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Fig.1 Apparatus for synthesis of ceramic
fiber.
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Gas Flow Meter,(5) Gas Chromato-
grafh,(6) Needle Valve,(7)Dry Vacu-
um Pump,8 Dry Gas Meter (9)
Lather Flowmeter,() Thermocouple,
(1Window,(12Gas inlet,19Gas outlet.
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Fig.2 Effects of reaction temperatures on
producing amount of ceramic fiber.
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Fig.3 Photographs of ceramic fiber (2) and
the TEM image (b).
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Fig.4 XRD results of fiber (a},and calcina-
ted (2) at 800°C in air (b).
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Fig.5 Effects of reaction times on produ-
cing ceramic fiber.
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Fig.6 Photographs of ceramic fiber synthesized;(a) at low temperature(1480C),
and (b} high temperature(1520°C).
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Fig.8 Effects of gas flow rates on producing
ceramic fiber.
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Fig.9 Apparatuses(tubu dia:50 mm ¢)of (a)
vertical type,and (b) horizontal type.
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Fig.10 Yield of fiber products from rice
hull carbide by using a reacter with
tube of 50 mm dia.
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Fig.11 Results of DTA—TG of ceramic
fiber.
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Fig.13 XRD of residual sample;a) after
reaction in H.(step),(b) after re-
action N,(stop).

B 25 H, 28 £ B EORMERE W Iz,
a-7 ) A boXT A AERL 2SS, H 2 A8
DHei, RIETA&#FHBIETL, AL
KRBT @-7 )2 FNTF A M3ERL 2h o1,

342 RCBBCLIRE

INETRARL G AV R EROME
2274 VETHDLY, TIIF, A—RRU
L7 A4 NEY EORKEROBIIC & o THIHEL
RO ERBIIREC B -2, Blzid, N
A, 1500CHEA, AMERETNENELL
& EDOMHEEREIL, TV FERTO wt%, &
—RFHETI.0wt %, L74 FEEBTIZIT.6
WtX%Tho72, ZhHLTA FEERD EPMA I
£ BAHHER T2, Ca,Fe,TiK,Na 7t ¥ i ET
FEVEINT WL LRSI N, /-, W
Pl ETRYD Y, 2 snBEIc LN, Si0
HADNREEXRESI 24 4 BIERE S ER L T
VAR E 2 bild, ZHUcEL, SN, o4
BiCBWT, 7 BERME Y AR 2 B# %
Z2E &, ZOWMBYX VAL, a—Si;N, i
HERAT, SLON, RN g—SIC RT3 2 & HF
BRI T390, $72, 204 £ EiERMAL B
Rl LTHEE, SiOrCENRIEREES &
LRI BHDEFELNTEY, HIW)TRLER
I, ZOBEADBEFICENT WS EEZ LN D,
Eit, Rt Si0 ¥ 2 DB {2 &, (2)
KOG L ) SL,ON, DEKAEIN 5,
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2Si0(g)+ C(S)+ Na(g)— Si,ON,(S)+CO(g) -++-(2)
Wi SLON,DFEH b, TNERE %5 Si0
L RIBICEBEBD CONDEREPTEL Twa,
%7z, M13a)> RHC+H, (STOP) &5 iz, &
B EERRE(C) L H 2 ET 2R T, SIiC
DERIBERT L2 AREXSE, Ll
2 DFHBEE k72K EE (STOP) Tit, Rz &
DERLECOM, ZNFFRANICET L0, %
B 72 Si0 25, 2 CO Rk - THELEN
B EEZLNS, LarL, RHC+H, (STOP)
DFRTIE, DEEREYFICIE SIO I ERET, £
-SiC & ZAIc L BN Si—0—C@iEr R L T
WAHZ Eh b, ZOHIBEERAE L Twa i D
EE2 L, RAICIBEDEV: S0 & CO Rk
LTWiZ RN,

3.5 BEWEIC L IRE
FEOBRICE IV, BEISRICERT S
SR ELPICT B0, EREGIIED 5 THE
HORW UG LT ISR 2078,

2C(S)+4H,(g)—> 2CH () ++evveverereeressmersnsienins {3)
2C(S)+ Hy(g) = CoHa(g) +oveverereseremsereseseses (4)
Si0(g)+2CH,(g)~ SICS)}+CO0() +4Ha(g)  -(3)
Si0()+C.Halg)> SICO+CS)+Halg) w46
Si0,(S,L)+C(S)— SiO(g)+CO(g) «+reverevmeerseses (7)
SiO(g)+CO(g)+2H,(g)— SiC(S)+2H,O(g) »++- (8)
H,0(g) +C(S)— Ha(g) HCO(g) «+eeeresvseneererenns (9)
3Si0,(S,L)+6C(S)+2N,(g)— SieN.(5) +6C0lg) ~ --(10)
Si0,(S,L)+3C(g)— SiC(S)+2C0(g) «reevereeeees {11
Si0(g) +CO(g)—> SIOLC(S) wrererrmeemersererereres 12

