ES3E 1MW
2024 ¢ 11AH

mEERMISIRE

RARE METAL MATERIALS AND ENGINEERING

Vol.53, No.11
November 2024

DOI: 10.12442/.issn.1002-185X.20230577

AT EEREEEESME SR

FiERe

eI

AR, HUE,

2, 3k

s, FRFS, FERS

1. WLRFFFA R T ZE AR, dbaT 100074)
Q. bR REARFFFT, J6HT 100074)
GG, IWARKRHTEAFHMEARAR, R KE 257000)

B OF: R DAL AN LT R AR G DA, SR - i T a4t T S A R AT 4 0 A AR R A AR
(ALOs/Si0) FIAT LT 4 I 58 — A ALHER A MR (Si029/Si02) 2 P WLT G SR I K H B A kL. 2 AW T HAE
25~1400 Cifl 2 AF T RIPTHL MR & PUEAR0aE, JERAE TR M8 (SEMD M X S ATH (XRD) X 2 A& EHY
WAL DA BEAT 7 RAL. Z5RRY], 7 25~1000 CHAMT, FALML 40 AR SR 2 ke it v T
AL AN 5 AR AR TR T & B 1200 C R LA BIREERS, SEMEEIERSR TR, g A

RO 5 E AR AT 2 2 1) S R DR A o
oK 5 BURA G 1 T 2R S A PR e SR R ML

MR HE— BT B 1300~1400 CHfAERL T BERA AN a-J7 A JEHH, FETHTH

R AL, CRLREE AWIES g, MEEEAMEL MR tEee

FEASES: TB332 HERFRIRES: A

SEBHE: 1002-185X(2024)11-3211-06

BEAE AL, BRONKET . FRRAEHUR AT A s K
f&, XM MR BHRE . PUA SRR
THEER, AHENREEESGMEL (ceramic matrix
composites, CMCs) AMUEA P & i BRI PUR . i
RS A, CEAFENERE. SIS R, Mk
TrREENEREGSME, CMCs 1% EH
1.5~3.3 g/em’, fii FIIEE =% 1000~1650 °C, AJLLAT
Hl % RN =B NHEA . BB KR i
i, DR ERTR AT SRR Z B AN, Fgeer e, A
ERAFYE . SORA A S A A g T H AT 1 1%
PERE. PUELIERRSERE i, AR FUEA) 2 0. &Sk
AR R — MR AR . RS, WS R ihee
IR T ER SO S 0 m R A R R AT Y, T
1200~1500 ‘C2MF FKIAMH, EHANTHZ M R0
S EA AT 4, WEE 3M AR Nextel £
F. HAMEAAFR Altex R4, 3£ EALHA A K FP &
G R ESL AR AT YRR s s il £ 1 2L A Ak
BRI R E A R R B A PR A i P
PUFEAS . RFEI S E R RBR AERE . ZARLRERS B
e A 2 T SR S I E R IAE B & JEm A R DL K

i HEA: 2023-11-07

AR R A RORE L AR AT A i
BRI ESR, EHIR. 2 SIS EAT
I IS 5

IR, ASELTYE. SAACER LT Y SE LT YA S iR AR T
5y R A G it B iR K S BT T P AR, O HL B
5 27 Y2 18] 5 £ vyl 2% AR T 5 A e 4 i 7 A o 1 &5
fr, SEOE R R IR, Hk, B TR
2T Y o Ml T A MR S IR 0 A T R S LR A L
BAAEHEZENE L. HTESEET 4 RIER
PR, [ P S S A SR T e 5 B BE i A AR BT 7T
AL THEDH B, K2 LT ZH UM E R 2R
BT, W EAE R A AE N 10 2P RE AT R LB R BT 7T
B2 b

