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ABSTRACT 

 
The corrosion of zinc in nitric acid containing nitro aniline has been studied at 

different acid concentration, inhibitor concentration and temperature. In acid, 
corrosion increases with concentration of acid and with temperature. At constant 
acid concentration, the inhibition efficiency (I.E.) of nitro anilines increases with 
concentration. At constant inhibitor concentration, the I.E. increases with the 
concentration of acid. At 40 mM inhibitor concentration in 0.15 M HNO3 acid at 
301 K for 24 h immersion period, the I.E. decrease in the order: m- nitro aniline 
(99.4 %) > p- nitro aniline (97.9 %) > o- nitro aniline (90.8 %).  The mode of 
inhibition action appears to be chemisorption since the plot of log (θ/1-θ) versus log 
C gives straight line which suggest that the inhibitors cover both the anodic and 
cathodic regions through general adsorption following the Langmuir isotherm. 
Anodic and cathodic galvanostatic polarization curves show little anodic but 
significant cathodic polarization.  
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INTRODUCTION 

Zinc is one of the most vital non-ferrous 
metal, having extensive use in metallic 
coating. Aliphatic amines, heterocyclic 
amines and aromatic amines have been 
extensively investigated as corrosion 
inhibitors1-4. Amines have been investigated 
as corrosion inhibitors by many workers in 
different metals and in different 
environments5-13. Desai et al.14, 15 have 
reported that the aromatic amines as the 
corrosion inhibitors for 70:30 brass in 
HNO3.. Vashi et al.16 studied corrosion 
inhibition of zinc metal in sulfamic acid 
using nitro anilines as inhibitors. In this 
paper, the role of nitro anilines in inhibiting 

the corrosion of zinc in   nitric acid  has been 
reported. 

MATERIAL AND METHODS 
(i) Preparation of the specimens : 

Rectangular specimens (5 x 2 x 0.1 cm) of 
zinc having composition as follows: Zinc-
98.50%, Pb- 0.03%, Cd- 0.02% and Fe- 
0.01% were used for the determination of the 
corrosion rate. All the specimens were 
cleaned by buffing and wrapped in plastic 
bag till use.   

(ii) Mass loss measurements: The 
specimens having an area of 0.2116 dm2  
were immersed in 0.01, 0.05,0.10 and 0.015 
M HNO3 concentration with and without 
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inhibitors containing 230 ml. of the test 
solution at 301 + 1 K for 24 h. After the test, 
the specimens were cleaned by using 10 % 
CrO3 solution having 0.2 % BaCO3

17. After 
cleaning, the specimens were washed with 
distilled water followed by acetone and dried 
with air dryer. Triplicate experiment were 
performed in each case and mean value of 
the corrosion loss was reported in the form of 
corrosion rate. 

To study the effect of temperature on 
corrosion loss of zinc 0.15 M HNO3 , the 
specimens were immersed in 230 ml.  
corrosive solution at temperature of  303, 
313, 323, and 333 K for an immersion period 
of 2 h with and without inhibitors  was 
reported. 

 (iii) Polarization study: For polarization 
study, metal specimen having an area of 
0.0247 dm2 were exposed in 500 ml  0.05 M 
corrosive solution . Zinc metal (working 
electrode) was polished with fine emery 
paper, cleaned with distilled water and 
acetone. Saturated calomel electrode used as 
a reference electrode and two counter 
electrodes were used to supply the current 
flowing at the working electrode during the 
test. Galvenostatic potentiometer (EG and G 
PARC model -273) was used for polarization 
study. The corrosion parameters deduced 
from Tafel polarization curves such as 
corrosion current  I corr. and corrosion 
potential Ecorr., Tafel constant ba and –bc 
are shown in Table 4. 

I.E. has been calculated as follows : 
I.E. (%) = [(Wu –Wi) / Wu ] X 100 ---(1) 
Where, Wu is the weight loss of metal in 

uninhibited acid and 
Wi is the weight loss of metal in 

inhibited acid. 
Energy of activation ( Ea ) has been 

calculated from the slope of log ρ versus 1/T       
(ρ = corrosion rate, T = absolute 
temperature) and also with the help of the 
Arhenious equation18. 

log (P2/P1) = Ea/ 2.303 R [(1/T1) – (1/T2)] 
--- (2) 

Where, P1 and P2  are the corrosion rate at 
temperature T1 and T2 respectively. 

The values of heat of adsorption (Qads) 
were calculated by the following equation18. 

Qads = 2.303 R [log ( θ2 / 1 – θ2 ) - log  
( θ1 / 1 – θ1 )]  x  [T1 . T2 / T2  – T1]               
--(3) 

where, θ1 and θ2 [ θ = (Wu – Wi) / Wi ] 
are the fractions of the metal surface covered 
by the inhibitors at temperature  T1 and T2 
respectively. 

