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ABSTRACT

The dispersion performance of drilling fluids at high temperatures has always been a bottleneck in the research.
To improve the dispersion of drilling fluid at high temperature and pressure, the natural Ca-based bentonite was
modified with Na,CO, and SDBS (sodium dodecyl benzene sulfonate: C ,H, SO ,Na) by microwave semi-dry
method. The effects of the ratio of Na,CO, to SDBS, radiation time, initial temperature and microwave power
on the modification were investigated. In addition, the microstructure of the samples was obtained using infrared
spectroscopy (FTIR) and scanning electron microscopy (SEM), and the results showed that Na,CO,/SDBS was
successfully inserted into the bentonite. In addition, the dispersion performance of the modified bentonite was
evaluated in this paper, and the gelling value of the modified bentonite was 525 ml/15 g with an apparent viscos-
ity of 22.5 mPa-s. The modified bentonite was compared with drilling-grade Na-based bentonite. The fluid loss
(FLHTHP) of modified bentonite at high temperature and pressure is only 8 mL, the mud productivity is up to
25.71 m*/t, and the kinetic plastic ratio of modified bentonite is 1.5. The modified bentonite has better dispersion
performance at high temperature and pressure.
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1. INTRODUCTION

The use of surfactants to modify bentonite is a major issue in the development of oil and gas resources. Engi-
neers have done much research to prevent formation damage, reduce fluid loss of drilling fluid and keep forma-
tion stability [1]. However, the dispersion performance of drilling fluids at high temperatures has always been
a bottleneck in the research [2]. Bentonite, as an important additive in drilling fluid, has a great influence on its
rheological properties and filtration performance. However, natural bentonite cannot be directly used for drill-
ing, so modification of bentonite has become a hot topic in recent years.

KUMARARALIA, et al. [3] Modified Bentonite with the cationic surfactant hexadecyl trimethyl ammo-
nium bromide (HTAB) as landfill liner to retard the transportation of bisphenol A (BPA) for the first time, which
showed that the HTAB-bentonite took on its notable advantages as components of landfill liners material to
retain BPA in leachate. And Na-based bentonite was modified with HTAB. Because many quaternary ammo-
nium cations were adsorbed on the surface of HTAB-bentonite, a decrease of the contact angle was found, which
suggested an increasing affinity for oil, besides the rheological properties of the bentonite fluid easily affected
by temperature [4]. When Y1, ef al. [5] modified clay with nonionic surfactants, they found that the advantage of
nonionic surfactants over ionic ones is that they improve the thermal and chemical properties of organoclays, and
are also more readily biodegradable. The study indicated that the organic bentonite modified by nonionic sur-
factants was the better choice for drilling fluids. Nano-particles of bentonite was prepared by nano-grinding, its
performance was evaluated, by RATLCIEVICIU, et al. [6] The index of evolution included rheological proper-
ties, fluid loss, and gel strength, and it was treated by viscosifying agent and fluid loss agent, and compared with
API-compliant bentonite, with decreasing the grain size of bentonite to the nano-scale, which could not meet
the API-standard. By comparing the effects of cellulose nanocrystals (CNCs) and cellulose nanofibres (CNF) on
the rheology and filtration of modified bentonite, Song ef al. showed that both CNCs and CNF can reduce the
viscosity of bentonite, and RIAZ, et al. [7] found that CNCs bentonite can form a filter cake with lower perme-
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ability. At present, bentonite used in drilling fluid is mainly Na-based bentonite (Na-Bent) or organic bentonite,
which is unable to meet the overall drilling engineering requirements. The rheology (viscosity) of Na-bentonite
suspension is easily affected by temperature. When the temperature rises, the viscosity of drilling fluid changes
greatly, which easily causes well collapse. XU, et al. [8]. prepared intelligent temperature-sensitive bentonite
(NIPAM-B) by grafting N-isopropy! acrylamide (NIPAM) onto the surface of sodium-based bentonite through
the dehydration condensation of silane coupling agent KH570, in which the rheology of the modified bentonite
was relatively stable, with a slight decrease in suspension within a controlled range. Liao et al [9]. synthesized
a hydroxyethyl cellulose-acrylamide graft polymer by microwave-assisted synthesis and prepared bentonite
composites based on this graft polymer. A minimum fluid loss of only 9.3 ml was prepared, which can meet the
requirements of drilling grade bentonite. Liang ef al [10], researched the dispersion properties of acidified ben-
tonite in the aqueous phase. The article pointed out that improving the dispersion performance of bentonite can
significantly improve the specific surface area and pore structure, increase the electrostatic repulsion and spatial
site resistance due to adsorption of dispersant, reduce the aggregation and flocculation between particles, so the
dispersion in the best state of dispersion, the smallest settling volume and the lowest flow viscosity.

