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Microstructure and mechanical properties of
hot pressed C-SiC-B,C-TiB, composites

YU Liang, RU Hong-qiang, CAI Ji-dong, YANG Chao, ZUO Liang, XUE Xiang-xin

(Key Laboratory for Anisotropy and Texture of Materials, Ministry of Education,
Northeastern University, Shenyang 110004, China)

Abstract: C-SiC-B,C-TiB, composites were prepared with raw materials such as flake graphite Cy,, SiC, B4,C and TiO,
by in situ synthesis and hot pressed. The effects of Cg, content, sintering temperatures on the microscope structure and
mechanical properties of composites were studied. The results show that TiB, particles form by the reaction of TiO, and
B4C in the composite in the sintering process. The density and flexure strength increase with increasing sintering
temperature, while decrease with increasing Cy, content. The fracture toughness increases with increasing sintering
temperature and Cg, content. The density, flexure strength and fracture toughness of the composite is 2.81 glem’, 236.7
MPa, 5.3 MPa-m"? with 20%Cr,(mass fraction) at 2 000 ‘C and 25 MPa, as well as 2.42 g/cm’, 103.6 MPa, 8.1 MPa-m'”
with 65% Cg, at 2 000 C and 25 MPa. The pyknosis degree increases and the ceramic crystal grains of the composites
grow up with increasing sintering temperature, Cy, layers structure of the composites become clearly with increasing Cg,
content. It is found that the toughning mechanism of the composites is mainly that the lamination between Cy, and
ceramic phase, which results in the toughening effect induced by the lamination of weak crystal boundary, and the
thermal stress due to the heat expansion mismatching between ceramic phase and the second phase TiB, leads to the heat
stress micro crack deflection in the composites.
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Table 1 Compositions of raw materials(mass fraction, %)

Sample No. C B,C SiC TiO,
1 20 12.3 61.7 6
2 35 9.8 49.2 6
3 50 7.3 36.7 6
4 65 4.8 24.2 6
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Fig.1 XRD patterns of samples at different temperatures with
different flake graphite contents: (a) 65% Cg, 2 000 C; (b) 65%
Cp, 1950 C; () 20% Cg, 2000 °C; (d) 20% Cg, 1 950 C
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Fig.2 Effects of sintering temperature and flake graphite

content on bulk density and apparent porosity of samples
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Fig.4 Microstructures of composites at different sintering temperatures with different flake graphite contents: (a) 20% Cg, 1 950°C;
(b) 50% Cy, 1 950°C;; (c) 20% Cy,, 2 000 C; (d) 50% Cg,, 2 000 C
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Fig.5 Fracture structures of samples at different sintering temperatures with different flake graphite contents: (a) 20% Cg, 1 950 C;
(b) 50% Cy, 1 950 C; (c) 20% Cgy, 2 000 °C; (d) 50% Cy,, 2 000 T

T 1 (R T AN T BT T ) A Cy K FEWTE. EDS BERE /3BT UEW], Cop AN EEAH AN 1) doRL
HEE TN, Ch HHARR AR IEAL Cy, M8 TiB,, B HURIMELEM T =3 2 000 C(E 5(c), 2



276 T EA G R AR

2008 F2 H

AH TiBy derk & R I BEAH rh LB IR 3 A, 4
ETHLIRAE ™ E LA A AT A%, BEAS SiC F1 B4C 11
RS/ NPE A i B N b N vt R N A S g
P AEAE Cop BB LR BN, PR il L)
JUESEIN, UL SRR R

Cr TN 50%, 1950 CHF(K 5(b)), CrJ2UT
R TT [0 LA IREE AR R AR TR R
FRrE, WL 2. KRSy Cp 2L
PR, Cr SBEAHM LS SRR, BaZAH I 24K 1
(0T E 2, T LU 5 38058 4 W e JORE Jid 125 3 T
J& W R AT

