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Abstract 

In this work the synergetic effect of boron nitride and talc was investigated on polypropylene 

based thermally conductive composites. First the effect of single fillers was investigated than 

the hybrid effect at 30 V% filler content. Talc and boron nitride were compounded with 

polypropylene up to 40 V% with a twin screw extruder. The samples for thermal 

measurements were prepared with injection molding. The results show that using 30 V% 

boron nitride the thermal conductivity of polypropylene was multiplied more than by four, 

and using 30 V% talc it was multiplied only by two. It was proved that combining talc and 

boron nitride higher thermal conductivity can be achieved than filling single fillers into the 

matrix, using the same amount of filler. 

 

 

1 Introduction 

In these days the subject of the researchers is to develop smaller and smaller devices with 

higher performance. Thanks to this advance the heat dissipation is a critical issue mainly for 

the electronic devices. The heat dissipation has a great influence on the lifespan of electronic 

devices. It is well known that the reliability of the devices is exponentially depend on its 

operating temperature, so a small difference in operating temperatures can halve the lifespan 

of the devices. Heat produced during the operation of the device is particularly dissipated by 

thermal conduction. Traditionally this heat is removed from the part by heat sinks [1-6]. 

 

 

Nowadays the polymer based composite materials which have relative high thermal 

conductivity attract more and more attentions. Thanks to the advantages of polymers (light 

weight, corrosion resistance, easy processibility) thermally conductive polymer composites 

offer new possibilities for replacing metal parts in several applications, such as in 

microelectronics, power electronics, generators, electric motors and many others. It is well 

known that virgin polymer materials are good thermal insulators as their thermal conductivity 

varies between 0.1...0.5 W/(m∙K). Adding thermally conductive fillers to plastics, for example 

graphite, carbon black, carbon fibers, ceramic or metal particles; the thermal conductivity of 

compounds can be increased significantly. Furthermore it should be mention that the thermal 

properties of these composite materials depend on several factors, first of all on the filler 

concentration, the ratio between the properties of the components, the sizes and the shapes of 

the filler particles, the manufacturing process and the filler matrix interactions [4, 5]. 
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Using two or more different fillers in the same composite material provides higher 

enhancements in thermal conductivity. It is caused by the synergetic effect between the 

particles. Li et all [8] investigated the enhancement in the conductivity coefficient with 

different particle sizes. In the composite material the bigger particles formed the main 

thermally conductive path and the smaller particles establish further contact between the 

bigger ones to obtain higher thermal conductivity coefficient. Beside the enhanced thermal 

conductivity the hybrid fillers system can obtain relatively lower cost [9]. Many researchers 

investigated the synergetic effect of different fillers. In general carbon based nanoparticles 

(carbon nanotubes, graphene nanoplates...) are one of the components of the hybrid filler. It 

was established that adding 1...2 wt% nanofiller to a higher amount of other filler can cause 

significant increase in thermal conductivity of composite materials [9-12]. 

 

 

In this study talc and boron nitride were used as filler for increasing thermal conductivity of 

polypropylene. Hexagonal boron nitride is a widely used filler thanks to its high thermal 

conductivity and electrical insulating behavior. Its only drawback is the high price. Talc has 

lower thermal conductivity but lower cost as well. It is used in polymer compounds to 

decrease the material price and increase its crystallinity. These fillers were used to prepare 

polymer based thermally conductive composite materials. In this research the positive 

interaction between the talc and boron nitride was reported.  

 

2 Materials and testing methods 

2.1 Materials 

In the experiments the thermoplastic matrix material was H145 F (Tiszai Vegyi Kombinát 

Nyrt., Hungary) homo-polypropylene, of which density is 0.9 g/cm
3
. As filler hexagonal 

boron nitride and talc was selected without surface treatment. The thermal conductivity 

coefficient of hexagonal boron-nitride grade A 01 powder (BN) (H.C.Starck GmbH, 

Germany) is about 60 W/mK, and maximum particle size is 5 μm. The average particle size of 

talc (Novia Kft., Hungary) (Mg3Si4O10(OH)2) is about 25 μm, and its thermal conductivity 

coefficient is about 10 W/mK. During the measurement of thermal conductivity, the thermal 

resistance was minimized between the samples and the apparatus with ceramic powder filled 

thermal interface silicone grease (T Silox Kft., Hungary). 

 

2.2 Sample preparation and measuring methods 

The specific gravity of the powders was determined with picnometer. The matrix material and 

the fillers were compounded with LabTech scientific twin screw extruder at 220°C and 

30 rpm. The diameter of the screws is 26 mm, and the L/D relation is 40. For thermal 

measurements 80x80x2 mm sized samples were injection molded with Arburg Allruonder 

370S 700-290 injection molding machine. Table 1. shows the parameters of the injection 

process. The morphology of the compounds was investigated with JEOL JSM 6380LA 

scanning electron microscope. The thermal conductivity of the samples was determined 

according hot plate method at 55°C with the Fourier's law (Equation 1.): 

 

 ),(),( txTtxq ,  (1) 

 

where q [W] is the transmitted heat flux, λ [W/mK] is the thermal conductivity and T [K] is 

the temperature [12]. Increasing the measurement reliability, two injection molded specimens 
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were joined together with thermal interface silicon grease thus the measures samples 

dimension was 80x80x4mm.  

