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Abstract

A few l-aryl-2,5-dithiohydrazodicarbonamides and their triphenyltin and dibutyltin
complexes have been studied as corrosion inhibitors for mild steel in dimethyl
sulphoxide containing HCl at 25 °C using electrochemical polarisation technique.
Among dithiohydrazodicarbonamides, ethoxyphenyl derivative exhibited maximum
inhibition efficiency (IE) followed by benzyl and phenyl analogues. The same order of
IE was observed in their corresponding organotin complexes; however, IE of a complex
was found to be significantly higher than that of the constituents ligand. All organotin
complexes behaved predominantly as cathodic inhibitors. Triphenyltin complexes
proved to be better corrosion inhibitors than their dibutyltin analogues.

Keywords: Organotin dithiohydrazodicarbonamides, corrosion inhibitors, mild steel-
DMSO, HCL

Introduction
Dithiohydrazodicarbonamides have been successfully employed as inhibitors for
corrosion of copper in aqueous chloride solution [1,2]. These compounds and

their molybdenum and tungsten complexes have been reported as excellent
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extreme pressure lubricant additives [3] as well as corrosion inhibitors for mild
steel-1.0 N sulphuric acid system [4]. Organotins are also known for their
corrosion inhibiting properties [5-8]. It is an established fact that complexes, in
general, exhibit better corrosion inhibiting tendencies as compared to their
respective  ligands  [9-12]. A  few  organotin = complexes  of
dithiohydrazodicarbonamides thereby are being used here as corrosion inhibitors

for mild steel-dimethyl sulphoxide containing HCI.

Experimental

The kinetics of corrosion inhibition of mild steel in dimethylsulfoxide medium
with 0.2 M hydrochloric acid was studied using tetracthylammonium chloride as
the supporting electrolyte in the absence and presence of various concentrations
of inhibitors at 25 °C by potentiostatic polarization technique. The results
obtained from these experiments have been used to explain the mechanism of
corrosion inhibition.

The polarization experiments were carried out in a three-necked double walled
pyrex glass assembly. The cell was air-tight, containing an inlet with variable
depth for nitrogen gas and an outlet with CaCl, tube attached to it. The three
electrode cell assembly consisted of a working electrode of mild steel (1 cm’
exposed area), a saturated calomel electrode with KNO; salt bridge as a reference
electrode and a platinum counter electrode. The working and reference electrodes
were kept very close to each other in order to minimize IR drop. Water, at a
constant temperature from a thermostatic water-bath, was circulated through the
space between the two walls to maintain the temperature of the cell. For applying
different potentials across the working and reference electrodes, use was made of
the Wenking model POS 73 potentiostat and steady state current values were
recorded from the ammeter on the panel of the potentiostat.

The working electrode specimens for electrochemical experiments were prepared

from mild steel sheets having the following percentage composition:

C Mn Si P S N Cu Cr Fe

0.12 0.11 0.02 0.02 0.02 0.02 0.01 0.01 | reminder

316




R.B. Rastogi et al. / Portugaliae Electrochimica Acta 23 (2005) 315-332

The specimens were mechanically polished successively with 1/0, 2/0, 3/0 and
4/0 grades of emery papers. After this, the surface was thoroughly washed with
soap, running tap water, distilled water and finally was degreased with acetone.
The samples were dried and stored in a vacuum desiccator before immersing in
the test solution.

The solvent DMSO (E. Merck) was first treated with alumina and then was
distilled three times under reduced pressure according to the reported method
[13]. The solutions were prepared by dissolving corresponding volumes of
standard hydrochloric acid (HCI was standardized titrimetrically) in DMSO using
0.1 M tetraethylammonium chloride as supporting electrolyte.

The polarization studies were performed in dimethylsulfoxide 0.02 M
hydrochloric containing 0.1 M tetraethylammonium chloride as supporting
electrolyte, with and without the inhibitors. Before starting the polarization
experiment, the open circuit potential (OCP) at the metal-electrolyte interface
was noted. After determining the OCP, the potential was applied manually in
steps of 10 mV in the anodic or cathodic direction and the corresponding steady
state current densities were measured. Fresh samples were used for both types of
polarization experiments. Triplicate, some times even more, experiments were
run on fresh samples in order to check the reproducibility of the results.

