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WO BGOSR FI ELD This invention relates to PCT/AU2004/001768
nano-stuctured materials and 5 their applications; to
nmet hods for the production of such materials.' Mre
particularly, this invention relates to
nano--particul ate oxide |ayers formed on a substrate.
10 BACKGROUND TO THE | NVENTI ON The nanomaterials, in
particul ar- nano-particulate .materials and

nano-parti ate oxides are useﬂ

nop! Matoshtor eiealiali iz Sigingsiing B NeaowsrlgGaielayers
bat t e ors, photovoltaic cell (e.g. Dye

Sol r—éggﬁé¥ggggectrochron1o devi ces, fuel cells and

devi ces for photocatal ytic cl eavage and purification

of watier.im@ntigh censesei ab poimAtt@tuebdDypeatSeliars and
C%ll %?Chn0| cgfi nQFhEGWE tgroggp %Jga roduction of such
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|ncomﬁéﬁa%¢h§-d@@#ﬂnéﬁr%bﬁdéFiyg Eivat vm%vaﬁpg triegptes to
sur f 3R oapesiANdre tdititie 1apahancesdedinl &t sudsradsorb
sufficient quantity of dye to effectively capture

solar 25 light on the interface' between the dye.layer
and electrolyte. It has. been recognized that surface
PiPPHAdxeRoSD N@NOuE PAENGES are critical for

achi éeving high performance of 30 devices based on
nano-particul ate materials. Mdifications of the said

pr opéeiel es nearmdierpeil £ or meh by parcowderng e@olp-particulate
particle by:@ Lhin rllaaxelaapa‘m@rﬂgweexms%@% 060098in wide
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range of appllcatlons including but not limited to

15 =sensors, batteries, capacitors, photovoltaic cell (e.g.
Dye Solar Cells), electrochromic devices, fuel cells apd
devices for photocatalytic cleavage and purification of

water.

20 High commercial potential of Dye Solar Cell technology is
achieved through the nano-particulate structure of oxide
layer incofporating designed porosity, that ‘warrants high'
surface area, and, thus,' - enhanced ability to adsorb

" sufficient guantity cof dye to effectlvely‘ capture solar

25 light on the interface between the dye layer and

electrolyte.

It has. been recognized that surface properties of nano-
particles are critical for achieving high performance of

30 devices based on nano-particulate materials.

Modifications of the said properties can be performed by

covering each particle by a thin layer of another



materi al . The purpose of such coating varies:

Creating a barrier layer (e.g. junction between two
woraiosne@mbs Wi th different el ectronic properti eBGT/AUZ004/001768

Benefits of the barrier |ayer include creation of

internal electrical field, that allows for

unidirectional transfer of electrons (diode effect).

Creating a blocking layer (electrical insulation of

all *or part of the surface of a particle from 10

el ectrolyte or corrosive mategial). .Deposition of

mat epbiad s ahhatn abeepbed Rt Qﬁcwoat}ggsuﬂ.\r shkght -

| R spectrum ElecCtronic shielding nano- st r uct ur ed
oxides (NSO). Certain materials that reside adjacent

to or mn drﬁ@t:.xi‘g'ﬁ_) §Uﬂ551%(a’.%r0fla§@3.e NSQ . pr cq:{..e..oﬁl 8etL o Cruwo
shi el di nglt% t hus eve?r;J% undesirabl e ch arge

transf er Tt H'jélt nPaF F & Ehe EHBRERT P HE sm%@é’cles)
ahd an eIB@OEfUt%/t ef tfrhl dachgmgelayeansiecl whuseseation of

| eakage GUEEeM: | Q38c0ficMol t age and ungdesi r%qllgwél desor
reactions, which |ead to 20 degradation of -a device .

Pr ef er abPLERESEAPRE! MTBREFDNIT ShFRITANg (NBPSR iofifsct) -
(ESM ar ereptial 4 ypiddiangpatest @émiadm%%@.aun)éulatlon of

st abl e. rent nethods.ipclude sol gel chem str
sever al %{g d|¥f§regt vacglgjm dsep%sﬁlon- Fec’ﬁ?ﬁﬁ%’? from

BAch teclfiPgbecivie p¥ mMoredshe eathridods not all ow for
fast agd depo n hi
DREEEISRn dop Mépﬂl@ 4,86 g%&\g% 685/*0% 208%

desirabl e properties of the |ayers.
PCT/ AU2004FBBL 2681, 3 IR spectrum

* Electronic shielding of nano-structured oxides (NSO).

