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Abstract. In the petroleum industry, clay is a major composition of water and oil based
drilling fluids, but other additives are introduced to enhance rheological properties. One
of such additives includes aluminum oxide (Al,O3) and zinc oxide (ZnO) nanoparticles
which have been reported to improve drilling fluid characteristics. However, the effect
of these nanoparticles on the stability of clays in different liquid mediums needs to be
investigated.

In this work, the effect of Al,O3 and ZnO nanoparticles on the stability of clays in
distilled water, brine of 30g/I salinity, ethanol and diesel is studied in quiescent column
of liquids in the absence and presence of crude oil. Results show that Al,O3; and ZnO
nanoparticles enhance clay instability in liquids; in fact, clays are more stable in liquids
in the absence of these two kinds of nanoparticles than in their presence.

In order not to enhance clay instability in liquids, it is suggested that Al,O3; and ZnO
nanoparticles be used cautiously and possibly with other kinds of nanoparticles that
promote particle stability in fluids. Further studies in determining the effect of organic
matters on clay stability is encouraged since observations are inconsistent especially in
the references cases where nanoparticles are absent.
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INTRODUCTION

Clay is an important material in geology, construction, agriculture, pottery, ceramics,
chemicals, and pharmaceuticals. In the petroleum industry, clay plays a key role during
drilling operations; it is the main constituent of water based and oil based drilling fluids that
counter-balances pressure effects from different formation layers. But to enhance various
rheological properties of drilling fluids, several additives are usually introduced and this has
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recently included nanoparticles. Studies have shown that several kinds of nanoparticles can
improve drilling fluids characteristics (Cheraghian, 2020; Rafati et al., 2017; Talukdar et al.,
2021; Vryzas et al., 2017).

Two types of nanoparticles among others that have been reported to significantly modify the
properties of drilling fluids are aluminum oxide (Al,O3) and zinc oxide (ZnO) nanoparticles.
Effects of Al,O3 nanoparticles on the properties of water based drilling fluids have been
studied experimentally. Al,O3 nanoparticles have the ability to improve the rheological
properties of drilling fluids and there is an optimum concentration that can improve filtration
properties (Smith et al., 2018; Amarfio et al., 2016; Al-Yasiri et al., 2019; Khaled et al.,
2017; Medhi et al., 2019). Addition of 1% of Al,O3 nanoparticles to drilling fluids increases
friction, and decreases effective and dynamic viscosity values (Hosseini et al., 2016).

Adding 1g of Al,O3; and Fe,O3; nanoparticles improves swelling, filtration and lubrication
properties of drilling muds (Abbood et al.,, 2022; Al-Yasiri and Wen, 2019). Al,Os
nanoparticles can stabilize ethyl octanoate ester as a low-molecular weight synthetic oil for
formulating an ester-based drilling fluid (Ahmed et al., 2021).

The presence of ZnO nanoparticles in drilling fluids has also impacted positively on
rheological properties (Albajalan et al., 2021). Using a low concentration of about 0.05wt%
of ZnO nanoparticles at high temperatures improves the rheology of water based drilling
muds (Ahasan et al., 2021). 1wt% of ZnO nanoparticles in drilling fluids enhances thermal
stability, induces viscoelastic solid properties and reduces fluid loss (Medhi et al., 2021).
ZnO nanoparticles in drilling fluids also have the ability to eliminate hydrogen sulfide.

A study has shown that addition of synthesized ZnO nanoparticles can eliminate hydrogen
sulfide from water based drilling muds in 15minutes whereas the bulk ZnO can perform the
same function in about 90minutes under the same conditions (Sayyadnejad et al., 2008).

It is evident that Al,O3 and ZnO nanoparticles can enhance the performances of drilling fluids
in several ways, but the stability of clay in drilling fluids in the presence of Al,O3; and ZnO
nanoparticles has not been studied. In this work therefore, the stability of clay in water,
ethanol and diesel in the presence of Al,O3; and ZnO nanoparticles is investigated. Stability in
this context means the ability of clay particles to remain suspended in liquids without settling
at the bottom of the well.

Clay stability in drilling fluids is important because segregation of the particles from the fluid
undermines the functions of drilling muds and renders drilling fluids ineffective especially
along top zones where most of the particles have settled down. Clay particle settlement
during drilling mostly occurs during down time such as during fishing operations and when
dislodging stuck pipes from the bottom of holes.

MATERIALS AND METHOD OF STUDY

The clay used in this work comprises of Montmorillonite, Kaolinite and Illite in the ratio of
2:2:1 respectively (though in drilling fluids, only Montmorillonite is used) and these clays
were purchased from Clay Mineral Society in USA. Al,O3 and ZnO nanoparticles were
obtained from Skyspring Nanomaterials, Inc., Houston. Texas in USA and the nanoparticles
sizes and surface areas are presented in Table 1. The crude oil which was obtained from the
Niger Delta region of Nigeria has a viscosity of 53.28cp, API gravity of 22.44° and density of
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o 0.9114g/cc at 27°C. The liquid mediums used in dispersing the clays are distilled water, brine
© of 30g/I salinity, ethanol (98%) and diesel.

Table 1. Some Properties of the Nanoparticles used.

S\No. Type of Nanoparticles Particle Size (m) Surface Area (m?/g)
1. Aluminium Oxide 40 ~ 60
2. Zinc Oxide 10-30 90

The concentration of clays and nanoparticles in the liquid dispersants are 10g/l and 3g/I
respectively. 20ml of the clay colloid was poured into a beaker and 4ml of nano-fluid was
also poured into the same beaker. When the presence of crude is required, 4ml of it was also
poured into the same beaker and thoroughly stirred.

