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Abstract: 

2-Mercaptobenzothiazole (MBT) has been investigated as an inhibitor of corrosion of 304 stainless steel in 1.0 M sulphuric acid 

solution. Weight Loss, electrochemical polarizat ion, scanning electron microscopy and Auger electron spectroscopy techniques 

have been employed. The inhibition efficiency increases with the increase in concentration of the inhibitor and decreases with the 

increase in temperature. It is chemically adsorbed on the surface of 304 stainless steel and acts as a cathodic inhibitor. Ad sorption 

of MBT occurs through the exocyclic sulphur of the molecule. 
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I. INTRODUCTION 

304 stainless steel is covered with a h ighly protective film of 

chromium oxy-hydroxide(1,2) and is resistant to corrosion in 

many aggressive environments. However, it suffers from 

uniform as well as pitt ing corrosion under certain drastic 

conditions (3). Since304 stainless steel has many applications 

in acid ic medium in a variety of industries; therefore the 

corrosion mechanism of 304 stainless steel in acidic 

environment is of great interest. A large no. of o rganic 

compounds have been studied for inhibit ing acid corrosion(4-

10),Walker(11), Patel and co-workers(12)have reported that 

azoles are very good corrosion inhibitors for brass in different 

media. Chaudhary et.al.(6,7) have also used 2-MBT for the 

corrosion of 70/30 brass in sulphuric acid for aluminium in 

nitric acid but no information is available in the literature 

about its use as an inhibitor for the corrosion of 304 stainless 

steel in sulphuric acid .The present work deals with the study 

of corrosion inhibition properties of 2-MBT on 304 stainless 

steel in 1.0 M sulphuric acid solution and also to understand 

the mechanism of inhibit ion. 

                          

II. EXPERIMENTAL 

304 stainless steel was supplied by Swastic (India) Foils Ltd. 

The sheets were used in as received condition. All chemicals 

used were of AR grade and the solution was prepared using 

double distilled water. Rectangular specimens of 304 stainless 

steel of size 2x4cm
2
were used for weight loss experiments.For 

electrochemical study, the working area of specimen was 

1x1cm
2
.The weight loss experiments were carried out by 100, 

200 and 400 ppm  of 2-MBT in 1.0M sulphuric acid solution 

at 20,30,40
0
c. 
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Electrochemical studies were carried out using a 

potentiostat/galvanostat (Elico Make, ModelCL-95). Scanning 

Electron Microscope (SEM). (Model JSM-840, JEOL Make) 

was used for studying the morphology of the corroded 

specimens. Auger Electron Spectroscopy (AES) analysis was 

carried out by Scanning Auger Microscope (SAM)(PHI Model 

590A,U.S.A.). The specimens were exposed to 1.0 M 

sulphuric acid for 12 hours for studying their surface 

characterizat ions. 

 

III. RES ULTS AND DISCUSS ION 

Percentage inhibition efficiency of 2- MBT at different 

concentrations and different temperatures were calculated by 

weight loss method and Linear polarization resistance 

measurements and the results are recorded in Table 1. 2-MBT 

is very effective in controlling the corrosion of 304 Stainless 

Steel in 1.0 M sulphuric acid solution. Inhibition efficiency 

increases with increase in concentration from 100ppm to 

400ppm and decreases with increase in temperature from 20 to 

40
0
CResults in Tab le 1 shows that percentage inhibition 

efficiency values from electrochemical polarization 

experiments are in good agreement with those obtained from 

weight loss experiments. Open  Circuit Potential (OCP) values 

of 304 stainless steel in absence and presence of 2-MBT are 

also recorded in Table 1.When the temperature is increased 

from 20
0 

to 30
0
C OCP values shifted in the negative direction. 

Therefore, it is difficu lt to draw any conclusion about the 

inhibit ive nature of 2-MBT since the OCP shift is very small.  

