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Table 1.2 Chemical composition of the Ceramics fibers composed of metal oxide

Chemical composition (Wt%%)
Si0. 72205 B20s Mg0 Cal Naz0 K20 Zr0: Y203

Glass E 5.5 14.5 8.5 - 21.5 0.5 0.5 - -
Glass S 65 2% - 10 - - - - -

Fused silica 100 - - — — — — — _

(1¥00) -1 - - - - - - -
3m P 62 7 - - - - - -

A2:0;
@u Pont) - w5 - 0.5 - - - - -
Sumitom) | 15 & - - - - - - -
Zr0: - - - - - - - @ 8
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B2 E MY PBILES SR
21 EAhbE

RYANEY S5y (IUPAC @2 8 Clidpoly ((methylsilylene)methylene)
B Y2unytFqnys vERREHELTIERENS, Y2nudiFn
Y5 v, Rochow” 2 itk > TR I, 2B/ AR LB A FrERME
ODEETTRIBIVZIFETCHON, YV a2a—-VbtETZEoHEREHTH Y.
AFIERAAZWOLTERETHBY,

RYAAVEYSVRFIITAFLYS VORMIEPIIFBERDBK L T
LR ONBINYD [ oLk LT/BONERYILRY S Vvl EREOR
o4 EHEED B ERTE KMo s

BURBOI. VIV iFrvs vty F 9 LERIBIVT. FFAX
Frvru~ntkHyvsvEH. cNERYINEYS VORBEZLEY -,

LHALYFOARF Y DA ENBGHBZOT. REBZORI FY LET
YD AEEARDTH B,

PrunuViAFAYsrEERBRF Y YLALRIGIESZLEBRORY V2
Fny s v (IUPACH B Tidpoly(dimethylsilylene)) NGO B0 |

XKBOWRRYYAFALYS vEA—PI V-7, EEEET40 ~500 T
PDEHERTCRIBIRTCEYINVEKEY S vEBE, COBETOREIS1~59%
EHEShTVLB'Y

UALCODFETCURBEBNENBTRECHI D ROX S BHEND - 1,
O REBERFRACIOEIN. REOBITLEDIIHEAT LD, RIBOK

THE CRIAREADTcEREERRESIEI2CE. EHoRY Y X FLY SV

DHAR%E. RESTRBIENRT. DR OPBETILEND - 1,

@ ENBRHTH30T. AETHH. 20 0MBB DL Rr V¥ —% 0

Bl 394 RIDBEOavyiru—wRLIZS T,

@ EHIBFBIABCLTH, BREAPRCIIEFRBOBERLPFTE S,

15



20D TEROBEBMEIET S ENTFHEINL,

ZBOLEIBEEL. AEE»OREE~OBEREI N, LALERR
RITERECRIREASELBELS. BRAHNSC IV SABERY E RN E
RESRTH, BonaXY ALKV S vONER. BYLBEW'D , 22T,
MOBEE Y A ZEARTHIR YV Fuvyvzonvndd ' RIORBE
REISBIPENRII30EZ2BVEL. CORYFuYy sz vady ¥
ES5UMBRMLTEECEYAILVEY S YEARLULEER. HO0XK O HIRE
TRYDINVEY S VEFRL'Y , LHrdI0AKRERI0 CoBBREER (6
B TEYAILEYS yRBOhIED. TENARELLTCIRLEESH
Ihil,

FHb. TENCBEB2 A T ENE, BE. BE. SBREBIURELL
Y ANEY S VOARIEAMREIIENTCHEERIT -, BYOENARE
EDo. EEOCORBRILIIVEBEETCORIIANEY S VOHERIZODVWT, %
ODEREH. RILr A ZFHBORUEIEEEL L -AWREITL. SOKKE
ETTOARBUERBEIR®R. TERNCBLEZEY I LRy S vOSRFEERK
Alh, UTF. BEZLEDEMEOEREDE~ 2,

22 RYISAXAFINIFTVOEMK

—EOWEETHOCHLY. TFTRYVAFLYS VELSERLE, UT 2O
ERFEER~S,

ERLHBEAFI RS L0=2075 224 BF FY Y A3Yge. BT T
VY AEROTHRALAEBERCIOBELLF YL Y25 L2 AN, BFF
ZEHERTC. @B F MYV APRABITZ2BEEOHIN cETMRT 3,
GBI VIV LADNBERBRLULE. MIFEFTHRBEEFIMPIVAZRELTH Y
VA IME S S I
R, BERE LY 20y xFrysy (REVvYa2—-v@E, BE
99.9% L k) 1442 EHFHENBTRILOPVIKHETHETI 2, TR
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TE. ABREEFPERT IRETCHMALENO. ST EERET S, RIE
PEITTA2EODNTHBIERL. BTE2HBLCHOPNEBREBILEZ. 75
A2HOBRIF VL yORRA40TC) CHET L, COBSERIBOBALE
T2, RIbRTHE. BHALTCH»ORBEERIBEBL . EBOBEBERY
EF VL VERET S, BRBEMEILOAY ) —NVIZBETOANRT. B
FI23BHOF YD LE. FPYITAAFEFYFEZT B, ChiT. &5
10¢DXkEMADE, REEBRLTHBOBAEZE S,

HEaREXE. REBOHIN T B 3L CREEFEVIELTIHO. ROTH
LT VTHER. BT, CoBXEARERE. 120 CcTHLIE
M. HEERT S, COLXILELTHONLRYI VY AFNY S Vid4008Th -
7o

COBEO—HORETR. RILF¥ 1 ZBHLIIBEOEREL. SHO
FHEETOCRARTHD., ghvsuudriFrysy, Fvvvy, F 1Y
VADEI BEREMBELZELANSATETCRERI CLEBREDOT. "V
F7FIV P ERELERET - X,

COBAORIGEOBRRBENLTH T, 1HOGRRIDITH L TR,
14.5kgd Y sy A F Ny 5 v 5.5k O&BF U Y AN55.0kg DAY
VAFNLY S VERE,
223HUBMOERIZZT. COFETCERLAERI Y AFAY S YERAL K,

23 EB. METFTTORIYANKRYSVOER

EHMETCORYANEY S VOSREBAEETIENT. tTEHAR
EEOoLTRELLE, 3L EARNEHEZ—E (WOKRH) ¢ LESHEE
%430~490 COMTORBEBL ORI EITV. HRLAERY ALK Y S YOR
BEBRMHOZELLERHE LR, SOCEDOHREAZI LD, EARE

458 ~482 T 4 KRB OV TRIBERTH Y. BEEN60kgen™ 2 (¥ — YV E)
TRIBERTIBOAEBRLEBRYAINVRY S vOREBEBHEREBRIL 2,
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2.3.1 EBFE

RYIAFNY G VEA - I V—THTRAFBLTCRY INVEY S VES
BYahiEEd~s,

FTREN2LOBHBMERS - F2 V-7 (BEEHEN100kegen™ ) <
BEMWAEESI c. SUS-316 &) wwRY I A Fy T v300gk Ah. HEH
Y7 TRRE. |REOEZEANREHAT I, PETERROPHIBHTES
WOBBEMNO0 CBiLdcm#BLl, 430 ~490 TETOREET. 2~6
BEERLE, RIERTHOENIZI40~83keem™ 2 Th -k (X2.188) . »
Hig. BSRCL0ERLAT 2 2HE. RBERDE~NFH VEBEREL TR
BLT. FEWERBREL. ~F 3 v BEE. BREZFC X - T 290 ~300C
(3mnllg) ECORBEBET2BEHFEERDERELL, 25 LTHRBRERK
BYBNWEY S vE145~160g8 7, Bohlt R ALKy S Y IBRAAES
LJUFRABBRRRARI P VST ETIEEDEHVEEIu= T 57
(Gel Permiation Chromatography) CH ¥ EAHEMEL 1,
2.3.2 WMEH&E

