WO 2005/ 000971 PCT/ US2004/ 020341 H GH TEMPERATURE RESI STANT VI TREOUS | NORG
ANZC FI BER BACKGROUND 5 A high tenperature resistant vitreous fiber, useful
as a heat YO0 2¥3UHE7! nsul ating material is provided, whi RET/HSBOH0WEE
tenperature at |east up to 1000C. The high tenperature resistant fiber is
easi |y manufacturable, exhibits | ow shrinkage, retains good nechani cal
strength after exposure to the service tenperature, and is non-durable 10

i n physiological fluids. The insulation material industry has determ ned
that it is desi mmnwwmfw;mwmmeswm%cmm&%
applications which are not durable in physiological fluids, such as |ung
fluid. While candidate naterials have been proposed, the use 15 tenperature
limt of these nmaterials have not b@ACKGROERNBUgh to accommpdat e nmany of
the applications to which high tenperature resistant fibers, including
refractory glass and ceramic fibers, are applied. In particular, high
tenperature resistant . fibers should exhibit mninmal |inear shrinkage at
expect ed exposure ‘f g}%‘e&?lg? ?f?%‘gff re:gﬁlaf}? \HﬁF O‘fsoﬁbeﬁ’r %S\#%éas élf}}egtc?ri Vet Wé‘ﬁ%ﬁrfg
protection taendktealas prlidddeiHieh haasHhat @ehperfurtRinYe800p S 1DOPTS Whe Migh t he
man- made vitreous fiber famly of materials have been proposed, which are
deconposabl e t¢mperaphyy s¢sokangifibar isreasily marifiaetualjk asshibits bey shigehage atctamshave a

significant al kali tal oxide content jch often results in a |ow use
t enper at ur e I%Oﬁﬁecﬁu@iﬁ%%g ai%éteémsu‘l&pt\ém’%%{:tr?”ﬁﬁ? CIafpiy 3 lsdIBQ@PP:g a
glass fiber hayipGolopbMsiedogi cal solubility formed from glasses containing
as required conponents silica, calcia and Na20, as preferred conponents,

magnesia and K20, and as optional conponents boria, alumna, titania, iron
oxides, and fluor I’Hl%' insulation material industry has determined that it is desirable to utilize
fibers in heat and sound insulating applications which are not durable in physiological
fluids, such as lung fluid. While candidate materials have been proposed, the use
15  temperature limit of these materials have not been high enough to accommodate many
of the applications to which high temperature resistant fibers, including refractory
glass and ceramic fibers, are applied. In particular, high temperature resistant fibers
should exhibit minimal linear shrinkage at expected exposure temperatures, in order to

provide effective thermal protection to the article being insulated.

20
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.
25

Canadian Patent Application No. 2017344 describes a glass fiber having
physiological solubility formed from glasses containing as required components silica,
calcia and Na:0, as preferred components, magnesia and K20, and as optional
components boria, alumina, titania, iron oxides, and fluoride.
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30 WD 2005/ 000971 PC17U52004/ 020341 International Publication No. WO

90/ 02713 describes mneral fibers which are soluble in saline solutions, the
fi bers haWhY'yq'W8hposi tion including silica, alumna, RCBBSH/@e341cal cia,
magnesi a, Na20 and K20, 5 U. S. Patent No. 5,108,957 describes gl ass
conpositions useful for formng fibers which are able to be degraded in a
physi ol ogi cal nedilurrenivhal Pubhigatés) NeWOr #0271 0 ripsuribies snisdrhli fiters walchiage Na20
pl us K20, and ﬁgri a, and opt.ional I)é1 al um na, nmagnesia, fluoride and, P2Cb.

It describes SPRBlepincRERE SOWFIOPH J8%H HBF S I2HBE RAPMPYSHAR Indyqding piligt. 3lymiaasi ng
the rate of NS [, i@ a physiological nmedium 10 O her
pat ents whi cﬂﬁ@ﬁgg@ﬁgcgf@{%ﬂgﬁ’ %?gﬁ}%‘jﬁgs in favoring bi ol ogi cal

solubility of mineral fibers include International Publication No. WO

92/ 09536, _ describing mneral fibers containing substantially silica and

cal cia, bat opti orddStyPateaigiess 408,987 dasabey glaskeanpositionsi el Her forevedce of

prosphorus oS SEE SR e 170t 1y LMo BTk AU BB,

the gl ass matriX. ers-are y produ at ures

than refract eopperdnddiselidal, belica, WenDapes DS efndethotihatanat oftiinkll} edfRfmat ur es
required for high tenperature resistant _fibers (1700-2000C), phosphorus
oxi de at | evahagngsia, Buprade and Bispelt clesrribesaiecpiessacs ef) phespherag radaying iheand/ or

[ f f . , di. | i i on. No.
descri bes. i BOFE TR Bspes” v thathy BEbREeGR S FRbeREiabrededi um
whi ch conpain silica, alumna, calcia, magnesia, P205, optionally iron

oxi de, and NazO plus K2O. 25 French Patent Application No. 2662687 descri bes
m neral fibers whiQther gatotspadich nite Hee ffectenic hospharyshysifarooig chibloged! um

whi ch cont al NoRbisy % il Fvers” Befiad mfEERSSA *pusTication N "W o6, Na2O
pl us K20 plu !
describing mineral fibers containing substantially silica and calcia, but optionally
magnesia and Na2O plus K20, in which the presence of phosphorus oxide decreases
15  the stabilizing effect of aluminum and iron on the glass matrix. These fibers are
typically produced at lower temperatures than refractory ceramic fibers. We have
observed that at melt temperatures required for high temperature resistant fibers
(1700-2000°C), phosphorus oxide at levels as low as a few percent can cause severe

degradation and/or erosion of furnace components.

20
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 Na2O plus K20.
25 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 Na20 plus Kz0 plus TiOs.

U.S. Patent No. 4,604,097 describes a bioabsorbable glass fiber comprising
30 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
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U S. Patent No. 4,604,097 describes a bioabsorbable glass fiber conprising

30 generally a binary m xture of cal cia and phosphorous pentoxide, but

havi ng ot heo 20@sanedvitt uents such as cal cium fluoride, watger/y8nfy@ngyOr nore
oxi des such as' --------- - - WD 2005/000971 PCT/US21104/1129341 nmagnesi a,
zi nc oxide, strontium oxide, sodium oxide, potassium oxide, |ithium oxide

or al um num oyj o r J : ' 1. d i a
bi oabsor babl eﬁsglgeé?lsa’ Qg-ﬁf(lgﬁdeér’ g{gghr%ﬁf#g#lﬁga%ﬁglgb o?%’xé?’t%éﬁ gg?%‘& ﬁ%ﬁ{(ﬁﬁ P?@%

oxi de. A port poflueinunhexi®205 may be replaced by silica, and a portion of
the iron oxide may be replaced by alumna. Optionally, the fiber contains a
di val ent cation conpound selected from Ca, Zn and/or , and an al kal i

. r-M
metal cation compoypd, el er et L wky oBIMAT ablerindD: Wi BBEGE plass

5, 055, 428 descri bes um nhoboro-siTicate g

. conposi ti & Whb&consprd@lgiiogplictod eyiviide! il Iromexile! UA ipeftion/bildik IFROLAAY eNnt
is decreased with an increase in boria, and an adjustnent in silica,
cal ci a, magneb$ &placed byasilicap il enpartign Nathe, irar keide goipbeaenlaceddyy alnminade

iron oxide, tjtani | ugrine, . barium oxi.de and zinc, oxi.de.

