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Abstract: Corrosion inhibition of mild steel in 1 M HCl and 0.5 M H2SO4 by dapsone were studied by polarization resis-

tance, Tafel polarization, electrochemical impedance spectroscopy (EIS) and weight loss measurement. Results obtained 

revealed that inhibition occurs through adsorption of the drug on metal surface without modifying the mechanism of  

corrosion process. Potentiodynamic polarization suggested that it acts as a mixed type predominantly cathodic in HCl  

and predominantly anodic in H2SO4. Electrochemical impedance spectroscopy was used to investigate the mechanism  

of corrosion inhibition. Thermodynamic parameters such as
a

E , °

a
H , °

a
S , °

ads
H  were calculated to investigate 

mechanism of inhibition. The adsorption of dapsone followed Langmuir adsorption isotherm. 
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1. INTRODUCTION 

Inhibition of corrosion of mild steel is a matter of theo-
retical as well as practical importance [1]. Acids are widely 
used in industries such as pickling, cleaning, descaling etc. 
Because of their aggressiveness, inhibitors are used to reduce 
the rate of dissolution of metals. Compounds containing ni-
trogen, sulphur and oxygen have been reported as excellent 
inhibitors [2-7]. The efficiency of an organic compound as 
an inhibitor is mainly dependent on its ability to get adsorbed 
on metal surface which consists of a replacement of water 
molecule at a corroding interface. The adsorption of these 
compounds is influenced by the electronic structure of inhib-
iting molecules, steric factor, aromatic, and electron density 
at donor site, presence of functional group such as –CHO, –
N=N, R–OH etc., molecular area and molecular weight of 
the inhibitor molecule [8-11]. 

A large number of organic compounds are known to be 
applicable as corrosion inhibitors for mild steel [12, 13]. 
However, only a few non-toxic and eco-friendly compounds 
have been investigated as corrosion inhibitors. Tryptamine, 
Succinic acid, L-ascorbic acid, Sulfamethoxazole and Ce-
fatrexyl, were found to be effective inhibitors for acid envi-
ronments. Dithiobiurets exhibited the best performance to-
wards the corrosion of mild steel in HCl solutions showed 
very less toxicity [14-19]. The inhibitive effect of four anti-
bacterial drugs, namely Ampicillin, Cloxacillin, Flucloxacil-
lin and Amoxicillin towards the corrosion of aluminum was 
investigated [20]. The inhibition action of these drugs was 
attributed to blocking the surface via formation of insoluble 
complexes on the metal surface. 

Dapsone (diamino-diphenyl sulfone) is a pharma- 
cological medication most commonly used in combination 
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with rifampicin and clofazimine as multidrug therapy (MDT) 
for the treatment of Mycobacterium leprae infections 
(leprosy). It is also used to treat Pneumocystis carinii pneu-
monia (PCP) caused by Pneumocystis jiroveci (formerly P. 
carinii). Dapsone is used in combination with Pyrimethamine 
in the treatment of malaria. Dapsone-USP, 4, 4'-diamino- 
diphenylsulfone (DDS) is a primary treatment for Dermatitis 
herpetiformis. It is an antibacterial drug for susceptible cases 
of leprosy. 

The objective of this study to investigate the corrosion 
behavior of mild steel in 1 M HCl and 0.5 M H2SO4 solution 
at 308 K in the presence of dapsone using weight loss, po-
larization resistance, Tafel polarization and electrochemical 
impedance techniques. The effects of temperature, acid con-
centration, immersion time were also studied. Several iso-
therms were tested for their relevance to describe the adsorp-
tion behavior of the compounds studied. 

2. EXPERIMENTAL 

The mild steel strips having composition (wt %): C 0.04, 
Mn 0.035, Si 0.17, S 0.025, P 0.03 and balance Fe were used 
for weight loss as well as electrochemical studies. The ag-
gressive solution of hydrochloric acid (AR grade) is used for 
all studies. Its chemical structure is shown as Fig. (1). All the 
concentrations of the inhibitor taken for weight loss and 
electrochemical study, was taken in ppm by weight. The 
weight loss studies were done on mild steel strips of 2.0 cm 

 2.5 cm  0.025 cm sizes. Weight loss studies were carried 
out at 308 K temperature and 3 h time duration and 1 M HCl 
and 0.5 M H2SO4 solution. The surface coverage ( ) and 
inhibition efficiency (

WL
μ %) was determined by using fol-

lowing equation [21]: 

0 i

0

w w

w
=             (1) 

0 i

WL

0

% 100
w w

w
μ =            (2) 



44    The Open Electrochemistry Journal, 2010, Volume 2 Singh et al. 

Where, wi and w0 are the weight loss values in presence and 
absence of inhibitor, respectively. 

