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ABSTRACT

Magnetic alginate/y-Fe;O5;/CdS composite photocatalyst (m-alginate/Fe;O5;/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/Fe,O3/CdS compos-
ite was evaluated via the adsorption-photocatalytic removal of aqueous organic dye, i.e.
congo red (CR). The m-alginate/Fe,O3/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/
Fe,O3/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/
y-FezO3/ Cds

1. Introduction 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],

Textile and tannery effluents are two of the most
important industrial effluents, and the problems of
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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 2.42eV (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. TiO,, CdS, and
TiO,/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 o-L-Guluronate (G), linked by o-1,4- and a-14-
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, y-Fe;O; 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 (1>420nm) was observed in 1D
CdS/Fe,O3 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/y-Fe,O; 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/y-
Fe;O3;/CdS composite photocatalyst (m-alginate/
Fe;O3/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 (300-400 CP)
purchased from Shanghai Chemical Reagent Co., Ltd.
(Shanghai, China) and used without further purifica-
tion. Commercially available maghemite y-Fe;,O3 (20—
30nm outer diameters; 98% purity) was obtained from
Tongrenweiye Technology Co., Ltd. (Shijiazhuang,
China). CR (C3,H,,N¢OgS>Na,, 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(NOj3), and sulfocarbamide
((NH»),CS) 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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2.2. Preparation of m-alginate/Fe,O3/CdS composite

Fig. 2 illustrates the preparation procedure of m-
alginate/Fe,O3/CdS composite. Alginate gel solution
was prepared by dissolving and gently heating 1g of
sodium alginate in 50mL of double- distilled water.
About 2.284¢g of CdCl, was dissolved in 100mL of
double- distilled water to obtain 0.1 M of Cd** aqueous
solution. Then, sodium alginate gel solution, Cd**
aqueous solution, and 0.5g of y-Fe;O; were mixed
under continuous mechanical stirring at room temper-
ature. After stirring for 12h, obtained viscous disper-
soid was introduced dropwise using a syringe into a
CaCl, bath (200mL, 2% m/v) and spherical alginate/
Fe,O; hydrogel beads containing Cd** ions (alginate/
Fe,03/Cd*" beads) were formed instantaneously. The
suspension of hydrogel beads was then allowed to
stand and age for 2h in the CaCl, bath without agita-
tion at room temperature. After separated and rinsed
with deionized water three times, the microbeads were
immersed into 0.03molL™!' of (NH,),CS solution,
while 0.5mol L ™" of NaOH solution (40 mL) was added
dropwise to the reaction to adjust pH to 11 and stirred
for 1h at 70+0.5°C. The hydrolysis reactions of sulfoc-
arbamide in an alkali medium took place at 70°C as
described in Egs. (1) and (2) [24]. Cd*' ions in
alginate/Fe,O5/ Cd?** beads reacted with S* released
slowly from fresh sulfocarbamide to form crystalline
CdS, according to Eq. (3) [5]. The alginate/Fe,O3/CdS
hydrogel beads was aged at 70°C for 4h and washed
with double distilled water three times. The alginate/
Fe,O;/CdS hydrogel beads were then placed in a
Petri dish and dried in an oven at 60°C for 2days.
Finally, alginate/Fe;O3/CdS hydrogel beads were
triturated to obtain powdery alginate/Fe,O3;/CdS
composite photocatalyst.

(NH,),CS+ OH™ — CH,N, + H,O + HS™ (1)

HS +OH — S +H,0 (2)
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2.3. Characterization of m-alginate/Fe,O3/CdS composite

X-ray diffraction (XRD) patterns were obtained by
a model D8-Advance Bruker X-ray diffractometer
using Cu Ka radiation (1=0.15406 nm) at 40kV and
40mA. The scanning rate was 2min~' and the scan-
ning scope of 20 was from 10 to 70 in a fixed time
mode with a step interval of 0.02 at room temperature.

Dynamic thermogravimetric analysis (TGA) was
carried out by SDT Q 600 thermogravimetric analyzer
(USA). About 12-20mg of dry materials was ground
into powder, and then placed in a platinum pan and
heated from 20 to 750°C at a rate of 10°C min~ ' under
a dynamic nitrogen atmosphere flowing at
100 mL min~'. Magnetization measurements were per-
formed at 298K in magnetic fields+10 kOe using a
model HH-15 vibrating sample magnetometer (Nan-
jing, China). High-resolution transmission electron
microscopy (HRTEM) images were observed on a
JEOL JEM-2010 electron microscope using an acceler-
ating voltage of 200kV (Japan). Photos of solution
before and after magnetic separation were taken using
a Cannon IXUS 95 IS digital camera (Japan).

