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ABSTRACT 
 

The study investigates the biosorption effects of Ni (II) and Zn (II) on the removal of Cu (II) ions in aqueous solutions 

by neem (Azadirachta indica) leaves. Neem leaves were dried, ground and sieved to neam leaf powder (NLP) of size 

100 μm. Batch experiments were carried out by varying the initial Cu (II) ion concentration while maintaining a 

constant dosage of the NLP biosorbent at 1 g/L. The presence of copper, nickel and zinc element in the EDX analysis 

result confirmed the sequestration of the metal ions by the NLP. It was found that the equilibrium adsorption capacity 

continuously increased from 1.62 to 8.60 mg/g as the initial concentration of Cu (II) solution increases from 20 to 100 

mg/L. The presence of the two metals (nickel and zinc) decreases the uptake of copper due to the metals competing for 

the same available sorption sites with copper. From the results, the removal efficiency of copper at an initial Cu (II) 

ion concentration of 40 mg/L decreased from 60 % to 49 % in the presence of nickel. The behaviour observed was 

similar in the presence of zinc where the removal efficiency of copper dropped to 51%. The results obtained from this 

study shows good possibilities for the NLP to be used as a biosorbent for the removal of Cu (II), Zn (II) and Ni (II) ions.  
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1. INTRODUCTION 

  

Contamination of surface and groundwater by heavy met-

als and toxic chemicals has become a serious   problem 

in the environment. These metals find their ways into sur-

face and groundwater through activities such as mining, 

metallurgical, electronic, metal finishing and electroplat-

ing (Athar et al., 2007; Babarinde, 2016; Sharma & 

Bhattacharyya, 2005). Heavy metals such as mercury, 

chromium, lead, cadmium, arsenic, zinc,  copper and 

nickel (Rao et al., 2007) are toxic to living   organisms 

even at lower concentrations (Matlock et al., 2002). Be-

sides that, they have high commercial and   recycle 

value, hence the need of removal and recovery from in-

dustrial effluents. 

   

There is currently an endemic challenge of heavy metal 

poisoning in Nigeria. It has been reported that heavy metal 

poisoning is rampant in the urban populations of Nigeria 

with concentrations exceeding the WHO safe limits in hu-

man blood by more than 50% respectively (Ibeto and 

Okoye, 2010). Several cases of heavy metal poisoning 

have led to huge loss of lives in Nigeria. The most popular 

of the reported cases is the Zamfara State lead poisoning 

which led to the deaths of at least 163 people between 
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March and June 2010 (BBC, 2010)  including 111 chil-

dren and another discovery of 355  living victims by the 

Nigerian Federal Ministry of Health with 46% proving fa-

tal. Heavy metal ingestion has been traced largely to con-

tamination of drinking water and aquatic lives by the 

wastes discharge from mines and other industrial pro-

cesses. 

 

In the last decade, biomass in the form of adsorbents has 

emerged as the best alternative for heavy metals removal 

(Dhankhar & Hooda, 2011). Biosorption is a rapid phe-

nomenon of passive metal sequestration by the non-grow-

ing biomass (biosorbents). It has the advantages of low 

cost, high efficiency, low chemical and biological sludge 

and possibility of metal recovery (Baig et al., 1999). Neem 

tree is one of the most abundant plants and a source of 

inexpensive organic material in Northern Nigeria. It has 

been widely used locally for decades for solving various 

problems related to agriculture, public health and environ-

mental pollution. It is known to have detoxifying proper-

ties due to the presence of several specific functional 

groups like   hydroxyl, carboxyl, carbonyl and amine 

groups, which are negatively charged and able to attract 

and bind cationic species (Ibrahim & Sani, 2015). It will 

be interesting in converting such biomass from agricul-

tural waste, to wealth and apply it in solving environmen-

tal problems Biosorption is highly influenced by factors 

including initial concentration of ions, pH, adsorbent dose, 

agitation speed and contact time and the presence of other 

cations (Arshad et al., 2008; Vijayaraghavan & Yun, 2008) 

Although several studies have been carried out to investi-

gate the use of biosorbents for removing heavy metal ions 

and also to enhance the biosorption of Cu (II) ions, the 

studies didn’t quite represent the actual wastewater com-

position of industries, which contain more than one metal 

ion species. Thus this study will focus on a realistic sce-

nario investigating the effects of other cations such as Ni 

and Zn on the removal of Cu (II) in aqueous    solutions 

using neem leaves powder (NLP) as a sorbent.  

