IR TRFM A8

wW OE

TisSIC, R—MFNNLMBEME, hTHEET SRMEEME
HiE LR BB TR R A R RIE R KT, EHETH
FHEBRURBRAREEERE AR TAAN EERE. fmEd
FenMe ZE Tk ] &R TihSiC, BB &M TIkE REF 268, FRIM
R E SRR

TiB; B—RAFUSRBHENNERE. WAER. SEE. ¥R
EHIF. RS, BAEENE, TiB, 5 Ti:SiC: ML BB, #

AN RR, TiERENAEKERERERL, Fit, 18 TaSiCEFIIA
—/NEE4H TiB,, M4 ThSICy/TiB: B &k, SRETRER A HEHR

EXFRTHHNXENBE (TIC/T/SYAVTIB, # ) F1E 47 %
(TIC/T/SI/B,C/AL ¥1) BRAFETTiE, G&HRET2H%E TiSIiCH/TIB,
REHAMBIITHG. 7 1400°C HIBELIRE T BRIV % H TiB, 4H
SRR 5%, 10%, 20%BEHE TisSiCH/TiB, AL, A X514
A EE, SRR T AR (TIC/TV/SVAVTIB, 1) R
B (TIC/TI/SI/BC/AL ) #1126 TiySiCo/10vol%TiB, B A # KM 600CH|
1400 CIEEA B HI& T RAMHESRE. S2RY. E4BEd, K
PR SR TiSiCy &5 TiB, A, T B A Kb AN TR,
7E 900°C LARG, F AL TisSis F[RIAH, 7F 1000°C oY, FFEATE DB H TiaSiCy
L, EENSEP, RERR TiSIC: § TiB, ZRHE kMRS, TiB,
NGRS AR S NIRRT REM#IT. ERAET, 2 TiB &
A RET 10vol%it, FHMA TiSIC, 5 TiB BAE, 4 TiB ARSE
KTF 10vol%hd, FFZFAE TiC Ak 76 1000°C LAY, REZHISMBIEF A
&L, #£ 1100°CH, Ti 1 B,C RN TiB, 11, BN IS BC A
SHA R R TizSIiCy BARMBIHE . FRFRA R, 4% 10um.
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R TiB, & BHI M, SR KTRIAR(L, °T LAY TiB, &R 2 R K,
PERAEN Sum, TiB EEGFMEIT S MK, 2 TiB, S ER
F 10vol%i, HEaMEt TiB, LERNAHEE. CRERERARE
1300°CE 1450°CHE4E A% TisSiC, M TiB, BRI E &4 .

WIGRR T 4B 1L AUE & A5 B TiB, AR & B 1 Ti;SiC/TiB, B &
MER IR R RRRIT A . 4 TiB, R B A 10vol%it, EAME
WhE, SHEE, HPTHABEEENRE. 24/LHESE,
Ti3SiCy/10vol%TiB, H-& KNS H3RAE dy 368MPa 25 E 485MPa,
RIREIE 32%, PPl 493 MPam2 REE 5.59MPa-m', B 13%,
B B K% 82GPa. [ B, TiSiC, ., TisSiCy/Svol%TiB: »
TiaSiC2/10vol%TiB;,» TisSiCo/20vol%TiB, AWK FE S E T AR SR 45
% 3.86x10°8m™, 4.4x10°%8-m”, 3.76x10°Sm™, 3.79x10°Sm?, FeHH
MRS, A RENSRE SR, T Ti;SiCy/TiB, B &M K AR
farh, HEHE TLSIC, BAEMRERBATUR L.

X BRUER/ TR, BIE, SAME, SMBIE ROER, &
BE, JEh
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ABSTRACT

The laminated ternary carbide Ti;SiC;, which is a new kind of structural
ceramics material, becomes the focus of material researchers attributing to its
perfect combination of both merits of metals and ceramics. However, some
weaknesses, such as low hardness and low creep strength, limit the potential
application of Ti3SiC; as a high-temperature structural material.

Owing to the high hardness, high modulus, excellent chentical stability,
and approximate thermal expansion coefficient, TiB, herein is chosen to
produce Ti18iCy/TiBy composites in order to increase the hardness and
strength of Ti;SiC,.

In this study, fully dense Ti;SiCy/TiB, composites were synthesized by the
additive mix —method hot pressing ( TiC/Ti/Si/Al/TiB, powders) and in-situ hot
pressing ( TiC/Ti/Si/B4C/Al powders)  sintered at 1400°C. In the additive mix
—method, it was worth noting that there was no other phases contained in
either pure Ti;SiC; or its composites. Investigated by X-ray diffraction (XRD)
of samples sintered at different temperatures, the phase’s formation mechanism
of the composites was studied. When the sintering temperature was below
900°C, the main phase was TisSi;. Sintered at 1000°C, main peaks of Ti3SiC,
were detectable despite their weak intensity. Meanwhile, there was no evidence
that showed the reaction between TisSiC; and TiB,. TiB; only diluted the
initial powders and delayed Ti3SiC; formation process. In the in-situ synthesis,
when the TiB; content was less than 10vol%, the main phases were Ti;5iC, and
TiB;. When the TiB; content was more than 10 vol %, TiC impurity was
contained in the composites. At 1100°C, Ti reacts with B4C to produce TiB,,
The grains of TiaSiCz are plate-like and have a size of 10um in elongated dimension.
In the case of TiB,, the microstructure has remained relatively fine- grained, with a
grain size of about 5 m as opposed to the few hundred microns of the

coarse-grained, this confirms the assumption that TiB; inhibits the grain growth of

i
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Ti3SiCy. When the TiB; content was more than 10vol %, TiB; grains were
agglomerated and agglomerates were at most 1-4 m large. The above results
show that. Ti;SiC,/TiB; composites can be synthesized between 1300°C to
1450°C.

The physical properties and room temperature corrosion resistance of the
Ti3StC,/TiB, samples by the additive mix-method hot pressing were also
studied in the paper. Results revealed that TiySiC,/TiB, possessed excellent
mechanical, electrical and thermal properties. When the TiB; content was
10vol%, the hardness, compressive strength, flexural strength and fracture
toughness were remarkably improved. After heat treatment, the flexural
strength of Ti38iCy/10vol%TiB; composite increased from 367.5MPa to
485.1MPa , which was raised by 232%.the hardness increased to
8.2GPa.Meanwhile, Ti3SiCo/TiB; is a good thermal and electrical conductor.
The electrical conductivity of TisSiC; , TizSiCy/5vol%TiB, ,
Ti3SiCo/10vel%TiB, and  Ti3SiCy/20vol%TiB; composites at room
temperature  were 3.86x10°S'm™ , 4.4x10°Sm”, 3.76x10°Sm’ and
3.79x10%8-m™, respectively, indicating that Ti;SiCy/TiB, composite is a
metallic conductor. The corrosion resistance of Ti3SiCo/TiB; in dilute HNOs

was more excellent than TiiSiCo.

Key words: Ti;SiC,/TiB;, hot pressing, composites, additive mix —method,;

in-situ synthesis, properties, corrosion behavior
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1.1 5

—
=]

FREREE ThSIC, 54 T &RAWEEES Mg, BmA
&%) 3200000, BBEEY 4.52g0em’, EERTHRENIHRRTS
g, AARTBEAE R EMER AR E SR, R TEER
B, TRRAR—RMATINT, ERMETARBYE, fHE, AN, ©
TAHBEHEPER: HAAEIRGRE, A, B R BT
MAEALEES, 7ERRE TR, & 11 FHIH ThSIC, AT
e84, OB IR B PR TiSIC, BILE AR i B R S R R
BRAEL. TSN . AEBHNSSRERINE, EREHT
PR ER.

R0 TisSiCFH R PERERF R
Tablel.1 The properties of TizSiC;

YAk BAeY TisSiC, (Ref)
ik AITRE (n
cdid glem’ 4.52 (1, 3)
#EE Wim - K 37 )
RS S - m'x10° 45 (4)
et = 0.2 (3
WicES  K'x10° 9.2 1 2)
LiEE MPa 376 2)
WiEME  MPa.m"” 432 (5)
WEEE  MPa 1050 n
HEEE  GPa 4 (7N
HEHER  GPa 326 1)




RUE TR 24083

1.1211. 312, 413 HIEHE
Fig. 1.1 The structure of 311, 312, 413

1.2 Ti;SiC, Bk EH

TisSiCs [ S A% 118 Rl Jeitschko 1 Nowotny e, 3 HE G ix4s
kA RE, FAEN P63/mme, HESHN a=03070m, b=1.769m,
HAEMELE 1.1, AE L4 EBE TiC \EEEFTIIEBE Si R
FEB M. Kisi # Barsoum U el FATH EHERIE T T R T iM%
HEBEKNEASSE. T ETE C EF2LHNRKSEINMMEREIrE
BRI, TIETS S ETZAMESHAT T KB si kIt
YR TS ETFZECE S RTFS C RFZEMERREA, B2
BHRAFERBES. AN, TiC \@EEEHENEMN, K1 C RFR
S PEE, HEBT 5 C ZAEFRAMNRE. Amer EPEIIN H TisSIC,
1 TiCo 7 B B I BRI TiCo BT H M ERLIRANELEI S TisSIiC, &
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FTREME, RAEFAAMNMAERETRNE: ThSIGQEZHT 24 TiCws FTRH
ok, H—RZE 150 em™ FIRHE, H—AMITF 340em’ FRE, FIHART
Si BFES Ti BFZEMERE, HIBS5AR8HTRERMSESHE,
ABEEAMEBERE 2on’ 4F PE 8. EEA TLSICGET S
Si FEEZAPFRESEHINE BT S ERELAS TP HEHANE
BEHLEEM TS

1.3 Ti,SiC, ZE & SR NT R R

12 £ T-Si-CERRAFE1200°CH BB B IR, Ti:SiC, 5 3
55 TiSiy+SiCEETiSip+ TisSi;CxBR TIC,+SiC F = kX . 1 82— K Ti; SiCHHH
RIEEHE, XhREBIETLHSICH, BEYHPRaFEXERANERER.

7619674 JeitschkoFINowomy LA & TiH,. SIRUA B4 5K, 7
2000°CRURE T TR RN AR T ThSICH M. Ak, MEH
BT AR B A A F R A A R ]

Bl 12 Ti-C-Si #RAE 1200°C H%&E BEH K
Fig. 1-2 isothermal section at 1200°C of the Ti-C-Si system
&L ERAEIE TSIC, AEE SR BB R HIE Ti:SIiC; RELFEHHE
FEEEEIHIRCYD). B & 3 /& & B(Self-propagating high
temperature synthesis, SHS). BWAR M. YURE EHBEIE BMA). #
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[E(Hot pressing, HP). ##} (Hot isostatic pressing, HIP)LL KA
Fhes T 2 (SPSYZ.

131 ¥EHBHEEEA

ERMEMHNEZRCORMMERBEIE MR HESY
B, ARHAPE R R T RIEE RS E RS EANY K. HEEE
HEGHERER TZREREERAPEEMAS M, MERERK
FIMAB A E. RARBRIREFHITRES, REQRRENE
W, BTSSR “AREEIGRN . S SARM A AT R —
BHIEE SRR, REEATIRO MRS RERET AR R
EREE RN ERE TN, NERRNBSHTEBE.

B A BREARCBARE RSN EERER, RERHRMER
Ri, HREYBEZSENEFEREFELAET 6%, 48D
HESRESRETREAER. ETRETZ2%, ERRNEERESN L
o BALRMATCLRE SN, HA]LARYBUFERLIRE, HEARR
R EIL ¥ RSB/ AFRENERACER)BR. R
PLAREAR TR st B EME I BB R R R,
LRI E R, H# e THHNTUEERS R, Jk T EAEER
FHELE: BREMREA: AT LRI B B R IR G 2RI
PR BRREREA S BER F B BAREER. XD™MHER,
CVD(S AR . RNEEHARR SHS HAR%. FEbr&mRHRE
TisSiC, EAME, TiSiC, REEWLET B R LMK, HfsmT: o
T HIETE, 8% TERIRYS TuSiC B ER B M AmsE;
THSIC, ARREMR, A E B, WilhgaEHE; SHANLRER
TR SRR RE KRS, XEHEHTHERAR.