PURIEZ TR 2 000 CHF(E 5(d)), B AR kL
KK, Cq JZHIEM, Cyp 5 PEBEAH S5 20 8 AT
g, X E T Cr FIBEZEAH NI RECA R LL L Cyy
15 PAT 2 R 2 22 10 () BRI T 3R B5OAR [ i e 2
TGP R 7 S WX S A, IR Cp, I
JERUKT L, FFAE Cp Wr T AU S SiC F1 B4C il
Fio —S SRR A R, SR SR8 R IT
) T (1) Cry 7525 sl th i 0 /E T N5, th
T C TEE, W Ch EZNISAAAER AT, Rtk
Cro MR G, Z4800T LAY JE 2 B ZeAt 5 RS P B AH 1 %
mnli R, B S(d)yH T E B TR R B R . A7
RGP T T RE RS e, ST Cp, 5P
BT AL P Bl ZEAE Cr B AT

Bl 6 FTnA Cr B oA 50% N )i 5 FA R FE M)
WA EE k. I 6 TN, R T A
LIRS, RPBIERIE S . 518 5(d)%
S FERIRER,  BL2 000 °C 2 Ay {5 ) H ey
JEFR o TR AR TR =, A GRS P &)
BEAMINE AT 3K, O6f N T 6 R 4 s)REUFE L Cy,
JENA Yy, DRSS Z S Cr J2 Z IR AE i

1050
900 -
2000 C
750 g
z T 1950 C
T 600F ) D\
S - “
as0r  f 3
300 -
150
0 1 1 1 1
10 20 30 40 50

Displacement/mm

B 6 AFRRE MR AR —Er 2k

Fig.6 Displacement—Iload curve at different temperatures

KIS AMINEAT IR N 6 1) B k), ARIGHENEE 2
JERERZ . BRGNPy, T 2 R
r IR B2 AR AT, AT SR ORI 6 1) C
R, HANME AT RN E e S, 2 R RR K
WO 6 1) D 1), MEHES 2 BIRR S CJRZ
)R A it , ARIGHENER 3 J2 B )2 o WA 25,
FLREAMREA R A BT, DR 2 [ 2
AI‘HEO

25 EEMHRIEHIE

LRSI S R YSE 2 R SRR € 3@ L E
55 5 W50 JZ 5 T WA T R 02 R G AR Ik
St E BRI & T B ol i 5o S 5 S AR,
YR AR 3 25 S PR B, i S s
) T BT R RETT I, RS AT IS Cry
FESNNY VR DA, AEMPRL N RIE AN F il
. e A R EAT R EENIER], Sh
I AEZ S AL B e, WAE V-1 AR 5 248000
i f I = R LY R ZS . TR TR B il 2R
SUR S N =Bl R R s i S I 7(a)) o 2 BREL
I B 1 B AL R PR SO, R AU R (1]

Ceramic

Ceramic

Ty Ty

B7 @523 e s
Fig.7 Models of toughness for boundary carbon cracked : (a)
Tension stress of three-axis decreased at crack tip; (b) Failure at

crack end



518 5 2 W gy 25, 4. K C-SiC-B4C-TiB, S4B L5 Ji 24 fe 277

7(b)), FHEELGY REWAME, TS T AR W)
Pk,

WAk, Z8 A TiB, APE & HEAR I R BT AT
TP AL TR R AR N 5 B 2R S e 1 2 i R I P4 v
s R, TiB, MK R (8.1 X 107°/°C)y K+ SiC
N B,C IR R B (5 h 47X10°C 45X
10°%°C), EAEIN, K54 TiBy WOk 7= AR 1y,
[ B 5 RS ] R PR A% A 7 A 420 o) At I g R 1) s
T MY RAEILIEA NI, ¥R A wiL RS
1, MG T LY kAT, Hm T MR

