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ABSTRACT

Stoichiometric silicon carbide (SiC) is most promising to satisfy the
requirements by high performance fiber-reinforced ceramic matrix composites. It
has proved to be possible to produce stoichiometric SiC fiber through the addition of a
small amount of additives in the polymer precursor.

In this work, polycarbosilance (PCS), PCS containing aluminum, PCS containing
aluminum and boron are used as the precursor polymers. They are melt-spun into
precursor fibers, oxidation-cured to render infusible, pyrolysed in inert atmosphere to
form Si-Al(B)-C-O fibers. The ceramic fibers are further subjected to high
temperature firing at 1300~1800°C to form SiC fibers. The effects of oxygen and
additive are studied on the formation of near-stoichiometric SiC fibers, and the
underlining mechanisms are also investigated.

It is found that the strict control of oxygen content in the cured fibers and the
presence of sintering additives are indispensable to the production of
near-stoichiometric SiC fibers. When C/Si molar ratio is over 1, the excess carbon is
released as CO gas as the result of the decomposition of SiCxOy; if there still exists
oxygen after the removal of carbon, the excess oxygen is released as CO and SiO
vapor, maintaining near-stoichiometric SiC as the residue (i.e. the chemical
composition is self-adjusting to maintain C/Si close to unity); less than 1% aluminum
is beneficial to the densification of the SiC fibers, though the effect is not sensitive to
aluminum content; Much better densification effect is realized by the presence of
both aluminum and boron, with fully dense SiC fibers obtainable. The sintering
additives retard the growth of SiC crystals, resulting in smaller grain size, and hence
better fiber strength.

For the precursor fibers which contain both aluminum and boron, the strength
changes as a function of temperature in a curve shape of saddle, reaching to the
minimum at 1500°C and then going up quickly at high sintering temperatures. The
C/Si ratio of the resultant fibers is close to unity, indicating that aluminum and boron

is effective sintering additive for the preparation of near-stoichiometric SiC fibers.



| JEZ )R AR AR EALAE T SIC 214 LI HIRFFL

Keywords: near-stoichiometric SiC fibers; oxygen content; sintering addtives

111



| JEZ )R AR AR EALAE T SIC 214 LI HIRFFL

-8 &5

11 FE SiICAEN S =

TR BB AR, SR AR
FE AL —. HIBFRA ILE 1.1,

T AT 28 4 ] N T o P R B
Bl BRARIAESum Atk SiC £ 4
OES TR (B I NIL Y I o Y T i e ] )
el A BAORL (EBRIE AR SiC £ 4
BRAEWMHE AR, T HARRM
WUBAS ML SRR ET 4 B B B WL S WM, TEAER IR ALY LRSS bR &
JEIES A AR SIC/AL BT AR NS R A AE ST YE, DITE RHLR
VRZEHIBAT . — UGB AT A E H S S D7 A5 SIS HT . AEF = S L,
N SiC £F4ER IR BE IS L A M R, SiC 24 SiC JE AL A M R R I 2 1)
SRR, Al AR 2 T S B UR S AL N R 7 T E AR A Bk
2N o

H 555 [ RFE O 4 T S SICET 4R e IF T2 5,  H A ¥INippon
Carbon/A 7]+ Ube Industries 2 il « 7% [ [{)Dow Corning’A i » Michigan K 2% Florida
K 1 [H ¥ Bayer A 7 A5 LU HEAT T KR 5T AR, B T H R,
HI T SICEF4EsRZUM - F N H T 5, S EI e ks tyst. . 56, 1E5%[E
ML, IEA% R 1, 0 B SEAT P AR B B S T TR U K
(P33P 8E, AE TR PA) S 5 5 B R RT i 22 5 BOT 10 95 22, r. | A SR R SiC
R ARBER (] 7o
1.2 FeR G E I 4L SiC AR/t

