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ForlB8} 1 I fqbertnsel B cdpbthesdl P Bpidlrer a tanthanum
or d)tlhéf s\,\)ﬁme@rthcﬂg%gl @ﬂh;ﬁout:ﬂ th!gle/wg a;g—td pl':ljd’ﬁpﬁéfd ﬁrﬁbeﬁtrmﬂie gut and
e b e S T e e Ghaon can ais

be R8BE1d Bélier HAuRI dFo abSHY PfiktélbriabbsmePin i f3Gointestinal tract or in
Advant ageousl y, these
the blood stream. For example the materials can be used to deliver inorganic
chemicals in the gastrointestinal tract or elsewhere.
[0005] It has been found that the porous particle structure and the high
surface area are beneficial to high absorption rates of anions. Advantageously, these
properties permit the compounds of the present invention to be used to bind phosphate

directly in a filtering device fluidically connected with kidney dialysis equipment.
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properties permt the conpounds of the present
invention to be used to bind phosphate directly in a
filtering device fluidically connected with kidney
di al ysi s equi pnent. [0006] The use of rare earth
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lanthanum compounds and more partlcularly 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



| ant hanum conpounds and nore particularly the

| ant hanum oxycar bonates of the present invention
exhi bit phosphate binding or renoval of at |east 40%
of the initial concentration of phosphate after ten
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La»02C0;3 and La,COs and may be present in more than a single crystalline form.
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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.



and washing the precipitate to forma filter cake,
then drying the filter cake at a tenperature of about
1000 to 120C to produce the desired rare earth
oxycarbonate hydrate species. Optionally, the filter
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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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bl ood flows, to directly renove phosphate by reaction
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In the comparative case the drug is commercial grade La carbonate Lay(COj3)3+4H,0.

[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 La;0.CO3; made according to the process
of the present invention. In the comparative case the drug is commercial grade La
carbonate Laz(CO3)3*4H,0.



solution as a function of tinme per g of a |anthanum
conpound used as a drug to treat hyperphosphatem a.
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o B30 ZHIGHt Rk hrabiar s opgSi fporice Laocl
mac*erami:umsg torthg ghrocess| o thenpres emtdnyardioh andteemppéd WIEB acstandard
lib C§B 031J Fl G 12 is a scanning el ectron
raﬁ){ &7 goﬁg%gh W‘gﬁﬁ%‘é?{ "oxychl oride, nade follow ng
t hEDq:!B])CGESBG 014 ]tcsl‘aegwpe%bt/viﬁg’tﬁe Iﬁfer@hﬁad&&ﬁﬂiosﬁlﬁfie rélgoved
is an . X-Ra racgtion, s antaumoxc ori de
fron & sBior aad et i o CAGCHBHE BeogINGHE e BEghps of the
presenyY Rvbmtivm, as @ommf mh@AahkbLmt of gHusphéte rehidval Yy &@hfinercial
of | ant hanum oxychl ori de
grades of La carbonate La2(003)3 Ho0 and Lay(CO3)se 4H,0 in the same conditions.
[0034] FIG. 15 shows a scanning electron micrograph of La;O(CO3)zex H20,
where x is from and including 2 to and including 4.
[0035] FIG. 16 is an X-Ray diffraction scan of La;0O(CO3)zex H20 produced
according to the present invention and includes a comparison with a “library standard”

of Laz0(CO3),0xH20 where x is from and including 2 to and including 4.



[0033] FIG 14 is a graph show ng the percentage of
phosphate renoved froma solution as a function of
time by LaOCl made according to the process of the
present invention, as conpared to the anmount of

OhSRSR  FOTPY B Bk RV 8l 9870 g o

solution diytLiag@ECO{)RO3HL0 edriparet ts hevateaolstamediwith edremeraaily

avaf3iic LGRS HeOHR (G Gl o n i seime EoRaitags | o an
X- 37 f fmecis fa sesinélebREPrfi&eBdrdnh Id2 GhRYRELUS Rfdthanum

according to the present invention and includes a

OXyeIRpRRted3eOrPh a "library standard" of

Lapsuaees) 1620 Whan R-ane) &ifffc88M 384h bisHryAS 1%,09c89 Broduced
including 4. 7 [0036] FIG 17 is a graph show ng the ]
accergling tefthe praseal inventisiicashipelodes a cempariserpwiih achbregy standard
) 2xH20O conpared to the rate obtained with
of Lafs o) ¥ y availabl e La2(CCB)3 HO and
Lapqa388) 3.FAGR20 isa graphsdnowingotheiraleci phoppid8dlis Fin®val 8btained

00 annj 0 1.CLO of r Qus
withy oD G R B o P i o S 52 B1RE B RP R Sy comparga o
the bét&aptauiédfbammmraalmmlguemm(mb%-agrz@ﬁl%émcogwego.
ac n e present invention and i udes a _
oo a0 53 616 215 A s SoLEar i astant ot Ladiamade according
to tHDP38esddithe Broseht mvarit) showi ng the rate of
phosphorous renpval obtained wth La202CC3 nad
fo

[Q0AR ng HB 2% s XeRat diffiastion seaet Snyaruise2aRg produced

oSG bR 40100 RSB g

of LaLPs a scanning el ectron. mcrograph of La2006 made
ac ng ar o -
[ngfl 1Y F1&023 A&, B{}&&%ﬁ@yﬂi&ﬁu & t%cﬁ%ﬂBEpM}X%‘Férﬁ& | obtained

_ FIG 22 1s a ffraction scan
withd,oa( B duade fallawipg the Biasess obibe daresany inventier-apd eampared to the

el B B8 A BRI OISO AU B C AR

shipii43} t fréGr2d s ascamdypélectoarsmiccograph ob HiQy supgortwmathrial

madE e e PR e B8 FuBhon i hea 1 or
co[footai alFl@. 26 i 4 addrhinpe€Ed) Aikd26graph of a TiO, structure coated

iSO A b0 G 2 B RN SLESRE M a00 .

[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.



made according to the process of the present
invention. [0044] FIG 25 is a scanning el ectron
m crograph of a Ti Q2 structure coated wth LaOC,
made according to the process of the present

| nyggydon, Fl@a|2§ sA6Rs e @&Qeﬁtra?cﬁr{)@qﬁéﬁtﬁnghﬁn ifBidod flasma as a

scanni ng el ectron m crograp ucture
funclieata dmg. for dogeteatadawith Rothandmexycartionetesrroads acarrding to the

proéé%‘% d?rtt‘?éé%ehm{\?&ﬁ calcined at 600 C. [0046] FIG
27 1s a

cannin ioectron m crograph of a Ti 02
st [Q49)r e lﬂﬁaﬁeshows the ter@entratierdef phosphotions it orinenas a function

o 535555 R Pt APPSR 50 39 e o

the paa@éht iamention, end edmpateddofghespidrus eopedndtatio® tneasured in
ng the process of the present invention, and-

untrgg afta to the X-Ray scan for pure LaCCl. 8 [0048]
FI {Bosm sirGs 311 BROWS BGRNIcea dving & inleddrhEwIen 4y Mé)&%ore
n'f) Eaﬁﬁhe function of tine, for dostreated W th
conpeHpRS ALIRe G eLt Ha(ﬁat'%dﬁaa%eda*a%ween#@e intand theypliedss
DESCRIFRON OF THE INWERNTION. [0049] FIG 30 shows the
concentration of phosphorous in urine as a function

of 190573 | rRetawBonowAedne drawings 1 RMEESH Y bamsesrnt dwention wil
be dBaERbES OAMiE 'ﬂ% Gé’:‘.cﬁBﬁoﬂWvﬂl rﬁg refd? %o RhERHTM cc%mpounds the

i nvention, and nmpar ed to horus concentra

use gb lanthaswin is rnwleiyefaf edse of @escpptm)@ncnscaot tendusito limit the
inveflBY¥h GRd g%‘(h? Q?% ly th Mrithandi BHidbEhds. A taQ08 i Gso%or{@ﬁ"@ated that the

