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Introduction
One of the most often used processes of an electrolytic metal

deposition on steel and alloy components surfaces is nickel plating.

The nickel coatings show both protective and decorative features.

As a result of a reaction occurring on the cathode, divalent nickel

ions from the salt solution are reduced, i.e. are discharged to the

metallic form [I, 2]. The mechanism of this process has been de-
scribed with two models:

* nickel ions, by electrostatic interaction, are attracted by the ne-
gatively charged electrode and, after taking a specific place in its
crystalline structure, are reduced to the metallic form,

* firstly, in the near-electrode layer, nickel cation is reduced and
then the atom is incorporated in the crystalline structure of the
formed layer [2].

The nickel electrodeposition process may be conducted using
a few different types of baths. The most popular are Watts-type
baths that contain nickel sulfate, nickel chloride, boric acid, and
organic additives that affect the kinetics of the electrolytic process
of nickel reduction and on the mechanical and decorative proper-
ties of the obtained coatings. These additives are often divided into
type | and type |l additives in the literature. Both types are added
to Watts-type bath at different concentrations [I, 2]. An example
of the type | additive is saccharine, which serves as a carrier and
reducer of the stresses occurring in the coating crystalline layer
in the nickel electroplating bath [3+5]. Type Il additives are com-
monly known as brighteners. The mechanism of their incorpora-
tion in the newly formed crystalline structure of the nickel coating
has a significant impact on the current efficiency of the conducted
electrolytic process and on the size of the formed crystals of the
reduced nickel [6+8]. The type Il additives include quaternary
ammonium salts containing a nitrogen atom with a concentrated
positive charge of an ion pair in their structure [9+ | 1]. In this case
divalent nickel cations, which are present in the solution in the form
of borate complexes [Ni(H,BO,)_.]*, additionally form ions pairs
with ammonium cation. In such a case, an ammonium salt serves
as a catalyst and inhibitor of two competitive reactions, i.e. nickel
and hydrogen reduction [8].

The paper presents the effect of additions of sulfate ionic liquid
precursors (type Il precursors) on the protective properties of nic-
kel coatings electrodeposited from Watts-type baths. The corrosion
properties of the obtained nickel coatings were tested by means of
electrochemical techniques.
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Methods

The coatings were deposited on the AlSI 1018 steel. 30 mm disks
were cut out from the steel and cleaned mechanically using abrasive
paper with granulation 2500, degreased chemically in a solution conta-
ining 15 g dm>NaOH and 30 gdm” Na,PO, - H,0 (298 K, 10 minutes),
and rinsed with distilled water. Then, the chemical etching process in
HCl solution (I mol dm?, 298 K, 5 minutes) was conducted, the disks
were rinsed again with distilled water and placed in the Watts-type bath
for nickel electroplating without drying at the following composition:
250 g dm NiSO, - 7H,0, 30g dm? NiCl, - 6H,0 and 40g dm” H,BO,.
The pH of this bath was 4.3—4.4. The addition of ionic liquid precursor
was 500 mgin | dm® of the bath. Figure | presents a general formula for
two series of ionic liquid precursors studied, whereas Table | presents
arranged substituent lengths and samples designations.
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Fig. |. (a) General formula of the ionic liquid type I precursor,
(b) General formula of the ionic liquid type Il precursor

Table |
lonic liquid precursors used in Watts type bath
Name of ionic liquid precursor additive Tye Alkyl Sample
abbreviation YPe! substituent designation
Di(hexyldimethylammonium) sulfate
(hexy Y ) | R=C, POI
Cel
Di(hexadecyldimethylammonium) sulfate
| R=C, P02
Clel
Di(hexyltrimethylammonium) sulfate
I R=C, P03
Cell
Di(hexadecyltrimethylammonium) sulfate I R=C PO4
Clell 6
No addition P05
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All the ionic liquid precursors were synthesised at the Depart-
ment of Chemical Technology of the Institute of Chemical Technology
and Engineering at Poznan University of Technology. The cathode
deposition was conducted for 7 minutes. Current density, which was
determined based on Hull cell tests, was 4.95 A dm2. 99% pure
nickel was used as an anode. Then, the samples were rinsed with
distilled water and dried.

