0 3 AUG 2005 WO 02/062940 PCT/ Gu02/00509 - 1 Inproved El ectrophoretic
Deposition The present invention relates to an i nproved nethod o

el ectrophoretic deposition. 5 El ectrophoretic deposition is bei né 3uﬁsU@()wOS
i ncreasi ngl ¥vd /0%% ) deposition of ceram c powder coatings for phosphor
and other electronrc applications. Basically the techni q4d/GRizelsres the
use of a stainless steel anode and a conducting cathode is inmmersed in
an organic liquid such as isopropanol in which small anounts of
magnesiumnitrate are di ssolved. The ceram c powder is added to the

el ectrolyte and 10 a high DC voltage applied to deposit the ceramc

powder to the cathode. On apphipedid BlecitbpioficIRpésA@A, the ceram c powder
beconmes positively charged and is attracted towards the cathode.
Si mul t aneously, My(OH)2 is fornmed at the cathode and this acts as the

bi nder for the 158 pABIH RO felatdsto Bh oWl GNERL 2 EisctRPERE AR position.
My(NG3) 2. 6H20 and t he isopropanol is not conpletely anhydrous, the snall

anounts of water in the organic liquid will provide sone ionic

conducti vi ty. '\é?écko@lo?ﬁ%rﬁ&ﬁroﬁ?ig %cﬂgl%’&l‘ fn‘e:%&i:)?é{fﬂl fig d%&q}}éﬁﬁﬁ%?%@%gﬁé hat
the water "undergoes electrolysis giving out oxygen and hydrogen, 1.e.
Anodi ¢ react i orpowdér1 26atings0 Por+phbiphot abed-otRf Elaitteaidi spplieaiohs. OBasicAlY thedle =

2H2 In practice,,when, an anodi c tential is applied to et al. anode,
bef ore oxygen é%ﬂm%‘-‘e"@e‘m@’a Us§ ﬁga ks pigf! ?"'38‘? BB Cﬁ‘?@&?'@a?al‘%?%"oﬁ di sed
to form  MrH2GmMelskddin-an 2pgait Lfied 30Adss Sopilopa] id Whichesn@@#iSandlints of
i sopropanol containing very |jmted _anounts of .
magnesium nitrate are dissolved. The ceramic powder is added to the electrolyte and
10 a high DC voliage applied to deposit the ceramic powder to the cathode. On
application of the voltage, the ceramic powder becomes positively charged and is
attracted towards the cathode. Simultaneously, Mg(OH); is formed at the cathode and

this acts as the binder for the ceramic powder.

15  Since Mg(NOs) is added as Mg(NQO3),.6H,0 and the isopropanol is not completely
anhydrous, the small amounts of water in the organic liquid will provide some ionic
conductivity. Most electrophoretic deposition studies have assumed that the water
undergoes electrolysis giving out oxygen and hydrogen, i.e.

Anodic reaction: 2H;0 = O, + 4H" + 4¢”

20  Cathodic reaction: 4H" + 4" = 2H,

In practice, when an anodic potential is applied to a metal anode, before oxygen can
be evolved, the metal (M) is first anodically oxidised to form:
M+H,0=MOH-+H" +¢

25 on the anode surface. In the case of isopropanol containing very limited amounts of
water, the very high resistance of the electrolyte limits the currently flowing through
the cell to ~ ImA/cm’ even when 300-350V is applied across the cell and most of the
anodic current is Gsed to oxidise the anode. There will be unavoidable dissolution at
the anode, leading to contamination of the isopropanol electrolyte. The cations from

30  the anode will then be deposited with the ceramic powder at the cathode. Previous



water, the very high resistance of the electrolyte limts the currently
flowing through the cell to - ImA/cn2 even when 300-350V is applbg UG 2005
across the cell and nost of the anodic current is used to oxidise“the
anode. There will be unavoidabl e di ssolution at the anode, | eading to
contam nation of the isopropanol electrolyte. The cations from 30 the
anode will then be deposited with the ceram c powder at the cathode.
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deposi tion sphors since the deposition of iron redu

phot ol undlepesicient of phogyhiots emcef thehdepejioni bLdrqphasdhives . thd hghopslesériescent

