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BACKGROUND A hi gh tenperature resistant vitreous
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is provided, which has a use tenperature at |east up
to 10000C. The high tenperature resistant fiber is
easi |y manufacturabl e, exhibits |ow shrinkage, retains
good nechani cal strength after exposure to the service
t enpHEGH EEMPERA FURERESISTANT VITREQUS INGRGANIC FIBER
fluids . The insulation material industry has
determned that it is desirable to utilize fibers in
heat and sound insulatinq¥?@R%1 tiNg'S Whi ch are not
dur abl e i n physi ol ogi cal such as lung fluid.
Wil e candi date materials have been proposed, the use
tenperature limt of these mater
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ractory glas$ and ceramc fibers, are applied. In

paeperatuze ,reshntagin fiterpe eastilyr manuainerablat cxiibes dovs tsbuinkpge, retains
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prlﬁ%ﬁgglblg 1c51°ﬂlhﬁ‘se article being insulated. Many
Itions wthin the man-made vitreous fiber famly
of materials have been proposed whi ch are
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limt. Canadi an Patent plicati on No. 2017344
de(lﬂmgs llmsh aafs dhags ﬁuid b@Vhllﬁaqandgla@hylgteﬁabdla@mbeen proposed, the use
sol ubi or rom gl asses
()tFIIBB LA &Etgese Cnaef S ﬁ%}’& ‘}Qgg nalngfg gpr to eaggﬂlﬁlﬁgdate many

C erre

C TP %Pﬁcati@iﬁg @@Sﬁlﬁc@ﬂiiﬁh@@peﬁﬁﬂe assispit Abab, mcludmg refractory
conmponents boria, alumna, titania, iron oxi des

f | glassiand . cerangic Mibeisoaed applibd.i daprwisulG. higiptayapaystunesresistant fibers
?’ﬁ{ll ?ﬁ’é bmtrﬂﬁﬁﬁégfg{ﬁgreﬁ@}éh' Cag e%%e;b e ??Agﬁe :ten a%ﬂéﬁ@? in order to

S | profide efibtiVe iBermal protection to the article being insulated.

Many compositions within the man-made vitreous fiber family of materials
have been proposed, which are decomposable in a physiological medium. These glass
fibers generally have a significant alkali metal oxide content, which often results in a

low use temperature limit.

Canadian Patent Application No. 2017344 describes a glass fiber having
physiological solubility formed from glasses containing as required components silica,
calcia and Na2O, as preferred components, magnesia and K20, and as optional

components boria, alumina, titania, iron oxides, and fluoride.



iron oxide, calcia, magnesia, Na2qg and K20 U. S
Pat ent No. 5,108, 957 descri bes gl ass conpositions

was@soboofor form ng fibers which are abl e to bRCT/US2004/020341
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degraded i n a physiol ogi cal nmedi um cont ai ni ng as

required conponents silica, calcia, Na2q plus K20 and
boria, RRghARLAIRMICMIG NG Wa o0YBYNGdeteritek wiihérdPfigdtsl which are
P2C6. It describes the presence of phosphorus as .
haspluble irthsalisé fselutions, the:fiberadiavigg taheompesisionfincluding silica, alumina,
deconpasition of the fibers in-a physiological medium
qlﬁ‘&ng’ﬁi?’ecﬁﬁ’éa’mgﬁfl%ﬂaﬁt%& Iéegf‘)f ect of phosphorus in
favoring biological solubility of mneral fibers

i nclude I nternational Publication No. WO 92/ 09536,

-descri bUrfy Prtens¥o. 5108987 slesrribenighags sompesiiensapseful for forming

silica and cal.ci but opti.onal.l y. & . .
o SR Rl B o oo AP RRAE BB BLC s o e
d &fts tdilcaSt @iidid,i Nap@ pluf €K10,0bnddl Bomiap Lidapptidnally alumina,
on the glass matrix. These fibers are typicall

Prm@m@éid, ﬁtl?]lli@/\mdbl’@?p eItadeEan@s theaprepesice o pgpgp)(l@@ys% having the
r gegfﬁrcf %fdm?rg?sallﬁgeg]% r?tg%gg% 1 ;%%mr%{el g@e;fllqbtte?%garﬁ@woﬁ%mal medium.

(1700- 2000 0C), phosphorus oxide at levels as |ow as a
few percent can cause severe degradation and/ or

er osi onOBer fRatantsc eVhichmstin dhe seifect 9hdhapphogysed favoring biological
Applhi-cat i 9 orj hes: fibers: whi

desg’(llnunbglgt&e&inr?h? rglzgﬁ)glge%lg gﬁgffngé?gﬁly"é‘%‘lo?gglf%?ﬁ rrme%i l\JN rr? 92109536,
Wﬂd@&i&iﬂ? trAinGra i fiiefA cothinfignsubstaatiallya silivm gneé séadcia, PRGE pptionally

optionally iron oxide, and Na2qg plus K20 French |
PamagiesiAF Nadi s Ka0, 216 shind7ihe Psesengseal pROsRhogps oxide decreases

fi r Jo 0 . .pr.e e .
BELSHIDALE ST QTS R, B J0pHEREC Rl By, Tise s are
cafypically prghesd at 10%cheinpantuees then asiladia@ocepdmis fRgs. We have
plus TKX U. S. Patent No. 4,604,097 describes a )

bi Qupysd vl at gicHs emmepiyrey 6ﬁil+“|'e§i f?é Efé?l dPEpgrptuze resistant fibers
bi {1@2()(-266@6 rﬁhc% héab %k?leaa'ﬂ ‘?ev@ﬁoa%qwra@%{egﬁ Bt ¢8n cause severe
bu aving otner-constituents such as cal cium

f | degridddon swal/ex erosion ob fienae compenemss. des such

as' magnesi'a, zinc oxide, strontium oxide, sodium

oxi de, potassium oxide, |ithium oxide

Canadian Patent Application No. 2043699 describes fibers which decompose

in the presence of a physiological medium, which contain silica, alumina, calcia,

magnesia, P20s, optionally iron oxide, and Na20 plus K20.

French Patent Application No. 2662687 describes mineral fibers which
decompose in the presence of a physiological medium, which contain silica, alumina,

calcia, magnesia, P20s, iron oxide and NazO plus K20 plus TiOz.

U.S. Patent No. 4,604,097 describes a bioabsorbable glass fiber comprising
generally a binary mixture of calcia and phosphorous pentoxide, but having other

constituents such as calcium fluoride, water, and one or more oxides such as



or alum num oxi de. International Publication No. WO
92/ 07801 descri bes a bi oabsorbabl e gl ass fi ber
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portion of the P2Cbmay be replaced by silica, and a

portion of the iron oxide may be replaced by al um na.
OohhBeah! Yinc oRRlel kG iuaPHiad, NedRnrlbyias, eftassiuibd OXide, lithium oxide
conpound’ selected from Ca, Zn and/or My, and an al kal i
medradlummtiinookidsmnpound sel ected from Na, K, and/or Li.

