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Fig.1 Schematic of powder sherardizing process
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Table 1 Composition of powder sherardizing (g)
Znpowder NH.Cl  Al,Os

Powder zinc layer  LaCls

40Cr-OLa 0 2000 50 100
40Cr-1.3La 30 2000 50 100
40Cr-2.7La 60 2000 50 100
40Cr-4.0La 90 2000 50 100
40Cr-5.3La 120 2000 50 100
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Fig.2 Surface morphologies of the powder zinc layer formed with different contents of La: (a) 40Cr-OLa, (b) 40Cr-1.3La, (c) 40Cr-2.7La,
(d) 40Cr-4.0La, and (e) 40Cr-5.3La
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Fig.3 SEM images of cross-section morphology of the powder zinc layer with different contents of La: (a) 40Cr-OLa, (b) 40Cr-1.3La,

(c) 40Cr-2.7La, (d) 40Cr-4.0La, and (e) 40Cr-5.3La
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Fig.5 SEM image of 40Cr-4.0La layer (a), EDS element line scanning along dotted arrow marked in Fig.5a (b); element compound distribution (c),

element La (d), Fe (e) and Zn (f) distributions of dotted box marked in Fig.5a
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Table 2 EDS results of the positions marked in Fig.5a
For 40Cr-4.0La layer (at%o)

Position Fe Zn La Cr
1 15.65 75.16 3.11 0.56
2 21.71 73.56 3.28 0.43
3 26.12 68.94 2.63 0.40
4 35.12 59.54 1.15 0.51
5 90.64 4.60 0.86 0.60
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Fig.6 XRD patterns of the powder zinc layers formed with different contents of La (a) and change of the proportion of different phases (b)
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Table 3 Semi quantitative calculation data of different

powder zinc layers (%)

Powder zinc layer I phase 0 phase ¢ phase
40Cr-OLa 18.14 63.8 18.06
40Cr-1.3La 16.83 66.98 16.19
40Cr-2.7La 16.48 67.3 16.22
40Cr-4.0La 14.63 70.19 15.18
40Cr-5.3La 16.06 66.58 17.35
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Fig.7 3D surface images of the layers formed with different contents of La element: (a) 40Cr-OLa, (b) 40Cr-1.3La, (c) 40Cr-2.7La,

(d) 40Cr-4.0La, and (e) 40Cr-5.3La
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Fig.8 Average roughness R, of 3D surface topography image of

the layers formed with different contents of La element
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Table 4 Electrochemical corrosion test results obtained by extrapolating Tafel region to corrosion potential

Powder zinc layer Econ/V(Ag/AgCI) lcor/ pA €M b./V dec™ ba/V dec™ CR/mm a™
40Cr-OLa -0.914 1.141 0.120 0.057 0.0034
40Cr-1.3La 0.024 0.674 0.159 0.087 0.0022
40Cr-2.7La 0.045 0.733 0.140 0.090 0.0023
40Cr-4.0La 0.068 0.458 0.152 0.091 0.0017
40Cr-5.3La -0.118 0.537 0.189 0.085 0.0051
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Effect of Rare Earth Element La on the Structure and Properties of the Powder
Sheradizing Layer on the Metal Surface

Xin Jiangping, Hu Shuiping, Zhang Siyuan, Zhang Yefei, Chen Jun
(Institute of Engineering Technology, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The metal structural parts have excellent corrosion resistance after powder sheradizing, and the adhesive strength is high
between the powder zinc layer and the substrate, but the structure and quality of the layer need to be further improved. In this research,
different doping amounts of rare earth element La (mass fractions of 0%, 1.3%, 2.7%, 4.0%, 5.3%) were added to the sheradizing agent for
surface sherardizing treatment of metal structural parts. Using SEM to observe surface morphology, XRD to define the phases and
proportion, confocal laser scanning microscope (CLSM) to generate ultra-high resolution 3D surface morphology images to evaluate
surface roughness characteristics, nanoindentation (Nano Indenter G200) study the hardness of the powder zinc layer to evaluate its
mechanical properties. The results show that adding rare earth element La of 4.0% to the sherardizing agent can improve the microstructure
of the layer, increase the columnar and compact ¢ phase in the layer to make its structure fine and compact, and reduce the producing of
defects such as pits and cracks, thereby improving the uniformity of the layer. The hardness of the layer in the thickness direction is
improved, and the hardness distribution is more uniform. By measuring the open circuit potential (OCP), polarization curve (Tafel) and
electrochemical impedance spectroscopy (EIS) of the powder zinc layer, it is shown that the corrosion resistance of the layer formed by
adding 4.0% La element is better.

Key words: metal structural parts; powder sheradizing; rare earth; corrosion resistance
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