Although modified bentonites such as Na-Bent and organic bentonite have been used in drilling fluids in
related studies, the dispersibility at high temperatures still needs to be improved. There is currently only research
in our laboratory that anionic surfactants and inorganic sodium salts combined to modify natural calcium-based
bentonite (Ca-Bent) for use in drilling fluids. The sodium modification of calcium-based bentonite has improved
its caking and suspension properties and we have published the paper. SUN, et al. [11] obtained modified sub-
stances with high viscosity properties by compound modification of bentonite. It was applied to drilling fluids
to improve the performance of drilling fluid applications. The surfactant sodium dodecyl benzene sulfonate
(SDBS) ion slows down the coalescence of clay particles at high temperatures, it forms a water film and adsorbs
to the surface of the clay particles, providing a stabilizing effect.

Because of the poor dispersion ability of bentonite at high temperatures and pressures. The study aimed
to further investigate the dispersion performance of modified bentonite at high temperature and high pressure by
testing the gelling value (this property is an important indicator of dispersibility) by modifying natural Ca-Bent
with Na CO, and SDBS by microwave semi-dry method. In addition, the fluid loss at high temperature and
pressure (FL,,,..) was tested in this study to compare the Na,CO, / SDBS modified bentonite with drilling-grade
Na-based bentonite from an oil field for practical use.

2. MATERIALS AND METHODS

2.1. Materials and equipment

The following materials and instruments were used for the experiments: The natural Ca-Bent (325 mesh) for
preparing the modified bentonite was supplied by Lingshou County Xing Yuan mineral powder processing plant
(Hebei, China); The basic information of bentonite is as follow: swelling volume 18 ml, pH = 6, montmorillonite
content near 85 %, colloid index 150 ml/15 g and density 6 g/cm?, etc.; sodium carbonate, SDBS and absolute
ethanol (analytical reagent) from Sinopharm Chemical Reagent Co, Ltd. (Shanghai, China) were used in this
study. The drilling-grade bentonite comes from commercially available bentonite.

2.2. Method

2.2.1. Purification

The natural Ca-Bent samples were sublimated before using in the experiments as follows. Ca-Bent (325-mesh)
were mixed with distilled water, then the mixtures were stirred for 30 min. After stirring, all mixtures were stood
for 1 h and the small impurities suspended in the supernatant were removed with a pipette. This process was
repeated until the supernatant was clear. Finally, the resulting products were then dried at 105 °C. After drying,
the product was ground and sieved to obtain a 300-mesh powder.

2.2.2. Modification

Firstly, five samples of 1 g Na,CO, were weighed, then 0 g,0.5 g, 1 g, 1.5 g, 2 g SDBS were weighed separately.
Afterward, Na,CO, was mixed with SDBS. Then each chemical was dissolved in 50% anhydrous ethanol to
obtain the desired modifier. After that 5 g of natural Ca-based bentonite was taken and mixed with the modifier
and the mixture was made into the semi-dry reaction material. The mixture was placed evenly on the bottom
of the flask and kept still for 30 minutes before microwave treatment. Then, the flask with the reaction material
was put into microwave apparatus and different parameter of the microwave was set. The parameters of the
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microwave included time, initial temperature, and microwave power. Especially the time ranged from 1 min to
5 min, and the temperature ranged from 30 °C to 70 °C (room temperature 30 °C), and the power was from 400
W to 800 W. Moreover, the electromagnetic stirring speed should always be controlled at 500 r/min. After, the
reaction material was placed in a digital display blast drying box and dried at 80 °C. Finally, the reaction material
was ground and sieved so that 140-mesh modified bentonite powder is obtained for the test.

