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ABSTRACT

The kinetics, thermodynamic, and adsorption studies on removal of chromium(VI) from
aqueous and in presence of industrial solvents 2-methoxyethanol and 2-ethoxyethanol with
macroporous resin Tulsion A-27 was studied at varying concentration of Cr(VI), adsorbent
dosage, pH, contact time, and temperature. Batch shaking sorption experiments were carried
out to evaluate the performance of Tulsion A-27(MP) anion exchange resin in the removal of
Cr(VI) from aqueous and mixed aqueous solvents, 2-methoxyethanol and 2-ethoxyethanol.
The concentrations of Cr(VI) in aqueous and mixed aqueous solvents were determined by
UV-Visible spectrophotometer. As the adsorption process is pH dependent, it showed maxi-
mum removal efficiency of Cr(VI) in the pH range of 5–6 for an initial chromium concentra-
tion of 0.0011M. Effect of temperature on the equilibrium constant was studied and the
thermodynamic parameters were evaluated. Kinetic experiments revealed the dominance of
adsorption. The sorption models, Langmuir and Freundlich adsorption isotherms, were dis-
cussed on amount of Cr(VI) uptake. The resin was analyzed by infrared spectroscopy and
scanning electron microscopy before and after the adsorption process. The sorption of Cr(VI)
by the anion exchange resin was reversible and so it has good potential for the removal/
recovery of Cr(VI) from aqueous and mixed aqueous solvents. The anion exchange resin can
be used for the efficient removal of Cr(VI) from water and wastewater.

Keywords: Chromium removal; Ion exchange resin; Adsorption; Kinetics; Thermodynamic
parameters

1. Introduction

Heavy metals are discharged into the environment
in large quantities. These metals are of special concern
because they are nonbiodegradable posing a number
of environmental problems [1]. Among these, Cr, Ni,
Zn, Cu, and Cd are considered as priority metals from
the point of view of potential health hazards to

human beings [2–5]. Chromium and its compounds
are widely used in many industrial processes such as
chrome plating, textile dyeing, pigmenting, paper and
pulp, tanning, rubber, battery, anodizing, photo-
graphic material, etc. The wastewater resulting from
these processes contain large amounts of chromium
which is harmful for human health and environment
[6,7]. Industrial effluents from chrome plating,
tanning, paper and pulp may contain chromium
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concentration ranging from 10 to 100mg/L [8].
Chromium exists in various oxidation states from +2
to + 6. Among these, + 3 and + 6 states of chromium
compounds are most commonly used in practice [9].
Hexavalent chromium is oncogenic and produces
1,000 times more toxicity than trivalent chromium
[8,10]. Hexavalent chromium compounds are classified
in water hazard as class three and are very toxic even
at low concentrations for living organisms [11]. The
mechanism of toxicity is pH dependent. Contrarily,
trivalent chromium in small doses is required as a
dietary component for human, plant, and animal
metabolism. Deficiency of chromium in human beings
leads to certain types of diabetes, cardiovascular dis-
eases, and nervous system disorders [12]. Through
contaminated food and drinking water, human beings
are exposed to excessive amount of Cr(VI). Hexava-
lent chromium compounds are mobile and hence they
readily enter into underground waters [13] and make
them toxic. The recommended limit of hexavalent
chromium in drinking water is 0.05 ppm [14–18].

Recently, there has been a growing concern with
environmental protection and therefore the removal of
hexavalent chromium from water and wastewater is
of great importance due to its toxicity [19–21]. Several
methods are reported in literature for the removal of
toxic metal ions from aqueous solutions [22,23]. These
include adsorption, precipitation, coagulation, phy-
toextraction, ultrafiltration, membrane separations,
reverse osmosis, solvent extraction, electrodialysis,
and evaporation [24–26]. However, most of these
methods are not suitable for the treatment of water
because of the drawbacks such as high capital and
operational costs or the disposal of the residual metal
sludge [27]. Among all these techniques, ion exchange
is an user-friendly technology for the removal of Cr
(VI) [28] as it reduces the problem of sludge disposal.
Ion exchange resins have been widely used to remove
toxic Cr(VI) ions from water and wastewater. A num-
ber of investigators have studied the removal of hexa-
valent chromium by ion exchange [29,30]. Ion
exchange is one of the most efficient and economical
methods for the removal of toxic ions [31–33]. Due to
high chemical and mechanical stability and high ion
exchange capacity, anion exchange resins are used to
remove Cr(VI) from water and wastewater.

