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ABSTRACT

The potential of low-cost adsorbent-barley husk to remove direct dye, namely Actarus Red
BWS through biosorption process has been investigated in both continuous and batch modes.
A series of experiments have been performed to evaluate the optimum biosorption
conditions such as pH (2-5), biosorbent dosage (0.2-0.8 g), initial dye concentration
(50200 ppm), equilibrium time, and temperature (303-333 K). The adsorption efficiency
decreased with increase in pH and increased with increase in biomass dose. Equilibrium iso-
therms have been developed by applying data to Langmuir, Freundlich, and Flory—-Huggins
models. The highest correlation coefficient (R*=0.99) related to Langmuir isotherm indicated
good fitness of this model, explaining the sorption as monolayer process. The process
followed pseudo-second-order kinetic model. The negative AG® and positive AH® values
indicated the spontaneous and endothermic nature of process. The continuous mode of

biosorption has been tested as the function of flow rate and bed height too.
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1. Introduction

Discharge of colored waste into aquatic streams
without any proper treatment poses serious threat
towards environment and human health [1]. Dyes are
classified according to their use in dying process like
acidic, basic, mordant, direct, disperse, vat, reactive,
azo dyes, etc. Synthetic dyes are being used in all
industries such as textile, paper, craft mills, dye manu-
facturing, food and cosmetic industries [2] as these are
simple to handle, inexpensive, and have much stabil-
ity. In addition, their availability in variety of new
colors and better imparting properties in comparison
with natural dyes make their use so frequent. Nearly,

*Corresponding author.

10,000 different dyes and pigments are available
commercially worldwide and 5-10% of these are being
excreted as waste [3].

Water pollution is due to discharge of colored
effluents by various dye manufacturing units and tex-
tile dye mills into water bodies. Even their little quan-
tity is sufficient to pollute large water bodies which
not only reduces the light penetration but also inhibits
the process of photosynthesis and thus disturbing the
aquatic systems [4]. Dye poses significant toxicity
towards humans and animals. Their prolonged contact
with eyes and skin causes severe irritation, while
ingestion may result in gastrointestinal irritation with
nausea, vomiting, and diarrhea [5]. Cellulose is being
dyed using direct dyes for more than 100 years. Dyes

1944-3994/1944-3986 © 2015 Balaban Desalination Publications. All rights reserved.


mailto:moingenious@yahoo.com
mailto:moingenious@gmail.com
mailto:hnbhatti2005@yahoo.com
mailto:yasirchemist@yahoo.com
mailto:aisha_ashraf43@yahoo.com
http://dx.doi.org/10.1080/19443994.2015.1027962

9264

in this group have various planar, highly conjugate
molecular structures with one or more anionic sul-
fonate group due to which these dyes become water
soluble [6].

In general, dyes are poorly degradable and con-
ventional treatment processes have shown little effect
towards their removal. These methods can be divided
into three groups: biological, physical, and chemical
[7]. The search of new methods for the removal of
noxious materials has directed the consideration
towards biosorption which is based on dye-binding
capacities of various materials having biological ori-
gin. The research has clearly proved that adsorption is
the most convenient and economic method for the
removal of toxic metals and dyes from the wastewater.
Adsorption of toxic chemicals from the effluent using
a waste material and its recovery by desorption pro-
cess has further broadened the role of adsorption tech-
nique in environmental science [8]. Adsorbents still
used include wastes like banana and orange peel [9],
sawdust [10], seaweeds [11], wheat straw [12], wheat
bran [13], etc.

Barley, a member of grassy family Poaceae, is an
annual cereal grain which is serving as a major feed
crop for large number of animal population with little
quantity used in malting and health food. It is widely
dispersed in Turkey, Syria, Egypt, Pakistan, India, and
Western China.

The intension behind present study has been the
evaluation of cheap and suitable method for dye
removal from an artificial effluent. Barley husk has
been studied for its effectiveness in removal of Actarus
Red BWS, which belongs to the class of direct dyes.

