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Abstract
Global energy demand continues to rise and is projected to increase by 50%–60% in the next decade.
Tomeet this demand, enhanced oil recovery (EOR) techniques are being employed tomaximize
extraction from existing reservoirs. Polymer flooding is a promising EORmethod,wherewater-
soluble polymers improve sweep efficiency by increasing the viscosity of the displacing fluid.
However, successful polymer flooding relies on careful polymer selection and a thorough
understanding of rheological behavior. This study presents a systematic rheological evaluation of two
polymers, XanthanGum (XG,C35H49O29) andCarboxymethyl Cellulose (CMC), at varying
concentrations (0.25, 0.50, 0.75, and 1wt%) for EOR applications. Steady-shear rheology, thermal
stability, and salinity effects were investigated to assess polymer performance under different
conditions. TheHerschel-Bulkley andCrossmodels were used to characterize the non-Newtonian
behavior of the polymers. Results indicate that higher polymer concentrations enhance viscosity and
shear-thinning behavior.However, salinity (NaCl andMgCl2) reduces solution viscosity, while
increasing temperature (25 °C, 50 °C, and 75 °C) further diminishes viscosity. These findings provide
critical insights into polymer selection and optimization for efficient EORprocesses.

1. Introduction

World energy demand is growing day by day and is expected to increase by 55%–65% in the next decade [1].
Since oil and gas are themajor sources of energy, it is predicted that theywill remain the primary sources in the
future [2]. Tomeet the energy crisis, it is therefore essential to enhance oil recovery from low-productivewells
or to drill new reservoirs [3].Manymethods are used to recover oil fromwells. In the primary phase, oil is
recovered by the natural drive, i.e., the energy stored in the reservoir due to volatile components [4]. In the
secondary phase, recovery is achieved by injecting high-pressurewater or gas (CO2,N2) into the reservoir [5].
For the recovery of the remaining heavy oil, a tertiary recovery process, also termed enhanced oil recovery
(EOR), is used [6]. The EOR (tertiary phase) of oil recovery is further classified into threemain categories:
thermal EOR,waterflooding/gas flooding EOR, and chemical flooding EOR [7]. In chemical flooding, themost
popularmethod is polymer flooding (PF), which is widely practiced in the field [8]. In polymer flooding for
EORapplications, a high-viscosity polymer solution is injected into the reservoir to reduce themobility ratio of
trapped oil and sweep out the remaining oil [9, 10].

In chemical EOR, PF is one of themost commonly usedmethods that can be considered for enhancing oil
recovery [11]. PF ismost favorable for oil reservoirswith low salinity and low temperature [12]. Another sig-
nificantmechanismof PF is the enhancement of sweep efficiency and the reduction of viscous fingering [13].
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Beyond this, other factors such as the rheology of the solution, thermal stability, adsorption, compatibility, core
flooding, injectivity, and cost are also important considerations for EORusing polymers [14].

Several polymers have been evaluated by researchers for chemical EOR applications [15]. Nevertheless, the
polymer selection also takes into consideration the reservoir rock permeability and oil viscosity to achieve opti-
mal performance [16].Moreover, it is important to select a polymer that exhibits thermal stability in high-salt
brine and at high temperatures [17]. Both synthetic and biopolymers can be used as injection solutions [18].
The primary advantage ofmost biopolymers studied for PF application is their environmental friendliness.
Among the biopolymers that could be employed for EOR, carboxymethylcellulose and xanthan gum (XG)
show themost promise for future applications. Given the variety of bio-based PF options available, it is critical
to identify which polymer backbone properties aremost significant for the application [19].

XG is a biopolymer (polysaccharide) that is widely used in chemical EOR. The polymerXG is produced
through a bacterial fermentation process involving the polymerization of saccharidemolecules [20]. Due to the
high rigidity of its polysaccharide chain, xanthan is less sensitive tomechanical shear. Since it is essential for
chemical EORprojects, especially those involving polymers, to control the viscosity of xanthan under varying
salinity and temperature conditions, these factors have attracted significant research attention regarding its
application in theCEORprocess [21, 22].

Carboxymethyl cellulose (CMC) is a derivative of cellulose used as a solution viscosifier in various indus-
tries [23]. It has been reported that the rheological properties of CMC solutionswith concentrations of 1%–5%
are nearlyNewtonian and exhibit viscoelastic and pseudoplastic behavior [24]. Abdelrahim et al studied the
rheological properties of CMC solutionswith concentrations of 2%–5%over a temperature range of 30–90 °C
using a rotational rheometer [25]. Planas et al also investigated the rheological behavior of CMC solutions in
the range of 1%–2.5%, analyzing the properties in terms of concentration differences, temperature changes,
and storage time durations [26].

