WO 2009/ 059677PCT/ EP2008/ 008608 - 1 - Process for the preparation of
coat ed phosphors The invention relates to coated phosphor particles
and to a proces®2f@os9¢rhe production thereof. 5 The prepanaiens of
phosphors generally requires a downgtream hi gh-tenperature process.
In this operation, crystallographic defects present in the phosphor
matrix are, inter alia, repaired in order to maxim se the crystal

quality of the matri XPr%%?Oh?B%BP%QrQﬁI’? b Eohild

performance. 10However nper at ur € proc@gs I nevitably
results in sintering of the phosphor particle if this process is

carried out at teﬂB‘?er@ﬁtHFn‘?eﬁatQJ to%f)atéaeﬁm%lzph% garfles BRto r&deQéJfoPtﬂ{e nt of

t he phosphor. The sintering an ‘unt avour abl'e partic
mor phol ogy and pa?f‘%quéﬂoé-t'!ﬁf%é di stribution of the phosphor powder,
whi ch hassto be fed back into the primary particles again by 15

i t indi L. t te The
Chput restl ts. in TarraRaigy bR Ag e ERRE &SP RENEE. “rol our
centres, which i rpesiture plocesefIh khis epatiioro Erystaltegrablos gefents pr&enpin thei ngl y,

the sintering of 6hB§)h9h9§im15}E lﬁ@fr atllb %;%?re&iﬁ'l }d@gtotnﬂag gi%]gﬁbé ) 20

perature process can avoi d coat | ng or surface by
wet - chemi cal met H@dy %t'ﬂe}f%tﬁ’él“!h'cb&r"i‘?%ﬁaégmm Rfﬁsl%ﬁ?f pe&@"%aﬁ&%er s
bet ween tihe part IH]:J\neSerahld hlgh—térﬂibeﬁatmayroéatﬁﬁbvmblyaésul& |ﬁls|f11fetiny dthebarri er

for sintering pr grsqart-qéefftﬁigp%nés@%ecaﬂ éﬁ%r B4 gr%{u SﬁéHsf“ ng to

the invention co art Sl ze utlon of the
phosphor parti cl e?é,3¢f§hmltlr@rmwg@‘dheaa}wmhéhwr@mruém@rIatamu@r process,

and conpl ex dOWnS&Jo@:%BIe%maQH&ﬂ)h@lb@fhnd%ﬁ@é-s&@al&mﬁ&m& ;mae- phosphor

particles are not ui.red % ormn

P Gh ¢ enper at ur o RPGOULES Weirh the GER G FRihSPe APDRY §HA 43R o ¢ nout
hi gh enedfy i nputeneugnlnustdgrmﬁmuheasdisaqueorpr@cmieﬁ. fige ¢rergylinput nvent i on.
30 WD 2009/ 059671'3&1@&%5@&9%‘\@@%%9& sgch‘as, for example, colour centres,

which impair the efficiency of the phosphor.

Surprisingly, the sintering of the phosphor particles during the high-tem-

20 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

25 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 fo
the invention.

30



EP- 1560 274 discloses a netal oxide, netal nitride or netal
oxynitride coating for phosphors, where the coating is applied to the
phosphors by n®aa®ssp67CVD nmet hods. 5EP- 1121 397 Bl diPSTERI&&EI86HH
essentially transparent netal oxyni-2ride coating for phosphors, where
the coating is applied to the phosphors by nmeans of CVD net hods, and
t he phosphor particles are intended to be protected agai nst noisture

[ In t hi SI way. 10ER:ER1860274 0idciddds Qﬁféfél J'J)hkiésmétﬁﬁﬁtﬂ@dﬂrﬁe@oxymltndeh

el ectrol um nescent articles ere article has a
hosphor based. orteaPHao BrPRER Wikfa e peeltegh e ool ea by
substanti al | y transaprelD melbbdsr ent netal oxi de coating. Here too,

the coating is carried out by a CVD net hod, and excl usi vel y coherent
coatings are forned. 15 CVD nethods are very c | ex technically and

in terms df equi ﬁ%Hﬂ 9Py dinslopes By pysentialy t@F‘SRaFF’é‘ PEREPYYitrige s

at mosphere are newatigdsrphbddhorsgihetsithé Eoatiny io spptied toatiechhotyhofslbgw nust be
desi gned in such 0 t j al gas
streans to the ma ea\rp{?é éw&ﬁﬁgiggg@qge@%ﬁ&{%?%&% a'?:{éaa \#ég%resent

i nvention rel at edretectedrupiast meighap indhis yay-t i cl es corrpri sing | um nescent
particles and a netal, transition-netal or sem netal oxide 25coating

obt ai nabl.e by m xi | east t starti ial s th at | east
one doparﬁ bz mﬁ%ﬁé‘?ﬁt@él%%ﬁﬁf% nﬁ?ﬂ?“'@@%5@[?&[(1'"33%”%9?3?‘?"6n to give
phosphdr pr ecur sqragicleamdhemeath pegticl lal anpbosphor baseainmizincsuifigeawtadh or

sem metal oxides Dy, ke &F:Hﬁéﬁ%lced'wtagmnﬂggtr ﬁ&ggl%ﬂl“%tereﬁﬁhéélnat' on.

The nmetal, transition-ne sen net a referab
substantial |y 30t9X5R&paipgAere tpo.dhe 9°Pt"}9ﬁ%‘t'a"@ﬁ§ﬂ"rté’m metha 9o

transparency bot fextiasivelyheheusichathgdie fipaed. r um and al so for the
em ssi on ;Spectrum of the respective conversion phosphors enpl oyed. On

t he ot her hand, the transparency of WD 2009/059677PCT/ EP2008/ 008608
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
20 place.

The present invention relates to coated phosphor particles comprising
luminescent particles and a metal, transition-metal or semimetal oxide
25 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, {ransifion-metal or semimetal
oxides by wet-chemical methods and subsequent calcination.
The metal, transition-metal or semimetal coating is preferably substantially
30 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 phosphers employed. On the other hand, the transparency of



- 3 - the coating according to the invention nay al so be | ess than
90% to 100% for all wavel engths which do not correspond to the
excitation andyw@ithdase@n Wavel engths. 5The preparati opcPirpBRSRNOr S,
for exanple YAG Ce, requires at |eagt two successive calcination
steps: 1. calcination in the air at a tenperature Ti > 150C 2.
calcination in a reduci ng atnosphere at a tenperature T2> 800C,
preferably betwee 00 and I i on,
only weak aggl onera?aa?lﬁg ﬁcor%ﬁg%%e %Ven%]nmr\?a t.b%s‘!‘ioﬂ%th op% t@'&ﬁ{j i ng
classification i nfpba!ltwelmsw@@h ﬁanotucenr@pgmdztetrmes@iammnd@mlseipar get

fraction) can thqn@,g@ﬁ[%hst_ake pl ace after this step by input of only

very | ow energies is target fraction of the pre-calcined

and

phosphor particles is coated with a substantially transparent netal,
transitiofn-nmetal Te mxaiarﬁmtdlphmphda feremarhpl@ ¥AG ey requi@spl legst dounm ni um
oxide) in a wet- cg&gggsg&l ngﬁ&ﬁeplsn a stirred reactor by addition of

agueous or non-aqueous utirons of the correspondi ng non-vol atile
salts and/or organohe@aéﬂ"laﬂ@ i B ahriempemivee Tig BAC 20ri ed out by

preferably depositingcatdiation ih § retélfg sthosphbmlat a tehipagitrd PN-g00tE|  or
sem netal oxide parti cI

n the Q Jparticles (see Fig. 1). The
surface of the coated 5 ﬁggﬁove%"%iagﬁgggotgus preferably becones

porous, dfusing a barrier action for sintering processes. Conpared

wi th coherent Coa@dn’ﬂgﬁwﬂ?s?cmlbrp'aﬁlgwbékég?l%mgrrahd?fof?rfetpﬂmkﬁ%aﬁior ous
coating has the 25 adva{a;él g; hat onl nabl es gatl on of
pdieg #d

spacers. The | at t%§° %6{Hh é‘PFﬁ@ca ity etdﬁﬂreﬂlpaﬁ"’[?éﬁ?) Y ure

process by pr everntdtiog(tagat @sdtiogi@ab tetefond takdpglaqeluftsthiostep iy hpdes bet ween
a plurality of pWﬁrmpgg& &l es. Sintering of the phosphor surfaces

i's therebg exclu reI possi ble for the surfaces of the
porous cdatings o'f“'sctﬂf@'atﬁﬁﬁ@ﬁ%ihe;B@r‘taICE‘P%BhOLSBh%P?ﬂ"é?s ig gpatedyvith g

anot her. However subh@&ﬁlly&@géﬁgﬁt mstalafr@\sma’. meiamsahiyhe@mmmeml to one

anot her since the C@nt act

s, 10 Eéxam Ium| ] ﬁ )y he cQI ocesﬂ% %ﬂr?t es can
thus be separatedX/&ty egflif \’/Ul&“r% t %?W%éct RS PH
properties. WO Z@M@SQW@P@WC&EP@@%BW@@IB@@@ solutions Of the 00”9'

sponding non-volatile salts and/or organometallic compounds. This is car-
20 ried out by preferably deposiiing simall 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 priar art, the porous coating has the

25 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

30 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.



