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Abstract Three Schiff bases, 2-acetylpyridine thiosemicar-

bazone (I1), 2-acetylpyridine-(4-methylthiosemicarbazone)

(I2), and 2-acetylpyridine-(4-phenylthiosemicarbazone) (I3)

were tested against corrosion of cast iron in aqueous solutions

of HCl, NaOH, NH4Cl, and NaCl by means of a mass loss

method and electrochemical measurements. The inhibition

efficiency is directly proportional to inhibitor concentration,

while it decreases with prolonged immersion time and at low

temperatures. In order to study the effect of an additive, syn-

ergism of KI was also studied. The adsorption of Schiff bases in

corrosive media obeys Langmuir’s isotherm, both in the pres-

ence and absence of KI. The UV–Vis, FT-IR, WAXD and SEM

analyses were carried out to support the mechanism of corro-

sion inhibition. The DGads values reveal that the inhibition was

mainly due to physisorption of the inhibitor molecules on the

surface of cast iron. The electrochemical polarization results

showed the predominantly cathodic nature of the inhibitors.

Keywords Schiff bases � Corrosion � Adsorption � Cast

iron � Synergism

Introduction

Corrosion of metals is one of the major problems due to the

use of aggressive media in industrial processes. The

corrosion of iron and its alloys is a fundamental academic

topic and an industrial concern that has projected a lot of

attention. Hence, inhibiting the steel corrosion has been an

intensive field of interest [1]. It is well acknowledged that

the corrosion of a metal can be significantly reduced once a

small quantity of particular additives, named inhibitors are

added to the chemical system [2].

Organic compounds, for example, Schiff bases and

thiosemicarbazones are accounted as being valuable cor-

rosion inhibitors for various metals [3–12] in acid media.

The preference for a Schiff base inhibitor is ease of syn-

thesis from relatively cheap materials. The action of such

inhibitors depends on the interaction of functional groups

with the metal surface. The interaction of inhibitors by the

metal surface takes place through heteroatoms such as

phosphorus, sulphur, nitrogen and oxygen as well as

through triple bonds or aromatic rings.

The evaluation of inhibitors under various circum-

stances results in a wide range of opportunities for their

utilization. Therefore, the authors have investigated the

inhibitive nature of three Schiff base-thiosemicarbazone

derivatives against the corrosion of cast iron in acid (HCl),

base (NaOH) and neutral (NaCl and NH4Cl) media. The

inhibition mechanisms were studied by means of UV–Vis,

FT-IR, wide angle X-ray diffraction (WAXD) and scan-

ning electron microscopy (SEM) and the results are dis-

cussed in this article.

Experimental Techniques

Materials

All chemicals HCl (Merck), NaOH (Merck), NaCl (Spec-

trum), NH4Cl (Spectrum)) were of analytical reagent grade
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and used as received unless otherwise mentioned. The

solutions of 1 N HCl, 0.005 N NaOH, 0.1 N NH4Cl and

0.1 N NaCl were prepared using double distilled water.

Synthesis of Inhibitors

The Schiff base-thiosemicarbazone inhibitors (Fig. 1) were

prepared according to an earlier report [13]. For example

the Schiff base inhibitor, 2-acetylpyridine thiosemicarba-

zone was prepared by condensation of an equimolar solu-

tion of 2-acetylpyridine (0.22 mL) in ethanol (20 mL) and

thiosemicarbazide (0.33 g) under reflux for 5 h to yield

2-acetylpyridine thiosemicarbazone (I1). Similarly, 2-ace-

tylpyridine-(4-methylthiosemicarbazone) (I2) and 2-acetyl-

pyridine-(4-phenylthiosemicarbazone) (I3) were prepared

from their corresponding thiosemicarbazides.

I1: Yellow solid; Elemental analysis (MW 194.26 g mol-1

& MF C8H10N4S), Calc. (Found): C, 49.96 (48.58), H, 5.18

(5.13), N, 28.84 (28.55), S, 16.37 (15.89). FT-IR (KBr):

3,248 cm-1 (mN–H), 1,578 cm-1 (mC=N), 833 cm-1 (mC=S).

