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Abstract

Titanium matrix composites (TMCs) are candidate materials for structural applications
at elevated temperature due to their low density as well as the high specific strength and
Young’s modulus. The development of efficient, low-cost manufacturing technologies has
been the key issues in the research field of titanium matrix composites, the countries are
constantly exploreing new manufacturing techniques and methods. As a newly developed
near-net shaping manufacturing process, laser melting deposition manufacturing process has
promised to be a suitable solution for fabricating TMCs with high volume fraction of
reinforcements and complex structure at a large scale, characterized by low-cost and shorter
manufacturing cycle. In this thesis, (TiB+TiC)/TA15 titanium matrix composite bars with
9%, 11%, 22%, 57% volume fraction of reinforcements and composite plate specimens with
3.6%, 6.0%, 7.1% volume fraction of reinforcements were fabricated by laser melting
deposition process using TA15 and B4C blended powders. Microstructural evolution of the
composites with the changing volume fraction of reinforcements (TiB+TiC) was
characterized by optical microscopy (OM), scanning electron microscopy (SEM), electron
probe microanalyzor (EPMA) and X-ray diffraction (XRD). The Rockwell hardness, tensile
properties at both room temperature and 600°C, 650°C, 700°C were also tested. Results
showed that:

(1) With the increasing volume fraction of (TiB+TiC), morphology of TiB in the
composite bars evolved from platelet to prism and coarse (hollow) prism. However,
morphology of TiC evolved from irregular particle to undeveloped dendrite; Morphology of
TiB in each plate specimens was fiber and platelet, while morphology of TiC was particle.
With the increasing volume fraction of (TiB+TiC), both volume fraction and size of platelet
TiB tended to increase, and the TiB fiber tended to coarsen.

(2) The TiB and TiC reinforcements grew according to the mechanism of
nucleation-precipitation during the laser melting deposition manufacturing of TMCs.

Volume fraction of retained B:C under the same experimental parameters increased with the
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increasing volume fraction of (TiB+TiC). Analysis of the solidification process indicated
that prism TiB and undeveloped TiC dendrite were both primary phases while TiB fiber and
TiB platelet were eutectics in the composites.

(3) The Rockwell hardness of both the composite bars and plates increased with the
increasing volume fraction of (TiB+TiC). An increasing of the (TiB+TiC) volume fraction
during 9%~11% can effectively increase the Rockwell hardness of the composite bars. The
Rockwell hardness of plate specimens with 3.6vol.% (TiB+TiC) surpassed that of
composite bars with 9.0vol.% (TiB+TiC). The Rockwell hardness of plate specimens with
6.0vol.% and 7.1vol.% (TiB+TiC) equaled to that of composite bars with 22vol.%
(TiB+TiC).

(4) Room temperature tensile test showed that: With the increasing volume fraction of
(TiB+TiC), elastic modulus of composite bars increased significantly, while tensile strength
and plasticity of the composite bars decreased. The tensile strength of the composite bars
decreased sharply and the fracture surface showed brittle fractography with the volume
fraction of (TiB+TiC) more than 11vol.%. Compared to laser melting deposited (LMD)
TA15 titanium alloy bars, the elastic modulus of the TMCs bars with 11vol.% (TiB+TiC)
was increased by 20%. And the tensile strength and yield strength of the TMCs bars was
increased by 11% and 21%, respectively. All the TMCs plate specimens with different
volume fraction of (TiB+TiC) showed brittle fractography after room-temperature tensile
test. Neither the tensile strength nor the elastic modulus of the TMCs plate specimens
surpassed those of LMD TA15 titanium alloy plates.

(5) With the increasing temperature from 600°C to 650°C and 700°C, the tensile strength
of the TMCs plate specimens decreased obviously but the plasticity of the TMCs plate
specimens improved. The more the volume fraction of (TiB+TiC), the less obviously
influence on the tensile strength and plasticity of the TMCs plates by temperature.
Compared to the TA15 titanium alloy at 550°C and IMI834 titanium alloy at 600°C, the
tensile strength of the TMCs plate specimens with 3.6vol.% (TiB+TiC) at 600°C increased

by 19% and 17%, respectively, which indicated significant strengthening effect of the
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reinforcements.

(6) The fracture of the TMCs specimens during tensile test at room-temperature and
600°C, 650C. 700°C was originated from brittle cleavage of reinforcements. The
reinforcements could resist load effectively due to the excellent interface conjoining
between reinforcements and the matrix alloy. Once nucleated from the reinforcements,
cracks would propagate rapidly into the matrix resulting in brittle fracture of the matrix due
to the poor plasticity of matrix alloy at room temperature. The plastic deformation
capability of the titanjum alloy improved during the tensile test at 600°C, 650°C and 700°C,
resulting in local deformation of matrix alloy near the tip of cracks, which released the
stress at the crack tips thus the propagation of cracks in the matrix could be retained.
Furthermore, the fractured reinforcements could resist load and fractured for several times,
in which more deformation energy could be absorbed and favored the high-temperature

strength improvement of the TMCs.