2.4. Adsorption experiments

Adsorption experiments were performed on a
model KYC-1102 C thermostate shaker (Ningbo,
China) with a shaking speed of 100rpm. The CR
solution was prepared by dissolving CR powder in
double distilled water to obtain a solution with a
concentration of 20mgL~". A 100mL of CR solution
and 0.05g of m-alginate/Fe,O3/CdS composite were
added into 250 mL glass flask and then shook at 25
+0.5°C. At desired time intervals, about 5mL of the
solution was taken and m-alginate/Fe,O3;/CdS
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Fig. 2. Schematic illustration of the preparation of m-alginate/Fe,O3;/CdS composite.
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Table 1

Typical experimental conditions for photocatalytic decolorization of CR aqueous solution

Parameter

Initial concentration of CR
Reaction temperature
Flow rate of air
Photocatalyst dosage

Condition

20mgL "
25+1°C

100 mL min !
0.5 gLf1

composite was removed from the solution by mag-
netic separation.

2.5. Photocatalytic experiments

The typical experimental conditions on photocata-
lytic experiments are summarized in Table 1.The visi-
ble light irradiation was provided by a model PLS-
SXE300 300 W xenon lamp (Beijing Trusttech Co., Ltd.
China) and an appropriate cutoff filter was placed in
the front of the reactor to remove the part of UV radia-
tion. About 0.05g of photocatalyst was suspended in
100 mL of CR dye solution with an initial concentration
of 20mgL~". During the photocatalytic decolorization
of CR dye, the reaction solution was continuously aer-
ated by a pint-sized pump for providing enough oxy-
gen and complete mixing of reaction solution.

In order to compare, direct photolysis experiment
of CR dye solution has been carried out under the
same light irradiation.

2.6. Magnetic separation of photocatalyst

At every predetermined time interval, 5ml of sam-
ples was then withdrawn regularly from the reactor
and all suspended photocatalysts were immediately
removed from the treated solution by placing an
external magnetic field.

2.7. Analysis of CR solution

The clean transparent solution was analyzed by a
Cary 50 UV-vis spectrophotometer. The full spectrum
(200-750nm) for each sample was recorded and the
absorbance at maximal characteristic band at 496 nm
was followed to determine the CR concentration. A cali-
bration plot based on Beer-Lambert’'s law was estab-
lished by relating the absorbance to the concentration.

3. Results and discussion
3.1. Characterization of m-alginate/Fe;O3/CdS composite

XRD was performed to examine the crystal struc-
tures of alginate, y-Fe;O3; and m-alginate/Fe,O3/CdS

composite. The results are shown in Fig. 3. The dif-
fraction pattern of alginate showed a typical peak
around 13.72° [25,26]. Diffraction peaks of magnetic y-
Fe;O; nanoparticles at 20 of 30.06°, 35.44°, 53.66°,
57.14°, and 62.76° corresponded to (220), (311), (422),
(511), and (440) lattice planes of y-Fe,O5; (Fig. 3(b)),
which was consistent with the database of maghemite
(y-Fe,O3) (JCPDS No. 39-1346) [27,28]. According to
the Scherrer’'s equation, calculated average crystallite
size of magnetic y-Fe;,O; nanoparticles was about
20nm, which agreed basically with the mean diameter
(25nm) of the TEM (shown in the inset (b) of Fig. 5).
All characteristic diffraction peaks of magnetic y-Fe,Os
could also be found in XRD patterns of m-alginate/
Fe,O;/CdS composite (Fig. 3(c)), indicating that the
fabrication of m-alginate/Fe,O;/CdS composite did
not change the chemical structure of magnetite (-
Fe;Os3). In addition, the peaks located at 26.48°, 43.22°,
and 52.22° could be indexed to the reflection from
(002), (110), (112), and (104) planes of hexagonal
phase CdS (JCPDS No. 01-080-0006), respectively.
However, the typical peaks of alginate around 13.72°
disappeared entirely with the addition of y-Fe;O; and
crystalline CdS, which could be explained from the
fact that intermolecular interaction destroyed the regu-
larity of alginate by binding with Cd** during the
preparation of m-alginate/Fe,O3/CdS composite.

