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Abstract. Boron nitride(BN) nanometer material was adding as filler to epoxy resin to obtain a high thermal 
conductive and excellent mechanical properties material. The fillers, which include globular BN, flake BN and 
fibrous BN, were treated with  silane coupling agent and acid to establish a strong affinity with the surrounding 
matrices. As a result, the thermal conductivity and mechanical properties of the composites were enhanced at a 
relatively appropriate volume fraction of BN. At a given volume fraction, fillers treated with silane coupling agent 
provide composites with lower thermal conductivity and higher tensile strength compared with the ones treated with 
acid. With the increase of the volume fraction of fillers, the thermal conductivity and the tensile strength of the 
composites show the tendency of increasing, but the tensile yield stress of composites exhibit significant reduction.   

1 Introduction  
Epoxy resin as the polymer matrix were used most often 
with reinforcing fibers for advanced composite 
applications [1]. With the development of epoxy 
composite material with both high thermal conductivity 
and excellent mechanical properties in various areas of 
weight-sensitive aerospace industry, marine, armor, 
automobile, railway and sporting goods industries, filling 
inorganic particles of nanometer size with high thermal 
conductivity and excellent mechanical performance has 
become a attractive and effective method to strengthen 
the properties of epoxy resins and meet the higher 
requirements. Because micro-scale fillers have 
successfully been synthesized with epoxy resin, BN as a 
novel nano-scale filler material, which include globular 
BN, flake BN and fibrous BN, is now being tested to 
produce high performance composite structures with 
enhanced properties [1-14]. Recently, boron nitride (BN) 
based nanofillers such as BN nanoplatelets, BN 
nanosheets (BNNSs) and BN nanotubes (BNNTs) have 
attracted increased attention due to its low density, high 
thermal conductivity, electrical insulation, superb 
oxidation resistance, passivity to reactions with acids and 
melts, low coefficient of friction and their potential 
application in preparing polymer composites for thermal 
dissipation [15-16].  

So far, there have been two approaches developed for 
nanofiller surface functionalization: covalent and non-
covalent methods [2]. The former involves the grafting of 
reactive modifiers onto the surface of the nanofillers by 
covalent bonds, while the later is applying the physical 
interaction between the fillers and modifiers such as van 

der Walls attractions, electrostatic interactions and 
hydrogen bonding [17-18].   

The purpose of this paper is to show the effect of BN 
on the thermal and mechanical properties of epoxy [1]. 
Epoxy resin is chosen as the matrix because of its 
extremely wide application in aerospace, automotive and 
electronic industries [2,19]. Zhi et al. prepared a series of 
polymer nanocomposites with excellent thermal 
properties by using BNNSs and BNNTs as fillers [20-21]. 
Previous reports show that various methods have been 
developed to functionalize BNNSs and BNNTs in order 
to achieve better processability of their composites . We 
cured a series of epoxy composites by using different 
surface functionalization of BN fillers, and the method of 
the functionalization belongs to covalent 
functionalization. The BN fillers were firstly treated with 
silane coupling agent and acid to introduce amine groups 
and hydroxy groups. The strong covalent bonding 
formation produced a strong interface between fillers and 
matrix [2].  

2 Experimental  

2.1 Materials 

The BN powers (globular BN, flake BN and fibrous 
BN) with an average of 30 µm, concentrated sulfuric acid 
and nitric acid, ethanol, deionized water, hydrochloric 
acid, centrifuge, electronic stir bar, disposable straws, 
beaker, evaporating dish, tweezers, disposable gloves, 
electronic scale, 50 ml beaker, flake BN, thermometer, 
electronic mixer, epoxy resin and curing agent. 
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2.2 Treatment with  silane coupling agent

Ethanol and deionized water was mixed at the mass 
radio of 9:1 uniformly (45g of ethanol and 5g of 
deionized water), 3 drops of hydrochloric acid was added
into the mixture to adjust ph value to 4, the silane 
coupling agent KH–550 at the mass fraction of 1.75% 
was added into the aqueous solution of hydrochloric acid 
(7 g), the aqueous solution was placed 3h at room 
temperature to hydrolysis, then the powers of globular 
BN were mixed into the solution at the mass radio of 2:7 
with KH–550, the mixture was stirred 2h at room 
temperature and was centrifugal, then it was cleaned with 
alcohol solution several times until the solution was 
neutral, finally, the solution obtained was placed in the 
evaporating dish to dry at the temperature of 50 with 3 
min and took out, then the solid obtained was ground into 
a fine powder and collectted to use. The powers of flake 
BN and fibrous BN were processed in the same way.