Key words: Titanium matrix composite, Laser melting deposition, Titanium boride,

Titanium carbide, Microstructure, Mechanical properties
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50%SiCH/Ti 1210 520 B 260 210 3.931
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B2 il 50 F AR — R HI4% TiC 55 TiB 178 A0 Le 008 3L 5 & bP )

SRR R R I I B2 o % A 1L R ST 46 5 A MR B O T B R
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R RCTE e R AR 9 R AR TR RN, AT AE B — i JURR A 2 R g o) e
075 T B B0 3R A T LA S0 3 (A O R BV e AT A R 25 B IO T 4F, RIS ) T30
WORER SR RO TSI . SR & AR AT LU AR v SR P A 4507 7 S
B RN IR, FT LA B Rk 5 A A T WA ARSI ZE T
FE BN G S A TR R B SR RS . X — B B B2 A
SRS, RHSHRER SHRHIE ST — N BRI,

VR AL 2 B0 B A 4 SR S A A R E E A 2 i AR T AT 8 A 1 LA L 22 R RO AL
Ti+B2TiB. Ti+2B>TiBy. Ti+C>TiC. STi+B,CD4TiB+TiC. 3Ti+B,C>2TiB,+TiC,
R RS AR S BRI R BE R TiB. TiB, B TiC f9—Fhak LR, (BIEIT 2 22t
muﬁﬂﬁﬁBmﬁmﬁﬁiﬁﬂBﬁﬂaﬁﬁﬂﬁﬁwmaﬁ&ﬁm%ﬁﬁﬁmz
PREARENFETRESEED, REHELHEAMEY TiB. TiC MEMHLE
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SV IE) S BGEHE R AL S AR T2 . S8 AR RO B TT (R IR R R BE A A
THRURAE, HBRA. SATERIING TIGAIV 44T LL iz 6 1 B 7
RS A PPRME R . HUB (M B R R R SR RIS AT L 4% o0 atp 405
ST TisAlL TIAL SR RHE R 5175 45 bR RIRRE T 4 R E L MR R I 1 6 b1
B, ZEAMATE, ERTLRAEKIEE, UETFFAREE MR
45 R R

1.4 FRESRe RAMREE SV RIHIE HE

14.1 BEEEMFRAEESE
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W& TE S T BRI R, HKRKE SRS Tk g =R
BSRE A F R . AR EERRAE, 2ENFRTHEEEEMLENKES &4
EHR & HR, TR E Pl A7 b2 R W AR i s i

LB R A S A S RS R LA KR AR, TRMEEN Ti-B-C, H
PR ARXRAN . 210 X—IHWTTFRLET 1998 &, B4ESEAITHE TR Ti 5 B,C
FURAL R SR TiB. TiC $EEE &M RN T%E, RIERAN¥EBERHET TS
BsC RN Ak AH 5 Gibbs B Hfi AG LLR RN (x + 5) Ti + B4C = xTi + 4TiB
+ TiC AILEIHEEBIER Ti &8 x (mol) Z{bAItE. HitHERRWE Ti 5 B.C K
BT RO AVE LUEFF I N T: WA HBENAEZIEIEN Ti 5 B.C RNESE
R TiB # TiC B384 B THRIEARBENRYGAE, FtEF SRS ERSN, &
R R 2R SRS T B2, SRR AAENIREREE RS A R . &G T H
THELERBLAREEREM I TS, I TRELTBIS TR 2 AR
MHIEE, (BN TEEXAERR R KSR, WEFERNARKES
EMEIBEE THREMT. M4, B4ESARE TAAEEEEREIEME ST+ B.C
=4TiB + TiC RNAJRME& M E T TiC A TiB BBk EE &M AL, SR FIH AfEE
AP, £ Ar AR TEZRBRBGNER EERSNERES T S8k MR,
ZLZ—HEAES, BB RS5R 15 2 TR 40 #1 3~5%! " 78 JE 45 4R 38 hd i XRD.
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EFE, R G HIREE TIB RUUBE-K R K, EIP5S TiB M o 5
PRESHEYIESS, BT TiB b B27 4544, 5 FVR[010]7 M A KM Kbk E g ge,
FEE(100)(101)(10TY™ *0 A\ 2002 778, bilBZC@ RS FIAUI A L &
A TICTI R RIS ER S EFR R T X TIRA B £/ TIC/Ti 82 &M e &R Sk
MEFgURE . R RLNGHEEAEME, S84 TE, BN, mA—E81NEMN
DIRER TIC FkL. RAKSHIHIRE T RIS, SPAERES, e84
MEBIEE, RIGEERIRE N 2 BIROPEHITE 10% TIC/Ti-6AIETRM ), FIF0A
ARBEMEIRENE KR EE TiC FHRAEE L, MIARBER Ti M — 87
RARE EAgMELE, RIEENENRZELM T, 2005 EFFE LETE L2

— SR AES B,0s. B.C ML Z AWML RE, SEES AR LIy
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Ry TIC AFEHPRFLE SRR Y205 ISR L Y & 8 0089 0 AT U Ak 2
WAERAWELR, MR AETER 2 AR R I ERR 1G58 4 BB SR KNSR SE 1A R T4
ARERMYEED ), fEH G B9 P B8 8 A 544 T AURFE TicRS), TiC+TiB
HEBRMY Ti-1100 28 A H R LL(TiB+Lax05)/Ti k3L EAHH R4, FIF T 5 ByC
[RIR 22 RN, SRF R AL B A BT EH1& T 5 % (R4 %0 (TiB + TiC) (4 © 1)/ Ti-1100
HEMEE, HRTHEN TS EALNEM, IFESRREENE SR A
TR PR RS . 7E 2006 FEIIIRE T, I 1vol.%TiC/Ti-1100 (M EAI & ek S
B RBAT T MBS T ARAEE T EX AL EMIENE T B 255 2,

Fr E#giB RS ILE B S B A KA £ T I RN, 2H
PEPFERIE T TIC R FHERKEE MBS R T H A2 B ™), prEfm
TiC AL FHE B SR S S FPRNARE B AP B % (PTMP) B8 - E S H5Es
UEHRHIPFIE . Castro F ARG & UG HEHI & T A RHGRAS B TiC/Ti E44
B TEERRRZEGME, Hh Tic #RARN S S IEE AR R A1/ 1
SEHPRFIZDY,

