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ABSTRACT
The performance of chemically modified corn stalk waste as a low cost and environmental friendly adsorbent for the removal of copper (ii) ions was examined using batch process. Factors prompting copper removal including initial copper ion concentration (0.2 – 1.0 g/l), adsorbent dose (0.5 – 10.0 g), contact time (30 – 150 min) and pH (2 – 11) at constant temperature of 30 oC were studied. The adsorption process was quite fast and equilibrium was establish before 100 min. Maximum adsorption of 70% for copper (ii) ions was found to occur at pH 8. The equilibrium data obtained were analyzed and the results showed that Langmuir isotherm with R2 value at 0.99 best described the adsorption equilibrium data. The maximum adsorption capacity for the adsorption process calculated from the Langmuir isotherm was found to be 66.2 mg/g. This high value of the adsorption capacity indicated that the corn stalk waste can be used as a potential alternative for the removal of Cu (II) ions from wastewater.
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1. Introduction
I recent years, there have been reports of excessive discharge of heavy metals into the environment as a result of man activities and it has become a major worldwide and ecological concern[1]. Waste waters discharged from various industries including battery manufacturing, fertilizers, pesticides, metallurgy, electroplating, mining activities and printing industries contain  heavy metals like cadmium, copper, lead, zinc, nickel, etc.[1-2]. The presence of these heavy metals even in trace amount can be harmful to the environment [3-4].
Though some traditional treatment approaches such as ion-exchange, chemical precipitation, solvent extraction, reverse osmosis and membrane separation have been used for the removal of these heavy metals from waste water, but most of these methods have several drawbacks that include irregular metal ion elimination, generation of sludge, high reagent needs and high cost implications[5][1]. For example, Chemical precipitation becomes less effective at ion concentration below threshold of 50 mg/L. Treatment processes using activated carbon and ion exchange membrane are efficient in separating metal ions from aqueous solutions but are also very costly especially when handling high volumes of water and water that contains low concentrations of heavy metals[3].
Biological treatment is an efficient choice to the conventional methods of waste water treatment. Biosorption does not require energy, the process allows for the passive concentration and binding of pollutants onto its cellular structure. Bioaccumulation offers greater complexity in that it involves the active metabolic transport and occurs by taking up pollutants which are then passed onto and inside the cellular surface. However, several factors including metabolic inhibitors and inadequate energy supply suppressed the treatment process[7][8][9]. Several materials have been used in biosorption studies[10-17]. The current study assessed performance of corn stalk waste for heavy metals remediation from waste water.
2. Materials and Methods
2.1 Materials
The stock solution of Cu (ii) was prepared by dissolving appropriate amount of Copper sulphate (CuSO4.5H2O) in distilled water. The solution pH was adjusted using 0.1M HCl/NaOH as required. Chemicals used were of analytical grade. The concentrations of Cu (ii) ions was analyzed using Atomic Adsorption spectrophotometer. A chemical rotary shaker of WISSON SCIENTIFIC model was used for agitating the sample for required contact time.
2.2	Preparation of adsorbent
Corn stalk wastes were collected from of a local farm around Veritas University, Zuma II, located in Bwari Area Council, FCT, Abuja, Nigeria. The corn stalk wastes were cut into pieces, washed and dried for 72 hours at 120 ºC following the method of Kumaraswamy[18]. The dried corn stalk wastes were crushed into pieces and grinded into powder using a ceramic mortar, screened through a sieve and were then labelled corn stalk waste powder (CSW) and stored. The chemical modification of the corn stalk waste powder was done by heating 50 g of the powder for 120 min continuously in 0.5M NaOH solution in the oven. The NaOH was the filtered out and the modified corn stalk waste powder was washed until the supernatant became clear. The modified corn stalk waste powder was then dry at 120 oC for 5 hours and stored in an air tight container pending usage as an adsorbent.
2.3 Adsorbate solution preparation: 
The stock solutions were prepared following the method of Kumaraswamy[18]. All subsequent tests were carried out in triplicates for each adsorbate.
2.4 Experimental procedure
The effects of initial metal ion concentrations, pH, contact time and adsorbent dose on the removal of Cu (ii) ions by CSWP was examined using batch experiments.
2.4.1 Effect of contact time
The effect of contact time on biosorption of Cu2+ ions was studied by mixing 0.5 g of the adsorbent with 100 ml of each 1.0 mg/l individual solution of the adsorbate at different contact times (30, 60, 90, 120, and 150) minutes at ambient temperature and pH 7. The mixture was uniformly agitated with a rotary shaker. The experimental setup was thereafter repeated for various time intervals (60, 90, 120, and 150 mins). AAS was used to determine the concentration of the metal ion in the filtrate.
2.4.2 Effect of pH
0.5 g of the adsorbent was mixed with 100 ml of each 1.0 mg/l individual solution of the adsorbate at different pH values (2 – 13) at room temperature. The pH value was adjusted using 0.1M NaOH/0.1M HCl solutions. This was agitated for 100 mins. The solutions were then filtered and the filtrate analyzed for residual metal concentration were measured using (AAS) following documented methods[18].
2.4.3 Effect of adsorbent dose
Different masses of the CSWP adsorbent ranging from 0.5 g, 1.0 g, 4.0 g, 8.0 g and 10.0 g was mixed with 100 ml of each 1.0 mg/l individual solution of the adsorbate at room temperature. The individual ion mixtures were agitated 100 min. The solutions were then filtered through and analyzed as described above[18].
2.4.4 Effect of initial metal concentration: 0.5 g of the adsorbent was mixed with 100 ml of the adsorbate in varied concentrations of 0.2 - 1.0 mg/l at room temperature. The individual ion mixtures were agitated 100 mins. The solutions were then filtered and analyzed as described above.
2.4.5 Metal concentration determination
A set of standards and a control was prepared for each individual metal to be tested. The absorbance for each solutions was recorded and a standard calibration curve was plotted using software. After aspirating the sample solution, the subsequent absorbance reading was recorded. The amount of metal in each sample was then analyzed using the standard calibration curve as previously described[19—21]. The amount of metal ions adsorbed at time t, qt (mg/g) and the adsorption efficiency (%) were calculated using equation 1 and 2 respectively[22].
		qt = [(Ce – Ct)V]/W											(1)
		Adsorption efficiency (%) = [(Co – Ct)/Co]100					(2)
Where Co (mg/l) is the initial concentration of the Cu (II) ion and Ct (mg/l) is the concentration of the Cu (II) ion at any time, t, V (ml) is the volume of the solution and W (g) is the mass of dry adsorbent used.
3. RESULTS AND DISCUSSION
The performance of corn stalk waste was studied for its potential as adsorbent for biosorption of Cu (II) ions. The obtained results from the present adsorption studies are presented in Tables 1-4 and are depicted in Figures 1-4.
Table 1: Experimental conditions investigated
	
