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Microstructure and Antibacterial Properties of Cu-Hf Alloying Layer on 304 Stainless
Steel Through Double Glow Plasma Technology
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(School of Mechanical and Electrical Engineering, Guilin University of Electronic Technology, Guilin 541004, Guangxi)

Abstract: Cu-Hf alloying layer was prepared on 304 stainless steel surface through double glow plasma alloying technology.
The microstructure, phases, morphologies and microhardness of Cu-Hf alloying layer were investigated by OM, XRD, SEM
and micro-hardmeter. The antibacterial properties of the alloy layer were tested by a coating film method. The results show
that the Cu-Hf alloying layer is composed of diffusion layer and deposition layer, and the surface of the alloy layer is dense
and continuous without obvious cracks and pores. The contents of copper and hafnium decrease gradually from the surface to
the inside, and the chromium and carbon of the Cu-Hf alloying layer are migrated to the surface of the carburized layer. In the
antibacterial test, the alloy surface exhibits excellent antibacterial properties against both E. coli and Staphylococcus aureus,
and the antibacterial rate is more than 99%. When the proportion of copper in the source rods reaches 80% and 90%, the
antibacterial rates of the Cu-Hf alloying layer are 99.83% and 99.12%, respectively. When the proportion of copper in the
source rods is 70%, the antibacterial rate of the Cu-Hf alloying layer is only 93%. The surface hardness of the Cu-Hf alloying
layer is about 605 HV, ;, which is significantly higher than the surface hardness of the Cu-alloying layer and 304 stainless
steel.
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Table I Main components on the surface of Cu-Hf alloying layer

(W/%)

Element Fe Cu Hf Cr
Content 7.25 67.73 14.02 3.91
Element C o Ni Mn
Content 4.13 1.45 0.97 0.54
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Table 2 Distributions of alloy elements in layer after plasma
surface alloying (w/%)

Distance from No. Cu Hf Cr C Fe
surface / um

6
15

1 4347 10.14 22.04 370 15.40
2 3.02 1.56  20.13 021 6730
24 3 1.04 026 17.77 0.09  69.40
30 4 0.42 0.06 17.86 0.03  70.96
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Table 3 Antimicrobial test results of Cu-Hf alloying layer

Test strain Antibacterial rate / %

Staphylococcus aureus 99.8

Escherichia coli 99.9
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Table 4 Antimicrobial test results of different ratio of copper and

hafnium effect of Cu-Hf alloying layer on Staphylococcus aureus

Mass fraction of Cu/ % 90 80 70
Antibacterial rates / % 99.12 99.83 93
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