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ABSTRACT: : The inhibitive action of oxalic acid on corrosion of zinc in phosphoric acid solution was 
investigated by weight loss, temperature effect and potentiodynamic polarization methods. Corrosion rate 
increases with the increase in acid concentration and with the temperature. As temperature increases, 
percentage of inhibitor decreases. At constant acid concentration, the inhibition efficiency (I.E.) of oxalic 
acid increases with increase in inhibitor concentration. I.E. increases with the increase in acid 
concentration. Maximum I.E. was found 100.00% I.E. in 80 mM inhibitor concentration in 0.01 MH3PO4acid 
concentration. The mode of inhibitor action appears to be physiorption following the Langmuir adsorption 
isotherm. Tafel plots of polarization study indicates that oxalic acid act as mixed type of inhibitor 
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I. INTRODUCTION 
The problem of corrosion is considerable importance due to increase in uses of metals and alloys. Zinc is one 
of the most important non-ferrous metals, which finds extensive use in metallic coating. The major use of 
zinc for corrosion controls is in the form of coatings for steel. Phosphoric acid is used primarily in the 
manufacture of detergents and pharmaceuticals. In the steel industry, it is used to clean and rust proof the 
product. Phosphoric acid is a major chemical product which has many important uses especially in the 
production of fertilizers [1-3]. One of the most important methods in corrosion protection is the utilization 
of organic inhibitors. Aromatic, aliphatic and heterocyclic amines have been extensively investigated as 
corrosion inhibitors [4-6]. Various researchers [7-17] studied phosphoric acid as corrosive solution for 
different metals. Many researchers [18-21] studied corrosion inhibition of zinc in H3PO4 using various 
organic compounds. Various investigators [22-25] have studied oxalic acid as corrosion inhibitor in 
different acid media. The aim of the present study is to investigate the effect of oxalic acid on corrosion 
inhibition of zinc in various concentration of H3PO4 solutions by weight loss, effect of temperature and 
polarization techniques. 
 

II. EXPERIMENTAL 
2.1 Preparation of Sample and Solution 
The zinc specimens with a chemical composition of 98.50 % Zn, 0.01 % Fe, 0.03 % Pb, and 0.02 % Cd were 
used in the present study. The metal sheet, test specimens of size (4.50 x 2.03 x 0.17 cm) having an effective 
area of 0.2053 dm2 were used. The specimens were cleaned by washing with distilled water, degreased by 
acetone, washed once more with doubled distilled water and finally dried and weighted by using electronic 
balance. Phosphoric acid was used as corrosive solution having concentration of 0.01, 0.05, 0.10 and 0.15 M 
prepared by diluting analytical grade of H3PO4   purchased from Merck using double distilled water. 
2.2 Weight loss Measurements 
For weight loss experiment, specimens are cleaned by buffing to obtain a mirror like finish. the zinc 
specimen were each completely suspended suspended by a glass hook, in 230 ml of corrosive solution 
without and with 20,40,60 and 80 mM concentrations of oxalic acid using glass hooks at 301± 1 K for 24 h. 
After the test, the specimen was cleaned by using 10 % CrO3 acid solution having 0.2% BaCO3 [26]. From the 
weight loss data, corrosion rate in mg/dm2 d was calculated 
2.3 Temperature Effect 
To study the effect of temperature on corrosion of zinc in 0.05 M H3PO4 acid, the specimens were immersed 
in 230 ml of the corrosive solution and weigh loss was determined at solution temperature of 313, 323 and 
333 K for an immersion period of 3 h in absence and presence oxalic acid at 20, 40, 60 and 80 mM 
concentration. From the data corrosion rate, inhibition efficiency (I.E.), activation energy (Ea) and heat of 
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adsorption (Qads), free energy of adsorption (∆G0ads), enthalpy of adsorption (∆Ha) and entropy of 
adsorption (∆Sa) were calculated. 
2.4PotentiodynamicPolarization Measurements 
Polarization studies were carried out using a Potentio-Galvano-Scan (Weaving PGS 81) meter at a scan rate 
of 1 mV/s. For polarization study, metal specimens having as area of 0.0268 dm2 were immersed to 230 mL 
0.01 M H3PO4 in absence and presence of 80 mM oxalic acid. The cell assembly consisted of zinc metal as 
working electrode, a platinum foil as counter electrode and a saturated calomel electrode (SCE) as a 
reference electrode with a Luggin capillary bridge. Before each electrochemical measurement, the working 
electrode were allowed to stand for 65 min. in test allowed to establish a steady-state open circuit potential 
(OCP). Polarization curves were plotted with potential against log current density (called Tafel plots). 
Cathodic and anodic polarization curves give cathodic and anodic Tafel lines correspondingly. The intersect 
point of cathodic and anodic Tafel lines gives the corrosion current (icorr.) and the corrosion potential 
(Ecorr) [27] Cathodic Tafel slope (βc) and anodic Tafel slope (βa) were calculated from the software 
installed in the instrument. The inhibition efficiency of the compound was calculated from corrosion current 
densities using the Tafel extrapolation method. 
 

