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WO 2009/ 059677 PCT/ EP2008/ 008608 -1 Process for the
preparati on of coated phosphors The invention relates to
coat ed phosphor particles and to a process for the
VWP3HINEGH t hereof. 5 The preparation of phospH§iTEEP2008/008608
general ly requires a downgtream high-tem perature

process. In this operation, crystallographic defects
present in the phosphor matrix are, inter alia, repaired
in order to maxi mse the crystal quality of the matri x,

whi ch i spiropeds for the pPéPﬂhﬂﬁbeRﬁBéfé

rs
However, this high-tenperature process |neV|tany results
in S|nter|ng of the phosphor particle if this process is
carried out at tenperatures of at least 2/3 of the

rrel Thethvpotion rejatasite gaeted rbesphrieasticles enddorapiacess fer the

VO particle norphol ogy and particl e-size
di #PFB&?‘? ﬂ{eg?&tehe phos- phor powder, which has to be
fed back into the primary particles again by 15 energy

input (grinding) in a subsequent process step. The energy
i np‘Ehe prepanation phpkosphaee gengallalrequr@aga dowinstreas) high-tem-

R Beefre pocets, TS BRgranioh, fstRBiian Gfeds, Bkt i e
b o ridspRBr fdtiRard. el alig, foBeired th BRIGH 10 RS e Gt
oy s e vt et
barHolsvarn g Riheamye arise pradessneyitbly irisdn s B riog of the
S°|pLHds 'ﬂoF1 Eﬂfcg FF?mB v Qe |§>‘:§méc98 osp%hﬁegaﬂu sfsf‘éf leh8e

partlc Strl Ion O €s IS

not2/3 mmméwng?ﬁomh of fhegﬂshdwimr‘ﬁhel sintgrimrestlts amdn un—
gpl ex dovvnstream grindi ng proc- esses which danage
sapartislecomholegy and garticlersizadistagytien.of Q?%PBQS-

r

i Wit s ey s
on areegpindut ¢grivding) iara amquﬂjeﬁgptdcesm@ep MeNEhSIly input

results in surface crystal damage, such as, for example, colour centres,

which impair the efficiency of the phosphor.

Surprisingly, the sintering of the phosphor particles during the high-tem-
perature process can be avoided by coating the phosphor surface by wet-
chemical methods with small particles which act as spacers between the
particles and in this way function as a diffusion barrier for sintering proc-
esses. The advantage of the solution according to the invention consists in
that the particle-size distribution of the phosphor particles is not changed by
the high-temperature process, and complex downstream grinding proc-
esses which damage the phosphor particles are not required. Any agglom-
erates forming in the high-temperature process can be deagglomerated
very easily, without high energy input, on use of the solution according to

the invention.
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di scI oses a netal oxide, netal nitride or netal

coating for phosphors, where the c ' | S
‘géép 9@5 (’t76 t he phosphors by neans of CVD net h%ﬁ/ﬁ@@@ﬂogﬁos
121 397 Bl discloses an ex@sentially transparent netal
oxynitride coating for phosphors, where the coating is

applied to the phosphors by neans of CVD nethods, and

t he Iﬁhosphor particles are intended to be protected
agdrRst56R0d &4 diselosas annstal@yidel onetel nitridssoumetad oxynitride

par ARBor BBt P & el deBtiic SRRAL IR Bidnom by

Zi Npefhs bf 88/DVRiethodd. s conpl etely encapsul ated by a
substantially transparent, coherent netal oxide coating.

Here too, the coating is carried out by a CVD nethod, and
ex si el er.ent coatings .are .formed. .15 D net hods
o U A B Hiscloas 2 pRSenY s BR Rt sre el Bryls
Vefc}batlh Qfar JS dis, \Qﬁ e(ddé@ihg)ls applied f@ﬁ%“;ﬁﬁ@s;ﬂfe@s by
necessa out t proces and the flow nmust be
degngaesl of ﬁIVSDJ n‘rethoda;artdﬁhe phospben paldlmlesf aredntefindeldeto be
i ndi Vb&al 8 ﬁ_treams 1o the material to be coated can
t akO®sted agains H@'ﬁp[@s@ﬁh'ﬁ W3¥ntion relates to coated
phosphor particles conprising |um nescent particles and

a metal, transition-netal or sem netal oxide 25 coating

obtEP«4bE40¢ BR dfesmlws drapbulated sleatrblumginestenti phosphior h
at | east one dopant wet - chem cal net hods and

sumw@mwaaﬁeam p@lﬁlc{%h@s adhesphor basad gp ang syWfide whigh
by e ubiel ARt a Y o s STl insERR R bohereRt it

rret@dude Eoatiry. tHara-t16B! the cYatipg'id eBirRid ety @@VB method, and
pref erably substanti al | y 30 transparent, i.e. it nust

RNclIsiEly cohaemicoatingshanedespedot h f or the

CVD methods are very complex technically and in terms of equipment: very
high purities of the (inert) gas atmosphere are necessary throughout the
process, and the flow must be designed in such a way that homogeneous
feed of the individual gas streams to the material to be coated can take

place.

The present invention relates to coated phosphor particles comprising
luminescent particles and a metal, transition-metal or semimetal oxide
coating obtainable by mixing at least two starting materials with at least one
dopant by wet-chemical methods and subsequent calcination to give phos-
phor precursors, and coating with metal, transition-metal or semimetal
oxides by wet-chemical methods and subsequent calcination.

The metal, transition-metal or semimetal coating is preferably substantially
transparent, i.e. it must ensure 90% to 100% transparency both for the
excitation spectrum and also for the emission spectrum of the respective

conversion phosphors employed. On the other hand, the transparency of
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excitation spectrumand al so for the em ssion spectrum of
the respective conversion phosphors enployed. On the

ot her hand, the transparency of WD 2009/ 059677

WORDERBOE8/ 008608 -3 the coating accordi ng to RCWEP2008/008608
invention may al so be | essythan 90%to 100% for all

wavel engt hs whi ch do not Correspond to the excitation and
em ssion wavel engths. 5 The preparati on of phosphors,

for exanple YAG Ce, requires at |least two successive

cal ﬂ'ieﬂ:ﬁidtm ﬁc@&ﬁn {o theRinfveRBdn ?rﬁay* Alsb B@ 185¢ tidn 90% to 100%
te erature T, 0C 2. calcinati'on in a reducing

@lﬂevayelangihs wtmh do mob cazespEB, themxsitation |ayld emission
betwe 800 and 1750C. 10 During the first calcination,
onlvaﬁg @ﬁgl oneration of the primary parti- cles
occurs. Ginding and classification into the desired
particle-size distri- bution (target fraction) can
t heThé preparatien pf phesptidrey for leixamptes Y Ay Cien pequitsfs atdeagt two
very | ow ener 15 This target fraction of the

pr e2HCOESPNE S 'E')%'fﬂ\'b?teﬁéftl cles is coated with a
subst a‘nt é\blh)égbﬁ?gﬁféﬂél?ﬁfa'f?ﬁ'@brathféa‘?sbt‘f ghetal or

sem net a um ni um oxi de)

i n a \getealbieationlin predecing iatmasphéreratc teneperaturebl, > 800°C,
addi tion of aqueous or non-aquegous sol utions of the

corre- speferaRly brwees 810 ard d4PP'C.and/ or organonetal li ¢

conpounds. This is car 20 ried out by preferably
depositing small islands of nmetal, transition-netal or

semuﬁﬁ@th@ﬂnsdcal@mdtbﬁl eﬁlyoﬁeamsg@bmmsn phtte prhmar;( pati-
The surface of the coated phosphor particles

t hu@eﬁpéewﬁa@rwdmamglaswmtﬁn lr&ame dgsisedh particle-sizet disih-

CocR P BSIcBR BERSERSAT e AR R b oGP S by imput of

coaghlpFeRpowW BRerglesadvant age that only it enables the
formati on of spacers. The latter counter sinterin

dur Thig target fragtion ehther precealciped pbosphbor padiclastis m@aged with a

cond i ttantfally transparent metal, transition-metal or semimetal oxide (such
as, for example, aluminium oxide) in a wet-chemical process in a stirred
reactor by addition of aqueous or non-aqueous solutions of the corre-
sponding non-volatile salts and/or organometallic compounds. This is car-
ried out by preferably depositing small islands of metal, transition-metal or
semimetal oxide particles on the phosphor particles (see Fig. 1).
The surface of the coated phosphor particles thus preferably becomes
porous, causing a barrier action for sintering processes. Compared with
coherent coatings, as mentioned in the prior art, the porous coating has the
advantage that only it enables the formation of spacers. The latter counter
sintering during the high-temperature process by preventing direct contact
of the phosphor surfaces between a plurality of phosphor particles. Sinter-
ing of the phosphor surfaces is thereby excluded. It is merely possible for
the surfaces of the porous coatings of the phosphor particles to sinter to
one another. However, these aggregates are only loosely connected to one
another since the contact area is very small. These aggregates can thus be

separated very easily without affecting the phosphor properties.
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of the phosphor surfaces between a plurality of phosphor
particles. Sinter- ing of the phosphor surfaces is
thereby excluded. It is nerely possible for the surface

