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ab s t r ac t
For the purpose of this study, sol-gel method at different molar ratios was used to prepare WO3−Al2O3 
nanocomposites. Then, the synthesized nanocomposites were characterized by different techniques 
including Fourier transform infrared spectroscopy, field emission scanning electron microscopy 
coupled with energy-dispersive spectroscopy, X-ray diffraction, photoluminescence spectroscopy, 
adsorption–desorption N2 isotherms Brunauer–Emmet–Teller and Barrett–Joyner–Halenda. The 
results revealed that the specific surface area of WO3 nanoparticles (NPs) increased from 2.83 to 
41.80 m2 g–1 due to the incorporation of Al2O3 in the composite. Moreover, the photocatalytic activity 
of the samples was evaluated in the degradation of Congo red (CR) in aqueous solution under UV 
and visible light irradiation with optimization of different parameters. The photocatalytic activity of 
the WO3−Al2O3 nanocomposites was compared with pure WO3 NPs and photocatalytic performance 
of the WO3 NPs increased by incorporation of Al2O3 in the composite. Finally, the degradation per-
centage of CR was achieved 100% within 30 min by changing molar ratio, pH and catalyst dosage. 
The enhanced photocatalytic performance was attributed to the increased specific surface area and 
decreased electron–hole pair recombination.
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1. Introduction

Nowadays, large amount of hazardous organic pollut-
ants containing textile industry, pharmaceutics, sanitary 
and discharged into the environment [1,2] are attached to 
the industrial activities resulting in a serious global environ-
mental issue [3]. One of the synthetic dyes in textile is Congo 
red (CR), which is an anionic dye used in leather, and paper 
and pulp industries [4]. As CR has azo (−N=N−) groups and 
stable aromatic ring [5–7], it can cause cancer and burning 
effects on eyes, nausea and skin diseases [8,9]. Therefore, 
several methods have been suggested for the elimination 
of this compound from wastewater in the literature, which 
can be mentioned to advanced oxidation processes method 

for the destruction of organic and biological pollutants [10]. 
These processes of semiconductors are used as photocatalyst 
with both, an UV or visible irradiation for decomposition 
of organic molecules [11,12]. WO3 nanoparticles (NPs) are 
known as a good photocatalyst and one of the n-type semicon-
ductors as well, which has a band gap 2.80 eV [13–15]. WO3 
NPs has been used for photocatalytic degradation of organic 
pollutants in wastewater. The photocatalytic performance of 
WO3 NPs is hindered by fast recombination rate of the pho-
to-generated electron–hole pairs [16]. In order to enhance the 
photocatalytic performances of WO3 NPs, various methods 
such as choosing appropriate synthesis method, preparing 
composite photocatalyst and semiconductor oxides doped 
with metal ions has been applied [17–19]. Therefore, a large 
number of photocatalysts have been used for degradation of 
CR such as grapheme/polyaniline/cuprous oxide composite 
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[20], Pd-doped ZnO [21], WO3 NPs [22], SnO2 NPs [23], 
W-S-N-tri doped TiO2 [24], Pd-Bi3.84W0.16O6.24 nanocomposite 
[25], and TiO2 NPs [26] but there has not been any research 
about the use of WO3−Al2O3 nanocomposite as photocata-
lyst for degradation of CR. This study was performed using 
Al2O3 as a support for WO3 NPs due to its benefits including 
high surface area and decreased electron–hole pair recom-
bination.  WO3–Al2O3 nanocomposites were synthesized by 
a simple sol-gel method at different molar ratios of WO3–
Al2O3. The prepared photocatalysts were characterized by  
X-ray diffraction (XRD), Fourier transform infrared 
 spectroscopy (FTIR), field emission scanning electron 
microscopy (FESEM), energy-dispersive spectroscopy 
(EDS), photoluminescence (PL) spectroscopy, Brunauer–
Emmet–Teller (BET) and Barrett–Joyner–Halenda (BJH) and 
the photocatalytic performances were compared for degra-
dation of CR under UV and visible light irradiation. This 
study was an attempt to investigate the effects of various 
operating parameters, for instance, molar ratio, pH, and cat-
alyst dosage on degradation of CR.