| nt er nat i onal bﬁﬁ%rf%?lgahegﬁ)e Omtgipy _%97"6%'0%%%%@?%’9 Sﬁlfcfeﬂ%fcﬁ%?‘;%pzfliaﬂgpr _
havi ng sol ubi Mgl ¥ind By 8fli At Shtdd &Pnp%ﬁﬂi deted il N I GRd/op @i C1 @, magnesi a,
and optionally alumna. International Publication No. WO 89/12032 descri bes
an inorganic fiber having extractable silicon in physiological saline

solution _agnd including_ 20 sjl] alcia, optionally nmagnesia, alkali metal
oxi des, zi'ra%))d one orwngr Batgpt gabﬁg%,gescﬁ ‘?Sc?o?F?“fé,luP?ta néngb%ﬁ‘rsih&m&r&iaﬁsr@?r
oxi des. Inter \RARn Bubih gatdigme Ng- & -clmé? ib i fiibers
that are sal %ﬁeﬁ soﬁﬂlbl e whlfsch ?ﬁeonea\t??glggécry aslﬁllﬁlﬁgz;ﬁe tgﬁlmﬂgpm e Ejplon
exposure to 10&0&se®withnd/inureB6 @Chériw, aRdtamadjnsmamdinisilica, tdieia coagesial Kah
descri bed in wej ght percent of . ) ) o .
and optionally Na20O. Other components may include iron oxide, titania, fluorine,
barium oxide and zinc oxide.
15
International Publication No. WO 87/05007 describes an inorganic fiber
having solubility in saline solution and including silica, calcia, magnesia, and
optionally alumina. International Publication No. WO 89/12032 describes an
inorganic fiber having extractable silicon in physiological saline solution and including

20  silica, calcia, optionally magnesia, alkali metal oxides, and one or more of alumina,

zirconia, titania, boria and iron oxides.

International Publication Nc;. WO 93/15028 describes vitreous fibers that are
saline soluble which in one usage crystallize to diopside upon exposure to 1000°C
25  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.
30



silica 59-64, alumna 0-3.5, calcia 19-23 and magnesia 14-17, and which in
another wusage crystallize to wollastonite/pseudowol | astonite and have the
conposi t i ¥P 2068¥e%Tlbed i n wei ght percent of silica 60-6RCHUAIHERIBHI. 5,
calcia 26-35 and magnesia 4-6. 30 3 CVO 2905/000971 PCT/1JS21104/1120341

I nternational Publication No. WO 03/059835 discloses a calciumsilicate
fiber contai ni ngLitedafiol Wabliditiop &NcC KO 03509R35 Bieldsebaralciessilichedben t he
above identified patent publications are limted, 5 however, in their use
t emperat ure, Céﬁémﬁlgel-ﬁﬂegéfﬁtghép‘w@lﬁi[{ﬁébl e for high tenperature insulation
applications, such as furnace linings for use above 1000C, and

rei nforcenment applications such as netal matrix conposites and friction
appl i cations. U SThRaRed dbesibed i3 Hde iBefBPd 288emNShilicaTshs 3¢5 linfid,
Unifrax 10 Corporation, the assignee of the present application, disclose
particul ap i howgeti in theirbese Jemperpiuresiang arh ehepefotuensyitatile £ox bighttampératufey
silica and magnesia fiberizable nelt,. that are spluble in physiological
fluid and ha UE@BIEI PRIARIS e %geﬁ%c@fgfﬁcﬁa}m%a&éct“é?i §}?qvgs>i§'b&g’h use
tenperat ure |.iinj CASHIS - I : I IS

mar ket ed by 6%%?9%?%&??%‘5 ati %%aﬁaﬁlﬁgggl:h éﬁlgglcﬁﬁ{p@%ﬁa@%?ﬁ)&hﬁﬁ%@%@g&
trademar k 1 NSULFRAX, having the nom nal weight percent conposition of 65%

S, 31.1 % Ca0, _3.2% MO, 0.3% A1203 and Q. 3% Fe203. Anot her product is
sol d by Thermal Chf-ami Ratey dﬂ%&-eé,(?3%?,91&uggs0(2§;28ée&nei 28 (thdér tthe Unifaenar k

SUPERWOOL, apd, | 5. .0f . 58c 59 (102, 1:35. 4% a0 4 19 : 7%
A1203 by vei S%t”!"ﬁ @gp@rg?"’g?‘gg?e ﬁfa?é)aggeégh %qprlﬁ"é:hoglf 0‘%“82658 Bﬁg%‘?ffgﬁo@?gat“% ’
appr oxi mat el ¥ibdR&d@prishigahe psoduc® of awubgarhiiallg eitich alat enadresiatfiveribitidmelt,

tenperature insulation purposes described above. International Application
No. WO 94/ 15888 ai¢ selubedn clopinlgercel dpid japérkave good shrinkage and mechanical

characteristics at a high use temperature limit.

15 A product based on non-durable fiber chemistry is marketed by Unifrax
Corporation (Niagara Falls, New York) under the trademark INSULFRAX, having
the nominal weight percent composition of 65% SiOz, 31.1% CaO, 3.2% Mg0, 0.3%
AlOs and 0.3% Fe203. Another product is sold by Thermal Ceramics (located in
Augusta, Georgia) under the trademark SUPERWOOL, and is composed of 58.5%
20 Si0z, 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

25  with additional constituents Alz03, ZrOz, and TiOz, for which saline solubility and
refractoriness were investigated. That document states that saline solubility appeared

to increase with increasing amounts of MgO, whereas ZrO: and ALO: were
detrimental to solubility. The presence of TiO:z (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.

30  The document further states that fibers that are too high in SiO: are difficult or

impossible to form, and cites samples having 70.04, 73.28 and 78.07% SiO:2 as



25 with additional constituents A1203, Zr02, and Ti 02, for which saline
solubility and refractoriness were investigated. That docunent states that
sal i ne soM@ANINYIHppeared to increase wth increasing PATBUSTHGH@H3 VDO,
whereas Zr02 and A1203 were detrinmental to solubility. The presence of Ti Q2
(0.71-0.74 nol % and A1203 (0.51- 0.55 nol % led to the fibers failing the
shri nkage Crbi;ﬁlﬁljl@ﬁwﬁfch%oﬁd%pbe hEesgeat 1260C. 30 The docunent further
states that fibers that are too high in Si02 are difficult or inpossible to
form and cites sanples having 70.04, 73.28 and 78.07% Si02 as 4 WO

