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The adsorption of procion blue H-5R dye onto an economical, easily accessible and potential adsorbent water clover has been studied.
The effects of contact time, initial pH, initial dye concentration and adsorbent dosage have been investigated. The removal of procion blue
H-5R was found to increase with increase in contact time until the attainment of equilibrium. The amount of dye biosorbed per unit weight
of biomass was found to decrease with increasing pH and adsorbent dosage. Pseudo first order and pseudo second order kinetic models
were used to follow the adsorption process. It was found that the adsorption of procion blue H-5R onto water clover could be described

adsorption of procion blue onto water clover followed the Langmuir isotherm. The water clover dead biomass before and after adsorption
were characterized by FT-IR, EDAX and SEM techniques. The characterization results revealed that the porous nature of the adsorbent
highly favours the adsorption of procion blue H-5R onto water clover.

INTRODUCTION

The availability of pure drinking water is one of our world’s
primary environmental concerns and the chief causative agent
is contamination of available water resources. Among the many
pollutants, textile, paper, rubber, plastic, cosmetic, pharma-
ceutical and food industries that use dyes and pigments are
the main sources which produce dye effluent-rich wastewater,
which are eventually allowed to mix with the drinking water
resources. Principal portions of the annual production of dyes
are azo and reactive dyes. The use of various types of dyes
and chemical substances during dyeing processes could be
the cause for the change in industrial wastewater characteristics
such as pH, colour, chemical content and chemical oxygen
demand (COD); and could cause significant disturbance of
photosynthetic processes in surface waters [1]. Some resear-
chers have used several techniques for the removal of dyes
from aqueous solutions such as coagulation and flocculation,
reverse 0smosis, ozonation, ion exchange, photochemical
thermal degradation, electrochemical techniques etc, which
are very expensive [2]. Several adsorbents have also been
experimented upon as potential sorbents for dye molecules
for e.g. activated carbon from sources like wood [3], hazel nut
[4,5], bagasse [6], coir pith [7], orange peel [8], coconut shell

by the pseudo-second order equation. The experimental isotherm data were analyzed using Langmuir and Freundlich equations, wherein |
Keywords: Procion blue, Reactive blue 13, Adsorption, Water clover, Biosorption. |

[9], tobacco stem [10] and other dead biomass resources.
Activated carbons are the most widely used adsorbents because
they have an excellent adsorption capability for organic
molecules, but their main disadvantage is their high cost. So
there is huge demand for cheaper, effective and eco-friendly
substitutes such as chitosan [11], agricultural wastes [11,12],
clay [13] and other biosorbents.

Among the commonly used biosorbents, aquatic plants
are one of the most potential, economical and easily available
sources which has been proven to effectively remove dyes from
aqueous solutions [14,15]. Water clover is a water plant, native
to Australia with very attractive clover-like leaves that are either
held above water or submerged. It grows in the edges of ponds
and lagoons, on river banks and in deep water. The vigorous
rhizomes of water clover allow it to spread quickly which in
turn completely blocks sunlight, decreases oxygen levels
thereby suffocating desirable aquatic life. Hence water clover
dead biomass was chosen as a biosorbent for dye removal.

Procion blue H-5R is commonly used in hot water dyeing
for fabric painting and printing. Procion blue H-5R belongs
to a group of azo dyes which are known to be toxic to the
environment [16]. Among the various techniques employed
for dye removal from waste waters, biosorption has received
special interest due to its economical, efficient and eco-friendly
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nature. In the present study the adsorption of procion blue H-
5R onto water clover was investigated.

