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COMBUSTION SYNTHESIS (CS) OF
AIN-SiC SOLID SOLUTION CERAMICS
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ABSTRACT The feasibility of synthesizing AIN-SiC solid solution ceramics by combustion synthesis
reaction is demonstrated through igniting the mixtures of aluminum, silicon, carbon black under different
nitrogen pressure. The effects of the nitrogen pressure and the ratio of Al/Si+C on the phase formation
of product and the characteristics of combustion behavior were investigated. Combining thermodynamic
analysis, the reaction sequence and reason for CS AIN-SiC solid solution were explained.
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Al/Ny HREBR B (-318kJ/mol) 4R, ERFEMMAHT, ERERSHIRE, 7T
LSRR AT HERNYMETR, TEMA—EEK AINBREABER. MW Si/C ARKK
kR (—69.5kI/mol), ELHh R Di¥ R T EMAET 1200 C, MERNA 68 A BEAT . FIA
A1/N, TR B B R SRR KR Si/C RPN B BREHAT, B Bk AIN FRE R A

1 £ % 7 #

RBE A B L W] R R A«
(1'— z)Al + Si + 2C + (1 — z)/2N; —> (1 — 2)AIN + 2SiC (1)

SR8 e=0(BEFHEHH, FTH), 2=30%, 50%, 60%, 85% B L, ¥ Al Si, C ZE47 ERIREHL
FiRA sh. HIBABHAEMEBAS AN RS, REETBHK SHS RNBA, WES
% 133Pa, H WA ZW. AARSETENES, B AL SRE0 ER5 R R MY K.

K W/3%Re-W/25%Re # 18 B H:30 A BN Y4 5 o ) B 4R e S 100 R B8 B R o8 U 3,
HEE S A/D HBFWATTEN, FH W/3%Re-W/25%Re H B H 2 EIRER 0.5%. &
BAEYA X SHARATH i (XRD, Cu e, K,) ATHAN. FEHREWE A ™YK Hu
E 5.

2 % R 5 W ®

21 WSENHEM

Wk (1) o, 2=30%, BAEHHHI% 3, 8, 12MPa B, MREF=WHWAHLRME 1 Fix.

LA B, B RAUE 7RO, SRS AL Si MATHIGERIRGE, M EHE 12MPa
B, KERIM AL Si RPN K, MEFW Rl AIN-SIC tERHA M. ERRNASE
HF WOBRES = 1  BA HiBL SiaNa, AL Cy #.

RE, MEUEAF R, MPCRER IR, MR R B R (3 1).

BEE R S IO, BUTRRAE AR MR B R I B IR, JUS R MR RT I B A K
B, B Al R B RS, R E AR AR GRS, WG % ae R A,
W, AL Si BATSHERERUE /10T T RS, MM AUE % 12MPa B, Al Si MRS 54
Wk, MBI IR PR 2R SR BR IR RO, SRS MR R i Bt i 0 0 B BUM e Bk
E MR (% 1).

£ 1 AAENHREREMREHEEEENE W (2=30%)

Table 1 Effect of nitrogen pressure on combustion temperature and wave velocity

Nitrogen presure/MPa 3 8 12
Combustion temperature/ C 1810 1940 ~ 2090

Combustion wave velocity/mm-s~?! 0.98 1.70 Y2.31
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Fig.1 XRD patterns of the combustion prod-
uct under different nitrogen pressure
as z=30%. (a) Pn,=3MPa; (b)
Pn,=8MPa; (c) Pn,=12MPa
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Fig.2 XRD patterns of the combustion prod-
uct as £=30%(a), 50%(b) and 60%(c)

m 2

# 8MPa BAEST Al/Si/C BRMMBE =Y EEH AIN-SIC Bk R BRIME Si

MR, HP a=30% B, BRERFFRRM Si 250, RNF=YHEFEESBRRME Al WHE 2a

Fim. 7E SMPa MAEA T, MESW BT RN « HOMMTTES, RERERE G 2).

HESESEEFE 8MPa i, Bi% Si+C/ALEFL = MK, FHRBAR Si-C KT &
KA, BERER AEN RN D, BAFBURGIRE SR, WaiRpsk R,
MBEBEZR. T AN, SERMN, ERFERMYHFHEK Si+C B b pl, 24 TFRmHg
MEE. XBERT ALRKRAL, EUBERR MY Si+C B by il o3 hn, #REer=4h4a

BRTAIE AW K. W 2b, ¢ FiR.

R 2 RECRERRPBETHE

Table 2 Velocities of the combustion wave under different z values

T 0% 30% 50%
Combustion temperature/ T 2120 1950 1800
Combustion wave velocity/mm-s—! 2.94 1.70 1.57

Si/C/N Z [l AT %75 F I W 5o
3Si + 2Ny +— SigN,

Si+ C +— SiC

B (1) #0 (2) W78
3SiC + 2Ng +— SigNy + 3C

(1)
()

®3)
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WRYE R N B4 R SisNy BR SIC BBR TR (3) i A MAERM AG, ¥ FX 3) ## SiC,
SisNy, C EIZRYIR, HEBBTHENZRATRL. WXt T N2 <, HAHBSEHHRRA:

Gy, = G}, + RTInPy, (4)
MR (3) F 1B HEERMA:
AG = 3G + G x, — 2GR, — 2RTInPy, — 3Gg;c (5)
AG =0 I
= ", 3G+ G n, — 2G%, — 3G%c .
2RT (6)

FIH SCHR [4] Fr4 HBE, 2 AG=0 i InPy, BEEE L NE 3 fin. RELIES,
W HBETH InPy, WEAEGTHE a XN A0EER, X (3) ¥ AG <0, ¥ M A #
17, ¥R SisNyg, TiARER SIiC; K2, MET ML a XN A KM, HER SIC, ALK
SizNy.

