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Fig. 1.1.1 Production process chart of Tyranno fiber
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PRRBHEDSBRIE ST E T, 2O O BERRIRHE 21K 2 A EHI BI 2 A 18 e 1 Hi

W.CMiller iZ L > Ti#ESINTWD (13), ZFOHARMREHR %A Table. 2.2.1 (2”7,

Table 2.2.1 The basic information of developed inorganic fibers

Basic materials Melting point Heat resistance (° C)

for inorganic fibers (°cC) In air In inert gas
B : 1260 560 1200
Sio, 1660 1060 1060
Al,05-Si0,-B,0; 1740 1427 1427
Al,05-Si0, 1760 1300 1300
Al,0;-5i0,-Al,0; 1760 1427 1427
SisN, 1900 1300 1800
Al,O4 2040 1540 1600
Zro, 2650 1650 1650
SiC 2690 1800 1800
BN 2980 700 1650
C 3650 400 2500

W.C.Miller, Encyclopedia of Textiles, Fibers, and Nonwoven Fabrics
(Edited by M Grayson Wiley, New York.) (1984) pp. 438-450.

ZOENDZND XD, B BIHBPED @O BHIARTEE S A FZPHK T CIIRETH D
D, RFEOTHEBLIEIZIEF IR Z &b D, 2 D7 R FHEILZE KT O @i CTE A
T2 ENRTERY, —J, SiICIFZERH & RIEMEN AT TN T 20D Lz
MEMEZ RTZ &R DnD, TORE, 1960 FFRICH VT AT R —KR T 4T A b
% 2 7 fil#ERF & LT CVD (Chemical Vapor Deposition) #:% AT SiC Al a2 A k4
DA S N7, W CHE, XV @SV b4 iBkT 572012, fx ORIk
M (TN U — R TAIT U UH AT RE) BRI, £ ZAT,
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CVD jECHIxE &7z SiC AfliEIL, BRSO TRKEVLDOTH -7 (100~140um), Hit
ST DA TOMHET, Fsd THEEN/DNEW (K 10um) R FEHkHE & i U6 25 N
Thole, ZORMBEZERET 572012, REBIROIIRY BART T o2k Uil
BOMI SIC Rl a2 Gk L7z (5), REZERIZ, RV 727V n=FU/L (PAN) #i#ED
BRI L0 B SN T IR BIEHEORLE 7 0 AT A ZZ T W, Tbb, K
U ANRY T ORHEAR~DRRIENE & | AR & B B~ D EH T 1 & 2 D)7
ERKRBRIZAEN L, REBREREHIT T, £lo, RV IART T UBROARIZE L T

7Y LI K o TER SN2 EFICEE R EE 2B LT (14), REHdR
T, WY PAFALT U ARENTZAY DIVRT T v 72 % BiBRAHE DB R
KV BORY ~—Hko SiC Rkt Rt a2 G Lz, FHBE Bk & HAD—R
v () 1 AR OR RO T e RS E, RO SiC RiHE (KFEIESE SiC %

ke & SIC ZREAVEME) 2% 4 CRIF L7, B L72AR Y ~—Hko SiC Rk BI 7

LR 72N % Fig. 2.2.1 12”7,
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based SiC
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1960s~

PAN-derived
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. Other Precursors .
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Fig. 2. 2. 1 Historical points of polymer-derived SiC-based fibers
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INHORY v—H¥KD SiC RiHED ¢, SiC ZiksuE ki (Hi-Nicalon Type S,
Tyranno SA. Sylramic) (% 2000°CE TOMEMEEET 5, i b D SiC ZifG il Bk IX
% 3 AROMHEIZ S LD, 5 3 HAROMHEDBITERTIZIZ. BHHOIELE SiC Rk

(Nicalon NL200, Tyranno Lox M, Tyranno S, Hi-Nicalon, Tyranno ZMI) 723Bf%E & 41,
b S TE 72, 2?55 Hi-Nicalon & Tyranno ZMI (ZIMEWEE 235 1500°C O 2
R OHEHMEIZ 57 %8 = 71, Nicalon NL200, Tyranno Lox M, Tyranno S [XZAEE 234 1300°C
D 1 HROWHEICIEIND, RFEICTOIZOEREIZBNT, R ~—Hko SiC %
WHEDGIIIEE L, W< O OREHOIELERIEN D SiC Db FEmiIAE 2 B 72 5 SiC
ZAERERSEICZE L. 2RSSR U ~—H3k D SiC Rk Dl E A B3 LT
&, ZLT, mbMBWED @ SiC R LM ft Bl (55 3 HIRDOMHME) 23 EAEr9IZ B
STz, Table 2.2.2 |27 L 9 IC BIET IR S LTV 5 SiC RflfE S, A+ < 3 L (NGS,
UBE, COIC) O#ZMHE L, HIESN TS, RO T, Table 2.2.2 (7R FHBUED
SiC &f#E (Tyranno Lox M. Tyranno S, Tyranno ZMI, Tyranno SA) Z#illZ & > T, % 1 it
RS 3 HRA~DHRE T B RCHONTIER D,

Table. 2. 2. 2 Commercial polymer-derived SiC-based fibers

Fiber’'s Grade Manufacturer

. ; NGS ;
First Nicalon NL 200 - (Nippon Carbon)
Gﬁr;_gzaot;gn Tyranno Lox M UBE Amorphous
: Tyranno S UBE
Second Hi-Nicalon __NGs :
Generation : - (Nippon Carbon) Amorphous
~1500°C Tyranno ZMI UBE :
e NGS :
Third Hi-Nicalon Type S (Nippon Carbon)
Generation : . SiC-Polycrystalline
~2000°C Tyranno SA UBE yery
' Sylramic COIC

17



2.3 BRERILTARO—xRLE & X

TEBECIX, flix DORY ~—mHkD SIC RiffHEA2EE L, b L Tnd, Zhbo

SIC Zilkie (F7 /e ort% Table 2.3.1 1277,

Table 2.3.1 The physical properties of Tyranno fibers

1st Generation 2nd Generation 3 Generation
S LoxM zMr VEne
Diameter (Mm) 8.5 11 12 10
Number of filaments -~ (fil/yarn) | 1600 © 800 : 800 . 800
Tex (g/1000m): 220 : 200 : 200 . 170
Tensile strength ~ (GPa) : 33 : 33 | 34 | 24
Tensile modulus  (GPa) . 170 . 180 . 195 - 380
Elongation %) 19 18 | 17 . 07
Density  (g/cm3) . 235 | 248 . 248 = 3.10
Thermal conductivity (W/mK) 10 | 14 | 25 | 65
Coefficient of thermal expansion (10%/K) 3.1 - 4.0 : 4.5

: : : (RT-1000°C)
Si . 5 55 : 5 | 67
C .30 ¢ 32 ¢ 34 . 31

; | 18 ¢ 11 i 9 i <1
Chemical composition  : (wt%) : : 5 : :
| oW 2 2 -
zr - i - i1 -

Al - - - <2
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Table 2.3.1 7543005 X 9IS, F 7/ #HET T T, PEOSRBIFT (Ti, Zr £7213 Al)
Eate, ZHOOEBIRTIL. R IR T EAHBRILEY EDRIGIZL > TER
ZHOHARY ~—IZHAINTND, FREARY) v— (RURXAFZahhVReT0) %
152 1O DR SOE O A% CLSivH OESEEMEEOENIBET R E & BT 231
WRT, ZOMPLDLNL X, ZNH=0FOF T Si TR bIRVEREMEEZ R L
THEY, Si Ji7 ETIIREBEBENESH KD, 2N ORBMARY v~ — 2+ 252 &

W&V R L7e@ B2 & e SiC RMHEN TS B LT,

Cll'ls "‘RH C|I‘|3
—(9+e;,| CHyJr =P ¢ Si— CH,Y;

— -.-...
i

> H Rro.- Ti - (OR), Seﬁi'é’?'f?ﬁaei'” Ti = (OR),

RO- Zr - (OR), Zr
RO- Al - (OR), Al
Electronegativity 5 5+
-— C —H

C Si H

o+ -

2.55|1.90 | 2.10 | —s —p

Fig. 2.3.1 The reaction scheme for obtaining the precursor polymer containing the metal atom.
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Table. 23176005 X 912, & L HAROMHED B 5 3 HEARDMIHME~ & B3R5 F &2 H
FITHD LTRY ., ZHICEOIEWES 1300°CH 5 2000CIC R LT& 7, L2 AT,
NG D SICRIFHEDIKRFEEABIZZTNE NI > TS, Table 2320 H0h 5 K HIT,
1 RIs KOS 2 HAROMIHEIL. 12T bR 72 SIC AR A 35 3 R OfkiKE &
LT, IEWRES A& (REIRFE) 25 TS, Fiz, Table 2321077 X9
o, R L@ ROREL, 7 A BLEBE L TREOGH BB WRIRER Y ~—2 b4

ClebDThH D,

Table 2.3.2 The differences in the carbon contents of three generations

1st Generation 2nd Generation 31 Generation
LoxM zMI VMO
Diameter . (um) ¢ 85 i 11 | 12 i 10
Number of filaments { Excess carbon was caused ] | 800 : 800 | 800
Tex from the precursor . 200 : 200 : 170
polymer. : N

Tensile strength ~

Nearly stoichiometric

Tensile modulus - .
SiC composition
. CH,
Elongation |
Density ny ?i_CHz')E
Thermal conductivity H

(10°¢/K)