1.2.1 SeIRISE ) 84 SiC 4R R AREE

& 1.1.1 SiC g4



| JEZ )R AR AR EALAE T SIC 214 LI HIRFFL

S IRARFE AR 2 IELL SiC 4
s 1975 F HARRICR 25 B A0

| Dimethyldichlorosilane |
I

B Dechlorination
(Yajima) #2582 i, SR ¥
y | Dimethylpolysilane |
1 H A Nippon Carbon 2 & U #3 % F) I
o o Rearrangement
SR, T 20 THHAL 80 AEARHISEIL T | ' |
o N Polycarbosilane
kAR, ETFAR T 100kg |
. o Spinnin,
HELE SIC LT 4 T AT LR, DL T
“Nicalon i ﬁ]%%ﬁ%[6]o YA T | Precursor Fiber| |
. . . . Electron Beam L
S 1.2 Froas, o o8 ik b Irradiation Oxidation
(Polycarbosilane, PCS) 5l J4 , l
| Cured Fiber |
MGTLL. ASRACLTE, BBy — "
Pyrolysis Pyrolysis

ALIF e BRI S [ si-C Fiber | [ 8i-C-O Fiber |
(Dimethyldichlorosilane, DMDCS) (Hi-Nicalon) _ (Nicalon)
WG & 3R % W B L2 RGBS ERIE T ERERY
(Polydimethylsilane, PDMS), F4£
R (450°C~500°C) MR EHE. 44U PCS; PCS EZ LY AL I
FE RN 22 1 500 AR R KZELL PCS £14E: T 4 200°C 4t ak i 1 o4 i
REIAELL PCS 2145 SRIGTE 1100~ 1200 C 5 M5 By SR b pe S0 1
(K3 SUBERR, T ERATE Si-C R4, 1331 B-SiC &5 HIIMIELL SiC 414",
SRR £ I BESICET UL T iU A WUER B 3o i nT A5 G 7 VA A
DA R A AR IELESICAF 4 MF T om 2 HoA RIFM T2k, nihbes, &5
SRR AL s AT T RO RS S A AN R T R AU IR RS, B iR
FEAL R 2 S ANV £T4E,  WIUDbe Industries 24 7 (FSICET 4 &5 /D48 L %
(Tyranno 41D " SEEDow CorningZs & #)Sylramic£T 4 &4 BT, 4 [
Bayer/\ il [ Siboramicl 4T 4E & A BN . i T SEBRAAVE I & B L SICLT 4t B A
AR A AR T A, 158 T IR R,
1.2.2 SEORAGE I 4L SiC 4RI R IR
HYajima &WSCIRAIERISSICET4ELIR, B H . BRYHE ZK X Nicalon
EPUEMIN RS, FEALE RN WA, Ay S A SiICET 4k, il




| IR

W

EALAE T SIC 214 LI HIRFFL

NicalonZ[4E 75 K A WG N, FERFPERESE tH T BOR B S 423K . Nippon Carbon
Al {ENicalonZF4E AT b, AWkl T2, R v A A IS T P2
PRI 54 (R Hi-Nicalon 2T 422 R Hi-Nicalon-S®"28£F 4 . Hi-NicalonZT
YE T 19954 S Tl Ak A 77

Ube Industries 2 7 7 SC IR T B AERE(PCS) & O B INT, il 46 H Bk 1 Sic
I4E, Fhh4 A Tyranno, FHAEQOFAR G AR A H F= IRE R AL P72k o % /i 1 2)
WAELFHEPFINZr, Al ICE, TFR T4 Tyranno Lox!">*?*1 | Tyranno
ZMP31 Tyranno SAI! 2557 4, it P Tk 1500°C A1,

