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Abstract 

In this work, the polyethylene (PE) and polypropylene (PP) percentage is controlled at 50:50 to 

make the composite form a co-continuous structure; the hexagonal boron nitride (h-BN) is 

wrapped by thermoplastic elastomer styrene-ethylene-propylene-styrene (SEPS). This approach 

enables the localized distribution of h-BN at the interface of the co-continuous structure of 

PE/PP/SEPS/h-BN composite material, allowing the construction of a heat conduction path, 

thereby improving the thermal conductivity of PE/PP. Theoretical calculation predicted the 

localized distribution of SEPS at the interface of the PE/PP composite co-continuous structure. 
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The thermal conductivity of the composites can be improved by 57.7% by adding 10 wt% h-BN, 

presenting a commercial potential of such composites in heat dissipation applications.  

Keywords: Hexagonal boron nitride; thermal conductivity; co-continuous phase; phase interface. 

 

1. Introduction 

The miniaturization of electronic components has led to high density heat generation in a 

limited volume. For electronic devices, such as light-emitting diodes (LEDs) and integrated 

circuits, high thermal conductivity and electric-insulating materials are often required to promote 

heat dissipation of electronics [1]. Effectively addressing the heat dissipation problem of high-

power devices and highly integrated electronic components can significantly improve their 

stability and service life [2-6].  Three typical methods have been adopted to improve the thermal 

conductivity of composites. The first one is the filler compounding. For example, Cao et al. [7] 

obtained high thermal conductivity and high electrical resistance of polyvinylidene fluoride 

(PVDF)/polystyrene (PS) composites by the localization of both fillers in the minor phase. The 2nd 

is the filler modification. To increase the dispersion of dropped epoxy resin on the top of SiC cake, 

a surface oxidation treatment was applied to the SiC particles. The introduction of hydroxyl groups 

on the surface greatly increases the wettability between epoxy matrix and SiC, which reduces the 

interfacial voids and improves the thermal conductivity of the composites [8]. The third one is the 

processing technology. For example, Agari et al. [9] compared the powder mixing, solution mixing, 



3 

 

roll mixing and melting mixing methods in preparing polypropylene (PP)/graphite composites. It 

was found that the powder mixing method has the highest thermal conductivity. 

Polymer blending can not only improve the material performance, but also reduce the cost of 

products [10-14]. However, single polymer blending cannot achieve high thermal conductivity, 

even with the addition of inorganic fillers. Therefore, it is necessary to design and construct thermal 

conductive pathway in the composite system with a desired material structure. 

The thermal conductivity of most polymers is around 0.2 W/mK [15-17], which is far below 

the requirements of practical applications. The advantages of polymers are also obvious such as 

excellent electrical insulation, light weight, easy processing, corrosion resistance and moisture 

resistance in various electronic packaging applications. Therefore, polymer-filler compounding 

has been explored as a feasible approach to address the thermal conduction issue [18-24]. The 

thermal conduction of polymer composites is analogous to the "percolation threshold" in the 

electrical conduction process. Without fillers, the thermal conduction of polymer relies on photon 

transfer between intra- and inter- polymer chains, which is typically a low-efficient process. When 

adding fillers to certain amount, the fillers get in touch with each other to form a heat conduction 

channel, which plays a major role in heat transfer. Since photon scattering is easy to occur at the 

polymer/filler interface, it is often preferred to align the fillers into oriented structure for better 

thermal conduction [25-27]. 

The performance of polymer blends is not only determined by the molecular structure, but 

also depends on the phase morphology [28-30]. For example, the droplet structure usually appears 
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in the toughening system of the blend, the fiber structure is commonly seen in the blend 

reinforcement system, and the co-continuous structure is more common in the conductive and 

thermal polymer materials. When adding fillers to the polymer blending system, the difference in 

the affinity of the fillers to different components in the blending system can be used to promote 

the filler distribution. When the filler is selectively positioned in one of the two phases or at the 

interface, higher thermal conductivity can be achieved by fewer fillers [31]. In this way, the filler 

required to establish a permeable thermal network is minimized [32].  

In this work, both high thermal conductivity and insulating composite materials were 

achieved in the binary PE and PP matrix by a novel strategy to realize the positioning of the filler 

by wrapping the filler with a carrier. That is, the SEPS/h-BN composite material was prepared first, 

and then the SEPS/h-BN composite material was used as the masterbatch, and PE/PP/SEPS/h-BN 

composite materials are prepared by melt blending SEPS/h-BN composite materials with PE and 

PP. The composite material prepared in this experiment can be used in many applications that 

require high thermal conductivity insulating materials. 

2. Results and discussion 

2.1. Microstructure of PE/PP/SEPS/h-BN composite 

SEM images of PE/PP/SEPS/h-BN composite materials are shown in Figure 1, it can be seen 

that SEPS is continuously connected in the composite material. Combining the contact angle test 

and the continuity calculation, it shows that SEPS is distributed at the phase PE-PP interface of 
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the co-continuous structure of PE/PP/SEPS/h-BN composites. According to the analysis of Figure 

2a-e diagram, with the increase of h-BN content, the continuity of SEPS does not change too much. 

 

 

Figure 1. SEM micrograph of PE/PP/SEPS/h-BN composite. Mass ratio of PE/PP is 50/50, SEPS 

is 17.5 wt% of PE/PP, h-BN ratios are (a) 1 wt%, (b) 3 wt%, (c) 5 wt%, (d) 7 wt%, and (e) 10 wt%. 

The SEPS phase has been etched by xylene. 