EXPERIMENTAL

Water clover plants, botanically called as Marsilea mutica
were collected in a local pond in Chennai, India, washed with
tap water and then with deionized water. The plants inclusive
of leaves, stem and roots were sun-dried, ground using a domestic
mixie and sieved to get particles in the size of 70-80 mesh.
Procion blue H-5R also called as cibacron blue 2R or reactive
blue 13 (C.I. No. 181575, m.f.: CyH;cN;O4,Na,S,Cl, m.w.:
866.06 and Am: 444 nm) was purchased from Alfa Aesar and
used as an adsorbate without purification prior to use. For the
preparation of all the solutions double distilled water was used.
10,000 mg/L of procion blue H-5R dye was prepared as a
stock solution in a standard flask. The desired concentrations
for various experiments were obtained by successive dilution.
The chemical structure of the dye is shown in Fig. 1. Sodium
hydroxide and hydrochloric acid used for pH studies were
procured from Alfa Aesar and were of analytical grade. 0.1 N
solutions of NaOH and HCI1 were used to maintain the required
pH. Concentration of unadsorbed dye in aqueous solution was
measured using UV-visible spectrophotometer (Hitachi,
U3210, Japan). FT-IR, used for the determination of functional
groups on the water clover surface was recorded using a Thermo
IS5 FT-IR spectrophotometer. The dried biomass was ground
well with KBr and compressed to form a pellet to obtain
an absorption spectrum in the range of 4000-400 cm™'. Sca-
nning electron microscope was used to elucidate the surface
morphology of water clover before and after adsorption of the
dye molecules. SEM-EDS was recorded using Hitachi 3000H
SEM, which was operated at an accelera-ting voltage of 5-10
kV.
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Fig. 1. Chemical structure of procion blue H-5R
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Batch adsorption studies: Batch studies were conducted
to find the optimum operating conditions for the adsorption
of procion blue H-5R dye present in aqueous solution using
biosorbent water clover. Adsorption experiments were initiated
by placing a known quantity of water clover and 50 mL of the
prepared procion blue H-5R dye solution into 250 mL
Erlenmeyer flasks. The water clover sorbent loading was varied
between 0.1 and 0.5 g and initial concentration between 25
and 200 mg/L. For analysis in the linear Beer-Lambert region,
the concentrated solutions were suitably diluted. The flask
was placed in an orbital shaker, which was held constant at a
revolution of 180 cycles min™'. Dye concentrations in the
supernatant solutions were estimated at regular time intervals

of 15, 30, 60, 90, 120, 150, 180 and 210 min by measuring the
absorbance at maximum wavelengths of dyes. The equilibrium
adsorption capacities (qeq) at different solute concentrations
were determined according to mass balance of the adsorbate.
C -
e = M (1)
M

where C, and C, are the initial and equilibrium concentrations
of the dye (mg L™), respectively, V is the volume of the aqueous
solution (L) and M is the mass of biosorbent used (g) in the
adsorption. The pH of the solution was varied from 1-6 using
HCI or NaOH depending upon the required pH.

Adsorption kinetics: The study of adsorption dynamics
describes the rate of dye uptake and evidently this rate controls
the residence time of adsorbate uptake at the sorbent-solution
interface. The kinetics of procion blue H-5R dye adsorption
on water clover was analyzed using pseudo first-order and
pseudo second-order kinetic models. The correlation co-effi-
cient (R?) expresses the agreement between experimental data
and the model expected values. 50 mL of procion blue H-5R
solution of different concentrations between 25-200 mg/L were
taken in separate Erlenmeyer flasks. The adsorbent of 75 mm
mesh size and dosage of 0.1 g was transferred into each of the
flasks and kept in an orbital shaker. Samples were withdrawn
atregular time intervals from O to 210 min, centrifuged, absor-
bance was measured and the equilibrium adsorption capacities
were analyzed. The amount of adsorption at time t, q, (mg/g),
was calculated by:

_(C,—-C)HV

¢ M (2)

where C, and C, (mg/L) are the initial and at any time

concentrations of the dye (mg L™), respectively, V is the

volume of the aqueous solution (L) and M is the mass of dry
adsorbent used (g) in the adsorption.

RESULTS AND DISCUSSION

FT-IR analysis: The FT-IR spectrum obtained for biomass
before and after procion blue H-5R dye adsorption process is
shown in Fig. 2.
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Fig. 2. FT-IR of water clover before (WC) and after adsorption of procion
blue H-5R (WCPB)
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The FT-IR spectrum of water clover showed peaks at 3406,
2921, 2852, 1656, 1407, 1384 and 1156 and 1029 cm™ which
may be assigned respectively to OH group, asymmetric C-H
stretching, C-H stretch, carbonyl stretch, P=0 stretching, CH,
bend and O-H bending vibration of phenolic and carboxylic
groups. The intensities of the peaks decreased or slightly shifted
in the case of dye-adsorbed water clover. Similar results were
reported in previous work [17].

