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Introduction

Lost circulation, defined as the undesirable loss of
drilling fluids into the fractures and the voids of the
formations, is known to be one of the most challenging
problems to be prevented or mitigated during the
drilling or cementing [ 1]. Cross-linking is the linking
of two independent polymer chains by cross-linking
agents to make a three-dimensional gel structure.
Polymeric gel systems consist of a polymer base and
cross-linker combined [2]. The advantage of gels
is that they can be pump down as a fluid and after a
certain time reach to their gel Structure, which can be
applied for different purposes such as, water shut off
operations and handling loss circulation issues [3, 4].
For hybrid gel (HG), the continuous phase is gelled
water and the viscosity being enhanced by the addition
an internal phase. The viscosity of the hybrid gel can
be adjusted by varying the polymer content in the

Fig. 1 Cross-linked polymer with borate ion [8].
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aqueous phase and the volume fraction of oil. One
of the advantages of HG compared to cross-linked
polymer gels is that it reduces the cost by reducing the
concentration of polymer and cross-linker, which can
diminish the formation damage [5, 6].

Materials and Methods

Cross-linking helps in achieving gels with the required
viscosity for lost circulation treatment without
increasing polymer loading. For HG, guar gum was
used as polymers and borax as cross linking agents.
the cross-linking mechanism is based on hydrolysis
borax (Na,B40,.10H,0) to B(OH), anions. As
shown in Figure 1, The monoborate ion can form
hydrogen bonds with the cis-hydroxy functionalities
of the polysaccharide, thus connecting two strains of
polymers [7, 8].

cis-hydroxy groups
o
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Results and Discussion

The gel-emulsions are cross-linked with time to obtain
a suitable strength. One of the most important issues
in designing a hybrid gel is achieving an acceptable
final viscosity with a proper initial gelation time and
crosslinking rate. In addition to the type of polymer and
cross-linker, several factors like pH, temperature and
salinity are involved in the final performance of the gel.

Effect of pH on Gelation Behavior

Creating an alkaline environment to release borate
ions from borax is essential for cross-linking and
gelation [9]. Figures 2 shows the effect of different
pH on the gelation of HG. As shown in Figure 2, the
crosslinking rate as well as the final viscosity increases
by increasing pH from 9 to 12. This is because with
an increase in pH, more borate ions are available for
crosslinking; the final gel network will be stronger.
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Fig. 2 Effect of pH on gelation behavior of hybrid gel.

Effect of Temperature on Gelation Behavior

Figure 3 shows the effect of temperature on the
progress of gelation for hybrid gel. Crosslinking rate
is a function of borate ion concentration as well as
activation energy of crosslinking. Therefore, at higher
temperatures, more borate ions and more energy are
available for crosslinking reaction. On the other hand,
with an increase in temperature, the viscosity of
the polymer decreases, which is due to the polymer
degradation at high temperatures. According to Figures
3, with an increase in temperature, the cross-linking
rate remains almost constant and the final gelling time
becomes shorter.

Effect of Salinity on Gelation Behavior

Cations react with the anionic and natural polymers and
cause precipitation in the solution and consequently
the viscosity of the solution decreases. This reduction
in viscosity is related to the concentration of cations.
Whatever the concentration of cation be higher, this
reduction of viscosity is greater [10]. To investigate
the effect of salinity, different concentrations of CaCl,
were added to the gel-emulsion combination (Figure
4).
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Fig. 3 Effect of temperature on gelation behavior of hybrid
gel.
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Fig. 4 Effect of CaCl, concentration on gelation behavior of
hybrid gel.

As shown in Figure 4, by increasing the CaCl,
concentration, the initial gelation time is delayed, and
the crosslinking rate decreases. In addition, the final
quality of the gel decreases due to the reduction of
crosslinking, and the gelation proceeds more slowly,
so the time to reach the final viscosity will be longer.

Gel Degradation

The presence of gel inside the formation or fractures
during the well flowing can cause formation damage.
Gel breakers are used to reduce the viscosity of gels
either by cleaving polymer molecules into smaller
fragments or by de-crosslinking the network of the gels
[11]. Hydrochloric acid (HCI) is the most often used
acid as a breaker [ 12]. After the degradation treatments
being applied, the amount of gel degradation over time
needed to be evaluated. There are several properties
can be used to evaluate the degradation performance,
including viscosity measurement and the residue
weights of gels.

Residue Weights of Gels

The weight of the residue was measured and compared
with the initial weight to calculate the degradation
degree. The steps of measuring the degradation degree



of gels are summarized as follows:

1) Mixing the samples (10g) with 30cc acid solution in
the glass bottles which were in either room temperature
conditions or ovens with design temperatures.

2) Measured gel weight according to a designed
schedule.

The performances of acid in degrading GE were
determined by the value of weight remaining
percentage (WRP), which is defined as,

WRP=Wa/Wi x100% @)
where Wa is the weight of gel-emulsion after a certain
immersing time, and Wi is the original weight of gel-
emulsion [13]. Hydrochloric acid in two volumetric
concentrations of 15% and 28% was used to evaluate
the degradation degree of gel rupture with time. Figure
5 shows the amount of WPR gels with time in different
concentrations of hydrochloric acid. As shown in
Figure 5, The results clearly show that by increasing
the acid concentration from 15% to 28%, The rupture
rate of the gel increases and the time of complete gel
rupture is much shorter. The complete rupture time of
the gels in 15 and 28% hydrochloric acid solution was
measured at about 7 and 11 hours, respectively.
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Fig. 5 Weight remaining percentage and gel degradation
with time.

Conclusions

In this paper, the effect of different parameters on the
rheological behavior of hybrid gel was studied. the fol-
lowing conclusions can be drawn:

* One of the effective parameters on gel performance
is pH. As the pH increases, the viscosity and crosslink-
ing rate increases and the final gelation time decreases.
* As the temperature increases, the crosslinking rate
remains almost constant, but the viscosity of the gel
emulsion and final gelation time decreases.

* Calcium chloride decreases the initial viscosity and
final viscosity. Therefore, it is useful as a retarder for
samples with high polymer concentration. As the salt
concentration increases, the final viscosity of hybrid
gel and crosslinking rate are significantly reduced and
the final gelation time is postponed

Petroleum Research, 2023(February-March), Vol. 32, No. 127

. Laboratory tests showed that polymer emul-
sions can be easily removed from formation with hy-
drochloric acid, which indicates the non-damaging
properties of the hybrid gels. The rupture time of the
gel decreases significantly with an increase in hydro-
chloric acid concentration.
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