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Abstract- This paper is aimed at evaluating the effect of MWCNTs (Multi Walled Carbon Nanotubes) on the thermal 
conductivity of PP (Polypropylene) based polymer composite material. Since MWCNTs possess extremely high thermal 
conductivity of nearly 3500W/mK, it is expected to increase the thermal conductivity of any matrix material to which it is 
added in minor quantities. We fabricated composite specimen of PP/MWCNTs with different compositions of MWCNTs 
(5wt% and 10wt %) and compared their coefficients of thermal conductivities with that of pure PP specimen using a digital 
PID temperature controller. It was observed that, with increase in composition of MWCNTs in PP, there is rapid heat 
transfer across the surfaces of the specimen which are exposed to different temperature conditions. Heat conduction was 
assumed to follow Fourier’s Law of thermal conductivity which indicated that the relative thermal conductivity for 5wt% 
PP/MWCNT specimen was higher by nearly 3% to 5% in comparison to pure PP specimen while relative thermal 
conductivity of 10wt% PP/MWCNT specimen was higher by nearly 4% to 10% within a temperature difference range of 
700C to 450C when steady state is reached. These results are significant from the aspect of applications where quick heat 
dissipation is required. Under extreme temperature conditions, where armed forces are required to wear heavy clothing such 
as caps, jackets, gloves etc., these types of polymer composite materials can be used in such a way that they can transfer heat 
into a specific region from the atmosphere and away from the body.  
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I. INTRODUCTION 
 
Heat transfer has been a very significant area for 
electronic devices, defense clothing, machinery, 
flowing fluids etc. Materials tend to behave 
differently when exposed to extreme temperature 
conditions in comparison to room temperatures. 
Apart from their basic behavior, if they are being 
used for any heat transfer or heat dissipation 
applications then there rate of heat dissipation also 
becomes extremely important. Management of heat 
dissipation is directly related to lifetime of electronic 
devices and effectiveness of equipment like heat 
exchangers and generators can be enhanced by using 
heat conductive materials. Even fabrics used by 
humans in army and sports are being extensively 
worked upon to provide comfort conditions to the 
body despite of extreme environmental temperatures 
by using special composite materials. Thermally 
conductive polymers which thermally stable and 
conducting and at the same light in weight but high in 
strength can offer new possibilities for the 
development of such applications. MWCNTs are 
used as filler materials with several matrix materials 
for different types of applications. MWCNTs are 
thermally conductive with a conductive coefficient of  
2000 – 6000 W/ mK [1] which is nearly 10 times to 
that of Copper and along with their strong mechanical 
properties [2] this property makes them an ideal filler 
material to be used in materials for wide variety of 
applications. Polymer materials have a wide variety 
of applications related to equipment, machines, 
electronic devices, clothing material etc. However, 
their low thermal conductivity of nearly 0.2 to 