BIREPHEE IR 5 RIS & AR P R A S S S M E A = T 5
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ARERF, BLE BAPRE - E A LA T HRER SRR AN .
SIEME, BRRSEER TS ARRE TS, B R AT & A L
SR\, B EEE AR BT LATE IR e B A RS, R AR b 4
ERIFIEGHHE. By SLEEM T T LU — S A AR RICE . REF LM
I T kA A P R R G SR R SR 5 S kRl iL 56 [B] DynametTechnology Ine.2y &)

X — A LT Cerme Ti 25 E M. Gorsse 5 AIRIE T H ARG & 74 &

TiB/Ti6AI4V FEELEIREH E G006, MR & P E A2 30um B9 Ti P EZ 14um
(9 TiB, A1 H 4% 44um (Y] TIGAIAV Wy, iRk . S REREILEELS AL, biJg
ST HEAT 200 FE A IR B KR B B A G 3B K A () T LU RE TiB: ] TiB (M%7, &
#0612 L P A FPRL TiB SESRAR 9 AR5 B4 2 20%F11 40%, PSR PERIE &1k 169
B 205GPa, )R 55%% 88%1 !, BRX—MTHELERR. ML REER

B, ETHEART RS RLR, NELHTFAEE SRS ZHN LR
i1 .
142 BELEEREMZE

B8 IESIEAR (SHS) 2 M FRERI %5 Merzhannov £ 1967 R BIRY, FH
TR R REATR A 7 R B R BE 4 34T AR e & B AL A AT Bl R TTIE R = RE e
B RNIRGE., R EEERF S, EAT TiB/Mi. TiB+TiC/Ti. SiC/TIALL ALO/TiAl
SHEMHGER, ERENEXRRNAETFES, AREMFEAENELENT, g
PILMEEFEE AR, REETHERASl. MRINEF. HRREEN
BBEEHE, MARREENAR, AFESRAAREARMEE UGS REREE
SAEE MR T BB FRE ECE & B AIME A BIERE TiB/Ti. TiB+TiC/Ti
RS S M. AR T. Yamamoto 2 A FI A Ti 55 B #9 SHSCH B &R & A
BRAER] Ti #3770 B EASHE (PHIP) Hbn T&4 THl& T 85%F TiB S 2&ik
33-44vol. %M TiB 3438 Ti R AMEL, ZM KA REEILE T 5.6-7.1GPa, RS
FE 2.1-2.3GPal ™l BE /RVE T K33 B A4 B B AR AR B 2E =R A BU(SHS)
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R, RN SRR RS A4 & 100715, 1E4% Ti-B-Al KB & Ti-AL-C (R R 4T
B TEMCHEAL 32U T —H SMIF T2 B0 B B RIS HA %G . 2003 7745, 14
IRET AV KRR 5 TRES R AR B AL 5 I B SMIF T 244 #5%
TIRAZ TiB s AR REZ GH K. TiB RARTHN. KEBHK, EEED 51
5B TiB/Ti FFET#. FTARES S HEEESH Ti-7%Al, TiB B4 155 4%
K 10%. HI&TZAH—EMEFIE MR MR R IE &35 35 Tk,
PSR H TR SR 40 BN 7K v S A 4 RS A AP s B AT IR . 8 e
TSI FRIB D F IR T 7E Ti-B-Al R HIE TiB MIRAI AL RBLH: 7o
Ti-B-Al R R, Al B5ERIUAUET TiF0 B MELART AT Ti 5 Al 25447
KAENER N Ti-Al £BILEY, BUHOREH—$31K TRET M B
T FAERR BEE, R Ti-B LAY SR BR80T DR 50 E 7 TiB
e TR A E E S RIS B A L, BEJERLT TiBw/Ti BE
TR, GREHE. RaY REEHFEEMNY. o, 75 2006 FEHITIFHR & s
ByC WAL RS W T BB AR AU e, REEESE /N . 4 A7t
BN BoC By AR BAL R ARRS BT 10 H 5 k87,

2005 4, FRLEREEBM IR EKE ALK = AR =T o T
TiC-Ti &GP E H & 1T RN G BL(SHS ) A LRE AR R N HLEE., soub 4k sy
TiC-Ti EEMEEE 2ERR A AR FT LRBER- P B USRS, T ¥ e
e, CHMRTE Ti W, JEA Ti RAERNAER TiCx, BIFREMAE, Ticx Bk, #
FTi-C sk, TERERERED, 40/0 00 TiC KEM Ti-C DT HERE, Beium
TiC HE5& Ti ZESHE. 2006 4, AR AFEMBRIS 5 TRY%E S5y
M E T A E B EFI A B 8 R A B O M TESIE T T S ikm
RN 10 %H) TIAl EE S EEP,

143 HlHAEWLE

M SRR E INCO AFF 20 4 60 FERIFRIIHA, HEMEE TS
RERREE (£ 5 R R B R N R R i R A2 R LA S i — L 5 P B o & i
HSE AL EY. BAREREIRIERGHIER. HIE. EHETRRT m L 5)M
KK, BAMEKRMEE, TUASEHEE4E. TiB/T. TiIC/TAl ZE&#HERT L
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WHEX—J7iE, ERZFENLIESZ. MU T4, e il feH etk s
Stk, ATERESITRR o BB AR R T s, Y T TR ETE R B A A R Y
NAEERSY, &
144 REHAEZE