Coefficient of thermal expansion

Chemical composition (wt%)
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B 1R &5 2 HR D SIC RMkHME OIS 4 Fig. 232177, & 1AL 5 2 4K
DOEMEIT & BT, SIC Mokh L. B btE, 2L T, REIRFETHER SN TND, REIZRK
LA DAAET DR Y . EEmFE DRSS 5058 (Si0, +3C—SiC +2C0O) 23
B)FH 1522°CLL E THH =R V¥ =23 B & 72 0 CO H AD S & SiC #ifh DAk
HPEWRDORGITEITT 2, 2O XD R MEIEA, 1500CHLNbEE D 2 &b,

1R &5 2 Ao SIC SRAEIL 1500°C 28 2 D THEMWE 273 2 & AR R o 72,

Basic structure of SIC fine crystal fro—dZg

amorphous SiC fibers M #7! Excess carbon
*/m@ - X

. a

1st generation
& 2nd generation

Si0,(s)+3C(s)
—SiC(s)+2C0(g)
AG<0 over 1522°C

Degradation

of amorphous SiC
fibers are caused ©:Sio:C e:0
by this reaction

Fig. 2.3.2 The fine structure of the first generation and the second generation.
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LU, ZOGBEISIT LY BT 2 ERK 1L SIC fidDATH L ZLinb, TD5y
fRrOG % LS IEH LTH 3 HAROMHE (Tyranno SA) 2BIFE Sz, % 3 AR OMHE

(Tyranno SA) D#iE~ 1+ 2% Fig. 2.3.3 1753, & 3 ikt (Tyranno SA) ORITEK

BRY =13, PEOTNI =T LE2GLRIT NI ) INKRY T ThD, HEEAHRIE

BARHCRL (RRME) S/, ZORRME LA iRIES 79 1300COEREHR

oBER L. FRAAE Si-AI-C-O e 21572, T D1k, ZOIHEME Si-Al-C-O #liffE 2. Ar 7%

PR T, B iR (K 2000°C) THULEE L 72,

CH, RH T CH,
&+ | I Si-Al-C-O
— Si-CHp— —¢ Si-CH 3 fiber
s l """ I (',"” ; Amorphous SiC-based
’H F%‘)‘d—Al—(OR)z O-Al-(OR)m 5 Intermediate fiber

Poly carbosilane

Polyalumino carbosilane

B-SiC fine crystal B-SiC crystal B-SiC cr@
m(1~2nm) (Grain growth) 50~200nm)
Oxide
Phase GO gas /
Si0,,AlOx Py
tre:ted Degradation Sintering
inAr :
VE y |
c::l‘:g: >1522C 1700~
Si0,+3C 2000
=SiC+2C0(g) Sintering process
Si0(g)+2C
=SiC+CO(g)
Si-Al-C-0 fiber Degraded fiber

SiC Polycrystalline fiber/

Fig. 2.3.3 The production process of the third generation (Tyranno SA).
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ERAVLELE LI BV TR, BIR O X 5 IHkHET IS B E AR & RRIRFBDFETHZ &
M5 FEEE Si-Al-C-O §EHEN /iR LT CO H A D K. ZFLUE O FRRHER S H 5,

Z DOIEEE Si-Al-C-O fiHED iR T, FEIZLL FOIGIZ &L » TEITT 5,

(1) Si0,+3C — SiC+2CO (/1G<0, 1522°CLL t)

(2) SiO+2C — SiC+CO (T X TOIREHH TG<0)

ZHE o HE L, D EOT VI =T A (W% AR EEA T D IRE L ERR ALK O
SiC G bRo>TWD, DEODT VI =T LABFETDHI LD, IROBFETIE, Ar
HAFFAKH T 2000C E TOEZR 2 @RAVUEOMIZ, — AR —AROMHMEDONERIZF Tl
R BERERGNHEIT T 5, £ LT, s/ SIC M5k (Tyranno SA) M3 Hh 5,
AR DT /L = A 2000°C F T O iR EVILELE L 1 LB HE DI REZ A % Fig. 2.3.4

WZRT,

Fig. 234 0203025 X 9512, B2 5 @IREVLEEFE TlE, kDR E D S NEH~D 5
RS SR T L, 1700 CLA EDOEIR Tld, T2 SiC fEfbICERAE L TEENL D
BOTIILI = A (<IWt%) DBEREBIFIE L TEI X . N ENOBKENE CREAS S ([F

FRBERE) 23ME1T L, U7 SIC RS EMHEN S O D,
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Degradation
Process

(~1500°C)

Sintering
Process

(~2000°C)

siC-polycrystaliine fiber

Fig. 2.3.4.The morphological changes during degradation and sintering processes
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2.4 FEERERLT A RO WERIEE

SiC ZhbabEillie (Tyranno SA) [ZIESEE Si-Al-C-O ik % s | FRPH IR S 7B
BT T BV L TERL S AL, PR B2 R & e NS 2 95, fhdh
B RAGS A i A AT 2 SiC AESRRLIEIREICREA L TRV, R oo kS B A2
FIET 25 B TR O DRI ) & 1382 0 | RNEZEE 2 R" 3 2 & 226 SiC fhdh
AR O @B N @ EERLZ R T Z ERMoN TS (3), £/, Rk X 5 IZR{bs
A FERBHEBHFE DIE LI I WTINEWED ) B b Rt s T 7z, & 1AL 5 2 AR &1k
Ir A FHENT 1500°CREE £ CTOIMMBWETH o7, vk, Z OO AL A FikiED
SiOe Z FR & T LML L | REIKFELZ T A TND Z L OMMEBVREDNHIRI TN D
FHEBEZADLNTEY . ALFERRIEE O Z RS E R A FEE~OBITREEN TV,
Z 2T, B RIEORHI AL R D NS BV E OB T 1 ' A OBRFAED Siv, AR
£ 2000°CAEH T 55 3 RO E RIS A FHENRS Dz, 5 1 AR5 5 3 itfko

IRALT A Bk BT DTHEWEDE W E Fig. 2.4.1 12737, KUTITHEERE IR T A ik %
Ar 7 21 2000°C % TOAME T 1 RFFEANELEL L 7214 O RILRE 42, RFRAY7 SiC Kk
& B L TR LTV 2, FEEERAL T A FiiiEiT. 2000°C TRBE L 72t & 1ZITHH O
BERREEF LTS Z 03005, THUCH L TR ENA SiC RillfThHH A =h e id
1550°C36 £ U 1800 CDLEL T, £ T HANHIRAE D 85% 33 LU 50% F THEIK T L TW

D EDTND,
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35 Tyranno (SA)
= 3
o
O
~ 2.5
=
i) Tyranno (ZMI)
§ 2 e A NS Y . NSNS, § 1N e l ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
7 Tyranno
© 15 ¢4 (LoxM) / ————————————————— — . SN N—
‘M
3
et 1| N
: Nicalon Hi-Nicalon
(NL201)
05 = SN I SRS Ui T S S
// !
0 l, 1 | | I

R/T 1200 1400 1600 1800 2000 2200
Temperature (°C)

Fig. 2.4.1. Differences in the heat-resistance of the SiC-based fibers (the room-temperature strengths

after heat-treatment in Ar 1 hour at each temperature)
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L ZTAT, bk U7z SiCRHMET RSB EM R LTHOWSOATE Y EifrEi
HEWICHETHD, miRFFELZ RTEEREAIO -2 LTI UV —TRERET 6N,
bk SiC FfliED 7 U — 7Ktk % Fig.2.4.2 (274 ORBRF RS, [AHE A BERRAL),
BTG AR E AL 7 A FE#EZ 1350 CORKH T, 0.6GPa DL D s & ThIEZ U —7
R LIcili Rz . o FRA7ZR SIC Rt & ik L TR LTS, ZhnbH b koI
55 3 PR ORI E R A FElfE (Tyranno SA 35 X O Hi-Nicalon Type S) (345 1 4%

(Nicalon) <% 2 HAROHE (Hi-Nicalon) (ZHATHRD TEARED/NE < E 7Rk

FTICE LR S5 2 HAROMHE (Hi-Nicalon) O#) 2 f5H2E ThH > 7z,

1l5 I ‘ i | 1 | i
e B 1350°C, 0.50GPa, In air |
= Nicalon
~ 1.0 — —
c
= - — .
4&; Hi-Nicalon
2 0.5 _
L= Tyranno-SA  Hi-Nicalon-s
L (Diameter: 9um) (Diameter: 14pm)
| :
%—l | | | ]
0 0.5 1.0 1.5 2.0 2.5

Time / 10°s

Fig. 2.4.2. The creep-resistance of SiC-based fibers in air
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;?ﬁ:
i

i B RAL T A FRHE X E A 10um BL T EFEFITHIWVZ & 006 L7eon T, 8 Bk
70 E~OMITHES R BAFTH Y | Fig. 2.4.3 1R T X0 ei a5 2 &l
RECTdH D, Fiz. Table 2.4.1 ITHEAE AL A FRHEDOFHE LMD TORT, Z ZIORT
BYREER 64W/mK & W ) T TRES, ZHETIZHMOLA TN 1, 5§ 2 oIk
iR IRAL 7 A FFHE DR 20~30 b D KE S TH 5,

LLED & 9IS b RAL 7 A BRI PR D IEEEEL Si-Al-C-O FHELZ b~ CIEWE TR
7 U —=THREPENTND Z e b, @IBMEM T 7 X v 7 20k & L THifFS
NTWD, £z, @mWEMREMZRM Lo, BUCHS I EH B omikit & L ToIs <

M EAET B 2 AR F 3 280 L CORBER O TV 5D,
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Fig. 2.4.3. Satin fabric of Tyranno SA fibers

Table 2.4.1 Characteristics of Tyranno SA fibers

Diameter (um) ~8um

Mono-filament method 3.0
Strength (GPa)

Strand method 2.8

Mono-filament method 290
Modulus (GPa)

