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ABSTRACT

Amphiphilic polymer gels are widely used in heterogeneous reservoirs for conformance control tech-
nology. However, in high temperature and high salinity of calcium and magnesium reservoirs, amphi-
philic polymer gels cannot maintain effective performance. In this work, a novel reinforced amphiphilic
polymer gel (F-PADC gel) was prepared by physically mixing polymer solution and fly ash (FA), which is
an extremely low cost material. The viscoelasticity and stability of the F-PADC gel were studied by
rheometry and micro-rheometry. The reinforced mechanism of FA on amphiphilic polymer gels was
revealed. The results show that the addition of FA can make the gel more robust with a denser network
structure. On the fifth day, the elastic modulus (G’) increases from 5.2 to 7.0 Pa and the viscosity modulus
(G") increases from 0.4 to 0.6 Pa at the frequency of 1 Hz, which improves the viscoelasticity of the gel
system. More importantly, the F-PADC gel does not degrade after aging at 85 °C for 180 d. And its
viscoelasticity increases obviously, G’ and G” increase to 110.0 Pa and 3.5 Pa, respectively, showing
excellent anti-aging stability. Moreover, FA amphiphilic polymer gels have a good injectivity and a perfect
plugging rate of 98.86%, which is better than that of sole amphiphilic polymer gels. This novel mixed FA
amphiphilic polymer gels can prove to be a better alternative to conventional polymer gels to enhance oil
recovery in high temperature and high salinity reservoirs.
© 2022 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

1. Introduction

2020; Kang et al., 2021) are the most widely used agents in oil-
fields due to the advantages of adjustable strength and low cost (Pu

With the continuous development process of oil production,
many oilfields have entered into high water-cut period (Bai et al.,
2015a, 2015b; Li et al., 2020b), which leads to an ineffective circu-
lation of injected water and a low production rate (Alhuraishawy
et al.,, 2018; Liu et al,, 2017). At present, the traditional plugging
agents include polymer gels (Bai et al., 2022; Zhang et al., 2020b;
Zhu et al., 2017a), microspheres (Yu et al., 2015), foam (Zhou et al.,
2013) and preformed particle gels (PPGs) (Zhou et al.,, 2021b).
Among them, polymer gels (Afolabi et al., 2019; Al-Shajalee et al.,
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et al, 2019; Wang et al.,, 2020; Wu et al.,, 2022). In particular,
polymer gel systems (Du et al., 2019; Liu and Seright, 2001; Sun
et al., 2020; Young et al., 1989) can decrease the reservoir hetero-
geneity, so as to improve the sweep efficiency of reservoirs by water
flooding (Crespo et al., 2014; Li et al., 2020a; Wang et al., 2017) and
enhanced oil recovery (Saikia et al., 2020; Zhang et al., 2022; Zhu
et al, 2021). In recent decades, significant work and research
have been performed in this field.

Amphiphilic polymers (Zhang et al., 2019; Zhu et al., 2017b)
refer to water-soluble polymers with a small number of hydro-
phobic groups in the hydrophilic main chain of the macromolecule.
Due to the hydrophobic association between hydrophobic groups
(Zhou et al., 2021a), the polymer has excellent temperature and salt
resistance ability (Guo et al., 2021; Jia et al., 2011), which widens its
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application range in oilfields (Yang et al., 2020). In addition to being
an oil displacement agent, it is also used as the main component for
preparing gel plugging agents (Yang et al., 2019a). Anti-aging sta-
bility is an important property for gel plugging agents, which de-
termines the effective time of plugging. However, its anti-aging
stability still needs to be further improved for an application in high
temperature and salinity reservoirs. Some studies (Lashari et al.,
2018, 2019) have shown that nanoparticles (Bai et al., 2018; Jia
et al., 2020) can reinforce the anti-aging stability of amphiphilic
polymer gels. For example, Yang et al. (2019b) constructed a
nanoparticle-reinforced organic chromium gel using modified sil-
ica nanoparticles and amphiphilic polymers. They demonstrated
that silica nanoparticle surface adsorbs free polymer molecules in
solution, and forms molecular brushes due to charge attraction and
hydrogen bonding. Thus, the stability of gels is improved. At 85 °C,
the more silica nanoparticles are added, the more stable is the
composite gel. When the concentration of silica nanoparticles is
1000 mg/L, the water-loss rate of the composite gel is 11% after 20 d.