The values of the free energy of 
adsorption (ΔGa) were calculated with the 
help of the following equation19. 

log C  =  log ( θ  / 1 –  θ )  –  log B  ---(4) 
Where, log B = –1.74 – (G0a / 2.303 

RT) and C is the inhibitor concentration. 
The enthalpy of adsorption (ΔH0

ads) and 
entropy of adsorption (ΔS0

ads) are calculated 
using the following equation (5) and (6). 

ΔH0
ads = Ea – RT               ---(5) 

ΔS0
ads = [ΔH0

ads - ΔG0
ads] / T             ---(6) 

RESULTS AND DISCUSSIONS 
The results are given in Tables 1 to 

Table 4 and in  Fig. 1. To assess the effect of 
corrosion of zinc in nitric acid, nitro anilines 
were added as inhibitors. 

Corrosion in plane acid : The corrosion 
rate increases with the increase in acid 
concentration. The corrosion rate was 250.7, 
1590.3, 3258.5 and 5132.3 mg/dm2 in 0.01, 
0.05, 0.10 and 0.15 M HNO3 concentrations   
respectively for a period of 24 h at 301 + 1 K 
as shown in Table 1. 
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Corrosion in presence of inhibitors : 
To assess their protective value, aromatic 
amines like o-nitro aniline, m-nitro aniline 
and p-nitro aniline were added having 10, 20, 
30 and 40 mM concentration in 0.01, 0.05, 
0.10 and 0.15 M HNO3 concentration  
(Table 1). 

Effect of inhibitor concentration : At 
constant acid concentration, the I.E. of the 
nitro anilines increases with the inhibitor 
concentration, e.g. in the case of m-nitro 
aniline in 0.15 M HNO3 the I.E. was found to 
be 51.1, 66.4, 88.2 and 99.4 % correspond to 
10, 20, 30 and 40 mM inhibitor concentration 
respectively (Table 1). 

Effect of acid concentration : At 
constant inhibitor concentration, the I.E. 
increases with the increase in acid 
concentration. At 40 mM inhibitor 
concentration, the I.E. of m-nitro aniline is 
53.9, 58.1, 66.6 and 99.4 % correspond to 

0.01, 0.05, 0.10 and 0.15 M acid 
concentration respectively (Table 1). At 40 
mM inhibitor concentration 0.15 M acid, the 
efficiency of inhibitors decreases in order: 
m-nitro aniline (99.4%) > p-nitro aniline 
(97.9 %) > o-nitro aniline (90.8 %). It was 
observed that m-nitro aniline acts as better 
inhibitor. 

Effect of specific conductivity : 
Measurement of  specific conductivity shows 
2.9 x 10-3, 15.7 x 10-3, 30.1 x 10-3 and 48.4 x 
10-3 ms/ cm for 0.01, 0.05, 0.10 and 0.15 M 
acid concentration respectively. This  suggest 
that the specific conductivity increases with 
the increase of acid concentration. 

Effect   of  temperature : To determine 
the effect of temperature on corrosion, 
corrosion rate was measured in 0.15 M 
HNO3 containing 10, 20, 30 and 40 mM 
inhibitor concentration at solution 
temperature of 303, 313, 323 and 333 K for 
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Fig. 1 : Polarization curves for corrosion of zinc in 0.05 M nitric acid without and with 40 mM 

inhibitor concentration. 
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an immersion period of 2h. The result in 
Table 2 shows that corrosion rate increases 
while percentage of I.E. decreases with rise 
in temperature. In 0.15 M HNO3 at 40 mM 

inhibitor concentration, the I.E. for m-nitro 
aniline was 97.1, 95.9, 94.0 and 91.5 % 
correspond to 303, 313, 323 and 333 K 
respectively. 

Table 1 : Corrosion rate (CR) and Inhibition efficiency (IE) of zinc in various 
concentrations of HNO3 containing  nitro anilines as inhibitors for an immersion period 

of  24 h  at 301 + 1  K. 

