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ABSTRACT 
Adsorption is potentially an effective and  economical method for the treatment of waste water 
for retaining heavy metals from dilute solution. Several research studies have been carried out to 
determine the capacity of various adsorbents present in environment. The present study is carried 
out to assess the uptake of chromium ion from aqueous solution using tea factory waste through 
the batch adsorption study. The effect of various process parameters such as initial concentration 
of chromium ion, agitation rate and adsorbent mass on the adsorption quality is also evaluated in 
the present study. It was found that the equilibrium time varies with the different metal ion 
concentration. The adsorption data was well suited in the Langmuir isotherm model and 
Freundlich isotherm model. The maximum adsorption capacity of the tea factory waste was 
found as 25.56 mg/g at 0.25 g/l adsorbent dose, pH 5 and initial feed concentration of 20 mg/l.  
The pseudo first order, pseudo second order, Elovich and the reaction rate models were used to 
describe the kinetic data. The results prove that the low cost tea factory waste can be used as a 
potential adsorbent in developing countries like India where there is a large production of tea 
takes place.   
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INTRODUCTION 

The presence of highly toxic metals such as lead, 
copper, cadmium, nickel, chromium etc. in 
industrial waste water is a very important 
environmental concern as they have adverse 
effect on ecology as well as on public health. The 
presence of heavy metals in aqueous streams has 
become a problem because of its harmful effects 
on human health and to the fauna and flora of 
receiving water bodies. Moreover the presence of 
heavy metals in aquatic environment leads to the 
killing of microorganisms during biological 
treatment of waste water which results in the 
delay and uneconomical water purification. Most 
of the metallic salts are soluble in water and 
cannot be separated by the ordinary methods of 
purification. 
Rapid industrialization has led to increase 
disposal of heavy metals into the water bodies. 
Chromium is widely used in electroplating, 
leather tanning, metal finishing and chromate 
preparation.   Chromium    exists     in  two stable  

oxidation states Cr(III) and Cr(VI) respectively. 
The Cr(VI) state is more toxic in nature. Metals 
that are released into the environment tend to 
persist indefinitely, accumulating in living tissues 
through the food chain and are posing a serious 
threat to the environment and public health.1  
Various methods used for the removal of 
chromium ions include chemical precipitation, 
reverse osmosis, evaporation, ion exchange 
and adsorption.2 In recent years several authors 
have reported studies on various low cost 
adsorbents. Among these materials, 
agricultural by products and biomass showed 
very high adsorption capacities. However, the 
applicability of these materials has been found 
to be limited due to leaching of organic 
substances into the solution. To overcome such 
problems, chemical treatment on solid 
adsorbents has been used as a technique for 
improving physical and chemical properties of 
them and to increase their adsorption capacity. 
In   recent    years,   a   number   of   adsorptive  *Author for correspondence 
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material such as green algae3,4, maple 
sawdust5, a sugar industry waste6, distillery 
sludge , soya cake7, persimmon tannin gel8  
bagasse fly ash,9,10  activated carbon derived 
from fertilizer waste,11 activated rubber wood 
sawdust,12 coconut husk , rice husk etc have 
been  used in heavy metal removal from 
wastewaters.  Now a days, tea factory waste 
(TFW)13-15 is also gaining ground due to its 
potential to overcome heavy metal pollutants. 
Insoluble cell walls of tea leaves are largely 
made up of cellulose and hemicelluloses, 
lignin, condensed tannins and structural 
proteins. The responsible groups in lignin, 
tannin or other phenolic compounds are mainly 
carboxylate, aromatic carboxylate, phenolic 
hydroxyl and oxyl groups. The amount of dry 
tea produced from 100 kg green tea leaves is 
22 kg on average and approximately 18 kg tea 
is packed for market. The other 4 kg of dry tea 
material is waste, which can be used for other 
purposes. The amount of tea factory waste 
produced per year after processing is about 
190,400 tonnes in India alone. Hence tea 
factory waste has a good potential for use as 
low cost adsorbent.  

AIMS AND OBJECTIVES 
The present study is carried out to evaluate the 
physico-chemical properties of activated tea 
waste in heavy metal removal through batch 
study and to investigate the effect of various 
parameters i.e initial concentration, adsorbent 
dose and agitation rate on the removal of 
chromium from an aqueous solution. 

