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For the past decades, long-term water flooding processes have to water channeling in
mature reservoirs, which is a severe problem in oilfields. The development of better plugging
ability and cost-effective polymer microspheres is a key aspect for the control of excess water
production. Research on polymer microspheres applicable in a heterogeneous reservoir
to plug high permeable channels has been growing significantly as revealed by numerous
published scientific papers. This review intends to discuss different types of the polymer
microspheres and oil displacement efficiency. The related difficulties and future prospects
of polymer microspheres are also covered. The review provides a basis to develop polymer
microspheres for future applications in oilfields. It will assist the researchers to further develop
polymer microspheres to improve the oil recovery from mature reservoirs under economic

conditions to meet the requirements of future oilfields.
Key words: polymer microspheres, fluorescent polymer microspheres, elastic polymer

microspheres, profile control, oil displacement.

Introduction

The production of non-renewable oil is
becoming more difficult as the development
time of the field lengthens. As a means to
enhance the productivity levels, petroleum
field engineers strive to implement specific
methods to address this issue. The great
number of oil reservoirs around the world
have been developed with a use of water
injection, which consequently results in
destruction of pore structures. Expanded
radius of pore throats in the oil reservoirs are a
common effect of the incessant application of
water flooding [1]. Furthermore, combination
of these aspects can cause the structure of
“preferential channels”, which settles among
flooding and producing wells. By the time the
preferential channels become a holder of the
redundant water in the system, decreases
the capability of water circulation [2-3]. In
other circumstances this can lead to the
large percentage of water content in the final
stages of oil production. The complications
of oil reservoir eroding can bring adverse
effects on oil recovery ratio, inflate the energy
expenditure and, finally, violate the elements
of the surroundings [4].

Following stages of chemical flooding,
as well, can be diminished in impact, due
to the presence of presential channels

enclosed by injection wells and production
wells. Polymer gels and other profile control
techniques can prevent, to some extent, the
flood water from inefficient circulation along
the preferential channels [5-10]. In order to
counter the negative repercussions of the
water flooding, the last decades advanced
profile control techniques, especially, the
polymer gel treatments have been widely
practiced [11]. However, when it comes to in-
depth breakthroughs of reservoirs and pore
throats with greater radii, the influence of
treatments mentioned below are limited.

Due to the deeper understanding of
reservoirs, the use of chemicals in deep
processing of reservoirs has received a lot of
attention. The incessant works in production
of preformed particle gels (PPG), polymer
microspheres, inorganic gel coatings, and
other deep liquid flow-diverting agents are
promising ways of solving the given problem
[12-18].

It is commonly known that polymer
microspheres are distinguished by high
resistance capabilities to the heat, salt and
quality to migrate in the in-depth levels
[19]. Nano-sized and micro-sized polymer
microspheres are predominantly used in
profile control. Concerning oil fields with harsh
waterlogging issues, as well as immensely

BecTHuk HedTerasoBow oTpacnu KasaxctaHa. Tom 4, Ne2 (2022) | 71



Shagymgereeva Saya, Sarsenbekuly Bauyrzhan, Kang Wanli, Yang Hongbin, Turtabayev Sarsenbek

dispersed oil which are remained in deep
reservoirs, adopting polymer microspheres
are implied to adjust water eroding and
enhance the swing efficiency. Today, the
technology of deep control of polymer
microspheres is being examined worldwide
and is successfully applied to obtain an
increased oil content and a reduced water
content in fields [20-23].

Rather high reservoir compliance
abilities and possibility of oil rearrangement
in deep reservoirs are considered as main
advantages of polymer microsphere and
are being thoroughly studied worldwide.
Furthermore, many researchers have
underlined the importance of relation between
polymer microsphere size and reservoir pore
channel and how obtaining these data can
immensely result in profile control regulations.

Zhao et al. [24] and Dai et al. [25]
explained the correspondence between
polymer microspheres and rock core pores.
They applied the matching factor and
figured out, that the optimum shut-off and
in-depth fluid diversion effects of polymer
microspheres are possible obtained only in
particular scope of the matching factor. It is
considered, that micron-sized are suitable
for high permeability cores, whereas nano-
sized polymer microspheres can be applied
to cover low-permeability cores [26]. When
it comes to the in-depth oil displacement
mechanism, polymer microspheres are
aimed to encompass in-depth strata and
attain in-depth fluid diversion [25—-29]. Micron-
sized polyacrylamide elastic microspheres
may pertain the water flow by throat plugging
through the mechanisms of trapping plugging,
bundle plugging, and joined plugging [30].

The polymer microspheres, in spite
of wide research, characterization, and
applications in numerous reservoirs, they
possess few limitations under the harsh
reservoir conditions. With this aim in mind,
the review article aims to elaborate and
summarize the current polymer microsphere
techniques from innovations to applications
and problems associated with them along
with their advantages, as well as the
limitations for future developments of polymer
microspheres for harsh reservoir conditions.
Hence, this paper strives to provide thorough
material bases for the further investigations
of polymer microspheres and more efficient
execution in oil development processes.