conpounds o present 1 nvention di spose
proqese and|tee camgouns dﬁﬂcrlbed in DEW@TB@CI@QWHH‘S equally applicable

to o SENR Lol AR T T i B L bl 2w 10, ¢ e

process of resent 1nven Be descri bed.
Wh[Q052] he Towsiog antorEIGA 1. a gpecessafdrynakifeea rdre earth oxychlonde

com:pgﬂﬁ@ %mirfﬁégg&}l'é‘rdé anmb‘?lurﬂjﬁfycﬂ orfd@ F@Bgﬂ% a?g&ﬁ n§t¥ one

gase Scri |on not
emboldimentrof éme pmselatndvmtlannssb@/vml I}/’lrstoa Isalutibrmnfilanthanum chloride is

prov?c?ézp Oﬂ{bdéoud{:% ﬁf |gﬁtth'anu'n c%ﬁor@% S%S tn?%ut ! Ebgrggrﬂnd is not

process an e “conpoun
limite@ éx Ay patticolar scureeiu mrieysomlpq:d ofdatthenurh@hlositie sekutibh is to

oo AR R AR LR85 Sy ol BB, v
soureanst o dmm]hé mntlmaunnmrm@mmhydmdhlon@ gaarsbmnuhar a
ou accordin

chl or de
o e SRR R RS 1S 8 4ot o TR aruiptermediate
produet. UThe Bvaorhtiut Zl}iiﬁtddﬂnﬂbbt@ﬂiﬁﬂei onditions 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.



provi ded. The source of | anthanum chloride may be any
sui table source and is not Ilimted to any particul ar
source. One source of |anthanum chloride solution is
to dissolve commercial |anthanumchloride crystals in

R I e A A T A NS

evapotatiph'oas us€iDinzhe §hecmcmﬁbh androlams oefed ® evdpotation sueh that the

o Y0 3 A S e s v

frecagdiiee \emdIuOt datlirablyllgss thath 4P, freapatat iThe. tefpe Sracalrbier” is
onduct ed at erature h| her

oY 3R B S BRI S S BAS TR S NSl

heaﬂh@ét Hasrvperehirebetts) 14507C. | A& Tsubb@RAtialleotd] evaRIratioH 6
e signifjcant cr L‘Eﬁ “%téowth occurs. The resultin

subpbiestanlet epc?V@@eaf raRdigiedpretwik Bayene isihig)
moid@irépiddeht. fi | mor may have a spherl cal shape or a

sha as part of a sphere. 9 [0054] The ter
&@Oﬁ%nt i 219 ?V%m%none%maathe&?ndeﬁteds@ B@mdwq yin this case,

the m@ﬂmeﬁﬁ&e PRYARS WAL ERist BFa %ﬁﬁ&ul’é‘oft%eﬁ&e& Jdr@,a;tf IsBReres. The
and clains refer to evaporation such that

sprayediyer genpralb oreratesat awiichergeiomnpsratyrd b@weehahoaﬁ%mc and
abotj{§(§0° ter, desirably less than 10% free water, and

nore eésirably less than 1 % free water. The term

" f [@B56)at élrhe |h83rmdat§bmddctahdy mue vaitined imaiy éLﬁtalblH

| hmcall g{;g%ndcn F ¥ heatlng a

CaCE 8@&’?6 rq'sie e e'é R {4 igraperature pgfween about

5008 ap ab& it 12008C forsalpericidfitimhe fromUEIueReo aBEMP4eH hAA then cooling
uct will have no visible

t he i nternedi 0
to RS ST bies dhe. OB PR anbRIRad A0 bY BymResingyin water
or dGradiésd, e@I réfiove i Adtedk¥Bble praseithst mas Siill bd PRsent after the
e product will consist of a structure of
Cal"é’}ﬁt‘f@ pe po parts of spheres. The spray dryer
ge |y THRetepipRyatdle ahditheERIEOf HiRERP LR SHIGnARS\GRR
abc[)m{ﬁqzoc and about 500C. &8%56 IThe |ntermr;d| ate oSS may

be varigd i@ adival thermantighe sizg apd fbey rqa‘q;tly fdhe peasiust. The particles
t t .
resmd:frém da%é’li%@i{eﬂelﬁ?ly PQvdy diAl 50%%@?85 Q%oﬁm@gg@upgre cglcmed

tenperature ween” about
panms eahsist of individuad aryatatsu bond togeffrertin 24thuctunelwithg@ood physical

stre ﬁ@tﬂl 1R .6 @HE %%}:{H]Ere%eﬁfaﬁf\ﬁdu aTE&gfais?*o?%}r%ratﬁg ﬁ%‘éticg%y%e’nerally
havé @ srimfmthWeemQO\mah@hdslolmbl e phase that may still be

PT fﬁsoeg% aflrtweazzcctJr ancé: \?I!t}‘(l: Iarqgt Ie(r)gm ogfr)nent 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 NazPO4. The feed solution of

titanium chloride or titanium oxychloride is mixed with the optional chemical control
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[0057] The tenperature and the length of tinme of the

cal cination process may be varied to adjust the

particle size and the reactivity of the product. The

particles resulting fromcalcination generally have a

¥
zoeh 6 b SR A0 4000, T AR ) DEConted ph any
suitgble k@pwnenixet.h good phyS| cal strength and a porous
I re.Thk r

ar[?tlgqies gheégigregﬁg'lu\ﬁoﬂlfsagva? astla&ltcgiéotrr\%e éﬁ M%Hé&ate %rocht which

in tijs insta[r@ce%}ltahmmdmrdéa(ﬁ @) Wl'hé esaptration &2® sdianenctedfat a

terbfafeici oy B oo RS el solfoniion Bk o the

tempsrannre\wlmrd signjficany crystal glolwth scturs end (naclsiows sebstantitally total

vy I BB TS M aed i ProgHE e e SErtlY b 2n gBiarantss solid
forrﬁ&ﬂaé b \t6iA fikA4nd@ayapRavd & bpishéarshdpe dritd shdpeed el oftd SPhhere.

i nfluence the cr}/stal formand the particle size of

¢ héd0kal na hs iptRiEediate Braduelmewthende ediviaed & amsditable
calcﬁr‘ﬂﬂ@ﬁ %bﬁré}l@égﬁ’@dbyﬁi&nfﬂlﬁ’éjteﬁﬁéﬂéﬂu%‘td% te d;béréﬁh'ré‘ Between about

| oride or tltanlumoxc | oride is mxe

40009tt¢ Sheiit HBRC Al 2 Bried 91 tmeremaRou B0 pRout 244 BaBfhen cooling
to r&dns 'té]ﬁPérta J(é@“C)Tﬁ%er@[déléagﬁrH&thk?@th‘é Wéé‘ﬁteﬁ‘}\%sﬂyri&n@?é* ing it in

Sul t known m’xer he feed solution I's
watereishiute aeidt to reatovediaces pbanyevater-solpblechase thatiraay stillbe

preggHtﬁﬂép?{eadéch%@ tété&nl um di oxide (Ti ). The

evapor a I's conducted at a tenperature higher
t h{mmﬂe blhd nnagwqdcnfmnamlfaqtthre df dleslinbermediate ptnduct anmrdlng to

theére%gn{ |ﬂ¥erc111 %g@aglglﬁé é@gst\é@ 9@;‘; { r%?g% gls%é& with 91e required

ccurs Suby PP
paritolapiae ahd@orositye Hoe eubmplegtherm@mmilbatseeppi 20aad theealcination

. . 0 ot
stoff £3D (7Y a0 BRR# BeDs5i2 phe gt Eeliles, B BorRy'eas b4
adjispctoamake Gfe0dtrubhereiaf thex intedmadiateproduct suitaplettode used as an
. uitabl e calcination apparatus 130 by
'"e'f@}%u"hg‘%m ‘?sg?‘/&?é’? ‘ature to a tenperature between about

