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APPLI CTI ONS 22 February 2006 This application clains the benefit of U S.
Provi sional Application No. 60/330,178, filed Cctober 18, 2001. This
application is a continuation-in-part of pending US. P t, Appl j ion
Serial No. 09/980,248, filed November 28, 2001, in 15 th?zﬁ'gﬁ%mé‘?y?ﬁ@%eri ck
T. Wal |l enberger for "d ass Fi ber Conposition” which application clains the
benefit of U S. Provisional Application No. 60/136,538 filed My 28, 1999,
and of pending U S. Patent Application Serial No. US01l/27451, filed
Septenber 5, 2001, in the nanme of Frederick T. Wallenberger for "d ass
Fi ber Form ng Conpositions” which application clains the benefit of U S.
Provi sional 20 Application No. 60/230,474 filed Septenber 6, 2000, and PCT
Application No. U S. 00/14155. U.S. Provisional | i cati on No. 601136, 538
is the priority applicati onChASSEIBERFORMNG COMRASITIONS 00/ 14155, and U.S.
Provi si onal Application No. 60/230,474 is the priority application of PCT
Application No. USO01/27451. U.S. Provisional 25 Application Nos.
60/ 136, 538; 60/230,474 and 601330, 178; U.S. Patent Application No.
09/ 980, 248,10 angRBEE REFERENCE DO RELATEOQIFRPLIGHONS] 01/ 27451 are hereby
incorporated herein by reference. BACKGROUND OF THE I NVENTION 30 1. FIELD
OF THE | NVENTI ON ThTtis applieationclaimethabessiit of S asrovieiong dgplicatienNo. and nore
particul arly t8odd 1fd BRl ocHoBsts, 306 Oflid ddlicatioR B doftinmblRRMGA!
rel ationships of tHe i'ngredients of the gllass conpositions to identify
t her mal pr oper persingdd. St Hateph Applicatiomperial NP HRE989,2¢48, Nlecionenhens?. 2R81 1M qui dus
Eje”Pter?‘]E _Urqt§_ V\Heh}aﬁ{%h@??&lléﬁ@bf .Q}I&ll@ﬁ&b@@e’#ﬁ‘w“e}adé Fﬁoerr(emﬁ;ﬁ»f slttien”pﬂlﬁﬁfﬁf_ Qnt 5 5
evitrification o e nolte S upi ng. far,m ng,.o : :
Di scussi on of ?H@'GQ@@W%&V%?BE@QEV$$VV%%% Pipﬁmgﬁ%n Qg'te’%2®6f5 gr ?h{eag gl ass
Ii bers it is rg{a@gai ﬂﬁ@ driviadf peningd) 5§ Eaterlto‘.%pptbcigtimsqria!t\lheu&lajuzﬁiﬁb@,, filed -
enperature an : EotiFSeddRi . VAR AL erdorvaldd® Fibgr Preven
devitrificati oneé{ﬁ%gheéf%%gﬁﬁﬁgiﬁaﬁe ?;uF?el ng V?fber foé?én?rrll‘g. For exanple, the
most  conmon gFaweing Gampesitionsiwid anplisating claisthabedt GILbS LoVl st r ands
for textileg angdpiidsso.f6oRab a7£tiRl SeptemBates 2000, KRO@POTIAppRdatord Nadesas " E
gl ass". The requirenents as to what type of conposition constitutes an
E- gl ass conpos{Pi18tP%are incl uded in ASTM D578-00. An advantage of using
tE—gl asst havi ng 6- 1Pu;$mw@c;daygmhagibn h?ZﬁIBH%&SHSimemoriity :ppli:pcﬂmg:j:ﬁBCT t
enperature is il ;be L H& Qyppl ¥ Riofblay4 @ eat er
than 56C (100Ff\p5’lh°3t'_‘ﬁ’sﬂ§m'§' Dot {28, %%'n”gngﬁ’%@ 7 wplicaflo 150 t0 200F). As
used herein, theepriogiyrapplidabemefRE T Anriettian MocUSOATAGRVY,S- ArefioRat or m ng
t enper at ur &5 ang@piicaliGPRod: 50108 888; 160230, 8P &IEE0/30, 198; U1SePglerts pphdativhi ch t he

viscosity of the glass is | or.. 1000 LSe,. a ter v i qui dus
t enperature”, ‘No 8%{8?%%‘458' ?"é)gﬁ?i%’b'?llff“@“ £%§ﬁ1i§5t%§%€é2%@r%?ﬁ%eeb%t whi ch
t he solid phaséncofporsédhadinanpdefereqed. d phase (nelt) of the glass are in
equilibrium The difference between TFORM and TuQ, referred to herein as

"delta T" or "AT", is a commopn neasure of the crystallization potential of
a given nelt GEABKESROUNR OFRHE INVENTIONe AT, in other words the smaller the
di fference Jget ween fEih® GOFAENQVERTRAr ature and the |iquidus tenperature,
the greater the cryStallizaiion potential. In the glass fiber formng
industry, AT is typically maintained at a tenperature of at |east 50C
(90F) in order to prevent vitrifi i .t he k a

01 as 11 ber forming BRANErTgclees 3R aeudrts R iRy SUI Y B
appr eci at ed by didsesempésitionecanidri2)t rhathematicalfrelatinnghing ofghaingregieptsrof thetghage it i s

25 desirabl e t QRpeLifd tb Rend #2fndl bRPEESEhegla8P&ndsbnsAd.g.| RWhing
t enper at ures because operat| ng the glass fib

ISe er form operation fat hi gh
t enper at ur 6§ r SgdlifgdysiempgRiTesEingD asseriRPle BMRREFMIF H%E'EBE%H PREVED
hi gh- ener gy cosfesitrifitationds tHei raditen iaes Buripl forintape plabaifiless.accel erat e
degradation of the refractories used in the glass nelting furnace, as well
as the bushings used to formthe fibers. The bushings include 30 precious
metal s that cannot be recovered fromthe glass as the bushings wear. It is
recogni zed that boron and fluorine in addition to contributing to the
el ectrical properties of the E-glass, e.g. dissipation factor and
dielectric constant, also |ower the formng and |iquidus tenperatures of
the glass while providing a AT of at 35 | east 50C (90F). The boron in the
formof an oxide and fluorine in the formof a fluoride are included in
the glass batch materials and act as fluxes during the glass 3 22 February
2006 nelting operation. E-glass can include up to 10 wt % B203 and up to 1.0
w % fluoride (see ASTM D 578-00 4.2). Although the boron effectively
| owers the formng and |iquidus tenperatures while providing an acceptabl e
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135, and F. T. \Wallenberger (editor), Advanced |Inorganic Fibers: Processes,
25 Structures. Properties, Applications, (1999) at pages 81-102 and

129- 168, which docunents are hereby incorporated by reference I n general,
gl ass conpositions having particul ar properties, § ture
and delta T are identified by weight pgrcent and/ or rml arjﬂpﬁg%rgéwgé he 30
conponents or ingredients in the glass. As can be appreciated by those
skilled in the arpis®ksighatbe MB4inBBg@end/ or gl ass fiber formng, it would be
advant ageous to idenfify the performance of the glass conpositions not
only by the anpbunt of a particular ingredient in the glass but also by a
rel ati onship, e.g. mthatatehfatmiogflassibats itinsdriognizdd thatitikee diffgrendh twsen n t he

gl ass. WO 01/ 3 7;? 'Pfg‘ﬁ FL%?&?% g{}&e ‘rﬂg dug¥ r&%ﬁ&ﬁé&laﬂ%ﬁ a@QQaﬁét Event

mat hemat i cal e 1ngredients ) e conbi ned
W % of CaO andeWﬂFa“aﬂG the enoften 9'@55cﬁU”MQ1€F31fQ'E'(DQ iFar ?Wpdﬁ ﬁ?s’“oﬂm ng the

conbi nation of cofikas §Iab§66rﬂ9dsﬂ|ﬁﬁ $or nekug cbﬁtmu@issgmééétf@em*aam foPRKGENANDT
silica with the re{‘a i Qqnsh ‘% t@ ﬁ%r% Zng\p ot,,he:%s redl nts in the
gl ass, e.g. th8EFSRerYFroge PE%'S[‘S'%E)'F( BIBITEY TS ?{HE’N@E? woul d
pr ovi de i nf or med wioat typegd cahpasitioh eomstitutespndbelass @B’lpﬂﬁltld’)ﬁ‘lﬂ'&@ﬁ(ﬂﬂ&d ifSA@Thry of
the I nvention p I or a
boron free gl a%s?@ﬁo Aﬁ%@%tdg@é?%%ég%gﬁé\ﬂﬁs%hé’r\é‘émp té%gt?ature
of no greatler ithbguidusAgaperainrege Wil bejovaifs tormisg targpsatursoice. GW@FBV graatar one or
more or all of tﬁaR%sﬁ@L+o@vw)@ad ugmgmhé mgétbféseetwwus@tcrﬁobe Qls usb§2 to RO
(i.e. G0 + MO in the range of O aratioof SIO2 to CaOin
the range of 2hgrejpths tgmsa‘fqnapg(ger@)qerggrgz “Trorvid g fPrmingisMpsrRYEe'@Nd3 7 ¢ o
5.0; a ratio abgFEPOdednah&atperatirbef thag@es afwHicrbihé Oisébsfly ofthé ylesoik Iy O2 and

A1203 in the range .Q to 73. 7 M % rat i of.‘ ; ) «{.0
(Ro0+RONB203) Proh /0 Pl e g Wil Tomael s b TR 0E bap, 1 o ¢ e
range of 0.18 t theQedperatvge at vdiidhftbe eslidphbest (nryetalsBa@Picaidcbh@ey (miedt) oitber ange of
26.5 to 36.6 V‘%%’ss Li& iR8 urb?mn' %E'dmgreﬁ!?é)ﬁ’éjcﬁv@@{‘fmﬂ{aﬂd‘ﬁ,QPFe%?r%@tto hé}gﬁ%' on,
the glass conpdsition her has a SIO2 conte reater than

wei ght per cent “dgia TBQO@Tof'S ﬁ@or@merameaswofttheﬂvgam@ﬂgwo B@tfab@frﬂg"’qf?m%lhot her
nonlimting e”@&ﬂbé‘é@d&h Ghe H%r th%\m‘nﬁ-u'o(ﬂ{br woRS il &Ralle#thé%&l@%nﬁ@ﬂétﬁr@&n of the

gl ass conposition is Iess than 70 weig percent. In still another

nonlimting enBBdPRER teﬁfpef%e F‘H‘i’/@ﬁt"ﬂ‘dﬁ”s tﬁ'ﬁéerﬂué%éhec%ﬁﬂ%rsq‘? PoRalEeni ns at

| east 1 weight p@lehmntntﬂégiessfaa‘érfdanhbﬁmdstﬁpmwwc#merntm@pétlaptl on of the
Preferred Enbodi nents are ‘ngOSI tions and mat hematical relationship

of different tJR5eRen ﬁwregafa%e%%t 50 61@0 U dhordey to pevers AgWEIEatioR ohthe malien

fol | owi ng i ngr gris€biirig a3§lastTibsi fofniRPopEiation, ik ParticllSeMithdbushigGida. A1203

12.35 to 13.94 percent by weight; CaO 24.40 to 24.80 percent by weight;

MyO 2.55 to 2.80 percent by weight; TiO2 0.05 to 0.55 percent by weight;
Na20 0. 40 to 0.50 pkiscappreciayedini thbe;skile@iDtiGe a0oftfonindd@agsdibesnthabiyiswei ght ;

Na20 + K20,9. 853&:&&)?’5 tégp@ra{eQR@élaﬁé’ fin8RtoEHihe opé: Ql?o(l:ﬁat M@m&@raﬁrr&%é&ﬁﬁ&em by
wei ght , an(% 5 8203 5 10 ruary % ercent by wei ght,

and the fol | owPRgyating the pigas frap qu'rn'ﬂsﬁ@?@&%ﬁﬂ@hﬁeﬂwa@?%&ﬁ? ingtighit %
Si @2/ CaO 2. 20 thergdy 4$hgS| sBrg WA Zss08latb@ high-28ergpédtd. Ah2a3itich, e High 4. 70

A1203/Ca0O 0.50,t0 9 2 28.00 to
31.00 wt % A12W%@tbreﬁgc‘feierﬁteéégrﬂ%’°§ﬁb&‘giéf%"@ ggs")[gt ”/%tl?%ﬂfc?sﬂed}’ (Si02 +
A1203) | (R20 +ROB208)wal@&Bhe bushings uagritodorndhs filbess.nThegbussirpeingiide e i n t he
range of 1240 E%cﬂo?:@ﬁ-%a?maﬁ%nh& He'?eéob@reﬂ?r@ﬂ%é’&laségs the bsMings #edr.i S equal
to the wt % of k20 an 20. Reterence should be nmade to the Descrlptlon of
the Preferred Enbodinents thereto for a nore detailed summary of the gl ass

conposi tions of theitigveedtinizea traMBoroh Bed flekiné inaribMtodontribatingrgtrdi ent s of
t he gl ass conpqgsi f. SS CcOoNposi

