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Effect of Ca-compound on low temperature synthesis of AIN ultrafine powders

by carbothermal reduction nitride route from sol-gel precursor

YANG Qinghua, WANG Huanping, ZHANG Wenjuan, CHEN Shuwen,
HUA Youjie, WANG Shifeng, XU Shiqing
(School of Materials Science and Engineering , China Jiliang University, Hangzhou 310018, Zhejiang, China)

Abstract: AIN ultrafine powders were synthesized at a low temperature by carbothermal reduction nitride
(CRN) route from a sol-gel precursor by using aluminum nitrate, glucose and calcium nitrate as raw
materials. The influence of Ca-compound on the phase transformation behavior of the precursors, as well
as the particle size and morphology of synthesized AIN powders were investigated. X-ray diffraction
patterns showed that Ca-compound reacted with alumina powder and resulted in aluminate phases of
CaAl,O;, Ca;Al,,O5, CaAl,O, and Ca;; Al;; O,;. Those aluminate phases became liquid phase during the
nitradation process, which promoted the transformation of Al;O; to AIN and vaporized at a high
temperature. Compared to the approach without additive, Ca-compound addition reduced the synthesis
temperature of AIN from 1500°C to 1400°C. SEM photographs showed that AIN powders synthesized with
Ca-compound addition were larger than those without Ca-compound addition, and high doping of
Ca-compound led to the growth of AIN powders. With [ Ca]/[ Al] of 0.0262, the particle sizes of AIN

powders synthesized at 1350°C were 60—80 nm. When the nitradation temperature was increased to 1400°C ,
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the single AIN with the particle sizes of 100—180 nm was obtained.
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Table 1 Compositions of raw materials

Sample [C]/[Al] [Cal/[Al] CaQ/ % (mass)
1 5 0 0
2 5 0.0131 2
3 5 0.0262 4
4 5 0. 0407 6
5 ) 0. 0551 8
6 5 0.0703 10
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Xk FA4HT (DTA-TG): R EE TA
SDT Q600 HY 4 43 A A 22 6 U BR M A 11 28 A2k
O, AR FHREFES 10°C « min ',

X B AT 540 (XRD): SR FH 7 & Bruker
Axs D2 B X I 26 77 5 4000 72 FE 5 0 5 AR 25 4
CuK, #5%f. A=0.15406 nm, % H N 30 kV, 4
BN 10 mA, = E Y 10°~80°,

B 25 (SEM): R H A HITA-
CHI S-4800 A4 4l H T 5 S0 5% WL 28 48 410 ) 1 119 2
WIES . PR, TAEHRE 15 kV,
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Fig. 1 DTA-TG curves of foamy powders
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Fig. 5 SEM photographs of products synthesized at
different temperatures with [ Ca]/[ Al] of 0. 0262
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Fig. 6 SEM photographs of products synthesized

at 1400°C with different Ca additives
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Table 2 Phase transitions of precursors with different Ca

contents during their nitridation reaction process

Sample 1350°C 1400°C 1450°C
1 AIN; Al O AIN; Al Oy AIN; AL O;
2 AIN; CaAl, O AIN AIN
3 AIN; CaAl,O7; AIN AIN
Caz Alyo O

4 AIN; CaAl;O7; AIN AIN
Caz Al Oy

5 AIN; CaAl;O7;  AIN; CaAlOgs AIN
Caz AlyoOss Caiz Al14 Os;

6 AIN; CaAl;O7;  AIN; CaAl Oy AIN
Caz Al Oy Caiz Al Og;

TERRBPGA JE AT (1350°C), FiLRIAT CaO 5
ALO, [V B4 K CaALO, #, [F B f 2> &
Cay Al O AHAE B, X I B Al 25 J R A

CaO(s)+ 2AL0O; (s)—>CaAl,O; (s) (D
3Ca0O(s) + 5AL0O; (s)—>Ca; Al}, O () (2)

TE CaO 1y 5 25 W 79 LA ik A J7 24 #F & Ak 55
P sUE R ai i B, CaO 5 ALO, N
BRI 1 TR B — B FE 1500 ~ 1600°CH i AE
AW H . T ERHEAE S TR SR AW,
Wik CaO 5 AL Oy FEART 1350°C (i F BRI g
BN A I CaAlLO; A F1 CazAl, O M. IF 7
1350°C ZE A5 1AL T2 BGHRAE - DABORE 0 A 3 m 1
R & W) B4y BT R R B T A #E AL O,
] AIN 56745, A RBEAL T AL & R E. K
I, A R be 4 B 7R AS A AE S5 3R 48 B g AR R
S AR, AT DUAE R HAGA R 0 B iR AL B By
A rp B AR AR

Wl & A AR B AR 22 = 2 1400°C, CaAlL O
F Cay Alyo Oy 75 LAV AR T AF FH 2 5 4 1 32 50 (7]
IR K, BRI AHTE R SAER N AW
A . CaAlLO; M5 A& WA B CaAl O, #H.

MM Cas Al O A ] Cayy Alyy Oy AHFE AE X 1Y
s oz
CaAl, O; (s)+ 3C(s)+ N, (g)—
CaAl, O, (s)+ 2AIN(s) + 3CO(g) (3
4Ca;z Al Oy (s) + 39C(s)+ 13N, (g)—>
Caj; Al O3 (s) + 26 AINCs) + 39CO(g) (€9
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4 TR S 4R EE AR Bl 00262 B, £E 1350°C
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