2.3 Treatment with acid

The concentrated sulfuric acid and nitric acid was 
took at volume radio of 3:1 (30 ml of concentrated 
sulfuric acid and 10 ml of concentrated nitric acid), 1 g of 
powers of globular BN were added, then the mixture was 
stirred 3h at the temperature of 50 with water bath 
heating and was centrifugal, then it was cleaned with 
deionized water several times until the solution was
neutral, the solution obtained was placed in the 
evaporating dish to dry at the temperature of 50 with 6 
min and took out, then the solid obtained was ground into 
a fine powder and collectted to use. The powers of flake 
BN and fibrous BN were processed in the same way. 

2.4 Adding 1%, 2%, 3% BN powers to EP

20ml of epoxy resin and 0.3g of powers of globular 
BN was added into the breaker respectively, the mixture 
was stirred 2h at the temperature of 50 , then the 10ml 
of curing agent was added into the breaker, the mixture 
was stirred 0.5h at the temperature of 50 with water 
bath heating, finally the mixture was encapsulated and 
cooled at room temperature. According to the methods 
above, 0.6g and 0.9g of powers of globular BN were 
added into epoxy resin respectively. The powers of flake 
BN and fibrous BN were added into epoxy resin at the 
same volume radio in the same way.

2.5 The preparation of neat sample

20ml of epoxy resin was added into the breaker and 
the mixture was stirred 2h at the temperature of 50 ,
then the 10ml of curing agent was added into the breaker, 
the mixture was stirred 0.5h at the temperature of 50
with water bath heating, finally the mixture was 
encapsulated and cooled at room temperature.

2.6 Characterization

Tensile tests were performed according to CMT-6104 
under a two- end tensile configuration. The tests were 
conducted in a 10 KN servo-hydraulic testing machine 
equipped with a Test Ware data acquisition system. The 
machine was run at a speed of 6mm/min. All the tests 
were performed at room temperature. Test samples were 
cut and polished by using NHY-W (universal sample 
preparation instrument) and XFX (the dumbbell system 
prototype). Nine specimens from three different materials 
were prepared for tensile tests. 

3 Results and discussion 

3.1 The data of tensile properties of composites 
and data analysis 

Typical stress-strain behavior from the tensile tests is 
shown in Fig.1, Fig.2, Fig3, Fig4. All specimens failed 
immediately after the tensile stress reached the maximum 
value. The stress-strain curves showed considerable non-
linearity before reaching the maximum stress, and 
obvious yield point. was found in the curves. Three 
specimens were tested for each condition. 

Table 1. Mechanical properties of neat epoxy 
 and epoxy/BN composites. 

Specimen 

width

(mm)

Specimen 

thickness

(mm)

Modulus

(MPa)

elongation 

at break

(%)

Strength

(MPa)

tensile 

fracture 

stress

(MPa)

tensile 

yield 

stress

(MPa)

yield 

strain

neat 10.72 3.2 455.75 12.03 31.32 25.23 31.32 12.03

0.5% 
BN(Acid) 10.76 3.09 459.24 10.13 36.84 35.13 36.84 10.13

0.25% 
BN(silane) 10.99 3.11 514.8 10.44 39.11 36.46 39.11 9.27

0.25% 
BN(Acid) 10.36 2.82 462.75 9.77 32.64 28.77 32.64 8.16

0.5% 
BN(silane) 11.04 3.12 409.14 9.03 33.85 32.97 33.85 9.03

0.75% 
BN(silane) 10.66 3.08 560.9 8.6 38.47 37.93 17.53 3.02

0.75% 
BN(Acid) 11.17 2.97 482.22 9.29 36.89 36.88 36.89 9.27
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Fig.1showed the stress-strain curve of neat epoxy, 
composites added BN (acid) at the volume fraction of 
0.25% and composites added BN (silane) at the volume 
fraction of 0.25%. From the curve in Fig.1, by the same 
tensile stress, we could conclude that the tensile strain of 
composites added BN (silane) was enhanced slightly, but 
the tensile strain of composites added BN (acid) do not 
improved significantly. 