RYANEYS vOBRBEA P —HBLHPRNNERE (PF-61 B) %
HWHL. AR lmod 5 A8y L5y —12325 X v v TORABREEZRE
WHEO0.54~0.57 gem™ 3. B 34.0 ~4.5 micHEEL. 10 Coin"'ORBEED
EBEARMELL, SR LAESAHEIERC LRI 2EABRORES.
B L2,

FAIRFSFIEAIRBBERAS RS ITEE (TRA- 1 &) ZHEAH L. KBr
KETHEE LmgicX ULKBr 200mg O BETHRIEL 72,

FrgEso=e b s 7 RAEEMEARERK I u b 5T
(HLC-801A%Y) Z @A L. #» 5 & FEIHEG200005 L F640000% % 2 A9 O H

Flicons. BASIREEFRTEH O 2. HEXTHFA®K (65mg PCS/3m 2 THF)

L. Bdl memin's ENS kgem *THMELL, PHHFEIERRY R F
LYoRBB LS FEOBBRANEL. chixd&iMn. MwERERL X,
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2.3.3 EBERBIUER
28X -} L=TRIBEYIAFAVS VOESASYE (BE. BE. E
1) 2E21ExRT,
RELTZESGEZBCTHEALL-EAYORERE LB ERH L, EBRESHP
02 OV THT->EBREREEHE (752248, AE. BEHEE. HEE)
CEBYOABER2 2ICRT,

Table 2.1 The conditions of synthesis on polycarbosilane

Reaction Reaction Pi) Pg)
No. temperature time
T/°C t/h p/Kg cm™2 p/Kg cm™?
HP-01 430 6 45 10
HP-02 458 5.7 60 15
HP-03 465 6 61 16
HP-04 475 6 68 17
HP-05 485 6 72 18
HP-06 493 6 83 22
HP-07 465 5.5 60 15
HP-08 475 3.3 60 15
HP-09 482 2.1 60 15
a) Maximum pressure in autoclave at maximum temperature.
b) The pressure at room temperature after cooling.
Table2.2 Conditions of a vacuum distillation of HP-02
T/°C
r A =
Outside Inside Top of Vacuum
of flask of flask still mmHg
260 207 104 85
300 225 125 ~ 3 liquid
310 233 135 3
355 265 178 3
375 285 193 3 greasy
385 293 194 3
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MEERE LD HBAELTE ~194 C (3mmlg) ODFHIEHEDO 7Y —RRTH S,

COBEAEETOmmlg BT 2 2350 ~380 CEHO. ThERET S
RYUANEY S VABRT 2BOMKR. REEESS0 C (7T60mmlg) 21 EToH
HERCHD. CORERTEARTHREHROR. BRIUKNCLZREO
REEZLZAYNALCOERELRRETRANE VLD, LEBREXEE XK %
ERsEELTBRAEL K,

BEXEZ L-C(HBOLLEREERED . %%&:@@@ﬁsﬁzﬁof:;

COMEAFABRRA RS P ARFHLERER2 1 OIEFRT,

FA R~ b 52950cm zC-H OB MG RS 2900cm™ ITE L <K
BHGED. 2100cn Si-HOMEGEHRD . 1260cn " Si-CH: D EHRB -
1020cm™ '« 1355cm™ ' Si-CHz.-Si OCH, OZEAEH. 830 cm ' iCSi-CH: OB WD
NEG AAD LN, COBEPRERYAINEY S Vv THEI &b T,

(a)

(b)

Transmittance

4000 3000 2000 1500 1000 650
P /cm!

Fig. 2.1 IR spectra of (a) polydimethylsilane and (b) residue

in vacuum distillation (polycarbosilane).
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H2l@RYIYAFALYSVOARI PABRLEN. RYTYRXIFLVY SV
T, 2950 2900cm™! (C-H {#&HE®) . 1400cm ' (C-H EAIEH) . 1260cm™’
Si-CH:ZAE®) . 830 cm™! (Si-CH:BPNIEH) wRY ARy F VEFHL
BIE — s on. 361T50cm " Si-CH: B hEHoRH Y -7
690 cm N Si-COFERHMGRBIBERI N D'
SOCEDLRYVAFANYSVERBIRYANKY S VORI,
1355cm ' B L U 1020cm ' BEINZ YAV X F L VS (Si-CH.-Si) OCH: &
BEHTHDILVA D,
RCEAERYA 7 5 22 WEB290 ~300 C. 3 nmmHgDHMET THEFL .
BonhhZY9BgY (BYALEY5 V) OBAREBLT Y VEE I 0w
VS Sl ET o R,
RYBINVKYSvOXrvEgEsue b7 30520220, WE BEAB LY
FrBEsu=t /5 L0ERLEERL2 SEFRT,
BYANEY S VOFVEFZI/Iu2 b5 7 CTRBRHBENME (B FE
M=T7000) whBEO. E755me (M=1350) W ARERBREC -7 ARBEI NS,

Table 2.3 Yield, melting point, GPC area% of polycarbosilane.

No. distillate Residue yield mp GPC arei?

g g % T/°C 6;7 Wy &L Wy /Wy
HP-01 75 140 46.7 115 - - . - -
HP-02 60 145 48.3 195 12.8 63.3 23.9 4.94
HP-03 67 148 49.3 205 14.5 55.9 29.6 3.84
HP-OA‘ 45 150 50 218 19.3 54.2 26.5 2.80
HP-05 40 155 51.7 235 22.1 50.3 27.6 2.28
HP-06 45 160 53.3 273 50.3 32.1 17.6 0.64
HP-07 65 150 50 198 13.1 65.4 21.6 4.94
HP-08 65 150 50 200 18.6 61.5 19.9 3.32
HP-09 65 150 50 197 12.5 62.2 25.2 4.96
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o4 \HP=99
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Fig. 2.2 Elution curve of GPC on the polycarbosilane in

various conditions.
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ZCTCRYANKY S VORTFESHGORBLLTY VBEIu= b7 5 A
DEHBEHREFBRESL.2n L (M=4200) &£58.6mf2 (M=800) CHIILB{rx oHEK
BERBREEHBL L,

Z LU CEHESL.8m 2 LITF (M=4200) Wy « #FHES1.2~58.6m 2 (800<H
< 4200) %Wy « IAHESS.2n LRI EM=800) %W, & LEXxEHETCELE,
DEDHREL LD TERETZLROBOTH S,

1) RYVAFANYS VORBEEARBELIDZEAY ANEY S VOEROBE.
R 2RV ANKEY S volERI, EGRELITCREARCLDERT B,

TR, BEEBRERVEINERTICLEN T ART IR Y A

KV vORFEBAGRBIBIEBED IR AT 5,

2 EBRES HP-02. 07. 08, 09O RRAI L HAEE 458~482 CTTRERED
%260kgem 2 TRIRELEDEBE. Sonl Ry ARy svrosaw b rs
ADWy /Wy BRIBARHPTY —2 LRHP-08 2R IE4.94~4.96C 1F i —
ECHD. BFEREN—FEOHROEY ANEY S vy REONSE, ZOB
AGWNBELI—ETHb. ChBZBREEARBEBIBIRIANVKEY S VOHER
RN, RYIVRAFLYS vOERNRIGHEBEEESHEEINS450 cCRlLETH.
WTROBETORLRBTEANETT 520, BAOEFIKL - TRE
TE3HNAENE—FEORBERTE. HLEHARBORY ARy 5 V2T
bNBEEILNB, |

B RYAINEYS VORBIAERTCII46.7T~53.3%Tchh. ESRENS
(K BBEEERT B, |

Ll HP-01 BBAAE BRILOROREILcRET 2 TEELS .

