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directly in a filtering device fluidically connected with kidney dialysis equipment.
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[0009] The compounds of the present invention and in particular, the
lanthanum compounds and more particularly the lanthanum oxycarbonates of the
present invention exhibit phosphate binding or removal of at least 40% of the initial
concentration of phosphate after ten minutes. Desirably, the lanthanum compounds

exhibit phosphate binding or removal of at least 60% of the initial concentration of
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[0012] One skilled in the art, however, will understand that lanthanum
oxycarbonate may be present as a mixture of the hydrate and the anhydrous form. In
addition, the anhydrous lanthanum oxycarbonate may be present as a mixture of

La,02CO3 and La,COs and may be present in more than a single crystalline form.



[0012] One skilled in the art, however, wll

understand that | anthanum oxycarbonate may be present
wea0@/oresssur e of the hydrate and the anhydr ousPEoDmUSR00B/025192

addi ti on, the anhydrous | ant hanum oxycarbonate may be

f La2CCh and
0BASE ;i it otnE Rl theTam st AdelRiau i patlcles
includes W@k?@é’s%ﬁﬁ@ﬁ’of?% é@@l@ﬂ%t@?@ﬂ@ﬁde [é@l@}e’ﬂtm@ﬁe iR t8fa

mak I Ng the rare earth meta conpoun parti cles
substantialiy ItQIabevmail@"l Rransisaisig aspray éryener athessaitable equipment

to form o JoEBies PediEl, bl SelBedy iRl AE itk ot

temperat&lce béﬁb@erﬁa&bm@m’ andoaldout m2an® (l:ntrehermddaéta)mh@@@minanon
and cal ci ning the obtained internedi ate Eroduct at

step may Wﬁﬁdr@t%@@,\/@%d&%& nEke apditaiie finishedqrodyusie Op‘uonally,

the |ntenﬂ[a$%g§é é)cgucE E{Faﬁl?éegm[bgo‘ ma Qo@icﬁﬁe@%\{égﬁ?ﬁéﬁ%ﬁ media mill to

a desiredds Wy are@uridihehl furthet Sieralyririednord rigdebyp othedu chearesytoeroduce
mlled in a horizontal or vertl cal pressure nedia mll

a powdef that mnayeke fthes \yashied aNelte(Re- t hen further spray

OB AP, 25 S S TRt e g,

particulady ra'ermdh/metEEtalmhydrnfusrm&ycagodriaee partnsl&salnclmdmstmdakmg a

solution G5zgRa PRORASpapatets, Sublestia g ShioREp & s BRIl o

evaporatigi Srodek$ Usﬂ@ta@lépr@?%@é@or SHB} 8GitdHI8 e tUbIrREKd 8na

substantially tota evaporation process using a spray
intermediite @roductpankealsiningithiecoliginednniermediaiaipsodict at a temperature

wetween ot A5 Gl gl zbor Sre Bt ie Bap R Sn may be

washed, 4ifl8feda 2fdaliedtio Rake a Buftablefhisieddprddiet. cabtibnally, @fe

step may be washed, filtered, and dried to make a
intermedigie pmlectﬁnay b,qz,gajllepd w@@prlzqmﬁl @h\éentlgal preesure media mill to a

desired s{@fat%% fgé‘pre {(}ﬁgHQn)ter i ntgf ek bt %%rgﬂ’uéégﬂfog\gje?rthat may

to a ed sur
be washéd itersdramd dieded or dried by other neans to produce a

wd t hat b filt d, d i ed.
[oB3aEs) \ﬂeé%naﬁn%yrmtﬁﬁaﬁ &5 kind a6 <o el caginaynds
includes MR g fd tdl %%bé%%nﬁﬁé@ﬁﬁ%@ﬁﬁﬂ@%&t hrHEEf R eaf'th metal

oxyca nate hy rate” parti e rare earth meta
oxycarbcmajze aytata particlet earebpamade:bxesucmssb&ehnﬁmkmg/a solution of rare

eartn chigiirsscinbue coltisn e oreidviEed of Pandiupsampnate
solution %leﬁ Ee %’étcﬂég\gbéﬁr gggg? @Hc’: 'a\!%%};fgoﬁ %ﬁhlg ?ﬁ?ﬂgamér?ﬁltenng
and waslmngttbe |p|nep|p|8atd tovicsrinm aglltehealm dbelpldnan@theaflllterrwala ata
temperature o? abom?tk1e 00° %‘%o@'&% oét?éee tfhle cseswe 8Fare eartﬁl oxycarbonate
hydrate species. Optionally, the filter cake may be sequentially dried, slurried, and
milled in a horizontal or vertical pressure media mill to a desired surface area, spray
dried or dried by other means to produce a powder that may be washed, filtered, and

dried.



tenperature of about 100 to 120C to produce the

desired rare earth oxycarbonate hydrate species.
wopvismmedsBy, the filter cake may be sequenti al PgTAISR@A/025192

slurried, and mlled in a horizontal or vertical

1oBI6ES aReatianb Y pivge SadiibaR BoPbaE e a0 Rariate
hydrate pEMIcI&S n’{%ﬁ@@% Jiﬁiédﬁdﬁédué@@nh%ﬂo%@ pefttithes 2@9143/ Pibafeation
PCT/ US2003/ 025192 Al ternatively, the process

includes swhjeating tie dm@fllé@"raakedetaaﬂhembﬁe@fmmt@t lysfregified
temperatB e:atg\lfeg% %t%lqggq bgﬂ %80 ﬁ?cgre é%f %(E?m,]e b(?tﬁveen 1h

and 48h. dOb&Enally, 188 pecitet bptha thbﬁﬁﬁlﬁdreéthfe?ﬁmy b&slugried and milled in
speci fi ed tenperature between about 400C to about

a horlzorrkai(m: varical pressusp aredia ayll {e Aslastedseiface @rearpraghried or

dried by &H ﬂf}a?iﬂsytg ﬁrggu@e( ? %BQ}dIe?fthéthﬁot Bg W?él]etog?ﬂ%%‘ra?taggﬁi\ﬁed

[001Essu !rﬁaﬁ@@l‘danﬁe lNhthtthe Prekesit me\danilanf ecmpaurds oﬁti’reaprresent
dried or dried ot her_ neans to groduce

inventiontay bedjsescioEam SationS VR B CRRGSBRE A it opmpRunds may
be made ItoH ﬂﬁ'ﬂ?fﬁa‘f"\ﬂé{}/ ISé‘SeIWe‘?é(? 4 g'ﬁ%@@ﬁdél%d tha'P2 '%Su&id to

the present vention nmay to treat patients
remove p)udsbhb’gqokmmrtbsmmbedeaeaﬁb@mpbaterMWpiyon indo ﬂmjblood

stream. Eg&,g)é%amgge?]% gglrtnpmi @%ﬁﬁ%&%@r e?qtﬁamtpﬁ%w%@n&rrally mgestlble
form sucﬁ’%%rae d %Bﬁﬁi%h%r%u%éﬁéleh' é’f‘ablé‘tt @apb8leb bé‘l@gp, @It 6tBdFsuitable

For exanple, the conpounds nay be fornul ated
and knovm oral dermanAseaidingly, oe presand m\tem’a@nmﬁeraplaées aametbod for

veatng Pk SIS Resdh RS OB PR

compourief §XABIpreseanhveiiohO M EAPbBAES niadeRintt diftdrent c@adititvgs will
hyper phosphat em a t hat corrprl ses prow din

correspoad e iffarentapisarbamates o exyrhlpridest wilheayg 8§féﬁ@nt surface areas,
and will sﬁ%ﬁ&ﬁe%hce@qmgé@%ﬁ whf %Bsehétfeecﬁf‘dq lﬁ‘éfg}ﬁ'sb'llﬂﬂf’zatlon of

correspon eren carbonates or

Ianthanum@mdirhdihedme-eurﬂhl mbtV intdithé guknThe présent irveation allang one to
show di fferences in reaction rates V\nthlnPhosphate

modify th&ﬁ@ RﬂPP?@'@@rﬁccgm"ﬂﬂﬂﬂ hegeagiegents ahPrdrRaAiMS t-anot her
[00FEF" O EHO{%&%EBé&t& tﬁ%?r&é‘rﬂ ir&RtiBh E85AbolMYE Fdden
a WS (0]

one dify these properties according to
according kethie qwienéior s pcbroulaestltuchaertﬂlsufflcieﬂﬂm@chwmcﬂi@trbegth may

e acoB3ES 5y M B e EENBRAER AR i o
blood fIO\ﬁEftU dﬁh&”ﬂl& r@ﬁﬁf\‘/@rﬁh%@ bhéate’ W‘ﬂi&féﬂﬁﬁbf tHR@ ratbashth d:cﬂ‘nﬁound with

evice fluidicall ¥ connected to a dialysis machi ne
phospha’tehlndhg tblegvisttearmeThe peesertt inention dhelisferetqonteraptaies a device

having atri) s ané t@ﬁ’cle{a w% o%g o‘?‘fm&té cgr%guﬁ(?sr 6ﬂh‘é°dFBQémn\%ﬁtfbn

disposed between the inlet and the outlet. The present invention also contemplates a
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blood with one or more compounds of the present invention for a time sufficient to
reduce the amount of phosphate in the blood.
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hyperphosphatemia. The drug in one case is LaxO(CO3)2ex H20 (where x is from and

including 2 to and including 4), made according to the process of the present invention.
In the comparative case the drug is commercial grade La carbonate Lay(CO3)3¢4H20.

[0025] FIG. 6 is a graph showing the amount of phosphate removed from a
solution as a function of time per g of a lanthanum compound used as a drug to treat
hyperphosphatemia. The drug in one case is La202C0O3 made according to the process
of the present invention. In the comparative case the drug is commercial grade La
carbonate Lay(CO3)3°4H-0.
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surface a2§§?h@fepé>§§gm@ﬁé§8f‘ﬂﬁ§ﬁw Gsh BRE1RYFRG Jn?@r r%rté’%ﬁgftgnt

Invention and the anount of phosp
calculatet) frondther initEioatedffreacticrodfighiosphate.mi n after the

0878h ERsitis & ToHiaet Sop Hocam A BUGR e Riesent invention
that prod388Flehiifan I EieoBhats Marken ALEOReDr & 1S
[0@20]cul Bt@d11 isoaifloweshasit of alprocass agcordiagito dine pfesent invention
h te [00 FIG_ 10, | f
that procligg BRous erpbnteriobeh e Qs hidees
[od%mt hapLm pXkcakbamihg dutifont RicrégapBdfIaBgnlROS8khloride,

G. 11 is a flow sheet of a process according to the
made follpwéngeie priogess pbine presenbin¥eNiéds anhydr ous | ant hanum

OBEE T RSSH 14 7 PR Al n SRR Sy oo

made acwdmgftalthe\{drdﬁ@aésfﬁ the presant diventienreseorhparedentth arstandard
) [0032] FIG 13 is an X-Ray diffraction scan of
library caygat REMANUWR PEMEYPNIER LaoC!  made according to the

ces f il [ '

[0BSESFIL: 14 Fa BIATE NS PRI S STRROSNAIG hmBed

from a sdl@adi3gs &lf@ctivh ofstime dyd@EOGhnateg@ccording:tathet prgeess of the
.Rho%.phat e rermveéi .

present ifivention, as compared to the amount of phosphate removed by commercial
grades of La carbonate Laz(COs)3*H20 and Lay(CO3z)ze 4H20 in the same conditions.

[0034] FIG. 15 shows a scanning electron micrograph of La,O(COs)zex H20,
where X is from and including 2 to and including 4.

[0035] FIG. 16 is an X-Ray diffraction scan of La;O(CO3),ex H20 produced
according to the present invention and includes a comparison with a “library standard”

of La20(CO3z).exH20 where x is from and including 2 to and including 4.



froma solution as a function of tinme by LaOCl nade

according to the process of the present invention, as
woanpanesdst o t he anount of phosphate renoved byCT/US2003/025192

commercial grades of La carbonate La2(C03)3H20 and

AN e
souton A (RS IO 4SHENTRC ol uR S

available La2@ @)% 20 142 Ipa,000s R4 HF0 ¢otits signe conlbitiopsesent
i nvention and includes a conparison VVI th a "librar

[0Q3AndaF - 1is 3 scaies isotieo Micerararhicf appyes anthanum

to and including 4. 7 WD 2004/ 016553
°Xycarb°‘3§:%lg%%g;g3025192 [0036] FIG 17 is a graph showi ng
[0038] r aFKs5.0f9 isearoXeRapiffphctzphscanust dnhydreus Bai(pjzt(l@@pmduced

according%&%g%%ﬁgpg%@rﬁ;ﬁ\é%;ﬁ%na%n{lr@ 3 theyér%bé@?%%g)ltﬂead“li\grér@ standard”
ofLazozégg(CQB)S 4H20 in the same conditions. [0037] FIG 18
Is“a scanning el ectron m crograph of anhydrous
[00397t hahiGn 2isya grapinstiawving 2102 Gi8 .of phosghormeus.retr®viakobiliained

ct| on scan of drous, La202CO3 pr oduced
with LaxCRE L8 mpe ol ing T BEtels o Yo BlesHn rienfiar pbedbared t
the rate o‘[lboosg? &rQiFl GbrﬂngPcl;lgllyaévér%E\gTé’léé%V@M@;‘%Fﬁﬁe érﬁag l':é‘z%@@ﬁ%4HgO
[0Q40]s phBiG &l isearseariniod elbdatron mmmgrapbzmeﬂﬁawrﬂ@de according
ng the ﬁr oceftsls of the present invention and

foll oy
to the pro&%ﬁﬁ%f%}? RIESCPHBVPAY obt ai ned for commercial ly
[0@4/15]' | apjc d8id(LRIRAR AirRastidrsddalst) aiHydPoud QO%%@C])s btdduced

217is a scanning el ectron mcrograph of La2
accordingatscibrediragenttioventionpand nchudss a pempadsemwithray dtbtraWrstandard”
fL CO[OO41] FIG 22 is an X-Ray diffraction scan of
ofkaz énhydrous La2C06 produced according to the present
004pent FIgh 23 4 @foﬁn QP Beite D Phok hor@us|reh1<ﬂ'byobta|ned
[ 424 ndard" aof L912 00%2 FIG 23 |g a grap
with Lazcé?ﬁomaﬁg follpvipg e efoca%ﬁ rﬁfaﬁ BlRseNE W@arloe ohg mpar@ﬂttﬁ the

rate obtaxh%éi%c%ﬁﬁ%r%gh%%r i dé pgz(@;I 3;:,-?45 c{) d3§3f.25420

00‘412!IIEYEI@|24/|386/§¢émhh elairbﬁ@ib%@r@ hmﬂTlO support material
[ 4H20. [0043 FIG 24 1S apscanm%g Fé‘ljectron

made acmrdm@gtpém peycers(d the pprrant iesHiPAl  made according to
[0044 Pr eSS Rfa L5 RRG SRirohWRRidrEBh of a TiO, structure coated

with LaOCI, made according to the process of the present invention, calcined at 800 °C.