2005/ 000971 PCT/ USR41Q, 3. /0,211 e I [ £oul d not. he fiberized.
U S. Patent Nos. gﬁ%s%“g@é%%ﬁngf%%ﬁ?’ ?@4@4%}@264& 13, Bagboet' B8
directed to Biredled ALK BinPefani@Tbaitan! solf¥ Wt nid@pgani ¢ fibers. 5 In
addition to tenperature resistance as expressed by shrinkage characteristics
that are Inportant in fibers that are used in insulation, it is also
required that the_fibers have nechanical strength characteristics during
ind T ol | ovi ng expUb TGS G REPGEETE feS Aoy e NP, T B SR PUBer 1 ¢
the fiber touppbtigidRribiSn %Eﬁctﬁ&{rﬁé uselif $sh Yioﬁ,nig is ajigo Hﬁﬁh'%@ﬁ]'apﬁe fibers
characteristics in use. One characteristic of the nechani'cal integrity of
fiber is itshafetmectmeical steengfhr ¢habdckarisyics dihegnandefolloivaly expasire hethe tideadr i s,
the nore easily it is crushed or crunbled. to a powder, the | ess nechani cal
integrity it S§YsedeBparanre, thaiWillpsingdae fbeyia mgntaip jisisrugus dategriyedndact or y
fibers that el lgh: t erature resistance and non- durability in
physi ol ogi Caﬁéﬁaﬁﬁ%gﬁg{a@%@ggﬁ%ﬁ?a hi gh degree of after service friability.
This results in the fiber's |acking the strength or nechanical integrity

after exposure to_the service tenperature to be able to provide the.
necessary struct ufetagctesisit io§ khe mechanieal, infegmy @fup fahse is X9 after service

friability. The more friable a fiber, that is, the more easily it is crushed or crumbled
to a powder, the less mechanical integrity it possesses. It has been observed that, in
15  general, refractory fibers that exhibit both high temperature resistance and non-
durability in physiological fluids also exhibit a high degree of after service friability.
This results in the fiber's lacking the strength or mechanical integrity after exposure to .
the service temperature to be able to provide the necessary structure to accomplish its

insulating purpose.

20
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.
25 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
30 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.



We have found high tenperature resistant, non-durable fibers which do

exhi bit good nechanical integrity up to the service tenperature. O her
measur es WO 20a80MaMi cal integrity of fibers include conmassson/ehsengt h and
conpression recovery. 25 Refractory glass conpositions which may exhi bit
target durability, shrinkage at tenperature, and strength characteristics

may not, however, IP%ﬁé&ﬁ&&%bl@'tS f&idd Eu??E%n?ﬁ%it@?ggﬁét&ﬁ?’eﬁ%’toﬁpgﬁ& fier OF

bIovmngfroma mel t Its compo ents ore desira to provide
hi gh tenper atwhieh isssostlanble ef phpdiadogica| thads, 8 Whiskrexhitiat gocsl meeidinicy!
manuf acturable froma |t havi n a viscosity suitable for blow ng or
spinning fi béFen%HP%%ﬁeT‘gc%@ 83%Bl e i n physiol ogical fluids. 5 WO
2005/ 000971 PCT/ US2004/ 020341 It is also desirable to provide high
tenperature resistant refractory glass fiber, which is non-durable in

physi ol ogbcal fl uilds, fuather desixableenhirbvitis agagid tempehancaebistant fefagtoly glhss o t he
service tenperature. 5 It is further desirable to provide a high tenperature
resi stant reffibabtWhigh & Bersdumplsein physiplopicalslydn 2ag rVélb‘F}beﬁHbl%k@é‘{ Shragegsal
fluids, and \le{ %tﬁsg%%mﬁrg reI ow shrinkage at the use tenperature. SUMVARY
10 Hi gh terrpergture r ant refractory vitreous inorganic fibers are

provi ded which are non-durable in physiological fluids. The fibers are nore
soluble in sinulated lung fluid than standard alum nosilicate refractory
ceramic fibers, and exhibit a tenper&8UMMARY |init up to at |east 1000C or
greater. ghese fibers retain 15 nechanical strength after exposure to
service %errper atures. The fibers neeting the requirenents of being

H berizabl e, high H1§Hf'ﬁ@r‘h rdfiRe r8fdtit afractaRdyviieiisdiHopdin® ¥iBers PirY SN i@ cal
ui ds, have been i ed in which the fiber conmpositions contain silica
(Si 02), magnediich (al\ﬂg@):m-dalmblatml pysiologmeal cﬂmjsourifhecﬁbelm aiengorarsvlubdleum or a
simulated lung fluid than standard aluminosilicate refractory ceramic fibers, and
exhibit a temperature use limit up to at least 1000°C or greater. These fibers retain
15 mechanical strength after exposure to service temperatures. The fibers meeting the
requirements of being fiberizable, high temperature resistant, and non-durable in
physiological ﬂuids, have been identified in which the fiber compositions contain
silica (Si02), magnesia (MgO), and at least one compound containing lanthanum or a
lanthanide series element.
20
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.

25 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.

30 The non-durable refractory vitreous inorganic fiber, according to one

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



| ant hani de series elenent. 20 In certain enbodi nents, the fiber is

manuf actured froma nelt of ingredients containing silica in an anpunt that
is in theWPAGE817171. 25 to0 about 86 wei ght percent, mdGMESTE 0! 5

| ant hani de series el enent-containing conpound. 25 There is provided a | ow
shrinkage, refractory, vitreous inorganic fiber based on a

magnesi um si Ipecanesiiyst aonhdditogbantidSe’Y wajedt peroest upghesizatant ehsut goQOC,

whi ch maintaj ns_nechani cal i.ntegrit fter exposure tqQ the use tenperature
and whi oh is HBN0 BuAGBIES I HPBHy BTG Gl hICOmPRPEE CoBFGS ABRgnRF GFHEs 30
The non- dur aklgndnef e RiNanide Jefied!SlehmBRIGARIf NS b&%g@u&%gy B e E)Qm%ﬁ'é a
enbodi ment, conprises the fiberization product” of about 71.25 to about 86
wei ght 6 WOoRBI/f@Ja8FdndRCErigs S20gnt4/ 112034 1 percent silica, about 14 to
about 28. 75 wei ght percent nmagnesia, and about greater than O to about 6
wei ght percent of a conpound containing a | anthanide series elenent. The

| ant hani de seri es e = LRI c d; , r e,.a_ oxide
of a | ant hani de selﬁjleersﬁ%g}dlelﬁ‘gﬁ ?ﬂe@h#ﬁzg &g[%%ggr g@?%ar?cgft;l%égt o?ﬁ%y Vi tr etoou(s>ne

i norgani ¢ fi katbodmemor cimgrises tiog Gbereatiad pragitt of abputi FESS tdr@bdt Bsr weighi on
product of about 71.25 to about 86 wei ght ercent silica, about 14 to about
28. 75 wei ght DeEerleplicheahrBsild to sheptdSoln WeizbhDercent RRALGIa, Gndsbodt Beater ght
percent of a n C i de i Ni 10 | ant hanide series
C ement and. 0% Paraitoy $oe B PeoeitiiSs pBBRPEIT Mncis it FHuiRod
fiberizatoon [a®hdnide k& iesi dlerhénti anal %ﬁﬁ&laﬂ?, alicaiIRUNIf giedtaialsl dcluled e theange
of greater than O to about 11 weight percent. According to a further
enbodi nent , tiberieasionduelsbihen iefsriaelidadynvan peeust gasrallyongthairangei dfegreater
conpri ses th%édd’%éb%ﬁ%iP&e%%PSe‘%Sém.Of about 71.25 to about 86 wei ght

According to a further embodiment, the non-durable refractory vitreous

15  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
element, and less than about 1 weight percent iron oxide impurity, calculated as
Fe203. The lanthanide series element-containing compound may be, for example, a

20  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).

25 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

30  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



percent silica, about 14 to about 28.75 wei ght percent magnesia, and about
greater than O to about 6 weight percent of a conpound containing a

| ant hani deV9SPId¥97d| ement, and | ess than about 1 wei ght PEEUS2MME/0RN38N OXi de
inmpurity, calculated as Fe203. The | ant hani de series el ement-containing
conpound may be, for exanple, a 20 oxide of a | anthani de series el enent.

