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The synergistic effect between 4-amino-5-methyl-4H-1,2,4-triazole-3-thiol (AMTT) and halides on the
corrosion of mild steel in 0.5 M H,SO, solution at 20 °C is investigated by potentiodynamic
polarization and electrochemical impedance spectroscopy (EIS). Experimental results revealed the
significant synergistic action of halides on the protective effect of AMTT. Both protection efficiency
(%P) and degree of surface coverage (8) increase with increasing AMTT concentration, and the effect
of halides on the protection efficiency follow the trend: CI" < Br < I" indicating that the radii and
electronegativity of the halide play a prominent role in the adsorption process. In contrary the
synergism followed the reverse order due to the effective inhibition efficiency of iodide. The
adsorption of the AMTT accords with the Temkin adsorption isotherm. Some thermodynamic and
Kinetic parameters have been calculated and discussed.
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1. INTRODUCTION

Acid solutions are generally used for the removal of undesirable scale and rust in the metal
working, cleaning of boilers and heat exchangers. However, in such harsh media metals severely
corrode. To avoid the dissolutions of metals, organic inhibitors should be added to protect those metals
from dissolution. Corrosion inhibitors effectively eliminate the undesirable destructive effects of
aggressive media and prevent iron dissolution. A perusal of the literature on acid corrosion inhibitors
reveals that most of the well-known corrosion inhibitors contains nitrogen, sulfur, and oxygen atoms
with nitrogen containing organic compounds as an efficient inhibitors in HCI solution and those with
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sulfur containing compounds as efficient inhibitors in H,SO4 solution [1-10]. Compounds containing
both nitrogen and sulphur can provide excellent corrosion protection efficiency compared with
compounds containing either nitrogen or sulphur [1,2,11].

On the other hand, triazoles (heterocyclic compounds containing N and S) have been reported
as an effective corrosion inhibitors [7-9,12-14]. In addition, it has been reported that many N- and S-
containing triazole derivatives are environmentally friendly corrosion inhibitors [12,13]. The inhibition
efficiency could be increased by what is the so-called synergism; adding a low cost species to the
organic inhibitor for the sake of enhancing the adsorption of the organic inhibitor via the formation of
a bridge; a previously adsorbed anions enhances the adsorption of positively charged inhibitors
increasing the inhibition efficiency. Synergistic inhibition is an effective means to improve the
inhibitive effect of an inhibitor via enhancing its adsorption through ion-pair interactions, to decrease
the amount of usage, to diversify the application of an inhibitor [15-20]. In this work the inhibition
efficiency of 4-amino-5-methyl-4H-1,2,4-triazole-3-thiol (AMTT) on the corrosion of mild steel in 0.5
M H,SQ, is studied. Control of corrosion extend the life of the equipment, and suppress the dissolution
of environmentally toxic metals from components. Also the synergistic action of halides on the
corrosion inhibition of steel by AMTT is studied.

2. EXPERIMENTAL

2.1. Mild steel sample

Tests were performed on mild steel of the following composition (wt. %): 0.07% C, 0.29% Mn,
0.07% Si, 0.012% S, 0.021 % P and the remainder iron. Samples of 0.5 cm? were used.

2.2. Inhibitor

AMTT inhibitor of structure shown below was synthesized as reported elsewhere [21]. Sodium
halides were obtained from Aldrich and used as received.

2.3. Solutions

The solution of 0.5 M H,SO, was prepared by dilution of AR grade 98% H,SO,. Stock
solutions of AMTT and sodium halides were prepared in 0.5 M H,SO, and the desired concentrations
were obtained by appropriate dilution.

2.4. Electrochemical measurements

Electrochemical experiments were carried out in a conventional three-electrode cell with a
platinum counter electrode (CE) and a Hg/Hg,SO4/SO,* coupled to a fine Luggin capillary as the
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reference electrode (RE). Potential values are represented with respect to the saturated calomel
electrode. In order to minimize the ohmic contribution, the Luggin capillary was kept close enough to
the working electrode (WE) which was fitted into a glass tube of proper internal diameter by using
epoxy resins. The WE surface area of 0.5 cm? was abraded with emery paper down to grade 2000 on
test face, rinsed with distilled water, degreased with acetone, and dried with a cold air stream. Before
measurements the electrode was immersed in the test solution at open circuit potential (Eocp) for 15
min at 20 °C or until the steady state is obtained. All electrochemical measurements were carried out
using PGSTAT potentiostat/galvanostat. Potentiodynamic polarization curves were scanned in the
potential range of Eocp £ 250 mV at a scan rate of 2 mV/s. Current densities were calculated on the
basis of the apparent geometrical surface area of the electrode. The measurements were repeated at
least three times to test the reproducibility of the results.