[0045] FIG. 26 is a scanning electron micrograph of a TiO, structure coated
with LaOCI, made according to the process of the present invention, calcined at 600 °C.

[0046] FIG. 27 is a scanning electron micrograph of a TiO; structure coated
with LaOCI, made according to the process of the present invention, calcined at 900°C.

[0047] FIG. 28. shows X-Ray scans for TiO, coated with LaOCI and calcined
at different temperatures following the process of the present invention, and compared
to the X-Ray scan for pure LaOCI.



[0044] FIG 25 is a scanning electron mcrograph of a

Ti 2 structure coated wth LaOCl, nade according to
woherqmessess of the present invention, calci ne8Causd®ds/025192

C. [0045] FIG 26 is a scanning el ectron m'crograph

Ti t te t h or di
10§48 Fiié 28 58645 i, 535 tiation orvaBWT 0 BIetBlFSiEE as a
function &&né&: for HQQé’fﬁba@d%ltl?Yadtﬁamrﬁ%@l@éfb@)nﬁt&‘?ﬁtb% a(c):&ordmg to the

m crogr aph Ti 02 structure Coated wth
process ¢fgbe paiee@rtdnmtloo the process of the present

10GRET" ERS: 26 B i Bhoderbiation it hiboehoinys Ta iR e functon

of time m&"atsitréétédam’th la@ERRTUR bikpcarbBhhted Madé Bechrdatgsthelfprobéss of
present invention, and conpared to the X-Ray scan for

the prese@mryem@m anecmammmompmwlogmeesurpd@rAS]
29 shows the concentration of |anthanumin bl ood
untreatec’;rllaa?%na as a function of time, for dogs treated with

[00307t haRl®) Bkghewbarddvice having andaled| argotiitet; ARd apeasransre
of the present inyvention. [0049] FIG 30 shows the

compoungls g éig Pﬁﬁﬁeﬁﬁ'WﬁnBﬁ%gﬁP&S%@@‘Ne%‘ﬂ theingal andk thequtish

DESCRIIS’fIéiN'@: E'm\ﬁENf ed with | ant hanum oxycar bonat es
made according to the process of the present

[005jent R@rﬁerrlag tovoloptheattavingsh treppiacess obtieeptasant mwention will

be descrlgga1 S/{_/ﬁ%{he@g s tre g\gl Séﬁer@dw%fl%]r t%legqtlﬁ{éjrﬁrﬁ%mms the

use of Ianﬁﬁﬁﬁ&’MﬁQ%(% X‘fB? eQ&@%FHbsért’bt%ténﬂﬂsqto‘i mﬁéﬁée@% Y& fiti'the
inlet and the outl et. DESCRI PTION OF T

|nvent|on|an¢|31>{mn03\|s<plely5@]lamefaeum eynpownds; inHeck utawcngtemwlla&d that the
ess of th res vent on, Wi | I... Qe descriﬁed. .
process Coraboft T BRI Fh BlrBPs Pt I8 sl Sbpicable

to rare edrﬂﬂﬁi@@élgmtmm@rmmhamm su@ﬁ%socf;ela@at\hanum is merely
for ease of descrhptlon and is not intended to limt

[0e%d i Mﬂt\g pawdad 16 4i awreeess fpr makingeamaruearth oxychloride
compounGCIRURY5 ClléL[f%lf é‘fénthértnurhsb@%l%ﬁﬁg c%ﬁ%u{nﬁaéccto?&n to one

fOCGSS an oun escr e pr ese

embodlmepEoT meqa’ﬁsemt lﬁserﬁlwnﬂblhshoappl Flcd;bda eoIUIIOnroiaﬂawthanmodmzchloride is
S ot t han | ant anum such as nd Y 52
provided ?‘fﬁ .hﬁ.sf@glr%af gbthengm ghlogdg mrieke aﬂarswtah e@t@ and 2 not

limited to ti%zrﬁétﬂﬁpeéﬁrﬁ?or | %@%f l%ﬂﬁ‘anurﬂ ddeesiafioRtis to

anum oxyc e conpound according to one
dissolve mrbnmruahltantbtanuh'eclploedem:rystalsenmtmabar orsinsmoa] sélutish, Amother

source is 38 R Bl TS S Sth aB dE ar

[0653) CeTABGantRaM@h chloride solution is evaporated to form an intermediate
product. The evaporation 20 is conducted under conditions to achieve substantially
total evaporation. Desirably, the evaporation is conducted at a temperature higher than
the boiling point of the feed solution (lanthanum chloride) but lower than the
temperature where significant crystal growth occurs. The resulting intermediate product
may be an amorphous solid formed as a thin film or may have a spherical shape or a

shape as part of a sphere.



limted to any particul ar source. One source of

| ant hanum chl ori de solution is to dissolve comerci al
woanidvaessen chl oride crystals in water or in anpPECIUS2003/025192

solution. Another source is to dissolve |anthanum

10BH e e e i il il RSk alioR o baarbAly Spmplote

evaporatiow’ 85 TREddh ehe eb@aﬁéénonmw 8I%ARS refel Weeébdrét.@@ 3L ke the
under conditions to achi eve substanti al

resulting eob@mtatmediat@@itamsllgss thaa ‘e’i}’éﬁm@watm desmabdwmsséhan 10%

freo watef ot bR HpF oo ] Bt Mty Bine RinEReBMeri”

understob@ BRETAEHRE WS ’:ﬁatsllsgﬁanltfchéﬁ‘f’k‘iaIlf}}/'fb('ﬁln@iI ared @éM be@éﬁidfvéd by
The resulting internedi ate product

heating a4 adepsuiatuse Pelpv dp0kd éﬁeaswbﬁtanmallyﬁpgal ewaporreé@a <1

substant3fP Ebtie VAR Yonctns B TSR BThbafcn IR vl

moisture psedesttantial |y total evaporation” or "substantially
as used in the specification

conpl etl_ evaporation nd
[0BFAF v TerEPOGA S8R 4% A SABRUGRAIN Bripray daiare 1 gS case,
the interrﬁé’éﬂibfé RSl RAll n%lﬁ %tﬂ&tur%scﬁ s?ﬂ%Fbslér/Bél‘@Sf YR&bs. The
eswalylesst free wat nd nore

spray dryéegienatally dmate‘srwa d:s@hérgeeembmtureTthWe@mmb'dutaeom and
water"” is understood and neans water that is not
about 50@Heni cal | y bound and can be renmpved by heating at a

oS8P 3B B B bl g el

calcmatndﬂ"@ppdﬁaﬂrsw bgtraisip Ctbléttém‘pfefdtuhﬁmea té)npe@tth‘e&)etween about
ture present. [0055] The evaporation ste

500° to Gpih 2801 Forza Beics) OLiperTom ABH] 3 16 @geut 24 hend! then cooling
to room té SramML 2R %8@(5 rolﬂ“HH m5\9 rb%h ésﬁgd @O sbg |M?ﬁé+5ﬁ19q{ in water

eres or parts of eres
or dilute agcadehodelnyovaoan;aWemra)lLdolehphabarﬂm maynshld be Lprmélﬁtaﬂee the
about 120C and about 500C. [0056] The internediate
calcmatlo&%@g ‘may then be calcined in any suitable

[06571CT NThiQB LA $%d 81 RngtiRrbeiime drtise bsl'EP\%Fn%hLHrScééb may
a tenperatur bet ween about ™ 500C to about 1200C for

be variedderadjdistdhe tpiamticle srzmambhhne reactivityoefithe poducind htertmmcles
[ 0 roomt erat ure. e;\[he cqol eqc)l duct

resulting ﬁg%@ﬁmﬁl% g@@e[ er%SIiZF ‘hetw Hm eT & calcmed
particles E?résggﬂ?f" g ?Qﬂa}l"%@%{aéi Q%?iﬁ{gﬁpggﬂ%t‘? érg) B%%rd&ﬁ)fe%tﬂ bro&? physical
strength ardrpgraaious etrueitire.hEhe éndjviduak crystals fmfmmgatl"@awamn!asugamerally
have a sive %e?weerrlr% nm and 10 pm.

[0058] In accordance with another embodiment of the present invention as
shown in FIG. 2, a feed solution of titanium chloride or titanium oxychloride is provided
by any suitable source. One source is to dissolve anhydrous titanium chloride in water
or in a hydrochloric acid solution. Chemical control agents or additives 104 may be
introduced to this feed solution to influence the crystal form and the particle size of the
final product. One chemical additive is sodium phosphate NasPO4. The feed solution of

titanium chloride or titanium oxychloride is mixed with the optional chemical control

10



be varied to adjust the particle size and the
reactivity of the product. The particles resulting
woOnewoaedssi nati on general ly have a size betweerCt/Uanm3/025192
1000 m The calcined particles consist of indi VI dual
bound together_in a.structure w

agent 104 1YS s3ble D EPaA. TsCrBURS BLbe Graticad teg any

suitable khgwnvmgdéal cryst als formng the particles general Iy
have a_size between 20 nmand 10 m [0058]

[0062]or dhhe dead solutinnihevaparaiedi tefarmen Iﬂtﬂ’”}ﬁdﬁedeUCt which
F feed, sol
in this inst4EE o A RRBEITION 2 seudyadiri 24l Yl aa

temperautmé rﬂgﬁeﬁﬂhlah&hb%o‘ﬂmy S@nt $PtRe FO&U S6lutisn it djv@@qhaﬁ the
rous titaniumvchloride in water or in

temperatwfy:dwl@@nq Yenificaet erysiel atovdh occhsmanrdhfo agtieyesu b@taﬁt@lyotptal

eveporatf* 15 AR ARVl PR Aty E o SRl gRono
formed ag behlnfﬂlmaéndanmyhzwe Ssphefuziishape atddi shape aspaddf arsphere.
[O&qos phat e Na3PO4. The feed solution of titanium

lor i dBe dptermediateiRiaskigE My thar becalgingd inapy shiable

calcinatloggﬁp%g%gmggéésﬁggﬁet—fﬁ tférg%%ra?@egtggaﬂif %ﬁ&eﬁe}ween aBout

400°C to &bout T2@0G fdrregpeniyd Oftime fdac Bbdut® togbauty24 hLarldathéB cooling
to room teIPRTAATS (HEFedPateooiebeIaanct Rrifeh Washed i AR S Reit tin
water or dlﬁxté e ‘té‘ b 'tr@%eé & Sy waTé\escﬁL\{lﬁ@%’?Hs'eCtﬂatl%@P/'sﬁll be

conducted at a tenperature higher than the boiling
present affer tite edicinaonséep.sol uti on but |ower than the

P, ST SRR LR B B thng o

the preseh€fiVehtiod chAtRY AddsRENAr Hbseh taNake s istabture Raihathe required
anor phous solid forned as a thin filmand may have a

particle siggtand Reriosiihaper exampkh Hireewapgration stem13p raddhe calgawtion
step 130 é[%'rﬁ lbgﬁozu&gg 181 fhi f)lgﬂ)ldgé Wé {ilg%%yglll& B?gslfy'ﬁgﬂrﬁfe

calci na appar at rarsing-’t

adjusted toem@keahel iseruttura of ﬁimmtamﬁdwtbqirww silftable todt(sddas an
out 1200C for a period of time from about 2 to about
'"e“f'lterzﬁtmﬁgmd§H@ﬁ”bool ing to roomtenperature (25C). The

[odégi' edTHég&%é%t d -ﬁdzg)? td&ﬁ@ﬁ% f F@ﬁ 'sRirR€d iirf asBlution of

wat'er or e acl 0 renove any
an inorganit @smpolind| A gesiebld inatgarmyCGMprmdes apraffseatth af tamthanum

t.he cal ci at'onse. [ 61 The net hod .of yf act ure
compoungly apd it PRkl Tdesc LEP FoRgoraon chd s BbR
morgamc'c%\‘r%lfdrﬁﬁsé]@ﬁoﬁ’% Qé’le%ij@ctﬁbdtoqa% %K}a Sreﬂi%'ﬁel@ under

ructure wth required t|ce5|ze and

condltlonwj‘r thel same Frang@ﬁamﬂeed imst ‘E%barad ioachiewp substaatially total
evaporatlon €15 %J]lg rQSérdo the evaporation steps 120 and 160 may be conducted in a
spray drier. The inorganic compound will precipitate as a salt, an oxide, or an oxy-salt.
if the inorganic compound is lanthanum chioride, the precipitated product will be
lanthanum oxychloride. If the original compound is lanthanum acetate, the precipitated

product will be lanthanum oxide.
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step 130 can be adjusted for this purpose. The

particle size and porosity can be adjusted to nmake
woOheo4grieiset ure of the internedi ate product sui Pablus2a08/025192

be used as an inert filter in the bl oodstream [0062]

[of68, " IPE renid ep hp IS her c3RRREN T A A smpiatGe
between '5w aﬁa'wq 09 Rdhdfoofl RiE2 £ RN tﬁh@ferﬁﬁél‘aﬁﬁ%‘ﬁﬁd%ﬁe time of

npound, and I n part| cul ar lant hanum chl ori
the calcursajuqumecess mfluénmthmpndpeﬁlesmogm partidesizen df @ prodoat.

