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Abstract

Inhibition action of seroquel on corrosion of zinc in 0.1 M HCI solution was investigated using weight loss, electrochemical
potentiodynamic polarization and impedance spectroscopic techniques. Corrosion inhibition efficiency showed the positive
effect with increase in concentration of inhibitor and with the increase in temperature. Results obtained from all the methods
are in good agreement with each other. Inhibition effect of inhibitor is due to the adsorption of seroquel molecule on zinc
surface from bulk of the solution and the process of adsorption follows Temkin’s adsorption isotherm. Potentiodynamic
polarization studies revealed that seroquel acts as a mixed type of inhibitor. Corrosion inhibition mechanism is explained
by activation and thermodynamic parameters. Surface morphology of the corroded metal was studied by scanning electron
microscopic studies and FT-IR spectrum of the corrosion product further confirms the process of adsorption of seroquel on

metal surface.
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Introduction

Corrosion is a spontaneous surface phenomenon results in
deterioration of metal or alloys when it interacts with sur-
rounding environment. Zinc is one of the most important
non-ferrous metals with numerous industrial applications
and is mainly used for the corrosion protection of steel [1].
The corrosion of zinc is affected by both alkaline and acid
solution and it is more severe in solution having pH lower
than 6.0 and higher than 12.5, while within this range the
corrosion is very slow [2, 3]. Under destructive condition,
Zn metal suffers from corrosion which gives the rust with
white color [4]. Industrial processes such as scale removal
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and cleaning of zinc surfaces with acidic solutions expose
zinc to corrosion. Due to this, zinc material becomes unsuit-
able for industrial applications [5-8]. It has been found
that one of the best methods of protecting metals against
corrosion involves the use of inhibitors [9, 10]. These are
substances that reduce the corrosion of metallic materials
by controlling the metal dissolution [11]. Efficiency of an
inhibitor is mainly dependent on its ability to get adsorbed
on the surface of metal which involves replacement of water
molecule at a corroding interface [12].

Inhibitors are organic compounds containing heteroatoms
like nitrogen, oxygen, phosphorus and sulfur in its struc-
ture [13—-22]. Most of the commercial inhibitors are toxic in
nature; therefore, replacement by environmentally benign
inhibitors is necessary [11]. Presently, there is a trend to
replace existing inhibitors such as chromates and cyanides
because of their harmful effect to the nature [6].

The majority of the inhibitor used to control the corro-
sion of zinc was considered to be toxic, and solubility of
inhibitor is a major problem in the corrosive medium. So
the focus is to use non-toxic medicinal compound to inhibit
the corrosion of zinc. Corrosion of Zinc was inhibited using
several inhibitor-like guaifenesin [23], ketosulfone [24],
floctafenine [25], atenolol [26], N-arylpyrroles [27], anisi-
dines [28], erythromycin [29], and hexamine [2]. The use of
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pharmaceutical compounds offers interesting possibilities
for corrosion inhibition due to the presence of heteroatoms
like nitrogen, sulfur and oxygen in their structure and is of
particular interest because of their safe use, high solubility
in water and high molecular size [30].

Several researchers used medicinal compound having the
properties like antimalarial, antibacterial, anti-cancer, etc.,
as corrosion inhibitors for both steel and zinc. Since only a
few work was done on the use of antipsychotic drugs as cor-
rosion inhibitor like ziprasidone [31, 32], clozapine [33], etc.
Further, our previous report on corrosion inhibition of steel
with seroquel has shown good inhibition to corrosion [34],
which triggered us to use seroquel to control the corrosion
of another industrially important metal like zinc. Further
seroquel possess majority of the properties required to be
used as corrosion inhibitor, like the presence of electron-
rich heteroatoms, i.e., N, S, and O, electron-rich functional
groups like -C=N-, —OH, —NH, = electron-rich aromatic
ring and good planarity to wrap the surface of metal and
easy solubility. So in the present paper, corrosion inhibi-
tion of zinc in 0.1 M HCI solution was investigated using
seroquel as inhibitor.

Experimental
Material

Zinc metal strips of pure grade 99.6% (Cu 0.17%, Ti 0.075%,
Al 0.05%, Pb—Cd 0.003%, Fe 0.002%, Sn 0.001% and Mg
0.0005%, and remainder being Zn) were used to measure
the corrosion rate. The metal strips were abraded by silicon
carbide emery papers from 220, 480, 800, 1500 and 2000
grade and washed thoroughly with distilled water, degreased
with acetone and properly dried. Weight loss studies were
carried out in 0.1 M HCI solution using zinc strips with
dimensions of 4 x2x0.1 cm>. Zinc strips with an area of
exposure of 1 cm? were used for electrochemical studies.
The 0.1 M HCl solutions were prepared using AR-grade HCI
and double distilled water.

