188 H4al X oM O OB % #H Vol. 18, No. 4
20034 7 A Journal of Inorganic Materials Jul., 2003

WS 1000-324X(2003)04-0872-07
TiC-TiB,/Cu E€MENEHERSE S KR

AER, KEL, HRE

(o RFEZLXF L ESHMALA, 4 RIE 150001)

# %: RA SHS/PHIP T##I#4& T TiC-TiB:/Cu E4#E, S LRBATZRIESH
K RO S MI SRR A 208, SRR, TiC-TiBy/Cu E& M HA TiC . TiB: f Cu
M HE Cu SR, REBRE TR, SPEABRR T4 TiC-TIiR,/Cu H bkt
BAH I, IS BMENMATESME Cu A BRMME SHEREY, 4 Cu &&¥ 20% at
3R REEL W Y 580MPa, Cu 883 40% BB & N 8. 1MPam’ 2.

X 8 8: TiC-TiB:/Cu Ha¥H, RESE; Bt

FEAES: TB332 XE#ERe!: A

1 5|5

TiC-TiE, S EMERARER. BANA, 9HE, Mod, HERBERE. EERK
H—RFIMRA 0, 5 KB AT & TiC M TiB, FiAR E A0 M & A8 &0 B A ME RS
ARAHRE P, EAW AT, AU RREEE, BiE, SRERM. B
% 65 1 9 Hall-Heroult 3t B4R & (5] 124507 ¥4 4 TiC-TiB, MM EEER AL ER
&, MERSBREH T MERLE RS P07, Qe kg K DR, SHSkAER
M.V BB, FRERE. AR, RERTEWESM A, HETH SHS ik
AT L& M TiC-Al; O3, SiC-MgO, TiC-TiB,, TiC-TiB,-Al,0; 2 £ 0 5 4/ & BEWrsEFEWE,
AZR Cu JURKEEHB G FHRIRMEMRE, TiC-TiB-Cu EAMKITUENER S
Sitrl B RE S AR AN E SRR, MERAE O X RAAEE - RSB E
(SHS/PHIP) A Bzt ] % 5 T B BU# (9 TiC/TiB,/xCu(fii # TBC,, z WER T4 I) &
BB FBTRT HMMA R A ke

2 ERFEHBRFGE

LWABRBAEME Y . BaC WK (FHRBN 10um, 4iFF K 93%), Ti ¥ (B2
<44pm, S5 FF 99%) . Cu ¥t (FHRB <44pum, SLHF 99%), = T 17 R AL I, .
3Ti4+B4C+xCu=TiC+2TiB;+zCu (1)
HA, z=0~50wt%. K& A ER (03K 1 BTR) A G D TR 24h. BEBHBERA
HZP e 90°C T4 24h, 43 BIB& IR 48 2508 B ¢55mmx 120mm B4R, 75 AMPa f
W B H . 2002-05-20, WeE|#2E i E #E. 2002-06-12

EQMWME: MEAZHEES
fEERSr: KEH (1964-), B, HLH R4, B#HE.  E-mail: Zhuccshs@yahoo.com.cn




4 3§ KEMR, %:. TIiC-TiB/Cu EEHMHHERERBARFR 873

EH T EH S AR 35 B 2494 55% BT 3E, M Bk BB SHS/PHIP %8+ (fn/ 1 fiR)
TR S RE R, BN HEE SN 180MPa £ 4, HRE—EREEREBRADH

ZBLH. REBRHNRERERANIER
fhmE 1 PiR.

FI X ST4A 5T (XRD) SEATY A7, &
LM (8 F A 2HNO;:1CH;COOH:1HF
AL BAAAHAE SEM MENET s
DS (TEM) MEARER, AHEKEN Down block
BE, AT HENEHERE, KERTH Mould
Smmx5mmx35mm, ¥ FE A 30mm, R HH il
VORABE=ZREHMBREAAFETHEHR
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¥ py HRA B, A% 60kN. TiB. experiments
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Table 1 Composition ¢f starting powders and experimental conditions