R T V5 R FE 7 2 R AT AR bl IR A i R P & T R 2 AR AR RN EAA
kAR AR R . TR G R N A JE B (L B Es &, ATE—
AT R4 B E 4. 2000 4E, ELEEAY B.V. Radhakrishna Bhat S AT & Rz 24
ET£#id Ti 5 TiB, IWRNM Ti 5 B,C MRNAHHIET TiB (67vol.%) /Ti &
(TiB56vol.%+TiCl13vol.%) /Ti E&H k., HRKMERBREEALIHELHKR
A E S R BRI, 2001 4, PEEERESBIAFTITSEXEA
R S E TR % T B TiB S0 Tic B B &R B4, MNESHE
@W,E%Mﬂ%ﬁﬁﬂ%E%%ﬁ%%ﬁ%&%ﬁﬁ%ﬁ%%ﬂﬁ&ﬁmﬁﬁ%%
B, R NHREIESIEE. MR EE. MUMA SN BATTURETE, K
A, AR AR TEVE AR e N T I R rh DR LA S 4 100 B LA B AR i 5 48 B R AR
A5 ) R

NA R Bk EIR IR, )& ST AR A RN, B BT IREUT K
H— B RE T i, ST R B SR R B R R IR SRR R W
11 18 L — RE B AT VR T I BB AT RS R A 0 AR A e N 2 S A I L AR
¥, BEEMRX—-TIEEREBERE RSN ELIENIE N S EHHI RN
=, OB HIAREARNE T EA S M s T T ERER.
1.4.5 HxmI %

MABURRERTRT 2 ERENEE, URSERTERITEIRENR
ST HEHAREREEH TES MR, RNIEBREIRERF SRR T
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FeE i OE EHIE . HEE T ZWE 6 Fr.

16



AEBUAL IR AR B B i

BOCK LRI AR T LR S M A B4, BRI T S B MEL S 1D
PRI g, FA G —RI R % 5 G — i T B AR T LR B 351 &
RN TERRIRMER,. TERA. WARSEE, R EWER THEEs
RREN (FRHEE LB TR FURIN TR s oMl % .

BRBOCHERIEN . WOLRE &£, BOtRBEELtN T HiEREC2FBHET
HWHE M EIREMHE, EREMOUEILITIRE AR LENS 7735 b 5 i st
R aH R I IRIE RS T 2003 4F, RARKEELINVTTH A, FI2E0I5E S & st
SEMHBTHEMIEARSHHB 2 AT XAE, TRRRES, B2 nEg
FRR. '

RIREOEIN T 75 T AR A R 26 T 5 J2 10 o) 45 30 006 5 M L 7E 1990 48,
A. Mehlmann, S.F. Dirnfeld F1 1. Minkoff i i 78 S i B AL IE 7R (0 R B35 BLC A
ABIBHM AT & B T HEEAMBERE, WRAM B.C SHLE Ti B4EWR
MER, WAGERT S RN RRT BRI, AHBNMTRYE ST, L
BUEREENERHSH, EREETELMFTULE B,.C EEGEHSNN T, B
S a. IR IR B R AR R AR S AR RS 45 Y 5 ByC 7E Ti Btk
PRAER (BIE TIC, TiB. RRME T RN 1S B EEERILE X, SRNRAE
B TiC.TiB A TiB, S 15840 . 5 1A — LL3X 77 T OB 20303, ) 201 1997 £ S Mridha
5 TIN.Baker SIRITE IMI318 $k 4 R FER T T SIC T8 176 H T B8 0 bk
REEGMHBER, EREBEFEFIE 1450HVP), JA. Vreeling Z AT 2002 EIR1E
T H Laser Melt Injection (LMD L E1E Ti6AI4V & 4 FH #1195 207 i1 WC R 718
RO EMHRIAMEE, BENES THESEY. FE, H.C Man S A=
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& 421k (Laser surface alloying) 77ETE Al6061 & & FIFIFH4AEk S SiC B0 B 17 [ [
T UL TIC g EE MRS, BRI T IREREE W HN, SR Al 4
SRtk T, XEERIERMSMREEEE S TERSSITR, KHEMEs
PR 2 R EEF T 650HVY, 2003 4 B.J. Kooi 25 A 7E Ti6AI4V sk-&r 4 1
F#sks 8 (Laser Cladding) J7iAMA7E Ti F1 TiB, FE &M A, #14 T TiB b8 4d
B Ti EEAMEEEE, TR EHTIMAFHRN T TiB =R EE S A
iRk (E# 200 nm € 15 pm). AR (B 1 pm, 3K 3um KHEK 15um).
R (B4R 3 pm K& 50 pm)  TiB B BL54 (B27. Bp), WFFTH R BHHER TiB
ATRESH Ti M0, IXHE R FREMEERBE. 2004 4 V. Ocelik X Al-8S;
E & TI6AIdV & 447 BN A T LMI # Laser Cladding 5% 4 T SiC. WC F TiB,.

TiB MR E G ELRIMUE R, WFFT R BLPI R 75 ) & W 0 S 2 0030 S B A
#RAER LTS, ERE LMI 1 Laser Cladding A& & T Hl& S &Rl E w2

o B ERFIREALZ TR ERAREZESHENREN, RAHTHREE&H
BHORREX —RetE, DRI RIEIREE BT A R fE ARl BT A B
FHHREMILEE R . B MR AEae. =iRtse. mihrEaett s SEs.