2. Experimental Setup

2.1. Materials

All the chemicals used in this study, including tungstate 
dehydrate (Na2WO4·2H2O), thiourea (CH4N4S), nitric acid 
(HNO3), aluminum nitrate nonahydrate [Al(NO3)3·9H2O], 
ammonia solution (NH4OH), tetramethylammonium hydrox-
ide (Me4NOH), sodium hydroxide (NaOH), and hydrochlo-
ric acid (HCl) were purchased from Merck chemicals. The 
CR dye from Merck Company (Germany) is used as a model 
organic pollutant in this study. Double-distilled water was 
used throughout the experiments unless otherwise stated. 
The physical and chemical properties of the CR used in this 
study are summarized in Table 1.

2.2. Preparation of photocatalysts

2.2.1. Synthesis of WO3 NPs

WO3 NPs were prepared by precipitation method. First, 
amounts of sodium tungstate dehydrate (0.05 mol L–1) were 
dissolved in double-distilled water and added into amounts 

of a nitric acid solution (10% v/v, HNO3) under stirring at 
80°C. Then 70 mL of thiourea (0.0064 mol L–1) was added to the 
solution under continuous stirring. The formed yellow-green 
solid precipitated, then dried at 150°C for 2 h in an oven and 
finally calcined at 500°C for 2 h in a muffle furnace to obtain 
WO3 NPs [27].

2.2.2. Synthesis of Al2O3 NPs

Al2O3 NPs were synthesized by a simple wet chemical 
method. In total, 200 mL of aluminum nitrate nonahydrate 
solution (0.1 mol L–1) was stirred on a magnetic stirrer and 
heated to 60°C. Then ammonia solution (2 mol L–1) was 
added dropwise to the solution, while continuously stirring 
the solution at a constant pH and temperature (60°C) for 1 h. 
The formed aluminum hydroxide gel is allowed to cool down 
to room temperature for 1 h and then washed several times 
with double-distilled water and then it was dried in hot air 
oven at 150°C for 6 h. Finally, it was heated at a final tempera-
ture 550°C for 4 h in a muffle furnace [28].

2.2.3. Synthesis WO3−Al2O3 nanocomposites

The WO3−Al2O3 nanocomposites were synthesized by 
sol-gel method, which is the simple and low temperature 
and pressure method for the synthesis of nanostructured 
metal oxides. Three different molar ratios of WO3−Al2O3 
(1:1, 1:2, 2:1) were used in this study. First, amounts of 
WO3 nanopowder was taken in a beaker at room tempera-
ture under air atmosphere. This solution was added to 
50 mL of double-distilled water under stirring for 30 min, 
and added to the amounts of aluminum hydroxide gel, 
while continuously stirring the solution. This mixture was 
sonicated for 30 min at room temperature and then 7.5 mL 
of tetramethylammonium hydroxide (TMAH) solution 
(0.28 mol L–1) was added and stirred vigorously for 30 min. 
At the end of this step, 7.5 mL of TMAH (0.28 mol L–1) was 
added. The obtained precipitate was dried in hot air oven 
at 100°C and then calcined at 600°C for 3 h in a muffle 
furnace. The designation of different WO3−Al2O3 nano-
composites prepared under different synthetic conditions 
is given in Table 2.