87 ous coatings of the phosphor partrcle@cvgpﬂmwmm“”
sinter to 30 one anot her .- 4dowever, these aggregates are
only | oosely connected to one another since the contact
area is very snall. These aggregates can thus be

separated very easil ﬁ'@ w t hout affecting the phosphor
pr opdtthesadvardage of Usowelal Aransitonostebecssmimeatahoxide con-

furth f th t

sont R BitG T asR sultABys Fidesict A5 MifEL BBt Bt e

it gRespHt givRigide %eéjcaﬁihwséﬁhé dﬂ'fr.‘isﬁoﬁ BarridtuveR 9 process.

gi vi ng rrse tostability of the diffusion barrier over

t heSpbsiaatially traosparaent oxitdey mdnalmemptoyedrfqethe/mairngaare
o) BT ARHEAILRTIT SHET7 O ol g e Ar AT cyice or
si | §i@éh S%H@%r%onﬁﬂﬁﬂrcm%‘ !h%?éoft hﬁfn‘?ﬂfum RxidE |§ i€uth HYepréf-
particularly pref- erably enployed. On use, r exanpl e,

of alrahxhyemprinmdl de as coating mat er | al, a dark col -

orabr on og t he surface of the aI uni ni urp oxi de io:rlrtr cles
PLeXAIERIR, Chaluminiupy O4de&$ <33 r\rpg material, a dark col-

hi

xgﬁfea‘s!ﬁ“%"*f@"st’%@éé%iaﬁ HE Bt xidkf BaERE, Hay osSitl ocour

A12d6nrlrg/atredad:tmrgbitempbmtpmf\tﬂeatnaaentaﬂré tbdo&ﬁatrom nf Al sub-
st eam at gsphere IS then Possr ble after

hi gPXiflespeelactiveoydaten of thesAhsibaxdedo: gjaeé’slz%bbrreatment of

00 ool AR P B G SR kil

acctbrednrgb témpehature progesson i s preferably meso- or
macr opor ous, where "nesoporous" describes a pore opening

between 2 and 50 nm and "macroporous" describes a pore

het BEAE T RSty O BEBLRCI Rs 3P MEATHE PiarbdE Berd Prnio

of &n thenghfatsyea material. The coated phosphor surface according to the
invention is preferably meso- or macroporous, where "mesoporous”
describes a pore opening between 2 and 50 nm and "macroporous”
describes a pore size > 50 nm.

These porous coatings additionally offer the possibility of further reducing
the refractive index of a single layer.

The particle size of the phosphors according to the invention is between
50 nm and 30 um, preferably between 1 ym and 20 pym.

The thickness of the metal, transition-metal or semimetal oxide coating
according to the invention is between 10 and 150 nm. The particle size of
the primary particles of the metal, transition-metal or semimetal oxide
coating is between 5 and 100 nm.
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The particle size of the phosphors according to the
invention is between 25 50 nmand 30 pm preferably

\P & N5E 937 pm and 20 pm The thickness of the @IL/ P2008/ 08608
tranS| -nmetal or sem netal oxide coating accor% ?

t he |nvent| on i s between-%¥-and 150 nm The particle SI ze
of the primary particles of the netal, transition-netal
or senmi netal oxide 30 coating is betvveen 5 and 100 nm WO

200 77 PCT/ EP2008/ 0086 f ol
2o The telting ComRenas are paBiGuaT: suatie ps Pvalelal BT Bhos-

2 S SBRE R WO 1 00 (11 o
w t GG, IRr, 5c, S SIHOPMICSD, BYE$ABC®MGOCﬁCeWBi$@GML®@r)

" TSR S B S LA, 1
T

FTD| MS’r %)SEN@@§E&|§ SsS;AW;@M&E@S(Ca o, Ba}%SI;,Ng Futrides,
oxi des, in _each case individually or m xtures thereof

w. t {Ca,ShBaypINufre GaAISING BH, mlt@dai% Huagstaes, panadatescy

¢ o1 GR8IE gigh s ERE a5 PYRREERNY B MIRLIR fhereof with

phosid oF nitretdctivater Wrish saci ab e, IRl IMn ! CAMEPanér Biet al
transition- netal or sem netal oxides, characterised by

the steps of: 15 a. Preparation of a pre-calcined

S aTte Rie it ietfion JHARGHT) Been B 4 pidda o e plctlcton of

vet cedtediphdlsp Bt bmélearmtﬂ b@tssfahiuaalyttrmaﬁgntt rhetam trankiton-

at a tenperature T1 > 15 . Coating of

pr eméalarrsemnmabaimmdeqoucbatactemsemlsypmmtepsmft h a
substantially transparent nmetal, transition-metal or
seminetal oxide in a wet-chencal process at el evated

Ergngeggéo g P RIYAratfiotSOs prRiLEaleiHed PHASpMdr precursSNARpEndich by
mixing at least two starting materials and at least one dopant by
wet-chemical methods and thermally treating the mixture at a

temperature T4 > 150°C.

b. Coating of the pre-calcined phosphor precursor suspension with
a substantially transparent metal, transition-metal or semimetal
oxide in a wet-chemical process at elevated temperature and

subsequent calcination at a temperature T, > 800°C.

c. Optionally additionally selective oxidation of suboxides at a tem-
perature T; < 800°C to give the corresponding metal or semi-

metal oxides.

The starting materials for the preparation of the phosphor consist, as men-
tioned above, of the base material (for example salt solutions of aluminium,
yttrium and cerium) and at least one dopant, preferably europium or

cerium, and optionally further Gd-, Lu-, Sc-, Sm-, Tb-, Pr- and/or Ga-con-
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25 c. Optionally additionally selective oxidation of
suboxi des at a tem perature T3 < 800C to give the

‘ﬁg’{{"%@ﬁgmi ng netal or sem - netal oxides. The ﬁéﬁ“ip?g‘g}gws

erral's 'for the preparation of the phosphor consis
men- 30 tioned above, of -tthe base material (for exanple
salt solutions of alum nium yttriumand ceriun) and at
| east one dopant, preferably europiumor cerium and

b lahnoulatstaleo Suishleistanian staier alFsaisdnoidan G pRig ordanic
mat ghRhfces> SubRAstifARE! EABRBI ih%ﬁ)g%rn%ai'lfmtag?%ﬁgsés

and/or organic substancés, such as’nitTates,
hy dpbates catborglates, ajftobelated,cdcetatesaokalatdsahabdes, sulfates,
al cohol at es, .acet at es, o%(a(h_at_es, hal i des, su]fates

Sl

or garganemataliic copRaIRashYdrpYidssi ancior-mxdes obthesostals, sama-

nmet s , b .
o Hetalsfihsifor Bictak ardidtiahe EARnTTERNS vHIch BFe dissolved
i n anglogsosperadat! inrinorgaaid and/oforgimic Ry@lisr Preferenseds given to
to the use of mxed nitrate solutions, chloride or

hy difexiiseeokmixgd rjtratesnlutions shjaridecon hdrexide sopsiams which

ol e ) Il DR o il . -
ver Canerive e Biubditidnd Bt Pk ot b sato
the conven- tional solid-state diffusion (m xing and

firi ng{) nmet hod that the resultant nmaterials have greater

uni Wataheynicakprepartiontgenerallychas tiecad antage evenihgdaonven-

Sity t rtiel LZe.an )

par D10 sbeusifusiof B Gut HEOR RS Rt e feiitant

| nventéritls have geeaer dnifdimifyonitheéspete fd el steichidraetricaidmpo-
of an aqueous precursor of 'the phosphors (= phosphor

pr esitie.othe)partieleisiza any theomoaxtotpgy of tte particles framavhich the
yttrium, nitrat luym.niumnitrate and ceriumnitrate
Soﬂ&l@%ﬂhortaﬁgogﬁrpg Mﬁ?gm}("ﬁ%p SRERBES ar e preferred: 20
coprecipitation with an NHAHCO3 sol ution (see, for

exanpl e, Jander, Bl asius Lehrbuch der analyt. u. prap.
anor g wehehemjcad prafrestment of an aqueous precursor of the phosphors

(= phosphor precursors) consisting, for example, of a mixture of yttrium
nitrate, aluminium nitrate and cerium nitrate solution, the following known
methods are preferred:

¢ coprecipitation with an NH;HCO; solution (see, for example, Jander,
Blasius Lehrbuch der analyt. u. prép. anorg. Chem. [Textbook of
Analyt. and Prep. Inorg. Chem.] 2002)

¢ Pecchini method using a solution of citric acid and ethylene giycol
(see, for example, Annual Review of Materials Research Vol. 36:
2006, 281-331)

¢ combustion method using urea
+ spray-drying of aqueous or organic salt solutions (starting materials)

e spray pyrolysis of aqueous or organic salt solutions (starting materi-
als).
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Analyt. and Prep. Inorg. Chem] 2002) Pecchini method
using a solution of citric acid and ethyl ene gl ycol

exanpl e, Annual Review of Materials
7 2006, 281-331) combustion met hodag‘ésﬁﬁf’%s’“"““

spray-drying of aqueous or/organic salt solutions
(starting materials) spray pyrolysis of aqueous or
organic salt solutions (startlng mat eri - als) WO

