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Application of carbon nanomaterials in oil well drilling fluid has been previously studied and was found to enhance its filtration
properties.-ere is a general consensus that addition of colloids in suspension will alter its rheology, i.e., carbon nanomaterials, in
this research work; graphene nanoplatelets are hydrophobicmaterials, which require functionalisation to improve its dispersion in
aqueous solution. However, different degrees of dispersion may vary the rheological properties behaviour of drilling fluid. -e
objective of this study was to characterize the colloidal dispersion of graphene nanoplatelets (GNP) in aqueous solution and its
impact on the rheological properties behaviour of water-based drilling fluid. Dispersion of graphene nanoplatelets was achieved
through noncovalent functionalisation by means of surfactant attachment. UV-visible spectroscopy was employed to analyze the
dispersion of GNP in aqueous solution. -e rheological test was carried out using a simple direct-indicating viscometer at six
different speeds. Results revealed that the degree of dispersion of GNP using Triton X-100 was generally higher than both SDS and
DTAB. Comparison between the rheological properties behaviour of drilling fluid with GNP dispersed using different surfactants
shows little to no difference at low shear rates. At high shear rates, however, greater dispersion of GNP shows higher thinning
properties while fluid with a low dispersion of GNP exhibited linear behaviour to thickening properties.

1. Introduction

Oil well drilling fluid or commonly known as drilling muds
are a complex colloidal system that is a trivial part for an oil
well drilling operation. Apart from its primary function in
conventional drilling operation where drilling fluid acts as a
safety barrier which prevents formation fluid from flowing
into the well, drilling fluid also needs to carry drilled cuttings
to the surface. -e ability of a fluid to suspend and lift
cuttings to the surface is related to its rheological properties.
Improper design of rheological properties of drilling fluid
may affect its ability to remove cuttings from the wellbore
which in turn may cause stuck pipe and damaged bottom
hole assembly.

Graphene, the world’s first two-dimensional (2D)
crystalline material, has a theoretical thickness of 0.34 nm
[1, 2] and is composed of a single layer of carbon atoms in

the sp2 hybridisation state with each atom covalently bonded
to three other carbon atoms in a hexagonal lattice with a
carbon-to-carbon distance of 0.142 nm [3, 4]. Graphene is
the building block of other carbon materials. For example,
the sheets can be curved into 0D fullerene, rolled into 1D
carbon nanotubes (CNTs), or stacked into 3D graphite [3].
Although theoretical prediction on the unique electronic
structure and the linear dispersion relation of graphene
started almost 70 years ago (1947) by P. R. Wallace, the first
physical isolation of graphene happened only recently. -e
discovery is attributed to Andre K. Geim and Konstantin
Novoselov, researchers from Manchester University back in
2004, which gave them the honour of being awarded the
Nobel Prize for Physics in 2010 [3].

-e unique properties of graphene are a direct conse-
quence of its structure. It has been reported that the strength
of graphene exceeds 1.5 TPa due to its extremely strong in-
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plane σ-bonds (670 kJ/mol) [4], while the remaining π-orbits
perpendicular to the plane constitute the delocalized net-
work of electrons which makes the structure highly con-
ductive [3]. -e thermal conductivity of graphene was
reported to be 5000Wm−1 K−1 which is better than many
metals [4] again because of the strong sp2 bonds that help
dissipate heat via lattice vibration or phonon scattering [3].
In addition, graphene has also been proven to be able to form
a membrane impermeable to even the hardest gas to filter,
helium [5, 6]. In recent years, applications of graphene and
its predecessor, CNTs, have been getting a lot of attention for
research in oil and gas industry especially drilling fluids and
were proven to have improved the conventional drilling
fluid system [7–9].

A key requirement for carbon research and applications
is the ability to identify and characterize all the members of
the carbon family. Over the years, several literature studies
have characterised carbon allotropes using Raman spec-
troscopy due to its fast, nondestructive, and high resolution
with maximum structural and electronic information [10–
18]. In addition, Raman spectroscopy is highly sensitive to
symmetric covalent bonds with little to no natural dipole
moment [19].