U. S. Patent 5,055,428 describes a soda Iine

al um noboro-silicate glass fiber conposition which is

sol ubl epdinictyiNPilichod Wog WO 92/0P801 ddsafibesaa GivHbedtbable glass
is decreased with an increase in boria, and an

adfibes toomprising phiospherus pentoxide, arfyites palde k2D paipn of the P20s may

optional |y, Na . her co n Mo ' .
orEERiiery ;i pifbh siOE B ey BRie s UERebtil py atumina.
| ndgticiaty Omha lfibBr!Edritad 4 Aivaldet catibh 8dhmP&RAkelterd frdme €aafin and/or
inorganic fiber having solubility in saline solutiogn

andig aed yualisgi gietal gationccomppund seiggiddTem Nan . 3B Add | v
alum na. International Publication No. WD 89/12032
descri bes an inorganic fiber having extractable

si |iconuig phustki NOSMiTRHeseAbdsne sedal likhe @iunsindbirosilicdienglass fiber
silica, calcia, optionally magnesia, alkali met a}l ) )
ox¢aapesitigndwaish isr solehle i8f 2 AVDMEYR Ung seloPR,  ¢ilvmiRacontent 1s
boria and i . OX] t ' bl ieat | ;
nei 5580y AR AT oo, ShEH pfGheiR RS, LABa Ragmesa, K00
S odridbbystiotdilg IN20. 0Q¢her SBgRPoORYS hial | incledd drodi ayide, diéiania, fluorine,
upon_exposure_ to 10000C and/or 800 OC for 24 hours and
habesivnh exige agbaing peidedescri bed i n wei ght percent of

silica 59-64, alumna 0-3.5, calcia 19-23 and nagnesi a
14-17, and which hi another usage crystallize to

wol | ast Bidrh@fopa e PaiblicdtioasSNoniwe 8m500F elesdrébes an inorganic fiber
conposi tion_described in weight percent of silica . d
60haymg splupility - salge solntqn, ang._ meluding siligheSplgia, magnesia, an

I
inorganic fiber having extractable silicon in physiological saline solution and including
silica, calcia, optionally magnesia, alkali metal oxides, and one or more of alumina,
zirconia, titania, boria and iron oxides.

\

International Publication No\. WO 93/15028 describes vitreous fibers that are
saline soluble which in one usage crystallize to diopside upon exposure to 1000°C
and/or 800°C for 24 hours and have the composition described in weight percent of
silica 59-64, alumina 0-3.5, calcia 19-23 and magnesia 14-17, and which in another
usage crystallize to wollastonite/pseudowollastonite ‘ and have the composition
described in weight percent of silica 60-67, alumina 0-3.5, calcia 26-35 and magnesia

4-6.



containing 1.3-1.5 weight percent Lsaq 3. The fibers
described in the above identified patent publications
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are therefore unsuitable for high tenperature
i nsul ation applications, such as furnace linings for

use aboyerRRHRAPuRSidENSS WO BBRFHE FP@EI6sE a0tk llicate fiber
as netal matrix conposites and friction applications.

U. @ntaBzing ht3- Nosveight@egestilca206, 025, 288 and 5, 874, 375,
to Unifrax Corporation, the assignee of the present
application, disclose particular inorganic fibers

conpri sty fb&@ REatH @ ot REnAAE ?hﬂem publice@or8ndte limited,
magnesi a fiberizable nelt, that are soluble in

p hlmemen gindheir fibe femperaiuhaced geolerehie MRgE@blenfar high temperature
tics.at _a

gni L cal aracter| t ur o
| | Wls atl% F?IPBE%IPH‘Bag'é SR ABRARr g%&sg &gp i(’)eds)n‘}estl%oo ¢, and
| Sreibiceinest étiaﬁhéé!ﬁbﬁi fih @9 hi2e] Aokt c&rhﬁi{l@ﬂéd aldF@ictlsn aﬂ}!ﬂ’idatlons
Yor k) under e trademar k | NSULFRAX, having the

nom nal wei ght percent conposition of 65% Si Ch, 31.1%

0, 5 B8 el SR, LBy S o

Augy ?atloﬁe(i’llieg lagigrieB T the e§dhﬁ® alﬁoﬁUEPEEMmpartﬁﬂldr inorganic
IS c%posed of 58 5% Si q 2@ 35. 4%0 4. 1% My &

0. ﬁ%@réqupbyniw@hegpmdu% pha gehstantially piisa anqjgxggqlqsm flibeéqzable melt,
LRyl 1o Pl ABRLA R o we8 by MaRlbe End Sbchanica

In@m!r@tdrmﬂcmranﬁ ﬁsecte@pérataeahmhove | nt er nati onal

Appl i cation No. 94/ 15883 di scloses CaOMQA' Si q 2
flbers with additional constituents Al 203, Zrq 2, and

HO2, for whi I N . .
FC2, 1 % UG, B, FOhYRAAS Yol SpaSACHORAARES by nitan
S oCHRotdtiop (an@gaazt Edlld, N CY R anmrtthe mldemazkl INSULFRAX, having
amounts of MO, wher eas Zrq 2 and AlL.203 wer

dethp.mmaémee@t @@qcelmqomsm%ef éﬁ%ssé%élolr%ﬁa& 3.2% Mg0, 0.3%
nd 5 .

er s%yq | ng e s‘/ﬁl‘%lﬁﬁir %Ig 1c,i;('gtlltS g?@owp@%%%%ggcawd -

at Aﬁ@ﬁ%@@&eorgla) under the trademark SUPERWOOL, and is composed of 58.5%
SiOz, 35.4% Ca0, 4.1% MgO and 0.7% AlOs by weight. This material has a use
limit of 1000°C and melts at approximately 1280°C, which is too low to be desirable

for the high temperature insulation purposes described above.

International Application No. WO 94/15883 discloses CaO/MgO/SiO: fibers
with additional constituents AlzO3, ZrO2, and TiO:z, for which saline solubility and
refractoriness were investigated. That document states that saline solubility appeared
to increase with increasing amounts of MgO, whereas ZrO2 and ALO: were
detrimental to solubility. The presence of TiOz (0.71-0.74 mol%) and ALOs (0.51-
0.55 mol %) led to the fibers failing the shrinkage criterion of 3.5% or less at 1260°C.
The document further states that fibers that are too high in SiO2 are difficult or
impossible to form, and cites samples having 70.04, 73.28 and 78.07% SiO: as



The docunent further states that fibers that are too
high in Siq 2 are difficult or inpossible to form and
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asexanpl es which could not be fiberized. U S. Patent
Nos. 5,332,699, 5,421,714, 5,994,247, and 6, 180, 546
ar&mggfeg%@b&glﬂ(glgetfﬁgﬁggdat ure resistant, soluble
inorganic fibers. In addition to tenperature

resi stance as expressed by shrinkage characteristics

that are jnportant i ' I e |

a2 o B og) T HEEE SB1  ASREAT g 150546 are
meghail ¢hichlitmpGhiir SRkt Sblubleiifcrgalie iBersand

foll ow ng exposure to the use or service tenperature,

that will permt the fiber to maintain its structural
integrity and insulating characteristi ' ot
char actlgrﬁdglctlioe t%fst‘:_" Fa%H CRARTPRS 25 P %??Sdtwgl#ﬁgfa?%%gaaemms
| Shittae @hpSHand B Nbe@tHal hdkistd fnyinsulfifonVari€ afsd iréduired ghat the fibers
fiber, that is, the nore easily it is crushed or

c rhawb Inesghandcad spyongtle chareeteristiss suring padfellawing exppsieytoj the use or

possesses. It ha e obser.ved that . .in. . .

r eFHA @Weﬁtﬂﬁ& ﬁm Ha PS%IF B ﬁll%%tq l%all&é%m?fggr]mer Lyral, integrity and
rqgglﬁgtgi%_c&a@egﬁmqyﬁg@i ity in physiological fluids

al so exhibit a high degree of after service

friability. This results in the fiber's lacking the

st rengt(la

Ser vi CeRE GRS Rt dhEeht Biceffy ERRHC'R b servce

nepRaBEaY.Y ThE et Bisblé @ fideg ahg!is, sthe niode easslyliisi argshed or crumbled
pur pose€. W have found high tenperature resistant

ndin-adpevedst etheilessreahpied] THEEHYHE BP3seysd linhasrbepn ghjerved that, in
inteqrit t Vj . e a )
S BRSSPI e and s

COIRARES @phstibReahhflaidsl aso rhibitsd high rdegee exf\after service friability.
£ rph?
Refractory gl ass conpositions which hibit t

duFBipresiityin e fiberkaigekiag heeyhsagthionmesc %tﬁgp)f R taﬁgrgeegposure to
?Ihtgé %&r&%@!tgﬁb&gﬁu%r%géblg B)lo Vﬁ%’m@ﬁ%ﬁéﬁﬁﬁﬁcﬂhg t& Qccomplish its
It

0

errzation, ni-ng or rom a
Meintulgting frgpssePonent s. is therefore desirable to
provi de high tenperature resistant refractory gl ass
We have found high temperature resistant, non-durable fibers which do exhibit
good mechanical integrity up to the service temperature. Other measures of

mechanical integrity of fibers include compression strength and compression recovery.

