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Abstract - This paper presents a study on the thermal conductivity performance
using nanofluid-based nanocarbon formulate with three dffirent types of
nanocarbons. NC300, NC200 and commercial carbon nanotube (CNT) were
employed with the additional of sodium dodecyl sulphate (SDS) as a dispersant
and deionized water as a solvent. Weight ratio of the nanocarbons (0.4 - 1.0 wt%o)

were set up and the thermal conductivity were then measured qt 6"C, 25oC and
45oC using KD2 Pro thermal properties analyzer. The results showed that NC300
with I wto;% of nanocarbons, at 45'C gave the highest improvement which almost
j0o% compare to deionized water. Meanwhile, the best nanofluid based on

prepared nanocarbons (NC200) and the commercial CNT showed more than 99%

and l2ok improvement respectively with the addition of 0.6 wto% ngnocarbons at
45'C. Morphology analysis using the electron microscopy revealed the structure
properties of the nanocarbons. NC300 showed a loose CNT with qverage

diameter 70-150 nm, NC200 are supported nanocarbon with average diameter
10-30 nm meanwhile the commercial CNT show a similar characteristic with
NC300. Even though NC200 has the smallest diameter of all the nanocarbons
(which should provide the highest surface area), the bigger size of the activated
carbon as a nanocarbons support are expected to reduce the thermal conductivity
performance.
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I. Introduction
Nanofluids can be used for a large variety of

industries from transportation, heat ventilation
and air conditioning (HVAC) and energy
production which contribute to electronics,
textiles and paper manufacture. The impact of
this new heat transfer technology is expected to
be huge, considering that heat exchangers are

everywhere use in all types of industrial
applications and that heat transfer performance
is crucial in many industries.

High thermal conductivity are expected to
affect the heat transfer performance [1]. In
recent time, numerous investigations have been
performed all over the world to improve the
thermal conductivity of nanofluids. What is
nanofluids? Nanofluids is recognized as

nanoparticles suspended in liquid suspension

t1l Suspension of nanoparticles in fluid
provides advantages due to better dispersion
behaviour, less clogging and larger total surface
area l2l. Therefore, nanofluid have great

potential to improve the efficiency of heat

transfer behaviour [2].
Heat transfer through fluid is essentially

convection dominated which strongly depend
on the thermal conductivity of the fluid [3]. For
this reason, thermal conductivity is very
important in the development of energy-
efficient heat transfer and nanofluids containing
nanomaterial are already proven to improve the
thermal conductivity and heat transfer p-\.
Nanocarbon such as carbon nanotube and
carbon nanofiber gain lots of attention among
researchers due to their amazing electronic and
mechanical properties [5-6]. It has a potential to
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be an ideal components for heat transfer media

[7]. The nanopatlicles with high surface area

and high thermal conductivity have a superior
potential medium for heat exchanger. It also

enables to become further advance

investigation in thermal-fluid field or
electrochemical application by introducing the
thermal conductivity and temperature
sensitivity using nanocarbon 18]. However, the

applications of nanocarbon are limited because

of their insolubility in many solvent [5].
Many approaches to disperse nanocarbon in

fluid were carried out. Two most popular
methods were already proven to disperse the
nanocarbon in liquid very well [9]. One by
dispersed the nanocarbon using surfactant and

the other one by attached the hydrophilic
functional goup onto the surface of
nanocarbon using acid treatment method 19].

In this research, we present the study of
thermal conductivity of nanocarbon which well
disperses with sodium dodecyl sulphate (SDS)
surfactant in deionized water solution. Three
different nanocarbons were used and series of
nanocarbon loading were varied to measure the
thermal conductivity.

Overall, the test results are promising which
almost of the sample prepared show some

enhancement of thermal conductivity compare
with the standard deionized water.

il. Experimental
NC300 and NC200 nanocarbons were

produced from Nanoc Sdn Bhd. Commercial
carbon nanotube (CNT) were purchased from
Materials and Electrochemical Research (MER)
Corporation.

For morphology investigation of the as-

prepared nanocarbons, Scanning Electron
Microscopy (SEM) were used using FEI

Quanta 200F FESEM. The microstructure of
the nanocarbons were further investigated with
Transmission Electron Microscopy (TEM)
using Phillips CM200 through LaB6 emitter.