S ARG I 07 vk & 3RS LE G SR BN B A Rk F S I WF A R S ok T
2003 4, LM Z RN R FEMELEE S T2 BRI R. Banerjee 55 A A laser engineered
net-shaping (LENS™) 73 & tH T #5447 % TiB H5RARR Ti6AI4V ZEE 4414,

HophEs5 4 TiB ZWILIRE M TiGAI4V 5 B #; AL 6 T B i R A7 = SN A B i
SERAEHIAYZ 760W Nd: YAG #U88, BOBHEKN 1.064um. T8 5B 2 8 F B A2 1Y
BOCHINAREAR, LRI Ak, RELFRSEREEEEESARP TS
Ti6AI4V (98wt%) 5 B (2wt%) HIERERREALEM, LI REMBEOEIIES 350W.
OB H B AER 10mm, & 1Smm FEMEAREE. BEJEHSER Ti#EE SEM. TEM
SR T BUT an M VR DL R 58 (A S B R HIHE T IX— i Tt F2 o AR s s
PLURCTPESALR, RE TR IZETESMBERELR (nE 7R U4,
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ALBTRR RN+ i 3

Liquid |

=

¥
. Liquid |
. Eutecticf |
¥ ¥ ¥
| a+p | [Eutectic TiB| [Primary TiB ,‘

A7 BRESErEHE

7E 2005 G AR & 1, A. Gene 55 R. Banerjee 25 A3RIE T A LENS™ 75144 1) TiB
BB BRI RN, TiB 2MEWES, K 0.5~5um, 3 30~50nm, BAREY]
SEI BT A X B FRTHHER TiB 24 B27 454, (HRESE SRS 4925
BT ERME (HRTEM) BFFT LENS JiERAL &K TiB H381 TibAIdV &4kl
TiB Han A& BRI KAR RIS FRENE TiB 5E44E Ti (45 ST £3 TiB 52
Fre T B27 A1 Bf PURP &5, BE G5 TiB 154 B BETELE T B27 S8 TiB .
=ih TRk TiB SR MRaTi fFEIASEHR: (020)TiB/(1120)aTi. (002)TiB//(1101)x
Tiv (200)TiB//(1102)aTi. #3844 TiB 5L FE HRTEM 1 E1% BT Rl AL E
FIEACHREFC. EE BT HIEERE AT LENS™ Fit4)& TiB MR4t 8 &6
T PEREMIFRIE

1.5 AFEGHER R EE S MR RN S I E A

1.5.1 EEEHERHRES SRR
WEESMHTEBAESSATEEM TR HEZERY, BT RIS
WIS, TEARELNIREREE 5 &M R B R (R A LU R IR vk 53R > (Al 75 2
ERENRERARREHEXRR, HITMXENEHNFROELEEN. THK[51]
FFARIE T IR AL G BB I % HI(TIB+TIC)10vol %/ Ti &4 K 180 454 LA J% 1838 44
SEMEKFEEY, TiB S0 SEM ML 8a, TiB M41H TEM B A LA 8b. BT
e, TiB @AUA B27 44, ZREFEFTEHFH010177 HEKBSEFUR, TiB 1L
H 78R, #(100). (101). (10T)REAR. TiB SEGEELT IR A LS.

[010]TiB/[01 TO]Ti, (100)TiB//(2110)Ti, (001)TiB/(0002)Ti, (10T)TiB/(42 2 )T,
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Lz

on e e
R THIE

[001]TiB/[01 TO]JTi, (010)TiB/(2110)Ti., (200)TiB//(0002)Ti.

B 8 TiB &4i, SEM#H (a), TEMBEH (b)

TR I % H & RA HR M ST A MR L B St i, Sk
[S2]hRE TR EHETZ, Eiddk AREERIUEE Ti. B.0s LXK Y. Nb #ES
gk, #14H T (TiB +Nd,0;)/Ti F#I(TiB +Y.0:)/Ti E&#E, AT HRIELFERS1ES
ZSHFEREDFEIT 3 K. HRRMKEZT AP TiB 5 Nd,0; 51 Y,0; 7

Ff 52 B9 EL [ % F: [011]TiB/[021]Nd:05. (01 T)TiB//( T 00)Nd203+[ 1 01]TiB/[021]Y05-

(IIDTiB//(121)Y203, MY A A #7 B B A A LU 5 &4 1) 05k E i
2. AR H Nd2O3 B0 Y20 e #id fe b g e il TERE/E A0S 3 12 B AE 4 TiB
B, R T PR TiB A—iG 7 RE.Os LT HIIER,

20




ALBEAUE R KT | 5 i 3

1.5.2 SFEEIRBUNEE SRS 14

FEPHEIR AL & WU B9 TiB TIC 92 AY SKIL S A LI S0IR ) £ PERE 2 6 BT,
FIRMTF TiC. TiB S AHGTRTE T LR SRR AR B, (LR AR et
CIRESHN TR, MERRES BRI, MR EaR .

E 6 (TiB+TiC) /Ti6242 FTEI AT Sy 2 kg™

. =R
o2(MPa) oy (MPa) £ (%) E(GPa)
(4TiB+TiC)5vol.%/Ti6242 1060.1 1195.6 7.90 126.0
(4TiB+TiC)8vol. %/Ti6242 1160.6 1234.0 1.35 130.5
(TiB+TiC)8vol. %/Ti6242 1243.7 1329.8 2.74 131.2
Ti6242 844 914 10.00 110
IMI834 910 1030 6.00 119

KH TiB. TiC LA & RE,O3 BRI o 545 (V8 2 BT LA A5 2 RO 4R i 43 53 A
ME&FE J1F R, HoHRESHEL
SCHR[S4]3RIE TAEFAMEERER. BaOs. Nd (HHEE AT 99wt%) 1EHEER, Z4Ef
FEE A5 HUIIUA 1534 R B2O3+2Nd+2Ti->2TiB+Nd,05 & M2 H14 1 T TiB Nd,0; 14 1
BmIKER KL TiB 2EIR Nd0; BARAK . SE00 He R 2t ik g 0
EHEEF (WA 8), HOEHRE FEMEBAIRE BT &A1 Nd & B IR i1 .
K7 AESERBAELT SR AR

