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MAKI NG AND METHODS OF USI NG THE SAME [0001] The
present application clains priority to USSN 60/ 396, 989
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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 14 FEB 2007
invention to be used to bind phosphate directly in a
filtering device fluidically connected with kidney
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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



preparation nethod create different porous physical
structures with inproved properties. [0009] The
conmpounds of the present. invention and in particul ar,
the |anthanum conpounds and nore particularly the

PRI Al SR HBEL g
partigulan, ghe Iﬁmhlaaum coTRseInds andamrefpaptiwiqmwahe laafthaunt en

oo o IR R0 S0 NIRRT B Lt e
45 mglctflphbswm’ﬂ@ pet graim ofifanthapum ebniiERnd 0 ShitablyptheHatthanum

cori e TSRS ol of ol AU, gpmnan
corrmmmdomrepaultabtyu baaﬁoyplhd!te_blmm@ aapavity ofk gtieablortingsP0f/g of
a8 B0 BERLAD. 58 bl RARERURA o BEk Bospnat
bindiag thpauitynot ﬁmpaamoo rﬁgn:gabb wf lahhfanhmlt(?ﬁmd ﬁmggsﬁ@oly,
It t n t t
I e D AT e N
phwmqt e Iniaeeordencanan ithey ﬂa‘seﬂt ml/é}ﬁﬁah refre BRrtRPdetal &mpounds,
l.ant m conpound.  Desira . the | ant hanum conmpounds

andgg pegiciias "B ‘?:beFl@ta'kﬂXM%F"ﬂ Q,sawcwyamonatesmsaﬁou@@ The
oxy8arbBR4teS ntdy 6@!‘3‘}&5@@%%‘?&9@%9 Tﬁ@é@c&ﬁ?buﬂg MaE?F 19procijuced

14 FEB 2007

hosphat e b| nding capacity of at |east
aCCP'&*ﬂgw@rfbﬁwP&ﬁ%b@Mam'C{me?rf'Pk?Sé@wgmeuwtfmtufﬂe he rare

earlARS@NEorhPOET ddtticled 6 ﬁleeﬁ’é%éht%rloﬁ ﬁ@%ﬁqgmenwge bfbduced

partlcul ar, rare eart nNet a
withifkg caniseliablecrange of purdaceaianeas Wit resitank variatie and cagtralible

adsg§ﬁgﬁy§gsggmﬂghydrous These conpounds may be produced
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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
La202C0O;3 and La,COs and may be present in more than a single crystalline form.



desi rably | ant hanum oxycar bonate La2Q2CO3 or La2C06 of
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tenperature formw Il be identified as La2Q2CO3 and
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temperature of about 100° to 120°C to produce the desired rare earth oxycarbonate
hydrate species. Optionally, the filter cake may be seduentially 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.



i ncludes nmaking rare earth netal oxycarbonate hydrate
particles. The rare earth netal oxycarbonate hydrate 14 FEB 2007
particles can be made by successively naking a
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method of reducing the amount of phosphate in blood that comprises contacting the
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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The present invention allows one to nodify these
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¥ passed from the inlet to contact the conpounds
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t of the present invention a
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e content of a nmetal in a fluid,
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process

Lax(0QajkedtdsO hamlsa(nhammﬂﬁmm oxychioride). [0021] FIG 2
[ e present

A O FE S o0 Bl BBSHE 85 SR B80S rom a
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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 Lax(CO3)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(COj3)3°4H,0.



[0023] FIG 4 is a graph show ng the percentage of
phosphate renoved from a solution as a function of
time by LaQ(C03)2x H20, (where x is fromand i ncl uding
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[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,O(CO3),ex H20 produced
according to the present invention and includes a comparison with a “library standard”

of LaxO(CO3)2exH20 where x is from and including 2 to and including 4.



[0030] FIG 11 is a flow sheet of a process according
to the present invention that produces anhydrous
| ant hanum oxycar bonat e La2Q2CO3 or La2CCbs. [0031] FI G
12 is a scanning el ectron m crograph of |anthanum

pr eser?(t? " ¥, 1ﬂ%d§9fa?83%%{hger§@r aqgﬁaxé.‘foftpﬂgsphorous from a

i nvention
SOlUﬁDﬁ by 4epO 052w 6f clraparkd o thmﬁhbtemedemttaﬁﬁumemw

avatE Lo ot HeQ SRR Srr P €S so MGt hanum
OXW@H ®G. 1813Bbcdrniag difctren AidbgaRh D aWhHolid Rinthanum
%J% ilrg C{ phosphat e rem)ved froma solution as a
OXy SRy @ive by LaOCI made according to the

Pr poess OFIGheo isPireRGHy diftRNbh 8Ban QﬁarﬁﬁﬁF&IseLda bQCbtf-? ®roduced

anpunt of phosphate renoved by commerci al
aCCOJQ'neatP@%a&eéewdz\vwﬂa@onahaemzemaylw wrtlz@ “hbram%tandard"
of|_§ ¢:onditions. [0034] FIG 15 shows a scanning
ectron mcrograph of La20(CO8)2x H2O, where x is
f r ©1938hd iFiel 20disrygraphshawing the Irateiaf @hospmmoasyem\(al obtained

with ]r_G.%QSC@n madB3YiId 3" Fs%ﬂ% OLBIJOEQSSS(?@Q% ﬁ[’esleﬂ?%/gﬁ‘ﬁ A_@ognpared to
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ticed “accor I nven
the na:he:bbrmmda‘ox:mrpmercsaﬂy amaildable Lah(msagsmzetmdwzwoa)MHzo

T oy P14 B naing oBgn fsesoh oA o236; g6 ccording
to th@rmptesglwmmgretsbﬁt iheérgiopf renoval of phosphorous from
La20 2xH20 dtoth te
onBrth o B2 AR O rackon PR ey Moo et a produced
accordifigte PR b entdhidshtion dndansades §@8l‘ﬂghh§m§wmﬂ ggﬁgrbrf dtShdard”

18 i's a scanning el ectron m crograp r ous
of Lasksfdshanum oxycar bonat e La202CO3. [ 0038] FIG 19 is an

X- fgaM2fli f%r@ozs era §@BR sAbwiHIHE e hgaﬁrgﬁlﬁ d@F&%{&?thaaned

accor di ng ?r esent |1 nvention a
with & 8ppQs n@@iﬁ fouqvﬂnsa hq preeass ofthe persent inventiomanmmb cappared to the

ot BRI B oo ISR D £ O
f o||0|043] ng FitG\.e4isecesmnnily ¢loetrqr meograpimoémiOcsuppod material
e MBS oo DR S HE N ARSI L Sl i
2]{0044]& sEISig sescanningrelectraly mgragrhplo bf A FJATLTEirumeke coated
with ia&%rl mage 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 LaOCl, 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 LaOCl, 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 LaOCl.



to the process of the present invention. [0041] FIG
22 is an X-Ray diffraction scan of anhydrous La2C(b
produced according to the present i nvention and

includes a conparison with a "library standard" of
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ofReTREEINg newdRithe Aiaingsihe prrcesn efithetpresmtinvention will
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according t rocess i nventi on.
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' [ s treated w
comPBu%%ﬁEmﬂg&ﬁgér ona? Eehsangjlgndé* ac!%@&c B’nqo "ﬁﬁéc?)’.d&f@etgé’"e
embgglimeriiof ﬂT@B@ﬁ@ntuMﬂbnmshm Eiostpa selitibio oplangananchloride is

prov%%?!g ﬁl‘oﬁ\,(e; ?&éjrcgé‘éoﬂgﬁtﬁﬁﬁﬁ& ohnoriﬂg %)fee %gs{%hﬁﬂléggggk&rgdg not

vice having an |
limited tovemyepartiontposmase. oOn’efwumea@femthiaﬁm thiopid e Gofiition @ito

diss@%‘@ﬁﬁ{?@g%l [af h%tnur%nc IorE]éae crystan in wa r%?l?rlx I;’;I;I s%tigw.E Another
source is to dissolve lanthanum oxide in a hydrochloric acid solution.
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[0053] The lanthanum 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.



