
This article was downloaded by: [Zhejiang University]
On: 13 February 2014, At: 21:53
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Desalination and Water Treatment
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/tdwt20

Effective decolorization of congo red in aqueous
solution by adsorption and photocatalysis using novel
magnetic alginate/γ-Fe2O3/CdS nanocomposite
Ru Jiangab, Jun Yaoa, Huayue Zhuab, Yongqian Fua, Yujiang Guana, Ling Xiaob & Guangming
Zengc

a Department of Environmental Engineering, Laboratory of Resource Utilization and
Pollution Control, Taizhou University, No.1139, Municipal Government Avenue, Jiaojiang
District, Taizhou, 318000, Zhejiang, P.R. China, Tel. +86 0139 8967 2070, Fax: +86 0576 8513
7066
b Key Laboratory for Biomass-Resource Chemistry and Environmental Biotechnology of Hubei
Province (Wuhan University), Wuhan, 430072, Hubei, P.R. China
c Key Laboratory of Environmental Biology and Pollution Control (Hunan University), Ministry
of Education, Changsha, 410082, Hunan, P.R. China, Tel. +86 731 8822 754, Fax: +86 731
8823 701
Published online: 12 Jun 2013.

To cite this article: Ru Jiang, Jun Yao, Huayue Zhu, Yongqian Fu, Yujiang Guan, Ling Xiao & Guangming Zeng (2014) Effective
decolorization of congo red in aqueous solution by adsorption and photocatalysis using novel magnetic alginate/γ-Fe2O3/CdS
nanocomposite, Desalination and Water Treatment, 52:1-3, 238-247, DOI: 10.1080/19443994.2013.787551

To link to this article:  http://dx.doi.org/10.1080/19443994.2013.787551

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”) contained
in the publications on our platform. However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness, or suitability for any purpose of the
Content. Any opinions and views expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the Content should not be relied upon and
should be independently verified with primary sources of information. Taylor and Francis shall not be liable for
any losses, actions, claims, proceedings, demands, costs, expenses, damages, and other liabilities whatsoever
or howsoever caused arising directly or indirectly in connection with, in relation to or arising out of the use of
the Content.

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any
form to anyone is expressly forbidden. Terms & Conditions of access and use can be found at http://
www.tandfonline.com/page/terms-and-conditions

http://www.tandfonline.com/loi/tdwt20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/19443994.2013.787551
http://dx.doi.org/10.1080/19443994.2013.787551
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Effective decolorization of congo red in aqueous solution by
adsorption and photocatalysis using novel magnetic alginate/
c-Fe2O3/CdS nanocomposite

Ru Jianga,b, Jun Yaoa, Huayue Zhua,b,*, Yongqian Fua, Yujiang Guana, Ling Xiaob,
Guangming Zengc,*
aDepartment of Environmental Engineering, Laboratory of Resource Utilization and Pollution Control, Taizhou
University, No.1139, Municipal Government Avenue, Jiaojiang District, Taizhou 318000, Zhejiang, P.R. China
Tel. +86 0139 8967 2070; Fax: +86 0576 8513 7066; email: zhuhuayue@126.com
bKey Laboratory for Biomass-Resource Chemistry and Environmental Biotechnology of Hubei Province (Wuhan
University), Wuhan 430072, Hubei, P.R. China
cKey Laboratory of Environmental Biology and Pollution Control (Hunan University), Ministry of Education,
Changsha 410082, Hunan, P.R. China
Tel. +86 731 8822 754; Fax: +86 731 8823 701; email: zgming@hnu.cn