The nickel-coated samples were subjected to electrochemi-
cal tests in a vessel in the three-electrode system. Platinum was
used as an auxiliary electrode, with a saturated calomel electro-
de as a reference electrode. The tests were conducted at ambient
temperature. 3.5% NaCl solution was used as an electrolyte. It
is often used in corrosion tests to represent the external factors.
Prior to the commencement of tests, the auxiliary electrode was
degreased with acetone and then washed with distilled water using
an ultrasonic washer. Electrochemical tests were conducted using
the potentiostat/galvanostat VMP3 Biologic, France.

At the first stage, the changes of equilibrium potential of the
tested electrode were measured for open circuit for 240 minutes.
Then, a linear polarization test was performed in the range +0.250
V in relation to equilibrium potential with a potential changing rate
of 0.0002 V s*!. EC-Lab Software® was used to determine tangents
to the obtained curves. The intersection point of these tangents was
used to determine potential values and corrosion current density.

Results

Figure 2(a) presents the curve of equilibrium potential changes as
a function of time at open circuit conditions, and Figure 2(b) presents
the changes of voltammetric curves in the semi-logarithmic scale.
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Fig. 2. (a) Potential monitoring at open circuit conditions measure-
ment, (b) Linear polarization measurement

Figure 2(a) shows large variability of equilibrium potentials de-
pending on the bath used. It is recommended that the equilibrium
potential is shifted towards more positive values, which results in
a better inhibition of the corrosion process occurring — on the com-
ponent surface under thermodynamic equilibrium conditions [12].
Figure 2(a) indicates that Sample P02, in comparison with Sample
P05, is the only one that shows corrosion-inhibiting properties.
In case of the voltammetric curves, the most positive corrosion
potential was also observed for Sample P02. Table 2 presents the
determined values of corrosion current densities (j_ ) and corro-
sion potentials (E_ ).
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Table 2
Corrosion potentials and corrosion current densities values
Sample E_, vs SCE (V) jeor (WA cm??)
POI -0.515 4.428
P02 -0.366 2.324
P03 -0.655 1.626
P04 -0.513 7.830
P05 -0.446 5.067

Based on the obtained results, we may conclude that the best an-
ti-corrosive properties, in comparison to the sample obtained using
a normal Watts-type bath without any organic additives (P05), are exhi-
bited by Sample P02, as it has the most positive corrosion potential
and the lowest corrosion current density. The low corrosion current
density value for Sample P03 seems a bit surprising, as it has the most
negative value of a corrosion potential. It is probably the result of the
underestimation of the corrosion current by the program algorithm
due to the shape of the voltammetric curve.

As already mentioned in the Introduction, the mechanism of elec-
trolytic nickel deposition in the presence of type | and Il additives in-
volves the formation of complexed systems in the solution, on the one
hand, and the selective adsorption of compounds on the substrate ma-
terial surface on the other. In the analysed case, it may be noted that
ionic liquid precursors with longer carbon chains in the substituent
(Cléland Cl6ll) exhibited better electrochemical properties than ana-
logous systems with shorter ones (Cél and Céll). This may indicate the
increase in the surface hydrophobicity and/or the formation of a less
porous layer ( by e.g. the formation of complex ion pairs and thus more
uniform coatings). This is shown by the better corrosive resistance of
coatings obtained from the solutions of protic ionic liquid precursors
in comparison to their aprotic homologs.

Summary

The conducted electrochemical studies indicated a significant im-
pact of the used ionic liquid precursors as additives to the Watts-type
baths on the corrosive properties of the obtained coatings. Among the
tested ionic liquid precursors, the improvement of anti-corrosive pro-
perties was observed for a Watts-type bath containing di(hexadecyldi-
methylammonium) sulfate. The type of substituents and their quantity
play an important role. Among the tested Watts-type bath additives
it was found that sulfate protic ionic liquid precursors exhibit better
anti-corrosive properties than their aprotic equivalents containing CH,
groups. Moreover, the improvement of corrosion resistance increases
with the increase in the carbon chain length. This is probably due to the
formation of complexed ionic pairs in the salt solution and the obtain-
ment of a very tight nickel coating. Despite that, in comparison to the
coatings electrodeposited from Watts-type bath without any additives,
a nickel layer with better anti-corrosive properties was produced only
in one case, i.e. from a solution containing di(hexadecyldimethylam-
monium) sulfate.
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Startuje Inkubator Innowacyjnosci+

