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Abstract: Using pulse electro-deposition (PED) pretreatment, a pretreatment layer composed by lamellar structure with a
thickness of 50 nm, containing Ni and Cr was formed on the surface of iron and 45 steel. Then, the iron and 45 steel samples
were gas-nitrided at 480 °C for 9 h. A field emission scanning electron microscope (SEM) and electron probe X-ray micro-
analyzer (EPMA) were used to characterize the morphology and composition of the pretreatment layer and the nitrided layer.
The structure of the nitrided layer was characterized by X-ray diffraction (XRD). Results show that iron and 45 steel achieve
low-temperature rapid gas nitriding by this pretreatment. Through hardness measurement and electrochemical test, the pulse
electrodeposition pretreatment not only improves the hardness and changes the brittleness of nitriding surface, but also ensures
corrosion resistance because of the Ni-Cr-Fe alloy layer.
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Table I Chemical compositions of iron and 45 steel ~ (w/ %)

Materials C Si Mn P S Cr Ni
45 steel 0.46 0.25 0.68 0.03 0.03 0.15 0.2
Iron 0.003 0.016 0.01 0.01

1.2 BoHEL A4 IR
Jik v L R T (PE D) Ak 3 J5 1 WL SCHiR[24]
K HISMD-60 2 ik v v 4% B YR, H AR VR 2H R o 3R
2, pHA1~2. HERHRE30 C, IEFfkiRy N
1000 Hz. 5=5E00.2, 1Effikek TAER A LRO.65,
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Table 2 Chemical composition of the electrolyte

Composition Quantity
H;BO; 0.20 mol/L

Deionized water 500 mL

DMF 500 mL
NaCl 0.45 mol/L
NH,Cl1 0.6 mol/L
FeCl,-6H,0 0.05 mol/L
NiCl,-6H,0 0.2 mol/L
CrCl3-6H,0 0.7 mol/L
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(c) Cross section of 45 steel
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Fig. I Morphologies of the samples by PED treatment and EDS results
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Fig. 2 EDS mapping of 45 steel surface by PED treatment
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Fig. 3 Morphology and EDS results of 45 steel by nitriding
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Fig. 5 Morphology and WDS results for the cross section of 45 steel by nitriding
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Fig. 9 Polarization curves for nitriding 45 steel in 3.5% NaCl

solution
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Fig. 10 Electrochemical impedance spectroscopy of the PED 45 steel surface by nitriding
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Table 4 Electrochemical impedance parameters for 45 steel by

nitriding
Sample Rs/(Q-cm?)  CPE-T CPE-P  Rct/(Q-cm?)
Original 15.51 0.008 67  0.685 1 060
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