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Plasma Electrolytic Nitriding Technology on Piston Ring Surface in Solution

ZHU Zongning' , ZHAO Hongyue' , MEI Deging' , ZHAO Weidong', CHEN Chen®, TAO Jun®
(1. School of Automatic and Traffic Engineering, Jiangsu University, Zhenjiang 212013, China; 2. Jiangsu Su Yang Package
Company Limited by shares, Yangzhou 211400, China)

Abstract; An electrolyte was prepared by using formamide as penetrant and NH,Cl as conductive salt. Piston rings were trea-
ted with plasma electrolytic nitriding technology in the electrolyte through working as cathode while a stainless steel rod serving as
anode. The structure, element distribution and phase composition of the modified layer on the surface of the treated piston ring
were analyzed, and the effects of process parameters such as working voltage, processing time and frequency on the hardness and
tribological properties of the modified layer were investigated as well. The results show that the plasma electrolytic nitriding treat-
ment on the surface of the piston ring under the organic electrolyte system will infiltrate N and C elements simultaneously, while
the main element is nitrogen. The PEN modified layer on the surface of the piston ring is composed of compound layer, diffusion
layer and transition layer. The content of the N element in the modified layer gradually decreases from the surface to the inside.
The main phase compositions of the PEN modified layer are iron nitrides such as Fe, ;N, Fe,N and iron carbide Fe,C. The max-
imum hardness of the modified layer can reach 3 times which compared to the hardness of the substrate, and it increases with the
increase of working voltage, processing time and the decline of the frequency. Furthermore, friction tests show that the friction
coefficient of piston ring samples will increase after PEN treatment. However, increasing of wear rate which caused by the rise of
friction coefficient can be weakened by improving the surface hardness and oil storage capacity of the piston ring through choosing
appropriate process parameters such as working voltage, processing time, and frequency.
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Table 1 Chemical compositions of piston ring (w/ %)
Element C Mn Si P S Fe
Content 0.12~0.20 0.30~0.70 =<0. 30 <0.045 <0. 045 Bal.
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1-Stirrer; 2-DC pulse power supply; 3-Cooling tank ; 4-Insulation e-
lectrolyzer; 5-Piston ring; 6-Stainless steel rod; 7-Pump; 8-Insula-
tion pad
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Fig. 1 Schematic diagram of plasma electrolytic nitriding e-
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Table 2 Schemes of plasma electrolytic nitriding on piston

ring surface

Operating Processing Frequency/
Schemes
Voltage/V time/min Hz
S1 230 10 1000
S2 260 10 1000
S3 290 10 1000
S4 260 5 1000
S5 260 15 1000
S6 260 10 500
S7 260 10 1500
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Fig.2 SEM image of cross section of PEN modified layer of piston ring
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Fig.3 EDS line scan image of the cross section of PEN

modified layer on piston ring surface
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Fig. 6 EDS analysis of different regions in the PEN modified layer on piston ring surface
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Table 3 Summary of the proportion of elements in different regions

a b c
Element w/ % a/% w/ % a/ % w/ % a/%
7.8 21. 66 5.23 15. 87 2.34 7.71
C 6.18 20. 02 4.3 15.22 3.84 14.77
Fe 86.02 58.32 90. 48 68.91 93.81 77.52
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Fig. 7 X-ray diffraction patterns of the piston ring matrix
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Fig. 8 X-ray diffraction patterns of PEN piston ring surface
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Fig. 9 Hardness distribution of PEN modified layer under different processing parameters
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Table 4  Surface roughness of piston ring under different process parameters

Schemes S1 S2 S3 S4 S5 S6 S7
Surface roughness/pm 0.72 1.68 2.11 0.67 1.98 1.81 0.95
0.5 10
E
£ 04 §, 8
2 > £
G
< 03 L E 6L
3 2
£ 4o z,
5 02+ f‘_.(; B e
= o b2
0.1 | S 2} Do
= -
> ¢ >
| 1 | 1 | 0 'a2e" I 2 |
0 50 100 150 200 250 230 260 290
Operating voltage / V Operating voltage / V
(a) Friction coefficient (b) Wear rate

10 AR TAER AT PEN I JE R BE S RO %

Fig. 10  Friction coefficient and wear rate of PEN piston rings treated under different operating voltage conditions
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Fig. 12 Friction coefficient and wear rate of PEN piston rings treated under different under different frequency conditions
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