629 abrhdg wasKYACTIOR prédueisi tbdn elisgeniied fof slrdeoibta sblution of
an |E1§@%Bl%uéﬁﬁr§cﬁcpglg?% %%1%3)&18849‘@% 2 rén%lt ;‘-‘:g;p -ﬁy[h or(?anthanum
compdiRA Sarini garticulaMBhtBan@h clidridee TAR éhspbﬁs@@ @V@Z |n the

traces of any water-soluble Ehase that may still

inorgaris SRMPLHNE rSOHtf@“ RGN subigried te ﬁpta'[%’@BQﬂat'?ﬂé Gpré'f‘ﬁ%rd

con@ftnoﬂ@%é(‘s‘éﬁeﬁraﬂbetéé%éfﬁé@fn"%i@b atz@ aaa@&ueﬁne@& sws@émuy total
he pr esent T nvention can éust ed and hosen

evap@raﬁgke Inpthig fagard; tiee graneratips srt@@ﬁﬂz gnd 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 tanthanum acetate, the precipitated
product will be lanthanum oxide.
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particle size and porosity. For exanple, the
evaporation step 120 and the calcination step 130 can
be adjusted for this purpose. The particle size and
porosity can be adjusted to make the structure of the

t d
¢ 1 IGOSST i Ponfeiie Rl 1 Ik REIHREL 1 AP 0oy bture
betyeen68¢° argl tH¥N"G (s pepatied @2 te 2. i B iamperatmlre:bn@theotime of
Y T e e e e
Afterané 'secdngrcalcmmﬂmamﬂm ¢no, Ctge @mlduﬁhmaymmmumoof Ti 03
n [ an und splution is in s cte
o D0, | aeRRing B vk Bs HotThen st s G amen
oxyf:ﬁlﬁﬂ@e aslafitiannadoxide frerdbala FDd suBsPatBl aHe resultmg {)roduct may
g %ﬂ?htl gﬁ‘ total evaporation. In this_regard
be By ® foRllew dys-HrpsPhRtes B Para P! BRhaBRTbE sahelesavil have a
sizSOf a"dbu?“i ® to TdR) pgﬂoj Al %oﬁé?é%?%’k‘iru\éq 1? oF’LeﬁhcﬁUatl Bbéind

as a sal an oxi or an oxy- sal i nor gani ¢
paricep oﬂmjmdmdtahparamlemhalvb @rsnmbetWBen [203'[[5111 pnd d0adn.

I K T N R A —

on P wb&’aﬁtedthese@dystéls widy bdokydrateti h &rhe® sednd@und that this product

o T B P el G B 04 otved

thatOff th’n‘s fifal$Aoduct Il REE e ﬁiélﬁlﬁnﬁﬂéilo%htdnﬂegé%irowké&mal tract, the
| ci.nati on process inf]luence the properties and

progit ILbiad G, Bhaspheihak BoRiesnt AR daraaRe lisanalor of Phosphate
fronf? ﬁ{é"ét]Bﬁbbﬁ’Bn§b§§tr&ﬁf?astlﬁ£lfirdéf be{HétdeB?iy tﬁé%n‘{"a‘?fé@@f&rQQhe product

The resulting product can descri be

of thi jnyeRlian may bgritsedria fnitdhg eheehiorausagonterritin reubipoststeram of

pat,ggtrsrg?,qq%yqjl;]ygg substrate. The resulting product may
be in the form of hoIIowthlnfllmsEheres or parts of

SDﬁ%Qﬁé“i Prsorfing:fanathen embedimant afithe pegseabisyentionyatpsocess
for r:h%ﬁ part . ag?ldmr%cmh sky ﬁ?@a%é E%Bqu tcl 89V bcess, a

oun he In partl C es have a si ze

soluien wé iantEmummecgiatelis made] moww methed. One methad tp m@kmdhe
a5 051 18 o AR PRHER S 15489 Sy
Watblewnnfaow'iﬁl sohdiont hi s product will effectively react
0S t [ ' . $ ound
WS B e 500 ARBARL O RPN et
produﬂt eihe dvaporatien A20risncadantedat anemgastture higresstthavathe boiling

poi R Bl e Btk eShion Bl e B RS ROl g sianifcant

crystéigrewihrorchrsaard graddrroonditioss tosdhidveasubstamtibietatdl @veporation.
The resSI? r% miléhrre}lre%fua? roc}ulgz?n%/od%%ﬁébly 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 to 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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of this invention may be used to limt the phosphorous
content in the bl oodstream of patients on kidney

di al ysis. [0066] According to anot her enbodi nent of
the present invention, a process for naklng anhydrous

ool BRI OHERLRRAAN ol ALKl B By e vetror
dilutergciaveo nerdoveCarey watenadluble piedse thatembystilhe presaseiftdrehe

caid P8 o Gt o G TBRgt BB bR o ohoess may
be \raanuhaaujmsametpaﬁeﬂ@ Qllzelfahd hé FeakUABSTaARE Prddact. or m an

duct evaporation 220 is
ol cu e el Gnildram BRI arsraiharg a size
bet\}?éérm afl 1bb@ hﬁ”fﬁ@@él@ihé&ﬁ%ﬁfc%s%hyﬁs{ Qﬂn@iVHUEPWﬁaEhﬁgund

the tenperature where significant crystal
tOQQib@'Uﬁ@ sirugtuie with good gihysicalsstrepgticandea pomuissitramture.l The

a2 AT L AT A SRS AL P
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her e t e product y then
cordfiioPaP kAN $ PRIy S EiEF o i Rk a5 e misrongize
randly Tied partiges Bfe ¢ampeseat offcpystallites irepaianblife RRIGEERRed together
400Ct@18§gﬁt 800C fqr a period of tinme from
u

to C@@g%? sguglyre stiengin aPAERTM¥ ed to 12 room
t e[OlHﬁiit UITRe phResisPL@bad aﬁé&dh'@tto R pRRe¥@8NBE p?é&rYhvention,

sing it in water or dilute acid, to renove any
haV%\/HleefP"%‘&"Qk‘}P@"ﬂﬂth@P?ﬁ@F may still be present after

the cal.ci natHegmast S sdRBiliyAARRBLBLYY &I@F%st B?péé?él?t h

of time of the calcination process may be vari ed

adj ust Yeem@pRdigastre-iatesiinal fbidy pempargdite onycermiche
producteonhff@gds. The particles resulting fromthe
caIC|nat|on nerally have a size between | and 1000
m The Ral cﬂ%@ﬂ hellewisbrpe gives dhern adewibuik densitsicompared

cryst a'té’sompHé‘r%cleEOQ%m?Heh& %a?ﬂidﬁéé%n‘éﬁ&sé’% 2% se

physi cal strength and porous structure
i ndi vi dgtantien V\sﬁhﬁlgﬁsg’@ﬂ@ﬁaﬂﬂ%}trﬁ%e a size between 20

nm and 10 mThLaQ(P%% gBBG lﬁggf)%fﬁé Bln%?ﬁnpé‘tlcgetﬁﬁ%dc%sé%ﬁm

in FIGs. 1, articles wt
a por oudnalics @fﬁt ge@erallmblfetmrdbm trpanqnmerwl garbonatet he

cr yst a1 efies [ARED.THD BAd Lo LR Bk MRG SHa b
t o cr edamthanyn my@hjmredemtmmrejmtmwlprtmngedm medarpmrctsnif t y.

E géﬂé]r &@%Pﬁﬁqﬁ@éﬁbﬁ g’ﬁ gggorb’él %14 i g{engs Eo e BoSeT o mgar
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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have the foll owi ng conmon properties: a. They have | ow
solubility in aqueous solutions, especially serum and
gastro-intestinal fluid, conpared to non-ceramc

compounds. b. Their hoI I ow shape gives thema | ow bul k

d t '
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suspé@éu@rﬁ bRShaRES atimeridls akRiughtShileer tRitabbareted i dlids fdhethe
llqu@f {lf%l?qvuﬂggffgﬁlgrﬁgﬁeﬁ]%eed foI%hgggh%rrmsn eFlE?h srh%\?v%ttll‘n aftyer 10 min,
Lay,O(CO3)22xH20 has removed 86% of the phosphate in solution, whereas a
commercial hydrated La carbonate Lax(CO3)3e4H.0 removes only 38% of the
phosphate in the same experimental conditions after the same time.