The corrosion rate (CR) of mild steel was calculated using 
the relation: 

R

87.6
( / )

w
C mm y

atD
=            (3) 

where, w is corrosion weight loss of mild steel (mg), a the 
area of the coupon (cm

2
), t is the exposure time (h) and D the 

density of mild steel (g cm
-3

). 

The electrochemical studies were made using a three 
electrode cell assembly at room temperature [22, 23]. The 
working electrode was a mild steel of above composition of 
1 cm

2
 area and the rest being covered by using commercially 

available lacquer. A rectangular Platinum foil of 1 cm
2
 was 

used as counter electrode and saturated calomel electrode 
(SCE) as reference electrode. The working electrode was 
abraded with different grades of emery papers (600/800/ 
1000/1200), washed with water and degreased with acetone. 
The polarization and impedance studies were carried out 
using Gamry Potentiostat/Galvanostat (model 300) with EIS 
software, Gamry-Instruments Inc., USA. The linear polariza-
tion study were carried out from cathodic potential of -0.02V 
vs. OCP to an anodic potential of +0.02V vs. OCP at a sweep 
rate 0.125 mVs

-1
 to study the polarization resistance (Rp). From 

the measured polarization resistance value, the inhibition 
efficiency has been calculated using the relationship: 
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Where, 
0

p
R and 

'

p
R are the polarization resistance in absence 

and in presence of inhibitor, respectively. 

The Tafel polarization was carried out from cathodic po-
tential of -0.25 V vs. OCP to an anodic potential of +0.25 V 
vs. OCP at a sweep rate 1.0 mVs

-1
 to study the effect of in-

hibitor on mild steel corrosion. The linear Tafel segment of 
anodic and cathodic curves were extrapolated to corrosion 
potential to obtain the corrosion current densities (Icorr). The 
corrosion inhibition efficiency (E%) was evaluated from the 
measured Icorr values using the relationship: 
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where, 
  
I

corr

o and i

corr
I  are the corrosion current densities in 

absence and in presence of various concentrations of the 

inhibitor, respectively. The impedance studies were carried 

out using ac signals of 10 mV amplitude for the frequency 

spectrum from 100 kHz to 0.01 Hz. The charge transfer re-

sistance values were obtained from the diameter of the semi 

circles of the Nyquist plots. The inhibition efficiency of the 

inhibitor was calculated from the charge transfer resistance 

values using the following equation: 
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where, 
o

ct
R  and 

'

ct
R  are the charge transfer resistance in ab-

sence and in presence of inhibitor, respectively.  

3. RESULTS AND DISCUSSION 

3.1 Weight Loss Study 

The value of percentage inhibition efficiency (E%) and 
corrosion rate (CR) obtained from weight loss method at dif-
ferent concentrations of Dapsone in 1 M HCl and 0.5 M 
H2SO4 at 308 K are summarized in Table (1). The variation 
of inhibition efficiency with increase in inhibitor concentra-
tions is shown in Fig. (2a). It was observed that dapsone 
inhibits the corrosion of mild steel in HCl and H2SO4 solu-
tion, at all concentrations used in study i.e. 100-400 ppm. 
Maximum inhibition efficiency was shown at 400 ppm con-
centration of the inhibitor in 1 M HCl and 0.5 M H2SO4 at 

 

 

Fig. (1). Structure of Dapsone. 

