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ABSTRACT

Inhibitive effects of Schiff’s base, 4-hydroxy phenyl methylidene-2-(1-phenyl ethylidene) hydrazine carbothioamide 
(4-HPMHC) on the corrosion of zinc in H2SO4 at temperatures 303 K, 313 K and 323 K were studied using weight 
loss method. Inhibition efficiency of 4-HPMHC was found to depend on concentrations of inhibitor and the acid, 
temperature of the process and period of contact. The study revealed that 4-HPMHC inhibits the corrosion of zinc 
with maximum inhibition efficiency of 86.87% at 0.0005 M of the inhibitor. The kinetics of uninhibited and inhibited 
corrosion reaction was found to follow first order. Activation energy (Ea) value (18.22 J mol-1) of the inhibited corrosion 
system was higher than that of the uninhibited system with value of 4.919 J mol-1 at 0.0005 M of inhibitor and in 0.05 
M of the H2SO4 acid. The calculated thermodynamic parameters viz; enthalpy, entropy and free energy of the inhibited 
reaction suggest that the process is spontaneous and exothermic. An adsorption characteristic of the studied inhibitor 
was best described by Langmuir adsorption isotherm.

Keywords: Adsorption; Corrosion inhibitor; Inhibition efficiency; Weight loss; 4-hydroxy phenyl methylidene-2-(1-
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INTRODUCTION

A very important process in the area of prevention and control of corrosion is the use of organic inhibitors. The 
introduction of organic inhibitors is in consonance with the focus of chemistry in the 21st century, which centers mostly 
on green chemistry. Organic inhibitors are found to be safer, eco-friendly and biocompatible when compared with their 
inorganic counterparts [1-3]. An important factor to be put into consideration in the mechanism of organic inhibitors 
when employed as corrosion inhibitors is the exclusive interaction between certain functionalities in the inhibitors 
with the active sites in the metallic surface. A corrosion inhibitor is generally referred to as a chemical substance that 
when applied in small quantities to a corrosive medium reduces the rate of corrosion of a metal or a metal alloy [4-7]. 
A search for a suitable inhibitor for the corrosion of metals involves a choice between those synthesized from cheap 
raw materials and those of organic origin containing hetero-atoms (N, O, S or P) in aromatic or long chain carbon 
compounds [8]. Schiff’s bases possess hetero-atoms such as nitrogen, oxygen and sulphur, which play major roles 
in this interaction by donating free electron pairs to the active sites of the metal surface. In addition, the presence of 
double bonds in Schiff’s bases makes them efficient inhibitors due the availability of π-electrons for interaction with 
metal surface. Compounds containing the aforementioned hetero-atoms in addition to the π-electrons have been found 
to display strong inhibition characteristics [9-12]. The present study seeks to use a synthesized Schiff’s base, 4-hydroxy 
phenyl methylidene-2-(1-phenyl ethylidene) hydrazine carbothioamide (4-HPMHC) to inhibit the corrosion of zinc in 
H2SO4 medium. The structure of the Schiff base used in the corrosion study is given in Scheme 1. From the structure, 
it is indicative that the 4-HPMHC molecule contains hetero-atoms and may be a good inhibitor for the corrosion of 
zinc in H2SO4.
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MATERIALS AND METHODS

Materials

The Schiff’s base (4-HPMHC) was synthesized by the method reported in Mandell et al. [13] and Hemandez-Molina 
et al. [14]. Zinc specimens used for the study were of dimensions 4 cm × 4 cm × 0.10 cm. The acid solutions (0.01 M 
to 2.0 M H2SO4) were prepared from analytical grade and were used for the weight loss measurement. The zinc coupon 
was washed in ethanol, dried in acetone and preserved in a desiccator. Various concentrations (0.0001 M to 0.0005 M) 
of the inhibitor, 4-HPMHC was also prepared.

Weight loss measurements

Weight loss measurements were carried out by immersing the zinc coupons in a beaker containing 150 mL of different 
concentrations (0.01 M to 0.05 M) of H2SO4 acid solutions and that containing the inhibitors at different times. Each 
set of experiment was conducted in a thermo stated water bath operated at temperatures 303 K, 313 K and 323 K. At 
the end of the contact time, each coupon was withdrawn from their respective solutions, washed in 5% chromic acid 
solution (containing 1% silver nitrate and 1% aluminium chloride), rinsed in boiling water and dried in acetone before 
weighing. From weight loss measurements, inhibition efficiency and degree of surface coverage were calculated using 
Eq. 1 and 2 respectively.

% I=1-W1/W2 × 100                      (1)

θ=1-W1/W2                      (2)

where, W1 and W2 are respectively the weight losses (g/dm3) of zinc in the presence and absence of inhibitor in H2SO4 
solution. The corrosion rate of zinc in different concentrations of the acid was calculated from the weight loss data 
using the formula expressed by Eq. 3.