2.2.3. Characterization

Fourier transforms infrared (FTIR) analyses were performed at room temperature in the spectral range of 4000 —
400 cm™' using an FTIR spectrometer. The experimentally obtained modified bentonite and drilling-grade
Na-based bentonite were mixed and ground thoroughly with dewatered KBr, respectively, and the mixture was
made into a pellet by a hydraulic press. The spectra were collected with 64 scans of accumulation at a resolution
of 4 cm™. Scanning electron microscope (SEM) photos were taken at room temperature in the focus of 10 m,
accelerating voltage of 15 kV, and magnification of 5000 using a field emission electron scanning microscope.

2.2.4. Measurement

According to the Chinese Standards of Bentonite [12], the gelling value was tested. Besides, the apparent viscos-
ity and yield point and plastic viscosity ratio of modified bentonite and drilling-grade Na-based bentonite were
measured according to the Specification for Drilling Fluid Materials [13].

To obtain the slurry rate of bentonite slurry, the following operations are carried out. Firstly, the bentonite
quality required for preparing 15 mPa-s bentonite solution was measured. And the specific gravity of bentonite
suspension was measured by liquid densimeter. The formula (2) for calculating the rate of bentonite slurry is as
follows:

B=&+

X

1 )
M)C
Where B = pulping rate (m’/t ), V= water volume ( ml ), W = weight ( g ), M_= specific, gravity( g/cm’).
Then, 22 g of modified bentonite was mixed with 400 ml of distilled water to obtain the modified bentonite
suspension. And the mixture was stirred under 1000 r/min, which spent 20 min, and then mature 24 h, afterward
stirred 5 min again under 1000 r/min. In the same way, the drilling-grade Na-based bentonite was made into sus-
pension. Next, the two suspensions were poured into the reactor, and the reactor is placed in a heating furnace,

after retrogradation of the bentonite at 90 °C, 120 °C, 150 °C, 180 °C, 210 °C for 16 h, respectively. Then, FL
was measured, and the stability of the bentonite was analyzed after high temperature treatment.

HTHP

Finally, 2 g of modified bentonite was mixed with 35 ml of distilled water were taken, meanwhile,
the mixtures were shaken well in the cylinder with a bottle plug so that the bentonite completely dispersed
in distilled water, and kept 24 h, then the suspended situation was observed. The suspension of drilling-grade
Na-based bentonite was observed in the same way.

3. RESULTS

3.1. Optimization of preparation conditions for Na,CO,/SDBS bentonite

In the preparation of modified agent, the work will fix the amount of sodium carbonate, and gradually increase
the amount of SDBS, then the ratio of Na,CO, to SDBS changed. It can be seen from Figure 1(a) that the gelling
value of bentonite increased sharply with the increase of SDBS. It is presumed that the special layered structure
is enlarged by the modified agent. When the ratio of Na,CO, to SDBS was 1: 0.5, the gelling value of bentonite
reached the high value of 450 ml/15 g. And with the amount of SDBS increased, the gelling value of bentonite
quickly decreased, then its tendency was gentle. Finally, the gelling value of bentonite suddenly decreased.
There is no more space for inhaled water molecules because sodium ions and organic ions have occupied the
interlayer of bentonite, which results in the decrease of the hydration degree. Finally, the optimum ratio of
Na,CO, to SDBS was chosen as 1:0.5.