1.3.1.1 XD™ %A

XD™(Exothermic DispersionyHi R 'j&3% H Martin Marietta 5% = FF
R —mAHB AR RNESBRRERBRNGHEETRUERS BN E
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RBIaML &M BB (REIDNE SR, HERER £ RER M
MR RS ARE, AR TEERE SMETERENEAHRET,
EFFRM KR ERARE, MEREEDERE SHERE. B THR
FREA AR, B THEENEEZ RE ERENDERR B
HESSMEMEREER . BT XD BEDERIhE % T TiC/Al. TiByAl
HeHEL ENRERRE I FEE,

1.3.1.2 VLS 3%

AR i Koczak A & W1 BB BMMCsbl & 71, HHEE R
BERMESABARREREEEBGEP, ARSI #HMEK
(BB ST MBI B WTIR A sty RS, AR RGE M
WIBAEEITIC. TiN %. KRNEETRFCURMTICER AH, H
FMIE &R ER TR IMALE):

CH, (g) —[C] +2H; (g) (-1

T-M + [C] -TiC + M (1-2)
HRE B RS RABFET, —RERERENFSRERRTREA
S — P B AR B TR i — R T HEAIE SHEE EMH.
13.12 FEEHHTEHEREA

1 i 38 4 4403 T ¥ (Transient Plastic Phase Processing,TPPP)JE M
Barsoun %PHE R M — TR RS MER A . H402 R NERKARE
T#AT, AP, XMHTEMER 2 N8 M (Transient Plastic
Phase, TPP), ] LURFASEMERRNK T BT, REERRBET, £
{EHI(TPP) 55 X NEAH(Reactant Phase, RP)J R AE i 5 18 1 B = 1L U P 2
HEAAFIERE, B RP+TPP—ME R+ 5 ik, IR KRR
g TGRSR, W& RRIER G B0 . Barsoun!
B T BC A ER, FIRKERTS0~800C) T & RARiLZE B TICx
B PEAHATRE, RIEE 1600CAHRE, RItiH& T TIC—TiB, B&
kL
13.13SHS #AK
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SHS BEl&ESMBEREFENERE., RVAE. REBEES
1508, EHE RS AR, MPRRIRST RIB SRR A
ERFIHEE. HERK, ¥ SHS HFASHEREBEURARG GER, —F5%
AR A RS S MBI RAF RS, — R RRE
PR a4 R B BB 48 BB — 32 B MV RN IR 0 2 AL, FRoAHREBE S il
A5 J: 559%(Combustion Synthesis DC B SHS DC), A4 30 AT LU N
[E, thafARAKE, Shingu "45# T SHS-PHIP &%, Hi SHS 5 PHIP
GARR, SRAENBE L, T4 SHS-PHIP MAHI& THE
1 TiC-ALOs;. TIC-ALOyFe &RWEH &M, B XHWwHT
SHS/QP i, HHILIERIET TiC-Ni £ BMEHESHE.

SHS B ERMRN TV AXBEREALRERIMHEE &M
pE A, EHBEST SHS BRBEK ML A, BT ZSHMA
e R A A R R M AR RIS BIE T 58 AR SRR R R A
&%, Hf, RERGER, RS BEEVRA RS
% T TIC/NAl EEEHE .

1989 % Pampuch 25201 Ti, S RIS BAR N BUSH], RANARARN:

3Ti+Si+2C-Ti;SiC; (1-2)
DA B AR Tis Sis CBYEZE Ar S, T 1050~ 1200°C #4524 i H TisSiCy
MR, MASRE, BE. TR AEAR, RAEETRERNE
Wins, AXLPHERESTEE. AREFERY: KT/ T: Si
C Wb, BABRER TUSICMERBEREHENEE. dTEMNTE
(& R B LA, RO RIRR IR AR ], IR B B AR A T AR
% TiSIC,, Rt BH TiC, = SiC. | Ti-Si-C R P HA—L
T2 BAGEWI TiCx TiSikfF7E, MEAMENE R TR EE
(9 95%, HVM % 600~760kg/mm’, {3/ FREME, wr#ATHIHIMT.

1.3.2 Ti;SiC, BN &#H

1.3.2.1 Ti;SiC/TiC HEHE
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B &, Pampuch %™\ W T % M TiC & 10~20%H1 TisSiC, F &
A 2ERERe, FIDY ROSRIEEE BB DR S5 326GPa A1 135GPa. £l
THEAAME ThSIC/TIC M BHE N, R4 K R TiIC HFEX
A . AR REFESRT TiIC S 8K 15vol%M Ti;SiCy/TiC §
FEpEE, HHURBER =SS mES A 11204270 51 350£63MPa.

FEEk, Barsoum®V2 A4 5L TVSIC/C/TIC $H0 TiH/SIC/C #r AR
B, FlHRERE LE 4K ThSIC/TIC BEME . BRERSHRY. TiC
EEEHEP FHEAR, SRR, R TIC BIAMPET TisSiC, &
BRI . MATEL T/SIC/C/TIC B N UL 1500C T4 E S MEL A5
SRE R A AT 420MPa, MR 5.550.5MPa - m'%; FEIRTRILH REF
K H B AT A

1.3.2.2 Ti;SiCy/ SiC WEHH

%], Radhakrishnan®"%§ A UL TiC # Si Bk, RARETZERK
T TisSiCy/SiC B&hE. MiNFHERRN & ThSIiC/SIC B4 E
STRNIPE ANRERE L TisSiC, FORIERA KU HIM38. TiSiC/SiC HaMH
MR I R 4 516 9.1GPa FI 9GPa.

Barsoum®!% A S} 5 EL TV/SIC/C MR TiHy/SIC/C ¥4 Bk, FIRI#
LT S8R TuSiC/SIiC H&HE. HRRH, SiC FIIMARERR
138 A FH R TR RS FE P EIAE] 1622GPa, T SiC 5 TisSIiC, &K
A ABHRUE, ZE AR AR TihSIC, HH THE. [,
BEMHERY RFRTRE. TR, T SER TiSICH/SIC BE4H
BLTE 750-1200°C I X 18] A TR AGHEAT 384T TR, EL& MR SiC
B AL AR Si0; REREIE & B R A M TR s S E R LR

TEE P, Bl ARTH T 44 Ti:SiCy SiC BEMRBN ¥
Bl AR RBMERN Si TR EERE T I BRI E ST
B R B MR TisSICy/SIC R RN ES si j PR sEihs
AT T SRR . MR EE AT S| BT Y BERR S 8% o
f Si TR AR, RELRERRILBARN. RYHY
Eoth o REh 2 RO ERFOR A E AR R R & TisSiCy/ SiC B &M BHE
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i R AR Tt iR BRI A

WS AFIABRRMBEGRT TihSIC/SIC &4 8 DU R
TisSiC, EARM L 1 M eI bt . FURXTE A 2] 98%, R
F| 87GPa. SiC B AMERRMCRABER S/, B ATH 2um. B
it 48 RO B¢ 43 B 4 S05MPa A1 5.3MPa . m'™. TizSiCy/SiC H &M K
HLEARET TiSIiC, EME AR EFHABRREMAYE,. SAEHIER
TiO, KBRLHIA EH) 8i0, F TiO, A-MBkI4EA%. 7E 1200°C FHEA 21 /b
B E (L 7.9me/em?, T TisSiC; 3 307.9 mg/em?.

1.3.2.3 TisSiCo/ ALO; WEHE

Lou® 1% \ SR H B 7 i8] & ALOYTLSIC, BRE &8, —RRfL
Ak, B TLSIC, REBRAENHIERTRRIEE AR ThsiC: &
H BB (TLLSIC 1 OEERJERI & 2R Bt 2P RIN & 5k, HEK A
EEER ALO: ¥, DB MeO U EREFTZAERE Ti 7, SiC
EHESH(EE Ti. SiC. ABMEERIL3 11 1BE) S 5IERE 24h. R)E
T 4 AR o BELEIR B LR 200um B ALO; 27 F1 TisSiC,
FRHEH . # ALO; WBFFI ThSIC, BHEAFHBEAEARERT,. £
HREERSART 1600°C T HERL b, K H A 20MPa; — B4,
HIEI& T REA ST, EhGIENH TihSiC s, FHRARERRT
BaEEERME . B AERIER ALOYTESIC; BRE &M HBER
FE7E 450MPa B F, BRBSTAS] 1200~15600m?, Xt ALOs Heihbtilig
4. B, R TEHEN ALOYTLSIC, BRESMH BMEH
HEHEER, XWSRTH¥HERLENER. WHREREIHERIK,
BERERITIEES.

B, Wang™ZALATI, TiC, SiJ% ALO ¥ A EE, RAMBEE
F4ik(Spark Plasma Sintering) T 28 AR ALO; AR & B Ti;SiC/ALO;
BatH, FRRAT ALO: A TisSiC/ALO; B &kt k B K
M. BEE ALO; EERAEIEN, EA4MEINERENAK, HIEEHE
H . TisSiCx/20vol% Al,Os B4 ECTEBEIA 10GPa B L, & T4k TiaSiCy B
YR, JEEUN TGPa, WUEIL 25%LL |, IR ALO, THA BR®

8



RE T AR EF iR

TisSiC, HIRERE . 25 i 3RAE AT 3944 23 B TT 34 ) 500MPa Al 7.4MPam'”,
M ALO; B, RBRTEHRER. X ALOy R K 20vol%i], Bk
JRHEME lum, ALOsSRECAFTEM D, BT TiSiC; MRARKAK
BRBD, XM FB T TiSiCy ALO; EAMEERE. PN, F
Feli ¥ ALO; S RITEAT, FRIRE. WREERN TREREET ALO; HIH
EAE.

1.3.2.4 ¢BN-Ti;SiC, ¥ &HH

E. BenkoP"% A SEAAET 24 & BN-TLSIC B&ME, Eif B
LERIHISHT, 7E cBN-TisSIC, @ A4t £ AH(TiB,, SiC, TiC A SICYE AL
BUBT Ti M1 B EFFERNFEFHTRMN TiB, . HHFAT
cBN-Ti;SiC, AWM hEHeE, HEEAESR TR GEARNAR T
AR, FIFEEESENE LS RER Y 400-650GPa, ZHEAMEINE
B EE IR cBN MR S-S SN, HEEREIEEILEX.

1.4 Ti;SiC, £ & S B89 5 F 7 &

TipSiC, BEAME A THMENEE. HE. BLe. miEehs
R, BRSO EERR, ThsiC; AHES
PR AR A RRMEAEUTILE: (D EAFSRBR
PR ERE MR RN, TSEENEESRETAE, HEAHEE
F4F, FUAERER FTREAEAHETREMRNGS, WMAERAY
¥, BB ISEEATER: () ATHREFNAAREMFEMLLE,
HE T RAOERAMEY, THTHEREIHAHET, DARER
#HLE: 3 FEKEHSRENFHREE SRR ER A RN
ItI L A T A R K B3 ) 5%

ERRKHTZHTWNA, TERFENEAFE THER. &
R R R T AT R LB LU T 2

1) EREMTERNEMBISTT, QFERNFEMNSIN¥. LRENE
EE SR TROERNETS.



BB TS0 £ A 3

2) RHHFEBERETERMEHR, AEHER, FTENHRT
L, TELMSHEERNARSTS.

3) BABARNSHWNSHEEIE, SEMBERNERRTR, B2
HERERNXARGRE. MAEE., HRM. 524%), S TETHHE
RN, SH5MENXRFE.

4) MEREH S TERIETHRENER. 5. R
TE. #04%, SIEFRERNHE.

5) BT HF AR, FRhiiett SR, SEHTktE
.