. h I
rel ati onshi ps %‘Sel‘:{”h% pr?f?ﬁ%?ﬁ opﬁe it B8 §smtt:%%%§to§?ac}sc§elggb? ?e%’ tFS‘[;a e
t enper at ure of ldvwes metfhmnngLﬂzt{]tqcn,dus tenmfemtméé of tHe2GlBsst while PRO@ingaen AT ofbate

pref erably bet J or. b eferably
bet ween 11§g tEﬁﬁgﬂééié%kgbiﬁ%Q&%%Wﬁgf fa%%@%%%?§mgg%%eé PERF&% of the
Pref erred Enboduorisiatase inpludérbinttied dlassi hag:hdmawmr@lrﬂ,ct s ﬂuxwddmgshaegigssesm ng
di nensi ons, physical characteristics, and so forth, used in the
specification and clains are to be 30 understood as being nodified in al

i nstances by the term "about”. Accordingly, wunless indicated to the
contrary, the nunerical values set forth in the followng specification
and cl ains can vary dependi ng upon the desired properties obtained by the
practice of the present invention. At the very |least, and not as an attenpt
tolimt the application of the doctrine of equivalents to the scope of

t he cl ai ns, each



35 nunerical paraneter should at |east be construed in |light of the nunber
of reported significant digits and by applying ordinary rounding

techni ques. Moreover, all ranges 6 22 February 2006 di scl osed herein are to
be understood to enconpass any and all subranges subsu her ei n r
exanpl e, a stated range of 1 wt%to 103 wm % shoul d be %%@Pé’@qgoﬁﬁcl ude
any and all subranges between (and inclusive of) the mninmum value of I
and the maxi rrumemaé bserafion] G-gladsadaniintjudaup te UDWRA BES; dndgipno it 0gvt34i flubride 5

oo 5 5o o Bee AsthaalBiral BE2EDARAk DS fo Br BReCk TR oNBls e Bmid oG 1 €5°
i ndi cated, all hqmtdmetempﬁrahaalsunﬂaﬂe pviding 18 edcdptabls AN, vatuscdnddie tiupridgot | i it ed
to weight perCﬁ”‘&trmgfactggg%rﬂpgltﬁergaré&a@%ﬁ%:@&g&éﬁfulff eth@&pﬁt%lj]é@te and are

subject to variation I'ous ose skilled
in the art Suctplatiize guringrealting andmeaye wih theeaxbayst gases inta therrrBaust syskli Brrent

and techni questhe'ﬁ‘éro?ﬁ dn%?rl%rtlne 13 H‘féf'éxﬁéﬂsltlngseal’afé Ac® réh%vﬁﬂﬂ%?%’té)ﬁﬁas&ﬁtobl&t ng

nodi fied in all instanc about Acc i unl ess

i ndicated to f’lﬁ'@s&'b?rﬁ?rgt“?e g‘frﬂ'éaﬂ‘ﬁjﬁ‘ﬂ"f’%are cﬁﬁ?'%%&@&@pa?gg?lr%ﬁ? PRPR™ he

fol | owi ng specarkididtiyaontolidd by emtibambntd reguations, avhichapprosedoie ¢2oefsl t hat may
vary dependi ngg c%f‘ﬁr%ﬂﬁtttbaewq%%érgéjrﬁtlo[%%ﬂﬁl%tt‘rnﬁﬁsémpﬁy atulﬂmﬁﬁa199|itﬁtbﬁ'8&m%v the
present invention east, eac rical paraneter shoul d at

| east be canst eqement. I rgaronse ta theserrpnprips, dfe b%m&défdf'ugfi"@rﬁonteetdﬂﬁ digits

and by appl yi ngiagddivizas kdﬁ@émﬁbrr&ah@téholsqpe@mﬁ& NGZZ\MMléﬁmmmgtahﬂt t he
nuneri cal ranges_and par anete tt| n forth H;gwg@?ad SCO

i nvention are ApPEifinsidissiose PWB rﬁﬁﬁ’é RN SF%%‘EWRPﬁ ?’P?E”g
specific ex arrpteaﬂ:eaatWenemerrﬁmgé ofisbqut ¢2385t011263E. Pesan bé epprérigted by thgeé zed
devi ati ons gél%d i LEhreoa{ of%fa@s maﬁﬁg%&f&n %QYen%Hﬁﬁrﬂ'\é: rolYgllth'@r fubever .

i nherently contalns ain errors nece sarl esu fromthe standard
devi ati on fidu ngontantﬂrh@r-: rba@t; maderiglsoaipeethe &mlfﬁée"ﬁ%%tﬁ'fee %‘rt? partipylariyyihe

fol  owi ng di scufs] QntedbthcicBsds i the B(erﬁ cdridéht dbdrbdses Obsuhig i b heldhge hange

are included in the r For exa not limti.n cu55| on,
" in the rangg’ecff’ml'l%@ﬂt%ral‘ﬁﬁo 0”9% ag’oi’efté’cfeé'ﬁ'ﬁg ﬂ}ﬁgm@&lﬂ%t{]mtpg

greater than 12306 iamijh3éhesgyushgd, highrahelge sests, e a{t@ﬂ@ﬁiond:éfher@gtaldetifsane
range. Further t he ' L hdRgrsf Of | OWI ng di scussion
and in the clai %@Jma{:%ré?{agt%ﬁ%é %ﬁu@hﬁ&&‘p@s}(@gﬁw’nﬂtefm@% and "percent by

wei ght" areoused herein interchangeably. In one enbodi nent of the present

invention, the mat h?f@ddﬁlﬁnalFrﬁ&rﬁ?ah&’(‘é‘ﬂi‘tb&ﬁm@fglas@éorﬁﬂBéltlbﬁEJérﬁﬂh@tH&d% fof a
generic quaternary glas stemare d closed T ater ary s st m

i ncl udes Si o2, fleg[gnonogles Repition. Age EorPelENSIFPr |l ed
inthe art of lﬁﬁd&'brﬂg ubhsGiass FibrepABH EdL998) atplages3ipd4 42-6D) Dier 22 ab@26f not
added to the 7,22 Felr "Ila\l\l¥nlleﬂggr%eP%’t:l%{x’)g b dlnSrdafiic PR pldteldle bat Ch

material s as a rarrp mat er

percent by 2hei @htctules, Priopertiess Applications, ﬂﬁ%g)lahmﬂéﬁmw®1?%1%lﬂ'§t§h to the

bat ch mat eri al oh Qe nrobf brpoftddy refeRfegr eat er than the tramp |evel
The relationship of Si02, Ca0O Al1203 and MyO of interest include RO = CaO

+ MO, 5 Si 2/ CaQ, Si 02/RO Si 2/ A1203; A1203/CaG Si 02 + A1203; Si02 - RO

and A1203/ RO or ROnAje#@, dlass thapgsitivas Rvingpesitliaopropéréies, etdh&rminpgr edi ent s

or conponents dded t orm ng

and/ or |iqui duz T%%gteaﬁrﬁ d‘éga I?%feq'td %ﬁ%&&g&ggﬁ% ;Fé;ehgﬁrngtlot%oﬂrhs&ent%?hﬁe

for exanpl esobutcomponelntsmrtlmgugilents initke glasswémqao he m@cla@ﬁ pp thore eillegdn B@03 t he

fol | owi ng mat hepak bl‘é@é maRh Bhd?&%s@%bé’ﬁfé‘mmg &%ohlﬂtbéraaﬁéntadegué)% identif

Al 203)/ (R20 + RO + B %r}gc ere is as Erewousqﬁ defin 52

+ 1-120 + K20. Mepepepnaice of hgalasg orppositons Notan iy hes#m f & ‘vb%aﬂtcu ar

A1203) 1( R20 + MRQGredidi (i3the gass batvasoasy a(rSiatlohsﬁtb)éQI%Zﬁaﬂhemlcat iBlatibrehipidf t he

formula into re l. i atures
?hdse &%ﬁ |§%1%@La%rg2weéi{l&57%ﬂ le eE tﬁge %ﬁtnb%eﬂ)% af’u’?

of the gl ass rve tween
fluidity (i3se. the mefbsmayf)al tfatiphahinl @ sgver)of thelutgr%n*ﬁﬂtﬁ ed. ﬂ'tey@malnﬁd Y4 an

potential, as wid arﬂﬁmétbsﬁdstﬁ@%h@%* AV IEROTHH e GRESI Usin fﬁ@%orﬁﬁbiﬁ&ﬁcﬁl@df mel t
properties of interest t he present ‘di_scussi on

t enper at ur e an@lasnétgr%tnt%ﬁg tr@nﬁéﬁ"&'f%‘f’%gm%@ﬁ%té’f é'[t‘i?t)"ﬂp"‘rttﬂ?tfeéat@f'g’t'ﬁt‘éf pr esent
invention are to provide | ow boron or boron free glass conpositions having
alow formng tenperature and a desired AT. In this manner, the glass can
be processed, 20 e.g. to formglass fibers at a | ow tenperature while
reduci ng the possibility of devitrification of the nolten glass, e.g. in

t he bushing area. Wthout limting the present invention, one enbodi nent
of the invention includes a glass conposition having a form ng tenperature

of no gr eat er than 1240C (2264F) and a AT of at Ieast 50C (90F) 25 In the
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for a glass conposition having these conponents, it can be inferred that as
SiQ2i which is the | argest oxide conponent of the glass conposition in
terms of weight percent, is reduced in a given conposition of this type,
the nelt viscosity and the 15 resulting log 3 formng te ‘at ur e s. If
CaO, which is the second | argest conpgpnent of the glassq2§E%%@FY¥2h8€n
ternms of weight percent, or MJOis increased in such a conposition, the

ef f e_C]E _of | :?O (Eo:Te 'r_hiligﬁﬁtsﬁrﬁ]thfe@swe?§$henlia@cﬁﬁff§iliib§§o Rbl(d:on’?:tmedmm Oﬂ(th Mor e |
specifically, it not only.increase the fluidit the resulting melt
(!O. e. decrgasaé'q% W%@%%’PY'QXE?PWW& BTN, etnéeg&f’er%/%etﬁt'?rs e#ﬁlﬁﬁﬁaslg‘t Wi Igl al so

increase the 20 crystallizability of the resulting nelt (i.e. increase its

| i qui dus tenpeéa;n%g)ofﬂ.%qﬁ{,en{i#refore reduce the AT. As a result, although
not requiréd, 1 g enbodi ment of the present invention, the
gl ass conposi ti ons REREESED) inygiion gipgdes aioworgsyRoBigining 4@ Reran freesplasse| d t he
| owest |09 3 ffeRtondink 2BRBEMdAtRat NB&E ¢iming téiserRURSH AL grdae Hanaraog bel ow
1240C, preferab bel ow 1220C in conbinatjon wt (r?é oE)he ratio of SIQ2 to

I h
RO that i el d(:;ZZ%/%"E), Frid e £ lepg 30T e E9°Frand gieon mMore ¢ Fedevingnvention is
at |east 50C. &GagRditiosd fdafged:or goi ng and al though not required in the

practice of the invention,. oal.imti.n dj .the present
i nvention, the sil iacrgh? 8{;%'92&’5&%%& §F§5'I '@a(ér)d" gﬁg&%&%@?"%ﬁ?ﬁ 62 W% Si O2,
in order ta pronot ea mtid ofBO- keoGa inftoe rangg of 2hise.8it ure. I n ot her

nonlimting enbodi NBRLS oPdiot REAIRD.E5 BRtrakda R Ait98.0: t he gl ass conpositions
have no greater than |68 V\llt % Si %5? and I-?mdégreat er than 58 w% Si 2. In

general, MyO is i ncd leal MNeP<do GaPda theirpge of 8P RE' conposi ti on because it
35 has been found td@aim bigiohasd AIND, iRfHé raliel df 88.06 v8.7 me%of a gl ass fi ber

iti , di ti i i . trolled
and i n partcular hETRPLEL RS RABREEPOE BhH Fia F R ne ampunt of
MpO. More parti cul aa tajio ob4l.@Lg RQunitmegatdeeof voofk6; ahd MgyO, the |i qui dus
tenperature can be sahgcharhdiled¥ ¥l 8% Rodfltaroelds 2815 1b 8884AOC. I 1

addition, it has been determned that a eutectic exists in a generic
quaternarySi 2- A1203- CaO- MO system at around 2.5 - 2.8 wt % MgJO. For a

gi scussion OL t he Sln%Héﬂﬁﬁlinﬁtirfg@;nﬂ{joﬂi’r(éﬂtﬁ&%ﬁ@séﬂﬁﬁxvéﬂio%@@l}??&ﬁﬁipgﬁlﬂogx}cgo
ocunent is here i ncQrpor at reference.. . The va e _Si
ratio can be nﬁﬂﬁﬁ%{mﬁ‘aﬁeﬁf’b?"@?{ﬁﬂg@%ﬁ”ﬁﬁ@ @nn’ﬁ‘ﬂ%]?t PeSF ntﬁna%zéhgfngrgr?@ert 0

produce a @b asthac@meight péroenth fnanotheandlimiting embedimast qf fedintsintiorf, thetFOs he

m ni mum desire r j fi ' i ssni ndi cati ve
of a reducti oﬁﬁ;ﬁst @%?%%%’dﬁ&'ﬂgoﬁg?é%qgﬁ tpﬁcﬁg@tipﬂeﬁ% I'I\‘/vt§t(% of CaO
and/ or MyO, or ancifisf neriamiteg enbadimast aitbe Bvemsipn dhealgescamposkien GRAIY alt he

Si 02, CaO and/ ggstl\o{g@igwpb}cemeﬂ@gct the nelt viscosity and AT, and w ||
increase the crystallization potential. Conversely, an increase in the
value of SI2/ROw Il effect the nelt viscosity and AT, 15 and will
decrease the cryst ahlthezdissussioponden Desdriptidrt of $hedRreférrbd Emppdicentataealessat | f
the value of J i : : tabl e
level. At hou§¢1nQn359 ?ée%{iﬁ @%@FH%%%%T'{’{%%@EW?%@ !gé%%&b%g%tg g{}% 1% Egppr esent
i nvention, SioagR@Mpesiyen hacthe &llowing mgpedients: | n ot her nonlimting

enbodi nents, SiQ2/RO is @, greater thsgrc2o3 peentty viight er than 2. 30, or

no greater than 2.25, or, no greater th 0.2.20. In still another
nonli mting enbodi nent d¥2she i nventi oﬁb%ﬂélg\?glpﬁ@eatfbyﬂeﬂﬁ%m ranges from
1.9 to 2.55) e.g. fromZdOto 2.55 for244ltorR4Boeercghtdyyedghind from 1.9 to

