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Abstract 

A pomegranate peel powder used as corrosion inhibitor for mild steel in 5%HCl and 5%H2SO4 solutions. This investigation 

was done in two methods, one by calculating corrosion rate using weight loss process, for different exposure times 

(168,336,504 and 672 hrs). And the other by using electrochemical test, by soaking the pomegranate peel powder in 5%HCl 

and 5% H2SO4 for variant times (72,168 and 336 hrs). The results show that pomegranate peel powder is a good natural 

inhibitor for mild steel in dilute strong acids for limited period. 
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1. Introduction 

Corrosion is the deterioration of metal by chemical attack or 

reaction with its environment. It is a constant and Continuous 

problem, often difficult to eliminate completely. Prevention 

would be more practical and achievable than complete 

elimination [1]. The study of steel corrosion phenomena has 

become important particularly in acidic media because of the 

increased industrial applications of acid solutions. Among the 

acid solutions, mineral acids including H2SO4 and HCl are 

the most widely used acids [2-9]. Corrosion control of metals 

is of technical, economical, environmental importance. The 

use of inhibitors is one of the best options of protecting 

metals and alloys against corrosion. The environmental 

toxicity of organic corrosion inhibitors has prompted the 

search for green corrosion inhibitors as they are 

biodegradable, do not contain heavy metals or other toxic 

compounds. As in addition to being environmentally friendly 

and ecologically acceptable, plant products are inexpensive, 

readily available and renewable [10-17]. Investigations of 

corrosion inhibiting abilities of tannins, alkaloids, organic, 

amino acids, and organic plant interest. The term ‘‘green 

inhibitor’’ or ‘‘eco-friendly inhibitor’’ refers to substances 

that are biocompatible such as plant extracts since they are of 

biological origin [12, 18-20]. Plant extract is low-cost and 

environmental safe, and so the research about plant extract as 

the corrosion inhibitor has received more attention. Recently, 

many extracts from plant leaves have been investigated as 

good corrosion inhibitors of steel. [21]. To be fully effective 

all inhibitors require to be present above a certain minimum 

concentration. In many cases the corrosion that occurs with 

insufficient inhibitor may be more severe than in the 

complete absence of inhibitor [22, 23]. Pomegranate fruit is 

consist of three parts: the seeds (about 3% of the weight of 

the fruit); the juice (about 30% of the fruit weight); and the 

peels which include the husk and interior network 

membranes [24, 25]. There are many uses for pomegranate 

peels, such as in medicine [26], which can help to be used as 

corrosion inhibitors in acids environments. 

2. Experimental 

The weight loss, electrochemical Tafel test method, optical 

and SEM examination with EDX test were used in order to 
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observe the pomegranate peel powder effects on mild steel 

samples corroded in 5% H2SO4 and 5% HCl concentrations 

mediums at room temperatures. 

2.1. Materials 

The chemical composition of the Mild steel samples is list in 

table (1). Flat samples are used for weight loss tests, whereas 

cylindrical samples are used for electrochemical tests. Powder 

of dry pomegranate peel are added to 5% HCl and 5% H2SO4 

concentrations mediums at room temperatures. 

Table 1. The chemical composition of the mild steel samples. 

C% Si% S% P% Mn% Ni% Cu% Cr% Fe% 

0.17 0.02 0.01 0.01 0.43 0.04 0.05 0.02 Rem. 

2.2. Weight Loss Measurements 

Weight loss (W) experiments were carried out using flat mild 

steel samples with dimensions (25 X 50 X 2 mm). These 

samples are electrolyte cleaned and abraded with emery 

paper of 1000#. Each sample is weighted (Wi) using Balance 

KERN , Type ABS 120-4 with accurately of four digit before 

immersing in 250 ml of 5%HCl and 5%H2SO4 With and 

without 40 gm / litter of dry pomegranate peel grounded in 

coffee grinder. Exposure times were for (168, 336, 504, 672) 

hours at room temperature. The samples were taken out water 

wash, cleaned using fretting with tissues, then drying and 

weighting (Wf). The weight loss has been calculated using 

the following equations,  

W = 
Wi�	Wf

A
                                      (1) 

Where W = weight loss in mg/cm
2
, 

Wi and Wf are samples mass before and after corrosion in mg, 

and 

A = sample surface area in cm
2 

(neglecting the thickness 

area). 