1.5 TRPHEN. EXHAARAE
1.51 HIRER

RREV R EYNERES THSIC, RHESGHHEFEXZIE
AN AR E XA ER, FHEEACEHT T KBMFFH I,
7E TisSiCy ZRRE A & R RS AT AR T R SR . HarEA—&
R A A E TR A RMBIFR T, ARk MEmeT. B,
ol B b WG RERGEL R ST AT TEAEREIT ST TisSiCo MBH & 1l & SEHMAT. 9
MRS ARRIBISE Y, BB T AEIMERAT ThSiC/SIC RaF R
Fio
H T RE TiaSICy AELE TR FIREE SRS, & THSIC; HEIA TiBy
B H AR B TiB, fE AR ERE:
(D TIB, B s EOHERE . LR PR TELT
(2) Ti38iC, 5 TiB, ML AR AL LB
(3) TiB; &5 Ti;SiC; G HIBMILL, #EAHFEFR, THMERHEK
RERER.
fo T A Ae 28 FRER B 1 A LU MR B (0 &) R AR 4, BB TiB,
SR 4 A BLAFRT, FTRAIIA TisSiC, MBIMRE KR, A&
e, BASHESERITARZRSE ThSIC NERHEEHE, SRT

¢



EOGE T AFRT#A83

SHRFE — etk BE AR AL . AT L, 3 TisSiC, 5 TiB, &M — e M A R %
HEEEE, MR —MRATHRM R IE.

Al TiB, FURI5R Ti;SiC, MM Kl BEEMMMIRE HEMaR. B
2pkfe. ReEbigE,. MEERRARA NS, FEE AR
W, WRGHEE-SRESHENEYRNE, FES5RREERRE-
SEE AN EREIL SERIFR, AERXHRERAR XML
LR,

1.52 IRE MR

R F B H MRS ER R S S RERS T2 &
PEESAR FE0 TiSIC, /TiB H& K. ERIEURET, IRGENTESY
TELCRMERORE HATA RO B S L, RS A ENS, B ZEN
ARG SR, ARG RBREM . BRI RE A
FHERERIAHTRIBRS. LLEGERH THARMBHOA S & TSN 2 &
R SR RERG R

153 TARAE

AAREERREAMBREET, AHARKRFIES&BE
TiSiC, /TiBy Btk E-SPRMH ik, HEAHFIHE T ZSR(RRIE
b A RRIE RS BTE AR AR S A B i b} R M RO RE R R
LA %6 % TizSiCo /TiB, MEHEHE I KSR, BoAH& K ERTtaEs
BT H B

AR FTEQHEANTEMATR, 2518 &3] Ti;SiC, /TiB, &M E
BIEREIE. SRS, HRR=FZRNHEEXR.

RS 45 & B Ti;SiCy/TiB, E &M B A5

2) TiaSiCy/ TiB, B &1 BRI SRR BT

3) TisSiCo/TiB: &M RHY B G R ERT 5

4) TisSiCy/TiB, B-A M B 2 e b B PR RO 51

il
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B—F Ti3SiCUTiB2 E45H RN &

2.1 HE&HE KR EE

MR RSV SR EELY, MR RRAFREE
Y. BRMEGEX—RIBEIE0EEAE AR, BT HRA
NETHRERMRER B SA QAN —&&. B
AN CREBABEITH R RIS A5 HRNR, AR
EER, SHERFEERHTSERGINYE. L%, ¥ Re®E. o
B ERAEHNERAR, HESIE&HEAS R VRANEE, £
MR AR MRS, B —FIE. RE AR HFEHRBHR
REHR863H M P AT H M 11863- 715 FBHBEMAT TE TR
“HHRHY B B B S RE TR,

HAEMEERE&ERENEYSME, KBS ARTRIME. THE
RAATEEMERTT. EAFR RE R BER RN AR,
£p ATk i a7

2.1.1 &HESHBEuNit

EEMERERBIE. MITMEANSEME 2 BRBEFREF U
ME. HEERRE. BEHBREEDFAMEMNEL ERRERAE M
B, EMAAEESHERBIHREN S MR, Kb —ERAREE (S
AR, BANEHE AR SRAERGE. MRATESHNEEY
Elep EERAZRTIEN, TMEGURERLRE. FEEA. HHE
FrfER .

HEMHNERE A2 - RAMURRRERES0HLRA, MHR
FRASFREHRE: EEMBENTE—MBNA — 1 BEFILEN
Rtk HERE—MR, WA, &8, %HE. B, BHSSs
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RIUE TR0 #6030

AR, TR GEEMMHE, FE2FED . BTE
AR S A, DERRE—MRAR, ETE— BRI,
B A RELARE. SAFRAEE, UEATHRS RO
MRS RPEE. TR R TG ARG, Flk, &
WS AT EL M AR, BT, B AR RHL AR RS
B, SEA ISR T SRS, CORMRIE R4S PR
DRI, FIRRRE A HR N E AR I e, KR
A EE AR,

B2l HEME. RRdasrER

Figure 2-1 Diagram of the combination of excellence and disadvantage of materials

2.1.2 MEWMBEMREET

T EARIBEREN AR AEE ot RS, SFERER S
RAT AR . FEMEETEEHRES NEEREMHEA, Bitd®R
EHERETT LUK KR RE S MR RS HEMRE, XRERITE". E&i
BFRES, Hi, ARES. SREANBEEES M. AEBHRA
ATRARREER, BER. FESHEESTHEAERER. —f0k
W, AHLESEERR, SEMRANEREN. ETRAARENESM
BTN X AN TR AR R, ¥, REYELSMRAE&EE
REHHTEEMHERENRR, I EREEL SRR, WA,



RO TR 2403

LRAmMMEEERESHEEERR, MARREAKR, FEEEEKX,
BEAEWMEBERE N, XERBTARNARRN, S5 THERE. ARk
X — ol B E B 3EN] LR R DA R A P S AT B LE I 4 SN 8 G, ALVC
HEEMEERAERERTI-BE, AOMgEAMEIRSIO, HB/AIHSICH
E. BIRRHE, MT3008AERIOHALESHATRCVDIER LC—Si—0
BEESETH), TRARECMREMRE. XTRmEET PN Z
W, HREATAEE TR, S0 RERES NI
P, SR XERH ST FRBE “BERR, A4k
AR EHITS . ARETEEE SRR EERRMIEFE X
MHARKSE, —ENN SRR SR AHTRE
EXMAEERE, RANERATEROHTIRELE, FHERTM
BERGEESMEPHEY, REZSMEKEHE.

22 Ti3SIC2 EEF AR RNEERERNY

n A 1A S SRR A R A A MR — M AR 2 I, B
HRBINBIER, (L2, MRBIES TSN A K ER A,

2.2.1 IEYERE E RSB E OCAC

TR AMEEME, BAsRAHMNEEKREEN. 2REX
LEREANE ARSI EFANS, BEHNRERE, E2s
FHRHER. X TEEREESME, LRATFFHARKREKZZE
1010 CRY, HIGSMIE, TOEMA 5<10%Crt, HI 5 HMaEESZ,

222 MR AR E R

MTREAREMEHER A AR E RN, FAZHF
B R — W R E SR ERMM AR RMNEN. BdRh
ZUE, MHARNERFE, R CINRIXHENRERIRE. A
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HOOR TRFM L F 83

BAHREFERERE. RRERAREREGFN, B3 T RRMER
AAFME. N TSEWERSE BB - F 2 MRTEE, EXeRN
M IR F /T 90089,

223 BEHEANBEEINSEY

W, hFEEELHHEENRENESEHEHEM O ERE, BE
HEHAEEBMPNESHE, CRERRFEGEATANER. EBWE
HEMEERPRESARALG, EdRgFEHESRBEERTAME
ZRRBRRE, CEREESBERLIEE, § - EHRESEEED.
B4 B RNV ETRE R SR E R SR AR S SR E
#o Bl REEREESHENRIEHARLENE BRI RN FERNE R
) RE.

THSIGER AR RNAUBEHRE-SREAMBNEREERN. ¥ E
. AREHBRDELEE, DFaHFRERMENR, MERFILFE,
AERERAEKRY: MY oERRTEYE: BRHARRSESEENE
ERE: MR EARERE.

FHRATEENTBRE—RAFTIFEMREENRE. WEAA. &
WE. RERER. FURHER, XFEEAMERMRRTTERE. 7
HEEMNA, TiBSTLSICHEHRRMAN,. BRAFRE, mANE
RIS RS YRENR, FIRMES BRI, S TSI B ARFEE R
PR RN, XEYEALYE O EREYFEEATRREENE
H6E, Bk, BITB A&, KIRETHSIC/TiB, & &+ KHIEE R A58
.

23 XWAHE
2.3.1 AERERBARES

RERGRERETME, REXERENTE. W THREN, &
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5 AR A R A R HE A

WEREL R AL B MB ARG RGN, AT ERSE
RAFRAER. RRRBE—MNRAENERTR. EMNDRERT,
W el H R A IR e, DITTAEAEARFRIE] v] R tHER
BN, BATERHEEFHENESSRBRRE. ENS. BERKE
%, R RINE S RO K TIRMEIN ), WaAaEHN, MERR L
Ft, BHEAORTAEEENEI, VIMRSREE TR, AH W AMERN S HIA,
AR RE. SARBIEEEUNIEATRRESLRLER, o
HEER T EEANFLARFEENMER THEEEE. BTENT
FEH, BERFCHZUMITEURERNZMKE. EZERAS
TERFZFE. EHRHENTAREE. EIETSH T A& A2 6
HIERTL, MM ATERFY MRERS. KRRV TR
AR,

REAETET AR B A REBH R, RERGNNE
IR =B B

1y ARV, ESMMRCERTT, NSRS A, BE.
SABRBIEN BRI G, X RERZ R,

2) MEFH, wEMINEERE, HAERSIHEERN TEEES
FHURGASIIM L. FEOY, SRAREERY HUEERA, F
B, BIFEREY, REERFNE, BELERRE.

3) AEEH, SAEAERAHE, REMNTRAKREHATLT R

g,
232 R 8

TS B &R T Ti. Al. Si . TiBy MW FEEEEEHR
BEE: TiIC R AHMNEREE): BEERRE S VICDM B
BN TBR(LE 2-2). % 2-1 5)H T BEAEE I FISRZ.
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2 2.1 TS ERR AR

Table 2.1 Characters of raw powders

TR

=y 2 4ifF (%) TTE =R
(um) s e o U —
7%l >99.0 10.638 47.88
EREE
R >99.5 9.510 28.09 PR
B >99 8 12.825 26.98
BRALALEN(TIC) >99.4 12.568 58.89 &
THRIGER >99.0 1.7 69.52
¥
ILIEr EAR e >90.0 9.1 55.24

KRR FHEENFRELRS T, 7 Zhu Z V%% TisSiC, AF I
El b, EEEEE THRERSEEE ThSIiC/TiB, A HE#H k. B
RPEFAET, (DABREERREBRENRLE RS &HI%&E& R
Y Ber S TSICY/TIB, BAME M TEASFES. @)Zh &L
AURBIA, RINHART B4, REM TiSIiC MH . MAIRBTRRH.
TiaSiCo M THAIC, B T FIZAL%EY), KR AL, Si HET¥4 1.46
A Fo AL ETFE4 1.82 A JRRIE, Si A0 AL 7T LLFE sRE ¥4 B AL B9 3
WK, TERE TR ERIBARMEE Ti. C BFRY 8L o7 U TisSiCo
MERE K. LR PEERER, £ltkmsn Al, WERT
TiSiCo/TiB, EAM N & M. 3) FFRT THSIC/TB, R &Ml hEdt
ge, HUERRE LA PR, 7 TSIC, FIIAEERM TiB:, HE&MEH
I A, N EESEEENRE. hSEN SN Y
B, Xl & FHREAT AACEE USSR LB R R IR .
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24 SHEIEIETE

24.1 EREETI RS

Zhu PV S LIAIG B, E1400°CEA M IhME R T Bd. B
TisSiCH Rl B SSTRH v S IR, EREEEN T 2l n R
MIAL AFFIFTiSICy/TIBE S AHEHK 6 B.

