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Abstract 
 
Removal of toxic Zn ions from solutions as aqueous in peel of pomegranate 

as adsorbent was conducted. Experiments were performed as function of pH, 

initial concentration, contact time, dosage, and agitation speed. Highest 

removal efficiency was achieved for the foregoing parameters as 50 mg/L, 

6.5, 1 h, 0.25 g/100 ml, and 270 rpm, respectively. Fourier Transform 

Infrared Spectroscopy results proved that (-NH2) and (-OH) functional 

groups are the most effective on Zn adsorption. It might conclude that Zn 

adsorption capacity is solution pH-dependent; as Zn adsorption concentration 

elevated by pH increasing. Peel of pomegranate appeared as a favorable 

removal of toxic Zn ions from solutions as aqueous. 
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1 Introduction 
 
 Heavy metals releasing in high quantities into environment has excreted 

various health and ecological problems [1]–[3]. Various processes being 

industrial i.e. metal finishing, works as metal of non-ferrous, electroplating,  
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paper, and produced petroleum flowing wastewater with heavy metals of 

toxicity to nature [4]–[6]. Such metals being toxic are not bio-degradable and 

may accumulated in various organisms [7]. Metals of Zn and Fe are bio- 

essential while Hg, Cr, and Ca are highly toxic. Nevertheless, metals as bio-

essential cause ecological and health problems when exist at considerable 

amounts. Zn ion released mostly into nature via activities being industrial at 

concentrations of concern to health and environment (II) [8]. Bio-sorption 

considered as alternative method of importance for Zn (II) removal from 

aqueous solutions [9]. Technique of sorption was a favorable method due to 

its easy design and operation [10]. Also, it doesn
'
t need high cost with no 

toxic metals sensitivity. Recent Studies focus on low cost materials for 

handling large wastewater amounts; thus, the current study was conducted in 

such direction. 

 

2 Experimental Work 
 
2.1 Materials 

Solution of Zn (NO3)2 as contaminant was formulated (prescribed by 

BDH, England) for enriching water with. Samples were inserted to achieve 

required concentration. Remaining dreg following juicing process of 

pomegranate was removed, granulated and sieved with 0.2 µm sieves and 

with tap water rinsed for dusts removing and dried at 70 ºC. Pomegranate 

peel dry powder was stored at room temperature in bags [11], [12]. 

2.2 Batch experiments  

To detect the best conditions of shaking velocity, dosage, initial pH, and 

initial concentration; analysis for batch were performed in series [13]. Flasks 

of 250 ml were covered with hundred ml Zn solution (50 mg/l an initial 

concentration) for series set up. Pomegranate peels (0.25 g) was transferred 

into each flask, shacked for 2 h at 270 rpm by shaker of high-speed orbital. 

Hundred ml solutions from every flask were taken out and separated out for 

sorbent extraction. Extracted solution (10) ml was taken for Zn determination 

in the solution. For measurement, atomic absorption spectrophotometer was 

used. Equation 1 was applied to calculate the removal efficiency (R %) [14], 

[15]. 

                                                                                         (1) 

where: 

Co: Zn concentration as initial  

Ce: Zn concentration at equilibrium  
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3 Results and discussion 

3.1. Initial pH and Contacting Time 
  

Figure (1) shows pH values (3, 4, 5, 6.5 and 8) in relation to Zn removal 

efficiency. At pH 6.5, the maximum removal efficiency was achieved of high 

significance and then decline. Such explained to higher concentration where 

surface of bio-sorbent becomes positively charged more and hence the 

attraction between Zn and bio-sorbent is reduced. Thus, pH 6.5 have 

maximum efficiency of removal [11].  
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       Figure1: The influence on the Zn removal efficiency by the pH on the 

pomegranate peel  (co= 50 mg/l; dose=0.25 g; speed= 270 rpm). 
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3.2. Dosage Effects  
 

The capability of pomegranate peels to adsorb Zn (II) from solution was 

studied by adding different quantities of the peels (0.1 to 2 g) to hundred mL 

of solution for the batch tests while the values of the other process 

parameters were fixed as following: co=50 mg/L, pH = 6.5, agitation = 270 

rpm, contact time =1 h.  

