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Leverenz at page 62 and subsequently in his text goes on to suggest that research should be conducted
. with luminescence pure (LP) materials to reduce duscrepanc:es in results. Leverenz is offered as an
example of the general practice in the phosphor art of employing materials of much lower permissible levels
of impurities than in many other fields of chemistry, ideally impurity levels at or below that of LP materials.
65 It has been recognized that the phosphors of highest absorption efficiencies are those in which the host
compound contains at least one element from Period 6 of the Periodic Table of Elements. For example,
barium sulfate, lanthanide oxyhalides and oxysulfides, yitrium tantalate, and calcium tungstate, are widely
‘employed phosphor host compounds. :
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It is one object of the invention to provide screens varied in their ingredients to provide higher
luminescence intensities upon stimulation.
The object of the invention is satisfied by a screen comprised of a support and a fluorescent Iaygr
5 containing a phosphor capable of absorbing X-radiation and emitting longer wavelength elec’froma.gnetlc
radiation comprised of monoclinic crystals of a hafnia phosphor host. The screen is characterized in that
zirconium ions are present in the hafnia phosphor host in concentrations higher than 3 X 10™* mole of
zirconia per mole of hafnia. '
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[err]-hydr ning from2 to 10 carbon atons, such as

gl ycol at eﬁﬂm@ih%w%% tes. Oxalic acid can be vi evved as either a
di carboxyl i ¢.1aCi qiafpi Rflatb €7 1] - hydroxycarboxylic acid.. Oxal ates are
particularly preferred noieties for .formng not only hafniumand 4 EP O
381 232;Bl1 zi r comsoy@.pnpounds, but al so conpounds of other netals to be
incorporated in formng preferred forns of the phosphor nore particularly
descri bed bel ow. The carboxyl ate noieties can form sinple carboxylates with
t he haf ni umHe ziHabwlicwatceeid can f or m haf ni um or zirconi um car boxyl ate

conpl exes including additional cations, such as alkali nmetal or ammonium

i ons. 5% The HabHiGsR«ahd zi r coni um car boxyl ates can be conveniently

f oded by reacting in a common solvent the acid, salt, or ester of the
carboxyl ate wi th hafni um and zirconi um contai ni ng corrpounds in the ratios
desired in the pHEPASE ™ e hafni um and zirconi um cont ai ni ng conpounds to
be reacted can b (J% ct ed from anmong corrpounds such as hafni um
tetrachf’oride, zi r@b i”?um t et rachl ori de, haf ni um oxychl ori de, zirconi um
oxychl ori de, hafnium basic carbonate, zirconium basic carbonate, hafnium
nitrate, ziggconi umm,LoRidié 8, zirconium carbonate, hafnium sulfate,
zirconiumsul fate, c? m xtures thereof. It is also contenplated to enpl oy
haf ni umgand zi rcqg[,.m@;@},,,lfom des as starting materials. Preferred hafnium
and zirconi um al koxi des are those which satisfy formula I'l: (I1) [err] 15
where D represents zirconiumor hafniumand R represents a hydrocarbon

noi ety cont &si nniniodiimatioaalitonbinkte 20 (preferably about 1 to 10) carbon
atonms. The hydrocarbon noieti es- can be chosen from any conveni ent straight
or branehed chai riNGn[kd{G204)d :

H-6 Potassium tetraoxalatohafnate




20’ saturated or unsaturated alj rocarbon noiety-e.g., alkyl, 4
cycl oal kyl , alkenyl, or al kynyFP%‘*%ﬁgﬂatl vely the hydrocar bon noi ety tan
be an aromatic noiety-e.g., benzyl, phenyl, tolyl, xylyl, naphthyl, etc. In
a specifically preferred fromR is in each instance Iower al kyl of froml
to 4 carbon aKme.0hf Nni um and zirconi um al koxi des are disclosed in U S.
Patents 3,297, 414; 3,754,011; 4,525,468; and 4,670,472. In addition to

al koxi de and car boxyl at e 'noi ety contai ni ng haf ni um and zi r coni um conpounds
var isous H25 cHisdiamdetraoalatohafée haf ni um and zirconi um [err]-di ket ones and

di am necar boxyl at es can be enpl oyed. Exem plary useful hafniumstarting
mat eri al s ar NaslEf(CfQaki h under heading 111 below. Al the conpounds have

ot herw se identical zirconium anal ogues. Further, although water of

hydratl on has been omtted, it is to be under stood that under nor nal

anbi%nt caondl'%"?'?ﬂ‘?'é"mrPﬁg‘i"°6?'at? he conpounds exist as. hydrates. (111) 30

Exenpl ary Haf ng Materials H1 Haf nyI oxal ate 35

[err] H 2 (Eﬁ#%fﬁ ééﬁ’fll c acid 40 [err] H 3 Di oxal at ohaf ni um
45~ [err] H4 Tri oxal at ohafnic acid 50 [err] H5
Anmmni u ri f [err] H6 . Pot assi um

tmaoxg}gtat o%?h’%{ag’pgym%ﬁéé 381 232 B1 [err] 5 H7 . Sodium

t et r aoxal at ohaf nat e

S [err] Hi@ poldssum hafnyfadr@RI um haf nyl oxal at e - :
10 [err] 15 ‘H9 Pol yoxal at opol yhaf ni ¢ ‘aci ds H 10 Pot assi um

haf syl tartr abpifG0.Hs Os)] [err]

20 H 11 Tet ramandel at ohafnic acid [err] H 12 Tri gl ycol at ohaf ni ¢ aci d
[err] H 13 Trilactohafnic acid 35 [err]

35\ H 14 H-11 TrTetawdddimdhamioavidt ear at e 40 [err]

40 15 . Trioxodi haf ni um 2- et hyl caproate [err] H 16 saf ni um

ace®yl acet ondkEf(GECHOCHs )4 ] [err] g
50 H 17 Pot assium bisnitrilotriacetohafnate [err] . : |

H-12  Triglycolatohafnic acid _ !

30 HaHFOR(OCH2C0Q0);

H-13 Trilactohafnic acid

35 ' Hs HFOH(OCHCH; COO)s

H-14 Trioxodihafnium stearate

40 ) Hf203(02C(CH2)16 CHs )2

H-15  Trioxodihafnium 2-ethylcaproate

P Hf, 03 (02 CCHC2 Hs (CHz)s CHa )z

H-16 safnium acetylacetonate

50 Hf(CsH702)s

H-17 Potassium bisnitriiotriacetohafnate-

55 Kz {HI{N(CH2CO2)s 1}

H-18 Hafnium ethylenediaminetetraacetic acid

1(

1




Haf ni um_ et hyl enedi am net et L aacet i id 6 EP 0 381 232 B1 [err]
5 -H19 Hafnyl nalonate [err] %8%3%1@%%@? Haf nyl phthalate [err] 15
H-21 : Hafniumtetrai sopropoxide [err] 20 H 22 Haf ni um
tetra-t-anyloxide [err] 25 H 23 Haf ni um tetra( phenoxi de) [err] 30
H-24  Haf ni um di g6 QRuppeH,ge) bi s(2-et hoxyethoxide) [err] 35 - H25
Haf nium tetra(cycl ohexoxide) [err] 40 H 26 Haf ni um di (i sopropoxi de)
bi s[ 2- (2- n- dodecanoxyet hoxy) et hoxi de] [err] Formation of the zirconiumrich
monocl i i ¢ hafoni analyos@diae host i s achi eved by heating the zirconium 45
and haf ni um conmpounds to tenperatures up to and including 1400 C. Hi gher -
firing tenperat urie@sart.Cot) cour se, be undertaken, since the phosphor
possesses high thermal stability. However, it is a distinct advantage of
this invention that firing tenperatures above.[err] are not required.
Preeferred fiH30ng Hafwirithaeer es .are in the range of from about 900 to 1300 *
C.| Firing is continued until conversion to the nmonoclinic phase is
achiveved. For nmaxif@{®atst¢Pag tenpera- 50 tures the duration of firing can
be I ess than 1 hour. Wile extended firing tinmes are possible, once the -
phosphor has, been converted to the nonoclinic crystalline form extending
t e dur & i od™of fW#"ﬂbmgﬁ?VB@”ﬂ% useful purpose. CGenerally firing times in
t He range of froq%&x;ﬁ 10 hours, nore typically 2 to 5 hours, provide ful
cgnversi ons of the e T ng materials to the phosphor conposition sought.
Sijnce the starting nmaterials are in nost instances deconposed at
térrpera%yreq.{_géel | ARl PBd OinyloREd ] 55 mnimum tenperature |evel
cdntenplated for nonoclimc crystal growh, it is generally convenient to
hgat the startingumrighj,als to a tenperature above their deconposition
;g??p’erature, but below 900 C, for an initial period to purge volatilizable

terials before progressing to the higher crystallization tenperatures.
Typi cal by, ai-2% el hamiunedeya(dreadids)y step in the range of from about 300 to 900
C| preferably in the range of 7 L EP O 381 232 B1 from400 to [err] is
urjdert aken. |t i sHi€Csidskof t en convenient to divide firing into two or nore
cgnsecutive steps with internediate cooling to permt grinding and/or
washing the material. Internediate grinding can facilitate uniformty while
i nt er med at d-3fas naipm disprerexids) bigerathogietexide) ed wat er, reduces the risk of
unwant ed contam nants, such as 5 starting material deconposition
by- product s. HH{OC3H7 12(0C2H. OCa Hs )2 :

S{It has been discovered that firing the hafnia phosphor in the presence of
? flux 95f OQ-EZSQr Igafn(i\’u(?nn&rarz%hloi%%xide) '

H(OCsHi1)a

! 40 H-26 Hafnium di(isopropoxide) bis[2-(2-n-dodecanoxysthoxy)ethoxide]
Hf(OCaHy }2(0C2Hs OC2H. OC1 2Has )2

Formation of the zirconium rich monoclinic hafnia phosphor host is achieved by heating the zirconium
45 and 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 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 unti! conversion to the monoclinic phase is achieved. For maximum firing tempera-
50 tures the duration of firing can be less than 1 hour. While extended firing times are possible, once the
phosphor has-been converted to the monoclinic crystalline form, extending the duration of firing serves no
useful purposs. Generally firing times in the range of from 1 to 10 hours, more typically 2 to 5 hours,
provide full conversions of the starting materials to the phosphor composition sought.
: Since the starting materials are in most instances decomposed at temperatures well below the 800°C
55 minimum temperature level contemplated for monoclinic crystal growth, it is generally convenient to heat
the starting materials to a temperature above their decomposition temperature, but below 900°C, for an
initial period to purge volatilizable materials before progressing to the higher crystallization temperatures.
Typically, a préliminary heating step in the range of from about 300 to 900°C, preferably in the range of




of ’akal i  metal ions i ncorporates alkali netal ion in the phosphor and
dramatically increases its |um gpcsgicgeigitensity. A preferred class of
phesphor's according to the present invention are those that satisfy the
relationship: 10 (I1V) [err] where Mrepresents at | east one alkali netal;
15 fyom 400itn7Q0NE. is envgtekef. from 1 X [err] to 1 (preferably 0.2);- and z is
as defi ned imgjepvaiten ponyenion igaivide flidindhnte dwa erveed edsechiie stepsenib dntesmpdiate esolingl kal i
met al i @nPerit [oriRdingnangfoe Waghinoy the cateriak dntermediate agrindingl gan tavilitete rupiéawpityawhions and
i ncor polnigtegitegrashinge Aiicalyerity] distitadsvatan redusescite righ Plomyanigsosetanivenie sricasi r ed
for rfaxieing Taarpdscmpatiion SRRMCENent are not detrinental to |um nescence.
There is Hc?'a 'PF@E ﬁ‘&ﬂ"e” V‘F‘d‘r""g t??)haf%%’ép"ﬁh'é ithe prespnce oid fﬂ“?‘ﬁ%ﬁ’%‘; of & oGl of 1
or |ess® ﬁ‘ ?a' o E?"@ﬁé?f“&'ﬁa &R U gzncez