This paper presents the rheological evaluation of XG andCMC for EOR applications. This study specifically
evaluates XG andCMC for EOR, testing their stability and rheology directly in salinewater to simulate reser-
voir conditions, which represents a critical and application-focused advancement over previous general rheo-
logical studies. In the rheological evaluation, steady shear and viscosity behavior experiments are performed at
different temperatures and polymer concentrations. To ensure stability against salinity, the polymers are dis-
solved in salinewater before performing rheological tests. The thermal behavior of the polymers was studied
over different temperature ranges using a rheometer. TheHerschel–Bulkley andCrossmodels are then used to
analyze the rheological parameters and characterize the non-Newtonian behavior.

2. Experimental

2.1.Materials
Highmolecular weight (MW) and high-quality industrial-gradeXG (C35H49O29, 100% through 60mesh,
�95% through 80mesh)was purchased fromShanghai Tianjia Biochemical Co., Ltd, a local distributor, in
powder form andused in its pure formwithout any alteration. XG is an extracellular polymer characterized by
high resistance to shear degradation, shear-thinning behavior, stability over awide range of temperatures, and
high viscosity at low shear rates.

CMC (MW263, 100mesh size)was also procured fromShanghai Tianjia Biochemical Co., Ltd, a local
distributor, in powder form and used in pure form.Moreover, CMCpresents a lower environmental hazard
and is a semicrystalline anionic polymer capable of forming strong bondswith oppositely chargedmaterials.
Distilledwater with a pHof 6.5–7.5was used for solution preparation.

The salts sodium chloride (NaCl), inwhite crystalline formwith a density of 2.165 gmL−1 and a boiling
point of 1413 °C, andmagnesium chloride (MgCl2), in colorless crystalline formwith a density of 2.32 g/cm3

and a boiling point of 1412 °C,were also procured froma SigmaChemical Firm local distributor in pure form.

2.2. Polymer solution preparation
The solutions of both polymers, XG andCMC,were separately prepared in distilledwater at concentrations of
0.25, 0.50, 0.75, and 1wt%using amagnetic stirrer operating at 600 rpm. Toprevent the formation of lumps,
the polymerswere gradually poured onto the shoulder of the vortex created in the deionizedwater. After 3–4 h
of stirring, the completely dissolved polymer solutionswere kept in sealed jars at room temperature for 24 h to
allow full hydration. After complete hydration, steady shear rheology and thermal stability testswere performed
using a rotational rheometer.

To investigate the effect of salinity on the rheological properties of polymer solutions, salt solutions (NaCl
andMgCl2)with differentmolar concentrations (0.25M, 0.50M, 0.75M, and 1M)were prepared at room
temperature using amagnetic stirrer operating at 300 rpm. The polymers XG andCMC, each at 1wt%,were
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then added separately to the brine solutions and placed in airtight sealed beakers for 24 h to allowhydration.
After complete hydration of the samples, rheological tests were performed.

2.3. Rheological propertiesmeasurements
The rheological tests of the solutionswere performed using a LAUDARE-620 rotational rheometer equipped
with a sample filling cup and cone geometry (rotor diameter: 35.04mm, rotor length: 52.56mm, filling cup
capacity: 38mL, sample volume: 30mL). This instrument is used for the characterization andmeasurement of
rheological properties of bothNewtonian and non-Newtonian fluids. In this study, the rheometerwas used to
assess apparent viscosity versus shear rate and steady shear rheology at different polymer concentrations and
temperatures (25 °C, 50 °C, and 75 °C). To evaluate the effect of salinity, polymer solutionswere preparedwith
differentmolar concentrations of salt, and their rheological properties were observed. Formeasuring
rheological parameters; shear stress (τ), viscosity (η), and shear rate (γ); a 30mL samplewas loaded into the
rheometer. After completing the experimental work, two rheologicalmodels, theCrossmodel and the
Herschel–Bulkleymodel, were used for evaluation.

2.4.Models
The rheological characteristics of various polymer solutionswere examined using theCrossmodel. The
experimental rheological datawere fitted to theCrossmodel to obtain the corresponding rheological
parameters, as described in the literature.

