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Effect of Oxidation Resistant Coatings on the Deformation Behavior of

TiAl Alloys at 1173 K in Air

Takumi Nishimoto, Shigenari Hayashi and Toshio Narita

Graduate School of Engineering, Hokkaido University, Sapporo 060-8628

The effects of coatings on the deformation and oxidation behavior of Ti-50Al alloy were investigated at 1173 K in air at a
constant loading of 30 MPa. The coating was formed by a two—step Cr/Al diffusion treatment and consisted of an outermost TiAl,
layer, an outer Al-rich y layer, an intermediate y, Laves and 8 mixed layer, and a Cr diffusion zone. Tensile tests were also carried
out with sole Cr or Al coated TiAl and uncoated TiAl at 1173 K for comparison purposes. The oxide scales formed on the uncoat-
ed TiAl and the sole Cr coated specimens were a mixture of TiO, and Al,Os, which displayed extensive exfoliation. Both the two—
step Cr/Al coated TiAl and the sole Al coated specimens formed a protective Al,O5 layer and little oxide exfoliation was observed
here. Significant cracks were observed in the sole Al coated TiAl, while no cracks were observed in the sole Cr coated TiAl; the
two-step Cr/Al coated TiAl showed a number of cracks in the coatings. Low creep rates in the two—step Cr/Al coated TiAl could
be due to the Laves phase with a hexagonal C14 structure in the intermediate, y,  and Laves phase mixture, and the high creep
rates of the sole Cr coated TiAl may originate in the major B phase component with a B2 structure in the y, 8, and Laves phase

mixture.
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Fig. 1 Cross—sectional microstructure of a two-step Cr/Al
diffusion processed TiAl: (1) TiAly,, (2) Al-rich y, (3) y+
Laves+p, (4) Cr diffusion zone, and (5) substrate.
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Fig. 2 Changes in mass gain per unit surface area with oxida-
tion time at 1173 K in air under thermal cycling. The samples
were oxidized for 86.4 ks (for 43.2 ks on first cycle) on each cy-
cle.
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Fig. 3 Cross—sectional microstructure of (a) aluminized TiAl
after 100 cycles of oxidation at 1273 K, (b) a two-step Cr/Al
diffusion processed TiAl at 1173 K for 3600 ks, and (c) concen-
tration profiles of Al, Ti, Cr and O along the lines indicated by
the arrows in Fig. 3(b).
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Fig. 4 Schematic outline of the equipment and specimens
used in this creep tests.
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Fig. 6 Changes in displacement measured by displacement
transducer with testing time at 1173 K in air under a constant
loading of 30 MPa.
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Fig. 5 Cross—sectional microstructure and concentration profiles of Al, Ti, Cr, and O of (a) only Cr diffusion processed TiAl, (b)

aluminized TiAl before the creep tests.
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Fig. 7 Morphologies of specimens of (a) uncoated TiAl, (b) aluminized TiAl, (c¢) Cr diffusion coated TiAl and (d) two—step coated
TiAl before and after the creep tests. The upper photos are before and the lower are after the creep tests.
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Fig. 10 Cross-sectional microstructure of (a) uncoated TiAl, (b) aluminized TiAl, (c) Cr diffusion coated TiAl and (d) two—step
coated TiAl after the creep tests at 1173 K in air under constant loading of 30 MPa (low magnification). Boxed areas are shown in
high magnifications in Fig. 11.
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Fig. 11 Cross-sectional microstructure of (a) uncoated TiAl, (b) aluminized TiAl, (c¢) Cr diffusion coated TiAl and (d) two-step
coated TiAl after the creep tests at 1173 K in air under constant loading at 30 MPa (high magnification).
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Fig. 12 Concentration profiles of Al, Ti, Cr, and O along the lines indicated by the arrows in Fig. 11: (a) uncoated TiAl, (b)
aluminized TiAl, (c¢) Cr diffusion coated TiAl, and (d) two—step coated TiAl.
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Fig. 13 Cross—sectional microstructure of (a) uncoated TiAl, (b) aluminized TiAl, (c) Cr diffusion coated TiAl and (d) two—step

coated TiAl after the creep tests (unloaded region).
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Fig. 14 Concentration profiles of Al, Ti, Cr, and O along the lines indicated by the arrows in Fig. 13: (a) uncoated TiAl, (b)
aluminized TiAl, (c¢) Cr diffusion coated TiAl, and (d) two—step coated TiAl.
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