(x=0~2, Yy=1~0)

(3), @i, EEAH—REHTOMRIEARZEE
BRBTH), Zndb, 6, ERDL D LG
HHE BRSNS H B, T2, (ORI Si0,NETT
gL TH D, WRFRITFIGDOEKEGT
»oh, 10, WRBLUOORDE 12, wTho
RERPicBEWTh, fAEETHS SIOCO &
ERT ARG TH B, £z, BN L 5, H,O
HERT ATREEIR S B2, ORD LI iT, KiE
HARBICE > TCCO L HACEF THATT S EFH
2 HNB. INLEDFUBITEANICEE S LNT,
8), (O b, FEHRE L THIZBEN L EE %
LTwh, 72, 10, WR0L I ERITERL
72 CO o, (MATHERELZ SIO &G L T,

DD FIGHREE, I ERT 5 L HEI LD,
INLEDZ E L, 2 SiOC #EHED SI0 & CO
DR 2D THD P, EIH», HEHWIEH,
B DBRIGICEFNZE AT 200 2 TRL 26
2, SiEEEEARTH S SI0 12, kFEE CO
hDEFEE L, T0%H, £30% CONRET A%
10ml,” min THE 2, KGIEE1480CHEHGFT
T B G E AT, £ DORD A E T A

100 10
2 80 18
e} i)
£ 1 E
560 16 E
@ 4 2
<3 =
g LOF Si0O+(70%H;+30%C0)10mI,1480°C 4 E
(&) 4 m
@ 20} co -2 &
(L]

0 i 1 1 1 | 1 1 1 |
0 15 30 45 60 (min)
1500

G 14501

émw—

2 1350}

]300 | i 1 1 | 1 1 |

1
0 15 30 45 60 (min)

Reaction Time,

Fig.14 Changes of gas composition and
quantity with passage time at each
temperature.

BORERELZRIIIFL T2

1300CH 6 RREF ERA T2 &, COTAD
MRITEA L, Her 2 3ml 72, £i2, 7 2%
BIRA L, RGEEL480C 2474 L 2T,
BIT—E0EE R L2, ZOBAEDERETA (70
%H,+30% CO) {310ml” min DFE CTHRMIZE
ALTwaA, LEwES L, 1480CHFTER
BT 2 7 AREIIH0%ICE TRAL, 13T
RS TIGICIHEEIN TR Z EERLTW A,
R, S0 B & SiOCoeHEIcIE I N2 D
DLEZI LD, $72, OB ZHED G b,
H, 28 L T35, Zihid, CO Z ALY
X NTHEA L 72072 0 Hy 7 2 D5FE Ry i 38
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L7233, EBE, BREELL Culknwz &
PRLTWE, 250, ZoOBROREBEEHHX
BEFT SRR L ISR L 72, FORE, a-7
)2 R4 b & B-SIC ATHERR S L, Si0 DR
ECONBHNEETWLEZIEZTRL TS, F
7z, B15i% SiO+ (70%H,+30% CO) DRIGH

(2):810+(70%H24+30%C0)1480°C
A:f-sIC
B B:x-Cristobalite
E)
S A
E B
@
.1“:! B B A
£ ——J A
! L ! 1 l ] 1 1 ! 1
15 20 25 30 35 40 45 50 56 &0
206 (deg.}

Fig.15 XRD of residual sample after re-
action of Si0+(70%H;+30%CO)
system at 1480 C.(b) deposits on
boat side around sample.

DA ERL A, SiI0+CO FItH o X a4y
PR Th, HUEmEZRLL2, RI5OBKEE
MOXRD T B-SICk a-7 VAT A4 b
ANTIREERGA30 1 70T H ikt L, Si0+CO 7
FUGFRTI320 D 80ETH -2, 2Dk 5 i2H, %
ML 728003 5 R EE R R IIEINT 2@ %
ALz TNEDRIBRIZBEWT, H,2Meb 5K
TERB) DM SIO 2 ERKT 5 &2 LiLs FiG
REKIZRL 72,
S10(g)+300(g)— SiC(E)+2C04(g) +vrerr oo 1
Si0(g) 4 CO(g) = Si0y(8)+CO(g) +rreerirrsssoere 04
SiC(g)+3H,0(g)— SiO,(s)+CO)+3H,(g)-----(15
@)X Tiz Si0, CO U H,» & SiC » H,0 »*
T 5, BRTHEL L H,Ol3 5 L 72 SiC
THRUGHETLEwbLTEY, BRHL 5z,
Z D SIC A S0 H B v 2 Si0,ic F TE{LS B
THEMEDH %, 193 Si0 & CO »% SIC & CO,
PERTIRETH LY, WKLz, 35ic
CO, 12 SI0 & BUR L T Si0,ic F TB{b 3 2 0
RMErBHLLDEEZ LD, 272, RIbEMER
EFHSIO BB CODBES LIZ, RENEH
BIZL-T, TNLEDRERDL B » T b7,
Ho 2L T WRIBR TR, a-7 )R FoNS A
MEECAERLTBY, BEEERICRLZ LS

