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Ni—SiC nanocomposite coating for the surface of automobile drive shaft based on 40Cr
steel was obtained, its microstructure, hardness, wear resistance and corrosion resistance
was analyzed, and the effect of the nano-SiC mass concentration on the hardness and wear
resistance of Ni—SiC nanocomposite coatings was studied. The results show that the Ni-SiC
nanocomposite coating consists mainly of Ni and SiC, and its average hardness is about
558.4 HV, which is 1.5 times of 40Cr steel. The increase of the content of nano SiC is
beneficial for improving the hardness and the wear resistance. When the SiC particle size
is 70 nm and the mass concentration is 14 g/L, the Ni-SiC nanocomposite coating has the
highest hardness and the best wear resistance.

Keywords: Ni-SiC nanocomposite coating, automotive transmission shaft, wear resis-
tance, corrosion resistance.

ITonyueno manorommnosutHoe nokpeitue Ni—SiC mns moBepxHOCTHM NPUBOIHOIO BaJa aBTO-
Mo6uia Ha ocuoBe crajau 40Cr, MpoaHaIM3UpPOBAHLL €r0 MUKPOCTPYKTYPa, TBEPAOCThL, M3HO-
COCTOMKOCTL I KOPPO3UOHHAS CTOMKOCTL, a TaKsKe BIUSIHLE MAaCCOBOI KOHIIEHTPAI[MU HAHO-
uactuil SiC wa TBepmocTs U usHOcocToiikoeTh Ni-SiC HanokommosuTHBIX MOKpHITUI. Pesynnra-
TBI IOKA3BIBAIOT, UTO HaHoKommosuTHOe HOKpbITIEe Ni—SiC cocTomt B ocroBHOM m3 Ni m SiC, n
€ro cpesHsA TBEPAOCThL cocTaBiser okoao 558,4 HV, uro B 1,5 pasa Goapme cramm 40Cr.
VBequuenue cojgepKanua HaHO-SIC ITOBLIIaeT TBEPAOCTL U M3HOCOCTOHKOCTL. Korga pasmep
yactur, SiC cocraBaser 70 HM, a MaccoBas KOHIEHTPAIIAA cOCTAaBIAeT 14 T/, HAHOKOMIIO3UT-
Hoe nokpeitue Ni-SiC mmeeT caMymo BBICOKYIO TBEPLOCTb W JIYYIIYIO M3HOCOCTOMKOCTD.

Mocaigxenns sBuauey HaHO-SiC Ha TBepmicTh i 3HOCOCTIHKICTH HAHOKOMIIO3UTHHX IIO-
kpurrie Ni-SiC. Q Wang, Muhammad Aqeel Ashraf.

Orpumano HanoromnosutHe mokputTa Ni—SiC mas mosepxHi npusomHOro Basa aBTOMOOI-
Jada Ha ocHOBL crani 40Cr, npoaHaxizoBaHo MOro0 MIKPOCTPYKTYPY, TBEPILIiCTb, 3HOCOCTIMKiCcTH
i koposifiny cTifikicTh, a TAKOK BIJIUB MacoBol KOHIeHTpallil mamouactuHok SiC Ha
TBepAicTh 1 8Hococtifikicrs Ni—SiC HamoKoMmoOsuTHUX NOKPUTTIB. PesyibraTm moKasywoThb,
mo HapoxomuosurHe nmokputrtsa Ni—SiC cknamaersca B ocmosromy 3 Ni i SiC, i iioro cepennus
TBePAicTh cTaHOBUTHL O6amsbko 558,4 HV, mo B 1,5 pasu 6iaeme cramu 40Cr. 36inpmennas
BMmicty mano-SiC migsuirye tBepgicTs i suHococrifikoeTs. Kosmu poamip yacror SiC cranoBuTh
70 uM, a MacoBa Koumentpamia — 14 r/ma, manmoxommosuTHe mokpuTTa Ni—SiC mae maiisumry
TBEPAICTh 1 Kpally 3HOCOCTIHKICTS.
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1. Introduction

Mechanical parts are required to operate
reliably under varieties of working condi-
tions, and the surface properties of mechani-
cal parts have an important impact on their
service life. Ni-SiC nanocomposite coating has
the advantages of high hardness, corrosion
resistance, wear resistance and high tempera-
ture oxidation resistance, and is widely used
in internal combustion engine and automobile
engine parts to improve the surface proper-
ties of the components [1].

