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Fabrication and Performances of Surface Modified Layers Obtained by
Plasma Electrolytic Boronizing on Pure Magnesium
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(State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Pure magnesium is treated by plasma electrolytic boronizing (PEB) in borax aqueous solution to prepare a novel surface
modified layer to improve its micro-hardness, wear resistance and corrosion resistance. The microstructure, element distribution and
phase composition of the PEB surface modified layer are investigated by scanning electron microscope (SEM), energy dispersive
spectrometer (EDS) and X-ray diffraction (XRD), respectively. Vickers micro-hardness tester, friction and wear tester are employed to
characterize the micro-hardness, wear resistance of the PEB surface modified layer, respectively. Meanwhile, the corrosion resistance of the
PEB surface modified layer is evaluated by potentiodynamic polarization curve and electrochemical impedance spectroscopy (EIS). In
addition, the mechanism of formation of PEB surface modified layer is also analyzed, and the corresponding physical model is built. The
results indicate that the obtained PEB surface modified layer consists of the oxide layer and the diffusion layer. A new phase MgB; is detected
in the PEB surface modified layer. The maximum micro-hardness of the PEB surface modified layer is about 480 HV, which is almost 16
times than that of the substrate. The friction factor of the PEB surface modified layer is merely 0.11, which decreases by 70.27% in
comparison with the substrate. The wear rate of the PEB surface modified layer is about 1.62X 10~ m*/ (N « m), which is one order of
magnitude lower than that of the substrate. Compared with the substrate, the corrosion current density of the PEB surface modified layer
decreases by one order of magnitude, meanwhile both the capacitive loop radius and the impedance modulus increase. Namely, the
micro-hardness, wear resistance and corrosion resistance of pure magnesium can be all improved by PEB treatment.
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Table 2 Fitting results of EIS diagrams of the substrate after 0.5 h of immersion

Time / h Or/ (uF * cm™) ne Re/ (kQ » cm?)

Ca/ (uF * em™)

R/ (kQ + cm?) Ry / (kQ + cm?) L/(kH « cm?)

0.5 77.2 0.780 0.035

4.56 0.271 0.108 0.113

Or : Constant phase element; ng: Dispersion index; Ry: Passive film resistance; Cy: Double layer capacitance; R,: Charge transfer resistance;

Ry : Inductance resistance; L: Inductance.

%3 PEB XREMMRRBARFENEE EIS il SER

Table 3 Fitting results of EIS diagrams of the PEB surface modified layer at different immersion time

Time / h 0.5 2 4 8 20 36 60
Constant phase element O,/ (uF * cm™?) 0.275 3.450 7.120 46.800 89.200 - -
Dispersion index 7, 0.780 0.830 0.790 0.870 0.940 - -
Oxide film resistance R, / (kQ * cm?) 0.897 0.786 0.645 0.469 0.205 - -
Constant phase element Qq/ (uF * cm™) 0.607 0.698 0.765 8.250 8.940 - -
Dispersion index ny 0.860 0.810 0.930 0.950 0.960 - -
Diffusion layer resistance Ry / (kQ * cm?) 21.50 8.97 7.84 3.76 1.12 - -
Inductance resistance Ry / (kQ * cm?) - - - 7.76 1.48 0.106 0.095
Inductance L / (kH + cm?) - - - 2.67 1.52 0.112 0.079
Constant phase element Oy/ (uF * cm™) - - - - - 78.9 578.0
Dispersion index n¢ - - - - - 0.940 0.970
Passive film resistance Ry / (kQ * cm®) - - - - - 0.033 0.027
Double layer capacitance Cy; / (uF * cm™) - - - - - 7.14 84.70
Charge transfer resistance R, / (kQ » cm®) - - - - - 0.257 0.223
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