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Abstract. The influence of 3-methyl-2,6-diphenyl piperidin-4-one (MDPQ) and 2-
phenyl decahydroquinoline-4-one (PDQO) synthesised in the laboratory on hydrogen
permeation and corrosion inhibition of mild steel in 1IN H,SO, has been studied using
weight loss and various el ectrochemical AC and DC corrosi on-monitoring techniques.
Both the compounds inhibit the corrosion of mild stedl in H,SO,. Potentiodynamic
polarisation studies clearly revea that they behave predominantly as cathodic
inhibitors. The extent of decrease in hydrogen permeation current through stedl
surfaces has been studied by the hydrogen electropermeation technique. Double layer
capacitance (Cy) and charge transfer resistance (R) values are derived from Nyquist
plots obtained from AC impedance studies. The adsorption of these compounds on
mild stedl surfaces from H,SO, obeys Temkin's adsorption isotherm.

Keywords. Corrosion inhibition; piperidones; hydrogen permeation; metal
embrittlement; impedance measurements.

1. Introduction

The inhibiting influence of piperidine and cyclohexanone on the corrosion of copper in

acidic solutions has already been studied . This influence is attributed to the adsorption

of these compounds through the —NH group in the case of piperidine and through the
—CO group in the case of cyclohexanone. Piperidone contains both —CO and —NH groups.
Further, in the case of piperidone, ttis form is the most stable form. In the present
study, the influence of 3-methyl-2,6-diphenyl piperidin-4-one (MDPO) and 2-phenyl
decahydroquinoline-4-one (PDQO) on the corrosion of mild steel in acidic solutions has
been investigated, for getting an idea on the combined influence of —-CO and —NH groups
on the performance of these compounds as corrosion inhibitors.

2. Experimental

Mild steel specimens of the following composition, CB8M%6, P = @M8%, Si= nil,

S = nil, Mn = @34% and Fe = the remainder, and of sizeZx 0025 cm were used for
weight loss and hydrogen permeation studies. Mild steel cylindrical rods of the same
composition embedded in araldite with an exposed area28B@nf were used for
potentiodynamic polarisation and AC impedance measurements.

*For correspondence
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Inhibitors were synthesised in the laboratory as per the procedures reported
elsewhere3*.

Both the inhibitors were preliminarily screened by the weight loss method described
elsewhere®. Both cathodic and anodic polarisation curves were recorded potentio-
dynamically (1 mV s™) using the corrosion measurement system BAS (Model: 100 A)
computerised electrochemical analyser (made in West Lafayette, Indiana) and PL-10
digital plotter (DMP-40 series, Houston Instrument Division). A platinum foil and
Hg/Hg,SO4/1IN H,SO, electrode were used as auxiliary and reference electrodes
respectively. The electrocapillary behaviour of these compounds was studied at 25 + 1°C
using a capillary electrometer as described earlier ®. Hydrogen permeation study was
carried out using an adaptation of the modified Devanathan and Stachurski two-
compartment cell as described earlier "8 Double layer capacitance and charge transfer
resistance values were obtained using AC impedance measurements as described earlier .

3. Resultsand discussion
3.1 Corrosion inhibition

Table 1 gives values of inhibition efficiency for different concentrations of MDPO and
PDQO in 1IN H,SO,. It can be seen from this table that both these compounds inhibit the
corrosion of mild steel in IN H,SO, solutions. The extent of inhibition is found to be
more for MDPO than for PDQO. The inhibition of corrosion of mild steel by both these
compounds can be explained as follows:

The extent of inhibition depends upon the nature and mode of adsorption of inhibitors
on the metal surface. The adsorption is assumed to be a quasi-substitution process
between the water molecules on the surface and the organic molecules. Both the
compounds are adsorbed vertically with —NH group as the anchoring group and the —CO
group projecting into the solution. The interaction of piperidones with the metal surface
may occur either through the —CO or the —NH group but not through both of them, as they
are in the (1, 4-para) position with respect to one another.

Table 1. Values of inhibition efficiency for different concentrations of MDPO and
PDQO in 1IN H,S0O,.

Concentration (mM) Inhibition efficiency (%)
MDPO

2 843
5 876
10 8812
15 8914
20 903
PDQO

2 696
5 789
10 836
15 846

20 862
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In MDPO and PDQO molecules, the electronegativity of atoms in the two groups
favours —NH as the anchoring site. It is well-known that in piperidones, the lone pair of
electrons in nitrogen is equatorial and the hydrogen attached to nitrogen i¥. axial
Therefore, when the adsorption of MDPO occurs, it takes place through the equatorial
lone pairs. In this mode of adsorption, the high inhibition efficiency achieved withsthe
form is interpreted in terms of screening of the metal surface by the bulky phenyl groups.
The possible modes of adsorption of these compounds on the metal surface is shown in
figure 1.

The greater inhibitive power of MDPO may be due to the presence of amore
electrons in the ring because of the presence of an extra phenyl group in the compound.
The presence of an electron-releasing methyl group in the ring may also be responsible
for the greater adsorption of this compound on the metal surface leading to greater
inhibition. Hence MDPO inhibits the adsorption in 1 S, more than PDQO.

