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Development of SiO,/C and SiC/C Composites Featuring Aerogel Structures
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(1. Key Laboratory of Science and Technology on Advanced Composites, Harbin Institute of Technology, Harbin 150080, Chi-
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Abstract: C/SiO, and C/SiC composites featuring the structures of aerogels possess diverse structural characteris-
tics. Due to their unique properties, such as porosity, low density and high temperature resistance, C/SiO, and C/SiC
composites can be widely applied in the fields including high temperature thermal insulation, absorption, catalysis,
hydrogen storage, and photoelectricity. In this paper, an overview of the literature is presented on C/SiO, and C/SiC
composites featuring aerogel structures. According to the introducing methods of silicon and carbon sources, these
composites can usually be synthesized by three methods: co-polymerization, impregnation and polymeric precursor
pyrolysis. The technological characteristics of the three methods are discussed in accordance with relative exis-
tence between carbon and silica. Meanwhile, the characteristics of microstructures, crosslinking mechanisms and
the physical properties are analyzed. Some researchful proposals for further developments are proposed. In our
opinions, the diverse methods of compositing carbon and silicon result in various characteristics and properties
of C/Si0; and C/SiC composites, which expands relevant research fields.
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TRVURE FHFL B 46 1 329 hy oK 2, R T 3 — Ry 45 44
A B e S H GO BE L R LB . R AR
fIRICT AL a g ad 20 0 W B R SR AR A R, O
AE DG AR R . BRAAEERE. B AL L5
FaAR . WA HORRA R RIBE 1 24 SR SR AR A 4
PR, EAT Tz

BT B AL BRI BE LR, XOTER 2 Je
JBE W) e 5 4 AN R 4 53 18] PRV ST B AT B R P 1 52
ERRIRL L, C/S10, A B BB IT
BZ I HAF B Z GBI R e . RN
M SIARE, ZE G MR AE R R — 2 ke 1
N il S i B OS] DN S R IDT% /o3 0 £ o0 B 2 31 R
AE. Eotm, 78 SiO, BB 5 I NBRIEAE A 140
7, T LA SO, AR MR e 0P deim R
HH N Si0, SIS T LA i Ak Fg Wi i o4 L Ot
X} C/SI0, H AR BIIT il 2, ki
16 J7 (carbothermal reduction) s N, W ¥ 46k C/SiC
SAPEMEE Sic kAR ST I IR
HAR B G MIFFAEN SiC MRL, BREFR SiC A5
SR RN, I BAT A LB m R RS 2 AL
BEHIRFAE, BRI AT 75 &5 R B e AR R B8R AN I D
PRI AT DA U,

M, T BRI 4% 1) C/Si0, i C/SIC
AR R AT R B S5 R IE o BRAL T, A
W358 43 A () 5 70 BRI IS IR A J0k: 55 IR Ak G
HHWITENE G, —KIMNE, Si0, & AP
$¢ R S IRAR 28 IR A 4 ZE 5 TR EIR) Si0, #i I T7 A5
N TR T BRI, BT BRI 2 A6, i

k. 22 4R 1% (catalytic filamentous carbon, CFC). Sibunit
ik BURLIR Bk 78 (granular carbon black) ¥ 1 ik
(activated carbon). % %A (carbon weave). % Ei
(carbon felt)!"™ L Kz i A7 WL 28 & W4 Ak (i i 128
RSN I B2 B0 MR S iR 5 N
J7 ANTR], AR SR AL T IR il 4 1K A
BRI S RIREIE T C/Si0, R C/SIC S A M RHTI I
27 N A =2K, WIILE L (co-polymerization).
R AF(impregnation) FIUER 54 e IR AR AR (polymeric
precursors pyrolysis).
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L REE TR EE YRR Y 20 0 LL Si0, IR A
PSR IIEXGIN, @SR E BRI E, B
JRAHL-SI0, LI, & mbeLs T C/Si0,
C/SIC HAMEL. %7120 % K A WU SEUbE BT &6
R SCIRAREL ] Si0, Wk, T e Y I8 i LA TR) 2K — 1y
(resorcinol, R)FIH % (formaldehyde, F)3E &%) 0K
RITERTIN, SK AR5 5 5 TE e 28— -
1% (resorcinol-formaldehyde, RF)# . HEB A, B
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RF "B e i R T Si0, /0 gl 1o,
M RF 55 SiO, BEIE KIS T AN FITEAE 2 AE SiO,
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Fig. 1 Formation of RF-SiO, aerogel and its transformation to SiC aerogel!'?!
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il K, AR BB S IR C/Si0, Al C/SiC &AM R 5Tt 451

