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a b s t r a c t 

As a major indoor volatile organic compound, acetaldehyde is considered to be toxic when ap- 

plied externally for prolonged periods; it is an irritant and a probable carcinogen. In this work, 

Bi 2 WO 6 /BiOI/allophane (BW/BI/A) composites with different molar ratios of Bi 2 WO 6 :BiOI were prepared 

by either mechanical mixing or a hydrothermal synthesis. The adsorption capacity and photocatalytic ac- 

tivity of the prepared composites were evaluated for the adsorption and photodegradation of gaseous ac- 

etaldehyde in the dark and under visible light irradiation, respectively. SEM revealed that with increasing 

BiOI content, the overall morphology of the BW/BI/A composite was altered because BiOI nanoparticles 

gradually occupied the surfaces of the nanosheets, which formed flower-like structures, and eventually 

covered the surfaces of the Bi 2 WO 6 particles. Adsorption affinities and preferential adsorption sites of ac- 

etaldehyde molecules on the Bi 2 WO 6 , BiOI, and allophane components of the BW/BI/A composite were 

also predicted using molecular dynamics simulations. The BW/0.5BI/A composite exhibited high adsorp- 

tion capacity, excellent photocatalytic performance and good stability owing to its large specific surface 

area, greater number of easily accessible active sites, facilitated diffusion of reactants, multiple scattering 

of incident light, and formed p –n heterojunction, which suggest that it can be used in environmental 

remediation in the future. 

© 2017 Taiwan Institute of Chemical Engineers. Published by Elsevier B.V. All rights reserved. 
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1. Introduction 

In modern urban life, indoor air quality has become an impor-

tant health issue, particularly for those people who spend a large

portion of their lives at home, offices, shopping centers, schools,

day care centers, retirement homes, public buildings, health care

facilities and other special buildings [1] . Indoor air quality can be

affected by hazardous chemical substances emitted from build-

ings, construction and decoration materials, indoor equipment

or even human activities [2] . In the World Health Organization
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WHO) guidelines for indoor air quality [3] , chemical pollutants

re divided into two categories based on the existence of in-

oor sources, the availability of toxicological and epidemiological

ata, and whether indoor levels exceed those of health concern

nd/or the lowest observed adverse effect level. Group 1 includes

enzene, carbon monoxide, formaldehyde, naphthalene, nitrogen

ioxide, particulate matter (PM 2.5 and PM 10 ), polycyclic aromatic

ydrocarbons (benzo-[ a ]-pyrene), radon, trichloroethylene and

etrachloroethylene, for which the guidelines for indoor air quality

ust be followed. In Group 2, acetaldehyde, asbestos, biocides,

esticides, flame retardants, glycol ethers, hexane, nitric oxide,

zone, phthalates, styrene, toluene, and xylenes are included as in-

oor air pollutants of potential interest. Exposure to the pollutants

isted in Group 1 has critical consequences, including leukemia,
ights reserved. 
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WO6

(Bi2O2)2+

layer

Fig. 1. Crystal structure of Bi 2 WO 6 . 
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enotoxicity, ischemic heart disease, respiratory tract lesions,

espiratory infection, lung cancer, and renal disease. Although

cetaldehyde (AcH), as a major indoor volatile organic compound,

s included in Group 2, it is still toxic when applied externally

or prolonged periods, an irritant, and a probable carcinogen [4] .

he main sources of acetaldehyde in houses include building ma-

erials, laminate, linoleum, wooden varnished, cork/pine flooring,

utomotive exhaust and tobacco smoke. It is also found in plastic

ater-based and matt emulsion paints, wood ceilings, and wooden,

article-board, plywood, pine wood, and chipboard furniture [5,6] . 