III. RESULTS AND DISCUSSION 
3.1 Weight loss Experiments  
The corrosion rate of zinc 0.01, 0.05, 0.10 and 0.15 M H3PO4 solution without and with 20, 40, 60 and 80  
mM concentration of oxalic acid at 301 ± 1 K for an exposure period of 24 h was calculated from the weight 
loss data using the following equation: 
 

CR (mg/dm2d) =
Weight  loss  (gm ) × 1000

 metal  surface  area  dm 2× day
                                             … (1) 

I.E. has been calculated as follows: 

I. E. =
Wu − Wi

Wu
× 100                                     ……… (2) 

Where, Wu is the weight loss of metal in uninhibited acid and Wi is the weight loss of metal in inhibited acid. 
The degree of surface coverage (ϴ) for different concentration of the inhibitor in acidic media have been 
evaluated from weight loss experiments using this equation:  
 

θ =  
Wuninh −W inh

Wuninh
                                                            … (3) 

       
3.1.1Effect of Acid Concentration 
The rate of corrosion increases with increase in acid concentration. The corrosion rate was 365.19, 1887.64, 
3580.85 and 5205.23 mg/dm2.d the corresponding to 0.01, 0.05, 0.10 and 0.15 MH3PO4 acid concentrations 
respectively for an exposure period of 24 h at 301± 1 K as shown in Table-1. 
3.1.2 Effect of Inhibitor Concentration 
At constant acid concentration, as the inhibitor concentration increases corrosion rate decreases while I.E. 
increases, e.g. in 0.01 M H3PO4 the I.E. was found to be 98.66, 98.66, 100.00 and 100.00 % corresponding to 
20, 40, 60 and 80 mM inhibitor concentration respectively (Table-1) (Fig.1). At constant inhibitor 
concentration, as acid concentration increases I.E. decreases. At 80 mM inhibitor concentration, the I.E. of 
oxalic acid was 100.00, 100.00, 99.86 and 99.62 % corresponding to 0.01, 0.05, 0.10 and 0.15 MH3PO4   

concentration respectively (Table-1). 
3.2 Temperature Effect 
To investigate the influence of temperature on corrosion of zinc, the weight loss experiments were also 
carried out at 313, 323 and 333 K in 0.05 M H3PO4 in absence and presence of 20, 40, 60, 80 mM inhibitor 
concentration for an immersion period of 3h. As the temperature increases the corrosion rate was increases 
while percentage of I.E. decreases. Corrosion rate was increase as 7994.40, 9544.00 and 10517.60 mg/dm 2d 
corresponding to 313, 323 and 333 K respectively in 0.05 M H3PO4 (Table-2). Increase in corrosion rate with 
temperature may be due to the desorption of the adsorbed molecules inhibitor and thus exposing the fresh 
metal surface to further attack [28], which results in intensification of the kinetic of electrochemical reaction 
[29] and thus explains the higher corrosion rate at elevated temperature. The addition of inhibitor in 
corrosive media indicates that as the temperature increases I.E. decreases, e.g. in 0.05 M H3PO4 80 mM 
inhibitor concentration, the I.E. for oxalic acid was 99.51, 99.18 and 98.51 % at 313, 323 and 333 K 
respectively (Table-2).  
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3.3  Energy of Activation (Ea) 
The value of Energy of activation (Ea) has been calculated from the slop of log ρ versus 1/T (ρ= corrosion 
rate, T= absolute temperature) and also with the help of the Arrhenius equation [30]. 

