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CVI & C/SiN, EE# M R HRIE

XA, KXY, KiIH, AKX, X H
(AL L XFLEREMIGHHEGHBAETLEERE, §£ 710072)

# E: LISiCl-NHs-H: FRMER, RALZESMHEEE CVI) #& C/SisN. H-&408.
BEEYAEEN X HFRTHRARE=YHIERT SiaNy, £ 1350°C KERLHE, ™9
R WA SiaNg; £ 1450°C EERLEF, =YELRERBET, AERTSEEHLS
# a-SisNg 1 §-SiaNg. BRBE , BE ), AR B XEREL ., HE R 0L e R
W ERBFRE X 900°C , SiCly WEH 30mL/min ., Hy FEX 100mL/min , NHz i &
3% 80mL/min , ¥FEEE 120h . REE S 1000Pa i, SEBEHNREBHESE, EWHE
W RS, HERNEEHEBYYS.

% @ #H: ESHEBE(CVI); C/SiaNs HAFH: BORGEH, X 8%

hESHS: TB332; TQ174 TR A

1 5]

AREEOBEETAHEEE —ZFIRB S, NHEER, FEEAEDRS, £5
BB FERBT I ENA. F 20 48%, SERIEEETSHN—EEHN B2
e EE T 1.

BT SisNa MBI A SHENROEANER OB ERESESE, EHERT RIS
WHN AR eSS L TRE M. DELERBREES (C/SisN) f15 B
£5 (SiC/SisNDl) B & £F 0 H) SisN, HAME. REBRENR N BEEH SN R
SisNy A H, BFFENILBPHRENRY, EEMNLEREOTE. ERER
GRRENBEEHERER, SRALHRS, BURIRESERTORYE; FEZTH
B, MELUBI A A s B AMB AR ME XS bR O GE I A A R AT, AT A B 40 AL AT
BAMAERENEY. CVIRRHEARMIMEET MR ERINEAR, RSN
B &R R (SRR ARG, TETRRSHMARRT, iT RS RN,
AL & A BB R A0 B 2 . BPR 223X CVI B84 C/Cl | ¢/Sicll #1 Sic/siClel &5
BREWMBET TREANNE. BT CVI b &4 R8Y SisN, MOEERKA, FURA
CVI g8 4 £F 4 H ¥ SisN, 7 BB S E 84 181,

&L SiCle-NHs-Hy W R Z, RA CVIEHET C/SsN, E&HE, BHEBER
B, BBt SRR BRI R e . R R R B A OB R 2
kb TE % 10 347 T BT

WHS A R 2004-08-06, WP ik HRI: 2004-10-25

X&WEH. ERELAES (90405015); BRAH FERESE (50425208)
BN NkEE (1975-), B, BEIHRAE. E-mail: liuys99067@163.com

b




5 M XikRE, %: CVIfil& C/SisNa E&HHRHRIE 1209

2 =g

2.1 £BiFE

2K-PAN 2 "% FURM (FREMHNGFEREES CVIHE 02um EEWRERE) £
BZARE R ERAE. RA SICLEEBAYFH T AR FAEL T, 48 99.99% | &
B8/ (Fe’t, Fe?*) <10ppm) fE N EEYE, NHs(BRFGNFALT), Sifif 99.9%) H AU, Ho(4
B 99.99%) HER. SiCly RAFEEH H, BABEY, NH; BEBEABRSEY. BT SiCl
5 NH; EERTH &40 T &M KR O

SeCly(g)-+8NH; (g)~Si(NHa,)4(g) +4NH, Cl(s) (1)

FrlA, SiCly 5 NH; W FREESBABEY. BELZ2H R 1R,

#1 CVISizsNy ITES¥

Table 1 Process parameters of CVI silicon nitride

Preform  SiCls/mL-min~! NH;/mL-min~! Hy/mL-min~! Temperature/°C Time/h Total pressure/Pa

Carbon cloth 10~75 120~360 100~300 900~1350 10~150 1000

2.2 SR

BBk (EDAX A #]) #f7mEm i X FLRATEHN (XLD, HA&EE£ A F, Rigaku
D/MAX-3C) #47# 4870 & A2 A7, 1A% 7 S 38% (SEM, H A& H ¥ A A, S-570) #17 B
.

3 HERFVHE

3.1 =¥ sS5iE

E 1 XBBEHRBY C/SiaN, iR EDS ¥, #REFWKABEHWEETERHNC., Si. N,
ORNVER CL AIRBEFHHEERS N SisN, MIFEN CL LB O TEEEBELRED
HFrEERAESERESE=H o BEL.

