] Embodiment 19. The method of any of embodiments 1-10 further comprising

degrading the functional degradable moieties.
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[0074] Embodiment 20. The method of embodiment 19 wherein degrading the functional
degradable moieties comprises exposure to wellbore servicing conditions, contact with a degrading
material, or combinations thereof.

[0075] Embodiment 21. A modified friction reducer comprising a degradable polymer
having functional degradable moieties, a polymer having a molecular weight of from about SM to
about 30M, a polymer having a PDI of from about 1.0 to about 2.5, a weakly crosslinked polymer,
or combinations thereof.

[0076] Embodiment 22. The modified friction reducer of embodiment 21 wherein the
polymer comprises polyacrylamide.

[0077] While embodiments of the invention have been shown and described, modifications
thereof can be made by one skilled in the art without departing from the spirit and teachings of the
invention. The embodiments described herein are exemplary only, and are not intended to be
limiting. Many variations and modifications of the invention disclosed herein are possible and are
within the scope of the invention. Where numerical ranges or limitations are expressly stated,
such express ranges or limitations should be understood to include iterative ranges or limitations
of like magnitude falling within the expressly stated ranges or limitations (e.g., from about 1 to
about 10 includes, 2, 3, 4, etc.; greater than 0.10 includes 0.11, 0.12, 0.13, etc.). For example,
whenever a numerical range with a lower limit, Ry, and an upper limit, Ry, is disclosed, any
number falling within the range is specifically disclosed. In particular, the following numbers
within the range are specifically disclosed: R=R; +k* (Ry-Ry), wherein k is a variable ranging
from 1 percent to 100 percent with a 1 percent increment, i.e., k is 1 percent, 2 percent, 3 percent,
4 percent, 5 percent, ....., 50 percent, 51 percent, 52 percent, ....., 95 percent, 96 percent, 97
percent, 98 percent, 99 percent, or 100 percent. Moreover, any numerical range defined by two
R numbers as defined in the above is also specifically disclosed. Use of the term "optionally”
with respect to any element of a claim is intended to mean that the subject element is required, or
alternatively, is not required. Both alternatives are intended to be within the scope of the claim.
Use of broader terms such as comprises, includes, having, etc. should be understood to provide
support for narrower terms such as consisting of, consisting essentially of, comprised substantially
of, etc.

[0078] Accordingly, the scope of protection is not limited by the description set out above but

is only limited by the claims which follow, that scope including all equivalents of the subject
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matter of the claims. Each and every claim is incorporated into the specification as an embodiment
of the present invention. Thus, the claims are a further description and are an addition to the
embodiments of the present invention. The discussion of a reference in the Description of Related
Art is not an admission that it is prior art to the present invention, especially any reference that may
have a publication date after the priority date of this application. The disclosures of all patents,
patent applications, and publications cited herein are hereby incorporated by reference, to the
extent that they provide exemplary, procedural or other details supplementary to those set forth

herein.
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CLAIMS
What is claimed is:
1. A method of servicing a wellbore comprising placing a wellbore servicing fluid comprising

a modified friction reducer into the wellbore.

2. The method of claim 1 wherein the modified friction reducer comprises polysaccharides, or
polyacrylamide.
3. The method of claim 1 or 2 wherein the modified friction reducer comprises functional

degradable moieties.

4. The method of claim 2 wherein the functional degradable moieties comprise esters, amides,
ethylene oxides, carbonates, acetals, or combinations thereof.

S. The method of claim 3 or 4 wherein the functional degradable moieties are present in an
amount of about 3 per polymer chain.

6. The method of any of claims 1-5 wherein the modified friction reducer is present in the
wellbore servicing fluid in an amount of from about 1 ppm to about 5000 ppm.

7. The method of any of claims 1-6 wherein the modified friction reducer comprises a higher
molecular polymer.

8. The method of claim 7 wherein the higher molecular weight polymer has a molecular
weight of from about 5 M to about 30 M.

9. The method of claim 7 or 8 wherein the higher molecular weight polymer is present in the
wellbore servicing fluid in an amount of from about 0.01 wt.% to about 0.5 wt.%.

10. The method of any of claims 1-9 wherein the modified friction reducer comprises a
polymer having a PDI of from about 1.0 to about 2.5.

11. The method of any of claims 1-10 wherein the modified friction reducer comprises a
weakly crosslinked polymer.

12. The method of claim 11 wherein the weakly crosslinked polymer comprises non-covalent
ionic crosslinks.

13. The method of claim 11 or 12 wherein the modified friction reducer comprises a cationic
and anionic polymer.

14. The method of claim 13 wherein the cationic polymer comprises a partially hydrolyzed

polyacrylamide.
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The method of claim 13 wherein the anionic polymer comprises poly-
diallyldimethylammonium.

The method of claim 11 wherein the weakly crosslinked polymer comprises covalent
degradable crosslinks.

The method of claim 11 or 16 wherein the weakly crosslinked polymer comprises
polysaccharides.

The method of claim 11, 16 or 17 wherein the polysaccharides comprise guar, xanthan,
diutan, or combinations thereof.

The method of any of claims 1-10 further comprising degrading the functional degradable
moieties.

The method of claim 19 wherein degrading the functional degradable moieties comprises
exposure to wellbore servicing conditions, contact with a degrading material, or
combinations thereof.

A modified friction reducer comprising a degradable polymer having functional degradable
moieties, a polymer having a molecular weight of from about SM to about 30M, a polymer
having a PDI of from about 1.0 to about 2.5, a weakly crosslinked polymer, or
combinations thereof.

The modified friction reducer of claim 21 wherein the polymer comprises polyacrylamide.
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