I2: Yellow solid: Elemental analysis (MW 208.28 g mol-1

& MF C9H12N4S), Calc. (Found): C, 51.91 (51.78), H, 5.80

(5.40), N, 26.91 (25.89), S, 15.39 (15.87). FT-IR (KBr):

3,201 cm-1 (mN–H), 1,585 cm-1 (mC=N), 833 cm-1 (mC=S).

I3: Yellow solid; Elemental analysis (MW 270.36 g

mol-1 & MF C14H14N4S), Calc. (Found): C, 62.21 (59.99),

H 5.22 (5.20), N, 20.72 (20.52), S, 11.90 (11.87). FT-IR

(KBr): 3,241 cm-1 (mN–H), 1,580 cm-1 (mC=N), 801 cm-1

(mC=S).

Mass Loss Measurements

Cast iron specimens containing 6.09 % C, 1.13 % Al,

0.78 % Mn, with the remainder being Fe, were used for

mass loss measurements, which were performed according

to previous reports of one of the authors [8, 14–16]. In

brief, rectangular cast iron coupons 2 9 1.5 9 0.02 cm in

size were abraded using 600, 800, 1,000, and 1,200 grit

emery papers, and then washed thoroughly with double

distilled water, degreased with acetone and dried at room

temperature and then weighed.

The experiment was performed at room temperature

using different concentrations of inhibitors. The optimum

time to achieve maximum inhibition efficiency was deter-

mined as 2 h. The cast iron specimen in triplicate was

immersed in 100 mL of corrosion medium. The weights of

the specimens were noted before and after the mass loss

measurements. The experiments were repeated three times

and the average values were considered for calculations.

The percentage inhibition efficiency IE % was calculated

using the following equation:

IE % ¼ ðM0 �MÞ
ðM0Þ

� 100 ð1Þ

where, M0 and M are the mass losses of cast iron in the

absence and presence of inhibitors, respectively. In order to

study the effect of additives, along with the inhibitor, small

amount of KI solution was added to the experiment.

Electrochemical Measurements

Electrochemical experiment was carried out using a CH

electrochemical analyzer model 760C. The cell consists of

three electrodes: Cast iron specimen of an exposed area

1 9 1 cm2 was used as the working electrode, platinum

and saturated calomel electrodes were used as auxiliary and

reference electrodes, respectively. The working electrode

was abraded with a series of emery papers (600, 800,

1,000, and 1,200), and then degreased with double distilled

water followed by acetone, prior to further use. All elec-

trochemical measurements were conducted at 298 ± 1 K.

The working electrode was first immersed into the test

solution (corrosive media, both in presence and absence of

inhibitor) to set a steady state open circuit potential for

45 min.

Potentiodynamic current–potential (Tafel) curves were

recorded at a scan rate of 0.01 V s-1 and potential range

was -0.2 to -0.8 V. The percentage inhibition efficiency

IE % was calculated using Eq. (2)

IE % ¼ ðI
0
corr � IcorrÞ
ðI 0corrÞ

� 100 ð2Þ

where I0corr and Icorr are the current density values in the

absence and presence of inhibitors, respectively.

The EIS experiments were conducted at an open circuit

potential in the frequency range of 104–101 Hz and the

amplitude was 0.005 V. Nyquist plots were made from

these experiments. Double layer capacitance and inhibition

efficiency were calculated using the following equations.

Cdl ¼
1

2PfmaxRct

ð3Þ

IE % ¼ ðR
0
ct � RctÞ

R0ct

� 100 ð4Þ

where fmax is the frequency at apex on the Nyquist plot, R0ct

and Rct are charge transfer resistance values of inhibited

and uninhibited solutions, respectively.
Fig. 1 Structure of Schiff base inhibitors. Where R = –H (I1), –CH3

(I2), –C6H5 (I3)
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Spectroscopies

In order to prepare the inhibitors adsorbed on the cast iron

surface (Inhads), the cast iron coupons were immersed in a

solution containing 120 ppm of an inhibitor in 1 N HCl.