Polymer microspheres

As stated in the preceding studies,
at the moment the majority of developed
oil reservoirs are prevailing with induced
fractures or high permeability channels,
which can be named as thief zones. The
preeminent reason of formation of these
zones is the continuous water injection.
The lack of efficiency of the injected water,
which can create the redundant water usage
and rapid production drop, can lead to the
considerable issues when it comes to the
final production stages of the developed oil
fields [31-34]. Thus, it has been considered
crucial for the oil industry to implement more
predictable approaches as “green” water
shut-off or coherence control. Gels had been
brought in as water plugging agents to solve
the occurring issue [35-39]. Applying the gel
can lead to blocking off the fractures, as well
as regulating direction of the water flow from
higher permeable areas to zones with lower
permeability.
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Figure 1. The synthesis reaction of
microsphere from AM and MBA [46]

The analyses taken place in Shengli,

Dagang and Jidong oilfields have
demonstrated that polymer microsphere
was a promising conformance control

agent in the production of heterogeneous
reservoirs, especially the matured reservoirs

72 | BectHuk HedbTerazoson otpacnu KasaxcrtaHa. Tom 4, Ne2 (2022)



PROGRESS OF POLYMER MICROSPHERES FOR PROFILE CONTROL IN OIL FIELD

[46-47]. Hua and Lin et al. studied the
shape, size, rheological properties, plugging
properties, profile control mechanism and oil
displacement mechanism of the nanoscale
polymer microspheres. They addressed the
ability of polymer microspheres to decrease
water permeability due to the microspheres
adsorbed, gathered and linked in the pore
throat, which is followed by the adsorbed
layers to disintegrate under the pressure,
flowing deep inside the reservoir by reason
of rather high destructure properties of
the microsphere [48]. Yao and Wang et
al. mentioned the impact of ionic strength
on the movement and confinement of
polyacrylamide microspheres in porous
media [49]. Yang and Kang et al. Studied the
mechanism and in-situencing factors on the
former particle size and swelling capacity of
polymer microspheres from the synthesis
and reservoir condition [50]. Yang and Xie
et al. made advancements in the injection
parameters of polymer microspheres
and polymer composite flooding system.
Furthermore, they concluded that the polymer
flooding can be significantly enhanced by
inclusion of the composites [51].

An advanced concept of an agent
for water operation was presented via an
increased viscosity of microsphere solutions
caused by swelling. In order to reach this
objective usual cross-linkers  (phenolic,
formaldehyde, chromic salt) can be used in
polymer gel systems, and also microspheres
can be added during the process of injection.
Consequently, bulk gels can be formed in
the high permeable channels because of
cross-linking reactions with carboxyl or amide
groups, which usually become available
during swelling. This ultimately helps in a
further managing of the production water.

Fluorescent polymer microspheres

The quantitative perspective cannot be
considered as reliable approach to investigate
the plugging behavior and conformance
control  mechanism. Regarding these
reasons, fluorescent polymer microspheres
may be able to address the limits of current
approaches, consequently, obtain the up-to-
date apprehension of polymer microspheres

concentration, along with the movements of
polymer microspheres inside the reservoir at
the time of flooding proceeds. Fluorescent
polymer microspheres have a binal objectives,
is one being the conformance agent, second
acting a role of the oil field tracer. The oil
field tracker will be a innovative utilization
of fluorescent polymer microspheres in the
improvement of oil fields.

Fluorescent  polymer microspheres
are more commonly seen to get manually
dyed through absorption or embedment,
consequently leading to the problem of dye
outpouring, thus constricting the practical
functions of given fluorescent polymer
microspheres. To avoid dye outpouring, dyes
could be covalently integrated with polymer
microsphere by the inverse suspension
polymerization [52-53]. Rhodamine B (RhB),
which is mostly known for utilizations medical
field, environmental protection, textiles,
colored glass, and cosmetics, is a traditionally
used as a fluorescent dye in current market
[54].

Hongbin Yang et al. described the
particular kind of fluorescent polymer micro-
spheres P(AM-BA-RhB), which performed
as a new conformance control agent [55].
The fluorescent polymer microspheres were
covalently stained with Allyl Rhodamine B,
through inverse suspension polymerization.

Applying the same method of
polymerization different fluorescent polymer

microsphere, P(AM-BA-AMCO), was
prepared by Wan-Li Kang et al. [56-61].
The production of both types of

fluorescent polymers uses the same inverse
suspension polymerization method, which
can be observed in Table 1. The grain shaped
outcome of the reaction process projects
great absorption capacity, at the same time it
was noticed to dry fairly quickly.

