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Abstract The effect of manufacturing variables, such as reactant powder(TiB,, B.C), sintering temperature, and sin-
tering time has been investigated on the microstructure and the mechanical properties of in-situ processed Ti/TiB
composites. The mechanical properties were evaluated by measuring the compressive yield strength. The compressive
yield strength of the in-situ processed composites was higher than that of the Ti-6Al1-4V. The compressive yield
strength of the composite made with TiB, reactant powder was higher than that of B.C mixed at the same volume
fraction of reinforcement. It is because bonding nature between the matrix and the TiB. reactant powder was more
strong than that of the other materials. It was proven by the examining the crack propagation path.
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Fig. 1. Schematic diagram of the experimental and test proce-
dure.
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Fig. 2. XRD spectrum of as-presintered (700°C), and as-sin-
tered (1300°C) (a) Ti/TiB,, (b) Ti/B.iC, respectively.
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Fig. 3. Morphology of TiB, (a) SEM image of deep-etched TiB, (b) TEM image, (c) SAD pattern (zone axis [010]), respectively.
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Fig. 4. Schematic diagram showing the morpholoy of TiB ob-
served by TEM.
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Fig. 5. EDS analysis of an as-sintered of Ti/3wt% B.C,

(a) Typical as-sintered microstructure of the Ti/B.C, (b) Dark stripes in TiC,

(c) EDS spectrum of A area, (d) EDS spectrum of B area, respectively.

gt Aol Tigk Co Feolzrl A&E=HA e, 21 59
(b &} 7o) 7] umofo] AAF 48 7FA 1 wAFELTL )
At
IL"%] 6 Ti/B.LC AYAE 1000C o4 347+ 447
AA A LA EE Hojatel A TEM A % el
4°]E} Holke a9 64 & 4 U= A 2
A2 EFAZ o)Fox U, o)F AL FHEAY ¥
Mo 2HE TiB9 TICE o]FA U:E & + UNdch
o]ZZ Mol YAL L£42E 900TColAFE AlxtE
o 27} S7bgel gk 2 Hert A s 2722
% 1100CoA Aojite AEEY] Al&dl= 7lo] OM 4
o4l FA= gt webA BC uhe-Eus Eleby 7R AL
o]9] 4t B,C whew# W22 Tigl Fatko] FAF <
BC uk3-&o] BxC, TiBx 29 &3i7} #AH £ o
BEAzI S9F sadap) gelE AR FAE0E
HoeZ #3%ch. M. Ferraris' 52 Ti-B-C 249
EAE A7S T A A7 Fel= vl glow, £ A
el Mz ARAle Mo} o] HASE EFA N4 Ti-B-C
28 9] 2= Feld 4 itk
BC EFA 9 v A4E AL £
7150] B Holde] TAet 17kl
A3 A, kg Ao A o] Feixl

[T

T g ok &, 222x 1300 °]4elA B.C THUE
Tio} gato] G F-Alol] BEo] FHAHE EAste
Holrte] YAHY, BES FAlol osfA 1:1 sSFE
< A7l A TiBE 343tz BC 25H =%
g TiC & ¥A4sHA Dot weba] whgEd3t 7)
212} 74 Aol A 78’%}4 TiB7} glebs 7| AWZ A &
Alell F3 ] TiC7F AAshs TiB Ateloll 3= 4%
g}, BES "avt FAlel Abgtel et #aka459] A
olell 2Ja}A] (Kirkendal &3) ¥ 5|49} 3Fe] 7]Fo]

W WA o] ¥AE} EDS 44 AdAo® ¥
< &Rz HAE A u Yake] Ado] AT ZH&
frAshe 2 e AL TIC7r A2 o oA &
A5HA] 23 H2o0] TiBx =X BxCeo g AAsi=
TiC Wil A Ee] 7o) 2d== 5 Bel] TiCH &
A ARYEo 2 Falstel thAA Y TiCoF FAE A
o2 A}