After 2 h of immersion, the specimens were removed,

washed with distilled water followed by acetone and then

air-dried. The adsorbed inhibitor (Inhads) was scraped

carefully using a knife [8, 14–16]. Then the scraped sample

was subjected to UV–Vis spectroscopy (PG instrument

model T90 ? spectrophotometer) as well as FT-IR spec-

troscopy (Perkin Elmer).

Wide Angle X-ray Diffraction (WAXD)

The inhibitors and the Inhads were subjected to WAXD

analysis using a Rotaflex RTP300 X-ray diffractometer

(Rigaku Co., Japan). X-ray diffractometer was controlled at

50 kV and 200 mA. Nickel filtered Cu Ka radiation was

used for the measurements with an angular range of

5� \ 2h\ 70� at room temperature.

Surface Analysis

The morphologies of raw cast iron and specimens used for

the mass loss measurements were observed under a Hitachi

model-3000H scanning electron microscopy.

Results and Discussion

Mass Loss Measurements

Effect of Inhibitor Concentration

The inhibitors I1, I2 and I3 were tested against corrosion of

cast iron in 1 N HCl, 0.005 N NaOH, 0.1 N NH4Cl, and

0.1 N NaCl. The effect of concentration of inhibitors was

studied for all the corrosive media, while for 1 N HCl the

effect of temperature, and immersion time were also studied.

The results are shown in Table 1. The Schiff base inhibitors

(I1, I2 and I3) showed an increase in the IE % upon increasing

the inhibitor concentration irrespective of the corrosion

medium. This is attributed to the increased surface coverage

by the inhibitor molecules. Inhibition efficiency values of the

investigated inhibitors follows the order in all corrosion

media: I3 [ I2 [ I1. Though the inhibitors show IE % over

50 against all the corrosive media (Fig. 2), the Schiff bases

are best against acidic medium, followed by 0.1 N NH4Cl,

0.005 N NaOH and 0.1 N NaCl (Table 2).

Effect of Temperature

To study the effect of temperature on the IE % in 1 N HCl,

mass loss measurements were also carried out at temper-

atures 298–348 ± 1 K both in absence and presence of

inhibitors (120 ppm). The IE % decreases on temperature

Table 1 Effect of inhibitor

concentration on acid corrosion

of cast iron at 298 ± 1 K

Name of inhibitors Concentration

of inhibitor (ppm)

Mass loss

(g)

Surface

coverage (h)

IE % Corrosion rate

CR (mm/y)

1 N HCl 0.0317 23.9

I1 20 0.0093 0.703 70.6 7.08

40 0.0082 0.741 74.1 6.18

60 0.0048 0.848 84.8 3.61

80 0.0045 0.858 85.8 3.39

100 0.0034 0.892 89.2 2.56

120 0.0031 0.902 90.2 2.33

I2 20 0.0088 0.722 72.2 6.63

40 0.0066 0.798 79.8 4.82

60 0.0047 0.851 85.1 3.54

80 0.0042 0.867 86.7 3.16

100 0.0035 0.89 89.0 2.63

120 0.0023 0.927 92.7 1.73

I3 20 0.0052 0.835 83.5 3.92

40 0.0024 0.924 92.4 1.8

60 0.0023 0.927 92.7 1.73

80 0.002 0.936 93.6 1.5

100 0.0016 0.95 95.0 1.2

120 0.0016 0.95 95.0 1.2
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scale till 328 ± 1 K. This is due to the physical adsorption

(weak van der Wall’s forces) of inhibitor molecules on the

surface of the cast iron. IE % gradually rises after

328 ± 1 K. This is attributed to the chemisorption of

inhibitor molecules at elevated temperatures. The elements

like N and S are proposed as being responsible for the

chemical adsorption of the inhibitors on the metal surface.

