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ABSTRACT

In the current study, synthesis and application of wheat bran/zinc aluminum biocomposite
and tea leaves waste/zinc aluminum biocomposite for the elimination of hazardous dyes
(Reactive Yellow-41 and Direct Blue-7, respectively) were examined. Diverse parameters
were used for the data. Optimum pH for maximum removal of dyes was 4. Dye removal
was maximum with increase in biocomposite dose, dye concentration, and temperature. The
optimum contact time was detected to be 90 min for Reactive Yellow-41 onto wheat bran/
zinc aluminum biocomposite and 120 min for Direct Blue-7 onto tea leaves waste/zinc
aluminum biocomposite. The research data were best fitted to Langmuir isotherm and
pseudo-second-order kinetic model. Surface sorption of dyes was observed through FT-IR
analysis. The changes in surface morphology of both the biocomposites were investigated
through SEM. XRD analysis was used to examine the crystallinity of biocomposite. It was
inferred that wheat bran/zinc aluminum biocomposite and tea leaves waste/zinc aluminum
biocomposite are excellent biosorbents for the removal of dyes from aqueous solutions.

Keywords: Adsorption; Wheat bran/zinc aluminum biocomposite; Tea leaves waste/zinc
aluminum biocomposite; Modeling

1. Introduction

Pollution control is one of the principal concerns
nowadays. Unprocessed or partially processed
wastewaters and industrial waste is discharged into
natural environments. Among industrial effluents, dye
wastewater from textile and dyestuff industries, is one
of the most problematic liquids to treat. Textile, paper,

*Corresponding author.

and plastic industries use bulk of chemicals and dyes
for coloring and at the end discharge into water
stream [1]. The discharge of dye into wastewaters
causes severe environmental hazards; this is because
dyes usually have a synthetic and complex aromatic
molecular structure, which makes them more stable
and difficult to biodegrade [2]. Dyes affect the pene-
tration of light through water and hinder photosynthe-
sis, so causing the natural imbalance [3]. The
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dye-polluted water causes mutation, skin ulcer, heart
diseases, cancer, and jaundice [4].

Physical and chemical processes are mostly used
to treat dye wastewater. These consist of coagulation,
flocculation, ozonation, oxidation, ion exchange, and
adsorption. But these methods have certain limitations
such as not cost-effective, formation of dangerous by-
products and high-energy requirements [5].

Biosorption is the removal of contaminants from
aqueous solutions by using natural materials. It is a
favorable biotechnological method for the elimination
of pollutants because it is environmental friendly, eco-
nomical, quick, and easy to operate [6]. Different agri-
cultural wastes such as sawdust [7], activated carbon
[8], orange peel [9], and rice husk [3] have been used
for dye elimination purpose. But these are not highly
efficient. So, searching for effective and efficient
biosorbent is the need of the day [10].

In the present research work, synthesis and appli-
cation of wheat bran/zinc aluminum biocomposite
and tea leaves waste/zinc aluminum biocomposite are
done. Different process parameters like pH, dye con-
centration, contact time, pore size of biocomposite,
temperature, and dose of biosorbent are studied.
Equilibrium and kinetic modeling are also applied to
experimental data. Characterization of biocomposites
is done by FT-IR, SEM, and XRD analysis.

2. Materials and methods
2.1. Chemicals

All the relevant chemicals were obtained from
Sigma—Aldrich Chemical Co. (USA).

2.2. Synthesis of biocomposite

Wheat bran and tea leaves waste were obtained
from the local market. After washing with distilled
water, the biomasses were kept in sunlight for 3 d and
dried in oven at 60°C for 24 h. After grinding and
sieving, the biomass was preserved. For the prepara-
tion of biocomposite, small particle size biomass is
selected and processed further. Wheat bran/zinc alu-
minum biocomposite and tea leaves waste/zinc alu-
minum biocomposite were prepared according to the
following method: Zinc nitrate (5g) and aluminum
nitrate (2 g) were dissolved in 100 ml of distilled water
with vigorous stirring at 85°C for 30 min. Then 20 ml
of 30% NHj solution was added gradually to the solu-
tion. The mixture was stirred at 85°C for 2 h. The syn-
thesized biocomposites were washed several times
with distilled water and dried under vacuum [5].
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2.3. Preparation of dyes’ solution

In this work, Reactive Yellow-41 and Direct Blue-7
dyes were used. After the formation of stock solution,
solutions of different concentrations were formed by
diluting the stock solution.