2. Experimental Section
2.1. Adsorbent

Barley husk was collected from local fields of
Faisalabad, washed with water, cut into small pieces,
and dried in shade for several days. The dried
biomass was crushed in an electrical ball mill.
Powdered biosorbent was sieved using Octagon sieve
(OCT-DIGITAL 4527-01) to obtain uniform particle
size fraction <0.250 mm.

2.2. Immobilization of biomass

Dried and sieved barley husk was immobilized by
making its solution with sodium alginate in water.
The mixture was shaken well until it became homoge-
neous and viscous. Then, it was trickled drop wise
from burette into 0.1 M CaCl, solution to get fine
spherical beads [14].

M. ud Din et al. | Desalination and Water Treatment 57 (2016) 9263-9271

2.3. Artificial effluent

The direct dye used in this study was Actarus Red
BWS. A stock solution (1,000 ppm) of dye was pre-
pared in deionized water and further dilutions were
made to get different concentrations (50-200 mgL ™).
The desired pH of solutions was adjusted by adding
appropriate quantity of 01M HClI and NaOH
solutions.

2.4. Apparatus

A U-2001 model UV-vis spectrophotometer having
a tungsten lamp was used to analyze the dye concen-
trations in solution at Ama.x 520 nm. pH of solutions
was measured using HI-8104 HANNA digital pH
meter.

2.5. Batch biosorption studies

Batch studies were carried out in conical flasks by
mixing the pre-weighted quantity of immobilized
biosorbent in aqueous dye solution of particular con-
centration and pH. The conical flasks were shaken at
constant temperature in orbital shaker (PA 250/25. H)
for a predetermined time interval at a fixed speed i.e.
125 rpm. The contact time between dye and biomass
was 10-90 min with temperature range 30-60°C.

2.6. Continuous biosorption studies

Continuous flow sorption experiments were con-
ducted in a packed glass column. Glass wool was kept
at base and top of column whereas packing was done
with known quantity of biomass to provide a desired
bed height. The flow rate was regulated using a vari-
able peristaltic pump for proper percolation of effluent
through a bed of biomass. The flow rates were altered
in a range between 3 and 15 mL/min. Column study
was performed at room temperature (30 = 0.5°C) which
was periodically checked during the course of opera-
tion. The dye samples were collected at different time
intervals in 10 mL volume and analyzed at Amax
520 nm.

3. Results and discussion
3.1. Effect of pH

The pH of solution is an important factor for deter-
mining the biosorption process of dyes. Synthetic
effluents from different industries contain dyes with
varying extent of ionization at different values of pH.
Similarly biosorbents have different biopolymers of
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varying net charge with the change in pH. So, pH is a
significant factor for removal of dyes from aqueous
solution [15,16].

The pH profile for Actarus Red BWS for both
continuous and batch studies using barley husk is
depicted in Fig. 1. The maximum removal in both
cases was at pH 1 ie. 19.82 and 24.70 mg/g for con-
tinuous and batch modes, respectively. The reason
was the availability of more cationic sites on the
surface of biosorbent at lower pH providing more
binding sites for anionic dye molecules. On the other
hand, the increase in OH ions with the increase in
pH of solution developed a competition among dye
anions for the adsorption sites resulting in decrease
biosorption [17].

3.2. Effect of biosorbent dose

Fig. 2 represents the effect of biosorbent dose on
the sorption capacity of barley husk. Dose of sorbent
was varied from 0.2 to 0.8 g and equilibrated for 3 h.
An increase in the sorption capacity was observed
from 0.2 to 0.8 g biomass dosage as 19.70-31.18 mg/g
and 24.15-36.47 mg/g for both continuous and batch
mode, respectively. This could be contributed to
increase in surface area and sorption sites with
increase in biomass concentration [18].