[0051] Referring now to the drawi ngs, the process of 14 FEB 2007

the present invention will be described. Wile the
description will generally refer to | anthanum
conpounds the wuse of lanthanumis nerely for ease of
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invention is shown. First, a solution of hanum
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sol ution. Another source is to dIS
sprayxdryler genesallyepearatesat adlmlangestemuerature pﬂ%@h abbat 120°C and
abolmdgggum chloride solution is evaporated to form an

§ di ate product. The evaporation 20 is conducted

unptmseqondtrﬁe .atwmteanaee:ﬂsrbauet MEP e td dditined hpéng} Sl%ltable
ucte

orat on t he evaporati on S con
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5oofcetrﬁa5@hut2|oorc fdreenpérvdLsntiphd fRbincoubdito bBYEN24 WaRd thish cooling

nPerature where sjgnificant crystal growth occurs.
to ropiR 1$NaReTRIYRg Thacepled draduct H?adoQR:WaS @by inmersing it in water
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spheri cal _shape or a shape as part of ere.
Ca'ClﬂEBOQ@f?P 3G.0054] The terns "substantially total

eVRIUBTRL | Athe t@ﬁ]pe?é{@l%ta'ﬂaltth@léﬁ@tﬁ F}?ﬂn_@to? tr?éfgagﬁtétgémar'bcess may

as used in the s peC|f|cat|on and alns refe
be vatiag & adiushthepaticle:size and the eagtivitynef the pratiuct. The particles

e BRI BN 595 oD LI 15 Bt um. T cacined
partigtesi qoabisy of lﬂdsllddalhﬁy&ta%, boerd tagetrer iM batriueture With @@od physical
svolihhe 4 SIS SHRLERE FRIERLBSAEIe el Rhites gonerly

havé arspey sdtween lgelrmwga@(i@ mifter substantially total
Egooratl on or subst antl ally conpl ete evaporation,
0581 er R areardapseonitit anglher emiodiment of thetresent invention as

showﬁ"irﬁFlGQ, Rrf8&& Bblution. 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 Na;P0O,. The feed solution of

titanium chloride or titanium oxychloride is mixed with the optional chemical control
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[ 0055] The evaporation step may be conducted in a 14 FEB 2007
spray dryer. In this case, the internedi ate product

will consist of a structure of spheres or parts of

spheres. The spray dryer generally operates at a
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20 nmand 10 p. [ ] I'n accordance wth ano _
watesn s siluteeanid, de remeve frasemel anyweater-seluble phese diratimayrstit be

pre%%/%frt]eFrG{ﬁQgéf&HétﬁbH%téH titaniumchloride or titanium

oridée 1s provided by any suitable source. One
so[@068] i s The miethed|of enamwfactire of the intenmediatd pradudieadenrding to
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. it h. the tjonal chem cal control 10 1 4 F E B 2007
'nen\a/l@gﬁ{n L?'GLP?&#S 8t abl e ni xi ng step 110. The m xi ng

NBj00B2] COMieciethedsTiOg pryticsisithi@rbsespended ofslugfed in a solution of
’L OOSQ%@The feed splutjon i s evaporat eg_to formr@n
an ingigan! BF‘QPH“ET rablg{porganic,coppoyng ige s37eeearid or lanthanum

combbtirfd) iama i ipaitictfar (dritRznum ERBri@y amAlsauspensia? of Fi0, in the

. conducted at a _tenperature higher than the boili ng
'norw'%POTBPO‘t"I"fES‘PlléEQP isAgain sbiested folntal evaperatipe 160 under
conditions in the same range as defined in step 120 and to achieve substantially total
evaporation. In this regard, 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 chloride, 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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tenperature where significant crystal growth occurs 14 FEB 2007
and to achieve substantially total evaporation. The

resulting intermedi ate product nay desirably be an

am)rphous solid forned as a thin filmand may have a

3@363} al TTRARBJBE ¢F sidPPED @%r’ﬂ?értcafglrh z nﬁ@&lr §femper8ture
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Afteg it second icalpirmhtioneste d)b(l) Jithg prddoct maynbeevastedt 180e
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al ci nati on e me
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. ' le to. b d filter in the
wi BiEANEY 84\ ihosPndfe ARERRER o8 B i comrOunto i 1 Believed
thatsmwsefmte@rmcﬂsmreaedd iimthe mehad $t6ﬁ1a@ﬁ anal’gdsﬂerrﬁ@d’dilnﬁl tract, the

an ound i s

prodif BALEY e eahaiefah® Peeeb S doaaass ie anser gtahosphate

fromt tatsienadh shd gastdﬂntem\a 1SRRG b%d@tre’éhﬂbhé}e#&& the product

nor gani ¢ coppound tion agai n bj ected t
of i RYPBDAPSY BB LSRG 16 Bl 4 Phospats, comeer i thecblogtigream of

patléragg.a km@eféwgggl in step 120 and to achieve
total evaporation. In this regard, the .
E’E‘&Sﬂ gﬁcéﬁdg&tolaz'@ﬂﬁ@"im'rﬁﬁv gfdhe. Biesapt BYeRtpy a process
for rﬁémﬁg’ aﬂi)}o%us IBRthanBAT G@%bpoo?@fmg %HQWW'MH rl@rfclnol'hf rBeess, a

alt, an oxide, or an oxy he 1 norgani ¢

solua@mrﬁﬁlanw\angm %nﬂtﬁan@ ma@imtzyrarwnethné Qr@dhpmoatte @hake the
lantﬂ%ﬁéﬁtmel éolth%n {é 8%%@?&9( Ibﬁfﬁan{:{g dd¥ate crystals in

origi na ound ant anum acet a
Wat%!r%@?ﬁ“t"é&'é@ Utlphoduct wi Il be | ant hanum oxi de it 14

OO o R TP b0 et B o
prodfuot Ehepevapotiatioh 22G is c_@mdhcted lta t@'_npmaalra rhlgtmnmar’nme bonhng
i T Pl SEUEAE 341 UGG 308 i B where sianfcan
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 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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After the second cal cination step 170, the product may14 FEB 2007

be washed 180. [0064] The resulting product can be
descri bed as crystals of | anthanum oxychloride or
| ant hanum oxi de fornmed on a Ti Q2 substrate. The

' ' hol | .
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| ant haum agaephaves Bwisol0bililySn taQuéb@sSﬁwtﬁarféoa‘s:@édréll@'
| ant hanum acetate crystals in water or in an
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sol uti e sHidp érﬁé‘l@!& LB@Br aa?slty%‘&’&ﬁﬁ&té%é%é’g‘lﬁ(eﬁ/ to cause
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condi t |r%tﬁ§t'9fb'“é figasiEo-intestinahtraetl |y total evaporati on.

The resul ti M) AEGS GBS BF.Ssﬂ?{aﬂﬂHﬁHPﬁ%néiﬁg' FmQ' sQR,ea”
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spher i kinetighafgegesterallyshriies than tharcompnergial par@peate[ 0068]
Th I

Ui t ab SORES BA.KOBLRTING oo 00D R, e, RS Rasdpl™
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S50 SHOFRC BeREY bchod WFpbe3BhARISs bl BHRL:
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 presénce of other

anions.
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room tenperature. The cool ed product may be washed 240 14 Fgp 2007
by imrersing it in water or dilute acid, to renove any

wat er - sol ubl e phase that may still be present after

the calcination step. The tenperature and the Iength
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prefieted Dl SRRk Sof 1y fliStea U6 1B 3 By BRLS4ddR odeorifsted Hl
100tmlafthe stocK kelptitraiseplamantinEhbeakeatith @ stiffimgbd. metsamﬁle of
Iantf&Om?ﬁé&}‘fﬁ%};‘atghﬁ\g{j'@g lgﬁ%iggt eqr_%lﬁé%&) A2 t h anefhanum

oxydza3¢rd8 pdwdeP B.suth thdtehe aswuaf of llaihtsimaﬁémi@lﬂécé]’um&!s ties

oI LA BER AR Pl Bl eRBEBBA s or
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iauifo T8 1Lt I3 ot FRSRRBORh P shaya hahiter 10 min,
La, @G5, Gk ¢smovidt S6heiiave Qlﬁoépﬁaftefm'ébﬁﬂloﬁswhéfé%@a or

substantlallyllnear bi ndi ng kinetics. This is
compiespiabiyAratediLadiaskanate LadpQ%bPéH&QIf@BPYGﬁeOfﬂh%thbe

phodpitath Ptk ahielpeRtfeRes cBhdRbAEAfter the same time.

[0074] \ FIG. 5 shows that the La,O(CO3),*xH20 depicted in Fig. 4 has a
capacity of phosphate removal of 110 mg PO,4 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,COs. 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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anions. 13 1 4 FEB 2007 d. Properties a, b, and c, 14 FEB
above are expected to |lead to | ess gastro-intestinal 2007
tract conplications than existing products. e. Because
of their particular structure and |ow solubility, the
t f ~hhe. bV j t tial
SRl %t | Q00N ikt 2B g PO LSl e AL, Bgreas
Lap(§xD4)d-60Q tused ms refedste oblyf hiededAb maROhaniarcompound.

oxy nat n.pr [ by..di ff erent
o "0, SR e A M 0k ot ot
Lap@3®0d Aftept® pum af ieantion, AA¥hafthenphoxpyiete had deen removed,

oW i del ifferent reaction rates are
oo fbARR Fo b st hRE AL MY bR RRle e Rt | s
La2({0z@3) 2-Sdiafles ohdifferentoxycatbdhatddihavd besrhmadaby different
q@/cgar boHate. iﬁ tﬁrgfelired because it exhibits a
metapds 23 BROWR iy hable A8 r eroval of phosphate. To
determine the reactivity ofTidhe 1l ant hanum -
compound with respect to phosphate the
foll owi ng procedure was used. A stock sol uti otnitial
containing 13.75 g/ of arfyarBewBRE2HPmREtion 8t &deg/ |
of HOJ is prepared. The BPOR"EopuErDPAss adj met@eant
Sapble3 Gompobved addi ti on of CBHEENTT atred HEmainidDOKk  of
the stock solution is pl & i n amfgakesteMiolrtin @nin™) -
stirring bar. A sanple of [|anthanum oxycarbonate
1 powdela,b@ogded to the salution. Fhe amoupt of gg49
2 | ant hapowo,)pxyaar bonat e powder i sasgich gifagt t hggagrount
3 of Laawmceyspeosi on is 31ti mes thegggst ighi onepgse
anounta,s@edechiligy)r eact canpl et el yoagt h gtdre phogghat e.
Sampligsoeb,t he suspensi @n are taken alydrgt ervglss
t hr oughcd, ¢ hiHingg) t hat separ at ed akd g solpisds froggshe
i quiid,o,&be [iquid sanpl @ i s anal yged faap7 phosphgr ous.
FIG wW.chavemiihbgt after B0 min, 1p@0( @3d8) 2xH20ubas
r.em)veg( 630{ f. the phosphairerciin sol uti gn, whereas a
corrmj:lg ggl’aaizgr ated La c§Mhngte '§2(C&§§%. 4H28196
% enoVEECRA & 220 0.094