 

When the mass ratio of PE/PP is 50/50 and the mass ratio of SEPS is 17.5 wt%, the co-

continuity of the composite material forming a co-continuous structure after etching by xylene is 

the best, and the calculated co-continuity degree (refer to the supporting materials) reaches 99.5%. 

Therefore, the mass ratio of SEPS used in this experiment is 17.5% by weight. In order to study 

the distribution of h-BN, the PE/PP/SEPS/h-BN composite material was made into a cube sample 

with a side length of 2 mm and soaked in xylene for several days until the sample had a constant 

weight. When the mass of SEPS is 17.5% of the total mass of PE and PP, and the mass of h-BN is 

10% of the total mass of PE and PP, the continuity of SEPS and h-BN in the PE/PP/SEPS/h-BN 
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composite is calculated by the continuity formula. The calculated degree of 97.6% indicates that 

h-BN is mostly distributed in the SEPS after the processing. 

2.2. Thermal conductivity of PE/PP/SEPS/h-BN composite 

 

Figure 2. Thermal conductivity of PE/PP/SEPS/h-BN composites. Mass ratio of PE/PP is 50/50, 

SEPS is 17.5 wt% of PE/PP, h-BN ratios are 1, 3, 5, 7 and 10 wt%.  

 

Figure 2 shows the thermal conductivity (K) of PE/PP/SEPS/h-BN composites. According 

to the thermal conductivity test, the K of PE/PP/SEPS/h-BN composite materials increases with 

the increase of h-BN content. The K of the PE/PP/SEPS/h-BN composite with 10 wt% h-BN is 

about 0.3520 W/mK, and the K of the h-BN/SEPS composite is about 0.3674, indicating that the 

carrier wraps the filler. The method can achieve a thermal conversion rate of about 96%. The 

reason is that when the mass ratio of PE to PP is 50:50, the PE/PP composite will form a co-
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continuous structure. The contact angle test and continuity calculation show that the 

PE/PP/SEPS/h-BN composite is prepared when SEPS and h-BN are melt blended first, h-BN is 

mostly distributed in SEPS, and SEPS is mostly distributed at the phase interface of the co-

continuous structure of PE/PP/SEPS/h-BN composites. Therefore, h-BN forms a heat conduction 

path at the PP/PE phase interface of PE/PP/SEPS/ H-BN composites with a co-continuous structure. 

Compared with filling a single matrix with thermal conductivity filler[33-35], this method can 

achieve higher thermal conductivity when the filler content is lower. 

2.3. Mechanical properties of PE/PP/SEPS/h-BN composite 

Figure 3. The tensile strength of PE/PP/SEPS/h-BN composite materia. Mass ratio of PE/PP is 

50/50, SEPS is 17.5 wt% of PE/PP, h-BN ratios are 1 wt%、3 wt%、5 wt%、7 wt% and 10 wt%. 

 

Figure 3 shows the tensile strength of PE/PP/SEPS/h-BN composites. With the increase of 

h-BN content, it has little effect on the tensile strength of PE/PP/SEPS/h-BN composites. This is 

because in the PE/PP/SEPS/h-BN composite prepared by the two-step method, the h-BN is mostly 

b) 
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distributed in the SEPS phase, and the SEPS is mostly distributed at the phase PE/PP interface of 

the PE/PP/SEPS/h-BN composite co-continuous structure place. This is because when subjected 

to external force, the material tends to fracture at the interface of the two phases. The h-BN at the 

interface bears most of the stress, which reduces the impact of SEPS on the tensile strength, so it 

has little effect on the entire system. With the increase of filler content, this method can maintain 

better mechanical properties than that of a single thermal conductive composite[36].   

2.4. Thermal stability of PE/PP/SEPS/h-BN composites 

 

Figure 4 TGA curve of (a) PE/PP/SEPS/h-BN composites and (b) PE/PP/h-BN composite. Mass 

ratio of PE/PP is 50/50, SEPS is 17.5 wt% of PE/PP, h-BN ratios are 1, 3, 5, 7 and 10 wt%.  

 

Figure 4 shows the TGA curve of the PE/PP/SEPS/h-BN and PE/PP/h-BN composite. It can 

be seen from the figure that the mass after decomposition is the mass of h-BN and residual carbon 

in the composite, which is basically the same as the actual amount of h-BN added in the sample. 

As the content of h-BN increases, the thermal stability of PE/PP/SEPS/h-BN gradually increases. 

The reason is that the melting point and thermal conductivity of h-BN is larger than that of PE, PP 

javascript:;
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and SEPS, which is good for absorbing heat and transferring it out in time. It shows that h-BN 

forms a heat conduction path in the composite material. 

3. Conclusion 

The polyethylene (PE) and polypropylene (PP) percentage of 50:50 makes the composite 

form a co-continuous structure; the hexagonal boron nitride (h-BN) is wrapped by thermoplastic 

elastomer SEPS. This approach enables the localized distribution of h-BN at the interface of the 

co-continuous structure of PE/PP/SEPS/h-BN composite, allowing the construction of a heat 

conduction path, thereby improving the thermal conductivity of PE/PP/SEPS/h-BN composites. 

With such a unique structure, the thermal conductivity of the composites can be improved by 57.7% 

by adding only 10 wt% of the h-BN filler. The thermal conductive composite was prepared by 

adjusting the filler distribution[37-39], the composite material obtained by positioning the carrier-

wrapped filler at the phase interface possess high thermal conductivity and high toughness, and 

can be used in many applications that require thermally conductive and insulating materials.  
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