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Abstract- This work deals with the evaluation of diphenyl 

sulphide  as a corrosion inhibitor for zinc in 0.5N HCl  and 0.5N 

H2SO4 by conventional weight loss and gasometric methods. 

Results indicate  that diphenyl sulphide  exhibited high inhibition 

efficiencies in both the acids but performed better in 0.5N H2SO4  

than in 0.5N HCl. The inhibition efficiency was found to increase 

with increase in the inhibitor concentration. The adsorption of the 

inhibitor molecules on the zinc metal surface obeyed Temkin 

adsorption isotherm. 

 

Index Terms- Diphenyl sulphide, acidic solutions, zinc 

corrosion, weight loss, gasometry. 

 

I. INTRODUCTION 

cid pickling, acid cleaning and acid descaling are some of 

the industrial process in which metals are exposed to 

different acids of various concentrations. In order to reduce the 

metal loss and acid consumption corrosion inhibitors are added 

to the acid solutions
1-8

. Organic compounds containing nitrogen, 

oxygen and sulphur in their molecular structures have been 

reported to function as effective inhibitors for various metals in 

different corrosive media. The efficiency of these compounds as 

corrosion inhibitors is attributed to the number of mobile electron 

pairs present
9
, the π-orbital character of the electrons

10
 and the 

electron density around the hetero atoms
11

. The efficiency of the 

corrosion inhibitors are also reported to be influenced by their 

molecular structure, molecular size and the nature of the 

substituent groups
12, 13

. These compounds minimize the corrosion 

rate of the metals by getting adsorbed on the metal surface 

thereby blocking the active sites on the metals. 

       In the present work, we have evaluated diphenyl sulphide as 

an inhibitor for zinc corrosion in 0.5N HCl and 0.5N H2SO4 

using the conventional weight loss and gasometry methods. The 

efficiency of the inhibitor was evaluated at four different 

concentrations. 

 

II. EXPERIMENTAL 

       The zinc metal specimens of  composition: lead 1.03%, 

cadmium 0.04%, iron 0.001% and the remainder being zinc  and 

size of 4cm*2cm* 0.08cm with a small hole of approximately 

3mm near the end of the specimen were used  for weight loss and 

gasometry studies. Zinc metal specimens were polished  with a 

series of emery papers of various grades from 400-1200, 

degreased with absolute ethanol and air dried. The inhibitor 

compound, diphenyl sulphide was imported from the Fluka AG 

of Switzerland. The corrosion medium was 0.5N HCl and 0.5N 

H2SO4 prepared from A.R grade HCl and H2SO4 and deionised 

water. 

 

III. WEIGHT LOSS AND GASOMETRY STUDIES  

       Weight loss and gasometry studies were conducted as 

reported earlier
14,15

.From the weight loss experiments the  % 

inhibition efficiency (I.E) and the degree of surface coverage (θ) 

were calculated by using the following equations. 

 

   

 

 

 

                              

 

 

       Where Wo and Wi are the weight  loss of the metal  in the 

absence and presence of the inhibitor respectively. 

       The corrosion rate (C.R) of the metal was calculated by 

using the following equation. 

 

 

                            

 

 

       Where W is the weight loss of the zinc metal (mg), A is the 

surface area of the metal specimen(cm
2
), t is the exposure time 

(h) and D is the density of the metal (g/cm
3
). 

From the gasometry experiments the inhibition efficiency is 

calculated by using the following equation. 

 

 

 

 

 

    Where Vo and Vi are the volume of hydrogen gas evolved in 

the absence and presence of the inhibitor respectively. 

 

IV. RESULTS AND DISCUSSION 

       Values of inhibition efficiency obtained from the weight loss 

and gasometry experiments  for the inhibitor for the corrosion of 

zinc in 0.5N HCl and 0.5N H2SO4 in the presence of different 

concentrations of dipheny sulphide  are presented in the tables 

1and 2 respectively. 

A 
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Table 1  Values of inhibition efficiency obtained 

from the weight loss experiments. 
 

 

 

Corrosive 

medium 

 Values of I.E(%) for different 

concentrations (mM)  of diphenyl 

sulphide 

5 10 30 50 100 

0.5N HCl 31.2 41.9 60.3 67.8 75.1 

0.5N H2SO4 38.1 48.8 66.1 72.3 79.2 

 

 

Table 2  Values of inhibition efficiency obtained 

from the gasometry experiments. 