238% of the phosphat®&®in same

o

= O O~

experimental conditions after the sane tinme. [0074]

. CouTa "3 b B A LR RSB i ot
ther feantioadf phoéphate carmpinimgdhftet t1OMmihGf Medttionald ®een tabulated. The
teHf RIS RB e i SPTEAN T APGRARE T 8 p T His o edstion of
phosphate, assuming the reaction is first order in phosphate concentration. The rate
constant k4 is defined by the following equation:

d[PO4)/dt = - k4 [PO,4]
where [PO4] is the phosphate concentration in solution (molfliter), t is time (min) and ks
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.



[0075] Another preferred | anthanum carbonate is the 14 FEB 2007
anhydrous La oxycarbonate La2@2CC3. This conpound is
preferred because of its particularly high binding

capacity for phosphate, expressed as ng P04 renoved/ ¢

of gﬁﬁ%um dg E%\ggtﬂa‘%ggﬂé i 515 ﬁ@gzrrelﬁﬂun eﬁn&% the specific
Surfmehareamﬂébg ammtofsplmsmhme regeted aaéter 40 enien ba@ppaarng that in this

sern@é 5\‘:@3%5th@9n8§4ﬁ%oh?nﬁ9ﬁ8rofﬁﬂg?néugg?? %ra{:é & rethgch@%é Htace

reaction w oxycar nat e
aremam@enmenth«qféhe mmmmtlcm ofrthawwmboﬁél%omﬂh& method of

e O S PR af BB o SR S B e putacturing

metl[nc&DGr?l}y Billing asnarfufabtded pesductxycar bonat es have been
di f t hod bel o
TaiReby | EicraRRows B AGond FowRlalen i+ paehesound see

comgbaml's bycigbfti?@ﬁhé i @rdsatrét@rd‘oacﬁnf’@é« ghvahén QTQBISLI &Rt the BET
manu cour area renual ni ng K, .
specii HiTRoRBEA AT Feortg! o cam PR reprosentsd Gy @psiagisine going
throddh thebr > KA w8rd|sa\3@{(rﬁ3@:§ Snhightal drreo tHid igltléﬁl%t@oﬂ%gctlon
3 La20(C03) 2xH20 11 38.8 0.171 0.837 4 La200b

(4
appears tq hg)orqpoz@oreal tp thesphesphate concentraticomnd aisp 19, tmgvallable
surfibefiag. 6 La2C06 (2 h nilling) 7 18.8 0.308 0.391 7
La202C08 7 16.5 0.327 0.36 8 La2C06 (no milling) 5
11[098%] 48¥Vithaugheingdhenad by @hyghe;m(itjfsa;@paﬁezahefahp observed

depdhdgpfio §R3u/yaF g Gonr b BrispAte echoBRufit Bl B gt by o
nucleephilio attadkyofttive pRESPhate iho @ndhed La atom in the oxycarbonate with
resultant formation of lanthanum phosphate LaPQ,. For example, if the oxycarbonate is

La>0,CO3, the reaction will be:
15 La,0,C03 + PO + 2H,0 > LaPOy + % H,CO;5 + 30H"

If the rate is limited by the diffusion of the PO4* 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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the fraction of phosphate remaining after 10 m n of 1% FEB 2007
reacti on have been tabul ated. The table also shows

the rate constant k1l corresponding to the initial rate

of reacti on of phosphate, assumng the reaction is

d T
LS o ORI 6 SRR AR By
oxy@qrborxqw anddn patklmu[aPOa:}thahwn ©Xyhdnats tetn@ hyxl!'ratqo fasteown. First,
: | ' t { t
an SRAGFELARES PR 1bRBRLH B deS dny thelriael /e ik to
makegthé eolgtion & bhﬁgsodateecmnmetcmiﬂarﬂlmnum ehloridé |cqlstals in water or in
on HEESAIEE, e Sop RSB AL b B F B ssone
Ianthfamﬁ m_ade ina h&dmcﬁﬁﬁc%&w?sohﬁt%79] FI Gh 8 ShOV\? that .
t S od, corr ti tween the spec
ool o o s Sutortis siACed BERpHAS hak astora herLaCl
solu1|8n mtnen hbamn@wct Wérek/i@:u*slblpﬁepa‘-‘réd bAalyféal igPadeSsodidth
ortant factor influencing the rate of reaction
carh%'awé ngel%df')éé@ deqyp¥ey a Pw&?gp%fr?d@ﬂrﬁ Yithrvigareus Bibgag. Themass of
sodmn éJﬂSorthé‘ FaqAeRak eaRliatdteat EinbRe &fsonWE%bHét%tPeﬁz moles of

surface area can_be achieved by adjusting

LaCha?M'F%bWGrfleﬁg'red@laﬁ%@f spdivm garhqnate)selutiem @fa;@edr e resultant
sIurlerd?@Hgﬁensﬁ&pi?%loﬁb@to %ur%h‘ei’\ﬁ hblR!a &%Ogéoq'h%‘gtfsﬁéﬁglgﬁ)l} then

al ned he sane npoun
filteredrand washed witht deraibaealized waﬁr@cp peadluce am\@are‘lltratan dhetider cake

.
s B AT Py TIRAEPAE A SRR s ovsomcs.
Thedmmajlphil oflthe dlta@?rsohnfmhss 2yivhite tmee‘mekara&lﬂtiabuﬂfe{neron dffeecure is
a te. o r,eac rs to e r ona
5.5..8 whitd poh@er s a0 Rt ity oSBT kg 85 BRRRRLM Sthrbonate
four&M&ta&éﬁO.laQO(GOg)E%EO&r The n[.lﬂﬁ&'l%)f \Ihré]tteh mdledwwﬁ thiglaehpayind is
eor, a
app Rt et Shaptvary DeBIEAIOS 8a 18 bl & 2B8dent r at i on
mﬂfpobﬁ] teX ﬂfhﬁhnﬁ@dof)%to &ll_Gﬂ‘lmhﬁﬁﬁéﬂ ;%ﬁrc])@es’ﬂ foR ealkiig %rﬁ‘rﬁ/drous
ate 1on. o0 e omin e o0 car e
(anthaT] DRI E SR T AArIeP0R SobHian of EAmSTuEEficride is

mad%WHHy&neﬂtht m&m&ﬁ%hé k@ the solulidPiRissde commercual
action wll be: 1/2 La2Q2CC3 _+ P043 + 2H20 4 LaPO4

lanthanurlm@tlgﬂde eOYEfals infwater gk I8 andHEl salytian. fynather methodde make the
lant®dnuénERdS3sollifith fsQo ldi3oRkNIEmAENEH IR iIRIRRI-EHIG Eacid

solution.

[0086] The LaCls 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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and the avail abl e area of oxycarbonate, the observed

relati onship expressed in FIG 9 can be expl ai ned. 14 FEB 2007
Thi s mechani sm does not require La to be present as a

di ssol ved speC|es The present reasoni ng al so

ook Ot oAbyt B 6 2GRS T il o bPfig weane s
obsefvet aThb &mitikhpbhoftpb akElOsvldtion is 21D, Mu;ﬂe thod findig@H of the suspension
rea,avai

artef BYET B A HORS oA SR SPLrer DG BERR RS produced. Nex

the lanmmm @@céﬁﬂoﬁb%ﬁiré@% gred af ah BRIMih&&aY] WAich¥ Blaced in a
n

ai ned_by the decyease i 0 ra
Pig ARG IHNE o TRIRAEO PORIEE R Ao 5t B0G Seenchpeld at that
tembé@ﬁlré@& ?Nomfr@cthS/@beQQLaEdJﬁ')JIQ'deﬁfédon of the car bon| c
acid nolecule fromthe oxycarbonate. 16 1 '4

