Hittite Journal of Science and Engineering, 2021, 8 (3) 273-277
ISSN NUMBER: 2148-4171
DOI: 10.17350/HJSE19030000239

Protection of copper from corrosion
with nicotinamide inhibitor

Gulden Asan
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ABSTRACT

Copper is used extensively in industry since its superior metallic properties. Since the
corrosion resistance of copper is low in acidic media, it is important to apply corro-
sion prevent methods. In this study, the environmentally friendly nicotinamide compound
was used as an inhibitor to protect copper from corrosion. In this study, firstly, the Cyclic
Voltammetry Technique was used to determine the electrochemical behavior of copper in
0.1 M HCI acid solution. Then, Tafel polarization method was applied to determine the
corrosion behavior of copper in 0.1 M HCl acid solution in the absence of nicotinamide in-
hibitor and in the presence of 500 ppm, 750 ppm, 1000 ppm nicotinamide. The optimum
time was determined for each concentration by keeping the inhibitor at these 3 different
concentrations for 0, 15, 30, 45 and 60 minutes. The highest inhibition efficiency was
obtained as 95.3% in 1000 ppm nicotinamide concentration in 30 minutes residence time,
and the best corrosion potential was -0.145 V in 1000 ppm nicotinamide concentration in
45 minutes residence time. 750 ppm inhibitor concentration can be used in cases where the

duration is not important, as the inhibition efficiency value is reached as 94.6% in a 60
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minutes residence time at a 750 ppm nicotinamide concentration.
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INTRODUCTION

Copper is one of the first minerals to be mined
and processed in human history. Although gold
first attracted the attention of human beings, copper
has been widely used by human beings because it can
be found in every part of the world and can be easily
processed. B.C. Bronze is a copper-tin alloy that gives
its name to the period between 3000-1800 (Bronze
Age). Copper has found a wide range of uses because
it is the metal that conducts electricity the best af-
ter silver and makes alloys of industrial importance.
Depending on the economic development, the usage
areas of copper are increasing day by day. It is so im-
portant to protect such an important metal from cor-
rosion [1]. Corrosion causes billions of dollars in eco-
nomic loss, terrible safety hazards and environmen-
tal pollution each year [2,3]. While copper has high
corrosion resistance in neutral and slightly alkaline
media, it is not resistant to corrosion in acidic media
[4,5]. Acid solutions are widely used in industry. The-
se solutions are generally corrosive. Therefore, inhibi-
tors are widely used to reduce the corrosive effect on
metallic material [6]. Different methods such as sui-
table design, use of alloys, changing the media, surfa-
ce coatings and use of inhibitors are used to protect

metals from corrosion [7]. We can classify the applied
methods as electrochemical methods, chemical met-
hods and surface coating. Electrochemical methods;
can be counted as cathodic protection and anodic
protection. The use of inhibitor applied in this study
is a corrosion protection method applied in chemical
methods [8]. We can divide the inhibitors used in cor-
rosion protection as inorganic inhibitors and organic
inhibitors. Inhibitors generally adsorb to the surface
to form a protective film on the metal surface, thus
providing protection against corrosion [9,10]. In or-
ganic inhibitors; Heteroatoms such as nitrogen, sulp-
hur and phosphorus increase the corrosion inhibitory
effectiveness [11,12]. The electron donating atoms of
heteroatoms such as nitrogen, sulfur and phosphorus
in the organic compound and the d orbitals on the
copper atom form coordinated bonds and work as
corrosion inhibitors for copper [13,14]. When the use
of inhibitors in corrosion protection finds application,
the aim is more effective protection, but today, only
corrosion protection is not sufficient. Because many
of the inhibitors are expensive and threaten the en-
vironment and human health with their toxic effects
[15]. Today, an environment-friendly inhibitor called
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green inhibitor has been investigated [16,17]. The nicoti-
namide used in this study is vitamin B3. For this reason,
nicotinamide inhibitor is an environmentally friendly
chemical that is not harmful to human health and even
beneficial [18,19]. This situation increases the impor-
tance of the study. Our previous study also proved that
nicotinamide is an effective inhibitor in protecting alu-
minum from corrosion [20]. In this study, the inhibition
efficiency of nicotinamide on copper corrosion in acidic
medium was investigated.

