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ABSTRACT

The influence of wetting additive based on C12 -
C14 alkyl ester sulfate with essential oils on the quality of
nickel coatings is examined in the paper. The additive was
tested at different concentrations added to the base
electrolyte, taking the following concentrations: the
concentration recommended twice lower (Ci); lower
recommended concentration (C2); upper recommended
concentration (Cs); the concentration twice higher
compared to the lower recommended (Ci) and the
concentration twice higher compared to the upper
recommended (Cs). The value of the surface tension of the
solution was determined, and the corrosion resistance in
the salt chamber was examined. In addition, what is
important in the production itself is the visual appearance
of the coating, which was determined using the Hull cell
test.

The additive has been proven to be effective in
reducing the surface solutions, which directly affects the
production of nickel coatings of better qulity and aesthetic
appearance.

Keywords- coatings, nickel, wetting additive, surface
tension

l. INTRODUCTION

For the most part, the technical problem of
preserving various structures from corrosion is solved by
separating the base material that has good mechanical
properties from the corrosive environment that surrounds
it by applying a surface layer, i.e. protective coatings
which can be [1,2,3,4]: metal (e.g. nickel, gold, zinc
coatings, etc.); non-metallic inorganic and organic
coatings. The primary function of all coatings is
corrosion protection. The secondary function can
achieving certain physical properties of the surface,
protection against mechanical wear, achieving an
aesthetic impression, increasing the dimensions of worn
parts, or repairing bad products, etc. Nickel coatings are

increasingly used in modern industry due to good
protective, decorative and technical properties [5].
Nickel coating is similar to  other
electrodeposition processes using soluble metal anodes;
that is, a direct current flows between two electrodes
immersed in a conductive, aqueous solution of nickel
salt. The flow of direct current causes one of the
electrodes (anode) to melt and the other electrode
(cathode) to be covered with nickel. Nickel is present in
the solution in the form of divalent, positively charged
ions (Ni**). When the current flows, the positive ions
react with two electrons (2e) and are converted to
metallic nickel (Ni°). A small percentage of electricity is
consumed when releasing hydrogen ions from water.
This reduces the efficiency of the nickel deposition
cathode from 100% to approximately 96% in an
additive-free nickel coating solution. The ejected
hydrogen atoms create bubbles of hydrogen gas on the
cathode surface. The cathode efficiency of only 90% is
characteristic of some glossy nickel covering solutions
that are formulated to rapidly yield highly leveled
mirror-like layers, i.e. at thicknesses less than 12 um [6].
Modern nickel coating solutions use combinations of
additives carefully formulated to create shiny deposits
over a wide range of current densities. These are in fact
various wetting improvers to prevent the retention of
hydrogen bubbles occurring on the cathode surface
(hydrogen is released in parallel with the deposition of
nickel due to the high value of the current density of the
hydrogen separation on nickel). Aromatic organic
compounds are most commonly used. Examples are
benzene sulfonic acid, 1,3,6-naphthalene sulfonic acid
(sodium salt), p-toluene sulfonamide, saccharin (o-
benzoyl sulfonamide), thiophene 2-sulfonic acid,
benzene sulfonic acid and allyl sulfonic acid. Carriers
are the main source of sulfur applied together with
nickel. Their main function is to purify the grain size and
create deposits with increased gloss compared to matte
or cloudy deposits from baths without additives. When
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used alone, the carriers do not create deposits as shiny as
a mirror. The end result is a smooth and shiny surface. It
follows that lightening is also associated with the
leveling action [7]. Coating baths usually contain
wetting additives, also known as surfactants. They are
characterized by their asymmetry and dipolar nature
(>=). They have a hydrophilic "head" (°) and a
hydrophobic "tail". Surfactants can be "anionic",
"cationic" or "non-ionic", depending on the charge at the
hydrophilic end. Wetting additives are surface-active
types, i.e. they act by accumulating on the surface or
interface. At the air-electrolyte interface, they are
oriented with the hydrophilic head in solution, and with
the hydrophobic tail to the air side. In this way, they
reduce the surface tension of the liquid [8]. When a
surfactant is added to water, the surface voltage drops
sharply in order to reach a constant value at a certain
concentration value [9]. Anionic or nonionic surfactants
are most often used in metal finishing process.