20(0087) ooéé*FmﬁSWﬁWn@erﬁﬂk)YE’EPLPH@"“@JG"“%M?ﬁfé?niiﬁéew as
indn%aﬁéd ﬁﬁ'ﬁb%%\h&% B%@ﬁfﬁtpgﬁﬁgfbé‘ﬁ@ fgﬁ ABHOIE fB ﬁB 't&éik__ﬂrmstead of

ant oxycar ra hydrate, is s
3h carat 800 &G ursstead at SAN°@f THeareshiting prachicbhasithei sanrmdlaaerbr;aal

t d. t hod t t | ut
fornfyiY R 05 ferP R Patigrt Rl e oy a0t beAl apd efifvits a higher
phyﬂ\ﬂél%treﬁgtr?l and almr\]n}dﬂsugateltarean Thé\pﬁidﬂ.et coeédponding toRKegher
nt num C ori.agae ., so 0 | S
tempal Bty ot AT 63 cwagow'meo'érdeﬁp?iﬁg@ e o,
[ OfusRyEB) ThaukfiRg Bowab g«som jBdelieacsod hé?\lqﬁg waluhltesmz adflan outlet
a en eat e

tank re tor. .Th 0 to )
504 4y ghown. g fe\jce 50{3%6& & thﬁ&?fm‘?gcaaf' S Y %é&qﬁ‘?ﬁ* container.
D.smea@w@n the §1eB502 ¥ndtesltieY 804 B PSUBRAIOEOR iMPfsrm of a
i gorous m xi ng. The nmass of, sodium carbonate

th v
p!uralg)q qf 9%05 @OE%PQJUPW&? Qithe PraseBkinyentiandi Lha demicsomay be

ﬂundR%ﬁly ot ©fa dieBfsisdmaifiRg tﬁrﬁggﬂ Wﬁiéhrtﬁg blF&eFIoWs, to directly
sodi um carbonate solution is a he result ant

remgye,phosrbateshisfracipm Al the rare- @%@chrep@mcbwm phosphale i the
bloo%@f?ear?ihqfn FHiS 85 c8n 'tﬁetppé‘é'ént fmbﬁtﬁfrﬁaséﬁénféﬁﬁi‘ﬁés\éﬂrﬁ&hod of

dem neral i zed water to produce a cl ear I'trate.

redyaing We amguat of Bh%p@@&dmu hloed thehcaroprieas Qsméaptlag tll@elogd with one
or nfd?é cag\BBHrﬁ_?%oc?’Fthﬁg}%éegﬁgﬁl A urﬁoﬁ'ﬁ't?ig iufﬁ%gﬁﬁ‘af ﬁlgcef tlhn%‘?nount

of ptmpﬁate hethsblfmdn& on after cure is 5.5. Awite
pomiﬁg i's O!éhcc

a akum"g%/)tc ar ona‘%@gcﬁ(ﬁjﬁé h%r {)W% OEO?E?%‘?VQC%—EQB may be
provides inunfhéd stvéameasoehainafleiddoatainimg almnstab omgialuionl, prosphate or

PRI oxi mat e a a
othqrﬁ%] gy 11?8 RSSO frgﬁth%%ég?ﬁrﬁ\f ql?glhﬁ §t6:$tﬁlr’5é6 to fontact the
conmmoahdsof the peeseht frventiork ang oatthy dutets504. Accordingly, in one 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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| ant hanum oxycar bonate is shown. First, an aqueous 14 FEB 2007
sol ution of lanthanumchloride is nade by any nethod.

One nethod to make the solution is to dissolve

comTerC| al | ant hanum chl ori de cryst als in water or in

aﬂPor e & o% {’O%Wl ??l%{%éehﬁgaﬁ Eﬁ"attenﬁ:t no?ﬂjhﬁ Wﬂ?esent

utron™is anum oxi de
inverttipdr ochl oric acid sol ution. [0086] The LaCl3 sol ut| on

is placed in a well-sti rE{)&ﬂ\gggE react or. The LaCl3
solution is then heated A previously prepared
arfadyt]i caAngnaesusssulition cardaibingatod g/lsofs*..lamﬂlahmaadmmhlonde is

RS RS TR R T M T T A T S

corré%ﬁbﬁ&iﬂ?tt@ tHeEdpray- HFW?QSS’L@E id-PebFered \h @bagititer. e THis it rmediate
mass of sodi umcarbonate solution is added the

produeids calginedst 9POC tar 4 kawspe kP ol2 shows a seanmingelegiven f or

i B8Rl A, FIRGRIBSIE B STAO R MERALIBNA 5 poro
structure formarebef needieelike particlest #he MaBay diffrantion patteen ¢f the product
(FIGZQZ% ho%v%ktﬁat' l?(t:cﬁis?sgg g I'aﬁfh%nﬁm]c‘{)ﬁ&mogge gg%l at 105C for

served. The
[ r{OOQZt]I p1Fb déterrinmel_thélréacitvit)abf the lasth@ndim calmdoand wéth respect to

phosphafé, i efiauheed SR ST iedt A SBeRERGHeT eouania,t4rS 8n of
anhyNﬁXIs N&HPO paridha B @%IanMﬂr@bErdw drhet stoclssqilitarewas adjusted

: .
to pHf B pgehanion & soncentptesceCl 2R Smanofor DBl of the ok sgluton
was b@lcé@% padkdralith AbtikiRgtbar! TR &IrAkaHen BWchﬁorlmlﬂ‘dm above was

ydrous La2C203 i s forned. HJQOOSJH" ernatlvel%l @8
add%’rﬁﬁﬁ@? selytion o lRHA dhUsRFBEPBo TR @MQInketagthanReRghiogde was
such'tﬂaltthg a%cﬁ}Ht BtiSa Pﬁé@%@ﬁ&ﬁn% DemBs Hedorhiortiri&afrdunt

4 h instead 3h or at 600 C instead of 500 -

needed tcm@aqt@@mp!qtﬂg withdhe PhopeRkaten Sagpirs ¢fiaesugpension were taken
at t.rﬁ@;rgagaas firdughhPHberanat JJp%FaﬁB& a%bﬁd%fberh @hé‘f’ql?fd Rwe liquid

ction scan and exhibits a 5) S|ca
®

sampieveasanalyed for phasphorust dde. Méhowsrﬁ@ rgte et Rhosphate removed

ponding to a higher tenperature or a |onger
from%%[Jt%ﬁatl on tine is defined here as La2C05. [0088]

Tur ni ng now t o BXAMPBE, 2 (Catpparadive@xanmlehg an i nl et

5 a I | S

" {B0REf ' o7 adHlenine B lehdnRlBlE colifertBlahthanih WY retpect o
phosphats) stresirdi@taneportivh ef Enamiples0 Yaamepddied undérghe 58mhei cpndltlons,

S rate 506|nthefor of I l, i f o r
excepb it compsinasearenim vt Lenbiiiug Yailaglfdesto was
usedP¥teBf 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 Laz(CQO3)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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fluidically connected to a dialysis machine through 14 FEB 2007
whi ch the blood flows, to directly renove phosphate

by reaction of the rare-earth conpound wi th phosphate

in the bloodstream In this connection, the present

i nvention al so cont enpl giyeguerLges hod of reducing the

anount of phosphate in bl ood that conprises contacting

t h®0BAbod AR QCWe@H% HQb polytier hawirg gueiame of 83k 7p nd ewdtcontaining

i
LaCfg;El‘éﬁﬁ'fang a&%nd% %%rghq'b(ﬁ)g)tgfg % W gétiﬁ_}%g%ﬁé}?é’dﬂed to a

four atepbéakeffartdﬁmeq@ﬁetb@e&ﬁ Cuwﬂeﬁmmag hhoﬂltﬂ@\nH:@f the b-afaln/sabetion
was Qr?VJ{\gﬁql\uhH e% JAo”énﬂy%é ﬂ’ﬂ'@f%ﬂ atqﬂ% ﬁélhfﬂérﬂc&ﬂ%ﬁ-@%é‘@g g of

sodipassebriate |(1Ndazl&03 maetmaéﬂact |hta)thigmelatsei bedket vsing sbfrfialt pump at
a st el for 27l OBe g B i) Tie itk mriga oo S e
papdr theeiirate 'Waédpaated fretrhibie vwfltermﬂmdsrmngoddm Thafikedt cake was
i) B o R s Bl S i SR B B

formeteiudihg the FeactomMPThe dashéd ﬂ‘f&ﬁ dake Yelst pladeerintd @aoh\ﬁéctlon oven
reduce the amount of netal present in the water.

set at 185ECdop@drpurs, g9yl aﬁ%eblﬁdvq'@'m@s Bearyade 15 é@@ams a
scarkig F%%S%%E\%"’B“éu%%‘aédé%ﬁuﬁ o g grcrograph
showg thegfeedie-lile $tmufam thecenropoutil. i Bhe Xfﬁaycﬂlﬁ@ctl@n gattern of the
prodlﬁg{ @%Sé%’):{hg‘oogﬁtg% &léc%? He @gdmgd%.%{&n% o%?gargongtg%ydrate
(LaZGQEGy)zdwomgmﬂt PR XsS4r ecover ed in a bag filter. This

I,:r@% ﬁta\%;t%r odu%ﬁl rlﬁéctC ﬂ’gzﬂlan aggg\gqgg(ﬁpw \QIIH]ErSe'spect to
phodphaeh)ete fcmamitrggegit v?& &K}mub%emsq STH&E ls&;ﬁb@@b?@mlﬁ@ ws\gﬁa};n of
or ous uc or (0] nee e- e | C|,Ees. e.
anhyare NeptTROER B GEGHCH s Prararst o Hhis stock fplgtion as Adjusted
to pi¥ b%hb%ﬂltbﬁ o‘f@ﬁﬁéeﬁm‘tl‘étéﬁ HERNAR aMsTInest 40 @ bidelstée! solution