2. MATERIALS AND METHODS 

2.1 Reagents 

The reagents used include: Sigma Aldrich (Germany) an-

alytical grade anhydrous (99.9% purity) copper (II) chlo-

ride, nickel (II) nitrate and zinc (II) nitrate; a Sigma Al-

drich analytical grade sodium hydroxide pellets (98% pu-

rity) and hydrochloric acid (37% assay). Deionized water 

was used throughout the experiment.    

 

2.2 Preparation of Biosorbent 

Mature neem leaves were collected from local Malaysian 

neem trees. The weight of the collected leaves was meas-

ured and recorded prior to washing with distilled water. It 

was necessary to wash the leaves to remove impurities that 

may affect the biosorbent characterisation procedures and 

performance. The leaves were then dried in sunlight for 8 

hr and then further dried in a Memmert Oven at 333 K for 

approximately 24 hr. The dried leaves were removed from 

the oven and instantaneously weighed in order to obtain 

the moisture content of the neem leaves. The dry leaves 

were then shredded, ground and sieved with a SM100 

RETSCH Cutting Mill and ZM200 RETSCH Ultra Cen-

trifugal Mill to obtain fine particles with an average size 

of approximately 100 μm. Finally, the NLP was stored in 

plastic containers inside desiccators prior to usage as an 

adsorbent.  

 

2.3 Preparation of Adsorbate 

Three backgrowund solutions were prepared: Cu (II) so-

lution, Cu(II) and Ni (II), and Cu(II) and Zn(II). By dis-

solving the respective salts in deionised water, the concen-

tration range of copper in the solutions was varied be-

tween 20 – 100 mg/l while keeping zinc and nickel kept 
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constant in each system at 20mg/L. Diluted HCl and 

NaOH solution were used to adjust the pH of the solution 

using a WTW InoLab pH 720 precision pH meter (Ger-

many). A GF-3000 (Japan) analytical balance was used for 

weighing throughout the experiment.   Batch experi-

ments were carried out with the desired concentrations 

(20-100 mg/l) prepared by diluting the stock solution with 

distilled water. Cu (II) ions were used for the single metal 

system (Cu) while Cu (II), Zn (II) and Ni (II) ions were 

used for the binary metal system (Cu-Ni, Cu-Zn) experi-

ments. The concentrations of the Ni and Zn in the binary 

systems are fixed at 20 mg/L for different Cu (II) concen-

trations.  

 

For instance, in the single metal system containing copper, 

the stock solution of 60 mg/L Cu(II) ion was prepared by 

dissolving 0.06 g of the copper (II) chloride salts with 

1000mL of deionised water in a conical flask. For the bi-

nary system of copper and nickel (Cu-Ni), a solution of 60 

mg/L Cu(II) and 20mg/L Ni(II) ions was prepared by dis-

solving 0.06 g of the copper (II) chloride salts with 0.02 g 

of nickel (II) nitrate in 1000mL of deionised water in a 

conical flask.  

 

2.4 Biosorption Experiments and Adsorption Studies 

The adsorption experiment was carried out in a batch man-

ner. 0.1g of NLP was added to 100 mL of aqueous solution 

containing the metal ion in a 0.5L Duran Wide Neck Bo-

rosilicate Glass Erlenmeyer Flask. The flask was covered 

with a teflod sheet before placing it in a Memmert WB14 

waterbath shaker at 100RPM and 303K. Once the temper-

ature of the water bath was stabilized, the resulting mix-

ture was allowed to stand for an hour in the water bath. 