Received 10 November 2012; Accepted 2 March 2013

ABSTRACT

Magnetic alginate/c-Fe2O3/CdS composite photocatalyst (m-alginate/Fe2O3/CdS composite)
was synthesized via a simple hydrothermal method, and characterized by X-ray diffraction
(XRD), thermogravimetric analysis (TGA), differential thermal analysis (DTA), and vibrating
sample magnetometer (VSM). The photocatalytic activity of m-alginate/Fe2O3/CdS compos-
ite was evaluated via the adsorption-photocatalytic removal of aqueous organic dye, i.e.
congo red (CR). The m-alginate/Fe2O3/CdS composite can be easily manipulated and sepa-
rated by a magnetic field, leading to the convenience and feasibility in the removal of aque-
ous hazardous dye. In addition, the kinetics of photocatalysis of CR has also been performed
and found to follow the pseudo-first-order kinetics. These results suggest that m-alginate/
Fe2O3/CdS composite can be used as an effective photocatalyst for the removal of hazardous
pollutants such as dyes, and the adsorption-photocatalysis of these organic contaminants in
wastewater effluents can solve one of the most important environmental problems in the
related industry. This opens new perspectives for the preparation of magnetic photocatalyst
based on biopolymers and effective treatment of aqueous hazardous dye.

Keywords: Decolorization; Water treatment; CR; Adsorption; Photocatalysis; Alginate/
c-Fe2O3/CdS

1. Introduction

Textile and tannery effluents are two of the most
important industrial effluents, and the problems of

treatment and disposal of such effluents require much
attention [1]. A range of physicochemical methods
have been suggested and applied for the removal of
hazardous organics dyes from those effluents, such as
adsorption [2,3], heterogeneous photocatalysis [4–6],
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and coagulation/flocculation [7]. Heterogeneous pho-
tocatalysis using suited semiconductor is a general
and efficient method for the removal of aqueous
organic dyes pollutants. The expansion and the tech-
nological application of heterogeneous photocatalysis
require the development of efficient and suited photo-
catalysts [8]. Among the reported photocatalysts with
visible light response, CdS has a relatively narrow
band gap energy of 2.42 eV (300K), corresponding
well to the spectrum of sunlight and, therefore, is
regarded as one of the most attractive visible light-dri-
ven photocatalysts [9–11]. However, CdS is prone to
conglomeration during preparation via a conventional
method and photocorrosion during the photochemical
reaction, since CdS itself is oxidized by the photogen-
erated holes [9]. In addition, powdery nanosized CdS
photocatalyst is also difficult to be separated from the
treated solution, except high speed centrifugation,
thus its application in wastewater treatment is further
limited.

Polymer/inorganic composite materials have
attracted much attention recently because they exhibit
superior characters, such as magnetic, electrical, and
optical properties, combining organic and inorganic
materials properties [2,4,12]. The strong affinity of
some biopolymers with metal ions makes them quite
suitable as host matrices for the embedment of certain
semiconductor photocatalysts (e.g. TiO2, CdS, and
TiO2/CdS composite) [5,12,13]. Some recent researches
reported by Albert and Wendy, indicated that organic
biopolymer such as matrices of semiconductor also
provide an interface for the charge transfer, and thus
for the improvement of photocatalytic efficiency
[14,15]. Among those biopolymers, one of the most
widely studied biopolymers is polysaccharide such as
alginate, which is a natural polysaccharide extracted
from various species of brown seaweed. It consists of
linear copolymers composed of b-D-Mannuronate (M)
and a-L-Guluronate (G), linked by a-1,4- and a-1,4-
glycosidic bonds [16]. The inorganic semiconductors/
alginate composite materials can be considered as a
portable photocatalyst for the removal of aqueous
organic dye, since alginate has excellent binding sites
for divalent cations because of the presence of amino,
carboxyl, phosphate, and sulfate functional groups
within it [17–20]. In addition, magnetic separation is
considered as a high speed and effective technique for
separating powdery polymer–inorganic composite
materials [2]. Therefore, if powdery photocatalyst is
magnetic, it could be recovered conveniently by mag-
netic separation technology [2,11,21]. Due to its excel-
lent magnetic properties, chemical stability, and
biocompatibility, c-Fe2O3 has been widely used in
magnetic adsorbents [2], isolation of plasma DNA

[22], sensors [23], and other fields. Recent research
also indicated that the enhanced photocatalytic activ-
ity under visible light (k> 420nm) was observed in 1D
CdS/Fe2O3 heterostructures due to fast charge separa-
tion [11]. Therefore, it is of fundamental importance to
develop convenient, economic, and efficient methods
for the preparation of novel magnetic composite pho-
tocatalyst based on alginate. However, to our knowl-
edge, there has been no report regarding the
preparation of CdS/c-Fe2O3 immobilized on alginate
matrix, especially their photocatalytic ability in the
removal of aqueous organic dye by adsorption-photo-
catalytic process under visible light irradiation.

