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ABSTRACT

In this paper, the characterization of wheat straw (WS) and cetyl trimethyl ammonium
bromide (CTAB) modified wheat straw (MWS) was determined by Fourier transform
infrared spectroscopy (FTIR) and X-ray fluorescence (XRF), indicating that CTAB had entered
into the structure of WS successfully. Then, MWS was used as adsorbent for the removal of
methyl orange dye (MO, anionic dye) from aqueous solution in batch mode. The experiments
were carried out by exploring the most suitable conditions including solution pH, MWS
dosage, dye initial concentration, temperature, and contact time. Biosorption capacity of
MWS for MO is 50.4mgg ' at 303K under the optimum condition of pH of 3, MWS dosage
of 1.00 gLfl, contact time of 520 min. The Freundlich and Temkin models were all successful
in depicting the equilibrium. The kinetic process can be predicted well by the Elovich,
pseudo-second-order and intraparticle diffusion model. In addition, the thermodynamics
parameters indicated the biosorption process was spontaneous and exothermal. The best
desorption method for MO-loaded MWS was hot water. The results implied that MWS be
suitable as effective adsorbent material for the biosorption of MO from aqueous solution.
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1. Introduction

In recent years, with the development of textile-
printing technology, some new nonbiodegradation
organics make chemical oxygen demand (COD) of
textile printing up to 2,000-3,000mgL "', which poses
a huge challenge for traditional wastewater treatment
means, such as flotation, coagulation. The dyestuff
mainly comes from textiles, paper, leather, coating,
and plastics [1]. Discharge of small amounts of dye
effluent into natural rivers can lead to lower water
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clarity and seriously affect survival of aquatic life.
Aromatic rings in dye structure form them carcinoge-
nicity, inertia, and mutagenicity [2]. Thus, it is
essential to remove dyes from effluents. In practice,
many methods, such as oxidization and ozonation
[3,4], electrochemical technique [5], adsorption, have
been used to treat the wastewater containing dyes.
Much attention has been paid on adsorption owing to
its proven efficiency [6].

The activated carbon with large surface area is
effective and widely used as adsorbent [7], but its cost
is quite high. Therefore, many researchers pay
attention to different types of low-cost materials from
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agricultural by-products, such as wheat or rice husk,
De-oiled Soya, peanut husk, wheat straw (WS), and so
on [8-22]. WS has an abundant source in north region
of China and it is reported that annual production can
be more than 600 million [23]. WS is mainly treated
by burning or being abandoned. So researchers have
interested in removing the dye in aqueous solution
with WS, which not only can make full use of WS but
also provide a novel method for dye effluent treat-
ment [24]. As a major agricultural waste, WS has been
investigated for utilizing in many studies. Usually, in
order to improve the adsorbent capacity for the
removal of dye, different modified methods are
always used to improve the adsorbent capacity
[12,25].

Natural wheat straw (NWS) has been used as an
available adsorbent to remove heavy metals and dyes
from water/wastewater [16,26]. But the capacity about
anionic dyes was very low. Several researchers used
cationic surfactant to modify agricultural byproduct to
remove anionic ions pollutants [27-30]. But few inves-
tigations have been reported using WS modified by
surfactants for dyes biosorption.

In the present study, cetyl trimethyl ammonium
bromide (CTAB), one cationic surfactant, was used to
modify NWS and enhanced its capacity toward
anionic pollutants. Methyl orange (MO, C.I. 13,025,
molecule weight 327.36 gmol !, CAS 547-58-0) is one
of the well-known acidic/anionic dyes, and it has
been widely used in textile, printing, paper, food, and
pharmaceutical industries and research laboratories.
Its structure is shown in Fig 1. Azo dyes are well-
known carcinogenic organic substances. Like many
other dyes of its class, MO on inadvertently enter the
body through ingestion, metabolizes into aromatic
amines by intestinal microorganisms [31]. In this
study, MO was selected as objective to evaluate the
capacity of modified wheat straw (MWS) toward
anionic dyes.

This present work is aimed to study the biosorp-
tion properties through the effects of several factors
on biosorption capacity. These factors include
adsorbent dosage, pH value, temperature, initial
concentration, and salt concentration. Adsorption
models were selected to fit the experimental data as
well as the thermodynamic parameters were
calculated. Of course, the regeneration of MO-loaded
MWS was also performed.