- 4 - Afurther advantage of the nmetal, transition-netal or sem netal
oxide consists in that, if chosen suitably, it does not form m xed
crystals with wemesphor, giving rise to stability ref/ER2iHecedios f usi on
barrier over the process. Substanti-al.ly transparent oxides which are
enpl oyed for the coating are 5 preferably al um nium oxide, zinc

oxi de, titanium dioxide, zirconiumoxide or silicon oxide or

conbi nations t herﬁ%her%ﬁbﬁﬁ'td@bHm\é)?ﬂeﬁetrhr&tt@:@-ﬁﬁ{acws%|rﬁétdﬁBﬁ&c.ﬁcfoﬂm y

| oyed. On f
rert ot b e S B e s ot et R G AR R oxi ce

particles nmay posgiobpher,gingrise thGtabily oithe diffusenbetrieveehihg hrobessper at ur e
treatnent due to § tion of
the Al suboxi de to&é?\%éllgfaé%éar@t O%Q%g?ﬁn&e%fée "?”%E‘M lh\%%o a?ﬁgtg t%600 to
1300C in & steam®f P(BQWHE'F@M"@OW%GH”W?& tﬁ?”é’"h‘i"?’%qe gifggnium oxide or

hi gh-tenperat ure $icos &ade or tonitieatiby thered N@Bihiliy oRitle BPaAitwAryipgeft aken t o
nmean the average g&;g e&g}gl Lng on the surface of a material. The

coat ed phosphor surtac cCording to the invention is preferably
meso- or macr opor Guyse, thexamplenefabiminion sxidedssorting eatesaba fark efeni ng
between 2 and 50 &Qﬂoﬁ%@lthergﬁﬁédélb@{h@ldﬁm:rﬂﬁrﬁ&d‘detb@ﬁnclés ﬁh@i %}S&b@%ccﬁr 50 nm
20 These Eorous ati ngﬁ;j addi ti onal lﬁu fer the g? ”\I o
further r'8ducing 4897 P Mighstemparalireealment gua t W'B’S’;E’PO Sub-

The particle si zeoxiestSeiecieasighton sf the Alaubioxits t¢ givé AlgO4 byreatmientrof | S
bet ween 2550 nm sahl t The

t hi ckness of theatﬂgfé%epgﬂrsaoﬁgqﬁéoﬁo%p%mgﬁ &Egélnr‘le @%%Sﬁ%gﬁ%oatl ng
according to the the highrerparatice BRtafen 10 and 150 nm The particle
size of the primary particles of the netal, transition-netal or

sem net al, . oxi de

2009/ 059677PCT/ E%%&’b 8%88@ °P€q§¥& ta?‘e'?g’%%a\gﬁ"ﬁr‘l‘me’aﬁpvg"e geening

particul arly sui t@Bhesugcheitagnaterial. Tog copted pb@ﬁ@bgﬁeﬁacsamqr@ngetg the

according to the jhw@dH it Pdferably meso- or macroporous, where "mesoporous”
describes a pore opening between 2 and 50 nm and "macroporous”

describes a pore size > 50 nm.

20
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
25 50 nm and 30 um, preferably between 1 pm 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

30 coating is between 5 and 100 nm,



(Y, ™, Lu, Sc, Sm Th, Th,Ir, Sh,Bi )3 (A, Ga)3012:Ce (with or w thout Pr),
YSi 2N: Ce, Y2S1303MN4: Ce, Gd2Si 303N4: Ce, (Y, &d, Th, Lu) 3A13. xSi x012-
5N.: Ce, BaMjALYODIPOE7 (Wi t h or without M), SrAl 204:PEI/EP2008/008608
Sr4A114023: Eu, (Ca, Sr, Ba) Si 2N202: Euj5-Sr S1Al 203112: Eu,

(Ca, Sr, Ba) 2S15N8: Eu, (Ca, Sr, Ba) Si N2: Eu, CaAl SIN3: Eu, nol ybdat es,
tungstates, vanadates, group Ill nitrides, oxides, in each case

i ndi vidual |y or nThetfolloemgichesmads s particuey suitati® aematetial V@ tierphbons,

such as Ce, Eu, morgmcle-gt%c&r?ﬂ@B]x '|nveﬂ]n%nThe present invention

furthernore rel ates oce or t gr oduction of coated
phosphor parti cl e€ G, ltthsos‘vpjbﬁ anirShiBy (A, CanSpiiedwith ereitaput Pr),

t1 g :nSIP ﬁ Ie gnrgflt gln PEIONOR, P@S@impﬁé dﬁ@s.aoahﬁcaqvgans@d)éwxsmﬁ Sts Iegf] g;
m xi ng at 3| east t%cgt%@ﬁﬁ@ it @’q'i‘ §|‘%'f?*§ﬂ3‘"ét S e by
wet - chem cal net hasSraa@iNiREvadiSiALDsNRY, ((p Srife).BikNtEw e at a
tenperature Ti > &%%?Ba)%% Eul %&és.ﬂ;ge@f oryB@até’sr RingRhsd, OﬁﬁdQQéJSphor

precursor suspension Wth a substantia transparent met al
transition-netal BPURIERiiEs QKides ingach Wsa%@ue&l}ﬁewwr&syﬁ&o&f%ﬁ at

el evat ed t enper at oheer mock 28 Pu€ BUCHCAIG, B@IMQOr, ab aad/breBiper at ure 12 >
800C. 25¢,Optionally additionally selective oxidation of suboxides at
a tem perature T3 <800C to give the corresponding netal or

sem - net al oxi desTheFrRrsesftirvenion durihaimore rglates top PrEFRSS ff BsRroduetion obf t he

phosphor consi st, co%ﬁsdfﬁﬁé’ktphe’r%m&@@ﬂtrﬁé&w&ha@ftmﬁ%rdﬁﬁ&&anﬁérﬁi‘hbrﬂ (for
exanpl e salt sol ut

trrl rlurr) and at | east
one dopant, pref e’r"%fsﬁn‘i/fs%UP‘S{?r e?rrcg%@%rﬁﬁ?gyg%ﬁ SBSt?onaI ly further
&-, Lu-, Sc-, Sm, Tb-, Pr- and/or Ga-con-
2009/ 059@Z7PCT/ EP200§./ Oe’%gétlon of a pre-calcined phosphor precursor suspension 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.

20 b. Coating of the pre-calcined phosphor precursor suspension with
a substantially transparent metal, transition-metal or sernimetal |
oxide in a wet-chemical process at elevated temperature and
subseguent calcination at a temperature T, > 800°C.

25 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-
30 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- andfor Ga-con-



- 6 - taining materials. Suitable starting materials are inorganic
and/ or organi ¢ substances, such as nitrates, carbonates,

hydr ogencar bon®M289086dsphat es, car boxyl at es, al coholPETERSEEEE at es,
oxal ates, halides, sulfates, organcem®etal lic conpounds, hydroxides
and/ or oxides of the nmetals, sem - 5netals, transition netals and/or
rare-earth netals, which are dissolved and/or suspended in inorganic
and/ or organic | i @isingsnatdinief Riiiabiestarting gatetats dreinbigenitisrel/abrganix ed
nitrate solutionse,ehhQcidg, & il Qidiges iR dBiEorPr i se the

correspondi ng el ene uis

10Vt - cheni cal pr Efpiasagartovyigien alcaholaeshacetataseoxalatpahalidss, wifees.t he
conven- ttional S@’gér%rﬂéiaﬂifb@orﬂ;bd‘uﬁ&&hﬁfbx(d@% ﬁdftﬁoﬂd&oﬂhélnﬁ%s g&hihod t hat
t he resul tant rraterl | s have %rearéd? uni f %ﬁ\ﬁlc% r‘ﬁ?ﬁ& J to the
stoi chi ométric colpBE: fagHon Tl cf”‘ﬂ?'ga RE NBPPHol ogy of
the particles fromdidnsusipemdaé lrphmgmmdmwwmh liqgids. Gretférenders/giveniton i s
prepared. 15 For *@Ls&ﬂ%ﬂeﬁ%ra@rsﬁbﬁﬁétm&e&fh?r@rgxld%oééﬁ:%’tﬁu@ﬁcﬁcurSor of

the phosphors (= ﬁ?ﬂ recursors) consj st exanple, of a
m xture of yttriu "?ﬂ”?eftﬁ?é rreSPRRHInG PG RERE iy Eﬁr@q‘éﬂfﬁ spiehiPTRYiA[aiP-at e
solution, the follow ng known nethods are preferred: 20

coprect piipat ! on Wyl a7l s RSBkl U HPLGerIander

Bl asi us Lehrbuch

Anal yt . 'and Prep. tiqnakseti- Sf@ﬁéﬁvﬂlonszm an¢&rwhm¢¢hodwté@tﬁwewawg a

sol ution of citrigatbdigha8drealehyifemfty ghy Ropect 15 &R stdidlonR¥REPhEo- Annual
Revi ew of Material.s sea ustion

281- 33 0
met hod usi ng ur eas')‘Ion 393@??%‘398"8@36{5%2@%@3' 8ffth%'?adté°ﬁqsip°§‘a‘h°ﬁgrbel utions
(starting materi awm}phoqucawlnpycrtbeymrworoifs peegaedus or organic salt
sol utiongs(starting materials).

