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a  b  s  t  r  a  c  t

In the  current  study,  porous  chitosan  aerogels  doped  with  small  amount  of graphene  oxide  (CSGO  aero-
gels) with  high  porosity  (97.96–98.78%),  extraordinarily  high  water  absorption  (5848–8917%)  and  low
density  (0.021–0.035  g  cm−3) were  prepared  and  used  as adsorbents  for two  azo  dyes  methyl  orange
(MO)  and  amido  black  10B  (AB10B).  The  adsorption  behavior  of these  CSGO  aerogels  and  some  influence
factors  such  as pH value,  graphene  oxide  (GO)  loading,  concentration  of  pollutants,  as  well  as adsorption
eywords:
hitosan
raphene oxide
ethyl orange

mido black 10B
dsorption

kinetics  were  studied.  Specifically,  the adsorption  capacity  for  MO  is  686.89  mg g−1,  the  highest  com-
paring  with  other  publication  results,  and  it is  573.47  mg  g−1 for  AB10B.  Since  they  are biodegradable,
non-toxic,  efficient,  low-cost  and easy  to prepare,  we  believe  that  these  porous  CSGO  aerogels  will  be a
promising  candidate  for dye  removal.

©  2014  Elsevier  Ltd.  All  rights  reserved.
. Introduction

Nowadays the treatment of dyeing effluents has long been a
ajor concern. Most dye molecules in the effluent are known

o be toxic, mutagenic and carcinogenic (Chatterjee, Chatterjee,
im, & Woo, 2011b). Azo dyes constitute the largest class of
olorants and are common aquatic pollutants, which own  the
N N chromophore group and the aromatic structure. They
re normally difficult to remove because they are largely non-
iodegradable and are resistant to light and oxidizing agents
Anirudhan, Radhakrishnan, & Vijayan, 2013; Cheah et al., 2013),
nd adsorption process is proven as a reliable and effective act for
his dye treatment (Cheah et al., 2013; Vimonses, Lei, Jin, Chow, &
aint, 2009). Aerogel is a porous material and has been used in the
rea of organic pollutants adsorption. Rao, Hegde and Hirashima
2007) investigated the adsorption of organic liquids on silica aero-
el and found that the aerogel could adsorb the organic liquids and

ils by nearly 15 times of its own mass. Abramian and El-Rassy
2009) prepared titania aerogels by supercritical drying of wet alco-
els which are synthesized through a one-pot sol–gel process and

∗ Corresponding author. Tel.: +86 10 8825 6843; fax: +86 10 8825 6092.
E-mail address: rsong@gucas.ac.cn (R. Song).

ttp://dx.doi.org/10.1016/j.carbpol.2014.09.041
144-8617/© 2014 Elsevier Ltd. All rights reserved.
its adsorption capacity for Orange II is 420 mg  g−1 at the optimal
conditions.

Chitosan (CS), the cationic (1-4)-2-amino-2-deoxy-�-d-glucan,
is mainly produced from marine chitin by deacetylation (Muzzarelli
et al., 2012). As one of the most representative biopolymers, it is
a multifunctional polysaccharide comprising of copious chelating
groups including primary and secondary hydroxyl groups, as well
as highly reactive amino groups (Rinaudo, 2006). Meanwhile, it is
low-cost, non-toxic and biodegradable, so it has been considered
as a green adsorbent for the removal of dyes (Crini & Badot, 2008;
Chatterjee, Chatterjee, Lim, & Woo, 2011a). However, the applica-
tion of chitosan is limited because of its solubility in acid solution.
Hence, it is necessary to crosslink chitosan in order to make it stable
in acid solution (Liu et al., 2012).

Graphene oxide (GO) is an oxygen-rich carbonaceous layered
material. It has gained considerable attention as a significant adsor-
bent as plenty of oxygen atoms on the basal plane and the edge of
the sheets in the forms of epoxy, hydroxyl, and carboxyl groups,
protruding from its layers (Chen, Chen, Bai, & Li, 2013; Travlou,
Kyzas, Lazaridis, & Deliyanni, 2013). Meanwhile, as a significant car-

bonaceous layered material, the GO incorporation can enhance the
strength of polymer composites (Zhang, Qiu, Si, Wang, & Gao, 2011).
Therefore, it will be interesting to prepare porous CS materials with
incorporation of GO.