3. RESULTS AND DISCUSSION

3.1. Open circuit potential (Eocp)
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Figure 1. Open circuit potential, Eocp Vvs. time relations for mild steel immersed in 0.5 M H,SQOy in the
absence and presence of AMTT inhibitor at 20 °C.

Figure 1 shows the change of Eqcp With time obtained at mild steel in 0.5 M H,SO, both in the
absence and presence of various concentrations of AMTT ion at 20 °C. Inspection of this figure reveals
several interesting points;

1. As can be seen Eqcp in the blank solution started at -503 mV then shifted anodically and
the steady state is obtained after ca. 10 min. This indicates the initial dissolution process of the air
formed oxide film and the attack on the bare metal.
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2. In the presence of AMTT, the Eocp started at relatively positive potential compared with
that in the absence of the inhibitor and then shifted cathodically. The steady state is attained rapidly,
compared with the blank. With increasing the concentration of the inhibitor the shift in the open circuit
potential increases in the active direction pointing to that the inhibitor might act mainly as an anodic
inhibitor. According to Riggs [22], the classification of a compound as an anodic or cathodic type
inhibitor is based on the Eocp displacement; if the shift in Eocp is at least £85 mV compared to the one
measured in the blank solution it can be classified as an anodic or cathodic inhibitor. However, from
Fig. 1 the shift in Eocp on adding AMTT is about 55 mV revealing that the present inhibitor act as a
mixed type inhibitor.

The initial positive shift could be attributed to the adsorption of the inhibitor and the partial
attraction of electrons by nitrogen and/or sulfur atom with high electronegativity in the inhibitor
decreasing the electron density on the iron.
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Figure 2(a-c). Open circuit potential, Eocp Vs. time relations, for mild steel in 0.5 M H,SO,4 in the
absence and presence of AMTT inhibitor and 1x10™ M halide; (a) for NaCl, (b) for NaBr and
(c) for Nal.

The variation of Eocp of mild steel in the absence and presence of the inhibitor and/or halides
was followed as a function of time as shown in Fig. 2(a-c). The Eocp vs. time curve for the blank shift
to the less negative direction and takes around 10 min to attain the steady state as mentioned above.
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When the inhibitor and/or halide ions are/is added, the Eocp starts at relatively positive potential
compared with that in the absence of both species and the steady state takes shorter time to be attained.
The Eocp in the presence of any of the two species or in the presence of both is relatively positive
compared with the blank. However the shift is not that much to classify the inhibitor as an anodic or
cathodic one according to Riggs [22].

3.2. Polarization Measurements

Figure 3 shows the potentiodynamic polarization curves for mild steel in 0.5 M H,SO4 in the
absence and presence of various concentrations of AMTT at 20 °C. Polarization parameters including
corrosion potential, Ecor , corrosion current density, lqor, Tafel slopes, f. and S, and the percentage
protection efficiency (%P) derived from this Figure are given in Table 1. The effect of AMTT inhibitor
on the anodic branch is significant; the anodic branch bodily shifted to lower currents while the effect
on the cathodic branch is comparatively lower. Also the corrosion potential shifts to anodic direction
and the shift increases with increasing the concentration consistently with the results in Fig.1. The
effect of inhibitor concentration on the Tafel slopes is not significant indicating that the inhibitor exerts
its action via simple blocking, and that the adsorption of the inhibitor does not change the mechanism
[23].
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Figure 3. Potentiodynamic polarization curves for mild steel in 0.5 M H,SO, in the absence and
presence of AMTT inhibitor at 20 °C.

The percentage protection efficiency, %P listed in Table 1 is calculated by the following
equation

%P = {1—:—1} 100 )

corr2
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where icom1 and icor2 are corrosion current densities in the presence and absence of inhibitor,
respectively. Figure 4 shows the dependence of the protection efficiency on the inhibitor concentration.
The plot is of sigmoid shape; i.e. %P increases with the concentration until it reaches a plateau at
protection efficiency ca. 94% indicating the significant protection of the present inhibitor under the
present conditions.