The hi gh t enpengiatide seg&d demeit, andgrodicimttiterd fr@rnse mekcording to certain
enbodi ments, preferably contain | ess than about 2 wei g_ht percent al um na
(A1203). 25 A proc@sBrocessgp duthss aravidedtfaeths meedictips of SighHegReraBp sesattefite
resistant vit -1 norganj.c. fi 5 iLn t erature . | east
1000C, “whi oh redTs haPARCHEer hfls AT Ppie o REE ol apBhishir e

and which is pameHs abé@ahital Blegitpl@ItcCae $drvicdse@pemanirei 4id: whthmsngora el t
with the ingredients conprisi ng from about 71.25 to about 86 30 weight
percent sidi caurablgantphysiolagicgbduids 28mpEsgi ght percent nagnesi a, and about

greater than O to about 6 wejgh ercent of a.conpoun nt ai.ni ng,.| ant.hanum
or 2 °7 W 2005/ QoGS BARE Ry gt afiotls SmiishiE RAUA L anootbosh Bp GEeiet

el enent, and gér_@éiﬂcs'ilri’&,fa‘beﬁtr $4 td Buk fl@.ﬁ%&igh@d&’é&ﬁ nksa,f 4t i REQYdrded
for the production of high tenperature resiStant vitreous Inorganic fiber

havi ng a use thempeoatboneod weight patcehtedsit coiPOME comitdining ladhantiai orsa andtaaniecal
integrity up to.the service tenperature, and which is non- 5 durable in

physi ol ogi cal Sqf}eﬁlf:g’én%r?&ii’ §P‘H§ﬂaﬁ3’ oFFRORES andyoduging %leWgﬁr%‘Hit%F@ltcorrpri si ng
about 71.42p to about 86 weight percent silica, about 14 to about 28.75

wei ght percent nmagnesia, and about greater than O to about 6 wei ght percent
of a conpound cont Thaimgt tempdstivusnucitized tanddiraithe fibesrifale prasemtninyemiod,
optionally, zirconia; and_praoducing fibers fromthe nelt. 10 The nelt.
conposi ti ons PEoVidezednelp vicodiycalitable for hlavang for tspengize Sber a0d\ioRtippArting

mechanical strength for exposure to service temperature.

15 A method is further provided for 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
insulation material comprising the fiberization product of a fiber melt comprising

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

and, optionally, zirconia.
BRIEF DESCRIPTION OF THE DRAWINGS

25 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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provide a nelt viscosity suitable for blowi ng or spinning fiber, and for

i nparting \yg%(ﬁzm,(pﬁl strength for exposure to service tgﬁj@%%) @?’éb’ls A

met hod is further provided for insulating an article, inc i'ng 0si ng
on, in, near or around the article, a thermal insulation material having a

service tenperature up to at le 1 C...or greater, which maintains
mechani cal integrity wup to the @%P&Sﬂ%@@ﬁ@%. ch is non-durable in
physi ol ogi cal fluids, said insulation material conprising the fiberization

product of a fiber nelt conprising 20 silica, magnesia, a conpound

cont ai ni ng | ant hanurhees isgrbeidedhanigtieemparirase ehistaenfiber anetul @pd henadléorsical,
zirconia. BRI EF DESCRI PTION OF THE DRAWNGS 25 FIG 1A is a viscosity vs.
t enper at ure culPvs BsulatiopmatesRb yhdeh Ras fagpmperapupvssy i greatesvan HI0EC, aslun
al um nosi |l tcat g .fii ber. B i Sc:a VYi.SCRSIL Y. et at u r f.a
“melt chem gt ry %ﬂr ti)Sa{loncg‘!rlrrr%r;%lre (]:1|ﬁ ghﬁsg}glgg%?ll g’%{jéé,suéﬁ o%gdgﬁéﬁ%hoéflnﬁgé#ﬁ gab?? Ber .

30 8 w o 2005/h3diORgicall IR/ Y2042 3 4dber RETALL Fd2tiESERLGTTON deRrfRiids

provided a high tenperature resistant fiber useful as a heat, electrical,
sound i nsul at i(sushraatserulated luagi fondnhising in gijededs.ure use linmt greater than
1000C, and 5 which is non-durable in physiological fluids, such as |ung
fluid. By non-durable in physiological fluids is neant that the fiber at

| east partially di 9504488 fdra Sg!z%fE' dohipbslion 5 WM a%abid WAt féﬂlﬁﬂzdﬁ%)i%d'g%)

during in vitro tests. In order for a glass conposition to be a viable
candi dat elfor spigfatienyngh terieraatei efractoryr fibdni mybducenthe it tee be efoducedmpst | ber

product, the fiber to be produced st e .manuf acturabl e, sufficientl
sol ubl e in phyP&i B}aBEjﬁﬁ%ﬂfa ‘Fuﬂ‘]@,‘“& S@B‘B%ol”é yst _Qﬁ“ﬁ?vb‘l‘fgs’hiaﬁ& 3@ Eréft ur es
with mnimal SHfiRke 9P Rthpat bid® vith ARl SHBARAR! 8! minimal loss of mechanical

integrity during exposure to the high service temperatures.

is "Viscosity" refers to the ability of a glass melt to resist flow or shear stress.
The viscosity-temperature relationship is critical in determining whether it is possible
to fiberize a given glass composition. An optimum viscosity curve would have a low
viscosity (5-50 poise) at the fiberization temperature and would gradually increase as
the temperature decreased. If the melt is not sufficiently viscous (ie. too thin) at the
20  fiberization 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

25  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

30  strength of the blown or spun fiber.



integrity during exposure to the high service tenperatures. 15 "Viscosity"
refers to t(ge ability of a glass nelt to resist flow or shear stress. The
vi scosi t yYeAPRP™? ke relationship is critical in deter RAI/HPWMHEWEEr it is
possible to fiberize a given glass conposition. An optinmmviscosity curve
woul d have a |low viscosity (5-50 poise) at the fiberization tenperature and
woul d gradual |y i ndfeshedcad dntegrife it dppar HRRATEANE PRAPEEKetincg fiberHaushsrRPOrtstsnot

fficiently yj ie too.thi iberizatipon t t th
Fosul t is o stuPoreigiin Gy sERichlol In ot WP RS AR P8Rl TE bt "
material (showj.orl fast héndiddibnd 8f Fider HitseRySna@tmédhenitilogtdnsdt h@npioeitee st ur e,

the resulting fiber wil| be extrenely coarse (héﬁgh di aneter) and short.
Viscosity is dspsriadnactipebscriationseaeivct as ynechiieth megsuresniadf thesequopsyties

el enent s 50 onpounds that act as, vi scosity nodifiers. W have found for
this fi bergchgir?@elrggm e&gpg?ﬁa&{%%xqogﬁﬁf}gﬁ.de el ement contai ni ng conpound

acts as viscosity nodifier which permt fibers to be blown or spun fromthe
fiber nelt. It is necessary, however, according to the present invention,
t hat such vi scosit {fheiberf hasr s compressere Wsenghpeitiin a anget néngedmmpatabidioethste| y

bl oan or  panot? BeRdErd. EIAIGE] SRy CoE FPCiSZ00 FROsORHY DdRHEHIIRFSen
integrity is al. Nl t property, since fiber nmust support its own
wei ght in any%e;ggﬁr?’c%ﬂt{&éﬁiég d nust also be able to resist abrasion due to

noving al® or gas. Indications of fiber integrity and nechanical strength
are provided by visual and tactile observations,_ as_well as nechani cal

measur ement of t hedBe [f’rbéﬁe‘?fttihéé’r‘?ssmomv%lpéraf%é{gﬂf&n@%ﬁéﬂé‘ﬁm@t}@%rﬂ%‘é@l
oo oo SRS OTREE SN 5 SR ARy 3036k ey,
addi tional ly hiamitu-gifcot@ngiliessi INAZE &eloue Ry 16054 weipht perteyt) id Qimulated lung
fluid.
15
The non-durable refractory vitreous fibers are made by standard glass and
ceramic fiber manufacturing methods. Raw materials, such as silica, any suitable
source of magnesia such as enstatite, forsterite, magnesia, magnesite, calcined
magnesite, magnesium zirconate, periclase, steatite, or talc, and, if zirconia is
20  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.