Inhibitor

Seroquel is an antipsychotic drug, used to treat schizophre-
nia and other bipolar disorder and used as inhibitor for cor-
rosion of zinc in the present study. The IUPAC name of this
drug is (2-[2-(4-dibenzo[b,f][1,4]thiazepin-11-yl-1-piper-
azinyl) ethoxy]-ethanol. Corrosive solution was prepared in
0.1 M HCI, by adding different concentrations of seroquel
i.e., from 200 to 1000 ppm. Molecular structure of Seroquel
is shown in Fig. 1.
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Fig.1 Molecular structure of seroquel

Weight loss measurements

Weight loss studies were performed by immersing cleaned
zinc strips in 100 cm® of 0.1 M HCI solution containing
different concentration of inhibitor. The experiments were
performed at 303-333 K. Experiments were conducted by
immersing the metal strips for 6 h in the corrosive medium.
The corroded metal strips were taken out, washed with dis-
tilled water, dried in acetone and weighed. Measurements
were done in triplicate and average values were presented.

Electrochemical measurements

The potentiodynamic polarization and electrochemical
impedance spectroscopy (EIS) measurements were carried
out using CHI 608D electrochemical analyzer (manufac-
tured by CH Instruments, Austin, USA) at 303-333 K. A
three-electrode system with a reference electrode (saturated
calomel), working electrode (zinc strip with an area of expo-
sure 1 cm?) and an auxiliary electrode (platinum) was used
for measurements. Prior to each electrochemical measure-
ment, the working electrode was immersed in the solution
for 30 min for the open circuit potential to reach a steady
state. Polarization curves were recorded at a scan rate of
0.01 V s~ ! in the potential range of —0.2 to +0.2 V to the
open circuit potential value (OCP). EIS measurements were
performed using the AC signals with amplitude of 5 mV s
for the frequency spectrum from 10 kHz to 1 Hz. All imped-
ance data were fit to appropriate equivalent circuits (ECs)
using the ZSimp Win 3.21 software. The impedance param-
eters were obtained from Nyquist and Bode’s plot.

Scanning electron microscopic studies

Surface morphologies of the metal specimens were recorded
using Scanning Electron Microscope (model: VEGA3 TES-
CAN). For the studies, Zinc specimens were immersed in
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0.1 M HCI solution for 6 h in the presence and absence
of the seroquel inhibitor. Metal specimens were taken out,
washed with distilled water, dried and analyzed by SEM
technique. The potential of the accelerating beam employed
was 25 kV.

IR spectral studies

FT-IR spectrum of the pure compound and the corrosion
product scrapped from the metal surface was carried out
using Frontier Perkin Elmer spectrophotometer.

Result and discussions
Weight loss studies

Zinc strips are subjected to weight loss measurements in
0.1 M HCl in the absence and presence of different concen-
trations of seroquel. The inhibition efficiency (% IE) values
and surface coverage (0) were found to be dependent on
the inhibitor concentration. Corrosion inhibition increases
steadily with increase in concentrations of inhibitor up to
1000 ppm and were calculated using Eqgs. (1) and (2) and
tabulated in Table 1. Figure 2 shows the variation of percent-
age inhibition efficiency with concentration of inhibitor at
different temperature:

Am

Veorr = S_T (D

where Am is the weight loss difference in the absence and
presence of inhibitor, S is the surface area and T is the time
of exposure in hours.

The percentage inhibition efficiency is calculated by the
following relation:

corr

Vv =
]’Iw(%) — corr - X

corr

100 )

where v .. and v, are the corrosion rates of zinc in the
absence and presence of seroquel, respectively. The results
from above observation lead to the conclusion that the com-
pound under investigation is retarding corrosion of zinc in
0.1 M HCI solution. Inhibition efficiency increased with
increase in concentration up to 1000 ppm and thereafter
the inhibition efficiency remained almost constant. So that
the concentration of 1000 ppm is taken as optimum to get
higher inhibition. The observed inhibition effects of the sero-
quel could be attributed to its adsorption on zinc surface.
This results in isolation of metal surface from the corrosive
medium which reduces the dissolution of the metal by block-
ing their active corrosion sites.