For wet-chemical pretreatment 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:

20 « coprecipitation with an NH4HCQ; solution (see, for exarnple, Jander,
Blasius Lehrbuch der analyt. u. prép. anorg. Chem. [Textbook of
{ Analyl. and Prep. Inorg. Chem.] 2002)

+ Pecchini method using a solution of citric acid and ethylene glycol
{see, for example, Annual Review of Materials Research Vol 36:
25 2006, 281-331)

* combustion method using urea
= spray-drying of agueous or organic salt solutions (starting materials)

» spray pyrolysis of aqueous or organic salt solutions {starting materi-
als).



WO 2009/ 059677PCT/ EP2008/ 008608 - 7 - In the above-nentioned
coprecipitation, which is particularly preferred in accordance with
the invention, WRKIEFICO3 sol ution is added, for exarfiSTEP2BE%BE r at e
sol utions of the correspondi ng phospghor starting materials, resulting
in the formation of the phosphor precursor. 5In the Pecchini nethod,
a precipitation reagent consisting of citric acid and ethyl ene gl ycol
i s added, for exahyheabovemeftenad@pecipietion, mheti isrpatticath gy peedéreidiilons  of

the cor respondi ng,phg pct;%m{e%ghm SRNEHERL Soibn AR EFREEAIN €.

and the m xture is su sequen f easi ng t I SCO |ty
results in phosph@r"'ttﬂ‘%‘@ﬁ#"@’@ﬁf %p@wrngphmhw%aﬁ@gm@éﬁml%onbust| on

met hod, the aboverBiig iPMhedbrihtiohat Be BRIsphdr fé%ur@cﬁr the correspondi ng
phosphor starting materials are, for exanple, dissolved in water,

then boiled under reflux and treated with urea, resulting in the slow
formati onSof the [HBRPHG '“'ﬂ%ﬂf%HPC'P'tSﬁﬂﬂ”d?QﬁV‘rcﬁF%’%‘P%°f°§”°0‘-’r?é’&lﬂf’ t he
aerosol net hods ~ethyiere ghice! iChied Gdr @kdnspis] tdiie atidve-Ghiybdgtrat®belli- ons,

suspensi ons of i SASTPHOS .0l 8, Aol SAEEL AR RARELLGAGH Riboficat ed 1 1

vari ous ways and OF AL on 05|t| SOl Icles. In
contrast to spraytu pndie médurgyis nuﬁseg&sﬂw@ﬁpérlmr@nsas fhe VJ@QM t her mal

deconposi tion of (dgisIf pHobpHIBprEBERF forthatiohsed (for exanple salts) and
the re- Iormatl on of substances (for exanple oxides, m xed oxides)

20addi tionally occur, in addition to evaporation of the sol vent, in
spray pyridly- si sindse known gembustinsanatiiodrtae phayeeestionsth aitraip seletionesft | oned

5 met hod vari ant sthalcErddp&iing PRssphdt sBing imatekifls WO, RPEEMPRAARIvédVET CK) ,
which is incorporate resent ag plication in

t he context of e
T T eone by Rierirbord et i bndeateduB 22 SRuBR oL T 00 1
i nvention can be gewfranatign bithephosphespwetrsacheni cal nmet hods by WO
2009/ 059677PCT/ EP20081008608

Spray pyrolysis is one of the aerosol methods, which are characterised by

15 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)

20 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 detaii in WO
2007/004488 (Merck), which is incorporated into the context of the present
application in its fuli scope by way of reference,

25
The phosphors according to the invention can be prepared by various wet-
chemical methods by



- 8 - 1) honogeneously precipitating the constituents, then
separating off the solvent, followed by a single- or nultiste
thermal aftert ™OFWERE” where one of these steps nmay PSE’”(?&“F’P‘F@H out
in a reducing atrnosphere, 2) finel-$-dividing the m xture, for
exanple with the aid of a spray process, and renoving the sol vent,
followed by a single- or multistep thermal aftertreatnent, where one
of these steps may) bboroegenéaudy pletipitatingthe eehstitiends, sttenﬁsrpamém@oﬁtbe 3)

finely dividing the g&l\)gnlv'?dﬁowédey a%@&r@ndﬂsfe? tﬁéﬁﬁal%ﬂ&r@eﬁmé’ntspr ay
process, and renovi n% t he soI vent in associa

ion Wt rol ysis,
fol l owed by a single? hejP ORfuPlhese S1EPS HRY et Ol "E?éegf]ﬂ’aﬁ ere one
of these steps may beha@rried out in a reducing at m)sphere 4)
subsequently coating the resultant phosphors with the aid of
wet - chem cal met hods 1-3. The wet-chem cal preparation

of the phosphor |9 pfrdvidngtheridures for sxAmMpIRWiItdReRId §fiaePrayiPiogeSon

and/ or sol -gel nethodnd rbmomﬁmh@mar MdSde(we(ilnbheérﬁﬁlltls&bﬁt&hﬁileat ment ,
it is preferred for arri g out at. .| east partly

tilp rea n reone folhesese sm¥ arrr%iogg(ma
under reducing condi it Tef' r eRIMpPe"TESIG" T8 e, forning

gas, pure or hydr ogerﬂdmmgaﬁfmb%'asfe o 25vacuum or oxygen-deficient
atnmospherig) . In general, it is also possible to prepare the phosphors

accordi ng to t he n by the solid-state dlffus on net hod, but
this causes the d? sa&f’;"rff he;npYERy {Pr p?ed"ﬂ@d 3%0 a jpyay process,

2009/ 059671PCT/ EP2008408860) the Qatvenﬂ'm essatistion wite yrblgsis Glipraidyss es
enabl e any desired o E&é ozﬁwﬂiﬂ&ép tﬂérp{ahﬁte FQ@%PMQ@BB&; Ef'ﬂ?e%egt‘ép?e

produced, such as sp eric art or structured naterials
and ceramics. 5In adH‘FYP?)?F‘"'quét'éﬁéﬂ“ﬁ'ﬁﬂﬂf“?%h&ﬁthe phosphor s
accordingsto the invention extend over a broad range, which extends

from about 250 n tOSLﬁ,QQ "Pmyfcgﬁéﬁ‘%??gﬁ?“ﬁﬁ%ﬁ@ﬁﬁi}ﬁpﬁ#& ORQEQ nm These

phosphors are th stitab ue-emtting
primary |ight sourceghemiggemethedsiEDs, or conventional di scharge | anps
(for exanple based on Hg). 10

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

( In the above-mentioned thermal aftertreatment, it is preferred for the calei-
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
25 vacuum or oxygen-deficient aimosphere).

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-
vaniages already mentioned.
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The present invention furthernore relates to art illumnation unit
having at | east one primary |ight source whose eni ssion maxi mum or
maxi ma i s or awe:2onusedre range 380 nmto 530 nm pref EFEHERSPIESE nm t o
about 500 nm particularly preferabBy in the range between 440 and
480 nm where sone 15or all of the primary radiation is converted
into | onger-wavel ength radi ati on by the coated phosphors according to
the invention. Thihg abbletidntigied procksdks erpbiiaty adziryd @nertsiapshioftae | i ght  or
emts light havi I h e

principle). 20In‘a %bhgre%a&tfcggtogb%&g%{ C&O &%faggﬁeg% F%[e%aﬁgﬁorum t
according to the strastad rrtateomammram@ht source is a |umnescent
indiumalumniumgal liumnitride, in particul ar of the formula

I n, Gai rk(kN, where Possi bl e forns of
light soutces of '} ﬁ‘?‘gmf'th%e 1@"‘8@?@%‘? pPBS ﬂréaf) FCE"@# OURIMVPEE" i n t he
art. They can be dxiegthbvesmibtdai rapgé, BDich lektpedstimmi abguh2ad nm Be58knmuct ur es.
25 In a further Wr&ér%lfr ) m%blfr%a R THeBEpHok AR P& BBk for

according to the invention source Is a | um nescent
arrangement base®8iationy UVrestiuers IMarIgRESAYERS: F4Eh 2o kFdR P’ ZnSe or
Si C or an arr angegsvihtidhabdistharge AmpOFgranarplé baged oeAgt ti ng | ayer

(OLED) . 39 WD 2009/ 059677PCUEP2008/ 008608 - 10 - In a further
preferred enbodi nent of the illum nation unit according to the

i nventi'on, the |ildapresentinvention futhermafedelatap foas llugfiaion wit having at

el ectrol um nescengft aﬁcyn%rymbmts&hmmsem@g@a maBurh bgrhaxuﬁ@woee may

furthernore al so be. | as osphors
according to the ﬁr‘?ﬂ?grfﬁpr rggg é?%‘ﬁ) g"%ﬁ%@’b@é‘é’&“ﬁ"ﬁ $ ed'n (for
exanpl e epoxy or rsitkulatypeeferagly m)thmngeg:emem 440 aral#Be nw wisere sanieos,
arranged girect| y, Qmoftuhh%rmawma.ymh@A&hve?@wnfoqo@@r.w&l@@ﬁm Fagg the

appllcatlon arranged renote therefrom (the |atter arrangenent al so
i ncl udes "renote % §fﬁﬂ8}f‘°sf’%ﬁ?ﬁ9f”8@9"c)the MOty AR 4GBt aunit e ot e
phosphor t echnol gugferable etitoomiite light bhemifsdigis bavirgld detieid colourtphiet art  and

are reveal ed, for foll ow ng publication: Japanese
Journ. of Appl. g{?/h?’"adz?}"hﬁ@e) 21 (2005), L649-L651. 15In a

further embodi rrent |t is preferred for the optical coupling of the
il lum- 20 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 InGa;AkN, 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 skilied
in the art. They can be light-emitting LED chips having various structures,