The results showed that the inhibitors adopt either physi-

sorption or chemisorption or both depending on tempera-

ture of the corrosion system.

Effect of Immersion Time

The effect of time on the IE % was studied for acid cor-

rosion inhibition of cast iron. The IE % values decreased

(IE % for I1 = 69.4, I2 = 78, and I3 = 87) for 4 h of

immersion time, where as it showed an increase for 6 h of

immersion time (I1 = 74.9 %, I2 = 84.8 %, and

I3 = 90.3 %). This is attributed to an adsorption–desorp-

tion phenomenon between the inhibitor molecules and the

metal surface. Therefore, the specimens were subjected to

mass loss measurements at prolonged immersion times (up

to 16 h), to observe the trend of inhibition. The IE %

values continued to decrease and no increase of IE % was

observed.

Fig. 2 Comparison of efficiencies of inhibitors for different media at

298 ± 1 K. (Inhibitors concentration-120 ppm for 1 N HCl, 10 ppm

for 0.005 N NaOH, 0.1 N NH4Cl, and 5 ppm for 0.1 N NaCl)

Table 2 Effect of inhibitor

concentration on NaOH, NH4Cl,

and NaCl corrosion of cast iron

at 298 ± 1 K

Corrosion medium and

inhibitors

Concentration

(ppm)

Mass loss

(g)

Surface

coverage (h)

IE

%

Corrosion rate CR

(mm/y)

0.005 N NaOH 0.0008 6.033 9 10-4

I1 1 0.0007 0.13 13.0 5.27 9 10-4

5 0.0004 0.51 51.0 3.016 9 10-4

10 0.0003 0.63 63.0 2.226 9 10-4

I2 1 0.0005 0.38 38.0 3.77 9 10-4

5 0.0003 0.63 63.0 2.26 9 10-4

10 0.0002 0.75 75.0 1.058 9 10-4

I3 1 0.0004 0.52 52.0 3.016 9 10-4

5 0.0002 0.75 75.0 1.508 9 10-4

10 0.0001 0.88 88.0 0.754 9 10-4

0.1 N NH4Cl 0.0018 13.574 9 10-4

I1 1 0.001 0.44 44.0 0.7541 9 10-4

5 0.0007 0.61 61.0 5.2788 9 10-4

10 0.0004 0.77 77.0 3.0165 9 10-4

I2 1 0.0009 0.50 50.0 6.7871 9 10-4

5 0.0006 0.66 66.0 4.5247 9 10-4

10 0.0003 0.83 83.0 2.2623 9 10-4

I3 1 0.0007 0.63 63.0 5.2788 9 10-4

5 0.0004 0.78 78.0 3.0165 9 10-4

10 0.0002 0.88 88.0 1.5082 9 10-4

0.1 N NaCl 0.0006 4.5247 9 10-4

I1 1 0.0004 0.33 33.0 3.0165 9 10-4

5 0.0003 0.5 50.0 2.2623 9 10-4

I2 1 0.0003 0.52 52.0 2.262 9 10-4

5 0.0002 0.67 67.0 1.5082 9 10-4

I3 1 0.0002 0.69 69.0 1.5082 9 10-4

5 0.0001 0.83 83.0 0.754 9 10-4
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Adsorption Isotherm and Thermodynamic Parameters

The adsorption isotherms are very important in determin-

ing the corrosion inhibition mechanism, since it expresses

the molecular interaction of the inhibitor molecule with the

active sites on the cast iron surface. The degree of surface

coverage (h) was calculated from the mass loss measure-

ments. Data were tested graphically by fitting to various

isotherms including Frumkin, Langmuir, Temkin and Fre-

undlich adsorption isotherms. The expected linear rela-

tionship was well fitted by a Langmuir isotherm

(correlation coefficient R2 equal to 0.998, 0.998, and 0.999

for I1, I2, and I3 respectively) through surface coverage of

adsorbed inhibitor on cast iron surface. Accordingly, there

should be no interaction between the molecules that were

adsorbed at the metal surface. But the deviation of the

slope values from unity indicated the presence of small

interaction between the adsorbed molecules. The higher

inhibitive property of the inhibitors is attributed to the

presence of p electrons in aromatic ring, heteroatoms such

as oxygen, sulphur and nitrogen and the larger molecular

size, which covers larger surface of the metallic surface.