Since the Honda–Fujishima effect was first reported in 1972 [7] ,

emiconductor-based photocatalysis has been regarded as one of

he promising strategies for water splitting and the removal of or-

anic compounds in contaminated water and air by the genera-

ion of hydroxyl radicals. The degradation of gaseous AcH over TiO 2 

as initially studied by Sopyan et al. [8] under UV light irradi-

tion, who found that AcH oxidation can be mediated not only

y photogenerated holes but also by adsorbed oxygen, superox-

de radicals and/or hydrogen peroxide. Visible light makes up 43%

f solar energy while UV light only constitutes ca. 3–5% [9] of it,

nd the fraction of UV light available is low in indoor and inside-

ehicle applications. Later, various visible light-active photocata-

ysts, e.g. , CuBi 2 O 4 /WO 3 [10] , CaFe 2 O 4 /WO 3 [11] , RbBi 2 Nb 5 O 16 and

bBiNb 2 O 7 [12] , CuO/WO 3 and Pt/WO 3 [13] , Pd/WO 3 [14] , NaBiO 3 -

oaded WO 3 [15] , Rh-doped SrTiO 3 [16] , etc., were examined for

he degradation of AcH. The photocatalytic activity for the oxida-

ive photodegradation of AcH by visible light-responsive Pt/WO 3 

as greatly enhanced by hybridizing it with siliceous mordenite

MOR), a zeolite adsorbent with a hydrophobic surface [17] . Kat-

umata et al. [18] demonstrated the synergistic effect of g-C 3 N 4 

nd WO 3 on the photodegradation of AcH though the improvement

f photogenerated carrier separation. 

Bismuth-based semiconductors are regarded as a promising

roup of advanced photocatalytic materials due to their suitable

and gap for visible light response, an increased mobility of pho-

ogenerated charge carriers because of well-dispersed Bi 6 s orbital,

on-toxicity, and easy tailoring of their morphologies. A wide vari-

ty of bismuth-based semiconductors (Bi 2 O 3 , Bi 2 M O 6 ( M = Cr, Mo,

nd W), BiVO 4 , BiO X ( X = Cl, Br and I), BiPO 4 , (BiO) 2 CO 3 , and pen-

avalent bismuthates) have been studied for the degradation of or-

anic pollutants in wastewater ( e.g. , dye pollutants), oxidation of

aseous pollutants ( e.g. , NO), and photo reduction of CO 2 , and pho-

ocatalytic water splitting to generate H 2 and O 2 . 

As one of the simplest members of the Aurivillius oxide fam-

ly of layered perovskites, Bi 2 WO 6 is structurally composed of al-

ernating perovskite-like blocks (BO 6 octahedra) and fluorite-like

i 2 O 2 layers ( Fig. 1 ) [19] . Having an optical band gap of 2.80 eV,

i 2 WO 6 exhibited a high level of photocatalytic activity for the

ineralization of acetaldehyde and acetic acid [20,21] . Further-

ore, coupling of this semiconductor with other semiconductors

22,23] or metals [24,25] to form a junction structure was found

o enhance its photocatalytic activity by improving charge separa-
ion, increasing the lifetime of charge carriers, and enhancing the

fficiency of interfacial charge transfer. 

Generally, the photocatalytic activities of photocatalysts are

nfluenced by physicochemical variables such as particle size, crys-

allinity, specific surface area, pore volume, and pore size. Various

orous materials such as silica gels, zeolites, activated carbons, and

lay minerals with high specific surface areas and suitable pore

olumes were reported to improve photocatalytic activities and

eparation of the photocatalyst powders after the reaction. Since

llophane (1–2SiO 2 ·Al 2 O 3 ·5–6H 2 O) with a 3.5–5.0 nm sized hollow

pherical structure can adsorb ionic or polar pollutants due to its

mphoteric ion-exchange activity and high surface area [26–28] ,

ombining it with Bi 2 WO 6 and BiOI resulted in the improved

hotodegradation of gaseous acetaldehyde under visible light [29] . 