MATERIAL AND METHODS

In the experiments, corrosion resistance of copper in 0.1
M HCI acid medium and after the addition of nicotina-
mide at different concentrations was measured with the
Ivium Technologies De Regent 178 5611 HW Eindhoven
model device using Cyclic Voltammetry Method and Ta-
fel Polarization Method. As it is known, corrosion occurs
when two electrochemical reactions between the metal
and the solution medium come into equilibrium. One of
these reactions is the anodic reaction and is formed by
the dissolution of the metal. The other reaction is the cat-
hodic reaction that occurs with the reduction of O, or H*
in the solution. In the Tafel Polarization Method, anodic
and cathodic Tafel curves are obtained for the corroded
metal, and the linear parts of them are extended and the
corrosion rate (I ) and corrosion potential (E_ ) for that
system are found from the cut points. Measurements
were carried out in a three-necked corrosion cell. A cop-
per electrode embedded in polyester resin and a surface
area of 1 cm? was used as the working electrode, a Pt plate
as the counter electrode, and a saturated calomel electro-
de placed in the lugin as the reference electrode. Before
each measurement, the surface of the working electrode
was cleaned with 4000 grit sandpaper. Then it was made
ready for use by passing through pure water and ethyl al-
cohol. The acid solution was prepared using Merck brand
37% Hydrochloric Acid solution and distilled water. As
an inhibitor, Nicotinamide (Sigma Aldrich) was added
to the solution at different concentrations and measure-
ments were taken. The molecular structure of nicotina-
mide is shown in Figure 1.

RESULTS AND DISCUSSION

To determine the electrochemical behavior of copper in
0.1 M HCI acid solution, cycling voltammograms were
taken between -1.0 V and +0.2 V at a scanning rate of
200 mV/s. With cyclic voltammetry, information abo-
ut reduction/oxidation events on the electrode surface,
whether it is reversible, diffusion or adsorption can be
obtained [21,22]. Figure 2 shows the CV of copper in 0.1
M hydrochloric acid solution. In the forward potential
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Figure 1. Molecular structure of Nicotinamide.

scanning, anodic current started to pass after —0.5 V and
there was no increase in this current until -0.1 V. That
is, the metal is in a passive state. However, after this po-
tential, copper is oxidized by giving electrons. By reverse
polarization the reduction peak of the oxidized copper is
seen after -0.12 V.

20

Current, mA

Ve

-1.0 05 0.0

Potential, V

Figure 2. Electrochemical behavior of copper in 0.1 M Hydrochloric
acid solution

The addition of an organic corrosion inhibitor provides
a protective layer that prevents corrosion on the copper sur-
face by adsorption of inhibitor molecules in a corrosive me-
dia [23]. Nicotinamide, used as an inhibitor, was first added
to the solution at 500 ppm, and the Tafel polarization curve
was taken without waiting, and this was called 0 minute
measurement. Then, Tafel polarization curves of the cop-
per electrode were taken after waiting for 15, 30, 45 and 60
minutes in order to see the effect of the holding time on the
inhibition efficiency. A decrease in the corrosion rate is ex-
pected with increasing the holding time of the electrode in
the solution containing the inhibitor [24]. It is expected that
the corrosion rate will decrease, that is, an increase in the
inhibitor's effectiveness, since the inhibitor has been given
the opportunity to adhere to the surface by increasing the
holding time. These measured values are given in Table 1.

Tafel polarization curves taken at different residence
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Table 1. Effect of Residence Time on Copper Corrosion in 0.1 M HCl
Solution Containing 500 ppm Nicotinamide

Table 2. Effect of Residence Time on Copper Corrosion in 0.1 M HCI
Solution Containing 750 ppm Nicotinamide

Concent- Residence E_, I, Corrosion Inhibition Concent- Residence E_, I_, Corrosion Inhibition
ration, time, (nA)  Rate, Efficiency ration, time, (nA)  Rate, Efficiency
ppm minutes mm/y % ppm minutes mm/y %
0 0 -0.403  12.74 0.148 - 0 0 -0.403  12.74 0.148 -

0 -0.351 2.72 0.032 78.7 0 -0.332 1.77 0.021 86.1

15 -0.327  1.69 0.020 86.8 15 -0.286 122 0.014 90.4
500 30 -0.258  1.59 0.018 87.5 750 30 -0.221 096 0.011 92.6