2.3. Characterization

The crystal structure of the synthesized sam-
ples was identified by XRD technique (Model X-pert 
pro, PANalytical, Netherlands). The CuKα radiation 
(λ = 1.5406 Å) was operated at 40 kV and 40 mA in the 
2θ range of 10°−80°. The surface morphology of the 

Table 1
Summary of Congo red

Characteristic Congo red

Molecular structure

Molecular formula C32H22N6Na2O6S2

Molecular weight 696.663219 g mol−1

Dye class Azo
pKa 4.1:3.0
Melting point 360°C
pH range 3.0–5.0
Density 0.995 g cm−3 at 25°C

Table 2
Nomenclature of different nanocomposites prepared in the 
present study

WO3−Al2O3 ratio Amount of Na2 
WO4·2H2O (M)

Amount of Al 
(NO3)3·9H2O (M)

1:1 0.1 0.1
1:2 0.1 0.2
2:1 0.2 0.1
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samples were characterized using a FESEM (Model Zeiss, 
Sigma, Germany) operated at 15 kV coupled with an 
 energy-dispersive spectrometer (EDS). FTIR (Model Vertex 
80, Bruker, Germany) was used for recording IR spectra in 
the range of 4,000−400 cm–1 using the KBr pellet method. 
Specific surface area and pore volume of the photocata-
lysts were measured by nitrogen adsorption isotherms 
and using a NOVA 2000 (Quantachrome, USA) instrument 
by means of the BET equation, the samples were perfectly 
degassed at 300°C for 5 h. Furthermore, PL spectra of 
photocatalysts were obtained with an Avant spectropho-
tometer (Avaspec-2048-TEC). At the end, photocatalytic  
degradation of CR was studied using a UV–visible 
 spectrophotometer (Model UV-1800, Shimadzu, Japan) at 
a working wavelength range of 200-800 nm.

2.4. Evaluation of photocatalytic activity

The photocatalytic activities of the prepared WO3 NPs 
and WO3−Al2O3 nanocomposites were evaluated by employ-
ing CR as the model pollutant in aqueous solution using a 
photocatalytic reactor under UV and visible light irradiation. 
A 30 W UV-C light and 100 W Tungsten lamp were used as 
the source of UV light and visible light, respectively. In each 
experiment, 0.1 g of photocatalyst was dispersed in 100 mL 
of CR solution (5 mg L–1). Before UV-light irradiation at room 
temperature, the suspension was magnetically stirred in 
the dark for 15 min to the establishment of an ensured 
adsorption/desorption equilibrium between photocatalyst 
and Congo red. At a given irradiation time intervals, about 
15 mL of the solution were withdrawn and centrifuged to sep-
arate the catalyst particles. Then, the characteristic absorption 
peak at 498 nm of CR was used for monitoring the photocat-
alytic degradation process by an UV–Vis spectrophotometer. 
The degradation efficiencies of CR were calculated as follows:

Degradation (%) 0

0

=
−

×
A A

A
100  (1)

where A0 represents the initial absorbance, and A is the 
change in absorbance of the CR at the absorption characteris-
tics wavelength of 498 nm.

3. Results and discussion

3.1. FTIR analysis

FTIR spectra of WO3 NPs, Al2O3 NPs [29] and WO3−Al2O3 
nanocomposites are shown in Fig. 1. The O−W−O stretching 
vibration of WO3 crystals are observed at 820 cm–1 (Fig. 1(a)) 
[30]. The peaks in the range 3,250−3,690 cm–1 associated with 
the –OH stretching band (Figs. 1(b)–(e)) [31]. The H−O−H 
scissor mode is located about 1,620 cm–1 (Fig. 1(b)) which is 
associated with water species [32,33]. Therefore, the absorp-
tion band at 1,630 cm–1 is attributed to the H−O−H scissoring 
mode. The absorption peaks at 884.39 and 554.18 cm–1 are 
related to the Al−O stretching vibration and O−Al−O bend-
ing vibration, respectively [34]. The IR bands of WO3−Al2O3 
nanocomposites around 880 and 637 cm–1 are observed that 
are attributed to O−W−O stretching vibration and O−Al−O 
bending vibration, respectively.

