W0 03/ 023096 ZI RCONI UM METAL OXI DE FI BRES STATEMENT OF THE | NVENTI ON A
zirconiunm netal oxide fibre conprises zirconiumoxide and a netal 5 oxide.
The fibre has sufficient structural strength such that for exanplid MAR 2808
be usegoasmasegbstitute fibre for glass fibre in the nroDiCactamse of paper
and paper-like materials. Preferably the fibre's thickness is

substantially uniform and has a length i C. i cron. The netal
oxide fibre is mﬁM@NﬁmMiéﬁxmgﬁiﬁlﬁwe 10..form
preferably as a solution of the nmetal salt (or a colloidal dispersion of
the nmetal) to a colloidal dispersion conprising an anorphous zirconium
pol ymer of t ) Ié)Z(HZO) 41 n (X)2n. 2nH20 15 20 13 MAR
2006 PAT. a zirconium pol ymer conpati bl e ani on

and n is a whgle nunb rThe edco o) ol j kS equently
made into a n‘?‘x@ﬁc%li‘ metgl oxjde fibgy gom ‘géscei@g%qq]?/ ﬁ{eﬁ%‘gﬁ%lﬁéai di sper si on
of the zir.gomn i &hmﬁk 1B sTiBKl ehat forretansieit@ayi th a
- nodi ica?ﬁlgﬁ'%%gé}é{ri%%uefggleﬁ{escr| %%jét}%%gt%. K. Patent 1, 1%1, 794WV\here, for
exanpl e,z deeloay & FulsAime e for glads fitgrerih the matnéachde dfpapenanded to formthe
col | oi da]f di spersion containing the polynmer of fornmnula, (ul ). .According to a
most  pr gigpler-dikeambtetiatie Mreferatdy ithe Shre’ s thickness dg substaptially uniform

and has a length in excess of 1 micron. -

The metal oxide fibre is made by adding a metal oxide in a suitabie

10  form, preferably as a solution of the metal salt (or a colloidal dispérsion of the
metal) to a colloidal dispersion comprising an amorphous zirconium polymer

of the formula:

[Zr(OH)12()2(Hz0)s]a (K)20-20Ho0 @
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 fonnulé (D) is made in accordance with a modification to the process described

in UK. Patent 1,181,794 where, for example, zirconium carbonate or
girconium hydroxide is reacted to form the colloidal dispersion containing the
polymer of formula (I). 7

According to a most preferred embodiment, the invention relates to a

95  zirconium/metal oxide fibre that comprises zirconium oxide and a lanthanide

oxide. Preferably, the lanthanide/zircopium 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(NO;3)2(H20)4]n (NO3)2-20H0 )
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25  zirconiunm nmetal oxide fibre that conprises zirconium oxide and a
| ant hani de oxi de. Preferably, the | anthanide/zirconiumoxide fibre is nmade
by adding a solution of a |anthanide, nost preferably |anthani de pikraagse

(or a Il anthani col | oi dal dispersion) to a coll oi dal '
conpri §V9Q3’3ﬁ’0§§mrphous zi rconi um pol yner of the formi aﬁeggﬁdlgﬁb

[ Zr 4( OH) 12( NOB) 2( H20) 4J (NO3) 2,.2nH20 (1) .1 3 MAR 2006 _ WD 03/ 023096

PCT/ CA02/ 013801 Thbdahthanidamitce solutian és profarablyformedbpresdBIga f or med by
reacting a |anthanide carbonate, hydroxjde,or oxjde with nitric acid. It
was surprlbﬁﬂlagidcﬁ@rhwa@hbydr@hﬂeéﬁ@ﬁﬂiea‘ﬁﬂh@qﬁ'icg"m concentrated sol ution of

a nmetal salt (or netal .oxigde.coll.oidal dispess] oidal 5

di spersi on of HiW@%ﬂ‘i‘@ﬁ’ﬁ’ﬁSﬂyﬁ%’é‘Pd atone ﬁﬁ}l@o?ﬁé ﬁ%«lﬁ ?%&gm%ﬁ%xded col | oi dal

di spersi on.where I j h ks v, i@ adverse
pr eci pi té@%o%oﬁll rﬁgﬁgﬁﬁ(@?ﬁ%o@%?g% |12%¢Sa é;%,)%%) tc_?_ﬂ% cgirnec%ler red ratio of
Xto czir ' j WHRYm f il deatifig iaimixied codlogdalof about
1.0:0°98 (ﬁ%%fy@ﬂ ?g%ﬁ%-@%lﬁ?xg ensu?ffeot he cozﬁrg)i dgl %i spersion formation

al t hough, gikersiorasiscbyahe thare bakous sanging iEactareventing ddversdut side this
range. The 'pH of the colloidal_ dispersion s eferably, in th{ﬁérange from
about 1. Pprecipibtion withipube nuxcm@ollmdgldb@eagmc_plé}edﬁsf@%%faﬁm %9i rconi um
pol ymer of formula (1), the zjrconj . polynmer of Af a. | act as a
spi nni ng Zaic@nﬁﬂ@ﬂnt‘ﬁi‘ﬁﬁolmﬁéﬁl eﬁﬂﬁaiﬁe‘ﬁmﬁ%(@@gg&flagﬁgﬂﬁdé 'g%gggirbon has a
vi scoel asti_cj th | L . f4d : [ | ques such
as spray t8r1y$ %?na&%\}}] gégfgélhgﬁ)lgy ésrgflroﬁlnflb ﬁé&ﬁgfﬁé%@d Iftggrne'ltwaltrlﬁgnmf | bres are’
~of ‘a,gt a%gcﬁé&dthe%ﬁo Elkaﬁyqﬁu%ge@e fiiPfeapenFhesHilof the ealleidat o drive of f

_vol alll | es ormcrystall'ine fibres conprising zirconium
dispersion is preferably in the range from about 1.5 fo about 2. Due to the
viscoelastic prbperties of the zirconium polymer of formula (I), the zirconjum
polymer of formula (T) can act as a spinning aid such that the concegtratEd
mixed colloidal dispersion has a viscoelasticity that is suitable for fibre

15 formation by techxﬁques 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 synergisﬁp
| corﬁbination of both the zirconium polymer of formula (I) and at least one
other spinning agent facilitates fibre formation. Preferably, these other
spinning aids are ofganjc based and are fugitive (volatile) during heat

75 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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oxi de and netal oxide. Al though the zirconium polyner of fornmula (I) has a
viscoelasticity that 20 is suitable for fibre formation on its own, other
spi nning agents nay-be incorporated into the m xed coll oi dal diJs%Mt“sBi
such t\pa?shﬁ«gg@yner gistic conbination of both the zirponCaseipesl yner of
formula (1) and at | east one other spinning agent facilitates fibre

, 8%??? L&&ﬁé&f&%@hﬁg HS GRS B ”gcfa‘"*‘?@?zihﬁfidsg{#%ﬁ%iﬁg@?idsS{‘ﬁn?LS

. : R i FdanN e 103 AnBACKGROUND OF
‘?':-lESI :\I?/%‘@% %@811 'ietﬁl%r?ggaﬁmgﬁigg&nag?g&d%%%ﬁdgg%%i(;@isltegfcanﬁ%le i ngor por ated on
the sur fﬁg,@aes;%fni@ﬂ bRigE ii%’éb?ﬁ’urﬁfo deDffsa lhfimetacnaBes The oxidations

conposi tTons or for putifying exhaust gases. For exanple, U.S. Patent

5, 094, 22%&?%&1136@ sélecttd PRaZBAG ondfA3/AREY 06 vl GAGRLOWUFBO ni xt ure of
ceram c tibfes containing an oxidation catal yst_ for gecorrpo ition of fats
f

and @& | sPafhies,166:890cddschbessa porousriibeovsrsomcaire| fenprrigaatien ot mhanst | owi ng
oxi des: silicon oxide, zirconium pxigde al pm.nu Xi oxi dati on
cat al yst gasg# E‘@eséﬁ@&% §1auqtpw5&laq%&£r{1€tgﬂ 1o BEHQ‘%{RW% © oxi des.
U S 5 Patent, 5, 165, 899 descrd bes a - X £or

puri fi cat"PeRs R IS4 © (bsggé’rsqm I‘i’g’ &f{%@’féﬁlgﬂgﬁlﬁd&%ﬂ?é&ﬁg% elgof net al
all oy filyri A Waesed MuBaruriehéthk Tipasese Fatam i ron,
and/ or n@ﬁ?éﬁ ﬁfﬁ%%@?ogﬁag@lﬁﬁ%ech S chosnenafrom zi rcrg?l?um yttrium
ceri um angeh FnRBRUAbEEE@ um IaRRnNabedRaderther Gripondds whiskt wielees ceri um
oxi de niXed ‘and other conponents which were 10 m xed with an alumna-silica
cerag ¢ fibdewith au duiiea-silicarcatapsic fithato presdapsstalysidset Also, U'S.
e Sactomipencs oot ARSIUT Piflert 860,57 BBl Tl 1EABIhEH =1 " eon 2

fi bres. decomposes soot.

oxide impregnated zirconia fibres.
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
UK. 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 6oaﬁngs 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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Met al oxi de catal ysts have al so been used in an extruded form Canadi an
Patent 2,274,013 describes an extruded formof a cerial/zirconia 15 m xture
to treat exhaust gases. Simlarly, netal oxide catalysts can al sb3nARI2ISE
as coayiphgmz@svarious types of fibres for primarily pgmdm'g/omsexhaust
gases. See for exanple U S. Patents 5,040,551; 5,075, 275; 5,195, 165;
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are coated with chrom um oxide, silicone carfbide and cerium oxide. U K

Pat ent 2¢c@aplekd T aomplee & cmdwenﬁytedndnnl it tasspimpbiagyafd colldadalesi um 25
- copper, and ceriumor |anthanumto oxidi ze carbonaceous particles. Al of
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hydr at e and hydra 023096 . 1%. MAR 2006 PCT/ CA02/01380 net al

- conpoundpélymieii cafibehfolrmies s teridly &RK. PBftnt 3 A0Q)544odedcnibea thol | o dal
di spersion. The coI | oi daI di spersion is heated not hl(geher than 100C, which
pr odc e sprepprsitipieaf mixedaetahoxidetithireaby using rpgﬂa | pikoxade(sherpablealt o a

SolTor xons eaiepta Sass; RA-FahARERIsg sorkbo e TOHR 3Bt Uk *causes
gel at i onpe They gggaﬁgggieéﬁ%és PERHREEFHTHBhudig %%@sdnfa&rm%@ﬁ fibre.

U S. Pate
zirconium oxide is capable of reacting chemically with silica fibrils to assist in

bonding the fibrils together. _
15 UK. Patent 2,059,933 describes the preparation of alumina or zirconia
.ﬁEres 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.

B Several patents have dealt with a Group IIA, a Group ITIA 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 desc_ribed in U.S. Patent

4,231,893, U.S. Patent 4,356,106 describes a process for making a colloidal
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descri bes nmaking inorganic fibres that normally would not be spinnable.

This was done by dry. spinning a solution or colloidal dispersion with a

| i near polyneric fibre-formng material. U K Patent 1,402,544 oled MARLAIE

t he 10wpr@mas®@ti on of m xed netal oxide fibres by usi ngCwatsab/orsiskoxi de(s)

- capable of. converting to spinets. Rare-earth netals are not known to form

inets. U K. . Patent 322,723 d | b f e fib
it or | 2 pgsiam, B P o SRy GRE PG RhgBleltER D, ' i 0h°
il flhri L, SE: el ' iprils t ther. 15 U. K Patent
2. 050 o P LS FrRn Ry el et B S O o 2 Tibres by |

spi nni ng an agueaubraiBledbiQkiftithithesgospeeivalig] iovaridal preeédses for precur sor -
to the netal oxide fibre. The specific exanples relate only to formation
of al unimakirighhesal oklidseirgmitmexide fibidsr 85ScBateht5 #68548rdescrabes aqueous
sol ution containing other netals whose salts are hydrol ysed at a pH 20 |ess
t han57 tmaling n¢inforcedsfibies fon high semperngig cevmositgLFouSing of# eci pi t at i on

it hi h | uti Cali : : . hed .
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fibre formatien. Ln.i g - ofution i
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mer cC Oi di sper si on? escribed in U K

Pat ent %tfiﬁ%a %ta?éxiaeﬂﬂc]gudiﬁg tonaBhd elrcetias AMermstrixmid fibrdsdrde

detri nen o formation of our 30 4,231,893. U S. Patent 4, 356, 106

descri begery specidresin thar theebefiient edltharnd lexpassior of thomatriveskauldxi de
fibres. Several patents have dealt with a Goflﬁjt,g IIA, a G.qup _LI|LA or a
| antlBani tesinglaaitodhe dutests fibrelal) . SiRatert 3, 3N o Padiscusses sakige factigmi ch can

These. - dBPIcGRIIAGFORBILA RS Tk arauehE M RARS s Rattory petidigd T hed i n
U.S. Patgpl. M3 Pﬁé@%”gf) 8 binddr MMBe 20041 oxide fibre may contain zirconia and
1-10% of a stabilizer, such as alkaline oxides, yttria .and rare earth oxides.
‘Stabilizers’ determine the c.rystal 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 preparatioﬁ ofa
fibre by méking a solution of a polar solvent, a metal compound and an organic.
polymer. The metal can be zirconium. The solution is extruded into at lgast
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 5,1 12,781 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 zirconinm-based granules
| before making the fibre. U.S. Reissued Patent 35,143 describes a p.rocess for
making a ceramic fibre that involves mixing crystalline zirconium grains, a

zirconia compound, solvent and a phase stabilizer (more than O and up to 20

mol% of the stabilizer).