Herein, we demonstrate the synthesis of a Bi 2 WO 6 /BiOI/

llophane (BW/BI/A) composite and the influence of the BiOI

ontent on visible-light-induced photodegradation of gaseous 

cetaldehyde by the composite. The findings suggest that the

ynergistic effects of Bi 2 WO 6 /BiOI and photocatalyst/allophane can

nhance the photocatalytic activity of the synthesized composite,

hereas controlling the amount of BiOI is paramount in determin-

ng the maximum efficiency of the BW/BI/A composite. Integrating

i 2 WO 6 /BiOI on allophane makes the composite mechanically

obust and easy to handle in the reaction systems. 

. Experimental 

.1. Synthesis 

Bi(NO 3 ) 3 ·5H 2 O (99.9%), KI (99.5%), ethylene glycol (99.0%),

nd aqueous ammonia (28%) were obtained from Wako Pure

hemical Industries, Ltd. Deionized water (Millipore Milli-Q Plus

urification system, 18.2 M �·cm) was used throughout the ex-

eriments. Bi 2 WO 6 and allophane powders were synthesized

ccording to a previously reported experimental procedure [23] .

he Bi 2 WO 6 /BiOI/allophane (BW/BI/A) composite was processed

y a hydrothermal method. The experimental details are as fol-

ows: first, 0.5 mmol of Bi(NO 3 ) 3 ·5H 2 O was dissolved in 10 mL

f ethylene glycol and 0.5 mmol of KI was dissolved in 10 mL of

eionized water. Then, 0.3489 g of the as-synthesized Bi 2 WO 6 

owder (0.5 mmol) and 0.3489 g of allophane powder (BW/A = 1:1

ass ratio) were dispersed into 10 mL of deionized water. To

btain the BW/BI/A composite, the two precursor solutions were

ixed together with 10 mL of the aqueous suspension of Bi 2 WO 6 

nd allophane under vigorous stirring at room temperature for

0 min. The pH of the suspension was adjusted to 7 by introducing

queous ammonia. After stirring for 30 min, the orange-red-

olored suspension was transferred into a 40 mL Teflon-lined

tainless steel autoclave. The autoclave was sealed and maintained

t 180 °C for 12 h. After the hydrothermal synthesis, the autoclave

as cooled down to room temperature naturally. The resulting

recipitate was collected by centrifugation, washed with deion-

zed water several times and dried at 80 °C for 8 h. To study the

nfluence of the amount of BiOI, the molar ratio of Bi 2 WO 6 : BiOI

BW: BI) was varied while keeping the amount of Bi 2 WO 6 and

llophane unchanged. The compositions and porous properties

f the composites are listed in Table 1 . A detailed description of

heir characterization and their adsorption and photodegradation

xperiments are given in the Supplementary Material. 

. Results and discussion 

The XRD patterns of the mechanically mixed and the hydrother-

ally synthesized BW/BI/A composites are shown in Fig. 2 . All

he diffraction peaks in the XRD patterns of the BW/BI/A compos-

tes can be readily assigned to orthorhombic-phase Bi WO with
2 6 
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Table 1 

The compositions and porous properties of samples. 

Sample name Composition S BET , m 

2 ·g –1 V p , mL ·g –1 Pore size, nm k , min –1 

BW Bi 2 WO 6 21.3 0.1126 14.1 −0.10982 

BI BiOI 23.1 0.1592 25.8 −0.27800 

A Allophane 263.0 0.7895 7.98 –

Bi 2 WO 6 /BiOI/Allophane composite Molar ratio of Bi 2 WO 6 :BiOI 

BW/0.5BI/A 1:0.5 174 0.3805 9.7 −0.67214 

BW/1BI/A 1:1 106 0.2047 12.5 −0.44300 

BW/2BI/A 1:2 96 0.1895 15.2 −0.23418 

BW/3BI/A 1:3 84 0.1713 17.8 −0.22209 

BW/1BI/A (mechanically mixed) 1:1 (mech.mix.) 81 0.1549 20.1 −0.33833 

10 20 30 40 50 60 70
Cu Kα 2θ / degree
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ICDD PDF# 39-0256
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(c)
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(e)

Fig. 2. XRD patterns of the Bi 2 WO 6 /BiOI/allophane composite photocatalysts syn- 

thesized with different ratios of Bi 2 WO 6 :BiOI: (a) 1:0.5, (b) 1:1, (c) 1:2, (d) 1:3, and 

(e) 1:1 (mech. mix.). 
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a space group of Pbca and tetragonal-phase BiOI with a space

group of P 4/ nmm without any traces of other crystalline phases.

