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Abstract

This paper describes the application of electrophoretic deposition for air pollution removal using
anatase as a photoactive coatinghis study the anage form of TiQ has been applied to (i) fluorine
doped tin oxide coated glass; (ii) 304L stainless steel; and (iii) titanium substratessaphaoganol

and acetylacetone based solutions at 20, 40, 60 andIB0Mder to increase the strength of the
substrateanatasénterfacewithout transforming the phase into rutile, samples were calcined at 450°C
for 2 hours The resulting coatingsvere characterisedby Raman spectroscopy,-rdy diffraction
(XRD),nonconact opti cal proyl ometry andThepheatatatalyticg el e c
activity of the depositedoatingswere evaluated in the gahase for nitrogen dioxide (NDPremoval

by electron ionisation mass spectrometry whilst irradiated by lightaotlength 37687nm for 100
minutes. Anatase phase titania supported on a fluddped tin oxide coated glass substrate showed
the highest photoactivity for NO-emediation This was attributed to the formation ofthree
dimensional nanostructuvgth properties determined by the deposition conditiding work provides
routes for the development of lerost and large area photoactive coatings for pollution control.

Keywords electrophoretic depositiophotocatalysis, Ti@ anataseNO,, mass quadrupole
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FTO = fluorine dopedin oxide

CH,= methane
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1. Introduction

Thelatestassessment repdny the Intergovernmental Panel on Climate Chaefgased in March 2014
indicated theequired actions for the mitigation of climate chafijeThe release of geenhouse gases
such as carbon dioxide, methane, sulphur dioxide and nitrous figitkeindustrial and domestic
sourcespose a significantontributionto global warmingMany of these gases als@resent health
hazarddor the population at large and are asstedawith respiratory diseaseghe European Union
and United States of Ameritave semaximumlevels foremission®f certain pollutants througieir
environmentabktandardsthelevels for SQwere set irR005 andNO,in 201(2].

In 1972Fujishima and Honda first publishétkir research on thghotocatalytigoroperties of TiQ[3].
Greater awareness of the potential ways to expleiphotoactivityof semiconductors such agnium
dioxide hasseena significantincreag in thequantity of researcimvestigaions carried outThis has
been largely driven by their promise lmécoming anethodfor pollution remediatiorj4]. Under UV
radiation semiconductors with photocatalytic activitgn creatdree radicals on their surfac€his
process beging3], [51 7] with the promotion of electrons from theralence to the conduction band.
Following charge separatiotthe creation ofreactive hole (") onthe surface of the crystal and the
associate@lectron arableto interactwith surfaceadsorbedvater moleculegeneratindgree hydroxyl
radicalsand protonsThe chargeseparation reaction schemaligstratedby equations 1 to {Bi 11],
starting with the initial creation of electron hole pairs on the, B@face Reation 1) prior to the
creation of free radicaldzree radicals are responsible of the reduetigidation (redox) processes
associated witthe neutralisation and subsequent removdilaziardousnoleculesAlthough titanium
dioxide has three different metastable polymorphs, anatase with a band gapy ¢13]26.3]is widely
accepted as being theost efficient structure forseparating charges on its surface under UV radiation
[14] andis thereforeconsiderednore reactive against pollutartsmpared to thether mplymorphs of

TiO, such as rutilend brookite

The photocatalytiactivity of various materials imutinely studied for powdsior nanoparticlewhilst

in the form ofan agueoususpensionUnder these conditiorthe decompositiorrate of a suitable
organicdye, such as methylene blus usedas a measure attivity [15i 23]. This simple method was
subsequentlgtandardizeih ISO (International Organization for Standardizatid078 However the
physical mechanisms involvéa such aqueous based methodn besignificantly different compared
to that of gagphase reactions making the translation of relative performance problemwieare
currently three published 1ISO methods related to air purificateach onebeing specific to one
pollutant: acetaldehydéCHs:CHO) I1SO 2221972; nitric oxide (NO) ISO 221971 and toluene
(CHsCeHs) 1ISO 221973. A chromatographic systerm commonly used as the detectoowever this
has the disadvantage of beligited to one compounf24]. Recent developments in the application of

electron ionisation mass spectrometry for the study of ptatalytic activityhasdemonstratedhe