Refractory glass compositions which may exhibit target durability, shrinkage
at temperature, and strength characteristics may not, however, be susceptible to

fiberization, either by spinning or blowing from a melt of its components.

It is therefore desirable to provide high temperature resistant refractory glass
fiber, that is readily manufacturable from a melt having a viscosity suitable for

blowing or spinning fiber, and which is non-durable in physiological fluids.



fiber, that is readily manufacturable froma nelt
having a viscosity suitable for blow ng or spinning
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fluids.It is also desirable to provide high

tenperature resistant refractory glass fiber, whichis

non- durphy fed ﬁes@r%ﬁ'tﬁgﬁ)&}i&@higﬁ|téﬁ11§’e?atu§m§:si§ﬁh€fbfractory glass fiber,
exhi bits good nechani cal strength up to the service )

t ewijniel a5 woa-dutablé s$n fphysidlegicaleBuidsbams whiighr exhibiés goord giechanical
tenperature resistant refractory glass fiber, whichis
noWReAgR A 1 RESCEHCS IPTPSEIES! f1 ui ds, and whi ch

exhi bits | ow shrinkage at the use tenperature. SUMVARY

Hi gh tenperature resistant refractory vitreous

i nor ganlit d¢s further slesirableptoomiottidd ankigh lierapesatemregistaabrefractpry glass

physi ol ogical fluids.. The fi|bers_.ar.e re I [ .

o1 i b BB AR erilioioloaRag RS, R RuSR B fig ol shrinkage
r ef rRctRymp&h@pe c fibers, and exhibit a tenperature

use imt up to at | east 10000C or greater. These

fibers retain nechanical strength after exposure to

service tenperatures. The fJ eting the

requi renents of being fber§§§@$@¥ﬁﬁ}gh tenperature

resi stant, and non-durable in physiological fluids,

have been identified in which the fiber conpagsitions )
cont ai nHighl teoweragire) resistapintediagtopVyyeous iaprgenic diers gigeprovided

compound cont ai ni,ng. | ant h of..:a. | a ' I .
o1 SRSt [T Do AR il "PhpdiBefd oRE e soluble in
megiphRedu ey fitRMmannahidaef ahiginedliernd sefenirgi coragic fibers, and
silica in an anount that is in the range of 71.25 to )
abexliibiBs temspeydturepesedimit up ragh teestal 008RG a1 greatethadhers fibers retain
series el enent-contai ni ng cog‘é)r%und. There is

|

rqyi ded .
a Wechanical sikcagh alterr GXROTEE YO SYIVICe ERIBCTANETSy aﬁBE %%Flgelpeetmg the
b . i i Li.Cad: i i :
SRS, R BCRE i) HRPSTRFE i, 458 pon sl n
neghaiviadal i fitidsgriavy teeh ddentifipd Snrwehitio thédibes eompositions contain

¥ |er igéf‘stié{gﬁ m%gges%h\ég@}l,lsﬁn %‘? le%lsjtrc%lkél c%n{pr(])ugg] ggIll’[gllnl% Il%nat{lanum ora

lanthanide series element.

In certain embodiments, the fiber is manufactured from a melt of ingredients
containing silica in an amount that is in the range of 71.25 to about 86 weight percent,

magnesia, and a lanthanide series element-containing compound.

There is provided a low shrinkage, refractory, vitreous inorganic fiber based
on a magnesium-silicate system having a use temperature up to at least 1000°C, which
maintains mechanical integrity after exposure to the use temperature and which is non-

durable in physiological fluids, such as lung fluid.

The non-durable refractory vitreous inorganic fiber, according to ome

embodiment, comprises the fiberization product of about 71.25 to about 86 weight



The non-durable refractory vitreous inorganic fiber,
accordi ng to one enbodi nent, conprises the

wo pwenomat i on product of about 71.25 to about BGI/US2004/020341
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wei ght percent silica, about 14 to about 28.75 wei ght

percent magnesia, and about greater than O to about 6
We[%;&@ént RALGETboR{14210CABRO YD Y5 GRASIR pHrEGit fndgRBid) 8dHd0fout greater
series el enent. The |anthanide séries

el thaert teaboai Gi wgigho mpmwﬁdeﬁaycmmouﬁldrcmga I@thamde series

OX|1de otf e{,fnt&lh i de. se es el rrent g !
etfBettor The ARRASHR S FlamRr o ame cobenral fg¥ 6. i gxample o
enbagé FENfantaRiIB sbis@%ldnnet f | beri zation product of

about 71.25 to about 86 wei ght percent silica, about

14 to about 28.75 wei ght percent nagnesia, and about

gr eat er..} han Ot about 6 wei.ght percent. a .
dompounthe ouraigd o ifeette “lRbuT TaTEic Mkt aicquting to one
Seérhl?&lnﬁlsﬁméﬁﬁl ﬁm the FibeARaloh Yprodhdt GFibdut 1.281t6 WBIAS6 weight
is included in the fiberization nelt, then it is

i npdreené dilica, aboudnidutot abgahdd aﬁlwelght pefeen ampgaesd, and about greater

1550, B RSl 5 Sl B, o 58l o «

V' Iaﬁﬁh@ﬁi&e iseRégaRent hRET optiofdly, Safcohfae fif BREdMALI ‘im:luded in the
product of about 71.25 to about 86 wei ght percent

SI fiberizatiemanelt, thent ip 1&mlude@8n 78 aRqughgepssalbe gt the range of greater

n L r ter than O to about 6 weight
pe 8%?608? éq&%uﬁgr htai ning a | ant hani de series
el emrent, and | ess than about 1 weight percent iron

oxide inpurity, calculated as Fe2U3. The | ant hani de
serl es APending- ont Afien crebndiaenid theyndgedurable refractory vitreous

hi %ﬁpg(aginc,p @t%eg:%'gr zm{rgéess;ﬂg L@E{Mhﬂﬁ%&%[ ' F ﬁb(ﬂteﬂ% to o6t 86 weight

acg@tdit Rglichp ab@it t1ai © ohpd8 menveghtpredent aidgyiesiqndndi about greater
| ess than about 2 wei ght percent al um_na gAI 203). A
priderl to koY Weight @Pw@we% AORRIBRQUIA Gstaipigs 4 lanthanide series
t e t S| Vi b [

HQ&E ér%%g 1@% rhéhﬁ%‘i) t 1a§«8g g%l@%gig%%x{ e ﬁxﬁpul?ﬁ}y Efculated as
miFeEiOal nEhemaathanitie atridsndlegerit cyntaipitgocdnymund rmay:be for example, a

temperature and which_ is non-durable in
oxide of a lanthanide series element.

The high temperature resistant, non-durable fibers, according to certain

embodiments, preferably contain less than about 2 weight percent alumina (A1203).

