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Deposition of CrN Coatings on Piston Rings Using Cathodic Arc Plating with Ion Source

TIAN Can-xin"*?*, LIU Yi-fei?, LI Zhu-jun’, ZOU Wei-quan®, YANG Bing’, FU De-jun’

(1. Department of Physics Science and Technology, Lingnan Normal University, Zhanjiang 524048, Guangdong; 2. Depart-
ment of Mechanical and Electrical, Guangzhou Railway Polytechnic, Guangzhou 510430; 3. Accelerator Laboratory, Wuhan
University, Wuhan 430072)

Abstract: In order to develop environment-friendly coatings to replace galvanic coatings electroplated on the piston rings of
engine parts, a home-made anode ion source assisted cathodic arc plating system was used to deposit CrN coatings with
different thicknesses on W18Cr4V high speed steel substrates. The structure, surface morphology and thickness of the coating
were measured by XRD and SEM. The micro-hardness tester and the ball-on-disk friction tester were applied to study the
mechanical properties. The results show that the crystal structure of the CrN coatings does not obviously change with thickness
increasing. The micro-hardness of 2.5 pm CrN coatings is about 1 900 HV, os. However, the thickness of CrN coatings
obviouly influences the tribological properties. The lowest friction coefficient and wear rate are 0.6 and 2.664x10° mm?*/N-m,
respectively. Honing testing was used for comparing properties of the CrN and galvanic chromium coatings deposited on
ASL817 steel piston rings. The CrN coated piston rings show larger size void of 50 um and no cracking or dropping after
2 400 times honing, and the working gaps has no obviously changing. The wear and working gaps of electrolytic Cr-coated
piston rings are worse than CrN coated piston rings after 2 400 times honing. The normal working gaps can be achieved after
12 000 times honing, whereas the electrolytic Cr-coated piston rings have evident failure because of the larger gaps.
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1—Door; 2—Exhaust point; 3—Heater; 4—Supporting; 5—Cathodic
targets; 6—lon source; 7—Assisted anode; 8 —Rotation; 9—Revoluion
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Fig.1 Schematic diagram of cathodic arc plating system
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Table 1 Deposition parameters of the CrN coatings
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Table 2 Main parameters for electrolytic Cr coatings

Parameters Values
CrO;/(g'L™ 250
H,S0,/(g'L™") 2.5
Temperature / C 35-45
Current density / (A-m™) 30
Deposition time / h 1.5

Parameters Values
Back vacuum / Pa 5x107°
Ion source voltage / V 800
Ion source current / A 2
Deposition pressure / Pa 2
Deposition temperature / C 300
Target current / A 70
Bias voltage / V 150
Deposition time / h 0.5-6
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Table 3 Main parameters of honing test

Prigrd ZER, WL, 7S CrN R 2R
JE 20 pm, PURAMHE] 5 b, SR SA% S,
WAETG 2 LU CrN B )2, BJE 24 um,
DURRIT ] 6 h, 5 F B % 16 28 R IEA 7 37 B i s o
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fitr, UURGEFRLA 33 um/h, FETESHIE 2,
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advanced) K E TR 2 AR L5 4 . R A L ST
HL, T S f#B% (FEI SironMP SEM)WLELI& )2 K1,
TS0 B B BE . B HX-1000 {9 i B 330

Parameters Values
Peripheral speed / (m'min™") 20
Reciprocation speed / (m-min™") 15
Honing pressure / MPa 0.4
Particle size of whetstone / pm 7-10
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Fig.2 Surface and cross section morphologies of the CrN coatings
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Fig.3 XRD patterns of the CrN coatings with different thickness
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Fig.4 Friction coefficient and wear rate of the CrN coatings varied
with the thickness against cemented carbide
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Fig.5 Cross section morphology of the CrN coated piston ring
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(c) Cross section morphology, magnification of 500 times
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Fig.6 Optical micrographs of the piston ring with CrN coatings
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(b) Honing 2 400 times
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Fig.7 Surface morphologies of the CrN coated piston ring after
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Cr-coated piston ring as a functions of honing times
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