dx.doi.org/10.1016/j.carbpol.2014.09.041
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
http://crossmark.crossref.org/dialog/?doi=10.1016/j.carbpol.2014.09.041&domain=pdf
mailto:rsong@gucas.ac.cn
dx.doi.org/10.1016/j.carbpol.2014.09.041
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In this work, we prepared porous chitosan aerogels doped with
raphene oxide (CSGO aerogels) by crosslinking and freeze dry-
ng and used them as highly effective adsorbents for two  azo
yes, methyl orange (MO) and amido black 10B (AB10B), which
re widely used in chemical, textile, paper industries, biological
tain, paints, inks, plastics, and leather industries (Jalil et al., 2010;
ittal, Thakur, & Gajbe, 2013). Its adsorption capacity for MO is

86.89 mg  g−1, which is the highest compared to those existing
iteratures, and the adsorption capacity for AB10B also reaches
73.47 mg  g−1. Meanwhile, the effects of pH values, concentration
f pollutants, loading of graphene oxide on the adsorption for MO
nd AB10B as well as adsorption kinetics were studied.

. Experiment

.1. Materials

CS (Mn = 700 K, degree of deacetylation (DD) = 95%) was pur-
hased from Zhejiang Yuhuan Marine Bio-chemical Co. Ltd. GO was
repared by Hummer’s method, and the detail about its synthesis
ould be found elsewhere (Cao, Yin, & Song, 2013). Acetic acid, nitric
cid, sodium hydroxide were analytical-grade while MO and AB10B
ere biological stain and they were all from commercial suppliers

Sinopharm, Beijing) and used without further purification. Methyl
ldehyde (37% w/w aqueous solution) was from Alfa Aesar.

.2. Preparation of porous CSGO aerogels

Firstly, various amounts of GO aqueous solution (8 mg  mL−1)
ere added to 2% (V/V) acetic acid aqueous solution to form
O acetic acid aqueous solution (solution A). Then 0.6 g CS was
issolved into 15 ml  solution A and formed homogeneous CSGO
ixture after being stirred for 1 h. Subsequently, 20 �L 37% methyl

ldehyde aqueous solution was added to the CSGO mixture drop-
ise with stirring in water bath at 50 ◦C and then CSGO hydrogels
ere formed in 1 min, following 1 h standstill at 50 ◦C. After that
e cut these hydrogels into small pieces and put them into water

o swell for 40 min. Subsequently, the swollen hydrogels were
rozen below −18 ◦C and then transferred to a lyophilizer (FD-1CE,
oyikang Co. Ltd., Beijing) with a condenser temperature of −55 ◦C
nd inside pressure 20–30 Pa. After 2-day lyophilization process
SGO aerogels were obtained.

In this case, CSGO aerogels with different GO contents, which is
 wt% (CSGO1), 3 wt% (CSGO3), were prepared, respectively. Simi-

arly, CS aerogel was prepared in the absence of GO.

.3. Calculation of the water absorption of CSGO aerogels

These CSGO aerogels were put into deionized water for 1 h, and
heir water adsorption was calculated according to the following
quation:

ater absorption (%) = (Mt − M0)
M0

× 100%

here M0 (g) and Mt (g) are the weight of the CSGO aerogels before
nd after immersing into deionized water, respectively.

.4. Porosity and density of porous CSGO aerogels

The porosity and apparent density of the porous CSGO aerogels

as calculated according to the following equation:

orosity (%) = (Vt − Va)
Vt

× 100% =
(

Vt − Ma/�
)

Vt
× 100%
mers 115 (2015) 686–693 687

Density = Vt

Ma

where Vt (cm3) is the total volume of CSGO aerogels, Va (cm3) is the
actual volume of the material, Ma (g) is the mass of the aerogels,
and � (g cm−3) is the actual density of the material. Each sample
was measured in triplicate and the average value was adopted.

2.5. Batch adsorption experiments

The stored MO and AB10B solution were prepared by directly
dissolving these compounds with known weight in deionized
water. Batch adsorption experiments were carried out in 25 mL
flasks, where M = 0.013–0.015 g of the adsorbents were put into
V = 13–15 mL  of MO or AB10B aqueous solutions (the V/M was
kept at 1 L g−1) and allowed to adsorb at room temperature
(20 ± 1◦C) without stirring or shaking. At given time intervals, the
concentrations of pollutant solutions were measured and adsor-
bents were collected. The dye concentration was  determined by
the absorbance at 464 nm for MO and 610 nm for AB10B in the
ultraviolet–visible (UV–vis) spectrum.

