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Abstract: The isothermal oxidation mass gain test is adopted to study the high-temperature oxidation
behavior at 800 °C of 310S stainless steel prepared by selective laser melting (SLLM) and cold rolling (CR).
The microstructure, oxidation kinetics, and oxide scale structure of SLLM-310S and CR-310S are
systematically analyzed. The results show that both SLM-310S and CR-310S exhibit a single-phase
austenite structure. SLM-310S forms a fish-scale structure due to molten pool stacking, characterized by
fine and uniform grains, each containing numerous columnar and cellular subgrains. In contrast, CR-310S
has typical polygonal austenite grains containing numerous twins. During oxidation at 800 ‘C, the mass gain
of SLM-310S is lower than that of CR-310S, with oxidation rate constants of 5.612X 10" mg*-cm *+h™'
(SLLM-310S) and 8.593X10™* mg”+cm *-h™' (CR-310S) , respectively. Both specimens develop a



B4t oW

e X FOLHAL 3108 A5 M i it A AL AT A 141

double-layer oxide scale: the scale on SLM-310S is approximately 2-4 um thick and mainly composes of

Si0z, Cr:03 and MnCrz0,, while that on CR-310S additionally contains a small amount of Fe-containing

oxides, along with pore defects within the matrix. Owing to its excellent microstructural characteristics,

SLLM-310S exhibits slower oxidation kinetics and a denser oxide scale, demonstrating superior high-

temperature oxidation resistance at 800 ‘C compared to CR-310S.
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Table 1 Chemical compositions of SLM-310S and CR-310S

(mass fraction/ % )

Sample C Si Mn P S Cr Ni Fe
SLM-310S 0.008 1.37 1.70 0.007 0.006 25.83 21.12 Bal.
CR-310S  0.04 0.53 0.86 0.022 0.001 25.76 19.32 Bal.
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Fig.1 Morphology(a) and particle size distribution(b) of SLM-310S stainless steel powder
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Fig.2 XRD patterns of samples(a) and partial enlarged patterns(b)
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Fig.3 Microstructures of SLM-310S(a) and CR-310S(b)
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Fig.4 Mass gain per unit area curves(a) and oxidation mass gain kinetics curves(b) of SLM-310S and CR-310S after oxidation at 800 °C for 500 h
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Fig.5 XRD patterns of SLM-310S(a) and CR-310S(b) after oxidation at 800 °C for different time
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Fig.6  Surface morphologies of SLM-310S oxidized at 800 °C for different time
(a)100 h; (b)300 h; (¢)500 h
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Table 2 EDS analysis results of different regions in
Fig.6(atom fraction/ %)

Region O Si Cr Mn Fe Ni

1 61.55 0.13 34.20 2.12 1.32 0.67
2 56.63 0.27 26.77 13.37 1.90 1.07
3 4.51 2.46 17.07 0.82 55.34 19.80
4 4.99 3.34 16.73 0.25 55.21 19.48
5 50.83 0.16 47.12 0.59 0.84 0.46
6 54.16 0.25 35.63 6.04 3.29 0.63
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Fig.7 Surface morphologies of CR-310S oxidized at 800 °C for different time
(a)100 h; (b)300 h; (¢)500 h
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Table 3 EDS analysis results of different regions in
Fig.7(atom fraction/ % )

Region O Si Cr Mn Fe Ni
7 50.79 0.05 35.64 0.38 12.92 0.22
8 38.75 0.22 48.57 1.71 10.46 0.30
9 39.98 38.39 15.63 4.83 1.17
10 33.64 0.30 53.17 2.48 10.01 0.40
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(a-1)

8 SLM-310S(1)HI CR-310S(2) EALA M R EIEA  (a)100 h; (h)300 h; (¢)500 b
Fig.8 Cross-sectional morphologies of SLM-310S(1) and CR-310S(2) after different oxidation time  (a)100 h; (b)300 h; (¢)500 h

E9  SLM-310S & LA R R #R R ot & 046 (a)100 h; (b)300 h; (¢)500 h
Fig.9 Cross-sectional morphologies and elemental distributions of SLM-310S after different oxidation time (a)100 h; (b)300 h; (¢)500 h
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Fig.10  Cross-sectional morphologies and elemental distributions of CR-3108S after different oxidation time
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