GG E T WL Z 2T B L TWE . L2 L,
Hldionml7z )i, Hy 28U 2R T3 H,
ZRFHEWEEENTE LT, LR R8%E
WKHBEWT, TOH MM Z#E2 L Twdio
L&z b1, FEFC SI0 B L1 SIC & KoL
RHSITAMBENEILINEEZ LN, 5T
ZINL G HRTE, BEOFW COERANHT
SiO &R L TSIOLC, HEkEnzbn bz
Ld, F2, TORTIE, BEY-R0EgE
NT iz SiO~OBILE G 2 EE S 1L
e nEEZ L, KI3@iRL 2 XRETER
TR H 28T 2 2 &2 & » T, SiO,~ni{bhiz
RETRR oz,

INLDEZ ZRERT 5280, EREREICY A
FIE & LT SLSIOSIO, # Ay, JRFIR & L THEHMER
A—w>, CORYCON A AVIEBEDER
270l ZORETERLZEMEHRREHD
XBEIT oA RS b, SR DMK & SR
BEnEREEOBFEERLICALE EL, &
RO R E F.Ewt 0B, wWino R
SIO B L -BEDfER2 R L 72), 74 HiFEL S
(S) & L7254, SERERDE, wiho
HELVEREN L2 o72, Si & COEEIE, HE
JRABRIGAHEZ ) g-SiC o AHER L, CO,CO,
HADEEE, a-7 ) A PRTA LI ERER
L, BLRICHHZ » T 2 &G oiz, 7
AFREE Si0 12 L 23541d, RREL CO & L7~
BEEEeT, I LEHERERMY AR I N
e INLADZ L, SIO ERIGTERL?, 5
WIIEML 722 COF A EDEEIC L » T, ek
D SIOC,PERTELNEEZ LN 55, COY
ADE S BRIGEAZDHFELETIE, FHEDSIO X «
S NAMRTA MICETHRBRILENZ LD EE
ZbNb, T2, 74 FRER SiO iz L =841,
BR A7 — R 2 RFIRIC L 23854 2 B v TlHER
EHMEEL N o, BRA— R 2HEW
BHal, (MRD Si0,+ C—- Si0+CO o K s hi#e
S 1DITHHERER DD ERENTNE LD E
ZZ bbb,

INLDERP L, FRDLEHE S L TER
L7260 & CO iz &k D EMEIGIC X - T, MHetk
SIOC, K INE LD EEZ LMD,



Table.1 Relation between results of x —ray diffraction pattern of
rasidual material in sample and amount of formed fiber
in each of reaction systems.

Reletive tntensily X

System Gas Feed . E
(mi/min) | B~SiC| a-Cri, | a-Quartz | Si

(69) (¢9) @ @® (wt®)
1/Si+C 100 0
2(Si +C0 20 94 5 1 Tr 0
318Si +Co 20 30 T0 - - 0

450+ 2€ 75 25 - - 5.7
5[Si0+C0 20 20 80 - - 20
6 Si0 + CO 20 100 - - 0
7| $10+(H270,C030%> 10 30 70 - - 25
81Si0 + C 40 60 - - 17
9| Si0 +C0 20 Tr 99 - - 0
10| Si0z + CO2 20 100 - - ¢

¥F. E : fiber efficiency = amount of fiber(g)/Si0e(g)X100

PR AL A & B SIOCy 2 L BICARTT
% 72 h DG4 & EEASE I DWW TRES L 728
RrFrod s, DTN Ths,

(1) RIGIREAFLRT 2 &, ZilsRCMES
WEIZmL 72, £72, Ar RUN, 7 2 2 BiE TR
vz tEh, Ny ZRICH, AR 2L THERT
Tric kD, MEEAEREIR 2EL i mL 22,
5z, N+ H.2BAV AT, RIREH
L, &t BIRBED 5 FHIRM E THERW
2R WELTREIN L, AR B D IR BRI A7V
(EELTWBZ EN T -7,

2 wFhor2FHAP TEERLZEED,
He g 2 IR 3ROSR I L CE SRR I
TR ENGh 0Tz, £z, Ho M AT 4 R FUE
bk, FOEFRIZFERFO SI0 L TH
85wt %l LEL, 72, N, +H,QOREFATY
BWEZRL 72,

3) MiMERBICRIZ TV ATENTEL L

T, ¥REHLADLBE LD Ar RUN, & 8
B hY, EREIEEAS L, 272, H AW
N, +H,DREAET AT, FBESRAIERE
L7z, LrL, FAMBEOFET LEEAIT
B<, 30~40ml” min THRIE#SRL 2.