suitability and reliability of this approadbr multiple pollutantsStudies have differentiated between

rutile and anatase forms of Ti@nder irradiation at different wavelengths in the UVA rajtig.
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The development ophotocatalyticpaints andcoatings forenvironmental remediatioapplicationsin
both indoor and outdoor urban areas has been identified as a promisiof fisldarcti26i 31]. In this
study, electrophoretic depositiaf hanostructurednatase Ti@coating onstainless steel, titanium
andfluorine-doped tin oxide coateglasssubstratebave been investigatethesesubstratearewidely
usedby theconstructionindustryfor structuraland estheticalapplicationsin buildings Many of the
associated components gree-fabricatedand potential candidates for coating us#lgctrophoretic

deposition

Electrophorat deposition is a versatile techniqubichhas seen widespread use oved#ist 50 years

It is suitable forcoatinga wide range of materialacluding carbideq32], ceramicoxides[33], [34],
metalg[35] andpolymers[36] onto an electricallyconductingsurface When an electric field is applied

to the solution, the charged particlase acceleratedowardsthe electrode with opposite polarity.
Additives can beadded to the solvent mixture to modify the eleairconductivity of the mediand
provide chargestabilisationof the suspended particl§34], [37]. Studies by Boccaccini, Farnoush,
Mohanty, Caya and Fateminia have inigested a number of different solvents suitable for
electrophoretic deposition of metal oxif&# 42]. Those based on isopropanol and acetylacetone were
identified as producing coatings with high durability and unitgrdepositedxide nanoparticleShis

is attributed tgphysical properties including tréielectric constant, 18.6 and 23.1 at 20°C, viscosity

index, 2.4 mPa.s and 0.821mPa.s at 20°C for isopropanol and acetylacetone respectively.

Electrophoretic deposition has also been employeadiystry as a material processing technique for

coating automobile frames, heavy equipment and metal [3&ifts[43]. It is particularly appropriate



for components with complex geometries where other methods may produce unacceptable variations in
coating thicknespi4]. An additional advantagef this technique includea relatively rapid processing

speed and lower costs when compared to alternativeodsgsuch as sgel processingzlectrophoretic
deposition s been shown to produce coatings of sufficient quality for use in the production of dye
sensitized solar cells. It is well suited for the production of the high purity coatings required for such
application§ad4i 47].

This paperdescribes a study tmvestigate thephotocatalyticperformance ofelectrophoretidly
deposied coatigs through testing their ability to remoWdO. from air. The effect of deposition
parameters includinguspensiommedium voltage, current and time have been investigated for glass
and metal substrate® optimise the coating durability and photocatalytic activithe research
demonstrates the suitability of this techniguidch could be scaledp and usedfbr the production of
large areghotocatalytic ca@ngs for the built environment in common matesiased in facades such

as glass, steel and titanium.

2. Material and methods

a. Preparation of anataseTiO coatings

Nanostructureccoatingswere formed from aranataseprecursor supplied by Sigma Aldricnd
mar ket ed as Aeroxi deE P2 5sispaferageparticle size Z1ea%urfacés t r a c e
area ranging from 35ty to 65ni/g and a thermal expansiaoefficientof 8.4x10%K CAS 1346367-

7. The threeelectrically conductivesubstratanaterialsthat were evaluateavere (i) stainless steel of
grade AISI 304L (sections 25mm x 25mm x 1.00mwith an electrical resistivity of.2x10°%qc m a't
20°C and a therral expansion coefficient of 1.78%K; (ii) 99.6%purity titanium sheet supplied by
Advent Research Materials Ltd. (sections 25mm x 25mm x 1.00mitm)an electrical resistivity of
4.2x10°q cm at 20°Cand a thermal expansion coefficient of>8L6°/K and (iii) soda glass coated in a
conductive fluorine dged tin oxide film olsheetr e s i s t/sgand &theBmal expansion coefficient
of 9x10°%K was supplied by Visiontek Systems Ltd (sections 25m25mm x 3.20mn). Prior to
deposition, all substrates were ultrasonicated in deionised water for 15 minagbgdwn acetone to
remove surface contaminants and subsequentidrigid using a hot air blowetElectrophoretic
deposition(EPD)was carried out using either sopropanol based solution which consisted of 30 ml
of isopropanol, 15 ml of acetone and Eof acetylacetone, 0.1%/v of iodine and 1%w/v of anatase

or an acetylacetone based solution which consisted of 30ml of acetylacetonewd/i8biodine and

1% w/v of anatase. Following the addition of these constituents intimate mixing was ebgured

ultrasonicatinghe solutiorfor 15 minutes prior to deposition.