It can be seen from Figure 1(b) that the starting point 30°C is room temperature, and the gelling value
of bentonite increased reposefully with the increase of initial temperature. When the initial temperature of the
microwave is 60 °C, the greatest gelling value of bentonite is 450 ml/15 g. Then the gelling value declines rap-
idly. The trend is contributed to temperature, with the initial temperature is progressively raised, and the reac-
tion is more intense. It is SDBS and Na,CO, lead to well colloidal property of bentonite, because Na* embed in
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Figure 1: Optimization of preparation conditions for Na,CO,/SDBS Bentonite: (a) Ratio of Na,CO, to SDBS, (b) Initial
temperature, (c) Power, (d) Time.

SDBS is contributed to micellar growth [14]. However, the balance is broken under temperature. So the superb
temperature is 60 °C.

It can be seen from Figure 1(c) that the power increased from 400 W to 500 W, the gelling value increases
sharply from 390 ml/15 g to the maximum value of 420 ml/15 g. Moreover, after a short period of stability,
the gelling value quickly reduced again. It may be the expanding effect of microwave leads to the increase of
the spacing of bentonite, the effect that refers to the penetration of microwave energy into the material and the
expansion of the internal organization of the material being processed. This leads to the reinsertion of reactant
molecules in a certain power range [15]. The gelatinous valence decreases sharply at a power greater than 500 W.
This is because the irradiation intensity becomes stronger, which makes the SDBS carbon chains break and
disrupts the normal proceeding of the reaction.

As shown in Figure 1(d), the gelling value rose slowly at the beginning as the microwave time increased.
When the microwave time was 3 min, the maximum gelling value of bentonite was 480 ml/15 g. Therefore, it
can be assumed that the energy of the reaction was insufficient at the beginning, and when the time was longer,
the reactants were fully reacted. Thereafter the curve suddenly decreased with a slow decreasing trend. This may
be due to the fact that the temperature of the reaction increases sharply with the extension of time, leading to
strong molecular thermal motion, which may be the result of the change of the surface at the beginning. If the
time continues to be extended, the ion exchange equilibrium reaction will be broken. Therefore, a reasonable
time is set at 3 min.

To sum up, the reasonable condition was the ratio of Na,CO, to SDBS 1:0.5, the initial temperature of
60 °C, the power of 500 W, and the reaction time of 3 min.

3.2. Characterization of bentonite and its mechanism

3.2.1. FTIR spectra

Figure 2 shows the FTIR spectra of the modified bentonite by SDBS-Na,CO, (spectrum a) and unmodified
bentonite (spectrum b). The FTIR spectra of Figure 2(b) display broadband around 3627 cm™! which corresponds
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Figure 2: FTIR spectra of the modified bentonite by SDBS-Na,CO, (spectrum a), drilling-grade Na-based bentonite
(spectrum b).

to the AI—OH stretching vibration of the hydroxyl, and the peak of Si-O-Si is around 1036 cm™'. In the FTIR
spectra of Figure 2(a), the above two main absorption peaks did not change, indicating that the bentonite
silicate skeleton did not change. Besides, new peaks appearing around 2856 cm™', 2927 cm™!, 2958 cm™!
are due to —CH,—, —CH, stretching and bending vibration on SDBS. The characteristic absorption of —
SO,— vibration is also evidenced around 694cm™". The peak around 1443 cm™' is associated with the skeleton
vibrations of the benzene ring skeleton, which is due to the C—H stretching vibration in the benzene ring
backbone. The absorption peak at 1645 cm™, representing H—O—H, is significantly lower in Figure 2
(a) than in the spectrum b, which indicates that the adsorbed water between the bentonite layers is extruded by
SDBS, and the SDBS is successfully intercalated in the bentonite [16]. In addition, a small amount of SDBS
is adsorbed on the surface of bentonite due to van der Waals force, and the hydrophilic group of —SO,— is
away from the bentonite, and the alkyl moiety is close to the bentonite.

