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KEYWORDS: Corrosion, Aluminum, Trichloroacetic acid, Thiourea and Isomethylthiourea,

Adsorption.

INTRODUCTION

Corrosion process degrades the metallic properties of metal/alloys and renders them to be
rejected from the special structures of industrial importance. Since metal have a high electric
conductivity, their corrosion is usually of an electrochemical in nature. Aluminum and its
alloy show high resistivity towards a wide variety of corrosive environments. This is may be
due to the formation as protective, tightly adherent and at times invisible oxide film on the
metal surface. The film is generally stable in solutions of pH 4.5- 8.5."! Acid solutions

mainly HCI and H,SO,4 are generally used for the removal of undesirable scale and rust in
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several industrial processes. For this reason some sorts of inhibitors are generally used to

control metal dissolution as well as acid consumption.?

A corrosion inhibitor is a substance when added in a small concentration to an environment
reduces the corrosion rate of a metal exposed to that environment. Most of the well-known
acid inhibitors are organic compounds containing polar nitrogen, oxygen or sulfur atoms in a
conjugated system have particularly been reported to exhibit corrosion inhibiting
efficacy.®® The inhibition efficiency strongly depends on the structure and chemical
properties of the layers that are formed under the particular experimental condition.
Heteroatoms containing organic compounds has been used extensively as corrosion inhibitors
for the corrosion of metals in acid solutions. At the same time, there is very little information
about the inhibition of aluminum corrosion in TCA solutions using such organic compounds.
Some researcher used amino acetanilides ), ansidines *** and Nitro aniline ™ as corrosion
inhibitors for aluminum corrosion in acid solution. Desai et al.*® studied the corrosion
inhibition behavior of aluminium in TCA in the absence and presence of Phenyl thiourea
used as corrosion inhibitors by weight loss and Polarization technique. Therefore, the main
aim of the present work is to investigate the effect of Thiourea and Isomethyl thiourea on the

corrosion of aluminum in TCA solution, using gravimetric and polarization technique.

EXPERIMENTAL PROCEDURE

Aluminum sheets of the 2S, type aluminum (Al = 98.02%; Mg = 0.37%; Si = 0.49%; Fe =
0.68%; Mn = 0.16; and Cu = 0.082%) was used in this study. Each sheet, which was 0.18 cm
in thickness, was mechanically press-cut into coupons of dimension 2 x 5 cm with small hole
of about 5 mm diameter near the upper edge. These coupons were used in the “as cut”
condition, inhibition efficiency without further polishing, but were degreased in absolute
ethanol, dried in acetone, weighed and stored in a moisture-free desiccator prior to use. All
chemicals and reagents used were of analytical grade and used as source without further
purification. The aggressive media were, respectively, 0.01, 0.05 and 0.1 M TCA solutions.

Thiourea and its derivatives were used as inhibitor in the concentration range 5 to 20mM.

The test specimens were immersed in 0.01, 0.05 and 0.1 M TCA solution with and without
inhibitors. Only one specimen was suspended by a glass hook, in each beaker containing 230
ml of the test solution and was open to air at room temperature for 24 h duration. After the

test, the specimens were cleaned with chromic-phosphate mixture solution.™ Triplicate
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experiments were performed in each case and the mean values of the weight loss data are
presented in Table 1.

To study the effect of temperature on corrosion rate, the specimen was immersed in 230 ml in
0.05 M TCA, with thiourea as inhibitor concentration 5, 10, 15, and 20mM at solution
temperatures of 313, 323 and 333 K for a period of 2 h. To study the effect of temperature,
thermostat assembly with an accuracy of + 0.5°* was used. Wesley *% and ASTM 18!
pointed out that thermostatic controls to within + 1°C usually are considered satisfactory.
Inhibition efficiency (n %), energy of activation (E;), heat of adsorption (Qa.gs) free energy of
adsorption (AGOadS), enthalpy of adsorption (AHOads) and entropy of adsorption (ASOads) were

calculated and shown in Table 2&3.

For polarization study, metal specimens of rectangular design having an area of 0.02585 dm?
are exposed to corrosive solutions. Aluminum alloy is used as a working electrode, Ag/AgCI
is used as reference electrode and the auxiliary platinum electrode was placed in a 100 ml
corrosive media through which external current was supplied automatically from the
computerized polarization instrument. The change in potential was measured by
potentiostate/galvanostate (Auto lab polarization Model-273). Galvanostatic polarization has
been taken with and without inhibitors in 0.01 M TCA. It curves shows polarization of both

the anodes and cathodes.

RESULTS AND DISCUSSION
The results are presented in Tables 1 to 4 and Figures 1 to 2. To assess the effect of corrosion

of aluminum in TCA, thiourea and its derivatives is used as inhibitors.