The objective of the study was to remove Cr(VI)
from water and water–organic solvent mixed media
using a strong base anion exchanger Tulsion A-27(MP).
In addition to kinetic and thermodynamic parameters,
the effect of chromium concentration, temperature, pH,
agitation time, resin dosage, and dielectric constant of
the medium were also studied. The macroporous resin
Tulsion A-27 has a greater porosity and hence it was

used for separation of Cr(VI). The solvents, 2-methoxy-
ethanol and 2-ethoxyethanol, were used in the present
study to understand the effect of organic solvent on
removal of Cr(VI) in mixed media as they are widely
used as industrial solvents. They are mainly used in
the manufacture of paints, varnishes, and dyes as they
are easily miscible with water, which makes possible
entry into water and wastewater [34,35].

2. Experimental

2.1. Materials

Exchange studies of chromate were carried out
using deionized water free from CO2. Strong base
macroporous resin Tulsion A-27(MP) was supplied by
Thermax Limited, Pune, India. The physical properties
of the resin are presented in Table 1. The resin was
reconditioned and air dried before carrying out the
experimental work.

All the chemicals and reagents used were of
analytical grade. The solvents, 2-methoxyethanol and
2-ethoxyethanol, were obtained from Acros Organics,
USA. Molar solutions of K2CrO4 were prepared in
water and water–organic solvent mixed media.

2.2. Methods

Batch ion exchange studies were carried out by
stirring the 30ml of chromate solutions with 0.025 g of
resin Tulsion A-27(MP) for a period of 6 h at
controlled temperatures of 303, 313, and 323K in a
thermostatic water bath incubator shaker (Toshiba
make) until the equilibrium was reached.

After the equilibration, the resin was separated by
filtration and the supernatant liquid was analyzed
spectrophotometrically to determine the concentration
of Cr(VI) with 1,5-diphenyl carbazide method [30]
using a UV-Vis spectrophotometer (Varian Cary 50 Bio)
(k: 540 nm).

Table 1
Characteristic properties of strong base anion exchange
resin Tulsion A-27(MP)

Resin Tulsion A-27(MP)

Type Strongly basic, Cl� form

Matrix structure Styrene–DVB

Functional group Quaternary ammonium-I

Total exchange capacity 0.82m.eq./250 g

Moisture content 43.5%

Stability 80˚C

pH range 0–14

Screen size 16–50 US mesh
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The ion exchange reaction of Cr(VI) can be
depicted as:

2RClþ CrO2�
4 �R2CrO4 þ 2Cl� ð1Þ

in which R represents the resin matrix.
Equilibrium distribution coefficient (Kd) was

calculated [32] using Eq. (2).

Kd ¼ qe
Ce

ð2Þ

where qe is the amount of metal ion adsorbed at equi-
librium (mol) and Ce is the equilibrium concentration
of metal ion in solution (mol).

Equilibrium distribution coefficients for Cr(VI) on
Tulsion A-27(MP) anion exchange resin in water and
water-2-methoxyethanol and water-2-ethoxyethanol
are represented in Table 2.

Cr(VI) recovery factor was calculated using the Eq.
(3).

%R ¼ Ca

Co
� 100 ð3Þ

where Ca is the concentration of Cr(VI) adsorbed on
the resin (mol) and Co is the initial concentration of
Cr(VI) (mol).