 

 

 

Corrosive 

medium 

 Values of I.E(%) for different 

concentrations (mM)  of diphenyl 

sulphide 

5 10 30 50 100 

0.5N HCl 31.8 42.1 61.0 67.2 75.6 

0.5N H2SO4 38.7 48.2 66.9 71.8 78.6 

 

 

   The results presented in the tables1 and 2 shows that the 

inhibition efficiencies increase with increase in the inhibitor 

concentration. It can also be seen from these tables that diphenyl 

sulphide  performed better in 0.5N H2SO4 than in 0.5N HCl. A 

similar observation has already been made by several authors
16-

21
.  

       The inhibitor used in this study contains two phenyl rings in 

its molecular structure which are rich sources of electrons apart 

from the sulphur atom which contains two lone pairs of 

electrons. The adsorption of this inhibitor molecule on the 

surface of zinc metal surface can occur in the following ways. 

(i).The sulphur atom with its two lone pair of electrons can act as 

an efficient adsorption centre and get adsorbed on the positively 

charged  metal surface leading to the formation of a protective 

layer on the metal surface. This protective layer acts as a barrier 

between the zinc metal and the corrosive media thus bringing 

down the corrosion rate of the metal. (ii.)The two phenyl groups 

with their π-electrons can also get adsorbed on the metal surface 

leading to the protection of the metal. (iii).The two phenyl groups 

being bulky in nature, on adsorption on the metal surface offers 

good surface coverage to the metal surface against attack by the 

corrosive media. (iv).The sulphur atom in the molecule in acid 

medium can be protonated to some extent to form the cationic 

form of the inhibitor.The chloride and sulphate ions in the 

corrosive medium with less degree of hydration gets specifically 

adsorbed on the positively charged metal surface leading to the 

creation of excess negative charges on the metal surface. This 

situation highly favours the adsorption of the inhibitor molecules 

on the metal surface resulting in reduced corrosion rate. Infrared 

spectrum confirm that a metal sulphur bond may exist between 

the sulphur atom and the metal
22

. The dependence of inhibition 

efficiency of the inhibitor on its concentration is shown in   

figure 1. 

 

 
 

Figure- 1 Variation of inhibition efficiency with 

concentration  of the diphenyl sulphide  inhibitor for  

zinc in 0.5N HCl 

 

       Values of corrosion rates(mm/year) obtained from the 

weight loss experiments for the inhibition of  the corrosion of 

zinc in 0.5N HCl and 0.5N H2SO4 in the presence of different 

concentrations of diphenyl sulphide is presented in the table 3. 

 

Table  3 Values of corrosion rates(mm/year) from the  

weight loss measurements 

 

 

Corrosive 

medium 

Values of corrosion rates(mm/year) 

for different concentrations (mM)  

of diphenyl sulphide 

5 10 30 50 100 

0.5N HCl 96.3 81.3 55.6 45.1 34.9 

0.5N H2SO4 63.8 52.7 34.9 28.5 21.4 

 

       From the table 3 it can be observed that the corrosion rates 

for the corrosion of zinc in 0.5N HCl and 0.5N H2SO4 decreases 

with increasing concentration of the inhibitor. The effect of 

inhibitor concentration on the corrosion rates is shown in figure 

2. 

 

 
 

Figure- 2 Variation of corrosion rates with  concentration of 

the diphenyl sulphide inhibitor  for zinc in 0.5N HCl. 

 

 

Adsorption isotherms 

       Adsorption isotherms play an important role in the 

understanding of  the mechanism of inhibition of corrosion of 

metals. From the weight loss values the degree of surface 
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coverage (θ) for various concentration of diphenyl sulphide  

inhibitor were determined and  plotted against log C for different 

concentrations of the inhibitor. A  straight line was obtained 

indicating that the adsorption of the inhibitor  on the zinc metal  

surface follows Temkin adsorption isotherm. Figure 3 shows the 

Temkin adsorption isotherm.  

 

 

 

Figure-3  Temkin  adsorption isotherm plot for corrosion 

 of zinc in 0.5N HCl containing different  

concentrations of inhibitor. 

 

V. CONCLUSIONS 

       The inhibitor diphenyl sulphide used in this work exhibited 

good inhibition efficiency.Inhibition efficiency increases with 

increase in inhibitor concentration.The inhibitor performed better 

in  0.5N H2SO4 than in 0.5N HCl.The adsorption of the inhibitor 

molecules on the metal surface obeys Temkin’s adsorption 

isotherm.  

