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Adsorption kinetics of removal of a toxic dye, Malachite Green,
from wastewater by using hen feathers
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Abstract

The paper includes meticulous utilization of hen feather as potential adsorbent to remove a hazardous triphenylmethane dye, Malachite Green
from wastewater. The adsorption studies were carried out at 30, 40 and 50 ◦C and effects of pH, temperature, amount of adsorbent, contact time,
concentration of adsorbate, etc. on the adsorption were measured. On the basis of adsorption data Langmuir and Freundlich adsorption isotherm
models were also confirmed. The adsorption isotherm constants thus obtained were employed to calculate thermodynamic parameters like Gibb’s
free energy, change in enthalpy and entropy. The paper also incorporates systematic kinetic studies of the ongoing adsorption process and a first
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rder adsorption kinetics was found to be operative during the adsorption. The specific rate constants at different temperatures were found to be
ependent upon the concentration of the dye. The adsorption was found to operate via film and particle diffusion process in the higher and lower
oncentration ranges, respectively.

2005 Elsevier B.V. All rights reserved.
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. Introduction

Removal of toxic substances from water has been a chal-
enge since long time and adsorption technique has proved best
o minimize this task [1,2]. It is now well established that for
he wastewater treatment, adsorption is a much better process
han other physical techniques like, flocculation, froth flota-
ion, etc. because of its efficacy and economy [3–7]. Moreover,
bility of adsorption to remove toxic chemicals without disturb-
ng the quality of water or leaving behind any toxic degraded
roducts has augmented its usage in comparison to electrochem-
cal, biochemical or photochemical degradation processes [8].
ecovery of costly toxic substances from the wastewater is an
dded advantage of the adsorption procedure.

For the past few years, the focus of the research is to uti-
ize cheap materials as potential adsorbents and the processes
eveloped so far are based on exploring those solid waste prod-
cts, which can prove economic and bring cost effectiveness.
ecently, this laboratory tested the adsorbing ability of hen

feathers and exploited its use as potential biosorbent for the
removal of a hazardous dye, Malachite Green. Hen feather,
which has so far used adsorbent to remove only metal impu-
rities from the wastewater [9–12] gave encouraging results for
the dye adsorption and the same have been documented in the
present paper.

The dye under consideration is Malachite Green, which is
an important water-soluble dye belonging to triphenylmethane
family. It is widely used to dye wool, silk, cotton, leather,
etc. materials. In the aquaculture, commercial fish hatchery
and animal husbandry it also acts as an antifungal therapeutic
agent, while for humans it is used as antiseptic and fungici-
dal [13–15]. Its oral consumption is carcinogenic and that is
why it is applied on the external wounds and ulcers [16]. The
available toxicological information reveals that in the tissues
of fish and mice Malachite Green easily reduces to persistable
leuco-Malachite Green [13,17], which acts as a tumor promoter.
Thus, the detection of Malachite Green in fishes, animal milk
and other foodstuff, destined for human consumption, alarm
the health hazards against human being [14,18]. Studies also
confirm that the products formed after degradation of Mala-
∗ Tel.: +91 9425025427 (mobile); fax: +91 755 2670904.
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chite Green are also not safe and have carcinogenic potential
[19,20].
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Keeping the toxicity of Malachite Green in view various
attempts have been made for its removal from the wastewa-
ter. These researches include photo-degradation [21], photo-
catalytic degradation [22] and adsorption. As far as removal
of Malachite Green through adsorption is concern, some solid
waste materials like activated products of carbon [23–27], sugar
cane dust [28], shale oil ash [29] and magnesium chloride [30],
etc. have been tested as adsorbents. But most of these materials
are either costly or useful in other purposes, while hen feather
is an easily available waste material, which can be obtained at
negligible cost.

2. Materials and methods

Malachite Green oxalate (I), N-[4-[[4-(dimethylamino)
phenyl]phenylmethylene]-2,5-cyclohexadien-1-ylidene]-N-
methyl-oxalate, (molecular formula C52H54N4O12), was
obtained from M/s. Merck and its 1 mM stock solution was
prepared in doubly distilled water. All other reagents used were
of A.R. grade. Hen feathers were collected from local poultry
farm and activated before use.

The pH meter, model number HI 8424 (M/s. Henna Instru-
ments, Italy) was used for monitoring the pH of solutions and
absorbance measurements were carried out in the wavelength
range 200–710 nm using UV–vis spectrophotometer, model
n
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hen feather at a desired pH and temperature. Conical flasks were
intermittently agitated for about 3 h to achieve equilibration and
no change in the amount of adsorbed dye was found by agitat-
ing the flask for 3–10 h. Thus to achieve equilibrium each flask
was shaked for about 3 h only. Feathers were now removed by
carefully filtering the mixture and concentration of the dye in
the equilibrated solution was determined spectrophotmetrically
by measuring the absorbance at λmax of 620 nm. It is important
to note that no shift in the peak was observed when wavelength
was recorded before and after the adsorption.