32 HSEE e Sz £4

2§ 7ol Rhg-Edel s A= 3 1}94 TEE A
EAHe 2 At ARl EE %
TiB; ¥k-g-E¢2] 7% oF 40me &4
o, B.C W& A¢ 2 £330} f&° o5 ot
ol 4.6g/cm’?] v]FS ZHe Ti 7)AEd3 5Adg BT



238 d-

LA it
(4384 150 BV 43S 8Em

Jhe 0l

)
I'MIH/ sl

o] & ® :uks Aol 2% Ti/TiB ¥4z Az 7iAd 4A 311

Fig. 6. TEM image and SAD pattern of a transient phase of Ti/B,C mixture sintered at 1000°C x 3hrs, (a) TEM image, (b} DP of

TiB : zone axis [111], (c) DP of TiC : zone axis [012], respectively.

ke E5tA] &l wdsA o] Fe]
2.52g/cm*] ¥]E& Z+= B,C uh Eubo} AS
HFAE Qa4 Eftol T o] FiAA] wkr] W&
o Ao E AR,

% 8ol A2 E AUEE TAlsle Yel
stk Te 2RE 249 Wit AR = T
H71F& HIP 4 AT 485 =] 7] wFof ghito} &
7Vedbek. 713 CP Tid) 7% <F 94% oo Aoid
S5 7} dut 28509 94% ol AdHEE &7
A)ZF 317 2] 274 1200°C ool A dg & Uitk
2742 1000C e 2ANAE TiB, T8 22 244)
Zb FA5AE A oF 98% oldte] AUUEE de &
Aot

23 99} 27 102 &

& 7= TiB, ¥H%-
%] B

T \}qy

Az} 27 AZ el wEhA RhE

of o AAHHE TiB o F-HE&E AR Aeloh. TiB
o) Buligo ARl (882.5°C) olAtellAl F-43) £713}
ek ole A9 AAhde] eitBoh XUEA] 92 bee
FZolnE B Filo]l A ojitolA Hal Bslg]
7] wEolch. 2AZZ 34172} 7% 1200°C ol A
AEE TiBY FHEEL olEHoz AR A
5vol.% 2 3 =5gch, =g £ 2L% 1000°C Y =AM &
o 16417 ol FARE 7AF ]84 TiB FHEES
A& 2tk 28y B.C E3HAE 1000°C oA wES-o]
bz ol AR o 7} A7ke] 288k TiB o ¥4
A7 TiB,9 Tish Bo o] Bafjo} 0|52 &atel o3
A o]FoAE AL & S gle TiB, EFH7F BLC £F
ABrh TiB FAo] o ¥ XA DAzt FAHAAR
t}. 2 o]fE= AHA, B.CY #sllof o] B2 oAy} da



312

gaAadsz] AgA A3z (1999

Count
.

[} L I !

® 3w%TiB,
—m—1.5w% B,C

[o} 20 «“ €0

80
Interparticular spacing (um)

100 120 1490 160 180

Fig. 7. Optical micrographs and the particle distribution, (a) Ti/3wt% TiB: sintered at 1300°C x 3hrs, (b) Ti/1.5wt% B.C sintered at

1300°C x 3hrs, respectively.
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Fig. 8. Relative density of Ti/3wt% TiB, and Ti/1.5wt% B.C
with temperature.
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Fig. 9. Plots of volume fraction of TiB at various sintering tem-
perature(sintering time : 3hrs)
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Fig. 11. Compressive yield strength of an in-situ processed

Fig. 10. Plots of volume fraction of TiB at various sintering composites and that of the Ti-6A1-4V as a reference.

time(sintering temperature : 1000°C)

Fig. 12. SEM image showing the crack propogation morphology. (a)Ti/6wt% TiB,, (b) Ti/ 3wt% B.C, respectively.

Fig. 13. Morphology of reinforcements in-situ formed in e~ Ti matrix from (a)TiB,, and (b)B.C reactant powders, respectively.
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