After theiggﬁqﬁ%f %;%Iﬁsu . ﬁf %9 gZﬁEﬁw‘ﬁﬁé@uq tPIrYg%Sherqp%# ger120

toTh ichaldeVdd Bbd RV bOBntHah
[o?ﬂﬂs regg?gwﬁﬂg%m%ratl on ssggps 120@gn 160 Pnyy g(ran

oxychloride od larteanim caudesfmmedown erTIOéraeb$tnai6ga'mecre@uﬁmmdduct may

be inthe for qEAGR TSRttt vt of Bititien, dBRRSS Pifhave a

size of atEHLQQ' Mhttét‘l‘@féomrﬁ% wilfidonsReof & afiBAMNE B WVIBUQF bcﬂ.ﬁ}d
he original conmpound is | anthanum acet at e,

particles. pﬂ'he individuedpanticleduetveva silze betwaern Bammaoxdi ‘d)aumll WO
4/ O 553 PCT/ US2003/ 02519 0063 roduct of
[068 grsthe fingl & O@éﬂ &Pnélaélof[m%tal? Q'ﬂﬁﬁ@\aﬂ‘ﬁ‘r gxychioride
on a TIO{J&SH&% 5888 %(Fj\ﬂstt%l a;Pbéo dﬁbt@@r !tQﬁasoéeeaw fdurdthBi thid'sroduct

erature an e time he cal ci nati on process
will effecm\mﬂy teact withnehqepbpiés an@blmhlt:las lRa ipaoluble eorspoendf Itinbelieved

that, if th%rfﬁgﬂﬁr%o’qy&@f Le %tf,hgﬁiéa(?ﬁ%gd Cal(%'gﬁrﬁ%h qdzg#fqll %stlnatﬁract the
product vidll Bﬁidi%e%sbﬁaﬂ?ﬁfé’c iPpdsant iy gbeledsefthé %h@f&ildﬂphosphate
oxychl ori'de or |anthanum oxide forned on a Ti O

from the siopaohaand gasicointestinel tiactie Suribloodesirease. Thefef@r& dlgrproduct
of this m@e&ﬁ@ﬁk@%? HsRalb iRiPRRRRpRERRT ddhtdlt RRAE kS sllEm of

patientsdwklbné?ﬁi&ilyﬁsof a structure of individual bound
The i ndi vi dual partlcles have a size

logééﬁégﬁcng %@nqtbebﬁmbpém] afite pwfeerrtﬂm\éﬁnﬂenoa pEPcess
for makm%?%ﬁiy?t@.lffan% é’érbb %‘l‘ghé‘%HMW@?b"@' 95 é*_”gﬁf‘@%%ss& a

rate, crys I's "may be hydrat
solution dféamth&pumdaddiate lsmnadepby)auyimetbu)d] Qofd matlmcbtqmakactlne

Ianthanumt51«:ie§£’choS t&%ﬂls%dﬁéqbs!o?\?q&%rﬂg‘%régwlgﬁ o ublug{;&i%é crysgals in
waterorfn%r?ﬁ@‘?@olu‘ﬁohhe human stomach and gastrointesti nal
tract, the tgroduct wi Il bind the phosphate that is )
[OWHsen'ﬂ'haﬁﬁh enu@a@czeta’ﬂ@escﬂmtmslsavaOﬂrqiﬁdécpmanﬁmtermedlate

product. JABAPPHyEPR0 B SRl R ER 2 inabieiies Bt afieRafiS aying
point of twm%rg r?]cggaté sbhﬂlohf‘rﬁﬁ HﬁWélﬂhén thateRpetdluicd®here significant
crystal growth occurs and under conditions to achieve substantially total evaporation.
The resulting intermediate product may desirably be an amorphous solid formed as a
thin film and may have a spherical shape or a shape as part of a sphere.

[0068] The intermediate product may then be calcined in any suitable
calcination apparatus 230 by raising the temperature o a temperature between about

400°C to about 800°C for a period of time from about 2 to about 24 h and then cooled to
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patients on kidney dialysis. [0066] According to

anot her enbodi nent of the present invention, a process
woaoo#makisag anhydr ous | ant hanum oxycar bonat e i 8CThS2003/025192

in FIG 3. In this process, a solution of |anthanum

acetate is made by any nethod. One nethod to nake the
room tempgratHes um%@@lgtd@rgewtmaw bﬁswa%weeh 240by émpersigg dt igiwater or

t
it acid A5 BN RGTHILE ISR Bhasd et YRUPEHEDo By e
calcmatloe\sawmr ahedermpefaiure amd the lengtidotiiae o tiveloaltinatiba process may

be varied i s eBR oS i2p G NG Foraiity B TR B A Uabet at o
[0CE JUt | PR BHHIC‘&A@SU ‘ﬁgrfrérﬂ%é SHRR=AbH Og'édirgg@!fhave a size

nificant crystal growth occurs an
between tandi t000nsmt d hecdaleined paotidles tordistyoftiodialduay epstas, mound

together i fos RS WO 00K YIRS TRl OtTIANY @ PPIAUS Aol o
mledual?ﬂQﬁ?lﬂt ne?%\ﬁpﬁa\% % @é’t@ve@ﬁ ﬁ"l &d gﬁ)wer e. [0068]

I“at e nbec ed in any
[00A0]t abTlee puniwtmmaderbyammmﬂmb?msams 2nanti hiecomprise

. tenperature to a tenperature be ween about,  400C t
cerarmic pagiles BDE POV SYLKILTR. GROVICNE! PRGRIeRtRSaNN 1% BTBGZe
range. THEpARRE ArRXbriges roo‘ﬁ?’%%wp\(%%r e fRHERSIZ% range fused together
to create prsdmmturemm grmd/\ah;emagthm pyrosityrer sing it in water or

LTS i SR B L R SR b pgonton,

have the ﬁoggwgaé@ﬁm@qg}obgq,ésengt h of tinme of the calcination
process may be varied to adjust the particle size and

t hear eact hey havedow selyhildyincaquemsesyiutivns, gsperiellys

bt B SES eSS DAL R RERE 18 oI 51 o
of t;mpumtusal cryst al s, bound together in a structure
wi th good ¥|SI cal strength and a porous structure.

Theb- i ndTbela gllowshepg divegeinemnalgw halledansity,eorpparagen
20
mcﬂlﬁdqﬂ]r@cel_g@lFE)%?%&E@‘F@BHB%%% 188l t&%épé’cl os

shown 1 n onprise cer am par
W t Fetentjor intbe gastrotintestindinteacti dual particles are i n

th ' [ The ticl d
cry&tal | BEENAYe CRBAAIRS PR dRgA e (iSed HOBRePS.
to Elh?ﬁésean% éér'ié%‘éw b8t ﬂwEnQHQ‘éoﬁﬁﬁ&*&% leafsshaRgr osity.

[0071] The particl'es made according to the process of
t hehydretasrtax GPehtilzd andHagECORe4HA. okni the casemfn

Pr or%n{ﬁa'n%m oxychloride, the relationship between the amount of

phosphate bound or absorbed and time tends to be closer to linear
than for commercial hydrated lanthanum carbonates. The initial
reaction rate is lower but does not significantly decrease with time
over an extended period. This behavior is defined as linear or
substantially linear binding kinetics. This is probably an indication
of more selective phosphate binding in the presence of other

anions.
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a. They have |l ow solubility in aqueous sol utions,
especially serumand gastro-intestinal fluid,

woaenpanesdst o non-ceranmi ¢ conpounds. b. Their ROT/US2003/025192
shape gives thema | ow bul k density conpared to solid

ticl L d it ticl I ljkely t
Caudk” T SireReHEn 4 B and Gy 3B0YS S eXRedRRo ek Teds  °
The aeﬁessm%_efwamm BBRfpfcRidHY | %n@%ib‘%hbop?od&_@%

obseérved i netics are general better than the
comeer ci Becaasdoh thair parjicular syucuré 808 )AMz0Iubility, the

 n2Grs SR BB, Ry b BB B B e
bouitrfon s cad dirbbiEin thedfoddstRang! oser to
linear than for commercial hydrated |anthanum

[0@Z&2]bonRiféarentiinsthamum axycarbarates mavatbeenprepaead by different

q Nt ) .
metnods SRS E LM hER AL adRE TR bRl Ben tfEn g
oxycarbofdfst@npbahdywlth nedely kiiffsientradctiehirates arbiobtained.
robably an indication of nore selective phosphate
(0673 nf desiieble lanthasnEROYCasbABH BkaeCOYE O, Where

2<x< 45%&%@@%@3&? %g%@%g@?ﬁﬁérr{ag'q%éggg fttéxﬁ%it%’ a Pelafi\%ily high

rate of refval 6f pdatdlaTo detsrinife e reativiey sf tHedanthentin Ng
products. e. Because of their particular structure and

oxycarbonatg eanpeund with reseect ip phqepatss thenllpwingaproceayinwastised.
t ' i i t G

A stock BB RRARMETA. 7S olrer dBndaiis Nadtipot 3od B4 B o FICIRE
preparedlj;T]cﬂ‘%dl@tbuhsomyiorﬁﬂi)adjae’@jhﬂmqﬂe 3ktﬂﬁftmemogﬂkaredf &yncentrated HCI.

| erent nmet hodgs. ! S een,found.t t, ependl n
100 ml offhersiesalHiien Biiaceb i 8 BRake" WHh By lRing Dok Asarona

. gt g

lanthanuffABRRHAR atk bMeAR, guddd ERNBROLIERE TR0afBUAP ofithanum
oxycarbohaROp@@8¢LisHRCh thiilethe éneunbof Ladn stispensiantis drtumes the
stoiohion251e BOSREhEplde B Bt S b0t e RALRARS. Bpproes of e

suspensidfiaps B dthetehras thiddgh afiltéhat agpAramaall solids from the
oxycar bonate conmpound wth respect to phosphate, the

liquid. Theoliquwdisage iscanalyzediies phwsghorous. FIG. 4 shows that after 10 min,
La,O(CO3)22xH20 has removed 86% of the phosphate in solution, whereas a

commercial hydrated La carbonate Lax(CO3)3#4H20O removes only 38% of the
phosphate in the same experimental conditions after the same time.

[0074] FIG. 5 shows that the La,O(COs3)2*xH20 depicted in Fig. 4 has a
capacity of phosphate removal of 110 mg PO, removed/g of La compound after 10 min
in the conditions described above, compared to 45 mg PO,/g for the commercial La
carbonate taken as reference.

[0075] Another preferred lanthanum carbonate is the anhydrous La
oxycarbonate La,0,CO;. This compound is preferred because of its particularly high
binding capacity for phosphate, expressed as mg PO4 removed/ g of compound. FIG. 6
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A stock solution containing 13.75 g/1 of anhydrous

Na2HPO4 and 8.5 g/l of HCl is prepared. The stock
weabutoieisdi s adj usted to pH 3 by the addition 8€T1/US2003/025192

concentrated HCl. 100 m of the stock solution is

shows ighCRES Rt AHEE Qe e corderiats aier Fbmin, whereas
Lao(COPGAICPNse S BERUL: iy A4S 4y POIKP R B RoRpRO VST

such e anount " of L ston I's
[PBé6] st diig.hT ehews ithe mie ofireastiedesdth phosgetwte ob i ex;edaybonate

LaZOzoBa'aLg%sﬁ he hosBE%taghO?’af%goﬁ ﬂgé P?‘Bg%trgtf’afﬁ%{ﬁl on_ ar e

comparebrlto %@% rér cfdrﬁmeraa IahﬂhﬁHUFﬁ cérrb@n!ateqyrséa §§P@¥bferic‘é
anai/ for sphorous. FIG shows that after 10

[AOR7 La%rmmsm;dr@@mra@(yperhw@e%b%ebeenmqﬂm@pﬁeﬁeéent

methods ket T 93u o0 emoves only 38% of  he

phosphate in the sanme expeplgrgntal conditions after
the sanme tinme [0074] FIG 5 shows that the

La20( CB) 2xH20 depl cted in Fi g. 4 has a capaotialy of
phosphat e renoval of 1P8TPYPFABEENDVigedtign of 1seorder
conpound after 10 mi n CHPFPLHE T oublice i RMS des omtk bedhnt

Sample I@gmf,ou&orrpar ed to 45 meuPd4rO far th@mgﬂﬂger}gl al La
car bonate taken as ref raétﬁiﬁce [916) 5] A OH‘% .e1f erred

OZCOB Th S con‘poung1|s preferred because of its

pé?#?(EQp)ar'r* hi gh bi ndf ng capaﬂ?y 1&F%hos phit%,
e*prYEReeXd20 ny P04 refbved/ g 849 bdnd. F-98° 6 14
W 024018853 PCT/ US20bD3/ 02519288sh 1t hat 83702003
biLaBOs1@M miin®04/ g of La conpouB@b af t&27510 i ;545
whes®R86: La2( C03) 3. 4H20 used as18 ef er®G2¥8e onl ¥48§ nds
4Ba@PsROUhglidga conmpound. [0076] 1&8g. /3Ghows A.3& rate
ofLagmacti on wi th phosphate of th&5oxyczarbonat®36
Laagazg@ommfng)er 10 m n50f reactine, 78%s0f thw434
ﬁ{ﬁghate had been renowedrgil co ared to 38% for

P49 ant hanum csaaimB' ate tged a%%%Pef er chi®
0 [(58#‘7?3)55&%9 es of differ eﬁrtc'a oxy€dr borfaf¥s hav®&%%¥een

= O W ~NOOOL~WN-=

made by different rret hods as shown in Table 1 bel ow.