HTHRAEPHEESE T RAEESER, MMiAESTESLHE, HITHEN: #ARE
WERE (43K 1350 . 1450 , 1550°C) [F{R R 1h, FHRZE Z K 200°C/h, RIFRTREESR
SR TR

# 2 1450 §0 1550°C #LABAH#HRABER
Table 2 Crystalline Phases content of samples heat treated at 1450°C and 1550°C

Crystalline phases a-SigNy [-SizNy Si SiC
1450/°C 68% 31% - -
1550/°C 16% 32% 31% 18%

BEFYEARBENAMEEY XRD HifmE 2 iR, RABERIIWEERTH
SizN,. Joel T. Hoyt!”! 43 ] SiHCl; 5 NH; 7£ 850~1000°C #4785, REMNLERIERSH
SisNg. HAA BT 10 b R BAFEBARERE T (<1200°C) FIH R B EM SisNy HIEET SiaNy,
HEEERBRET (>1350°C) T B BHBHSH SizNy. RMEXXHHFREZHT, KH
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£ 1100°C A ERE T EEFif & L#TESE, XTHEEFRANIERAASBMES. A
ERFABFEZHAEMN X STELMFENE, £ 1350°0C B R, KENRNERS, 5§
Joel T. Hoyt"l W R ERMAER, RERBHEABRIFNRBENE, £ 1450°CHEHLHE
J&, Y HIERS SizNy BAENRBBM a-SisN, 1 8-SizN,, & &4 5K 68% il 31%(F 2); &
1550°C EEMAEE, YR TH a-SisNg fl -SisNy 55, W3 T B Si f SiC FY K,
RPAEEZERET, SNa RETHRE 2BHEFESIECRNAERT SIC, Ao BEE
K (Si: 31%, SiC: 18%).

. . f-SiN,

347 C Si
281 IN :
?}-‘21 ‘"'l A| J(d)
E % ©
S (b)
0 L L (a)
0.74 10 20 30 40 50 60 70
/ Cl 20/(°)
00050 150 250 350 450 550
- - é'ne,gy/k'e'v T B 2 R RSGEE SR XRD B (900°C)
Tig. 2 X-ray diffraction patterns of as-processed
B 1 C/SisNy iX## EDS % and hcat treatment samples(prepared at 900°C)
Fig. 1 EDS spacira of as-infilfration samples of (a) As-processed infiltration; (b) Heat treatment at
C/SizN4 compositts 1350°C; (c) Heat treatment at 1450°C; (d) Heat treat-

ment at 1550°C

3.2 BEARENTMW

ARBENBELERINE 3 IR ERKEBEET (900~1000°C) BB ERA TR E A B
% SisNy, HMBE RS ,; EEBE#—F T8 (21100°0), TIEIEH H & L #1785,
HHTASNWECRERBTHABESR, HEHENAE. XHALE CRBRENHE
#k, Niihara Koichi £ U0 BFRIAH7E 1400°C [ R EE B B BB R S SisNy, BBOXFh2
ROFEETEETIEEERAN SICL MINH; IKER, 7 EE, FBRERSEBET, REEE
R, SEESHBER, £RA/NE SisN, Bk T E.

%3 FEIAK C/SiN:s EERHNBELR
Table 3 Infiltrated results of C/SisN4 composites at different temperatures

Temperature/°C Time/h Pressure/Pa Weight gain/% Infiltration results
900 30 1000 36.7% Fast infiltrated and high weigh gain rate
1000 30 1000 46.0% Uniformly infiltrated and appropriate weight gain rate
1100 30 1000 -3.4% Few infiltration, soft perform and no weight gain
1350 30 1000 -8.4% No infiltration, soft perform and weight loss

& 3 H7E 900 F1 1000°C , SiCly K AR & ¥ 30mL/min . H, K {& W& ¥ 100mL/min .
NH; S {k i & % 80mL/min , &4 &} 1000Pa, %% 30h XM EHH M MEN. HEBRH
HAEFEOEAEERE, SLUR 900°C i B4 E LR E B 3 B KT 1000°C Bt AL EER
JBHE, R 900°C RS A B BHRYT, EAERBUHANEREK, SEELENEER
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4 SR . Jesete
H 3 AABEEENAENHMEH (Ha: 100mL/min, NHs: 80mL/min, 30h)

Fig. 3 Microstructures of samples infiltrated at different temperatures
(a) 900°C; (b) 1000°C

K BeSh 1000°C BE RS WA MEREER 1401
¥5, WES, ShERZL, ULEA 1000°C Bt #Y
BERE, REEESR, ERNRLES
SRREELE, FEMHEERYS. Bk
E R 7F 900 F 1000°C B, NS KEBEE
HBRH SIS EHENFLET G R, JE
AR EE R, H000C R FREEY B 4 WMEMBERENER
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57, W EFR F 4 O/SisNy A #HE Fig. 4 Relationship between weight gain and in-
3.3 EENERME m filtration time
B4 hREMENE B ANLER. (900°C, SiCly: 30mL/min, NHg: 80mL/min)

