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Abstract: The inhibitive effect of 2-thiophene carboxaldehyde (TCAL) on zinc corrosion in 1 M H;PO,
solutions has been studied by weight loss, potentiodynamic polarisation and open-circuit potential (OCP)
methods. The obtained results revealed that TCAI is an effective corrosion inhibitor for zinc in H;PO,
solutions. Inhibition efficiency values obtained from gravimetric and electrochemical measurements were
in good agreement. The inhibition efficiency increases with increasing inhibitor concentration and
decreases with increasing temperature. Potentiodynamic polarisation studies showed that TCAI acts as a
mixed type inhibitor. Scanning electron microscopy (SEM), OCP measurements and the thermodynamic
data of dissolution and adsorption processes showed that inhibition of zinc corrosion in phosphoric acid
solutions by TCAI is due to the formation of a physisorbed film on the zinc surface. Adsorption of the
compound studied on zinc surface obeys to Langmuir adsorption isotherm.
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Introduction

Corrosion control of metals is an activity of technical, economical, environmental and
aesthetical importance. Thus, the search for new and efficient corrosion inhibitors has
become a necessity to secure metallic materials against corrosion.

Acid solutions are generally used for the removal of undesirable scale and rust in
several industrial process. Since acids are aggressive, inhibitors are usually used to control
the metal dissolution. The use of organic compounds as corrosion inhibitors in acidic media
have been widely reported by several authors''°.

Zinc finds numerous applications in technology and industry. Consequently, the study
of its corrosion inhibition is of great importance. A survey of literature reveals that there are
very few substances, which may be considered as good inhibitors for corrosion of zinc in
acidic media. These include the inhibitive action of phosphonium salts'"'?, organic dyes'?,
substituted N-arylpyrroles'!, organic onium compounds'®, ethoxylated fatty alcohols'®,
2-mercaptobenzimidazole'” Schiff bases of ethylenediamine'®, ethoxylated fatty acids'®, and
m-substituted aniline-N-salicylidenes®.
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Some thiophene compounds have been reported earlier as good inhibitors for steel
and AISI austenitic stainless steel in acidic media®"?. In the present work, the corrosion
inhibition of 2-thiophene carboxaldehyde for zinc in 1 M H3PO, solution has been studied
by weight loss and electrochemical methods. The efficiency of the inhibitors was
evaluated at various concentrations and temperatures. Surface examinations were made
using scanning electron microscopy (SEM). The molecular structure of the thiophene

studied is shown in Figure 1.
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Figure 1. Molecular structure of 2-thiophene carboxaldehyde

Experimental

All solutions were prepared using distilled water and commercial products. Thiophene
carboxaldhyde 98% (TCAIl) was Fluka product and was used as received. The aggressive
solution (I M H3PO,) was prepared by dilution of analytical grade 85% H;PO, (Merck).
Zinc specimens were cut from industrial zinc (0.9 mm thickness).

Weight loss measurements

Gravimetric measurements were carried out in a double walled glass cell equipped with a
thermostated cooling condenser. Weight loss was measured on sheets of zinc of apparent
surface area of 2 cm’. Prior to all measurements, the zinc samples were mechanically
abraded using a series of emery paper from 400 to 1200 grade. The specimens were then
rinsed with distilled water, degreased with acetone, rinsed again with distilled water and
finally dried before being weighed and immersed in 100 cm’ of the corrosive solution at
298+0.5 K. At the end of the tests, the specimens were taken out from the solution at regular
intervals of time (10-90 min), rinsed with distilled water, degreased with acetone, dried and
weighed using an analytical balance.

Electrochemical measurements

Electrochemical measurements were carried out in a conventional three-electrode
cylindrical glass cell with a thermostatic jacket and a disc sample holder. The working
electrode had the form of a disc cut form zinc sheet. The exposed area to the corrosive
solution was 0.95 cm®. The electrode surface was prepared in a similar way as used in
case of weight loss measurements. A saturated calomel electrode (SCE) and a platinum
electrode were used as reference and auxiliary electrode, respectively. The temperature
was thermostatically controlled at 298+0.5 K. Electrochemical measurements were done
using PGP 201 potentiostat/galvanostat controlled by Volta Master 1 corrosion
software.

