J. Chem. Lett. 4 (2023) 211-221

Journal of Chemistry Letters
journal homepage: www.jchemlett.com

ISSN (online) 2717-1892 (print) 2821-0123

Insight into synergistic corrosion inhibition of thiourea and ZnCl, on mild steel:
Experimental and theoretical Approaches

Terngu Timothy Uzah' ", Idongesi Justina Mbonu'

'Department of Chemistry, College of Science, Federal University of Petroleum Resources, Effurum, Nigeria

ARTICLE INFO ABSTRACT

Article history: Inhibition is the commonest device used to lessen metals and alloys corrosion,
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been investigated using gravimetric measurements, electrochemical impedance
spectroscopy (EIS), scanning electron microscopy (SEM), and Fourier transfer
infrared spectroscopy (FTIR) studies as well as density functional theory (DFT)
calculations and Monte Carlo simulation. The results show that mild steel
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Keywords:

DFT inhibition efficiency increase with increasing inhibitor concentrations, and a
Freundlich synergistic enhancement in inhibition efficiencies was observed when ZnCl, was
Inhibitor added. On the surfaces of the corroding metal, inhibitor and inhibitor + ZnCl,
Thermodynamic adsorptions follow the Langmuir and Freundlich isotherms, respectively. SEM
Sulphuric acid and FTIR examinations revealed that the metal surface had been coated with an

inhibitor, preventing corrosion. The experimental results were agreeably

interrelated with theoretical investigations.

1. Introduction

The most popular strategy for reducing the
significant economic loss brought on by corrosion is the
use of organic inhibitors [1-5]. Additionally, studies are
being conducted to determine whether corrosion
inhibitors may be used in the environment safely at very
low concentrations. In order to achieve a high level of
protection efficiency in the presence of a specific
inhibitor at low concentrations, secondary molecules
and/or ions that enhance the adsorption of an inhibitor
via cooperative adsorption or complexation at the
surface of the corroded metal are typically required [6-
10]. In the current work, the adsorption of thiourea and
its potential enhancement in the presence of zinc ions on
the surface of mild steel are examined. Amide
compounds have historically been acknowledged as
powerful inhibitors of corrosion [11-14].
Hence, boosting the thiourea inhibitor solution's
adsorption with zinc ions may result in high inhibition
efficiency.

2. Results and Discussion
2.1.Quantum Chemical Computations

It is especially helpful to study the structure and
property of the inhibitors using the quantum chemistry
approach. In accordance with the optimised thiourea
structure at B3LYP/6-311G+(d,p), a number of
thermodynamic properties can be calculated using
Gaussian output files (Figure 1). The portion of the
molecule that donates electrons is located in the HOMO
[15]. By contrast, the compound's LUMO shows that it
can take electrons. Table 1 shows the quantum chemical
properties obtained from equations 9 to 13 below,
including Egomo, ELumo, AE, %, 1, 6, and AN. You may
calculate a molecule's electron-donor potential using its
Eiumo value. The donor molecule with a low-energy,
unoccupied molecular orbital can readily donate
electrons to an suitable acceptor molecule with a greater
Enomo- [16]. In contrast to the experimental data, Table
1 shows that the Exomo value of thiourea (-0.215 eV) is
larger than the Egomo value of thioureaH' (-0.430 eV).
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An element's E;yyo value reflects how well a molecule
can take in electrons. The easier it is for E;ymo to
receive electrons, the lower the value [17]. A corrosion
inhibitor needs to have low values for AE but high
values for in order to be effective. Additionally, when
AN is lower than 3.6, the performance of inhibition as a

function of electron transfer improves. In comparison to
thiourea, AN 's thioureaH" has a larger value [18]. It
also shows that the electron-exchange properties of
thiourea and thioureaH" vary. In conclusion, the quanta
chemical parameters provide strong support for the
acquired experimental results discussed below.

Table 1. Density functional theory parameters of thiourea in the solvent phases and gas at B3LYP/6-311G+(d,p).

Phase EHOMO ELUMO AE o b4 n AN 11
(eV) V) (V) (eV) (eV) (Debye)
Gas 0215 -0.024  0.191 0.095 0.149 10.48 0.33 5.48
Solvent  -0430 -0.246  0.183 0.092  0.338 10.92 0.30 7.26
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Fig. 1. Optimized, HOMO and LUMO structures of the thiourea (a, b, ¢) and protonated thiourea (d, e, f) respectively.