In addition, the average particle size
of the product can be manipulated by
the conditions of the inverse suspension
polymerization. Hence, the impact of the
preparation conditions such as stirring speed,
the concentrations of initiator, dispersant is
of utmost importance regarding the average
size of the product.
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Figure 2. Synthesis route of P(AM-BA-RhB) [64]
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Figure 3. Synthesis route of P(AM-BA-AMCO) [66]

Table 1. Synthesis of fluorescent polymer microspheres P(AM-BA-RhB) and P(AM-BA-AMCO)

Fluorescent Fluorescent | Oil based | Electro- el F:ro_ss Synthesis
Monomer X soluble linking
polymer monomer | dispersant lyte s method
initiator agent
P(AM-BA- Inverse
RhB) AM RhB Span 60 | Na,CO, APS MBA suspension
P(AM-BA- Inverse
AMCO) AM AMCO Span 60 | Na,CO, APS MBA suspension
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Figure 4. Morphology of fluorescent polymer microspheres P(AM-BA-RhB): (A) the micrograph

of swollen microspheres analyzed under the ultraviolet enhancement with an inverse fluorescence
microscope; (B) the micrograph of the swollen microspheres under the nature light with an
inverse fluorescence microscope; (C) SEM image for microspheres next swelling; (D) SEM image
for microspheres before swelling [74]

The main tools to investigate the
morphology of the P(AM-BA-RhB) polymer
microspheres were afluorescence microscope
(Fig. 4A and B), a scanning electron micro-
scope (Fig. 4C and D), as well as an environ-
ment scanning electron microscope (Fig. 4).
Fig. 4 provides the particle size test, including
the three-dimensional joined systems of
fluorescent polymer microspheres P(AM-BA-
RhB) previous the swelling and subsequently
swelling process. According to the illustration
given in Fig. 3, the fluorescent polymer
microspheres P(AM-BA-RhB) are spherical
particles, possess the ability to continuously
swell, because of the water absorption for
a certain span of time (see Fig. 4D and C)
[67-71].

By the time the fluorescent polymer
microspheres P(AM-BA-RhB) contact with
salted water, due to the applied osmotic
pressure the water particles intent to flow
directly to the internal systems, by expanding
the molecules it is possible to enhance
the volume of polymer microspheres. The
three-dimensional  joined systems can
be clearly distinguished in Fig. 4C. The
difference of moderate particle sizes of
fluorescent polymer microspheres P(AM-
BA-RhB) before and after swelling are rather

significant. Furthermore, from Fig. 4A and B,
it can be detected that the enlarged polymer
microspheres P(AM-BA-RhB) acquire quite
distinct fluorescent properties. Examined
under UV light the polymer microspheres
beam red fluorescence, meanwhile under the
normal light the polymer microspheres were
seen as clear, lucent and transparent [72—74].

The surface topography of P(AM-BA-
AMCO) microspheres is given in Fig. 5. The
phase-contrast images of Fig. 5A, C were
made in daylight conditions. Figure 5B, D
was made after ultraviolet enhancement.
Additionally, fluorescent microspheres were
spherical, with an even exterior, the average
diameter was around 200 pym.

In addition, pictures taken from
fluorescence microscopy displayed the
even distribution of the monomers within
the polymer and were able to sustain the
fluorescent ability subsequent to the swelling
processes. After the latter water flooding test,
P(AM-BA-AMCQO) microspheres emerged
directly from the separated sand pack can
be indicated in Figure 5C. examining the
formed liquid can be clearly noticed the
particles of P(AM-BA-AMCO) microspheres.
Nevertheless, these microspheres were
able transmit blue fluorescence, despite the
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fact that the particle shapes and sizes were
extruded and distorted. Due to these abilities
the P(AM-BA-AMCO) microspheres can be
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regarded as the promising tracker agents in
the oil fields.
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Figure 5. Fluorescence microscope images of P(AM-BA-AMCO) microspheres. (A) Phase-contrast
image made under the daylight after swelling for 24 h in brine; (B) Fluorescence micrographs for
the (A) made under ultraviolet radiation; (C) Phase-contrast image of microspheres made under

the daylight; (D) Fluorescence micrographs for the (C) made under ultraviolet radiation [75]

Thus, fluorescent polymer microspheres
have gained wide recognition as a novel
conformance-control agent in the recent
few years. Due to the high tolerance to
the harsh conditions of the pore zones,
great elastic properties, the capacity to
thoroughly probe sandstone layers. In every
flooding experiment with the microspheres
in porous media rupture elements were not
observed. Consequently, the need to the
further research regarding plugging abilities
of the microspheres is prevalent for current
conformance control technology.