Table 1 Initial rrgl e nunber BET Fraction of 1st
[0Pd8] Foreesheamne the ssifececsePoeassred byite BT method and

the fraction of phosphate remaining after 10 min of reaction have been tabulated. The
table also shows the rate constant k¢ corresponding to the initial rate of reaction of
phosphate, assuming the reaction is first order in phosphate concentration. The rate
constant k1 is defined by the following equation;

d[PO,)/dt = - k1 [PO,]
where [PO4] is the phosphate concentration in solution (mol/liter), t is time (min) and k4
is the first order rate constant (min™"). The table gives the rate constant for the initial
reaction rate, i.e. the rate constant calculated from the experimental points for the first

minute of the reaction.
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Sanpl e Conpound manufacturing area remaining k1
met hod n2/g after 10 min (mn-') 1 La20(C03)2xH20 11
wO20®/0065530 0. 949 2 La20(C03)2xH20 11 35.9 0. p6B/US232025192
3 La20(C03) 2xH20 11 38.8 0.171 0.837 4 La2CCb (4 h
5,18

1007 9153"Pls {8 5bows (htiferd 5 frggoc STESRUEh SgkBeYE Shecific

surface aL@éga@% Enﬂeﬁ:& o@ pﬁ@gpr{été%@ea&e&%ﬁ@p% (rﬁiﬂ Nt hbpeérts tﬁat in this
0.483 0.43 cormercial 9 La2(C03) 3. 4H20 sanpl e

series of tes& dhezaos. lmertamt)fapm@mﬂugrmng ﬂmaé@ﬁfrmagtlan iothg surface

aroe, ina Ry b BB B8P oAb G P BBt o2
manufactQF‘E?Sl\lhii@ﬂfie sUFEBE BréWcat beachibvetbyadjusasd tHhmaaufRicheiiy
tabul ated. The table also shows the rate constant k1

method og by raidinenal manufactures praductal rate of reaction of

oGHHISDTEIG: S BRRUADR 4 Biod AT Bl R s
compoundgfynsditipy thbfirdtalrtiemiate censtaht ad givehRAAlabils | and tHelBET

[ PO41 where [PO4] i s the phosphate concentratign in,
specific sSHFRGE BEPR.( %E/qqr@@tpn qan; ke renresemnier )by gtraight fike gring

through tﬁé Bﬁbmorlﬂecfthé@\ﬁvg d—‘soﬂﬁthﬁpéxﬂéﬂrﬂent)al e%BF3 tﬁé%ﬁalqlhtéeéf ﬁe‘é@tlon

const ant the initial reaction rate
appears m&jeapmpmllmml to éhe phedpichié concerteatiapand aisnttalthep)avalrlable
for the first mnute of the reaction. 15 WO
surface a4/ 016553 PCT/ us2003/025192 [0079] FIG 8 shows

A >
md%ﬁf acg\ﬁgﬁggﬁgngg &ﬂﬂ]oo%éﬁ\{ of hlospha 25(%%2??2@@ g?? gr;ved
dependerde on Buﬁecean@@and phhaphate adnicentretion swmydie explainedtiea
rtan ctor i nfluenci t.h n
nucleophifg 3ipsVg thd Bhos 5 orf g SHERE P Nane BhEobahaRs Wi,
resultant Rfrniél@n%éﬁﬂh@ﬂﬂﬁi shotphbteel aROY oFonéxarfpley fragé ok arBonate is
surface area can be achieved by adjusting t

LazozCOnafgl@fféacmm will befet hod or by nilling a manuf actured
product .

1% La,0,C03 + PO + 2H,0 = LaPOy + 4 H,CO3 + 30H"

If the rate is limited by the diffusion of the PO,¥ ion to the surface of the oxycarbonate
and the available area of oxycarbonate, the observed relationship expressed in FIG. 9
can be explained. This mechanism does not require La to be present as a dissolved
species. The present reasoning also provides an explanation for the decrease of the
reaction rate after the first minutes: the formation of lanthanum phosphate on the
surface of the oxycarbonate decreases the area available for reaction.

[0082] In general, data obtained at increasing pH show a decrease of the
reaction rate. This may be explained by the decrease in concentration of the hydronium
ion (Ha0™), which may catalyze the reaction by facilitating the formation of the carbonic

acid molecule from the oxycarbonate.
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[0080] FIG 9 shows that a good correlation is

obt ai ned for the sane conpounds by plotting the first
wonoewoissaBe constant as given in Table | and t kreTBE1003/025192

specific surface area. The correl ation can be

resgnted by a raight |ine goin thr h t
o881, o T Uiing ol toy g D, aneker PER AL AR iehdanuh
oxycarbopg‘(e: .Jﬁgé prL@éﬁ charrI%ﬂﬂ{dn%Pn oi&R)%‘?l?(S Qet*?§h HPJ%QWS'S‘P\%@Jn First,

sphat € concentrat’ on an al so
an aqueacargaiol uttaneof Iautffaemum alnleade iOmade twamwmemmi n@nleona‘dilodyo

th at th b . :
make theRlulafb Rl dissal(s PaEER LI SHREEE ifialsn tpper i
an HCl s&ﬁﬂorbeAﬁéEHe’l“rﬁ@l‘}’)o@’ro@nal@lﬁ)‘eﬁlﬁﬁﬁl*idnum ahibAak sefutiohds to dlssolve
hate ion on the La atomin the oxycarbonate, with

pho
lanthanum Q ina hyydraahlorinacid sohibRanum phosphat e LaPO4. For

O, Sheliac BT BB Stk RN, BB, Theach

solution |§ tHeh HB&IER to 8808, A brévisusipbrepated iamalytidalyratdbasodium

di ffusion of the P043- ion to the surface of the
carbonate ig/stepgnatded aNar amerigdaf RAmuss yvidavigerosey b nbie mass of

sodium cé%n%?ec' i odlﬁ%hdr g'd%ﬁ&ﬂ A 63?38%%%?%@&% '(::'aﬁbctr%t? %@Egk?ﬁoles of

ani sm does not require
LaCls. V\meﬁSthetreqmr@d thassadf\sediurs padionate §hle|t|pnes;edded dhsoesuitant

Slurmy or SUsPenSIan b IBWRRk B1CUr AT POHTS B AN Bs ey easrRTn Brinen
filtered aﬁ’c’j Na@ﬂ%@ %m%%m&%% W e? ﬁ? ro?ﬂfc%?{@le@f‘ letr*é?e The filter cake

carbonat e decreases t a avai | abl'e
is placedﬁeacztdrwectlcﬁrﬁ)ﬁﬂéﬂx at nog%ﬁ)efbaiz hodas ar ob’ulaa slratblea‘zvaght is observed.
I ncreasi ngng show a decrease of th action rat

The initiatBHot 49 LBE S EPM B oyhilenbedial BRS the SUSRERRIPR AeGAUre is
5.5. Awﬁlfé%%{g\?’ggy%ryﬁ?am (liltgplegg t etpgwg%hégﬁyarﬁﬁéﬁ% Calykgﬁ)iogate
four hydrata (L ap©(@0Oy).exHa)m THeenuxpenobwaterenolésule® iz fid cOTGSEad is
. PCT/ US2003/ 02 083 t LG 10,
approxi R M3y \6%@3%‘%"’8?[‘%a@niéwé%ni%ﬁév%%‘%onat e and
[oogs]par truw&grnow Rt lNURBiNEAs RS fortfihkingBrtyafdus

I' S 'shown rst an_aqueous sol ution of |anthanum
lanthanumhdxycatkoriate wmareowny Firgt, mptasp@ousrselytionefdanihanggkehloride is

h I
mace by 15 5ol R o Rl SRS L bRBB R M feria
Ianthanummﬂdﬂﬁ!e BB/sknd it wabatke ib A HEddiaiisnn ARbther deethiot tih inike the
is to dissolve_ |anthanum oxide in a hydrochloric aC| d

lanthanuraathierids soluios g tordisselyelantaanumiaxids & phydeghiayicacid

solution well-stirred tank reactor. The LaCl3

[0086] The LaCl; solution is placed in a well-stirred tank reactor. The LaCls
solution is then heated to 80°C. A previously prepared analytical grade sodium
carbonate is steadily added over 2 hours with vigorous mixing. The mass of sodium
carbonate required is calculated at 6 moles of sodium carbonate per 2 moles of LaCls.
When the required mass of sodium carbonate solution is added the resultant slurry or
suspension is allowed to cure for 2 hours at 80°C. The suspension is then washed and

filtered removing NaCl (a byproduct of the reaction) to produce a clear filtrate. The filter
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solution is then heated to 80C. A previously prepared

anal yti cal grade sodium carbonate is steadily added
wowess/aeciseri od of 2 hours with vigorous m xi ngPCThS2003/025192

mass of sodi um carbonate reqw red is calculated at 6

. noles of sodium carbonate nol es of, LaCl3. \WWen
cake is plasedR qUionuaciis SveR 26 4Bbtimiard oS W acidkleiveignt i
observed SR U4 B SPYEAE, oS5 2. IRRETAENE b ik Sipencior

after curé lsl 5.8r @dwhitd lavﬁﬁb&u#nmﬂybadmmatehydirewpowdeers produced. Next
duce a clear filtrate. The filter, c [

I d .
the lanthapug Qpbenaimhydiaie i Plaged b 31 ﬁ't@nlﬁaﬁwg', whiglhis flaged in a
high tem@é%?ﬂjé 18Hrrate® m%/ﬁﬁe powa%][l na‘%é‘t%g t@}dot@ﬁ]gté?ﬁ held at that

t| on1s 2,
temperatatsfmﬁshmsaf/ﬁnmydmusemﬁz(ﬁ iSformedhi t e powder is

10BB7E - Bllrativeho e ATRIBE Iithat ety SRpy e fasmed a5
indicatedgggﬁgkré?ﬁod?g&{?gm Fie I)Po%that'éB'aﬁ %@%Hﬂ% @ 24 h instead of

oXI mat e etween 2 a 4 (an

3h or at 60T fHstea?obHOD AT, Th@@é@ltlﬁ'gl produgt hawthe s&in@. chiemical
anot her process for maki ng anhydrous | ant hanum

formula, byt shavwsoa gifterpst BalésiR. In@nr ay@ﬁn@wga $6a8 ANGk Hbitss a higher
physical %@8@&%@&@@# dcd ar hé’é W6t %Frgmgoncfiﬂg t5BtHIgkkr

€ the I on |s ve CO
temperatUﬁelflbhalltmgerMawimatmmmMetlaUeflmafd harteeas ba,C@s.an HCI
solutign. .Anot her r.rak e .lanth
[0BRBLr | dEiBg Jombio fg? §0¢ Eﬁvlna Nt qnd an outlet

504 is sh%ﬁﬁ’f Oﬂjﬂal EviCe @@bdrr?y? %b% ‘tﬁ’é‘forﬁrp&@illté_m dtﬁéi@uﬁéﬁlé‘bbﬁfémer

ace In a stirred tank reactor. The LaC
Dlsposeds beMee@rthesnlehEGZ maditbd ouieBO@ is/m pukstratasiop ipribp i@r@m of a

paratty e Bt E6AEBHPGF o P SRR “H R Bl B0 B,
ﬂundlcall)ﬁé’drﬁf@&f’éoetdﬁﬁ Zyﬁgl ma&:rmeé fHibadiedhith HerMbes flolvs seAditubtly
car bonat e nol es of LaCl Wien the required

remove phrsphate tssomamoaanﬂtlwaar@ -easthueoropoyRd wifidthasphate in the

bloodstrdsif i 878 oSt tiidebnsfne SHRBAIR\AM aRl| AMERLRELE Tndifibd of
reducingfthé it b phuspigattlbldoal th;ipd:@dpﬂd;eS)tomtbetlmgeﬁtH blooyl with one
to produce a clear flltrate The fi

or more cyPRPWIEYFhpEreeeniioveHiRniopa tm§u{fl§le@t &&Pq% the amount

en at 105C for 2 hours or until a stable
OfphOSpﬁQ% ﬁ%#g%o?éserved. The initial pH of the LaCl 3

[0989}Jt | dmyeisarﬁbtﬁer aspect of tree preseht mMenﬁorn Hbe slevipensimay be
afte ure is whi t th b t
providedyg @rfhéslig%q@e?o fh@t BAT’%QI Igglgtallr}a{gg(taarrrllgleJ éﬁl ! o@ﬁ\ogphate or
other 1on§m¥§ Eé%@@é& s Ered ildtS02 AFRYH Meddubalan 596 ‘té 8¥ntact the
i's placed in a high terfperature nuffle furnace.

compouritseofithe peegantdreritionranst euf the o6 GhdARepidinglytingne aspect
of the present invention a method of reducing the content of a metal in a fluid, for
example water, comprises flowing the fluid through a device 500 that contains one or
more compounds of the present invention to reduce the amount of metal present in the

water.
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tenperature for 3 hours. Anhydrous La2C2C3 is forned.