FRHP-05 REEAB T SHARBLEESNS, LA CEHBETFT

OHBMILTRERYAINLVEY S VORBEIWVIONEVWAEZ, RYAVEY S

vORUELBEBEOBMBRIBIETHRT 5,
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24 BEETTORUANKEISVDERK

ZERADT. FETFTCORYIAFAYS YORSPBRIG TR, RY I NE
Y5 VOREESUEBEINATLED , 2 CRBORAY Fuvy ==
ryudkdy (UMFPBPEBETS) ' 2RMLAFERSBESRET.
BYANVEY S UROBPUEoFREBTHONZ I cEHL ALY L IO
FEABLDIERCEHLLELEY ALNEY S YvOREETHIELTEHINL,
LAHALIOFEOEREBEEI A IHIRFShTHEOT. BonsRY ALK
V3 VvORBELEZhENBMEEL L TCEELLRLLY A ZHEORE L OB R
b TCRBDI o, 2 CABECEPBPEAEmMLTCEONL LY D VKR Y
SYNRTENCEATENIN EBRFTIENTH > EHR >V TERS, Kk
KTRERYIYAFNYSVIZPBP%20 ~5. lwt%iFEmlL. EETTCHELX DR
ELRECRIMMESETV. BV AILVEYS Y EARLT. 208BHE2H ~.
AREBIERH LR, B ONERY ALK Y S VEWRPE L L TR
AEBELEEL. 20BBIBR LRV I LEY S vORE OB OV
TH®EL 1,

2.4.1 EBRFE

(1) RYANLEYT YOERKR

KEODERBEZF I AEESamEINmON 5 AERBHLCEY I 2 TN
v5v70g EPBPA0 . 0.70. 1.40. 2.10. 2.45. 3.57¢ AniR&&.
3.5 BT 350~420 COmEOBREET CHBEL. Z0RET 8§ ~48KHEK
BL., |RE0ZERRTCAYREAIE L, RBEELEHEORE LT
BRIl ARTIBEREARS I MABRREHEBESN—E X - LBRD
HOLEBIDBEESIVL,

RYUAFAYS YR I IunIAF 0TS VvOELBRF VYO LA LERK
BMERE (2.2HITER) Wk, $PBPRYIBRY 7220V 35
v (3mog) &4k 98 (1mog) ORBIAKERE' LIV BREREE
350 CT 1 REODEERMTTER S,
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FEORBBEES ik, KAL. ZORERME~FY Y HRE L. R
BMERENL. ~FY U ERER. EEFSHEHRTBT. 00 CETORRAEH
TOERMERECLIORELL, BYOAGREBCHONLZEY ANVEY
5v%. 4%. PC-B (PBPHEMY%) ~REBE. &LTET &L,
BEBREKBEE2 AL R L, BBEPBPERMLAEAVIEE. RY I NVEY
S5VERPCS-REBETELL, SRV ANKYS VORBIRHOLRY
VAFALYSvEHLTBONLERYANEY S VOERESEL L,
(2) MEH

REBEBTCEONL KV AINEYS v E. A7 VBRI CTIHBR

#. 100m 2 OKjeldahl D 7 5 222 5g Ah. 75 22% 1 5B
100 MEz0oRECHES CHANENS TEEN S, 40T C2URM. | RE
DHEBFRRTCRIFLL, BEORBUBANARBLEL LI, TS K
FhEd Lk, To&dLlTHBONLERY ANVERY S v ERILAHETO R
YANEYS VOO TCUTOMEET - 2,

RABILR =27 b WidKBr SEFEC LD HII29 FARKRSRFTEHL
THEL 7,

BRFESHE. BU6SS Bk vt 75 72O, A5 MY a—F v
7 AA-804 WAL TC. RE Inlmin ' THBEELLTCFIFSEFRY SV
RV, BBWE254 mOoRABOBRNCTIT>THELL. BEBS TR
(Mn) tHEHEBEFEEDSFE (Mw) . 02D, BRERYZRFL VDX
DRDEBRERICLDFEL L,

FRBREORY A NKY S VEBRBHALT BIETHFBT2) . TR
heEREMBC L 2 RALET (BABTHRTZ) . 20,
200mLmin 'OREOEBEFTHR P cHFBEREL Cch™ ' T1270CcE TR L.
ZORECT IBHEFL TRy 1 EHELEEL ., FRLEHET. FE
BE, 10 CTh 'T140 ~170 COMECRET THMRL. Z0RET I KH
R%&ﬁ%bko:®%®$ﬂwuxaéi§m$(AWW)%\Kﬁmﬁ
DHMOEREAWL L. EEMMZAWELTHIEL 2,
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BonkgEbsr /A ZT@EBcO LT, BEDEEE L TIIRBS Z5ERE
MELAEELE-ALFY A4 VEHTRIBERRE (UM-1-20) Lo ¥-2
El0m. 722~y FHEE2mnin ' THAEL. REEK 10F0EEEZH
AR

2.4.2 FEBERRUEBER
(1) BV A LEYS YOEK

O A BROREBTCHONLERY ANEY S VORRLEHFFEMn

PLXUMwWwERL L,

Table 2.4 Conditions of synthesis,ylelds and molecular
weights of polycarbosilanes

Reactlon Reactilon . _
Polycarbosilane PBP /wt% temperature time Yield/% Mn Mw
T/ °C t/h

PC-350 350 36 580 780
375 375 4o 720 950
400 0 400 10 35 970 1290
420 420 26 1330 2430
PC-B1.0-350 350 55 740 1100
375 375 ks 1130 2250
4500 1.0 400 10 38 2060 5800
410 410 32 2750 10120
PC-B2.0-350 350 60 950 1510
375 - 375 53 1l4oo 3200
380 2.0 380 10 52 1750 4130
390 390 50 2150 6180
4oo 4oo 43 2530 9990
PC-B3.0~350 350 66 1320 2770
375 3.0 375 10 53 2100 6000
8 63 1240 3680
16 66 1360 3760
PC-B3.5-350 3.5 350 24 63 1420 4540
ug 58 2080 10290
PC-B5.1-350 5.1 350 10 - 63 1550 7530
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REYALEYS VOFABRKA RS b k2950, 2900cm ' (C-H (&K
&) . 2100cm™! (Si-HEES) . 1400cm ' (C-H ZAEHH) . 1355cm™’
(Si-CHz-Si OCH, ZMES) « 1260cm™ ' (Si-CH: B P hiEH) . 1020cm™!
(Si-CH;-Si OCH, MW HEH) . 800 cn 'fE (Si-CH:BPhEHH LUV
Si-CHGEH) £2RL!IV'01'O  RYIXAFAYSYBRILVEY S VER
ABER Lo ERL. RV AALVEY S UVRERLTVL S I ERbY I,

Ho3rvRibEFLNBOMEE. ExOPBPRMBEALT. KIBK
BAIOBHEOEBAIC>VTRLE,

70

50
5 B
~N
3
20
> 301

To) ! | 1 ] 1 ] ! ] 1

340 360 : 380 400 420 440

T/°C

Fig. 2.3 Relation between the yield of polycarbosilane and
the reaction temperature (T); O PC, FAN PC-B1.0,
Vv Pc-2.0, PC-B3.0, [JPC-B5.1.
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Z2L40EENS. PBPOGRMEBOEMELBIZRYANEKY S VORK
EFRFE (Mn) GERL. g2 RYAALRYS VORELPBPORM
BEN2%E ML, 2nlETREE—FELHRE, £k Ry ALK Y
5yORERARBECAS CERELTHD . BEME K2 &L bwilE
TN s, BNETCRIAINEKEYS v EBELDIcEd. PBPORNE%:
3~5%ELT. TEARVBEBTERETOLESH S, T LTUTER
RBE . RILFAZHEOMBYELLTELERY ANVEY Z VIEE
23EBNT. HARBETOREREO AERBALRENED SO TH 5,