2.1 Monte Carlo Simulation

The pictures in Figure 2 show that thiourea
adsorb tightly and lie parallel to the surface of iron.The
ability of thiourea to transmit electrons to the metal
surface is mostly due to its S and N atoms, as seen in
Figure 2. Inhibitor molecules are quasi-substituted for
water molecules during the adsorption of inhibitors on
the metal surface in a solution. due to the fact that water
(Table 2) has a lower adsorption energy (-1.044 kJ mol™
against. -488.0 kJ mol™). This makes it possible to
protect the metal surface [19,20].The energy needed to
remove
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an adsorbate of a particular component is also
indicated by the differential adsorption energy
((dE,4/dN;), which is also present. Since H,O has a low
absolute value of (dE,s/dN;), inhibitor molecules can
gradually replace the water molecule. The most
important adsorption characteristic is adsorption energy,
which has two parts: the rigid adsorption energy needed
to initially adsorb the inhibitor onto the steel surface,
and a small deformation energy brought on by the
inhibitor relaxing on the surface of iron (Fe (110)). An
increase in the absolute value of the adsorption energy
reflects strong adsorption behavior.
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(a) Water

(b) Thiourea

Fig. 2. Top and sideview of the adsorption of the (a) water and (b) thiourea molecule on Fe (110) surface using the Monte Carlo
simulation

Table 2. Parameters calculated for adsorption via the M C simulation of water and thiourea on Fe (110) (kJ mol™)

Energy
Compound Total Adsorption Rigid. Deformation dE,4/dN;
Adsorption
Thiourea -1.667 -488.0 -443.1 -44.94 -48.44
Water -174.9 -1.044 -176.7 -867.2 -103.9

2.2 Effect of Concentration

Gravimetry and EIS were employed to examine
how inhibitor concentration affected inhibitory activity.
Figure 3 displays the results of the gravimetric test for
metal in sulphuric acid solution carried out in both
without and with of thiourea and thiourea + ZnCl,
inhibitors at varied doses. Figure 4a, b demonstrates that
the rate of corrosion decreased as the studied inhibitor's
concentration rose, leading to an increase in efficacy.
This implies that both inhibitors are likely working to
impede corrosion. Mild steel was subjected to EIS tests
in the acid medium at 298 K in both without and with
various inhibitor dosages in order to validate the results
of study on weight loss. The associated Nyquist graphs
(Figure 3), which demonstrate that the R.; mechanism
and Cy; are the crucial factors governing corrosion, can
be shown to contain a single capacitive loop.
Furthermore, these impedance spectra have a consistent
pattern across all concentrations investigated, showing
that the mechanism of corrosion is mostly unaffected
[19,20].. The width of the curves, however, dramatically
rises when the two inhibitors are combined, indicating a
higher inhibitive activity with a synergistic effect [21].
The obtained data are shown in Error! Reference source
not found.. These are the formulas used to calculate the
values of Cy;.
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Where, C4 is the double-layer capacitance,
fmax 18 the frequency value at which the imaginary
component of the impedance is greatest

Rlct(inny) — [R ,
% I.Epj = [ ]ct(mh) [ ]ct(unlnh)

[R ] ct(inh)
X 100

Cay

(2)
Where, R tuninh) (Qcm®) and Ret(inn) (Qcm®) are
respectively resistances to charge transfer with and
without an inhibitor. Table 3 makes it evident that the
R yvalues rise according to the inhibitor concentration.
Particularly clear is the upward trend in R values for
the mixture of thiourea and ZnCl, [22]. The inhibitors'
potential adhesion to the medim/metal contact may be
the cause of these results. The synergistic adsorption of
two inhibitors on the surface of mild steel may result in
the formation of a potent protective layer, even if the
adsorption behaviour is more obvious when there are
two inhibitors present. Additionally, the values of
Cq4; show a tendency to fall as inhibitor concentrations
rise [23]. As a result, as inhibitor concentrations rise, So
do inhibition efficiency, reaching 61.68 % for thiourea
and 81.45 % for thiourea + 5 mM ZnCl, at 0.0006 M
and 0.0006 M, respectively. These EIS study results are
exactly in line with what the gravimetry data indicated.
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Table 3. EIS data for steel insulphuric acid solution containing various concentrations of thiourea and thiourea + ZnCl, at 298 K

Conc (M) R, Ry Ca % 1E
(a) (Q em®) (Q em’) (uF cm?)