PCT/ CA02/ 01380 di spersion that involves using dry cerium oxi de hydrate and
a deaggregating agent to forma dry dispersible ceriumconpound. Several
references exist that refer, specifically, to various processes J®MARTERS NQ
met-al | 4 hdconi um oxide fibres. U S Patent 5,468, 343 destiidies o
maki ng rerntorced fibres for high tenperature conposites consisting of a
matri x and eutectic fibres dispersed in the matrix. The eutectic fibres can

be selected fFhgrcarsalspssvernl patents thatidisysairamations of epHpidal suggest s
o gBl e e e R g T
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the crystal structure, e.g. tetragonal or cubic, and 15 prevent the
for mat i orcenifint {63 Gronal8h) poyderformed aan be sed ivéerevrics. U.StPatsnti zer s may
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contain a l'anfhanide netal as a phase stabilizer or as a |um n&scent salt.

'U. S. 1 Pat datsaficAXkchaige rezidoad tkdesuldnd coildidad disgersion berecaoperedess t hat
i nvol ves maki ng an agueous sol ution of zirconiumbased _granul es and a

phase st 2bBI Patent §.238525 dgscribescm presessior analang pratabiliged ggconigh and haf ni um
maki ng afBHKY] HGPEIE L HEGh CHYAIBELBETGhERA & EroBERER SURASR GRRe i br 0.
S T SR TRl oSint B e sl B © (107
form 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 UK. Patent |
1,181,794. Although this UK. 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 doesnot oontémplate 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 ITTA metal and a Group IIIB



zi rconi a conmpound, solvent and a phase stabilizer (nore than O and up to 20
mol % of the stabilizer). WO 03/023096 J3 MAR 2006 PCT/ CAC2/ 01380 There are
al so several patents that discuss formations of colloidal di sp&®MaRs200e

m xed (%'/0 okdes. For instance, U S. Patent 4,788, 04pCTRASLHIHES
preparing a stabilized zirconia powder that involves mxing a zirconia.

hydrate col | oi dal di_spersj on (,pHgg. 5-5), containi ﬂﬁPacicul ar tﬁryst als with
5 di mensinetal, watligh $@J ifadisrersion ob ah HUCKPRIPS ISR HOLBRCLOMSh | i zer such
as cerig)m (< 30 nol/a). The powder formed can be used in ceramics. U S.
Pat ent TO8Ua:711 describes forning a zirconia colloidal dispersion froma

solution containing a zirconiumsalt and a stabilizer, such as yttrium
Ir-ant hanum  cerium cal ci um and rmagnesi um oxi des. The solution is m xed

with a strong 10 - [ | emif(and the resul t{ihg col | oi dal -
Pzﬁg?jmlzg%t. %aﬂtﬂ;g{x)%, 238,

di spersion is recover 625 describes a process for
maki gy a stabilized zirconia colloidal dispersion, which involves

hydrol yzi ng a zirconium al koxi de usi ng,  aqueous drogen.peroxide in the
pr esencewhbrein 32t alziaeehismad et ﬁomga'a@éﬁmqnoaﬂ%ﬂ% gﬁ’rﬂ}g%@%t e. The

hydrol ysate i s evappra to farm a dri.ed,h = which is

redi ssol frem | e iesg ﬁ%éfiﬂite PE%‘P@%ﬁtqnx?ﬂépﬂpgig%ﬁ#%?%%@hﬁkoﬁn enpl oys the

col | oi dal di sper.si . - | e Reby s/ nedtalltesed! a (1),

whi ch was dest? gg%ﬁwgﬂeﬁgﬁr}?ﬂﬁf@% 94ﬂ.d Altholugh this U K. patent
descri beﬁb{_fgat a few percent by weight of a stabilizer such as |ine or

yttria may be added to the polyner of formula %I_), it 20 _does not
contgypl at e t Pecariiing tomaihereaspestsofitbe amnoantios, fistsplectast BPmBCt he. pol yner

of formula (1). In this respect, it s generally understood that the
addi t i ongrfuphéagtsistingraf PP i hgnéﬂlgﬁ\gg&gmﬁcﬂd IHOB%E’E‘H?%S?@% A Si?dal
di spersions such ﬁ_s tp?sebof tolae pol ymer of forrmula (1).

whole number from 1 o about 100, "

' Aécording to another aspect of the invention, the colloidal dispersion of

the zirconium polymer has a ratio of X to zirconirum'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, th_e 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
95 solution is selected from the group consisting of at least one of a metal nitrate,
metal .chlon'de, 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.



25  SUMVARY OF THE | NVENTI ON According to an aspect of the invention, there
I's provided a process for naking a zirconium netal based fibre, the
process conprising: i) mxing a nmetal salt solution or netal ox] A&MAR 2006
col | oi {@ p3@hsdeer sion, wherein the netal is selected fpomdaigogseup
consisting of at |east one of a 30 Goup HA netal, a transition netal, a

G FTTA | nd G | RB WO 03/023096, 13 MAR 2QQ6_ . PCT/ CA02101380
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base i bre: 0" Accordi ng to anot her,

aspect Qfolyeik Jetieantid@molyvihglakhet; petirfretme ol grooylic acidsially i ng of NO3-,
d - and "CI'CH2000- and nore preferably, n is a whole nunber from1l to about
100. 5Ac qwiyticnylamideradipelydsplesethyfethere i nvention, the col | oi dal dispersion

of the zirconium polyner has a ratig of X t.o rconi ymin.the range of
about 1.0 toAagprdimgstoapotlissaspactffle mventign, ?ﬁﬁeaiﬂpﬁ@l&ﬁ)&rrer col | oi dal
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anot her A Bed ST e e e et hani de”
net al . viscoelastic colloidal dispersion into the fibre. Preferably, the mixed
10 visceelastic coilloidal dispersion has a concentration ranging from about 300
g/L to 600 g/L.
According to another aspect of the invention, the fibre diameter is
controlled by conventional drawing of said mixed viscoelasﬁc— 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
[Zt4(OH)2(X)2(H20)]a (X)2a2nH;0 ®

wherein 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 zirconinm polymeric inorganic spinning aid of the formula:

30 [Z14(OH)5(X)2(H20)s]a (X)2020H,0 qy



According to yet another aspect of the present invention, the netal is
selected fromthe group consisting of at |east one of cerium yttrium
scandi um magnesi um and cal cium According to yet another aspé@Mai 2006e

present invention, the netal salt 25 solution is sel %ﬁf{f@‘“ﬁmﬁ"t he group
consi 3O BHOBP%t | east one of a metal nitrate, netal ‘Ghloride et al

acetate and netal perchlorate. According to yet another aspect of the

pr esent wiHayEAK 69 a zisoenimet pblymer dempetblecinita and B pea svhshe PYMREHe from a
metal salt substrate selected fromthe group fcgt?fi sting of at |east one of
a net al froi { 40 desstan 208hsaid cambingtion beHgsuiaklefog T tdal perchlorate. WD
03/023096 13 MAR 2006 EﬁierAOZIOBSO According to yet another aspect of
the presigooninpvapgtalhpseddibiéast one fugitive spinning agent is included in

the mxing step. The, fugitiv Ll gk 15Vides asak&st ed fromthe
group consi sil?gfﬁt 8’?‘%8’1' %PFHE/ f%grlﬁro: iﬂgg’n%, 3l yet hyi Zgge oxi de,

pol yyi nyl R 4 HY tP@RempALaamitixed catloitlad digpersdopof yacr yl ani de and
pol y%;i néﬁrﬁé@ﬁﬁﬂ%ﬁ ﬁl(e%r Accor di ng toganot her aspect of the invention, the
_step of f@sInivh@rémeaid ineta i selboiod fronctiegroup sonsighingat lepstamedia oi dal

di spersion of step i) such that the m xed coll Oirgf}:t ng a}gml on becomes
vi scoel @bins IBnanétel; aitrapsition miefabh GuaupcdE mastala P i spersion into
the fibre. Preferably, the m xed 10.viscoglastic £olloidal dispersion has a
concent Hﬁtaloﬁﬂdéﬁ@mﬁph%ﬁﬁ%%ﬂ?mﬁ%ymaEFJthSSftQHBu 7L. According to another
aspect of the invention, the fibre dianmeter is controlled by conventional
drawi ng of said m xed viscoelastic colloidal dispersion.. 15 According to

anower aspect of [ZE?OH)YZ‘EXBJ(HQO)4I]HW-%H2®S dried and fibed

wherein X s a zirconiufn polymer compatible anion and n is a whole number
from 1 to less than 200.
; According to another aspect of ﬂie invention, X is selected from the
15  group consisting of NO3', CI" and CICH,COO" and more preferably,nisa
whole number from 1 to about 100. ‘ '

According to another aspect of the invenﬁpn, the metal of the zirgonium/ '
metal based fibre is selected from the group consisting of at Jeast one of a |
Group I1A metal, a transition metal, a Group IITA 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
zirc-onium 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.

i

-
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to forma crystalline zirconi um oxide/netal oxide fibre. Preferably, the
fibre.is a zirconiumoxide/ceriumoxide fibre. In yet another aspect of
the invention, there is provides a use of an anorphous viscoelastic

zi rconi um pol ymer of the formula: 20 [Zr4(OH) 12( X~2(H20 4] n (X) 2n2nH20 m
wherein X is a zirconium polymer conpatible anion and n is a whol e nunber
froml to less than 200, as a spinning aid for naking a 213 Mgt 2000 et al
based .25 fibre. In yet another aspect of the invention, there is provided

ot phodadtdfingSB YR R SrhsBle e hERVABRR i PRI FBLER APmBkiner of Fhe
f or nul a:  AledrfiA(AHALALN: BASRAULNsd X pRocelNEBibitiAg WO 03/ 023096 13 MAR 2046

PCT/ CA02/ 01380 wherein X is a zirconium polyner conpatible anion and nis a
whol e nunber from 1 t enikiggsa tietah s2loSolutiah dr cotddi axads collddéalng suit abl e for

form ng zi.rconj um net al sed fibre. In yet another aspect of the

| vent £ GRsPEHEROTEeHT St RS orlurd S BeHD RoRRns L Ifashpes

conpri si ) i -6 i I i idnetal is
cel oot o Srelil 0l o Bl RElaF Airdln i BRR and YGEELIRR (051 *
transi t imetahsvidh a call&Gdaligis pdrkidnrEtaal angsrgheusFiesomid pBlyieéadf,thand an

anor phous zirconium polyner of the fornula: 10 [Zr4(0x)12(1)2(120)4]1 .
(Q@2n' 2nHROMWRerein X is a zirconium pol ymer conpatible anion and n is a
whol e nunber

[Zr(OH) 2(X)2(H20)s] (g 2nH,0 )

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

ii) forming the mixed colloidal dispersion into the
zirconium/metal oxide based fibre having a total equivalent zirconium/ metal
oxide content in the fibre, wherein the metal salt or metal oxide colloidal
dispersion is present in an amount to yieid greater than 5 weight % metal oxide

based on the total equivalent zirconium/ metal oxide content in the fibre.