A process is provided for the production of high temperature resistant vitreous
inorganic fiber having a use temperature up to at least 1000°C, which maintains
mechanical integrity up to the service temperature and which is non-durable in
physiological fluids comprising: |

forming a melt with the ingredients comprising from about 71.25 to about 86
weight percent silica, about 14 to about 28.75 weight percent magnesia, and about

greater than O to about 6 weight percent of a compound containing lanthanum or a



physi ol ogi cal fluids conprising: formng a nelt wth
the ingredients conprising fromabout 71.25 to about

w@soaedgght percent silica, about 14 to about 2BCTWBS2004/020341
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wei ght percent magnesia, and about greater than O to

about 6 wei ght percent of a conpound cont ai ni ng

! lefishhank fRodashk $Hed! s Mo mad produci ng
fﬁg}é@%ﬁ#%%efqﬁg rr%el{]t proc%ss I's further provided _
for t heAprogssisi forthef provighd fenthe paedwctor eEhighdemperature resistant

vitreous_ inorganjc fiber having a use tenperature o .
t oVIHEOYSe S e l\ﬂﬂingff“ N ﬁ%ﬂ?%t%&’ﬁa | gta?e.ast 1@ C, which
| NGt s?/ rﬂé.@ha{'n?%atl I’iﬁteﬁﬁg{‘/ 'ugecot QEPREAES tempetdnibliagh Which is non-
nondur abl e 1 n physiofogical fluids conprising: formng

a dehblein physiciggiesli faridscampnpingi ng about 71.25 to

about 86 weight percent silica, about 14 out .
28. 75 WOTHHRE ﬁé?gEWﬂtﬁnlﬂérﬁg?Pﬁ, éo%lsgkgo%Roug ?é';}get? .bﬁgtn% weight
0 %&%&P Qiifca 6 2tk Gt toPRIGE DS 79 fiwdlglR OPEREAR PhapReia | abdrebout greater
| ant hanum or a | ant hani de series el'enment, and, )
optham 0ab lapout weight percent of preomipounsycantairipg lgntpnpener a lanthanide

melt, The nelt conpositions .utiljzed {.0 p

(' tifes el and CUBRRLS PSR b ggpeBe B b difmel:.
viscosity suitable for blowi ng or spinning fiber, and

for inparting nmechanical strength for exposure to . )
ser vi ceThemplr@mpositions walized doipsoduge tthe fibgrs ifi the gresept mvention
insul atin n article, .including di sposip [ : :
nediovEl & fusdnoasay pspttf dot Blofud oE N8Rl BBer, i for imparting
MeLRENAlcal @b Br S0k o kavRekahpsrautyy to at | east

10000C, or greater, which naintains mechani cal

integrity up to the use tenperature and which is
non-durable.in. [ ol oqi ]| . sal d_ilnsul:at : :
mat er i o o 8 b B B ok bt faing Aot e Rt disposing
fi BRr jdreldar ©eMRbu 1@ &titleCa, them@lciabulation amrgrialihdving a service
contai ning | ant hanum or a | ant hani de series elenent , . )
antmpepativsriag foyat least d600°4, oBRIreateprdish marintpingmeehgnical integrity

([))Eﬁ\é\’ t'ﬁlg? E]Iéf:? éﬁt!pﬁ?r:a@lrf? ('513;/1('1 2\791%@1]1 LY n¥i-aut SR H PhyLiblogital Buids, said

insulation material comprising the fiberization product of a fiber melt comprising

silica, magnesia, a compound containing lanthanum or a lanthanide series element

and, optionally, zirconia.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a viscosity vs. temperature curve of a melt chemistry for a

commercially available, spun aluminosilicate fiber.

FIG. 1B is a viscosity vs. temperature curve of a melt chemistry for a

commercially available, blown aluminosilicate fiber.
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al um nosilicate fiber. DETAILED DESCRI PTI ON There is
provided a high tenperature resistant fiber useful as

a heat, electrical, sppmTAILED'DESCRIPTRON i al, which
has a tenperature use |imt greater than 10000C, and

whi ch is non-durable in physiological fluids, such as

9 e DB R Sl D APl g i,
sughil ﬂé@aﬁmﬁ%ﬁﬁ@nﬁsmcmﬂa@fa@&nﬂmmﬂ hsei1mit daieR 8han 000°C, and
vitro tests. In order for a glass conposition to be a

VI afhich is anodtidimabde o physiclogical iipids, suelh 83 dngoflyid i %)hnon—durable in

pr gg)@&(g Eajsﬁlﬁ%%?sﬁtgﬁﬁﬁ &I}%tbtﬁggﬁr Odt‘ Beg?t lsm enI g?gsoclie%bﬁg such fluids

| N (Bl 5§ ahRsRlung fMid)Yuridf ¢h Gapadkse of surviving high

tenperatures wi th m ni mal shrinkage and m ni mal | oss
of nechanlcal integrity during exposure to the high

Zglr ?/: f ;I%f% e1rg otéga; %f?ésl tcc\)/xlpﬁgsfi’ts cgnI gc% b% &f Slaie’ 9 tdﬂfaate for producing a

["ow Ofr

st kR factol P Righ feﬁﬁ)’éfa*tﬁ&‘etr@ﬁ‘m&?t fitfe@ plf@du@t i the Sﬁbbptd Be produced must
critical 1 n determ ning whet to

OSSI bI e
f i bermaeufactyiablen sHfficientlyo r$9]@§1€t i rPhYNQP rliHgls, and capable of

gg?@&s Iug/h{gﬁr Ve ﬁllré;SaYQI on lﬁmll \gﬁ}é{‘% e an%@goss of mechanical

gr @ﬂé@ﬁ Yiuting égﬁﬁ@reas tidteigh edtpice admpiepatdiesr eased.
the nelt is not sufficiently viscous (ie. too thi n) at

the fiberization tenperature, the result is a short,

gthin fi b%,ESCHg/iJP,ﬁ hrefe{p (ﬂ{e}le%ﬁwl £la; %asgfméif‘{o P&Ist ﬁ%ﬂl or shear stress.

rmt eri al O VI Sscous at

f i geivisebiighieieieiraelitonshipas cetedl tin detefrinérg whétherbie is possible
extrenely coarse (high diameter) and short. Viscosi idy
i s tQIEPeTEchEIVED BIRSHERPQSKIOR: AR ypt%mc‘HSCiOél%F%e would have a low

3 |f ;gsgé. ‘S’ 8y5 d#@g@ g %“\,@b‘% g e H‘%glta?ﬁ' radually increase as

cheld ®inpgrasuts tdetneadelie Iif aint imaliisl ﬁotedué[ﬁmeﬁtlycmsﬂoas |(uen tpo thin) at the
conpound, acts as viscosity podifier igh . . .

erization temperature, the result is a short, thin fiber, with a high proportion of

unfiberized material (shot). If the melt is too viscous at the fiberization temperature,

the resulting fiber will be extremely coarse (high diameter) and short.

Viscosity is dependent upon melt chemistry, which is also affected by elements
or compounds that act as viscosity modifiers. We have found for this fiber chemistry
system, the lanthanide element containing compound acts as viscosity modifier which
permit fibers to be blown or spun from the fiber melt. It is necessary, however,
according to the present invention, that such viscosity modifiers, either by type or
amount, do not adversely impact the solubility, shrink resistance, or mechanical

strength of the blown or spun fiber.
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type or anmount, do not adversely inpact the

solubility, shrink resistance, or nechanical strength

of the bliainaniesl isepiityfis ABO alyk@partin droperty egihtd fibéramust support its
al so an inportant property, since fiber nust support .

i t ©waviHeighl igranyiapplcajion gpd Mt alsm baAble iR §esish |2BEAsige due to moving

abl e to_resist. [ [ ' :
ol e BgicRRpE R el dtedrfy Y AlIRLIcaCldtBh are provided by
ar eigaaloatiddectile ybseredtiahs, ais vdlleasthéchagibslansastiiearat ofathese properties
wel | as nechani cal neasurenpent of these properties of

af 8 pliefesepyieeteppiisara epasedfibidsed fibers. The fi ber

has a conpressive strength within a target range

conparable to that of a standard, conmerci al

al um noditei fitet ®ad h kempreasive spkdhigtti withinl i tanges rimgghcomparable to that
conpr essi_on recovec‘}gﬂyf,él or. resiliency. The fibers af the