Lowering the surface tension facilitates the
release of gas bubbles that adhere to the work surface,
whether they are cathodically developed hydrogen or
trapped air. In fact, most organic additives, such as the
additive tested in this work, act as a hydrogen inhibitor,
modifying crystal growth, i.e. their addition is important
for the formation of fine-grained, smooth and compact
deposits (9). Several authors [10-17] have documented
criticisms of the role of organic additives in the
electrodeposition process.

1. EXPERIMENTAL PART

The objectives of the experimental work are: to
examine the influence of the wetting additive on the Ni
coating quality, to determine the influence of the wetting
additive concentration on the Ni coating quality and to
show the influence of wetting additive on the visual
appearance of the coating. In order to determine the
effect of wetting additives on electrical deposites, it is
assumed that wetting additives have the property of
reducing the surface tension of water systems. This in
return reduces the interstage tension between the cathode
and electrolyte; thus all the hydrogen bubbles that ate
collected at the cathode are not blinded and forced by the
hydrostatic pressure of the electrolyte on the surface of
the bath. The result is a smooth, fine grain and a pit-free
deposit. For this purpose, the surface tension of the
solution was determined using a hand-held laboratory
tensiometer SITA Dyno tester. A JUMO pH meter with
a combined electrode was used to determine the pH
value. A salt chamber JW - 150 - NS Salt Spray
Chamber was used to determine corrosion resistance. A
Hull test cell was used to determine the visual quality
and presence of pitting. For the purposes of the test, a
basic solution (Watt solution) was made with the
prescribed concentrations of the basic additive and gloss
additive. The solution composition is given in Table 1.

Table 1. Basic solution composition

Component Concentration
NiSOs4 x 6H,0 250 g/L
NiCl, x 6H.0 60 g/L

H3BO3 45 g/L
Basic additive 3ml/L
Gloss additive 1 ml/L

The basic solution was prepared as follows:

2/3 of the total amount of distilled water was
heated to 50°C, and then the salts were dissolved in the
following order: H3BO3, then NiSO4 x 6H,0, and after
that NiCl, x 6H,0. After dissolving the salts, the volume
was filled up with distilled water. The solution prepared
in this way needs to be cleaned of impurities, which is
achieved with hydrogen peroxide (30%) and activated
carbon. Therefore, 0.5 ml/l H,O; is added to the solution
and left to react for 30 minutes. The solution was then
filtered through activated carbon at a concentration of 1
g/L. The basic additive and gloss additive were added
after the filtration, and the pH was adjusted to 4. Since a
small part of the components was lost by cleaning and
filtration, the final analysis of the electrolyte operating
concentrations was performed by titration, which is
shown in Table 2.

Table 2. Operating concentrations in basic electrolyte

Component Concentration (g/L)
Ni2* 75.71
Cr 12.40
H3BO3 41.20

The basic solution prepared in this way was
used for testing without a wetting additive and then with
a wetting additive at five different concentrations.

Table 3. presents composition and concentrations of
prepared solutions with the addition of Crystal

Surfact 46M
Composition % Active substance
C12-14 alkyl ether C12-C14 alkyl
sulfate with EO, 20-25 ether sulfate
sodium salt with essential oils
Prescrlbgd Concentration of prepared
concetration solutions (ml/L)
(ml/L)
Ci=25
C,=5.0
5.0-6.0 C3=6.0
Cs,=8.0
Cs=12.0
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For each of the six prepared solutions
(including the basic one without wetting additives), a
Hull cell test was performed. The anode and cathode are
set according to the standard, and the electrolyte is
inserted after heating. The test was performed on a
scratched brass plate by mechanical mixing under the
following operating conditions: voltage 2 A,
temperature: 55°C and solution pH 4. During the test
voltage rose to 5.8 V, with no significant changes. Test
duration: 10 min. On each of the obtained plates, the
effect of the wetting additive in different range of
concentrations could be visible to the naked eye.