25
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 fight-emitting layer (OLED).
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nation unit between the coated phosphor and the primary |ight source

to be achieved by means of a |ight-conducting arrangenment. This

enabl es the pr M@EP909§7§ht source to be installed at XCTERFPHERPOS

| ocation and to be optically coupleth4o the phosphor by neans of

| i ght -conducti ng 20devi ces, such as, for exanple, |ight-conducting

fibres. In this way, |anps matched to the illum nation w shes and

mer el y consi sti nginafiueieepreferrél driiteiaatit f fredipithtation wditiacdordiraito e

arranged to formﬁvénh&%e?@{t%d?ce .éggo&e' J;rgé?\texﬁﬁgdeﬁé%&aﬂT.nX\{Ah% '3
e, e

coupled to the prinar

is possible to po@idquéfﬂptfﬂu@ﬂﬁ?séﬁlﬁe meemahtyouchgﬁ@y fyhermpee gliso be Pocatl on
25 which is favougadhsorbRénatpogtect rical installation and to install
| anps conpri si ng phosphors ich are coupled to the Iight conductors
at any desired locations without further electrical cabling, but

i nstead only by | & phgsphorglatcopdingda thednventiod Gatheithpr tesiispersédhin@mesiron
furthermore rel atgs o é?nﬁl@@po%(ﬁsﬂéon&tﬂfsl BOSRE et GAR N Carlefigdah e

i nvention for par conversion ue or near-IN
eni ssion froma |Qlf?PW@@é’éerﬂ""aWdfa%lswf?@fz@ﬁ?@f‘mﬁwmmos/ 008608 -
1 1f- TBle phosgh]s)air&ngéiﬂéﬂhdtbm@réﬂﬁmt(he |AtiBVarIah gedienBald ihdUded trewdiee
refera use v n into
\F;I sible ite radrls}% ;ﬁa%ﬂteglﬂtﬁb&g%%e %£§%t9%f§§6%h\ 0{%3)%% S(EH%( tg%?l@ ntion are
furtherhore pref etrabnopniathg Pﬁfﬁ@TSk&'%WéWesarbﬁﬂd@fe reYraledfPigxeprledei at i on
into a certain cohekliosy slblidaort: Mpanéseliouth - Apslemma diol. goneept . The

present invention h@srh‘{és%ﬂ%@ relates to the use of the phosphors
according to the RGP h el ectrol um nescent materials, such as,

for 1O0exanple, electrolum nescent films (also known as |i ghti ng filns
or light ,&ilmns), nlne.fmffnepéhbowen@mrﬁ?éf@uedszme ép%J; ESRBiirYof eyl T i de

dopedvmt Wh2+, Cu+ or gfelse as emtter, which emt in the
yel I ow green regi &N e 8‘&@’36?“%%&510?@3{ angiheyprimapygight source to be
el ectr ol um nescendchfevédhyareans bfarligkbcanguctng aergentenisi ng, di spl ay
backlighting in "rrﬁéJén%frugér éhﬁjna a@che§§Beeﬁ§§|:eQ'a% Qénﬁal ﬁ{i’clnays) and

thin-filmtransistor
and to be optically coup!ed to the phosphor by means of hgh conductmg

it

20 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 sereen, 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

25 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.

30 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 emissicn from a luminescent diode.



| i cence plates, floor graphics (in conbination with a crush-resistant
and slip-proof lamnate), in display and/or control elenments, for
exanpl e i n aut »eepNeE? trains, ships and aircraft, @FETER2&EGhesti c
appl i ances, garden equi pment, neasufing instruments or sport and

| ei sure equi pnment. 20 The foll ow ng exanples are intended to
illustrate the present invention. However, they should in no way be
regarded as |imting. Al conpounds or conponents which can be used
in the conpositiops are.either e or
can be synthesi se % TPHS 7o "ﬁﬂg\m %‘;ﬁ]ﬂmﬁ%{gﬁ&h&l{a% rggeyq%rgdggat ed in
the exanples are fal‘ Soayarsie Qfdm bilye GEnear{UWQwsSlvennio vigihle whitearedigionhout

saying that, bot hTHe"th*bﬁor@%Mdlr@ttb%lrﬂr@ﬁhoﬁlaﬁe%hﬂénﬁcﬂ@pr%féﬁéﬁmlﬁ@d the
added am)unts of th n&b‘gents in the conpositi Ws add up to

a total of 100% be‘F"@ ”l?d’c”ﬁ’a@ﬁ%ﬁmg ‘EF”%‘P\R&'%WB YdbRar ded i n
t he gi ven connecticolour-dnieemast” codchgty usual |y al ways relate to 30t he
wei ght of the part-anmount or total am)unt i ndi cated WO

2009/ 059677PCT/ EP2008/ 008608 - 12 - ”Pl es Examp 1. Preparation
of an al um na- coatfedrepatsinzenton fgthanmee Bletesiq ke Hﬁﬂﬁr@ﬁ’l‘%ﬁ‘ﬂ

?nggydr ate (é Zgadsﬁ'g-gmgto?ﬁ’@m%ﬁ@'l laézemtdtdm:w%@hdna@ha@ [huagagysdr alt)e

) nol)) an ceriumc exa no are
di ssol ved’i n 800 ?ﬁamgl? eg%quIHmE'E%feﬂﬁﬁ ap°rh"°‘”“§8?[ﬂ11 g rhggt

dr opwi se over t hefilmeiin sdichfforexamgle, hmgrs@fqur Hing sulfide de@dwﬁhéﬂ i eshl y
prepared sol uti OnC@forAQq@ergﬁoﬁfd a@%’ﬁ@l‘ Nﬁblhylglf iﬁ%%@d 8 ggibh) 1021 of
dei oni sed water. The mx% e 1S sub s?e(c#‘ ¥ |L[m or a |further 30
min. The preci pi t Be§3S of FRpfcatienet diere Ef‘"a't“ LA™ 4978 S F R’ nat er i al

i s then pre-cal ciadveltising, di8f8baokighting imigidedsaf displag seraerarfl Gdis-

at nosphere. 50 g ﬂﬁ:ﬁr%‘ﬁ JhicRS0 g of
dei oni sec}?water B‘j’yfgén%?tﬁg?ghgggsctg @ﬁ;ﬁ% Sﬁﬁaﬁs §éﬁ HEH ' 600 g of an
aqueous sol ution xpnceptates, fioor graphics (in combination W|tha crush reS|stant and

slip-proof laminate), in display and/or contro! elements, for example in

automabiles, trains, ships and aircraft, or also domestic appliances, garden
equipment, measuring instruments or sport and leisure equipment.

20
The following examples are intended to iflusirate 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

25 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 compositicns

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
30 the weight of the part-amount or total amount indicated.



conprises 98.7 g of Al C13*6H20 per kg of solution are netered into
t he suspension over the course of 2 1/2 hours at 80C with stirring.
During this adsiotzeoemss7t he pH is kept constant at 6.5 PE/EReS/BEY
addi tion of sodi um hydroxide sol utitn. Wen the netered addition is
conplete, the mxture is 20 stirred at 80C for a further 1 hour,
then cooled to roomtenperature, and the phosphor is filtered off,
washed with water and dried. Finallypexhipledlri ed phosphor is cal cined
at 750C for 30 min and finally sieved through a 50 p sieve.
The product is then transferred to further processing, i.e.
hi gh-tenperature 25cal cination at 1700C in a 20% H2 at nosphere. |f
the materi al thenEx;htpdahétllenaxdtlobmfmgnmmama(eﬂdmer on of al um ni um
suboxi de, ssee abo, y@magm@mﬁmm%ﬁ!@ﬁh SR R0l4es. 36, $4c§gfm

0C over a

at rmsphere N an oven er at ure t ween
period of 2 h. 3OVﬁr'VDCQ'B’WQIhG@@W?tP@F?wmﬂ@@%@8f ceriyng chiofjeg s npl e 2:
Preparation of a li’elxﬁl@ﬂfttd{modmﬁhé%%ﬂ@éd&dBM&o@&eldﬂ@d%&r ghisf

al um ni um chl ori dg oltpgxagé%ed %}N eov §2$r6e ’631010,/ ?14|9$ gnthogtlrrﬁbwé um

chl ori de hexahydr Ae cerrumchrori de
hexahydrate (0. oa‘mblypreaared @h'@gmpﬂ/@a5 ?g oB@mm'urmhydmpmrbge@te Wat er .