3. Results and discussion

3.1. Fourier transform infrared spectroscopic analysis

Fourier Transform infrared spectroscopic (FT–IR)
spectra of resin Tulsion A-27(MP) before and after
adsorption process are shown in Fig. 1. The FT–IR
spectra after adsorption process shows changes in the
absorption peaks of 3,615, 3,741, and 3,846 cm�1 corre-
sponding to –NH and –OH vibrational bands; new
peaks were observed at 1,380 and 1,415 cm�1 corre-
sponding to vibrational bands of carboxylic groups.
These changes in absorptions bands in the FT–IR spec-
tra of resin after adsorption indicated that –OH, –NH,
and carboxylic groups of resin play a vital role in the
adsorption Cr(VI) [36–38].

3.2. Scanning electron microscopy of Tulsion A-27(MP)

Scanning electron microscopy (SEM) is widely
used to study the surface morphology of the adsor-
bent materials. SEM images of resin Tulsion A-27(MP)
were obtained before and after adsorption of Cr(VI)
(Figs. 2(a) and 2(b)). The surface morphology of the
resin shows that the pore diameter of the resin was
from 1 to 5lm and this pore size was retained after

adsorption process. This clearly indicated that the
surface morphology was not much affected by the
adsorption process.

3.3. Effect of temperature

The effect of temperature on adsorption of Cr(VI)
in aqueous and aqueous organic solvent mixed media
was investigated in the temperature range of 303–
323K. In general, with an increase in temperature the
extent of adsorption decreases in higher solvent com-
positions (Table 2). At higher solvent compositions
(40–80%) with an increase in temperature the adsorp-
tion of Cr(VI) decreases. This may be due to decrease
in solubility of electrolyte at higher solvent

Table 2
Equilibrium distribution coefficients for chromate/chloride
exchange on Tulsion A-27(MP) in water and water–organic
solvent mixed media at different temperatures

Temperature
(˚C)

Solvent
composition
in %

log Kd

2-Methoxyethanol 30 00 1.8490

20 2.1008

40 2.0688

60 1.3914

80 1.2791

40 00 1.8350

20 1.9713

40 1.8557

60 1.6103

80 1.2990

50 00 1.7281

20 1.9476

40 1.8627

60 1.6674

80 1.3841

2-Ethoxyethanol 30 00 1.8490

20 1.8869

40 1.8308

60 1.4536

80 1.2450

40 00 1.8350

20 2.1845

40 1.9758

60 1.5161

80 1.3448

50 00 1.7281

20 2.1333

40 1.8513

60 1.6972

80 1.4721
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compositions. There is a decrease in adsorption of Cr
(VI) with an increase in temperature indicating the
endothermic nature of the process [39]. This may be

due to the desorption caused by an increase in ther-
mal energy which in turn increases the mobility of
adsorbate [40].

3.4. Evaluation of thermodynamic parameters

The Gibbs free energy change for the chromate/
chloride exchange in water-2-methoxyethanol and
water-2-ethoxyethanol was calculated in accordance
with the following equation:

DG ¼ �RT lnKd ð4Þ

where R is universal gas constant, T is temperature,
and Kd is the equilibrium distribution coefficient. With
increase in percentage of 2-methoxyethanol and 2-eth-
oxyethanol in solution, there was an increase in free
energy change (Table 3). The negative values of free
energy change become less negative with an increase
in percentage of 2-methoxyethanol and 2-ethoxyetha-
nol. This implied that adsorption of Cr(VI) was facili-
tated in lower solvent composition. The change in
enthalpy (DH) was determined for the exchange
process using Van’t Hoff equation.

ln
K2

K1

¼ �DH
R

1

T2

� 1

T1

� �
ð5Þ

where K1 is the equilibrium distribution coefficient at
temperature T1 and K2 is the equilibrium distribution
coefficient at temperature T2.

The change in entropy (DS) was calculated using
the following equation.

DG ¼ DH � TDS ð6Þ
The values of DG, DH, and DS are represented in
Table 3. The negative values of DH show exothermic
behavior of exchange in aqueous and lower solvent
composition. As the concentration of organic solvents
increases, the DH values become positive indicating
the endothermic behavior of exchange. The variation
of DS along with DH, points out changes in enthalpy
that brings out randomness in the system. The pres-
ence of organic solvent creates a kind of disorder in
the structure of water so that the entropy changes in
water–organic solvent mixed media. Due to increase
in temperature, chemical process such as association
of ions in solution was not supported [39] which lead
to more randomness.