a) without wetting additive

I11. RESULTS AND DISCUSSION

The visual appearance is very important in the
quality of the shiny nickel coating, which is one of the
main reasons why this method of surface protection is
chosen for certain positions. During the operation of the
Hull cell, the electrolyte temperature was 55°C, voltage
2 A. Due to the shape of the cell, the plate on which the
protection is applied has different current densities along
the entire surface, which gives us important information
for the nickel coating process.

b) wetting additive for C1 concentration

c) wetting additive for C> concentration

d) wetting additive for C3 concentration

e) wetting additive for Cs concentration

f) wetting additive for Cs concentration

Figure 1: Display of Hull plates with Additive based on a C12 - C14 alkyl ester of sulphate with essential oils at
different concentrations

In the photo shown, it can be seen that the
application power (coating) increases with increasing
concentration of the wetting additive. This shows us that

with this additive there is a great efficiency even at
lower concentrations of the additive.

Table 4. provides the results of surface tension measuring of the additive, based on C12 - C14 alkyl ester sulphate
with essential oils:

Concentration Surface voltage (mN/m) Operating temperature (°C)
Co 67.60 55.10
Ci 37.10 55.10
C, 27.00 55.20
Cs 26.90 55.10
Cs 26.30 55.80
Cs 25.50 55.90
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From the presented results it can be seen that
the surface tension of the solution decreases with
increasing concentration of wetting additive. The surface
tension values for the C12 - C14 alkyl ester sulphate -
based additive with essential oils range from 37.10 to
25.50 mN/m. Thanks to the reduced surface tension, the
amount of electrolyte removed from the bathtub by the

wet process is reduced, so there are smaller losses in the
electrolyte. The additive based on C12 - C14 alkyl ester
of sulfate with essential oils in the electrolyte in the
nickel coating process reduced hydrogen embrittlement
because there was an increase in surface wettability and
thus accelerated separation of hydrogen bubbles from the
cathode surface.

During the salt chamber test, white corrosion
occurred on the tile after 48 h of exposure. Te corrosion
affected only the medium current density area, while the
low and high current density areas were more stable and
without visible corrosion.

IV.  CONCLUSIONS

1. The additive based on C12 - C14 alkyl ester sulfate
with essential oils has a great power of reducing the
surface tension of the solution. Even at low
concentrations, the surface tension was lower than that
of the base electrolyte without the additive, so the tested
additive can be used effectively as a wetting additive.

2. The examines additive has not shown the pitting
presence, which indicates that it successfully performs
its function.

3. When testing the corrosion resistance of the additive
based on C12 — C14 alkyl ester sulfate with essential
oils, corrosion affected only the area of medium current
density, while the areas of low and high current density
more stable and without visible corrosion.

4. The additive used can be recommended as the
additive to the base electrolyte in the nockel coating
process if a better coating appearance and greater
corrosion stability are to be achieved.
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inhibiting effects of these additives on the reduction of
nickel ions.

[14] Aromatic additives benzene sulfonate, benzenedi-
sulpahte, benzenesulfinate, and benzenesulfonamide
have been used as aromatic brighteners in Watts nickel
bath.

[15] The combination of sodium naphthalene 2-
sulfonate and acrylamide additive is used for producing
bright, smooth electrodeposits of nickel, where they
modify both the structure and the surface morphology of
the deposits to a significant extent.

[16] Saccharin, p-toluene sulfonamide, sodium m-
benzene disulfonate, sodium 1, 3,5 napthalene
trisulfonate, and O-sulfo benzaldehyde have been
described as excellent stress reducers in Watts and
sulfate baths for obtaining the desired hardness without
tensile stress.

[17] Several organic additives such as coumarin,
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bath.
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