T FRFEE, MR IERER L (tetracthoxysilane,
TEOS) A S IR AAK iR A3 21 Si0, WK, A B 5T
T RE VA, AT LASRAG 38 A) (VR 5 v I o TR v
IR TH 5 Ik AF RF/SIO, B, bl (EE Tk
SRR S B S C/SI0, bR R 1219200
TEOS HIA RF % [l il W Sl 4 4 28 (1 Bk e I ), {HL
sEBEA TEOS & KW, e fL AR W ok
AN, LN BAISK 1 K, RS T IR, Chen
SRRV HZ IR AR R, SR SRR b ke
& 1§72 (one-pot acid-catalyzed rapid synthesis route)
il T RF/SIO, Ut . fEix i, HCl B
Na,COs A TR A AL A, W] LASR i 07 75 e B 515 v
H AR (electrophilic aromatic substitution) [ 3G 74, M
[[IRIBS E al CIR AL e /1 RO A Sy i
(CHsCN)HUAX SWEAE ¥ 7, TEOS [ Ik—E IR
ARG T NG E MG, &G T BB RF/
Si0, th & . XF{E CHSCN Y71 bS8 Bk (L )
(0 SN AR AT LU 25 IR RE S SKAR 1) S s %,
AT LR VR A A 2R T g S I ) |R LK 4 8 2 JLAS /D
It} o RF/Si0, 545 LA R FL 454 2 I 5 41 Sio,
e RE UREEAHL 85 FRpAE, JF RAT IR #
RME AT N . B 2 45 T 1L RF/SIO, &t
iz (¥ T et R 2,

h TS L, TEOS BUIEREMR FH I (tetramethy
lorthosilicate, TMOS) A ¥ il % RF/SiO, kI I
(1) S I~ I R, 8E — 20 9/ 7K 447 3R (1) If
), A 090 R e AR I A ek — 2D 5 B RF/
Si0, A2, ik, TR 3-%
FENHE = 258 FEERE[ (3-aminopropyl)triethoxysilane,
APTES]AIEAEN, S R M FIRGTEROAI, B
B AR 3RS RF/SI0, 54Tk,
APTES 2 %8 F 9 0K 320 TR 45 8 IR 28 10 B8 I I

e §'e w4

H, OH
Acidic RF sol
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Fig. 2 Formation of acidcatalyzed RF/SiO, hybrid gels
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)42 PR A R, APTES B T /R iR G
URAA S 15 7K il 445 5R RN T % Si—O—Si 19 45 45 14 LA 4B,
ATE Ry “ B AL 7 (internal catalyst)” {2 3E R Al
F Z A0 455 RV o 3X A& HH T APTES W& LK &
% H (hydration of amino groups)?E APTES /K fi# =%
G R T AR5 T I EUEE, b ROV AR EE T R AF )
W, AT - FE T, RE/SI0, Sk
28 e S HE AR I C/SI0, B I 5 (777 APTES 5 &
2 A MERE S B Sio, M K; ik APTES %
EE NG C MY, 2 1500°C 4 HEEAR
i SiC AEHRE, fE 650Ca SRS N A R
P tbae 1%, LL APTES 1 TEOS 1 b4 ks
JEIRAR A 151K RE/Si0, kIR, APTES 78 kv Jie—
e SN FR M TR B, 38K TR S . 43R
AbPE)E, H1T APTES 1% P % (aminopropyl)J 141 1)
TE4E, 5l RF/Si0, “EERA T 2 1) 5t i 401 0 A 44
Ui, APTES H11 Si—C BN T A ik Ji
REIHEAT, PE a-SiC IR0, BRILLAAN, 25
NaOH 0K C/Si0, B H I Si0, th ) L4, W
AR A B T AR B
PR FEHR T A 1200~1500°C, RF/Si0, it
B C/Si0, LI A B I J5 S VAR Sl SiC Bl
SiC/C /IR, 1 N 5 R =R (1) Bt 220
Si0,(s)+3C(s)—SiC(s)+2CO(g) (1)
EIX—d T, SiC ¥ Je e Se IR R T B (nuclei),
B Ji5 R A oK i 2 (nanowhiskers) . LR AH B 53 %
FLIIAFAE N SAR = (i Si0. CO F1 COL) P
T, I T IX - RN EET, € 5 Sio, 1
LLAIF C/S10, 5 A M RHI 302 B 2 52 SiC RN 5))
TR 2 SIC WO S M B E N R, B 34T
RIFIEER SIC (7 Bt o o I P, ik L i)
4L C/Si0, W B Al K g AF iR FURDIR Sic, 4
3(a)ian; ARBRIELLH N, BRI B K 45 4R A
WORLR SIiC LAAh, iegiEAE/bE A b C, WK 3(b)
fiion. o, fR4ERARCIR SiC =4 i) L T id@
o AR B AR (1 LLA9) IR C B In LAY o
Ttk LD R 35038 C/Si0, #6748 A AL SiC, Wi 3(c)
FT7R o 3K 2 T isdek Le il DL &2 C/Si0, Fil C 2 [A) 5t
THT 285 A6 W] DA fo Bl AU Jir s 3%, LA A4S
PSR OB E K [ I, 2 BRI FL C/Sio, 4
Kb Sic A KDPY, Bt gk, SRAMRIR B R B
(low-temperature magnesiothermic reaction)n] fif
C/Si0, FHRIAE 700°C FMIRIR P64 i Sic™). it
T FAGE it RE/SI0, “URER 43 (A1 KHZ BL B- SIC 4
Tk, HEA PR o-SiC 1 SiC 5 C/SiC AR A
kBl M RELRA Z L8 WM R IR, JFRA
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Fig. 3 Schematic illustration of SiC formation
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R WIPTAGERE ). RIS E R e R, K
I R AR A B, T TR AR . AL
=T 2= SR i L AN PR i L AN 7R N 3 W
T LA A R 3 o 2