Al kal i ‘H}??s&}’ |8F?‘°"ﬁ% |°¥3 ‘E‘I R &P Hd‘?e S VIR MR 19 SEROMBI i shed
by fg)rm ng "% xture of the hafm um and zirconiumstarting materials

di scuss al’,),pv glnd a conpound capabl e of releasing alkali netal ions on

h I'ng. 'The 'Fguht of the alkali metal conpound enpl oyed is chosen to
supp y @@l i metal ion in a concentration in excess of that sought to be

i ncor por apdprbdents REedANGS R metdhus, the foll owi ng is 25 contenplated as a
startd Ng IFhd iRlie@ing 61 iRk 10ASEH I 1 (EMerably[0@¥;faha Wher ei n 30 M represents at;
| east onezad d¢akilinedBond.; Mis greater than 3 X 10-2 (preferably from1l X
[err] to @yestigaichszhagarbiealbd @@t the Yendfits biluikalv mbidiasn iNQsE atelTully Osuiiea at @ativalyt h

r el at i onshioxentratiars danki| incofdoetianl kfahlkali neétall iorsoinpmucedisatic@naboe tibdeatetuine tial ;
anal oguesdirsim umnestarioei enmncaminizare ootretimestelato tumirgsasadee hiead is ndipkasptes eetforbove. |
Pr ef ex r mehcabésiz|for lipmdingay tocvalopronl i @r e$saRathen @ isrreitnenily & bipsphacihrepdeation deavenienset al :
car- 35, Bissibmets), ionsinélision ars the phesblaar en benerdniadiently degamntistpdi by formjegr & méxure of ;
t ungst athe afniem @ndreicymstering Mtstiels cissused akpyecAnil asemegund eappll plgolersing pkall s ar p
cont enpefeldens op Apating: Thexgmapnt g ig alplit mesy! sprproypdemnlovprbie shasenyip sunplyjalkgli metal
concur r €hin %/cqnﬁ%?tgfﬁ MaPXERFs| °f1‘h’€“h%“§h€?sﬁ9ﬁ6‘f°m°§?eﬁ dthp RhespRor-fIBrSre HUOYag i um
and 21 r eBRMERPE B iRt e 11 can contain alkali netal ion, the
al kal i taJ_lf cgrhv\,hol ly or in part be provided by these conpl exes. A
conveni ent Fépér'atlon approach is to enploy al kali netal containing

haf ni um,and zi rconi um conpl exes satisfying 40 fornula 11 and to increase
the kal In Shits GPOBLEMe ofRbi hdlg. starting materials by adding other alkali

met a COMPY GRiSter tRsh 3 YIF-E pleRianRIRMEL X (&)ahd onshi p V, mcan range of up
to 10 or %ﬁtﬁflesw& tl%fvai:&eno?eﬁQ\e&ﬁnegﬁon@ltk%llaluodgﬁﬁﬁlandﬁ removed during
phosphor pheRRbidhe@NcomPhlAls 3h BXGRGSmEEI abikglod ofBk Hamiud dnBCAREARMAd@EhgI N t he
phosphomaterids discustb® fabdve.ertefoReddalnali Gheotdl icorhpddnd Rbrfingt MEterls iRANGE akeall metal d¢adl
St epss Wbdnhites, sulGKapclaies Iglides chya@xiags botated) itungstites, aadriogbdatk.ulikered bf aldikal |
nmet al coatplodnithy . mafdnials arecdboemsiated) @artiaNeg) wodn diffdkant bikativtesdls o bpagcmsur@ntlyi | abl e
for rel pesmratdrin g dhesphern§ingenin ane form dwi haiumodnd tzirdonizw dohplexes ahtdrmadasibeaneduced
t he posednizinl dkelymetdl idnotheralkay nhetab canckbgliyron inl pert be proyididiby thebracomplexas v eosvanigalt i on
of al kabrepantior Brreaagh i tai amploy j alkel metaheantaining Hativinaand Hrireqpivayr epmpleisceatisbanot hat
t hey “exfermiia I ipetfodpesease thealels mgle! canientd Sheetirringgpatetials foy cpding eteai plkall Redhi ng
haswedER’f@G”'ldﬁésé'F"R%i?q abgx al content to very 50 | ow | eve s afl)eproachl ng
det ect i on 'l'ieFH' $hip Wi'? F"é '?'199 P%’%‘éfq AP P”H%{P ﬁ%"° S T‘"fa" d during -
 nco { rﬁ'E"caéa t'?rh al step SC%S %f) gl tdl:fzh Ol' t'trem%:? H$d :
been4§0ﬁ aﬁﬁj %aﬁ(%ro& (g % "EP (%?fg‘ s eE Ie? £§ g%ﬁ un If_-; £r relga% m%ont ent;
Jr ivd |Atl ordl Iglllj Xucgs ﬁlg &l el c% aty al.

it
flux on sur ace e rmnoc I ni C crys S (§UI‘I ng eir ormatlon I

during fi rmvgéagat.m angh,ﬁéeu doRtdRhG RdoniBAORR hfarn.al PHILIRGS qmes RRY Sef @Mt
obt ai neglcysed BRIPH iMtndstehél 1B aFfor Biondbd<AshingPias A& thel dikaPmBrEIbREH @efyor M
| it hishiMoGQ&VeR) &pprogehn ARIREIRR SmAs: SISl it RObdivell Hab th AKAINhtANs Madrbordted ikt Ghe
rel ati omgfticknic dréla)s of the @hdshbhdB, this has not been conclusively established. It is possible that the alkali
metal content of the phosphor is at least partially a surface remnant of the alkali metal flux on the surf,ace
of the monoclinic crystals during their formation during firing.
The highest levels of phosphor luminescence have been obtained by employmg lithium as an alkali
s5 metal. In a preferred form lithium containing phosphors according to this invention satisfy the relationship:

(VI)  Hf- Zroliy



)¢ 0 381 232 Bl whereiny is in the range of from8 X [err] to 0.15 and z
mts selected fromany one of the ranges indicated above. Lithium containing
;z.":phosphors according to this invE&RG 3N 23ed1preferably prepared by selecting
‘starting'5 materials so that the hafnium zirconium :and l'ithi um ions
_present prior to heating satisfy the following relationship: (VIl1)  [err]
10 \méleé?' ' |S|nteran_geof r m4 X [erf] to 2.0 (optimtly from7 X

[err] to le %"9°f§;’ Pftern t‘u‘% ef\scrlbed above When I|th|um|s
sel ect ed %%hlum conalmn \ C adnS El mv t Y % thra fed b tr['l
f COrai 1S nlnafe eﬁra yrf)e are |?PS% n§ d
o MOt i ;?;fx.urs%.ro% B P A %pges",h ) IR fi, -a ecgn

phase of, um ha nate can be-forne |ng upo pr oporti o
and sel ect | on ‘of 1ithium corrpound starting materials. Since |i th| um haf nate

| acks t jgy | gseence intensities of titaniumand Iithium containing
hafnia, a preferred embodi ment of the invention, Iithiumstarting materials
and thewkergOncentrati ons are selected so that any overall |um nescence of

thg_two phasesihé GRgi of o et tb habplitkdy rérh 7ad loedto 18) e absence of 1ithium
As denonstzigsedied is deb@ibekaBw. es, i ncreasing | evels of |ithium carbonate
enpl oyed &#hea lithiuar ib isslgctevbdsethe alkalir @stall t had beedt obbdived rthat,nic ragdia t@ Gorming aheer al |

| um neségepriwn gshelrfnieaphogphbrofitholitkian Ingludedde secads phase ofolitduna hafnateucanri@esicrerad.e

at t r i"hutepgnding upprethé gropartian@nd edlectioncat dithivinrpginpound stgting paterjalsr Sinagriithiuof hafratehi um
haf nat elacksyhet lypingsednes inteadities obliigsiugyand dithiumt denteining baffiss @ erefesred ergbagiimentaf the

mat er i ai"venfieRg litkivng istaging F‘étﬁﬁtﬁ'st #"6#@" ceneantatiqng argesaiReted 30 thiat seiepredll lymingsasedge] |

hi gher BB &Y P3ses remainsi highey e thet aiipied: atig ?t?;f-\?’gel% lithiume fi, fereaptiated gp deant

hi gh | efPEmPgE: Ncipasingdeels ot hium ﬁEfP‘EE‘é‘PleH‘QWGI‘?e?P i FafsER! fasyis fitst injap ingieass,

haf n4t e'"mﬁ"e'EE‘IH "i'"g"eﬁ‘iﬁ‘??ea"e '§a' fg' Vr?n %céea? ny ?" "‘{' é‘d“ 'é&sce}‘iF ﬁ@ “‘F"‘? hiGm
sulfat e® Sl % ®si um
a sta al ncr a

e han B
i {;ﬁ fé@ﬁ? Sin t.vgaﬁ by . t’e.?;fr', é?@hn' ik %ZZ%ufﬂfZaf 'L%{ﬁﬁ,e%fif’, fings al so
|t u

corrpounﬁfﬁI
resul t | kal i
o et g R e

lit h' um %{%B&lél% %né%&&?n BoMdEndR RihpoRa o5 kR R%@r:é?sem SR QYRRmWBhboARONS t he
pr ef er r pui B Xrhdiébily GRABSATIER]S! c@@;hcfsﬁwo@ lighnistscentd. hésd s bl darfifat BbibeRlsS of

Wi t hout cur, 20616 briyf JEBEAAEY o3 Rorming B thiudh -hark¥le dahdhkRland b Gherdidre BASMARG S well

obser vegbokd b prehiiot! MaRimlm RhrRAtRkiGH oVl lidiuth StaHidgem@érial Glithale adt pdriovalice
concent peiaity0 08 .the Thier @&l B hasibeen obdervad it addiuenakipotassidnT By 86 quiteSsfiadtivd atast
one of ®eetcomeatratbnp.dthersieLivhen W ih selgtiorehie Narbprysents at Ibeat snaloUdioh afid pasGunX [err] - |
to 7 X $&-defdraphtin fmlrdnge 6friom63< W04 0-74X 1002 Ppihdiieiron) 3 XTAE tal Kabi?).met al s cesi um
and rubi diTheralkalienatdissesie faad tubidiemtage disecaffective tojimreaprhiphosdhomtiimisesceme dut biat to a
| esser [Issaeeertent hattthap Hithiym) sodivmusnd pstgeiumrCombirptionsobanyiantiell dBwislkaliametdneanof any
and & | bopmpleyed i ireparingnthe afospherrpf 4% ipentiarpPasiculanyi yyefgl asg eambingtions ef Firestphor s
of t hi s™ondfditiymy rsodiwn, andcrptagsiyny iqrg-ekitliumaznd RN WRYIngPn, have gieducadnwo  of
li thi urrPa’E‘ﬁ'd”VLﬂ‘ﬁh leygig © b’f"é%sﬁ"ﬁ?n jons. Lithium and potassiumion conbl nati ons

h afceeeTaan peats b et A STmndCtR ey b Pty ?
p?\e/feer’):: : E %% gn Eg%rg ‘$P %Ctlga\f%m’ USG in ;étlcapva{ﬁi é ﬁ o

e & | lxner cited

18]

ﬁl al zﬁe ? noarcﬁ‘vao I p n]] nt t| mum is
aCt ' Vat REor L@@ Biiok 1a¥ &h Ofcivaf. ﬂQé 'u@% >6rel%!r+ ford! df ! vk Bﬁbgﬁaghﬂéfﬁurﬁa“ be
enpl 0ye§rco e, %Hdﬂm errese[‘nﬁanL sty HeG bitioh ffp Use in optical grade hafnia by
Bri xner, cited above, is specifically contenplated for use as an activator.