No diffraction peaks related to BiOI are observed in the XRD pat-

tern of the BW/0.5BI/A composite, possibly due to it having a lesser

amount of BiOI than Bi 2 WO 6 . Further, the broad diffraction peaks

of BiOI appear in the XRD patterns of the BW/BI/A composites

because of its smaller crystal size and become more intensive in

composites with higher BiOI contents. 

The SEM images of the BW/BI/A composites are depicted in

Fig. 3 . As shown, the Bi 2 WO 6 and BiOI particles are in close con-

tact and uniformly distributed throughout the BW/BI/A composite.

Only the BW/0.5BI/A composite retains three-dimensional flower-

like structures of the Bi 2 WO 6 particles ( Fig. 3 a). With increas-

ing contents of BiOI, the overall morphology of the composite

changed because BiOI nanoparticles gradually occupied the sur-

faces of the nanosheets that constructed the flower-like structures,

eventually covering the surfaces of the Bi 2 WO 6 particles. Some

Bi 2 WO 6 nanosheets were detached from the flower-like struc-

tures and formed a composite with BiOI and allophane nanopar-

ticles separately. A similar tendency was previously observed for

Bi 2 WO 6 -allophane and BiOI-allophane composites [29] . 

Fig. 4 shows the Raman spectra of Bi 2 WO 6 , BiOI, and the

BW/BI/A composites. The absence of Raman peaks for allophane is

related to its quadratic functions in its character table for SiO 2 and

Al 2 O 3 . Therefore, the Raman spectra of Bi 2 WO 6 and BiOI can only

be observed in the BW/BI/A composites. The Raman peaks at 786

and 706 cm 

−1 can be assigned to the symmetric and asymmet-

ric stretching modes of the WO 6 octahedra involving the motions

of the apical and equatorial oxygen atoms perpendicular to and

within the layers, respectively. The Raman peaks at 411, 298, 276,

253, 218, and 173 cm 

−1 can be attributed to the bending modes of
he WO 6 octahedra and the stretching and bending modes of the

iO 6 polyhedra. The Raman peaks at 140 and 147 cm 

−1 may be as-

igned to the translations of the tungsten and bismuth ions [29,30] .

he Raman peaks observed at 145 cm 

−1 in the BiOI-containing

amples correspond to the E g internal Bi –I stretching mode. When

ncreasing amounts of BiOI were composited with the Bi 2 WO 6 and

llophane, the intensity of the Raman peaks of Bi 2 WO 6 gradually

ecreased, implying that the surfaces of the Bi 2 WO 6 particles be-

ame covered by BiOI and allophane particles. 

The UV–Vis diffuse reflectance spectra of Bi 2 WO 6 /allophane,

iOI/allophane, and the BW/BI/A composites are shown in Fig. 5 .

he Bi 2 WO 6 /allophane and BiOI/allophane composites have ab-

orption edges at approximately 450 and 660 nm, respectively.

he estimated optical band gaps of the Bi 2 WO 6 /allophane and

iOI/allophane composites are 2.76 and 1.87 eV, respectively. This

ndicates that BiOI is more responsive to visible light compared

ith Bi 2 WO 6 . The color of the BW/BI/A composite powder is or-

nge and gradually darkens with increasing BiOI content. The

W/BI/A composites absorb visible light in the wavelength range

f 640–650 nm, implying that the prepared composites can be used

or visible light-induced photocatalytic reactions. 