KT % C/Si0, Fl C/SIC A BEIE, B T
LR HIF [RZRG YA eIk Z Ak, BRI I5IE W] R 2
] £ = %)-F (Phloroglucinol-Formaldehyde, PF)*!, #J
VAP T 1 B I (resol)%) . ZE M -R-F(phenol-resorcinol-
formaldehyde, PRF)®". JEHH (saccharose)* . V& k)
(starch)®¥ . 73 £E (petroleum coke) . HEWH T (coal
tar pitch)> . P (novolac) 4% . G T i
KF, AATHRTEDE ] LA Hob s R 1R
9 JEURHF A i Rt s, (EX BRI B R R A% T
CARERE . JERY A AR SR R B AR A B B IS R I
W2 i), TeikA B mFLBR AR R HUR B KL o

0

2 RNE

B NTE ST K B R DR AR B B AH R N
Si0, BB K C/Si0, A MR i o M A 1%SEH
BHOA RN 5, BT BRI BEmcors « 351
By BRHIR. BRATBER AR S 2 MER . IE&H
ToRM EHEAE M Z R, 51 S Si0, Z W ZFE (1)
HHEAEER . WHNESEAFEA: () Sio,
IR N A A B i) 2 FL A 2R 45k, Si0, B

FFeALBE AR QR BRI G | Si0, T,

TR AN TH 5, SEBLIRBURLXT Si0, 2RI

SRAITE; (3)S10, WAL ZE A KL, SIS A4 K
M PE. B SiO, Z XM ZFRENE &I, il
C/SiOy LM BHE M. %, AL WM. FRdA
G R A TTIZ N T S

TEW PSR, WEPERE Si0, Wbl G, fiBh
T Si0, HEI AN K Z AL S e PR, W DABR i 1
IR L R AR AN LB A, 1774 i 9 P 2 1)
% . Zhou 2! LI ME AR LA TEOS MIHIE= 2
48 AL 1 5t (phenyltriethoxysilane, PTES)Ek H 3 — 4
A1 FE i J5E (methyltriethoxysilane, MTES) 4 7k & 46 UK
PR % 1) SO, B, Si0, ¥ I FURL B A 2R 45 Bk
MBI, 343 T SIOEHEIR B G A kL. M BHT
O AR 2 Si0, A E0F g P MOk, i B4
P LEAA o K EER T Fff (surface adsorption)ff: FH,
F LWL 26 TP IR 1K) 76% 8 51 96.5% %Rk AT
ST R K HR I B = A S FR 2K (2,4, 6-trinitrotoluene,
TNTDFIVEH . [FIEE, AU C IR AN ] 6
TKIE AR 22 A 56 . Karnib 2507 ] APTES %)
SiO, MURLHHAT R IEM 5, 53 R AL R RS N R
B, TG, SRAFH SIO/E PR A BB
K P 1 B4 R B A IR P IR R B AR

