55 47 55 1) W g fl %K Vol. 47, No. 1
2026 42 A IRON STEEL VANADIUM TITANIUM February 2026

Stk S R B IR EAAT AT

X ZAE, RN A, ARF, FRA!, Tieft, &k

(1L ARAC R R Bk 4 S0 2, A0 TEFH 1108195 2. B Tl R0 1 TR S M HME =T I, R ik
111 243002; 3. BN EAAE BRI IE BeAT BRZA W), PUBRBTIRZE 5 ) [ R EE i SE 08, DU J1| BRAAE 6170005 4. 5
B B P ER AT, 1)1 ZEEAE 617000)

o OE REEREE AL (TGA) MG E RN S350GD Fl S420GD 1E T AN SR F i iR Akt N
HATT RGEWIE, IR X FEATH (XRD) Mg & 5 T4 (EPMA) AT S8 AL 2 B AR 4 0 . BT S0 Kot
oA, 4553RM, S350GD Hl S420GD A bl T ph kI S I ALHE, S420GD ALk B2 4T H S350GD, JE B
TE/NFL S A Bk AR i FLTE R S420GD 7R A AR B FISL A B ANEAE Si e R B4 Z, Hid Si0, Ml Fe,SiO, 4]
VAR Fe 9 B 255 X LL T RS S 4R, S350GD FI S420GD 1948 Ak 4k e 4 K AL ], B SU40 F A ki i )=
B R FARM R AW 7 Lo s WA ARk B 7 AR K LR A S S S b, 3o S B oA R T i 5
HGETE, M T AR

SET R s B LT AL R i 0 WU j-a
RE 23S TF76,TG174 Xk ERE: A X EHS:1004-7638(2026)01-0171-09 &
DOI: 10.7513/j.issn.1004-7638.2026.01.020 FRFZ CRRRS) #RIRHG (OSID) : mE
EEd
i

Study on the high-temperature oxidation behavior of high strength
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Abstract: The high temperature oxidation behavior of high-strength steels S350GD and S420GD for
photovoltaic applications was systematically studied by a high-temperature thermal gravimetric analyz-
er (TGA) under dry and humid atmospheres. X-ray diffraction (XRD) and electron probe microanalysis
(EPMA) were used to characterize the phase composition, cross-sectional morphologies and element
distribution of the oxide scales. The results show that the oxidation weight gain curves of both S350GD
and S420GD follow a parabolic law. Compared to S350GD, the oxide scale formed on S420GD is thin-
ner and exhibits a higher fraction of high-valence iron oxides. A silicon-enriched interfacial layer was
detected at the oxide/metal substrate interface in S420GD, where SiO, and Fe,SiO, phases synergistic-
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ally reduce the diffusion coefficient of Fe’* ions. When comparing oxidation under dry and humid atmo-
spheres, both steels show similar oxides growth mechanisms; however, the oxide scales are thicker and
the content of low-valence iron oxides is increased in humid environments. Moreover, the oxide scales
formed under humid conditions contain a significant density of pores and microcracks, which act as fast
diffusion pathways for ionic species, thereby accelerating the oxidation process.

Key words: high strength steels for photovoltaic applications; oxide scale; high temperature oxidation;

silicon; humid atmosphere
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Table1 Chemical compositions of S350GD and S420GD %

C Mn Si P S Ti N Fe
S350GD 0.20 04 0.06 0.02 0.045 0.040 0.050 Bal
S420GD 020 1.2 0.20 0.02 0.045 0.040 0.050 Bal.
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Fig. 1 Macroscopic surface morphology after oxidation
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Fig.2 Ocxidation weight curves and high-temperature oxidation Arrhenius plots of S350GD and S420GD
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Table 2 Parabolic rate constant K, of S350GD and
S420GD at different temperatures

Ky/(mg’-cm ™ min”'
Temperature/ °C /(mg )

Atmosphere

S350GD S420GD
800 Dry 13.56 9.47
900 Dry 25.66 15.46
1000 Dry 30.51 27.59
800 Humid 64.59 4391
900 Humid 82.55 52.67
1000 Humid 109.66 89.77

MR Arrhenius 24 =X, 48 A6 7 £ K, 7T
K (3) Fno

Kp = A-exp(-Q/RT) (3
Krh, 4 WBEARVEEG O EALBOE fE, kI/mol; R 4
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Fig. 3 XRD diffraction peaks of S350GD and S420GD after
oxidation at 1 000 °C for 60 min in dry atmosphere

(a)(e)(d) T S350GD; (b)(H(§) T4 S420GD; (c)(g)(k) #IE F S350GD; (d)(h)() #IiE T S420GD
4 S350GD #0 S420GD F4L 60 min /5 R BRI EIHZ 3R
Fig. 4 Cross-sectional morphology of oxide scales on S350GD and S420GD after 60 min of oxidation
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Table 3 Diffusion coefficients of Fe’' in different oxida-
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