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Introduction

The phenomenon of lost circulation is known as the
undesirable loss of drilling fluids into the fractures
and formation voids. lost circulation may occur in any
formation with a wide range of severity depending on
drilling conditions and type of loss zone [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 [2,3].

Nanotechnology has attracted an increasing interest
in the field of materials science because of the unique
properties that can be obtained and also the numerous
potential applications in the oil industry [4]. Particles
used in drilling fluids with a size between 1-100 nm
are called Nano particles. These very small particles
can have access to the smallest pores and are also able
to seal pore throats even in very low permeability
formation. Cross-linked nanocomposite pills have been
proposed for combating severe fluid losses [5]. The
pill consists of three components: an aqueous viscous
polymer base, a cross-linking agent, and nanoparticles.
The employed nanofiller properties can be different in
chemical nature, shape, and particle size.

The nano-composite gel consists of a crosslinked gel
by nano-crosslinkers. Coating the cross-linker on the
nanomaterials extends the length of the cross-linker and
forms a stronger network between the polymers [6].
Lecolier et al. in 2013 developed a nanocomposite gel
to plug fractured formations. The nanocomposite gel
consisted of a high molecular weight polyacrylamide,
chromium acetate as cross-linking agent and colloidal
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particles. According to studies, nanoparticles improve the
strength of the gel, and no degradation in the properties of
the gel was observed for 16 hours at 120 °C [5].

Materials and Methods

In this study, xanthan was used as polymer due to its
high ability in cross-linking as well as suitable thermal
stability. Cross-linking helps in achieving gels with the
required viscosity for lost circulation treatment without
increasing polymer loading. The nanocomposite gel
consists of a crosslinked gel by nano-crosslinkers. The
presence of crosslinker on the nano surface increases
the efficiency of crosslinking and forms a stronger
network between polymers. The mechanism of nano-
crosslinker formation is schematically shown in Fig.
1. The first step is the surface modification process of
nano-silica by coupling agent. The second step includes
the reaction of the -OH group of the crosslinker with
the -NH2 group on the modified nano surface, which
it leads to the production of the nano crosslinker [7,8].
The base composition of the designed gels is shown in
Table 1. The effect of temperature and salinity on the
gel behavior is compared to these base samples.

Results and Discussion

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. Fig.
2 shows the effect of crosslinker type on the behavior
of the hybrid gel. As can be seen in Fig. 2, the presence
of nano-crosslinker in the gel increases the rate of
crosslinking and the final viscosity of the formed gel.
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Fig. 1 Schematic illustration of the formation of nano-cross-
linker [7].

Table 1 Base composition of hybrid gels.
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Fig. 2 Effect of crosslinker type on hybrid gels behavior.

. Concentration of P/C . o
Gel type Cross-linker type (mass fraction) phase ratio | pH | Temperature (°C) | Shear rate (rpm)
Hybrid gel Borax 2.5 50/50 11 |35 8000
Nanocomposite gel I};Ig?g)x-crosshnker 2.5 50/50 10 |35 8000

As a result, the nanocomposite gel shows better
performance than the crosslinked gel with borax. This
improvement in performance is related to the larger
size of the nano-crosslinker compared to the borate
ion, in other words, due to the larger contact surface
compared to the borate ion, nano can better connect
the polymer chains which leads to increase the cross-
linking efficiency.

Gel Thermal Stability

The thermal stability of the formed gel samples
determined by thermogravimetric analysis in nitrogen
is shown in Fig. 3. The onset temperature of thermal
degradation of gels is approximately 66 and 74 °C
for hybrid gel and nano-composite gel, respectively.
According to Fig. 3, the gel formed by nano-
crosslinker has a higher thermal stability than that of
borax crosslinker.

For a successful lost circulation control, it is essential
that the gels have sufficient strength in a specific
period of time. To evaluate the durability and strength
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Fig. 3 TGA thermograms of hybrid gels.

of the gel in the formation, the viscosity of the hybrid
gels was measured for 21 days. During this period, the
ambient temperature was approximately 35 °C. Fig.
4 shows the changes in the viscosity of hybrid gels
during 21 days. As can be seen in Fig. 4, the hybrid
gels had good stability and strength with time.

Sealing Pressure Test

After the gel reaches the final strength inside the
fractured formations, it is important to evaluate the
performance of the gels in controlling mud loss.
Generally, the sealing pressure test determines the
amount of pressure difference that the gel is stable
in the fractures and thus can mitigate lost circulation.
Fig. 5 illustrates the pressure profiles versus time for
the gels formed with different cross-linkers in order
to study the maximum sealing pressure of gels in the
fractured formations. By comparing the two cross-
linkers, the results show that nano-crosslinker forms
a stronger gel than borax, and as a result, the nano-
crosslinked hybrid gel has a higher sealing pressure in
fractured formations.
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Fig. 4 Stability of the hybrid gels with time.
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Fig. 5 Dynamic sealing pressure of hybrid gels in fractured
core.

Formation Damage

The performances of acid in degrading formed gels
were determined by measuring of weight remaining
percentage. In this method, the remaining weight is
measured and compared with the initial weight of the
gel to calculate the degree of degradation [9]. Hydro-
chloric acid in two volumetric concentrations of 15%
and 28% was used to evaluate the degradation degree
of nano composite gel with time. According to the ob-
tained results (Fig. 6), the structure of nano crosslinked
gel is completely broken in HCI, which indicates the
non-damaging properties of this gel. By increasing the
temperature, the rupture rate of the gels increases and
the time to degrade the crosslinked gel is much shorter.
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Fig. 6 Degradation degree of nano-composite gel in different
concentrations of HCI.

Conclusions

In this paper, the application of nano composite gel
in plugging the fractured and highly permeable
formations during drilling was studied. Furthermore,
the effect of different parameters on gelation behavior,
and the potential of the nano composite gel in sealing
the highly permeable and fractured formations was
investigated. Based on the findings of this study, the
following conclusion can be drawn.

1. Nano-crosslinker increases the cross-linking rate
and the final viscosity of the hybrid gels, which it is due
to the much larger size of this cross-linker compared to
conventional cross-linker.

2. The addition of nano-crosslinker to the hybrid gels
increases the maximum tolerable pressure of the gel to
seal fractured or high permeable formations.

3. The results of the formation damage analysis
showed that the nanocomposite gel is completely
broken in hydrochloric acid, which it indicates the
non-damaging properties of the designed gel. The
rupture time of the formed gel decreases significantly
with increasing temperature
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