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1. Mature Fields

2. Enhanced Oil Recovery (EOR)

3. Polymers

4. Chemical Enhanced Oil Recovery (CEOR)
5. Polyacrylamide (PAM)

6. Surfactants

7. Core Flooding

8. Sulfonated Polyacrylamide Polymer (SPAM)
9. Gel Polymer

10. Crosslinker
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1. Disproportional Permeability Reduction (DPR)

2. Relative Permeability

3. Tailor-Made

4. In-situ Gels

5. Preformed Particle Gels (PPG)

6. Gelant

7.0riginal Oil in Place (OOIP)

8. Acrylamide (AM)

9. 2-Acrylamido-2-Methylpropane Sulfonic Acid (AMPS)
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1. Carboxymethylcellulose (CMC)
2. Merck Company
3. Fisher Scientific
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1. Fourier-Transform Infrared Spectroscopy (FTIR)

2. Thermo Gravimetric Analysis (TGA)

3. Equilibrium Swelling Ratio
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1. Linear Viscoelastic Region (LVR)
2. Fluid Aging
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1. Stretching Vibration
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Introduction

In recent years, most oil fields worldwide have entered
the mature phase of their production cycles. Relying
solely on natural reservoir pressure for production
becomes impractical at this stage. Therefore, it has
become crucial to adopt methods that enhance reservoir
pressure and facilitate the recovery of oil trapped in
the porous reservoir spaces [ | |. Polyacrylamide-based
polymers were introduced in the 1960s for this purpose,
primarily by increasing the viscosity of injected fluids.
However, their widespread application in the industry
has been hindered by their poor performance under
harsh reservoir conditions, such as high temperature
and salinity [2].

To address these challenges and improve effectiveness,
a new type of polymer called polymer gels has
been developed. These gels are made up of a three-
dimensional network of polymers with cross-linkers.
Much of the research and literature on polymer gels
in oil recovery focuses on their use in improving
conformance control and reducing water cut. The
customizable structure of polymer gels allows for
tailoring their properties through different compound
formulations, making them suitable for various
applications in enhanced oil recovery (EOR) [3].
Preformed Particle Gels (PPGs) are powdered products
formed by polymerizing one or more polymers, cross-
linkers, and initiators on the surface before injection
into the reservoir. PPGs offer several advantages over
in-situ gels, including shorter gelation times, greater
resistance to formation water, reduced susceptibility
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to gel deformation from shear stresses, and minimized
changes in gel composition upon contact with
formation water [4].

Efforts have been focused on developing stable and
biodegradable hydrogels. Challenges such as material
heterogeneity, purity of natural materials, weaker
structural integrity compared to synthetic polymers,
and limited thermal stability have historically hindered
the widespread adoption of these hydrogels. However,
advancements in engineered fabrication methods,
along with their integration into traditional techniques,
have largely mitigated these concerns [5].
Carboxymethyl cellulose (CMC) is a versatile natural
polymer widely utilized in various industrial and
food applications. Derived from cellulose, the most
abundant natural polymer, CMC is an anionic, water-
soluble polymer [6]. This article aims to delve into
the applications of carboxymethyl cellulose (CMC) in
enhanced oil recovery (EOR) processes, with a specific
focus on its role in simultaneous conformance control.
CMC is highly regarded for its multi-functionality,
cost-effective synthesis, environmental compatibility,
and unique surface properties, making it a valuable
resource across diverse industries such as oil and gas,
pharmaceuticals, and food products [7].

In the oil industry, CMC plays a pivotal role as an
additive in drilling fluids, contributing to its widespread
application on an operational level. Despite its
extensive use in various applications, there is a limited
documented research on its specific contributions to
EOR operations within the oil and gas sector.



Therefore, this article delves into the use of CMC
in formulating hydrogels tailored for EOR. The
synthesis of hydrogels involved combining CMC
with AM (acrylamide) and AMPS (2-acrylamido-2-
methylpropane sulfonic acid) copolymers to create a
robust structural base.

Emphasizing the preformed particle gel (PPG)
mechanism, the study evaluates the performance of the
hydrogel in EOR applications, including its interaction
with reservoir conditions, swelling behavior, structural
integrity, thermal stability, and viscoelastic properties.
Furthermore, the study explores the potential of CMC-
based PPGs to alter wettability in carbonate cores
and assesses their effectiveness in enhancing sweep
efficiency compared to conventional polyacrylamide
polymers through micromodel flooding tests.s.