To determne the reactivity of the | ant hanum

was @lﬂ?ﬁéu’hé beaker witha stiringdary haﬁﬁmat@ oxygarbppatedwdigte powder

madbea%tdé@%ﬁbé‘cpam Was aeﬁséd ke %Blu‘tibh orrhe @Mcﬁn‘n‘i‘ bﬂ&nﬂr?anZﬁu
anh¥ﬁerous Na2HPO4 an

oxyoar%mt%bydra pawdarvasciuehithat th,a?nm%anugt b@un Mpsplslsn Myas 3
nme.&;ﬂfe ﬁgf@hwnq r.eg[r@teﬁgﬁégde%tts%wmﬁh@wmthefph%gghé{b.

st oc
Samples of the suspension were taken at time intervals through a filter that separated

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 La,(CO3)3°H20 and Lax(COaz)3+4H,0 was
used instead of the lanthanum oxychloride of the present invention. FIG. 17 shows the
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was placed in a beaker with a stirring bar. The 114 FEB 2007
| ant hanum oxychl ori de from above was added to the

solution to forma suspension. The anount of | anthanum

oxychl oride was such that the anount of La in

rate%ﬁs |08 reRSved bdi &etn%?ﬁ’nrﬁéﬁ?]é?q] f%ﬁé't%t n%f°3»23 H,0

needed to react conp hOS ate

and 2(0Rs) 3 Hdgan iGN K/\emvaa talateﬂne rate of rﬁmowalt@rphas@\ate with the
Iantﬁemu%‘ gi&/ﬁééde}t@ fg@fgr thsa%%'&?{h%dcoﬁnj{-ne&%l 'I%ﬁhgnruménjagnate

hydqat&)@.;az(ﬁ%)stQIaBd U%(%QMH‘Q(BE rate of phosphate
renoved from sol ution. Fh%g (Conpar ati ve
exanpl e) [0093] To determne the reactivity of a
col0097ti alAr amicvan tHElwolution éepiegta taump ld 3BME enl dndecontaining

Lack g ERar Bhbndd) & o ofeidien e FERces FaibiEnanved toa s

liter bealbamagﬁe;daa% @)"Eﬁﬂiﬂw wdngagpm?jé pﬂ-:c'mmaCIal@&dion was
ipstead, of the | ant hanum oxychl ori de of t esent )
2.2, |ﬂ'\“/‘éﬁt’ﬂ¥3fﬁd aRgoixt V%M%\lm' LRy EgueYts ?9'@0"199%6‘59@&9&%3“'“’"
carb@ﬁafee('m\ééba})\fvaﬁ’ hRselkatino ¢es hesteahdbaRer dshd s %H%L?uﬁ{p ata
| ant hanum car bonat e La2( CO3) 3H20 and La2(

steady fiowratesiopddrourat Using ar%ucémebﬁ'terr@smmﬁrasﬂs tesswitafiker paper
the ﬁﬂrétlé Wé@s%ﬁﬁ%&ﬁ tHeaﬁﬁlt@Bm&ad'rQ@ﬁ@t Q’hb%lt&aﬁk%rwé’é mlxed

egl nni ng but sl ower fter about m nut es.

four Aun';esawg\ 2 titers ottiatitedvater mﬁ]}erﬁﬂ ttawaéb avapte %J@CUh"@ﬁd
dunrﬁ?1 erl‘éaé‘tldfpl w9§h tef eakd wag Ié?déetlﬁtbrél vslsl?cﬂ:’ g\/e% set at

anumc lorid at a conce tratlon (0]
105°é‘sf0L£mrs\/ustllaajstébletvw@ht waﬁu@bsaw@i FHaallke thedaathaaumed

oxycefpdiiie Webs il RS U e nuE ot T Ririage .,

temma‘emlwasaammiedho Sﬁmcaamﬂ helda tt&ﬁ tgnpératls'edon,ﬁ‘rhours The

e IR (AT o (BB RoAS NSk BG 000,
Usf0998h BU dnlarwocés‘slwaar nepgaiappbne@ttmms‘ i lIntope oasehhéwhrface area

of 33 o\ AP 68 26 355 LOTh WSO A%, itagees, the

er pro cake M xed’ ur t
surfadet dred dnldtreastmf rate stsihbWa dn Wabler1.affie. f1i8lis ersednning etesiron

i BYRP 1o OB 40 60 8, RSP SBE  ne
structOfe e thisicothpoand $s made uﬁewldm@‘tsadﬂaeow\epm‘bilmMy round particles
of alftE BN LI w76+ RB-piio8 s ccrnfrsHeh BafSbabopnabat hegroduct
mad@ihere® & &PAnhydrous lanthanum oxycarbonate written as La,0,COs.

[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/t of
anhydrous Na;HPO4 and 8.5 g/l of HCl 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
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shows the needl e-like structure of the conpound. The 14 FEB 2007
X-Ray diffraction pattern of the product (FIG 16)

shows that it consists of hydrated | anthanum

oxycar bonate hydrate (La20(C33)2-xH20), with 2:5 x5

oxyéarbcﬁrpaqg Was-EQlcF’ AR QFho'iJH?opfr L%ﬁtéugbéﬁ/&ﬁ{ W%Q 3 tlrfi‘éll fﬁ@n um

onpound Wi respect to

Stot@f@@m%@w needer tqaregﬁfofzqmm@ﬂelytwmtw{toaphaheg S.Lasnmss of the
sus;%n'sm‘ﬁfw d%r’tg QHﬁteE@aﬁé"R% RS Mert t ?érg@ alY‘@t}i‘d§ from the
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solution was placed in a beaker with a
phogéhattér‘ferﬁé ?r( Lant hanum oxycar bonat e hydrat e powder

made as descri bE)ﬂAMRhEeG‘(ﬁem@dnEtd/eta(atrhplef)ol ution. The

S UbRb! ToP AR o & e Bh B i despect to
pho!;matesttloe sbcanigpart of Ebmmlpsié Wmemdrm tosarh€ tehditions,

excdt it o rRerEl BRl By G brrR g ea- (9 Had SR L COaeaHO0 was
used Bptadtafdhe BhJO T4 @f&hé bﬁlmehhﬁvémtwml d=F||G£lze fgbwy itik rate of
ous.

lyzed f hosphg
rom R0 GhestbP LG sk COTMERETA TRRaRHTE SPTRNal LadaRRp D and
Lax(CORJRa 8.1 FIE. W)théﬂﬂ@%tem r@mb@élmf ?ﬁo%pﬂ‘%te with the

react] vi t of a commerci al | ant hanum w respect to
anhmﬁ%%ﬁatf@num@x@ém%awuwd BSGRPING t@tme@roxa@iﬁe@fttbq present
Hmi%fé di XPRth %’r@
inve i fAdt8r SARRNKE Pat dbb@l%d wﬂﬁ e Laz(l‘i’éﬂ[&“r%%ﬁﬁ%gate hydrate

| ant hanum car bonate La2(C03) 3H20 an
Lax((wls)a HipS2and hax(E&k)atHzthe | ant hanum oxychi ori de of the

present invention. FIG gyafppwsythe 20 1 4 F E B 2007
rate of phosphate renoved using the comrerci al
| R0MHU MAsWipncantaining ¢08 o192 b.azasdanth20@n3cRtateiRlinjected in

t
e e LT
correslpegdmg'rm ghne aﬂ)rayaintll_lhglstgg) 31;5 dedovpsddein S(wAf/JP ﬁLitEeﬁ'S Thisoir91t7ermediate
a a
prodyeR bR pBIE O helinand ZbHhmt 8ecaming Siagi
mncr@@r@bﬁlolﬂ tmﬂprobaﬁl 8nl@ﬁ’g’ﬂﬁ $R000MiIHBS OFIEE2 Sovds the X-Ray dlffractlon
entration of % as La203 was added to a

Pt GEMERIHu Akt Ml i CooRS ol AnBydrows lepthanien
oxydaFBotn'aﬁi ThHe )@ka‘y%ttleﬁ%:’dlﬁéfbh‘ttﬂd?ﬁ tﬁ@ﬁatt&n%orrg A oS ample

Si xt ive an_aqgueous sol ution contalnln
5, e\@g tgg.l@ éqe @@mg@hcomposmon of the compound is the same. The formula for

this compound is written as (La;COs). Comparing FIGS. 21 and 18 shows that the
compouhd of the present example 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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carbonate (Na2CO3) was netered into the heated beaker

using a small punp at a steady flowrate for 2 hours. 14 FEB 2007
Usi ng a Buchner filtering apparatus fitted with filter

paper the filtrate was separated fromthe white

e OUESBAE8) Shs o051 b L P Bhalan Tl tich i

to pHv@alyy theeaddition df soneentraded H@) Ah@memnt bf H00 meéthmbxﬂdsolutlon
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shpe108 Toleterhind tHe reh8tivity o’#a%?rﬁﬁér%&l @rﬁfér{u‘?ﬁ‘wﬁh respect to
mcrograph of the structure, enlarged tines.