25 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,

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

like.
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The fibers of the present invention are significantly Iess durable than

nor mal r&f rﬁﬁ\/w% ceram c fiber, such as alumnosilicates (about 50/50

wei ght pefcent) and al umi no-zirconia-silicates or AZS (Hpott208t)208454

wei ght percent) in sinmulated lung fluid. 15 The non-durable refractory
vitreous fibers are made by standard glass and ceram c fiber manufacturing
met hods. Raw materials, such as silica, any suitable source of magnesia

such as enstatite, if C(,)Jﬂ§ cﬁfu'li Egntaiﬂﬁ'%na ﬁl’am Qx:[efés élgmer? 3.’1 ee(}feu NERIJeS:

magnesi um zi r conat e, riclase al ¢, a 'S 20

i ncluded in theechldaes tmkftscoqapyofshllﬁlfbbhﬁelSQUﬁt@Buﬁg sﬂlct’aCeQﬂl ﬁhasrht@f& &S major
baddel eyite, rmagnesium zirconate, zircon or _zirconia, are delivered in

sel ected pr opeqmrczmgt<f ﬁl@mbysqn@a@pg@ Brenﬁbqr@a@hﬂupﬁél@eﬁwen@hr hElye ssceohriiet ed

and bl own L r| z zzl e un, .eit.he bat

cont i nuous nondtskt FREGPEEnE *BrBomd by BB o v B e
by the presengan@lit adeseBsiihyachmgi the Stherma Uﬁérf&hﬁﬂ&e t ﬁle@lﬁ'a‘ﬂl@aﬂ%r@&@tles or
fiberization required for the deSired applications. The viscosity nodifiers
may be presensoliubilityh theafibargreducal s whi ch  supply the main conponents of the
melt, or may, at least in part, be separately added. Desired particle size
of the raw materials i s determ ned by furnacing conditions, 30 including

furnace size (SEF)a r &t 8ne BhBodiRERERRL YE£ G€ ihd ¥Bni the
i ke, 10 WO 2005/ 006835 BY) BRs ceu o, corr%%%ﬁfilvggér%t 5 iho R ol 8 L e

seri es elldhentapable dievidftiading ueby teatpetatre df at leastmpan d000ItEwith ssodiahywbodt a
fiber nelt con%alnlng si.l.ica an% nmagnesi a, as naj or_ __conponents, thereb
(]

enhanci ng t he® i BiBF3T; shiinkags, gre ?I]%EIYf lleé%rthﬁ‘blacboufl'ﬁe% ubeeapf shrmkags, | aiHENi de
|
el ement - cont ain@fl{&% %PEH?%H;%' Fh %e‘f rﬁ%e?ﬁ?fey a%ﬂdls'r{Hﬁr am Caﬁ%ﬁ% &18‘31&?”

W t hout adversely 1 npac erma or mance, roperti
or fluids, such as lung fluid. The non-durable refractory vrtreous inorganic fiber

comprises the fiberization product of about 71.25 to about 86 weight percent silica,
15  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.
The fiberization melt from which the fiber product is manufactured may also include

from O to about 11 weight percent zirconia.

20 The fiber should contain not more than about 1 weight percent calcia impurity.
According to other embodiments, the fiber should not contain more than about 1
weight percent iron oxides impurity (calculated as Fe:03). 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

25  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

30  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
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solubility of the fiber product. According to one enbodi nent, the refractory
vitreous inorganic fiber is 10 capable of w thstanding a use tenperature of
at | east WP MEMHOOUC with | ess than about 6% inear shrRGKESO4/RRfler abl y

| ess than about 5% i near shrinkage, exhibits nechanical integrity at the
service tenperature, and is non-durable in physiological fluids, such as

| ung fluid. Thiemeon-Icr@dh R, Nd pacombipations ket dandegaded td tHeefiberamstpr Ases
the fiberization productﬁgf about. 71.25 to about 86 weight percent silica,

15 about 14 t BAAGYATLY sehy lpihapide SeriesefEmmdhastaR dapidedpiaute dikeatas!t #han 0
to about 6 weight percent of a conpound containing |anthanumor a

| ant hani de series elenent. The fiberization nelt fromwhich the fiber
product is manufactured may also include fromO to about 11 wei ght percent
zirconia. 20 The fiber should contain not nore than about 1 weight percent
calcia inpurity. ABe&PEIPRYNY SOBRHERE A bk tesies chraneny wedy HigBided widout

contatn 1or e AR uhdnighRL AR cBELRON A HRNLONIARS LITPHE! ter S SikRt

as Fe203). O elrenen ed as Vvisco

nodi fiers whi gtntaintigichasided, tamthidieia®iies eleafehesdntditigg TEthanids s s teyenk@t-as to
approximate the profile, or shape, of the 25 viscosity/tenperature curve of
a nelt that i sonteiamgl {lupriges;ilaadlaside aserigs samenegoaingg. phogpbhigh, lanthanidsi de
series elenents.include La, Ce Pr, Nd,,Pm Sin, Fu, .G Th, . .. Er,
Tm Vb, Lu andxFSPES EHLPBEE THrCE] lRRRy foEE R AR RS

| ant hani deo sefdn@manfleer@Ats aRthehBcdMifigWokitiet NeRdi NafiRdide- sfis RuwnR@aes of
30 this specification, the elenent Y is to be considered to be included in

t he | ant hani deontgiemigesilfeteenents. In a certai n enbodi nent, conpounds
containing the lanthanides 11 WD 211()51001)97 1 PCT/ US2004/ 020341

el ements La, Ce, Pr, Nd or conbinations thereof can be added to the fiber

melt. A particul a‘Tlng HE&IsUbt HRNDARLRR REkd eRnRhRREustRAfof AnBGAMHRI tO

the fiber nelt is
viscosity of a fiber melt containing silica and magnesia to enhance the fiberizability

15  of the melt. A particularly useful oxide of a lanthanide series element is La20s3.

La203 is commonly referred to in the chemical arts as “lanthanum” or “lanthanum

oxide” and, therefore, these terms may be used interchangeably in the specification.

