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ABSTRACT

ABSTRACT

As one of important reinforcement of the advanced composite materials,
continuous silicon carbide fibers must have good thermal stability and
mechanical stability under high-temperature service conditions. The effect of
high-temperature annealing treatment under simulating service conditions on
microstructure, fracture model and mechanical properties of Hi-Nicalon fibers
were investigated in this thesis which were all vital to understand the failure
mechanism of SiC fibers, evaluate their high-temperature properties and design
their microstructure and consititute.

There have been some investigations about this respect since the later
1990’s in abroad. However, there were few reports about the microstructure,
mechanical properties, active-oxidation and fracture model of SiC fibers. And
there were less study of SiC fibers in China to the knowlodge of the author.

In this study, Hi-Nicalon fibers were annealed under high temperature
(1400°C, 1600°C and 1800°C) for long time (10 h) in high pure argon and
middle temperature (1200°C, 1250°C, 1300°C and 1350°C) for short time (1 h)
in argon environment with some residual oxygen, respectively. Their
microstructure was characterized by TEM and XRD, fractographs and surface
photographs were observed by SEM, and tensile strength was determined by a
monofilament tensile testing machine.

The results indicated that Hi-Nicalon fibers after annealed in high
temperature for 10 hr were subject to moderate SiC grain growth, formation of
the stacking faults and organization of the free carbon phase with increasing
annealing temperature. Because annealing temperature was high, Hi-Nicalon
fibers were actively oxidized and defects formed on their surface. In addition,
the tensile strength decreased upon increasing annealing temperature. However,
the microstructure of Hi-Nicalon fibers had ignorable changes after annealed in

middle temperature for 1 hr, defects due to active-oxidization formed on the
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surface of fibers, and the tensile strength deteriorated markedly and decreased to
30 percent of the tensile strength of Hi-Nicalon fibers.

From the effect of microstructure on tensile strength, amorphous SiO,C,
reduction, moderate SiC grain growth, and free carbon increase could result in
the decrease of tensile strength.

Crack starts from defects, and then stably extends to form a mirror zone.
When stress intensity factor K jincreases greater than fracture toughness K¢,
crack will unstably extends to form a hackle zone. From the effect of fracture
model on tensile strength, the defects and the mirror zone size increased when

fibers were actively oxidized seriously, which might lead to less tensile strength.

Keywords: Hi-Nicalon fibers; microstructure; tensile strength
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1.1 %4 SiC AHERIRIER

L SIC 214 —Fh BAT (K
HIE. R, MR,
Frin s PUAAL . T kot R
A7 LRI MR AT P P o B 2T 4
vy v R v p IV ST N
—o JIEFH T WK 1-1. SiC £F
YEsGom it P Re S G MEL, WY
HFWR CHL mrERe R s,

X A e s i . & 1-1 SiC £F4E8 Fr
PERAP I U, 4 e YIA Fig.1-1 Photo of SiC fiber ™

AR TT ) B, Ty 4 P
AR ORI TR UL AR A S A

1.1.1 SiC A4ErSt = Bz

SiC 24k i1 T I &M 8 WA DU T A S K, C Si R T2 S
g, T DAL SR RS AR i LB A, XA AL R L L
B AR . T34 SiC MEHIE MIZIK REUN . FRPERBLF S0, AHIL
HAMRBRNPAGENE . RN SIiC £F4EIL A k4T 4E i AN H & P v
TR AT AETCE A =1 T 400°C AL PR U i s RV 424k, 1 Nicalon 14
JRCE TS AE 1000°CINFA 100 N, SREEIRELRFFAE 2GPa KA L. J34b
SiC 4P 4k 54 B, KAV BRI A RIFIAHAME. Tl L
XECAR A1, SIC AFAELEAE N HRL S A R s T 2 55 5 T, R T
I 2 N AT 5. WAE AT AL, Nicalon £F4E 1140 & HAENTR KHLAH