Anodic and cathodic polarization experiments were performed in DMSO
solutions containing various concentrations of inhibitors. The corrosion current
density (i.,;) Was determined using the Tafel extrapolation method [14]. The
corrosion rate was evaluated by using equation, 0.1288 i, (E/D, when E stands
for electrochemical equivalent and D for density g cm™).

For the determination of inhibition efficiencies (I.Es.), the following equation

was used

%LE. = 100 % ({or — con) / 1’eonr
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where i’ is the corrosion current density (LA cm™) in the absence of inhibitor
and i, 1S the corrosion current density (LA cm™) in the presence of inhibitors.

Dithiohydrazodicarbonamides were prepared by the reported method [4].
Organotin complexes were prepared by mixing methanolic solutions of organotin
chloride and corresponding ligand in appropriate ratio with continuous stirring.
The reaction mixture was then refluxed for 2 hours and the excess of solvent was
distilled off under reduced pressure. The residue was washed with benzene and
extracted into chloroform and filtered. The crude product obtained after

evaporation of chloroform was recrystallized. The compound was dried in vacuo.

Results and Discussion

The percentage inhibition efficiency (IE) of 20, 40, 60, 80 and 100 ppm of the
ligands, 1-phenyl-2,5-dithiohydrazodicarbonamide (PTHCH), 1-benzyl-2,5-
dithiohydrazodicarbonamide (BZTHCH), 1-(4-ethoxyphenyl)-2,5-
dithiohydrazodicarbonamide (EtOPTHCH), their triphenyltin and dibutyltin

complexes have been evaluated at 25 °C and the results are collected in Table 1.

Table 1. Percentage inhibition efficiency (% IE) values calculated by polarisation
technique in the presence of dithiohydrazodicarbonamides and their triphenyltin (IV)
and dibutyltin(IV) complexes.

Concentration ;‘%‘;’; élgl (Bu),Sn(PTHC), (Ph);SnPTHC
20 58.31 62.19 69.19
40 64.24 69.46 76.12
60 68.37 73.70 79.84
80 70.48 76.55 82.46
100 72.87 79.80 85.43

BzTHCH (Bu),Sn(BzTHC), (Ph);SnBzTHC
20 62.12 67.42 74.19
40 70.34 74.12 82.13
60 73.70 77.26 85.43
80 76.55 79.80 88.34
100 79.80 82.13 90.26

EtOPTHCH (Bu),Sn(EtOPTHC), | (Ph);SnEtOPTHC

20 68.54 73.70 78.12
40 76.28 81.12 86.18
60 79.80 84.34 89.43
80 82.13 87.42 92.67
100 85.94 89.43 95.17
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An increase in IE with increase in concentration of the inhibitors 1is

acknowledged in all cases. The structures of the ligands are given below.

NH —% —NH—NH——(l',l' —NH,
S S

1-phenyl-2,5-dithiohydrazodicarbonamide (PTHCH)

CH;-NH—C—NH-NH—C—NH,
S S

1-benzyl-2,5-dithiohydrazodicarbonamide (BzZTHCH)

H,C,0 C ) NH—C—NH—NH—C—NH,
' S S

1-(4-ethoxyphenyl)-2,5-dithiohydrazodicarbonamide (EtOPTHCH)

The IE values of these compounds follow the sequence:
EtOPTHCH > BzZTHCH > PTHCH

The parent compound PTHCH shows appreciable value of inhibition efficiency
due to the presence of phenyl ring, nitrogen and sulphur atoms as centres for
adsorption. Introduction of -OC,Hs group at p-position of phenyl ring increases
7 electron density on it, consequently the IE of EtOPTHCH is observed to be
maximum. Since benzyl group behaves as an o, p-directing alkyl group, the
compound BzZTHCH shows better 1E than the parent compound containing

phenyl group.
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It may be inferred from the data collected in Table 1 that there is significant
increase in IE values of the complexes as compared to the corresponding ligands;
the order of IE of the complexes follows the same pattern as that in case of the
respective ligands and lastly triphenyltin complexes appear to be better inhibitors
than their dibutyltin analogues.
Thus IEs of the investigated inhibitors may be arranged like
(Ph);SnEtOPTHCH > (Ph);SnBzTHC > (Ph);SnPTHC
(Bu),Sn(EtOPTHCH), > (Bu),Sn(BzTHC), > (Bu),Sn(PTHC),
(Ph);SnEtOPTHCH > (Bu),Sn(BzTHC), > EtOPTHCH
The difference in the behaviour of triphenyltin and dibutyltin complexes may be

discussed on the basis of their structures mentioned below:

