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In the present study, the dynamic viscosity and density of multi-wall carbon
nanotube (MWCNT) nanoparticles and transformer oil at 0.05 to 0.8 wt% and
room temperature are investigated. The carbon nanotubes were functionalized
by carboxyl groups (-COOH) and also sodium dodecyl sulfate (SDS) surfactant
was used to stabilize the nanoparticles in the base fluid. The inner diameter and
length of the nanoparticles are between 10-20 nm and 3-8 um respectively and
purity is 98%. A correlation for the dynamic viscosity and density relative to
the weight fraction of nanoparticles at ambient temperature is proposed, which
indicates that viscosity and density increase with increasing the weight fraction,
and the highest enhancement of dynamic viscosity and density are 21% and
2%, respectively. Dynamic viscosity at various shear stress and speeds also are
investigated and the results show that with increasing shear stress, the viscosity
increases about an average of 40.9%. The results were compared with other
existing models to evaluate the accuracy of the results and, a review of other
research on the nanofluid viscosity and density is done and their results are

mentioned.

1. Introduction

A fluid containing nanoparticles is called nanofluid and
these fluids are obtained by colloidal particles of nanosize
dimensions in a base fluid. Nanoparticles that use in
nanofluids generally are metals, oxides, carbides, or
carbon nanotubes and the base fluids most commonly are
water, ethylene glycol, and oil. Nanofluids have new
features that make them useful for heat transfer
applications, and knowledge of the rheological behavior
of nanofluids is crucial for deciding whether nanofluids
are suitable for heat transfer applications. Nanofluids are
considered single-phase fluids in computational fluid
dynamics (CFD) analysis, however new papers include a
two-phase assumption. When the physical properties of
nanofluid can be a function of both the base fluid

composition and the nano-particles, the theory of the
single-phase assumption of nanofluid can be used. The
movement of nanoparticles has a significant effect on the
rheology and thermophysical properties of nanofluids, so
investigating the movement of nanoparticles is essential
to evaluate their performance when being added to the
base fluid in the heat transfer medium. Fewer studies
have been done on the viscosity and density of nanofluids
than on thermal conductivity, and studies have shown
that the viscosity and density of nanofluids are higher
than base fluids, and that the viscosity and density, like
the thermal conductivity coefficient, are directly related
to the concentration, temperature, and other physical
characteristics of the nanoparticles.Vakili-Nezhaad &
Dorani in their study examined the viscosity of carbon
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nanotubes-lube oil nanofluid and observed a 33%
enhancement [1]. Hammett et al. investigated the hybrid
nanofluid viscosity of multiwall carbon nanotubes and
silicon dioxide in SAE40 base fluid that volume fraction
range was between 0 to 2% and their results showed that
up to 1% nanofluid concentration shows Newtonian
behavior and non-Newtonian behavior in higher volume
fraction and with increasing volume fraction, the
nanofluid viscosity increases [2]. In an experimental
study, Chandrasekar et al. studied the dynamic viscosity
of aluminum-water nanofluid and measured the dynamic
viscosity of nanofluids at ambient temperature and

different volume fractions and founded that as the volume
fraction increases, the dynamic viscosity increases
significantly. In addition, they proposed a correlation to
estimate the dynamic viscosity of water-aluminum oxide
nanofluids [3]. Lee et al. in their study examined the
water-aluminum oxide nanofluids and concluded that
there is a nonlinear relationship between nanofluid
dynamic viscosity and volume fraction, especially in low
volume fractions [4]. Table 1 presents some of the models
used to determine the viscosity of nanofluids and their
conditions.

Table 1- Overview of viscosity models of nanofluids

Ref. B.F NP Volop D% Model
(nm)
[1]  Lubeoil  CNT  0.01-0.2 2 tny = po(1+ 1.590 — 16.360% + 50.40°)
Q) n
[B]  Water  ALO; 0335 43 4 =p (144 (ﬂ) )
Log(pns) = 1.837502 — 29.6430
[6] EC/ CUO 1-6.12 29 + 165.56 exp(—BT)
Water
B =4%10"%¢% — 0.0010 + 0.00186
[7] Water TiO, 0.01-1  21-60 ppr = po(1 + AD + BO?)
. B ,ag\13
I 5-2. 4 = - (=2 -1.25
[8] Gearoil CUO 0525 0 s = o1~ 5 ( a) )
[9] EG TiO, 0-0.8 25 Uns = Ho(1+10.60 + (10.6)2)
Furfuryl . P \°
[101 ol NiO 0-40 - Unf = Ho(1+ 2.50 + AP (®m — ®) )
Hnf = Ho * 0.904‘60'1483(2)
Water  AL;O0s 0.15-13 47,36
[11] Hnp = to(1 — 0.0250 + 0.0150%)
Water Cu0 01512 29  pur = po(1.475 — 03199 + 0.05102 + 0.009¢°)
[12]  Ethanol SiO; 0-6 190 pny = po(1+8.30)
[13] Terpineol Ni 3-10 300 ppp = o * 04513069659
0]
[14] Water FesO4 0-2 13 o = Ho(1+ ﬁ)6-356
[15] Glycerol  Fe,0 0125 e g = pg * A * exp( )
y 28 0715 bnf = o P,
[16] Water AL,0; 0-6 - lns = to(1+ 7.30 + 12302)

