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ABSTRACT 

In this work, corncob waste was used as a solid adsorbent for removal of 

Pb, Ni, Zn, Cd ions from aquatic ecosystem through batch techniques. The 

influences of bio-sorbent dose, pH, concentration of metal ions and contact 

time with biochar on these heavy metal ions removal percentages were 

investigated. Optimum removal of Pb, Ni, Zn and Cd ions was achieved at 

bio-sorbent dose (3g), and contact time (90 min.). Desorption experiments 

were performed due to the importance for the financial competitiveness of 

biosorption with other process, indicating that (2.5 M) sodium hydroxide is 

the most promising desorbing agent for efficient sorbent regeneration. The 

results of this study confirm that corncob waste can be beneficially used for 

treating aquatic ecosystem containing Pb, Ni, Zn and Cd ions. 

Key words: Adsorption, Biochar, Water pollutants, Biosorbent. 

 

INTRODUCTION  

With the rapid development of industrial activities, a large amount of 

industrial effluents containing heavy metals are released into surface and 

underground water, which resulted in a number of environmental problems 

(Barakat, 2011). Heavy metals such as lead, copper, and cadmium are toxic 

and non-biodegradable. They can accumulate in living organisms. and may 

thus pose a threat to human health (Kumar et al., 2014). Therefore, it is very 
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important to develop effective technologies to treat heavy metal polluted 

wastewater before their discharge into natural environment. Although 

advanced water treatment technologies provide many good solutions to 

remove heavy metals, most of them may be associated with high operating 

cost and/or sludge disposal problems (Fu and Wang, 2011). Adsorption is 

considered a cost-effective choice for heavy metal removal from wastewater, 

especially at medium or low ion concentrations because it is economical, easy 

to handle and highly efficient (Hu et al., 2015; Inyang et al., 2012). Many 

studies have suggested bio-sorbents derived from waste biomass such as 

agricultural residues as a promising alternative agents for the treatment of 

heavy metals while reducing both preparation and running costs (Demirbas, 

2008; Zhou et al., 2014). 

Biochar, a pyrogenic carbon material derived from biomass, is one of the 

biosorbents that has received increased attention recently because of its strong 

affinity for various contaminants in water (Wang et al., 2015b; Yao et al., 

2012; Zhou et al., 2014). 

Biochars produced from waste biomass such as agricultural and forestry 

residues have shown good sorption ability to a variety of heavy metal ions in 

aqueous solutions (Ahmad et al., 2014; Mohan et al., 2014). Recently, 

techniques have been developed to produce engineered biochars with 

enhanced sorption ability to heavy metals, as well as, other contaminants in 

water.  

In this work, we performed treatment of wastewater from inorganic 

pollutants. An adsorption technique was used for this treatment. Preparation a 

suitable adsorbent for decontamination of wastewater is one of aims of this 
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work. We removed Pb, Zn, Ni and Cd ions as an example of inorganic 

pollutants. 

 

MATERIAL AND METHODS 

Biochar was prepared through direct pyrolysis of corn cob to be used for 

the removal of heavy metals from water. A range of experiments were 

conducted to evaluate the sorption ability of the biochar to Pb, Zn, Ni and Cd 

ions in aqueous solutions.The steps of this work were as follows: 

(1) preparation and characterization of biochar; (2) assessment of the 

adsorption ability of the biochar to lead, Zinc, Nickel and cadmium; and (3) 

determination of the effects of contact time, pH, concentration of metal ions 

and sorbent dosage, on the adsorption of the heavy metal ions onto the 

biochar. 

Reagents and apparatus: Single component stock solutions of 1000 mg/L of 

metal ions were prepared by dissolving appropriate amounts of 1.57g lead 

acetate, 2.77 g zinc nitrate, 1.69g cadmium chloride, and 2.21g nickel 

chloride in deionized water. The solutions were acidified with small amount 

of nitric acid. These chemicals were supplied by Sigma-Aldrich (Germany) 

and used without further purification. Dilution was used for preparation the 

required concentrations for the various steps of the investigation. 

Hydrochloric acid HCl (Merck) 1% (V/V) and/or sodium hydroxide NaOH 

(Merck) were used for pH adjustment of the synthetic wastewater. A WTW 

digital pH meter model “525” (Germany) was used for the pH adjustment. 

Shaker (Stuart, UK) was also used for mixing the samples with sorbent. 
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Preparation of biochar: Corncob were obtained from the cones were 

washed thoroughly with distilled water to remove impurities such as sand and 

leaves. The washed cones were then dried at 70 
o
C for 24 hrs in an oven. 

The scales on the dried cones were then removed and ground in a 

crusher. The resultant ground material powders were passed through British 

Standard Sieves (BSS) of 150 μm, and amount of  corncob was weighed then 

they were crushed to small particles, the carbonization process was performed 

in muffle oven at 500 °C with 5 °C/min for 2 hours in semi- closed system. 

