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ABSTRACT

Chitosan has the ability to adsorb substantial quantities of dyestuff from
aqueous solution . Currently, it may be a useful adsorbent for the effluent of
textile mills . The design procedure for batch study has been investigated for
dyestuffs . The effect of several factors governing the dye adsorption such as

dosage, temperature, pH and particle size have been investigated . The batch

adsorption kinetic study satisfied the model proposed by increasing dosages
at generalized rate constant (6 .26 to 5 .64 k /min), intra-particle diffusion (kr =

3 .13 to 4 .63 mglg, 0 .5 min) and Langergrens rate constant (kp = 0 .1952 to
0 .1663 per min). Adsorption was found to increase on increasing temperature

(30°C, 45°C and 60°C), increasing pH (6 .7, 8 .5 and 9.5) and on decreasing

particle size (1 .651 mm, 0 .384 mm and 0 .177 mm) . Maximum amount of dye
adsorption occurred at temperature level 60°C (29 .9 mg/g) ; at pH level 9 .5
(29 .8 mglg) and particle size 0 .177 mm (30 .0 mglg) . Also, desorption studies

are evaluated at different temperatures and pH.
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INTRODUCTION

Dyeing waste-water has pollution problem because
of its colour and organic content . A combination of

several processes is generally necessary to achieve

adequate removal of all contaminants . Dyeing and

finishing processes are two important steps in the

textile manufacturing process [1,2] . The steps

involve the dyeing of man-made or, natural fibres to

the desired permanent colours and processing of

these fibres into commercial products, subsequently

discharging the waste-water . Before directing these
waters away from the industry, they should be treated

to remove organic wastes and colouring agents . For
this adsorption has evolved as one of the most

effective and economical, physical; processes for

decolourization of textile waste-water.
The most efficient and commonly used

adsorbent is activated carbon [3] . However, activated
carbon is costly and has regeneration problems.

Recent investigations have focused on the use of
low-cost materials such as rice hulls [4], coconut
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husk [5], maize cobs [6], banana pith [7], saw dust
[8], fly ash [9], hexane-extracted spent bleaching
earth [10], chrome sludge [11] and chitin [12,13] to
remove dyes with varying degrees of success . In this

experiment study, we have investigated the
possibility of using chitosan, which has amino. group
and therefore has the advantage of better adsorption
capacity and regeneration.

Chitosan is a natural chelating polymer
obtained by deacetylation of chitin . Chitin is a
polymer derived from arthropods like crab, lobsters
and shrimp; it also occurs in a number of other
groups of animals and organisms [14-19] . Chitin is
treated with alkali hydroxides at higher temperature
(150' C - 160 'C) . The acetyl group is detached and
the polysaccharide chitosan is formed [20] . Chitosan,
as usually prepared for chemical studies, is a
colourless amorphous solid insoluble in water, dilute
acids, dilute and concentrated alkalies and all organic
solvents, but soluble in anhydrous formic acid in
hydrochloride solution and in concentrated mineral
acids . Chitosan is harmless to humans and it has the
potential for the adsorption of dyestuffs.

The list of applications for chitin and chitosan
is extensive which includes adhesives, food
processing, paper and textile additives, wound-
coating accelerants and waste-water treatment [19].
In the present study, results of batch kinetics studies
of dye adsorption on chitosan using variables such as
dosage, particle size, temperatures, pH and
desorption are reported.

EXPERIMENTAL

Materials
Chitosan is a chelating polymer, obtained by the
deacetylation of chitin. Chitosan intended to be used
as the adsorbent was supplied by a local manufactur-
ing industry Ms. Chempol Complex Pvt . Ltd .,
Ramapuram, Nellore, India . It was sieved into
discrete particle size ranges . The dye used in the
adsorption experiment was basic methylene blue
obtained from the Department of Textile Technology,
Anna University, Chennai, India .