(©)

(b)

Intensity (a.u.)

(a)
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8, st e s st g sy
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10 20 30 40 50 60 70
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Fig. 3. XRD patterns of alginate (a), y-Fe;O; (b), and m-
alginate/Fe,O53/CdS composite (c).
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Fig. 4. TGA (a) and DSC, (b) patterns of magnetic y-Fe;Os,
sodium alginate, and m-alginate/Fe,O3/CdS composite.

The thermal analysis of samples was performed in
the range 25-750°C using DTA-TG analysis and the
results are illustrated in Fig. 4. Pure alginate showed
an endothermic peak at 88.59°C that was due to loss
of moisture, and a distinct exothermic peak located at
240°C that was attributed to the decomposition of the
molecular side chains [29]. The weight loss of 66 wt.%
at 750°C was mainly due to the decomposition of algi-
nate [22]. For raw nanosized y-Fe,Oz; no significant
weight loss was observed in the TGA curve (Fig. 4(a))
from 25°C to 750°C. However, there was an obvious
exothermic peak at 624°C in the DTA curve, which
represented the phase transition from y-Fe,O; to a-
Fe,O; [23]. The differential thermal analysis (DTA) of
m-alginate/Fe,O3;/CdS composite showed no obvious
endothermic peaks in the range 25-750°C. Especially,
the obvious exothermic peak at 624°C of that
represented the phase transition from y-Fe,O; to a-
Fe,O; disappeared in the DTA curve of m-alginate/
Fe,O3/CdS composite, implying that thermal stability
of y-Fe;O; in m-alginate/Fe,O3/CdS composite

;D 20 nm "
g 0
~ @
a
= ~2
sk P e
50
J| &
572
10 b Y
600 300 0 300 600
‘ ‘ ‘ H (Oe) )
-10000 -5000 0 5000 10000
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Fig. 5. Magnetization curve of me-alginate/Fe,O5;/CdS
composite. Insets: (a) low field magnetization curve at
298K, and (b) HRTEM photo of y-Fe,Os.

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

A magnetic hysteresis loop of m-alginate/Fe,O3/
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 (M,) and coercivity (H,) of 3.7lemug '
and 163.64 Oe (see the inset (a) of Fig. 5), respec-
tively, indicating that the m-alginate/Fe,O;/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 10nm.
However, the diameter of y-Fe;O; nanoparticles in
m-alginate/Fe,O;/CdS composite was in the range
18-30nm (shown in the inset (b) of Fig. 5). At the
same time, m-alginate/Fe,O3/CdS composite exhib-
ited a saturation magnetization value (M,) of
1243emug™!, at an applied magnetic field of
+10,000 Oe, in comparison with the theoretical
saturation magnetization of 76emug ' for bulk
7- Fe;O5; at room temperature [30].

Furthermore, the magnetic separability of m-algi-
nate/Fe,O3/CdS composite was tested by placing an
external magnetic field. The m-alginate/Fe,O;/CdS
composite was attracted toward the magnet within
30s whether the magnet was beside or under the
cuvette (Fig. 6(b and c)), indicating that the m-algi-
nate/Fe,O3;/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/Fe,O;/CdS composite from a treated solution
system under an external magnetic field.
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Fig. 6. The suspension (a) of m-alginate/Fe,O3/CdS composite and its response (b and c) to the applied magnetic field at

298 K.

3.2. Adsorption kinetics of CR onto m-alginate/Fe,O3/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/Fe,O3/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/Fe,O3/CdS
composite.

it
log(q. — q:) =logqe — 552 (4)

t 1 1

=+t
9 kg qe

where g. and g, are amounts of CR (mgg™) adsorbed
on adsorbent at equilibrium and at a given time ¢,
respectively; k; is the rate constant (min~') of Lager-
gren-first-order kinetic model for adsorption, k; is the
rate constant (gmg 'min ') of pseudo-second-order
kinetic model for adsorption. Values of k; can be cal-
culated from the plots of log(ge—qy) vs. t for Eq. (4).
The slope and intercept of the linear plots of t/q;
against t yield the values of 1/g. and 1/kyq.> for
Eq. (5).

