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  Abstract                                                                                                
        The research is focusing on the use of pomegranate peels powder to reduce 

hexavalent chromium concentration in the industrial wastewater by batch 

processing adsorption.  Estimated amount of potassium dichromate was dissolved in 

distilled water to get synthetic solution containing hexavalent chromium ions at a 

concentration of 40 mg/L. The effect of different parameters such as pH, mixing 

time, pomegranate peels powder dose, initial metal concentration on hexavalent 

chromium removal efficiency was investigated. Furthermore, Langmuir, Freundlich 

and Brunauer, Emett and Teller (BET) isotherm models were evaluated. The results 

indicate that the maximum hexavalent chromium removal was achieved at pH 2.5; 

equilibrium was attained at 150 minute with 96.7% Cr (VI) percentage removal, and 

the experimental results were in agreement with BET model.                                                                            

Keywords: Pomegranate Peels; Adsorption; Removal Efficiency and Adsorption 

Isotherm. 

 

   المطلقات الصناعية     كفاءة مسحوق قشور الرمان في امتزاز الكروم السداسي من مياه   
                                                                                                                                        درابتهال عبد الجبار عبد القا

                                                                                                                  /دائرة البيئة والمياهوزارة العلوم والتكنولوجيا 

 العراق-بغداد

   الخلاصة

يركززالبحث ززىلاسززدلب ززحوقبقلو زز رملن ززررلبحروززز لححرسيززللحركيززالبحكززررقلبح قب زز لوزز لويززز لبحو سرززز ل        
ةلبحصنزايةلثزلاوحابالرثنظزقلبحرجثز للثز حوقبقلوزءلوسرىلصنزايزلثزحكررقلبح قب ز لللاز ل ريزملبةبثزةللكويز

و  ززززرثةلوزززز لوزززززق لقبولكرروززززز لبحثرحز ززززيرقلثزحوزززززءلبحور ززززرلحس صززززرللاسززززدلوزززززءلوسززززرىلثزززززحكررقلبح قب زززز ل
ملن ززررلرلحززيريرلبحقبحززةلبح زو ززيةالاوزز لبحوززا البححركيززالبلاثحززقب  لركويززةلو زز قرسلوسغززقلللححززر ل 40ثحركيززا

ثز لبولحز لح وحزابا لثينز لوزرقي  للانكويزرالفررنزقح لرللف ز لاز لحرزريقبحروز لبحو زفةلاسدلن ثةلبلاابحزةل
قنيرزةل 150 رثزاو لحوززسل 2.5 ثقبحزةل زو زيةلل %96.7بحنحزز  لب لباسزدلن زثةلبابحزةلحسكزررقلبح قب ز ل ز ل

وز لوعزقحزةللثربرنزرلبيويز لحيسزرل ثز للبحح ززثمر رلاو لبحرصرللبحدل زحةلبححربا لركةحكللثين لبحنحز  لبحعوسيةل
                                                بولح (لبيارريرقلبلاوحابا 
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Introduction 

Chromium is a heavy metal that   

releases into the environment through 

different industrial activities such as, 

electroplating, metal cleaning and 

dyeing processes (Belay and 

Ravindhranath, , 2010).   

      Chromium is present in drinking 

water at low level (Ahmed et al., 2012; 

Devaprasath et al., 2007), it is 

considered as one of the top 16
th

 toxic 

pollutants (Nameni, et al., 2008). 

There are two forms of chromium 

which are presented in the industrial 

wastewater, hexavalent (Strong 

Oxidizing Agent) and trivalent which 

is less toxic (Ahmed et al., 2012; 

Abdulwanees et al., 2012; Bera et al., 

2012: Kaakani, 2012). 

     The exposure to high 

concentrations of chromium is toxic, 

mutagenic, carcinogenic and 

teratogenic (Belay and Ravindhranath, 

2010). Hexavalent chromium is 

considered to be the hazardous form of 

chromium due to its carcinogenic and 

corrosive effect on tissue, in addition 

to that, it causes nausea, ulceration, 

skin sensitization and kidney 

damage(Park, et al., 2004; Ahmed et 

al, 2005; Devaprasath et al., 2007), 

and has a major problem when inhaled 

(Kulkarni et al., 2013). 

