/i\ & % ;i Vol.40 No.5
ACTA METALLURGICA SINICA

B40% 5
2004 4 5 4 551—554 T

May 2004 pp.551-554

M ARREERIE SiCe/Ti FEIRL *

FHAE LhHh ®i:E B
(TEBEBE S BT, Y 110016)

& B CRAMRREESET SiCe/Ti HAMREIRA. Bk E B R T s (PMMA), %5 R 75Ea. ks
EANFR B BB, 872 T BORFIRIGE Rk E S 0.03 g/mL. FRA S 54T 77 5 0 2 PR R 550 HE S 38 B B R L B 7 F 4304
AR SR, BFFCT B AR 30 2. BORRIB A REE 2% 230 ©, 76 350 CAAMREERF, KT 400 C
WOMMsE . FEAREEGEN, F—E0T, MBET R, SR s i m sk, R —EET, FER, Bk ik
HURAGA. BE T HE LM R E T LA MTEREY 110 C, myLERBEY 6.5 V, SRR RELY 15 ;1.
X SiCe/Ti, BR®EE, Kk

FEZESHES TG146, V257, TG113.12 XEFRREL A XEHE 0412—-1961(2004)05—0551—04

POWDER COATED ROUTE FOR PRODUCTION OF
SiC¢/Ti PRECURSOR FIBER

LI Yanhua, SHI Nanlin, ZHANG Dezhi, YANG Rui
Institute of Metal Research, The Chinese Academy of Sciences, Shenyang 110016

Correspondent: YANG Rui, professor, Tel: (024)23971512, E-mail: ryang@imr.ac.cn

Supported by The Hundred Talent Project of CAS
Manuscript received 2003-05-22, in revised form 2003-07-21

ABSTRACT In making SiC precursor fiber using a powder coated route, the binder, poly (methyl
methacrylate) was used, and the solvent is acetone. The viscosity of the binder was tested by viscome-
ter, and the critical concentration of the binder is 0.03 g/mL. The content of residual substance of the
binder at different temperatures and pressures was test by chemical analysis. The volatility kinetics
of the binder was also studied. The temperature for the binder decomposition is about 230 C, the
velocity reaches its maximum at about 350 C, and the decomposition completed under 400 C.

The decomposition and transgression velocities increase when temperature is increased under the same
pressure. The transgression velocity reduces when pressure is increased at the same temperature. The

process of making uniform precursor was found by a uniformity design method.
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Table 1 Polymer—solvent systems investigated for powder

coated fiber process

Polymer Abbreviation Typical solvent
Methyl cellulose MC Water
Poly (vinyl alcohol) PVA Water

Poly (methyl PMMA Chloroform or

methacrylate) acetone
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Fig.1 Thermogravimetric analysis curve of PMMA

(heating rate: 10 C /min , argon atmosphere)

6000
5000 - —=—n,=6r/min 2
—e—n=12r/min
& 4000  —4—n,=30 r/ min
o
- .
= 3000 -
= | |
§
8 2000 + o
£
1000 +
ok a—m—" ~— Critical concentration
1 1 1 1 1
0.01 0.02 0.03 0.04 0.05 0.06

Mass concentration, g/mL

B 2 PMMA ZERBFHE - WENZELITEL
Fig.2 Variation curves of viscosity with mass concentra-
tion of PMMA binder at different shear rates



5 # FHAEE  MRBR B R4 SiCr /Ti 4Lk 553

s 1), AN K BRI B 40 T2 IR IR FIARES, YAy

VUSRI, A ORI 1 40T v B X 1 4l

5, ERERMME X B A h 5 M. ZEYR ST 0.03
g/mL B, MEMWEOAARSMLR, Bk
BEINRE I N, AR T9E Newton itk 9. x5
FEH TR, B0 T WA AT, ARk
BN, R — 0 BRUTF ESR. EERKER
(BU¥BEAR T 0.03 g/mL i), BYEIEEsEstpn, ks HA g
FEAAE, SE R AR T Newton Fifk 0, 762
WREX (R BER T 0.03 g/mL i), BESTUIE =R,
REPEREAR, SX2E Newton &gy 4s &, MM 0.03
g/mL B, ORI B AV R 2 R Rk gy, T
LABESRM 5] 0 A, EEMWCRES, B R TR,
PRI 396 72 oK 77 PMMA. 16 vk B4 0.03 g/mL.
23 HIBEERLBETISRE

SHERBHISEE BRI/, B4R, BT R
BE RTINS H Lol 56, X F4 B RACH, HhEEE
B BEFREARES SN EERE, TR
PR 54 T4, PMMA B4R BE7E 230 C Pk,
FEVLIC TR BE B Mt TR ble, SRR 110 C,
BRI R SR BN ELE, LB A1 s
MAIRZE SR HENERIR, L2RH5, SEla B g
£ 6.5 V 7245 WAl MBS TE R R4 B ST i s e
T, REEFERMSERFEL, Uaslat2mieR, &
LEBERRERITLLAE 15 1 1. i BRI B 7% & 15
TR SEI LR T ER, SRS N/ %
LA T HIA R IR 2 AR E S LA 3. )
BRI, SEUKZ KM 5, a2 FHE.
2.4 ERHSFISBILEEENHS

