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Abstract: The effect of nizoral (NZR) on the corrosion inhibition of aluminium
alloy AA 1060 in 2 M HCl solution was investigated using the mylius thermometric
technique. Results of the study revealed that nizoral acts as corrosion inhibitor for
aluminium in the acidic medium. In general, at constant acid concentration, the
inhibition efficiency increases with increase in the inhibitor concentration. The
addition of KI to the inhibitor enhanced the inhibition efficiency to a considerable
extent. The adsorption of nizoral onto the aluminium surface was found to obey the
Fruendlich adsorption isotherm. The value of the free energy for the adsorption
process shows that the process is spontaneous.
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Introduction

Aluminium is a metal with a high electronegative potential (-1.67 V). It is also highly
resistant to most acidic and neutral solutions due to the formation of a protective oxide film
on its surface. This film is responsible for the corrosion resistant of aluminium in most
environments'. Nevertheless, in some cases, aluminium may be exposed to high
concentrations of acids or bases. These solutions dissolve the passive film. Under these
circumstances, corrosion inhibitors should be used.

The use of chemical inhibitors for aluminium alloy has been established to be the most
practical and cost effective means of preventing corrosion””. Most of the well known acid
inhibitors are organic compounds containing nitrogen, sulphur and/or oxygen atoms.
Moreover, many N-heterocyclic compounds have been proved to be effective inhibitors for
the corrosion of metals and alloys in aqueous media®. The influence of organic compounds
containing nitrogen on the corrosion of aluminium in acidic solutions has been investigated
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by several authors''. These organic compounds can adsorb on the metal surface, block the
active sites on the surface and thereby reduce the corrosion rate.

Recently, the use of drugs as corrosion inhibitors for metals in various aggressive media
has generated a lot of interest. Although not much work have been done in this area of study,
it will serve as a possible replacement for toxic, costly and ecologically unfriendly organic
inhibitors now in use. Some of the few reports on the use of drugs as corrosion inhibitors to
date include the work of Abdallah'>'® on rhodanine azosulpha drugs and antimalarial drugs
and El-Naggar'’ on sulpha drugs.

Therefore the aim of the present investigation is to study the corrosion inhibition of
aluminium in acid environments (HCI) by nizoral, an antifungal drug, using thermometric method.
The effect of iodide addition on the inhibition efficiency of the inhibitor is also studied. As a drug,
nizoral was found to be a heterocyclic compound containing O, N atoms and 7 bonds that were
regarded as important factors for a good inhibitor. Besides, nizoral is very cheap, easily available,
and the most important, nontoxic. Furthermore, the molecule is big enough (molecular weight
508.4) and likely to effectively cover more surface area (due to adsorption) of the Al metal.
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Figure 1. The chemical structure of nizoral.
Experimental

The sheets of aluminium, AA 1060 type and purity 98.5 per cent used for this study were
obtained from Ibom Metals Ltd, Uyo, Nigeria. Each sheet was 0.8 mm in thickness and were
mechanically pressed cut into 5 X 4 cm coupons. These coupons were used as cut without
further polishing. However, they were degreased in ethanol, dried in acetone and stored in a
moisture free desiccator before their use in corrosion studies. Nizoral was obtained
commercially from a pharmaceutical shop in Uyo, Nigeria. The concentrations of the
inhibitor (NZR) prepared and used in the study were 2x10™ - 10x10™ M. The concentrations
of HCI (blank) (BDH chemicals, England) used were in the range 1.0 - 3.0 M. The KI was
also from BDH chemicals, England and the concentrations prepared were 0.001- 0.005 M.
However, 0.005 M KI solution was used for the synergistic studies.

Thermometric method

This is one of the sensitive methods used in corrosion monitoring. This method has proved
to be of considerable value and help in studying corrosion behavior of a number of metals
and alloys in various corroding environments'®*'. Results obtained by the thermometric
method were confirmed by well-established methods such as weight loss*> and hydrogen
evolution measurements™. The reaction vessel and procedure for determining the corrosion
behavior by this method was first reported by Mylius* and described elsewhere” ™", In this
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method, the aluminium coupons were completely immersed in 2 M HCI solution (blank),
and in combination with different concentrations of the iodide, inhibitor and inhibitor-
iodide mixture. The volume of the test solution was kept at 50 mL. The initial temperature in
all experiments was kept at 30 °C. The temperature was measured to +0.05 °C on a
calibrated thermometer (0-100 °C). This method allowed for the evaluation of the reaction
number (RN). The RN is defined as

T —-T
RN(°Cmin™)=-2~1 (D
t

Where 7, and T; are the maximum and initial temperatures respectively and ‘¢’ is the
time (min) taken to reach the maximum temperature. The inhibition efficiency (%I) was
evaluated from percentage reduction in the reaction number using equation (2).