All kinetic measurements were carried out in a 100 mL air-
tight conical flasks using 25 mL solution of the dye of known
concentration and a known amount of adsorbent and flasks were
mechanically agitated in a water bath. The dye filtrate was
removed after a definite interval of time and analyzed spec-
trophotometrically.

3. Results and discussion

3.1. Adsorption studies

The amount of Malachite Green adsorbed over hen feathers
was monitored in the pH range 3–7 and the adsorption was found
to increase with increasing pH (Fig. 1). Since at pH 5.0, suffi-
cient uptake of the dye takes place, hence all further studies were
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umber 117 (M/s. Systronics, Ahmedabad, India).

Collected hen feathers were of about 1 cm length, which were
rst agitated and rinsed thoroughly in the pool of doubly distilled
ater and then dried. Soft barbs of every dried feather were
ow cut into small pieces of about less than 0.1 mm length and
ard middle rachis was removed and discarded. Barbs were then
reated with hydrogen peroxide (30%, v/v) for about 24 h to oxi-
ize the adhering organic material. The material thus obtained
as kept in an oven at 100 ◦C for 12 h for the removal of moisture

nd finally stored in a vacuum desiccator.
All the adsorption studies were carried out at 30, 40 and 50 ◦C

emperatures by batch technique. Adsorption of the 25 mL of dye
olutions of varying concentrations was carried out in a series of
00 mL graduated conical flasks after adding required amount
arried at pH 5.0. The pH profile clearly indicates that the proto-
ation of Malachite Green (pKa = 10.3) easily takes place in the
igh acidic medium; while with decrease in acidity of the solu-
ion the dye becomes more de-protonated. The low adsorption
f dye in highly acidic solution also shows possibility of devel-
pment of positive charge on the adsorbent, which inhibits the
dsorption of dye over it. However, on moving towards the basic
ange the uptake of dye increases due to change in its polarity,
hich might have developed electric double layer around the

dsorbent.
Concentration versus amount of the adsorbed dye graph

Fig. 2) at 30, 40 and 50 ◦C indicates that the uptake of the
ye increases at each temperature by varying the concentration
rom 1 × 10−5 to 1 × 10−4 M at pH 5.0. Fig. 2 indicates that

ig. 1. Effect of pH on uptake of Malachite Green (4 × 10−4 M) by hen feathers
0.1 g) at 30 ◦C.
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Fig. 2. Effect of concentration for the removal of Malachite Green by hen feath-
ers (0.1 g) at pH 5.0 and at different temperatures.

adsorption of the dye also increases with increase in tempera-
ture and suggests possibility of endothermic process during the
course of adsorption.

Linear forms of Langmuir Eq. (1) and Freundlich Eq. (2)
adsorption isotherm models were employed for the verification
of the sorption data and with the help of these models thermo-
dynamic parameters were also calculated.

1

qe
= 1

Qo
+

(
1

bQo

) (
1

Ce

)
(1)

log qe = log Kf + 1

n
log Ce (2)

where Ce is measured molar concentration in solution at equi-
librium, Qo the number of moles of solute adsorbed per unit
weight of adsorbent, qe the number of moles of solute adsorbed
per unit weight of adsorbent at concentration Ce and b, Kf and
n are constants.

Linearity obtained in case of both the models (Figs. 3 and 4)
confirms their applicability in the adsorption of Malachite Green
over hen feathers, at each temperature. Straight lines obtained for
both the models were used to calculate Langmuir and Freundlich
constants and given in Table 1. The values Langmuir constants
Qo and b are found to increase with increasing temperature,

F
h

Fig. 4. Freundlich adsorption isotherms for adsorption of Malachite Green over
hen feathers (0.1 g) at pH 5.0.

while that of Freundlich constants, Kf and n are almost similar.
The increase in value of Qo with temperature further indicates
the endothermic nature of the ongoing processes.

To confirm the favorablility of the process method of Weber
and Chakravorti [31] was adopted by calculating separation fac-
tor r [32], a dimensionless constant, using following equation:

r = 1

1 + bCo
(3)

where values b and Co were obtained from Langmuir isotherm.
At all temperatures the values of r were found between zero to
unity (Table 1) and indicate that the ongoing adsorption is highly
favorable.

Thermodynamic parameters were also calculated by using
following equations:

�Go = −RT ln b (4)

�Ho = −R

(
T2T1

T2 − T1

)
ln

(
b2

b1

)
(5)

�So = �Ho − �Go

T
(6)

where b, b1, b2 are the equilibrium constants at different tem-
peratures as presented in Table 1.