Fly ash (FA) is a solid residual by-product of coal combustion in
thermal power plants (Ma et al., 2013; Wojciech et al., 2015). FA
usually presents a kind of gray superfine microspheres with uni-
form particle size and is composed of a large number of silica,
alumina and other inorganic nanoparticles (Ahmad Zawawi et al.,
2020; Wang, 2008). The colossal use of coal to meet the growing
energy demand has led to an exponential growth of FA (Yao et al.,
2015). Contrarily, FA utilisation is used only 1/4th of the total
output (Wang, 2008). Unused FA is left exposed, causing environ-
mental pollution and ecological imbalance (Nikoli¢ et al., 2013).
Maximizing the use of low-cost and easily available FA is the best
option to deter ecological concerns and create economic opportu-
nities (Hosseini et al., 2018).

The application of FA in oilfields is gradually emerging
(Adewunmi et al., 2019; Ahdaya and Imgam, 2019; Liu et al., 2019).
For example, FA can be used as fillers in polymers in order to
improve their rheological properties (Liu et al., 2020). FA can be
functionalized to replace API-grade drilling bentonite for drilling
(Gautam et al., 2018; Ledesma et al., 2020). In order to enhance the
viscoelastic characteristics of a gel, Adewunmi et al. (2017) incor-
porated coal fly ash in PAM/PEI gels. The results showed that the
viscoelasticity of the gel could be increased by a maximum of 6
times. So it could be applied to water shutoff treatment in oil and
gas wells (Adewunmi et al., 2019). Fakher et al. (2020) reinforced
hydrolyzed polyacrylamide (HPAM) polymer solutions with the FA
and studied the injectivity of this new reinforced polymer. The
results showed that the most stable formulation was 0.5 and 1 wt%
HPAM mixed with 0.5 and 1 wt% FA. As long as the FA was stable
and evenly distributed along the HPAM network, there would be no
pressure problem. Singh et al. (2018) improved the performance of
nanocomposite gel systems by modifying FA to participate in the
polymerization reaction. The nanocomposite gel system had suffi-
cient gel strength (0.045 MPa) and a good plugging capacity at
reservoir conditions (95.14%), but the preparation process was
complicated. Few studies have been done on the direct blending of
FA and amphiphilic polymer gels to improve the anti-aging stability
in high temperature and salinity reservoirs. However, the mecha-
nism of added FA on amphiphilic polymer gels remains unclear.

In this work, FA reinforced amphiphilic polymer gels were
prepared by a physical mixing method. Viscoelasticity and stability
of amphiphilic polymer gels (PADC gel) and FA reinforced amphi-
philic polymer gels (F-PADC gels) were studied by rheometry and
micro-rheometry, respectively. An anti-aging stability mechanism
of FA reinforced amphiphilic polymer gels was proposed. The
plugging performance was demonstrated by artificial sand pack
plugging tests. The F-PADC gels represent a promising material for
improving the heterogeneity of high temperature and high salinity
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reservoirs. Moreover, it is of great help for the recycling of fly ash
and to improve environmental protection.

2. Experimental
2.1. Materials

All reagents and chemicals are chemically pure, purchased from
Sinopharm Chemical Reagent Co., Ltd (Beijing, China) except as
noted. The amphiphilic polymer was self-made in the laboratory
and was named PADC, the preparation methods of which were
described elsewhere (Zhu et al., 2017b). The organic chromium
crosslinker agent is of industrial grade and obtained from Sinopec
Shengli Oilfield (Dongying, China). The molecular structure of both
is shown in Fig. 1. Fly ash is of experimental grade, purchased from
Huifeng New Materials Co., Ltd. (Zhengzhou, China).

As can be seen from Fig. 2, FA is spherical with different particle
sizes, and the average particle size is 2.8 pum. Silica accounted for
the largest proportion of FA, followed by alumina, and a small part
of other oxides. The zeta potential of FA and PADC was —24.34 and
47 mV, respectively, whereas that of FA/PADC suspension
was —4.83 mV, all measured by the Zetasizer Nano (Malvern, UK)
measurement. These test methods are shown in Supplementary
Material.