According to yet another aspect of the invention, it provides use of an amorphous

viscoelastic zirconium polymer of the formula:

[Z14(OH)12(X)2(H20)4] (X)2020H,0 (I)
wherein 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 oxide based

fibre, wherein the metal oxide is greater than 5 weight % of a total equivalent

zirconium/ metal oxide content in the fibre,
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froml to |less than 200. According to another aspect of the invention, X is
selected fromthe 15 group consisting of NO3, Cl and Cl CH20OOO and nore
preferably, nis a whole nunber fromI| to about 100. According to another
aspect of the invention, the nmetal of the zirconium netal based fibre is
selected fromthe group consisting of at |east one of a Grou& I[1A netal, a
transition netal, a Goup IIfA nmetal and a Goup II11B 20 he .295}6eferably,
the metal of the zirconiuml netal based fibre is a lanthanide netal. Mre

Pre o hbeortli (FSIch bnthet ApeBl 4801 INIhaRR R RABSHE [iRESwGS oo octed from

t he group ¢onsi o gt “PEast one of der

nmagnesi ka6t 6f iMeadGne Tekifde Ts@nﬁﬂ%t 418 wiBPREShorgHout RiscboM@t i on, the
metal of the zirconium 25 metal based fibre is présent in up to 50 wei ght
% of t hezit@mam gglimretieimorganme spnhumn ak pfithedonmelat . According to anot her
aspect of the invention, the fornula has a ratio of X to zirconiumin the
range of about 1.0 to 0.98 to about 1.0 to 1.3. 13 MAR 2006 According to

yet anot her aspect Zgje(og,g?gjémﬁ%@jéﬁrgxg%zlﬁqqyl des a proces(ngor making a

zi rconi um netal oXi pr20cess conprisin i) mxing a
metal salt solution or netal oxide colloidal dispersion, wherein said

metal is selected fromthe group consisting of at |east one of a Goup I1A
netal , avhergHsXtip 8rigRRiym pgly-@%@pmpmlblemm anthy is2 @heleonymbea fromt al , with

(27 a( oy | B SRR g SR SRR RIS s bR oG e Biam ol yrver
conpat i bhgdaphea e N is a whole nunber from 1 to less than 200, to

provi de a m xed col | oidal dispersion; and ii) form ng the m xed col | oi dal
di spersion into the

According to yet another aspect of the invention, it provides a green
zirconium/metal oxide based fibre comprising a mixed colloidal dispersion of a
metal oxide, wherein a metal of the metal oxide is selected from the group
consisting at least one of a Group I1A metal, a transition metal, a Group IIIA metal

and a Group I1IB metal, and an émorphous zirconium polymer of the formula:
[Zr4(OH)5(X)2(H20)4]s (X)2020IT,0 O

wherein X is a zirconium polymer compatible anion and n is a whole number from
1 to less than 200, wherein the metal oxide is greater than 5 weight % of a total

equivalent zirconium/ metal oxide content in the fibre.

According to yet another aspect of the invention, it provides a process for making
a zirconium/metal based fibre, said process comprising:

1) mixing a metal salt solution or metal oxide colloidal
dispersion, wherein said metal is selected from the group consisting of at least one
of certum, yttrium, scandium and lanthanum, with a colloidal dispersion of an

amorphous zirconium polymer of the formula:

-9B-



zi rconium netal oxide based fibre having a total equival ent zirconium
metal oxide content in the fibre, wherein the netal salt or netal oxide
coll oidal dispersion is present in an anount to yield greater than 5

wei ght % netal oxide based on the total equivalent zirconium netal oxide
content in the fibre. According to yet another aspect of the invention, it
provi des use of an anorphous viscoelastic zirconium pol yh%qu’%e
formula: [Zr4(OH)12(X)2(H20) 4l n (X)2i ' 2nH20O (1) wherein X is a zirconium

pol ymer conpati bl } ! ) nber from 0 |l ess than 200,
as a spinning ai det?gﬂ?bg;gﬂﬁ?% @Q?@&’%ﬁ%ﬁ%ﬂt al oxide baé d fibre, wherein
the nmetal oxide is greater than 5 weight % of a total equivalent

zirconium metal oxide content in the fibre. -9A 13 MAR 2006 According to
yet anotwbcreasiieeta zisfconiuan pulqmmricompatlblemnmﬂ alebn & 3 whelegitghbar framnbi nat i on

of at t.on itive s an anor phous vi scoel astic

Zi rconi uﬂ? ﬁ@fl% rWdi’rQé{ @H?‘?ﬁlarﬁordll@v‘éﬁt]gls&ersﬂ% aPBr nul a:

[ Zr 4( OH) 12(X) 2( H2 Q) 4] n M@@r rconi um pol ymer
conpati bl e ani on d nf?%&%%\/\ﬁ@ﬁg%éjé I (ﬁér#%r%lltlﬁlt?e@s t han 200, said
conbi natiimdlﬁhjmetsmmdbbﬂseﬂdibrﬁor mng a zirconium netal oxide based
fibre. According to yet another aspect of the invention, it provides a
green zirconium nmetal oxide based fibre conprising a m xed col | oi dal

di spersign_of,. a . netal oxide ein a.metal of.the oxide is

sel ect edgf; SRR ygf %%Rercﬁﬁgﬁ’t%hﬁmé’tenpgléslfp@r‘fédeﬁfusﬁ%’ﬂ) aporPOSet al , a
transi tigecq@istc ziRoffugtPolyidef ofBicdormald a Goup I'l1B netal, and an
anor phous zirconi um pol ynef of the fornmula: [Zr4(OH) 12( X) 2( HZO) 4] n

(X) 2n' 2nH20

{Zry(OH)12(X)2(H20)4 ], (X)202nH,0 ¢y

“wherein X is a zirconium polymer compatible anion and n is 2 whole number from
1 to less than 200, as a spinning aid for making a zirconium/ metal oxide based
fibre, wherein the metal oxide is selected from the group consisting of at least one

of cerium oxide, yttrium oxide, scandium oxide and lanthanum oxide.

According to yet another aspect of the invention, it provides a green
zirconium/metal oxide based fibre comprising a mixed colloidal dispersion of a
metal oxide, wherein a metal of the metal oxide is selected from the group
consisting of at least one of at least one of cerium, yttrium, scandium and

lanthanum, and an amorphous zirconium polymer of the formula:
[Z1r4(OH})12(X)2(H20)4]n (X)2y2nH,0 D

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

1 to less than 200.

-9C-




(1) wherein X is a zirconium polymnmer conpatible anion and n is a whole
nurmber from 1 to |ess than 200, wherein the netal oxide is greater than 5
wei ght % of a total equivalent zirconium netal oxide content M3 {1he 2008
fibre. wAFGRRGoEI to yet another aspect of the inventioperjdacpoRghdes a
process for making a zirconium netal based fibre, said process conpri sing:
1) mxing a netal salt solution or nmetal oxide colloidal dispersion,

wher ei n DR GARREL DESGRIREIQN OF KR INVENBQNnsi sting of at |east one-
of cerium yttrium. scandi um and | anthanum. .w th col | gi dal di spersion of
an anor phous FP%B&@M DS RTEIF TYentinn T&&fgﬁﬁ?s.ﬂf’}’ gﬁ“?@%&%@%@

[ Zr4( OH) J; - < I | i | Luum pol yner
conpat i b%’g&gﬁr'n%%‘z%%a k@ré'ﬁg \%ﬁ%ﬁlﬁ ﬁ%&%g%ﬁlﬁ#t atzgml%esslﬁlt%ﬁ%hymo, to '
provi de Gxidk fiifte S M ddeli staillyd iteDgresé invaitibni relatdsaomn froctfefoliniddng ol | oi dal
di spersion into the zirconiunimetal oxide based fibre. According to yet
anot Ber ashefiiresfind lilee geneeaitiseruf antarpoiphbuesiresumfpapmemas phous

vi scoel astic zirconium polyner of the formula: [Zr4(OH) 12(X) 2(H20 4] n

(X) 2n- 2regdmipig)aidherein X i s a zirconi um pol yner conpatible anion and n is
a whol e nunber, from.1 t ess.,than 200, as a spinning aid for making a
zi rconi um e ‘T’ﬁgiﬁ (Y J@gaa@hingraes,o%m@q Bfﬁni‘f%@ Sﬁg‘ts ﬂltb%@é'% s sel ected
fromthe - £0NS] Skl : . [ i yttrium oxi de,
scandi uﬂlg§??§gl%n 102%%1%%%?31%} ﬁ&é%@@@@dgl%er@ghyéggﬁ@ﬁ%@gg? aspect of the
i nventi ofiyoighoRS QWceganApSiyRRiE ofdhé Eamhulal net al oxi de based fibre -
conpri si ng m xed col | ol dal di spersion of a

10

[Zr,(OH);2(X)2(H20)4)a (X)20.2nH,0 ()]

wherein X is a zirconium polymer compatible anion in providing a colloidal
dispersion. The anjon is an jonic 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 abduf 1.5to 2. Preferred anions may
be selected from the group consisting of nitrate, chloride and chloroacetate. In
formula (), 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 tefnperaturc 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 (T) may be
30 madein accordance with a modification to the process described in UK. Patent

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

-10-




met al oxi de, wherein a netal of the nmetal oxide is selected fromthe group
~consisting of at |east one of at |east one of cerium yttrium scandi um and

| ant hanum and an anor phous zirconi um pol ymer of the formula: 43 wmar 2008
[Zr4(OH) 12(X)2(H2O 4] n (X)2,,-2nH20 (1) wherein X is | | pol ymer
corrpaWOCﬂ3€’(1é on and n is a whole nunber from | to |Z’§§}‘{ﬁi’gﬁ“§@o_ -9C WO
031023096 - 13 MAR 2006 PCT/ CA02/ 01380 DETAILED DESCRI PTI ON OF THE

| NVENTI Q¥ Aveos. didndisigersioh@r gheseof ziroomsumi carborataorEareasidnnovel anor phous,
green zirconium netal fibre. The green fibre is a precursor t.%.oa
Zi r coni ydroaidd is meebd Wilbareappreximateregninyola ﬁ@%ﬂ@%é?ﬁnl‘i‘ efti%n rel ates

v coni abpaininn X adieh isapelkmuTy i sorh e oY Bl thadies T S
luti .of t.al .salt sol utj : QX1 | di '
o o comvits wapraian et apg 0] THRELARI: GRERMFLARed S o)

for ?JWL ?c:n&t(l)a%%t%ﬁ% (HCLR (70 & F2E) z@itﬁﬁﬁn? &g & t{on) misheresis prefetablp zi rconi um

pol I"e anion in pro Ing a colloidal dispersion. The anion is

an i oni g eanstdd menbHWiabbutens 6 ebott0fvitlman Xoto zifcoaiws melerkodi sper si on.
The anion 1s derived froma conjugate acid that provides p‘,t_" Ln the

di sper sppsbonti k.6:0.88 tmslmupm:bﬁamglwsameﬁe@d@ondm?ns previde fethsni ons may
be selected fromthe group consi s_t-itgg_of ni.trate, chloride and

chl or oapelymer. formatipn and itg staPylitynithe SIREBIM-nunber and preferably ranges

fromdi to | eﬁet Pnaert]alzsgﬂ solutions that are useful for the preparation of the metal
10  oxide fibre of this invention include a salt solution of at least one of a Group
ITA metal, a transition metal, a Group JTIA metal and a Group IIIB metal. In
paﬁicular, the metal salt solution may be made from the following metal salts:
YCla, Y2(COs)s, Y(C:H;302)3, YQINO3);, CaCly, CaCOs, Ca(C,H30,), CaClO,,
Ca(NOs);, MgCla, MgCOs, Mg(C2H;02)2, Mg(C10.),, Mg(NO3)z, CeCls,

15 C82(003)3, CB(C2H302)3, Ce(ClO4)3, and CE(N03)3.
In accordance with this invention, the solution of the metal salt is added

to the colloidal dispersion of zirconium polymer of formula (). A mixed
col]oidél dispersion is formed whereby the charge balance remains intact,
preventing adverse precipitation within the mixed colloidal dispersion. Th1$

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 Iyield up to 50 weight % of the total equivalent
sirconium/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 zirconiﬁrn/mctal oxide content m the fibre.

| Metal oxide colloidal dispersions useful for the preparation of the metal

oxide fibre of this iﬁvenﬁon include at least one of a Group A metal, a
transition metal, a Group ITIIA metal and a Group. IlIB metal oxide colloidal
dispersion. In particular_, the metal oxide colloidal dispersion may l?c made

30 from the following metal salts: YCls, Y2(COs)s, Y(C2H302)s, Y(NO3);3, CaCl,,
CaCOs, Ca(CH50,),, CaClO,, Ca(NO3)2, MgCla, MgCOs, Mg(C;H30,),,

-11-



and, preferably, from1l to about 100. 20 The mxing is preferably done at a
tenperature fromabout 0 to 90C, nore preferably, fromabout 15 to 25C.
The preferred ratio of X to zirconium in the polyner of formul 8% YrRi B0

such t | ures colloidal dispersion formation. Fag,ablpsef X to
zZi rconp‘ﬁénﬁ’és%ﬁ%k?eferabl y, about 1.0:0.98 to about 1.0 to 1.3. However, it

