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Abstract—Shale inhibitor has been widely used as a cure of shale
dispersion and swelling when drilling in shale formation. To
make clear the effect of the interaction time, type and adding
order of inhibitors on the hydration of bentonite, the particle size
distribution (PSD) measurements of bentonite have been
performed in this investigation. The results show that the
hydration time of bentonite is quite short and the aging time has
a little effect on the static hydration dispersion of bentonite.
Moreover, the adding order of the different type of inhibitors has
clearly effect on the hydration of bentonite. The observed results
show that all the inhibitor solutions investigated, including
organic salt, inorganic salt and polymeric inhibitor solutions,
show obvious inhibiting ability on the hydration dispersion of
bentonite. In contrast, after adding into bentonite suspensions,
organic salt and inorganic salt inhibitors have little effect on the
dispersion of bentonite, while the polymeric inhibitors can inhibit
the hydration dispersion of bentonite effectively. It supports the
idea that the salt inhibitor plays a preventive role rather than
corrective role in inhibiting the bentonite dispersion.

Keywords-shale inhibitor, particle size distribution, bentonite,
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l. INTRODUCTION

In the drilling operation, shale hydration may lead to some
problems, such as thickening of drilling mud, bit balling,
borehole enlargement and even oil well abandonment [1-4].
Keeping wellbore stable is one of the most significant task in
achieving the success of drilling operations. Therefore, a clear
understanding on the effect of inhibitors on the hydration of
shale is beneficial to take measures to combat clay hydration.

In the past, much research effort has been made on the
hydration of bentonite, and several means used to study the
hydration of bentonite [4]. Conventionally, the rolling recovery
test is used to evaluate the inhibiting ability of hydration
dispersion [5]. Moreover, the filtrate loss and the linear
swelling test have been used to study the influence of the shale
inhibitors on the bentonite hydration swelling [4][6]. The
pressure transmission test was used to study the inhibiting
ability of the shale inhibitor [7]. Also, rheological property has
been used to evaluate the inhibiting performance of shale
inhibitors [5]. The bulk hardness test, was used to determine
the hardness of the shale sample after exposure to a test fluid
that contains shale inhibitor. In addition, transmission electron
microscopy was used to observe the dispersed state of
bentonite particles in agueous solutions, and the sedimentation
of the montmorillonite was also used to evaluate the inhibiting

performance [8]. Furthermore, X-ray diffraction was used to
measure the clay layer space of bentonite to evaluate the
inhibiting performance of shale inhibitors [9]. However, the
particle size of bentonite powder in aqueous suspension has
rarely been addressed [10].

In this study, the particle size distribution of bentonite
powder after the action of inhibitors are taken as the direct
method to investigate the hydration dispersion of bentonite.
The particle size distribution (PSD) of bentonite can reflect the
microscopic disperse state of bentonite powder directly [11].
The PSD of bentonite was measured with a Laser Scattering
Particle Size Analyzer. The influence of hydration time, the
shale inhibitor type, and adding order of shale inhibitors on the
hydration dispersion characteristics were also investigated by
measuring the PSD of bentonite suspensions. Moreover, the
mechanisms of the inhibitors are briefly discussed.

Il.  MATERIALS AND METHODS

A. Materials

The 4wt% hydrated Na-MMT aqueous suspension was
used as base fluid. Three kinds of common inhibitors, inorganic
sail, organic salt and polymeric inhibitor were selected in this
study. Inhibitor aqueous solutions were prepared with the
recommended dosage of each inhibitor. The recommended
dosages (wt/v) of the shale inhibitors used in this study are
listed in Table 1.

TABLE I. THE RECOMMENDED DOSAGE OF SHALE
INHIBITORS
Inorganic salt o';%?:m Polymeric inhibitor
Inhibitors Polyamine  Polyalcohol

KClI  CaCl:  Weigh2 SIAT ILX-B

Dosage

1% 7 0.5 30 2 2
B. Methods

To investigate the effect of the adding order of shale
inhibitors on the dispersion of bentonite, this study took two
different adding orders. The first adding order is that adding
inhibitors into base fluid, called adding order 1#, while the
second order is that adding bentonite powder into inhibitor
solutions, called adding order 2# in the following text.
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After adding inhibitors and bentonite, the aqueous
suspension was stirred for 30 minutes, then took a small
amount of sample into the Laser Scattering Particle Size
Analyzer to measure its PSD. The PSD measurement was
repeated at least three times for accuracy. The PSD curves and
the characteristic values, D1o, Dso, Dgo, and Daye, are adopted in
this paper to present the particle size distribution of the
bentonite suspensions.

