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COMPOSITE NICKEL COATINGS PRODUCED ON 6xxx SERIES ALUMINIUM ALLOYS WITH THE ADDITION OF
VANADIUM

KOMPOZYTOWE POWŁOKI NIKLOWE WYTWARZANE NA STOPACH ALUMINUM SERII 6xxx Z DODATKIEM WANADU

Studies of composite nickel coatings electrolytically deposited on aluminium alloys with different content of vanadium
were described. Composite coatings were deposited from a Watts bath containing fine-dispersed SiC powder particles in an
amount of 20 g/l and organic matters such as saccharin and sodium laurate. The morphology, structure and thickness of the
obtained composite coatings were presented. The corrosion resistance of produced coatings was examined by electrochemical
method. Basing on the results of studies it was found that coatings obtained with the sole addition of saccharin were
characterized by numerous surface defects. The addition of sodium laurate eliminated the occurrence of defects caused by
hydrogen evolution and the resulting coatings were continuous with good adhesion to the substrate. The distribution of the
ceramic SiC phase in coatings was fairly uniform for all the examined variants of aluminium alloys. SEM examinations did
not reveal the phenomenon of the ceramic particles agglomeration.
Keywords: electrodeposition, composite coatings, vanadium, SiC
W pracy przedstawiono badania charakteryzujące kompozytowe powłoki niklowe osadzane elektrolitycznie na
stopach aluminium z różną zawartością wanadu. Powłoki kompozytowe wytwarzano w kąpieli Wattsa z dodatkiem
drobnodyspersyjnych cząstek proszku SiC w ilości 20 g/l oraz substancji organicznych takich jak sacharyna i laurynian sodu.
Przedstawiono morfologię, strukturę, grubość uzyskanych powłok kompozytowych. Odporność korozyjną wytworzonych
powłok badano metodą elektrochemiczną. Na podstawie przeprowadzonych badań stwierdzono, iż w przypadku powłok
uzyskanych wyłącznie z dodatkiem sacharyny powłoki charakteryzują się licznymi wadami powierzchniowymi. Dodatek
laurynianu sodu eliminuje występowanie wad spowodowanych wydzielaniem wodoru, a uzyskane powłoki są ciągłe
oraz dobrze przyczepne do podłoża. Rozkład fazy ceramicznej SiC w powłoce jest w miarę równomierny dla wszystkich
analizowanych wariantów stopów aluminium. Na podstawie obserwacji wykonanych za pomocą skaningowego mikroskopu
elektronowego nie stwierdzono zjawiska aglomeracji cząstek ceramicznych.

1. Introduction
The use of light metals, aluminium and magnesium alloys
- in particular, in the manufacture of motor vehicles grows
every year. Aluminium alloys are light construction materials;
their physical characteristics can be adjusted with proper
chemical composition and method of manufacture, including
traditional routes, like casting or plastic working (rolling,
extrusion, forging), and new advanced processes, to mention
as an example rapid solidification, forming in semi-solid state
(thixoforming), or fabrication of metal foams. One of the
most important objectives in the construction of a vehicle is
safety of its use, particularly the car behaviour during accident.
Accidents are simulated in the, so called, “crush tests”. The
analysis of material behaviour undertaken in such studies
allows proper selection of the shape of component along
with the alloy composition and heat treatment. The choice of
material for elements operating in the crumple zones during

accidents should base not only on the mechanical properties of
the alloy, but also on its ability to absorb energy. As regards the
alloy chemical composition, a new family of aluminium alloys
is now being developed. They contain vanadium in the range of
0.05 - 0.5 wt%, are processed by plastic working, and besides
high strength and toughness, can also offer stable properties
at elevated temperatures. European standards include alloys
from the 6xxx series, such as EN-AW 6260, EN-AW 6008 and
EN-AW 6014 with the addition of vanadium at a level of up
to 0.2%. These alloys are characterized by an ability to absorb
kinetic energy - the feature of material particularly useful in
the assessment of properties of the structural components of
vehicles subjected to strong deformation in the crumple zone
in the case of accidents (low ratio of Rp0.2/Rm and very high
value of the reduction of area Z) [1]. The role of vanadium
in aluminium alloys, especially when this element is present
in small amounts, is not sufficiently well known, and data
published in the literature is sparse [2,3]. It is believed that the
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introduction of vanadium causes grain refinement, reduces the
conductivity and raises the recrystallization temperature [3].
The effect of vanadium content on the quality of produced
metal coatings, composite nickel coatings - in particular, is not
known, either. Electroplated nickel coatings are widely used in
various industries. Attractive design, high corrosion resistance
and good mechanical properties allow the use of such coatings
for decorative, protective and technical purposes. The quality
and properties of these coatings can be made even better
when a composite variant of the coating is used. In the case
of nickel coatings, the reinforcing phase is often composed of
the SiC or Al2O3 particles [4-9]. The size and the amount of
the introduced reinforcing phase determine the properties of
the newly formed composite nickel coating. The fabrication
of a composite layer characterized by new properties depends
not only on the selection of optimum layer components, but
also on the formation of a specific structure in the composite
material.
The aim of this study was to investigate the effect of the
chemical composition of aluminium alloys with the addition
of vanadium and of the organic compounds used in a plating
bath on the properties of composite nickel coatings deposited
on the examined aluminium alloys. Full characteristics of thus
produced coatings was also given.
2. Experimental
Studies of the fabrication process of electrolytic nickel
coatings were conducted on aluminium alloys whose chemical
composition is given in Table 1. Two solutions of different
chemical composition were used. Solution 1 was a typical
Watts bath containing NiSO4·7H2O 150 g/l, NiCl2·6H2O 30
g/l, H3BO3 30 g/l, with the addition of 20 g/l SiC particles and
C7H5NO3S (saccharin) 2 g/l. Solution 2 contained, besides the
basic components and saccharin, also sodium laurate (sodium
lauryl (dodecyl) sulphate) C12H25SO4Na in an amount of 2 g/l.
Coatings were deposited under the following conditions: current
density - 4 A/dm2, time - 30 minutes, solution temperature 40°C, pH of solution - 4 ± 0.2. The whole was mixed with
a magnetic stirrer at 350 rev/min and with a peristaltic pump
at 40 rev/min. Electroless zinc coating was also applied before
nickel plating according [10]. All solutions were prepared
with analytical grade chemicals and demineralised water with
a conductivity not exceeding 5 μS/cm2. After the addition of
the dispersed phase to the bath, the solution was ultrasonically
stirred for 0.5 h and then with a magnetic stirrer for 2h.
Table 1
Chemical composition of aluminium alloys used in the test
No.
1
2
3
4
5
6
7