I's understood the ratiog of X to zircopiuymmay fall, 25 outside this range,
provi di ng1etelP e MO hoCotby C@ﬂcﬂayﬂbeﬁciﬁa%&ﬂﬁqcﬁaépg The pH of the
col | oi dal %meir sion may preferably range fromabout 1.5 to about 2. The
m xed colq” 1/3di spersion is then concentrated, nade into the green

fibre, which i | P%]‘?E ' ' 'rHéH : | fibre. The
col | oi dal di Splir.rez?%igﬁﬁg. t g%%p?@gﬁpgﬁqﬁggpﬁ;ﬁéﬁ&oﬁ@ orrfelrj]?% %i ; érf%ibe - 30 made
i n accor dafiesuyslufrytoMhd inidigladaliapith 8n kbR t@rﬁé&a%sl)fmélgﬁzame%altn TheK.  Pat ent
1,181, 794." In order to facilitate an understandi ng of that process, it is
out | i fedpieferiddRadOfire M¥Pictacsd 6r Ryd&obhlofichCid. CAlihnatisely, #shedhitiahs. A
di spersion or slurry, of zirconium carbonate or zjrconium hydroxide is
react ed wiathl salt isgphidsaterer @ chlguidenthis steproliptixise the Ajtiaiavec € of the
anion X which s preferably nitric,acid, hydrochlorj.c acid,or . chl oroacetic
a0 ar tosek SoraeRiE \BuRsa Yo Bt Gl rabroRLh, e denilits BRI ENS or any
~carried to: st ' l.QN: jon mxture is
' preferab ?/l?%r%?tﬁ g%r?%ﬂdu 1gr? tﬁa% r{gﬂ‘s%fckggigg{s li%lﬁgdliog;éggbgtry%%ﬂ%qt? Ed an Xto

zi 1 coni Uy ERYIg: ki @oxizdiopAdding a Gk fibabnkdhydibxid e preferred
conditionS provide for the “polyner formation and its stability in the
di sped si hpdrogen peeozides &l mesallhytlrende iholitamed andeidmixedwitthwaferepar at i on of

the metal. 10 oxide fibre of_ this invention include a salt_  solution of at
| east onends siraggRsd tq yisldeshury. aThe dreng od st be, forexsmple, pitrs netal and

N R N AT TN
CaCCx, %Mﬁ%glub@ge% ‘hydrate. A residue from the slurry is then admixed
' with water to give the metal oxide colloidal dispersion.
15 Again, by adding the metal oxide colloidal dispersidn to the colloidal
| dispersion of zirconium polymier 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 eqﬁivalent 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 (II1) salt solutions, can be readily
mixed with the zirconjum 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 Formoula (I). The cerium nitrate solution is made by mixing

30 cerium carbonate with nitric acid or by dissolving cerium nitrate in water. The
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Ca(N®) 2, myd 2, MCaB, My(C2H302)21 My(Cl04)2, My(N3B)2, CeCl3, 15
Ce2(CCB) 3, Ce(C2H302)3, Ce(Cl04)3, and Ce(NO3)3. In accordance with this
invention, the solution. of the netal salt is added to the col H@ WAk opog

di sper iood?s/a%mfi rconi um pol ymer of fornmula (I). A m Xegler/eQbdabse! _
di sperSron 1Ts Tornmed whereby the charge bal ance remains 1 ntact, preventing

adverse precipitation within the m xed, coll oidal dispersio This 20
‘unexpect srdusomis thenyadonixedhwith aellcidal |dbPEEIOR FUPBASNGADE IHEFEL surpri si ng.
Thus, at |east one type of net salt solution may be added to the

anor phougmonhoysft PH’{?F“‘?IC?E}JJ“%f ‘to 50 weight % of the total

equi valent zirconiunm netal oxide content in the fibre. Mre preferably,
the netal salt solution is added to yield up to 25 weight % of the total

‘equi val ent 25 zi rg%gt%?ﬁpgg{zwhﬁmgghﬁgg in the fibre(mvetal oxide

col | oi dal di spersi ‘ or ‘the preparation of the netal oxide fibre
of ‘this invention include at |east one of a Goup IlA netal, a transition
netal, a Goup IRA netal and-a G oup.|11B netal oxide co]l ojidal

di sper si whereimXpisrrearably NQhe The a1xipgiitidore sl anmarmaatshel3tbn may be nmade
30 fromthe follow ng metal salts: YC13, Y2(CO8)3, Y(C2H302)3, Y(N®)3,
CaCl2, Z2Za€e8, Ca(C2H302)2, CaClO4, Ca(N03)2, MyCl2, MyCCB, My(C2H302)2, WO

SRR e T

alternative route. The zirconium/cerium oxide fibre is made by adding a

10  colloidal dispersion of cerium nitrate to the z_irconiﬁm polymer of formula (I).
The dispersion is maﬁe by admixing an aqueous shury of cerium carbonate
with nitric acid. The resulting cerium nitrate is hydrolyzed and oxidized
through the addition of a mixture of ammonium hydroxide and hydrogen
peroxide. Cerium (IV) hydroxide is obtained and admixed with water and

15 nitrc acid to vield a slurry. A residue from the shurry 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 [Zt( OH) 2(X)2(H20)s] (X)20-20Hz0 o

wherein X is pfeferably 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.
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Preferably, the netal oxide colloidal dispersion is nmade by m xing an
aqueous slurry of the netal salt with an acid to yield a hydrol yzable salt.
" The preferred acids are nitric acid or hydrochloric acid.._ Al terdaMAR 05,
if the_injti netal salt is a nitrate or a chloride, ' of mxing -
t he niw(%\??’émg'{’%chl,ori de salt with acid is unnecessary?hgﬁg?@ g? approach,
the resulting hydrolyzable salt such as netal nitrate or petal chloride is
hydrol yzed. Pratditabiiamsier is sontngliedby zeaventignakignzag ng a mxture
of amoni um hydr oxi de and hydrogen. peroxi de. net q_Lo h%/dlirgox' de -i s obtai ned
and adni susth asi pwlingos draveng, Gengs smgtgozz%gpac &Y 1:"?’ The strong

acid may he,, for_example, nitric ci-d h ' L cor-qper chl ori c

aci d, an@m%mgap%r@ﬁ("ég@y’ %Q&&F@%ﬁﬁ“@%%%g%ga u t%dngy ?%ﬁfggﬂe net al -
hydrate. A resi g e sk b it ETRes seViekd] cantifletdr® Qi ve the
metal oxFRIBIESr ?’%?Qgﬁ“ﬂgelt{sdgle?@lc%5%5{]6%?‘%&%@3’%i ng the met al 'c?xi de

coll af dai(opgi_ %@ﬁg&&rﬁtﬂ t fhese Ablepitdat leddithpe SYaromfibzéwsanatenial.pol ymer of
formil a , a mXxed coh oi dal dispersion is _ created. Surprisingly, ‘the
char ge bal ancgheassiliast imomptious,grese fibresaraef estable gried iggl-t Bhessn wit hin t he

m xed col | oi dal dispersion. Thus, the netal oxjde %ﬁol o]} da{ | spersion may

bﬁ addedlgieantfﬂu'elamhﬂab@gﬂtﬁﬂ,rl’(’ééfﬁrﬁw:ywlWE‘J;. , Nf d’ohﬁ}ﬁ’?% S e g'\g/gt % of

the total equjval.ent zirconium nmet.al oxi,de. t D re

pref er ab13l§2v’,5'9 liae #@fﬁ‘éwomﬂna@%ﬁ%ﬂaﬁh O’ﬂfigggﬁg{&o%ﬁ%%egﬁgg}eq{é{wm dup to

25 wei ght % of. Y ' IV BrRahA ' t in the
I cepstidting, i Shihe A Plle el St R e et

fibre. or "Céric sa nverted into cerium (1V) coll oids
el alg Vel Aanhhy ootk ition inkfedsBebepiidi50%by weigtitofeit tatilons, can be
readily mxed wth the zirconium polyner of fornmula (1) wthoyt serious
adver se @c{[ﬁi&@l@nbﬂirw’réum!mﬂal ekige.cortentetterayalling fihres prad togards a

enbodi nent, a zirconiunficeriumoxide fibre is nade by adding a sol ution of
ceri um ncubiaceystal stiBII®o| yner of Fornula (1). The ceriumnitrate sol ution
| s made by m é}'}?ﬂf\%glfy;#ﬁjemﬁ}gécpg&%iaa%ﬁpefgiéﬂ fsCapibid o‘f‘beﬁifgﬁhﬁﬁﬁw Ing -

ceriumnitrat .
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 sohition (or the metal oxide colloidal dispersion) to the
colloidal dispersion of the zirconium potymer of formula (D), 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 incqrporatcd in_to
the mixed colloidal dispersion such that the synergistic combination of both the
7 zircbnium polymer of formula (I) and at least one other spinning agcpt )

95  facilitate fibre formation. Preferably, these other fugitive spinning aids are
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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WO 03/ 023096 13 MAR 2006 PCT/ CA02/ 01380 sol ution is then admixed with a
col'l oi dal di spersion conprising the preferred anorphous zirconi um pol yner
of the fornula: [Zr4(0OH) 12(X)21H20) 4Jn (X)21.2nH20 (1) wherein X3 AR 2006

pr ef er abl . The mixing is done at approxi mately In a
secondwé’rf%@a?%nt a zirconiunm ceriumoxide fibre is rr%g”bg‘?"ég&
alternative route. The zirconiunfceriumoxide fibre |s b addi ng a 10
col | oi dal di sjegsnemnl,dhe beisumanbe farmediby sprayiag acerditia r of formul a

car 3012§eﬁ£§f§ﬁdh?&ﬂ£nc$3§yb%uafm wads B R & Fiont “iﬁétq%ssf%é'r ol yzed anc
yair ogenThpapBsTRICCCE PPty Ard b el by PRI AT AR, 2

water ang, sgsgrs%lg %ha} ﬁﬁkfh el §bfl has §|v‘1'§db)élasﬁc1’qie§lhﬂﬂb@e fdr(ﬁbréhe sturry is

adm xed e cerium oxi de coll oi dal dispersion. The

Ceri um Oxd el J)pit(ilﬁdybdjfoﬁﬁed dirsz & bpinnixgridd to thecalbditidi dal  di spersi on

conprising the preferred anorphous 2| rconi um pol yrmer of the fornula: 20
[ Zr 4( OH) dRpsRgiR@that (h)é)cﬁxpe?maﬂd)amhemmon agticity phitable fon P03 . The i xi ng

done at tel y 15 ¢ | | I} oi dal
i sper i bty ap%[nﬁ.x' ¢ vordiionsd Ped s pempsdar s seg | JOhBoNE ol feRe. i xed
di le for fib
féfﬁgiféﬁmabﬁ ?Eﬁﬁéé‘”gh‘ilﬁg SRR B O Gor ST AP [oF [ LD0S
Freter ablefipd Q&r@?s”ﬁa%%sﬁksﬂ} e@ﬁgeerhgt}?@b JRPEEHShRe baderd Vi scosity of

at | east po Se, nore prefe poi se and nost
10 temperature in the range of 80 °C to 110°C.

The following Examples are being submitted to further illustrate various
aspects of the present invention. These Examples are intended to be illustrative

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

15 EXAMPLES

The Zirconium Polvmer of Formula (1)

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 senﬁ—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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preferably 0.8 to 2.5. WD 03/023096 13 MAR 2006 PCT/ CA02/01380 The fibre
di aneter is controlled by conventional draw ng techniques such as pulling
or drawi ng, centrifugal spinning, nozzle injection or blow spirhg MR 2006

Pr ef er‘%éﬁmzﬁ@% pol ymer solutions are spray-dried by cepy/dsbseake Spinning,
nozzl e injection or- disc atom zation to give fibres several centineters 5

~long. Mbst preferably, these fibres have | ess than 15% non-fi brous
mat eryater (0506L) esdivigontushyrstipébieshregl dewnfanylampsrad pgstea Buspl e dried gel .
These green fibres are beat treated, preferabl Cencl drive of f
vol atdduepus sluroy mas&d;igdmmenaamisahé@n@a%ﬁgiﬁq?éaégﬁg%@Qn oXi de and the
sel ected netal qxi.de, ,.The. cr I\l i ne .fibr r v et ragonal
cryst@lvesﬁwlg@t%ﬁiq]g ‘?1,011:@'%5 CfB%r}B’P ILE@ eﬁg‘g}r?g@éﬁa%on i ncreases,
beyond 2096 by el gt 01 W80 hnd WS QRbaEIdIFIal a OXi de content,
the c‘?%f’ﬁﬂep{rﬁ%fw&%il{%’%wgﬁmgkégﬂgwﬁ?ug@cncr ystal structure.