Table 1. Corrosion Parameters for Mild Steel in Aqueous Solution of 1 M HCl and 0.5 M H2SO4 in Absence and Presence of  

Different Concentrations of Dapsone from Weight Loss Measurements at 308 K for 3 h 

Inhibitor Concentration (ppm) Weight Loss (mg cm
-2

) μWL (%) CR (mm/y) 

1 M HCl 20.9 - 77.91 

100 8.2 60.95  30.42 

200 5.7 78.85  21.14 

300 2.2 89.52 8.16 

400 1.4 93.33 5.19 

0.5 M H2SO4 30.0 - 111.30 

100 12.7 57.66 47.00 

200 7.5 75.00 27.82 

300 3.4 88.66 12.61 

400 2.8 90.66 10.38 

H2N O2S NH2
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308 K. It is evident from the Table (1) that the corrosion rate 
is decreased from 77.91 to 5.19 mm/y in 1 M HCl and from 
111.3 to 10.38 mm/y in 0.5 M H2SO4 respectively, on the 
addition of 400 ppm of dapsone. 

The effect of immersion time on the inhibition efficiency 
is shown in Fig. (2b). It is found that the inhibition effi-
ciency decreases with increasing immersion time from 2 to 8 
h. This suggests that desorption of the inhibitor molecule 
from metal surface with increasing immersion time. 

The variation of inhibition efficiency with increase in 
acid concentration from 0.5 to 2.0 M is shown in Fig. (2c). It 
is clear that change in acid concentration from 0.5 M to 2.0 
M, inhibition efficiency varied from 97.66 to 73.77 %, from 
96.5 to 71.65 % in HCl and H2SO4, respectively. This 
change in the inhibition suggests that the compound is not 
much effective corrosion inhibitor in acid solution at higher 
concentration of the acid solution. 

The influence of solution temperature on inhibition effi-
ciency is shown in Fig. (2d). It is observed that inhibition 
efficiency decreases with increase in temperature 308 K to 
338 K. The decrease in inhibition efficiency with tempera-
ture may be attributed to desorption of the inhibitor molecule 
from metal surface at higher temperature [24]. 

3.2 Electrochemical Impedance Spectroscopy 

Electrochemical impedance measurements were carried 
over the frequency range from 10 kHz to 0.01 Hz at open 
circuit potential. The impedance spectra for Nyquist plots 
were analyzed by fitting to the equivalent circuit model (Fig. 
3) which was used elsewhere to describe iron / acid interface 
[25, 26]. In this equivalent circuit, Rs is the solution resis-

tance, Rct is the charge transfer resistance and CPE is a con-
stant phase element. The capacitance values were calculated 
using the equation [27, 28]. The impedance function of the 
CPE is as follows: 

 

 

 

 

 
Fig. (3). Electrochemical equivalent circuit used to fit the imped-

ance spectra. 

1 1/
dl o ct( )n n

C Y R=            (7) 

where Y0 is the magnitude of CPE, Rct is the charge transfer 
resistance and n is the CPE exponent. Depending on n, CPE 
can represent resistance (Y-1 = R, n = 0), capacitance (Y-1 = 
C, n = 1), inductance (Y-1 = L, n = -1) and Warburg 
impedance for n = 0.5 [29]. So, by use of the CPE concept 
we got excellent fit for the experimental data. The idealized 
capacitance (Cid) values were calculated from CPE parame-
ter values Y0 and n using the relation [30]. 
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The impedance parameters such as solution resistance 
(Rs), charge transfer resistance (Rt), Y0, n, derived double 
layer capacitance (Cdl) and inhibition efficiency (E%) are 
listed in Table (2). The values of E% are calculated using the 
following equation: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Variation of inhibition efficiency of Dapsone in 1 M HCl and 0.5 M H2SO4 with (a) inhibitor concentration, (b) immersion time, 

(c) acid concentration and (d) temperature of the solution. 
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t,i t,0
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(%) 100
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where Rt,i and Rt,0 are charge transfer resistances in presence 
and absence of inhibitor, respectively. It is clear from Table 
(2) that by increasing the inhibitor concentration, the Cdl val-
ues tend to decrease and the inhibition efficiency increases. 
The decrease in Cdl values can be attributed to a decrease in 
local dielectric constant and / or an increase in the thickness 
of the electrical double layer, suggesting that dapsone act by 
adsorption at the mild steel/solution interface [31]. On the 
other hand, the values of Cdl decreased with an increase in 
the dapsone concentration. This situation was the result of an 
increase in the surface coverage by this inhibitor, which led 
to an increase in the inhibition efficiency. The thickness of 
the protective layer, org, was related to Cdl by the following 
equation [32]. 

o r

dlorg C
=         (10) 

where , 0 is the dielectric constant and r is the relative di-
electric constant. This decrease in the Cdl, which can result 
from a decrease in local dielectric constant and/or an in-
crease in the thickness of the electrical double layer, sug-
gested that dapsone function by adsorption at the metal/ 
solution interface. Thus, the change in Cdl values was caused 
by the gradual replacement of water molecules by the  
adsorption of the organic molecules on the metal surface, 
decreasing the extent of metal dissolution [33]. 