In ong pmgf enf,_qdrzfiprm of the invention titaniumis incorporated in the
‘phosphor as an activator. Thus, in one preferred formof the phosphor

haf ni unmwheté r coni um and titanium are present and satisfy the relationship
45 (VI 11 )xis thp eange of ibre BeX 10~1 18 10l preforablyg @5 afid dptimaty 3.2%) ahd- 4 . to 1.0 (preferably
-0.5 and opsatisiidsl apy O RO pngampreviouslaindiséteces any of the ranges previously
i ndi &at ed.It igossible {ot infragugeotbe jtitshismt astivatet Py dPhyssaltyhmixing titenip uvith 2oy ot thedhosthy
“physi caPhogphet iernm? materialsi deseripechabayr, tds bers diggaverefhtowpiet that Bigher ipinesaeassi al s
.descr i beelngdomrer ttpqiur gencentrationg| are Paspblecion Me\iikaplum activaigr inffhegiaest of 3 lprmalycence
1 evel's  decomergakie COTROHY I E'Hﬁﬁaéhtq‘eﬁﬁdoﬂ'g‘ Wpran Rogi‘i"ﬂf"?a%éﬁ"'t"ﬂea“f’|zf’%ﬂ’1‘|“ﬁ‘m

activat qmqowmdf eftl@(rﬁqu&]der&ntpﬂsélpl tjes of the titanium activator compounds can be selected
i 55 rom among t e .same compound classes des ibed in connection with hafnium and zirconium. Titanium

carboxylates, where the carboxylates are chosen as described above, are particularly preferred starting
materials for the incorporation of titanium.




decorrposabl e corrpound is physically blended with thermally deconposable &
haf ni um and zi r'coni um conpoundseP 0381 2381l | vy decorrposabl e noieties of t;he
titani umactivator conpounds can be selected 55 from anong the sane
corrpound cl asses described in connection with hafniumand zirconi um

Ti t ani um aislyzion ¢ftitagium,jih e arcopjum defy ihsia ogt Rligspherenotaysasepthy CrarsaT ing ot _
above, ‘%ﬁ’?"l—? A7 97 NI PaPSPYOr cub Alea Shiftg thermaximupicerissiop wavefeaath g the PROSRRAKTSFR at i on
of tlt# t tghe b'“‘E‘P“@"S he %?’”BiETﬁ%“FHb U reRPrtion °‘ttF€t %?ﬁ‘Ft'iH'Fﬁ ﬁ'erf“?’ﬁésef“' :

zir conl i r’ﬁt?"f'é’ﬁ'gﬁﬁf ‘?ﬂ‘iie}ﬂi‘g‘f the ﬁ § pelide giuysiogs, Pfyatgqgéaa 'f Dt al
um eI TR E se51 0 W% ar?( cppely
el A el SRR e PR BRE AR frrapabﬁﬂr@{%r B < he

wavel e

spectrum, Ep e%%.k ag\%relfepreé R Bf tH@mOé?ﬁ.én! 2i & c Sﬁ%%tﬁhbﬁﬁhé}é fAci b%th%@l ful for
| nt ensipfogy FHA a?aﬁf U 3oh .ﬁt'rda&%d d3€aealrt é,!aeEbJJ@ Crﬁs‘? thé ‘Bﬂq"‘s Ko shidflls QR aphi ¢
el engntganklthigh are enpl oyed in conb |nat|on wrth i ntens; 1 yl ng screens

possess native blue sensitivi ty and/ or can be readily spectrally 5
sensit igged diR zrh@ﬂ@ wavel engt hs whil e the organi ¢ vehicle of the enul sion:
is transparent 'in the blue portion of the spectrum In a specifically
pr ef er aéte k0K, 8Adef ard Spréviousydidiiosa. t he zi rconi um ri ch haf ni a phosphors i ncl ude
bot hisal kat hasrebmburprisiglaRibcdvirbd that tispremaibnatant kuge waledcetrents @ wminbsdncabes/e. | n
t hi s f ogaliaet wberinthsgiiath metgicitri anflitisiurh lae ikOrporated mttheophesphe: That is, the luminescence !
10 [ er rifcreagee inapasted by, eaginef the aiale mats! ipy avi inisinyalode frhaneadded Iegether dotnotemsal been
sur pr i srarcapgrogsh desovesnituge hie udiineprengsdnardasminipedteyt ty 2 qesbieatia picale mpte! ierf
| um negedifigniumpgneployed together isdfie presphethen. bot h al kal.i metal ion and titanium
ar e 2I"ncor'?f’{ﬁ* a‘t"@cPCPW%shfe’ &ﬁ(ﬁ‘%ﬁﬁb‘?’s °"I'1*?t§t'"‘13§"'°" tarfealspAneERlaet RS FPRleddadis
npart éﬂe e tam oferer 38 4P joiepded i inglpde; sﬁﬂ’dé’ﬁ‘d yiriumegand they lanthgpigesy e follavipge d
togetzh hﬁ’o'ta“%1 Bé Iw ?aé%gﬁh'é%%ﬂ'ﬁ h? Ai't (4R PUtYy thﬂ%a Iaﬁ’n?'???%"gence
|ncreaeé"? 5 est 'Hse e” ’%I(e‘?b d bt gt
egplzgﬁ Eﬁvat éf mum \tH éé;)so wn to be n_ac Ya rgm ﬁe% @eﬁw a?eSsrrtﬁ he
DhosPh St rg Lkl o Sho hérqurﬁ.%;i onsS grﬂ Stk Sl
' ”V% @2&% Sro esr h.thﬁJe?n&% 5 frtﬂe aﬁ ﬂb-hw u scand um '
yt trium QQA.&’@ﬁch AN 3:19 rdfnart@th?s thvohtdn plofirih isafdy; thease
and N $&inynp C|te above, for use In- hlgh purity hafnla are al so con-
t enpat ed: praseodym um(e.g.,[err]), samarium (e.g., [err]), europium
(e.g., ¢gher ),z lerbium (e. g [err]'), and dysprosi um (e. g., [err]).
Ytterbi um suggested by KeI sey, cited above, can al so be enployed as an 25
activatoer. - Gadol'i nium (e.g., Gd+3) is also shown to be an activator in the
Exanpl es below.' Rare earth activators can enhance the intensity of
phosphdX) | utfi-e&sdbnce, as denonstrated in the Exanpl es bel ow, and can be
enpl oyed to shift the en ssion spectra of the phosphors of the invention.
Rare eaheinactivated zirconiumrich hafnia phosphors ‘according to this
i nvent i ont {gPrefeBisabip3st anarrare pafthielementel at i onshi p: 0 (X) er r] or 35 J[err]
3 wher ei nwl_s"?@fafaé%"e‘?ft"gmétx 1058 t<5 WB’P’@'*‘E’M’P’H'@‘I’@%’H?X 5% n the range

of ,ffom 3"5? zéiter s|pft§¥'° s ‘8‘? ] referab frorrptl X [serrc% Lo 2 X err] and
g’olv 1:}( unm 8pea sron wave % 'ﬂ‘ 6 e?tm‘l asto mal |athef T:E—)at emlssron er| €s
el ow a‘h, 5@ a th% o 1edNGhoh g{ 001665 Rl iniBor, Blor O RET M t
fine §s€b§ 5 ﬁle Xrlc all r#h%m QM us :Eébr%oi 'ng to
mat CJQ ta yQ%@ p%HQn?:ﬂe%t Wﬁ Gch SPRE bhdsphok RRicRERE ind #BSQEPt i on
vavel engt koG oftihzinglits ras‘rronka’e\L 6. sae&rbrs %&@rfr 8 inafidns b@.r@eﬁmm&eﬁ@md@w@ a

si gni f ixgRBtbr dah PRBlice PRoshhtPs Bithfdefd &MIsaén Q;Eveteh?lhsoﬂrfﬁ Tidlch dfdBBbrptdn p¥RE AMlived NUS,
the zi meis lemikiéblayersor RldRYEphi bidniBheY t ant e not only in Increasing the

| um nes ¢ eThe ezirtdniuknN AchPIHATED BdEphaM] bride ALK d Batibfy SheCEirposition requirements of this
50 “invention, can be emplioyed to form an intensifying screen of any" otherwise conventional type. In its i
preferred construction the intensifying screen is comprised of a support onto which is coated a fluorescent
layer containing the zirconium rich hafnia phosphor in particulate form and-a binder for the phosphor
particles. Zirconium rich hafnia phosphors can bé 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
s6 particle sizes. Preferred mean particle sizes for the zirconium rich hafnia phosphors of this mventron are |n
the range of from from 0.5 um to 40 um, optrmally from 1 um to 20 um.
It is, of course, recognized that the zirconium rich hafnia phosphor particles can be blended with other,
conventional phosphor particles, if desired, to form an intensifying screen having optimum properties for a

10




'so in optimizing its performance. By selection, specific conbinations
i Fconi um cohcentrati ons and acti v%;@ {t: é){oduce phosphors with peak

fon wavel engths that match dye absorption peaks in silver halide
on |l ayers of radiographic elenents. The zirconiumrich hafnia
phos piﬂor S, ORB&ifit @ppKEior. thighaifying fsdredn@nERASEchiamiy FriRALhANEIHE Rhéspith cbritdiringI&er
| nvenl i on, car 4 eI WaRl tHeQuirtddlum @A hafifa QAGIph ipBficisCicitg ra3bnt irdlons & Infbed ¥l 16
convef_nt i onal phospler cdnteiningSayprs.ef erred construction the intensifying screen is
conpri sed of a Bepipoescend Ay® comdirshsulident biadee tb givefstruttura screrehce ta yhe rzirgoind aicin hatga
t he zircons unayed The Yraibrsieapioyedsipine fludrascantilaidr<can b ddehtizalrto tnsh candentivdally efnplpyet! fire
phosphor par tluaésesnt sTéens Guchuindeis@le deadrally xhgshio gy onganicrolymies which drei trangplarent to X-
f1 uorescent Irasjation 4nd emittgd tadintive.rsi¢hoas sbdiym psiliobenzaiiepysie raegta of Refy(yingi aicohdhbeniorasw-
It is gener alfgnpted pirietyleanpleaimixivest of Saeremigculptkisghenclzpoly (carberiaiey)@ad oAPPIMespregMRPing
mean 55 part rW?P'@"@rczfé%"atePraef ery(@iep aifopia paupeUs ethanoy sgfubjeniylons) polyfatkyl GRryigie and
ri ch fhaf ni’a [ese 5 P angk copglyrory ?ﬁ\?BHtaF'éS'ﬂte%l?'@ "i“ﬁ‘f‘aF’M'éte? Wilpervlig and methpagrylis seigh pgly-

. oly refhfa t e ul bi rsi e drzos%qgéuru Patents

IE EE(E% n}[ %egot %uar %Frg;g ég s@rﬁ r %hgfg geiti rr‘{der teens?';(m screen bmo%rs are
W t ot her mm avai ? under § ca
t% i gﬁgﬁinﬁrt' Bl i ot iiﬁ% g&ﬁ%@f@ '

i nterfsi fying Qﬁ&h

specijfic appld ,h(pn nt ensr y| ng screen constr uctions”&ont ai ni ng nore

than jone phosp b SRR uacA PCAuUoREBNElf? iDL beVbit bhyt EfveplidnGiORbe! Mhost
richihafnia E&ﬂﬁﬂﬂp%epﬁ%ﬂohq & FinP SUpP&h. REESENRLL idvBis QN fnaBé shFnEssOthe bUpBorP3ARIRRAMKY
cont di ni ng | ak&bM 1o tback ok PanSseFeRNindl Ao(Rted MONERERS 1o kdobiié @M a Blaé)d%&knrtgo F&H e
st rudt ur al 20 C AYREe ReMati®) sgeb® & Wiits QUIPIN sLECE NRirl 6 ariund Y& loaddatdr BdafdSUSport is
enpl dyed i n thplofdduor escent | ayers can be identical to those conventionally
yed in fl uoweseertomsissiees sonvéticdal biondlgingscaee fegbrRersadh ag ovdiaal subbirgayers,
orgarji ¢ pol yrmd the Wkei cdmpatibie with ahespauresndesdribedXaboveamin,alf c@rseaecbreivyéd Bolth conventional
tion, suskegashiceehantarg-igerstyirgeneer chostpdionawe diatlosed infebaafohiDiglosure, Vol. 184,
al cohjol ) ; 2hlAgg.dSTa. ftenk HBA3E. digsqarsh Piselowd is medfished byriKgnnath dMagdn Rublcations |Lisls (AMaworth,
bi sphenol poI*‘i‘("Eﬁﬁ!ﬂ%Bﬂ@t@@?E@lﬂw -copol ynmers conpri sing bi sphenol carbonat es
and pol y(al kyl Shend eperifisylly rmj%reslfgmbemﬁdnvegf@nurﬂr%atﬁgr'Eim?rfv"mfwaﬁ R3fisfying the
acryliat es ande%ﬁmeﬁﬁt%dﬁer P"?{‘f"é‘s te&‘??& tE 1’ pPe Witk aafq? Fteasﬂ Ihé'tdése"&’f'ﬂ?" 'ay""

b A e '31% e ot ot e i e SEa
(0] ure n
e e @é aﬁg il zz"ssrirf e e

and Yo E:ﬁr feh qwnar oG 1o brrlold é‘o”ﬁ,rfﬁél Y-V oI e =T
are pol y( %ete%gtﬁé Yo -5k lenalﬁle 8%k 6 SQFPREJE 5ioh 3l thraéévgno; aﬁetﬁ%ﬁﬁr o YN
trademar k EstepBfonfagiefid Rt ﬁha @mﬁ&ﬂ waleiedgh aftdr NRiny reﬂﬁ@é@-ﬁ XPRf0H BRN@en

t he Per rauhiadtCoylixsbstre @1radibtioh ¢ a thled épectraa ioh. [Fer $-6mpl6. MR Bhodphbrgiof this firfvérion

