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Abstract 

The adsorption properties of Mangifera indica bark substrate was investigated for removal of 

Fe(II) from wastewater in a batch equilibrium system. The effect of various parameters like 

pH, contact time, initial metal ion concentration, doses of bark substrate, temperature and 

presence of extra elements was investigated. The adsorption isotherm data fitted with 

Freundlich model. It is found to have good adsorption capacity for Fe(II) which is found 

maximum at pH 4 for optimum contact time of 70 minutes. The adsorption decreases with 

increased temperature so all experiments were carried out at room temperature. The 

adsorption increases with doses of bark substrate and decreases by the presence of light metal 

ions in the medium. The bark substrate was found to eco-friendly and coast effect adsorbent 

material for scavenging of Fe(II). 

 

Keywords:  Mango bark, Iron removal, bark substrate, water treatment, adsorption. 

 

 

1.  Introduction  

Water is an essential component for life. The 

water pollution is increasing mainly due to 

discharge of wastewater from various 

industrial processes. The water pollution has 

been reduced by treatment of wastewater using 

many methods 
[1]

. Water pollution adversely 

affects living beings. The pollutants mainly 

heavy metals, acids, sediments, animal and 

human wastes, synthetic organic compounds 

etc. discharged into water resources and show 

toxic effects 
[2]

. 

 The heavy metals are non 

biodegradable pollutants and their high 

concentration can cause health hazards to 

human being and aquatic lives if exceed 

allowable limits 
[3]

. Iron is the second most 

abundant element in the earth crust and it is 

present in natural waters in the form of oxides. 

It is an essential element for human being as it 

present in hemoglobin and used for storage of 

oxygen in the body
[4]

. Although Iron is an 

essential element to life in small concentration, 

but at high concentration it may have 

detrimental effect
 [5]

. The excessive amount of 

Fe(II) in water supplies causes turbidity, 

unpleasant taste and odour. Therefore, removal 

of Fe(II) become an important issue for 

aquatic environment
[6]

. 
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 The removal of toxic heavy metals 

from wastewater is very important; therefore 

attention is given for recovery and reuse of 

wastewater 
[7]

. There are many agricultural 

products, byproducts such as plant residue, 

fruit skin, straw etc. have tendency to remove 

the heavy metals economically and efficiently 

from wastewater by the process of adsorption 
[8]

. The present work deals with scavenging of 

Fe(II) from wastewater using treated 

Mangifera indica bark substrate. 

  

2.Methodology: 

The study was performed in two 

phases: Preparation of adsorbent and Batch 

study. 

 A] Preparation of Adsorbent (Mangifera 

indica bark substrate) 

 The sundried Mangifera indica bark 

was powdered in electric grinder and sieved to 

small size. The bark powder was treated with a 

mixture of 100 ml 0.1 N HNO3 and 25 ml 

39% HCHO. It was kept overnight in the 

mixture and occasionally stirred. Then, it was 

washed with distilled water several times to 

remove acid residue. Finally it was sundried 

and used for the study. 

B] Batch Study 

The batch study is carried out to fix 

optimum conditions for adsorption of Fe(II) on 

the bark substrate. The experiments were 

performed by using synthetically prepared 

wastewater. In this study 1 gm bark substrate 

was agitated with 100 ml Fe(II) solution. The 

concentration of Fe(II) was analysed using 

standard methods before and after adsorption 
[9]

. The experimental parameters studied are: 

1) Effect of pH 

2) Effect of contact time 

3) Effect of initial metal ion 

concentration 

4) Effect of doses 

5) Effect of temperature 

6) Effect of extra elements 

Adsorption Isotherm was plotted on 

the basis of batch study using Freundlich 

equation. It estimates the adsorption capacity 

of Mangifera indica bark substrate for Fe(II) 

ions. 

3. Results And Discussion: 

 

Effect of pH 

 The pH affects the solubility of metal 

ions in water 
[10, 11]

. Therefore, pH is an 

important parameter for adsorption of metal 

ions. In this study pH of 56.87 ppm of Fe(II) 

solution was was fixed from 2 to 9 with the 

help of sulphuric acid and sodium hydroxide. 

100 ml Fe(II) solution of definite pH agitated 

with 1 gm of bark substrate for 130 minutes. It 

was observed that the adsorption of Fe(II) 

varies with pH of solution with the maximum 

of 71.70% at pH 4. The results are given in 

fig.1. It was found that the final pH of solution 

was less than initial pH. Hence, for further 

experiments the optimum pH of solution was 

fixed to 4. 