Polarization studies

Tafel polarization plots were recorded for Zn strips in the
absence and presence of various concentration of seroquel
molecule at a temperature range of 303-333 K and are shown
in Fig. 3. The electrochemical parameters such as corrosion
potential (E,_,,,), corrosion current density (i), cathodic Tafel
slope (f,), anodic Tafel slope (/,) and inhibition efficiency (i7,,)
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Fig.2 Variation of corrosion inhibition efficiency in 0.1 M HCI for
different concentrations of seroquel at a temperature range of 303—
333K

Table 1 Weight loss results for zinc corrosion inhibition by seroquel in 0.1 M HCl in a temperature range of 303-333 K

Temp 303 K 313K 323K 333K

C (Con- (@) (gem™h7™) (%) @ @Eem”hT) o (B () (EemhT) g, (%) (@) (gem”hTh  n, (%)
centration

in ppm)

Blank 0.0106 - 0.0194 - 0.1093 - 0.1735 -

200 0.0071 33.01 0.0128 34.02 0.0418 61.75 0.0632 63.57
400 0.0062 41.50 0.0117 39.69 0.0255 76.69 0.046 73.48
600 0.0061 4245 0.0104 46.39 0.0235 78.49 0.0441 74.58
800 0.0049 53.77 0.0088 54.63 0.228 79.13 0.0419 75.85
1000 0.0042 60.37 0.0062 68.04 0.0185 83.07 0.0271 84.38
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Fig.3 Tafel plots for zinc specimen in 0.1 M HCI in the absence and presence of different concentrations of inhibitor at a 303 K, b 313 K, ¢

323 Kandd 333 K

are given in Table 2. The n, was calculated from the following
relation:

10

0 =i
__ corr corr
n, = — x 100 3)
corr
where 3 and i, are the corrosion current densities in the

absence and presence of inhibitor, respectively. From the
data available from Table 2, it is clear that corrosion cur-
rent (i) decreases as the inhibitor concentration increases.
From Fig. 3, it can be seen that cathodic and anodic polari-
zation curves shifted towards lower current densities in
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the presence of inhibitor, indicating effective corrosion
mitigation in hydrochloric acid. This can be attributed to
decrease in rate of corrosion reaction of the zinc after the
addition of inhibitor molecules to the medium. From the
data presented in Table 2, it can be seen that the corrosion
rate of metal decreased with increase in the concentration
of inhibitor molecule at all the studied temperature. This
indicates the progressive adsorption of inhibitor on metal
surface with increase in concentration. Inhibition efficiency
(17,%) of the inhibitor increased with increase in tempera-
ture; from this, we can conclude that the seroquel is a better
corrosion inhibitor for Zn even at high temperature. After
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Table 2 Tafel polarization parameters for zinc corrosion in the absence and presence of seroquel in 0.1 M HCI in a temperature range of 303—

333K

Temp. (K) Inhibitor conc.  E . (V) forr (A cm™) Corrosion rate /3, (mV decade™) B, (mV decade™) %
(mg L™ (mpy)
Blank —-0.506 0.054 18.06 —7.008 09.648 -
200 —-0.515 0.039 12.80 —7.851 14.792 27.77
400 —-0.501 0.032 09.56 —6.672 14.608 40.74

303 600 —-0.504 0.025 07.55 —7.040 16.183 53.70
800 —-0.507 0.020 05.96 —6.968 18.302 62.96
1000 —-0.508 0.016 03.80 —7.228 17.381 70.37
Blank —-0.500 0.094 22.36 —6.145 13.125 -
200 —-0.515 0.064 15.30 —8.661 17.104 31.91
400 —-0.501 0.040 11.54 —6.762 11.316 57.44

313 600 —-0.503 0.032 09.51 —-7.329 14.805 65.95
800 —-0.505 0.024 07.63 —-7.505 17.083 74.46
1000 —-0.508 0.019 05.76 =7.154 17.997 79.78
Blank —0.494 0.112 26.64 —5.842 09.757 =
200 —-0.506 0.082 19.59 —6.896 12.602 23.36
400 —-0.492 0.052 17.44 —-6.320 09.882 53.57

323 600 —-0.503 0.042 12.59 —6.342 15.501 62.50
800 -0.519 0.031 10.18 —6.859 11.381 72.32
1000 —-0.508 0.020 07.47 —-7.552 17.837 82.14
Blank —-0.503 0.130 31.00 -5.714 10.620 =
200 —-0.499 0.107 25.46 —-7.301 12.671 17.69
400 —0.498 0.066 20.16 —6.484 17.166 49.23