Batch Kinetic Study
Batch adsorption and desorption experiments were
performed by using the following parameters like
dosage of adsorbent, temperature, pH and particle
size. Batch adsorption experiments were carried out
using different composition feed mixtures taken in
various flasks placed in a shaking thermostat
(120 rpm) . This enables us to generate a laboratory
condition analogous to natural water system. At the
end of predetermined intervals, the adsorbent was
collected by centrifugation and the progress of adsor-
ption was determined spectrophotometrically using
Hitachi-U-2000 at AMnax = 663 nm, respectively. The
different parameters studied are as the following:

Effect of dosage on chitosan concentration (1 .0,
1 .5, 2 .0 and 2 .5 g/L) : This was carried out at
constant temperature (30°C) and pH (6 .7) using
40 mg/L basic methylene blue and 0.384 mm size

adsorbent.
Effect of pH (6 .7, 8 .5 and 9 .5) : This was carried
out at constant temperature (30°C) using 1 g of
chitosan (0 .384 mm) and 40 mg/L basic
methylene blue.
Effect of temperature (30°C, 45°C and 60°C) : At a
constant pH of 6.7 using 1 g of chitosan
(0 .384 mm) and 40 mg/L basic methylene blue,
the temperature effect was experimented.
Effect of particle size on chitosan concentration
with 1 g of chitosan (1 .651 mm, 0 .384 mm and
0 .177 mm): Maintaining a constant pH (6 .7) and
constant temperature (30°C) and using 40 mglL
basic methylene blue, the effect of particle size on
chitosan was determined.
Desorption studies: One litre of double distilled
water was treated with 1 g of the dye-adsorbed
chitosan for the experimental studies at different
time periods (min) with constant stirring.
Experiments were carried t out at different
temperatures and pH.

RESULTS AND DISCUSSION

For the kinetic study of the adsorption process under
consideration the following generalized model was
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employed [21, 22].

1 IC, = k/C,,,,, x 1 it + 1/Ctn „

Where, Ct is the amount of dye adsorbed, C, ax is the
maximum amount of dye adsorbed, t is the stirring
time and k is the generalized rate constant.

A plot of (C,) vs. (t) for increasing amounts of
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Condition- pH= 8 .7, temperature = 30°C . particle-size= 0- 384 mm

Figure 2 . Generalized rate constant plot at different
dosages.
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adsorbents is shown in Figure 1 . The amount of dye
adsorbed at different time intervals for increasing
amounts of adsorbents (1 .0, 1 .5, 2 .0 and 2 .5 g/L at
constant particle size 0 .384 mm) was found to be
increasing [23, 24] . Its magnitude is represented by a
plot of (1/C,) against (lit) in Figure 2 . As the dosage
increased, the amount of adsorption also increased.
The generalized rate constant (k) is shown in Table . 1.

Intra- particle Diffusion Study
For the adsorption of dye using chitosan, there is the
possibility of intra-particle diffusion . This was
explored by plotting the amount of dye adsorbed
against lit (min)" for increasing amounts of
adsorbent (1 .0, 1 .5, 2 .0 and 2 .5 gIL) as shown in
Figure 3 . The plot result in linear relation indicating
the existence of intra-particle diffusion rate constant
(kp ) calculated from the slope of the plot is recorded
in Table 2 along with the adsorption rate constants
(kJ . The extrapolation of the linear portion of these
curves intercepts the axis . These intercepts give an
idea of boundary layer thickness, that is the larger the
intercept, the greater is the boundary layer effect
[25-27].

Rate Constant Studies
The rate constant for the adsorption of solutions for
different increasing amounts of adsorbents was stud-
ies in the light of Langergren's equation [11, 22, 28].

log (C,,,,,- Ct) = log

	

- (kad/2 .303) t

A plot of log (C,,,,x - C,) vs. t is represented in
Figure 4 . A linear relation was observed indicating
the applicability of the above equations, and the first
order nature of the process [23, 24] . The average
value of the rate constant (k, d ) and logC,,,,,; were
calculated from the slope and intercept of the curve.
These are recorded in Table 3.