3.2. FESEM and EDS analysis

The FESEM images of WO3 NPs, Al2O3 NPs [29] and 
WO3−Al2O3 nanocomposites are shown in Fig. 2. Fig. 2(a) 
illustrates that WO3 NPs are uniform particles size and spher-
ical shapes with some agglomeration [35]. In Fig. 2(b) small 

Fig. 1. FTIR spectra of (a) WO3 NPs, (b) Al2O3 NPs [29] and 
WO3−Al2O3 nanocomposites with different molar ratios: (c) (1:1), 
(d) (1:2) and (e) (2:1).
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nanograin clusters was found in the sample that are not dis-
tributed uniformly. The presence of the cluster may be due 
to the large specific surface area of the NPs [34]. The FESEM 
image shows that the WO3−Al2O3 nanocomposites consist of 
uniform WO3 particles that were dispersed on the surface 
of alumina (Figs. 2(c)–(e)). Figs. 3(a)–(e) show the EDS spec-
tra of the samples. The EDS spectrum presented in Fig. 3(a) 
consists of the elements W and O, while Fig. 3(b) shows the 
EDS spectra of Al2O3 NPs indicating that it is consisted of 
two elements (Al and O) [29]. The peaks corresponding in 
energy to the Al, W and O are clearly observed at their nor-
mal, indicating that the products contained these elements 
(Figs. 3(c)–(e)). The EDS spectra of the samples are shown 
without any impurities. Results of EDS analysis of samples 
are given in Table 3. This analysis showed that WO3−Al2O3 
nanocomposite (molar ratio 1:2) has uniform elemental dis-
tribution compared with the other two nanocomposites.

3.3. XRD analysis

The crystalline phase of the samples was measured by 
XRD analysis. The XRD patterns of the samples synthesized 
using different molar ratio are shown in Fig. 4. As shown in 
Fig. 4(a), all the peaks can be indexed to a pure orthorhombic 
crystalline phase of WO3 (JCPDS no. 20–1324) and (JCPDS no. 
24–0747) [35]. The characteristic signals of WO3 were found at 
2θ = 23.07, 23.55, 24.30, 26.56, 28.27, 33.23, 34.11, 35.52, 41.46, 
45.44, 47.20, 48.23, 49.87, 50.67, 53.63, 54.75, 55.77, 56.6, 58.31, 
60.11, 62.12, 71.85 and 76.90 correspond to diffraction from 
the (002), (020), (200), (120), (112), (022), (202), (132), (004), 
(040), (400), (024), (042), (240), (402), (420), (034), (340), (414) 
and (422) in this figure. It can be seen that the XRD data for 
the Al2O3 NPs [29] match well with the standard card (JCPDS 
no. 10–0425). The peaks around 2θ = 37.01°, 39.43°, 45.85°, 
60.8° and 66.75° are corresponds to the diffraction of the (311), 

 

a b 

 

c d 

e 

Fig. 2. FESEM images of (a) WO3 NPs, (b) Al2O3 NPs [29] and WO3−Al2O3 nanocomposites with different molar ratios: (c) (1:1), (d) (1:2), 
(e) (2:1).



M. Firouzi, A. Nouri / Desalination and Water Treatment 84 (2017) 244–254248

(222), (400), (511) and (440) which confirms the presence a 
dual-phase system that consisting of cubic γ-Al2O3 and tetrag-
onal γ-Al2O3 [36]. In Figs. 4(c)–(e), the XRD patterns show that 
nanocomposites have an optimal proportion of two-phase 
structure: WO3 and Al2O3. The diffraction peaks observed at 

2θ values of 35.49°, 45.58°, 60.09° and 67.05° are attributed to 
the γ-Al2O3 phase of nanocomposites structure and the other 
peaks are ascribed to the formation of WO3 phase.

The average crystallite size of the samples was calculated 
by the Debye–Scherrer equation:

Fig. 3. EDS spectra of (a) WO3 NPs, (b) Al2O3 NPs [29] and WO3−Al2O3 nanocomposites with different molar ratios: (c) (1:1), (d) (1:2), 
(e) (2:1).