i nvention provid met hod foy el ectrophoretic deposition of ceramc
particl eErOP‘HHe%OéBEg?l?cétt%gﬁﬁ*ﬁ%horcorrpri ses dispersing said particles in an
organic liquid containing a snmall anount of water for providing ionic
conductivity and a dissolved netal salt; and applying a DC voltage

bet ween Te presait irardtion patvitied @ methed fedldctroplveetor depositiohiofj gerimis particles

cat hode bei ng, said substrate, the anode. jncorporating a. netal which is
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particles el ectrophoretically deposited at the cathode. W have shown
that, ifappbyipes DG veltagd basvechananodieandreseatizndle amnsrsedrih dlesorgende liguids said

prevents the .deactiyation of copper doped zinc, sul.phid hosphars_sji nce
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consuned during the el ectrophoretic deposition process, but the use of a

magnesi upicx¢sing redustion sfipastigles elaetronhetstistipplapositedy theicagiadeons in t he

solution. This wll
We have shown that, if copper is used as the anode instead of stainless steel, it prevents the
deactivation of copper doped zinc sulphide phosphors since the Cu®** ions in the ZnS:Cu
phosphor will not be reduced but the Cu®>* ions in the electrolyte will be reduced instead.
Magnesium nitrate is consumed during the electrophoretic deposition process, but the use of
a magnesium anode can ensure a continued supply of Mg”" cations in the solution. This will
make the amount of Mg®" cations constant, leading to more consistent electrophoretic
deposition coatings in a continuous production process. In addition, the cathodic reaction
will involve the reduction of the deposited phosphor as well as hydrogen evolution. The
hydrogen evolution at the cathode will decrease deposition efficiency and the reduction of
the ceramic powder at cathodic potentials will lead to changes in the composition which
may be deleterious. Furthermore, if hydrogen evolution is one of the cathodic reactions,
water will be consumed in the process, leading to changes in electrolyte composition and

conductivity.

We additionally introduce reducible species such as oxygen to the electrolyte either by
bubbling small amounts of air or oxygen or by the addition of dilute hydrogen peroxide, so
that the cathodic reaction will be the reduction of oxygen:

0, + 4e +4H=2H,0.



make the amount of My 2+ cations constant, |eading to nore consi tgn@ 0
el ectrophoretic deposition coatings in a continuous production E)r é %%ﬂ
In addition, the cathodic reaction wI3l-involve the reduction of the
deposi ted phosphor as well as hydrogen evolution. The hydrogen evol ution
at the cathode will decrease deposition efficiency and the reduction of

t he cer afj 1&gédh i : j il I
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addi tion of dilute hydrogen peroxide, so that the cathodic reaction wll

be the rdengditingrxidsf glassygiuph is@iten uged asqhi-sisprate for phosplrzoatings- 3 Thus any
H20 consuned at the anodic reaction will be replaced and this ensures
that the electrolyte remains constant in such a system |In addition,

si nce t hallngelbicdno@ss will KxgéiBed ARiGHleaseRiatidns/i@rtle sigahic liqafier pot enti al
t han ot her reducible species in electrophoretic eposited coati ngs,
there will be no reduction of the deposited powders or of the indium

doped ti i I Al ch_J f . d..a b te f r
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anode in electrophoretic deposition in organic |iquids containing
magnesi uFESBYCUNFni ni um salts such as nitrates respectively. In cases
where other netal conpositions need to be incorporated into the
el ectrophoretic

In cases where other metal compositions need to be incorporated into the electrophoretic

coating, the introduction of oxygen to the electrolyte either in the form of bubbling oxygen
or air or by the addition of a compound which will liberate oxygen e. g. dilute hydrogen
peroxide, prevents the reduction of the electrophoretic coatings as well the substrate e. g.
conducting indium doped tin oxide glass substrate which is often used for phosphor

coatings.

In practice, it is preferred to introduce a compound which can release oxygen in solution or
suspension such as hydrogen peroxide into the electrolyte, since it can be uniformly
distributed throughout and the absence of bubbles should ensure efficient electrophoretic

deposition.