3.2.2. SEM

It can be seen from Figure 3(a) is the SEM picture of a natural Ca-Bent. It is shown that the montmo-
rillonite layer in the original natural Ca-Bent is compact, flat and contains some non-montmorillonite
impurities. Figure 3(b) is the SEM picture of the drilling-grade Na-based bentonite, its shape presented
as flower-shaped floc, these flocs mutually connect into a distinct network structure, and sometimes these
flocs like petal-shaped slices. Figure 3(c) is Na,CO, modified bentonite, it was similar to SEM of the
drilling-grade Na-based bentonite. From Figure 3 (d), It can be seen that the montmorillonite layers are
looser than other soil layers. Most of the lamellae are curled and pores appear between the curled layers,
which may be due to bentonite adsorb different cations. The morphological feature of composite modified
soil will increase the utilization ratio of additives in drilling fluid preparation, thus improving drilling fluid
performance [17].
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Figure 3: SEM of bentonite: (a) Original Ca-Bent, (b) drilling-grade Na-based bentonite, (c) Modified bentonite by Na,CO,,
(d) Modified bentonite by SDBS and Na,CO,.

4. DISCUSSION

The SDBS/Na,CO,-bentonite (SDBS/Na,CO,-Bent) was modified by SDBS and Na,CO, under optimum con-
ditions. Through the basic performance test of the two bentonites, it can be seen that the apparent viscosity of
the two bentonite suspensions is the same 22.5 mPa-s, but the modified bentonite has a yield point and plastic
viscosity ratio of 1.5 and the drilling-grade Na-based bentonite is only 0.88. A higher yield point and plastic
viscosity ratio makes it easier for drilling fluids to carry the cuttings.

And the pulping rate of modified bentonite is as high as 25.71 m?/t, which is higher than 10.51 m*/t of
drilling-grade Na-based bentonite. In addition, the measurement of the fluid loss of the two bentonites at high
temperatures is as follows.

From Table 1, the FL . rose with increasing temperature, and when the temperature was 90 °C and

120 °C, the FL,,, of both were less than 16 ml. The temperature was more than 120 °C, the FL,, of
Drilling-grade Na-Bentonite was more than 16 ml. However, the FL . of modified-Bent was less than or
equal to 16 ml in the range of 90-180 °C. Besides, when the temperature was 180°C, modified-Bent meets the
requirements of drilling fluid. Moreover, the modified-Bentonite was more stable than drilling-grade Na-Bent

in the scope of 90 °C to 210 °C.

From observing the suspension of modified bentonite and drilling-grade Na-based bentonite after suf-
ficient dispersion, from Figure 4, it can be seen that after 12 h the modified bentonite and drilling grade ben-
tonite remain in suspension, and after 24 h the drilling-grade bentonite starts to settle and white precipitation
appears at the bottom of the measuring cylinder. In the drilling site, usually in the circulation of drilling fluid
before the preparation of drilling fluid, after the completion of the preparation, to stand for 24 h before pumping
into the formation, so to ensure that the drilling fluid 24 h to maintain suspension is the basic requirement for
the preparation of efficient drilling fluid. Therefore, modified bentonite has better suspension. This is because
the reaction process generates a large number of liquid beads in the suspension due to the adhesion of SDBS
on the bentonite surface, which produces the Jamin effect. This effect is due to the fact that the generated liquid
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Table 1: The results of temperature resistance of modified bentonite and drilling-grade Na-based bentonite.

Project (T/°C) Drilling-grade Na-based bentonite Modified-Bentonite (FL, ., ./mL)
(FLHTHP/mL)

90°C 14.0 10.0

120°C 14.0 14.0

150°C 18.0 16.0

180°C 24.0 16.0

210°C 26.0 18.0

Figure 4: Suspension test of bentonite suspensions (a,c: modified bentonite; b,d: drilling grade Na-based bentonite).

beads reduce the leakage pore space to stop the filtrate from leaking to the lower layer, thus controlling the fil-
trate of the working fluid [18].