(CH3)2N£-© £-NE£VANE- @;E- SO;Nd

Fig. 1. Structure of methyl orange.
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2. Materials and methods
2.1. Adsorbent preparation and characterization

Wheat straw (NWS) was obtained from local coun-
tryside, Zhengzhou City, China. The certain dosage
straw was immerged into tap water for 24 h and then
was dried in an oven at 330K until constant weight.
The straw materials were ground and screened
through a set of sieves to obtain average size of 40—60
mesh and named as NWS. Five grams NWS was trea-
ted in 200ml of 1% CTAB at room temperature for
24h in constant oscillator. Then, the straw was
washed thoroughly with deionized water until neu-
tralized and dried in the oven at 333K until constant
weight. Finally, the resulting adsorbent named by
MWS was stored in airtight container for further use
to biosorption experiments.

The major elements of NWS and MWS were
measured using elemental analyzer (MOD. 1,106,
USA). Elemental compositions were obtained by X-ray
fluorescence (XRF) spectrometer (Philips PW 2,404
X-ray fluorescence, the Netherlands). Fourier trans-
form infrared (FTIR) analysis was used to study the
surface functional groups, using FTIR spectroscope
(PE-1710), where the wavelength was scanned from

4,000 to 400 cm™! with a resolution of 4cm ™.

2.2. Dye solution

Stock solution of MO was prepared by dissolving
1.0g of MO in 1L distilled water, respectively. All
working solutions were prepared by diluting the stock
solution with distilled water to the desired
concentration.

2.3. Biosorption studies

Effect of adsorbent dosage on the amount of MO
removal was performed with different dose in a series
of 20ml 3OmgL*l MO for 10h, respectively, under
the condition of pH 4.00 and 303 K.

To investigate the effect of initial solution pH on
biosorption performance, experiments were carried
out at constant dye solution (30mgL~') and MWS
dosage (1.00gL"~") with different initial pH from 2.00
to 12.00 at 303 K.

For the study of salt effect, adjust pH of MO to
3.00, and the rest of condition as same as above. The
experiments were carried out with the NaCl and
CaCl,, varying the salt concentrations from 0.00 to
0.20mol L™

The concentration of dye was estimated by moni-
toring the absorbance changes at a wavelength of
maximum absorbance (480nm, Uv/Vis-3,000). The
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equilibrium concentration in solid phase was
calculated by the following expressions:
(C() — Ce)v
e = 1
q - (1)
p:Q_C%dm% (2)
Co

where g, is the biosorption amount of MO per gram
MWS at equilibrium (mgg™"), p is the percent removal
efficiency (%), Co, C, are the concentration of dye at
original and equilibrium (mgL™"), respectively. v is
the volume of solution (L), and m is the amount of
MWS (g).

2.4. Equilibrium studies

Equilibrium studies were performed by using the
suitable dosage of MWS with dye solution different
initial concentrations. Batch Erlenmeyer flasks were
shaken at a constant speed in the oscillator with the
temperature 303, 313, and 323K, respectively. After
10h, these solutions were filtrated, and then the
filtrate was analyzed at its maximum absorbance
wavelength.

The equilibrium sorption isotherms are fundamen-
tal in describing the interactive behavior between
adsorbates and adsorbent and are essential in giving
an idea of the biosorption capacity of the adsorbent.

2.4.1. Langmuir Isotherm model

The Langmuir isotherm is the most popular iso-
therm model and it is mainly applied to describe the
monolayer biosorption process. The corresponding
mathematical expression is equation as follows [32]:

_ quLCe
T =17K.C, 3)

where qm is the maximum amount of biosorption
(mgg ), K; is the biosorption constant (Lmg "), g, is
sorption capacity at equilibrium (mgg™'), C. is
equilibrium concentration of adsorbate (mgL ™).

2.4.2. Freundlich isotherm model

The Freundlich model is a semi-empirical equation
describing heterogeneous surface sorption and
multilayer sorption under various nonideal conditions.
This isotherm is commonly presented as [32]:
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where Kr is a constant representing the biosorption
capacity, and 1/n is a constant depicting the biosorp-
tion intensity. Kr and 1/n are constants incorporating
all factors affecting the biosorption process (biosorp-
tion capacity and intensity of biosorption).

