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Adsorbents  based  on  natural  polysaccharides  have  attracted  increasing  interest  because  of their  low-cost
and  biodegradability,  particularly,  polysaccharide-based  nanocomposite  adsorbents.  In  this  study  the
xylan/poly(acrylic  acid)  magnetic  nanocomposite  hydrogel  adsorbent  was  prepared  from  wheat  straw
xylan  and  Fe3O4 nanoparticles,  and  its  adsorption  property  was  studied  on  methylene  blue  removal.
The  prepared  hydrogel  adsorbent  had  a semi-interpenetrating  network  structure  and  exhibited  a  macro-
porous  structure  with  interconnected  porous  channels.  Super-paramagnetic  characteristic  behavior  was
observed  from  magnetic  analysis  using  a vibrating  sample  magnetometer.  The  optimum  condition  for
e3O4 nanoparticles
dsorbent
ethylene blue

methylene  blue  adsorption  on  the  adsorbent  was  found  at pH 8 with  an adsorbent  dosage  of  3  g/L and
an  initial  concentration  of 400  mg/L,  and the  removal  percentage  reached  above  90%.  The  adsorption
isotherm  of  methylene  blue  on the prepared  hydrogel  adsorbent  was  fitted  to  the  Langmuir  model,
and  the  pseudo-second-order  kinetic  model  could  describe  the  adsorption  process.  All obtained  results
indicated  that  the  prepared  hydrogel  adsorbent  is  promising  for water  treatment  applications.

©  2014  Elsevier  Ltd.  All  rights  reserved.
. Introduction

Wastewater pollution from paper making, cosmetic, electro-
lating, smelting and dyeing industries is a serious environment
roblem (Mittal, Gajbe, & Mittal, 2008; Sui et al., 2012; Ai & Jiang,
012). Removals of hazardous materials from wastewater have
een studied by many researchers. According to previous stud-

es (Liu, Wu,  Chiu, Suen, & Chu, 2007; Selcuk, 2005; Kornaros &
yberators, 2006; Shen, Shen, Wen, Wang, & Liu, 2011), various
reatment methods have been used to remove hazardous materials,
uch as ion exchange, chemical precipitation, membrane filtration
nd adsorption. Adsorption of hazardous materials on adsorbent
s considered to the most effective method for wastewater treat-

ent in terms of cost, ease of operation, flexibility and simplicity
f design (Crini & Badot, 2008). Recently, there has been increased
nterest on adsorbents based on natural polymers because of their
ow-cost and biodegradability. Natural polymers contain abundant
unctional groups which are very useful for removing hazardous
aterials. Cellulose, chitosan and cyclodextrin based adsorbents
ave been reported and used in the areas, such as drug delivery
Luo, Liu, Zhou, & Zhang, 2009), immobilization of enzyme (Luo &

∗ Corresponding author. Tel.: +86 29133 63909336; fax: +86 29 88431672.
E-mail address: xf001sn@nwpu.edu.cn (X.-F. Sun).

ttp://dx.doi.org/10.1016/j.carbpol.2014.11.013
144-8617/© 2014 Elsevier Ltd. All rights reserved.
Zhang, 2010) and water treatment (Shen et al., 2011; Luo & Zhang,
2009; Huang, Liu, Zhang, Xu, & Hu, 2012).

Xylan is an abundant polymer in nature, and it was  found
in hardwood and straw, comprising roughly one-fourth to one-
third of most plant materials. Xylan consists mainly of �-1→4
linked xylose unites with other substituents arranged in different
proportions, and it has excellent hydrophilicity, biodegradabil-
ity, and biocompatibility (Ebringerová, Hromadkova, & Heinze,
2005; Oliveira et al., 2010); therefore, xylan has become a very
promising raw material for preparing novel materials. We  have
studied the chemical structure and separation of straw xylan
(Sun, Fowler, Rajaratnam, & Zhang, 2010; Sun, Jing, Fowler, Wu,
& Rajaratnam, 2011), and straw xylan-based hydrogels with excel-
lent swelling and response properties had been prepared (Sun, Jing,
& Wang, 2013a; Sun, Wang, Jing, & Mohanathas, 2013b), and the
hydrogels can be applied in medical field and wastewater treat-
ment. However, there are few reports that focused on xylan-based
nanocomposite hydrogel.