H23T&*DABRBETCORENBLOBONE (BBRLHT) THOL
haEyY a2 vEy s voORFERIER2L poWOMA LD, H1300& DK
WiEERB B, BlAE. GREEMNTS CToBGWHRIEIZNTHD., 20
M n ZPC-B2.0 ©1400. PC-B3.0 ©2100T&H 5, nicx L T. PC-B1.0 &
NEFBENELDBEVISYT. 20Mn i31130TH 5, PC-BL.0 BR{ ¥
AEZEEET 2 EDIHRLTH. 200 MBABETHBELTLE S,

COXOSBMaAPHI0LD NIV EYANLEY S VIE. I oCEEGKP
PESFEERSEFREL. PFEEESALBEThESR LT, NELoKE
FTEBETHB, 2O EF. 350 CTCERLEZERYANKEY S VDI
ne b3 A0RIVPLOITHY. 2.4 "Lk, $BHE. PBP
ODEMENRSIRLEE. 203 FEFGFRESTEN (FHEBHOKRKEVE)
Y7 PLTH. BILrAZBBONBYEL T DR, B FEK
HAZBIERBRELBIREROBVIEEHBETH S,

$XFAUPBPEMETH. M25ERLAkd . REREMADTFES
HUEAESBPEA*REIL. BRECARLTRIALEY S YVORBEHD T

L. Bty A ZHEONEPE LT 2. PE. BATERSTERKREL
BKINEEOLBELI &Axbhd, HL3ERLAETRy PIZBEVWTEPBP
AMBECHERN CEBEREBETARONAZOE. ¥ ULHETL. BHER
BRI EMTE2DHTH S,
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Et/min

Fig. 2.4 Gel permiation chromatograms of PC-Bx-350

synthesized for 10 h.

y=350

Et/min

Fig. 2.5 Gel permiation chromatograms of PC-Bl.0-y.
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COLIRAREBEER2BLATRILEL TRV ANEYS VO FER
AKEL T3¢, NEOBETHREL. Y ALLEOBREES . LR TS
Riby A ZBEOMBIRE L LTCELLERY ARy S v GRBH %
0BMELEBe. 23 oBBREOARENTHEONELOTHE, L
ML, ABRRHEES T3 EXNLVEHBYRELTHLLERY AVEY S
VEBLIELBUBRTDH S,
THRLESREBES) cL. PBPOEMES.D wtBOBEEIC. AREH
ELRYANEYS VOREB. MntoflBERkDE, ZOoRBRER26K
KT, COREIO. ARRHEESCTBCLCLD. BN <D &
Mnitimsg. WEOETENNIAMABLZIENTEDL I ERDI R,

70 2200
Yield
60} —1800
K 5
=t .
] —
> Mn
Sor —1400
40 L L ' L L ! 1000
0 8 16 24 32 40 48 56
t/h

Fig. 2.6 The yield(Q) and Mn (A) vs. reaction time in PC.
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(2) RyAnEY 5 vORE

Bl dbir ko, BRIy A BHEOHBYRELLTHRY I VRV S
VERAVBBES. HALLBEEERPEETHRALCRILY 2 E{LAH
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Table 2.5 Conditions of synthesis and properties of SiC fibers

Melt-spinning Curing Tensile Young's

Diameter

PC temperature temperaturé AW/W strength modulus
Tm/ *C Tc/ °C - D/um ¢ /GPa  E /GPa
140 0.067 11.9 1.27 174
152 0.079 12.1 1.95 165
PC-B1.0-400 275 160 0.101  11.9 2.20 159
170 0.125 13.1 1.55 137
120 0.092 + + +
PC-B2.0-375 225 130 . 0.110 11.9 1.21 160
140 0.131 12.1 1.86 - 153
120 0.135 + + +
PC-B3.0-350 230 130 0.140 13.5 0.92 132
140 0.161 15.6 1.80 78
100 0.096 + + +
PC-B5.1-350 240 110 0.126 13.1 1.66 120
150 0.186 11.5 0.94 71

+ PC fibers were not cured by these curing conditions.
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Fig. 2.10 (a) Tensile strength(O’T) and (b) Young's modulus
(ET) of SiC fiber vs. the AW/W in curing process;
O pc-B1.0-400, APC-B2.0-375, \/ PC-B3.0-350,
(0 pC-B5.1-350.
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Fig. 2.11 (a) Tensile strength(O‘T) and (b) tensile modulus
(Ep) of SiC fiber vs. the addition(wt%) of PBP in
the synthesis of polycarbosilane; QPC-B1.0-400,
A PC-B2.0-375, S/ PC-B3.0-350, [ JPC-B5.1-350.
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Fig. 2.12 AW/W in curing process vs. curing temperature(Tc);
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program controller.
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Table 2.6 Conditions of synthesis relating to yields and molecular

weights of polycarbosilanes.

No. Reaction Reaction Yieli/wt% GPC
temperature time pCs rpcs®)  1ps®)  Mn

T/°C t/h
AT-01 450 8 32.9 4.9 -45.6 1366
AT-02 450 10 35.9 3.9 43.0 1319
AT-03 455 12 33.1 4.4 50.0 1368
HP-02 458 5.7 48.3 25.0 - 1350

a) LPCS indicates the distillate which was obtained from the
polycarbosilane mixture by a vacuum distillation.
b) LPS indicates the fraction which was obtained during the

reaction.
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Fig. 2.15 Gel permiation chromatograms of;
Ceneveaees polycarbosilane, a LPS,

b LPSH after heat treatment at 380°C,
— ——— LPSH after heat treatment at 390°C,

—.—/'— LPSH after heat treatment at 410°C.
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Fig. 2.16 IR spectrum (a) LPS and (b) gas mixture which

were obtained from polydimethylsilane through the

thermal decomposition.
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Table 2.8 Conditions of the thermal reaction on LPS'relating to

yields and molecular weights of LPSHa)
No. Reaction conditions
Temperature Time Pressure Yield/% Mn
T/°C t/h p/kgem™2G  (LPSH/LPS)  (LPSH)
LPH-01 370 8 max.26 84.8 552
LPH-02 380 8 max.43 86.8 555
LPH-03 390 8 max.63 79.2 573
LPH-04 400 8 max.63 85.4 553
LPH-05 410 8 max.65 © 84.5 579
LPF-01 400 8 10 71.1 669
LPF-02 405 8 10 71.5 647
LPF-03 410 8 10 70.2 654

a) LPSH indicates the materials which was obtained from LPS

through the thermal reaction.
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Fig. 2.19 Gel permiation chromatograms of;
LPSH after heat treatment at 400°C by
the closed process,
e ——— LPSH after heat treatment at 400°C by

the fixed pressure process.
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Table 2.9 Conditions of synthesis in the fixed pressure process, relating to yields,

mp, molecular weight of polycarbosilane.

Reaction conditions Yields/% Properties of PCS

No. T/°C t/h p/kgem % PCS  LPCS  LPS mp/°C  Mn UV/RI
FP-01 460 15 5 56.6 6.7 3.3 255 1255 0.77
FP-02 460 10 10 57.1 5.3 - 252 1350 0.89
FP-03 - 460 15 10 57.1 6.4 3.3 248 1270 0.87
FP-04 460 15 - 15 57.2 7.7 4.5 242 1253 1.05
AT-03 455 12 - a) 33.1 4.4 50.0 256 1368 0.66
HP-02 458 5.7 60 48.3 20.0 - 195 1350 1.20

a) 1 atm, nitrogen gas flow.
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WEY S v~ Tah kRS, EEEARIEOBRBA T 2LPCSEH
TRTHIN. COLPCSEROEGu y P CRERHERYYAFLY S VIZEN
L. SDkeem *OEETCHEAX T ThEANMBOERLLEBRAEZ 210K
N N
LPCSERMULCEALLBR. RYUVAFLYS VOBRARBEIHT IR
ANVEY S VORBEE 4oy P EHTHOI% T M EL L, ESEEXLPCS
EREMLZBE. FHATRIBORY ANKY 5 v 4B B RDI . BN
ULBVWIBACENTIOCET 30BN D o, CHIBLPCSHAERY v vtk
NBEHLTCRER LD, BEAEZ LT 2D WLPS 2HVEBALDE
WREENTIBUVLENLIZLDEEZIONDS, CORBTIE. BALKLPCS

Table 2.10 Conditions of synthesis (addition of LPCS, fixed pressﬁre), relating to

yields, mp, molecular weight of polycarbosilane.