Polarisation measurements

The polarisation curves were recorded after the electrode potential reaches a steady-state
value. The polarisation curves are obtained from -1090 mV/SCE to more positive values at a
scan rate of 20 mV/min. The test solution is deaerated with pure nitrogen. Gas bubbling is
maintained through the experiments. Corrosion current density values were obtained by
Tafel extrapolation method.
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Open circuit measurements

The variation of the open circuit potential (OCP) of the zinc electrode was followed as a
function of time from the moment of its introduction into the cell during 1 hour.

SEM

Scanning electron microscopy (SEM) observations of Zn surface before and after immersion
in acid solution in the absence and the presence of the inhibitor were performed using
scanning electron microscopy (SEM) Jeol JSM-6400 model.

Results and Discussion
Weight loss measurements
Effect of TCAl concentration

Since corrosion inhibitors may accelerate corrosion when used at low concentrations or may
e . 16

cause emulsification when used at high concentrations ", it was necessary to study the effect

of 2-thiophene carboxaldehyde concentration on zinc corrosion.

. . 0 . .
The corrosion rates in 1 M H;PO, (W, ) and at different concentrations of the tested

compound (W) are determined after 1 h of immersion. The values of corrosion rates and
inhibition efficiencies are given in Table 1. The inhibition efficiency (/E,) was calculated
using the equation:
IE, =100 x (1-W,,. ) 1)
W(J

corr

It is clear from Table 1 that the corrosion rate decreases in the presence of TCAl and
that it depends on the inhibitor concentration, hence, the inhibition efficiency increases with
the inhibitor concentration to reach near 97% at 5 x 10” M. This trend may result from the
fact that adsorption and surface coverage increases with the increase in TCAI concentration;
thus the surface is separated from the medium®.

Table 1. Gravimetric results of zinc corrosion in 1 M H3;PO, without and with various
concentrations of TCAI at 298 K after 1 h of immersion period

Concentration, M Weorr mg/cm2 h IE,, %
Blank TCAI 334 -
5x10* 15.8 52.69
1x103 11.28 66.28
2x 107 4.95 85.18
3x10° 3.65 89.07
4x 107 2.00 94.01
5x 107 1.15 96.56
6x 107 1.35 95.95
7x103 1.25 96.26

Effect of immersion time

To elucidate the influence of immersion time on the corrosion rate of zinc, the data obtained
from weight loss measurements for different periods are collected in Figure 2. The curves
show the variation of the weight loss of zinc with the immersion time in 1 M H;PO,
solutions without and with TCAI at the concentrations 10> M and 5x10° M.
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From these data, it is obvious that the weight loss of zinc enhances with immersion
time. On the other hand, addition of increasing concentrations of the inhibitor, retards the
corrosion of zinc in these solutions. This is clearly seen from the decrease in weight loss,
corresponding to a noticeable decrease in the slope of each curve, with increase in inhibitor
concentration. These results indicate that the compound under investigation does not lose its

efficiency after long periods of immersion.
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Figure 2. Weight loss of zinc as function of immersion time in 1 M H;PO, solution without
and with TCALI at 298K

Polarisation measurements

The potentiodynamic polarisation curves of zinc in phosphoric acid in the absence and
presence of the tested inhibitor are shown in Figure 3. Electrochemical parameters obtained
from the Tafel extrapolation method are given in Table 2. The inhibition efficiencies were
calculated using the following equation:

IE,= 100x(1-%) )
1

corr

Where I, and [° are the corrosion current density values with and without the

corr

inhibitor, respectively.
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Figure 3. Potentiodynamic polarization curves for zinc in 1 M H3;PO, containing different
concentrations of TCAl
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Table 2. Electrochemical parameters and the corresponding corrosion inhibition efficiencies

of zinc in 1 M H5PO, without and with various concentration of TCAI at 298 K

Concentration, M E,,,,, mV/SCE I, mA/ cm’ b, mV/dec b, mV/dec IE, %
Blank TCAIl -1011 6.637 789.4 -701.8 -

