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zi r coni efitecaachntl admead aneup opanetaexivld of e elbraent of fisk pafeadidaPst at e.  The cheni cal
propert i esevsfent N Paignted A0REFM: issuadelupe; 3B nto1G | disgloseg engrystaliine luppinegeery materisht ot
2, 3145 69presentod hethowBeEthiopia: 1943, di scl oses a method of preparing a
| um nescent 40. material which conprises dispersing an oxide of an el enent
chosen F@%‘M’Q‘ﬂ@wﬁ?ﬁﬁﬁnconm Stl ng of beryl lium magnesium zinc. and
zirconiumin a so

hosen f 0
consizt 1 80Pl e e T e
t hor |°'brr}no ik ?lﬁ,p'?é"éle P PR okiGe the e emgnt 0 e second hamed
group upon e oxi de of the eI enment of first named group. Leverenz U. S.
Pat ent 2,402,760, issued June 25, 1946, discloses a crystalline |um nescent
material 45 represented by the general fornula: [err] where X is a netal
sel eG efeifg M /d¥80 8, Hlindhk raiB b2l S consi sting of zirconium titanium
haf nium and so thorium Y is an elenent selected fromthe group of
el enent g+g@nsi sting of silicon and germanium the nolar ratio u/v 55
being from1/99 to 99, the nolar ratio of u + v/ W2
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EP © 431,355 Bl being from1/3 to 2, and the sumof U + v being equal to

one gram nol ecul ar wei ght. Zi rcogbérggﬁgg ggf ni um cont ai ni ng conpounds al so
containing rare earth elenents h en disclosed fromtinme to tine:
Anderson ©.S. Patent 3,640,887, issued Feb. 8, 1972, discloses transparent

pol yciy sfeiaby lrbi 9/3G6 5, 3% fhe Sum Qﬂﬂ#v%mﬁ@&]&pé%ﬁle gm%leﬁtﬁ‘é‘? waightt hor i um  zi r coni um
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t hr ough gfskiosdd floainf2as tisli ¢ . Tabl e optionally additionally including yttria.
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phosphoreanh telemaits 56t thieaghoT1 sicthe cegickiid Tala aptionally tagditiinelly) inghidirg eytids: nAnderson
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di scl Bses Kelsex, J5HOS Faisrt 4986097, issuac Eete iht1977n diagiesps yHlerlpmschvater] §afl;f§ P'?TP'W'?er e X
is in the Faggold US: Saten 40584285 issyedpfan. 105 197Bsdisclpsesgas @ PRAs Rpscent
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or a green emtting

phosph Or efah PQJent Ais§idl Mhy D079 6Fsciobes Sl @lifidiR YoreBiousl Adnds or

di scl osegseASieRéritd r#\érﬁb@sltalspéf Q#‘doﬁlhlrﬁ oBRafRASoxie siaﬁﬁz%ﬂ wi fiFBRbagdionocrystal s of

zi rcogj Um Rfsinh@f 410N maxen(l #,265,088)1 ikdug® Detvizd,N1gei t didcloBasOX icGisic y@ A stabilizdél R et
al\l. S pratol dofled?@®,(I89, [ssued Cct. 20, 1981, discloses a cubic yttria

st abi | i zed ehmksy #hd[8) 08spiama, dDpadsashdehSdeetrar df Tritalent Ma@e EartinidnsS. Prod. $iteirry Sym,

" Lum nesmenswmciSpeetry. oo, 1062,\,ad0Zn tto Ragpert tha rctyktall latirs consiants ©f ménatiipic hafni@amd

Mol . St rzebnia &Spelows:y. , Tokyo, 1962, A-407-1 to 7, report the crystal

| atti e constants of nonoclinic hafnia and zirconia as follows: 25 Table |

Oxide a-axis b-axis c-axis [ effiatfe 130 Hf C2
5.11 5.14 5.28 99 [err] 44' [err] 5.21 5.26 5.375 99
55' Iwase and Nishlyana i[ryest | aahed haeilacansd]zi gcorji a for

cat hodol um nescence-i . e., fi TofesTeNCe T EYPUTSEIt tgctron bonbar dnent .
The e ssion characteri sti %g ‘hes E %O)é’g {ch trival ent samarium
praseodym um dysprosi um o} B re reported. It has
been recogni zed that the inclusi on of titaniumas an activator can

si gni f i civasd andiNsbiyaras ipvdstigatel (hafnin @sd zmonia fof catiodauminegceacrdi.eh difigigsgoncKraspasse U. S.
Pat ent, 2105438 6ombiagisentd The bnisi@, cii@Beristich Sfcthess exsides daved it rivale tsamativig
titani unprasodymiub® dysesivmpateibiumagnd elrgrim ipndaraeappted- conposed of one or nore of
t he oxi des ttofas Aiepr aspanized Hhat e inplusiom 6 Flaniym ge raﬁﬁ‘ﬁ‘?"a‘ﬁ'i eﬁn %'q"wca"f'b "\‘ixﬂ‘ﬁ’s@Hhehay
be addedveinesrance gkfiigonipand 83nigir  basi ¢ _oxi des_ or H. Brixn

" St r uct ur alkgegY- Euﬁ?“ﬁ’é%gﬁ% F’F%Eﬂef?q &% 13F1 tdﬁ'é' é h°Tpg§H °°F§3’P'$g £ as an
Ha'&a uesactv and a nx co g Pcﬁ b de brC(:gT&lgIC ?B%m orlum
| nvesti gg‘f’ﬁ" )g)r:]::'n truc ral jﬁ?ﬁse om es or (fsm 0 ?? o&e Iﬁ‘a@g E%q-la'fn teé“nﬁlL de

0
not onl y L a i m}t.aag t k.ﬁ ﬂidhsreﬁos{ SRl Lnti
properti mg to,[m%[u nh?r&nt d'e%l % tqso s9€rnd|[|rﬁ afd ARl n§ $he pRIpLRIGNF it
states: nPeiBio BP RUa naindeS BR@EEstagd | vator in pure [err]. Under 3CkVp M
radi atf on Xgd Ao Rl taflrksOdame LaBivatoCA RRSHID] . AUhdet DRV tRiatidh x'i\'aly’) exslion) amsl
cent er edcafdasii b GmRENnAS brsRAnd Bonterdd. ardund FH¥i réin B4TEeRA inOFg. IFAShiglemissidnenas ad y  Of
about 1. fuechiity®s allcdded.6 frhesRRIRof PAR TaviDdar@uiidl thblamreciost entdoest & an xateineedifyiagg an
X-ray i nt@emiphydphd, SpecRity inlightsyd hersppetismedsdration yf IO rblatiyhto CIWQ he seva Fefig. éx
absor pt | Onforinatbly,Ghe @lcabi apticd gradéaViD iaso prelbitivierthaFit gann@.be Weddgr seigentappligationshe
price ot (Eprhastsadddgy)ade HFO is so prohibitive t that it cannot be used in
screen appliFf Saivern SPregafairhansi lwmindsbent. Bronditips ofSHrAgveted 'Zpeasiodrlournal ref HacElec-
Luni nesc &esherdical Seeiety.afl. 613, THo- AFeh.\1886 8. 24 £38n icloses)ipypsigalions, pf Tt} cactivmtion of
t r ochemni ggenisSeivertsiatesy/ol . 113, No. 2, Feb. 1966, pp. 124-128, discloses
i nvestgk g at |Q5ﬁ%oane g?tprja t%@ﬁowgq %(hlbv&fa very rapid initial exponential decay... similar to CaWOs

d MgWOQ, and some sulfide phosphors....Beyond about 20 usec, the decay rate becomes much slower
and the phosphorescence is visually detectable for a few minutes. It was found that the addition of certain
mineralizers or fluxes, in particular 1 mole % LiF, besides leading to an expected increase in particle size
during firing, also causes an increase in the intensity of the phosphorescence aithough the intensity of the
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zi pconi a. Sarver states: At roomtenperature the phosphor exhibits a very
rapid initial exponential decay... simlar to CaWwd4 and MJWDH4 and sone
sul fi de phosphors. ... Beyond abot 0431 F@?PT t he decay rate becones nuch

sl ower and the phosphorescence is visually detectable for a few mnutes. It

was fommesgg]@g;stvp@a@%ista}ngg of certain mneralizers or fluxes, in

parti cul afqgémir@laﬂ).% Iiaieﬁt 4, %hﬁ@&kls@@g E&MholifondR inBRMGRLE Gnd ﬂ&ﬂ@ %?egn,lop ed

parti clemitigaRosghtrl Ng f1ri ng, also causes an increase in the intensi {y of

t B phos phikdng 22 DEe Pab BesiHas bBGosss BRSilodte BhosbHL comtaining Fdiufh. 431 355 Bl

f1 uos escense firgt ovjetttondls iivehtivh 16 pidRde a KAGRRALIVRSd PospHoeonBRing B ledst 8rfedor333

di scl o%efpia anccarmgmiasis taihon taf exhibith radficeXaf@loa itcréaséd dissiod) & @ RomiatisrEsl b&R1 t L i Ng
phosphor . it ¥ rkceenspesific aliectUoShis Rabraion todpratiife, Diliivehi &ata®@eBosphdt sty ltheCiéte

phos ph@bied $1at exhibitsrig detaciabimaftetgiow. It is a first object of this invention
to provi deis@ sepand iebia¢hoh thisi invantiod tpbrodqehoscrepo ridr -radiatign athibitieg sidu@n aft@glomaf ni a
and "2 instepted eaissien. gk eombination ekdeithi t s reduced aftergl ow, increased enission,
or a contd! ldyrthemebisct pfothip invption & provide a preesi fsalisfyingj teec secard dbfecisthat revibisinon t 0
pr ovi dé’et%"“ﬂ"’taé‘ﬁplﬁma_ct i vat ed phosphor satisfying the first object that

exhi bi tF B gneaRspert ! bwée"%ﬂ%'%ﬂ'g‘am menogligic grystale ghripheppharchostsonsistingsessentiallit | on
to provi %’ AR BRHOFOPUISINIAT Be¥osiRexhi bi ti ng reduced afterglow, to

i ncreagggd,eni ssion, or a conbination of both. It is further object of this
inventiof o provide a screen satisfying the second object that exhibits no
detect ghlgnafterglow. In one aspect, this invention is directed to

