
 

 

 
Abstract—The removal vanadium from aqueous solution using 

natural exchanger was investigated. The effects of pH, contact time 
and exchanger dose were studied at ambient temperature (25 0C ± 2 
0C). The equilibrium process was described by the Langmuir 
isotherm model with adsorption capacity for vanadium. The natural 
exchanger i.e. tamarindus seeds powder was treated with 
formaldehyde and sulpuric acid to increase the adsorptivity of metals. 
The maximum exchange level was attained as 80.1% at pH 3 with 
exchanger dose 5 g and contact time 60 min. Method is applied for 
removal of vanadium from industrial effluents. 

 
Keywords—Industrial effluent, natural ion exchange, 

Tamarindus indica, vanadium. 

I. INTRODUCTION 

APID industrialization has affected to rise up disposal of 
heavy metals in to environment. The exceeding increase 

in the use of the heavy metals leads to environmental as well 
as public health problems [1]. Toxic heavy metal ions get 
discharged in waste water through various industrial activities 
such as mining, refining of ores and effluents from fertilizer 
industries, tanneries, batteries, paper industries, pesticides, 
nuclear power plant and textile industries [2]. 

Vanadium (V) is found in a few organisms and salts of V 
have moderate toxicity [3]. Environmental scientists have 
studied about V poisoning, declared it as a hidden element of 
plants, and the entire agricultural system. V is present in fossil 
fuels such as crude petroleum, fuel, oils some coals, and 
lignite. After burning these fuels, V releases into the air and 
settles on the surface of soil. There are cases of V poisoning, 
such as nervous depression, coughing, vomiting, diarrhea, 
anemia and increased risk of lung cancer that are sometimes 
fatal [4]. Recently, V has been noticed as the index elements 
in urban environmental pollution, especially air pollution [5]. 
An epidemiological evidence suggests that V may also play a 
beneficial role in the prevention of heart disease [6]. V in 
environmental samples has been determined by NAA, ICP, 
and AAS [7]. V is determined by atomic emission 
spectrometry [8] and spectrophotometers [9]-[21]. V has been 
determined by solidification of floating organic drop micro 
extraction (SFODME) [22]-[25], out of all methods 
spectrophotometric method is the simple and rapid method for 
the determination of V.  
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Different technologies have been developed over the years 
to remove heavy metals from various sources. The most 
important technology includes adsorption and coagulation 
[26], various ion exchange methods [27], electro coagulation 
[28], adsorption [29], bio sorption [30] and shape selective 
catalyst having various pore sizes [31]. The natural ion 
exchangers are attapulgite [32], Kudzu (Pueraria lobata 
Ohwi) [33], activated carbon [34], coconut husk [35], fly ash 
[36], coffee husk [37], fungal biomass [38], Tamarindus 
indica seed [39], Tendu (Diospyros melanoxylon) [40], rise 
husk [41], Lactobacillus bulgaricus [42]. 

The purpose of present study is to remove V by using 
natural ion exchanger. In this research different parameters 
which increase adsorption i.e. pH, natural ion exchanger dose, 
temperature, contact time were investigated. Method was 
applied for removal of V from industrial effluents and it gives 
good results. 

II. EXPERIMENTAL 

A. Seed Powder 

Tamarindus indica seeds were smashed after drying in 
sunlight at open air for one week. Small size pieces of dried 
seeds were pounded and pass through the mesh size 150-200 
unit. This milled was treated with 39% formaldehyde and 0.1 
mol L-1 sulphuric acid at 80 oC, for 30 min. After cooling and 
washing with distilled water, exchanger was allowed to dry 
overnight in open air. Dried powder was used for adsorption 
studies. The properties of natural exchanger are reported in 
Table I. 

 
TABLE I 

PROPERTIES OF ION EXCHANGE RESIN 
Parameters Value 

Physical form Spherical 

Bulk density 0.15 gm.cm-3 

Ash content 10.4% 

Moisture content 8.7% 

Matter soluble in water 8.4% 

Matter soluble in acid 18% 

Water holding capacity 80.32% 

B. Sorbet 

For adsorption study stock solution of V (4 mgL-1) was 
prepared by dissolving 4.968 g of ammonium vanadate in 
double distilled water (DDW). 

