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Abstract— In this study, an organic derived nanofluid has been developed from bio-
origin resources. Carbon nanopowder (CNP) is obtained from derived rice husk and was
prepared via a simple two-steps thermal process with minimum energy (low temperature and
reaction time) using solar assisted plasma furnace. Nanofluids comprised of CNP and
EG/water binary mixture has been prepatred at vatious concentration such as 0.02 — 0.10
vol% of CNP. Flow curve of nanofluids showed that at minimum inclusion of CNP
improved the stress of the fluid significantly. More to the addition, dynamic viscosity
measure possesses that addition of CNP stabilized the properties of the fluid compared to
virgin base fluid. Moreover, the stability results showed that the nanofluids stabilized starting
from 1 week onwards as evidenced by UV-Visible spectrophotometer analysis. Furthermore,
little to no precipitate noticed even after 8 weeks. This work offers greener approach for
nanofluids which organic derived and environmentally friendly (very low percentage of
nanoparticle, 0.02 vol%o)
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Nanofluid is a fluid formed by dispersing metallic or non-metallic nanoparticles in a liquid
with a typical size of less than 100 nm. Nanofluids have drawn tremendous interest recently
due to their greatly improved characteristics especially in thermal properties [1]. This is as an
alternative to overcome the less efficient heat transfer of the conventional base fluid, which
limits their application. The scientists tentatively and hypothetically worked in the early days
to increase the thermal conductivity of base fluids such as ethylene, water, oil and others [2].
Over the past century, researchers have sought to overcome the restricted heat transfer
capabilities of conventional heat transfer fluids, as mentioned eatrlier, by developing a new
class of fluids that provide better cooling or heating efficiency for a variety of thermal
systems [3]. In terms of stability, nanofluids become more stable compared to conventional
fluids because of size effect and Brownian particle motion in the liquid. Ultrafine
nanoparticles could probably assist the movement of the particles evenly in a microchannel
without interference and minimizing the size of the heat transfer system [3]. The properties
of nanofluids and future challenges have been reviewed [4] and is reported that there are still
several factors that held up the growth of nanofluids such as a lack of good theoretical
models of property, poor characterisation of suspensions, agreement between theoretical and
experimental findings as well as lack of theoretical understanding of mechanisms [5].

There are many types of material-based nanofluids have been researched through the
years and numerous articles regarding nanofluids have been published. Some of them are
aluminium nitrides nanofluids [6], zinc oxide nanofluids [7], silicon dioxide nanofluids [§],
and carbon nanotubes and nanofluids [9]. Carbon nanopowder (CNP) is widely recognized
as the enhancement in supercapacitor applications. Developing new nanofluids from CNP
would give a potential to enhance the characteristics of the base fluid. In addition, most
nanofluid studies emphasize the technique of preparation of nanoparticles. To the best of
our knowledge, rice husk derived CNP nanofluid has not been reported in previous studies.
The CNP will be obtained from the rice husk and is prepared using chemical method. The
physical properties such as rheology and stability of the nanofluid will be investigated.

2. MATERIALS AND METHOD
2.1 NANOPARTICLE PREPARATION

CNP is obtained from a nanosilica manufacturer based in Shah Alam, Selangor which
produces nanosilica derived from rice husk. This nanopowder is a by-product of burning the
rice husk. The CNP is further crushed into smaller sizes using a set of marble mortar.

2.2 NANOPARTICLE CHARACTERIZATION

The surface morphology of CNP was observed by SEM images were carried out at an
accelerating voltage of 200 KV

2.3 NANOFLUID PREPARATION

The CNP are dispersed in the base fluid, in this case pure ethylene glycol. Pure ethylene
glycol is used instead of binary mixture (ethylene glycol + water) to study the thermal
properties of this nanofluid. It will then be soaked in ultrasonic bath for 60 minutes to get a
clear fluid with no precipitate. The sample will be produced in varying concentration (vol%o)
with 0.02%, 0.04%, 0.06%, 0.08% and 0.10%. Another sample will be based on weekly
period to study the stability of the nanofluids

2.4 NANOFLUIDS CHARACTERIZATION

Viscosity tests were carried out with the Anton Paar MCR 302 rheometer and the Peltier
system coupled to the Phoenix 2 thermostat. This equipment enables viscosity measurement
with relative standard uncertainty of 5%. The geometry of the 60 mm diameter and 1°
double cone angle was used. The dynamic viscosity was determined at a constant
temperature of 298.15 K in the shear rate range from 100 to 1000s-1. Measuring the
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geometry with the glass rings was isolated from the environment. The prepared nanofluids
were further characterized using the SHIMADZU UV SPECTROPHOTOMETER UV —
1800 with different weeks (week 1 —week 7) of 0.02 vol% CNP nanofluids