( )
( ( ) )

( )µ
µ µ

µ=
+

+
^

0

1 k n
1

TheHerschel–Bulkleymodel was employed to investigate the behavior of the polymer compositions. The shear
stress versus shear rate values were fitted to theHerschel–Bulkleymodel. According to the literature,most
polymers fitwell with thismodel.

( ) ( )= + k n0 2

Nonlinear regression analysis was used to determine the rheological parameters in Excel using the SOLVER
tool. Shear stress (Pa), flow consistency index k (Pa·sn), shear rate (1/s), flow behavior index (n), and yield stress
(Pa) are all represented in the equations above.

2.5. Shear degradation
Oneof themost serious concerns, particularly for biopolymers, is thematerial’s potential for shear degradation.
During PF, the polymer solution is typically exposed to high flow rates (and consequently high shear stresses)
and sudden pressure fluctuations, both of which can cause backbone breakdown. As a result, theMWof the
polymer decreases, leading to a reduction in viscosity and overall effectiveness of the polymer solution.
According to the literature, high-MWpolymers offer several advantages for EOR, including improved viscosity
modification.

2.6. Thermal stability of polymers
The first step is to recognize the importance of selecting thermally stable polymericmaterials. It is also essential
to understand the resistance of the polymericmaterial to thermal decomposition. Short-term temperature
effects and long-term temperature effects are the twomain approaches used to determine how the thermal
degradation of a polymer solution changeswith temperature.

2.7. Salinity impact
When selecting the composition andmicrostructure of a polymer, considerationmust be given to the
composition of the brine used for PF or the types of salts present in the reservoir.Moreover, themechanical,
thermal, and chemical stability of EORpolymers can be affected by the ions present in the solution. The
reduction in polymer viscosity is often caused by salinity and hardness, the newpolymericmaterials being
developed for EORmust be ‘brine-friendly’ or ‘salt-tolerant.’

3. Results and discussions

The experimental results of XG andCMCare presented in this section. Various concentrations of both
polymers (0.25, 0.50, 0.75, and 1wt%)were selected for evaluation. The effects of polymer concentration on
rheological properties, steady shear rheology, temperature dependency of viscosity, and salinity impact on both
polymers are discussed. After the experiments, the datawere further analyzed using rheologicalmodels, namely
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theCrossmodel and theHerschel–Bulkleymodel. Rheological parameters were obtained using Excel’s
SOLVER tool and nonlinear regression analysis.

3.1. Effect of polymer’s concentration on the rheological properties
The rheological properties of the natural polymers XG andCMCwere investigated at varyingweight-per-unit-
volume concentrations. At 25 °C, 50 °C, and 75 °C, shear stress and viscosity curves were obtained using
variable shear rates (1/s to 1000/s). The viscosity of the polymer solutions increased as the concentration
increased from0.25wt% to 0.50wt%, 0.75wt%, and 1wt% in distilledwater, and the behavior of the polymer
solutions changed fromNewtonian to pseudoplastic.

Figures 1(a) and (b) shows the viscosity versus shear rate plots of polymers XG andCMC in distilledwater at
25 °C, 50 °C, and 75 °C for different weight-per-volume percentages (w/v%). Shear-thinning behaviorwas
observed in all polymer solutions at these temperatures. The viscosity of all polymer solutions is strongly influ-
enced by theirmolecular structure and concentration. The viscosity of a polymer under shear force is deter-
mined by factors such as functional group distribution,MW, ionic strength, surface charge, degree of
hydrolysis, andmolecular chain network.However, in this study, only the polymer’sMWwas considered to
determine its stable shear viscosity.

As shown in figure 1(b), there is a significant difference in the viscosities of polymers XG andCMCat low
shear rates, and this difference becomesmore pronounced as the shear rate increases. Themain reason for this
is that, at lower shear rates, polymerXGwith its higherMWhasmoremolecular chains per unit volume,
resulting in shorter intermolecular distances and stronger bonding strength compared to polymerCMCwith
lowerMW.XG solutions exhibit strong pseudoplastic behavior, and although shear-thinning occurswhen
shear rate is applied, the initial viscosity is quickly restoredwhen the shear rate is reduced. A similar observation
was reported by Zheng et alwhen analyzing the effect of polymer addition on viscosity at different shear
rates [27].