2.4.3. Temkin isotherm model

The energy state which the Temkin isotherm may
discribe is that the heat of biosorption fall with linear
down with the biosorption capacity increasing. The
Temkin model is expressed as [32]:

ge=A+BInC, 5)

A, B are the Temkin constants.

2.5. Kinetic studies

In kinetic studies, the samples were collected at dif-
ferent time intervals and the experiments were carried
out at 303, 313, and 323K in a constant temperature.
The residual concentration of MO was measured.

For further interpretation of biosorption behaviors,
four common kinetic biosorption models (pseudo-
first-order kinetic model, pseudo-second-order kinetic
model, Elovich and intraparticle diffusion) were tested
to obtain the rate constants and equilibrium
biosorption capacity at different temperatures. For the
pseudo-first-order kinetic model, it is assumed that
biosorption rate is proportional to the difference
between g, and g¢; [33]. The pseudo-second-order
equation was based on the sorption capacity of the
solid phase, and it is also considered that the biosorp-
tion process is controlled by a chemical sorption
mechanism involving electron sharing or electron
transfer between adsorbent and adsorbate [34]. The
Elovich equation is used to describe the process where
the activation energy has a great change [35]. In
addition, the intraparticle diffusion model fits to
describe the dynamic diffusion process which mainly
exists in internal diffusion [29]. Thus, four equations
are presented in the following:

Pseudo-first-order kinetic model:

i = ge(1—e ™) (6)

Pseudo-second-order kinetic model:

kzq
1+ kz%

t =
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Elovich equation:

g = %ln(uﬁ) + %lnt (8)

Intraparticle diffusion equation:
g = K2 4. C 9)

where g; is biosorption quantity (mgg™') at time ¢, g,
is biosorption capacity at equilibrium (mgg™); k; is
kinetic rate constant (min~!), k, is pseudo-second
kinetic rate constant (mgg 'min~"), K, is diffusion
rate constant (mgg ' min *°); C is constant (mgg™");
a is the initial biosorption rate (mgg ' min™"); 8 is the
constant relating to fraction of the surface covered
and chemisorption activation energy(gmg ).

All parameters of adsorption models were
obtained with the least sum of the squares of the
differences (SSE) between the experimental data and
fitted data using nonlinear regressive analysis method.

2.6. Desorption study

The certain amount of adsorbent which was used
for the biosorption of 50mgL~" of MO at pH 3.00 was
separated from dye solution by filtrating, respectively.
Then, MO-loaded MWS was washed with distilled
water to remove any unabsorbed dye and were dried
at 353K. The above materials were desorbed by
immersed in distilled water, hot water, acid,
0.1molL™" NaOH, 0.ImolL™" NaCl, 0.1molL™"
Na,SO4, 0.1molL™! sodium dodecyl sulfate (SDS),
alcohol, or 10min of microwave irradiation, respec-
tively. Comparison of these methods was in order to
select optimized condition for desorption. In this
study, three cycles of biosorption/desorption were
performed by using optimized desorption agent.

3. Results and discussion

3.1. Chemical composition and FTIR analysis of NWS and
MWS

The percentages of element are 0.226% N, 42.34%
C, and 5.81% H for NWS and 0.442% N, 46.32% C,
and 6.49% H for MWS, respectively. Elemental sulfur
was not detected in NWS and MWS. The increased
percentages of C, H, and N about MWS were from
CTAB biosorption, calculated from nitrogen content as
54.6 CTAB mgg ' onto NWS surface. There are some
inorganic elements confirmed by the XRF analysis,
such as Si, K, Ca, Fe, Mg, Al, etc. The element Br was
detected as 2.75% for MWS by XRF, while Br was not
detected for NWS.
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Fourier transform infrared spectroscopy (FTIR)
was useful to examine the surface groups of the
adsorbents and to identify some characteristic
functional groups. The FTIR spectra of the NWS and
MWS are shown in Fig. 2. There were hydroxyl group
and carbonyl group on surface of NWS from analysis
[36]. Several bands from lignin and hemicellulose can
be seen. From Fig. 2, the strong peak observed at
3410cm ™! is attributed to the —OH vibration of
Si—OH, —OH, and so on. The band at 2,923cm™! is
the characteristic peak of WS corresponding to the
presence of CH;—CO— of lignin. The band at 1,733
and 1,606 cm™' is associated with the stretching
vibration of —C=0O. The peak associated with the
stretch vibration in aromatic rings was verified at
1,507 cm ™. The peak located at 1,243 cm ™! was due to
stretch vibration of C—O in phenols of lignin. The
peak observed at 1,422 cm™' was assigned to the
stretch vibration of C—O of —COOH. The peak at
1,370cm™' may be from the bending vibration of
—CHa.