Figure 3 shows a representative Langmuir isotherm of I3

drawn from the following equation.

Cinh

h
¼ 1

K
þ Cinh ð5Þ

where, K is the adsorption constant and the slope of the line

is respectively as follows for I1 = 1.028, I2 = 1.024, and

I3 = 1.026 at 298 ± 1 K. The slope values are mostly

equal to unity, which means that an inhibitor molecule is

adsorbed on an active site on the cast iron surface.

The activation energy (Ea), standard entropy of

adsorption (DSads), standard free energy of adsorption

(DGads), and standard heat of adsorption (Qads) were cal-

culated by following Eqs. (6), (7), (8) and (9) according to

previous reports [8, 14–16] and given in Table 3. Figure 4

shows the plot of DGads of inhibitors against different

temperatures in 1 N HCl. The negative values of DGads

indicate the spontaneity of adsorption of the inhibitor

molecules on the cast iron surface [17, 18]. Typically,

DGads values below -20 kJ mol-1 are due to the physi-

sorption of the inhibitor, whereas DGads values above -

40 kJ mol-1 are attributed to the chemisorption of the

inhibitor molecules on metal surface. In the present case,

DGads values are between 18 and 23 kJ mol-1, which

means that the inhibition mechanism at 298 ± 1 K pro-

ceeds via physical adsorption. This fact is also supported

by effect of time as well as by temperature as discussed

above. The higher Ea values of I2 and I3 indicates their

better inhibition characteristics than I1. The negative Qads

values indicate that the adsorption process is exothermic in

nature. Large and negative values of DSads imply that the

activated complex in the rate determining step represents

an association rather than a dissociation step, meaning that

Fig. 3 Langmuir adsorption isotherms for mass loss measurement of

I3

Table 3 Thermodynamic

parameters for the cast iron in

1 N HCl in the presence of the

inhibitors (I1–I3) at 298 ± 1 K

Inhibitor Corrosion

media

DGads

(kJ mol-1)

-Ea

(kJ mol-1)

-Qads

(kJ mol-1)

DHads

(kJ mol-1)

-DSads

(kJ mol-1)

I1 -18.3 88.4 35.1 -21.62 72.5

I2 HCl -18.9 19.1 28.2 -58.87 197.5

I3 -22.3 19.5 29.0 -58.90 197.6

I1 15.85

I2 NaOH 19.12 – – – –

I3 20.84

I1 19.12

I2 NH4Cl 19.84 – – – –

I3 22.56

I1 18.57

I2 NaCl 18.57 – – – –

I3 18.57
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a decrease in disordering takes place on going from reac-

tants to the activated complex [19].

Ea ¼ DHads þ RT ð6Þ

where Ea is activation energy, DHads is the standard

enthalpy of adsorption, R is the gas constant

(8.314 JK-1 mol-1), T is absolute temperature.

Intercept ¼ log R=Nhð Þ þ DSads=2:303Rð Þ ð7Þ
DGads ¼ �RT ln 55:5 Kð Þ ð8Þ

where, 55.5 is the concentration of water in solution.

Qads ¼ 2:303R log
h2

1� h2

� �
� log

h1

1� h1

� �� �
T1T2

T2 � T1

ð9Þ

where, h1, h2 are surface coverage of the inhibitor at 348,

298 K respectively, T1 is maximum temperature (348 K),

T2 is minimum temperature (298 K).