Electrophoretic depositiowas performed ira specially designed and constructetl containinga
platinum counteelectrodgsection of 100mm x 2.50 x 0.50mmyith aninter electrode idtanceof 2.7

cm.A Keithley model 240@ower supplwithav ol t age range of 5¢g¢V to 210V,



of 5BmV and maximum power of 22Was usedThe basic accuracy at 23°C + 5 °C was 0.012%he
reading voltage + 24mVThe noise, peak to peaketween 0.1 and 10 Hz was 5 mA&-prepared
samples wer dried at room temperature amgekre then calcined in a conventional furnaceThe
temperaturevas ramping upt 1°C per minute to 45C and the dwell time at the final tempana was
2 hours The coatings wenaaturallycooledto room temperature. In addition to the coatingé3mm
diameteranatase P2pelletwas formed by dry cold pressingta pressure 069kN/m? for use as a

reference

b. Evaluation of NO, photodegradation

Photocatalytic activityf the coatings the solidgas phaseas studiedvithin astainless steeeaction
chambeiconnectedo aquadrupolenass spectrometeia a leak valvelrradiation of the samplithin
the chambemwas achieved through a quartz glass window using a 4 x 4 arrb\W df E D @fs
wavelength 37887nm The gas mixture studied comprised 190ppm ob,NDo of air balance Nland
this composition was used for all the experiments.

The rate ofdegradation ratisvas measured by Microvision 2, a mass spectrometer provided by MKS
Instruments Inc. which worked with an emission current of 1thAglectron energyas set t&/OeV,
anion energy of 5.5mAand a scanning range from 14m /z to 70m /z with a step si@eldm /z

scanning 8 points per a.m.u.

Under these conditions two separate experiments were undertaken, in the dark and under a UV LED of
wavelength 376887nm. In addition to the experiments carried out with a sample itigdeaction
chamber, control exgsimentswere performed without a sample inside the chamber and with no light
irradiation; theseare e f er r d d r k 0 n a b alidhe gdses the experiments were performed

over a period of 100 minutes.

The data treatment applienithe measureméshas beepreviously reporteth detail[24] and consists
of a multiplicative approach which reports the fractional changes efaN@compares it to that of an
inert internal standard, Ar, considering the shape of the curve for the partial pressurdeofieart e

irrespetive of the absolute pressuieh e f racti onal change of Ar durin
where the superscript édmaxd is the maxi mum value
minimum value of its partial pressur f or t he data series and 06i 06 is

time during the experiment.

(7)



This treatment can be applied using similar methodology to the data relating to the m/z ratio of a

moleculeof interest, in this case NO

- — (8)

Choz represents the relative change in signal from therhi@eaule. This treatment normalises thetaa

to a value between 0 andThe fractional change of nitrogelioxide, 0 0, is then calculated relat

t o the c h a rlgediffeveince a aatjve surfacehrea between different samples is considered
by dividing by the surface areA, as shown in equation 11.

60 — @)

After 100 nminutes, the fractional change value of NiGr the reaction under UV was subtracted from
the fractional change value of M@ith no sample in the chamber.

c. Characterization of the anatasecoatings

X-ray diffraction and Raman spectroscopy were used to determingltase compositionf the

coatings. XRD was carried out using 8RUKER D8 ADVANCE X-ray diffractometer with Ciiy
radiation, 2d with a $6.268spetween200an@l Rakangecioscapy st ep t
was performed using a Renishaw inVia Raman microseaihea motorisedsample stage arsB2nm

SHG Nd:YAG laset The homogeneity of the crystal phases within ¢batingwas determined by
mapping a 1000em by 500&m Wired.a software wiich comtrslledp er f or
positioning along the -y plane, with the ability to scan a region using an objective \tis a
magnificationof 50x. Dimensional surface measuremehisnonc o nt act opt iweel proy
performedusinga Proscar2000with achromatic sensawith a resolution of 0.0dm. The morphology

of the coatings was evaluatetl low magnifications using a VHE000 Digital optical microscope

equipped with a CMOS image sensor (virtual pixels: 1600 (H)x x1200(V)) provided byn&eye

