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Synopsis :

River Lite 20-5USR (20%Cr-5%Al) stainless steel foil, which contains small amounts of
La and Zr, possesses excellent oxidation resistance, and has been widely applied to
catalytic converters of automobiles. To clarify the mechanism of improvement in
oxidation resistance by La and Zr addition, the oxidation behavior of 50 & thick 20%
Cr-5%Al steel foils containing small amounts of La, La 1 Ti and La 1 Zr was examined.
The addition of La decreased the growth rate of both A1203 layer, which grew until Al
in the foil had been depleted, and Cr203 layer, which formed between the AI203 layer
and the substrate after the depletion of Al. The addition of an adequate amount of Zr to
alloys containing La made the growth rate of both oxide layers still lower, while the
addition of Ti did not. The segregation of La and Zr at grain boundaries in the A1203
was observed with TEM. However, Ti segregation was little detected. The reduction in
the growth rate of the Cr203 layer indicates that the oxygen diffusion rate in the A1203
layer is reduced. It is considered that La and Zr segregation suppresses oxygen diffusion
via the Al203 grain boundaries with the result of decreasing the growth rate of the
Al203 and Cr203 layers.

(c)JFE Steel Corporation, 2003
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River Lite 20-5USR (20%Cr-5%Al) stainless steel foil, which contains small amounts of La and Zr, possesses excellent oxi-
dation resistance, and has been widely applied to catalytic converters of automobiles. To clarify the mechanism of
improvement in oxidation resistance by La and Zr addition, the oxidation behavior of 50 um thick 20%Cr-5%Al steel foils
containing small amounts of La, La + Ti and La + Zr was examined. The addition of La decreased the growth rate of both
Al,Oy layer, which grew until Al in the foil had been depleted, and Cr,0, layer, which formed between the ALQ, layer and
the substrate afier the depletion of Al. The addition of an adequate amount of Zr to alloys containing La made the growth
rate of both oxide layers still lower, while the addition of Ti did not. The segregation of La and Zr at grain boundaries in
the Al,0, was obscrved with TEM. However, Ti segregation was little detected. The reduction in the growth rate of the
Cr,0; layer indicates that the oxygen diffusion rate in the Al,Q, layer is reduced. It is considered that La and Zr segrega-
tion suppresses oxygen diffusion via the ALO, grain boundaries with the result of decreasing the growth rate of the ALQ,

and Cr,0, layers.
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Fig. 1 Schematic illustration for oxidation behavior 50 um thick

20Cr-HAl steel foil
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Fig. 2 Oxidation behavior of 50um thick foil samples without
addition of La and with addition of La, La-Zr 10 20Cr-5Al

steel at 1373 and 1473 K in air

Table 1 Chemical compositions of experimental heats
(mass%)_
Cr Al ia B Ti Zr
La added steels T 196~206 50~5.1 Tr—0.18 R e
Laand 11/Zr added steels | 19.9—-20.2 4.9~5.1 0.07—012  Tr~016 © o Tr—0.24
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Fig. 3 Doubledogarithmic plot of oxidation behavior of 50 gem
thick 20Cr-5Al stec! foils samples containing 1a or La-Zr

in air
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Fig. 4 Effect of La, Ti or Zr content on duration of first stage of
oxidation of 50pm thick 20Cr-5A1 steel foil samples at
1373 and 1473 K in air
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Fig. 5 Oxidation behavior in second stage for 50 gm thick 20Cr-

5Al steel foil samples containing La or Ta-Zr at 1473K in
air
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Fig. 6 LEffect of La, Ti or Zr content on linear rate constant dur-
ing second stage of oxidation of 504m thick 20Cr-5Al
steel foil samples at 1473 K in air
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Fig. 7 Relationship between linear rate constant during second
stage and duration of first stage in oxidation of 50xm
thick 20Cr-5Al steel foil samples at 1473 K in air
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Fig. 8 Effect of La, Ti or 7r content on onsel time of third stage
in oxidation of 50 zm thick 20Cr-5Al steel foil samples at

1473 K in air
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White circles indicate the EDX analysis points.
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Table 2 Results of Xeray diffraction analysis for foils oxidized at 1473 K
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Table 3 Equilibrium dissociation pressure of various oxides at
1473 K
Oxide Lqunl:bnum dl“%‘SO(‘latl(JI‘l pr( sc;urc' (l’a)
Fe,0, 3.3 % 101
Fe,0, 2.7x 1071
FeQ) 1.1x10-%®
Cr,0, 14 x 10"
Ti(), 84 x10 ®
ALO, 33x po®
ZrQ, 6.7 x 10-%
La,0, 33X 101
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