2.2. Methods

2.2.1. Preparation of gel samples

The composition of simulated formation water is list in Table 1.
The formulation of F-PADC gels was: 4000 mg/L PADC, 2500 mg/L
organic chromium crosslinking agent and 1000 mg/L FA. The
detailed preparation method was as follows. Firstly, 10,000 mg/L
PADC mother liquor and 10,000 mg/L organic chromium mother
liquor were prepared with formation water. 10 mL PADC mother
liquor, 6.25 mL organic chromium mother liquor and 8.75 mL for-
mation water were mixed with each other. Then 0.025 g of FA was
added, stirred and dispersed evenly to obtain the gel solution. In
order to eliminate the influence of air on the gelling performance,
the solution was poured into a bottle, and then the cap was quickly
sealed after N, was introduced for 5 min. Finally, the gelling con-
dition was observed at 85 °C, and the gelling time and strength
were determined. The PADC gels are formed without adding fly-
ash.

2.2.2. Determination of gelation properties

The gelation time is an important property for gel systems. The
bottle testing method is used to determine the gelation time
because it is convenient and inexpensive. The gelation time is
defined as the time at which the gel reaches the maximum strength
with a code ranging from A to ] (Sydansk, 2004), as shown in
Table 2. 25 mL gel solution was added into the ampoule tube, which
was placed in a pre-heated oven at 85 °C. The ampoule tubes were
observed visually by taking them out from the oven and inverting
it. The time of the maximum gel code was noted as the gelation
time.

The strength of gel samples was measured by the breakthrough
vacuum method. These experiments were conducted according to
the procedure previously reported (Bai et al.,, 2015a). The dehy-
dration volume of the gel was divided by the initial volume to
determine the percentage of dehydration. The water-loss rate (Rw)
was calculated using the following equation:
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Fig. 1. The molecular structures of (a) PADC amphiphilic polymer and (b) organic chromium crosslinker.
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Table 1

Compositions of simulated formation water.
Composition Na* ca’t Mg2*+ c- HCO3 Total
Concentration, mg/L 27122.14 1505.71 1761.22 49594.84 129.27 80113.18

Table 2
Gel description corresponding to gel strength rating code (Sydansk, 2004).

Code Gel description

No detectable gel formed

Highly flowing gel

Flowing gel

Moderately flowing gel

Barely flowing gel

Highly deformable non flowing gel
Moderately deformable non flowing gel
Slightly deformable non flowing gel
Rigid gel

Ringing rigid gel

——TOAOTmMmgNw>

Vw

Rt =+ x 100%

(1)

where V is the initial gel volume, cm?; Viater is the dehydrated
volume of the gel, cm®.

The anti-aging stability of gel was evaluated under reservoir
conditions by sealing the ampoule tubes and putting them in an
oven at 85 °C for 180 d. The dehydration of the gel was checked

2177

regularly by reversing and observing the ampoule tubes.

2.2.3. Microscopic characterization

Atomic force microscopy (AFM, Bruker, USA) was used to
observe the gel microstructure. The prepared polymer gel (about
10 pL) was placed on a clean mica plate by dropping. The sample
was then placed in a vacuum spin coater and waited for a few
minutes until the mica surface was dry. The AFM was used in the
tap mode with a scanning angle of 0° and a scanning frequency of
1.50 Hz at 25 °C (Kang et al., 2019).

2.2.4. Rheology measurements

2.24.1. Rheology of gels. A MCR301 Rheometer (Anton Paar,
Austria) with a plate system was used to measure the viscoelasticity
of the gels. Firstly, a scanning stress was performed to determine
the linear viscoelastic region. Then, the dynamic modulus of the
gels at different frequencies (0.1-10 Hz) were measured in this
linear viscoelastic region.

2.2.4.2. Micro-rheology of gels. According to the principle of Multi-
speckle Diffusing Wave Spectroscopy (MS-DWS), the optical micro-
rheometer (Formulation, France) was used for measuring the
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micro-rheology of the gels (Zhang et al., 2020a). Its advantage is to
test the gelation time and gel strength of polymer solutions without
disturbances. The schematic diagram of measurements is shown in
Fig. 3(a). The instrument consists of a laser source and a back-
scattered light detector. During the experiment (Lashari et al.,
2019), tracer particles were added to the PADC polymer solution.
These tracer particles are continuously moving by Brownian mo-
tion, resulting in the deformation of scattering points. The detector
detects the change of speckles, calculates the velocity of tracer
particles, and finally obtains information on the mean square
displacement (MSD) curve of tracer particles in the solution.

