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Synthesis of Aluminum Nitride Whisker by Carbothermal Reaction
I. Effect of Fluoride Addition
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ABSTRACT

The properties of AIN made by carbothermal reaction depend on the starting materials, quantity of liquid, the liquid-vapor phase reaction,
the N, flow rate, and the reaction temperature. AIN whisker was synthesized by the VLS and VS methods. Solid a-ALO;(AES-11) was
carbothermally reduced with carbon black in a high-purity N, atmosphere with AlF; to cause whisker grown and additional aluminum liquid
to increase whisker yield. Aluminum nitride was perfectly formed at reaction temperatures of 1600°C. At reaction temperature higher than
1600°C the aluminum nitride was completely formed, while the composition remains unaffected. Needle-shaped whiskers formed best at
1600°C while higher temperatures disrupted whisker formation. Adding O to 15 wt% aluminum to the synthesis favorably affects the
microstructure for formation of needle-shaped AIN whisker. Additions over 15 wt% degraded formation of AIN whisker.
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Fig. 1. Flow chart of experiment.
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Fig. 2, XRD patterns of AIN synthesis with different N, flow
rate at 1600°C.
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Fig. 3. XRD patterns of AIN heat-treatment at 1600°C different
start materials.
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Fig. 4. XRD patterns of AIN heat-treatment at 1650°C different
start materials.
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Fig. 5. XRD patterns of AIN heat-treatment at 1700°C different
start materials.
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Fig. 6. SEM images of AIN afier heat-treatment at 1600°C
without additives (a) AlLOs;, (b) AWOH);, and {(¢)
AIOOH.
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Fig. 7. XRD patterns of remove carbon heat treatment at . . . ..
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Fig. 8. SEM images of AIN with 40 wt% fluoride (a) AlF;, (b)
NH,F, and (¢) CaF,.
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Fig. 10. SEM images of AIN whiskers according to different
weight percent of AlF; (a) 20 wt% AlF;, (b) 40 wt%
AlF;, (c) 60 wt% AlF;, and (d) 80 wt% AlF;.
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Fig. 11. XRD patterns of AIN whiskers according to different
weight percent addition of aluminum.

Fig. 12. SEM images of AIN whiskers according to weight
percent of aluminum (a) 5 wt%, (b) 10 wt%, (¢) 15
wt%, and (d) 20 wt%.
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Fig. 13. XRD patterns of AIN prepared at different tempera-
tures.
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Fig. 14. XRD patterns of AIN prepared at different tempera-
tures.

Fig. 15. SEM images of AIN whiskers prepared at (a) 1500°C,

(b) 1550°C, (c) 1600°C, (d) 1650°C, and (e) 1700°C.
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Fig. 16. XRD patterns of AIN whiskers at various holding time.

Fig. 17. SEM images of AIN whiskers with various holding
time at 1600°C (a) 1 h, (b) 5 h, and (c) 8 h.
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Fig. 18. EDS of aluminum nitride whisker.

10 0 S13E
—— ke 2y

Fig. 19. TEM microphotograph of AIN whisker.
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