In our previous paper (Sun, Jing, Wang, & Liu, 2014),
physical–chemical properties of xylan/poly(acrylic acid) magnetic
nanocomposite hydrogel were studied, and the hydrogel had

excellent thermal stability, magnetic- and pH-sensitive proper-
ties. The thermal stability of the hydrogels enhanced because of
an increase in the contents of xylan and Fe3O4 nanoparticles; how-
ever, the equilibrium swelling ratio decreased with increasing the

dx.doi.org/10.1016/j.carbpol.2014.11.013
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
http://crossmark.crossref.org/dialog/?doi=10.1016/j.carbpol.2014.11.013&domain=pdf
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ontents of Fe3O4 nanoparticles and xylan. This paper investigated
he adsorption property of the hydrogel on methylene blue (MB)
emoval, and the effects of solution pH, adsorbent dosage, initial MB
oncentration and contact time on MB  removal were discussed. The
dsorption mechanism was also studied using adsorption isotherm
nd kinetics models.

. Experimental

.1. Materials and reagents

Xylan was prepared according to a previous paper (Sun et al.,
013b) with some modifications in which the hemicellulosic mate-
ial was further treated using 0.05 mol/L HCl solution at 50 ◦C at

 1:20 (g/mL) solid to liquid ratio to obtain pure xylan, and the
ylan material contained 93% xylose and 5% arabinose. Acrylic
cid was purchased from the Tianjin Kermel Chemical Reagent
ompany in China. N,N′-Methylenebisacrylamide, ammonium per-
ulfate and anhydrous sodium sulfite were purchased from the
ianjing Hongyan Chemical Reagent Factory in China. FeCl3·6H2O,
eSO4·7H2O and MB were provided by the Tianjing Tianli Chemical
eagent Factory in China. All other reagents used were of analytical
rade.

.2. Preparation of hydrogel adsorbent

The Fe3O4 nanoparticles were prepared using chemical co-
recipitation method. FeCl3·6H2O and FeSO4·7H2O (mol ratio = 2:1)
ere dissolved in 150 mL  of distilled water, and the solution was

ransferred into a three neck flask filling using N2. The pH value of
he mixed solution was adjusted to 10.0 using NH3·H2O, and this
olution was stirred at 70 ◦C for 1 h. After the reaction, the black
ubstance was removed using a magnet, and the obtained product
as washed using distilled water and ethanol alternately for five

imes. After drying for 24 h in an oven, the black substance was
round to particles of 120 nm diameter, and Fe3O4 nanoparticles
ere finally prepared for further use.

0.4 g of xylan powder was dissolved in the mixed solution
f 9 mL  distilled water and 1 mL  acrylic acid. 0.02 g of N,N-
ethylenebisacrylamide and 0.28 g of Fe3O4 nanoparticles were

dded into the above solution, and the mixture was stirred using
echanical agitation under ultrasonic irradiation. Next, 0.01 g of

NH4)2S2O8 and 0.01 g of NaSO3 were added into the mixture solu-
ion. After the reaction finished, the black hydrogel materials were
emoved and cut into uniform size pieces (0.5 × 0.5 × 0.5 cm), and
hen, these pieces were soaked in distilled water for 48 h. During
his period, it was necessary to change the water regularly for wash-
ng away unreacted materials. The prepared hydrogel adsorbent

ere pre-frozen at −20 ◦C and then freeze-dried at −50 ◦C for 48 h.
inally, the xylan/poly(acrylic acid) magnetic hydorgel adsorbent
as prepared.

.3. Characterization of the prepared adsorbent

FT-IR spectroscopy was used to analyze the chemical structure
f the prepared hydrogel adsorbent. The ground hydrogel sam-
les were mixed with KBr and then pressed into discs that were
nalyzed using a FT-IR spectrometer (Nicolet 510) in the range
rom 4000 to 500 cm−1. The magnetic property of the prepared
dsorbent was evaluated using a vibrating sample magnetome-
er (VSM, Lakeshore 7307), and the hysteresis loop was obtained

n a magnetic field varying from −1.5 to +1.5 T. The morphology
f the adsorbent was observed on a scanning electron microscope
SEM, SUPRA 55), and the hydrogel samples that swollen in distilled
ater and the solutions of different MB  concentrations were first
lymers 118 (2015) 16–23 17

freeze-dried, and the morphology of the samples was observed and
photographed.