(4) 1500CLITF LN AR PRT
AT E DAY, 1520C T AR, THE
LORUSRE TR, 85N MR RS
VIR 2 k) —EREa L, ERE
PEITL I EHIr 0T,

(5) BEEIEZWOPORGRTELZL, A
OREHERBHC L B RICHR S 6, 146 2R
SiOCylzEAMAfES Si0 & CO iz & » T, S10+CO
- SiOC, NEFHMIGIZ L VAR EN LD EH
Zhbhb,

2 F X M
1) JUNE—-GUNN LEE and IVAN B.
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28 BERILREMHDOMEIR E T DIEE

T BERR, B0 &K, sk B, RE BB, EE %5E

1. # &

£7 Iy 2ANEEOUHED B VIEFHEMEL
TORBLHELT €73 v 7 AOMHMILITT
bl T 5, FICEBETHD SIC 74 2h—%
Fl, saiblgiEr L CHEE S, &8N, &9
TR, €73y 72w v 7 AR
e DAL RIEACITHAN TS, L
L, S TREALT 2BRmEMEZ & icHE
HHY, EETIE, PR REME TR
W rrBBEINDL LT, FnsiEo72
ZFE—Y G, BRI, EY¥EGRS L UFEE
¥ rH{oaB TSN OH L, T Iy
7 ZHED— W B R L, R R, R,
T e, Do =TEE T A, K
{b4 £ R, @b A R, K0 -nTiO M,
SION #i#E B 1 Si—Ti—C—O0 R#HE 2 & DB
BT B0

LT, TNETIRRBILEYD 5 WIIRRF
BEPFRE LTIy 7ADEEEIT-TE
Fahs, FomT, FA%, BE, KEIPLRLHE
BEES BN L7z, O ABT W LIRS
BEPHU ARy DR TENEICEATYS,
VEWRIZT A~ b H K E CEHEES20~40
nm, £2100g mPl k, HRERETH), ZBRET
1100°CLL b, FiFHEA 2 H T2 1300°C LA E SR
it 285, ZOSMEIBAN, RMETHY,
B S TRERD D VIZRT A ) K 2 F 55
WEHLTWE, 20 3TELFLELIILEHICHE
LCit, B4 H8) >—»5RIbT A RMHE
7 E DA RN OR T SIi—0—-CH
ELLTORERD B, -&:‘uiﬂﬁmc:js T35
Si-0-Cilber L TodEIRE LTV, Z
NLNZ Ens, ZOMHERHHREDH 2WE &
LTz LN, FOHBEEEICOVT, W (DP
OB EBOTHRET %,

2. BREESBRUERSE
HHER Si-O-CLEWOERTHEEI TR

1t4iz, 7% 350C ~400C T LA SHREEICL
THFEINLHRGDO 7 RTH ), T %1004
w A TR L TR, BROITESHE
%, RFE 56.63wt %, KAFE: 1.82wt %, BFE
7.47wt %, 8% 0.45wt % TH %, £ 12, T¥ES
Hreker7: B bEEFEIZ32.61wt %6 (dry Ash)
TH b,

WA HREEOMAR LR LITRL 72, EEIL,

Thermocouple

Gas outlet ,_{“’ Gas in]et
[ JAAANIANNRRY 2
A \J Reactor B P Window
7 /N— depositing zone
17 BT S i Fiver
RANVAY NN

Furnace

Fig.1 Apparatus of experiment.

BEOBMESERFCH Y, KEEIZNE28mM
/Mg, B2 1IMOBBE THEL—LDTED
HhEic e - T\ b, T OEHERE I ARG
TERT 35, RKIGIEELSCHIT & HEn 7z
1200CHHEDRIBEREIC ) > 7 RICHEKT 5, £
L&D S UGB M TRE L T (G,
Z D7z, BRES R OEMEAT R I3 BEN
AL THBRENSD S & ) I GEWNTS
NEESHEHI L LHOREL T2 LEHL .
EEFIEIZH 1 (8) okt EER—
o AR, X T —ZFATHdAr R, No#&
ZEBMT, HEWIEN, H, (2:1~1:2
Vol %) DIEE T A TRNE+aERL 12, e
WE (0 ~50ml” min) AFAEHL, RKICEE
1480°C T 2 ~ 4 BRRMRIF L 2. T DIBE, MHED
EHATEL, TRAERBL AV (BERoL) HE
ZA, BW{IEBIATHBL, YAZHLLEHEIZA
RIBIFTHT L, ZnLHicL TEERSI N Sit
O-C dhely, SR TWHL 2%, RIHCED H
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L7z BHCL 2BMED bR ER U, Fasy
—K> (HC) #BRET 23413, 650°C — 2 B
o TP TRAPTREL 2L 02 aITRAR
e,

£ 7 v (ekFERE (HF, RERFR6%) 40
B, ABRMHENR0.5 (8) #2RBEDA-T2T 7
OB —H— i AFUEE L, 218740~ 120850
WEL?Z, T2 T707ANY—TEBL,
FomKye L 7z thsa g L 2z, % 70hEBE (BRENERR60
%) &7 vibkFEE (HF46%) ORE (1 1)
ok HAERY ] ~24BFRIRE L 723K, BRSO Rk
THER LTS L7,