F F PP 1 & T SiCy/ TiB, B 448t

—BRAL—#ER:, BITiSiCAITiIB AR A RN & Rtf+ i 2ie
=4, FBURRLATIC, Ti. Si, B.CULRAEMALS, SRR
S

3Ti+B4C —2TiBy+TiC -1
2TiC +Ti+S8i—TisSiC, (22)

HERESHIEES0%, 5vol%. 10vol %, 15vol %, 20vol % TiByff)id,
F.

—RH B, HTERETLSICH IR b EEBAARAREEMTIB,
¥, EEMEPTC : Ti: S AIRRBERE 20101002, 2505
%, 10%, 15%, 20%MTiB 48 54 & BT H HRE.

FR2LIMFIIRE, RAADFESRIBLH, AR 4L BT & e
W, SREWHERE, BARERRGE 107 g T RTHE. HE
IKEEEAE BN IR, FIIEERIEDT B4k, okl BR: Z8F=1:2.5: 0.8 LU
BANBRZIEHEFHSRE240E, BETET0.1 Pa)TRED, 50
he XEBEIMERNEEISY, MHAETIXLEB25BM. MESHIMER
ELE A W 12017.5 mm, #4240 mmf SR EHBE AP, B+ T THHUE (7
[EREHZIR20MPa), ERANT LERERLE.



B TR LA

I T 1
L

WERE 4t (ZE)

dL

ETTR 5th(0. 1Pa, B8

JL

e
JL

FHTRTRE (2MPa)

1]

H & m g

B 2-3 TERER
Fig2-3 Processing flow chart

242 T24iE

o 4 99.9%HIE SR

® /E7: 30MPa

® /& 200°C LART, 5°C/min B7HRGERE, BETEREHAS, KEEA.
® 200°C LU, BA 60°C/min B FHAME, SIS HNEH.
o IRERE, FEAIEMIMBERERE R 1400°C, {RIEMRTEH 2h,
o AHIER: HESMREFT, XEEE, BRAH.

A LRITEN T EREE A 23,

243 WA

SRR T B FEREH, 28R 26| F & e
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1. A X-58475 (X-ray diffraction, XRD) #FFRAEHRE M. FTH
SN EE X-SRTH WL MRWmT, 5. DMAXRB,
RIGAKU, Corporation, Japan; Ih&: 20KW; HE: 40KV; Fii: 80
mA; ¥ 0.02°; 4. .

2, FAA#E% (Scaming electron microscopy, SEM) &5 RERE{Y
(Energy spectrometet, EDS) #FFTH ¥ RIS MR M. A
B B %4 ISM-S610LV(JEOL, Ltd, Japan); faHiJk, 20 KV. Bif
{2 ##%, MODEL: Phoenix, EDAX, USA.

3. FA Archimedes iIERIEFE.

2.5 MRS H

2.5.1 g%

A BB EEREX— FENSAWRR (EH24a) . FRIEETIB,
BRRREP E BH N THSIC S TIB, M, BARMEERES: Fair
YR AR D, RERAHETIE A BT & 147si 8 E R 2 R,
g FE RBTLSIC, STiBZ WA RN RE.

2.5.2 R —BEE

B 2.4b R BRATRIEERFE X—THE#E, 2 TiB, EREE/T 10
% it, RFETERMN Ti:SIC, 5 TiB, B, BAHERFARER: =
TiB, ISR ATF 10% 8, RINHFEAH TiC £ FHY TiB, AT
BRT 10%0, RBEER TisSIC 5 TiB, HHEESMHE.
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IR TRFI AR S

A
A Ti SiC, % TiB,

Ti,SIC,/20V0l% TiB,
A * A

YRR TN NN VO TN U BTN ST PRPEEN WU N R S SR NN R N T S |

26 23 30 32 34 36 38 40 42 44 46 43 60 62 54 66 6B 60
20 /(degree)

(a)

2 5% a A
FINE T U IO NP AT NI By BTN N DRV NI NN NI N |

ek P |
25 28 30 32 34 36 38 40 42 44 465 48 60 62 64 56 58 60
26 l(degree}

(b
&) 2.4 TisSiC, &5 TiSIC/TiB, HAFBIH X AT
(a) #MBE: (b)) BArAER
Fig. 2.4 X-ray diffraction patterns of Ti;SiC; and Ti;SiC,/TiB; composites
(a) The additive mix—method (b) The in-situ synthesis
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RIVETRFBILER L
2.6 HBIRNTLLH

() 10% Tilk; (d} 20% TiB;

2.5 SNBHARTBARARIT1400 ‘CTREHBMSEMBR
Fig, 2.5 SEM of the samples with different TiB; content sintered at 1400 °C
by The additive mix—method hot pressing

2.5 4 1400°C T TisSiC; SR TiB, AF& B R &#EHRL 1 SEM
BIRH . ThSIC, 2k (B 2.52) B1E « FREREAUK, KEBCIRER A TiSiCy
ARG &, AR 10um. FMBIED, B TiB; 5IN, BBIR-TZERE
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EDGR T AR L2438 X

& (B 2.5b) , KREFERKR, B/, FIRZA Sum; BE TB, &
B, BRAKKL (B 250 , TTLUAR TiB, dk 2 FHPRAEK,
TiB, FEEMAME A LRSS . TERAET (B 2.6a,b) 5 TisSiCy dr bl
B ERA, 2 TiB AR E B 10%0, SHCERa AR, AbLRT
2 1-5um. IR (B 2.6c) WLLE A DR TB, KT HEE.

(¢) 10% TiB;
E2.6 FALEAFITIB A & BET1400 "C T RE R ISEMBY R
Fig. 2.6 SEM of the samples with different TiB, content by in-situ hot

pressing sintered at 1400 °C

27 BERHNEE

24



KGR T RERL AR

E 2.2 REEEREE
Table2.2 the density of samples

ﬁ TisSiCy 4.425 4.52 97.9

Ti3SiCy/5%TiB, 4.387 4.5205 97.05
f’}@t- Ti38iC,/10%TiB; 4.376 4.521 96.8
% Ti3S8iC2/20%TiB; 4.167 4.522 92.15

TiySiCo/5%TiB: 4417 4.5205 97.6
R Ti3SiC,/10%TiB, 4.073 4.521 90.1
‘%: ThSiCx/15%TiB; 3.895 4.5215 86.15

Ti381C,/20%TiB, 3.922 4.522 86.72

#£22 hHPBERBNEE, FMBED, TiSiC/TiB: B -&MEIEE
92-99% IR, T2 TiB A BT 10% EHEFEEHEN TR, X
FTEREANS A FAEMAEES, MEENBEIRERR
A, WRTREER, FEHMBRROTARE. ERMETR, 4 TiB,
SEN %N, SAMERANERXRT 97.6%, RHELBRTES
MR E LS SEEN. T2 TiB, SR 10%F, F&MRHENE
FHIET 90%, SLREH, ARMAERIETE, BHESH TiB, & 82#
i1 10%BF SR EHH

2.8 /p 2

RSB ER B REFT A EE 1400°C TRLIIHEI% TiSIC/TIB,
WA EAMBES, HIE KRN £ RARA TiSiCy 5 TiB, M,
B M2 RAE R EEALREED, X TiB, B AT 10vol%h,
M TIC 4R %4 TiB, SRS EET 10vol%At, EHAAH TiSiC,
5 TiB, BiAH. Ti:SIiC, BAEMEEE . ARERA R, €A% 10pm. BE
TiB, & BRI, PRIANHMEML, STLLAN TiB, ME 2 SHRER,
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R TR AR

FEREEA Sum. TiB EEEME DM ENT. 5 TR, AMEER
T 10vol%t, BE&HEF TiB, > B RRITHER.
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BE T RFmEAr8 3

$=F Ti;SiC,/TiB, E&# B AR R ME

3.1 HRIeHI&
3.1.1 Sk

A EE AR Ti 8(99%, 10.6um), Si ¥1(99.8%, 12.8um),
TiC $5(99%, 13.2um), Al #1(99.8%. 12.8um)H TiB, $}(99.6%, 1.7um).
Hesrss:t, HaBBAL n(TiC) @ n(Ti) ' n(Si) ' n(AD=211:1:02
# o(TiBy)=10vol% M R ELHIE &Y. ERMRNBEY ERE 240 B
KBESYEAERA lomm MABEAPHETHERS. BEHE
#1:300°C LABT FHEGEE 5°C/min, 300°CLAJG 60°C/min, 4-3IFHE S 600C
% 1400°C{REE 2h, [E) 30MPa, ES{RI. B RS RAERERA,
Ik P RN 4~6mm,

3.1.2 RELE

Wb TR R e R T R L1, KPP TiL AL Si. BCHAFHE
FELBRMRKRBESE: TIC REKRMEGE) . HTERNTREL
TisSiC/10% TiB, H & #14 :

(9+2y) TiC+ (8+y) Tit+ (5+y) Si+BsC— (5+y) TisSiCa+ 2TiBx (3-1)
B ATE TihaSiC/10% TiB, R RELIFR R G, ERERE LR
4 24h. BRESEAERNA 20mm 75 BT RIRRRE . KR5S
#IRE %:300°C LABTFHEE F 5°C/min, 300°CLLE 60°C/min, %7 F i £
600°CZE 1400°C, {#8 2h, K7 30MPa, HSRF .

BEFYHD RN EERANAREEFE 6pm ) SiC WK LEITHE
., #47 XRD 4r41{DMAX-RB,RIGAKUCorporation,Japan). 308
AT W7 T A SO T 88 4B (TSM-5610LV, JEOLLtd Japan) . 1R+ 5 M &K
JH o K
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32 R 5118
3.2.1 BEX Ti;SiC,/TiB, & B %

3.2.1.1 HigE

B 3.1 F0E 3.2 HAMBIEAS FIEE AL RAER XRD Bif. £ 1000C
2B, TiC BER AR BN, TR TIC RESS5 RN, KWRE T Hf
Si MU RAEE Al B2 AT, ERMEPYA TisSiz. Al KFIERA
660°C[2],7E 600°C BT H Al B/RMIATA 1%, 700°CRMIH %, ¥ Al TEME R
MEEF Ti EERMAR T ERBELAY. 2 800CH, Ti MATHEHETR
AN, TisSis BT B EFFAT R, 900°CH, AlT, HEAHE, AT
3% TiC. Si. TiB AR KRB TisSi; 8. 1000°CH}, Ti KIFTHEILT
#Hk, TimERREERN, FNAFDRE TiSIC, £/.

£l AFPeEEENEENEE
table 3.1 The effect of the temperatures on the density of
Ti3SiCy/10vol%TiB; composites

BRERECC) 1100 1200 1300 1350
LR polg/om’) 3.37 3.94 4.34 4.38
HIL B pi(g/em?) pr=prissic2*90%+prip2x10%=4.521
X RE po/p1(%) 75% 87% 96% 97%

7E 1000°CLLE, TiC &BYI R, TiSiC, ATafEfE ZHnisR, o]
PUAGR AT RM: 2TiC+ TitSi= Tiy8iCz. 1100°CH}, Si AT4H#EM %,
Si 554 KM, [FIA, TisSis 75T 16 2R 7 3854, dbr 3 A4 TisSiC; - TiC.
TisSi3+ TiBy. 7E 1200°C, TisSis RTHTIEHE £, £ &M K TiSiC, H1 TiB,, [
HESRIRFEH TIC. BMEREY 1B, ATHREHR R AN, HH
TiB, HEZ 5 KM, WAETE 1100°CH 1200°CHEE THRE R B ANENER
WK 3.37g/em? F1 3.96g/cm’(# 3.1).

& 3.3 47 1300°C, 1350°C, 1400°C FHEHEARLER XRD HiE,
XEANEE TR MK Ti;SIC M TiB,, B8 BHE TiIC AT I,
Hl 78 13000C,1350°C e 4 AT 8 R B 18 4 51 4 4.34gem’ F
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R T RF 2463

438g/em’(FR 2), 5} FIA TisSiCy/10vol %TiB, & F R B IGH BEH) 96%F0
98% . IX{HEATE 1300°C~ 1400 CHRIB RN XARERE L ETUE
R TiSiC/ 10vol%TiB, B &K .

