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ABSTRACT 
The objective of this study was to investigate removal characteristics of zinc (Zn2+) ions from aqueous 
solution using a low cost adsorbent i.e., exhausted thermal power plant coal fly ash. The adsorbent 
was characterized using particle size distribution, chemical composition, Scanning Electron 
Microscopy (SEM), X-Ray Diffraction (XRD) and zeta potential methods. The effects of various 
experimental conditions such as dose of adsorbent, contact time both in stirring condition and steady 
state condition and initial metal concentration on the efficiency of removal of Zn2+ ions from the 
aqueous solution were studied at room temperature. In this study, it was found that fly ash effectively 
adsorb Zn2+ions from aqueous solution. When lime used as an admixture along with the fly ash, the 
removal tendency of Zn2+ ions from the solution was found to be increased.  
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INTRODUCTION 
Water pollution is any chemical, physical or 
biological change in the quality of water that has 
a harmful effect on any living thing that drinks or 
uses or lives (in) it.1 Heavy metals present in 
industrial effluents are source of hazardous 
pollutants.2 These are very toxic in nature for all 
living systems. These may cause irritation, 
damage to the skin and may harm the respiratory 
tract including the lungs3. Heavy metals are 
dangerous because they tend to bioaccumulate.4,5 
Zinc  is  one  of  the  important  heavy metals  
widely  used  in  the  electroplating industries.6 It  
is  an  essential  element  for enzyme  activators  
in  humans,  but  is  also toxic at levels of 100-
500 mg/day and is a known carcinogen.7 
Various methods have been reported for the 
removal of heavy metals from industrial 
effluents8, such as ion exchange, evaporation, 
chemical reduction and precipitation, electrolysis 
and electroplating, ion flotation and carbon 
adsorption etc.9,10 However most of these 
methods suffer from some drawbacks such as 
high capital and operational cost or the treatment 
and disposal of the residual metal sludge.11-12  

Among these, adsorption is by far the most 
versatile and widely used method for the removal 
of pollutants due its high removal capacity and 
ease of operation at large scale. Therefore, the 
present study was undertaken to evaluate the 
effectiveness of fly ash in the removal of Zn2+ by 
adsorption.  

MATERIAL AND METHODS 
Preparation of Zn2+ ions standard solution 
The analytical reagent grade ZnSO4.7H2O 
powder (E-Merck, India, mass fraction purity – 
99.9 %) were used for the batch adsorption 
study. The stock solution of Zn2+ (500 mg/l) was 
prepared by dissolving 4.3966 g ZnSO4.7H2O in 
2 liters fresh double distilled water.  
Equipments 
Study of particle size distribution of fly ash was 
done by passing the fly ash over the standard size 
molecular sieves. To determine the major 
mineral components of fly ash, X-ray diffraction 
spectra were recorded over the 2θ range of 0 to 
65° using Philips X-Pert-Pro XRD diffracto 
meter. Scanning electron microscopy analysis 
was carried out using Scanning Electron 
Microscope (Model Philips SEM 515). The zeta  *Author for correspondence 
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potential of fly ash sample at different pH was 
determined by a Zetameter System 4.0 (Zeta 
meter Inc. Staunton, VA 24402, USA). Atomic 
absorption spectra were recorded on an atomic 
absorption spectrophotometer (Model – GBC 
932 AA) at wavelength of 341.5 nm (slit width = 
0.2 nm) using air-acetylene (oxidizing) flame 
type. For the weighing  purpose, digital balance 
(Make: Metler Toledo, Switzerland)  were used 
having uncertainty to weigh up to ± 0.1 mg. Solu 
tion pH was measured by using digital pH meter 
(Model EQ 621, Make - Equip-tronics, India). 
Fly ash 
Sample of the raw coal fly ash was collected 
from unit 7 of Electrostatic Precipitator (ESP) 
hopper number 5 of a coal-burning thermal 
power plant situated at Koradi, Nagpur district, 
Maharashtra, India. It was used without 
pretreatment. The chemical composition of fly 
ash was found to be: SiO2 (62.6%), Al2O3 
(24.41%), Fe2O3 (4.04), TiO2 (0.69%), CaO 
(0.35), MgO (0.54), Na2O (0.27%), K2O 
(0.21%), SO3 (0.84%), P2O5 (0.037%), MnO 
(0.28%) and loss on ignition (1.27%). According 
to the ASTM C-618 this fly ash can be classified 
as class F for having a less than 5% SO3 content 
and loss on ignition less than 6% with a greater 
than 70% content of three components-SiO2, 
Al2O3 and Fe2O3.13 The particle size distribution 
was done using standard method by passing the 
fly ash over the standard size molecular sieves. It 
was found that 91.12 % fly ash particles have 
size below 75 μm. It was seen through SEM 
micrograph of a coal fly ash sample at 2000x 