Elastic polymer microspheres

Lasttenyears,anew conformance control
and flooding agent “elastic microspheres”
was invited and become more prominent
amongst the other agents [76, 77]. Elastic
microspheres are spherical shaped with
three-dimensional cross- linked system and
the design principle is that according to micro-
scale feature of reservoir rock’s pore throats,
elastic microspheres matching with pore
throats were composed; using mechanism
of "migration, sealing, elastic deformation
and then movement, then blocking" in the

reservoir, elastic microspheres are able to
plug and transport in high permeability layer
continually and enter the deep at last so as
to increase swept volume of oil-rich region
and enhance oil recovery. Researchers can
confirm that elastic microspheres at the harsh
conditions of the reservoirs such as high
temperature and salinity display rather good
impedance properties, stronger intensity of
profile control, high resistance coefficient and
residual resistance coefficient, lower cost and
better applicability and so on. Additionally, it
displayed a great impact on profile control
and flooding. Yao et al. [78] presented a novel
enhanced oil recovery method using pore-
scale elastic microspheres after polymer
flooding. By using single-tube sand pack
models, they studied the resistant coefficient
of polymer flooding and elastic microspheres
profile control and flooding. Therefore, the
outcome of the research indicate that polymer
and elastic microspheres have synergistic
effect. On the one hand, polymer with higher
viscosity can carry elastic microspheres
and polymer adsorption can decrease
roughness of pore throats which make the
movement of elastic microspheres effortless;
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besides, elastic microspheres have higher
plugging strength so as to prevent polymer
from crossing flow straight into the high
permeability channel and extend the polymer
output time of oil well.

Polymer and elastic microspheres are
observed to show interdependent properties.
The polymer can make the movement of elastic
microspheres freely; the elastic microspheres
can prevent polymer from flowing towards
the inside of the high permeability channel
and prolong the polymer production time
of oil well. Compared to polymer flooding
(1000 mg/L) and (2000 mg/L), polymer (1000
mg/L) and elastic microspheres (1000 mg/L)
flooding can enhance oil recovery by 5.6 and
4.4%. Polymer and elastic microspheres
profile control and flooding can cause positive
affect on oil recovery.

Low elastic polymer microspheres

In recent years, the uplift point is a main
descriptive value of the manufactured polymer
microspheres. The uplift point polymer
microspheres perform low deformation and
injection capabilities, at the same time shear
failure as an reaction to the water distend.
Thus, causes limited plugging effect [79]. This
concludes the basis to immediate production
of polymer microspheres which obtains
the rather low emporium, performs reliable
deformation ability in the injection process,
at the same time able to resist the distortion,
so as to meet the requirements of “injection”
and “plugging” in the oilfield. Additionally, at
present, the swelling ratio of polymer micro-
spheres could be regarded as the major
concern.

Herein, based on the previous research
about the compatibility of low elastic polymer
microsphere (L-EPM) with porous medium
by laboratory experiments [80]. The filtration
characteristics and formation damage degree
of L-EPM conformance control system were
emphatically evaluated in the work conducted
by Yang H. et al. [81], where the conformance
control mechanism of the L-EPM conformance
control system was investigated thoroughly
the conformance control abilities for oil and
water and conformance control impact under
heterogeneous conditions. The outcome
of the research can drastically change the
viewpoint of the usage percentage of L-EPM,
the efficient application as the conformance
control treatment of L-EPM in fractured and
heterogeneous reservoirs.

Low elastic polymer microsphere
(L-EPM) is commonly regarded a propitious
conformance control agent. The aspects of
filtration deplete, core damage, selective
conformance control abilities of L-EPM con-
formance control system were researched
in the last few years. The results showed
that L-EPM system had less damage to the
matrix core and the influence of filtration
loss on conformance control treatment could
be neglected in indoor experiments. After
the reparation of the permeability zone, the
increase of the production rate was clearly
observed.

Viscoelastic polymer microspheres

Viscoelastic microspheres are unique
type of viscoelastic blocking agent, possess
distinctive structure compared to polymer
gels, the major objective while the production
process of the viscoelastic polymers is the
pore zone conditions [82, 83]. By imple-
menting viscoelastic microspheres on the
production wells, the engineers intend to
decrease the negative environmental impact
[83]. Compared to the pore throat radius
viscoelastic microspheres with larger radius
are able to flow through the porous media
under pressure change, the result of which is
the expulsion reaction is drastically enhanced.

Viscoelastic microspheres are pre-
pared by different particle size based on pore
characteristics of the target layer in under-
ground conditions. Viscoelastic microsphere
and preformed particle gel are two similar
plugging agents. Both of them have the
property of swelling and plugging; however,
the preparation method, initial size, and
appearance are different.

By implementing inverse suspension
polymerization to produce the viscoelastic
polymer, it can be possible to regulate the
size of viscoelastic polymer microspheres
regarding the condition of the pore zone
which will be subsequently treated. The main
advantage working with the viscoelastic
polymers is their strength to sustain their
form and high resistance to the pressure.
Under the pressure viscoelastic polymers
were observed to not fracture, however, they
are able to transform, which indicates good
rheological capabilities.