3.5. Effect of solvent

The present study was carried out to investigate
how the increasing percentage of organic solvents
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Fig. 1. FT–IR spectra of Tulsion A-27(MP) before and after
adsorption of Cr(VI).

Fig. 2. SEM images of Tulsion A-27(MP) (a) before
adsorption of Cr(VI) and (b) after adsorption of Cr(VI).
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2-methoxyethanol and 2-ethoxyethanol influences the
adsorption of Cr(VI). The equilibrium distribution
coefficient for chromate/chloride exchange varies with
solvent composition as shown in Table 2. The adsorp-
tion of Cr(VI) decreases with increase in percentage of
organic solvent from 20 to 80%. This may be due to
increase in organic solvent composition that decreases
the ionization of the electrolyte in solution. As the sol-
vent composition increases, the external solution
becomes less water containing and thus decreasing
the ionization of the electrolyte causes decrease in
adsorption of Cr(VI). This indicates that Cr(VI) prefers
more solution phase than resin phase at higher
solvent compositions.

There was a continuous decrease in dielectric con-
stant of water from 78.54 to 17.2 and 78.54 to 12.0
upon addition of 2-methoxyethanol and 2-ethoxyetha-
nol, respectively. Accordingly, the magnitude of equi-
librium distribution coefficient should decrease with
increase in organic solvent content. The experimental
data support this context for both the solvents.

3.6. Effect of pH

The adsorption of Cr(VI) depends upon the con-
centration of hexavalent chromium and pH of the
solution. The quaternary ammonium group of strong
base anion exchange resin Tulsion A-27(MP) has a sig-
nificant influence on the adsorption of Cr(VI). The
interaction study between 30ml of 0.0011M solution
of Cr(VI) species and 0.025 g of Tulsion A-27(MP)
resin was carried out at various pH values between

4.0 and 8.0. From Fig. 3, it was clear that the removal
efficiency of Cr(VI) was maximum (99.55%) in the pH
range of 5.0–6.0. At higher pH values, the adsorption
of Cr(VI) decreases due to the hindrance caused by
OH� ions by forming a precipitate. At lower pH val-
ues, the uptake of Cr(VI) decreases due to the compe-
tition between excess of hydrogen ions and Cr(VI) for
adsorption sites [41]. In other words, Cr(VI) species at
lower pH values forms H2CrO4.

3.7. Effect of agitation time

An experiment was conducted using 30ml of
0.0011M solution of Cr(VI) species to determine the

Table 3
Thermodynamic parameters for adsorption of Cr(VI) on Tulsion A-27(MP) in water and water–organic solvent mixed
media

DG (kJ mol�1) DH (kJ mol�1) DS (J K�1 mol�1)

303K 313K 323K 303–313K 313–323K 303–313K 313–323K

2-Methoxyethanol (%, v/v)

00 �10.7 �10.9 �10.6 �2.5 �20.6 27.0 �31.0

20 �12.1 �11.8 �12.0 �23.5 �4.5 �37.4 23.1

40 �12.0 �11.1 �11.5 �38.6 1.3 �88.1 39.9

60 �8.0 �9.6 �10.3 39.7 11.0 157.8 66.1

80 �7.4 �7.7 �8.5 3.6 16.4 36.4 77.5

2-Ethoxyethanol (%, v/v)