TERGHAGII, HH TR B LA BE A R
WCRAPE, JHS 5 TN SIO, Ukl i He mnils iR fie
J7o Lu 25PN SEAE g 41 SREE A AR Si0, Akt
ferh, AT LA S A i N B . Liu 25D
HIREAN Si0, W, BRI I5 TR R T BritliA/
SiO, B E A AL B T BRIBIR R Si0, <kt
JK A 55 T A% e S5 1, 1A A MR A S R L Al
TIRBRAR T 41.9 %, (A H A B2 F %A W W R R

TEHAETT T, &8 SiO, 15 i I fe 28 B A AL 57
(carbon-supported platinum catalysts), H:#Ez e PEAI
FOL A e R A DL, mT TR B AT R i
(proton exchange membrane, PEM)#AA} HEL s [ Hi {4
AT R

BRUIGLAAE, 18 SiO, B I 8 by, 1) 3G
PORHE SR VE R S 68 T, IFOREF Si0, B A4 1) fil
£, XA W T 08N B AR I e B i
A, ISR  LE R IR C/Si0, " ARHRI,
C 1 SiO, 1£ C/Si0, BE MK AN AR 7%
7K 145 H, 55 (isoelectric points, IEPs) A 4,
Spassova ZPIFSUR L, 5 Si0, BT R AN, Wi
AN FETESTRA R TEPs =T SiO, [f] IEPs(pH=2.5),
) L - 1 H [ IV (electrostatic  interaction) /2 Ji% LA
SiO, A C A 5e)2 Mt B an R k)
IEPs {Ik 1~ SiO, 1) TIEPs, WS I C JURE 1 W ffy
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il K, A HATURURSS R AL C/Si0, M C/SIC A MBI 5Tt fi 453

Si—OH &5 . & SiO, WA IE N 5 1 2 fL A
BHCanm SEERR), mTiE 2R aET — 24
I8 Si0, Bk, TT LA s e bRk K B v )
INf, Worsley 2514 B Lb 22 THIAH 5538 3000 m?/g 1)
SR N SIO IR S5, R T 21 40 1Bk 1 B3R T
Yo g e — )2 SiO &, A C 5 Si0, Z [H #1784y
P2 S N R3S T 4. R, 46 1500 °C REHGA 7 %
N JE, C/Si0y KA SRR ] #4k g L 3K T Rk
2000 m*/g 11 SiC Z FLA R} Pk 510 T i b
R 4 8 A . B s B R AL T B ar
IS o« 5341, C/Si0, B A M RHE Fidl R ) SiC
AR R, RILRIERAG I C/Si0, R AR
% SiC I, LA K Z00IR (whiskerlike) 1fi A A2 Bk
IR (particulate) (1) AFLE, (HIX — & 200K 25 44 18 0
A HAR SiC AP RE O T 38 fioX — v 8, 3@
W ELAE Si0, RIMEE C MLk, BIEK C &
Si0, (M e #E X 2540, LU CR T 72 SiO, Al C Fit1fi A
FAERAE SI0 5 C KA RN, BEIE SRR
SiC MBS, |8 4 451 T Si0, 5 € FL M SiC Bk
i R i L,

3 REMFTRIIKAMEE

AW IR AR AL 47 LI - IRV T i
(A WU S 3R & W EEIR 2 i AR A2 Oh - SiCO
(silicon oxycarbide)sk SiC #4 k1) 7% SiCO BHA C
FTO [R5 Si AH 4k G ik 27 S5 MR AIE o 3% — DU [i 44
90 2% 26 B T 52 A CySi04x(x=1, 2 87 3)1*, I+
O X Al R AL AN BT B FRCA B =5, € Bt O &,
A 3 3] 4 AP B FRCAL I W] ReE, X A4S SiCO
FL2li Si0, HAT B A AT IR B T 3% 05 171 45 1)
SiCO, HHAM il B ht. Wi, G S8
RERF i, R mi AR s . A I8, bl Al
BELL K i A B B A5 U R A ) S T S

carbon

SiC

Sio,

iC < SiC + CO ——==> Si0
eq 8

Silica

Kl 4 Si0, 5 C AliA SiC pd Fes i )
Fig. 4 Processes of formed silicon carbide at the interface
between silica and carbon!*”!