#H iﬁﬁﬁiﬁﬂ op(MP2)  6g,(MPa) £ (%) E(GPa) IGSOU(MPa)
vol.% 200

Ti 0 474 367 83 108
TiC/Ti 37 573 444 1.7 140
TiB+TiC/Ti 15 737 690 2.0 137
Ti6Al4V 0 950 868 9.4 120
TiC/Ti6Al4V 10 999-1200 944 2.0 137
TiB/Ti6Al4Y 3.1 1107 1000 7.0 121
TiB/Ti6Al4V 10 1136 1014 3.9 126

TiC/IMI1834 1334/713 1275/569 7.3/20.0 118/- 124

TiB/IMI1834 1163/651 1070/524 10.6/24.9 120/- 110

i 1091/671 1004/546 8.2/13.7 123/- 144

/IM1834




F 8 TiB. NA203 BAWBAEE S EEee

773K 823K 873K

W YS UTS YS UTS YS UTS
8(%) 8(%) 8(%)

(MPa)  (MPa) (MPa) (MPa) (MPa)  (MPa)

Svol%TiB+0.74
vol%Nd,05/Ti
Svol%TiB+2.22
vol%Nd,0,/Ti
5vol%TiB+8.68
vol%Nd,05/Ti

15129 162.08 8.5

2
(5]
ol
(5]
<
-2
L
~
L
L=}
=N
(e=]

27953 29620 4.6

50  261.65 303.12 6.7 189.08 199.67 15.8

(U5
wr

o
r

o
(U5}
~l
o
L
4

256.82  277.08 48 189.27 204.53 123 116.01 127.09 518

Ti 168.65 183.86 250 135.19  137.18 38.8 72.15 84.803 48.6
700 T T T T T . ¥
. | 1%
o] 0.0018 i
——10%
& 500}
6 -
o 400t
@
forr] -
[ -l
S 300t
111
200 b T
100 1 1 " 1 A 1 s 1 i 1 L i i i 1

700 750 @00 B850 800 S50 1000 1050 1100 1150
Temperature, °C

B9 drEsgRgER ST e KEBRERN

Castro S NIE I BB HIEIRA AR T TiC R ERE SR, BN TiC
WAL B EEERE TiC, JREFAZIT Ar SR S REEREE AL BG4S 2 99.5% g 4R ek
B AR, HFEEAENR AN TiC SBICE -SRI 2R, BiEE IRk
PRI HN 2.1~3.4%P,

B B M RETEARADINRASE, CER[SSIERIE T B2 B FE I RiE4Ek. B4C
50 2 1EHFEREHIE A Svol.%. 10vol.%TiB 45 TiC H3RAT Ti-1100 & &80 E 28
tE, Ti-1100 FAEE LR 4 K Ti - 6Al - 2.755n - 4Zr - 0.4Mo - 0.45Si, $aHRITFE
AT T PR VB DR AL 2 B 7 B3 — 1 A 50 R ILTE 700~1100 RIREEE A HEA S E
Svol. %I E A E AT LU B KK ZE N 659%, IR B EIEN & B LIERE IR
THMEFEBHEERE (E 9).,
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AERTHU TR N i

1.6 ARBHNEARAS

1.6.1 FIRE/

WIRTFTIE, fEEEEb Rtk SR R R N &R B, SRR (it
RILZ, MA Ti-B. Ti-C. Ti-TiB; 3¢ Ti-B.C A RAERS, BERIEEL. s
. PRIESEZBTIIRE IR TOETE N R AL B sEAR, i EAe R &
i TiB. TiC B KEE SRR REE M. H TRAHE, K% Ti-B,C
R, A BARERATE BC LUK TALS k& &M A REE, BihEemumBRT

v

ZH& BEA RIS RM(TIBATIC) & B E &4 M FIE B IR .

B, WELEOHATRT Z BRI H 4 5k 5 4 MR B S SCEE B 0 FTHT
P, KR T ARG BRI BB T A 5 AR TR HO R
HeE I R G — AT S0 B R R, (RIS & MR S AL

B, PIRBOME TR A0 R ) 2 t R BRI & B TR I L
BALEE, H Ti-B,C AR SE ST AR AL YR ST IR KR

B, RO TR S A bR R B AR SR A T R LB (IS A
AT LA MRS A TRRTE SR IE 5T S AT & T BB AT A S B R R 3 % 1
1.6.2 fARAR

EX Ti-BiC fh R, TABCHAELITR T £ 6% TiB 5 TiC MIMIKESE S+,
FFEMENR . AESE . BRASS R RIASHR, EENRAEY
(1) (TIB+TICY/TAIS BREEST A bHEHEAT A I REAR HUBO R L IR % -

(2) RHEE A HEHEHRIEEER B R R TR, SR R A7
(3) SkHEIT & AHEI IR 2 M A TR W 2L BB R 5
(4) BREES A PHEHEIR 72 1 BT R M 2 ML 51
(5) FIAMBMEAE. BMAS. HErEE KT ER TR,
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¥ o o o ra

E_E LHE

2.1 MRS ,EIT

BOCECUTTIRAUE LR BT R B EL4E B.C fr (RKESIESRE -V ER Y ) 5%
BT IRl E L TALS SRaEH (&3S Ti-6Al-2Zr-1Mo-1V). J5UEH B 3R a1
10 From, AT ByC AREA S BIMERDR, TALS SRES&f AECRER. I 11 AR
FHR BRI AT et 45 8, 7T WL TALS BR& &40 78 40~ 180um 58 B7H0 AT B A 40 A i
AYE, T ByC BIRLE AR IS, TE 60~ 120pm T8 [ P9 AR LIS TE 9045

T m Sop :

S PR f, =Y !