] h )
pr &6 astandarde pemarcil alugpipesilicatefiher yandadditignalhphas higingpmpression
norrgg?)lvelr .(?lfof %pféﬁg%cer am c fiber, such as

al umnost I't cates “(about 50/ 50 wei ght percent) and
al um no-zirconi a-silicates or AZS (about 30/ 16/ 54

wei ght percent) in simulated |ung fluid. Th
non- dur d¥ecitest Phiedirgsept fveRpn %Fk?ég""ég‘%%‘lgy Jesgupgple than normal

st . Cc 1.C i aye i .
e Pty e M SR Ca kbR ERAL (@6l 3OS, weigt percent) and
soulmeinotiromgansisicaes oc AZSs(abng t 3 16/84 weighs tperdeh® ,in simulated Iung
magnesi a, magnesite, cal cined magnesite, magnesi um

zZi ate, periclase, steatite, or talc, and, if

zirconia is included in the fiber nelt, any suitable

source of zirconia such as baddel eyite, nmagnesi um

zi r conatBhe gom-dwrablerrefractamynivitreows fibeks| drg enatt by standard glass and

S RSk sl 85, PR ol H00RE any st

nogght, O (B Sk, B! Sinthet SARLRU OBt el

Commégobdied oggrehiemprizematee fodriclase, steatite, or talc, and, if zirconia is
included in the fiber melt, any suitable source of zirconia such as baddeleyite,
magnesium zirconate, zircon or zirconia, are delivered in selected proportions from
storage bins to a furnace where they are melted and blown using a fiberization nozzle,
or spun, either in a batch or a continuous mode.

The viscosity of the melt may optionally be controlled by the presence of
viscosity modifiers, sufficient to provide the fiberization required for the desired
applications. The viscosity modifiers may be present in the raw materials which
supply the main components of the melt, or may, at least in part, be separately added.
Desired particle size of the raw materials is determined by furnacing conditions,

including furnace size (SEF), pour rate, melt temperature, residence time, and the

like.

10
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mat eri al s which supply the main conponents of the
melt, or may, at least in part, be separately added.
Desired particle size of the raw materials is

determi ned by furnacing conditions, including furnace

si ze (SEFpompowd qoar@ingre lanthasidseseries plemenieeandenetectively utilized

i ne,__and i k N ngaa.| ' '
L ot HeSiof SRR 908, L RREAE o e

t heomb6d®, tterey antanbiap the ffibe@aubilay if nge $ibbi aRltan®he use of the
magnesi a as mgj or conponents, thereby enhancing the Lo
fi aniglsi dlementepntaining omenound ephanterevigeositiand paproves fiberization

| ang.hani - i h . .
7 SHOB SR eaGRR Pl ena PRRUAoRS. ARERRica grgperties. or
i MRakbilitgof fhe fibbepiaahctper f or mance, mechani cal

properties, or solubility of the fiber product.
According to one enbodi nent, the refractory vitreous

i nor gani,C s..Ga . . .
tonper atie Rt 10 qrE2BRBG B, b (RHANBL] Sifedis Buorganic fiber i
abegpabfdof witteamdiird usk agaperpurf &t asMdayt dpewsl 000N withdest than about
5% | i near shrinkage, exhibits nmechanical integrity at o
t hé % elingre sheigkagsr Arefeeablyadessi thapopbayirade| Hngay shrinkage, exhibits

physi ' Ul fluid.  Th . o
ATy e ——
corflilidss &sach 8 funpefliidat iThe poduableofefmbong vitted®S inorganic fiber

about 86 wei g%_ht .percent silica, abog% 14 t o agbout v
28 CPBPTiESHe TDEFEEID Bredeof Abountl -BbisLRbyF 83 erishtpgreent silica
0 . ; g

RO ol OB mnE MG AL B0 0 sou
fi vesight glercent ofh tcofuponndrbortdiningdarthiremn pr edenthanide series element.

manuf act ured ma | so include fromO t.o about 1 .
ol s isE i mi rogh Pich tHe PRSI o FERE A also include
Ol DA0BRRYY ki pBLuDAGRAT cal cia i mpuri ty.

Accordi ng ot her iments, the fiber should not
contain nore than about 1 wei ght percent iron oxides

i i | cul Fe2
Hpurit yl’hgacff%eg gho%ﬁ c(:jon%asm not 1%01?’ than%@o%rt l%eei‘;gﬁ

r}‘)tefc’cegtr calcia impurity.
According to other embodiments, the fiber should not contain more than about 1
weight percent iron oxides impurity (calculated as Fe20s). Other elements or
compounds may be utilized as viscosity modifiers which, when added to the melt,
affect the melt viscosity so as to approximate the profile, or shape, of the

viscosity/temperature curve of a melt that is readily fiberizable, as discussed below.

Useful lanthanide series elements include La, Ce, Pr, Nd, Pm, Sm, Eu, Gd,
Tb, Dy, Ho, Er, Tm, Yb, Lu and mixtures thereof. The element Y resembles many
of the lanthanide series elements and is found with them in nature. For purposes of
this specification, the element Y is to be considered to be included in the lanthanide

series elements. In a certain embodiment, compounds containing the lanthanides

11



conmpounds may be utilized as viscosity nodifiers

whi ch, when added to the nelt, affect the nelt
WO R@®SO89TY SO as to approxi mate the profile, oPCHIS04/020341

of the viscosity/tenperature curve of a nelt that is

readily fiberizable, as discussed bel ow. Useful

| anidhamtdEa, 3@& i Bs N BNBdthBinhtiils A& ebPcan@R added tdthe fiBr melt. A

Sm Eu, d, Ho, Er, Tm Yb, Lu and m xtures

t hexawmlaﬂyh@seéuelﬁ@tham&e ﬁers@snﬁﬁ@gntnﬁhycm bg pdded to the fiber melt is

| ant hani de series elenents and is found with themin

na e. For purposes of this specification, the

elenment Y is to be considered to be included in the

| ant hani de series elenents. In a certain enbodi nent
5conpouna"é1emnmun¢1 weniaining ardenihanidre swics raioment raay mslude, without

, dgqNgaﬁ@%lt fanEOaBgalaﬁ:s:efé %}%ﬁgﬁ ch)e ‘itﬁiﬂg rﬁlgigsf %ﬁtg%ﬁlﬁé series element-
eI eBAniideilofaes, MetgitRoseties Eié:ﬁleht-&ﬁﬁalﬁmgtlamtﬁamae seivd element-

conpound cont ai ni nlg a |l anthani de series elenent nma
| n@pg@mmgmﬂm@adtzm apfheBide oferics sAlmenticqBtaiieg @§osphates, lanthanide

gg@&t gegl{ﬂe Qﬁtgﬁn%r %&S ’1 ﬂﬂ@ gng gesgglr'éfn%ﬁt—contammg nitrites,

1oel AR Rdni € Ndeich | GEnieﬁﬂt(hﬁﬂnﬁlg S(ﬁlidee,s &lde ramhanidé akeriesg element-
fluorides, |anthanide series elenent-containing
ph@QpﬁHﬂ%Sﬂlfaﬁt hani de series el ement-contai ni ng
nitrates, |anthanide series el enment-containing
nitrites, l|lanthani de series el enent-containing oxides,
and | anthenoxi@essef iles laattaniiet @woiot @icnicng sl ﬁsﬁﬁﬂsfoer]ﬂaancing the
oxi des of the_|anthani de serjes elenents are usef

f orvm@ﬁﬁahef ﬁélbﬁlh @eu. coplaning siica and %PC%FO( eré@ﬁ?@a i fifyrizability

f Ih!é)lfﬁa? - %}?'I ‘ge,% ﬁ.@ (}g(?c}e E ﬂ1&eaPé1Jl sthééiﬁlﬁ t is La20s.
Serll.agé% E&e&ﬁ@hn@ e@f@séalnﬁgg%%ﬁgaluwnm%ﬁh & lj)?d‘lanthanum

oXigkele”amd, theRdb R eHeSe terfie ?ftlﬁﬂfé&d icayrchen fé@lﬁi&i in the specification.
i nterchangeably in the specification. escri bed

above, m xtures of |anthanide series
o e el A BRI e Sl B comsiing
20  compounds can be used in the fiber melt to enhance melt viscosity. Chemically, the
lanthanide series elements are very similar and tend to be found together in ore
deposits. The term “misch metal” is used to designate a naturally occurring mixture
of lanthanide series elements. Further refining is required to separate the convert
the misch metal oxide into its constituent misch metal oxides. Thus, misch metal

25  oxide itself may be used as the lanthanide series element-containing compound in the

fiber melt.

