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Synthesis process of SiOC fibers from polymethylsilsesquioxane, which is a kind of
widely commercialized silicone resins, was studied and developed. Melt spinnability of
the starting polymer was investigated from the viewpoint of its thermosetting nature.
For the curing process necessary for maintaining the fiber shape during the pyrolysis,
metal chloride vapor reactions, such as SiCls or TiCls, or electron irradiation
cross-links were effective. Synthesized fibers showed substantial oxidation resistance
in the temperature range of 1000-1200 C with forming a protective layer on the fiber
surface. On the basis of this established procedure, control of pyrolysis environment by
using hydrogen, decarbonization reaction from the fiber cores can be promoted. Thus
the light colored fiber showing photoluminescence was successively obtained.

AT ERR
(BHHHAL - 1)
ELFEREEY A & &t
2008 fFE 900, 000 270, 000 1,170, 000
2009 A 1,000, 000 300, 000 1, 300, 000
2009 A 800, 000 240, 000 1,040, 000
I
FIE
&l 2,700, 000 810, 000 3,510, 000

MRS . T

Bt o458 - M E - AOBF LS - BRSO - P

X—U— N HiRiRE 707 AfliME, Y oA vh— o K, VY a— R 4
B, B BERK



1. WFERMEL IO 5

U DOIFZEEIZ N E TR Y LR
VI, BABWVIRY ATFNTT U ENR—R
(W=, © T 2 v 7 AEEEME ORI
HEFRTBRIR o~ R U w7 ARIBRIKDBIFE 12
WA TEZ, KU BIVRS T ATIRE
ARNBAETHY, BT I v 7 AENEL,
FIMHERIR 2RO FIEE LTH, SR
AMLIENBR SN TE 2, TOMREIE Hi -
Nicalon (AA#—AR ), Tyranno SA (F
ERELPE) 7o PO THREE L, A< HHHCfE
HENAIZE-STWD, FLFRY BNLRTT
VEBREORBRAKLE T L RIS LI
0. FisktEodkE, WEOM L, SRR E
Mom b, 2EEXHZ L TED, LML
RINB, RYBLRT T AT &b AR
LM EMNE L T O/ ARY) ~—ThHY
BRIRE R E < L Bk STk B R B R
THegsTh o7 E, —fKDOR Y ~v—LH LT,
BN EELVEEEZ 2 H LTV D,
—J7. EHREE Si-O-Si BB D v
oXY RN v — X LEME L LTt
LU EDOREL 2T TIcAE LTEBY . AL
VAT ALEMSN TSN (K1), ik
REEICB W TIFIREE O MR FE L <,
Iy AOFIEEKE LTE, RR& &S
NT&E7, LMLEE, *vy b7 —7#iEIC
ERTI2ENET I v 7 AWEREHERFL D
O, FREETEIC RIS ORI E 2N AT RE R &
NEAXFAXRHRORY v =R DM
HREN TS, ZNHDORY ~—THED
NA U H— ZHEER, 2—T 1 Tk 72
L LT, M, HERED b TE T,

e it D

Fe-Si. A-Si. Mg-Si

BELREN ) T — R R SIS G- TR
SI0 #2051+ 2C0 (3000°0) $(3i5)
b 3 P =
|L(#EEeste) |
43 o CubbtE DR .
! CH.CIF T,

A mhineber) bl e -
; h ERAT L AO0LS
- i m AR KSR

BT, AL U0—
AHEGE PE
(S | = i
7 (el Tap | [omwewd TS T Rochowi7:
= THLCT EIx]
b =T HSICH, B ——— [ H,SICL
CH=C

A=A AN (CHHSICl 407 CH,=CH-SICI,
A ) o | THIR
3=t CHSICI, 857

-1 s, 700

1. vV a— R ~—6nk - iU

2. Mo

AR O BT TEMEE U TIA < EH
INTWAvaFY AR =28V T,
ZORKa A MEZ RKRIBIZAENT X9 e
T, MEWSEM Higo SiOC kT I v 7 A%
fEEIC AR, 22 DEFEEOEVIREECHEH T