General characteristics of dyes are presented in
Table 1.

2.4. Batch biosorption experimental studies

Effect of various parameters such as pH, biocom-
posite dose, particle size, initial dye concentration,
contact time, and temperature on the biosorption of
dyes was determined. The amount of absorbed dye
was calculated through the following equation:

q= (Co - Ce)V/W (1)

where g is the dye sorbed capacity on the biocompos-
ite (mg/g), C, and C. are the initial and equilibrium
dye concentrations, respectively. V is the dye solution
volume (ml) and M is the amount of biocomposite (g).
The % sorption was determined as follows:

% Sorption = C, — C¢/C, x 100 )

2.5. Adsorption isotherm studies

Adsorption isotherms are used to determine the
biosorption. Langmuir [11] and Freundlich [12] iso-
therm models are applied on the biosorption data.

2.6. Adsorption kinetics studies

The performance of dyes onto the wheat bran/zinc
aluminum biocomposite and tea leaf waste/zinc alu-
minum biocomposite was examined using the pseudo-
first-order [13] and pseudo-second-order [14] kinetic
models.

2.7. Desorption/regeneration of biocomposite

All the used biocomposites were treated with dis-
tilled water at higher pH. After completion of the

Table 1

General characteristics of dyes

Dye Color Type Amax (m)
Reactive Yellow-41 Yellow Reactive 410
Direct Blue-7 Blue Direct 400
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sorption experiment the biocomposite was filtered,
dried, and treated with distilled water at pH 10-14.
And this biocomposite was again treated with dye
solution and the process of adsorption and desorption
was repeated five times to check the desorption capac-
ity of the biocomposite.

% Desorption is calculated as:

mg

% Desorption = Amount of desorbed dye <? /

N——

Amount of adsorbed dye (?) x 100
(3)

3. Results and discussion
3.1. Effect of pH

The pH of the solution greatly affects the dye
removal capacity. Dye molecule ionization and sorp-
tion processes are affected by a change in the pH of
the medium. Removal of dyes is influenced by chang-
ing the pH of the solution [15]. To determine the opti-
mum pH of Reactive Yellow-41 and Direct Blue-7
dyes, experiments were done from 2 to 8 pH. The
results are presented in Fig. 1. The graph shows that
dye sorption lessened at high pH value. At pH 2 for
Reactive Yellow-41 and Direct Blue-7 dyes dyes, the
removal capacity is high.

At low pH, there is a strong interaction between
dye molecules and positively charged surface of the
biomass [16]. Colak et al. [17] observed a similar kind
of behavior for acid dye removal by Paenibacillus
macerans.
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Fig. 1. Effect of pH on the biosorption of Reactive Yellow-

41 and Direct Blue-7 dyes.
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Fig. 2. Effect of biosorbent dose on the biosorption of Reac-
tive Yellow-41 and Direct Blue-7 dyes.
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Fig. 3. Effect of dye concentration on the biosorption of
Reactive Yellow-41 and Direct Blue-7 dyes.
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Fig. 4. Effect of contact time on the biosorption of Reactive
Yellow-41 and Direct Blue-7 dyes.
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Fig. 5. Effect of temperature on the biosorption of Reactive
Yellow-41 and Direct Blue-7 dyes.

3.2. Effect of the biocomposite dose

The influence of the biocomposite dose on the
biosorption of Reactive Yellow-41 and Direct Blue-7
dyes on the wheat bran/zinc aluminum biocomposite
and tea leaf waste/zinc aluminum biocomposite was
measured by using different biocomposite doses and
results are shown in Fig. 2. At high biocomposite
dose, the biosorption capacity is minimum. The
amount of dye removal increases from 18.00 to
22.44 mg/g for Reactive Yellow-41 dye onto wheat
bran/zinc aluminum biocomposite and from 10.01 to

Fig. 6. SEM photographs of
(b) 50 micrometer.

dye-loaded wheat bran/zinc aluminum biocomposite:
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13.54 mg/g for Direct Blue-7 dye onto tea leaves
waste/zinc aluminum biocomposites. Usually, the dye
biosorption decreases with an increase in the biocom-
posite dosage, because binding sites of biocomposite
decrease due to the accumulation of the biomass [18].
Ahmad et al. [19] showed that at high biomass
dosage, the biosorption of direct dye declined. A simi-
lar trend was shown by the biosorption of anionic
dyes onto rice husk waste [20].

