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of the formula:

[Z14(OH)12(X)2(H20)4]n (X)20.20H,0 D
15
wherein X is a zirconium polymer compatible anion and n is a whole
number.
The mixed colloidal dispersion is subsequently made into a mixed metal
oxide fibre. Preferably the colloidal dispersion of the zirconium polymer of
20  formula () is made in accordance with a modification to the process described
in UK. Patent 1,181,794 where, for example, zirconium carbonate or
zirconium hydroxide is reacted to form the colloidal dispersion containing the
polymer of formula (I).
According to a most preferred embodiment, the invention relates to a
25  zirconium/metal oxide fibre that comprises zirconium oxide and a lanthanide
oxide. Preferably, the lanthanide/zirconium oxide fibre is made by adding a
solution of a lanthanide, most preferably lanthanide nitrate (or a lanthanide
colloidal dispersion) to a colloidal dispersion comprising an amorphous
zirconium polymer of the formula:
30
[Z14(OH)12(NO3)2(H20)4]n (NO3)2,.20H,0 @



30 [Zr4(OH) 12(N33) 2( H2O) 4Jn (NO3) 2n. 2nH20 (1) WO 03/023096 PCT/ CA02/ 01380
The lanthanide nitrate solution is preferably fornmed by reacting a

| ant hani owomantsen@at e, hydroxi de or oxide with nitric aci dPCItCARS1380
surprisingly found that one could add a highly concentrated solution of a

metal salt (or P '
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spi nni ng ai at the conc ntrat ed mxe coltoi dal dispersion has a

vi scoel ast i gietipitatioh wishiathé atiked éolloidabdiepdisidnor Tied prefierbed tatioholi jues such
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of a stabl ezmqnemgmthe phbsnerg:fé‘eﬁnulat(ﬂbﬁ inrthe pange oftabent &§:Q.98d49 ik of f
oxi de. A Hovb @ resier s pplcpbeRgs B orbaHan athP§ RS leeopatBifact ol 1y
mmy be 14 nedpupltofert %ﬁ?@ﬁ%f%ﬁ&%%lﬁ? sk t@l@%ﬂ’r"sf?%%@é%c B e e
2 etst. Lﬁ‘é“ﬁ%?*ﬁél?@?&@%ﬁﬁ% e e Prbre Tormat on pr of )er iy,
t hese ot herviseglastiojgropediesaf éhmzmmlunnxﬂymeanﬁ fameulh (b, thevairqondimat i | e)
Sg[ ;,2? hcsg&&&%g tfgfmnlgla (IL:))< c%rrrlpa{c(tags gfsp%?ng aladr glucfx i'latt e o%lcéjnstrat ncf | ude
mixed colloidal dispersion has a viscoelasticity that is suitable for fibre
15 formation by techniques such as spray drying, drawing or blow spinning. The
resultant green fibres are of a stable dried gel. These green fibres are heat
treated to drive off volatiles to form crystalline fibres comprising zirconium
oxide and metal oxide.
Although the zirconium polymer of formula (I) has a viscoelasticity that
20  is suitable for fibre formation on its own, other spinning agents may be
incorporated into the mixed colloidal dispersion such that the synergistic
combination of both the zirconium polymer of formula (I) and at least one
other spinning agent facilitates fibre formation. Preferably, these other
spinning aids are organic based and are fugitive (volatile) during heat

25 treatment. Examples of exemplary spinning aids include polyethylene oxide

and polyvinylpyrrolidone.

BACKGROUND OF THE INVENTION

It is known that metal oxide catalysts can be incorporated on the surface
30 of various types of fibres for decomposing various compositions or for

purifying exhaust gases. For example, U.S. Patent 5,094,222 describes a
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and pol yvi nyl pyrrolidone. BACKGROUND OF THE INVENTION It is known that

nmet al oxi de catal ysts can be incorporated on the surface 30 of various
types of woBe©z30P©r deconposi ng various conpositions or fecT/queoidgdng

exhaust gases. For exanple, U S. Patent 5,094,222 describes a -2 WO

03/ 023096 P ' of C FloRy§ ) ox¢ dat i on
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one of a vaokidey: silicoretvalde pxirchasumloxide sndPaluemihuf d6ide8 Thedweddatides a
porous fibrous structure for purification of exhaust gases. The fibrous
structure i gatﬁ]éfg@cq;}bwlgcpteéﬁﬁ@p af {agst ong offa yaetyof mtal gxidesRebe Mis a

Tt coni o Boteh! 6528, dsRBRE 1 BRiGhS AP Ry ook ritichibs or SREREE | 155
descri bes Cgiidieb'.mméiﬁlﬁoﬁé §1§§%ﬁf@isqﬁ£@e’oﬁﬂeﬁ@aﬁa§,ﬁb\mg sbtwmﬂaqmsd Wi th

an al um na- Il ca ceramc re to provide a catalyst that dec ses

soot. Al so, wHefs MHataemitrik ElbékehFord émey; abd'er Gickeband/or Bobalt ahd X0isi de
I npregnated zirconia fibres. Metal oxide catal ésts have_ al so been used in
an ext r udedchesemfroncairganivn pettrégm, cerim and Jantbawmnaetahnlapenesed@atentor m of

SRR R R Rl
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2,236,493. Hedonpsses 866t ARoPUrS fBatentBa860, 52 desddibes (Rafupil B@né&taD75, 275
describes a catalyst carrier, such as porous heat resistant fibres, which

have been cosidedmpregnatest rineomadibbes:i um oxi des. U.S. Patent 5,759, 663

Metal oxide catalysts have also been used in an extruded form.

Canadian Patent 2,274,013 describes an extruded form of a ceria/zirconia |
15 mixture to treat exhaust gases.

Similarly, metal oxide catalysts can also be used as coatings on various
types of fibres for primarily purifying exhaust gases. See for example U.S.
Patents 5,040,551; 5,075,275, 5,195,165; 5,759,663; 5,944,025; 5,965,481 and
U.K. Patent 2,236,493. For instance, to purify exhaust gas, U.S. Patent

20 5,075,275 describes a catalyst carrier, such as porous heat resistant fibres,
which have been coated with cerium and barium oxides. U.S. Patent 5,759,663
describes a high temperature resistant lath of woven ceramic where the fibres
of the lath are coated with chromium oxide, silicone carbide and cerium oxide.
U.K. Patent 2,236,493 describes a honeycomb filter impregnated with cesium,

25  copper, and cerium or lanthanum to oxidize carbonaceous particles.

All of the above-mentioned references either refer to metal oxides as
incorporated on the surface of fibres, as an extruded form, as coatings on fibres,
or as impregnating the fibre. Several references exist that refer to metal oxides
in fibre form only and further describe various processes for making such

30 fibres. For instance, U.S. Patent 5,911,944 describes a fibre made by

dispersing a raw material containing at least one metal hydrate and hydrated
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describes a high tenperature resistant |lath of woven ceram c where the
fibres of the lath are coated with chrom um oxi de, silicone carbide and
ceri um oxwoe3/02309. Patent 2, 236,493 descri bes a honeyconipCiridA02/01380

i npregnated with cesium 25 copper, and ceriumor |anthanumto oxidize
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references exist that refer to metal oxides in fibre formonly and further
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has spi nnabdésctripes Makinginoogatet fibrel thaensinmailyi woald metdieespitmatiler hés fi bre
precursor that causes gelation. The gelatinized fibre precursor is heated
to produce Wap Fien@.iyarz;spmmregﬂ salugion o5 rpllowal disppesiommiibylinedr gani ¢

s R ol o By L0, RGARRE B, 7,20 0 9
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oxide fibre y using netal alkoxide(s) capa con ng to

spi nel s. Racenrveatingtosginéls. Rage-eatthknetals dre nbokmowpite) Ebisn spinkls. BPH.ent
1,322,723 descri bes a gr ocess for producing fibrous material wherein
zi rconi um oRatgnt 1,822 483 leactibes epracessyfar peaducang fibvpusimeieriat avherdini | s to

i st i bondi. the fibri t ther.. 15. U K. .Pat.ent .2, 059,933 d ib
The ot epar ST AN Gxide s AnapleAInEar i cheipically By TCHURA COSISH avtdie.
sol ution Ofbmﬁng?ﬁéﬁﬁﬂmg'g@&eﬁet al salt, a

15 U.K. Patent 2,059,933 describes the preparation of alumina or zirconia

fibres by spinning an aqueous solution of the corresponding metal salt, a
precursor to the metal oxide fibre. The specific examples relate only to
-formation of alumina fibres. These particular fibres can be made from an

aqueous solution containing other metals whose salts are hydrolysed at a pH

20  less than 7 to yield a mixed metal fibre. To prevent gelling or precipitation
within the aqueous solution, aliphatic or aromatic amines are added to the
solution to remove excess anions to create a more desirable solution for fibre
formation. In the present invention, however, excess nitrate anions within the
zirconium polymer colloidal dispersion, as described in U.K. Patent 1,181,794,

25  result in formation of spheres that would be detrimental to formation of our
desired mixed metal oxide fibres.

Several patents have dealt with a Group IIA, a Group IIIA or a
lanthanide metal oxide colloidal dispersion that can form gels, which can be
used to make ceramic materials as described in U.S. Patent 4,181,532. These

30 colloidal dispersions can also be used as coatings, as described in U.S. Patent

4,231,893. U.S. Patent 4,356,106 describes a process for making a colloidal
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precursor to the netal oxide fibre. The specific exanples relate only to
formation of alumna fibres. These particular fibres can be made from an
aqueous swbusiozmcont ai ni ng ot her netal s whose salts are rgdraogeesoat a pH
20 less than 7 to yield a m xed netal fibre. To prevent gelling or
precipitati i L hin S ' . Al [ r gf@g% am nes
are added t(gg?%gfoys} gﬁtulﬁlpglnvaeg g@@gg@;&g&gﬁ@@g@ﬁ@&tagdgrdeegg Jﬁg%e
desirabl e et tPforkPs dby Bispersitie BBt conhpour®e present invention, however,
excess nitrate anions within the zirconium polyner coll oidal dispersion,
as described in S¢veralRaefannces ek tirA4cfe? speetfidallyi to Yaomstprooesses Kyher es
that would be detrinental to formation_of our  desi rgg mségd metal oxide
fibres. Sevaakinggaetahoesideiircoarm oxide fibmws GLOSpPatent 0408544 sleseidesor a

| ant hani.de nefal oxide | oi dal,.di spersion that Ol.F I whi ch can
be used t e r@&@me@%%f r6h1§f1 it%n{a%rgﬁ}rp Bgﬁnploﬁﬁ%_ é‘?l{sgat#l%n %, 181, 532.
These 30 ¢ ' | ' : iqd LIS #escri bed
in U S Patgjghﬁhg%{l%%ﬁ%gﬁ%@élggg%ﬁn@qﬁl,@%@%oéﬁ%eésigﬁ%es aesgrﬁgcess for

maki ng a caoldleitettfrom 4 s¥fixHS] H2R08RideChhTANR téTtRMie sdggges siveralt hat
i nvol ves using dry cerium oxi de hydrate and a ,dez%gr egat iagx% agent to form
a dry di speopiidiiadmatal eridevinsbiding caia andizireestiar dheanatar and fibrgs afef er |
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of netal oxindesiadtthat bentafif £0-85%cofaepethttc srgamic refrpttopnaletatetide oxi des
including ceria and zirconia. The matrix and fibres are very specific in

that the cofibfd aidehi-36%6 ohebimsler.eThamsdtalhoxifle fibse mayrdontain giicantpaise
simlar to the eutectic.fibre, U S _Patent 3,891,595 di scyss maki ng
friction nitlé% 8 §Sf4bélﬂz"60$ﬂc§iaf§ aﬁga_lg@/g)g 1 aﬁétr@&eqz @’gﬁi"% refractory

metal oxi de.gy pilizers® determine the crystal structure, e.g. tetragonal or cubic, and