200 59677 PCT/ PZO 8/ 008608 ti
oo e G o FOPBERtioR WhiAN o Dedv s P Ted i
A cqEAsiERCYI 1B SnicH(BA! bANHAHCOHEHRIB39 ibaNdr Sxample,

or exanple, to nitrate solutions o
cor teesibrabel solgltlphssbﬂm carrespondingphesphor starting soateriatg, i n

the formatjo the phosphqr ecursor. 5 1n the
Pec [ERUNGB;t H@3 W@Eﬁ%ﬁt&ﬁ%ﬁof BEY&$Oconsi st i ng of
citric acid and ethylene glycol is added, for exanple,

to the above-nentioned nitrate solu- tions of the
cor instheoRerctinignetioron precipitatin) frRagent spasiating ebeitric acid and

| nc Ping el §P8ebd o) eSpthelh. @ o BpRELTRborE e solv-

f or fighd BN thelébrtdspohd r*@“lﬂ%s t—ﬁﬁlh?’ PndteriaRht robm tempera-
above-nentioned nitrate solutions the correspondi ng

phoByrRoand the mlxtgrmﬁtsexbsaqseratheheated cseanieg the visepsibd
ed undf flux and treated with urea,

res[ﬁstq?tﬁdn |pE°§Wé°r RIPGWSCE Fret '(99 of the phosphor

precursor Spray pyr ol yS|s Is one of the aerosol nethods,

h are characterjsed 15 sprayi ng sol utions,
s usﬁe% ISRV PORIPYBHAT mﬁ%oci the ahoveqrentipnad,aifratg selutions of

S RS, B o5 g AL st

spr aywetey| thenusdiled Lhﬂtergeﬁm angpireatad with uré) s ulting én thed
deconposi tign of the starting materials used (for exanple
sal B fosmation of the phesrhar PREeHrselibst ances (for exanpl e

oxi des, m xed oxi des)

Spray pyrolysis is one of the aerosol methods, which are characterised by
spraying solutions, suspensions or dispersions into a reaction space (re-
actor) heated in various ways and the formation and deposition of solid
particles. In contrast to spray-drying using hot-gas temperatures < 200°C,
thermal decomposition of the starting materials used (for example salts)
and the re-formation of substances (for example oxides, mixed oxides)
additionally occur, in addition to evaporation of the solvent, in spray pyroly-
sis as a high-temperature process.

The above-mentioned 5 method variants are described in detail in WO
2007/004488 (Merck), which is incorporated into the context of the present

application in its full scope by way of reference.

The phosphors according to the invention can be prepared by various wet-
chemical methods by
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20 additionally occur, in addition to evaporation of the
solvent, in spray pyroly- sis as a high-tenperature

WOOBRS§s0s77he above-nentioned 5 nethod variants gEEEP2008/008608

described in detail in WO _ 2007/004488 (Merck), which is
i ncorporated into the cormt®xt of the present application
inits full scope by way of reference. 25 The phosphors
according to the invention can be prepared by various

*5 1) 5 EknBE) Pt e s ehss P SRR the
separ at ¢dlgetl follohed I90h ¢RiYle- dromuiisesh thermat aftgiteeateent,

multistep thermal aftertreatnent, where one of these

st eps nwhepeore of thasedieps may be gadiegouttimssredpRingaatnesy)
finely FQ'vi ding the m xture, for exanple with the aid of

a spray 'b?r tess, and renoving the solvent, followed by a
single- or multistep thermal aftertreatnent, where one

of these steps may be carried out in a reducing

at nds phinely dotiding thg mixtues fot exampleywith éheriajd of @ sprayrprocess,

exanple_ wi,th the aid of a a ocess and renyi

the Sor uniempvigdt sBlvelh TRiNeEhYar Sive: & friittey Bemeal
si ngl e- afpértrdatrhbAf Wherd ONEERIS tRESEEIpRFNET Bl cathied Bupliea Of
these steps may be carried out in a reduci ng at nosphere,
15 4) slﬂﬁglsmmmnqsphem,iofg the resul tant phosphors with
the aid of wet- chem cal nethods 1-3. The wet-chem cal
preparati on of the phosphor is preferably carried out by

20 gye firdg dridiag e nrefof Bkadple Wi B aid of a spray process,
and removing the solvent in association with pyrolysis, followed by a

single- or multistep thermal aftertreatment, where one of these steps

may be carried out in a reducing atmosphere,

4) subsequently coating the resultant phosphors with the aid of wet-

chemical methods 1-3.

The wet-chemical preparation of the phosphor is preferably carried out by
the precipitation and/or sol-gel method.

In the above-mentioned thermal aftertreatment, it is preferred for the calci-
nation to be carried out at least partly under reducing conditions (for exam-
ple using carbon monoxide, forming gas, pure or hydrogen or at least a
vacuum or oxygen-deficient atmosphere).

In general, it is also possible to prepare the phosphors according to the
invention by the solid-state diffusion method, but this causes the disad-
vantages already mentioned.
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In the above-nentioned thermal aftertreatnment, it is
preferred for the calci- nation to be carried out at

'y under reducing conditions (for ex
wé %Jsamg@orvt/ ??Té@r%ﬁ%sgoosms

usi'ng carbon nonoxi de, form ng gas, pure or hydro

at |east a 25 vacuum or o®ygen-deficient atnmosphere). In
general, it is also possible to prepare the phosphors
according to the invention by the solid-state diffusion

nmetphod, , but thi.s cquses the di sad- vantages al read

e TS AR AVe SN BSa dp oenes ATIRbIS BBY S68T G0 Rt STapes R the
ab o [ a j r S
of THSBRE) pARRIeNSE BRRALCEAT Seh BEXREALAIFarRLIbE NaRA:
sphstructwedpaatarialeesnd teedmeissor structured material s and

ceramcs. 5 In addition, the excitability of the
phosphors according to the invention extend over a broad

or P it In G R £F e BRHeplicrS doEbiding Rt hvention

t husxtemd babl & bread ramge, wdticloexiendeNrom abbue2 8inh t§60 nm,
primary |ight sources, such as LEDs, or conventional

di SURERTRIYI BHHBM(tPbOsk 2RBINMpEReE BROSRYIrS Ate Tes puitable for
oo by EF BRIt prinidytBot todtBeg el g Pebs, o

Mexgonventionaeksciargs larhps doe exa basegendg. nmto 530
nm preferably 430 nmto about 500 nm particularly
preferably in the range between 440 and 480 nm where

" ong s Biedioaf ivsio AT EReeloes, @ a8 luningRBY BhisFevirg &
acdeasti dite pAmBRLIigHT\“duFtedWhos8ietissibH Fhadfriudh o dxima is or
preferably emts white light or emts |ight havin

cerdrgiin the range 30 Am to 230 oo, prefedsabinddOmnmie iqbpu? 58Q@1rm.n

£ o HALE AL REETR R e TerbR bebygt 420 il vif nhn Jiete Sone

| NcirLg 6¥ tHETpHindRy Fad iatisMis bbhvétead info longer-wavelength radiation
by the coated phosphors according to the invention. This illumination unit
preferably emits white light or emits light having a certain colour point
(colour-on-demand principle).

In a preferred embodiment of the illumination unit according to the inven-
tion, the light source is a luminescent indium aluminium gallium nitride, in
particular of the formula IniGajAiN, where 0 <i, 0 <j, 0 <k, and i+j+k=1.
Possible forms of light sources of this type are known to the person skilled
in the art. They can be light-emitting LED chips having various structures.

