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Abstract— The present study deals with removal of colour 

from wastewater of silk filature using a low cost activated 

carbon prepared from Ziziphus Mauritiana shell powder of 

size 150µ. The chemically activated carbon is prepared with 

Impregnation Ratio of 0.75 A series of column tracer 

experiments have been performed with colour on the 

physically and chemically activated carbons for obtaining the 

breakthrough and retardation co-efficients. The values of 

Coefficient of Freundlich Isotherm (KF), Distribution 

coefficient (KdF), Coefficient of Freundlich Isotherm (1/n) 

and Retardation coefficients (R) are 1, 0.997, 0.993 and 1.549 

for CaCl2 activated carbon are 1,0.992,0.982 and 1.542 and 

for MgCl2 activated carbon are1,0.999, 0.998 and 1.552 

respectively. Adsorption capacity for physically and 

chemically activated carbons are 0.326mg/g, 0.579 mg/g and 

0.627 mg/g respectively. 
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I. INTRODUCTION 

Arsenic atomic number is 33, ubiquitous and ranks 20th in 

natural abundance, comprising about 0.00005% of the earth’s 

crust, 14th in the seawater, and 12th in the human body [1]. 

Its concentration in most of the rocks changes from 0.5 to 

2.5mg/kg, through higher concentrations are found in fine 

grained argillaceous sediments and phosphorites [1]. It is 

silver-grey brittle crystalline solid with atomic weight 74.9; 

specific gravity 5.73, melting point 817⁰C (at 28atm), boiling 

point 613⁰C and vapour pressure 1mm Hg at 372⁰C. since its 

isolation in 1250 A.D. by Albertus Magnus [1], this element 

has been a continuous centre of controversy. Arsenic is 

mobilized by natural weathering reactions, biological 

activity, geochemical reactions, volcanic emissions and other 

anthropogenic activities. Soil erosion and leaching contribute 

to 612 x 108 and 2380 x 108 g/year of arsenic, respectively, 

in dissolved and suspended forms in the oceans [2]. 

Recognized as a highly toxic element, arsenic (As) is 

abundant in our environment with both natural and 

anthropogenic sources. Natural sources include the washout 

and erosion of arsenic-rich rocks and soils, which probably 

occur because of long-term geochemical changes. 

Anthropogenic sources include forestry, agricultural 

application of various pesticides, herbicides and fertilizers, 

and industrial effluent from metallurgy, electronics, mining, 

pharmaceuticals, glass processing, ceramic, dye and 

pesticides manufacturing, wood preservatives, petroleum 

refining, and landfill leaching. The presence of heavy metals 

in the aquatic environment has been of great concern to 

scientists.  

Engineers because of their increased discharge, 

toxic nature and other adverse effects on receiving water 

bodies. This heavy metals are non-bio-degradable and their 

presence in streams and lakes leads to bioaccumulation in 

living organisms, causing health problems in animals, plants 

and human beings. Heavy metal ions are reported as priority 

pollutants, due to their mobility in natural water ecosystems 

and due to their toxicity. Arsenic and other heavy metals 

occur naturally in geological structures or sometimes caused 

by mining industrial and agricultural activities. These 

chemicals can badly affect human health when they are 

consumed in large amount. Countries affected by arsenic 

contamination and maximum with permissible limits for 

drinking water as shown in below Table 1 [1]. 

Countries Country Maximum 

permissible Limits (_g/L) 

Argentina 50 

Bangladesh 50 

China 50 

Chile 50 

India 10 

Mexico 50 

Nepal 50 

New Zealand 10 

Taiwan 10 

USA 10 

Vietnam 10 

Table 1 

A. Objective: 

1) To study the Break through Curves by Column Tracer 

Experiments. 

2) To find out the Retardation coefficients. 

II. LITERATURE REVIEW 

Arun kumar et al., (2011) have studied effects of contact time, 

initial concentration, pH etc for the removal of arsenic by 

using saw dust as an adsorbent. The adsorption process was 

observed to follow the kinetic order. The optimum pH was 

exhibited to be 6.0. The adsorbed arsenic was desorbed 

quantitatively by 0.5M HCl solutions and the adsorbent could 

be reused for three cycles consecutively [3]. 

Viveka D.Mude et.al., (2011) have studied the 

removal of As(III) from groundwater by using commercial 

powder activated carbon (PAC). Effects of contact time, 

dosage of adsorbant, initial concentration and pH were 

studied. Kinetics and adsorption isotherms were also studied. 

It was found that at 0.5 mg/L concentration of As(III) the 

langmuir adsorption capacity in batch study was found to be 

0.033 mg/L at 30 0C at the adsorbent dose (PAC) of 30 gm/L 

at pH 7.0 [4]. 

  M.N.Amin et al., (2006) have studied untreated rice 

husk for aqueous arsenic remediation. They found that 

complete removal (using rice husk columns) of both As(III) 

and As(V) was achieved under the following conditions: 

initial As concentration 100 µg/L; rice husk amount 6g; 
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average particle size 780 and 510µm;flowrate 6.7 and 1.7 

mL/min; and pH 6.5 and 6.0, respectively. Desorption (71–

96%) was also achieved with 1M of KOH [5]. 

III. MATERIAL AND METHOD 

The material used in this research study is Ziziphus 

Mauritiana as an adsorbent. Adsorption technique was 

employed using activated carbon prepared from jujube shells. 

There are two methods to prepare activated carbon, namely 

 Physical activation(taking 150µ size)) 

 Chemical activation using CaCl₂ (Calcium Chloride) and 

MgCl₂ (Magnesium Chloride) of 150µ size, I.R-0.75. 