Effect of Temperature
The studies relating the effect of temperature on
adsorption was carried out at three different
temperatures (30 "C, 45 'C and 60C) with a dye
concentration of 40 mg/I- and 1 g of (0 .384 mm)
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Condition pH= 87: temperature= 30°C : particle-size= 0 .384 mm.

Figure 1 . Variation of dye adsorption with time at different
dosages .
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Table 1 . Generalized adsorption for rate constant at
increaseing amount of dosages.

Dosage (g) k (min 1 ) C,,

	

(mglg)
1 .0 6 .26 26 .60
1 .5 6 .07 30 .40
2 .0 5 .90 33 .33
2 .5 5 .64 38 .39 .

Table 2. Adsorption of intra-particle diffusion rate constant
at increasing amount of dosages.

Dosage (q) kp, mg/g (min 0'5) kad (minl )
1 .0 3 .13 10 .81
1 .5 3 .54 12 .58
2 .0 4 .38 13 .16
2 .5 4 .63 16 .00

Table 3 . Adsorption rate constant (Langergren's equation)
at increasing amount of dosages.

Dosage (q) kad (min -1 ) Log C,,
1 .0 0 .1952 1 .477
1 .5 0 .1673 1 .475
2.0 0 .1892 1 .531
2.5 0 .1883 1 .992

chitosan, keeping the other parameters constant . The
results on dye adsorption at these temperature would
increase the mobility of the large dye ion and also
produces a swelling effect within the internal struc-
ture of the chitosan, thus enabling the large dye
molecule to penetrate further [28-36] . The temper-
ature affects the adsorption rate by altering the mole-
cular interactions and the solubility [34] . Increased
adsorption at higher temperature is difficult to
explain [34] . The higher removal due to increasing
temperature may be attributed to chemical reaction
taking place between the functional groups of the
adsorbate/adsorbent and the dye [34-36] (Figure 5).

Effect of pH
The effect of pH on adsorption process was studied
at three different pH values (6 .7, 8 .5 and 9.5) keeping
other parameters constant. The result of variation on
dye adsorption at these pH values is shown in Figure
6. This may be due to the number of positive charges
on the adsorbent surface, which leads to the
attraction of the negatively charged dye molecule and
thereby, increasing the dye adsorption . The dye
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Figure 3 . Intra-particle diffusion plot for the adsorption of
basic dye on chitosan.

adsorption may also derive support from the ion
exchange reaction . All amino groups of the chitosan
fibres are captions and thereby the dye anion is

2 .0

Figure 4 . Lagnergren's plot for the adsorption rate of the
dye on chitosan.
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60
pH: 8 .7

Temp : 30 'C

Partitle-size:
• 1 .851 mm
A 0 .384 mm

0 0 .177 mm
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pulled inside strongly by electrostatic attraction [23,
24,301 . The positive charge of the adsorbent ecreases
with increased degree of cross-linking . In the
structure of basic dye N(CH 3 ) 2 [30, 37, 38], the
amino group of chitosan is tertiary which involves in
hydrogen bonding . An increase in pi-1 results in
increased adsorption.

Effect of Particle Size
Adsorption of dye for three different particle sizes on
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Figure 8. Variation of specific dye uptake with time at
different pH.
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Figure 7. Effect of specific dye uptake at different particle
sizes.

chitosan (1 .651 mm, 0 .384 mm and 0 .177 mm) was
studied keeping the other parameters as constant . The
results of variation of this particle size on dye
adsorption are shown in Figure 7 . It can be observed
that as the particle size decreases, the adsorption of
the dye increases and hence the removal of the dye
increases . This is due to larger surface area that is
associated with smaller particles . For larger particles,
the diffusion resistance to mass transport is higher
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Figure 5 . Variation of specific dye uptake with time at
different temperatures .
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Figure 8. Effect of temperature on desorption.
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and most of the internal surface of the particle may
not be utilized for adsorption and consequently, the
amount of dye adsorbed is small [38] . It is also
observed that as the particle size decreases, the dye
uptake, that is the amount of dye adsorbed on the
particles increases . Even though small particles are
better for colour removal from the effluent, one
cannot use small particles in a continuous packed bed
adsorbed because of the high-pressure drops
encountered [20, 30, 37) . Such an effect is probably
due to inability of the large dye molecule to penetrate
all the internal pore structure of the chitosan and
similar phenomenon was reported previously [3, 7, 9-
12, 20, 29-31] for the adsorption of certain dyes on
various adsorbents.

