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Table 1 Bath composition and operating parameters

Composition and conditions Level
Nickel sulfate/g L. 25
Sodium hypophosphite/g . 30
Complexant/g L 40
Stabilizer Apropriate amount
Surfactant/g 1! 0.05
Temperature/C 88 +2
pH 4.4~4.8
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Table 2 Chemical composition of the coatings (/%)

Al,O; concentration in bath/g L.

0 2 4 6 8 10 12
Ni 91.05 83.07 78.17 73.67 71.05 66.31 63.34
P 880 558 497 472 436 3.68 3.06
Al 0 527 882 11.44 1335 1596 18.36
(0] 0.15 6.08 8.04 10.17 11.24 14.05 15.24
Al,05* 0 10.0 167 21.6 252 30.2 347

Note: * Calculated value
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Bl 1 #ErE 5808 SEM B
Fig.1 SEM images of surface (a, c) and cross-section (b, d) of
the coatings: (a, b) 0% Al,O3, and (c, d) 34.7% Al,03
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Fig.2 XRD patterns of the coatings
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Fig.3 Dependence of hardness on alumina content of the coatings
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Fig.4 Instantaneous friction coefficient of the coatings
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Fig.5 Mean friction coefficient of the coatings
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Fig.6 Surface morphology images of wear scars of the coatings by SEM (a, b, d, €, g, h) and ceramic counterpart balls by OM (c, f, i):
(a, b) Ni-P, (d, &) Ni-P-21.6% Al,0s, and (g, h) Ni-P-34.7%Al,03
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Fig.7 Effect of alumina content on wear rate of the coatings
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Effects of Alumina Content on Tribological Properties
of Electroless Ni-P Composite Coatings

Zheng Xiaohua®, Liu Hui*, Chen Li*, Zhang Lingjie?®, Zhang Ji*?, Shen Tao?*?, Yang Fanger*
(1. Zhejiang University of Technology, Hangzhou 310032, China)
(2. Zhejiang University, Hangzhou 310058, China)
(3. Zhejiang-California International NanoSystems Institute, Hangzhou 310058, China)

Abstract: Ni-P composite coatings with various contents of Al,O3 particles were prepared by an electroless plating technique and the
tribological properties of the coatings were evaluated by a ball-on-disc wear instrument. The morphology, microstructure and chemical
composition of the coatings and the counterpart balls were characterized by scanning electron microscopy (SEM), optical microscopy
(OM), energy disperse spectrum (EDS), and X-ray diffraction (XRD) technique, and the wear mechanisms were discussed. The results
show that the maximum content of Al,Os in the composite coating is about 34.7 wt%, the phosphorus content of the coatings decreases
greatly, and the Ni-P matrix of the composite coatings remain amorphous. The friction coefficient of the coatings is about 0.49~0.58 and
higher than that of Ni-P coating. With the increase of Al,O3 content in the coatings, the friction coefficient decreases at first and increases
later, the micro-hardness of the coatings linearly increases from 5020 MPa to 7640 MPa, and the wear rate of the coatings monotonously
decreases from 1.2x10™* m® (N -m)™ to 3.2x10™*®* m® {N m)™, and the major wear mechanism of the coatings changes from adhesive wear
to abrasive wear.

Key words: Ni-P alloy; alumina; electroless plating; friction and wear
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