The reduction of oxygen would only be possible if there were a small amount of water

present in the organic liquid. Thus if hydrogen peroxide is added, it is



coating, the introduction of oxygen to the electrolyte either in tgﬁ 6?5?1
of bubbling oxygen or air or by the addition of a conpound whi cH §APe 100
| i berate oxygen e. g. dilute hydrogen peroxide, prevents the reduction
of the elec 6Pt i ¢ coatings as well the substrate e. pgT/cpegH@MCt i Ng
i ndi um doped tin oxide glass substrate which is often used for phosphor
coatings. In practice, it is preferred to introduce a conpound whi ch can
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preferably in the formwater containing hydrogen peroxide. If air or
oxygen i s usedin ust i@ cekdmit § REGRES &I dhe tRh@iddogdihed witBhd medDhyidtoxk avat er
to the organic liquid. In use the ceramc is deposited on the cathode
t oget her wit h PH&Tnetal hydroxide as 5 binder. The sol vent used can be
any of the conventionally used solvents e.g. isopropanol. The anode can
be formed of the anodic netal or netal alloy or it can be forned of a 10
support netal Whdedehanthisghan be heaif tiecahvep@inelyt wsad sélirars eogi&dpropamet. al  on
which there is a layer or strips of the anodic netal at |east partially
covering the anode, so the anodic netal goes into solution in preference
to the support Theinsbe cahlte feimzpof the andticih&al drenetal alonehucedn\be foratediof &l such
as carbon.,
10

support metal with a higher electrical potential than anodic metal on which there is a
layer or strips of the anodic metal at least partially covering the anode, so the anodic
metal goes into solution in preference to the support metal. The support can also be a

conductive material such as carbon.

15 As the anodic metal goes into solution to form meta) ions when current flows, these
replace the metat ions which are neutralised at the cathode to deposit the metal with
the ceramic. This maintains the concentration of metal ions in the solution at a more
constant level, which leads to more consistent deposits of electrophoretic coatings. A
preferred system uses isopropanol as the solvent, magnesium nitrate as the salt and

20  the anode incorporates metallic magnesium.

The concentration of the metal salt in the solvent is the same as is used in

conventional electrophoretic process.

25  The invention is described in the Examples.

30



15 As the anodic netal goes into solution to formmnetal ions when current
flows, these replace the netal ions which are neutralised at Bﬁdﬂﬁgﬂ ode
to deposit the netal with the ceramc. This naintains the concentration
of netal i O0M8/¢2%4Pe sol ution at a nore constant |evel, rahicBlrobaads to
nore consi stent deposits of electrophoretic coatings. A preferred system
uses isopropanol as the solvent, magnesiumnitrate as the salt and 20

t he anode incorporates nmetallic magnesi"um The concentration of the netal
salt in the solvent is the sane as is used in conventional

el ectrophoretig, prOCeSse, Q- foventien J:s ibed in the Exanpl es.

30 0 3 AUG 200 ‘ t0~F B0 . anple | - Effect on
the indium doped tin oxide glass cathode: Lum nescent phosphor powders

wer e el ectrophoreticall eposi ted on gl ass coat.ed, wW.th a transparent
FETm of i nd urbCEgisesEnt PlesElr davisy wgre P amatP R dcob e o i Codd
magnesi um ni t rvdthea trAnsp&efr ilPRsoindiai doppd tiardxide usihy Shhaald dectidlytheut t he
addi ti on of hydrogen peroxide or qther reducible species in the
el ectrol yt®, tHEPETURRRIRE M ieqnrepanelit 3 prtentislRf 3l ®8bed tin oxide coating to
tin, resulting in tarnishing on the glass during el ectrophoretic
deposition. This has a deleterious 10 effect on the transparency of the
gl ass and af f ¥itlput K gdditiont pf diydioben grepikieyor dhérgtednmlsls . speoiesnipl ¢he2 -
Magnesi um Ano 15 1ndi ope ' [ I e .
el act r ophor 6t ;%geéﬁnﬁ{;e,gg 611'? g‘ ! ?Cﬁo}% H\kg%dﬂ% S35 5in SHESLLAEER 1 eSuiting

in tamnishing on the glass during electrophoretic deposition. This has a deléeterious

10  effect on the transparency of the glass and affects the quality of the display
brightness.

Example 2 — Magnesium Anode

15  Indium doped tin oxide glass substrates were electrophoretically coated with zinc
sulphide doped with copper and aluminium (ZnS:Cu,Al) phosphor without additives
to the standard electrolyte of magnesium nitrate in isopropanol at a potential of

350volts with a sacnificial magnesium anode.

