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ABSTRACT Swelling behavior is an important feature of Ti–Al alloy porous material prepared by
reactive synthesis of element powder as raw material, and closely related with its pore structure properties.
The influences of reactive synthesis process and restrained sintering on swelling behavior of Ti–Al alloy
porous material were investigated thoroughly and detailedly under the given condition of other preparing
parameters. The results show Kirkendall pores formed due to the discrepancies of Ti/Al solubility and
diffusion rates lead to the wide–range expansion of compact volume. In the first stage of Al diffusion,
Ti–Al compact appears volume expansion behavior of more than 60% and near 40% of open porosity; in
the second stage of Al diffusion, Ti–Al compact occurs volume expansion of 1%–3% with open porosity
of 47%. In earlier stage sintering procedure, swelling behavior of Ti–Al alloy porous material through
restrained sintering shows strict linear law; in final sintering procedure, it shows a little shrinkage behavior
of volume.

KEY WORDS metallic materials, Ti–Al intermetallic compound, porous material, reactive synthesis,
swelling behavior
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Fig.1 Unconfined sintering process of Ti–Al com-
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Fig.2 Expansion curves of Ti–Al porous alloy

during its reactive synthesis from Ti/Al ele-

mental powder compact
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Table 1 Determination of parameters in expansion

linear equation

swelling stage ki, %/K bi, % R2

I 0.19 –106.16 0.9656

II 1.17 –706.42 0.8977

III 0.010 56.57 0.9319

IV –0.017 76.90 0.9972
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Fig.3 Pore structure properties of Ti–Al porous al-

loy during its reactive synthesis procedure
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Fig.4 Expansion curves of Ti–Al porous alloy during

confined sintering procedure

2.2 ��tQ Ti–Al UYZ[\]^_���
=GB7 Ti–Al # 8?��$C4a^(V

4 J>,

2V 4 3,=GB7 Ti–Al# 8?��$C4
EH:57DNC47EN%4EC4O%n$7
6,Ti–Al B7A2EN%4E@_[:57TcC
4,12 1100PXW4EC4R$JLI 24.72%, f

G75[M1yHab$EH, D2DN@EC4R
NpqMNOI, Lt2 0.3%–1.2% $orwI",

JLC4RH 1.20%, HENJLC4R$ 5.0%,[

z,98A42/(#0693JYW$DN%EN
@$=G'$O%nO0$,

Vt, 7V 2 *Z, =GB7$4EC4693,

Ti–Al# 8?��^$75`RB73:57$C
4,R_[O]$xÆBG,2B7Tc, Ti–Al A

4`a*Z&$,RC4,2?78g<90GA4
$4EI"ub[M,-&rO α = ki · T+bi ;A



194 � � � � � � 24�194 � � � � � � 24�194 � � � � � � 24�

42 1100 P*D$C4I"a^<EH^UV, J

W y=0.057x−34.11, m>&( R2=0.9636 XY 1, :

_=GB7 Ti–Al # 8?��$TcC4EH:
57Zus$H^I"=K,<rO α = ki · T + bi

>u, VXC4,R k H 0.057%/K, tH`RB7

BG II C4,R$ 4.9%,9o:8=GB7693
$=GC;JO0,2WW693, 2=GC;DB
7A$4EC42v>$W'O%UB<E,D8f

hW'$@W:57>iC4$EH,<BB7*
$%ZUuK;A4DNC4$mtF1,12EN
@infENC4qLDqL$=G(', )nEC
4,R\&,7`RB7;o, 2B7Gc=GB7
Ti–Al # 8?��:574EyHab$EH,

2=GB73, Ti–Al # 8?��$j?3'

*)JL?D+=($I"(V 5 J>,

V 5 :_, KLI",R$O], >*A8?4

j?3')JL?DfW'$I"EHBHSÆX
c: 2 800 P*D, A4$j?3'%JL?D>f
W'W&D1,ql, 12 800 PBCXW 35.2%%

8.1 μm; 2 800–1000 P, A4$j?3'%JL?D
fW'$qlZMb, 2 1000 PBCXW 37.8% %

9.2 μm; 2 1000 P*@, A4$j?3'%JL?D
BC2 ∼38% % ∼9.5 μm vYpqMNOI,

2.3 T�UVWX� Ti–Al UYZ[\]^��
vw

-&SBGB7+)16 Ti–Al # 8?��

693, 2O]BG# $$;I"(V 6 J>,?

V 6 >*w7, Ti–Al nA2 640 PMW 4 h $69

3, Ti%Al '+m!Fn`;23/(, n0 TiAl3
w%; [16],29%693, %AI Al 2 Ti 3$2
3,R* Ti2 Al3$&, {%AI Al2 Ti3$`
r'xxLB Ti 2 Al 3$`r' [15], <VO0*
Al N Ti 323Ho$\2369,nA3$ Al L

+ne, 4&Ja< Ti % TiAl3 x;y0, (V 6b

J>,29%BG Ti/Al '+m!$/(69>k
ÆH [14]

6Ti + 6Al → 4Ti + 2TiAl3

2<��3, Al pKÆ`;23/(nemv,

fG Ti pK% TiAl3 x;2WW693xxFn`
;23/(,D2 TiAl3 ;3, Al $23,Rxx
&B Ti '+ [9,16], lV TiAl3 $ Al '+xxN Ti

31,23, 90w@x\2369, 1<Vn0 γ–

TiAl, TiAl2 % α2–Ti3Al S;, (V 6c J>, 97?
y [9] $7y%n,Ja Ti pK% TiAl3 x;ne

mv, 9%BG$/(69>kÆH [14]

4Ti + 2TiAl3 → TiAl + 2TiAl2 + Ti3Al

� 5 ddeNR\
 Ti–Al O�]g^hYngs

rzzs�glYso
Fig.5 Variation of open porosities and maximum

pore sizes of Ti–Al porous alloy during its com-

bined sintering procedure
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Fig.6 XRD patterns of Ti–Al compacts (a) before

and (b, c and d) during the sintering proce-

dure
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