T[" S 580|1t'9tl onfl 52 mqagnléyd%m&%emre Ts@ﬂb&?ﬁ@' niPstiftbd fer dhdngours with
stirring to a fre 0 amuoni um

hydr ogehcar bonat e @%‘F B%It 'aﬁ’tdéﬁ"e&ltﬂég%i itﬂeiﬂ’gm)
subsequent|ly sti rﬂwadpré{oalcnaedajmmme@ O\Bafbamfemud of thé inpanar gondsphege. s
filtered off and dried at 120C The material is then pre-calcined at
1000C over a period of 4 in an air atnmosphere. 10 100 of the
pre-cal ci ned YAG@éJ?IW&?ﬂ'fﬁked "'é%@@&é%é@d%'“?f’@gefded?élsé%"%%’d”vvat er,
and the sggspensi Oanglas‘s r@ztddrwdh@tmg]:ﬁmerammg oThreacﬁumenmammriuch

subsequent |y br O(ﬁ%’ ri sg@ ?tg oﬁﬁﬁﬂﬁe?&%gfﬁsﬁ E%CF@@ re mtc?th 7rod 2

thernostat. A 10 I'rconi'u
solution) is them@moep@nthemptaseméwﬁmttrmtIBD;pwrtﬁrtstlwdméb-dn% ¥pensi on

at a metering ratgd@bn ¥hena+( i§kdpt cJadfahm stamy%efw&rﬁammf sbdigm PH of the
suspension i s kept COIE ‘ﬂ Sﬁh% P .count er |trat| on with a
30% sodi um hydr oxi¥g@* {op; m?tﬁ@ 3 oPiBRTPEE BRIEYE's ¢ he
coat ed plosphor i sired ht8r@Ur afuftharidouwathbe cookidtitrodeitenpesaatemmtier unti |
sal t-free. Finallye pfddhdd i iRSreP SR FRBRG with walk SdM38d. Finally, the dried
{ phosphor is caicined 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
25 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 ternperature between 600°C and 800°C over a period of 2 h.

30



20at 750C for 30 mn and sieved through a 20 pm si eve. The product is
then transferred to further processing, the second high-tenperature
cal ci nati on st #9208¥FanNpl e 3: Preparation of a titarfFlR§2008/008608

di oxi de- coat ed YAG Ce 410.423 g of -&-um ni um chl ori de hexahydrate
(1.70 nol), 300.1409 of yttriumchloride hexahydrate (0.98 nol) and
10. 8509 of ceriumchloride hexahydrate (0.03 nol) are dissolved in
800 ml of dei oni sefhnvwé !zl’Pre;BﬁiﬂbnfwhuIr&Mrh dioRiddedatdd ¥AGICze over the

cour se of 1 112 noyoout DuShihichBikdid,dh 0L £ 70 gy PEREI 86 So ut on

of 1075.2 g of a ogencarbona €i on sed wat er .
The mixture is suﬁ@wﬁb'ﬂmde;hemwtﬂfﬂ?é(ﬁo pmolharfd10t85@ g of egdum chloride

2009/ 059677PCT/ EPZROQ/R3008 mo|)lafle mssaOecﬂh Bo0 :Ihﬁd@érﬁs‘eld%teatmsl S
filtered off and dri.ed, at 120 teri al {rﬁhmirﬁﬂ’“gre cal ci ned at

1000C over a per i $HBF S49¢ped ‘%ﬁ"p&?%eé’?“?” RUSPRE S99 YAG Ce
present is suspenitistlyprepdretl sgitiod ef Wb gaf amtmeniym bydiogdhérebosetefrensi on

|5 stirred at 100 grBindataERBGR s ShHRTRALERY Y aRiAONt L0

tenperature of 75C neans o er npst at wel ght titanium
oxyehl or | de. 9ol ut TR eGPt PHeTEAS o1 4 HEA RECoTIRMARIR 5 he

initially introdugeslpreudsipinesitadoet oder Bpbedd ong hiirddreaicdtmasphésel n. During
this opergtion, the pH of the suspension is kept constant at pH = 2.2
by 10countertitration with a 30/ D sodi um hydroxi de sol uti on. Wen the
addition is corrpl 10, of theerescrigined YAGCel phosrdiptis susdendsd [k 1-of deign- and t he

coat ed phosphor |§eciwdtérem%@§u§ &h8En mﬁmt%dohprqerr@%u%ﬂs,mger unti |
salt-free. Flnallg%,bthe 0C for 30 mn

and si eved t hr ough®s4 26‘*'5??{%3’@5% %quﬁ@requgg'lgg}y neany ﬂfé'rfg "TeHY er r ed

to further procesAidtby iveight zncoplart cepghiridd sohugiorc @r@dnsiition) is theran
oxi dativesor proteghiyes E‘rbcgtﬂé é.ﬂiaqml%'a&rea Syép@?ééﬁeat Qﬁé?enﬂgw?e &2y

coloratlon (titanium's t enperat ure
cal ci nation, the WyPBRUEPg this aperatinetireiph okthe syRPatsian)iekert elsted@ber at ur e
(600C - 800C) f or pH w59 YoimteriR@tichH with ol 308 didemppaaic@mtiof. WHae gr ey
coloration the addition is complete, the coated phosphor is filtered off and washed
with deionised water until salt-free. Finally, the dried phosphor is calcined
20 at 750°C for 30 min and sieved through a 20 pm sieve.

The preduct is then transferred to further processing, the second high-tem-

{ perature calcination step.

25 Example 3: Preparation of a titanium dioxide-coated YAG:Ce
410.423 g of aluminium chloride 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 mi of deionised water. This
solution is added dropwise over the course of 1 ¥ hours with stirring to a

30 freshly prepared solution of 1075.2 g of ammonium hydrogencarbonate in
2 | of deionised water. The mixture is subsequently stirred for a further



20and the formation of titanium dioxide. Exanple 4: Preparation of a
zi nc oxi de-coated YAG Ce 410.423 g of alum nium chl ori de hexahydrate
(1.70 nol), 30®002#9%9at yttrium chl ori de hexahydr at e PCOERES 804 and
10.850 g of ceriumchloride 25hexahtsrate (0.03 nol) are dissolved in
800 m of deionised water. This solution is added dropw se over the
course of 1 %hours with stirring to a freshly prepared sol ution of
1075. 2 g of anmmonioufin/ThHpagpnaeaisiiaead ef arl ded atokode Tendstedki wat er . The

i xture is subseqyentlyoshid GehdQbydabuidhidek n A% Uillymdiferlr eCi Pi tate

is filtered off rire terial

pre-cal cined at 1000C over a period of 4 h in an a| r atnosphere. 'WO
20091059677PCT/ EPRRQ GR860e frisentid Suspthddl i 1er ishsee valaesiinor
present is suspende dei oné wat er, and the su§ ension is
stirred af 1000 r'ﬁ?ﬁ“%'@&%‘gﬁ%ﬂ&ﬂo '?msm?ssé‘a‘i?é'ﬁ'i’“ sphs5a to a

t enperature of 75colmyt treaerspeddtura of T62C bpmeats ofAtrErmnstatm % e sol ution

(Znd 2 sol ution) f of

dei oni sed wat er togé’ft ﬁtaﬁiurﬂ O{ﬁh@ﬁc&%‘u%ﬂ( s§1I|§umy g%.feg??egé&ﬁgga-
hydrate - is thenthéisitialydpiraduged svmnsmaﬁweteyns r3ter S 4 VEn- BYdi¥ensi on at
a metering rate ohisdpdrhtionl the pHPdf th& Sushésion AX@ptalohaant af fre= pRibef t he

suspensi is kept con t.ant by. ter th a
15% sodi aﬁn hydr ox‘fo(‘iateg FRp Bﬁa 3%&?9“{'% ydé%g ‘lld‘gt}? nl\ys\d“%:not%E c{&'om
suspension i s adjarspiete, the sugpshien is adjysteddd pil F&rP, afd tme)%qtmphg%nhml on

The coat ed phosphghudrss dial wel wiashiah iRt @nie. ridif sdei oni sed
water until salt-free and subseguentl i.s then

cal ci ned at 500C %56 PRYSRRRL & Pleinge 8t Fol CQfSr rﬂ’"gF ‘?"e'd‘ihm“gﬁazo M The

product is then tsieesferred to further proceSS| ng, i.e

hi gh- t enggr ature ﬁécp%q‘abﬁ%brpﬁr@krry BQIﬁhbfbé&eggra/é; %‘éa@@%p%j ? Si Nz: Eu

Exanpl e Preparation of an um ni um_oxi
calcination in an oxidative or protective-gas atmosphere In the case of a

grey coloration (titanium suboxide formation) after the high-temperature

calcination, the material is treated in steam at elevated temperature (600°C

— 800°C) for two hours, causing the disappearance of the grey coloration
20 and the formation of titanium dioxide.

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

410.423 g of aluminium chlcride hexahydrate (1.70¢ mol}, 300.140 g of

yttrium chloride hexahydrate (0.98 mal) and 10.850 g of cerium chloride
25 hexahydrate (0.03 mol) are dissolved in 800 mf of deionised water. This

solution is added dropwise over the course of 1 ¥z hours with stirring to a

freshly prepared sclution 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
30 then pre-calcined at 1000°C over a period of 4 h in an air atmosphere.