[0074] FIG. 5 shows that the La;0(CO3)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 PQ,/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 PO, removed/ g of compound. FIG. 6
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oxycar bonate conpound with respect to phosphate, the
follow ng procedure was used. A stock sol ution
containing 13.75 g/l of anhydrous Na2HPO4 and 8.5 g/
of HCl is prepared. The stock solution is adjusted to
A r A
sr st  CRGR s {20 tho ERRA DY £ ol gfch 1B fn, Rhereas
Lax{GOs)iAy0arsed Asgafgnereeainly biads KamogrPOwigclea campdend.

P antnorel, 0807 shun e 3ReskeRthon U AFRsHRe Coiang spysroonate

Laaf-CAsi AfteusPenis iobreactord 78 ekthephosphate tladdeeh rémoved,

unt . n to react ,c letely with the phosphate.
L B e e RO Cptholilel o fa DR,
It hr qu(grvd ]ahfS?Mﬁresgdﬂdtffe&fma&wa?doﬁtés g@gé Béen;] m@mﬁibbeiifferent
i quyid. The lLiqujd sa e is analyze or phosphor ous.
meihads 25 ShEYE 17 bl beowo i n, La20(CB)2xH2O has
renmoved 86% of the phosphatgghig 1sol uti on, whereas a
cammerci ::IIJ\\J/rlr ated la carbaonate | n?( (‘m,yuu—po remves

only 38% of the phosphate in the same experi nevihl
conditions after the sane ¥PRE™]6674] Arrcdon & ddtoves
that the La20(CO8)2xH20 f&PrEtEHe isvrfarg 704 has rate constant
saompacCoypahd phosphat e r enBVH™ B! 248 ngePading erpved/ g
of La conpound after 10 niefed | n t RfgC oyt 100M® (min™")
descri bed above, conpared to 45 ng P04/ g for the
1 comeLLbado,),aH,ccar bonat e t1aken as 4§ ef erenge. [ Q45] -
2 Anot heg,ogsl,&Hp@d | ant hanum car bopghe igisihe aglyslr ous
3la  oxye@dipRaie La2zQ2C0Bi1 This cegpounghziys prefgef red
4 becauggeef dhsipgrticul arty high sbgndigyyscapagisky for
5 phosphabgo.expressed as ng P04 reppved/oggof cguppund.
6 FIG £a,848. @hovendi hat La2GRCO3 bi ndgg12Qy 458 PO4/,gepf LA
7 compoudld,cd.ter 10 mn, whereas LagbClxap74H20p45ed as
8 I ef er ence; @ohiing) nds 45 my P04/ g hagconpeynd. pQAey 6]

Fig. 7 ows the rate of weesti on wi th phosphate of
%the o&??&*’é’éﬁ%ﬁe La2O2CC™enf t er 420 ni%P23f reddf on,
107305 of Zqﬁ)é)e"ﬂﬁé)sghate had been renﬁ\?ed, 0'7@8rrpar 84% o

38% for commercial |anthanum carbonate used as

! SOGS A LB Sl B s R L et e
thé fraelienof prdsbRate remialnirdy aftdrxidnipincofreadtivn Hvé beeatab@ated. The
tat())lfa a}ssot sh%r\ngsetrhe rate constant ks 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[PO4)/dt = - kg [PO,]

where [POq] is the phosphate concentration in solution (mol/liter), t is time (min) and k;
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.



corresponding to surface P04 rate constant Sanple
Conpound manufacturing area remaining k, nethod n2/g
after 10 min (mn'') 1 La20(C33)2xH20 11 41.3 0.130
O 949 2 La20(C03)2xH20 11 35.9 0.153 0.929 3

|7n@3;3) %’1&23%@654%@ ggﬁ Q%rézéag;oég %8 2%&'%;3@ G%vée% tg% specific

surf@celeeea #d_the@osoyt of phesphateyeaztetsfier d0308. (. pearstthat in this

ser§ 65 §os5gbolaft oidP niBehFASHE EEolfrath il 1 purtace

area,.i@dépe@ﬂenﬂy afiBe chmpoafirCaBie. dkyb@OouaterEtio Flotcof
ma ke R R B A T RSy el atiuring

metpbmspbmhellmga&nmufgotafetdq:rodm;tm n of reaction have been

tabl e .al so sho fthe rate constant kil
& oDl o0 I8 sofia et gabg S iatlofis pRihaIIAr B Same
corrﬂi@@ﬁ@é‘l By plotwmmfmg drier rbﬁzaé&risﬁiht a8 givehsSh TabRarandihe BET
g Egate con tratlon @rate constant k1 is
spegifif sHdaragreeh oqqrr&&atﬁ@ cagbsiepieseniesdy|a %Ffaleht ling going
thrduaﬂ{lﬂe ¥h&he il 5’%} wofds! Mhlﬁ@@@hﬁ%ﬂtzﬂ enee '@Iﬁé{( F{ﬁtla@ﬂat? Bf reaction

solution (nol/liter), is time (mn)
appearsde b@rmeporﬁlaﬂ@ te &%theﬁﬁ qsm'cyntratm amlao t tble*@vaﬂ@le
surfa@d §rgzonst ant for the initial reaction rate, i.e. the

rate constant cal cul ated fromthe experinental points

f of0G&4@ fiWihoutibieing kountl bytenyrtbe@iyi brs. prpposEs] thet the oserved
depéﬂ&’él}ﬁ% té??éur?eib "froh Bind gﬂﬁﬁ%a{?ﬁﬁ&%eﬂﬂaﬁ@n P%é(\rg%gaﬁﬁ’imd by a

specitTiC sSurtace are anount o
nucleopbitie dtta¢k efrthe Phosphaté fonapptherls athe initie okyrcarbanate, adth

. th r 0 fl Cj .
esflapL B8yt OBy HELA {80 F o AHARGL A ey onae
La,0iCO4)¢he cagutison wilbbe:of t he oxycarbonate or the nethod

of manufacture. A high surface area can be achieved

by adj usting the manufacturlng nmethod or by mlling a

manuf act WrlegdOp€Od 4c®O,> + 2H,0 > LaPOy + % HaCO5 + 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 (H30™), 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
order rate constant as given in Table | and the BET
specific surface area. The correl ation can be

or AT ") Fsih Pofb18" o efhed Brathen S kR iffanymy

oxycarbbmate andtne paﬂlculaa,damtbanummxgeu*rbomaie betr@hgaqhatd, iostadwn. First,

to the t | t
I e O I RRT S E—
malkehelsbREON is fotdissolg esraseckidl arithdidiem ehiveitd %ﬁklstals in water or in

an lﬁéﬁsq@gﬁgie% Surd og ahﬁ%p@gﬁ)lﬁgp] hat rC %fcﬁ{}%altsltg glssolve

lantRBQER BRI i amyarbdhrtﬁlctwoawmdm the oxycar bonat e, WIth
resul tant formation of |anthanum phosphate LaPO4

ex &Qﬁﬂ% iTher laClpsgletienisPiaced g a welbstyragstank Feactor. The LaClz
o|Jtr‘aﬁ‘P§ fh%H h\élb{éd tBGBO°C/ A h@%@%ré’pfgé%na é’é’ﬂ%@ade Lafe

raté’is limte
carlmrfatm@uséﬁacwv aﬂﬁ@d pmwaa peded efx hwsyuﬂwmous "11*1@9 The mass of

sod?{%&%‘égﬁﬁétr qm?elrbdls_tcgﬁ:uﬂa\f@d Led kI %.oﬁfu'glﬁ’éé(r%gﬁgt‘ggﬂérgemoles of

serve at1 ons p expressed 1 n
LaGx piVaemthe. retihired mash af sedivoaessbonste selqtitbm is addedothegesultant

slurﬁ{ c?rss%% |sdéll%§\%h\4$ %ur B?%' ﬁrs %t eﬁ%”éus'b@ﬁ&?ﬁ Lsntgen

es an ex ana eécr ease
filteregioartdi mshealt\mtratﬂeremerdieed waehstr tupm.dlﬂte a ¢lhar filwatentTherfilter cake

. f | ant hanu hos surface,.o e ...

s ot B GoA s oV e ab L0k ot 2oL o i AsthlE weight s observed.