5. CONCLUSIONS

Anionic surfactant SDBS and inorganic salt Na,CO, were first used to composite modified bentonite by
microwave semi-dry method. By optimizing the synthesis conditions of SDBS/Na,CO, bentonite, the best
conditions were a ratio of SDBS to Na,CO, 0.5:1, microwave time 3min, microwave initial temperature 60 °C,
and microwave power of 500 W.

From SEM, it is clear that the surface of the bentonite modified by SDBS and Na,CO, was more uneven,
showing a fine irregular curled sheet structure. From FTIR spectra, it is obvious that the intercalation agent
successfully entered the layer of bentonite, and little adsorbed on the surface of the bentonite.

Under the best conditions, the performance parameters of the modified bentonite were better than the
drilling-grade Na-based bentonite, as shown by the modified bentonite gelling value of 525 ml/15 g, apparent
viscosity of 22.5 mPa-s, mud yield of up to 25.71 m*/t, and yield point and plastic viscosity ratio of 1.5.

The modified bentonite can maintain low fluid loss at high temperature and high pressure, and the
FL, ., Was only 8 ml, so the bentonite has better temperature resistance. In addition, Na* of Na,CO, opens
up the interlayer space for C,;H,,O,S™, SDBS strengthen the surface properties of bentonite by the effect of
Na,CO,. Besides, the dispersibility of modified bentonite is contributed to match with other drilling additives.
The SDBS/Na,CO, bentonite could reduce fluid loss and improve pulping performance and make drilling more

efficient.

6. ACKNOWLEDGEMENTS

This work was supported by the foundation: Liaoning Provincial Education Department Scientific Research
Project (L2020026) and Liaoning Provincial Education Department Key Project (LIKZ0417).



B SHU, Y.; GUO, M.; J1, C., et al., revista Matéria, v.27, n.3, 2022

7. BIBLIOGRAPHY

[1]

[2]

[10]

[11]

[12]

[13]

[14]

HAO, Y., ZHE, S., “Effect of Low-Fluorescence Anti-Seize Lubricant on Rheological Properties of Water-
Based Drilling Fluid”, Chemistry and Technology of Fuels and Oils, v. 56, pp. 43—49, 2020. https://doi.
org/10.1007/s10553-020-01109-7

HUANG, W, XIE, B., QIU, Z., JIANG L., “Bentonite-Free Water-Based Drilling Fluid with High-
Temperature Tolerance for Protecting Deep Reservoirs”, Chemistry and Technology of Fuels and Oils,
v. 51, n. 6, pp. 652—662, 2016. https://doi.org/10.1007/s10553-016-0655-8

KUMARARAIJA, P., MANJAIAH, K.M., DATTA, S.C., et al., “Remediation of metal contaminated soil by
aluminium pillared bentonite: Synthesis, characterisation, equilibrium study and plant growth experiment”,
Applied Clay Science, v. 137, pp. 115-122, 2017. https://doi.org/10.1016/j.clay.2016.12.017

LIU, X.Q., CHEN, M., JIN, Y., et al., “Research and Application of High Temperature and Ultrahigh
Density Drilling Fluid in Deep Wells”, Petroleum Science and Technology, v. 31, n. 7, pp. 748-754, 2013.
https://doi.org/10.1080/10916466.2010.533145

LI, Y., JIN, F., WANG, C., et al., “Modification of bentonite with cationic surfactant for the enhanced
retention of bisphenol A from landfill leachate”, Environmental Science and Pollution Research, v. 22,
n. 11, pp. 8618-8628, 2015. https://doi.org/10.1007/s11356-014-4068-0

RATKIEVICIUS, L.A., CUNHA FILHO, F.J.V.,, BARROS NETO, E.L., et al., “Modification of bentonite
clay by a cationic surfactant to be used as a viscosity enhancer in vegetable-oil-based drilling fluid”, Applied
Clay Science, v. 135, pp. 307-312, 2017. https://doi.org/10.1016/j.clay.2016.10.011

