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Abstract 
BB4C/SiC ceramic composites containing 10-20-30 vol % SiC were prepared by hot pressing method. The effect of SiC 
addition and hot pressing temperature on sintering behaviour and mechanical properties of hot pressed composites were 
investigated. Microstructures of hot pressed samples were examined by SEM technique. Three different temperatures 
(2100°C, 2200°C and 2250°C) were used to optimize hot pressing temperature applying 100 MPa pressure under argon 
atmosphere during the sintering procedure. The highest relative density of 98.44 % was obtained by hot pressing at 
2250°C. However, bending strengths of B4C/SiC composite samples were lower than monolithic B4C in all 
experimental conditions.   

 
 
1. Introduction 
 
With its’ unique physical and thermal properties such as 
high melting point, low density, high hardness, high wear 
resistance, high elastic modulus and high neutron 
absorption cross-section, boron carbide (B4C) is widely 
used not only in multifunctional ceramic systems, but 
also as a light-armour material or as a corrosion-resistant 
fusion reactor cladding [1-4]. However, this applications 
has been restricted due to their low fracture toughness 
and strength and also poor sinterability due to a low self-
diffusion coefficient.  
 
It is very difficult to sinter B4C with density higher than 
approximately %80 of the theoretical. To improve its 
mechanical properties and sintering behaviour, a variety 
of second phases such as C, Al, Fe, Ti, SiC, TiB2, Al2O3, 
ZrO2 added as sintering aids [5-8]. However, addition of 
metallic phases with low melting point temperatures 
generally reduces the physical and mechanical properties 
of hard ceramics [5]. Addition second phases are limited. 
Addition small amount of Al2O3 increased the 
sinterability of B4C with improvement in density 
mechanical properties such as hardness, flexural strength 
and fracture toughness were also increased [6]. ZrO2 was 
added to B4C to improve sintering and mechanical 
behaviour of the B4C [7]. Some studies on TiBB2 dispersed 
B4B C ceramics have been investigated to improve strength 
and toughness [8]. 
 
Some investigations focused on Si3N4, SiC and TiC as 
additive in B4C matrix have been done to improve 
sintering behaviour and mechanical properties of B4C 
[9]. Laminated B4C-30 wt % SiC/B4C ceramics were also 
investigated to improve hardness, fracture toughness and 
ballistic performance of B4C. Bending strength of 632 
MPa has been obtained with three layered composite, 
whereas 662 MPa could be reached with nine layered 
BB4C-30 wt. % SiC/B4C composites. There is no much 
studies on B4B C-SiC composites. In this study, the effect 
of amount of SiC on sintering behaviour and mechanical 

properties of hot pressed BB4C matrix composites were 
investigated. 
 
2. Experimental Procedure 
 
BB4C powder (H.C. Starck-Grade HP) mixed with 10-20-
30 vol % SiC (H.C.Starck) using ball mill with a 
polyethylene bottle and SiC balls in ethanol for 20 h. The 
slurry was dried at 125 C for 120 min. Some chemical 
and physical properties of B

o

4C and SiC powders are 
given in Table 1 and Table 2, respectively. 
 
Table 1. Some chemical and mechanical properties of 
BB4C powder used in experiments. 
 

B:C  3.85 
C, wt % 21.8 
N, wt % 0.7 
O, wt % 1 
Si, wt % 0.05 
Al, wt % 0.15 
Others, wt % 0.5 
Spec. Surf. Area(g/cm3) 6-9 
d 50, (µm) 2.5 

 
 
 
After granulation, the powder mixtures were hot pressed 
2100-2200 and 2250oC under 100 MPa for 60 min. The 
resulting samples were 50×50×8 mm dimensions. Hot 
pressing was conducted in a vacuum hot press (VIC-
Vacuum Industries Centorr) at app.10-5 torr between 
graphite dies. The temperature was monitored by an 
optical pyrometer. The heating rates were 35°C/min. to 
1500°C and 25°C/min. to 2100°C, 2200°C and 2250°C. 
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Table 2. Some chemical and mechanical properties of 
SiC powder used in experiments. 
 

C, wt % 29-30 
O, wt % 1.5 
Al, wt % 0.03 
Ca, wt % 0.01 
Fe, wt % 0.05 
Others, wt % 0.5 
Spec. Surf. Area(g/cm3) 14-16 
d 50, (µm) 0.55 

 
Hot pressed samples were cut into mechanical testing 
pieces with a diamond disc and polished using polishing 
machinery with diamond paste. Sample densities were 
determined by Archimedes’ technique. Bending strength 
was measured by three point bending test, which applied 
according to ASTM E 399-90, using Instron 1195 
universal test machine. Hardness measurement was 
tested on micro Vickers Model LL, Tukon Tester, the 
applied load was 1 kg. Microstructural observations were 
carried out in a JEOL FESEM 7100 scanning electron 
microscope (SEM). Phase compositions of samples were 
determined by x-ray diffractometer (Rigaku-Rint Dmax-
1000) with CoKα..   
 
