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ABSTRACT: The study aims to suppress selective oxidation on the surface of an advanced high strength. A C-Mn-Si high-

strength steel was electrodeposited with prior nickel plating with the thickness of 100 nm, and then annealed in a galvanizing
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simulator. The surface morphology and elemental composition of the samples were studied using scanning electron microscopy
(SEM) and energy dispersive X-ray spectroscopy (EDS) attached, respectively. The element depth distribution in the surface
layer of the samples was studied through a glow discharge spectrometer (GDS). X-ray photoelectron spectroscopy (XPS) was
used to identify the category of the compounds on the external surface. The annealed sample with prior-nickel plating could be
found to have a loose nickel layer on the surface and some oxides could be observed on the nickel layer. For the annealed sample
without prior-nickel plating, oxides could be found in the boundaries and in the grains. With annealing time prolonging, more
oxides appeared on the surface and less nickel content was detected. GDS results revealed that the nickel plating deposited on
the surface could inhibit the selective oxidation of alloy elements on the external surface. As annealed for 10 s, enrichment of
Mn on the surface was reduced by 52% and enrichment of Si on the surface was reduced by 23%. As annealed for 50 s,
enrichment of Mn and Si on the surface were both reduced by 42%. X-ray photoelectron spectroscopy analysis showed that the
oxides on the surface of the nickel-plated samples were mainly amorphous oxides, while a large amount of crystalline oxides
appeared on the surface of the nickel-free samples. It was indicated that that prior nickel plating with 100 nm thickness can

effectively decrease diffusion rate of Si and Mn, suppress the enrichment of Si and Mn on the external surface, change the type

of surface selective oxidation products, and reduce the amount of surface oxides on high-strength steel.
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Fig.1 Surface morphology of the annealed sample soaking for 10 s (oxides are pointed by arrows): a) with prior Ni plating; b)
without prior Ni plating
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Fig.2 Surface morphology of the annealed sample soaking for 50 s (oxides are pointed by arrows): a) with prior Ni plating; b)

without prior Ni plating
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Tab.1 EDS results on the surface wt. %
Samples Soaking time/s (0] Si Mn Ni Fe
With Ni 10 1.80 0.52 1.34 19.1 Bal.
With Ni 50 1.52 0.41 1.44 7.96 Bal.
Without Ni 10 2.23 0.63 1.78 — Bal.

Without Ni 50 2.03

0.68 1.92 — Bal.
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Fig.4 Depth distribution of surface elements of the annealed samples with or without prior Ni plating soaking for 50 s
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Tab.2 Binding energy of alloying elements and the corresponding compounds on the external surface

Binding energy/eV

Samples Soaking time/s - Compound
Mn 2p3) Mn 2p; Si 2p
With Ni 10 641.0 652.8 101.6 Mn/MnOy, SiOy
With Ni 50 641.1 653.1 101.7 MnO, SiOy
Without Ni 10 640.5, 641.9 652.5, 653.8 101.6, 102.6 Mn/MnOy, MnO, SiOy, SiO 19
Without Ni 50 641.2, 642.9 652.6, 654.0 101.9,103.4  MnO, MnO,, SiO, SiO,
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Fig.7 Diffusivity of oxygen in nickel, ferrite and austenite
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Tab.3 Diffusivity of Si and Mn in y-Ni, a-Fe, y-Fe and the
average diffusion coefficient in the matrix at 800 C

D, i/ Dore/ Dyre/ Dy /

(sz.sfl)[zs] (cmz's’])m] (cm2~s’])[22] (cmz-s’l)
Si 45x10™  8.0x10™"*  3.2x107"
Mn 3.5x107 8.9x107"% 2.5x107

Element

4.1x10712
4.5x10712
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