MONOC i NI 5 eflolshlsdt Bad? bnePor ABIAN Qo i (GRNST Sting essential Iy of oxygen
at ongg  andy isGHifie Add of fr¥h 1% 10180 5&I4gtl Aship 15 [err] wherein D represents at
| @28t 0on6 i t4d rasgaiok Wi 8RGoR3d ppum 1 ons; 20 wis in the range of froml
X [err] twafthér dsgecs,; thisiGertion iS dirddteti Rfa ERtE Romprisbd &Y sdpportlaRd b hudrdcoht Byer! N
anot herordedidgCis,a ghbsphori nidnedkhit @fysthis ofling 866 Bkclitad Abdv6 irPHchGRINRM 28 SirdShiurd
suppor tonasatista thb rakoivesipent | ayer contai ning as a phosphor nonoclinic
crystals of the type described above in which hafniumand zirconiumions
sati sf yifst#Ae rel ationship 25 [err] wherein z is up to 0.3. 30 An
essential and novel feature of the present invention is the discovery that
t he ad¥h¥®®n of indiumions to a phosphor host consisting essentially of at
| east on& ®PP ¥i%3coni a and hafnia containing an amount of titaniumions
suf Pf ci erfl? osgpniighandaneudl fqalyr of dhecrmsend inventienisitheydisgaveryribat dhepdditianest tndium ions
sti mul !gﬂ?,ﬁ SPhOt "ot LISt sesaniRlly @hatdeast pe of rireoniajang heffia spniaiing andmosntorh and
reduce ni:f; e '°§‘F s;ﬁi; : ﬁoffa grese !?HB%S 6% é‘éeEEWc‘?é’r%QaP’P%?”FPaPi shipplgting spdigtipp foth o a5
per si ste?er;'id Ui eér'§ ¢ omiyog A er??}%év e di o 3l RhrsAhpreseanes @lemptlyely ed

i P

li‘ n

. rr:i';escen e or ce%‘s ¢? v?’gg wc?: ed zjc j
Z! rgpnt(%‘s% , gg&‘éan %tep%&vs R.e qrfi;]gm??é%a:%é? g%gggﬁen%a:? %%ﬁ%g}%p@gp 'g'g a,[ria (I;ﬁ:
’?oo'i?‘ of cE8 'Pﬂ t.
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tit a_n' Ié?)fetfé)r\‘a iicio Hé&ﬂ' b roﬁﬂ de@ gmis
requi ring, RispXatan Sef¥red for ékn%{o iSHPSuh Gh fe%g Incox
sti mul AEMN actvileh3PBitds Hok: & eXdymiLﬁ-'rf fr nﬁﬂ) § of NG i%g
and. negiiyiiedd b oLk PREY R QY BbRfon! iR oRnph Emisdidn@ B WbiBYilg iNaHn? Inatio QR NOT -
| 1\ ae 0 Ay6ay G iaflerGiod by R ontidly tolRinAEB RIMG R cdripdhdding 16 nbiftaid | ML Bissidh at
el i m not abtive belteveld oise@eitioat r@bdyshiueREIGddnOThus,Nn RéMYIRtonSIRAISS b Ineo&¥nium
enpl oy rangelimindieLafterglow ol maiataindp oniekdeedity the paehptrbuisial dapatiitienofaRe titadum
ent i r eRgjivatdd nipspherddst ekhitited indheinabseosepensating to mai ntai n pronpt enission at
or above Athdorineefardiatioh e e cempioydvo krtown do djmeialenzirqocik Les ihdinia pRbspbors-eg., X-
cont$f nEediRten. Yitrpdiclatyidiztian.ree oailadp ays-cinge dleimmrnerteweticf fomrsg¥ Gliatichirégeire@hightei ni ng
or excEeBEMpst ok ififientphsomiians § isowmecifigplyiFiretenie doserofiovt hbsfiid phasihanhoatwtien 2¢ ed
phos phBfia¥pads erploypdfos Bgulelpnt hei r absence. Any form of radiation can be
enpl oyed 'mﬁawﬁ'f"fvcﬁ'“’é%' PR e invepton i dreglpd Raprittersiyingsseraer eamprigpd of X support
and a fluorescent layer containing a phosphor capable of absorbing X-radiation and “emitting longer
50 wavelength electromagnetic radiation comprised of monoclinic crystals of a titanium activated hafnia
phosphor host. Indium or indium in combination with neodymium provide the afterglow control and desirable
prompt emission qualities described above, making it possible to employ a titanium activated hafnia
phosphor host in an X-ray intensifying screen intended to expose silver halide radiographic elements in
rapid succession. By reducing or eliminating afterglow the risk thal a radiographic element mounted
55 adjacent the X-ray intensifying screen will receive an imagewise exposure from the screen attributable to
emission persistence from a previous X-radiation exposure is avoided.
Since the chemical similarities of zirconium and hafnium atoms prevent their complete separation, it is
apprecialed that even the purest attainable forms of zirconia also contain at some residual hafnia and vice

1 Qn A
mium are porated intq the .
.eO bs ryQD lo Or}a b& ndi um

4



45 yradi gtion, ultraviolet radiation, or cathode rays. Since the nore
energetic for ns of radiation rqubroe ﬁﬁk%er atom c nmass for efficient
absorption, it is specifically pref erred to enpl oy a hafnia phosphor host
when X- radl ation is enployed for stinulation. In a specific, preferred
f or m heyeld V18 tphé¥Phdr SorkbokiBEHs @flthis Grvamlioh Bre @BREYIAIRT0 FRILGES LhoFphordest taffuln
support 3Rgd opdskibie LiRsML BthalnRY&bs.coNt ai ni ng a phosphor capabl e of absorbi ng
di at i 0fiheaRgini& Fhdshtion Gost Bgeimplad ieriesh engirky Bieesiying saeme tateccontaaiblated &N
coh%rl Seshigf thewmedshii ¢ crystals of a titanium activated hafnia phosphor
host. sl ndi um or indiumin conbination with neodym um provide the afterglow
control @ndHiiesks abl e pronpt em ssion qualities described above, nmaking it
possible to enploy a titaniumactivated hafnia phosphor host in an X-ray
i nt ensi f yhorgyzdeLpdn O;SnOEMb@raQeoh@md'saepwt s %dﬁﬁ"aerea%dp ﬂ'w ca“@P I?ent s
i n rapi deostaine dess tham abquy, 3 Pt imelp ¢ r2ireaniarien Mot fty hafpip-fo 1’?5’(/\/‘% Pﬂs ?i
r adi ogt apapested |bx ferart. wpaRbLEroas eojeatc e *laﬁ'@ %pa h will
recei ve Bpdipg %ﬁeéﬁ:ﬂ'ﬁsaﬂr"ﬁ"’la?e 'ﬁm"t"ﬂ@?&%‘

Coen zgﬁ"*‘*%;{ o Rl gﬁ% e é:i’é‘glp 1%
Sl {1 vghtl ?ﬁ, Qle?h% E e%‘aﬁl? La.l?&é?el M-Jbﬁdd‘ A Qf\d

vl
separ at i BﬁThe sma'

m
zi r corf &b f (pnp%% AEF nlt& dce'lrfﬁé hiBhsfyifd]) Srdbh Gferirmance Erhebidtes lotidp S Bl
versa. Tﬁ&s.& 5 of R §aﬁoa RBSebd bd s nb RRR obedidh CONt enpl at ed t o
i ncl ude as ;AP RIAPRESMNR SHe itvBiRioh Mbhocknf Y8Ryemlgr4a0 Karhib biezirddnfacan b&pirenateafand a
ratios. fhfedath AlpRosBhte SEPIng e SdcSirdianis @Mpls rivediod. b fdird Enohstiidie pr@yphor particles
i Nt ensh f YdnRhingCd StBdaER & MalnRMPAnat Acbnluth, sartinatiyllytdvalatie lsatrdos rvf kirgoniurh apetr r |
where z h@nishp dré ifdmaely GRérmb@d, grefadsly haf iing, dissoleeddinr @ Somfnom spleent, Helforveda by
readi |y eepitiialiogThy halbibraiand Biceniunt cotaiingsmikiers ¢s thosan salietitpod fiknglgrlyshaimime  of
Zi r coni azipesiumpdng o@fgeh afomis aemdBoag residye. taoy whert mdieliss hicthe cerfreprds ging 5’!9@@%& ed
by the adécompdsed otdierviserdsemioff iciging.ent of the hafnia phosphor host is
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hyrocar bon 1SS, 30 Al AL GEa TR fer?re Pi”mzé' i each

i nstance | ower alkyl of from1 to 4NBQr) dﬂfd%)ﬁaf ni um and zirconi um

al koxi des ar e glisscl osedpd iy P@é@pg §1ggghggﬂ te, 754,011; 4,525, 468;
and %, 670, 472.19168 I'n d#ﬁll%n to oxr de an acar boxyl ate noi ety

cont ai ni ng haf ni um and zi rconi um co C\zéprz.i) chel ates, such as
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exi st as hydrates. (111) Exenplary Elﬁﬁr%zfﬁpgtkgz?r?i frDI\/lat erials 20

H 1 Hid nyl  ox Jex@x#thyhﬂfrzlc ac1ds Haf nyl oxalic acid 25
[err{s H 3 H-10 D opgt ad oD@h Tharmy er tarthdte Tri oxal at ohaf ni ¢
acid 30 [err] H5

Ammoni um t ri oxal at ohaf nate [err] 3587 [HfO(C4H406|)6] Pot assi um

t et raoxal at ohaf nat e
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[errn] HT Sodi um t et raoxal atohafnate [err] H 8 Anmoni um
haf nyl oxalate [err] H9 (g yox%;atopolyhafnic acids H 10

Pot assi um hafnyl tartrate [err] 56 195 BIep 0431 355 B1 H 11
Tetramandet at ohafnic acid [err] H 12 Triglycol atohafnic acid 5

[err] H1 Trilact ohaf ni acid [err], 10 H 14
. Trioxodi ha ﬁ}hn1 stig#ﬁgggngrF%ﬂpf%nlc aC1dTrioxodihafnium
2-gthyl caproate [err] H 16 H, (Hf0 @Hﬁéfﬁigélcetonate Hf (C5H702) 4 H-17
8

Potatssi um figni 11| b4 agebaatbnalsidd daid Haf ni um

et hyl enedi am netetraacetfc acid |[err H 19 Haf nyl nmal onate
[err] H 20 Haf nyl pht hal #z8f98(0CH,C00),

[err] H 21g-13 Hat a i et b@laFalisoRcgRoxi de [err] H 22 Haf ni um

tetra-t-anyloxide 35 [err] H2 Qdéﬁé; tetra(phenoxide) [err] 40
H 24 beniun1di(isoprop§$#§8ﬂ( ' dﬁakyyethoxide) [err] H 25
Haf ni #n tB+ia(cycl Thépmodddpfsium stearate . [err]

H 26 Haf ni um di (i-sopr hd Ls[ 2- (RgNnydodecan-
‘oxyet hoxy) et hoxi de] [err] Fo?ﬁg§¢@§éb?P?%é;hﬁﬁgaPZnic,phosphor host is

achi eved bi-héat i ngTrhexedibadindmm ddiethyiaranngadteonpounds to tenperat ures
up to _and including 1400 CygxeHoghey. dono ( es can, of course, be
G%Q ﬁ%rllgkggt:herqDr

under faken iince t he phosph@r po@sessé% 3red stability. However,
it is a diftifct adbafpays gcetylacetonate
HE(CcH,0,),
H-17 Potassium bisnitrilotriacetohafnate
. 20
L K, {HE [N(CH,C0,),]}
H-18 Hafnium ethylenediaminetetraacetic acid
Hf[(OZCCHZ)ZNCHz]2
2 H~19 Hafnyl malonate
HfO(OZCCHZCOZ)
H-20 Hafnyl phthalate
30 Hf0(02C6H4C02)
H-21 Hafnium tetraisopropoxide
Hf(OC3H7')4
. H-22 Hafnium tetra—t—amyloxide
: HECOCSH; 0,
H-23 Hafnium tetra(phenoxide)
HEf(OC_H.)
. 65’4
o H-24 - Hafnium di(isopropoxide) bis(2—ethoxyethoxide)
. Hf(OC3H7)2(OCZH40C2H5)2
H-25 Hafnium tetra(cyclohexoxide)
H-26 Hafnium di(isopropoxide) bis[2-(2-n—dodecan—
oxyethoxy)ethoxide]
0 HE(OC3H; ), (0C,H,0C,H,0C; 5Hy5)5

Formation of the monoclinic phosphor host is achieved by heating the zirconium and/or hafnium
compounds to temperatures up to and including 1400°C. Higher firing temperatures can, of course, be
undertaken, since the phosphor possesses high thermal stability. However, it is a distinct advantage of this

55 invention that firing temperatures above 1400°C are not required. Preferred firing temperatures are in the
range of from about 900 to 1300°C. :