When the shear rate is increased, themolecular chains align in the direction of flow,making it easier to
break the stretchedmolecular structures [28]. Several researchers have noted that polymer concentration has a
greater effect at low shear rates than at high shear rates [29]. As the concentration of a high-MWpolymer in the
solvent increases, themolecular chains per unit volume becomedenser andmore entangled. The inter-
molecular interactions between themolecules strengthen, leading to an increase in the apparent viscosity of the
solution,making itmore stable under lower shear forces.

To solidify the shear-thinning behavior of both polymers Xanthan andCMC solution, the experimental
datawas evaluated byCross-Model which is used for viscosity data of solution analysis.

( )
( ( ) )

µ
µ µ

µ=
+

+
^

0

1 k n

whereμ (Pa.s) is the viscosity at shear rate (y),μo is zero shear viscosity andμ∞ (Pa.S) is infinite shear rate
viscosity. The other parameter of theCross-Model is the FlowConsistency Index (K) and the FlowBehavior
Index (n). Figures 2 (a), and (b) shows theCross-model fitting of Xanthan andCMCsolution, respectively.
Their rheological parameter is listed in tables 1 and 2.

TheCross-model parameters for XG andCMCare listed in table 1 and table 2, respectively. As expected, the
zero-shear viscosities increased for both polymerswith increasing concentration. All infinite-shear viscosities

Figure 1.Effect on viscosity by changing the concentration of , (a)Xanthan, and, (b), CMCat 25℃.
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werewithin a factor of two, indicating that at higher flow rates, the solutions converge toward similar viscosity
values. The values of ‘K’ also showed a slight increase. The exponential parameter ‘n’ (flowbehavior index)
exhibited a decreasing trendwith increasing concentration.

3.2. Steady shear rheology ofCMCandXanthan solutions
The flowbehavior of XG andCMCaqueous solutionswas characterized at all temperatures under varying shear
rates. Figures 3(a) and (b) shows the experimental results of shear stress (Pa) versus shear rate (1/s) for different
concentrations (0.25, 0.50, 0.75, and 1wt%) at room temperature. The flow curve data for both polymers,
which have distinct compositions, are illustrated in the graphs. BothXGandCMCexhibit non-Newtonian
flowbehaviorwith shear-thinning characteristics.However, an initial yield stress appears in the solutions just
before flowbegins.

The rheological data for the flow curves were analyzed by using theHerschel-Bulkleymodel because this
model is satisfactory and explains the flow curves verywell.

( )= + k n0

In the above equations, the notations are for the shear stress, k is for flow consistency (Pa.sn), is for shear rate
(1/s), n is for flowbehavior index, and ɣ (Pa) is for the yield stress. Figures 4 (a), and (b) show the goodfit of
Herschel-Buckley in the graphic position. For both polymers, the curves of the experiment andmodel fit
verywell.

The rheological parameters for theHerschel–Bulkleymodel are presented in table 3 and table 4. All para-
meters show a good fit to theHerschel–Bulkleymodel and indicate pseudoplastic behavior with yield stress.
As the concentration increases, the flow consistency index (K ) value rises, while the flow behavior index (n)
value decreases. All n values are less than one, confirming that both xanthan andCMC exhibit pseudoplastic
fluid behavior. Themagnitudes of yield stress (τ0) and consistency index (K ), as determined by theHerschel–
Bulkleymodel, increase with the polymer concentration.Moreover, the tables show that the value of τ0

Figure 2.Cross-Model curve fitting of polymer at 0.25wt%of, (a)Xanthan, (b)CMCat.

Table 1.Cross-model parameter of Xanthan solution at 25℃.

Concentration (w/v)% Viscosity (μ0) Infinite viscosity (μ∞) Flow consistency index (k) Flowbehavior index (n)

0.25% 0.33 0 0.05 0.98

0.50% 1.6 0.02 0.10 0.81

0.75% 2.8 0.03 0.09 0.67

1.00% 6.1 0.01 0.13 0.43

Table 2.Cross-model parameter of CMC solution at 25℃.

Concentration (w/v)% Viscosity (μ0) Infinite viscosity (μ∞) Flow consistency index (k) Flowbehavior index (n)

0.25% 1.06 0.01 0.006 0.95

0.50% 1.17 0.01 0.030 0.87

0.75% 1.00 0 0.471 0.57

1.00% 1.50 0 0.329 0.43
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increases gradually from 2.80 to 10.1 for XG and from 0.06 to 1.13 for CMC as the concentration increases
from 0.25wt% to 1wt%, respectively. The higher yield stress of the xanthan solution compared to the CMC
solution indicates that xanthanmolecules aremore strongly bound to each other, forming a stronger net-
work in solution.

