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Synthesis of AIN from Al,O; activated by plasma assisted ball milling
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Abstract: The synthesis mechanism of AIN by Al,O; powders through carbothermic reduction reaction was investigated,
in which the ALLO; powders was activated by plasma assisted ball milling (PM) or by conventional ball milling (CM). The
results indicate that Al,O; powders activated by plasma assisted ball milling for 40 h can be converted to AIN totally
through carbothermic reduction reaction when annealed at 1400 ‘C for 4h in N,. It is gas reaction mechanism for the
carbothermic reduction reaction of Al,O; powders after plasma assisted ball milling. The subsequent reaction temperature
of Al,O3; powders is reduced significantly because the reaction activation energy decreases to 371.5 kJ/mol after plasma
assisted ball milling for 40 h. A lot of lattice distortions are generated in Al,Os grain due to the cooperation of plasma and
ball milling, which is an important factor for promoting the carbothermic reduction reaction of Al,O; powders activated
by plasma assisted ball milling.
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Bl 1 ALO; UK KK SEM 1%
Fig. 1 SEM image of Al,O; powder un-milled
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Fig. 2 SEM images of PM Al,O; powder milled for different times by PM: (a) 10 h; (b) 20 h; (¢) 30 h; (d) 40 h
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Fig. 3 SEM images of CM Al,O; powder milled for different times by CM: (a) 10 h; (b) 20 h; (c) 30 h; (d) 40 h
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Fig. 4 XRD patterns of Al,O; powder milled for different
times by PM and CM
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Fig. 5 Crystallite size and lattice distortion of Al,O3; powder
milled for different times by PM and CM
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Fig. 6 Conversion rate of AIN from PM (a) and CM (b)
Al,O; powders for different times after annealing at different

temperatures
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Fig. 7 XRD patterns of production from PM and CM Al,O4

powders for 40 h after annealing at 1400 'C
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Fig. 8 SEM image of AIN gained from PM Al,O; powder for
40 h after annealing at 1400 ‘C
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T i S NS oy P REAT I, SR B ML A
BRIP4

KV (D)~(3)5& ALO; BiHRIL S S W R AH S
B D B
AlLO5(s)—ALO/ALO,/Al(L) (1)

ALO(g)+C+N,—2AIN+CO(g) )

-1

460 C

390 C,
} DSC

Mass, mg

Heat flow, mW-mg
Exo

200 400 600 800 1000 1200 1400
Temperature/'C

B9 lBIERES 40 h 1) ALOy ¥y K 55 41 88K 45 J5 119 DSC-TG

£k

Fig. 9 DSC-TG curves of mixture of Al,O; powder PM for

40 h and graphite un-milled
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Fig. 10 Energy of carbothermic reduction reaction calculated
by Kissinger method of PM Al,O; powders for 40 h
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