MATERIAL AND METHODS 
Adsorbate 
The stock solution to obtain 1000 ppm solution 
was prepared by dissolving metallic salt of 
chromium in acidified double distilled water. 
The solution was diluted to the desired 
concentration for experiments. The pH of the 
solution was adjusted to the required value for 
the adsorption of Cr ions before using it in 
batch study. 
Tea waste was taken from the tea factory 
during the industrial tea making process. The 
tea waste was washed several times with 
distilled water to remove surface impurities 
and dried. 

Hydrolysable tannins and other soluble and 
colored components were removed from the 
crushed tea wastes by washing with hot water 
(80°C) for 1 h periods until a colourless 
solution of tea waste was spectrometrically 
observed at room temperature. Decolorized 
and cleaned tea waste was dried in oven at 
105°C and 60–170 mesh particles were used in 
the adsorption experiments without any further 
modification. A colourless solution of tea 
waste is normally observed in 15 washing 
cycle with hot water (80°C). Since adsorption 
of heavy metal ions was carried out in 
relatively cold water (25±0.3°C) in the 
experiments, washing of tea waste was 
completed in five cycles and no remarkable 
interfering colour was observed at room 
temperature. The material was stored in 
vacuum desiccator for further use. 
In order to study the effect of different 
parameters on the adsorption and to plot the 
observations in the various mathematical 
models the experiment is carried out at the 
room temperature 30° C ± 4° C in a glass 
conical flask. The effect of TFW dose (0.25g/l 
– 1g/l ), initial concentration (5mg/l – 20mg/l)  
and  agitation rate (200rpm – 800rpm) were 
studied. The solutions after agitating at desired 
level with TFW and  filtered and the residual 
concentration of chromium in aqueous sample 
was determined using atomic adsorption 
spectrophotometer.  After that the related 
graphs are prepared from which the design 
parameters were found out using suitable 
mathematical models. 

RESULTS  AND  DISCUSSION 
Factors influencing adsorption of chromium 
for batch  study 
The present study is carried out to evaluate the 
effect of various parameters i.e. initial 
concentration of metal ion, adsorbent dose  and  
agitation rate on the adsorption behaviour of 
tea factory waste. 
Effect of agitation rate 
The agitation speed varied from 200 rpm to 800 
rpm adsorption studies were carried out with a 
electrical agitator at pH 5.0 using Cr(VI) 
solution of 20mg/l initial concentration. As the 
agitation rate on adsorption increased from 200 
rpm  to   800   rpm, adsorption capacity of TFW  
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increased from 8.25 mg/g to 8.84 mg/g. The 
effect of increasing the agitating rate was to 
decrease the film resistance to mass transfer 

surrounding the adsorbent particles. Fig. 1 
shows the effect of agitation rate on the 
adsorption behaviour.  

 
Fig. 1 : Effect of aggitation rate at feed concentratio  20mg/l,  adsorbent dose 0.25g/l and at pH 5 

Effect of adsorbent dose 
Effect of TFW dose for removal of Cr(VI) 
from its aqueous solution is shown in the    
Fig. 2. It can be observed that the adsorption of 
metal ion is increased with the increase in the 

TFW dose from 0.25 g/l to 1 g/l. This is 
because at the higher dosage of sorbent due to 
increased surface area, more adsorption sites 
are available causing higher removal of 
Cr(VI). 

. 

 
Fig. 2 : Effect of adsorbent dose variation at feed conc 20mg/l , 400 rpm and pH 5 

Effect of initial  concentration 
Fig. 3 shows the effect of initial metal ion 
concentration on the adsorption of Cr(VI) by 
TFW. A given mass of adsorbent can absorb 
only a limited quantity of adsorbate. Hence the 
initial concentration is an important parameter 
and   it   is   found from the figure that percent  

adsorption decreased with increase in initial 
concentration but the actual amount of 
chromium adsorbed per unit mass of adsorbent 
increased with increase in initial concentration. 
This was because of the decrease in resistance 
for the uptake of solute from solution with 
increase in metal concentration.  