134



J. Chem. Lett. 2 (2021) 133-143

[17] Water TiO; 5-12 7-20

[18] Water AL-O; 0-10 -

Hnp = Mo * 13.47¢35989

tnr = Ho(1 + 39.110 + 533.99?)

Despite the researchers' efforts to date to establish a
precise formula for determining the viscosity of
nanofluids, no comprehensive and unified equation for
determining the thermophysical properties of nanofluids
has been established, and the equations presented vary
depending on the type of base fluid, as well as its
concentration and temperature. However, investigations
on models reveal that in nanofluids including spherical
and cylindrical nanoparticles, the ratio of nanofluid to
base fluid thermal conductivity increases as the
concentration and temperature of the nanoparticles
increases, as does the viscosity ratio of nanofluid to base
fluid.Indhuja et al. investigated the effect of multiwall
CNTs on the viscosity of nanofluids and observed that
multiwalled carbon nanotubes prepared by acid-
functionalized method have a lower viscosity than
multiwall carbon nanotubes [19]. Abbasi et al. simulated
the role of base fluids type and nanoparticle shape on
nanofluid density and founded that the particle shape is
more important than the base fluid type. They studied
rod-shaped, block, planar and spherical particle on water
and argon base fluid and reported that planar nanoparticle
has the highest density and with increasing diameter, the
2. Experimental

Multilayer carbon nanotubes are purchased by US
Research Nanomaterials and have an inner diameter of
10-20 nm and a length of 3-8 um and purity of over 98%
and the amount of carboxyl groups is 2-4 Wt%. Infrared
spectroscopy was used to identify the functional groups
and Fig.1 shows FTIR analysis and is commonly used to
study functionalization. The rate of functionalization of
carbon nanotubes changes their wettability in different
surfactants and alter their toxicity. The base fluid, which
is the transformer oil in this research, was purchased from
Eram Chemical Company of Azerbaijan. Results show
that there are nine peaks, the peak of 1459 cm™ related to
the carbon nanotubes, as well as the presence of bending
O-H having moderate bond strength indicating the
initiation of carboxylic group formation due to surface
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density of spherical and planar shape nanoparticles
increases [20]. Said et al. synthesized rGO/Co3;04 and
examined the role of temperature and concentration on
density at temperature range of 20-60 °C and weight
fraction of 0.05%, 0.1% and 0.2 wt% and also reported
that density was increased 0.115%, 0.23%, and 0.451%
at 0.05%, 0.1% and 0.2% concentration respectively [21].
In other research, Sharifpur et al. experimentally studied
the role of nanolayer on the density of SiOx-EG/water,
CuO-glycerol,  SiO-water and  MgO-glycerol
nanofluids at the temperature range of 10 to 40 °C and
volume concentration of 1% to 6%. They stated that
nanolayer has a significant effect on density more than
base fluid type and size [22]. The lack of study on density
and viscosity was felt due to the engineering and
industrial applications of this nanofluid. The goals of the
present research are studying the nanoparticles loading
on viscosity and density of MWCNT- Transformer oil
nanofluid and present correlations for estimating them.
So the functionalized multiwall carbon nanotube with
carboxylic acid was added on transformer oil, and
viscosity and density of nanofluid were determined.

oxidation. Because carboxylic acids occur around 2500
and 3300 cm™?, the presence of peaks at 2726, 2856, and
2924 cm? indicates these groups, which form a strong
bond, as well as the peak at 1605 cm™, which implies
C=C stretching, indicating the nanofluid's industrial uses.
The purpose of this study is to examine the influences of
nanoparticles on the viscosity and density of MWCNT-
Transformer oil nanofluid, as well as the current
correlations for estimating them. The viscosity and
density of the nanofluid were assessed when a
functionalized multiwall carbon nanotube containing
carboxylic acid was added into transformer oil.presence
of carbon double bonds and is related to the aromatic ring.
The peak of 1160 cm™ is due to the strong bond between
C-O and peak 812 cm? is to C = C bending and peak 727
cm? is to the strong bond C=C. Peaks at 1449 and 1605
cm* related to MWCNT vibration modes. G-band is the
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most intensive mode of CNTs which is observed at ~1600
cm? and the atomic disarticulation occurs along the
circumferential direction in this mode. On the other hand,
the presence of G-band after functionalization indicates
that the structure of the nanotubes is preserved. Carbon
nanotubes showed a decrease in G band intensity after
oxidation and this may be due to the proper attachment of
oxygen-based functional groups to the nanotube surface.
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Chemically functionalized nanotubes exhibit hydrophilic
behavior because the acid cleaning process results in the
formation of OH groups on the surface of the nanotubes
leading to hydrogen bonding with water molecules.
Therefore, according to FTIR analysis, the formation of
O-H, C-0, and C-H functional on the surface of carbon
nanotubes was confirmed and the desired functional
groups were created.
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Fig 1- MWCNT COOH FTIR spectra result