[0087] Alternatively, the anhydrous | anthanum
woxysanésspate formed as indicated in the prevPguas2003/025192

par agr aph may be heated at 500 C for 15 to 24 h

instead of 3h or at 600 C instead of 500 C. The
[00983 ul tThejfollpwingcexamples rse eantdn divstrate b\ﬂ“ofﬂ%]lr@t't thepresent
shows a different pattern in an X-Ray diffraction scan
and exhi bits a higher physical strength and a | ower
surface area. The pr EXAMRICE lespondi ng to a hi gher
tenperature or a | gnger calci

[009d]e An pavess ¢l sb@rsyowwaggh&% QfEL' b asnjgaerﬁta“ chloride is
injected |r§§§maey &&gr %K'é?}go 't@ﬁm‘ﬁ%gaﬁgge 81’?50%13 O%Ie%terﬁ% dt& product

formof a

corresporfi ngPtdWm@ spidhy-ablieg sy 8l r@eévere@llﬁ pdgedfilteet Wi wttdarenedlate
inlet 502 and the outlet 504 is a substrate 506 in the

product isfegleined a§90%10bfcm4 bourist RIRe 18rshewsea seayyng @edion he

micosree 3Rt 4B 25 QBRS04 porus

structure ﬁirm@d dflreeaie-like aﬂtle@sﬂ YThe EMdmnImqt&tthM of ¢lae pramhuct
he rare-eart ngound wi th phosphate in the

(FIG. 13) Bh@‘dﬁs*,'ﬁ@téb@ﬁnqlﬁsloﬁi@ @?Hf@&xyﬁlﬂlorlgﬁéa%sent i nvention
[O(fanzis ohi (?Hcg@%gfeg@gareﬁﬁtmgpoﬁhe Iéﬁﬂgﬁuﬁgcclrﬁﬁo@ﬂﬁ%h r@gpect to

e’in rrses contactl
phOSphatW thie foltewing nemmas comqumiedsAosﬁotm solptiers eohtalmmgrﬂtsl Zﬂng/l of

ooy R AP b e eass ot e SBAR g s v
to pH 3 byg{hé Q&dlg&‘?ﬁﬁ%?c? %ﬁéd 261, heakiBuhcsr FiPmIeY tiestock solution

streamso that a fluid containing
was placeal imet beakeraviti a |sbmngob@s pHa endranusn bychlorideriipnbabove was

s o BRSOk BRGSOt TR P AP SR B8 v

such that W ahftRin@bt | £1n 50beniciPivels Bdiintes ke Stokhicmetic ambuhhe
present invention a nmethod of reducing the content of

needed tareast gbmipletalyfwith the presphai@nPrepies efrthesyispensies were taken

. flowi t A '
st i Vi U 4 e 0HE P L5 AR B0l R i
sample was el zel foepmosphopdusteF G, 1f sisens tHardidef phaseiate 18moved
WO 2004/ 016553 PCT/ US2003/ 025192 [0090] The fol |l ow ng

from SO'“B&@an es are rreant toillustrate but not limt the

present in %yﬁﬁ:ﬂ aqueous
sol ution con a| ni ng |J“F'[vLa as @Q?ﬂ hanum

[0098]or | Te determine the reactnvnty of a commercial lanthanum with respect to

invention.

phosphate, the relevant portion of Example 1 was repeated under the same conditions,
except that commercial lanthanum carbonate Laz(COs)s*H20 and Lax(CO3)3e4H,0 was
used instead of the lanthanum oxychloride of the present invention. Additional curves
on FIG. 14 show the rate of removal of phosphate corresponding to commercial
lanthanum carbonate Las(CO3)s*H20 and Lay(CO3)e4H20. FIG. 14 shows that the rate
of removal of phosphate with the commercial lanthanum carbonate is faster at the

beginning but slower after about 3 minutes.

19



injected in a spray dryer with an outlet tenperature

of 250 C. The internedi ate product corresponding to
woOheo4gpeay- dryi ng step i s recovered in a bag fPCTAIS2003/025192

This internediate product is calcined at 900C for 4

hours. FIG 12 shows ' el ectron m crograph
of the product, enl arégg?@gﬂég% times. The m crograph
WS I
[0 @ﬁgu C|R %%%Eﬁs Q%&g%ﬂé%ﬁi@@ﬁ@oﬂm@%@%@?@ Eand containing

n pattern
LaCl; ( Iamhmiumtchlcériae@at majonsbo’wetlmmaf 292 wb%saaSLazQa‘WBaladHad dena

four liter Wl on! de ﬁ%%%&ﬁﬁlrrﬁqﬂ l-ﬁ81etl'\9nelo (glig| @ﬁon

was 2.2. T ﬁ@h&ir‘é‘d‘é?ﬁj é.ﬁts;tﬁv\éaﬁl @m«ﬂaabé&s éomf.@w Koﬁt@ﬁmh%% 59 )9 of
cont ai ni ng anhgdrous Na2HP0O4 and

sodium carboRate mcmas)mseneterﬁé infodbk heetast beakeiasingip @maibpump at

s sescy BEs TPl G5 LBt PR BBt S

paper, thé’ﬁﬂn‘é@é whistdeparratet fffdrﬂilﬂw@wmte'ﬂw/deﬁﬂpirb@.mmmmfér@:@kdQvas

from above was added to the solution to

mixed fous disprmwits 2. literscofatisfilied veater andHEARRH Byesh gwrdaéhaé&aCl
formed d\?ﬁ‘@tl‘{ {S'ﬁ FAB WY shh f b‘%r cggé g\%\t‘%?]ébé’dql 63 cﬁﬁv‘e@ﬁén oven

|orretr| C anpount nee react conplete

set at 1054 (Bl‘ﬂortilﬁonl‘wﬁblﬁhﬁtﬂ% st@@l@h@@mﬁvmmnm@m 5\/Sh@NS a
taken at t|rrE|ntervaIs through a filter that

scanning sigeiioi rém:ragwapbcqf itre Prodiats wialrgeaim 20,06, Emesgut e micrograph

h
shows tn§ BEBUEIRZG AR Tnd B RARRRECHRUS R i g o oo
product (K& nr&)rsa:bu\isethawawh:ﬂ%ts[&(!ﬂ/a}aﬂéd |aethenoimnexychebonate hydrate
reactivity of a comrercial |anthanumw th respect to

(LaxO(CQudorsipt@), avith R ¥ €levant portion of Exanple 1 was

[O(Eﬁaﬁgﬁ 38 a(é‘é??l’ﬂ{l?% g}ﬁeur:%a%g\r/ ij hte' I%H@T(aegg‘;(gﬁ%om@\mh respect to

phosphatbaﬂ(eﬂaﬂb\'&m@'@@t was coudﬂdednsﬁ e@dk&blutima domtdihmgutB.75 g/l of
chl oride of the sent inventi Addi t i an

anhydroug Nk Opant B oA af Ei&eswwepaf ofh §Pﬁ9ga‘i°'l810” was adjusted

to pH 3 bg %ﬁgﬁtﬁnﬁg%@g@?%g%ﬁ@ /@Lrg ( 'tgm @mFII @Hé”stos?ﬁosvc\)éutlon

was placédmt a tleekerawith actirmirenbaal Larﬂthahumcmqﬁcartﬁrtdhe hlyérate powder
co rcial | antha ar,bonat aster at .th

made as §RERTHAthAPENA Wer SAHRY 16 ok Sakfio- Tha areul of 14

oxycarboR SRS Hgéoﬁ@_r/ W2 908 B i8e arr@&?ﬁ’Bi Ead BQQ;%HSIM was 3

aqueous sol ution having a volune of 334.75 m and
times thecstoichiometyc amnoing needad kareant completely) with the phosphate.

Samples of ﬂwceeQthsrpaetn's?onn v(\)/fere t%kénvgt tl%ie %tér@gf%?thmfghaéjﬂﬁ& 3t erarated

all solids from the liquid. The liquid sample was analyzed for phosphorous. FIG. 17

shows the rate of phosphate removed from solution.
EXAMPLE 4 (Comparative example)

[0096] To determine the reactivity of a commercial lanthanum with respect to
phosphate, the second part of Example 3 was repeated under the same conditions,
except that commercial lanthanum carbonate Lax(CO3)3°H20 and Lax(CO3)3+4H,0 was
used instead of the lanthanum oxychloride of the present invention. FIG. 17 shows the
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four liter beaker and heated to 80C with stirring. The

initial pHof the Lad 3 solution was 2.2. Two hundred
wan4giessy five m of an aqueous sol uti on cont CWiUS03/025192

63.59 g of sodium carbonate (Na2CO3) was netered into

ate of pijogpeeiePaovia i aho ik Remiheateh st serfyie Tl e

and Laz(cﬁos)%ema@ t p1&i 17 8howd aRRthe taR df rbhfo@bﬁomsw@@é aithdhe

omthe white powder product. The filter cake was
Ianthanumm xevgarhanate istestaitoan withi the comynewial danthgaumetasbongie

hydrate ({'é%gﬁ@nwéf?\g@%ﬁ?g@yktw%&c ak ef %ge& gg[eld n|gn: gea

convection oven set g&XANMPLE $o0or 2 hours, or until a
stabl e wei ght was _observed. FIG 15 shows scanni ng

[0@9Ect r 6 aﬁttqqs@rfé%kﬁ%tﬁthmbawna@mlum@rﬂfwe%ﬁ mi@ndmntammg
Lac (atp e SGHahA AR alON Y PO O FERE LS B o

liter beakpr add ¢'tea¢eFd o 80%) with mmg: arthe im’mjr;ﬁ-i of ’shedfa@iy SDkutled was
| ant hanum oxycgy bonat e hgdrat e (La20

2.2. Twoghundred and sigysive 1ol of @neaaieryis %uv%é?n@?wm%g ool Sodium
carbonat% gﬂ%%\%@gg WSS TRABR iMd the! ﬁéag@&tbe'éRer EQH% RNGh&H phhp at a

test was condu A stoc ['ut1 on
steady flavw ratai for AdiolBs.7Bsila Bﬂchaeﬂi}ltarm\gsapmmmaddmﬂi Bltey paper

d. . Th d
the fitrat§ alygopgsteRt 0 Adar MDA o g featdhaTatp HERF o3k Wi Bhveed

four tlmeé’fmtﬁoé)hﬂ@rs Bf dishBecPivatef arel fitdr&d to Wash F%Jvé’é%ﬁt%e' Na@! formed
beaker with a stirring bar. Lanthanum oxycarbonate

during théyeaction. pbveiwashed fierneakeonas |pt%1$dabt§x/% caavedigicayeancset at

105° o} AR s BICe SRR W B SRR

oxycarboRHEPRAS ipkicatiin ah alhhﬂﬁ@trtatlm Strﬁuﬁlblfomﬂc@ CF rwmumace
needed to react conpletely

temperatgegnyps sagpediie S90se ansli hﬁld @é?f@tttgm@ﬁr%w re f%@ howrar Jhes
resultant tp%cﬂﬂzg t\‘}v%néléqehﬂ fneghtatb d%l?sdlanﬂllénﬁﬂ fo'xgéarfabﬂmet N&0,COs.

s anal yzed
[00%)]8 pha heLproceEésﬁNaé Vepesdiedvmrelaetlmes elrobnepbasytiae surface area

of the whita GeMaCT SRR SRR DS 25 e 0 181 O TGE CUpRTNEN GRaNCes, the
surface a'g?é‘%ﬁg%?léﬂ&é{ ats RS8N IPT aiﬂ%oﬁ p#ﬁjeets E@s@ﬁgﬂﬁ’? eR#tlon

was repeat ed under t same condi tT ons,
micrograph o tite sﬂnmtunegrmmnrgediBOL(mﬁ fimeamTbermisnegraph shows that the

structure {815 SAASHIR B EER S SRS BIeTIREE) BE BBRIOK RGN (U Particles
of about ﬁ)@nml?] SPOVF|Gheg BarYR- r%QQﬂﬁl%l:ﬁéﬁ%aR@ﬂH éﬁﬁﬁiﬂg/tﬁgﬁtﬁ%%oroduct

rate of phosphate renobved usi ng the comrercia
made heleistataannydrau$ tadhanura 2xpoaperate written as La;02COs.

[0099] To determine the reactivity of this lanthanum compound with respect to
phosphate, the following test was conducted. A stock solution containing 13.75 g/l of
anhydrous Na;HPO4 and 8.5 g/l of HCI was prepared. The stock solution was adjusted
to pH 3 by the addition of concentrated HCI. An amount of 100 ml of the stock solution
was placed in a beaker with a stirring bar. Anhydrous lanthanum oxycarbonate made

as described above, was added to the solution. The amount of anhydrous lanthanum

21



and La2(C03)3.4H20. FIG 17 shows that the rate of
renoval of phosphate with the | anthanum oxycarbonate
wO20d4a8638 than with the comercial | ant hanum earhsn@Be25192
hydrate (La2(C03)3H20 and La2(C03)3.4H20). EXAMPLE 5
tlon havi n

oxycarbo%gﬁa \1}%3 lﬂucgﬂueotggtagnowrﬁgf @d@lsﬁ's?ﬁﬁﬂgﬂg\‘ﬁ% gm%rt]‘"a e)
stOIchlon@tn@aﬁfH‘Lﬁ"@ ‘%EBEH ) ré’édct hegfpe%b ty tﬂégﬁﬁsm%ﬁe a %Iéﬁof the

ter beaker an Cwth'stirring
suspensioniwtdraltaiah af lrltéraalsamreuglmbdﬂteoﬂwakaepamted alleolits frdmethe

iauic. TS\t Salprle Yiad mhehabBhatoopharsben  ndd RRosene e

phosphat"ef}%rﬂtﬁ;@ded beaker using a small punp at a steady flow
rate for 2 hours. Using a Buchner filtering apparatus
fitted with ENAI\éIPLEaﬁo&ompathe examplelas separ at ed

The fi
b6, 1B B FERBRY 8 b coobidl B BTV rospper o
phosphatel tH@é@@br{qID%me)lﬂ Efmmplé B@vd‘d&@pe&ﬁ&d@ﬁbenﬁhéls@mé bénditions,
reaction e washed filter cake was &aced into

except thabaoenersial tharwn carbonede Eas(©rO09shisly and, h@z(pcba §4H20 was
used mst@é&%lf?héf\'ﬁé MotV ao)i fﬂ% Cﬁg’é&‘ﬁr invér'ﬂf’cM YFId.BR é%@%ur@ft? P,

carbonaewa n an umnatraylnarru

removal cﬁwhta;pﬁatér IJSmblihemmmérefab%hammn\mbmmmz(mﬁm and
hel d at t hat t%?rature for 3 hours.