Corrosion rate=(weight loss × 87600)/(area × time × density)                   (3)

where, the weight loss is in grams, density of the specimen in g/cm3, area of the metal surface exposed in cm2 and time 
of immersion in hours.

RESULTS AND DISCUSSION

Effects of concentration and temperature

Figures 1-3 show the variation of weight loss with time for the corrosion of zinc in 0.05 M H2SO4 at temperatures 
303 K, 313 K and 323 K, respectively. The plots showed that weight losses of the zinc in the acid increased with 
increase in temperature and with the period of contact, indicating that increased acid concentration and time of 
exposure aggravated the corrosion reaction. However, with the introduction of various concentrations of 4-HPMHC 
as inhibitor, the weight loss of zinc was found to decrease and this indicates that the inhibitor retarded the corrosion 
reaction of the zinc in H2SO4 and that the rate of corrosion decreased with the concentration of the inhibitor. Weight 
losses were also observed to decrease with temperature indicating that corrosion rate of the zinc is further lowered at 
higher temperatures and that 4-HPMHC is adsorbed on zinc electrode by chemical adsorption. This observation is in 
agreement with previous works that have been reported [15,16]. Table 1 shows the corrosion rate of zinc in H2SO4 and 
the inhibition efficiencies of 4-HPMHC for the corrosion process. Results showed that increase in concentration of 
the inhibitor, 4-HPMHC led to a decrease in corrosion rate (decrease in weight) of the zinc metal and a corresponding 

N OH
NCH3

NH

S

Scheme 1: 4-hydroxy phenyl methylidene-2-(1-phenyl ethylidene) hydrazine carbothioamide (4-HPMHC)
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Figure 1: Variation of weight loss of Zn with time in 0.05 M H2SO4 containing various concentrations of 4-HPMHC at 303 K
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Figure 2: Variation of weight loss of Zn with time in 0.05 M H2SO4 containing various concentrations of 4-HPMHC at 313 K
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Figure 3: Variation of weight loss of Zn with time in 0.05 M H2SO4 containing various concentrations of 4-HPMHC at 323 K

303 K 0.01 M H2SO4 0.02 M H2SO4 0.03 M H2SO4 0.04 M H2SO4 0.05 M H2SO4

Conc. (M) CR × 10-3 %I CR × 10-3 %I CR × 10-3 %I CR × 10-3 %I CR × 10-3 %I
0.0001 7.64 49.90 7.81 48.79 7.50 50.79 7.42 51.32 7.59 50.19
0.0002 7.53 55.87 7.35 56.95 7.01 58.90 6.56 61.55 6.47 62.08
0.0003 7.27 61.98 6.94 63.71 6.91 63.82 6.14 67.86 5.87 69.23
0.0004 6.08 71.86 5.68 73.73 5.64 73.88 5.31 75.34 5.30 75.74
0.0005 5.26 77.51 4.17 82.17 4.09 82.49 4.00 82.88 9.36 83.16
313 K 0.01 M H2SO4 0.02 M H2SO4 0.03 M H2SO4 0.04 M H2SO4 0.05 M H2SO4

Conc. (M) CR × 10-3 %I CR × 10-3 %I CR × 10-3 %I CR × 10-3 %I CR × 10-3 %I
0.0001 6.13 60.40 5.86 62.18 5.84 62.30 6.07 60.83 6.32 59.22
0.0002 5.55 68.46 5.86 66.69 5.67 67.79 5.46 68.96 5.45 69.02
0.0003 5.47 72.04 5.66 71.04 5.59 71.40 5.08 74.03 5.04 74.13
0.0004 5.25 76.85 5.45 75.99 5.15 77.32 5.06 77.70 5.03 77.85
0.0005 4.93 79.32 4.87 79.57 4.82 79.78 4.63 80.56 3.33 86.03
323 K 0.01 M H2SO4 0.02 M H2SO4 0.03 M H2SO4 0.04 M H2SO4 0.05 M H2SO4

Conc. (M) CR × 10-3 %I CR × 10-3 %I CR × 10-3 %I CR × 10-3 %I CR × 10-3 %I
0.0001 4.62 70.14 5.34 65.76 5.45 65.05 5.46 65.00 5.65 63.81
0.0002 4.59 73.89 5.27 72.59 5.25 72.66 5.10 73.45 5.06 73.68
0.0003 4.18 78.61 5.14 75.39 5.25 74.84 4.97 76.19 4.82 76.92
0.0004 4.15 81.69 4.82 79.84 4.77 79.07 4.56 79.98 4.27 81.57
0.0005 3.13 86.87 4.01 83.09 4.34 82.08 4.04 83.34 3.76 84.50

Table 1: Corrosion rates (g cm-2 h-1) of zinc and inhibition efficiencies of 4-HPMHC for the corrosion of zinc in various concentrations of H2SO4
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increase in inhibition efficiency of the 4-HPMHC. It was also found that there was no significant difference between 
values of inhibition efficiencies obtained at different concentrations of H2SO4 as shown in Table 1.