Synergistic Effects of KI

It was reported that addition of halides to the corrosion

system along with inhibitors, greatly diminishes the cor-

rosion of metal [20, 21]. Therefore, in the present study, the

synergistic effect of KI was studied against corrosion of

cast iron in 1 N HCl, 0.005 N NaOH, 0.1 N NH4Cl and

0.1 N NaCl. The results are shown in Fig. S1. and Table 4.

The addition of KI has improved the IE % values for all the

corrosion media except for NaOH corrosion system.

Especially, for neutral media (NH4Cl and NaCl), addition

of KI was much more effective than for acid medium. In

the case of 0.005 N NaOH corrosion medium, no signifi-

cant changes in IE % were observed in presence of KI even

at higher concentrations of KI. Similarly, for 1 N HCl,

0.1 N NH4Cl and 0.1 N NaCl beyond certain KI concen-

tration, there is no observable changes in mass loss mea-

surements. Synergistic factor (given in Table 4) was

calculated by the following equation.

Synergistic factor ¼ 1� I1þ2ð Þ
1� I

0
1þ2

� � ð10Þ

where I1 = Inhibition efficiency (IE %) of KI alone,

I2 = Inhibition efficiency (IE %) of inhibitor alone,

I01 ? 2 = IE % of inhibitor ? KI.

Potentiodynamic Polarization Studies

Anodic and cathodic polarization curves for cast iron in

1 N HCl were obtained both in presence and absence of

Fig. 4 Plot of DGads against different temperatures

Table 4 Comparison of effect

of KI on corrosion inhibition of

cast iron in presence of

optimum concentration of

inhibitors at 298 ± 1 K

Corrosion medium Concentration of KI (ppm) Synergistic parameter (S1) IE %

I1 I2 I3 I1 I2 I3

5 84.0 92 92

10 89.0 94 95

1 N HCl 15 1.11 1.12 1.13 91.0 94 96

20 93.0 95 97

25 94.0 96 98

30 95.0 97 98

1 13.0 38 52

0.005NNaOH 5 1.08 1.06 1.05 51.0 63 75

10 63.0 75 88

0.1 N NH4Cl 1 0.97 1.02 1.09 83.0 88 94

2 93.0 94 97

1 17.0 33 50

0.1 N NaCl 2 1.03 1.06 0.99 35.0 51 83

3 53.0 85 89
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inhibitors I1, I2, or I3. The Tafel plots are shown in Fig. 5.

The various electrochemical parameters such as corrosion

potential (Ecorr), corrosion current density (Icorr), cathodic,

anodic Tafel slopes (bc and ba) and corresponding IE %

were determined from the polarization results and are listed

in Table 5. Upon increasing the concentration of Schiff

base inhibitors, both cathodic and anodic reactions were

affected as shown in the Tafel plots. This result implies that

the addition of the inhibitors diminish anodic dissolution of

iron as well as the cathodic hydrogen evolution reaction

[22]. The high IE % of I3 may be due to the existence of a

phenyl ring having high electron density [23, 24]. The shift

of the Ecorr values is not more than 85 mV, therefore, the

studied Schiff bases are classified as mixed-type inhibitors.

Electrochemical Impedance Spectroscopy (EIS)

Nyquist plots of cast iron in uninhibited and inhibited

acidic solutions containing various concentrations of Schiff

base inhibitor are shown in Fig. 6a. Results obtained from

EIS can be interpreted in terms of the equivalent circuit is

shown in Fig. 6b. In the given electrical circuit, Rs is the

solution resistance, Rct is the charge transfer resistance, and

Cdl is the double layer capacitance. It is obvious from these

plots that the impedance response of cast iron in uninhib-

ited 1 N HCl has considerably changed after the addition of

inhibitors into the corrosive solutions. Nyquist plots size

increase with the inhibitor concentration, suggested that the

produced inhibitive film was strengthened by addition of

inhibitors and also charge transfer process mainly con-

trolling the corrosion of cast iron. The charge-transfer

resistance (Rct) values were calculated from the difference

in impedance at lower and higher frequencies [25].