Comyosition;/ wt% Process parameters
Comzpacts
Ti B4C Cu Delay time/s Keeping time/s Pressure/MPa
TBC I 72.2 27.8 0 5 5 180
TBC10 64.9 25.1 10 6 5 180
TBC20 57.8 22.2 20 7 8 180
TBC30 50.5 19.5 30 ] 8 180
TBC40 43.3 16.7 40 10 8 180
TBC50 36.1 13.9 50 10 8 180
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B T BWEE, XERHETF Cu B ZHFASIMRY, RANTHEMNQEH, CufH
i, Ti#F B.C WA, REBHREER B EhBRE, HMALK CuBIET 70% B,

hAMBRBEHELT 180K , R#E L e TC vTB, 0 Cu
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B 2 @RBE T b Cu FEEEKL Tig. 3 XRD patterns of the products with dif-
Fig. 2 Changes of Taq with Cu content farent moi=r ratios
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B 3R T 3TiBCuCu ik RRE M EYH X SHRATH 4T (XRD) 558, WUEEH, &
Hin Cubt, K4 HAE4E TiC f TiB, B, %4 Cu & &M 10wt% HnF 0wt% B, &
MM TiC . TiB, M1 Cu ZMAM, ®’A Ti-Cu = Ti-B B B4 EAAFLE, #H Cu
SROMMBEELRE G BEHAR, XWAERT SHS RV AR =HELR. F
WO S ARMAARM TEHHE LT L Cu ik, TiC M TiB, X4 B Cu-TiC-TiB,
HAME, ZMHORAAREAE=ZAHAEM, X5FRXNERE—BN. NEFET
&, BEEERZTS Cu BN, TiC M TiB, MAFHIEZRBETRES, Cu BIRTE 14 Z B8R,
i H TiB, BIAT 4 14 B3R F TiC MfTatiE, KPS M=%+ TiB; L TiC £, XE5H¥R
RABR (1) BHEXRE.
3.3 BEREHIN

K 4 41T TBC, TBC20 fl TBC40 = A XM AR B (SEM) B, FUE S, &
TBC # TiB, R 2K LRTEBER RRBAHL), HKBH KN 3/1, fi TiC HE (HEE
HY) EXRMNE R, XRi TR TiBy §9B/RECN TiC 245, HB KRR TiB, Fk
EELZWISBERK, HEMTKENY TiB, A FWFHA T RMHGEH, [FetkE TiB,
A P R AR 4 KB RR I SRR T 4 T A3 A A9 TiC SRty ok, ETM TiC FREH A
ME48. A Cu g (LA 4 # TBC20 fl TBC40)TiB, #1 TiC @AM ES .. R EAT
ik, TiB, KRB REERK, HKBHHIERFHR/D, TiC 5k ZEH BN 342
WEEMERTEHRE, PR FH R H 5~8um B/NN 1~3um, &4 U EaX B a8 by R
FERHF CoMMASIRTHRAREREFMRBHEEENERK, ARARNEERXTREY
PECE AR, ITE TiB, BEEHNKKAMREE N, B—FEHTE£E Cu i
m, EAEBMMASRREEK, BHINR, =HESTRTEEMNE%E, TiC & TiB, B
KERERARKEREEEET, B FRTHBE/D.
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ARSBEBERNKRE S Cu, BEXAREBAEABRE/MY TIC-TiB, Ei&. EH A,
TBC20 # Cu & &E L, =P+ Cu k4 F TiC-TiB, B d, BEEREENNESE
H, HE Cu BN, CuMoMBEHENER, FERTREBENTHE, TICH
TiB, BRI FAE /. B4, HE Cu FRAMN, SR=YHSRRARABRS, UK
BHEE MR, AR BESAAY, NS 3 SHS/PHIP i 12 # 4k B0 1k 69 [ 3,

7 TBCS0 A BRIFLIA B, MEEE T M.

B 4 AERH™%H SEM B R
Fig. 4 SEM photographs of the products with different molar ratios
(a) TBC; (b) TBC20; (c) TBC40