	
	
	
	
	
	

	Parameters
	Values investigated
	

	
	
	

	Initial metal 
Concentration, (mg/l)
	0.2, 0.4, 0.6, 0.8 & 1.0
	

	Contact time (min)
	
	30, 60, 90, 120 & 150
	

	pH
	
	
	2.7, 4.2, 7.3, 9.6 & 12.4
	

	Adsorbent dose (g)
	0.5, 1.0, 4.0, 8.0 & 10
	

	Temperature (o C)
	
	
	30
	
	

	 
	 
	 
	 
	 
	 
	

	

	
	
	
	
	
	


Table 2: Langmuir factors for the removal of Cu (ii) ion

	R2
	qm
	Ka
	

	 
	      (mg/g)
	      (1/mg)
	

	
	
	
	

	0.996
	66.2
	7.4
	



Table 3:	RL values at different initial Cu (ii) ions concentrations
	
	
	
	
	

	Initial Cu(II) Concentration,
	RL value
	 

	Co (mg/l)
	
	 

	0.2
	
	
	0.46
	

	0.4
	
	
	0.33
	

	0.6
	
	
	0.27
	

	0.8
	
	
	0.21
	

	1.0
	 
	 
	0.16
	 

	
	
	
	
	




Table 4: Adsorption capacity of some adsorbents for Cu (ii) ions
	Adsorbent
	 
	Adsorption capacity (mg/g)

	Modified egg shell
	
	86.2
	
	

	Papaya seed
	212.77
	
	

	Dried sunflower leaves
	89.37
	
	

	Sour orange residue
	21.7
	
	

	Tree fern
	
	10.5
	
	

	Potato peel
	0.388
	 
	 