As an important part of the automotive
transmission system, the transmission shaft
transmits the power of the engine to the
wheels and drives the car. Automotive
transmission bearings are subject to random
characteristics of torque, and their surface
performance will decrease with long-term
use. Liu and others used Ni-SiC composite
coatings obtained by pulse electrode position
method to study the effects of SiC nanopar-
ticles on the surface morphology, micro-
structure, microhardness, wear resistance
and corrosion resistance of Ni—-SiC composite
coatings [2]. Li and others investigated the
effects of nano-SiC particles on the struc-
ture and morphology of Ni—Co coatings. It
was found that the addition of Co made the
Ni coating grain finer, decreased the poros-
ity and improved corrosion resistance [3].
Nazir and others analyzed the effects of di-
rect current electrode position and pulse
electrode position on the properties of the
coating. It was found that use of the elec-
trodeposition method led to sufficient im-
provement of the Ni—SiC nanocomposite
coating [4]. Rizwan et al. prepared Ni-nano-
SiC composite coating on the surface of
Q235 steel by pulse electrode position. The
effects of single process conditions on the
micro hardness and wear resistance of Ni—
SiC composite coatings were investigated by
scanning electron microscopy (SEM), X-ray
diffractometry (XRD), microhardness tester
and friction and wear tester [5]. In [6] the
effects of addition of silicon carbide parti-
cles on the micro hardness and wear resis-
tance of the coating was studied. The test
results have shown that the surface of the
nanocomposite electroplated layer is
smooth, and its microhardness and wear re-
sistance are significantly improved com-
pared with pure nickel plating [6].

In order to improve the anti-wear per-
formance and corrosion resistance of auto-
motive transmission shafts, Ni—-SiC nano-
composite coatings were prepared on the
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Table 1. Plating solution formula and elec-
trode position process parameters

Formulation and process parameters Value
NiSO,-6H,0, g-L™! 300

NiCl,, g'L! 42

H;BO,, g'L! 35
C,,HysNa0,s, g'L! 0.1
Current density, A-dm™! 6.2

Bath temperature, °C 45

Nano SiC particle mass 20

concentration, g~L’1

Magnetic stirring, r-min! 350

surface of automotive transmission shafts
based on 40Cr steel. The hardness, wear resis-
tance and corrosion resistance of Ni—-SiC nano-
composite coatings were investigated. And the
effect of the mass concentration of nano-SiC
on the hardness and wear resistance of Ni-SiC
nanocomposite coating was investigated.

2. Experimental

2.1 Substrate preparation

The base material was an automobile
semi-axle steel (40Cr steel), and the sample
size was 40.0x25.0x1.5 mm3. The pretreat-
ment process of 40Cr steel included grind-
ing, polishing, degreasing, pickling, wash-
ing, and drying. The purpose of the pre-
treatment is to ensure that the surface of
the 40Cr steel is free from cracks, deep
scratches, and has no oil and oxide film.
The base liquid is a watt-type nickel plating
liguid, and its main components are:
30 g/L, C12H25Na 048 0.1 g/L. Micro SiC
(particle size 4 wm) and nano SiC (particle
diameter 70 nm) were added to the base lig-
uid. The mass concentration of micron SiC is
14 g/L. Stirring is sufficient to uniformly
disperse the SiC particles in the base liquid.