1



TELLWACTELT Y PRI ET I . IR ) 2 M BE PSR 35 00

BEFLR R0 el B AORL CRIBERTE R o 10 SiC 21 4ERS s iR 2 544
KL A0 R B UBCRE P Bt 2T 48 P s A IR e Mk S e ik, IEAE 4
T CHIHUARL R RL . RIS REHN SIC/AL i T IR R i i
P SN 125 S P N1 o LY W A B 5 1 0 SN €31 W 1 N S
7T ASRI s PR e oA H KR T A IEAEREAT o AER BB R0 R L,
U SiC 2T YRS s B I SARL. 150 SiC B R AR L HY B 1) 1Y
PR e AT D 5 KO B e M = A sl L R i A P 1 5 F ARt 1A
AT MAERER Hi-Nicalon 4%tk BELTAERI R i AL, "EAF AT st
PR SR ETAEAE T el B A o 25 5 T A 2 SE 0 AT
TR,

1.1.2 SiC F4rYH &

H il 23 22 SiC 2T 4E VA T2 4 B AL UARYIAVZ (Chemical
Vapor Deposited, CVD)" L k5 1R Y7 4 ii(Powder Sintering) 1 7. §if
PE % 2T 4k % 1k, V2 (Chemical Vapor Reaction, CVR)® %1 2% BK 44 4% fk, 12
(Preceramic Polymer Pyrolysis)!'*"), 451 SiC £F4EftEREUINE 1-1 Fros.

& 1-1 PRI VEH % BB RE ST 4R P RE L
Tab. 1-1 The properties of SiC fibers prepared by four methods

Methods Trade Diameter Density Strength  Young's modulus
name (mm) (glem®)  (GPa) (GPa)
CVD SCS-6 142 3.0 4.48 430
PCS-derived Nicalon 14 2.5 3.0 220
CVR 20 2.1 1.0 180
Powder Sintering 25 2.0 1.2 380
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HFMmEW, AR THEREASME (CMCO) IS i B 734
AR A KE, TIEEI AR T A4 77, ELyoz ik, 8
AR SRR H TR A, BTl (AT 4 & & KBk, 2148 AR,
BRI, DU ZE . TG TERR AT AR Ak ARAE SiC 2P 4EAE 7 I A
KK, (R SiC R4tk RS CVD ¥k, Jesk i (ki3 1 Sic
CRYERELL A — e 22 8E . T e SR AL A I 4 B S: SiC £F 4RI 1 45 1
AL (ML CVD B4 1) SiC AF4EMMs T r 22— A=/, HiE
M TMAR A, Bl kA e 4T 4 BT 5, wIgm2itk, m) iy

AR, Bk SIC AR HEHI BTN 307 0 sk H AT A 4

FARBF IR

o IR A4 3 A% vk ) 4% 0% 4k
SiC R4S 1975 EH A4
KRB XA (Yajima) #4%
N3l s e 1, R PR LA
B 2> w) BT SR T 20
4l 80 AFEARHISEIL T Lk Ak
A, PR H 100 kg
IS SiC 214k Tl A 774k,
LL “Nicalon” 7 &h 44 a1,
AL TR 1-2

o KEUR] 4 Ky 5 W Ak ot
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(Polydimethylsilane, PDMS). F&id milk (450°C~500°C) #pfif.
ey 48R EALh PCS, PCS 7E21LY7 2L IERYT 22 1% 500 f— Wi L:
PCS 214k, f&id =< 200°C a1 4R A3 BIA A PCS 274k,
SRIGTE 1373~ 1423K MM bess, Rhtlin i, i ERE. A
ik, T RARAE Si-C 248, 735 B-SiC L5 IIELE Sic £F4E,

1.1.3 FEIRIEFELEH & SiC AL RIK

H T 56 IR AR AV 1 6 SIC AT A LG AE I i i e, JE20 245K,
tH S SEAN R TT TR H AR 2 v 4 H 724~ 5 )3 i ff)Nicalon
ARUER AR PRI b, AW AR R T2, SRR R A AR T P AR
PEFIHUAR A P S 2 O Hi-Nicalon ] 4 Al Hi-Nicalon type S£T4k