00 �10.7 �11.0 �10.6 �2.5 �20.7 27.0 �31.0

20 �10.9 �13.0 �13.2 54.0 �9.9 214.5 10.2

40 �10.6 �11.8 �11.4 �26.3 �24.1 122.0 �39.2

60 �8.4 �9.0 �10.5 11.3 35.0 65.3 141.0

80 �7.2 �8.0 �9.1 18.1 24.6 83.6 104.5

Note: Error ± 5%.
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Fig. 3. Effect of pH on adsorption of Cr(VI) by Tulsion
A-27(MP).
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dependence of removal percent of Cr(VI) with time.
Fig. 4 shows the uptake of Cr(VI) ions on Tulsion A-27
(MP) as a function of time at neutral pH (7.0). It was
observed that the maximum uptake capacity (98.6%) of
the resin for Cr(VI) was at 210min. The adsorption of
Cr(VI) increased with time and attained an equilibrium
at about 135min. The percentage of adsorption of Cr
(VI) increased rapidly up to 90min and thereafter, rose
gradually before attaining an equilibrium value in
135min indicating the monolayer coverage of Cr(VI)
on the surface of the resin. A further increase in inter-
action time had a negligible effect on the percentage
adsorption of Cr(VI). The removal percentage of Cr(VI)
was high in the beginning due to the maximum
number of exchange sites available on the resin matrix.

3.8. Effect of resin dosage

An equilibrium capacity study was performed by
aliquoting 30ml of Cr(VI) solutions of concentration
0.0011M with varying amounts of resin Tulsion A-27
(MP) from 0.010 to 0.060 g and equilibrated for 6 h at
neutral pH 7.0. Fig. 5 shows that for the maximum
uptake (99.9%) of Cr(VI), the required resin dosage
was 0.025 g, beyond which the removal efficiency does
not change [33,42]. It may be concluded that by
increasing the adsorbent dose the removal efficiency
increases but adsorption density decreases, which can
be attributed to the fact that some of the adsorption
sites remain unsaturated during the adsorption pro-
cess. It was clear from experimental results that
removal of Cr(VI) increases with increase in quantity
of the resin because the number of available sites were
more and thus providing a greater surface area.

3.9. Effect of initial concentration

Influence of initial concentration on the removal
of Cr(VI) on Tulsion A-27(MP) was studied. The
concentration of chromium solution was varied
between 0.00077M and 0.00143M. It was observed
from Fig. 6 that removal of Cr(VI) decreases with an
increase in initial concentration of the adsorbate in
aqueous medium at 303K, because in the beginning
maximum number of adsorption sites were available
for adsorption of Cr(VI) and as the initial concentra-
tion increases the resin matrix becomes saturated with
adsorption of Cr(VI). Thus results in decrease in
removal of Cr(VI). Effect of change in the concentra-
tion was observed more in aqueous and lower solvent
composition (20 and 40%) whereas effect of concentra-

0 30 60 90 120 150 180 210 240 270 300 330
60

70

80

90

100

110

%
 R

em
ov

al
 E

ff
ic

ie
nc

y

Time (Min)

Fig. 4. Effect of agitation time on adsorption of Cr(VI) by
Tulsion A-27(MP).
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Fig. 5. Effect of resin dosage on adsorption of Cr(VI) by
Tulsion A-27(MP).
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tion was less on adsorption of Cr(VI) at higher solvent
composition (60 and 80%). Similar effect was observed
in higher temperature range (Fig. 7).

4. Adsorption isotherms

Sorption process is an interesting topic for the
prediction of metal partitioning between a solid and
a solution. Langmuir and Freundlich isotherms are
useful for the description of heavy metal adsorption
by different adsorbents [43,44]. These isotherms
relate metal uptake per unit weight of adsorbent, qe,
to the equilibrium concentration of adsorbate in the
bulk of the solution, Ce, at constant temperature.
The general forms of these models are described
below.

The Langmuir isotherm is given as:

Ce

qe
¼ 1

KbAs
þ Ce

As
ð7Þ

where As (mol/g) and Kb (l/mol) are Langmuir con-
stants related to ion exchange capacity and energy of
adsorption, respectively.

The Langmuir isotherm represents one of the first
theoretical treatments of nonlinear adsorption. The
isotherm is based on the assumptions:

(i) maximum ion exchange depends on the satura-
tion level of a monolayer of adsorbate mole-
cules on the adsorbent surface,

(ii) the energy of ion exchange is constant, and
(iii) there is no transmigration of adsorbate mole-

cules in the plane of the surface [8].