Effect of Contact Time 

 It requires some time to maintain the 

equilibrium of adsorbed ions between solid 

adsorbent and solution 
[12]

. This time is 

generally referred as contact time. 100 ml 

Fe(II) solution of pH 4 was agitated with 1 gm 

of bark substrate for different intervals (from 5 

to 120 minutes). The results are shown in 

fig.2. It was observed that the Fe(II) 

adsorption is very fast, about 57% adsorption 

takes place within 5 minutes. It maintains 

equilibrium after 60 minutes. Therefore, 

optimum contact time of 70 minutes was fixed 

for further study. 

Effect of initial metal ion concentration 

 The process of adsorption can be 

affected by change in concentration of metal 

ion in the solution 
[13]

. Therefore, effect of 

initial metal ion concentration is important in 

adsorption studies. In present work 100 ml 

Fe(II) solutions of pH 4 of concentrations 

ranging from 56.87 to 96.67 ppm were 

agitated with 1 gm bark substrate for 70 

minutes. The results are given in fig.3. The 

study shows that removal of Fe(II) decreases 

with increasing initial concentration of Fe(II). 

It can be due to unavailability of adsorption 

sites. 
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Effect of doses of bark substrate 

 The adsorption of Fe(II) was studied 

by taking different doses of bark substrate 

ranging from 0.5 to 4.0 gm in 100 ml Fe(II) 

solution while keeping initial concentration 

(56.87 ppm), temperature and pH (4) constant 

for 70 minutes. It is observed that the removal 

of Fe(II) increases with increasing doses of 

adsorbent. Results are shown in fig.4.  

Effect of temperature 

 Temperature is an important factor 

that highly affects the sorption equilibrium 
[14]

. 

100 ml Fe(II) solution of pH 4 was agitated 

with 1 gm of bark substrate at different 

temperatures ranging from 32º to 85ºC. The 

results are mentioned in fig.5. The maximum 

adsorption of Fe(II) was observed at lower 

temperature of 32ºC and it decreases with 

increasing temperature up to 85ºC. This may 

be due to increase in kinetic energy of 

adsorbing ions at high temperature. 

Effect of extra element concentration 

 The adsorption of Fe(II) affected by 

presence of extra elements in adsorption 

medium in the form of cations 
[15]

. In present 

study 100 ml Fe(II) solution of pH (4) 

containing different concentrations of Na
+
, 

Mg
2+

 and Ca
2+

 in adsorption medium (varied 

from 12.15 to 36.45 ppm) agitated with 1 gm 

of bark substrate for 70 minutes. The results 

are given in fig.6. It has been observed that the 

adsorption of Fe(II) decreases with increasing 

concentration of these extra elements in the 

adsorption medium. 
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Fig. 2 Effect of contact time on 

adsorption of Fe(II)
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Fig. 4 Effect of doses of bark 

substrate on adsorption of Fe(II)
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Freundlich Adsorption Isotherm 

The adsorption equilibrium data was 

further analyzed by well known Freundlich 

Adsorption Isotherm model. The 

Freundlich model indicates surface 

heterogeneity of the adsorbent Mangifera 

indica bark substrate for Fe(II). The 

Freundlich Isotherm equation can be 

written in linear form as: 

𝑙𝑜𝑔
𝑋
𝑀
= log 𝑘 +

𝑛 𝑙𝑜𝑔 𝐶𝑒   

       Where, X/M - the 

concentration of metal ion adsorbed per g 

of tree bark.  

Ce  -   residual concentration of 

the metal ion.  

k  -   the sorption capacity (in 

mg/l). 

n -   intensity respectively.  

The Freundlich plot of log X/M 

against log Ce for adsorption of Fe(II) was 

drawn. The value of n obtained from slope 

and that of k is intercept of the graph. 

 
The adsorption isotherm is given in 

Fig 7. The straight line indicates that the 

adsorption of Fe(II) on bark substrate follow 

Freundlich equation. This model proves the 

higher adsorption of Fe(II) mainly due to 

greater tendency of this metal ion to be 

adsorbed on heterogeneous surface 
[16, 17]

. The 

value of correlation regression R
2
, for Fe(II) is 

found to be 0.851. 

 

4. Conclusion: 
 The adsorption capacity of Fe(II) on 

Mangifera indica bark substrate was examined 

in the present study and adsorption equilibrium 

was investigated. The amount of Fe(II) 

adsorbed was found very significantly with 

various parameters like pH, contact time,  

 

initial metal ion concentration, doses, presence 

of light metal ions and temperature. The 

adsorption of Fe(II) on bark substrate shows 

typical trend like any adsorbent. The 
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adsorption isotherm was well fitted by 

Freundlich equation for heterogeneous 

adsorption. The bark substrate was found to be 

efficient media for Fe(II) removal from 

wastewater and could be an eco-friendly and 

cheap adsorbent material for other metal ion 

removal from wastewater.  
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