Triphenyltin complex in solid state Triphenyltin complex in DMSO
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HN
(CHZ)SCHS/C:S

S=C (CH,),CH,

NH,
Dibutyltin Complex

where R = @ , @*CHZ_ ; ©0C2H5

Triphenyltin complex possesses trigonal bipyramidal geometry where the ligand
being bulk of occupies two of its equatorial positions and the remaining three
positions are occupied by phenyl groups. In the presence of DMSO, a strong
coordinating solvent, the geometry of the complex changes from trigonal
bipyramidal to octahedral. However, the dibutyltin complexes possess the same
octahedral geometry in presence and absence of DMSO. Thus, both the
triphenyltin and dibutyltin complexes possess the same octahedral geometry in
DMSO but their projected surface area for adsorption on the metal surface may
be different. A close look at these structures reveals that in case of dibutyltin
complexes which appear symmetrical adsorption would have occurred through
one of the ligands only at a time, the other remaining uninvolved. Consequently
the expected increase in IE due to the presence of two ligand groups is apparently
not observed. On the contrary, triphenyltin complexes with their unsymmetrical
structure may get adsorbed on the metal surface through the ligand as well as one
of the phenyl rings attached to tin atom increasing thereby the projected surface
area and hence the resultant inhibition efficiency. Thus it may be concluded that
the observed increase in inhibition efficiency could be correlated well with the
increase in projected surface area and the number of active centres involved in

adsorption.

321



R.B. Rastogi et al. / Portugaliae Electrochimica Acta 23 (2005) 315-332

The anodic polarisation behaviour of mild steel in dimethyl sulfoxide system
containing different concentrations of the inhibitors has been studied at 25 °C.
The curves in Fig. 1 illustrate the anodic polarisation behaviour of mild steel in
the presence of 20, 40, 60, 80 and 100 ppm of 1-phenyl-2,5-
dithiohydrazodicarbonamide at 25 °C. The nature of the curves does not alter on
adding the additive and also on increasing its concentration. The curve shifted
appreciably even on the addition of a small amount of the inhibitor (20 ppm). A
further increase in concentration of the inhibitor up to 100 ppm though resulted

in a further decrease in the current density, but not significantly.

600

—e— Blank
—0— 20ppm
—v— 40ppm
—— 60ppm
—=— 80ppm
—— 100ppm

400

200

Potential vs SCE (mV}

-200 -

-400 -

-600 ~

log CD ; CD =uA/ cm2

Figure 1. Anodic polarisation behaviour in the absence and presence of different
concentrations of 1-phenyl-2,5-dithiohydrazodicarbonamide.

The nature of the anodic polarisation curves and their shifts with the
concentration observed for the other inhibitors also exhibit similar trend at all
concentrations at 25 °C and hence, are not being shown. It is realised from these

observations that the additive molecules retard the corrosion process without
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changing the mechanism of corrosion process in the medium of investigation.
The magnitude of the shift in the current density is a function of the
concentrations of the inhibitors, indicating that the inhibitive property of these
compounds is concentration dependent.

Fig. 2 illustrates the potentiostatic anodic polarisation curves for all the different
dithiohydrazodicarbonamides at a maximum concentration of 100 ppm at 25 °C.
The shift towards lower current density was observed to be maximum for ethoxy
derivative indicating its maximum effectiveness with respect to its interference
with anodic reaction. The observed shift in anodic polarisation curves due to each

of the inhibitor follows the same trend as that followed by the inhibition

efficiencies.
600 -
—&— Blank
—— PTHCH
—v— BzTHCH
400 ~ —%— E{OPTHCH
=
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w
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w
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>
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o

log CD ; CD = pAfem?