Higher magnification images were obtainging aJEOL JSM4802Vscanning electron microscope
(SEM)with an accelerator voltage of 10kV and a spotsize nfiRSVhere necessary tsamples were

coated with a 10nm film ofhromium to prevent chargin@oatingthicknesswas calculated from an

average ofhreemeasurements taken from an SEM image abassection



3. Results and discussion

The optimum coatingonditionswere investigatedby systematically changinthe exposure time,
solvent,voltageand substrate materidlhesefour physicochemicgbarameteraffectthe EPDkinetics

andwerestudiedthrougha series of experiments.

The deposition wvltage andsubstrateinfluencethe electric fieldn the solutionaffecing the particle
charge and thus th&tability of thesuspensiorj44], [48i 51]. The nature of theolvent affects the
efficient dispersion ohanoparticlesand the deposition of thogarticleson the substratp18], [49].
Carrying out the @positionprocess for longer duratiofesads to a greater thickness of the cogii®y,

[51i 53]. The onditionsapplied for each of the four parametars detailedn the following sections.
a. Effect of deposition time

High exposure time implies a great@ratingthickness, however a critical thickness was identified at
which point the coating became unstable and cracks foomelesurfaceafter calcinationExposure
sequenceduring EPDinvestigated weréess, 16, 30s, 50s, 100s, 300s, 50980sand 1200s

Figure 1a shows the effect of deposition time for stainless steel and FTO coated glass in acetylacetone
based solution deposited at 80MI the coatingsgpreparedat 80Vfor 500sfailed during thecalcination
procesdecause of the large number of craitkthe thickercoatings which isattributedto thestress

caused by thermal mismatch between the coating and the substrate

Ss 10s 30s 50s 100s 300s 500s
Stainless steel 80V ]

D FTO glass 80V S(A gg\m cd\:\
Ss 10s 30s S50s  100s __ 300s
T’ e 16 o
20V W
b) FTO glass 40V, ' ;‘A e T |
; T A R
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Figure 1 - a) Images of TiQ films that were electrophoretically prepared in acetylacetone based
solution at 80V after calcination; b) Images of TiQ coated FTO coated glass electrophoretically

prepared in acetylacetone based solution at 20V, 40V and 80V after calcination.

As shownin Figure la, ®inless steel waslccessfullycoatedwith anexposure timeinder50, whereas

FTO coated glaswassuccessfully coatednder30s Figure 1b shows the evolution dhe deposited



coatingson FTO coatedglass thatvaselectrophoreticallyprepared in acetylacetone based solution at
20V, 40V and 80\at different time sequencdsigher voltages required less time to deposit an anatase
coatingwhereas at lower voltage oR0V longer exposure times are required to obgimiform
thicknessThetransparenETO glass samples were labelled on their reverse side using black permanent
marker perand his writing is clearly visible on thhninly coated samples amovidesa useful visual

indication of the coating thickness.

b. Effect of appliedvoltage

It is well known that the thickness of the resultant coating is proportional to the applied voltage and the
deposition timg51i 53]. To dudy the effect of the voltagend time the substrate and solvent were

fixed (FTO coatedglass was usefibr the substrate iran acetylacetone based solutjoAs Figure 1b

shows, 820V a uniform coating requires50sdepositiontime whereasat 40V a 30sdepositiontime

is requiredand at 80Va 10s deposition time is sufficiento provide a uniform and stabtmating
Coatingsprepared for durations ov&00sproduced poorly adhered coatings following tiiging and

calcinationstageof the process

c. Effect of substrate

FTO coatedglass titanium andstainless steel substrateiere used to evaluatiepositionvoltagesof