        Environment is polluted with 

hexavalent through the discharge of 

electroplating, leather tanning, glass 

ceramic and paint industry 

(Devaprasath et al., 2007), and the two 

forms of hexavalent chromium that 

usually exists in wastewater were 

chromate (CrO4)
-2

 and (Cr2O7)
-2

 

(Abdulwanees et al., 2012; Yuan et 

al., 2010). 

     The allowable concentration of 

hexavalent chromium discharge into 

the surface water is 0.1 mg/L and 0.05 

mg/L in potable water (Attia et al., 

2010; Madhavi et al., 2012) 

      Different technologies have been 

used to reduce hexavalent chromium 

concentration from wastewater like, 

precipitation, ion exchange, electro-

lysis , reverse osmosis, solvent 

extraction, electrodialysis, photo-

catalysis   and adsorption, (Kulkarni et 

al., 2013; Ahmed et al., 2012; Malkoc 

et al., 2006; Baral et al., 2006). 

Adsorption has been considered to be 

the favorable method, because of its 

simplicity, economy process and 

selectivity towards metal ions removal 

(Abdelwanees et al., 2012). 

Aim of the Research 

       The aim of this research is to 

study the ability of pomegranate peels 

powder to reduce hexavalent 

chromium concentration from water 

by adsorption, and investigating the 

effect of different parameters on the 

removal efficiency. 

Materials and Methods 

 Adsorbate (Hexavalent Chromium 

Solution) 

     2.828 gram of analytical grade   of 

potassium dichromate (K2Cr2O7) 

(imported from Fluka Company), 

Hexavalent chromium [Cr (VI)] was 

dissolved in 1000 milliliter of distilled 

water to get a stock solution of 1000 

mg/L Cr (VI) concentration.This 

solution was then diluted with distilled 

water to get desired concentration of 

hexavalent chromium solution for 

adsorption experiments (Malkoc et al., 

2006).                                                          

Adsorbent (Pomegranate Peels 

Powder)                                                                                                  
   Pomegranate peels powder 

(purchased  from local food market as 

a powder) were washed several times 

with hot water and filtered with 

whatman-31 filter paper with a pore 

size of 1.4µm to remove dust and 

colored materials. These processes 

were repeated until the filtrate 

becomes nearly colorless, at this stage 
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the cake was washed with distilled 

water and dried using oven at 90
0
C  

 

Hexavalent Chromium 

Concentration Measurement   

       The concentration of hexavalent 

chromium was measured through 

210/211 VGP flame atomic absorption 

spectrophotometer (Konstantinos et 

al., 2011).  

Experimental Procedure 

      To investigate the effect of pH, 

mixing time, initial Cr (VI) 

concentration and pomegranate peels 

powder dose on hexavalent chromium 

removal, a batch adsorption unit   

(Plate 1) was used at temperature of   

25
0
C (Nameni, et al., 2008). The effect 

of pH on Cr (VI) concentration 

reduction was investigated by a set of 

5 samples of 50 milliliter with 40 

mg/L hexavalent chromium solution, 

the pH of the samples was in the 

following range 2.5, 4, 5, 6 to 8 and 

were adjusted using 0.1N   

concentrated sulphuric acid and 0.1N 

sodium hydroxide solution (Ahmed et 

al., 2012), each 50 ml sample was 

mixed    with 1 gram (arbitrary) of 

pomegranate peels powder and was 

shaken at 210 rpm for 60 minutes. 

After that the solution was filtered 

using Whatman-31 filter paper with a 

pore size of 1.4µm, and the filtrate was 

analyzed to estimate the Cr (VI) 

concentration in solution after 

adsorption by flame atomic absorption 

spectrophotometer. 

         Different pomegranate peels 

powder at doses of 0.3, 0.5, 0.7, 0.9 

and 1 gram respectively was used, 

each dose was added to 50 ml of 40 

mg/L hexavalent chromium solution at 

pH of 2.5, and these samples were 

shaken for 60 minutes at 210 rpm. The 

filtrate was then separated using 

Whatman-31 filter paper and analyzed 

to evaluate Cr (VI) concentration 

remaining in solution by flame atomic 

absorption spectrophotometer.  