 
Parameter Unit Value 

Volume [cm
3
] 49 

Injection rate [cm
3
/s] 50 

Holding pressure [bar] 80% of the injection pressure 

Clamping force [kN] 700 

Cooling time [s] 10 

Zone temperatures of the injection unit [°C] 200; 185; 180; 175; 165 

Mold temperature [°C] 50 

Table 1. Injection molding parameters 

 

3 Results and discussion 

3.1 Material characterization 

The microstructure of the composite materials was also investigated. Figure 1. shows SEM 

pictures of the fracture of 30 V% boron nitride and 30 V% talc filled composite. Thanks to the 

extrusion both of the fillers dispersed uniformly in the matrix material. It can be noticed that 

the boron nitride and talc particles are well surrounded with polypropylene matrix and the 

adhesion is high between the components. Furthermore it can be seen that smaller talc 

particles have plate-like shape with sharp edges and the bigger ones have block shape. On the 

contrary boron nitride particles have plate-like shape with rounded corners. The advantage of 

plate-like form is that it has relative high specific surface thus increasing the heat transfer 

between the filler and matrix.  

According the density measurements, the specific density of talc is about 2.7 g/cm
3
 and its 

value of boron nitride is about 2.2 g/cm
3
. From these data the proper volume fraction of fillers 

could be converted into weight fraction. 

 

 
a, 

 
b, 

Figure 1. Scanning electron microscopic picture of the talc (a) and boron nitride (b) at 30 V% filler content 

 

3.2 Thermal conductivity of composites with single filler 

Figure 2. shows the thermal conductivity coefficients of polypropylene/boron nitride and 

polypropylene/talc composite materials. According the measurements the matrix material has 

0.25 W/mK thermal conductivity coefficients. Increasing the filler content, thermal 

conductivity increased also. As it was expected, boron nitride has more significant effect on 

conductivity than talc. At low filler volume fraction the particles can randomly dispersed in 

the matrix and there is only weak interaction between them. Thus only a minor increase in 

thermal conductivity can be presented. Increasing the filler content, the particles begin to get 
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more and more connection and they form more and more conductive path through the matrix 

material. It means that the change in thermal conductivity is more significant at higher volume 

fraction of fillers. At 20 V% filler content the BN filled composite has 0.78 W/mK thermal 

conductivity, while talc filled material has only 0.47 W/mK. Using 30 V% BN, the thermal 

conductivity of the composite is more than 1.1 W/mK. At 30 V% talc content the conductivity 

is 0.59 W/mK. It can be seen, that increasing the filler content the difference between the 

thermal conductivity of composite materials increases further. 

 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

0 10 20 30 40

Filler volume fraction [V%]

T
h

er
m

a
l 

co
n

d
u

ct
iv

it
y

 

[W
/m

K
] 

H145 F PP + BN

H145 F PP + Talc

 

Figure 2. Thermal conductivity of polypropylene/boron nitride and polypropylene/talc composite as a function 

of filler volume fraction  

 

3.2 Thermal conductivity of hybrid filled composites 

The hybrid effect of talc and BN fillers was investigated at 30 V% filler content. The boron-

nitride content was 0, 10, 20 and 30 V%, while the talc content was consecutively 30, 20, 10 

and 0 V%. Synergetic effect was expected between the fillers, because of their different 

particle sizes. The compound containing 30 V% talc has 0.59 W/mK thermal conductivity, 

while with the same amount of BN fillers, the thermal conductivity is 1.14 W/mK. The 

polypropylene composite material with BN/talc hybrid filler presented higher thermal 

conductivity coefficient than those with single fillers (Figure 2.). This effect means that the 

two fillers has a synergetic effect as the thermal conduction is not linear between the BN and 

talc. The hybrid filled compounds have higher conductivity than their expected value, 

therefore they show positive hybrid effect. The polypropylene based compound containing 

20 V% BN and 10 V% talc has the highest thermal conductivity of 1.22 W/mK, although its 

expected value from the rule of mixture was only 0.96 W/mK. The synergetic effect can be 

explained with the different size of the filler particles. The particle size distribution of the talc 

has higher mean value than BN has. In the mixture talc particles formed the main thermally 

conductive path in the compound, while the smaller BN particles established more contact 

between the bigger particles to obtain higher thermal conductivity coefficient. Therefore the 

thermal conductivity can be about five times higher than that of the pure polypropylene, and 

20% higher than the expected value of the BN-talc compound. 
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Figure 3. Thermal conductivity of polypropylene hybrid composite as a function of ratio of boron nitride and 

talc volume fraction  

 

4 Conclusion 

In this work the synergetic effect between talc and hexagonal boron-nitride was investigated. 

The hexagonal boron nitride is a kind of ideal thermal conductive agent while it keeps the 

electrical insulator behavior of the polymer matrix. As result, the measurements show BN has 

significant effect on thermal conductivity. Adding 30 V% of it the thermal conductivity of the 

composite is more than four times higher (1.14 W/mK) than the unfilled polypropylene 

(0.25 W/mK). Talc is usually used to decrease the price of the composite materials. Filling 

30 V% of it into the polypropylene, the thermal conductivity is only doubled. Using talc and 

boron nitride as hybrid filler, synergetic effect was detected. The compound containing 20 

V% BN and 10 V% talc has higher thermal conductivity (1.22 W/mK) than the compound 

containing 30 V% BN (1.14 W/mK). According this phenomenon, the thermal conductivity of 

the composite materials can be enhanced and at the same time the price of the compounds can 

be lowered. 
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