ZDE IR L 2R OR 2 £ EREFER
iE (SEM) THREL 72, ZoBs, ReEEI
H—RXiE Au THEFL7Z. AuNBEE|E 5 nm
PlTFizh s X 9oLz, mFhofriz, XELEF
&% (XPS,KRATOS, XSAMS00), A—Y &T
4% (AES, HAETSH, JAMP—-10S) 2k -
THEL 7z, EBYEFHME (TEM, BAETF
B, JEM—2000EX % (X B 32 84 /EF7T8¢ H-800NA
B, 200KV) TR RIS, SENBOBTFER
CEFREHT $F— > 2B 72,

o0z, XHBEH EEESEM]E) Tk
CuKe # % Fvy, X#FKIC L - TS
WENEILZ AT L 72, & THEE OMATIC TRt
IR Z =7 + )b (LR,JASCO,A—702% (X H &
SNAF Ty FZRZ M) —XK - K&, FTS—-
65DF) % FW- T4 L, KBr $88Iik 5 2 v 2 i
r— MRICL TEETHEL 72,

3. BRrE®

3.1 SEM RV TEM &Iz L 2 852

N CEm L i HF B (S8 T1208%
i) %> SEM %% X 2 ()i, TEM &% ®GicEL
2o (NIHCERTR, MMEFEIELE W THD
W, £ORIIEH100x mELE (A —5—) r &
ZHENb, BT, MEOKIIBHEICL->TH
N, TAXRZ PHEDFHEFEICKENZ a0 5,
F /2, RAHEDERMHED TEM 5% ¥ 3 ()R
L7ze Tk EHuliRarnkeiEtissit - 5 D8
ETELETOE, PSP FRE RS 57w
BN EFREIT $F—> 2 FNFNF 3B &
R 3@NRL 7z, B 3@TIE, fEnEEH» "B
PHE-TEY, 2OHRLEBDH BEGTIE, O

Fig.2 (2) SEM image of fibers treated at
room temperature for 120h in
acid(HF) solution,

(b) TEM image of fiders in (a).

WY & 9z, #5862 RT Debye ) > 2 HAL
7Zo LirL, (@O IicHLEH ARS8 7 WES
G HDLWE, #MEONMORE TIE, FoREEH
ERETHDZ L ERTa—HpBN, 72,

MEHEATRR L T iz AL ¢, Lok
FRHELETEON TR Z v odz, 5
2, ZOBHEDFHINY L K X320~ 40nm (&g »
LT 5 ~100nm) TH % = L2355 72, KIS,
HF+NO, (1 : 1) DiBE T4 bET » F 2
LMD TEM &% 4QICFHEL, #OBED
Eo e TEM £ 20ICR L7, R4@TiE, B
MBIZ L - T »EER L TE Y, SERgsy
K EH15~32nm TR S FIANC A L T HEEE
PRBHETH D2 LS o i, REREEEEIZOW
TIEHERF R TH 275, F4ODIREIC AR
ToESD S B, (DOESIZIERE, (23R
DERGF, BBV, GVTRERILLTEY,
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Fig.3 (a) TEM image of fibers systhesized in N.
(b) Electron diffraction pattern of core of a fiber.
(c) Electron diffraction pattern of surface layer of a fiber.

Fig.4 (2) TEM image of fibers treated for 24h in acid(HF+HNO;) solution

after synthesized in N,.
(b) TEM high resolution image of fibers in (a).
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Fig.5 (a) TEM image of fibers synthesized
in mixing gas of N, and H,.
(b) Cross section of a fiber.

DHRLESLERIVEDR L B 2 b ko1,
Bz, BIo#ERIENS T p—SIC® (111) miz
ML 2T EH (0.25nm) A5 1172,

Wiz, Not+H,DRED 2 TER L 72 A0 T8 i
HED TEMBBZE2X50R), GIcHL, 22
THLE,Z LI, BAVATEE LS @T
i3, MUEI 3B LK -TED, #HRLLTHS
FOETEENEZE - T HRIE % 2 5 1Ml
DB TAB T 5Tz, 510, il
BERERNEHRTL, N,R AR L 72840 #ER L
B IRRETWETEHLITW D 2 E 55k 72,
/2, WS5MDL )iz, SEOWTEIZELH L
A H-THEY, MEL»LL 3BIER-Twao
WRH LNz, 2T, Hyr 28 LG T,

FEORCHHEDSEFET L Z EHFBD LI,

3.2 XPSEWAugerETF A7 Lzt 3T
For

Ar RN FHAR TR L 2 R 0E O i 12
DWL, EDE ) ATNERTHERINTL00 %
XPS 27 P NWRUFA—P 2B F AT F LS
& - TH~,

D XPS 27 F iz k 2 EBEARR D
REGFLZEE IR L7, 2L E, WTFho
FAERERR TR L EBHED [ &, BE, K
FDITHEIPLBREINTWDLZ LS,
Aun 227 b g2 70k 55D0TH
Bl o, A=V 2RI FALLFTIZRT B
D, XPS A7 b EFBEDOHERIRSL L2,
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Fig.6 X—ray photoelectron spectra of
fibers in long range of kinetic

energy.
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Fig.7 Results of Auqer analysis of fibers.