For MWS, the band at 3,410cm™! is broadened,
which is attributed to the vibration of -NH, of CTAB
and —OH of lignin. The intensity of the band at
2923cm™!'  increased and shoulder peak near
2,855cm " was slightly resolved due to the increase in
the aliphatic carbon content in MWS, while the peak
at 1,465cm ! (bending vibration of —CH,) was
slightly increased, which in turn was due to the bio-
sorption of CTAB onto WS surface. This showed that
quaternary ammonium groups were successfully
introduced to the chain backbone after modification.

The results of elemental analysis and FTIR implied
that CTAB have adsorbed onto surface of NWS.

3.2. Effect of adsorbent dose

The effect of adsorbent dosage on the biosorption
of dye is shown in Fig. 3.

It can be observed from Fig. 3 that the removal
rate of dye increases when concentration and vol-
ume of dye keep constant, but the dye biosorption
capacity decreases. The former is because the num-
ber of sorption sites at the adsorbent surface will
increase with increase of adsorbent dosage. For the
latter, the per g adsorbent was surrounded by less
and less dye molecules with increasing in adsorbent
dosage, so that the dye molecules were more diffi-
cult to combine the active sites on MWS surface. In
addition, it may be attributed to saturation of bio-
sorption sites because of particulate interaction such
as aggregation. Hence, the test chose 1.00gL ™' as
the concentration of adsorbent for MO biosorption.
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Fig. 2. FTIR spectra of NWS and MWS.

3.3. Effect of pH on biosorption quantity

The effect of aqueous solution pH on MO biosorp-
tion quantity is shown in Fig. 4, indicating that pH
considerably affected the biosorption process of MO.

According to Fig. 4, adsorption was favored at pH
3, while at lower and higher pH values the biosorp-
tion capacity decreased. At lower pH values, the
concentration of H" in the solution was higher. This
was formed from —SO; to —SO;H by binding H,
which decreased the electrostatic attraction between
anionic MO and MWS. That resulted in the decrease
in biosorption capacity at lower than pH 3. For higher
pH, the drop of biosorption capacity is attributed to

the competition between excess OH™ and anionic MO
for biosorption sites, so no exchangeable anions will
remain on the substrate in this way. In addition, the
other possible reason is that pH over the pHy,. make
the negative charge at adsorbent surface, which
decrease the electrostatic attraction of adsorbent—
adsorbate. However, there is still existence of higher
biosorption capacity at higher pH value and
this showed that the intermolecular interaction such
as n—n dispersive interactions between aromatic rings,
—N=N- groups of the dye molecule also contribute to
the biosorption [37]. Hence, pH of MO solution was
adjusted to 3 during next experiments.



6150
T T T T T 70
e " __/O
0.9 - \ O/ © - 60
0.8 . —o=p
—&—q, L 50
0.7 - 2
R 3
X 0.6 L 40 o;
o -
0.5 -
. L 30
041 \\
03d ° . - 20
0.0 0.5 1.0 15 2.0 25 3.0
m/(g'L'])

Fig. 3. Effect of MWS dosage on percent removal and
biosorption capacity of MO (Co=30mgL "', pH=4, contact
time 600 min, T =303 K).

3.4. Effect of salt concentration on biosorption quantity

In practical application, there are commonly
certain concentration salt ions in the wastewater.
Hence, it is relatively necessary to evaluate the effect
of salt on biosorption capacity. Fig. 5 shows effect of
NaCl and CaCl, concentration.

From Fig. 5, it can be seen that when salt
concentration increased from 0.00 to 0.05mol L™}, the
biosorption capacity appeared steep ascending trend,
meaning the increase in salt concentration stimulated
significantly the biosorption process. When salt
concentration above 0.05molL"", the change trend
was stable and hardly alter. This may be attributed to
the fact that the presence of salt reduce the thickness
of double electrode layer on adsorbent surface, which

48 4

46 4

q/mgg")
i

42 4

40 4

pH

Fig. 4. Effect of pH on biosorption capacity of MO on
MWS (Cy=30mg L1, MWS dosage 1.00gL71, contact time
600 min, T'=303K).
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make it easy the diffusion of dye forward MWS. This
contributes to form stronger electrostatic attraction
between dye molecular and adsorbent, thus biosorp-
tion capacity of MO will increase. Hence, the presence
of NaCl and CaCl, improves the biosorption capacity
of MO onto MWS, proving that MWS is able to apply
to the wastewater treatment with salt existed.