Then, 1 mL of the aqueous solution was collected from 

the flask into a sample bottle containing 9 mL of deionised 

water. The content of the flask was filtered out with a 

Whatmann No.1 filter paper and then brought for metal 

ion analysis using the Perkin Elmer, AAnalyst 400, 

Atomic Absorption Spectrometer. The filtration cake was 

dried in an oven at 333k for approximately 24 hours. All 

of the dry filtration cake was then analysed using a Perkin 

Elmer Spectrum Rx-1 (USA) Fourier Transform Infrared 

(FTIR) and a Philips XL-30 Scanning Electron Micros-

copy (SEM) equipped with Energy Dispersive X-Ray 

Spectroscopy (EDX) for identification of functional 

groups and metal binding sites on the biosorbent surfaces.  

Amount of metal ion uptake by 0.1 g of the adsorbent was 

calculated from the following mass balance equation: 

𝑞𝑒 =
(𝐶0−𝐶𝑒)𝑉

𝑀
    (1) 

𝑅𝑒𝑚𝑜𝑣𝑎𝑙 (%) =
(𝐶0−𝐶𝑒)

𝐶0
× 100 (2) 

Where qe (mg/g) is the amount of metal ion uptake, Ce 

(mg/l) the metal ion concentration after adsorption, Co 

(mg/l) the initial metal ion concentration, M the amount of 

adsorbent (g) and V the volume of solution (L) percent re-

moval was also evaluated using equation 2.  

 

3. RESULTS AND DISCUSSION 

 

3.1 SEM and EDX Characterisation 

Scanning electron micrograph (SEM) and energy   dis-

persive X-ray (EDX) characterisations were carried out on 

the NLP. The SEM images revealed the      irregular-

ity and porosity of the NLP as displayed in   Figure 1. 

There are many steps and bends on the external surface 

which are likely to play a role as possible active sites for 

adsorption. The elemental analysis of EDX in Figure 2 

shows the scatter of elemental compositions, which  in-

cluded carbon (58.36 wt %), oxygen (37.49 wt %), Alu-

minium (0.25wt %), phosphorous (0.17 wt %),  sulphur 

(0.23 wt %), Chlorine (0.33 wt %), potassium (1.87wt %) 

and calcium (1.29 wt %) as the nature   species of NLP. 

The elemental analysis result is in     conformity with 

https://www.bayerojet.com/
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the physicochemical characteristics of fresh NLP reported 

by Bhattacharyya et al. (2009). The surface of the NLP 

before and after Cu (II) ions adsorption looks very similar 

but the use of EDX   analysis showed a different result. 

Figures 3 shows the elementary analysis of the NLP after 

Cu (II) adsorption. Two peaks that are corresponding to 

copper (0.19 wt %) appeared at about 0.9 and 8.1 keV. 

The existence of this element confirmed the sequestration 

of copper metal by the leaf powder. Figure 4 shows the 

peaks that are   corresponding to copper (0.77 wt %), 

nickel (0.2 wt %) with peaks at 7.4 and 8.4 keV as well as 

zinc (0.31 wt %). The existence of these elements con-

firmed the   sequestration of copper, nickel and zinc by 

the NLP. 

 

 

Figure 1: (A) Scanning electron micrographs of NLP before adsorption; (B) NLP after Cu (II) ions adsorption in a 

single metal system containing only copper; (C) NLP after Cu (II) and Ni (II) ions adsorption in a binary metal system 

containing only copper and nickel; and (D) NLP after Cu (II) and Zn (II) ions adsorption in a binary metal system 

containing only copper and zinc; all at x4000 magnification.  

54 

  

  

Figure 17: Scanning electron micrographs of NLP (A) before adsorption, NLP (B) after Cu 
(II) ions adsorption, NLP (C) after Cu (II), Zn (II) and Ni (II) ions adsorption and NLP (D) 

after Cu (II) and Zn (II) ions adsorption at x4000 magnification. 
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Figure 2: Energy dispersive X-ray (EDX) fluorescence spectrum of NLP with biosorbent particle size of 100 μm before 

Cu (II) ion adsorption.   