W@twww%ﬁﬂa%mammtq@aborﬁ%Laé@pabtfdncéan% L@ﬁﬂ@a 3*4Hz0 was
used m&gam thélaﬁ&%uﬁ{ oﬁ%%w&beg @hc&lau@qertﬁébr@steﬁ{ mvent.on

round partlc es nmin Size.

as dgpcribedzapoye f Hcacza @lﬁpvmtheenate @‘mmsn@ataﬁamomle‘obmon@mmermal
lantR%Hifn E%Snét%a &%y i gg:gléi] La#é dag ug]r-loéy b%‘ alsB shows that the

witten as
rate 1of pbosphiateyreptoviahivith ItmmammmaMam Bﬁastesthaotthe aate of

pho@iREPRaSial i chtimétiia ol Bl RoG AT FRe | BuEich .0 and
Lax(6Ad):84HQy/ | of HCI was prepared. The stock sol ution

was adjusted to pH 3 by tion of concentrated
HCl . An anmount of 100 mE%‘?mgddst ock solution was

pl [0O404) nTa doshktiom ofititdmiamsshioride oy oegehlofddyshitaining 120 g/l Ti

o SO B0 2 A SR RS GRLRechBS o
solutiéWishajeetet 24 a spfaydize BwRR R ouB¥Me RPN cfE}'C‘i"he spray

that the anmount of La in suspension was 3 times

dryeg peadusf is @Mnesi aeRt°Cieeddd the predeet is éulmra@tedugtw washing
|
step& e 2 RiSAGGE AR \ﬁést'ﬁ’fﬁq % n?ﬁ%ﬁ%?gg,o(g :24%"@ (ﬁ‘?ﬁlﬁﬁ'\'& electron

Interva a
mlcregnapbgf theoﬁazheaterlalcphtainea‘h # shows acbaanpsteuctare with individual

partERS o AR 220, B EARABAR 2 St TR hhE oo

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/t 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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[00100] To determ ne the reactivity of a comrerci al :

| anthanum with respect to phosphate, the second part 14 FEB 2007
of Exanple 5 was repeated under the sane conditions,

except that conmmercial | anthanum carbonate

o) 367D SRR AP HOOUEE PO 65740

TiOt blsuctarteewith a coatingvaf nan‘o -gipext lahtamu soxyghlolide ¢ 6iGE2 Sisa

b B RSP BR T oG s

thatwhe m%navamdatmcb“ Mrélanibrmfsunsmey Tl @OClds prasentasa
or di n C t epreset |nV€nt|0n|S
oy ddibsit hth STottalod ayatAl PRan BRoBL itatleng pnd 0.1 wm across,

f|rm|y9éﬂa‘éﬂ86)i“?6 Eh%r'hQE‘ @&@I)}%Y Qﬂ@.@cﬁt st A3 AFPEr AMd-size thickness.

EXANVPLE 00101] A solution
Thed &HGli QfPWEj‘ li@entgsvlledc#y the H9- pammmnnoa&ﬁwwe; rientation of
e
rutile B b QO o'_rl_lﬁea nfegﬁ@ég;dl’gk‘ EEOWI Sl&s%ng@)#tﬂ? egrg%g)gﬂf‘cr@%l% Bf the

deppsitcapbeayated from the esnometearct@ma mitromrapgbay Varying the
temggﬂaﬁ,rle%’fgﬁg@%gfﬂg%a,cﬂ{angcstte s calcined at 600C for 4

hows a scanni ng el ectron m crograph
of [001@6br chGcECB isean beargeny 81ecHO0 ntm:mg:saphl%:loﬁesﬁ&cﬁh\@w:scalcmatlon

at 6@{)}? ﬁtﬁ%q é(gd 2# lt gwgit bﬁﬂy& rr%gs%ﬂtﬂe?ggd less well
attacheCrthe mad esubbirateX- R@/ 2748 b@canmﬁg@lé‘cﬁeheﬁi&r&g&éﬁn the
attern correspondi even thou t he

to Ex
Corrgﬁ&ﬁd&q toﬁﬁlﬁﬂaﬁtioﬂlﬂir?%gfcﬂﬂﬁéegﬂfpﬁﬂm& i Ghe n@dy§h§ sinpitas to the

proé&lj Fﬂgld@ndft %E? Gghb@t tha'T n%@ltg %ghésﬂs ?eé}it %g sbl %ﬁﬁ% ??&g%r crystals
and mmemoemct Iagexraaqaituegﬂhmmzlss;tmetel_soF IG Zdvsiowanitie X-Ray
B N T IRTNUNTAT S N A
alsoBho@stthy péﬁm\mrr@bpﬁmﬁ@ € ﬁu@nmlaqw&qwak@ that do not appear in
T AR NG W N

peakOERAUD behbrhb highePanl nafroweh BB Ehat the cfr?ét!a%é‘gfthe LaOCl
test was conducted. A stock solution contal ni ng 75

as wefljasgFiOz jncreasespithothg temagFafdieous Na2HPO4 and 5 g/l
of HCl was prepar ed. Th%)?&MPEESﬂl uti on was adJ ust ed
H 3 by the addition concentrated HCl. An anpunt
of [(21007111 Agf aqueeus g isodbionhaying awmurpe £ 83474 ral and containing

Lacgﬁscr @Wgﬁ &E}g’\'}i‘“f"a& ol hcBAtratidrPd 9 RPVSS La /B dRadSdded to a 4

liter beaker and heated to 80°C with stirring. The initial pH of the LaCl; solution was
2.2. Two hundred and sixty five ml of an aqueous solution containing 63.59 g of sodium
carbonate (Na_CO3) 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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was added to the solution. The anmount of |anthanum

oxycarbonate was such that the anount of La in 14 FEB 2007
suspension was 3 tines the stoichionmetric anount

needed to react conpletely with the phosphate.
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anwroxmétedu %ﬁbem a:fgs desieg@ad areatinins amtphqss@homsmcemtranons
méRRfEgHCl and to two washing steps in water. FIG 24
I'sS a scanning electron mcrograph of the Ti 02
mat E00HI9] obths tests.led to dowtiomofine phasphatetaxcestiant & marker of
[
poBph ool Bindi it Yalies B8 pRos s xralion R GRS B n Fable 2
bedaw.engt h. This material can be used as an inert
filtering material in a fluid stream such as bl ood.
EXAMPLE 10 [00105] The prOdﬁ*Etﬁle f Exarrpl e 9is

M50 daohatd’t 0 {1 SO! Ul THREGiEnh 'd”l” '"1’0‘“ ahH'QB"'pEE:entiles
cont @dmpéithdl00 9/ | |pRosphttus/cratiingOnt ai n

approxi mat el y 30% Ti Ogatioy%vedgédon The sl urry IS spray
dried in a spray (ryemparédtopre@ssbet| t enperature of
250 C. The 23 1 4| FEB 200value)

A 48.4% 22.6-84.4%

B 37.0% -4.1-63.1%

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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product of the spray drier is further calcined at 800

Cfor 5 h. It consists of a porous Ti02 structure with 14 FEB 2007
a coating of nano-sized | ant hanum oxychl oride. FIG 25

is a scanning electron mcrograph of this coated

product. The electron m crogﬁb ph shows that the Ti02
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and re' conp act Kgr coat | ng he Ti
pr@u gerys peerdpdhe r:@rmnezee@ﬁa ftf&?émxnta@yd twice weskly diing the

treg%é@rﬂé?ﬁgog\{ogﬁﬁg 3y Bﬂoé;ﬂ}] drés Ebr‘ihaetr{tr%ﬂén %r@%asnﬁ%g and
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cor {@3dhdifrapding ﬁ@uenamccllmzmk@d ha‘gerd/cpemlcd the animals

wﬁé’gg/%h Te&geﬁ} E;\fos@ger  suffic r}t;w&t gg,g/s ear g%@ﬂﬂf‘%@a‘a N&tT¢&343), ad
liblyeroo it the beginning of Hertreaiment serind, @g!maiawemealchﬂsbaﬂed upon the
o 540 BB AR o B ek BRI ekl

sol {A01d2] hab/6 lh@phraobjmlyre Adter 339 wWeekrdf aadimattnation, rallranimals were
su@(ecif;%ﬁ @56% I (r:rgyl]%%égrg% e 4sur é’r&&fanqtégaﬁggﬁg A tv@o st%ges First,

thénead ledver braiithewiof thedbft reriah grteWeMlg‘atai Oht wﬁeek keter, a right
[ hundred and sixty

LaCl | ut
eGP egiprig 1ab ReTICB a1 B8 RARh SRS g als Ware a9 Rfized with an
mtf:‘aap@lﬁlﬁﬁéaﬁ uﬁ;bbt?cﬁf&)két@ﬁmmazmé mixture(Ketait b adohrakEsnd Xyla-

jockit Aol evmuttiphad e gl hter e sfagy, Qomale o

B@?&ﬂfrphlhb Qva’s' édrﬁnﬂisﬁaré‘@ﬁ)rﬁrémfo@bwt durgichlt fien V\'hftéresurgery animals
wder product. |ter cake was nmixed four tines,

po
wese elowpd ﬁablllz@fan %weqiisépuhqggu\%treatmﬁ\a filtered to
vas fpAviaY i RRGs SHYWIRGE 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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24 1. 4 F E B 2007 during the reaction. The washed
filter cake was placed into a convecti on oven set at
105 C for 2 hours or until a stable weight was
observed. The X-Ray diffraction pattern of the

duct sh : . o th
xycar bonate PoIF HEG SeEBA it Syl iy Eru
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af t 0196V iTablerd ofitihesthetdiethRecompoBtich ofAach @psdp; 14

days washout was allowed b vv?en the crossover arnms.
Rlasra was—obtained pre- @fd 1. 5 3 6 75 9