ATIC#® Si ATi % TiB, oTiSi; % Al

i A

(d) * A
(c)

i‘ »\_A- A A
(b) |

(ZIA| ()
{a) ‘ " A A ~
2I6—r3I0'3I5'4I0.4I5IS‘DlGIS_'BfO'BIST'I'O.'Ilﬁlﬂlo

20/(degree)

A 3.1 #E 800CZ BT XRD Hi¥%
Fig.3.1 X-ray diffraction patierns of Ti;8iC;/TiB; composites sinter before 8300°C

ATIC @ Si ATi % TiB, & Ti,5IC, e TiSi,

Intensityfa.u.

20/(degree)

(a) 900°C. (b) 1000°C, (c) 1100°C (d) 1200°C
W 3.2 SR 800°C~1200°CH XRD Bl
Fig.3.2 X-ray diffraction patterns of Ti;SiCy/TiB, composites sinter from 800C to
1200C
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RIGE TR

t ATISIC,
X TiB,

* 1450C Ao A
k A A A A A

P

Intensity/a.u.

1400°C

1300°C

20K degree)
3.3 JMBERE 1300°C ~1400°C i) XRD B

Fig.3.3 X-ray diffraction patterns of Ti;58iCy/TiB, composites sinter from
1300°C to 1400°C

3.2.12 B

E 3.4 AR FR A HE R XRD E#. 7E 1000C 2, TiC
EEREABEN, TR TICRESSRN. RNMRE Ti M Si ek
HEE ALK Z T AL IR RN 660°C[2], 1 600°C R Al BURRIRT
g, 700°CETNIM SR, BEBA Al 74 ARHIER Ti RERMAEM T & Al
e, AlfEgAMREERPRbRER, R FHE DR TiSh 4 8.
| 800'CHY, Ti BT HUEEAR /D, TisSi; MATSH B EF KX, S00°CH,
TisSis AR A A A BHE 20 TiC, Si MLl TisSi; #8. 7F 1000°CHY,
BHE RIA TiB, AR, 1000CH, FHAH D RE TizSiCs M.

£ N00°CH, TiC SEW BRI, TisSiCo ATH R E AT R, 7 LLA
HEEWMFRMN: 2TiC+Ti+Si—TisSiCy, Mt R4 > B 1 TiB, AR
5 EI T RN 3Ti+BC—2TiB+TiC, R, Sififafignk, SixseR
5, [EAY, TisSis BT RS, E RN TiSiCz  TiC, TisSis
TiB;. 7E 1200°C, TiBz, TisSis AT4TIEEAKLEMIR, TiC fTATIEEEHE,
848 ThSIC,, TisSi; F1 TiB,, [RFEH R TiC 74E. 1300CH
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REBTR#ET MR

1400°CHY, Z¥fiAf TiC FragiE s, H XM A TiSiC 1 TiB FitE,
ENEERBEANTUSHRARNESHE. -

ATIC &S A Ti 1Al % B,C ¢ TiSi,

(@D.K[’ ’A R
W

&
©)
()] l\ hﬂh
A%
(@) #* FAN O X
2 2 3 3% 4

Intensity/a.u.

"4 % 65 e 6 70 76 80
20 /(degres)

(@ BEi¥. (1) 600°C, (c) 700°C (d) 800TC

ATIC®Si ATi #TiB,xBCO Tissicz'TiESig ‘
<

N o X o 1200°C
5 1100C
o [ ]
= . * *
b
[ =
8
£ 1000°C

I v 1 " T ¥ Ll * LI ¥ 4 L v 1 v 1 v ¥ v L]

26 30 36 40 45 60 86 6 86 700 76
20/(degree)
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BROCR T REU 2R

A A TiSIC,
ﬁ * T8,
A A

e 1450°C 4 A
WIS VS W
(&&._M_M__/\_..«.—J.w\_‘x__
1350°C
N r\_JU\jl A AN

[ A R A SENLA S A I SN L AR
29 30 35 1] 45 50 35 60 65

20/dagree)

B 3.4 BF{rE#AE 600C~1400CHY XRD B
Fig.3.3 X-ray diffraction patterns of Ti;SiC,/TiB; composites
by in-situ hot pressing

3.2.2 Al MRS RER

LLTCER A BRI & TisSiCe i, TR 28k Ar KRP R HELSI
BREER, GRART S HHRE, STWHERXER TIC, WA
FF TiSIC HETER. FRFREEERT 8 T 5 Si st EER
T TiC BTIAR C TEH, MHBNT 20a%Si 5 &K Al %. T Al
S EAEPRPRPAERE, BETFE2M0, BE MuAXy B EY
R 321 FAEETE, FRUVREERSY ALEUR Si EE. BT Al RS EHE
(660°C), LB TR, TLinE T, SimMHRETFELEIMREET
BB, MITR# T TiLSIiC RN &M, bl TiC AR ETHEE C
WA Ti, WRTTERRNAER TIC HFEERRRBH. AT Si M
Al W R, FFT TiSiC BER.
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RN BT RETL R

3.3 LREBOH
3.3.1 5higsk

SMEET E TR TB, EEMEEPHASERN, REMRLEA
MAYEEREG, REEER THSIC MIBRIE. RN F:
£ 700°CLAT, ARG T RERMAER T &R ELEY:

xTityAl-Ti,Al, 3-2
7£800 C HIRHE TSI AL S R TisSis, RZUIF
5Ti+3S8i—TisSis (3-3)

HERENAE, TE1000°CEHIEFHE PRNTLSIC AR, BN
BT
2TiC+Ti+8i—TisSiCs (3-4)
10TiC+TisSiz+28i—5Tis8iC; (3-5)
BAGBRPTBAREEE5RN, NE5EERFIMES.

332 Reiik

B i T E AR R PSR G R RER, KRN
PR LR R, RNMEET:
FE700°C LAY, AIER AMHERITISE S RAER T &R A

xTityAl—TiAly (3-6)

FEARIR B8 R TSI B A IS A TisSis, RBZINT:
5Ti+3Si—TisSi; (3-7)
RIS AR FHITIRB,CZ 1) % A AL R A RRTiB Jky, R 73240

T

3Ti+B4C—2TiBy+TiC (3-8)
2TIC+Ti+8i—Ti8iC, (3-9)
10 TiC+ TisSiz+28i—3 TisSiCs (3-10)

B AR R
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BNETAFR - FAR

(9+2y) TiC+ (8+y) Ti+ (5+y) Si+ByC
— (5+y) TizSiCa+ 2TiB; 3-11)
TizSiC;s TiB,AMHERTE RN R, AR AR T
i, BRMTERESMEIEE.

34 & it

M T A BiERBEARE R ThSIC/TIB, ME &M, it X 47H,
SHT T M 600°CE| 1400 CHEHE A& R BB RE. FREGH
EH:

1. Mgk, 7E 900°CLART, FEIBALA A TisSi *FIEAH, 7E 1000°C
w, FEEDPRE TSIC, FEER. EEATES, TiB H4A25K

2. BANES, 7 1000°CLLAT, REMMIMBZETHEM, 76 1100CH,
Ti 1 B4C FFHRAER, TiB 4, BoC A5 HAMI B KR .
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REBELTREHE PRI

EWE  TiSiC/TiB, EAMREEMS

4.1 LWAH*
4.1.1 HHREE

MELE-EMRER, SMHEEHEE SRR HIEEME RSP
IREL A A(TIC): A(Ti): n(Si) : n(Al)=2.0: 1.0: 1.0: 0.2, 4513 0, 5%, 10%,
20%f TiB: AR E & BEITUERE. RESHBRRBANRZERT,
T 24n 54, REMEEARTHA 40 mm»40 mm, RERFE BN K165
BEAANERES., AETS4&6G0T: FERE, 1400°C; #BEE:
30MPa; {RiEF[E): 2h: Ar fR4F. BEHEAHEEELA 10mm. & 4-1 A
BHHE X HEG5ERE. ARETTLEY, REREFIEFRER
BB, AREE TiB MEAMESHEREE THSIC 5 TiB, B, FHR
T# % 16~22 um. RERTIR( A AN TE S RRNAE RATERE.

A
A Ti;SiC, * TiB,
A A A *TlasiCQIQOVoI%TlBZ R

! ” Ti, SiC,/10VoI%TiB,
—_ﬂ-A_-L—A—J ~ JhL

Ti,SiC, 5Vol% TiB,

Ti,SiC,

RN PO PO U SO TP SO P SO U S U GO IR P SN G S
26 28 30 32 34 38 3B 40 42 44 45 48 60 52 &4 66 58 &C

28 Hdegree}
4-1 PHEH X SHERATST

Fig. 4-1 X-ray diffraction patterns of material
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RPE DRER LA

4.1.2 HEEMRAE

4.1.2.1 H¥EHRERNR

%I %41 %} 470 R 98 B (Compressive strength), = B30 98 (Flexural
strength) AR BT 2484 (Fracture toughness)HIA /£ INSTRON-1195 J igHt
BBy EHT. U =R RRRARTAE 4. ZaEH
RN, RAMEER D 0.5mm/min, BN 25Smm. BiRVHERAR
147118 %(Single edge notched beam method, SENB)IE, t)DO7ERA%K
KRAMAES, FEX 25 mm, CEEEY 20mm, M¥EER 05
mrm/min .

RN Vickes BEA KA RABREMBEREN(H S
ORTHOPLAN-POL, FefERKATHME. RIHE, BOHEE: 4015,
FEnE A3 100, 200 il 400g, HEEEE: 30 %5,

MEHERETEAR. ZARSRETEARME RN HEL
KA FE,

% 4.1 M ERRRR A RS

Table 4.1 The sizes of samples for the measurement of mechanical

properties
Dimensions (mm’) Number of samples
Compressive strength 9.0x9.0x27.0 10
Flexural strength 3.0x4.0%36.0 10
Fracture toughness 2.5x5.0%25.0 10

Kb, o RBERELEIREMPa); POIRAEERFTEIEAN): 4 ik
BSEBFAEH (mmD.
. _3PL
T
Heb, o RS AHEREMP): P HIBEBHN): L R TH AN

(3-2)
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BRNE LREREZRT

BERR(mm): b HRFERE(mm): h AR EEmm).

3PL
K, =Y><W><JE (3-3)

K, K h FENEATE (MPam"); PR S B A8 AT
N): L AZEE BB IE(m); b ARHEREm); W ARESHEm): a b
REYEEm): YRS oW BMEEEE XHEE,

Y=A0+A1x—%+A2x(§/—T+A3x[%)3+,44x(p~;—)4 (3-4)
AMRLRY, A=1.93, A=3.07, A=1453, A=-25.11, A&=258.
4.1.2.2 HRIBEENR

Ti;SiCy/TiB, FI A iR B S R A MU R I T . LS
O10mm>3mm HIE F .

AR MR R A, R I 42 .
AR 4 A

p=Vha/lL
| Re Ry |
L | Ry / R, | |
Power

4-2 DIBEHERRR R R
Figd.2 the principle of Four-point probe method

X VAREBBRHEE (mV), THRITRFERNBER (mA), L
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HRFEEE (em), b F a DB RENERAREE (cm).

