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The effect of platinisation on the photocatalytic activity of Bi,WOg
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ABSTRACT

Bi,WOg obtained by hydrothermal method, the Bi,WOg doped with platinum (PtBi,WOg) were prepared by adding
Chloroplatinic acid H,PtClg, 6 H,O (0, 5 Pt) to pure Bi,WOg and their photocatalytic activity to degrade methyl
orange (MO) under UV irradiation were studied. In the present study PtBi,WOg sample demonstrate much higher
photocatal ytic efficiency to degrade MO than pure Bi,WOs.
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INTRODUCTION

The increase of the industrials activities has bexa serious problem that leads to an increasintanonation of
air, water and soil. To phase this problem therdifie community works to find new methods to urttie pollution.
Various methods have been used for the degradafigmllutants [1], among them Advanced Oxidatiomnd&ss
(AOPs) that is considered to have a big potenfidose techniques are very appealing alternativestife
degradation of organic pollutants because they pexmartial or complete mineralization of pollutanit is based
on the production of the very reactive and nonseleentities (particularly the radical hydroxylHQ having a
higher oxidizing capacity than traditional oxida(®@s, Cl,, ClIO,, H,0O,, Os...) [2-4].

The development of new photocatalysts is attractamgj interest. Among them the Bismuth tungstaig/{®s) is a
typical n-type direct band gap semiconductor witlveand gap of 2.75 eV and has prospective applitsitio
electrode materials [5], solar energy conversidraf@l catalysis [7—9]. BIWOg exhibit possible catalytic ability to
numerous organic chemicals and it is mostly syrizleesby hydrothermal or solvothermal method.

In order to enhance catalytic efficiency,BiOg catalyst could be doped with metal or metal oxidéich might trap
the photogenerated electrons and restrain the t@oation of hole-electron pair [10-12].Among nobteetals,
platinum has been one of the most used metals dori-sonductor surface modification [10]. The effaxt
platinisation on the photocatalytic activity hagbe controversial subject in the literature.

The role of platinum in photocatalysis is still notally understood and the degree of enhancenfeheactivity of
Bi,WOs by platinisation seems to depend highly on thessate to be degraded [13, 14].In general it isspted
that in platinised BWOg a better separation of charge carriers (electamasholes) is observed. Additionally, it is
assumed that some of the photogenerated electronkl winteract with platinum state and be spatiaiyparated
from holes.

In the present work, hydrothermal preparedWBDs was platinised with the intention of obtaining iroped
photocatalysts leading to an improvement of thetqtatalytic activity.

Methyl orange (MO) is used to imitate no biodegtddatoxic organic compounds. The photocatalytitivig of
Bi,WOQOg and PtBjWOgfor photooxydation reaction of MO is evaluated.
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MATERIALSAND METHODS

2.1 Catalysts preparation

The BLWOs was prepared by dissolving 4, 85 g of Bi (f¢BH,O in 10 mL of glacial acetic acid, and 1, 7 g of
NaWO,, 2H,0O in 90 mL of distilled water, then those two s@uns were mixed forming a white suspension
(pH=2), which was kept under stirring for 1h. The whitespension was transferred into a Teflon recipiesitle
stainless steel autoclave.

The hydrothermal treatment was done at 140°C fdr, 2Bd then the precipitate was filtered, washedi c@ned
overnight at 120°C, finally the sample was subrdittea calcination treatment at 300°C for 4h.

The BLbWOs doped with platinum were prepared by dissolvin@4.,g of Chloroplatinic acid ®tCk, 6 H,O (0, 5
Pt) in 23 mL of isopropanol+ 977 mL of water. Fgr & the catalyst we added 450 mL of the solutard then the
mixture was irradiated under UV light with stirrifigr 2 hours, finally the precipitate was filteredashed and dried
overnight at 120°C.

2.2 Characterization
X-ray diffraction (XRD) was carried on a simens Di5diffractometer using Cu &radiation, the scanning rang
was from 10° to 80°.

Brunauer- Emmett- Teller (BET) surface area measargs were performed on a Micrometrics 2010 insénmmn
the nitrogen adsorption and desorption isotherme weasured at 77 K.