Table 1. Polarization data for mild steel in 0.5 M H,SO, with AMTT inhibitor at 25 °C.

10° [AMTT] Be Ba leorr
(mV/dec) (mV/dec) (nA/cm?)

0 -461 102 83 201 - -
5 -456 96 81 132 0.34 34
10 -443 97 74 55 0.62 62
15 -425 96 76 32 0.81 81
20 -419 94 78 17 0.92 92
25 -415 93 79 12 0.94 94
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Figure 4. Dependence of the protection efficiency (%P) on AMTT inhibitor concentration for mild
steel in 0.5 M H,S0, at 20 °C.

Figure 5 shows the polarization curves for mild steel in 0.5 M H,SO, in the absence and
presence of 5x10° M AMTT and/or 1x10™ M of halide ions. It is clear that the mild steel corrosion is
slightly inhibited in the presence of either a small concentration of inhibitor or halide ions. The
polarization parameters extracted from this figure are given in Table 2. In the presence of lower
concentrations of individual species (inhibitor or halide ions), the effect on E.or and leor IS NOt
significant. In the presence of halide ions only a slight decrease in the corrosion rate i.e., slight shifts in
both anodic and cathodic currents are obtained. This could be ascribed to adsorption of halide over the
corroded surface [24]. In other words, both cathodic and anodic reactions of mild steel are slowly
retarded by halides. In the presences of iodide only, the inhibition is significant. Generally, the
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adsorbability of anions is related to the degree of hydration. The less hydrated ion is preferentially
adsorbed on the metal surface. The ease of adsorption (greater protection efficiency) shown in the case
of the iodide ions may be due to its less degree of hydration. The protective effect of halide ions is
found to be in the same order as that of adsorption ability [17]. In the coexistence of both species,
however, the anodic branch is significantly shifted to lower currents. The considerable increase in the
inhibition of corrosion in the coexistence of inhibitor and halide ions points to the co-operative
adsorption of both species.
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Figure 5(a-c). Potentiodynamic polarization curves for mild steel in 0.5 M H,SO, in the
absence and presence of AMTT inhibitor and 1x10™° M halide; (a) for NaCl, (b) for NaBr and
(c) for Nal.

Figure 6 illustrates the dependence of the protection efficiency on halide concentration
coexisting with a constant concentration of the inhibitor. As can be clearly seen increasing the
concentration of halide increases the inhibition efficiency even though the inhibitor concentration is
constant. At the same concentration of halides the increase in the protection efficiency is as follows: I’
> Br” > CI consistently with the arrangement of the inhibition efficiency in the presence of halides; in
the same order of the radius and degree of hydration of halides.
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Table 2. Polarization data and synergism parameter for AMTT inhibitor and halides on mild steel in
0.5 M H,S0, at 20 °C.

Be Pa
Medium (mV/dec) (mV/dec)
Blank -461 102 83 201 -- --
5x10° M AMTT -456 96 81 132 34 0.34
1x10> M CI -451 95 71 171 15 0.15
5x10° M AMTT +  -447 93 73 52 74 0.74 2.16
1x10° M CI
1x10™ M Br -455 91 79 143 29 0.29
5x10° M AMTT +  -448 93 74 46 77 0.77 2.01
1x10° M Br
1x10° M I -451 96 73 123 39 0.39
5x10°M AMTT +  -445 93 69 42 79 0.79 1.92
1X10° M I
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Figure 6. Effect of halide ion concentration on %PI for mild steel in 0.5 M H,SO, containing 5x10°
M AMTT inhibitor at 20 °C.

3.4. Synergism

There are several controlling factor for the inhibiting effect of organic inhibitors such as the
molecular structure of the organic compounds, surface charge density and the potential of zero charge
of the metal. The adsorption of a cationic inhibitor is expected to be enhanced by increasing the
negative charge density on the metal surface. Thus the pre-adsorption of a halide could enhance the
adsorption of the cationic inhibitor due to ion—pair interactions between the molecules and the halide
ions, resulting in what is the so-called inhibition synergism. Halide ions interconnect the positively
charged inhibitor and the positively charged electrode (under the present conditions). In other words
the inhibitor molecules are protonated and thus the pre-adsorption of halides on the metal surface
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enhances the inhibitor adsorption. This interaction can be quantized by a parameter called synergism
parameter (Sy) [25,26] which is defined as,