Certain materials thét reside adjacent to or in the

15 ' surface of the NSO provide electronic shielding and,
thug, prevent undesirable charge transfer through the"

interface between the surface and an electrolfte.

This charge transfer causes leakage cﬁrrent:_loss of

voltage and undesirable slde reactions, which lead to

20 degradation of a device. ©Preferably the said

Electronic Shielding Materials (ESM) are optically

transparent and chemically 'stable.

Current methods include sol-gel chenmistry and éeveral
25 different vacuum deposition- techniques. Each technique is
limited as each does not allow for fast and precise
deposition and achievement of desirable propertiés of the

layers.

30



OBJECTI VE OF THE , I NVENTI ON An obj ective of the

present invention is to - provide nethods for surface
worR@s06wes | ons of nano-oxides and to 5 i nmpr ovRECT/AU2004/001768

performance of Dye Solar Cells. SUMMARY OF THE

I NVENTI ON From one aspect,, the present invention

provides for 10 formation of conplete or inconplete

nano-particulate |ayers on or in the surface of an

el ectrically conductive substrate directly froma

col | oi dal solution by' appligation of negative

el ectr, Rt t}&; ﬁ% substrate and positive

T |
el e rr?@gh*potgaééafihg@%—t%hnter 15 el ectrode. The
nano-particles are further interconnected either to A

mat enhal Rkeihe %lfbswt:ﬁ@t %r@ﬁex‘i@ eﬁ@@mﬂtoherl?y to - provide
ei t her ntering in furnace. or AC

el ecffi *&"aﬁ\ ¥ aGhf f‘ﬁ"éﬁ%h%atﬁraéﬁu Pgdgan%md% high to
| Gcabmpurvreeperpagsinng detDyectopar tetles resul ting in.

20 heating of | ocal contact points and fusing the
particles together. From anot her aspect of .the

| nveRARERE QR TR AYVERZIGN | es are coated by dye. The
coating is applied by 25. imersing the electrode

i ntorthbe dye sekpddign and ¥hB9 Byt 861 Iieal s Hegl deox
tn@tfg onot es venent of char ged dﬁe in the solution

t Owar 48" HE naRd- ok U9 §ye|‘°randn° EquePd*BERdiTigutate
of dyeyerd exulogs ipothdessdiagenafoanxéldet rparlilyClcesdudfive
In onenenhed rTE&tLtrelcelf;lCC%%nC%Wt:QliJluélaS&%Cl QBan by
t he |annt|on ﬁggllcatlon of dye is

appl PERtT i8¢ aﬂ t %Eﬁgeore%ﬁ°?§ﬁ6?+nﬂpﬁﬁﬁ§5%%%r Fﬁatthe

substrate and positive electrical potential to a counter

15 electrode. The nano-particles are further interconnected
either to materials of the substrate or to each wother by
either sintering in furnace or by applying an AC
electrical field of sufficient magnitude, such as high
local current passiﬁg between particles resulting in

20 heating of local contact points and fusing the particles

together.

From another aspect of the invention, +£he nano
particles are coated .by dye. The coating is applied by
25, immersing thé electrode into the dye solution and applying
an electrical field that promotes movement of charged dye
in the solution towards the nano-oxide léyer and
subsequent bonding of dye molecules to the said nano-oxide
particles, ‘
30-
In one embodiment in accordance with this aspect of'
the invention, the application of dye is followed by
application of anothe‘r dye or of another absoxber that

blocks areas of the nanoparticles that had not been



bl ocks areas of the nanoparticles that had not been WO
2005/ 060008 PCT/ AU2004/ 001768 -4. covered by the