Thiourea Blank 186.4 267.4 221.4 -
2x107% 161.6 585.6 125.2 54.34
4%x107* 158.3 633.7 123.6 57.81
6x107* 157.1 697.6 118.8 61.68
8 x 107* 158.9 804.8 116.8 66.78
1x1073 152.1 881.1 112.4 69.66
Thiourea + 2x107* 164.7 921.1 117.8 70.97
Zn 4x107% 160.1 120.2 115.3 77.82
6x107* 157.5 144.1 110.9 81.45
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Fig. 3. EIS Nyquist plots of the corrosive mild steel in 0.5 M sulphuric acid solution and various concentrations of (a) thiourea alone

(b) thiourea + ZnCl, at 298 K

Table 4. % IE of mild steel corrosion using thiourea and thiourea + ZnCl, at various temperatures.

% IE
Concentration Thiourea Thiourea + Zn**

M) 298 K 308 K 318 K 328 K 298 K 308 K 318 K 328 K
2x107% 50.80 4992 47.27 44 .68 74.67 74.25 72.42 69.66
4x107% 54.93 53.49 51.53 49.11 79.87 77.68 76.08 73.53
6x107% 59.82 58.73 57.03 54.61 86.38 85.41 83.18 81.19
8x107% 64.82 62.97 60.88 59.19 91.10 88.93 87.19 84.49
1x1073 73.51 72.65 70.37 69.55 98.92 97.02 94.31 91.14

5.1073 Zn** 48.72 45.37 42.64 38.33 - - - -

2.3 Effect of Temperature

Fig. 4 shows how the inhibitory capacities of
thiourea and thiourea + ZnCl, decrease with increasing
temperature. The % IE of thiourea drops from 73.51 to
69.55 % and that of thiourea + ZnCl, decreases from
98.92 to 91.14 %, specifically, when the concentration
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is 0.001 M and the temperature varies between 298 and
328 K. This behavior can be explained by the fact that
when temperature rises, the corrosion inhibitors
disintegrate from the steel surface, leaving the metal
unprotected and their ability to prevent corrosion to
decline [24].



J. Chem. Lett. 4 (2023) 211-221

100 -+ 28K 2 5x10"
—1— 306K
- —r— 316K
90 T —rm 328K )
i 2] E2.0x10
e 318K
80 O |- 208K 9
- P F1.5x10
-~ N
q P
2N R
w

60 | B P

-1.0x10*

B e 5
501 ;;,;?/ L 5.0x10
e ——
40 T T T T T 0.0
2.0x10" 4.0x10° 6.0x10" 8.0x10” 1.0x10°
(a) Conc (mol dm'al (b)

100 L8.0x10*

95
L6.0x10*
90| ¢ o

854

4

4.0x10

IE (%)

80 -
L2.0x10"
754

704 L0.0

2.0x10* 4.0x10" 6.0x10* 8.0x10" 1.0x10°

Conc (mol dm'a)

Fig. 4. Effect of concentration and corrosion rate on the inhibitive efficacy of (a) thiourea and (b) thiourea + ZnCl, on mild steel in
the acid soluton,

2.4 Kinetic andThermodynamics Considerations
The rate of mild steel corrosion in the acid

media was utilised to compute the activation energy

((Ea) using the Arrhenius equation (3).

InCe = Ind — 2% 3
ntgp = n RT 3)

in(F) = () w0 (S52) v (Z57%)

where, Cp is the rate of corrosion, A is The
universal gas constant, R, is R(8.314] mol™tK™1), the
Arrhenius constant is A, h is the plank's constant, and N
is Avogadro's number. T is the absolute temperature.
The activation energy values were determined from the
slope of - Ea /R on the Arrhenius plot of In Cy against
1/T (Figure 5). The energy of activation for an inhibited
solution is higher than it is for an unrestricted solution if
an inhibitor's ability to inhibit diminishes with rising
temperature [25]. Table 5 contains the E, results for 0.5
M H,S0O,. The Ea values in the acid solutions are higher
when thiourea is present than when it is not. The energy
barrier for corrosion reaction is demonstrated by the
inverse correlation between the rise and inhibitor
concentration. Equation (7) is used to determine the