 

Fig. 1(a) shows the AES spectra of 304 stainless steel exposed 

to 1.0 M sulphuric acid solution for 12 hours. Fig. 1(b) in the 

presence of 200 ppm of MBT. A peak of nit rogen is observed 

in the presence of inhibitor along with peaks of all the 

expected elements which are also observed in the absence of 

inhibitor. The presence of nitrogen on the surface of the 304 

stainless steel suggests that MBT molecule is strongly 

adsorbed on the surface of 304 stainless steel. 
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Fig.2 (a) shows the Scanning Electron Microscope (SEM) of 

304 stainless steel surface exposed to 1.0 M sulphuric acid 

solution for 12 hours and Fig. 2(b) and 2(c ) in the presence of 

100 and 200 ppm of MBT respectively. It is obvious from the 

micrographs that the surface of 304 stainless steel in presence 

of inhibitor is in much better condition than in absence of 

inhibitor. The  condition of the surface is further improved 

when the concentration of inhibitor is increased from 100 to 

200 ppm. This indicates that MBT is adsorbed on 304 

stainless steel surface and the adsorbed film of the inhib itor 

provides corrosion resistance to 304 stainless steel in 1.0 M 

sulphuric acid solution. High order of inhibition efficiency 

(Table 1) and values of heat of adsorption (Table 2) indicate 

the chemisorptions of MBT on the surface of 304 stainless 

steel in 1.0 M sulphuric acid solution. 

 

IV. CONCLUS IONS 

 

1. 2-MBT is an excellent corrosion inhibitor for the protection 

of 304 stainless steel in 1.0 M sulphuric acid solution and 

provides an excellent efficiency as high as 96.4% at 20
0
C. 

 

2. The inhib ition efficiency increases with increase in 

concentration of the inhib itor and decreases with the rise in 

temperature. 

 

3. Activation Energy for the corrosion of the inhibited system 

is higher than that of the uninhibited system.  

 

4. 2-MBT is chemisorbed on the surface of the 304 stainless 

steel. 

 

5. 2-MBT acts as a cathodic inhibitor.  
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Table 1  

Percentage Inhibition Efficiency data of 2-MBT for the corrosion of 304 Stain less Steel in 1.0 M Sulphuric Acid Solution by Weight 

Loss method and Linear Polarizat ion method 

 

      Temperature  

         (
0
C) 

           Inhib ition Efficiency (%)        OCP 

       (mV) By Weight Loss By Polarization 

 

       Nil 

          20          —         —       —460 

          30          —         —       —445 

          40          —         —       —435 

      100           20        93.7        89.7      —437 

      200           20        96.8        93.1      —432 

      400           20        97.0        96.4      —426 

      100           30        83.6        80.4      —419 

      200           30        89.1        85.0      —416 

      400           30        93.4        89.6      —410 

      100           40        71.1        68.1      —431 

      200           40        74.0        71.9      —425 

      400           40        80.8        77.7      —418 
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Table 2  

Heat of adsorption and Activation Energy values for 304 Stainless Steel in 1.0 M Sulphuric Acid Solution in presence of different 

concentrations of 2-MBT. 

 

   Concentration of 2-MBT   

                 (ppm)                  

Heat of Adsorption (—∆H) 

                (K.Cal.) 

    Activation Energy  (E) 

                (K.Cal) 

                 Nil                   —                  8.3    

                 100                  12.5                 18.6 

                 200                  14.8                 20.8 

                 400                  17.5                 25.1 

 

 
 

 

 
 

Fig. 1 (a) & 1 (b ) AES Spectra of 304 Stainless Steel Exposed to 1.0M Sulphuric Acid Solution for 12 hours In Absence and Pre sence 

of 200ppm of MBT. 

 

 
Fig. 2 (a) SEM Micrograph of 304 Stain less Steel Surface exposed to 1.0M Sulphuric Acid Solution fo r 12 hours (X800). 
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Fig. 2 (b) & 2 (c) SEM Micrographs of 304 Stainless Steel Surface exposed to 1.0M Sulphuric Acid Solution for 12 hours (X800). 

 


