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ABSTRACT: In order to reveal the effect of arc glow plasma NiCr co-infiltration treatment on the surface composition,
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structure and seawater aerobic corrosion resistance of Q235 carbon steel. Ni-Cr alloying layer was prepared on Q235 carbon
steel by arc glow plasma plating. The phase composition, surface morphology and cross-sectional element distribution of Ni-Cr
alloying layer were analyzed by X-ray diffraction (XRD) and scanning electron microscope (SEM). The corrosion electrochemical
behavior of Ni-Cr alloy layer in seawater aerobic bacteria was tested and analyzed by electrochemical test technology. After arc
glow plasma Ni-Cr carburizing, a layer with a thickness of about 50 um was formed on the surface of Q235 carbon steel, and the
phase of the alloying layer was Ni, ¢Crj;Feq36 solid solution. When Q235 carbon steel was immersed in aerobic bacteria, a
biological corrosion film was formed on the surface. The existence of the corrosion film makes the corrosion potential of Q235
carbon steel move negatively and the local corrosion resistance was reduced. Compared with Q235 carbon steel, the surface
energy of Ni-Cr alloying layer was reduced and the surface contact angle reaches 111°. After the Ni-Cr alloy layer was soaked in
aerobic bacteria for 11 days, bacterial adhesion was observed only in a few local positions, and no obvious corrosion film was
observed. Q235 carbon steel was seriously corroded when immersed in aerobic bacteria. After soaking for 5 days, a corrosion
product film formed by corrosion products, culture medium and bacteria was formed on its surface. The corrosion products can
promote the formation of biofilm. The Ni-Cr alloying layer reduces the surface energy of Q235 carbon steel surface and hinders
the formation of biofilm bottom film. At the same time, the formed passivation layer had a certain barrier to the medium and

significantly improves the corrosion resistance of aerobic bacteria.
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Fig.1 X-ray diffraction pattern of Q235 carbon steel
before and after arc glow plasma Ni-Cr carburizing
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Fig.2 Macroscopic optical morphology of sample surface:
a) Q235; b) Q235 treated by arc-glow plasma penetrating
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Fig.3 SEM morphology of sample surface: a) Q235; b) Q235 treated by
arc-glow plasma penetrating
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Fig.4 Cross section SEM morphology (a) and EDS composition distribution curve (b-d)
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Fig.8 Surface morphology after corrosion in aerobic bacteria for 5 days:
a) Q235 steel; b) Ni-Cr coating
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Fig.9 Surface morphology after corrosion in aerobic bacteria for 7 days:
a) Q235 steel; b) Ni-Cr coating
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Fig.10 Surface morphology after 11 days of corrosion in aerobic bacteria:
a) Q235 steel; b) Ni-Cr coating
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Fig.11 Corrosion film of Q235 carbon steel after 11 days of corrosion in aerobic bacteria:
a) overall morphology; b) upper film; c) lower film
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Fig.12 Optical photos of culture medium containing bacteria
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Fig.14 Samples soaked in culture medium for 11 days:
a) Q235 steel; b)Ni-Cr coating
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Fig.15 Micro morphology of corrosion products after cleaning: a) Q235 steel; b) Ni-Cr coating
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Tab.1 Electrochemical corrosion parameters of Q235 carbon steel and Ni-Cr alloying layer in bacteria containing medium

Sample Time/d Ba/(mV-dec™) B/(mV-dec™) Jo/(A-cm™?) Ey/V Corrosion rate/(mm-a ")
0 82.67 381.06 1.31x107° —0.634 8 0.1529
Q235 259.51 164.84 1.98x107¢ —-0.790 0 0.023 0
159.44 206.03 3.13x107¢ -0.768 0 0.036 5
11 116.07 135.23 1.40x10°° -0.757 0 0.016 0
0 131.65 146.76 5.23x10° —0.056 0 0.000 6
. . 168.42 289.01 6.68x107 —0.287 3 0.007 7
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266.50 224.60 2.99%x10 -0.3500 0.004 0
11 104.67 92.15 1.33x107 -0.4330 0.001 5
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Fig.19 Macromorphology after corrosion in inoculated medium for different time: a) Q235 steel; b) Ni-Cr coating
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Fig.20 Nyquist results of samples soaked in culture medium for different times: a) Q235 steel; b) Ni-Cr coating
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Fig.22 Equivalent circuit diagram of EIS for Q235 steel (a) and Ni-Cr coating (b)
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Tab.2 EISfitting results of Q235 carbon steel and Ni-Cr alloying layer in bacteria containing medium
Sample Time/d RJ(Q-cm?) CPE,/(F-cm™) RJ/(Q-cm?) CPE,/(F-cm™) R/(Q-cm?)
0 51.34 2.8x107* 1.0x10°
5 35.38 8.3x107* 1.5x10* 1.0x107 1.6x10°
Q235 —4 3 —4 3
7 37.15 8.4x10 1.2x10 3.5x10 5.3x10
11 44.26 1.0x107* 6.8x10° 7.8x107* 2.1x10°
0 33.72 1.0x107* 1.9x10'" 1.4x107° 1.6x10°
Ni-Cr 5 27.41 2.2x107 1.7x10° 1.3x107* 0.4x10°
coating 7 24.46 2.8x107° 6.3x10? 1.5x107 1.0x10°
11 26.06 2.4x107° 5.5x10" 2.8x107° 0.7x10°
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