2.2 Preparation of Ni—SiC nanocomposite
coating

In this article, the composite electroplat-
ing method is used to prepare Ni—SiC nano-
composite coating (referred to as composite
coating) on the surface of the substrate by
electrode position [7-9]. The plating solu-
tion formulation and electrode position
process parameters are shown in Table 1.
The reagents used are analytically pure. The
selected SiC particles have an average parti-
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Fig. 1. Composite coating SEM.

cle size from 50 to 100 nm. The SiC parti-
cles are fully soaked with a small amount of
deionized water containing a dispersing
agent, then poured into the plating solu-
tion, and continuously stirred by a magnetic
stirrer to uniformly disperse the SiC parti-
cles [10]. The experimental composite coat-
ing has a thickness of about 45 pm.

2.3 Performance test

The morphology of the composite coating
was analyzed by JSM-6390A scanning elec-
tron microscope. The phase composition of
the composite coating was analyzed by
Bruker D8 Advance X-ray diffractometer
(XRD). Tecnai G2 F30 Field Emission
Transmission Electron Microscope (TEM)
was used to analyze the microstructure of
composite coatings. The hardness was meas-
ured using a XH-5L Vickers hardness tester
with a load of 0.49 N for 10 s. Six points
were taken on the surface of the composite
coating for hardness measurement, and the
average hardness was obtained.

The dry friction test was carried out using
a MFT-4000 material surface property tester
to test the wear resistance of the composite
coating. The test load was 10 N and the rub-
bing time was 8 min. The corrosion resistance
of the composite coating in 3.5 % NaCl solu-
tion and 1.5 % HCI solution was measured by
static immersion etching. The experiment
lasted for 140 h, and the samples were taken
out every 20 h for cleaning and drying, and
then weighed with an AR124CN type elec-
tronic balance to calculate the corrosion rate.
Scanning electron microscopy was used to
analyze the morphology of the composite
coating after 140 h of soaking.

The hardness, anti-wear performance and
corrosion resistance of the substrate were
tested under the same conditions and the
morphology of the substrate after 140 h
soaking was analyzed.
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Fig. 3. Nanocomposite coating TEM.

3. Resultls and analysis

3.1 Microstructure of composite coating

Figure 1 and Figure 2 show the micro-
structure of Ni—-SiC nanocomposite coating
and nickel coating. It can be seen from
Fig. 3 that the composite coating has fine
crystal grains and compact structure, while
the nickel plating layer has coarse crystal
grains and the crystal grain size of few mi-
crometers. Figure 3 is a TEM image of the
composite coating. Nano SiC particles are
uniformly dispersed between the nickel
crystal grains. The dispersed nano-SiC par-
ticles effectively fill the intercrystalline
pores and further evolve into catalytic nu-
cleation sites, induce heterogeneous nuclea-
tion, and promote the formation and growth
of new nucleus faster. At the same time,
the coarsened growth of the formed crystal
nuclei is hindered, so that the composite
plating layer has fine crystal grains and
compact structure.

3.2 Hardness of composite coating

Table 2 is a hardness table of the sub-
strate and the Ni—-SiC nanocomposite coat-
ing. As seen from Table 2, the hardness of
the substrate ranges from 350 to 375 HV,
and the average hardness is about
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Table 2. Hardness of substrate and Ni—SiC
nanocomposite coating

Material Detection

sampling point

Hardness, HV

Substrate 1 351

362

361

368

375

Composite 584

coating 562

546

552

OU [ |0 | [ Ot [ [ |

568

373.7 HV, while the hardness of the com-
posite coating ranges from 545 to 580 HYV,
and the average hardness is about
558.4 HV. The composite coating has a
higher average hardness than the substrate
(in about 1.5 times). Although there is no
direct correspondence between the hardness
and wear resistance of the material, the
higher hardness allows the material to have
higher friction and wear resistance. There-
fore, the higher hardness of the composite
coating is beneficial to improve its wear
resistance. Figure 4 shows the effect of the
mass concentration of nano SiC on the hard-
ness of the Ni-nano SiC composite coating.
It can be seen from Fig. 5 that as the mass
concentration of nano-SiC increases from
2 g/1 to 20 g/L, the hardness of Ni-nano-SiC
composite coating increases first and then
decreases, the highest value is 5486 MPa,
and the corresponding nano SiC has a mass
concentration of 14 g/L.