The results of TEM and SEM of nanoparticles are shown
in Figures 2.a and 2.b, respectively. The most common
method for determining the morphology and dimensions
of multiwall carbon nanotubes is scanning electron
microscopy, which is currently being used to determine
the overall morphology of multiwall carbon nanotube
samples, quantify the purity of the samples, and

o
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Fig. 2.a- TEM result

SEM MAG: 50.0 kx |
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characterize the nanotube dimensions. Transmission
electron microscopy (TEM) is one of the most efficient
methods for determining particle size, providing both
quantitative and qualitative data. The nanoparticles have
a length of 10-30 m and a diameter of 20-30 nm,
according to the findings.

SEM HV: 5.0 kV
Det: SE

Fig. 2.b- Results of SEM



J. Chem. Lett. 2 (2021) 133-143

Raman spectrometry is a common way to determine
chemical bonds. Although it is difficult to accurately
measure the amount of a link or function group in a
sample by this method, it can be used to check for the
presence or absence of a link or group of functions or to
compare that link with a sample. In a Raman
spectrometer, a laser beam is emitted into the sample and
a wavelength detector records the intensity and intensity
of the radiation emitted from the sample. The difference
between the wavelengths encountered in the sample and
the wavelengths emitted from it is slightly different. This

1800
1600

Raman Intensity (a.u.)

1300 cm!
(D-band) (-

difference is due to the effect of the bond on light energy.
Therefore, by measuring the difference between the input
and output wavelengths of the sample and its output, the
type of bonds in the sample can be determined. Fig.3
presents the result of the Raman test and the first
spectrum shows a major peak at around 1300 cm™* which
is indicative of sp® bonded carbon and this is
characteristic of graphite like and the second spectrum
shows a major peak at around 1600 cm™* which shows the
presence of graphite or sp? carbon.

1600 cm!
(G-band)

0 250 500 750

1000 1250 1500 1750 2000
Raman Shift (cm-1)

Fig. 3- Raman Spectrum of MWCNTSs

2.1. Nanofluid preparation

A two-step method was used to prepare the samples,
which a certain amount of MWCNT-COOH
nanoparticles were added to transformer oil and then the
samples were placed on a magnetic stirrer for 1 hour and
after that 15 minutes into the ultrasonic bath to disperse
the nanoparticles and finally, the SDS surfactant at a

Nanobarticl
Direct
Mixing

Base Fluid

weight ratio of 2:1 was used and placed on a magnetic
stirrer for 1 hour again. Fig.4 shows the nanofluid
fabrication and formula 1 was used to determine the
weight fraction of carbon nanotubes:

Mcent
0, =—N 4100 (D
™ menr + moy

Ultrasonicati

Fig. 4- Nanofluids fabrication procedure
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3. Results

UV-visible spectroscopy was used to measure the
wavelength of absorption, identify the compound's
stability, and quantitative estimation of nanoparticle
dispersions. As light passes through the sample, the
sample absorbs certain wavelengths, which reduces the
intensity of some wavelengths in the light emitted from
the sample. There are a number of absorption
mechanisms in each substance, each of which can absorb
a specific wavelength. Fig.5 shows UV-visible spectra
results of base-fluid and nanofluid. The highest peak is
approximately around 5% and experiments were done at
a wavelength of 190 to 450 nm. In conventional cells

5

Absorbance

electrode spacing is large, and liquids of very low
dielectric constant like transformer oil applied electric
field is so weak that particles do not move in the field. As
a result, it is recommended that for dark colores samples,
UV- visible test may not be a suitable test. Moreover, by
diluting the samples for stability tests is erroneous,
because nanofluid is colloids, and colloids are a very
delicate and complicated system. The aggregation of
particles is not directly proportional to the concentration.
Hence, diluting the samples for UV measurements will
be very tricky and misleading and it is not recommended.