Nanofluids were prepared by mixing the
nanocarbon and sodium dodecyl sulphate
(SDS) in deionized water solution. The samples

were homogetized (using Digital Homogenizer
LHG-15) for one minute at 10000 rpm and then
ultrasonicated (using Portable JAC Ultrasonic-
Model 4020) for 60 minutes, at 25"C with
highest frequency. Then, the samples were one

more time homogenized for another five
minutes at 10000 rpm.

The thermal conductivity of nanofluids was

measured at three difference temperature (6oC,

25"C and 45"C) using KDZ Pro Thermal
Properties Analyzer from Decagon Devices Inc.
A11 the samples were placed for thermal
conductivity test after well homogenize to
avoid sedimentation which can affect the
results.

ilI. Results and Discussion
ill.1. SEM and TEM characterization

SEM analysis is useful for visualizing and
measuring macroscopic feature up to nanoscale

dimension. Fig. 1 shows the morphology of the
three difference nanocarbons. NC300 images
(Fig. la and lb) illustrate agglomerate
nanocarbon with average diameter from 70 to
150 nm. It shows mainly tubular flbers
structure with polygonal cross section [10].

Fig. (lc and 1d) shows images of non-
uniform fiber type of NC200. It is the smallest
size of nanocarbon with average diameter
around 10 to 30 nm. However, the bigger size

of activated carbon which act as a nanocarbons

support are also clearly seen in the micrograph.
For the commercial CNT, the images (Fig. le
and lf) show that the stucture are quite similar
compare with NC300 which the average

diameter are in the range of 60 to 140 nm.
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NC300 (a, d), NC200 (b, e) and Comrnercial CNT (c, f)

The high resolution TEM images of all the

three as-prepared nanocarbons are shown in
Figure 2. NC300 (Fig. 2a) image show straight
graphene sheets meanwhile curve and

disorganized graphene layer is observed for
NC200 (Fig. 2b). For commercial CNT, the

nanocarbon structure are well graphitized with
10-20 concentric layer and the outer layer are

smooth which can see in Fig. 2c llll.

Fig. 2: TEM images for a) NC300, b) NC200 and c) Commercial CNT

III. 2. Thermal Conductivity Analysis
The results of the thermal conductivity

measurements are shown in Fig. 3. Thermal

conductivity of deionized water without
additional of nanocarbon were carried out as a

standard. The data was taken at three different
temperatures which are at 6"C (0.573Wm.K),
25"C (0.595Wm.K) and 45"C (0.613Wm.K).
Additional of nanocarbon showed significant
enhancement of thermal conductivity at all
level of temperature and positively improving
thermal transport properties of nanofluids [2].

Overall, it showed a trend of enhancement

from lower temperature to higher temperature
due to the increment of particle activity and

movement. However, nanofluids with
additional of 1.0 wto/o of NC300 showed the
highest enhancement of thermal conductivrty at

0.8 12Wm.K when tested at 45" C.

and c) Commercial CNT

IIL3. Percentage enhancement of all the

nanofluids bas ed nanocarbon
The percentage of thermal conductivity

enhancement was clearly summarized in Fig. 4
and Table 1.
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Fig. 4: Percentage enhancement of nanofluid based nanocarbon

We observed that thermal conductivity tested

at 45"C, nanofluids with additional of 1.0 wtoh

and 0.6 wt% NC300 nanocarbon showed the
best enhancement with 31j5% and 18.18%.
Nanofluids based NC200 showed the best

enhancement of thermal conductivity of 9.40%
with 0.6 wtYo nanocarbon loading. For
commercial CNT, 12.51% enhancement
observed also with 0.6 wt% loading at 45oC.
Overall, we concluded that nanofluids based
NC300 nanocarbon loading with 1 .0 wtoh gave

the best enhancement for all the temperature
tested. Meanwhile, for NC200 and commercial
CNT based, the best enhancement are observed
with 0.6 wto% nanocarbon loading and tested at

450C.

Table 1: Data ofpercentage enhancement of nanofluid based

Samples
CNT loadine Temperature

IV. Conclusion
The thermal conductivity of three different

nanofluids based nanocarbon was investigated.
NC300, NC200 and commercial CNT was used

as a based nanocarbon and nanofluid was
prepared with additional of nanocarbons weight
ratio from 0.4 wto -1.0 wto/o to get the series of
thermal conductivity. Thermal conductivity
was then measured at 6"C, 25"C and 45"C
using KD2 Pro thermal properties analyzer.