Strand method 390
Density (g/cm3) 3.1
Thermal conductivity (W/mK) 64
Chemical composition S11C1.08A10.00900.006
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5 3E et R0 — RARETRHE

3.1 HE

9 2 OISR IR 7 A B OB RLREIC OV TRz, SiC R ##EL. 1000°CLLE
DIEFI @RI £ CRABREMAEEZ "+ 208 T&E 5 (1,2), £ZT SiC RifkiEs
W T EMELOWFFEBRE NER AT DI TS (3-5), Frlc, (k¥ EimnY SiC A5 e
ke (6~8) 1%, 2000CE CTOENIMBENELF LT D, 6> T, REA M2
VUBEEE T 2D OHMEA BIRIICIII L TV D, L 2 AT, AR ORI REME
X, BAHEDTREEIZ L > THELESNTEY . IWHZEZILRT 272121, 26 OfffED
PERASREE ORI Z S T\ 5, HFEOMER H) 572 012id, £9°, HiEomE &
WA & OBMREZ RIS T 5 2 EAERWICEE TH D, T D ORREE EIE L TR
1E D R IR 24T 20, SREETREE O R RSB N T E D LB 2 T, MmE R
AFWHED OB, RV T VI INAVRT T (6) MHAKINIZIEME Si-Al-C-0O k%
W72 58U (~2000C) L CAESNTZH DN Tyranno SA i TH 5, LmoF 725

BULHE ORI, HESE Si-Al-C-O #liilk D 73 AR AUE e OV iR S T flE O bRt 13, CO A D
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T B OSLER D2 % P> THAT L. IefRAOICiBE 7 SiC fEmEME 2155, Zh b
EEITE T 4 T A NNESCTHEITT 2D T, K7 4 7 AV hORBESLHNEBICIFET 55
R BaZ e/ RIS 2 2 72 DICEE A M ETH 5, EEEITIE, W 200X Bk
WRHFRE) ODFENHER SN TND (9,10), DF Y I DO REEHD>SEL 2 &
T, BUR KV b HICEREOBMEO G RA TSNz, ZOHMEENRT DITIE. £T.

PR K e D IEME 72t & RMESRIEE ~ DB 2 (L S5 2 L ERICHE L ZE X b,
ZZTH 3 WL, AERE R A O % N 2 AR D R AN LT D

T EEAME LIEREHERIZ OV TR ~D,

3.2 MEtEATEI DR EE
ARIEHO B, BB A FikiE (Tyranno SA) OIREIZEEL 5 2 5 K% IE
MRIZFEAM 32 2. AR E R A FHED — Rk 2 i 2§ 2 HIEZ ML T 52 & Th
%, fEERERALT A FEHE 1 AR DT FRVRFE 2 3G9 2 BLARHES 1R © RO+ % Fig. 3
LITRT, MR A S, EADY 10pm FREE L IEHICMI< . HD. 400GPa
L OEHEERERT S, ZOROHEBHETOFRVRBREZITO & FIEED IS DORRFIZ
BE U ToREMEDMIEINT 92 & | BRNTIEL B8 (S RRAE LS AR U 2R IRIC L 0 | BRHE IR < ISR o
TLE 9, Fex | TMEOMIEAE 2R T 5 2 @EE 7 A4 A T THI5E Y 3B 0O ik
MR 240 L, RISV Z 85 4 £ 713 DEL imaging #:0 Red Lake Motion
Pro Zfli Ml L. f KRGS 512 x 512pixel, fix K7 L— 24 L — | 100,000 FPS Sefif T
AT -T2, MHESIE D RBRDOBRIC, ElE T 4 H A T THEOZEh 2 gy Lz i o—
#% Fig.3.2.2 (TR ¥, 2 OMIE Tt T8 CRET L. B2 12 U 7o B BRI ANl L
(ABHE L. 7% D ORRMED Iy 2 ICH T B2 BB D R S 4vTc, 0%, — KW 2 A9

HMHELIHE S D 2 LTI ICNEETH o7, T 2 TARBITETIE, MRWTE R OE L 2 4)
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RENTPIN S D T2D, BN T 7 4 e Yerih F T S THME 2 PRI A 22 fR BT 7%

DIAEDTREL A2 B 1L 2 Bt 24T o 72,

SiC-fiber
~@10um

=3
TAWAVAN

Test specimen SiC-fiber

Fig.3.2.2 Fracture of crystalline silicon carbide fiber (mono-filament test)
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3.3 FEERE R A Rk DB —ARETE O

AR FE I E FEHR Tl Tyranno SA % 1 L 7=, Tyranno SA f##EILE A 10pm
Bt (£ 7 4 T A F) 800 K672 DR OIRAE TH Y oot 5, AidnERALT A
FEMHED TN F OABE 2~ L5 721213, #fER (v—22) oE®/ 74 T A P2
DL, fE— AR —AROBEE R HEST L2 ULERDH D, T 2 CIHHEMHMES R o+
EZ R~ %, 3ERF OERTFIER Fig.3.3.1 10757, £ I8 72 k88D Tyranno SA
HE ORIGHE SR 2 B 0 H3, JRAEARI 1T, BV A I T 2 728D, 800 A D Hijghift 4 % &
D % RKEVEB AT PERIE O PEO ((EACKEEEY 2N S TnWD, £ 2 CHkHEZ B H
T, WHERZ O CITIRD - HIC AN TREDOBIEZBRET D, £O%, MHEREZ R
TAFA—T AN, TOCT 8 KRR S5, ZOHB NI A A —7 0 bE0 H L7k
HMEIZBIIEC AR DM E L TV RN Z L 2R L, Bty b a VD THIHER 2> & BLAHE
ZHREM D, hEM - 72 BHE A 515k 0 BRIV 2 L O SIS RE O 3R A 2 (ER
L7ze BB O CTIE, 7 4 7 A2 M EMHEEER (B 251 VHRAH, B A4 4
v C) THANZIZESE LIZLOERB & Lz, 3B 0/l % Fig.3.3.2 [ZR-7,
IRV B ORTIZIL, FHMMH O BER 2T X VBME (F—= Xt T VA4
VHX-5000) THIE L7, 515k 0 BRI DO MBlE L OMEAL Fig. 3.3.3, Table 3.3.1 127”7,
F7o. T UXVBEBEEONMELE Fig.8.8.4 (TR T, BB ICHE Y A 7 BikHE 2 BEMAERIC R
. 2,500 5 CHIE LICBHEDBEIBREZ T 2 Z VB TR AL, BHEROREEZIT> 7
(Fig.3.3.5), flRaERITHMAES 3RV RBRE (£ 7 4 7 A ME) 10T BRlsttm— -
TR TAR T a T DREPERERE STB 2 U — X TSTB-1225S] % v THEf
L7z, BBRICHW D 7S —Y RiIX 25 me L, 7 2 A~y RAE— R 2mm/min & L
7= (Fig.3.3.6), B 2B O T v » 7 120 fHiF 72, MOBEMO—iEz Y I TY)

Wrl., Bl 1 ANEDREE L L TR Y ABRZ B L7z, BRI =R THM L7,
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Fig.3 3.1 Procedure for preparing specimens

SiC fiber mono-filament

Gage length
25mm

Fig.3.3.2 Appearance of test specimen for mono-filament test
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Fig. 3.3.3 Tensile tester for mono filament.

Table 3.3.1

Tensile tester (STB-1225S) specification

e KAy LAY B

2.5kN

HhA he—2

550mm

7 Ay Rl P

0.05~100mm/min

7 m Ay N EERE A

+0.5%

7 i Ay LR

7 a A~y RHEERANICEBW T, 0.0lmm/min. A7 v 7

iy BT A

BRED 1% (2— REAEKRD 1/1~1/500 OFIFEN)

BREEZRAT

IR : 5~40°C. 12 20~80%RH
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Fig. 3.3.4  Digital microscope for fiber diameter measurement

Fig. 3.3.5 Measurement of mono-filament diameter

38



SiC-fiber

Cut test
specimen

Fig. 3.3.6  Attachment of specimen before mono-filament test
Rk > X 9 1C Tyranno SA ##EIZH) 10pm DIEF ITHIVERS & £ 400GPa &5 5 &L
BAMESR A AT H 7O, RO 7 0 7 A2 NI 2 1T B> TLE VN, il o — ki
WAz 52 DD TR CTH -7, ZORNELZTRY B -dic, HxlidEsSNT-
Wriki OHE 2 B BT LW e k2 fesr LTc, EBROFIA% Fig.3.3.7 12~ d, £73. 5l
iR O SBRICE D (T TR & BN T T v B YA E R T A TR A AT,
I D OFEUMIT, R 2 hFFL TWDER D RO T v v 7 [ZEfl L Tz o,

515k D BRI

&

BhBZ25 LM ERT LN TERL, 205 CHERGEEH
WD Z LT LIl 2 i £ 2 5 2 L8 TE, — R IE 2 ) RIS 5 2 LT
X7z, BlIE Y HERE OB T & P BAMET CBIZE L7k T % Fig.3.3.8 1T T, LARTO Tk
IR T ORIAE TR 2 12T T LRV, —RERET 2 FrEd 2 2 &3t TREETH -
7oy, WEINT 7 4 e YA TR T CHIHE 2 PR Z0A T FIE 2 W D & BB #% oo flilt
EREFICHECE . BRI KEWE A2 RET 5 Z LN ARE L Ao T, FEROMAR L,
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A TFVE A AV THIME U 7= 1l O — Wil 22 FE-SEM T#122 L 7245 5% Fig.3.3.9~3.3.10
[ N S

%8 U 7ot o0 — WA i 3 B ANER R Y B R B 1 B EE (FE-SEM)

(Field Emission-Scanning Electron Microscope., &7 /L JSM-700F) Z W CTHEIZZ LT,
Fo, BEFHREMIKYVAB L2 EE LR LR LA LFEXMHE A EDS

(Energy-Dispersive-Spectroscopy) HRHIEHZE Y AT Z ST &0 | —RAEHIH 2351 541
AR DI A MR LTz, & O1%  FiE A B aUEHERL : FIB 4 (Focused Ion Beam)
Wy F U VAEE T E R O—E 20 L, AARE RS, S E T
Bif%#5 TEM (Transmission Electron Microscope) 7/ JEM-2100F Otk L L7z, A&
B2 O CRSEE SR E T D i O TEM Bl 217> 72, 25 OREFERIZ OV T

(T OETHMIHERT D,

40



(a) Previous method

(b) New method

Thin paper with
liquid paraffin

Fig. 3.3.7 Mono-filament capture during tensile test (a) Previous method, (b)New

method.