0.5W/mK [3] and Young’s Modulus nearly 2 to 5 
GPa limits their usage for such applications. 
Therefore, for sustaining  heavy loads [4], [5] and 
stresses, polymer composites with MWCNTs have 
already been fabricated over the years to develop 
stronger and  light weight composite materials. For 
effective heat conduction with MWCNT/polymer 
composite materials, many factors need to be 
considered. Choi et al [6] have shown that magnetic 
field processing is very useful in alignment of 
MWCNTs in matrix material of composites. Parallel 
orientation of MWCNTs enhanced conductivity by 
nearly 8 times in comparison to perpendicular 
direction of MWCNTs. However, in the composites, 
only a 10% increase thermal conductivity was 
observed with alignment. The reasons suggested for 
these results have been restriction to large path of 
phonon transport which is always mandatory for 
effective heat transfer. Xie et al [7] also indicated that 
in the absence of magnetic fields the enhancement in 
thermal conduction reduced to only 10% which 
otherwise improved by more than 70% with only 1 wt 
% SWCNTs in epoxy composites. Thermal 
conductivity of the chemically functionalized 20wt% 
graphite/epoxy composite increased [8] by more than 
20 times over the pure epoxy resin from 0.2 to 5.8 
W/m K due to improved interfacial heat transfer 
between graphite pallets and epoxy matrix. Gojny et 
al [9] indicated that MWCNTs exhibit high potential 
for efficient heat conduction due to their large aspect 
ratio but their large interface lead to a strong phone 
boundary scattering which minimized effective 
thermal conductivity in polymers. Han et al [3] have 
suggested that filler purity, crystallization, particle 
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size and alignment of MWCNTs play a major role in 
influencing the thermal conductivity of 
MWCNT/polymer composites. A conductivity 
coefficient of nearly 4W/mK for the composite 
material remains a challenge irrespective of the fact 
that MWCNTs possess such a high thermal 
conductivity coefficient. Fillers of nearly 30% by 
volume are at times needed to enhance conductivity. 
However, alignment of MWCNTs has indicated 
improved conductivities by more than 5 times in 
comparison to non-aligned MWCNT/polymer 
composites. PMMA/MWCNT composites using 
functionalized MWCNTs also indicated enhanced 
thermal conductivity. It has been suggested that 
interfacial thermal resistance caused by the phonon 
mismatch at the interface of the CNTs and the 
polymer results in a high interface thermal resistance, 
leading to severe phonon scattering at the interface 
and a drastic reduction of thermal transport 
properties. Aggregate formation tendencies of 
MWCNTs, a wide range of chiralities, a wide length 
distribution and variable diameters are some of the 
other MWCNT specific factors which restrict the 
promising thermal conduction effectiveness of 
MWCNTs in polymers. 
Therefore, in the case of MWCNT based polymer 
composites, there is a lot of variation in the content of 
filler materials of MWCNTs which is effective in 
conduction enhancement.  Moreover, enhancement in 
thermal conduction of these composites has been 
found to be very limited and dependent on alterations 
in material processing, functionalization of MWCNTs 
etc. So, keeping in view of these complex alterations, 
we in this paper focus on simple fabrication method 
for MWCNT/PP composites without any 
modification of MWCNTs and using simple thermal 
conductivity measurement procedures to evaluate the 
effectiveness of minor compositions of randomly 
dispersed MWCNTs in PP. 
 
II. SAMPLE FABRICATION 
 
MWCNT/polymer composites are fabricated by using 
solution mixing, melt blending and in-situ 
polymerization methods [10].  
We fabricated PP/MWCNT composite by melt 
blending process of different compositions (5wt% 
and 10wt%) of MWCNTs in PP. PP was used in form 
of beads as base matrix for the composite and mixed 
with MWCNTs powder different ratios based on our 
requirement of compositions. This mixture was 
placed in the compression molding machine holder 
with a heater at about 1300C. During the heating 
process, stirring was performed and along with this 
compression pressure was applied manually for 
sufficient binding between the two materials. This 
pressing was performed repeatedly and finally this 
material was pressed and guided into a die cavity to 
obtain the desired shape. The whole setup was 
allowed to cool and finally the specimen was taken 

out of the die cavity. After completing the finishing 
operations we obtained a disk shaped specimen of 
10mm diameter and 5mm thickness. We fabricated 10 
pieces for each composition.  
 
III. TEMPERATURE MEASUREMENT SETUP 
 
Digital PID (Proportional-integral-derivative) 
temperature controller was used to analyze the 
surface temperature of PP nanocomposites.Figure-1 
shows schematics of the temperature controller where 
a heater is used at constant temperature of 1000C by 
using a power supply. Disk shaped specimen is 
placed on the cavity of this heater and the lower 
surface of the disk is then maintained at this constant 
temperature of 1000C.  
 