magnification that fly ash particles are mostly 
spherical in shape, whereas small amount of 
irregular shaped particles are also present.  
It was also seen from the diffractogram of fly 
ash sample that crystalline minerals such as 
quartz (SiO2), mullite (3Al2O3.2SiO2), 
magnetite (Fe3O4) and hematite (Fe2O3) are 
mainly present in the fly ash sample. Also, the 
other peaks were observed for alumina 
(Al2O3), rutile (TiO2), kaolinite (Al2Si2O5 
(OH)4), etc. It was observed that these 
compounds are mainly in oxide form. The 
oxides are basically the insulating materials 
and posses the dielectric property. The electric 
dipole when oriented in particular direction 
gives rise to polarization in the sample. This 
polarization has the property to attract the 
charge particles. Therefore, the adsorption of 
metal ions by fly ash has been attributed to 
polarization of oxide.    
The plot of zeta potential of the fly ash 
against the pH of the solution has been 
depicted in Fig.1 and from its scrutiny, it was 
found that zeta potential increases 
continuously with pH of the solution and are 
negative within pH range of 2.0 up to 9.0. To 
obtain the value of Point of Zero Potential 
(PZP), the curve of zeta potential against pH 
of the solution was extrapolated and obtained 
at the pH 1.42. The result indicates that the 
adsorption of heavy metal ions (positively 
charged) on fly ash is favorable process as the 
adsorbent particles had shown negative 
surface charge even in the highly acidic 
medium. 

 

Fig. 1 : Effect of pH of the solution on zeta potential of fly ash used 
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Experimental 
To investigate the effect of fly ash dose, 
contact time, initial pH of the solution and 
initial concentration of  Zn2+  ions under the 
stirring  condition and steady state condition, 
two set of experiment were carried out using 
aqueous solution of Zn2+ ions of various 
concentration as required. For the study of fly 
ash dose, contact time and initial pH of the 
solution, the Zn2+ ions concentration in the 
aqueous solution was maintained at 20 mg/l. 
After studying the effect of fly ash dose, the 
quantity of fly ash was maintained at 10 g per 
100 ml of the solution. The pH range of the 
reaction mixture was maintained within 5.5 to  

9.0 which were strictly as per the limits of pH 
for industrial discharge water, as given by the 
environment (protection) rules of India. After 
the experiment, the supernant clear solutions 
were separated from the solution by centrifuge 
at a speed of 3000 rpm for 5 minutes. The 
resultant Zn2+ ions solution were used to 
undertake measurements of final pH of the 
solution and atomic adsorption spectra.  

RESULTS AND DISCUSSION 
Effect of fly ash dose 
The effect of dose of adsorbent i.e. fly ash, on the 
removal efficiency of Zn2+ ions from the aqueous 
solution has been depicted in Fig. 2.  