Then, Fig. 3(b) shows the graphical explanation of a typical MSD
curve. The height of the plateau phase of the MSD curve represents
the elasticity index (EI). The lower the plateau phase, the higher the
El. The slope of the last part of the MSD curve corresponds to the
macroscopic viscosity index (MVI). The smaller the slope, the
higher the MVI. The EI curves and the MVI curves of the PADC
polymer solutions can be subsequently obtained by using a soft-
ware to calculate the MSD curve (Lashari et al., 2019).

2.2.5. Plugging performance of gels

The plugging performance of a gel is evaluated in artificial sand
packs, and its key parameters are shown in Table 3. The injection
rate was 0.5 mL/min, and the experimental temperature was kept
at 85 °C. The schematic diagram is shown in Fig. 4. Firstly, the
simulated formation water was injected for 2.0 pore volume (PV)
until the injection pressure was stabilized. Secondly, 2.0 PV of a
polymer gel solution was injected. Thirdly, the artificial sand pack
was placed into an oven at 85 °C for 5 d, so that the polymer may
crosslink to form gel. Finally, the formation water was continuously
injected until the injection pressure remained constant (Zhou et al.,
2021a). The permeability and the plugging rate were calculated by
the following equations:

K QuL

= A5P @)

ko — K
ko

x 100% 3)

where u, A, Q and AP represent the fluid viscosity, the cross
sectional area of the artificial sand pack, the injection rate and
pressure difference, respectively; ko and k’ are the initial and final
permeability of the artificial sand pack, respectively.

(a) (b)

1. Laser

MSD, nm?2

3. Detection

Plateau phase
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3. Results and discussion
3.1. Gelling performance of F-PADC gels

The gelling performance of the gels is determined by the bottle
testing method and the micro-rheometry. Gelation time and gel
strength are important parameters to characterize gel properties.
The gelation time determines the depth and extent of applied
reservoirs. In addition, the gel should be strong enough to with-
stand the water flow.

The gel strength and breakthrough pressure of PADC gels are
shown in Fig. 5(a) and (b). With the increase in time, the gel
strength and the breakthrough pressure increase. The gel strength
of PADC gels corresponds to code F after 4 d. The gelation time of
the F-PADC gel is 3 d and the gel strength refers to code G.
Furthermore, as shown in Fig. 6(a) and (b), the El and MVI curves of
PADC gels show an initial sharp increase and a rapid levelling off.
With the increase in time, PADC quickly forms a dense spatial
network structure with organic chromium as the crosslinking
points. The spatial network structure limits the movement of tracer
particles, i.e. a higher viscoelasticity is formed. Therefore, the EI and
MVI values of amphiphilic polymer gels increase rapidly in a short
time.

The maximum breakthrough pressure of PADC gels and F-PADC
gels are 0.056 and 0.065 MPa, respectively. The addition of FA can
shorten the gelation time and reinforce the gel strength. Besides,
the El and MVI curves of the F-PADC gel attain quicker a plateau and
exhibit higher values. This indicates that the addition of FA can both
accelerate the formation of the spatial network structure and
improve the viscoelasticity of PADC gels. This is because the
negatively charged FA particles act as adsorption points, and the
positively charged polymer chains are intertwined to form the
network structure more quickly via electrostatic attraction. For the
cross-linking reaction between the organic chromium crosslinker
and PADC, FA is used as an additive to enhance the network
structural strength, thereby improving the viscoelasticity of the F-
PADC gel.

3.2. Rheological properties of F-PADC gels

The viscosity modulus (G") and the elastic modulus (G') of PADC
gels and F-PADC gels with different gelation times are analyzed. In
Fig. 7(a), it can be found that G’ is higher than G”, indicating the
dominance of the elastic behavior in both gels.

Besides, the viscoelasticity of F-PADC gels is higher than that of
PADC gels at the same time. When the gelation time is 5 d, the

Low elasticity BRI
W VisScou

High viscous

High elasticity

2. Scattering

Decorrelation time, s

Fig. 3. (a) Measurement principle diagram of MS-DWS; (b) graphical illustration of MSD.
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Table 3
Key parameters of artificial sand packs.