Kinetic and thermodynamic considerations

In order to determine the order and rate constants of the uninhibited and inhibited corrosion reaction of zinc, attempts 
were made to fit corrosion data obtained from weight loss measurements into different kinetic order of reactions. Results 
showed that the uninhibited and inhibited corrosion reactions of zinc obeyed first order kinetics at all temperatures 
studied. A first order equation is written as: 

-d([Zn]0-x)/dt=k1t                        (4)

where, [Zn]0-x is the weight loss of zinc, k1 is the first order reaction rate constant and t is the time in hours.

Rearranging and integrating Eq. 4, yields Eq. 5:

-log([Zn]0-x)/[Zn]0=k1t/2.30                   (5)

From Eq. 5, a plot of -log[weight loss of zinc] versus time should produce a straight line with slope equals to k1/2.303. 
The half-lives of the inhibited and uninhibited corrosion reactions were also calculated using Eq. 6 [17,18].

t½=0.693/k1                     (6)

Figures 4-6 show kinetic plots for the corrosion of zinc in 0.05 M H2SO4 in the presence of different concentrations of 
4-HPMHC. From the slopes of the plots in Figures 4-6, values of k1 were calculated. Values of t½ were also calculated 
using Eq. 6. From the calculated values of t½, it was found that 4-HPMHC has the tendency of extending the half-life 
of zinc corrosion in H2SO4.
In order to calculate the activation energy of the corrosion reaction of zinc in the H2SO4 (in the absence and presence 
of 4-HPMHC), the Arrhenius equation was used (Eq. 7) [17,18].
CR=Aexp(-Ea⁄RT)                    (7)
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Figure 4: Kinetic plot for the corrosion of Zn in 0.05 M H2SO4 containing various concentrations of 4-HPMHC at 303K
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Figure 5: Kinetic plot for the corrosion of Zn in 0.05 M H2SO4 containing various concentrations of 4-HPMHC at 313 K
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where, A is Arrhenius frequency or pre-exponential factor, CR is the corrosion rate, Ea is the activation energy of 
corrosion, R is the gas constant and T is the absolute temperature (K). On linearizing Eq. 7, Eq. 8 is obtained.
log k=log A-Ea⁄2.303RT                    (8)
From Eq. 8, a plot of log k versus 1/T should produce a straight line with slope equal to -Ea/2.303R and intercept equal 
to log A (plots of log k versus 1/T not shown). From the slope of lines on the plots, the calculated values of Ea which 
ranged from 6.326 J mol-1 to 25.02 J mol-1 (as shown in Table 2), show that the activation energy of the inhibited 
corrosion reaction is higher than that of uninhibited and further indicates that the 4-HPMHC inhibits the corrosion of 
zinc in the H2SO4 medium.

In order to calculate thermodynamic parameters for the corrosion reaction, transition state equation (Eq. 9) was used 
[17,18].

K=RT/Nh exp(∆S/R)exp(-∆H/RT)                  (9)

On rearranging and taking the logarithm of both sides of Eq. 9, Eq. 10 is obtained.

log (K/T)=log R/Nh+∆S/2.303R-∆H/2.303RT                 (10)