Figure 2. Anodic polarisation beahaviour in the absence and presence of 100 ppm of
different derivatives of ligand 1-phenyl-2,5-dithiohydrazodicarbonamide.

The curves in Fig. 3 illustrate the anodic polarisation behaviour of mild steel in
the presence of 20, 40, 60, 80 and 100 ppm of triphenyltin complex of 1-phenyl-
2,5-dithiohydrazodicarbonamide at 25 °C. The nature of the curves does not alter

on adding these additives and also on increasing their concentrations. The shift in

323



R.B. Rastogi et al. / Portugaliae Electrochimica Acta 23 (2005) 315-332

anodic polarisation curves for the same concentration of different inhibitors
occurs in the same sequence for the complexes as for their respective ligands.
However, when the ligand was replaced by the corresponding triphenyltin
complex, larger shift in polarisation curve was observed, indicating enhanced

inhibition efficiency of the complexes.

8007 _o giank
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Figure 3. Anodic polarisation behaviour in the absence and presence of different
concentrations of (Ph);SnPTHC.
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Figure 4. Anodic polarisation behaviour in the absence and presence of 100 ppm of
triphenyltin dithiohydrazodicarbonamides.

Fig. 4 illustrates the anodic polarisation behaviour of mild steel in DMSO in the
absence and presence of 100 ppm of triphenyltin dithiohydrazodicarbonamides.
Although the nature of curves being similar for different compounds, the
magnitude of decrease in current density followed the same order as that in case
of the corresponding ligands.

Fig. 5 shows the anodic polarisation behaviour of mild steel in DMSO in absence
and presence of 20 and 100 ppm of 1-(4-ethoxyphenyl)-2,5-
dithiohydrazodicarbonamide and its triphenyltin and dibutyltin complexes at 25
°C. The maximum decrease in the current density is found for triphenyltin
complex followed by dibutyltin complex and the ligand. The nature of the curves
is almost similar which indicates that the mechanism of the anodic reaction does
not change as a result of replacing one inhibitor by the other. The compound
(Ph);SnEtOPTHC having more active centres, i.e., four phenyl, one central tin
atom and greater T electron density in phenyl rings is believed to be adsorbed
very strongly on the metal surface. The compound (Bu),Sn(EtOPTHC), has more

electron density on the central tin atom as compared to triphenyltin derivative,
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inspite of that triphenyltin complex shows better inhibition efficiency as
compared to dibutyltin complex.

The cathodic polarisation curves of mild steel in the presence of different
concentrations of 1-phenyl)-2,5-dithiohydrazodicarbonamide at 25 °C is shown
in Fig. 6. It is evident from Fig. 6 that on increasing the concentration of
additives the curves shifted towards lower current density region. The observed
trend for other additives viz. 1-benzyl-2,5-dithiohydrazodicarbonamide and 1-(4-
ethoxyphenyl)-2,5-dithiohydrazodicarbonamide is similar at all concentrations at
25 °C. Further at fixed concentration of 100 ppm for these additives as shown in
Fig. 7, the relative downward shift is in accordance with their inhibition
efficiencies. This indicates that all additives are able to prevent the cathodic

process along with the anodic process occurring simultaneously.

—e— Blank
—0— 20 ppm of EtOPTHCH
—w— 20 ppm of (Bu),Sn(EtOPTHC),

—— 20 ppm of (Ph),SnEIOPTHC

400 -—&— 100 ppm of EtOPTHCH
—— 100 ppm of (Bu),Sn(E{OPTHC),
—e— 100 ppm of (Ph),SnEtOPTHC

600

N
o
(=

Potential vs SCE{mV)
L=

-200 A

-400 -

-600

log CD : CD = nAlem?

Figure S. Anodic polarisation behaviour in the absence and presence of 20 and 100 ppm
of EtOPTHCH and its organotin complexes.
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Figure 6. Cathodic polarisation behaviour in the absence and presence of different
concentrations of 1-phenyl-2,5-dithiohydrazodicarbonamide.
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Figure 7. Cathodic polarisation behaviour in the absence and presence of 100 ppm of
different dithiohydrazodicarbonamides.