Cargill, 1nc.calbe empRarih sy abdd of e tieudscrsarnt LicRy{EU.SI Baterd Biesgisazawhlre

of any convemtrrpbml in BULP @.syshéds the @alBaBR inglicostohn the PHEBPI@F tind ISndar 4ré priaterabilp POErbXim ey

hi ghest | eselnsatobéd, asmg:eseﬁhﬂrq:oamstaihs Baigpp 637,888 typically chosen to be

bl . or transparent and nounted in a cassette for exposure with a bl ack

backi ng. For Bx#reple0 hi ghest attai nabl e speeds a white support, such as a

titania or bariumsulfate | oaded or coated support is enployed. Any one or

conbi nati on of BEYeNe? eAndp betise %ﬂﬁ@F'P‘?‘P hb’e?E?F“i?éﬂ the dollpw|Rgeepecific prpmpiRs.

over coat s,“®subbi ng | ayers, and the-li r’rEatr ble_with the feat ures

descri bed abcﬁl@’-’%%d— JrsRbYE antaininge aé‘?‘ﬁbﬁ‘a(’i?/se‘?ﬁ BYP AL BIROUR Hon=ff2 r adi ogr aphi ¢

el enment and |nt+=hnsr fxr N9, REhes Const tro s are dr %: S %yr nheR%.?c%mwgcomem
A

ntmg ons

Di scl osure, Vr%%‘caaﬂg%ﬁ 'spho gﬁhos c;s,%rl Eﬁa onium
publ l shed Qy is? hr& in.raﬁg fnium
7DD, * Engl and. sourJ:éQ &JP'?I"% 4Tgrn€1|°,c& di¥oelt! € er red f or m e | nven I on,

i1 1 ustrating T ngeRsboYdndambe LRGSR disd drhdisks B@crfnﬁrﬁr‘*ﬂuﬁs@%@tf& n&biurh Were prepared
i nventi on i ntggRgkeabebiboBiBondt e BBErEprettacionditib @RdHriRctSAirb R acid o BiBxes Mihb ShRplexes
| ayer cont ai RieRpleadéc08y aRNbénel MBBEY dedchtedZih 'VGOBI BRnEdte) 11ad WhamiBd ERARF of
can pe subst i Zirddnfsh, f ehNGSBdhdOBrintdien, ROy, 1968) ¥ B3, ITAE adryind e Zp FutdsSare tGdindy ¢ using the
ei ther the frappbpriate nih@mbs of Rir@niem fayd mimmmdaﬁn the pleeipitatidiObdttiais. Tk okycforides
‘Pat ept 4, 710,v@87obtdBierrifrbm Teleyaid Wab hargrilishy dovyted bt. Albepy,0Qregoendnd asad as received. The
i nt epsi fyi ng H&r etiasdn He savip®s were ideterinined frarh the whahytjcah batehranglyses pratided by the supplier.
contpnpl ated: DeBoer et al U S. Patent 4,637,898; Luckey, Cleare et al U S.
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4,259, 588; and Luckey U. S Patené 032.471. Wiile the zirconiumrich
haf ni a phosphor's can be enpl oyed l?Br?’ fﬁ%ﬂa pronpt em ssion foll ow ng 35 ]
exposure to X-radiation, they can also be enployed as storage !
phosphors- {'tﬂaﬁredaﬁtlonf&rtnﬁctfbﬂéfﬁlc a0k b arh o ¢ écﬁl &t § Wﬁe%f?o% QEB daa aéﬂtlg ina
chosen waygl@NdEh 7 aNdBodYe) HamdRi Mckﬁ‘&ﬁ@&% )L fhd %acs [V from

sti mul atuﬁskmbry KSR C&rHERy Were oadhl bR i Bbodt 1281 O &&ﬁ‘éatvra?elr ﬂhseéfmmn o@emonde
exanpl e,sokdtR Wb RAMIAN SheDlbcte Hid sbIDER Mith Glbid &HiMrirg Go G| 0EGhithtd, dnBREH fELIRY St €M
of the tiifge das GéaRuasl 80YC it kdinubl Sirridgarbredbbut D.53R9rs SPhé- co Rix@FEDkRYRSled, N
such a 6 thervllebisn $ohd atOkashed with Bistieswadr. AHBEdrRRYBPEHouwd BeobTNEEsoli@kéghed

pr ef er abi2y. @ Cs@xOEBL Bboty, 40 234%t BRG.EY%; BEndIC S2d 05 eck 3vy).DeBoer et al U S

Pat ent 4, 68prddigftely 8 a1 ttestrilddihainin \aeith iva® pladd lin H60 e bidina ajpEbie Codkeddvith in

r ef er enciuming litveatécbinlain o 769 ° & foewiefhow ircaraasiihgismackSthénx@ntpd ©Sodin BmphiagpTbes S
Cont aionispliyl was rtiemsteriBh toi 2020 roff aliainan $rugilen mificly wascomireshwifhean rajuminia did. e poeed @6

pr esent iMgalumies eru¢ibig @at plgeadi igns Fosmt @ludimomsbleawbich st therbgfter; eqveried yith lae

zZi reoni WHTHBIig.ahe ciupible assembly washeated [9H98G1vcand mainisiapt ddhabismepiatere fdr dfimes cenc
i nt ensi tbpfofecoeling forgwre) tegperpturg. Thefesuiies o WEHYAY Wit an agep eRw 2 peste P&hNge in
whi ch t HePorer (E'Bh‘l"ﬁrf?‘&'ﬁ?ﬁt%me 2p @Lﬁl“@H@F’“F'H'anThP R L CEBIE WAy ?‘1 ih)its E('f‘”at% :

D

haf ni §m"d50¢ &ee heglpgy 0 J#40° F intaingd ﬁ'otpaté?f?&efai"'f%@hf S hpurs Rofgre Pﬂyg(’b gpom
sanpl es t‘?%‘?‘?fa&ﬁr% iy '6\7%{?'\9638" T"gd gfh 59 ?Q?E?n’f‘?ﬂ?{ anFRestfe 1B g af” F°"H£ PR wer

pr epar ed” BY &eco”n% 31' wder s : he a JDFro LAt ,%t‘ét ol gra(?ecﬁa mum

AL

trilact ms.ﬁe(anehs B RXE Sa¥5iL Gva a%éff?o %ra%”era'
vy B S B M L e
211 coni (P sl lonﬁé m&e;a '4 o ad T xw?cin

ratios %ur@sb&f%é" c@ﬁra&ébd&%ég@ﬁ ga;a@mmnm %Lﬁhl&ﬂdé& Uhé BxeHpleZd tl&@oéa!n Bs A4l
hat\ar um Qaa¥ &)l Aikihg BsordpRatd RRACIMES Bigh@tdrB HaBRR 4l reonliMCogehibRll B ét%sawer e
obt ai nec&.réanmmc],aér@ Miefedii hatidvang Al bany (|l ocated at Al bany, O egon) and
used &S renri Meflescddte rblponse dfathé @Rosphor t foRdér | iR Shivvain® afl elubdotiicRte ExalmpRén t he
anal yt i aadasupait yhplaaing lthe RSsphdr uwvdbe dantpye ih REMBIUP Plahabts (Zrin high £P4 Bim3d@dm)282 Bl
The pr epaveedge ®h addut tini g/ea? aldadxposingats i Gradigtion. ERenptag rdspwas vearobiase osiig an t he
f ol | owi riepgstemiaxget. X-@p sdupalin grRPE6 ™ [gemeardtorZThe Xoay0QBLWAS)opératbdhatTnkWx yreiHio onA, de
(40 g) eandthadSadidiagben thedeleiwss fitsredl thraughd)S hmdim Fd d el filed drfoBeRsking theer e
each ¥i $80Plgdhe jupingssentiresporge whs measyrpd psing|ap dP-26T ehotomphiglion tube pt 5P ¥bipeHIher | de
sol ut i oryolsas fram kel PheiPmufiplier @y Measuesd vt Keithien™ whighhimpagsanep 9'§qtfPff‘?tP(gaf1ddsf orm
a preci rﬂ"tpa‘f"@‘a' 19119 fta doht pulpit ofi thpsampleni xt ure was heated to 80 Cwith -
conti nue |"P*1“1r "Pﬁﬁe"‘étﬁ? °f(.‘)h95°hﬂ§ﬁ’ﬂ?‘ssamﬂ*ﬁew"€(98?t%6d ?ha%”b?sé) ’\ngh'? Yal"te Rd,

and the 1"? Wea?véqer Rk rrca F g for
15 hO r t e peé% d wn ‘a r| eto ggpllquf

=3. 5% med. o %3& c N gfx o %hsougét,{%fp tmc
act d wash o o e acawnu.ﬁeh 6 gz\éﬁ;r B8 ot 4|
neat ed I Bgaeback o d e%r.gyaam i cofBindid A TRem goore

room fenpeft wbfie nhfisckice in M@%h&sﬁtﬁp ﬁcgv%f ?a%pfe? a@a%cﬁ’gn o?-kh!éimznﬂﬁmum
cruci bl ebontMgschtdﬁa.aTgw@red vmth an alumna lid. The covered 20 nL al um na

cr bl e was placed into a 50 nL al unmina crucible, which was thereafter
covered with an alunina Iid. The crucible assenbly was heated to 1000 C and
mai ntai ned at that tenperature for 2.5 hours before cooling to room
t-enpesat ure. The resul ting .solid was.ground wi.th an agate nortar and pestle
to give a powder that was returned to the 20 nL alumina crucible. The 20 nL
crucible was covered with its alumina 1° '|id and then heated to.1400 C and
mai nt ai ned at that- tenperature for 1.5 hours before cooling to room
tenperature. The resulting solid was ground with an agate nortar and pestle'
to gi%¥e a uniform phosphor powder. The Exanpl-e 1 phosphor powder. sanple was’
made from optical grade hafnium oxychloride and contained the |owest amount :
of zirconium The Exanple 5 sanple was made from reagent grade 20 :
(desi gnated by the supplier as Reactor G ade Special and subsequently al so
referged toas RGS.) hafnlun1[err]‘ 0.019) oxychloride. The Exanple 2, 3,
4A, and 4B sanpl es were nmade by m xi ng appropriate anounts of the optlcal
grade and reagent grade hafni um oxychl orides. The Exanple 6 to 9 sanples

wer e
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3 by mi xing appropriate amounts of reagent grade hafnium and zirconium
ychl oride to obtain a zirconiumcontent indicated in Table Il. 25 . The
m nescence response of the phosgmosspgex@r was in this and all subsequent
anpl es nmeasured by placing the phosphor powder sanple in al um num
pfanchets (2mm high x 24 mnmdiam at a coverage of about 1.1 g/cnR and
exposing to X-radiation. The X-ray redgde was obtai ned using a tungsten
rget X-ray source in_an XRD 6 [err] generator. The X-ray tube was
operated at 70 kVp apd 10 mA, and thew gadiatioon fromthe jt ube was
filtered through 0. 5MmMmuCor—ang T fTHters—before—reachi ng the 30

sanpl e® The | umi nescprdPVELANAL ZCONTENT @ E FELATIME INTENGIRY )~

phot ormul ti plier tube|at1®eftol)y/ b} as.o.0dbezevol { age framm t he photonul tiplier
was neasured with a |[er2] high j npedaewse el pctronme2®r and ils proportional
to the total Iight optput of the s&®I®k. The maj or23uni nesdence peak of the
osphgr sanples was|ceMtered af al®ut- 280 hm Thi&0Oval ue Was obtai ned by
king the pronpt en]ssiBon.specfru®®f the powder {8ing thq unfiltered

