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CHARAC TERIZATION OF TiAl POWDER PRODUCED
BY MECHANICAL ALLOYING®

Xiong, Xiang Huang, Baiyun Leci, Changmin Lu, Haibo
Central South University of Technology, Changsha 410083, China

ABSTRACT

The microstructure, alloying reactlion and sintering behavior of the powdcer produced by Mechanical Al-
loying(MA) lor 8 h {rom 64 wt.—% Ti powdcr and 36 wi.—% Al powdcr were studied by scanning clectron
microscopy, optical microscopy, X—ray dilfractometry, differential scanning calorimelry(DSC) and dilatomctry.
The mechanically alloyed powder partictes are Ti—Al composite particles. Thus, tilanium aluminides can form
casily in the pawder through diffusion during hcat treatment, It is shown that the sintering behavior of this pow-
der, diTerent from the behaviors of TiAl alloy powder and mixed powder of 64 wi.—% Ti powder and 36 wt.—%
Al powdecr, changes from cxpansion al lcmperatures below 1000T 1o shrinkage al temperatures above 1 000TC .
Homogencously alloyed TiAl matcrial with a densily over 96% of the theorclical density can be produced from

the mechanically alloyed powdcer by compaction—sinicring.
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1 INTRODUCTION

Powder mclallurgy is a [abrication tech-
niquc ol ncar-nct shaped bulk components. It is
cspecially used lor [abrication ol brittle and
hard—workablc malcrials. Not only docs arc
-mclted TiAl usually have a structure with
coarsc grains, bul il also has a very inho-
mogencous composition. These have severcly al-
fected the mechanical propertics of TiAl alloys.
The inherent low ductility ol TiAl has led 1o the
adoption of powder metallurgy as the preferred
processing route. Since powdcer metallurgy tech-
niqucs can cllcctively control the microstructures
TiAl
sintcred [rom [in¢ powders should have a [inc

and composilion homogcneity, alloys
grained structurc with a rclatively homogencous
composilion. Onc mcthod 1o get {ine TiAl pow-
ders is rapid solidification technique(RST), an-
other 1s mechanical alloying(MA), or attritor
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grinding[H].

The microstructure, alloying rcaction and
sintcring bchavior of the powder produced by
mcchanical alloying ol 64 wt.—% Ti powder and
36 wi.—% Al powdecr(labcled MA powder)were
studicd. For comparison, the attritor—ground
powdecr [rom crushed TiAl alloy powdecr (labeled
TiAl alloy powder) and the mixed powdcer of 64
wl.—% Ti powdcr and 36 wi.—% Al powdcr (la-
beled mixed powder) were also studied.

2 EXPERIMENTAL

Mecchanical alloying of MA powder and
atiritor grinding of TiAl alloy powdcr were car-
ricd outl in argon lor 8 h in the samc milling vial.
This vial was a stainless steel cylinder of dia
135mm x 150mm. The milling media was the
argon atmosphcre in the vial. The ball-to—pow-
der weight ratio was 20: 1. The particles of Th
powdcr with a purity o[ 99% arc smaller than 44
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um. The particles ol’ Al powder with a purity ol
99% were smaller than 22 ym. The starting TiAl
alloy powdecr used in this study was smaller than
175 pm. In order to control the mechanical al-
loying, 1.5 wt—% slcaric acid was added as a
proccss control agent(PCA).

The microstructure and homogencity ol
MA powder were obscrved using scanning clec-
tron microscopce and optical microscopc. Analy-
sis of the alloying rcaction between Ti and Al for
MA powdcr and mixed powder was perlormed
by X-ray dillraction and dilTerential scanning
calorimetry (DSC). The sinlering behaviors of
powders were studied by dilatometry. The di-
mcnsions of compacted samples with a density of
23 g/em® were 5 mm X 5 mm x 15 mm. The
dilatometer illustrated the length changes of
sintcring samples. Argon was uscd as the atmos-
phere. All samples were heated at a constant rate
of 5§ C /min.

