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Fabrication of Ti Al alloy sheets by
element powder cold roll forming and reactive synthesis
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(State Key Laboratory of Powder Metallurgy,
Central South University, Changsha 410083, China)

Abstract: TrAl alloy sheets were fabricated successfully by element powder cold roll forming and reactive synthesis. The size
and relative density of sheet bars were 500 mm X 230 mm X 1.5 mm, 85.9% respectively. The effects of process parameters on
the fabrication of sheet bars and the vacuum sintering behavior of sheets at different temperatures were investigated. The results
show that the moderate flowability of element powders, low rolling velocity and stable rolling pressure are needed for the process of
Ti, Al element powder cold rolling. After the sintering, microstructure of Tt Al alloy sheet consists of Tt Al and Ti3Al phases, and
the content of Ti3Al phase increases with the sintering temperature. The increment of Tt Al sheets porosity is 21% ~32% , and the
prime reasons are considered to be the existence of the porosity in sheet bars and Al self diffusion in the process of reactive synthe
sis. During the low pressure( < 10 kPa) vacuum sintering process, the external pressure works effectively in the transient liquid
phase stage. The effect of the low external pressure on porosity of sintered sheets increases with the increment of the size of the ele-
ment powder particles and the sintering temperature.
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Table 1 Ti, Al element powders with different particle sizes

Grain size of Ti

Grain size of Al element

Sample No. clement powder/ mm s/ man Mixing time/ h Flowability/ s
1 0. 1040. 147 < 0.074 15 8.6
2 < 0.061 < 0.074 15 11.3
3 0. 0380. 061 < 0.074 8 12.5
4 < 0.038 < 0.074 8 17.2
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Table 2 Process and characteristics of powder rolling

Alcohol addition/

Rolling order number Sample No.

Mill rotational rate/
1 pordtionsr Tate Rolling pressure/ kN

(mLekg™ ) (r*min” ")
1 1 0 1.0 190300
2 1 0 4.0 170240
3 1 4 0.5 360440
4 2 4 2.0 180200
5 2 3 1.0 300360
6 3 3 1.0 400420
7 4 2 1.0 380400
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Fig. 2 Diagrammatic sketch of I%)Wder rolling

I —Free area; Il —Feeding area; III—Rolling area
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Fig. 3 Photos of Ti, Al element powder rolling blanks
(a) —Sample 1; (b) —Sample 3, 4
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Table 3 Density and rolling parameters of blanks

Sample No. Rolling

Mill rotational

Density/
oY Relative density/ %

pressure/ kN rate/ (r*min” ') (g*cm™?)
1 360440 3.09 83.5
2 300360 3.18 85.9
3 400420 3.08 83.2
4 380400 3.02 81.6
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Fig. 4 XRD patterns of TrAl

alloys after sintering
(a) —1 200 C; (b) —1 300 C
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Table 4 Relative contents of TrAl phase
and Ti3A]l phase in TrAl alloy

Nominal composition

.. Sintering w(TrAl)/  w(TizAL)/
KopEibon temperature/ ‘C % %
(mole fraction) P ?
Tr46. 5% Al 1 200 75.9 24.1
Tr46. 5% Al 1 300 45.3 54.7
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Table 5 Relative density of Tr Al alloy sheets after sintering

Relative density/ %

Pressure/ kPa 1200 C 1300 C
Sample 1 Sample 2 Sample 3 Sample 4 Sample 1 Sample 2 Sample 3 Sample 4

0 51.8 55.5 54.1 60. 2 52.0 56.7 55.0 60.5

6 52.5 55.3 55.4 60.3 56.2 57.5 57.4 61.0

9 54.4 57.8 57.6 60.7 57.7 57.6 58.8 61.7
Relative density 83.5 85.9 83.2 81.6 83.5 85.9 83.2 81.6

of blanks/ %
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Fig. 5 Variation of overall porosity and open porosity of

sintered sheets with different pressures

(a) —1 200 C, overall porosity; (b) —1 200 C, open porosity;
(¢) —1 300 C, overall porosity; (d) —1 300 C, open porosity
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