AN, HMERSEN R ER TR, 550 aY 8 R/, ERTH (60h AT) KAEH
WE A RN E 8 TR M, RSB ENRYS; EBE60h 5, X
HBLER, MEMRD; 3 1200 KREEFXFIFAHE, KL ENELHE, Az

FEE TR0 B B i E) & 120D,
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B 5 RESENFERFENMMEH (900°C, SiCly: 30mL/min, NHz: 80mL/min)
Fig. 5 Microstructures of samples infiltrated with different time
(a) 60h; (b) 90h; (c) 120h; (d) Sample edge (120h)

B 5 A AFBENREAFEN MR, TTLEHSE6Oh A4 (B 5(2) REEZH
PR BEALRE; Kot ER (B 5(0b), (c), M EALTERBERAERNE, ¥#E—HB
i, BENARSBERMOIR. FEEKE, KFESEHEARLLREHAAE. &
X FRSRER, VIR 120h 5, KBEMRTELH —BRENFTALER (B 5(d),
BRARES TS EBE LRI RSHBEN 25820, EENNITELAH

T, BERELL 120k 29542
34 SEHBNORm

6 SR B AR E A R

120

100 KM THR R, KRN THHE
5 B, BEARSHXR. KR A/,
g0 BEEEAE, UARBRN, BEERY

@ M o Do @ w20 4, FHSERHRE T L %R EE
B REGAR. FRSARELZREY, Sk

6 Ho SERENEEHEENER W& A SiCly: 30mL/min; NHz: 80mL/min,

Fig. 6 Influence of hydrogen flux on weight gain H,: 100mL/min B, HEE A1 B HB 4,

(1000°C, 1000Pa, 300) AR BB B2 5T 3 0 E BV B 4 PO R R
& SisNy.

A7 AREASKERBRXENUREN. RASERNBENXEMNBECEBRAER. X
R/ (E 7(a), AR BN EARIBRY, FfHABELBERR:; SKREE
Hif, (E7(b), BRANNTERBAXEMELEIE, BuFbERERR: #—5 K
SRR, ("), (@), BFREEERR, SEEFHHEXEHERARBIR SHX
HAEREHBEABEIAE, HiEE#N#—2REH, MARTHRELS (@ 7(d). FrSE&k
REREL/D EELEERR), BAEIR (RREXR, 55 FEBHRE), £ 900°C B,
[Eg R Hy FiE 4 100mL/min, SiCly 4 30mL/min, NH; % 80mL/min 3 4%.



2

5% XikRE, %: CVIHi%& C/SisNs XA HRHERIE 1213

DAY
B 7 TR H SRS (900°C, 30h)
Fig. 7 Microstructures of samples with different gas flux(hydrogen)
(a) 50mL/min; (b) 100mL/min; {(c) 150mL/min; (d) 200mL/min

4 &it

R CVIERAT C/SisNy EEMH, BESYWNIEREH SisNg, £ 1350°C 4=
BB, BRERAERS, % 1450°C A bE )G, Y1 IEdR S SisNy B2 N #BER o-SisNy
B-SisNy. ARIMBELZXNAEMNBERRAFWBNEW, BEL IR EEMHU
MR RS, BEIBRE K 900°C , SiCly KR E K 30mL/min , NH; SE&EH &N
80mL/min \ B #EHE] Jy 120h . REEEH H 1000Pa B & EBURBAF, IARREMS 2 W AN
BRBE, HEEHSNEEHE.
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Preparation and Characterization of C/SizN, Composites by Chemical
Vapor Infiltration

LIU Yong-Sheng, CHENG Lai-Fei, ZHANG Li-Tong, XU Yong-Dong, LIU Yi

(National Key Laboratory of Thermostructure Composite Materials, Northwestern Polytechnical Univer-
sity, Xi'an 710072, China)

Abstract: C/SisN4 composites were prepared by chemical vapor infiltration methods (CVI) from
SiCl4-NHj3-H, system. The element and phases of the as-processed sample were characterized by
EDS and XRD. The phase of the as-processed sample is an amorphous silicon nitride. The phase
of the sample heat treated at 1350°C is also an amorphous silicon nitride. The XRD indicates that
the formation of a-SizN4 and (-SizN4 occurs after heat treatment =i 1482°C. The influences of
temperature, time and gas flux on densification, weight gain and microstructure were investigated.
The results show that the gases infiitrate ard react in nrefcrms equably, the carbon preforms can
be infiltrated uniforrnly and she uniform C/Si3N4 composites were prepared when the process
parameters are ac foilows: temperature 900°C, SiCly flow 30mL/min, Hs flow 100mL/min, NHj

flow 80mL/min, time 120h and total pressure 1000Pa.

Key words chemical vapor infiltration {CVI); C/SizN4 composites; microstructure; process pa-

rameters