41



t

First fracture
surface

Previous method New method

Fig. 3.3.8  The specimens after mono-filament test

Tensile direction

t Tyranno SA fiber
(Single filament)

1|

\ﬁ__’l

—~  Thin film

with
liquid
paraffin

Tensile
direction

Fig. 3.3.9 Image of mono-filament capturing technique
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—

Fig. 3.3.10  Test of tensile strength and the specimen geometry
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Fig. 4.3.2  Typical fracture surface of Tyranno SA, showing the river pattern and the

fracture origin.
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Relatively lOWeF strength
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Fig. 4.3.3  Typical type of fracture surfaces of Tyranno SA fiber with relatively

lower strength.
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Fig. 4.3.4  Typical type of fracture surfaces of Tyranno SA fiber with relatively

higher strength.
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Fig. 4.3.6 Several types of fracture surfaces of Tyranno SA fibers with different

strength.
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Fig. 4.3.7 Typical type of “upper side” fracture fiber of Tyranno SA fibers with relatively

lower strength. (Strength: 1.53GPa, Modulus: 355GPa)
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Fig. 4.3.8 EDS mapping results of Tyranno SA™ fiber at “upper side” fracture surfaces with

relatively lower strength. (Strength: 1.53GPa, Modulus: 355GPa)
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Fig. 4.3.9 Typical type of “lower side” fracture fiber of Tyranno SA fibers with relatively

lower strength. (Strength: 1.53GPa, Modulus: 355GPa)
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Fig. 4.3.10 EDS mapping results of Tyranno SA™ fiber at “lower side” fracture surfaces with

relatively lower strength. (Strength: 1.53GPa, Modulus: 355GPa)
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Fig. 4.3.11 Typical type of fracture fiber of Tyranno SA fibers with relatively higher

strength. (Strength: 3.13GPa, Modulus: 426GPa)
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Fig. 4.3.12 EDS mapping results of Tyranno SA™ fiber at fracture surfaces with relatively

higher strength. (Strength: 3.13GPa, Modulus: 426GPa)
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Fig. 4.3.13 Fracture origin of Tyranno SA fibers with relatively higher strength.
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Fig. 4.3.14 Image of FIB process.
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Fig. 4.3.15 Transmission electron micrograph and SAD patterns of Tyranno SA with a

peculiar surface region. (Strength: 3.13GPa, Modulus: 426GPa)
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Fig. 4.3.16 Transmission electron micrograph of Tyranno SA with relatively higher

strength. (Strength: 4.1GPa, Modulus: 409GPa)

Fig. 4.3.17 SAD patterns of Tyranno SA with relatively higher strength. (Strength:

4.1GPa, Modulus: 409GPa)
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Fig. 4.3.18 Schematic interior structure of Tyranno SA containing several types of

structural imperfections.
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STEP1 STEP2

Fig. 4.3.19 Procedure for particle measurement in raw material polymer

Table 4.3.1 Experimental condition

KS-42C (RION CO., LTD)

Min particle size 0.5um

Flow 10 mL/min
Size division 0.5~10pm, 10 div.
The number of test 3 times
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Fig. 4.3.20 Number of particles in raw material polymer
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Fig. 4.3.21 Residual form in raw material polymer (SEM image)
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Fig. 4.3.22 Residual composition in raw material polymer
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Fig. 4.3.23 Result of FTIR measurement of residue in raw material polymer
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Fig. 4.3.24 Production process of residual gel
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Fig. 5.1.1 Production Process of Tyranno SA™ Fiber.
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Fig. 5.1.2 Changes in the Gibbs free energy of Si02-S10-CO reaction system.
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Fig. 5.1.3 The relationship between SiO vapor pressure and temperatures.
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Fig. 5.1.5 The relationship between main reaction and microstructure during the

heat-treatment. (a) Atmospheric pressure

Atmospheric pressure

Cross section

- Ce
‘o4 & >
: -
g < 4

5

Surface

Fig. 5.1.6 The morphology in degradation under atmospheric pressure
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Fig. 5.1.7 The relationship between main reaction and microstructure during the

heat-treatment (b) Lowering pressure.
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Fig. 5.1.8 The morphology in degradation under lowering pressure
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Fig. 6.2.1 Specification of electric furnace
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Table 6.2.1  Electric furnace (40R-014) specification
TR XAH N 40R-014  (BR) T4/

FERSFRIE., TR

# 6kVA (40V-150A)

e —% ANHEMECIC 2R Yy he—X
#i e TR 2000°C

R IR 1800°C

T T A WrRe5-26 9 0.5

1 2R P A BLZEE L IIARIEMES A (Ar, N2)
AErEME 77774 b

IEE ) 7 ® 35 x 40mm

Fig. 6.2.2 Appearance of electric furnace
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Table 6.2.2 Conditions of crucible

4O E2E20)
eI ER
3.5%3.5%1*10.5  1.35%1.35*1*5.7  0.34*0.34*1*5.7
HiREsE =404.1 cm3 =32.6cm3 =2.1cm3
=404.1 mL =32.6 mL =2.1mL
COHARES
1.75 ml 1.75 ml 1.75 ml
(B>FIL10mghsF)
HHIAACOIRE 0.0043 0.0537 0.8454
(ArFEE1L/min.B) ml/cm? ml/cm3 ml/cm?3
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6.2.1 BVLERIHER

—ERE(—

Fig.6.2.3 |[ZBLEEHE [ 1% DfkME R &R AR 2 ¥, BVERTOIESE Si-Al-C-O kD
HEZ 100wt% & LTOCIZ7 my b L, FTEDIE £ THIER, B IR fE1E U7k,
PRI CTEIRE CRIR S 2BV 21T o miF O EEZ 2R, FECIZ W TR
1000°C7> % 2000°C % T# 100°CH| A CEULEEZ Fhi L. SO, @IZ oW TITBERHBIS N
R C & iR 1800°CH> 5 2000°C F TOIREIZ T 100°CH| A CRMLEL A Ffi L 7=,

FMEQ@ O BRI R % A5 & 1400°C £ TILHEERAIIFA ER® bt a3, 1500C

TIIFRAFHRD 85WtBeE £ CHEWAD VRO LD, LORIRE L& & bICHERD T

HZr, 2000°C TIFFRAFRN Tdwt% £ TEHEBRAD DO LN, FH5HETHHM L@
FEdE Si-Al-C-O kit DBV R Tl Si02(s)+3C(s)—SiC(s) +2CO(Q) D FEIHIT &K 2 B
SYRISTELT U 72 #% , S1C Mok [R] L O BERS 2 4% C B0 e s B RAL 7 A FRHES R H D,
FRLERIGS TITE RIS CO T ADRENKEZ Y | HERBDPETT 5, ZOEER
DI, B CH HFIEAE Si-Al-C-O fMEIC B N MR FEIC L > TR E S, SEIOFERTH
WTERRAE T, BRRDBMRIC LD ERICHE S D & EERFERIL 13.6Wwt% s 25,
@ TIIM AT VR R & 72> TV DA, oD, @ TIE T0wt%ilr < £ TR L T2,

T BITIEERAL T A FEHEIC T D ERFE A CO OIRFE THEFE 3 5 LISMT Si0 72 Uil
D ARy THEFE L 12728, BIRISETH % Si0(g)+2C(s)—SiC(s) + CO() b ke 22 i i T

BV, rE0EERBDRIY EICEHERDNEIT LD LEZ 61D,
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Fig. 6.2.3 Weight change of fiber after heat treatment
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6.2.2 BULHERIHER

—CO RESMIC X 2MMEEDE N —

EVILFL % OREHEWTTR 3 L OFRAEIC DUV T FE-SEM TEIZL 41T - 7255 5 % Fig.6.2.4(a)~(c)
R, BV R, BERSEL NI T T2 1800°C LA E DHEIZ DWW CHIER LTo, MiHEWT %
BETHEVTROLT T I 7 v A XD SiC s sh S EEE U -0 R S v B,
¥ 72 1800 CEVAFL L IZ DN CIEWT iR T RAHT I IR AF R B DFEDRHER TE, b ITBL
FUREED b5 & & BT LTV DB LA R STz, it TilkiER D SEM %% /Lo &
MHERMIZ SIC & AL DR AR SN D, ZH OIFBVUFIREE O BRI IERE
Si-Al-C-O ##iffE2> & Si0 H A HFE U, MR Er PHZIEE L T & 7o IRE D SUS L BIBUG
T 5 Si0(g)+2C(s)—S8iC(s) + CO(g) Ml i CHEAT L= b DIz L b B2 b b, ZD
X9 etlER O SiC K ITBME ORI S Z IS ETLEWN, ENHIEXME 2V IR
NEFZEZ L TBEORERE LTERT 2, 2ok ) IClfERm s 2ibsEs 2 &