Materials and Methods

To prepare the hydrogel, carboxymethyl cellulose
(CMC) with 95% purity was purchased from PDH.
Acrylamide (AM) with 99% purity and solubility
of 2.5 g in 10 mL was obtained from Merck,
2-acrylamido-2-methylpropane sulfonic acid (AMPS)
with 98% purity was sourced from Fisher. N,N’-
methylenebisacrylamide (MBA) with 97% purity
was procured from Merck, and ammonium persulfate
(APS) was acquired from Exir.

The structure of the preformed particle gel (PPG) was
evaluated using FTIR, TGA, rheology, and swelling
tests. Subsequently, the mechanism of wettability
alteration by the PPG sample on a carbonate core was
examined. Finally, the efficiency of PPG in enhanced
oil recovery (EOR) was assessed using a glass
micromodel.

Results and Discussion

The FTIR test thoroughly identified the primary
bonds of the components forming the PPG sample,
confirming the formation of the hydrogel structure. The
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synthesized PPG sample showed minimal weight loss
at typical reservoir temperatures ranging from 60 °C to
120 °C, demonstrating adequate structural integrity for
field operations in high-temperature reservoirs.

The glass micromodel was initially saturated with oil.
To simulate reservoir production, 1 pore volume (PV)
of brine was injected into the micromodel at a flow
rate of 0.5 cc/h, resulting in an average oil recovery
of 51%. Subsequently, 0.5 PV of two solutions —
0.5 wt.% polymer and CMC-based PPGs — were
injected as the third stage, followed by 0.5 PV of
brine flooding to complete the process. Brine flooding
across all stages yielded a final recovery of 56%. The
pore volume invasion occurred at approximately 1.1
PV, after which the oil production rate decreased
significantly. The injected fluid followed defined
paths to the micromodel outlet, leaving residual oil in
untouched areas. The presence of the polymer broke
this cycle by increasing fluid viscosity, accessing
previously untapped channels and enhancing oil
recovery to 71%. Furthermore, injecting 0.5 wt.%
CMC-based PPG solution as the third stage yielded the
best result with an 80% oil recovery. The synthesized
PPG, with its high swelling and increased viscosity
of the injected fluid, effectively reduced the mobility
ratio. The PPG facilitated broader flow distribution
within the micromodel, as shown in Figure 1, thereby
improving sweep efficiency. Additionally, the hydrogel
suspension altered surface wettability, further boosting
production rates from each channel. Notably, the
CMC-based PPG achieved these results with half the
injection volume of the polymer.

The produced water fraction curve in Fig. 1 shows
that after injecting 0.5 PV of brine, the oil production
fraction declined sharply, with a significant portion of
the output being water. However, the presence of PPGs
substantially reduced the produced water fraction,
underscoring the hydrogel’s role in more evenly
distributing injected flows.
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Conclusions

This research explores the use of carboxymethyl
cellulose-based hydrogels in enhanced oil recovery
(EOR) processes for carbonate reservoirs. First, FTIR
analysis was used to confirm the correct synthesis of the
hydrogel by examining chemical reactions. Thermal
gravimetric analysis (TGA) showed that the hydrogels
must maintain high thermal stability up to 120°C, with
less than 5% weight loss due to trapped water within
the hydrogel structure. Equilibrium swelling tests
indicated that the hydrogels swelled 5 times in distilled
water and 18 times in brine at room temperature,
increasing to 15 and 60 times respectively at reservoir
temperature. A strain sweep test at 90°C confirmed the
hydrogel's structural integrity and its suitability for
reservoir injection, as it exhibited linear viscoelastic
behavior up to a strain of 70%, indicating the ability
to recover structure after stress and deformation. At
strains exceeding 230%, the hydrogel transitioned
gradually from a pseudo-solid to a fluid phase.
Furthermore, the study looked at the wettability
alteration mechanism of the hydrogels on oil-wet
carbonate cores. The contact angle of the core
decreased from 115° to 67° upon contact with the
hydrogel, indicating a shift toward a water-wet
state. To evaluate the performance of carboxymethyl
cellulose-based hydrogels in EOR, injections were
carried out in a glass micromodel. Injecting 1 PV of
brine resulted in an average secondary oil recovery of
51%. In the third production stage, injecting 0.5 PV
of hydrogels led to a 15% increase in oil recovery
compared to the second stage; similarly, injecting an
equal amount of polyacrylamide resulted in a 24%
increase. These results demonstrate the potential of the
synthesized carboxymethyl cellulose-based hydrogel
as a stable and economically viable polymer for field
applications.
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