After that, the carbonized materials were washed with  0.1 N HCl and 

distilled water, until the pH of water become from 6.8 to 7. Then it was dried 

in oven at 105°c  over night. Then it was collected  in an airtight plastic 

container and used for analysis, as well as, for adsorption experiments.  

All plastic sample bottles and glassware were cleaned, then rinsed with 

deionized water and dried at 60
o
C in a temperature controlled oven. 

Adsorption procedure: Adsorption measurements were determined by batch 

experiments of known amount of the sample with 50 mL of aqueous 

adsorbate solutions as per in a series of 100 ml glass bottles. The mixtures 

were shaken in a constant temperature orbital shaker at 250 rpm at 30oC for a 

given time and then the suspensions were filtered through a whatman glass 

micro filter and the filtrates were analyzed using inductive coupled plasma 

optical emission spectroscopy instrument (ICP-OES) model (Agilent 5000 

series). The experiments were carried out by varying the pH value of 

wastewater, contact time, and the amount of adsorbent. The removal 

efficiency was calculated based on the following equation Eq.: 
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Where C0 (mg/L) and Ct (mg/L) are the concentrations in the solution at 

time t = 0 and at time t. 

The kinetics of adsorption was carried out at low and high initial metal ion 

concentrations and at different pHs using the same adsorption procedure 

stated above. The only difference was that samples were collected and 

analyzed at regular time intervals during adsorption process. 

Effect of pH and dose of biochar: Single component solutions of Cd (II), Ni 

(II), Pb (II), and Zn (II) with initial concentration 50 mg/L, 2.0 g/L of biochar 

dose, 250 rpm speed, 90 min contact time and pH ranging from 3 to 6.5, the 

removal efficiency of metal ions using different dose of biochar was 

estimated for initial metal ion concentration of 50 ppm (mg/l) at (0.25-3 g/l) 

respectively. 

Effect of contact time and concentration of metal ions: To determine the 

required time for obtaining equilibrium, single component solutions of Cd 

(II), Ni (II), Pb (II), and Zn (II) with initial concentration 50 mg/L mixed at 

250 rpm with 2.0 g/L of biochar for interaction at pH 6.5. 

Single component solutions of different metal ions with different 

concentrations of 50, 75, 100 and 200 mg/L were mixed at 200 rpm with 2 

g/L of biochar for equilibrium time 90 min at pH 6.5. 

Point of zero charge (PZC):  The point of zero charge (PZC) of the prepared 

biochar was determined by using 0.01 mol/L NaCl solutions, at 298 K. Given 

volumes (50 mL) of 0.01 mol/L NaCl solution were taken and mixed with 50 

mg of biochar, in different beakers. The pH values of the solutions were 
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adjusted to 2, 4, 6, 8, 10and 12 using HCl or NaOH solutions. The initial pH 

of the solutions was recorded and each flask was covered with parafilm and 

shaken for 24 h. The PZC value is found at different of pH zero. 

 

RESULTS AND DISCUSSION 

pH plays a very important role in the sorption of heavy metals, since it 

affects the surface charge of the adsorbent and the metal species present in the 

solution. The influence of the initial pH of Cd (II), Ni (II), Pb (II), and Zn (II) 

solutions on the removal efficiency has been evaluated under the following 

conditions. Fig 1. Represents the removal efficiency of Cd (II), Ni (II), Pb 

(II), and Zn (II) at different pH's 

 

Fig. (1): Effect of pH on the removal efficiency of metal ions on biochar 

Figure 1 revealed that there is an increase from 12 % to 52 % % for Cd 

(II), 14 % to 62 % for Ni (II), 11 % to 42 % for Pb (II), and 13.5 to 58 % for 

Zn (II). Notably, adsorption of Cd (II), Ni (II), Pb (II), and Zn (II) ions on 

biochar surface increased with increase in pH of solution. The point of zero 

charge of biochar is 5.7, so the surface of adsorbent will be positively charged 
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at lower pH due to adsorption of hydrogen ions on the surface of adsorbents. 

At the same time, metals will be positively charged so it is hardly adsorbed at 

lower pH. Meanwhile, at higher pH value, surface of biochar is negatively 

charged, and suitable for uptake the positively charged metals ions and 

consequently the removal efficiency is increased as well.  

Fig. 2 represents a plot of the amount of zinc, cadmium, nickel and lead 

metal ion removal efficiency versus different dose  of biochar for metal ion 

concentration of 50 mg /l, respectively. Firstly, the adsorption rate of metal 

was enhanced with the biochar amount, whilst  the more amount of biochar 

give a higher surface area and more active sites for adsorption. In case of 

adsorption of metals, the over amount of sorbent in the solution may lead to 

slight increase adsorption rate (ca: 8 %). This may be due to owe to 

agglomeration that diminishes the adsorption because active sites for 

adsorption are not completely occupied. From economic point of view, 2 g/L 

is chosen as optimal dose for metals adsorption. 