K F S e 265 i SiCO S — M e A 1) 11l 2%
Jiike N TAEX I REh AT N Si-C #E, H L
WAHBEEYS Si AR IE A HUE SRR b 5t
UK A, B g 56 AR ek 4 e 56 K 4 (alkyl-substituted
silicon-alkoxide precursors)*%. 1% 4 IR A4 (1 43 1 2 1]
FIRA RySI(OR)gx(x HTHL 1~3), i, R BEw] A1l
FVEFE (W1 CH3 CoHs), AT A AN AR IE (W1 CHs);
R*EE N CH; 8 CHsM™, -t i, 5
Si HAAHIER R IHAS 5K, K] Ok /15 LA
Si-O-Si N ERM KM LEF . R & I8
BRI AR, B SiCO H Si—C 1 2,
I, SEURARIE 73 12 A2 W SICO i 2848 B P I
RN % AR B ¢ SRAkE R
A1 A s A P T 88 o o 2 gl . 2, IR S R
M C &5 St AR BB AR B B2
WIEfLL ok &R o BEFE R BEHH C & &1L, C-Si-O
BT L . i s, A EES SR AHE
(K1 C Jst A R BL SiCO AR rEpt kb, A
C RN At C WAL TR R

WH, SRR S UbE 56 UK AR 7 7K Al 4 2 o 7
o, HTARUKE R R, ARSI
o Tt s BELAS, AT A L DA . DRI, AR -
kIR [ B A B B T K A 2R 1R DY o AR S ek e (A
TMOS. TEOS)H4J J§A5 1B 9 4% 25 44 . Babonneau 25"
K H = R T 45 K A e (dimethyldiethoxysilane,
DEDMS)fil TEOS 1E A XUSGIRIAR, LK% R 5
1T Si-C-0 BHAA R . Si #ilii 3% (nuclear magnetic
resonance, NMR)UEBIX PRI GIRAA 2 [0] A A2 1 35
GAAER, FEAAEPRER T, BIYET DEDMS 14 i
[¥](CH3),Si(O0q.s)> RV T- TEOS #4/1¥ Si(Ogs)so Liu
2215 F 2K e = W48 TR % (phenyltrimethoxysilane,
PhTMS)F1 TMOS 14 2 XUt Ik A4k 1l 4 1R B I 4 % tht
03-Si-C¢Hs Fl 1,0-Si-O1p #EIE TG . BEAE
PhTMS & &840, LR/ SLARRURTEE R A Y
B, 2 1000°CHi IR, RGN SICO )y IH PR FF
581 m?/g [ Lk R M. Feng 2L TEOS F1%E —
364 8 J5¢ (polydimethylsiloxane, PDMS) 4 X 4% IiX
A, VISR B I AT 1200°C #uiidt J5 43 21
Hutk SiCO B stk o iz kL 2 AR RS, LM 4545
R RIAE 1100°C M ERFFAE, IR ZIA R 1200°C, FF
fn A UG LA, TR 1.65% 11 it
IR, o] WAk BAAR S AR . Ak, %
FEHMEEE N 0.3 glem’, #F AL 0.027 W/(mK),
AT AR — T v e B AR LS

N T R AR B Si—C 8, Wb H il CHs
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i, AR Si-H FEEA MU R S ak A
AU C IR AR P AT Si-H LR, 7R3 D Si-O H%
RN, A5 Si-H 5 Si-CH, Z RN, £
JR A =Si-CH,-Si =5 B UK M 25 5 4584 . Singh
26 81 ) 3 HT 48, 6 ik 5% (methyldimethoxysilane,
MDMS)H1 TEOS XU HRAA, {Emik 4T T /K iF 4
KI5, 19807 241 SiCO k. HT-HF—FutierLsl
(dissolution-reprecipitation mechanism), £t %4 7K & LAk
B, ATSEILEEC LA R . BRI, EUKE Ak
S, B (CH)HSIO, 458444 145 4 (CH3)Si03;
2R PIR I, AR T AR LS K 2 A A B 1 B i K
Ui, Gk P A7AETE /DB CSiO; Fl C,Si0,. Si-H
AN S Si-CHy /e M AE il =Si—CH,-Si=#
A, BN SiCo & & . Kk, ERRH T
R 21 Si-H .

