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AR A 10mm x I0mmx5mm § i, REEX. aRBHRIH—BERAER, BAREF
B, #EHMEEAERETLELE SREVERELS, URRTETRENEE.

REERNE P, FHRE K 10°C/min, 800°C MIRTHE 2, E 2B % 100Pa. 800°C LA
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FEHEMREN 50% HTRBIRBAWES, HZE N 100Pa, 7] 2 RNES NG
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Fig. 2 SiC outgrowth on the inner surfaces of samples soaked at (a) 1500, (b) 1780°C for 2h under Ar
atmosphere
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decomposing temperature of SizN, SRBRENET SIC, KER N B % #1
p Decomposing temperature/K MHRREk. 5E 2 HEFLEELE R SiC Wi

Pr re/10 y N \
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v wm R WECOM WRERBAMLAKSC
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0.001 1670 1604 Favre 85 A 16| S95F %5 B, Si() Al

0.0001 1537 1481 Ol R AT AW B, e B B BT

#WRE ST R/ SiC(s), 55 AN B 3 Si(l)

#W SiC By BERE . Ar KAT, 1860°C, Smin RATAER 4pm EFHHY SIC 25 M
1600°C . 24h 4R GY 3iC BJ/E 5 1600°C , 0.5h By ER AL, XA 10um Z£45. MWE 2 711U
B, SiCHEEZKT 10um. FHik, BRT SisNg 2 @E B Si() M C ZHMBR NI, N
ZRBERMEBENRNFE.

BTHE$RE T C 5 Si0; 4/ SiC Ry B H CO(g) £ Hob HAEKRFEFEERLR
&, EEBRNFTHEFAER CO®), FAREH ) kR P HEEERSBIE, RT3 TH—
RIIR R . 2Si(1)+CO(g)—+SiC(s)+Si0(g); Si(1)+CO(g)—+C(s)+Si0(g); 2C(s)+SiO(g)—=+SiC(s) +
CO(g); 25i3N4+3CO(g)—»3SiC(s)+35i0(g) +4N2(g). MRAERN TR —MENEH, K
WU C(s) AR CO(g), HE—HH CIFiETH, HTHRERSE T Si() BXEN, Hi,
Si(l) 5 COg) R - BENBEEM SICHEERKEZ —.
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EEERYS, —RAAXREEMR - RSN V) RERBER P BRE R R
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PRI, B b BT VRS B SO B R D —115kJ /moll18). 53 86 et i i fi 4k 2 R VL BE
B, E—FRHET SisNy M, SICHRMERBHMAERK, BEERTELEWY SICE. BH
L i BoRIBEAE 1500°C U EBEIM SiIC EERIYST. BEFEMET SisN, (9412
ST 8, FHERREE 1780°C § SiC EEH B & TF 1500°C {185
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Fig. 3 SiC outgrowth on the surfaces of samples soaked at (a) 1300°C, (b) 1400°C, (c) 1500°C,
(d) 1780°C for 2h under Ar atmosphere
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Fig. 5 Effect of the surface roughness of pyrolytic

Fig. 4 Thickness of SiC outgrowths on the sur-
carbon on thickness of SiC outgrowths

faces of samples soaked at 1780° for different times

under Ar atmosphere
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4, 7 1500°C BB LAY SiIC BRE&HRABMEE, T 1780°C B E LRI N HEMFE,
H ik, *F1780°C REIN EABRNE/R AL FEEUBE SICHERE. HETR, REN
] f K SiIC BMAEKEEREZ K.

Béh, WENBHREATEEREENZENEHBER. B 54 1780°C, Ar 4R 2h FF
BiRAEMEN. AETUED, FEEATY, SICENBESARAKNEL. F&#L SiC
WEREME, AMNTMEEEENRS, EEUEMMAEL. HERMMAAETHE, BEMK
B Si() 5 CARMSIC EEERM®. \WMEIETRE - RRNYFE. RBER SICZE
EREEREK, EYEEHINE, MEERIERKEE.

3.4 TEM &#f

EREBENTHRITHE LT SiuN./SICESWEM MM R EHE. b TELFRHES
B, BRRIBH SLUN, BN TREGH, AR SICHIBRAESNE, HHRHT X
. ZEXTIERR SisNa/SiC EA4MEHBER AL BY, RNAREIA T HUEER - B
WIIEYE. 7€ TEM B R, REFUEFBIK/NE 50~300nm Z£4 . 57 7E SiaNg BAR & 2 ]
4 SiC Bk, LRI TRRBANFEN SR, WHE 6(a). XEHEFF 1R43 /0, HF K NATH
MEKZRIKK. MERERERBEEN ST, SN BREEHRS I REER, KE
54, BT SiC Ml SisNy SLEIBIATH AN, M RB T A BB HMIFE, E
6(b) FIR. XWAB—AMAERAT LRSI, Si;M./SIC HEMWEH R NAHLEE.

B 0 #xUI lowt7o By A A HRRY LVl B A FHATHT 4B (LBUU; AT 24 )
Fig. 6 TEM photos and diffraction patterns of samples with 15wt% phenolic resin (1780°C; Ar 2h)
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BEHLEN SizNg HBAEM Si() 5 C#—H RAEME - MR Si(l) 5K R R A iy A =
¥) CO(g) ZBIRERSR - MR BEIE C 5 SizNy FEAALE Si0, MR- AR C
5 SigNy A/ E#E#ATHE - BRI i SiO(g) « Si(g) Z25MK - BRE.

2. WIRRMHKS SiaNy M\ 1400°C EHEIF R ER VB R SiC. 7B RAHELEEAR Y
5, BEFRE (R SIC Ay EM, ¥#E SIC BRSO, WIBREBRE S RE FERES
SiIC B BEERBREEM. MrEENHNTAE LBLERSICE. BEA®TEFMT SICE
MK REBEHERY SICEMEREERHELK.
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Reaction Mechanism of Preparing Porous Silicon Nitride/Silicon
Carbide Composite Ceramics

ZHANG Wen, WANG Hong-Jie, JIN Zhi-Hao, BAI Yu

(State Key Lab for Mechanical Behavior of Materials, School of Materials Science and Engineering, Xi’an
Jiaotong University, Xi’an 710049, China)

Abstract: The reaction mechanism of preparing porous silicon nitride/silicon carbide (SizN4/SiC)
composite ceramics was investigated by using solidified phenolic resin as carbon source. Argon was
used as protective atmosphere. The polymer can pyrolyze to provide free carbon, and farther
react with SizN4 powder coated at different temperatures ranged from 1300°C to 1780°C. XRD,
TEM, the microstructure of the samples, the thermodynamics and kinetics analysis show that the
reaction mechanism mainly associates with liquid-solid reaction between C and Si(l) decomposed
from Si3Ny4, and liquid-gas reaction between Si(l) and CO(g) which is the intermediate product
during the reactions. Other reaction types involved are solid-solid reaction between C and SizNy,
gas-solid reaction between C and Si0O; coated on the SizN4 powder, and gas-solid reaction between
C and SiO(g) or Si(g). The reactions between pyrolyzed carbon and SizNy4 begin at 1400°C, and
form SiC layer. Keeping in higher temperatures can improve the formation of SiC layer and the
prolongation of soaking time can increase the thickness of SiC layer significantly.

Key words mechanism; porous ceramics; silicon nitride; silicon carbide