2.4 for boron containi nng\ﬁ]asses. In aﬂgﬂzoi;% ;Bségcénhﬁy\ﬁéigﬁt' | evel and the

Si2/ROratio, the follow ng paraneters describe’ t he conpositional
envel ope | evel of a quat®Pmary gl ass cOAPEL-$5 RATeent Reweiglp/ cao rati o, the
Si O21A1203 ratio, the AIRLB/ CaO rati o, phtved GsPpHREenbbPweight; AL203, the

di fference between Si 02 - RO and the @I é&%{ip raetn'ég.w'lihﬁt,fol | owi ng
paraneters describe the }@grrposi tional % opePTevery 879" gl ass conposition
cont ai ni ng3addi ti onal t &MpOrakir e nodi 0.95 oyl Shegreatk enwsightt he sum of R20 +
RO + 30 B203, where R20 = 20 + K20 +q b L 1 203) / (R20 +
RO + B203) ratio. Wile FRE Si02/ RO r%tkdl)goché‘twgergi Fof Wl dnd) 20,

descri bes the conpositional effect of RO on the crystallization potenti al
and nelt fluidity, the Si02/CaO ratio 35 shows only the effect of CaO on
the crystallization potential. If the MJO and the Si02 |levels are kept
constant in a conparison of various nelts, a decrease in the 10 22 February

2006 value of Si2/CaOwill show an increase in crystallization potenti al
due to the <contribution of CaO and visa versa. The SiQ2 - RO difference
serves as a simlar indicator, i.e. a decrease in the difference or a

smal l er difference is typically indicative of a greater relative amount of

~~ S oy -, = . A L



30 woul d be acconpani ed by a reduction in the crystallization potential of
the nelt. Conversely, a decreasing ratio value would be acconpani ed by an
increase in the crystallization potential of the nmelt. In one nonlimting
enbodi nent of the present invention, the Si O2/ Al 203 rati %f fbthe 2666‘5
conposition ranges from3.7 to 5.0, e.g. from4.2 to 5. #4 lorPHERs

glasses and from3.7 to 4.9 for boron containing 35 glasses. 11 22 February
2006 As nentioned abovep gt her nmat hengt I p(ﬁ,spé i ngredi ents of
gl ass conpositions . B@? he Al 203/ ggsﬁgglstg eféﬁg 120@1?1'«%@ atio, and the
(S + A 203‘)’?(‘1’12‘@‘”9f%@‘ms'ﬂ%@?gr?@?mﬁ nmay be devel oped to characterize a
given nelt. In one nonlRgm ti ng enbodi nent of the praasEstb 27896eR% on, the
val ue of the Al 203/ CaO @tdo of the gl ass conp05|£%d) J apges fromo0.5 to
0.6. In another nonlimt} enbodi ment of the present invention, the val ue
of the A1208/ RO ratio ofSi@fheR@ ass conposition range@0ordfl 0.4 to 0.6,

e.g. fromO0.46 to 0.53 f@h A@son-free glasses and fyemeUAp to 0.56 for
boron cont ai ni ng gl asses. A'nstill another nonlimitin enbodi ment of the
present invention, the ¥¥$aBf the (Si02 + A1203) 1(9@?) 080 + 10 B203)
ratio of the glass conpasdf+Aposanges from2.0 to 3.45.000 go.56ween 2.3 to 3.0
for boron-free gl asses d om2.0to 2.7 for bor ntaijgi gl asses.
Ref erence may be had t%%@/ 32576 for additional O%dsbgtu?gl gr\"n%n t he

Al 203/ CaO t@mti o, and t h:LgiRE2 + Al 203)/ (R20 + RO + B2H®)0.5;ti 0. 15 The

di scussion wi |l now be ‘ﬂzrc?ﬁﬁ@pbb% additives to the Rpded HRbefdal S to
alter the formng terrperature ;ﬁgw dus terrperature and the delta T.

As previously discussed$ iOp d1AaPsY §R20 HROEROs) t hat %22WRP ¥ gl ass fi ber

conposi tions t@[o@@%ﬁgttaﬁperémferm 3" rbﬁgr'ﬂlﬂﬁﬁﬁolfoel 206 4rideAT ik Ghthe enge of
tenperature. However scussed ear i ncl usi on of boron oxide

results in thé%@@étﬁﬁ%ﬁ'séﬂ“ﬂé‘fﬂ“ﬁé‘ﬁ%ﬂ@%‘Fﬁds"éﬁ? ns that, 20 depending on

the particwate |l evel, nay have to be renoved froma rrelting furnace
exhaust stream bef bei n f lLeased .i nt . t he
anount of 8203 caﬁieg%reﬁge 05 b§§" t%\ﬁ‘% 19 c@ﬁ'gﬁwtﬁng?%Lerng?%ﬁ&%%%| n the
present i nvent fhereto fot amone detailed supuorivt of the dizes cawppsiians obthe dnvealioniandon
content, i.e. {aSei@idAs oFMBiRRdidnt of ti&IdsRREMpAitidhs! O 5. 10 Wt % I n other
nonl i m t| ng e odi nents of thé present I nvention, the glass fiber
conposition has no greater than 4 ww% or no greater than 3 W% or no

greater tham 2 N%ﬁ%@assbﬂm@mﬁdﬂ@m&mﬁd thgntatnegqaﬂfdvmhtmmpﬁftrtehastamr esent
i nvention, the g%rg. on oron-free Q. z§es Q“ nal,lg goeoron free.

As the term"® H?P {%arqlaesg aY'EgﬁOé@mﬁé‘?“é‘?eﬁa U RL 1e5F K80 e dhpgsi ti on does
not incl ude anpreferqj:hetﬁﬂéribwm"’ﬁow moraqbcﬁerablmbetlweergIlhtélstOUalBoCcfgmbwm t he
glass in LT acraREN dhd hite B %férgﬂy Qétﬂrgéd PFBT%'IE(FBGC'f&‘%P&H&'ﬂh:rﬁnggl ass having
up to 0.05 Wt0 |s considered a oron free glass. Furt

previously di s%'ﬂ%@éd fluorine is a material added to gl ass fiber

corrp05| tiops as a flux, however, because of the environnmental concerns it
is 35 preferrena [ Nevert hel ess because equi pnent is
avai lable to e 110 ftfe exhaust gases, the invention may
be practiced using fluorine. In one nonlimting enbodi nent of the present

invention, the glasg; oﬁ&m@a@%ﬂ@gﬂn %ﬁgémﬁé’rﬂ%béé:r%”ﬂ rh@ﬁsldr@"‘{:ffdlslﬁﬁr' ne

content, in other wor uori ne content greater

anot her nonl i nF}lqr?féE@H%éP‘i’rE‘hiO"hi%éd g\lfa%gﬂe\?tﬁ'ﬁﬁ@ﬁ@m' gaimssare iseant i al | y
fluorine fgge, uhdefstodd as miguﬁlw&m Qlﬂhﬁaﬁ&é@%y&étéﬁﬁ%b&ﬁmumcofafngf)ﬂ uorine,
which 1is conm%eredh Cg{q eurr%toooa'fvw% Ltnrt tl1 not her

nonl i miting enSrsHadratediohze 5‘?’5@5 & SHpEUA YAesFEL LA LY e RUFPWIEE any
fluorine. Excegtecifibaion aoticeime @ vaiyidperdirgnypon e dpsiied priopaties dhdaingchigy
conmposi ti ons dfh%g;r&gsgoﬂﬂg RASAIRSARNNAE P TeRlicast, 308 ROsH] dfehbtiBRe [ e

and/or do not In e an |"'uori ne materi als that can e added
to the gl ass ftrﬁépp@@ﬁ?fb%ﬁthﬁ’@ﬂ?“tnﬁ of aquivaleatstp thaReoRRPitNDFiaiRer 838s, e.g. to
reduce forng ngnlﬁlﬁmr@éréthéteﬁﬂ@ﬁ@rat lebﬁWe%ﬁstﬁﬁHﬂﬂrgﬁi ofttiee mfmlselaef rﬁE@ie%l i ncl ude

o 05 M R e ay e pRaec NP et Maree o biege

In

20,
rl""Egeasnd t end
to effect the nelt properties. K20 an alkali oxide is found in Ilevels up
to 0.60 wt% in conmercial clays and is not normally added as a separate 15
ingredient to the batch materials; however, in the practice of the

invention it may be added as a separate material. In the practice of the
invention alkali oxides up to 2.00 W% preferably | wt% are present in
the gl ass of one enbodi nent of the invention. 1In the instance where K20 is

present in the clay, the difference is usually nade up by additions of
Na20 and L|20 L|20 |s nore effectlve |n redu0|ng t he nelt propertles 20
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+ B203) becones (S 2 + ALl2B)1(RRO + RO . If none of the ingredients B203,
Na20, K20 and Li20 are determned to be present, the ratio becones (Si 02 +
Al'203)/RO. In the clains when the ratio (Si02 + A1203)/(R20 + RO + B203)
isrecited inaclaim if the ingredient is not recited t he cl gj it
is not used to determne the value of ghe 10 ratio even t#c])F lp,ruia{y?@ﬁ%
determ ned to be present in a glass covered by the claim The precedi ng

di scussi on Ismse@abﬂefn ar@tdtkeeunatemfodr{aémmawa{ydnalaa%umaﬁgjys e.g. but

not I|mt|ngth 3 e d that gl ass
fi ber conposi tﬁ Eédatﬁi‘ereﬁ’bl[:ﬁ’ﬂgx%?pﬁeera %%ECLWH% P{meaﬁ%pé’ag %‘3 ? ®as tranp
material s suc h:oasudBatDto Aol0®: arfyr=0d i dulCaRE8 betweien t[\andammslmm)lthynﬂfrﬁamnt in

amounts of up d&ﬂx&f%‘%ﬁhﬂé%%vah& £ Hat sb%I&B §§é8‘é r{g% fhe glass
conposi tions disclosed herern can also i nel SY'Of® ot her
material s, % ormigimuFpyauaed tarmepraAed erdingii lzexmumsralueroémomsemgaw or
inpurities. Fgpiexanple and without limting the present invention,

melting and fining aids, such as FeO Fe203 and SO3, are useful duri ng
production of the glass, but their residual amounts in the glass can vary
and typically havét shoaidielappretia@dyhat,anless bihbrwtdef inditated) all hanaidapemﬁéses of
the glass pro%ﬁﬁsed%eré?ﬁ%&@" QQbut?lHﬁHlteﬁ@Haéﬁgg mﬁ%ﬁ%‘ loyes. di scussed
above can enter,t S “or i mpurities

i ncluded i ¥ tH@“P%raﬁum eﬁm@xmatqmﬂaralsubjeqmw‘sqﬂrahmnérdus to varigus factos 0.5 wt %

for 503, FeO apgtkhewA th&omMel h tha Bkt Such 2 ms\evmﬁ.ﬁh :@mh@ﬁaeﬁ{ gl ass
conpositions o odln?nt of the inven tes to the use

of clay having ftﬂﬂ%aws%’w 307 EERIaHED2 A @v"éﬁ”@ ‘?uﬁh ?l‘a\"sssarﬁé‘{ UnARr?9%al s and
t o gl ass conpasileingmsodifeediimal nhstghnelscbyﬂieiemi(%omhdAdccmxdgqvehlsssdﬁdaaat@ K20
and Ti Q2 can t f |1
renmoved from '? dr%ﬁgallyﬁﬂsmgég ﬁ‘%?@a %ﬁ&%{s %Fp%the %'ISW'BQEPEC%E@& g’?edyby

t hose ski |l ¥ed Eittﬁcherdeclaams a@fapgmwhm ﬂwiatrrgasa\rady depetfing uperethe dmé high K20

level s, e.0. URofeicl szagm% b@oﬁtgsﬁecgﬂaﬁﬁé pfeaéﬁ(?rﬁleﬁm fAREHE vag, Ib&NRERt Ur e by

as 35 rruch as about inre made from cl ay that

i ntroduces W‘%'Rﬁﬁme&{éh@%w?#@h? Cts r’t’?fﬁ'"%ﬁ'@s"’ the nupberRfirenee8l ates to
an i nproved E—sngnyrpmtgingiisanda\ayamgyndmg)wdmenygbundn@rt@@mhuQOS a formng
tenperature no greater than 14 22 February 2006 1230 C, preferably no
greater than 1222C and a delta T of at least 50 C and preferably up to
65C. The 2 | owi ng Netwithstaadingthat the nomedeabranges andftavaniriers selding fortb the ot al

wei ght per centyr@fd e Bftnéllnvmt@ﬁarééym&hétbﬁy»meTmnéﬁ%&Pvamas Jét%ln' nﬁfu%d in
the ranges bel ow, for c?eém*rerm al ?C?I asses %‘?‘P& not be added to the

batch as 5 sepRPUICSXHBISARIFPONedas Hecisehs S“?*PCﬁ‘”&Feé’°%¥9daﬁ?M'éB°“5|t is
expect ed that anbieyemtrslatk ditisgade Anburhdrickn@lue| egwever, inheiehtigcontdinsdependi ng

o e s 3e00" ARBER krbASRLARN boelifa 6 s SRk BURERAGE T, 2 cout

be present int con ddi ti ons of
K20 and/ or25Ti @Spteét“@éewngmﬁﬂwrh@ehtanges listed below. 10 In those

i nstances when the clay has high wt% of K20 e. g 0 60 W% it is

necessary to countﬁir%ct the effect of the K20 particularly, the K20

i ncreases the for M #§ RRlBHRaCicUssien at”Hé'}@FGPE”S?‘ﬁEmIt%@F@BF'%W§ réget he bat ch
mat eri al s haverd inclbéed inmies fahgel B efsmple andhdtlimiting fo ﬂha\uisf:@gsmwnguritaaper ature,
e.g. below 12 L t of t vention s ass, i s as
fol |l ows. broaa}grr%‘;aendfgz?d; é%?%‘gﬂﬁﬁ feﬁﬁtﬁs[ang {]eqru?e apgﬁr&gteé %@f to
6054 to 59%5 te@ugso MQ@S thap 9240° Sodqmihaﬁ]aﬂrmame@l@r(nme@tzetedmg