333 600 —-0.505 0.052 15.70 —-7.336 13.426 60.00
800 —-0.490 0.037 12.60 -7.191 15.897 71.53
1000 —-0.491 0.023 09.02 -5.716 14.111 82.30

the addition of inhibitor, the calculated change in corrosion
potential (E_,) is not as large as +85 mV. It can be inter-
preted as seroquel is inhibiting both oxidation reaction of
zinc at anode and reduction reaction at cathode, i.e., it acts
as a mixed type inhibitor [35]. Further, the values of both
anodic and cathodic Tafel slopes (§, and f.) change by the
addition of seroquel to the corrosive medium indicating the
influence of inhibitor on both anodic and cathodic reactions,
i.e., the added inhibitor adsorbs on the active sites of anode
and cathode and controls the corrosion of zinc by controlling
metal dissolution as well as hydrogen liberation. So seroquel
can be considered to be a mixed type of inhibitor.

Electrochemical impedance spectroscopy (EIS)
measurements

Kinetics of the electrode process and surface properties at
the metal—solution interface can be quantitatively explained
by Electrochemical Impedance Spectroscopy. EIS is an easy
and time-conserving technique for monitoring corrosion pro-
cess. The results obtained are reliable because the measure-
ments are performed very near to the corrosion potential.

EIS is also a non-destructive test because the magnitude of
potential applied is small [36].

Nyquist and Bode’s plots were recorded for zinc metal
in the absence and presence of different concentration of
seroquel in 0.1 M HClI solution at 303-333 K and shown in
Figs. 4 and 5, respectively. The measured impedance data
were analyzed by fitting into equivalent electrochemical
circuit as shown in Fig. 6. The goodness of the fits was
in the order of 10~ indicating good correlation with the
equivalent circuit model used. The experimental curve was
almost exactly fitted with the curve obtained by the electri-
cal equivalent circuit as is shown in Fig. 7. The calculated
corrosion parameters like polarization resistance (R,),
double layer capacitance (Cy) and the observed inhibi-
tion efficiency (17,%) and the surface coverage value are
presented in Table 3.

Nyquist plots shown in Fig. 4 represent that the sizes of
the diameters of semicircles are influenced by the presence
of seroquel molecule with that of the uninhibited solution,
which clearly says the role of seroquel on corrosion rate.
The diameter of the semicircle increases as the concentra-
tion of seroquel increases up to 1000 ppm, but above that

]
* @ Springer



22

International Journal of Industrial Chemistry (2019) 10:17-30

~1000 -

-900

-800

-700

-600

(Ohm cm?)

img

z

T T T 1
400 600 800 1000

2
Z_[(Ohmcem)

T T
0 200

-300 -
-280

0.AMHC 600 ppm 800 ppm

400 ppm 1000 ppm

(Ohm cm?)
g

img

200 ppm

Z

T T T T T T T T 1
00 150 200 250 300
Z_(Ohmem’)
real

(Ohm cm®)

z

-300 -
-280
-260
-240
-220
-200
-180
-160 -
<140 -
<1204

0AMHCI 990 ppm

400 ppm 600 ppm 1000 ppm
800 ppm

img
.

T T T T T T T T 1
100 150 200 250 300
2
Z_(Ohmcm’)

800 ppm

600 ppm 1000 ppm

0.IMHC

400 ppm

T T T T T T T
100 150 200 250
Z_(Ohm )

Fig.4 Nyquist plots for zinc specimen in 0.1 M HCl in the absence and presence of different concentrations of inhibitor at a 303 K, b 313 K, ¢

323 Kandd 333 K

no appreciable change was observed. Further, the Nyquist
plots produced imperfect single depressed semicircles,
which are referred to as frequency dispersion. This is
commonly seen in solid electrodes and it is attributed to
the roughness and other inhomogeneities of the electrode
surface [37, 38].

From the Bodes plot presented in Fig. 5, the depressed
semicircle usually obtained for metal—solution interface due
to the roughness of the metal surface [36-38]. Corrosion of
zinc in acid media results in the increase in roughness of the
metal surface, which causes decrease in the phase angle. It
was seen from the Bode’s plot that phase angle increased
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with increase in both inhibitor concentration and tempera-
ture. The data further support the progressive adsorption of
inhibitor on the metal surface, which blocks the active sites,
thereby reducing the corrosion rate.