3.2 Application of adsorption isotherm

In the present study, values of surface cover#ewere evaluated using values of
inhibition efficiency and capacitance as described edtlieDifferent adsorption
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Figure 1. Possible modes of adsorption of (a) MDPO and (b) PDQO on the
substrate.
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isotherms were tested for both the compounds. It can be seen from figure 2 that a straight

line is obtained in both the cases when 6 is plotted against 1ogC proving thereby that the
adsorption of these compounds on the surface of mild steel obeys Temkin's adsorption
isotherm.

3.3 Potentiodynamic polarisation studies

Table 2 gives various corrosion kinetic parameters such as corrosion cuiggent (
corrosion potential,,) and anodic and cathodic Tafel slopbsdnd ) obtained from
potentiodynamic polarisation curves. The influence of these compounds on the above
kinetic parameters are discussed below.

It is found from table 2 that the addition of both the compounds shifsgh¢o less
negative values. Values of corrosion current obtained by the extrapolation of Tafel plots
for the corrosion of mild steel in 1N,HGO, alone and in the presence of compounds
under study bring out the fact that the decrease in corrosion current is greater in MDPO
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Figure 2. Temkin’s isotherm plots for the adsorption of MDPO and PDQO on the
surface of mild steel in 1IN43G;,. (1) MDPO, (2) PDQO.

Table 2. Potentiodynamic polarisation parameters for the corrosion of mild steel in
1IN H,SO, with and without inhibitors.

Tafel slopes (mV ded)

Concentration  Ego, lcorr IE  1E (%) from
(mM) (mv) be b, (mA cm™ (%)  weight loss
Blank

(AN H,S0,) -910 130 80 B8 - -
MDPO

2 -895 150 82 Q4 857 8438

5 -897 160 82 mo 888 876

10 -899 175 85 @6 904 882
PDQO

2 -893 141 82 B7 660 696

5 -894 149 83 B2 809 789

10 -899 155 82 @7 839 836
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than in PDQO. This order agrees very well with that obtained for the corrosion inhibition
efficiency.

Table 2 aso gives values of inhibition efficiency obtained from weight loss
measurements and from |, values, in the absence and presence of compounds used in
this study. Fairly good agreement has been noticed in a majority of cases.

In the absence of the compounds under study, the polarisation behaviour of mild steel
in 1IN H,SO, shows an anodic Tafel dope of 80 mV and a cathodic Tafel dope of
130 mV.

It has been observed that increase in the concentration of MDPO or PDQO increases
the values of b.. The increase is greater with MDPO. There is however only a very small
increase in the values of b, with increase in concentration. Thus both these compounds
function as cathodic inhibitors, by influencing the cathodic reaction of hydrogen
evolution.

3.4 Adsorption studies using capillary electrometer

Electrocapillary curves for 1N H,SO, in the presence of the compounds under study are
plotted for obtaining a qualitative idea regarding the influence of different substituent
groups or atoms present in these compounds on the extent of adsorption on the metal
surface. This leads to an approximate correlation between the extent of adsorption and of
corrosion inhibition by both the compounds.

Figure 3 shows the electrocapillary curves for H,SO, in the presence of 5 mM PDQO
and MDPO. It is seen MDPO is adsorbed to a greater extent on the metal surface than
PDQO and also that the adsorption is greater on the positively charged metal surface. The
adsorption of MDPO on the metal surface can be explained in the following way.

Adsorption on the metal surface can be ascribed to the interaction between the 7-
electrons of the quinoline ring with the positively charged metal surface. The methyl
group being nucleophilic leads to the release of more s-electrons, thereby favouring
greater adsorption on the metal surface. Adsorption on the negatively charged metal
surface may be due to the interaction between the cations formed in acidic solutions and
the negatively charged metal surface.

In the case of PDQO also, the adsorption characteristics can be explained in a similar
way. The order of extent of adsorption and corrosion inhibition efficiency follows the
same trend in H,SO, solutions,

MDPO (87[8%) > PDQO (789%).

Thus definite correlation exists between the extent of adsorption and the efficiency of
corrosion inhibition.

3.5 Hydrogen permeation measurements

Hydrogen can enter into the metal during various industrial operations like melting, heat
treatment, or pickling and electrochemical processes such as cathodic cleaning and
electrolytic machining. Of the various sources of entry of hydrogen into the metal,
pickling is one of the basic steps in electroplating processes in which mineral acids are
used for the removal of rust and scale. The following are the main reactions in acidic
solutions
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Figure 3. Electrocapillary curves for 1IN H,SO, in the presence of 5 mM of MDPO
and PDQO. (1) IN H,S0,, (2) IN H,SO,+5mM MDPO, (3) 1IN H,SO, +5mM
PDQO.