Plots of log(ge—qy) vs. t and t/(g) vs. t are shown
in Fig. 7, and corresponding kinetic parameters are
listed in Table 2. The value of correlation coefficient
(R?) value for Eq. (4) is near 1 which is larger than
that of Eq. (5). Moreover, the ge exp value was much
closer to the g, ca value calculated by Eq. (4) than by
Eq. (5) (Table 2). These results showed that the
adsorption of CR on m-alginate/Fe,O3/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/Fe,O3/CdS composite as photo-
catalyst under visible light irradiation, its photocatalytic

1lq,
log (q,-9)

. . I . I . I . 05
0 60 120 180 240 300

t (min)

Fig. 7. Lagergren-first-order kinetic and pseudo-second-
order kinetic plots for CR adsorption onto m-alginate/
Fe,03/CdS composite at 298K (Catalyst dosage: O.SgLfl;
CR concentration: 20mgL~").
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Table 2

Kinetic parameters of CR adsorption onto m-alginate/Fe,O5;/CdS composite at 298 K

Pseudo-second-order kinetic model

Co (mgL™) Jeexp (MG g™ Lagergren-first-order kinetic model
Je,cal (Mg gfl) Ky (min™1) R?
20 20.31 20.46 0.00235

fe,cal (mg gil) k2 (g mg71 minfl) R2

0.998 16.07 0.04088 0.982

activity was studied through the degradation of CR in
aqueous solution. About 91.57% decolorization of CR
solution took place after 300min of direct photolysis
experiment in the presence of m-alginate/Fe,O5;/CdS
composite, while 1.37% decolorization under direct
photolysis experiment (figure now shown). As a result,
m-alginate/Fe,O5;/CdS could effectively promote pho-
tocatalytic decolorization of CR. Fig. 8 displays the tem-
poral evolution of the spectral changes during the
photodegradation of CR aqueous solution (20mgL™")
over the m-alginate/Fe,03/CdS composite (0.5gL ") at
different irradiation time. CR showed three major
absorption bands, which was characterized by one
main band in the visible region with its maximum
absorption at 4996nm and by other two bands in the
ultraviolet region located at 236 and 341nm, respec-
tively (Fig. 8). The absorbance peaks at 236 and 341 nm
were attributed to “benzene and naphthalene rings”
structures, while the absorbance peak at 496 nm was
attributed to the azo bonds of CR molecule [34]. The
rapid decrease in the intensity of 496 nm band in Fig. 8
indicated that the chromophore responsible for charac-
teristic color of the CR solution was broken down. It
has been reported that the break-up of the N=N bond,
responsible for the coloration of the azo compounds, is
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Fig. 8. UV-vis absorption spectra of CR solution durin,
adsorption-photocatalysis (Photocatalyst dosage: 0.5gL™";
CR concentration: 20mgL™").

the first step of the oxidative process [35]. It is interest-
ing to note from Fig. 7 that the absorption maximum of
the degraded solution exhibited slight hypsochromic
shifts (496-487 nm), which is presumed to result from
the formation of a series of N-de-ethylated intermedi-
ates in a stepwise manner [36] Similar phenomena were
also observed during the photodegradation of CR [5,35]
and RhB [37]. In addition to this rapid bleaching effect,
the decay of the absorbance at 341 nm was considered
as evidence of aromatic fragment degradation in the
dye molecule and its intermediates. The excellent activ-
ity of the m-alginate/Fe,O3/CdS composite may be
due to a fast charge separation as a result of the differ-
ence in the positions of conduction bands between CdS
and Fe,O; [11]. However, the absorbance peaks at
236 nm increased with the increase of irradiation time.
This phenomenon may be explained by the formation
of intermediate products during the photocatalytic deg-
radation, which have much bigger absorbency than that
of original CR molecule [34].

3.4. Effect of initial CR concentration

In this section, a series of CR solutions were pre-
pared, and initial CR concentrations were about 5, 20,
30, and 40mgL~', respectively. The photocatalytic
degradation of dyes can be described by the Lang-
muir-Hinshelwood kinetic model. For very low con-
centrations, the Langmuir-Hinshelwood equation
simplifies to a pseudo-first-order kinetic law. The
pseudo-first-order rate constants (k,pp) were calculated
from pseudo-first-order plots based on the following
Eq. (6):

Co

lna

= kappt (6)

where k., is the apparent pseudo-first-order rate con-
stant (min!), ¢ the irradiation time (min), Cy is the
initial CR concentration (mg LY, and C; is the instan-
taneous dye concentration at t (mgL™"). A plot of In
(Co/C) vs. t will yield a slope of kypp.