15  prevent the formation of the monoclinic crystal structure of zirconia.
Stabilizers may also suppress growth of crystallites. A typical binder is a
phenol-formaldehyde resin. U.S. Patent 3,992,498 describes preparation of a
fibre by making a solution of a polar solvent, a metal compound and an organic
polymer. The metal can be zirconium. The solution is extruded into at least

20  two gas streams and partially dried. The solution may also contain a lanthanide
metal as a phase stabilizer or as a luminescent salt; U.S. Patents 4,927,622,
5,053,214 and 5,112,781 describe a process that involves making an aqueous
solution of zirconium-based granules and a phase stabilizer (1-35 wt%), such as
calcium, yttrium, cerium and hafnium oxides, and fiberizing the solution. This

25  particular process involves making and drying the zirconium-based granules
before making the fibre. U.S. Reissued Patent 35,143 describes a ﬁrocess for
making a ceramic fibre that involves mixing crystalline zirconium grains, a
zirconia compound, solvent and a phase stabilizer (more than 0 and up to 20

mol% of the stabilizer).



fibre and 15-35% of a binder. The netal oxide fibre may contain zirconia

and 1-10% of a stabilizer, such as al kaline oxides, yttria and rare earth
oxi des. Wwe6toabedopeers' determ ne the crystal structure, ePgI/Gatomgonal or
cubic, and 15 prevent the formation of the nonoclinic crystal structure of

zirconia. Stabids zer ; Vi8S A typical
bi nder is a phe?g%@f%? %d% @%é%?%??sﬁ@ﬁ@é%&o@%? ﬁé#%ég#(ﬂb%&%escri bes
prepar at i ondizperion’sidfiixed meki 6-ides.SPotinseincef US. itéit 45788/e43 ., a net al
conpound and an organic polyner. The netal can be zirconium The solution
i s extrudeddescribesiprdpaniag 0abiliaed airconia pamsiea tlnt pavolvas iniximgi aszircoTire

netal .as a phase stabilizer or as a

| uti I ' | ant hani
Ui nesc emg%afe?mﬁfcgéﬁﬁﬁﬁﬁxﬁ@&pﬁ]ﬁ,9%5229011@,%?%@4 anfEysiald Withyg1 descri be
A R L T P e

granul es” and a 5
cerium and Béﬁﬁ}h'(mﬂ}?(m%@%). TRE pokRRF it dahCoSMedl inUeranhitisS 128. Pacht cul ar
process invol ves maki ng and drying the zirconi umbased granules before

maki ng the Bj00dg11deScriles Kamdng RPaireohiablldbddl diéspersibe Sraan prsobemsn f or
making a ceramc fibre that involves mxing crystalline zirconiumgrains, a
zi rconi a cofpaiming agirgenium selt ang pstbilizessuchAas ytirinelanthgsum, and up to 20

| % of th t abil i,z . =5 WD 03/023Q96 / 2/ 01380 ,Th |
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met al oy deﬁase':d?ﬁoﬂ-'éﬁél?ﬁgé’r{a gt%nd'%ﬁé ‘fé\}tgg‘f’ng &idéa di éﬁfo'&l%?%dygr@féﬂ” ng a

stabilized zirconla powder I NnvVo Xl'ng a zirconia ate

col | oi dal dikpeRfiertd,238/625 debiribesanpracessfor atking astabilyzddaticonid h 5
di mensions ranging from10 to 50 nm with a _solution of a stabiljzer such
as ceri um ¢edl@daldispersionhwhiedwinyiolveshydiplyzmgirezieaiummnalkexidaiusing U. S.

Pat ent 5,004, 711,descri bes f.arm a zirconi a coll oi,dal .dj.spersion from a
ol ot on”” CBMeRUN g oE R GHG 1 Sih BroateepLanan Aoda SatilARgESET IOl urm
lanthanum gy a hydrolysate. The hydrolysate is evaporated to form a dried hydrolysate,

15  which is redissolved into an organic solvent.

The present invention employs the colloidal dispersion of an amorphous
zirconium polymer of formula (I), which was described in U.K. Patent
1,181,794. Although this U.K. patent describes that a few percent by weight of
a stabilizer such as lime or yttria may be added to the polymer of formula (I), it

20  does not contemplate the addition of excessive amounts of the metal to the
polymer of formula (I). In this respect, it was generally understood that the
addition of higher proportions of metals would destroy colloidal dispersions,

such as those of the polymer of formula (I).

25 SUMMARY OF THE INVENTION
According to an aspect of the invention, there is provided a process for
making a zirconium/metal based fibre, the process comprising:
i) mixing a metal salt solution or metal oxide colloidal dispersion,
wherein the metal is selected from the group consisting of at least one of a

30  Group IIA metal, a transition metal, a Group IIIA metal and a Group IIIB



cerium cal cium and magnesi um oxi des. The solution is mxed with a strong
10 base ani on-exchange resin and the resulting colloidal dispersionis
recover edwo oBlosx09fat ent 5, 238, 625 descri bes a process for PERKIAIQ0E380
stabilized zirconia colloidal dispersion, which involves hydrolyzing a
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evapor at ed fiopmlip:m a dried hydrol ysate, 15 which is redissolved into an
organi ¢ solvent. The present invention enploys the colloidal dispersion of
an anor phous zirconi um pol yner of formula (1), which was described in U K
Patent 1,181,794. Although this_ U K. _ patent _describes that ew percent

a_f
by weight of a st abi Ity kﬁé@)z(ébQ)ﬁ]néX&n%Q a may be adde@)to t he

pol ymer .of fornmula (1), it 20 does not contenplate the addition of
excessiée amounts of the netal to the polynmer of fornula (1). In this

respect, ity lgfr%ugﬁri% raaéi}cl‘)flgﬁxg S)BEHﬁ&dc&H?éhBlQ SnicAddid 4 &a @hold Ah@ber

proportions S wou stroy colloidal dispersions, such as those
of the pol yfirem bfo fess thah200| Jo pRiviG MdARYd Chlldidal dispésidnosndccor di ng to an
aspect of the invention, there |spfr ovi ded a_ process for maki

zi rconi um net al  feaséng thennixediaellojdad dmr%@wmtpéhwrcw)mm/meﬁﬁj%#%t al salt

sol ution or }gﬁret al oxide colloidal dispersion, wherein the nmetal is
sel ected fridP8et he group consi sting of at Ieast one of a 30 Goup Il A netal,

/
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zi'r coni UM peloyFRongiktia@ e NG, OF aid CICHLCHO 26862 Arablyhase 2nH20 (1)
5 wherein is a zirconium poI ymer conpatible anion and n is a whol e nunber
whole number from 1 to about 100.
According to another aspect of the invention, the colloidal dispersion of
the zirconium polymer has a ratio of X to zirconium in the range of about 1.0 to
15 0.98 to about 1.0 to 1.3 to maintain the polymer colloidal dispersion.
According to another aspect of the invention, the colloidal dispersion of
the zirconium polymer has a pH in the range of about 1.5 to about 2.0 to
maintain the polymer colloidal dispersion.
According to yet another aspect of the present invention, the metal is a
20  lanthanide metal.
According to yet another aspect of the present invention, the metal is
selected from the group consisting of at least one of cerium, yttrium, scandium,
magnesium and calcium.
According to yet another aspect of the present invention, the metal salt
25  solution is selected from the group consisting of at least one of a metal nitrate,
metal chloride, metal acetate and metal perchlorate.
According to yet another aspect of the present invention, the metal oxide
colloidal dispersion is made from a metal salt substrate selected from the group

consisting of at least one of a metal nitrate, metal chloride, metal acetate and

30 metal perchlorate.



from1l to | ess than 200, to provide a m xed coll oi dal dispersion; and
formng the m xed col |l oidal dispersion into the zirconiunl netal based
fibre. 10WwA®msorMPée1g to anot her aspect of the invention, XPCI/Gebecsed from
the group consisting of NO3, C- and CILCH2COO and nore preferably, nis a
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invention, the persion zZlrcon ner has a ratio
of X to zi rgemiviBpidhih by tmcidePRUbe InRidPstep > The FogitiveaPhisting. 0 to 1.3
to maintain tThe polymer colloidal dispersion.” According to another aspect
o1|‘_| t he Ih nv eigentomay hiesebewkd dfrdml the grewe cansisting of pdlgvinyt pyrrolidopdl ymer has a
pH in the range of about 1.5 to _about. 2.0 to, maintain fhe pol ymer
col | oi dal @otysthylesn oxpdes @PIMVH@’IG]GOBQ]E Pﬁgﬂlfﬁ@ﬁnﬁsﬁﬂi}ﬁcrﬁ ic afid ssftesent
i nvention, the tal..is 0.l ant [ nmetal. According to yet another
aspect gf tpﬁiy%?ﬁgaﬁﬁeﬁﬁagﬂfwmﬁnl%@@r is selected fromthe group
consisting of atplea hdEio B0 GRE HeWBr T Fagedeum and
cal cium Accordi‘A?lg tgﬁ‘ﬁ?e‘gﬁgﬁeﬁgéﬂ aspgg}%é%l:‘vet h% ’prestee#t [ rcl)vent I on, the
metal salt fib2b iselidéd: @dneentEingthe thiked sollbidabdispprsiansf sep mgsuoh that | east
one of a netal nitrate, netal chloride, netal acetate and_ netal
per clhl or at ghe nused doHeidebdigpersionchavomesspsaoelasticiand tprramgtheimixedt i on, t he
nmetal oxide, collaidal djspersion i de, fr tal, salt substrate
sel ef:t ed fr'dsRoe tlﬁr‘&bﬁldai @@ngfc?lhﬂﬁﬁﬁeaﬁbweggge%%ﬁﬁlye)*heam%et | nitrate,
met a | orj. | 3 ohl FrG 23096
e cad o MsoeIREEPUBRE PisbeRfth, i fEbACrRAtEN BAARE frond BALEHOTIY0
?t | east ong fiy@ODig/E. spi nning agent is included in the mxing step. The
ugi tive spinning

According to another aspect of the invention, the fibre diameter is

controlled by conventional drawing of said mixed viscoelastic colloidal
dispersion.

15 According to another aspect of the invention, the fibre is dried and fired
to form a crystalline zirconium oxide/metal oxide fibre. Preferably, the fibre is
a zirconium oxide/cerium oxide fibre.