Inspection of the Table 6, the Rct values increased and the

values of Cdl decreased with an increase in the inhibitor’s

concentration. This condition was a result of increasing

surface coverage by the inhibitor, which led to an increase

in IE %. The impedance study also provided more or less

same efficiency as found in both potentiodynamic polari-

zation and weight loss measurements. Electrochemical

impedance spectroscopy and polarization curves measure-

ments were repeated a number of times and observed that

Fig. 5 Tafel polarization curves for cast iron in 1 N HCl in the

presence and absence of inhibitor I3

Table 5 Tafel polarization

parameter values for the

corrosion of cast iron in the

absence and presence of

inhibitors in 1 N HCl at

298 ± 1 K

Inhibitor Concentration

(ppm)

-Ecorr

(mV vs. SCE)

bc

(mV/decade)

ba

(mV/decade)

Icorr

(lA/cm2)

IE %

Blank – 515 5.252 5.514 509 –

I1 20 496 5.713 5.729 149.1 70.7

40 502 5.864 5.676 130.0 74.4

60 495 7.679 5.066 81.4 85.1

80 500 5.759 5.032 72.1 85.8

100 509 5.083 5.201 52.4 89.7

120 595 4.408 3.774 50.2 90.1

I2 20 471 4.711 5.755 133.7 73.7

40 473 6.257 5.660 102.3 79.9

60 516 7.669 5.437 75.8 85.1

80 493 7.092 4.915 67.8 86.6

100 511 5.367 5.267 51.0 89.9

120 515 7.189 12.047 29.7 94.0

I3 20 482 8.694 5.856 84.6 83.3

40 535 9.269 11.369 40.8 91.9

60 534 7.950 10.919 39.8 92.1

80 532 7.012 11.494 36.3 92.8

100 544 7.719 10.498 24.7 95.1

120 548 8.951 10.198 23.2 95.4
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they were greatly reproducible. Therefore it is essential to

point out that the three compounds under study revealed

the identical behavior in all test times and for all

concentrations.

UV–Visible Spectroscopy

UV–Vis spectroscopy is a suitable method for detecting the

complex formation of inhibitors with Fe2? ions in 1 N HCl

after the corrosion process. Change in position of the

absorption maximum and or change in the value of

absorbance indicates the formation of a complex between

two species in solution. Figure S2 shows the UV–Visible

spectra of inhibitor and Inhads. Inhibitors show two main

absorption bands around 240–260 and 300–380 nm, which

can be assigned to p ? p* (phenyl) and n ? p* (C=N)

transitions respectively. In the case of Inhads samples, the

band around 300–380 nm (n ? p*) had completely dis-

appeared and there was also a small red shift in the band

around 280–340 nm, indicating charge transfer from

inhibitors to the cast iron surface mainly through N and S.

This is attributed to the formation of coordination bonds

between the Schiff base inhibitors and the steel surface

[26].

FT-IR Spectroscopy

The FT-IR spectra were recorded for inhibitors and Inhads

samples to study the type of interactions (chemical and

physical) of Schiff base derivatives on mild steel surface in

1 N HCl. Figure S3 shows all the characteristic bands

corresponding to the functional groups (C=S, C=N and N–

H) present in the Schiff base and also peaks were noted for

Inhads in 1 N HCl. The inhibitors showed a strong band in

the region 1,570–1,580 cm-1 due to C=N [27]. This band

has been shifted to lower wavelength around

1,580–1,620 cm-1 for the adsorbed inhibitor, which clearly

confirms the formation of coordination bond between the

cast iron and the inhibitor molecules. In addition, broad-

ening of N–H stretching vibration also confirms the coor-

dination type bond formation.