In this study, the objective is to evaluate the practi-
cability and potential use of a magnetic alginate/c-
Fe2O3/CdS composite photocatalyst (m-alginate/
Fe2O3/CdS composite) as an effective adsorbent for
the treatment of containing-dye waste water. Congo
red (CR) was chosen as a model aqueous organic dye.
The effects of photocatalyst dosage and initial CR con-
centration on photocatalytic decolorization of the dye
solution were also studied. The results obtained from
the present study could provide fundamental informa-
tion for the design of such a process for the photocata-
lytic treatment of azo-dye-contaminated industrial
effluents.

2. Experimental

2.1. Chemicals

Sodium alginate was of reagent grade (300–400CP)
purchased from Shanghai Chemical Reagent Co., Ltd.
(Shanghai, China) and used without further purifica-
tion. Commercially available maghemite c-Fe2O3 (20–
30 nm outer diameters; 98% purity) was obtained from
Tongrenweiye Technology Co., Ltd. (Shijiazhuang,
China). CR (C32H22N6O6S2Na2, mol. wt. 696.67) was
purchased from Yongjia Fine Chemical Factory
(Whenzhou, China) and used as received without
further purification. Fig. 1 displays the molecular
structure of the dye. Cd(NO3)2 and sulfocarbamide
((NH2)2CS) were used as precursors of crystalline
CdS. All other reagents used are of analytical reagent
grade.
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Fig. 1. Molecular structure of CR.
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The thermal analysis of samples was performed in
the range 25–750̊ C using DTA-TG analysis and the
results are illustrated in Fig. 4. Pure alginate showed
an endothermic peak at 88.59̊ C that was due to loss
of moisture, and a distinct exothermic peak located at
240̊ C that was attributed to the decomposition of the
molecular side chains [29]. The weight loss of 66wt.%
at 750̊ C was mainly due to the decomposition of algi-
nate [22]. For raw nanosized c-Fe2O3, no significant
weight loss was observed in the TGA curve (Fig. 4(a))
from 25̊ C to 750̊ C. However, there was an obvious
exothermic peak at 624̊ C in the DTA curve, which
represented the phase transition from c-Fe2O3 to a-
Fe2O3 [23]. The differential thermal analysis (DTA) of
m-alginate/Fe2O3/CdS composite showed no obvious
endothermic peaks in the range 25–750̊ C. Especially,
the obvious exothermic peak at 624̊ C of that
represented the phase transition from c-Fe2O3 to a-
Fe2O3 disappeared in the DTA curve of m-alginate/
Fe2O3/CdS composite, implying that thermal stability
of c-Fe2O3 in m-alginate/Fe2O3/CdS composite

enhanced by combination with amino, carboxyl, phos-
phate, and sulfate functional groups in alginate
chains.

A magnetic hysteresis loop of m-alginate/Fe2O3/
CdS composite at a magnetic field of ± 10,000 Oe at
298K is shown in Fig. 5. Obviously, its magnetiza-
tion under the applied magnetic field at 298K
exhibited a hysteresis loop with the remanent mag-
netization (Mr) and coercivity (Hc) of 3.71 emug�1

and 163.64 Oe (see the inset (a) of Fig. 5), respec-
tively, indicating that the m-alginate/Fe2O3/CdS
composite did not show super paramagnetic
property at room temperature. It is well known that
superparamagnetic behavior was observed for
magnetic nanoparticles with sizes less than 10 nm.
However, the diameter of c-Fe2O3 nanoparticles in
m-alginate/Fe2O3/CdS composite was in the range
18–30 nm (shown in the inset (b) of Fig. 5). At the
same time, m-alginate/Fe2O3/CdS composite exhib-
ited a saturation magnetization value (Ms) of
12.43 emug�1, at an applied magnetic field of
± 10,000 Oe, in comparison with the theoretical
saturation magnetization of 76 emug�1 for bulk
c- Fe2O3 at room temperature [30].