where, ∆Hads is the enthalpy of adsorption, ∆Sads is the entropy of adsorption, R is the gas constant, T is the temperature 
(K), N is the Avogadro’s number and h is the Planck’s constant. From Eq. 10, a plot of log K/T versus 1/T should 
give a straight line with slope equal to -∆H/2.303R and intercept equal to log R/Nh+∆S/2.303R. The thermodynamic 
parameters, ∆H and ∆S were calculated from the slope and intercept of the linear plots (plots not shown) and presented 
in Table 2. 
Values of ∆Hads (Table 2) calculated from slopes of lines of the plots ranged from -2.211 J mol-1 to -25.60 J mol-1 for 
the different concentrations of the inhibitor investigated and with an average value of -14.23 J mol-1. These negative 
values clearly indicate the exothermic nature of the inhibited corrosion reaction. Values of ∆Sads calculated from 
intercepts of lines on the plots ranged from 50.70 J mol-1 to 123.3 J mol-1 with an average value of 86.93 J mol-1 K-1. 
The decreasing values of ∆Sads at higher concentrations of the inhibitor indicate that the adsorption of 4-HPMHC on 
the surface of zinc is accompanied by decreasing disorderliness.
Values of free energy of adsorption ∆Gads were calculated by substituting values of ∆Hads and ∆Sads into Eq. 11.
∆G=∆H-T∆S                       (11)
Values of ∆Gads calculated from Eq. 11 ranged from -30.16 J mol-1 to -17.83 J mol-1 for different concentrations of 
inhibitors investigated. The negative values obtained indicate that the adsorption of 4-HPMHC on zinc surface is 
spontaneous.
Adsorption consideration
Adsorption isotherm provides a clue to the mode and mechanism of adsorption. Attempts were made to fit data 
obtained from weight loss measurement into different adsorption isotherm models including those of Langmuir, 
Frumkin, Freundlich, Temkin, and Florry Huggins isotherms. Results show that experimental corrosion data fitted 
best into Langmuir adsorption isotherm. The Langmuir adsorption isotherm is expressed by Eq. 12.
C/θ=1/K+C                    (12)
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Figure 6: Kinetic plot for the corrosion of Zn in 0.05 M H2SO4 containing various concentrations of 4-HPMHC at 323 K
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where C is inhibitor’s concentration, θ is the degree of surface coverage and K is the Langmuir adsorption constant. 
Taking the logarithm of both sides of Eq. 12, Eq. 13 is obtained.
log (C⁄θ)=log C-log K                   (13)
From Eq. 13, a plot of log(C⁄θ) versus log C should give a straight line if the assumptions of Langmuir are valid 
[19]. Langmuir plots for the inhibited corrosion reaction at two different concentrations of the H2SO4 acid are shown 
in Figures 7 and 8. The high coefficient of correlation (R2) values which ranged from 0.994 to 0.999 confirm that 
Langmuir isotherm best correlated the experimental corrosion data. The applicability of Langmuir adsorption isotherm 
to the adsorption of 4-HPMHC on zinc coupons suggests strong adsorption of the inhibitor on the zinc surface and 
the existence of monolayer of the adsorbed inhibitor. This clearly shows that there are interactions between the active 
sites on the zinc surface and inhibitor species leading to the formation of spread films on the zinc surface and which 
consequently inhibited the corrosion process. Similar observations have been reported [20-22].
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Figure 7: Langmuir isotherm plots for adsorption of 4-HPMHC on the surface of zinc in 0.03 M H2SO4 at different temperatures

Conc. (M) Ea (J/mol) ∆Hads (J/mol) ∆S (J/mol/K) ∆Gads (kJ/mol) at 303 K

0.01M H2SO4 0.0001 15.16 -23.51 72.88 -22.11
0.0002 20.24 -23.19 58.82 -17.85
0.0003 20.57 -25.6 58.11 -17.53
0.0004 21.21 -18.48 53.31 -16.17
0.0005 22.62 -24.16 50.7 -15.39

0.02 M H2SO4 0.0001 6.326 -18.44 120.2 -36.44
0.0002 6.695 -16.44 102.1 -30.95
0.0003 12.24 -15.1 84.86 -25.73
0.0004 13.6 -9.44 80.88 -24.52
0.0005 15.57 -3.293 74.69 -22.63

0.03 M H2SO4 0.0001 6.987 -15.93 101.2 -30.68
0.0002 11.24 -14.04 88.23 -26.75
0.0003 11.79 -9.669 86.47 -26.31
0.0004 19.09 -17.36 82.66 -25.06
0.0005 25.02 -14.62 76.4 -23.16

0.04 M H2SO4 0.0001 6.326 -2.211 123.3 -37.36
0.0002 6.695 -8.999 102.9 -31.19
0.0003 12.24 -11.43 95.85 -29.05
0.0004 13.6 -13.67 91.07 -27.61
0.0005 15.57 -15.42 84.36 -25.58

0.05 M H2SO4 0.0001 8.101 -14.98 114.9 -34.83
0.0002 8.866 -12.85 97.4 -29.53
0.0003 10.05 -10.88 94.28 -28.58
0.0004 12.14 -11.65 91.72 -27.8
0.0005 18.22 -4.499 86.06 -26.07

Table 2: Thermodynamic parameters for the corrosion of zinc in 0.01 M to 0.05 M H2SO4 in the presence of different concentrations of the inhibitor, 
4-HPMHC
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CONCLUSION

From the results of the study carried out, the following conclusions can be drawn: 

• 4-HPMHC is a good inhibitor for the corrosion of zinc in 0.01 M to 0.05 M concentration of H2SO4.

• Inhibition efficiency of 4-HPMHC is dependent on concentration, temperature and period of exposure.

• Inhibited corrosion reaction of the Zn metal in the presence of 4-HPMHC follows first order kinetics.

• Thermodynamic parameters calculated show that adsorption of 4-HPMHC on zinc surface is exothermic, 
spontaneous and is accompanied by decreasing disorderliness. 

• The adsorption of the 4-HPMHC on zinc surface proceeds via chemical adsorption mechanism and the adsorption 
process could best be described by Langmuir adsorption isotherm.
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