The mechanical property of the prepared hydrogels with and
without Fe3O4 nanoparticles was analyzed. Dynamic mechanical
analysis (DMA, TA instrument Q800 179 series) was  used to deter-
mine the compressive modulus of the swollen hydrogel samples. To
reach swelling equilibrium, hydrogels were incubated in distilled
water for 24 h at room temperature before test. The disk shaped
samples were 1 cm × 0.5 cm (diameter × height) in dimension and
were tested in compression mode at 25 ◦C.

2.4. Adsorption experiment

To evaluate the adsorption property of the prepared adsor-
bent, MB  was chosen to remove from aqueous solution using the
adsorbent. The effects of solution pH, adsorbent dosage, and initial
MB  concentration on the adsorption performance of the prepared
adsorbent were tested. Varied numbers of the hydrogel adsorbent
sample were added in 10 mL  solutions of MB,  and the pH values
of the MB  solutions were adjusted using 0.1 mol/L HCl or NaOH
solution, and the solutions were sealed at 25 ◦C for 48 h. The MB
concentrations of the remaining solutions were measured using
UV–vis spectrometer at its maximum wavelength of 665 nm. The
equilibrium adsorption amount of MB,  qe (mg/g), was calculated
using the following equation:

qe = (Co − Ce) V

W
(1)

Removal percentage (%) was  calculated using the equation:

Removal percentage (%) = Co − Ce

Co
× 100% (2)

where Co (mg/L) and Ce (mg/L) are the MB  concentrations at initial
and adsorption equilibrium states, respectively; V (L) represents
the volume of MB  solution; W (g) is the weight of the adsorbent.

The effect of contact time on MB adsorption was  performed as
follows: 0.5 g of the prepared hydrogel adsorbent was immersed
in a 20 mL  solution of MB.  The pH value of the MB solution was
adjusted using 0.1 mol/L HCl and 0.1 mol/L NaOH. After the certain
time intervals, the concentration of MB  solution was  determined
using above method. Adsorption amount of MB,  qt (mg/g), at time
t (h) was calculated using the following equation:

qt = (Co − Ct) V

W
(3)

where Ct (mg/L) is the MB  concentration at adsorption time t (h).

3. Results and discussion

3.1. Chemical structure of the prepared adsorbent

Fig. 1 displays the FT-IR spectra of xylan, hydrogel adsor-
bent and Fe3O4 nanoparticles. The broad band at 3400 cm−1 was
attributed to the O-H stretching vibration, and the absorption peak
at 2930 cm−1 originated from the C-H stretching vibration. The FT-
IR spectrum of xylan presented a band at 1630 cm−1 that arose from
the water adsorption, and the sharp absorption peak at 1044 cm−1

was assigned to the C O and C C stretching and the glycosidic link-
age V(C O C) contributions, which is the characteristic absorption
of xylan (Sun et al., 2013b). The band at 562 cm−1 appeared in the
FT-IR spectrum of Fe3O4, which is related to the vibration of the
Fe O (Luo et al., 2009). However, the Fe O characteristic peak in

the FT-IR spectrum of the prepared adsorbent was  shifted to lower
wavenumber, which may  be a result of physical effect. The band at
1726 cm−1 appeared in the FT-IR spectrum of the prepared adsor-
bent, which arises from carbonyl groups of poly(acrylic acid) (Wang
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Fig. 2. The magnetic hysteresis loop and photo of the prepared adsorbent.

 Wang, 2010; Li, Ji, Xia, & Li, 2012), and the characteristic absorp-
ion peak of xylan was observed at 1044 cm−1, and this indicated
hat xylans were incorporated into the hydrogel network.

.2. Magnetic property

Fig. 2 presents the magnetic hysteresis loop and photo of the
repared hydrogel adsorbent. It was observed that the saturation
agnetization of the prepared adsorbent was 4.21 emu/g, and the

ery small magnetization circle was also found, and the coercive
orce was close to zero, which is the typical characteristic of super-
aramagnetic particle (Luo et al., 2009; Luo & Zhang, 2010). The
hoto of the prepared magnetic hydrogel displays apparent mag-
etic property under a magnet in comparison with the hydrogel
ithout Fe3O4 nanoparticle, and the magnetic hydrogel adsorbent

an be separated easily by an external magnetic field. These results
ndicated that the prepared adsorbent had super-paramagnetic
haracteristic, which will be very promising in magnetic separation.