The inhibitor efficiency (η) has been calculated for each 

period of time using the general efficiency equation as below  

η% = Wcorr�WP

Wcorr
	× 100                          (2) 

Where η% = inhibitor efficiency percent, 

Wcorr = weight loss in mg/cm
2
 without pomegranate peel, and 

Wp = weight loss in mg/cm
2
 with pomegranate peel added for 

the same exposure time for Wcorr. 

2.3. Electrochemical Measurements 

 

Figure 1. The electrochemical experiments setup. 

The electrochemical measurements were carried out for the 

same environments, with cylindrical specimens of 4.5 cm
2
 

surface area. The potentiostat instrument used for 

electrochemical corrosion measurement (tafel test) is of A 
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Gamry Series G300 Potentiostat built in a Computer. The 

tests were applied in to two types connection, one of three 

electrodes connections (working electrode + working sense, 

reference electrode and counter electrode), and with two 

electrode connections (working electrode+ working sense 

and counter electrode + reference). The reference electrode 

was saturated Calomel reference electrode and graphite rod 

was used as a counter electrode. All experiments were carried 

at room temperature, and using Gamry workframe software 

for recording experiment data. Recorded Data were analyzed 

with Gamry Echem Analyst software. Figure (1) is clarifying 

the experiment setup for all tafel tests. The inhibitor 

efficiency percent is calculated by using equation (2), for the 

Gamry Echem Analyst too. 

2.4. Microscopic Test 

The surface of test specimen was examined with optical 

microscope and VEGA3 SEM with oxford instrument EDX 

detector. The images were for the tested specimens with and 

without cleaning; they are to identifying the existence of the 

pomegranate compounds on the surface. 

3. Results and Discussion 

The results have been records for each test and been 

discussed to evaluate its effect. 

3.1. Weight Loss Measurmenets 

Figure (2) show the relationship between the corrosion rate in 

mg/cm
2
 versus exposure time in hours in case of immersing 

mild steel specimens in 5%HCl medium with and without 

pomegranate peel powder. 

 

Figure 2. The relationship of corrosion rate with exposure time for 5%HCl 

with and without pomegranate peel powder (P). 

It is distinct that the corrosion rate is decreased at 

considerable form and the equation of each curve is obtained 

using microsoft excel program. Fig.(3) show the relationship 

of corrosion rate in mg/cm
2
 with exposure time in hours of 

mild steel specimens in 5%H2SO4 medium with and without 

pomegranate peel powder, the corrosion rate is decreased 

when pomegranate peel added, also the equation for each 

curve is obtained. The variations in values of two curves in 

the two figures demonstrate that there is great change take 

place in corrosivity of the media due to presence of 

pomegranate peel powder, but the values in the curves 

equations shows that the corrosion rate of steel sample in 

5%HCl is double of that in 5%H2SO4, whereas it is opposite 

in case of pomegranate adding. Which mean that the 

pomegranate peel powder more inhibit in HCl acid than in 

H2SO4 acid. Table(2) shows the pomegranate peel efficiency, 

when added to 5%HCl and 5%H2SO4 mediums, it is clear 

that the efficiency of pomegranate peel in HCl acid is better 

and stable for the periods of the test than in H2SO4 acid. 

 

Figure 3. The relationship of corrosion rate with exposure time for 

5%H2SO4 with and without pomegranate peel powder(P). 

Table 2. The pomegranate peel inhibiter efficiency using weight loss test. 