 

Fig. (2): Effect of adsorbent dose on the removal efficiency of metals ions on 

biochar 
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The effect of contact time with adsorbent on the removal efficiency of 

Cd, Pb, Ni and Zn metal ions are represented in figure (3). These figures 

represent the results of removal efficiency of metal ions at different contact 

time from 10 minute to 90 minutes. As shown in the table the maximum 

removal occurs at 30 minute, where the removal efficiency of Cd from 44% 

to 48.8% , Pb from 13% to 37.9%, Ni the removal efficiency between 40.8% 

and 62.8% and Zn removal efficiency between 45% to 49.4% . The results 

show also that Ni has maximum efficiency 62.8% at 90 minute.  

 

Fig. (3): The effect of contact time with adsorbent on the removal efficiency 

of Cd, Pb, Ni and Zn metal ions. 

For metals ions removal efficiency and adsorption capacity are 

progressively increased with time and equilibrium was achieved after 90 

minutes with range 39-64 % for metals ions. There is no critical increase in 

removal efficiency after 120 min. 
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The results of removal efficiency of metal ions at different concentrations 

of: are illustrated by Fig. 4. It is evident that the capacity removal (mg/g) of 

metals ions increased with increasing initial concentration from 50 mg/L to 

200 mg/L. It is obvious that the capacity removal increases with increasing of 

initial metal ion concentration. This may be originated from increase of 

driving force of metals ions to active surface sites biochar surface. 

 

Fig. (4): Effect of initial metal ion concentration on the removal capacity of 

biochar for metals ions 

 

CONCLUSION 

Biochar was plausibly prepared from low cost agricultural waste 

(corncob), and it was used for decontamination of water from metals ions; 

Cd, Ni, Pb, and Zn via adsorption process. The removal of Cd, Ni, Pb, and Zn 

ions via adsorption from wastewater by biochar is studied under different 

conditions. Dose of 2 g/L is chosen as optimal amount for metals adsorption. 

For metals ions, maximum removal reached to 38 to 63 % after 90 minutes at 
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pH 6.5, dose of biochar of 2 g/L. It was noticeable that capacity removal 

increases with increasing of initial metal ion concentration . The results of 

present study indicate that easy and simple pretreatment of the inexpensive 

bio-sorbent consist of maize cob biomass show high-sorption performance of 

metal ions and feasibility of desorption and recovery sorption capacity. 
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 ستخدام الفحم الحيوي المجهز من متبقيات قوالب الذرة  ا
 في امتصاص ملوثات المياه

                        [1] 
 (3)محمد عيد -(2)مصطفى خليل -(2)يوسف القاضي -(1)محمود حويحي -(1)حمد صالحرشا م

قسم  (2 جامعة عين شمس، معهد الدراسات والبحوث البيئية، قسم العلوم الأساسية البيئية( 1
 ومي للبحوثالمركز الق ،قسم بحوث تلوث المياه (3 معة عين شمسوم، جاكلية العل ،الكيمياء

 

 المستخلص
أيونات المعادن لإزالة  مادة صلبة ممتزةباعتباره  في هذا العمل ةالذر متبقيات قوالح تم استخدام 

تأثير جرعة  دراسةوقد تم  .الكادميوم من النظام البيئي المائيو الرصاص، النيكل، الزنك، الثقيلة ك
، الأس الهيدروجيني، تركيز المعادن الثقيلة، وزمن التعرض للمادة الممتزة على المواد الماصة الحيوية

 2،2نسبة التخلص من تلك المعادن في المياه الملوثة كما تم إستخدام هيدروكسيد الصوديوم بتركيز 
أشارت النتائج أنه قد تم التوصل لأفضل نسبة إزالة وقد . مول لزيادة كفاءة الفحم الحيوي المستخدم

جم من جرعة المادة الممتصة الحيوية ، 3عند من الرصاص، النيكل، الزنك والكادميوم  لتلك المعادن
كما سجلت النتائج أعلى نسبة . لتر من المعادن الثقيلة /مجم 52، وعند تركيز 2،2وأس هيدروجيني 

يمكن أنه نتائج دقيقة من وقت التعرض للمادة الممتزة، كما أثبتت  09إزالة لتلك المعادن خلال
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من  بشكل مفيد في معالجة النظام البيئي المائي المحتوي على أيونات متبقيات قوالب الذرة استخدام
 .المعادن الثقيلة كالرصاص والنيكل والزنك والكادميوم

 الإمتزاز الحيوي. المياه ملوثات. النباتي الفحم. الامتزاز :الكلمات الدالة


