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ABSTRACT

We have Investigated the possibility of using chitosan which has amino
groups, and therefore, has the advantage of more adsorption capacity and
much easier desorption. Chitosan is produced by deacetylatlon of chitin
which Is a natural biopolymer extracted from the shells of arthropods such
as lobsters, shrimps and crabs. In the present work, results for the batch
equilibrium of adsorption of reactive dye on chitosan from Its aqueous
solution at different particle sizes and temperatures have been reported . The
adsorption isotherms are foundto be described by Langmuir, Freundlich
and Redlich —Peterson types of equations . From the adsorption Isotherms,
the adsorption capacity, energy of adsorption, number of layers and the rate
constants are evaluated . The rate of adsorption on chitosan is found to be
dictated by variables such as temperature and particle size ate fixed pH.
Differential scanning calorimeter signals obtained with dye adsorbed on
chitosan samples Indicate that the dye Is chemiaorbed on chitosan ; and the
value of AH Is 23.685 JIg in the temperature range of 120—180 'C.
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INTRODUCTION

The dyestuff manufacturing and consuming indus-
tries are some of the loading consumers of water.
The effluents from their industries contain small
proportions of dyes which impart colour to water
and thus lower the aesthetic value of water . The
removal of colour from waste water is often more
important than the removal of soluble colourless
organic contaminants which usually contribute to
the major BOD load [1]. It is difficult to remove

the dyes from the effluent, because the dyes are
stable to light and heat, and are biologically non-
degradable . Hence, the conventional methods of
colour removal such as the primary and secondary
treatment systems employed in the sewage plants
are unsuitable [2] . Adsorption process has received
considerable attention for colour removal from
waste water and many adsorbents have been tried
for the same.

The present work deals with the perform-
ance evaluation of reactive dye. The present work

169



Batch Equilibrium Adsorption of Reactive Aye onto Natural Biopolymer

has been undertaken to study the adsorption of
dyestuff on chitosan, which is an adsorbent with
specific adsorbing capacity.

EXPERIMENTAL

Materials and Equipment
Chitosan is produced by deacetylation of chitin
which is a natural biopolymer extracted from shells
of shrimps and crabs . Since such arthropods are
abundantly available, chitosan may be produced
very cheaply. Also chitosan is' harmless to humans,
and it also has the potential to adsorb dyestuffs.
Different particle size ranges were tested. An ana-
lar grade of a reactive dye (Verofix Red) was used
as the sorbent material. The dye concentration was
estimated spectrophotometrically using Hitachi-U-
2000 at a wavelength of''mas 545 nm.

Batch Equilibrium Studies
Equilibrium adsorption isotherms were determined
using the batch studies. A portion of adsorbent
material, namely, chitosan of known weight (1 g)
and varying amount of initial dye concentrations
20, 40, 60, 80, 100, 120, 140, 160, 180, and 200
mg/L, were introduced into the reaction conical
flasks . The conical flasks were shaken for 24 h to
reach equilibrium. The time required to reach
equilibrium determined in equilibrium studies was
24 h.

The effect of adsorption isotherms were
studied by carrying out a series of isotherms at
different temperatures (30, 45 and 60 °C) and part-
icle sizes of 1 .651 mm, 0 .384 mm, and 0.177 mm,
respectively.

RESULTS AND DISCUSSION

Adsorption Isotherm
The equilibrium adsorption isotherm is of funda-
mental importance in the design of adsorption
systems . The isotherm expresses the relation bet-
ween the mass of dye adsorbed at a particular
temperature, particle size and liquid phase dye

concentration. Knowledge of the adsorption capa-
city of an adsorbent material, such as chitosan,
enables the design engineer to develop treatment
systems for particular adsorbate systems [3].

For any adsorption investigation, one of the
most important parameters required is to under-
stand the behaviour of the adsorption process in
the adsorption isotherm . The shape of an isotherm
not only provides information about the affinity of
the dye molecule for adsorption, but it also reflects
the possible mode of adsorbing dye molecule . The
most common way of obtaining an adsorption
isotherm, is to determine the concentration of dye
solution before and after the adsorption experi-
ments, although several direct attempts have been
made to find the adsorbed amount [4].

Langmuir Isotherm
Langmuir [5] suggested a theory to describe the
adsorption of dye molecules onto adsorptive
surfaces. The Langmuir adsorption isotherm has
found successful application to many other real
sorption processes and it can be used to explain
the sorption of dye into chitosan . A basic assump-
tion of the Langmuir theory is that sorption takes
place at specific sites within the adsorbent.

Theoretically, therefore, a saturation value is
reached beyond which no further sorption can take
place. To determine the adsorption capacity at
different particle sizes and temperatures, a study of
sorption isotherm is essential . The data obtained
from the adsorption experiment conducted in the
present investigation was fitted in different temp-
eratures and particle sizes in isotherm equation (Ce

vs qe) in Figures 1 and 2. The saturation value can
be represented by the expression.