20  The coated phosphor was irradiated through the glaSs substrate with ultraviolet light
at a wavelength of 366nm. Photoluminescence measurements were made were
similarly made through the glass substrate. The values shown in the table 1 below are
12 measurement points on the glass substrate in candelas per square metre and an

average is given.



sul phi de doped with copper and al um nium (ZnS: Cu, Al ) phosphor wﬁg@g952m5
additives to the standard electrolyte of magnesiumnitrate in

i sopropanol at a potential of 350volts with a sacrificial nmagnesium
anode. 20 TWe w6&as¥8d phosphor was irradi ated through t hePglass2/®dstrate
with ultraviolet Iight at a wavel ength of 366nm Phot ol um nescence
measurenents were made were simlarly gade through the gl ass substrate.
The val ues shown in the table | below are 12 neasurenent points on the
gl ass substrate in candel as per square netre and an average is given 0 3
AUG 2005 WO 02/ 062940 PCT/ G1302/ 005091sp 16 - Table | reference A point
standard electrolyte 1 226 2 339 3 268 4 247 5 253 6 208 7 164 8
192 9 206 10 110

reference A
point standard electrolyte
1 226
2 339
3 268
4 247
5 253
6 208
7 164
8 192
9 206
10 110
11 101
12 135
average 204

Example 3 — Addition of Hydrogen Peroxide

Effect of the addition of 0.3% hydrogen peroxide in the electrolyte on the
photoluminescence of ZnS:Cu,Al phosphor:

In the absence of hydrogen peroxide or other suitable reducible species, the Cu® in
10 the phosphor lattice will be reduced, lowering the luminescence.

When hydrogen peroxide is present, there is no reduction in luminescence.

When irradiated with ultraviolet light at a wavelength of 366nm, the luminescence of

the samples, measured at a number of points, through the indium doped tin oxide



11 101 12 135 average 204 Exanple 3 - Addition of Hydrogen Per zi %ﬁ 00’?
Effect of the addition of 0.3% hydrogen peroxide in the el ectrol@ eA r@

t he photol um nescence of ZnS: Cu, Al phosphor: In the absence of hydrogen
per oxi de oW@2Ker94& Ui t abl e reduci bl e speci es, the Cue i recridBothesophosphor
| attice will be reduced, |lowering the | um nescence. Wen hydrogen
peroxide is present, there is no reduction in |um nescence. \Wen
irradiated with ultraviolet light at a wavel ength of 366nm the

| um nescence of the sanples, nmeasured at a nunber of points, through the
i ndi um doped tdifys Qustigre QuirdreAbre 209 Been\ME M MEE I Bifstde B AP B0 in 1

gl ass substrate where there had been no tarnishing was consi derably

hi gher than i rthoselkgBrlesebant emishinghed eegrmé¢dshi ng had occurred. Experi ment al
results: 5 Indiumdoped tin oxide glass substrates were

el ectrophoretically coated with zinc sul phide doped with copper and

al um ni um( ZnS: Bpedrbntghosphior with additives to the standard el ectrolyte

of magnesiuymnitrate in isopropanol, at a potential of 350volts,, with a
sacr i 11 ciab maaee dned B eice TR BRrepritpRsreicaly @ it APt
through the glsafhideWapdd RS Sopperd thdlibhiRdnRyes:Cu Al Whbspbr Ritha¥BE@Re h of
366nm Phot ol um nescence neasurenents were made were

the standard electrolyte of magnesium nitrate in isopropanol at a potential of 350volts

with a sacrificial magnesium anode.