The relationship between the residual CR concen-
tration (C;) and the irradiation time () photocatalyzed
by m-alginate/Fe,O3/CdS composite is shown in
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Fig. 9. Effect of initial CR concentration on photocatalytic
decolorization by  me-alginate/Fe;O3/CdS  composite
(Catalyst dosage: 0.5gL ™).

Fig. 9(a). After 240 min irradiation, the remanent con-
centration of CR was 0.00, 275, 13.74, and
2491 mg L~! when initial CR concentration was 5, 20,
30, and 40mgL ", respectively. Fig. 9(b) shows the
linear plots of In(Cy/Cy) vs. irradiation time (¢) for var-
ious initial CR concentrations. Based on these curves,
the degradation reaction rate constants and initial
reaction k,p, were calculated and are summarized in

Table 3

Parameters for the effect of different initial CR
concentrations on the decolorization rate of CR by m-
alginate /Fe;O5;/CdS composite

Co (mgL™) Kapp (min™") R t1/5 (min)
5 0.01072 0.992 64.6
20 0.00608 0.991 114.0
30 0.00313 0.997 2214
40 0.00186 0.996 372.6

AHalf-life time.

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 (R*>0.991).
The degradation rates obtained were 0.01072, 0.00608,
0.00313, 0.00186min"", respectively, for the different
initial CR concentrations which were 5, 20, 30, and
40mgL~". The kinetic constant for 5mgL ™" of initial
concentration was 5.76 times higher than that for
40mgL~" 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 t;,, for
5mgL~! was about 64.6min, while t;,, for 40mgL "
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/Fe;O3;/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 0.7gL™'. 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 0.1gL™' to
05gL™" and then decreased to 89.9% with further
increase of the catalyst concentration from 0.5gL " to
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Fig. 10. Effect of photocatalyst dosage on photocatalytic
decolorization by m-alginate/Fe,O3/CdS composite (CR
concentration: 20 mg L~ % irradiation time: 330 min; pH: 5.6).
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Fig. 11. Effect of recycle time on the decolorization rate of
CR solution. (photocatalyst dosage: 0.5gL™'; CR
concentration: 20mg L% pH: 5.6).

0.7gL~". 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/Fe,O3/CdS composite

The repeatability of the photocatalytic activity for
the photocatalyst is a very important parameter to
assess the photocatalyst practicability. To investigate
the durability of m-alginate/Fe,O3/CdS composite in
the reaction, the bleaching experiment was repeated
five times. The recovery of photocatalyst was
achieved. The concentration of CR was kept constant
(20mgL™") with pH 5.6 and 330 min irradiation time,
and the photocatalyst was recovered from treated
solution by a magnetic separation technology and sub-
sequent washing with double distilled water three
times at every cycle. As displayed in Fig. 11, although
the conversion efficiency of CR decreased after each
run, the photocatalyst still exhibited activity after four
successive cycles under the visible light irradiation. It

can been seen that the decolorization rate decreases
from 91.2% to 50.9% after four cycles, maintained
55.8% of initial decolorization rate. The decrease of
decolorization rate was explained by the loss of m-
alginate/Fe,O3/CdS composite and the fouling of the
photocatalyst by the by-products of degradation. Fur-
ther research is required to improve the photocatalyst
stability.

4. Conclusions

Magnetic alginate/y-Fe;O5/CdS composite photo-
catalyst (m-alginate/Fe,O3;/CdS composite) has been
successfully fabricated via a simple hydrothermal
method. The incorporation of maghemite y-Fe,O3 into
the composite semiconductor makes it possible for the
m-alginate/Fe,O3/CdS composite to be recycled by an
external magnetic force. In addition, the m-alginate/
Fe,O53/CdS composite exhibited efficient photocatalytic
activity in the degradation of low concentration aque-
ous organic dye under visible light irradiation at room
temperature. The kinetics of the CR degradation by m-
alginate/Fe;O5;/CdS composite fit well a pseudo-first-
order kinetic model. The dye photodecolorization rate
increased with the m-alginate/Fe,O;/CdS composite
concentration up to 0.5gL"", and then decreased with
further increasing m-alginate/Fe;O3;/CdS composite
concentration. The decolorization rate maintained
55.8% of initial decolorization rate for fourth cycle.
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