Lax(COs sghzg aRtG b slews it thprale of Femoyal %‘@Wa%wgh the
anhydrodsa\ﬁﬁﬂ\%'ﬁﬁm BEQ’@BQR%t&oéﬁ&%%rd {ngotg%e ﬁ?@cé%rs%?f‘?ﬁé present

was repeat e ree times one C e surfac
inventionds mteomanﬁhewlatet ebsmvelkwithaonueewial lartthanomrbearbéngte hydrate

ln t t two i nstances, the surface area
LaZ(CO?*)g'ﬁ'ggin@'&@Fﬁé&fqgf'gg{zg shown in Table 1. FIG 18 is a

scanni ng el ectron m @goupeE pf the structure,

enl arged 60,000 tines. The m crograph shows that the
[0810ct év solition poRtaiing 60 @/liof Lamla@thamum acewte isonigcted in

a spray-dffos BPco el ethaziethie BEH0:  Tne FlnMRaitets RrediEl n,

d'@t@ & bfediih 2RBYItEES ThRNhRAMEMat
correspo%@@%é?@lg?]g?%fyﬂ en gsl, g@é’zcoe g To determ neae

product |$ balcireaicati 60(1°93 for 4thduss.| BHE hath amwsmmamlng ¢lecirespect

ricoarsb ot RSERUE el Bebe Fipt 23 Bk Bl arracton

pattern of‘ﬁ%"ﬂ?@ﬂ!u@ﬂﬁ'n@tt%h%s tﬁfat |t"€6né(i§‘t§ d?raﬁ‘mgﬂﬁihs IARthahuRE K
tion was gﬂﬂtUSte to pH e addition of

oxycarboaata: diiter 4iRay priternss daﬁﬁmﬂfr@n tl1©0atterroconremocmdmg<to Example

5, even fidftirBlene'ReReifioala B BEREFhotlnd s ek s Rrmuta for
this com;ﬁﬂ@ideis wWratterpdsl @Ldazt}Dg,g f@oﬁn@bﬂhg GSThe mbh@hs that the

compound ofxcﬁg%l#gseln%cnetxg%]plfén shows a structure of leaves and needles as opposed
to the round particles formed in Example 5. The particles may be used in a device to
directly remove phosphate from an aqueous or non-aqueous medium, e.g., the gut or
the bloodstream.

[00102] To determine the reactivity of the lanthanum compound with respect to

phosphate, the following test was conducted. A stock solution containing 13.75 g/l of
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WD 2004/ 016553 PCT/ US2003/ 025192 oxycar bonate was

such that the anmount of La in suspension was 3 tines
woOheo4/86538chi onetri ¢ anount needed to react coRrpiraSeln$/025192

wi th the phosphate. Sanples of the suspension vvere

taken at intervals, through a filter that separate

anhydroug Ne:8BGand G AEHO Wwgsi RIepanee- | Thausigck z§ﬁb4t'@nv\ﬁ%3 adJusted
o515 8055 cRUBAMSAR By P et i bk oo

was place[cDmJéDBéal@ wieH erstirrirey bére La8Q4 povwgerpmaaecasdeseitald above,

ant hanum wi t h_respect t hosphat e, the second
was addegriogha ARIEOR. v F1BpKa: anIBHm Gy CoHRTRIAAS Sustchat the

amount oﬁﬁgﬁ%tﬁ bcﬁP\W}gE é@%ﬁ%ﬁé‘&%@%&ﬁéﬁfcbﬂgggﬁﬁ r%%etdeeéjdto r]geact

completelyhveth th2qieEphate.t Bampleseftheisuspeansion waretaka at inbewals

oo S HE e RO GBS o B
for phospﬁb@uszq:léh Q%M@thbhﬁté 8f ShRphbRIMRMbved fr@ﬁ\0§dﬂbﬁ6r€

h the anhydrous | ant hanum oxycar bonat e produced

accordl ng t EXAMRLESd{Comparative exagaple) i nvention is

o0 e L 4 A RSP g i rspoct o

phosphatb @3k HSnckal ‘ﬂé‘lﬁﬁantﬁﬁ%‘é?b&é‘te[&@(ﬁﬂ})gﬂzwbu@ LaR(CO3)3°4H.0 was

containing 100 g/l of La as |anthanum acetate is
used insteaqg @ﬁ:ﬁhédaniihanan*s@maarmn%e nadenageerding terthe dipesnidnyention

as descrll?%deggchféayggf 3L EOWE AR B gHH% qatg %h%%ﬁ%? ltﬁ? cbPmercial

Tyi'hg Sstep i s recbvere
lanthanunagodrzte Lﬁ@(@@)?Hzﬁr @thg(C@ngtme@ I8t 26@11)@ ‘skmsweﬂthat the

hours. FI G a scannin | ec raph
rate of phgephate Fﬁmﬁbwlthéh}é\iﬁ BN oY E’ 3?@59"%23'% te of
Y dyeh(@09:9H,0 and
phosphats D RV AT B Bk Dy 4GB0 1.0 ar
Lay(CO3)phke@r bonat e. The X- Ray pattern is dlfferent fromthe
pattern correspondi ng }(W 5, even though the
chem cal conposition E rrpound is the sane. The

I bk{/EHlonge cbatinly 120 g/l Ti
QUL To il 1 SRR Hlonte b onts Coagi 200! T

and 450 g/h@l |pm@dtthemwaéenﬁmf\as2 g/l of sgdlum eh@wm@ta\%&a%}m The

coton EGELER 8 PRPRE oAl R £ 25 BT oy
dryer pro&’ucft‘?é:ﬁélﬁlr{e%@ ‘EJIW Rt B, fI'E@ 'Br@@uétqé' %GHﬁecRafd to two washing

non- aqueous nedi um e. e gut or the bl oodstream
steps in 2[ D00 2 ClTan ddist twomwaehmg este;mlutwavtet yFUE. 24 é & snahzing@ectron

mlcrograph Onlp t?ienldOQ mfgterla talnetd(.) It shows a porous structure with individual

particles of about 250 nm connected in a structure. This structure shows good
mechanical strength. This material can be used as an inert filtering material in a fluid
stream such as blood.
EXAMPLE 10
[00105] The product of Example 9 is re-slurried into a solution of lanthanum
chloride containing 100 g/l La. The slurry contains approximately 30% TiO, by weight.
The slurry is spray dried in a spray dryer with an outlet temperature of 250° C. The
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phosphate, the follow ng test was conducted. A stock

sol ution containing 13.75 g/l of 22 WD 2004/ 016553
WOCH#9$26363/ 025192 anhydrous Na2HPO4 and 8.5 gCI/usk003/025192

HCI was prepared. The stock sol uti on vvas adj ust ed to

pH 3 by the addition of concentrate nt of
product of §p fprayfriends irter calaingd 8rB0dHs f?_ﬂ %Bedt p@ﬂ%sb@é&@etporous

TiO2 stru&‘ﬂéﬁg with™ bdét%o%no-#%@%tﬁ?ﬁ@ﬁ roqﬁ@ggrdgi nFS%S?BI i9gd
scannlnglém(ttl'@rnmmrogmf dicthit eoates peadifett Mhe ddetroramicroyraph dhows

suspensi on was 3 tines the stoi i@ tric anount
that the Tﬁ@e@@ﬁﬂql%‘i ple[averalgpigrereinsige-t hhe q@gwﬁ%&e@ tasa

crytanSETBSE iy HRPHORETN IR O TbAIET B iy o,

firmly attécthw t@ thd MO} catailybt sappbe sweacanslayfiadof hiano- S|ze thlckness
phorous. FIG 23 shows the rate of phosp

The Laogéaw@a is penralind ey B¢ TiScwatalksisUPeoRyY Fuﬁwr\% éﬂﬁﬂt&i'@? of
rutile crys{tgf%]\p&]ksg% éjﬁﬁﬂilgjtéwﬁ)rtl_té?)élec?gétbf’ oWt gﬂm%@Fcé'ﬁ of the

hanum w respect to atec

deposit chariehaariea feamndba mtaeohmzencmhé hﬁuarmnmngezgmymmo
sed inste d of t e | ant hanum oxycar bonat e nmade

was
temperatggq:gﬁtgqar?&cpa CREINA Pi nvention as described
[OQE@G]‘S Fid &6 %%%B%nb@edtﬁin%ﬂfm@?ﬁﬁ%ﬁ%b anc{ja%ination

onmmer ci al [ ant hanum car bon La2
at 600° (Lim3{e203)fBOORZD). IthIthleBa(aClspammmsthaﬂm‘e Smallerrancblees well

attached fa iy CaspehRIE e o 1S BAEATNGS SIS-UROVATOBRn

corespof B SHPAPE DPCIRSRABT Lt i aRUIT 3y v

product readé bt 800U0) bt thei LdEOOr d hk présimt @srsomewingt Iéagér@fystals
Ti and 450 g/I Cl is_added the sgw val ent of 2.

and more;¢omparilayprenasing: tee N&@a@mppwﬁecry alsufiGn2® §hpw15éb@ é<dRay

itectoh RgteRp iyt ook ABEBSE Mgl 50T e

also showls t@ﬁa@érﬂdﬁdﬁﬁeslp&nalﬂ@ t@q:ILﬁ‘Q LtaQ)GIV\KTH@ﬁéHMhan@ P®t Bppéar in
nolar HCl and to two was mg@steps in water. FIG 24

the pure 30K petipw sqresnandrtorfutiis TagAsihedempreaturgmoreases, the
poas PGy P S L PG4 EAELHSE5 Mt Lo

as well asMiOs ingreaseshwith ﬂ*tdimmpﬁretmaoms good nechani cal
strength. This material, .can é)e used as an inert
filtering material in Ul 11st ream such as bl ood.

[05%9%F> Lﬁn%ueous HCI solution having a volume of 334.75 ml and containing
LaCl; (lanthanum chloride) at a concentration of 29.2 wt % as La;O3 was added to a 4

liter beaker and heated to 80°C with stirring. The initial pH of the LaCls solution was
2.2. Two hundred and sixty five ml of an aqueous solution containing 63.59 g of sodium
carbonate (Na,CQOj3) was metered into the heated beaker using a small pump at a
steady flow rate for 2 hours. Using a Buchner filtering apparatus fitted with filter paper
the filtrate was separated from the white powder product. The filter cake was mixed
four times, each with 2 liters of distilled water and filtered to wash away the NaCl formed
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[00105] The product of Exanple 9 is re-slurried into a
sol ution of |anthanum chloride containing 100 g/l La.
woher4glieassy cont ai ns approxi mately 30% Ti 02 by Pegiugkhio3/025192
The slurry is spray dried in a spray dryer with an
outlet tenperature of 250 C. The 23 WD 2004/ 016553
during tﬂﬂ@ﬁ/egsmg% be svespediiltes Qake wrastpiacehindy agionyeciign oven set at

105 °C g 3 BB BB iaRee o bsaliedy TRREA! BiBagtn pattem

of the prédidtameNssxEin consige. offlydrated Iaﬁthanuﬁ‘ﬁ@ﬂ/ﬁaﬂﬂ)r@téﬂ ron
m crograph of this coated product. The el ectron

La:0(Cidxrwigr@pwhereods X £ Hat Thehsurfacarsa ofithe @sodues was/aetermined by

the BEEGEAGH, hedodSins feperied sdl oS 2l §héntpent surtage areas and

differer p@4dtion ratéONereadtathell #2 856WH ™ Tabler 1M y attached to
the Ti 02 catal yst support surface as a film of

nano- si ze thickness. FXAMBEEI1Zyrowth is controlled
09108 Big2dokbengkst dcsgqowere desediorally avith@rapsules oblantfanum

oxycart&}ur{ﬂf Las é@b;ﬁﬂﬁ Ec r@&&?ﬁgﬁamq k@@'ﬁ'ﬁoﬁ@( B3 a cross-
over de§§d @@Ing LG n%zgpgggt&émbﬁti '%tﬁ!aﬁtﬁ wiRNESI gbqs hours apart).

re of the seco calcin
The dosesawer¢ adadaptereds30 Mnutesaafsma)mviaig)neoféomd tmthe ammals At least

14 dayq 3 BaU s 5oved BRIVeR e dBp ds Hrinec RsmRaag pbtained pre-
dose aﬁdln?'d &, 63'7‘15 loegs, »el 36, 48 6BCHRE 7RIS aﬁbpaoéhgsérfcpéﬁélyzed for
7 'S Scannlng electron mcro rap

Ianthanc:m Heinpdei-M§. tWrinaiwesrcollpeieddy mibeiarlﬁgh@raaeﬁfrem C.