The mixtures were then poured into a calibrated cylinder and allowed to settle down. The
settling process moved from one phase of homogeneous fluid of uniformly dispersed particles
to two distinct phases which lasted for a short time before the appearance of a third phase at
the bottom of the cylinder.

Gradually with the passage of time, the first phase at the top becomes a clear fluid without
particles while the middle phase becomes lightly cloudy as the last bottom phase becomes
densely clouded as particles from the middle phase fall into the bottom phase. The three
volume phases are illustrated in Figure 1, but this work is focused on the volume of the
bottom region which is plotted against time. This region gradually increases to a maximum
volume as the middle phase disappears into the bottom phase, and then decreases with time
due to compaction. Finally, only two phases can be observed in the liquid column; the
volume of bottom settled particles and a clear liquid volume free of particles on top of the
volume of settled particles.
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Fig.1. lllustration of Three Phases in the Particle Settling Process .



n RESULTS AND DISCUSSIONS

=

Three sets of results are presented in figures 2 to 7. Each set shows two experimental results
conducted in the absence and presence of crude oil, and in each result, four graphs are
presented for each of the four fluids (distilled water, brine, ethanol and water) used in the
experiments. Figures 2 and 3 are the reference cases where there are no nanoparticles in the
colloids, only clays are present. These two experimental results show that clays are more
stable in water than in organic liquids such as ethanol and diesel. It is observed that the
particle fall rates in ethanol and diesel are higher; in fact, at 15minutes, the particles have
already attained their maximum height and are already compacting which results in volume
reduction. But for distilled water and brine, the volumes of particles are yet to attain their
maximum height at 15minutes because a lot of the particles are still in the middle region, not
the bottom region.

The results also indicate that the presence of crude oil slightly distorts the trend of clay
deposition. In figure 2, the particles settled faster in diesel than in Figure 3 when crude oil
was present. This observation agrees with a similar study that was previously reported which
noted that more organic matter slows down the particle settling rate, thereby promoting
stability (Ghose-Hajra et al., 2020).
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Fig.3. Reference Case in the Presence of Crude.
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o Figures 4 to 7 show that Al,O3 and ZnO nanoparticles in a colloid of clay particles promote
™ clay instability; in fact, both kinds of nanoparticles exhibit the same trend in clay instability.
Figures 4 and 5 are sets of results with the use of Al,O3 nanoparticles while figures 6 and 7
are results with the use of ZnO nanoparticles. In the presence of Al,O3; nanoparticles, the
falling rates of particles in the polar liquids (distilled water, brine and ethanol) are very close
and similar in the absence of crude oil except for the non-polar liquid diesel which is slower.
But in the presence of crude oil, the falling rates are in close ranges for all the mediums. In
Figure 4, the clay particles settled in diesel very slowly than in the polar liquids (water and
ethanol), but in the presence of more organic matter (crude oil in figure 5), the particles
settling pattern falls in the range of other liquids which is faster.
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Fig.4. Al,O3 in the Absence of Crude Oil.
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Fig.5. Al,Og3 in the Presence of Crude Oil.

In the presence of ZnO nanoparticles and in the absence and presence of crude oil (Figures 6
and 7 respectively), the falling rate of particles are approximately within the same range in all
the fluids but especially in the absence of crude oil.

In the absence of crude oil, the fall pattern of particles in diesel is similar to other mediums,
but in the presence of crude oil, it is faster. In terms of viscosity of which most oils have
higher viscosity than water, it is expected that the rate of particle settlement will be slow,
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o enhancing stability. But in the presence of ZnO nanoparticles and in the reference cases, an
® opposite result is observed which requires explanations and further research.
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Figure 7: ZnO in the Presence of Crude QOil.

Reports have shown that the presence of organic matter in a medium affects the settling rate
of particles which invariably affect the stability of particles in the medium. But unfortunately,
the results have not been consistent because while some researchers report that the presence
of organic matters in fluids enhances instability or particle settlement (Chase 1978), others
report that it enhances stability which implies slowing down particle settlement.

However, a study pointed out that the rate of particle settlement depends on the percentage of
organic matter present; low percentage promotes high settling characteristics (high
instability) while high percentages slow down the rate of settling which promotes stability
(Ghose-Hajra et al., 2020). This is an area that requires further investigations perhaps testing
with different percentages of different organic matters.

The inconsistency of the reference case results with the nanoparticles results with regard to
determining if the presence of crude oil enhances or slows down particle stability in a column
of fluid deserves further investigations.



o Al,O3 and ZnO nanoparticles have positive impacts on drilling fluid properties but at the
= same time, they promote particle instability which is not desirable in drilling fluids especially
during down time. There are several other nanoparticles that promote particle stability in
fluids such as silica (Mirzaasadi et al., 2021; Yang et al., 2015; Agarwal et al., 2011).

It is therefore suggested that Al,O3; and ZnO nanoparticles be used cautiously in drilling
fluids in order not to jeopardize stability of clay particles. In fact, other types of nanoparticles
that can enhance clay particle stability in liquids can be used in combination with Al,O3; and
ZnO nanoparticles in drilling fluids.

CONCLUSION

The conclusions drawn from this work are as follows:

1. Clays are more stable in distilled water and saline water (brine) than in organic liquids
such as ethanol and diesel.

2. Al,03 and ZnO nanoparticles enhance clay instability in liquids and they exhibit
almost the same trend in clay instability.

3. The effect of liquid type on clay stability in the presence of Al,O; and ZnO
nanoparticles is not significant.

4. The presence organic materials such as crude oil in a colloid containing particles of
clay can distorts the pattern of particle sedimentation and can promote clay instability.

RECOMMENDATION

Al,O3 and ZnO nanoparticles promote clay instability in liquids, hence they should be used
cautiously in drilling fluids, and if possible they should be used along with other kinds of
nanoparticles that promote particle stability in liquids.
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