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ABSTRACT: The purpose is to study the wear resistance and corrosion resistance mechanism of Ni-P electroless plating with
PTFE composite coating on steel substrate. Electroless Ni-P alloy coating is prepared on the surface of steel materials. The
nanoporous layer is prepared on the surface of the Ni-P alloy coating by electrochemical etching technology, and the composite
coating with wear and corrosion resistance is prepared after the composite modification of PTFE. The microstructure of the
composite coating is characterized with SEM. The wear resistance and corrosion resistance of the composite coating are
evaluated by ball-disc wear test and electrochemical test. The wear scar morphology of the composite coating is analyzed by
white light interferometer. The hardness of the composite coating does not change. In the ball-disc friction test, the friction

coefficient of Ni-P electroless plating increases from 0.12 to 0.4. The friction coefficient of the composite coating increases from
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0.08 to 0.2 and remained stable, which effectively reduces the friction coefficient of the coating and improves the wear

resistance of the coating. According to the polarization curve, the corrosion current of the composite coating is the lowest, which

is 1.88 pA, and there is a passivation range. The fitting results of equivalent circuit in electrochemical impedance spectroscopy

show that the impedance modulus of the Ni-P alloy and the composite coating at 0.01 Hz is 1.44x10* Q-cm” and 2.75%

10* Q-cm®. The electrochemical etching+PTFE composite modification can effectively improve the wear and corrosion

resistance of Ni-P electroless plating.
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Tab.1 Basic formula and process conditions
of electroless nickel plating

Basic formula Technological condition
Components Conte:rllt Influence Parameter
/(g:L) factor
NiSO4-6H,0 30 pH 4.5~5.0
Na,H,PO,-H,0 25 Temperature/C 88+2
Citric 15 Time/min 160~180
Lactic acid 25
WI-G01 30
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Tab.2 Preparation method of different samples

Sample Preparation method
A Electroless plating + electrochemical etching
B Electroless plating
C Electroless plating + electrochemical etching+

modification by PTFE
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Fig.1 SEM and cross section morphology of electroless nickel phosphorus alloy (a) and composite modified coating (b)
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Tab.3 Hardness of sample B and sample C

Sample Hardness
B 515HV, s
C (before modification) 518HV 5
C (after modification) 519HV, 5
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Fig.2 Friction coefficient curve of sample B and sample C
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Fig.3 3D morphology of sample B (a) and sample C (b)
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Fig.4 Two dimensional morphology of sample B (a) and sample C (b)
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Fig.5 Preparation diagram of sample C (a) and friction test diagram of sample B and sample C (b)
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Fig.6 Potentiodynamic polarization curves of different
samples in 3.5wt.% NaCl aqueous solution
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Tab.4 Electrochemical corrosion parameters of sample A,
sample B, and sample C in 3.5wt.% NaCl aqueous solution

7Ec0rr ba 7bc
Sample V' RY/Q nvidec ) /(mV-dec !y Teon/HA
A 41851 3287 13039 170.04  10.95
B 39882 19370  98.90 26056 1.71
C 33052 19250 17271 27365 1.53
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Fig.7 Macroscopic morphology of different samples after electrochemical test: a) sample A; b) sample B; c¢) sample C
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Fig.9 Equivalent circuits used to model the EIS data of different samples: a) sample A; b) sample B; ¢) sample C
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Tab.5 Impedance parameters derived from EIS diagram

Sample  Ry/(Q-cm?) R/(Q-cm?)  O-Y/(Q em s ™) O-n Ry/(Q-cm?)  Op-Y/(Q 'em™s™)  Opn
A 8.003 0.1344 2.213x107* 0.1813 3800 4.94x107* 0.9344
B 8.106 1.444x10* 2.953x107° 0.894
C 7.755 5761 3.191x10°° 0.9192 2.433x10* 3.278x107° 0.5576
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