onpro B gE B A0 AR A1 B bl Faons

measuregystal s and rmre conpact | ayer coati ng the Ti 02

u Bort crystals. FIG 28 shows the X-Ra di ffraction
8} nd h?o‘ieﬁ@s'%ﬁ@lr@@-“it'@nﬁl %!ﬁ@d@h%ﬁ’gatﬁ exuetionmaiter of

o Y AR R i T

below. appear in the pure LaOCl pattern correspond to rutile
Ti02. As the tenperature increases, the peaks tend to
becorre hi gher and narrO\AE‘:dbLeQBovm ng that the crystal

i zZe nf t !nn Laod] ac wwal ﬂll ncteas wi t h

La AN A A @e‘gﬂ?@ Q:Q-J perce;lflles
§%‘I"6’H havi ng é"\?ﬁ?ﬁf@d% %'L'"?S mq and cont ai ni ng

Lad 3 (1 ant haniim cFtg '°é? concentration of 29.2
W % as La203 SC%BI@B er.beaker and

| n(‘JAQ sol ||f| aon

i < nd €2Prsf-4
of B aqueous ..nl Ilfl an 3—7erer-n ni ng 359 G'ﬂ\'f']'@}‘;%ljm

Plasma lanthanum exposure: Overall plasma lanthanum exposure in the dogs is

summarized in Table 3 below. The plasma concentration curves are shown in FIG. 29.
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carbonate (Na2CO3) was netered into the heated beaker

using a small punp at a steady flowrate for 2 hours.
woO=ingiessBuchner filtering apparatus fitted w PaTfiskde025192

paper the filtrate was separated fromthe white

powder product. The filter cake was m xed four tines,

each with 2 liters of diskabhld®d water and filtered to

La vagdarboagtet he Na@anf(sd)Ackaldndi®d tB6 04 Nbiimbith concentration
comjidundBaEded 025192 Cutu,iadnyidmLEact|i 0By, (Hgmbgs(stxhdard
filter cake was pl(stardanddevigtiomnvect i on aleviationd) at

105 A for 2 holirs or ®sh6i(28.e) st abl g wei ght2.®a%$2.1)

obseved. The X-Ray diffraxg) on patitern op45hm2)

product shows that it consists of hydrated [anthanum

oxycar bonat gx AIAPPEAR)- FirdtiPvivbetedy n rats 4. The

surface area of the product was determ ned by the BET

[fe1hRL. Groups of sixadlillrIpeguedaviey rats underaentdiotly

vophro b A 6L o e L LY B B oo

for a furﬁhér taduvecke pabEtlodsiisg veiddmiese dorok@atherits trhecg&@apiz fsceived
| ant hanum oxgcar bonat e La20( CO3) 2xH20 ound A)

vehlcleZQSE/a Igalluipse) ol B%%Umm_faaf thAWithg
oo o Ay OB RO, o

delivereaf 3 &t n elensental lahthbinooh/kgydayne Dosingavas cAtridderalsttimrﬂéldiately
before t%%yéiq%‘”? ho?@&ﬁ@% %@ ddgg; Iggda‘ta?ﬁ@gg gféf Eggri,s) gverg ‘collected
prior to éﬁraqeir?e%r@ (}P‘lﬁ? gﬁt m%n?@ntrlﬂlﬁe%tﬁfeh? ran@loc%@wéaﬁly during the

anum usi ng I CP-Ms. Ui ne was
treatmenbpesod e ¥olyme anldqirmsphatusocortmeﬁb'ahotamme apgasoxédmt el y

BadBht Felebi- HERbdnEacoinalouprnd Tiokl PRI dfe animais

were gl{/éwl %kla@rbrﬂfsp%btélﬁjfﬁ&@ﬁ%@t €. sv&cgt 0BV PaT8BaK No.AD85343), ad
sphor ous |n|ntg Val ues of phosphate excretion in
[

libitum. uﬁ\t e keginaing\wi the traaimentperiod], animata wease pairded based upon the
sveraa UEEHAMB AT AR R0 s Rl BEEREC L SRS

[00¢12]S &/6 Walphedctomy — After one week of acclimatization, all anlmals were
subjected to 5/6 nephrectomy surgery. The surgery was performed in two stages. First,
the two lower branches of the left renal artery were ligated. One week later, a right
nephrectomy was performed. Prior to each surgery, animals were anesthetized with an
intra-peritoneal injection of ketamine/xylazine mixture (Ketaject a 100mg/ml and Xyla-
ject at 20mg/ml) administered at 10 ml/kg. After each surgery, 0.25 mg/kg
Buprenorphine was administered for relief of post-surgical pain. After surgery, animals
were allowed to stabilize for 2 weeks to beginning treatment.

[00113] The results showing urine phosphorus excretion are given in FIG. 30.
The results show a decrease in phosphorus excretion, a marker of dietary phosphorus
binding, after administration of the lanthanum oxycarbonate (at time > 0), compared to
untreated rats.
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0112] 5/6 Nephrectony - After one

pr ey ComspoverkC - 0011 _ _
v weekpHpih Re@l | matijzati queyal | ani malgewere  subj ayg gy

TO0 5/ 6 nephrectony surgery. Theé surgery was pertorned
in tw stages. First, the two |ower branches of the
[De117} eRats swetre myainkaired inghe exhimahfacilibefor ladtaast fiwe days prior to

use,hols e FARREH TS S8 RHER, oA O 3pS AR day oftsting
they we'rrné,é‘}(:){.e\u%;elgﬁzlg< mgtih ghe?g%ﬂg@;b@egﬁéwl tK¥ir d@dtBet. Every 24
hours, their output of urine and feces was measured and collected and their general
health visually assessed. The study continued for 4 days. Food consumption for each
day of the study was recorded. Starting and ending animal weights were recorded.

[00118] Plasma samples were collected via retro-orbital bleeding from the
control (1) and high-dose oxycarbonate groups, Ill and V. The rats were then
euthanized with CO; in accordance with the IACUC study protocol.

[00119]

concentration in a Hitachi 912 analyzer using Roche reagents. Urinary excretion of

Urine samples were assayed for phosphorus, calcium, and creatinine

phosphorus per day was calculated for each rat from daily urine volume and

phosphorus concentration. No significant changes were seen in animal weight, urine
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ject at 20nmg/ M) admnistered at 10 m/kg. After each
surgery, 0.25 ng/kg Buprenorphine was adm ni stered

woaoowoabéisef of post-surgical pain. After surgePgI/US2003/025192
animals were allowed to stabilize for 2 weeks to

vt SR ARRE ATy S F35 GRS o8t 5

groups. Fesults show a decrease in phosphorus excretion, a
mar ker of di etary phosphorus binding, after
[08420hi &veatthougbianthanlmrtosage wasdetaiMebhiamecgrapatgdnte the

amount gigHieseB8RBG5E 43 PSSR Sefetbl 1ar B 3ot GPURLEiRgd g the
diet decreassd b8 @hddh IS Pani® BnkicwUTabled ehSiws ayeeadaidvels dfalrhary
were random y assigned to each %roup. Test itens were

phosphatexaveratays 2,3 eadob ahthestesh 2dprephaspharys xsretiordagonatker of

: C), each tested at 0.3 and 0. 6% of

dietary pﬁpgﬂ%rﬁﬁgﬁm "an additional negative control group
receiving Sigmacell cel lTdbds8 in place of the test

I tem—[00115] The test itens were mxedthoroughly
i it o Tekl ad 7012CM di atUrinary phgsphate exsretian.and/day)
eq@ionsiobnt anounts of |dietary nutridms. [00116] Taple
4 | Qonpoewl B adOe€lzy conposi tion @3 each group:

TalgotnpburidGBLELICOLY qup | D Treat mentg Test Item
celTurose Teklad Diet Negative T control 0.0% 1. 2%
98.8% Conpound B Il Md level 0.3%0.9% 98.8%
Conmpound B |11 H gh EXAMPIEA% 0. 6% 98. 8% Conpound C

[00¥21] d Tiesteivete B th d6teBBingdthe Gimging efficiznoy of gjpht dilfetent

oG SR RSl Y o Bb0 B R Brd Bin
Table 6.
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Table 5 Uri nar
14,0,ceynmpound

excretion is aRracikéation by @ddingrsoditrossitosnate solutidinrg.

yanthaspimacdordes selufiom at 8Q7C fyllowddoipy calcination
Bt 5ba2C%6(8hrd: vSlaBR@f eI /H)La2Cb 1.9

which thg Irc(ce)ngploun

EXAVPLCE 157 |
bi ndi ng effici
[omeﬂ]ymmmam

S bmd

I21] Tests were run to determne tne
ency of eight different conpounds for
bbjecém oétlmrteetsswas‘l’ teeinvestigate dise efficierty at

Tabl e
arsenic and selenlum in view of their use in removing those

elements from drinking water. Twenty-one different anions were also included to explore

further possibilities. The tests were performed as follows:

[00123] The compounds given in Table 6 were added to water and a spike and

were vigorously shaken at room temperature for 18hrs. The samples were filtered and

the filtrate analyzed for a suite of elements including Sb, As, Be, Cd, Ca, Cr, Co, Cu, Fe,
Pb, Mg, Mn, Mo, Ni, Se, T, Ti, V, Zn, Al, Ba, B, Ag, and P.

[00124] The spike solution was made as follows:

1.
2.

in a 500ml volumetric cylinder add 400ml of de-ionized water.
Add standard solutions of the elements given above to make

solutions containing approximately 1 mg/l of each element.

3.

[00125]
1.

The tests

Dilute to 500mls with de-ionized water.

were conducted as follows:

Weigh 0.50g of each compound into its own 50ml centrifuge tube.
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WD 2004/ 016553 PCT/ US2003/ 025192 Table 6 Test |ID

Conpound Preparation Techni que Cal ci ned the commerci al
wWORomohessp La2( CO3) 3H20 at 1 La2C3 850C for 160rAIS2003/025192

Prepared by spray drying | anthanum acetate sol ution

and |.cining at 600C for 7hrs (method correspondi ng
24 0 #@38@@&%@@%88 ikesoliandg pray drying
3.1 antban lighdhaed Bh@k%MIQQfWﬁme 8he®l ci ni ng at 700C for
4.10hrksltémsbhuidn cioome spoimdiendrifuge FiuBe  thHBougtoM. 2{im sisdmrge

Q03 it HObt&ur~Bmalssfdilttsitem Prochem (conparati ve
5.exanpilgg fiNpsies B:10 hathn2dhaNO3f FimdhMatix ighes BINDE
6.LaCISysalt yéi sHaysts. © Ti carbonate replaced by a Ti OCl 2

sol ut| on. Made by the nethod correspondl ng to FIG 2,
[0@1 aGH'Iet lleg[]lt gft]'_m 81%3%]: Ogﬂvé‘r?]nc?%ﬂé'

rec pltatlon (71 Cat BORdte sol ution to

| ant hanum chl or i de sol ut]‘iabna at 80C (Met hod

corresponding 7 La20 C03 2xH2O to FIG 10)

Preci pitation by addi ng sodi um carbonate solution to

| ant hanum chl ori de solution at 80C foll owed by

calcination 8 La2@2CO3 at 500C for 3hrs. (Method of

FIG 11) [00122] The main objective of the tests was

to investigate the efficiency at which the conmpounds

bi nd arsenic and selenium in view of their use in

removi ng those el enent s*tifsATEERARIhg wat er .

Twefit ys diteCdiCE fler@nte dni Bnke Were Bl $o Tl nE| Ydéd 4loBz B Ag P
e 0 oSSl It e llest r
R A e e s P e I P P EY R A
LaIm)kob(e 96| 100 B3 cajdaed | b 10pden ([anmhsalrgp ke 1ameb 1006536 0 | 0 |73 |99
jorjoustiy ghaken at_[ropm/tenperatyre 1 or hrs. [The
Léoé?,ﬁéé 1% % 190 B A4 WY Ot%%lt? té I&Onzﬂ vzetd | f7gr® & %
Laz(COs)ahl(i) %@;\29f419|37€ ARl S20i| MC|lskIMdoNG |SB} 98 A3 .| 783€s |168ll90 |GRY 11083 | o 48|71

Co; e, b My, —ivh— Vo, N1 Se 1T i Y—ZT;
Ti((m3)’2 9@&? 1@’ 10¢\a9’ 9&#& pﬂ 100( 981791100/ 91 |98 (97|96 | 24 100 100( 92 (100] 0 | 99 | 98

TiO4 96|93 (8|40} 6|0 |11(49(97( 0| 1]97|0{97|62[0 (8| 0| 0| 0[30]99]66

La,0(COs)xH0 87 | 29| 53 137|128 (100{20 | 10|58 98| 0 {25(99| 0 | 79| § {100{99 |16 |60 |26} O |44 |74

Laz02C03 97 | 92 |100| 85 | 21 |100( 59 | 98 (100; 99| 0 | 99|99 34 | 81| 12 |100| 99 (100( 92 (23| O | 87 |99

[00127] The most efficient compounds for removing both arsenic and selenium
appear to be the titanium-based compounds 5 and 6. The lanthanum oxycarbonates
made according to the process of the present invention remove at least 90% of the
arsenic. Their efficiency at removing Se is in the range 70 to 80%. Commercial
lanthanum carbonate (4 in Table 6) is less effective.