PMMA T 73 5 B 43 1 FE Y 9 B4 PR B s i Y
FE, B 4 FTLAE H, 165 0 S R IS (43 R e HH 3 72
£ 250—350 CZ[H], R AR FHE, 5 AT & B,
U PR PR B R A SR R A (L 249 B i — 20
=, MR R AR B E N, R 400 T4
TERORE I BAL, DRI T S BB . 3 B ot 2 T L 5t
R AT RRIER: RETFE, S s Rm
WE L5 REFE, PHOERR. AR5
REGRIIMZRER 0, BE 5 E RS R MR
B A R ENE Arrhenius 2 101 Eprypes
B R R, B R R, T4
ST AR ). ARTT, RS R B AR R 25
M 4 FLUEH, B 350 CIENRISEE L8
f), TEBORFE TIRIE 2 h, AWM S BRI, mHEHRE
B[] Eb A 4.

TEA FE TR IR B R S S0 o DA s e e o

Bl 3 ZUBHS 1R E N 0.03 g/mL ) PMMA 1§ & #y%
B %A 583K 2. SEM e F-
Fig.3 SEM morphologies of the surface (a) and cross sec-
tion (b) of SiC precursor fiber prepared by powder
coating process with PMMA as binder having the

critical concentration of 0.03 g/mL

2.0

16 F

1.2+

0.8 -

Mass fraction of RC, %

041l

L]
—_—
L

| |
\.
1 1 1 1 1
250 300 350 400 450
Temperature, C

0.0 -

B4 RMEMREEE TR 2 h fRAHRS RO %
Fig.4 Curve of the content of remaining carbon (RC) at

different temperatures without pressure after re-

moving gas for 2 h

H, BAESEER SRR 1218 ki gy
FAEWE. ES). AR BORLEE. Bt T4 stk i
RN, AL 45 pm Bk, A 5 FTLLE

WEEESTRSE N, TElR—BSRIBRE, SRABRA & i, B
WEEEJT38 0, S MGR A B R, TR T SR 7 R
ZIEFE R, AER — ) R A—RE T, B
B SRYIN &R, FEF Y, BT, RA
kil



554 £ B ¥ W 40%
3 &t
30f ™ e rroadoes (1) PMMA f RS, 4 ARA 0 F RS
L 28] —e— 10 MPa prossure LT 0.02%. 5okitc PMMA R pmyncet 24516
EN A —4— 16 MPa pressure ) .
g 286t —v— 23 MPa pressure BIMBCR EAZUTRE, RECOVEER B R. 350 CHE
£ 24f NERECERE, fEEETRIE 2 h
= V.
822t (2) #E T PMMA @R RRKEY 0.03 g/mL,
0 N Ay o,
S 20t IR B AR T AR BTIREY 110 C, Bl
181} 250°C s- — EE;E% 6.5 V7 %*ﬁﬁﬁi%ﬁi%thyg 15 @ 1.
18 . ! . A (3) EAxghn, WIBRSAYERIRER. H, fERSGT
' PR RS Y.
10f ¥
2 SE 3k
o 08F
o v : [1] Kotchick D M, Hink R C, Trisler R E. J Compos Mater,
g 06| 1975; 9: 327
§‘ [2] Brindley P K, Draper S L, Eldridge J I, Nathal M V,
E 04} \ Arnold S M. Metall Mater Trans, 1992; 23A: 2527
b ‘\A\\-\v [3] Doychak J. J Met, 1992; 44: 46
0.2+ *’\.\A . .
\.\_: [4] Soboyejo W O, Rabeeh B M. Mater Sci Eng, 1995; A200:
300 °C
0.0 L 1 1 1 L | 89
[5] Lerch B, Halford G. Mater Sci Eng, 1995; A200: 47
04| % [6] Guo Z X, Derby B. Prog Mater Sci, 1995; 39: 411
[7] Beeley NRF, Guo Z X. Mater Sci Technol, 2000; 16: 862
X
G o3l [8] Liu Y Y, Shi N L, Wang Q J, Zhang G X, Kang Q, Li D.
eé Acta Metall Sin, 1999; 35 (Suppl.1) : 380
£ ool v G, ARk, EFIL KEX K OB 2 K 2R¥
s ], 1999; 35 (3T 1): 380)
§ [9] Han S F. Non-Newtonian Fluid Constitutive Equations
= 01r and Analytic Theory. Beijing: Science Press, 2000: 3
350 °C ¢ 3 3 (3. R4 AR BRI TR, JL. Rl
0.0 1 1 I I I I }’ﬁt‘:, 2000: 3 )
0 80 100 120 140 160 180
Lo ) [10] Evans J R G, Edirisinghe M J, Wright J K, Crank J. Proc
Debinding time, min
R Soc London, 1991; 432A: 321
5 250, 300 F1 350 CZER[F 7 KA R ISet[E] T ik [11] Mater S A, Edirisighe M J, Evans J R G, Twizell E H. J

REEER

Fig.5 Content of remaining carbon vs debinding time

under different pressures at 250 C,

300 C and

350 C

Mater Res, 1993; 8: 617
[12] Shi Z, Guo Z X, Song J H. Acta Mater, 2002; 50: 1937
[13] Song J H, Edirisinghe M J, Evans J R G, Twizell E H. J
Mater Res, 1996; 11: 830