Table 3
The EDS analysis of samples

Elements/wt% WO3 Al2O3 WO3−Al2O3 (1:1) WO3−Al2O3 (1:2) WO3−Al2O3 (2:1)

O 12.7 39.5 11.2 26.5 23.2
Al – 60.5 7.3 26.0 25.3
W 87.3 – 81.6 47.5 51.5
Total 100 100 100 100 100
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D k
=

λ
β θcos

 (2)

where D represents the average crystallite size, k is the shape 
factor (k = 0.89), λ denotes the wavelength of the X-ray radiation 
(λ = 1.5406 Å), β represents the full-width at half-maximum 
of the peak, and θ is the Bragg angle. The calculated average 
crystallite sizes are summarized in Table 4, which shows the 
average crystallite size of the samples ranges from 2 to 4.3 nm.

3.4. Surface area measurement

The surface area of WO3 NPs and WO3−Al2O3 nanocom-
posites (molar ratio 1:1) were analyzed using BET method 

and are listed in Table 5. These data show that specific surface 
area of WO3−Al2O3 nanocomposite (molar ratio 1:1) was being 
significantly larger than those of WO3 NPs. Furthermore, the 
pore volumes and pore size of samples were determined by 
using BJH method. Our data show that amesopore structures 
of the pores (Table 5). Moreover, the pore volume is slightly 
increased with incorporation of Al2O3 into WO3 NPs.

3.5. PL properties

The photoluminescence (PL) is an efficient and sensitive 
tool for investigating the efficiency of charge transfer and 
electron–hole pairs separation from semiconductors [37]. The 
PL excitation spectra of samples are shown in Fig. 5. All the 
samples were evaluated in the emission range 400−100 nm. 
It can be seen two small peaks at 624 and 806 nm (Fig. 5(a)). 
The PL spectrum of the Al2O3 NPs displays two strong peaks 
at 434 and 760 nm (Fig. 5(b)). That is different from those of 
WO3−Al2O3 nanocomposites but is similar to those of Al2O3 
NPs (Figs. 5(c)–(e)). The reason for this phenomenon might 
be attributed to an efficient charge separation process by 
transformation of electrons of WO3 to Al2O3, and the sepa-
ration of electron–hole pairs that can cause enhancement of 
photocatalytic activity of WO3−Al2O3 nanocomposites for 
degradation of CR.

3.6. Effect of molar ratio

The photocatalytic activity of pure WO3 NPs and WO3−
Al2O3 nanocomposites (molar ratios 1:1, 1:2 and 2:1) in aque-
ous solution for degradation of CR was investigated under 
UV and visible light for 0, 15, 30, and 45 min of irradiation 
time (Fig. 6). The results show that incorporation of Al2O3 
into WO3 plays a powerful role in increasing the photocat-
alytic activity of WO3−Al2O3 nanocomposite and the effi-
ciency of photocatalytic activity for WO3−Al2O3 with molar 
ratio (1:1) is higher than those molar ratios. Various factors 
can be attributed to the high photocatalytic activity observed 

Fig. 4. XRD patterns of (a) WO3 NPs, (b) Al2O3 NPs [29] and 
WO3−Al2O3 nanocomposites with different molar ratios: (c) (1:1), 
(d) (1:2), (e) (2:1).

Table 4
The average crystallite size of the catalysts prepared at different 
molar ratios

Samples Crystallite size (nm)

WO3 4.3
Al2O3 2
WO3–Al2O3 (1:1) 4.1
WO3–Al2O3 (1:2) 3.3
WO3–Al2O3 (2:1) 4

Table 5
Specific surface area values and pore parameters of WO3 NPs 
and WO3−Al2O3 nanocomposites (1:1)

Samples Surface area 
(m2 g−1)

Pore volume 
(cc g−1)

Pore diameter 
(nm)