50 g of (Ca, Sr,Ba)Si N2: Eu are suspended in 950 g of deionised water
in a 20glass reactor with heating mantle. 600 g of an aqueous

sol ution which conprises 98.7 g of Al C13*6H20 per n are
netered into tR& g‘@&"‘ﬁ‘gﬁm on over the course of 2 1/2P ’Eﬁg‘]s’é’?gﬂlg
with stirring. During this addition!®the pH is kept constant at 6.5
by netered addition of sodium hydroxide solution. Wen the netered
addition is conplete, the mxture is 25 stirred at 80C for a further

1 hour, then cool H % thedda Cephoapher bretsnt iasuspened JHplabReiPnised £ | t er ed
of f, washed with wy@aéeindanslsudpéridn istiined dtyoootrb.a Theis@sbepbiorsiploay- i s

cal cined at 750C for 30 m nd finally.si.eyed thr h P, Si eve.
WD 2009/ 059677Pm§%ﬁ@b§736‘8‘ég’€§e’3"’ef%“’-e ﬁ%ﬁéweans @Pgb‘*&“&&on of an
al um ni um oxi de- czietabldri¢eCeolBon BaliSeeNBNELR250g of zinf cifidideGisseleddds| 2N5: Eu

are suspegded in 250, adgsn{&@'&@r&@&hwmdgrbfalu&kmcmagh%wth
heating mantle. 600 ueous sol ution which ggrlses 98.7 ¢

of Al C136H20 per W@f?’g@f §8}eﬂﬂe€%ﬁec&P’€t%E“@'&ﬂ‘"P‘h’Fﬁf’ $U5RENSI9E Bbhsi on over
the course of 2 lnhaehuats obd mBdic. Darind thid dperatidhy the PHrof thg stispeasianddi t i on,
the pHis kept cop - 9 -
hydr oxi de sol uti onﬁé@\ﬁéns%hgpa tbyo dptoﬁ@%ﬂt“ gﬂmiggbopg?dﬁwhﬁﬁ
mxture is stirréde éﬂIUtQU}(\l’V'FQﬂrtheaaqﬂﬁlplﬂ ikepmpletadbe Suspgisien @(ﬁS‘lUéEdE% room

te rper: at Hoe._ anflI pHDE Bay 9&&%9 lapfo% ﬂCIfdoluh&f 2k Qhfed pHRP ht?(ﬂs f?%ﬁcm? wat e
and drie i na iS or
ninand finally s @é’ﬂaf"ﬂ ?‘5‘?1“'&' ”EeQW@\?%un?llﬁ)?gﬁﬁ? QAAUOSAELY ot i on
of a zirconi um oxdrige-teaataialiCheSeaidzedsh SI0° EandlSae0 Grrayph a 20 um

(Ca, Sr, Ba) Si N2: Euggpe suspended in 2 | of deionised water, and the
suspension is stirred at 1000 rpm The suspension i subse uently
B ought o & t empHIREE e ERBy e OOt b TR 1096 by
wei ght ziisconi um eigjratidrodt HZE°C ¢l 220%0H, 4tdodpbkrd. sol ution) is then
nmetered into the initially introduced suspension at a netering rate

of 2 m/mnm Durlng ) . )
xample 5: Preparation of an aluminium oxide-coated

{Ca,Sr,Ba}SiN:Eu
50 g of (Ca,Sr,Ba)SiN2:Eu are suspended in 850 g of deionised water in a

20 glass reactor with heating mantle. 600 g of an aqueous solution which
comprises 98.7 g of AlCI3*6H,0 per kg of solution are metered into the

{ suspension ovet 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

25 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,



20t hi s operation, the pH of the suspension is kept constant at pH =
3.5 by countertitration with a 30% sodi um hydr oxi de sol uti on. Wen
the addition | wostwrgd@t e, the coated phosphor is fil PEFERINEIEEOHNJ
washed with deionised water until stt-free. Finally, the dried
phosphor is calcined at 750C for 30 mn and sieved through a 20 pm
sieve. 25 Exanple 8: Preparation of a zirconium oxi de-coat ed

(Ca, Sr, Ba) Si 2N5: Egkahidile € FRépatdtidn 3F ala@lliindivh okide-abfte Uspended in 2 |
of dei oni sed wat e@ g% the suspen5| on is stirred at 1000 rpm The
suspension i s sub éﬂ' sE8br ought to a tenperature of 75C by neans
of a thernostat. 9 da¥nHr,BaiSiNs:E anecuspeoded dx§edhyl of deéicrdsed avater ingn

(Zrd 2 sol uti on) i é,ﬂgc@soo |uti hich
2009/ 059677PCT/ EP? ooé‘%{)&g’g‘('s“@:ﬁg e e %{a"a ue(gs|s?1u}°3wu'cced

suspensi oA at a nOfEFIEEPETGB A" 62*291PP’rﬁ9r?f3%ﬂ'P'i‘ﬂ mefared Biodbest i on, the
pH of the suspenssuspenisin lsepthecourss erEty: Bburpat 86°Clwith stilying. @uribgethisi t r at i on

with a 30% sodiu i de. j j conpl ete,
t he coated phospkr:abdra}i('?@?%% [ﬁ—f'sﬁ%!é%r#s%n%aﬁé\%mg"%&ge&%ﬁ#dd@g Séﬁﬁged S5wat er
until salt-free. !Poieaide golutiondVeaniteaimeRed grdionjisscomalets. thedidere 150C f or
30 mn and si evedst&rbdmkbﬁrgﬂmﬁéﬂmoﬁﬁ/ﬂﬁenEéiﬁém&%oﬁte @eadndon of a

titani um di oxi de-¢o N 100 Ca, S |N2 Eu
are suspéfided in E s hogéf‘i ?f 8@‘\?/%17%?‘{“‘9'%@ ’g’t‘ﬁﬁd %W?B’e{?&

stirred at 1000 rmrmph‘ﬁhle cslusqnieahiﬁﬂﬂﬁfdr§09uquudht5byedhthrougm5&m a
tenperature of 75&, Ay neans of a thernostat. A 30% by weight titanium
oxychloride solution (TiOCO 2 solution) is then netered into the
initially introduced suspension at a nmetering rate of 2 m/mm During

this operation, tEanipi RiPrégaeativtHP8e Biséaniun Sxilepiated(CajSaBh)SIN:BhH = 2. 2
by 15 100 g of (Ca,Sr,Ba)SiN2: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 (ZrOCl, solution) is then metered into
the initially introduced suspension at a metering rate of 2 mi/fmin. During
20 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 pm sieve.

25
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

30 brought to a temperature of 75°C by means of a thermostat. A 10% by

weight zirconium oxychloride solution (ZrOCl, solution} is then metered into



15countertitration with a 30% sodi um hydroxi de sol uti on. \Wen the
addition is conplete, the suspension is adjusted to pH = 5.0, and the
coat ed phospho™0i289959¢7f er ed of f and washed with dei oRCEERHEELE unti |
salt-free. Finally, the dried phosptor is calcined at 800C for 30 mn
and sieved through a 20 pm sieve. 20 Exanple 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 suspended i n iBe Initiafly icteidostid Segpenwdnet a neeteting fate of @enirs Domngi S
stirred at 1000 r S ' ' L t to a
tenperature of 75 5 J%goghgégﬁ@gbf%&%@pi&ﬁ&ﬂg&%g}ygﬁegﬁg titani um
oxychl ori de sol ut¢ognfetirationmith g 8p% spdiy hydsoxidg spluiips: Whenithe ﬁg%““t‘l'?e
initiall K int rodusbame%mﬁ%&b@ﬂ%oaﬁhoaismr@d ofghdrvakiedanith deibhiéedi N.
During this operation, .t H_of the suspension is ke (o tant at
pH = 2.2 By countvé?t?ri@Plé?ﬁg%'wn?lﬁ’ tEe %?f‘rl%’ﬁ t ﬁrﬁ?ﬁayl/cdpreg)?lp%?g (gg ution.
When the additi on3dmin36d eisyeddireygh@al?@ pmeigyensi on i s adjusted to pH =
5.0, and the coated phosphor is filtered off and washed with

dei oni sed water until salt-free. Finall

2009/ 059677PCT/ EF2Xmploddieparatiopsf a t‘Wi"éﬁditﬁﬂhgg'ﬁﬂvé??d {Ca e BRI R at
800C for 30 m n atod gsdf 0L, BABINLEL arasidPenue §i 2\edeidnisetphter, hid
P 2L, o, 2 PR SO0 R Iob oL, B, O
suspensi on is st ibreedht igta taprgatyrg af 75t by mgansoha thermasiat AR uent | y
brought to a tenmggigi tbru foxychicride)soiain$ioh, solutidhe s M indteredinidi NC
chloride sol uti Onlpézﬂi%é tSOLUt i O% -.022.t7ﬂ_% (l?if z'%em%zctv or iDgr(?n di ssol ved
in 400 g of deionig& ptid ‘Eegﬁgst CiadlVine fﬁga of “a1"dTN N chl ori de
hexahydrate - i s this operation, the pH of the suspension is kept constant at pH = 2.2 by
15 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
dried phosphor is calcined at 800°C for 30 min and sieved through a 20 pm
sieve.
20
Example 10: Preparation of a titanium oxide-coated
i (Ca,Sr,Ba)Si;Ns:Eu
100 g of (Ca,Sr,Ba)SioNs:Eu are suspended in 2 | of deionised water, and
the suspension is stirred at 1000 rpm. The suspension is subsequently
25 brought to a temperature of 75°C by means of a thermostat. A 30% by
weight titanium oxychloride solution (TiOCI; solution) is then metered into
the initially introduced 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
30 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



10 then nmetered into the initially introduced suspension at a
metering rate of 5 mM/mn. During this operation, the pH of the
suspensi on i s KeEpYEYaNst ant at pH = 8.0 by count ef f i tPEHEFMHIFI¢ h a
15% sodi um hydr oxi de sol ution. Wenighe addition is conplete, the
suspension is adjusted to pH =5 by addition of 10% HCl solution. The
coat ed phosphor is then filtered off and washed 15w th dei oni sed
water until salt -dricd @hespHorss i@t areobsC fdr 30adin aldisevedtiesughla 20qnt hen
cal cined at 500C and sieved through a 20 pm si eve. Exanple 12:
Preparation of a Y7'%c oxi de- coat ed (Ca, Sr, Ba) S12N5: Eu 100 g of