*dy source describpd B35 above. P8t ube s ope?hted at |70 kVp and 30

. The spectrumwas|adquired wWth%8 Instrpments 8OA Mddl HR [err]

ating spectrographj edui pped j th %%Pri ncef on App]qﬁed Resgarch Model [err]
tensisfied |inear d|ode.ar rls’;\y et or. The data ggqui sitijon and

ocessing was contr lle(ﬁ%t\r?l aPrinceton Aphlied Research del 1460 QOVA
rr] optical multichannel analyzer. The spectrumwas corrected for the
ectral reBpcheof dible hderthostratot that theppcie tan egreagement imimirahiosphor pbdormance Then

| at i ve teugiranmdesstincreaseceeyer thap fayhd inlepticalhanads hafniup sowicas (repragshied by the Fontrol

nct in 1bRanggepliz of frere & X 107Th (-809¢in -3 jate dempnsisgied tp gxiitifihigher lymineggenegjntgBitigs

p 0 381 hegoptgal gradp hahnig. Be té‘fquf; ate demonstrated when z is in the rangeof kg1 (X N@ (0.001)to

ENT (@A) optimglly|imie (3p09 ‘KE'ENQI T 0PSBt % Yol ) 0. 000276

| Examples 10-14 Prep%étgrggf%gw?&%s iT awe Presence of é2n3Ajfkai"|2' Metal lon (Hf,_zZrZMZ‘?B

"693 ?se investigations is to denbogfzﬁgégthat the performance of hafnia ic%g g
] . 50

zitconium level shown to be™e ive in. E les 1-9 can be fu
dramatically im 6arif§the hafnia phosphor in the presence o;ban(xa i métﬁic%.

+ roved b . )
30 The dat &, QhenIGRhSe L?;a Sikth§ bf 14 728rark 1@ tRackoharRl 268 B besefbeR 3 Ni @
Phosphgr eRGHARMIPREEREE Ritnidr Bxyélidri@ L1 Bloh% Was thbreﬁgrhz@ag&ﬁﬁd A¥Edn dbhte ot R 1 N
optical’ gbsueaith & Ch:UsN LGOS (RS PlobedRy; Ofa HuRNgritg). tThe mbiaIbeictit o e alkaii caltem@es of
2 of fronwd baset & hinikrk).Wad Oxblent B ifdicated b&ovelia MaBIS Il PHeaixilirds Eréfhrdaiwerd egle® bs

I'um nesc eBeabddrbeB ¥ Exapled 113 BxddftidraiRl adgtidache a Washing atep B@sfiring &5100d *T. Mistep
denonst r divelebdwrashingzthe chaign with €50 maLnag €istibd fvaterriorh Néud Eier splid as@OibYted andQrid for

opt i meds| B minute lreervaiEnay 20085 &ndoiPNE povel i 8 SOV CEB) meds! BDS-81 Exminpvays otd- The

Pr epar at irtpgedyfe debrsibesiabpy in Fxatmbles PP wectherecopbletlgth Al kal i Metal lon [err] 25
The pur poseX-@y diffragion @ediysig of the samnleg\cerfimegaihe erpsengesof menaglinirohediar Eheeprasprge of he
per f or marsla wetelkier i the Repsehop RYsipeAMples PtaRareth incthe prseee 2 P srrberpe die vass hown
to be ef feiipagdyiamcaapmtiesantlygs-can be further dramatically inproved by

pr e'\gg.r“i”ng the hafnia phosphor in the pLESEnCce of an. alkali metal ion. -

(0

0. 0010

The purpose of pres
phosphors with an elev

. . Hfy-2Zr.My,

45 : Example | M~ m | Intensity (Ex. 1 = 1'00)’ . .
5 |- |- . 365 .

10 K | 02 . 520

N K | 05 510

12 K { 20 545

50. 13 K | 40 1005
14 | L {014 | 1005

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

55 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

13




In each exanpl e a sanpl e consi sti 72 grans of trilactohafnic aci

(prepar ed as described in 30 E|>E<|5 Q%Pgéaz}éb from RGS haf ni um oxychl ori de,

= 0.019) was thoroughly ground with an agate nmortar and pestle with [err]i
or [er r&t,&.ﬁ%r;@haﬁ.ggug}&k Utra Pure grade). The nole percent of the alkal ‘I
carbonate f based on hafnium was chosen as indicated below in Table !
L. Traam;eetmnesnt@rump&f‘ﬁﬁdm&sﬁhd?ee(ahezdrzag descri bed ‘above in Exanples 1-9,
except for the addition of a washing step after firing to [err]. This step
i nvobved Washipogp d¢fipessetieg hesevivektigdtts ilto 6ématbtatel thé aityVan tigdiurh @s ardladieiti . The

sol i d Viersthe biftiz ohogghosd thily imesdtichaiont8Bing Bigher thab epticalt geade abentiaticd® of Jfsordand 50%

power i The #itaB 00 WsCEiftsrtechadxinfuay soectral ermispion\bandoaf dhe. phddpeorpo vsizel wavelensdr ihbed
above ibivemreiondf e specfumas t hen conpl eted.” X-ray ‘diffraction analysis of th
sanpl es cBrReh pEpPleAsanPiesendiding f Wbizogrhmh Pbtﬂh@t?h@f"& acihhiprepireds ahdescitpe
al kal% aeved? Bxgaies H9the 00 K3 Propahlicasnund withtaeing eEEmmeRiuis@yela8knce b
al kal i %%i?ﬂ%ﬁa‘ivé’ N7 Q52048 rfrﬁ@d’°'£¥1if°’aﬂ"l§ﬁ'?°(¥ ( 5(° tTin® olenearspal Wanivmy Tap
Il k \.L er l hafmum is indicated below in Table IV eE%)&Wﬁ?f were hgated and fydher examingcagsdi ¢ y

(5% 11 B -ray $ actiq: gmalyses of Examples each sh ec? tra Gf unreacteg 1202 A sgn&% 50.
13 75~ amount of ha Auu itanate was’ detectei ﬁ@g\ uri pha m Ex f 1 40
" The relative mmescence out uts mges 5and 1 -18 are Se 41 n. Table IV. NE%-.OH »fe?
275 pengafilkcds il By hi 306 Eels1BUE i C{EM Bl ey Boriho
p

seen Inwg i HEEHRLE Smis s 1 U < s iBR. adli Séo'aéfw bac

t o Exangb ,g,fﬂngsb,geda%p@%ag ent osp of sanpl es contai ni ng
bot hyzi rconiumin higher |evels than found in optical grade hafnium source
and al kali metal ion exhibit |um nesggnge intensities ranging from>5 to
>10 tinmes those denonstrated by t he haf nia phosphor prepared froman 13
EP\Q-381 232 Bl optical [grade trafmi iﬁ& rce. Exanpies 15-18 Titani um
Activated Phosphors [errg—-5 TIJ-'* ‘;E ase of prpﬁentl ng these
investigations is to derjoBsampiet p txhel urttankityt(ix. of= tG0F 4ni um as an acti vat or
for the hafnia phosphord of ghif InventTon ntarnipg higher than optical
grade concentrations of |zi rrsonl Poodhle titagkdym al so|shifts the maxi mum

spectral emission band df tfae phegghor to upgi bl e wavel engths in the blue

N

portion of the spectrum| | mzeachoggdnpl e ag@anpl e consisting of 14.72 grans

of t¥i | act ohafnic acid (pr'e@ar edo@s escri hegd 10  above in Exanples 1-9,
0. 019) was thoroughly grouTTd W T var yﬁlg pUFTI orrs of . ammoni um
b| s(oxal aI: {u \Q rr QI Johnsgn Mat.t h
om. T bl | |s a arent . th nc Sl of & amu in the {a. phosphor samples conhtaini
(00, oo @1%3 on.umafom d %Xf&,é. bk Bl 2oL Q’EX bel o
1-9. X—ray ractlon ana ti‘yﬁses of es 17 and 18 each shovved traces o]

e

f
e

=R

unr eact g éso?s-aaAP%B%tfon Ip TutﬁﬂPnU ALtivatbd 'ﬂiﬂvﬁs’ﬂhd&nﬁ Ehleaﬁ}ésfeﬁceV\@fSuﬂﬁ%e@Jr@oqatéls an
| mpur i tH, DEARE.S N Exanpl e :

rel ative | um nescence out puts of Exanples 5-and 15-18 are set out |n Tabl e

| V. Not OmeypuildsLoft giddedtingitnassin@Biations! ispl demehsead thit th\gdrommanst df MafhiX aogpl es
15- 18, doudphdrfi@itd anrsieuasCaoehuniarRiz el gyum ohtaihihg ttadivon 4s72p attiviatod das be fother
pr owi diimgroved by ees®idg thehafsia phsphof in teprdséree sipmaitkalumetaldonel engt hs nore
advant agebsample consitingrrd 112.96 0 pf Yitacobainiapgid (papbredas in R@mples 1-9) was thoroughly:
20 Tablgsoung/ with 0.1 g (5 -mole percent, x = 0.05) of TiO, (EM Chemicals; Optipur grade) and a selected
45 amount of Li2COs (Alfa Products; Ultrapure grade). The mixtures were processed and tested similarly as in
Examples 10-14. In Examples 21-23 the size of the trilactohafnic acid sample was 13.00 grams with the
titania increased to 0.106 g to maintain the titanium at 5 mole percent {x = 0.05).
The relative intensity of the titanium activated phosphor samples as a functnon of the alkali metal flux
employed is given in Table V.
50

56
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,__rr] 25 Exanpl e X Intensity (Ex. 1 =
£00) 5 : 365 é|50381 25> Qiz 5330 16 0. 05
_000 17 0.10 2730 18 0. 1680 From Table IVit is

"ppar ent that the inclusion of tltanl umin the hafnia phosphor sanples
ontai ning higher than optical grade Tabi¢¢oni um concentrations resulted in
‘arge increases in lumnescence intensities. 35 Thus, the titaniumacted
hs an activator for the p ospTlor S [ o -
Exanpl es 19- 33 Prepar at j-or—ef m.ﬁ%'“M'“* ivated—Rhosphors in the )
Presefce of Lithium Car hopde@nfiey r M40 Intensity . - bu‘t%\ose of presenting these
fnvestigations is to denopst kgt e|tdat |t he pegsber mance -of -haf ni-a host
phosphors with an el evated zpbg copiggn llevel (14 0.19) and contai ni ng
titaniumas an activator kanz2be f{ ur.dzhe;r, i mprged by preparing the hafnia
phosphor in the presence pf an al kedsi |net al- 33em. A spnpl e consisting of

12. 26" g of trilactohafnic|acksdl (prewaled as 83m Exanp] es 1-9) was thoroughly
groyad with 0.1 g (5 nol | pekeen|, 0.0 + 0. 05)596¢ Ti O2| (EM Cheni cal s; Opti pur
gr ade) and-a sel ected 45 | andunt | dF20Li| 2CO3 (386 a Products; U trapure
grade). The mnixtures weref prétessetRand test®®sinilprly as in Exanpl es

10- 14,5 | n Exanpl es 21-23 k he?%izg¢ W0 {he tri¥78&t ohafhic acid sanple was
13.00 grams with the tit |a2§nc fedl to 01380 g tol maintain the titanium

at 5 nole percent (x .= 0.Pp5)2 The W ative 1HPlnsity| of the titanium
act i vat ed phosphor sarrpl e a?a {uktion of e al kaj i metal flux enployed
| s given in Table V. 50 556 1 003812 51TabeV[err]5

Exanple  m Intensiky %x L 100) 197 0 2520 20
0. 01 2210 21 LgXpa I™* od¥22 | 0.06 . 3380
23\ 0.10 6370 24 0.10 5960 25 0. 20