The values of electrochemical impedance parameters
obtained from fitting the experimental data to the used
equivalent model are presented in Table 3. The data indi-
cate that, as the inhibitor concentration increases the Cy
values decreases, R, and the inhibition efficiency values
increase. Decrease in Cy; values with increasing concentra-
tion of seroquel is due to increased thickness of electrical
double layer suggesting that Seroquel molecule acts by
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Fig. 6 Electrical equivalent circuit model for impedance data fitting

adsorption at the metal solution interface. Increase in R,
values with concentration of seroquel indicates increase
in charge transfer resistance. This assumption is also sup-
ported by the increase in the diameter of the capacitive
loops with increase in Seroquel concentration.
Impedance study was also carried out at higher tempera-
ture from 303 to 333 K and the values are shown in Table 3.
It has been found that the value of R, decreases as the tem-
perature increases in the absence of the inhibitor, which indi-
cates the increase of corrosion at high temperature. But, the

* @ Springer



24 International Journal of Industrial Chemistry (2019) 10:17-30
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Fig.7 The experimental curve was fitted with the curve obtained by
the electrical equivalent circuit for Nyquist plot in 0.1 M HCl in the
presence of 1000 ppm of seroquel

value of R, increased significantly by the addition of seroq-
uel at high temperature which indicates that the increase of
adsorption thereby decreases the corrosion rate.

It has been found that the organic molecules retard the corro-
sion of metal by adsorbing on the metal surface. Adsorption
of an organic molecule may be referred to be either physical
or chemical and it depends on the molecular structure of
inhibitor, nature of metal, solution temperature, etc. Van-
derwall’s force is responsible for physisorption and chemical
bonding occur during chemisorption. The ability of sero-
quel to act as corrosion inhibitor over zinc surface can be
interpreted by the use of adsorption isotherms. Langmuir,

Table 3 Electrochemical

. Temp. (K) Inhibitor concen- R, (Q cm?) Cy (F cm™2) Goodness of fit 7% Surface
impedance Spectroscopy tration (ppm) 107 cover-
Parameters for zinc corrosion age
in the absence and presence
of seroquel in 0.1 M HClin a 303 Blank 279.4 0.00219 2.641 - -
temperature range of 303-333 K 200 439.6 0.00667 2,998 3644 036
400 520.2 0.00756 2432 46.25 0.46
600 873.6 0.01461 1.589 68.01 0.68
800 1050 0.01408 1.416 73.39 0.73
1000 1266 0.01458 0.852 77.93 0.78
313 Blank 62.64 0.01577 5.818 - -
200 151.6 0.00859 2.740 58.68 0.59
400 189.7 0.02208 4.466 66.97 0.67
600 233.9 0.00352 1.276 73.21 0.73
800 270.8 0.01139 2.704 76.834 0.77
1000 298.9 0.01372 1.932 79.04 0.79
323 Blank 39.18 0.01889 5.752 - -
200 107.5 0.01227 3.521 63.55 0.64
400 136.7 0.01543 3.419 71.33 0.71
600 161.8 0.01119 1.469 75.78 0.76
800 185 0.01439 1.690 78.82 0.79
1000 236.8 0.01100 1.823 83.45 0.83
333 Blank 29.68 0.02129 4.172 - -
200 57.95 0.02187 4.863 48.78 0.49
400 120.9 0.01069 3.917 7545 0.75
600 169.4 0.01401 3.625 82.47 0.82
800 182.1 0.01780 2.475 83.70 0.834
1000 213.9 0.00739 2.115 86.12 0.86
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Frumkin, Temkin and Freundlich isotherms were the most
considerably utilized isotherms to know the mode of adsorp-
tion and to get the information about the nature of interac-
tion between the inhibitor molecules with the metal surface
[39]. Surface coverage (0) for the various concentrations of
the tested inhibitor was utilized to elucidate the preferable
adsorption isotherm to determine the adsorption process.
The adsorption on the corroding surfaces never reaches the
real equilibrium and tends to reach an adsorption steady
state. When corrosion rate is sufficiently decreased in the
presence of inhibitor, the adsorption steady state has a ten-
dency to attain quasi-equilibrium state. Now, it is reasonable
to consider quasi-equilibrium adsorption in thermodynamic
way using the appropriate adsorption isotherm [38]. Effi-
ciency of an inhibitor increases with increase in adsorbed
inhibitor molecules covering the active metal surface. There-
fore, surface coverage () can be calculated using Eq. (5):

I1-E

0= %00 (5)