M + H3O+ +e - H,O+ MHgg (1)
where M is the cathodic metal surface. This discharge step is followed by either
MHags+ MHags - 2M + Hp, @)

(or)

MHags+ H3OJr +e - M+HO+H., 3)
(electrochemical desorption)

A part of the atomic hydrogen liberated during the pickling process enters the metal,
and the remainder is evolved as hydrogen gas. Organic compounds are generally added to
pickling baths in order to minimise the base metal attack and limit the hydrogen liberated.
However, the fraction of hydrogen atoms that enters the metal produces some detrimental
effects’? on the mechanical properties of iron/steel, such as reduction in ductility,
lowering of fracture stress and loss in mechanical strength leading to embrittlement. This
phenomenon is also called ‘delayed failure’. It has been already pointed out that hydrogen
permeation current measurement, under pickling conditions, can be a useful tool for
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evaluating inhibitors from the point of view of predicting the extent of hydrogen
embrittlement. A similar suggestion has been made with regard to the screening of
additiolr;al agents employed in electroplating baths for their capacity to decrease hydrogen
intake ™.

In the present study the hydrogen permeation currents are recorded in H,SO, in the
absence and presence of inhibitors. This study has been taken up with an idea of screening
the inhibitors with regard to their effectiveness on the reduction of hydrogen uptake.

Figure 4 shows the variation of permeation current vs time for mild steel in 1IN H,SO,
in the presence of MDPO and PDQO (5 mM).

It is found from figure 4 that both these compounds bring down the permeation
current to the extent of 50% and that MDPO performs better than PDQO. The corrosion
inhibition efficiency of these compoundsin 1N H,SO, follows the same order.
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Figure 4. Hydrogen permeation vs. time curves for mild steel in 1IN H,SO,
containing MDPO and PDQO. (1) 1N H,S0;, (2) 1IN H,SO, +5mM PDQO, (3) 1IN
H,SO, + 5 mM MDPO.
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Figure5. Impedance diagram for mild steel in 1IN H,SO,.




134 SMuralidharan et al

(a)

-2 (ohms)

(b)

0 l | ] L\ \

Z' (ohms)

Figure 6. (a) Impedance diagrams for mild steel in 1N H,SO, containing different
concentrations of MDPO. (1) 1IN H,SO,+2mM MDPO, (2) IN H,SO,+5mM
MDPO, (3) 1N H,SO,4 + 10 mM MDPO. (b) Impedance diagrams for mild steel in 1N
H,S0O, containing different concentrations of PDQO. (1) 1N H,SO, + 2 mM PDQO,
(2) 1N H,S0,4 + 5 mM PDQO, (3) IN H,SO, + 10 mM PDQO.

Thus a definite correlation exists between the corrosion inhibition efficiency and the
extent of reduction in the permeation current of these compounds. It is a well-known fact
that the higher the cathodic Tafel slope in the presence of an inhibiting compound, the
lesser is the corrosion and hydrogen intake by the metal. An increase in the cathodic Tafel
dlope leads to increase in the energy barrier for proton discharge and decrease in the
evolution of hydrogen. This in turn leads to lower permeation of hydrogen through the
metal. In this regard MDPO which has the more cathodic Tafel slope performs better than
PDQO.

3.6 Impedance measurements

Impedance diagrams obtained for the frequency 60 kHz to mHz range at the open circuit
potential for mild steel in 1N H,SO,, in the presence and absence of different compounds
under study are shown in figures 5 and 6. It is seen from these figures that the impedance
diagrams in both the cases are not perfect semicircles. This difference has been attributed
to the frequency dispersion ™.

Impedance parameters derived from Nyquist plots are given in table 3. It is observed
that the value of charge transfer resistance (R) increases with increase in the
concentration of the inhibitors and that thisin turn leads to a decrease in |, for mild steel
in the acidic solution. As impedance diagrams for solutions examined have almost a
semicircular appearance, it indicates that the corrosion of steel is mainly controlled by a
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Table 3. Impedance parameters for the corrosion of mild steel in IN H,SO, in the
presence of different concentrations of inhibitors.

R( CdI Ioorr IE
Concentration  (ohm cn?) (uF cm™) (mA cm ™) (%)
Blank 636 18312 338 -
MDPO
2 642 1056 045 866
5 733 944 041 8711
10 741 925 039 884
PDQO
2 622 10712 085 747
5 7594 968 051 848
10 762 945 048 8597

charge transfer process. Double layer capacitance values (C4) decreases as the
concentration of inhibitor increases which indicates the adsorption of the inhibitor on the
metal surface.

Both the compounds act as inhibitors as observed from values of R,, Cy and | oy from
table 3. Among the two, MDPO performs better in 1N H,SO, by enhancing the value of
R, to a greater extent than PDQO and also by bringing down the Cy and |, valuesto a
greater extent than PDQO.

4. Conclusions

The following main conclusions are drawn from the present study.

(1) Both MDPO and PDQO inhibit the corrosion of mild steel in IN H,SO,, but the

former isfound to be more effective.

(2) Both compounds behave as cathodic inhibitors.

(3) Adsorption of these compounds on the surface of mild steel from 1IN H,SO, obeys
Temkin’s adsorption isotherm.

(4) Both the compounds bring about a reduction in permeation current through mild steel
in H,SO, but MDPO is more effective.

(5) Reduction in the values &f, and G in the presence of these compounds brings out
the better performance of MDPO.
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