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Abstract. In this paper, Levenberg-Marquard algorithm was used to simulate thermal 
performance of aligned carbon nanotubes-filled rubber composite, and the effect of 
temperature, filling amount, MWNTs orientation and other factors on thermal performance 
were studied. The research results showed: MWNTs orientation can greatly improve the 
thermal conductivity of composite materials, the thermal performance improvement of overall 
orientation was higher than the local orientation. Volume fraction can affect thermal 
performance, thermal conductivity increased with the increase of volume fraction. Temperature 
had no significant effect on the thermal conductivity. The simulation results correlated well 
with experimental results, which showed that the simulation algorithm is effective and feasible. 

1. Introduction 
Natural rubber (NR) is a natural polymer with polyisoprene as a main component, with excellent 
resilience, insulation, impermeability and plasticity characteristics, widely used in transportation, 
construction, electronics, aerospace, oil chemical industry, agriculture, machinery, military, water 
conservancy and information industry, people's lives and other industries. But rubber is a poor 
conductor of heat, then a lot of heat generated under dynamic conditions cannot be derived in time, 
which will lead to high-temperature that damages rubber products performance and service life, so 
how to reinforce rubber thermal conductivity has became a hot topic[1-3]. Carbon nanotubes’s 
(MWNTs) unique structure makes it have ultra-high strength and toughness, excellent electrical 
conductivity and thermal conductivity, which make MWNTs become the focus of scientific research 
in recent years[4]. He Yan[5] and the group members took it as a new enhanced thermally conductive 
filler to improve thermal properties of rubber, and then prepared a natural rubber composites; results 
showed that the thermal conductivity of rubber filled with MWNTs has been significantly improved 
compared with pure NR. 
Based on the analysis on thermal properties of rubber filled with MWNTs, this paper has simulated the 
thermal conductivity of composite materials with a new type of back propagation algorithm and 
researched the influence of factors such as the ambient temperature, volume filling fraction, MWNTs-
Orientationon heat conduction, and wish to provide a reference for the study of the thermal properties 
of rubber composites filled with MWNTs. 

2. The analysis on thermal conductivity of composite materials 
In this paper, MWNTs is filled in NR to improve the thermal conductivity of composite materials. 
This paper has studied the influence of the MWNTs’ local orientation (local orientation means that 
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one dimension filler is arranged in orientation in micro area element, and scatters irregularly in global 
scope.), whole orientation and volume filling fraction on the thermal conductivity of NR composites in 
comparison with pure NR under the same conditions. 
This group adopted[6] the method of solution blending to fill the rubber with MWNTs, local aligned 
carbon nanotube (L-MWNTs), Fe3O4-MWNTs magnetic nano composite particles respectively; and 
prepared MWNT/NR composites, L-MWNT/NR composites, Fe3O4-MWNT/NR composites, aligned 
Fe3O4-MWNT/NR composites by room temperature vulcanizing; finally obtained the thermal 
conductivity of composites with different volume filling fraction[7] by experiments. 
Fig.1 shows the thermal conductivity of 4 kinds of composites filled with 4% volume fraction. The 
thermal conductivity of MWNT/NR composites, L-MWNT/NR composites, Fe3O4-MWNT/NR 
composites, aligned Fe3O4-MWNT/NR composites are all higher than that of natural rubber; and the 
conductivity of MWNT/NR composites is the lowest, thermal conductivity of the worst, the 
conductivity of aligned Fe3O4-MWNT/NR composites is the highest.Fig.2 shows the thermal 
conductivity of MWNT/NR composites, L-MWNT/NR composites at 100ºC, which all increase with 
the increase of the filling fraction. 