A plot of the Zn (II) removal efficiency by the pomegranate peels against 

different amounts of the peel is shown in Figure 2. This figure showed an 

increase in the ability of the peels to remove Zn (II) as the initial amount of 

the adsorbent increased from 0.1 g to 0.25 g likely due to the higher amount 

of the peels in the solution which provided more ionic binding sites. The 

figure also showed that the maximum adsorption occurred at the peel’s 

concentration of 0.25 g after which there was a decline in binding efficiency; 

this suggests that  a specific amount of the Zn (II) was attracted to the 

adsorbent and further increase in the adsorbent amount will have no 

significant impact on the adsorption efficiency [16]. 
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                  Figure 2: Influence of the Zn removal efficiency on peel of pomegranate  

(co= 50 mg/l; pH=6.5; speed= 270 rpm). 

3.3 Influence of concentration as initial  

Influence of Zn (II) concentration as initial on the adsorption efficiency 

was studied under the following process conditions, concentration range = 50 

and 300 mg/L, volumes of solutions = 100 mL, initial solution pH = 6.5, 

contact time = 1 hour, pomegranate peel concentration = 0.25 g/100 mL. A 

plot of the Zn
2+

 (II) removal efficiency by the pomegranate peel against 

different initial Zn (II) concentrations was presented in Figure 3.  
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The results show a progressive increase in metal ions removal efficiency 

with initial concentration until a certain metal ions concentration (200 

mg/mL) where the removal efficiency began to show no significant 

improvement with increasing metal concentration. Therefore, pomegranate 

peel can efficiently remove Zn (II) from solution at low initial metal ions 

concentration, especially when the metal ions concentration is below 200 

mg/L. This result suggests the availability of few adsorption sites upon 

increasing the metal ions concentrations in the solution [17]. 
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    Figure 3: The influence of the initial concentration on the removal Zn efficiency 

on peel of pomegranate (dose=0.25 gm; pH=6.5; speed= 270 rpm). 
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(b) 

Figure 4: Analysis of fourier-transform infrared spectroscopy. 

3.4 Analyze of FTIR 

Pomegranate peel functional groups correlated to such process worth 

investigating. FTIR spectral is effective highly in main effective sites 

recognition, compared to Zn bio-sorbent. All reported investigations were 

done at Ibn Sina laboratory, Science College, University of Baghdad. Zn ions 

solution (100 mL) was added into 3 (250 mL volume) volumetric flasks, 

followed by 2 different concentrations addition of (50 mg/L and 0.25g/L) 

pomegranate peels into the flask.  

Flasks were subjected for 1 h at 270 rpm to continuous stirring prior to 

drying flasks content for 48 h at 50 
o
C. Upon analysis of FTIR, different 

functional groups presence (carboxylic, amino, carbonyl, and hydroxyl 

groups) in FTIR spectra was detected. Functional groups contribution in 

process manifested in Zn (II) significant changes as the highest levels of 

band tended as the lowest one. 

 

4 Conclusions 

       It might be concluded from the current study is as following: 

 Zn-contaminatedwaste water efficient treatment achieved utilizing 

pomegranate peels as sorbent being active. 

 Conditions ofprocess, i.e. the reaction time, pH solution, initial Zn 

concentration, adsorbent amount and agitation speed have an effect 

on Zn pomegranate peels adsorption performance. The efficient 

optimal condition for (99.5%) Zn removal of (II) from solution  
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utilizing pomegranate peels is as follows: contact time = 1 h, pH solution 

= 6.5, Zn concentration = 50 mg/L, concentration of pomegranate peels = 

0.25 g/100 mL, and speed of agitation = 270 rpm. 
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