It is apparent from Nyquist plots that the impedance re-
sponse of mild steel in inhibited HCl and H2SO4 solutions 
has significantly changed after the addition of dapsone in 
acid solutions and that the impedance of inhibited substrate 
increases with increasing conc. of inhibitor in both acids as 
in Fig. (4a-b). From the Table (2), it is clear that the greatest 
effect was observed at 400 ppm of dapsone which gives Rct 
values of 125.8 and 31.83  cm

2
 in 1 M HCl and 0.5 M 

H2SO4 respectively. Inhibition efficiency is found to increase 
with inhibitor concentration in both the acids, but it is found 
to be more effective in HCl than H2SO4 solution. The data 
obtained from EIS are in good agreement with those ob-
tained from weight loss and potentiodynamic polarization 
methods. 

3.3 Tafel Polarization 

Fig. (5a-b) showed the Tafel polarization curve for mild 
steel in 1 M HCl and 0.5 M H2SO4 with addition of various 
concentrations of dapsone. The important corrosion parame-
ters derived from these curves are presented in Table (3). 
From the Table 3, it is clear that the corrosion current (Icorr) 
value decreased from 1530 Acm

-2
 to 98 Acm

-2 
and from 

4799 Acm
-2 

to 415 Acm
-2

 the presence of 400 ppm con-
centration of dapsone in 1 M HCl and 0.5 M H2SO4 respec-
tively. In HCl solution, both ba and bc values changed sig-
nificantly and Ecorr shifted to cathodic region hence, dapsone 
acted as mixed type but predominantly cathodic where as in 
H2SO4 solution bc values changed less prominently in com-
parison to that of ba and Ecorr shifted to anodic region. Thus, 
dapsone acted as anodic inhibitor in H2SO4. 

3.4 Polarization Resistance 

The polarization resistance (Rp) values of mild steel in 1 
M HCl and 0.5 M H2SO4 increases from 9.70  cm

2
 of the 

blank to 262.9  cm
2
 and from 3.25  cm

2
 to 39.70  cm

2
 

respectively in the presence of 400 ppm concentration of 
dapsone (Table 3). The increase in the Rp value suggests that 
the inhibition efficiency increases with the increase in the 
inhibitor concentration. 

3.5 Adsorption Isotherm and Thermodynamic Parameter 

The plot between ln Kads vs. 1/T as in Fig. (6) gives the 
values for calculating, heat of adsorption ( H) with a slope 
(- H/2.303R). The values for heat of adsorption are included 
in Table (4). Since the values of heat of adsorption for the 
inhibitor is less that -40 kJ mol

-1
, hence physical adsorption 

occurs [34]. 

It has been reported by number of authors [35-37] that in 
acid solution, logarithm of the corrosion rate is a linear func-
tion with 1/T (Arrhenius equation): 

°

alog( )
2.303

E
rate A

RT
= +

         (11) 

where, 
°

a
E  is the apparent effective activation energy, R 

general gas constant and A the Arrhenius pre-exponential 
factor. A plot of log of corrosion rate obtained by weight loss 

Table 2. Impedance Parameters and Inhibition Efficiency Values for Mild Steel after 30 min Immersion Period in 1 M HCl and 

0.5 M H2SO4 in Absence and Presence of Different Concentrations of Dapsone 

Acid Solution Concentration of  

Inhibitor (ppm) 

Rs 

(  cm
2
) 

Rct 

(  cm
2
) 