While alumina is a viscosity modifier, the inclusion of alumina in the fiber
melt chemistry results in a reduction in the solubility of the resulting fiber in
30 physiological saline solutions. It is, therefore, desirable to limit the amount of

alumina present in the fiber melt chemistry to at least below about 2 weight percent,

12
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m xture of |anthani de series el enments. Further
refining is required to separate the convert the m sch
netaad, @pbsheble,Nich Fdvs marpialsivsets nb 1035 dah abeitdl weighidgscent.
Thus, m sch netal oxide itself may be used as the

| ant hani de series el ement-containing conmpound in the

lan ser et - conpound |
ot usi G PPt B WRHAF iR BREDE %, Bl impdfin can be

r eseddily imAnafactecbdchi an dcoepitdide spblifyi levely infio tdeermine whether the
resulting fiber in physiological saline solutions. |

/ t .
i 5, ViscasefBrRof thesxpaipentilsiemsty maehesBRhR! agfnown product which
. LR PGSR, TS o Eh b IS EL Y fbsmsice mc
W teharees nfidesizatidns bys egtendiog | ¢S visbesityaloorve of whe ghielt to lower

percent. One apprqQach tq. testjn et her a f.iber of a,
deﬁ?‘ﬁ%a@%é‘éﬁo g visgoslts. ¢ e i%h%q#&ﬂqwaw[}%a Syptetnis a more

ac e [ v [oSir O j e

o aERha ool vt LBl Euh R SRR, HREbEpekance of e
t hatsubtingafitben asnis@endductd. whi ch can be easily fiberized.

The additi on of | anthanum oxide to a

magnesi um silicate nmelt enhances fiberization by

ext endi ng,t ﬁﬁg% 13? GRS Y isYoshY V&€ 1 etrzi'tﬁre”@dree 8 h PIRE composition is

t enper at ures high vistosities. As th

| antprasentative lof teteasesyih enidhsa meltrwikt fiberfizecandchys, of tteequality of the
than the nesi umsilicate system theral .
perrF%H&tI"P&w gggroé%fpﬂggp dey, F’f%e’f tilﬁeégef § Sgpggo%ﬁﬁa fibgrydiameter, and
Theish APkl tORisMS SEREAY Nive [RIMRAIBLH Gt QHEY Qel_ﬁ?éraﬁres. As
gl ass conposition is représentative of tthe easSe with :
whitethpexatued deongdses, fthdeiscosity anateashus Thefvatueeofdbalviscesityfat a given
the resulting. fiber ffecti.n for exa t he

| BPbSe LWL Gh e Car 98, G apRtisn 58 Y e yEFall steepness of the

| engdcBiity 4. agRfGatiRNAra¢E.| YhB3%RodiVeuris 60kl Yof aflich] @Bgnesia, and
tenper atures. As tenperature decréases, the viscosity

i ndansbas) orTotbenviahthenidd saries cleimeobeintainiag camgpynshhas a viscosity that
fM-e| S{q%tgtl{%gsem&: %arg\__f’:? B%Sﬁﬁégfzc%?g f gﬂ& ?;\ for The %brtn}n%pdialﬁzsavailable,

spun aluminosilicate fiber.

| The fiber comprises the fiberization product of about 65 and about 86 weight
percent silica, about 14 to about 35 weight percent magnesia, and a lanthanide series

element-containing compound.

The non-durable refractory vitreous inorganic fiber, according to a certain
embodiment, comprises the fiberization product of about 71.25 to about 86 weight
percent silica, about 14 to about 28.75 weight percent magnesia, and about greater
than O to about 6 weight percent of a compound containing lanthanum or a lanthanide

series element.
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Vi scosity vs. tenperature curve. The viscosity curve
of nmelt of silica, nagnesia, and | anthanum or other

wo acvshenrde series el ement-contai ni ng conpoundP¢EESA04/020341
vi scosity that approximtes the target viscosity curve
of FIGIA for the commercial ly avail able, spun
alumnosilicate fiber. The fiber conprises the

fiberization product of about 65 and about 86 wei ght )
per cent Asiconding toapsben embodimentpoilic 1@8-dyedbiththighe tasenerature resistant

oG PR B PR 8 TkiPaPy FR L GRS 71138 o about 86

| NeYegehniperdehd Silica, o0t it 1 aboutR S 2F twdlight @yekvedi ARBhesia, and about
conprises the fiberization product of about 71.25 to

5 abgueate chawe Dghtabpel 6 svrighiinereeat ohpsgmpeund gonfpiging lanthanum or a
28,75 wej ght. [ t i1a, . t
o mlElet et AEERE B ABAR T A sRRSH iR, B JyEihan abour2
| arychai pencert afurhidnt hani de series el enent. According to
ot her enbodi nents, the non-durable, high tenperature
resistant vitreous inorganic fiber conprises the

fiberizgfi oduc 7 5 L,gh

per cent %I% .t\?‘{] gg: ,Et aldo u}?qu ﬁ%& géjse%% S é?gez 8&‘ % 5 3%pf5h$ﬁ%aer l(‘:/ gln{s between
10 magbh&si /. 250mi s8vut 86 GVeddtt @erdehin préfetablyaleawtertaboat §htand about 80

percent of a conpound containing |anthanumor a .

| anteighs Percerte mitisthe upperrievel @f sdica hisuted palxyey grpufacturability of the

pergent zirconia, and | ess than about 2 wei ght percent

alumma. In the nelt and fibers di scussed above, the

operable silica level is between about 71.25 and about

86 wei ght percent, preferahbly, between about &2 aﬂ,d
about 8@\crRiding tgepBAher ephodiment, (fhpenon-dyiableys high temperature

1551 LLG imi p Ve i g fi
2L ESOgp T Bt bbbt SRR fetpon 72 o
t eapeutaBuveighe pérsttilica, tabewtud] tonabiogh 2B ovdiglitepercent magnesia, and

conprises the fjberjzatjo roduct of, about 72 ta .
absiAm gEFajiEithan O b abaito of # frdiangls seies elemegt-Gpigininggpompound.

Ve louP&) GO SuBaN @S | #oudP dilica, magnesia and lanthanide series element-

containing compound, in weight percent, cannot exceed 100 weight percent.

20
According to a further embodiment, the non-durable refractory- vitreous
inorganic fiber comprises the fiberization product of about 71.25 to about 86 weight
percent silica, about 14 to about 28.75 weight percent magnesia, and about greater
than O to about 6 weight percent of a compound containing a lanthanide series

25  element, wherein the fiber contains substantially no alkali metal oxide.

The fibers contain substantially no alkali metal, greater than trace impurities.

