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a b s t r a c t

In this research a nano-composite structure containing of an intermetallic matrix with dispersed Al2O3

particles was obtained via mechanical activation of TiO2 and Al powder mixture and subsequent sinter-
ing. The mixture has been milled for different lengths of time and then as a subsequent process it has
been sintered. Phase evolutions in the course of milling and subsequent sintering of the milled powder
mixture were investigated. Samples were characterized by XRD, SEM, DTA and TEM techniques.

The results reveal that the reaction begins during milling by formation of Al2O3 and L12 Al3Ti and fur-
ther milling causes partial amorphization of powder mixture. DTA results reveal that milling of the pow-
der mixture causes solid state reaction between Al and TiO2 rather than liquid–solid reaction. Also, it was
observed that the exothermicity of aluminothermic reduction is reduced by increasing the milling time
and the exothermic peak shifts to lower temperatures after partial amorphization of powder mixture dur-
ing milling. Phase evolutions of the milled powders after being sintered reveal that by increasing the mill-
ing time and formation of L12 Al3Ti in the milled powder, intermediate phase formed at 500 �C changes
from D022 Al3Ti to Al24Ti8 phase.
� 2011 The Society of Powder Technology Japan. Published by Elsevier B.V. and The Society of Powder

Technology Japan. All rights reserved.

1. Introduction

Intermetallic alloys based on c-TiAl are interesting materials for
use in aerospace and structural applications for their relatively low
density, high strength to weight ratio, good oxidation and corro-
sion resistance and adequate creep resistance at high tempera-
tures. However, their brittleness and rapid crack growth rate at
low to intermediate temperatures hinders their application [1,2].
It has been reported that grain refinement of these alloys to
nano-scale may improve their room temperature ductility [3–6].
Nevertheless, nano-structure of the monolithic alloys is unstable
at elevated temperatures which deteriorate the high temperature
properties. Preparation of a nano-composite with intermetallic
matrix and dispersed ceramic particles with thermodynamically
compatible phases may stabilize the nano-structure at high tem-
peratures [3,4]. Also, reinforcement of the intermetallic matrix
with high strength ceramic particles improves high temperature
creep strength and modifies fracture behavior to provide improve-
ments in ambient temperature toughness [7].

There have been interests on development of in situ TiAl/Al2O3

composite in recent years to overcome the problems associated
with the monolithic c-TiAl alloys [8]. TiAl/Al2O3 and/or Al3Ti/

Al2O3 in situ composites have been already prepared by mechani-
cal alloying and subsequent heat treatment of TiO2 and Al powders
by a number of research groups [9–12]. In most of these re-
searches, no reaction was reported to take place in Al–TiO2 powder
mixture during the milling process. Only in one case under a severe
milling condition, formation of a fcc TiAl phase was reported [13]
although formation of this phase is in doubt by some researchers
[14]. Therefore, phase evolutions of Al–TiO2 powder mixture dur-
ing intense milling process to prepare TiAl/Al2O3 nano-composite
has not been thoroughly investigated yet. It is expected that final
phases formed after sintering of the powder mixture is related to
the starting powder mixture composition. Also, formation of inter-
mediate phases during the milling process may affect the phase
evolution paths and related temperatures during sintering.

In this research, c-TiAl/Al2O3 nano-composite has been synthe-
sized using mechano-thermal processing of Al–TiO2 powder mix-
ture. Phase evolutions during the milling and further heat
treatment stages were systematically studied.

2. Methods

Commercially pure TiO2 (<0.2 lm, 99.8%), and Al (<100 lm,
99.8%) reagents have been precisely weighed according to the fol-
lowing reaction, even though 10 mol% excess Al powder was used
to ensure the existence of sufficient Al for the reaction.
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