3.3. Temperature dependency on the viscosity of XGandCMCsolution
The temperature or salinity of the solution can causeXG andCMCmolecules to undergo an order–disorder
transition. This transition is characterized by a significant reduction in viscosity as the transition temperature is
approached. The rheological properties of 0.25wt%XGandCMCpolymer solutionswere investigated at three

Figure 3.Effect of, (a)Xanthan, and (b), CMC, concentration on shear stress at 25℃.

Figure 4. FlowCurveHerschel-Bulkleymodel fitting of 0.25wt%, (a)Xanthan, and (b)CMC.

Table 3.Herschel-bulkleymodel parameter of Xanthan solution at 25℃.

Concentration

(w/v)%
Yield

stress (t0)
Flowbehavior

index (n)
Flow consistency

index (k) R2

0.25% 2.80 0.96 0.007 1.01

0.50% 6.24 0.63 0.178 1.00

0.75% 8.96 0.48 0.707 1.00

1% 10.1 0.29 3.06 1.01

Table 4.Herschel-BulkleyModel Parameter of CMCSolution at 25℃.

Concentration

(w/v)%
Yield

stress (t0)
Flowbehavior

index (n)
Flow consistency

index (k) R2

0.25% 0.06 0.99 1.02 1.01

0.50% 0.12 0.49 1.66 0.93

0.75% 0.35 0.45 1.79 0.96

1% 1.13 0.40 3.37 1.00
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different temperatures, as shown in figure 5(a) and b). At higher temperatures, the rheological properties of the
polymers are affected primarily due to the loss of viscosity. As the temperature increases, the viscosity of theXG
andCMC solutions decreases, particularly in the low shear rate range, where a notable reduction is observed. As
the shear rate increases, the change in apparent viscosity at various temperatures remains consistent. This
phenomenon is attributed to structural changes in the polymermacromolecules, where the structure
transitions fromanordered state at low temperatures to a disordered state at high temperatures.

For further investigation of the temperature dependence on the rheological properties of both polymers,
the datawere analyzed using theCrossmodel, and the corresponding parameters were calculated. The curve-
fitting graphs for theCrossmodel of both polymers are shown in figure 6(a) and (b).

The temperature dependence of the rheological parameters for both polymers, XG andCMC, is shown in
tables 5 and 6, respectively. The flowbehavior index (n) for both polymers increases steadilywith temperature,
indicating a slight shift in the system toward pseudoplastic behavior.While the value ofn, derived from the
Crossmodel, fluctuated slightly but generally decreasedwith increasing temperature for both polymers, the
magnitude of the consistency index (k) decreased as the temperature increased. This behavior indicates that the
microstructure of the xanthan solution is temperature-sensitive, allowing some shear-thinning behavior to
persist even at elevated temperatures.

Figure 5.Viscosity variations for, (a)Xanthan and, (b)CMC, at various temperatures.

Figure 6.CrossModel Temperature effect on, (a)Xanthan and (b)CMC.

Table 5.Crossmodel parameter of XG solution at 25 °C, 50 °Cand 75 °C.

Temperature (℃) Viscosity (μ0) Infinite viscosity (μ∞) Flow consistency index (k) Flowbehavior index (n)

25 0.99 0.01 0.90 0.78

50 0.90 0 0.98 0.79

75 0.87 0 1.00 0.82
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3.4. Salinity effects on the viscosity ofCMCandXanthan solutions
High temperature and salinity are twomajor challenges in EOR, as polymer solutions lose viscosity significantly
when exposed to these conditions. To investigate the influence of salinity on the polymer solutions of XG and
CMC,molar solutions ofNaCl andMgCl2were prepared in the laboratory. Salt solutionswithmolar
concentrations of 0.25M, 0.50M, 0.75M, and 1Mwere used to evaluate the performance of 1wt%polymer
solutions. At 25 °C, the effect of salt content on both polymer solutions is shown in figure 7. The viscosity of
both polymers decreases as the saltmolarity increases, with the greatest reduction occurring at highermolar
concentrations for both polymers. However, the key difference between the two polymers is that xanthan
exhibits greater resistance to salinity due to itsmacromolecular structure, whereas the viscosity of theCMC
solution ismore severely affected by salt, as shown in the graphs.