 

Figure 3: Energy dispersive X-ray fluorescence spectrum of NLP with biosorbent particle size of 100 μm after Cu 

(II) ions adsorption.  
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Figure 18: Energy dispersive X-ray fluorescene spectrum of NLP with biosorbent particle size 
of 80 µm before Cu (II) ion adsorption. 

 

 

 

 

 

 

 

 

 

 

Element Weight% Atomic% 

C K 58.36 66.44 

O K 37.49 32.04 

Al K 0.25 0.13 

P K 0.17 0.07 

S K 0.23 0.1 

Cl K 0.33 0.13 

K K 1.87 0.65 

Ca K 1.29 0.44 

Totals 100 
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Element Weight% Atomic% 

C K 57.73 64.97 

O K 40.83 34.5 

Al K 0.3 0.15 

S K 0.25 0.11 

Ca K 0.7 0.24 

Cu K 0.19 0.04 

Totals 100 

 

 

 

 

 

 

Figure 19: Energy dispersive X-ray fluorescene spectrum of NLP with biosorbent particle size 

of 80 µm after Cu (II) ion adsorption. 
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Figure 4: Energy dispersive X-ray fluorescence spectrum of NLP with biosorbent particle size of 100 μm after Cu (II), 

Zn (II) and Ni (II) ions adsorption.  

3.2 Effect of initial copper (II) ion concentration  

The result for the effect of initial concentration on the re-

moval of Cu (II) from aqueous solution is shown in Figure 

5. It showed that the adsorption capacity continuously in-

creased from 1.62 to 8.60 mg/g as the concentration of Cu 

(II) solution increases from 20 to 100 mg/L. It can be said 

that the adsorption capacity will keep increasing with in-

crease in concentration till it reaches its optimum. The 

highest removal percentage was 60.52 % at initial concen-

tration of 40 mg/L. Das (2010) reported that at low con-

centrations biosorbent sites take up the available metal 

more quickly. It has been established that higher initial 

metal concentrations provide a stronger driving force in 

overcoming mass transfer resistance of metal ions be-

tween aqueous and solid phases (Nagpal et al., 2011). 

Hence, throughout the experiment, the initial concentra-

tion of Cu (II) ion influenced the biosorption capacities, 

which increased linearly with the initial concentration. 

With the increasing nature of the adsorption capacity, fur-

ther studies need to be carried out to find the optimum ad-

sorption capacity of copper for any given initial concen-

tration.  

The adsorption capacity may be improved by altering the 

experimental conditions such as the concentration, pH and 

temperature (Ashraf et al., 2011; Rozaini et al., 2010). 
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Element Weight% Atomic% 

C K 57.16 64.84 

O K 40.45 34.44 

Al K 0.29 0.15 

S K 0.22 0.09 

Ca K 0.61 0.21 

Ni K 0.2 0.05 

Cu K 0.77 0.17 

Zn K 0.31 0.06 

Totals 100 

 

 

 

 

 

Figure 21: Energy dispersive X-ray fluorescene spectrum of NLP with biosorbent particle size 
of 80 µm after Cu (II), Zn (II) and Ni (II) ions adsorption. 
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Figure 5: Effect of initial metal concentration on percentage removal and metal up-take rate for the adsorption of Cu 

(II) ion on NLP at 303 K with different Cu (II) ion concentration.  

3.3 Competitive effect of nickel on copper removal  

In this part of the experiments, Ni (II) was present in the 

Cu (II) aqueous solution at a fixed concentration of 20 

mg/L while varying that of copper from 20 to 100 mg/L. 