In a further preferred embodiment of the illumination unit according to the
invention, the light source is a luminescent arrangement based on ZnO,
TCO (transparent conducting oxide), ZnSe or SiC or an arrangement based
on an organic light-emitting layer (OLED).
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particular of the fornmula In;GlAIKN, where 0<_i, 0 sj,
0 5 k, and i+ +k=1. Possible fornms of |ight sources of

are known to the person skilled in't
#Eie@o%g %ge [ight-emtti n%aLED chi ps havi ng varlg;}g”ﬁ;lt(mm%m3

structures. 25 In a furth€r preferred enbodi nent of the

illumnation unit according to the invention, the |ight

source is a Iurri nescent arrangerrent based on ZnO  TCO
ar ent c

g\i : ﬁ'ﬂsgﬂ@ﬁr FB'Q BgHDXI I’g;ﬁf ttle e l{o1ragﬂsl:1 Hp?ﬁ&%{;%w%g to the
f ur F’ﬁbntﬁﬁ) ﬁg @HP@&Q{%@S&?Z S%Qé%%ﬂ:%é)@'ﬁ@l@;o@lecﬂé@rﬂlﬂeécence

ed enbodi nent o um nat 1 on uni
accandion @hbmmrhmescenmﬁhmllghtrwulrceg Maysfadthemmore alseder ae
whi cg exhi bits el ectrol um nescence and/or
phoPRsOIA Aedisehalge SPYECE i ght source may furthernore al so
be a plasma or discharge source. 5 The phosphors
according to the invention can either be dispersed in a
r esiThe phiospherscaqroeding ¢ theoinventiok cae eitber bg disperged éma resin
suitable size ratios, _ arranged directly on the primry
i gHfer examele epoXyRilic@negesin) ahedixpp sHiableize raéPﬁaﬂ@'@BQEd

T onbralt el el Ahfe gt RBRRERG LR apAIEaHER”

r eﬂﬁtr@ngé@ﬁélh@fe thesetrsrh qihe latter alrangBmiedt hke ipcludes "remote
skilled in the art and are reveal ed, for exanple, in the

f ol PBOSRIPrfeehnalegy"bnf heradwantages ofiFamoter physphor keghnology

enb315 it e nerdBl Brell i o Stand el ByPaled fofhgmple.
t hethd ﬂdﬂﬂWmmtu@au@rﬁH Japapiese ourh eof s eRhyd AA g, A1
t he rlna % Lght source to be achieved by neans of a

lig 9larrangenent. This enables the primary
Iight source to be installed at a central |ocation and
to be optically coupled to the phosphor by neans of

|'i gl a $@sBtEhB8diment, it is preferred for the optical coupling of the illumi-
nation unit between the coated phosphor and the primary light source to be
achieved by means of a light-conducting arrangement.
This enables the primary light source to be installed at a central location
and to be optically coupled to the phosphor by means of light-conducting
devices, such as, for example, light-conducting fibres. In this way, lamps
matched to the illumination wishes and merely consisting of one or different
phosphors, which may be arranged to form a light screen, and a light con-
ductor, which is coupled to the primary light source, can be achieved. In
this way, it is possible to position a strong primary light source at a location
which is favourable for the electrical installation and to install lamps com-
prising phosphors which are coupled to the light conductors at any desired
locations without further electrical cabling, but instead only by laying light

conductors.

The present invention furthermore relates to the use of the phosphors
according to the invention for partial or complete conversion of the blue or

near-UV emission from a luminescent diode.
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20 devices, such as, for exanple, |ight-conducting

fibres. In this way, |lanps matched to the illum nation
nerely consisting of one or differe

%@E@Sﬁ @@q whi ch may be arranged to forma llghr\%cg%l?zé)gsmosﬁos

and a |ight con- ductor,-Mhi-ch is coupled to the primary

i ght source, can be achieved. In this way, it is

possible to position a strong primary light source at a

| ocation 25 which is favourable for the electrica

installation and to install |anps com prising phosphors
wh I i
o0 1o BhBSfIRCAR Colding RS the, PYEnBon I hilifrforé prereRiy Bqd

onl for lepniarsiorgof thefilue oo neéac UM emisiiom into pisitde mthite radiation.
i n furthernore relates to the use of the hors

5233@ gsporsRcCOrliBg te e nventan arafu Tﬂ}efmﬁﬁlpégé y used

i SRR ERsthn Sfhe YylaRiranBEB L PRI HOMBEY ey

The"q@mmpdemdocdnmtto the invention are furthernore
preferably used for conversion of the blue or near-UW

em ssion into visible white radiation. The phosphors

sc e rpEser e iithe Mo Siatibio HeBrE P iR Midtpntrs
cer 4&ddrddg! t8Uhe MAehtioRYn e trolfrinedte M meERITRIN 'suehRRS fér.
The present invention furthernore relates to the use of

t heemﬂi@h elestrolurioeacent fimst(alsoi knawn aslighting films or light

ol s BARBEBR AR 1 s Bnaties idm Aones MR ARG,
|'i 9bt” bt AgBls emﬁldVéUCéb erfni?tfereWﬁlHH Emitdh e ?éll(fw @Féé?f regics:

sul fide doped wth M2t g is eg_‘p
en The areashotapplication mf thaaemtrblmmlgee@ent iae, foerempIe

F or SQEHisinB! oS Ry LRanind aropidss SIS Frigens (LC de-
|| Ol it S aktar mgjééﬂ;%@'s‘éafmﬂ@.ﬁb vahibe

thin | mtransi stor sel ninating
vehlmEnee plateenﬂmrmraphms (fri mmnbglahphlvaﬂ': 4 crusheresistant and

I.St ant am nat e
o D R oS En o B et o Yol Fhartle in
automobiles, trains, ships and aircraft, or also domestic appliances, garden

equipment, measuring instruments or sport and leisure equipment.

The following examples are intended to illustrate the present invention.
However, they should in no way be regarded as limiting. All compounds or
components which can be used in the compositions are either known and
commercially available or can be synthesised by known methods. The
temperatures indicated in the examples are always given in °C. It further-
more goes without saying that, both in the description and also in the
examples, the added amounts of the components in the compositions
always add up to a total of 100%. Percentage data given should always be
regarded in the given connection. However, they usually always relate to

the weight of the part-amount or total amount indicated.
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aut onobi l es, trains, ships and aircraft, or also donestic
appl i ances, garden equipnent, neasuring instruments or

ort and | eisure equi pnment. 20 The fol | owi ng
‘58&"‘?%%@7&% toillustrate the present inventi Wﬁ%ﬁszaossos

However, they should in nt2way be regarded as |imting.

Al | conpounds or conponents which can be used in the
conpositions are either known and comercially avail abl e
or can be synthesised by known nethods. The 25
tenperatures indicated in tFXamplepl es are al ways gi ven
in C It further- nore goes w thout saying that, both in
the description and also in the exanples, the added
anounts of the conmponents in the conpositions always add

UD ERaol 842 pr8hatfi o ShiaihiNS-cbate YAGE g houl d

mays rega e glven connecti on. wev

t hey1MgQ3lg of alLimiyiany chlatide hexﬂi)ydrbte eTQ htoIpBOOh‘MO g of
part-anmount or total anount indicated. WO 20091059677

vattzmmm@se‘mahyd@tgxaﬁ& reel) anda1hhPa0 g: ofmesya hlogie

on BRI AR afe Sty h gt §585icfy y‘PJf’fré:PuTnh's

chl giliufien Rexddudidipwidd o@r tivel douassl of @18 HButs @ith %ﬁl‘rﬁr\gﬂo a

chloride hexahydrate (0.03 nol) are dissolved in 800

of eshivipseparadsetutionnfsl 07502 ltofcmnrr@nwﬁé\ardmgﬁmagpw@m

t he r,se of With stirri to.a reshl

or b Lt 8o R witel TR it & silisEhlyAftuy Stifed 1 inher
hy ds@eadn C'Fﬁé’%?é’élﬁitét@ id flltereld oH aflg 'dﬁEUSaQQZ\Oa@eThe'Fﬁ‘ﬁenal i
m xture is subsequently stirred for a further 30
Thethenquepialcined at 10001G over aperiad df drh maratalrmomsmaﬁe
material is then pre-calcined at 1000C over a period of
4 hin an air atnosphere. 50 g of pre-calcined YAG Ce are

SUSEE Bt hrelaRied YAG: €8 Eﬁg'ﬁ%@gﬁgé@?n 080 g'of dbiGhided water in

react I Ng mant queous sol ution
whi & lglassaepcics esthdgeating roanie. CBOD 6 d? @npemueogssiolidimnuwhich

o L §0oh Y ol B IS el 8 e RS Tt the
suspension over the course of 2 12 hours at 80°C with stirring. During this
addition, the pH is kept constant at 6.5 by metered addition of sodium
hydroxide solution. When the metered addition is complete, the mixture is
stirred at 80°C for a further 1 hour, then cooled to room temperature, and
the phosphor is filtered off, washed with water and dried. Finally, the dried
phosphor is calcined at 750°C for 30 min and finally sieved through a 50 p
sieve.

The product is then transferred to further processing, i.e. high-temperature
calcination at 1700°C in a 20% H; atmosphere.