13500 26 Sampleg imyghich more than 10 m¢je)pergept (m = 0.20) 144F0: was added reyegifeg ghepxgesence of). 50

13300 2dithium hafmgtesip the X-ray powdes pattegrg- The amaquntpyof lithium hafnate deygped 4 the samplgs §
5610 289 increasedzmtb the LizCOa' amourg 1/55.‘0%010!9 percent (m = 4.0) Li;CO; added, lithium hafnate '§3the

primary phase
[ er r]

T&bl nlO rml%g CE%S O ve

was

powder ?{:I'{ca" o ﬁt r@dl %ﬁ’fec ﬁb 'ﬁ&?%’é\ &i‘g i pﬁgd'g%}lp&hg 355

: ”CL% | t s LTt SASTRLA not anEB'Pe fo 8&%&%%@& WrinedeeRde hiEhdt) agtdded,
Lthi umhkbﬂ al ﬁ\ta ef)oﬁeél el'able IV for Example 16 even though both contained 5 mole percent titanium (x =

; 0.05) and neither was prepared in the presence of an alkali metal flux. This difference is attributed to the

less efficient incorporation of the titaniumn activator in Example 19 resulting from employlng titania rather

than a titanium carboxylate salt as a starting material. -

35
Examples 34-43. Preparation of Tltanlum Activated - Phosphors 'in the Presence of Lithium Sulfate )
(Hf, 2 Zr, Ti,Liy)

The purpose of presenting these investigations is to demonstrate that the proportions of lithium hafnate
. 40 formed as a second phase can be conirolled and reduced by substituting another lithium salt for lithium
- carbonate. ’
The same procedures were employed as in Examples 19-33, except that for Li;CO; there was
substituted Li2SO4 (Aldrich anhydrous: 99.99%).
The relative intensity of the titanium activatived phosphor samples as a functlon of the . lithium sulfate
45 flux employed is given in Table Vi. In Table Vi the performance data from Tabile V is also represented for
samples: prepared using lithium carbonate at the concentration leveis as the lithium suifate.
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prrnary'phase. From Table V it can be appreciated that values of mof frong
about 4 X [err] (0.04) to 2.0 gameossppsd Beantly inproved results, with 3
val ues of .mof fromabout 1 X [err] (0.10) to 1.5 providing the highest
| um*nescence intensities observed in these conparisons.
conparisons it should be noted that Exdel e 19 did not provide |um nescenc
intensity as high as that reported in Table |V for Exanple 16, even though
e pelrcle_n_t ti t:ar]jle{,_lmrz(ﬂg(,\ﬁ_ 095
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44- 47 Preparatio

Exai
Met al ﬂ%%@mThe pur pose of pr

ephst-tat-e—that—all—of the alkal
Example | Carbonate source Intensity (Ex. 1 = 100)
18 None 2520
25 Li2COs3 13500
44 NaxCO; - - 10400
45 K2CO; 5400
46 'Rb2CO;3 3645
47 Cs2CO3 4840

'f?b@nt improve(‘.\’lerq’cé]r

igni
22 in phospIQJr (ninescenee3 Rfbn higher p@ﬂorﬁons of the Qffhium flux3§95n1%fgyed durin@ pﬂchhor
formatidf. At lower, QrefEQed flux cohbéhiratidds the lithiurk) cakbbnate ﬂu>5,%ﬁ h%ﬁer luminesébned)

Ity 20 0.01

26 0. 20
1.0

.42 2.0

OpRthe:M3cence

AR 8Y9%Bhosphor
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n of Phosphors inj

esenting these
tals

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

50

and cesium when equal starting concentrations are employed.

Examples 48-51 Preparation of Phosphors Using Varied Alkali Metal Compounds

55

The purpose of presenting these investigations is to demonstrate the utility of alkali metal compounds

completed by moisties other than sulfate and carbonate.

Example 25 'was repeated, except that one of the following lithium sources was su
carbonate: 0.2548 g Li2C20s (10 mole percent, m = 0.2, Alfa Products reagent grade), 0.212 g LiCl (20

16

sodium, and potassium offer a significant performance advantage over the heavier alkali metals rubidium

bstituted for lithium




Enhance phosphor | um nescence. Exanple 25 was repeated, except that 10 nole
percent (m = 0."2) of another al I@I % qcarbonate was substituted for

i t hi.um carbonate: [err] (0.265 em cal s Suprapur Reagent),

[_err](O 346 g: Alfa Products UItrapure grade), [err] (0.5774 g; AESAR

;%-99. 9% , moIe pbrednk, Im €0.B AdtPretuctd EPPRoRUIRMire grkbe, d.4388gN 65 (RNKGR oG b 2S
measur esiCB asnhytides) 6res21l ¢ LiHHSREP e’ partént, HEE 0BIMCBReadal)) € VI 1. Table VI |

Exanpl e Tﬁhmbmm&mﬂwslm are dmen emabe yii( Ex. 1 = 100) 19 ' Nonhe
2520 40 - . .25 - [err] ‘ -+ 13500 44
[err]s : S 10400 45 Tablg Wl r ] : o - 5400 46
[err] S 3645 47 - - [ err] _ 4840 45 From

Table VIl it is apparentahpat ﬂi{hliunﬂimﬁa.”" ,{;]Je,lfsg,, lexnelahg Jare effective to
i ncrease the | uni nescence—of-fthe—haftniatphosphors—prepgred from sour ces

havi ng hi gher zirconi iim d®nt dnt §'°ghan f pund |n2§?3t|cal grade sources of
haf n"Um From Tabl'e V|1 iY iq o Pved {hat tA&%ower tlhe atonic nunber

al kaki netals lithium 5 ' d| and pot assi ffifof fer fa significant

-per f ormance advant age| ov ' ﬁwgr al kal i LR al's rybidiumand cesium
when equal starting copece s—&nployed xamples 48-51 Preparation
of Phpsphors Using Varied Al kall I\/bt al Conpounds 55 - The purpose of

pr esent i nfrorh&apie Vlhv'egtaip%emt dasal f the liumperseunts imarve thel luiningscerfee f K |

met al. cRIRERRAM Y4l kAt itkive Hydsgrideands ithiwe oxplalednroduepdpiosifisaniin hiohamievelsl lyB¥nas-e.
Exanpl eC% {48 thee ffliup hglidesy @il tcabpgiates e glparly Haore SPIvERiFnh ¢ handlsi BigA aidlr ces
was sub®{¥d%ed for |ithi um carbonate: 0.2548 g Li2C204 (10 nole percent, m

Fm?ea%egl@f@ﬁ&%‘jﬁ%gﬁ%ﬁﬁﬁ% R et oGt . et 7 plai g3
Li B~ (20" nol e percent, m=.0.2, MCB anhydrous) or 0.21 g [err] (20 nol e

Tabl e Ve giode HRoobGAGH inHiGanbrdh 15 S6RHGEd HoCilr 4 %mﬁrj’of'elrr%h v i,

Li t heaim Crrpsé: ce produecrelg Ib){ the ombmauon of an Ikah metal ion and the fitanium activ & 2520
-Lid ' 6730 50 Li Br 9400 51

Li OH: H20 "A sample consistingl@& 1182759 of trildbiokuicTal @robarbd bd dédsribad paEx@ipled hafwal | of
“the |it ihbroughyQiiguadl ndsh agatemiorer anbe;e&tum.tneszmwg:azma theocphespian.= Wbj A both
l'ithi ?JnPnioymbrsmmxleeanrade)landdsmueﬁaemxsanh&kmmsoo}m{:ed significantly higher |evels
of lum nes- cence than the lithium-halides,.alkali carboxylates are clearly

nore cofxeemleddt to handl e than al kali hydroxi des. 20 Exanpl es 52-54
Enhancenent of Phosphor Lum nescence a Conbi nation of Titani um and

Al kali MeEsampleld wagdens Né%@é@mdhatﬁ?é@ewf itigptahpfeic acid weseused it 9-4hg of WOz @
denmonst Mgl @eEne x5y e GMAPPRICHTPRUBY SR of | uni nescence produced by the
conbi nation of an alkali- netal ion and the titanium activator. 25 Exanple-
52 A saﬁm@-‘%n& sting of 13.475 g of trilactohafnic acid (prepared as

descri bed éxampllz'xtxafirw“ repe:?ﬂed9 )excvevgt%or the addmon of 0.2032 g leCOa {10 mole percent m = 0.2, Alfa
K..«’ Products Ultrapure grade) in the starting mixture. _ _ .
The luminescence performances of Examples 5§ and 52-54 are compared in Table IX

Table !X
45 : ;
Example Additions ' Intensity (Ex. 1 = 100)
5 none 365
52 10 mole % Li2CO3 1120
53 2 mole % TiO> ' -5690
80 54 10 mole % Li2COz + 2 mole % TlOz 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

55 alone enhanced luminescence, a larger increase in luminescence was attained when titanium and alkali

metal ion were employed together than could have been predicted assuming the separate enhancements of
luminescence to be fully additive.
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t horoughly ground in an agate rtfeé %Egﬂp%tle with 0.2032 g [err] (10 Y

mol e percent, m= 0.2, Alfa Pr apure grade) and processed as in
Exanples 10-14. Exanple 53 35 Exanpl e 15 was repeated, except that

13. 475 44 g of [err] (2 nole
per cenE)glm ltas b ﬁ%épﬂ&@%&%éfnm@;d lgow(\qﬁ??%ﬁ(?qg%ﬂaé%% Exanpl e 54 40 Exanpl e

53 was r Q’Héaaﬁr&ﬁe oEpeRRing tse TG i@EsHstid RNdenBhstrOe 2d3Anshcdridntslin IumiHsddRdee
per ¢ enprodudddbyOtne useAlsfsturtity @@tdadisSof Whahilnd Y EScGHRARRS ofl S'mdId) Ber&dnBy it = NEsThngt LT €.

The s uBsn@eEBG&efRG b BstERHROEande delintidP blthe owa MAgsa2t Ménidt concenrishieed I n Tabl e
| X Tabl e PbiXssit ibcargidtobainate (V) 5-hydrate was pragaléd dsOdtScribed in Inorg. Syn., Vill,riegresét y ( EX.

1 = 10@jng5R.G.S. hafmigme@xychioride 8-hydrate (z = 0.019). Upon drying at 70-90°C for 1-B6muisan a
10 nol g)n%ctiqgrqvgn the product analyzed at closer to a 3- -hydrdtd 2dnpe8tion and all subsequant esef hisO
5690 b5Qaterial was calculated as the §-hyydrate. Flfteenlqyammq;féhm,ﬁt{tgrar Yas-thopouginly grogndTi @pagate

14600 Fermard pedle| Wt £.03-3 pareant of pelessiymdbisiprplatloxatifanata i) g-hydsptgdAlfancr ease

i n |.unfrrésEeireestiiized Fanpthanell THY médums ayprarjaced 2o ealyminagricipips oYaresaitir and

t he \ad ¥urina s and thesnplacegin W00pk glurgina P'h"é'b'?ﬁ AIGh ereaevPred Wit dlumpigg s B 5] ope

enhan C?ﬂ’meﬁ W?rﬁ é‘ﬁ?@h‘ﬁ ar t°a1 op%. f@’ 2. ? ?RHFSe*&%’b@Hd fotfPH"h eapepLe méesél(f"fgaﬁq‘f’éd whe
790 p?? P d been

tita 1A

o B PR Kt H%""% ai’%e it dun it b Ll
gdd' U1 %8s nahis, follow npTes 55" ggm \
ercent” Qf, E hﬁe &HJPBQ% s&foumegbeerﬁl ng these |nvest|gat|ons I $

to dermnstrate t e en ancenent s l'um nescence produced by the use as
stagpfing materials of titanium at c—gg,ge(ntratlons of 5 nole percent ( x =
0.05) and 5 |Iess, thereby presentlng a better perfornance definition of

ey

| ower ranges of grtanrtmconcentratonrs—Potassium t et raoxal at ohaf nat GF

5-hydrate was pi &p2Re| SMolepaccept T d qinfensity ey 1= 80| | Vi1, 42 (1966)
using R G S. haf ni unmp oxychl pri davoSle hydriate (z 3650. 019) Upon dryi ng at
[ered for 1-16 hours|ins:m cpnvestoson oyen, the7gor oduct| anal yzed at. cl oser
to a 3-hydrate conposit$on and A3l sub!equent 6188e of this material was
cal cul ated as the 3-hydfatel Fifiteen gams of 9Me nateyial was thoroughly
ground in an agate 10 S&hor{ar &nd pestil e wi t1850. 03-5 ol e percent of
pot assi um bi s(oxal at o) ¥otitandte (IV) 2-hydP&le (Al fl 10 Products,
rectystal lized fromiethéhol]. TRe nixtyres V\e|9%2°pl aced| in 20 nL al um na
crucibles, covered with%lugina4ids, gnd thef? of aced jn 100 nL al um na
cruci bl es, which wer bd wi%t h aludina 1 8%° The s nples were heated i
air to [err] for 2.5 hours, then cooled to roomtenperature. The resultind
sol i 5ds WETon Tablafwestarfprammﬂtaherec piLtod blvescondantdiens of titbrduns MGl 1Z, Thivberes sW8Xh an