The adsorption capacity (Q) and adsorption efficiency (Ade) was
calculated according to the following equation:

Qt = (C0 − Ct)
M

V

Ade (%) = (C0 − Ct)
C0

× 100%

where C0 (mg  L−1) and Ct (mg  L−1) are the concentrations of pollut-
ants in solution after 0 and t h, V (L) is the volume of solution and M
(g) is the mass of the adsorbent. Qt (mg  g−1) is the apparent adsorp-
tion capacity of the porous monoliths after t h, which if given a long
enough adsorption period (the time required to achieve the equi-
librium adsorption state), is equal to the equilibrium adsorption
capacity Qe (mg  g−1).

The time required to achieve the equilibrium adsorption state
(te) was  determined by the adsorption kinetic curve. The adsorption
time in the adsorption experiments measuring Qe was set longer
than te.

2.6. Characterization

X-ray powder diffraction data were collected on MSAL-XD3 with
Cu K� radiation (� = 0.1542 nm)  at 40 kV and 40 mA.  Scanning elec-
tron microscopy was  performed on a field emission SEM (Hitachi
S-4800) at an accelerating voltage of 10 kV. Thermo gravimetric
analyzer curves were determined by SDT-Q600 analyzer (TA Corp.,
US) at a heating rate of 10 ◦C min−1 in N2 atmosphere. UV-visible
spectra were recorded on a UV-2550 (Shimadzu Corporation, Japan)
at room temperature.

Fourier transform infrared spectroscopy was carried out on a
Nicolet VERTEX 70 (Bruker) spectrometer using the attenuated
total reflectance (ATR) method at a resolution of 4 cm−1. The spec-
trum was  generated and collected 16 times and corrected for the
background noise.

X-ray photoelectron spectrometer (XPS) measurements were
taken via an ESCALAB250Xi (Thermo Scientific, USA) using a
unmonochromatic Al K� line at 1486.6 eV in an ultra-high-vacuum
system with a base pressure 3 × 10−9 mbar and an analyzer pass
energy of 150 eV, giving a full width at half-maximum of 1.7 eV

for the Au 4f7/2 peak. The binding-energy scale was  calibrated by
assigning the main C1s peak at 284.8 eV. The XPS core-level spec-
tra were analyzed by decomposing each spectrum into individual
mixed Gaussian–Lorentzian peaks.
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ig. 1. Optical image (A) of CSGO1 aerogel; SEM image of CSGO1 (B) and CSGO3 (C) 

ith  different GO contents.

Dynamic mechanical properties were measured using a
ynamic mechanical analyzer (DMA Q800, TA, US). Tests were car-
ied out in the DMA  multi-frequency–strain module with frequency
f 0.1–15 Hz at a 35◦C. Compressive strength of the porous CSGO
erogels were measured by material testing machine (HY-0580,
engyi Corp., Shanghai) with 50% compressed at a compressing

ate of 2 mm min−1. The samples for compressive strength were
repared without swelling in water for 40 min  before freeze dry-

ng. Each sample was measured in triplicate and the average value
as adopted.

. Results and discussion

.1. Characterization of the CSGO aerogels

Fig. 1A–C shows the optical and SEM images of the CSGO aero-
els, indicating the porous network structure of the prepared
erogels. Fig. 1D–F reveals water absorption, porosity and den-
ity of the prepared CSGO aerogels. All the obtained aerogels have
igh porosity (97.96–98.78%), extraordinarily high water absorp-
ion ability (5848–8917%) and low density (0.021–0.035 g cm−3).
he high porosity and water absorption ability should contribute
o the diffusion of dyes to the surface and interior regions of the
orous CSGO aerogels, leading to high adsorption abilities and rates
or dyes.