.3. Morphology of the prepared adsorbent
SEM images of the hydrogel adsorbent samples swollen in
istilled water and in different MB  concentration solutions are dis-
layed in Fig. 3. Fig. 3(e) and (f) shows that Fe3O4 nanoparticles
ere dispersed in the hydrogel adsorbent uniformly. It can be found
lymers 118 (2015) 16–23

from Fig. 3(a) that the hydrogel adsorbent exhibited macro-porous
structure and interconnect porous channels. The uniform pore dis-
tribution was also observed, and this structure is an advantage for
improving the adsorption capacity and adsorption rate. Moreover,
the pore size of the adsorbent swollen in distilled water was larger
than that swollen in MB  solutions, and the pore size decreased with
increasing MB concentration. The reason may  be attributed to the
competitive adsorption between MB  and H2O on the surface of the
adsorbent. MB  is a cationic dye, and it could reduce the repulsion
force in the swollen adsorbent because of the electrostatic effect.
Therefore, the pore size of the adsorbent decreased with an increase
in the MB concentration. Analogous result had been reported in
the adsorption of Cu(II) on �-cyclodextrin-based adsorbent (Huang
et al., 2012).

3.4. Compressive strength

Fig. 4 displays the stress–strain curves of the hydrogel sam-
ples with and without Fe3O4 nanoparticles. The prepared magnetic
hydrogel presented better compressive strength than that of the
hydrogel without Fe3O4. Under the stress of 6.984 kPa and a
strain of 0.5, the hydrogel sample without Fe3O4 failed in com-
pression, and the hydrogel collapsed. Therefore, the addition of
Fe3O4 nanoparticles enhanced mechanical strength of the pre-
pared hydrogel. The SEM images has presented that the prepared
magnetic hydrogel exhibited uniform pore structure and Fe3O4
nanoparticles were uniformly dispersed in the hydrogel network;
therefore, the mechanical strength was  improved significantly.

3.5. Adsorption studies

3.5.1. Effect of pH on adsorption performance of the prepared
adsorbent

Fig. 5(a) presents the effect of solution pH on the adsorption
performance of the prepared adsorbent. It was  observed that both
the adsorption amount and the removal percentage of MB  first
increased and then decreased with increasing pH value from 4 to
10, and both of the adsorption amount and the removal percentage
reached the maximum values at pH 8.0 that were 65.28 mg/g and
95.58%, respectively. The carboxyl groups in the hydrogel adsor-
bent dissociated into COO− when increasing solution pH, and the
surface of the adsorbent became negatively charged, which would
increase the electrostatic attraction between the adsorbent and
cationic MB  molecule. When the pH value of MB  solution was above
8.0, the concentration of Na+ cation increased, and Na+ cation would
occupy the adsorption site on the adsorbent. Therefore, both of the
adsorption amount and the removal percentage of MB decreased
at pH above 8.

3.5.2. Effect of adsorbent dosage
The effect of adsorbent dosage on the adsorption performance

of the prepared adsorbent is presented in Fig. 5(b). As shown,
the removal percentage of MB  increased with increasing adsor-
bent dosage from 0.5 g/L to 6 g/L. When the adsorbent dosage was
less than 3 g/L, the increase in the removal percentage was rapid
and the removal percentage reached 95% at a dosage of 3 g/L. The
increase in the removal percentage was  less obvious when increas-
ing adsorbent dosage above 3 g/L, and the adsorption amount of MB
gradually decreased from 354.16 mg/g to 32.27 mg/g. The possible
reason is that the more adsorbent provided the excessive adsorp-
tion sites which may  exceed the MB’s capacity. Ultimately, a large
number of adsorption sites didn’t interact with MB  molecules.
3.5.3. Effect of initial MB concentration and isotherm studies
Fig. 5(c) presents the effect of initial MB  concentration on

the adsorption performance of the prepared adsorbent. It was
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ig. 3. SEM images of the adsorbent swollen in pH 5.5 distilled water (a, ×100; e, ×
.0  (c, ×800), and 500 mg/L MB  solution at pH 6.1 (d, ×800).

bserved that the adsorption amount of MB  had a linear growth
rom 15.51 mg/g to 146.92 mg/g as increasing initial MB concentra-
ion from 50 mg/L to 500 mg/L. However, the removal percentage
ecreased with increasing initial MB concentration. The removal
ercentage of MB  slowly decreased when initial MB  concentration
as less than 400 mg/L, but it kept greater than 93.55%. When fur-

her increasing MB  concentration, the removal percentage rapidly
ecreased. A possible reason is that the adsorption sites on the
dsorbent were not completely occupied at a low MB  concen-
ration, thereby the adsorption amount of MB increased and the

hange of removal percentage was not obvious. When the concen-
ration of MB  solution was higher, the number of MB  molecule
as beyond the adsorption capacity of the adsorbent, and the
ecreasing trend of MB  removal became rapid.
; f, ×5000), 100 mg/L MB  solution at pH 5.7 (b, ×800), 300 mg/L MB  solution at pH