(Ca, Sr, Ba) Si 2N5: Eu are suspended in 2 | of deionised water, and 20t he

SUSpensi on i s stiggpeh@d1: %?&Qritﬂﬁbf;mﬁc s*laaemémalssaame@wently
brought to a tenpgrature o means of t he zinc

chloride $ol uti on1Q°BRfJ((?a §’®39Q§'Nb'1:=5 are syspendeq 'b%[%?‘?i‘(’,"'st?ﬁl‘”aﬁ &Bd
di ssol ved in 400 @e efispetdicng stierdd weioar rpim0 Tied duepensiob I8 slibsqapnaf

al umi ni um oht or | Aol AMMGRAL e of SrbRFRTR S5 SR A SR didhéd 21| Y

i ntroduced suspensi ring this
operation, the pHsalition (Z@C!e@slp@n)s-r %TQQfWGbIOEWﬁ@?@!Yﬁd i1 #00g-pf8. 0 by
cggn: ertitration uulmeaw&é?/tbwﬁlérm H‘Yi@%@élhrﬁiﬂru?@hléhdélfbxaﬁ%@fé—t|Ele
addition js conp ns us

addi tion 8f 10% I-ISF @8‘9[% ’ﬁ?ﬁ'g hyth %?%dﬁpgaﬂ%}atagpe[twg%raﬁ %/ft er ed
of f and' washed wi % tl/dimi During ¢is apmtagion, thetpH of thelsusplengien iakebt sariseaiguent | y

dried. The nat erl % " gh a
20 pm si eve. é’t 9?%@8%%%[% éé%‘é%g? g%/sggcg& ﬁmﬁb%&%n MQ{“.

Preparation of an hSF‘@FZ“%(b%‘E%'e eciie SksPRBYagT$ adjusted ?:BH g 5(W ngd’t'm
(Ca, Sr, Ba) SIN2: Euofant I-Ktlsﬂﬁtﬁ:dﬁ'ﬂlelcﬂatéd brickpter i thed filtaexDdff aral wastkd|

react or V\{'5t h gr OL{PH'. o% o%%esed watgr unples?é E%}q%n%%seg nsgt]ll "r%lﬁna?é?%gg ns er A

solution of 179
wat er i s added. @emc%medtaim ©andsgevgd tﬁ'fOUEl'é@ Qumisieve-or t hosi | i cat e

(TECS) in 489 of anhydr ous ethanol is slowy added dropw se (about 1

m/mn) at 65C wi ing. Wien the additiqgn, js C A t he
suspen)5| on is sti ’faé'lf’?i)# Péeqﬂ“[ﬁhf’ﬂgfai‘“ﬁBﬂH‘%’?“ﬁ?%@@ﬁf’%ﬁng"ﬁ‘)%%

t emrperat ure and f100tgef ¢Ch, SITHESING Sl cltessubpendersin @ dofidetohisexdt wederoand dri ed,
subsequenfl y cal C&@@ﬁ’sp%i@ofﬁégvr@&iag%go W?%&s smﬁ)s%gﬁ’ergﬁénW of an

Si 02-coated (Ca, Sr Eu are
suspended in 1 | i hrPughio aé?’ﬁ%ﬁﬁﬂ”eloﬁ?% ?!WMBF“W?#?‘&W“@‘F%SS

lid, heating mantéoutiam@nCekblutioncorairgsiedne cosdel dissbles i0A00lgofg of
amTDni a water ( 253@&Yse¥\’§jagpfog&ﬁerw)l.0ig%f &IZinnﬂmocfhlo}’?@é r?eg(al'iyﬁrate —is
then metered into the initially intfroduced suspension at a metering rate of
25 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% HCI solution. The coated phosphor is then filtered off and washed
with deionised water until salt-free and subsequently dried. The material is
30 then calcined at 500°C and sieved through a 20 pm sieve.



15added. A solution 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 with stirrivwapoooween the addition is conplete, thePCIHERHBAYIBN | s
stirred for a further 2 hours, broudht to roomtenperature and
filtered. The residue is washed with ethanol, dried, subsequently

cal cined and sieved. 20 Description of the figures The
invention w il beEgaidlal fieepdiatnR b BiojRbated (C2SrBu)SNS:Bur ef erence to

a 25wor ki ng exanp the s ct.i f 203
surface coating 1&25’18&?%?%?)3%%’@{6 sgaoe{?gﬁcghd%?{ %Qn& "{éslﬁe shows
t he Al 203 coat i ngtoB@itiFgrgundlass fidheatiag n@lﬂ'ﬁa}ﬂﬂmﬂgmwﬂwsef Asaktianef es

coated with Al 2031ﬁ&§%rﬁom¥@at9(ﬁ° wéghtmmaﬁﬂ 1@@9611@&.@%&@ cles
corrprl Si n% | um nescent particles taI or

ition-
sem net al “oxi de cO&PMHRY %6@ &Pﬁﬁtfﬁeg‘ywh?ﬁ"wtﬁ&”;ﬁs) I'"e‘ffsgc" Fagy Eatuﬁrt i ng
materials wth at etﬁhremststomyaddlmmmmsbyahmummm a 85°Cnwathistrdisg.and

subsequent  cal of N0l o MATL I BlcRGMT S8R 19U | g i L1

netal, transition- rreta sem em cal net hods
and subs equent cal'“?!-!f‘fhafquefﬁ to Wﬁ'@r‘%‘i‘%mﬁ%@a@qﬁ*ﬁ’&ég hgfresidye isvabe
phosphor parti cl egith &h&Her, ak, subsequently calcined and sieved.

10
[ Example 14: Preparation of an SiO;~coated (Ca,Sr,Ba}Si:Ns:Eu

50 g of (Ca,Sr,Ba)SizNs:Eu are suspended in 1 litre of ethanol ina 2 |
reactor with ground-glass lid, heating mantle and reflux condenser. A solu-
tion of 17 g of ammonia water (25% by weight of NH3) in 170 g of water is

15 added. A solution of 48 g of tetraethyl orthosilicate (TECS) in 48 g of anhy-
drous ethanol is slowly added dropwise (about 1 ml/min) at 65°C with stir-
ring. When the addition is complete, the suspension is stirred for a further 2
hours, brought to room temperature and filtered. The residue is washed
with ethanol, dried, subsequently calcined and sieved.

20
‘ Description of the figures
The invention will be explained in greater detail below with reference to 2
25 working example.
Fig. 1: shows the spacer action of the Al;0; surface coating
1 shows a pre-calcined YAG phosphor patrticle
2 shows the Al,Q; coating
30

Fig. 2: shows an SEM photograph of particles coated with Al,O; spacers



10 2. "Coated phosphor particles according to Claim1, where each of
the coated particles conprises a |um ggscent particle which consists
of at |east one |um nescent conpound | ected fromthe group of

(Y, &, Lu, Se, Sm Th) 3(Al, Ga) 3012: Ce (with or without Pr), YSi Q2N Ce,
Y2S| 303N s 15Gd2S1303N4: Ce, (Y, Gd, Th, Lu) 3A15ASi x012. N': Ce,
BaMgA11001/: Eu (with or wi thout M), SrAl 204: Eu, Sr4A114023: Eu,

(Ca, Sr, Ba) Si 2N202: Eu, SrSi Al 203N2: Eu, (Ca, Sr, Ba) 2Si 31\ 18: Eu,

(Ca, Sr, Ba) Si N2: Eu, CaAl SIN3: Eu, nol ybdates, tungstates, vanadates,
group 114 ni tEda8RphoSpHdd Barticled coR@@ihyQam Resd2flt YArfled dnd el XhHdifh-
thereof with one or nore activator ions, such as Ce, Eu, Mr, C, Tb
and/ or BhetalP® sedimétaiaixRid cBA@UbRIndbA by BikRg aRee S @b Brting nRdterial witiP4te
of Claims 1 to 2, characterised in that the nmetal, transition-netal
or s@m nedsibn®yoskat BvRtt-dhgmical netbsPadcibsequent Aidhiadies &Sgit®phdsbior
production of coated phosphor particles according to Claiml1l wth
25t r ans pRe@mdorsaing lcoating avitk intdtalntravaitish-ntetal 9e semigicadl ogidedifswet-chemical
characterised by the steps of: a. preparing a pre-calcined
phos phormghedsarsicubsagspetitsicinatityy, wherdimthe atirfdceass thet avateslitphbsphiog particles is
materials and at | east one dopant by wet-chem cal nethods and

t her mal Ipprauseating the m xture at a tenperature T1>150C, -21 -

b. coating of the pre-cal ci ned phosphor precursor suspension with a
transparent netal, transition-netal or semnetal oxide in a
wet - chem cal process at el evated tenperature and subsequent

cal dlnation at a tenperature T2>800C; and c. optionally
additionally sel ective oxidizing of suboxides at a tenperature
T3<800C &t 0~ Jroptedihasriy PadpeharsRer v dlain 1, wbaieRsch P! BRicarigd paticleshe
process according to Claim4, characteri geo{ in that the transparent
metal , tPHRERTS HRMRESSENt Brrticls HVABAQNSIR PhR Ieash PR HENNesCent AYPRYUYEC es
of al um nju (%xi d zi rconi um oxi de, zinc oxide, titanium oxide,
silicon$ 180@8 o @8:%‘1“3:9& ons thereof. 10

(Y.Gd,Lu,Se,Sm,Tb)s{Al,Ga)s015:Ce (with or without Pr), YSiO;N:Ce, YaSiz0:zN4Ce,
15 Gd;Si04N.:Ce, (Y,Gd, Th,Lu)3Als..Six012xNx:Ce, BaMgAl;40Q47:Eu {with or without Mn),
SrAlO4:Eu, SrsAl14025:Eu, (Ca,Sr,Ba)SiaN,0.:Eu, SrSiAl,0sNz:Eu, (Ca,Sr,Ba),SisNg:Eu,
(Ca,Sf, Ba)SiNJ:Eu, CaAlSiN;:Eu, molybdates, tungstates, vanadates, group I 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.
20
3. Coated phosphor particles according to one or more of Claims 1 to 2, characterised

in that the metal, transition-metal or semimetal oxide coating is transparent.