3.5. Effect of MO concentration in different temperature
and equilibrium modeling

The effect of initial concentration on the dye
biosorption onto MWS at different temperature was
shown in Fig. 5. The biosorption of dye reached equi-
librium when the initial concentration increased. For
the reason, at first, the interaction between dye and
MWS increases gradually with the increasing of the
initial concentration. And high concentration dye can
drive the dye molecules to combine with the adsor-
bent. Finally, the biosorption capacity becomes the
constant due to the saturation of sorption sites. The
increasing temperature results in the decreasing of
equilibrium biosorption capacity. That indicates the
biosorption process may be exothermal.

The fitted curves of three isotherm sorption
models of MWS-MO were also shown as Fig. 6.
Parameters of biosorption models and errors were
shown in Table 1.

First, it was found that the correlation coefficients
and error values of Langmuir are all not practicable.
Ky from Freundlich model decreased with the
temperature increasing, which indicated the decrease
in dye-adsorbent interaction at higher temperature.
Value of 1/n lay in between 0.1 and 0.5, indicating the
favorable biosorption of MO onto MWS. In addition,

T T T
0.00 0.05 0.10 0.15 0.20
salt concentration/(mol-L")

Fig. 5. Effect of salt on biosorption capacity of MO on
MWS (Cp=30mg L™, MWS dosage 1.00gL71, contact time
600 min, T'=303 K).
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the correlation coefficients and error values of Freund-
lich model were favorable. These revealed that the
data were fitted by Freundlich model better than
Langmuir model. In Temkin model, the A and B
gradually decreased with the temperature increasing.
The R? values were close to 1 and error values were
lower, suggesting that the Temkin model also fit to
depict the biosorption process.

In a word, the Freundlich model can be successful
in depicting the biosorption process of MO onto
MWS, which suggests that the multilayer coverage of
the surface of MWS by MO molecules as well as the
heterogeneous biosorption processes. The Temkin and
Freundlich models are better to depict the experimen-
tal equilibrium biosorption.

Generally speaking, the g, (obtained from the
Langmuir constant) can describe the biosorption
capacity of one adsorbent to some extent. Hence, some
other adsorbent quantity about MO were listed in
Table 2 in order to show the application prospect of
MWS (from this study). The value of g,, of MO onto
MWS is relatively higher compared with some materi-
als listed in Table 2, while lower than the slightly
expensive adsorbents such as carbon coated monolith.
In addition, the biosorption condition of MWS-MO is
accessible and preparation of MWS is simple, which
indicate  MWS is an efficient, competitive and
promising adsorbent for MO dye.

3.6. Effect of contact time and kinetic modeling

Fig. 7 represents the effects of contact time and
temperature on the biosorption capacity of MWS for
30mgL~" MO. It may be seen that the biosorption
capacity increased with longer and longer contact time

60
50
~ 40 4
&0
%D 30
=, 7 —a— cxperimental 303K
& —e— experimental 313K
20 4 —a— experimental 323K
Langmuir
10 —-—-- Freundlich
- = Temkin
0 T T T T T T T T T
20 40 60 80

C/(mgL")

Fig. 6. Biosorption isotherms and the nonlinear fitted
curves of three isotherm models at different temperature
(MWS dosage 1.00gL"", pH=3).
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Table 1
Parameters of biosorption isotherm models and errors at
different temperature

T/K 303 313 323
Langmuir

Gm(theoy (Mg E™) 50.4 44.8 35.8
K, (Lmg™) 1.22 0.510 0.557
R? 0.797 0.852 0.864
Getexpy (Mg g ™) 56.1 50.2 38.0
SSE 511 261 138
Frendlich

Kr 25.8 18.0 16.5
1/n 0.190 0.237 0.195
R? 0.994 0.984 0.964
SSE 5.89 14.4 25.2
Temkin

A 26.7 17.9 17.8
B 6.73 6.81 4.21
R? 0.990 0.980 0.968
SSE 17.7 37.6 44.0

Note: SSE = 3, (4. — g.)?,  is number of experimental points.