Firing is continued until conversion to the monoclinic phase is achieved. For maximum firing tempera-
tures the duration of firing can be less than 1 hour. While extended firing times are possible, once the
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I nt er medi at e washi ng, typically with distilled water, reduces the risk of
unwant ¢g cem,am nants, such as starting material deconposition by-products.
It has been di scovered that firing the phosphor in the presence of a flux
of\~Oneorpgpocificallyior Keddiaton soiulatioal i 15 netal ions incorporates al kali netal
ion in the phosphor and dramatically increases its |um nescence intensity.
A prefeirebfhickaMs of phosphors according to the present invention are those
that satisfy the relationship: (1V) [err] or, specifically, for

X-r &li wheron st i nmul atlonh_&\? [err] 25 where Mrepresents at | east one

al kal i @4 presoptsiatloashonerpkali meigfle of from [err] (preferably 0.2); and D and z
are as défit AW 4198 ¢Erom hi?é%’t'lt Lirrdad Rl eveal ed that the beneflts of

| kal and z;aggps idpfiopy, e full d 3
Concen P ﬁf‘leg i i T Bt Ll i
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arati nven

e ie tl cc% II%E E or mg(h Qrof
pr epar aglhgm.uﬁ%%m.%&ﬁ@n ugsga abdls! 13 'a%mb&m 150abB BF WGing an b
CONYELNLIRA TmeYal ﬁ%&%ﬁr{éhﬁﬂ u t‘arm Briali Bneltdl ¥drhobndUmpldyéd 18 @hd3r B s @b kel
Zi 1 CONinbiEN i6 it alcbitBntATdnah bbss ofl INSGYSIMER b8 MR Bor@Blin SheRBIRRY NBhuS; B3 AEMbBINP f
rel easisrégqté’"ﬁm’fddmlalstaﬁﬁg mbtolid RRtiénehipieat i ng. The anount of the alkali netal
conmpound enpl oyed is chosen to supply alkali metal ion in a concentration
IR exceps @i, hat sought to be incorporated in the phosphor. Thus, the
f Ot ng i s contenplated as a starting nmaterial relationship: [err] or,
speci f presdetifjcally, for X-xadiatian stinitglionst i nul ation (VI 1) [err] 45 wherein M
represents at least one alkali netal; mis greater than 3 X [err]
(pref efVlbl ye8M4d X [err]; and D and z are as defined above. The al kal i
net al corrpounds can be al kali netal anal ogues of the hafniumand zirconium
star“’“ﬁ'@f’ rraterl Is di cuss%d above. Preferred al kali nmetal conpound
starti ng 5% "??Y C bonat es, sulfates, oxal ates,
hal i des, gwél '983? 1 %‘gab a‘er‘l“g{Tgé?‘e? g’ana

L kal Za[e as de,;ne nol ybdat es. M xtures of
al kal i

HE hbS oRECNSRNL SRR Go PR G BobrburtIERN
di ff.)t?r ﬁvgtgna?sl kﬁ?t!ugseh"% :0 Pr@(eﬁe gkaﬂQn‘e%? rﬁS:HﬁJu L Xmg 1matenals include alkali metal carg-

bonates, sulfates, oxalates, halides, hydroxides, borates, tungsiates, and molybdates. Mixtures of alkali
metal starting materials are contemplated, particularly when different alkali metals are being concurrently
incorporated in the phosphor. Since in one form the hafnium and/or zirconium complexes of formula Il can
contain alkali metal ion, the alkali metal can wholly or in part be provided by these complexes. A convenient
preparation approach is to employ alkali metal containing hafnium and/or zirconium complexes satisfying
formula Il and to increase the alkali metal content of the starting materials by adding other alkali metal
compounds, as indicated above.
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surface of the nonoclinic crystals during their formation during firing.
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course, avoid any possibility of forming a lithium hafnate second phase and can therefore be employed well

above the preferred maximum concentration levels of lithium starting materials without any performance

penalty. On the other hand, it has been observed that sodium and potassium ions are quite effective at

s5 lower concentrations. Therefore, when M in relationships IV and V represents at least one of sodium and
potassium, y is preferably in the range of from 6 X 10~* to 7 X 1072 (optimally from 8 X 10™* to 7 X 1072).

The alkali metals cesium and rubidium are also effective to increase phosphor luminescence, but to a
lesser extent than lithium, sodium, and potassium. Combinations of any and all of the alkali metals can be
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I ncreases inparted by each -of the al kali metal ion and titanium al one when
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consi st s pe@s eri_armunga, oxygen and conbi ned el enents satisfying one of "the
follow ng relationships: 20 (XX) [err] (XXI) [err] (XXI1) [err] 25
and (XXl iptdny  peymidB) wherein v is up to 5 X [err], preferably from5 X
10-8 t® 2 X [err] and optimally from2 X [err] to 1 X 10-5; and Db M w, v,
and z arenhs previously defined. Wen v is within the range of from5 X
[err] to 2 X 10-4, significant afterglow reduction is observed, but at the
| over endo®h t Wb-2ZaM ddnglidver gl ow i s not eliminated and 35 at the hi gher
end OL’Pt %?f;'gnge significant pronpt em ssion reduction can occur. Wthin

t he opti ange of v after |
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Zi r coni unacamiglieoior naiixni ant reddyiviivn ghtrodutton | ialte rvadu B wagpr Gplulpe isalt, stch s indinin Lom

I nt r oduc meairmivinndirateringsaldtioneo tymik & Falber@xide sftindidpuoradodymium in findihediyidadSgymorith host

as a dopazm ofckhwe izin:gni:im plild/}ig hafnium starting materials during or prior to titanium introduction. Indium and

necdymium are distributed within the phosphor host as a dopant during firing.

45 The phosphors of this invention, once formed, can be employed to serve any conventional use for
hafnia and/or. zirconia phosphors. A specifically preferred application for the phosphors when z is 0.3 or less
{i.e., in hafnia phosphor hosl formulations) is in X-ray intensifying screens. Aside from the inclusion of a
phosphor satisfying the requirements of this invention, the intensifying screen can be of any otherwise
conventional type. In its preferred construction the intensifying screen is comprised of a support onto which

s0 is coated a fluorescent layer containing the phosphor of this invention in particulate form and a binder for
the phosphor particles. The phosphors can be used in the fluorescent layer in any conventional particle size
range and distribution. It is generally appreciated that sharper images are realized with smaller mean
particle sizes. Preferred mean particle sizes for the zirconium rich hafnia phosphors of this invention are in
the range of from from 0.5 um to 40 um, optimally from 1 um to 20 um.

55 It is, of course, recognized that the phosphor particles can be blended with other, conventional
phosphor particles, if desired, to form an intensifying screen having optimum properties for a specific
application. Intensifying screen constructions containing more than one phosphor containing layer are also
possible, with the phosphor particles of this invention being present in one or more of the phosphor
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i n aboutzrdéddmndontedt irdicated inlTelsle Wat er . The haf ni um oxychl ori de sol uti on was
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preci pi tregasuredipidipiading theoasrhprrrgwaer sppiie irralumipye tasghetsd2me hab x4 moh digm) at a
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al uni na mdaph | o MG aihh 30 rgghoe@.pfgh W a mnae{sﬂ wal ﬂﬁss'amh wammm ™
t her eaf tigbnsHigd flotiCdidte ahtay? Hotéttdr MinB Qata labluisilibre arfdl pédebbing vas 26BN bYRSPRgadned t O
[err] anghpligal AdkedtdRMbaat1 460" GMA HISTHSIER WrultiEhahmd¥ ardiy2or. YR ESechRf Risofr&t@difdiGhel O
r ooM t engpeduadt rdépBnse biile BREr-bhedEoghPh cshbiaongr ound wi th an agate nortar and
pest| @ t O Ghov@latvoIGHEREenbd Atend@SF IO IpHESPEE poRddr BEMpI& d¥la AR Staheir Atedniae.
The 20 ndontesticciebbueinvable govered with its alumna 15 |id and then heated to
1400 C and nmintained at that tenperature for 1.5 hours before cooling to
roomtenperature. The resulting solid was ground with an agate nortar and
pestle to give a uniform phosphor powder. The Exanple 1 phosphor powder
sanpl & was nade: from opti cal grade hafni um oxychl ori de and contai ned the
| owest amount of zirconium The Exanple 5 sanple was nade from reagent
grade 20 (designated by the supplier as Reactor G ade Special and
subsequently also referred to as R G S.) hafnium[err]= 0.019) oxychloride.
The Eﬁgﬁple 2, 3, 4A, and 4B sanples were made by mi xi ng approprlate
anount's of the optical grade and reagent grade hafni um oxychl orides. The
Exanple 6 to 9 sanples were nmade by m xi ng appropri ate anmounts of reagent
grade hafnium and zirconi um oxychloride to obtain a zirconium content
indicated in Table I1. 25 The | um nescence response of the phosphor
powdegs was in this and all subsequent Exanpl es nmeasured by placing the
phosphor powder sanple in alum num planchets (2mm high x 24 nmdiam at a
coverage of about 1.1 g/[err] and exposing to X-radiation. The X-ray
response was obtai ned using a tungsten target X-ray source in an XRD 6
generator. The X-ray tube was operated at 70. kVp and 10 mA, and the
X-radiation fromthe tube was filtereg through 0.5 nm Cu and 1 nmm Al
filters before reaching the 30 sanple. The Iunlnescent response was
measured using an | P-28[err] photonultiplier tube at 500 V bias. The



voltage §romthe photonultiplier was neasured with a Keithley[err] high

i npedance el ectroneter and is p ﬁ%%?’%ﬁi to the total |ight output of the
sanpl e. The maj or | um nescence %9 phosphor sanpl es was centered at
about 280 ‘nm This value was obtained by taking the pronpt enission
spectrum of the powder using the unffitgred X-ray source described 35
abave. The tube was operat ed at 70 kVp and 30 mA. The spectrum was acquired
wi {h an I nstrunent F~SA—Vode—HR [Ullj gratTng—specty ogr aph equi pped
with a Princeton Applied Research J\/li'xe 221422/01 TIMintens)fied |inear di ode
array detector. The EkMVIRLESQU| SIrtCODMENTIG) br BEIASHEMYTEMSETYCpNt rol | ed by a

Princeton Applied RESE 5-%)3!) ]el o ITTTERR, Optica mul t i channel
‘Was ' co @ﬁfor 1

anal yzer. The specfr he speciral response of the
det ect or - spect r ogr paphy conmbi na | on0 The reLative | upm nescence
intensity of the phosghor powder @@\rrpl es @s a fupgiion of| their zirconium

cont’8nt is set out |n43TabI e |I{. 45050 55 13 ERsfP 431 3p5 Bl Table I1
[err] 5 . EXANiE NO. | Zr CONBENT (2) RELATI VE

| NTENSI TY 1 ( Contr pl )6 0. P00 2/t 350L00 2

0. 00040 7 231 3 020 ™ 0. 0016 238 4A
0.01 8. 710 10 0.30 _ 224 4B 0.01
743 ' DCORO) 0.50 365 680 0. 10

350 7 0.20 155 8 0. 30

224 9 ( Coﬁvbrdaia)of Table I gerﬁ&\strate that there is an enhancemeﬁtqn -ﬁs}ﬁgﬁ%sﬁhopt)erf-gﬁ'Mn@e Jvﬂen
denmonstgeadoniultibrel MGERed SvoPiRatasUnrad HCIBNfradd haftiidctrcbd | RspRIIGHe dS thedEdFREIC €
wheret RE Réddes 6 o fborh @ Weilo—1 VORAG AR Y @mohdiaied otk highePidiningstbned Indaiidsafl ni um
SOMC € Shaf loPtREIQRARI8 theffiia Best rBQiara emdnsdod vihen z IR5iR gRSang6 ozfrdaf 1 Kroth(elooX) berr ]
(0. 00042, dpimBily3n the eangeesTomamtoratoetiomos)extni.bi t hi gher | um nescence intensities
than optical grade hafnia. Best results are denonstrated when z is in the
range dkanfiplesrt0-14 Rrop@atidn pPHOEPHYrs indheOPrEsenaepdf rmlkdliMaitahloh M) ange of from 5 X
10-35(0.005) to 0.1. Exanples 10-14 Preparation of Phosphors in the
Presence Bf nampom ¢ presenipg Hiese ipyesioetions ispg denensiiale [haisibe periopmagescefthaing hostese

i nvest iPAZPIAH &1t ont AevaledrFireoniva level [§Bawnt leebe effdeiienianea@melps Hff panabe Gither

phos phe@amaﬂwmawveé'| hy\peapaing Jhehelsiairlespras {nghe RipRsNge of 8n yeli pfabien-j ve j n