14 FEB 2007

12, 24] 36, 48, 60,|and 72 hourd afSigmageli ng and
Group Iz pdreatment,nt hhnukestdtery | ap- Meellulpsee \asTeklad Diet

col | ect BlggBijveat het pri zati on beflore and apprLoxi mat el y

24 houy §oRff9ler dosi hg arfi0%r eat ilni ne 1a2f4 phos$phorafss%
concent E@MRrowed Breasured. [00109] The tests led to
rdduct i biid tetvelir i ne phosphdte exdreti @B%a nafker 9%8%

phosphpfoowpoundd xwg. Val ues of phosphate excifetion in
utll ne _aHéighslewsin i n Tabl 0.8% bel qw. TaWB% 2 La 08.8%

Oxycar bGoaippuh @ an| 10 and 90 pdrcentiles conmpound
phosphpMisleveeat i nl ne rai3%m (% rleducpigey conpar &3 g9

pr e- dos€ompauHe)C A ¥8. 4% 22.6-84.4% B 37. 0%
- 4. 1- 6BHidIetlasma | ant lgpgyym exposur g gopver al | ploasdsn

[ant hanum exposure fn the dogs 1S

[00117] Rats were maintained in the animal facility for at least five days prior to
use, housed individually in stainless steel hanging cages. On the first day of testing,
they were placed individually in metabolic cages along with their test diet. 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 wére collected via retro-orbital bleeding from the
control (I) and high-dose oxycarbonate groups, Ill and V. The rats were then
euthanized with CO; in accordance with the IACUC study protocol.

[00119] Urine samples were assayed for phosphorus, calcium, and creatinine
concentration in a Hitachi 912 analyzer using Roche reagents. Urinary excretion of
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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summari zed in Table 3 bel ow. The plasma concentration {14 FEB 2007
curves are shown in FIG 29. 25 1 4 F E B 2007 Table
3 La oxycarbonate Mean (sd) Area Under the Maxi num
concentration conmpound tested Curveo.72h (ng.h/nL);
volimed¥ ckedlihifie)e NS
devi ati on) mfi 5)(2(%?098 Qen 9%68%&4g&i7éhsfn ﬁvajngéJ.dgor all
grogR™VPLE 13 - First in VI vo st udy in rats [00110]
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phasphhiel ayeedayo?, 3 aartdrhotmmedasytc Mimerpitosplﬁorus eBcretlon is a marker of

icle, once daily for 14 days by oral
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i mrediat-el ¥ before—the dgrlz ({eedi-pa)—cvel e on
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Feeding - During the acclinatization and surgery

peri.od, the ani rral S %E&E kl ad phosphate
suf nt % 53
ST TSl e Sbrethie Vo A Bapek S A hgreren
cormnmndb fonteestysfair dilffenbrbaﬁnienmoiﬁhe bempaumdsa@ete‘dmd given in
Ta ogsurrpti on of the vehicle-treated aninals the

b@‘? Vi ous week. [00112] 5/6 Nephrectony - After one

week of acclimtization, all animals were subjected

to 5/ 6 nephrectony surgery. The surgery was perforned

in tw stages. First, the two |ower branches of the

left renal artery were ligated. One week later, a

ri ght nephrectony was perforned. Prior to each

surgery, animals were anesthetized with an

intra-peritoneal injection of ketam ne/xyl azine

m xture (Ketaject a 100ng/ M and Xyl a- ject at

20mg/ M) adm nistered at 10 m/kg. After each surgery,

0. 25 ng/ kg Buprenorphine was adm nistered for relief

of post-surgical pain. After surgery, animals
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were allowed to stabilize for 2 weeks to beginning 14 fFgp 2007
treatnment. [00113] The results show ng urine

phosphorus excretion are given in FIG 30. The

results show a decrease in phosphorus excretion, a

mar ker of dietary phosphorL\.Z‘aﬁ)hanﬁ3 ndi ng, after _
adm ni stration of the |anth oxycarbonate (at tine

Test §), conpared tq wuntreated rats. 26 1 4 F E B 2007
ID EXAirapddnd Second in Vi vo st ugyepdratish TecBRigud Si X

dult male R
i o "sec) o o LA A o

oxycar ponates ta \I B Ct m
e e e v i St e

orhene ugs an add
SToERE-Sig arigan %rqgwm%solutlon and

T tdm T00L15] Thd FiraRareby spray dring
i nt : | ad ]70126‘ Eﬁ'ﬂé‘i‘g ainfQ0°Cdpp iipys (methogeprresponding to FIG.
@equ?@réﬁm__anmumt Jof _di etary nutrients., [00116] Table

41 0 lep(CRslse4zO | Rusehased frns Prachenoicomwanatiyeaxample)

Tabl e 4 Si gmacel || MageobytheDnathed o EtG. MMestherd tra LaCl, solution is
Scel Tutarbenatek| ad | beplaced\pyjatTi@@lIsotutionr ol 0. 0% 1. 2%

98.8% Conpound BMdde by thel rastabd @oR8spbriding®. AB. 2, with addition
6ConmpEdnd B |11 Hiofjbodiemedhi®ride 0. 6% 98. 8% Oorrpound C

| VIMd | evel 0. 3%Pledpitatbn® adadigrssdin CarbbnatdBoll®Fio
0. 6% 0. 6% 98. 8% ¥ MhtAadunRehoring s6luhsh At @Gdﬁeﬁﬂétﬂoé @Srrespondmg
7ani RO (0T JekitiyO 1| & FAS. 10;ast five days prio

hoyised 1 ndi Vi duallPredifitation Y dting sddhim SaFBanats é’@f&ﬁ’d’f to
Onjthe first day | @fni&siinh Rlioride solution at 80°C followed by calcination
8 Laz0,C03 at 500°C for 3hrs. (Method of FIG. 11)

[00122] The main objective of the tests was to investigate the efficiency at
which the compounds bind arsenic and selenium, 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, Tl, Ti, V, Zn, Al, Ba, B, Ag, and P.

[00124] The spike solution was made as follows:

1. In a 500m! volumetric cylinder add 400mI 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 500mils 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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they were placed individually in metabolic cages along 14 FEB g7
Wth their test diet. Every 24 hours, their output of

urine and feces was neasured and col | ected and their

general health visually assessed. The study conti nued

f 4 d t h d f th
Sg%y \A%fsd:@ﬁ%ﬁ mgéoﬂﬂlc;%regéﬁ g el i ght s

VI a r{efrq:%e&e ‘%;Zd\ Cg?gﬁ!‘lsﬁg&b bii Co(%%;)tma%mge
" gé“ doiiy gf’%'%? 518 ViR 3RO} L*Q@E@ﬁﬁ%@ﬂ%ﬁpat he

%J"(E’ﬁ PB?B%%?'S [00119] Urine sanpl es were
t
?@éi??]atl Hﬁea%%‘i% %ﬁgwgﬂgﬁq fgllreeﬁs: ﬂlgn;oche

reagents. Ur| nary excretl omapte 7phosphorus per day was
cal cul ated for each rat fromdaily urine vol une and
phosphorus concentration. No significant changes were
seen in animal weight, urine 27 1 4 F E B 2007 vol une
or creatinine excretion between groups. Food

consunption was good for all groups. [00120] Even
i red to

the anount of phosphate i B, &f& .4 StmvedNOSPhat e
excretlgn fﬁ! cﬁ)o?’ @rcOOcﬁr(Q q&lmelqo 5«9 sE he Txdk’ekn Al Ba B Ag P

c\ '\r\ r\\

UCbI CQa Ck’d = Ib

avereges| 8,5\61 &5 (6f 1?9 o é?r)‘?z ph@) m st @8 GX/ adagss 992,85 33| 0 [47 |96
andLaz{‘JOs:)Jﬁ 530 [leiSd -100%’2 5’75199@959 1@”&5 7e>g§r£_ 1&9?% 19(? of 0| 0]1]o0

P + h
rat r(ei’ tetiaf y 3||GS|~ LI a1t

Ur i R&F} GIJHC)%H@t‘bI@@r &8t/108)199 | d%ﬂy)o Tdanfeopte |2 32| 7 | o [o6 |06
ol | B ﬁL@'ﬁgZGQ-?’ZO‘—m 5g,CQ5Tp@J{ddgsc 17 1482 ] 16‘“ 1%3 0|48 |7

N —
=
N/ AN I il rn 4041 + t
EXANVPL ST 100123 +T¢s yA-t-e—aeterm £

bi KOS 21108 18T \})9 D‘P %?i ﬂﬁ t98 Cﬂg [19%01q PR | 97 (COIPD 599‘]@% 9% |&00| 0 |99 {98
t wentiy;yds 0a1) eqi4f|feerent | allament 6 1 THe odenROUNUS | b St|EA] 30| 99 | 66

C. 1 o DO

alr € I ve LAl a0l € 0 40
La;0(COs). X0 87 129 | 53 {3728 {1001 20 (1058 98| 0 |25(99| 0 {79]| 8 (10099 | 16|60 | 26| 0 | 44|74

La20:C051 97 [ 92 1100 85 | 21 | 100} 59 [ 98 |100{ 99| 0 [ 99|99 34 | 81 | 12 |100{ 99 {100] 92 (23| ¢ | 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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1 4 FEB 2007 Table 6 Test |ID Conpound Preparation 14 FEB 2007

Techni que Cal ci ned the commercial (Prochem
La2(C03) 3H20 at 1 La203 850C for 16hrs. Prepared by
spray drying | anthanum acetate solution and cal cining

[ 19B04T:) Mg s iy BB irs BT ORRABE L hetitnton i specitc

embé&diliénts it igtsbe cat eistioddhat maMPaltéraatividdh nod(ficatidvs] and

variafigns RILRHSPPa R EIogRRRs SRR The Art i TR Akl fraddii goscription.