FREH, MHMESTHRBRETHS b EXNANEMN, AR AN, TTAEMR AlCs;
Rz, BER AlLCs, TIAER AIN.

ZEASTHISEE &4 T, BRES I B 5 R A 7E 2070K~2300K 22 J8], fif K /S E S1 4 3~12MPa,
SR F & 3 b SisNg 5 SiC BEX 4 RAEHE K CDEF sEEHEN. BT REEFAE KRR
BT Al(TL=660 C) #l Si(T,n =1414 C) KN A, EMEREIRE S, Al Si BRAEBKL, £
BEM IR IS, ABEASRREASKESE, RERMNIESY, KEARHRSEN
BT REABENOFREE S, BUEERE RN ELRERER, HREBBEAMT AN, SiC BEKX
ZH, SHBLRNTY R, BHE SisNg, Al,Cs HAER.

InPy, =

............................... . 25
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Fig.3 Effect of nitrogen pressure and combus- Fig.4 Curves of the combustion temperature
tion temperature on the product stabil- under 8MPa as =0, z=30%, z=50%

ity combusted by Al/SiC/N2
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B3 RAERMWBEMBERHRSENT, RNER (3) 81 AG <0, B 5 4 1% SisNy i A4
R SiC. B 4 A7E 8MPa ®AE 1, RREIA &M T BBREEIE B BE I H i A0 f 26 1, M aTLl
FH, Al/Si/C/N: KREREML (4 B, C), EXFERMEEE, HATFEEKX, ERER
B, BREEEEE, REMZWETFE, HHHATEEZNERENR, MASHEBEERST
MEBIRBERLE o, FRRBEFRFEEHEEFHANBHOFEX, ERERME, BEHER
BEUH, FEUREERERER, X8 AIN-SIC BB 4K R EAERBREM B LK. Osamu Yamada
% B EBST Si+C 7 3~10MPa ®SUE /1 F B & MR LEER th R LR B 6 S BSR4
R SisNg FFBH KB, FREREREF AL 1800 'C, MEAREK SisN, FIHER S
B, SiFIRSBRMNAER SIC. Hik, Al/Si/C/Ny REe R N2 o] X AR, BRI MY
ZRRE AL Si 5 Ny RERMAER AIN | SigNy, NI EREF T 1800 C, At SisNy
FrEG 5. SRR SiZRYS C il AIN AR AIN-SiC B4 T N aea mif: (1) £&
SiC J&, B45 AIN B AIN-SiC BE¥k; (2)Si 5 C HEUBRTFHERIAAN AIN &%, BR
AIN-SiC B ¥k, AiEFELN Si-C @B, RiSHA AIN BB AIN-SIC Bk, EE
HEZMGTAERMGER, Hib AIN-SIC BBEAKERERTRUS MR RL]W. b, #
ARIEE BB WREE=Y FHE KRR Si f57E, REI SIC M, XA Si, C LUETER
HEH#AN AIN SR AIN-SIC B ¥k, WARERK SiC 2J5, BY AIN /& AIN-SiC @5
f&. TR AIN-SIC BRI FIRT, RN Al ShSERAL B R, %I, AlMEMBHRS Si, C,
AIN B AIN-SiC B BB R ZFIKTF SisNy #9552 K N R 45 ) SRS a2 f. B,
MPEIR LAk SE T, {H[F SisNy S RATHIEL, FHEEERE, SBEE 1800 C ML I —1 A0
B 4 Fion. BEE A MABIEAL, REMNKEZEHRAD, BN E NS NEARN K Al BHE
Wi, RSB R th B WD, Mt
TR WIS R TR, K B B e
BEBMEFERX. M, YR MNTRAY
BRI B M RBEREF A TR, EHHT
Si, C 3@y &k A AIN 4% R AIN-SiC [
WA EEE®, Si, C 5 AIN B AIN-SiC
FES A2 BF) 5L I TR R SR AR X B B D, B
BRI EPE SRS, IR B A 6] RS 4L, b 2k 7E
Brec TR PR, YAFEBERKIIE—R
BERY, Si, CH¥ARESEA AIN &4%TE K AIN-SiC
B, RRME Si fl C BREERE~Y
. HERE R AFEREERE, BRBRERE 5 8MPa ®SENTF 2=30% BB i0

PR R R Si 1K) KR L8k Z !
2.3 BRIEFYR MM SR Fig.5 Micrography of combustion product as
B 5 3B Yk B — 0 IR S z=3% under 8 MPa nitrogen pressure

R, U6 BA BRSOk BAR 9 AIN-SiC B ¥ 4.
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1. % Al/Si+C BF A 7/3 B, BERSEHNOAE, MEEREAR, RekEEREM
R, BEEYd AL Si ZEEL, HEEHEXK.

2. MESEHh 8MPa i, BE Al/Si+C BT H WD, MERERK, MEEERE, R
B b Al ZWEL, BEEWNKR, RRME Si BB/

3. Al/Si/C/N #R%e4& i AIN-SiC B ¥ 4kRE, Al Si5 Ny S HEMEE R AR AN, SisNy,
FRMIRBERET R, SisN, FHRERNE, SEHEK SISEMFK C —RFEA AN G,
¥R AIN-SIiC [ ¥ 14k.

4. REIRPEIRBE R B 2 RBE =Y R RN Si KRR,

3 ¥ X W
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