3.3. Effect of the initial concentration of dye

Dye removal capacity is also influenced by the
concentration of dye. There is a strong interaction
between dye concentration and binding sites on a bio-
composite surface. The effect of concentration of Reac-
tive Yellow-41 and Direct Blue-7 dyes on the
biosorption ability of biocomposites was investigated
from 50 to 200 ppm concentration range. The data are
presented in Fig. 3. The graph shows that the increase
in dye biosorption is directly proportional to the dye
concentration. The amount of Reactive Yellow-41 dye
adsorbed increases from 17.54 to 26.89 mg/g onto the
wheat bran/zinc aluminum biocomposite and from
10.01 to 16.99 mg/g for Direct Blue-7 dye onto the tea
leaves waste/zinc aluminum biocomposite. Biosorp-
tion capacity of dye was enhanced because dye mole-
cules biosorbed onto the outer surface and then
penetrate inside the biomass [19].

(b)

(@) 500 micrometer and
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In 2009, Tunc et al. [21] described the removal of
Remazol Black B dye from aqueous solutions and
showed a similar behavior.

3.4. Effect of contact time

Biosorption capacity increases mostly with time
rapidly. But further increase shows no remarkable
change. It is shown in Fig. 4. The equilibrium biosorp-
tion time for Reactive Yellow-41 dye is 240 min and
for Direct Blue-7 dye is 180 min after that there is no
key increase in biosorption. Waranusantigul et al. [22]
explained that the rate of biosorption of basic dye onto
duckweed increased with the increase in the shaking
time. Akar et al. [23] also showed the same trend for
the biosorption of acid blue 40.

3.5. Effect of temperature

The effluents of industries have mostly a high
temperature. Fig. 5 shows the effect of temperature of
Reactive Yellow-41 and Direct Blue-7 dyes on
biocomposites. The results describe that as tempera-
ture rises from 30 to 70°C, the removal capacity of bio-
composite also increases. With increase in temperature
the motion of dye molecules also increases. The
increase in the amount of dye adsorption with the
increasing temperature may be due to the increase in
the energy of the large dye molecules [24]. Aksu and
Tezer [25] showed the same behavior of reactive dye
biosorption.

3.6. Biosorption kinetic models

In this research, pseudo-first-order and pseudo-sec-
ond-order kinetic models are used to explain the
biosorption kinetics.

3.6.1. Pseudo-first-order kinetic model

The principal of pseudo-first-order kinetic model is
that the dye concentration changes with time. The dif-
ferential equation is shown as follows:

dg:/d; = ki(q, —q,) )

where g. and g; are biosorption capacities (mg/g) at
equilibrium and time t, respectively, k; is the rate con-
stant (1/min).

After interacting the above equation and applying
boundary conditions t=0-ft=t and q;=0-g; =4,
the equation becomes:
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log(./q. — q;) = (k1/2.303)t 5)

After rearranging:

log(q, — q,) = log g, — (k1/2.303)¢ ®)

The values of g. (experimental), g. (calculated), R*
and k; of both dyes are presented in Table 2.

The results describe that the calculated and experi-
mental value of g. does not relate and the value of R*
is not acceptable in both dyes. So, the pseudo-first-
order model is not well fitted.

3.6.2. Pseudo-second-order kinetic model

Pseudo-second-order kinetic model described the
biosorption process over a wide range.

Pseudo-second-order kinetic equation is shown
below:

dq,/d: = ka(q, — q,) @

where k, (g/mg min) is the second-order rate constant
for the biosorption process, . and g; are the biosorp-
tion capacities at equilibrium and time ¢, respectively.