wo eosve@ppl i cati on of dye. The application of P@AUR®I/001768
dye or that of another absorber is conducted in the,
same manner as that of the first dye, e.g. - from
solution and with aid of electrical field, which.
forces 5 the dye nol ecul es towards the nanonateri al
that is normally, but not essentially, a nano-oxide.
According to a further aspectaof the invention, a

at ey oty | nd HRd ABopULlace OF B SR Jhscorion

nanomateri al .. For ur 0ses 0 i S'1nventiom,
surf z?éea%?ﬁﬁr 5= ?ﬁd’chartegf OFFHIGH EPROTPAK S agendurted in |
dept knef sappr exha®t elay 402 ANgst EREBrOFstabgpd, 10. 8N L from

cel | barrie aertplcal. onpri.ses t.al
oxi dZéOlID ‘jenct?%bc{r}lvg:lt&r o%léirt %selc?fk\lf\%?agh diSF'fer "?q"‘ral&%’ forces
t Kat t&f 19vor igfpheallemanovpads i ctileat @aheyarerial that  is

Appl ineahk 01y, 0bus Ugdt @ssBAIHI8Y, | A¥RholsicRNduct ed in
solution by creation of an electrical field that
pronotes novenent of material, in the formof ions,

of the baksdogdihayép taowarrdsenaaepeqoamﬁ ckes \Mntvbntlon, a

SUbSQﬁ'ﬁé@ﬂér dep&}ﬁilrt I Oy Offc;zlx‘ﬁbﬁ mgLer 's@l:fz&% ZQfSUQLQCG said
e said nano-particles. in one enbod| nent .

a@cof’&ﬁﬁ'&aet%ltaﬁ tﬁ°§ a5 cPUBIOSSEh Pl bR | dﬁvﬁ%l?ﬁ" the

nor e ssufaceratenp@lseswiittatdi fdfgepentfroel eter omieerface to a

pPropeibifS & eaﬁ%%%?&n&@@ly | By aAw%E&% epodi gt if unit

accordance with't aspect oOf the invention,
substoPate- |§heslﬁf§édﬁ’én??%ﬁr ttYPé‘é%Jéd’ W‘“ﬁ%—“&fe%rﬂ‘ﬁtcﬁl Rpeide,
Oxyg@lletbrcﬂﬂ&ur erspadliesboadi nghieh t Bergleposid@dd that of

er'rzillglljiﬁ tﬂ%&‘%‘%t@@ﬁét%l elsay%g'd/ q{ppllcatlon of such a
barrier layver is conducted in solution by creation of an
electrical field that promotes movement of material, in
the form of ions, of the barrier layer towards nano-
particles with subsequent deposition of this material on

20 . surface of the said nano~par£icles.

‘ In one embodiment in accordance with this aspect of
the invention two or more ‘such materials with differednt
electronic properties are deposited.

In &a further embodiment in accordance with this
25 aspect of the invention, the substrate is subsequently

-treated by heat and/or by oxygen to ensure stable bonding

of the deposited material to the nano-particles .and/or

oxidation of the deposited material.

30 From another aspect of the inventign an electrolytic
treatment 4is used to modify surface properties of a
nanomaterial. In one embodiment a . clean and active surface

of the nano-particles is achieved by electrolytic



oxi dation of the deposited material. 30 From anot her

aspect of the invention an electrolytic treatnent is
wais@d/osmosodi fy surface properties of a nanonBtBAU2104/001768

I n one enbodi ment a.clean and active surface of the

nano-particles is achieved by electrolytic WO

2005/ 060008 PCT/ AU2004/ 001768 -s dissol ution of

surface material. In another enbodi ment an

el ectrolytic oxidation ensures carbon free |ayers of

the nano-particulate materias- 5 Fromyet another

aspegisffiukhen i s enlisaBet RE:£1i8¢t I 0k Vidd nedeRASEAIRAL an
as di scl osed above js conducted under constant

cur r BhTCTERIFLT o RELAT | APBYES \FOFPaRyet ¥ Yayergueh the
as wher-pecktageteeacthwesad. predefined limt (measured
with respect to the reference electrode) a contro
circuitry 10 switches fromthe constant current to the
codnsTEMR ¥RH teagehehf@eckepi MRE tHeepbH:t dive voPEREE Ytic
nodeqgpddiltieht Berai lbesedt askweps sbebart e g edat£r fdmachnt
val ue _on 3 (gh%dgternln% amunt of flectrical char?h> as

has c%%?% Irough t he el ec Fytlc Sutton. “15°F

has bb@h We@?@%dwbage_@uspw@eéemcbr Mm#e $meatured with
depoivia.'éﬂ)élﬁ: iﬂ.’b a1l tRerehcsyel & Mt Br QWHhessi Veircuitry