3.3. Effect of initial dye concentration

The dye concentration has a significant effect in
biosorption process. With the increase in dye concen-
tration, biosorption increased up to a limit followed
by stabilization shown in Fig. 3. In continuous mode,
adsorption capacity was increased from 19.92 to
40.19 mg/g, whereas in case of batch study, it
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Fig. 1. Effect of pH on biosorption of Actarus Red BWS by
immobilized barley husk waste biomass.
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Fig. 2. Effect of dose on biosorption of Actarus Red BWS
by immobilized barley husk waste biomass.

increased as 22.42-48.46 mg/g, as initial dye concen-
tration increased from 50-150 mg/L. This could be
attributed to increase in competition of ions for the
binding sites at higher concentration. But after achiev-
ing maximum point in all these experiments, there
stabilization was seen for further increase in dye con-
centration or even decrease indicating saturation of all
binding sites [19].

3.4. Effect of time

The effect of time to establish equilibrium is repre-
sented in Fig. 4. Removal efficiency was quite rapid
during initial stage which gradually stabilized to
achieve equilibrium. Equilibrium established in 60 min
for both modes of operation. The rapid rate of dye
biosorption could be attributed to the availability of
large number of sites for adsorption which decreased
gradually due to their saturation [20].
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Fig. 3. Effect of initial dye concentration on biosorption of

Actarus Red BWS by immobilized barley husk waste
biomass.
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Fig. 4. Effect of time on biosorption of Actarus Red BWS
by immobilized Barley husk waste biomass.

3.5. Effect of flow rate

In column, the rate of flow of effluent was varied
from 3 to 15 mL/min to determine the effect of flow
rate on uptake capacity of barley husk. The result is
shown in Fig. 5. It is clear that flow rate effectively
influenced the uptake capacity of dye and inverse
relationship was found among them [21]. This is
because at lower rates the contact of dye with biomass
was for longer period of time which resulted in
greater removal and vice versa [22]. Therefore,
Actarus Red BWS biosorption was reduced from 48.27
to 14.09 mg/g with an increase in flow rate from 3 to
15 mL/min.

3.6. Effect of bed height

The beds of varying heights ranging from 2.5 to
18.5cm of immobilized barley husk were used to
evaluate its effect on biosorption of Actarus Red BWS
in continuous flow packed column at pH 1 with flow
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Fig. 5. Effect of flow rate on biosorption of Actarus Red
BWS by immobilized barley husk waste biomass.
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rate 3 mL/min and the initial dye concentration
150 mg/L. The results are shown in Fig. 6. Direct
relationship was found between bed height and dye
uptake capacity of biomass which is due to fact that
uptake capacity is depends on amount of biomass
available for sorption [23]. The sorption capacity of
Actarus Red BWS was found maximum ie.
47.21 mg/g at bed height 18.5 cm.

3.7. Equilibrium modeling

Equilibrium data are the basic requirement to
apply different designs related to adsorption system.
In order to find out the sorption capacity of barley
husk waste biomass for Actarus Red BWS, three, two
parameter models were used and their results are
shown in Table 1.

3.7.1. Langmuir isotherm

It assumes that there is present fixed number of
binding sites distributed homogeneously over the
entire surface of biosorbent. The equation can be
written as [24]

_ QubC.

Te=7171 b.C. @

where C, is the residual dye concentration (mg/L), Q,
(mg/g) and b (L/mg) are the Langmuir constants
representing the monolayer adsorption capacity and
adsorption energy, respectively, and quantity of dye
adsorbed is given by g. (mg/g). The plots of 1/C, vs.
1/g. (Fig. 7(a)) at temperature 303 K in continuous
mode and three different temperatures (303, 313 and
323 K) in batch mode were used to calculate these
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Fig. 6. Effect of bed height on biosorption of Actarus Red
BWS by immobilized barley husk waste biomass.
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Table 1
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Langmuir, Freundlich, and Flory-Huggins isotherm constants and correlation coefficients for the biosorption of Actarus

Red BWS onto immobilized barley husk waste biomass

Isotherm Temp. (K)