Petroleum Science 19 (2022) 2175—-2184

No. Gel type Length L, cm Diameter d, cm Porosity ¢, % Permeability ko, pm?
1 F-PADC gel 10.01 25 36.68 1.321
2 PADC gel 10.00 25 34.65 1.275
. 0 00 |
| |
| |
| I
| f
|
M | |
i | : Pressure collecting device
I -
| |
| Sand pack |
| |
| g |
1 Produced @ |
liquid |
I Polymer gel |
| Simulated
| formation water |
| |
L |
Distilled water Thermostat
Fig. 4. Schematic of plugging experiments (Zhou et al., 2021a).
(@) (b)
0.07 A

Gel strength code

—®— PADC gel
—@®— F-PADC gel

6 7

0.06 -

0.05 -

0.04 -

0.03

Breakthrough pressure, MPa

0.02 -

—®— PADC gel
—@®— F-PADC gel
0.01 : . . T T . T

6 7

Fig. 5. (a) Gel strength code; (b) breakthrough pressure curves.

viscoelastic properties of F-PADC gels and PADC gels are greatly
improved. This is because organic chromium crosslinks with the
carboxyl group of the amphiphilic polymers as time increases, and
the internal network structure density of the gels increases.

It is worth noting that the water loss rate of PADC gels is 33.5% at
60 d and completely loses its viscoelasticity after 180 d. When the
gelation time reaches 180 d, F-PADC gels do not lose water, and the
gel strength remains unchanged at the code G (as shown Fig. 8). The
viscoelasticity of F-PADC gels is shown in Fig. 7(b). While G’ in-
creases from 7.0 to 110.0 Pa, the value of G” increases from 0.6 to
3.5 Pa at the frequency of 1 Hz. This indicates that the addition of FA
not only reinforces the anti-aging stability of amphiphilic polymer
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gels, but also increases its viscoelasticity.

3.3. Injection and plugging performance of F-PADC and PADC gels

Injection ability and plugging performance are also important
parameters of polymer gels. They determine the conformance
control effect of gels. Fig. 9 shows injection and plugging behavior
of gels in artificial sand packs. As shown in Table 4, the plugging
rates of PADC and F-PADC gels are 96.56% and 98.33%, respectively.

As seen from Fig. 9(a), the injection pressure of two artificial
sand packs increases with the injection in polymer gel solutions.
The injection pressure for the PADC gel solution rises to around
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Fig. 6. (a) MVI curves of PADC and F-PADC gels; (b) EI curves of PADC and F-PADC gels (T = 85 °C).
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Fig. 7. Dynamic viscoelasticity curves of PADC and F-PADC gels after gelation. (a) 1, 5 d; (b) 180 d.

N
't F-PADC gel

Fig. 8. Photographs of F-PADC and PADC gels after gelation. (a) 5 d; (b) 180 d.

6 kPa, and that for the F-PADC gel can rise to around 14 kPa. This
indicates that the two polymer gel solutions have good injection

ability. Due to the addition of FA, the F-PADC gel solution may block
in the pore throat of the artificial sand pack, so the injection pres-
sure is higher than for the PADC gel solution.

As shown in Fig. 9(b), the injection pressure increases with the
formation water injection after gelation. When the pressure value
reaches 42 kPa (breakthrough pressure), the pressure of the PADC
gel deceases sharply and the gel appears at the outlet. This indicates
that the formation water has formed channels in the artificial sand
pack. Then, the pressure increases to a maximum value of 53 kPa,
which is caused by the plugging during the movement of the gel
block in the artificial sand pack. The breakthrough pressure of the
F-PADC gel is 83 kPa, and the pressure continues to increase up to
87 kPa and then begins to decrease. This is because of its greater
viscoelasticity and gel strength. Subsequently, the injection pres-
sure of both gels eventually fluctuates and tends to become con-
stant. The pressure fluctuation is due to the migration and the
secondary blockage of some smaller gels in the artificial sand pack
as the formation water is injected.

The final pressure of the artificial sand pack treated with the F-
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Fig. 9. (a) Injection pressure curves of PADC and F-PADC gels; (b) pressure curves of subsequent water.

Table 4
Experimental results of artificial sand packs.

No. Gel type Initial permeability ko, pm? Final permeability k', pm? Plugging rate 7, % Breakthrough pressure, MPa
1 F-PADC gel 1.321 0.022 98.33 0.083
2 PADC gel 1.275 0.042 96.56 0.042

PADC gel maintains at around 77 kPa, and is 40 kPa higher as
compared with that of the PADC gel after 5 PV water flooding.
Therefore, this illustrates that the F-PADC gel has better plugging
performance and flushing resistance than the PADC gel in high
temperature and high salt reservoirs.