-e main features of carbon allotropes in Raman spectra
are the so-called G and G′peaks, which lie at around
∼1580 cm−1 and ∼2700 cm−1, respectively. Graphene can be
distinguished from graphite by thoroughly examining the G′
peak of the Raman spectra as studied by Ferrari et al. [20].
Single graphene has a single G′ peak roughly four times more
intense than its G peak, while bilayer graphene’s G′ peak
consists of four components and bulk graphite’s G′ peak
consists of two components roughly 1/4 and 1/2 the height of
the G peak. -is result is in agreement with Gupta et al. [21]
and Dresselhaus et al. [22]. Gupta et al. [21] and Dresselhaus
et al. [22] found that single-layer graphene exhibits sharp G
and G′ peak at ∼1580 cm−1 and ∼2700 cm−1, respectively
while multilayer graphene or graphite exhibit broad G′ peaks
which can differentiate the number of carbon layers.

In addition, Dresselhaus et al. [22] differentiated the
Raman spectra between graphene, graphite, and carbon
nanotubes. While a single G peak is observed for a 2D
graphene sheet, curvature effect such as in carbon nanotubes
gives rise to multiple G peaks. Another significant difference
is the existence of the radial breathing mode (RBM) in
Raman spectra of carbon nanotubes which is in the range of
∼120 cm−1 to 350 cm−1 that is related to the diameter of the
carbon nanotubes. Graf et al. [23] also used Raman spec-
troscopy to differentiate graphite flakes of different thick-
nesses at 532 excitation wavelengths. Although Graf et al.
[23] used different excitation wavelengths, the results are
conclusively similar to Ferrari et al. [20], Gupta et al. [21],
and Dresselhaus et al. [22].

Raman signature and the specific peak position of any
material is related to the material’s unique structure and is
independent of the excitation wavelength, so the molecular
fingerprint will be the same regardless of the excitation laser
wavelength. However, different excitation wavelengths
provide specific strengths and weaknesses and may impose
‘noise’ in the resulting spectra. Ferrari et al. [20] compares

the G′ peak of graphene and graphite measured at two
different excitation wavelengths. Although the shape of the
spectra remains the same even at similar shift, its efficiency
and resolution drops quite significantly at 633 nm as
compared to 514 nm. Luo et al. [24], in addition, studied the
Raman spectra of hydrogenated graphene at five different
excitation wavelengths: 457 nm, 488 nm, 532 nm, 633 nm,
and 785 nm. Among the five different laser-excitation
wavelengths, results show that excitation wavelength of
532 nm produces the best Raman spectra with minimal noise
for hydrogenated graphene.

Calculation of the number of layers of graphene is
possible from the position of the G band. As explained by
Wall et al. [25], the theory is that as the layer thickness
increases, the band position shifts to lower energy, repre-
senting a slight softening of the bonds. -us, the band
position can be empirically correlated to the number of
atomic layers present using the following equation [25]:

ωG � 1581 + 11 1 + n1.6( , (1)

where ωG is the position of G peak in wavenumbers and n is
the number of layers present in the sample.

Despite all the great properties of graphene, individual
graphene approaching each other may establish π-π bond like
in graphite.-is interactionmay sum up and bundle graphene
together which makes dispersing it in aqueous solution dif-
ficult. Functionalising graphene is essential as it allows gra-
phene to be dispersed in solutions, to graft desired functions
on their surface or to be coupled with other materials [26].

Generally, there are two methods to functionalise gra-
phene to achieve dispersion in aqueous solutions: covalent
functionalisation and noncovalent functionalisation
[4, 20, 27]. -e covalent functionalisation method involves
attaching various chemical moieties to improve its solubility
in solvents. -is method, however, can be considered ag-
gressive as it occurs at high temperature and includes the use
of dangerous chemicals such as the use of neat acids [28]. In
addition, as a result of attaching different functional groups,
the structure of graphene is altered, consequently changing
the properties of graphene as well. Noncovalent functional-
isation, on the other hand, is particularly attractive because of
the possibility of attaching various groups on the surface of
graphene without disturbing its structure and properties [26].