1) R AR B L DTS 9 S AT IR 2 1 Bt o 4
F FER T miy . MkE Ce SR, AEAR
WERRAG, AALFIER, PUES RS, W ey
e

2) BURTE N 2 000 CHE, Cp &N 20%[Hk
FEHARBUS B TIE 2.81 g/em®. HUASsRJEILF] 236.7
MPa. WiZdH)MEik %] 5.3 MPam'?; Cp, # it h 65%1
WP GRE L] 103.6 MPa. Wi Pk 5] 8.1
MPa-m'?,

3) R AR S0 AR E R 2 B A T 3 E 1)
THEE R, R Cy 2RI A G5 MIBEA Cpy B 1Y
BmsE M. WP Cp SRR S UIAE
PR A0 TiB, FIBE BRI ZRBOA DL e ™
AR B ) 3 B RS A T R W R ) P
e R A

REFERENCES

[1] INGAKI M. Research and development on carbon/ceramic
composites in Japan[J]. Carbon, 1991, 29(3): 287-290.

[2] KOBAYASHI K, MAEDA K, UCHIYAMA Y. High
temperature oxidation of carbon/SiC/B4C composite in different
atmospheres[J]. TANSO, 1992, 151: 20—26.

[3] #ADL, R, X B, KEVT. B,C-SiC/C A Mkl
B @ E BRI IT]. BT ALmA R, 1998, 13(1): 5-8.
GUO Quan-gui, SONG Jin-ren, LIU Lang, ZHANG Bi-jiang.
Oxidation resistance of B,C-SiC/C composites with self-healing
properties at high temperatures[J]. New Carbon Materials, 1998,
13(1): 5-8.

[4] ZHANG W, CHENG H, SANO H. The effects of nano
particulate SiC upon the oxidation behavior of C-SiC-B,C

[3]

(6]

(7]

(8]

(9]

(10]

(1]

[12]

[13]

[14]

[15]

composites[J]. Carbon, 1998, 36: 1591-1595.

FAN Zhuang-jun, SONGA Y Z, LIB J G. Oxidation behavior of
fine-grained SiC-B4C/C composites up to 1 400 “C[J]. Carbon,
2003, 41: 429-436.

ZHANG W, CHENG H. Oxidation kinetics and mechanisms of
ceramic-carbon composite I: Modeling for the nonreactive
ceramic layer type[J]. Carbon, 1998, 36: 991-995.

WO, ) B, AN A0B0RE BLC-SiC/C S A MR AL
PERELI]. FHEHITFEAAR, 2003, 17(3): 288-292.
FAN Zhuang-jun, LIU Lang, LI Jian-gang. Anti-oxidation
behaviors of fine-grained B,C-SiC/C composites[J]. Chinese
Journal of Materials Research, 2003, 17(3): 288—292.

FAN Z J, SONG Y Z, LI J G, et al. Oxidation behavior of
fine-grained SiC-B,C/C composites up to 1 400 ‘C[J]. Carbon,
2003, 41: 429-436.

WU L, HUANG Q, YANG Q, et al. Effect of sintering
temperature on structure of C-B4C-SiC composites with silicon
additive[J]. Scripta Materialia, 1996, 35(1): 123—-127.

ZHANG W G, CHENG H M, SANO H, et al. The effects of
nano-particulate SiC upon the oxidation behavior of C/SiC-B4C
composites[J]. Carbon, 1998, 36: 1591-1595.

JARETh, X, B R Jok SR/ B S A AR I A
PUAAL P RE OB ST[T]. W B K22l AR B, 2001,
28(5): 29-33.

ZHOU Sheng-mai, LIU Qi-cheng, XIA Jin-tong. Preparation of
binderless carbon/ceramic composite materials and study on
their oxidation resistance[J]. Journal of Hunan University:
Natural Sciences Edition, 2001, 28(5): 29-33.

BIREHL, AT, R4, ToMigiR C-SiC-B.C R/
FEEHER ] 5 K L T AL P U E )], IR AR
HU Xiao-kai, ZHOU Sheng-mai, XIA Jin-tong. Preparation of
binderless C-SiC-B4C carbon/ceramic composite materials and
study on their oxidation resistance[J]. Natural Science Journal of
Xiangtan University, 2003, 25(1): 39—-42.

