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Abstract. The paper aims to evaluate the mechanical and thermal properties of the nanocomposites based on polymer 
matrix containing various amounts of graphene. The characteristics of the considered polymer are determined using the 
connectivity indices formalism, while those corresponding to the nanocomposites are evaluated using several 
mathematical models. The variation of the thermophysical properties with the volume fraction of the nanofiller is 
discussed in agreement in the pursued applications as heat dissipation layers in electronic devices.    
Keywords: thermal conductivity, mechanical properties, nanocomposites.  
Rezumat. Lucrarea urmareste evaluarea proprietatilor mecanice si termice ale nanocompozitelor polistiren/grafen. 
Caracteristicile matricii sunt determinate prin intermediul formalismului indicilor de conectivitate, in timp ce 
proprietatile nanocompozitelor sunt calculate cu ajutorul unor modele matematice. Datele obtinute indica o imbunatatire 
a conductivitatii termice si a modulului Young al polimerului prin inserarea acestui tip de element de ranforsare. Astfel, 
probele analizate sunt utile pentru obtinerea straturilor flexibile, termoconductoare utilizate in electronica pentru 
disiparea caldurii.  
Cuvinte cheie: conductivitate termică, proprietăți mecanice, nanocompozite. 

1. INTRODUCTION 

The*need for materials with good thermal con-
duction abilities has redirected the scientists’ interest 
to produce new compounds with increased per-
formance. The requirements of flexible layers for 
microelectronics, where heat dissipation affects the 
device reliability, lead to various solutions. Among 
them, the most viable consists in increasing the 
thermal conductivity of currently available flexible 
materials (including polymers) by addition of 
reinforcement particles. Thus, during past years, this 
research direction has gained a great importance as 
reflected by the numerous papers from the literature 
(Han et al., 2011), (Barzic et al., 2012). The studies 
reveal that carbon-based nanofillers are the most 
effective in enhancing the thermal conduction of 
polymers (Lee et al., 2006). Polystyrene (PS) is one 
of the most used materials as matrix for nano-
composites preparation owing to its good mechanical 
and optical properties. 

Graphene is an allotrope of carbon representing a 
two-dimensional, atomic-scale, hexagonal lattice in 
which one atom constitutes each vertex. Its 
nanopowder form is widely used in preparation of 
polymer nanocomposites since it leads to multiphase 
materials with better thermophysical properties. 
High in-plane thermal conductivity is due to 
covalent sp2 bonding between carbon atoms, 
whereas out-of-plane heat flow is reduced owing to 
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weak van der Waals coupling. Moreover, graphene 
sheets stack to form graphite with an interplanar 
spacing of 0.335 nm, being the strongest material 
ever tested (Lee, 2008). Its intrinsic tensile strength 
is about of 130 GPa and its Young's modulus 
(stiffness) of 1 TPa (Lee et al., 2008). In most cases 
it would be more useful to perform a theoretical 
evaluation of the desired properties before nano-
composites preparation in order to justify the 
complex processing stages of the product. 

This paper represents a theoretical approach on 
the thermal and mechanical characteristics of 
graphene/PS nanocomposites. The dependence of 
the thermophysical properties on the graphene 
volume fraction is analyzed in agreement in the 
desired applications as heat dissipation layers in 
electronic devices.  

2. THEORETICAL BACKGROUND 

2.1. Calculation of matrix mechanical  
and thermal properties 

The formalism developed by Bicerano (Bicerano, 
1996) allows the evaluation of various properties of 
the polymers. The method involves in the first stage 
the calculation of the connectivity indices. They are 
defined as main structural and topological de-
scriptors. The molecular properties are determined 
from the construction of the hydrogen-suppressed 
graph of the analyzed molecule. The calculations 
begin by estimation of the valence bond (Lewis) 



THERMOPHYSICAL PROPERTIES OF POLYMER/GRAPHENE COMPOSITES 

 

TERMOTEHNICA     2/2015  43 
 

structure of the molecule, and then omitting hydrogen 
atoms. Each remaining atom gets a vertex in the 
graph, whereas each remaining bond represents an 
edge. The results regarding the indices related to the 
electronic environment and the bonding confi-
guration of each non-hydrogen atom in the molecule 
are further listed at the vertices of the hydrogen-
suppressed graph. The first atomic index is con-
nected to the simple connectivity index,  , meaning 
the number of non-hydrogen atoms to which a given 
non-hydrogen atom is bonded. The second atomic 
index arises from the valence connectivity index,  
 V, containing data about the electronic configura-
tion features of each non-hydrogen atom. Bond 
indices   and  V can be defined for each bond 
that does not concern a hydrogen atom, as products 
of the atomic indices at the two vertices, which 
ascertain a given edge or bond (Bicerano, 1996). 
The summations over vertices of the hydrogen-
suppressed graph represent the atomic connectivity 
indices of the entire molecule, whereas the 
summations over edges of the hydrogen-suppressed 
graph give the bond connectivity indices. Starting 
from these structural parameters one can evaluate 
thermal and mechanical properties of polymers. 
Equations (1) and (2) were used to calculate the 
thermal conductivity and mechanical (Young) 
modulus for the considered matrix: 
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where  BB1   is  the fraction of first order con-
nectivity index that contributes to the bonding among 
the backbone atoms; NN, NO, NH are the number of 
nitrogen, oxygen, and hydrogen atoms in the 
structural unit, and N is the number of non-hydrogen 
atoms. The Young modulus (E) is expressed through 
the shear modulus (G) and Poisson’s ratio (ν) 
(Bicerano, 1996). 

