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Abstract

Nano-SizN; particles were electrodeposited with nickel on copper substrate from a Ni bath. The friction and wear properties of the Ni/SisNy
composite coating were evaluated while being lubricated with several various oils using a ball-on-disk sliding tester. The morphologies of the
worn surfaces were observed using a scanning electron microscope. The chemical states of several typical elements on the worn surfaces were
examined by means of X-ray photoelectron spectroscopy (XPS). Results indicated that the electrodeposited Ni/SizN4 composition coating had
excellent tribological properties while being lubricated with the ionic liquid. This was partly attributed to the high hardness of the electrodeposited

nickel composite coating containing nano-sized Si3Nj and the tribochemical reaction between the lubricant and the sliding surface.
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1. Introduction

It is well known that the surface is the most important part
of any engineering component. For example, electrodeposited
composite coatings, which have the advantages of high hard-
ness, excellent wear-resistance and low coefficient of friction,
have been used in various engineering applications over the
past decades. At present, much research has focused on the
co-deposition of micro-sized particles and nano-sized particles,
such as metallic powder, inorganic nano-particulates, silicon
carbides and diamonds [ 1-8]. Findings have indicated that incor-
poration nano-particulates in the metal matrix improves the
mechanical and wear-resistance performance of composites to
a certain extent. Copper is a very useful material because of its
conductibility and low friction properties. However, as copper is
both soft and ductile, its poor wear-resistance limits its applica-
tions. The surfaces of copper are easily deformed and scratched,
particularly at high temperatures. Surface engineering such as
electrodeposition provides an opportunity to improve the wear-
resistance and hardness and reduce the friction of copper and
copper alloys. Although electrodeposited layer have found appli-
cations in many areas of engineering, there have been few reports
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on the tribological interactions occurring among the electrode-
posited layer surfaces and various lubricants. We found in our
previous study that the tribochemical interactions among laser
quenched nodule cast iron and boron-permeated mild steel sur-
faces and lubricating additives effectively improved the friction
and wear behavior [9,10]. In this paper we report on our research
on the friction and wear properties of electrodeposited nickel
composite coating containing nano-sized Si3Ny4 particles on
copper substrates under boundary lubrication conditions. Ionic
liquids have generated particular interest as novel lubricants
among researchers, who have discovered their negligible volatil-
ity, non-flammability, high thermal stability, low melting point,
and high load-carrying capacity for the contacts of steel/steel,
steel/aluminum, steel/copper, and steel/silica [12-25]. For com-
parison in our present study, we used liquid paraffin (LP) and
poly-alpha-olefin (PAO) as the base oil and zinc butyl and octyl
dithiophosphate (ZDDP) as the additive.

2. Experimental

The basic compositions of the plating solution and the plating
conditions are shown in Table 1. Each experiment was carried
out with a fresh solution. Analytical reagents and distilled water
were used to prepare the plating solution. The mean diameter
of the Si3Ny4 nano-particulates was 20 nm (Kaier, Hefei, China).
Before they were plating, the Si3Ny particles were ultrasonically
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Table 1

Plating solution compositions and condition

Nickel sulfate NiSO, (gL~!) 200
35 NiCl, (gL 50
30 H3BOs3 (gL™") 40
10 SisNg (gL™h 10
Temperature (°C) ) 45
Current density (Am™2) 300
Stirring speed (rpm) 150

dispersed in the bath for 10 min. They were dispersed in the elec-
trolyte in the presence of the dodecyl sodium sulfate and saccha-
rine anionic surfactants. The electroplating tests were performed
on a potentiostat/galvanostat device. During the co-deposition
process, the bath was slowly stirred by a magnetic stirrer to
keep the particles well dispersed and prevent their sedimentation
in the bulk of the electrolyte-suspension while the temperature
of the electrolyte was maintained at 318 K. The experiments
were conducted at a current density of 300 Am~2. A platinum
plate 40 mm x 40 mm x 3 mm was used as the anode, while a
saturated calomel electrode (SCE) was used as the reference
electrode. A rectangular copper plate 10 mm x 10 mm x 3 mm
with 0.05 wm (R,) surface roughness was used as the cathode
substrate to be plated. The substrates were sequentially ultra-
sonically cleaned in ethanol, acetone, and distilled water for
10 min, rinsed with 5 mass% H>SQ4, washed in distilled water,
and then immersed immediately in the plating bath to enable the
electrodeposition of the target composite coatings.

The hardness of the composite coatings, which were about
20 wm thick, was measured on a Vickers’ microhardness instru-
ment at an applied load of 500mN for 5 s. Measurements were
conducted five times on each sample and the results were aver-
aged.

The friction and wear tests were carried out on reciprocat-
ing ball-on-disk UMT-2MT sliding tester (Center for Tribology,
California, USA). The contact between the frictional pair was
achieved by pressing the upper running ball against the lower
stationary disk which was driven to reciprocate at a given fre-
quency and displacement. The friction and wear tests were
conducted at an amplitude of 2 mm, sliding speed of 0.055 m g,
a load of 10N, a test duration of 10 min, in ambient temper-
ature and relative humidity of 45-50%. The upper ball with
a diameter of 4 mm was made of SAE52100 steel (quenched
and low-temperature tempered, hardness 7.05-7.57 GPa, surface
roughness R, =0.08 pm).

12 j@\ 8 8 10
PFg
13/-”-;;\N N/\\/\//\ 8

Fig. 1. Molecular structure of ionic liquid of 1-ethyl-3-hexylimidazolium hex-
afluorophosphate.
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Fig. 2. Average coefficients of friction for electrodeposited specimens sliding
against 52100 steel ball (10N, 20 Hz, 2 mm, 10 min).
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Fig. 3. Average wear volume losses for electrodeposited specimens sliding
against 52100 steel ball (10N, 20 Hz, 2mm, 10 min).

Table 2
Physical properties of liquid paraffin, poly-alpha-olefin, alkylimidazolium hexafluorophosphate and ZDDP
Lubricant Properties

Kinetic viscosity (mm?s™') Viscosity Density Pour point Flash point S content Appearance

index (kgm™? °C °C m

20°C 100°C i gm—) S §®) (ppm)
LP 21.49 4.74 147 - - 300 <1 White liquid
PAO 16.9 3.9 123 - - 219 White liquid
L-P206 139.4 15.2 111 1262.2 <—50 ~ - White liquid
ZDDP 7.0 1090.0 - - - White liquid
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