The results mostly show an enhancement of
thermal conductivity. Nanofluids based NC200
and commercial CNT gave the best results at

0.6 wto/o nanocarbon loading tested at 45"C
with enhancement of 9.40% and 12.51%
respectively. However, nanofluids based

NC300 nanocarbon with 1 wto/o ratio gave the
highest thermal conductivity when measured at

45'C with enhancement of 31.15% (thermal
conductivity at 0.812Wm.K). Morphology
analysis of NC300 nanocarbon illustrate that
the average diameter are from 70 to 150 nm,
tubular fibers structure with polygonal cross

section and straight graphene sheets. This
characteristic of the nanocarbons are expected

to provide the best feature in improving the
thermal conductivity of the nanofluids thus
have a potential to be a medium for heat
transfer fluid.

Acknowledgements
We thank the Ministry of Higher Education

for FRGS/20 1 0/FKIWSG03/1 -F00076 research
grant, NANOCEN, Nanoc Sdn Bhd, OYL
R&D Sdn Bhd and Universiti Teknikal
Malaysia Melaka (UTeM) for providing
financial, infrastructure and support to this
research.

References
Jonggan Hong, Sang Hyun Kirn and Dongsik Kim (2007), "Effect
of laser irradiation on thermal conductivity of ZnO nanofluids"
Joumal of Physics, 59, 301 -304
Tae-Keun Hong and Ho-Soon Yang (2005), 'Nanoparticle-

Dispersion-Dependent Thermal Conductivity in Nanofluids"
Joumal ofthe Korean Physical Society, 47, 321-324

NC3OO

0.4

0.5

0.6

0.8

I

2.34o/n 5.95o/n 12.82%

4.75% 5.s6% 16.29%

3.730/n 8.29% 18.18%

6.460/" 6.19o/n l0.l5o/o

12.67% 11.27% 31.150h

0.4

0.5

0.6

0.8

1

-1.16% 6.53% 337%

0.r8% 8.43% 5.23%

1.84% 6.69% 9.40yo

-t.st% 0.24% -t.38%

0.80% 2.79% 0.30%

0.4

0.5

0.6

0.8

1

3.89% 5.44% 11.48o/o

0.88% 9.80% t0.6t%

1.84% 2.41% tz.stoA

-0.47% 0.33% -0.61%

0.4804 5.'/9% 4.14%

tll

Commercial
CNT

t2l

19



Hari Penyelidikan 2011, Fakulti Kejuruteraan Mekanikal, Univ ersiti Tel*tikal Malaysia Melaka
20 Julai 201l

t3l M. Chopkar et.at. (2006). "Synthesis and characterization of
nanofluid for advanced heat transfer application" Scripta
Materialia. 55. 549-552.

t4l Min-Sheng Liu et. Al (2005), "Enhancement of Thermal
Conductivity with Carbon Nanotube for Nanofluids" Intemational
Cornmunication in Heat and Mass Transfer, 32,1202'1210

i5l Naotoshi Nakashima (2006), "Solubilization of Single-Walled
Carbon Nanotubes with Condensed Aromatic Compound"
Science and Technology ofAdvanced Materials, 7, 609-616

t6l Prashant Dubey et. A1 (2005) "Synthesis and Characterization of
Water-soluble Carbon Nanotube from Mustard Soot" Joumal of
Physics, 65, 4, 681-697.

l7l J. Che et.al. (2000). "Thermal conductivity of carbon nanotubes"
Nanotechnology. 1 l. 65-69.

tSl B.O. Boskovic et. Al (2005) "Low temperature synthesis of
carbon nanofibers on carbon fiber matrices' Carbon 43,2643-
2648.

tgl Gwon Hyun Ko et. Al (2007) 'An experimental study on the
pressure drop of nanofluids containing carbon nanotubes in a

horizontal tube" Intemational Communication in Heat and Mass

Transfer, In Press

[10] Jean-Phillipe Tessonnier et. A1. (2009) "Analysis ofthe Structure
and Chernical Properties of Some Cornrnercial Carbon
Nanostructure" Carbon, 47 , 1779-1798

[l] Raquel Verdejo et.al (2007) "Removal of oxidation debris from
rnult'i-walled carbon nanotubes" Chem. Comm. 5I3-515.

rCentre for Research in Nanotechnology And Catalysis (NANOCEN),
Institute of Postgmduate Studies, University of Malaya,
50603 Kuala Lumpur. Malaysia.