Furthermore, the magnetic separability of m-algi-
nate/Fe2O3/CdS composite was tested by placing an
external magnetic field. The m-alginate/Fe2O3/CdS
composite was attracted toward the magnet within
30 s whether the magnet was beside or under the
cuvette (Fig. 6(b and c)), indicating that the m-algi-
nate/Fe2O3/CdS composite still had strong magnetic
response to an external magnetic field. This pre-
sented an easy and efficient way to separate m-algi-
nate/Fe2O3/CdS composite from a treated solution
system under an external magnetic field.
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Fig. 4. TGA (a) and DSC, (b) patterns of magnetic c-Fe2O3,
sodium alginate, and m-alginate/Fe2O3/CdS composite.
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Fig. 5. Magnetization curve of m-alginate/Fe2O3/CdS
composite. Insets: (a) low field magnetization curve at
298K, and (b) HRTEM photo of c-Fe2O3.
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3.2. Adsorption kinetics of CR onto m-alginate/Fe2O3/CdS
composite

It is well known that adsorption of reactants on
photocatalyst surface is the first step in a photocata-
lytic reaction [31]. Since the photocatalytic degradation
of dyes occurs predominantly on the photocatalyst
surface, study of the adsorption of CR from aqueous
solution onto m-alginate/Fe2O3/CdS composite is
important. Therefore, the kinetic parameters are help-
ful for the prediction of treatment rate, which gives
important information for designing and modelling
adsorption-photocatalytic processes. In order to
investigate the controlling mechanism of adsorption
processes, such as transfer and chemical reaction, two
different linear kinetic models, i.e. the Lagergren-first-
order model (Eq. (4)) [32] and pseudo-second-order
model (Eq. (5)) [33], were applied to model the
kinetics of CR adsorption onto m-alginate/Fe2O3/CdS
composite.

logðqe � qtÞ ¼ log qe � k1t

2:303
ð4Þ

t

qt
¼ 1

k2q2e
þ 1

qe
t ð5Þ

where qe and qt are amounts of CR (mgg-l) adsorbed
on adsorbent at equilibrium and at a given time t,
respectively; k1 is the rate constant (min�1) of Lager-
gren-first-order kinetic model for adsorption, k2 is the
rate constant (gmg�1min�1) of pseudo-second-order
kinetic model for adsorption. Values of k1 can be cal-
culated from the plots of log(qe�qt) vs. t for Eq. (4).
The slope and intercept of the linear plots of t/qt
against t yield the values of 1/qe and 1/k2qe

2 for
Eq. (5).

Plots of log(qe�qt) vs. t and t/(qt) vs. t are shown
in Fig. 7, and corresponding kinetic parameters are
listed in Table 2. The value of correlation coefficient
(R2) value for Eq. (4) is near 1 which is larger than
that of Eq. (5). Moreover, the qe, exp value was much
closer to the qe, cal value calculated by Eq. (4) than by
Eq. (5) (Table 2). These results showed that the
adsorption of CR on m-alginate/Fe2O3/CdS composite
obeyed the Lagergren-first-order kinetic model. A sim-
ilar phenomenon has been observed in the adsorption
of acid dyes by CS/CNT beads [3].

3.3. Removal of CR by adsorption-photocatalytic process

To demonstrate the potential applicability of the
prepared m-alginate/Fe2O3/CdS composite as photo-
catalyst under visible light irradiation, its photocatalytic
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Fig. 7. Lagergren-first-order kinetic and pseudo-second-
order kinetic plots for CR adsorption onto m-alginate/
Fe2O3/CdS composite at 298K (Catalyst dosage: 0.5 g L�1;
CR concentration: 20mgL�1).