Specific conductivity of 0.01, 0.05 and 0.1 M acid concentration was found to be 3.25 x 107,
16.79 x 10° and 30.30 x 10° milimohs / cm respectively. This suggests that specific
conductivity increase with increase of acid concentration. The addition of inhibitors decreases
the specific conductivity. Specific conductivity for Thiourea and Isomethylthiourea at 5mM
inhibitor concentration in 0.01 M acid concentration is 3.27 x 10 °and 3.24 x 10"> milimohs /

cm respectively.

The corrosion rate of aluminum metal in TCA was increased with the acid concentration

which was shown in Table 1. The inhibition efficiency (n %) and degree of surface coverage
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(0) at each concentration of Thiourea and Isomethylthiourea were calculated by comparing
the corrosion loss in the absence (W,) and presence of inhibitors (W;) using the relationships:

1% = (W”V\;Wi ] X100 1)

- [Wu ~Wi ) )

Wi

Table :1 Effect of acid concentration on corrosion loss (CL) and inhibition efficiency (n
%) of aluminum in TCA.

Temp. 301 £ 1 K, Immersion Period: 24 h, Effective Specimen area: 0.2414 dm?

Acid Concentration
Inhibitor 1.C. 0.01 M 0.05 M 0.1 M
mM C. L. . E C. L. . E C. L. l. E
mg / dm? % mg / dm? % mg / dm? %
I 1 11 v Vv Vi ViI VII
Blank - 118.88 - 1189.3 - 2452.09 -
Thiourea 5 38.94 67.24 669.01 43.75 1731.67 29.38
10 36.45 69.34 642.92 45.94 1714.99 30.06
15 26.45 77.75 566.28 52.39 1669.87 31.90
20 6.63 94.42 378.20 68.20 1623.77 33.78
5 77.41 34.89 793.74 33.26 1743.44 28.90
Isomethyl 10 65.81 44.64 713.58 40.00 1722.59 29.75
thiourea 15 65.81 44.64 698.95 41.23 1657.86 32.39
20 60.84 48.82 680.28 42.80 1619.61 33.95

As a constant inhibitor concentration, the inhibition efficiency decreases with the increase in
acid concentration. At 20 mM inhibitor concentration, the inhibition efficiency of thiourea is
94.42, 68.20 and 33.78 % with respect to 0.01, 0.05 and 0.1 M acid concentration respectively. At
a constant acid concentration, the inhibition efficiency of the thiourea and its derivative
increases with the inhibitor concentration, e.g. Isomethyl thiourea in 0.01 M TCA the
inhibition efficiency was found to be 67.24, 69.34, 77.75 and 94.42 % with respect to 5, 10, 15

and 20mM inhibitor concentration respectively (Table 1).

The temperature has significant influence on a metal corrosion rates. The effect of change in
temperature on the corrosion rates of aluminum in 0.05 M TCA, the corrosion of aluminum
was increased with rising temperatures. Corrosion rate was measured in 0.05 M TCA
containing 5, 10, 15 and 20mM inhibitor concentration at a solution temperature of 313, 323
and 333 K for an immersion period of 2h. In 0.05 M TCA solution with 20mM inhibitor
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concentration, the inhibition efficiency for Isomethyl thiourea was decreased corresponds to
39.15, 38.13 and 32.04 % in 313, 323 and 333 K respectively (Table 2).

Table 2: Effect of temperature on corrosion rate (CL), inhibitive efficiency (n %), for
aluminum in 0.05M TCA contain inhibitors at different inhibitor concentration.

Immersion Period : 2h, Effective Specimen area : 0.2488 dm?
_ Temperature K
Inhibitor 313 323 333
Cincentra
tion C.R. l.E C.R. l.E C.R. I.E
mg/ dm? % mg/ dm? % mg/ dm? %
Blank - 194.70 - 310.68 - 426.68 -
5 130.10 33.18 219.55 29.33 372.83 12.62
Thiourea 10 119.88 38.43 208.75 32.81 356.45 16.46
15 98.27 49.53 171.90 44.67 328.84 22.93
20 60.45 68.95 132.94 57.21 302.40 29.12
5 128.02 34.25 213.19 31.38 302.40 29.12
Isomethyl 10 126.21 35.18 206.91 33.40 297.91 30.18
thiourea 15 122.33 37.17 200.20 35.56 293.68 31.17
20 118.48 39.15 192.22 38.13 289.98 32.04

In the present study general type of corrosion occurs predominately and less
pitting. Plotting of log 6/1-0 versus log C (mM), straight lines were obtained, indicating that
the adsorption of the added inhibitors followed the Langmuir adsorption isotherm (Figure 1a
& 1b). Therefore, adsorption of these compounds is assumed to occur uniformly over the

metal surface.
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Figure 1(a): Plot of log ( 0/ 1-0 ) Versus log C(M) for Thiourea.
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Figure 1(b): Plot of log (0 /1-0) Versus log C(M) for Isomethylthiourea.

