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The Synthesis and Densification of Ti;Si;-base Intermetallic Compounds
by Reactive Sintering and Electro-Pressure Sintering
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ABSTRACT TisSi; intermetallics containing 0~6 wt% of Cu were made by reactive sintering (RS) under
vacuum using elemental powder mixtures (Process 1), electro-pressure sintering (EPS) using RS'ed materials
(Process2), and EPS using elemental powder mixtures (Process 3). Relatively low dense titanium silicides were
gained by Process 1, in which porosity decreased with increasing Cu content. For example, porosity changed
from 42 to 19.4% with the increase in Cu content from 0 to 6 wt%, indicating that Cu is a useful sintering aid.
The titanium silicides fabricated by Process 2 had a higer density than those by Process 1 at given composition,
and porosity decreased with increasing Cu content. For example, porosity decreased from 38 to 6.8% with the
change in Cu content from 0 to 6 wt%. A high dense titanium silicides were obtained by Process 3. In this Pro-
cess, porosity decreased a little by Cu addition, and was almost insensitive to Cu content. Namely, about 9 or
7% of porosity was shown in 0 or 1~6 wi%Cu containing silicides, respectively. The hardeness increased by
Cu addition, and was not changed markedly with Cu content for the silicides fabricated by Process 3. This ten-
dency was considered to be resulted from porosity, hardening of grain intcrior by Cu addition, and softening
of grain boundary by Cu-base segregates. All these results suggested that EPS using elemental powder mix-
tures (Process 3) is an effective processing method to achieve satisfactorily dense titanium silicides.

LA B2 %, Y. Murata 58] V, Nb 58 &7}5}od TisSise

*71'1}‘?}-:—— Az stgond, ¥ A3 AL

TisSi; 25713 E-S 4-54(21300)0] 212, UE 7} EAe)x, FAo] Fol A AW-E f#] F3}
@3 g’} dow, LLANE et A7 A% ok B9, Fdelel glol4E G. Frommey 57
HE A5t 1L Fe|m EXo] $paik mygk o] Tim Sio) 94¥EE Gz ¥ HIP: Hot
T F Si9) AkElE-Ql §i0,2] B3] Ew e Isostatic Pressingyd=] Folla] #gHEgnls-g o143
P & haksade] $alug ™ e & o TiSLFENHEEL ATt o) o=
T 2ok, A1EAL Al Fok o ‘:‘Jﬂ‘*?l% Zh2elwl B Al sl BAAE AEE 4 et 2ot
ob59] wAEE) - AwkEe] a7l ¢ e —"J HIPA] S 10417k o] Abold 2pA17E ARg-alo} 3t

Az A3 G TiSEEst e AR B2 e A2 ulge) S,
e A AT FUolFEo UG & R A7edE DA T4 A3 B 4R

Aol QeIE C. T Liv §7%) Cr, Zr, Nb, AL €, 2:5¢] SH3HE b )@ dadulgo 2 3] o

983



984 FEE - FeE - 2E4 A3 A2

F) A= w84 A (RS: Reactive Sintering)S- #-8-
ste] TisSipAl 508484 Azstgct =3, Ti
Si; FEEEe] A7 AEA S el Akl
AR A ARE FHEADF G2 #4A]
Al ZHAES o] 83 /v ek B/
274 (EPS: Flectro-Pressure Sintering)-2- -5} %}
SaFAY ADx gaE #sioich v tog, 3
29 Alar) A7AEAe] F3g FAel=
2, 349 @&t AZE IS Al AR
EqdA o 2 FH7IREAAY-S 42381 TiSiA
FEETES A2} o] vy T 2+
AR do] ek FE3le] 2Ae] o] T
2], A ] ZIj}stellA] N YH 2R 4 A

Usir} shte) FAela BT el o] Fe) A 4 9l

& A 71T olek. ol 7 Azpiel] o3
Az 224 138, A2 2 AESHE =

Abshich.
2. AlE Y

2-1. XY U 2ao| 58

Ti-37.5 at%Sie 7|8 ZA 02 dho] 7pEA]m0) 2"
o 9]3be] Aeigt 2AZA| Q) Cu =& HEAA
¥ 13 2 SEzA Y S dAS . 2 AY
o AH4¥l fgEL-E vk CERACA} AF-o A
Ti<& 917 37 ume)3}, Si< ¢J74 10 pmo)d}, 283
Cutz= H7Y3 3 ume] & Mk o, 23 144
g Bute] gAkg SEMAlz 0.2 eyt o]
T AL F 19 FFFRA) =A Ag F,
Fare] Fd3l £ 9 A= e (atwritor) S ARE-

Fig. 1. SEM microphotographs of elemental powders. (a) Ti, (b) Si and (c)Cu
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Table. 1. Nominal compositions of experimental alloys

(wt.%)
Alloys Ti Si Cu
Ti.Si . 74.0 26.0 0
TisSi-1% Cu 732 25.8 1.0
TisSi-3% Cu 71.8 25.2 3.0
TisSi-6% Cu 69.5 24.5 6.0
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Fig. 2. Schematic view of EPS apparatus.
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Fig. 3. Temperature profile of TiSi, during EPS pro-
cess.
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Fig. 4. X-ray diffraction spectrum of titanium silicides.
(a) 6%Cu, Process 1,

() 3%Cu, Process 3 (holding time: 4 min),

(¢) 0%Cu, Process 3 (holding time: 12 min),

(d) 0%Cn, Process 3 (holding time: 12 min), followed
by heat treatment at 1200 'C for 10 h.
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Fig. 5. Optical micrographs of titanium silicides.
(a) TisSi-0%Cu (Process 1), (b) Ti:Si-1%Cun (Process 1)
(¢) TiSi=3%Cu (Process 1), (d) Ti.Si,-6%Cu (Process 1)
(e) Ti.8i;-3%Cu (Process 2), (f) Ti.Si,-6%Cu (Process 2)
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Fig. 6. Variation of porosity with Cu content for ti-
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Fig. 8. Optical micrographs of titanium silicides fabri-
cated by process 3 (holding time: 12min). (a) Ti.Si,-0%
Cu (b) TiSi;-1%Cu (c) TiSi-3%Cu (d) Ti.Si;-6% Cu.
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