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ABSTRACT 

 

Removal of heavy metals by low cost adsorbents is effective way of heavy metal treatment. Batch 

experiments are generally carried out for determining kinetics, isotherms and affecting parameters. 

Practical application of adsorbents calls for studies on different contacting equipments. Packed and 
fluidized beds can be used for removal of heavy metals from wastewater. In the current investigation, 

packed bed, 45 mm in diameter is used for adsorption of iron and chromium from synthetic effluent. 

The break through time was observed to be 40 to 45 minutes for removal of these heavy metals. Ideal 
adsorption time was 88 to 90 minutes. 
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INTRODUCTION 

Heavy metal removal by adsorption 

is efficient treatment method for metal ion 

removal from industrial effluent. Batch 

experimentation for heavy metals has been 

carried out by various investigators with 

different adsorbents. 
[1-3]

 The main objective 

of these studies was to study affecting 

parameters, kinetics and isotherms. 
[4-7]

 

These studies help in understanding the 

mechanism of adsorption and estimating 

possible extent of removal. The column data 

can be used for designing equipments for 

adsorption. Investigations on packed bed for 

removal of phenol and heavy metals have 

been carried out by researchers to study 

break through curve and estimate 

breakthrough time. 
[8-12]

 In the present 

investigation packed column studies have 

been carried out with bagasse adsorbent 

[BA] and groundnut shell adsorbent [GSA]. 

 

 

MATERIALS AND METHODS 

Preparation of Adsorbents 

The adsorbent was prepared from 

the low cost raw materials (bagasse and 

groundnut shells). The material was sun 

dried and then kept in oven at 150
O
C. Then 

it was treated with strong acid. It was then 

carbonized in the furnace at 300
o
C and 

washed. The washed product was then 

filtered out and dried at 120
o
C.  

 

Preparation of Stock Solution 

An aqueous stock solution of Iron 

(Fe) (III) ions (1000ml/l) was prepared by 

using ferrous ammonium salt. Chromium 

(Cr) stock solution was prepared by 

dissolving appropriate quantity of K2Cr2O7 

in water.  

 

Column Experimentation 

A column with height of 45 cm was 

made with the bagasse and ground nut shells 

and small stones as a packing medium. The 
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iron and chromium adsorption was 

performed for individual adsorbent. 

 

RESULTS AND DISCUSSION 

Bagasse Adsorbent (BA) 

The results of column experiments 

for iron and chromium removal by bagasse 

adsorbent (BA) are shown in Table 1 and 2 

respectively. For iron adsorption the break 

through time, considered as time required 

for reaching 10 percent of initial 

concentration was observed to be 40 

minutes. The ideal adsorption time (time to 

reach 50 percent initial concentration) was 

observed to be 90 minutes. The values of 

break through time and ideal adsorption 

time for chromium removal by bagasse 

adsorbent were observed to be 40 minutes 

and 88 minutes respectively. The saturation 

time was 130 minutes for both metals 
 

Table1: Iron removal by BA 

Time (min) % Adsorbed 

10 0 

20 0 

30 0 

40 6.42 

50 17.81 

60 19.03 

70 24.11 

80 35.79 

90 50.91 

100 69.22 

110 78.13 

120 83.63 

130 88.21 

140 88.42 

150 88.37 

 

Table 2: Chromium removal by BA 

Time (min) % Adsorbed 

10 0 

20 0 

30 0 

40 9.21 

50 15.82 

60 19.82 

70 26.32 

80 37.07 

90 55.21 

100 69.92 

110 78.33 

120 81.12 

130 86.27 

140 86.62 

150 86.79 

 

Groundnut Shell Adsorbent (GSA) 

Table 3 and 4 depicts the results of column 

studies for iron and chromium removal 

respectively with GSA. As shown in table 3, 

for iron removal, breakthrough time and 

ideal adsorption time were observed to be 

45 minutes and 90 minutes respectively. For 

chromium removal, as shown in table 4, 

these values were 57 minutes and 90 

minutes respectively. Saturation time was 

130 and 120 minutes respectively for iron 

and chromium. 