In order to study the adsorption isotherm of MB on the prepared
magnetic nanocomposite adsorbent, the two adsorption isotherms
models namely Langmuir and Freundlich were applied to study the
equilibrium adsorption data of MB  on the prepared adsorbent, and
the Langmuir and Freundlich isotherms models are expressed as
following Eqs. (4) and (5), respectively (Chen et al., 2013):

Ce

qe
= Ce

qmax
+ 1

KLqmax
(4)

1

ln qe = ln KF +

nln Ce
(5)

where Langmuir isotherm describes a monolayer adsorption
on a homogeneous surface; Freundlich isotherm describes the
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Table 1
Isotherm parameters for MB  adsorption on the prepared adsorbent.

Langmuir parameters Freundlich parameters

qe KL R2 1/n  KF R2

438.60 0.01498 0.9848 1.4566 10.6354 0.9100
Strain (%)

ig. 4. The stress–strain curves of the hydrogel samples with and without Fe3O4.

dsorption on a heterogeneous surface, assuming that the stronger
dsorption sites are occupied at first and the adsorption strength
ecreases with increasing the degree of adsorption site occupa-
ion; KL is the Langmuir adsorption equilibrium constant, which
eflects the energy of adsorption; KF and n are Freundlich charac-
eristic constants that are the indicators of the adsorption and the
dsorption intensity, respectively.

The fitted adsorption isotherms graphs are presented in Fig. 6,
nd the obtained constants using above equations are listed in

able 1. As shown, the correlation coefficient of Langmuir equation
as 0.9848, and this indicated that MB  molecules were adsorbed

n the prepared adsorbent by a monolayer adsorption. The maxi-
um  adsorption amount of MB  was estimated to be 438.60 mg/g. It
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Fig. 5. Effects of adsorption conditions: (a) effect of solution pH; (b) effect of ads
was also observed that 1/n  value was  1.4566. According to previous
studies (Bulut and Ady�n, 2006), the value of 1/n  in the range of 1
to 10 indicated a good adsorption.

3.5.4. Effect of contact time and kinetics studies
Fig. 5(d) presents the effect of contact time on MB removal at

different initial MB concentrations. It was  observed that the adsorp-
tion amount of MB  increased with increasing contact time. The
adsorption process had two stages: the adsorption behavior at the
initial stage was  rapid and adsorption equilibrium state reached
nearly; the adsorption behavior at the second stage was  very slow
and it took long time to achieve adsorption equilibrium state. The
adsorption time at the initial stage increased as initial MB  concen-
tration increased. Similar results had been reported in the studies
of the adsorption of MB  on chemically modified algal biomass
(Rubin, Rodriguez, Herrero, & Sastre de Vicente, 2010) and adsorp-
tion of basic dyes onto almond shell (Prunus dulcis) (Duran, Ozdes,
Gundogdu, & Senturk, 2011).

To investigate the adsorption process and potential rate control-
ling step, the four kinetics models including the pseudo-first-order
kinetic model, the pseudo-second-order kinetic model, Elovich

equation and intra-particle diffusion model were used to ana-
lyze obtained experimental data. These kinetics equations can be
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Fig. 6. Adsorption isotherm curv

xpressed as follows (Dang, Doan, Dang-Vu, & Lohi, 2009; Yi &
hang, 2008; Aharoni & Tompkins, 1970):

og (qe − qt) = log qe − k1t

2.303
(6)

t

qt
= 1

k2q2
e

+ t

qt
(7)

t = 1
b

ln(ab) + 1
b

ln t (8)

t = kit
1/2 + c (9)

here qe (mg/g) and qt (mg/g) are the MB  amount adsorbed at equi-
ibrium state and at time t (h), respectively; k1 (h−1), k2 (g/mg/h)
nd ki (mg/g/h1/2) are the rate constants of the pseudo-first-order
inetic model, the pseudo-second-order kinetic model and intra-
article diffusion model, respectively; a (mg/g/h) is the initial
dsorption rate, and b (g/mg) is related to the extent of surface
overage and the activation energy for the chemisorption; c (mg/g)
s a constant that characterizes boundary layer thickness.