The data for the adsorption of Cr(VI) by the resin
were processed in accordance with a linear form of
the Langmuir equation. The linear model described
the accumulation of a solute by the adsorbent was
directly proportional to the concentration of the
solution as shown in Fig. 8. The Langmuir isotherm
applies to ion exchange on a completely homogeneous
surface with negligible interaction between adsorbed
molecules. The Langmuir isotherm provided an excel-
lent fit to the equilibrium adsorption data. The
obtained results showed that the resin has higher
capacity and affinity for the removal of Cr(VI) from
the solutions under the studied conditions.

The adsorption of Cr(VI) on the ion exchange resin
was described by Freundlich isotherm. The Freundlich
isotherm is the most widely used nonlinear sorption
model and gives the relationship between the amount
of metal adsorbed per unit mass of the adsorbent (x/m)
and the concentration of the metal at equilibrium (Ce).

The general form of Freundlich isotherm is:

x

m
¼ kC

1
n
e ð8Þ

where x is the amount of metal adsorbed (mmol), m is
the amount of adsorbent (g), Ce is the equilibrium
concentration (mmol), and k and n are Freundlich con-
stants representing adsorption capacity and intensity
of adsorption, respectively. The logarithmic form of
the equation is written as:

log
x

m

� �
¼ logkþ 1

n
logCe ð9Þ

Using the Freundlich Eq. (9) the relationship between
the adsorption capacity of the resin and concentration
of Cr(VI) at equilibrium was analyzed (Fig. 9). Param-
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Fig. 7. Effect of initial concentration on adsorption of Cr(VI)
from water by Tulsion A-27(MP) at different temperatures.
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eters of Freundlich and Langmuir isotherms are given
in Table 4. The Freundlich constant (k) was found to
be 77.74 and the value of n (6.93) between 1 and 10
indicates strong chemical interaction and ion exchange
between the resin and Cr(VI) [45,46]. Similar behavior
for the weak base resin Lewatit MP 64 and strong
base resin Lewatit MP 500 as reported by Pehlivan
et al. in the literature [41]. A further analysis of Lang-
muir equation can be made on the basis of a dimen-
sionless parameter known as separation factor [47,48]
as given below.

RL ¼ 1

1þ KbC0

ð10Þ

where Kb is the Langmuir constant and C0 (mg/L)
is the initial concentration of Cr(VI).

The RL value provides the following information
(Table 4).

If

(i) RL= 0, adsorption is irreversible;
(ii) 0 <RL< 1, adsorption is favorable;

(iii) RL= 1, adsorption is linear favorable;
(iv) RL> 1, adsorption is unfavorable;

In our study, the RL value was 0.711 which lies
between 0 and 1 indicates that the adsorption was
favorable.

5. Adsorption kinetics

Experiment was carried out to understand the
kinetics of chromium removal by the resin Tulsion
A-27(MP). It is a well established fact that the adsorp-
tion of ions in aqueous medium follows reversible first-
order kinetics, when a single species is considered on a
heterogeneous surface. It must be remembered that the
two important physicochemical aspects for parameters
evaluation of the adsorption process as a unit operation
are the kinetics and the equilibria of the system. Kinet-
ics of adsorption describe the uptake rate of Cr(VI) on
the resin and also govern the required residence time
of adsorption reaction. Using the kinetic equations, the
forward, backward, and the overall rate constants were
calculated [45]. The adsorption of hexavalent
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Fig. 9. Freundlich isotherm for the adsorption of Cr(VI) on
Tulsion A-27(MP).

Table 4
Parameters of Freundlich and Langmuir isotherms for adsorption of Cr(VI) on Tulsion A-27(MP)

Freundlich isotherm Langmuir isotherm

k n R2 Kb AS
a R2 RL

77.74 6.93 0.93 370.12 1.62 0.99 0.711

Note: ammol/g resin.
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Fig. 10. Kinetic fit for the adsorption of Cr(VI) on Tulsion
A-27(MP).
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chromium from liquid phase to solid phase may be
given as:

A �
k1

k2
B

where k1 is the forward reaction rate constant, k2 the
backward reaction rate constant. By plotting ln(1�Ut)
vs. time t (Fig. 10), the overall rate constant k for
given concentration (0.0011M) of chromium, forward
and backward rate constants k1 and k2 were calculated
and depicted in Table 5(a). The forward rate constant
for the removal of Cr(VI) was much higher than the
backward rate constant, namely the desorption
process. This suggested that the rate of adsorption
was clearly dominant.