Surface-active agents or widely known as surfactants
have been extensively used to disperse carbon nanomaterials
via the noncovalent method. -e structure of surfactants
consists of two parts, one of which is a hydrophobic tail,
usually a hydrocarbon chain, and the other is a polar hy-
drophilic head which may be cationic, anionic, or nonionic
in nature [29]. Surfactants help achieve homogenous dis-
persion of carbon nanomaterial in aqueous solutions by
wrapping it or forming micelle around each individual
nanomaterial [28]. To date, a wide variety of surfactants and
concentrations have been investigated to disperse carbon
nanomaterials in aqueous solution such as sodium dodecyl
benzene sulfonate (SDBS) [30], dodecyl trimethyl ammo-
nium bromide (DTAB) [10], hexadecyl trimethyl ammo-
nium bromide (CTAB) [11], octyl phenol ethoxylate (Triton
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X-100) [12, 13], and sodium dodecyl sulfate (SDS)
[7, 9, 19, 22, 25, 26].

Our previous research work shared results on the fil-
tration properties of water-based drilling fluid with the
inclusion of graphene nanoplatelets without the emphasis on
the degree of dispersion [31]. In addition, Aftab et al. [7] also
studied the usage of graphene nanoplatelets in water-based
drilling fluid including filtration, rheology, and shale in-
hibition. Functionalisation of graphene nanoplatelets was
achieved through noncovalent functionalisation using so-
dium dodecyl sulfate (SDS), an anionic surfactant. However,
effect of factors such as degree of dispersion was not re-
ported. In 2011, Pu et al.’s [32] research found that ho-
mogeneity of graphene dispersion in aqueous media differs
with different types of surfactants. -us, the research
question is will the effect of different degrees of dispersion of
graphene affect the ability of graphene as an additive for
drilling fluid application or more specifically of this study,
rheology.

In this work, the dispersion of graphene nanoplatelets in
aqueous solutions using three different types of surfactants
was studied: SDS, DTAB, and Triton X-100. Graphene
nanoplatelets were dispersed in aqueous solutions of dif-
ferent concentrations of surfactants by means of ultrasonic
bath at 30°C (86°F). Colloidal dispersion of graphene
nanoplatelets in aqueous surfactant solutions was studied by
means of UV-Vis spectroscopy. -e impact of different
degrees of dispersion on rheological properties behaviour of
water-based drilling fluid was then studied using a simple
direct-indicating Fann viscometer.

2. Materials and Methods

2.1. Materials. Graphene nanoplatelets with a diameter of
40–70 nm, length of 2–5 nm, and purity of >95wt.% were
procured from Sigma-Aldrich.-e usage of SDS (98% purity
from Aldrich) along with two other surfactants of different
types, namely, DTAB (99% purity from Aldrich), a cationic
surfactant, and Triton X-100 (97% purity from Aldrich), was
employed to disperse graphene nanoplatelets in the water-
based drilling fluid, a nonionic surfactant. Figure 1 shows the
chemical structure of (a) DTAB, (b) SDS, and (c) Triton
X-100. -e selection of these surfactants is based on the
representative used in literature for nonionic- and ionic-
based surfactants. As its name suggests, DTAB is composed
of a hydrophobic carbon tail attached to an ammonium head
with three methyl groups. SDS, on the other hand, is
composed of a hydrophobic carbon tail attached to a sulfate
group, while Triton X-100 is composed of a hydrophilic
polyethylene oxide chain and an aromatic hydrocarbon
hydrophobic group.