If the material then obtained exhibits greying (formation of aluminium
suboxide, see above), it is treated in an unsaturated steam atmosphere in
an oven at a temperature between 600°C and 800°C over a period of 2 h.
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addition, the pHis kept constant at 6.5 by netered
addi tion of sodium hydroxide solution. Wien the netered

\?EWOBJ/@BHTS conplete, the mxture is 20 sti rredP@f/Egﬂ'gsmosms
or a ature,

urther 1 hour, then cooled to roomtenper
and the phosphor is filtdBed off, washed with water and
dried. Finally, the dried phosphor is calcined at 750C
for 30 min and finally sieved through a 50 p sieve. The

t i t t f d to . f t her, i i.e.
hi oFXamAle 2 Freparation of a zicramuMdioxdeeoated YAEGS
| e . Y
o1 RE0a28Y of AuRUAPLRblde neRSRyARIE 1176 nidi] 3Ud, P40 0 of,
i s yitriuerh ethloridesimexahydrate 4098 miobamdat (i85 lyeofeca rium hloviden

" Rolsersal soasais sty ooy dspshdbhpls Shs
B , o =OV! 1 :

o oFaLfbh Madded dfdigEloEh teluitEe 8735 ol ViR syfif 78
of frgshly ipreparedaohstdrexHIRSI2 gt of Arinddiurm hydesgenidartsriatg in

of ceriumchloride hexahydrate (0.03 nol) are dissolved
i n 8dof deiopisegowatersEae miktere istsibsegueptly,stivad for afiyther

2 P ol THE Ppdideds Rliee ot and AR J5C, Thb hafitiel &
hy dineagitecaiéinaa e 1000°C ovePh plelodrif el invah elir. atitsphere.

m xture i s subsequently stirred for a further 30 mn. The
precipitate is filtered off and dried at 120C. The

1 nTo0 8l e precniHie YRS CRFheRngr BrotspenHel iR 2l o deiPr-
YAGsE viHtar i theSsuspansipAas gﬁﬁe@ alt 1800 FBIPThel SikperBicH is

and the suspension IS stirred at 1000 rpm The suspensi on
i s suhfsswgoty brgught dogHemperature op 64T byemeans bCabhemeestat.

col B 1035 By Sreightziccinim sry <P Brif sntutener SR kced e in dhen

| N fiefdred ihfath@NBaRY TiHDRBEEY (0spénstof Bt 8 hefkrindlatebf 2
ml/min. During this operation, the pH of the suspension is kept constant at
pH = 3.5 by countertitration with a 30% sodium hydroxide solution. When
the addition is complete, the coated phosphor is filtered off and washed
with deionised water until salt-free. Finally, the dried phosphor is calcined
at 750°C for 30 min and sieved through a 20 ym sieve.
The product is then transferred to further processing, the second high-tem-

perature calcination step.

Example 3: Preparation of a titanium dioxide-coated YAG:Ce
410.423 g of aluminium chioride hexahydrate (1.70 mol), 300.140 g of
yttrium chloride hexahydrate (0.98 mol) and 10.850 g of cerium chloride
hexahydrate (0.03 mol) are dissolved in 800 ml of deionised water. This
solution is added dropwise over the course of 1 ¥ hours with stirring to a
freshly prepared solution of 1075.2 g of ammonium hydrogencarbonate in

2 | of deionised water. The mixture is subsequently stirred for a further
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m/mn. During this operation, the pH of the suspension
is kept constant at pH = 3.5 by countertitration with a

% hydrOX| de solution. Wien the additi '
\gg) %Z‘gé'% he coat ed phosphor is filtered off 5{%2”@%&%%‘5’3503
W|th dei oni sed water untif4salt-free. Finally, the dried
phosphor is calcined 20 at 750C for 30 mn and sieved

through a 20 pmsieve. The product is then transferred to
further processin t he second hi

g h-tem perature
cal 2¢ min; Hhe pregipitate 'Efd%‘ﬁldeo‘:éa"@%é' 81129 Cof hg rpatesal Bm

nex i) el aed 61 ER0"C' e g ol o ¥ t1F &4 B R cSphfe
hexahydrate (0.98 nol) and 10. 850 g of ceriumchloride

hexwdrate 0.03 nol) are dissolved in 800 m of
dei H00 gef thtY&G: Cmprgsesbnsmusmnded indd of detnsiseskwatasr and

th fol

or vl BoRion s a1 H7R00 i, T sbplforts Soseqichily
hy db RUGRE RS & eerAberdtire 8f 26°0 bl etsSsTth WrlrfostathA J0% by e
is subsequently stirred for a further WO 2009/ 059677

PCTweiRht tenhwagogchlotide 3olution. (Tmelzmwaiiqm)tlsitl'en metered into

fil d d 2

1 e int e G sEopShsion 28 MatFTe 13i%,0f 2 iy During

5t ThEP6Ation 1§ gH of the'Suctiffsich R Consfant 4EpAN 202 by

at daOGertirationveéthsa S&n sodinm bydmmsieopmmtldry Whendipdaddiioa is

PBlele. dnp sweBsyin &t paistes R 9 eosine Pt AosRbor
{hes rere o S Rty deicHides WS AP SE AP ISR

a netering rate o S operation

pH diied pRospapds salkeinddsatk@(0” chmeOanm and pidved 2hdugh 420 pm
countertitration with a 30% sodi um hydroxi de sol uti on.
VheHEYRe addi tion is conplete, the suspension is

adj He t
: ’f@é ggp n5tr£)rhsf§ﬂ ﬁﬁ_uclgfé? IP‘? éc]&gﬂq)h%f hi rﬁii‘?‘}emperature
saI taltination i aaldxidatmbear proteetiverbas piposplserealic theedasy of a
800C for 30 mn_and sieved through a 20 pm sieve
grey coloration (titanium suboxide formation) after the high-temperature
caicination, the material is treated in steam at elevated temperature (600°C
-~ 800°C) for two hours, causing the disappearance of the grey coloration

and the formation of titanium dioxide.

Example 4: Preparation of a zinc oxide-coated YAG:Ce

410.423 g of aluminium chioride hexahydrate (1.70 mol), 300.140 g of
yttrium chloride hexahydrate (0.98 mol) and 10.850 g of cerium chloride
hexahydrate (0.03 mol) are dissolved in 800 ml of deionised water. This
solution is added dropwise over the course of 1 ¥4 hours with stirring to a
freshly prepared solution of 1075.2 g of ammonium hydrogencarbonate in
2 | of deionised water. The mixture is subsequently stirred for a further

30 min. The precipitate is filtered off and dried at 120°C. The material is
then pre-calcined at 1000°C over a period of 4 h in an air atmosphere.
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15 The product is then transferred to further processing,
i.e. high-tenperature calcination in an oxidative or
protective-gas atnosphere. In the case of a grey

‘ﬁsl 59%55979 (titani um suboxi de formation) after I%&e,Em 8/008608
rgh-ténperature calcination, the material is tireated In

steam at el evated tenperaflre (600C - 800C) for two
hours, causing the di sappearance of the grey coloration
20 and the formation of titanium di oxide. Exanple 4:

C ohB0 R VaG % Ao HLEes S sésianded oy GhgdtgRised
yttjyiatdp ﬁna e d8spEnelY & sifrfed & ﬂﬂ)d&@irﬁnbﬁi‘é’ stEh&Rfod j$éub-

cerium chloride 25 hexahydrate (0. are di ssol ved
i n S&queritlydirodeghtooi & tesnperiature ofiSSCsyt oneiaos dof @ thedwaostat. A

2 FPeShIo e ot PR} — 237691 3 s AR FIRAOVE in
hvd . Y " b

2 AODGUTIRHISEE wefler toop ey 15 EEFQIRFm qfinle Hosae
pr ebydrateat-és therf metereddniof theadmitially intddated 20§perision at a

material is 30 _then_ pre-calcined at. 1 000C over a periqd
of Weferning tate Hf 6 mlmis Fhing thigorpeyalipnseH ot the-suspension

cushasm Aoyt pepi e ff chiitefffaion IR NSk SRURRT ol

déiom séed

I s igeigoletibratWhenthe paYitibhds sufmprste] he suspeunBionsie Gidpnstey to
broulghtsto a tenperature of 75C by nmeans of a thernostat.
(410

A P oyl astditinn eb1Q%i el solutipr. geatgd)phosphor isgthen fil-

L e
IS dhed TR Riadshidlé therhGaltinkl i1 1500°C Rirdosiegad tHroage A2 Pm

at a metering rate of 5 m/mn. During this operation,
t heSiB¥of the suspension is kept constant at pH = 8.0 by

ol Rebdiedis s 16 00N POt s PRt Rure
to ddlcinbltion at Ay oeudin A@DwH,dtfddphefn! Uti on. The coat ed
phosphor is then fil- tered off and washed w th dei oni sed

water until salt-free and subsequently dried. The

et g ample 3: Preparation of an Aluminiam oxide-coated ' 019N @ 20

pm
(Ca,Sr,Ba)SiN::Eu
50 g of (Ca,Sr,Ba)SiN;:Eu are suspended in 950 g of deionised waterin a
glass reactor with heating mantle. 600 g of an agqueous solution which
comprises 98.7 g of AlCI3*6H,0 per kg of solution are metered into the
suspension over the course of 2 % hours at 80°C with stirring. During this
addition, the pH is kept constant at 6.5 by metered addition of sodium
hydroxide solution. When the metered addition is complete, the mixture is
stirred at 80°C for a further 1 hour, then cooled to room temperature, and
the phosphor is filtered off, washed with water and dried. Finally, the dried
phosphor is calcined at 750°C for 30 min and finally sieved through a 50

sieve.
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sieve. The product is then transferred to further
processing, i.e. high-tenperature 15 calcination at