20V, 40V and 80\Mfor 900sas shown in Figur2a The deposition time was chosen to ensuredaéing
formation achieved the maximuthickness; but only the metallic substrates were coated successfully
at 20V, showing a similar behaviour between stainless steel and titaRigare 2b shows another
experimentperformedunder the same conditions of voltage and solvent,witht different time
exposuredor FTO coatedglass and stainless stéaka representative metallic samjplé-TO coated
glass requires less exposure time to be coated than stainless steel, edsnegsormed on stainless
steelremainedstableafter exposure timesf 100s and 308€ Consideringhe stability of thecoatings

after calcination, FTO glass and stainless steel showddghestadhesiorio thesubstrateliO,. This

was attributedo thethermal expansioooefficients of FTO coated glagseingclosestto TiO, andase,

reducing thermal mismatdiresesgenerated during thealcinationprocess
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Figure 27 a) Images of TiQ films coated at 20V, 40V, 60V and 80V under isopropyl based
solution in three different substrates; titanium plate, stainless steel plate, FTO plate; (b) Images
of TiOfilms coated at 80V under isopropyl based solution on stainless steel plate and FT Quza
glass substrates.

d. Effect of solvent

As described in the experimental methods, bstipiopanol baseandacetylacetone based solutions
were used. igure 3 shows the difference between coatingbtainedelectrophoretically at 80V in
isopropanol and atylacetone based solut®for a stainless steedubstrateThe acetylactone based
solutionyields a coating with greater uniformity over a wider range of times compared to the isopropyl
solution This is due toacetylactone physical and electricaproperties, low viscosity and high
dielectric constanincreasinghe mobility of charged particles in tlelution A comparison with FTO
coated glass can be made by referring-tgure 4 (bottom two rows).Similar to the steel, the
acetylacetone solutiogave a better coatirgn FTOcompared to the isopropyl solution, however this
was only observed at 5s and 10s indicating that the giiddied more consistent coatings at short
deposition times

Ss 10s 30s S0s____100s 300s _ 500s
Stainless steel Isopropyl solution 80V| = |4 \ 1 B F
Stainless steel Acetylacetone solution 80V \;-/ =¥

Figure 37 Images of TiO2 films coated stainless steel 80V under isopropyl based solution and

acetylacetone based solution



Figure4 shows the differences whethe depositiorvoltage is reduced from 80V to 20V usitigese
solutionson an FTO glass substrake all casesheacetylacetone based solution wias most effective

solvent forning a uniform and stable TiXoatingunder high voltages or longer deposition time

5s IOS 30s 50s ‘100s 300s 500s

Isopropyl solution ¥ o 2% o
20V ‘} y.-

Acetylacetone solution

Isopropyl solution

40V

Acetylacetone solution
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80V

Figure 47 Images of TiO2 films coated FTO coated glass at 20, 40 and 80V under isopropyl based

solution and acetylacetone based solution

e. Surface morphology

Following careful examination @&l the samplegnanufacturedheten coatings (samplesj) with the
most uniform andcoherentcoatingsweresubjected to furthetesing and analysisTable 1 shows the
experimental conditions for eadi thesecoating and Figure 5 showsepresentativémages taken
using aroptical microscope

Table 17 Parameters used for anatase TiO2 electrophoretically deposited

ID Substrate Voltage (V) | Solvent Time (s)

a FTO coated glas: 20 Acetylacetone based solutio 30
b FTO coated glas: 20 Isopropanol based solution 50
c FTO coated glas: 40 Acetylacetone based solutio 10
d FTO coated glas: 40 Isopropanol based solution 50
e FTO coated glas: 80 Acetylacetondased solution 10
f Stainless steel 20 Isopropanol based solution 900
g Stainless steel 20 Isopropanol based solution 100
h Stainless steel 80 Acetylacetone based solutio 30
[ Stainless steel 80 Acetylacetone based solutio 50
] Titanium plate 20 Isopropanol based solution 900




