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Abstract: In this study, hydrogen evolution was studied at bare and thin nickel coated
304 stainless steel (304), silver (Ag) and brass (B) electrodes in 0.5 M H,80y solution
at 298 K. For this purpose cathodic current-potential curves, electrochemical
impedance spectroscopy (EIS) and electrolysis techniques were used. It was Jound that
a thin nickel coating enhances the electrocatalytic activity of the working electrodes.
The substrate material can considerably affect the hydrogen evolution efficiency of the
nickel coating. The nickel coating decreased the discharge potential and overpotential
of the electrolysis system. More hydrogen gas was also produced at the nickel coated
electrodes when compared to uncoated electrodes under the same experimental
conditions. .

Keywords: Ni coating, electrolysis, hydrogen production.

technique are mainly related to the low
INTRODUCTION specific production rate, high energy
consumption and low efficiency
(Navvaro-Flores et. al., 2005). In order
to overcome these disadvantages the
attempts were done to find electrode

irreversible effect on human and climate materials  with low cost and good
and are fast approaching to an end has elc?ctrocatalytlc activity as. well as
been seen (Barbir et.al., 1990; Lutfi & suitable electrolysis conditions. The

Veziroglu, 1991). An energy source followings are the propert%es of an
which can be used as alternative to the electrode for water electrolysis: A large

fossil fuels, must have some criteria active surface area, electrochemical

such as transportation fuel, versatility, stability, good elec'trical CO‘?d}‘CtiVitY’
utilization efficiency, environmental and low overpotential, selectivity, low
cost and ease of use (Yazici et. Al,

More recently, a growing concern
with the finding alternative energy
sources instead of fossil fuels which
cause environmental pollutions,

compatibility, safety, economic ;

(effective  cost) etc. (Bockrs & 1995).  Recently several active
Veziroglu, 1983; El-Osta & Veziroglu, electrodes have be_en developed for
1990; Veziroglu & Barbir, 1992), hydrogen  evolution  and  the

performance of nickel-based coatings is

Among them, hydrogen energy is the .
the best in all. The base metal can affect

most popular one. One of the most . oa 4
promising, clean and easy methods of electrochemical activity of the coatings.

obtaining hydrogen is electrolysis of The hydrogen evolution at nickel
water, The disadvantages of this coated electrodes in acidic medium has

not been studied extensively. In this
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study, hydrogen evolution was studied
at bare and thin nickel coated stainless
steel, silver and brass electrodes in 0.5
M H,S0, solution.

MATERIALS AND METHODES

The 304 stainless steel {0.045% C;
1.48% Mn; 0.47% Si; 0.022% 8S;
0.034% P; 820% Ni; 18.12% Cr;
0.30% Mo; 0.50% Cu; 0.072% N;
0.10% Co and remaining is Fe), silver
(99.99%) and brass (70% Cu; 30% Zn)
electrodes were cutted from cylindrical
rods in 5 c¢m length and coated with
polyester block except only a base side
of electrodes which left to contact with
the electrolyte and electrical
conductivity was provided by a copper
wire. Exposed surface area of stainless
steel and brass was 0.50 cm? and silver
was 0.28 cm®. The surface of electrodes
was coated with 10 um thin nickel film
in a nickel plating bath which
composition was 30% NiSOs, 1.0 %
NiCly, and 1.25% H;BO,:. Before
electrodeposition, the surface of
electrodes was polished with emery
paper, from 320-1000 grit size, washed
with distilled water, degreased in CCl,
washed with distilled water again and
enclosed in electrolyte. Deposition was
carried out at constant current of 20 mA
at room temperature under stirring
conditions. The thickness of the coating
was theoretically calculated.

Electrochemical experiments were
performed in oxygen free 0.5 M H,S0,
solution, which was achieved by
purging of the cell electrolyte by
nitrogen at 298 K. The temperature was
controlled  thermostatically. Freshly
prepared solutions and newly coated
electrodes were used for each test. A
CHI 604 Electrochemical Analyzer
(Seri No. 64721A) under computer
control and three electrode set-up were
used for cathodic current-potential
curves and electrochemical impedance
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spectroscopy  measurements.  The
cathodic current-potential curves were
recorded potentiostatically between -1.8
V and corresponding open circuit
potential with sweep rate of 5 mV/s
conditions. EIS measurements were
performed at  different cathodic
potentials in the frequency range of 10
kHz-0.05 Hz. The amplitude was 5 mV
peak-peaks. In the electrolysis, two-
electrode set-up, platinum as anode and
working electrodes as cathode were
utilized. A gradually increasing voltage
was applied to the system starting from
0.00 V to 3.00 V, from a direct current
source and current-voltage curves were
obtained. A burette was filled with the
same electrolyte and turned over the
working electrode and a constant 5.0 V
voltage was applied to the system.
Hydrogen gas filling the burette was
measured over 30 minutes,

RESULTS AND DISCUSSION
Cathodic Current-Potential Curves

The cathodic current-potential curves
of bare and nickel coated 304, Ag and B
electrodes in 0.5M H,S0; solution were
presented in Fig. 1. The corresponding
current densities at different potentials
were determined from the current-
potential curves and given in Table 1.

As seen from Figure 1, the hydrogen
evolution started at lower potentials
when compared to bare electrodes. The
shift in open circuit potentials can be
related to nobler property of the nickel.
At the same cathodic potentials, higher
current densities were determined for
coated electrodes (Table 1). These
results indicate that, the hydrogen
evolution reaction can be considerably
enhanced by coating the surface of the
electrodes by thin nickel film with high
electrocatalytic  activity (Petri &
Tsirlina, 1994; Ndzebet & Savadogo,
1992; Hitz & Lasia, 2001; Choquette
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et. AL, 1990; Sclmaz & Kardas, 2007;
Kardas et. al,, 2005; Solmaz et. al,

2007,
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Figurel. Cathodic current-potential curves of bare and nickel coated electrodes.