Jncrease char.ge transf rred thraoug
el ectiorye & &b uf?bn acec Syef e c%np??%e%?nStant voltage

[ nsempﬂ@:n z&ﬁdpé')et r abei ownhahlftt 20°¢y=de. mDdei vptihe either

| nseghiamhthal érdi:)éﬂ ARt era al pie&tQ%mud@eposvsﬁg i Sor  a
pr onot e Iectrlcal d towards th

nanoﬁﬁ?é%ﬁ §Fln rifg the t|e Ef?Qﬁ?aﬁal?h?ﬁﬂﬁ ePphe PaSsed
mat ethabudls thensheedrblgmct helwdnormat er | al

15
It has been found advantageous to perform the said
deposition in a series of cycles with progressive increase
of charge transferred through the electrolyte solution.
Each cycle comprises an insertion and extraction half-

20 cycle, During the insertion half-cycle a  material to be
deposited is promoted by an electrical field towards the
nanomaterial. = During the extraction half-cycle the
material is removed from the nanomaterial.
Both insertion and extraction half-cycle are performed

25 under current limiting conditions until the wvoltage
reaches a voltage preset magnitudeé, continuing depositio'n
under voltage limiting conditions until eithe:r the
deposition current falls to a current preset magnitude or
a preset charge has been delivered, and then terminating

30 deposition.

It has been found advantageous to superimpose the constant

éurrent/constant voltage insertion/extraction mode with an



Both insertion and extraction half-cycle are perforned
25 under current limting conditions until the voltage

WO e@she®oa vol t age preset magnitude, conti nui NBCT/AU2004/001768
deposition under voltage limting conditions until
either the deposition current falls to a current
preset magnitude or a preset charge has been
delivered, and then term nating 30 deposition. It has
been found advant ageous to superinpose the constant
current /constant voltage .ins&rtion/extraction node

wi t happl MQ 2605/ 860808 cRCT/AYZA04/ 001768 iRl igde ac

AC electrical fie In o X e the AC electrical
rer BTPeatn, cEld i P ieS muinl for the jqybatiate, in
anot he@tferxraﬁspbeple pepperriiddubasr tto the sbbstawd.e. 5

‘BRI EF DESCRI'PTI ON OF DRAW NGS' Havi ng broadly portrayed

tEe nature of the present invention,- enbodi ments
t er55igﬁwﬁﬁ—iﬁﬁﬁﬁglﬂgégﬁﬂﬁﬁﬁ§by way of. exanpl e and
illustration only. In the follow ng 10 description

I‘ ef eﬁg@ﬁ?g Wﬂéoagﬁin%%ttcgyéé]e &CCOHEQQQ“ ng)f t oare?ent

Figure 1 is a anmat i ¢ representaFl
a seﬁm’%rﬁ”'f"é‘r ETEERHRANFE] GhﬁFéﬁf mehkl ofiow be described by

nanowpar b cekamie lnseliactE0eke: 1 dhi @Hﬁﬁ 2 dﬁﬂQB§8E31§§w1ng
npara hotov Italc form e f treated an
Clgt rga é%ll el ec?ered‘e atwggFL % 8°D§?ﬁl |3EFomPanying
DESCRFPTITON OF BXAYPLES Referrlng to Fig.l a working
nano-particul ate el ectrode
Figure 1 is a di'agrammati‘c representation of a set-~
up for electrolytic ‘treatment - of nano-particulate
15 electrode.