2.2. Calculation of the nanocomposites 
mechanical and thermal properties  

Various models are proposed for determination 
of thermal conductivity of polymer nanocompo-
sites considering that the features of each phase are 
known. The presented approaches were also used 
for evaluation of the mechanical characteristics of 
the multiphase samples. 

The parallel model presumes that each phase 
contributes independently to the overall conducti-
vity, proportionally to its volume fraction: 

 
ppmmc kkk    (3) 

where the index “c” is for composite, “m” is for 
matrix and “p” is for nanoparticle (graphene in this 
case), while the symbol f is the volume fraction. 

The series model considers no contact between 
particles and thus the contribution of particles is con-
fined in the region of matrix embedding the particle: 
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The Lichtenecker model represents an inter-
mediary approach between the parallel and series 
models being based on the geometric mean of the 
components conductivity: 
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 Another analytic model has been developed 
to calculate the thermal conductivity for randomly 
dispersed fillers, as defined by Eq. (6): 
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3. RESULTS AND DISCUSSION 

 The dependence of thermal conductivity on 
the CNT amount is graphically represented in Fig. 
1. For a better visualization of the differences 
given by the applied theoretical models the y-axis 
is represented in logarithmic scale. The obtained 
data show that the introduction of graphene 
increases the heat transfer in the considered matrix. 
The series model leads to the lowest increment of 
thermal conductivity whatever the nanofiller 
percent in PS. The Lichtenecker approach leads to 
intermediary values. However this model does not 
describe accurately the thermal behaviour at low 
graphene amounts if one considers that at zero 
percents of nanofiller the thermal conductivity of 
the PS should be obtained. The highest values of 
thermal conductivity are obtained from parallel 
model that reflects a sudden increase of thermal 
conductivity. This might be ascribed to the changes 
occurring in the sample microstructure as a result 
of percolation process. Numerous experimental 
results confirm the percolation theory that predicts 
a conductive network above, but close to the 
percolation threshold, presents steep increases in 
conduction properties. The latter obey the uni-
versal power scaling law near the threshold.  When 
sudden increase in conductivity occurs it ensures 
the formation of the percolating cluster spanning 
the sample and attachment of isolated clusters to 
the percolating cluster reflecting a high degree of 
connectivity within the percolating cluster. The 
crossing of the percolation threshold, within a 
narrow range of the filler volume fraction induces 
to the enhancement of several orders of magnitude 
in thermal conductivity. 
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By applying the Eq. (1) one obtains for polymer 
matrix a thermal conductivity of 0.135 W/m K. For 
evaluation of the heat transport in the considered 
nanocomposites one must also introduce in Eqs. (3-
5) the value of the nanofiller thermal conductivity. 
Early measurements of the thermal conductivity of 
suspended graphene revealed an extremely high 
value, namely 5300 W/m K (Balandin et al, 2008). 
However, later studies have proved that thermal 
conductivity of single layer graphene ranges between 
1500–2500 W/mK, the variation being attributed to 
the material’s purity and large measurement un-
certainties. In the cases when single-layer graphene 
is brought in contact with an amorphous material, 
the thermal conductivity is reduced to about 500–
600 W/mK (Seol et al., 2010) at room temperature 
as a result of scattering of graphene lattice. In this 
context, for calculations presented in our study the 
thermal conductivity of graphene nanofiller was 
considered to be 600 W/ m K. The results of 
predicted thermal conductivity for the PS/graphene 
nanocomposites are depicted in Fig. 1. It can be 
noticed that the heat transport characteristics of the 
thermoplastic matrix with different degrees of re-
inforcement are enhanced by addition of graphene. 

 

 
 

Fig. 1. Thermal conductivity dependence on the nanofiller 
amount for PS/graphene. 

 
The percolation threshold in our study is con-

sidered to be the critical filler content after which the 
thermal conductivity changes with one order of 
magnitude. The parallel model leads to a threshold of 
0.06. After this critical value the heat conduction in 
PS/graphene is considerably improved. Taking into 
account that the parallel and analytic models lead to 
similar values it can be assumed that these are the 
results that describe closer to reality the thermal 
behavior of the PS/graphene nanocomposites. 

The mechanical properties of the considered 
samples are described through the Young modulus 
(Fig. 2.). 

For PS matrix at room temperature the relations 
proposed by Bicerano (Bicerano, 1996) lead to a 

value of 0.360 for Poisson’s ratio, 1100 MPa for 
shear modulus and finally 3000 MPa for Young 
modulus. Introduction of the data regarding the 
Young modulus of the graphene one obtains the 
mechanical features of considered samples. Except-
ing Lichtenecker model, the others lead to data that 
indicate an improvement of the mechanical properties 
of PS. 

 

 
 

Fig. 2. Young modulus dependence on the nanofiller amount 
for PS/graphene. 

4. CONCLUSIONS 

The addition of graphene in PS leads to the 
enhancements of the thermal conductivity, parti-
cularly after percolation threshold. This result is also 
reflected in the variation of Young modulus. The 
parallel and analytic models lead to close values, 
indicating that among the used models these describe 
better the investigated thermophysical properties. 
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