Sample
designation
V0
V04
V02M
R0
R01
R02
R03

Vanadium content
[wt%]
0,0
0,4
0,2
0,0
0,1
0,2
0,3

Alloy composition
AlSiMg
AlSiMgV0,4
AlSiMgV0,2
AlSiMgCuCr
AlSiMgCuCrV0,1
AlSiMgCuCrV0,2
AlSiMgCuCrV0,3

The microstructure of the composite coatings was
examined with (SEM) Philips XL30 scanning electron
microscope. The thickness of coating was determined by
X-ray fluorescence using the FISHERSCOPE X-RAY XUV
773 device. The Vickers microhardness was measured with
a Buehler Micromet. Corrosion tests were performed in an
AUTOLAB PGSTAT model 302 test kit made by EcoChemie
BV with GPES ver. 4.9 software for the experiment control,
and for the data collecting and analysis. The polarisation of
samples was carried out at 25°C in a naturally aerated NaCl
solution at a concentration of 3.5%. The working electrode was
nickel-coated electrode with an area of 1.8
 cm2, the reference
electrode was an Ag/AgCl/3M KCl electrode, and the counter
electrode was a platinum electrode. The polarisation rate
was 0.001 V/s. Tests and studies started after a 10 minute
stabilisation period of the stationary open circuit potential.
As a result of the studies, polarisation curves were plotted in
a logarithmic system, in which the respective values were used
to calculate the corrosion potential - Ecorr, corrosion current Icorr , and polarisation resistance - Rp.
3. Results and discussion
Composite nickel coatings were reinforced with the
ceramic SiC phase with an average particle size of approx.
7.3 µm. Figure 1 shows the size and shape of the ceramic
particles. Based on the SEM image analysis, it was found that
the SiC powder particles are sharp-edged in shape. It was
also found that the powder fraction contains both fine ceramic
particles as well as very large sizes exceeding 15 µm. The
voltage waveforms were analyzed during the growth of the
coating. In the case of bath containing saccharin only (Fig. 2),
lowering of the process bias voltage was observed with the
increased content of vanadium for both the AlSiMg alloy and
AlSiMgCuCr alloy. This relationship was not observed after
the addition of sodium laurate to the plating bath (Fig. 3).
During the deposition of composite nickel coatings on the
surface of aluminium alloys it was found that when the bath
contained saccharin only, numerous defects were formed on
the coating surface due to the presence of hydrogen evolved in
the process (Figs. 4 and 5). The defects were eliminated by the
use of sodium laurate addition. In view of the large number of
surface defects it was decided not to continue the studies using
the solution with the sole saccharin and focus attention on the
process of producing coatings from a solution containing in
its composition both saccharin and sodium laurate. Therefore,
this article presents only the results of studies of the coatings
produced with the use of two organic additives, ignoring the
results obtained on defective coatings. The diagram in Figure 6
shows thickness of the nickel coatings obtained on each of the
examined alloys. The thickness of coatings amounted to approx.
33 to 48 µm. Coating of the largest thickness amounting to 48.3
µm was obtained on the alloy designated as R0. The smallest
thickness of 33.9 µm was obtained on the alloy designated as
R03. The results of the analysis of the coating thickness lead to
the conclusion that in the case of AlSiMg alloy, the increasing
vanadium content promotes the thickness growth in the resulting
composite nickel coating. An inverse relationship is observed in
the AlSiMgCuCr alloy, where coating of the largest thickness
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has been formed on the alloy without the addition of vanadium.
Vanadium content in the aluminium alloy increasing from 0.1 to
0.3% reduces the thickness of the growing coating.
a)

b)

Fig. 1. SEM image of the ceramic particles of SiC a) and size of these
particles b)

Fig. 6. Thickness of nickel coatings produced on the 6xxx series
aluminium alloys with vanadium addition

Microscopic examinations (Figs. 7-13) have proved that
coatings obtained on aluminium substrates are continuous
and characterized by good adhesion to the substrate. There
are no defects like discontinuities or delamination of coating.
The distribution of the ceramic phase in the metal matrix is
fairly uniform. Respective images show individual particles of
different sizes embedded in a metal matrix. Detailed analysis
of the images did not show the phenomenon of the particles
agglomeration. There was no clear impact of the vanadium
content in aluminium alloys on a percent fraction of the
ceramic phase in composite coating.