System 
Inhibitor 
conc.  
(mM) 

Acid Concentration 
0.01 M 0.05 M 0.10  M 0.15 M 
CR 
mg/dm2 

IE 
% 

CR 
mg/dm2 

IE 
% 

CR 
mg/dm2 

IE 
% 

CR 
mg/dm2 

IE 
% 

Blank - 250.7 - 1590.3 - 3258.5 - 5132.3 - 
o- nitro 
aniline 

10 188.7 24.7 1068.1 32.8 1989.6 38.9 2693.8 47.5 
20 175.9 29.8 978.3 38.7 1932.9 40.7 2027.4 60.5 
30 150.7 39.9 779.8 50.9 1739.1 46.6 926.3 81.9 
40 132.1 47.3 731.6 55.1 1422.5 56.3 470.2 90.8 

m- nitro 
aniline 

10 195.8 21.9 949.9 40.3 1706.0 47.6 2509.4 51.1 
20 155.1 38.2 874.3 45.0 1630.4 49.9 1724.9 66.4 
30 140.9 43.8 737.2 53.6 1474.5 54.7 604.9 88.2 
40 115.6 53.9 666.4 58.1 1086.9 66.6 30.7 99.4 

p- nitro 
aniline 

10 199.1 20.6 1020.8 35.8 1814.7 44.7 2627.6 48.8 
20 170.5 32.0 926.3 41.8 1701.3 47.8 1923.4 62.5 
30 151.1 39.8 760.9 52.1 1559.5 52.1 845.9 83.5 
40 140.7 43.9 699.4 56.0 1205.1 63.3 106.3 97.9 

 

Table 2 : Effect of temperature on Corrosion rate (CR), Inhibition efficiency (IE) of zinc in 
0.15 M HNO3 containing  40 mM  nitro anilines as inhibitors for an immersion period of 2 h. 

System 

Temperature, K 
303 313 323 333 

CR 
mg/dm2 

IE 
% 

CR 
mg/dm2 

IE 
% 

CR 
mg/dm2 

IE 
% 

CR 
mg/dm2 

IE 
% 

A 1972.4 - 2405.5 - 2767.6 - 3549.1 - 
B 248.0 87.4 363.1 84.9 845.2 69.5 1150.5 67.6 
C 56.9 97.1 99.2 95.9 165.4 94.0 301.9 91.5 
D 717.9 63.3 1162.6 51.7 1587.9 42.6 2105.5 40.7 

A = HNO3, B = HNO3 + o- nitro aniline, C = HNO3 + m- nitro aniline, D = HNO3  + p- 
nitro aniline 
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Thermodynamic/Kinetic consideration : 
Mean ‘Ea’ value calculated for zinc in 0.15 
M HNO3 is 16.6 kJ/mol. In acid containing 
inhibitors, the mean Ea values were found to 
be higher than that for uninhibited system. 
Mean Ea values were 31.8, 46.9 and 28.1 
kJ/mol for o- nitro aniline, m- nitro aniline 
and p- nitro aniline respectively   (Table 3). 
The higher value of mean Ea indicates 
physical adsorption of the inhibitors on metal 
surface 20. The values of Ea calculated from 
the slope of Arrhenius   plot and using eq. 2 
are almost similar. 

From Table 3 it is evident that the values 
of Qads were found to be almost negative. The 
negative values show that the adsorption, 
and hence the I.E. decreases with a rise in 
temperature21.    

The values of mean ΔGao are given in 
Table 3. In all cases, mean ΔG0a values are 
negative and lies in the range of –12.0 (p- 
nitro aniline) to –13.2 kJ/mol (m- nitro 
aniline). The most efficient inhibitor shows 
more negative ΔG0a value. The negative 
values of ΔGa indicated the spontaneous 
adsorption of the inhibitor. This is usually 

characteristic of strong interaction with the 
metal surface. Similar results also reported 
by the work of Talati et al.22. The value of 
ΔH0

a (Enthalpy of adsorption) and ΔS0
a 

(Entropy of adsorption) were calculated at 40 
mM inhibitor concentration in 0.15 M HNO3 
at 303 K (Table 3). It was found that 
enthalpy changes (ΔH0

a)  are  positive 
indicating the endothermic nature of the 
reaction23 suggesting that higher temperature 
favours the corrosion process. The entropy 
(ΔSa0) values are positive confirming that the  
corrosion  process is entropically  
favourable24. Polarization   measurements : 
Anodic and catholic galvenostatic 
polarization curves for zinc in 0.05 M HNO3 
acid alone and containing 40 mM 
concentration of nitro anilines was shown in 
Fig.1. The curves show polarization of both, 
the cathodes as well as anodes. I.E. 
calculated from corrosion current icorr 

obtained by extrapolation of the cathodic and 
anodic Tafel lines are given in Table 4. In 
these cases, the efficiencies from Tafel plots 
agree well (within + 5%) with the values 
obtained from weight loss data. 

Table  3 : Energy of activation (Ea), heat of adsorption (Qads) and free energy of 
adsorption (ΔG0a) for zinc in 0.15 M HNO3 containing  40 mM  nitro anilines as 

inhibitors for an immersion period of 2 h. 