In yet another aspect of the invention, there is provides a use of an

amorphous viscoelastic zirconium polymer of the formula:

20

[Z14(OH)12(X)2(H20)4]1 (X)20"20H,0 ey

wheréin X is a zirconium polymer compatible anion and n is a whole number
from 1 to less than 200, as a spinning aid for making a zirconium/ metal based
25  fibre.
In yet another aspect of the invention, there is provided a synergistic
combination of at least one fugitive spinning aid with an amorphous

viscoelastic zirconium polymeric inorganic spinning aid of the formula:

30 [Z14(OH) 12(X)2(H20)aln (X)2n2nH0 )



agent may be selected fromthe group consisting of polyvinyl pyrrolidone,

pol yet hyl ene oxi de, pol yvinyl al cohol, pol yurethane, polyacrylic acid salt,
5 pol yacrybanioegs®oand pol yvi nyl net hyl ether. Accordi ng to aootdaee/omspect of
the invention, the step of forming the fibre includes: concentrating the

m xed col | Qi dal. di rsl.on. ' : ) &al

di spersi on %@%8@%?5?8%5&1 P@hgﬁ%f c%og?ﬁn%f%éé Fﬁ%’nn%l@:%m %ﬁglgoﬁgl:ugglt)%

col | oi dal  d{-Rarpi1ess thah 200N&aillicenbindtidR w3 kuitatilefortoratnd@ Vi scoel asti ¢
col | oi dal dispersion has a concentration ranging fromabout 300 g/L to 600
g/ L. Accor diirtgniven/anshlieasedSfbeet of the invention, the fibre dianeter is
controll ed by conventional draw ng of sajd m xed visg gAast I ¢ coll oi dal

di spersion. 15 Angst anetyer aspesboh 1a§%tqn,éherﬁhfep¥%§ 8Nt he fibre is

dried and fi.red. tp faorm a stal | ine zircon i | de fibre.
Pr ef er abl y,znfcﬁgmfni“fﬂ)??eég]i gaseg?#F ESMPLSG H’é?‘%ie?%(%)&ggﬁ?{gg%s%rg% In yet

anot her as ' ' | 'ug,e&) : BPRphous
Vi scoel ast Bﬁ%},%%%?ﬁ%a%%&%ﬁ@g?k?ﬁgﬁdﬁ rﬁ? gi:“6 0 [@%4( Q]}%??(?IZI?HZO) 4] n
(X) 2n- 2nH2@fdup TIMEAERL A transition MetalpaGroup dllinmetal andat Ghowp BB on and n is
a whol e nunber from1l to |less than 200, as a spinning aid for making a

zi rconi um metahlandasermorphons Bireonium pelymes e e farvpdat of the inventi on,
there is provided a synergistic conbination of at |east one fugitive
spinning aid with an anorphous viscoelastic zirconium polyneric inorganic

I 0PI G0 g0 20 i Dogpreo ()

-

wherein X is a zirconium polymer compatible anion and n is a whole number
from 1 to less than 200.
According to another aspect of the invention, X is selected from the
15  group consisting of NO3", Cl" and CICH,COO™ and more preferably, nis a
whole number from 1 to about 100. |
According to another aspect of the invenfipn, the metal of the zirconium/
metal based fibre is selected from the group consisting of at least one of a
Group ITA metal, a transition metal, a Group IIIA metal and a Group IIIB
20 metal. Preferably, the metal of the zirconium/ metal based fibre is a lanthanide
metal. More preferably, the metal of the zirconium/ metal based fibre is
selected from the group consisting of at least one of cerium, yttrium, scandium,
magnesium and calcium.
According to another aspect of the invention, the metal of the zirconium/
25 metal based fibre is present in up to 50 weight % of the total equivalent
zirconium oxide content.
According to another aspect of the invention, the formula has a ratio of

X to zirconium in the range of about 1.0 to 0.98 to about 1.0 to 1.3.



wherein X is a zirconium pol ynmer conpatible anion and n is a whol e nunber
froml to |l ess than 200, said conbination being suitable for formng a

zi rconi unwowBatdobmsed fibre. In yet another aspect of thePCmIRHhms) there
is provided a green 5 zirconium netal based fibre conprising a m xed

col | oi dal ﬁwﬁ@l‘ﬂlﬁl‘l (%“ff E{}[N f ‘fh | is selected fromthe

group consi=stt ofre-or —a o AT , atransition netal, a
Goup Il A netal Agisidmgy QH@]Zfésbﬁt invehfbn rélfids & a aBREPRABHIDUECOREEM

pol ynmer of the fornula: 10 [Zr4(OH)i 2(X) 2(H20) 4Jn (X) 2n-2nH20 ( i wher ein
X is a zircardonmmahstakfibreo P gigen fiore dna pragursordo a zZilcohamimdtel from 1
to Il ess than 200. Accqrding to_another aspect of the inventigon, X.is

sel ect ed f reife fibre. 11%‘1@1“(9&'911&’0@@@%% I%Wem%er?la@S-tomoe?@J%twkl%d mor e

preferaBly, n,is a | e nunmer from.1 t 0 rdi t o anot her
aspect of tﬁ’i‘ghitﬁ:{fg%?%ﬁ‘,e %%S%SP@P a{rho‘gﬁgﬁ\?sc%{;ﬁoﬁ]?m@g%egggged fibreis
sel ected frﬁ%ﬂipgag{.oup consisting of at least one of a Goup IIA netal, a
transition tal7 a Goup IIlAnmetal and a Goup 111B 20 netal. Preferably,
the netal of theThd fibensmadeint addingsesblitidn ef a medallsalttsobutiate(ormet al . More
preferably, the netal of the zirconium netal based fibre i;s selected from
the group coatal sxidegobipidal dispgstionhie aeollaidal dispersion @MPEHAZER UM

magnesi um and cal ci um Accordi ng t net her, aspect of the invention, the
netal of tk?én‘im%%fﬁ?ﬁﬁ?mm?sp Ogéﬁ%go Yd'e is present in up to 50 wei ght
% of t total equivalent zirconiumoxide content. According to another
aspect of the invention, the fornula has a ratio of X to zirconiumin the

range of about 1.0 tqzR,(@H),{>ORE0)1,0X)0.2hH30 -9 WO 03/ 02303p

PCT/ CA02/ 01380

wherein X is a zirconium polymer compatible anion in providing a colloidal
dispersion. The anion is an ionic constituent which ensures the formation of a

15  stable dispersion. The anion is derived from a conjugate acid that provides pH
in the dispersion which is most preferably about 1.5 to 2. Preferred anions may
be selected from the group consisting of nitrate, chloride and chloroacetate. In
formula (I), n is a whole number and preferably ranges from 1 to less than 200
and, preferably, from 1 to about 100.

20 The mixing is preferably done at a tefnperature from about 0 to 90°C,
more preferably, from about 15 to 25°C. The preferred ratio of X to zirconium
in the polymer of formula (I) is such that it ensures colloidal dispersion
formation. The ratio of X to zirconium is, preferably? about 1.0:0.98 to about
1.0 to 1.3. However, it is understood the ratio of X to zirconium may fall

25  outside this range, providing the resultant polymer of Formula I remains intact. '
The pH of the colloidal dispersion may preferably range from about 1.5 to
about 2. The mixed colloidal dispersion is then concentrated, made into the
green fibre, which is subsequently made into the zirconium/metal oxide fibre.

The colloidal dispersion of the zirconium polymer of formula (I) may be

30 made in accordance with a modification to the process described in U.K. Patent

1,181,794. In order to facilitate an understanding of that process, it is outlined

-10-



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Accordi ngly, the present invention

relates to a novel anorphous, green zirconiuninetal fibre. The green fibre
IS a precwnIdn23oee a zirconi unf metal oxide fibre. AdditiomarlGA0201880 pr esent
i nvention relates to a process for nmaking 5 such fibres and the general use

of an anorp I cont S fa: b nni ' T Lhre i s made by
adding a soe{g&gﬁfgé}sbf& gis#g%sg@l. és{{;%lpn?oqfﬁztlﬁc?ﬁi. o.rc Qg)&h%%ﬁﬂg%fn |cli%}hco! | oi dal

di sper si on)pyldPoRideqs kicetd with 3R YpptAANBATBGLifIcEr #RowBTT t& hidoni um

pol ynmer of t'he tormula: 10 [ Zr4( 12(X) 2(H20) 4] n (X)2n. 2n (1) wherein
X is a zir afrthesnjool Xrehich énpreferably witiio acidnhpdwehitiriegacad oo chlorekdetic

di spersion. The anion is an ionic constituent which ensures. the formation

of a 15 st asid taipspeidsithe potymer oiifermule Gk Thetractieniarrederabbacarisdi d t hat

id H i h ' j ich. is . 2.
D 0V 153 P bl 50 B2 30 2t ko oFhy R REI B byl ©, 2
chiori de angadiAbQara Pt 6 atiodt 110 BHR 10 with drPX a0 YirRbRiui fiRfE rAfe]
preferably ranges froml to less than 200 and, preferably, from1l to about

100. 20 Thepfibound.0:6.98rtefaboabl.0:1ddn&Fhase prefeamedcaiditiond praviddfortth® to 90C,
more preferably, fromabout 15 to 25C. The preferred ratio of X to
zi rconi um palymice forhatiney ansk it galality in the disperaiei. t hat it ensures col | oi dal

R ST R SN N
Zl reonigm n@é{dé Bbre 6P tlﬁ’f"hﬁz'eﬂﬁoﬁrﬂr(ﬁaa%ﬁ?ggglit sBlru‘?iY):nddf{bg zlja@?oﬁ@ 6%"5@3{1]%20' ymer

of Formil a remali ns rntact. he coll o di spersi on y

pref erably mAngetalfDadiaoh mbtdl, & Groap I Aictal hadr (Xﬁﬂlfl])cIQIB aiadall Idi spersion
is then concentrated, nade into the green fibre, which is subsequently

made into tpeticalacdhe metatstali sobxtiahempy iheanadthfroovthedollawing sstalsabis of t he
21 reonium p%l 3?1%}2(8](03;3?%( |ZI§13(5253, Wosi CaCl,, CaCOs3, Ca(CyH30,),, CaClO,,
Ca(NO3),, MgCl,, MgCO3, Mg(C,H30,)2, Mg(ClO4)2, Mg(NO3),, CeCls,
15  Cey(CO3)3, Ce(CoH;30,)3, Ce(ClOy4)s, and Ce(NOs)s.

In accordance with this invention, the solution of the metal salt is added

to the colloidal dispersion of zirconium polymer of formula (I). A mixed
colloidal dispersion is formed whereby the charge balance remains intact,
preventing adverse precipitation within the mixed colloidal dispersion. This

20 unexpected stability of the mixed colloidal dispersion is quite surprising. Thus,
at least one type of metal salt solution may be added to the amorphous
zirconium polymer to yield up to 50 weight % of the total equivalent
zirconium/metal oxide content in the fibre. More preferably, the metal salt
solution is added to yield up to 25 weight % of the total equivalent

25  zirconium/metal oxide content in the fibre.

Metal oxide colloidal dispersions useful for the preparation of the metal

oxide fibre of this iﬂvention include at least one of a Group IIA metal, a
transition metal, a Group IIIA metal and a Group IIIB metal oxide colloidal
dispersion. In particular, the metal oxide colloidal dispersion may be made

30 from the following metal salts: YCls, Y2(COs)3, Y(CyH30,)3, Y(NO3);3 CaCl,,
CaCOs3, Ca(C,H;0,),, CaClOy, Ca(NO3),, MgCly, MgCOs, Mg(CH30,),,

-11-



30 nmade in accordance with a nodification to the process described in U .
Patent 1,181,794. In order to facilitate an understanding of that process,
it is outWwomaw23090 WO 03/ 023096 PCT/ CA02/ 01380 as fol | omeT/GAodi0s3s@r Si on
or slurry of zi rconi um car bonate or zi rconi um hydroxide is reacted with an

' ggwhi ch
oot o anly M 0o MERRENE, CRCIE RGO G Shba TP ™ ¢ or ovi e

t he pol ynerCe(NO%nul a (1). The reaction is preferably carried 5 out at
about 50 Cto 70 Cwith alglltatlon The reaction mixture is preferably
mai nt ai ned at a Bf@f@fabh\bd ¢ mictd qudm@dhndal dispérsionds madedyzinixiogiaom nol e
ratio of about about. 1, 3. Thes referre condi ] ons
provi de foraql}?@usﬁgl f salhwi n,chdgqg hydrelyzaple g, éw:h§i on. The

netal sajt eg&ké%@&&d& had ﬁﬁg a&liﬁ fr gdic?crhl&{?f acl e%&%ﬁﬁ?el& 1fitg§g%qﬁén e of a

oxi de fi 8O RTent T on € a sa

Goup II1A mRtalsaltds &h@t@&btdr%rbh'lﬁ‘idﬂ thid s@p%mnimhg\tﬁ@ﬁﬁfat@aﬂclﬁo@aQUp 111B
netal. In particular, the netal salt solution nay be made fromthe

fol | owi ng nelawithalcidsis um‘tébassaMZ(Bm)tﬁer W&@Zhéres‘d@tﬁd@hﬁdro@a@bm CaCQ3,
Ca( C2H302) 2, CaC A, (NO3) 2 Cl12 I\% C2H302) 2, I\/g(C104) 2,

My( N03) 2, ceadf sjichpas mog et%teor@gg Ba9.3Breferb BB(NB3) 3 In

?ﬁz‘)éﬁf"{‘z.ed%%r&r% LRI ve@’ﬁw@gﬂ}‘*ﬁh m ?flfrﬁl?@rm@vcfa“ Al vea °
col | oi dgj dh?cﬂ%?éﬁ 9erd>adé OA%QtaY"HgAdI%EYdet@%b&ﬂﬁé@ nd Hﬁﬁfééiafvﬁgﬁisreﬁé i ntact,

preventlng adverse precipitation In the m xe perS|on

This 20 unexmbssedng tedd toi yiyldaf sltiig. mh&woﬁgldc@ddﬁxlylfh spesaingle] Sitgdli t e
sur pri si ng. Thus at | east one tgﬁe of netal salt solution may be added to
t he armrpho@@ lzydr@@hlqomq%d orperchlorigiasidl ang is @awlwfgmg@r@gﬁﬂngw@et ot al

| ent t ent b bl
The motal sitlGEnERoRTs et Buified irghidun o DD hon mERG (ot 4

equi val ent

with water to give the metal oxide colloidal dispersion.