'p oggh "éﬁ"‘ PR &INSY "QrPét“ pIpYS P Pﬁv}e iPEpERd 3 “F‘H'ée‘h f
phors%h z:t':ml‘:,st 4 %%gr xﬁ E:?J&}g)t ade) q.(:gyer eh ofg'lg(e alkali Eng: 2
consi stf é Iaggfb "?,F'ngn E,%% §§3d

ov | op afto

ed in

30 Ex LHZ ol Qi ﬁf hl'y

ground; A%l ofR!i’sﬁl & HH Siia v E@n ggduct s;
Utrg BUhRudh e taﬁaesm o Lt Q1 e wcét BN FiBordabd Svon DG ON
haf Nl Uloodiiee doBGBET Lt h BLmbRab 8 wagnaNedmbickabl € 111. The m Xtures prepar ed

ver e heat ey ABirdd@nGhaRRb! #RQUApI LoRirABP IhE redenSe omem.c haia. tTRE prRsEALS dfON  Of
a washiakgi mbaitioRinl ©6 phdsphod Gowddr $4MHbs prépared id The Tr&Bnde Y GlkMiCehroRAd HBOwdshe
char ge cuwiitred Iy Qitorlic abborptios bmaylsied wat er for 1 hour. The solid was collected
and~@ried for 35 5 ninute intervals at 20, 35 and 50% power in a 500W CEM
nodel MDS-81l[err] m crowave oven. THeblglocedure descri bed above in Exanpl es
1-9 was then conpleted. X-ray diffraction analysis of the sanples confirmed

t he presence of nonocl| nic haf n| a. TI@,@, presence of alkali netal ion in the
phosphor powder sanpl e . epat H—t-H reserrce—of—af kal i carbonate fl ux
was €onfirmed by atom HERS?;L n_%n4l V‘gﬂ"ﬂly (Ex. 1 = 100)
- - 365
10 K | 02 520
11 K | o5 510
50 12 K |20 545
13 K | 40 1005
14 Li | 014 1005

A 140 to 275 percent increase in luminescence intensily relative to Example 5 is seen in the above

65 examples containing alkali metal ion.
Referring back to Example 1, it is apparent that the hafnia phosphor samples containing both zirconium
in higher levels than found in optical grade hafnium sources and alkali metal ion exhibit luminescence
intensities ranging from >5 to >10 times those demonstrated by the hafnia phosphor prepared from an
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Table Il:l [err] 45 Exanpl e M m

Intensity (Ex. 1 = 100) 5 365 10 K 0.2
520 11 K 0.5 518453581 5 0 545 50
13 K 4.0 1005 14  Li  0.14 1005 A 140 to

275 per GBIk gvdd6 hARGHR sbucel UM Nescence intensity relative to Exanple 5 is
seen in the above 55 exanples containing alkali netal i-on. Referring back
t a_Examekanples 15418 Timniappenant Phddphord &, haf ni a phosphor sanpl es cont ai ni ng
both zirconiumin higher levels than found in optical grade hafni um sources
and a# kal i Themu@bsei &b preeeckingyihtsel investigativoeis 4@ dénminetratsl the elilityrctighivng a$ proaativeliort 0
>10 ti mies thehiwinia ehosharstol discidvebtjontdaetaitiad higheer hao spticalrgrasie epacestdtidns ofrzignid 4
EP 0 43Tha¥eniyt alemihilis e padimier spafival evissingdperceol iR phegpherdo dighld Bavblonghsi i the
Act i vat QHBPWMB‘%PE[C@W] 5 The purpose of presenting these

i nvesti gat P@ﬂ%?‘ ?’@"‘E"B 9d@ﬂ‘\9l‘?s‘i°f‘%~°tt'ég Phé‘P {7 921y §F Wiectohafnignicidnipeesareth aw descrihgd or
for t'Re PP 3 ° 9>tWﬁf §1°'i°1‘ﬂr'b'rﬂ"?“6‘ihwt§'b‘f?fymngPP'ﬁ stof yBenIUThRIHOBBtor cal
grade c Y‘f’é’ H'P'f‘ Vr) Qe 80 fromriohnspn Marthe, (@3-998%% 1in (mole; prIceRt i
spectralZ as °§§I 8’H’"b‘§r’r’H"°8‘Pd t"ﬂ%w ﬁhB’@[?H}Sr Thegnixfures §pra "ﬁﬁ%r"&{'g{“ﬂf e"?’ﬁ'"?‘h%s Bl ue

portion-0 : cé;‘tarnu osld I a consistin 1 gr ams
of tr] '%L&Rﬂ fﬁ@'f.ﬁf. s g%res"g’ y d‘e%'y%.!;haﬁ'éa %‘?éﬁ 02 Hdarheed 4y

0. 0195 aAH myrmnx A %a.r, f ROk ﬂgﬂq\ﬂ
bi s( Oxalllffﬁrr‘&cenw i) 2 es 159@&%@%&@%& ndgg\};g%‘é%d toTh
ol e peugshh, mrta@,nwm.n 8£1c® B38| i Misible Spbdtithh GRLESIgRE oW ddPantBuS 1dr v

The mxndtgngg.n@/eereenl@gtcagn@nd further exam ned as in Exanples 1-9. X-ray

i ffraction anal yses of Exanples 17 and 18 each showed traces of unreacted
Tr\@z A smal | 15 amount of hafniumtire@é@t e was detected as an inpurity
phase in Exanple 18. The relative | um nescence outputs of Exanples 5 and
15-18 are set aqut in Tabl[g TV, NOT On'cyr Wer e thne 1 umjnescence outputs
greatly increased in Exa LM es—15.18  but the luninesgence band maxi num
shiftad to 475 nm t her etly Epgreplsl i ng teneisBd 1end 5 ons of vi si bl e
spectrum wavel engt hs nor g adwant figeous for 1 gdsensi fylfng screen

applications. 20 Table IVf [efg] R:o2 5330 Exanple - X
Intensity (Ex. 1 100) 5 16 -] 005 40665 15 0.02 5330
16 0.05 - 4000 17 0.10. {10 2730 2730 30

18 * 0.25 1680 Freom Jaddsel |V it 16® appar ént that the inclusion

of titaniumin the hafni a prosphor_sampres contal nirr hi gher than opti cal

- grade zir T LeSHLEES dilihh 98 dah escence
e LS S AR O
a@t%&ﬁ&rtﬁ%h@ hor's rﬁﬁ} t' vat e sphors 1n the

Pr esence of L|th| um Car bonate [err] he purpose of presenting these
i Nvest i GRingRISI9-E bRpARIER o6 tritakueh t«la&atea lrRospRIS QT rmnﬁreseaée befitium b&bdnate
phosphoiistiMJh an el evated zirconiumlevel (z = 0.019) and containing

ti;tanium as an activator can be further inproved by preparing the hafnia
ph\@é plaor | Thetpd@oge & pesserting thesenin@bktipatidns MEtb @bmaorBifate that the performance of hafnia host
phosphors with an elevated zirconium level (z = 0.019) and containing titanium as an activator can be
further improved by preparing the hafnia phosphor in the presence of an alkali metal ion.
A sample consisting of 12.26 g of trilactohafnic acid (prepared as in Examples 1-9) was thoroughly
ground with 0.1 g (6 mole percent, x = 0.05) of TiO, (EM Chemicals; Optipur grade) and a selected
45 amount of LizCOs (Alfa Products; Ultrapure grade). The mixlures were processed and tested similarly as in
Examples 10-14. In Examples 21-23 the size of the trilactohafnic acid sampie was 13.00 grams with the
titania increased to 0.106 g to maintain the titanium al 5 mole percent (x = 0.05).
The relative intensily of the titanium activated phosphor samples as a function of the alkali metal flux
employed is given in Table V.
50

55
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A sanpl e consisting of 12.26 g of trilactohafnic acid (prepared as in
Exanpl es 1-9) was thoroughly gr F& gg q 1 g (5 nole percent, x = 0.05)
of* TiA2 (EM Chem cal s; Opti pur 8 J32R8'a sel ected 45 amount of [err]
(Al fa Products; UItrapure gr ade) . The m xtures were processed and tested
similarly as in Exanples 10-14. In Bxgg®! es 21-23 the size of the
trilactohafnic acid sanmpl e was 13. 00 grams with the tltanla increased to

0.106 g to maintain the frtamumat—5Smote—percent—{x = 0.05). The relative
i nfehsity of the titani ufpactivated P¥ohor sanpled as a function of the
al kaki metal flux enpl oy¢dBiaspigi|vemn i nlnT@kliyaENrﬁib) $5 15 EP 0 431 355 B1
Table V [err] 5 19 0 %arrpl € m Intensity
(Ex. 1 = 100) 19 0 0 0.01 4520 202 01 2210 21

0. 02 1000 22 | G 06| oo 350 10

23 0. 10 637024 | go@|10 3380 5960 25 0.20

13500 26 0.20 54004 @10 0. 48570 13700 15

28 0.50 13300 29 0.6 30 5060 13500 30 1.0

8695 31 1.5 2610 {3@20 2. 0 13500 3155 20

33 4.0 785 Sanpl{ea20 n Wwhi ch4ovore than 10 nole percent (m =

0. 20) [err] was added reyealzed tlhe4gpriesencesmwb |ithijium hafnate in the X-ray
povvder patterns. The anoynt 28f I[}i ¢80 ym haf ns@oe formpd in the sanples 25
increased with the Li 2COB amrdunt]. 0.3 |200 no8a®0percemt (m = 4.0) [err]
added, lithiumhafnate i$ tR8 prli htry phase869%rom Table V it can be
appreci ated that values ¢f @ of |f+®mjabout 1K [err] (0.04) to 2.0 gave

si gniofi cantly inproved résulB®s, (wePhival ues3$ m of |from about 1 X [err]
(0\10) to 1.5 providing Lhe3i gHe%? luni nesc®hce infensities observed in

t hese conparisons. 30 In these conparisons it should be noted that
Exanpl e 1Santiled imehichonaw ihde 10 ot pasae e e 0.20) @604 yasamddil rglealas thk lpasencepor t ed
i n TabllighiunV héfaate X pk-eay Joywdes petterbsh Atig ambait hof diiura hateete Bormeal I8 the sartpMs
titasm Umrdasedwil. Qb2 Chchmpentt NA00 wake gerepiaimed 4.0) L00; pdded.dithhen bdinatenis dek al |
met al farimgry Pises difference is attributed to the less efficient

i ncor por afP@NTaBk ¥ Kecar e Arpracigtece thistyelues of m ebdempiloutl® X W5HKQQ4htp 29 gave

enpl oy|3f9g'f'fﬁ"t'laﬁlpﬁ’v?da'leﬁ@13 "t"hdﬁ“e& of f’t‘érﬁrp{!?rﬁbelar‘tibiﬁlf §£:18) 9515 predding tae bigheptng
mat er i dYMinesaengs iy "€§° Rrvoc of Titani um Activated Phos hors in

the Pre: Hd °saf°°fr1 aé' i Eh ﬁjﬁ’ g ?t EX?'n@e %P d?bpfawdep&"@%ﬁﬁfwcrag;terﬁ'
e
:c (r;\r/reTISBEjlg and ne|(t:her aj% paned in he res n[‘ﬁga g ?x Iﬂ%élgerg % [@é’f Hat e
%I% Qc% o?t al muﬁu or in >bamﬁ ;rég Tom mgg llqyn&q t dama ra{her
anot herth n at ae QL %% ﬁ at e B eaures were
en?l
as |n ' fL xce that for [err] there was substituted
[ er I’ (I':’%uq;;lésqa @WQJ&&H %f TIY%%UTQ %‘ﬁ/ate&r %sﬁh%‘s% fhﬁ Sre%é%ﬁ&ﬁ.’itﬁﬂm Q faIen }“td 5 ani um
acti vated phosphior sanples as a function of Pum sul 0%
enpl oyed Tife @aips&ofiphbsanthl BesdlinvedtiBatibmtis & ddmohdite RRAE 1he prEp&HidRs gﬁftlﬁmf hdeifeTabl e
V is aliced apbesnd prbsé @fin be controlled and reduced by substituting another lithium salt for lithium
\40 carbonate.
The same procedures were employed as in Examples 19-33, except that for Li,COs there was
substituted Li>SOs (Aldrich anhydrous: 99.99%).
The relative intensity of the titanium activated phosphor samples as a function of the lithium sulfate flux
employed is given in Table VI. In Table VI the performance data from Table V is also represented for
45 samples prepared using lithium carbonate at the same concentration levels as the lithium sulfate.
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45 ¢« sanpl es prepared using lithium carbonate at the sane concentration
|l evels as the lithiumsulfate. 5 EP 0 431 355 Bl Table VI [err] 5
[err] : [err] %x%a#l‘%ss 81 Intensity Exanpl e m