PR S Y !‘l‘*ri ERIR T :
o ooy i e ot s e e e e it

20KV 700X  1mm  KYKY.2800B SEM SN:0109

um KYKY-2800B S| SN:0108

B0 RELSEMERERES, B.CH (a) (b), TAISH (o) (d)




ACTTAT AR 5 1 3T

RO TURIE RS E R SR F AR L E LR 9, MR B1~B4 &

20 F

th
T

10 -

Particle Percentage (%)

A o 1
‘
i VR
S " ARt
s ; AL
¢ -0 3
v
1 ~ ~
V "
: .

3 ,rr‘/
0 ==

T T T T t =
40 §0 120 160 200 240

Particle Size (um)

A1 EEBRREST

v

7%

BEMGAFE P1~P3 BTHI TA15 5 B.C IR EHR M B ELIE M8 5Ti+B,C — 4TiB+TiC 575

m

1i

mm(,

M

(=0) 4My,

(

: C p}"}b’

Pric

IC) 4 5M,,

(2.1D

H A Mrig. Mrics My 54 TiB. TiC. Ti 8 /RE R, pra. prics pri 2514 TiB.
TiC. Ti MEE, HER AT 4.50, 4.99. 4.51 (glem®), mms mac 2504 B LK &
Ti. BsC B1iE, CHHESETHHERMEITEE (RS H%).

R BOBTIBRGES SRR

HIEAM
(;f:;;) BERS TA1S5, wt.% B.C, wt.% TAlS, g B.C, g

Vol.%
10 Bl 98.10 1.90 58.86 1.14
20 B2 96.20 3.80 57.72 298
30 B3 94.31 5.69 56.58 3.42
50 B4 90.54 9.46 54.33 5.67
5 Pl 99.05 0.95 436.94 420
10 P2 98.10 1.90 432.74 8.39
15 P3 97.15 2.85 428.55 12.57

(L8]
n



o o | LA v |
[ e G Wl F S

EEMGAAE P1~P3 19i%11 R~ A 1€ 150mm X 85 60mm X 5 Smm. #E S 7ZER

PGSO A AR FE A U AT 50%, 141 BLERD (5 T BB 8 (L0 & ) 15 1T 4%

2.2 A RIRE L

WEESMERTEOUE (LR B S LA E TSR KB B 5 5 RS2 %
ETA KROS5 RE R RS P T, ZRLH(1) GS-TFL-8000 %! KW
BRFLELE COL BOLES. (ALBTRITr A RIEF=HI BSF-2 LSRR85, Q)= MBS0 PU AL AR
FEMTHRUE@TARF WMo (Z0E 12),

P

1. OGS
. GS-TFL-8000

AL S I N W P
S ]
(- i ’_ e
7 Ll
L ol W T | BSF-2
3. A EUK
TRART & 2.t

12 BAtHEnIERERERETRE

¥kt B1~B4 REHEBER P1~P3 L LS EHE N 10,

F10 BOUBUAUIRIRERE T Z 2R

BETIR OREE AEEE ERE EBERAR B £58

ol w mm/min mm em’/min mm x 107
B1~B4  3000~3500 10~15 4 78 LT Ar <200
N 60~80*

P1*~P3 4500 270*~300 5 6.6*~7.3 0.4mm Ar oy
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AL TTRUE RUA R |5 i L

2.3 BRERLE SR
KR TR & H BTS2 AR R BI~B4 JEEERT P1~P3 408135 13
BFIZRBFAT + X-Y FIH R Y-Z SFEFE RETEDTE, BRMREFEEEES, /5
AR XQ-2B ZUEERENLEERE (BB ARIAH) BRI 604 7K ELAE, 2004, 4004,
800#=NIA I #L, 1000# (B 1200%). 15004, 2000414 &2 500047 7K BE 00 44T B, DS
T P TESAT_ERTIGHEG, BDE 58 F 6 PG G 1T 6 LA = it e e T &l
R, BEJE FRS T OGN 2 ST AR . MOBREC I 0 F : 45 Fe.O5 (AM74t,
REMUERFIZT A7) K CrO; (g, REHRAUISER 4R 3% 6: 1
(HBIUL) BCF/EHET 600ml 7K, BHEEHWEEHENE, W LR ARkl
Fu st AL, TF%%"” éiffr,fﬁ«fﬂm KRR G 1 2 Tt e A ok ik .
—- _

—
B A Im)

~T

.\’i\

MR I T s R i
B 13 EHNERESRERNSARETRAEREBR

£ bk 718 S AR PR E R H OlympusBXS1M B Y622 E s . JSM-5800.
KYKY-2800 2443 AR 87 LA K JXA-8100 B8 THRET AT B M e . S E S
EAFAE R A ECEL ) HF: HNOs: Hy0=1: 6: 7 (FLL) BIEMIHET 3~6s 1240,
SRR TRSEI0 BT R R p A AR R, Rk A RAE LR EEE X 1min~2min30s (i),

T BrukerAXSD8 B B3} X STERATHT AT Y4B 455 , M5t 7257 A 0.154056nm
CuK &k, fHREEN 2%min, EFHE 40KV, WRHRER RTINS 2000404837

AT IXA-8100 Y s FHREFTINA RS IRAT R A B H A MBS S M TES B TR
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Ay — m e el
ofy TR SING il