 
Fig. 1 Thermal conductivity of MWNT filled  

NR compo-sites with 4% volume fraction 

 

Fig.2 Thermal conductivity of L-MWNT/NR  

composite at 100ºC 

Experimental results show that 1) MWNTs can effectively improve the thermal properties of the 
composites, thermal conductivity of composites filled natural rubber with MWNT is greater than pure 
NR (see Fig.1, 2). Fe3O4 particles have effectively improved thermal conductivity of the composites 
(see in Fig.1), the thermal conductivity curve of Fe3O4-MWNT/NR composites was significantly 
higher than MWNT/NR composites. 3) MWNTs orientation have effectively improved thermal 
conductivity of the composites (see Fig.1), the thermal conductivity of L-MWNT /NR composites is 
higher than that of non-directional composites. 4) The temperature had no significant effect (see Fig.1) 
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on the thermal properties of the composites. 5) The increase of filler fraction will improve the thermal 
conductivity of composites (see Fig.2), the relationship between the thermal conductivity and the 
filling volume fraction is non-linear. 

3. Models and Methods 

3.1 Heat conduction model of MWNT/NR composites 
Fig.3 shows the thermal model of MWNT/NR composites, the model is a three-layer forward network 
with three inputs and single output (a input layer, a hidden layer and a output layer), the inputs are 
categories of composites (see Table 1), volume filling fraction, ambient temperature, the output is 
thermal conductivity, the number of hidden layer nodes is 10. 

 

Fig.3 The thermal conductivity Model 

Table 1 Sample number 

No. composites 

1# Fe3O4-MWNT/NR 

2# MWNT/NR 

3# Aligned Fe3O4-MWNTs/NR 

4# L-MWNT/NR 
The input nodes are chosen linear in this paper. The hidden layer of the node is [8]: 
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In the formula (3), θ(2)is the threshold of the output node, and wkj
(2) is the weights connecting the jth 

hidden node and the output node. 

3.2 Levenberg-Marquard Algorithm 
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Levenberg-Marquard algorithm is a nonlinear optimization method, which combines the Gauss 
Newton method with gradient descent method. It is not sensitive to over parametric problem, and can 
effectively deal with nuisance parameter, so that the probability of the cost function falling into local 
minimum is reduced greatly. The above feature makes the LM algorithm widely used in the fields of 
model reconstruction, computer vision and so on. This paper used Levenberg-Marquardt algorithm to 
determine the parameters of thermal conductivity model. The weights of neural network are calculated 
as follows [9]: 
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In the formula (5), ei=di-yi, di is the expected output of the model, q is the number of experimental 
data sets, k is the discrete time index, N is the number of weights. J is Jacobi matrix, defined as 
follows [9]: 
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3.3 Results and discussion 

 

Fig.4 Thermal conductivity of L-MWNT/NR composite with 2% volume fraction 

This paper used Levenberg-Marquard algorithm to construct the thermal conductivity model of 
MWNT/NR composites, simulated the heat transfer performance of composites. Shown in Fig.4, Fig.5, 
the simulation results are in agreement with the experimental results, the error is small and the 
maximum relative error is 3.7%. The simulation results show that simulating the thermal conductivity 
of composites with Levenberg-Marquard algorithm is effective and feasible. 
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Fig.5 Relative error 

4. Conclusion 
Based on the analysis of the heat transfer performance of MWNT/NR composites, this paper used a 
new type of back-propagation algorithm to simulate the thermal performance of the composites, and 
investigated the influence of factors such as the ambient temperature, volume filling fraction, 
MWNTs-Orientation on heat conduction. The research showed: 
1) MWNTs can effectively improve the thermal properties of the composites. 2) Fe3O4 particles have 
effectively improved thermal properties of the composites. 3) MWNTs orientation can effectively 
improve thermal properties of the composites. 4) The temperature had no significant effect on the 
thermal properties of the composites. 5) The increase of filler fraction will improve the thermal 
properties of composites, the thermal conductivity increased with the increase of volume filling 
fraction, the relationship between the thermal conductivity and the filling volume fraction is non-
linear.6) The Levenberg-Marquard algorithm was used to simulate the thermal performance of 
composites, furthermore was used to research and analyse the influence of factors such as the ambient 
temperature, volume filling fraction, MWNTs-Orientation on heat conduction; the simulation results 
are accordant with the experimental results, that demonstrates the effectiveness of simulation 
algorithm and provides a new research approach for the study of thermal properties of rubber 
composites filled with MWNTs.  
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