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ABSTRACT 
The study was aimed at efficiency evaluation of non-conventional low cost adsorbents such as Fly ash 
powder, Bagasse, W.Straw Dust, SD, and Coconut coir as compared to the powder activated carbon for 
the removal of chromium from aqueous solution. The efficiency of the adsorbents for the removal of 
chromium was investigated. The efficiency of adsorbent used is found in the order of 
PAC>Bagasse>FA>SD>WSD>Coconut coir. The effect of chromium solution PH, contact time 
,adsorbent dosage, initial chromium concentration and adsorbent meshsize on adsorption were studied 
in a batch experiment.  Fly ash, Bagasse, W.S.D, SD, &Coconut coir were the most active at pH-6 , 
which is closer to pH of chromium bearing industrial waste as compared to the pH 2.0 of PAC. The 
equilibrium data for the adsorption of chromium were analysed in the light of Langmuir and Freundlich 
isotherm models. The ultimate adsorption capacity for the adsorbents PAC, Bagasse,FA, S.D., W.S.D 
& Coconut coir found out are  4.97 mg/gm, 4.91mg/gm, 4.90mg/gm, 4.89 mg/gm,  4.77mg/gm and 
4.56 mg/gm respectively by column studies.   
Key Words: Cr(VI), low-cost adsorbents, activated carbon, adsorbent, adsorption, Langmuir and 
Freundlich isotherm 
 
INTRODUCTION 
Rapid industrialization and population 
growth resulted to generation of large 
quantities of waste water and causing 
problems of their disposal. There are two 
options to control the pollution- Prevention 
or control methods. Prevention or control 
of wastes at the source is cheaper than the 
purification of contaminated water. 
Minimization of pollution at all stages of 
production by modifying their process, 
change in raw material, redesigning of 
product formulation, modification of 
process machinery, etc. is better than waste 
treatment transfers pollutants from our 
environment medium to another. 
ISI and WHO have fixed considering the 
toxicity the maximum tolerance limit for 
total chromium for public water supply and 
for bathing ghats at 0.05 mg/l (Shri Chand, 
et al., 1994).   
In industrial wastewater mostly the 

chromium is found in two forms, one is 
hexavalent and the other is trivalent, 
whereas the hexavalent form is more 
common and hazardous to biological 
activities (Shri. Chand). Exposure of 
human beings to these chrome bearing. 
Mr. Sohail Ayub and Syed Iqbal (1998) 
reviewed the earlier work for the removal 
of heavy metals using agricultural waste 
products. 
Gupta, Srivastava et al. (1997) used 
activated carbon developed for fertilizer 
waste for the removal Hg (II), Cr (VI), Pb 
(II) and Cu (II).  
Singh and Mishra (1992) used saw dust 
coated with the iron hexamine gel for the 
removal of certain heavy metals such as Hg 
(II), Pb (II), Cr (VI), Ni (II), Cd (II) and Cu 
(II). 
Bhalke, Tripati et al. (1999) studied the 
uptake of heavy metals including 
fertileuranium and fission products 
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strontium and cesium by using sunflower 
plant dry powder at pH 2.5, 4.0 and 7.5.  
M. Rao et al. (1999) studied the removal of 
various pollutant from its aqueous waste by 
adsorption using various low cost 
adsorbents. 
Manju and Anirudhan (1990) investigated 
the removal of Cr (VI) using coconut fibre 
pith (CFP).  
Raji and Anirudhan (1998) used saw dust 
charcoal for the removal hexavalent 
chromium.  
Patnaik and Das (1995) used blast furnace 
flue dust generated in the steel plants for 
the removal of hexavalent chromium.  
Sharma Y.C. (1996) studied the foundry 
material for the removal of Cr (VI).  
MATERIALS AND METHODS 
In order to assess the performance of each 
adsorbent and to avoid interference by 
other elements in waste water, the 
experiments were conducted with aqueous 
solution of hexavalent chromium in 
redistilled water.  Synthetic samples of 
various initial chromium concentrations 
were prepared by dissolving potassium 
dichromate (K2Cr2O7) in water.  
There are various materials which can be 
used as an adsorbents.  The list of 
adsorbents which were used for the present 
studies is given as follows: 
Powdered Activated Carbon (PAC), 
Bagasse,  Fly ash,  Saw dust, Wheat Straw 
Dust and Concount Coir 
PREPARATION OF ADSORBENTS 
POWDERED ACTIVATED CARBON 
Powdered Activated carbon of AR grade 
used was directly purchased from market.  
PAC is used for control of taste and odour. 
PAC is very porous and has property of 
removing many of the dissolved impurities 
in water and waste water, H2S, irons and 
manganese through the adsorptive action of 
carbon atoms.  PAC adsorbs organic 
material contained in the waste water and 
allows greater mixed liquor concentrations.  
It has important characteristics is that its 
large surface to volume ratio and its 