Accdrb‘lﬂglyem'@ﬁ\v@ﬁtldﬂ i@mtéﬂded/\ibeérﬂbrfabe allaGen agemnativey) mdi:hflcﬁtlons
carbonate re Ti OCl 2 ﬁolutlon de by the

and maﬁ@aséaﬁtrf@gws 'a.th@swﬂt M@C%e% e\ 2ReRfdedFRIMS- Ti 02
of sodium chloride. Precipitation by addi ng sodi um
carbonate solution to |anthanum chloride 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
to investigate the efficiency at which the conpounds
bi nd arsenic and selenium in view of their use in
renovi ng those elenents fromdrinking water.
Twenty-one different anions were also included to
explore further possibilities. The tests were
performed as follows: [00123] The conpounds given in
Table 6 were added to water and a spi ke and were
vi gorously shaken at roomtenperature for 18hrs. The
samples were filtered and the filtrate analyzed for a
suite of elenents including Sb, As, Be, Cd, Ca, Cr,
Co, Cu, Fe,
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Pb, My, Mnh, Mo, Ni, Se, TI, Ti, V, Zn, A, Ba, B, Ag, :

and P. [00124] The spi ke solution was made as foll ows: 14 FEB 2007

1. In a 500m volunetric cylinder add 400m of

de-ionized water. 2. Add standard sol utions of the
Claimselenents gi ven above to make sol utions containing

approximately | ng/l of each elenent. 3. Dilute to

500m s, Wi t e-ioni zed water. 00125] The tests were

cgnducﬁéﬂdggg?%WFﬁﬁg?rT?E@@?&Wn%¥§é§° r'&%&h compound

intoits owm 50m centrifuge tube. 29 1 4 FEB 2007

2a. Addprepidays a ere eath sobitien sslerig ifiom ths gé%}ﬁ’rﬁongl.su%ﬁf arare earth

tightly and shake vigorously for 18hrs. 4. Filter
chloridecdolittiomrprfarrers cegtb lacgsetatspiufiogee t ube t hrough 0. 2m

syringe filter. Cbtain -6ml of filtrate. 5. Dilute

fb.l t r ainenda 36divintdarbdatdNORitiofriwithl thd/Bdre Bagth tidh dtiN@8mperature

6. Submit for analysis. [00126] The results of the

betwediEHd €C L@ Y &) okM akaRl @rtk onya@l%rﬁteZPr%i fratg;ne Anal yte
Rermoved Sb As Be Cd Ca & Co Cu Fe Pb M Mo NI Se

T, Ti Ag P .La203 89 85 97 95 21 100 69
8% 92 gkéﬁué%eggxggégégngo 95 95 85 23 0 47 96
ngccsdga gg 100.83.0 100 52 97 100 99 0 99 98 17 79 8
160 999¥HE YSPEHP' Y 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
te, (CO,),.4ri, 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(CO8 96 93 100 100 99
92. 99 TBe nRMod®f ZRiMJOwIgteio ghopregpitats isldied1n @ tgnpeara@reof 100 °C
99 98 Ti 96 93 84 06 0 11 49 97 0 1 97 0 97 62 0 86
to 1200C0 0 30 99 66 La, o(cohl, 87 29 53 37 28 100 20 10 58
98 0 25 99 0 79 8 100 99 16 60 26 0 44 74 LazRCOB 97
92 100 85 21 100 59 98 100 99 0 99 99 34 81 12 100 99
100 22 23 0 87 99 [00127] The nost efficient conpounds
for re ' i C.: j r to be
Lhe ¢ TR R RIAh T UGG R AR ERUHTIRRRERL 1O >
oxycar bonat es

4, The method of claim 1 wherein the rare earth compound is a particle with a

porous structure.

5. The method of claim 4 wherein the precipitate is dried through total evaporation

of a rare earth salt solution and the precipitate is subsequently calcined.

6. The method of claim 5 wherein the evaporation is conducted in a spray dryer.
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made according to the process of the present invention

renove at | east 90% of the arsenic. Their efficiency 74xFﬂ3zm7

at renoving Se is in the range 70 to 80% Commerci a
| ant hanum carbonate (4 in Table 6) is |less effective.
[00128]., The..tas - t.] j
c brmpoutits Mg rpisf S b e 6 ab AR ReRlres hAReHhbout 120
. (*ﬂyqﬁiion are also effective at renoving Sb, Cr, Pb,
Candp0%'Com sol ution. They al so confirmthe efficient
renoval of phosphorus di scussed in the previous
exanples. 30 1 4 F E B 2007 [00129] Wile the
i nventi on has been described in conjunction with
speci f The ewtindiofeluin,5 wiereia thocdd@natimaemperanird sdetwaenyd00 °C and
alternatives, nodifications, and variations will be
goo °ccapparent to those skilled in the art in Iight of the
foregoi ng description. Accordingly, this invention is
i ntended to enbrace all such alternatives,
nodi fications, and variations that fall within the

spirit_and scqp f t.hhe appended .clains. 31 4 FEB 2007 .

s TP e B o BRI S BnaBiP Rt gEen 500 °C and

conprising: a. providing a rare earth solution
1200 62| ect ed from the group consisting of a rare earth

chloride solution or a rare earth acetate solution; b.

m Xxi ng a sodi um carbonate solution with the rare earth

solution at a tenperature between 30 C and 90 Cto

f 00.m aThametwdrdfielaind\8oalidreinakeraps etihpiohfioand 6. formed from

filtering the precipitate; and, d. drying the
individi® ehRial AR inga siZdSetivBENEEInAfangl18im.| wherein the

preci'pitate is dried at a tenperature of 100 C to 120

C. 3. The nethod of claim1 wherein the rare earth is

| ant hanum 4. The nethod of claim 1l wherein the rare

o7l The TRETRURS Aol lafng, Boh 7 ofher S R Rplib b ofuc

dri ed through t?tal evapor ati on
comprises spheres or parts of spheres.

12. The rare earth compound made by the method of any of the preceding claims
wherein the rare earth compound has a BET specific surface area within the range of 10 m%/g to

40 m*/g and having an absorption capacity of at least 45 mg phosphate/g rare earth compound.
13. Use of the rare earth compound made by the method of any of claims 1-11

wherein the compound has an absorption capacity of at least 45 mg phosphate per gram of

compound for making a composition to bind with phosphate in solution.
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of arare earth salt solution and the precipitate is 14 FEB 27
subsequently calcined. 6. The nethod of claimb5

wherein the evaporation is conducted in a spray dryer.

32 1'4 FEB 1007 7. The method of claim5 wherein the

eyapor a | [ - nd 500 ..

oG FhE IR IR il PR R und s g £ Bnaing
h &enperature is between 400 C and 800 C. 9. The nethod
pPhospRRte (91%i i 5 wherein the cal cination tenperature is

between 500 C and 1200 C. 10. The nethod of claim8

wherein the rare earth conpound is formed from

i ndi vidual crystals having a size between 20 nm and 10

ghd. 11ThFhee apsotdont wodamdiInghereindhatompnund eghibits substantially linear

wherei n the evaporation product conprises spheres or
phosppate bindbdg Isipbtérses. 12. The rare earth conpound nmade by

the nethod of any of the preceding clains wherein the

rare earth conmpound has a BET specific surface area

within the range of 10 n2/g to 40 n2/g and having an

a orp i j. -at . . .

20 " IeRsCRRaR i odlaiRl RSt e Bl B b8 Een an inter
a(ianqﬂ% b% %h@ gethod of any of clains 1-11 wherein the
nd A OHFEShF4E> an absorption capacity of at |east 45 ng

phosphat e per gram of conpound for neking a

conposition to bind with phosphate in solution. 33 .4

FEB 20(17 14. , The use according to claim13 wherein

t he compound is selective for binding phosphate ions.

15. The use according to claim 13 wherein the conpound

exhi bits substantially |inear phosphate binding

kinetics. 16. The use according to claim 13 wherein

the conpound is di sposed between an inlet and an

outl et of a device. 34
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