I nt en§| ty 20 0.01 2210 0.01 1545 21 0.02
1000 35 0.02 1545 10 Taple vi _

36 0.04 2105 22 0. 06 3380 37 0. 06 3605 23
0.19 6370 38 010 é?’ﬁ 24 016 5960 25

0. 20 13500 39 0. 20 _ - 26

0.20 s 14000 28 0. 50 L2CO3300 ' 40 LiS®. 50 12400 30 1.0
8695 41 'gxamgle 9§120 ‘?\Rensny lgargple m3"5ﬁtensri‘ty | 42 2.0
9330 33 4.0 3o 9485—260—fhe npst

i nport ant advant age {of ¥Enpl p§Phg 1122M ufn saf f af O¥s [a 194ix |as conpared to
|i thi um carbonate i % t et al P88uced®@holint 3%f §HEY [t hi¥m Haf nate phase is
produéed. This resullts in sjaniflcant ihprd¥emgrt¥ iin Wésﬁhor | um nescence
when hi gher proporti on2of kRE8Iit ﬁgm f1 ug’ ar ¢ ‘?Egp ﬁri ng phosphor
formation. At |ower, prgferyf qgflu g n,enf’?atlo(h the7q4f3t i um car bonat e
flux yields higher lfumjlesceiigg.| 2 appl 65 j Dregﬁgatlon of Phosphors

in the Presence of Varijgd k3hi g ons The purpose of |presenting these

investigations is tq degonstpahel tiadhe a] | @f thes kalibsggetial s
significantly enhande pjposphqp |jumgggscencg; 30 o |Exgdml 4 25 was
repeated, except thdt I no| eopel cengs (M =48. 2) £ @nopdgr |al kal i netal
car bonat e was subst | tut;ﬁd fouel it hi uga car quat e}'4d\la CCB";éO. 265 g; EM
Chem gal s Suprapur eagem), K€ U 346—yg;—AfaProducts—U trapure

?Lm nesc[ ?LEI' Jt(no 59§7 é%n SA é;r hth o Luf EE 8a]éAE: r%xﬁ\Eiﬁ&lm C@{b%%' ;I-Ee

jICH ‘um pha >e 5] ro uced mﬂc mpr veme!
Tabl e TS high (S o f.ukrs eeeab. ?,z O)
19 formatlon r freferred flux concentratl I@\ m_carbonate flux yields hxgher Iummescen
[err] 2 44 O3
[err] Examples 44-47 Preparfhéibs #Rosphors in the Psz@(cE be Varied Alkali Metal lons 3645 47
[err] 4840 From Table VIl it is apparent that all of the

al kal i et ahspungote GfpkdRGrtiny MedelnvbiligHIOMSE tol ddMosuith MACMNBE alRdli ridils iafiicnty
phosphor énhfirice padspidr umieacear ces havi ng hi gher zirconium contents than found
i n opfd cal Egraptheessas rapested) bxchgtftirt thmolé-pacaniiabt @.2)/bflandther lkaliohsat carietats vat  t he
| ower t hesbsttubati for lithiurberbopdik Nai COyee.265%; EM (Chervicgls SPrapw deagent). Ka@idk (0.846g difaim

of f er a BdpsisfUlicagyre grade).fRve GRET7AG\AESAR §B9%)N eTCst ¢ (ABHIG iIgAESARIGANTL).Net al S

r ubi di um arfbe aispsgenoafniansitagreksusadderithargsultion eaetrles areiseeyt inlebleWhl oyed.
Exampkgs 48-51 Preparation of Phosphors Using Varied Al kali Metal Conpounds

55 The purpose of presenting thes@®PNestigations is to demonstrate the
utility of alkali netal _conpounds conpleted by noieties other than sulfate
and car bonat e. . Example Carbonate source Intensity (Ex. 1 = 100)
N~ ‘0 19 None 2520
25 Li2CO3 13500
44 NazCOs3 _ 10400
45 K2COs 5400
46 Rb2GO;3 3645
- 47 Cs2C0; 4840

From Table Vil it is apparent that all of the alkali metals are effeclive to increase the luminescence of
the hafnia phosphors prepared from sources having higher zirconium contents than found in optical grade
sources of hafpium. From Table VII it is observed that the lower the atomic number alkali metals lithium,

50 sodium, and potassium offer a significant performance advantage over the heavier alkali metals rubidium
and cesium when equal starting concentrations are employsd.

Examples 48-51 Preparation of Phosphors Using Varied Alkali Metal Compounds
65 The purpose of presenting these investigations is to demonstrate the wtility of alkali metal compounds
completed by moisties other than sulfate and carbonale. :

Example 25 was repeated, except that one of the following lithium sources was substituted for lithium
carbonate: 0.2548 g Li>C20s (10 mole percent, m = 0.2, Alfa Products reagent grade), 0.212 g LiCl (20

17



~ Alkali Metal |1on The

Exanpl e 25 was repeated, except that one of the follow ng Iithium sources
was substituted for lithium car%%n@%ﬁzﬁ 1548 g [err] (10 nole percent, m=
0.2, Alfa Products reagent, grade),” 0. LiCl (20 17 EP0431 355B1 nol e
percent, m.= 0.2, Alfa Products anhydrous U trapure grade), 0.4343g LiBr
(20 1ol RoiB@EE&RIM =D.2 Ak FrodiRMRnHBRYNIRARL gPkie)Oo. Blisdiibl E§bIE hértent, #0= 50! €

per cent McBarhytrods) oM ¢ BOIFEID 20 mbRGelcktl HESELMHB rbddbRNSI L1 es are given in

Table VI | Ithe faminescencs intensities are given in Table VIII. Table VII1 Exanple
Li t¥um Crpd. Intensity (Ex. 1 = 100) 19 None 2520
10 s 48 Tablp @nir | 12695 49

Li d 6730 50 Li Br _ 9400 51

[err] : 13185 15 N e~ VIT1 : arent] that all of the

l'i t hi um conmpounds i npi Bxainp !L%mng'}s{éc}érf*kﬁefq%'@t(%gpnhﬁg)p or. Wile both

l'i thi um hydroxide and|li tlRi um oXateat e prijoduced 2§2°gﬁi ficantly higher |evels
of |dfi nes- cence thah tH8 |ijt hitk®athal i des, al®RBI5 carbpxylates are clearly
more conveni ent to ha£dl__é9t hgn &C%al i hydroxi d€80 20 Ekanpl es 52-54

Enhancement of Phosph¢r 1%8ni fesé®hce by la Comb®#®tion of Titani um and
pur Pdse lof HHtkBnting 1 he'd¥5 nvest| gations is to

denonstrate the synergistic inprovenent of 25 |um nescence produced by the
~ conbi'hat i Gromofrateen visll ikl dpparedt ahat iatbof ahe dittilre carhoariis Umpraet ihy Atnriescemeadipthe 52 A

sanpl e posshos Whitg batti litiGn A¥Goxipdeaind tithiui asdlad prbdiiced sigrifidantip higia fesels eidurdesser | bed
i n Exanpdnes then Ghe \ithigm Jigplidets h efkal uagtbloyylatasorre dlepnly  srareagpatepiontpiot eandie hén pékalf | e
with 0. Dgxides-[err] (10 nole percent, m= 0.2, Afa Products U trapure
gradgy and processed as in Exanples 10-14. Exanple 53 Exanple 15 was
repe teﬂ’ﬁ'&ﬁ&éﬂﬁﬁ Erhapcemant o Bhqspher Lirpingseriesd Raf (Go@binglipe ofwEtanivie ang Alkafi etpl 414 ¢
of Terr¥(2 nole percent, x = 0.02, EMchenicals Optipur grade). Exanple 54

. I B P ot Jeab ot s 10 flotpaiats ine s B refyorherk 60, -
t e r e | resSe A NV ] 6] ra er e tO )
The b rr!"wg'ssccs'ﬁ%@hsa%ef’%srﬁsa&nﬁ"aﬁw e, ﬂ'g?*g'%aﬁ *%%@%‘zfma%cgvaéanpar ed in Table

| X. Tabgg, | 54515 Exanpl e Addi ti ons ~ Intensity
(Ex.1 :-%g!gjé, none 365 52

10 ol e %A &hipke consisting of 13.475 g of tilabtaRatnic® Acid (prepared as describe@ iRt pfds [169) twhs
5690 SO0thoroughly ﬁround in an agatefortar and pbSteWHhe0.2632 §MiLbEosH (18 B Sorddnt] M2 0.2, Alfa

14606° FpRtic #Purb Yralid) ahPprodepset @8 in Hxhiadlesarodigspr oporti onatel y | arge increase
in lum nescence was realized by enploying both the titanium activator and

t he al kgkampeal ion. Wile each of the titaniumand alkali metal 55 alone
enhanced Tum nescence, a larger increase in |umnescence was attai ned when
tit aralji um dmandd kvas rapshiatl, dxcept thair18.4281p bbyieclottabhipatcidevas Libeeirwitb Ok @ dhdide (been
pr edi ct exdle @ersentixirg 00h EMsabpraicals Sptommmaveenent s of | um nescence to be fully

additive. 18 EP 0 431 355 B1
Example 54

( Exahple 53 was repeated, except for the addition of 0.2032 g LizCO3 (10 mole percent, m = 0.2, Alfa
A0 Products Ultrapure grade) in the starting mixture.
The luminescence performances of Examples 5 and 52-54 are compared in Table IX. -

Table IX
45
- Example Additions Intensity (Ex.1 = 100)
5 rone 365
52 ' 10 mole % LizCO3 1120
50 53 2 mole % TiO; 5690
7 54 10 mole % Li,COs + 2 mole % TiO2 | 14600

From Table IX it is apparent that a disproportionately large increase in luminescence was realized by
employing both the titanium activator and the alkali metal ion. While each of the titanium and alkali metal
alone enhanced luminescence, a larger increase in luminescence was attained when titanium and alkali
metal ion were employed together than could have been predicled assuming the separate enhancements of
luminescence to be fully additive.