Adsorption on ion exchange usually follows the
Langmuir–Hinshelwood model as given in Eq. (11).

r ¼ �dc

dt
¼ kh ¼ k

KC

1þ KC
ð11Þ

where k is the rate constant, K is the adsorption
constant, t is the time, and C is the concentration of
Cr(VI). For the low initial concentrations of Cr(VI), the
term KC, in the denominator, can be neglected and
the rate approaches first-order kinetics described by:

r ¼ � dc

dt
¼ kKC ¼ k0C ð12Þ

where k0 the apparent rate constant is also known as
the pseudo-first-order rate constant. The integral form
of the rate equation is:

ln
C

C0

¼ �k0t ð13Þ

where C0 is the initial concentration of Cr(VI).
Plot of ln C/C0 vs. time gives a straight line

(Fig. 11) and k0 value was calculated from the slope.
The experiment was repeated for different concentra-
tions of Cr(VI) and data are given in table 5(b).

Pseudo-first-order rate constant obtained from the
above equation found to decrease with increase in
concentration of Cr(VI). This can be attributed to the
increase in concentration of Cr(VI) that leads to
decrease in the available sites on the resin for the
adsorption.

6. Conclusion

The purpose of this study was to assess the perfor-
mance of the commercial anion exchange resin Tul-
sion A-27(MP) to reduce trace concentrations of Cr(VI)
in aqueous and aqueous organic solvent mixed media.
Optimum pH for the maximum removal of Cr(VI) by
the ion exchanger was 5–6 for a minimum dosage of
0.025 g of Tulsion A-27(MP). The uptake of Cr(VI)
increased with increase in agitation time and equilib-
rium was attained at about 135min. Effect of tempera-
ture on adsorption Cr(VI) indicated the endothermic
nature of the process. Presence of organic solvents

Table 5(a)
Rate constants for the adsorption of Cr(VI) on Tulsion A-27(MP) at 303K and resin dosage of 0.025 g

Resin Cr(VI) amount
(mmol)

Overall rate constant,
k= k1 + k2 (min�1)

Forward rate
constant, k1

Backward rate
constant, k2
(min�1)(min�1)

Tulsion A-27(MP) 1.1 0.0278 0.0274 0.0004
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0.00077 0.0011 0.00143

Fig. 11. Langmuir–Hinshelwood model for the adsorption
of Cr(VI) on Tulsion A-27(MP) at different concentrations.

Table 5(b)
Pseudo-first-order rate constants at different concentrations
of Cr(VI) on Tulsion A-27(MP) at 303K and resin dosage
of 0.025 g

Concentration of Cr(VI) (M) Rate constants (min�1)

0.00077 0.02874

0.00110 0.01977

0.00143 0.00801
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influences the adsorption of Cr(VI). Langmuir and
Freundlich isotherms provided an excellent fit to the
equilibrium adsorption data. Separation factor (RL)
value 0.711 and Freundlich constant (n) value 6.93
indicated favorable adsorption. Kinetic studies
revealed the dominance of adsorption of Cr(VI) on
Tulsion A-27(MP). Langmuir–Hinshelwood model
suggested that the pseudo-first-order rate constant
obtained was found to decrease with increase in con-
centration of Cr(VI). The experimental results have
shown that the resin was effective in the removal of
hexavalent chromium from aqueous and aqueous
organic solvent mixed media. Hence, this anion
exchange resin can be successfully employed for the
treatment of water and waste water containing traces
of hexavalent chromium in the pH range of 5–6 with
the maximum removal efficiency by batch treatment
technique, even in presence of organic solvents.
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