preferential affinity to specific substances. 
FLY ASH 
Fly ash was collected from "M/s Narendra 
Solvex Plant", Badnera.  It was sieved 
through 75 and 125 µm sieves, washed 
twice with double distilled water, sundried 
and then used.  Purpose of washing was to 
remove the dust particle. 
BAGASSE 
Raw Bagasse is a waste material collected 
from "Nandgaon Khandeshwar Sugar 
Factory", Pubgaon (M.S.).  It was first used 
without giving any pretreatment.  When 
Bagasse was added to sample, colour of 
sample was changed.  After studying some 
parallel research papers it was concluded 
that change of colour was due to release of 
lignin particles present in Bagasse.  Hence 
Pretreatment of Bagasse is essential to 
remove lignin content. 
Bagasse was kept in 0.1 N NaOH solution 
for 24 hours.  Then in 0.1 CH3COOH for 
another 24 hours, so that the remaining 
alkalinity due to NaOH will be removed.  
Adsorbent material was washed well with 
double distilled water until the colour of 
washed become colourless.  Then the 
bagasse was sundried for 48 hours and 
used. For other adsorbent   materials i.e. 
wheat straw dust, saw dust and coconut 
coir where  pretreated by the same 
procedure for the bagasse. 
PREPARATION OF AQUEOUS 
SOLUTION 
Potassium dichromate (AR grade) was used 
as a source of hexavalent chromium. Stock 
solution of chromium was prepared by 
dissolving potassium dichromate in double 
distilled water such that each ml of solution 
contains 1 mg of hexavalent chromium 
APHA,(1992), (Standard Methods, 1992). 
Hydrochloric acid (1 N, 0.05 N), sulphuric 
acid (1:1) potassium permaganate (0.1 N) 
and sodium azide (0.5%) were prepared 
using double distilled water.  Complexing 
reagent was prepared by dissolving 20 ml 
of diphenyl carbazide and 300 mg of 
phthalic anhydride in 100 ml of methanol. 
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LABORATORY WORK/ BATCH 
EXPERIMENT 
Batch adsorption studies were conducted to 
access performance of each adsorbent for 
the removal of chromium.  To study the 
adsorption capacities of the each adsorbent, 
batch experiment were carried out.  Though  
industrial operations  are not carried out 
batchwise, these are similar and effective to 
evaluate the basic parameters affecting 
adsorption. 
RESULTS AND DISCUSSION 
The discharge of waste water to the 
environment caused adverse condition and 
this led to the development of intensive 
methods of waste water treatment.  
Adsorption is the method used as a 
polishing technology after biological waste 
water treatment unit. And also as a 
complete treatment method in itself waste 
water treatment using conventional and non 
conventional adsorbents is highly 
dependent on pH, contact time, adsorbent 
dose, adsorbate concentration and 
adsorbent particle size. Change in above 
parameters affects the adsorption process 
through dissociation of functional groups of 
the adsorbate and adsorbent.  
EFFECT OF PH ON THE REMOVAL 
OF Cr(VI) 
The effect of pH for the removal of Cr(VI) 
was shown in fig.1.  The role of hydrogen 
ion concentration was observed at different 
pH range of 2-12.  Experiments were 
conducted at the constant initial Cr(VI) 
concentration of 100 mg/l, adsorbent dose 
of 500 mg/50 ml and the contact time of 60 
minutes.  Results indicate that among the 
six adsorbents studied.  PAC has the 
maximum capacity for Cr(VI) removal 
followed by bagasse , fly ash, saw dust, 
wheat straw dust and coconut coir.  The pH 
of the aqueous solution is an important 
controlling parameter in the adsorbption 
process.   
EFFECT OF CONTACT TIME ON 
THE REMOVAL OF Cr(VI): 
Experiments were carried out for studying 