Efficiency    for HCl by weight loss 
Efficiency    for H2SO4 by weight 

loss 

Exposure 

time, hours 
Efficiency, ηηηη 

Exposure 

time, hours 
Efficiency, ηηηη 

168 88.2% 168 81.9% 

336 96% 336 82.9% 

504 95.4% 504 82.6% 

672 95.4% 672 78.7% 

3.2. Electrochemical Measurements 

Using Gamry instrument Series G300 Potentiostat built in a 

Computer for electrochemical tafel tests in two cases, one 

with three electrodes connection and the other with two 

electrodes connection. Electrochemical kinetic of a corroding 

metal can be characterized by determining at least three 

polarization parameters, such as current density (icorr), 

corrosion potential (Ecorr), and Tafel slopes (βa and/or βc). 

Then the corrosion behavior can be disclosed by a 

polarization curve (E vs. log i). This is an accelerated 

electrochemical process for determining corrosion rate, that 

has an advantage over the corrosion rate determined by 

weight loss since the latter is a time consuming process. Fig. 

(4) shows the tafel scan curves of the cylindrical specimens 

in 5%HCl with and without pomegranate peel powder of 

three electrodes test. The solution of pomegranate peel 

powder in 5%HCl is prepared for various time of soaking 

(72,168 and 336 hours). This test is done for clarifying effect 
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of solution aging. Fig, (5) shows the tafel scan curves of 

5%H2SO4 with and without pomegranate peel powder. The 

test and solutions prepared in the same way as for HCl 

solution. Figs. (4) and (5) shows high decrease in corrosion 

rate after 72hrs of pomegranate peel soaking in two acids, but 

there are a distinct decrease in corrosion rate, for one week 

(168hrs) of pomegranate peel soaking in two acids. The 

pomegranate peel appears to suspend the acids activity. But 

at 336hrs of pomegranate soaking the activity of the 

5%H2SO4 began to return, while it is still efficient in 5%HCl. 

That is mean the existence of pomegranate peel is active for 

both 5% dilute acids for 168hrs, and loss most efficient in 

5%H2SO4 within two weeks. Table (3) show the values of 

tafel curves parameter of both 5%acids with and without 

pomegranate peel addition. These parameters are calculated 

by the Gamry Echem Analyst software. This table show that 

the corrosion rate in mpy of 5%H2SO4 is much higher than of 

5%HCl , and tafel parameter (Ecorr, βC, βA) are about to be 

close each others. Where table (4) show the efficiency of 

pomegranate soaking in 5%HCL and 5%H2SO4 using the 

corrosion rate of table (3) in mpy. The results of two 

electrodes test are shown in figures (6) and (7) for 5%HCl 

and 5%H2SO4 with and without pomegranate peel powder 

respectively. Two-electrode experiments measure the whole 

cell, that is, the sense leads measure the complete voltage 

dropped by the current across the whole electrochemical cell: 

working electrode, electrolyte, and counter electrode. It is 

clear that the potential difference between the 5%HCl and 

with pomegranate peel added to 5%HCl (fig.6) are high, this 

is the same for 5%H2SO4 with and without pomegranate peel 

(fig.7), which mean that the curves with high potential (with 

pomegranate peel added) are more passive than the lower 

potential (5%HCl and 5% H2SO4). The two electrodes curve 

behavior like the E-I curve of passive metals. 

 

Figure 4. Show tafel curves for electrochemical experiments of 5%HCl with and without pomegranate peel (P) addition for varying times. 

 

Figure 5. Show tafel curves for electrochemical experiments of 5%H2SO4 with and without pomegranate peel (P) addition for varying times. 
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Table 3. The value of parameters of Tafel test for 5%HCl and 5%H2SO4 with and without pomegranate peel(P) at different time of soak. 