The term “trace impurities” refers to those amounts of a substance in the fiberization
product that are not intentionally added to the fiber melt, but which may be present

30  in the raw starting materials from which the fibers are produced. Thus, the phrase

“ substantialiy no alkali metal oxide” means that the alkali metal oxide, if present in
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el ement cont ai ni ng conpound, in weight percent, cannot
exceed 100 wei ght percent. According to a further
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Thémpiuitégss of deaths of aupsseanhtal aasy guculatadaps alkali énetal oxide. Other

g iR, b8 ok i ne Ak BF R UeBaPo 1 weight percent

th%alfcuﬂa%ﬁlageﬂet@anopa@m)mts pokgiblear e not intentionally
added to the fiber nelt, but which may be present in

the raw starting nateri aI s fromwhich the fibers are

produce T b |

et al ogfh H&f‘ng%tjﬁgﬁt How a?zﬁmk%%ks\fllﬂ% ; ‘éﬁoy%aﬂf& ﬁ'bgfs‘ fiescribd above
pr esgphrel fivoeably beith dohvéntionalt Ikmlnﬁvmgsarztndn glummosﬂlcate durable
materi als and the alkali met al oxi de was

i ntrelaciery Leramia dgery m éermp of me@am%meng@elﬂéﬁoaﬁe{‘g}ce tepgerature.
fibers may contain alkali netal oxide fromthe

starting raw materials in amounts up to about tenths

of a permeniiberbyarvanghifactifbd Srorh e nedltk af iingrediedts containing silica,
content of these fibers is generally in ther

t r ARAENFTiPLE {AnleBide seTiesHERETIRONRITRG caRpouRd a@sgptmaﬂy, zirconia
cal O t

SRR SPiokle of o Fng Db Sncs TR TPy talp SRBY diameters
1 wmtgm onbyr pexctical apiperu linditefdr dibeFelZaneer rthasabilisyvtaspin or blow
possi bl e, The non-durabl e, |ow shrinkage, vitreous
i nd¥QdsH Baving e dey RS hov e conpare favorably with
conventional kaolin, AZS, and al uminosilicate durable
refractory ceramic fibers in ternms of nechani cal
st rengt Whepfiber seyvbe endnefaotrat lwiél eXiktingf ifiberizatianetechnology and
manuf act ured fr

Og; |fplg)ée %H@%ﬁl e péoc{u[gh%q{gﬁ, I&g: E@tt ﬁot tteaci Po Bglk fibers, fiber-
el %Hﬁtrdfrmfgoﬂfaﬁ‘k&é,%p%%ﬁdac@ﬂﬂ ca§P§Haﬁékaéﬂch;orﬂﬂdsﬁé&U' The fiber be

used in combination with conventional materials utilized in the production of fiber-

containing blankets, vacuum cast shapes and composites, as a substituie for
conventional refractory ceramic fibers. The fiber may be used alone or in
combination with other materials, such as binders and the like, in the production of
fiber-containing paper and felt. The fiber is soluble in the simulated physiological

lung fluid, thus minimizing concerns over fiber inhalation.

A method of insulating an article with thermal insulation material is also
provided. According to the method of thermally insulating an article, thermal

insulation material having a service temperature up to at least 1000°C or greater,
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ability to spin or blow product having the desired

di ameter. The fiber may be manufactured with existing

f i hari¢lz ataimding ﬁiﬂﬁﬁa}hwynta%lﬁtyflm tethei ust Qerpéraiupd,eand which is non-
product forns, including t not limted to bulk

fi Warable i playsiclpgiedl fHES, U simpesed opalpensar groproynd the article to be
ya(fﬁklﬁ%&@StTﬁ@ Qﬁ’eq‘fiﬁ?"?ﬂsu'faqg@pﬁﬂefﬁl ufilied i ecﬁ% qﬁetﬂ&? Ge thermally
i n"conbi nat i on W conventional materials u

t héngulapidgcin antiad chipeisesotieatibériiatibh aprisénc, ofvaauelmof mgredlents
cast shapes .and conposites, as a substitute for
coﬁ@@ﬁflﬁlﬁﬂ atilipef PABICSIRy % EPmAPEG CORARUNETANtIAIYEY O g lanthanide

r ﬁfﬂh% 0N wWith other materials,
suc %h&ggapg %lé]tg) % #@eﬂ in the production of
fiber- cont aining paper and felt. The fiber |s soI ubl e

in the sinul ated physiol ogical |ung fluid,
mi ni mi zilhg JBER el EDEERIBEE f1epistang an%faﬁfqr}Sn gl%&s né“{bﬁ{?d ye readily

in [ I

| o PAEECRRA0 £} Gk Wil § HSSCRY LI B AR o epfiping fber,
i nand atel mog-cumatde in physioldgieat flaids aresproaidedn nat eri al

having a service tenperature up to at |east 10000C or
greater, whi ch naintains nmechanical integrity up to the

use te"ﬁ%aﬁ ﬁe en@@fﬁuﬁ@' &Eﬁsﬂaﬁt 'i‘éi’f‘ac%ﬂf aPh& iiBers are non-durable in
physi ol ogi ca UIdS I's disposed on; T'n, near or

ar (phmsiolbgrealarﬂuudsl, eartdo elahlbltngudxhtmehhaﬂhd tstremgthl up to the service
insulation material utilized in the method of

t h&FPRAFFYS nsul ating an article conprises the

fiberization product of a nelt of ingredients

conprising silica, nmagnesia, a conpound contai ning

| ant handineohigh teapttaanme d@sistemi ecfrastapreglassafiiers are non-durable in
optionall) I.L coni a. Th h te ature resjstant

e phsRe B SR Bt Best sy i SopRit o

froma nelt having a viscosi ty sw table for bl ow ng or
spinning fiber, and are non-durable in physiol ogical

fl dixamplee provi ded. The high tenperature resistant
refractory glass fibers are non-durable in

Fibers were produced from a melt of ingredients containing silica, magnesia,
and 1 weight percent La20s by a fiber blowing process. The shrinkage
characteristics of the fibers were tested by wet forming fibers into a pad and
measuring the dimensions of the pad before and after heating the shrinkage pad in a

furnace for a fixed period of time.

A shrinkage pad was prepared by mixing the blown fibers, a phenolic
binder, and water. The mixture of fiber, binder, and water was poured into a sheet
mold and the water was allowed to drain through the bottom of the mold. A 3 inch
X 5 inch piece was cut from the pad and was used in the shrinkage testing. The

length and width of the test pad was carefully measured. The pad was then placed
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physi ol ogi cal fluids, and exhibit good nechanica
strength up to the service tenperature. The high
wao eosped@rur e resi stant refractory gl ass fi ber SPEr/ES2004/020341
non- dur abl e i n physi ol ogical fluids, and exhibit |ow
shrinkage at the use tenperature. Exanple Fibers were
pr cimtucaeﬁlrmace rnd bmalght o6 aitergperdives b 12600 Cafoni2dch®irs.i Adter heating
and 1 ht perc t La2Ch by a fiber