the effect of contact time on the adsorption 
process by taking 50 ml of solutions with 
initial Cr(VI) concentration of 100 mg/l 
and with an adsorbent dose of 500 mg/50 
ml and agitating for a predetermined time 
intervals of 2.0-210 minutes in a Remi 
shaking water bath at a speed of 200 
strokes/min.  From contact time data (fig.2) 
it may be seen that Cr(VI) removal per unit 
weight of PAC is very rapid during initial 
period of contact and the maximum are 
reached within the first 30 minutes.  
EFFECT OF ADSORBENT DOSE ON 
THE REMOVAL OF Cr(VI) 
Effect of adsorbent of fly ash and bagasse 
on the adsorption of Cr(VI) is shown in 
fig.3 for all these runs initial Cr(VI) fixed 
at 100 mg/l and the amount of adsorbent 
dose was varied from 20-200 mg for 50 ml 
sample.  pH of the samples were adjusted 
to 2.0 for PAC and for the other adsorbents 
at 6.0.  Results indicate that activated 
carbon removes maximum Cr(VI) at all the 
levels of adsorbent dose followed by 
bagasse, fly ash, SD, WSD and CC Results 
in general have revealed that, with increase 
in adsorbent dose, the percent removal of 
Cr(VI) also increase upto a certain level 
and beyond that more or less constant 
removal was observed.  
EFFECT OF INITIAL CHROMIUM 
CONCENTRATION ON THE 
REMOVAL OF Cr(VI) 
The effect of initial concentration Cr(VI) 
on the adsorption efficiency by these three 
adsorbents has been systematically 
investigated by varying the initial 
concentration of Cr(VI) between 5-1000 
mg/l.  Fig.4 shows the percent removal of 
Cr(VI) as a function of initial Cr(VI) 
concentration at different initial pH values.  
It was observed that, PAC had reduced the 
Cr(VI) to 99% when the initial 
concentration was 5 mg/l and to 56% when 
the initial concentration was 1000 mg/l 
with a constant dose of adsorbent of 2 gm/l 
at  pH of 2.0.  In case of bagasse, FA, 
WSD, SD and CC the removal was 95.5, 
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94, 90.8, 93.6 and 83% at an initial 
concentration of 5 mg/l and 11.5, 7.5, 4.5, 
5.2 and 4% at an initial concentration of 
1000 mg/l respectively with an adsorbent 
dose of 2.0 gm/l.   
EFFECT OF PARTICLE SIZE ON 
THE REMOVAL OF Cr(VI) 
Adsorbent particle size has a significant 
influence on the kinetics of adsorption 
(Fig.5). The effect of particle size was 
investigated using wheat straw dust of 
particle size range from 4.75 mm to 125 
microns. Among the four adsorbents used 
in this study, except wheat straw dust, all 
the other adsorbents are of almost same 
particle size. The removal of straw dust, all 
the other adsorbents are of almost same 
particle size.  
ADSORPTION ISOTHERMS  : 
The adsorption studies conducted at fixed 
initial concentration of Cr(VI) and by 
varying adsorbent dose and the equilibrium 
data were fitted to the Langmuir and 
Freundlich isotherms. 
  x       abCe                        
---- = ---------------(1) Langmuir equation   
 m    1+bCe          and             
x/m = Kf.Ce1/n    ----(2) Freundlich equation  
 
Where Ce is equilibrium concentration of 
Cr(VI) (mg/I), x/m is the amount of Cr(VI) 
adsorbed per unit weight of 
adsorbent(mg/mg), a and b are the 
Langmuir isotherm constants and indicate 
the adsorption capacity and adsorption 
equilibrium constant. The parameters a and 
b are have been calculated from the slope 
and intercept of the plots. Kf and n are 
Freundlich constants. The plots m/x versus 
I/Ce and log(x/m) versus log(Cc) shown in 
Fig. 6  derived the values of Cc, a, b, Rl, Kf 
and 1/n and presented in the 
CONCLUSIONS 
The following conclusions may be drawn, 
Saw dust showed better performance next 
to PAC for the treatment of hazardous 
waste rich in hexavalent chromium as 
compared to WSD and coconut jute may be 

due saw dust in porous material and smaller 
particle  size. Removal of Cr(VI) is 
significantly affected by pH of the system. 
In the present investigations, maximum 
removal of Cr(VI) was found at pH 2.0 for 
PAC and 6.0 for other adsorbents.  Hence it 
is always better to work at pH 6.0 with 
other adsorbents instead of with costlier 
PAC that too at low pH. Removal at a very 
low pH and higher pH should be 
discouraged. Saw dust, wheat straw dust, 
coconut coir and Bagasse are waste organic 
materials, easily and very cheaply available 
every where, hence they can be utilised as 
an adsorbents.  All the six adsorbents 
followed Langmuir adsorption isotherm. 
The result of the investigations are quite 
useful in developing an appropriate 
technology for designing a wastewater 
treatment plant for the removal of Cr(VI).   
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Fig. 1. Effect of pH on the removal of  Cr (VI) 

 
Fig. 2. Effect of contact time on the removal of Cr (VI) 

 
Fig. 3. Effect of adsorbent dose on removal of   Cr   
                                                                              (VI) 

 

 
 

 
 

Fig. 4. Effect of initial chromium 
concentration of Cr (VI) loss by the 
Adsorbents 

 

 

 

 

 

 

Fig. 5. Effect of Particle Size on Cr(VI) 
removal 

 

 
Fig. 6. Column Studies on Cr(VI) Removal 

 