3 RESULTS AND DISSCUSION

3.1 X—ray Diffraction Analysis

Fig. 1 shows the X—ray di{lraction paticrns
of mixed powder and MA powder. Comparing
Fig. 1(a) with Fig. 1(b}), thcrc werec no obvious
ttanium aluninides in MA powder, but the
dilTraction pecaks of clemental Ti and Al were
widened duc to scvere [attice distortion. From
thc X—ray dillraction analysis ol hcat—trcated
MA powdcr, the [ollowing results can be discov-
cred: when MA powder was heat treated at
600C lor 0. 5 h, the dilfraction peaks ol titanium
aluminides appcared on 1its dillraction paticrn
and were more intensc than thosc of clemental Tt
and Al(Fig. 1{d)); when MA powdecr was hcat

treated at 600C for 3 h. The diffraction peaks of

the titanium aluminides became much more in-
tense(Fig. 1(c)). But there were only very weak
diffraction peaks ol titantum aluminides on the
dilTraction pattern ol hcatl—treated mixed pow-
der at 600T lor 3 h (Fig. 1(c)).
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Fig.1 X-ray diffraction patterns
(a)—mixed powdcr; (b)—MA powder; (c)—hcal—ircaied
mixed powder at 600TC for 3 h; (d)—hecat—trcated MA pow-
der '51 600C Tor 0.5 h; (c)— hcat—trcated MA powder at
600C for 3 h.

Tt should be mentioned that the mechanical
alloying process makes the alloying reaction be-
tween Ti and Al casier during heat trecatment, al-
though titanium aluminides do not appear in the
powder produced by mechanical alloying {or 8 h.

3.2 DSC Analysis

Fig. 2 shows the DSC curves ol both mixed
powder and MA powder. Tt is indicated in Fig,
2(a) that the cxothermic alloying reaction between
Ti and Al in mixed powder took place only alter
the melting of Al (There is the endothermic peak
ol Al melting on the curve belore the exothermic
alloying rcaction pecak). The [ast cxothermic reac-
tion ol scll~propagation between Ti and Al made
onc sharp cxothermic peak appear on the curve.
The curve of MA powder(Fig. 2(b)) is dillerent
[rom that ol mixed powder. Slow exothermic al-
loying rcactions had taken place in MA powder
belore the melting point ol pure Al (666T).

The reaction, commenced at 245T | and
were completed at 600C . Apparently, the
cxothermic reaction to form litanium aluminides
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was through the dilTusion between Tiand Al

Therelore, it can be concluded that titanium
aluminides form casily in the powder produced
by mechanical alloying through dilTusion be-
tween Tiand Al during heat treatment.
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Fig. 2 DSC curves
(a)—mixed powder; (b)—MA powder

3.3 Microstructures

Fig. 3 shows thc back-scaticred clectron
micrographs ol mixed powdcr and MA powder.
There is an evident BSE image contrast between
clemental Ti and Al in mixed powder (Fig. 3(a)).
Ti powdcr particles arc irrcgular. Al powdcr par-
licles arc spherical. In the BSE micrograph of
MA powder (Fig. 3(b)), thcre is no cvident con-
trast beiween the particles. Fine particles are
equiaxial. Every powder particle is composed of
many finer particles. Fig. 4 shows thc mectallo-

graphic structurc ol MA powdcr particles. Due
to ball-powder-ball collision, clemental Ti and Al
powdcr particles have become lamcllar and have
been cold-welded into larger M A powder parti-
cles with a lamellar structure. These indicate that
thc MA powdcr particlcs arc Ti—Al composilc
particles of tiny Ti and Al particles, which were
produced by cold-wclding and [racturing of
powdecrs during mechanical alloying“’sl.