Fig. 2 shows the XRD spectra of GO, CS and CSGO aerogels.
oth the CS and CSGO aerogels show a characteristic peak at
bout 2� = 12.34◦ and 20.25◦ attributed to chitosan, and no distinct
hanges are observed with the increase of GO content, indicating
hat the GO has no obvious influence on the crystalline properties
f CS (Zhang et al., 2011). Meanwhile, the characteristic diffraction
eak of GO at 2� = 11.76◦ is not clearly demonstrated in the CSGO
erogels because of its low content.
Fig. 3A shows the FTIR spectra of CS, CSGO aerogels and GO.
pectrum of GO shows characteristic absorption bands of vibra-
ion of C O at 1042 cm−1, C C stretching mode of the sp2 carbon
keletal network at 1620 cm−1 and the stretching vibration of
ls. Porosity (D), water absorption (E) and density (F) of the prepared CSGO aerogels

carboxyl groups on the edges of the layer planes or conjugated
carbonyl groups at about 1714 cm−1, respectively (Szabó et al.,
2006; Titelman et al., 2005; Seredych, Petit, Tamashausky, &
Bandosz, 2009; Travlou et al., 2013). In comparison, all the GO-
related peaks are not detected in the CSGO spectra because of
GO’s low content. The band at 1551 cm−1 corresponds to N H
bending of NH2 (Fan et al., 2012; Ma,  Liu, Li, & Wang, 2012a).
In the case of GO doped by 1% to 3%, the band of NH2 has
shifted to a lower value from 1551 cm−1 to 1540 cm−1, which
proves that NH2 groups on the CS chains have been reacted
with the oxygen-containing functional groups of GO (Fan et al.,
2012).

To further confirm the above issue, X-ray photoelectron spectra
of CS, CSGO1 and CSGO3 aerogels were analyzed (Fig. 3B and C).
The O1s spectra were curve-fitted by two  peaks: the first peak at
532.1 eV is due to O H groups, and the second at about 532.7 eV is
relevant to O C moieties (epoxy, carboxyl groups) (Travlou et al.,
2013). The peak attributed to O H groups increased in these CSGO
aerogels, indicating the O H formation by the reaction of the chi-
tosan amino groups with the oxygen-containing functional group
of GO, which is consistent with the FTIR result. The reaction mech-
anism can be shown as follow:

R1-NH2+ : O-R2 → R1-NH2· · ·O-R2

where R1 is the remaining structure besides NH2 of chitosan, R2
is the remaining structure besides –O: of GO.

The mechanical properties of the CSGO aerogels were inves-
tigated by the compression tests and the dynamic mechanical
analysis (DMA), as shown in Fig. 4A–C. The compressive strength of
the obtained samples was increased with the increase of GO  con-
tent (Fig. 4A). The viscoelastic property and inter-structure can be
further assessed by DMA  test. For both CS and CSGO1 aerogels,

the storage modulus value is much higher than the loss modu-
lus value over the entire angular frequency (0.1–15 rad s−1), which
reveals that the elastic response is predominant, implying that
these aerogels have a permanent network (Wu  et al., 2013). The
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Fig. 2. XRD spectra of CS an

torage modulus increases from 2.2–3.1 MPa  to 3.3–4 MPa  with
he addition of 1 wt% GO, while the loss modulus decrease from
.31–0.66 MPa  to 0.1–0.4 MPa, indicating that GO can improve the
lastic response of the prepared aerogel.

Thermogravimetric (TG) analysis was carried out to investigate

hermal decomposition behavior of the CSGO aerogels, as shown
n Fig. 4E and F. The differential thermogravimetric (DTG) curve
f CSGO presents two peaks with maxima at 180 ◦C and 280 ◦C,

Fig. 3. FTIR spectra of CS, GO, CSGO1 and CSGO3 aerogels (A); O1s
O aerogels (A) and GO (B).

respectively, corresponding to the two  weight loss stage of the ther-
mogravimetry curves. The first peak is related to the decomposition
of surface functional groups of GO and the second peak related to
the degradation of chitosan based on the previous reports (Travlou
et al., 2013) and current results of pure GO and CS. The CSGO aero-

gels show almost identical thermogravimetric curves regardless of
the different GO contents, indicating that low content of GO has no
detectable effect on the thermal stability of the CSGO material.

 XPS spectra of neat CS (B) and CSGO1, CSGO3 aerogels (C).
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ig. 4. Histograms of the compressive strength of CS, CSGO1 and CSGO3 aerogels (A)
E)  and differential thermogravimetry (F) curves of GO, CS, CSGO1 and CSGO3.