WA, HIE, WAs, B EORER O AR fE
HIEm]. HRg DK 24R, 1995, 26(4): 233-226.

HUANG Qi-zhong, YANG Qiao-qin, HUANG Bai-yun, LU
Hai-bo. Effect of raw materials on properties of C-B4C-SiC[J].
Journal of Centre South University, 1995, 26(2): 223—-226.
TS, MTal, L. TiC % C-B4C-SiC M AME B4
H SRR ). 2EHK, 1995, 2: 9-11.

HUANG Qi-zhong, YANG Qiao-qin, DU Hai-qing. The effect of
TiC on the microstructure and properties of C-B4C-SiC
composites[J]. Carbon, 1995, 2: 9—11.

WA, BT, MM, B, RO B A B
C-B.C-SiC HA LM 5 LRI IAI]. R, 1995, 4:
17-20.

HUANG Qi-zhong, YANG Qiao-qin, DU Hai-qing, HUANG
Bai-yun, LU Hai-bo. The effect of sintering temperature on the



278 T EA G R AR 2008 42 H
microstructure and properties of C-B4C-SiC composite[J]. Nucl Mater, 1994, 212/215: 1461-1466.

Carbon, 1995, 4: 7-20. [21] Mr 5%, GHAUAR, S4kAR, A2 . #HURBESS C-SiC-B.C A&

[16] Wy =%, ZHZLS8, BERIAR, £ R. C ux-SiC-BJC KT M MRS PEREOD]. ARAERA2E3R, 2006, 25(11): 27-30.
BUERHI[T]. ARACK2E24], 2006, 25(11): 27-30. YU Liang, RU Hong-giang, CAI Ji-dong, ZUO Liang.
YU Liang, RU Hong-qiang, XUE Xiang-xin, ZUO Liang. Microstructure and properties of C-SiC-B4C composites
Numerical simulation of ablation of Cpa.-SiC-B4sC composites prepared by hot pressing sintering ( I)[J]. Journal of Northeastern
plate[J]. Journal of Northeastern University, 2006, 25(11): University, 2007, 28(11): 27-30.

27-30. [22] HAYASHI S, KOBAYASHI Y, SAITO H. B4C-TiB, composites

[17] VALENTINE P G, TRESTER P W, WINTER J, et al. B,C-SiC pressureless-sintered using Ni and C as densification aids[J].
reaction-sintered coatings on graphite for plasma facing Journal of the Ceramic Society of Japan, 1993, 101(2): 154—-158.
components[J]. Journal of Nuclear Materials, 1995, 220/222: [23] Ewis, THE, Bk fy. CEMENATES KR 2 M)].
756-761. A5t HUBR Tk HURAL, 1982: 364-418.

[18] KOBAYASHI K, MAEDA K, SANO H, et al. Formation and WANG Ke-ren, LUO Li-geng, YAO Heng. Deformation and
oxidation resistance of the comating formed on carbon material fracture mechanics of engineering materialsfM]. Beijing:
composed of B4C-SiC powders[J]. Carbon, 1995, 33(4): Machinery Industry Press, 1982: 364—418.

397-403. [24] X %%, ghiglam, & B8, B $k. ZeB, BURIEFI B.C BBET)

[19] YAMAUCHI Y, HIROHATA Y, HINO T. Hydrogen and S T, MOEMIESE 2R, 2004, 20(6): 611-616.
helium retention properties of B4C and SiC converted LIU Rong, RU Hong-qiang, ZHAO Yuan, TANG Di. In situ
graphites[J]. Fusion Engineering and Design, 1998, 39/404: synthesis of B4C ceramic toughened by ZrB, particles[J].
27-432. Chinese Journal of Materials Research, 2004, 20(6): 611-616.

[20] ALIMOV V K, ZALAVUTDINOV R K. Evolution of CD4 from (wmEE  KlFrd)

bulk boronized graphite and B4C and boron-doped graphite[J]. J