Desorption and Regeneration Studies
After confirming the fact that chitosan is capable of
adsorbing the dye on the surface, it becomes
necessary and imperative to know the nature of the
process, by which the dye remains adhered to the
surface of the material . The nature of adherence of
the dye onto the surface of the material may be
purely physical or chemical, involving a chemical
bonding between the two adhering substances or it
may be both . The nature of bonding can be elicited
by subjecting the adhered material to desorption and

regeneration [31, 32] . In the present investigation,
experiments were conducted to ascertain the nature
of binding of dye onto the material surface.

The adsorption of dye at different pH (6 .7, 8 .5
and 9 .5) values and temperatures (30°C, 45°C and
60°C) keeping other parameters constant were
studied . The results of variation at these temperatures
and pH's are presented in Figures 8 and 9 . The
desorbed dye was found to be negligible ; one may
conclude that the binding of the dye on the material
under study may be purely physical in nature [12, 20-
22] . However, this needs further confirmation
through elaborate experimentation . Chitosan is a
naturally occurring material, a chelating polymer . In
this polymer, the presence of hydroxyl and amino
group makes it a potential adsorbent for textile dye
effluent. It seems likely that mechanism of adsorp-
tion may be the following:

The amino group of chitosan, R-NH 2i may
dissociate into (R-NH 3 )° according to the following
equation:

H 2O _	 - H+ + OW

	

( I )

R-NH 2 + H +

	

.	 -

	

( R -NH 3) +

	

( 2 )

The value of 0(1, in the above equation is 7 .7 [19].
About 20 of the amino groups dissociate into
(R-NH3)+ even at pH 6 .9 . The anion may be adsorbed
by the electrostatic attraction between basic
methylene blue and (R-NH3 )° concentration of amino
group . The structure of basic methylene blue and
their involvement in hydrogen bonding with chitosan
is revealed by higher amounts of the dye removal
[20] . The higher the degree of cross-linking, the
lower the concentration of amino group . The positive
charge of the fibre may decrease with the increased
degree of cross-linking.

The water content decreases with increased
degree of cross-linking . This is because the swelling
of the adsorbent decreases with increased cross-
linking [12] . The positive charges may decrease with
increased degree of cross-linking . Therefore, the
amount of dye adsorbed may decrease with increased
degree of cross-linking [22, 24, 301.
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CONCLUSION

The experimental results show that chitosan is a
suitable adsorbent for adsorption of basic methylene,

blue . Adsorption of 100 percentages is possible in
the higher temperature, increasing adsorbent dosages
and decreasing particle size ranges . Using batch
kinetics data such as : generalized rate constant, intra-

particle diffusion and Langergren ' s rate constant

were calculated.
Chitosan adsorbs a higher amount of dye when

compared to activated carbon, fly ash, fuller earth,
china clay, peat and rice husk based on availability,
low cost and higher adsorption capacity . The use of
chelating polymer (chitosan) for adsorption process
was technically and economically feasible . The dye
adsorbed on chitosan can be easily regenerated and
could be further used in the application of
membranes and biochemical areas.

SYMBOLS AND ABBREVIATIONS

C t Amount of dye adsorbed at any time (mg/g).
C max : Maximum amount of dye adsorbed (mg/g).

K: Generalized rate constant (min-1 ).
t : Constant time (min).
Kad : Rate constant of adsorption (min-t ).

KP : Intra-particle diffusion rate constant and
diffusion rate, mg/g (min0 'S ).
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