230 255 280 305

330

355 380 405 430

Wavelength(nm)

Fig. 5- Uv-visible result of nanofluid

The Brookfield viscometer was used to measure the
nanofluid viscosity and the Archimedes law and solid
metal cylinders were used to determine the density of
nanofluid. The influence of carbon nanotube
nanoparticles on transformer oil-based nanofluid
viscosity at ambient temperature is investigated, and a
graph of dynamic viscosity variations relative to the
weight fraction is plotted. In the studied range, a 21%
enhancement in viscosity was observed, which is
consistent with other studies on nanofluid viscosity [23-
31]. As shown in Fig.6, it is observed that with increasing
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particle loading, the dynamic viscosity also increases and
the highest viscosity enhancement is for weight fraction
at 0.8 wt%. The viscosity of nanofluids is determined by
their geometry and surface properties, and particle
aggregation raises viscosity due to structural limitations
for Brownian, rotational, and transient motions,
according to the study. Increasing viscosity affects heat
conductivity and fluid flow characteristics, and a tiny
relative increase in viscosity implies that particles do not
accumulate in the base fluid; in this case, a modest rise
suggests no accumulation of nanoparticles.
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A correlation is shown in this paper to predict the

lation s in _ Rerp = 3.704 @3 — 3.824¢% + 1.737 ¢ +
nanofluid viscosity by fitting the experimental data, 2158 R2 =1 2)
which is in agreement with Equation 2:
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Fig. 7- Comparison between nanofluid viscosity results

Fig.7 also shows a comparison of the results obtained
with other experimental investigations in the field of
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nanofluid viscosity. Although every experimental
research and the type of nanofluids and nanoparticles
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used should be investigated and there is no single model
for predicting the viscosity of nanofluids, the trend of
changes can be compared.
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Fig. 8- Effect of carbon nanotubes concentration on nanofluid density

Fig. 8 shows the density changes versus weight fraction
at ambient temperature and the results show that the
density enhancement is very low relative to the base fluid
and enhancement of about 2% was observed in the study
range and by increasing the weight fraction also density
increased.

By fitting the experimental data obtained through the
experiment, a correlation can be proposed to predict the
nanofluid density behavior obtained in this study (Eq. 3):

Pesr = 14.514¢3 - 33.33¢p% + 41.99¢ +

817.65 R?=0.998 3)

Density is a crucial feature of oils and other fluids that are
utilized in various viscosity calculations and plays a vital
part in natural heat transfer because density is the source
of natural convection and gradient force.

Because viscosity is the only important attribute of oil,
the density must be calculated before any mathematical
computations involving this parameter. As the density of
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an oil increases, the fluid thickens, lengthening the time
necessary for suspended particles to settle. To improve
the ability to suspend, transport, and remove particles of
certain specific contaminants, high-density fluids are
more prone to become polluted.

By increasing shear stress from 36.88 to 7.2 D/cm?, the
dynamic viscosity decreases approximately 40.9% and
for a sample of 0.8 %wt, viscosity changes from 18.7 to
14.5 cP.

Nanofluid and base fluid show non-Newtonian behavior
and their viscosity do not depend on the time of shear
stress and depend only on the magnitude of the shear
force and shear stress. Fig.9

presents the viscosity of the nanofluids and base fluid
versus shear stress at various weight fractions and it is
observed that, as the weight fraction of nanofluids
increases, the dynamic viscosity of nanofluids also
increases that the highest value was obtained at the
weight fraction of 0.8 %wt.
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Fig.9- Viscosity of the MWCNTSs-Transformer oil nanofluids vs. shear stress

The results of this study show that at a constant
temperature, with increasing concentration  of
nanoparticles, the dynamic viscosity also increases,
which can be explained by the fact that as the number of
nanoparticles increases, more atoms from the base fluid
are affected by nanoparticles and Van der Waals forces
are formed more between the particles, which prevents

the transfer of heat between the layers and thus increases
the dynamic viscosity. The findings of viscosity changes
of samples as a function of speed for different
concentrations are shown in Fig.10, and the dynamic
viscosity reduces when the speed is reduced from 20 to
160 rpm.
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Fig. 10- Viscosity of the MWCNTSs-Transformer oil nanofluids vs. speed of viscometer
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4. Conclusion

In this study, the viscosity and density of nanofluid of
transformer oil-carbon nanotubes were studied at ambient
temperature and the results regarding the role of the
weight fraction on these thermophysical properties were
investigated. The results indicated that the viscosity and
density of nanofluids increased with increasing weight
fraction, ranging from 0.05 to 0.8 nm and a diameter of
10-20 nm. In addition, some models for nanofluid
viscosity were presented in this study, but based on the
existing research, it can be concluded that there is no
comprehensive model for predicting the thermophysical
properties of nanofluids, and each model differs
depending on the type of base fluid and type of
nanoparticles, as well as their weight fraction, length, and
diameter.
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