0
1
2
3
4
5
6
7
8
9

10

0 50 100 150 200

C
r(

V
I)

 a
ds

or
be

d 
(m

g/
g)

 

Time (min)

200 rpm

400 rpm

800 rpm

0

5

10

15

20

25

30

0 50 100 150 200

C
r(

V
I)

  a
ds

or
be

d 
(m

g/
g)

Time (min)

0.25 g/l

0.5 g/l

1 g/l



J. Environ. Res. Develop. 
Journal of Environmental Research And Development          Vol. 9 No. 03, January-March 2015 

517 
 

 
 

 

 

 

 

 

 

Fig. 3 : Effect of initial concentration for adsorbent dose 0.25g/l, 400 rpm and pH5 

Adsorption isotherms 
Analysis of the equilibrium data is important to 
develop an equation which exactly represent 
the results and which could be used for design 
purpose.16 Several isotherm equations have 
been used for the equilibrium modelling of 
adsorption system. Among them the Langmuir 
and Freundlich isotherm models are developed 
in the present study for the agitation rate 
variation. 
Langmuir isotherm model 
The linearised  form of Langmuir isotherm 
equation is represented by the equation given 
below17 : 
Ce/qe = Ce/Qo + 1/bQo 

Where, Ce and qe are the equilibrium sorbate 
concentration in the solution (mg/l) and in the 
solid phases (mg/g) whereas ‘Qo’ represents 
the maximum adsorption capacity of the 
adsorbent (mg/g) and b represent the energy of 
adsorption. A linear plot between Ce/qe   and  
Ce  is drawn in order to determine the values of 
Qo  and  b by comparing the given equation 
with the general equation of straight line, y = 
mx + c. The related graph is given in Fig. 4. 

The values of Qo  and  b are found to be 7.143 
mg/g and 2.12 l/mg respectively for agitation 
rate variation for adsorption of Cr(VI) by Tea 
factory waste. The value of correlation 
coefficient is found to be unity in this case. 
Freundlich isotherm model 
The linearised form of Freundlich isotherm 
equation is given by18 : 
ln qe =(1/n) ln Ce + ln Kf 

Where, qe is the amount absorbed at 
equilibrium (mg/g),Ce is the equilibrium 
concentration of the adsorbate (mg/l) and Kf 
and ‘1/n’ are constants, which are considered 
to be relative indicators of adsorption capacity 
and adsorption intensity .The values of Kf and 
1/n can be obtained from the intercept and 
slope respectively of the linear plot of 
experimental data of ln qe versus ln Ce graph 
shown in Fig. 5. The values of Kf and 1/n are 
computed as 10.16 mg/g and -0.166 
respectively for agitation rate variation in case 
of Cr(VI) adsorption by tea factory waste. The 
value of correlation coefficient in case of 
Freundluich isotherm is found to be 0.993 
which is very much closer to unity.  

 
 
 
 
 
 
 
 
 
 
 

Fig. 4 : Langmuir isotherm 
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Fig. 5 : Linearised form of Freundlich Isotherm 

Kinetic modelling 
Kinetics describes the solute uptake rate which 
in turn controls the resident time of sorbate 
uptake at the solid-solution interface. 
Therefore, it is important to be able to predict 
the rate at which pollutant is removed from 
aqueous solutions in order to design 
appropriate sorption treatment plants. 
Adsorption kinetics of metal transport onto an 
adsorbent can be controlled by several 
independent processes. These are (i) Bulk 
diffusion (ii) External mass transfer (film 
diffusion) (iii) Chemical reaction 
(Chemisorptions) and (iv) Inter-particle 
diffusion. These processes can act in series or 
parallel to account for the surface transport of 
a metal into an adsorbent. The kinetics           
of   heavy   metal   is   analyzed by four models  

namely Pseudo First order, Pseudo Second 
order, Elovich equation and Reaction Rate 
model for agitation rate variation in the present 
study. 
Pseudo First Order Model  
The pseudo order equation is generally 
expressed as follows19 : 
dqt/dt=K(qe-qt) 
where, qe and qt are the adsorption capacities at 
equilibrium and at time t, respectively(mg/g) 
and K is the rate constant. In the integrated 
form the equation becomes 
log(qe-qt) =log(qe)-(k/2.303)t  
Fig. 6 shows the plot between log(qe-qt) and t 
for the Pseudo First order model which is used 
to determine the value of k from the slope of 
the graph and described in Table 1. 