adsorption free energy when computing the activation
enthalpy and entropy for metal dissolution using the
transition state equation (4). This leads to a straight line
when plotting In (Cg/T) against 1/T. The values of
AHg4s and AS,zswere derived from the slope and
intercept of the plot, respectively. The computed
activation enthalpy (AH,;,) is obviously involved in the
physisorption process on the mild steel surface, as
shown in Table 5. Electrostatic forces are reacting
between the charged steel and the charged inhibitors.
because as the temperature rises, they are easily
separated from the metal surface The value of AH;, is
usually accepted to be more negative than -80 kJ mol
for chemisorption and less negative than -40 kJ mol-1
for physisorption [26]. Entropy (AS,4s) values for the
inhibitors that are negative imply that there was a
reduction in randomness during the transition from the
reactants to the activated complex [27]. The corrosion of
mild steel stopped by inhibitors also revealed a lot of
water molecules on mild steel surface being displaced
by inhibitor molecules, according to the large negative
values of AS 4.

Table 5. Values of thermodynamic and kinetic parameters of corrosive mild steel inhibition applying thiourea and thiourea + ZnCl,

(a) Conc. Thiourea Thiourea + Zn™
Ea AHads 'Asads Ea AHads 'ASads
/(kJmol™) /(kJmol”) /(Jmol”) /(kJmol") /(kJmol") /(J mol®)

Blank 457 432 177.6 457 432 177.6
0.0002 49.1 46.3 173.2 50.6 475 175.7
0.0004 49.2 46.4 173.6 53.0 50.4 166.9
0.0006 49.1 46.4 174.6 52.5 49.9 171.1
0.0008 49.7 473 172.6 60.6 57.8 178.7
0.001 49.9 47.0 176.1 83.1 83.1 236.2
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Fig. 5. Arrhenius plots In Cg vs 1/T of (a) thiourea alone and (b) thiourea + ZnCl, for mild steel in sulphuric acid medium at various
concentrations for 6 h

2.5 Adsorption Isotherm

The isotherms of thiourea adsorption on mild
steel in a 0.5 M H,SO, solution were investigated to
identify the most likely mechanism for the interaction
between organic corrosion inhibitors and the surface of
metal. The most popular adsorption isotherms, Temkin,
El-Awady, Freundlich, and Langmuir, were fitted to the
data, and coefficients of determination (R*) (Table 6)
were obtained.to discover the best fits. [28]. Fig. 6a,b
demonstrates that the Langmuir and Freundlich
adsorption isotherms offered the best match for thiourea
and thiourea + ZnCl, data respectively, According to
[29], the Freundlich constants, which have to do with
adsorption intensity, vary with the material's
heterogeneity. It has been demonstrated that a desirable
value for this constant should be near to 0.6 [18]. Tables
6 do not contain a value that comes close to it. The
expressions for Langmuir and Freundlich isotherms in
equations (5) and (6) are,

c_1! +C (5
Sc Kads 1
logS, =logK,4s + ElogC (6)

where K,4¢ is the adsorptive equilibrium constant, Sc is
the degree of surface covering, and C is the
concentration of inhibitor and n is the number of
displaceable water molecules by molecules of inhibitor
on the metal surface. The free energy of adsorption
(AG4s) was computed based on Equation (7):
AGu4s = —RTIn(55.5K) (7

Where, T = absolute temperature, R = universal gas
constant, and the number 55.5 indicates the water’s
molar concentration. The values of AG,4s for thiourea
and thiourea + ZnCl, ranged from -9.22 kJ mol™ to -
15.66 kJ mol ' (Table 6), demonstrating the spontaneity
of the adsorption processes. [30]. The numbers
additionally illustrated the process's reversibility
(physisorption) [31].

Table 6. Parameters of Langmuir and Freundlich adsorption isotherm for thiourea and thiourea + ZnCl, as inhibitor of mild steel
corrosion in acid medium at different temperatures.

Isotherm Temp. R? Intercept  Slope K.as Isotherm AG,q4
(a) constant
Langmuir 298 0.9991 0.0001 1.6863 10.000 -15.66
(Thiourea) 308 0.9985 0.0002 2.0375 5.0000 -13.94
318 0.9980 0.0003 2.2678  3.333.3 -13.39
328 0.9963 0.0006 1.8274  1.666.6 n -12.35
Freundlich 298 0.9359 0.4755 0.1654  -0.7434 6.0459 -9.22
(Thiourea + 308 0.9148 0.4531 0.1607 -0.7916 6.2228 -9.69
Zn*") 318 0.9272 0.4401 0.1599  -0.8208 6.2539 -10.10
328 0.9399 0.4401 0.1642  -0.8208 6.0901 -10.41
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Fig. 6. Langmuir and Freundlich adsorption isotherms for adsorption of (a) thiourea alone (b) thiourea + ZnCl, on mild steel in 0.5
M H,SO, solution at various temperatures