Sg = 1-01+2 / 1-9'1+2 (2)

where: 6142 = (01 + 0,) — (616,); 61 and 6, are the degrees of surface coverage in the presence
of the halide ion and the AMTT, respectively, and 6"., is the degree of surface coverage in the
presence of both species. Sy approaches unity when no interaction takes place between the inhibitor
molecules and the halide ion. At Sy > 1, a synergistic effect is obtained as a result of a co-operative
adsorption. In the case of Sy < 1, antagonistic behavior prevails due to a competitive adsorption [27].
Figure 7 shows the effects of halides ions concentration on S, estimated in the presence of 0.5 M
H.SO, solution containing 5x10° M AMTT and different concentration of halides. The S, values are
found to be higher than unity, suggesting a real synergistic action of halide ion with the inhibitor. The
above results reveal that AMTT can act as an effective inhibitor in the presence of halide ions even at
low concentrations of AMTT inhibitor. The obtained Sy is in the order: CI" > Br > I while the
protection efficiency is in the order: CI" < Br <1 in agreement with literature [28,29]. This could be
explained on the basis that the inhibition efficiency in the presence of iodide is relatively high,
compared with the bromide and chloride.
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Figure 7. Effect of halide ion concentration on the synergism parameter (Sg) obtained for mild steel in
0.5 M H,SO, containing 5x10° M AMTT inhibitor at 20 °C.

3.4. Electrochemical impedance spectroscopy (EIS)

Figure 8 shows Nyquist plots of steel in 0.5 M H,SO, both in the absence and presence of
various concentrations of AMTT at 20 °C after 30 min of immersion. The charge transfer resistance
(Ret) values are calculated from the difference in impedance at lower and higher frequencies [30]. The
inhibition efficiency obtained from the charge transfer resistance is calculated by the following
equation



Int. J. Electrochem. Sci., Vol. 9, 2014 4095

% P = {(1/ Ry)o—(1/ Rco}mo )
(/R

where (Rct)o and (R¢;) are the values of charge transfer resistance in the absence and presence of
the inhibitor, respectively. As can be seen depressed semicircles are obtained in the presence of various
concentrations of AMTT and the radius of those circles are concentration sensitive, it increases
significantly with increasing concentration of AMTT. The Nyquist plots at high frequencies are not
perfect semicircles and this difference has been attributed to frequency dispersion as a result of
roughness of the electrode surface [31]. This anomalous phenomenon can be attributed to the
inhomogeneity of the electrode surface arising from surface roughness or interfacial phenomena [32].
Charge transfer resistance (R.) and inhibition efficiency (%P) values are given in Table 3.
Interestingly, a high consistency between the results obtained by impedance measurements and
polarization curves are shown (compare last columns in Tables 1 and 3).
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Figure 8. Nyquist plots for mild steel in 0.5 M H,SOy4 in the absence and presence of AMTT inhibitor
at 20 °C.

Table 3. Polarization resistance and protection efficiency for corrosion of mild steel in 0.5 M H,SO,
containing AMTT inhibitor at 20 °C.

10° [AMTT],M Ry (ohmscm?) %P

0 52 -

5 80 35
10 138 62
15 297 82
20 634 92
25 661 93
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Figure 9 shows impedance plots for mild steel in 0.5 M H,SO; in the absence and presence of
5x10° M AMTT and/or 1x10° M of halide ions. The charge transfer resistance obtained in the
presence of either a small concentration of inhibitor or halides are slightly longer than that of the
blank. The presence of inhibitor with halide tremendously increases the radius of the semicircle in the
Nyquist plots. For instance, R equals to 52 ohms cm? for the blank solution and 61, 79 and 191 ohms
cm? in the presence of AMTT, CI"and AMTT + CI, respectively. The charge transfer resistance in the
co-existence of the two species is more than double compared with that obtained in the individual
presence of AMTT or halide ions. Again this confirms the high protection efficiency of AMTT,
especially in the presence of halides which enhance the adsorption of AMTT via the formation of a
bridge in which halide ions are initially adsorbed on the electrode surface followed by the adsorption
of the inhibitor.
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Figure 9(a-c). Nyquist plots for mild steel in 0.5 M H,SO, in the absence and presence of AMTT
inhibitor and 1x10™ M halide; panel (a) for NaCl, panel (b) for NaBr and panel (c) for Nal.

