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ABSTRACT: To improve the high temperature wear performance of plasma nitriding layer of 4CrSMo2V steel, in this paper,

the plasma nitriding of 4Cr5Mo2V steel was carried out by orthogonal and single variable experiments with surface roughness

WRREH: 2020-04-09; EITHH: 2020-05-27

Received: 2020-04-09; Revised: 2020-05-27

EE€MA: BREEHMLHR (2016YFB0300400, 2016YFB0300402 )

Fund: National Key R&D Program of China (2016YFB0300400, 2016YFB0300402)

EHER N AFH (1995—), F, M+, LRHFAHT @A RERAME@RL,

Biography: SUN Yu-feng(1995—), Male, Master, Research focus: surface strengthening of hot die steel.

BWREE: 2k (1961—), %, WL, #ik, T 2R T QA THELMMFELAALERBERKFRL . W4 xewu@staff.shu.edu.cn
Corresponding author : WU Xiao-chun(1961—), Male, Doctor, Professor, Research focus: the development and application technology of die
materials. E-mail: xcwu@staff.shu.edu.cn

IR ANFH, Ammn, A, F. R Ak 3 4CrSMo2V 4R B F AL E &R E R AR B m[]]. R @A K, 2021, 50(4): 198-204.
SUN Yu-feng, ZUO Peng-peng, JI Jie, et al. Effect of nitriding time and roughness on high temperature wear property of plasma nitriding
4Cr5Mo2V steel[J]. Surface technology, 2021, 50(4): 198-204.



B50% A

and nitriding time as variables. The surface hardness, microhardness gradient, effective thickness, porosity, phase and high
temperature wear properties of plasma nitriding layer of 4Cr5Mo2V steel were characterized by microhardness test, optical
microscope observation, X-ray diffraction (XRD) and high temperature friction and wear test. Scanning electron microscope
(SEM) and optical profilometer were used to analyze the microstructure of the infiltration layer, the wear volume of the high
temperature friction and wear samples, the wear trace morphology and the section morphology. The results showed that when
nitriding time was 6 h, the surface hardness and effective thickness of the layer increased with the increase of roughness, but
when the porosity was 3-4 grade, the quality of the layer was poor and the wear performance at high temperature was bad; when
the nitriding time was more than 10 hours, the effect of plasma nitriding was the opposite, and the nitriding layer of the sample
with roughness of 1.05 pm gradually thinned to 200 pum, and the porosity of the nitriding layer further increased to level 5; when
the nitriding time reached 14 h, the sample with roughness of 0.15 pm got the best nitriding layer. The effective thickness of the
infiltrated layer was 300 pum, the microhardness gradient was level 5, and the porosity of the infiltrated layer was level 1. At this
time, the wear rate was 64% lower than that of the nitriding sample with the roughness of 1.05 pm under the high temperature
friction and wear test. The high temperature wear performance was significantly improved. With the increase of nitriding time,
enlarged surface roughness will cause the plasma nitriding layer of 4Cr5SMo2V steel to thin and its porosity to increase, and its
high temperature wear performance is poor. The plasma nitriding layer of 4Cr5Mo2V steel with surface roughness of 0.15 pm
has the best quality after 14 h nitriding, which can effectively improve the high temperature wear performance of the layer.

KEY WORDS: 4Cr5SMo2V steel; roughness; plasma nitriding; microstructure; porosity; high temperature friction and wear property
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Fig.1 Surface morphology of each roughness sample
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Tab.2 Sample processing and corresponding roughness
Surface processing method Ra/pm
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W28 sandpaper grinding 0.55
W10 sandpaper grinding 0.15
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Tab.3 Sample nitriding results
Ni.triding Ra/um Surface . Thi.ckness of Tl}ickness of Microhgrdness Porosity
time/h hardness/HV , diffusion layer/um white layer/um gradient
0.15 833.9 180 1.0~2.0 2 4
6 0.55 839.5 190 1.0~2.0 2 4
1.05 880.6 230 2.0~3.0 3 3
0.15 1043.6 250 2.5~3.5 4 2
10 0.55 982.3 230 2.0~3.0 3 3
1.05 848.5 220 1.5~2.5 2 4
0.15 1106.1 300 3.5~4.5 5 1
14 0.55 1021.3 260 3.0~4.0 4 2
1.05 822.4 200 1.5~2.0 1 5
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Fig.2 XRD patterns of samples with different roughness after
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Fig.3 Microstructure of the layer of samples with different roughness after nitriding for 14 h
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