The values of the free energy of adsorption (AG%gs) were calculated with slope of the

following equation.™*”!

%
LogC =Log| —— |- LogB 3
g g(l_ 0) g ®3)
AGS, : o : 0
Where LogB=-1.74—-| ——=2%—| and C is the inhibitor concentration. The mean AG’,
2.303RT

values are negative almost in all cases and lie in the range of -19.76 to -22.90 kJ. mol™ shown
in Table 3. The most efficient inhibitor shows more negative AG% value. This suggests that
they be strongly adsorbed on the metal surface. This statement was supported by the work of
Talati and Darji.l*®! The values of heat of adsorption (Qas) Were calculated by the following

equation.
_ b |_ 6 LIPS (4)
Quss _2.303R|:L09 (1—@] Log(l_glﬂx{(-rz _T1H

From Table 3, it is evident that in all cases, the (Qags) Values are negative and ranging from -3.62

to -105.53 kJ.mol™. The negative values show that the adsorption, and hence the inhibition

efficiency, decreases with a rise in temperature.™™
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Table 3: Energy of activation (Ea), heat of adsorption (Qads) and free energy of
adsorption (AGY%) for aluminum in 0.05M TCA contain Inhibitors.

LC fMean Ea Eha fromI Qads (kJ.mol™) Mean Value (kJ.mol™)
System o rom Eq (2 Arrhenius plot 313 — 323 -
g mM kJ.mc?I'g : k\].mol'lO 323K | 333K AG'a | AH%a | ASa
Blank - 33.83 32.61 - - - 31.18 -
5 45.68 43.26 -15.08 -94.41 -21.81 43.03 0.2061
Thiourea 10 47.24 45.29 -20.64 -81.19 -20.58 44,59 0.2069
15 52.52 50.20 -16.40 -89.30 -20.72 49.88 0.2239
20 69.88 66.91 -42.66 | -105.53 | -21.40 67.24 0.2817
5 37.07 35.72 -10.94 -9.60 -22.90 34.43 0.1800
Isomethy 10 37.08 35.70 -6.64 -13.28 -21.21 34.44 0.1748
| thiourea 15 37.85 36.40 -5.85 -17.67 -20.32 35.21 0.1745
20 40.44 37.20 -3.62 -23.95 -19.76 37.80 0.1811

Table 4: Polarization data and inhibition efficiency of thiourea & isomethyl thiourea for
aluminum in 0.01 M TCA.

Inhibitor Concentration: 5 mM,

Effective Specimen area: 0.0932 dm?

Inhibition
Tafel slope officienc
(mV / decade) o y
System Ecorr Icorr 0
mV Alcm? Wi.
-Be +Ba mBV mstor:;) d loss
method
Blank -755 0.0820 6250 231 97 _ _
Thiourea -782 0.027 833.33 | 166.67 60.31 67.07 67.24
Isomethyl 1 747 | 0049 | 18333 | 28571 | 107.33 | 4024 | 34.89
thiourea 3
2.7 .
26 Figure 2
2.5
‘g 2.4 ® Blank
: _| mThiourea 5
'g >3 Thiourea 10
e 22 )
s = Thiourea 15
“E’_ 2.1 £ Thiourea 20
g 2 Isomethyl thiourea 5
- 1.9 Isomethyl thiourea 10
1.8 Isomethyl thiourea 15
17 Isomethyl thiourea 20
2.95 3 3.05 3.1 3.15 3.2 3.25
1/T x 1000

Figure 2: Arrhenius plots for corrosion of Aluminum in 0.05 M TCA in absence and

presence of inhibitor.
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Mean 'E;' value was calculated by using eq. (5) for aluminum in 0.05 M TCA is 33.83
kJ.mol™ while in acid containing inhibitor, the mean E, values are found to be higher than that
of an uninhabited system (Table 3). Higher values of mean sea indicate physical adsorption
of the inhibitors on metal surface %, which leads to an increase in the energy barrier for the
corrosion process. The values of a calculated from the slope of an Arrhenius plot (Figure 2) and
using eg. (5) are almost similar. Energy of activation (Ea) has been calculated from the slopes
of log p versus 1/T (p = corrosion rate, T = absolute temperature) and also with the help of

Arrhenius equation.
Logl—_Ea f1) (1 ®)
P 2303R|\T,) (T,

Where p; and p; are the corrosion rate at temperature T, and T, respectively. The enthalpy of

adsorption (AH%qs) and entropy of adsorption (AS%qs) were calculated using the following
equation (6) and (7).
AH%ads = Ea—RT (6)

— AH 0ads —-AG 0ads
ads T

AS° (7

The enthalpy changes (AH) are positive, indicating the endothermic nature of the reaction
suggesting that higher temperature favors the corrosion process.! The entropy (AS%) values
are positive, confirming that the corrosion process is entropically favorable.!??!