3.3 o XBREFDF

Wiz, TOEY, F0k S LA MTH LY
XRD i2 & » Tz, £0RR, BHOWETHE
WENZHE L TRAZEHFTER, K 3@KY
M5cRLAEI I, ZTOWERIBRUOZES,
Lo TEY, FOHEIRICE-TEEL T
BLDEEZLNDL, £IT, WL 2T
HEIF, 5 VIFSERETCOEYT, 25 ICERL
O FERREFELL 2D 2nT, X
BERFIC L - TRET L7z, ZOBRERSIZRL
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B

A2
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Fig.8 XRD patterns of fibers.
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Table.l Binding energies of fibers by XPS
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Binding Energy (eV)
Sample Si2p Cls Ols
Si0z | 103.7 - 532.9
Sit 101.5 - 532.5
SiC 100.2 283.0
Reference (283.2)
Si 98.7
(99.0) -
free C - 284.3
HC - 284.3~
285.0
1) WD <0) 103.1 284.9 533.2
282.9 (W)
22) 108.1 283.2 533.0
100.1¢w
(2) W(Nza,His) 100.0 282.1 533.0
1o 103.0 531.5
(3) W(N)-A 100.7 283.6 532.4
€10y 284.9
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by HF for 40 hours.
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eVEEETHZNT, ZNOHEIZSI0,TH SI0O T
2, FOF B TRB{ILIREL R Z - TE S,
LI, Ty F izl o TCSICIcHLT 3
100.1eV @ Si2P o> & & 283.2eV @ C1S o fii #*
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Fig.2 IR spectra of fibers.
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Table.1 Composition and spinnabilities of TEOS—HMDS—H,0—C,H:OH solutions.

*
No TECS HMDS r H20 C_H_CH Spinn- Duration for Max. length
(mol) (mol) (mol) %g? ability drawing (h) of a fiber (cm)
0-1 0.1 12 noa; - -
0-1.2 0.12 12 no® - -
0-1.5 0.1 o] 0 0.15 12 ves 0.3 20
0-2 0.2 12 yeg) 0.2 10
0-4 0.4 12 no - ~-
25-0,7 0.07 12 no®? - -
25-1 0,1 21 yes 3 60
25-1.2 0.12 15 yes 2 50
25-1.5 0.075 0.0125 0.25 0,15 21 yes 2,5 60
25-3 0.3 21 yes 2 50
25-6 0.6 26 yeg) 1.5 30
25-10 1.0 44 no - -
30~0.7 0.07 12 no?? - -
30-1 0.07 0.015 0.3 .1 15 yes 1.5 40
a)
40-1 0.1 15 no - -
40-2 0.06 0.0z 0.4 0,2 21 ves 2.5 60
50-2 0.2 22 no™? - -
50-3 0.3 21 yes 2 70
50-4 0.4 21 yes 2.5 60
50-6 0.05 9.025 0.5 0.6 31 ves 3.5 60
50-10 1.0 36 yeg) 2 40
50-15 1.5 53 no - -
60~-2 0.2 22 noa) - -
60-5 0.5 26 yes 4 150
60-8 0.04 0.03 0.6 0.8 46 veg, 1.5 70
60-15 i,5 54 no - -
66.7-3 0.3 21 no: - -
66,7-6 0.0333 0.0667 0.667 0.6 40 noa) - -
66.7-10 1.0 53 ne
wres-2 0.1 - - 0.2 21 yes 0.3 20

* Added water contains 0.001lmol of HNO3.

a) The solution does not solidify (not-gelling).

c) amount of methyltriethoxysilane.

3. % B

3.1 #R L Rkt oBRF

B 1IcHERR E sAREOBEZ 7T, HMDS 12
(CH,):S10,, & LTEIN TV 5, @I BRED
»LMFEETT. KOBYFETELHEK (O) T
BEMEIEEAEERTZ s (bl 2. KD
EXFEL TWaiK (O) T, BRrEBRE
7RI B CE LT, @SB e
o 1. BHRTIRERER &, MHORSERIVFELIC
REANTWA, BAMRZRTEREFL 21N
2hzroTErkOBOMERL, rone
LitE b BARMESBN D DICBEL KO

The solution solidifies without exhibiting spinnability (not-spinnable).
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BAREPFIRT 2 r DEREIZ0.62 50.667N[H
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EELICERICE BNT, HARTRERMB LU
W I3N-gEnE S rolns & LicdeES
DI D bhb, TH0.25550.6NMTIE, 1T
AT RTOBERPBHEICHART L T
2o FHEEgIC, T=0DBERTIE, SEROMMEL
HRTERIZFTCH Tz, WBNIZDIZAF I



(CHa)gS104,2 SI(OC2H)s

Fig.1 Relation between spinnability and
composition of TEOS—HMDS—H,
O—HNO,;—C,H.OH solutions with

(HNO;)  (total Sil=0.01
hydrolyzed at 50°C and 20% relative
humidity; (@) spinnable, ((J) not—
gelling and (O) not—spinnable.
HMDS 1is represented as(CH,),
Si0,)2. The amount of C,H;OH is not
shown since it does not affect spinna-
bility.