Figure 2 demonstrates comparative photovoltaic
performance of treated and unt;:eated D3C electrode at 0.3
sun. '

20

DETATILED DESCRIPTION OF EXAMPLES

Reférring to Fig.l a working nano-particulate electrode
25 comprises a substrate 1 and a nano-particulate layex of a
nanomaterial2. The working electrode is inserted into an
electralyte 6 in such a way that regions of the nano-
particulate layer that are .selected for the electrolytic
treatment are ‘covered by the solution. A reference
30 electrode 3 is located in close proximity to the nano~
particulate layer 1. A counter electrode 4 i1s opposing
the“working electrode. Shapg and position of the counter
electrode are selected to ensure uniform electrical field

between the counter and the working electrodes. All the 3



25 conprises a substrate 1 and a nano-particul ate

layer of ' a nanomaterial2. The working electrode is
WO p®en6mas i nto an  electrolyte .6 in such a waRCT/AER004/001768

regions of the nano- particulate |ayer that are

selected for the electrolytic treatnent are 'covered

by the solution. A reference 30 electrode 3 is | ocated

in close proximty to the nano- particulate layer 1. A

counter electrode 4 is opposing the working

el ectrode. Shape and positioiw-of the counter

el ectirRdecace 5l 86t Rdtte @NSUPBosHHnkap 12 QloRehtiddlat 5.

field between the counter and the working el ectrodes.

Al the 3 WD 2005/060008 PCT/ AU2004/ 001768 -7

el ecthreoded lavinconaheciadd 2 @rpregrahninbtipis example:

pot eﬁéﬂ']&%"gatel@ctrgc&e foizl»qw %c%ﬁ@r{:l@i& q{a%opfngl.sﬁrgu@gte
in ths exanple: r Ki el ectrode ., m crons

thi ckedfno9ar FFE%H’#E“e %l‘?’%ff@r df'lf?rtlzi‘ﬁl uﬁ?%‘?%‘)ﬁ °fe o @
(ti tedicaktdeposilbed embstratenddahi nyigk a®slisulpbnatiEC-15
(3nn1fh| k Pilkington TEC- 1 5 glass). The titania
Iaye? ? proxi mately 11mm x 8mm) was formed by 10
screen printing of titania paste followed by firing at
maxi faM afc 2850 Gilee. (aﬁhb&vaa@@ndlsﬁﬁtermng ang formed by

|9terconnect££§%lgf t gggtlégfggwg?gg% rlng. at

’ partlﬁf Ze ma e WOr KiI' ng
pr epazidunysigfg t~"r§é’ stcand*zfrd FHEePye SBPAr @eﬂqermg and
tEChDﬁllélQ:)bnﬁéQ@ﬁﬁxS of 1B Wiitahih sparaichabl evieratbeparticle

prior_art. ectro tic treatne he rki
elec??%ﬁewﬁﬁs g%?ornedyas POt s 2L e g?énggﬁp Sidfhred
el ectsoue: thﬁg/sAg@ﬂarsvt dedaPye nferas- Cef ér *em@olzay process,
Q5 eCif 04 is available in the prior art.

The electrolytic treatment of the working electrode was

performed as follows:

Reference electrode: Ag/AgCl standard micro-reference
20 electrode.

Counter electrode: Pt wire mesh

Electrolyte: 1.4g of YCl;.6H,0 dissolved in 10ml of iso-

propanol; 1ml of water was added to the solution.
25 Electrical characteristics:

* cCurrent density = 0.1 mA/cm?,

5 full cycles with small charging level (5mC/cm® in
the insertion half-cycles)., '

5 full cycles with intermediate charging level .

30
‘(lOmC/cnﬁ in the insertion half-cycles),

"e 1 insertion half-cycle - charge of 10mC/cm®.



Counter electrode: Pt wire nesh Electrolyte: 1.4g of

YC13. 6H20 di ssolved in 10mM of iso- propanol; im of
waiosncones added to the solution. 25 El ectri caPCT/AU2004/001768

characteristics: Current density - 0.1 mnAcn2, 5

full cycles with small charging level (5nmC/cnR2 in- the

insertion half-cycles)., 30 5 full cycles with

i nternedi ate charging level (10mC/cn®2 in the

insertion half-cycles), 1 insertion half-cycle -

charge of 10nC/cn2. WO 2005/ 060008 PCT/ AU2004/ 001768

_0. phest-rtLeatsent: Follow ng the electrolytic

treatment a standard DSC dye was applied to the

treated nano-particulate titanic and .5 standard

cel | BoWesvE ngorSier mtaeﬂroﬂymeomesas@ﬁ; ath&rwa&ki pgc dye

el ec d 0S [ LOUs yres.