log
ρ2

ρ1

=  
Ea

2.303R
  

1

T1
 −   

1

T2
                                                                (4) 

Where ρ2 and ρ1 are the corrosion rate at temperature T1 and T2 respectively. 
Results given in Table-2, indicates that the mean ‘Ea’ values are found higher in inhibited acid (ranging from 
36.1 to 60.2 kJ mol-1) than the ‘Ea’ value for uninhibited system (12.7 kJ mol-1) (Table-2). The higher values 
of mean Ea indicate physical adsorption of the inhibitors on metal surface [31]. The values of Ea calculated 
from the slop Arrhenius plot of log p versus 1/T x 1000 (Fig.- 2) and using equation- 4 are almost similar.  
3.4  Heat of Adsorption (Qads)  
The value of heat of adsorption (Qads) are calculated by following equation [32]. 

Qads = 2.303 R log  
θ2

1 − θ2
 −  log 

θ1

1 − θ1
   ×   

T1 × T2

T2 − T1
           (5) 

Where,𝜃1and 𝜃2are the fractions of the metal surface covered by the inhibitors at temperature T1 and T2 
respectively. From Table-2, it is evident that in all cases, the Qadsvalues were negative and ranging from -
19.29 to -54.12 kJ mol-1.  The negative values of Qadsshows the adsorption process and hence the I.E. 
decreases with rise in temperature supporting the physisorption mechanism [33]. 
3.5. Adsorption Isotherm 
Basic information on the interaction between inhibitors and a metal surface can be provided using the 
adsorption isotherm [34]. The surface coverage ‘ϴ’ suggest that a chemical bond is formed between the 
metal atoms and the inhibitor molecules. The graph of log [θ / (1 - θ)] vs. log C for oxalic acid in 0.1 M H3PO4 
was depicted in Figure-3, which gives straight line with slope values equal to unity indicates that the system 
follows Langmuir adsorption isotherm [35]. 
3.6Free energy of Adsorption (ΔG°a) 
The values of the free energy of adsorption (ΔGa) were calculated with the help of the following equation 
[36]. 
 log C = log [(θ/ 1 – θ)] – log B           ………(6) 
Where, log B = -1.74 – (∆𝐺𝑎 /2.303 𝑅T), C is the inhibitor concentration and R is the gas constant.The sign of 
ΔGaº was negative which reflects that the adsorption of the inhibitor is spontaneous process. The mean ΔGaº 
value is ranging from -26.84 to -30.32 kJ mol-1 indicates that the adsorption mechanism of oxalic acid on zinc 
in 0.05 M H3PO4 acid at the studied temperatures is physisorption with adsorptive layer having electrostatic 
character [37].  This is concluded on the fact that the values of ΔGºads -20 kJ mol-1 are consistant with 
physisorption, while those around –40 kJ mol-1 or higher are associated with chemisorption [38]. This is also 
supported by the fact that the I.E. of the investigated inhibitor decreases at higher temperature. 
3.7  Enthalpy of Adsorption (ΔH°ads) 
The enthalpy of adsorption (ΔHºa) was calculated using the equations (7)      
 