[+:]
[
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Exanpl es »55- 62 Phosphors Containing 5 Mol e Percent or Less Titanium The
purpose of presenting t iese investigations is to denonstrate the
enhancements in | unm nescence procﬁﬁzgd 3by58 B use as starting materials of
titani um at concentrations of 5 nole percent ( x = 0.05) and 5 |ess,

ther eby Bi@aRAls5B8 PRl GhiahRl bR om&sm%ﬁqspﬁiggnof the lower ranges of

titaniumconcentrations. PotasSiumtetraoxa ate (IV) 5-hydrate was

prepar ed asrhd Qﬁ@)ﬁéeb&(i)rds&hhd]@@ﬁ inva¥tidationdls! th defienstratd ﬁ;g)e ntir um
oxychl or ipebauddd by theais€ ad garfingOm&ldris o‘f&HQrﬁﬂn & Qbhd¥bitraibns % Qﬁ%ﬁ t( f% gjﬁgs in
a Cconvec tdss e Presdntirgy 4eqstpeliormiie YaRlordds tHel IheR fande? oPtitaniuly. {Fations.

conposi t i orPosasshnd terackaiisiatpaRly) BERIrA whsbroparat =R deribstBs IoR). syH amed2 #ded) he
3- hydr at esing-RiG:S: dafnigmaoxgchisfidd Beydiad € i=ad.0180 Upbh @rying i I79- 9GO WAA-16hod® iRgat e
10 nort acorertiopevsn,| tee grpduat $2ifd Bt clodectopes-lny@nte @mpPsitoM aisd alNBubsequent use of this

bi s( oxal &etsialyes caleuiated as (He\Brhy@raley Biftewh @rafdlof the Rratetialaias thotoeghlyygbumt lin @hegatbr om
et handP) morgcandi past adh MBS pbleetent nof Xdtasdiung | bistoixaiato)owtitenalsl ¢, 2-byaesy ¢dkawi t h
al umi na IPT°6'$°‘S getystelizen rpmgtheep!)i Fhelrgigiums werk wircasin €0 ot i aimire cruphiles rowresdavith
cover ed 'f“l’?a A5 Anch Hren plgeed ITHEO shraliming exroikieshwhichetierp towered vith dugvina]lidé.gihe 2. 5
hour s, t h&"RES d1°é° °P‘8d F’cﬂb’rf? f@Hp% F%?tﬁr“@“f&#'??é cpetesh ip rqonfergRsiratute, Tie resuliing solige d
fromt ,pewgrsturm i R ed &P’é@ééﬁ”"\?\ﬂ Aumife mpitaRRprhPests and vaghed
pestle ag 41 ce ol fl(fl 115 ' af"%ﬂ"‘?ﬂdf' &reonvestion Ovan; 35
vere t heﬂ,r Jried omqe ﬁ\?é’ﬁ'f’? ‘V@'ﬂ"a e 8% feated fedirdn 43908

were pl ace hbnj ours t%”gil weg ﬁ "reg&gutfnqag,mxna lids and heated in air

to 1300 C for 2 cool 0 roomterrperature The
| um nggcence intensities of the sanpl gg,axe set out in Table X 20

Tabre X Exanple Mdle percent Ti Intensity (Ex. 1 100) 5 None
365 25 55 963 5750 56
0.3 61 ,SEng?ple Mole percent Ti Intensity (Ex. 1 = 100) {9470 58 2
10500 59 3 5 None 842D 30 365 ' 60
3 25 98205%1 003 4 5750 8060 62

5 91p0 FBom|Tabl® X it J s appagiesmt thatf even at the

| owest concentrations pf H7tagi um{DTi x where x 8478 X 35| [err] Exanple 55)

much hi gher |evels of |unPhesdence2are obkervedt@shan i n Exanpl e 5, which

| acked titanium While|sof® off thed enhancenent 18420 uni negcence as conpar ed

to Exdfple 5 can be atfrifBited to ‘ihe presence dB2§ot assijum conpari ng

| um nescence val ues frp ’T’hbl ¢ 111% in which pot®€%i um wdgs i ntroduced

wi t hout titani um being entl, it%is aQJarent tH3 a paift of the

| um nescence enhancerrent must 40 be attributed to additional presence of

the ti}ani Grom Febien)litas aidretihilandncd theeledss cantenfhtiof OB tikMumN(DPR WBEBRI S 3 X

Pr epar ed10™h ExaepiPrsés mnehehigibr dldtsadfi luvbésadneé are dbla@vdalLhf0iR EExaHplP 5EHINEN ladked

t hese i ntitenitm. Yo some §f shetephaieementip luminestehe @fdmpdreddb Examplesl cancheaditBbudid to

zi rconi uffip i fesere  ¢farfoifistiun oepmPpiing siphioescetae rvalvésefriva Table. i hio syivb rpoteasunpmepar ed

he pisdusadavitiout Spnium peingoprasent; bis aprRiRYt ptckas obthe purinasesiagrenhancement must _

%’T‘* ax aPLEPEId TG pdtonal pregenpR o g EenluBr e prepared as in Exanple 55 from

tical d te and R G.S. haf chlorid
gph;g?ate%éﬁ AR R ey 55*%@19%;?@% iy 5@9@@%‘#@‘%%? s in

Exarrpl e 55 Sel Il vesSt a SIS [ densr I
o) Samho t o e A RS A i e afﬁaafggﬁ;sgn
ik

M xt ufes ofrwd kg QfVS‘ota%@rG %u%&fai%toh d N7 S 5&3

an agat eogiedi hrafe m.pe Ai&ide BIRGarktb Qﬁcﬁ ﬁfseﬁafm

W t h t heaiagktédnhte B3-1Qfratd amte@a:l@@ & ﬁrrﬁrar{'nﬁé &% frérﬁ‘lFf@SPﬁr@QHEﬂ &ykﬂl&nﬁ@-%{«ﬁat rl@ e)
t o each sasoied, (2D, RAKHEIA Fhich k MAS bine® FoR .78 xf 19ACHI6MA xOfo-Zivdr& Bﬂabdf'éH dvel s
(z) apge mixwes of the disddb PreXirsorss FhelFbwders kbte Qoftisided3n® gRdndTinlh Bgat mEraAERR Ristie.

I nt ens| t The procedures of Examples 55-62 were employed, with the addition of 10 mole percent K2COs (Alfa
Products Ultrapure grade) to each sample.

Luminescence intensities as a function of zirconium levels (z} are given in Table XI.
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(Ex: 1'=+100) 63(Control) ° - 2.8 x 10-4

380 64 ' 4.3 x 10-4 165 65
9.6 x 10-3 - EPA 8316455 B 1.9 x
10-2 520 to 67

4.0 x 10-2 595,68 6.0 x
10-2 - 610 Note that Exanple 66 was identical to
Exagpl e 10, rexce fuu enptoyfg——a d. Herent—fhat—firi-hg—terperai ure, and

a??ﬁasur ed was identical. 15 Table X | dendmessivat es| t hat

haf nisa prep ical grade sources as in ControfExBExat®e B3 yiel ds
I nferior |um s conpared t@xsi@rpl es i n whidh thegagrconi um cont ent
z is equal fo ekt least [IL X 10-2. Caspamwing Tables |l| and Xbs it ip apparent
that the preseffice of pgtassi umiongiex #oe%sponsi ble fqr a sirgni fi cant
i ncrease in| | Ui nescende at zirconit¥mi0evel s equal tlo thats2en R 3@ S. hafnia
(z ='0.019)| arf 20 above. Exanpl es 48%182 Det er m natijons o®9%l kal i| Metal | on
| ncor poratipn %n PhospHors Differi 8§%18Zi rconi um Ldvel s BHe pur ppse of
presenting | Ne®eal BB bERkd i@Mcal 18 EkrplY RVexEEt RHGHIdyIng & I¥EreR Ghdt " ”E“at | ons

of al kali Dﬂnr%5emﬁeﬂiﬁfﬁ' AeRd Ihlﬁiﬂeécﬂ‘)é@lrﬁasﬁbéh wbﬂd&ﬁé‘a@rm phosphors spti sfying
t he general "TetratrTonstip—{er lj dllu tavimg—dr-ffermmg—zirecontmtevel s (z)

SE>a(‘glrrIS)| g;ﬁ ng;th Je%gnskrat?s ch g 8re are ogryg'\ Ll On Sa l es rgl xr e;? ea Ei3e )((jlelg'ss in
recrystﬁt P ééﬁ‘gﬁc p%u whvc mum

1°
Pl’ oduct §mef§:é?1t %lteb I&rhﬁes&e@nté Qt com % E)t tllia g; '° l "efﬁ‘i’/\er e)fg'g:

i { aR UghovedNd pot aSSI umion in the conp et e hos
det‘e’r m ned by atom c absorpti on anal ysis and i nduct [ veI y coupl ed pl asnma
spect r oeminbiys 697ReDekdvihdESCs? Ak Mdtal oR ShcBrp SR R FhodfRSS DIBHng M inﬁoﬁu@#LJvel@' kaI '
i on content observed on analysis, y(obs), are reported in Table X/I.
anmount s ofthez puraee iotl presentihgt thésa NivesigiioRsS RN piolidé heanBbtRs UbiBhindBng lof akﬁ,non
z( caksc) in@mdrafi¢rclavels) (y) inrseverad phaspieds satisiiagihe gifleral temtibrizmip ADIZATIM,0dnd FavigONi UM
and ti tdiferiognirceniumdiecis (arsatisfying dhe requodysentsan the jof@iie) . 35
Tabl e XI | Sgept WLWER preplared eass int Gxafnples 63-68,10@ypt for thecClarltre) addition(@b®I151 g of
x( cal C)recrywlg eotassl B‘B@ alatpgpxotitanate (IV) Zlgydrate (Alfa Product§)@Q gtisfy the ratio x = 408 x 10- 4
4. 31 x 10Pwpportions) o@gvrcomum @tagium, arg pptessigmy ion in the complgied phosphor sample§ werex 10- 4
8. 793%% detprmined bypieyic absorgtion sgalysis aod imqertively coupled plasma gggtometry. The luminegcefcex 10- 2
1.78 x (ﬂ‘ hosph sépgether thm alkali ign Gggenygbserved on analygR y(gbs), are reported i Tablex 10- 2
3.87 x Ao a;;':‘;ggﬁ)g zicoryiny 3 ttaniyyn prosentn Al Hestigrmalpialss e e edombiareed
si m | arTBAThEdEenELe %aé??"'é{s&ﬂ’?°é‘é"ﬂc?ﬂﬁ}"mj“"bﬁ GPaRis <908k 3 etOPFom opt i cal
gradg hafniumstarting materials [z DSy = 2-91 X 10-4], a significantly
| ower | um nescence was observed. arrpl es 73-105 | nd| um Gallium and
Rar e Eart h g-reerperatieons—Fhe m"nose of—presenting these investigations is

t o denonstdate advant ages deri ved Hheﬁ*h'[lm |ntroduct|on of i ndiun} al one or

I n; conbi natji gp vmﬂdg,s,gquymw toz(gag)m a hgggs) phEg(Qg,g}r It alyw’?gsg titani um
as\eﬁb act i yatorm: Ahydio taf {J. m,u. was—pr-eppree—bl a

convent i onctlé}; epar atg met hod‘s’S f'é fso‘??re 0088 el §19%%| psed for
r
B
nfﬁé

preparing hydrdus zi & %I a by |gg§%ndgl‘9|19 Mpt sushita,
qd. Japad;é 61, 3‘ )y( ehgdet i G 0l9§ her azzi ,

the | um neskenc

O.