H— N EWSLTHZ EICH D, TOTEIRE
RAH7Fakv AL LT, v U a— U BIEDRRE
H% & RAEEAL AR IZ R A 24 T Si0C
fHEO AR, MR MR, & SRk
B DHERHITOWTHIIEZ T 12, #HEL DR
ENDREGE, BOTET I v ANED
BWARY vt RXFFH 2 (PSQ) RO
Va—miEofik, ARk, BERAE R T,
SiOC #kife &+ 2 ik, i BIRIZ OV T,
NASA /LA Z#FZEFF® F. 1 Hurwitz &0
1980 FARITERIMER PR AT 24 12 K 2 i Hh o] &
WMELTWD, LOLARNG, ZRARIRE A
BN THDLRNLRT, 207 78 A3l
W27 2= VAT HPPSQ (RY 7 ==L
LB AXARY ) IZEWRY ~—ThH b
AREdENEL<, BN SIOCkET I v s A
X, RFBEDNEL RDERPRNEEZ DI
Ly EVNABERAREXH ORI ST, M
RV a—cBL T, KU BRI L
DT L RaEA LT SIiC #kHE D | #re(l
BT 2EhAIE LT, AREREITH, 7
LY REH LT, HRMEEDT R TH HERL
sz 25 2 & 20 E LT3,

3. WFED ik

FRAT 4T NI Fp—< A =TV
TR L 0 IR S TS PMSQ (RE b4
YR3370) 122U T, 150-200°C DR FEFENE. 0-5
REf O PR REE EEPH CIRmkE R 21T 9, #65%
S & AR ST RRHE D R E R DIE
5O E DBRIZ OV CHEZ L., PMSQ D EVEEA L
PERKIRMEIZ 5 2 DB OWTHED 5,
BHEEZRDOIX S S>E N b/ E <, ol
KOVZTHRRE R DEMDOLDEFEL, &
RAATNR—VINTREET., BFEVT /) —
NIEEA~DIEREAITH 5 Sicl, & HfF =45
T SiCL, 7 BAEAEMINIC — B DIt CE R &
LoD, fk#EY — 2 2R S 100°C O
FHN ORI S U7 BREEICPRFE L, HER TN
ERA~OZEBHI DIV AR, EAROARRELZ1T
I, ZOBE BEEHREATRTHZLICKY,
& B REEERHE I ) & DT T2 IR BE T O A
b Ba s, BARRF IR & O ILFEF
Tew i LC, EHRIREIC X DR bt
BIZOWTOMREDL T L TITI,
Rtk O E &2k, IR A7 M2 k%
B L. 1000°CATEMIRIAS TRk L, JoHk
SIMT. XRD X% — 2 ORITE, MEHETREE ZFAm 72
EEIT I, FRICERA ST ARRME S 0 ki
SRS IC G- 2 DB A RETT 5,
HRHEMIEME O FEAM & L C. BERGHHE 2
1200-1300°C il FE i T2 il FIZPREF
L. XRD & — DAk, #MEDOWrimBle,
EDX 5472 Bl L 0 . HILOETES W ZFE
fli L7z, SPREREE U CIImmbiiE > U A il
FHE L., FFloy ) b ofEsboErT, ik



BERRETERL, ARRAL DBLE ) & FAM L7z,

F 72 TiCL, ZZABEANC VY, 225K T
DBER 2 FL A5 DH T\ S10,-Ti0, Yt Al hATHE
DEKBIT T2,

ISR FEIC I T, MESHBHE ~ D 7K S
BRBERR HATU, JL3é 0T, FEOLMERHE 21T 5.