The value of the corrosion potential with inhibitors were found become more negative than
the without inhibitors. Polarization study reveals that the inhibitors function as little anodic, but
significant cathodic inhibitors, the curves showed that inhibitor functions as a mixed inhibitor.
The values for the Tafel parameters obtained from this plot with and without inhibitors are
given in Table 4. The values of corrosion current densities in the presence and absence of
inhibitor were obtained from the graph while percentage efficiency (n %) was calculated using
the Equation (8). The inhibition efficiency from Tafel plots agrees well (within £ 6 %) with the

values obtained from weight loss data.

n(%) = [ oor (iU) _(Lcn;rr (i )} %100 (8)
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Mechanism: The dissolution of aluminum in TCA the reaction in the initial stages appear to
be as equation- 9.
3CCI;C00H + Al — [CCl;C00],Al + 3H (9)

Meites and Meites ! have demonstrated that TCA is quantitatively reduced at a mercury
cathode whose potential is suitably controlled .
CClL,C00”+ H™ + 2¢” — CHCL,CO0™+ CI™ (10)

TCA gets reduced to acetic acid and hydrochloric acid by potassium amalgam or on
electrolysis between electrodes of amalgamated zinc.?*!
CCl;CO0H + 6H — CH,CO0H + 3HCI (11)

During corrosion of aluminum it is, therefore, possible that reaction (4.9) is followed by the
reduction of TCA to dichloroacetic acid as a first stage.
CCl;CO0H + 2H — [CHCl,COO0H + HCI (12)

Further reduction of dichloroacetic to monochloroacetic and finally to acetic acid perhaps

requires strong reducing conditions and, therefore, seems improbable.

Thus it can be generalized that the corrosion of aluminum in TCA is governed in the initial
stages by the amount of the acid present while after certain period of immersion it is

governed by the extent, of reduction of TCA.

The hydrochloric acid produced by the above reaction (4.9) would further react with
aluminum librating hydrogen.
Al+ 3HCl — AlCl; + 3H (13)

The hydrogen librated would in turn further reduce tichloroacetic acid and a cycle would thus
be set up. As a result of these reactions the chloride content and the acidity of the solution are

likely to increase, thus resulting in increased corrosion.!*®!

i S/CH3
HN™ NH, HZN/KNH
thiourea Isomethylthiourea

Mann 2% has suggested that organic substances forms onium ions from the cations in acidic

solutions and thus get adsorbed on the cathodic portion of the metallic surface. Most Organic

www.ejbps.com 151




Desai European Journal of Biomedical and Pharmaceutical Sciences

inhibitors are compounds with at least one polar unit, having atoms of nitrogen, oxygen,
sulfur and in some cases, selenium and phosphorus. According to Hackerman 7 amine type
inhibitors have electron-donating ability and their action is attributed to the adsorption of the
inhibitor molecules on the metal surface through an unshared pair of electrons belonging to
the nitrogen atom. The same is applicable to sulphur and oxygen atoms. It seems reasonable
to suppose that the presence of two polar groups ensure better attachment than single one, but
this view is not universally observed. In any case, it might be asked whether two nitrogen
groups would not be as sufficient as one nitrogen and one sulfur group; perhaps the answer
that the two different elements serve to provide attachment at different sites, that they attach
themselves to the surface probably by the nitrogen or sulfur atom, is generally accepted.
According to one view, the attached molecules, extending outwards from the metallic surface
like bristles of a brush, prevent the ready replenishment of acid at the metallic surface so that
the acid becomes exhausted and attack becomes slow. According to another view, the
molecules, attached through the polar atom or atoms, lie flat, so that each molecule covers up

a considerable surface of element.

CONCLUSIONS

At all concentration of acid, as the inhibitor concentration increases inhibition efficiency
increases and corrosion rate decreases. As the temperature increases corrosion rate increases in
plain acid. Addition of inhibitors in corrosive media indicates that as the temperature increases
corrosion rate increases while inhibition efficiency decreases. In all cases, the value of heat of
adsorption (Qags) and the value of free energy of adsorption (AG®) is negative. The value of
change of entropy (AH%) and entropy of adsorption (AS%) is positive. A mean value of 'Ea’ in

inhibiting acid is higher than the value of 'Ea’ in plane acid.
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