        The effect of mixing time was 

investigated using the best pH that 

gave the maximum Cr (VI) reduction 

which was 2.5, 5 samples of 50 ml 

solution at a pH of 2.5 with 40 mg/L 

Cr (VI) concentration was mixed with 

1 gram of pomegranate peels powder, 

these samples were shaken at 210 rpm 

for   stirring time 30, 60, 120, 150 and 

180 min. respectively, after that the 

samples were filtered with whatman-

31 filter paper and the filtrate was 

analyzed to evaluate the concentration 

of Cr (VI) in solution after adsorption 

by flame atomic absorption 

spectrophotometer. 

        To study the effect of initial 

hexavalent chromium concentration on   

percentage removal, 4 samples of 50 

ml with Cr (VI) concentration of 20, 

40, 60 and 80 mg/l respectively   were 

prepared at a pH of 2.5. Each sample 

was mixed with 1 gram of 

pomegranate peels powder which was 

shaken at 210 rpm for 60 minutes. The 

solution was then filtered using 

whatman-31 filter paper and the 

hexavalent chromium concentration in 

filtrate was computed by flame atomic 

absorption spectrophotometer. 

 

   Plate (1) Laboratory Batch Adsorption 

Unit 
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        Different pomegranate peels 

powder at dose of 0.4, 0.5, 0.8, 0.9, 1, 

and 1.2 gram respectively was used to 

obtain the equilibrium data by batch 

studies. These doses were added to 6 

beakers contain 50 ml solution of 40 

mg/L hexavalent chromium 

concentration. These beakers were 

placed in the laboratory adsorption 

unit (Plate 1) and agitated for a period 

of equilibrium time which was 

estimated from the relationship 

between mixing time and percentage 

removal of hexavalent chromium,     

after that the solution was filtered with 

whatman-31 filter paper to obtain the  

hexavalent chromium concentration 

remaining in solution at equilibrium 

status for different adsorbent dosage. 

      Adsorption isotherm curves were 

obtained by plotting adsorbent 

capacity at equilibrium qe (mg/g) 

against the equilibrium concentration 

of hexavalent chromium concentration 

in the solution, qe was calculated 

according to the following equation 

(Ahmad et al., 2005)            

                          
Where:                     

    

qe =Adsorbent capacity (mg/g)  

Vl =Volume of sample (l)  

Co = initial concentration of 

hexavalent chromium in sample (mg/l)  

Ce = Concentration of hexavalent 

chromium   in sample after adsorption 

(mg/l)                                               

M = Mass of adsorbent (g)  

 The experimental data were compared 

using Langmuir, Freundlich and BET 

isotherm models.                                  .            

Langmuir offered the following 

equation (Mondai and Lalvani, 2000)  

                              

                                                   
(1)    

 

Where:                                                  

qe is the amount of adsorbate adsorbed 

per unit weight of adsorbent (mg/gm)   

 Ce is the equilibrium concentration of 

adsorbate in water (mg/l)  

  a and b are constants 

Taking the reciprocal of both sides of 

the Langmuir equation yields:

  

                                                         

(2)          
                    

 

Freundlich offered the following 

equation (Zwani et al., 2009)  

        (3)                                 

 Where:                                                        

Kf is a constant related to overall 

adsorption capacity (mg/gm)                 

1/n is the constant related to surface 

hetrogenityBET isotherm model can 

be expressed as follows (Volesky, 

2003)  

 

    (4) 

 

Equa

tion 

(4) can be arranged to be: 

                                                     (5)    

 

 

Where:                                                      

B is a constant relating to the energy 

of interaction with the surface                      

Xm is the amount of adsorbate 

adsorbed per unit weight of adsorbent 

for mono layer adsorption (mg/gm) 

Results and Discussion 

Effect of Solution pH on Hexavalent 

Chromium Reduction 

       pH is considered to be the most 

critical parameter that affect the 

adsorption process (Dave et al., 2009), 

because of its impact on the surface 

charge of the adsorbent (Rahmani et 

al.,2011).        

         Figure (1) shows the relationship 

between pH and hexavalent chromium 

percentage removal. It is evident from 

this Figure that the increasement of the 
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pH from 2.5 to 5 leads to reduction in 

percentage of removal of hexavalent 

chromium which decreased from 95% 

to 65%; this is due to the fact that 

under acidic condition, the adsorbed 

surface becomes highly protonated, 

this protonation is capable to attract 

the Cr (VI) in the anionic form. This 

surface protonation reduces gradually 

with the increases of pH, and that is 

clear from the decreasing of 

hexavalent chromium removal from 

65% to 30% when pH was increased 

from 5 to 8. The mentioned decrease is 

due to completion between OH
- 

and 

chromate ions (Kulkarni et al., 2013).  

