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INVESTIGATIONS OF THE WEAR RESISTANCE
OF COMPOSITE COATINGS Ni-SiC

In present work the composite electrochemical coatings were prepared with nickel matrix and particles SiC. The nickel plat-
ing bath of low nickel ion concentration (0.75 M) containing brightening organic compound with surfactants and the
dispersed particle (SiC) was used for electrodeposition of composite coatings. The content of particles in coatings was
examined gravimetrically. The dependence of SiC content in composite coatings Ni-SiC on the concentration and kind
of the organic additives is given in Table 1. The roughness of the coatings Ni-SiC was measured using tester TR 100 (Tab. 1).
Siemens D500 X-ray diffractometer with CuK,, radiation was used to determine the dimension of nickel [111] crystallites and
microstress (Tab. 1). The microhardness of the deposited layers was measured using a Vickers’ method at a load of 0.01 and
0.05 KkG. Figures 2 and 3 show the microhardness of composite coating Ni-SiC. The wear experiments of Ni-SiC coatings were made
without lubrication using the technique based on measuring system comprising a flat surface and a ball. On the basis
of the wear traces and measurement of their diameter, the depth of the wear was calculated, which was the measure of wear re-
sistance. The wear of the composite coatings Ni-SiC in the dependence from of the concentration and kind of the organic addi-
tives is given in Figure 4.

The obtained results suggest that the organic compounds used in the experiments had a significant effect on the composition
and structure of these coatings. This study has shown that the wear resistance is proportional to the microhardness,
the roughness, the size of nickel grain and the particle contents in Ni-SiC coatings.
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BADANIA ODPORNOSCI NA ZUZYCIE KOMPOZYTOWYCH POWLOK Ni-SiC

Osadzano elektrochemicznie kompozytowe powloki z osnowa niklows i czastkami SiC. Do elektroosadzania kompozytowych
powlok uzywano niskostezeniowej kapieli zawierajacej 0,75 M jon6éw niklu(Il), zwiazek organiczny blaskotwérczy, zwilzacze i ja-
ko czastki dyspersyjne SiC. Zawarto$¢ masowa czastek w powloce oznaczano grawimetrycznie. W tabeli 1 przedstawiono zalez-
nos$¢ zawarto$ci SiC w powloce kompozytowej Ni-SiC od stezenia i rodzaju dodatkéw organicznych. Chropowato$¢ warstw Ni-
SiC mierzono profilografem TR 100 (tab. 1). Pomiary wielkosci krystalitw [111] osnowy niklowej i mikronaprezen wykonano
na dyfraktometrze Siemens D500 z promieniowaniem CuK, (tab. 1). Mikrotwardo$¢ mierzono metoda Vickersa przy obciazeniu
0,01 i 0,05 kG. Na rysunkach 2 i 3 przedstawiono wyniki pomiar6w mikrotwardos$ci kompozytowych powlok Ni-SiC. Badania od-
pornosci na zuzycie wykonano na kulotesterze. Na podstawie §ladéw wytarcia i pomiaréw ich Srednicy obliczano gleboko$¢ wy-
tarcia, ktora byla miara odpornosci na zuzycie. Glgboko$é wytarcia powlok kompozytowych Ni-SiC w zaleznoS$ci od stezenia i

rodzaju dodatkéw organicznych jest pokazana na rysunku 4.

Stwierdzono, Ze uzyte zwigzki organiczne mialy znaczacy wplyw na sklad i strukture tych warstw. Odpornosé na zuzycie jest
proporcjonalna do mikrotwardosci, chropowatos$ci, rozmiaréw ziaren niklu i zawartosci SiC w powloce.

Stowa kluczowe: elektroosadzanie, nikiel, kompozyty, weglik krzemu, odpornosé na zuzycie

INTRODUCTION

For many engineering applications, wear resistance is
one of the most important mechanical properties because
wear account for more than 50% loss of all materials in
service. Interest in electrodeposited composite coatings
has increased rapidly due to their expected new engi-
neering applications, ex. wear or oxidizing resistance.
Such coatings are produced by codeposition of fine inert
particles in a metal matrix from electrolytic bath. Ce-
ramic materials show optimum wear properties consid-
erably greater than the best -hardened steel alloy [1].
Very good thermal resistance, corrosion resistance and
inhibition of destruction’s caused by adhesion peelings
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can be numbered as other advantages for ceramic mate-
rials.