Reaction conditions Addition Yield/% Properties of PCS
No. of LPCS .

t/°C  t/h  p/kgem-2 % PCS LPCS LPS  mp/°C  Ma  UV/RI
FP-05 470 8 5 - 55.3 7.3 4.6 250 1311 0.76
FPL-01 '470 10 5 7.3 - 60.9 8.9 4,1 252 1277 0.72
FPL-02 470 10 5 8.8 63.2 7.1 3.7 227 1265 0.70
FPL-03 470 10 5 5.9 59.5 6.7 2.6 245 1348 0.70
FPL-04 470 10 5 6.5 61.8 7.0 3.5 236 1283 0.72
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(EIT.1 %) X0 HERLZLPCS (EHFT.4 %) O@RINEFSLIL
PEREVELEBEBIA L XBER L, RYAVEY S v OFEILPCS
ABEMLTHDEEAEERREL, WARI BBEMLEVESGCEEFTRD
LTHD. Bibr A EBROHNBORE LTRBRVERKS 3,
(4) RYANVKYS VORBBILSIURLY 1 BBERE ORI

mﬁfﬁankW%%%M?%ﬁEﬁéfﬁénkﬁUww£y5vb%
DRI A ZHRBOBBRERAT 2D, ChOOEY A NVEY S YOHD
CHREEBAT. V7 ABPHABCABYAET - CHRMLL. AL B
BRLTELy A EBELEBL. 20o0BBE2AELL, KB LTEHRRE
FAETHONERY AALEY S VORIBICHEL -, BELEBROZERER
211w ¥ .

Table 2.11 Conditions of synthesis and properties of the SiC fiber

Melt-Spinning Curing Properties of SiC fiber
temperature Diameter Tensile Young's Oxygen
No. strength modulus content
Tm/°C Tc/°C Aw/w D/Pm 0 /GPa E/GPa %
FPL-01 360 170 0.4 -2) - - 5.2
175 2.5 10.6 2.68 219 5.6
180 3.5 10.8 2.84 208 6.6
FPL-02 340 170 2.2 -a) - - 4.7
" 175 2.4 -2 - - 4.9
180 2.9 11.6 2.45 185 5.9
FPL-04 355 170 2.9 -a) - - 4.8
175 3.0 10.5 2.45 193 5.2
HP-02 310 170 2.2 -a) - - 5.2
175 3.6 10.6 2.28 - 180 6.9

a) This sample was melted during heat treatment up to 1250°C in nitrogen
atmosphere. So, the mechanical properties of fibers were unable to be

measured.
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Table 2.12

Condition of Synthesis relating yield and properties of polycarbosilane.

Reaction condition Yig&d/% Properties of PCS
s
Process. No. T/°C T/h P/kgem-2G PCS LPCS LPS Gas mp/°C Mn UV/RI
Open AT-03 455 12 - 33.1 4.4 50 12.5 256 1368 0.66
Close HP-02 458 5.7 60 48.3 20 - 31.7 195 1350 1.20
Close FP-01 460 15 5 56.6 6.7 3.3 33.4 255 1255 0.77

(gas leakage)
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Fig. 2.20 TG-DSC curves of polydimethylsilane.
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Table 3.1 The standard of spinnability

the spinning time

Rank without break Value
s
5 —=>270 excellent
4 60 ~ 270 good
3 30 ~ 60 passable
2 == 30 bad
1 0 unspinnable
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Table 3.2 GPC area 7% of polycarbosilane relating to spinnability and properties of the SiC fiber.

GPC of polycarbosilane Spinning Properties of the SiC fiber
No. Mp Spinn- Diameter Gy Ep L Crystallinity
;125 W/t W% W/% WM Tn/°C ability  pm GPa  GPa & A

S7B-22 - 3.3 53.1 12.6 1.55 221 3 8.0 3.26 177 22.0 57.8
S6L-08 1.116 31.0 53.7 15.3 1.73 215 4 8.0 3.30 172 21.4 56.7
S74-03 - 23.4 58.6 18.0 2.51 208 4 10.1 2.02 161 21.4 55.7
S7A-09 1.115 23.4 57.6 18.9 2.46 210 4 10.0 2.52 163 21.4 53.5
s7Cc-22 1.117 22.9 59.5 17.6 2.59 205 5 8.6 3.05 155 20.9 53.8
S74-02 - 19.1 61.5 19.4 3.23 199 5 9.0 1.93 147 19.9 51.9
S7B-41 1.115 17.8 58.6 23.6 3.29 190 5

9.8 1.81 146 19.4 45.8

Molecular weight/ X 10°
50 10 5 | 05
I

I 1

45

Elution volume/m&2

Fig. 3.2 Gel permiation chromatographic trace of

polycarbosilane.
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Table 3.3 Mp and GPC area’ of polycarbosilane relating to Spinnability.

GPC of polycarbosilane Mp/°C Spinning Curing
areal
No. Wy Wy W W&/Wﬁ Ts Tm Tsp/°Ca)Spinnability observation
S-01 39.4 42,2 18.4 1.07 192 245 - 1 -
s-02 33.0 50.3 16.7 1.52 217 238 - 1 : -

S-03 35.3 47.7 17.0 1.35 203 225 330
S-04 30 49.8 20.1 1.66 195 220 315
S-05 27.4 55.0 17.7 2.0l 181 200 325
S-06 24.2 54.8 21.5 2.26 181 205 335
S-07 25.7 55.9 18.4 2.18 173 190 300
S-08 22.5 54.0 23.4 2.40 170 187 290
s-09 21.6 57.6 20.8 2.67 192 207 320
S-10 18.4 56.5 25.1 3.07 182 204 330
S-11  17.8 55.3 26.9 3.10 172 190 290
s-12 19.3 60.5 20.2 3.13 180 202 311
S-13  18.9 59.6 21.5 3.15 189 218 316

(SR IR, T G, SES EE PU R N R N . e o Y R B O L

s-14 17.0 51.0 32.0 3.0 153 170 285 fused
s-15 16.5 58.0 25.5 3.5 175 192 295
s-16  17.9 62.9 19.1 3.51 176 187 290
S-17 16.2 59.8 23.8 3.69 179 198 315
S-18 14.8 60.6 -24.6 4.09 158 175 285 fused
S-19 14.1 61.9 24.0 4.39 175 191 285

'8-20 14.8 64.6 20.6 4.36 177 194 304
S-21  12.3 63.0 24.8 5.12 178 190 290
§-22  12.7 65.5 21.8 5.15 157 178 280 fused
S-23 10.6 68.9 20.4 6.5 163 185 285 fused

a) Tsp: spinning temperature
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Fig. 3.3 Dependence of WM/WH and mp of polycarbosilane on
the spinnability; X1 or 2, A3, 4, © 5, @ fused

in the curing treatment.
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Fig. 3.4 Relation between WM/WH of polycarbosilane and

tensile strength of the SiC fiber.
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Fig. 3.5 Relation between WM/WH of polycarbosilane and

tensile modulus of the SiC fiber.
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Fig. 3.7 Melt viscosity of polycarbosilane against

temerature. (Sample No.S-11)
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Fig. 3.8 Relation between melt viscosity and Wy of

polycarbosilane.
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Fig. 3.9 Relation between melt viscosity and mp of

polycarbosilane.
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Fig. 3.10 Dependence of the spinnability on the melt

viscosity at 300°C of polycarbosilane.
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Table 3.4 The standard of unfusibility