 
Fig. 6 : Pseudo 1st order for aggitaion rate 

Table 1 : Pseudo first order model parameters of the adsorption of Cr(VI) by tea factory waste 

Agitation rate k R2 
200 rpm 0.0368 0.984 

400 rpm 0.0391 0.974 

800 rpm 0.0529 0.966 
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Pseudo Second Order Model 
Second order rate equation is also widely used 
for metal ion sorption,which can be 
represented as equation20  
1/C – 1/C0 = K2 t : 

Where t is time in min, C is adsorbent dose mg/l, 
C0 initial adsorbent dose in mg/l. second order 
rate constant ‘k2’ values were determined from 
slope of the linearised plot between ‘1/C’ and ‘t’ 
as given in Fig. 7 and described in Table 2. 

 
Fig. 7 : Pseudo second order model for aggitation rate 

Table 2 : Pseudo second order model parameters of the adsorption of Cr(VI) by tea factory 
waste 

Agitation rate K R2 
200 rpm 0.001 0.096 

400 rpm 0.001 0.864 

800 rpm 0.002 0.828 

Elovich equation 
The linearised form of Elovich isotherm 
equation is represented as21-27 
q = (1/be) ln (abe) + (1/be) ln(t) 
Where, q is the adsorption capacity at time t. a 
represents the rate of adsorption at zero 
coverage   and  be  represents  extend of surface  
 

coverage and activation energy for adsorption. 
The linear plot between q and ln(t) is used to 
determine the values of a  and  be from the 
slope and intercept value of the plot. The 
mentioned linear plot for agitation rate 
variation is shown in Fig. 8 and described in 
Table 3. 

 
Fig. 8 : Elovich  model for aggitation rate 
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Table 3 : Elovich equation parameters of the adsorption of Cr(VI) by tea factory waste 

Agitation rate a 1/be R2 
200 rpm 5.48 1.311 0.991 

400 rpm 31.9 1.041 0.987 

800 rpm 34.45 1.084 0.979 

Reaction rate model 
Smith employed the reaction rate model in the 
study of heavy metal removal by adsorption. 
The linearised form of this model is given as : 
ln((C-Ce)/C)=-Ce Kr t + ln((Co-Ce)/Co) 
The rate constants Kr was determined from the  

slope of the linerarised plot of ln (1-(Ce/C)) 
versus time t. Test plots and q-t profile have been 
shown in Fig. 9 for Cr(IV). The values of (1-
(Ce/C)) become zero as q approaches qe whose 
logarithm could not be determined. Therefore 
those values could not be incorporated test plots 
and described in Table 4.  

 
Fig. 9 : Reaction rate model for aggitation rate 

Table 4 : Reaction rate model parameters of the adsorption of Cr(VI) by tea factory waste 

Agitation rate kr R2 

200 rpm 0.00742 0.975 
400 rpm 0.00884 0.991 
800 rpm 0.00982 0.971 

CONCLUSION 
The present study shows that tea factory waste is 
an effective and economical adsorbent for the 
removal of Cr(VI) from the aqueous solution by 
batch adsorption mechanism. The effect of 
different process parameters including initial 
metal ion concentration, adsorbent dose and 
agitation rate have been studied in the present 
study and it is found that the efficiency of metal 
ion adsorption increased with the increase in the 
adsorbent dosage and the metal ion uptake is 
increased by increasing metal ion concentration 
but decreased in percent adsorption of the total 
initial metal concentration.  

The isotherm study indicates that the 
experimental data are better fitted by the 
Langmuir model than the Freundlich model. In 
the kinetic analysis of the adsorption data, it is 
found that the experimental results can be well 
described by all the kinetic models used in the 
present study.  
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We generate our own environment. We get exactly what we deserve. How can we 
resent a life we've created ourselves? Who's to blame, who's to credit but us? Who can 
change it, anytime we wish, but us? 

Richard Bach 
 

 