10 The coated phosphors were irradiated through the glass substrates with uliraviolet
light at a wavelength of 366nm. Photoluminescence measurements were made were
sirnilarly made through the glass substrates. The values shown in table 2 below are 12
measurement points on the glass substrates in candelas per square metre and an

average is given.



simlarly made through the glass substrates. The val ues shown in _table 2
bel ow are 12 measurenent points on the glass substrates in cand8i3a&U6y88
square nmetre and an average is given. 0 3 AUG 2005 WD 02/062940

PCT/ GB02/ 00%092/062810- Table 2 reference A B C point standeeriGéaoiosol yte
standard el ectrolyte standard electrolyte plus water plus 0.3%V v
hydrogen peroxide 1 226 381 436 2 339 354 425 3 268 337 446 4 247 364
440 5 253 395 470 6 208 372 445 7 164 368 417 8 192 374 452 9 206
364 436 10 110 368 440 11 101 358 434 12 135 354 430 average 204 366

439 Table 2
reference A B C
point standard electrolyte standard electrolyte standard electrolyte
plus water plus 0.3%w/v

hydrogen peroxide

1 226 381 436

2 339 354 425

3 268 337 446

4 247 364 440

5 253 395 470

6 208 372 445

7 164 368 417

8 192 374 452

9 206 364 436

10 110 368 440

11 101 358 434

12 135 354 430

average 204 366 439

This is shown graphically in figure 1 where :-
A = standard electrolyte (considerable tarnishing of glass substrate)

B = standard electrolyte plus water (less tarnishing of glass substrate than in A)

C = standard electrolyte plus hydrogen peroxide (no tarnishing of glass substrate)

As can be seen tamishing of the glass substrate reduces the overall performance of

10 the phosphor.



This is shown graphically in figure 1 where A = standard el ectrol yte
(consi derabl e tarnishing of glass substrate) 5 B = standard eIeBtrNﬂM@@
plus water (less tarnishing of glass substrate than in A) C = standard
el ectrol yt WOEP3%48ydr ogen peroxi de (no tarnishing of gl BEEGB{EI¥ate) As
can be seen tarnishing of the glass substrate reduces the overal
performance of 10 the phosphor. 03 AYE005 WO 02/062940 PCT/ GB02/ 00509
9 Since all the previous work on el ectrophoretic deposition has not
taken into account the effect of cathodic reduction of coating and the
substrate (Sughea hafelBhaREdnlelerophtiele deHoddd has'rdPiaREFRB ecdiy oML i ON

has application to: electrophoretic coatings used for phosphor screens,
gas sensors, the effasteficagodie redndtion of cogtivgdnddberpbriatessuch uhindinmedoped tire|
cells, field em.ssi i jhng thin and thick filns,
fabrication Ssﬁgggkgpggh%%%?%éﬁmgﬁgg{%%Q%@?ﬁgﬁnposite coatings, thin

el ectrol yt es dlatrog®onindog@peusad foophesphirdeieers] gas atrisers, padeysingreceahadsns,

m xed nmaterials, for, deposition in, field em.ssion displays, catalyst
Car 1 er o, 51 oduHeqEn ALt B el e E TR SaHaSs FIRCBRD: (iR
ceram cs, fingdRAVE Bms]epasitioh @R zedidbhbdiftd OB8ctRbeeLffdsREantddd, fhar
lithiumbatteries, production of ceramc/ceram c and netal/ceramc

conposite codtetralyss forspemd gepsation igld fuebpnlls.opalurer gbpies imixgrmetnidsact eri a
for the desi 9@ 8posiRrOh AelPemisiGLdis8 UafilysCoalGRO Sdakii i oinlr@ D 3ME&GOUS
emul si ons, preparation of superconducting tapes, control of
sedi ment at i oncaghidesil siicorsiitride eaamicsIfing powdradepsaition. dhteisaticdep olsttraden  of
clay filg5. a0 haRk bemkied bt bf EUROREhic Sl cedRic QMRS oS-
coatings, layered coatings, controlled deposition of bacteria for the design of
bicfilms, electrophoretic deposition from aqueous emulsions, preparation of
superconducting tapes, control of sedimentation velocity, size control of
nanoparticles, deposition of clay films, and fabrication of multicomponent ceramic

15 composites.