RNaq - RNwi

DI = x100 ()

aq
Where RN, is the reaction number in the absence of inhibitor (blank solution) and RN,,;
is the reaction number of 2 M HCl containing studied inhibitor.

Results and Discussion
Thermometric measurements

The effect of corrodent (HCI) concentration on the corrosion of aluminium is illustrated in
the plot of temperature (°C) against time (min) at different concentrations of HCI as shown
in Figure 2. From the plot, it is observed that the dissolution of aluminium starts after a
certain time from the immersion of the aluminium coupon in the test solution. It may be
expected that this time corresponded to the period/time needed by the acid to destroy the
pre-immersion oxide film and is known as incubation period. After this point, the
temperature rises gradually with time and then decreases after reaching a maximum
temperature, T,,. Also from Figure 2, it is observed that as the concentration of the corrodent
increases, the maximum temperature, 7,, increases and the time required to reach the
maximum temperature decreases. These observations are attributed to the fact that increase
in HCI concentration gives rise to a corresponding increase in the concentrations of active
species as well as increase in the rate of chemical reaction.
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Figure 2. Variation of temperature with time for the dissolution of aluminium in different
concentrations of HCI (Blank).
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Temperature change of the system involving aluminium in 2 M HCI was followed as a
function of time in the absence and presence of different concentrations of NZR (Figure 3).
The maximum temperature (7,,) measured in the free acid solution is 72.0 °C and was
attained after time (¢) of 23 min. This corresponds to a reaction number (RN) of 1.83 °C/min.
Addition of Nizoral caused a decreased in the maximum temperature and an increase in the
time required to reach it. This indicates that nizoral (NZR) retards the dissolution rate of
aluminium in the acidic solution, presumably by its adsorption on the metal surface. The
extent of inhibition depends on the degree of coverage of the metal by the adsorbed
molecules. Similar observations has been reported elsewhere®™. Adsorption is noted for
nizoral, since a simultaneous increase in ¢ and decrease in 7,, takes place, and both the
factors cause a large decrease in the reaction number RN of the system (Table 1 ). Increasing
the nizoral concentration in the acid solution decreases the RN of aluminium and
consequently the inhibition efficiency % I is increased.
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Figure 3. Variation of temperature with time for the dissolution of aluminium in the absence
and in different concentrations of nizoral.

Table 1. Calculated values of Reaction Number (RN) and Inhibition efficiency (% I) in the
absence and presence of different concentrations of nizoral

System/Concentration, M Reaction number, RN Inhibition efficiency, % 1

Blank 1.826 -
2x107° 1.000 45.36
4x107° 0.881 51.86
6x 107 0.755 58.77
8x 1073 0.683 62.69
10x 107 0.625 65.85

Figure 4 shows the temperature — time curves for the dissolution of aluminium in
different concentrations of nizoral + iodide mixture. A closer look at Figure 4 shows a
further reduction in the maximum temperature T,,, and a further increase in the time required
to reach it. This shows that nizoral in combination with iodide ions further retards the
dissolution rate of aluminium in acidic medium when compared to NZR alone. The
inhibition efficiency increased up to 69.40% at a concentration of 0.005 M KI + 10 x 10° M
of the mixture (Table 2).
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Figure 4. Variation of temperature with time for the dissolution of aluminium in the absence
and in different concentrations of nizoral + KI mixture.

Table 2. Calculated values of Reaction Number (RN) and Inhibition efficiency (% I) in the
absence and presence of different concentrations of nizoral+ iodide mixture.