2.6 Synergism effect parameters.
The synergism parameters (Sp) were estimated

using the following equation (8) based on the acquired
surface coverage values.
1-S;—S5;+ (51 XS3)
SP =
1= Si4s

8)

Where, S; and Sj,are the surface coverage in each
component's independent presence, while S;,,is the
degree of surface coverage in their coexistence. As the
concentration of thiourea rises, the synergism
parameter, Sp, rises as well until it reaches its maximum
value.

Table 7. Synergism parameter (Sp) for various concentrations
of thiourea + ZnCl, as mild steel corrosion inhibitor.

Thiourea Zn*™ Sp
M) (mM)  25°c  35°C 45°C 55°C
0.0002 5 .00 106 110 112
0.0004 5 115 114 116 119
0.0006 5 151 155 147 149
0.0008 5 203 183 175  1.62
0.001 5 258 202 299 212
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The majority of Sp values at increasing concentrations
of thiourea are obviously more than 1, as shown in
Table 7, demonstrating the synergistic nature of the
corrosion inhibition caused by the complex of thiourea
and ZnCl, [32]. It is obvious that as experimental
temperature rises, the synergism parameter's value rises
as well.

2.7 Scanning electron microscopy (SEM) Analysis

To compare the surface morphology before and
after the inhibitor was applied at 298 K, mild steel was
immersed in 0.5 M H,SO, for 6 hours. Figure 7(b)
illustrates the severely damaged mild steel surfaces
caused by the generation of corrosion products
following immersion in acid solution. The polished steel
obtained by SEM without exposure to corrosive
conditions is shown in Figure 7(a), which makes it
clearer that the metal sample before immersion seems
smooth and has some scratches of abrading on the metal
surface. Nevertheless, the surface of steel in Figure 7(c)
SEM picture following immersion in sulphuric acid
solution with 0.001 M thiourea + 5 mM ZnCl, only
suffered slight deterioration. There was less contact
between the aggressive medium and the steel as a result
of the mild steel's greater surface area. So mild steel
corrosion can be successfully avoided with a sufficiently
absorbent protective layer [33].
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Fig. 7. SEM pictures of mild steel (a) before immersion (b) after immersion in acid soluton and (c) latter immersion in 0.001 M
thiourea + ZnCl, solution for 6 h.

2.8 Fourier Transfer Infrared Spectroscopy (FTIR)
Analysis

Figure 8 depicts the FTIR spectrum of the
thiourea-containing coating that formed on the mild steel
surface following immersion in sulphuric acis solution.
The frequency of the C=S stretching has changed from
730.19 to 582.54cm™1The frequency of the N-H stretch
has changed from 3076.41 to 3424.15cm™1). The
frequency of the C-N stretching has changed from
633.41 and 2110..01 cm™?! to 2363.96¢cm™ 1 This
shows that the sulphur atom of the C=S group and the
nitrogen atom of the N-H group on the mild steel surface
have coupled with thiourea to produce the Fe’* - Thiourea
compound. complex. Accordingly, the FTIR analysis
reveals that the protective coating is made up of a Fe**-
thiourea complex that has developed on the metal surface.
[34].
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Fig. 8. FTIR spectrum of thiourea powder and corrosion
product

3. Experimental
3.1. Chemicals

The corrosive medium, 0.5 M sulphuric acid, was
made by combining laboratory-grade sulfuric acid with
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distilled water. without additional purification, thiourea
(99%) was utilised (Tianjin Kermel Chemical Reagent
Company, China). Inhibitor doses ranging from 0.0002 to
0.001 M were added to a 0.5 M sulphuric acid solution to
form the testing solution. On the other hand, the absence
of inhibitors in the solution was referred to as "blank."

3.2 Quantum Chemical Computations
The Gaussian 09W software was wused to make
calculations for quantum chemistry. Using the
generalized gradient approximation (GGA) functional of
BLYP/6-311G+(d, p) of the density functional theory
(DFT), we performed geometrical optimizations and
frequency computations. The effect of the solvent was
taken into account to obtain

more trustworthy data. Investigations were also
made into the quantum chemical properties resulting from
the optimized structures [18].

