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Fig.1 Static oxidation kinetics curves of K4800 and K4800+0.25Hf alloys at 800 °C (a) and 850 °C (b)
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Fig.2 Linear fitting results of logarithmic relationship between static
oxidation mass gain and oxidation time of K4800 and K4800+
0.25Hf alloys at 800 and 850 °C
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Table 1 Kinetic equation parameters of Kd4800 and
K4800+0.25Hf alloys after static oxidation at 800 and
850 °C
Temperature/°C Alloy n K /mg"-(cm™h)"

K4800 222 0.000 241

800 K4800+Hf 1.93 0.000 393
K4800 1.77 0.001 38

850 K4800+Hf 1.74 0.001 24
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Table 2 Average oxidation rate of K4800 and K4800+0.25Hf
alloys after static oxidation at 800 and 850 °C (g-(m’-h)™)

Alloy Temperature/°C 20h 100h 200h 500h 1000 h
800 0.041 0.0189 0.0126 0.0073 0.0052

850 0.066 0.0327 0.0229 0.0161 0.0122

K4800 800 0.026 0.0135 0.0094 0.0062 0.0042
+0.25Hf 850 0.061 0.0307 0.0222 0.0151 0.0113
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Fig.3 XRD patterns of K4800 and K4800+0.25Hf alloys after static
oxidation at 850 °C for 1000 h
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K4 K480.K4800+0.25Hf &4 800 "CHfi A4 L 201001000 h 5 K01 SEM [ )
Fig.4 SEM images of surface products of K4800 (a—c), and K4800+0.25Hf (d—f) alloys after static oxidation at 800 °C for 20 h (a, d), 100 h (b,e),

and 1000 h (c, )
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Fig.5 SEM images of surface products of K4800 (a—c) and K4800+0.25Hf (d—f) alloys after static oxidation at 850 °C for 20 h (a, d), 100 h (b, e),

and 1000 h (c, )
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Table 3 EDS analysis results of different positions marked in Fig.5 (at%)

Position Ni Cr Ti Nb Al Co o
1 4.54 10.72 18.74 15.84 - - 50.16
2 2.77 26.17 15.50 1.12 0.48 1.09 52.87
3 22.51 38.74 0.44 1.78 - 1.15 35.38
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Fig.6 SEM images of K4800 (a—c) and K4800+0.25Hf (d—f) alloys after static oxidation at 800 °C for 20 h (a, d), 100 h (b, ), and 1000 h (c, f)
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Fig.7 SEM images of K4800 (a—c) and K4800+0.25Hf (d—f) alloys after static oxidation at 850 °C for 20 h (a, d),100 h (b, e), and 1000 h (c, f)
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Fig.8 Changes of thickness of outer oxide layer of K4800 and
K4800+0.25Hf alloys during static oxidation at 800 and 850 °C
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Fig.9 EPMA image and corresponding EDS element mappings of cross-section oxide layer of K4800 alloy after static oxidation at 850 °C for
1000 h
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Fig.10 EPMA image and corresponding EDS element mappings of cross-section oxide layer of K4800+0.25Hf alloy after static oxidation at

850 °C for 1000 h
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Fig.11 SEM image of corroded cross-section oxide layer of

K4800+0.25Hf alloy after static oxidation at 850 °C for 1000 h
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Table 4 EDS analysis results of oxide layer products of K4800+
0.25Hf alloy cross-section in Fig.11(at%)

Position Ni Cr Ti Al (0] Hf Co

1 972 4.03 10.83 17.28 56.24 - 1.90
2 1032 350 6.18 17.99 56.01 4.29 1.69

3 529 213 1227 19.76  60.55
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Fig.12 Schematic diagrams of high-temperature oxidation behavior of K4800 alloys (a—b) and K4800 alloys after Hf microalloying (c—d):

(a, ¢) initial stage and (b, d) stable stage
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Effects of Hf Microalloying on Oxidation Behavior of K4800 Nickel-Based Superalloy

Lu Jiangiang'*, Wang Linlin', Ou Meigiong>’, Hou Kunlei**, Wang Min*’, Wang Ping', Ma Yingche™’
(1. School of Materials Science and Engineering, Northeastern University, Shenyang 110819, China)
(2. Shi Changxu Advanced Innovation Center, Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)
(3. Key Laboratory of Nuclear Materials and Safety Evaluation, Institute of Metal Research, Chinese Academy of Sciences,
Shenyang 110016, China)

Abstract: The effect of Hf on high-temperature oxidation behavior of K4800 nickel-based superalloy was studied. The results show that the
oxidation kinetics curves gain of K4800 and K4800-+0.25Hf alloys obey parabolic law during thermostatical static oxidation at 800 and 850 °C,
However, the initial static oxidation rate of K4800+0.25Hf alloy (0.026 g-(m*-h)™" at 800 °C for 20 h and 0.0617 g-(m*-h)" at 850 °C for 20 h) is
lower than that of K4800 alloy (0.041 g-(m’-h)™ at 800 °C for 20 h and 0.066 g- (m*h)™" at 850 °C for 20 h). The oxide layer of the two
experimental alloys consists of outer oxide layer and an inner oxide layer. The outer oxide layer primarily consists of dense Cr,O;, while the inner
oxide layer mainly contains dendritic AL,O;. However, with the increase in Hf content from 0wt% to 0.25wt%, the thickness of the Cr,O; outer
oxide layer decreases from 2.71 pm to 2.17 pm after oxidation at 800 °C for 1000 h and from 5.83 pm to 4.09 um after oxidation at 850 °C for
1000 h. The results of EPMA analysis indicate the formation of HfO, at the grain boundary of the oxide layer in the K4800+0.25Hf alloy,
promoting the formation of Al,O,around HfO, and accelerating the growth of Al,O,. The presence of Al,O,and HfO, at the grain boundary
contributes to the reduction of the outward diffusion rate of Cr’" and the delaying of thickening of the Cr,O, oxide layer. Consequently, the trace
addition of Hf enhances the oxidation resistance of the K4800 alloy.

Key words: nickel-based superalloy; K4800 alloy; Hf microalloying; high-temperature oxidation behavior
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