 

 
Fig. 2 : Variation in efficiency  of Zn2+ ions removed from solution against amount of fly ash added 

per 100 ml sample. (Experimental condition: Initial concentration of Zn2+ ions = 20 mg/l; contact time 
= 3 hour stirring and 21 hour under steady state condition, Initial pH of solution = 5.89) 

It can be seen from Fig. 2 that the efficiency of 
Zn2+ ions removed increases with increase in 
amount of fly ash added. It can be easily seen 
from the above figure that the efficiency was just 
45.8% when 1 gm fly ash per 100 ml of 20 mg/l 
of Zn2+ solution was added. This removal 
efficiency has been increased to 76.1% and 
100% when the quantity of the fly ash has been 
increased to 10 gm and 18 gm per 100 ml of the 
solution respectively under the similar 
experimental conditions. Therefore for the 
further study it was decided to maintain the fly 
ash dose as 10 g per 100 ml of the solution. 
Effect of contact time 
Effect of contact time on the removal efficiency 
of Zn2+ ions from the aqueous solution under 
constant stirring condition have been depicted in  

Fig. 3 and under steady state condition have been 
depicted in Fig. 4.  It can be seen from Fig. 3 that 
the removal efficiency of Zn2+ ions from the 
aqueous solution increases with increase in 
contact time. It can be easily seen from the figure 
that the removal efficiency is very high at the 
beginning of the adsorption but with increase in 
contact time it increases at slow rate. The 
removal efficiency which reached 53.2% in just 
30 min when the solution was stirred at 150 rpm 
and 10 gm fly ash per 100 ml of the solution was 
added to it. This removal efficiency has been 
increased to about 70 % when the contact time 
was increased to 3 hour and after that increase in 
contact time does not increase the removal 
efficiency, under the similar experimental 
conditions.  
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Fig. 3 : Variation in efficiency  of Zn2+ ions removed from solution against contact time under 
constant stirring condition. (Experimental condition: Initial concentration of Zn2+ ions = 20 mg/l; 
Amount of fly ash = 10 gm / 100 ml solution, Initial pH = 5.89) 

 

Fig. 4 : Variation in the efficiency of Zn2+ ions removed from solution against contact time under 
steady state condition. (Experimental condition : Initial concentration of Zn2+ ions = 20 mg/l, Amount 
of fly ash = 10 gm / 100 ml solution, Initial pH = 5.89) 

It is depicted from Fig. 4 that the removal 
efficiency of Zn2+ ions from the aqueous solution 
of Zn2+ ions concentration of 20 mg/l, under 
steady state condition increases at a very slow 
rate, with increase in contact time. It can be 
easily seen from the figure that the removal 
efficiency which reached 39.2% in 3 hours when 
the solution was kept in steady state and 10 gm 
fly ash per 100 ml of the solution was added to it. 
This removal efficiency has been increased to 
about 63.6 % when the contact time was 
increased to 24 hour under the similar 
experimental conditions. Thus, from the results 
obtained in the present work, it can be concluded  

that Zn2+ ions from the aqueous solution 
removed effectively in very short time when 
thorough mixing was done.  
Effect of initial pH of solution 
To understand the effect of pH along with 
the fly ash, the graphs have been plotted 
showing the variation in percentage 
efficiency of removal of Zn2+ ions against 
pH at different contact time, under constant 
mixing condition in Fig. 5. To understand 
the effect of pH on the removal efficiency of 
Zn2+ ions against contact time under steady 
state condition at different pH has been 
depicted in Fig. 6.  
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Fig. 5 : Variation in % of Zn2+ ions removed from solution against pH  under constant stirring at 
different contact time. (Experimental condition: Initial concentration of Zn2+ ions = 20 mg/l, Amount 
of fly ash = 10 gm / 100 ml solution) 

 
Fig. 6 : Variation in amount of Zn2+ ions removed from solution against contact time under steady 
state condition at different pH. (Experimental condition: Initial concentration of Zn2+ ions = 20 mg/l, 
Amount of fly ash = 10 gm / 100 ml solution)  