2.2. Graphene Nanoplatelets Characterisation. Graphene
nanoplatelets characterisation methods employed in this
research work include Raman spectroscopy, FESEM, and
TEM. Raman spectroscopy provides high-resolution struc-
tural and electronic information while the field emission
scanning electron microscopy (FESEM) and high-resolution

transmission electron microscopy (HRTEM) provide mi-
croscopic imaging for visual purposes. Raman spectros-
copy is a spectroscopic technique used to observe
vibrational, rotational, and other low-frequency modes in a
system. In this research work, the structural fingerprint of
graphene nanoplatelets was analysed at 514 nm laser ex-
citation wavelength using Horiba JobinYvon HR800 in
Centralized Analytical Laboratory (CAL) in Universiti
Teknologi PETRONAS (UTP). FESEM was carried out
using a variable pressure field emission scanning electron
microscope (VP-FESEM) Zeiss Supra55 in Centralized
Analytical Laboratory (CAL) in Universiti Teknologi
PETRONAS (UTP). Uncoated powder samples of the
materials were mounted on a grid holder and were spin-
coated with gold to enhance electron conductivity. An
accelerating voltage of 5 kV was used to view the nano-
materials. HRTEM was carried out using FEI, TECNAI-
G2-20-200kV-S-TWIN High-Resolution Transmission
Electron Microscope (HRTEM) at Science and Engineering
Research Centre (SERC) in Universiti Sains Malaysia
(USM). A small amount of sample was dispersed using a
solvent in a test tube and was ultrasonicated for one hour.
-e samples were then left standing for another 30 minutes
before dropping on a copper grid. -e sample was then left
to dry overnight prior to HRTEM analysis.

2.3. Preparation of Dispersion of Graphene Nanoplatelets in
Surfactant Solutions. All surfactant solutions were prepared
by mixing the calculated amount of each surfactant in 50mL
of distilled water in an Erlenmeyer flask. Five concentrations
were prepared for each surfactant to properly reflect the effect
of various concentrations on dispersion stability: 100 ppm,
200 ppm, 300 ppm, 400 ppm, and 500 ppm resulting in 15
total solutions. A fixed amount of 1mg of graphene nano-
platelets per 1mL of surfactant solutions was then dispersed
in all solutions. -e resultant solutions were then ultra-
sonicated at 100 kHz for 30 minutes at 30°C (86°F) in an
ultrasonic bath in order to get surfactant-coated graphene.

2.4. Colloidal Dispersion Analysis. To evaluate colloidal
dispersion of graphene nanoplatelets in the aqueous sur-
factant solution, UV-Vis absorption spectra between 200 nm
and 700 nm were measured (PerkinElmer UV/Vis Spec-
trometer Lambda 25) with 1.00 nm slit width. Yu et al. [16] in
their literature discovered that individual carbon nanotubes
(CNTs) are active in the UV-Vis region and exhibit corre-
sponding characteristics band with additional CNTs in
suspension due to 1D van Hove singularities [33]. In ad-
dition, flocculated CNTs are inactive in the wavelength
region between 200 and 1200 nm. -us, it is possible to
establish a relationship between the amount of dispersion
stability of CNTs and the intensity of the corresponding
absorption spectrum [34]. Similar with CNTs, the dispersion
of graphene can also be evaluated by UV-Vis spectroscopy.
For all surfactant solution with graphene nanoplatelets,
respective surfactant solution without graphene nano-
platelets was used as a calibration reference.
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2.5.Drilling Fluid Formulations andPreparations. 350mL of
water-based drilling �uid was prepared by mixing distilled
water, potassium chloride, xanthan gum, polyanionic
cellulose, caustic soda, barite, and graphene nanoplatelets
which were dispersed at a �xed concentration of 1mg/
1mL in surfactant solutions. All drilling �uid formula-
tions were formulated with a �xed concentration of 0.1 g/
350mL of graphene nanoplatelets. Table 1 shows the
approximate drilling �uid formulations and mixing
procedure.

2.6. Rheological Test. Rheological properties behaviour of
the drilling �uid was measured following API RP13B-1-
recommended practice for �eld-testing water-based drilling
�uids [35]. Tests were conducted using Fann VG viscometer,
model 35, FANN® Instrument Company (Houston, Texas)
at 86°F (30°C). Six dynamics readings were recorded for each
run of every formulation; 600 rpm, 300 rpm, 200 rpm,
100 rpm, 6 rpm, and 3 rpm.

