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Fig.1 SEM morphology of the Hf-alloyed layer
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Fig.3 SEM morphology of the Hf+C alloyed layer
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Fig.5 Oxidation curves of samples at different temperatures:
(a) 1050 °C and (b) 1100 ‘C'®
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Table 1  Oxidation parabolic equation of samples at 1050 and 1100 ‘C
Sample 1050 ‘C 1100 ‘C
Substrate 45.60263t—26.12571 256.70071t—483.55619

Substrate+hafnizing
Substrate+hafnizing+carburizing

14.34831t—39.35952
5.61009t—13.03714

32.60743t—57.21571
10.46543t+10.84762

K6 ZilFE7E 1050 C4H 4L 50 h YR IH SEM
Fig.6 SEM micrographs of samples’ surfaces oxidized at 1050 ‘C for 50 h: (a) substrate, (b) substrate+hafnizing, and (c) substrate+

hafnizing+carburizing
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Fig.7 XRD patterns of samples’ surfaces oxidized at 1050 C for 50 h: (a) substrate, (b) substrate+hafnizing, and (c) substrate+

hafnizing+carburizing
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High-temperature Oxidation Behavior of Austenite Stainless Steel with Plasma Surface
Hafnizing and Carburization

Lu Xiaohui, Gao Yuan, Wei Wenzhu, Zhang Guangyao, Wang Chenglei
(Guilin University of Electronic Technology, Guilin 541004, China)

Abstract: High-temperature oxidation resistance in static air of 0Cr18Ni9Ti stainless steel (substrate for short), and that of the substrates
after hafnizing process and hafnizing+carburizing process were investigated. The results show that the Hf-alloyed layer of 35 pm in
thickness is continuous and dense with no holes. It combines with the matrix as a metallurgical bond, whose surface phase is Hf,Fe, HfC
and Hf; however, the Hf+C layer is 100 pm in thickness, many granular and short rod carbide particles with sizes 1~2 pm distribute
dispersively, and the main types are MC, M;C3 and M23Cs. The oxidation rate of the Hf-alloyed sample at 1050 <C and 1100 <T is just 1/3
and 1/8 of that of the substrate, respectively, while that of the Hf+C layer sample is its 1/8 and 1/25, respectively. The oxidation rate
increases as the temperature rises, the rate and oxidation mass is in the order of Hf+C layer sample < Hf-alloyed sample < substrate, and
the oxidation mass obeys the parabolic law. After hafnizing and carburizing followed by high-temperature oxidation, the surface alloying
element content declines, Hf content increases, surface flaking improves, oxidation defects decrease and holes turn smaller. Hf can solidify
the surface oxide layer and improve solid solution strengthening. Carbide particles including HfC and oxides such as HfO, can reduce the
diffusion rate of oxygen ions and improve the oxidation resistance markedly.

Key words: double glow plasma; carburization; austenitic stainless steel; Hf-alloyed layer; high-temperature oxidation behavior
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