The stabilization of the adsorbed inhibitor molecules dif-
fers according to the type of adsorption that is chemical or
physical or both. The surface coverage (6) values for various
concentrations of inhibitor were tested by fitting to various
isotherms. The linear regression coefficient (R?) of Temkin
adsorption isotherm in Fig. 8 was found to be closer to unity,
hence indicating that the inhibitor under study obeys Temkin
adsorption isotherm which may be formulated as:
0= % InK,
where 0 is the degree of surface coverage, C is the inhibitor
concentration, K, denotes the strength between adsorbate
and adsorbent and f is the heterogeneous factor of the metal
surface describing the molecular interactions in the adsorp-
tion layer. If f> 0, mutual repulsion of molecules occurs and
if f < 0 attraction takes place [40].
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Fig.8 Temkin adsorption isotherm for coverage of seroquel mol-
ecules on zinc surface in 0.1 M HCI solution at different temperatures

The equilibrium constants K, are related to the stand-
ard adsorption free energy (AG®) as shown in the following
equation [41]:

Kus = %J_) ™

where 55.5 (mol L") is the molar concentration of water
in solution, T (K) is the absolute temperature and R
(J mol™' K™!) is the molar gas constant. The K, and AGY,
values are given in Table 4. The negative values of AGjyy,
indicate that the adsorption of seroquel on zinc surface is
spontaneous. In addition, the higher value of K, 4 shows that
the adsorption of inhibitor is a spontaneous process [24].
Generally, values of AG2;, up to —20 kJ mol~! are consist-
ent with physisorption, while those around —40 kJ mol~! or
higher are associated with chemisorption as a result of the
sharing or transfer of electrons from organic molecules to
the metal surface to form a coordinate bond [42]. The AGYy,
values between —29.17 and —31.25 may be indicative of
the both physisorption and chemisorption. It is evident from
Table 4 that the values of AGy,, decreased with increase
in the temperature, which indicates that the adsorption of
seroquel is a spontaneous process [43].

A plot of AGy, /T versus 1000/T is linear (Fig. 9) with the
slope equal to AHy,, and intercept to — ASy,.. The change in
free energy (AGyy,) of the corrosion process can be calculated

at each temperature by applying the equation:

Table 4 Adsorption parameters for inhibition of zinc surface corro-
sion by seroquel in 0.1 M HCl in a temperature range of 303-333 K

Tempera- K4 —AGYy, — AHY,, — ASpys
ture (K) (kJImol™  (kImol™") (I mol™' K™
303 1931.99  29.17 7.82 70.46
313 1603.69  29.65 7.82 69.74
323 155828  30.52 7.82 70.27
333 1442.68 3125 7.82 70.36
-0.0935- -
{1 e
-0.0940+ ™~
] \\ R?=0.9478
< -0.0945- ey /
3 ] ~ -
e ~
= -0.0950-
< \\\
E 1 .
e -0.0955- ~
< 1 ~_
-0.0960~ \\\
-0.0965 T T T

3.00 3.05 310 315 320 325  3.30
1000/T(K™)

Fig.9 Relationship between AGy,/T and 1000/T
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Angs = AI_I:;ds - TASEds' (8)

The enthalpy of adsorption was deduced from the
Gibbs—Helmbholtz Eq (8):

AGS, /T AHC,
{5<—5(} >},,=_ Tzd' )

This equation can be rearranged to give the following
equation:

AS:ds - T

It is well known that an exothermic adsorption (AHgy,; <0)
may involve either physisorption or chemisorption or a mix-
ture of both the processes. As the AHy, values obtained
are negative, we can say that adsorption of inhibitor on the
zinc surface is exothermic process [42]. In this work, ASq;
value is found to be negative which indicates that disorder is
decreasing with increasing adsorption of seroquel on Zn sur-
face in 0.1 M HCI [44]. Reason for this decrease in entropy
may be given as inhibitor molecules were freely moving in
the bulk solution (inhibitor molecule were chaotic), but later
were adsorbed in an orderly fashion onto the metal surface,
resulting in a decrease in entropy. Moreover, from thermo-
dynamic principles, since the adsorption was an exothermic
process, it must be accompanied by a decrease in entropy
[42, 45].

Activation parameters

The effect of increasing temperature on the corrosion inhi-
bition efficiency of seroquel on zinc in 0.1 M HCI solu-
tion was studied at a temperature range (303-333 K) in the
absence and presence of different concentrations of inhibitor
molecule. This can be known using Arrhenius equation and
transition state equation, which can be given as:

Eﬂ
Inv,, =InA- RT 11
RT as*  ad*
Veorr = me R €T (12)
where v is the corrosion rate, A is the frequency factor, i

is the Planck’s constant, N is Avogadro’s number, R is the
molar gas constant, T is the absolute temperature, E, is the
apparent activation energy, AH* is the enthalpy of activation
and AS* is the entropy of activation.