Curing conditions

Rank 200°C 10min 200°C 60min
5 0" p==2.5GPa O‘ng. 5GPa
4 O‘TEZ.OGPa O‘TgZ.OGPa
3 0“T<2.0GPa O"TEZ.OGPa
2 fused 0‘T<2.OGPa'
1 fused fused

51 000 O O
e 0000 00
z 3l O® O
2
‘EZ— @
-

IF O0O

i i 1 | 1 1 |

(o) 20 30 50 00 200 300
L300/ P

Fig. 3.11 Dependence of the unfusibiliy on the melt

viscosity at 300°C of polycarbosilane.
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Fig. 3.12 Gas chromatographic trace of the liquid
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polycarbosilane which was obtained by vacuum

distillation from the polycarbosilane mixture.

(

)3 retention time (s)

Table 3.5 Retention time, numbers of the peak and area 7 on the

gaschromatographic trace of the liquid polycarbosilane

Partition Retention time Numbers of the peak Area %a)

t/s
I 172 - 362 7 40,7
II 514 -~ 812 8 20.3
IIT 995 - 1197- 6 12.2
v 1330 - 1568 5 9.2
v i633 - 2169 5 12.9
Total 31 95.3

a) Area 7 indicates the percentage by area on the gaschromato-

graphic trace.
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Table 3.6 Boiling point and fraction of the distillate

from liquid polycarbosilane

Distillate No. Bp Fraction
8/°C wth

2 4 - 77 2.3
3 78 - 98 3.1
4 101 - 105 8.2
5 110 - 138 12.5
6 140 - 158 3.6
7 1702 13.1
8 210 5.1
9 230 12.8
11 250 1.0
12 255 5.5
15 290 7.1
Dregs - 18.6

a) Distillate No. 7 - 15 were distilled by vacuum
distillation at 3 mmHg. The boiling points are the

760 mmHg equivalents.
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Table 3.7 The percentage by area on the gaschromatographic trace of

the distillates from the liquid polycarbosilane

Percentage by area (%)
Partition I I1 111 v \
Retention time(t/s) 172-362  514-812  955-1197 1330-1568 1633-2169

Distillation No.

4 95.5 1.2 - - -
5 91.2 6.3 - - -
6 83.6 13.1 - - -
7 20.7 75.5 1.1 - -
9 8.6 85.3 3.2 - -
11 ' 1.3 26.3 68.5 - -
15 - 0.8 75.6 8.6 -
Dregs - 2.1 10.6 36.1 45.3
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Fig. 3.13 IR spectra of the fractions(No.3, 4, 5)
which was obtained by fractional distillation from the

liquid polycarbosilane,
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Fig. 3.14 1R spectra of the fractions(No.7, 8, 9)

from the liquid polycarbosilane.
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Fig. 3.15 IR spectra of the fractions(No.12, 15) and

dregs from the liquid polycarbosilane.
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Table 3.8 The absorbance ratio (AZIOO/A126O) in IR spectra on the distillates
from the liquid polycarbosilane

Distillate  No.
2 3 4 7 8 9 12 15 Dregs

AZIOO/A126O 1,71 1.48 1.25 1.11 0.97 0.95 0.91 0.9 0.89
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Table 4.1 Characteristics of polycarbosilane

Mp/°C ’ Chemical composition/wt%
dis Ts Tm Mn Mw Si 0 C H
1.116 176 194 1,470 2,980 45.9 0.63 41.4 8.36
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Fig. 4.1 TGA-DSC curves of polycarbosilane in air.
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Fig. 4.2 Dependence of AW/W on time of oxidation treatment

in air at various temperature.
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Fig. 4.3 Relation between the rate of AW/W and temperature

of oxidation treatment.
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Fig. 4.5 Elution curves of GPC on polycarbosilane at various

conditions of oxidation treatment in air.
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Fig. 4.6 IR spectra of polycarbosilane after oxidation treatment
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Fig. 4.7 Relation between AW/W and Ay /A2950 of polycarbosilane.
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THF BRBRICHETOIBRRL LI RY AIVEYS VOFH T, BELRE
CEEBBEBRADO. THF BETTCEYAILE Y 5 Y RF T hid REL
HETLREHBTESZ, LEARSTRYINEY S YEIEEZTHEETOH
BRECHRBLET I EhDhok, LILBEEAD2BAZz0B MR
BEBOT—ETORBRERLLABE. Iz 0BRERBECER VLD,
BABEHCBRL AN POBRBRERCEE TS 3, |
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(R4.2BB) OBEAERYALEYS vy TCH0Ch 'EIBOLREEET
ORAUETIMBLAEVILTH D, RBEOLD. 6.2 Y¥O0KHEL2EEEH
RHI00 Ch '"ORBERET. 480 CECORMEET > RBRRY » UK
VIVBRBEMAL TSV BABBSEBBERD oL EERLE, 4.9
AW/WB.2 YDRY ANEYS VORMEEBEE LRI RARIR <2 |
voZEfbE. Bil0@~diEXBoREELLoZLERT, BRAEER
(Av/AYV’ ) ORBBRRELTHWHE & FE#IC3400cn ' 2950cm™ .
2100cm™ 'y 1260cm ' 1020cm™ ' 830 cm ' #EEL. Z DS b4 22950cm !
(C-HgEHEE) & . 830cm ' (Si-CH:BPIEH) &L/,
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Table 4.3 Solubility in THF of oxidized polycarbosilane . after

heat treatment in nitrogen atmosphere

No. Aw/w Heat treatment THF Observation after
] °C °C h-? solubility @) heat treatment
302 2.9 --- -— sol. ———
A —— 260 20 sol, solid (melted)
B - 300 20 sol. solid (melted)
401 3.2 -—= —— sol. = ===--
B --- 380 20 insol. powder
C -——- 480 20 insol. powder
402 4.9 -—- —-—- sol. = ====-
A -— 290 20 gel powder
C 480 20 insol. powder
307 6.2 ——— ——— sol. = —===-
A -——- 260 20 gel powder
B -— 300 20 - insol. powder
C N 380 20 insol. powder
310 8.2 - -— gel =00 =e——-
A -—— 290 100 insol. powder
B ——= 390 100 insol. powder
C - 480 100 insol. powder
406 9.5 —— —_— insol, =  —-——=—-
A —— 290 100 insol. powder
B -—— 390 100 ~ insol. powder
C —— 460 100 insol. powder
a) sol.; soluble, insol.; insoluble
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Fig. 4.9 IR spectra of the oxidized polycarbosilane after heat

treatment up to 480°C in nitrogen atmosphere.

