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2 ) JBE IR % . A R E
g U= I IVEW e R Bk AV AG 5T M%KAR K
(1) SiCls+ (2/3)Np+ 2H, —(1/3) SisN4+ 4HCI +1/3 AG =25.9-0.0414T > 626
4t (2) SiCl+ CH,—SiC+ 4HCI +2 AG = 276.0- 0.2456T > 1124
% (3) SiCly+ (4/3)NH3 —2(1/3)SizsN4+ 4HCI +5/3 AG” = 104.0- 0.2022T > 514
G (4) SiHu+ CH,—SiC+ 4H, + B AG =-0.1- 0.2048T >0
(5) SiHa+ (4/3)NH3—2(1/3)SisN4+ 4H, +5/3 AG = - 213.0- 0.1412T >0
B (6) TiCl+ 0, —Ti0+ 2Cl, 0 AG =- 165 1+ 0.059T < 2798
% (7) AICL+ (3/4) 0, —(1/2) Al,03+ (3/2)Cl, — 1/4 AG =- 140.2- 0.0353T >0
(8) TiCly+ 2H,+ (1/2) Ny —TiN+ 4HCI + 113 AG = 43.0- 0.0472T > 911
& (9) Tily+ (1/2) CoHy+ H, —TiC+ 4HI +3/2 AG = 190.0- 0.1800T > 1056
J&  (10) Tils+ CHy —TiC+ 4HI % 32 AG = 293.9- 0.2462T > 1194
g  (11) TiCly+ NHa+ (1/2)H, —TiN+ 4HCI +3/2 AG = 111.2- 0.1738T > 640
(12) WClg+ CH4+ H, —WC+ 6HCI +3 AG =— 42.1- 0.3974T >0
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KIS E 1 ACT < 0 —RAWHY, BT L
PLye IRtz AP R iE AL e . R R =M B A
— & WIS AT, PR B AL A R P
AGY = - RTInK, (1)
R 1SRN (1) H5E 1273~ 1573 K iR
F55 905 ] P )P A8 R % S B R B A R TR B R
&R TR 2.
#*2 TIFAYVIRMNAE 1273~ 1573K T
FEEBMEMARIER

=3 Ig K,

JF5  1273K 1373K  1473K  1573K
1 1.6% 1.7% 1.89 1.9%
2 1.9 7,39 .49 .79
3 6.0 6, 3% 6,5 6.8
4 10: 7 10: 7% 106 7 106 7%
5 15.7% 15.5% 14.99 14. 49
6 579 3.4¢ 2.8¢ 2.4%
7 T2 %.2% 6.8¢ 68"
8 0.7% 0.8% 0.9% 1.0%
9 1.6% 2.29 2.79 3.19
10 0.89 1.7% 2.49 119
11 4.59 4.89 5 1% 549
12 2259 22,49 21,5° 2. 32
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PE el 2 R B
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X p AN Pa, Vo HIBALI N Joem™ 2,
T RNAXHRE K. B gefli & i VD &
F S NI P MRS L 2 R R B T &R
S B S A RS LA — 3R, BLRL TiC
NRFHATIHE . LA =M E A SisNg A
REHATIFE . THEH, TiC BIER KA
12.2em’, R IR 1.19 % 1004 ) em™ 2,
SisNy 1) BE /R A& B L 40.0 em®, 3 T 5K J7 L
2.5%x 107 *Jeem™ 2 | SR AT EUE S B AR
F#%3,