.2. Adsorption of MO  and AB10B by CSGO aerogel

.2.1. Effect of pH
Fig. 5A and B shows the equilibrium adsorption capacity for

O and AB10B of the CSGO1 aerogel in 800 mg  L−1 initial dye
olution with different pH values, which were adjust at first and
llowed to be free during adsorption. For both MO  and AB10B, the
dsorption ability of the CSGO1 aerogel decreases with the increas-
ng of pH values. It is because the main force of the adsorption
s electrostatic attraction between the MO/AB10B and the pro-
onated amino groups. At lower pH, the amino groups of the CS

acromolecules become protonated, and electrostatic attraction
etween the MO/AB10B and the protonated amino groups may  con-
ribute to the adsorption of the MO/AB10B onto the CSGO aerogel
Travlou et al., 2013).

.2.2. Effect of GO content
Fig. 5C and D shows the equilibrium adsorption capacity for MO

nd AB10B of the prepared aerogels in 800 mg  L−1 initial dye solu-
ion at pH 8.45 and 7.79, respectively. The result show that the
ddition of 1 wt% or 3 wt% GO has almost no effect on the adsorp-
ion capacity. The reason can be attributed two aspects. On one
and, recent reports shows that GO exhibits low affinity for anionic
yes, due to the strong electrostatic repulsion between them (Chen
t al., 2013; Travlou et al., 2013). On the other hand, although GO
ay enhance adsorption ability for dyes when introduced into the

orous material, the existence of carboxyl groups might reduce
he binding capacity of the amine groups for dyes due to electro-
tatic forces between the carboxyl and amine groups, which may
ecrease the adsorption capacity of the CSGO aerogel (Zhang et al.,
011). These two aspects cause the limited growth of the adsorption
apacity as a whole.
.2.3. Effect of contact time (adsorption kinetics)
Fig. 5E and F shows the effect of contact time on dye adsorp-

ion of CSGO1 aerogel in 800 mg  L−1 MO and AB10B solution. For
mic mechanical analysis of CS aerogel (B) and CSGO1 aerogel (C). Thermogravimetry

the MO adsorption, very fast dye removal occurs at the initial stage
(0–10 h). Then, the dye adsorption is milder and more gradual dur-
ing the second time period (10–60 h). And at the last stage (60–84 h)
the dye adsorption is characterized by the equilibrium state. The
fast adsorption in the initial stage might be due to the fact that a
large number of surface sites are available for adsorption. After a
period of adsorption, the remaining surface sites are more resistive
for the dye molecules to occupy because of the repulsion between
the solute molecules of the solid and bulk phases, which makes it
milder and take a long time to reach equilibrium (Travlou et al.,
2013). And AB10B displays the similar adsorption behavior.

To investigate the controlling mechanism of the adsorption
processes, pseudo-first-order and pseudo-second-order kinetic
models were used to study the experimental data obtained.

The pseudo-first-order kinetic model is given as (Chiou, & Li,
2002; Jiang, Fu, Zhu, Yao, & Xiao, 2012)

log (Qe − Qt) = log Qe − K1

2.303
t

The pseudo-second-order kinetic model can be expressed as
(Chiou & Li, 2002; Jiang et al., 2012)

t

Qt
= 1

k2Q 2
e

+ t

Qe

where Qe and Qt are the amounts of MO/AB10B adsorbed (mg  g−1)
per unit of adsorbent at equilibrium and at time t, respectively.
k1 is the pseudo-first-order rate constant (h−1). The rate constant
(k1) and correlation coefficients (R2) are determined from the lin-
ear plots of log(Qe − Qt) versus t. k2 is the pseudo-second-order rate
constant of adsorption (g mg−1 h−1). The rate constant (k2) and cor-
relation coefficients (R2) are determined from the linear plots of t/Qt
versus t.
According to the correlation coefficients (R2), the pseudo-

second-order equation provided an excellent fit for the exper-
imental data of both MO (R2 = 0.9995) and AB10B (R2 = 0.9988)
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ig. 5. Adsorption of the CSGO1 aerogel for MO ((A), (C), (E)) and AB10B ((B), (D), (F
nset:  optical images of diluted dye solution after adsorption.

dsorption, compared with the (R2) data from pseudo-first-order
quation, 0.9814 for MO and 0.9405 for AB10B, respectively.

