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ABSTRACT

In the present paper, the magnetic field effect on the photocatal ytic activ-
ity of self-organized TiO, nanotube arrays has been studied. Highly or-
dered TiO, nanotube arrayswith an average pore diameter of about 100nm
and an average length of about 2um were grown on a titanium foil by
anodic oxidation. Photocatalytic experiments were conducted in a
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photoreactor, in which the anodized sample was surrounded by an elec-
tromagnetic device with the magnetic field direction vertical to the axes of
the reactor. Experimental results showed that the photodegradation effi-
ciency increases slightly by the increase of the magnetic field, indicating
that the electron-hole pairs could be separated by applying magnetic
field, and consequently enhancing photocatalytic activity.
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INTRODUCTION

Over the past few decades, photocatal ytic degra-
dation of organic pollutantsin wastewater using semi-
conductor nanomaterials, such asFe,O,, NiO, WO,,
ZnO, SnO,, ZrO,, CdS, etc. has attracted much atten-
tion™. Among thesevarious photocata yts, titaniumdi-
oxide(TiO,) hasprovento bethemost suitable mate-
rid in photocatalys sduetoitsreatively high efficiency,
low cogt, excdllent chargetransport property, nontoxicity
and photostability>4.

Thephotocataytic charecteridticsof TiO, aregredtly
enhanced dueto theadvent of nanotechnology. At nano-
scale, not only the surface areaof titanium dioxide par-
ticleincreasesdramaticaly but soit exhibits other ef-

fectsonoptica propertiesand Szequantization. Anin-
creased ratein photocatal ytic reaction isobserved as
theredox potentia increasesand thesize decreases. In
some casesenergy from any ambient light source can
be used effectively asan energy source of photocataly-
sisinstead of UV light!®. Whilethe photoexcited state
of most semiconductorsisgenerally unstableand can
ead ly break down, titanium dioxide, on the other hand,
remainsstableevenwhenitisphotoexcited. Thisisone
of thereasonsthat TiO, makesan excellent photocata-
lystl®. However, conventional powder photocatalysts
are not always suitable for large-scal e applications,
becausethey exhibit high recombination efficiency of
photogenerated e ectron-hole pairs, and they are diffi-
cult to separate after reaction, therefore, severa meth-
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odsfor fabricating fixed TiO, photocatalyst on solid
support substrates have been studied™ 7,

Asan effectivefabrication technol ogy, thee ectro-
chemica anodization technique showsitsadvantageon
preparing highly ordered TiO, nanotubearrays, which
possessesgood mechanica adhesion strength and el ec-
tronic conductivity sinceitisdirectly grownfromtita-
nium metal substrate!*14, |n addition, the properties
and morphology of such aTiO, film are easily con-
trolled by tail oring the anodi zation conditionssuch as
theanodizationtime, gpplied voltage, eectrolyte com-
position and thermal treatment conditiong*>5,

Recently, research onusing TiO, nanotube arrays
as photo-catal ysts has been performedi*®l. However,
very few reports concerning the magnetic field effect
on photocatal ytic reactions, dthough considerable ef-
fortshave been focused on the study of magneticfield
effects on the kinetics of chemical reactionsafter the
discovery of nuclear and el ectronic spin polarization
phenomenaduring chemical reactiond!”*8l, Sincethe
common characteristic of al photocatal ytic degrada-
tion reactionsisthegeneration of extraordinarily reac-
tivefreeradicasandradicd ions, itisbelieved that the
behavior of the photoinduced electronsand holes, to-
gether with theradicalsand radical ionsproduced, may
be affected by magnetic fiel d*9.

Inthis paper, the effect of themagneticfield onthe
photocatal ytic degradation of methyl orangeover the
self-organized TiO, nanotube arrays has been studied.
Theresultsindicatethat the photodegradation efficiency
can bedightly enhanced by the gpplied magneticfield.

EXPERIMENTAL

Self-organized TiO, nanotube arrayswere grown
on atitaniumfoil (99.6% purity, TiteInc., Shanghai)
with thicknessof about 3um by anodic oxidation. Be-
forethedectrochemicd processing, thetitaniumfoil was
chemically etchedin 30% HCI solution for 30 minutes
at 80°C, afterwards rinsed with deionized water and
driedinair. Theanodization processwasperformedin
atwo-electrodeelectrochemical cell, withaplatinum
counter electrode at constant voltage of 30V for 40
minutesinan eectrolyte of ethyleneglycol containing
ammonium fluoride (NH,F) withthe concentration of
0.5 wt%. The anodized samplewasthen annealed at
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450°Cfor 1 hour with heating and cooling rates of 20°C/
min. After cooling, the samplewas cut into four equal
pieces (about 2cm?).