It was found that Nickel affects the biosorption     effi-

ciency of Cu (II) as shown in Figure 6. The two metals 

(Cu and Ni) will have similar mechanism by which they 

will adsorb. However, they will compete for available 

sorption sites causing a reduced uptake of each from the 

solution. The results in Figure 6 shows that less copper 

was adsorbed in the binary metal system (Cu-Ni) than in 

a single metal system of pure Cu (II) ions at 40 mg/L and 

60 mg/L initial concentrations, in agreement with the the-

ory. For instance, at 40mg/Lcopper initial concentration, 

the removal efficiency of copper in a single metal system 

of pure Cu (II) ions was 60% while the removal of Cu (II) 

in the presence of Ni (II) in the binary metal system (Cu-

Ni) was 49%. 

48 

Figure 5: Effect of initial metal concentration on removal percentage for the adsorption of 

Cu (II) ion on NLP at 303 K with different Cu (II) ion concentration. 

 

Figure 6: Competitive effect of nickel (II) on copper (II) ion adsorption on NLP. 

Simultaneous removal percentages of nickel (II) and Cu (II) ion at different initial 

concentration of Cu (II). Adsorption conditions at 303K and 1g/L NLP dosage. 
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Figure 6: Single metal and binary metal systems efficiencies of Cu (II) ions adsorption on NLP at different Cu (II) 

initial concentration, Adsorption conditions at 303 K and 1 g/L NLP dosage. 

 

3.3 Competitive effect of zinc on copper removal  

Zn (II) was also present in the Cu (II) aqueous solution at 

a fixed concentration of 20 mg/L while varying that of 

copper from 20 to 100 mg/L. Presence of zinc also af-

fected the biosorption efficiency of copper as the removal 

percentage generally dropped in Figure 7. Copper and zinc 

will compete for available sorption sites and in the end; 

there will be reduced uptake of each from the solution. 

The results in Figure 7 shows that the removal efficiency 

of copper in the binary metal system (Cu-Ni) dropped 

from 60% to 51 %. The uptake mechanism of copper in 

the presence of zinc and nickel seen in this study was ob-

served in another study with Mangifera indica L. biomass 

(Ashraf et al., 2011).  

 

 

Figure 7: Single metal and binary metal systems efficiencies of Cu (II) ions adsorption on NLP at different Cu (II) 

initial concentration. Adsorption conditions at 303 K and 1 g/L NLP dosage. 
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Figure 7: Single metal and binary metal systems efficiencies of Cu (II) ions adsorption on 

NLP at different Cu (II) initial concentration. Adsorption conditions at 303 K and 1 g/L NLP 

dosage. 

 

Figure 8: Competitive effect of Zn (II) on Cu (II) ion adsorption on NLP. Simultaneous 

removal percentages of Zn (II) and Cu (II) ion at different initial concentration of Cu (II). 

Adsorption conditions at 303 K and 1 g/L NLP dosage. 
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Figure 9: Single metal and binary metal systems efficiencies of Cu (II) ions adsorption on 

NLP at different Cu (II) initial concentration. Adsorption conditions at 303 K and 1 g/L NLP 
dosage. 

 

Figure 10: Langmuir isotherm plot for adsorption of Cu (II) ion on NLP (1.0 g/L) in a single 

(Cu), binary (Cu-Ni) (Cu-Zn) metal systems at 303 K with different Cu (II) ion 

concentrations. 
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4. CONCLUSION 

The results from this study shows the presence of copper, 

zinc and nickel elements in the EDX analysis confirms 

that sequestration of the metal ions is achieved by neem 

leaves powder (NLP). The elementary analysis shows 

scatter of elemental compositions which included carbon 

in substantial amount, oxygen, aluminium, phosphours, 

sulfur, chlorine, potassium and calcium. It was found that 

the equilibrium adsorption capacity continuously     in-

creased from 1.62 to 8.60 mg/g as the initial concentration 

of Cu (II) solution increases from 20 to 100 mg/L. Pres-

ence of nickel and zinc affected the biosorption of copper. 

The presence of the two metals decreases the uptake of 

copper due to the metals competing for the same available 

sorption sites. Bisorption using NLP is promising and may 

be developed further for the removal of other heavy metals 

from wastewater.  
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