AE ; Erumo — Enomo €C))
o= E (10)
AE
n=- (11)
—(F + E
_ ( HOMo2 LUMO ) (12)
(XFe — Xinh ) (13)

B 2X (nFe - T]inh)

Where, Ng, = 0 eV and Xz, = 7 in case of iron,
AE = energy gap, E;yyo = lowest unoccupied molecular
orbital energy, Epomo= highest occupied molecular
orbital energy, o= global softness, n= absolute hardness,
X = absolute electronegativity, AN = number of electrons
transferred

3.3 Monte Carlo Simulations.

Using Materials Studio software's adsorption
locator module (version 2020, BIOVIA), the adsorption
behavior of thiourea molecules on iron surface was
investigated. The simulations were carried out in a
simulation box with periodic boundary conditions,
measuring 41.15 x 36.58 x 29.97 inches, to recreate an
interface segment representative of the interface free from
arbitrary boundary effects. The structures of every system
component were improved using COMPASS, the first ab
initio forcefield capable of precisely predicting chemical
and condensed-phase characteristics for a range of
chemical systems [35].

3.4 Weight loss Measurement
Manganese (0.56), phosphorus (0.04), carbon
(0.27), silicon (0.25), sulphur (0.04), and iron make up
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the bulk of the mild steel coupons' (wt %) composition.
Mild steel coupons measuring 4.1 cm x 2.1 cm x 0.08 cm
were manually press-cut as part of the process and were
grounded using Emery paper. The weighed coupons were
immersed in the acidic medium with and without
inhibitors for six hours at 298, 308, 318, and 328 K.
Specimens were taken out of the acid solution after the
experiment, washed with acetone, allowed to dry by air,
and then weighed [36].The corrosion rate and inhibition
efficiency are calculated using Equations (14) through
(16) using the mean weight loss.
C W, =W,
R At
where, Cy is the corrosion rate, A is the total exposed
area in cm’, W, is the initial weight before immersion, W;
is the final weight after immersion, t is the exposed time
in minutes.
[W] inh

Sp = (1 - —) (15)
¢ [W]uninh
% IE =S, %100 (16)
where [W],ninn= mass loss in the absence of inhibitors,

[W]inn= mass loss in the presence of inhibitors, S.=
Surface coverage

(mg cm™?min~1) (14)

3.5 Electrochemical impedance spectroscopy (EIS)
measurement

Electrochemical measurements were performed
using a Bio Logic VMP potentiostat electrochemical
analyzer model SP- 300 with EC- Lab software in a
conventional three-electrode cell. The active electrode
was a mild steel coupon. Graphite electrode and Ag/AgCl
(3 M KCIl) were used as the reference and counter
electrodes, respectively. The EIS measurements were
carried out in a potentiostatic environment, from 100 kHz
to 0.1 Hz. Zsimpwin 3.10 was used to match the
impedance data [37,38].

3.6 SEM Analysis

By using scanning electron microscopy (SEM)
analysis, the surface morphology of the layers formed on
coupon was investigated in both the absence and presence
of the 0.001 M inhibitor concentration. The specimens
were removed, dried, and examined by the JSM-6360 LV
apparatus using SEM photographs of their surfaces [33].

3.7 FTIR Analysis

The Furier Transfer Infrared Spectroscopy (FTIR) data
was merged with a data table created using FTIR spectra
that were made available to the public. The mild steel
coupons were removed from the 100 mL of 0.001 M
thiourea after 6 hours and dried. After being gently
scraped off, the thin film that had amassed on the metal
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surfaces was then properly mixed with KBr to make it
consistent throughout [17].

4. Conclusion

The investigated inhibitor shown a strong ability to
inhibit mild steel surfaces from corrosion when in touch
with sulfuric acid solution. Along with the surface
analysis characterisation, theoretical and experimental
methods supported this conclusion. From this research, it
may be inferred that:

1.

ii.

1ii.

1v.

Thiourea acts as an inhibitor for mild steel in a
0.5 M sulphuric acid medium.

The efficiency of the inhibition rises with the
concentration of the inhibitors.

A synergistic effect increased the inhibitory
efficacy when zinc ions were added to thiourea.
Both the Langmuir and Freundlich adsorption
isotherms were obeyed by the adsorption of
thiourea alone and in conjunction with zinc ions.
Physisorption was involved in the inhibitory
process, according to the thermodynamic
characteristics estimated from the adsorption
isotherms.
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