Dz b %7 (MTES) R4 TR T,
MTES i3 TEOS & o) B A¥E 2 RT,

3.2 FLsKosnig

T S0.5DEWD LBV EE |2 SR |- &
> CHT AT S Z EHTE T ML 600C
FTRECMATILICEY, BEERALY T
AREHEDE & Nz 7 IVRBAHEIZTO0C, & 2 w3
800C = TruRICNEAT % L BiEIZ R FHEL 72
W2 —H600C F THME | TH (¢ &, 800C %
TREMBAL CIFBRBI L -7, T =0.6
DIEH A T2 )VERMELE, Tngrhicsm L £7L
HOLVADRIZE > TLEN, &5 2l g
Z2HZERTELEIST,

NoSO-10DEAE 0 & 1872 7 L % 700°C 1 MR
B TR T 2D EEY M 2 1277,
EES5~300u Mo 5 2 #8517,
HMDS % B\ TiR7z 45 2 ik o Witk » e i3
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Fig.2 A picture of silica glass fibers
prepared from No.50-10 solution;
heat —treated at 700°C for 1 hour.
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Fig.3 A schematic representation of the
difference of the formation of
oligomers depending on the amount
of added water.Qligomers of type (a)
can polymerize to form linear
polymeric particles while of (b) have
difficulties in the formation of linear
polymeric particles.
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2. E B&

2.1 > AFILOBR

AFNEF ) F T (MTESCH,.SI(0C,
He)), YA F LY x + ¥ 37~ (DMDES,
(CH3).Si(OC,Hs),), ~FX ¥ A F NP axi
(HMDS(CH,),SiOSi(CHa)s) (BLE  ER{b¥T
) LAY A B (TEOS,SIOC, Hs).)
SRR L Lz, &) 2 VERBR DR
#FE11257%T. MTESDMDES+TEQS 8 L F

Table.1 Composition of solutions for methyl —group—countaining silica gels.

starting material molar ratio CHB/Si H2O/Si HNOB/Si CZHSOH/Si
MTES - 1 4 0.01 0.45

DMDES + TEOS 1:1 1 4 0.01 0.45
HMDS + TEOS 1:4 1 4 0.01 0.45
TEOS - 0 4 0.01 0.45
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Fig.4 ET —IR photoacoustic spectra of gels
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3102 §iC 15 2.3 present study
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Development and Utilization of Inorganic Fiber and
Non-crystal High-performance Materials

Junichi Kawabata, Yoshikazu Suzuki, Katsuyoshi Shimokawa,
Yoshinobu Ueda, Hidero Unuma, Katsumasa Yabe,
Itsuma Sekiguchi, and Yoshiaki Yamaguchi.

This research was carried out over a four—year period from 1987 to 1990 F.Y as
a part of a special research projict of the Agency of Industrial Science and Technology.
The manufacturing processes were established for fiberous and/or amorphous
silicon oxycarbide and oxynitride glass by vapour phase reactions and/or a sol—gel
method,and also using these ceramics as fibers to reinforce matrex composite material
or as matrix material.
Attention was directed to the following:
(1) Production mechanisms and optimization of manufacturing processes for fiberous
and/or amorphous silicon oxycarbide and oxynitride glass.
(2) Evaluation and examination of the properties of these materials.
(3) Using of the materials and of processes for creating high— performance composite
materizls.
This report consists of seven sections in the third chapter based on results
obtained in this project. Each section is summarized as follows:

Chapter I Production of Fiberous Silicon Oxycarbide and Properties.
Section 1 Formation Mechanism of Ceramic Fibers in a Si—0—C System

Ceramic materials were synthesized by reactions of oxysilicate minerals
such as Siliconoxide (Si0,), Talc (3MgO - 4Si0, - H;0), Olivin (2(Mg,Fe)O -
$i0;) and Chlorite (H,Mg,Al,SiO,) with carbon or carbide obtained from a
natural organic material;rice husk.

The synthesis of the ceramic fiber led to a small amount,and thus an
attempt was mode to find suitable conditions for grate amount and
gomogeneous ceramic fibers and determine the reaction mechanism on car-
bide from rice husk in this study.