Disseminated viscoelastic microsphere
has the complex structure that is formed
by including Vviscoelastic microspheres
and polymer solution. Mostly viscoelastic
microsphere aims to enhance the viscoelastic
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abilities of the system as well as to block the
high permeability channel, afterwards the
polymer solution can append the viscoelastic
microspheres in order to compensate the
strength of the disseminated viscoelastic
microsphere network. As a result, the water
can go into the low permeability area and
displace the remaining oil [84]. At the moment,
disseminated  viscoelastic ~ microsphere
flooding operations are widely used in different
oil fields in China due to the of the advanced
rheological capabilities of the dispersion
system, e.g., the shear-thickening abilities.
It worth to mention the lack of research
performed about the rheological properties
of disseminated viscoelastic microsphere
structure. Although dilatant fluid has been
studied experimentally, few investigations
from the perspective of energy have been
reported [85]. Recent research related to
shear-thickening fluids have enriched the
understanding of the fluids’ characterization
with large amplitude oscillatory shear
amplitude measurements methods [86].
Jiang et al. [87] studied the influence of
particles on the mechanical performance of
the poly(styrene-acrylic acid) based dilatant
fluid and displayed an applicable mecha-
nism for the shear thickening behavior.
They found that the shear thickening effects
were considerably affected by the surface
charges and the particles’ hardness, in which
case they could be controlled by varying
the monomer ratio of the precursor and the
relative crosslink density.

Recent studies show that cooperation
of viscoelastic microsphere with the surface-
active agent widely implemented in confor-
mance control technology. The surface-
active agents are taken up by viscoelastic
microspheres. Therefore, the surface-active
agents can alter the prominent characteristics
of the viscoelastic microspheres such as
deformation properties. The efficiency of oil
production can be greatly affected by before
mentioned components, which require further
investigations to be completed in this area of
research.

The profile control that employs visco-
elastic microspheres for enhancing oil
recovery is a novel technology that has
attracted widespread interest. Viscoelastic
microspheres are observed to affect plug
high-permeability zones, influence the level
of the sweep volume of low-permeability
zones, which can better improve the effect of

development, thus can be represented as a
promising conformance control agent.

Polymer nano-composite

microspheres

Controlling the water cut and improving
the sweep efficiency are crucial for enhanced
oil recovery (EOR) in heterogeneous
reservoirs. Toward the goals, polymer
microspheres gained significant popularity
and have been widely applied to profile
control and EOR. These kind of elastic
spheres with nano and micro scaled size
are able to block the high permeability
channels via adsorption, accumulation and
bridging, and divert the subsequent flow
into the upswept areas [88]. However, the
commonly observed polymer microspheres
display significant disadvantages because
they perform scarcely in rough reservoir
conditions, such as high temperature, high
salinity and high mechanical shearing, losing
the profile control ability [89]. These can
be regarded as the major objectives of the
current petroleum industry to advance the
abilities of these microspheres. By including
inorganic nanofillers into multifarious polymer
matrices on the nanoscale in order to produce
the polymeric/inorganic nanocomposites can
be seen as the comprehensive way to solve
the main drawbacks of polymer materials [90].
These composite materials obtain the ability
to perform the capacity such as mechanical,
thermal, toughness, electrical and rheological
properties, it can be observed that they are
extensively applied in the fields of high-
performance functional coatings, engineering
plastics, catalysis, medicine, biology, and
petroleum industry. Regarding different
advancements achieved in the field of nano-
composite materials with microspores, the
main obstacle remains to be the taking full
advantage from both chemical and science
aspects. Nanofillers are mainly exploited in
composite materials applying nanotubes,
layered silicates (e.g., MMT, kaolin), nano-
metals (e.g., Ni, Co), nano-oxides (e.g., ZnO,
ZrO,), semiconductors (e.g., InSb, CdS), and
so on, among which SiO, particles, probably
the most frequently used inorganic nano-
materials, have been attracting increasing
attention in many fields [91]. These particles
with unique molecular dimension, high surface
activity and specific surface area can behave
as structure and morphology directors,
introducing high-efficiency energy dissipation
mechanism and generating a variety of
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enhanced capabilities in nanocomposites
[92]. Additionally, organic polymer matrices
and inorganic nanofillers are observed to
show disbalance between each other, then
commonly affects in bad performance when
preparing the nanocomposites. Because the

pristine SiO, nanoparticles tend to aggregate
on account of their surface energy and the
polycondensation of silanols, they cannot
disperse uniformly in the polymer matrix,
limiting the specific nanometer effect.
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Thus, it is imperative to conduct

surface modification to better improve the
performance of silica particles, which can
not only effectively enhance silica particles’
dispersibility, but also combine them with
other materials by chemical interaction
simultaneously. Chemical methods involve
modification either by grafting polymers or
modifiers. The silane coupling agent 3- metha
cryloxypropyltrimethoxysilane (MPS) is one of
the most conventionally operated modifiers,
which has hydrolyzable and organo- func-

tional ends [93,94]. The hydrolysable
methoxy groups react with the silanols on
the SiO, surface, while the alkyl chains
containing CC double bonds react with the
polymer chains. Hence, these functionalized
SiO, nanoparticles would exhibit outstanding
compatibility with the organic phase and
can be efficiently trapped. Therefore, Tang
et al. [95] proposed the polymer/nano-SiO,
composite microspheres (PNSCMs) using
MPS-modified SiO, as reinforcing material to
obtain ideal conformance control agent. The