 
Table 3: Iron removal by GSA 

Time (min) % Adsorbed 

10 0 

20 0 

30 0 

40 4.82 

50 15.41 

60 19.03 

70 23.12 

80 31.79 

90 50.81 

100 71.45 

110 79.21 

120 84.99 

140 85.57 

150 85.81 

 

Table 4: Chromium removal by GSA 

Time (min) % Adsorbed 

10 0 

20 0 

30 0 

40 2.11 

50 3.42 

60 14.87 

70 21.33 

80 30.19 

90 49.79 

100 69.82 

110 76.69 

120 82.31 

130 82.57 

140 82.66 

150 82.89 

 

CONCLUSION 

Packed column removal of heavy 

metals is practical and efficient method of 

treatment. The breakthrough time obtained 

was 40 to 50 minutes for heavy metals. The 

ideal adsorption time was observed to be 88 

to 90 minutes. The time required for 

saturation of bed varied from 130 to 150 

minutes. The maximum percentage removal 

obtained in the experiments was 88.42 

percentage for iron and 86.79 percent for 

chromium, both for bagasse adsorbent. 
 

REFERENCES 
1. Sunil J. Kulkarni, Dr. Jayant P. Kaware, 

A Review on Research for Cadmium 

Removal from Effluent, International 



                    International Journal of Research & Review (www.gkpublication.in)  77 

Vol.3; Issue: 2; February 2016 

Journal of Engineering Science and 

Innovative Technology, 2013, 2(4), 
465-469. 

2. Kulkarni S.J, Kaware J.P, Adsorption 

For Cadmium Removal From Effluent- 

A Review, International Journal of 
Science, Engineering and Technology 

Research 2013, 2(10),1840-1844. 

3. Yuh-Shan Hoa, Augustine E. Ofomaja, 
Kinetic Studies Of Copper Ion 

Adsorption On Palm Kernel Fibre, 

Journal of Hazardous Materials, 2006, 
B137,1796–1802. 

4. Kulkarni S.J, Dhokpande S.R, Kaware 

J.P, A Review On Isotherms And 

Kinetics Of Heavy Metal Removal, 
International Journal of Ethics in 

Engineering & Management Education, 

2014, 1(2), 1-4.  
5. Sunil J Kulkarni, Dr Jayant P Kaware. 

Removal of Cadmium from Wastewater 

by Groundnut Shell Adsorbent-Batch 
and Column Studies, International 

Journal of Chemical Engineering 

Research, 2014, 6(1), 27-37. 

6. Banerjee S S, Joshi M V and Jayaram R 
V., Removal Of Cr(VI) And Hg(II) 

From Aqueous Solutions Using Fly Ash 

And Impregnated Fly Ash, Sep. Sci. 
Technol., 2004, 39, 1611–1629  

7. Esposito, F. Pagnanelli, A. Lodi, C. 

Solicio and F. Veglio, Biosorption of 

Heavy metals by Sphaerotilusnatans: an 

Equilibrium Study At Different pH And 
Biomass Concentrations, Hydrometa-

llurgy, 2001, 60, 129–141  

8. Sunil J. Kulkarni, Dr. Jayant p. Kaware, 

Fixed Bed Removal of Heavy Metal- a 
Review, International Journal of 

Research (IJR), 2014, 1(6), 861-870.  

9. S. J. Kulkarni and J. P. Kaware, 
Kinetics of Phenol Uptake from 

Wastewater by Adsorption in a Fixed 

Bed, Journal of Chemical, Biological 
and Physical Sciences ,2014,4(4),3116-

3123  

10. S. J. Kulkarni and J. P. Kaware, Packed 

Bed Modeling for Adsorptive Removal 
of Phenol, Journal of Chemical, 

Biological and Physical Sciences, 

2015,5(2),1146-1151.  
11. Sunil J. Kulkarni, Dr. Jayant P. Kaware, 

Groundnut Shell Adsorbent in Packed 

Bed for Cadmium Removal- Modeling 
for Breakthrough Curve, SSRG 

International Journal of Chemical 

Engineering Research (SSRG-IJCER), 

2014, 2(1), 1-6. 
12. Sunil J. Kulkarni, Jayant P. Kaware, 

Analysis of Packed Bed Adsorption 

Column with Low Cost Adsorbent for 
Cadmium Removal, Int.J. of Thermal & 

Environmental Engineering, 2015, 9(1), 

17-24. 

 
 

 

 

 

 

************** 

How to cite this article: Kulkarni SJ, Bhole L, Rampure M. Packed bed studies for iron and 

chromium removal by low cost adsorbents. Int J Res Rev. 2016; 3(2):75-77. 

 