System/Concentration Reaction number, RN Inhibition efficiency, % 1
Blank 1.826 -
0.005 MKI +2x 10°M 0.927 49.35
0.005 MKI +4 x 10°M 0.851 53.49
0.005 MKI+6x 10°M 0.756 60.00
0.005 MKI +8x 10°M 0.694 65.00
0.005 M KI + 10 x 10°M 0.560 69.40

The Inhibition of NZR can be explained in terms of adsorption on the metal surface. The
compound can be adsorbed by the interaction between the lone pairs of electrons on the nitrogen
and oxygen atoms and the metal surface. This process is facilitated by the presence of vacant low
energy d-orbitals in the aluminium atom. Moreover, the formation of positively charged
protonated NZR species in acidic solutions facilitates adsorption of the compound on the metal
surface through electrostatic interaction between the organic molecules and the metal surface™.

Table 2 gives the calculated values of reaction number (RN) and Inhibition efficiency (% I)
for various concentrations of nizoral + iodide mixture. It is evident from the Table that the
addition of KI improves the inhibition efficiency of NZR significantly. The synergistic effect
between NZR and K1 is due to the interactions between chemisorbed I" and organic cation NZR".
The stabilization of adsorbed NZR" on the surface, which may be exhibited by electrostatic
interactions with I ions, leads to higher surface coverage and hence greater corrosion inhibition.
Similar observations have been reported elsewhere™.

Adsorption considerations

It has been reported that the adsorption of an organic inhibitor is dependent on the following
physicochemical properties of the inhibitor molecule, such as steric factors, functional
groups, electron density (i.e. charge distribution) at the atoms and = orbital character of
donating electrons and on the natures of substrate metals and the type of interaction between
organic molecules and the metallic surface as well’’. In other words, the efficiency of an
organic compound as corrosion inhibitor depends not only on the characteristics of the
environment in which it acts, the nature of the metal surface and electrochemical potential at the
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interface, but also on the structure of the inhibitor itself, which includes the number of adsorption
active centres in the molecule, their charge density, the molecule size, the mode of adsorption, the
formation of metallic complexes and the projected area of the inhibitor on the metallic surface™.

Basic information on the interaction between the inhibitor and the alloy surface can be
provided by the adsorption isotherm. Thus, many adsorption isotherms were plotted to
describe this interaction and the Freundlich adsorption isotherm was found to be the best
description of the adsorption behavior of the studied inhibitor on the aluminium surface.
According to this isotherm, the inhibition efficiency (% I) is related to the equilibrium
adsorption constant K and the inhibitor concentration C by the following equation:

%Il =KC" 3)
Where 0 <n< 1, or
log%I =InK +nlogC 4)

The plots of logarithm of % I versus logarithm of the concentrations of the inhibitor
were made for the inhibitor and the inhibitor + iodide mixtue at 30 °C (Figure 5 & 6). Linear
plots were obtained in both cases with the correlation coefficient (R*) greater than 0.95,
which suggest that the experimental data fit the Freundlich adsorption isotherm.
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Figure 5. A plot of logarithm inhibition Figure 6. A plot of logarithm inhibition
efficiency against logarithm of concentration efficiency against logarithm of
for nizoral. concentration for nizoral + KI mixture.
K the equilibrium constant for adsorption which is evaluated from the intercept of the
plots and is related to the standard free energy of adsorption, AG,4 by

_ lexp{— AGy, } 5)
55.5 RT
The calculated values of K and AG,, are 42.55 and -13.77 kJ/mol for nizoral and 45.28 and
-19.72 kJ/mol for nizoral + iodide mixture respectively. It is clear that the values of K are low
indicating weak interaction between the inhibitor and the aluminum surface”’. The negative values
of AG?, ensure the spontaneity of the adsorption process and stability of the adsorbed layer on

K

the aluminium surface. Generally, values of AG¢, up to-20 kJ mol™ are consistent with electrostatic

interactions between the charged molecules and the charged metal (physisorption) while those
around -40 kJmol ™ or higher are associated with chemisorption as a result of sharing or transfer
of electrons from organic molecules to the metal surface to form a coordinate type of bond
(chemisorption)s. One can see that the calculated AG?, values, are less than -20 kJmol ™, indicating,
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therefore, that the adsorption mechanism of NZR on Al in 2 M HCI solution was typical of

physisorption.

Conclusions

1. Nizoral was found to be an inhibitor for aluminium corrosion in acidic medium.

2. Inhibition efficiency increases with increasing inhibitor concentration.

3. The experimental data obtained in this study fits into Freundlich adsorption isotherm.

4. The addition of iodide ions to nizoral enhances the inhibition efficiency to a

considerable extent.
5. The negative value of the free energy of adsorption is an indication of the spontaneity of
the adsorption process.
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