Figure 51 Images of the TiO2 coatings listed in Table 1

Thephase compositioof the coatings was determined usKwgay diffraction andRaman spectroscopy
aspresentedn Figures 6 and 7. Figure 6 shows the XRDpatternof the initial anatase P2&nd the
coating produced by electrophoretic deposition on Ed&tedglassat 20Vfor 50s inanisopropanol
based solutionAnatasewas confirmed as thpredominant phasi P25, as expectetiowever the
presencef rutile was also indicated by a number of pefdesaks for both of these phases corresponding
to the standard CPDSXRD data files for anatase (JCPDS No. 2272) and rutile (JCPDS No. 21
1276).The XRD pattern of thecoating produced by electrophoretic depositim FTOcoatedglass
wastypical of all the coatinggharacterisedndshowedthe same peaks fdhe anatase crystal phase
with traces ofthe rutile crystal phaseln addition, in the case of the FTCbatedglass peaks
corresponding t&nQ from theconductivefluorine doped Sn@coatingwere also observd4], [55]
(JCPDS041-1445) A comparison of the raw PZpedrawith that of the coatings confirmed that during
thecoating and annealinqgrocessanataselid not transforninto rutile.
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Figure 67 XRD Spectra of TiO,anatase P25 and a typical XRD spectrum of the films (in this case,
FTO doped glass coated at 20Mor 50 seconds in isopropanol based solution). R=Rultile,
A=Anatase
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Figure 7 7 Raman spectra of anatase P25 (top) and the characteristic Raman spectra %iO

coatings produced by electrophoretic deposition for all the films

Figure7 shows the Raman spectreanfatase P25 artlde typical Ramanpectra of the coated substrates.
Anatase shows four main peaks, 138¢&00% relative intensity), 392 ch{11% relative intensity),
513 cm® (12% relative intensity) an@36 cm' (17% relatve intensity). Two different coatings
representative of the deposition methedseidentifiedfor study bysurface mappingliO, deposited
on titanium foil for 15 minutesn isopropanol based solution at 20Which represented a metallic
coating at a longeposition timeandTiO supported on FT@oatedglass for 50svhich represented
coatinggrown on FTOcoatedglass formedor a short period of timeThe resultextracted from the

data revealednatase as main componehthe surface coating.

To study the threglimensional morphology of the surfaceamples were analyseding aProscan
200Q Figures8 shows an exampléor sample(j) and Table 2 showshe surface textureaverage
roughness, mean peak to valley hejgbbt mean square average rbngssandthe thicknessfor alll

thecoatings The data showsonsistenaverage roughnesslues with coatingsdeposited at 80V with



high roughness values between 1atl 1.84um, in comparison those produced at 20V orwilich
had lower roughneédetween 0.56 and Bfm. The coatingghicknessesvere however not only

influenced by the voltage, but also the deposition time, where longer times resulted in thicker coatings.

Table 271 Profile roughness parameters and thickness for the studied coatiag

ID | Substrate | Based solution| Voltage| Time Average | Mean peak to, Root mean | Thickness

roughness valley height square (um)

(um) (um) average
roughness
(um)

a FTO Acetylacetone | 20V 30s 0.77 3.11 0.99 16.4
b FTO Isopropanol 20V 50s 0.56 5.14 0.77 12.2
C FTO Acetylacetone| 40V 10s 0.75 3.40 0.96 7.3
d FTO Isopropanol 40V 50s 0.72 3.09 0.92 6.0
e FTO Acetylacetone| 80V 10s 1.21 4.92 1.80 14.5
f Steel Isopropanol 20V 900s 0.88 3.40 1.13 11.9
g Steel Isopropanol 20V 100s 0.81 3.22 1.12 9.0
h Steel | Acetylacetone| 80V 30s 1.33 6.78 2.13 18.2
[ Steel | Acetylacetone| 80V 50s 1.84 7.95 3.61 22.3
] Titanium | Isopropanol 20V 900s 0.84 3.95 1.28 15.1
k Pellet - - - 0.15 0.76 0.19 -

um
-+29.994
- +26.995

Figure 8 - Surface mapping of titanium plate coated withTiO» at 20V suspended in isopropanol

based solution during 15 minutes obtained from nowtontact optical profilometry



Characterisation of the samples®M reveals the microstructure formed from the depositetase
particles Figure 9 showsSEM imagesobtained from FTO coated glagated for 30sat 20V in
acetylacetone based solutiofihe microstructure observed in this instance looked similar to that

obtained on the other samples which were coated unffieredit deposition condition3his suggests

that the significant differences responsible for the coating behaviour were macro structural.