Batch

Continuous

Langmuir 303

313

323

Freundlich 303

313

323

Flory-Huggins 303

313

323

Q. (mg/g) =71.87
Ky (L/mg) =2.02
R?2=0.97

b=0.016

Q, (mg/g) =83.11
Ky (L/mg)=1.77
R*=0.99

b=0.015

Qo (mg/g) =90.60
Ky (L/mg)=1.73
R?>=0.97

b=0.016

K¢ (mg/g) =10.37
n=293

R%=0.89

K¢ (mg/g) =10.53
n=2.78

R%2=0.93

K¢ (mg/g) =12.67
n=3.01

R%=0.95

KFH = 00296

Ngy = 3.02
R%=0.95

Q, (mg/g)=53.26
Ky (L/mg) =277
R*=0.98

b=0.020

K¢ (mg/g) =8.53
n=23.03
R*=0.89

KFH = 0036
pn =2.82
R*>=0.96

KFH = 00295
Ngy = 3.23
R*=0.95
KFH = 0027
Ngy = 3.28
R*=0.96

constants (Table 1). The isotherms at all temperatures
were found linear over the whole range of concentra-
tion studied and the correlation coefficients were
extremely high which strongly supported that Actarus
Red BWS biosorption data closely followed the
Langmuir model.

Moreover, to test the adsorption favorability
separation factor Ry, was also calculated as

1
Ry = m (2)

where C, is the initial metal concentration (mg/L).

This parameter explains the isotherm as follows

R >1, unfavorable; Ry =1, linear; 0 <Ry <1, favor-
able; Ry, =0 reversible.

The values of Ry for the tested biosorbent were in
range 0-1 which showed favorable uptake of dye that
is also depicted from the shape of the curve

(Fig. 7(b)).

3.7.2. Freundlich isotherm

It considers the sorption surface to be heteroge-
neous. The linear form of the model [25] is as follows:

1
log g. = log K¢ + . (log Ce) 3)

where K; is the constant relating biosorption capacity
(mg/g dry weight), n is the Freundlich exponent relat-
ing biosorption intensity and it varies with heterogene-
ity of the material. The values of K¢ and 1/n (Table 1)
were calculated by plotting log C. vs. log g. (Fig. 7(c)).
However, coefficients of correlation indicated that data
were not well correlated to Freundlich isotherm.

3.7.3. Flory-Huggins Isotherm

This model was applied to evaluate the extent of
surface coverage of dye on sorbent [26]:



9268
0.06 - (@)
0.05 -|
0.04 -

& 003"

- m Batch 303
0.02 4 4 Batch 313
0.01 - % Batch 323

+ Cont. 303
0 : : : ‘ ‘ ‘
0 0.02 0.04 0.06 0.08 0.1 0.12
1/Ce
0.6 - (b) —=— Batch 323
05 - ---a--- Batch 313
0.4 - —=— Batch 303
E:I 0.3 —e— cont. 303
0.2 4
0.1
0 . : : ; )
0 50 100 150 200 250
Co
27 (¢)
15 =
Q
S —=— Batch 303
[o)]
o —a— Batch 313
= 05 —=— Batch 323
—e— Cont. 303
0 : : ‘ : ‘
0 0.5 1 15 2 25
Log Ce

Fig. 7. Langmuir isotherm plot (a), Freundlich (b), and
separation factor plot (c) for biosorption of Actarus Red
BWS onto immobilized barley husk waste biomass.

0
log = log Ken + ngn - log (1 — 0) @)

where Kgy is the Flory-Huggins model equilibrium
constant, ngy is model exponent for the said model,
and 0 is the degree of surface coverage. The isotherm
showed the linear plot and values of Kgy and ngy
calculated from the slope and intercept of the plot for
both batch and continuous modes are shown in
Table 1. The high value of R* shows good applicability
of the model for this biosorbent.

3.8. Biosorption kinetic study

The Lagergren’s pseudo-first- and second order
was applied to evaluate the biosorption kinetics of
Actarus Red BWS onto immobilized biomass for both
continuous and batch mode performed at 303 K. The
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Fig. 8. Pseudo-first-order plot (a) and Pseudo-second-order
plot (b) for biosorption of Actarus Red BWS onto immobi-
lized barley husk waste biomass.

experimental data which were used here at initial
concentrations 150 mg/L for both modes (Fig. 8).