R 12 SEWAEFHANIEHIGE SIC 47 4 SR F i

Table 1-2 Properties and compositions of polymer-derived SiC fibers

Trade mark | Composition | Diameter | Density | Strength Young's
(Wt.%) (Lm) (g/cm?) (GPa) modulus
(GPa)
Nicalon 56.6Si; 14 2.55 2.0 190
NLM 202 31.7C; 11.70
Hi-Nicalon 62.4S1; 14 2.74 2.7 280
37.1C; 0.50
Hi-Nicalon 68.9S1; 13 3.0 2.5 420
S 30.9C; 0.20
Tyranno 54.88Si; 11 2.39 2.9 199
Lox-E 37.5C; 5.80;
1.9Ti
Sylramic SiC: 95, 10 3.1 3.0 390
TiB2: 3
B4C: 1.3
KD- I 53.7Si; 15 2.51 2.16 280
29.1C; 17.20
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FAV, Hi-Nicalon £F4E T 1995 4ESEIL TAAL A 1984 4F H A
D708 H] DM 43 1 R e A6 6 0 ) v R B I 1 S BRI RE AT 4E L RR N
Tyranno'' !, 90 4Ef0#], 5 Dow Corning 2w {E SiC £F 4k 4% i fit v
SN B, FHE 1800°C ikt Fhe4lhilfs 2 Sylramic 214 ™. B4 i E By
RFHER2ET 1980 AEFFURIEAT L IR AR ek A 77 SiC 2RIk, 17510
KD- [ % SiC 54 i) 5 Bk g U HAS ) 287 S 4R A0, B sl A
7= 500 A JTIELE SiC A4 iR Az = SRS IR A% 1 SiC A 4E ik
REZI T3 1-2.

1.2 SIC FHEp S 514 RE
1.2.1 SiC AF4Er B EgE . MLEEH & F14EEE

Nicalon 24 2nm [MZ4K SiC di A, T B AR A1 Si-O-C A
AP, T Si-O-C MIffIf7 7, ififff Nicalon £F4E(E il N J1% FEAR
Fasg P22, 3B T 1100°C —1200°C I, JERAH) Si-0-C M4 & A
1.1 2o,

SiOxCy(s)—SiC(s)+CO(g)+C(s)+SiO(g) (1.1)
PERG T SIORICOS A, IEFYE N s, A1 27 4t 4 3 % AL,
CER R SEREVE BIBEIR, NP R B, SO AT Y ) 2P B SURBRAR Y,
LI 1-3. NicalonT 4 £ il AR ANER @ VR T F ml 4 15 R (4 52
BUPBR o BEHE E L S R, AR S S T R A IR v il B3 A SN
R, X BRI AR AT 4 P e B . IR 4E P T I R A
P A A BRI AR A AS IR 25 Y, ANSCIEAR A 7 SN T BRI AL 7 it i B2 i SiC
ST YR iR P BE 0 5 B8 4%  Okamura® S RF ) T — Bl s 1 AR B AT IR 1) 7
ARG, KR T A AT B B G TN . 19954F, HABKA
FH A I SICEF4E kAL, iy 4 9 Hi-Nicalon!". A 7 sk 2]

T0.5wt%, PR (2.7 GPa) FlFAEFE (280GPa) ¥ T NicalonZl- 4k,
5
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i R E B 0 1) 7 1400°C, AT HR SR AR B PO, Hi-NicalonZF-4E (¥4
WLGER B B-SICHK A o i B A AR 5 A Si0,.C M 41 P, LI
1- 4. H T Hi-NicalonZF4E A 1 5 13 25 b, R4 PE 50T 5 T4,
BT =R B, SEGREEIMIC. BT, HARBRA A XHEH T3
AR, IR TR (U Hi-Nicalon SEF4EMY, e iZ e bl it R
SRM B T AU BRI BR A RE AN A 2T 4, XA 274 h o 8 R i 5 A
AR R 25 B I RR , Hi-Nicalon SEF4E[(IC/SilsF ek 2 7 1.05, A7
BON02Wt%. 1240, ZEFYEMFERE (420GPa) F1% 5 (3.0g/cm’)
¥ T NicalonfIHi-NicalonZF 4, 17 H."& FAT BTN FA 1, #1:1600°C 4T
NEREE10/NEE, PRI R (T A 1.8GPaY, B M A T-NicalonZF
4k, W 1-35717~ . M 1-5/Hi-Nicalon S£F-4E () TEM# 7% #, Hi-Nicalon
SETYEMI L i B, JEA 1y B-SiCak, R RTIA £]50~100nm.

4
oy EHHHM.DN TYPES
o ]  HENICALON
% 3l O NICALON NL20O
=
o L
=
g 2t
L7y
E 3
:
==t

1 L 1 1 L

0 .
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Fig.1-3 Tensile strength of SiC fibers after 10h exposure at elevated temperature in argon[34]
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