2622t 02523t 02%idvédioM, l@thefdﬂoﬁﬁgglﬁgﬁsgénlégﬁn(t% AhikHg, %Qté‘rm@g\gelglq kfte 000. 30
to 0.80 NazO (ko) up 090 OFW G 0. 70 to
2.000.80 to 1.¥H ddBereenay woight” em%ihere%te@hwfahw to 2.001.20 to 1.50
Fe23 (w9 0. 10 to 0.500.15 to 0.450.20 to 0.40 T| 02up to 2.0Up to 1. 5Up to

1.3 The range prov not Limting heln tio it
recommended t he Iebﬂﬁ%%ﬁ%grﬁﬁ%‘%gtﬁe et 'ndePtbonn%' I?)e@?ﬁt'c%ﬁ OS%HB%?aI
regul ati or’s. 2ie ingredigsts OfFBéﬂﬁm\ngﬂterr@er@ﬁ systeprase disdestdh Abe agptérearyl s of
B203 up 10 3. Sykiln iTdiRies ISRS,5 €800KS %d'wmg@aaugra?gﬁeu@mq; RbIsRAic by one

or nore of the foII at i onshi roa ferred range
w % of caO and WA ﬁ@ﬂﬁgﬂgs?wﬁ'%aymmﬂ@'aﬁfws\}w ttBOt?ﬂdF%WrtD%lry 2006
S|02/Ca02 10 to 2.80 2.20 to 2.70 SI2/RO 1.90 to 2.55 1.90 to 2.40
Si 2/ A1203 3.70 to 5.00 3.7 to 4.90 A28/ Ca0 0.45 to 0.65 0.50 to 0.60
5Si 02 + A1203 66 to 73.70 % 66 to 72.10 Mt % Si02 - RO 26.56 to 36.60 w %
26.50 to 34 wt % A1203/RO 0.40 to 0.60 0.46 to 0.56 R20 +RO+8203 28.00 to
32.00 wt % 28.00 to 31.00 wt % (Si 02 + A1203)/ (R20 +RO+B203) 2.00 to 3.00
2.00 to 2.70 10where R20 is equal to the sumof Na20 +K20. Table 1 contains
exper| ment aI sarrpl es A—E and il I ustratl ve sarrpl es F and G of gI ass
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Ti 02 up to 0.60 percent by weight; 5Na20 0.40 to 0.50 percent by weight;
K20 0.40 to 0.60 percent by weight; Na20 + K20 0.85 to 1.50 percent by
wei ght; Fe203 0.20 to 0.40 percent by weight; B203 1.25 to 1.55 percent by

wei ght; the following relationship of ingredients 26.25 t 7 9
30Si 2/ Ca®2.20 to 2.40 Si 21 RO2.00 to,2.20 Si 02/ A12033. 9@ %%b@%%&dﬁ)go

Al 203/ Ca(0. 50 to 0.60 Si02 + A120369.00to 70.50 wt % 35Si 02 - RO28.00 to
31. 00 wt % Al2084H RhattriaksGs Buibin lbatERONRERAL 8s HBahp ni3kbridl) et Myd3s foalbyg uary

2006 5 16 (Si02 + A12Q3)/ (R20 +RO+B203) 2.25 t 45 wWh 0. i |t

t he sum of ( Nazﬁ'cﬂzﬁ%ﬁ’a Oaa(?eé‘"g??t ﬁg&?ﬁ; g}“ tfz’sﬁf?@b‘gﬁ%flﬂée 'PY?”ﬁ?g\'g @n'@éag?e@liglo °

Ej of ;Zzgcban(éx A the bateh triateriabingéaiof 1621 indhe @%.grdﬁtgtthm'rthg rawp leveinPlosi t i on
efine a - ] i Si 02

AL203 10 Ca, TSt Slg b3l B0, ARl i ol ROM Gan Sgg, S

fol I owi ng r &l aBlQuits). SIORRGCYERPCAP/CROPIRD 84065 Po~ 5P B9 AdkEént by

wei ght;  12. 350f ROMERA IAE pRABEN MeHRINGAHen othdf ingRdicptsdf cOpHRIBEME DY

weight; 2.551t0, 2.8 rcent by weight: 0.55 percent. b ight: 0.45

o cont by vt BE 16 eSS Rt s alter e GRS BT o BEPE s cont by
weijgg_t 02 /g\i g& bbth@g&/as pm‘lcrgané piegentin thaplass, Ior&@amplebuﬁﬁat fisitiogtetthedy wei ght |
an I . S . _

TROMBR03 (S ozfr@éﬁ%%gfj%éaé&éé%{%ﬁ%@é tipBite) flinirid a0
2.02 to 2. 18 iptevest; §iQ 66:00R20 + R+ BeLHyharg RQ)is@g prayioplydefined@and; o 30. 65
W% 0.46 to ORbd 2Math+ Ligo 2%,89 NI les?t BlouyR 22, tHdredionshipgRBD.i+s equal to

tenperature | nAe ARG G EeBaa FovppAe SN T B £ bR ictuar 54 1o
65C. O her gl abto s cmsorsdtie amsnn widiht Ebcheaf theycobpasifitred feptugasdf Gegflassabl e 1
Kia 15,58 1 el MERLAR it Tl e PR S I
+ K20 15 glass melt and its crystallization potential, as will be discussed below in more detail.
The physical melt properties of interest in the present discussion are the forming
temperature and the liquidus temperature because embodiments of the present
invention are to provide low boron or boron free glass compositions having a low
forming temperature and a desired AT. In this manner, the glass can be processed,
20 e.g. to form glass fibers at a low temperature while reducing the possibility of
devitrification of the molten glass, e.g. in the bushing area. Without limiting the
present invention, ocne embodiment of the invention includes a glass composition
having a forming temperature of no greater than 1240°C (2264°F) and a AT of at
least 50°C (90°F).
25
In the following discussion, the mathematical relationship is to the ingredients
in the glass; however, the invention is not limited thereto and contemplates identifying
and using the relationship of the ingredients to be added to the batch, e.g. mixing the
batch prior to melting the batch to form the glass. Further, in the following discussion
30 the mathematical relationship of the ingredients will be in wt% of the ingredients in
the glass composition; however, the invention is not limited thereto and maybe the
mole% or any measurement that identifies the amount of the ingredient in the batch
materials and/or the glass composition.

35 In regards to the ingredients or constituents of the quaternary system
presented above, it is known that pure silica is the highest melting glass former. A




10 Fe203 B203 the follow ng relationships: RO SiQ2ICaO Si02/RO

S! 02/ A1203 A1203/Ca0O 15 SiO2 + A1203 26.49 to 27.00 wt% 2.37 to 2.38 2.10
to 2.14 4.15to 4.61 0.51 to 0.57 70.37 to 70.44 % Si02 - RO 30.21 to
30.85 wt % A1203/RO 0.46 to 0.52 R20 +RO+B203 28.94 to 2 ‘fg Wk % gﬁﬁgz +
A1203)/ (R20 +RO+B203) 2.41 to 2.43 20gwhere R0 is equal®4BoRIENs

Na20 +K20. The gl asses have a | 0g3 form ng tenperature in the range of

1218 to 1219C rrésma tn%uuaeémhé@weelp&erﬁé’d ﬁ1@ltmg5§c§ﬂt ’A'Pﬁstﬁ?‘@‘?#da tigl or
| abor at ory exagg%es or sanpl e di scussed bove and on Tabl es

2 to 19 to be 2 Ysasty Bféilr?ﬁﬁ’r tﬁﬁﬂ %‘9’5"‘ 'P%ﬂl(toaqcpéi p?if%é‘ﬂ?\ﬁ%é“’%@éo?mepar ed
fromcertifi edtepipersargangrauizig eoliaiics @fd fofnga glagsrRuré tltia anag"nee:alaau a) .

Exanpl es F and I Tabl

illustrative %@én%gllgég}gﬁ%%omqo &&fg’%%@ Vé':d Sﬁ&%esﬁtg ! rg" enoegflb%a Ber. The
batch size for p@ae;atthemamcevwmsltlnmmntgr rase Mpttesialsiridi moi amulfy iptatacgiass

i ngredi ents wepgaeideeisQut nath%?crgaﬁﬁieﬂﬁéiarﬁﬂ‘lt @Jeﬁ%ﬁé?ply Beﬁweﬁ'nﬁﬁﬁ.-.'g%oﬁ@m ed

gI ass j ar or p| astic contai ner seal ed cont aj] ner V\DIaS
placed in a palf YeiRaquatengFy SiI9-A:Rulac-Mgo B'HS%CQ"IHS’ﬁ'F'%ﬂ with %?04’&’02 25
mnutes to effeed 2426% OO ehdhenxideg @i qaaletnary systent donftibofes ithanig@d ch was then

placed into act%r?:%t}érl}.%@ UG tlglbgran%(l.,flnlmé"t rgb%rt re than 3/4 of its vol une.

The cruci bl e was ace urnaceand heated at 1427C (2600F) for
15 m nutes.l0The remai ning 35 batch was then added to the hot crucible and

heated at 1427C (268Q8) ohPe l%gteﬁél p?tﬂ:erﬁ@s Bﬂhgémnsﬁﬁ@ntgHftﬂ@%ﬁat&l%m}eé %H\re was
then raised to_ 1482C (2700F) an February 5

percent by wei P giass cemgpesgion | B‘Q”QJE‘FE%?R'“WEQ%W e"?ferﬁ%“f‘%ta@%&percent

by weight; 0. Wﬁlchﬁtﬂe%sp@‘mﬂayemngbb[ass Gorﬂyﬁnslhﬁnﬂttéﬂnspﬂmgnt by

i ght; ) i ght;
1530 1o 1. 50 prEa ERET D imeNen Epabtss ik vt s i ERER e 2 hour ».
The nol t en 1§ assulliaglot Rdornfing tereeralune draper If @aQ, m!tl:l'eld themeoriotlametd sanpl es
vere reheated E&n@on%ﬁﬂﬁ?%%éﬁs%oﬁh%oéﬂ&%ﬁe%g QIQEQ: Bgrcgﬁ’cl & I\géo fshidreased

tenperature for 2 hours |'ass Was th agai n I n water

and dried. 5 TWeg”P*b?ﬁPrHQOSc‘t@Hp@P&ff%FF& R (@O ¢ ﬁ&gc@l%éﬁe QIM?W@"HPE a
viscosity of 1Q&ffold.pMbmasperifialig etvall nat ekt uiﬁbaé&iﬂ‘dﬂﬁ&ﬁtfﬂﬁdh@%ﬁlﬂﬁdmeﬂmi t he

i qui dus terrpe gcrejase Itg)(l P?Eﬁ& ancmi-tt ?urmmé“;(eTpaatu\lﬁl bgt ild\gl al‘?so mcr 513% et enperature

of the conposi |ons r erm ne

conpari son 26f t:rtyetat;zada@w ofdle neswltinghyelt (¢ alincreasaritd iguidusdempperataiee) tgndt he
National |Instifute . of (ﬁggpgai(—lds and Testing (NIST). In the 10 Tables, the
majority of the repor? og 3 forming tenperatures is based on conparison
to NI ST 710A. Several of the reported log 3 formng tenperatures are

ori ?l nal I'y Pﬁsed onad\y %Eul?%?tﬁod@‘ﬂ'nt%hreﬁfﬁ%% moheh@ﬁintmr@aéneoamﬂmﬁe TI n t][tose
i nst ances e va e verte 0 C erefore
T T heeT oga PR e it SRes Gemaeiions e G DB oyt SO KRl 5 1 oA 15
Sel ect ed saspl gsidhizadiowasiia0} formiag stthedatirb avhiotoin liite fresehbmmehtiomistdetwc| ay s
used in the ba I I fl and/ or
& 508 The.wer A0Skl perdif o2B%: [Nedmulaldry it ihé Mo b 8ld.1Emotar B0C
Tabl es 1 20 19eldst}emrodees-r@uaeqm'éyvtﬁéhttmtﬁe pmsenhmsaetiorua at laast\ﬁﬁtcgtﬁasecer cent
of each consti BHﬁ{étfng&B%Qﬁd? éh n&ttredsu?fe{t)ﬁlth%ﬁ%ﬁ%%etlmnmt n n@e' ght

percent is generall ercent of 't nel ted
sanpl e, except ”?WF"‘“@B%@GB@F@H’M@ eset Eventign, th@/@il"&t'?‘tei @@rei@rablmgo mel ti ng,

e.g. borongpfl g@bten@.aalad mlef@ytrecra&a@bhmwe @B%flb%b%rmid@ téBeratesS n Of

boron, it is b ieve nt of B203 in a |ahora

sarmle 25 wi| | SBE pENg grisigAns e BRSST TueRiona ot saTRRIORaroEn of
B203 i n t he babebreaeotipoSDMWiBIGIOdnd norgeestey ¢hdnBBawttke®i®ndi ng on t he
conposition and nelting conditions. In the case of fluorine, it is

bel i eved that the weight Fercent of fluorine in a laboratory test sanple
will be about 50 pelr@eneral Mg is inglidedhia agiass fiberdermingromprsifipniercenze it n t he

bat ch conmp@si t h&dheeh h&rﬂﬁl@&'t%éaﬁﬁaﬁiﬂﬁ&f@ ;ﬂSﬁIéDBf 4 @ssmap&wos.ﬁ&h ahg
melting 30 conditions. ied ignition