Each piecewasthen tested for the degradation of
methyl orange (M O) under different magneticfiddin-
tengties(0,0.3,0.5,0.7T) usingaDX SB-100 double-
yoke double-tuning adjustableair gap el ectromagnet.
The photocata ytic experimentswere carried out by im-
mersing the TiO, nanotubearraysfilmin 20 ml glass
beaker containing methyl orange (MO) solutionwith
the concentration of 20mg/L. Prior toirradiation, TiO,
nanotube arraysfilmwas soaked inMO solutionfor 30
mininadark environment to achievetheequilibrium of
adsorption and desorption. A UV-lamp (A = 360 nm)
wasfixed about 15cm above the surface of the solu-
tion. The absorbance changes of MO were measured
usingaUV spectrophotometer at different timeinter-
vals (0, 10, 20, 40 and 60 min) during the whole
photodegradation process. Figure 1 showsthe photo-
catal ytic reactor diagram.

4

W

71NN

3 3
2
-

Figurel: Schematicdiagram of the photocatalyticreactor;
(1) anodized sample, (2) MO, (3) electromagnet, (4) UV lamp.

The surface morphol ogy and dimension character-
ization (top-view and cross-section view) of theanod-
ized sampleswere observed by scanning el ectron mi-
croscopy (SEM, JEOL JSM-6700F). The cross-sec-
tionimagesweretaken from mechanically cut samples.
Thedementa compasition of theanodized samplewas
analyzed using theenergy dispersive X-ray diffraction
technique (EDX).
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RESULTSAND DISCUSSION

Figure 2 showsthe SEM images of the anodized
sampleafter anneding. The sample exposes nanotube
arrayswith porediameter of about 100 nm and an av-
erage nanotubelength of about 2um (seefigure 2(a)).

sl e POl el Y S o
Figure2: SEM imagesof the self-or ganized TiO, nanotubes
grown on titaniumfail; (a) Sdeview and (b) top view
Elementa analysisusingthe energy dispersive X-
ray diffraction (EDX) techniquerevea sthat Ti and O
arethemgor d ementswithout the existenceof any im-

gurity peaksas can be seen from figure 3. The quanti-
esearch & Reotews On

tative analysis showsthat theatomicratioof Ti:Ois

about 1:2, which confirmsthe composition of TiO,,.
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Figure3: EDX spectrum of theanodized sample

Figure 3 showstherelative concentration of MO
asafunction of timeat different applied magneticfields
(0-0.7T). Fromthisfigureit isapparent that the mag-
neticfield hasadight effect onthe photocatal ytic activ-
ity, where changing the magneticfieddfrom 0.3-0.7 T
resulted inadlight changein the concentration of the
MO.

Thedegradation efficiency of MO after 20 min at
different applied magnetic fields is summarized in
TABLE 1. It was observed the photodegradati on effi-
ciency of the nanotube arraysincreases gradually by
theincrease of the magneticfield, whereat magnetic
fiddstrength of 0.7T the highest degradation efficiency
wasachieved (68%) after UV exposurefor 20min, while
intheabsence of themagneticfield (0 T) only 63.5% of
MO was decomposed, indicating that thereisan en-
hancement in the degradati on efficiency by afactor of
5%.

TABLE 1: Summary of thedegradation efficiency of MO in
20 minutesat different applied magneticfields

0 03 05 07
63.5 66 679 68

Magnetic field strength (Ted a)
Degradation efficiency after 20 min (%)

Sincethe common characteristic of all photocata-
lytic degradation reactionsisthe generation of extraor-
dinarily reactivefreeradicalsand radical ionsand ac-
cording tothetheory of photocatalysis, the efficiency
of photocatal ysis decreases mostly dueto the recom-
bination of photo-generated el ectron-hole pairs, so it
ispredicted that the magnetic field across the photo-
catalyst can promote the separation of photo-gener-
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ated electrons and holes and prevent them from re-
combination, thusenhancesthe photocata ytic efficiency
of the catalyst. Although we couldn’t investigate the
photocataytic activity a high magneticfid dsduetothe
highfluctuationintheintensity of the UV light at mag-
neticfiedintensitieshigher than 0.7T, we believe that
noticeabl e effect can be achieved at higher magnetic
fiedintengties.
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Figure4: Rdativereduction of MO concentration asafunc-
tion of timeat different applied magneticfields

CONCLUSION

Highly ordered TiO, nanotube arrayswith average
length and pore diameter of 2mm and 100nm, respec-
tively, weregrown by anodic oxidation ontitaniumfoil.
Theéeffect of the magnetic field on the degradation of
methyl orangewas studied at different magnetic field
strengths (0, 0.3, 0.5and 0.7T). The results showed
that thedegradation efficiency increases by theincrease
of themagneticfiled. Themechanism of thisenhance-
ment effect wasattributed to the promotion of the sepa-
ration of photo-generated electron-hole pairs inside
the semi conductor by themagneticfield.
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