ΔHºa = Ea –RT       ------------(7)                                                                                                       
The results revealed that ΔHå values are positive and ranging from 25.79 to 59.35 kJ mol-1 indicating the 
endothermic nature of the reaction suggests that higher temperature favours the corrosion process [39].  
3.8 Entropy of Adsorption (ΔS°ads) 
Entropy of adsorption (ΔSºa )  was calculated [40] using the equations (8). 
ΔSºa=  ΔHºa -  ΔGºa /T                                       ---------(8 )                                                               
 
Value of ΔSå  are found positive and lie between 0.17 to 0.28 kJ mol-1 K-1 indicates the affinity of the 
adsorbent for the inhibitor and the corrosion process is entropically favorable [41].  
 

3.9 Kinetic parameters: Rate constant (k) and Half-life (t1/2) 
The rate constant ‘k’ was calculated using the following equation [42] , 
  k = 1/t   ln (Wi/ Wf )             ……(9) 
Where, ‘Wi’ is the initial weight of the sample, ‘Wf’ is the final weight of the sample, ‘t’ is the immersion time 
(in hours).  
The values of half-life (t1/2) were calculated by using the following equation [43] ,  
  t1/2 = 0.693 / k                                                        …… (10) 
where, ‘t’ is time in hours and ‘k’ is rate constant.  
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As concentration of inhibitor increases rate constant ‘k’ decreases whereas the half-life values are increases 
[44]. Corrosion rate constant ‘k’ increases with increase in acid concentration (Table-3). The action of 
organic inhibitors depends on the type of interaction between the substance and the metallic surface. This 
interaction causes a change either in the electrochemical process mechanism or in the surface available to 
the process [45]. 
3.10 PotentiodynamicPolarization Study 
Potentiodynamic polarization curve of zinc in 0.01 M H3PO4 in absence and presence of 80 mM oxalic acid 
were shown in Fig.4. Electrochemical parameters such as corrosion potential (Ecorr), corrosion current 
density (icorr) anodic Tafel slope (βa), cathodic Tafel slope (βc) and percentage inhibition efficiency (I.E.) 
were given in Table-4. The curves show polarization of both, the cathodes as well as anodes. I.E. calculated 
from corrosion current obtained by the extrapolation of the cathodic and anodic. The I.E. from Tafel plots 
agree well (within ± 1 %) with the values obtained from weight loss data. From Table-4, it was observed 
that the addition of oxalic acid in acid solution indicates the significant decrease in corrosion current density 
(icorr) and decrease in corrosion rate with respect to blank. There is significant change in the anodic and 
cathodic slopes after the addition of the inhibitors. In general, an inhibitor is anodic or a cathodic if the 
variation of Ecorr against the blank is higher or above than 85 mV [46,47]. In this study, the displacement of 
the Ecorr was about 40 mV (Table -4), which suggest that oxalic acidfunction as a mixed type of inhibitor. 
Inhibition efficiency (I.E.) from (icorr) was calculated using following equation [48]: 
 

I. E.   % =  
𝑖𝑐𝑜𝑟𝑟  𝑢𝑛𝑖𝑛 ℎ −𝑖𝑐𝑜𝑟𝑟 (𝑖𝑛ℎ )

𝑖𝑐𝑜𝑟𝑟 (𝑢𝑛𝑖𝑛 ℎ)
× 100…(11) 

Where icorr (uninh) indicates corrosion current density in uninhibited acid whereas icorr (inh) indicates corrosion 
current density in inhibited acid. 
3.11Corrosion Mechanism of Zinc 
Generally, zinc dissolve in phosphoric acid solution due to somewhat hydrogen type of attack, the reaction 
taking place at the microelectrodes of the corrosion cell being represented as, 

Zn   -------    Zn+2   +   2e-                 (anodic  reaction)                  ……(12) 
Reduction reaction is indicated by decrease in valence or the consumption of electrodes, as shown by the 
following equation. 