Figure 10 represents Arrhenius plot which gives a relation
between (In v,,) v/s 1000/T in the form of straight lines for
the corrosion of zinc in 0.1 M HCI solution in the absence

]
* @ Springer
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Fig. 10 Arrhenius plot for zinc corrosion in 0.1 M HCl in the absence
and presence of different concentrations of seroquel

and presence of inhibitor molecules at different concentra-
tions. From Fig. 10, we can get information about Arrhenius
factor A and the apparent activation energy E,. The apparent
activation energy corresponding to different concentration
was calculated using the formula E, = (slope X R) and along
with Arrhenius factor A and it is tabulated in Table 5. The
increase in E, values in the presence of inhibitor when com-
pared to blank solution indicates the strong adsorption of
inhibitor molecules on the zinc surface [46, 47]. This may
be explained as with increased adsorption of inhibitor mol-
ecules on the zinc surface creates an energy barrier for the
spontaneous corrosion reaction on the zinc surface.

Figure 11 represents Transition plot which gives a rela-
tion between In (v.,,/T) v/s 1000/T in the form of straight
lines for the corrosion of zinc in 0.1 M HCI solution in the
absence and presence of inhibitor molecules at different con-
centrations. The enthalpy of activation and the entropy of
activation were calculated by the formula AH* =—slope X R,
AS* =intercept — In(R/Nh), respectively. For different con-
centrations, both AH* and AS* are calculated and tabulated
in Table 5. The increase in positive sign of AH* indicates
that the endothermic nature of the process, suggesting that
the dissolution of zinc is slow, may be due to the forma-
tion of an energy barrier [48]. The — AS* values were found
to be increasing which can be interpreted, as the activated
complex in the rate-determining step represents a dissocia-
tion rather than an association, meaning that a decrease in
disordering takes place going from reactants to the activated
complex [49-51]. This is may be due to the orderly adsorp-
tion of inhibitor molecules on the zinc surface.

From the above observation, we can conclude that at low
temperature, physisorption favors, whereas with increase in
temperature, it follows chemical adsorption resulting in the
formation of chemical bonding, which makes the molecule
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Table 5 Activation parameters

o . Concentration (C) E, (kJ mol™!) A(g cm™2h™!) AH#* (kJ mol™") AS* (Jmol ' K71
for 1nh.1b1t10n of zinc sprface (ppm)
corrosion by seroquel in 0.1 M
HCl in a temperature range of Blank 14.96 6.9x10° 12.42 —-21.73
303-333K 200 19.03 1.2x10'° 16.36 —20.55
400 21.94 9.3x10'° 19.44 —19.61
600 20.50 1.3x10'° 18.01 —20.41
800 21.35 1.7x10'° 18.86 —20.40
1000 24.00 7.9%10'° 21.25 —19.74
2.25

Inv_/T
corr

T
3.00 3.05 3.10 3.15 3.20 3.25 3.30
1000 /T(K™)

Fig. 11 Transition plot for zinc corrosion in 0.1 M HCl in the absence
and presence of different concentrations of seroquel

form a strong barrier between the metal surface and corrod-
ing medium which results in increase in inhibition efficiency
with increasing temperature.

g
25.0 kv

SEM HV:
SEM MAG: 1.00 kx

WD: 13.96 mm
Det: SE

Scanning electron microscopy (SEM)

The surface morphology of zinc surface in 0.1 M HCI was
recorded using scanning electron microscope. The SEM can
investigate the changes in the morphological characteristics
of the metal surface in the absence and presence of inhibi-
tor [52, 53]. SEM images for zinc immersed in 0.1 M HCI
for 6 h duration in the absence and in the presence of opti-
mized concentrations of seroquel are shown in Fig. 12a, b,
respectively. A great degree of corrosion can be seen on
the zinc surface which was exposed to corrodent (acid) but
the zinc surface was remarkably protected by 1000 ppm of
seroquel, when it is added to the corrodent. This indicates
that seroquel may have formed a protective film around zinc
surface resulting in decrease in rate of destruction of the
metal surface by the corrosion reaction.