SEM and EDX analysis: The SEM analysis clearly
indicates the presence of irregular and highly porous structure
of water clover, which is attributed to be the major cause for
providing more surface area of biosorbent thereby increasing
the uptake capacity of the procion blue H-5R dye [18,19].
The micrograph of dye-loaded water clover biomass in Fig. 3
clearly shows small spherical dye molecules adsorbed on the
surface of the biomass. EDAX spectra of water clover indicate
the presence of the elements potassium, carbon, oxygen,
sodium and chlorine. When the EDAX spectra of water clover
before and after adsorption of procion blue H-5R were com-
pared, the weight % of sodium and oxygen increased upon
procion blue H-5R adsorption while the weight % of potassium
and chlorine decreased after procion blue H-5R dye adsorption.

Effect of sorbent dosage: The effect of adsorbent dosage
gives an idea of how a dye can be used in minimum doses so

as to use the adsorbent in a cost-effective manner [20]. The
effect of adsorbent dosage on procion blue H-5R adsorption
by water clover is shown in Fig. 4. It can be seen that the adsor-
ption capacity decreased with increase in adsorbent dosage.
This shows that water clover is a superior sorbent at low dosage.
The clustering of the adsorbent particles which may take place
at higher levels of sorbent resulting in less utilization of
available reactive sites could be a cause for this trend [21].

Effect of solution pH: pH is one of the most influencing
parameters affecting aqueous chemistry, ionization of the dyes
and surface binding sites of the adsorbents [22]. It has been
reported that anions are more favourably adsorbed at lower
pH values than cations whose adsorption is preferable at higher
pH due to desorption of OH™ ions on the surface [23,24]. This
is evident in the present study, where procion blue H-5R, an
anionic dye shows efficient adsorption onto water clover at
lower pH values. The electrostatic interactions are diminished
by increasing the solution acidity to an extent where the negative
charge of the systems becomes negligible [25,26]. The effect
of solution pH on the adsorption capacity of water clover was
studied at 50 mg/L initial dye concentration and 0.1 g adsorbent
dose. As shown in Fig. 5, the amount of adsorption at equili-
brium of water clover was found to decrease with increase in
pH.
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Fig. 3. SEM image and corresponding EDAX spectra of water clover (a) before adsorption (b) after adsorption
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Fig. 4. Effect of adsorbent dosage on biosorption of procion blue H-5R

using water clover (Initial dye conc.: 50 mg/L, Agitation rate: 180
rpm, pH: solution pH)

550+
500+
450
400
B 350+
g’ 3001
2507
© 200
1507
100
50
0 T T T T T T 1
0 1 2 3 4 5 6 7
pH

Fig. 5. Effect of pH on biosorption of procion blue H-5R using water clover
(Initial dye conc.: 50 mg/L, Agitation rate: 180 rpm, biosorbent

dose: 0.1 g)

Effect of initial concentration of dye solution: The effect
of initial procion blue H-5R concentration on the procion
blue H-5R adsorption by water clover is shown in Fig. 6. Dye
concentration also affects the efficiency of colour removal.
Initial concentration is a major factor contributing to the affinity
between dye present in aqueous solution and the adsorbent in
the solid phase. Hence a higher initial concentration of dye
may enhance the process. Similar results were reported by
various authors [27-29]. Fig. 6 shows that the contact time
needed for procion blue H-5R solutions with initial concen-
trations of 25-50 mg/L to reach equilibrium was 30 min. At
higher concentrations, a longer period of upto 120 min was
required for the attainment of equilibrium. The initial sharp
rise in the extent of adsorption with increasing dye concen-
tration is due to higher adsorption potential of the surface at
the beginning whereas the bombarding solute molecules find
it difficult to access the remaining vacant surface sites due to
decrease in the adsorption potential of water clover surface
with more and more sites being filled up. An increase in initial
concentration of procion blue H-5R dye accelerated the
diffusion of dye molecules from bulk solution onto water
clover. It can also be seen that the uptake capacity of dye (mg/g)
increased with increase in dye concentration from 25 mg/L to
200 mg/L and remained constant after equilibrium time.
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2 10001 y =150 mg/L
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Fig. 6. Effect of initial dye concentration on the uptake capacity of procion

blue H-5R using water clover at different time intervals (Biosorbent

dosage: 0.1 g, pH: 1, Agitation rate: 180 rpm)