4. BFgERk R

HIESRHEI Z BT, 50°C D Sicl, KARIC &
HAREME, & 51T 1000°C, 7L BRI B
T ARSERAAR S10, 5Co gse FHIEAR 13. 4 m
DIf#EESD Z E N, A—T =341
FE, BEWERRITET Si 0 DR
MRV, REDDHEE nm L0 EHBTIE,
BERBE MR EZET 5 EBEND LR
T2o BlodRV AL L Cik, BIfE, Rk &
NI ERREIET 0.96Pa & W ERE ST
W5, 1200-1300°C DR FEFIPH T, MiiEzesk
Wk L CHifE 2 S 57 @iEm bR 217 -
el Z A, AT EOH#EORAEITIZE AL
Rond, 77U AT A FOARITIIED T

IRE STV, Ml Y Bk & LT,

TNEEFLINICEET HIMAMERT S Z
EDIRENT, 272 L, 24h ([CIREEEH AR
L7 ZA, 7RI A MO,
FKHEBEOBEARWEHBLZE LV RSN
(B12), Lo UIEMEF OB = 7 #4051,
COFFETHLEEE-STBY ., 2RoRERE
H 40%JRIC B £ 5, TR SiC #kkE & LT,
ML EIZE TS > TWA Z ERRENT
2. T AN, ARA SO/ EME) S BT,
D TCIEREICENS a2 THDLZ &N
RENT,

2. SIOC e, 1240°C, 24 WA LEROFTHIRE
i

—J, REBEEEOFENI—R T T 7 #
B IA B BRBE T OMEWE L Z K GE T OHA
CH L TIET L. 1300°C., 3h {7550 BEpE CHik
HEERDIET., VU v —TRRk~DE, )
MERMEMNDD SIC T 4 AT — DR Eni
LIV, To2 L. HHEIRIC K D E e R
BRI, WEEERE T L OREDH
MEHETELZ LN, WbiE HEWET

72 HRICIRE LC, WiEr, =— MFHIE
~DREREZMET D Z LNk D [HEEH
2, 4, 6, 9, 12, FiF 172 L],

—J5. BERR R A T LT AKRELE
BETHZEITX 0, Bepkitiferh ORIk E
Z gl E P < ROSITRE T 2 Mt & ISR I
1TV, BB TIE72 <, 1000°CLL F D&
IRBERS CIZ A/, 1000°CLL ORI T & 48
BOWHEATED Z LN TE T2, FNEFNRE
352nm D7 T w7 T4 NBETFT, +o7eA
AR RT D 2 L aMR LT [FF 2],

Decarbonized
SiOC fiber

fiber

[

[X13. SIOC e, 7=~ 74 b+ (352nm) FE
FFOPLAHE (B 457 AL OHHBiX)

F7- SiCl, TiE72< TiCl, Z AW TAREME
AT — AT, RRMEFRFICKRED Ti
DEAEICHRF SN, v T 7 — VRO KIR
£V H TiCl, DI TOR >y b T — 27 ~OFHE
fpntELer —ATHY, HEHVRKRED Ti 2
EEND & ERFHE T OBV ki
DORENA U, Ti HEFFEOK T Z &2
TR E T, BERHEHEIE S10,-Ti0, MK TH 1 |
Stk RE A2 A3 H A%, Ti0, 1% TiCl, dFE &
LT bR 2 2 Enh, VTR
272 o9y [MEskimsc 1, 9, 1272 5],

e

X4. R ~—71r NRZI SN SIC A5
A

FrvVa—rA A (KUY AFLe Ko



Y R ANRY T AHE S,
Wk L= —AZBWT, JEME TR
NVEEAELBIEIEIX L, E D& DLRKESG Ol
Nk, Hl AT AR EETIv IR
A 2 R DT CTHERT 5 2 LTI L
Tn5 (K4), [MHEEmse 5,7,11 72 K]

5. ERRERCE
(WFFe . WRge o4 M ORISR 1
=Y

UdEgEamsa) (B 1240)
1) M. Narisawa, Y. Satoh, T. Kamegawa and
H. Yamashita, “Synthesis of Si0,~Ti02
Fibers with Photocatalytic Activity by
TiCl, Vapor Curing on Melt - Spun Silicone
Fiber” , Journal of the Ceramic Socisty of
Japan, Vol. 119, 544-547 (2011). A Hi