Y0 

(μF cm
-2

) 

n Cdl 

(μF cm
-2

) 
ct

%R
μ  

1 M HCl 0.0 1.20 8.461 250.0 0.827 68.97 - 

 200.0 1.91 41.63 153.5 0.857 66.05 79.62 

 300.0 1.04 95.73 125.1 0.868 63.86 91.62 

 400.0 0.81 125.80 102.8 0.877 55.86 93.27 

0.5M H2SO4 0.0 1.51 4.50 180.0 0.883 71.35  

 200.0 0.88 13.12 131.8 0.889 59.60 65.7 

 300.0 1.37 16.55 114.4 0.898 56.01 72.80 

 400.0 0.63 31.83 100.0 0.901 53.16 85.86 
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Fig. (4). (a) Nyquist plots in absence and presence of different concentrations of Dapsone in 1 M HCl and (b) Nyquist plots in absence and 

presence of different concentrations of Dapsone in 0.5 M H2SO4. 
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Fig. 5. Contd…. 
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Fig. (5). Polarization curves in absence and presence of different concentrations of Dapsone in (a) 1 M HCl and (b) 0.5 M H2SO4. 

 

Table 3. Potentiodynamic Polarization Parameters for Mild Steel without and with Different Concentrations of Dapsone in 1 M 

HCl and 0.5 M H2SO4  

Tafel Data Linear Polarization Data 

Acid Solution Conc. of  

Inhibitor ( M  10
-4

) 

Ecorr 

(mV vs  SCE) 

Icorr 

(μA cm
-2

) 

ba 

(mV/dec) 

bc 

(mV/dec) P%
μ  

Rp 

(  cm
2
) 

p %R
μ  

1 M HCl 0.0 -445 1530 90 129 - 9.70 - 

 200 -461 345 55 83 74.76 43.00 77.44 

 300 -465 130 54 98 91.79 116.00 91.63 

 400 -462 98 56 76 93.81 262.2 95.38 

0.5 M H2SO4 0.0 -441 4799 86 100 - 3.25 - 

 200 -470 1010 52 69 78.95 19.00 82.89 

 300 -471 960 70 111 79.99 20.80 84.37 

 400 -469 415 65 93 91.35 39.70 91.81 

 

measurement versus 1/T gave straight line as shown in Fig. 
(7a). The values of activation energy 

°

a
E  obtained from  

the slope of the lines are given in Table (4). An alternative 
formula of the Arrhenius equation is the transition state 
equation [38]:  

exp exp
RT S H

Rate
Nh R RT

° °

=

        (12) 

where h is Plank’s constant, N the Avogadro’s number, 
S
°
the entropy of activation and H

°
the enthalpy of acti-

vation. A plot of log (CR/T) versus 1/T gave a straight line 
(Fig. 7b), with a slope of (- Hº/2.303 R) and an intercept of 
[log(R/Nh) + ( Sº/2.303R)], from which the values of Sº 
and Hº were calculated and listed in Table (4). The data 
shows that thermodynamic activation functions (

°

a
E ) of the 

corrosion in mild steel in 1 M HCl and 0.5 M H2SO4 solution  
 

 

 

 

 

 

 

 

Fig. (6). Plot of ln Kads vs. 1/T on the surface of mild steel. 
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in the presence of the inhibitor is higher than those in free 
acid solution indicating that all the inhibitors lowers the in-
hibition efficiency at higher temperature [39-41]. The nega-
tive values of Sº and Hº indicates that the process of ad-
sorption is exothermic, spontaneous and increases the system 
order [42, 43]. Free energy of adsorption (

o

ads
G ) calculated 

using the following equations [44].  

o

ads ln(55.5 )G RT K=         (13) 

(1 )
K

C
=

         (14) 

where,  is degree of coverage on the metal surface, C is 
concentration of inhibitor in mol/l, R is a constant and T is 
temperature. This value is lesser than -40 kJ/mol indicating 
that all are physically adsorbed on metal surface as in Table 
(4) [45]. The negative values of Gads indicated the sponta-
neous adsorption of inhibitor on surface of mild steel [46]. 

It is well known that organic inhibitors establish inhibi-
tion by adsorption onto the metal surface. The adsorption of 
inhibitors influenced by the chemical structures of organic 
compounds, nature and surface charge of metal, the distribu-
tion of charge in molecule and type of aggressive media [47, 
48]. The physical adsorption requires the presence of electri-
cally charged metal surface and charged species in the bulk 
of solution. In the case of chemisorption process involves 
charge sharing or charge transfer from the inhibitor molecule 
to the metal surface. This is possible in case of positive as 
well as negative charges on this surface. The presence, with 

a transition metal, having vacant and low-energy electron 
orbital of an inhibitor molecule having relatively loosely 
bound electrons or heteroatoms with lone-pair electrons  
facilitates this adsorption [49]. 