)
—+|

Bull. Chem

and F. Pinfes Fer 2 hol e

R GS. hafnium oxychl ori de [err 0 010 from Tel edyne Wah 20 EP 0 431
355 Bl Ché!ﬁ‘ ugh| 2} se[gplegfuhibiteq smﬂ?réwmesse@@ﬁ uhq resepRing phosphar was fomredFawt man
Kodak Oc;g BfgdeNeAnone SRHing MEeBly, EPOPIT. 291 8 107 et Sigificantiy tiover deningeqerge, wakhe
sol uti o Te added sinultaneously to a preci pltation vessel wth rapid

ULt W 0% G ML B 81105 Rl iy ©O! ! ected by vacuum filtrati on
Ilg L&Y

The purpose of presenting these investigations is to demonstrate advantages derived from the
introduction of indium alone or in combination with neodymium to hafnia host phosphors containing titanium
as an activator.

55 A hydrous hafnia precursor was prepared by a conventional preparation method. Suitable methods are
those disclosed for preparing hydrous zirconia by M. Shibagaki, K. Takahasi, and M. Matsushita, Bull.
Chem. Soc. Japan, 61, 3283 (1988) and A. Benedetti, G. Fagherazzi, and F. Pinna, J. Am. Ceram. Soc., 72
467 (1989). Samples of 1.0 mole R.G.S. hafnium oxychloride (Hf,.,Zr;, z = 0010) from Teledyne Wah
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rotary evaporator. The solid was washed three tines with 4 liters of
distilled water. The collected rm%'ﬁ §I 5 was then dried for 16 hours at
[err] in a convection oven. each & éﬁﬁrf B'a 0.0265 nol e sanpl e of
precur sor hydr ous hafni a was errpl oyed. In all exanples, except Exanple 73,
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Exanples 73-85 Neodym um Additi on The purpose of presenting these

I nvestigations is to denonstrate that host phosphors satisfying the

requi rements of this invention having their intensity of pronpt em ssion

i ncreased by titaniumincorporation have their pronpt eni ssion reduced by

t he i ncorporation of neodym umin amounts sufficient to reduce 50
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neodym um addi tion are set out in Table XiIl. 55 21
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Fxanpl es 94-99 | ndi g and Neodym um Addi ti ops
Example w Relative Intensity Relative Afterglow
73b{Control) 0.00 100 100
86 25 X107 106 89
a7 50X 1075 113 68
88 1.0 X107 118 69
89 25X 10~ 118 64
90 50 X107 105 67
91 1.0X 1073 102 46
92 3.5 X103 81 32
93 50X 1073 68 30

From Table XIV it is apparent that a significant reduction in afterglow can be realized when indium is
incorporated in concentrations range from w = 1.0 X 107® to 5 X 10~3. At higher concentrations reductions
in prompt emission relative intensity are objectionably large. When indium concentrations are in the range

of from w

relative intensity and significant reductions in afterglow.

22

= 2 X 107 to 1 X 1073, the phosphors exhibit both significant increases in prompt emission
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d results ranging from somewhat better to somewhat worse than that obtained using indium
alone as a dopant for titanium activated hafnia host phosphors. In no instance was afterglow eliminated by a
combination of indium and other rare earth dopants.

Comparative Examples 100-105 Gallium Addition

45

The purpose of presenting these investigations is to demonstrate that host phosphors satisfying the
requirements of this invention having their intensity of prompt emission increased by titanium incorporation
do not benefit to any significant degree by the incorporation of gallium. Gallivm ions were provided in the

50 40s.

form of an aqueous solution of gallium nitrate in Example 100 and as solid gallium nitrate in Examples 101-

The relative luminescence outputs and afterglow values of the neodymium doped samples. and the
control lacking rare earth addition are set out in Table XVI.

<
<
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10 5+ > = ~ 102(Conp.Ex.) 1.0 X 10-4 08

97 103(Conmp.Ex.) 2.5 X 10-4 - 97 | 111 104( Conp. Ex. )
5.0 X 10-4 100 : EP 0 431 35$1105( Conp. Ex.) 1.0 X 10-3
102 ) 98 15 From Table XVI it is apparent that gallium

has little influence on pronpt em ssi ¢ Dy jelative intensity and m xed
effects on afterglow, ranging from re ucr ng afterglow slightly at the

| owest concent r afj+or—to—rarkeey—-rereastrg—af-tergow—at—a—hy gher
concentration. Qainms 20 1. MnoclinPt®rystals of a phosphol host

consigsti ng essent Iaiskampﬁf quge@ at )nﬁe@mmre,qgw sag,htﬁgxgd@oﬁ e rel ationship
[err] 25 wherein[Br re ts—at—tegast—onmeof —zrrconumrand—af ni um i ons; w

is in the range pfmdé P_stp 5 x:g rr]; jand x'9% in {he range of
/ q_lsi i C cr, tal slaccordiing tojclaim21 which
9ello

from3 x 10-4 to 6
| ati onship

consi st essentia ep hind | ORs sat i sfying,the r
[err]ro 35 wherein 2(83mp0é( nt 'sét?gie hst ong; ,of zifrconi b and atniumions; M
represents at le 5,54§5),¢ng) ?f'_gxqg,ua Y |1§3 up tq 5 ng o of fromW3i§<

in the range of r@ga;gm,}% xhg-351 X [e%
10-4 to 1.0; andylaupt +—3—Nbroec 'ng to claim?2

further characterrzed in that the nonoclinic crystals satisfy the 45

rel at'f ons ({ eﬁpB?' ’Z‘ai qaliiyp haglitfp influengg op brogph erpipsiqy;relativp {plepslly and -
accor di Wg ‘f h g ?Sl'h Ui &terg'ay oRty 3t 4 Teyeptsongentyaiondp ’"&"‘9(‘"10 4.
5. MonoCr Tl é"'%/%'{ AP BE I ™ 0 claim 4 further characterized in that z
is in thgmange of froml X 10-3 to 0.2. 55 6. Munoclinic crystals

accorpl ng to claimb5 further characterized inthat z is in the range of

b"'ﬁ 2 >\ ]I\ﬂ:ngchﬁ@ chstgls olzélphosphor Q)st cr:'nsrstmg/lesseﬁrally 5 X)Qgeégt])mg‘ﬁlﬁi rgﬂs s-gﬁé?)’l tPr%VI

ifs in

[err] S  relationship Rel ati ve ntensrty
Rel ative Aftergl ow 73d(Cont roI ) - 0.00 100 100
100( Conp. Exigh, 2.5 X [err] 101 89 101( Conp. Ex.)
5.0 % [err] 100 96 10 -

102( Conp. boherin 1.0 X [err] 98 97

D represents at least one of zirconium and hafnium ions;
w is in the range of from 1 x 10~¢ {0 5 x 10~3; and
x is in the range of from 3 x 10™* {0 1.0.
30
2. Monoclinic crystals according to claim 1 which consist essentially of oxygen ions and ions satisfying
the relationship

DTi, M,In,Nd,
35
wherein :
D represents at least one of zirconium and hafnium ions;
M represents at least one alkali metal;
L/ visupto 5 X 10™¢;
40 w is in the range of from 1 X 107% to 5 X 1073;
x is in the range of from 3 X 10~* to0 1.0; and
yisupto 1.

3. Monoclinic crystals according to claim 2 further characterized in that the monoclinic crystals satisfy the
45 relationship

Hfy- .Zr,Ti,M,in,Nd,
) wherein z is up to 0.3
50 :

4. Monoclinic crystals according to claim 3 further characterized in that z is at least 4 X 1074,

5. Monoclinic crystals according to claim 4 further characterized in that z is in the range of from 1 X 103
to 0.2

6. Monoclinic crystals according to claim 5 further characterized in that z is in the range of from 2 X 103
to 0.1,

24
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| owest concentration to narkedly ifgfsasi ng afterglow at a hi gher
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consi sting essf
[eri] 25 wher €]
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essentially of
wherein D repr
represents at
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[err] to 1.0;
further charac

Caims 20 1. Monoclinic crystal s of a phosphor

host

mtTattyof —oxXygen ari)qi amd—ons—satTsTyTmg—f he rel ati onship
D represents at | %wane of zircani um and! haf ni um i ons; w-
3] ofExdmmﬁn 1 x [err] ;| &aidtive Intehsityn| t Retativeoafiggloaf [ f rom 3 X [err]
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elos(Zedp.Ex) | hatx tohe Jnonocigani ¢ clystalgssatisfy the 45

relationship [€FT] Wherern z 1s Up 10 U.3. 50 4. Nbnoclinic crystals

acGor di popt o6 B Midadp bbbt HEE &mmﬁagﬁ.ﬁ LGl nidsin atibSRhsird ang [ €771
5. " NORRES bib of )%é&laip%anﬁﬁtg ool rl;wc. af@ % mit'o fi& pireliaess i sdffﬂ that z
s i nmg,ggs,,,bang@o@g,;m&gp doRdchtratib® . nocl i n| c crystals according

to claimb further characterized in that z isin the range of from2 X 10-3
to 0. tiaimst EP 0 431 355 C L M S 7.
Momecl i nic crystals according to any one of claims 2 to 6 inclusive further
char at.t evanzdidic icrystal @t a phdsphar host lRensistmygess@iialfy rod tygenratprey anld ibrd sBtisfying8he

Monocl i nelgtiogshipst al s according to claim7 further characterized in that x is

in the range of from3 X [err] 5
accordi erixtn@ any one of clainms 2 to 8 inclusive further characterized in

théd y is at

| east 1 X 10-4.

to

9 furthete@Raracterized in t hat

to 0.25. 9. Monoclinic crystals

10 Monoclinic crystals according to claim

isin the range of from1l X [err] to 0.2.

11. Monocl Pﬁ?’l’gesﬁ'?‘ %‘t'eé‘ '5°"§8'C?5 (E X 103 and
y " s at | egléss[mt erar:E oferma;ixm t0 1.0.
30
2.

the relationship

DTi,M,Iandv

wherein

D represents at Ieast one of zirconium and hafnium ions;
M represents at least one alkali metal;

visup
40

to 5 X 107%;

w is in the range of from 1 X 107¢ 10 5 X 1073,

X is in the range of from 3 X 10™* {0 1.0; and
yisupto 1.

45

HF, .

2Zr;TiM,In,,Nd,

wherein z is up to 0.3.

50

to 0.2.

to 0.1,

24

"f'(?afE'P'al'??FlO further characterized in that

Monoclinic crystals according to claim 1 which consist essentially of oxygen ions and ions satisfying

Monoclinic crystals according to claim 2 further characterized in that the monoclinic crystals satisfy the
relationship

Monoclinic crystals according to claim 3 further characterized'in_that zis at least 4 X 107%.

Monoclinic crystals according to claim 4 further characterized in that z is in the range of from 1 X 1078

Monoclinic crystals accordlng to claim 5 further characterized in that z is in the range of from 2 X 1073



al kali netal ions include at |east one of lithium sodi u m ,
15 12." Nbnocl i nic crystals accor 0 one of clains gj] E’E HH
further characterized in that w fgsﬁ?ﬂh?l%rghnge of from2 m m

10-3. 13. .Monoclinic crystals according to any one of clainms 2 to 12

i ncl usi ve, fnbbifie cRBEIE A6doRErg4E shyl dhe loP@dimY 2iiSe ﬁ\EIus?\Q further dhBaSibrizen #h % B-in 14.