By integrating and applying boundary conditions
t=0-t=tand g, =0-g; = q;, the above equation can
be written in the linear form as follows:

t/qr = 1/kaq2 +1/q(t) ®)

Table 2

Comparison of the kinetic parameters for the biosorption
of Reactive Yellow-41 and Direct Blue-7 dyes onto wheat
bran/zinc aluminum biocomposite and tea leaves waste/
zinc aluminum biocomposite

Kinetic models Reactive Yellow-41 Direct Blue-7

Pseudo-first-order

ki (1/min) 0.0447 0.0011
ge (experimental) 12.143 8.287
ge (calculated) 3.007 1.121
R? 0.533 0.457
Pseudo-second-order

k; (g/mg min) 107° 0.2117 0.0629
ge (experimental) 12.143 8.287
ge (calculated) 2.214 2.001
R? 0.994 0.982
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The results are shown in Table 3. The values of g. and
R® for dyes are satisfactory and the model is well fit-
ted to kinetic data.

Ozacar and Sengil [26] showed that the reactive
dyes biosorption followed the second-order kinetic
model. Ncibi et al. [27] observed that the biosorption
of dye by Posidonia oceanica (L.) leaf sheaths obeyed
the pseudo-second-order models.

3.7. Adsorption isotherms

The adsorption isotherm describes the interaction
of adsorbate with adsorbent. In this work, two Lang-
muir isotherm and Freundlich isotherms are used.

3.7.1. Langmuir isotherm

The Langmuir isotherm is used for the biosorption
of contaminants from aqueous solution. The surface
phase may be considered as a monolayer or multi-
layer. Langmuir isotherm is based on the ideal
monolayer adsorbed model. Langmuir isotherm is rep-
resented by the following equation:

Ce/q, =1/Kq,, + Ce/q,, )

where C, is the concentration of dye solution (mg/L)
at equilibrium. The constant gy, signifies the adsorp-
tion capacity (mg/g) and K is related to the energy of
adsorption (L/mg). Values of g, and K are shown in
Table 3.

3.7.2. Freundlich isotherm

The basic principal of this model is that the
biosorption occurs by interacting the dye molecules on

Table 3

Comparison of the isotherm parameters for the biosorption
of Reactive Yellow-41 and Direct Blue-7 dyes onto wheat
bran/zinc aluminum biocomposite and tea leaves waste/
zinc aluminum biocomposite

Isotherm models Reactive Yellow-41 Direct Blue-7

Langmuir

Ry 0.411 0.278
R? 0.995 0.989
Gm 24.012 9.411
Freundlich

K 3.154 1.221
R? 0.421 0.662
N 0.237 0.126
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the heterogeneous surfaces. The Freundlich isotherm
form is given by the following equation:

e = KF(Ce)l/n (10)
where g, is the amount adsorbed per unit mass of the
adsorbent (mg/g), C. is the equilibrium concentration
of the adsorbate (mg/L), and Kg, n are the Freundlich
constants related to adsorption capacity and intensity,
respectively. The logarithmic form of Eq. (10) gives
the following linearized expression:

Inge=mnKg+1/nln C, 11
The values of Freundlich constant n are given in
Table 3 which shows that the model is best fitted.
Ozacar and Sengil [26] studied that the removal of
reactive dyes onto calicinated alunite obeyed the
second-order kinetic model.

3.8. FT-IR studies

The FT-IR spectra of wheat bran/zinc aluminum
biocomposite and tea leaves waste/zinc aluminum
biocomposite before and after biosorption of Reactive
Yellow-41 and Direct Blue-7 dyes were studied in the
range of 400-4,000 cm™'. The FT-IR spectra show the
exchanging sites and functional groups on which
biosorption takes place. The FT-IR spectra of biocom-
posites and peaks at 2,910.12 cm™' of C-H stretching
describe the prescence of -CH and =CH groups which
show that sugarcane bagasse and apple peel contain
lignin and these outcomes are very similar to the
described results. The band at 1,704.21 cm™ ! can be
assigned to C=0O stretching vibrations. The peaks at
2,988.79 cm™! represent the vibrations of -OH func-
tional groups. The peaks appear due to C=O and -OH
vibrations attribute the presence of carboxyl group on
the surface of the biocomposite. The existence of peak
at 1,633.33 cm ! and bifurcated peak at 3,651.25 and
3,637.75 cm ! may be due to the existence of amide
group on the surface [28]. Due to definite interaction
of biocomposite with dyes, alterations in the spectra
are seen due to disappearing and broadening of some
peaks. The -OH stretching peaks in dyes-loaded bio-
composite vanish or absorb at lower frequency which
shows the involvement of hydroxyl and carboxyl func-
tional groups in the sorption mechanism. The intensity
of -NH peak at 1,655.11 cm™' decreased and the dis-
appearance of bifurcation at higher frequency suggest
that amide group also participates in the biosorption
of dyes.
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Fig. 7. SEM photographs of dye-loaded tea leaves waste/zinc aluminum biocomposite: (a) 500 micrometer and (b) 50
micrometer.
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Fig. 8. XRD pattern of dye-loaded wheat bran/zinc aluminum biocomposite.
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Table 4
Comparison of current study with data reported in literature
Biosorbent Adsorption capacity (mg/g) Refs.
Green algal spirogyra 6.2 [31]
Calcinated bones 81.67 [32]
Egg shells 28.87 [33]
Wheat bran biocomposite 17.87 Present study
Tea leaves biocomposite 10.01 Present study