B 4-2 H K 3£ E Keithley2400 B FTIR 350 Keithley2800 MR T4
&, HNEE, MEARBETGS>SBNESH e RS RE.
4123 LFEMTR

TARAE H3.0x4.0x36.00 R RFFE, R FEFE240M16005 SICRP 4R F
¥, EFRTERBARN11.6%,2.6 N)FHNOEH T . R AMERTE
HIGAARERYE, EZSPTRERE, AHERTUBEHRAINEE
W, SERBTEIA6NN A .
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4.2.1 hEHRE

4.2.1.1 TiB2 & W3t Ti3SiC2/TiB2 AR hFEEEE

100

450 -

445 \ dog -
—_ = a
o, 4,40 | 5
5 i 4 96 %’
435 @
= | &
G 430t a
g* 94 “,
8 425 2

: X

420t 19

Volume fraction of TiB3(%)

M43  TiB i B TiSiCy/TiB, & & HE # BN B R
Fig4.3 The effect of TiB: content on the density of Ti;SiC,/TiB:

composites
R4IAAREETIB RARNER. MEHRR, TuSiCyTiBE-&HEHE
$92-99%HI IS EE, TIUTB,FEBT10%HHEEEFRENTH, X
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BB T RERLFIILT

FTEEEENE AN THEMTEES, MEANBE LT REESE
H, BETHRE&TE, EEHMHTYSAEE. BESHE T TB,H{ER
MM, ME4AFR, HEPE T HREAN RIS TR RN
B, 25 H9RRE tH R A308MPat¥ 3R B[368MPa, HIRIK19%; WRFIMHEA
3| T493 MPar m'?, EFT6.6%. HELER (E4S) BRTXRT
7.3GPa, HLEAKNISAGPalRE T36% . i HTiB, & & H20% it G MR
HIFER B T290MPa, HEBEREMHTES,

4.2.1.2 HABE R Ti3SICUTIB2 FE&HBI ¥4
23] AL B R THSIC/ 10vol% TiB, E & M H M BB A T A RER

HRE (F4.2), Hrh2s iR ar B 514 485MPa, WTRLEIHE #5.59 MPa- m'?,
BB 4 B R32% 113%, BB K H82GPa.

—ua—flexurat -

433

160 strength s
E - —u —fracture c
toughness i

= 3 485
S s
B0 b %
% o
B 7%
b E+
s 3
5320 o >
5 483
[ -
o R

-
@

R 1 4.4
o 5 10 15 20
TiB2 cantent (%)

Bl4.4 TiB M TisSiCy/TiB, & & HH R ith 8 R R F i e
Fig.4.4 The effect of TiB; on the flexural strength and fracture (oughness
of TizSiCy/TiB; composites
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RO T AF A8 3

"

70
€5
6.0

1/

50 s

hardnsass (GPa)

T ™ T T T L
o) s 10 15 20

wolume fraction of TiB2
B4.5 TiB2f& B TizSiCy/TiB E A 3B 4 KB W
Fig.4.5 The effect of TiB; on the Vickers hardness of Ti3SiCy/TiB;
composites
Table.4.2 FULERTETHSIC/10vol% TiB H A F KL kg
Table. 4,2 Mechanical properties of Ti;SiCy/10vol%TiB; composites

before and after heat treatment

o i HiRE | HEEE i W
TizSiCy/10vol%TiB; 2 3
(MPa) | (MPam™) (g/m”) (G Pa)
Ptk AHY 368 4.93 4425 73
900°C #iibE 484 5.54 4.487 72
1200°C AL HE 485 5.59 4.476 82

4.2.2 Ti,SiC/TiB, ¥ 8 21 jE

B 4.6 & TiBy T EX ThSiCY/TIB; E&MEHBSRBIHEL.
TisSiCs, TisSiCy/5vol%TiB,, TisSiCs/10vol%TiB;, TisSiCy/20vol%TiB; &
HEMEEZERTHESES 5% 3.86x10° Sm™?, 4.4x10° Sm”, 3.76x10°
Sm?, 3.79x10° Sm™, HMABEEESHN 0.259u0m. 023pQm,
0.265uQm, 0.263uQ'm. T RFE TiB, 58 51 K Ewb FHETmeE.
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RATAFRHENRT

Y

el -
=
= -
a

“
N
©

Electrical conductance(x 10°6S m-1)

/

T T T T T
q 5 10 15 20
TiB2 content (%}

El4.6 TiB, & BN Ti;SiCo/TiB, B &b L S R B
Fig. 3.5 The effect of TiB; on the resistivity of TizSiC2/TiB; composites

w
~
o

PLESREN, ThHSIC/TiB, S&ME ABM KSR 3. RiIEE 46
WEEBRMEHEEFERESE N 280x10° K. M L ad Rk,
Ti;SiCy/TiB, £ B K 4.

2.2.3 {EEM

J.Travaglini 5 M.W. Barsoum %] 37 TisSiC, 2518 ¥ T # f 71K
H;804; HNO:;, HClL, NaOHEHETAMHEERESHER/ALATER:

® TEREH HaSOs (13.6%), EEBATZREA, MHRREEN
F lumvF. 7E3K HyS0, (95%) PHEERS RERAERIE], BHE)HB,
TisSiCy 7 H,SOs R RIZER .

® {EFR HCI (7.6%), EERAUWAIEAL, AHMNH/EA /D
FoumvE. TEIREHCI &, EYE—nERRE, ERLEERX.

® 7EH HNO; (6.4%F111.6%) FI¥K HNO; (69.6%) FHRIEERS
24t B te H AR R L MBS . BT HNO; B SEM &REER & IR E
FERR T £FLE S0, B X8, Ti RFHEMIHET HNO;, BT TE S E,
FERT Si0z.

® SS5um/fE, 7F HF RREHBAR S .
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ROUE TR A3

® {FNaOH #&WATH, ERHEFEHRE.

IRHE). Travaglinl S RE R TisSiC2EREE A IR BERIBR A # IRl
gR, THSICOEMMERNEET . KEmtRgE. FHit, FHAE
J.Travaglini®% AR AR _E, BCE T (11.6%,2.6N)FHNO B #E FERT LU
B.

100

[]
%0 - /
o /./
< 70 -
3 "
B 60 - ‘/l". /
3
s 7 msic, f A
% ol 4
a )'
LR s . T,SIC,10VOI4TIB,
b [ ]
ﬂ 20 4 v
T &
10 4 et t
.

1 1 1
0 26 48 60 80 100 120 140 180 180 A0
Tioe (Days)

4.7 AHZEHNOFERFRIEANHERRHAE

Fig 4.7 Weight loss measurements during six-month immersion in HNQ;

PR TE RS YA 9o A% PG ek AN 5.1 977K, TisSiCo % TiaSiCo/ TiB 7R
BRBPHEVENER. ZBRRA, TuSiCRTiSiCy/TiBfEiMmERH
ANA B G RE v E R R98x10%ugem?, 55x10%ug/em®. FINE, 4.7
PERE AT B AT LB Y, TRSiCREEREA TG, BHIE OB
R BT AE D BHFE, TTiLSIC/TIB,ESMBEAN ARG, &
MR RS EBE, WELE HTi:SiC/TiBE & B ERHR Y,
FHUTLSICA#ERR TR MIELE.

J.Travaglini 5 M.W. Barsoum %855I\ %, TisSiCo MBHE R
—Ht. KUtk BT EMBNEE T E ERNERBVEES,
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BOGE TREMTENR I

T FREEEELEL —E St HEAY . i HNO; ] SEM B/R{E
BRMEEERT Z6 Si0 2. X8, Ti R FERET HNO,, ¥
TTESIE, BRET Si0,.

a [P bTiSIC, o TiSiC/TiB, E&#M %
4.8 SFEEMETE MR A

Fig 4.8 Picture of samples before and after immersion in HNO;

RS 1 s, 464 AR KB AR AR ER A6 210 i 95 i
BhemsERE s, RERITTCUENMENERERERK. R
TisSiCy/TiB, & & A R E R TH BRI P M FUR T 88 Lh T SIC M B B
HHRH.

4.3 Ti;SiCy/TiB, € & HH BRI EHLH 4R
431 FRHNESAHENAESEY

(1) To0hL R #h EE SR HEO 40 S BE B AA T, (SRR R BUEM VN
Rr B HIIEE)

(2) FHERKNKDEER, FHABRERT KL IENIRFH
FEWHFESBBENRK BRERID, WEASZBRLMEM.
Dk, — R B JLHOR B LK.
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el 8 W 211k o 1 DA7L3 o

(3) BRFUA R TR BR — A 15% —20%, $EAD, LAEE
HERIRILE R
(4) g SRR [ANAT —ERR S E R0 —E R4 5 3RE).

432 BNSBHISHHNESRE

REMBRERCTHERAEBRSE, BRI SHEESHEN AR
RO ERE SR SRR E SRR, WERisEsREE e M
A—EBMEHERELT, H 2 RB A T RPN E &M
F#ERIEUBKEAKRETRIGRN SR . MIENMEER&ME.

MEFMFHEERRE A X EHEE, FaMBTRTEEEHE
R RAESECH 68%: WMEFRRAR, MR UERE
KERIFT R E R B , B R S8R BT & RiER S e KK
Hro BT A =P IR o AR SR B A B (AR B — D 15
Y%A, TEUR I IRE AR R R AR B 15—20% .

PRAEUHRE AR SRR H R LR 100—2500A 1%, EXEBH
EEAEN (TUESRERHEE) . KBS mEEEHRERTR, A
Big i, JHERAF 10—100A &, FRSEHN 1%—5%. XHHHE
FEERRTAMIEN, PRER RABEENAEES, MMM
A BENMEER (AP AR REIKBHODRAES &, FTLLER
RS0 B 2 — 7T 100—2500A) « BHEMBIR ARS8, NRITR
BFREAMBRH XSS AN, w8k, SEiE. SRM. pHBRE
. XN, RE MR RER THESENE MRS B
SR REY. BRAYSEEY, SNNEREARLRE. SIImaRE
RABERSTELAK, FUEIEERE TENM W RS BRERE
KrtiEl, AT RREERE MR TR R T AR
gy

B3R 8 & PP R BT B RSRBURL M R F — B S HITE KR 2
B 1—50um, B4 25%—90%, HEig it HAMEHERAEN.
AZEsEfF TP R R /LA . KEBFEREIERYE, MBS
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NtV E: MIPNE 271 o 2 A7

R PxT R EMEEHERERRR . SHHERTH TREEERNR
VG RE D RSTHPERAE, BAERREL B9 h TEET. —&AA
Bk R E MBI TARZN B IR B2 AR GXB5IREUYR
BIFLEIARD , R R — o8, B8R SREZ RS TmA,
ERRM R B E . SR LR RIAERY,  SORC i i 57 ALY
R ARBEGER, FENOACPRERAHAN L. &M
BATHER, KN AOEEA, —HEBNARENERIRER 3 AU
by AR S5 AR, B EBRLT R S BRAERUE
Mg, EAMERENREEERGREN, SHEAERARILE DI
X, HAMEKEEHT AR S ERRER N RR. TR
SREAFEL B TERRRITER, 54k o8 A5 i B 5 R A 1
MR &

4.3.3 Ti;SiCy/TiB, H &+ EM5RH B

SEMENE G RERUIA RSB SRR TR S
#it, TRRER LiERFEMSTHIRE £, Easeiirg S8
FfEEEE (BIESENEHE RN T RIMA 2 AR REEMH
HEEFRERET. ZHARMEZRGHEIEN, bRERs, Xthl
MAERYEY L BRE SHEZ RN ER. ARARRUNES #H8
FEEYIE R REE AR (AT HRARMA4EEIRE)  FARIIMR
REEMEL HEN

(a) Ti3SiCy/5vol%TiB,
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RO BT R #AR X

(¢) Tis8iCaf20vol%TiB;
4.9 TisSiCy/TiB, & &+ B T SEME
Fig4.9 SEM photographs of Ti3SiCy/TiB; composites

fE—2 Bkt g8 BT DU — SRR, B, HaMRnitns
HERE, XRAMSMZ ARSI MYEIRMRER 2E2 W, MAE
AFAEREEASEHELAERNEE. EfNE4HENTtRREER
MItER, ATTEBTRFHEU.

P BT B CER S BRI TSR 2. L, e, ERRY
EHEFEE, £45, MUERBREETIERBE LMMER: RE0HE
). mERangyl, EMRE. WETERD) EBTIRAEEY. —FE
AR P A SRS, BULFEPIPIE T aER —HEL T 7.
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RNET RFER TR

4,10 TiB,HIEK
Fig4.10 the agglomeration of TiB; in the composites.

WEETIREAEGREATB AR MEN, ENAOERT, #8
ARG B R BRI, MR ISR, AT
HE B R TR .