TheiRBELIHPBF thEaQ_Q&‘?J sdliticeie e, hile €Y fin=d bHadMRSE s@dpension after cure is
i ncreasi ng, pH show a, decrease of the reaction rate.

5.5 Thiwhitepwsler iscpedberet bYe fasuital Aoudes is & laadinnem PRcAthpnate
fourtydrdie (ltaad)"(emsgml-lzmn ThEHIMber Whiveter Mdle6AERAINMBR ddMbound is

t faci | itat gf_th b
appiATE RN ey HRMRe &ane 4 @Ot ig 2ansl; Tur i ng
nommE)Fl Gurdiflg naRCtHITaG. 1 aaemSr F@fceﬁ@f@rﬁﬁhﬂn@é‘éﬂﬂ%ﬂﬂs

oxycarbonate and in partl cul ar, | ant hanum oxycar bon

lanthaiiyn oKycAraenate jssshaynfirsti ansadueoyis soliiiion af lanthanuny ghioride is
madd b*ag}t MRty cdah@me%d © MEKEthBofitvn n&fmgsm@sommerc.al

make the solution is to dissolve conmmerci al
lantham4ra ﬁh‘@ﬁﬁ@ grystale in W?Sﬁépélfbaﬂ HCL#@ldliors r Apethepmethod to make the

Iantﬁﬁljl utn | IBrld@‘@BFu'ﬂSﬁ |§rf%td1§§3)l\;é3lam‘ﬁl’éﬁuﬁwrk§< d@ﬂté‘ﬁyﬁ-}%hlorlc ac1d

e solution is to dissolve |[|anthanu xide in
solutipdr ochl ori c acid solution. [0084] The LaCl 3 sol uti on

IS (dgdFed THE e SoIubdd s Piskddan s WaREH R tahR FeddSr. Fhe 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
over a period of 2 hours with vigorous m xing. The

mass of sodium carbonate required is calculated at 6

caii Pt T e oNECEOL BRRTR IR P2 RS S artld Siebre B8R s

obsaedeld, THehritialgsHi bf tietLaCld sslofjonos zwmeﬂn@ﬁnal?pl-abﬂ theedspension

to cur 0 .hours at 80C. The .s ensi on
aftey Rh b S oh B SHEER R AP DL AP Tp produoed. Next
the Mrlateen Bxyaffdnaté hidrateis pldredfih bh %lurﬁlﬂk @rayl ﬁhﬁh@@ﬁl@lced in a
in a convection oven at 105 C for hour

righ ferbparaliEr WA mAsSe s oTRIden & Rafteq b 690 Chand Reld at that
teﬁﬁéﬂtére&eiyhb% Iﬁqh%drdmlLagc;@e.sff@md pH of the

SUSEGI’]SI on after cure is . white ovvder IS

pr dB0RHd. Aftrenativein, t%@nw&&wlam@aaumaw%ﬁeﬁ@te formed as
ind@é@l‘é}g% %rﬁ'@ﬁoué; B%Q@Cﬂ'{ @tsaib%Lh%%l c COﬁ'pOE?@} 151894 h instead of

wat er
3h a:pqatraﬁhﬂl °|®ahetean of 68Y °@af lye hesultag prédueh dadtf(eesuine chemical

forl e P S calBeieht PR Ao e SEIPAReRA R ERbis 2 higher

phySicaE atrdngfraasd b SovddrasunfacEiared. Tharpredlet eoseUndirgao ofigher
| ant hanum chl or One net hod

met hod.
tempg IR EHEnaS GG Rt T S aet Der 2l
I ar[bb@a]umnhhmﬁlr@w o' BISL 8l sa uswws@m h@fnng ranamet—@bz and an outlet
sol uti on er_ nmethod to make the |anth

5045 1shpwhe TEB1dgVice ﬁopgn%b%rrs@sﬁw phayfi ﬁt%rrﬂmﬂaﬁa Salgalp'ﬁ cgntainer.

DtsBMéHcPEJNNQéh thedRiet 502 ahd theButldt @@&6& a $8stteAE586 %P{h'étfbﬁﬁ‘ ofa
Is placed in a well-stirred tank reactor. The

plurgdityiafionn or sare eAMREHREsIOL e prrsenhinyeelio uBreydw@wﬁé@e
ﬂun@@é‘yyéo'nﬁééte@ E@Q%Iaﬁ% H@chﬁl@rtmﬂaﬁ Q/hkc?\ thb %dl f)bv@d Qﬁgﬁrectly

over ours wth orous m Xi ng he mass of sodium -
remeypRbaaRhate bmueacélen. tmeawaé%eaﬂ%aorapognwtbﬁhesp%@rr\mﬁ

bIoG@sftl%%g?tl gﬁogné@fgﬁsth%f ré?%t %venWleE%@afe{?rﬁﬂeét%gg method of

nmass |umcar onates ution 1s ad I .
redueing Itheaamomtmf Phosphate inshlend thah corpeseHeriactingdhe eloodwith one

0 :

or fiofdibgg? B e PHRac WRERELA o kS EERRIE Bk e amount

ofptmsplnaielummedalmmbar filtrate. The filter 17 cake is
n 0 . urs. .

PPy o ByBERERE) PoheR Slip@urqrantinyRhudn, ARy iRt sqg may be
protided h:aﬁ:l‘lﬁldsmeatn snthia a 2lui, conltdihiag ahaefal, madtapibin ofhdsbrate or

suspension aft r c ite.l m
othES PR e SRRt HeolefiaP2 ot s s PRl 0 Fipantact the
corhmﬁdé\r?ﬁmeﬁpwgaﬂhwﬂ@n layid foat elelh dutlpt Q@QdAccfbrdlhgf@]lz innBriztaspect

ch ) te tur e

of the PieeBt Ifersohie TGPyt B3 oo oBpGestan &y for
exafiplé Mater, 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 La2C2CG3 is forned.
[0087] Alternatively, the anhydrous | anthanum

oxycar bonate forned as indicated in the previous
par agr aph may be heated at 500 C for 15 to 24 h

[ 0 or at 60

- 0B ng e Ellabinaenonies atehBoERa st St b it g present
investionas a different pattern in an X-Ray dlffractlon scan

and]c exhibits aTEi gheroI @Jty%@??g 1|isjtrg_ngt ht and ﬁ' I gwer

surface area. e produ sponding to a higher

t eJopeN pt UAR aguebusd SHigisn caritainmat 100/t dfia é$lad’e|fahnmcbhlonde is

here as La2CCh. 0088 Tur ni n now. {
injectRa iNc:SpyeY dpey W t\%rf tamag3tuz g 240 aﬁﬁre@ iitemediate product

corr%é}%ﬁtawgm?héj%/r %ryﬁ@%et‘éﬁﬁs bscovBrddg aftfér ek, ?hﬂ‘s'lﬂ\tbﬁﬁedlate

I Sul ta t al ner. Di spose bet ween t he
produnt istcaBiedat @00 He faruk haurs 564G B2 shaywis seanndngeleciion t he

. formof. . .a lLur,a f t
miorseBhtl 1 B o phbiaeR 25200 Binel® e FRBGHAAL Bl orous
strucg?nerfen?iedll of meeaileilllasl patisleandheneRan ﬁﬂt@ﬁhiomaghm bfdhe _product