2) M. Narisawa, R. Sumimoto and K. Kita,

“Evaluation of Oxidation Resistance of
Thin Continuous Silicon Oxycarbide Fiber
Derived from Silicone Resin with Low
Carbon Content” , Journal of Materials
Science, Vol. 45, 5642-5648 (2010). %t
<l

3) J.H. Eom, Y.W. Kim and M. Narisawa,
“Processing of Porous Silicon Carbide
with Toughened Strut Microstructure” ,

Journal of the Ceramic Society of Japan,
Vol. 118, 380-383 (2010). &HiH

4) M. Narisawa, “Silicone Resin
Applications for Ceramic Precursors and
Composites” , Materials, 3, 3518-3536
(2010) . A e

5) K. Kita, M. Narisawa, A. Nakahira, H.
Mabuchi, M. Sugimoto and M. Yoshikawa,
“Synthesis and Properties of Ceramic
Fibers from Polycarbosilane/
polymethylphenylsilane Polymer Blends”
Jornal of Materials Science, 45, 3397-3404
(2010). A 7E

6) M. Narisawa, R. Sumimoto, K. Kita, H.
Mabuchi, Y. W. Kim, M. Sugimoto, M.
Yoshikawa, “Synthesis of SiOC Base fibers
from Silicone Resin with Low Carbon
Content and Control of Surface
Functionality by metal Chloride treatment
in Vapor” , Materials Science Forum, 658,
400-403 (2010). 25 e M

7) K. Kita, M. Narisawa, A. Nakahira, H.
Mabuchi, M. Sugimoto and M. Yoshikawa,

“High—temperature pyrolysis of ceramic
fibers derived from polycarbosilane-
polymethylhydrosiloxane polymer blends
with porous structures” , Jornal of
Materials Science, 45, 139-145 (2010). 7%
oA

8) M. Narisawa, R. Sumimoto, K. Kita, Y.
Satoh and M. Yoshikawa, “Evaluation of
heat Stability of Si-0-C Fibers Derived
from Polymethylsilsesquioxane” , Ceramic
Transactions, 213, 39-44 (2010). & HA

9) M. Narisawa, R. Sumimoto, K. Kita, H.
Mabuchi, Y.-W. Kim, M. Sugimoto, M.
Yoshikawa, “Investigation of Curing
Process on Melt Spun Polymethyl -
silsesquioxane Fiber as Precursor for
Silicon Oxycarbide Fibers” , Advanced
Materials Research, Vol. 66, 1-4 (2009).
wHH

10) K. Kita, M. Narisawa, H. Mabuchi, M.
Itoh, M. Sugimoto and M. Yoshikawa,
“Synthesis of SiC Based Fibers with
Continuous Pore Structure by Meltspinning
and Controlled Curing Method” , Advanced
Materials Research, Vol. 66, 5-8 (2009).
A HE

11) K. Kita, M. Narisawa, H. Mabuchi, M.
Itoh, M. Yoshikawa and M. Itoh,

“Formation of Continuous Pore Structures
in Si—C-0 Fibers by Adjusting the Melt
Spinning Condition of a Polycarbosilane—
Polysiloxane Polymer Blend” , Journal of
the American Ceramic Society, Vol. 92,
1192-1197 (2009). & A

12) M. Narisawa, R. Sumimoto, K. Kita, H.
Kado, H. Mabuchi, Y. W. Kim, “ Melt
Spinning and Metal Chloride Vapor Curing
Process on Polymethylsilsesquioxane as
Si—0-C Fiber Precursor” , Journal of
Applied Polymer Science, Vol. 114,
2600-2607 (2009). A HiA

(%K) G224
1) M. Narisawa and Y. Abe
“Microstructure of SiC-Si-A1203
composites derived from Silicone Resin -
Metal Aluminum Filler Compounds by Low
temperature reduction Process” , #rd