Obtained thermodynamic parameters, Gibb’s free energy
(
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ig. 3. Langmuir adsorption isotherms for adsorption of Malachite Green over

en feathers (0.1 g) at pH 5.0.
�Go), enthalpy of the process (�Ho) and entropy (�Ho) are
resented in Table 2. Negative value of �Go at each temper-
ture indicates the feasiblity and spontaneity of the ongoing
dsorption. A decrease in values of �Go with the increasing

able 1
reundlich constants, Langmuir constants and separation factor for the adsorp-

ion of Malachite Green over hen feathers (0.1 g) at pH 5.0 and different
emperatures

emperature (◦C) Qo × 10−5

(mol g−1)
b × 104

(L mol−1)
n Kf r

0 2.82 3.33 10.31 1.000 0.75
0 2.91 4.09 10.06 1.000 0.71
0 2.93 5.43 9.58 1.000 0.65
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Table 2
Thermodynamic parameters for the uptake of Malachite Green over hen feathers
(0.1 g) at pH 5.0

−�Go (kJ mol−1)
30 ◦C 26.23
40 ◦C 27.63
50 ◦C 29.28

�So (J K−1 mol−1) 20.01
�Ho (kJ mol−1) 152

temperature suggests more adsorption of the dye at higher tem-
perature. The endothermic nature of the process was once again
confirmed due to positive values of enthalpy change (�Ho). Pos-
itive value of entropy change (�So) indicates good affinity of
the feathers with Malachite Green.

3.2. Kinetic studies

To design an effective and quick adsorption model it was con-
sidered necessary to carry out adsorption with kinetics viewpoint
and effects of contact time, amount of adsorbent and concentra-
tion of adsorbate solution on the uptake of the dye was monitored
very carefully.

Figs. 5 and 6 exhibit contact time versus adsorbed amount
graph at 4 × 10−5 and 6 × 10−5 M concentrations of the dye,
respectively and indicate that with the increase in temperature
the amount of adsorbed dye increases. A further verification
of the endothermic nature of the process was done by calcu-
lating the half-life of process at each temperature, which was
found to decrease with increasing temperatures. Interestingly,
at all the temperatures equilibrium was found to establish more
rapidly (in just 90 min) in the lower concentration range of the
dye than at higher concentrations, where saturation takes place
in about 150 min. Hence, it was considered necessary to present
the kinetic data obtained at 4 × 10−5 and 6 × 10−5 M concen-
t
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Fig. 6. Effect of contact time for the uptake of Malachite Green (6 × 10−5 M)
by hen feathers (0.1 g) at pH 5.0 and at different temperatures.

did not affect the adsorbed dye’s amount. The rate of uptake of
the dye over adsorbent was also found to follow the same pat-
tern. As fairly good adsorption was achieved at 0.1 g of feathers,
hence studies were carried out on this amount only. At all the
temperatures, the half-life decreases with increasing amount of
adsorbent, which confirms dependency of amount of adsorbent
on rate of adsorption.

3.3. Adsorption rate constant study

To evaluate specific rate constants of Malachite Green—hen
feather adsorption at different temperatures following Lager-
gren’s first order rate expression [33] was applied:

log (qe − qt) = log qe − kads

2.303
× t (7)

where qe and qt are the amount adsorbed at equilibrium and time
t, respectively.

At all the temperatures the time versus log(qe − qt) graphs
exhibit a straight line (Figs. 8 and 9) and confirm the first
order nature of the process. The slop of these lines gave the
value of the rate constant, kads at each temperature, which were
found as 1.34 × 10−2, 1.36 × 10−2 and 1.43 × 10−2 min−1 at
30, 40 and 50 ◦C, respectively at 4 × 10−5 M concentration and
1.91 × 10−2, 1.93 × 10−2 and 2.12 × 10−2 min−1 at 30, 40 and

F
(

rations.
Effect of amount of adsorbent on the uptake of the dye was

lso observed (Fig. 7) and it was found that the adsorption of
he dye increases with increase in the amount of the hen feathers
rom 0.01 to 0.15 g. A further increase in the amount of the dye

ig. 5. Effect of contact time for the uptake of Malachite Green (4 × 10−5 M)
y hen feathers (0.1 g) at pH 5.0 and at different temperatures.
ig. 7. Effect of amount of adsorbent for the removal of Malachite Green
4 × 10−4 M) at 30 ◦C and pH 5.0.
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Fig. 8. Lagergren plot for Malachite Green (4 × 10−5 M)—hen feather system
at different temperatures.