055 3 5t v ( alf PasPURL . TarooR B aperat CABPE FHTRAS 51 ToPTIsHen SRR bhe
batch materials for the sanples listed on Tables 1-19 except for Exanples
Ftol, through an oversight, did not take into account the ignition |oss.
Therefore in practicing the invention, this fact should be taken into
account. Because the 4wt %error is mnimal, the recitation of the 35 wt % of
CaOrecited in the clains covering the enbodi nents of the gl ass
conpositions listed on Tables 1 - 19 does not take into account the
ignition [ oss. 19 22 February 2006 Tabl e 20 has production sanples; the
analy5|s of the |ngred|ents of the exanples on Table 20 were neasured

TN~ o - . o o - o, Y




production, the nelting and fining conditions of the commercial furnace to
be used to nelt and fine the glass has to be taken into consideration. It
is believed that glass fiber conpositions made from comercial grade
materials and nelted under conventional operating conditj H{] {3 e
simlar batch and nelt wei ght percentsgas to discussed a%‘ggb'ma 2 ﬁ%
preci se | oss depending, in part, on the furnace operating tenperature,

through- put anéimﬁelﬁrhg fhl aﬁi‘ouﬁtmbcuwdre Eaﬁsmarryamerregalaﬁqg tﬁ@amaurmunmggf bor on
and fluorine repaorted . in the table f%?S? con@ad_fie%% |0{140 expect ed
|l oss of thesel ﬁﬁ%ﬁ’%&?@%{ﬁw@?&b&é& ch@m}é! adpiRy’ 8 HC A naterial
in the glass mfpﬁ,su hasteen deteghioed taf aisutdntic ebetsa‘pqngmnaneatemha[tsmhe gl ass
conposi tions dj e S I of ot her

mat eri al s, forAIs& 8&?%9?9?3};%" ét rzgs:‘ QBWW,F%F@H%@%EEQE?g l's or
inpurities.s Fo@ut@t)tlamfer@n%maw\m hQSUP WO Rk 32&5‘ witigh dqspmsatis heralient i on,

mel ting and fipifgoaledPy rébiehcsts SO, are useful during production of the
gl ass, but their residual anounts in the glass can vary and have no
material effect on the properties of the glass product. In addition, small
anounts of the 20 apidivaiuees thdiSIOMROeatiodanve nemipulatededsy chhnging ﬂaesmoontposi tion

as tranp materi gl i rit i nhcluded in th the mai n
constituents. ‘ﬁ%‘ﬁ "giﬂ%r,ﬁe@g) ch" t?P C(lr'“'i?)q't'opth ‘ﬁai% co uﬁ’%’né %% Soe‘%c Tabl e,

t he upper 1por wittaminimirh esirl AThTA Hécsdase irhthe walde of SIOWBO;, whick di ieditative nf t he

gl ass conp05|t|on ase I dqibove.
The i ddl e pOI’%I dugt QWe%tholoftSR? e{%ﬁiofgn{ﬁge%éﬁltﬁe\ﬁ@b C?él?cgtl ﬁghl o of

t he i ngredi ent mwﬁfemgré@r@b@v@ ¢fshangss in the % efithg Sice, §§§’ giep¥el: Mn i n
the same col unswécfthema@mcw@ ahaarrnﬁdmnm%asémé crygfamm@nlpatehm bot t om

portion of the um e formng tenperature, lig erature and
delta T (excepEomgrselyepn Eicﬁa%}‘?ﬁb%ﬁhﬂ%‘ﬁ@%ﬁqwi %fe?*dh%\HPEH'S?%S tgandit Ecussed

bel ow. ) Tahie giQ:l \J\nll %IE&eQééjtﬁé'Sﬁ/étﬁlﬂzﬁbﬁ‘ﬁ&@ﬁtlal TipshouitE dppffciedahat igpaSt | t uent
of the commerci al n§05| tions shown in_the Table 20 is thelavgl ght percent

in the glass. ‘ﬁ*\'@%e‘? #ROsatjopRs 1pp jovh AT crpeEP R WresiRtR8Yeisi ng Neut ron
Transmi ssi on apmaugh RotregiirRUGH ke ﬂb}dlnﬁtlmg enoghienpmtieantsdhomysitions enei ni ng

tit t
Feferred to ooy e sty dra 4 Jhittet nifinERS op EouBRMte FSARCs Bhose
skilled in thegmater th26 22, Eehrgleatyrtﬁmﬂmﬂ' &b he greater thap 2%, a9 m@atardban but
are not |i teggg ﬁiﬂ%ﬁotﬁ%ﬁ@h&%&ﬁbooﬂhéﬁ'oﬂﬁ@ﬂwéﬁhoH fRe vEiad A Bl i cati on

Serial No. , he nanme of Frederick
T. V&l | enber gefanges fromyléts 25588 EsHpdde ? P fg boroRdreg ofpgpessand f'°t?sb%

No. 09/ 980248" ) b 4itér fedn domtiimpglaszaal Application No. PCT/US01/27451, filed
5 Septenber 5, 2001, in the nane of Frederick T. \Wllenberger for "Qd ass
Fi ber Form ng Conpositions” (hereinafter "USPCT No. 01/27451"); and in

I nternati onal  Appl incaditiomtadNbe SIBCTévVeSDa/tHel $8/ROUSHA tvofollovidsuanstetsnd
Internati 08_? 98 nggggér%gé 'tl%rbohlﬂosf ] éﬁgP{Jé’-@ré%f Qﬁ@atbﬂh@tdléésrcgﬁﬁésﬁt% to as

"USPA No. O ass conpositions are boron free.

USPA No. 09/ 980heSiedaaP rialip, the Pk fRT&? theilEoaAm0 ratig he e’ §idzt

conposi tion fOlAlzt)thé &w&re@émtﬂéeanssaoii R endithei,OF R0 $atiot a‘nbeaub@hgt extiles
and glass fiber re rce ce of the

present invent P meeﬁs %Sr‘fﬂl?eaﬁrl)' bmﬂ%satlggglg)ﬁgawogﬁ? o%%lggfc 09/ 980248
Conbi ned and Usedat mhbadﬁﬂdrﬁvwﬁmeratune:h@d@ir@lagrédlbmtsivkhmwmi ﬁh‘ZQdJIRthuents in
wei ght percgnt Rased Rado ¢

conposi ti o%svm tBﬁ 3tﬂ@érgxcept Pgnrbﬁﬁ?tﬁ%gﬁ%ﬁé Q&?L/%%ESJ} béf%agic? angepr ef err ed
range Si02 (W2 to 6252 to 61 Na20 (W% 0 to 2up to 1.5 CaO (W% 16 to
2520 to 25 A1203 (W% 8 to 1611 to 14 Fe203(wt % 0.05 to 0.80up to 0.5 K20
(W% 0 to 2Up to 1 3(W Y o bl to no, 53 to 59
up to 1 22 to 24 %ﬂ?&eﬁ/&gﬂa{gr?t@%a@weﬁalhfaolsebel esci"? g"?fﬁp%ﬁé’"%'nbod. ment
t he gl ass conpaffes ohROfonlsPékystiallizalior S@erRidBarConddi fhuidity, tE@S%QalC@IQarsBO

conposi tion.ca r

Fol | ow ng_ Sour o pitp e efelor EROBn e dytfaliof R I AEMIDSIME S0 4 10 1
ZnO (wt %9 0. 05 SiP2 lewgls zrq@pncqmt@wf(lm@wmpwwefweuwe'is Ridlepreasitinghe. 05 t o
3up to | For a conplete discussion of the glass conpositions disclosed in
USPA 25 No. 09/ 980248 Conbi ned, and di sclosed in USPCT No. 01/27451,
reference should be made thereto. 21 22 February 2006 As di scussed above
the exanples of Table 1 incorporate features of one enbodi nent of the

i nvention, a | ow boron glass conposition (see the upper portion of the
colums on Table 1) having a form ng tenperature bel ow 1240C, nore 5
preferably bel ow 1225C and a delta T of greater than 50C(see the | ower
port| on of the colums on Table 1). The exanples of Tables 1-20 include

oy o .



gl ass conpositions on Table 1 were di scussed above. Tables 2-19 incl ude,
but are not limted to exanples of glass conpositions disclosed in USPA
No. 09/ 980248 Conbi ned and/or in USPCT No. 01/27451. Additional exanples

wi thin the scope of the inventions of USPA No.09/980248 or in
USPCT No. 01/27451 15 are included hergi n. For exanple, &%@%@ggﬁ%l ete
rel ati onship, exanples 188- 236 are sel ected from USPA No. 09/ 980248

Conbi ned and evmEbfeEIOLCad wilksBrow=0 intBeak8n crostalliz2fich ﬂtﬂéntardueﬂetmct ed from
USPCT No. 01/274 , 200 I ar 2M0Ng

ot hers, pr esen?ogg']bgtlnq ac'?gncﬁ{ya aI?s%nThq_}e]O’S RO Qﬁ?r%écglg ?Q{Be as sel ected
from USPA No. oeﬂwcme a&lmﬁasem tandvffgwenpmoxza)smﬁpcdlffmnceoammlmn@@ﬁitve hose

added to the Tah &8atlYreldife brﬂ&ﬁrﬁ‘@?R@'a%Hlter%‘éh%c?éa%e lrﬂﬁéc Qtﬁlﬂiﬁbﬁ? For a
conpl ete conparison reference nmay SPA 48 Co

(0]
and/ or i n USPOOWRREl pAndxemerselygn '%"”E?é‘Ft"bﬁs’ &E"ﬁ?ﬁé‘&? ﬁrt?'@FFeB 'g?rﬁﬁcel A | on
t he sanpl es on- Rolk pgicAivedf araiuciin ic deapstsdlizebngototiai trgotemdntieiting! | ow ng

t f gl t - T -

ol hsses up o snamrtgb esiivertat BRSOTCHR A RS AhBeionTs N, 2
with |ithium osinges ffaraBlide 282 egntiom 2)3 tr@Sdor bpray-fees@iassge pahirem 8 tqi2tth
lithium and zi pe ?%BQSnt&IﬂB _F%sés‘l Iﬁgﬁotﬂeﬁ%onlmtlr@y&%o‘dﬁneﬁ éﬁﬁ@ﬁregéﬁton free

wi th zinc oxide d asses up g | ithium
oxi de (Tablles myenfign. theHiC.T d'ffe@%?s@él%e Qﬁsas&@waﬂ%%"ﬂﬁs oM 461,191 8- 9)
Tabl e 20, as pwe¥, &y Foyn m.smm%mbmﬁ&eagmdmtanamglmmm 03@922r 22
February 2006 Tabl e '_ﬁ ET?/%P eGI asses) includes glass conpositions of a
guat er nary g?rgpnc? AP A Tes Sio2 in the range of 57-60 wt% preferably
in the range of 57.25-59.50 wt % and nore preferable in the range of
57.40-59.10; Al 203 édﬁ?oﬁ@@gﬁmzéﬁ lsja%btiaérwra{ﬁeté‘hﬁét%rewlb)ésth@ the range of
12-13.50 wt % and nore prefera t he ran é 245\\%W CaOin
t he range of 230"2%“%’3’&”%@%‘?%@69“{% meie Urpéﬂﬁ °%P“A§§3 ¥elPh 168 1 Wand nore
preferabl e i n ARe, k8GR0 to BSabl®tolthrtitihatin tmtét\h@mrmatmhmhrmgenof 2-3

wt % preferabl nt an n the
ran(zgepof 2. 50- g I 31 Sg&&a %r%pc%?g%},trls %f%d\%'é?lgg@’ag?é @%Ié?{\lzl Ir"lcl ude
Ti 02 in the rievge ef. anaterdhdn Ehwikh, %4.0p witfhegiaio 9Gt|ﬂ|lv0hﬂi&e RQrﬂjé coftriputos -
1.20 wt % and "%f%rlé]eoofmeeér t@‘?ial‘od Botéﬁlﬁl 5f%r§ﬁ%n9nflelt0 TRls &!omr\lﬂh.or@ o830+ i n the

range of 0.75 ref era In the range of 75-1.00. W % and nore
preferably?n ﬁh@ar‘“ﬁﬁ'f@ 'Cﬁt'VSS’fB"Q"eS%% 'evﬂﬁﬂ%@mﬁoﬁ'tf?@ F39YEof up to
0.50 Wm % pr ef atalf §ic), uhu)ty@scm rekOthin & dowed Eeystallization padehtjal i and talygeatange  of

0.30-0.40 wm % The iO f .Tabl g. sitions
16 of Tabl'e 2V PHEOL Ak fi ey FRUE e iy B85 Azatkh BrenfPIRE”" |
pr ef er abl y i n given mahgblqﬁenlmmimglem@dm% afthe nms@fWGﬂmthﬁ@ﬁ Na@a range

of 1.05- 1.15 6! wtdar s7ifhe range
of 0.75-1.00 Wil Dﬁ%%pr?g?gﬁﬁ&?tré’?g%egﬁﬂm eﬁta}%f; il EgEaRrLE s % and

Fe203 in the r%ééoré’Pr%‘ﬁfqecﬂ'aSSB%a%f%m BF-8txfab fPrPB"OB cepRRINg LS Sor e
preferably in the range of 0.20-0.30 w% Corrp03|t|ons H and | include