AL R R R S AR % T R EAE
i -tk e AN TR AR AL T TR R R L 2 iE
TV AROMI B 0] R A PR o) 6 TV JE- R P R T2
T DA T3 [0 e e S5 R A R AR 2% S BE R AR 1) M) 6 2
PG AN 2 o A TARR AL gt i geer 4efE
ETYERTRAR , RV - L 46 1 2T e i 5%
Vi EaMkl. X R EMEHE 25~1400 CIRLEZSMF T

B BER, B, 1988 4F4, fiid, WP, WRFEFME A TZHEARBFH, JLm 100074, HiE: 010-68774525, E-mail:

cijiliang9910@126.com



* 3212 -

Wity EmA RS TR

553 %

12V RE RGO SREAT 1 RAL, IR T LBl R 5 A2
AR AR AL EE -

=

1 £ I

FULERIE LAY T B AR 2R HT [ 2E A B R 2 7]
PR AFL7 BRI S A4, 2 72% y-ALO;
F128%AE A A Si0, H . A1 ST AENE T Ik JE I 647 5
WA A IRA T L 4ETRH AR R 2G5 = 1] 1EAE
gEky, THAR A R AR R Ry BN R 1 B . kE
WA A S0 % R B 1A vkl &, AP IR W
HR[15]-

W e 3 52 A MR 1) 2% T 2R A - e R 7 T
Zniks, Hh B AEmsAfN e, BREF LS
L A FE T 200, SR i S AR TR 7 VA A AR AT 4 T
HA R L AE P AR EAT TRAL R, R LR Tt ia & T
g, BAgERINRIEN B L. KXk
RAIEF G A TR ARG IR T4, bedi g
6~10 MG, EEEEMEARIGE, 531504
e s —E W RS A MR . KRS A MR
BRI ke 26 TR R AE . A T MR E 1 fR.

XA MBI AT 25 AT RAE, SRR
A MR .

BRI R AR R T S MBI E T
AeiER L R, JeRpflE, PL20 C/min FTHEE

x1 EAMHNAERKREE

Table 1 Composition and density of composites

Sample Composition Density/g'cm™ Fabric volume fraction/%
1# ALO;3¢/Si0, 2.05 47
24 S10,¢/Si0; 1.63 46

| Fibrous reinforcement |

De-sizing

—> | Dipping in silica sol |

Sintering

6—-10 times

\
|

Fiber-reinforced ceramic
matrix composite

K1 AT desgom i 2e 2 2 A MR T 2R

Fig.1 Fabrication scheme of oxide fiber-reinforced CMCs
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2 PRI AR B 2 S AR i R AL R AT
PR LT U I oA, —EALREVE Lk, 214
SRR IIARTR 3 B A 47%F0 46%. 2 Tl A AR %
3R 2.05 glem® M1 1.63 g/lem®, WK 1 fn. fEEAHM
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25~1100 CHMTF, HTAAERLFYEn5m B = 1A Jeat
Y, ALOs/SiO, A PRI FT 5 BRI BT R 48 5 AR T
Si0,¢/Si0, BA#EL: MTE 1200 CHMH T, AlL0s/SiO,
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Fig.2 Tensile strength (a) and compressive strength (b) of Al,O3¢/SiO, and SiO.¢/SiO, composites at different temperatures; photograph of

Si0,¢/Si0, composites after treated at 1300 °C (c)

FT 2 ALO/SIO, EEMBEARRIRE THAFMEE

Table 2 Mechanical properties of Al;O3/SiO, composites at different temperature

Temperature/°C  Tensile strength/MPa  Retention of tensile strength/% Compressive strength/MPa Retention of compressive strength/%
25 65.80 100.00 199.78 100.00
1000 82.15 124.85 188.47 94.34
1100 32.42 49.27 161.32 80.75
1200 13.90 21.05 72.88 36.48
1300 9.25 11.26 92.73 46.42
1400 5.22 16.10 118.05 59.09
F3 SI0SI0;, EAMRETEIRE FHEMEE
Table 3 Mechanical properties of SiO,¢/SiO, composites at different temperatures
Temperature/°C  Tensile strength/MPa  Retention of tensile strength/% Compressive strength/MPa Retention of compressive strength/%
25 31.51 100.00 72.31 100.00
1000 42.45 134.73 118.90 164.43
1100 29.53 93.72 107.96 149.31
1200 15.83 50.24 86.86 120.13
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YNGR PR, BIRMES, MR R
Yefmis, BN T A B AAEE, FEEAMEE
Wik FE AR TR Z I RE R, AR m A M R B
A, B 3b~3¢ 4 il E ALOs/SIO, H AFHEHE 1000