0 3 AUG 2005 -10 CLAIM5 1. A nethod for el ectrophoretic deposition of
ceram c particles on a substrate which conprises dispersing sai @3 AU6 2005
particles in an organic liquid contaiing a snall anount of water for
providing ionic conductivity and a dissolved netal salt; and applying a
DC vol tage between an anode and a cat igmersed in the organic

| i quid, said cathode being said substeﬂ ?M"E he anode i ncorporating a
metal which is the sane as the netal of said dissolved ionic salt,
characterized by introduci n? oxygen . into the organi¢c liquid for
preventing lredudt meHodsfopgiactrepliaretic depasyipmorlotsramiq pargslss an & gubiratene
cat hode. 2-wﬁ&%c It%li]?gs of claim1, wherein the ceramc is a phosphor. 3.
The net hod of clal , Wherein the ceramc is copper doped zinc sul phide.
4. The met hod didpersind $aid pamietsdh rantdigardndiqeidi conaiipiag at sall amppett. ofSvatdihe
met hod of any preceding clajm, wherein the organic liquid is isopropanol.
6. The net h@apwl@ﬁﬁlﬁl%é@muﬁﬁ"@f%‘i%d\ﬁﬁf@Ye&Tﬁe‘Ph@iﬁﬁ%@ol ved nmetal salt
conprises an i NJ i r g i N i.The
met hod of any%g?%@a??sé%%g% é‘&%@nﬁ?ﬁggaiaggglo\%g{éﬁ trereltghzgll?é rggg l{ﬂ t(\L:lg]or |%sces a
magnesi um skhdquid it ¢dsoderbety santabpivatat es nagnesi um 8. The net hod of
claim6 or 7, wherejn said salt is a pitrate. 9. The nethod. of, an

precedi ng cl aithg BFQPPIFENg 3 Jpeial %’H‘fchrlﬁlglf %P‘eta}?et%ﬁé‘?eé? OfVﬁfq:&lsglcqudn

sai d_di ssol ¥ggh LANEGarsbilizedlf) infid8udIRE BRFLATinf Mhe AR GGATLAb Ve €1 N
the anode is formed of anzeaﬁj‘%oly udlBg BRF Al ind he R £4591:§8id bR bBve iy
reduction of particles electrophoretically deposited at the cathode.

2. The method of claim 1, wherein the ceramic is a phosphor.

(U9

The method of claim 1, wherein the ceramic is copper doped zinc sulphide.

4. The method of claim 3, wherein the anode incorporates copper.
5. The method of any preceding claim, wherein the organic liquid is isopropanol.
6. The method of any preceding claim, wherein the dissolved metal salt

comprises an aluminium salt and the anode incorporates aluminium.

7. The method of any of claims 1-5, wherein the dissolved metal salt comprises a

magnesium salt and the anode incorporates magnesium.

8. The method of claim 6 or 7, wherein said salt is a nitrate.

9. The method of any preceding claim, wherein the anode is formed of the metal

which is in said dissolved ionic salt.

10. The method of any preceding claim, wherein the anode is formed of an alloy

of the metal which is in said dissolved ionic salt.



The nmet hod of any of clains 1-7, wherein the anode is fornmed of a
netal with a higher electrical potemltt than said netal of said
di ssolved ionic salt, on which support netal there is a |ayer or strip
of said netal of_said dissolved. iaonic at | east. pa covering

al rtiall
the anode. f2. TH¥ wg&heéd?fcﬂnya ydi)‘PEclé_Zi M er@rrhmarm_srl%fm £yfesynport
i ntroduced xPé’tal Kkl Hvi\%l%r%lercﬁ%al ge@sﬂ@ﬂ thd¥ Qid B2 Bgeaugiéésbwea Jonid 3a1t, BHE
C ereln oxy d d by addit a

of the netal which is in said dissolved ionic salt. 0 3 AUG 2005
05, A s

met hod of arm 12, en 1s I ntroduce I on of
conpound whigibh wirpport mbtet dteee xy eer ahustiipgf said dnahleaft saopissdwédionicdsaliThe

nmet hod of claim 13, erei.n said gonpound i s hydrogen peroxide. 15. The
met hod of ﬁﬁ%ﬂﬁ%%@ﬂfﬂ@%{l&%ﬁ?ﬁ% f-ein the cathode is of glass coated

with indiumtin oxide.

12.  The method of any preceding claim, wherein oxygen is introduced by

bubbling air or oxygen into the organic liquid.

13. The method of claim 12, wherein oxygen is introduced by addition of a

compound which will liberate oxygen during said electrophoresis.
14.  The method of claim 13, wherein said compound is hydrogen peroxide.

15. The method of any preceding claim, wherein the cathode is of glass coated

with indium tin oxide.