RIAZ, U., ASHRAF, S.M., SAROJ, SK., et al., “Microwave-assisted solid state intercalation of
Rhodamine B and polycarbazole in bentonite clay interlayer space: structural characterization and
photophysics of double intercalation”, RSC Advances, v. 6, pp. 34534-34545, 2016. https://doi.
org/10.1039/C5RA27387K

YL, PAN., XU, M., ZHAN, Q., et al., “Preparation and properties of N-isopropylacrylamide-based smart
bentonite”, Fine Chemicals, v. 38, n. 10, pp. 2057-2063, 2021. https://doi.org/10.13550/;.jxhg.20210608

LL, L., LIAO, S., XU, M., ef al., “Advances in the preparation and application of polymer-bentonite
composites”, Engineering Science and Technology, v. 50, n. 10, pp. 2882-2885, 2021. https://doi.
org/10.16581/j.cnki.issn1671-3206.20210721.023

HUNAN, L., ZHU, L., CHENGZHONG, P, ef al., “Dispersibility study of acidified bentonite[J]”, China
Paper, v. 29, n. 024, pp. 48-51, 2008.

SUN, M.Y., ZHANG, T.Y., GUO, M.Z,, et al., “SDBS/Na,CO’ modified bentonite and its application in
drilling fluid”, Applied Chemical Industry, v. 48, n. 10, pp. 2378-2382, 2019. https://doi.org/10.16581/j.
cnki.issn1671-3206.2019.10.008

CHINESE GB Standards, “Bentonite”, GB/T 20973-2020, 2022. https://webstore.ansi.org/standards/spc/
£b209732020

CHINESE GB Standards, “Specifications Of Drilling Fluid Materials”, GB/T 5005-2010, 2022. https://
webstore.ansi.org/Standards/SPC/GB50052010

SILVA, 1.A., SOUSA, F.K.A., MENEZES, R.R., “Modification of bentonites with nonionic surfactants

for use in organic-based drilling fluids”, Applied Clay Science, v. 95, pp. 371-377, 2014. https://doi.
org/10.1016/j.clay.2014.04.021

LI S., PAN Y., YANG S., ef al., “Research progress of surface active oil repellents”, Modern Chemical
Industry, v. 35, n. 10. pp. 35-39, 2015. https://doi.org/10.16606/j.cnki.issn0253-4320.2015.10.009

SONG, K., WU, Q., LI, MEI-CHUN, et al., “Performance of low solid bentonite drilling fluids modified
by cellulose nanoparticles”, Journal of Natural Gas Science and Engineering, v. 34, pp. 14031411, 2016.
https://doi.org/10.1016/j.jngse.2016.08.036

XIE, B.Q., QIU, Z.S., CAO, J., et al., “A Novel Hydrophobically Modified Polyacrylamide as a Sealing
Agent in Water-based Drilling Fluid”, Petroleum Science and Technology, v. 13, n. 18, pp. 1866—1872,
2013. https://doi.org/10.1080/10916466.2011.590842

YANG, S., GUO, M., YANG, E., et al, “Study on Preparation and Performance of High Swelling
Bentonite”, Mateéria (Rio J.),v.23,n. 3, e-12188, 2018. https://doi.org/10.1590/S1517-707620180003.0522


https://doi.org/10.1007/s10553-020-01109-7
https://doi.org/10.1007/s10553-020-01109-7
https://doi.org/10.1039/C5RA27387K
https://doi.org/10.1039/C5RA27387K
https://doi.org/10.16581/j.cnki.issn1671-3206.20210721.023
https://doi.org/10.16581/j.cnki.issn1671-3206.20210721.023
https://doi.org/10.16581/j.cnki.issn1671-3206.2019.10.008
https://doi.org/10.16581/j.cnki.issn1671-3206.2019.10.008
https://webstore.ansi.org/standards/spc/gb209732020
https://webstore.ansi.org/standards/spc/gb209732020
https://doi.org/10.1590/S1517-707620180003.0522