C. Method for Separation of V 

Aliquot solution containing 1 mg of V was made up to 25 
ml. By adjusting the pH 3 it was transferred in conical flask 
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containing 5 g of the natural ion exchanger. It was shaken 
after every 15 minutes and at temperature 30 oC, for 60 min. 
After 60 min solution was filtered and unadsorbed V was 
determined by standard spectrophotometric method. The 
amount of V uptake was calculated by difference in 
concentration by using mass balance equation, The initial 
concentration Co (mg L-1) and metal concentration at various 
time intervals Ce (mg L-1) were determined and metal uptake 
qe (mg L-1) was calculated 

 

𝑞    
     (1) 

 
where, 𝐶  and 𝐶  are the initial and equilibrium concentrations 
of V solution (mg l-1), 𝑣 is the solution volume (ml), and 𝑚 is 
the adsorbent weight (g). The adsorption percent (%) was 
calculated using the equation: 
 

% 𝑎𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛  x100        (2)                                                           

 
Freundlich and Langmuir adsorption isotherm was used for 

adsorption of V on Tamarindus indica seed powder. The 
Langmuir isotherm equation could be written as 
 

                                          (3) 

 
where 𝑞 = the equilibrium concentration on adsorbent (mg g-

1); 𝐶  = equilibrium concentration in solution (mg L-1); 𝑄 = 
maximum adsorption capacity (mg L-1); 𝐾  = adsorption 
equilibrium constant (mg L-1). This technique is based on 
adsorption once the adsorption occurs further adsorption is not 
possible.  

Freundlich equation also written in the logarithmic form as: 
 

𝑞
  

             (4)                                                                                              

 
where, 𝑞  = the equilibrium concentration on adsorbent (mg g-

1); 𝐶  = equilibrium concentration in solution (mg L-1); 𝐾  = 
adsorption capacity; 𝑛 = reaction energy. 

The Freundlich adsorption isotherm can be described by 
using heterogeneous surface, this expression is empirical and 
1/n factor, reflecting the curve in the isotherm, may represent 
the energy distribution of adsorption sites. 

The equation of Freundlich sorption isotherm is 
 

ln 𝑞                                        (5)                                                                                                 

 
By plotting ln 𝑞  versus ln 𝐶 ,𝐾  and 𝑛 can be calculated by 

using straight line. This experiment deals with study of some 
important parameters like pH, contact time, resin amount, 
metal concentration and temperature for the removal of V by 
natural ion exchanger, experiments were conducted at room 
temperature. 

D. Effect of pH on Ion Exchange Process 

In order to establish the effect of pH on the ion exchange of 

V ion on natural ion exchanger, the batch equilibrium studies 
at different pH values were carried out in the range of 1.0 - 6.0 
for a constant weight of ion exchanger (5 g) and initial metal 
concentration of 2 mg ml-1 at 298 K (Fig. 1). The high values 
of pH were not studied because of precipitation of metal ion. 
Fig. 1 shows the change in metal uptake by natural ion 
exchanger at different pH levels. The pH of the aqueous 
solution is important to control the ion exchange process. The 
percentage removal of metal increased with increase in pH and 
maximum binding was at pH 3. At this pH, 92% removal of V 
was observed. 

 

 

Fig. 1 Effect of pH 

E. Effect of Initial Metal Concentration on Ion Exchange 
Process 

To study the effect of metal concentration 25 ml of solution 
containing V having different concentrations ranging from 1 
to 10 mg ml-1 with 5 gm of natural ion exchanger was stirred 
with ambient temperature (298K) for a contact period of 60 
min. The result obtained is shown in Fig. 2. 

 

 

Fig. 2 Effect of Metal concentration 
 

It was also realized that the capacity of metal removed by 
natural ion exchanger at the equilibrium increases with the 
initial concentration of metal but the percent removal 
decreased with the increase in initial metal concentration. 
Apparently, the initial metal ion concentration played an 
important role in affecting the capacity of metal exchange on 
natural ion exchanger. The higher the metal concentration, 
stronger the driving forces of the concentration gradient and 
therefore the higher the adsorption capacity.  

pH
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F. Effect of Solution Temperature on Ion Exchange Process 

The effect of solution temperature on adsorption of V by 
natural ion exchanger is shown in Fig. 3 
 

 

Fig. 3 Effect of temperature 
 

As temperature increases from 283 K to 323 K the removal 
of metal ion increases (Fig. 3). When natural ion exchanger is 
used for V removal with an increase in temperature from 283 
K to 323 K, the ion exchange capacity increased from 86.32% 
to 94% with initial metal concentration.  