20% H2 at nosphere. Exanpl e 5: Preparat,]
‘&fz'? 31%/%?W?um oxi de-coated (Ca, Sr,Ba)Si N2: Eu 50‘@5/@%0%008608
(Ca, Sr,Ba)Si N2: Eu are suspérded in 950 g of dei onised
wat er in a 20 glass reactor with heating mantle. 600 g
of an aqueous solution which conprises 98.7 g of
Al C.3' 6H20 per kg of solution are netered into the
susb¥ampla 6 Rreparation of 3o aluminiym gxide-coatedoc with

stl this addition, the pHis kept constant
@%gg@q%f&g% Uaddition of sodium hydr oxi de sol uti on.
W‘Ieso ighs¥ (=L SF BE 2%N5tElPBré §u§1péﬁde@t|ﬁ 950h¢ ofti&ionised watéP in a
ho

stirréd at 80C f further then cooled to room
t enpl@pareaetor mtb haaﬂegphw!ﬂuﬁoﬂ g of an aguegus sp|utinasvkigh

oo SamBliSEs 885r,8:of Bt GHiR pdrkd PFscllhigh arEfRIBRRL el ihe,
50 Qus;%r%Ycﬁw oV tRBRIARIEFZ W%b@&%@ﬂﬁﬁ%ﬁmngl@unng this

I'e 6: Preparation of an al um ni um oxi de- coat ed
( Caad3ﬂ ifign,) tBieth isskeConstent @C&, Sby mte&dzaﬁd IEOH af sodium

TS R TR o e e R
Co'@ﬁrl‘(—g? at 8§ {1& é’furﬂe@ﬁ%cﬁﬂzﬁéfﬁe&cﬂéd % rédth ‘i'él?%g:r%g?e and

met er rnto t suspensi on' over e course
houthe ptiospMGr v tilteredloff wagheBwitmwatdriand dviked. tFumily ittee dpéd

is kept constant at 6, tered ition of
hydpfacgsmré%paicmﬁi atvmq afﬁggﬂﬁ@@'uid g%ilvtslgved ?hrough aS0p
congbete, the mxture is stirred at 80C for a further 1
hour’, then cooled to roomtenperature, and 10 the

phosphor is filtered off, washed with water and dri ed
Finally, the dried phosphor is calcined at 750C fo

ni nExample {aRreparationof arzitepniuncoxide-coated (Ca,Sr Ba)SlNz Eu

100 g of (Ca,Sr,Ba)SiN;:Eu are suspended in 2 | of deionised water, and
the suspension is stirred at 1000 rpm. The suspension is subsequently
brought to a temperature of 75°C by means of a thermostat. A 10% by
weight zirconium oxychloride solution (ZrOCI; solution) is then metered into
the initially introduced suspension at a metering rate of 2 ml/min. During
this operation, the pH of the suspension is kept constant at pH = 3.5 by
countertitration with a 30% sodium hydroxide solution. When the addition is
complete, the coated phosphor is filtered off and washed with deionised
water until salt-free. Finally, the dried phosphor is calcined at 750°C for

30 min and sieved through a 20 um sieve.

Example 8: Preparation of a zirconium oxide-coated
(Ca,Sr,Ba)Si:Ns:Eu

100 g of (Ca,Sr,Ba)Si2N5:Eu are suspended in 2 | of deionised water, and
the suspension is stirred at 1000 rpm. The suspension is subsequently
brought to a temperature of 75°C by means of a thermostat. A 10% by

weight zirconium oxychloride solution (ZrQCl; solution) is then metered into
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Exanpl e 7: Preparation of a zirconi um oxi de-coat ed
(Ca, Sr,Ba)SiN2: Eu 15 100 g of (Ca, Sr,Ba)Si N2: Eu are

s@ﬁﬂﬁgg’al n 21 of deionised water, and the SHSP /EF{%Q@DBGOS

at 1000 rpm The suspension i s subsequen
brought to a tenperature-d¥ -75C by neans of a thernDstat
A 10% by wei ght zirconi um oxychloride solution (ZrOCl12
solution) is then netered into the initially introduced

en o at. a netering rate of 2. m/mn ri .20t hi
232 Rl wméoqmeslfﬂisngnwg@ér%mww labi oF 2yl g

soI u |0E %enwbﬁr(géﬁ% ?ch)é sé% %t?:éh%&ﬁl at e5305<b99

p hospinttertitsation! wigh aB0856 Sodmnh mdlfmmﬁe/\wlbtlmal \aneadhe addliteon is
ree. Finall dri ed_phosph | ci ned

I , th
gtn t %@@Sé%rt%@ocqateﬂ RRes cerf)ﬁgltemdo@f@ﬁng ?'\ﬁﬁi:\ésﬁ ﬁaelom%ﬂ

(oI L S5 R e A BN B ErERRATSC o

suspemiacridisidvéd tHrodgh a2Gach siever, and the suspension
is stirred at 1000 rpm The suspension i s subsequently 30

brought to a tenperature of 75C by nmeans of a thernostat.

Soi kAo tE HHRbRiEBY A BeRPKI oS 8atdsl (Ca ShESIN:E

PCTA 663 0086B8)SiN,EC é.’@esug@théhlw 21| 1Hf idefbifisst water, and

suspensi on at arreterlng rate of / m n. Durlng hIS
ope suspension igistivedtatd OQ@spr‘nsTthul&pG&Spln i@cauhsaqueaﬂy

tertit th 0% sadi oxid
bo1 Biatight RaAmpRALtR ol 7 Py heghstots ther il &R By
phogBfyhit t1ta‘°muﬂn| é)@bﬁﬁ)rlﬁéfsoﬁﬂibd’\(ﬂf‘r@@% Wl ttiorfias %rﬁ%téred into
water ‘until salt-free. Finally, the dried’phosphor is
cal thieniaitially intEsiDcedrsuspension airaimeteringdraté 0b@dghl/mirz Oying

S ebealBhsorcl T a0 B Bt =221

( Caco'imt@ﬁﬁn%tlgﬂ Vath 873995 Y8 ARAT ﬁgdl‘d%d% écz]ﬁﬁoﬁj qg@%hstﬁg addﬁuon is

wat er 10 the suspension IS stirre

suseemgplede, the suspensjonns hdjusted to pH = 5.0, and the coated phosphor
is filtered off and washed with deionised water until salt-free. Finally, the
dried phosphor is calcined at 800°C for 30 min and sieved through a 20 ym

sieve.

Example 10: Preparation of a titanium oxide-coated
(Ca,Sr,Ba)Si;Ns:Eu

100 g of (Ca,Sr,Ba)Si;Ns.Eu are suspended in 2 | of deionised water, and
the suspension is stirred at 1000 rpm. The suspension is subsequently
brought to a temperature of 75°C by means of a thermostat. A 30% by
weight titanium oxychloride solution (TiOCl, solution) is then metered into
the initially intfroduced suspension at a metering rate of 2 mi/min. During
this operation, the pH of the suspension is kept constant at pH = 2.2 by
countertitration with a 30% sodium hydroxide solution. When the addition is
complete, the suspension is adjusted to pH = 5.0, and the coated phosphor

is filtered off and washed with deionised water until salt-free. Finally, the
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brought to a tenperature of 75C by nmeans of a thernostat.
A 30% by weight titanium oxychloride solution (TiOCl 2

solution% is then metered into the initially |ntro?uc
h:{ :}90@908608

9 at a metering rate of 2 m/nin. Durihg’™®
operation, the pH of the-48spension is kept constant at
pH = 2.2 by 15 countertitration with a 30% sodi um
hydr oxi de sol ution. Wen the addition is conplete, the

suspension is adjusted to &N’ = 5.0, and the coated
phodpedphosgher lﬁtcenlce@ecbat 8A0'E fisibaimand sipvegrhaaugha2frum

until salt-free. Finally, the dried phosphor is calcined
at 36YC for 30 min and sieved through a 20 pm sieve. 20
Exanpl e 10: Preparation of a titani um oxi de-coated
(Ca, Sr,Ba) Si 2N5: Eu 100 g of (Ca, Sr,Ba)Si 2N5: Eu are
s us Exathpleit: Preparation ofiaszioc wxide-coated (CaSria)SiNs:En

.2 IR SLBR R SR SRIRRLS", i RS L o
SR e Ol i iR R os s it

| nt bmugheeb auteppesatare at 75°(Irbyemeargs ofa merm&tatl Ammc chloride
LS _operation, thgugH of the su penS| on is k%et

con§‘i’|§H9n £nGla solytion) m22 £ @ pkzine chlosideshssalved b 430

condt o Bl iter fodthil th 1 VU ot e figdhydrate - is
coathemh mletsrpddnto the |rﬁltlblyehad»dutéd endpmdmdt wirhétering rate of

dei gni sed water until salt-free. Finally, the WD
2005047 Pusing thiereyatiosdbe pH obthe suspessirpidient sonstant

oo g 3 0 00, SR A s 91 MR e
( Cath®r adidi)ién Wc&hpfeté%e@u@beﬁﬁén% aBpistid\b iH =85 &y addition

suspended in 2 of deionised water, and the suspension

s ot 10%eldCbsonboo Tfperpoana@l manmsmhens‘ﬂt@mﬁ:,eﬁm\wyshed
br o Etdégq?lgggtﬂj gl'{l?eerr@ﬁ SitHeeand gt‘]’bsnésq%%%ﬂy dridd' TRETRSERbI is
then calcined at 500°C and sieved through a 20 um sieve.