Speci f45C - m xed col |l oidal dispersion is capable of being spuninto
a%:‘-ai bé O?uég\épgﬁ’t e viscoel astic properties. of the zirconium polynmer of
formula 15 (1) itself. The netal salt solution (or the netal oxide

col | oi dal dispersion) |acks the viscoelastic properties for conversion
al oneEkample3 fi bre. Through addition of the nmetal salt solution (or the

t al i de_ col ) oi dal, di ' o th .dal di [ f th
Tt cont ui ZpoRm GAbeaRID k5% R HE ey AR ofluefahs 00 DL L0e L
such.that the c ent ¥ at 1 X8 | ' i me
v?sco‘i\SBEIFP l%ﬁﬁea%g%é@%fﬂr?%%ﬁﬁ%wﬁ f[B %%ﬂ%%ﬁ?@?ﬁfﬁuﬁmgg%m of

flﬁl;]w\!h% Siddorii pOIVSESELGRhilE (T Ywhithtcont#inedid42ip/le of gircondume f or mat i on,
ot'her “Spi nni ng

gents may be incorporated into the m xed coll oidal
di speggiderqaiiaienthaEhetmelesptiondinstrate/zivsapivnaasnl.8@n8dhe the zirconi um

POy orsion had & oH of about 2.0. ‘The conoidal Sispersicl of e Fbifker bad
a density of 1.64 g/ml and a viscosity of 0.87 poise. The colloidal dispersion of
tﬁe polymer 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 7 7
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 resul_ting 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 sturried with distilled water (0.1L) 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 insofuble matter, and
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25 facilitate fibre formation. Preferably, these other fugitive spinning
aids are organic based and hence dissipate during heat treatnent. Suitable
.. spinning aids include polyvinyl pyrrolidone, polyethylene oxidg 05 '

pol yvi nyl al cohol, pol yurethane, polyacrylic acid salt, polyacr ?Wd@ and
pol yviwybsesbnsl ether. In a preferred enbodi nent, 1. SQchﬁéﬁﬁyéghyl ene
oxi de (nolecular 30 weight is 5,6000,000) is added to the m xed col | oi dal
di sper sibuted 1o 8 MR OAGT tM\EIE3 G:2000E HRETHObIIM. 0A3IBIKtNFE general , the

fibers may be fornmed by spraying a c n%it' nglcli feed usjng.a  Mbile M nor
spray qunpnmgeawommhdérwéfc@ﬁsmﬁ,l LM”@ egeft RRroXidedgOdmhadi t i oned
uch’ ¢ HakO0 oERE R en OO ma SOEE b i f e hesBls Bevfe o5
fsuch E_ha]tot _IIFFPSB@PI VALY N SRS T TS A égﬁ:abrlel "5dl
ormati on Of i : n oi da

di sper S%‘%Hﬂél},gﬁeﬁ%‘% Qﬁ%e [ sf)hea?}sél1 Zﬁaghgre\??ls%eﬁggt i ci’tcglarsui tvg]gl e for
fibre {OLAR(TEY perbredcaitplek easdly Rded iscilonpend aftentteatoenplétel. 0 L/ hour to
the dryer at }Plas been fitted wi'th disc atomization or nozzle injection.
The i nl giditibe o ehasmnsorismriaidnoddebgdiagen peroxideg misture 5Hreamy280C with t he

outlet 10 tenperature in the range of 80 Cto 110 T. The fallow ng Exanpl es
are bei whits predipitaie afseriym (&) hynraxds wes obian av%gﬁefgilé’?hfo-the pr-esent

i nvention. These Exanples are, intended t j ol t.rat.l .a0nly and are not
i nt ended to FP§Pred t§Wﬁ@eBmﬁ}ﬁ%éjﬁ?‘gg@%fe%ewgélﬁ?’%%?”%NPLES The
Zi r coni um Pol ¢ ‘Wﬁ | | febRadthrdf- 5 kg, 42%
by wei gﬂ’tcciﬁs?‘zcggil'u‘%lgﬁéée%‘)ﬁ O\q;&g/at{s]kda &d to %ep?iétﬁ:ﬂgifr %ﬁjﬁrﬁie?paci d (15.3 M
W tl*ﬁ(“*\}ritﬁ |GT1 R atBr (T 50 tlyasd Hitiie heid (120 mbofd6MPto ghiesomitionogeni ser to
break the |unps of zirconiumcarbonate. To prevent prenmture gelation, a
* fur t heradid/&tvm okide molecratiaaifd . Weke zesulitng shway was boiled for 15 -

minutes to deaggregate the cerium (IV) hydroxide and give a conditioned
" slurry. The pH of the conditioned shurry was less than 1.

After cooling the slurry was bentrifuged 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 Rhéne Poulenc) was placed in a saggar and heated for 1 hour in a muffle
~ furnace at 320°C in air. The resﬁlting dry dispersible cerium compound
powdef(O.?S 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 wei ght % dispersible in the hot demineralized water.
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di spersion was digested at 55C to accelerate the formation of the

di spersion to a sem -transparent colloidal dispersion of the zijyconium.
pol ymer of formula (1). The final volunme was 1.75 L having a d 3i

1.70 g/ nt ai ning 600 25 g/L zirconium oxi de equ 13gaNe

nitrat &%P?@éﬁi&gm nole ratio was 1.07 and the di spersi ?ndll?\g%ﬂgn%sﬁ of about
2.0. Exanple 2 Zirconium carbonate (1.0 kg, 38% by wei ght zirconi um oxi de)
was 30 adgemple70. 197 L of nitric acid (15.5 M with stirring to yield a
main solution., A fraction (0.200.kgj. of. Al ' onate was
separately sl &W%Q%%Pﬂa‘ﬁﬂgﬁﬁéﬂﬁ 1&155{&%55%@@”4 W%ZI 01380 wat er
(0.10 L) _and:vi gof y. -y red ; : iBasidle This
agueous QPH%Vnggéﬁﬁ%@g%%%ﬁﬁ%lﬁgfﬁhgo 8?%6 gjnﬁ/dat%’iéggg?ie)%}ugt 55C to 60C to
give a cloas wegld @i dal dispersion (0.85 L) containing 447 g/L zirconium -
oxide equivalent. The nitrate/zirconiumnole ratio was 1.0 and the _

di spegsion had a pH of about 2.0. Examle 3 Zirconium carbonate (1.0 kg, 3
8% by wei ght zirconiumoxide) was dispersed in nitric acid (3.05 noles) to
yi el d 0. 8FisedolirgonisimBiletal Onide&rolloidalJPISpErSIONS: i r coni um pol yrmer of
formul a E 1), which contained 447 g/L of zirconium oxide equival ent. The

nol e rat E32 Ptrate/zirconiumwas 1.0 and the dispersion had a pH of

~about 2.0. Thmgo@g%?ldg%é@@ﬁaf% cohfif %h%ﬁgfopﬁﬂ‘-r@wgr)s&gsy of 1.64

g/m and a vi porse. Fordal di spersion of the

pol ymer CRMRBER&T ROERMBNAN OThsicolioldal dispersiom (095, 42G1giof on that 15

was 40% by wel ght zirconi um oxi de equival ent. The dispersjion becane

vi scpg! astrceniang ogidstdqnivalenty was esixed with decrdnmaxide spllpidal The fibres
gelled wth non sticky surfaces, e g |

' dispersion (0.375 L, 142 g of cerfum oxide equivalent), made as described in

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
.incrcasc in viscosity, occurred. The mixed colloidai dispersion (1.45 1) bad 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 cquivalept),
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 eﬁ‘éct,
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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Exanple 4 20 Using the sanme procedure as described in Exanple 3, 1.5% of
pol'yet hyl ene oxide (mm: 5,000,000 g/nol) was added to the resulting

col | oidal dispersion of the polymer. The resulting viscosity. of 1’?9‘& 006
di spersion was 2.5 poise, The di spersion was spray dr%@ﬂct gﬂgi gd a ?izbre
cont ai WO/ 02398 t han 15% of a non-fibrous nmaterial wh PL el 1y
referred to as the slot. 25 Metal Oxide Col |l oidal Di spersion/Sol utions
Exanpl e Bxfiapleihlcar bonate (50 g, 99.9% purity) containing 69.3% by wei ght
cerium oxi de equivalent was slurgrjed.with distille fwat r@ST’%% L) and

di ssol ved 30Thg cadlaidaydispersion qidng Zirg@niymypolypgr # ng neutral

nol L‘Sg@a aerdles bt ol Jook i qel SRR ORAPERE RS ol utea 10
i nsol ubl B 40fE : 66 PET u
armoni und R B B R B ™ (b 1200 vol une’ )

and wat gL 4@@%/]5’10}‘%&1113&66@16?&&&6%)'; whicigwhomate byatisaodvingtytahem sol uti on
prepared and maintained at 75C. The resultij n&i i nsol ubl e, dark pbrown 5
ceri um (¢adpopstedrintiEicaoid teyicldpirixgdcalleidal dispersiomo 'FECORIYHe conpl et e

addi ti on of the ammoni um hydroxi de/ hydf.oge eroxi de m xture, a creany-

whi t e prexidpiangt % itEEm oHoe eV -of?%%&,c{;"\ﬁg;@ eﬁ%ﬁgl%&eﬁﬁw Y a pH of 7.0.
The preci_pi Iﬁate was cemtrifugﬁg anlgn_%shed twice by stirring with

successi $8019304 GITASE T 1SGPL P 9K ter. The separated precipitate was
stirred 10 with distilled water (750 m) and nitric acid (12.5 mM of 16 M
to give a nitric acid/ ceriumoxide nole ratio of 1. The resulting slurry

was 1lpoi | ggarhple 1P M nutes to deaggregate the cerium (1V) hydroxide and
gi ve a condi El oned ; ) . . -
3 The colloidal dispersion of the zirconium polymer of formula (I) was
made as described in Example 2. This colloidal dispérsion (1.01, 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 [AI(OH),(NO);],xH0 which is
dis'solvéd 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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slurry. The pH of the conditioned slurry was | ess than 1. After cooling the
slurry was centrifuged and the residue adm xed with 15 distilled water
(150 nl) to give.a senmi-transparent greenish colloidal dispersildhMAR@G | e
6 1 kg _of rium (1V) oxide hydrate ("Ceria Hydrate" o I m 20
Rhone W&?;*Z@é‘%g%was pl aced in a saggar and heated for._ll}tﬁ?ﬁﬂgﬁgasgnuffle
furnace at 320C in air. The resulting dry dispersible cerium conpound.
powder (Mizedk@irceninm/Metat Oxide fdbresze of 59 A and the nitrate/cerium

oxide ratio \iva 0.14. 100g of the dispersible ceriumconpound powder was
di sperseglmaisti rring in hot denineralized water to forma coll oi dal

6 sper 1 on oy GEORERL SO0 Foiiradl LT iR v

dem ner ahpzead. 9obéde efivAriR wXOHRH1023R3861 PSTY SPPRAY BhgRhFusdaw! € 7 Cerium

carbonate was dissolved in hitric acid to give solutidons containing 450
9/L of cegrROMiecdaedeightb£400,000etontitld4.6/weight 6 PROdsasedlon theat i 0 was
3.0. Mxed Zirconium Metal Oxide Colloidal Dispersions, Exanple 8 The

col | oi danixiéd peids evivslenthdfidrmobingitn giveythe regriradahgolagy, this feed nade as.

21 7 coni ke iltsEcaduovahano) etmetend spte Gud RNl
T P Banplinb sg dyer ofutieb S R AU Y8 b BRSSO um
gfiggf . gg%tt RRYEEh TURH PRt EsEHonYi2h&oH or NBzAdRfetRoel Tetnlee. 9. gel ling or
10 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.

