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Table 1 Green compact density

Amount of C/ % 1 2 3 4

Green compact
density/ (g®*cm™?)

Relative density/ % 67.8 66.7 65.4 64.2
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Table 2 Relationships between shrinkage rate
and amount of additive, sintering

temperature, sintering time

R AL -
Sintering Amount Shrinkage rate, Lo * 100/ %

time/ min of C/ %

1900 C 2000 C 2100 C 2160 T 2200 C

1 0.41 0.:57 0. 66 0,75 0.88
2 037 0.49 0. 64 0.78 0.83
~0 3 0. 47 0.58 0.62 0.79 0. 86
4 0,33 0. 54 0. 67 0.78 0.83
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Fig. 1 Sintering kinetics of boron carbide with carbon as additive
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Table 3 Value of exponent n of Eq. (1)

Sintering temperature/ C

Amount of C/ %
1900 2000 2100 2200

0 2.69 2.78 2.87 2.74
1 3.00 2.85 2.90 2.90
2 3.16 2.86 2.79 2.90
3 2.93 2.93 3.00 2. 86
4 2.79 3.00 3.10 3.10
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Table 4 Effect of sintering temperature
and amount of carbon on relative

density( sintering time: 45 min)

Amount Relative density/ %

of C/ %

1900 C 2000 C 2100 C 2160 C 2200 C
0 72.1 73.6 75.5 76.9 78.2
1 73.0 76. 8 83.1 91.2 91.5
2 72.1 76. 8 82.6 90. 8 91.7
3 70.9 75.0 82.0 90. 4 92.4
4 70.0 74.2 81.4 90.2 92.6
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Table 5 Relative decrease in density of

green and sintered compact ( %)

Compact sintered at

1900 'C 2000 C 2100 C 2160 C 2200 C

Green compact

- 3.6 -30 -26 -17 -10 +1.1
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Fig. 2 Relationships between relative density and

amount of C at various sintering temperatures
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Table 6 Effect of powder size on activated
sintering (2160 C, 45min)

Amount of M ean size of Relative
C/ % pow der/ Hm density/ %

3 0.42 90. 4

3 5.58 73.7

3 12. 60 69. 6

Q 0.42 76.9
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Table 7 Relationship between strength and

sintering temperature, amount of C

Bending strength/ M Pa

Bending strength ¢,/ MPa

Bending strength ¢,/ MPa

240
200
160

Amount
[0

o €1% 1900 C 2000C 2100 T 2160 C 2200 C
0 46 107 94 90 92
1 74 133 128 121 118
> o1 181 173 164 161
3 144 258 269 283 277
4 112 207 216 219 231
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Fig. 3 Relationship between bending
strength and amount of C at various
sintering temperatures
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Fig. 4 Relationship between bending

strength and relative density
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Table 8 Grain size of sintered samples ( Hm)

Amount of C added/ %

Sintering
temperature/ C 0 1 5 3 4
1900 1.8 1.4 1.4 1.3 1.2
2000 3.4 2.2 2.1 1.9 1.8
2100 8.5 4.9 4.8 4.4 4.0
2160 27 7.4 6.8 6.3 5.9
2200 60 16.2 15.0 13.4 11.8
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Fig. 5 Relationship between grain size and
sintering temperature with various amount of

additive C (%) (Sintering time: 45 min)
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Fig. 6 X-ray diffraction spectra (2200 C, sintered sample)
(a) —Pure B4C; (b) —Added 1% C; (¢) —Added 2% C; (d) —Added 3% C; (e) —Added 4% C
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Activated sintering and sintering Kinetics

of boron carbide with carbon as activator

WANG Ling-sen, YANG Yrbing, ZHANG Jinrsheng, FAN Yi, WU Fang
Research Institute for Powder Metallurgy,
Central South University of Technology, Changsha 410083, P. R. China

Abstract: The activated sintering processes of boron carbide with 1% ~ 4% carbon as activator were studied. The mean size of

boron carbide ultrafine powder was 0. 42 Hm. The relationships between the density, bending strength and grain size of the sintered

compact and the quantity of additives, sintering temperature, sintering time were investigated. It was showed that the density of the

sintered compact increased even with the addition of little amount of additive( carbon) . The optimum amount of the additive ( carbon)

is 1% ~ 2%, and the optimum sintering temperature is 2 160~ 2200 C. The activated sintering kinetics of boron carbide with carbon

as activator were also researched, the results showed that the main transport mechanism was grain boundary diffusion. Finally, the

constitntion of carbon phase was studied, it was showed that the form of the added carbon after sintering was free carbon besides those

dissolved in boron carbide, and no new phase was formed.

Key words: boron carbide; activated sintering; sintering kinetics
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