15 Again, by adding the metal oxide colloidal dispersion to the colloidal
dispersion of zirconium polymer of formula (I), a mixed colloidal dispersion is
created. Surprisingly, the charge balance remains intact, preventing adverse
precipitation within the mixed colloidal dispersion. Thus, the metal oxide
colloidal dispersion may be added to the amorphous zirconium polymer to

20 yield up to 50 weight % of the total equivalent zirconium/metal oxide content
in the fibre. More preferably, the metal oxide colloidal dispersion is added to
yield up to 25 weight % of the total equivalent zirconium/metal oxide content
in the fibre.

Cerous and/or ceric salts can be converted into cerium (IV) colloids

25  relatively easily, which, like the cerium (III) salt solutions, can be readily

mixed with the zirconium polymer of formula (I) without serious adverse effect

on the dispersion. For example, in one particular embodiment, a

zirconium/cerium oxide fibre is made by adding a solution of cerium nitrate to

the polymer of Formula (I). The cerium nitrate solution is made by mixing

30  cerium carbonate with nitric acid or by dissolving cerium nitrate in water. The

-12-



25 zirconiunm metal oxide content in the fibre. Metal oxide coll oidal

di spersions useful for the preparation of the netal oxide fibre of this

i nvent i orwDrigloeades at | east one of a Goup Il A netal, a tramgiAo/omsoetal, a
Goup II1Anmetal and a Goup I11B netal oxide colloidal dispersion. In

particul ar, I i - i .Sd: om t he
ol | owi ng ristaiortiien SGEEE Qi At BRRSIROR SORYrRm BRHERI . g
Ca( C2H302) Zam&%ﬁé@zir@{ihﬁﬁ%%?ml\@@f%he Mife@h: My(C2H302)2, -11 WD 03/ 023096
PCT/ CA02/ 01380 My(C104) 2, N03) 2, CeCl3, Ce2(COB)3, Ce(C2H302) 3,
Ce(C104)3, and Ce(N03)3 Preferably, the netal oxide colloidal dispersion
is made by m xing an __aqueous_slurry of_the al salt with apg ,acid to

yi el d a hydrol yzabl e [ZéRQH)H@(S)zé{zﬁﬁe]ﬁuéXS@@gbds are nitric @bl d or
hydrochlsoric acid.. Alternatively, if the initial netal salt is a nitrate
or a chloride, this step of mxing the nitrate or chloride salt with acid

IS unnecess@h¥reiBX i§;$g%1§|fab2%N@3aQ hThé Hﬁxi’n%ﬁf’ dbhedt %&hﬁéﬁw g5t¢al t such

as netal nitrate or oride i1s hydrolyzed. erably, it is

hydr ol yzed 287¢. oxi di zed by addi ng a m xture of anmoni um hydroxi de and 10
hydr ogen peroxi de. A netal hydroxide is obtained and adm xed with water
and a strong acila at&ccynd|em1@®m@m,>a.21rmau§n/ﬁ§ﬁgnw1§erfﬁl}e Bemaglg Y&Ranpl e,

nitric aci hydrochl ori.c acid.or, perchl ari ¢..acid nd i s,capabl e of
deaggr egat i %&r’?%@’e LogL | h%f‘i%‘ﬂ?ﬁ%ﬁ@%@? %}Wﬁ i‘saft“@ae %yraéiéji%ﬁ% fromthe
slurry qis t . i « W %;ﬂa@- ' j i gl

di spersllot'in.&ggnﬁggl ﬁ%g%gwgggfng t 1gra %e@gpsgiﬁggﬁ?})?{)m%?&diﬁgﬂgg%s on to the
col I oi dal TheaRpsisivh ©fmade bpadmixipglapmgueois flormyofaetivm carbonated

col | oi dal di §Ee(s_i on is created. Surprisingl i‘/l t he chanrége bal ance remaj ns

i ntact, prewihmiiny avi.eThe reswlidng peruminitiaigiis hydralyeedundexidiedoi dal

et o1 O, T AT S X1 e SOOI RS b BB 000 (0 the

peroxide. Cerium (IV) hydroxide is obtained and admixed with water and

15  nitric acid to yield a slurry. A residue from the slurry is admixed with water to
give the cerium oxide colloidal dispersion. The cerium oxide colloidal
dispersion is then added to a colloidal dispersion comprising the preferred

amorphous zirconium polymer of the formula:
20 [Zr4(OH)12(X)2(H20)s]n (X)20-20H,0 ey,

wherein X is preferably NO3_ . The mixing is done at approximately 15 to
25°C.
In general, the mixed colloidal dispersion of this invention is fiberized
25 by concentrating the mixed dispersion such that it has a viscoelasticity that is
suitable for fibre formation by techniques such as spinning, drawing, blowing
or extrusion. Preferably, the concentrated mixed colloidal dispersion has a
viscosity of at least 0.8 poise, more preferably 0.8 to 5.0 poise and most

preferably 0.8 to 2.5.

-13-



20 yield up to 50 weight % of the total equivalent zirconiunm netal oxide
content in the fibre. Mire preferably, the netal oxide coll oidal

di spersi owoiog/ozmged to vyield up to 25 wei ght % of the totrall/Ggao1sadent
zirconium netal oxide content in the fibre. Cerous and/or ceric salts can
be converted int.ﬁ1

the cerium (I11) Se;ﬂﬂe;ﬁg%%%per Fodftdl dﬁcéﬁeﬂybﬁﬁ! d&agﬁﬁv\% f[(e%h%fﬁ@iegh, i ke

I e 0 ons, can be Te m xe zi rconi um
pol ymer of shieh By ballidg) orrh Wi, ceffrifigsl sieihs eneidehijedtivn ebldins per si on.
For exanple, in gne g)art i cul ar enbodlgrrent, ag Zi rconl']urrl cerium oxide fibre
i s made by spildiing Brefefablyi, tive pélynterisoltivnsrase spray-dridekby otntrigugadf For nul a
(I). The ceriumnitrate solution.is made by m xing 30 ceri Lfm carbonate with
nitric aci ¢Poming, wzEleINiACHEN O& disrmatemizaicn ‘iorglﬁﬁ?’@ﬁ?s spyeral CeBUREIBR 023096

PCT/ CAO2/ 01380 olution.is . ihen..admxe | |l ol [ .S

conpri sg ng ‘PR& %Qrﬁ@biyaﬁ%?%%mfwyg£%gﬁ El%ng%fé rlrlé)?f-gﬁl‘({lﬁgﬁ ?tg{r:lrartulogz

[ Zr 4(OH) 12( X) 2( HAQ AkiidnXhAibraRéiOgtden fiBrodfass 6T A stiblSdREELET, abheseNCB . The
mxing is done at approXi matefy 15%t 0o 25C. In a second enbodi ment, a

zi r coni unt qgeénifibeosi e htatlireatéd; prafdeaily ta5004T, tte dniviei of € volatiles toToem

zirconium cerium.oxide fibre is nade by adding a 10 col| oidal dispersion of
ceri um ni t reaysiallimetfitoes conoprising Ziksopitn oxidg rdiheselacjed metd 0&#&%&% on is

rium ni treayeat ! FHE O SperSi or
The rosurt [P edine i fored aterg aPoeGsa A SHRARS S vtn er ™'
addi t1 90 Of @alTh ¥l BBl AR SUB RS BA By YdbROEMheRBEAXT de. Cerium

(I'V) hydroxide I's obtalne xed wth water a nitrrc acid to

yield a sl WyufvaléntAfdofiiten/mictan étide sbteny, the cadriline fibréstendtewatds a gi ve
the cerium oxi de col | oi dal dispersion. The cerium oxi de col | oi dal
cubic crystal structure.

Specifically, the mixed colloidal dispersion is capable of being spun into
a fibre due to the viscoelastic properties of the zirconium polymer of formula
15 (D) itself. The metal salt solution (or the metal oxide colloidal dispersion) lacks
the viscoelastic properties for conversion alone into a fibre. Through addition
of the metal salt solution (or the metal oxide colloidal dispersion) to the
colloidal dispersion of the zirconium polymer of formula (I), the polymer can
act as a spinning aid such that the concentrated mixed colloidal mixture can
20 become viscoelastic and hence, spinnable.

Although the zirconium polymer of formula (I) has a viscoelasticity that
is suitable for fibre formation, other spinning agents may be incorporated into
the mixed colloidal dispersion such that the synergistic combination of both the
zirconium polymer of formula (I) and at least one other spinning agent

25  facilitate fibre formation. Preferably, these other fugitive spinning aids afe
organic based and hence dissipate during heat treatment. Suitable spinning aids
include polyvinyl pyrrolidone, polyethylene oxide, polyvinylalcohol,
polyurethane, polyacrylic acid salt, polyacrylamide and polyvinylmethyl ether.

In a preferred embodiment, 1.5% of polyethylene oxide (molecular

30  weight is 5,000,000) is added to the mixed colloidal dispersion.
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di spersion is then added to a colloidal dispersion conprising the preferred
anor phous zi rconi um polynmer of the fornmula: 20 [Zr4(OH) 12(X) 2(H20 4] n

(X) 2n. 2nRRO0BMY3090herein X is preferably NGB . The m xi ngPC3/@oRO1380
approximately 15 to 25C. In general, the m xed coll oidal dispersion of
this invention if, fdRe41 ﬂf‘edfb«%?ﬁ%' ORTRINT B4 InBlosiBRegsi on such
that it has a vi sc%erfégsl’i Ci tly t hat |Bs sul t@tfﬁgﬁ%ﬂﬁ%re ?ormation by

t echni ques wagiad add obile Minog sprdl it egmatie bW NIRO of Wistonksin Unitéd Btateabl vy,
t he concentrated m xed col | oidal dispersion has a viscosity of at |east

0.8 poi se, The eondisiveed fited, forsxande ompybsdormed by soncentestimgsbesllaidal t o
2.5. -13 WD.03/ 023096, P /01380, The.fib di ) i t lled b
C onvent L onaISBFTaIaT HhCPEA G SO LIOR has b STAICRIFSHEHS riahie, Sor AR 1 1t ueal
SPI N1 G, N2l 8 e Aol Wy SR B PR ot PO yre

sol uti ons are sSpray-dried by Centrrfuga g%'lnﬁm 9. Rozzf® i'jection or

disc at ori zaiseRidisidhithal ipersiyhal a SnceliRtions Bl Gor A&l
preferably, these fibres have [ess than 15% non-fibrous material. The

resul tant aformabions, Thyremditioneddsediispurhped st abdte ofliGeh/hyair to Hteeduyer gr een
fibres are heaj tyreated, .preferably to 500C tq drive off volatiles to form
crystal | i nethef fa%ée%ﬁg?d w&gﬁﬁq plommization oF Bezzie dietions clhe et netal oxi de.
The crystalli | bre . . have o r ure.