2H+   +   2e-   -------    2H  (ads.)         (cathodic  reaction)                 ……(13) 

or    H   +   H3O+  +  e- -------  H2    +   H2O 

or    O2   +   4H+  +  4e- -------   2H2O                                         --(14) 
 
3.12   Mechanism of Inhibition by Oxalic Acid 
Oxalic acid  is  a non-toxic,  easily av ailable and water  -soluble al iph atic acid , meet s th e 
d esirable ch aracter istics for  a corrosion inhibitor . Stru cture of oxal ic acid  is  sh own in  fig.5 . 
The inhibition efficiency of oxalic acid may be explained in terms of both, the increase in acidity of the 
solution with concentration as well as the self-inhibition of corrosion process due to adsorption of oxalate 
ions [22]. It appears from the data of the present investigation that in lower acid concentration range the 
rate of corrosion is probably higher than the inhibition achieved due to adsorption. Giacomelli et al. [23] 
studied the corrosion of carbon steel in sulphuric acid containing oxalic acid as inhibitor. They interpreted 
the results in terms of the compositions of the solution and the complexing and salt forming reactions 
promoted by oxalic acid related species.  Our results are in good agreement with the result obtained by 
Rathod [49] who studied oxalic acid as corrosion inhibitor for zinc in phosphoric acid medium. Data 
recorded from the polarization curves characterized oxalic acid as mixed type corrosion inhibitor. 
 

Conclusion  
1. As acid concentration increases corrosion rate increases. 
2. As the inhibitor concentration increases corrosion rate decreases while I.E. increases. 
3. As the temperature increases corrosion rate increases while I.E. decreases. 
4. Oxalic acid shows maximum I.E. of 100 % I.E. in 80 mM inhibitor concentration in 0.01 M 

phosphoric acid concentration. 
5. Inhibition of zinc in phosphoric acid by oxalic acid was found to obey Langmuir adsorption 

isotherm. 
6. The large negative values of mean free energy value show strong interaction between the inhibitor 

and the electrode forming a chemisorbed layer on the surface of zinc metal. 
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7. Polarization measurements indicates that the inhibitor behave as mixed type inhibitor. 
8. Results obtained from polarization method is in good agreement with weight loss method. 
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Tables 
Table 1: Effect of acid concentration on Corrosion rate (CR) and Inhibition Efficiency (I.E.) of zinc in H3PO4 

acid containing oxalic acid as inhibitor for an immersion period of 24 h at 301 ± 1 K. 
Inhibitior 

concen 
tration 
(mM) 

Acid concentration 
0.01 M 0.05 M 0.10 M 0.15 M 

CR 
(mg /dm2d) 

I.E. 
(%) 

CR 
(mg/dm2d) 

I.E. 
(%) 

CR 
(mg/dm2d) 

I.E. 
(%) 

CR 
(mg/dm2d) 

I.E. 
(%) 

Blank 365.19 - 1887.64 - 3580.85 - 5205.23 - 
20 4.86 98.66 34.08 98.19 73.03 97.96 116.86 97.75 
40 4.86 98.66 29.21 98.45 58.43 98.36 87.64 98.31 
60 0.00 100.00 14.60 99.22 29.21 99.18 48.69 99.06 
80 0.00 100.00 0.00 100.00 4.86 99.86 19.47 99.62 
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Table 2: Effect of temperature on the Corrosion rate (CR), Energy of activation (Ea), Heat of adsorption 
(Qads), for zinc in 0.05 M H3PO4 acid at various concentrations of oxalic acid for an immersion period of 3 h. 

 
 

Table-3: Kinetic parameters: Rate constant ‘K’ and Half-life ‘t1/2’ for the corrosion of zinc in 0.01, 0.05, 0.10 
and various concentration of H3PO4 containing various concentration of oxalic acid. 

 
 

Table -4: Polarization data and inhibition efficiency (IE %) of oxalic acid for zinc in0.01 M H3PO4at 80 mM 
inhibitor concentration. 
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Fig. 5: Structure of oxalic acid. 

 