[00128] The tests show that the lanthanum and titanium compounds made
following the process of the present invention are also effective at removing Sb, Cr, Pb,
Mo from solution. They also confirm the efficient removal of phosphorus discussed in

the previous examples.
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[00124] The spi ke solution was nade as follows: 1. In
a 500nl volunetric cylinder add 400m of de-ionized
woav@wo1633 Add standard sol utions of the el eneRrCE/US2M08/1025192
above to make sol utions containing approxinately I
ng/1 of each elenent. 3. Dilute to 500m s with
[ooaag] oMWhikel th@tmventlor[ bag bekn Tiesctikeed ) crIHENGiioRith spegific

embodlmejgﬁ,ﬂl? @et]qtl?q Pﬁ@@%ﬁ?ﬂ RQPE%W%M%BEE)@HC%%U%@M

variations Wb@%ﬂ%ﬁél@t&%kﬂ@se gillédlth Be. fttrin light toff m@fmrk@omgldﬂscnp‘uon

to each. htly and shake vi orou
Accordinghglinis. mwentrain lsemte@ dita smbragnabaush Ak 'Y%@é“%'@‘éat'ons

and varlatéonsgﬂggfagl \&II%EMI% leﬁgaﬁglsk%% g@g{ﬁﬁ%e&g % rﬁl\/éa lt tr |r )a(lt :ss

% HNO3. 6. Submt for analysis. [00126] The results
of the tests are given in Table 7. Table 7 % of the
Anal yte Renoved Sb As Be Cd Ca & Co Cu Fe Pb Mgy Mh Mo
Ni Se TI Ti VZn Al Ba B Ag P La203 89 85 97 95 21
100 69 89 92 92 0 94 89 28 72 8 90 95 95 85 23 0 47 96
La2CC6 96 93 100 83 0 100 52 97 100 99 0 99 98 17 79 8
100 99 100 93 0 0 73 99 LaCCl 86 76 89 46 0O 100 28 88
100 99 0 28 94 0 71 13 100 99 24 92 7 0 96 96
La2(C03) 3. 4H284 25 41 37 28 94 20 0 56 90 0 20 98 1 78
5 100 99 16 11 23 0 48 71 Ti(C03) 96 93 100 100 99 99
99 98 100 98 79 100 91 98 97 96 24 100 100 92 100 0 99
98 TiO9 93 8 406 011 49 97 0197 097 620860
0 0 30 99 66 La20(C03)2.xH2 87 29 53 37 28 100 20 10
58 98 0 25 99 0 79 8 100 99 16 60 26 0 44 74 La2O2CC3
97 92 100 85 21 100 59 98 100 99 0 99 99 34 81 12 100
99 100 92 23 0 87 99 [00127] The nost efficient
conpounds for renoving both arsenic and sel eni um
appear to be the titani um based conpounds 5 and 6. The
| ant hanum oxycar bonates made according to the process
of the present invention renove at |east 90% of the
arsenic. Their efficiency at renoving Se is in the
range 70 to 80% Commerci al
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| ant hanum car bonate (4 in Table 6) is |less effective.

[00128] The tests show that the |anthanum and titanium
woaopouesds nade followi ng the process of the pCEISmMI03/025192

invention are also effective at renoving Sb, Cr, Pb,

IYb m sol ution. They also confirmthe efficient
What 'S‘?%'ﬁlﬁﬁfg of phosphorus discussed in the previous
1. A %@@érﬁ‘# coRpoVid %%%-‘té&lﬁéﬁhggéﬁﬁ%g%/sﬂﬁé 59 fare 22O

le the invention has been describ I n-conjunction
oxychlorrdet A repseearth @nbudmmusrrmyrcarbonate andea marewgattly Isydratddt hat

t| ves i fi cat ons.. and t,j,on
oxyearbdfEe whlerEhtRb o Fnu B s FiEabarrind Spadh oS fes 45 mo.
phospha_fé"ﬁerf @f Bﬁnﬂ)@ﬁﬁﬂ' ption. Accordingly, this
invention is intended to enbrace all such
alternatives, nodifications, and variations that fall

e e . " _ .

2. THLFDbRh 0 s PRSI b S ARG Bl B

consisting ofaathaani) cedompand yteauect ed from the group
consisting of rare earth oxychloride, a rare earth
anhydr ous oxycarbonate, and a rare earth hydrated

3. THRKEREBARAIE MR Pivholdit 1RO RS WA SadfaAlRO" PL L On
capacrty of at least 4 sphate per gram of
conpound. 2. The corrpound of claiml wherein the rare
earth is eIe edf omt rou onsi st i

4. TheRemRRY 'mrﬂ BREPI) Gite Sompbund Ha p@&?ﬁ%%ﬁg gporous

structureC! @i m 1 vvherel n the rare earth is | anthanum 4. The
conpound of claim|l wherein the conpound is a particle
with a porous structure. 5. The conpound of claim4

ere pEr. ou tructure i s

5. T SuBPReng B BRE T wherall Ind Soiatis o 45 Fila Ruistetny

evaporatfot 6f &pdrehrttbsall B6lusOMRMeRGdHy Sdldingtibnwher ei n t he
evaporation is conducted in a spray dryer. 7. The
conpound of claim5 wherein the evaporation

6. THEERRRRNHGBr o WRERATHRY byar Al et in I Spray dryer.

tenperature i s between about 400 and about 1200C.
7. The compound of claim 5 wherein the evaporation temperature is between about

120° and 500°C.

8. The compound of claim 5 wherein the calcination temperature is between about
400° and about 1200°C.

9. The compound of claim 1 having a size between about 1 and about 1000 pum.

10. The compound of claim 9 wherein the compound is formed from individual

crystals having a size between about 20 nm and about 10 pm.

32



9. The conpound of claim 11 having a size between about
1 and about 1000 m 10. The conpound of claim?9
wohermiesss he conpound is formed from i ndi vi duaPCT/US2003/025192
crystals having a size between about 20 nm and about
10 m 32 (X\D 2004/ 016553 CT/ US2003/ 025192 ]]'F The
1. Thesypaadne P eleinf Wharesh HePoAEChryBBitet ghipheres opparts of
spheresSphereS or parts of spheres. 12. The conpound of
‘claim5 wherein the rare earth salt solution conprises
a solution selected fromthe group consisting of rare
earth chl de.a are arth acetate. 3. The .
12, TREHBRRIG P! ERi whars el Borb etag b giprises a
solution wé&bu FForh The Qkﬁdpﬁbéﬂsﬁﬁlﬁ@ ditarese4ith hid i @ire earth acetate.
| owed by washing, filtering, and drying. 14. The
corrpound of 13 wherein the neutralization process

Kk I , f .
1o, THENSRRRYRTR: B VAL oo B oMo, gl e wir
sodium o%rﬁcﬁiﬁ?@f@lQW@de wasHibg, flhkg, dfd diffeg. comoound of
clai m 15 wher ej n t he dryl ng f akes pl ace for a period

of about 2 hours. 17. The conpound of claim 1l wherein

14 THOEq ﬁH@R@‘B‘F’*I%ﬂ#&bhsth% dWafi2 %ﬂb‘ﬂ I!M’o?:)ésé fldstidSe ata

romt roup consits astroln

temperafuféef abowt 8D°and bl ood serum 18. The corrpound of claim
| wherein the conpound has a | ow bul k density. 19.

The conpound of claim1 wherein the conmpound is

15, TRE bR PP et 4 M RIRS SRS RIS ot Frpgerature of

about 108edst antially |inear phosphate binding kinetics. 21.
A device having an inlet and an outlet conprising rare
earth conpound selected fromthe group consisting of

1o, TARRATERNE S BTSSR PP vt 2

hours. rare earth hydrated oxycarbonate wherein the conpound
has an absorption capacity of at |east 45 ng.
phosphat e per gram of conpound and wherein the

17.  THOEHABBANY B LiAROPEHeRSH WRESrhPEuh bRhibRES bEsAbilitin fluids

selected from the group consisting of gastrointestinal tract fluid and blood serum.
18.  The compound of claim 1 wherein the compound has a low bulk density.

19.  The compound of claim 1 wherein the compound is selective for binding

phosphate ions.

20.  The compound of claim 1 wherein the compound exhibits substantially linear
phosphate binding kinetics.

21. A device having an inlet and an outlet comprising rare earth compound selected

from the group consisting of rare earth oxychloride, a rare earth anhydrous
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22. A nethod of treating hyperphosphatemia in a mammal

conprising providing an effective anount of rare
weaodhviesapound sel ected fromthe group consi sSPCHESH03/025192

rare earth oxychloride, a rare earth anhydrous

oxycar bonate, and a rare earth hydrat eg_@atgxycar bonat e

oxycarbaeiecand @ Fereceartivhydrated oxyrasbenAtp e kipgGanpeindapas an

: t :
sbsomilE Pt Ty s By 2o B Brf TSN BundBnchyrroin
the compsund igidigbadedasstivesnthe iler arstbtheadutleton; b. nmixing a

sodi um car bonate solution with the | ant hanum chl ori de

solution to forma precipitate selected fromthe
22 Agh MR BF IeaBh g PR Bh AR Bi SomonshY BRI an
effectivearyomitiod nateesardim domipetind sslectétbiremf theqgrotip lcoesistigg of rare

precipitate; and, .d., drying the precipitate. 24 h
carth oxyRTRIAE. 6 26 SR AN HIURP Lot A Laraid el hydrtec

| itRé STBBSEHER capasibput abielstas mg.

oxycarbc%r?)é&ﬁ?v HGéEr)%g tfﬁgi&g@(ﬁn dgwﬁ) 7 hocm)s. ZSFaAhlpan?hanlsjm d
phosphate peagiaomaf eomipobnd. BET specific surface area within

the range of about 10 nR/g to about 40 nR/g. 26. The

| ant hanum oxycar bonate of claim 25 wherein the
23.  AlASHBaM MARIYG andehahem dafpaiindbsmprtingn capacity of

at least 45 ng tghosphat e/ g | ant hanum oxycar bonat e.
a27. Wovidim paanthanemcefdedde §PkHOR; | ant hanum conpound.

o3 RRPA T TSSO Ar R Sl B yon

form a pfaanfitdtd eelegtariporahei grbup gonsistiegohiantiarmuny okl chlodes,
| ant hanum oxycar bonat e, hydrated | ant hanu .
lanthanugy ppRYdeHE OXYCaIRENAiS aRtaanymdpekte ﬁﬂyC%;B@rﬁé%ﬁ“& gixtures
thereof: of claim 28 wherein the | anthanum conpound has an
“absorption capacity of at |east 45 ngy. phosphate per
cgr anfiltdringgoreoipitdte; 2bd, A met hod of naking a Ti 02
strugture conprjsipg: a. formng a titaniumchloride
df eeqddyQie ,eC'B.'taE%bj ecting the feed solution to a
controll ed tenperature evaporation process at a
tenperature higher than the boiling point of the
24. Thelmethod ob gkaim@gefiurthies sompeising calcining the dried precipitate at a

temperature of about 500 °C to about 600° for about 3 to 7 hours.

25. A lanthanum oxycarbonate with a BET specific surface area within the range of
about 10 m?/g to about 40 m?/g.

26.  The lanthanum oxycarbonate of claim 25 wherein the lanthanum oxycarbonate

has an absorption capacity of at least 45 mg phosphate/ g lanthanum oxycarbonate.

27. A TIiO; particle coated with a lanthanum compound.
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tenperature where crystallization of the product
becones significant; c. calcining the hydrolyzed
wonosaéss3d. re-slurrying the cal ci ned hydr ol yred/us2003/025192
product in a solution containing a |anthanum conpound
fto farma_sus si,on;.e, subjecting the suspension to
28. Thgpatick QLRIE POMRT eI IaNIERUM ChrBRckE R selected from the
group coﬁ?%i%@'&%ﬂth@nﬁrpflﬁdycﬁlbﬁééﬂanﬂ%quﬂ B%&ﬁb@ﬁé’te%g&la@édin

erein the first calcination tenperature |
lanthanupe pxyeatbondieuand otxtgremthespofut 1200C and t he
calcination time is between about 2 and about 24
hours. 32. The nethod of claim 31 wherein the second

29.  Thabaititks bPElaing XBVIErEiretheaRBaNaRTcorAPOud AR aAbsorption
about 1100 C and the calcination tine is between about

capacity of ahleagh4btm@.phasehete paagramef eempedndf cl ai m 30
wherein the cal ci ned hydrol yzed product conprises
hol | ow spheres or parts of spheres. 35 WO 2004/ 016553

30. ARShOUS290%KIPA T20, sHuctlire comblisidgof cl ai m 30 wherein
the final product is selected fromthe group

a.consosm Hraniynhigide fsed@eutiognt hanum oxychl ori de,
| ant ]
o] A ASEB o5 PSSR o el

process at g $erapsratare igher thanzbe iboilingepoirtinafdhé solatishduut I&Pemtiman the
to about 20 m.crons.. 36. A hod for reducing the
temperat o AH&ct RBHAIAA108 41thS retReCPRESETBRATng ¢ he
cfl Uic‘?alciNrighhé_Hy@FBl?i’e{Wﬁ?d‘d&'&Pound sel ected fromthe
a

group consisting of nt hanum oxycarbonate, La2C0b,
d.La2aeexiarryiag dhercatoinasshydrelyeed prodhent én a sohwidnecataining a

0 nd._has. an sorpti.on capacity of at |east 45 ng.
anthanufip BRI BE 0P ARSI ERSGR oona ot
e subjecting the suspension to total evaporation to form a final product; and

f. calcining the final product.

31.  The method of claim 30 wherein the first calcination temperature is between
about 400° C and about 1200°C and the calcination time is between about 2 and about

24 hours.

32.  The method of claim 31 wherein the second calcination temperature is between
about 650 and about 1100 °C and the calcination time is between about 2 and about 24

hours.

33.  The method of claim 30 wherein the calcined hydrolyzed product comprises

hollow spheres or parts of spheres.
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34. The method of claim 30 wherein the final product is selected from the group
consisting of lanthanum oxide, lanthanum oxychloride, lanthanum oxycarbonate, and

mixtures thereof.

35. The method of claim 34 wherein the final product comprises crystals having a

size in the range from about 20 nm to about 20 microns.

36. A method for reducing the metal content in a fluid comprising contacting the fluid
with a lanthanum compound selected from the group consisting of lanthanum
oxycarbonate, La,COs, La;0,CO3, and mixtures thereof, wherein the lanthanum
compound has an absorption capacity of at least 45 mg. phosphate per gram of

compound.
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