until equilibrium. It was evident from the Fig. 7 that
the lower temperature is, the faster biosorption
is. Hence, high temperature is not beneficial for
biosorption. The equilibrium time of MO onto MWS
was 520 min. The biosorption kinetics was investigated
for better understanding of reaction pathways and
dye uptake rate [42]. The plots of the nonlinear forms
of four kinetic models for the biosorption of MO on
MWS were shown in Fig. 8. The calculated related
parameters results were given in Table 3. For the
nonlinear fit in 303K, the coefficients of determination
(R*) for the Elovich and intraparticle diffusion
equation were greater than 0.904 and the error values
were low, confirming these two models agreed very
well with the experimental data. Pseudo-second-order
kinetic equation is suitable for describing the
biosorption process due to values of R* and SSE listed
in Table 3.

For the nonlinear fit in different temperature (303,
313, and 323K; Table 3), the values of R obtained
from the pseudo-second-order and Elovich are higher
than other two models, while the error values are
lower. That is to say, increasing on temperature may
increase the moving rate of the adsorbate molecules
and Br~ (from CTAB), which might result in more ion
exchange between anionic dye and Br~. That makes
biosorption closer to the Elovich.

This suggests that biosorption system be followed
by pseudo-second-order and intraparticle diffusion
model at normal temperature, based on the assump-
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Table 2

MO sorption capacity by other materials: g,, obtained from the Langmuir constant
Adsorbent Gm (mg g’l)

Bottom ash 16.7

De-oiled soya 3.62

Coal powder 18.5

Iron oxide-coated zeolite 3.00

Volcanic mud 333

Carbon nanotubes 51.8
Banana peel 21.0
Orange peel 20.5
Carbon coated monolith 102
Chromium-benzenedicarboxylates 194
Chitoson 9.9

Bentonite 33.8
MWS 50.4

Conditions References
303K, 4h [31]

303K, 2.5h [31]

303K, 3h [38]

303K [39]

303K [40]

298K [41]

303K, 24h [42]

303K, 24h [42]

303K [43]

298K [44]

306K [45]

298K, 10h [46]

303K, 8h Present study

tion that rate-limiting step may be film diffusion and
intraparticle diffusion and the biosorption process
is controlled by chemisorption. While at higher
temperature, the biosorption of MWS onto MO seems
to be more ion exchange described by Elovich.

3.7. Thermodynamic parameters

Thermodynamic studies were performed to find
the nature of biosorption process. Thermodynamics
parameters Gibbs free energy (AG®), enthalpy (AH®),
and entropy (AS°) were calculated by van’t Hoff and
Gibb’s-Helmholtz equations [47]:

30 .
.-
. .
ol
ot
24 0 L w¥ T —----
26 4
Ea -
"o s
sy 24 4 o
g -~
= -7 —a— 303K
S 2 7" —e— 313K
—h— 323K
=== Pseudo first order nonlinear fit
20 = = Pseudo second order nonlinear fit
+ Elovich nonlinear fit
=+ = Intraparticle diffusion nonlinear fit
18 +
T T T T T
0 200 400 600 800
t/min

Fig. 7. Effect of contact time on biosorption quantity
at different temperature (Co=30mg L7}, MWS
dosage1.00gL !, pH=3).

Ke =2 (10)
AG = —RTInK, (11)
AG = AH —TAS (12)

where C,q, and C, are the equilibrium concentration
of dye (mgg ") on the adsorbent and solution, respec-
tively. K. is the equilibrium constant, and the value of
K. in the lowest experimental dye concentration can
be obtained. T is the solution temperature (K) and R
is the gas constant.

Thermodynamic parameters obtained are given in
Table 4.