-al um n&~hobeaple &Rdmpbstdher lavets eldatimedcenés are lpysessed ithan rirg ExampB05. mhicbflackkdsti | | gd

wat er . titgriumn. $\G¥e shenevad the entpasement ih iinesteepads dermrackdity Examplericae be oitriboiedte at 80

ors ntarning 5 Ml g

C. Thethereiesgees afenotassiinaceettPring Janipesceabe wilvea fomudsdls Bls inywbieh aptessimawasi ds and

heat edinirefiuegdrwitheyt titathgn beifgorresentiibig prparenighat g\pard ofiie 'E’D'ﬁ?sic?fﬁe pRfancemARt must
t enper bR Hiputedty additigpal AESRRARE heiiRPWAS t i es of t he sanples are set out in

T pble X. 20
les \épn%delre(\%?_l?f Zﬁomuwﬁr{ eq?grfhf)v P(elgired T the Pim?ceéfrAlEah Metal lon None
abmRles 63,48

225 525 The purpos resentmg these mvestuggt%n i deg\znstratg thg%ffect f varied levels of zirco%izr?to
s in the hafnia ho gc’:sphor when the hafnia phosp% pared in the presence of altkali metal ion.
947@5 5 Two grades of-potassium tetraoxalatohafnate rdrate were prepared as in Example 55 from

optical grade hafnium oxychloride 8-hydrate and R.G.S. hafnium oxychloride 8-hydrate. Potassium tetraox-
alatozirconate 3-hydrate was prepared as in Example 55 from R.G.S. zirconium oxychloride 8-hydrate. A
series of Hf,..Zr,0; samples in which z was varied from 2.76 x 10~ to 6.84 x 10~2 were prepared from
mixtures of the above precursors. The powders were combined and ground in an agate mortar and pestle.
The procedures of Examples 55-82 were employed, with the addition of 10 mole percent KoCQ3 (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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Example 73-77 Rare Earth Activated Phosphors
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The purpose of presenting these investigations is to demonstrate enhanced performance of rare earth
activatored zirconium rich hafnia phosphors—Hf, - ;Zr.L,, where L represents arare earth, z = 0.019.

A sample consisting of 15.00 g of potassium tetraoxalatohafnate (IV) 3-hydrate prepared as in Example
55 was combined and ground thoroughly with 0.0861 g (x = 0.03) of Eu(NO3)3.6H20 (Johnson Matthey
REacton grade, 99.99%). The mixture was fired in a double alumina crucible setup (described in Example
1) to 1000°C in air for 2 hours. The recovered ingot was broken into small chunks and washed in 70-150




Propor‘tions of zirconium tita(ragcru ‘:&?#Ot assium ion in the conpleted
phosphor . sarrpl es were deternin %8 absorption anal ysis and

i nductivel y' coupl ed. pl asma. spectronetry, The | um nescence of the phosphorg
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dendfs nhanced perfornance of rare earth activatored zirconiumrich
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3- hydra prepared as in Exanple 55 was conbi ned and ground thoroughly w th
0. 0851 ganfpls 78 O- 03) of [err] (Johnson Matthey REacton grade, 99.99%. The
m xt ure—vva§'f'i red in a double alumna crucible setup (described in Exanple

1) .to 100@5&\[51%0%:%@ O 1500 NP8 pStassiEiel R%MHEREle ((WIDhydMRSprédart 8Rmi M&S. smal |
chirks narfigh bR/ iathydhle Hadground Wit 611 5§ & 281953t .00 [RnGHeHollbrkcd 98] @Fe . The
rel ati vextbrésTwéi€ HiRa s 8n ERINPRSTY, Yind\en fehatedihaint drXa0TP Ceior/Bs Woiss. rap eddtiesl Wi t h
I NCrzafdthebeue autpofwag 4saconi um small shifts in em ssion maxi m were
observed, indicating that zirconiumcontent can be usefully varied in
prepar iErgnpteh®@se phosphors for use in intensifying screens. In intensifying
screens intended to be enployed with spectrally sensitized silver 5 halide
r adi ogr aphpepie Fewesrensate ekasotrihat fad9 g™ 803)iok BdeRe yadiesed T8e (Rigtive lyreeseastss sj on
peal@”oP“tPlI'ié’af)FR?sphor corresponds with the absorption peak of the spectral |
sensitizin e or dye conbination present in the radiographic el ement.
Exanpl 5_—31’29—‘17@ 'ﬁe"as'a\f‘r”ﬁl%'e@bnm stl ng of 14.82 g of pot assr um

t et raoxal: tohafna red fro
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= 0.02 5—29 l% dhé! gcr 3'- d?ﬁéﬁ&@ %rog yp& unmh
Exanpl g;,¢6; &r&erméfgeacyaa%bﬁ T4'361 ATk 98, RG. Badl; rBIbA FRdabiMank Ri50aP .@; rﬁmf nat e
(1 \/)403-dny,d,5@§ eptipuepaderd f rom . G S. haf ni um oxychloride 8-hydrate was
ground witnd sBmgids erd Slaced th ésw)L dRimida@¥Uchieé, Rb@rR Wit WluRIng IR arHted ihh to
m Xt'ur asoonerier £.5 mBls, aReni dboleX AT tédperaitel Thdadsuried) eAILE thelenvembved abm1BOO C
for 2. mribks, Drokdrhiato Iseklapieose wiltba Mondr ned gk @andwdsped byvaisingt 80600 It apistited 7
Exanpl eva6 Eacissamplpeas thely caird@iyind thaltin 6 cateqgjorf aver a08008) Thefchdrgasvierawdesedis ed.
The 45 elin$] wealinind erecinlasrwitk alumina lids and heated in air to 1400 °C for 1.5 hours, followed by cooling
to room temperature. The two samples (combined weight, 53.1 g) were ground together and shaken through
a nylon sieve with 80 wm openings to give 28.6 g of product phosphor.
The phosphor was mixed with 13% Permuthane™ polyurethane solution in a methylene chloride and
methanol mixture to produce a dispersion with 25 parts of phosphor and 1 part of binder by weight. The
s0 dispersion was coated on a blue tinted transparent poly(ethylene terephthalate) film support to produce a
coating with about 6.25 g/dm? of the phosphor. This coating when excited with unfiltered X-rays from a
tungsten target tube operated at 70 kVp and 10 mA gives a speed that is about 3.5 times larger than that
obtained from a commercial CaWO, (PAR screen) when the emission is compared using an IP-28™
photomultiplier tube.
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arhd shaken th ough. a | on v [err] openings to give 28.6 g of
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j)wys from gadiioR@piitiet af SlatidddRduRResial fdbbns/0 kVp and 10 mA gives a

eed that is about 3.5 tines larger than that obtained froma commerci al
CaV\O4 ( PARS. sarsereen acsbding tdenyediie 6 chaifs | 1Sto CORPRIVE durttisr dhgfaddtizgein rthat the hafnium,
phot onuist i pl Eieonidmylasd allah ma@l ions shtRG3MlreBBABIH Cl ai s 1. A screen conprised of
alsupport and 5 a fluorescent |ayer containing a phosphor capable
of absor bi ngHiX—zZ'am ation and emtting | onger wavel ength el ectromagnetic
radi ati on conpri-sed of monoclinic crystals of a hafnia phosphor host,
characterize#ihddn t hat zirconiumions are present in the hafnia. phosphor
host i n®concent™ BPeEIAS 'Wﬁgtﬁfeai‘ﬁ%ﬁﬁ“@" peiand npl e of zirkonia per nole of
hafnia. 10 2. YAEMedugey f@ﬂtht‘h@ fd'claim 1 further characterized in that
haf ni um aryd %I r.coni u i ons, | ghOJ ost satisfy the relationship
ferr] 15 Anigipiiolssy r‘m %r%ﬁg“gf ¥4 x 10-4 10 0.3. 3. A
screen accordi Ag° {'o ec'f"ﬁ“ Further® ¢ aract erized inthat z is in the range

of from1l L. 3. falr: .
ohar act er .%eéffzﬁér sty oft QTR 85 GRBUL kP Bl el el By e
screen according to any one of clains 1 to 4 inclusive further

char act er igzef skrBent dd&drdirtAb SlaiROSHNBOEhadBtEHbd AL § ¥ id (RE KGR W8 RAbDHUEbHET
anmount @f alkali netal 1ons. 6. A screen according to any one of clains 1
t ONS i ncl umi wacker idQting hagias Baurinaetlarkderiz&taih tiah eaichibpidein layeGditionally includes
zirconi um afmbiualhifedts asredeedndiptasshosat i sfy the relationship [err] wherein 30

M represents ions of at |east one alkali netal and
11. A screen according to any one of claims 5 to 7 inclusive further characterized in that said alkalr metal

45 ions include at least one of sodium and potassium ions.

12. A screen.according to claim 11 further characterized in that y is in the range of from 8' X10™* to 7 X
102,

s0 13. A screen accordmg to any one of claims 5 to 11 inclusive further characterized in that said alkall metal
activators include lithium and potassrum ions.

14 A screen accordlng to any one of clalms 5 to 7 inclusive further charactenzed in that said alkalr metals
_ include at least one of cesium and rubidium ions.
55
15. A screen according to any one of claims 1 to 14 inclusive further characterized in that said phosphor
includes an activating amount of titanium ions.
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yisin the range of from1 X .10-4 to 1. 7. A screen according to claim !
further .characterized in that FEP0S81232B¢ range of from1l X [err] to 0.2 35
8. "A screen according to any one of clains 5 to 7 inclusive further :
characterl zed in that said alkali nmetal ions include |lithiumions. 9. A
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i nclude lithium a pot assiumions. 14. A screen according to any one of
cl &{1re185 Atstredn dcesdbintsto \¢Rint mfﬁrfherrchﬁrbﬂérﬂ&ltﬁtﬂawdml the ratyatof e 8lxab®ab o.2g1et al s -

i ncl ude at | east one of cesiumand rubidiumions. 55 15. A screen according
t 0 anytsoneceén edcaiding talany @nd 4f dlaimed UBi Mendlusivé fueher Chegactedtedrin thetcsaidrphodpbdr sal d
phosphor incindes ad edlivaing arcsunicraregartivpsint of titaniumions. 21 EP 0 381 232
Bl 16. A screen according to-claim15 further characterized in that the
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thb../f’a g¢ d9 A screen according to any one of

clains 1 tg'rfﬂe eﬂté g?sg%pe iﬁ%ﬂ'e‘rde?&raﬁ@&cterl zed in that said phosphor 15

. of rom
i ncl-udes an ac n anpunt o rare earth ions.