Monocl i ni ¢ /e Mededh Horm 8 &OEN @5t 0 ¢l ai m 13 further characterized in that v

isin the range of from2 X [err] 25 15. A screen conprised of a support

ana fl BOrM@weaiNic ctyayie bedd@mnt & taiMg fathphdspiieizeciapabk B inthe alagosidon X 104

X-radisati onoaas emtting | onger wavel ength el ectromagnetic radi ation

conprised of nonoclinic crystals according to any one of clains 3 to 14

i ncl usi ve. Mdofiaicerystak spaofdinghe ary. ondohaddihs 2@ Kintledvalfirtbersiharagterized in that y is at

Leucht st of figdst t ¥49~*best ehend i m-wesent|i chen aus Sauer st of f at onen und

| onen, di e der Beziehung geni gen 35 .DTi~ln, worin bedeuten D m ndestens

ei ne der 19-g¥ksaalisic certaly @rroming iosaim hiurharehpiagterizethin dgbnis inthe ranggof from 1,105 1y

Vert im Ber®%h von 1 x .10-6 bis 5 x 10-3; und x ein Wert im Bereich von 3

x104b| 102|\/bnok|eKr|st | e nach Ans hl del i chen
Bin, ?rgevyﬁnﬁ"‘{;\g

best ehen’ W&o BE PESHEN o5 f@'ﬂh“’" agpelgiged in, e"n‘é@h R fiugen
45 DT, ﬁﬂ%‘r%ﬁ "Bglcaee B AP BTy s 'fdrﬂ?tfé nsorte von Zirkoni um
gn(]j_ OHi b\?@ﬁﬁ ic J;:ﬁ/flals ccoMn tc;.'gwg%'h%g}scla sr%(g‘lﬁﬂctgg\?et@yer ch\ég?gtbﬂey\@éﬁat erssnzu 5
Bereich von 3 x 10-4 bis 1 ;und y ein Wert bis zu 1. 55 3. anokllne
Kristal | g3 naéidcinid TRstHE Bocraingl & onsl Bk 2 OGRS GHREEharaeBBolinGhat v is at
m)noklzbnen idst skabtee der fo genden Bezi ehung genQgen 25 EP 0 431 355 B1
K - ,ZrTiMlnwdy worin z ein Wert bis zu 0,3 ist. 5 4. Mnokline

Kr i st al I a4. mmbclﬁns:pjsu&hca;rdu\yedoto&rm @ diihie ehgakeaivazieitahned in titaBnge @ iffom\aEXt
von m ndest®nstod X1at®-' 1 Stl1. 5. Mnokline Kristalle nach Anspruch 4,

wel t er dadurch gekennzei chnet, daB z ein Wert imBereich von 1 X 10-3 bis
0, 2 i o5. 18.0A Sreohoroprisedd Kri stal |l e nach Anspruch 5, welter dadurch

gekeni zei chneesunpaBand ein Wert im Bereich von 2 x 10-3 bis 0,1 ist. 7.
Mbnokl i ne Kri 8tfserpssentdeer EQNtABYRO che Phospher papelie obalispriing Xapdialiem prickemiftipg, longas| t er

dadur ch gek%ﬂ?’@?’b?ﬁ?é?magpgt-c radiatioqLampriset,of PAROCINC ENBAISAC TN Lows ¢
0,5 ist. 3 to 14 inclusive. YSISACEHIREA
30

Patentanspriiche

1. Monokline Kristalle eines Leuchtstoffwirtes, bestehend im wesentlichen aus Sauerstoffatomen und
lonen, die der Beziehung geniigen
as
DTin,

worin bedeuten

D mindestens eine der lonensorten von Zirkonium- und Hafniumionen;
\_/ 40 w ein Wert im Bereich von 1 x 107¢ bis 5 x 10~3; und

X ein Wert im Bereich von 3 x 10~* bis 1,0.

2. Monokline Kristalle nach Anspruch 1, die im wesentlichen bestehen aus Sauerstoffionen und lonen, die
der folgenden Beziehung genligen
45
DTiMyln,Nd,

worin bedeuten
D mindestens eine lonensorte von Zirkonium- und Hafniurmionen;
50 M mindestens ein Alkalimetall;
v gin Wert bis zu 5 x 107%;
w ein Wert im Bergich von 1 x 107 bis 5 x 1073,
x ein Wert im Bereich von 3 x 107 bis 1,0; und
y ein Wert bis zu 1.
55
3. Monokline Kristalle nach Anspruch 2, weiter dadurch gekennzeichnet, daB die monoklinen Kristalle der
folgenden Beziehung genligen

- 25



8. Mynokd i ne Kristalle nach Anspruch 7, wei ter dadurch gekeq
x ein Wert imBereich von 3 X 18-4@ 25 ist. ,20 9. M mﬂ M”ﬁ lU"I
Kristall e nach ei nem der Anspri he 1I§F§Bé einschiiel fli ch, el terw

gekennzei chnet, daB y ein Wert von mindestens 1 x 10-4 ist. 10. Mnokline
Kristalle pag,hn @B\Umh 9, welter dadurch gekennzeichnet, daBy ein Veért im
Bereich von *1°X 104 bis .0,2 ist. 25 11. Monokline Krlstalle nach Anspruch
10w el tecvo,{j,m{wghggmgépl chnet, daB y ein Wert von mndestens 8 x 10-4
ist, und daB zu den Alkalinetallionen mndestens eine |onensorte von
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gekennzei ghorédbis 0@a® v ein Wert von mindestens 5 x 1 08 ist. 35 14,
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\rr'é I N Ve Wrt nl iiftester® 3¢ 20-4Lf3r 4 . Oristaux nonocliniques selon

Ia revendlcatlon | conprenant essentlellenent des ions oxygbne et des ions
sat i sf aios #dhokifnel I@stalRI nddH A3prdéh 9, weildh dSHudtB Leldhdreibinet, das y ein Wert im Bersich von 1

C L xM-+ bis0,2ist. S DTi XMyl nNd, 5 D represente au nmoins |'un des
i onszshaf ni um ou zirconium Mrepr6sente au noins un nbtal alcalin; v est au
pl us 5 W. Morokiinefrigtaite ndenAnspruchntOewaitat dagiureh bekamnzelehndt, das YOsircWert Iz'sonxmridbstﬁnsx est
dans |'inBerigal isk uad Hafrrv dge ARalimetallidned niinddstenscdineyloregsorte orplithigm] Natriuin @nd

Cri st aux Hemogehdn ques selon | a revendication 2 dans | esquels |les cristaux
monocliniques satisfont a la relation: H, zZr. TixMyIn.Ndv 15 ob z est au
pl us30, 13 Manokine; Keitalgxaphh piere #%.Ag;m@h%épﬁm Ieﬁsthiﬁ?lﬁﬁd‘f‘%‘a’t‘IaB‘IICIBQQHﬂI’Ee"I“E%IqueI S
z est au Hﬁﬁ%@nwesméerawhm%' d# $% %X shonocl i ni ques selon |la
revendlcatlon 4 ans | es uel X 10-3 h
0.2 oy e ei%ﬂ%f’%éj"b‘ﬁ“? 55 s et aiPorie tehe e, oot

dans I |n9er a Ian

14. Moncokline Kristalle nach Anspruch 13, weiter dadurch gekennzeichnet, daB v sin Wert im Ber_eich von 2
x 1078 bis 1 x 1075 ist.

\_/  15. Schirm bestehend aus
40 einem Triger und
einer fluoreszierenden Schicht mit einem Leuchistoff, der R&ntgenstrahlung zu absorbleren und
elektromagnetische Strahlung lingerer Wellenldngen zu emittieren vermag mit monoklinen Kristalien
nach einem der Anspriiche 3 bis 14 einschlieBlich.

45 Revendications

1. Cristaux monocliniques d'hte luminophore comprenant essentiellement des atomes dloxygéne et des
ions satisfaisant 2 la relation

50 DTiyny,
ol
D représente au moins l'un des ions zirconium ou hafnium ;
w est dans l'intervalle allant de 1 x 107 34 5x 1073 ; et
55 x est dans l'intervalie allant de 3 x 10~* & 1.

2. Cristaux monocliniques selon la revendication 1 comprenant essentiellement des ions oxygéne et des
ions satisfaisant 2 la relation

26



a 0y% ~ +25 7. Cristdux nonocliniques selon |une quel conque '
revendi cations 2 a 6 dans | esquels x est dans |'intervall elﬂﬂiﬂﬂ!ﬂ\!ﬂlmll"l“l
10-4 a 0,5. 8. Cristaux nonoclinFeBISEEET | a revendicati c moos o o
|l esquel s x est dans |"intervalle allant de 3 x 10-4 30 a 0,25. 9.

Cri staux nonocliniques selon |'une quel conque des revendications 2 a 8 dans
| esquel s y sk ﬁagdm)i ns 1 x 10-4. 35 10. Cristaux nonocliniques selon |a
reyendi cati o ‘é" ans lesquels y est dans |'intervalle conpris entre 1 X
10-4 et 0,2y 11. Cristaux nonocliniques selon |a revendication 10 dans

l'esqugl s y esp repkssdi ddSndhs unldbs fon€ hathi®s o ARsnigie! @l al cal in conprennent au
moi ns | ' un deg rdprdasntd it hdindGn neR@lbithin OU pot assium 40 12. Cri staux
nmonocl i ni quesy gehdplud 5 1Pes quel conque des revendications 2 a 11 dans

| esquel s w esk est@aRNin®rai@mant dé Nk egvals.etoad | ant de 2 x 10-6 a 1 x 10-3. 13.
Cri st aux nDnNOCést teng tietsrvatie laltant de IsnE~¢ B@joc engeseadgss . evendi cations 2 a 12
dans hesquels v est au noins 45 5 x 10-8. 14. Cristaux nonocliniques
sel on | a3.r ®vsadircabdlicngues 3elol lamyeddesiipn @l dons/legwibls (bo nYbstdus mdeathnidues setigfonyalld e
al l ant de 2elaio10- a 1 x 10-5. 50 16. Ecran conprenant un support et une
couche fluorescente contenant un conpose | um nophore capabl e d' absorber le
r ayonnenenttixZetMinglitet t re un rayonnenent el ectromagn6ti que de plus grande
| ongu#ur d' onde conprenant des cristaux nonocliniques selon |'une

quel conque “B&&HUPUABPcati ons 3 a 14. 55 27

4. Cristaux monocliniques selon la reévendication 3 dans lesquels z est au moins 4 x 10™*.

\/ 20 5. Cristaux monocliniques selon la revendication 4 dans lesquels z est dans l'intervalle allant de 1 x 1073
202

6. Cristaux'monocliniques selon la revendication 5 dans lesquels z est dans l'intervalle allant de 2 x 103
a 0,1 :
25 .
7. Cristaux monocliniques selon I'une quelcongue des revendications 2 & 6 dans lesquels x est dans
Vintervalle allant de 3 x 10~* 2 0,5.

8. Cristaux'monocliniques selon la revendication 7 dans lesquels x est dans I'intervalle allant de 3 x 10~*
30 a 0,25.

9. Cristaux monocliniques selon I'une qusiconque des revendications 2 4 8 dans lesquels y est au moins
1x 10™4,

a5 10. Cristaux monocliniques selon la revendication 9 dans lesquels y est dans l'intervalle compris entre 1 x
10~ ot 0,2.

. 11. Cristaux monocliniques selon la revendication 10 dans lesquels y est au moins 8 x 10~ et les ions
\/ métal alcalin comprennent au moins I'un des fons lithium, sodium ou potassium.

12. Cristaux monocliniques selon l'une quelconque des revendications 2 & 11 dans lesquels w est compris
dans Fintervalle allant de 2 x 1076 a4 1 x 1073,

- 13. Cristaux monocliniques selon I'une quelconque des revendications 2 & 12 dans lesquels v est au moins .
45 5x 1078,

14. Cristaux monocliniques selon la revendication 13 dans lesquels v est compris dans I'intervalle allant de
2x107% 31 x 107>,

50 15. Ecran comprenant
un support el
une couche fluorescente contenant un composé luminophore capable d'absorber le rayonnement X
et d'émetire un rayonnement électromagnétique de plus grande longueur d’onde comprenant des
cristaux monocliniques selon I'une quelconque des revendications 3 & 14,
55
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