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Effect of Zirconium on the Oxidation Resistance of Chromium Stainless Steels

Taishi MOROISHI, Hiseco FUJIKAWA, and Hirofumi MAKIURA

Synopsis:

The effect of zirconium alloying on the oxidation resistance of 15% to 189 chromium steels has been
investigated by means of isothermal heating at the temperatures up to 1 000°C. Alloying of zirconium
the amount of which exceeds its stoichiometric equivalent to the total amount of carbon and nitrogen
in steels is found to improve the oxidation resistance of chromium steels. Electron probe microanalysis of the
scales formed on the zirconium containing steels can detect no zirconium in the scales and shows prominent
chromium enrichment in the inner scales. Extraction analysis of precipitates in the steels after heating up
to 1 100°C reveals the zirconium carbonitrides to be stable up to 1 000°C. The stable precipitates prevent
the steels from grain growth when heated up to 1 000°C. The beneficial effect of zirconium on the oxidation
resistance of chromium steels is considered to be attribute to stable zirconium carbonitride precipitates which
prevent the steels from release of carbon and grain growth in the course of oxidation at temperatures up

to 1 000°C.
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Table 1. Chemical composition of alloys (wt%;).

- ] Zx/
Alloy C Si | Mn | Cr Zr N (C+1N)
1 :0.02 1.02 0.5918.00 — | 0.008 —
2 10.036 0.69 0.48 17.91] 0.18 0.008 4.1
3 | 0.028/ 0.69 0.48/ 17.77/ 0.21| 0.008 5.8
4 10028 097 0.5718.13 0.29 0.008 8.1
5 10.037]0.73| 0.51/ 18.07| 0.37| 0.007| 8.4
6 | 0.020 0.70| 0.49| 18.06! 0.34 0.006, 9.7
7 | 0.027| 0.96| 0.57| 18.29 0.43| 0.007| 12.6
8 |0.031| 0.89| 0.48/17.80| 0.58 0.007 15.3
9 | 0,020 0.98 0.55/18.17| 0.67| 0.006] 19.1
SUS430 0.06‘ 0.47, 0.57 16.16, — | 0.021] —
SIJS304i0.07i 0.52| 0.92/ 18.62] — Ni 8.93
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Fig. 1. Effect of Zr content on oxidation resistance

of 18Cr steels at 1000°C for 100 h.
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Fig. 2. Changes of oxidation behavior of 18Cr
steels with Zr content at 1 000°C.
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Fig. 3. Changes of allowable oxidation temper-
ature of 18Cr steels with Zr/(C+ N)ratio.
(in air, 250 h)
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Fig. 4. Weight gain vs time curves of 18Cr-0.5Zr
(430Zr) and SUS430.
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Fig. 5. Arrhenius plots of oxidation rate constants (k p).
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a) 430Zr 1000°C, 200h

Cross-sections of oxide scales of 18Cr-0.5Zr and SUS430.
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Table 2. X-ray diffraction analysis of oxide scales.

Alloy i 430 Zr SUS 430
Chemical ‘ Si Mn l Cr l Zr Si Mn ‘ Cr Zr
composition L

(Wt%) | 0.9 ] 0.57 18.20 | 0.43 0.47 0.57 16.16 —
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Photo. 2. E.P.M.A. image analysis of oxide scales of 18Cr-0.5Zr and SUS430.
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. Fig. 6. E. P. M. A. line analysis of scales on 18Cr
steel containing Zr heated at 1 000°C for
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