Diffuse reflection spectra (DRS) were measured witbary 100 (Varian) spectrometer at the ranges6f&00 nm.
For the measurements, the samples were mixtureBaifQ that does not absorb in the UV-vis radiation range

The morphologies and microstructures of the phdadgst were analyzed by scanning electron microsd§EM)
(S-4800 Hitachi). The samples were dispersed iareth

2.3 Photocatalytic experiments

Photocatalytic activity of the catalysts was eveddaby photocatalytic degradation of methyl ora(ig®) using an
Orsam ultra-vitalaux lamp (300 W) with sunlike ratitbn spectrum. A concentration of 1g/L of photadyt was
used; the initial concentration of MO was 20 pprheTintensity of the incident UVA light on the sotut was
measured with a PMA 2200 UVA photometer: 90 W/m

Before the experiment, the mixed solution (catalygiO) was magnetically stirred in dark for 20 minensure the
establishment of an adsorption-desorption equilinrbetween the catalyst and ph or MO. At given singedefinite
volume of the suspension was sampled and filtesgayia filter. The MO in the suspension was meakbsecary
UV-vis spectrophotometer at 460 nm.

RESULTSAND DISCUSSION
3.1. Characterization
XRD patterns are shown in fig 1. The,BIOg presented russellite phase (JCPDS 39-0256). NértkeoXRD

patterns of the platinised samples exhibited Pkqesince metal sites are estimated to be lowar tha detection
limit of X-ray analysis.
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Figurel: The XRD patternsof the Bi,WOsg

The UV-vis diffuse reflectance spectra (DRS) arevahin Fig.2. The pure BiVOg absorbed in the near UV region
atA<450 nm. Comparison between the diffuse reflectapeetra of platinised and non platinised samplesvel
no differences in the UV range.
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Figure2: UV-visdiffuse reflectance spectra of Bi,WOs

The band gap energy was calculated by plotting Kab&lunk function (F (Ro).hy) * against k [15]. Platinised
and non platinised samples presented similar bapdcagound 2, 8 eV.

The Ser of pure BiWOs was about 24.4465 m?/g. The BET surface area salsere not affected by the
platinisation process.
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SEM pictures of Bi2WO6 produced are shown in FigB8,WQOs showed (Fig.4) a flower-like spherical
superstructure as it was found in other studieg. [®6ang and coworkers have proposed that the flolke
microstructures were constructed from nanoplatdéh gingle crystal structure. The formation of tHmswer-like
structure was proposed to follow a three-step msicgelf aggregation, Ostwald ripening and sel&nization.
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Figure 3: SEM images of Bi;WOs. (A): x5K; (B): x20K
3.2. Photocatalytic performance
The photocatalytic activity of the samples wasdeésh the reaction of photooxydation of MO. Platgd samples
showed significantly higher photocatalytic activibhan non-modified BWOs.
The photocatalytic efficiency of BNVOg and PtBjWOg4to degrade MO is shown in figure 4.

The pure BiWOg displayed negligible degradation efficiency (08Bt); however the PtBi2WO6 presented a 95%
removal of MO.

1,04

0,8

0,6 —— PthWOG
o
Q
O 044
0,24
0,0 T T T T T T T T T T T T
0 20 40 60 80 100 120

T (min)
Figure 4: Photocatalytic removal of MO with Bi,WOg and PtBi,WOs¢

It is established that noble metal nanoparticleplasnum deposited on the semi-conductor surfaeeeffective
traps for photogenerated electrons due to the fiiomaf a Schottky barrier at the metal-semiconducbntact.
These electrons can improve the rate of reductfooxggen (cathodic half-reaction in the photocatialyprocess)
and reduce the probability of electron—hole recoration as shown in fig.5 [10, 12]. In agreementhwiite results
obtained, the photocatalytic efficiency obBIOs was improved due to platinum deposits as eledtaps.
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Figure5: Schematicillustration of chargetransfer process

To quantify the increase of the photoactivity for,\BOgs doped with platinum the “Enhancement Factor” is
calculated.

E __wvelocity of the reaction with doped catalyst
f= velocity of the reaction without doped catalyst

Sample | V Pt (mol/L/s) V wtht Pt (mol /L/g {E
Bi,WOs 1,4 x 10 9,510° 14,73

The PtBWOg sample is significantly more active than purgVBDs. The samples platinised obtained a remarkable
improvement of the photocatalytic activity for M@gtadation.

CONCLUSION

During the present study, we established that dpBisWOg with platinum improved the photocatalytic capaday
degrade Methyl orange under UV illumination. Thigprovement was explained by platinum deposits estrain
traps for photogenerated electrons improving the @& reduction of oxygen (cathodic half-reaction the
photocatalytic process) and reducing the probghilitelectron—hole.
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