Kerr [2] published that the optimum inclusion level
for SiC in nickel coating deposited from Watts bath
(1.3 mM Ni*") is approximately 12% vol. of ceramic
material, for several engineering applications, and
further increase in the SiC level may cause the deposit to
become brittle. For optimum wear resistance, the deposit
hardness must normally be in the range 370 to 615 HV
(3.6 to 6 GPa). Lower values tend to give rise to exces-
sive wear rates while higher values result in brittle coat-
ings. For wear purposes, there is a critical relationship
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between the coating hardness and inclusion contents in
the coating.

In the paper [3] this was showed that the micro-
hardness of the Ni-SiC composite coatings is signifi-
cantly increased with the embedding of the SiC
particles. On the other hand, roughness measurements of
the deposits confirmed that the composite coatings have
lower roughness values than the corresponding values of
pure nickel coatings prepared under the same conditions,
a fact that could be associated with their observed micro-
crystalline structure.

In the present paper, the relationships between:
the microstress and the particle contents in the coatings,
the microhardness and grain size of nickel matrix,
the microhardness, the roughness, the particle contents
and abrasive wear resistance of composite Ni-SiC
coatings were investigated and discussed.

The objective of presented investigations was to
define the effect of bath composition on coating pro-
perties (content of particles, microstress, size of nickel
grains, wear resistance, microhardness and roughness).

EXPERIMENTAL

The compositions of the nickel plating baths was:
0.45 M NiSO;, - 7H,0, 0.3 M NiCl, - 6H,O, 0.84 M
H3;BOs. The organic compounds used were starting agent
SRN, cationic silyl surfactant (SK), anionic high-
fluorine surfactant (WFA), cationic high-fluorine surfac-
tant (WFK1) and alkylsulphosuccinate (ASB). To de-
posit composite coatings SiC1000 technically pure in
concentration 5 g SiC/dm’ of the bath were used. SEM
image of SiC particles presents Figure 1. The weight
percentage of the dispersed phase in the coatings was
determined gravimetrically.

Fig. 1. SEM image of SiC particles
Rys. 1. Obraz SEM czastek dyspersyjnych SiC

Process has been carried out at current density
4 A/dm’ at temperature 318 K, pH 4, and duration time
30 min with mechanically stirring.

X-ray diffractometer measurements of deposited lay-
ers were made using a Siemens D500 powder
diffractometer equipped with a semiconductor Si[Li]
detector. CuK, radiation was used. Average relative
deviation of lattice constant (microstress parameter),
average grain size were calculated using the Halder
and Wagner [4] approach for (111)/(222) planes.
The roughness of the nickel foils was evaluated using
a TR 100 prod. Elcometr Instruments Ltd. profilograph.
The microhardness of the deposited layers was measured
using Vickers’ method and a Hanneman microhardness
tester at a load of 0.01 and 0.05 kG.

In order to determine wear resistance the nickel foils
was tested using a technique based on a measuring sys-
tem comprising a flat surface and ball. The layers were
subjected to wear by dry slide friction using
a 30 mm diameter ball at an angle of 35°. The pressure
of the ball at the point of contact was 0.6 N, the 8000
cycles of friction were applied. The depth of wear as
a measure of wear resistance was calculated on the basis
of the wear traces and measurements of their diameters.

RESULTS AND DISCUSSION

The additive SRN strongly limited the grain size and
SiC content in the coating but wetting agents used in the
bath together with this additive not exert greater influ-
ence (Tab. 1). As can be seen from the data presented in
Table 1, the addition of wetting agents led to
a rise in the particle content of Ni-SiC coating deposited
in the presence of wetting agent SK.

When, however, the latter coatings were deposited in
the presence of wetting agent WFK1, a decrease in the
SiC content in the coating was observed already starting
from a concentration of 0.014 mM WFKI1. As can be
seen from these experiments, the choice of the wetting
agent for the particles being deposited in the nickel ma-
trix may significantly influence on the composition of the
composite layer.