International Congress on Ceramics, Nov.
14-16, 2011 (Osaka, Japan)

2) BRIBHEAL, FEEES, M2 (7=



T LR ) a— U BHIEE SRR
LR T 2 v 7 AMUG | IR R R 4
W TR 22 FEEHRTF RS 2010 45 5 A 25-27
A (BfEHEKZ, 315

3) ERIEHEAL, (EAE -, JLE A ISi-0-C
HHHE SR 235 1T 2 i IR R b B B R R | |
H ARG B S 147 [RIRKEIR S, 2010 4£ 9 H
25-27 B (dbiEE R, L)

4) VEREUVRAE, RBUEHERL T2V a— Ui
ATERR & L7z Si0,~Ti0, Mkt DA R . A AL
JBEEAE 147 [MIFKHIR S, 2010 429 A 25-27
B (AeifgE K7, FLIR)

5) FRIEFEAL. ERETRAE TTicl, /AR R L A
ML TAR Sz Si0,-Ti0, AN £ H
REEBIEL ) MR RIE &M E TRk 2 2 K
FERRE 2010 4E 11 A 9-11 H TR, I
#5)

6) EXIEHERC, PIEBHESS. AJRE (7L &
TR T T 4T 7 4 Tk BITH VY 2
—URHIEDIKIR® T 2 v 7 AMERE & O
W2 ) 26 29 B S > TIFERTama .
2010 4 12 A 11-12 B (GEEER K22, B R)

7) EREVRA. BRIEHERS TTiCl, KAEAREMEIC
X% Si0,~Ti0, i o> T1 &4 EHIE ] Ak
22 FEFEES 2 [MIBKEN 7 1 & AWFFES: . 5 3 Bk
EHEFRAFZE S A RAFE S, 2010 45 12 A 17 H
AR, D)

8) ERIEREAC. HeiEnA TTicl, REbZz L
TEHM ST Si0,-Ti0, i D Ti HEFE O
) BARET I v 7 A4S 2010 F4FES, 2011
3 H 16-18 H (FRRS:, Hlb)

9) M. Narisawa, Y. Satoh, R. Sumimoto, T.
Kamegawa, H. Yamashita, “Synthesis of
Si0C Based Fibers from Silicone resin with
Low Carbon Content and Control of Surface
Functionality by metal Chloride Treatment
in  Vapor” , The 11" International
Symposium on Eco-materials Processing and
Design, 9-12%" Jan., 2010 (Osaka, Japan)

10) M. Narisawa, R. Sumimoto, K. Kita, Y.
Satoh, H. Kado and H. Mabuchi,
“Evaluation of Heat Stability of Si—0-C

Fibers Derived from
Polymethylsilsesquioxane” , 8" Pacific
Rim Conference on Ceramic and Glass
Technology, 31st, May - 5% 2009

(Vancouver, Canada)

11) K. Kita, M. Narisawa, A. Nakahira, H.

Mabuchi, M. Sugimoto and M. Yoshikawa,
“Investigation of Nano Porous SiC Based
Fibers Synthesized by Precursor method”
8" Pacific Rim Conference on Ceramic and
Glass Technology, 31st, May - 5% 2009

(Vancouver, Canada)

12) Y. Satoh, M. Narisawa, R. Sumimoto, H.
Mabuchi, T. Kamegawa, and H. Yamashita,

“Synthesis and Investigation of Si0C-TiO,
Fiber derived from Polymethyl-
silsesquioxane with Photocatalytic
Activity” , 3™ International Conference
on Science and Technology for Advanced
Ceramics” 3™ International Conference on
Science and technology for Advanced
Ceramics, 16-18"" June, 2009 (Yokohama,
Japan)

13) [FEARE—, LB —RF, pREHERS, RS
[RY AF Lt AFAFH2 (PMSQ) 7>
50 Si-0-C 7 2 v 7 AHEERRIZRBIT B
MR ZEAPERTAN | B AR 8 72 5 145 [BIFKHIR 2
2009 49 A 15-17 A (AR K, HUER)

