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Table 1 Parameters of amorphous boron powder and

nano-aluminum powder

Particle sizemm  Purity/%
1000—5000 90
100-200 87

Raw material

Amorphous boron powder

Nano-aluminum powder

¥ 250nm

1 JoETEIIN SEM R RIZKEEH TEM 15
Fig. 1 SEM image(a) of amorphous boron powder and

TEM image(b) of nano-aluminum powder
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B2 AETIEREER LA =1 SEM 4

Fig. 2 SEM images of sintered products with different molar ratios of B powder and Al powder: (a) 1.5:1; (b) 2:1; (¢) 2.5:1; (d) 3:1
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Fig. 3 XRD patterns of sintered products with different
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molar ratios of B powder and Al powder
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Table 2 AIB, content, combustion heat value and efficiency

Experimental combustion Theoretical combustion Combustion
0,
Sample W(AIB,)/% heat/(MJ-kg ™) heat/(MJ-kg ™) efficiency/%
Amorphous boron powder - 13.9 58.7 23.7
Nano-aluminum powder - 26.2 30.8 85.1
n(B):n(Al)=1.5:1 34.5 27.8 413 66.5
n(B):n(Al)=2:1 36.2 30.6 432 70.8
n(B):n(Al)=2.5:1 30.3 29.7 43.6 68.1
n(B):n(Al)=3:1 28.4 29.1 46.1 63.1
*—Al,B,0 H AIB, & & (30, B 455 S0 R B PVl e 14 n
452U
> —ALO, JE BEAR, 4B S5 IELIEE J 800 C EIE ) i ALB, 5t
xox n(B):n(Al)=3:1 . . R B ]
* %X 0 o 4 0%, & N 53.8%I, HIARIVE B, 1A% 33.3 MJ/kg,

n(B):n(A1)=2.5:1
n(B):n(Al)=2:1
n(B):n(Al=1.5:1
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Fig. 4 XRD patterns of oxidation products of different

boron-aluminum alloy powder
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Bl 5 ARBESRE TMEE e SEM &

Fig. 5 SEM images of boron-aluminum alloy powders at different sintering temperatures: (a) 750 C; (b) 800 ‘C; (c) 850 C;

(d) 900 C
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Fig. 6 XRD patterns of boron-aluminum alloy powders at

different sintering temperatures
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Table 3 AIB, content, combustion heat value and efficiency of boron-aluminum alloy powder sat different sintering

temperatures
Sintering W(AIB,)/% Experimental combustion Theoretical combustion Combustion
temperature/'C e heat/(MJkg ") heat/(MJ-kg ") efficiency/%
700 36.2 30.6 432 70.8
750 42.0 31.3 432 72.4
800 53.8 333 432 77.1
850 56.9 31.7 432 73.4
900 67.2 304 432 70.4
280 20
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£ 200 o £ o
= -100f E\D % ——56.9% %
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Fig. 7 TG—-DSC curve of amorphous boron powder in

80

oxygen atmosphere
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Fig. 8 TG-DSC curve of nano-aluminum powder in

oxygen atmosphere
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Fig. 9 DSC curves of boron-aluminum alloy powders with

different A1B, contents in oxygen atmosphere
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Table 4 Thermal oxidation temperature parameters of different boron-aluminum alloy powders

Sintering . AlB,/% Initial 0x1dat1°0 . Peak temperature/C End temperature/‘C At/°C
temperature/'C temperature/'C
750 42.0 718.7 727.1 732.0 13.3
800 53.8 729.5 734.4 742.3 12.8
850 56.9 751.0 772.5 800.0 49.0
900 67.2 797.6 826.9 853.2 55.6
170 \ b b 1 s §
e 1 46 0 P 8 T A A8 2 - B
——53.8% %5, 1980 'C, AlB, fHIl 78 4= 70 N & A Il A 7
150} ——356.9% ‘ o N
——67.2% MRS ERAE AR AIBy,, 15 B IR L3 — P&,

1101

90 ! ! ! L !
100 300 500 700 900 1100
Temperature/C

10 A AIB, & B & SR AR TR TG
it £
Fig. 10 TG curves of boron-aluminum alloy powders with

different AlB, contents in oxygen atmosphere

x5 AFEMEG SR AR PR R
Table 5 Quality change during oxidation of different

boron-aluminum alloy powders

oo “ABI% % st
750 42.0 43.9 20.1
800 53.8 33.9 32.0
850 56.9 16.6 354
900 672 8.6 41.0
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Preparation and oxidative combustion property of
boron-aluminum alloy powder

ZHANG Hao, LIU Ying, LI Hong-yang, LI Hong, ZHAO Xiu-chen

(School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Boron powder and nano-aluminum powder were used as raw materials to prepare boron-aluminum alloy
powder that mainly composes of two phases: Al and AIB,. Scanning electron microscope, X-ray diffractometer,
oxygen bomb calorimeter and synchronous thermal analyzer were used to study the energy release characteristics
and thermal oxidation performance. The results show that the AIB, content of the boron-aluminum alloy powder
increases with the sintering temperature, and the combustion heat value and combustion efficiency of the
boron-aluminum alloy powder are higher than those of the amorphous boron. When the mixed molar ratio of boron
powder and nano-aluminum powder is 2:1, and sintered at 800 ‘C for 2 h, the measured combustion heat value of
the boron-aluminum alloy powder is 33.3 MJ/kg, and the corresponding combustion efficiency is 77.0%.
Compared with amorphous boron powder, the measured combustion heat value increases by 139.6%, and the
combustion efficiency increases by 53.4%.The mechanism is that a high-melting boron-aluminum composite oxide
forms during the combustion of the boron-aluminum alloy powder, which effectively reduces the generation of
low-melting liquid B,Os layer, thereby promoting the oxidation and exotherm of the boron-aluminum alloy powder.
The thermal oxidation characteristics test shows that the oxidation starting temperature, peak oxidation temperature,
and oxidation termination temperature of the boron-aluminum alloy powder are significantly higher than those of
the amorphous boron powder, and they increase with the content of AlB,.

Key words: aluminum alloy; borides; sintering; combustion heat
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