 
Figure-1 Schematic representation of the temperature 

controlling and measuring device 
 
Heat transfer through the specimen is obtained by 
using Fourier Law of Heat Conduction is given by the 
equation 

 
where, Q is the heat transfer across the two surfaces, 
K is thermal conductivity of composite, L is thickness 
of the disk, A is the cross sectional area of the disk 
surface, T1 is the temperature of the lower surface 
(say 1000C) and T2 is the temperature of the upper 
surface of the specimen. The upper surface of this 
specimen is exposed to the environment temperature 
due to which heat conduction takes place across the 
thickness of this disk and hence the upper surface 
begins to gain temperature. This temperature 
variation between the two surfaces is calculated with 
time to estimate the rate of heat transfer for each 
composition. 
 
IV. EXPERIMENTATION 
 
Considering that the dimensions and time period of 
heat conduction is same for all the specimens, the 
thermal conductivity K will be inversely dependent 
only on T1-T2. The heat conduction process was 
continued for nearly 130 seconds for all the 
specimens. Beyond this equilibrium steady state was 
achieved. 
Figure-2 indicates the variation of T1-T2 with time 
for all the compositions. This clearly shows that 
temperature changes were much faster for composites 
with higher MWCNT compositions. The slopes 
obtained from this figure for 0 %, 5 %, and 10 % 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 3, Issue-9, Sept.-2015 

Effect Of MWCNT Composition On The Thermal Conductivity Behavior Of Pp/MWCNT Composites 
 

23 

compositions were approximately 0.156, 0.177, and 
0.187 respectively. 
 

 
Figure-2 Relative thermal conductivity for 

different compositions % CNT at various time 
intervals. 

 
V. RESULTS AND DISCUSSIONS 
 
From Figure-3, it is evident that 10wt% PP/MWCNT 
composite is able to conduct and transfer heat at a 
faster rate in comparison to other compositions. This 
has also been tabulated in Table-1 by presenting the 
relative coefficient of thermal conductivity of the 
three compositions. The comparison is presented for 
every specific time span for all the compositions. It 
indicates a consistent increase in the relative thermal 
conductivity coefficient for 10wt% and 5wt% 
composites in comparison to pure PP with increase in 
temperature difference. Figure-2 shows that during 
the initial stages when temperature difference 
between the 2 surfaces was higher, the relative 
thermal conductivity coefficients for both 10wt %( 
1.038:1) and 5wt %( 1.029:1) compositions were 
similar. With the passage of time as the heat 
conduction process approached steady state and 
temperature difference reduced from about 700C to 
nearly 500C, the relative thermal conductivity 
coefficients for both 10wt%(1.108:1) and 
5wt%(1.051:1) compositions increased by nearly 
10% and 5% respectively in comparison to pure PP. 
Beyond this temperature range an equilibrium was 
reached insignificant changes in conductivities were 
observed. These results indicate that effectiveness of 
MWCNTs in PP matrix is enhanced at higher 
temperatures. The suggested reasons for this can be 
the alteration of internal structure of PP matrix at 
higher temperatures from solid to semi solid. As 
MWCNTs are reasonable well dispersed in the PP 
matrices, however thermal conduction appears to be 
less prominent when MWCNTs are embedded in the 
solid state of PP matrix, however, the thermal 
conduction is able to transfer heat rapidly once the 
state shifts from solid to semi solid state due to better 
movement of atoms or phonons[6] across the 
composite allowing efficient heat transfer to take 
place. 
 