It can be seen from the Fig. 5 that as soon as 
the pH of the solution is more than 7 i.e. the 
solution is basic in nature 100% of the Zn2+ 
are removed either by precipitation or by 
adsorption on the fly ash even in one hour, 
because at higher pH the negative surface 
charge on the fly ash is more and its ability 
to absorb the positively charged metal ions is 
more.  
The variation in the amount of Zn2+ ions 
adsorbed on the fly ash particles against 
contact time under steady state condition at 
different pH have been plotted in Fig. 6. It 
was observed that 18.8 mg/l Zn2+ ions were 

removed within 6 hour and maximum 19.4 
mg/l were removed within 24 hour in steady 
state condition when the initial pH of the 
aqueous solution was 7.5. But with rise in 
pH i.e. up to 9.0, all Zn2+ ions were removed 
within 6 hour under steady state condition.  
To understand the mechanics of removal 
efficiency of Zn2+ ions i.e. weather increase 
in removal efficiency is due to increased 
precipitation of the Zn2+ ions at higher pH or 
increase in removal efficiency is due to 
increase in surface potential of the fly ash. 
Batch experiments were carried out with 
initial concentration of Zn2+ ions as 20 mg/l, 
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50 mg/l and 100 mg/l at different initial pH 
of the solution with a constant contact time 
equal to 1 hour. 
Effect of initial concentration of Zn2+ ions 
To study the effect of initial concentration of 
Zn2+ Ions on the removal efficiency of fly 

ash, the aqueous solutions containing 5 mg/l, 
10 mg/l, 20 mg/l, 40 mg/l, 60 mg/l, 100 mg/l 
and 200 mg/l Zn2+ were prepared and the 
removal efficiency of fly ash for different 
initial ion concentration has been depicted in 
Fig. 7. 

 

 
Fig.7 : Variation in percentage efficiency of fly ash for Zn2+ ions removal from solution against initial 
concentration of Zn2+ ions in solution. (Experimental condition : Amount of fly ash = 10 gm / 100 ml 
solution, contact time: 1 hr stirring) 

It was observed from Fig. 7 that percentage 
removal efficiency of Zn2+ ions decreased with 
rise in the initial Zn2+ ions concentration in the 
aqueous solution. The percentage removal 
efficiency of Zn2+ ions which was 100 % when 
the initial Zn2+ ions concentration was 5 mg/l 
and this removal efficiency decreased to 41.8% 

and 26.8% when the  initial Zn2+ ions 
concentration increased to 100 mg/l and 200 
mg/l respectively. The variation in the % of 
Zn2+ ions adsorbed on the fly ash particles 
against initial pH of the solution for samples 
having different initial concentration have been 
plotted in Fig. 8.  

 
Fig. 8 : Variation in removal efficiency of Zn2+ ions removed from solution against initial pH of the 
solution (Experimental condition : Amount of fly ash = 10 gm / 100 ml solution, contact time :                    
1 hr stirring)  
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It is depicted from the Fig. 8 that the removal 
efficiency of the fly ash was maximum, when the 
initial pH of the aqueous solution was more for 
any initial ion concentration. When the Zn2+ ions 
concentration was 20 mg/l, the maximum 
removal efficiency of Zn2+ ions has been 
increased from 49.05% to 98.7% with the 
increase in  pH of the solution from 5.89 to 8.5.  
With the increase in  pH of the solution from 
5.89 to 8.5, the fly ash removal efficiency has 
been increased  from 49.05% to 98.7% for Zn2+ 
ions concentration of 20 mg/l, from 41.09% to 
68.2% for Zn2+ ions concentration of 50 mg/l and 
36.7% to 58.5 % for Zn2+ ions concentration of 
100 mg/l. It is clear from the above figures that 
as the initial concentration of the Zn2+ ions 
increases, the removal efficiency decreases.  

CONCLUSION 
From these results, it can be concluded that with 
the increase in pH, the removal of Zn2+ is not 
only due to precipitation but it is due to the 
increased adsorption of Zn2+ over the fly ash. 
This increase in adsorption at higher pH is due to 
the fact that with the increase in pH of the 
solution, the negative surface charge (Zeta 
potential) on the fly ash also increases. This 
increase in negative charge, results in more force 
of attraction between fly ash and positively 
charge Zn2+  ions and results in increased 
removal efficiency.   
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