ISR IE . 15KV, MK 2x10%A, BT d i E R 2um: WK E &5

W
BT IniE e [T 24 20KV, AR ELR 2% 1078A, BT B L1 2ume
2.4 1EEESENE

HITHE JXA-8100 B T#REF EFRIFE EUN BT HI A S 3R BUR 47 5 HUM B T R
o BRI BT XARE R BT, B BT AR mE i stk F e s v U,
RZIEEN TR, REMKHREDRERNB—H2HET. TR TOEE5
MR SRANARE R RO A R, A T TE PR REE 2R T TS 500 A0 52 0 78 A\ G 8 T 3 A 79 (0 %)
MR ER ARG, S22 HENE R EAP MR 2R,
BT RMEH SR ER AR, FUE DRI E S i sieT LIS 2 Rk o
#Z BIFHE B T B (COMP), T BT AMEI 335 S AR AL T LB B B iR b
KHEEREHH EFESER (TOPO).

%162  10€pm HD4 | TOPD  20.8kV x108  188m WD1lom

COMP TOPO
RENRTFEER, T ETFEZ, AP ENERCYRFFIGTE, R
TR ITEREET IS B TR 2R ERMEIFENEE (REQ), RFFIENT
SRR B TR T BN BERNREAE (REE) XWASER T B RISk
W, B.C BT FEEAD, FUAETHHETFERPENRE, TB 5 TiC HELETFFH
HE 1, BRESIS BT ETEERMIMNEZSH TiB H TiC mE, 3 THEEHK
Hakyl, BTFEAEPEE TI. AL Zr. Mo, V ETE, HE B. C itk AL Zr.
Mo. V RFFEUIRAR, FItEAKESETENBPENLRANEE, XHA Al
HaldELE, A Ti-o TP EEREZ, Mo. VIBRERE. £ TipIHHFEERZ,
HIEFFE ALE Mo, V72, Fitik&EE£EFEPH BTtk o TiREE. ALRTE
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AETTR A B A T L5 i

A7 LT T R S WAITRE B 14 BRIV SR, Rl S e & 8
(BRI vol.%), W JRUATT BT U F R IE A (I 14 FiR, WEs
—BE X, RENT XNHEK 0 REBEAEE, KEAT X WAEH 255 KE G4
HE. BIEREREE R LUZE A B0 — {8 RS 5 AT LU MR 40 H s am AR 40 T,
HEF®RESTEEER S LERBINLE TS E, MG IEE 0 KEREFBANE
BEE 2 R RIS R RAR G R R 4, AR E LT, ERATFEHUE. B
TEHENS 7 PF L1 B SR AN D AT SR R S YE BB T LAERA 30K, A 45 B 5 7 4k v L
RZ(ZY 1%/ HE RAAEN, RIAE B AR EHTFHE.
B X
0 255 MK
i = aatEl |
BsC TiBTIiC aTi BTi

-

et (5124
0 255 MKJE
- RS |
BsC TiB TiC aTi BTi
\\/
ﬂ@?%ﬁ%h

Haom A A A i
14 HEHASENEGENRER

2.5 BZEMIR

PRILE S MR 5 AR B HE7KE7E Sartorius BS110S B TR FHEHTF, BT
WARE, ERTFHINEZSE TS, IR EHMREARRag RS, as
i 8 5 2R IR EEER AN CnE 15 i)

My _ M
Eﬁ‘fﬂ Fﬁ‘:;‘] = pn?fﬁi = V -~ ])2 p.&ﬁ o= \;ﬁ ZVO I):'Uﬁ:

pz?:f.ﬁzé'lzo_'pi-ﬁW'g o, . T, (2.2)
=h

H my AR E, m ARHESEEAEZEFKENRERE, EREETK
BIZEE 4 1.00 g/lem®, W mo/my B ED AR 2,
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WP S R A A T

15 HAKERERRERRE

SEi i AR A e e 2k R ERFAIRRE, AR B EAFUEAT 10 20 B R i B i
PELAAS A BR BRI YT, KFEREHCH mo. A 80ml FINETIEN 50ml
EAMEETK, BIRIERGEMIMEE, PIBERHE RIS, R T 7 R—akiae, i
CRFHRESHT R, TARFLINEEGTED, EeTEEEE, URFAL%NR
FFLIARGIPEART AN, KAMERITHAED, FiE s 5T
AR TR T ST A B A B R4 B EE BV lom ZE G RIS B RV R s 2
ZEMNBR AL, FIRAEZBMENLZEFKR, ELMERENEALE, #ikK
RMEGERRIHEK, MERCEFEHFA%, FRTV R EFASENG R
IHERIBRD (REE 2 B 0.0001g) BFBIATIES, iCH my, BATESEE 158
ZATER. WE 3K m [HUPERRGIRE, WEER—IKEHTKCEAE S FH
17 3~5 A ePRIEB A EGEVE, BEEWRT, LUK 5 L — KRR ek B e e R i 2
BT 7K HAR R 5E 1 f5 BB e — IR Be AR R B0 2588 TK

2.6 FE RN,

{2 ] Durometer A.B.Alpha & [CRE & (G E &  RH B0 ERIERE, 3 B1~B4 &4
L P1~P3 EEEMR AITAR B 77 4] 4 B 1E1 B 2~ 3mm B HNR . BB R EmE
1500#RP 4R EE S .

2.7 B RERMAIIFEEENR

HIREKA R (WE 16 Fir) B MEM (B1~B4) JiEEElR (P1~P3) |
LLUFIEI B PR (RS2 50 E 17, 18 FR). R E A R Ma 34 B S5