Wide Angle X-ray Diffraction (WAXD)

The X-ray diffractograms of the Schiff base derivatives and

Inhads were scanned in the range 5� \ 2O– \ 70� at a

wavelength of 1.543 Å. Figure 7 shows very high relative

intensity peaks in the region 5–30� for Schiff base deriv-

ative indicating crystalline nature. But in the case of Inhads,

broad peaks were observed in the region 5–30�, which

reveals the formation of chemisorbed layer on cast iron

surface [16, 28, 29]. Analysis of the inhibitors-adsorbed

(Inhads) on the cast iron are useful in revealing the inhi-

bition mechanism. The changes in the X-ray diffraction

suggested that the inhibitors may chemically adsorb onto

the surface of the cast iron. The amorphous nature of the

scraped samples indicated that the inhibitors chemically

interacted with the metal rather than a physical interaction.

Fig. 6 EIS measurements. a Nyquist plots of cast iron in 1 N HCl in

the presence and absence of inhibitor I3 and b the equivalent circuit

model used for EIS measurements

Table 6 EIS parameters for cast iron at different concentration of

Schiff base inhibitors in 1 N HCl at 298 ± 1 K

Inhibitor Concentration

(ppm)

Rct (X cm2) fmax Cdl

(lF/cm2)

IE %

Blank – 16.88 8.57 1,099.60 –

I1 20 59.36 29.79 90.04 71.5

40 65.33 33.39 72.89 74.1

60 109.54 54.83 26.51 84.5

80 117.04 58.56 23.23 85.5

100 161.89 83.58 11.76 89.5

120 169.93 87.61 10.69 90.0

I2 20 58.38 29.49 92.48 71.0

40 81.42 42.02 46.54 79.2

60 117.97 58.80 22.95 85.6

80 123.77 63.71 20.19 86.3

100 166.86 83.20 11.47 89.8

120 237.16 118.6 5.60 92.8

I3 20 99.74 49.95 31.96 83.0

40 215.80 108.8 6.78 92.1

60 228.42 115.6 6.03 92.6

80 241.34 120.7 5.46 93.0

100 268.30 134.8 4.40 94.0

120 290.54 145.2 3.77 94.2
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Surface Analysis

In order to establish the interaction of inhibitor molecules

with the metal surface during the corrosion inhibition

process, both in the presence and absence of inhibitors

SEM morphologies of the cast iron specimens were taken,

and they showed that the cast iron sample immersed in 1 N

HCl had been severely damaged due to the aggressive acid

attack. The SEM pictures also show a comparatively

smooth surface of the cast iron after adding of optimum

concentration (120 ppm) of inhibitors to the 1 N HCl

solution. It can be concluded from the SEM images that the

inhibitor molecules slow down the dissolution of steel by

forming organic layer on the iron surface. Therefore, the

inhibitors protect the cast iron from acid solution.

Conclusion

I1, I2 and I3 perform as good corrosion inhibitors for cast

iron in all media. The results confirm that a high inhibition

efficiency was achieved at a concentration of 120 ppm. The

inhibition efficiency follows the order: I3 [ I2 [ I1. Dif-

ferences in the inhibition efficiency are correlated to the

phenyl and methyl substituents present in inhibitors.

Electrochemical polarization method revealed the mixed

mode of inhibition of inhibitors. Adsorption of inhibitor

molecules on the cast iron surface was found to obey the

Langmuir adsorption isotherm. Thermodynamic parameter

values of free energy of adsorption revealed that at

298 ± 1 K the inhibitor molecules adsorbed on cast iron

surface via physisorption mechanism and at 338–348 K the

inhibitor molecules adsorbed on iron surface via chemi-

sorbed mechanism. Synergistic effects by KI were found to

be effective in all the corrosive media except basic corro-

sion environment. UV–Visible, FT-IR spectroscopy and

WAXD were evidences for chemisorption mechanism and

temperature method was evidence for both physisorption as

well as chemisorption mechanism. Additionally, SEM

images provide information of protective layer formation

on the cast iron surface. As a final point, these Schiff base

inhibitors are effective against the corrosion of cast iron in

corrosive media such as acidic (HCl), basic (NaOH), and

neutral media (NH4Cl and NaCl).
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