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Abstract The synthesis of titanium silicides (TisSi, TiSiz, TisSis, TisSis, and TiSi) by mechanical alloying
has been investigated. Rapid, self-propagating high-temperature synthesis (SHS) reactions were observed to pro-
duce the last three phases during room-temperature high-energy ball milling of elemental powders. Such reac-
tions appeared to be ignited by mechanical impact in an intimate, fine powder mixture formed after a critical
milling period. During the high-energy ball milling, the repeated impact at contact points leads to a local con-
centration of energy which may ignite a self-propagating reaction. From in-situ thermal analysis, each critical
milling period for the formation of TisSis, TisSis and TiSi was observed to be 22, 35.5 and 53.5 min, respec-
tively. TisSi and TiSiz, however, have not been produced even till the milling period of 360 min due to lack of
the homogeneity of the powder mixtures. The formation of titanium silicides by mechanical alloying and the
relevant reaction rates appeared to depend upon the critical milling period, the homogeneity of the powder mix-
tures, and the heat of formation of the products involved.
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Table 1. Properties of Ti, Si and titanium silicides in Ti-Si system»>

Phase Heat of Formation Melting Point (C) Density (g/cm) Crystal Structure Lattice Parameters
AH (KJ/mol at.) Q)
oTi 0.0 1680 4.504 Hexagonal a=2.950
P6,/mcm(194) c=4.686
Si 0.0 1410 2.330 Cubic Fd3m(227) a=5.4301
Ti,Si -53.0 1170 4.088 Tetragonal a=10.39
P42/n(86) c=5.17
TisSi; -72.5 2130 4.356 Hexagonal a=7.444
P6,/mem(193) c=5.143
Ti,Si, -81.0 1920 4,254 Tetragonal a=6.713
LT)* P41212(92) c=12.190
Ti,Si, -81.0 1920 4.260 Orthorhombic a=6.645
(HT)* Pbnm(62) b=6.506
c=12.69
TiSi -64.9 1570 4.243 Orthorhombic a=6.544
Pnma(62) b=3.638
c=4.997
TiSi, -44.8 1500 3.850 Orthorhombic a=3.62
Cmem(63) b=13.76
¢=3.605
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Fig. 2. XRD patterns of the steel ball-milled Ti-44.4
at%Si powders in a PSZ vial at various MA times.
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Fig. 3. In-situ thermal analysis of Ti-44.4at%Si powder
with respect to milling time.
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Fig. 4. XRD patterns of the steel ball-milled. Ti-37.5
at%Si powders in a PSZ vial at various MA times.
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Fig. 5. In-situ thermal analysis of Ti-37.5at%Si powder
with respect to milling time.
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Fig. 6. XRD patterns of the steel ball-milled Ti-50.
0at% Si powders in a PSZ vial at various MA times.
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Fig. 7. In-situ thermal analysis of Ti-50.0at%Si powder
with respect to milling time.
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Fig. 8. XRD patterns of the steel ball-milled Ti-25.0
at%Si powders in a PSZ vial at various MA times.
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Fig. 10. XRD patterns of the steel ball-milled Ti-66.7
at%$Si powders in a PSZ vial at various MA times.
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