The fitting plots using the four kinetics models are presented
n Fig. 7, and the kinetics parameters from fitting results are pro-
ided in Table 2. As shown, the correlation coefficient (R2 > 0.95)
f the pseudo-second-order kinetic model was greater than that of
he pseudo-first-order kinetic model and Elovich equation, which
ndicates that the pseudo-second-order kinetic model is suitable
or describing the adsorption process. This result implied that the

verall adsorption process was controlled by chemisorptions. The
ate constant k of the pseudo-second-order kinetic model exhibited

 reducing trend from 0.00468 to 2.3501 × 10−4 when the initial
B concentration increased from 100 to 500 mg/L, and this result

able 2
dsorption kinetics parameters at different initial MB  concentrations.

Kinetics Parameters MB concentrations (mg/L

100 200

Pseudo-first-order qe
a (mg/g) 28.10 57.9

K1 (h−1) 0.06626 0.0
qe

b (mg/g) 18.7802 48.0
R2 0.9181 0.8

Pseudo-second-order qe
b (mg/g) 31.0033 68.9

K2 0.00468 0.0
R2 0.9859 0.9

Elovich  equation a 4.5628 0.3
b  0.1776 0.0
R2 0.7424 0.7

Intraparticle-diffusion ki 2.1937 5.9
R2 0.5852 0.6

a Experimental.
b Calculated.
e

MB  adsorption on the adsorbent.

would arise from the decreased competition for adsorption sites
at lower MB  concentration. Similar result had been reported in
the removal of MB  from aqueous solution using self-assembled
cylindrical grapheme-carbon nantube hybrid (Ai & Jiang, 2012).
In addition, the correlation coefficient of Elovich equation pre-
sented higher values at higher initial MB  concentrations, which is
attributed to the higher chemical activation energy, indicating that
the adsorption of MB  on the adsorbent at higher concentrations
also followed the Elovich equation.

Fig. 7(d) presents that the fitted curves didn’t pass through the
origin, and this indicated that the intra-particle diffusion wasn’t the
sole rate-limiting step, and the adsorption of MB  on the magnetic
nanocomposite adsorbent was  rather complex and could involve
more than one diffusive resistance (Doǧan, Alkan, Türkyilmaz, &
Özdemir, 2004). It was  observed from Table 2 that the correlation
coefficient R2 value increased with increasing initial concentra-
tions, and it arrived to 0.9832 when initial concentration was
500 mg/L. This was  related to the porous structure of the adsorbent
that offered the channels for the diffusion of MB into the adsorbent,
and the driving force also increased at higher MB concentrations.

3.6. Analysis of adsorption mechanism

Fig. 8 presents FT-IR spectra of the adsorbent samples before
and after adsorbing MB.  Compared to IR spectrum (a), the appear-
ance of the bands at 1556 cm−1 and 1452 cm−1 in the spectrum

(b) of the adsorbent after adsorbing MB  was  attributed to asym-
metric stretching vibration and symmetric stretching vibration of

COO− groups, respectively (Dragan & Apopei, 2011). This implied
that the adsorption of MB on the adsorbent mainly arose from a

)
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ion; (b) after adsorption.

hemisorption process, and this was in consistent with the result
cquired using kinetics models. The poly(acrylic acid) would adsorb
B by electrostatic interaction between carboxylic groups and MB
olecules. It was also observed that the Fe O stretching peak
ransferred to higher wavenumber after adsorbing MB,  which may
e related to the physic effect between Fe3O4 nanoparticle and MB.
t (h )

d-order kinetic; (c) Elovich equation; (d) intraparticle-diffusion model.

4. Conclusions

The prepared adsorbent exhibited a porous structure and para-
magnetic properties, and the introduction of Fe3O4 nanoparticle
could enable the adsorbent to be separated easily and rapidly from
the reaction system by an external magnetic field and also enhance
the reusabilty of the xylan-based adsorbent. The adsorption of MB
on the adsorbent was affected by solution pH, adsorbent dosage,
initial MB concentration and contact time. Adsorption isotherm
study indicated that the adsorption of MB  on the adsorbent was
a monolayer adsorption, and the maximum adsorption capacity
was estimated to be 438.60 mg/g. Kinetics study indicated that
the pseudo-second order kinetic model could describe the adsorp-
tion process, and the adsorption behavior was predicted well using
Elovich and intra-particle diffusion equations at higher initial MB
concentrations.
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