IV. COLUMN TRACER EXPERIMENTS 

A series of column tracer experiments have been performed 

with Arsenic on the physico-chemical activated carbon 

obtaining the breakthrough curve and retardation 

coefficients. To observe the retention and leaching of Arsenic 

through the carbons, carbon columns of length 50cm and of 

diameter1.54cm was used. The length of the carbon columns 

were chosen on the basis of carbon texture and compaction. 

At the bottom, a height of 5cm is filled by gravel and 5cm 

with sand of varying sizes in three to four layers. Outlets were 

made at the top at the sample height of 10cm to collect the 

leachate. First the distilled water was allowed to leach 

through the column to saturate the carbon and then the 

Arsenic solutions of concentration 10 to 30µg/L were passed 

through the column. The leachate was collected for every half 

an hour till the bed exhaust and the effluent samples are tested 

for Arsenic concentrations. The arrangement of the column 

experiment as shown\ 

 
Fig. 1: Arrangement of Column Tracer Experiment 

A. Retardation Factor for Tracer Experiment Using 

Freundlich Isotherm: 

Results obtained by Column experiments are shown table No. 

2 the Arsenic adsorption are interpreted using Freundlich, 

linear formula describing the adsorption isotherm as shown 

in equation 1. 

n

aq

F

ads
CKC

/1
 ------------------- (i) 

Where,  

Cads = effluent concentration;  

Caq = influent concentration; 

KF and n = coefficients of the Freundlich adsorption isotherm.  

Type of 

carbon 

Initial 

concent

ration, 

Caq 

(µg/L) 

Effluent 

Concentra

tion of 

Arsenic 

Cads 

(µg/L) 

Log10

Caq 

Log10

Cads 

Physically 

activated 

(150µ) 

10 9.96 1.000 0.997 

20 19.95 1.301 1.297 

30 29.68 1.477 1.452 

Chemically 

activated 

CaCl2(I.R.=

0.75) 

10 10.00 1.000 1.000 

20 19.99 1.301 1.350 

30 29.98 1.477 1.479 

MgCl2(I.R.

=0.75) 

10 9.99 1.000 0.999 

20 19.98 1.301 1.350 

30 30.00 1.477 1.407 

Table 2: Different Concentrations of Arsenic to Fit 

Freundlich Isotherm 

Table 2 Shows the adsorption of Arsenic for selected 

concentrations on physically and chemically activated carbon 

to fit Freundlich isotherm.using the Freundlich isotherm KF 

for a given value of influent concentration, the distribution 

coefficient  Kd
F can be calculated. 

)1/1(
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For the distribution coefficient determined on the basis of the 

adsorption isotherm, the retardation coefficient value has 

been calculated. 

F

d

d
K

n
R


 1

              --------------------- (iii) 

Where, 

η = Porosity 

ρd = Bulk Density Kg/m3 

B. Adsorption of Arsenic On Physically and Chemically 

Activated Carbon: 

A series of column tracer experiments have been performed 

on physically and chemically activated carbon and the Fig.1 , 

Fig.2 and Fig.3 shows tracer breakthrough curve for 

physically and both chemically activated carbons 

respectively for 10 µg/L of initial concentration of Arsenic. 

From the break through curve for physically, Chemically 

activated CaCl2 and MgCl2 carbons the adsorption capacities 

are 0.324µg/g , 0.576µg/g and 0.624µg/g respectively. 

 
Fig. 2: Break Through Curve for Adsorption of Arsenic on 

Physically Activated 
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Fig. 3: Break Through Curve for Adsorption of Arsenic on 

chemically (CaCl2) Activated Carbon 

 
Fig. 4: Break Through Curve for Adsorption of Arsenic on 

chemically (MgCl2) Activated Carbon 

Similar experiments were performed for concentrations of 

20µg/Land 30µg/L, the result of the tracer experiment are fit 

to Freundlich isotherm as shown in Fig. 4 and results were 

analyzed and Table 2 Shows the  adsorption of Arsenic for 

different concentrations of Arsenic on physically and 

chemically activated carbon to fit Freundlich isotherm. 

The Column Tracer experimental result is shown in Fig.4 by 

plotting and Fitting we obtained  

n

aq

F

ads
CKC

/1
  

 
Fig. 5: Freundlich Isotherm of adsorption of Arsenic on 

Physically and Chemically activated carbon 
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R 

(Retardation

) 

Physical

ly 

activate

d carbon 

150µ 

size 

1 0.994 0.995 1.549 

Chemic

ally 

activate

d CaCl2, 

I.R=0.7

5, 

carbon 

150µ 

size 

1 0.996 0.988 1.540 

Chemic

ally 

activate

d 

MgCl2, 

I.R=0.7

5, 

carbon 

150µ 

size 

1 0.999 0.998 1.553 

Table 3: Datas showing the values of Freundlich 

Coefficients 

Table 3 shows the values of Freundlich coefficient KF and 

Freundlich Constant 1/n and Retardation Coefficient R. Here 

1/n<1, which shows bond increases with surface density and 

as n>1 shows favorable adsorption condition. 

V. CONCLUSION 

1) The Experimental results shows the From the break 

through curve for physically, Chemically activated 

CaCl2 and MgCl2 carbons the adsorption capacities are 

0.324µg/g , 0.576µg/g and 0.624µg/g respectively. 

2) The values of Freundlich coefficient KF, Freundlich 

Isotherm constant 1/n, Distribution coefficient KdF, 

Retardation R for physically activated carbon are 1, 

0.994, 0.995, 1.549 and chemically activated carbons, for 

CaCl2 are 1, 0.996, 0.998 & 1.553 and for MgCl2 are 1, 

0.999, 0.998 and 1.553 respectively. 

3) The result of the Column Experiment follows Freundlich 

isotherm 1/n<1, bond increases with surface density and 

n>1 is favourable adsorption condition 
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