IE 5 Aﬁi?‘%ﬂ%&iﬂfﬂﬂ (EPMA)
Fig. 5 Microstructures of products
(a) TBC20; (b) TBCA40; (c) TBC50
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%] 580MPa, 1 Bf H ) tEi5 5 8. 1MPa-m'/2. [ 6 4 T RE & Cu BAT KK = 5% il Wy OB
$. NESTUELEMEME TBC FEURRFTANR, MESRE CuimA, &&RK
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BRFEFGRAEHFAMERIALE, BOUARTEER, MRAEKFHEHBHR
RRGE, B RAERNRORFE, Co TERREHHRFTRNE. XEERHTRE
SHS R IR EHTE T Cu MR, EMEEF Cu b FHRURS, XEBRRTH Culk
H KRGS A A S SE R T B4 TiC A TiB, Gy B RMIEK, B%THERSMH EEEMN, HET
HEESRE, RN EELHEZ AR, Fi Co GEFIHERNMER, RETRER
B, R R, XRBUEMBREF SN ERRE. B 7H TBC4 H4# ka1 TEM
By, ERAE, Cul TiCHITiB, ZEWAEHEEMHE S HEER, Co 5HEERAT
ERNRE, BRAFURMER, IXEEROEREAME. 35 NEiRTHHE
&1, TBC10 # TBC20 M A KRB EERT T Cu B K (2562°C), (HELFRHIRREEETHKT Cu
#ydh SBE, LKIUEW, TBCL0 M TBC20 MEpE MATEHREMERNE 1%~2% £4, X

% 2 TBC/zCu EE&MH Y HERE
Table 2 Properties of TBC/zCu composites materials

Relative densit Bendi trength Rapture toughness Rardnoess valu
Compacts elative density nding streng p oug ness value

1% /MPa /MFaw!/? JHRA
TBC 96 440 5.8 93
TBC-10Cu 36.5 4€0 6.8 91.5
TBC-20Cu 93 580 7.2 90
TBC-36Cu 93.5 478 7.8 84
TBC-40Cu 89.5 480 8.1 80.5
TBC-50Cu 80 330 6.1 77

F 6 TBC/zCu B =R T OEHR
Fig. 6 Fractographs of TBC/xCu composites materials
(a) TBC; (b) TBC20; (c) TBCA0

W4 R B KA Cu EBBIER R— SR FLE RS, &8 Cu M £ 3 bR 8
BASFEWBANEE. BE Cu SENBRETE, b THANEEGRER MHEERITET
f. 5 TiC M TiB. W EAM I, &/& Cu/F T &M, ETHEHE Cu BATHEIAHE ) TE EZ
THE.
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L Ti, BsCHl Culy K NEK, RH
SHS/PHIP T #|%& 4 T &% TBC/zCu &
AHE, BNEBHEET RERARLE
F|f TBC/zCu B G R 1 REFI AR
EH, HREH.

1. SHS/PHIP T.Z:#l %% TBC/zCu &
E#BF RAE TIC, TiB, f Cu MW XL+
E AR FETE, YL

2. Cu Wy IMABRIE T R R RV IR B,
RETHEEEWARESR, HTFHRTE
44k, BRIE R AR E BN, TBC/zCu
AR A E B R AR R
P2 mE R EA .

B 7 TBEC40 HMAY (TEM)
Fig. 7 TEM morzhology of TBC40

3. WA, TBC2BEMPHENEEET TRRIIR MY, XEHETE—SH
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Self-propagating High-temperature Synthesis of TiC-TiB,/Cu
Ceramic-matrix Composite

ZHU Chun-Cheng, ZHANG Xing-Hong, HE Xiao-Dong
(Center for Composite Materials, Harbin Institute of Technology, Harbin 150001, China)

Abstract: TiC-TiB,;/Cu ceramic-matrix composites were produced by self-propagating high-
temperature combustion synthesis combined with pseudo hot isostatic pressing. Microstructure
and mechanical properties of the synthesized compacts were investigated. The results show that
the final product consists of TiC, TiBs and Cu three phases, which is purz without unreacted
B4C and Ti. The particle size of TiB, and TiC decreases witk Tu content increasing due to the
reduction of the combustion temperature.

The introduction of Cu into TiB,-TiC/Ci composites resulis in a drastic increase in the rel-
ative densities, transverse runture strength and fiacture toughness. The maximum bend strength
obtained with the additicu of 20wt% Cu is 580MPa, while the maximum fracture toughness ob-
tained with the addition of 40wt% Cu is 8.1MPa-m!/2,

Key words combustion synthesis; TiB2-TiC/Cu composites; mechanical properties