72 KO RMEDIE O DRMRMEIC 722 K O I ERBHE G2 R L TWSRE RS 5,
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OFAR

1800°C-0min 1900°C-0min 2000°C-0min

.‘"‘",

Fig. 6.2.4 (a) Microstructure of fiber surface after heat treatment

(Cross section)
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1800°C-0min 1900°C-0min 2000°C-0min

Fig. 6.2.4 (b) Microstructure of fiber surface after heat treatment

(Cross section)
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1800°C-0min 1900°C-0min 2000°C-0min

Fig. 6.2.4 (c) Microstructure of fiber surface after heat treatment

(Surface)
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6.2.3 BVLERIHER

—CO REEFAMIT X DREHEPNERR R DE V> —

BN fR% DFEHET O Z MR D728, BV fRIIGEED CO RSN RS 3 FiD
MRME 2 W CHkMEWT I @ EDS 74 V21T - 72, Bt Wiz CO IRESRMT %=
Table6.2.3 (277,

Table 6.2.3  Conditions of CO gas consistency

MO | #MOQ | FMHO

CO A4
1.75 1.75 1.75
(ml)

HHHN CO T AYREE
0.0043 | 0.0537 | 0.8454

(ml/ecm3)

7 VEE: 10mg, Ar F AJiE  1L/min.

SN N TZRRBHI B DD 0 | BEREBIR A £ 5 L HEE S 41D 1800°C TREE A AT
o T HE R A T2 BT I IRHE 2 IR 2B L 7=t RHEWT I 23 Bl 5 & TR 217 -
7oREE 2, BFEETE O SEM K Y EDS 7081 R % Fig.6.2.5~6.2.10 (2”7, T
iR O EDS AR v My#rik R % Table 6.2.4~6.2.6 (277, WINOEKEIZBNTY
AR M OTR S 500nm FREE E Tl CIREE IRy & < . MHENEIZ 72 2122 T C i
L. Si OEREPNEML TS 2238 b D, LR EDS AR v kot Ok
BRD &L BEREIAIE LCOME 2850 ALIE, CO BEMNEWVIE (RO < KM@ <5
®) 1T L 225 Mm R Liz, CO BREMNE 725 5&M4@ TIZEVLEEH O Al DS b Al
TETVDZEDBHNND, ZREORBEND, SHOBLIETIIAMHODHHE AL T
MicatatED s & L L,
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Fig. 6.2.5 Polished surface of fiber cross section after heat treatment, (EDS line

measuring part, condition 1)
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Atomic Concentration (%) (Si, C, O)

100 0.6
S K e K
A\ K

0+ t t t t 0
0 1 2 3 4 5
Distance (pm)

Fig. 6.2.6 Result of EDS line analysis (Condition 1)

Table. 6.2.4 Result of EDS spot analysis on fiber surface (Condition 1)

WiEEm  (EDS 2Ry FAE  at%)

35.06 59.61 0.19
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Fig. 6.2.7 Polished surface of fiber cross section after heat treatment, (EDS line

measuring part, condition 2)
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Atomic Concentration (%) (Si, C, O)

100

0.6

S K K

Distance (pm)

Fig. 6.2.8 Result of EDS line analysis (Condition 2)

Table. 6.2.5 Result of EDS spot analysis on fiber surface (Condition 2)

kA2

(EDS 24Ky FHIE  at%)

0.01

37.72 54.91 1.16
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Fig. 6.2.9 Polished surface of fiber cross section after heat treatment, (EDS line

measuring part, condition 3)
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Atomic Concentration (%) (Si, C, O)

100

0.6

S K e K

Distance (pm)

Fig. 6.2.10 Result of EDS line analysis (Condition 3)

Table. 6.2.6 Result of EDS spot analysis on fiber surface (Condition 3)

kA2

(EDS A& > FHIE  at%)

0.07

34.74 58.74 0.62
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BVLEL T ORI 2 5 ISR T D 72D RIFQ DO TELHE 21T - 7 fikiE > SEM
B OBEE Fh L7, #R % Fig. 6.2.11~6.2.12 (287, fil#EWrm o SEM #IxaTk o SEM
B LR U< BEIC A2 e L, DHER OMHEOWT 2Bl L7 b0 TH D, 1500CE T
(TEGT RSO3 ST LTz, EEDOTZRETH 545, 1600°C T il o fm i
fHIZ SiC & L s DERBRD Hivd, 1700°CICFHRT 5 & kMR Er D SiC Ak a3y
KLU, 1800°CLLLETITMAENEBIZ & SiC Ak DA HEICHER TE 5, T b DM
M Fig. 6.2.12 7 A THIAE U< 1600°CLL LTtz o SiC #& kDA RAE QN R F:
WRDHND, LLEDORRZ D & FEAE Si-Al-C-O #HE D FARIZ PO RS ETT L.
SiC #fsih DA FAE ONCBERS ITHEST L CIiXWV 208, MEER IR E 720 9 5 SiC fifs
e % < AFE L, EIBHEORE L S+ Tidlenic o il om L2 55720120
E U BE BRI X DRI A LI L 72 D, RIETIE, BRI O E UG & RIS D

HENCAE B L7oBaii RIS OV Til~ 5,
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BMLERRERG R (BMLERR AL K 2 e WT i i 1 O 2 k. /O, /TR

HALIRRT 1000%C 1100%C

1200°C

1500°C 1600°C 1700°C

Fig. 6.2.11 Microstructure of fiber cross section (Condition 3, Cross section)
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BMLERR RS R (BUOUEE B X 2 MR IR S D28k, 2RO, /NHEH)

2R

1200°C

1500°C

I I

000°C

1100%C

1400°C

1800°C

Fig. 6.2.12 Microstructure of fiber surface (Condition 3)
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6.3 WESMRIC X G DL

m B R A BRHE IS, FESRE SiAl-C-O filfE 2 77 v =2 H1Z T 2000°CUT VO EEE TEL

%‘/R‘:

WP 2325 Z LIZXValkT 2, BVLELI T, FEERET CO U ADIA % 5 BV iR
JEZ R T, BATmEWIRE TORER SOG~ETe, BV RO SOSMEE L CO T AFRPHR (%
) ko TREIND 2O, BULHREHIE L7 CO A (BMLHHIRAFRE) 2o\ T
BT Lo R A AT Tk~ 7, CO H AFRFK (RED) 13, BVLERIZ v 5 HE oAtz

LERHF O FES RN L > THHIEFRETH 5, 5 TR~/ K 5 IZBG 7 vt 2 H o CO

Aoy EZ B KRN HI#E T 2 2 & TR RE LD WRICEITSE S Z sk, £2T
ARIETIL, FIEOBULIHH 2 FIV T CO IREESAF A4 2 72 LT BB o[£ il
L5, BRSO ERG & BISIE N5 2 5 e B IRAL 7 A FEHE O Mot i~ 0 28

Z AN~ RICOW TR~ D,

AIETIX 6.2 HOMG CHW s FREIRFZ VT, JEAE Si-Al-C-0O R 10mg
1 —R B (RHEQ) IR, T RS H T 1000°CH B 2000°C OFFH CHTE
DOREE THIR L, BVLEL AT - 72, BVLERREOIE S5 1%, KEUE F 72135 10Torr D
JED 2 FRFEIC CTHEM L7z, BVLPRZ DM E R ZRIE L, B OEITE S W Z T,

DT, VLR ORIHE OIS 2 FE-SEM 4 HW CREMIZIR 72,

6.3.1 BVLERHFHER

—HEFE, RRERVCEZZLHEOLLE 1—

Fig.6.3.1 ([Z BB T 1% Offife B Bk r R 2 n 7, BB OIESE Si-Al-C-0 #fED

HEA 100wt% & LTOCIc7 ey b L FTEDIRE £ CTHIESZ., B ITmEvAE 5 1R L=,
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R CRIRE CRIE S B2 BVLE 21T > B O BB E(L A2 /RT, EHIZONT, K&E
EIED 2 DR R 2R LTV 5D, KETE TOMMEREEFRTFHRIT 1400°C £ TIEHEERD
356 ERO BT, 1500CH LEHELRHERMD RO 6D, ZORKNE, RRET
BORBOSITAE D CO A DIEEDS 1500 CHFNHHEATL TWD Z L3 nind, —HE
S COBMIORER A LD & 1200°CfEN b EERD AR E TH Y, 1700°C Tl
HERARIT TOWt%II < TR L TWD Z En3gn s, ZHITRKEICHTRE T
%, BV RN XV ARIENDEITL TS Z e 2T, 5 ETHIRRZ L D1, LT TIE

Le Chatelier DJFBE 0 H ARGy (CO HR) ZAERRIZOAZEDERIL A (SiOs(s) +
3C(s)—SiC(s)+2C0(g) D FHMREEZKIEMIC Y 7 b ZH D Z ENHEKD Z b EIK
iz B (SiO(g)+2C(s)—SiC(s)+CO(g)) M Z D EMNC LUt A Z N FAIICHE =3 2 L 3 Al hE
L0 KVARIREED OBV RS ST L, B R EERD AR ORI B Z N

50
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# Atmospheric pressure (760Torr)
A Reducing pressure  (10Torr)
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Fig. 6.3.1 Change in fiber weight due to difference in pressure condition
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6.3.2 BLERIHER