TABLE 1. The SiC content, the roughness, microstress and
the size of grains of the composite coatings Ni-SiC
TABELA 1. Zawartos$¢ czastek SiC, chropowato$¢ mikro-
naprezenia i rozmiary ziaren osnowy niklowej
w warstwach kompozytowych Ni-SiC

Composition SiC content Ra Aa/a D

of the bath % vol. um A
Without additives 2.71 0.39+0.05 | 0.0002 393
SRN 2.44 0.19£0.03 | 0.0033 225
0.056 mM ASB 2.44 0.25+0.03 | 0.0029 205
0.1 mM ASB 2.71 0.23 £0.03 0.0028 211
0.016 mM SK 2.71 0.23+£0.03 | 0.0033 208
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0.033 mM SK 3.24 0.24 £0.03 0.0031 194
0.014 mM WFK1 2.01 0.29 £0.03 0.0031 205
0.028 mM WFK1 2.09 0.29 £0.03 0.0028 190
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Fig. 2. Microhardness of Ni-SiC composite coatings. Load 0.01 kG
Rys. 2. Mikrotwardo$¢ powlok kompozytowych Ni-SiC. Obciazenie
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Fig. 3. Microhardness of Ni-SiC composite coatings. Load 0.05 kG

Rys. 3. Mikrotwardo$¢ kompozytowych powtok Ni-SiC. Obcigzenie 0,05
kG
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Fig. 4. Depth of abrasion of Ni-SiC composite coatings
Rys. 4. Glgbokos¢ wytarcia kompozytowych powtok Ni-SiC

With the aid of the Statistica software package, re-
gression was calculated for the series Ni-SiC coatings.

Using microstress (Aa/a) as the dependent variable
and content of particles in coating (C,) as independent
variable was obtained the following regression equation

Aa/a-10°=1.03-C,

with r = 0.93 (correlation coefficient); p < 0.05 (level of
significance).

The change in the Aa/a with SiC contents in the com-
posite coating is shown in Figure 5. Microhardness in-
crease and roughness decreased considerably with de-
creasing grain size. The change in microhardness with
grain size of nickel coatings (d™"?) is shown in Figure 6
in the form of a Hall-Petch plot [5, 6].
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Fig. 5. Dependence of microstress on SiC contents in the coating Ni-SiC

Rys. 5. Zalezno$¢ mikronaprezen od zawartosci czastek SiC w warstwie
Ni-SiC

Microhardness [GPa]

1.5

0.20
q" [nmrlfz]
Fig. 6. Dependence of microhardness on nickel grain size Dy,

Rys. 6. Zalezno$¢ mikrotwardosci od wielkosci ziaren niklu Dy

Using d'? as the independent variable and microhard-
ness (HV0.05) as the dependent variable was obtained
the following regression equation

HV0.05=21.36 - d"?

with r=0.99; p <0.05.
Wear results are given in Figure 4. The wear test showed
that the coating deposited from bath containing additives
SRN and 0.014 mM WFKI1 had the best wearability.
Generally, roughness, microhardness and particle
contents in the coatings considerably affect wear
resistance.

Depth of abrasion (h) as the dependent variable, and
the particles content in the coating (C,), the microhard-
ness (HV0.01), the size of nickel grain and the rough-
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ness (R,) as the independent variables were used to cal-
culation of the regression equation.
The following regression equation was obtained:

h=-0.56-C,—11.2-R, +0.52-HV0.01 +0.21 - Dyy;

indicating that satisfactory dependence exists between
the depth of abrasion and these independent variables.
The equation is characterised by the correlation coeffi-
cient r =0.99, the standard error of estimation, 0.77.

Depth of abrasion will be decreasing as roughness,
microhardness and the size of nickel grain decreases and
the SiC content increases. These results are difference
from this as were give in the paper [2] probably because
that other abrasion tests were used in the both experi-
ments.

The results give in this work suggest that used of the
organic compounds may cause such change the structure
and the particle content that electrodeposited coatings
will has the good wear resistance.

CONCLUSIONS

This study has shown that the wear resistance is pro-
portional to the microhardness, the roughness, the size of

nickel grain and the particle contents in Ni-SiC coatings.
It has also been demonstrated that the depth of abrasive
of the Ni-SiC coatings can be considerably improved by
using the wetting agents.

The cationic wetting agent used for deposition of the
Ni-SiC composite coatings may significantly influence
on the composition and structure of these coatings as that
they will has the better abrasive wear resistance.
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