As described above, mixtures of lanthanide series element-containing

| 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,
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5 The conpound containing a | anthani de series elenment may include, w thout
limtation, |anthanide series elenent-containing bromdes, |anthanide series
el ement - XMShEAFAIMY chl ori des, | anthani de series el enentRIouT2041120%41

| ant hani de series el enent- containing fluorides, |anthanide series

el enent - cont ai ni ng phosphates, |anthanide series elenent-containing
nitrates, |anthdnif desside,iveith mivemeietials astdaitoiessgthan tbau ésyeidlft deasenhani de
series el enent-containing oxides, and | anthani de series el enment- containing
sul fates. The oxides of the |anthanide series elenments are useful for

enhancing the Vi sensi bynefchad tégeﬁa m@&epgnﬁ@ér%fng delink acoﬁ@%“?’gox. Bof a

~enhance the fiberizability 15 of the nelt. A particular
| ant hani de serreatelslyeinema‘atttumd ataﬁﬁ)&c«,ip&zmﬁ)s qualitg devanisy tor eléuermmd whether thee
chem cal arts as "I ant hanf; "l ant h num oxi de" and, therefore, these

terms may be YSEFIPRUEYCH SABTSE cRETS e SReHEs (AT @ ASvagsedich Bl ibove,
m xtures of '%E&lﬁ Bé‘@és‘ﬁ %hk&? ?b?%oncm%rﬂhz{h 0xid @ C:PHBgﬁééﬂﬁ? Q&“ne Sed

in the fiber ance me VI SCOSi em ca anl

series el errenteﬁhm:es vtﬁfeyxzaion lbgr emaddmgn@leto;s«hmy owrdet@igeh@emelt ntoon@wer
deposits. The term"m sch netal"” is used to designate a naturally occurring
mxture of | &epeadnees ansh hégh oisepmtinss. Asuthehdantheapinmfilicgtd systemuisr @ dners

ot doa. Thus, PR e JatoBedB ol IRal hebk cueRR LA e

series el eorent;csggmgqimtmw@m inthe fiber nelt. Wiile alunmina is a
viscosity nodifier, the inclusion of alumna in the fiber nmelt chemstry

results in a reduction in the solublllty of the resulting fiber in 30

hysi ol ogi cal | t f , desi.rabl i m. h
Bmount of &l um na [ESBALE ©of G R vor B SLL R RV Tarck st Gambbarbly
about. 2 vei ghieRBsRNle ofaﬂa 240 RE0SHALDAIPTA A 152904/ 0209 Lhatig e

possi ble, with raw naterials used | ess t han about wei ght ‘percent .
resulting fiber (affecting, for example the ﬁber s shot content fiber diameter, and

15  fiber length). Glasses generally have low viscosity at high temperatures. As
temperature decreases, the viscosity increases. The value of the viscosity at a given
temperature will vary as a function of composition, as will the overall steepness of the
viscosity vs. temperature curve. The viscosity curve of melt of silica, magnesia, and
lanthanum or other lanthanide series element-containing compound has a viscosity that

20  approximates the target viscosity curve of FIG 1A for the commercially available,

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

25  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

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

series element.
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One approach to testing whether a fiber of a defined conposition can be
readi |y manufactured at an acceptable quality level is to determ ne whether
the 5 vi Q¥R ve of the experinental chenistry natRCGHEYSONEI20SH a known
product which can be easily fiberized. The addition of |anthanum oxide to a
magnesi umsilicate nmelt enhances fiberization by extending the viscosity
curve of the nelt to lower tenperatures and high viscosities. As the
| ant hanum silicate systemis a nore .refractory s emthan the .
magnesi um si | i cat e%égh’é’ﬁ]mtqﬁl@?m}”ﬂ@% ﬁ%&%X'SPyaﬁ%%gi’otem{ﬂt‘frierfﬁ“?tﬁlﬁer is
al so enhancedy;iythes SBARRKICHbet QSmPh&%Qﬁé fi¥er¥atioh PrORBERSIURUE P1 2§ t{) Qboit 8! ass
conposition is representative of the ease wwth which a nelt wll fiIberize
and thus, of wteghtpeaicentysilada, taheut T4 subbhdun@Sfidbweighapéreenti mggnesar aed abplte,
the fiber's shot cont e@t, Li ber di aneter, a}nd 15 fiber length). d asses
general | y hav8reRiyRASE & Rpout “ﬁi‘@ﬁ PERePlat GPEBOUNEsCOntamng lanthanum or a
decreases, the M.SGOSLEM J ~N1:SCOSH I yen
tompor at u e wiPHagar stid AAREER REaboll'PL KEINE plieak MM 1t Ml Bodlh ¢
st eepness of weight pérseoaivininys. tenperature curve. The viscosity curve of
melt of silica, magnesia, and | anthanum or other |anthanide series
el enment - cont ai ni ng conpound has a viscosity that 20 approxi mates the target
viscosity curve of f er ci al.l y. avai | &; n.
alumnosilicate fi e#h.% 4@@ aﬁ?bfﬁegré%cggrp&#:gesc{egﬁ@ﬁéﬁq é@érr %bggts?lbc% %?égdlﬁc S about
65 and abbut Soungil @5tandpHEESE weidht pércerdbpreferdély thervadeaibodb7vehd Bboupd0Cent
magnesi a, and a_ | anthanide series 25 el enent-containing conpound. The
non- dur abl e r &kightpuesntywith desisprendevghel ©li¢a baited auly dyonpefacsurgbdisy ohithe
enbodi nment , Cﬁggri ses the fiberization product of about 71.25 to about 86
wei ght perce 'silica, about 14 to about 28.75 wei ght percent nmagnesia, and
about greater 30 than O to about 6 weight percent of a conpound containing
| ant hanum or a | anthani de series elenent. 13

According to another embodiment, the non-durable, high temperature

15  resistant vitreous inorganic fiber comprises the fiberization product of about 72 to
about 80 weight percent silica, about 21 to about 28 weight percent magnesia, and
from greater than O to about 6 of a lanthanide series element-containing compound.
Of course, the sum of the amount silica, 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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WO 2005/ 0110971 PCT/ US201U/ 020341 According to other enbodi nents, the
non-dur abl e, high tenperature resistant vitreous inorganic fiber conprises

t he fiberwoambamignoduct of about 71.25 to about 86 weipghtuqesmenisisilica,
about 14 to about 28.75 weight percent magnesia, and about 5 greater than O
to about 6 weight percent of a conpound containing |anthanum or a | anthani de

series el emenye fbelr0 i@BIM Ad NR1 HHinPShAEMLs 2l GRBI AkalpRebdlesSad AR gRout 2
wei ght percent alumna. In the nelt and fibers discussed above, the operable

silica |evel ingenbenalseaddedgodholibernnelns Generalipothe f8@rsvweiaytvonfaer sliali metal

ferably bet bout 72 and about .80 i ght t, with th
Cevel of Si ' G T O SHPYERY™ Aeitoke rLaskmind g REROaR centhd by boReORS ng

- to another enpegdhiMePhys, iCalRAN MM 8Rli& oPirbe PR BUFAly id e BRbSSBRce
vitreous inorganic fiber conprises the fiberization prod&ct of about 72 to

about 80 Vei gimtpupieegeort tenilsi efaa patwenit at2hosto cabdated 28 alkalghietg exxident Other
magnesia, and, fromgreater than Q. to about 6 of_ a | anthani de series

el enent - cont alURECE By desiade irey oxgess duthe pmount of Igss thak abats d nveight nesgnt,
magnesi a and j rd ont ai ni ng conpound, in weight

per cent, cann%a?&gggd;%%p?g% %ﬁéﬁ%%gg%%’#f 20 According to a further

enbodi nent, the non-durable refractory vitreous inorganic fiber conprises
the fiberization product of about 71.25 to about 86 weight percent silica,

about 14 to about Dke monwurapht. lost skitkagegMiepes ngfaanipolikerydssarbd aayan o