—EHEE b, RRERCEZEZILHE D R 2—

BILERI% OMEHERT TR L ORI SV T FE-SEM THIZE 21T - 7-f % Fig.6.3.2 (a-1),
~6.3.3 (2T, BEF DL 55 T2V T, 1100°CH> 5 2000°C D#EHH
TEVUER % SR L 7 fkHELZ D T SEM B OB % FE ki L 72, 56O W REMENT i X O PO
ZEIE LT Fig6.3.2 (- D)~ b-2IZ O\ TRIES O SEM BIZEH 35 &, 1300°C T,
WAHESM RIS SiC MoRdL & R O N AR+ DO AERDPHER SN D, 25O SiC Hsdih o
AT 1300°C A5 1500°CIT AT THER L. 1600°C Cridlite 1 I o> K13 SiC ok i
ThHhDHZEPHERINT, T OWHIEEDZGITRKETORIH L) Hl < T L T
%, JBE T TOBNEZ FICEIR TIT 9 & 1900°C TIEAfEsHE BB I SR OISR b
AUy 2000°CALEE CITHIC B ATFIRN IR L TWAH Z R 00D, ZIVUIEIE T TOREiRE
BRIZ L0 | fEE R A FMHER R M L, SIMEIE Lo Z ik | kR
=R DG LT THDHEEZLNS,

fot\ N TRl SR T O BORIFLARR 2 8152 L7 Fig.6.3.3 (c-1)~(c-2) & .5 &, 1600°C LA L ofll
RN T, KREEBLEE OFHE CITAHE R H 1 SiC fdh DAL & BVUELRFE OB EE S
SICHL ORI ENRD HILD, —J7, WL T TOBLEE Tl kiR OBEE 72 SiC iRk
RITFED S0, ZHUEATR O X 512, BIESMFIZ L0 ERJER A (Si02(s) +3C(s)—SiC(s)
+2C0(g)) D FHHRIEZRIRMIC Y 7 b &® 5 Z L 3 Hskiz729, RIS B (SiO(g)+2C(s)
—SiC(s)+CO() M3 Z DA ESUEH A ZNRANCKE Z T Z LR FREL 72 0 | e —A—
RKOWET SiC IAE M OEREZEITSED ZENTEZBLEZOND, 121EL, BIET
T 1900°C~2000°C DEVLEL 21T o 7o il ZR i 13, Ak L7z & 912 SiC D4 fiflz kv I —aR
URBINTREE L 72D, KEETEVAEE (2000°C-0min fREF) %17 o 7= il D 2 iRk 2
BE LTz A — 2 = T O % Fig.6.3.4 (o, [7 U < BT T CHWLEE (1800°C. 2000°C)

AT o o R % Fig.6.3.56~6.3.6 [T~ , KR&ETEWH Lo R (Fig.6.3.4) & .5 &k
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HERE D 10nm OHFIPHTIZ C BNZVIRIETH D28, MENTICHEDRIC SN T, SiB LD
COHRIT—ELRD, —J. BWEFT1800°CHOENEL AT~ =45 % (Fig.6.3.5) Tix.

fkMER T 225 100nm F2E F Tk C @ TR S L, a2 C 3 L&, 300nm LAk
FTHDY FTFLZATEDSiBIUNC DFEL 2D, BT FT 2000°COEULEL 41T
STHAE. BICHEOET HEREMO lum PLE) ETCEEARS>TNDEZ EB3Sh-o
oo ZO X DITEIE T OERBMLEECIE SiC DRI X 2 Si sy DR O 2, i)

ClETEDLNDEMP B b,
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1200°C

=SB LT 1100°C

760 Torr

1300°C 1400°C 1500°C

760 Torr

Fig. 6.3.2 (a-1) Microstructure of fiber cross section (Under different pressure)
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1600°C 1700°C 1800°C

760 Torr

760 Torr

Fig. 6.3.2 (a-2) Microstructure of fiber cross section (Under different pressure)
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Fig. 6.3.2 (b-1) Microstructure of fiber outside the cross section (Under different

pressure)
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1600°C 1700°C 1800°C

760 Torr

760 Torr

Fig. 6.3.2 (b-2) Microstructure of fiber outside the cross section (Under different

pressure)
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Fig. 6.3.3 (c-1) Microstructure of fiber surface (under different pressure)
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Fig. 6.3.3 (c-2) Microstructure of fiber surface (under different pressure)
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LLEDFERN G 1800°CEH 2 DR COREBLILL, SiC Kigh D4z 5l Sk 2
L. FELLARVWERHLNE 2oz, DED | BIETHIRBRNTZERIC, BIESIEITE 7
B H1F % FBUE A (Si02(s)+3C(s)—SiC()+2C0(g)) % X 0 KR THEAT S5 HHICRR
ELTITh & ThH D,

100 5.0
===Gj ==C — O =—Al

L - 4.0

60 T W Rt T R e - 3.0

Atomic Concentration (%) (Al

Atomic Concentration (%) (Si, C, O)

40 + N TN - 2.0
20 L - 1.0
0 i i 0.0
0 20 40 60 80 100
Depth (nm)

2. 0u m

Fig.6.3.4 Result of AES (760Torr, 2000°C-Omin.)
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Fig.6.3.5 Result of AES (10Torr, 1800°C-Omin.)
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Fig.6.3.6 Result of AES (10Torr, 2000°C-Omin.)

126

Atomic Concentration (%) (Al)




6.3.3 BEDESMORE

—RRE., EZEOHE—

AT TIRBVLEERF O DS Ko T KRB IR T A FERIHE O o1& 23 B8 1 221k
L. ZHUTERGRICOBH ARGy (CO HA) ZROFEE A (SiOzs) +3C(s)—SiCls) +
2C0(g)) DOFHRRREZAKIRMIC S 7 b X5 Z AR, BIEG B (Si0(g)+2C(s)
—8iC(s) +CO(Q) ML Z HANI ESIiH A ZXNRANTE Z§ Z L3FREL 720 . KBfIZ/2 Y
D HHERTIO SIC Ahh DRIE ZH TE 5 2 & ik~ o, RMpARY 72 AR S E 7
it m B IRAG 7 A FIRME OIS E 2 15 2 7o OI2iE, B s TR L P Bk D SiC
WG R OBEERE AR L TWDMEN D D, ZDORBITIIBASFIRETER T CO U A D
BLO SIC M OAEREZEITIE D MENH 508, BULEIREN & T X5 & SiC fifsD
KRR AT LT LIV, MRIICHEZ AR LZBRISET AT, mERTZH<
BENHDH, DEV . SiC s ORE 21T S B2 WIRE T, BUMRKISIC X D CO H
A DNiBEZED D Z & PHR 2 B fRBVVER Stk 2 AT L ER N H D, £ 2 TARIETIE
I E TORIESM CEERD OB FED DNTIRER TH S 1300°C~1500°C D#
PRICTER L. B RSt DR 72 it 217 - 7,

JES1 M0 D 870 BB RS O HE R % Fig.6.3.7~6.3.8 1277, 1300C~1500°C D
FPAIZBWTHTEDIRE L THIR L, 60 /rfIfrfr Lo, =R E TR S ¥z, BULpi%
DO#HEIZ SV T FE-SEM G D@52 4 50 L. IR 2 51 ~72, 2A0DIC REUEIZ TELPE
AT AR ARk d Fig6.3.7T & /L5 & 1300°C-60 43 B EF OMEGHERT I C I3 ilkHE D 41 &
13 SiC WSS DA RD BN D DD, fHET LENTIEIESE Si-Al-C-0 iy ThH 5 B
LR EIARO BIVD, MHESNER TIZBEG R —E DFIG THEHIT L TV DA, RK7E
TTHDHIENIND, BULFRSIF% 1400°C-60 M E7-1%, 1500°C-60 43 LT
< & HEWr T L O IR SiAl-C-O A4y OEFTIERD L, Wik 24KIZ3 - T SiC ks

AR L T DT RRO 6N 5, Lo LR A R 25 & SiC fiffh D ARLIS K UL
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EDREO IS, 1300CH 5 1400°CIZHNT T SiIC R F 23K L T D2, ZHUKIRED |
FATEWRMENTS 225 0 Si0 A DAERMPBFITH K L, #IE B (Si0(g)+2C()—
SiC(s)+CO(g)) DESIEMER mUT 5 CHEICHEITLIZ720 &2 b5, — . 1500C
THkHER O SiC RN LTV DB L, IR BRSPS A (Si02(s) +3C(s)
—SiC(s)+2C0(g) DX 7 ADHHT R/ F—ZALABD L, HEHENES TS A 23 HEFT
LT eofelz®, Mi#ERE CORIKE BIZL 2 SiC OBFRIKENHD LD &R
b5, WTHIC L THREE N CTOEGFECIIHERmICKRIME 72D 55 SIiC K&

FR72 B ONTRI R Z AT ST LE 9 Z &3 %,
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Fig. 6.3.7 The morphological changes during degradation temperature under atmospheric pressure
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—J7. WL T COBS R ORE (Fig. 6.3.8) 5 &, 1300°C~1500°C DHiH TIX
MHER I SIC Mg D RFRERITRO O EONRBHERmZ B TE TWNDH T &
NGEINnD e ZHAUTBMUET OE N ZWIETICT 52 LT, flE B (Si0(g)+2C(s)—SiC(s)
+CO(g) 2= HENCERIE A (SiO2(s)+3C(s)—SiC(s)+2C0(g) 2 flkid: PN ES T4 Fry
(RS ENREE LY RMAIZRY 9 HilliMEFR E O SiC ilfh ORLE R 2 #f] T & 72 2%
LEZOND, T T CHMRRESRMZEERIIID 5128 T 0 R O LA < & B
T % &, 1300°CH 5 1400°CIZHMNT TiT SiC it dh & MR i DO FRAF 0 — AR A IAF LT
DR & S, 1500°C TIEEm DN —R AN L, SiC ks —>—272%, L0 Hifk
ICHERRTE D, ZORMND 1500°CTIFE I 78 T L, SiC Hofitdb ORI R 23 AT LR
LEIEEBEZ BN DT, SiC i F ORI R 2 K 5 R Y Ml S 72 WBLRA S ET

M 1400°C-60 43 DENLEL 2 B EHI 72 3 RStk & Lz,
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1300°C-60min 1400°C-60min 1500°C-60min

Fig. 6.3.8 The morphological changes during degradation temperature under lowering pressure
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6.3.4 BDESEMORET

—EHZEED B —

W

ATEOR R A B E 2. BIET 1400°C-60 43 TOBGRIC I T, FLAZ AR S B RAL
I A FRRMEOBMIREIE IZ 5 2 DB a2~ T, T 2 TIEBGiRtE DOBERE £ TH 7o BSLE
ATV, 5 BT REAEIRAL 7 A FRMHE OIS E 2 FE-SEM & VTR L7e, BEf L
FEDBSLHSARIL T /L = it T C 2000°C-10 4y fRfF & L7z,

FI BEREO 1% 100Torr & U725 OFRER % Fig.6.3.9 [T d, kW x4 7.5
&L AR B HLERE T SIC fEAR M HER I TER Y . BN SE T L7 RITBERS TR IC
AT L2 2 L3 in D, FT-ilfEWri oS a2 2 & | SiC fsh R L O BER 23 AT L T
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1400°C —60min. (100Torr)
2000°C—-10min. (Ar, 1L/min.)