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 nﬁ)_ced 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

-20-




increase in viscosity, occurred. The m xed col |l oidal dispersion (1.45 L)
had a 15 density of 1.45 g/nL and a viscosity of 0.6 poise was unchanged
when aged for several hours. The mixed col |l oidal dispersion wig MARgt6at ed
to yield a. viscosity of at |east 0.8 poise such that fiberized.
Exanp/Vé0 83833%%he col | oi dal di spersion of the zirconiuﬁthﬂgﬁggggf fornul a
(I') was nade as described in Exanple 2. This colloidal dispersion (0.1. L,
densi t yraie of 11 30°¢ 10128046 wittofheputlebtemprranrein beaimes R0 nmxed with a

ceri'umoxide colloidal dispersion (0.128 L 6 g/ 45, g ,of cerium
oxi de eqif @I Ehe greemfibrs cépéam@%@rth%heatﬁg @éﬂ%’ﬁﬁ&o %ﬁﬁrﬂl&}'ﬂlﬁgdyi eld a nixed
col | oi dal , di spersion of 25 50% zi rconi um oxi de and 50% ceri um oxi de
equival@hﬁkfﬂﬂeadverse effect, e.g. gelling or significant increase in
vi scosity, o rree. ' 3 [ el i ribedcont.ai ned 90
. g of m xed O%ﬁﬂgu%ﬂ Igg%&ﬁwz%lg% %%@/Og%%gg’e%%%%%g%%ﬁ%%aam |l e 10 The
col lgid i {10 kdi by rhdrel skitted wfthé arinhhlvaidtionas nmade as
desé?ib@%fgkﬁgggﬁgfgvgmi¥ﬂ?g%%£?§gigaL di spersion (1.0 L, 447 g/L of
Zi r coni yayhd Sradedhéretd withputvdeparting=trom thi spinttafithe inventicaos the| ut i on
. (0.125 L;.400 g/L of yttrium oxide equivalent), which was nade by
di ssol vieupeydfithe appendedoelamse in nitric acid, to yield a mixed coll oi dal
di spersion of 90% zirconium oxide and 10% yttrium oxi de equi val ent. No
adverse effect, e.g. -gelling or significant increase in viscosity,
occurred. 10 Examle 11 The col |l oi dal dispersion of the zirconium pol yner
of formula (1) was nade as described in Exanple 2. This coll oi dal
di spersion (1.0 L, 447 g/L of zirconiumoxide equivalent) was m xed with
0.376 L (300 g/L of alum num '
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oxi de equivalent) - of an alum numnitrate solution (nmade by dissol ving 15
alumnumnitrate in water). or an al um num hydroxy nitrate solution (nade by
heating solid alumnumnitrate to produce [ AL(OH) 2( NO) 3] nxH2O which is
dissolved in water) to yield a m xed colloidal dispersion of 75% zirconium
oxi de and 25% al um num oxi de equi val ent. No adverse effect, e.g. gelling or
significant increase in viscosity, occurred. 20 Examle 12 The coll oi dal

di spersion of the zirconiumpolymer of fornula (1) was nEUMARS28scri bed
in Exanple 2. This colloidal di speé];j#]gé 0.191 L, 448 g/L of zirconium

oxi de equivalent) was mxed with a silica colloidal 25 dispersion
(adjusted to pH 1.5) (0.138L, 301 g/L of silicon oxide equivalent) to
yield a m xed col | oi dal dispersion of 67.4% zirconi um oxi de and 32. 6%

si licon l.oxi dé& peopesy &rantking heircbamasinteyal wasdeObak8d fibis eaidYroechser se ef f ect
e.g. gelling. .or-significant increase in viscosity, occurred. W 03/023096
13 MAR 2U@PTI$RE| CA02101380 M xed Zirconium Metal Oxide Fibres Examle 13

0.74 L of the m xed col].qi ' [ Si f aining 290 g of

m xed oxi de equi vgfent nlu\%g F%E%Eglt%b@ﬁﬁf@%@ﬁ%%?%@ﬁé}| ene oxide 5

( PEG, rmdﬁgpe,ﬂ;i@h, Wwabgh s0f nfds), 1908 ciea fionetitk grolp wehdftindoPEQhashe on the
e

m xed oOXi equi valent. After mxing to give the required rheology, this

feed wasl 4 Growr B4 mpjabuginansitik@ometadrabraipelA arvialsapdayGrnipddlBisi ng a NI RO
Mobile M nor ray,.dryer. The feed was punped at a rate of. 1.0 L/ hour to
the. dr y et h SHUGIAFaisperiog o oRou G gROERCTREDE o i oot i on.
The inl efy-h1denperature is maintained in the range of 150C to NOT with the
outl et

[Zr4y(OB)2(X)2(H20)4], (X)2020nH,0 D

wherein X 1s a zirconium polymer compatible anion and n is a whole number from
1 to less than 200, to provide a mixed colloidal dispersion; and

ii) forming the mixed colloidal dispersion into the
zirconium/metal oxide based fibre having a total equivalent zirconium/ metal
oxide content in the fibre, wherein the metal salt or metal oxide colloidal
dispersion is present in an amount to yield greater than 5 weight % metal oxide

based on the total equivalent zirconium/ metal oxide content in the fibre.

2. A process of claim 1 wherein said metal is at least one of a transition metal,

a Group HIA metal and a Group IIIB metal.
3. A process of claim 1 wherein the metal salt or metal oxide colloidal

dispersion is present in an amount to yield from 10 weight % to 50 weight % metal

oxide based on the total equivalent zirconium/ metal oxide content in the fibre.
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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 the
m xed col | oi dal di spersion of Exanples 9, 10, 11 or 12, <containing 290 g
of m xed oxi de equival ent, was blended with 4.3 g of polyethyl ene oxide
(PEO, nol ecul ar wei ght of 5,000,000) to yield 1.5 weight % PEO based on
the m xed oxi de equivalent. After mxing to give the required rheol ogy,
this feed was filtered through a 150 nmicron sieve and spr &y MR 880020 usi ng

"a NI RO Mobil e M nor ay (dryer. The feed was pupped at..a rate of 1.0

L hour 1 t heXatyees R Bt dsviGein tereeal st H BRELoR0s APUGEREn or nozzl e

I njectl Oﬂisgéilgﬁm' igg%seﬁﬁ%rﬁfiwlﬁ td %iéi‘@%hﬁ%‘%i%ﬁ ok & 50 W@lt% madC to 280C
with the outlet tenperature in the'range of 80 to 110 T."The green fibre
obt ai nedoxigle bhsl drethicedtal oqn®8lEnt Lirgandld/ el wkidedoatdnt & fhelfitee. 25 30

Exanpl e 15 The m xed col | oi dal di spersion of Exanples 9, 10 or 11, was
evaporated to yield a concentration greater than 600 g/L of m xed oxide

yal  Thi e ; !
ryer - e 1 end oesS SR 1Rpatf ki Ualol R BB IO PRIDY, o
been fitNed  \@tdnddlIEHLOOI. zat i on or nozzle injection. The inlet

tenperature is maintained in the 1 3 MAR 2006 WO 03/ 023096 PCT/ CA02/ 01380
range of 150C to NOT with the outlet tenperature in the range of 80 Cto

110 T. The green fibr bt gai ned i.s then heated to.500C to.yield the m xed
oxi de 111 METPERISAT GO o FESTERBU URLE SPPRION ANBREIBHTHAVe been
descri beflylymer 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.

7. A process of claim 6, wherein 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.
8. A process of claim 1 wherein n is a whole number from 1 to about 100.
9. A process of claim 6 wherein said metal is a lanthanide metal.

10. A process of claim 6 wherein said metal is selected from the group

consisting of at least one of cerium, yttrium, scandium, magnesium and calcium.

11.. A process of claim 6 wherein said metal salt solution is selected from the
~ group consisting of at least one of a metal nitrate, metal chloride, metal acetate and

metal perchlorate.

12. A process of claim 6 wherein said metal oxide colloidal dispersion is made
from a metal salt substrate selected from the group consisting of at least on¢ of a

metal nitrate, metal chloride, metal acetate and metal perchlorate.
-23- '



5 herein in detail, it will be understood by those skilled in the art that
variations may be nmade thereto without departing fromthe spirit of the
invention or the scope of the appended clains. 13 MAR 2006 CLAIMS 1. A
process for making a zirconiunl netal oxide based fibre, said process
conprising: i) mxing a netal salt solution or netal oxide coll oidal

di spersion, wherein said netal is selected fromthe group consisting of at
| east one of a Group IIA netal, a transition netal, a G bupAR PW&hetal and
a Goup I1IB netal, with a colloidal dispersion of an anorphous zirconium
polymer of the formula: [Zr4(OH) 12(X)2(H20 4] n (X)2,,' 2nH20 (1) wherein X

i's a zireopni URREtEBE cRAARAKhleth ATLAR 0ABBugdltilS sGinkh@! Rehtgber from | to
| ess than 200, to provide a m xed colloidal dispersion; and ii) formng the

m xed coincbidgdlin daidpersigpstep.nt o the zirconiun netal oxi de based fibre
having a total equivalent zirconium netal oxide content in the fibre,
wherein the netal salt or nmetal oxide colloidal dispersionis present in

an amounjgto yi bé’es%}f@fa% ItBR@Hnginvﬂ(?g}rﬁit%é@iﬂﬁing;&%rgrgt_is géiéggg%rﬁ he total

equi val ent” zirconiu nmet al “oxi con I n-the rocess of
claim1 thegfrenmcomigingaifalolydngit pyrasiilone/goloéth@lehe aRkief | on metal, a G oup
H A netal and a Goup I11B netal. 3. A process of claim1 wherein the netal
salt or pelvEinyiledwlanlyeictune, pilspeyks agidissltppadsenylamidaandinount to yiel d
from 10 weli ht %%‘O 521 wei ght % netal oxide based on the total equivalent
zi r coni ultf gpe %lﬁt “content in the fibre. -22 13 MAR 2006

15. A process of claim 14 wherein said fugitive spinning agent is polyethylene

‘oxide.

16. A process of claim 15 wherein said polyethylene oxide has a molecular

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

17. A process of claim 16 wherein the amount of said polyethylene oxide is 1.5

~ weight % of the total equivalent zirconium/metal oxide content in the fibre.

18. A process of claim 6 wherein said mixing step is carried out at a

temperature of about 0 to 90 °C.

19. A process of claim 18 wherein said mixing step is carried out at a

temperature of about 15 to 25 °C.

20. A process of claim 6, 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.
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4. A process of claim1l wherein the netal salt or netal oxide coll oidal

di spersion is present in an anount to yield from25 weight %to 50 weight %
nmetal oxide based on the total equivalent zirconiunm netal oxide content
inthe fibre. 5. A process of claiml wherein X is selected fromthe group
consisting of NO3-, - and O CH2COO-. 6. A process of claim5, wherein
said coll oidal dispersion of the zirconium polyner has a ratio of X to
zirconiumin the range of about 1.0 to 0.98 to about 1.0 3MAR 20G6o

i i id I | | qi.dal di .on, .7. f.claimé6,
wherei n 3, d ABFRAr S JnEhestaRt R vissastishe SBRTRENHEROR i i n 1 e
range ofh@0iincknifaiich ARgH o bBuINEAl 60 Lpol yrrer - col | of dal

di spersion. 8. A process claim1l wherein n is a whole nunber froml to
about 100. 9. A process of claim6 wherein said netal is a | anthanide
metal . 10, A process of claim®6 whereijn sajd netal is _selected fromthe
group comsi StiPRYFCCSS ogflameQQtwlaﬁx@no%w%@m@nxlswwaﬁpllglélah SPEFSIORagnesi um
and cal C.#@vig'%%ity%f@fo%%?ﬁ:aﬁo #)315@ 6 wherein said netal salt solution is
sel ecte romthe” group consisting of at |east one of a netal nitrate,
metal chloride, netal acetate and netal perchlorate. 12. A process of
claim6 wherein said netal oxide colloidal dispersion is made froma netal
sal t sub3l.rat4 psedess pedaim @thwheseigrsoupmeadsvistaetagtiofcodeidabdispersiva of a
metal nitrate, netal chlaride r@t% ac?tgte and netal perchlorate. -23 13
MAR 200678 # VIXCQsHty fauaing from abot® §ReISE R O PJ8ast one fugitive spinning
agent is included in said mxing step. 14. A process of claim 13 wherein
said fugitive spinning agent is selected from the group consisting of
pol yvi ny24.pyrA eréctenef clpoh Potwiydreinsaikiniiesd ysdoelistiy lcohbdidahdisperpiohyur et hane,
pol yacrylic acid salt, palyacrylam de and i

has a viscosity ranging from about 0.8 poise to 2.5 poise.

25. A process of claim 20 wherein said mixed viscoelastic colloidal dispersion

1s formed into the fibre containing less than 15% of a non-fibrous material.
26. A process of claim 20 wherein X is NO; .

27. A process of claim 20, wherein said mixed viscoelastic colloidal dispersion

is spun, extruded, drawn or blown into said fibre.

28. A process of claim 20, wherein said mixed viscoelastic colloidal
dispersion 1s spray-dried by centrifugal spinning, nozzle injection or disc-

atomization.

29. A process of claim 20, wherein said fibre diameter is controlled by

conventional drawing of said mixed viscoelastic colloidal dispersion.