5x107 -993 4.8305 676.3 -614.8 27.22

107 -981 2.897 633.4 -502.7 56.35

2x107 -969 0.8453 600 -389.7 87.26

5x107 -961 0.1795 511.9 -306.7 97.29

7x107 -954 0.2084 495.3 -434.4 96.86

The corrosion of zinc in acidic solution is the result of the galvanic cell of the anodic
dissolution of zinc and the cathodic evolution of hydrogen®’. From electrochemical
polarisation measurements, it is clearly seen that TCAI shifts both the anodic and cathodic
branches of the polarization curves of the pure acid solution to lower values of current density,
but inhibits the hydrogen evolution reaction more than the anodic dissolution of zinc.

IE; (%) values increase with increasing inhibitor concentration reaching a maximum
value at 5x107 M (Table 2). These results are in good agreement with those obtained from
the gravimetric tests.

Increase in concentration of TCAI causes shifting of corrosion potentials to noble
direction. According to Ferreira er al. ** and Li et al.”, if the displacement in corrosion
potential is more than 85 mV with respect to corrosion potential of the blank, the inhibitor
can be considered as a cathodic or an anodic type. However, the maximum displacement in
this study is 57 mV, which indicates that TCAIl is a mixed type inhibitor. The changes in
both the anodic and cathodic Tafel slopes observed on the addition of TCAI indicate that
both anodic and cathodic reactions are affected by the addition of the inhibitor.

Open-circuit potential measurements

The open-circuit potentials of zinc in the absence and the presence of TCAI at different
concentrations were traced over 60 min from the electrode immersion in the test solution.
The obtained results are depicted in Figure 4.
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Figure 4. Open circuit potential variation of zinc in 1 M H3;PO, without and with various

concentrations TCALI
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The dependence of OCP on time at various concentrations of TCALl is clearly seen from
Figure 6. The presence of TCAI in the acidic solution shifts the steady-state potential
towards noble values. This potential gets more positive as the additive concentration
increases. The potential shift reveals that the inhibition efficiency of TCAl is enhanced. This
behavior can be interpreted by the formation of a protective film on the electrode surface®®".

Temperature effect

The effect of temperature on the inhibitive efficiency of TCAl was studied by gravimetric
method at various temperatures. Weight losses were determined in 1 M phosphoric acid
solutions without and with 10° M of the inhibitor studied in the temperature range (298-338 K),
after 1 h of immersion.

The results given in Table 3 show that in inhibited as well as in uninhibited solutions
the corrosion rate increases with a rise in temperature and as a result the inhibition efficiency
decreases indicating that at higher temperatures the dissolution of Zinc predominates over
inhibitor adsorption. This may be attributed to the desorption of the inhibitor molecules, thus
exposing the metal surface to further attack'®.

Table 3. Corrosion parameters and inhibition efficiencies for zinc in 1 M H;PO, without and
with the addition of TCAI 10~ M at different temperatures

T, K W o mg/cm2 h Weorr mg/cm2 h Ew, %
298 334 11.28 66.23
308 67.05 24.3 63.76
318 98.65 44.63 54.76
328 154.6 78.15 49.45
338 207.6 135.8 34.59

The activation energy (Ea) of the corrosion process can be determined from the
Arrhenius plots (In W,,,,. Vs. 1/T) presented in Figure 5 by using the following equation':
Weorr, = A & 3)
and logarithmic form:
In W, =In A — Ea/RT “)
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Figure 5. Arrhenius plots of zinc in 1 M H;PO,4 without and with TCAl 10° M
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Where W,,,, is the corrosion rate, A is Arrhenius constant, R is the universal gas
constant and T is the absolute temperature. The values of the activation energies in the
absence and presence of TCAI, respectively, were obtained from the slope of the straight
lines and collected in Table 4. An alternative formulation of the Arrhenius equation is the
transition state equation'****;

W.,,,. = RT/Nh exp(AS/R) exp(-AH/RT) 5)

Where 4 is Planck's constant, N is Avogadro's number, AH and AS are the enthalpy and
the entropy of activation, respectively. Figure 6 shows plots of In(W,,,,/T) against (1/T).
Straight lines are obtained with a slope of (-AH/R) and an intercept of (In R/Nh + AS/R) from
which the values of AH and AS are calculated and listed in Table 4.