CONCLUSIONS 
 
This paper focuses on the effect of MWCNT 
composition on heat conduction behavior of an 
insulator material PP. It was observed by using 
simple heat transfer measurement techniques that 
thermal conduction for 10wt% MWCNT/PP 
composite material was increased by nearly 10% in 
comparison to pure PP. It is also expected that further 
addition of MWCNT filler materials in PP could 
enhance the heat conduction. Previous studies have 
indicated that presence of MWCNTs in polymers 
enhance the heat conductivity to a limited extent due 
to limited phone transfers and variance in MWCNT 
properties. However, even a 10% enhancement in 
heat conduction is a very encouraging result due to 
wide variety of applications that this material can be 
deployed to without significant alteration in weight of 
the equipment. Applications related to electronic 
devices, heat exchanger materials and fabrics or 
clothing of army personnel based on such light 
weight MWCNT/PP composite materials can be very 
useful as even a 5% to 10% increase in heat transfer 
can provide comfort to the human body or even 
prolong the usage life of devices. For further 
validations and consensus on these results, more 
experiments and theoretical studies can be conducted 
with certain modifications such as controlling and 
altering the direction of MWCNTs with change in 
temperatures so that direction of heat transfer can be 
manipulated, using different additive materials with 
these composites may also assist in better phonon 
transfers and insulations. 
 

Table 1- Relative thermal conductivity for 
different compositions % CNT at various time 

intervals. 

 
 

 
Figure-3 Temperature difference variation with time for 

different composition 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 3, Issue-9, Sept.-2015 

Effect Of MWCNT Composition On The Thermal Conductivity Behavior Of Pp/MWCNT Composites 
 

24 

REFERENCES 
 
[1] M. Stroscio, M. Dutta, D. Kahn, and K. W. Kim, “Continuum 

model of optical phonons in a nanotube,” Superlattices 
Microstruct., vol. 29, no. 6, pp. 405–409, 2001. 

[2] M. S. Dresselhaus, G. Dresselhaus, J. C. Charlier, and E. 
Hernández, “Electronic, thermal and mechanical properties of 
carbon nanotubes.,” Philos. Trans. A. Math. Phys. Eng. Sci., 
vol. 362, no. 1823, pp. 2065–98, Oct. 2004. 

[3] Z. Han and A. Fina, “Thermal conductivity of carbon 
nanotubes and their polymer nanocomposites: a review,” 
Prog. Polym. Sci., vol. 36, no. 7, pp. 914–944, 2011. 

[4] P. Jindal, “Compressive Strain Behaviour under Different 
Strain Rates in Multi-Walled Carbon Nanotubes-
Polycarbonate Composites,” J. Mater. Sci. Eng., vol. 02, no. 
01, pp. 2–4, 2013. 

[5] P. Jindal, M. Goyal, and N. Kumar, “Mechanical 
characterization of multiwalled carbon nanotubes-
polycarbonate composites,” Mater. Des., vol. 54, pp. 864–
868, Feb. 2014. 

[6] E. S. Choi, J. S. Brooks, D. L. Eaton, M. S. Al-Haik, M. Y. 
Hussaini, H. Garmestani, D. Li, and K. Dahmen, 
“Enhancement of thermal and electrical properties of carbon 
nanotube polymer composites by magnetic field processing,” 
J. Appl. Phys., vol. 94, no. 9, pp. 6034–6039, 2003. 

[7] X. Xie, Y. Mai, and X. Zhou, “Dispersion and alignment of 
carbon nanotubes in polymer matrix: A review,” Mater. Sci. 
Eng. R Reports, vol. 49, no. 4, pp. 89–112, May 2005. 

[8] S. Ganguli, A. K. Roy, and D. P. Anderson, “Improved 
thermal conductivity for chemically functionalized exfoliated 
graphite/epoxy composites,” Carbon N. Y., vol. 46, no. 5, pp. 
806–817, 2008. 

[9] F. H. Gojny, M. H. G. Wichmann, B. Fiedler, I. a. Kinloch, 
W. Bauhofer, A. H. Windle, and K. Schulte, “Evaluation and 
identification of electrical and thermal conduction 
mechanisms in carbon nanotube/epoxy composites,” Polymer 
(Guildf)., vol. 47, no. 6, pp. 2036–2045, 2006. 

[10] M. Moniruzzaman, K. I. Winey, R. V April, V. Re, M. Recei, 
and V. May, “Polymer Nanocomposites Containing Carbon 
Nanotubes,” Macromolecules, vol. 39, no. 16, pp. 5194–
5205, 2006. 

 
 
 
 
 

 
  
 