0 0 remove, phas reaction
(FIGo a8 showsBt iosots S lsthar G X RO REGERARET, Y, e
b: [@od2] r eFgdetdtminy mecreﬁctgmloome IghﬂaamﬁmSﬁﬁtpduhdeﬂhi respect to
al so contenp| ates a net ho reduci hg the appun
hosiage 68 ITP RN egiovasnicitag 1 B6ok et Poryaime T Lo g/ of
anhwr&fﬂs RBSHPO} aﬁ@B% g?/p@mondés pfeptahﬁ: prresaaék s@uﬁm wa# adjusted
for a tinme sufficient to reduce

to pid @&ypmata@dltﬁnpﬁeormwteq deBofn ramoyat Foriti rﬁleﬁ’f the stack solution

was fac%tﬁn Qrtfe%ﬁé‘rtwﬂtmé' %ﬂFrin@rbart HrBe Bhth&fun® By dRidtideSrom above was
rovi ded a flurd streamso that a fluid containing

added t@ethg|solqﬁfgn gq fqrr@na syspespient d herameg ef lang}anﬁﬁyoyé:hlonde was
suci‘P@é?ﬁ’Q grﬁﬁurﬂttoh Ea .m&?&peﬁ%nt\m&y%e&}% §HQ§Hrﬁétﬁc g%uhp

cont act npounds of present invention and

needad tmrﬁactcﬁmmtemwth t&@@ﬂogph@tﬁy Samplesef the suspensin were taken
[ I e
at twﬂéﬂﬁ?&fals W‘S&#t‘ é’ﬁléé\' tﬁ?f:?é?%){éa’t%% g%\s\igc%sg?oﬁtfﬁe c?lﬂg eZEe%md
sampleomasgnalyzed ouphbspiomush RIGd44 isbews @ rateo @‘mwaatﬁasremoved
fromoéb , nore conmpounds of the present invention to
uce ' the anount of netal present in the water. 18
[0090] The fol IE?MM@’LEXZI(@bmpaBatB/erEBQmMBb illustrate

o Vton o % o BBl Y Tl b ebpect
phodpizitd) ahel relevdnt podienia$ Example 1 was repeated under the same conditions,
except that commercial lanthanum carbonate Laz(CO3)3*H,0 and Lay(CO3)304H,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 Lay(CO3)3*H20 and Lay(CO3)e4H,0. 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.
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injected in a spray dryer with an outlet tenperature
of 250 C. The internedi ate product corresponding to
the spray-drying step is recovered in a bag filter.

This internediate product is calcined at 900C for 4

hours. FIG 12 shows a ?f%mgg% glectron mcrograph

of the product, enlarged 25,000 tines. The mcrograph
shif@94h pdroagueoss HiE isalugioh bawipg aofoluree df 834.7 &enl and containing

h
LaO? Latdnb Cai Gﬁ?rz &l:[ Eﬁd%ﬁycﬁ%érﬁt %%5'99?9%%8 S@%gg v?ast %dded to a
fourddzejdielahen aled hed®Sl to $Q@ORIth $tirridgt diheiimbtaltghbofthadipiOk sojution

l.ant ha t h t
wash" Ao {Haral S SRTRES R ol pbrhyBBRE S0l BP0 g of
sodiuan¢arbonatg (Nazdﬁa)%ds @}ﬁter@dﬂmﬂ&ﬁml a'N;thP&%r asidg& small pump at
are e ck solution was sted,
a ey ipvatals (oo Hstd sofudote: dpiia depateins TRed b aver
papéf, tHfitrale Was §é‘pﬁr§tb@¢ﬂ©n$ﬂieuﬁ/hltwpom RoReRdThe fier cake was
beaker with a stirr| nq The | ant hanum oxychl ori de

mixed v HEGS &vithes literfatis 'ﬂ'Bd Wﬁ’éers%]dlft“ieb?ﬁ toovashy aay the NaCI

forn%cﬂscﬁﬁ 1tR8 readiBn 2TRE WasAbd FfEY RABUBLOHNYEI Bid 8 8oM@stion oven
such that the anmpbunt of La in suspension was 3 tines

set a8 toior Ri owess, o gntilrepsiableneeidisidvasobsenvad. dofp16tsbiows a

scalfihdl el oR AARBILF or FABIGRRCE b P AP APl RS VFhE micrograph

shows ffer adaxtle-tike siswdturesof tmeocornpeu ﬂd qUhalX-Raediffragtionl pattern of the

prod 16 1B oA A0 el O FRUAILl Rarbii edipbra mrate

(Lazmomgrmzmmmamex [0093] To deternine the
reactivity of a comercial |anthanumw th respect to

pht9&Lt e Tordpteriming hedeapiityidd ihokntiagHp) @mpauad with respect to

pho§rﬁ{b@@ttﬁg faliRdAEg feBEWSRBBNSRRACH. t A QR5k soRXIBR E:Bnttah'ﬁftlg 13.75 g/l of
commer ci al | ant hanum car bonate La QF?CGS ) 3H20 and

anhydiousNayPQuand Reaso/l kG Was peapared. | mestosk salutiemvas adjusted

to pﬂ’@’l?ﬂh‘éréda‘?uoﬂfoftc@ﬁc&{tr%‘f@d‘ﬂdl NX8 it of HEH Fn'l Sf‘ﬁ‘\b stock solution
curves how the rate of renoval

mlﬁf@ghataebe@dser wéfpaﬁ@rrrm@ has. éaﬁ%mnémxypamonamdrate powder
mao%aésb@é&?@eéﬁ%\@\%so’lé@@e@fmthb%%&@gﬁ) £HEGmdt n@oLllaf‘\th%'ﬁgW?

he rate of renoval pate Wlt
oxy@@hme hudrat@n@w@rwﬁa:arqbvdhatfée|agnqta§ pkka it suspension was 3

el B i SRR pgd ottt ol i o SR
Sanges mhmsuamhsaxmwwertah@ af i@ Miteivalsttheougmaciites thad spparated
all sgﬁdsafr&rﬂ'?ﬁg ﬁ&&l@t LI'RQ I|8u1d %%rr?pk—%vas/ ﬂ&y&@@?o% p%gpﬁ&ggg Es. 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 Lay(CO3)3¢H,0 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 pH of the LaCl 3 solution was 2.2. Two hundred
and sixty five m of an aqueous sol uti on contai ni ng

63.59 g of sodium carbonate (Na2CO3) was netered into

ratetd??hegﬁ“aﬁg rORBvEd uéiﬁ? B & Buct]CIlal Rarftim cérb%ﬁ&l%q}ég{d@é’)ﬁ H,0
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hydfaté (lex6CI04)er HaEsdndhha(COer4NaQ).  f or med durl ng the

reaction. The washed fil 5Vas pl aced into a
convection oven set at égéh@"fl?:gr 2 hours, or until a

st {097] weiAyhaquesisdiGleotutidn Halvidg &l tolsmews 334.75 cairemdngpntaining

I ron m raph of the pro Iar 120, 0
Lack: (AR o BREER R ok R S 252 nf P8 st afthego a 4
liter DeakearkPiguiod to 80 wih Rayingl fThedsitialgM @f&hé e.éGbQiollIthﬁ was
shows that it consjsts of

d FI G
22 PO PR RO AL RN RARE ohoh BaHE0US SO MBI §5.5%8 Pfsodium
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phosphate, the following test was conducted. A stock solution containing 13.75 g/l of
anhydrous Na;HPO, and 8.5 g/l of HCI was prepared. The stock solution was adjusted
to pH 3 by the addition of concentrated HCIl. An amount of 100 ml of the stock solution
was placed in a beaker with a stirring bar. Anhydrous [anthanum oxycarbonate made

as described above, was added to the solution. The amount of anhydrous lanthanum
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and La2(C03)3.4H20. FIG 17 shows that the rate of
renoval of phosphate with the | anthanum oxycarbonate
is faster than with the conmercial | ant hanum carbonat e
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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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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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[00102] To determ ne the reactivity of the |anthanum
conpound with respect to phosphate, the follow ng
test was conducted. A stock solution containing 13.75
g/l of 22 anhydrous Na2HPO4 and 8.5 g/l of HO was
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llter beaker and heated to 80°C with stirring. The initial pH of the LaCl3 solution was
2.2. Two hundred and sixty five ml of an aqueous solution containing 63.59 g of sodium
carbonate (Na;COj3) 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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EXAVMPLE 10 [00105] The product of Exanple 9 is
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Pl%sargla ?aﬁciﬁfls\rllﬂnl'i %Qpc\)’\gjsre: 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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2.2. Two hundred and sixty five m of an aqueous

sol ution containing 63.59 g of sodium carbonate
(Na2C33) was netered into the heated beaker using a
small punp at a steady flowrate for 2 hours. Using a
Buchner filtering apparatus fitted with filter paper
the filtrate was separated Tablemt he ite powder
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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/mi) 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 éhow a decrease in phosphorus excretion, a marker of dietary phosphorus
binding, after administration of the lanthanum oxycarbonate (at time > 0), compared to

untreated rats.