Adsorption isotherm: To examine the relationship between
adsorbent and adsorbate at equilibrium and to search for
the maximum sorption capacity of adsorbent, Langmuir and
Freundlich isotherms were applied. The Langmuir adsorption
model is proposed on the postulation that the maximum
adsorption corresponds to the solute molecules which are like
a saturated single layer adsorbed on the surface of the adsorbent
and is represented by the following equation:

_Q'C,
44T e, 3)
Linearized form of Langmuir equation is:
Co = Co, 1 4
a, Q bQ’ «

where, q.q (mg/g) and C, (mg/L) are the amount of dye
biosorbed per unit weight of biomass and unbiosorbed dye
concentration in solution at equilibrium, respectively. Q° is
the maximum amount of dye biosorbed per unit weight of
biomass required to form a complete monolayer on the surface
and b is a constant related to the affinity of the binding sites
(L/mg) [30]. The plot of Ceq/qeq versus Ceq turns to be linear as
shown in Fig. 7 and the correlation coefficient is 0.9656.The
Langmuir constants Q° and b were determined from the slope
and intercept of the plot and are presented in Table-1.

The features of the Langmuir isotherm can be represented
in terms of a separation factor R, which is dimensionless and
is given by eqn. 5:

TABLE-1
PARAMETER VALUES FROM FITTING THE ADSORPTION
EQUILIBRIUM DATA WITH ISOTHERM MODELS

Langmuir isotherm

Q° 1666.6667

b 0.2608

R? 0.9656
Freundlich isotherm

Kx 168.8481

n 0.4954

R? 0.8748
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Fig. 7. Plot of Langmuir adsorption isotherm model for the biosorption of

procion blue H-5R dye using water clover (biosorbent dosage: 0.1
g, pH: 1, agitation rate: 180 rpm)

1
R. =
LT 14bC, )

where C,is the initial concentration (mg/L) and b is the Langmuir
constant (L/mg). The parameter R, denotes the type of adsor-
ption process taking place between the sorbent and dye
molecules. The relationship between the R, value and nature
of adsorption is listed in Table-2.

TABLE-2
R; VALUES PREDICTING THE NATURE OF ADSORPTION
R >1 Unfavourable adsorption
0<R <1 Favourable adsorption
R, = Irreversible adsorption
R, =1 Linear adsorption

The value of Ry in the present investigation has been found
to be 0.07257 showing that the adsorption of procion blue
H-5R on water clover is favourable.

The Freundlich adsorption model is based on non-ideal
sorption that is based on the assumption of heterogeneous
surface energy systems and is given by the following equation:

q., =K.C (©6)

Linearized form of Freundlich equation is:

1
log Aeq = log K. +Hlog Ceq (7

where, q.q (mg/g) and C., (mg/L) are the amount of dye
biosorbed per unit weight of biomass and unbiosorbed dye
concentration in solution at equilibrium respectively [31]. K¢
is the biosorption capacity and n is the biosorption intensity.
The plot of log Ceq versus log Q. is linear with correlation
coefficient, R* = 0.8748, which is shown in Fig. 8. Values of
Krand n are calculated from the intercept and slope of the
plot and are listed in Table-1. The correlation coefficient, R
value for Freundlich isotherm is lower than the R* value of
Langmuir isotherm, which confirms the monolayer coverage
of procion blue H-5R onto water clover.