Optimum reaction temperature was found to be 1480°C, the ratio of
mixing N, and H,, to be 1:2 in volume, and the liner velosity of gas flow (L,
V,), about 0.7cm/sec. SiO and CO were clearly shown to react in the gas
phase to form ceramic fibers, using Si, SiO and SiO;, and Ar, N, H,, CO and
CO, gases.

Section 2 Characterization of Ceramic Fibers in a Si—0—C System.
Ceramic fibers consisted of three elements, i, O and C, were synthesized
from carbide obtained from a natural organic material; rice husk. TEM was
used to analyze the synthesized fibers. One fiber synthesized in N, consisted
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of a two—layered structure of laminate covering a center core fiber. Another
fiber synthesized in a mixture of N, and H, consisted of a three—layered
structure of two laminates covering a core fiber. The fiber core was found to
be crystallized and covered with an amorphous material, which contained
concentrated oxygen. The core fiber did not dissolve in strong acid solutions
and was very reactive with oxygen. From the results of X—ray diffraction
and solubility in acid solution, it was found that the inside lamimate from the
surface layer to the core of the fiber formed a structure which was
crystallized weakly into 8-SiC, and Si-O-C. This study clearly shows that
fiber synthesezed from rice husk formed a continucus structure with varying
concentration of oxygen and carbon—bound silicon; that is a new material
with gradient structure.

Section 3 Evaluation and Properties of Ceramic Fibers.

The Si—O—C ceramic fibers produced in this study have found a wide
scope of application owing to the superior properties compared to ordinary
ceramic fibers,

Surface and electric characteristic and acid or heat residence of the Si—
O—C fibers were examined and important data obtained.

Chapter II Production of Oxynitride Glass and Properties,
Section 4 Preparation of Silica Glass Fibers from Tetraethylorthosilicate and
Hexamethyldisiloxane.

Silica glass fibers were prepared from mixed solutions of tetraethylorth-
osilicate (TEOS) and hexamethyldisiloxane (HMDS). An addition of HMDS
improves spinnability since the increase in the viscosity of spinnable solutions
becomes moderate and the range of the amount of added water for the
occurrence of spinnability is widened. Spinnable solutions are obtained when
the ratio of silicon in HMDS to total silicon, r, ranges from O to 0.6. It is
assumed that the fibers drawn from this system consist of linear polymeric
particles with double or triple siloxane chains capped with trimethylsilyl
groups. (el fibers from the solutions of r < 0.5 were converted to visually
colorless and transparent silica glass fibers by rapidly heating them at 600°C.

Section 5 Ammonolysis of Silica Gels containing Methyl Groups

Silica gels containing a constant concentration of methyl froups diretly
bonded to silicon atoms have been prepared from methyltriethoxysilane
(MTES) and mixtures of tetraethylorthosilicate (TEOS) with dime-
thyldiethoxysilane (DMDES) and hexamethyldisiloxane (HMDS). These gels
were subsequently ammonolyzed. The temperature range in which significant
nitrogen is incorporated into a gel lies between 600°C and 800°C for the gel
derived from MTES, between 800°C and 1000°C in the gel derived from
DMDES with TEOS and at 1000°C in the gel derived from HMDS with TEOS.
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Three different nitridation processes operate depending on the temperature.
The processes are reaction of ammonia with (i) methyl groups bonded to
silicon atoms, (ii) Si—OH groups and (iii) Si—O—Si bonds. The low —tempe-
rature process is dominant in MTES —derived gel and the middle— and high—
temprature processes are dominant in DMDES— and HMDS—derived gels.
The nitridation processes depend on the amount of Si—OH groups in the gel,
the thermal stability of methyl groups present and the reactivity of the gel
with Si—OH or Si—NH, groups to form $i—0—Si, Si—NH—Si or nitride
bonds.

Section 6 Preparation of SiC Whisker/Silica Glass Composites by the Sol—gel
Method
$iC whisker (SiCw)/silica glass composites were prepared from tetrame-
thylorthosilicate, silica fine powder and SiCw by the sol—gel method. An
optimum condition for the gel preparation and the following HIP sintering
was investigated. Employment of the optimum sol composition and aging of
the resultant gel made it possible to obtain crack —free SiCw/SiO, gel in
which SiCw was dispersed homogeneously. HIP sintering under the condition
of 1,000C, 30 MPa, 2h was optimum since the crystallization of the glass
matrix to cristobalite could be avoided. Theoretically dense composites were
obtained up to 15 vol% SiCw. A maximum fracture toughness of 2.3MPa mt/2
was obtained.

Section 7 Use of Ceramic(Si—0—C) Fiber for Reinforcement of the Matrix of
a Composite Material.

The ceramic fibers produced in this study reingorced glass and metal
matrix of composite material. Si0, glass and Al metal were used as matrices
of each type of composite materials.

The composite materials reinforced by Si0O, glass or Al matrix showed
greter strength compared to composite material reinforced by commercial
SiC fiber.

The Si—0—C fiber/SiO, glass composite showed sufficient strength
without HIP treatment after heating, when 20% of the matrix was comprised
of fibers.
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