X _ Q. C, (1)
q` m 1—aCe

(2)

A linear form of this expression is:

+ kqe k

A plot of (Celge vs Ce ) resulted in a linear
graphical relation indicating the applicability of the
above model as shown in Figures 3 and 4. The
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Figure 1 . Effect of temperature on specific dye uptake at
equilibrium.

values are calculated from the slope and intercept
of different straight line representing the different
temperature and particle sizes. K and a are
isotherm constants, and Q . is represented by K.

The Langmuir adsorption isotherm assumes
that the adsorbed layer is one molecule in thick-
ness . The strength of the inter-molecular attractive
forces is believed to fall off rapidly with distance.
Figures 3 and 4 illustrate the linear plot of the

Figure 3. Langmuir plot at different temperatures.

Langmuir equation. The isotherm constants to-
gether with the concentration range over which the
constants hold are presented in Table 1.

The Langmuir isotherm constant (Q ct ) in eqn
(1) is a measure of the amount of dye adsorbed,
when saturation is attained . The solute is adsorbed
onto the surface due to the affinity of the surface
for the solute. When all the available monolayer
sites taken up then it is proposed by Stephen et at.
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Figure 2. Effect of particle size on specific dye uptake at
equilibrium . Figure 4. Langmuir plot at different particle sizes.
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Table t Langmuir, Freundlich and Redlich-Peterson isc4herm constants at different particle size and temperature.

Panicle Langmuir Freundlich Redlich- Temp. Langmuir Freundlich Redlich-
size K a 11n k f Peterson (C) K

	

a 11n kr Peterson
(mm) (mglg) (mg/L) aR b ( mg lg )

	

(mg/L) aR b

1 .651 0 .804 0.0032 1 .002 0.223 0 .0018 1 .083 30 0.912 0.0030 0.9386 0 .030 0 .034 0.511
0.384 0 .912 0.0030 0 .9386 0.030 0.0340 0.511 45 1 .030 0 .0035 0.8849 0 .079 0 .013 0.760
0.177 1 .075 0.0040 0 .8900 0.110 0 .0100 0 .760 60 1 .052 0 .0034 0 .8400 0.086 0 .012 0.755

_

[6] that some fresh internal surface can be created.
The creation of the additional surfaces arises from
the pressure of adsorbate molecules forcing into
the macropore and micropore structures . It is also
clear from the shape of the adsorption isotherm,
that it belongs to the L2 category of isotherms,
which indicates the normal or Langmuir type of
adsorption [8]. Such isotherms are often encount-
ered when the adsorbate has a strong intermolecul-
ar attraction for the surface of the adsorbent. The
L2 shape of isotherm observed in the present case
clearly implies that reactive dye molecules must
have been strongly attached to the chitosan.

The adsorbate molecules can be linked to
ranges of molecules creating access to new surfaces
and effectively clearing blocked pores. The process
will tend to further increase the adsorptive capacity
of the adsorbent with a consequent reduction in
(11Qp) the slope of the linear plot.

The feasibility of the process is expressed in
terms of a dimensionless constant, (or) separation
factor, and (or) equilibrium parameter (RL) defin-
ed as in re£[7].

1
RL = - 1 + aCe

where, is a constant related to energy Langmuir
isotherm, and Ce is the initial concentration. The
values of RL denote the unfavourable (R>1),
linear (R=1), or favourable (R<1) process at
different temperatures and particle sizes as in
Table 2.

Freundlich Isotherm
The Freundlich equation [8-10] is used for heter-
ogeneous surface energies in which the energy
term, a, in the Langmuir equation varies as a func-
tion of the surface coverage, (q e ), strictly due to

(3)

Table 2. Langmuir isotherm with separation factor (R L) at different particle size and temperature.

Initial
concentration

Ce (mg1L)

Particle size (mm) Temperature (C)

30 45 601 .651 0 .384 0 .177

20 0 .9398 0.94,34 0.9259 0 .9434 0.9346 0.9363

40 0.8865 1 .8929 0 .8621 1 .8929 0 .8772 0.8803
60 0.8389 0.8474 0.8064 0.8474 0.8764 0 .8306

80 0.7962 0.8064 0,7576 0.8064 0.7812 0 .7861

100 0.7576 0 .7692 0.7143 0.7692 0.7407 0 .7463

120 0.7225 0 .7353 0.6757 0.7353 0 .7042 0 .7102

140 0.6906 0.7042 0 .6410 0.7042 0 .6711 0.6775

160 0 .6614 0,6757 0.6097 0 .6757 0 .6410 0 .6477

180 0 .6345 0 .6493 0 .6814 0 .6493 0 .6135 0.6203

200 0.6097 0.6250 0 .5555 0.6250 0 .5882 0 .5952
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Figure 5. Freundlich plot at different temperatures.

variation in the heat of adsorption . The Freundlich
equation has the general form:

tie = kfCeh'

A logarithmic plot linearizes eqn (4):

log qe = log kf + 1/n log Ce

where,
k f : Adsorption capacity, (mg/g)

Figure 5 . Freundlich plot at different particle sizes .

n: Adsorption intensity
The Freundlich equation predicts that the dye con-
centration on the adsorbent will remain constant
with increased temperature, and the particle size
decreases as long as there is an increase in the dye
concentration in the liquid. Figures 5 and 6 illust-
rate the logarithmic plot of the Freundlich expres-
sion of reactive dye . The figure exhibits deviation
from linearity on the Freundlich log plot.