Table 4. Activation parameters of the zinc dissolution process in 1 M H;PO, in the absence
and the presence of TCAI 10° M

Ea, kJ/mol AH kJ/mol AS, J/mol.K

H;PO, 1 M 37.76 35.13 - 97.05
TCAl 10°M 51.55 48.91 -60.26
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Figure 6. Plots of log (W/T) vs. 1/T for zinc in 1 M H;PO4 without and with TCAI 10° M

The addition of TCAI leads to an increase in the activation energy. Generally, a
decrease in inhibition efficiency with rise in temperature and the higher value of Ea in the
presence of the inhibitor is often regarded as indicative of physical adsorption™’.

We note also that the positive values of AH reflect the endothermic nature of zinc
dissolution process. In addition, the value of AS is negative and becomes higher in the
presence of TCAL This implies that the decrease in a disordering takes place on going from
reactants to activated complex™**>*,

Ln(W/T) (mg.cm™>h' K™")

Adsorption isotherm

Many adsorption isotherms were plotted and the Langmuir adsorption isotherm was found to
provide best description of the adsorption behaviour of the studied inhibitor according to the
following equation'’:

+C 6)
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Where C is the inhibitor concentration, 0 the fraction of the surface covered determined
by E/100 and k the equilibrium constant which is related to the standard free energy of

adsorption Angs by the equation'>*:

0
eXp(— AGad: ) (7)

k=—
55.5 RT

The value of 55.5 is the concentration of water in solution expressed in M. Plotting C/ &
against C gave a straight line with a slope close to unity (Figure 7) indicating that the
adsorption of TCAIl on zinc surface follows Langmuir adsorption isotherm and
consequently, there is no interaction between the adsorbed molecules™”’. The negative

value obtained of AG;’ . (-28.94 k] mol™) suggests that TCAI is spontaneously physisorbed

on the metal surface>.
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Figure 7. Langmuir adsorption isotherm of TCAI on the surface of zinc in 1 M H;PO,

SEM measurement

Scanning electron microscopy (SEM) was performed on the zinc surface before (Figure 8 (a))
and after immersion in corrosive solution in the absence (Figure 8 (b)) and presence of TCAl
(Figure 8 (b)). It can be seen from Figure 8 (b) compared to Figure 8 (a) that the zinc surface
is strongly damaged in the absence of the inhibitor. Figure 8 (c) shows that the surface of
zinc in the presence of TCAl is nearly intact as even the original polishing scratches are seen
after the exposure, indicating that TCAI can inhibit the corrosion of zinc significantly.
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Figure 8. SEM images of zinc surface, before its exposure to electrolyte (a), after 1 h of
immersion in 1 M H;POy, in the absence (b) and presence (c) of TCAI 5x10° M

Conclusion
From the above results, the following conclusions are made:

2-Thiophene carboxaldehyde is considered as a good inhibitor for zinc corrosion in
1 M H;PO,.

The protection efficiency increases with increase in inhibitor concentration to reach to
reach near 97% at 5x10” M and decreases with increase in temperature.

The inhibition efficiencies obtained from polarization measurements shows good
agreement with those obtained from weight loss method.

Polarisation measurements show that TCALl acts as a mixed type inhibitor.

The Scanning electron microscopy (SEM), OCP measurements and the
thermodynamic parameters of dissolution and adsorption processes, indicate that the
inhibition characteristic of TCAl is attributed to its physisorption on the zinc surface.
The adsorption of TCAIl on the Zinc surface obeys to the Langmuir adsorption
isotherm model.
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