Bl 4.10@» 5 h8s400/8z050 BRRBEENEF I3 >h, 3BCEDLT
Bo T DhAzsco/hzes0 OFWAC-H WG WX L THAIICSI-00 DO&EEEMN
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Thszaoo/Bzeso DD ISIOHEARBOBP EHBL TL, ThiZSioHES&
MoBRKGEERIBICL 55i-0-Si OBAIIERISBRABEEO EFICE- T,
JlE&e BT I B ELERLTVS,

B 4.100) M HAz100/hz9s0 HAWW 6.2 BELTORE TH00 CE T,
AW/W 8.2 YELED DO TEHI00 CETRIEI—FETH3MN. ThIlLtoR
BETERPT 3, ChZBLOBESDESI-HEARBLRY AL EY S
Y300 THAhLH. BILINSI-HEEGOBEMSDBOLRY ARV 5 i3400TC
MoSi-HESDMDHIEE B LERLTL B,
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B 4.10©0)D HArz260/82950 DD T HHMIZDH 3D, Bz100/Az29s0 &R
300 CETR—ELELBPPRPTHIHEETH S, S hidSi-CH: &4 IR
LOBHIEH BN, 300 CETEIRE-ETHBIILERLTL B,

BlAI0@E RS & 5 iThiozo/Aeso RBMBEEREO ER - THALTY
3, WO XS 21020cm™ ' OB I IESi-0-Si OMEEHES &Si-CH.-Si DCH,
ORPNEHNERI AL -7 TH D, 830cm 'FSi-CH: 0 {lGHEHTH
B, Lo T. THIESI-0-Si A& B LUSi-CH.-Si B AMNSICHs &Ed
X UMM EML T3 &E&RT, Si-CH.-Si #&1355em "z b EH
EHOBRREET 3. Aisss/Azeso WAERORBEBL0.3 ~0.4 &, B
ERERLTODEELAL—~ETHELD. Si-CH-Si EAREELAEERL
BeEBLZONDS, £he B THSSiCH; FHAE300 CETELALE—FE
THBD. 300 CTETODAiozo/hes0DBKRILSI-0-Si HAOWAERT &
WA B, FRLOBELESESEENDSTIF oBRBRBEC PO THRLI0K
SRUZA. THF OBRBM LB OSHEI D 20541000 DA10z0/he30DET
HO. Aioz0/hs30A0.63L FTRTHF WAL 0.66~0.67TT A VK (—FW
B) 0.9 ETRRBELBD, CNERVAINVEY S v OREBIED
Si-0-Si WAL LB3WHIUBIUVENFILTCHILEEBRT T 3,

300 CHLEWHE T BRiozo/bese DB AI. Si-0-Si AL X2\ » Y
DEABLTHETH BSiCH: Ao ICLE2EEBAL oD,

DEPOBILABEZORY AIANEYS YOL00 CECORMEIZES ZE{L

ORIGEBHEHRB T2 LROLI>EE S,

=Si00l + H0Si= ——-——> =Si— 0 — Si= + H:0 (4.2)
=Si0H + HSi= =§i— 0 — Si= + H, (4.5)
=8i00 + CH38i= ————> =8i— 0 — Si= + CH, (4.6)
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=SiH + CHsSi= ——— > =8i— CH.—-Si= + H. 4.7

BUERYAILEY S VOREZTRRPTOBRRBIL2ERIBE. 4.2 K&
RYSIONEARTORKBARIBIC L 55i-0-51 BEOAEKRTH 2, “hid
HOBRBCHASIHESOBIABLL IO TE 2, 300 CME
BT BSiH #E (AWK 6.2 %ELTF) LSiCH: BAoWPb ok, 2
NENRIBRALIBLTALOORBREI T 2A8ENDS, T2
400 CUEEBO TR INRTORY AN EY S VTSIl A LSi-CH: &0
BLPRRD o, Sil LSiCHs »OoRIBK (4.7) Xk 3Si-CH.-Si H&0
EERPBB IR T2 TEEELD 3,

PDEOER»S. BIERIETHEASI NSO AR SBExTbhs2E
FHRTOoRARHEBRECBVL L, BRARBECLDSi-0-Si oERKIBIE
GCZehbhote, BLAIPOABLARTHZAWMN 3.2 YORY I LK Y
GYTHEEPTHRACHFELEPORAREI AT, BBE LBV CABLT
Bl ENbhol, COBEIRBLICSLELSI-0-Si FAEMNWt YOoBE
BEXHBTIETTIHARILEERT 2, LMo TROHETHE KRB A
YALKEYS VHOTet YOBED S B, Si-0-5i AL LTRSS
LTV 2BFORBIENUTLEVAS, ChRRILY A ZBE O RBL2R
RKEOBLRVWI~6uwtUOBREBCITAZ2AEHRERL TS,
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4.3 FERLEFELTsrMIZHBEORBEARETES

4.3.1 EBHE
%%LkmoK@%/?zﬁxVf#é&%ﬁuww£v5vﬁﬁ%%mﬁ
BRoBBFEdT. 120 chooFEEEIICH . BERELT0 ~200 T
BE#HNT0.5 ~2BEARMLABELE, CORBLERIC >V T, BEEEN
B BRELEEPIUFRABRRRA NI b AERELL, ARLZORBEI.
ZEEREETTI0 Ch'OFETCERH»SOI0CEFRL. BREETLR
MEELE, cOBRKBEIVBONRERILY A ZHE >V T, FIRES.
BENEHE. XBHFOMELTLEFITEIT » 1
BMELEEIEIEIE R EENGA-2200 MEEE ST LDAEL o &K
ABRIWA~2 P AVEHASRBEIRA-1 FAFRREFEBHOTHEL 22, 5l
B LA ERABLHEER L FY 2 @ HTensilon UTH-4-100% A
JISRTB0IOZA F5 ¥ FEICXOBAMELL, XBEHFTIEZEEGE X RME K
HEHO., o b V7 4y - LBCuKoeBCHIELL, RERTEF A
. RE.BEBIUVRFEODOTUIT - 2

RELLERY A VEY S VEBROBEERMEILL 2@ LB, RBLE
BORYANEYS VEEROBEEREFAEL. RRCIVEHRL L,

W.: — W,

AW/ W= X 100
W

SoCAWN BEBBNETH. W, RABLEO. W, @RELKO R
YALEYS VEBMOEE (g) TH b,

4.3.2 EBBRLIER

YA NUEY S vl EERPTIN0 cT I BHEBEL 2 ABILR Y A LR Y
S VIBEEOFRARNA R P ERALILERT, RBMEL A RY) DIV ER Y SV
Wi D021 00cn ' ORIO Y — 27 (Si-lOMEED) oBEIRBLWCI T
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Fig. 4.11 IR spectra of the PCS fiber(a) and the cured PCS fiber

heat-treated at 180°C for one hour in air (b).

oAb LTWWS, 1260cm 'O — 2 3E (Si-CH:0ZRBE®H) - hic
HLEELAEEDoTVAL, c0200cn 'OBREDOHDERRICTT L 5.
BYBINEYSVEBELORIBDIZEZ2DEELZ ONS,

2 =8i-H + 0 ——— =§i—0-S8i= + H:0

TROLEREYAINLEYS vHOWVLL DI DSI-UENBERL. BHhURBICLY

Si-0-Si BAMNERT 20TH 3,
Si-HEEE 0P E (ASIH ) GHExOXGETCARMLI Ry ANEY S ¥

BRMrOROKICLDBERL 2,
(32100/31260)PCS - (A2100/A1260)Cur8d PCS

(Az100/A1z60)PCS
2 ThAzi0o/ B LU hi1260 e Z2FN2100cm ' & 1260cm ' OMAETH 5,

ASill =
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AR ANEY S VEBEHOSI-HEAORLE (ASID) L EEEmME
(AW/W) EOMOBBKEERLIZILRT, oW orRL I ASIH BE
EiEmE (AWK %) CEBIT 2, RAISERBLRY 2 v kY5 g (O)
FLXUBEREISC CRAREL2RILY A £ (@) c:ocxfﬁié\ﬁi
(HEX%) CHEBEMEME (AWW %) LoBBRERT. ChhroBOoAIRLS
ERBEE Y ALK Y S VHBOMESERRANN CHBIT 5, %k ABIL
RYAWEY S VEROBEEMIABLLOBREASINLBZIOBILELALY
FELLIeAbrd, H4130oylie oss (0.6 E8%) BELLZRT X
IRARMCREFHORY ALKy S VBBOBELEEBETT bOLEL O N

%o

o
T
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O
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o

O I
O 02 04 06 08 10
ASiH

Fig. 4.12 The relation between loss of SiH bond(ASiH) and

weight gain(AW/W) in the cured PCS fiber.
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Fig. 4.13 Oxygen content vs. AW/W in the cured PCS fiber (O
and the SiC fiber heat-treated up to 1300°C (@ ).