Figure 2. The comparison of the stretchability of 
neat epoxy and specimens managed (0.5%) 

 

Fig.2showed the stress-strain curve of neat epoxy, 
composites added BN (acid) at the volume fraction of 0. 
5% and composites added BN (silane) at the volume 
fraction of 0.5%From the curve in Fig.2, by the same 
tensile stress, we could conclude that the tensile strain of 
composites added BN (acid) was enhanced slightly, but 
the tensile strain of composites added BN (silane) do not 
improved significantly. 

Figure 3. The comparison of the stretchability of 
neat epoxy and specimens managed (0.75%) 

 

Fig.3showed the stress-strain curve of neat epoxy, 
composites added BN (acid) at the volume fraction of 
0.75% and composites added BN (silane) at the volume 
fraction of 0.75%From the curve in Fig.2, by the same 
tensile stress, we could conclude that the tensile strain of 
composites added BN (silane) was enhanced slightly, but 
the tensile strain of composites added BN (acid) do not 
improved significantly.

Figure 4. The comparison of the stretchability of 
neat epoxy and specimens managed (silane) 

 
Fig.4showed the stress-strain curve of neat epoxy, 

composites added BN (silane) at the volume fraction of
0.25% , composites added BN (silane) at the volume 
fraction of 0.5% and composites added BN (silane) at the 
volume fraction of 0.75%. From the curve in Fig.4, by the 
same tensile stress, we could conclude that the tensile 
strain of composites added BN (silane) at the volume 
radio of 0.5% was enhanced slightly, but the tensile strain 
of composites added BN (silane) at the volume fraction 
of 0.25% and 0.75 do not improved significantly. 

Fig.5showed the stress-strain curve of neat epoxy, 
composites added BN (acid) at the volume fraction of 
0.25% , composites added BN (acid) at the volume 
fraction of 0.5% and composites added BN (acid) at the 
volume fraction of 0.75%. From the curve in Fig.5, by the 
same tensile stress, we could conclude that the tensile 
strain of composites added BN (acid) at the volume radio 
of 0.5% and 0.75% was enhanced slightly, but the tensile 
strain of composites added BN (acid) at the volume 
fraction of 0.25% do not improved significantly. 

3.2 Analysis of the tensile performance results 

From Table1 and Fig1~3, we could conclude that the 
tensile strength, elastic modulus, tensile fracture stress 
and tensile yield stress of the composites materials added 
silane coupling agent treatment or acidification treatment 
of BN exhibit enhanced obviously compared with neat 
epoxy, which proves that BN powers play a role in the 
composite materials, but the yield strain and the 
elongation at break decreased, what explain it is that 
adding BN powers developed the tensile fracture stress of 
composite materials.
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Figure 1. The comparison of the stretchability of 
neat epoxy and specimens managed (0.25%)



Figure 5. The comparison of the stretchability of
neat epoxy and specimens managed (acid) 

 

Fig.4 showed that the tensile strength of composite 
materials added BN (silane) is higher than the tensile 
strength of composite material added BN (acid) at the 
same volume fraction, because the structure of BN was 
destroyed because of acidification, which makes it 
difficult to perform the net structure in the composites. 

Fig.5 showed that the tensile strength of composite 
material increase continuously and the tensile yield stress 
of composite material decrease continuously with the 
growth of BN (acid or silane), the reason is that the net 
structure changes more and more obviously and the scope 
of reach of the net becomes bigger and bigger, which 
makes the tensile fracture stress gets higher and higher. 

3.3 Reasons and discussion of thermal 
conductivity of composite material 

From Table3, the thermal conductivity of composites 
added BN (acid or silane) exhibit enhanced obviously 
compared with neat epoxy, which proves that BN powers 
play a role in the composite materials. But the thermal 
conductivity of composites add BN (acid or silane) at the 
volume fraction of 0.25% decrease slightly compared 
with neat epoxy, the reason is that adding BN powers 
cuts the original chain of thermal conductivity, which not 
only do not improve the ability of heat conduction but 
also makes it lower. 

The thermal conductivity of composites added BN 
(silane) is lower than the composites added BN (acid) at 
the same volume radio of BN powers, the reason is that 
the acidification enhances the interaction between fillers 
of BN and matrix, which makes it easy to perform net 
structure, the net could be used to the faster path to 
complete the heat dispersion, which develops the thermal 
conductivity of composites. 