 

REFERENCES 

[1] H.B.Rudresh, S.M.Mayanna, Corrosion, 31(1980) 286 

[2] M.r.arshadi, M.Lasgari, Gb-A.Parasafar, Mater.Chem.Phys., 86(2004) 314. 

[3] M.Abdalla, Corros.Sci.,45(2003) 2705. 

[4] .L.Wang, X.Pu, H.C.Luo, Corros.Sci., 48(2003) 677. 

[5] E.E.Foad El-Sherbini, S.M.Abdel whab,M.Deyab, Meter.Chem .Phys., 
89(2005)183. 

[6] R.D.Amstrong, L.Prggs,Corros.Sci., 36(1994) 749. 

[7] Y.K.agrawal, J.D.Talati, M.D.Shaw, M.N.Desai, N.K.Shaw,Corros.Sci., 
46(2004)633 

[8] J.D.Talati, M.N.Desai, N.K.Shaw., Mater.Chem.Phys.,93(2002)54 

[9] K.Aramaki, T.Oya, S.Fuji, Boshoku Gijutsu., 31(1961) 519 

[10] N.Hackerman , R.M.Hurd, Proc.1st Intl cong on Metallic Corrosion, 
London,U.K. April 1960, Butterworths, London, p.166. 

[11] O.L.Riggs, R.L.Evey,Corrosion, 18(1962) 262. 

[12] S.Muralidharan, M.A.Quraishi, S.Venkatakrishna Iyer, Corros.Sci., 
37(1995) 1794 

[13] R.Hariharaputran, A.Subramanian, A.A.Antony, P.M.Shankar, A.Gopalan, 
T.Vasudevan,S.Venkatakrishna Iyer, Br.Corros.J., 33(1998) 214. 

[14] S.Muralidharan, M.A.Quraishi and Venkatakrishna Iyer, Corros. 
Sci.,37(1995) 1739.  

[15] S.Rengamani, S.Muralidharan and Venkatakrishna Iyer, Ind.Jour. 
Chem.Tech, 1    (1995) 168  

[16] N.Subramanyan, S.K.Rangarajan,K.Balakrishnan, S. Venkatakrishna Iyer, 
S. Venkatesan and B.Sathianathan 3rd Eur symp Corr.Inh., University of 
Ferrara Ferrara, Italy, N.S. Saz. 4, (1970) 592. 

[17] G.Schmitt. Br. Corros. J, 19, (1984) 165. 

[18] W.Machw, Proc III Eur.Symp. Corr. Inh., University of Ferrara, Ferrara, 
Italy (1971) P. 107. 

[19] S.Muralidharan, M.A. Quraishi and S.Venkatakrishna Iyer, Portugalial 
Electrochem. Acta, 11, (1913) 255. 

[20] S.Muralidharan, M.A.Quraishi and S.V.K. Iyer, Corros. Sci, 37, (1995) 
1739. 

[21] K.Madhavan, S.Muralidharan and S.Venkatakrishna Iyer, Anti Corros. 
Methods and Maters, 45, (1998) 227. 

[22] T.J.Lane and A.Yemayuchi, J.Am. Chem Soc, 81, (1959) 3824 

 

AUTHORS 

First Author – A.Pasupathy, P.G and Research Department of 

Chemistry, Urumu Dhanalakshmi College, Tiruchirappalli, Tamil 

Nadu, India., Tel.: +919003427375, E-mail address: 

pasupathyudc@gmail.com(A.Pasupathy) 

Second Author – S.Nirmala, P.G and Research Department of 

Chemistry, Urumu Dhanalakshmi College, Tiruchirappalli, Tamil 

Nadu, India. 

Third Author – P.Sakthivel, P.G and Research Department of 

Physics, Urumu Dhanalakshmi College, Tiruchirappalli, Tamil 

Nadu, India. 

Fourth Author – G.Abirami, P.G and Research Department of 

Chemistry, Urumu Dhanalakshmi College, Tiruchirappalli, Tamil 

Nadu, India. 

Fifth Author – M.Raja, P.G and Research Department of 

Chemistry, Urumu Dhanalakshmi College, Tiruchirappalli, Tamil 

Nadu, India. 

 

 

 

 