3. RESULTS & DISCUSSION

3.1 CHARACTERIZATION OF CNP USING SEM

The morphology of CNP was visualized by SEM and presented in Figure 1. It can be
seen that, the size of CNP is in the range of 50-100 nm with irregular shape

Fig. 1 SEM image for CNP

3.2 RHEOLOGICAL STUDY OF CNP NANOFLUIDS

A total of five samples were prepared from different concentration ranging from 0.02
vol% to 0.10 vol%. The nanoparticles were dispersed in the Ethylene Glycol and water
(binary mixture). These samples are as shown in Figure 2

0.08 vol% 0.10vol% |

Fig. 2 Binary mixture with different concentration of CNP nanofluids

Figure 3a presents the flow curves of CNP in binary mixture nanofluids with variance
volume fractions of particles at constant temperature 298.15K. It can be seen that with the
shear rate, the shear stress improves linearly. The results also verify that binary mixture itself
already shows the improvement of fluids and it is significantly increase with the addition of
CNP with only a small portion which is 0.02 vol %. The higher the concentration of the
CNP in the nanofluids, the higher the viscosity. Moreover, some of the nanofluids exhibit
the similar pattern for example yttrium aluminium oxide [10], zinc oxide[11], cobalt oxide
[12], copper oxide [13], and nanodiamonds|[14].

Meanwhile, Figure 3b shows the dependence of viscosity against shear rate. The results
show that the viscosity increases with increasing concentration of nanoparticles in the
suspension. Thus, this will improve the properties of the base fluid. Similar patterns
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discovered for other nanofluids such as boron nitride [15], alumina nitride [16], Silicon
carbide[17], alumina oxide [18], iron oxide [19], titanium dioxide [20] , tin oxide [21].

Shear Stress [Pa]
Viscosity (mPa.s)

0 ’ 200 ' 450 ' 600 800 ’ 1000
Shear Rate [1/s] Shear Rate (1/s)

Figure 3 (a) Flow curve graph of different concentrations of CNP nanofluids, (b) Dynamic
viscosity curves graph on various concentration of CNP nanofluids

3.3 STABILITY STUDY OF CNP NANOFLUIDS

The stability of nanoparticles is one of the most important characteristics for therapeutic
applications. In this study, UV — Vis spectrum was used to evaluate the nanofluid stability. In
otder to study the stability of nanofluids on UV absorbency. The samples were tested from
different duration starting from fresh sample to a seven week-aged sample and the data were
recorded. From Figure 4, it can be seen that the peak of absorbance sits at the wavelength of
225 nm presenting the existence of CNP. This pattern is similar with spectrum as reported
by Farbod, Ahangarpour [22]. Referring to Figure 5, the nanofluids peak is at range around
0.150 a.u. starting from 1 week-age onwards. This proven that CNP nanofluids becomes
stable and improves the properties of the base fluids. Similar trends have been found
through few research [23-25]. Small amount of nanoparticle (0.02 vol %) can boost up the
properties of the base fluids [26-27]. Furthermore, there are no precipitation starting from
the fresh sample until week 10.

125

Fresh
1 Week
0s 2 Weeks
1.0+ 3 Weeks
4 Weeks
5 Weeks

6 Weeks
7 Weeks

210 20 2% 20 280
Wavelength (nm)

Absorption (a.u.)

3(‘30 ' 35I>0 I 4(!)0 I 4;0 I 5(‘)0
Wavelength (nm)
Fig. 4 Stability study of CNP nanofluids (UV-Visible measurement)
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Fig. 5 Absorbance at peak 225 nm plotted for 8 weeks

4. CONCLUSION

CNP nanofluids was prepared through binary mixture EG/water and ultrasonication
process with different concentrations from 0.02 vol% until 0.10 vol%. Characterization of
CNP was discovered by SEM. Meanwhile, rheology and UV-Vis were used to characterize
the performance of CNP nanofluids and nanofluids stability. The size of CNP were
determine by SEM image ranging from 50nm-100nm with irregular shape. Experimentally,
CNP-binary mixture improves the properties base fluid, in which the shear stress improves
lineatly respect to the shear rate with the addition of concentration CNP nanofluids.
Moreover, dynamic viscosity curves graph shows the enhancement of CNP nanofluids when
the viscosity is linear with increasing concentration of CNP nanofluids. The stability study
using UV — Vis shows that the nanofluids stable within the duration of 8 weeks
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