Fz3 1200~ 1500 K ;2ESEEA SizNy,
TiC ZSE{E (Pa)
BIEIK
1200 1300 1400 1500
TiC  9.2x10°8.7x1024.3x10°°1.3x 1078
SizNg  2.8x10°%5.1x10°% 5.1x10°2 4.3x 10" !
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SRR 21, 19, 17.5, 16, BARE 1
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Fz4 1200~ 1500 K T SizN, FHERRSTAME X FR
lg p/p° 1200K 1300K 1400K 1500K
10 1.79x 10”7 1.08x 10~ ' 3.50x 10~ % 6.80x 10~ %
15 2.90% 10”7 ! 1.16x 10" % 1.30x 10" '? 6. 60 x 10°
16 4.30x 10" 38 2.72x10° 18 1.30x 1073 3.30x 10%
17 7.60x 10~ % 5.19% 107 ° 9.00x 10* 1.90x 10"
18 4.30x 107 "7 6.38x 107! 6.80x 10" 1. 80 x 10*!
19 1.60x 10" % 9.23x 10° 9.30x 10" 4.10x 10%
20 6.20x 107! 2.37x 10" 3.10x 10% 3.00x 10*!
21 4. 10 10° 1.43 x 10" 3.10x 10%® 8. 70 x 10*
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— R T 1507, Bk v 2y VSRR 1
3, T SisN4 299 8.33%x 10" *Jeem™ 2. 5 I
R B SisN, CVD & Al 7t
MR 5> 5~ 1gp/p° = 6.5(1200K) . 6(1300
K) .5(1400K) - 4.5(1500K) . X1
FEXTF3R 1 FR O 3) AT 5) SBARSE L1 .
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HIZL AN R (TR) o EH g B ] L, BR T SisNg
FEE I SEN #4h, I8F StH FREH . %
FOM AR 1) S R TSR a0 1 4 Fow o R BE i
%, W4 EHATIR7E 1200K 4 2. 68 nm
1300 K 4 2. 68 nm . 1400 K 4 2.98 nm . 1500
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4 ZEBEFCVD A& Si;N, BIFER

S5 1200~ 1500 K FTiC B#ZERRSZTEMERNXR
lg(p/p°) 1200K 1300K 1 400K 1500K
3 4.7%10° % 3.9x 10" ' 3.7x107° 1.6x10°
4 4.7%107 5 3.0x10° % 7.1x107! 2.2x10*
5 2,7%10° 8 1.3x 1072 6.4x 10" 5.3x 108
6 8.8x10 2 1.3x 10 7.5 % 108 9.0x 10"
7 2.9x% 107 2.0% 10° 2.3x 10" 6.3x 10"
8 2.8x10° 1.2x 108 9.5x 10" 2.0x 10"
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Pl RN R TiC CVD Ak, H AT i
FRE BE SiaN, 22 /N1 £, 7E iR EE 1200 1300 .
1400 LA J 1500K T, EAEBKKZA @R,
lg p/p° /A% N 8.7 .55 4.5 KLt
H CVD Atk SisNy BERESHZE .
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THERMODYNAMIC ANALYSES FOR SUPERHARD
INORGANIC MATERIAL NANOSIZED POWDER CVD
SYNTHESIS PROCESSES

Liang Shuquan Huang Baiyun Zheng Ziqiao
Department of Materials Science and Engineering,
Central South University of Technology, Changsha, 410083
Szépvolgyi J
Research Laboratory for Inorganic Chemistry, Hungarian Academy of Sciences, H-1112, Budapest

ABSTRACT Thermodynamic analyses for the superhard inorganic material, such as SiC, Si3zNy, TiC, TiN and so on,
nanosized powder CVD synthesis processes were made systematically. For the metallic and the covalent bonding com-
pounds, the synthesis reaction thermodynamic driving forces increased with the synthesis temperature considerably, com-
pared with the ionic bonding compound synthesis reaction. The system pressure increase was of noticeable negative influ-
ence on the metallic and covalent bonding compound synthesis, but for the ionic compounds, its effect could be neglected.
During the nucleation processes, the critical supersaturation for the metallic and the ionic bonding compound synthesis re-
action was about 1~ 10, much lower than that for the covalent bonding compound synthesis, which was in the range of 15
~ 20. In practice, it was impossible for the covalent bonding compound synthesis reaction to meet the above requirement.

T herefore, in most cases the assynthesized powder exists in amorphous state to reduce the nucleation activation energy.
Key words inorganic compounds nanosized powder CVD synthesis thermodynamic analyses
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