      It was clear from Figure 1 that 

maximum hexavalent chromium 

removal was achieved at pH 2.5. 

Comparing with results showed in 

literature by using wheat bran as 

adsorbent, (Nameni, et al., 2008) 

stated that hexavalent chromium  

 

 

Figure (1) Effect of Solution pH on the 

Hexavalent Chromium Reduction 

 

removal efficiency decreased with the 

increasing of pH and maximum 

hexavalent chromium efficiency was 

achieved at  

 Effect of Stirring Time 

         Stirring time is an important 

factor in the adsorption process 

(Nameni, et al., 2008), 

         Figure (2) illustrates the effect of 

mixing time on the hexavalent 

chromium removal efficiency, that the 

 

Figure (2) Effect of Stirring Time on 

the Removal of Hexavalent  

 

Chromium from Solution 

 percentage of adsorption increased 

from 70% to 95% with increasing of 

mixing time from 30 minutes to 60 

minutes, this is due to maintaining the 

pomegranate peels powder in 

suspension offering enough time for 

hexavalent chromium removal 

(Bouquerra et al., 2008), after that the 

rate of hexavalent chromium removal 

was gradually increased from 95% to 

96.7% when mixing time was 

increased from 60 minutes to 150 

minutes and became constant after 150 

minutes, because the adsorption phase 

reached to equilibrium. This 

equilibrium was attained at 150 

minutes (equilibrium time).  

           The increase of hexavalent 

chromium removal with the increasing 

60%

70%

80%

90%

100%

0100200

R
e

m
o

va
l E

ff
e

ci
e

n
cy

 

Time (minute) 

0%

20%

40%

60%

80%

100%

0510

R
em

o
va

l E
ff

ec
ie

n
cy

 

pH 

pH=2.5                             

Initial Cr (VI)conc.=40mg/L                         

adsorbent dose=2gm/100 

 Stirring time= 1 hr                        

Initial Cr (VI) 

conc.=40    mg/L                        

adsorbent 

dose=2gm/100   

91 



 
 

  2102 ,5(2)                                                يا                             المجلة العراقية للعلوم والتكنولوج

of mixing time is similar to another 

investigation which showed in the 

literature by using pinus roxburghii as 

adsorbent (Ahmed et al, 2005). 

 

Effect of Pomegranate Peels Powder 

Dosage  

       The effect of pomegranate peels 

powder dosage on hexavalent 

chromium percentage removal was 

shown in Figure (3). The results 

showed that with the increase of the 

pomegranate peels powder from 0.3 

gram to 1 gram, the percentage of 

hexavalent chromium removal was 

increased from 75% to 95%, due to the 

availability of more adsorption sites 

for hexavalent chromium ions 

(Bouquerra et al., 2009; Nameni, et 

al., 2008 ),  when the pomegranate 

peels powder was increased.  

         The increase of hexavalent 

chromium removal with the increasing 

of pomegranate peels powder dosage 

is conform with that showed in 

literature by using wheat bran as 

adsorbent for hexavalent chromium 

(Nameni, et al., 2008).  

    Figure (3) Effect of Powdered 

Pomegranate Peels on the Removal of 

Hexavalent Chromium from Solution 

       

Effect of Hexavalent Chromium 

Initial Concentration  
       Figure (4) shows the effect of 

hexavalent chromium concentration on 

its percentage removal. 

 Figure (4) Effect of Initial 

Concentration of Hexavalent on its 

Removal from Solution 

      

            The percentage removal of 

hexavalent chromium was decreased 

from 96.7% to 79% when the 

hexavalent chromium concentration in 

water was increased from 20 mg/L to 

80 mg/L. This decrease in the 

percentage of removal is due to the 

fact that, the pomegranate peels 

powder has a limited number of active 

sites, these sites become saturated with 

hexavalent chromium ions and there is 

no vacant sites for remainder ions of 

hexavalent ions to adsorb(Ajouyed et 

al., 2011). 