Example 12: Preparation of a zinc oxide-coated (Ca,Sr,Ba}Si;Ns:Eu
100 g of (Ca,Sr,Ba)Si;Ns:Eu are suspended in 2 | of deionised water, and
the suspension is stirred at 1000 rpm. The suspension is subsequently
brought to a temperature of 75°C by means of a thermostat. A zinc chioride
solution (ZnCl; solution) — 22.7 g of zinc chioride dissolved in 400 g of
deionised water together with 1.0 g of aluminium chloride hexahydrate —
then metered into the initially introduced suspension at a metering rate of

5 ml/min. During this operation, the pH of the suspension is kept constant
at pH = 8.0 by countertitration with a 15% sodium hydroxide solution. When
the addition is complete, the suspension is adjusted to pH = 5 by addition
of 10% HCIi solution. The coated phosphor is then filtered off and washed
with deionised water until salt-free and subsequently dried. The material is

then calcined at 500°C and sieved through a 20 ym sieve.
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solution (ZnCl2 solution) - 22.7 g of zinc chloride
di ssolved in 400 g of deionised water together with 1.0
al umi ni um chl ori de hexahydrate - is 10 then _ngt 6@31008608

%ﬁf’d"’?’ﬂ%’ i tially introduced suspension at a net&ihH

rate of 5 m/mn. During 8 s operation, the pH of the
suspension is kept constant at pH = 8.0 by
countertitration with a 15% sodi um hydr oxi de sol uti on.
Wien the addition is conplete, the suspension is

adj Exasples JHPreparation efian Si0-ovateg r8a)8iNsEY The

dor S BNGRSEBASN ELald sysstuedn Ot ATEMBRpt iy 2 Peac-
The tarakie b?éudcﬁ%gkg 4, ﬁé‘étmg;r ar nfié a'ﬁQQEfIQﬁ doRteNss ANsaEh of

a 20 pm sieve aration of a zinc
OXI d@ g:oﬁamqm \Atateﬂa(é?ﬁ% DMEwaght afdeHg) inf170 g of water is added.

A Soiiior osRBaer EhSaluLPaRSsicat FEDSin TRAE Affivarons

suse R BwhyRARSY BRIWISEY ARSI flinfinf SIBSCiARtiRTng,

75C means tat. A zinc chloride solution
(Zn Wliers theuadditipnis 2amplede cthezuspeosioaris gtirrdd Jen fathen?
400

d d t t oget h t
o} CBHR breVigi i Jeom B MARIA RS ndfrad: e sisus s aghed
theg’llﬂ'%’thﬁhbb’ﬂhaﬂr% geg esﬁmeqhﬁggggﬁt ering rate of

ration of the
suspensi on i s kept const ant at pH = 8.0 by
countertitration wth a 15% sodi um hydr oxi de sol ution.

Whe Fxamplesti Rieparation ofanc$iO:-conted (G 85 Ba)SiNs:Eu

AR R S 4B b7

dei ma@ﬂwmtg%unm ldssdidl healifg matleaHiPRANK Bondefisee @ solu-
The materi al 30 then cal cined at 500C and si eved

t hr tqu wfém)ot)am@v@ watﬂ 2566 byyerght ¢fdNHERRATEY 9 o8 v@ter is

ca2BHETEA Solubion R By hetfucihruedienl B oL in 48 gty
l n @irddé éma%l i%@!é\ﬂl?' add@dﬂi r%pvlrvléee@bnul 9'mWnid) at 65°C with stlr-

ground-glass lid, héating mantle and reflux condenser.
oI tngoWwhen the7a¢¢1m=ﬁn tsmmnplate;;ﬂhesusrzeww |s/\e’n|rgeﬂ fqrfa NFB\)er 2

t dded. . 5 A J t 48
t ot PAOESpYOWITE coph Erper i And Hted THe itk Blashed
with ethanol, dried, subsequently calcined and sieved.

Description of the figures

The invention will be explained in greater detail below with reference to a
working example.

Fig. 1: shows the spacer action of the Al;O; surface coating
1 shows a pre-calcined YAG phosphor particle
2 shows the Al,0O; coating

Fig. 2. shows an SEM photograph of particles coated with Al,O3 spacers
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ethanol is slowy added dropwi se (about 1 m/mn) at 65C
with stirring. Wen the addition is conplete, the

suspension is stirred for a further 2 hours, bro_tht tg
VOIWYERPEr at ure and filtered. The residue i s wWASHE[2008/008608

wi th ethanol, dried, subs@Quently cal cined and sieved. 10
Exanpl e 14: Prepar ati on of an Si 02-coated

(Ca, Sr,Ba)Si 2N5: Eu 50 g of (Ca, Sr,Ba)Si 2N5: Eu are
suspended in 1 litre of ethanol in a 2 | reactor with
ground-glass lid, heating mantle and reflux condenser. A
solu- tion of 17 g of ammonia water (25% by wei ght of
NH3) in 170 g of water isPatenti@Glainmssol ution of 48 g of
tetraethyl orthosilicate (TECS) in 48 g of anhy- drous
ethanol is slowy added dropwi se (about 1 m/mn) at 65C
Wth stir- ring. Wien the addition is conplete, the
suspension is stirred for a further 2 hours, brought to

r ?P'Eéét@ﬁﬁﬂﬁi’sbh& Badiclds écﬁﬁ&r‘i&mg 'Ilﬁnfr%‘ébé érﬁcté@sd?ﬁda metgl

with etha dried, subsequentTy cal ci n and si eved
Desdrainﬂtumrrm‘taltdreseﬂmlmﬁtalsommcoatmgmbtamable Ibytraixing at feast

expl ai ned ,i af 'I elow wth ref nce to
vor ¥R et atetieigwi ot lgast onifiotanh b el iesicarmeingd

1
AL2G3 e fiohPEAi ol 15 Ui ALEISR, XA coatigg wit
shovwnetal, tErditdretmegalaptseniimetal oxides by ewtathemitdl méthods and
spacers WD 2009/ 059677 PCT/ EP2008/ 008608 -20 Patent
d aivbssayenigaieiratiohosphor particl es conpri sing
| um nescent particles and a netal, transition-netal or
sem netal oxide coating obtainable by m xing at | east

t 2o (Smaetiipt@srmbepambbsvﬂdcbrcahg lte @aino eclvavaaterised in that the

wet - chem cal net ho
surface of the coated phosphor particles is porous.

3. Coated phosphor particles according to Claim 1 and/or 2, where each of
the coated particles comprises a luminescent particle which consists of at
least one luminescent compound selected from the group of
(Y,Gd,Lu,Sc,Sm, Tb)a(Al,Ga)s042:Ce (with or without Pr), YSIO;N:Ce,
Y>Si303N4.Ce, Gd2SisOsN4:Ce, (Y,Gd, Tb,Lu)aAl5,SikO124Ni: Ce,
BaMgAl10O47:Eu (with or without Mn), SrALO4.Eu, SrsAl14025:Eu,
(Ca,Sr,Ba)Si;N,0;:Eu, SrSiAl;03N2:Eu, (Ca,Sr,Ba);SisNs:Eu,
(Ca,Sr,Ba)SiN;:Eu, CaAlSiN3:Eu, molybdates, tungstates, vanadates,
group lil nitrides, oxides, in each case individually or mixtures thereof with
one or more activator ions, such as Ce, Eu, Mn, Cr, Tb and/or Bi.

4. Coated phosphor particles according to one or more of Claims 1 to 3,
characterised in that the metal, transition-metal or semimetal oxide coating

is substantially transparent.
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and subsequent cal cination to give phosphor precursors,
and coating with netal, transition-netal or sem netal

oxi des by wet-chem cal nethods and 10 subsequ
WQI@P%EP%& 2. Coated phosphor particles accorlgé}‘{ap%ogsmo%os

Caimi1l, characterised i n2that the surface of the coated
phosphor particles is porous. 15 3. Coated phosphor
particles according to Claim1l and/or 2, where each of
the coated particles conprises a |umnescent partic

mﬁwl Arosess farithe productionf soatet phosphrrpasticles Mtantlally
(v, el RO BliRelinetat o semimetal aides chameterse by

YS| @RAlsps ofY2Si 30BN4: Ce, Gd2Si 308N4: Ce,

(Y, A, Th, Lu) 3AI 5 ,Six012, N, :Ce, 20 BaMgAl 10017: Eu (wi th
or w thout SrAl 204: Eu, Sr4A114025: Eu,

g g ag: Eé‘% %’Né.?glj)fé- ngl\él %%%%gprgﬁurseggpg?q@i% by mixing
mol ybdaf Rast wg@hﬂ{geﬁuatmgaﬁa%i leadtigheRidgat By iétdiomical

oxi des, in each case individually or m xtures er eof

with meéhcmlsandmermallya[eatmgdhe,mlxtme aha tempemturenh, Cr,
Tb andlLor Bi..~25 4. Coated phosphor particles according

to one'df Q'Of Clainms 1 to 3, characterised in that
the netal, transition-nmetal or sem netal oxide coating

is substantially transparent. WO 2009/ 059677
PCT/EPC0atng 08 &@sSpre-cdlcibed phospher pr:ecwmr auspénsibhomdtroa sub-

o B i ROR T i 5
char acfv%f bﬁgﬁn%ﬂ or dM3s St vt tén@erart’ﬁ[%oé'ﬁcﬁgbﬁ’éb erﬁ‘ calci-
cined p

pre-ca oSphor precursor suSpension by m X

| east hatorsbhatemperasiuey Ta-B0@AG. at | east one dopant by
wet -chem cal nethods and thermally treating the m xture
at a tenperature Ti > 150C. 10 b. Coating of the

Pr e ahptiBRGINPAEEHONAIyEREMNRSxiARRF 8PS SBbxidds afPa fthpera-

ture T3 < 800°C to give the corresponding metal or semimetal oxides.