I1l.  RESULTS AND DISCUSSION

A. Effect of Interaction Time

In order to investigate the effect of interaction time on the
dispersion of bentonite, the PSD of the bentonite suspension
was tested at 0.5h, 2h, 8h, and 24h, respectively. The PSD
curve of base fluid is shown in Fig.l. Table 2 lists the
characteristic parameters of the base fluid at different time.
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FIGURE I. PSD CURVE OF THE 4WT% BENTONITE SUSPENSION
TABLE II. CHARACTERISTIC SIZE VALUES OF THE BASE FLUID
AFTER DIFFERENT TIME
Time/h Dm/um Dso/llm Dgo/],lm Da\,e/um
0.5 2.46 6.43 17.84 13.03

2.48 6.79 21.71 12.25
2.32 6.76 23.11 13.08
24 2.49 6.86 22.52 12.99

As can be seen from Fig.1, the PSD curve of base bentonite
suspension has a wide range of size, from 0.1 um to 200 pum,
and mainly centered around10 um. A close look at the PSD
curve can obtain the characteristic granularity values, as listed
in Table 2. The Dso of the PSD is about 6.5 um, which is in
accordance with the report from previous research [12]. The
fact that all the characteristic granularity values at different
hydration time are approximate, demonstrates that the
hydration dispersion process of bentonite is quite rapid.

B. Effect of Inorganic Inhibitor

Inorganic inhibitor is the earliest used shale inhibitor in the
oil well drilling industry. Among the inorganic inhibitors,
potassium chloride (KCI) is the best known inhibitor for its
outstanding inhibition property [7][13]. CaCl, has also won
some popularity among the researchers [14]. In this work, the
effects of KCI and CaCl, on the hydration dispersion of
bentonite have been studied. The PSD curves of the bentonite
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under the action of inorganic inhibitors are shown in Fig. 2 and
Fig.3.
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From Figure 2(a) and Figure 3(a), it can be clearly seen that
all the PSD curves are similar with that of the base fluid.
However, a close comparison of Figure 2(b) and Figure 3(b)
with base fluid shows that the submicron, smaller than 1um, is
decreased or absent. In addition, the differential distribution
curves move right. It means the content of the large size
particle increases, also indicates that inorganic inhibitors
solution can keep bentonite powder from hydrating.
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For a clear understand of the effect of inhibitor, the
characteristic parameters of PSD are obtained and shown in
Fig.4.
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FIGURE IV.  COMPARISON OF THE CHARACTERISTIC
PARAMETERS OF THE PSD FOR THE BENTONITE UNDER THE
ACTION OF INORGANIC INHIBITORS. (A) FOR KCL, (B) FOR
CACL,

As shown in Figure 4, for the case adding inhibitor into
base fluid, the bentonite keeps the dispersion state and remains
hardly changed by inorganic salts. The Dso of bentonite
suspension after treated by KCI is 7.42um, and the average
particle size Dave is 13.66 um, which is slightly larger than the
particle size of base fluid. Similarly, the Dsy and Daye Of
bentonite suspension that treated by CacCl, are also approaching
to the particle size of base fluid. However, for the adding order
that adding bentonite powder into inhibitor solutions, the
characteristic parameters are obviously larger than those of the
base fluid. The results indicate that inorganic salts can keep the
clay particle from dispersing, which is in agreement with most
of the available studies [4][7]. It can be concluded that the
inorganic salts play a preventive role in inhibiting bentonite
hydration rather than a corrective role.

C. Effect of Organic Salt Inhibitor

Due to the benefits that it can reduce swelling pressure,
water content and pore pressure at the same time, organic salt
inhibitor has won great popularity in oil well drilling industry
(Oort, 2003; Oort et al., 1994). The potassium formate
(HCOOK), sodium formate (HCOONa), cesium formate
(HCOOCs) and their mixture are the most common used
organic salt inhibitors. This work tested the particle size
distribution of bentonite under the action of an organic salt
mixture inhibitor called Weigh2.
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This paper presents the PSD curves and the corresponding
characteristic parameters for the bentonite suspensions with the
two adding orders as shown in Figure 5 through 6.
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FIGURE VI.  COMPARISON OF THE CHARACTERISTIC

PARAMETERS OF THE PSD FOR THE BENTONITE UNDER THE
ACTION OF ORGANIC SALT

As can be observed from Figure 5 through 6, after being
hydrated (adding order 1#), the bentonite the particle size
remained unchanged by organic salt. In contrast, for adding
bentonite powder into organic salt solution (adding order 2#),
the PSD curves and the corresponding characteristic parameters
are slightly different. It can be concluded that the organic salt
can only prevent bentonite from dispersing slightly, but cannot
play the corrective role in hydration dispersion of bentonite.

D. Effect of Polymeric Inhibitor

Polyamine and polyalcohol are generally accepted overall
as the best polymeric inhibitors in well drilling industry [15].
Polyamine has been extensively used as shale hydration
inhibitor with its splendid inhibiting performance, and it has
gained many interests and found an application [16] [17].
Polyalcohol also has been widely used in the drilling process,
because they not only inhibit the swelling of clay minerals, but
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also keep the shale strength in the process of action together
with inorganic salts [18].