Figure 1: Effect of contact time on percent removal of Cu (II) ions by corn stalk waste




Figure 2: Effect of initial metal ion concentrations on percent removal of Cu (II) ions by corn stalk waste




Figure 3: Effect of pH on percent removal of Cu (II) ions by corn stalk waste



Figure 4: Effect of adsorbent dose on percent removal of Cu (II) ions by corn stalk waste


The removal of Cu (II) ions by corn stalk waste was examined at different experimental conditions (Table 1). The obtained results are discussed as follows:
3.1 Effect of Contact Time
From the results presented in figure 1, it is seen that as contact time increases, the removal of Cu (II) by the corn stalk waste increases. The removal was fast for the first 90 minute as a result of availability of binding sites on the corn stalk waste. Equilibrium was established within 100 minute where the removal percent reached 70%. This time was therefore used for the adsorption of Cu (II) by corn stalk waste. The subsequent slow phase occurs due to diffusion of the metal ions into the inner part of the corn stalk waste.
3.2 Effect of Initial Metal Concentration
As shown in Figure 2, it can be seen that the removal percent of Cu (II) decreased to about 40% with the increase in initial concentration from 0.2 to 1.0 mg/l. This means that the amount of these contaminants adsorbed per unit mass of adsorbent decreased with the increase in initial concentration. This peak denotes saturation of the active sites available on the corn stalk waste for interaction with contaminants, indicating that less favorable sites became involved in the process with increasing concentration.
3 .3 Effect of pH
The removal of Cu (II) by corn stalk waste was pH dependent as shown in Figure 3. At pH < 2.0, H+ ions compete with Cu 2+ ions for the surface of the adsorbent (active sites) which would hinder metal ions from reaching the binding sites of the sorbet caused by the repulsive forces. At pH > 8, the Cu (II) will precipitate due to hydroxide anions forming copper hydroxide precipitate. At pH = 8.2 the highest removal efficiency was observed 70%.
3.4 Effect of Adsorbent Dose
As shown in figure 4, the biosorption of Cu (II) ions was observed to increase as the amount of adsorbent increased from 0.5 to 10 g. The maximum removal was obtained at the adsorbent dose of 6.0 g. As the adsorbent dose increases to a value higher than 6.0 g, there was no further effect on the adsorption rate for Cu (II) removal. Therefore, 6.0g of the adsorbent was sufficient to adsorb maximum quantity of ions.
3.5	Analysis of adsorption isotherm
From the present study, many isotherms were tested for fitness. The equilibrium data for Cu (II) removal by corn stalk waste was better described by the Langmuir model (equation 3). The model is based on the assumptions that maximum adsorption corresponds to a saturated mono-layer of adsorbate molecule on the adsorbent surface[23].   
		1/qe	=	(1/Kaqm).1/Ce	+	1/qm						(3)
The Langmuir constant qm ,Ka and regression coefficient (R2) are presented in Table 2.
The constant qm (mg/g) is a measure of maximum adsorption capacity of the adsorbent as depicted in Table 4 and Ka (1/mg) is a constant related to energy of adsorption.
The essential characteristics of the Langmuir isotherm can be expressed in terms of a dimensionless constant separator factor RL, which is given by the following equation (4)
		RL	=	1/(1 + KaCo)												(4)
The value of RL presented in Table 3 indicate the shape of the isotherm to be either unfavourable (RL>1), linear (RL=1), favourable (0< RL<1), or irreversible (RL= 0). The values of RL obtained from the present study as presented in Table 3 is in the range (0<RL<1), which is an indication of the favourable adsorption of Cu (II) ions onto the corn stalk waste.

4. Conclusions
The biosorption of Cu (II) ions from waste water using chemically modified corn stalk waste as an adsorbent was studied using batch process. It was found that the corn stalk waste was more active for Cu (II) removal with maximum adsorption capacity of 66.2 mg/g. The percentage removal was also dependent on the contact time, pH, adsorbent dosage and initial metal ion concentration. The adsorption data was best described by Langmuir adsorption isotherm and the correlation regression coefficient showed that Cu (II) ions adsorption was favourable using corn stalk waste. Finally, the use of corn stalk waste seems to be an effective, low cost and an alternative over traditional methods for the removal of heavy metal ions including copper from waste water due to its availability, low cost and environmentally friendly.
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