Ui ATiB A4 B/ T10%6, HA&MEEREMEERR, Ll
MU T AAFTEREZRE.:

HAREAMHFEIANB ZHTBE,, XEERSGPaIRFHEER
16566) (g PR B k386 GPaRI BY LA B 1 175GPa), HFIT HIETi;SiCL IR
BAEE. TAAEERATRE, HEPKRESTLSIC,REFILAE, H
F T BB SRR TiB M Tz SiC B AR Z IR P RE 1, B I T RERI 3R
. mEEME e (B44, B45, B46) B, W HIREAEME
BENERBAWFRER, XFE - ROFELAS, STBMEEN
10vol%Hf, BER, SBERMAETEZHEAME, RALFREREIEEE,

Uk T AN TiB Bk 6675 SR 4617 (P4.9a, b.e) , #RE Hall2Petch
ES

Sy=do+kd?

Hrhsy P ELURIRIRAE; SoF THRAERMERIEE: 4 AN
FEER KRS REE W R T AR I AR
RRRRIRE B RIRR, A TRUERNIEEE.

i TiB, & 120 vol %R MR R RN T8, X B R EAFE A
FROEMATHN S, WRENBFEYLEEHERBEM, BRRTREERE,
EBMEARERES. AN, fE41004, TiBJTEE L LEFRREM,

47



BB TR 44T 1830
TEA AR AP e BT R K.

43.4 BB TiLSIC/TiB, &M B h ¥ kR

2L AL 5 TisSiCo/ 10vol% TiB, H A RHY SR B AV I R i £ 2
JRER7E T B ¥ AR 3 5 | R MV 38 A 5 SR AR TiB JBURLR Bl B Wk MR 3L [)
i SR aBELRTHmARRRM BRENELCEE, S4MBES
L rp 2ILTRLR FITIBAEE AL BT H (R IR B B [ S R R 4,
FERE S M BOL R L UABRBUH M RNTH, B4Rl A RekoR (8
A.11). XA RAE B R A AT B A AL 5 TiB 800k 5 | S A0 3 SR AL
FEFEERMTRRER T E MBS 3,

[ e )x3000  9NCC (d) #3000 1200°C

E4.11 T900°C, 1200°CHAEH S TiSIC/10vol%TiB, H &4 RHHSEMB K
Fig.4.11 SEM photographs of Ti;SiC,/10vol%TiB, composites after T900°C,
1200°C heat treatment
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HOUE TR AT 3T

44 NG

R —FR, WRTIBEHESERRTB, AR E BHTi;SiC/TiB,
HAMEHOMBEH R OB AL, UTiBAHE BD T10 vol%Bf, K
BME, SHERE, HRPESEEENRE. 2RLH)E,
TisSiC/10vol%TiB, & & H L4575 i35 % 1368 MPalR Hi485MPa, R EIRK
iE32%, 14,93 MPa m"iRE £5.59 MPa- m'?, 1IEIX13%, FEER
K #8.2GPa. {RBEEFFURIABE I IRE T TisSiCH/ TiB T M A 180 WY
amItk. AR, T:SICTB.EERGFHNFHFHIERE, TiSIC,.
Tis8iCs/5vol%TiB;, TisSiCy/10vol%TiB;, Ti;SiCy/20vol%TiByE AFHEIER
BT B R B RSB J3.86x10°Sm’, 44x10°8m’, 3.76x10°S'm’,
3.79x10°Sm™, AR BB H80.259uQm, 0.23pQm, 0.265um,
0.263uQm, AREHBKGEEFESGE. RFMaENHESRAERENT
Hlk. B2, THSIC/TIBIERE & BRI,

WS T TisSiCoy/TiB, B &4 B 7E R T RRHE ¥ o IR B AT A o
TisSiC/TiB, B &M E A RIFMHEE R AR ) . ThSiCHTERBATA
B, BHELRBNE, FNEHEFEECRERE, MTLSIC/TIBEEM
BEANABRKE, BRERENHETETNEE, *LE HTIESIC/TIB,
HAMEERTRTD, FERTSIGARTRFHTE IR, BTHEH
MAOTFETIHRE ERNEMRTIERS, T THEREEMLSN—ESIH
S 1. 264 A TS BRI K ERR MRS 2 1) {5 BH A b = RE D AR AR
h, FEERERATAT ARENT R B R LB

Ti;SiC/TiB: R &M AR S RAWENFE. SeREMKA, €
TIEFRETARABTHRARENSamGhEe, AR RIFNRKRELR
e, MBETBTEAOATMINE. SEERUME, BIAE&RER
EaEpEER, AARFHOAEREE. 345/ H T TiBy, TiSiCH
TisSiCa/1 Ovol% TiB, B & FH ML RER H K
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# 34 TisSiCy 5 TisSiCy/10vol%TiB, 5 &+ R4 A i H %

Table3.4 Results of properties of materials from this work and other researchers

Other
This work
researches
TiBz Ti3SiC2 T13SIC2/ 1 OVOl%TiBg
NERE 785 1000 (FG)
(MPa) 700 (CG)
SHEE 350 308 368
(MPa)
% BRI 53 4.6 4.9
¥ (MPam'?)
1£3 HE IR
18 54 7.3
RE (GPa)
KR
386 320 -
(GPa)
" R ¥ 3.09(25°C)  3.9(25°C) 3.8 (25°C)
" (x10°Sm™)
PR RE R
g o 2.80 4.23 3.1
(x107Kh
HAEKE 25
9.2 9.3 9.1
(x10°K™)
¥
# 125.4 ) -
ka (ol K 5 115.04
¢ L 27.5(25°C)  34(25°C)
Wm'K")  3250900°C)  33(1100°C) -
HAEYERE REF RIF
miREEE R RiF
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RUETRERT 2403

£RhE =NEE

—. WIL T 4MB YL (TiC/TV/SI/AVTIB, %) F1JRAT % (TIC/T/S¥/B4C/Al
) %GR THSIC/TB H&ME, BETERETZ4M4. 7 1400°C,
EAHRY, 30MPa R0 T, RRSMBEE R R R R 45 X TiaSiCo/TiB,
HE&REL. SN, BERIABEN I &MD TiSIC, 5 TiB, Fitl, ®
HHAMPRHER: TEEREMHBEES, % TiB, &R AT 10vol%H,
A% A TiC AL B TiB, S BATHE M, WA KR, 7TLIAR TiB,
Eoh 2EHPRA K, TiB, EEEMR B SALLESS. TiB, ARGEK
T 10vol%Rt, SAEKERG, MY TiB, FREEST 10vol%l, FHP
BRI EE.

=\ AR T 4 BIEMEALTE TisSiCy/10vol%TiB, AEIRE R E T R
e, BT X AT, AT T A 600°C 2] 1400 CTEE A I 2RI
R, BIRERERW: sBikP, 78 900°CLLET, EEREMIE TisSis
HiEiH, 7E1000CH, FEHHLER THSIiC FREM, EEMEED,
TiB, AZ 5K FArk®, 7 1000°C LT, RMFISMBZEF L,
7E 1100°CEY, Ti 1 BsC HEHENAER TiB M, B ASHEMHRR.
23 7% R RHATE 1300°CZF 1450°C A4 AR TisSiC, 7 TiB, BRI E 544

=\HA T A BERASHIE AR TiB, AR & B K Ti;SiCy/TiB, &4
EHEE AR RT . X TiB, A EDT 10 vol %A, HLEERE,
AR, WRTHERE B ENER. SHMEE, TisSiCy/10vol%TiB,
H & MBS Hh8E k 368 MPa 15 485MPa, REIEREIE 32%, ¥
By 4.93 MPam'? £ £ 5.59MPam'?, MBIk 13%, HWER AN 82GPa.
R, TisSiCy/TiBy RF HIFH Y6 AE AR MR FERE, RIFHN
RS RERFNSHME. FE, TESIC/TiB HE&MEIEHRERT,
HEL Ti:SIC, ERRATEMES. B2, TihSiC/TB, REAE&REME
BREFRE.

51



KB RFM TR

S 30

[1] Barsoum M W. The M,;AX, Phases: A New Class of Solids: Thermodynamically
Stable Nanolaminates. Prog. Sol. State Chem. 2000, 28: 201-281

[2] Barsoum M W and El-Raghy T. The MAX Phases: Unique New Carbide and Nitride
Materials. American Scientist. 2001. 89: 334-343

[3] Jeitschko W and Nowotmy H. Die Kristallstructur von Ti;SiC, - Ein Neuer
Komplxcarbid-Typ. Monatsh. Fur Chem. 1967. 98: 329-337

[4] Kisi E K, Crossley J A, Myhra S. Structure and Crystal Chemistry of TisSiC,. J. Phys.
Chem. Sol. 1998. 59:1437-1443

{51 Zhou Y C, Sun Z M, Sun J H et al. Titanium Silicon Carbide: a Ceramic or 2 Metal? Z.
Metallkd. 2000. 91: 329-334

[6] Amer M, Barsoum M W, El-Raghy T et al. Raman Spectrum of Ti;$iC,. J. Appl. Phys.
1998. 84: 5817-3819

[7] Arunajatesan S, Carim A. Synthesis of Ti;8iCy. J. Amer. Cer. Soc. 1995. 78: 667-671

[8] Nickl J, Schweitzer K, Luxenberg P. Gasphasenabscheidung im Systeme Ti-C-Si. J
Less Common Metals. 1972, 26: 283-291

[9] Goto T, Hirai T. Chemically Vapor Deposited Ti;SiC;. Mat. Res. Buil. 1987.
22:1195-1201

[10] Pampuch R, Lis J, Piekarczyk J. TiSiC,-Based Materiais Produced by
Self-Propagating High Temperature Synthesis and Ceramic Processing. J. Mater,
Synth. Process. 1993. 1: 93-95

[11] Bruphacher ] M. U. S. Patent 836982 ,1989.

[12] Koczak MJ , Kumar K S U S Patent 4808372 ,1989.

[13] Barsoum M..W.,Houng B..J. Am.Ceram. Soc., 1993;76(6):1445

[14] munir ZA. Synthesis of high temperature materials by self propagating combustion
method [J ] . 8. 4m. Ceram. Soc. Bull . 1988 ,67(2) :342~-349.

[15] BE AT MEH B EERR SR EREFER. 1993, 21(3) :261~270.

[16] Miyamoto Y, Koizumi M, Yamada O. High pressure self combustion sintering of
ceramics [J ] .J .Am.ceram.Soc.1984 , 67(1) :C224~226.

(17] YL IE S BLRE. SHSHRHIE4I& AUTIC EEMEM). B BERERS

AREARTI SR IR T AL K 5 R 1904 ,221~224.