26



value) A 48.4%22.6-84.4% B 37.0%-4.1-63.1% Pl asm
| ant hanum exposure: Overall plasma | ant hanum exposure
in the dogs is sunmarized in Table 3 below. The
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day of the study was recorded. Start_ing and ending animal weights were recorded.
[00118]

control (1) and high-dose oxycarbonate groups, Ill and V. The rats were then

Plasma samples were collected via retro-orbital bleeding from the

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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intra-peritoneal injection of ketam ne/xyl azi ne
m xture (Ketaject a 100ng/m and Xyl a- ject at
20mgl M) adm nistered at 10 m/kg. After each surgery,
0.25 ng/ kg Buprenorphine was admi nistered for relief
volGrhe RP efcafifing i exBletiBRibRiwdd §louss! FRHYoondinERbS wa¥gbsd for all
allowed to stabilize for 2°weeks to begi nning
grotpgat nent. [00113] The results show ng urine
phgﬁpfﬂf] usE\?é?thghgf? hrftfhdnuh Mﬁé‘ageq/vfé Blatively lod¥®mpared to the
resul ts“show a detrease in phosphorus excretion, "a
amaentiod phosphaiteinathe digtopdaphate exsretiginfgr 0.3faréx6% La added to the
_ histrati o  be e
oAU BBl T b BB 4RIl iy
phdSphatedvendays/?, Jtandyd ofthedést. Ubié phpsiBrotuy exergtiadisla marker of
. | e Sprague-Daw ey rats were randonly assigned to
dle@%ﬂhqﬁ)ﬁa&usp& NYt ens were | ant hanum oxycar bonat es
La202CO83 and La2C06 (conp®uble 38 and conpound C), each
t est ed—at+—0-3—and 0-6%-of-diet—Therewas—an
addi t§ j o e el SISV LU, 8
cel | uleGln place of the test item H(ﬁ)11%] The t
i t ens| GRMBOWIkBFLEn@eGRghl v i nt o Tekl 8B 7012CM di et
Al geonpeundCet el @qui val ent amounds of dietary
nutrients. [00116] Table 4 outlines the dietary

conmposi tion of each grouyp, MFgEIﬁ.’# ISi gmacel | G oup

1D T | Mp; i,

O A e b S B BT AR Gy 5
corfip@rde f&romweRtysfiur differemt etbnientd.| Thédcgimpbevdd tebted%ré ghvém in

. 8.8% Conmpound C IV Md level 0.3%0.9% 98. 8%
a ound C V High level 0.6%0.6% 98.8%
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[00117] Rats were maintained in the animal facility
for at least five days prior to wuse, housed
individually in stainless steel hanging cages. On the
first day of testing, they were placed individually
in nmetabolic cages along %Flyyelr test diet. Every
24 hours, their output of Pme and feces was

Testeasured and col [jected and their general health
ID vi §Cdmhpowsdessed. The study cPréganratesh Teehdigdeys.

Fogd consunption Gférlmﬁ‘@d:ﬁw GRYmEcid oéﬁé‘rﬂ 03)3-H20 at

1rec<p_rag(§§j Starti rﬁ@ g hP:Q ani mal wei gh
regor ded {0018} Ff T 1
ret r o-orbital bl eeed efd?ngl tﬁ 8'05%03%&”“(;“ i?g
[ c ée oxycarﬂ r Ofrﬁép?%q'gg o
3 eyt haﬂ nd M. f h m)_Lh_QDﬁP rJ*Innr\Q wi-th—the

DY
VALY

| ACUC st udy prot ng?parﬁé&' gTaY $ving Tanihaypre cplgrige solution and
assayed for phosipﬁé‘c!ﬁ"g B(Q0°Gpr Hitus gpethod forresponding to FIG.

oned ation inld)H tachi 912 anal yzer using Roche

4 eaderCO)ef e Ar Pem‘\e@tedénmfrocbhms(ghmga@tngerexamplawas

calcul ated for eadtndechy theanetiad bfFiG.iTMewheteatine Ladis solution is
_Sphodpbarbasateoncenteplag¢eshby adiQChsolutiemnt changes were

seen in ani ml weiMgde byuthemeetB@d cofresppndingdoddGi 8j with addition
Gex¢ i on bet ween ofjsodips. chf@rinié. consunpt i on was good

forL al I groups. |[PeédgittioRvsraddimugiidractfanats skisiageo
wag relatively | ovarteimmh eBlokide E6IBtiorREMBIMC @ethod corresponding
mhdagag@m)ﬂﬁxﬂm @ elG. f)osphate excretion for 0.3 or

S el ow. Table | RSt TSR B IS
e ° ycacnato
PPOSRRII G, Over Dt el AR eﬁ %’E? oSt o By catnatin

Bt

|JIIUD|JIIUI uS—EeXcH CL FoR—t—S—a et r\Cl I UI ctrary
phosphorous binding. Table 5 Urinary phosphate
exdpet22in '[mngmayc)bjeaimtofcblhe ss w&tm‘nmuilgatezﬂhaMy at

which o RS RSETart: Siori Ry h ol 51 B G a0 those

elenhehfsefrcﬂnUrlnlqngpmmdiwémy-dmmmfgrehbamom by alsd included to explore
furtﬁer pOSSIbllltleS h'Fhe %npsovvgr%sp tr%srr%gg as fgllo%/ ven in Table 6.

[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, Tl, Ti, V, Zn, Al, Ba, B, Ag, and P.

[00124] The spike solution was made as follows:

1. In a 500ml volumetric cylinder add 400ml of de-ionized water.

2. Add standard solutions of the elements given above to make
solutions containing approximately 1 mg/l of each element.

3. Dilute to 500mls with de-ionized water.

[00125] The tests were conducted as follows:
1. Weigh 0.50g of each compound into its own 50ml centrifuge tube.
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28 Table 6 Test | D Conpound Preparation Techni que
Cal ci ned the commercial (Prochen) La2(CC3)3H20 at |
La203 850C for 16hrs. Prepared by spray drying

| ant hanum acetate solution and calcining at 600C for

7hr (r%'a% Gif s, Q&Qé@. luﬁnéﬁ’ﬂ&a h 2 La2C® 3)

are {, {%rﬁ’%‘l oride solution
tor:. &a'ﬁ%?%n kil % ey DB il LSRG
b

tlere% L%
rep aceos *$:sol ution. Made by the method

r nd wi th additi.o 6 Ti02 of

sodPfiisehi tﬁ? Ut s AT ANG) MaaPAg- sodi um
car bonat e sol ut| on to | antisieum chl oride solution at
80C (Met hod corresponding 7 La20 C03 2xH2O to FI G
10) Precipitation by addi ng sodi um carbonate sol ution
to | anthanum chl oride solution at 80C foll owed by
calcination 8 La2z@2CC3 at 500C for 3hrs. (Method of
FIG 11) [00122] The nmai n objective of the tests was

bi nd arsenic and sel eni um o PnohbfHWrwvel NEI I USE 1N
renovi ng I\shQ«? g Cgl@r@%n‘t:usFJ rPP'ﬁg%'MJ‘NPQe V’ﬁitﬁr Zn Al Ba B Ag P