The adsorption and photocatalytic activity of Bi 2 WO 6 /allophane,

iOI/allophane, and the BW/BI/A composites were evaluated for

he adsorption and photodegradation of gaseous acetaldehyde

CH 3 CHO), an indoor air contaminant, in the dark and under visible

ight irradiation ( λ≥ 420 nm), and the results are shown in Fig. 6

nd Table 1 . The concentration of the injected gaseous acetalde-

yde gradually decreased for all the samples due to adsorption in

he dark, which was allowed to occur for 12 h ( Fig. 6 a). As shown

n Fig. 6 d, the adsorption of gaseous acetaldehyde monotonously

ecreased as the molar ratio of Bi 2 WO 6 : BiOI increased and

he specific surface area decreased: 37.7% for 1:0.5 ( S BET = 174

 

2 ·g −1 ) > 31.1% for 1:1 ( S BET = 106 m 

2 ·g −1 ) > 22.2% for 1:1 (mech.

ix.) ( S BET = 81 m 

2 ·g −1 ) > 19.6% for 1:2 ( S BET = 96 m 

2 ·g −1 ) > 17.8%

or 1:3 ( S BET = 84 m 

2 ·g −1 ). This indicates that the adsorption of

aseous acetaldehyde was strongly dependent on the specific

urface area of the BW/BI/A composite, which stemmed from the

ncorporation of allophane into it. The concentration of gaseous

cetaldehyde gradually decreased upon visible light irradiation

nd, after 4 h of visible light irradiation, achieved photodegra-

ation efficiencies in the following order: 100% for 1:0.5 > 85.1%

or 1:1 > 77.1% for 1:1 (mech. mix.) > 62.2% for 1:2 > 57.8% for 1:3

 Fig. 6 d). The Bi 2 WO 6 /allophane and BiOI/allophane composites

howed 69.5 and 39.6% photodegradation efficiency, respectively.

he photodegradation efficiency of acetaldehyde over the prepared

amples was estimated based on the amount of CO 2 liberated dur-

ng the photocatalytic reaction ( Fig. 6 b). The control test performed

ithout a photocatalyst either under visible light irradiation or

n the dark showed no pronounced change in the concentration

f acetaldehyde, implying that the presence of the photocat-

lyst and visible light was essential for the photodegradation

f acetaldehyde over the prepared composites. The relationship

etween ln ( C 0 / C ) and visible light irradiation-time is linear,
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Fig. 3. SEM images of the Bi 2 WO 6 /BiOI/allophane composite photocatalysts synthesized with different ratios of Bi 2 WO 6 :BiOI: (a) 1:0.5, (b) 1:1, (c) 1:2, (d) 1:3, and (e) 1:1 

(mech. mix.). 
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Fig. 4. Raman spectra of Bi 2 WO 6 /BiOI/allophane composite synthesized with differ- 

ent ratios of Bi 2 WO 6 :BiOI: (a) 1:0, (b) 1:0.5, (c) 1:1 (mech. mix.), (d) 1:1, (e) 1:2, (f) 

1:3, and (g) 0:1. 
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Fig. 5. UV–Vis diffuse reflectance spectra of Bi 2 WO 6 /BiOI/allophane composites 

synthesized with different ratios of Bi 2 WO 6 :BiOI. 
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uggesting that the photodegradation follows first-order kinetics.

he calculated rate constants ( k values) of the prepared compos-

tes are listed in Table 1 . Among the samples, the BW/0.5BI/A

omposite showed the highest k value of −0.67214 min 

–1 with the

est photocatalytic activity for the degradation of acetaldehyde.