The linear form of pseudo-first-order rate equation
[27] is given as

t
log (ge — q¢) = logge — K. 27303 5)
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Fig. 9. Plot of K, vs. 1/T for biosorption of Actarus Red
BWS by immobilized barley husk waste biomass.
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Table 2
Pseudo-first-order and pseudo-second-order models for the biosorption of Actarus Red BWS onto immobilized barley
husk waste biomass

Pseudo first order Pseudo second order

Mode Jexp (Mg/g) feal (Mg/g) Ky (min™") R? (eat (Mg/g) K, (min™") R?
Batch 50.77 41.84 —0.061 0.99 57.47 0.0019 0.99
Continuous 41.03 34.19 -0.056 0.98 47.17 0.0021 0.99
Table 3

Values of thermodynamic parameters for the biosorption of Actarus Red BWS onto immobilized barley husk biomass

Dye Temperature (K) AG° (k] mol ™) AS° (J mol ' K™) AH"® (k] mol ™)
Actarus Red BWS 303 —-1.378 26.26 6.64

313 —1.483

323 -1.877
where g. (mg/g) and g, are the amounts of metal ions where R is the general gas constant (8.314 x

sorbed at equilibrium time and at ¢ (min), respectively,

and K is the first-order-rate constant (min?).
Pseudo-second-order kinetic model was

applied on the experimental data given below [28]

also

t 1 ¢

where K, (mg g ' min™') is the rate constant for sec-
ond-order reaction, g; and g. (mg/g) are the biosorp-
tion at time ¢ (min) and at equilibrium, respectively.

The rate constants and correlation coefficient
values for different models are given in Table 2.
Pseudo-second-order equation showed best fit rather
than pseudo-first-order equation with high correlation
coefficient (R?=0.99) and closer Jexp Value to theoreti-
cal value. It made clear that not only biosorbent
amount affected the biosorption rate but also con-
tributed the other factors like pH, temperature, initial
dye concentration, etc. [29].

3.9. Biosorption thermodynamics

Thermodynamic parameters such as Gibbs free
energy AG®, enthalpy AH®, and entropy AS° were
calculated to describe the thermodynamic behavior of
biosorption of Actarus Red BWS onto barley husk
biomass using following equations:

AG = —RT InK, @)

10k mol 'K, T is the temperature (K), and K, is
the Langmuir constant.

The values of enthalpy (AH®) and entropy (AS®)
were calculated as:

AG = AH —TAS (8)
AH® AS
In KL = — ﬁ + T (9)

The values of AG® were calculated from Eq. (7).
The values of AH® and AS® were calculated from slope
and intercept of the plot of Ky vs. 1/T, respectively
(Fig. 9). The negative values of AG® indicated that the
process was spontaneous and feasible and adsorption
favorability increased with temperature. Positive value
of AH® confirmed the endothermic nature of biosorp-
tion process. The positive change in entropy indicated
increase in randomness at solid-liquid interface dur-
ing the process of adsorption. It also suggested some
structural changes in dye and the adsorbent [30]. The
values of thermodynamic parameters for the biosorp-
tion of Actarus Red BWS onto barley husk are given
in Table 3.

4. Conclusions

Biosorption of direct dye, Actarus Red BWS, onto
immobilized barley husk biomass from aqueous solu-
tion in both batch and continuous mode was tested.
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Various parameters like pH of solution, biomass
dosage, contact time, initial metal concentration, and
temperature were tested. The experimental data were
analyzed using Langmuir, Freundlich, and Flory-
Huggins isotherm models. The equilibrium data were
well described by the Langmuir isotherm model with
maximum monolayer biosorption capacity 57.52 and
39.04 mg g ' for batch and continuous mode, respec-
tively The analysis of kinetic data revealed that
pseudo-second-order model was the best applicable
for the description of biosorption process. Thermody-
namic parameters indicated that biosorption process
was feasible, endothermic, and spontaneous.
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