3.4. Reinforced mechanism of fly ash on the PADC gel

According to the above results, the F-PADC gel has higher
viscoelasticity and stronger anti-aging stability. In order to analyze
the role of FA in gel systems, AFM is used to study the network
structure of PADC and F-PADC gels, respectively. The results are
shown in Fig. 10 for a gelation time of 5 d. It can be observed that
both the PADC gel (Fig. 10(a)) and the F-PADC gel (Fig. 10(b)) can
form dense network aggregates. Moreover, the surface of the F-
PADC gel structure is rougher due to the addition of FA. The highest
peak of the F-PADC gel (1.8 um) is much larger than that of the
PADC gel (635.6 nm). This indicates that FA makes the gel forming a
more robust network structure. The SEM results of the gel analysis
are shown in Fig. S1 in Supplementary Material, which is consistent
with the AFM results.

It concludes that FA could act as an inorganic additive to adhere
onto the gaps of the gel skeleton, and reinforce the strength and
stability of the gel structure. In addition, this evidence also explains
why the F-PADC gel has better viscoelastic properties and stability
from a micro-perspective point of view.

After adding the organic chromium crosslinker into the solution
of the amphiphilic polymer, the chromium ion hydrate first hy-
drolyzes and polymerizes to form polynuclear hydroxyl bridged
complex ions. At the same time, the amide group in the polymer
molecules hydrolyzes to form the carboxyl group, and the cross-
linking reaction occurs between the polynuclear hydroxyl bridged
complex ion and the carboxyl group. The amphiphilic polymer
molecules are further cross-linked by the chromium crosslinker,
resulting in the formation of a complex and dense spatial network
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structure of amphiphilic polymer gels.

On the basis of amphiphilic polymer gels, inorganic FA can be
used as reinforcing agent. The mechanism of reinforcing the gel can
be described in Fig. 11 and concluded as follows: i) As a porous
structure material, FA can be physically adsorbed onto the polymer
molecules and chromium crosslinker through physical adsorption.
It can be incorporated into the gel network structure and enhance
the strength of the skeleton. ii) The special pore structure of FA can
store water molecules lost in the polymer gel, so that the water
molecules can be dynamically balanced between the gel structure
and the pore structure, which can effectively reduce the dehydra-
tion of the composite gel. iii) Due to the negative charge on the
surface of FA particles, the electrostatic attraction between FA and
the positively charged amphiphilic polymer molecules can further
enhance the strength of the cross-linked network structure.

Under the synergistic effect of the above three mechanisms, a
more robust and denser network structure is formed inside the
composite gel, and its viscoelastic properties also increase.
Macroscopically, the F-PADC gel has a higher gel strength and
breakthrough pressure, and can maintain a stable performance
under adverse conditions such as high temperature aging.

4. Conclusions

Polymer gels of PADC and F-PADC with an organic chromium
crosslinker are constructed. The addition of FA particles to an
amphiphilic polymer gel solution can shorten the gelation time and
improve the gel strength. The reinforced effect of FA on an
amphiphilic polymer gel leads to a more robust and denser
network structure. After 180 d of aging at high temperature, the
strength of the F-PADC gel is constant and the viscoelasticity in-
creases, indicating its excellent anti-aging stability. The reinforce-
ment mechanism of added FA to F-PADC gels is summarized as
follows. Firstly, FA can improve the skeleton strength of the gel by
adsorption. Secondly, the special pore structure of FA particles can
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Fig. 11. Schematic diagram of the interaction network structure in F-PADC gels.

store water molecules lost in the polymer gel, thereby effectively
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reducing the dehydration of the gel. Thirdly, the negatively charged
FA particle surface can attract the positively charged amphiphilic
polymer molecules via electrostatic interaction, thereby reinforcing
the stability and strength of the gel. Finally, the artificial sand pack
results show that the F-PADC gel has a good injection performance
and a higher plugging ability compared with PADC gels. This study
shows that cheap and easily available FA can be used as an enhancer
of amphiphilic polymer gels, so as to broaden the application scope
of polymer gels in high temperature and high salinity reservoirs.
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