Table 4.4 Elemental compositon of the SiC fiber

No.ASiH Aw/w  Oxygen(wt%) Elemental composition

% of cured of SiC fiber(wt?)
PCS fiber Si C 0 H
a 0.50 8.0 9.0 57.3 32.2 9.8 0.2
b 0.58 10.0 11.1 56.6 29.4 13.0 0.2
c 0.70 14.0 14.7 54.8 26.9 17.3 0.2
cf. PCS fiber - 46.8  38.1 0.6 7.4

YRRy A 2HEOBESHFRELAWN CHPIT 3, AW/W ERALT 4 F 8k
HMPTOBRESHELOLIB0.82THh-T. COMBIBILYy { THEARNEL
RIBESOERRERWD.8) WWiEEAEEL L,
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B4 14c@iby 1 SB0IRBS . SIEREMEL AN OBBARY. o
DFE. EEHEMNENRTUUTORYAINLEYS YEBBIZT ~T. 1300CTO
BAEOR. BRFELIBEL. BROBREER TS Sd ok, BLr 4 %
BEOTERS ZAWN NHEMT 2EE b lMML. AN/N H10~12% TR A
BAERL. AWN XZRLOBMTAERIT 5, —F. Bltr 4 SHED I
HWMERBITAN/N oM, TR T 3,

—~ 3500 -200 —~
O O

a. 0
23000 1190 ©
wn

= 180 2
£2500 3

= 170 ¢
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2 1500} =

ol 0

6 8 L 14
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Fig. 4.14 Relation between tensile strength( (),
tensile modulus( @) of the SiC fiber and

weight gain (AW/W).
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Fig. 4.15 X-ray diffraction patterns of the SiC fiber obtained

at various curing conditions.

AW/W are (a)8 %,(b)10 %,(c)ls 7.
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Fig. 5.1 Second firing process

A : Alumina tube E : Furnace

B,: First firing fiber bobbin F : SiC yarn

BZ: Second firing fiber bobbin M : Motor

C : Orifice N : Nitrogen gas inlet
D : Heater W : Weight
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Fig. 5.2 Block diagram of the measurement system

of VSWR(voltage standing wave ratio).

: Micro wave generator (HP8350B,HP835454A)

: Rectangular wave guide(WRJ-10)

Isolator

: Frequncy countexr(HP5342A)
: Attenuator

: Wave detector

: The pA meter

: Sample holder(wave guide)

: Sample
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Fig. 5.3 Density((Q), tensile strength(A) and tensile modulus([])

of the fiber vs. 1lst firing temperature.
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Fig. 5.4 Density, tensile strength and tensile modulus vs.
2nd firing temperature.
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Fig. 5.5 Density(A) and tensile modulus(Q) of the SiC fiber

vs. crystallite size of B—SiC(Llll).
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Fig. 5.6 Relation between specific resistivity of the SiC

fiber and 2nd firing temperature.
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Fig. 5.7 Relation between specific resistivity of the SiC

fiber and heat treatment temperature.
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Fig. 5.9 Histogram of the fiber diameter(NLP-201).
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Fig. 5.11 Thermal expansion of axial direction in SiC fiber-

aluminium composite ( V£=50% ).

Table 5.1 Typical properties of the SiC Fiber (NLP-201).

X 0 -1 cv
Filament diameter 13.9 pm 1.65 pm 11.9 %
Density 2.55 gcm'3 - -
Filaments/yarn ‘ 500 - -
Count 210 g/1000m - -
Tensile strength 3.15 GPa 0.26 GPa 8.3 %
Tensile modulus 194 GPa 5.9 GPa 3.0 %
Strain to failure 1.63 % 0.13 % 8.0 %
Thermal conductivity 10 kcal m~lhr-lk-1
Specific resistivity 4.3x103SLcm
Coefficient of thermal 3.4x1070g"1

expansion

Chemical composition Si 59.3 %

c 30.4 7%
0 10.1 %
H 0.2 %
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Table 5.2 Typical properties of the SiC fiber(NLM-202)

Fiber diameter ‘ 15 pm

Filament/yarn 500

Density 2.55 g cm-3

Tensile strength 2.7 GPa

Tensile modulus 200 GPa

Coefficient of 3.1x107 %!

thermal expansion

Compositioﬁ of elements 517 .00%1.29%.38%0.10

(atomic ratio)
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Fig. 5.12 Tensile strength of SiC fiber after exposure

in air.
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Fig. 5.13 Tensile strength of SiC fiber after exposure

in argon gas.
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Fig. 5.14 X-ray diffraction pattern of the SiC fiber after

exposure in air.
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Fig. 5.15 X-ray diffraction pattern of the SiC fiber after

exposure in argon gas.
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Fig. 5.16 Scanning electron micrographs of the SiC fiber after

exposure in air. (a) Original fiber
(b) 1200°C, 100 hours (c) 1400°C, 24 hours
(d) 1400°C, 100 hours
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Fig. 5.17 Scanning electron micrographs of the SiC fiber after

exposure in argon gas. (a) 1200°C, 100 hours

(b) 1400°C, 24 hours (c) 1400°C, 100 hours
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Li-BEFHETRLE,

1200 « 1400C. 1 BB OAETE. WTFhoBHEATLA Y VS VT

Table 5.3 Atomic ratio of the SiC fiber after exposure at high temperatur.
Temperature Time Atomic ratio
°c h in argon in air
Original fiber Sil.OO C]_.29 00.38 HO.lO
800 100 511:00 €1.26 %.39 Hy. g9 511.00 ©1.16 %.44 Hg.09
1 000 100 5% 00 €1.26 %.34 Bo.0s  Si1.g0 C1.08 %.50 Ho.04
1 200 1 511,00 €1.24 %0.39 Hg.04 511,00 ®1.27 %.36 Ho.05
1 200 100 S11.00 €1.18 %.40 Ho.01 511,00 ©1.06 %0.60 Ho.01
1 400 1 511,00 €1.20 %.36 Ho.01 511,00 %1.22 %.43 Hg.00
1 400 100 511.00 C0.88 %.11 Ho.01 511.00 C0.94 %.66 Ho.00
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Fig. 5.18 Crystallite size B—SiC(Llll) after exposure.
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Fig. 5.19 Relation between tensile strength of SiC fiber

and crystallite size of B—SiC(Llll).
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Fig. 5.20 Density((Q) and crystallite size of B-SiC(Llll)(Zl) vs.

specific resistivity of the SiC fiber.
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heat treatment temperature.
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CTHRMBC LV ERLERIZHT 3, BIULr A THBEOBA1540C Lk
DRBZIOBRENRBELLDIOR, BEBHILERBLEERT Z, LENRST
RRLPES AP BL T L0 L > TERLERM. 0.5 Qemic ¢
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Table 5.5 The properties of the SiC fibers after heat treatment at high temperature.

Heat treatment -~ Atmosphere Resistivity Density  Crystallite Elementary composition

size . wth
. i . ‘
No. T/°C t/h (o fcm P /gem Liq1/4 Si C 0 N
A 1560 3 N 7.2 2.72 80.3 66.5 26.6 3.1 3.8

.07 %oo %.00 Yoo
B 1540 3 Ar 30 3.11 218 69.9 29.0 0.8 0.2

C

Si1.03 %.00  %.02

0.01

a)

a)

a) Atomic ratio.
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