Phot gégl tgl gfyy\ﬁ{dgs% n%h%\t{%%%sun anrs'f:tlrc g?& iafila and

sPgnFERRSARS | APV erfERe |?P”@[§éh°‘?ﬁ4f «cuilp vefcageaeart .

fil Lwof]&ﬁtgor f&Wect headd eatwtkesanl s~ sThey maxa\trrum various

ngslt %I?%gé: (ftvl}l?gié%hé%nggvteaq_cf %es*i__.{]gq %%mlef séurnr Idﬁmo%{\a‘trated

Fi g. s2onifisendy ohpedvereast &n oppen ecatwlandolmer eadedill

e: eCtEB.QQ@rt e %@%ﬁ?@&tgrﬁt}ptﬁegh&i‘hé %Xlﬂl&n efflc:!.ency was
el eclr |C men resu sS.I.n s
‘ﬁprss%«% b e GraPEt Db 4t bt odEre % 258 ©

{shown in Fig. 2)
Referring to Fig. 2 a vphotovoltaic tests of treated and
untreated electrode for DSC demonstrate that the

15 electroeolytic treatment results in significant improvement

- of photovoltaic voltage and power.

20

30



WD 2005/ 060008 PCT/ AU2004/ 001768 -9- Cains: 1. A

nmet hod for manufacturing a nano-particul ate el ectrode
w0 o0050y®osSol ar Cel | s including the steps-of  5PCT/AU2004/001768

providing an electrically conductive substrate,

formati on of a nanoparticul ate |layer on the

substrate, application of dye to the nanoparticul ate

| ayer and an additional step of electrolytic

treatnment of the nanoparticulate .layer in an 10

el ect roI yte. 2. A nethod accagding the claim]l,

whergin. the electrolyte contains ions chem cal | y

di fferent to the nano-particulate |layer and the said

el ectrolytic treatnment conprises transfer of materi al

fromthe A5 ekestdol yo£ iRatdmctoringf & onsahdiprtheulate

surface. gf cttr%% ”%QQ Ftéo‘i%!;aé 152 %Elu 5“' ‘;ch s{eps ‘of
formation ? 6 arrier aye Tectr nic ert
of which PE?Tlfdé-ngr@mth%FCb#lctaﬁéYor pgnmtlve substrater

nano- part egsthati@n | ayer . azonﬁaoﬁrﬂﬂﬂ%Qeaccl%&@hng d0 the
claim 2, erein the sf:i electrolytic treatnment is
fol | oned %@D%terﬁttl PrgPPRILBHETT € f&Y§b|t8 10218 I 100 i A1 e

barrier | ayeertoanche amanmidiaionalul atted ayer . lechArolytic

net hod acepsgli@tt 0 &l aivil, WS BB Sai hye?S in  an
el ectrol yt#c trcﬁat ment conprises partial renoval of .

it eri al € fanoparticul ate |ayer to the

el ectr @l-yke. mBtho¥l neddregdaceoridieng dleiael ailm 1whaheiei nthe

t he electrolyte contains ions chemically different to the

nano-particulate layer and the said electrolytic

treatment comprises transfer of material from the

15 electrolyte in the form of ions into the surface. of
the nanb—particulate layer resulting in formation of
a Dbarrier -layer, electronic properties of ' which
differ from that of the originai nano-particulate
layer.

20 3. A method according to claim 2, wherein the said
electrolytic treatment is followed by heating to
ensure stable bonding of the barrier layer to the
nano-particulate layer.

4. A method according to claim 1, wherein the said

25 electrolytic treatment comprises partial removal of
material from +the nanoparticulate layer to the
electrolyte.