However , agécf' }?ﬁ%r%tépfngéﬂgg@&%rgﬁg% §¥:‘1§En E| ﬁgc%%(ggésvﬁhe@%)ﬁgﬁ 0% by wei ght

of the 1iot afenyREstuydliiHe réhsSONYOYE RET 8h °0xi de content, the crystalline
fibres tend towards a cubicC crystal structure. Specifically, the m xed

col | oi dal di sper$hefoliewmgitdmple atebeigg spbmifted to fuathier Hhestdteevarooushe
vi scoel astic properties of the zirconiumpolynmer of fornula 15 (1) itself.
The netal saspectsqfihe preseat invaationt thesebixamples atsiigtended §p be dilustnativeck s

only and are not intended to limit the scope of the present invention.

15 EXAMPLES

The Zirconium Polymer of Formula (I)

Example 1
Zirconium carbonate (2.5 kg, 42% by weight zirconium oxide) was

added to 0.52 L of nitric acid (15.3 M) with stirring. The mixture was stirred
20  using a Silverson homogeniser to break the lumps of zirconium carbonate. To
prevent premature gelation, a further 0.071 L of nitric acid was added. The
dispersion was digested at 55°C to accelerate the formation of the dispersion to
a semi-transparent colloidal dispersion of the zirconium polymer of formula (I).
The final volume was 1.75 L having a density of 1.70 g/ml and containing 600
25  g/L zirconium oxide equivalent. The nitrate/zirconium mole ratio was 1.07 and

the dispersion had a pH of about 2.0.

Example 2
Zirconium carbonate (1.0 kg, 38% by weight zirconium oxide) was

30 added to 0.197 L of nitric acid (15.5 M) with stirring to yield a main solution.

A fraction (0.200 kg) of the zirconium carbonate was separately slurried with
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the viscoelastic properties for conversion alone into a fibre. Through
addition of the netal salt solution (or the netal oxide coll oidal

di sper si owp oBo230be€ col | oi dal di spersion of the zirconi umPpelCAvR01380
formula (1), the polyner can act as a spinning aid such that the
concentrated m x cql l.oi dal, m xtuye .can 20 becone. _vis l.ast#e.and hence,
Spi nnabn&ater\(Q-h%ig sudvagoronshy St Wﬁ@? 58‘?’“@6‘9’35 S(‘%C“)i’ fo s

vi scoel astj ci - it . JRre qf i 95 0% Plionni Ng
agents rweggé %H%&S%o%sr%@%e?lﬂorltpgkﬁatlﬁ%lrﬁh)?gc@go ?gka%%?ﬂﬁ?ggfsi on such that
t he syne%i% StdlCarcolBidat dispersbn LB If)entatnibgeri gl pdtoomiumaixidor nul a (1)
and at |®ast one other spinning agent 25 facilitate fjbre fornation.

Pr ef er abdquivalbets ¥he miteatefzimgponium mele matinyasildd and the dispansion d and hence
di ssi pate during heat treatnent. Suitable spinning aids include polyvinyl
pyrr & i dodeof abertEPhyl ene oxi de, pol yvi nyl al cohol,  pol yur et hane,

pol yacrylic acid salt, polyacrylam de and pol yvinyl methyl ether. In a
preferred enbodi nent, 1.5% of pol yethyl ene oxide (nolecular 30 weight is
5, 000, Ogg%%%g%a%jded to the m xed. colloidal dispersion. -14 WO 03/023096
PCT/ CAO n general, the fibers nay be forned by spraying a

condi ti oned fZEgdoniuai caybenatblfil|0skd13886 by preighiorigenmiveicexidy) WRRO of

W in, United States. Th diti f , for. | e,. be f d
by concedisparsé aitioRrel @41 mAEnd 1A 0k A RATOHATIIREIOT B has o
[ lagticity.suitable f fi 5 i ' . db

ai Ny asgrsabing o ohforintt G duheh TRblsaRe As? IR ARERITG, 2o i on

has a vi I A BAY i : rRESircbaiWaan..0 hhd thondi ti oned feed
IS purrpeéﬁl(aatg egﬁwaagéel&bﬁ%l%gglﬁgg?fftngﬁ?helrgryer that has been fitted with

di sc at ogispaisicihal a pbraf bdunj2e8:t The collbidal dispersicrenfihegtolymer badrai nt ai ned
in the range of 150C to NOT with the outlet, 10 tm&ég{.e in thﬁ range of
80 C to atengdty dhb6fg/mbandg dseossyef 03 Epeieend e pol 1SR5TH0R Pher

HITustr aEchee ﬁloﬁgllln%lrj was concentrated by evaporation to give a polymier solution that

15  was 40% by weight zirconium oxide equivalent. The dispersion became
viscoelastic and continuous fibres could be drawn from it. The fibres gelled

with non-sticky surfaces.

Example 4
20 Using the same procedure as described in Example 3, 1.5% of

polyethylene oxide (mwt: 5,000,000 g/mol) was added to the resulting colloidal
dispersion of the polymer. The resulting viscosity of the dispersion was 2.5
poise. The dispersion was spray dried to yield a fibre containing less than 15%
of a non-fibrous material which is normally referred to as the slot.

25

" Metal Oxide Colloidal Dispersion/Solutions

Example 5
Cerium carbonate (50 g, 99.9% purity) containing 69.3% by weight

cerium oxide equivalent was slurried with distilled water (0.1 L) and dissolved
30 by adding nitric acid (38.4 ml; 16 M). The resulting neutral solution was

boiled for a few minutes, filtered to remove traces of insoluble matter, and
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aspects of the present invention. These Exanples are intended to be
illustrative only and are not intended to limt the scope of the present
i nvent i orwOD3/0BMMVPLES The Zi rconi um Pol ymer of Fornul a ( PCT/(Boanise 1

Zi rconi um carbonate (2.5 kg, 42% by wei ght zirconium oxide) was added to

0.52 L of wilutddctoak Ldvith wateiMo givé B cetcusiitrgte sbhetion. xAuntxties stirred 20
using a Silverson honogeniser to break the |lunmps of zirconjium carbonate. To
prevent pr épEpuistgemaaniwm kydroxida 40 mlp¥8 M), bydrogeni peragide (R snladded. The

di i on. was _dij d at 55 lerate the f t] f th
i sper oi on 100 vahgEe HoyapE L mEERRe fade Wl serdne T BE sohens st um

| f | £ : ' ' f
170 gl i SoiH schirtd andifaipdifg HOIPCE M rorulihg inhbID dBu R Y ©
nitratefzi cegtinUTVperoxidé comiiex thpily @dkd inhwleiSart sft@thhagmpldtel of about

2.0. Exanple 2 Zirconium carbonate (1.0 kg, 38% by wei ght zirconi um oxide)
was 30 addeddition®fithg amméniwim hiydroxudedydrbgsn proxidemixture,iaggeamyyi el d a

main solutiqn, A fraction (0. g) of, the zirconi um carbgnate was

separ at el y VEN{ERICERPIGHS ca@w@bﬁv@&@ww@t@w@/f@ymaﬁ@ﬁo(o. 10 L)
and vi gorously L I . . | S:.aqueous
slurry was adde ?&ﬁﬁﬁgﬁﬁﬁﬁﬁgggFﬁﬁﬁgﬁﬁgﬁéf@%S%é3§H&§$§g%?iﬂS&EBc to give a
clear coll gjetaksidtIPEVDhaed Of §Rtilidd %fgralmers\%géﬂale&{aiec itRONaY Gifrsde

equi valent. The nitrate/zirconiumnole ratio was 1.0 and the di spersion had

a 5 pHlof abithudistilled wakea(#50emB addmditvici achd ¢E2.5anld 1 § M)Otokgive 3a%rioy wei ght
zirconium oxj de) was .dispersed in nitric acid nol es

of a col | of ! ceriumexife meje ratio of 1. The resulting sl(u?l’*i')(r)\?vas boile& fcgrolsy eld 0.85 L
minutes to deaggregate the cerium (IV) hydroxide and give a conditioned
slurry. The pH of the conditioned slurry was less than 1.
After cooling the slurry was centrifuged and the residue admixed with
15  distilled water (150 ml) to give a semi-transparent greenish colloidal

dispersion.

Example 6
1 kg of cerium (IV) oxide hydrate (“Ceria Hydrate” obtained from

20  Rhoéne Poulenc) was placed in a saggar and heated for 1 hour in a muffle
furnace at 320°C in air. The resulting dry dispersible cerium compound
powder (0.78 kg) had a crystallite size of 59 A and the nitrate/cerium oxide
ratio was 0.14.

100g of the dispersible cerium compound powder was dispersed by

25  stirring in hot demineralized water to form a colloidal dispersion having a

concentration of 645 g/L cerium oxide equivalent. The dispersible cerium

compound was 92.1 weighf % dispersible in the hot demineralized water.
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10 the zirconium polyner of formula (1), which contained 447 g/L of

zirconi um oxi de equivalent. The nole ratio of nitrate/zirconiumwas 1.0 and
the di speolBomobad a pH of about 2.0. The coll oi dal di specTicne2oi3sohe

pol yner had a density of 1.64 g/m and a viscosity of 0.87 poise. The

col | oi dal di jgizon of the polymer was concentrated by evaporation to
gi ve a pol y’rr%?ﬁ%‘m"uti on that 15 was 40% by wei ght zirconi um oxi de

equi val ent. The Clérapercaitwnateewasdissulved de hitsitiacidtedgivesblutiomss fi bres coul d
be drawn fromit. The fibres gelled wth _non-sticky surfaces, Exanple 4 20
Usi ng t he seomiaipingcddug/d ofcesiaun oxisisequivatsainpihe mirate/eepun oxidy %Eyl ene
oxide (mu: 5,000,000 g/nol) was added to the resulting coll oidal

di sper si on BHOMAS 381 ymer . The resul ting viscosity of the dispersion was
2.5 poikse. The dispersion was spray dried to yield a fibre containing |ess
than 15% of a non-fibrous material which is normally referred to as the

slot. 25 MyAtedZiréonitth/Metd ORidP€oHb il Bié%gﬁerismits Exanmpl e 5 Cerium
carbonate ( 0, . 9% purrty) contailning . 3% by wei ght cerium oxide
equi val ent Hemmpled ried with distilled water (0.1 L) and dissolved 30 by
adding nitric acid (38.. .. 16, M .. The resulti neutral sol ution was
boiled for a fewhf ‘?fﬁf%g?l isparsiogpfithe ?’éﬁ%&n’tﬁ’&g@l"r@& PHEBRUH Wkt t er |
and -16 WO 86,: i . . 1 Wint give a
cerous it nRae SERGETBRY TARRIReRY 2 ThickontiBl ditherstonlids ERST £5® B0 m
18 M, lbydrzqﬁﬁﬁilﬂﬁro%déj&?lﬁaﬁeﬁi) was thPRdRItH AR eriuplxidetilloid0 n) was
added with stirring to the cerous nitrate .solution prepared and naintained
at 75C. Thedispasiohi(0875rTs,01420¢ ef cetdnin dxidewequiiyalest), oradelag)depentwed ile conpl ex
rapidly faded in colour and after the cpn'ﬁ)l ete | . . .