TIiQ2 in th . 0-0.9. W % t 0.75
vvlt % alng m)reer SP gfe e(r)é'm'lﬁ'%f fith ‘f‘r‘é?’?ﬁ?g'[%se{gp %’y rlﬁ &e ﬁé\%geﬁsncs ?fﬁge range of
0. 75- 1. 25, pr efreftaioivided iy theeamaeimt)ef AOs0arviBeréad® ml@wam&jwmwmﬂ@ﬁ@deaiﬁl y in
the range of 0 Tgéad&n&ﬁ%( ar‘ﬂ&q\t EERS an/oF Qﬁllnle%%@” in Y é:!'F?an@of%légaH& %

preferably Yo and nor e erab he range of 30-0. 40
W% 25 A @pasyoe'sr?ﬁ@gmqu#dmfsdw@n |"r$5wwtélkﬁa§°w°tﬁr'aﬁi%f e @efnin the
above ranges mdveaéew eartreasify Aitio viige fvolitl @vlasgnipahiatibpas icemspindie des a

gl ass conposition Vi ng a.fo er.at delta T
of greater thaﬁrygfﬁ'&za éDn ten% g{oﬂ' Iﬂ%‘ta?n %OHF@?OQ‘S\%J"%%& g’é &h%l'ﬂfees tRan e RO
(CaO + MO 26 ime@&nmh%’@@ﬂﬁz@aoa@?ofm glﬂ%csmsﬂtw@a@zge&(ﬁ’ﬂm 21690, 80 to 2. 80
Si @2/ ROL. 90 t @og £l §9f&r90n%n4|@e§|a§?és’°éna%§r37f)tot@9 ﬁ:rgg'oﬂcgrﬁa[hiﬁga 00
Al 203/ Ca0.40 to 0.750.50 to 0.60°SI 02 + A120366 to 73.7 w%0.80 to 73.7
W% R20 + REp79885€88. 15 wt 27. 15 to 20 wt % (Si 02 + A1203)/(R20 + RO)2.0 to
3.02.30 to 3.00 22 February 2006 Si 2 - RO 23 A12G31RO26.5 to 36.6 wt %
30.50 to 36.60 W% 0.4 to 0.6 0.46 to 0.56 5The Type | gl ass conpositions
are not expected to have any Li 20 or K2O, therefore R20 is equal to the wt %
of Na20O. As can be appreciated, Table 2 al so provides ranges for the
ingredients and the relationships. For exanple, but not limting to the
invention, the ranges for the ingredients of the glass conpositions |isted
on Table 2 are as follows: 10Si O257.45 to 59. 05 percent by weight;
Al120312.20 to 13.40 percent by weight; CaO 23.75 to 24.35 percent by
wei ght; 5MgO 2.55 percent by weight; TiO2 1.10 percent by weight; Na2030. 90
per cent by WEI ght and FeZCBO 25 per cent by WEI ght. The range of the

I o o, . Y "



Tabl e 2 Exanple 1-6 gl ass conpositions have the foll ow ng ingredients and
ranges: 25Si O257.45 to 59. 05 percent by weight; A120312.20 to 13. 68 percent
by wei ght; CaO 23.75 to 24.50 percent by weight; OMyO 2.55 to 2. 58 percent
by weight; TiO2 0.55 to 1.10 percent by wei ght; Na2030.9 ja) ent
by wei ght, and Fe2030.25 to 0. 35 per celgt by wei ght. The %1'3%&5’%;3{ ﬁéég

mat hematical relationship of the ingredients from Table 2 for the glass

éormosi ti ?ES O}‘ Exaﬂi)hﬁﬁtio_'h?_d@bé‘\%ﬂoth& rh@HEHatREl @agdrﬁhﬁaoungeazgm¥;@eglas§5
asses. e gl ass conpositionps e - ave orm ng _
t enper at ur e iHOW%'tngfé'&e@Q?g%&agggéﬁi'aﬁﬂRg e, Fnd tﬁﬁéé]'géﬁge of 58 to
74C. 24 22 FebAu@p}R20GRE R D@ratiolaly e @evploped Webanaaietjzsa fiven mble IBExanpl es
Hand I. Mre i cul.ar | ] 0 1. 8l

conposi 1 ons. hrsnflfiPiahodkleAls KBk RAEBH o Fudl it e AORR0 1150
CaO MO TP ratigdthe glgss 2ompestiopgangss SemOE 19k & Jaangienfenifting 13, 55 to

13. 68 percent Bypd@inght of thestedeht heerdifn, Ak Rl e AYOIVED edlib of thé ghlest 0 2. 58
percent by wei

B 0. 35" por crrhasRER e rorvis BB P SRl s blorbe e Folon ps

of the ingredi &nm.46 tord.5Babi koréh eonéairrsg gléssies.olnsstill AHRD nRIRGHRS to 27. 05 wt %

Si 2/ CaQ2. 35 t j . , ' . Cad,. 55 to

5 55 S 05 o A SEBodmen @%@%{%W@t@?'gg& R B PR, SY gD TRE

Al 203/ ROD. 50 t 8:@) FatioRp the.giass rorpaositipnzangss figfnad Q 19i 3 e.0. Ken@l o3 br +RO) 2. 55

Eo 2. 64t The glzgs@nqg%%ééé Qﬂﬁioafl%ﬁms 4 kﬁfgg@aﬁt%hnbgﬁsg. Eag%ea{fcgﬁgyng »
enperat ure in roaiigg Fi QC an %‘& ok 20! (g es 3-

(Type 2 d asseZ§ hpdhia Y& 28 Tog gt digesigt Oy N AL AR 910 80LFEm t hat

i ncl udes Si 02 i($i0: hALCaWGROof ROG-EHM:el4. preferably in the range of

52.25-59.00 wt % and nore preferable in the range of 52.90-58.00 wt% A1203

in the 30 range of 10-14 wt% preferably in the range of 11-14 wt % and nore

preferably Bn the Fhmgiscussion milLnpy ke direcled to additivesstodizmbpichymatgralpts slfevy

preferable in wheohaRgRnileratdd, thElidRiua GenictaraRniticeddhs of @sphdvibusly t he

e S 22,2 e el ovec R 5 et 1 FApBRTR B A5 o

The conposi ti ofismiy tdrapéremre3ariiithe tnplidud éenBB20Guien Howeds, smdisnussadicaien t he

range of great ; t . 9 . - 90

conpositions o efé‘g%gorg?ff%r%qo:x@ ﬁ\é\%s@%ﬁttgen%@g?%oﬂsgoﬁ H}them%gﬁqgséh%f

0. 25- 1. 25 0y depgnding anidbe partieylate levelamaehaye tobe rmoyved flonyomeling Thipaee | i kel v

in the range olbyRu@bstreatPoctére Bing Fdidéad )ht&ﬂ@@n%ﬁogfmoeﬁlammughhl% smogeodf

the range. of  0CK3: GRS TN 10 pBaR EOIFS SSTBEMIR: e BPGRUve sy “and |
Fe2G3 in the ramggassfcomposition 33 notibironor eflev bdably carperit d.e- BasddbBya;Hostant inor e

preferably up 40 % ro i S | i ass

conposi tions o?ﬁ%%?%eo?f\é&stéfi@fm%’utlh %@% Pﬁnﬁn'ﬂ[t@%lb'ﬁﬁéﬁ@?%s gﬂg&? %ﬁ%&ﬁ ne in

amounts up 2o Hveotion Yie oissefiber compesitinndag po gesater Iemg wWifm Atnaeredsr than dnount s

up to 0.15 W %o & SFeRONRASE W0 B,OAVh BEothd!FORIMITIY smitidinfebbfe 3- 11

wi thin the above ranges a[r}?? a}t | east .one of tﬂe foll o [']‘8 rel &tl\%lshl ps
provi des a gl aPEEsEBHPERR. Hif IBs1PR0PAYIIAD 13 BOrRTiGe PEFsEMAMPAOBEPBV L 240C

and a delta T die igme&dseentialhafnedd Blised her2D, Relghss omspusiiBn dagk RangeBe efier r ed
Range RO (CaO + %R4 W00 ST t

2802, 15 10 2, Joers P EieialledtnEigpt ol e RS e adol s

5.003. 70 t 304, Ye magtps pCHenNvestianoa glagsrvIs Upde 0.053v1%; BePs is cangidsgesat o 73. 7

W66 to 72. 1 Wo¥nRR@dlasBO + B20327.5 to 34 wt9%®28 to 33 % (Si2 +

Al2G8) | (R2O + RO + 82(2?3)2.00 to 3.002.00 to 2.70 Si2 - RX6.5 to 36.6

WM%6.5 to 34 wt % A12031R(O0. 40 to 0.600.46 to 0.56
Further, as previously discussed, fluorine is a material added to glass fiber

compaositions as a flux, however, because of the environmental concerns it is
35  preferred not to include fluorine. Nevertheless because equipment is available to
remove the fluorine from the exhaust gases, the invention may be practiced using

fluorine, In one nonlimiting embodiment of the present invention, the glass



Type 2 gl asses of Tables 3-11 do not consider U20 as an ingredient; 25
t%gref o?e for Tables 3-11, R20 is equal to the sumof the w % of K20 and
Na20O. If one of the ingredients is not present in the glass it is given a

O % For the glasses listed on each of the Tables 3,4 0
only the addition of Na20 is considergd;, therefore for t#e’z‘a%é@g\ég éﬁ t he

I ndi vidual Tables 3,4,6,7, 10 and 11, R20 is equal to the wt% of Na2Q For
t he gl asses | i spmgosifienttze IdWﬂOﬁh@Iuaﬂentdrbbtesr\Eoras,amdm&& &nteveddyrandr K20 are

onsi dered; th f r = %Fm |.ndi Tabl.es. 5,8 and 9,
(I:QZOS| S equal tg{@hﬁjmomtahﬁt @ %grﬂ %Jﬂ%h %g C°£}P°B'§°%ﬁprec, at ed,
each of the TaBP¥d '§¥f'i'°‘ffﬂecﬂﬂed% 'tr"aﬁwégnw pore tharea tragg @rdewnt o&fluarink, whieh
rel ati onshi ps. lsl-'@hsrﬁmmbﬁlrﬁatﬁeﬂﬁﬂo b. Dﬁwgfiﬁn&fsth@fag&ﬁ‘er nﬂi{lﬁlggr‘égpﬁ%q;ﬁgn%ﬁb{ ﬁz
3-11 provide glas e follow
foll O\FI)VI ng rgnge% aaz‘% ici”é% e@%ﬂ“‘i\/ﬁ‘@ ’F‘FG%EW helgstheniso  Fe2083
B203 F SrO Cimdicated3the @lassfi lsei‘fci&iqg@nmeumtldmy diseloghtt and dlstu@dedtherelflarger cent

[ ;22 : | : 20 to 3.00 percent by
\%i \é\ﬁlt ?ht 0. 50 1? géi‘?'%g'g%’?’?ef%t%r@’a&%%ﬂﬁﬁwgFaﬂ%ﬂ‘?”é'ﬁ%. 90 percent by weight; O

to 0.38 percent by weight; O to 0.30 percent by weight; 1.30 to 5.02

per cent by wei ght Aﬂhlﬁdhaﬂnﬁgnﬂﬂh@?&tn Hé)édﬂ@d ﬁhﬁe lestf%epchnéJ#ﬁéﬁ%E hgmat i cal

ht , an 13 perce b 22 Februar
\rNg: gt i onsh| B of” h H&@@&‘?Péﬁﬁ ‘:IY%' to F?S’H‘EF fopming tpmpersd: r?ﬁ“@’ﬁ"e“q“'ﬂss col urm
entitled " Typefez’lp@‘dtsrs@éme glesb inglue pitiooit ﬁiﬁmng;tha@&ssedsm@ﬁttohg)a@clbwdl ng

i ngredi ents | nhéljﬁﬁ 5@'[.' Q%b g@éng%%yrggagd?or?i\s?n@ ﬁap%méieﬁ are nteﬁeﬁgs 50 to

ercent by wei ercen
84 25 pergent %ﬂﬂéﬁ‘?{ﬁﬂnﬂ ferl‘yb*eeﬁe@@qraellzprgaerm Man blyalqul@hsfound'lroz 0. 50

tol.10 per cent Ieths up tohso wt%\lﬁ%arr?qeg&aIWy@ﬁﬁﬁ |5%2N&?Hgﬁ|wadd5§§§§ sGhAePEr CENt
at horat 1 c48 s meRARR G R AR S AR TbineuHiertis 898 ruaigndmavds on
Table 3 from Teniﬁed a8 agheparate riatbliabvis theRactite BEhé Dvétior aikuk SRideSiLpRé Eal 2. 31

28 @/ CaO 0.56 t
B 055 ZSMOZSI_FC/Z;%\E%I) g?pé%g%%ﬁ} 1%2@@@:&@@@?@%@?@3 %@F&Befg]b%gm}egt %t%%lav . ©

Al 208/ RO 0. 50 fdheinstancepwhese Ko js pipspnbip ¢e: shpotheRifeR06 isABLally niadedph. 165 Wt %

tbﬂ@B?eQ@ t of Tabl e
éshgie*a’*%?,;?gm* o nior SHOOmérebe 19lcRatns PERRRpiorRe D AT

is in the fang 'T 8 a] {W"l d*l"?fﬂf?,“ﬁe EfPﬁ?ﬂtd‘égf“@Fa“ng@éiiTpom tions
havi ng | ngr edi @mposition inbladésdb foond wigs Lic@uag@sr 0 i 108 wish NAD2ENr B 1o Fas MO

Ti 02 Na20 Fe@gﬁ?’ ﬁgﬁélkgﬁog&% ihﬁ)reg" Zntz: %stpa‘ﬁr gr%gltoyebcylo\{'\eeciugg h‘ie méllg prggedtieos 13.20

percent by wei
are Zno, TiOz, MnO and/or MnO, in amounts of about 0 to 1.5 wt% Zn0, 0to 1.5

wt% TiOs, 0 to 3 wt% MnO and/or O to 3 wt% MnO,. Itis believed that levels of these
25  materials less than 0.05 wt% would be considered either tramp amounts or so low
that they will not materially impact the glass melt properties. As a result, in another
non-limiting embodiment, 0.05 to 1.5 wt% Li,Q and/or 0.05 to 1.0 wi% NazO and/or
0.05 to 1.0 wt% K,O and/or 0.05 to 1.5 wi% ZnO and/or 0.05 to 1.5 wi% TiO, and/or
0.05 to 3 wt% MnO and/or 0.05 to 3 wt% MnO, are included in the glass compaosition.
30 Instill another nonlimiting embodiment of the invention, the glass composition
includes 0.2 to 1 wi% Li,O and/or 0.30 to 1.0 wit% Na;O and/or 0.30 to 1.0 wi% KO

and/or 0.2 to 1 wi% ZnO and/or 0.05 to 1.1 wt% TiQ, and/or up to 1 wit% MnO and/or
up to 1 wt% MnQ,.