3. Results and Discussion 
 
Relative density depends on hot pressing temperature for 
different SiC content of the samples are given in Fig.1. 
By hot pressing samples containing 10-20-30 vol % SiC 
at 2100°C for 1h at 100MPa, 84-85 % relative densities 
could be obtained. When the temperature increased to 
2200°C, relative density values increased to 90-93 %. 
However, further increase in temperature to 2250°C 
resulted decrease in relative density of sample containing 
30 % SiC to 90 %, whereas the highest relative density 
obtained as 98.44 % with samples containing 10 vol.% 
SiC.     
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Figure 1. Temperature dependence of the relative density 
of B4C samples containing 10-20-30 vol. % SiC applying 
100 MPa for 1 h. 
 
To understand the sharp decrease in relative density at 
2250°C with samples containing 30 vol.% SiC, phase 

compositions of all samples were examined with XRD 
and X-ray diffractograms of samples containing 10,20, 
30 vol. % SiC for 2100°C, 2200°C and 2250°C are given 
in Figure 2, Figure 3 and Figure 4, respectively.  
 

 
Figure 2. XRD patterns of samples hot pressed at 2100°C 
applying 100 MPa pressure for 1 h and containing a) 30 
vol.% SiC, b) 20 vol.% SiC, and c) 10 vol. % SiC.(●: 33-
0225;B13C2, ▲: 49-1428;SiC) 
 

 
Figure 3. XRD patterns of samples hot pressed at 2200°C 
applying 100 MPa pressure for 1 h and containing a) 30 
vol.% SiC, b) 20 vol.% SiC, and c) 10 vol. % SiC.(●: 33-
0225;B13C2, ▲: 49-1428;SiC) 
 

 
Figure 4. XRD patterns of samples hot pressed at 2250°C 
applying 100 MPa pressure for 1 h and containing a) 30 
vol.% SiC, b) 20 vol.% SiC, and c) 10 vol. % SiC. (●: 
33-0225; B13C2, ▲: 49-1428;SiC) 
 
In Figure 2 and 3, it is seen that increasing SiC addition 
into B4C increases the peak intensities of SiC at 2100°C 
and 2200°C. When SiC content change from 10 vol.% to 
20 vol. % at 2250°C, intensity of SiC increase, however 
30 vol. % SiC addition resulted decrease in intensity of 
SiC peaks. This might be due to amorphous eutectic 
formation between boron and silicon at 2250°C. And this 
glassy phase also might be caused to decrease in density 
at 2250°C with 30 vol. % SiC.  
 
Table 3 shows the Micro Vickers hardness of samples 
containing 10-20-30 vol.% SiC and hot pressed at 
2100°C, 2200°C and 2250°C. In each hot pressing 
temperature, increasing SiC content increases hardness of 
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samples. However, increasing hot pressing temperature 
does not have significant effect on hardness of samples. 
 
Table 3. Hardness values of samples containing 10-20-30 
vol. % SiC hot pressed at 2100°C, 2200°C and 2250°C. 
 
 2100°C 2200°C 2250°C 
10 vol. % SiC 11 ± 2 GPa 12 ± 3 GPa 12 ± 1 GPa 
20 vol. % SiC 21 ± 3 GPa 22 ± 3 GPa 21 ± 4 GPa 
30 vol. % SiC 31 ± 3 GPa 29 ± 4 GPa 31 ± 3 GPa 
 
Three point bending measurements of samples 
containing 10-20-30 vol.% SiC and hot pressed at 
2100°C, 2200°C and 2250°C are given in table 4. The 
highest flexural strength of samples was obtained with 
samples containing 30 vol. % SiC and hot pressing at 
2100°C.  Due to the high porosity (low density) of these 
samples, flexural strength value could be reached to half 
of the monolithic B4C ceramics. Increasing hot pressing 
temperature decreases flexural strength of B4C-SiC 
composites. Sharp decline of flexural strength at 2250°C 
can be caused the formation of glassy phase at this high 
temperature.   
 
Table 4. Bending strength of samples containing 10-20-
30 vol. % SiC hot pressed at 2100°C, 2200°C and 
2250°C. 
 2100°C 2200°C 2250°C 
10 vol. % SiC 187.5 MPa 115.6 MPa 113 MPa 
20 vol. % SiC 117.4 MPa 112.8 MPa 117.2 MPa 
30 vol. % SiC 235.8 MPa 207.1 MPa 98 MPa 
 
Figure 5 shows the microstructure of sample containing 
30 vol. % SiC hot pressed at 2100°C. EDS analysis 
showed white large particles are SiC, dark grey parts are 
BB4C and grey matrix is B4C and SiC particles together. 
SiC particles show abnormal grain growth and larger 
then 100 μm by hot pressing at 2100°C 
 

 
 
Figure 5. Back scattered electron composition image of 
fractured surface of sample containing 30 vol. % SiC hot 
pressed at 2100°C.  
 