The PSD curves for bentonite in the polymeric inhibitors
solutions of Polyamine (SIAT) and Polyalcohol (JLX-B) are
shown in Figure 7 and Figure 8, respectively.
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As can be seen in Figure 5 and Figure 6, compared with the
PSD of the base fluid, the crest of the PSD curves have been
moving to the right, and they all almost have no submicron
particle less than 1um. Therefore, the polymeric inhibitors also
can prevent clay particles from dispersing.

In order to investigate the adding order effect on the
bentonite dispersion, the characteristic parameters of the PSD
for bentonite suspensions of both adding order 1# and adding
order 2# were measured, as shown in Figure 9.
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As can be seen in Figure 9, the Dsp and the Daye Of bentonite
in different adding order are all larger than the corresponding
characteristic parameters of the base fluid. The larger particle
size indicates the hydration dispersion of bentonite can be
maximally suppressed by polyalcohol. The results demonstrate
that polyalcohol JLX-B exhibit superior inhibition compared to
polyamine.

Another import observation is that the characteristic
parameters of PSD for the different adding orders are almost
identical, which suggests that the adding order has little impact
on the inhibiting performance of polymeric inhibitor.
Furthermore, the addition of polymeric inhibitors has a positive
effect on suppressing the hydration dispersion of clay particles
even the clay has been fully dispersed. The polymeric
inhibitors can play both preventive and corrective role in
suppressing bentonite hydration dispersion.

E. Effect of Inhibitors Combination

For the reason that the inhibitors of different type play
different roles, the combination of inhibitors usually be taken
into account, and have already shown greater inhibiting
performance than they act alone [4]. For instance, organic
inhibitors are usually applied associated with other inorganic
inhibitors [19].

To check the effect of inhibitors combination on the
bentonite hydration dispersion, this work selected KCI, Weigh2
and JLX-B as the representative of inorganic salt, organic salt
and polymeric inhibitors, respectively. The characteristic
parameters of the PSD for the bentonite under the action of
combined inhibitors are listed in Table 3.

TABLE IlI. CHARACTERISTIC PARAMETERS OF THE PSD FOR
THE BENTONITE UNDER THE ACTION OF COMBINED INHIBITORS
No. Fluid sample Dio/pm  Ds/pm  Deo/pm  Dgye/pm
Base fluid + Inhibitor
1 (KCI + Weigh2) 2.32 6.77 23.10 13.07
(KCI + Weigh2)
2 solution + Bentonite 6.10 12.57 52.87 24.43
Base fluid + Inhibitor
3 (KCI +JLX-B) 21.09 70.12  136.02 76.57
(KCI + JLX-B) solution
4 + Bentonite 24.77 81.84  151.89 87.86
continued
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FIGURE 1l (Continued)
No. Fluid sample Dio/pm  Dsof/pm  Doo/pm  Dgye/pm
Base fluid + Inhibitor
5 (Weigh2 + JLX-B) 9.04 75.92 14450 75.49
(Weigh2 + JLX-B)
6 solution + Bentonite 7.36 81.48 144.81 80.34
Base fluid + Inhibitor
(KCI + Weigh2 + JLX-
7 B) 19.35 72.70  137.69 77.65
(KCI + Weigh2 + JLX-
8 B) solution + Bentonite 39.96 89.74  164.92 97.12

As descripted in Table 3, the PSD of hydrated bentonite
cannot be changed by adding the combined inorganic salt KCI
and organic salt Weigh2. On the contrary, the characteristic
parameters of PSD for reversed adding order are larger than the
corresponding parameters of KCI and Weigh2 acting alone,
exhibiting a better inhibition. From the other data in Table 6, it
can be found that the polyalcohol JLX-B plays a major role in
inhibiting the dispersion of bentonite, and the adding order
also exhibites a significant effect.

Furthermore, from the PSD data of different combined
inhibitors, we can draw a conclusion that the combination of
the polymeric inhibitor with the organic salt or the inorganic
salt plays both corrective and preventive roles in suppressing
bentonite dispersion.

IV. CONCLUSIONS

The particle size distribution measurements of bentonite
suspensions under the action of commonly used shale inhibitors
have been carried out. The following conclusions were drawn
from the experimental results.

e After a rapid dispersion of bentonite in water, the static
aging time has little effect on the PSD of bentonite.

e All the commonly used inorganic salt, organic salt,
polymeric inhibitors and their combination, can play a
preventive role in bentonite hydration dispersing.

e Only polymeric inhibitors and the combined inhibitors
with polymeric inhibitors can be taken as corrective
inhibitors.
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