In Fig. 8 it is illustrated the cathodic polarisation behaviour of mild steel in the

presence of different concentrations of 1-phenyl-2,5-dithiohydrazodicarbonamide
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complex of triphenyltin at 25 °C. It is evident from Fig. 8 that the extent of the
shift of the curves towards lower current density is dependent on the
concentrations of the additives and also that the shift is larger as compared to the
corresponding ligands. The observed trend for all the triphenyltin complexes at
all concentrations at 25 °C is similar. Further, at fixed concentration of 100 ppm
for different triphenyltin complexes the relative downward shifts are in
accordance with their inhibition efficiencies. Fig. 9 shows the cathodic
polarisation behaviour of mild steel in the presence of triphenyltin
dithiohydrazodicarbonamides. It is noted from the figure that the nature of curves
remains unaffected with different compounds but the magnitude of shift in
current density is directly related with nature of the constituent ligand. Fig. 10
shows the cathodic polarisation behaviour of mild steel in presence of 20 and 100
ppm of (Ph);SnEtOPTHC, (Bu),Sn(EtOPTHC),, and the ligand EtOPTHCH at
25 °C. It is observed from the figure that the shift in the curves follows the same
trend as that in the case of anodic polarisation curves. Further, the extent of shifts
was found to be much pronounced in the case of cathodic polarisation curves of
organotin complexes as compared to those of anodic polarisation curves. This

shows that organotin complexes behaved predominantly as cathodic inhibitors.

-£00

-700 +

-800 4

Potential vs SCE(mV)

-900 4

-1000

1.00 1.25 1.50 1.75 2.00 2.25
log CD; CD = pAfem?

Figure 8. Cathodic polarisation behaviour in the absence and presence of different
concentrations of (Ph);SnPTHC.
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Figure 9. Cathodic polarisation behaviour in the absence and presence of 100 ppm of
triphenyltin dithiohydrazodicarbonamides.
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Figure 10. Cathodic polarisation behaviour in the absence and presence of 20 and 100
ppm of EtOPTHCH, Bu,Sn(EtOPTHC) ; and (Ph);SnPTHC.

All the investigated inhibitors give a straight line, for log(6/(1-0)) vs. log C plots
at 25 °C as shown in Fig. 11. But these are not ideal Langmuir adsorption
isotherm plots as the gradients are never unity. The deviation from unity may be

due to mutual attractive or repulsive interactions between adsorbed molecules on
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the metal surface. Further, all the investigated inhibitors show a linear

relationship when the values of 0 are plotted against log C, indicating the validity
of Temkin’s isotherm, Fig. 12 [15].
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-4.2 -4.0 -38 -3.6 -3.4 -3.2
log C
1.0 4 (Bu),SNn(PTHC), .\
m  (Bu),Sn(BzTHC),
08 9 L (Bu),Sn(EIOPTHC),
]
1 T
-~ e e -
0.2 - .-
0.0 i i i I I
-4.8 -4.6 4.4 42 -4.0 -3.8
log C
14 & (Pn),SnPTHC
w  (Ph),SnBzTHC A
129 4 (Ph),SnEIOPTHC et
1.0 3 /,;/ )’/7_.
K <
5 ! .0 T e — //.
— B ) ;/// o /)/ 7.//.
o ' AT T e
o " P
0.4 i
0.2
0.0 — T I \ | ;
4.6 -4 4 -4.2 -4.0 -3.8 -36
log C

Figure 11. Langmuir plots for dithiohydrazodicarbonamides and their dibutyltin (IV)
and triphenyltin (IV) complexes.
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Figure 12. Temkin plots for
triphenyltin (IV) complexes.

Conclusions

4. Triphenyltin complexes

dithiohydrazodicarbonamides and their dibutyltin (IV) and

1. All the studied compounds exhibited excellent corrosion inhibiting properties.

2. Among the ligands dithiohydrazodicarbonamides the best performance was
shown by ethoxyphenyl derivative followed by benzyl and phenyl ones.
3. Complexation of the ligands in general resulted in appreciable increase in
corrosion inhibition efficiency.

were found to be more effective than their dibutyltin
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5. Organotin complexes behaved predominantly as cathodic inhibitors.
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