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The Effect of Hf, Y and Zr Additions on the Oxidation
Behavior of Ni-based Inconel 601 at High Temperature
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Oxygen active elements(OAE), such as Hf, Y and Zr, have been added to
high temperature alloys in order to improve oxidation resistance at elevated
temperature. Inconel 601 alloys with additions of OAE (about 1 wt% Hf, 0.5 wt
% Zr and 0.5 wt% Y) were subjected to isothermal oxidation tests in air at at-
mospheric pressure at 1000C and 1100°C to study the oxidation behavior. Cy-
clic oxidation tests were also carried out at 1000C and 1100C to study the
adherence of the oxide scale to the alloy substrate. The results of isothermal
oxidation tests showed that oxidation rate of Zr added alloy was the fastest
among the alloys tested and that of Hf added alloy was slower in both 1000°C
and 1100C than other alloys. It was also shown that Y did not affect the oxi-
dation resistance in the isothermal oxidation experiment. The Inconel 601 with
OAE addition improved cyclic oxidation resistance at 1100C. Y added alloy
showed better cyclic oxidation resistance than Zr and Hf added alloys. It
seemed that Y improved adherence of oxide scale to the alloy substrate, and
developed the Al subscale and resulted in increased lifetime of alloys.
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Table 1. Chemical compositions of the superalloys used.(wt%)

Jement

gEM NI cr Mo Nb Al Fe Mn  Si C  Cu etc OAE

alloy

Inconel S<0.

61.9 222 <001 003 142 024 1387 <00l 028 003 <001

601 001
S<0. Hf

601+Hf | 615 22 <00l <003 13 03 13 <001 01 0015 <001 " o
S<0. Zr

601+7r | 616 22 <00l <003 13 03 13 <001 01 0032 <001 "
s<o0. v

601+Y | 61.8 22 <0.01 <0.03 1.3

0.3

13 <0.01 0.1 0.023 <0.01
001 ¢.5
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3.1 Kinetics
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Fig. 1. Isothermal oxidation results for the inco-
nel 801, +Hf, +2r, +Y tested in air at 1000°C for
100 hours
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Fig. 2. Isothermal oxidation results for the Inco-
nel 601, +Hf, +Zr, +Y tested in air at 1100°C for
100 hours
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Fig. 3. Cyclic oxidation results for the Inconel 601,
+Hf, +Zr, +Y tested in air at 1000°C
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Fig. 4. Cyclic oxidation results for the Inconel 6071,
+Hf, +2Zr, +Y tested in air at 1100C
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3.2 Metallography and Microanalysis
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Fig. 6. Transverse sections of samples tested in air at 1000°C for 100 hours (a)Inconel 601 (b)601-+Hf (c)

601+2r (d)6014+Y
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Fig. 7. XRD patterns of the oxidized surface of
samples after oxidation at 1100°C in air {a)lnconel
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Fig. 8. Transverse sections of samples tested in air at 1100°C for 100 hours (a)inconel 601 (b)601+Hf (c)

601+2Zr (d)601+Y
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Fig. 9. Transverse sections of samples cyclically tested in air at 1100°C (a)incone! 601 (for 250 cycles) (b)
601-+Hf (for 433 cycles) (c)601+Zr (for 390 cycles) (d)601+Y (for 433 cycles)
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