Environment Ecorr V Icorr A
 ββββC ββββA Corrosion rate, mpy 

5%HCl -0.493 0.001060 0.1888 0.1905 107.3 

72hr + HCl+P -0.467 0.000208 0.1403 0.0934 21 

168hr +HCl+P -0.487 2.65E-07 0.7951 1.9416 0.027 

336hr +HCl+P -0.541 8.17E-08 0.8384 1.4423 8.3E-03 

5%H2SO4 -0.481 0.00352 0.439 0. 2198 357.5 

72hr +H2SO4+P -0.446 0.000321 0.1469 0.0645 32.6 

168hr +H2SO4+P -0.451 8.14E-06 0.8523 0.8993 0.83 

336h r+H2SO4+P -0.439 0.000153 0.0861 0.0445 15.6 

Table 4. The inhibiter efficiency of pomegranate peel soaking in acids using electrochemical test. 

Efficiency    for HCl by electrochemical test Efficiency        for H2SO4 by electrochemical test 

Soaking time, hours     Efficiency, η, η, η, η Soaking time hours     Efficiency, η, η, η, η 

72 80.4% 72 90.8% 

168 99.9% 168 99.7% 

336 99.9% 336 95.6% 

 

Figure 6. Two electrode exterminate for 5%HCl with and without pomegranate peel (P). 

 

Figure 7. Two electrode exterminate for 5%H2SO4 with and without pomegranate peel (P). 

3.3. Microscopic Examinations 

Figs. (8) and (9) show the structure of the specimens in 

5%HCl without and with pomegranate peel respectively in 

optical microscope at magnification (X200). It is apparent 

there is a precipitate layer on the surface of the specimen 

immersed in acid with pomegranate peel solution, whereas 

no precipitate on surface specimen immersed in 5% HCl. The 

same things looks on the specimen in 5%H2SO4 without and 

with pomegranate peel, as seen in figs. (10) & (11). 
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Figure 8. Specimen structure immersed in 5%HCl at X200.

Figure 9. Specimen structure immersed in 5%HCl with pomegranate peel at 

X200. 

 To get more information about the precipitate layer, fig(12) 

show the SEM examination for the specimen in solution of 

5%HCl with pomegranate peel with magnification(X3700)

is clear that the precipitate layer like fibers 

surface. EDX test of the layer (fig.13) show that presence of 

27.3%wt of carbon and 7.4%wt of Oxygen

the phenolic compound[26] of the pomegranate peel is react 

with the acid, soften it and the acid activity is weaken. At the 

same time the precipitate layer acts as a hinder to acid 

solution, which causes the inhibitor behavior

its endurance. 

Figure 10. Specimen structure immersed in 5%H
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Specimen structure immersed in 5%HCl at X200. 

 

Specimen structure immersed in 5%HCl with pomegranate peel at 

the precipitate layer, fig(12) 

show the SEM examination for the specimen in solution of 

with magnification(X3700), it 

at the precipitate layer like fibers coats on metal 

. EDX test of the layer (fig.13) show that presence of 

xygen, which mean that 

] of the pomegranate peel is react 

d the acid activity is weaken. At the 

s a hinder to acid 

solution, which causes the inhibitor behavior for the period of 

 

Specimen structure immersed in 5%H2SO4 at X200. 

Figure 11. Specimen structure immersed in 5%H

peel at X200.

Figure 12. The image of specimen surface coated with reactant product of 

pomegranate peel powder with 5%HCl.

Figure 13. The EDX Spectrum test of the reactant product of pomegranate 

peel powder with 5%HCl.

4. Conclusion 

The pomegranate peel powder is efficient

added to dilute strong acids. That proves

peel can be used as a natural inhibitor for mild steel in acids 

, 2015, pp. 74-81  79 

 

structure immersed in 5%H2SO4 with pomegranate 

peel at X200. 

 

image of specimen surface coated with reactant product of 

granate peel powder with 5%HCl. 

 

EDX Spectrum test of the reactant product of pomegranate 

er with 5%HCl. 

l powder is efficient inhibitor when 

That proves that pomegranate 

peel can be used as a natural inhibitor for mild steel in acids 
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solutions. But this inhibitor is active for limited period. The 

pomegranate peel powder is insoluble in acid solutions, and 

its reactant products precipitate on metal surface, assisting to 

forms a protective layer on the surface of the metal. 
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