 

Similar microstructure is also obtained with samples 
containing 30 vol.% SiC hot pressed at 2200°C and given 
in figure 6. Large SiC particles inhomogenously 
dispersed in B4C matrix. Light grey matrix contains both 
small B4C and SiC particles and is given in high 
magnification in Figure 7.  
 

 
 
Figure 6. Back scattered electron image of sample 
containing 30 vol. % SiC hot pressed at 2200°C. 
 

 
 
Figure 7. Back scattered electron image of gray matrix of 
sample containing 30 vol. % SiC hot pressed at 2200°C. 
 
Composition images of fractured surface of sample 
containing 30 vol. % SiC hot pressed at 2250°C are given 
in Figure 8 and 9. Large SiC particles were not observed 
on the fractured surface of the sample. White, small SiC 
particles homogenously dispersed in B4C matrix. This 
might be due to glassy eutectic formation between SiC 
and B4C by adding 30 vol. % SiC at 2250°C.  
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Figure 8 Back scattered electron composition image of 
fractured surface of sample containing 30 vol. % SiC hot 
pressed at 2250°C. 
 

 
Figure 9. SEM image of fractured surface of sample 
containing 30 vol. % SiC hot pressed at 2250°C. 
 
 
4. Conclusions 
 
BB4C- 10 vol. %, 20 vol.%, 30 vol.% SiC ceramic 
composites were fabricated by hot pressing of 
mechanically mixed B4B C-SiC powders at 2100°C, 
2200°C and 2250°C applying 100MPa for 60 min.. 
Increasing SiC content from 10 vol.% to 30 vol % and 
increasing hot pressing temperature form 2100°C to 
2200°C resulted increase in relative density. However, by 
hot pressing at 2250°C, when the amount of SiC addition 
increases from 10 vol. % to 30 vol. %, density of sample  
decrease from 98.44 % to 89 % of theoretical value. This 
might be due to the formation of glassy phase at 2250°C 
with increasing SiC addition. Increasing SiC content 
resulted increase in hardness of samples for each hot 
pressing temperatures.  But change of hot pressing 
temperature from 2100°C to 2250°C did not affect the 
hardness of samples. The highest hardness value could be 
reached was 31 GPa with sample containing 30 vol.% 
SiC. The highest flexural strength of samples was 238 
MPa which is half of the flexural strength value of 
monolithic B4C ceramics. So, 10 vol.%, 20 vol. % and 30 

vol.% SiC addition to B4C at 2100°C, 2200°C and 
2250°C does not cause to improve their flexural strength.  
 
Acknowledgment 
 
The authors would like to thank Assoc. Prof.Dr. Gültekin 
Göller and technician Hüseyin Sezer for electron 
microscopy studies. 
 
 
References 
 
[1]. Thevenot F., Boron carbide-A Comprehensive 
review, J. Eur. Ceram. Soc.,1990, 6, 205-225. 
[2]. Weimer A.W., Carbide, Nitride and Boride Materials 
Synthesis and Processing, New York,1997. 
[3].Johnson W.C., Advanced Materials and Powders, 
Am.Ceram.Soc. Bull., 2001, 80, 64-66. 
[4]. Evans A.G., Perspective on the High Toughness 
Ceramics, J. Am. Ceram. Soc., 1990, 73-2, 187-206.  
[5]. Schwetz K.A. and Grellner, W., The Influence of 
Carbon on the Microstructure and Mechanical Properties 
of Sintered Boron Carbides, J.Less-Common Met., 1981, 
82, 37-47.   
[6].  Kim H-W., Koh Y-H., Kim H-E, Densification and 
Mechanical Properties of B4C with Al2O3 as Sintering 
Aid, J.Am.Ceram Soc., 2000, 83-11, 2863-2865. 
[7]. Kim H-W., Koh Y-H., Kim H-E, Reaction Sintering 
and Mechanical Properties of BB4C with Addition of ZrO2, 
J. Mater. Res., 2000, 15, 2431-2436.  
[8]. Yamada S., Hirao K., Yamauchi Y., Kanzaki S., 
High Strength B4C-TiB2 Composites Fabricated by 
Reaction Hot-pressing, J. Eur. Ceram. Soc., 2003, 23, 
1123-1130. 
[9]. Yuhua Z., Aiju L., Ruixia S., Yingcai L., Reactive 
and Dense Sintering of Reinforced-Toughened B4C 
Matrix Composites, Mat.Res.Bull., 2004, 39, 1616-1625. 
[10]. Orlovskaya N., Adams J., Sankar J., Yarmolenko 
S., Lugovy M., Subbotin V., Rachenko O., Chheda M., 
Shih J., Desing and manufacturing B4C-SiC Layered 
Ceramics for Armor Application, Cer. Trans. 2003, 151, 
59-69. 
 

Sintering'05 409