15 20. P&Msgﬁgh@ccor d| ng to cl aim19 further characterized in that the
“haf nium zi.r.coni um and rare earth ions satisfy thé relationship 20
[err] 4. schirm mit

20 -wher eigieth THREIBSENt S at | east one rare earth el ement and wis in the
range  of ehéraiibrésziéreh@nBchient wit eled Phdspho? Xer Réntgen-Strahlung 2u absorbieren und elektro-

25 Pat entrapmpsché Shhiuhg 15nGderr WalBhi3ngei Acemitisrag edrmad) dusSflonokiinere Kiistdllien eines

f | uor esziHethemndetd-Belsprokhonsi t  ei nem Phosphor, der Rdntgen-Strahl ung zu
absor bi erdadurch ryekephichnet-dasd in dem 3Hainivmdiowid-WatshespBom Zikéniumipnérain g@ereifonzentra-

Vel | eni | tigevnz@Berastd i @reMolereZienymadinsid proovic Kikfripradiodd vodiegen] en ei nes

Haf s undi-oxi d- W r t sphosphors,
2. Schirm nach Anspruch 1, weiter dadurch gekennzelchnet daB Hafnium- und erkonlumlonen in dem

Wirtsphosphor der folgenden Beziehung geniigen:
Hf1- zZI'z
40
\U worin z im Bersich von 4 x 10™* bis 0,3 liegt..
3.  Schirm nach Anspruch 2, weiter dadurch gekennzeichnet, daB z im Bereich von 1 x 10-2 bis 0,2 liegt.

45 4. '.Schirm nach Anspruch 3, weiter dadurch gekennzeichnet, daB z im Béreich von 2 x 1073 bis 0,1 liegt.

8. Schirm nach sinem der Anspriiche 1. bis 4 elnschheBIlch weiter dadurch gekennzeichnet, da8 der
T Phosphor zusitzlich eine akttwerende Menge von Alkalimetallionen enthilt.

' '5_0 6. __Schlrm na_ch emem der Anspruche 1 -5 einschiieBlich, welter dadurch gekennzeichnet. daB die
Hafnium-, Zirkonium- und Alkalimetallionen der folgenden Bezishung genligen:

Hfy - 2Zr:M,
' 55 worin

M lonen mindestens eines Alkalimetalles darstellt und
y im Bereich von 1 x 10~ bis 1 liegt.
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dadfiJr ch gekennzei chnet, daB in dem Haf ni undi oxi d- Wrt sphosphor
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enthalt. 110 %@ cHa e e 5@}% oo el et oot el
daquy ch éoeken ARl A (f"le?r%? BT onen | onen m ndest ens el nes

| onentyps v Ka
weiter da du?{' ms';g %nﬁ‘e‘dé‘rﬁ' der Aner a(igv% éaem %%Bhﬁgﬁ tr%rg‘e Q\ EZBL#HS%F'_? ulct!?n
liegt. 13. Schlrmnac elnem sprlc bIS el sc ietlich, weiter
dadur ch gekeReRint RRR loined dr Nﬁ%pﬁi@ﬁb 2@is 14 eué!:ﬂﬁ@dhbm%@r hadﬁl@h'g\é@n%ﬁﬁhe‘—'d&ﬂ"&éﬂm
und Kal i um oneRoddRdGng Adividrénde Mehdd voh TRdmldnddl SABAER. der AnsprUche 5 bis

ei nschlieBlich, weiter dadurch gekennzeichnet, dal zu den Al kali net aI | i onen
m ndest ens . BSeriyPnadd Mndpassh WSTHwelist GiadRiaddi gﬂ;kdhﬁie&n&m dg# bi6 Hatium2 Zirkohom- Geiitadio-
nach ei nem demeriis fuigebdea Bazidhusg gedugeh:nschl i ei | i ch, weiter dadurch
gekennzeibechnet, daB der Phosphor eine aktivier ende Menge von Titani onen
enthalt. 16. S$#hizZrMxnach Anspruch 15, weiter dadurch gekennzei chnet, daB
die Hafnium, Zirkonium und Titanio- nen der folgenden Bezi ehung gent gen:
30 Hf 1- zZr2T|XN°m)r|n X imBereich von 3 x 10-4 bis 1,0 liegt. 35 17. Schirm
nach Anspr uch xi® Begish vanr3 yl@glipiz b0 §ekennzei chnet , daB x i m Bereich von 3.x

10-4 bis?®D, 5 | i egt
Schu'm nach Anspruch 16, weiter dadurch gekennzelchnet daB

x im Bereich von 3.x 10~* bis 0,5 liegt.

U 18. Schirm nach Anspruch 17, weiter dadurch gekennzeichnet, daf
a0 x im Bereich von 3 x 10™* - 0,25 liegt.

" 19. Schirm nach einem der Anspriiche 1 bis 14 einschlieBlich, weiter dadurch gekennzeichnet, daB der
Phosphor eine aktivierende Menge von lonen einer Seitenen Erde enthiit.

45 20, Schirm nach Anspruch 19, weiter dadurch gekennzeichnet, daB die Hafnium-, Zirkonium- und Seltenen
Erdionen der folgenden Beziehung genligen:

Hf1- 2 Zr-Lw

50 worin .
L mindestens ein Selter)es Erdelement darstellt und
w im Bereich von 3 x 10™* bis <5 x 1072 liegt.

Revendications
- 65
1. Ecran comprenaht un support et
" une couche fluorescente contenant un luminophore capable d'absorber les rayons-X et d'émettre
un rayonnement électromagnétique ayant une fongueur d'onde supérieure, constitué de cristaux
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18. Schirm nach Anspruch 17, "weigreo 3gipeBr®h gekennzei chnet, dal 3 40 X

imBereich von 3:x 10-4 - 0,25 liegt. 19. Schirm nach ei nem der AnsprlUche 1

bis 14 einschlie~lich, weiter dadurch gekennzei chnet, daB der Phosphor eine

akt i vi er erfaeofisigaes duom melgerclymisontiere helgitmenen Erde enthalt. 45 20. Schirm

nach Anspr ucReraalerisiyen eecguedeideNe HCOgEr SaAM PESeTARENS 1adakice |uginppfforéi hafpium avec

Zi r koni um”"ﬁﬁﬂ‘cgé'la'd%r?é??"ﬁr“ﬂ?éﬁé?f‘d‘?é%b JeFrepBiAeA TRC TN gen~gen: HfI

-Zr. LW worin L mndestens ein Seltenes Erdel enent darstellt und wim

Berei th VO‘FF' %?'%d ’ﬁ"eﬁﬁ"%a"%’ - RANF %! IGSdRye 2GRy AL RS lagptipe luminophpre

conpr enant s3fifie BF"et une couche fluorescente contenant un | umi nophor e

capabl e d' ,gfbs ) ber |l es rayons-X et d 6mettre un r ayonnenment

6Iectronagn6f|ﬁue ayant une | ongueur d'onde sup6rieure, constitue de

cri st aux Zgéns,angP 0 381 232 B1 nonocliniques d' une matrice |um nophore

haf ni um car 3ghiehhsiR ofife £L104E d£S 1 0ns zirconiumsont presents dans |a

mat r@e | um nophore hafnium avec une concentration sup6rieure a 3 x 10-4

mol e e 3zi EGMnbiMaRsvenditatid 20ddnafeRicksbst Bomphs efi6 18R eB@2.0N | @ revendi cation 1,

dans | equel les ions zirconiumet hafniumdans |la matrice | um nophore

sat i solt trrdnaseloe laadvietiiicaiidinl 3, @&ds lequkDz est contpafiente 2UI6Te£0,2.. €St conpris entre

4 x 10-4 et 0,3. 3. Ecran salon |la revendication 2, dans |equel z est

conpri s senaran séidr Bune udlsofique ABs revanditatiprmrt &€ Idens idagel ﬂee‘wemﬁ\orammmendaqe plans

| equel z eg® quaktseitvantad'iors g métalPalGlies. 0, 1. 5. Ecran sel on |'une quel conque

des revendications 1 a 4, dans |lequel |e | um nophore conprend, de plus, une

quant?t & aErdnegie &ung Mkelepgauseton ravendizatiohsc b Brrians lpguel lgs iogschelivms zfcamiun gtrjes

quel conquelorfes ey Alerlie satisfon g larelgiog 1 dans | equel |es ions haf ni um

zingoniumet les ions de mtaux alcalin satisfont a la relation: Hf . -Zr2W

25 dan'§“|=%[d‘f!el |l e Mrepr6sente des ions d au noins un nbtal alcalin et y

est corrprl £ tr 10-4 et 1. 7. Ecran salon la revendication 6, dans |equel

30 esat"Nﬁ(é :r dg{t&(sd, Jﬂqmms el Qt,alzamaﬁ‘etEcran sal on | "une quel conque des

revendi catl o on el "6 98ns de nbtaux al calins conpr ennent

des ions I|t %r Ecr an sal on-la revendi cation 8, dans |equel y est

conpri s 4en Ecran salon | a revendication 8, dans

| equel, I7a éﬁgﬁ%flﬁﬁéégg&iaﬁ%gﬁ%;end de plus, de | hafnate de Iithium

comme second | um nophore. 40 11. Ecran sal on Iune guel conque des

revendi @at E@ddSseonaude qGbRIdAqub QS PdverdRBtidn BSa e danb ity 18 ol b méBIBEARNENt

au noi ns | ¢odipredmt ded s MAIGGhUM ou potassium 12. Ecran salon | a

revendi cation 11, dans lequel y est conpris entre 8 x 10-4 et 7 x 10- 2. 45
35 9. Ecran selonla revendication 8, dans lequel y est compns entre 8 x 10™* et 0,15.

10. Ecran selon la revendication 8, dans lequel la couche fluorescente comprend, de plus. de [‘hafnate de
' fithium comme second luminophore.

40 11. Ecran selon I'une quelconque des revendications 5 & 7, dans lequel les ions de métaux alcalins
U comprennent au moins I'un des ions sodium ou potassium.

12. Ecran selon la revendication 11, dans lequel
y est compris entre 8 x 10™* et 7 x 10™2.

13. Ecran selon l'une quelconque des revendications 5 211, dans lequel les métaux aicalins activants
comprennent des ions lithium et potassium.

.14. Ecran selon 'une quelconque des revendications 5 4 7, dans lequel les métaux alcalins comprennent
50  au moins I'un des ions césium ou rubidium.

15. Ecran selon I'une quelconque des revendications 1 & 14, dans lequel le luminophore comprend une
quantité activante d'ions titane.

55 - 16. Ecran selon la revendication 15, dans lequel les ions hafnium, zirconium et titane satisfont & la relation :

Hfy - . Zr, Ty
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13 Ecran salon |'une quel conque des ‘revendications 5 a 11, dans |equel |es
m~t aux al calins activants conprennentgglgged Hi3sg{ i thi um et potassium 14.
Ecran sal on |'une quel conque des revendications 5 a 7, dans |equel |es

met aux al cal i ns conprennent so au noinsl'un des ions cesiumou : :
rubi dium 15. Ezhsamquem on | ' une quel conque des revendications 1 a 14, dans
| equel | e | um-nophesteosmizpntedx toTeegueaNtite activante d'ions titane. 55 16.
Ecran sal on |la revendication 15, dans |oquel les ions hafnium zirconium et
titane sati sflorficraa sklan e edvardication 1Bifdbns leqel2 Ti . 24 EP 0 381 232 Bl dans

| aquel | e x5 est xohganipds eweBe 18790t 08-4 et 1,0. 17. Ecran selon la

revendi cati on 16, dans |lequel 5 x est conpris entre 3 x 10-4 et O0,5.
18. Ecran sel'®nFaaq splen/afryprdicaiosd7.dans lewals | equel x est conpris entre 3 x
10-4 et 0, 25. |%PsteoprrigRrgd xJAT' 025 une quel conque des revendications 1 a
14, dans | equel |e | um nophore conprend, de plus, une quantite activante

di ons de t'&r F&sEFaR S8ln M'ung qupipgngup des) rygn ications, 1ot At 1303 1§FHeH §  lurpjagRlore SRRRLING] e
i ongT haf ni um  AYPcYRiHRME RoYvate di9p9eda™ S '¥es rares satisfont a la

relation: 15 -, ZrL, dans lL.aquel | e représente au.noins_ un .6l 6oent
torre rare oft g Bbiria eAMRcBHE bl oolcBE RAE Rifyf ity W sy W3tes s
35 40 45 50 55 25 X CoPT M S
Hfy - 221l
dans laquelle
L représente au moins un élément terre rare et
20 w est compris entre 3 x 107* et 5 x 102,
\—
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