Adsorption kinetics: Pseudo first-order and second-order
models were applied to test the experimental data and the
kinetic adsorption process is elucidated. The pseudo-first order

2.09
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log C,,
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20 % 3.0 35
-0.5- IOQ Qeq

Fig. 8. Plot of Freundlich adsorption isotherm model for the biosorption
of procion blue H-5R dye using water clover (biosorbent dosage:
0.1 g, pH: 1, agitation rate: 180 rpm)

model proposed by Lagergren [32] can be applied for adsorption
of solutes from a liquid. The pseudo-first order rate equation
is:

dq
aZkl(qeq -q,) (8)

The integrated form of eqn. 4 is:

- 9)
2.303
where q, (mg/g) and q.q (mg/g) are milligrams of dye adsorbed
per gram of adsorbent at a given time and equilibrium respec-
tively and k; is the rate constant (min™") of first order adsorption.
The plot of log (q.q — q) against time, gives a straight line as
shown in Fig. 9. k; and g, can be determined from the slope

and intercept of the plot respectively, which is presented in
Table-3.

log(q,,—q,)=logq,,—

3.0 + 25mg/L
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Fig. 9. Pseudo-first order plot for the biosorption of procion blue H-5R
using water clover biomass

The pseudo-second-order kinetic model was used to study
the adsorption kinetics of the present system. The pseudo-
second order model [33] is based on the assumption that the
adsorption capacity is proportional to the number of active
sites occupied on the adsorbent and can be written as follows:

dq,
dt
The integrated form of eqn. 10 is:

=k,(q,,—9,)’ (10)
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TABLE-3
KINETIC MODEL VALUES FOR ADSOPTION OF PROCION BLUE H-5R ONTO WATER CLOVER
Pseudo-first-order kinetic model Pseudo-second-order kinetic model
CO (mg/L) qeq,exp (mg/g) . 2 o 2

qeq,calc (mg/g) kl (mlIl ) R qeq.calc (mg/g) k2 (g/mg mlIl) R
25 236.56 1.85 0.0055 0.0164 238.10 0.0220 1
50 473.12 2.73 0.0081 0.0347 476.19 0.0220 1
100 935.48 130.62 0.0302 0.7593 909.09 0.0009 0.9999
150 1204.30 82.62 0.0285 0.6098 1250.00 0.0008 0.9999
200 1612.90 273.53 0.0343 0.7751 1562.50 0.0004 0.9999

t 1 1 Conclusion
"t o ! (11)

q  ka, 4

where q; (mg/g) and q.q (mg/g) are milligrams of dye adsorbed
per gram of adsorbent at a given time (t) and equilibrium
respectively and k; is the rate constant (min™) of second order
adsorption. The plot of t/q against t, gives a straight line as
shown in Fig. 10; k> and q.q can be determined from the slope
and intercept of the plot. ks, qqand correlation coefficient R
are presented in Table-3. The good agreement between calcu-
lated and experimental q.q values, high correlation coefficients
and linear nature of plot of t/q versus time confirms that the
adsorption data are represented by the pseudo-second order
kinetics. Fig. 11 clearly shows the calculated and experimental
equilibrium dye uptake values for the biosorption of procion
blue H-5R at different initial dye concentrations onto water
clover.
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Fig. 10. Pseudo-second order plot for the biosorption of procion blue H-5R
using water clover biomass
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Fig. 11. The calculated and experimental equilibrium dye uptake values for
the biosorption of procion blue H-5R at different initial dye
concentrations using water clover

The results revealed the potential of water clover as an
effective, biodegradable and low-cost biosorbent for removal
of procion blue H-5R dye. The following conclusions were
arrived:

* The adsorption capacities of procion blue H-5R dye
increases with initial concentration and decreases with pH and
adsorbent dosage.

* The Langmuir isotherm best described the equilibrium
data with R? = 0.9656, which signifies that homogeneous
adsorption takes place between procion blue H-5R dye and
water clover.

* Adsorption kinetics of procion blue H-5R removal by
water clover follows pseudo-second-order model. The values
of geq calculated from pseudo-second-order plots are in good
agreement with the experimental values. The R? values ranges
between 0.9999-1.0.

* FT-IR data confirms the procion blue H-5R adsorption
onto water clover by the decrease in peak intensities for water
clover upon adsorption of procion blue H-5R.

* SEM analysis reveals that the morphology of water
clover is porous and highly favours adsorption of procion blue
H-5R dye. The after adsorption micrograph shows procion
blue H-5R molecules adsorbed on the surface of water clover.
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