2‘@ BighEie dis PAdNGS SRPICHiaRgoDE et @ Ve Wersr mepsured again
i h%a & ShrlfkEEOr Y 48 all F “
and msglsurl ng t%e d?ﬂérrens}pgns od&%ﬁ{éﬁ%gﬁ édsﬁo‘% éﬁlgﬁgg before” and
af t“efteﬂ’iedannermglonddenshﬂulrmkemsa p’Blmb tast pad,ucoraprsihg rf1bars prepared in

fixed period_.of tinme. A shrin d was pyepa b
5 i RFGUATRE OIS ArPiak SVeRigh RO ed s Mrdr ShgRkFeRen apout 4% or
Theeggd xture of fiber, binder, and mater nas pour ed

into a sheet nold and t he mater was allowed to drain
through the bottomof the nold. A 3 inch x 5 inch

i ece cut f m t ad sed in the . .
bt ke ditsenh Seiith PoRo i T di fpesftict ASbediments described
paghyrs mﬁrlﬁ&uhésy vARRARRAS eﬁwdﬁbﬁu@ﬁsd aﬂ@%gﬁﬁﬁfént embodiments. The

pl acedinto a furnace and brought to a téenperature of
10 12 embaliments2thathangr disclgdet excpiretety arg nasrneRessimilyrig, the latternative, as

pad_ was cop len th and dt h . were neasu
oSO B0 o ok Hclt SopnlfRy BV the desired
detrirhdtegdicky conparing the "before"” and "after”

di mensi onal measurenents. The test pad, conprising
fibers prepared rn accordance with the present

i nvention, exhibited a linear shrinkage of about 4% or
| ess. The present invention is not |imted to the
speci fic enbodi nents descri bed above, but includes
vari ations, nodifications and equi val ent enbodi nents.
The enbodi nents that are disclosed separately are not
necessarily in the alternative, as various enbodi nents
of the invention may be conbined to provide the
desired
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characteristics. W CLAIM 1. A |ow shrinkage, high

tenperature resistant vitreous inorganic fiber having
w@2useomoenper at ure over at | east 10000C, whi chPCT/US2004/020341

mai nt ai ns nmechanical integrity up to the use

tenperature and which is non-durabl e in physiol ogical

fl yWEGLAPWRr i Si ng the fiberization product of silica,

magnesi a, and a | ant hani de series el enent-contai ni ng

conpound. 2. The fiber of claim11, conprising the

B

| aptcd amipteatars bwre £/16xeN000 Wt whidh Tais@M3OHEchanal fdegrity up to
fiber of claim2, conprising the fiberization product
5 of therwsgttemperaue 7ud phichds gae-dpmbleciniphypiolagical Huiklsesomprising the
ang.a .l nj Lt es_el t- GO kil P
3, BoR P JFOHE of Hichs nighEL, IR, ERD Bine containing
pr egpburefl, about 71.25 to about 86 wei ght percent
silica, about 14 to about 28.75 wei ght percent
magnesi a, and greater than O to about 6 wei ght percent
of b,a | a Al de i e akni . . ofD
S| SR bl SLETRIMAE T PRHR RN oo 65
10 of aBbhAW6 KRight pebweut silRavwebqivtl4per atsout 3$i nhgmesiaalamdta lanthanide
21 to about 28 weight percent magnesia, and greater
t h&9FiEy alemeniwoptaglingkryAROUEr cent of a | ant hani de
seri es el enent-containing compound. 6. The fiber of
claim1 wherein said | anthanide series elenent is
seBect edherfitrert dfeclgino @) oansisity thg fiberizatiolCerodirct dfidgreater than
Pm_Sm Eu, Gd, Th, Dy, Ho, Er, Tm.Ybh, Lu, and Y. 7, ..
Thal Aoberieht PEICERtFIHCA, \JHASIES 1 éaa d laa&lﬁwéﬁi $gHeS glgmegt-containing
15 el %?ﬁ§5“ﬂ5§ La. 8. The fiber of claim1, wherein said
I an I de series el enent-containing conpound is
sel ected fromthe group consisting of |anthanide
series el enentc Q;tlai n

4. The fiber of claim é,ngomprising the fiberization product of about 71.25 to
about 86 weight percent silica, about 14 to about 28.75 weight percent magnesia,
and greater than O to about 6 weight percent of a lanthanide series element-

20 containing compound.

5. The fiber of claim 4, comprising fiberization product of about 72 to about 79
weight percent silica, about 21 to about 28 weight percent magnesia, and greater than

0 to about 6 weight percent of a lanthanide series element-containing compound.

25 .
6. The fiber of claim 1 wherein said lanthanide series element is selected from
the group conmsisting of La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm,
Yb, Lu, and Y.

30 7. The fiber of claim 6, wherein said lanthanide series element is La.
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brom des, | anthani de series el enent-containing
chl ori des, |anthani de series el enent-containing

wo bwswdwes, | ant hani de series el enent - cont ai ni PQI/US2004/020341
phosphat es, | ant hani de series el enent-contai ni ng
nitrates, |anthani de series el enent-containing
nitgitesThd gWepasti dainger,i FheRifIRA! tanfRhRleNbditbs 0XbfB8S-containing
and | ant hani de series el enentcontaining sulfates. 9.
Thecdnpsand ofs sdledied grompibe egnoup agamsisting inladthagisiei ssyies element-

el ement.-.cont ai ni.ng coppound i s La2q 3. 10. .The fi ber .
of “Hibining bdgnudie, BRTRBHE Coirhs rAsmetcob hipbir ey, lanthanide
vei gifes BRARANEonAIMEHE Tludridds, lanthhidlé efes @fenmny-comein@g phosphates,
claims 1 to 10, further characterized by |east one of o
5t helap@pnigoisegjes elemepieemsaininganigratesh datithanideo serfas oxlerpent-containing

cont.ai.ns { ess .t.han.abgut wej ght percent um na; .

PR Jathaind i et PFiaflbe BEES g lienR shries clement.

aboggntalningis@lifiteqer cent i ron oxide, cal cul ated as Fe2q

3; (iii) wherein said fiberization product contains

substantially no alkali netal oxide; and (iv) wherein

saig fi ' o] t ai a 0 .

vei gt pie et & BREE G el 5Bl LRgpk R R Hemdni-containing
10Pr ool iPfadd3e | ow shrinkage high tenperature

resistant vitreous inorganic fiber of any one of

claims 1 to 11, conprising formng a nelt with

i ngrediepts_co i.Sin ilica, magnesja, and a )

| anthani e S8 Ssclank Yo Hrtis CamRF e e dlitaboghd 1 weight percent
proguehagd fibers fromthe nmelt.13. A | ow shrinkage

hi gh tenperature resistant vitreous inorganic fiber

havi ng a use tenperature over at |east 10000C, which

( i nt ai hanj cal int it t
15ma| Pl.al ni‘:'hen}allg:eraor}J a%?/ onlenofec z{illns y1 tuopIO,ofurther characterized by least one of

the following:

§)) wherein said fiberization product contains less than about 2 weight
percent alumina;
20 (i)  wherein said fiberization product contains less than about 1 weight
percent iron oxide, calculated as Fe203;
(iii)  wherein said fiberization product contains substantially no alkali
metal oxide; and (
(iv)  wherein said fiberization product contains less than about 1 weight

25  percent calcia.

12. A process for the production of the low shrinkage high temperature resistant
vitreous inorganic fiber of any one of claims 1 to 11, comprising forming a melt
with ingredients comprising silica, magnesia, and a lanthanide series element-

30  containing compound; and producing fibers from the melt.
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the use tenperature and which i s non-durable hi
physi ol ogi cal fluids, produced by the process of claim

wa200504097A et hod of insulating an article, inedTUR2994/020341

10

di sposing on, in, near or around the article, a
thermal insulation material having a service

t enper at A&y YRrihPagathisle aipetfe0esis@nt Gif:ealieiorgicChber having a
mai ntai ns mechani cal Integrity up to the use

t erpsertemperatuan averhitcleastsLOMBAC dwhadhl waintaigmmstiainiggl detegrity up to
I lhg'ln% Ilslgeefe%é}%rggﬁ%r %@lewb?cﬁgilrs gl}ol - Qliaﬁ%%ghﬁ‘jllsi&ggrqegll ﬁﬁiﬁg, produced by

the process of claim 12.

14. A method of insulating an article, including disposing on, in, near or around
the article, a thermal insulation material having a service temperature up to at least
1000°C, or greater, which maintains mechanical integrity up to the use temperature
and which is non-durable in physiological fluids, said thermal insulation material

comprising the fiber of any one of claims 1 to 11.
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