Freundlich isotherm has been illustrated to
be a special case of heterogeneous surface energies
and it can be easily extended to this case. The
various constants, associated with the isotherm, are
the intercepts which are roughly the indicators of
sorption capacity (kr) and the slope (l/n) sorption
intensity. The kf and 1/n values are calculated from
the intercept recorded as in Table 1.

Redlich-Peterson Isotherm
Jossens et al. [11] incorporated the features of the
Langmuir and Freundlich isotherms and presented
a general isothermic equation in agreement with
that of Redlich and Peterson [12].

_ KC.
q` _ 1 — a RCe

K, aR, . and b are isotherm constants. These can be
obtained from the linear plot represented by eqn
(7).

1n[KC̀] — 1 = b 1nC e — In a R
qe

where,

aR : Redlich—Peterson isotherm constant
b : Redlich—Peterson isotherm exponent

Figures 7 and 8 illustrate the Redlich—
Peterson isotherm in eqn (7) . The solubility of a
dye is an essential property to enable the dye to
penetrate into the porous structure of the chitosan.
The process will be assisted if the dye ion with the
adsorbent carries an opposite charge. This is the
case for the chitosan cationic dye sorption process
currently under study. The reactive dye ions pro-
duce different physical and electrochemical attrac-
tion forces according to their structure, molecular

(4)

(5)
(6)

(7)
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Figure 7. Redlich—Peterson equilibrium isotherm of
reactive dye at different temperature on chitosan.

size, and functional groups- The dyeing process can
be a combination of ionic attraction, repulsion,
hydrogen bonding, ion-dipole forces, covalent
bonds and van der Waals forces. The isotherm con-
stants are given in Table 1.

Instrumental Studies on Dye Desorption
The dye adsorbed samples of chitosan were sub-

Figure B. Redlich—Peterson equilibrium Isotherm of
reactive dye at different particle size on chitosan .

jected to thermogravimetric analysis (TA 3000, TG
50) to check either thermal stability . The samples
were found to undergo decomposition at 300 °C;
hence differential scanning calorimetric studies on
chitosan were carried out m the range of 50—
300 °C by adopting Aboul and Hajjaji [13—14]
nullifying technique, and therefore, the following
information were obtained.

-The desorption was exothermic ; Nature of the
adsorption indicated that chemisorption was in-
volved. The temperatures ranged between 120 and
180 °C.

-The magnitudes of AH : 23 .685 J/g.
In this technique the sample cell contained

the dye adsorbed sample, whereas the reference
cell contained dye free sample . No purge gas was
used for this desorption studies. Differential scan-
ning calorimetric (DSC) signals obtained with dye
adsorbed on chitosan samples are illustrated in
Figure 9. The exothermic signal obtained from
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150

	

200
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Figure 9. Differential scanning calorimeter (DSC) thermo-
gram for desorption of reactive dye on chitosan.
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DSC indicates that the dye had been chemisorbed
on chitosan . The value of All, enthalpy of adsorp-
tion: 23 .685 J/g), and temperature 120—180 °C
indicate that the strength and density of acidic sites
are weak and limited, respectively.

CONCLUSION

The fitness of Langmuir's model in the present sys-
tem shows the formation of monolayer coverage of
the adsorbate at the outer surface of the
adsorbent.

Other models like Freundlich and Redlich-
Peterson isotherms were tested . The values of
dimensionless equilibrium parameter (RL) at differ-
ent temperatures and particle sizes indicate the
favourability of the process described in the
present study.

SYMBOLS AND ABBREVIATIONS

a

	

Langmuir constant related to the energy of
adsorption, (mg/g).

aR Redlich—Peterson isotherm constant.
b

	

Redlich—Peterson isotherm exponent.
Ce Equilibrium liquid phase solute concentra-

tion, (mg/L).
kl	Adsorption capacity, (mg/g).
K

	

Langmuir constant related to the adsorption
capacity, (mg/g).

M Mass of adsorbent, (g).
n Adsorption intensity.

qe

	

Equilibrium solid-phase solute concentration,
(mg/g).

Q Langmuir monolayer capacity, (mg/g).

x Mass of dye adsorbed by solid, (mg).
DSC Differential scanning calorimeter.
DIl Enthalpy of adsorption (Jig).
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