A1 1100 °C 254 T 3% 30 min J5 BIWT T SEM B, 414E
Wi AR, FEEIIRHIRHE, SESMEEER
KA TR W, f£<1100 CiREFMHT, &
HA RO 25 T A1, X ALOsy/SiO, B A #4
BHEIE 6 N BA RS 1 71235 M e 45 S AR 8L . ] 3d~3F
53 & ALOs¢/SiO, 5 & A EHE 1200~1400 C 261 T (1187
[l SEM M fv, BT LUE 2 S A0RkK Wk 5 32 22 2 e
PEWTSLRRAE, FLAF4E 54F4E. iR 5 404G I B
i, 5EAMEEREAE FRSAE THEERN.
[EI, X HIGAE T4 1200~1400 CIEETSEA, 245
Feph 2 1B [5REE A ST ALO/SIO, B AMRHE f1 241k
R P8 v T T T PR

ALO3/SIO, BEMEHEAFNRZ T XRD Kl
Kl 4 fim. &53K, £ 1000~1200 'CF, AlLOsy/SiO,
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Fig.3 SEM fracture images of Al,O3¢/SiO, composites after holding at different temperatures: (a) 25 °C, (b) 1000 °C, (c) 1100 °C, (d) 1200 °C,

(e) 1300 °C, and (f) 1400 °C
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Fig4 XRD patterns of ALOs3¢/SiO, composites after holding at

different temperatures
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K5 Si0,/SiO, A M EHEA IR L AR IR /5 T SEM )y
Fig.5 SEM fracture images of SiO,¢#/SiO, composites after holding at different temperatures: (a) 25 °C, (b) 1000 °C, (c) 1100 °C, (d) 1200 °C,
(e) 1300 °C, and (f) 1400 °C
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Fig.6 XRD patterns of SiO,¢/SiO, composites after holding at

different temperatures
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Mechanical Properties and Microstructure of Oxide Fiber Reinforced Ceramic Matrix
Composites at High Temperature

Ci Jiliang', Gao Wenbo', Liu Jian’, Zhang Jian', Jing Liangxiao’, Yu Zhigang’
(1. Aerospace Institute of Advanced Materials & Processing Technology, Beijing 100074, China)
(2. Beijing Institute of Aerospace Technology, Beijing 100074, China)

(3. Shandong Dongheng Sinofibre New Material Co., Ltd, Dongying 257000, China)

Abstract: Alumina fiber reinforced silica composite (Al,O3¢/Si0,) and quartz fiber reinforced silica composite (SiO2¢/Si0,) were prepared by
sol-gel process with alumina fiber and quartz fiber as reinforcement, respectively. The tensile strength and compressive strength of the composites
at 25-1400 °C were investigated, and the microstructure and phases of the composites were characterized by scanning electron microscopy and
X-ray diffraction. The results show that the mechanical properties of alumina fiber reinforced SiO, composites are much better than those of quartz
fiber reinforced SiO, composites at 25—1000 °C. However, while the temperature is raised to 1200 °C, the mechanical properties decrease sharply,
and strong bonding occurs between silica particles and fibers. As the temperature is further increased to 1300-1400 °C, mullite and a-quartzite
phases are formed. The mechanical properties of composites are sharply decreased due to brittle fracture under the action of stress. The brittle fracture
caused by the disappearance of interfaces is the main mechanism of high temperature failure of composites.

Key words: alumina; silica; oxide continuous fiber; ceramic matrix composite; high temperature mechanical properties
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