50 ◦C, respectively at 5 × 10−5 M concentration of Malachite
Green. This also confirms the increase in uptake of the dye by
increasing temperature.

3.4. Rate expression and treatment of data

The kinetic data thus obtained has also been treated by inge-
nious mathematical treatment given by Boyd et al. [34] and
Reichenberg [35]. The treatment helps in predicting the mech-
anistic steps involved in the ongoing adsorption process, i.e.
whether the rate of removal of the dye takes place via particle
diffusion or film diffusion mechanism.

During the adsorption of an organic/inorganic substance over
a porous adsorbent, following three possible cases exist, particle
diffusion governance of rate, when external transport > internal
transport; film diffusion governance of rate, when external trans-
port < internal transport; and a third case, when external transport
≈ internal transport. The third case will give rise to formation of
a liquid film surrounding the adsorbent particles with a proper
concentration gradient, as transport of ions to the boundary may
not be possible at a significant rate [36]. Thus the third case may
be excluded for the consideration in the present discussion and

F
a

possibility can be explored for the rate determine step out of film
or particle diffusion.

Hence, to examine the actual process involved in the present
adsorption, mathematical Eq. (8) of the adsorption dynamics can
be employed.

F = 1 − 6

π2

∞∑
1

(
1

n2

)
exp(−n2Bt) (8)

where F is the fractional attainment of equilibrium at time t
and is obtained by using Eq. (9), n is Freundlich constant of the
adsorbate and Bt is a calculated mathematical function of F (and
vice versa) derived from the Reichenberg’s table [35].

F = Qt

Q∞
(9)

where Qt and Q∞ are amounts adsorbed after time t and after
infinite time, respectively.

On the basis of observed values of F corresponding values
of Bt was derived from the Reichenberg’s table [35] and time
versus Bt graph was plotted at 4 × 10−5 and 6 × 10−5 M con-
centrations of the Malachite Green at different temperatures.
Fig. 10 represents a typical time versus Bt plot at 50 ◦C for both
the concentrations and indicates that in the lower concentration
a straight line passing through origin is obtained, while at higher
concentration the nature of the graph is curvical. These natures
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ig. 9. Lagergren plot for Malachite Green (6 × 10−5 M)—hen feather system
t different temperatures.
f the graph confirm the involvement of particle and film diffu-
ion mechanisms as the rate controlling steps in the lower and
igher concentration ranges, respectively.

To reconfirm the above observations time versus log(1 − F)
Mckay’s plots) were plotted at different concentrations of Mala-
hite Green at different temperatures and straight lines deviating
rom origin were obtained in the lower concentration range,
hile graphs straight lines almost passing through origin were
btained at higher concentrations. Fig. 11 shows typical Mckay’s
lots at 50 ◦C for 4 × 10−5 and 6 × 10−5 M concentrations of the
alachite Green. These observations further support the fact

hat rate of adsorption of Malachite Green over hen feathers
ndergo via internal transport mechanism at low concentration

ig. 10. Time vs. Bt plot for the Malachite Green adsorption over hen feathers
t different concentrations and at 50 ◦C.
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Fig. 11. Time vs. log(1 − F) graph for Malachite Green—hen feather system at
different concentrations and at 50 ◦C.

range while at higher concentrations the external transport of the
dye seems to be operative [37].

4. Conclusions

Hen feathers were successfully used as adsorbent for the
removal of hazardous dye Malachite Green and adsorption of the
dye was found to increase with increasing pH, temperature and
concentration. The involved adsorption process was endother-
mic in nature and sorption data validates linear forms of Lang-
muir and Freundlich adsorption isotherm models. The values
Langmuir constants Qo and b are found to increase with increas-
ing temperature from 2.82 × 10−5 to 2.93 × 10−5 (mol g−1) and
3.33 × 104 to 5.43 × 104 (L mol−1), respectively, while that of
Freundlich constants, Kf and n were almost constant. To confirm
the favorablility of the process separation factor r was also cal-
culated and was found between zero to unity. Thermodynamic
parameters, Gibb’s free energy (�Go), enthalpy of the process
(�Ho) and entropy (�Ho) were found 26.23–29.28 kJ mol−1,
20.01 kJ mol−1 and 152 J K−1 mol−1, respectively.

Effect of amount of adsorbent indicates that the uptake of
the dye increases with increase in the amount of the hen feath-
ers from 0.01 to 0.15 g. The rate constants, kads of the ongoing
adsorption process were found as 1.34 × 10−2, 1.36 × 10−2

and 1.43 × 10−2 min−1 at 30, 40 and 50 ◦C, respectively
at 4 × 10−5 M concentration and 1.91 × 10−2, 1.93 × 10−2
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