System 

Mean 
Ea 

From 
eq. (2) 
kJ/mol 

Ea from 
Arrhenius 

plot 
kJ/mol 

Qads kJ/mol 
Temperature range 

Mean Values 
kJ/mol 

301-
313 

313-
323 

323-
333 Ga Ha Sa 

A 16.6 17.41 - - - - - - 
B 31.8 33.3 -16.6 -27.6 -13.8 -12.6 27.5 0.13 
C 46.9 47.4 -28.9 -32.9 -34.0 -13.2 41.3 0.18 
D 28.1 24.3 -37.6 -30.5 4.77 -12.0 35.5 0.15 

A = HNO3, B = HNO3 + o- nitro aniline, C = HNO3 + m- nitro aniline, D = HNO3 s  + p- 
nitro aniline 
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Table  4 : Polarization data and Inhibition efficiency of nitroanilines for zinc in 0.05 M  HNO3 
Inhibitor concentration  :  40 mM 

 
System 

Ecorr 

mV 
Icorr 

A/sq.cm 

Tafel Slope 
(mV/decade) 

I.E. 
(%) 

Anodic 
+a 

Cathodic 
-c 

B 
mV 

Weight 
Loss 

polarization 

Blank -1011 2.45 111.1 200.0 31.1 - - 
o- nitro 
aniline 

-980 0.98 121.0 200.0 32.8 55.1 60.0 
m- nitro 
aniline 

-810 0.93 120.0 170.0 30.6 58.1 62.0 
p- nitro 
aniline 

-1014 1.15 129.0 160.0 31.1 56.0 53.1 
 
Mechanism : Zinc dissolves in HNO3 by 

the following reaction. 
Zn   →   Zn+2    +   2e–   (anodic reaction) 

---(7) 
Various cathodic reactions can also 

occur simultaneously on a metal surface as 
shown below. 

2H+    +    2e–    →  2H(ads)              ---(8)        
or H   +   H3O+    +     e–   →    H2   +    

H2O                 ---(9) 
or O2   +   4H+    +      4e–       →    2H2O 

---(10) 
HNO3 is a strong acid and therefore 

ionize completely and undergoes dissolution 
with the formation of H+ ions as only 
positive ions 25.  

HNO3           H+    +   NO3
-          ---(11) 

In dilute HNO3 the partial ionic equation 
is as follows 26. 

NO3   +   4H+   +   2e–           NO    +   
2H2O               ---(12)  

The mechanism of inhibitor of corrosion 
is believed to be due to the formation and 
maintenance of a protective film on the metal 
surface. It appears that nitrogen atom of 
amino group (-NH2) in nitro anilines acts as 
the reaction centre (Polar function) because 
of its higher electron density. This reaction 
centre forms a mono-layer on zinc surface.  

In a comparative study of I.E.  of   nitro 
anilines, the I.E. was found in the decreasing 
order: m- nitro aniline > p- nitro aniline > o- 
nitro aniline. The introduction of –NO2 group 
in ortho, meta and para- position of the 
aniline molecules exerts electron 
withdrawing effect which decrease electron 
density on N-atom exhibits overall in the 
dissociation and in inhibition. This effect is 
higher in ortho and para- position than that of 
in m- position. However, complications may 
occur due to steric effect.  

Nitro group has a –R (Resonance) effect 
decrease the basicity in o- and p- position. 
Decreases the basicity in m-position is only 
due to –I (Inductive) effect.   According to 
Badger27 such substituents increase the  basic  
strength. In the work of Vashi and 
Champaneri28 on corrosion of zinc in 
sulphamic acid shows lower inhibition in o-
nitro aniline than m- and   p-nitro anilines.  

Generally, higher the pka value of 
anilines compounds greater its  basicity and 
higher the I.E.. m-nitroaniline having higher 
pka value (2.50) than p-nitroaniline (1.02) 
and o-nitroaniline(0.29). These results are in 
agreement with the work of Mahida29 .  

CONCLUSION 
 The rate of corrosion increases with the 

increase in acid concentration. 



Journal of Environmental Research And Development Vol. 3 No. 1, July-September 2008 

103 

 

 At constant acid concentration, the I.E. 
of nitro anilines increases with the 
inhibitor concentration. 

 At constant inhibitor concentration, the 
I.E. increases with the increase in acid 
concentration. 

 As the temperature increases corrosion 
rate increases while I.E. of inhibitors 
decreases. 

 ‘Ea’ values are higher in inhibited 
system than that of uninhibited system. 

 The mean free energy of adsorption, 
∆G0

ads negative, suggesting that the 
inhibitor molecules are strongly 
adsorbed on the metal surface.  

 The polarization curves shows more 
cathodic and less anodic polarization. 

 The I.E. was found in the decreasing 
order: m- nitro aniline > p- nitro aniline 
> o- nitro aniline. 
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