When the mass concentration of nano-
SiC is 2 g/L, the surface of the Ni-nano-SiC
composite coating is loose and the grain size
reaches the order of micrometers. When the
mass concentration of nano-SiC is 14 g/L,
the surface of the Ni-nano-SiC composite
coating is dense, the grains are fine and
uniform, and the size is reduced to the
order of nanometers. It shows that the in-
crease of nano SiC is beneficial to increase
the density of the coating, improve its hard-
ness and resistance to plastic deformation,
then improve wear resistance. However,
when the mass concentration of nano-SiC
increases to 20 /L, the agglomerated nano-
SiC reduce the density of the coating ,
which cause decrease of the hardness of Ni-
nano-SiC composite coating .
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Fig. 4. Effect of nano SiC mass concentration
on the hardness of composite coating.
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Fig. 5. Effect of mass concentration of nano
SiC on wear rate of composite coating.

3.3 Wear resistance performance

Figure 5 shows the effect of the mass
concentration of nano-SiC on the wear rate
of Ni-nano-SiC composite coating, the wear
time is 8 min. It can be seen from Fig. 7
that as the mass concentration of nano-SiC
increases from 2 g/L to 20 g/L, the wear
rate of Ni-nano-Si composite coating de-
creases first and then increases, the lowest
is 1.82 mg/min, the mass concentration cor-
responding to nano SiC was 14 g/L.

3.4 Corrosion resistance

Figure 6 shows the corrosion rate of the
substrate and the composite coating. Corro-
sion rate of the substrate and the composite
coating gradually increases with the immer-
sion time, while the corrosion rate of the
composite coating is significantly lower
than that of the substrate. After soaking
for 140 h, the corrosion rate of the sub-

strate is about 0.272 pg-mm™2h~1, and the
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Fig. 6. Corrosion rate curve of substrate and

composite coating.

corrosion rate of the composite coating is
about 0.178 pugmm 2h"l. The corrosion
rate is used as a reference index for evalu-
ating the corrosion resistance of the mate-
rial. As the corrosion rate of the composite
coating is low, the corrosion resistance is
expected to be high.

Figure 7, 8 is a surface topography image
of the substrate and composite coating after
140 h of soaking. Soaking and etching leads
to formation of corrosion pits on the surface
of the substrate. After the immersion of the
composite coating, the morphology is blurred,
but it can be seen that the surface after im-
mersion is still flat and there are no obvious
corrosion pits.

In summary, the corrosion resistance of
the composite coating is mainly attributed
to the dispersion strengthening and fine
grain strengthening of the nano-particles on
the substrate coating. This effect increases
the density of the coating, effectively hin-
ders the adsorption of Cl in the etching so-
lution and the corrosion caused by the pene-
tration of the composite coating, thereby
delaying the corrosion of the coating.

4. Conclusions

The influence of the nano-SiC on the
hardness and wear resistance of Ni-SiC
nanocomposite coatings was studied. The
hardness of the composite coating ranges
from 530 to 580 HV, and the average hard-
ness is about 558.4 HV, which is 1.5 times
of 40Cr steel. The plated stable friction fac-
tor (0.39), and the corrosion rate of the
coating are significantly lower than for
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Fig. 7. Surface topography image after sub-
strate immersion.

Fig. 8. Surface topography image after com-
posite coating immersion

40Cr steel. Ni-SiC nanocomposite coating
can be used to improve the wear resistance
and corrosion resistance of automotive
transmission shafts based on 40Cr steel.
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