30. A process of claim 20, wherein said fibre is dried and fired to form a

crystalline zirconium oxide/metal oxide fibre.
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pol yvi nyl met hyl ether. 15. A process of claim 14 wherein said fugitive

spi nni ng agent is polyethylene oxide. 16. A process of claim 15 wherein
sai d pol yet hyl ene oxi de has a nol ecul ar wei ght of about 5,000,000 g/ nol.
17. A process of claim 16 wherein the anmobunt of said pol yethyl ene oxide is
1.5 weight %of the total equivalent zirconium netal oxide content in the
fibre. 18. ‘A process of claim6 wherein said mxing step is carried out at
a tenperature of about 0 to 90 C. 19. A process of cl ai mM¥ARENS n said
m xing step is carried out at a tenperature of about 15 to 25 T. 20. A
process of claim®6, wherein the step of formng said fibre includes:

concent ryf i NOA $RbdksebXEldink 30| heddin 6Hig RN isONziedonPlB R xide/Sdthin bRRke sai d
m xed colloi dal dispersion becomes viscoelastic and form ng sai d ni xed

vi scoel aldbiec col |l oi dal dispersion into said fibre. -24 13 MAR 2006 21. A
process of claim20 wherein said m xed viscoelastic colloidal dispersion
has a concentration ranging fromabout 300 g/L to 600 glL. 22. A process of

as a ¢ ation ranging f1 ) 10 600 ol L. 22. A
Vi Scosi O of  TH o ot B Y e e I B R 5 e i n

said m xed viscoel astic colloidal dispersion has a viscosity ranging from
about 0.8 poise to 5.0 poise. 24. A process of claim20 wherein said m xed
vi scoel astic coll ({Z&&D}ﬁiz%}aﬁﬂt%h]n s 2R3 cosity rangi h) from about 0.8
poise to 2.5 poise. 25. A process of claim20 wherein said m xed
“viscoelastic colloidal dispersion is fornmed into the fibre containing |ess

Hc‘gn 15%Rérefh XA ZiRbAME PEIYBIck 8bmpafbleAnMPERES 0] whbR! Ak RghEI N X IS
- I to less than 200, as a spinning aid for making a zirconium/ metal oxide based
fibre, wherein the metal oxide is greater than 5 weight % of a total equivalent

zirconium/ metal oxide content in the fibre.

33.  Use of a spinning aid of claim 32 wherein a metal of said zirconium/ metal
oxide based fibre is at least one of a transition metal, a Group IIA metal and a

~ Group IIIB metal.

34,  Use of a spinning aid of claim 32 wherein the metal oxide is from 10
weight % to 50 weight % of the total equivalent zirconium/ metal oxide content in

the fibre.
35.  Use of a spinning aid of claim 32 wherein the metal oxide is from 25
weight % to 50 weight % of the total equivalent zirconium/ metal oxide content in

the fibre.

36.  Use of a spinning aid of claim 32 wherein X is selected from the group

consisting 0of NO5", ClI"and CICH,COO'".
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27. A process of claim 20, wherein said m xed viscoel astic coll oi dal

di spersion is spun, extruded, drawn or blown into said fibre. 28. A
process of claim 20, wherein said m xed viscoelastic colloidal dispersion
is spray-dried by centrifugal spinning, nozzle injection or disc-

atom zation. 29. A process of claim?20, wherein said fibre diameter is
controlled by conventional drawi ng of said m xed viscoel astic. coll oi dal

di spersion. 30. A process of claim20, wherein said fibreld MARZUE and

fired toyformya o4 %@ﬁ@b&:#ﬁ@é&lﬁﬁﬁ@b%&éﬂ qle{s][ﬁ‘a\%ﬁ&le%%%rff}o% :to ;nZS 13 MR

2006 31.7 A process éreln said re’isa zirconiu

oxi def ceqiouriOxi de fibre. 32. Use of an anorphous viscoel astic zirconium
pol ymer of the fornula: [Zr4(OH) 12(X)2(H20) 4]. (X)2n2nH20 (1) wherein X is
a zirconi um pol yner conpatible anion and n is a whole nunber from | to

l ess th as. a_spi.nni id. f Ki.n met.al ,oxi de based
[ bre, wilbr oi g et FRRBPE Y BECinED Jrambar niih el 8l Y AABHOmY Lot o

equi val elﬁgta]gégeg%rgqga%rt@m@qng@d]content inthe fibre. 33. Use of a
spinning ard of claim32 wherein a netal of said zirconium netal oxide
based fibre is at Ieast one of a transition netal, a Goup IIlA netal and a

Goup Il1]B netal . 34. e of a spinning aid of claim 32 wherein the netal
oxi de i % r orfseof wn@,mipg%d of @elmé?gmerw&md metad gf gaid éqgwarré nt

ol o m 3o SRLPARY e SRl Rt Be i b Biing R g 1951 s &Rt Socor ¢ e
t ot al e%&iiﬁh,%hnélluﬁﬁ%gﬁ%m&%ﬁi cAinde content in

40.  Use of a spinning aid of claim 33 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.

41. A synergistic combination of at least one fugitive spinning aid with an
amorphous viscoelastic zirconium polymeric inorganic spinning aid of the

formula:
[Zr4(OH) 12(X)(H;0)4]n (X)2020H0 O

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

 oxide based fibre.

42. A synergistic combination of claim 41 wherein a metal of said zirconium/
‘metal oxide based fibre is at least one of a transition metal, a Group IIIA metal and

a Group I1IB metal.

43. A synergistic combination of claim 41 wherein the metal oxide is greater

than 5 weight % of a total equivalent zirconium/ metal oxide content in the fibre.
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the fibre. 36. Use of a spinning aid of claim32 wherein X is selected from
the group consisting of NGB, C- and CI1CH2000-. -26 13 MAR 2006 37. Use
of a spinning aid of claim32 wherein n is a whole nunber from1l to about
100. 38. Use of a spinning aid of claim32 wherein said netal of said
zirconium netal based fibre is a lanthanide netal. 39. Use of a spinning
aid of claim32 wherein said nmetal of said zirconiumi netal based fibre is
sel ected fromthe group consisting of at |east one of cer i tMARYRS i um
scandi um magnesi um and cal cium 40. Use of a spinning aid of claim33
wherein said formula has a ratio of Xto zirconiumin the range of about

1.0 to 498 tR s?ﬁ&‘gistl% c@rﬂlﬁ‘neﬂtlo’% offclaind$ WHek&h $hd ﬁleﬁa@@id%% M o at | east
one fugitive spinning a th an anorphous viscoel astic zirconium

pol yner i welghbfygmﬁ(]:ws;(ghm% ngt}m tdtad quivelent mircnrian/ nétal E@kdel 2 (1H20) 4] n

(X) 2n2n %ﬁé( % wherein X is a zirconium polynmer conpatible anion and nis a
whol e nu Perom 1 to less than 200, said conbination being suitable for
formng a zirconium netal oxide based fibre. 42. A synergistic conbination
of claim4l wherein a netal of said zirconium netal oxide based fibre is

at | east4nne AfsyferiistioSotritdiat il @l claitn 43 aherdih kife fietakbxieds fidnf@oup 1118
metal. 43. A synergistic conbination of claim4l wherein the netal oxide is

gr eat er weighh“Gtod whishyso bl thettotad bqeyalenbrisennivin mstal v dememgdnt dxi de
cont ent tlhg f:tbr%ee fibre. -27

46. A synergistic combination of claim 41, wherein X is selected from the

group consisting of NO3', C1" and CICH,COO",

47. A synergistic combination of claim 41 wherein n is a whole number from 1

to about 100.

48. A synergistic combination of claim 41 wherein said metal of said

zirconium/ metal based fibre is a lanthanide metal.

49. A synergistic combination of claim 45 wherein said metal of said
zirconiuny metal based fibre is selected from the group consisting of at least one

of cerium, yttrium, scandium, magnesium and calcium.

50. A synergistic combination of claim 41 wherein said fugitive spinning agent
18 selected from the group consisting of polyvinyl pyrrolidone, polyethylene oxide,
polyvinylalcohol, polyurethane, polyacrylic acid salt, polyacrylamide and
polyvinylmethyl ether.

51. A synergistic combination of claim 50 wherein said fugitive spinning agent
is polyethylene oxide.
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13 MAR 2006 44. A synergistic conbination of claim43 wherein the netal
oxide is from10 weight %to 50 weight % of the total equivalent
zirconium metal oxide content in the fibre. 45. A synergistic conbination
of claim43 wherein the netal oxide is from25 weight %to 50 wei ght % of
the total equivalent zirconium netal oxide content in the fibre. 46. A
synergi stic conbination of claim4l, wherein Xis selected fromthe group
consisting of NGB8 " and CLCH2000-. 47. A synergistic cohbMAdt2@e$ of claim
- 41 wherein n is a whole nunmber from1l to about 100. 48. A synergistic
conmbi nation of claim4l wherein said nmetal of said zirconiunml netal based
fibre is | a ﬁ'%]"‘gg? : . ; Skl } i - qchal. m 45
wher ei n 5s%i d %é?a 0 crsgg,l maztfb?xc%ﬁlﬁlﬁﬂng%hgfélgg@@ﬁﬁl%&%@?@s8%%1'%&1%% ed from

t he groupndasitatwgighiodf aboul £860,0006/mof. cerium yttrium scandi um

magnesi um and cal cium 50. A synergistic conbination of claim4l wherein
said fugitive spinning agent is selected fromthe group consisting of

pol yvi nyl, pyrxaol i don al.yet. hyl .oxL4de ol.vyvinyl al cohal , pol yuret hane,
ol yacr 110 deremaBiF BERIE N Al shimseto Ry PR R e 31 A
syner gi 5;%6196&91&[3 RRIdeqs 19 W@%%'t M aPthBIaE bhuiSalett Ziv@inihMAn&RI HOHEY agent

i s polyethylehe oxide. -28 13 MAR 2006 52. "A synergi stic conbi nation of

cl aim51 wherein said polyethyl ene oxide has a nol ecul ar wei ght of about

5,000,000 g/ npl. 53, A synergjstic.co natiqQn of cl aim52 wherein the
amount ot*sai sm%rgv@@wyw%m%féﬂw 1.@ 1y seiddppnuladies adatp ok qui val ent

zireoni uﬁt%ﬁr@&niﬁfﬂ ﬁjlethe range of about 1.0 to 0.98 to about 1.0 to 1.3.

55. A green zirconium/metal oxide based fibre comprising a mixed colloidal
dispersion of a metal oxide, wherein a metal of the metal oxide is selected from
the group consisting at least one of a Group ITA metal, a transition metal, a Group
IITA metal and a Group IIIB metal, and an amorphous zirconium polymer of the

formula:
[Zr4(OH)12(X)2(H20)4]5 (X)202nH,0 (D

wherein X is a zirconium polymer compatible anion and n is a whole number from
1 to less than 200, wherein the metal oxide is greater than 5 weight % of a total

equivalent zirconium/ metal oxide content in the fibre.

56. A green fibre of claim 55 wherein said metal of said zirconium/ metal oxide
based fibre is at least one of a fransition metal, a Group I1IA metal and a Group

1TIB metal.

57. A green fibre of claim 55 wherein the metal oxide is from 10 weight % to

50 weight % of the total equivalent zirconium/ metal oxide content in the fibre,
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54. A synergistic conbination of claim4l wherein said fornula has a ratio
of X to zirconiumin the range of about 1.0 to 0.98 to about 1.0 to 1.3.
55. A green zirconiun netal oxide based fibre conprising a m xed col | oi dal
di spersion of a netal oxide, wherein a netal of the netal oxide is selected
from the group consisting at |east one of a Goup IlA netal, a transition

netal, a Goup |IIIA netal and a Goup I11B netal, and an r g us
zi rconi um pol yner of the fornula: [Zr4(C]—|)12(X)2(H20)4]n1fW &H’}IZO(I)

from 115 1 e tEamist PRSP nERM A LR ARG PR 2 ki L e g

% of a t&b alight Ghlof tHeabtal 2ipiivalkkhtiMrcditing) mexd] d&ideoduinedsit in the fileref | bre. 56. A
green fibre of claim55 wherein said nmetal of said zirconium netal oxide

based fibre is at |east one of a transition netal, a Goup II1A netal and a
Goup I131B netal 57. Agreen.filbre .ofclaim55.wherein the netal oxide is
From 10 ¥ oite eerbrbrs ot Haiees. oftisreibs | SIRCCHRVEE efote bt et al
oxi de cogtOL, OF dnReCiO®0=29 13 MAR 2006 58. A green fibre of claim55
wherein the netal oxide is from25 weight %to 50 weight % of the total
equi val ent zirconium netal oxide content in the fibre. 59. A green fibre
of claimb55, whereipn Xis selected fromthe group, copsistin of NO3 O -
and ClCHFboO A geeen fabrg o chaimy 1y wherei pas %“é@?%@ﬁb?rrﬁ?m IstoAlgmb L @0-nunber

from1l to about 100. 61. A green fibre of claimb55 wherein said netal is a
| ant hani de netal. 62. A green fibre of claim55 wherein said netal is

sel ect edef.r oA tgheenOfiifredf ctRmSi SvhB@ipiaidindtSash 19nBadile RfAUM yttrium
scandi um nmagnesi um and calcium 63. A green fibre of claim55 wherein said

formula has a ratio of Xto

- 62, 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 calcium,

63. A green fibre of claim 55 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.

64. A process for making a zirconium/metal based fibre, said process
comprising:
1) mixing a metal salt solution or metal oxide colloidal
- dispersion, wherein said metal is selected from the group consisting of at least one
of cerium, yttrium, scandium and lanthanum, with a colloidal dispersion of an

amorphous zirconium polymer of the formula:
[Zr4(OH) 2(X)2(H;0)aly (X)2w20H0 (1)