14) [FARE —, dbE—A8, kMR, R
TRIBRARIEIZ K> THE S vz Si-0-C flkeE
DIHPVERFM ] BARET I v 7 AHEF 22
FFKZES AR 7 A 20094E 9 H 16-18 A (5
RRF, BR)

15) pRiEAERL, (AR — e T2 ) =
— UBIRRIBRIAR N S B Rk S e Si-0-C ik
Ol LG EIE) 9 28 KR T
WH7ERTimE . 2009 4= 11 H 5-6 H  CRATELF
R HH)

16) efinde, pisEfd, EAR®E . JbE—
AR, v, @R, IWFeLE ) a—»
IR DERELE R &2 L7z Si0C-T10, Stk
HEDARL LR 55 28 [RMERE 2y 1A Ze st
Fa. 2009 4E 11 A 5-6 B CRITHEE K,
H)

17) RS, PR, [P TA1 7 ¢ 5
— ko TIRESNIZY Y o — IR RTEE
EKoOvI7 Iy 7 AMpdfe) BRAEI7 I v I X
W4 2009 FEAFEL 2009423 H 16-18 (K
TERRT, BPH)

18) piEMERd, fEAE—, EiEmA, bE—
A, I (& RE I At ZFH LT
Si-0-C ##ER L O Si-0-CX fkf ARkl B
AKtET I v I AHRE 21 BKFE VR T
A, 20084E9 A 24-26 H (ALSLIN)

19) {EATE —, L& —H8, SRS, T



AR, SIEN THRY AF it 2%
FxHr (PMSQ) mHd Si-0-C 7 2
v 7 AREHEA A BT B A FEAR R S
R 5T [RlE 4y fatimas . 2008 429 A 24-26
H (KRBTSR, KBR)

20) AbE—EB, pRIEHESC, RIPAITEL, AL ARG
FHINEN TR %7 2t 2 OFI#E & &5
N ARLIC L ARILTA B~ I T =
— 7 HEE DR B 5T [BlE sy T Etimas . 2008
H£9 H 24-26 B (KKK, KB

21) M. Narisawa, R. Sumimoto, K. Kita, H.
Mabuchi, Y.-W. Kim, M. Sugimoto and M.
Yoshikawa, “Investigation of Curing
Process on Melt Spun Polymethyl-
silsesquioxane Fiber as Precursor for
Silicon Oxycarbide Fibers” , The 1 st
International Symposium on Advanced
Synthesis and processing technology for
Materials, 14-17%, Nov., 2008 (Wuhan,
China)

22) K. Kita, M. Narisawa, H. Mabuchi, M.
Itoh, M. Sugimoto and M. Yoshikawa,

“Synthesis of SiC Based Fibers with
Continuous Pore Structure by Melt Spinning
and Controlled Curing Method” , The 1 st
International Symposium on Advanced
Synthesis and processing technology for
Materials, 14-17%, Nov., 2008 (Wuhan,
China)

(PEZET PERE)
ORI (G2 1)

LR AR L OV o Rl A
T - AR

MR« KBRIFFAT K

FH¥H -

%5 HFE 2011-72824

HFEAEA B - 2011453 A 29 H
ENADR]  EWN

AR T X v 7 Af#EORLE TR LOVE
DHEZLVEENDET I v 7 Ak
T AR

FERIZE © KRB SR

S -

%5 KRR 2010-030242
HEEAH B : 201043 A 15 H

ENS DR« [EHN

(D)

R— hrl—
6. WFIEHR
(D) MFgEREE

AR HEAC (NARISAWA MASAKI)
KIRIFSI R - TAWF9eR) - UESd
Wr7eE %5 00244658

(2) WFge iz
Bz L

(3) ELHfEF 7T

%4 f# (MABUCHI HIROSHI)
KRS RZE « T2EWF%e Rt - B
W72 %5 : 70109883