11
to about § wej gﬂ}z of,; ai ny a [ el 25
el enent, whe.rgél fﬁ:{a§| éﬂy E:N(%%t gﬁi@ﬁgﬁg‘éﬁﬁﬁiﬁ’a{g@ng@ @é‘{ﬂlﬁ{bﬁg&gﬁ ‘r(i)é(rlg@g. The
fibers contaiffiatbs) efhmid fiverd ainkdfimevhbital sgeak @p tb b&Rick tapgerhtifur i ties.
The term"trace inpurities" refers to those anbunts of a substance in the

fiberization product that are not intentionally added to the fiber nelt,
but whi ch may be PEESSRL OO huliSahd RbA'H Atk W Shltehd LoMmitRChite
magnesia, a lanthanide series element-containing compound and, optionally, zirconia
15 by known fiber spinning or blowing processes. The fibers may have fiber diameters
that are only practical upper limit for fiber diameter is the ability to spin or blow

product having the desired diameter.

The fiber may be manufactured with existing fiberization technology and

20  formed into multiple product forms, including but not limited to bulk fibers, fiber-
containing blankets, papers, felts, vacuum cast shapes and composites. The fiber be

used in combination with conventional materials utilized in the production of fiber-
containing blankets, vacuum cast shapes and composites, as a substitute for
conventional refractory ceramic fibers. The fiber may be used alone or in

25  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
30 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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"substantially no alkali netal oxide" neans that the alkali netal oxide, if
present in 14 WD 2005/91)1)971 PCT/ US21104/ 020341 the fiber, is fromthe
raw st artwagoisabersial s and the al kali nmetal oxide was netr/ushéemizenal |y
added to the fiber nelt. Generally, the fibers nmay contain al kali netal
oxide fromthe starting raw materials in amounts up to about tenths of a
percent, by wigitlhtaintdiysmedhbgical dddrityRpab tEo BéeceinpefaniBea/d WhiRdY § ron-
generally in the range of trace 5 inpurities, or tenths of a percent at
nost, cal cul atuseblagn ahksiplogival Bpidsxiéispeedhon, in.msar Of Resingehe apiladedé r on

oxides, in th nt of t u -wei ght .pergcent al cul ated as
Fe203, or as sou?ﬁg&g. pg_g‘gitkﬂglz&alTﬁg{ﬂﬁggg c]'lt‘f‘rt rtﬂa\ﬁlgl,lt%fzggv Yy p?ﬁ@@f& \’/ﬁi}e&a Y

i norgani ¢ fi hgngarsah i Raciabetpriskd O MRRFRatiAY Bf ALY oMat e ROGN MréRERE
kaolin, AZS, and alum nosilicate durable refractory ceramc fibers in terns

of mechanPcalcosiprising biligp, pgsesis. 6ecamnpmyed acamaning Henthaen ooras danthanide
manuf actured froma nelt .of jingredients containing silica, nagnhesia, a
| ant hani de séFiESCIEPsHE: 88#\?%\1&’ A EB%pound and, optionally, zirconia 15
by known fiber spinning or blow ng processes. The fibers may have fi ber
dianeters that are only practical upper Iimt for fiber dianmeter is the
ability to spin orThd ohighprtemipertatiraviragstatte rdfrsitoryd glasnefimers atee fdabdy may

i eri zati.on .t echnol and 20 formed into
oy

be manuf act ur ed \?Ath existing fi
mul tiple prodidiacraile from pdaslh §ayHDg avdcosifyniuitable QVIOEs GrRpiring f1pREy -

cont ai ni pg bl . L1S o L -shapes and conposites. The
fiber be useag‘a:&ﬁé g%nng\?rﬁgl??%ﬁﬁﬁléﬁg%%lﬁ@gntl gﬁgcfw%gt erials utilized in the
production of fiber- containing blankets, vacuum cast shapes and conposites,

as a substitute for conventional refractory ceramc fibers. The fiber may
be used al one or i M&2Higho {HFASAAIEN IeHLH ocHastoRREEss dibsrs aig mopslupblfdét s and

he |ike, i i. i . i ning. f The £ib
250l ubi e 1 PO RORERALAYEE S LRl SRR HChBAPORERe o B Lme TRELL P!
concer ns overtempéaturé.nhal ati on.

15
The high temperature resistant refractory glass fibers are non-durable in
physiological fluids, and exhibit low shrinkage at the use temperature.
Example
20

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

25  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

30 x5 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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A method of insulating an article with thermal insulation material is also
30 provided. According to the nethod of thermally insulating an article,
thermal MWG20APION mat eri al having a service tenperat urRCUpSoH/E34least
1000C or greater, 15 WD 20(h/000971 PCTJUS200410203-t1 which maintai ns
mechani cal integrity up to the use tenperature, and which is non- durable in
physi ol ogi cal irftb @i ﬁclsnacwndibscpngbed) acmperatuneaf 120006} foukd haues. aAtfiec heating be

i nsul at ed. Th r mal tlon i zed i.n the nmet hod of .

Uher mal by i ngei 28 PHGSa i Ped cied ool et iazth ARSA1I9, VER BEoUH 2n a

nel t of i ngr e¢h€@ﬁ1§ax53}ﬁﬁiﬁﬁgé §f 19 t8dt 'ﬁa&@vaq%&?ﬁ%le@ bvaco%ﬂﬁl?ﬁwriﬂe 6 BEbAI Y

| ant hanum or a | ant hani de “series el'enent and, optionall zirconia. The

hi gh tenperat Uaﬁexf’e@mlamnalr BEasctoents. gl'ﬁlsesta‘st ped, scamprmegdlbleys prepared in
manuf acturabl e fr a |t having.a vi.scosit ui tabl e for bl

spi nni ng f$ bef‘“cor‘i G NGRS RIGH? H%@BT‘%%WB%S@ G é}éﬂlm‘?algﬁlog \?tef or
provi ded. Thejhigh tenperature resistant refractory glass fibers are
non-durabl e in physiol ogical fluids, and exhibit good nechanical strength
up to the service tenperature. 15 The high tenperature resistant refractory

gl ass fibers are ngn-durable in_  physi oI ogical fluids, and exhibit | ow
shrinkage at the uddetRipss8E ARVGREON EX Bffp jiggitedp @0 Iﬂil%éi?eslf%&e?féb?ﬁ%ﬁ@é&“ﬂﬁ% a

ol ¢ of a7 egh S S ABLRLEY Ui idel S RodRANGAL Sng Aok DRIt 2203

by a fiber bl ow ng process. aract I'cs 0 e fibers

were tested b}tm%@dlnﬁe(ﬁtsmh@galfel &%SSe’drﬁega@teﬂ)}adreaﬂﬁ nem@&l}ll"yl iRGht Rgte EHiatTRESAsONS
of the pad before and after heatin e shrinkage pad in a 25 furnace for a
fixed period #frigyspembodiments of the 1nvent10n may be combined to provide the desired