4. A process for the production of coated phosphor particles according to Claim 1 with
25  ftransparent metal, transition-metal or semimetal oxides, characterised by the steps of;
a. preparing a pre-calcined phosphor precursor suspension by mixing at least two
starting materials and at least one dopant by wet-chemical methods and thermally treating

the mixture at a temperature T1>150°C;



6. The process according to Claim4 and/or Claimb5, characterised in
that the transparent netal, transitiop.metal or sem metal oxide

enpl oyed i s nanoparticles of al umi ni oAt oxi de. 157. The process
according to one or nore of Cains 4 to 6, characterised in that the

phosphor pr equsaiglob rRRLRNEN EYhotfla HhallaPL.ERhatE! £ OULQLARDT ©

and/ or inorganic sition- re earth

metal sahlg) géné_ﬁﬁ@r}ﬁet&fo&%nn%él 0312:18 ‘Fr?? WRECIAHER br hvo%& z#t Fél&'ir%!j on

processes. process according to one or re o aim4 to 7,

char act §ehnggdrd aﬁd‘ﬁﬁbsbéﬂ’en\"@élcméﬁaﬁ% &%md&?&ﬁéfﬁisdﬁlﬁc‘)&fnﬁt he phosphor

precursors is sel ected om one of the followng 5

copr eci pi t at icOBptnkKy bR CER Rl dXidiAty cﬁ%ﬁ%ﬂld@s aﬁﬁ%éh%réiﬁﬂenﬂ<@oo C
sol ution of C|tr|c acid and et hyl ene glycol 25conbustion nethod using

ur ea sspriayiveityd ereBporidiy HEIRR sEMMnGhI¥KIdeelg et erial s spray pyrolysis
of the dispersed starting materials. -22- 9. The process according

to daim8, characterised in that the wet-chem cal preparation of the
phosphor precursors is carried out by neans of coprecipitation with
an NRI HEX sdlhetoramess addardliieto [Claimes sharactorigbidig thadthe franspardi® Frtahf
Claims 4 to 9, characterised in that the coating is carried out with
at | easttrapeiiometetd! pr sanzimsial 0xide aeplayedds nseoparticies af aloxinilen byids ddedniuom
of aqueous or non-aqueous sol utions of non-volatile salts and/or
or ganoneixigel Zinc exitip ditanidsn oxide, silicon oxide or combinations thereof,
10
6. The process according to Claim 4 and/or Claim 5, characterised in that the
transparent metal, transition-metal or semimetal oxide employed is nanoparticles of

aluminium oxide.

15 7. The process according to one or more of Claims 4 to 6, 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.

20 8. The process according to one or more of Claim 4 to 7, characterised in that the wet-

chemical preparation of the phosphor precursors is selected from one of the following 5

methods:
. coprecipitation with an NH4,HCO; solution
. Pecchini method using a solution of citric acid and ethylene glycol
25 . combustion method using urea
. spray-drying of the dispersed starting materials

. spray pyrolysis of the dispersed starting materials.



11. The process according to one or nore of Cainms 4 to 10,
characterised in that the 10starting rrzt erials and the dopant are

i norgani ¢ and/ or organi ¢ substances, ~éfch as nitrat es, carbonates,
hydr ogencar bonat es, phosphat es, carboxyl ates, al cohol ates, acet ates,
oxal ate hal i ‘ .
and/ or ggXi desfhgﬁﬁ ?ﬁ?%y%‘rée"{%gﬁ@g toé&é%ﬁ\%ﬁ%@éﬂe@sfegﬁ@%?@%%{: a @Eé;ﬁh% %?atm
rar e- eardlp iR - ani c
and/ or o%fghanl C b&ﬁg}‘%g@&%&%ﬁ@b&? eb%%ggigﬁé%ﬁﬁﬁﬂg@ﬁoé@ﬁgﬂﬁ&mre
of d ai ngufioh0 11, characterised in that the phosphor particles
consi st of at |east one of the foll ow ng phosphor materi al s:

(Y, ™, Lu, Se, Sm Th) 3(Al, Ga) 5012: Ce (with or without Pr), YSi O2N: Ce,
Y2Si 303N4: Ce, Gd2Si 303N4: Ce, (Y, &d, Th, Lu) 3A15, Si . 0. 12. N.: Ce,
BaMyA110017: Bthe(phbdeBs Bcordiid10bhe Minor G S Ad A4o BushaBicleNbad HaBatis
(Ca, Sr, Ba) Si 2N202: Eu, Sr Si Al 203N2: Eu, (Ca, Sr, Ba) 2Si 5N e: Eu,

(Ca, Sr, Baptmd\g chiied Cat\Wiftl dlstisBohe metaly beadis, méteingsbal-estal svadaisiaddaiftion

group Il nitrides, oxides, in each case individually or mxtures
t her eof ofiatjiccan @r non-aqueeua eblitivnt @f norovidatikesats taad/of srgamdrstal kiconounds.
Tb and/or Bi. 2513.1Ilumnation unit having at | east one primary

| i ght source whose em ssion maxinumis in the range 380 nmto 530 nm
or between 430 nm and 500 nm and conprising coated phosphor

parti cl ed. ac3bedrengss acaordingio oneoemofe €Ciims 410 110, Garacterigdl in tHad HliEhe
illumnation unit according to Caim 13, characterised in that the

| i gH0 scitarieo mategals gt Hestopant dre iotasniglangionpraanig sHbstaneesisuet aenitratgs,
particular of the forrmula IniGaj AlkN, where 0 0 4, Oand i+ +k=1.

515. The G@rionaiesdidmgensarbonaiasopitnshbated cerbaxvates alcohalaiest @eiaé@doxakdtes.

that the |light source is a
halidegs, sulfates, crganometallic compounds, hydroxides and/or oxides of the metals,

semimetals, transition metals and/or rare-earth metals, which are dissolved and/or
suspended in inorganic and/or organic liquids.

15
12. The process according to one or maore of Claims 4 to 11, characterised in that the
phosphor particles consist of at least one of the following phosphor materials:

(Y,Gd,Lu,Se,Sm,Tb)s(Al,Ga)s012:Ce (with or without Pr), YSiOoN:Ce, Y,Si;O3N,:Ce,

Gd;Siz03N4:Ce, (Y,Gd, Thb,Lu)sAls+Six0104Nx:Ce, BaMgAlx047:Eu (with or without Mn),

20 SrAl:O4Eu, SriAl14025:Eu, (Ca,Sr,Ba)SiaN,Oq:Eu, SrSiAl,OsNz:Eu, (Ca,Sr,Ba),SisNs:Eu,
(Ca,Sr,Ba)SiNa:Eu, CaAlSiN;:Eu, molybdates, tungstates, vanadates, group lil nitrides,
oxides, in each case individually or mixtures thereof with one or more acfivator ions selected

from Ce, Eu, Mn, Cr, Tb and/or Bi.

25 13 lllumination unit having at least one primary light source whose emission maximum is
in the range 380 nm to 530 nm or between 430 nm and 500 nm, and comprising coated

phosphor particles according to one or more of Claims 1 to 3.



| um nescent conpound based on ZnO, TCO (transparent conducti ng

oxide), ZnSe or SIC. 16.The illum natign unit according to Caim 13,
characterised in that the |ight sourcé°i's a material based on an
organic light-emtting layer. 10 17. The illum nation unit according

to Caimgs, ﬁ'&%{@%eﬂﬁh%ﬂﬁaé&réi%rélgﬁﬂ%?ﬁgracctgﬁgeﬁ‘?n Ehﬁt@iﬁ@’ﬂ%ﬁgcmia(:h

exhi bits el ectrol um nescence an um nescence.

i1 um nat, ' ' ; o 14 ' h et
[ ght SairmRstdRt aBEERLTRE, b i RrafRaLAR R oRRa oA e o
phosphor <parii ® LRSaRGHPkLH.ng to one or nore of Claims Ito 4 for
partial or conplete conversion of the blue or near-UV em ssion froma
| um nescent di ode.

5 15, The illumination unit according to Claim 13, characterised in that the light source is a

luminescent compound based on ZnO, TCO (transparent conducting oxide), ZnSe or SiC.

16.  The illumination unit according to Claim 13, characterised in that the light source is a
material based on an organic light-emitting layer.

10
17.  The illumination unit according to Claim 13, characterised in that the light source is a

source which exhibits electroluminescence and/or photoluminescence.

18.  The illumination unit according to claim 14, characterised in that the light source is a

15  plasma or discharge source.

19. Use of coated phosphor particles according to one or more of Claims 1 to 4 for partial

or complete conversion of the blue or near-UV emission from a luminescent diode.