Figure 10 shows Nyquist plots for steel in 0.5 M H,SO, containing constant concentration of
AMTT and different concentrations of halides. The semi-circle radius in the presence of 5x10° M
AMTT is so small. On adding halides the radius increases reflecting the increase in the inhibition
efficiency as shown in Table 4. For instance the protection efficiency in the presence of AMTT only
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equals 35% and in the presence of the same concentration of AMTT after adding 1x102 M CI" equals
to 80% confirming the synergism in consistent with polarization results shown above.
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Figure 10(a-c). Effects of halides concentration on the protection efficiency (%P) for mild steel in 0.5
M H,S0, containing 5x10° M AMTT inhibitor at 20 °C.

Table 4. Effects of halides concentration on %P1 for mild steel in 0.5 M H,SO,4 containing 5x10° M
AMTT inhibitor at 20 °C.

CI Br I
1x10™ 74 77 79
1x10™* 77 79 81
1x10~ 80 81 82
1x10° 82 83 84

3.5. Effect of temperature and kinetic parameters

The effect of temperature on the inhibition efficiency was studied in the temperature range of
20 to 50 °C in 0.5 M H,SO4 both in the absence and presence of various concentration of AMTT
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inhibitor. Values of I,y and %P are listed in Table 5. The Table shows clearly that the corrosion rate
increases and protection efficiency decreases with temperature. The decrease in %P with temperature
suggests that physical adsorption is the predominant mechanism [33,34]. Generally the increase in
temperature usually accelerates the hydrogen gas evolution in acidic medium which results in higher
dissolution rate of the mild steel.

lcorr Values were determined from the corresponding Tafel plots and subsequently the apparent
activation energy were estimated from the Arrhenius plots shown in Fig. 11. The dependence of the
corrosion rate on temperature is expressed as follows:

Int,,, =InA- Ff‘?’ (4)

where A is the Arrhenius pre-exponential constant, E, is the activation energy, R is the
universal gas constant (8.314 J mol™ K™), and T is the absolute temperature (K).

Table 5. Effects of temperature on the corrosion of mild steel in 0.5 M H,SO, in the absence and
presence of AMTT inhibitor.

Temperature (K)

108 293 303 313 323

[AMTT], |- %P 0 lcorr %P 0 lcorr %P 6 lcorr %P 6

M (nA/cm?) (nA/em?) (nA/em?) (nA/em?)

0 201 -- -- 262 -- - 339 - - 412 -- --

5 132 34 0.34 180 31 031 247 27 027 317 23 0.23
10 55 62 0.62 104 60 0.60 152 55 055 198 52 052
15 32 81 081 55 79 079 91 73 073 132 68  0.68
20 17 92 092 26 20 090 57 83 083 01 78 078
25 12 94 094 21 91 091 47 86 0.86 82 80  0.80
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T T T T
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Figure 11. Arrhenius plots for the corrosion of mild steel in 0.5 M H,SO, in the absence and presence
of AMTT inhibitor.
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Activation energy values obtained are given in Table 6. The increase in activation energy with
inhibitor concentration is often interpreted by physical adsorption with the formation of an adsorptive
film of an electrostatic character.

To further gain insight on the mechanism of adsorption of change of enthalpy (AH") and the
entropy (AS") of activation complex in the transition state were calculated using transition state
equation

# #
In Loore = In(i) + AS”|_AH (5)
T hN R RT
where h is the Blank’s constant (6.6261x10% Js), R is the universal gas constant and N is the
Avogadro’s number (6.0225x10%° mol™).
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Figure 12. Transition state plots for the corrosion of mild steel in 0.5 M H,SO, in the absence and
presence of AMTT inhibitor.

Table 6. Activation parameters for the corrosion of mild steel in 0.5 M H,SO, in the absence and
presence of AMTT inhibitor.

10° [AMTT], M Ea(kImol™  AH(KkImol™) AS@mol*K")  AGags (ki mol™)

0 18.95 23.28 -123.71 -

5 23.11 27.68 -111.41 -33.17
10 33.25 37.91 -83.14 -34.73
15 37.41 41.98 -714.24 -36.05
20 45.73 49.88 -52.04 -37.91
25 49.22 53.79 -42.82 -38.34

Figure 12 shows the plot of In(le/T) vs. 1/T for mild steel corrosion in 0.5 M H,SO,4 both in
the absence and presence of AMTT. Values of AH” and AS” were calculated from the slope and
intercept, respectively. The positive values of AH" both in the absence and presence of AMTT reflect
the endothermic nature of the steel dissolution process which reflects the difficulty of steel dissolution
[35]. Large and negative values of AS" in the absence and presence of AMTT indicates that the



Int. J. Electrochem. Sci., Vol. 9, 2014 4100

activation complex in the rate determining steps includes association rather than dissociation step. The
negative values of AS,qs are expected as the adsorption process is accompanied by a decrease in the
disorder of the system due to the adsorption of the free bulky inhibitor molecules onto the electrode
surface.