        The decrease in percentage of 

removal of hexavalent chromium with 

the increasing of hexavalent chromium 

concentration in water is happened in 

accordance with the work of 

(Abdulwanees et al., 2012) that used 

activated carbon and bentonite as 

adsorbent for hexavalent chromium. 
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Adsorption Isotherm    

           Adsorption isotherm is a curve 

relating the equilibrium concentration 

of a solute on the surface of an 

adsorbent, to the concentration of the 

solute in the liquid, with which it is in 

contact (Cengeloglu et al., 2007).  It is 

also an equation relating the amount of 

metal ions adsorbed on the adsorbent 

surface, and the equilibrium 

concentration of the metal ions in 

solution (Watts, 1998).  

            Several models were found to 

describe and predict the equilibrium    

distribution of metal ions between 

liquid phase and solid phase, three 

types of these models were evaluated 

and these were Langmuir, Freundlich 

and BET isotherm models 

          Figures 5 to 7 describe the use of 

the Langmuir, Freundlich and BET   

models for adsorption of hexavalent 

chromium at initial concentration of 

40mg/L, pH 2.5, stirring time 150 

minutes and adsorbent dose from 0.4 to 

2.4 gm per 100 ml.                                  

       Langmuir isotherm was achieved 

by plotting 1/Ce versus 1/qe (equation 

2) to give a straight line with a 

correlation coefficient (R
2
) equal to 

0.9656. The constant (a) which 

represents adsorption capacity, (b) 

which is related to the energy of 

adsorption were estimated to be 1.359 

and 3.4036 respectively from the slope 

and intercept of the linear plot. 

Freundlich isotherm was achieved by 

plotting Ce versus qe (equation 3) to 

give a nearly straight line with a 

correlation coefficient (R
2
) equal to 

0.9958. The values of kf and n which 

were an indicative of adsorption 

capacity and intensity for adsorption 

were calculated to be 1.9951 and 4.15 

respectively from the slope and 

intercept of straight line. 

 

Figure (5) Langmuir Isotherm Model 

 

         

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

Figure (6) Freundlich Isotherm Model 

 

      BET isotherm was achieved by  

 

plotting                  versus     

 

(equation 5) to  

give straight line with a correlation 

coefficient (R
2
) equal to 0.9998. The 

values of B which was   related to the 

energy of interaction with the surface 

and Xm which was related to the 

amount of a Cr (VI) adsorbed per unit 

weight of adsorbent for mono layer 
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adsorption (mg/gm) were calculated to 

be 88.21 and 2.77 respectively from 

the slope and intercept of straight line. 

 
Figure (7) BET Isotherm Model 

 

           From the values of correlation 

coefficient of these three models, BET 

isotherm is in agreement with the 

experimental data. 

 

Table (1) Correlation Coefficient 

and Constants for Langmuir, 

Freundlich and BET Models 

 Langmuir Freundlich BET 

R
2 

0.9656 0.9958 0.9998 

a 1.359   

b 3.4036   

kf  1.9951  

n  4.15  

B   88.21 

Xm   2.77 

 

  It is clear from Table (1) that the 

correlation coefficient of BET model 

which was 0.9998 higher than those 

for Langmuir and Freundlich models 

which were 0.9656 and 0.9958 

respectively, this means that BET 

model was in agreement with the 

experimental data that the adsorption 

of hexavalent chromium by 

pomegranate peels powder was 

multilayer adsorption, and the amount 

of hexavalent chromium adsorbed per 

unit weight of pomegranate peels 

powder at equilibrium (Xm) and it was 

equal to 2.77 mg/gm. 

          In comparison of pomegranate 

peels powder with other adsorbent 

materials based on their maximum 

adsorption capacity for hexavalent 

chromium, the pomegranate peels 

powder has higher adsorption capacity 

(Xm) of 2.77 mg/gm compared with 

those stated in literature ((Nameni, et 

al., 2008).    

Conclusions 

            It is evident from the results 

that pomegranate peels powder has a 

higher adsorption power towards 

hexavalent chromium ions; it has a 

removal efficiency of 96.7% for        

Cr (VI) ions. This indicates that 

pomegranate peels powder was  

capable to receive and settled down 

the heavy metal ions, so pomegranate 

peels powder was an efficient 

adsorbent for hexavalent ions because 

of its higher adsorption power, 

abundant, cheap and eco-friendly 

however, for these reasons the world 

want to use plant wastes as adsorbent 

for pollutants. 
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