While most works of literature described drilling �uid
rheological properties by simply explaining the plastic vis-
cosity and yield point, Sharma et al. [36] suggest �uids which
contain nanomaterials that mostly exhibit nonlinear be-
haviour. At this pro�le, the Bingham plastic model may not
be the most suitable mathematical model in explaining the
rheological properties behaviour of �uids with multiple
colloid suspensions especially with the inclusion of nano-
materials. A more accurate method would be to plot a
rheogram with a shear rate and shear stress as was used by
Ho et al. [37] and Srivatsa et al. [38] despite the fact that Ho
et al. [37] used a more advanced rheometer instead of
FANN® viscometer. Although some calculations are needed,
the rheogram of shear stress vs shear rate can be plotted by
converting the FANN® viscometer reading into shear stress
and shear rate as explained by Lam and Je�eris [39]. Rhe-
ological properties behaviour can then be explained by
interpreting the curve in the rheogram.

�e shear viscosity of a �uid at a given shear rate is given
as follows:

µ �
τ
c
, (2)

where µ� viscosity in mPa·s, τ � shear stress at the given
shear rate in Pa, and c� shear rate in s−1.

Based on the design of FANN® Instrument 35SA vis-
cometer, viscosity can be calculated using the following
equation in the unit of mPa·s:

µ � k × f ×
θ
ω
, (3)

where µ� viscosity in mPa.s, k� 300 for the standard rotor-
bob combination, f� 1 for the standard torsion spring F1,
θ� dial reading, and ω� rotor speed in rpm.

Equation (3) then becomes

µ � 300 × 1 ×
θ
ω
. (4)

Solving Equations (3) and (4) for shear stress and unit
conversion results in the following equation to get shear
stress as a function of shear rate and viscosity, we obtain

τ �
c × µ
1000

. (5)

3. Results and Discussion

3.1. Graphene Nanoplatelets Characterisation. Figure 2
presents the Raman spectra of the procured graphene
nanoplatelets between 200 cm−1 and 3200 cm−1 with a laser
excitation wavelength of 514 nm. �e G and G′ of the
graphene nanoplatelets are located at 1582.36 cm−1 and
2731.66 cm−1, respectively. It can be observed that no peak

Table 1: Drilling �uid formulations and mixing procedure.

Functional materials Concentrations
(g)

Mixing time
(min)

Mixing
order

Distilled water 200.0 — 1
Potassium chloride 20.0 2 2
Xanthan gum 1.0 5 3
Polyanionic cellulose 3.0 5 4
Caustic soda 0.1 5 5
Barite 160.0 30 6
Graphene
nanoplatelets 0.1 15 7

Surfactant solutions 100 15 7
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Figure 1: Chemical structure of (a) DTAB, (b), SDS, and (c) Triton X-100.
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exists in the range between 200 cm−1 and 350 cm−1 which
meant there are no curvature in the sample edges like in
carbon nanotubes. Based on the ratio of the height of the G
and G′ peaks which is around 2.9, it shows that the procured
graphene nanoplatelets structure resembles more of a highly
oriented pyrolytic graphite as compared to pristine gra-
phene. �is is due to the existence of multiple layers of
carbon atoms in the samples. Using Equation (1), the
number of layers can be calculated and was found to be �ve
layers. �e number of layers of the graphene nanoplatelets
was then con�rmed using HRTEM.

Figure 3 shows morphology of graphene nanoplatelets
as viewed using FESEM at 1k, 10k, 80k, and 100k times
magni�cations. At 1k times magni�cation, it can be seen
that the edges of graphene nanoplatelets sheets folded in
ambient air conditions creating irregular bundles of gra-
phene nanoplatelets. At higher magni�cation, FESEM
images could further characterize the shape of graphene
nanoplatelets. It can be seen that the morphology of gra-
phene nanoplatelets is that of �aky graphene sheets with an
average of 20 nm in thickness. Figure 4 on the other hand
shows an image of graphene nanoplatelets edge observed
by using HRTEM at 1,000k times magni�cations. It can be
observed that the thickness of the graphene nanoplatelets is
1.869 nm average with a distance between graphene layers
of 0.405 nm average making the number of layers 5. Results
of the number of layers of graphene sheets from HRTEM
are in agreement with analysis acquired by Raman
spectrometry.

