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High-temperature Oxidation Behavior of Iron-based Alloy Composite Weld-Clad Layers
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ddressing the urgent demand for severe wear resistance in thermal power plant grinding components, the iron-based FeCrSiMnNbB alloy

composite coatings with varying thicknesses were fabricated on 20G steel substrates via tungsten inert gas ( TIG) cladding. The
accelerated high-temperature oxidation tests were conducted at 650 C to simulate the oxidative environment during micro-wear processes,
yielding oxidation mass gain kinetics curves. The oxidation behavior and underlying mechanisms were characterized using scanning electron
microscopy with energy-dispersive spectroscopy ( SEM-EDS), X-ray diffraction ( XRD), and optical microscopy (OM). Results demonstrated
that all clad layers exhibited superior high-temperature oxidation resistance compared to the 20G steel substrate, with the double-layer cladding
outperforming the single-layer configuration. This enhancement is primarily attributed to the alloy composition design inspired by amorphous alloy
systems, and the high cooling rate facilitated by water-assisted cladding, which promotes the spontaneous formation of nano-phases, alongside

reduced dilution achieved through multi-pass deposition techniques.
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Fig.1 XRD patterns of the iron-based composite weld-clad layer in the as-

deposited state and after high-temperature oxidation at 650 C
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Fig.2 Elemental diffusion profiles at the interface between the cladding layer
and the substrate: (a) scanning electron microscopic (SEM) graph of the in-
terfacial region; (b) corresponding line-scan energy dispersive spectroscopy
(EDS) analysis across the interface
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Fig.3 The oxidation kinetics curves of the weld-clad layer and substrate at

650 C
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Fig.4 (a) Morphology of corrosion products and (b) elemental distribution
on the 20G steel substrate after oxidation at 650 C
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Fig.5 (a,b) The surface morphology of the single-layer composite weld-
clad layer after high-temperature oxidation at 650 C ; (c—e) elemental dis-
tribution analysis via EDS area scan and line scan for the single-layer clad af-
ter oxidation at 650 C
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Fig.6 (a,b) The surface morphology of the double-layer composite weld-
clad layer after high-temperature oxidation at 650 C ; (c—e) elemental dis-
tribution analysis via EDS area scan and line scan for the double-layer clad
after oxidation at 650 C

3 #ig

TR R 45 T FeCrSiMnNbB 4 4 11 &5 4 e S5
2 A HERRZ AR 20G A0 BEAT I v TR E A A TR 15 2

BeBRoR AR MER 2009 4F T JURFHL 2% 3K
T AR K BRIk R 0 R HL4r 3 W)
AR, G TN - AR RER T
KHERR TSR B T

SIS E g Sy 2, M T AR 206 A9 RE AR SR AL ™
L BRUARI AL J 5 #A B G J bR e B A, B
TE 650 C il T, ZEARFR Y B AL B BEAT ARG 1 By 47 1
F L ASRE S 2 B 11 56 (A 2k 20 460 Ak 1 #5502 S AR 2 A
650 CAALPEPRGE N INPG | 7 AR 2 R0 H L T 39 279K
A O BE SR AORE , 22 650 °C AL I BeAT T2 i Al 1 4 Ak
B, GHEIREE S RAF R T B A BT e IR AL TERE . W
JZ AR TSNP, A HE 2 R T A 22 1 R
PR BB IFBA 7 A W] g f v TR G AL B T AR 4 A
A X HE PR Z 5 IR 206 B IR AR AL )
JyzEphZe T LI i G IO AR T 20 2 19 52 45 S AR 2 2
20G WA B AP PP R AL RE T, HLOUZ SEARJZ i it S8 AL 1R
REPL T ZHERLZ

S 30k

1 Zhang C, Li D, Hu R, et al. Materials Letters, 2022, 306, 130883.
Chen B, Gao P, Zhang B, et al. Coatings, 2022, 12(2), 243.

3 Tian L, Xing S, Liu G, et al. The International Journal of Advanced
Manufacturing Technology, 2022, 118(7), 2613.

4 Wang J, Wei M, He J, et al. Processes, 2022, 10(2), 321.

5 LiRF, Yuan WY, Yue HY, et al. Optics & Laser Technology, 2022,
146, 107574.

6 Zhang Q, Zhang P, Yan H,et al. Philosophical Magazine Letters, 2020,
100, 86.

7 Osama A, Lou L, Muhammad Y et al. Coatings, 2020, 10, 638.

8 Wang H J, Zhang W, Peng Y B, et al. Coatings, 2020, 10, 300.

9 ZhuY Y, LiZ G, Huang J,et al. Applied Surface Science, 2012, 261,
896.

10 Song B, Voisey K T, Hussain T. Surface & Coatings Technology, 2018,
337, 357.

11 Liang T X, Zhu P Y, Hafeez M A, et al. Journal of Materials Science &
Technology, 2025, 213, 135.

12 Alvarez-Vera M, Hdz-Garcia H M, Munoz-Arroyo R.Wear, 2023, 524-
525, 204811.

13 Wu Y P, Lin P H, Xie G Z, et al. Materials Science and Engineering A,
2006, 430, 34.

14 Cheng J B, Liang X B, Xu B S, et al. Journal of Non-Crystalline Solids ,
2009, 355, 1673.

15 Brangand J, Swank W D, Meacham B E. Metallurgical and Materials
Transactions A, 2009, 40A, 1306.

16 Yue T M, Su Y P. Applied Surface Science, 2008, 255, 1692.

17 Wu X L, Hong Y S. Surface & Coatings Technology, 2001, 141, 141.

18 Liang Y, Liao Z Y, Zhang L L, et al. Optics & Laser Technology, 2023,
164, 109472.

19 Siddiqui A A, Dubey A K. Opiics & Laser Technology, 2021, 134,
106619.

20 Wang H, Sun Y, Qiao Y, Du X. Optics & Laser Technology, 2021, 142,
107209.

21 Liu M, Jiang H, Chang G, et al. Materials Letters, 2022, 325, 132823.

22 Hou X, Du D, Chang B,et al. Materials, 2019, 12, 1279.

23 Wang H Z, Cheng Y H, Song W, et al. Intermetallics, 2021, 136,
107266.

24 Zhu Y, Li Z, Huang J, et al. Applied Surface Science, 2012, 261, 896.

25 Tao Y, Ma F, Teng M, et al. Applied Surface Science, 2019, 492, 426.

26 Lian G, Zhang H, Zhang Y ,et al. Coatings, 2019, 9, 356.

25090119-4