Fig. 6.3.9 The morphology during slightly low pressure (100Torr)
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Wiz 7.5 &, 2B 6 BAMNEF LD E T SiC Ml R SN TR Y | BN T
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1400°C —60min. (10Torr)
2000°C —10min. (Ar, 1L/min.)

Fig. 6.3.10 The morphology during extremely low pressure (10Torr)

135



HITE T, BRI OO RIS B AR LG D20 B 72 A TR0, fllHE 22 ML & ORI A
MThHDHZ LA, £ TRIETIE, BUESMFTOBLHLE R 2 BRI~ 7o R
ZDOWTIRAR S, BULESMT, BUMRRE L L CRRE L7z 1400CE THIR L7zE&Z &
Z D% 1400°C-60 ZrfElfRFF L7z, £ L THIZ 1800°C-60 43 [H D BERS PREF 27 72 3 T D
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1400°C —0min

1400°C —60min
1400°C —60min.
1800°C —60min

Fig. 6.3.11 The morphological changes during heat treatment under lowering pressure
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Z I TERAIE OB E B L LT, BUMRIRESICEET S, K VBRI 21T o
7= BAYFRIEFE % 1150°C~1500°C &£ THZ 50°CREIFEIZ /71 ) 72 454 C 10Torr DJE S TEVY
iR ATV, I REEIZT 2000°C-10 M DBERE 21T > 72, 15 b= £ % Fig.6.3.12~
Fig.6.3.14 (2o~ F 9 HEHEWT I O IE D S SiC L OBk O ESCBEMEICER 35
& MRIRIE DY 1150°C~1250°C T, Mgt o ZME 1L SiC s dh R L OBER 378D bt s
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PEERE X°C—60min. (10Torr)
fEfmE 2000°C — 10min. (Ar, 1L/min.)

1150°C 1200%C 1250°C

1375°C

1500°C

Fig. 6.3.12 The morphological changes during degradation under lowering pressure (cross section)
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PEEREE X°C—-60min. (10Torr)
fEiaE 2000°C—10min. (Ar, 1L/min.)

1150°C 1200%C 1250°C

1300°C 1350°C 1375C

Fig. 6.3.13 The morphological changes during degradation under lowering pressure (Edge of cross

section)
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DEFRE XC—-60min. (10Torr)
fEfEmE 2000°C — 10min. (Ar, 1L/min.)

AT > Y A
> 5

y T : - iy Ll | s s .,
A Y 3 Y o . ﬂ‘ N
N f AT . - N

1150°C 1200°C 1250°C

1300%C 1350°C 1375C

ey
e

1400°C 1450°C 1500°C

*5%

Fig. 6.3.14 The morphological changes during degradation under lowering pressure (surface)
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DEEEE 1500°C—-3~60 min. (10Torr)
S mE 2000°C —10min. (Ar, 1L/min.)

BoE BoE By fE B
1500 C— 3min. 1500C—10min. 1500°C-30min. 1500°C—-60min.

Fig. 6.3.15 The morphological changes during degradation time under lowering pressure
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BRI I E G A(S102+3C—SiC+2C0) %, 1A 1 ROMHMEN TRHRINCHEIT S &, #
DFEESE T SETRET, XV SRR CRICBITT O EAEETH L Z EBH L
Llgote, TNHOMEE S LT, BULBISIT OB 2 AT 5 2 LIC kv ok
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Current Our Trial

Ra: 6.8nm Ra: 4.9nm

Height 400.0 nm Height 400.0 nm

Surface roughness

Fig. 6.3.16 Preliminary trial result.
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BRI R ZMHI9 5 2 & 3 KT, — 5L MRERTI OB S 2 75 & SiC RS
ICFREE C B S 4L, #MEOBE(L DA+ Th D 2 & B Lz, ZAUIB g
BUESRMFIC LY, FEEE Si-Al-C-O fkHEN B FAE L7z SiI0O WAL 26T L T L%
W RIS B AVIZRRHED S1 R IR EIIC D72 <L 81 L C A3 1 1 1 DAL ERHA T
1372 < RBDFERTANT L WDAOIEHEIZ 7o > T2 & B X B LD, SiC i dnlE Lol 7
KIRIR: 2 32 21213, SiC R FICHED C D R DRI R DB MEE L B 2 HIVDH D,
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B UG D LIE IR A IRAL 7 A FHE DB R A RE LT,

B-SiC fine crystal

(1~2nm)
-~ CO(9) [
Oxide » ) " EEKE A AN
Phase « 8 SiO(g)

Si0,,AlI0x . SO NSIY

Excess
carbon

Si-Al-C-0 fiber

Fig. 6.4.1 Undesirable effects of volatilization of SiO(g) during the degradation process.
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6.4.2 ¥ 72 3REBRIBIER OB

— PR DOBENZ T T—

BHY &3 2008 2 HIRRE O RSB IRAL 7 A B A 52 72 0I2iE, B ERo 7 vk
ZAZENTH ARD 810 & h#HET ORFIIRFE & OFUGIZ K - THEITT 5 SIC RS EE
T D, MRIVRBICRR AT O T2, il 1 A 1 AR50 810 H ADKL (HEK) %
Bl 20BN H 5, - T, EiLEE A (Si02(s) +3C(s)—SiC(s) +2C0(g) X4 &AMk
Si0 ORALZ B L7222 AN RN T 5 2 & MIERICEE Ch D, T 1XIESLELHE
DA SR 2 I REN I S D 7o JFUBHGHE T O RSE B4 T XA 28 A T filiHE 2 1R Rk

L. BULBE 21T o7z, WIS EMHMEDOFIEK Z Table. 6.4.1 12757,

Table 6.4.1 Atomic rations of amorphous Si-Al-C-O fibers with different oxygen content

Si C O Al
Reference Fiber 1 1.000 1.515 0.415 0.013
Trial Fiber 2 1.000 1.510 0.459 0.013
Trial Fiber 3 1.000 1.497 0.469 0.013
Trial Fiber 4 1.000 1.481 0.486 0.014

FE-SEM % M THEGHERT IR D7 BE IS8 2 Bles L. & T HELEYT S % — > (Electron
Back Scatter Diffraction Patterns : EBSD) % MW\ CHIE L7,

BFoNiE R % Fig.6.4.2 |Z~” ¥, FE-SEM Eg T ORFIKF T, fidbtErlbr A #F Rt
7 X v 7 AMHEO Wi A A E BB TN B R 2 BIR Lt ha . AL A FEORE
p LU A S L2 C, SRETEE SN D, REITARVWERFET SiC #sh DI THkie
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WIZHFEL TV D7D, FEEFGTIIRRIREL D AL VWETER I NS, HHEWHE
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29 £V —JE SiC ORI D1 2 BULILEAI I DUV CRERNS AR L.
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NP L= RAT7HREFHHLH LD, HNICADEL LEREHENBLETHD LEX
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Polished cross section Surface EBSD

Reference
Fiber 1

Trial Fiber 2

Polished cross section Surface EBSD
Bees Grain size

90nm

Trial Fiber 3

Trial Fiber 4

Fig. 6.4.2 Preliminary results concerning an improvement of the residual carbon.