he k values gradually decreased with increases in the Bi 2 WO 6 :

iOI ratio in the composite because the surfaces of the Bi 2 WO 6 

nd allophane particles became more covered by BiOI crystals.
he Bi 2 WO 6 /allophane and BiOI/allophane composites had low k

alues of −0.10982 and −0.27800 min 

–1 , respectively. Interestingly,

he hydrothermally synthesized BW/1BI/A composite exhibited 

 higher rate constant of −0.44300 min 

–1 compared with the

echanically mixed BW/BI/A composite ( k = −0.33833 min 

–1 ) be-

ause the porous structure of the allophane in the former was less

amaged. Recyclability, chemical stability, and high photocatalytic

ctivity are critical issues for the long-term use of composite

hotocatalysts. To determine the recyclability and stability of the

repared composite, the hydrothermally synthesized BW/0.5BI/A

omposite was exposed to four subsequent photocatalytic reac-
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ratios of Bi 2 WO 6 :BiOI. (c) Photocatalytic activity for the degradation of gaseous acetaldehyde over the hydrothermally synthesized BW/0.5BI/A composite for four cycles. (d) 

Removal of gaseous acetaldehyde by adsorption and photodegradation as a function of Bi 2 WO 6 :BiOI molar ratio ( ∗ – mechanically mixed composite). 
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tions under identical experimental conditions, and the results

are plotted in Fig. 6 c. The BW/0.5BI/A composite photocatalyst

maintains a high photocatalytic activity after four cycles, with a

slight decrease due to the loss of photocatalyst particles during

the separation after each cycle, suggesting that the prepared

BW/0.5BI/A composite possesses excellent stability. 

A possible mechanism for the enhanced visible light photocat-

alytic activity of BW/BI/A composite is schematically illustrated in

Fig. 7 a. The relatively high efficiency of the BW/0.5BI/A composite

for the photodegradation of gaseous acetaldehyde results from the

formation of a p –n heterojunction and the presence of allophane.

When n -type Bi 2 WO 6 and p -type BiOI are in contact, a p –n het-

erojunction is formed, leading to the diffusion of electrons from

Bi 2 WO 6 to BiOI until the Fermi levels of BiOI and Bi 2 WO 6 become

equal. Hence, the conduction band edge of BiOI becomes higher

than that of Bi 2 WO 6 , while the valence band edge of Bi 2 WO 6 is po-

sitioned lower than that of BiOI, creating an internal electric field

at the interface of the p –n heterojunction at equilibrium. When

the BW/BI/A composite is irradiated, the electrons in the valence

band are excited to a higher potential edge of the conduction band,

and the electrons from the conduction band of BiOI transfer to the

more positive conduction band of Bi 2 WO 6 . Meanwhile, the holes in

the valence band of Bi 2 WO 6 migrate to the lower valence band of

BiOI. The electrons in the conduction band will react with oxygen

to produce O 2 
–·, which directly attacks acetaldehyde molecules,

whereas the holes in the valence band react with acetaldehyde.

This accelerated separation of photogenerated electrons and holes

reduces their recombination rate and improves the photocatalytic

activity [31,32] . Additionally, the enhanced photocatalytic activity

of the BW/0.5BI/A composite is also affected by the presence of al-

d  
ophane because of its strong affinities to both water and acetalde-

yde and its large specific surface area. The competitively adsorbed

ater molecules on the surfaces of the allophane and Bi 2 WO 6 /BiOI

articles can be transformed into hydroxyl radicals (OH 

•) by re-

cting with the photogenerated holes (h 

+ ) or superoxide radicals

O 2 
–·), and the acetaldehyde molecules adsorbed onto the surfaces

f the allophane and Bi 2 WO 6 /BiOI particles are subsequently de-

raded into CO 2 [23,29,32] . 

