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Surface Modification of 45 Steel by Pulse Detonation-plasma Technology
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Abstract: 45 steel were treated by pulse detonation-plasma (PDP) technology. The cross section morphology and phase
structure of 45 steel before and after treatment were analyzed by OM, SEM and XRD. The microhardness, wear resistance and
corrosion resistance before and after treatment were investigated by microhardness tester, wear test and electrochemical
method, respectively. The results show that both FesN phase, retained austensite and y-Fe phase appear in the double-structure
modified layer with the thickness of about 52.10 pm, including column-like zone and fine microstructure zone, for the
detonation plasma including air and the specimen heated and cooled rapidly during the PDP process . The PDP technology can
improve the microhardness nearly tripling that of the substrate in a certain depth, and the wear resistance is also improved
effectively. The wear loss is only one third of that of the substrate and the width of grinding is also significantly reduced.
However, the corrosion resistance after treatment is weakened as well.
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Table 1 Chemical composition of 45 steel (W/%)

Element C Si Mn P N

Content 0.45-0.50 0.17-0.37 0.50-0.80 <0.035 <0.035

Element Cr Ni Cu Fe

Content  <0.25 <03 <0.25 Bal.

Electrode W

High—voltage
power supply
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Fig.1 Principle diagram of PDP process
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Fig.2 SEM morphologies of 45 steel surface before and after PDP treatment
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Fig.3 Cross section OM and SEM morphologies of 45 steel after PDP treatment
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Fig.4 XRD patterns of 45 steels surface before and after PDP
treatment
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Fig.5 Depth distribution of microhardness of 45 steel after PDP
treatment
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Fig.8 OM and SEM morphologies of abrasion mark of 45 steel after wear test
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Fig.9 Potentiodynamic curves polarization of 45 steel before and
after PDP treatment
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Table 2 Corrosion parameters of 45 steel before and after PDP
treatment

Corrosion Corrosion current  Polarization
Sample potential / density / resistance /
\% (10° mA-cm™?) (Q-cm™)
Before -1.02 5.74 747.9
After -1.05 26.2 190.39
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Fig.10 Surface morphologies of 45 steel before and after PDP treatment after corrosion in 3.5% NaCl electrolyte
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