Figure 97 Typical SEM images of TiG:electrophoretically deposited coatings on stainless steel at

20V for 30 seconds in isopropyl based solution

f. Photocatalytic degradation of NQ

The selected coatings weksotested in a reaction chamber cougledquadrupole mass spectrometer
as shown irrigures 10a and 10bTo aid comparisomalues were normalisedlative tothe performance
of ananatase P25 pelletigure 1L shows an example of bo#xperimentdor the FTOcoatedglass
coatedfor 30s at 20V in acetylacetone based solutiBigure 12 showsthe degradation for thactive
coatingsand anatase pelleer mnt under a UV irradiation oivavelength ) 376-:387nm.Figure 12
showssampleghat were coated on FTEpatedglass, inacetylacetondasedsolution at 20V for 30s
and at0V for 10swere extremely reactivén comparisopstainless steel coated in adatetone based

solution at 80Mor 50sachievedhe samgerformancesananatase pellet
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Figure 10 - i) Schematic design of the instrument used in this research. ii) Photograph of

experimental setup. Labels on image as follows (a) gas bottles, (b) floweters, (c) water bubbler,

(d)



0,001

n
1 pun® § o E pommaNy L
O—lﬁgnuDD;D;DDDEDDDDDDDE!-nEi.g.iig-!
L
NE .e
= ‘.
g |
= .
gp-o_.mn— *.
4 L
..
B
: L
L]
: ] .
g 0,002 ®s0gqe
£ ] .
= e, o
6 L .
< o Dark no sample *
-0,003 = Dak
® 376-3837nm
2777
0 20 40 60 80 100

Time (minutes)

Figure 117 NO;breakdown under 376387nm carried by FTO coated glass coated at 20V during
30 seconds in acetylacetone based solution.

The highest efficiencyphotodegradation ratios were achievieaim the coatings prepared on FTO
coatedglass The two most activevere formedat 20V for 30s at 40V for 10s anacetylacetonedsed
solution. The formation of @and N were observed during the photocatalytic reaction, detecting an
increment of the @peak, which indicates a reduction of Ni@to N.. The stoichiometric is ndully

adjusted for @ sincethe O, peak is the convolution of species that contains oxygen, siBa£0;,
H.O and Q.

The differences in photoaytic activity highlightedby FHgure 12 indicate that the process of
electrophoretic deposition can have a dramatic influence on the gaseous photocatalytic Huotivity.
optical microscop images(Figure 5)clearly show differences ithe coatingmicrostructure and the
presence ofarying degrees of surface crackirigis likely that the presence of surface cracks increase
the effective surface area of Ti@ccessible to the UV irradiation and gases consequently improving
influence performancerigure 13 shows two high magnificaticSEM images which compare the
compressed pell@nd electrophoretic coatinggglomerates of nanopatrticles are clearly visible on the
surface of the compressed pellet, shown in brightetrast due to surface charging.is widely
accepted that nanopites aggregate due to electrostatic forces and would remain in this state during
pressing of the pelleln comparison, when introduced into a liquid, such as the electrolyte used for the

deposition process, gétparticles can déocculate. The electrophoetic deposition process provides the



opportunity for the nangparticles to adopt a new structure with improved gas and light penetration

resulting in a modified photo activity.
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Figure 127 Bar chart of NO, decomposition of 5 samples under 37887nm for 100 minutes.




Figure 137 Schematic explanation of the increment in surface area

Results indicate that theurface morphology at both namamd micro scales play an important role in
influencing the photocatalytic performance. In patac these can bsummarised as iero surface
fractures, identified using digital microscopy in the 100um ragigure 5) and norcontact
profilometry in the 2um rangéFigure 8 andlable 2) and rano surface fractures in the order ef O
200nm, identified by SENFigures 9and 12)

4. Conclusions

The following conclusionscan be drawifor the development of lowost and large area photoactive

coatings for pollution control

(1) Electrophoretic deposition has been successfully demonstrated to producan@tése
coatings on fluorine doped tin oxide (FTO) coated glass, staistes$ and titanium
substratesThe most uniform and mechanically stable coatings were formed on the FTO
coated glasslue to the minimization on the stress caused by the thermalatcis when
the samplavascalcinedat 450°C.

(i) The surface characteristics of the coatings on each substrate material, in terms of
mechanical stability, surface roughness and thickness were successfully controlled by
varying the applied voltageetweer?20and 80V, deposition timéetweerl0and900s and

electrolytecomposition, which was eithesopropanobr acetylacetone based.