BecTHuk HedbTerasoBow oTpacnu KasaxctaHa. Tom 4, Ne2 (2022)

79



Shagymgereeva Saya, Sarsenbekuly Bauyrzhan, Kang Wanli, Yang Hongbin, Turtabayev Sarsenbek

nanofiller MPS-modified SiO, was prepared
by surface modification of the pristine SiO,,
and its structural formula is shown in Fig.
6A, which contains polymerizable reactive
groups, and exhibits good dispersion ability
and certain oil-water amphiphilicity. PNSCMs
were made through inverse suspension
polymerization. 2.4 g of emulsifier span
60 and different weight fractions of MPS-
modified SiO, nanoparticles (0, 0.5, 1.0, 2.0
wt %, compared to the water phase) were
dispersed in 80 mL of aviation kerosene as
the oil phase. AM, AA, SSS, SBMA, MBA,
NaOH, NH4ClI, and PEG-200 were diffused in
deionized water as the aqueous phase.

The advanced capabilities of the given
agent are appropriate swelling capacity,
tolerance to harsh conditions including high
temperature, salinity and shear, excellent
elastic deformation capacity and dispersion
stability, and can migrate into and plug the
high-permeability formation, however, they
need further research and field applications
to manifest their success.

Polymer microspheres oil

displacement

The difference between oil recovery and
enhanced oil recovery after profile control and
injecting of polymer microspheres are mainly
determined on the utilization degree of the
remaining oil in the low-permeability layer. The
given data above implies that microspheres
with a different particle sizes are more efficient
when it comes to enhancing the oil recovery
from reservoirs under certain reservoir
conditions, rather than microspheres with
the same particle size. In the point of water
injection, the high-permeability layer had the
minimum retention threshold pressure, the
maximum retention pressure differential (the
gap within the injection pressure and retention
threshold pressure), the major fluid absorption
capability as well as deviation rate [90-95].
Correspondingly, the low-permeability layer
had the highest retention threshold pressure
and the lowest deviation rate. At the point of
chemical flooding, the polymer microspheres
are injected, took time to settle, and shut off
the high-permeability layer, decreased the
flow cross-section of pores; and immediately
boosted the flow resistance. Due to the actions
taken by polymers, the medium and low-
permeability layers are constrained to absorb
the fluid. Later, at the point of water injecting,
with the extraction of polymer microspheres,
the diversion level of high-permeability layer

increased again, meanwhile the diversion
of medium and low-permeability layers
plummeted drastically [96—98]. The correlation
between the water cut of each layer and the
pore volume (PV) injected in the experiment
were detected. The high-permeability layer
water cut degree was close to maximum in
the final steps of water flooding, but next
the insertion of microspheres, the water cut
dropped to a certain degree, while the oil
recovery extended to the point. That can imply
an inclusion to profile control, the polymer
microspheres can also, to the certain point,
activate the remnant oil and diminish the oil
saturation. Fig.7 illustrates the movement of
polymer microspheres in core pores. In the
quite big pore spaces, the large the fluid in
the center flowed faster, and the fluid closer
to the edge flowed more slowly, so the fluid
imposed a small force on the remnant oil
on the of the rock pore [99, 100,102]. The
polymer microspheres in a insignificant pore
throat changed their shape and size, and
the injected water moved onward gradually
(Figure 7A).

The polymer microspheres emerge
from the tight pore throat, than followed by
immediate penetration occurred in the bigger
pore throat at a specific displacing force, by
thus the microspheres and fluids moved at
an drastically growing speed in the large pore
formations. Furthermore, the fluid streamline
in the bigger pore spaces moves from the
center to the perimeters of the pore throats.
As the result, the remnant oil on the exteriority
of the rock pore had gotten hit by the flowing
fluid at the high speed, so the remnant oil was
extracted from the surface of the rock pore
and carried along with the fluid (Figure 7B).
At the time when the polymer microspheres
arrived at the small and tight pore throats,
the fluid flow speed had been noticed to
significantly drop, the fluid in the initial large
pore formations leak out of disorder, and
some of the fluid acted on the remnant oil
at the linking point of the large and small
core pores, so some remnant oil had been
removed and carried along with sequent
fluid (Figure 7C). In the majority of times the
polymer microspheres enforced the remnant
oil through the couple of mentioned actions
to enhance the oil recovery from reservoirs.
However, it is crucial to mention the limitations
of the EOR.