52



BB T AER2 MBI

[18) Pampuch R, Lis J, Stobierski L, et al. Solid Combustion Synthesis of Ti;SiC,. J Eur
Ceram Soc, 1989, §:283

[19] Lis J, Pampuch R. Sinterable Ceramic Powders Prepared by SHS, Their
Densifications and Final Products. Trans. Mater. Res. Soc. Jpn. — 1994,14A: 603-608

[20] Lis, J., Miyamoto, Y., Pampuch, R. and Tanihata, K. Ti;SiC,-based materials
prepared by HIP-SHS technique. Mater. Lett., 1995, 22, 163—168

[21] Pampuch R, Lis J, Piekarczyk J, et al. Ti;SiC,-Based Materials Produced by
Self-Propagating High Temperature Synthesis and Ceramic Processing, J. Mater.
Synth. Process., 1993, 1:93

[22] R.Pampuch,] Lis,L.Stobierski,M. Tymkiewiez[J] JEur.Ceram.Soc,1989(5):283

{23} Linh H. HoDuc, Tamer El-Raghy, Miche! W. Barsoum. Synthesis and
charactetization of 0.3 ¥ TiC —Ti38iC; and 0.3 ¥ f 3 SiC—Ti;SiC; composites. [J].
Allo and Comp 350 (2003) 303312

i24] M. W. Barsoum,2 L. H. Ho-Due, M. Radovic, and T. El-Raghy Long Time
Oxidation Study of Ti;SiC;, TisSiC, /SiC, andTi;SiC; /TiC Composites in Air.
Journal of The Electrochemical Society, 150 ~4! B166-B175 2003

[25) Radhakrishnan R, Henager Jr CH, Brimhall JL, Bhaduri SB. Synthesis of Ti;SiCy/
SiC composites using displacement reactions in the Ti-Si-C system. Scr
Mat1996;34(12):1809-1814

[26] BB BEEHAKS, W& TILSIC/SIC BEMBRELFEMALT | ZBA
L2RHRFIFRD)  2002,24(1 A):203~205

[27] Shi-Bo Li, Jian-Xin Xie, Li-Tong Zhang, Lai-Fei Cheng.Mechanical properties and
oxidation resistance of TiSiC,/SiC composite synthesized by in situ displacement
reaction of Si and TiC Mate. Lett. 57 (2003) 3048-3056

[28] Luo YM, Li S, Chen J, Gang R, Qiang J, Pan W. Fabrication AL;Os—TisSiC,
composites and mechanical properties evaluation. Mater Res Bulletin 38(2003) :
69-78

[29] Wang HIJ, Jin ZH, Miyamoto Y. Effect of Al,O; on mechanical properties of
TisSiCy/ALOs composite, Ceram Int 2002;28: 931-934

[30] E. Benko, P.Klimeczyk, S. Mackiewicz , T.L. Barr , E. Piskorska .cBN-Ti;8iC;
composites.Diamond and Related Materials 13 (2004) 521-525

[31] Tang K, Wang C A, Huang Y ef al. Growth model and morphology of Ti;SiC; grains.
I Crystal Growth, 2001, 222: 130

[32] Tang K, Wang C A, Huang Y et al. An X-ray diffraction study of the texture of
Ti38iC2 fabricated by hot pressing. J Europ Ceram Soc, 2001, 21: 617

33



RV E: WIPNE 27 2 DATS

[33] Zhou Y C, Sun Z M, Chen S  and Zhang Y. In-situ hot pressing/solid-liquid
reaction synthesis of dense titanium silicon carbide bulk ceramics. Mat. Res.
Innovat., 1998, 30(2): 142-146

[34] Sun Z M, Zhou Y C. Synthesis of Ti;SiC, Powders by a Selid-Liquid Reaction
process. Sctipta Materialia. 1999. 41: 61-66

[35] L1 J F, Matsuli T, Watanabe R. Mechanical-Alloying-Assisted Synthesis of Ti;SiCy
Powder. . Am. Ceram. Soc. 2002. 85 (4): 1004-1006

[36] Okano T, Tong X H, Yano T. Synthesis and High-Temperature mechanical-Properties
of TisSiC,. J. Mater. Sci. 1995. 98(2): 988-1007

[371 Zhou Y C, Sun Z M and Yu B H. Microstructure of TisSiCy prepared by the in-situ
hot pressing/solid-liquid reaction process. Z. Metalikd. 2000, 91(11): 937-941

[38] Li J F, Sato F, Wantanabe R. Synthesis of Ti;SiC; Polycrys-tals by Hot-Isostatic
Pressing of the Elemental Powders. J. Mater. Sci. Lett. 1999. 18 (19): 1595-1597

[39] Gao N F, Li I T, Zhang D et al. Rapid synthesis of dense TisSiC> by spark plasma
sintering, J. Eur. Ceram. Soc. 2002. 22: 2365-2370

[40] Zhang Z F, Sun Z M, Hashimoto et al. A new synthesis reaction of Ti;SiC; through
pulse discharge sintering TV/SiC/TiC powder. Scripta Materialia. 2001. 45:
1461-1467

(41] HEA, BHE%. TiSiC SRRLEPBTEHRRHNA. BRBTRY
4, 2002, 1(27)

[42] BFEE, HRAS. TiSi-C SnRATEMETHE. THMHER, 2001,
3(16)

[43] BB, BRBUE, HIEA%. SI% TiSIC/SIC EAMBMZNFIHA. ZMK
2 (BABERRD |, 2002, 24(1A)

[44] Gao N F, Lib J T, Zhange D, Miyamoto Y. Rapid synthesis of dense TisSiC, by spark
plasma sintering, J.Eur. Ceram. Soc., 2002, 22: 2365-2370

[45] Zhang Z F, Sun Z M, Hashimoto, and Abe T. A new synthesis reaction of Ti;SiC,
through pulse discharge sintering TV/SIC/TIC powder. Scripta Materialia, 2001, 45:
1461-1467

[46] Zhu J Q, and Mei B C. Effect of aluminum on the synthesis of Ti;SiC; by by spark
plasma sintering (SPS) from the elemental powders. J. Mater. Synsh. Process., 2002,
10 (6): 353

[47] Barsoum M W, E I2Raghy T , Raw n C et al. Thermal Properties of T 138iC,[J . J
Phys Chem Solids, 1999, 60 (2) :429~-439

54



P E MW 0 T e A3

(48] AT, N EWH. HEWM. MEESHHMEFEHEARDNFHEE
#.,1997,33(1):41-43.

(49} ZHEH iR S T 22 ML RBLRI Tl K % A, 1990:158.

[50] FHRABESRE T ARIMALE 4 Tk HARH,1995,1.233.

[51] Linh H. Ho-Duc, Tamer EI-Raghy, Michel W. Barsoum. Synthesis and
characterization of 0.3 ¥ TiC—Ti38iC; and 0.3 ¥ £ 3 SiC—Ti;8iC; composites. [J].
Allo and Comp 350 (2003) 303-312

[52] Zhu J Q, Mei B C. Preparation of TizSiC; with Aluminwm by Means of Spark Plasma,
Sintering, Journal of Wuhan University of Technology- Materials Science. 2003. 18
(1): 37-40

[53] Barsoum M W, El-Raghy T and Radovic M. Ti;SiC;: A Layered Machinable Ductile
Carbide. Interceram. 2000. 49: 226-233

[54] xR, 4058, PHMEE TB, FRENANBFHE. HHER 1996, 20

(6) : 438-442

[55]) Zhu J Q, Mei B C, Xu X W et al. Fabrication of high-purity Ti;SiC; by spark plasma
sintering (SPS) of elemental powders. Journal of Materials Science Letters. 2003. 22:
889-890

[56] Zhu J Q, Mei B C, Liu J et al. Effect of aluminum on the reaction synthesis of
ternary carbide Ti;SiC,. Scripta Materialia, 2003. 49: 693-697

[57] Zhu J Q, Mei B C, Liu J et al. Effect of Aluminum on Synthesis of Ti;SiC; by Spark
Plasma Sintering (SPS) from Elemental Powders, Journal of Materials Synthesis and
Processing, 2002, 10:1064-7562

[58] Zhu J Q, Mei B C et al. Synthesis of single-phase polycrystalline Ti;SiC, and
Ti;AlC; by hot pressing with the assistance of metallic Alor  Si.  Materials Letter
2004,Vol.58, No.5,P693-697

[59] Zhu J Q, Mei B C et al. Synthesis of high-purity Ti;SiC, and Ti;AIC; by
hot-pressing(HP). Journal of Materials Science Letters 2003, Vol.22, No.15,
P1111-1112

[60] Zhu J Q, Mei B C, Xu X W et al. Synthesis of Ti;SiC, by spark plasma sintering
(SPS) of elemental powders. Transactions of Nonferrous Metals Society of China,
2003, Vol.18, No.1 P46-49

[61] M. Pietzka, J. C. Schuster. Summary of the constitmtional data on the AF-Ti-C system
{J]. J. Phase Equlib., 1994, 15 (4): 392

[63] Barsoum M W. The M;+1AX, Phases: A New Class of Solids: Thermedynamically
Stable Nanolaminates. Prog. Sol. State Chem. 2000. 28: 201-281

55



BB TAFRLFAR X

[64] Barsoum M W and El-Raghy T. The MAX Phases: Unique New Carbide and Nitride
Materials. American Scientist. 2001. 89: 334.343

[651 HRAES, TEMANFM E&BHNE) M), LR ALEHRT

[66] Barsoum M W |, E [2Raghy T , Raw n C et al. Thermal Properties of TizSiC; [J [. J
Phys Chem Solids, 1999, 60 (2) :429~439

(671 &AL, KB, PFHIZE. BRIEMFE TiB/ALST BEME AL A%
R[] . B, 1998 49 (12): 13-16.

[68] FiEH REEF BAY BDR. TiSIiC/TB, B4 RILHAM HE
Ha KB TR¥EFER

56



ROE LREML#A8

B

ARSI R BT R O S AT S0 TR, =
X, HREIARBONE SR HER, W T AR E RN
AL, A TR BRI M5, RS9 o 2 B 378 T 4
B, MBILTHELAR, PSR R E . TR B
FERAATN. RETMES . THAEESENHELLR, GR
R 5 T TR ST  BB 2

TR MK ST, RS e SR A e R BRI
B R T 6 5 P12 2E R P4 T B R S B RITE ).

BB DR KL, SREET, £BHE0, BRWE
BRI, RPN RI BRI 14 FHK A RS,

SRR B TS AR T REAA TR, 25X,
P, S, RO, LEEARBE, RRBAMRLE
A%k, Hlk—HRTRE.

EESHIRHRURN, BEMTNOA LB, AR SR T
AN R THR. BEIH. BNNRMALEERTE SN
7).

2005411 H 15 H

57



ARE TR ER L EM R

BiisR: BURMILFARABE %L RHIEX

(1] &kik# KEHE WRY BTDRE THSIC/TRES B 65 & R EMHR
MhEee., RWEIKZRER S8l 2005.12A%%

[2] Kik#k FHB HRY LR TSIGRESHEHTIRERE
B, (LHEE 200538 P23-26

(3] KIER REF WA B LR IRATLSIC/TIB, E A M dl &
RERTERS. EREFR (R

[4] Fak& KHEEF WY AR mEE. RIETLSIC/TIB, KAMEH
BIEMR. LAEBE KRR

58



	封面
	文摘
	英文文摘
	第一章绪论
	1.1引言
	1.2 Ti3SiC2的晶体结构
	1.3 Ti3SiC2基复合材料的研究现状
	1.3.1复合材料的制备技术
	1.3.2 Ti3SiC2基复合材料

	1.4 Ti3SiC2基复合材料的应用前景
	1.5实验的目的、意义和研究方向
	1.5.1研究背景
	1.5.2研究目的和意义
	1.5.3研究内容


	第二章Ti3SiC2/TiB2复合材料的制备
	2.1复合材料的优先设计原理
	2.1.1结构复合材料的优化设计
	2.1.2复合材料的界面设计

	2.2 Ti3SiC2基复合体系的选择原则
	2.2.1物理性能上的相互匹配
	2.2.2化学性能上的相互匹配
	2.2.3制备技术的科学性和合理性

	2.3实验方法
	2.3.1热压烧结原理和特点
	2.3.2原料

	2.4合成制备工艺过程
	2.4.1合成制备工艺路线
	2.4.2工艺制度
	2.4.3测试分析

	2.5材料的相分析
	2.5.1外掺法
	2.5.2原位—热压法

	2.6材料的微观结构
	2.7烧结试样的密度
	2.8小结

	第三章Ti3SiC2/TiB2复合材料的相形成规律
	3.1材料的制备
	3.1.1外掺法
	3.1.2原位法

	3.2结果与讨论
	3.2.1温度对Ti3SiC2/TiB2复合材料合成的影响
	3.2.2 Al对材料合成的影响

	3.3实验原理分析
	3.3.1外掺法
	3.3.2原位法

	3.4结论

	第四章Ti3SiC2/TiB2复合材料的性能研究
	4.1实验方法
	4.1.1材料的制备
	4.1.2性能测试方法

	4.2实验结果
	4.2.1力学性能
	4.2.2 Ti3SiC2/TiB2材料的电学性能
	2.2.3化学腐蚀

	4.3 Ti3SiC2/TiB2复合材料增强机制初探
	4.3.1颗粒增强复合材料的复合原则
	4.3.2颗粒分散相复合材料的复合原理
	4.3.3 Ti3SiC2/TiB2复合材料增强机制
	4.3.4热处理后对Ti3SiC2/TiB2复合材料力学性能的影响

	4.4小结

	第五章全文总结
	参考文献
	致谢
	附录：攻读硕士学位期间发表的论文