Examples 5 or 6, to yield a mixed colloidal dispersion of 75% zirconium oxide

and 25% cerium oxide equivalent. No adverse effect, e.g. gelling or significant

increase in viscosity, occurred. The mixed colloidal dispersion (1.45 L) had a

15  density of 1.45 g/mL and a viscosity of 0.6 poise was unchanged when aged for
several hours. The mixed colloidal dispersion was evaporated to yield a

viscosity of at least 0.8 poise such that it may be fiberized.

Example 9
20 The colloidal dispersion of the zirconium polymer of formula (I) was

made as described in Example 2. This colloidal dispersion (0.1 L, density was
1.6 g/ml, 45 g of zirconium oxide equivalent) was mixed with a cerium oxide
colloidal dispersion (0.128 L, 1.36 g/ml, 45 g of cerium oxide equivalent),
made as described in Examples 5 or 6, to yield a mixed colloidal dispersion of
25  50% zirconium oxide and 50% cerium oxide equivalent. No adverse effect,
e.g. gelling or significant increase in viscosity, occurred. The mixed colloidal

dispersion (0.228 L) contained 90 g of mixed oxide.
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addi ti on of the amoni um hydroxi de/ hydrogen peroxi de m xture, a creany-
white precipitate of cerium (1V) hydroxi de was obtai ned having a pH of 7.0.
The preciwbtoanesowas centrifuged and washed tw ce by stirriPeg/Caio2/1380
successive 1 L volunes of distilled water. The separated precipitate was
stirred 10gyhpledicetilled water (750 m) and nitric acid (12.5 m of 16 M
to give a nitric acid/ ceriumoxide nole ratio of 1. The resulting slurry
was boi |l ed for IBhe colivilddispersieagdithe atreotinm palymemof fvjmulpdfowiasie and

give a conditioned slurry. The pH of the conditioned sl uer was | ess than
1. After coohilegs describedin Exampledntlihis eoteidaldisperaionddiGhe %Hﬁxeg With
15 distilled water (150 nl.) to.qive..a semn-transpatent eni | I oi dal
di sper si on_Zlgpgﬁﬁp@g%‘?ﬁe%%?}?me%ﬁsm?ﬁf)yﬁhﬁ}aﬁ‘ﬂﬂ‘@&}tﬁt S?I@Eﬂ @ dr at e"
obt ai neq fr Rhene. a | : heaashhor 1
hour i nga %ﬁq%@@%@@ﬁgﬁ%@ aclﬁ?éllegjf)? %‘?%Hew?%ggdlatg [ gdlgls;lgvdl sper srihbl e
ceri um conmaubehate dmeitic 66id( fo igld hadixad eollsidal Hispersiorzef 90%SArcenand t he
nitrate/ceriumoxide ratio was 0.14. | of the dispersible cerium
conpound pouxide andd 0% sitevmeexidy equivatent.r Noraglviersereffecdemignggling #6d water to
forma collqidal dispersion havipg a concentration of 645 g/L cerium oxide
equi val ent . SISHRICENEINSTEESH B VISEPSItYmOCE und was 92.1 wei ght % di spersible
in the hot demineralized water. -17 WD 03/023096 PCT/ CA02/ 01380 Exanple 7
Cerium carbonate was dissolved in nitric acid to give solutions containing

450 g/ qof E%ﬁlg]@ pixi de equivalent. The nitrate/ceriumoxide nole ratio
was 3.0. 5

The colloidal dispersion of the zirconium polymer of formula (I) was
made as described in Example 2. This colloidal dispersion (1.0 L, 447 g/L of
zirconium oxide equivalent) was mixed with 0.376 L (300 g/L of aluminum
oxide equivalent) of an aluminum nitrate solution (made by dissolving

15  aluminum nitrate in water) or an aluminum hydroxy nitrate solution (made by
heating solid aluminum nitrate to produce [Al(OH),(NO);],-xH,O which is
dissolved in water) to yield a mixed colloidal dispersion of 75% zirconium
oxide and 25% aluminum oxide equivalent. No adverse effect, e.g. gelling or
significant increase in viscosity, occurred.

20
Example 12

The colloidal dispersion of the zirconium polymer of formula (I) was
made as described in Example 2. This colloidal dispersion (0.191 L, 448 g/L
of zirconium oxide equivalent) was mixed with a SYTON silica colloidal

25  dispersion (adjusted to pH 1.5) (0.138L, 301 g/L of silicon oxide equivalent) to
yield a mixed colloidal dispersion of 67.4% zirconium oxide and 32.6% silicon
oxide equivalent. The viscosity was 0.13 poise. No adverse effect, e.g. gelling

or significant increase in viscosity, occurred.
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M xed Zirconium Metal Oxide Colloidal Dispersions Exanple 8 The coll oi dal
di spersion of the zirconiumpolyner of forrmula (1) was nade as descri bed

i n Exanplwo2d3/0T3we col | oi dal di spersion (0.95 L, 427 g of PCIT@AO20CIBMI um

oxi de equivalent) was mixed with a cerium oxide colloidal dispersion (0.375
L, 142 g of ' B de as described in Exanples 5 or
6, to yiel Red Jikculs FOXEIL Fibreh of 75% zi rconi um oxi de and 25%
cerium oxi déxaaplevi8 ent. No adverse effect, e.g. gelling or significant
increase in viscosity, occurred. The m xed coll oidal dispersion (1.45 L)
had a 15 densit y0.df Iloftﬁlegnm@dmblosdaldmgslwowxan@ $8i eanteinin 8nged

wh dfog h Th gd, col | t ed
Lo yi oba o Smisginge soaiont puge Hendilpal £,0F opalehyleRy o8B 7oorrscu”
Exa”p' © 59 Zggiggmgf’échﬂr%dgﬂﬂ &fpﬁfosd)(?tg tgf}d%lﬁql é'vsF SR ARG '4SEd o tnd OF mul a

(1) wa escri bed®i n Exanp sco al dlsper5|on(01L

densi ty wasmixedboxidelequitaleht O f eIk edke %ﬂuln‘éwrﬁékﬁ]b igdeoedd With a
cerium oxide colloi dgl di spersion (0. gitZBSg)lx,, 1.36 g/m , 45gwa%f cerium

ox: Fle gq:u vahefiltered tha?lglaslﬂ@uucrdmsievmalﬁi(%tpy@hieﬂ usingsa NIBQ/l\@hélea m xed
2 0%
coui val ont - VRBSTERTEY g6yt fHhgitesd wag PUgIec A 8t 8 bﬁ%eﬁ%&'o“ﬁ?ﬁ%?%%rie "
\ : . 90
Viocosi LY, BSFHLY 6on RS Wit Rbh Rl pEhaRAL I FRBe cont 2 ned o

di sper gigon &inﬁe?@tu?—é fsCrﬁHin%'aﬂh&PinYt'l‘i%rraﬂée Bleﬂ@tc{iSOWﬁh@Hé’@uﬂ& descri bed
in Exanmple 2. "This colloidal dispersion (1.0 L, 447 g/L of zirconium oxide

equi val ent ) tenperatuxeih thietrange off 80 W0 1@ FGt é“hs@reﬁ:n fibre( ¢btaizied 3s thend00 g/ L

of yttrium oxide eguival entI) whi ch was made by di ssolving yttrium
heated to 500°C to yield the mixed oxide fibre.

Example 14
15 0.74 L of the mixed colloidal dispersion of Examples 9, 10, 11 or 12,

containing 290 g of mixed oxide equivalent, was blended with 4.3 g of
polyethylene oxide (PEO, molecular weight of 5,000,000) to yield 1.5 weight
% PEO based on the mixed oxide equivalent. After mixing to give the required
theology, this feed was filtered through a 150 micron sieve and spray dried

20  using a NIRO Mobile Minor spray dryer. The feed was pumped at a rate of 1.0
L/hour to the dryer that has been fitted with disc atomization or nozzle
injection. The inlet temperature is maintained in the range of 150°C to 280°C
with the outlet temperature in the range of 80 °C to 110°C. The green fibre
obtained is then heated to 500°C to yield the mixed oxide fibre.

25
Example 15

The mixed colloidal dispersion of Examples 9, 10 or 11, was evaporated

to yield a concentration greater than 600 g/L of mixed oxide equivalent. This
feed was spray dried using a NIRO Mobile Minor spray dryer. The feed was

30 pumped at a rate of 1.0 L/hour to the dryer that has been fitted with disc

atomization or nozzle injection. The inlet temperature is maintained in the
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carbonate in nitric acid, to yield a m xed col | oi dal di spersion of 90%
zirconium oxide and 10% yttrium oxi de equi val ent. No adverse effect, e.g.
gel I'ing owoO ogiogaepd i cant i ncrease in viscosity, occurred. POTEsPI38011 The
col | oi dal dispersion of the zirconiumpolynmer of fornula (1) was nade as
descri bed i P4 {o ¢ e J¥R0 °gl {o Of

zirconi um 5%1% equl va Oez-rll- émggh%&x&gi%q%%egf@%qf tﬁ%g%ﬂgg/ L of al um num

oxi de equi VaDeQt Thefgrédh Abtedbtuinediis tiehcheatddutol 500°Criaddeldythelinsxed vi ng 15
alum numnitrate in water) or an alum numhydroxy nitrate solution (nmade by
heat i ng soloxideafibye. num nitrate to pr oduce [Al (OH) 2(NO)3] -xH20 which is

oxi do. and 25% ai/iensh WetaseCembodmant: oflbTayErdBr iR Sl TR, 0

stgni fi §a”the¥élf1 u‘??l%&ﬂ ’ft%ﬂfﬁé’ﬁh&é’mto%ﬁ Gy fhgse flaﬂzeﬁﬁﬁ‘@ﬂ?é Srt 12a; VaSiafighd 0 dal

di spersion’o réoni u fornu made as descri bed
in Exanpl e gay #8 h%adéthfvt@&ht}@uﬁ ﬂ%eﬁ’tlﬂ ffdn #Rlspirit 6f theginbzentidn af theoni um
oxi de equi val ent) was ni xed silica colloidal 25 dispersion
(adj ust ed tsoopé-loﬂtlﬁ:)amﬁndi%blalmﬁl g/ L of silicon oxide equivalent) to
yield a m xed col | oi dal di spersion of 67.4% zirconi um oxi de and 32. 6%
silicon oxide equivalent. The viscosity was 0.13 poise. No adverse effect,
e.g. gelling or significant increase in viscosity, occurred. -19 WO

03/ 023096 PCT/ CA02/01380 M xed Zirconium Metal Oxide Fibres Exanple 13
0.74 L of the m xed coll oidal dispersion of Exanple 9, containing 290 g of
m xed oxi de equi val ent, was blended with 11.5 g of pol yethyl ene oxi de
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5 (PEO nol ecul ar wei ght of 400,000) to yield 4.0 wei ght % PEO based on the
m xed oxi de equivalent. After mxing to give the required rheology, this
feed waswbDioBteioed t hrough a 150 m cron sieve and spray drpcadAassiomgoa N RO
Mobile M nor spray dryer. The feed was punped at a rate of 1.0 L/hour to

t he dryer pPaivigs been fitted with disc atom zation or nozzle injection.
The inlet 1%—r€n'p'e7ature is maintained in the range of 150C to 280C with
the outlet tenperature in the range of 80 Cto 110 T. The green fibre
obtained is then heated to 500C to yield the m xed oxide fibre. Exanple 14
15 0.74 L of. t heA piraeass for making a giregriprymatabbasschiibres said pregess11 or 12,
containing 290 g.of m xed oxi de equivalent, was blended with 4.3 g of

pol yet hyl erf®83 R PEO, nol ecul ar wei ght of 5,000,000) to yield 1.5 weight

% PEO based on the nixed qyjdgesquLiuplanafibn B nfduti Sdb Bolbivl t he

require r heol ogy, is fee S ere rough a 150 mcron sieve and

spray dri eddidfkrsiohng/hardth Rad\btal ¢ ddlewed fphatheddrpap cohbistiigef atlgastpunped
at arate of 1.0 L/hour to the dryer that has been fitted with disc

at omi zat i onorer offeo@rowp IliAnjretal o tranTitionimétel, at@ravprldtAmectpkanda frelihed i n

the range of 150C to NOT wth the outlet tenperature in. the range of 80 C
to 110 C. THE greidnwithyp eol\im%léﬁlai&ﬁ%rs}oél Qflt?é‘rﬁlﬁ s ZY 8B PEIYRLIY t he
m xed oxi dethtai 25 Exanple 15 The m xed col | oi dal di spersion of Exanples

re.
9, 10 or 11, gmél\‘?apor ated to yield a concentration greater than 600 g/L
of m xeg¢) oxide equivalent. This feed was spray dried using a NIRO Mbile
M nor spray dryer. The feed was 30 punped at a rate of 1.0 L/ hour to the
dryer that has been f[Zd@HW,(6),H ) ht(X)i,20H6h or nozzle inflgction. The
inlet tenperature is maintained in the -20 WO 03/023096 PCT/ CA02/ 01380

wherein X is a zirconium polymer compatible anion and n is a whole number

from 1 to less than 200, to provide a mixed colloidal dispersion; and

15 forming the mixed colloidal dispersion into the zirconium/metal based

fibre.