Inkubator Innowacyjnosci+ to program, ktéry wspiera proces za-
rzadzania wynikami badari naukowych i prac rozwojowych, w szcze-
golnosci w zakresie komercjalizacji. Program wspiera promocje osig-
gnie¢ naukowych, zwieksza ich wplyw na rozwéj innowacyjnosci oraz
wzmachia wspétprace miedzy srodowiskiem naukowym a otoczeniem
gospodarczym. Inkubator zaktada dofinansowanie podmiotéw — uczelni,
spofek celowych — ktére moga tez utworzyé konsorcja. Konsorcja jako
takie s3 przez program premiowane i oznacza to, ze ich dofinansowa-
nie moze wynie$¢ maksymalnie 3 min PLN, podczas gdy pojedynczych
whioskodawcéw do 2 min PLN. O przyznaniu dofinansowania w ramach
programu Inkubator Innowacyjnosci+ decyduje szereg czynnikéw, pod-
mioty muszg spetni¢ okreslone warunki, np. zgtoszenie co najmniej |5
wynalazkéw lub wzoréw uzytkowych, krajowych lub zagranicznych.
Podmioty musza réwniez by¢ w stanie zapewni¢ wktad wtasny na pozio-
mie minimum 20% wnioskowanej kwoty. Zaraz po otrzymaniu dofinan-
sowania kazdy z podmiotéw ma obowiazek utworzy¢ rade lub komitet
inwestycyjny — tak powstaly organ bedzie sie zajmowat monitorowa-
niem i ewaluacja dziafan realizowanych w ramach projektu, ktérych czas
trwania nie moze przekroczy¢ 3| stycznia 2019 r. (kk)

(http://www.nauka.gov.pl/, 29.08.2016)

Ponad 24 min PLN do wziecia przez polskich doktoréw

Ponad 24 min PLN na realizacje innowacyjnych projektéw badaw-
czych moga otrzymac¢ miodzi doktorzy z Polski i z zagranicy, ktorzy
wezma udziat w programach: FIRST TEAM, HOMING i POWROTY,
ogtoszonych przez Fundacje na rzecz Nauki Polskiej. Whnioski moz-
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na zgtasza¢ do |7 pazdziernika br. We wszystkich trzech programach
o dofinansowanie ubiega¢ moga sie mfodzi doktorzy: do pieciu lat
po doktoracie, niezaleznie od narodowosci. Przedmiotem projektow,
realizowanych obowiazkowo we wspdtpracy z partnerem naukowym,
moga by¢ przetomowe w skali miedzynarodowej prace badawczo-ro-
zwojowe o duzym znaczeniu dla gospodarki i spoteczenstwa.

Pula $rodkéw przeznaczonych na drugi konkurs w programie FIRST
TEAM wynosi az |4 min PLN. Dzigki niemu mtodzi badacze otrzymaja
$rodki na zatozenie pierwszego zespotu. Finansowanie moze sigga¢
nawet 2 min PLN i zosta¢ przyznane na trzy lata z mozliwoscia prze-
dtuzenia o jeden rok. Badania moga by¢ realizowane w jednostkach
naukowych, przedsigbiorstwach albo konsorcjach naukowo-przemy-
stowych w Polsce.

Program HOMING to z kolei propozycja dla oséb, ktére chca wré-
ci¢ z zagranicy do pracy naukowej w Polsce. Na drugi konkurs FNP
zamierza przeznaczy¢ tacznie 8 min PLN. W ramach programu mozna
zdoby¢ grant w wysokosci ok. 800 tys. PLN na projekt o charakterze
stazu podoktorskiego. Finansowanie moze zosta¢ przyznane na dwa
lata, bez mozliwosci przedtuzenia. Projekty moga by¢ realizowane
w jednostkach naukowych lub przedsiebiorstwach.

Natomiast badacze, ktérzy na wczesnym etapie swojej kariery
zawodowej przerwali prowadzenie prac badawczo-rozwojowych
z powodu pracy w innym sektorze gospodarki lub ze wzgledu na ro-
dzicielstwo, moga sie ubiega¢ o grant w wysokosci do ok. 800 tys. PLN
w programie POWROTY. Projekty moga by¢ realizowane w jednost-
kach naukowych lub przedsiebiorstwach. W konkursie mozna zdoby¢
tacznie 2,4 min PLN. (kk)

(http://naukawpolsce.pap.pl/, 22.08.2016)
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