400
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Fig. 9. XRD pattern of dye-loaded tea leaves waste/zinc aluminum biocomposite.

3.9. SEM analysis

SEM is used to illustrate the surface structure and
morphology of the biosorbent material. It is used to
define the shape and structure of biomass. Biosorption
will be increased with more pores on the biomass sur-
face [28]. Figs. 6(a, b) and 7(a, b) depict the morphol-
ogy of dye-loaded wheat bran/zinc aluminum
biocomposite and tea leaves waste/zinc aluminum
biocomposite, respectively. On the surface of both the
biocomposites, formation of white monolayer covering
comes after biosorption of dyes. The confirmation of
monolayer coverage was done by the Langmuir
adsorption isotherm studies in batch condition. Akar

et al. [29] observed the surface morphology of
untreated and dye-treated olive pomace biomass. The
biocomposite surface exhibited the presence of dye
molecules after sorption.

3.10. XRD analysis

X-ray diffraction is a proficient technique used to
illustrate the crystallinity of compounds. Sharp and
well-observed peaks were seen for crystalline
compounds and diffused peaks were observed for
amorphous substances. XRD pattern of dye-loaded bio-
composites (wheat bran/zinc aluminum biocomposite
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and tea leaves waste/zinc aluminum biocomposite)
shows diffused peaks (Figs. 7 and 8). The XRD pattern
of Reactive Yellow-41 and Direct Blue-7 dye after
biosorption showed that the sharp peaks converted into
diffused peaks and the crystalline nature of biomass
changed into amorphous one. Namasivayam and
Kavitha [30] described that Carpinus betulus showed
well-observed peaks which converted into diffused
form after biosorption of dyes. A comparative study of
biosorption of some dyes is shown in Table 4.

3.11. Regenerationfreuse of the composite biomass

Regeneration of any adsorbent makes it economical
as it can be used again many times without much
cost. Nowadays the majority of adsorbents chosen are
on the basis of effective regenerating capability. The
type of adsorbate is very important in this respect like
adsorbent and the process followed. The adsorption of
all the dyes occurred at lower pH so now higher pH
was required to desorb the dye. Distilled water with
pH 10-14 was used for the desorption process.

A biocomposite surface attains negative charge
when the pH of the solution is increased. And hence
repulsion between negatively charged surface and
anionic dye molecules causes their release back into
solution form The fact for using water was that it was
costless, solubility, and easy to manage. The biocom-
posites were desorbed effectively up to five cycles
with a little reduction in sorption capacity after each
desorption cycle (Fig. 9).

4. Conclusions

The elimination of Reactive Yellow-41 and Direct
Blue-7 dyes from aqueous solution by biosorption
onto wheat bran/zinc aluminum biocomposite and tea
leaves waste/zinc aluminum biocomposite was deter-
mined experimentally. The percentage removal of
dyes was influenced by various process parameters. A
high temperature enhances the biosorption rates. The
equilibrium time was found to be 1h (60 min) for
Reactive Yellow-41 dye and 90 min for Direct Blue-7
dye. Maximum biosorption was observed at pH 2. The
removal capacity of dyes decreases with more biomass
because of a decrease in the biosorption sites. At ele-
vated temperature, the biosorption capacity was
enhanced because the motion of dye particles
increases. Pseudo-second-order kinetic model and the
Langmuir isotherm are well fitted to data. Characteri-
zation of the biocomposites was done through FT-IR,
SEM, and XRD analysis.
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