2. A process of claim 1 wherein X is selected from the group consisting of
NOj5’, CI' and CICH,COO'.

20
3. A process of claim 2, further characterized in that said colloidal
dispersion of the zirconium polymer has a ratio of X to zirconium in the range
of about 1.0 to 0.98 to about 1.0 to 1.3 to maintain said polymer colloidal
dispersion.

25
4, A process of claim 3, further characterized in that said colloidal
dispersion of the zirconium polymer has a pH in the range of about 1.5 to about

2.0 to maintain said polymer colloidal dispersion.

30 5. A process of claim 1 wherein n is a whole number from 1 to about 100.
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range of 150C to NOT with the outlet tenperature in the range of 80 Cto
110 C. The green fibre obtained is then heated to 500C to yield the m xed
oxi de fi bwe.o3lkiobough preferred enbodi nents of the inventipen/dxaveliseen

described 5 herein in detail, it will be understood by those skilled in

the art thag varp b&%§of@’?a){mb§vdm?éntsﬂﬁr1ﬁ%ﬁlﬂéMgﬁ%rﬁ'&f’ﬁ!ét&lﬂg frO\rth he

spirit of the invention or the scope of the appended clains. -21

03/ 023096 PCT/ CA02/01380 CLAIMS: 1. A process for nmaking a zirconium netal
based fibre, said process conprising: 5 i) mxing a netal salt solution or
net al oxi de7.col | Aipgagess @f §k¢éﬂ3 vihereinspig metphisseleated oz gha gOPBd from t he

group consi sting. of | east ne.of a Goup IILA nmetal, a transition netal,
a Group || IWW%&% ogaﬁgqusé)gﬁgpcqqqrg, NUL E%nfihurg, msehesiym) andfsper si on of
an anor ghoug,1&ikeconi um pol yner of the fornula: 10 [Zr4(OH) 12(X) 2( H20) 4L
(X) 2n-2nH2C§sa(1{1) ‘wherein X is a zirconium pol yner conpatible anion and n is
a whole nunber from1l to |less than 200, to provide a m xed coll oi dal

di spersion; and 15 form ng the m xed col | oidal dispersion into the _

zi rconi un n&t al Agweckss oif staim 2 wharginseisbmets salt solutionvig selertedXrom sel ect ed

fromthe group consisting o NO3-, d_- and, CLCH2COO 0 3. A process of
claim2, fulherBEpPuR ReRSATHEY ‘Pé@de‘i‘ﬂ ong Af adneigl ariatemetel C@i"é’%@r OeHh of the

zi rconi um pgé#ﬁ@%nﬁ%?et@l ﬂe%ﬁl%re% X to zirconiumin the range
10
0. A process of claim 3 wherein said metal oxide colloidal dispersion is
made from a metal salt substrate selected from the group consisting of at least

one of a metal nitrate, metal chloride, metal acetate and metal perchlorate.

15 10. A process of claim 3 wherein at least one fugitive spinning agent is

included in said mixing step.

11. A process of claim 10 wherein said fugitive spinning agent is selected
from the group consisting of polyvinyl pyrrolidone, polyethylene oxide,

20 polyvinylalcohol, polyurethane, polyacrylic acid salt, polyacrylamide and
polyvinylmethyl ether.

12. A process of claim 11 wherein said fugitive spinning agent is
polyethylene oxide.
25

13. A process of claim 12 wherein said polyethylene oxide has a molecular

weight of about 5,000,000 g/mol.

14. A process of claim 13 wherein the amount of said polyethylene oxide is

30 1.5 weight % of the total equivalent zirconium/metal oxide.
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of about 1.0 to 0.98 to about 1.0 to 1.3 to maintain said polyner coll oidal
di spersion. 25 4. A process of claim3, further characterized in that said
col | oi dalwodBsp®pesi on of the zirconium pol yner has a pH i eCrheaoeamge of
about 1.5 to about 2.0 to mamintain said polyner colloidal dispersion. 30

5. A proce of 1 i } : ; about 100.
222" 031 423004 BN A B e g R B o P s d et al

i's a | ant hasin@erat@iteadf.abéut AtppPOCEss of claim 3 wherein said netal is
selected fromthe group consisting of at |east one of cerium yttrium
scandi um magnesium and 5 calcium 8. A process of claim3 wherein said

metal salt solutjon is select from th I Qup ,consi st f at | east one
of a metal % trat&rOGHsE 9 cl‘éﬁpﬁ%wé,er%?agﬁﬁ%&ﬁ%?@l%ﬁ%ﬂﬁ@%ﬁ%grCh| orate.
10 9. pr clea bir said netal oxide colloidal dispersionis
made f'rA\gm 38@?53[%1&4@%&%?2 gél ected fromthe group consisting of at

| east one of a nmetal nitrate, nmetal chloride, netal acetate and netal

perchlorate. 15 10. A process of claim3 wherein at |east one fugitive
spi nni ng agéht A process afickind wherkinsaidmyetst ebsaid zircaniyng/cagigl besed ai m 10

wherein said fugitive spinping. t J |l ected. fromthe gro consi sting
of pol yvi nyﬂ?brﬁﬁ PEASERGHRLO &W&ﬂﬁ%é’rﬁéﬁ%i‘ﬁ@]e?quéﬁlw ZS}I{FIWI&PE’(S’?F@I ,
pol yur et han%ig$ol yacrylic acid salt, polyacrylam de and polyvinyl net hyl

et her. : ocess of claim 11l wherein said fugitive spinning agent is
pol yet Ryl ene oxi de.

18. A process of claim 17 wherein said metal of said zirconium/ metal based
fibre is present up to 25 weight % of the total equivalent zirconium/ metal

oxide.

15 19. A process of claim 3, wherein the step of forming said fibre includes:
concentrating said mixed colloidal dispersion of step i) such that said mixed
colloidal dispersion becomes viscoelastic and forming said mixed viscoelastic

colloidal dispersion into said fibre.

20 20. A proéess of claim 19 wherein said mixed viscoelastic colloidal

dispersion has a concentration ranging from about 300 g/L to 600 g/L.

21. A proéess of claim 19 wherein said mixed viscoelastic colloidal
dispersion has a viscosity of from at least 0.8 poise.

25
22. A process of claim 19 wherein said mixed viscoelastic colloidal

dispersion has a viscosity ranging from about 0.8 poise to 5.0 poise.

23. A process of claim 19 wherein said mixed viscoelastic colloidal

30  dispersion has a viscosity ranging from about 0.8 poise to 2.5 poise.
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25 13. A process of claim 12 wherein said polyethylene oxide has a

nol ecul ar wei ght of about 5,000,000 g/nol. 14. A process of claim13
wherei n twe oaweend of said pol yethylene oxide is 30 1.5 weirghto204386 t he
total equival ent zirconiun nmetal oxide. -23 WO 03/023096 PCT/ CA02/01380

15. A procegg OngJréée@s 3f ¥Heel whskddn BAididiked ViRt oRastidchllefiaput at a
tenperature of about O to 90 T. 16. A process of claim 15 wherein said

m xi ng st epdikpersidhris €ointad inéd tie fibretcompeniaigliess thin 45861bf A monefliBous. 17. A
process of claim3 wherein said netal of said zirconiuml nmetal based fibre
i s present mpterigl. 50 wei ght % of the total equival ent zirconiunm netal
oxide. 10 18. A process of claim17 wherein said netal of said zirconium
netal based fibre is present up to 25 weight % of the total equivalent

zi rconi wm t al ' . 05885 9H.claim 3, wherein the step of
form ng'ssai%ge'fi b‘?‘ﬁ?‘%\%ﬁ%égﬂﬁ&ﬁgg{nt r at }%ng daid mixed col | oi dal di sper si on
of step i) such that said m xed colloidal dispersion becones viscoelastic

and formng said mxed viscoelastic colloidal_ dispersion into said fibre.
20 2Q. A pr2fcessAgirocdsaiofictadmits véiereimataid mixedivistedagtiaeallaidabl | oi dal

di spersion has a concentratiqn.rangi ng .from.apout 0 g/L to 600 g/L. 21.
edflTav G i

A process ofISPGI8IOR 15 SPYh dloymdpitaad f19¢€.col | oi dal  di spersi on
has a viscosity of fromat |east 0.8 poise. 25 22. A process of claim 19
wherein said m xed viscoel astic coll oi dal '

10 27. A process of claim 19, wherein said mixed viscoelastic colloidal
dispersion is spray-dried by centrifugal spinning, nozzle injection or disc-

atomization.

28. A process of claim 19, wherein said fibre diameter is controlled by

15 conventional drawing of said mixed viscoelastic colloidal dispersion.

29. A process of claim 19, wherein said metal of said zirconium/ metal
based fibre is present in up to 50 weight % of the total equivalent zirconium/

metal oxide.

20

30. A process of claim 29 wherein said metal of said zirconium/ metal based
fibre is present in up to 25 weight % of the total equivalent zirconium/ metal

oxide.

25 31. A process of claim 19, wherein said fibre is dried and fired to form a

crystalline zirconium oxide/metal oxide fibre.

32. A process of claim 31, wherein said fibre is a zirconium oxide/cerium

oxide fibre.
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di spersion has a viscosity ranging fromabout 0.8 poise to 5.0 poise. 23.
A process of claim 19 wherein said m xed viscoelastic colloidal 30

di sper si owohla®2m9Ivi scosity rangi ng from about 0.8 poise t®CT/iAopoise. -24
WO 03/ 023096 PCT/ CA02/01380 24. A process of claim 19 wherein said m xed

vi scoel astig3 col {jgé ghn a&ba%gf@imbde%agfﬁg;z%%nmﬁgorﬁﬂeﬁ&me_fsﬁﬁﬁm ning | ess

than 15% of a non-fi brous terial. process of claim19 wherein X

is NOB . 26. A process of claim19, wherein said m xed viscoelastic
coll oidal dispersionis s extruded, drawn or blown into said fibre. 10

27. A process of clai ﬁzrﬂQﬁﬁ;(&)eﬁth)a]n@%nﬂéﬂ{mQ scoel astic coll) oi dal

di spersion is spray-dried by centrifugal spinning, nozzle injection or
di sc- atom zation. 28. A process of claim 19, wherein said fibre dianmeter

is control | ' Wala ' | ' o

col I of dal d‘:’?’g%‘te@r{% ?%%ac%%ﬁﬁh%gj@énégf %@%&@%@g&p@ﬁeﬁﬁﬁhﬁ%ﬁ{%@%f of said
zi rconi um  fBhA] to kRS GhnfI0D, @s ia%pﬁﬁﬁﬁ%ﬁid for migkihg a2frcoaight mddbatdie t ot al
equi val ent zirconium netal oxide. 20 30. A process of claim29 wherein
said netal Gbresaid zirconium netal based fibre is present in up to 25

wei ght % of the total equivalent zirconium netal oxide. 25 31. A process
of claim19, wherein said fibre is dried and fired to forma crystalline

fibro | s a $hr com e il P fhoRdn o8 i haaed i M bontiBfRE! 1 521 €

ium - oxl
10  of NOj5", CI'and CICH,COO'.