The adsorption affinities and preferential sites of acetaldehyde

olecules on the Bi 2 WO 6 , BiOI, and allophane components of

he BW/BI/A composite were predicted using molecular dynamics

imulations ( Fig. 7 b). Over Bi 2 WO 6 surfaces, it was found that

cetaldehyde prefers to bind over the (1 4 1) and (1 0 1) surfaces

o surface atoms such as (O Carbonyl … Bi – 3.1 Å, O Carbonyl … O 6 W

3.2 Å, H Carbonyl … OBi – 3.1–3.3 Å, H Met …H 

–O 

–W – 2.9–3.2 Å,

 Met …O 

–Bi – 3.2 Å). Over the BiOI surfaces, acetaldehyde prefers

o bind over the (0 0 1) and (1 0 2) surfaces such that it binds

o the surface atoms (O Carbonyl … Bi – 3.2 Å, H Carbonyl … I – 3.5 Å,

 Met …O 

–Bi – 3.2 Å). Among the three components of the BW/BI/A

omposite, the acetaldehyde molecule binds stronger on the (1 4

) surface of Bi 2 WO 6 than on the (0 0 1) surface of BiOI, while

he adsorption occurs over the most stable and exposed surface

f BiOI, as indicated by the XRD and TEM results. The results

f the molecular dynamics simulations also confirmed that with

ncreasing BiOI content, the adsorption and photocatalytic activity

f the BW/BI/A composites gradually decrease. The BW/0.5BI/A

omposite has a high adsorption ability, excellent photocatalytic

erformance and good stability owing to its large specific surface

rea, greater number of easily accessible active sites, facilitated

iffusion of reactants, multiple scattering of incident light, and p –n



M. Hojamberdiev et al. / Journal of the Taiwan Institute of Chemical Engineers 81 (2017) 258–264 263 

(001) BiOI (102) BiOI

(141) Bi2WO6 (101) Bi2WO6

(003) Al2Si2(O11H8)(001) Al2Si2(O11H8)

(040) Al2Si2(O9H4) (110) Al2Si2(O9H4)

O2
.

e
ee H2O2

.

ОН.

e e

e
e

e e

h h h h

BiOI

h h h h

Bi2WO6

e e e e

h
hh

e e e
ee

a b

Fig. 7. (a) Schematic representation of the adsorption and photodegradation of acetaldehyde over the BW/BI/A composite. (b) Visualization of the adsorption of acetaldehyde 

molecules onto different cleavage surfaces of allophane, Bi 2 WO 6 , and BiOI: violet – bismuth; blue – tungsten; red – oxygen; brown – iodine; yellow – silicon; magenta –

aluminum. Isosurface: blue – Connolly surface. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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eterojunction, which suggest that it can be used in environmental

emediation in the future. 

. Conclusions 

In summary, the Bi 2 WO 6 /BiOI/allophane (BW/BI/A) compos-

tes with different molar ratios of Bi 2 WO 6 : BiOI were prepared

y either mechanical mixing or a hydrothermal synthesis. With

ncreasing BiOI content, the overall morphology of the BW/BI/A

omposite was altered because the BiOI nanoparticles gradually

ccupied more of the surfaces of the nanosheets that formed the

ower-like structures and eventually covered the surfaces of the

i 2 WO 6 particles. The BW/BI/A composites absorb visible light in

he wavelength range of 640–650 nm, implying that the prepared

omposites can be used for visible-light-induced photocatalytic

eactions. The specific surface area, adsorption capacity, and pho-

ocatalytic activity of the BW/BI/A composite gradually decreased

s the BiOI content increased. The molecular dynamics simulation

howed that, among the three components of the BW/BI/A com-

osite, acetaldehyde binds more strongly on the (1 4 1) surface

f Bi 2 WO 6 than on the (0 0 1) surface of BiOI, while adsorption

ccurs over the most stable and exposed surface of BiOI. Allophane

ontributed substantially to the adsorption of the BW/BI/A compos-

te due to its strong affinity to water and acetaldehyde and its large

pecific surface area. The BW/0.5BI/A composite exhibited high ad-

orption capacity, excellent photocatalytic performance and stabil-

ty owing to its large specific surface area, greater number of easily

ccessible active sites, facilitated diffusion of reactants, multiple

cattering of incident light, and p –n heterojunction, which suggest

hat it can be used in environmental remediation in the future. 
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