The coefficient of thermal conductivity of composite 
material increase continuously and the tensile yield stress 
of composite material decrease continuously with the 

growth of BN (acid or silane), because the area of  the net 
in the composites becomes bigger and bigger, the thermal 
conductive path is more and more intensive, which is 
more conducive for the heat condution. 

Table 2. The tensile data of the specimens. 

serial 

number
type

parameter

mm
data

1 neat

width
W 10.86 10.83 10.72

thickness
d 3.18 3.21 3.2

2 0.5% 
BN(Acid)

width
W 10.77 10.76 10.88

thickness
d 3.16 3.18 3.09

3 0.25% 
BN(silane)

width
W 11.05 10.99 10.97

thickness
d 3.11 3.13 3.22

4 0.25% 
BN(Acid)

width
W 10.36 10.55 10.4

thickness
d 2.87 2.82 2.88

5 0.5% 
BN(silane)

width
W 11.06 11.04 11.02

thickness
d 3.11 3.12 3.18

6 0.75% 
BN(silane)

width
W 10.63 10.69 10.66

thickness
d 3.09 3.08 3.2

7 0.75% 
BN(Acid)

width
W 11.17 11.3 11.24

thickness
d 2.96 3 2.97

Note: color background data for selecting the optimal data 
during the test

Figure 6. Coefficient of thermal conductivity contrast 
before and after processing 
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Table 3. The thermal conductivity of epoxy/BN composites. 

environmen

t

temperature

K

Coefficient of thermal conductivity

W/m*k

optima

l data

neat
296.8 0.219

1
0.220

6
0.220

6
0.220

9
0.221

1
0.2202

296.8 0.219
2

0.219
3

0.220
6

0.25% 
BN

(Acid
)

296.56 0.211
3 0.208 0.208

2

0.2145
296.74 0.204

2
0.203

9
0.204

4 0.204 0.204
1

296.93 0.214
1

0.214
9

0.214
6

296.29 0.204
7

0.204
9

0.204
7

0.5% 
BN

(Acid
)

297.3 0.225
5 0.226 0.227

4
0.2263

297.37 0.225
6

0.227
1

0.226
5

0.75% 
BN

(Acid
)

297.32 0.229
8

0.229
3

0.229
4

0.229
8

0.229
4

0.2294297.55 0.223
5

0.223
4

0.223
9

0.223
7

0.223
7

297.4 0.213
6 0.214 0.214

3
0.213

6
0.215

3

0.25% 
BN

(silane)

296.65 0.211
2

0.211
5

0.211
6

0.2168296.83 0.219
1

0.215
7

0.215
6

296.86 0.214
5

0.218
2

0.217
2

0.218
5

0.219
1

0.5% 
BN

(silane)

295.57 0.216 0.216
1

0.218
8

0.215
5

0.218
3

0.2219
296.26 0.220

9
0.221

1
0.221

8
0.221

6
0.220

9

296.76 0.220
3

0.220
6 0.219 0.219

2
0.218

7

297.07 0.224
3

0.221
3

0.221
4

0.222
1

0.223
8

0.75% 
BN

(silane)

297.67 0.222 0.222
3

0.222
1

0.2225297.81 0.224
4

0.225
7

0.225
2

297.82 0.224
4

0.224
9

0.224
6

 
4 Conclusions

The tensile strength, elastic modulus, tensile fracture 
stress and tensile yield stress of the composites materials 
added silane coupling agent treatment or acidification 
treatment of BN exhibit enhanced obviously compared 
with neat epoxy, which proves that BN powers play a 
role in the composite materials, but the yield strain and 
the elongation at break decreased, and the thermal 
conductivity of composites added BN(acid) and BN 
(silane) at the same volume radio of 0.25 also exhibit the 
trend of decline, what explain it is that the volume 
fraction of BN is too little, BN added to the composites 
could not only not form a network structure to provide 
channels for thermal diffusion but also destroyed the 
original heat conduction path. 

At the same volume fraction, fillers treated with a 
silane coupling agent provide composites with lower 
thermal conductivity and higher tensile strength 
compared with the ones treated with acid. 

With the increase of the volume fraction of fillers, the 
thermal conductivity and the tensile strength of the 
composites show the tendency of increase, but the tensile 
yield stress of composites exhibit significant reduction. 
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