In addition, the EOR mechanism is based
on the polymer microspheres to regulate
the fluid entry profiles of heterogeneous
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reservoirs, at the same time to increase the
injected water-swept volume. The polymer
microspheres possess great advantage at

activating the remnant oil through brief shut-
off — breakthrough — temporary shut-off [88,
103-107].

Rock

Residual oil

Injected water streamiing

Figure 7. Migration of polymer microspheres in the core pore: polymer microspheres (A)
temporarily shut off a narrow and small pore; (B) break through the small pore and enter a big
pore; (C) temporarily shut-off a small pore [102]

Conclusions

In this paper, we summarized
thoroughly the different types of polymer
microspheres from the initial stage to current
situation. Various polymer microspheres
systems are described in detail, such as
fluorescent polymer microspheres, nano-
composite polymer microspheres, elastic and
viscoelastic polymer microspheres, for better
understand the current polymer microsphere
technology. The problems which are now
faced in these microspheres are discussed
and solutions are proposed to overcome
respective shortcomings.

Nano-composites has been successfully
entered into the design of polymer
microspheres, can behave as structure and
morphology directors, introducing high-
efficiency energy dissipation mechanism and
generating a variety of enhanced capabilities
in nano-composites. The use of nanoparticles
turned out to be successful in many kinds of
reservoirs, especially in ultra- deep carbonate
reservoirs. Their applications have also
shown excellent results in the production of
medium to heavy oils.

Itcan be noted that polymer microspheres
have been widely investigated in the last
decades, however, they must still be optimized
for example to introduce new technologies
like the addition of nanoparticles. Systematic
work is still required for producing more
residual oil by using improved environmentally
friendly methods. The area of profile control
is still under strong consideration to further
enhance the efficiency of oil recovery under
harsh conditions.

The particles of polymer microspheres
can change their shape and size depending
on the specific pore zones, and are able to
pass through pores throats with ease, thus
can enter the in-depth structure and plug
the high permeability channels. It can be
concluded that polymer microspheres can be
utilized as a highly promising profile control
agent, additionally, fluorescent polymer
microspheres can act as an oil field tracker.
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NMPOIrPECC NOJIMMEPHbLIX MUKPOC®EP A1A PETYIIMPOBAHUA
NMPO®UNA HA HEPTAHBLIX MECTOPOXAEHUAX

C. WarbivrepeeBa', 6. CapceH6ekynbli', KaH BaHnu?, AH XoH6uH?, C. TypTabaes®
' KazaxctaHcko-bpuTaHckuii TexHu4eckuii yHuBepceuTet, Anmatsl, KasaxctaH
2 China University of Petroleum (East China), LUnHgao, Kutan
3 MexayHapoaHbIvi Ka3axcKo-TypeLKnin yHnBepcuTeT umenn Xomkn Axveaa fcasum,
r. TypkecTaH, KasaxctaH

B meyeHue nocnedHux decamunemuti npoyecchbl 0numenbHo20 3a800HeHUsT npueoounu
K 06800HEHUIO 3perbiX KOIIEKMOpOo8, Ymo S8/1s1emcs cepbe3Hol npobnemol Ha HeghmsiHbIX
mecmopox0eHusix. Paspabomka nyqwel 3akynopusaroujeli criocobHOCMU U 3KOHOMUYECKU
3¢bgheKMUBHbIX MONMUMEPHbIX MUKDPOChep 518715IemcCsi KII4Ye8bIM acrieKmom Orid KOHMpPOrs
u3bbImo4YHo20 rpoussodcmea 800bl. MccriedosaHuUs MOMUMEPHBIX MUKPOCEep, MpUMEHUMbIX
8 eemepo2eHHOM pe3epsyape Oris 3aKyrnopKU 8bICOKOMPOHUUaeMbIX KaHanos, 3HayumeribHO
pacwupsomces, 0 YeM cgudemesnbCmeylom MHO204YUCIEHHbIE OMybrIUKO8aHHbIE Hay4HbIe
cmambu. B OaHHom o0630pe obcyxdaromcesi pasfuyHble murbl MOAUMEPHbIX MUKpocghep
u aghgpekmusHocmb BblImecHeHUss Hegpmu. Takxe paccmampuearomcsi C8s3aHHble C
samum mpydHocmu u Oydywue nepcriekmuebl rnonuMepHbiX Mukpocgep. HaHHbili 0630p
obecriequsaem ocHogy Onisi pa3pabomku MonuMepHbIX Mukpocgep O0nss bydywezo
PUMEeHEeHUs1 Ha HehMsIHbIX MeCmOopPOX0eHUSIX U MoOMoxem uccriedosamensm 8 OanbHelwel
pa3pabomke  MOMUMEPHbIX MUKpocghep Onisi  rosblWeHuss Hegpmeomoayu  3pesnbix
Konnekmopos, komopbie 6ydym coomeemcmeogamb mpebosaHusm Oydyujux HeghmsHbIX
mMecmopoxxoeHudl.