Table 1. The current densities determined from cathodic current-potential curves at
different potentials in 0.5 M H,S80, solution for the bare and nickel coated electrodes.

I(mA/em?)
Electrode
050V 060V 070V

304 2.49 9.36 24.10
304/Ni 27.56 54.66 88.42
Ag 0.73 322 10.58
Ag/Ni 6.55 20.31 47.61
B 0.80 3.39 10.17
B/Ni - 5.80 18.11 40.40
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Although the electrodeposition carried
out at the same conditions and the
thickness of the coating is the same, the
different current densities were obtained
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for each nickel coated electrodes. These
results show that, the base metal used as
substrate effect the electrocatalytic
properties of the coatings.
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Figure 2. Nyquist plots of bare and nickel coated electrodes at —0.50 V potential.

Electrochemical Impedance
Spectroscopy

EIS measurements were performed
for bare and nickel coated electrodes at

different cathodic potentials in 0.5 M
H;S04 solution and represented Nyquist
plots that obtained at -0.50 V potential
were given in Figure 2. It is clear from
Figure 2 that the Nyquist plots yield a



Blacksea International Environmental Symposium,
August 25-29, 2008-Giresun/Turkey

slightly depressed semi circular shape.
In the evaluation of theNyquist plots,
the difference in real impedance at
lower and higher frequencies is
commonly considered as charge transfer
resistance.  The  charge  transfer
resistance for both uncoated and coated
electrodes was calculated from the

Nyquist plots and given in Table 2. It is
clear from Figure 2 and Table 2, the
charge transfer resistance at the same
cathodic potential was reduced at thin
nickel coated electrodes  when
compared to uncoated electrodes which
indicate better electrocatalytic activity
for the hydrogen evolution reaction.

Table 2. The charge transfer resistance values determined from Nyquist plots at
different potentials in 0.5 M HSOy4 solution for the bare and nickel coated electrodes.

Ret, @
Electrode
050V 060V 070V

304 20.8 104 3.8
304/Ni 9.2 56 2.8
Ag 538 355 8.6
Ag/Ni 114 43 2.0
B 25.6 10.8 6.8
B/Ni 19.3 10.1 34

Electrolysis

The current-potential curves obtained
by two electrode set-up when platinum
used as anode and working electrodes
as cathode were given in Figure 3. The
curves are similar at beginning for all
electrode pairs and up to a certain
potential the current passing through the
circuit is very small. The flow of steady
current from the circuit starts after the
discharge potential is reached.

During the acidic water electrolysis,
the following anodic (A) and cathodic
(C) reactions take place.

A2H, 0 — O + AH" + 4¢
Ex=1.229-0.0592Ph (PO>=1.0 atm) (1)

C: 4H" +4¢ — 2H,
Ec=0-0.0592pH (PH=1.0 atm) (2)

210

2H0 — O, + 2H;
Eiheo= 1,220V (3 )

According to equation 3, the
theoretical discharge potential (Epeo.) of
water electrolysis is 1.229 V. But due to
overpotentials  existence in  the
electrolysis system, i.e. activation,
solution, diffusion, ohmic overpotential
etc., it must be applied higher potential
to the electrolysis system more than
1.229 V in order to discharge oxygen
and hydrogen evolution. For all the
electrode couples, the experimental
discharge  potentials  (Eexp) were
determined by extrapolating two linear
parts of the curves and over potentials
were calculated from equation (4) and
presented in Table 4.

n=E,, ~1229 (4)
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As seen from Figure 3 and Table 3,

lower potentials for coated electrodes
and it was more pronounced when

the hydrogen gas evolution started at Ag/Ni was used as cathode.
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Figure 3. Current-voltage plots determined by two-electrode set up.

Table 3. Experimental discharge potentials

and overpotentials for each electrode

coupling determined from the current-voltage curves obtained by electrolysis technique.

Electrode  Eg,/V Mu, IV
304 2.20 0.97
304/Ni 2.02 0.79
Ag 2.47 1.24
Ag/Ni 1.90 0.67
B 2,37 1.14
B/Ni 2.10 0.87
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Hydrogen gas filling the burette
turned over on the cathodes, which are
working electrodes, was measured over
30 minutes by applying constant
potential of 5.0 V. In these conditions
measured volume is total of hydrogen
gas and water vapor. Correct hydrogen

volumes were calculated as described
elsewhere (Kardag et. al, 2003) and
determined the hydrogen gas volumes
were given in Figure 4. As seen from
Figure 4, at Ni coated electrodes more
hydrogen gas was produced.

NiCoated

Bare

Figure 3. Hydrogen volumes measured on the bare and nickel coated electrodes, which
were cathode, over 30 min by electrolysis technique,

CONCLUSIONS

It was found that thin nickel coated
electrodes has more current densities
and lower charge transfer resistance at
same cathodic potential when compared
to bare electrodes. The nickel coating
decreased the discharge potentials and
overpotentials of the electrolysis
system. The more hydrogen gas was
also produced at nickel coated cathodes
under the same experimental conditions.
Although electrodeposition was
performed at the same experimental
conditions and the thickness of the
coated film is the same, electrocatalytic
activity of the coated electrodes were
different. These results show that, the
base metal used as substrate in nickel
electrodeposition  can  affect  the
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electrocatalytical properties of the
coating.
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