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
i1) forming the mixed colloidal dispersion into the

zirconium/metal oxide based fibre.
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zirconiumin the range of about 1.0 to 0.98 to about 1.0 to 1.3. 64. A
process for making a zirconiuninetal based fibre, said process conprising:
i) mxing a netal salt solution or nmetal oxide colloidal dispersion,
wherein said netal is selected fromthe group consisting of at |east one

of cerium yttrium .scandiumand |anthanum with a colloidal dispersion of
an anor phous zirconi um polymer of the formula: [Zr4(0OH) 12(X)2(HO 4]"
(X)2i 2nH20 (1) wherein X is a zirconium pol ynmer conpati bl B3 M#iB?00nd n is a
whol e nunber from 1 to. less than 200, to provide a m xed col | oi dal

di spersion; and ii) forming the m xed colloidal dispersion into the

2i rconi ued et gl QXL der BASE 4l i Ein 0 70 AR AR0P offte sl ABESRG! Cl ai m 64

wherein e Zi conlu metal oxi e base has a tot equi val ent

zi r coni ugstal Rghddaledx Eideordomy &fttalioxiddeorténtrin thodibfegivhetdie tiefoalal salt t  or
metal oxide colloidal dispersion is present in an anmpunt to yield greater
than 5 oeEngl O%dﬁﬁpumd@kdl@gelﬁméa peserhia ancraunsd e vicdd grﬁatezlth@rbﬁn um’ et al

d ] br f h |
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from 10 yeh8lhbhrdoto 50 weight % netal oxide based on the total equival ent
zirconiunml netal oxide content in the fibre. 67. A process of claim65
wherein the nmetal salt or netal oxide colloidal dispersion is present in
an anoun ield from 25 weight %to 50 i ght % net al i de based on
the tot a$6 PAPESE OF PIptTB o aHICTRRY B MsRIGR B Mo e 6. 68, A

proyess 8@@@5%‘&‘%&%%%&&{& tS§HeRFISHh 16 YU, W SR TN Hdeho of  NO3

oxide based on the total equivalent zirconium/ metal oxide content in the fibre.

67. A process of claim 65 wherein the metal salt or metal oxide colloidal
dispersion is present in an amount to yield from 25 weight % to 50 weight % metal

oxide based on the total equivalent zirconium/ metal oxide content in the fibre.

68. A process of claim 64 wherein X is selected from the group consisting of

NO;, Cl'and CICH,COO'".

69. A process of claim 68, wherein 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.

70. A process of claim 69, wherein 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.

71. A process of claim 64 wherein n is a whole number from 1 to about 100.
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69. A process of claim68, wherein said colloidal dispersion of the
zirconium polyner has a ratio of X to zirconiumin the range of about 1.0
to 0.98 to about 1.0 to 1.3 to nmintain said polyner colloidal dispersion.
70. A process of claim69, wherein said colloidal dispersion of the
zirconium polyner has a pHin the range of about 1.5 to about 2.0 to

mai ntain said polyner colloidal dispersion. 71. A process of claim64
wherein n is a whole nunber from1 to about 100 -31 13 MRMPGHE00672. A

' d t t f th
Sﬁgﬁﬁsioﬂ% iR i Sy elioodt merdral o8 seledf BREMece, ot sl
acetate c@ﬁé@ﬂl Og;@f £Nb% 8h€ of 4 Inetd) lﬁfr%eﬁl%tﬂfch@rﬁienhl@ 1We&5R! hasai d

met al oxi de col | di spersion is made froma metal salt substrate

sel ect edmi:tad)pmtchh)rgueoup consisting of at least one of a netal nitrate,
metal chloride, netal acetate and netal perchlorate. 74. A process of claim
69 wherein at |east one fugitive spinning agent is included in said m xing

Step.  7573A PRAGESS, SF A TR ASLE BBl dUghibloe sABLRRING agent | s

sel ected roup const ot rroltdone, “pol yet hyl ene

oxi de, phyy o aaiemrs@lt ,sumfawgeﬂé&te@ﬁmpﬂi %&‘ﬁﬁp' bbl@SlﬁﬁingfSaﬂéast one
pol yacryl am de and pol yvi nyl net hyl et her. process of claim 75

wher ei n ¢fad thefal gitrato.ametpl dﬂpnge,agetﬁi a@%atp@nslmdwllméﬂomm de. 77. A process
of claim®69 wherein said mxing step is carried out at a tenperature of
about 0 to 90 C. 78. A process of claim 77 wherein said mxing step is

carri ed Mt 8k shocd OPEREh BOGRre A Wasl nd FoedfivpiffingAgBfidgess of claim

69, vvherelnth ste rmng sai
included in said mixing step.

75. A process of claim 74 wherein said fugitive spinning agent is selected from
the group consisting of polyvinyl pyrrolidone, polyethylene oxide,
polyvinylalcohol, polyurethane, polyacrylic acid salt, polyacrylamide and
polyvinylmethyl ether.

76. A process of claim 75 wherein said fugitive spinning agent is polyethylene

oxide.

77.  Aprocess of claim 69 wherein said mixing step is carried out at a

temperature of about 0 to 90 °C.

78. A process of claim 77 wherein said mixing step is carried out at a

temperature of about 15 to 25 °C.

79. A process of claim 69, 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.
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concentrating said m xed col |l oidal dispersion of step i) such that said

m xed col | oidal di-spersion becones viscoelastic and form ng said m xed

vi scoel astic colloidal dispersion into said. fibre. -32 13 MAR 2006 80. A
process of claim 79 wherein said mxed viscoelastic colloidal dispersion
has a concentration ranging fromabout 300 g/L to 600 g/L. 81. A process of
claim79 wherein said m xed viscoelastic colloidal dispersion has a
viscosity of fromat |east 0.8 poise. 82. A process of cl &l MA2¢Ker ein
said m xed viscoel astic colloidal dispersion has a viscosity ranging from
about 0.8 poise to 5.0 poise. 83. A process of claim79 wherein said m xed

vi scoel agd.i A%&&sgéfclghﬁﬁ'@rv?h&&n da?d ﬁl@iéaeﬂsédyiégn%%1xaidar slsgeaa&ﬁ' ning |ess

than 15% of a non-fibrous nmateri al A process of claim 79 wherein X is
NC3 . 85hask @Tmenslsmcnfrangmgrﬁ"&ﬁ,abmw(m g/'Lstai aOng/ked vi scoel astic col | oi dal
di spersion is spun, extruded, drawn or blown into said fibre. 86. A

process of claim79, wherein said m xed viscoel astic colloidal dispersion

|'S spraygfri e‘g P%/‘f%? BE Ela [H983lw Cq%fﬁ@ai}:gm %}%L@oe‘le{%ﬁ %B 18@39&1s§é1§%n

atonm zati on. cess 'of erein sal ried and

fired tOh;fSca’ﬁ]g@osngI’dfiff(ﬂﬁht REst2). g@@fgbum oxi de/nmetal oxide fibre. 88. A
process of claim87, wherein said fibre is a zirconium oxi de/cerium oxi de

fibre. 89. Use of an am)rphous vi scoel astic zi rconl um pol yner of the
Formul a: 82. BBA%J:;’OCI\G/:@? 0 Qlaum ru%ere a.&?( gnzéeﬂzvol coe asgaé()cghoi%gﬁgigpérlsgon

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

83. A process of claim 79 wherein said mixed viscoelastic colloidal dispersion

is formed into the fibre containing less than 15% of a non-fibrous material.
84. A process of claim 79 wherein X is NO; .

85. A process of claim 79, wherein said mixed viscoelastic colloidal dispersion

is spun, extruded, drawn or blown into said fibre.

86. A process of claim 79, wherein said mixed viscoelastic colloidal
dispersion is spray-dried by centrifugal spinning, nozzle injection or disc-

atomization.

87. A process of claim 79, wherein said fibre is dried and fired to form a

‘crystalline zirconium oxide/metal oxide fibre.

88. A process of claim 87, wherein said fibre is a zirconium oxide/cerium oxide

fibre.

89.  Use of an amorphous viscoelastic zirconium polymer of the formula:
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wherein X is a zirconium polynmer conpatible anion and n is a whol e nunber
from 1 to less than 200, as a spinning aid for making a zirconiunf netal
oxi de based fibre, wherein the netal oxide is selected fromthe group
consisting of at |east one of ceriumoxide, yttrium oxide, scandium oxide
and | ant hanum oxi de. 90. Use of a spinning aid of claim89 wherein the
metal oxide is greater than 5 weight %of a total equivalent zirconium
metal oxide content in the fibre. 91. Use of a spinning aldMgR @M% m 90
wherein the nmetal oxide is from10 weight %to 50 weight % of the total
equi val ent zirconium netal oxide content in the fibre. 92. Use of a

spinning aid of cl O J,®Xi de is from wei ght %to 50
I{Er{lozg H& )ANEx)IED i @p

wei ght % of the t uival'ent” zirconiu netal oxide content in the
fibre. 93 Use of a spinning ald of cIa|m89 wherein X is sel ected fromthe

group Si s of. NO3- and Cl . 94, Use. o ing aid of
cl ai m 89% %ﬁ@ﬂ ?ﬂ%ﬁ OB BTG FOEIEAH DA 4o %Eﬁ)%:t”hi’&mﬂ ® of a

spi nni ng I f

o1 cont ity fospfas ROFRED HELR) g 7 akifedbhfbohfinAntl b bf?%c? 34 13 WAR
2006  96fibrs, gihesdin e mefal uridess sdlectud Gonbaradofp bowsignEst Ailegt andn xed

col | oi dal _ di spersion of a netal oxide, wherein a netal of the netal oxide
i s sel ecoberrivmaxideeygionwxidnstandivng oxideand leahenemeoxide.at | east one of

cerium yttrium scandium and |anthanum and an anorphous zirconium
polymer of the fornula: [Zr4(OH) 12(X)2(H20) 4Jn (X)2n' 2nH20 (1) V\,hereln Xis

a zirconggim pgké/ Hf% A{ﬁﬁmﬁ%tdlé? bciith 89 videfh the nfetdRi&e R br {haﬁ@ to

| ess than 200. green fibre of claim96 wherein the netal oxide is
great er twhaght % méa titel equivalent zirconium/ metal oxide content in the fibre.

91.  Use of a spinning aid of claim 90 wherein the metal oxide is from 10

weight % to 50 weight % of the total equivalent zirconium/ metal oxide content in

the fibre.
92.  Use of a spinning aid of claim 90 wherein the metal oxide is from 25
weight % to 50 weight % of the total equivalent zirconium/ metal oxide content in

the fibre.

93.  Use of a spinning aid of claim 89 wherein X is selected from the group

consisting of NO;', Cl" and CICH,COO".

94.  Use of a spinning aid of claim 89 wherein n is a whole number from 1 to
about 100.

95.  Use of a spinning aid of claim 89 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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% of a total equivalent zirconiuml netal oxide content in the fibre. 98. A
green fibre of claim97 wherein the netal oxide is from10 weight %to 50
wei ght % of the total equivalent zirconiunl netal oxide content in the
fibre. 99. A green fibre of claim97 wherein the netal oxide is from 25
weight %to 50 weight %of the total equivalent zirconiunml netal oxide
content in the fibre. 100. A green fibre of claim96, wherein X is selected
fromthe group consisting of NO3-, C- and Cl CH2000-. 1013 MARZ2@¥n fibre

f clai 6 . t 0. about .100. .102.. A green
1 bre of 281 ai et oal o PiREa TR B g leoliil o i n
the ranggispérspita thefdl bRide; Whereth 28RS oF 1Bk iktal oRideri3Relected from

the group consisting of at least one of at least one of cerfum, yitrium, scandium

and lanthanum, and an amorphous zirconium polymer of the formula:
[Zrs(OH)2(X)2(H20)s]n (X)2020H0 @)

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

1 to less than 200.

97. A green fibre of claim 96 wherein the metal oxide is greater than 5 weight

% of a total equivalent zirconium/ metal oxide content in the fibre.

98. A green fibre of claim 97 wherein the metal oxide is from 10 weight % to

50 weight % of the total equivalent zirconium/ metal oxide content in the fibre.

99. A green fibre of claim 97 wherein the metal oxide is from 25 weight % to

50 weight % of the total equivalent zirconium/ metal oxide content in the fibre.

100. A green fibre of claim 96, wherein X is selected from the group consisting

of NO5', CI” and CICH,COO'".
101. A green fibre of claim 96 wherein n is a whole number from 1 to about 100.

102. A green fibre of claim 96 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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