2O.Y.L. Research And Development Centre Sfu Bhd,
Lnt 60334, Persiaran Rahman Putra 3, Taman Perindustrian Bukit
Ralunan Putra,47000 Sg. Buloh, Selangor, Malaysia.

3Depaftment of Thennal-Fluid, Faculty of Mechanical Engineering,

Universiti Teknikal Malaysia Melaka (UToM), Hang Tuah Jaya,

76100 Durian Tunggal, Melaka, Malaysia'

Imran Syakir Mohamad eamed his BSc
(Industrial Chemistry) and MSc from University
of Technology Malaysia and curently pursuing
his PhD at Centre for Research in

Nanotechnology and Catalysis (NANOCEN),
University of Malaya. After completing his MSc
in 2001, he was appointed as a lecturer in

University of Technical Malaysia Malacca
(UTeM). He is a registered chemist with
Malaysian Institute of Chemistry (MIC) and

members of Institute of Materials Malaysia
(IMM), Malaysian Scientiflc Association (MSA)
and Malaysian Analltical Science Society
(ANAIIS). ln research activities, he is focusing

on advanced materials area such as nanocarbon

materials, nanofl uid and catalysis.

Graduate in Chemistry from Ohio State

University, USA and holds a Master of Science
in Catalysis degree from the National University
of Malaysia. She started her career in Petronas,

Malaysia and became the Head of Catalysis
Section for Petronas Research and Scientific
Services Sdn. Bhd. in 1987. She read Ph.D. in
Catalysis at the Facultes Universitaires Notre
Dame de la Paix (FLINDP), Belgium and was

conferred Degrees of Ph.D. and DSc. in 1993.

She then moved abroad to become a Research

Fellow in l-everhulme Centre for Innovative
Catalysis, Chemistry Department, University of
Liverpool, LIK. She was offered an Associate
Professorship by the University of Malaya in
2000 and now heads the NANOCEN Research

Centre, a research oriented entity under the
University of Malaya.

Chin Wai Meng is the Research Manager of
O.Y.L. Research & Development Center Sdn

Bhd which is the research and design center
for O.Y.L. Group, whose primary business is
in the Heating, Ventilation and Air-
Conditioning (HVAC). He has been with the
company for the past 19 years where his
expeftise is in the testing of air-conditioning
units to detennine the perfonnance and

reliability. He also has experience in the
design and construction of psychrornetric test
facilities. For the past 4 years, he has

established and 1ed the Research Depafimsnt
which specializes in the research of Heat
Transfer and Refrigeration Systems. He holds
a Bachelors degree in Mechanical
Engineering from Universiti Malaya and he is
curently pursuing a doctorate degree.

Yau Kar Hing is currently appointed as a

research engineer in O.Y.L Research and

Developnent Centre. He received his
Bachelor Degree in mechanical engineering
(Hons.) frorn Tun Hussein Onn University in
year 2008. His research focuses on the
characteristic of heat exchangers applied in
air-conditioning, and the future development
of enhancing the capacity of heat exchangem

by means of suspending nano-pafticles in base

fluid such as water (known as nanofluids). He
has special interest in the novelty of nano-
fluids that have the vast potential ability in the
field of heat transfer augmentation.

Febrian Idral is a Graduate Research Asisstant
in UTeM which curtently pursuing his Master
in Formulation of Carbon Nanofluid for Heat
Transfer Media. His research led to the
discovery of a nanofluid can be used as a heat

trznsfer medium that can be developed into a

more efficient use of future. He also holds the
B.Eng (honors) in Mechanical Engineering
(Design and Innovation) and Diploma in
Mechanical Engineering which both eamed at

UTeM. He has also received "awards industry
UTeM" during undergraduate studies. Based

on the experience in mechanical design, he

cunent tries to develop a new test rig which
uses a small capacity of heat transfer media.

20