The [act that the finc particles of MA pow-
der arc Ti—Al composite particles of iner Ti and
Al particles indicates that the dillusion distance
between Ti and Al was shortencd, and the con-
tact arca between Ti and Al was increased
grecatly. In addition, the atomic activily was in-
crcascd duc to the severe lattice distortion caused
by ball-powdcr-ball collisions. In this case, the al-
loying rcaction through dilTusion between Ti and
Al could be enhanced greatly.

3.4  Sintering Behaviours

Fig. 5 shows the sintering curves ol threc
kinds ol powdcrs—mixcd powder, MA powder
and TiAl alloy powdcr. This ligurc illustralcs
that the mixed powdcer compact cxpanded great-
ly at temperaturcs between 600 € and 700 T.
The expansion decreased only a little al tempera-
tures above 1 000C and was ncver climinated.
Although the¢ MA powdcr compact also cx-
panded at tlcmpcraturcs between 400C and
500C , its cxpansion was Icss than that of the
mixcd powdcer compact, and could be eliminated.
When the temperature was over 1 000T |, the
powdcr compact began shrinking quickly. The
density ol the sintered bulk at 1400C for1.5his
3.75 g/ cm’, 1. ¢. 96. 2% ol the theoretical densi-
ly.

The sintering curve ol T1Al powder is difler-
cnt [rom both ol the former. The sintering of
TiAl alloy powdcr is actually a common solid-
state sintering procedurc. Tts compact did not
cxpand during sintering (Here thermal cxpansion
is not discussed) bul only shrinked. The compact -
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Fig.3 Backscattered electron micrographs ( X 604)

(a)—mixed powder; (b)—MA powder

shrank slowly at tcmperaturcs below 1 300C

and shrank quickly at tempcraturcs above 1
300C . The density of the sintered bulk at 1
400C for 1.5h was 3.76g/ cm’, i. c. 96.4% of
the theoretical density.

During the sintering of the mixed powdecr
compact, duc to the Kirkendall’s elTeet, Ti par-
ticles expanded and pores formed in Al parti-
cles alter Al atoms in the particles had diffused
into Ti particles. Thus, the mixed powder com-

pact cxpanded during its sinteringl®.

Fig. 4 DBletallographic structure
of M A powder particles ( X 1 400)

For the sintering of M A powder from Tiand
Al, the difTusion of Al into Ti must also causc the

compact ¢xpand and micropores can form in the
composile particles at the samc time. But these
micropores can shrink continuously under the ac-
lion ol greater surface tension during s"mtcring. In
this casc, the sintening behaviour ol this powder
changed [rom sintcring cxpansion at tcmperaturcs
below 1 000T 1o sintering shrinkage at tempera-
turcs above 1 000C, and belore 1 300C it shrank
much [astcr than TiAl alloy powdcr.
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Fig. 5 Sintering curves of three kinds of powders

1—TiAl powdcer; 2—MA powder; 3—Mixed Powder

The X—ray dilfraction results showed that
the X—ray dillraction patterns of the as-sintcred
bulks of MA powder and TiAl powdcr at 1
300T flor 1 h arc cssentially similar(Fig. 6). This
indicates that homogencously alloyed TiAl mate-
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nals with densitics over 96% ofl the theorctical
density can be produced [rom both MA and
TiAl powdcr by compaction—sintering.
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Fig.6 X-ray diffraction patterns of sintered bulks
of MA powder and TiAl powder at 1300C for 1 h
1—TiAl; 2—Ti,Al; 3—AILLTi

4 CONCLUSIONS

(1) The formation ol Ti—Al composite
particles in the powder produced by mcchani-
cal alloying greatly shorten the diffusion dis-

tance between Ti and Al Thus lilanium
aluminides can form casily in this powder
through dilTusion during heat trcatment;

(2) The sintering behavior ol the mechani-
cally alloyed powder changes from cxpansion
at temperaturcs below 1 000C to shrinkage at
temperaturces above 1 000C .

(3) Homogencously alloyed TiAl materi-
als with densitics over 96% ol the thcorctical
density can be produced [rom the mechanical-
Iy alloycd powdcr by compaction—sintering.
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