Kritoueeble  crioga: ronumepHble  MUKpocghepbl,  QorlyopecyeHmHbIe  oIuMepHbie
MUKpOCGbepbl, 3nacmuyHbie NonUMEPHbIe MUKPOCGEPBI, KOHMPOsb MPoguris, 8bimecHeHue
Hegpmu.

M¥HAW KEH OPHbIHOAFbI MPO®UNbAI BAKbINAY YLUIH
NONMUMEPIIK MUKPOC®EPATAPAObIH NMPOIrPECCI

C. WarbivMrepeeBa', b. CapceH6ekynbli', KaH BaHnu?, AH XoH6uH?, C. TypTabaes®
' KasakcTaH-BputaH TexHukanblk yHuBepcuTeTi, Anmatbl, KasakcTtaH
2 China University of Petroleum (East China), LinHgao, Kpitan
3 Koxxa AxmeT Acaym aTbiHOarbl Xanblikapanblk ka3ak-Typik yHuBepcuTeTi, TypkictaH, KasakctaH

CoHfFbl OHXbINOLIKMbIH iWiHOe y3aK cy altday rnpouecmepi xXeminaeH KornekmopnapObiH
cynaHybiHa okendi, 6yn myHal KeH opbiHOapbiHOarbl Kypdersi macene 60rbin mabbinadsbl.
Xakcbl mbiFbiHOay Kabinemi 6ap xoHe yHemOi KondaHblnambiH OAuMepsli  MUKPO-
cohepanapObl dambimy, apmbik cy ©6HOIpiciH bakbinayObiH MaHbI30bl acrekmici 6osbirn
mabbinadbl. XKofapbl emkiseiw apHanapobl 6imey ywiH eemepoeeHdi pesepsyapda
KondaHbliambiH  ofIUMepPri  MukpocgbepanapObl  3epmmey almaprbikmal  KeHerooe,
byraH KernmezeH xapusinaHfaH fblnbIMU Makananap Oenen 6ona anadbl. byn wonyda
nonumeprni MukpocgepanapObiH myprepi xeHe onapdbiH MyHal bifbicmbipy muimoiniei
markbinaHobl. Monumepni MukpocgepanapdbiH ocbiFaH balinaHbicmbl KUbIHObIKMapkl MEH
bonawak nepcriekmusanapbl 0a Kapacmbipblnadbl. bepineeH wony 6onawakma MyHal KeH
opbiHOapbiHOa KorndaHy MakcambiMeH Ke30en2eH nonumepsi Mukpocgepanapobi dambimyra
Heei3 bepedi. byn 3epmmeywinepze bonawak MyHali KeH OpbIHOapPbIHbIH MmananmapbiH
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KaHarammaHObIpapribiK 3KOHOMUKasbIK >ardalda >emineeH KornekmoprapdaH MyHau

6HOipydi apmmbIpy ywiH nonumepsi MukpocgepanapObi 0d0aH api dambimyra kemekmecedi.
Heeizei ce30ep: nonumepni Mukpocchepanap, ¢pryopecueHmmi nomaumepsi MUKpoO-

cpepanap, cepnimOi nonumepsi Mukpocgepanap, npogunbdi 6akbinay, MyHalobl biFbICMbIPY.

Wudopmauma o6 aBTopax

WarbimrepeeBa Cass — PhD pokTtopaHT, dakynsTeT 3HEpreTukm 1 HedTerasoBoW
nHXeHepun, s_shagymgereeva@kbtu.kz.

*CapceHbekynbl Baybipxxan — PhD, ceHvop nektop dakynsreta 3Hepretuku u
HedbTerasoBow nHxeHepun, b.sarsenbekuly@kbtu.kz.

KasaxcTtaHcko-BputaHckuin TexHudecknin yHnBepcuTer, r. Anmartsl, KazaxctaH

Kan Bannu — PhD, npodeccop, kangwanli@upc.edu.cn.
AH XoH6uH — PhD, accoumunpoBaHHbI npodeccop, hongbinyang@upc.edu.cn.
Kutanckun yHuBepcuteT HedTu (BocTouHein Kutait), r. LluHgao, Kutan

TyptabaeB CapceHbek KonwabaeBny — [JOKT. TexH. Hayk, mnpodyeccop,
sarsenbek.turtabaev@ayu.edu.kz.

MexayHapoaHbIi  Ka3axCKo-TypeuKuin yHuBepcuteT uMeHn Xomxu Axmega fcaswm,
r. TypkecTaH, KazaxcTaH

*A8mop, omeemcmeeHHbIl 3a NepernucKy

86 | BecTHuk HedpTerazoson otpacnu KaszaxcraHa. Tom 4, Ne2 (2022)