The mechanism of corrosion inhibition may be explained 

on basis of adsorption behavior [50]. Basic information on 

the interaction between the inhibitor and the mild steel sur-
face can be provided by the adsorption isotherm. For this 

purpose, the values of surface coverage ( ) at different con-

centrations of dapsone in acid media in the temperature 
range (308-338 K) have been used to explain the best  

isotherm to determine the adsorption process. The adsorption 

of an organic adsorbate on to metal-solution interface was 
donated by a substitutional adsorption process between the 

organic molecules in the aqueous solution Org(sol) and the 

water molecules on the metallic surface H2O(ads) [51]. 

(sol) 2 (ads) 2 (sol)Org + H O Org + H Ox x        (15) 

Where, Org(sol) and Org(ads) are the organic molecules in the 
aqueous solutions and adsorbed on the metallic surface, re-
spectively, H2O(ads) is the water molecules on the metallic 
surface,  x  is the size ratio representing the number of water 
molecules replaced by one molecule of organic adsorbate. 

Attempts were made to fit these  values to various iso-
therm including Frumkin, Langmuir, Temkin. According to 
these isotherms,  is related to the inhibitor concentration 
(Cinh):  

Table 4. The Values of Activation Parameters Ea, H
0

a and S
0
a for Mild Steel in 1 M HCl and 0.5 M H2SO4 in the Absence and 

Presence of Optimum Concentrations of Dapsone 

Acid Solution Inhibitor conc. 

(ppm) 

Ea 

(kJ mol
-1

) 

- H a 

(kJ mol
-1

) 

S a 

(J mol
-1

 K
-1

) 

Hads 

(kJ mol
-1

) 

G°ads 

(kJ mol
-1

) 

1 M HCl 0.0 28.77 26.11 124.48 - - 

 400.0 56.19 63.52 30.50 -16.45 33.49 

0.5 M H2SO4 0.0 20.96 18.30 -146.32 - - 

 400.0 47.12 44.46 -85.15 -16.75 32.55 

 

 

 

 

 

 

 

 

a      b 

Fig. (7). Adsorption isotherm plots for (a) log CR vs. 1/T and (b) log (CR/T) vs. 1/T. 
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inh

1
inh

bC

bC+
=    (Langmuir isotherm)      (16) 

inhexp( 2 )a KC=   (Temkin isotherm)      (17) 

Where, b designates the adsorption coefficient in equation 
(15), a the molecular interaction parameter, K is the equilib-
rium constant of the adsorption process in equation (16).The 
best fit was obtained with Langmuir isotherm. The first stage 
in the action mechanism of inhibitor in acid media is adsorp-
tion on the metal surface [52]. In most inhibition studies, the 
formation of donor-acceptor surface complexes between -
electrons of inhibitor and the vacant d-orbital of metal were 
postulated [53]. 

4. MECHANISM OF INHIBITION 

Corrosion inhibition of mild steel in 1 M HCl and 0.5 M 
H2SO4 by Dapsone can be explained on the basis of molecu-
lar adsorption. The compound inhibits corrosion by control-
ling both the anodic and cathodic reactions. From the data 
presented in Table (3) it is clear that dapsone inhibits corro-
sion of mild steel simply by blocking both cathodic and ano-
dic site. Corrosion inhibition of Dapsone is attributed to the 
presence of  electrons, quaternary nitrogen atom and the 
larger molecular size. 

CONCLUSIONS 

1. Dapsone functioned as a good inhibitor for the corrosion 
of mild steel in 1 M HCl and 0.5 M H2SO4 and the 
inhibiting efficiency value increased with the inhibitor 
concentration. 

2. The electrochemical impedance study showed that 
corrosion inhibition of mild steel in molar hydrochloric 
acid solution takes place by adsorption process. Tafel 
polarization curves indicated that the dapsone acted as 
mixed type in both HCl and H2SO4 solution. 

3. The increasing value of CPE exponent (n) with increas-
ing inhibitor concentration indicated that surface rough-
ness decreased with increasing inhibitor concentration. 

4. The adsorption of the dapsone on the mild steel surface 
in acid solution obeyed Langmuir adsorption isotherm. 
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