6. Process according to Claim 5, characterised in that the substantially trans-
parent metal, transition-metal or semimetal oxide employed is nanoparti-
cles of aluminium oxide, zirconium oxide, zinc oxide, titanium oxide, silicon

oxide or combinations thereof.

7. Process according to Claim 5 and/or 6, characterised in that the substan-
tially transparent metal, transition-metal or semimetal oxide employed is

nanoparticles of aluminium oxide.

8. Process according to one or more of Claims 5 to 7, characterised in that
the phosphor precursor is prepared by wet-chemical methods from organic
and/or inorganic metal, semimetal, transition-metal and/or rare-earth metal

salts by means of sol-gel processes and/or precipitation processes.
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stantially transparent netal, transition-netal or

sem' nmetal oxide in a wet-chem cal process at el evat ed
nﬁ' erature and subsequent calci- nation at a te atu

0¥079677 15 c. Optional ly additionally sel ectP¢ EP2008/008608

OXI dati on of suboxi des at. 2@ tenpera- ture T3 < 800C to

give the corresponding netal or sem netal oxides. 6.

Process according to Claimb5, characterised in that the

substantially trans parent netal, transition-netal or

s 8 Fireicels s @ccdedingrs oye or rrmraa:mdams 5 t@@, charactgrised in that

o B el o hospher o s 4 8RR com
acco(;,qié Bgtﬂeofo%@irlrg!?n%iﬁé@é 6, characterised in that the

substan- ti al ansparent netal, transition-netal or

semn et al copreﬂml’mmphwﬂdam SH HC Qasolationi cl es of

al um ni um_oxi de. 8. Process according to one or

C ai s 8 Pecphintmethed usingauselutiomgf cntru%amsrmbﬁtbwlene giycol

recursor is are wet - chem cal net hods from
grgani c B‘Pglﬁ?g %Qﬂ%‘é‘sw&%@ sem net al ,
tranS'tboegf%el the digsets d@%{éﬂ:n@h%teﬁglssalts by

means of s rocesse clprtation

pr ocesses spify PAIORERIFGRE dﬁ%(b’é’rfé&@fﬁ’(uﬁ@&@lénalsﬂ 9.
Process according to one or nore of Clains 5 to 8,
characterised in that the wet-chem cal preparation of

t I

| 38 BR800 Ger BERRLI Ll . el ke Py Rl h el pro-
sol jﬁaratioﬁ of H@phosphdnﬁréaﬂsm R atried but bya mea‘nsccbftcrop@ecrprta-
aci d and et hyl ene g)yco nmbusti on net hod usi ng urea

spr dipruwith @h NH.e 3@0!#3@1&%% starting materials spray
pyrol ysis of the dispersed starting materials. 10 10.
Process according to Claim9, characterised in that the

vt -Riaeess Alcchiding RP6ME bPdté dof lTRaiRPs B A0, Bhaakicrized ih dhat

carried out by nmeans of coprecipita- tion Wi th an NHAHCOB

sol dhe®eating is carried out with at least one metal, transition-metal or semi-
metal oxide by addition of aqueous or non-aqueous solutions of non-vola-

tile salts and/or organometallic compounds.

12.Process according to one or more of Claims 5 to 11, characterised in that
the starting materials and the dopant are inorganic and/or organic sub-
stances, such as nitrates, carbonates, hydrogencarbonates, phosphates,
carboxylates, alcoholates, acetates, oxalates, halides, sulfates, organo-
metallic compounds, hydroxides and/or oxides of the metals, semimetals,
transition metals and/or rare-earth metals, which are dissolved and/or sus-

pended in inorganic and/or organic liquids.

13. Process according to one or more of Claims 5 to 12, characterised in that
the phosphor particles consist of at least one of the following phosphor
materials: (Y,Gd,Lu,S¢,Sm,Tb,Th,Ir,Sb,Bi); (Al, Ga)sO42:Ce (with or with-
out Pr), YSiO;N:Ce, Y,Si;03N4:Ce, Gd,SisO3N4:Ce,

(Y,Gd, Tb,Lu)3Al5,SikO124Nx:Ce, BaMgAl1xO+7:Eu (with or without Mn),
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11. Process according to one or nore of Clainms 5 to 10,
characterised in that 15 the coating is carried out with

g{/og]g%ﬁ%%ne netal, transition-netal or sem - ”Féfszﬂféhﬂtﬁﬁos

Ion of agueous or non-aqueous solutions 0
non-vol a- tile salts andt@d -organonetal |lic conpounds. 12.
Process according to one or nore of Clains 5 to 11,
characterised in that 20 the starting materials and the

dopant e-i ngrganic and/or _o ] up- st ~ SUCh as
i e e BAleos: Bl 6o SEREI B0k By, SRS

car i h | tuna-
il g B e oy Pgais ung
oxi dstatesf vahadates agroupdB mitrides| axides, riaeaichicase iediwidsially or
and/or .rare-earth netals, which are dissolved and/or sus
25 @W&Si?heﬁq% M@tgﬁ?"@ WTACE ABHYRHAS 1ONS; BFHas T EU, Mn,Cr,
Procm?na&ch-di ng to one or nore of Claims 5 to 12,
characterised in that the phosphor particles consist of
at |l east one of the follow ng phosphor nmaterials:

(Y, ﬁd Lu, Sc, Sm.Tb, Th,lr, Sb,Bi )3 (A, Ga)5012:Ce (W th, or
wil #lluménagion ysit hawirg epleastong pamany ightsoureg acseemission

or vreRmuHi ! edabdt psio SsRnRIRerbE e ertd nm
Sr AlaHa5680 nnbrvierd40A%e Biall bfhiSradiatidn \edhvered into longer-
Sr Si A12Q3N2: Eu, Ca, Sr, Ba) 2Si 5N8: Eu, (Ca, Sr, Ba) Si N2: Eu,

| . .
CaAlveavetemgth radiajion dyepateq phosphern pasticles mesatdiag typoeer
1T RiLLT) . [ , in each case individually or
nixﬁﬂb%%beﬁgwggﬁ'@ﬁih one or nore activator ions, such as
Ce, Eu, Mh, C, 5 Tb and/or Bi. 14. Illum nation unit
havi ng at | east one prina%%aji ht source whose em ssion
[

maRilminagionrunitecaosdigg tagiainmml 4 octsmactarised pn éhatrthe light
bet ween 430 nm. and r300 I m wher e SOl Of @ | .of trthiT "
r adi AW EH S  lBResrertnditm alugigium gailiday afig, i particular o
r adiygg i [ L ipaldi glg j-ng to one
o B (B RN PR RTO £ PO SR ATERIHT
according to Claim 14, characterised in that the |ight
16. lllumination unit according to Claim 14, characterised in that the light
source is a luminescent compound based on ZnO, TCO (transparent con-

ducting oxide), ZnSe or SiC.

17.Mumination unit according to Claim 14, characterised in that the light
source is a material based on an organic light-emitting layer.

18.lllumination unit according to Claim 14, characterised in that the light
source is a source which exhibits electroluminescence and/or photolumi-

nescence.

19. lllumination unit according to Claim 14, characterised in that the light

source is a plasma or discharge source.




—

source is a lum nescent indiumalumniumagalliumnitride,
in particular of 15 the fornmula In; GaJAIKN, where 0 <_

i, 0 <. 05k, and i+ +k=1. 16. Illum nation unit

‘5988?96451135 7to daim 14, characterised in that tH&TERAHp8/008608
source is a Iun1nescent epapound based on ZnQ, TCO
(transparent con- ducting oxide), ZnSe or Si C. 20

17. 11lum nation unit according to Caim 14, characterised
in that the light source is a material based on an
o?Qatsecof gagtied phsphergartigies accerding tmﬁne@winmremficilalms 110

accagr alm characte i.n_that e [ i

Sout Al of cPlrBetR coRVaSaRi Bl b SeRUM Srtsdgh ffom a
andjghineketml dibbe. nescence. 19. Il um nation unit

according to Claim 14, characterised in that the |ight

source is a plasma or discharge source. 30 WD 2009/ 059677
PCT/ EP2008/ 008608 -24 20. Use of coated phosphor
particles according to one or nore of Clains 1 to 4 for
partial or conplete conversion of the blue or near-UW

em ssion froma |umnescent diode.