3.2. Colloidal Dispersion. �e absorption spectra of gra-
phene nanoplatelets in DTAB, SDS, and Triton X-100 are
illustrated in Figures 5–7, respectively. Pure DTAB and SDS
show no absorption at 250–300 nm in UV-Vis spectra.�ese
surfactants contain hydrophilic functional groups –SO4

− for
SDS and –CH3

− for DTAB on the outer end of the long chain
which adsorbs on graphene. Note that unlike other sur-
factants, Triton X-100 without graphene shown in

Figure 7(f ) exhibits multiple peaks most noticeably around
280 nm.�is attribute is due to the existence of the aromatic
hydrocarbon lipophilic group in its structure. Similar peak
pattern was also observed in other nonionic surfactant so-
lutions [32].

�e absorption spectra of DTAB (Figure 5) and SDS
(Figure 6) show the similar trend; the dispersion of gra-
phene nanoplatelets in water increases with increasing
surfactant concentration with the exception of 400 ppm
and 500 ppm of SDS which exhibited equal absorption
values. �e similar values may suggest two di�erent views:
the optimum concentration of SDS to help disperse gra-
phene nanoplatelet in water is 400 ppm or there is not
enough graphene nanoplatelets to be dispersed in 500 ppm
SDS solution. �e second opinion, however, is less at-
tractive due to the fact that the absorption spectra of
graphene nanoplatelets in Triton X-100 (Figure 7)
exhibited more than twice the value of SDS. �e absorption
trend of graphene nanoplatelets with Triton X-100 (Fig-
ure 4) displays a rather di�erent trend than the other two
surfactants. �e 100 ppm surfactant concentration of Tri-
ton X-100 shows the best dispersion stability followed by
200 ppm, while increasing from 300 ppm to 500 ppm in-
dicates little to no di�erence in dispersion stability. �is
phenomenon might be due to reaggregation of graphene
nanoplatelets due to the excessive surfactant used which
was also observed by other nonionic surfactant solutions
[32].

Comparing the UV-Vis spectra of all three surfactants
used with similar concentrations, it was found that the
nonionic type of surfactant performed well at dispersing
graphene nanoplatelets in water. �is result can be attributed
to the lower critical micellization concentration point of
nonionic surfactants as compared to ionic surfactants [40].
�e di�erence in dispersion capability between surfactants
can also be explained on the basis of their chemical structure.
Surfactants contribute in achieving homogenous dispersion
of graphene nanoplatelets in aqueous solutions by wrapping it
or forming a micelle around each individual graphene. In
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Figure 2: Raman spectroscopy of graphene nanoplatelets at 514 nm excitation wavelength.
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order to do so, the surfactants orient itself so that the hy-
drophobic tail is directed towards the graphene while their
hydrophilic head is directed towards the aqueous solutions

[28]. -erefore, the dispersing power of the surfactant de-
pends on the length of the hydrophobic tail and how firmly it
adsorbs onto the graphene surface and produces energy

Length: 1.919 nm

Length: 0.418 nm
Length: 1.746 nm

Length: 1.942 nm
Length: 0.400 nm

Length: 0.396 nm

Figure 4: HRTEM image of graphene nanoplatelets viewed at 1,000,000 magnification.

(a) (b)

(c) (d)

Figure 3: Morphology of graphene nanoplatelets as seen under FESEM.
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barriers of suªcient height to overcome Van derWaals forces
among the neighboring graphene particles. �us, longer tails
mean higher steric hindrance, providing greater repulsive
forces between individual graphene as can be seen with the
di�erence in structure and performance of DTAB and SDS. In
addition, theoretically, molecules with aromatic ring structure
have stronger adsorption ability to the graphitic surface due to
π–π stacking-type interaction [30]. �is explains why the
nonionic surfactant Triton X-100 with aromatic rings pro-
duces a higher degree of colloidal dispersion.