WO3 2.8338 0.004 2.448
WO3−Al2O3 (1:1) 41.8011 0.038 1.938
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in WO3−Al2O3 (molar ratios 1:1). At first instance, a minor 
aggregation of the particles of WO3−Al2O3 (molar ratios 1:1) 
with respect to other samples was observed (Fig. 2(c)). This 
promotes a better dispersion of the photocatalytic during 
the photocatalytic experiment. Regarding the surface area, 
WO3−Al2O3 (molar ratios 1:1) has a higher exposed surface 
(Table 5). The photodegradation percentage of pure WO3 NPs 
and WO3−Al2O3 photocatalysts are given in Table 6. These 
data confirmed previous results in details, that is, by chang-
ing the ratio of Al2O3 in the composite, photodegradation 
percentage for molar ratio (1:1) is significantly higher than 
the other molar ratios [(1:2),(2:1)]. Furthermore, photodegra-
dation under visible light is slightly higher than UV light. The 
photocatalytic activity should be enhanced by increasing the 
surface area and light absorption intensity and the decrease 
of electron–hole pair recombination in WO3 with the incor-
poration of Al2O3 in the composite which can be emphasized 
by PL results.

Solution pH is an important parameter that affects 
photocatalytic processes because of different modification 
of surface properties. The pH effect on the photocatalytic 
degradation of CR (5 mg L–1) was investigated at pH 3.5, 6.5, 
9.5 and constant photocatalyst dosage (0.1 g) on WO3−Al2O3 
(molar ratio 1:1) as the best sample, under irradiation with 
UV and visible light (Fig. 7). Increasing and decreasing of 
pH was adjusted by adding HCl (0.1 mol L–1) and NaOH 
(0.01 mol L–1), respectively. The most degradation efficiency 
of CR was observed at pH 3.5 (95% and 100% degradation for 
UV and visible light, respectively).

The zero point charge (zpc) of WO3−Al2O3 was deter-
mined to be 6 [38] and the surface is positively charged in 
acidic solution pH < pHzpc and negatively charged in alkaline 
solution pH > pHzpc. The removal of CR as an anionic dye 
will increase with decreasing pH. Hence, lower pH (pH 3.5 in 
this study) caused significant enhancement on the photocata-
lytic degradation due to the increasing electrostatic attraction 

Fig. 5. Photoluminescence spectra of (a) WO3 NPs, (b) Al2O3 NPs and WO3−Al2O3 nanocomposites with different molar ratios: (c) (1:1), 
(d) (1:2), (e) (2:1).
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between CR and surface of photocatalyst. Furthermore, 
because of presence of an excess hydroxyl group in acidic 
solution on the photocatalystic surface and formation of 
more hydroxyl radical [39], degradation of CR increased at 
pH 3.5 (Eq. (3)):

M – OH + H+ → M – OH – H+ → M – H2O+ (3)

MO+ + Dye– → M – O – Dye (4)

The effect of dosage on the photocatalytic degrada-
tion of CR was examined under the range of 0.025-0.1 g 

for WO3−Al2O3 (molar ratio 1:1), as the best sample con-
stant CR concentration 5 mg L–1 and pH 3.5. As shown in 
Fig. 8, photocatalytic degradation of CR was increased 
with increasing photocatalyst dosage from 0.025 to 0.1 g. 
This increase may be explained by increasing the total 
active sites on the catalyst surface and consequently, num-
ber of adsorbed dye molecules will be increased. However, 
for very high photocatalyst dosage, the turbidity of the 
suspension will be increased, and it causes blockage of the 
incident light [39].

4. Photocatalytic mechanism

The mechanism of photocatalytic degradation of CR 
under the UV–Vis light for WO3−Al2O3 nanocomposite is 
portrayed in Fig. 9. When the photocatalyst is irradiated by 
UV–Vis light irradiation, the electrons are excited from the 
valence band (VB) of WO3 photocatalyst to the conduction 
band (CB) Al2O3 by creating the negative electron (e–) and 
positive–hole (h+) pair in the VB (Eq. (5)) [40]. The electron–
hole pairs lead to the formation of OH•, O2

• and HOO• that 

Fig. 6. Comparative photocatalytic degradation of CR with pure 
WO3 NPs and WO3−Al2O3 nanocomposites under UV (a) and 
visible (b) light.