SEM HV: 25.0 kV
SEM MAG: 1.00 kx

WD: 14.01 mm
Det: SE

Lol

Fig. 12 SEM micrograph of zinc sample surface immersed in 0.1 M HCl at 303 K (a) in the absence of seroquel inhibitor (b) in the presence of

1000 ppm of seroquel inhibitor
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Fig.13 a FT-IR spectrum of seroquel drug; b FT-IR spectrum of
compound scrapped from corroded metal surface

FT-IR spectral analysis

The structure of the seroquel drug was confirmed by FT-IR
spectrum and is shown in Fig. 13a. The presence of broad
band at 3312 cm™! indicates the presence of hydroxyl group
stretching vibration. The peak at 2876 cm™" is attributed to
the presence of carboxylic acid O—H stretching vibration.
The peak at 1595 cm™' shows the presence of aromatic C=C
bending vibration. The narrow peak at 1381 cm™ is due to
C—H absorption. The presence of narrow band at 1140 cm™!
is due to the C—O group. The peak at 763 cm™~! shows the
presence of aromatic C—H bending vibration.

FT-IR analysis was also carried out to understand the
interaction between the zinc surface and the inhibitor mol-
ecules. Figure 13b shows the FT-IR spectrum of scratched
compound from zinc surface after corrosion. The presence
of broad absorption peak at 3439 cm™! attributed to the
presence of hydroxyl group stretching vibration. The small
peak at 2430 cm™! ascribed to O—H stretch from the strong
hydrogen bond with ~-COOH. The peak at 1600 cm™' shows
the presence of alkene C=C bending vibration. The narrow
peak at 1387 cm™' is due to —CHj; bending mode. The pres-
ence of narrow band at 1115 cm™! is due to the C-O group.
The peak at 657 cm™~! shows the presence of alkyne C—H
bending vibration. The slight shift in absorption frequency
[54] confirms the interaction of seroquel with metal surface.

* @ Springer

Mechanism of inhibition

The information obtained from the IR spectrum of pure sero-
quel molecule and the corrosion product scrapped from the
metal surface clearly indicates the involvement of seroquel
in the corrosion inhibition. Generally, corrosion inhibitors
adsorb on the metal surface from aqueous solution, thereby
blocking the active sites of metal which are susceptible to
corrosion. Adsorption of organic molecule happens through
the electroactive functional groups, by donor—acceptor inter-
action with the vacant orbital of metal through coordinate
bond. Since seroquel contains more number of electron-rich
functional groups, like N, S, O and = electron-rich aromatic
ring, it coordinates with metal through these heteroatoms
and functional groups and results in reduction in the cor-
rosion rate. In Fig. 13b, appearance of peak at 3439 cm™!
compared to 3312 cm™! of pure compound (Fig. 13a) indi-
cates the coordination of seroquel through —OH group. The
appearance of peak at 2430 cm™' compared to 2876 cm™!
shows the coordination through —OH group of carboxylic
acid functional group. Slight shift in the wave number of
the absorption peaks and appearance of peak correspond-
ing to the different functional group of seroquel molecule in
the IR spectrum of scrapped compound confirm the interac-
tion of the seroquel with zinc metal and result in corrosion
inhibition.

Conclusions

The corrosion of zinc in 0.1 M HCl was effectively reduced
by seroquel drug molecule. The efficiency of corrosion
inhibitor increases with increase in concentration and with
increase in temperature. The inhibition efficiency of seroquel
on zinc surface from the weight loss method is 84.38% at
333 K, which is in good agreement with inhibition efficiency
of Tafel polarization (82.30%) and EIS (86.12%) at 333 K.
From polarization curves, we can say that inhibitor acts as
a mixed type inhibitor, which means that it reduces both
anodic and cathodic corrosion reaction on the zinc surface.
Adsorption of seroquel on the zinc surface followed Temkin
adsorption isotherm by considering the experimental data
obtained for different concentrations of inhibitor at differ-
ent temperature. The values of AGy,, are found to be nega-
tive and less than 40 kJ mol™'. The values of E, increased
in the presence of inhibitor when compared to blank. By
these results, we can say that adsorption process is sponta-
neous. The corrosion product of zinc metal in the presence
of seroquel is IR active and not IR active in the absence
of inhibitor. From this, we can say that the adsorption of
seroquel drug on the zinc surface has decreased the rate of
corrosion. Furthermore, this is confirmed by SEM analysis.
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After detailed analysis of all the aspects, it can be said that
seroquel is an excellent environmentally benign corrosion
inhibitor for zinc.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.
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