R L1 SRR % B SiC A4 R E Mk RE

Nicalon .. ... I Tyranno Tyranno .
Trade mark NLM 202 Hi-Nicalon Hi-Nicalon- S Lox-M SA Sylramic Bayer AG
Nippon  Nippon Nippon Ube Ube Dow . .
Manufacturer Carbon  Carbon Carbon  Industries Industries Corning Niboramic
Diameter (um) 14 14 12 11 10 10 12-14
Density (g/cm®)  2.55 2.74 3.0 2.48 3.0 3.1 1.85
Si 56.6 62.4 68.9 554 67.8 66.6 ~34
:é\ C 31.7 37.1 30.9 324 31.3 28.5 12
E 0] 11.7 0.5 0.2 10.2 0.3 0.8 1.0
3% N 2 - 0.4 ~40
) B - - 2.3 11.6
3 Al - - \ - 0.6 - -
Ti -- - -- -- -- 2.1 --
Tensile Strength
(GPa) 3.0 2.8 2.6 33 2.5 3.0 4.0
Young's modulus g, 280 420 187 330 390 290
(GPa)
Heat r(‘fé‘)smnce 1200 1400 1600 1300 1800 1500 1800
Price ($/Kg) 1200 7000 >7000 7000 -- 10000 --

O AR 1% R TR FTA L, R SO e sl T

“OoT IR T )

20120 904EA0H], 5 Dow CorningZy &l £F SiCET 4 [ il 45 L B 5| AB,

FEAE1800°C i N Be & /3 Ak 1B (1 2 Sylramic 2T 451'®, A4

=0/l =1
l%élil EEE\

RSB L, 7E1600°C AR AL EE10h, LFHESR AT RFEE2.8GPall .
18 [E ¥ Bayer AG A ] 7E20tH 2090405 e T R Ml Atk 4t (Polyborosilazane,



| JEZ )R AR AR EALAE T SIC 214 LI HIRFFL

PBSNDSEUK A4, J- 45 T 752000 C ATy e HEA YL 7 0 & A M SIBN(C) AL K A7 4,
HL75 i 44 Siboramict'*00,

T L6 B R K 27 T 19804 FF AR EAT S5 IR A4 450 A0 7™ SICET 4 (A 5, 1
FHHIKD-1 Y SICET 4 1) = 21 B 463 H A 1% 38 Nicalon 4545, 81 2 s2 )
H 7750028 JT i 8L SiC LR 4 () Rk A 7=

H SR IRARIL 4 1 SICETHE 1) 2 ARSI T3 1.1 ZR20R4F IR, SiC
o ST AR, FRERLS . BURAE) T IZ U BN . (HESICET 4
AP AR (AR 1.1, R PR T A R s ) R RS FH

1.3SiC A4S EREEREZMEER

SICET YL il A e M - SO IR AT YEAE il T bR Az e LU & S 2
T 7 2 RN S5 K RIS E P o 2T 48 )~ M e AR M AT LU o 00 e vy it A A 2 iy
S >V 38) 5 R UL K 5 B 20 B SR SR AT o SR B B8 T A A 27 20 R F0 45 R4 1) il B 0 12
MFBARZ, et oz e &, Wl A FEANMR, XRDAISEM &S 5 A
LRk ()AL 22 21 RN 25 R AT 3R AIE
1.3.1 Nicalon £F4E

Nicalon £F4 (B 458 2t p-SiC gkl AE LA SiCLOy A AL BT 55
PR P, SR SR B R R P S R, SR 15%; BT PCS
Hh C/Si SR FAEUE 2/1, DRI Nicalon ZF4EHIEAT 10%A° A7 (s i) Jise
T SiCLOy J& T i A A E A 0, il e T 1200°C I, R AE TN C1-1)
oM Eo> 12,

$iC,0,—SiC+CO +Si0 (1-1)
JITAE R Si0 FI CO AR METHE AN HOR Y, T RGALIR , A 4544 1) S # v
FIWEIR, [N B hcilE— P a5 i, AR et ag b, BRI R SiC Sk
(R, BRR 1 I 2T 4 ) 2 i B 1) AR A A IE LA, 3807 M g S FAIK
830 LI 1.3, A Nicalon 74K TARSLE4E 1100°CLL R,
1.3.2 Hi-Nicalon 14

Hi-Nicalon ZT4E T S5H4 F 2 h B-SiC 9K, i 5ilfe 25 Rl i R S s
SiC Oy HILLA . HiF Hi-Nicalon &4k 4 i F2 rh R H G40 L 1 ok e L 2k
ITIR IS AR B, Db EF g 48 o i 2 0.5%, SiCOy BAHED. N



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

