Investigation of temperature dependence of drilling
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Abstract. An experimental study on the effect of silica nanoparticles addition on the viscosity
of water-based mud at different temperatures was carried out. The mass concentration of clay
was 5%, and the nanoparticles concentration varied from 0.5wt% to 3wt%. The nanoparticle
size was 10 nm. Viscosity coefficient measurements were carried out in a wide temperature
range.

1. Introduction

Drilling deeper, longer and more challenging wells has been made possible by improvements in
drilling technologies, including more efficient and effective the drilling fluids. Drilling fluids, also
referred to as the drilling mud, are added to the wellbore to facilitate the drilling process by
suspending cuttings, controlling pressure, stabilizing exposed rock, providing buoyancy, cooling
and lubricating. Drilling fluids are essential to drilling success, both maximizing recovery and
minimizing the amount of time it takes to achieve first oil.

The cost of the fluid system often represents one of the single greatest capital outlays in
drilling an oil well. To minimize the cost of fluids and to ensure an efficient drilling program, the
fluid properties must be maintained continuously during the drilling operation [1]. In addition,
the high temperature and high pressure conditions faced in ultra-deep oil and gas drilling
environments pose major challenges for fluids used in drilling operations. The degradation of
drilling fluids in these environments reduces drilling efficiency by slowing the rates of penetration
and creates severe problems that leads to leaving behind most of the oil unrecovered.

The constituents of drilling muds degrade with time at elevated temperatures: the higher
the temperature the greater the rate of degradation. Both the temperature and the rate of
degradation at the temperature must be taken into account then specifying the temperature
stability of a mud or mud product. The critical temperature is that at which the coast
of replacing the degraded material becomes uneconomical, which is generally established by
experience, but may be calculated [2].



In this paper study of the effect of temperature on the viscosity of drilling fluids based on
water and bentonite clay with SiO2 nanoparticles addition were carried out in a wide temperature
range.

Bentonite is employed by industry to perform a multitude of jobs [3]. Certain industrial
applications become apparent from an understanding of the composition and structure of
bentonite, and the properties they create. Bentonites disperse into colloidal particles and,
accordingly, provide large surface areas per unit weight of clay. This large surface area is a
major reason why bentonite functions so well in stabilizing emulsions, or as a medium to carry
other chemicals.

Nanoparticles, a unique subset of the broad field of nanotechnology, include any type of
particle with at least one dimension of less than 100 nanometers [4]. Research is being
conducted to develop nanoparticle-amended drilling fluids with enhanced functionalities [5, 6].
Such enhancements include improved rheological, thermal, mechanical, magnetic and optical
profiles [7].

Nanoparticles effect manifests itself at very low nanoparticles concentrations and depends on
their size and chemical nature. This makes it possible to control the properties of drilling fluids.
Therefore, the study of properties of drilling fluids containing nanoparticles is of great practical
importance.

2. Sample preparation and experimental procedure

Drilling mud was prepared as follows. Clay powder (bentonite of Taganskiy deposit) was
added to the distilled water and stirred intensively for 30 minutes with the use of high-speed
20000 rpm stirrer (OFITE 152-18-Prince Castle). The clay suspension was kept for two days
after preparation for the final clay swelling. Then, the necessary amount of nanosuspension
was added to clay suspension. A standard two-step method was used for the preparation of
nanosuspension [8]. The clay mass concentration was 5%. Water nanosuspension was prepared
with SiO9 nanoparticles addition (JSC “Plasmoterm”). The average size of nanoparticles was
10 nm. The nanoparticles mass concentrations ranged from 0.5% to 3%.

The rheological properties of the suspensions were studied with an OFITE 1100 viscometer.
The range of shear rates was 0.01-1022 s~!. The error in the measurement of the viscosity was
not lower 2%. All measurements were performed at the atmospheric pressure and a wide range
temperature of 298 K to 353 K.

3. Results and discussion
Dependence of viscosity coefficient and shear stress on shear rate (see figure 1) at room
temperature were obtained using a rotational viscometer. As the concentration of nanoparticles
increased, the viscosity coefficient increased. A significant change in viscosity coefficient of
drilling fluid is observed already at low nanoparticles concentrations. For example, adding
0.5wt% nanoparticles to the drilling fluid increased viscosity 1.7 times. Note that the presence
of nanoparticles low concentrations has practically no effect on the density of drilling fluid.
The base drilling fluid is a non-Newtonian fluid. The analysis of the data obtained has
shown that viscosity p of the clay-based drilling fluids is adequately described by the following
power-law model (coefficient of determination R? = 0.997):

W= K"ynfl (1)

where K = 0.104 is the consistency factor (Pa s"), ¥ is the shear rate (s7!), and n = 0.576 is
the flow index. The dependence of rheological parameters drilling fluid on silica nanoparticle
concentration is shown in figure 2. It is seen that nanoparticles addition significantly affects
rheology of drilling mud. As nanoparticles concentration increases, flow index significantly
decreases, while the consistency factor increases. Effect of low nanoparticles concentration on
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Figure 1. Viscosity coefficient (a) and shear stress (b) versus shear rate for drilling fluids at
different concentrations of SiO9 nanoparticles.
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Figure 2. Flow index (a) and consistency factor (b) versus nanoparticles concentration at room
temperature.

the effective viscosity of drilling fluid is an important feature of nanoparticle additives. For
example, addition of 1wt% SiO5 nanoparticles increased consistency factor of drilling mud by
4 times.

Figure 3 shows that as the temperature increases, viscosity of drilling fluid increases. The
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Figure 3. Dependence of flow index (a) and consistency factor (b) of drilling fluids on
temperature.

addition of nanoparticles leads to an even greater increase in viscosity and can reach an increase
of up to 5 times at high concentrations of nanoparticles and high temperatures. This can
contribute to a more cutting transport performance [9].

4. Conclusion

The temperature dependence of viscosity of water-based clay drilling fluids with nanoparticles
addition was investigated. It was shown a significant increase in viscosity of drilling fluid at
low SiO9 nanoparticles concentrations. It is also shown that the viscosity increment of drilling
fluids with the addition of nanoparticles decreases with increasing temperature. Nanoparticles
may, for sure, be selected in a manner such that their use will yield better results, because the
rheological parameters of nanoparticles containing clay-based suspensions (in contrast to the
suspensions with a macro- and microscopic particle size) depend on the size and material of the
particles. It holds great promise for using nanoparticles to control drilling mud characteristics.
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