The datawere evaluated using theCross-model, and the corresponding parameters were calculated to fur-
ther examine the salinity dependence of the rheological properties of both polymers. The curve-fitting graphs
for theCross-models of both polymers are presented in figure 8.

The rheological parameters calculated for theXG andCMCpolymer solutions in salinewater (NaCl and
MgCl2) are listed in table 7 and table 8. In salinewater, the flowbehavior index (n) increases, while viscosity
decreases as themolar concentration of salts increases. The decrease inμ0 from0.25M to 0.50MNaCl is likely
due to the salt ions screening the charges on the xanthan chains, causing them to coil and consequently low-
ering the viscosity. At higher salt concentrations (0.75–1.0M), weak chain–chain associations or aggregations
may form, resulting in a slight increase in viscosity. Thus, the observed non-monotonic trend reflects a balance
between charge screening (which reducesμ0) and aggregation (which increasesμ0). At a high salt concentration
(1MNaCl), electrostatic repulsion between xanthan chains is completely screened, leading the chains to col-
lapse into compact coils and reduce entanglement andnetwork formation.Withminimal structural resistance
to shear, the solution behavesmore like aNewtonian fluid.

Figure 7.Effect of Xanthan gumwith, (a)NaCl, (b)MgCl, andCMC solutionwith, c)NaCl, d)MgCl.

Table 6.CrossModel Parameter of CMCSolution at 25 °C, 50 °Cand 75 °C.

Temperature (℃) Viscosity (μ0) Infinite viscosity (μ∞) Flow consistency index (k) Flow behavior index (n)

25 0.06 0.01 0 0.87

50 0.04 0 0.02 0.93

75 0.02 0 0 0.98
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4. Conclusion

This study evaluated the rheological properties of XG andCMC for EOR. Increasing polymer concentration
enhanced viscosity, shifting the system fromnon-Newtonian to pseudoplastic behavior, with both polymers
exhibiting shear-thinning characteristics. XGdemonstrated greater shear resistance thanCMCdue to its robust

Figure 8.Cross-Model fitting for Xanthanwith, (a)NaCl, (b)MgCl, and, for CMC, (c)NaCl, and (d)MgCl.

Table 7.Rheological Parameter of Cross-Model forNaClmolar concentration.

XG CMC

Molar

Conc.

(M) Viscosity (μ0)

Infinite

viscosity

(μ∞)

Flow con-

sistency

index (k)

Flow beha-

vior

index (n) Viscosity (μ0)

Infinite

viscosity

(μ∞)

Flow con-

sistency

index (k)

Flowbeha-

vior

index (n)

0.25 9.71 0.02 0.73 0.94 0.96 0 0.27 0.46

0.50 7.08 0.02 0.50 0.98 0.78 0 0.45 0.52

0.75 7.83 0.02 0.49 0.99 0.84 0 0.39 0.54

1 8.26 0.02 0.45 1 0.87 0 0.06 0.71

Table 8.Rheological parameter of cross-model forMgClmolar concentration.

XG CMC

Molar

Conc.

(M) Viscosity (μ0)

Infinite

viscosity

(μ∞)

Flow con-

sistency

index (k)

Flow beha-

vior

index (n) Viscosity (μ0)

Infinite

viscosity

(μ∞)

Flow con-

sistency

index (k)

Flowbeha-

vior

index (n)

0.25 4.78 0.02 0.28 1.00 0.25 0.01 0.02 0.87

0.50 4.82 0.02 0.26 1.00 0.22 0 0.04 0.71

0.75 13.7 0.02 0.83 0.98 0.10 0.01 0 1

1.00 15.2 0.02 0.85 0.99 0.11 0 0.06 0.90
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macromolecular structure. The flowbehavior index (n) correlatedwith shear-thinning intensity, while the yield
stress and consistency index increasedwith concentration. At higher shear rates, all solutions exhibited similar
behavior, whereas viscosity at lower shear rates depended strongly on concentration. Temperature and salinity
significantly influenced performance.Heating reduced viscosity; XG showed a 20%decrease at 50 °Cand 40%
at 75 °C,while CMCdeclined by 35%and 70%, respectively. Salinity tests usingNaCl andMgCl2 solutions
revealed that increased ionic concentration further reduced viscosity due to charge shielding effects. These
findings highlight critical considerations for polymer selection in EOR applications.
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