(Heat treatment codition: 1400°C-60min, 10Torr + 1900°C-60min, Ar 1L/min)
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Dz T, BINIE BIZENEOREEZ T2, & 2 T2 IIISEHRN DL
NERIZ E > TIN D DRI EHIEHT 2 Z & T, RS A ZRIREE CEEMITHET S

B ENBEE ERSEEL 2 LW LN LT

Movement of reaction-equilibrium
According to Le Chatelier's principle

Reactant Product
Strongly affected by the pressure \
Si0, + 3C | - | SiC +2CO| ---(A)
Non-Gas 2 moles of Gaseous Products

Under the reduce pressure 1:'&> Acceleration

This reaction is not affected by the pressure

Si0' + 2C | - | SiC +/CO! |---(B)

1 mole gaseous reactant 1 mole of Gaseous Product

Under the reduce press@i@% Non—acceleration/

Fig. 7.1.1 The control of thermal decomposition reaction during heat treatment of polycrystalline

SiC fiber

157



H6ETIE, MIECHONIOMIGCY R 2 b— a3 YO RLZIIT, B ARE
(Si-Al-C-O #ife) D orfids X OBERIBFE DKM 21T - 7o, BARRIZIE, BRAIZFRIHX (Ar
A AGE, CO H AR, [F1%) 2 EE IS -BULESME T CORNMR - Biik 2 i
L. EOREOMGHEZ R T DG DE(IZHE B Uiz, XU CTREaDD 72 it
18 Z A < o BLPR A DR IA R ZAT o T2,

P WHEN T OB AR ORE & HIBIN T ORBM 21Tz, ZHETICH, B
LRSI 1T B2k E LT, Si02(s)+3C(s)—SiC(s)+2C0(g) (WAASIE) TREN D TR
Ji A L. Si0(g)+2C(s)—SiC(s)+CO(g) (EENSUL) TRINDEISUE B D 2 DO EE R H#
BUSR &Y RIN~D 810 7T A DARIEMBE & MHEWN R —MED 5] & BTV 152 51 /L35
HNTVD, BIFERICEE SN TS “2000°C F Cryi AR fTRE e s EREIRIF” %
FAWNT, SHREUE AN B HIFAR DB 7L 20 R AN B DR, [F ) 0585 x|
RIGICBLP A 2 A F) S, “CO A A D2 - 7= SiC #idh D ERL RIS < “H
ke (BERSbafe)” T 25T — X UG 21TV, SRRSO SEHHR EE 2 B )
S/ LEMOMMETT o 12,

BB A U B HEN R —PEICBE 2 EEHIIN T O8E & LT, BIEORFHS
WaE x 7= LT, RERILT A B EL2 2 ba— LT 5HMT, L0
S G B LT BV R R 2 i U, BERS 12 OFMEPN IR & 12 5- 2 5 58 4 R
ATz, LA EORREHRE R 2 BRI, B IESRME T TOXM DD 720K Ve 0 A i & F28
TR JEEHEHE T b 2 I E Si-Al-C-O ik 1 AR IO 78 & ONTBEREALER & FE i L |
F R M KIE 208 S o B IR L 7 A e 2 SRk Lo, BRI, RIS
NOENZEIZE > TINOORMSERIET 52 & T, BRI A (Si02(s)+3C(s)—
SiC(s)+2CO(g) ZARIRAERIZ > 7 b &, 1A 1 AROFHEN THRMITHEST S, B0 fig %
FET SEREET, KV ENROBERE TRICBITT 5 2 & CER IS 2 BB I 855

TEEHOEMNI LT,

158



Fo. FEROBFHIMIT T, ERIBERBORBNEE TH L Z L AR~ T, HHL
5 MR TR OIS > & 72 D b S IRAL 7 A B AE 215 5 7o 012, B iRIF D 7 m & X
IZBWTH RO Si0 &M ORFRE & ORISIZ E > THEITT 2 SiC BB S HE T
oD, Filo, SHRWRBIRAAT 5 72D, ke 1 A 1 A2 6 0 810 H A DR (1K)
BT 2 0EN B D, ERRERIE A (SiOz(s)+3C(s)—SiC(s) +2C0(g) (L4 A4k Si0 @
SALZBIIE L7222 RN RINICHEIT T2 2 EMFEFICEHETH L Z LW LT L, HITH
JESMHZT 5 Z S L0 RSOV 2 RIRANZ S 7 FSELENTEDH T E2mn L, flifE
i T bR A TGRS ORLFUAFAET 2 RBIRFZ DDA S TR Y | #&
BRI A RBL L2, 2o OfER%E Fig. 7.1.2 1ZR" T, — 5T, REIRFE ZBEIK
BSHED L, SiC s DREZETSE ML bE N, L EORRND ., s E Rk
I A FEHRHE DKL T-RUR 2 I3 2 1218, SiC b OB FRUAFAE T 53 ) 22 TR 36 DIEAE
LbEETHLFOLHOMNE 0T,

VI EOEEFEE 2 T, Mo VU EMICHEA S S5 T 2 v o AEAMEH I

WA 215 2 2 0 7 mMEIC >V T Fig. 7.1.3 1357,

159



ASEESNE RES R

Si: 0=1.00: 0.42

EgZRIam

Si: 0=1.00: 0.46

#
)
2
I
i
(1)
il
il

CHBROXRPEYA X

- 150nm

CHRDREYA X

l 200nm. #I3GPa .

v:uameif;‘-geﬂmw

s CHIRORPEH A X< 100nm
| CE - 4GPall O ATE
B-SiC fine crystal

snterng ET CROR _ 9 mpso
B e/ N\ | PRRISOTHH Phase ... BRI
& 5 SI0,A0x 40 04 c 1

(N ERIGADHIE HERMCOIER
HRREOTEL @ibon i #eElt
Time

Fig. 7.1.2 Reduction of defects in SiC fibers by examination of heat treatment

conditions
E Theoretical strength of SiC: ~46GPa
D
I
Deffect control| yext target

+ Pressure during degradation (CO concentration) High-

+ Treatment temperature
6- » Composition of raw fiber performa nce

» Heating rate Third

generation
Second
eneration .
3. First - Third
generation generation

Tensile strength / GPa

: — Higher
Heat-resistance in air

Fig. 7.1.3 Perspective for the high-performance SiC fiber

160



S
FRmX (EFAY)

1. H.Oda, T.Ishikawa, Microstructure and mechanical properties of
SiC-polycrystalline fiber and new defect-controlling process, International Journal of

Applied Ceramic Technology, 14 (2017) 1031-1040. (DOI: 10.1111/ijac.12719). (5, 6 &)

2. H.Oda, T.Ishikawa, “Study on the fracture origin of SiC-polycrystalline fiber”,

Trend in Nanotechnology & Material Science, 1 [01] (2016) 1-5. (3, 4 %)

3. H.Oda, T.Ishikawa, “Effects of the microstructure, and degradation reaction
under heat-treatment on mechanical properties of SiC polycrystalline fiber”,
Proceedings of 9th International Conference on High Temperature Ceramic Matrix

Composites, Toront, Canada, on June 26-July 1, 2016, 1-9. (4, 5 &)

4. T.Ishikawa, H.Oda, “Defect control of SiC polycrystalline fiber synthesized

from poly-aluminocarbosilane”, J.Euro.Ceram.Soc., 36 (2016) 3657-3662. (4, 5 &)

5. T.Ishikawa, H.Oda, “Defect Control of SiC Polycrystalline Fiber Aiming for
Higher Strength”, Advanced Processing and Manufacturing Technologies for
Nanostructured and Multifunctional Materials III, Volume 37, Issue 5, (2017) 39-47. (4,

=)

5

161



6. T.Ishikawa, H.Oda, “Heat-resistant Inorganic Fibers”, Proceedings of 9th
International Conference on High Temperature Ceramic Matrix Composites, Toront,

Canada, on June 26-July 1, 2016, 1-12. (1, 2 &)

7. T.Ishikawa, H.Oda, “Structual control aiming for high-performance SiC

polycrystalline fiber”, J.Korean.Ceram.Soc., 53[6] (2016) 615-621. (4 &)

162



MERFER
1. H.Oda, T.Ishikawa, “Effects of the microstructure, and degradation reaction
under heat-treatment on mechanical properties of SiC polycrystalline fiber”, 9th
International Conference on High Temperature Ceramic Matrix Composites, Toront,

Canada, on June 26-July 1, 2016.

2. H.Oda, T.Ishikawa, “Study on the microstructure and mechanical properties of
SiC polycrystalline fiber”, 5th International Symposium on Advanced Ceramics and
Technology for Sustainable Energy Applications toward a Low Carbon Society,

November 8-11, 2015, at the National Cheng Kung University in Tainan, Taiwan.

3. T.Ishikawa, H.Oda, “Defect control of SiC Polycrystalline Fiber Aiming for
Higher Strength”, The 40th International Conference & Exposition on Advanced
Ceramics and Composites, January 24-29, 2016, at the Hilton Daytona Beach Resort &

Ocean Center in Daytona Beach, Florida, USA.

4. T.Ishikawa, H.Oda, “Defect Control of SiC Polycrystalline Fiber from
Poly-aluminocarbosilane”, 5th International Symposium on Advanced Ceramics and
Technology for Sustainable Energy Applications toward a Low Carbon Society,

November 8-11, 2015, at the National Cheng Kung University in Tainan, Taiwan.

5. T.Ishikawa, H.Oda, “Heat-resistant Inorganic Fibers”, The 9th International
Conference on High Temperature Ceramic Matrix Composites, Toront, Canada, on June

26-July 1, 2016.

163



6. T.Ishikawa, H.Oda, “New concept aiming for high performance
SiC-polycrystalline fiber”, 12th Pacific Rim Conference on Ceramic and Glass

Technology (PACRIM 12), Waikoloa, Hawaii, USA, on May 21-26, 2017.

164



A

KL PET DD, KhDH TR U L e, HMiEEZ 0 £ L2 ILEG
/NPT SZ I P BROR BB R A I BGLEER 0 BN - L E T,

TR E AL 7 A FBBHEOBAIHSE ST IC BT, ZTBE 25 L RS, 97/ 3— b
—& L CRHMiiZ ZHY FEWE L, sRRASHU B ERFA o v ¥ —, FERROHTIEE,
MEAER, MEEBEE. B =THKIIEEIX CORS T 7 —DOERIZE Sl
LEFES,

AWFEDZATICH TV i E L2 TS | RS, #EHEzhY £ Lo, TEBERASH
TEREAPEIPAYE R, TR MR, A SERRRAERA S 7 v — 7 U= 7 v — 7Y — 27
—IZIRS BV LT,

EHDAIENHE Do T4 WS 2 RS T SV E Lo T BE RS R JE B JE A
. KK (B - Rt b oi=— RU A IR - R EER BREE) 12D
MOIEHNTZ LET,

ARFFEEAT S T, ANFREOFARE L, FRICHRTE HEEL RIS T THE
&, RS, FABEOY =& —%E L TR L TIEWE LRI RARK, A%

REKOEKAZIIU D, [RFFEEOEERICIE < BV LET,

201843 A /hH 1%

165