.2.4. Adsorption mechanism
We  discuss the adsorption mechanism by FTIR (Fig. 6) and take

he adsorption for AB10B as a representative. As shown, the amino
eak at 1546 cm−1 of CSGO1 aerogel after dye adsorption presents

 decrease and shifts to a lower wavenumber, which confirms the
echanism explaining the interactions between the dye molecules

nd adsorbents (Travlou et al., 2013; Liu, Zheng, & Wang, 2010).
The resultant CSGO1 aerogel presents a prominent adsorption

apacity for MO and AB10B comparing with other reported adsor-
ents, and detail could be found in Tables 1 and 2. As indicated,
he adsorption capacity (Q) of the prepared porous CSGO1 aerogel

s much higher than most reported adsorbents. In particular, the
SGO1 aerogel owns the highest Q value of MO  among the related
ublications available. So the prepared porous CSGO aerogels can
e a kind of promising adsorbent for the removal of MO  and AB10B

Fig. 6. FTIR spectra of CSGO1 aerogel (a), AB10B loaded CSGO1 aerogels (b) and
AB10B dye (c).
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Table  1
Comparison of the adsorption capacity of CSGO1 aerogel for MO removal with other
adsorbents.

Adsorbents Q (mg  g−1)

�-Fe2O3/chitosan composite films (Jiang et al., 2012) 29.41
�-Fe2O3/MWCNTs/chitosan (Zhu, Jiang, Xiao, & Zeng, 2010) 60.5–66.1
Hypercrosslinked chloromethylated PS adsorbent

functionalized with formaldehyde carbonyl groups
(HJ-1) (Huang, Huang, Liu, Wang, & Yan, 2008)

70.9–76.9

mesoporous magnetic Co-NPs/carbon nanocomposites
(Zhang, An, Guo, & Wang, 2013)

380

Acid modified carbon coated monolith (Cheah et al., 2013) 132.7
Calcined layered double hydroxides (Ni, Xia, Wang, Xing, &

Pan, 2007)
200

Alkali-Activated Multiwalled Carbon Nanotubes (Ma  et al.,
2012b)

149

Pinecone derived activated carbon (Samarghandi, Hadi,
Moayedi, & Askari, 2009)

404.4

Carbon nanotubes (Yao, Bing, Feifei, & Xiaofeng, 2011) 35.4–64.7
Chitin/alginate magnetic nano-gel beads (MCAs) (Li, Du,

Tao, Deng, Luo, & Yang, 2010)
107.5

Porous CSGO1 aerogel (this work) 686.89

Table 2
Comparison of the adsorption capacity of CSGO1 aerogel for AB10B removal with
other adsorbents.

Adsorbents Q (mg  g−1)

protonated crosslinked chitosan (Huang, Yang, Liu, & Gong,
2013)

9.43

Cross-linked chitosan (Yang, Huang, & Liu, 2012) 11.47
cross-linked amino-starches (Cheng, Jiang, Ou, Li, & Xiang,

2009)
990.10

Activated carbon prepared from scrap tires (Hoseinzadeh,
Rahmanie, Asgari, McKay, & Dehghanian, 2012)

14.51

Conducting polyaniline/iron oxide composite (Ahmad, &
Kumar, 2010)

About 60
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Porous CSGO1 aerogel (this work) 573.47

rom aqueous solutions owing to its very high adsorption capacity,
ow-cost, eco-friendly and easy preparation.

. Conclusions

We  have prepared porous chitosan aerogels doped with
raphene oxide (CSGO aerogels) as highly effective adsorbent for
wo azo dyes MO and AB10B. These aerogels have the prop-
rty of high porosity (97.96–98.78%), extraordinarily high water
bsorption (5848–8917%) and low density (0.021–0.035 g cm−3).
ts adsorption capacity for methyl orange (MO) can reach
86.89 mg  g−1, which is the highest compared to those existing lit-
rature, and the adsorption capacity for AB10B is 573.47 mg  g−1.
haracterization of CSGO aerogels shows that NH2 groups on the
S chains have been reacted with the oxygen-containing functional
roups of GO, and the addition of GO can improve the compressive
trength and elastic response of these aerogels; while low loading
f GO present no obvious influence on the crystalline properties of
S and the thermal stability of the CSGO material.

Study of adsorption behavior shows that the adsorption ability
f the CSGO aerogel decreases with the increasing of pH values,
nd the adsorption processes fit well with pseudo-second-order
rocess. Since the prepared porous aerogels are biodegradable,

on-toxic, efficient, low-cost and easy to prepare, these porous
SGO aerogels would be a potential alternative for dye removal,
nd the current investigations may  pave a way to the facile fabri-
ation of efficient CS-based porous materials for water purification
nd environment remediation.
mers 115 (2015) 686–693
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