3.3. Rheological Behaviour. Rheological properties behav-
iour of water-based drilling �uid with 0.1 g of graphene

nanoplatelets dispersed using DTAB, SDS, and Triton
X-100 is illustrated in Figures 8–10. From the rheogram, it
can be seen that, at a low shear rate, the rheological
properties behaviour of the drilling �uid does not seem to
be a�ected by the degree of dispersion of graphene
nanoplatelets for all three surfactants. At high shear rates,
however, the degree of dispersion of graphene nano-
platelets does have an impact on the rheological properties
behaviour of the drilling �uid. �is is evident by observing
the di�erence of shear stress between all three surfactants at
1022 s−1. �e 100 ppm of Triton X-100 which exhibited the
highest degree of dispersion have a lower shear stress value
at 1022 s−1 shear rate as compared to two other surfactant
solutions. �is, in turn, provides greater shear-thinning
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Figure 5: UV-Vis spectra of graphene nanoplatelets in DTAB solutions after 30-minute ultrasonication.
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Figure 6: UV-Vis spectra of graphene nanoplatelets in SDS solutions after 30-minute ultrasonication.
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properties of the drilling �uid which is a more desirable
behaviour in a drilling �uid.

It can also be observed that, at a lower degree of
dispersion such as with 100 ppm of SDS and 100 ppm of
DTAB, the rheological properties behaviour at a high shear
rate is almost linear and is higher than the �uid sample
with graphene nanoplatelets dispersed in water. �is
might be due to agglomerations of graphene nanoplatelets
as suggested by Chai et al. [37] although used a di�erent
type of base �uid or due to the properties of surfactants
used.

It can also be argued that the change in rheological
properties behaviour is due to the addition of surfactants

used to disperse graphene nanoplatelets in drilling �uid.
However, Yunita et al. [41, 42] investigated the use of
nonionic- and anionic-type surfactants in the water-based
drilling �uid and found that drilling �uid exhibited higher
viscosity with the introduction of surfactants in the mix.
Meanwhile, in this research work, with the introduction of
graphene nanoplatelets and surfactants in the mix, drilling
�uid formulated using graphene nanoplatelets with anionic
and cationic surfactants exhibited a higher viscosity at a
lower concentration which may be due to the surfactants
used or can also mean a lower degree of dispersion. Drilling
�uid formulated using graphene nanoplatelets with the
nonionic surfactant in this research exhibited a lower
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Figure 7: UV-Vis spectra of graphene nanoplatelets in Triton X-100 solutions after 30-minute ultrasonication.
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Figure 8: Rheogram of water-based drilling �uid with 0.1 ppb of graphene nanoplatelets dispersed using DTAB.
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viscosity at every concentration. �is concludes that the
lower viscosity of the drilling �uid is due to the introduction
of graphene nanoplatelets and that the surfactants used have
minimal e�ect on the rheological properties behaviour as
compared to graphene nanoplatelets.

4. Conclusions

�e colloidal dispersion of graphene nanoplatelets was
achieved through noncovalent functionalisation by encap-
sulating the graphene with micelles of the surfactant by
means of π–π bond stacking. Among three surfactants used
in this research work, Triton X-100, a nonionic surfactant,
produces the best dispersion stability followed by SDS, an

anionic-type surfactant, and DTAB, a cationic-type sur-
factant. Based on the work carried out in this research, it can
be concluded that the degree of dispersion of graphene
nanoplatelets plays a role in the rheological properties be-
haviour of the water-based drilling �uid. With a greater
degree of dispersion, drilling �uid exhibited higher shear-
thinning properties while drilling �uid with agglomerated
graphene nanoplatelets shows more linear properties if not
shear thickening.

Data Availability

�e data used to support the �ndings of this study are
available from the corresponding author upon request.
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Figure 9: Rheogram of water-based drilling �uid with 0.1 ppb of graphene nanoplatelets dispersed using SDS.
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Figure 10: Rheogram of water-based drilling �uid with 0.1 ppb of graphene nanoplatelets dispersed using Triton X-100.
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