45 -0.181  1.28 0.015 90.0 45 -0.206  0.88 0.010 93.1

60 -0.189 1.02 0.012 92.0 60 -0.180 0.69 0.008 94.6

times were superimposed and given in Figure 3. As can be

seen from the Figure 3 and the Table 1, the corrosion poten-
tial shifted to positive values when the residence time of the

copper electrode increased in the media included nicotina-
mide. This is desirable situation and this demonstrates that

copper resists corrosion up to a higher potential [25]. Table

1 shows that although the best corrosion potential seems to

have been obtained in 45 minutes of residence time, almost

the same potential curves were observed in 60 minutes and

in 45 minutes of residence time. The minimum corrosion

rate and the inhibition efficiency was determined respecti-
vely 0.01183 mm/year and 92.0% in the 60 minutes residen-
ce time.
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Figure 3. Tafel Polarization curves obtained for Copper at different re-
sidence times in 0.1 M HCl solution containing 500 ppm nicotinamide

In order to investigate the effect of nicotinamide con-
centration on copper corrosion, after 500 ppm nicotinamide
was added, 750 ppm and 1000 ppm nicotinamide were ad-
ded to 0.1 M HCI solution. Then, the determination of the
optimum residence time was made at all concentrations. It
is seen at Table 2 and Figure 4, the best corrosion potential
and the lowest corrosion rate were obtained in 60 minutes
holding. An increase in inhibition efficiency was observed
compared to 500 ppm nicotinamide.

Since the inhibition efficiency increased with the incre-
ase in the nicotinamide concentration from 500 ppm to 750
ppm, the optimum time was determined by adding 1000
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Figure 4. Tafel Polarization curves obtained for Copper at different
residence times in 0.1 M HCl solution containing 750 ppm nicotinamide

ppm nicotinamide to the 0.1 M HCI solution. Table 3 and
Figure 5 show that the best corrosion potential and the lo-
west corrosion rate were obtained in 30 minutes of waiting.
The lowest corrosion rate was 0.007 mm/year and the inhi-
bition efficiency was 95.3% in the 30 minutes residence time.
A temporal advantage was achieved as the lowest corrosion
rate was reached in 30 minutes.

Table 3. Effect of Residence Time on Copper Corrosion in 0.1 M HCI
Solution Containing 1000 ppm Nicotinamide

Concent-  Residence E_, I, Corrosion Inhibition
ration, time, A\ (1A) Rate, Efficiency
ppm minutes mm/y %
0 0 -0.403 12.74 0.148 ---

0 -0.237 1.33 0.015 89.9

15 -0.188 1.05 0.012 91.9
1000 30 -0.168  0.58 0.007 95.3

45 -0.145 093 0.011 92.6

60 -0.157 1.57 0.018 87.8

CONCLUSION

As a result, nicotinamide proved to be an effective inhibi-
tor in protecting copper from corrosion. Figure 6 shows
that the corrosion potential after 60 minutes of waiting
at 500 ppm nicotinamide concentration is -0.189 V, and
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Figure 5. Tafel Polarization curves obtained for Copper at different re-
sidence times in 0.1 M HCl solution containing 1000 ppm nicotinamide
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Figure 6. Tafel Polarization curves obtained for Copper at different re-
sidence times in 0.1 M HCI solution containing different concentration
(500 ppm, 750 ppm and 1000 ppm) nicotinamide

the inhibition efficiency is 92.0%. After 60 minutes of
soaking at 750 ppm nicotinamide concentration, the
corrosion potential increased to -0.180 V and the inhi-
bition efficiency increased to 94.6%. This showed us that
the adsorption to the surface is not sufficient at 500 ppm
concentration, but when the concentration is increased
to 750 ppm, the inhibition efficiency increases with the
increase in surface adhesion. When the concentration
increased to 1000 ppm, the lowest corrosion rate was
reached in 30 minutes and thus the residence time was
halved. Inhibition efficiency of 95.3% was obtained at
1000 ppm nicotinamide concentration in 30 minutes re-
sidence time. At 1000 ppm nicotinamide concentration, a
decrease in inhibition efficiency was observed when the
30 minutes residence time was exceeded. When the con-
centration was increased more than the molecules to be
adsorbed, that is, if there were more inhibitor molecules
in the media, the corrosion rate was negatively affected.
It can be thought that when the protective layer becomes
thicker in adsorption, permeability may increase by for-
ming defects on the surface, which leads to a decrease
in corrosion resistance. The corrosion potential shifted
to more positive values at all three concentrations, thus
providing an advantage in corrosion protection. It is ad-
vantageous to use 750 ppm nicotinamide concentration

when there is no time restriction, and to use 1000 ppm
nicotinamide concentration when it is desired to provi-
de faster protection. Nicotinamide has proven that it can
be used safely in the protection of copper from corrosion
due to its environmental friendliness and high corrosion
inhibitory effectiveness.
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