BRUE CLAEN, Sk T o M ik A8 e 58 A 4 5 TR A A
I R Ry B R, 22 4L SiCO Ak e T b ) i
J5 A T 9 R R o AT 9T R S e 3k 2
o B i VAR [ AR ) Tk A e oG T AR, 0 W
e e DL R i R e, A B 2 LA R AR
(1) SiCO. K 1 45 T LAA [FliE 4 b o SR A4 5 ik
SiCO L& HZH, MR LAE 2, SiCO L&
T AR R L A4 R AR 13 i 2R A L R 19 T e i B A1
25 o5 DU I o 2R it S 1 v T K X el R
I M RN 4 F B A G . T b, AR A,
7t 400~600°C, T #4Bic S MY (thermal redistribu-
tion reactions) {7 /£ AR UL AR, FEAE T BOHT IH Il
AL, B T3 v b T R R FLAR A8 3 R 4k
STt a, H AR s N R LB 4, 38 AL 4
TS H AL

*1 AREESEREEEH &R SICO FHSH LR
Table 1 Porous parameters of SiCO prepared by different siloxane precursors

Precursors Temperature/ Density/  Ratio of porosity/ specific surface  Pore volume/  Average pore
C (g-em™) % area/(m*g™") (em®.g™) size/nm
PhTMS+TMOS as-prepared 0.48 B 987 2.8
(molar ratio=1:4)"**! 1000 0.58 581 2.5
TEOS+PDMSP! 1200 0.30 - 198.04 0.684 5.6
MDMS+TEOS as-prepared B B 425.5 1.87 17.59
(molar ratio=1:1)1*! 800 275.0 - -
[52] as-prepared 3 3 1022 0.53
BTEE 1000 69 0.02
[52] as-prepared B B 867 0.74 B
BTME 1000 735 0.36
as-prepared 1.1 1.7
400 300.1 2.8
TEOS+TBOT+PDMS"*’) 600 - - 515.2 2.7
800 283.1 1.7
1000 1.4 1.1
300 0.264 83 1190 0.916
1300 0.260 91 1050 0.802
[13] _
BTEBP 1400 0.265 91 818 0.703
1500 0.266 91 796 0.639
as-prepared 0.31 78 464 1.24 11
1000 0.61 - 207 0.98 18
MTMS+GPYMSP!
StG S as-prepared 0.18 87 618 1.07 7
1000 0.49 - 150 0.52 14
[55] as-prepared _ B 227 1.37 52
PHMS 1000 180 1.09 24
- d 727 1.47 8.0
MTES!5® as-prepare B B
S 1000 168 0.80 18.5
- d 59-69 405-583 3.2-5.0
N [57] as-prepare B B
PDMSHITEOS 1100 1.6 109 <
- d 8842 0.45+0.02
MDES+TrEOS*! as-prepate -
' 1000 50+1 0.31+0.02

Note: BTEE: 1,2-Bis(triethoxysilyl)ethane; BTME: 1,2-bis(trimethoxysilyl)ethane; TBOT: tetrabutyl orthotitanate; BTEBP: 4,4’-bis (triethox-
ysilyl)-1,1’-biphenyl; MTMS: methyltrimethoxysilane; GPTMS: 3-(2,3-epoxypropoxy) propyltrimethoxysilane; PHMS: polyhydridomethyl siloxane;

MDES: methyldiethoxysilane; TrEOS: triethoxysilane
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Fig. 5 Geometric structure and heat transfer analysis of ma-
cro-porous SiCO ceramics!®®

(a) Cubic array of intersecting spherical structure; (b) Heat transfer in
two contact spherical particles; (c) Heat transfer in sphere-gas-sphere
structure
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Table 2 Properties of SiCO glass and vitreous silica

Property Value Comments Values for vitreous silica
Density/(g-cm ™) 2.35 2.20
Coefficient of the thermal expan- 3.14%10-6 Average of many samples on cooling be- 0.5
sion/K™ tween 1000°C and 100°C; hot-pressed
Vickers hardness/(kg-mm™2) 33451 1200000ggll():a:1d 600-700
Critical s/t(rle\:;}s) :r:lell/lzs)lty factor 18 1000 g load |
153+£20 3-point bending of 0.74 mm diameter fibers
Fracture strength/MPa ) )
3854227 3-point bending of bars
Young's elastic modulus/GPa 97.9 70
Index of refraction 1.58 At 0.5893 pm 1.46
Glass transition/C 1350 Viscosity of 10> P 1190
Dielectric constant 4.4 25°C, 10 to 107 Hz pyrolyzed to 1100°C 4
Dielectric loss tangent 0.1 25°C, 10 to 10" Hz pyrolyzed to 1100°C 107
Electrical conductivity /(Q-cm) ™ 4x107™ 25°C, pyrolyzed to 1100°C ~107%
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