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Research Subject: Nowadays, the hydrogel injection is used to control
water production in the reservoir. In this study, an attempt has been
made to investigate the rheological properties of xanthan-based hydro-
gels, considering Iran’s reservoirs and due to the existence of environ-
mental problems in the field of synthetic polymers.

Research Approach: The viscoelastic properties of hydrogels, includ-
ing the elastic and viscous modulus, have been studied in relation to
temperature, time and deformation rate for the gelant solution. Also, the
effect of the composition of hydrogels, including the polymer concentra-
tion, the weight ratio of the crosslinking agent, and the weight percent-
age of silica nanoparticles was considered in the study of rheological
properties. Additionally, gelation time has been studied as one of the
most important determining parameters of hydrogel during injection in
porous medium.

Main Results: The results showed that with the passage of time and
with increasing temperature, the expansion of the bond between xan-
than polymer molecules and the cross-linking agent increases the elas-
tic modulus. Moreover, the rheological strain test of the xanthan-based
hydrogel illustrated that the viscoelastic properties in both samples A
(base sample: polymer concentration 5000 ppm, weight ratio of cross-
linking agent 0.15 with 0.05 wt. % of nanosilica) and B (control sample:
polymer concentration 6500 ppm, weight ratio of crosslinking agent
0.18 with 0.03 wt. % of nanosilica) has a constant value up to 10% strain
and in this region, the elastic modulus in both hydrogel samples is 40
times the viscous modulus. Therefore, the conducted rheological tests
indicate that the elastic property of hydrogels based on xanthan poly-
mer in the presence of silica nanoparticles and regardless of the type
of their composition is dominant over the viscous property, and this in-
Polymer dicates an increase in the strength of hydrogels for applied operations
in the reservoir conditions. Thereby, due to having a higher polymer
Xanthan gum concentration and weight ratio of the cross-linking agent, sample B can
withstand more strain than sample A without breaking. Finally, increas-
Nanoparticles ing the polymer concentration by altering its structure proved that the
final strain of the hydrogel increased by 57% and it is strong against
external forces.
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Table 1. Characteristics of materials used in the preparation of hydrogels.

Application Company Material

Preparation of hydrogel TITRACHEM (Iran) Xanthan gum
Crosslinking agent Carlo Erba (Italy) Chromium(III) acetate
Additive Merck (Germany) Nanosilica (15nm)
Additive Merck (Germany) Citric acid

Sodium Nanosoil Zhejiang Fenghong Additive
Montmorillonite (80nm) Clay Chemical (Japan)

Preparation of hydrogel Merck (Germany) Hydroxyethyl cellulose
Normal solution Merck (Germany) Sodium hydroxide
50%wt solution in water Titracheme Polyethyleneimine
Solvent Bahrzolal (Iran) Distilled water
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Figure 1. A schematic of the preparation and rheological tests of hydrogels.
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Figure 2. (a) Changes in elastic and viscous modulus of hydrogel A (polymer concentration 5000 ppm - crosslinking agent to
polymer ratio 0.15 and nano percentage 0.05) and (b) hydrogel B (polymer concentration 6500 ppm - crosslinking agent to
polymer ratio 0.18 and nano percentage 0.03) at 1Hz frequency.
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Figure 3. Change of elastic and viscous modulus of sample A (polymer concentration 5000ppm - ratio of crosslinking agent
to polymer 0.15 and nano percentage 0.05) with increasing temperature.
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Figure 4. Strain sweep test (a) gel sample A (polymer concentration 5000 ppm - crosslinking agent to polymer ratio 0.15 and
nano percentage 0.05) and (b) gel sample B (polymer concentration 6500 ppm - crosslinking agent to polymer ratio 0.18 and
nano percentage 0.03) at 1Hz frequency.
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Figure 5. Changes of elastic and viscous modulus with angular frequency change in hydrogel sample A (5000 ppm polymer
concentration - 0.15 crosslinking agent to polymer ratio and 0.05 nano percent).
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