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Fig. 1 Schematic illustration of PM: 1—Electromotor; 2—
Elastic joint; 3—Vial; 4—Steel ball; 5—Vibration exciter; 6—
Electrode; 7—High voltage cable; 8—AC power; 9—Gas
cylinder; 10—Gas check; 11—Flow controller; 12—Airway;
13— Inlet valve; 14—0Outlet valve
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Fig. 2 Discharge images of plasma in milling vials: (a) In stationary state; (b) In vibrational state
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Fig.3 Waveforms of applied voltage and discharge current of plasma in milling vials: (a) In stationary state; (b) In vibrational state
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Fig. 6 Conversion rate of AIN from Al+C4H N, powder
milled for different times by PM and CM
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Fig. 8 SEM images of Al+C4H4N, powder milled for 8 h by
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Fig. 9 Backscattering electron images and element mapping of Al, C and N of Al+C4H4N4 powder milled for 8§ h by PM(a) and
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powder for 8 h after annealing at 800 C
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Effect mechanism of plasma assisted ball milling on synthesis of
ultrafine AIN from AI+C,H;N4

YANG Zhuo-li', LIAO Hai-feng" %, SUN Di"? DAI Le-yang"?, LIU Zhi-jie>, WANG Wen-chun®

(1. Fujian Provincial Key Laboratory of Naval Architecture and Ocean Engineering,
Institute of Marine Engineering, Jimei University, Xiamen 361021, China;
2. Fujian Engineering Research Center of Ship Detecting and Remanufacturing, Xiamen 361021, China;
3. Key Lab of Materials Modification, Ministry of Education, Dalian University of Technology, Dalian 116024, China)

Abstract: The synthesis mechanism of AIN from diaminomaleonitrile (C4H4N4) and aluminum (Al) by using plasma
assisted ball milling (PM) was investigated, in which the conventional ball milling (CM) was also used under the same
conditions for comparison. The results indicate that PM is much more favorable for the grain refinement and lattice
distortion of Al, as compared with that of CM, which promotes the synthesis of nanocomposite structure between Al and
C4HyN,. During the process, the plasma formed in PM can promote the deammoniation of C4;H4N, to decompose much
more free N-containing groups than that of the CM, which accelerates to react with the activated Al powders. After 14 h
milling, the conversion rate of AIN by using PM method is up to 91%, which is much higher than the value of 83% in
CM process. Furthermore, a lower nitriding reaction activation energy (353.46 kJ/mol) was obtained in the Al+C4H4N,
precursors by 8 h—PM process, which could achieve a full conversion temperature is about 800 “C, but for the 8 h—CM
process, a higher nitriding reaction activation energy (441.21 kJ/mol) needs a higher nitriding temperature in the
Al+C4HyN, precursors, leading to the melting of Al phase and evaporation of part of C4H4N,, and obviously reducing the
conversion rate to 86%. The main synthesis mechanisms of AIN through the plasma assisted ball milling is a synergistic
effect between high frequency pulse bombardment and transient “spark” on the powders by plasma discharge.

Key words: diaminomaleonitrile; AIN; plasma assisted ball milling; solid-solid reaction; activation
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