characteristics.
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A shrinkage pad was prepared by m xing the bl own fibers, a phenolic binder,
and water. The m xture of fiber, binder, and water was poured into a sheet
nold and the water was allowed to drain through the bottomof the nold. A 3
inch 30 x 5 inch piece was cut fromthe pad and was used in the shrinkage
testing. TW&E JIxigth and width of the test pad was carefully neasured. The
pad was then placed 16 WO 2005/010) 971 PCT/ US2004/ 0211341 into a furnace
and brought to a tenperature of 12600C for 24 hours. After heating for 24

hours, the, pad s _cool ed and.the | e h and wi.dth were neasured .again. The
' near shrFhiagh e enkiast ey fpea@Rak e Sumiars dfrsal Sb¥t RevifBd: o; o
and "aft else @npeRsiretier AR &AL EUBNES .whif1e nia@fthind dbch&REA infelghigy fu'F her s

prepared in 5 accordance with the present invention, exhibited a |inear
shri nk&ge B vahtpmpesanigrand| valtich isrn-gurallenn physiengicalnfliids,reomprismgdd to t he

ifi di t ib bouge, t.i.nclud fati
w0 1§ cat | DACAE BT SRPEHarLOa e s el PLGRE a8 MARTET i A e
di scl osed agpahiat Sérfesl@ndiRicon@ffSSesmpoann the alternative, as various

enbodi mrents of the invention nmay be conbined to provide the desired
characteristics. 17 W CLAIM 1. A |l ow shrinkage, high tenperature resistant

vitreous iporgapi c_fiber having a .use tenperature oyer at |ea 000C,

whi ch e ol e beo RS PLIAT dy AGRPETEShE BOCH AN RISU ShgbPE: 225 dhd whi ch
i S noRpdur ; i i i S, toC h{l L i i pr oduct
of gr egt erﬁ?kgﬁsgﬁlﬁgﬁé%i& ggtsggg’r gﬂé(huttqgi ¥ @dg'{ r%ggjrt?g\évlts ﬁ 2?\%@{}1{' ﬁﬁaéﬂ#létgﬁéni de
seri es el eamdngreamnt thani Oigo cabomounoveight fdreerfti bt hthahaiensetiescelapentsi ng t he

fiberization product of about 71.25 to 10 about 86 wei ght percent silica,
about 14 tEUERYE COBPFYdrei ght percent magnesi a,

3. The fiber of claim 2, comprising fiberization product of about 72 to about 79
15  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.

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

5. The fiber of claim 4, wherein said lanthanide series element is La.

6. The fiber of claim 1, wherein said lanthanide series element-containing
25 compound is selected from the group consisting of lanthanide series element-
containing bromides, lanthanide series element-containing chlorides, lanthanide
series element-containing fluorides, lanthanide series element-containing phosphates,
lanthanide series element-containing nitrates, lanthanide series element-containing
nitrites, lanthanide series element-containing oxides, and lanthanide series element-

30  containing sulfates.
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and greater than 0 to about 6 wei ght percent of a |anthanide series el enent-
cont ai ni ng conpound. 3. The fiber of claim2, conprising fiberization

product of about 72 to about 79 15 weight percent silica, about 21 to about
28 wei ght percent nagnesia, and greater than O to about 6 wei ght percent of

a | ant hani de serjes..el enent-containing conpound. . 4. The fiber of claimi1l,
wherein said | aﬁbﬁéﬁhe&e&iéﬁtﬂf% e ™ Sﬁkdniaé’lltjléa&‘deed sqrtleémelfefr}?gt-gqrgﬁﬁmg

consi sting : , Nd, Pm Sin, Eu, G, Tb, Dy, Ho, Er, Tin, 20 Yb,
Lu, and Y. C@p#ﬁg lﬁgzecr%r' of claim4, wherein said | anthanide series el enent
is La. 6. The fiber of claim1, wherein said | anthani de series

el ement -contai ning 25 conpound is selected fromthe group consisting of

| ant hani de8ser i €Be éiberrehelaim dntfaithdrrepniprisiigdéom 0 anebewii dewsight percent

el ement- contai ni ng chl orides, |anthanide series elenent-containing

f1uori des, 2f&%hani de series el ement-contai ni ng phosphates, | ant hani de
series elenent-containing nitrates, |anthanide series el enent-containing
nitrites, |anthanide series el enent-containing oxides, and | anthani de series
el enment - 39. conThé fibagokamyf anesf clk$ny 1 1FHe fhither chofaatdraierh 1§, leatteoreiof sai d

| ant hani de s%irllfées. el ement -contai ning conmpound is La2G3. 8. The fiber of
claim1, fHedROYiB8nprising from0 to about 11 weight percent 5 zirconia.

9. The fiber ofany QRgeRf sfili Hiuizdtidil pfodubUESMSins q&grmsﬁ &hbé#ed »@af%ﬂteast one

of the following: (i) wherein said fiberization product contains Tess than
about 10 wepghtnt alibnipgyr cent alumina; (ii) wherein said fiberization product

contains |ess tPgn abgut, 1 wei ght. ercent iron oxide, calcul a}ed_as Fe2CB;
1 wherein said fiberization product contains less than about 1 weight

percent iron oxide, calculated as Fe203;
(ii)  wherein said fiberization product contains substantially no alkali
metal oxide; and
15 (iv)  wherein said fiberization product contains less than about 1 weight

percent calcia.

10. A process for the production of the low shrinkage high temperature resistant
vitreous inorganic fiber of any one of claims 1 to 8, comprising:

20 forming a melt with ingredients comprising greater than 71.25 weight
percent silica, magnesia, a lanthanide series element-containing compound and
optionally zirconia; and

producing fibers from the melt.
25 11. A low shrinkage high temperature resistant vitreous inorganic fiber having a
use temperature over at least 1000°C, which maintains mechanical integrity up to
the use temperature and which is non-durable in physiological fluids, produced by

the process of claim 10.

30
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(itii) wherein said fiberization product contains substantially no al kali
metal oxide; and 15 (iv) wherein said fiberization product contains |ess

t han about | weight percent calcia. 10. A process for the production of the
| ow shrinkage high tenperature resistant vitreous inorganic fiber of any
one of claips 14 &% f.0 h. i e

conpri sing gr eat e?nt §ng§lr{%gan %gd ng{rzgg%%gaa@“ﬁésﬁ g%lﬁmmngg%raaj a;TB\E ant hani de

series el emmarﬂctemaanhalmuy msmlamounﬂatam haopigi ©8aivicy tzmpmmraUpandat peaeduci ng
fibers fromthe nmelt. 25 11. A |l ow shrinkage high tenperature resistant

vi treous .AQ%&.QI gleyer. Waigh ﬁ@ll&amﬁwct@%rna@w@ WY & thgtUSE derBPETAHIRDC,

whi ch main t h e ichis
non- dur abl télﬁéllrnl‘%p1 ysli gapléﬁlﬁ}cag}en%xfgﬁ%ééio rel‘z')ldﬁlclzldE gal&lstﬁ fe rg%g%gbrno?l@g:ﬁaf"ﬂ] 10.
30 19 12. onlﬂipﬂhﬂgitmfﬁbeﬂsﬂhx@td)m:g)f&muaﬁtllt6|8€, |ncI udi ng d| sposing on, in,
near or around the article, a thermal insulation material having a service
tenperature up to at |least 1000C, or greater, which naintains nechanical
integrity up to the use tenperature and which is non-durable in

physi ol ogical fluids, said thermal insulation material 5 conprising the
fiber of any one of clains 1 to 8. 20
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