G. Effect of Natural Ion Exchanger Dose on Ion Exchange 
Process  
 

 

Fig. 4 Effect of Natural ion exchanger dose 
 

 

Fig. 5 Effect of contact time 
 
The percentage adsorption efficiency of V at different doses 

of natural ion exchanger was shown in Fig. 4. The percentage 
removal efficiency increases as the natural ion exchanger dose 
was increased. It might be concluded that by increasing the 
natural ion exchanger dose, the removal efficiency of V 

increases. When increased resin dosage from 0.5 g to 5 g, 
removal efficiency increased from 83.97% to 96.63% for V. 

 

 

Fig. 6 (a) SEM photograph of raw seed powder 
 

 

Fig. 6 (b) SEM photograph of phenol-formaldehyde resin 
 

 

Fig. 6 (c) Phenol formaldehyde resin after adsorption, V 
 

With increase in contact time the removal efficiency 
increases. By keeping pH, adsorption dose and temperature of 
solution constant, it can be seen that V removal efficiency 
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increased from 85.08% to 91%, when contact time increased 
from 5 min to 60 min (Fig. 5). 

Optimum contact time for V removal was found to be 60 
min.  

H. SEM and EDX Analysis 

The morphological analysis of phenol formaldehyde treated 
seed powder was performed by SEM as shown in Figs. 6 (a)- 
(c). 

Many small pores and particles > 20 μm diameter are 

observed on the surface of resin. Absorption of V on natural 
ion exchanger was observed from pores size of exchanger. 
EDX spectrum from Fig. 7 (b) also showed a peak at 0.5 Kev, 
which confirmed that V was adsorbed on phenol 
formaldehyde resin, which was absent in Fig. 7 (a). It supports 
that the reaction of metal ion and phenolic –OH group on 
phenol formaldehyde treated seed powder surface may be 
partly ion exchange or complexation. 

 

 

Fig. 7 (a) EDX spectra of phenol-formaldehyde resin 
 

 

Fig. 7 (b) EDX spectra of phenol-formaldehyde resin after adsorption of V 
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I. FTIR Analysis 

The FTIR spectrum of raw seeds powder, formaldehyde 
treated seed powder and V adsorbed seed powder are 
presented in Figs. 8, 9 respectively. The peak in between 3462 
and 3281 cm-1 indicates presence of phenolic –OH group in 
both resin. IR absorption at 2924 cm-1 also indicates presence 
of =C–H group on the benzene ring. The 1600-1500 cm-1 
absorption peak clearly indicates the presence of aromatic 
double bonds in both resins. The IR bonds in the region of 

1149-1066 cm-1 indicate C–O bond in raw seed powder. One 
characteristic peak at 1739-743 cm-1 indicates presence of 
ester group in both seed powder. Some peaks in the region of 
1670-1612 cm-1 olefinic bonds are present in raw and treated 
resin. The stretching IR frequency of –CH2– group in alkane is 
at 2924 cm-1. IR absorption at 2022 cm-1 in treated seed 
powder also suggests presence of –CH2– group in between 
two phenolic rings which is lower frequency than that of raw 
seeds powder. 

 

Fig. 8 FT-IR spectrum of raw seed powder 
 

 
III. APPLICATION 

Removal of V from Industrial Effluents  

For removal of V from industrial effluent by using natural 
ion exchanger, an experiment was carried out after adjusting 
the pH to 3 at which the maximum adsorption of V can be 
achieved. Developed method is applied for removal of V, from 
various industrial effluents. The concentration of V from these 
effluents was determined before treatment and after treatment 
with natural ion exchanger. It is observed that more than 99% 
of V was removed from effluents. The results are reported in 
Table II. 

TABLE II 
PERCENT REMOVAL OF VANADIUM FROM EFFLUENTS 

Sample 
No. 

Effluent
Added 

quantity of
V (mg) 

Concentration 
before 

treatment mg 

Concentration 
after treatment 

mg 
%Removal

1 25 2 1.99 0.70 64.8 

2 25 2 1.98 0.43 78.28 

3 25 2 1.99 0.41 80.1 

IV. CONCLUSION 

In this work, we studied about the removal of V from 
effluents through by natural exchanger. The data reported, 
show that Tamarindus indica seed powder is an effective 
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adsorbent for removing V from effluent. It could be planned to 
use natural ion exchanger for water treatment economically. 

 

 

 

Fig. 9 FT-IR spectrum of phenol formaldehyde resin 
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