3.6. Adsorption isotherm and thermodynamic parameters

The adsorption of an inhibitor is a substitutional process in which the adsorbed water molecule
is being replaced by inhibitor molecules according to the following equation [36];

Org(son + nHZO(ads) — Org(ads) + I’leO(soD (6)

where Orgsoy and Orgads) are the organic molecules in the aqueous solution and that adsorbed
on the metal surface, respectively. H,Oqs) is adsorbed water molecules and n is the number of water
molecules replaced by one inhibitor molecule. Adsorption isotherms can provide the basic information
on the interaction between the inhibitor and the mild steel surface. Four types of adsorption may take
place involving organic molecules at the metal solution interface: (i) electrostatic attraction between
charged molecules and the charged metal, (ii) interaction of unshared electron pairs in the molecule
with the metal, (iii) interaction of p-electrons with the metal and (iv) a combination of the above, i.e.,
Inhibitor can function by physical adsorption, chemisorption or by complexation with the metal.

Attempts were made to fit experimental data to various isotherms including Langmuir, Temkin,
and Flory—Huggins isotherms. It has been found that the experimental results in this study for AMTT
and AMTT/halide ions systems accord with Temkin isotherm (Eq. 4) [37] and the plots are presented
in Figs. 13 and 14, respectively.

exp(-2a0) = KC (7

where 0 is the degree of surface coverage (determined from the polarization curves shown
above), C the inhibitor concentration, a the molecular interaction parameter and K the equilibrium
constant of the adsorption process. Temkin adsorption isotherm gives an explanation about the

heterogeneity formed on the metal surface.
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Figure 13. Temkin adsorption isotherms for AMTT inhibitor on mild steel in 0.5 M H,SO;, at 20 °C.
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Figure 14. Temkin adsorption isotherm for AMTT inhibitor (inset) and halides on mild steel in 0.5 M
H,S0, at 20 °C.

The equilibrium constant of the adsorption process is related to the standard free energy of
adsorption process by the following equation [38];

AGags = -RT In(55.5K) (8)

where 55.5 is the concentration of water expressed in mol dm™. The adsorption parameters
derived from the plots are listed in Table 6. As shown in this table, values of free energy of adsorption
(AG,gs) are negative and lie between-33.17 to -38.34 kJ mol™. The negative values of AG,qgs reveal a
spontaneous adsorption process. Generally, values of free energy of adsorption up to -20 kJ mol™ are
consistent with electrostatic interaction between charged molecules and a charged metal while those
more negative than -40 kJ mol™ involves charge sharing or transfer from the inhibitor molecules to the
metal surface to form a co-ordinate type of bond. Values of AG,gs Obtained in the present study are in
the range -33.17 to -38.34 kJ mol™. This indicates that the adsorption of the present inhibitor involves
combination of both physisorption and chemisorption [39]. In fact the adsorption process could not be
classified either as purely physical or chemical. Moreover, the criteria of adsorption type obtained
from the change of activation energy, shown above, cannot be taken as a decisive due to competitive
adsorption with water molecules, whose removal from the surface requires also some activation energy
[40,41]. Therefore, it is concluded that, the adsorption of molecules on the mild steel surface from 0.5
M H,S0O, solution takes place through both physical and chemical processes simultaneously.

It becomes clear that the inhibition action of AMTT at the corrosion of mild steel increases
significantly in the presence of halides as revealed by the potentiodynamic polarization and
electrochemical impedance spectroscopy measurements.
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4. CONSLUSION

The synergistic inhibitive effect between AMTT inhibitor and halides on the corrosion of steel
in 0.5 M H,SO, has been studied and the following points were concluded,

1. AMTT inhibits the corrosion of mild steel in 0.5 M H,SO,4 and it retarded both cathodic
and anodic branches albeit to different extents.

2. Protection efficiency of AMTT inhibitor was increased by adding halides due to co-
operative adsorption of the inhibitor and halides.

3. Experimental data were found to follow Temkin adsorption isotherm.
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