35 As mentioned above, the ratio (Si0, + ALO;)/(R20 + RO + B.0,) takes into
account the wi% of the additions of B,O;, Na,O, K,0O and Li;O that is (are) measured
in the glass or batch materials regardless of the amount. Tramp amounts of these




23.75 to 24.25 percent by weight; 2.55 percent by weight; 1.10 percent by
wei ght; 0.90 percent by weight; 0.25 percent by weight, and 1.30 to 1.40
percent by weight. The ranges for the nmathematical relationships of the

i ngredients for the glass conpositions of Table 4 from 4 _ar

fol l ows: RO26.30 to 26.80 wt % 20Si (2/ GgO2. 32 to 2.43 Si 052%%%%%0@520

Si G2/ Al 2CB4. 26 to 4.73 AL1203/CadD.51 to 0.56 Si02 + A120369.45 to 69.95 wt %
25Si 02 - RO29. dhatekifls dlthd Yiadt WnddrdhRrD 1A% ds8d & aferRifR thERINR2OBRS agg. 1 O

29.00 wt% (SIiO2 + Al 20 (R20 + B203) 2, 39 to 2.45. 30The gl ass
corrpositi%ns of 2412 Oi}r}?aQ%'t’anﬁRg}&O?'ﬁ"’ﬁ@ﬂ%otaé‘ﬁﬁépﬁﬁpﬁt qu?“?‘WQd f4PRye of
11‘200 Lf) 1§1ﬁC piederd if¥heiglast bﬂdlﬁmatDbv515€otmrr7@@sed'fwtrgt '@ﬁgmdiéﬁn‘posgtSisogg
of Tabl e av . i ' i ' ol owi.ng. S, i
5. 10 0 56, 00 e ung b8 BR LG Db i iling B i BREEe Z0 0L 0
CaO 24.50 tH 2Mafy Ko@rpd hi-Oleye preberhand Rghiondsthe tatip (99 sALMR20)+ RBi ght ;
28 5 T102 Na20g,84 Gecdifed{8i0,BoKD.HR ISP ROV Ynor@ QP théiyrédHies,0,0Rald e

mat hemati cal relationshi ps, of the 1ngredients of the S i tions of
Tablo 5 f rom TEP endliph aferstarmines fn.be piesert tomrafio bespmes (10 ALSHRER /A0
2.25 to 2.28 {HeRimOnRethetratiod S + AHCRRRT-ORO4A: BLD,} ie rekité®in aA41A63F CaO 0. 53
to 0.56 SIiO2 + .68.7 . 0 . - 2 W%
208, RO 0. 48 T8 TaSitn ot bBdindfe dhidf it Ehop ek °9P%”%%§ﬁ%15@3ﬁ5‘%3)/ (R20
+RO+B2(03) 20 31ratip epergthotgieit igldategmiperhiodsi arésentin @fglapaispersd bisthe claint.o®

form ng tenper Bﬁeﬁécﬁnsd AisdRBion RAppMABR t&the bkl niatheididdbradtdnshif] elgnnithe range
of 53 to79C. Table provi des %fass conpositions having ingredients in the

fol lowing rangdimitgthgsetgsR OAP#83 ca0 MyO T102 Na20 Fe208 B203
1.10 percent by weight; 0.45 percent by weight; 0.45 to 0.58 percent by

weight; 0.25 to O. e ' ber I ght. 56.15
to 57.60 percent byl?’\%‘/e@g{#e %i%yaé%ﬁbgmifsgg&ﬁgr gg%tm%%fgﬁ/en{cgﬁ%{omé4 40 to
24. 95 percéht pyidegthgfiare preser8Bs ramp aaterisls sneh ghBaO.ZrOs SPrapd fir-Chywhieh ght ;

0.90 percent by Wl 8lipreddnin shdubts 3BuPR R, by wei ght, and 1.30 percent
by wei ght. The ranges for the mathematical relationships of the ingredients

of the glass conpositions of Table 6 from Table 6 are as foll ows: RO 26.95
to 27.50 wt % Si O2/ &afBe? itZhotlilo b2 apfrecifie@taRbe 3284 chripcditibds 2iSclGicdMersl? O3

Al 2G8/ CaO Si Ozcé"n éﬁ%ozigéluée §|%g?én|$c§antspt‘nlf%%4 ﬁgeﬁﬁgg‘or"—&%’é%%elting and refining

20  aids, tramp materials or impurities. For example and without limiting the present
invention, meling and fining aids, such as FeO, Fe;0; and SO;, are useful during
production of the glass, but their residual amounts in the glass can vary and typically
have minimal, if any, material effect on the properties of the glass product. In
addition, small amounts of the additives discussed above can enter-ths glass

25  composition as tramp materials or impurities included in the raw materials of the main
constituents, e.g. 0 to 0.5 wt% for SO; FeO and Fe;0;.

Shown in Table 1 are several examples of glass compositions of an

embodiment of the invention, which relates to the use of clay having high K.O and

30 low TiO; levels in glass batch materials and to glass compositions having high levels
K»0 and low levels of TiQ, K,O and TiQ; can be added to the batch materials but
are not economically removed from the clays used as batch material. As can be
appreciated by those skilled in the art of glass melting and as discussed above, high
K0 levels, e.g. up to 0.70wi% in the glass raises the forming temperature by as

35  much as about 7 to 10 °C in relation to a glass made from clay that introduces
0.10wt% K,O. One embodiment of the present invention relates to an improved E-
type glass having low weight percent B,Q,, a forming temperature no greater than



22 February 2006 4.01 to 4.66 0.54 to 0.57 69.50 to 69.99 wt% 28.65 to
30.65 wt% 0.46 to 0.51 29.15t0 29.70 wt% 2.34 to 2.40. (S + AI2X)/
(R20 +RO+B203) 10 The gl ass conpositions of Table 6 have a log formng
tenperature in the range of 1211 to 1220C and a AT is i n 52
to 66C. Table 7 provides gl ass conposiyi ons having ingr e%ztee?e%ruaﬂg?%@
follow ng ranges: Si2 55.25 to 56.15 percent by weight; 15A1203 13.05 to
13. 30 percent h3zobei pleferaklinkd gidatdPthan 122°CRAn@ardernT obat leset SRC aAgO 2. 55

percent by wei nt b 9 ercent

by e oht! Feoligiee bR ieters, e bydred e T ha RbpthAnlsin wR BRedd W E

The ranges fortmamemhtmmwaﬂlmaéblass composiisn. gihe th@ and giCadstedinghef t he

gl ass_conposi tf'a(Plgés QJIOJ%tPlcgm%leHaggggégln?ay ormagnaﬁbééﬂdb@v@me Bira> 10 26 75
w % 25Si 2/ CaQ2 Al12034 15 to 4.30

Al 208/ Ca00. 55 Bepafriginargdignt. If thg K Shand b2 3rg ngirdsdigd. i issxmesiedghat theypieulds ¢ o

30. 60) )Nt C(Vo A12C8é B@elﬁﬁh the cly Irilvardfy Wit oséepnading oﬂﬁwetgéo&QpIGiEal\Mc%c(ngdlf% +h

A12C3 R20 + S Table 7 have a

|l og3 formng t @@i&%%rg @ﬁé@@jm)%’g‘leﬁéf%ggq él%”z%%dn n8°a AT is in

t he range of 6aorttemlgate)$ sqearae ageitnng af K-QauorTidd te bs withiouhelwpges lstes!

conposi tions hgyhpg ingredients in the follow ng ranges: SiO2 Al2G83 5 10

Ca0O MO Ti2 Na20 K20 Fe2@ B2 F SrO 54.12 to 55.25 percent by

wei ght; 13%°20 to 13.40 percent by weight; 24.20 to 24.55 percent by

wei ght; 2.55 per CERtthdyy ivdtar@hs whéh the cRg ha€ehigh Wits veKghk.g. 0.6 w% ot 8. 50

percent by wei 0,45 t ere ht 0.28 ercent
by werght: 3. Goreperdis Renfraps e fed GE R MRl e I BrBSedngCl,
to 0.12 per centhequrrmm tghperallBe; Theeeforen the dngredientsis theabaiemmatedals haveltabe onshi ps
of the ingredi %Eﬁe@éo éé"fao rﬂéxﬁ%ﬁal&ﬁfﬂ?ﬂﬁgﬁérﬁﬁé?atgﬁe ngﬂ)e@ov@ﬁzfo"@ 1h3pte 8 are
as follows: 20 25 % 0 2.2 SIQ2/ROL. 96 t
2.07 Si Q/ A?chﬂl!b%mE'af %tf@sn‘mm@@y'aﬁaﬁﬁf@w@ Si 2 + A120367.55 to
68.55 Wt % Si 02 - ROR6.57 to 28.30 wt % A1203/ RM. 49 to 0.50 R20

+RO+B20330. 65 to 31.40 % (SIi 2 + A12Q3)/ R20 +RO+8203 2.14 tO 2.22 The
gl ass conpositions of Table 8 hdieadyangg, gﬁﬁﬁ—@—?—'@ﬁp he range
of 1190 to 1204C and a AT is in the range of 55 to 83C. 30%6 9 provides
gl ass conposi ti onSi0atMPialg | ngrE&dPEAts in t A PSPl owi ng 58 frfRfes: 35 Si 2
53.00 to 53.50 pealganivihy wei ghio;16 A1203 131116 180 14. 001persent by wei ght;

CaO 24.00 percentcm(m)ght; MyQobg25t 2. 50ergeBt by webghids

MaC{wt%) 1t0 5 1to 4 2103

K20 (wt%) up to 1.00 0.30 t0 1.00 0.30to C.80
Na0 (wt%) up to 1.00 0.30 t0 1.00 0.301c C.90
KO+Na0(wt%) 0.70 10 2.00 0.80tc 1.5 0.9010 1.20
B,O; (wt%) 1.00 to 3.50 1.10 10 2.00 1.20to 1.50
Fe, 05 (wi%) 0.10 t0 0.50 0.15t0 0.45 0.20 to 0.40
TiO: upto 2.0 Upto 15 Upto 1.3

The range provided for BoO; is nof limiting to the invention, and it is
recommended the level of boron be adjusted to meet local environmental regulations.

20  As such, the invention may be practiced having levels of B,O; up o 3.5wt%.

The glasses of the invention are further defined by one or more of the
following relationships:

preferred range
26 to 27.70 wt%

25 broad range
wt% of CaO and MgQ ("RO") 26 to 28 wt%




Ti 2 0.50 percent by weight; Na20 0.90 percent by weight; 31 5 K20 0. 37
percent by weight; Fe203 0.10 percent by weight; B203 4.93 to 5.02 percent
by weight; F 0.50 percent by weight; SrO 0.13 percent by weight, and

Cr203 0.13 percent by weight. 22 February 2006 The range r, the

mat hemati cal rel ationships of the ingrgdients of the gl a?szfp%)lﬁrb’@y 2P8Rs of
Table 9 from Table 9 are as follows: RO 25.50 to 26.50 wt % Si O2/ CaO 2.21 to
2.23 Si 2/ RO 2.00 t 8RO Si 2/ Al 23 3. 82 t211mt0058010 Al12032Ca2.0055 to 0.58
5Si 2 + A1203 66. 10gjfy- 50 wt % Si 02 - 28. 00 9 03/ RO 0. 49
to 0.55 R20 +RO+BZO§_ 31@0 to 32.79 wm % (Si ﬁgogozA§§03 t{S)é%ﬁBZOS) 2.02
to 2.13 20The gl assSEuMS%i ti ons of Tabl e 9B-Fated.ep | og3 f@)ﬁ’rﬁ'ﬁQUterrperature

in the range of 116ALbgcad77 and a AT is inghhe aenge of BEoifn.69C Table
10 provides glass C osj,tlons having ingredje in the follg ranges:
25Si (255. 40°t 0 57. 7%@& Fa by wei ght: Al *°r1]’§:s790‘“( % 135%@76&&"%:4‘1 by

wei ght; CaO 22.25 t 8ik4-BG percent by wei ghtg 5e\MgC6Z008%t 022560 Jaastent by

wei ght; TiQ20.50 to ELO]i percent by wei ght; 0.90 pgye y wei ght;
Fe2(030. 25 percent b Rot and B2031. 00 t%)?@ 0 percent b iadF'di%kg)ht The

ranges for the mat héﬁf@t‘ﬁ B:Pel at i onshi ps O?BQ%"Q3?@§N§‘H| eA.80 9f31tUPevtld ass