35. A spinning aid of claim 33 wherein said metal of said zirconium/ metal
based fibre is selected from the group consisting of at least one of a Group IIA
metal, a transition metal, a Group IIIA metal and a Group IIIB metal.

15
36. A spinning aid of claim 33 wherein n is a whole number from 1 to about

100.

37. A spinning aid of claim 33 wherein said metal of said zirconium/ metal

20 based fibre is a lanthanide metal.

38. A spinning aid of claim 33 wherein said metal of said zirconium/ metal
based fibre is selected from the group consisting of at least one of cerium,
yttrium, scandium, magnesium and calcium.

25
39. A spinning aid of claim 35 wherein said metal of said zirconium/ metal
based fibre is present in up to 50 weight % of the total equivalent zirconium

oxide content.
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WO 03/ 023096 PCT/ CA02/01380 33. Use of an anorphous viscoel astic zirconium
polymer of the fornula: [Zr4(0OH) 12(X)2(H20)4] (X)2n'2nH2O (1) 5 wherein X
i's a zircwnioaweped ymer conpatible anion and n is a whol e momhevo2/0fasom 1 to

| ess than 200 as a spinning aid for making a zirconiunl netal based

fibre. 34. lg%ﬁg%ﬁﬁg {d% 1% w%&raﬁgaﬁn&@mﬁssﬁ it QORilME ntgup

consi sting 10 0 - and CLCH2COO 35. A spinning aid of claim 33
wher ei n sailshse@ fiblre & prosond iz up ao25umtighevabf theaottl cqivalent sirsehisot ed from
the group consisting of at |east one of a Goup IlA netal, a transition
metal, a Gauge comtantretal and a Goup I11B netal. 15 36. A spinning aid of
claim 33 wherein n is a whole nunber from1 to about 100. 37. A spinning
aid of claim33 wherein said netal of said zirconium netal 20 based fibre
is a lagthap de ge i ' jd metal of
sai d zi rconl un1 m%ﬁmnéaseﬁcﬁwgsﬁﬁggﬁl ﬁé%gd@dgémﬁtgi&é@gtﬁ(ggg}%%‘nsi sting of
at | east ongrddniwdlihhe rangt ofiabout 5.0a6d.98ro smands) ton1.dnd cal cium 25 39. A
spinning aid of claim35 wherein said netal of said zirconium metal based
fibre is present in up to 50 weight % of the total equival ent zirconium

oxi de content. -26 WO 03/023096 PCT/ /01380, 40. A.spinning.aid of claim
39 wher ei n ¥hi d freYAPTEFICCOMPIATIAR §; T-r}z Ry futh@e?P“FﬁBﬁ@&% @ent in

up to 25 wefght  9%idB8Iabe! HrcbltthBbisRlerihbARRl WPinfitbdta 6P Mt -

10 formula:

[Zr4(OH)12(X)2(H20)4]n (X)24'2nH,0 @D

wherein X is a zirconium polymer compatible anion and n is a whole number
15 from 1 to less than 200, said combination being suitable for forming a

zirconium/metal based fibre.

43. A synergistic combination of claim 42, wherein X is selected from the

group consisting of NO3', CI" and CICH,COO'".

20
44, A synergistic combination of claim 42 wherein said metal of said
zirconium/ metal based fibre is selected from the group consisting of at least
one of a Group ITA metal, a transition metal, a Group IIIA metal and a Group
I1IB metal.

25

45, A synergistic combination of claim 42 wherein n is a whole number

from 1 to about 100.

46. A synergistic combination of claim 42 wherein said metal of said

30  zirconium/ metal based fibre is a lanthanide metal.
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5 41. A spinning aid of claim35 wherein said formula has a ratio of X to
zirconiumin the range of about 1.0 to 0.98 to about 1.0 to 1.3. 42. A
syner gi stwo osorpsat i on of at | east one fugitive spinni ngPardCAmOIBIAN

anor phous vi scoel asti c zirconium polymeric inorganic spinning aid of the 10

formul at [ 474( s an?%@l'é‘%%lﬁaﬁaﬁ gtiélaﬁﬁﬂacévﬁéﬂem $he el of dasd a zi rconi um

pol ymer conpatib on and n is a whole nunber 15 from1 to |ess than
200, said cirvoniiah metddbaseg Bbictiabélectedrfrémarthe gepup cansistimgi afratdessal  based
fibre. 43. A synergistic conbination of claim42, wherein X is selected
fromthe @mmmm,m,@pamgnmmamwmmgd@m 44. A synergistic
conbi nati on of claim42 wherein said netal of said zirconiuml netal based
fibre is selected fromthe group consisting of at |east one of a Group IIA

metal . g trgnsi tA%gm%%Es‘ﬁlc coﬁlb%?ﬁ% bf L‘l’%}fg&lﬁh@ﬂ%ﬂl &iPre fﬁve' Phﬁnﬂ@t al .

45. A synergl sti'C Ination o alm wherein n Is e nunber from

1 to about ab@ft is4RlecfeditoRr tﬁbfgtrb@p cmﬁistﬂeg prblyiqntyl pyﬁbllaomds;er ei n said

metal of said 30 zirconiunl netal based fibre is | ant hani de netal . -27
WO 03/ o230gﬁalmmytemmmes@olyvmylahohph@Wth@n@mﬂiymhg acisksadt, ai m 44
wherein said rretai of  said zwcoqgﬁg Hetal based fibre is selected from
the group PRIy aﬁ‘@déﬁngﬁ’obé’égl’lm FReerium yttrium scandi um

magnesi um and calcium 5 48. A synergistic conbination of claim42 wherein
said fugitive spinning agent is selected fromthe group consisting of

pol yvi ngl pig.r ol A d9fsngistic combination of claim 48 wherein said fugitive spinning
agent is polyethylene oxide.

50. A synergistic combination of claim 49 wherein said polyethylene oxide
has a molecular weight of about 5,000,000 g/mol.

15
51. A synergistic combination of claim 50 wherein the amount of said
polyethylene oxide is 1.5 weight % of the total equivalent zirconium/metal

oxide.

20 52. A synergistic combination of claim 42 wherein said metal of said
zirconium/ metal based fibre is present in up to 50 weight % of the total

equivalent zirconium/ metal oxide.

53. A synergistic combination of claim 52 wherein said metal of said
25  zirconium/ metal based fibre is present in up to 25 weight % of the total

equivalent zirconium/ metal oxide.

54. A synergistic combination of claim 42 wherein said formula has a ratio

of X to zirconium in the range of about 1.0 to 0.98 to about 1.0 to 1.3.
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pol yet hyl ene oxi de, pol yvinyl al cohol, pol yurethane, polyacrylic acid salt,
pol yacryl am de and pol yvi nyl nethyl ether. 10 49. A synergistic conbination
of claimwBoalzzed n said fugitive spinning agent is polyeChdrne1asxi de.
50. A synergi sti c conbination of claim49 wherein said polyethylene oxide

has a rol ecsq %ﬁgrgé‘ﬁ ziddoritthefl gQ&@Q@re%d’Hi’énm%éa%i-xe& cOVIBRIgi Stic

conbi nati on of C m 50 V\/nerel n the anmount of “sai pol yet hyl ene oxide is

1.5 wei ght dispérsioneofipinetal ewhiereal eid nzdtalcis selectadefram thegirole cafsiihg A
synergi stic conbinati on of claim42 wherein said nmetal of said_ zirconium
net al basedtflpast @neof pr@@@mﬂmn@tpl adrawiten metalps Groep dlldgngtal aBd @i val ent

zi rconi um t al i 53, A s i st.i c _conbi atl on ai.m 52 wherein
sai d net al fo@apgé “Q%a]zia’?@%l ﬁ&%@“‘fﬂ?@@qq Wgrpgﬁ'ﬁ:%) “in up to 25
wei ght % of the total equivalent zirconiunml netal oxide. 54. A synergistic
conbi nation of claim42 wherei'n said fornula has a ratio of X to zirconium

in the range of about[Zk,@HR,(X REE0s, 200,00 1.3, -28 WJIP3/ 023096
PCT/ CA02/ 01380 55. A[ g?(?enpzz(l r)g(g{nzlol?4 ge'?a based fibre conprising a m xed

col l oi dal  di spersi on- of a netal, wherein said netal is selected fromthe

group consi sting | east . one G ou A petal, a transition nmetal, a
Group |11 A Yrbgein o aZITGIFR P YIB%%‘%IQPE tiblg gnign %}Hjo? ydioje prsbenm

pol ymer of frhﬁ{{%ffgéé?h #r4(0—|)12()()2(H20)4]n (X)2n 2nH20 (1) vvherei n X
is a zircon atible anion and n is a whole nunber from1l to
| ess thgn 200.

56. A synergistic combination of claim 55, wherein X is selected from the

group consisting of NO5", CI" and CICH,COO'".

57. A green fibre of claim 55 wherein said metal of said zirconium/ metal
15 based fibre is selected from the group consisting of at least one of a Group IIA

metal, a transition metal, a Group IITA metal and a Group IIIB metal.

58. A green fibre of claim 55 wherein n is a whole number from 1 to about
100.
20

59. A green fibre of claim 55 wherein said metal is a lanthanide metal.

60. A green fibre of claim 55 wherein said metal is selected from the group
consisting of at least one of cerium, yttrium, scandium, magnesium and

- 25  calcium.

61. A green fibre of claim 55 wherein said metal is present in up to 50

weight % of the total equivalent zirconium/ metal oxide.

30 62. A green fibre of claim 61 wherein said metal is present in up to 25

weight % of the total equivalent zirconium/ metal oxide.
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10 56. A synergistic conbination of claim55, wherein X is selected from
the group consisting of NO3 Cl- and Cl CH2COO 57. A green fibre of claimb55
wher ei n swDd3neR09d of said zirconium netal 15 based fi bPeTiGr0g@138¢t ed
fromthe group consisting of at |east one of a Goup IlA netal, a
transition gt a'A%ﬂéﬂ fibfe Méléuﬁ%a&héﬁﬁl @al@f&‘l'ﬂllhhhﬁaffﬁﬁélof)éﬁ) A green
fibre of claimb55 erein nis a whole nunber from1l to about 100. 20 59.
A green fi bziecofiumliaithe ngetefrabont $.0itod 128 & abeutd .0 &l 13ani de netal . 60. A
green fibre of claim55 wherein said netal is selected fromthe group
consisting of at |east one of cerium yttrium scandium nmagnesium and 25
calcium 61. A green fibre of claimb55 wherein said netal is present in up
to 50 weight %of the total equivalent zirconium netal oxide. 30 62. A
green fibre of claim6l1 wherein said nmetal is present in up to 25 weight %
of the total equivalent zirconiuml netal oxide. -29 WO 03/023096

PCT/ CA02/ 01380 63. A green fibre of claimb55 wherein said formula has a
ratio of Xto zirconiumin the range of about 1.0 to 0.98 to about 1.0 to
1.3. -30
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