40 4
35
_~ 304
e
o0
g
\W‘. 25 experimental 30 mg -L !
experimental 50 mg -1
experimental 80 mg -L !
20 4 Pseudo first order nonlinear fit
+ Pseudo second order nonlinear fit
+++ Elovich nonlinear fit
== |ntraparticle diffusion nonlinear fit
15 T T T T T T
0 100 200 300 400 500
t/min

Fig. 8. The fitted curves of four kinetic models at 303K
(MWS dosage 1.00gL "', pH=3).
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Table 3
Kinetic parameters for the biosorption of MO onto MWS at different conditions
Kinetic model T/K

303 313 323
Co (mgL™ 30 50 80 30 30
Pseudo-first-order
ky/(min™) 0.0790 0.0587 0.0498 0.0785 0.0627
q./(mgg™) 27.1 31.2 35.7 26.0 24.2
R? 0.806 0.754 0.749 0.903 0.803
SSE 12.1 394 722 4.64 17.7
Pseudo-second-order
ky x 1072 (gmg ' min™") 5.41 2.85 1.92 6.21 4.19
Ge(theoy (Mg g™) 282 33.1 38.3 26.8 25.3
R? 0.977 0.940 0.917 0.996 0.946
SSE 1.42 9.62 23.9 0.200 5.30
Elovich
A (mgg ' min™) 2007 83.4 324 37,434 394
B (gmg™) 0.451 0.275 0.206 0.599 0.447
R? 0.974 0.996 0.991 0.947 0.994
SSE 3.24 1.27 5.11 2.60 0.555
Intraparticle diffusion
K; 0.382 0.650 0.877 0.252 0.350
C 20.9 20.6 21.3 21.6 17.9
R? 0.904 0.958 0.965 0.836 0.955
SSE 11.4 13.1 20.0 7.60 4.39

As shown in the table, the negative AG® values at
different temperatures revealed the spontaneity and
feasibility of the biosorption process. The negative
AH® values confirmed the exothermic biosorption
process. The positive values of AS® which was very
small suggested the hardly change randomness at the
solid-solution interface during the biosorption of the
dye onto MWS. The decrease in the value of the free
energy with increase in the temperature indicated
that biosorption was favored more at the lower
temperature.

3.8. Desorption study

Regeneration and recovery of adsorbents is
extremely necessary either for exploring the mecha-
nism or for economic perspective [48-50]. If the dye
attached to adsorbent can be desorbed by water, it
may be possible that the attachment of the dye onto
the adsorbent is through weak bonds. If the acid or
alkali can desorb the dye, it may be possible that the
attachment of the dye onto the adsorbent is through
ion exchange or electrostatic attraction. If organic
solvents, such as alcohol, can desorb the dye, it may

be possible that the biosorption of the dye onto the
adsorbent is through chemisorption.

The regeneration efficiency was investigated and
was shown in Fig. 9.

Based on the previous result, the higher pH were
disadvantage of biosorption, but beneficial factor for
desorption. The best candidate solvent to desorb MO
was 60°C hot water according to Fig. 9, which was
attributed to the previous study about temperature
that high temperature is unbeneficial to biosorption
but contributed to desorption. This demonstrated that
physical sorption dominated the biosorption process.
The organic solvent (alcohol) showed low regenera-
tion efficiency, suggesting the undominant of chemis-
try biosorption in sorption mechanism. In addition,

Table 4
Thermodynamic parameters for MO biosorption onto
MWS

T (K) 293 303 313
AG (K] mol™) -8.87 -9.21 -9.51
AH (k] mol™) -0.499

AS (Jmol 'K 32
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Fig. 9. Comparison of regeneration of MWS.

the desorption method of hot water was economically
feasible and makes it possible large-scale promotion
of MWS. The 86.7% regeneration efficiency of alcohol
also showed chemistry sorption may occupy certain
percentage in biosorption mechanism.

4. Conclusion

Biosorption property of MWS toward MO was
studied in batch mode. It was favor of biosorption at
solution pH 3.0. The high temperature was not
beneficial for biosorption, while the salt can improve
the biosorption capacity of MO onto MWS. The
Freundlich model fitted the equilibrium data well.
This suggested that the biosorption reaction might be
multilayer and heterogeneous physical biosorption.
The kinetic process of MO biosorption onto MWS can
be predicted well by Elovich, pseudo-second-order
and intraparticle diffusion model. The result con-
firmed the biosorption process mainly consists of film
diffusion and intraparticle diffusion. Furthermore, this
also revealed the process involved chemsorption. In
addition, the thermodynamics parameters indicated
the biosorption process was spontaneous and
exothermal. Finally, the desorption study indicated
the heat water is better with 83.28% regeneration
efficiency. This method is easy and feasible. Therefore,
it may be concluded that the MWS is a efficient,
environmental, economically feasible alternative, and
promising agriculture absorbent for dye from
industrial wastewater.
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