Fig. 6. The suspension (a) of m-alginate/Fe2O3/CdS composite and its response (b and c) to the applied magnetic field at
298K.
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Fig. 9(a). After 240min irradiation, the remanent con-
centration of CR was 0.00, 2.75, 13.74, and
24.91mgL�1 when initial CR concentration was 5, 20,
30, and 40mgL�1, respectively. Fig. 9(b) shows the
linear plots of ln(C0/Ct) vs. irradiation time (t) for var-
ious initial CR concentrations. Based on these curves,
the degradation reaction rate constants and initial
reaction kapp were calculated and are summarized in

Table 3. The Fig. 9(b) and Table 3 showed that these
reactions accorded with a pseudo-first-order kinetic
model with high correlation coefficient (R2 > 0.991).
The degradation rates obtained were 0.01072, 0.00608,
0.00313, 0.00186min�1, respectively, for the different
initial CR concentrations which were 5, 20, 30, and
40mgL�1. The kinetic constant for 5mgL�1 of initial
concentration was 5.76 times higher than that for
40mgL�1 of initial concentration. The half-life time
(t1/2) of Langmuir–Hinshelwood analysis provides an
additional quantitative comparison for the effect of
initial concentration on decoloriztion. The t1/2 for
5mgL�1 was about 64.6min, while t1/2 for 40mgL�1

was 372.6min. Higher the initial CR concentration,
longer the time of complete decolorization. An expla-
nation to this phenomenon is that the generation of
�OH radicals on the surface of photocatalyst is
reduced at high dye concentrations, since more and
more organic substances are adsorbed on the surface
of m-alginate/Fe2O3/CdS composite and the active
sites are covered by dye molecules [38].

3.5. Effect of photocatalyst dosage

Photocatalyst amount is another critical parameter
to the degradation efficiency. In order to determine
the effect of photocatalyst dosage on the degradation
of CR, a series of experiments were conducted with
varying catalyst dosages from 0.1 to 0.7 g L�1. The
results are illustrated in Fig. 10. It is found that the
decolorization rate of CR solution increased signifi-
cantly from 74.83 to 91.54% with an increase of cata-
lyst concentration in the range from 0.1 gL�1 to
0.5 g L�1 and then decreased to 89.9% with further
increase of the catalyst concentration from 0.5 gL�1 to
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Fig. 9. Effect of initial CR concentration on photocatalytic
decolorization by m-alginate/Fe2O3/CdS composite
(Catalyst dosage: 0.5 g L�1).

Table 3
Parameters for the effect of different initial CR
concentrations on the decolorization rate of CR by m-
alginate/Fe2O3/CdS composite

C0 (mgL�1) kapp (min�1) R2 t1/2
a (min)

5 0.01072 0.992 64.6

20 0.00608 0.991 114.0

30 0.00313 0.997 221.4

40 0.00186 0.996 372.6

aHalf-life time.
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Fig. 10. Effect of photocatalyst dosage on photocatalytic
decolorization by m-alginate/Fe2O3/CdS composite (CR
concentration: 20mgL�1; irradiation time: 330min; pH: 5.6).
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0.7 gL�1. This can be explained in terms of availability
of active sites on the photocatalyst surface and the
penetration of light into the suspension. At a higher
level of photocatalyst concentration, although the reac-
tive sites of photocatalyst increased, the solution
became opaque and cloudy, thus reducing the light
penetration and leading to the reduction of the avail-
ability of active site [39]. In addition, the increase of
photocatalyst concentration may result in the agglom-
eration of the catalyst particles, hence the part of pho-
tocatalyst surface became unavailable for photon
absorption and dye adsorption, the decolorization rate
subsequently decreased. Therefore, there exists an
optimum photocatalyst dosage for a given substrate
concentration. These phenomena were also observed
in other experiments for the photodegradation of
aqueous organic dye by polymer-CdS composite phot-
ocatalysts [40].

3.6. Reusability of m-alginate/Fe2O3/CdS composite

The repeatability of the photocatalytic activity for
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