Fig. 2. Voltage waveforms observed during manufacture of nickel
coatings from the solution without sodium laurate

Fig. 3. Voltage waveforms observed during manufacture of nickel
coatings from the solution with sodium laurate

Fig. 4. The surface of composite
nickel coating produced without
the addition of sodium laurate
on AlSiMg alloy - visible are
numerous surface defects

Fig. 5. The enlarged view of
defect found in composite
coating produced without the
addition of sodium laurate

Fig. 7. Microstructure of nickel coating produced on sample V0

Fig. 8. Microstructure of nickel coating produced on sample V04
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Fig. 9. Microstructure of nickel coating produced on sample V02M

Fig. 10. Microstructure of nickel coating produced on sample R0

Fig. 11. Microstructure of nickel coating produced on sample R01

Fig. 12. Microstructure of nickel coating produced on sample R02

Fig. 13. Microstructure of nickel coating produced on sample R03

Corrosion tests performed by the potentiodynamic
method on composite nickel coatings have proved that in
the AlSiMg alloy the increase of vanadium content causes
a minimal (comprised within the measuring error) increase
in the corrosion current density as compared with the
vanadium-free alloy (the results are shown in Fig. 14 and
Table 2). The polarisation resistance increases from the
value of 1240 Ω (alloy without vanadium) through 1470 Ω
(alloy with 0.2% vanadium) to 1619 Ω (alloy with 0.4%
vanadium), indicating a slight improvement in the protective
properties of coatings. In the case of AlSiMgCuCr alloy,
the increase of vanadium content reduces the corrosion
current density. The increase of polarisation resistance is
also observed in samples containing 0.2 and 0.3% vanadium
compared to alloy without the addition of this element.
The only exception is sample containing 0.1% vanadium.
It shows a drop of polarisation resistance compared to the
alloy without the addition of vanadium. Electrochemical
studies have shown that vanadium content increasing in the
AlSiMgCuCr alloy increases the resistance of protective
coatings deposited on this alloy.
The results of studies of the Vickers microhardness of
coatings are shown in Table 3. From the results obtained it can
be concluded that in the case of AlSiMg alloy the addition of
vanadium in an amount of 0.2 wt% promotes the increase of
coating microhardness from the value of 447HV0.05 to 480.2
HV0.05, while the addition of vanadium in an amount of 0.4%
increases the microhardness values to
 496,6HV0,05. In the
case of AlSiMgCuCr alloy, no significant differences in the
composite coating microhardness were observed after adding
the vanadium in an amount of 0.1-0.3 wt%.

Fig. 14. Polarisation curves for the composite coatings
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Table 2
The results of potentiodynamic tests made in 3,5% NaCl solution
Alloy

Icorr

V0
V04
V02M
R0
R01
R02
R03

[µA/cm2]
0,104
0,116
0,127
0,099
0,079
0,068
0,057

Results of
electrochemical tests
Rp
[Ω]
1240
1619
1470
1335
1075
1635
1412

Microhardness of composite coatings
Alloy
V0
V02M
V04
R0
R01
R02
R03

Ecorr
[mV]
-266
-265
-273
-256
-245
-263
-246
Table 3

Microhardness HV 0,05
447,0
480,2
496,6
487,2
486,2
483,0
488,6

4. Conclusions
Based on the results of studies of the manufacturing
process of composite nickel coatings reinforced with
SiC particles deposited on aluminium alloys containing
vanadium addition, it was found that high-quality coatings
can be obtained when the addition of saccharin and
sodium laurate is introduced to the plating bath. Tests
and examinations have shown that all coatings produced
on the aluminium alloy substrate were continuous and
characterized by good adhesion to the substrate. Defects like
discontinuities or coating delamination were not detected.
The distribution of the ceramic phase in the metal matrix
was uniform.

Microscopic examinations did not reveal the
phenomenon of the ceramic particles agglomeration. There
was no clear effect of vanadium content in aluminium alloys
Received: 20 November 2014.

on the ceramic phase content in the composite coating.
Electrochemical studies showed the increasing resistance of
protective coatings deposited on the AlSiMgCuCr alloy with
the increasing vanadium content in this alloy. In the case of
AlSiMgCuCr alloy, the increase of vanadium content has
reduced the corrosion current density. Higher polarisation
resistance was also observed in samples containing 0.2 and
0.3% vanadium compared to alloy without the addition of
this element.
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