T\nnnf AL r\ e VY’ VoY T
Ty v ./.\.,“ S

eprL@zO:389 s P'I h@ﬂl p@:@l Bsi 191 t92 e*S 94T$?E’2&I €33t35 9W3156395 81230 [47]96
per{m‘%s'%dndﬁ)o 89 (‘/6’552 s90d128] o W?%S ‘PFPPUan@ 59' L o |73 | 99

1 Va¥s \l\" I'dl alal nl I/ o
Vi g&108L8s| 3p alk _ M| 0 |96 |96
3@(@;‘4}@:584 '\%r 3’7 1, 995 aig @[ 96 “95 Ef fo'\&st rlatl&e fﬁ@ L&Y 1l (9| 43|71
e oy g —ou ST DPEST O

StHte 3| et 3
Co:ri( 96[_@ 100100/ 99| 99 (99 | 98 {100] 98 | 79 (100( 91 | 98 [ 97 | 96 | 24 (100 100 92 (100 0 |99 |98

PP

TANT O LA |

%o;

1891 28, Sﬁcmtﬁ‘%n‘b 28 a4 ¢ 7¥ |dF | 10081

s

1461
\J A\ 1 LA %] h‘p'rm‘u LAY} \lelr
gl
&9

);§D gc

S (p oo+
D
P

(=

TiOZ4 96 {93} 8 | 4 610 11|49197| 0| 1(97|0|97|62]0 (8|0 | 0] 0|30]|99]|66

La,O(COs)xH20) 87 | 29 [ 53 [ 37 (28110020 | 10|58 (98| 0 |25(99| 0 |79 8 |100| 99 |16 |60 |26{ O |44 | 74

Laz0.CO4{ 97 | 92 1100] 85 | 21 {100| 59 | 98 {100, 99| 0 | 99|99 |34 | 81 {12 |100( 99 |100{ 92|23 | 0 | 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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Pb, My, Mh, Mo, Ni, Se, TI, Ti, V, Zn, A, Ba, B, Ag,
and P. [00124] The spi ke solution was made as foll ows:
1. In a 500nmL volunetric cylinder add 400mL of

de ioni zed water. 2. Add standard solutions of the

ﬁ% é\"? abov lo&%aéerﬁgt&éegen HB%(PH o‘ﬁ%ﬁfcﬁ{;ﬁ‘bﬂﬂ specific

emb&ﬂﬁﬁhfs Wwiig to bleaun@érsmed thad treany al{e@mt%}? mhdificatims, ard e

v SR e W el G P b R SSRGS pon

Acco%mglbethiisplhl&@ntﬁﬂ i tirtemdddtoamntirace all s@etpaltérghtivieg, modifications,
e vigorously for 18hrs. 4. Filter solution from

and w@ﬁloa‘émat.fﬂwtshm%"esmvﬁ%wgw e g pRRRhded G,
Cbtain -6m of filtrate. 5. Dilute filtrates 5 10 with
2% HNG3. Final Matrix is 1 %HNOG3. 6. Submt for
anal ysis. [00126] The results of the tests are given
in Table 7. Table 7 % of the Anal yte Renoved Sb As Be
Cd CaC CoCuFe Pbo My i MoN Se TI Ti VZn Al Ba B
Ag P La2(C3 89 85 97 95 21 100 69 89 92 92 0 94 89 28
72 8 90 95 95 85 23 0 47 96 La2CCb 96 93 100 83 0 100
52 97 100 99 0 99 98 17 79 8 100 99 100 93 0 0 73 99
LaOC 86 76 89 46 0 100 28 88 100 99 0 28 94 0 71 13
100 99 24 92 7 0 96 96 La: (COB)3.4H2 84 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 Ti 96 93 8 4 0 6 0 11
49 97 0 1 97 0 97 62 0 86 0 O O 30 99 66
La2Q( CO, ) 2XH287 29 53 37 28 100 20 10 58 98 0 199999 0
79 8 100 99 16 60 26 0 44 74 La22CO3 97 92 100 85 21
100 59 98 100 99 0 34 81 12 100 99 100 92 23 0 87 99
[00127] The nost efficient conpounds for renoving both
arseni c and sel enium appear to be the titani um based
conmpounds 5 and 6. The | ant hanum oxycar bonates nmade
according to the process of the present invention
renmove at | east 90% of the
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arsenic. Their efficiency at renoving Se is in the

range 70 to 80% Commercial |anthanum carbonate (4 in

Table 6) is |ess effective. [00128] The tests show

that the | anthanum and titani um conpounds made

followi ng the process of the present invention are

al so effective at renoving Shb, C, Pb, M from

solution. They also confirmthe efficient renoval of

phosphorus di scussed in the previous exanples. 30

[00129] While the inventiqeLﬁgﬁgpeen described in

conjunction with specific enbodinents, it is to be

understood that many alternatives, nodifications, and

variations wll be apparent to those skilled in the

art in Ii%ht of the foregoing description. o

Adcor di‘hfhanpm compeyathwhsHelN she Ianthariug compeias exkibitgjap x-ray

such alternatives, nodifications, and variations that
diffractign padiermpsdepiasedsipiaither Biguresiéopd-igire i Aeandpplneie dhe compound

claims. 31 CLAIM5S 1. A | anthanum conpound, wherein
exhibith@ phasphhrtimndi e capaciegoaxthedst 43 marofNphosphadigef pa@t bolanthanum

pattern as depicted in either Figure 16 or Figure 19,
compdBigd.wherei n the conpound exhibits a phosphate binding

capacity of at |least 45 ng of phosphate per gram of

| ant hanum conpound. 2. The conpound according to

claim1, wherein the conpound exhibits an x-ray

diffraction pattern as depicted in Fiqure 16. 3. The

cGourdeatEBpisepBing Gkl Fapbren e atiound sHHats an xoray
... exhibits an x-ray diffraction pattern as depicted in
diffragfion pasteqras @Plcﬁﬁg‘nfdﬁ‘fﬁdﬁd according to claim 2,

wherei n the conmpound has a BET specific surface area

of at least 10 n2/g. 5. The conpound according to

claim3, wherein the conpound has a BET specific

sur f ac@harcempo@nddccbriisg toklainPy,gvhefein THeeoagpopod exhibits an x-ray

according to claim4, wherein the conpound exhibits a
diffrapli@ispt@ieas dépeddia Feapagdty of at |east 50 ng of

phosphat e per gram of | ant hanum conpound. 32 7. The

compound according to claimb5, wherein the conpound

exhi bits a phosphate

4. The compound according to claim 2, wherein the compound has a BET specific

surface area of at least 10 mz/g.

5. The compound according to claim 3, wherein the compound has a BET specific

surface area of at least 10 m%/g.

6. The compound according to claim 4, wherein the compound exhibits a phosphate

binding capacity of at least 50 mg of phosphate per gram of lanthanum compound.
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bi ndi ng capacity of at |east 50 ng of phosphate per
gram of | ant hanum conpound. 8. The conpound accordi ng
to claim6, wherein the conpound has a BET specific
surface area of at |east 20 n2/g. 9. The conpound
according to claim?7, wherein the conpound has a BET
specific surface area of at |east 20 n2/g. 10. The
compound according to claim8, wherein the conpound
exhi bits a phosphate binding capacity of at |east 75

f . | aat o
1B, PR e AR AT i s ot

o GERRUEO R B 558, R ARSI Ry B HaRRER oSl
conmpound. 33

8. The compound according to claim 6, wherein the compound has a BET specific

surface area of at least 20 m*/g.

9. The compound according to claim 7, wherein the compound has a BET specific

surface area of at least 20 m*/g.

10.  The compound according to claim 8, wherein the compound exhibits a phosphate

binding capacity of at least 75 mg of phosphate per gram of lanthanum compound.

11.  The compound according to claim 9, wherein the compound exhibits a phosphate

binding capacity of at least 75 mg of phosphate per gram of lanthanum compound.
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