5. A method according to c¢laim 1, wherein the
electrolyte contains ions of UV, wvisual light and/or

30 Infra red absorbing material.

6. A method according to claim 4, wherein the absorbing
material is dye.

7. A method according to any of +the preceding claims



el ectrolyte contains ions of UV, visual |ight and/or
30 Infra red absorbing material. 6. A nethod according

W 2008l061008 4, wherein the absorbing material iBCTXE2004/001768
A net hod according to any of the preceding clains WO
2005/ 060008 PCT/ AU2004/ 001768 -10 wherein the
nano-particul ate | ayer conprises a netal or m xed
netal oxide. 8. A nethod according the claim?7,
wherein the netal oxide is titaniumdioxide. 5 9. A
nmet hod for manufacturing nanemarticul ate el ectrode

for DSC i Qﬁleygirng:hteh%aﬁé%%tgguﬂt%vil@%gzg & %@%Fg%fmm

el ectrolytic deposition of the nanoparticu
from an ePEcRFHIYFPEEZhP*aPPt i cation of dye to the
nanopard.i aulr@t@cbiapetordifgl@heAdreinod, aGEREHINTthd metal
any of thgx%eciedltri@ I(llj}u%l g%soxivggae.r ein the electrolytic
treatnent I ncludes at 1eas one step of transfer of a
predet énPnégthapuinr gfenugreerrd pg ahandrargéchbttve e ettreode
el ectrol yireransc tiiR1u@aRORAE t depsabe $a%Rkind5a Ishbsérate,
met hod ac%gggérg_gll chcc!iafl)orgi%gbnmg rein t he cha{(%e 1S ver
transferred under constant cur r'ent ™ toddiPPoRs Wiehs 1Y
i nposed vékpagen| iedpesrolyhehand whehicadlivagefr egehe® the
the i n’posagngﬂ,mgicglmtlgggrpi rcuitry switches from
tme corlsbta t cugrgnt to the 1(::onst ant vo}lltage node, 20
k€epi ng thé EEMEPANEeSFEFERFe frot® uit i FPi P¥RGediRe claims
current dwbpsebelthw alprieddiyero trechtount ehicMaledeadr least
t he pr edekﬁ‘éms%g @@Qggnggerelp&ma('ﬁ@éde%%@ﬁxgge$a§mount of
electrical charge between the electrolyte and the
nanoparticulate layer.
15 11. A method according to claim 10, wherein the charge
‘ is transferred under constant current conditions with
imposed voltage limits, such as when voltage reaches
the imposed limit a control circuitry switches from
the constant current to the constant voltage mode,
20 keeping the constant voltage mode until either the
current drops below a predetermined current value or
‘the predetermined amount of electrical charge has
passed between the electrolyté solution and the
nanoparticulate electrode. A
25 12. A method according to claim 10 and claim 11 wherein
the electrolytic treatment includes at least 2
subsequent steps (half-cycles), each transferring the
predetermined amount of charge; in the first half-—
cycle the charge is transferred by movement of ions
30 from the electrolyte to the nanoparticulate layer, in
the second half-cycle - from the nanoparticulatAe
" layer to the electrolyte.

13. A method according to e¢laim 12, wherein the



passed between the electrolyte solution and the
nanoparticul ate el ectrode. 25 12. A nethod according
W 2008M060p8 10 and cl aim 11 wherein the el ectr oP@I/AT2004/001768
treatnment includes at |least 2 subsequent' steps
(hal f-cycles), each transferring the predeterm ned
anount of charge; in the first half- cycle the charge
is transferred by novenent of ions 30 fromthe
el ectrolyte to the nanoparticulate layer, in the
second half-cycle - fromthe _panoparticulate layer to

the el ectr t hod according to cl a| m 12,
wher ei n tﬁg %%ﬁ%?o‘éﬁg‘gg‘a%ﬁnﬁﬁﬁﬁ%ﬂ/ 01988 < f¥cles and
el ectrol ypred¢yegatinedt chardeudes @te |eashd2cgyDd ess ahdlrger

predet er nined Ghar 98 ik tf*ﬂ@sé%gy%@g. cycle is larger
than that in the first cycle 10 15 20 25 30
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