Table 6
Data of CR photocatalytic degradation in the presence of pure WO3 NPs and WO3−Al2O3 photocatalysts

Samples Irradiation time for 
visible (min)

Irradiation time for UV 
(min)

Photodegradation ratios 
for visible (%)

Photodegradation ratios 
for UV (%)

WO3 45 45 20 12.16
WO3−Al2O3 (1:1) 30 45 100 95
WO3–Al2O3 (1:2) 45 45 36.89 24.73
WO3–Al2O3 (2:1) 45 45 37.96 31.68

Fig. 7. Effect of pH on the photocatalytic degradation of CR 
under UV (a) and visible (b) light.
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are oxidizing species in the photocatalytic oxidation pro-
cesses [40].

WO3 – Al2O3 → Al2O3 (e–) + WO3 (h+) (5)

The hydroxyl radical production is formed as follows:

h+ + H2O → OH• + H+ (6)

h+ + OH– → OH• (7)

Furthermore, excited electrons into the CB (e–) on the sur-
face of photocatalyst can reduce O2 to susperoxide anion OH• 
radical that generated as Eqs. (6) and (7) acts as an oxidation 
factor for mineralization of CR as follows [40]:

Dye + OH• → CO2 + H2O (8)

Dye + h+ → CO2 + H2O (9)

Moreover, h+ can act as an oxidation factor. These pro-
cesses effectively suppress the electron–hole recombination 
and produce excess OH• radicals necessary for degradation 
of CR. The presence of surface-generated reactive species 
such as OH• and O2

• on the photocatalysts was employed 

to investigate the photocatalytic mechanism of WO3−Al2O3 
nanocomposite under UV and visible light. The results indi-
cated that OH• could be produced on the VB under both UV 
and visible light irradiation, but more OH• species were gen-
erated under visible irradiation. The incorporation of Al2O3 
into WO3 played an important role in the enhancement of 
photocatalytic activity.

A large number of photocatalysts used for the degra-
dation of CR but there has not been any research about 
the use of WO3−Al2O3 nanocomposite as photocatalytic 
degradation of CR under UV and visible light. Therefore, 
this study compared the photocatalytic degradation of CR 
with that of other literature. This comparison is summa-
rized in Table 7. Lam et al. [41] have reported 95.12% of 
degradation of CR within 120 min. Guy et al. [21] have 
reported 98.2% of degradation of CR within 60 min. The 
degradation percentage of CR was achieved 95% and 
100%, under UV and visible light, respectively (Fig. 6). As 
can be seen in Table 7, the WO3−Al2O3 photocatalyst has 
the highest photocatalytic degradation. The WO3−Al2O3 
photocatalyst obtains a short-period degradation of CR 
under UV and visible light.

5. Conclusions

In this study, the effects of WO3:Al2O3 ratios on the photo-
catalytic properties of WO3−Al2O3 nanocomposites which are 
synthesized by sol-gel method were investigated. The nano-
composites were characterized by FTIR, XRD, FESEM, EDS, 
PL, BET and BJH. Specific surface area and photocatalytic 
properties of WO3 improved by the formation WO3−Al2O3 
nanocomposite. The photocatalytic activity of as-prepared 
photocatalysts was examined by the degradation of CR 
under UV and visible light irradiation. It was revealed that 
photocatalytic activity of WO3 NPs is markedly lower than 
those WO3−Al2O3 nanocomposites. The best photocatalytic 
activity was obtained with WO3−Al2O3 nanocomposite at 
molar ratio 1:1 for UV and visible light. The reason behind 
its higher activity was associated with factors such as mor-
phology, aggregation degree of its particles and surface area. 
The optimized reaction conditions are pH 3.5, photocatalyst 
dosage 0.1 g and initial CR concentration 5 mg L–1 under UV 
and visible irradiation. Finally, the results of this study reveal 
that WO3−Al2O3 nanocomposite is suitable for the degrada-
tion of CR.

Fig. 8. Effect of photocatalyst dosage on the photocatalytic degra-
dation of CR under UV (a) and visible (b) light.

Fig. 9. Photocatalytic mechanism schematic of the WO3−Al2O3 
nanocomposites.
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