W% 5 0D Cac. 23t o' obe SILIED ROBOH e ro > B oy 2 %
0

S102/ A 203 .04 to wﬁ%@%ﬁ%ﬁr?&ﬁﬁeswo fgj’g@gs 2 + A1203 69.00 to 70.95

W% SI02 - RO 28.05 to 32.55 wt % Al12031RO 0.46 to 0.53 R20 +RO+B203 28. 15

to 30.25 W% (Si 2+A1?%§Q :
conpositions of Table 10 %m%ns %{B&ﬁ%gﬁ;g s%péés‘ﬁoe %ﬂo?rgus;[%ﬁ\{e%aﬁﬁ%e range of
1202 to 1240C &Rd CpfalpsE somppsitinas maq'reeraturg fseureeo e mvertipg. Thergsges for

c?mrrpgsm ?ns Irrﬁ@@hs%mﬁaglrﬁsm&eaedrbnerek@taéﬂﬁmmuﬁq%a mdxenue RiResqbr t he
e odal nen

t f 1202 t
a0 C It BholiPes EPaHie R tERa” T8 Ira Kk emphs Ak aﬁag%ﬁf‘ .91 vas 34
C it i s 15 bdloreparticdviyt Tatite $ piosides the &dluwing glass campdsitiens. iAqglasdus

t enperature be of Exanple 90 has simlar
i ngredi ents, %ﬁﬂdé\gsrtrolﬂ%a%gﬁ% f°m@?§qr%dr'§ﬂand a delta T of 100 C

Therefore the delta T ofS@(arrpI e 91 i s5%eMisi Baregnt by wldhibout  90C. The

preferred glass conpositigns from Tabl e d®teatasotdansst dyhadigir ovi de the
form ng ten‘gerature rang&‘%ZOZ to 1219C %gd a delta T greater than 5C, nore
1% 9

20 particul<drly Exanpl es 1. 25 3% dtopdS0qemreat owgidYi ti ons of
Exanpl es 78 - 91 of Tablig@0 from Tabl 2506 haweercdriney weighowi ng i ngredi ents

in the follow ng ranges:§ 02 55.40 to L Dywei ght; A1203
13.05 to 13. 80 percent ei ght ; Ou%@(ﬁ@;% egg&g\g efcent by wei ght
MyO 2.50 to 2. 52 percentkl/@z(]) wgr ght W@t@%pﬁr@emblwglpbtr cent %y vvergght
Na20 0.90 percent by weighi, Fe203 0. 2@4@%@W§er&htwwgﬂﬁt’ and B203 2.00

to 3.00 percent by wei gQN Th anges for.the mathepati cal rel ationships of
the ingredi®ents of the ghaSs" E{Ci) osrt?gﬂ? b0 eStcaRbPRWeight . 91 of Table 10
from Tabl e 10 are as folFa®s: RO 25. 550.20taA¥4BBerudritioy Seightt CaO 2. 23 to 2. 44
Si2/RO 2.03 to 2.20 33 BS_lo_log)Zl Al 203 Al 29% {88.955 percent by weight;

the following relationship of ingredients

RO 26.25 to 27.60 wt%
30 Si0,/Ca0 2.2010 2.40

Si0Y RO 2.00t02.20

SiO/Al O3 3.95t04.70

ALGC,/Ca0 0.50 i0 0.60

SiO; + AlLO; 69.00to 70.50 wi%
35 Si0, - RO 28.00 to 31.00 wt%

ALO:/RO 0.45 to 0.55

R20 +RO+B,0; 28.90 to 30.00 wt%



Sf02 + Al203 5 10 15 20 Si2-RO A1203/ RO R20 +R0O+B20G3 (Si 02 + A1203)/
(R20 +RO+B203) 22 February 2006 4.06 to 4.34 0.54 to 0.57 68.95 to 69.95
W% 28.05 to 30.60 wt% 0.49 to 0.53 28.95 to 30.25 m% 2.28 to 2.41 The
gl ass conposition of Exanples 78 -91 have a | og3 form ng %eﬁaﬁql in
t he range of 1202 to 1219C and a , &T iE in the range of to %&Ugﬁq%e

I

gl ass conpositions of Table 11 from Ta1 e 11 have the foll ow ng

ingredients in the foll Q¥iNg ANYes20 Sh@ZB,hdgq.ZOS Cafps Miys Ti 02 Na20
Fe203 B203 56.10 to 57.75 ent b i ght; ) t.o 13.38 percent by
weight: 23.75 to 24 42 BrLERD Rl sl o 20 KP0us oo et - 0. %
tol .10 percent by weingbfature B.tRrapgs 61240 iy 1286¢@ bitd ADis2btheesend 5Dy wei ght ;
and 1.30 to 1.40 pésro‘gent by wei ght. The ranges for the mathemati cal

relationships of th ngredients of the glass conpositions of Table 11
fromTable 41 are as follows: 25 RO SiQ2/CaO Si 2/ RO Si @2/ Al 203

(R20 +ROB203) 26, BN Slgss impenlioh aged s Samea E T3 sy o (07
0.51 to 0.54 6®lagngpgesient wt % 29.13 to 31.45 w% 0.46 to 0.50 28.60 to

29.17 wt% 2.38 to 2.44 §§, The gl ass Qf,g{mgistyjsgr{bgmgﬁt bga@@ht;ll have a | og3
formng tenperature in trre range of 1122}:%t0 JQ% 8C a_A‘I'_ in the range of
63C to 65C. 34 22 Februdt'§?22006 Tabl es Qg4 peepYhY WPiRtasses) i ncl ude
gl ass conpasitions of a Cafuaternary syst4nbot2h80 percehiuyeeidhit,02 in t he range
of 55-62 wt% preferably,ih the rang Q Lore preferably in
the range of 57.5-61 wtg}oﬂé(glzw in th?'g}oﬁ%f&é%{wgtgmq% preferably in
the range of 11-14 wt % akidz nore pref er@b? perpent brweightinge of 11.75 -13. 75
w% CaO in the range ofNzB-26 W% preispabd by Welghe range of

21. 50- 25. 00wt % and nore IPref erable in 6h§ rq%[;q%e of gl. 7'5H'24' 50 wt% and MO
in the range of 1-4 wt %"Freferably i nOfh? FIRRFLCHE HWIES 50 Wt 9% and nore
preferablyisn the range N0k 160 3. 25 .90 toThes meocgmbby weights of Tabl es 12 and
13 are to boron free. The~conpositio T 4 3 contenplate a
Ti®2 in the range of 0.'%%91. 75 Wt % %?%IOIQ'%‘}’@%“%@*ﬁgfgrr]%nge of 0.40 -
1.60 wt % and nost |ikel yBsRere pref er abBYto 150 pricenhhyweight, ands5- 1. 55 wt %
Na20 in ?m)ug]ts up e rélloding\Widtonsp£f erably in anounts up to 0. 7g wt % and f
nore preferably in anounts up to 0.65 w% L120 in ts in e range o
0.10 to 1.25 wt % pref er%‘BIy in the range of 15 0. Zogggy[%%oéevﬁ’% and nore
preferablyn the range $6,/0a80 to 1.00 wt% and Fe2B25it:n2.28 he range of up
to 0.50 wt% preferably B./ke 0. 45 wt % and nore prefglbglm%wp to 0.30 wt%
A gl ass conposition having-ingredients of Tables 12 and 13 within the above
20 ranges and at |east oFi€/8kOihe fol |l owi ng rel ati on48P54.p% ovi des a gl ass
conposi tion having a forgidgdeenperature bel ow 1240Cghes @sslel ta T of
greater than 50C. 25 30 SFiice)LgtAltzggshl pBroad RangePr ef eéé.%jto%\gr}%em%

25 Si0; - RO 28.04 to 30.65 wt%
AlLLOJ/RO 0.46 to 0.51
R20 +R0O+B;0; 29.15 to 29.89 wt%
(8i02 + Al203)/ (R20 +RO+B203) 2.3110 2.40
where R20 is equal to the sum of Na,O + K;O. The glass compaosition
30 has a log3 forming temperature in the range of 1166 to'1164°C and AT is in
the range of 54 to 65°C.

Other glass compositions identified by Examples F and G of Table 1
have the following ingredients
35 SiO, 56.70 to 57.85 percent by weight;
ALO, 12.55 to 13.87 percent by weight;



RO (CaO + MjO) 23.50 to 27.50 wt9%®23.75 to 27.00 wm % Si 02/ Ca®2.10 to
2.802.30 to 2.80 Si®2/ ROL.90 to 2.552.10 to 2.55 Si 2/ Al 2033.70 to
5.004.20 to 5.00 Al 203/ Ca00.45 to 0.650.45 to 0.60 Si 02 +Al 20366 to 73.7
Wwo%0.8 to 73.7 % R20 + RO24.75 to 28 w95 to 27.75 w2 ' +
Al 203)/ (R20 + RO 2.00 to 3.002.30 to 3500 Si02 - ROR6.5 t#é%érg%\%g/g%GSO to
36.6 wt % Al 203/ R0C0.40 to 0.600.46 to 0.53 35 The Type 3 d asses do not
consi der the addition ofCakR0; therefor2s.§7do 23yppeent@yaight R20 i s equal to
the sum of the w % of N:M#)and Li 20. .ssﬁo%zyerfeﬂpﬁjﬁéié{htm% As can be

3 | '

appreci ated, each of the Tables 12 and 13 proVides rangées for the

i ngredi ents and the rel dPonships. Mr&0diedIowreant By weight. gl ass

conposi tions of Tables Naend 13 fromlaplasssbherrat thvdighte the fol | ow ng
ingredients in the foll gm.ng ranges: S 7.65 to 60. 75 percent by weight;
A1203 12.00° to 13. 64 pe nt by wei ghﬂ'ggtei’(?ﬁr?e&tﬁyﬂ?ﬂg@' percent by

wei ght; MO 1.70 to 3. MB:QerioOnt by vk8llett.03 percdt By Be&ghtol . 50 percent by

wei ght; Na20 0.30 to O. ercent by { i0 pdréetPpPwaiGnt © 1. 00 percent by
wei ght, and Fe203 up toF%gC.)JBS per cent %?d%gi'mh?. e'?l:'gespurvagh es for the

mat hemati cal rel ati onshifs920f the i ngrb%q ’é’n&-% RsFreanbgy Weighisandi 5 conposi ti ons
of Tables 12 and 13néfdbwihgmigendnlpsand 13 are on Table 21 under the col um

entitled "Type 3 d asses’. The gl ass conpositions of T 2 and 13 have
a |l og3 forning terrperatfﬁ% in the range of 1205 to 1%64‘8% ezzngé’ a@%T in the

range of 50 to 100C. 2@GiTHea@l ass conpositions of TaBT®2A38from Table 12
have the following i nglréqgi §6ts in the follow ng rangesie ;§i1£2 A1203 25 CaO
MJO Ti 02 Na20 Li20 e 6 58.25 to 59. 97 percent by vvelg t; 12.19 to
13. 64 percent by wei ght ;SIOgA:@4 to 23.65 percent by $er¥t6! 2.50 to 3.12
percent by weight; 0.5Q0occp0 percent by wei ght; op1t00.6730 percent by

wei ght; 0.90 to 0.91 perégn%ﬁgés wei ght, and 0.20 to@‘ﬁ?;g’ @s&c‘ﬁgt by
2 p the’

wei ght. 30 5 The ranges f frat hemati cal rel ation

i ngredi ents of the gl assSi@pAPAsi tions of Table 12 ar@0.2btof#L850m8% RO24. 94
to 26.20 wt % Si 2/ Ca2. B%%d%@. 72 35Si 2/ RQ2. 23 to 254Pisp 82/ A12034.31 to
4.92 36 5 22 February 2 208/ Ca0 0.55 to 0.59 Si2 + A1203 71.55 to
73.03 wt% Si02 - RO 32.R20tBO%&®1 wt % Al 203/ RO 0. 289 b ¥ IMpo +RO

25.84 to 27.10 wt % (Si Q8jo; +AZFXR2ORRO+BRE) 2. 64 tp4Zto/D4The gl ass

conpositions of Table 12 have a 3 formng t rature n the . range of
1211 C and?f o 1218C?’h%{‘ﬁ§‘2 Ingayal, %qﬁ%sﬂﬁgﬂa?%f"@?ﬁ&? derEss lﬂ%“ﬁ‘?eb%? ass
conposi ti ons oforrhiaf tempatatireanthEabhge of 32 ttateef 2t $P€ dnoll ATAwvinrtbe ramge etidxtot s i n
the foll owi ng [B%r&g:s: Si 0257.65 to 60.75 percent by weight; A1203 12.00 to

13. 40 percent ight; Ca®22.00 to 24.15 percent by weight; 15MgOLl.70 to
3.12 percent by weight; Ti020.50 to 1.50 percent by weight; Na200.45 to

0- 90 percent by viel Bl expblif0atts 1dbBrator) eids TR sl Bh 9hMie 133, d58403UP O

0. 25 percent by weight. e range or the nmat hemat| cal
rel ati onshizps ghovelgadiondieblgs it 19 torberdirsugieg dglow, unless indicated otherwise,

were prepared from certified or reagent grade oxides (e.g., pure silica or calcia).
Examples F and G on Table 1 and examples H and ! on Table 2 are illustrative
examples and were not prepared in the following manner. The batch size for each
example was 1000 grams. The individual batch ingredients were weighed out,

30 combined and placed in a tightly sealed glass jar or plastic container. The sealed jar
or container was then placed in a paint shaker for 15 minutes or in a tubular mixer for
25 minutes to effectively mix the ingredients. A portion of the batch was then placed
into a platinum crucible, filling no more than 3/4 of its volume. The crucible was then
placed in a furnace and heated at 1427°C (2600°F) for 15 minutes. The remaininé

35  batch was then added to the hot crucible and heated at 1427°C (2600°F) for 15 to 30

minutes. The furnace temperature was then raised to 1482°C (2700°F) and held



conpositions of Table 13 from T Table 13 is as follows: RO 24.25 to 26.70 Wt %
Si2/Ca0 2.39 to 2.72 SIi2/RO 2.16 to 2.51 SiO2/A 203 4.30 to 4.92

Al 203/ Ca0 0.50 to 0.59 Si02 + A1203 71.05 to 73.67 % Si02 - R031 35 to
36.56 wt% Al 203/RO 0.47 to 0.55 R20 +RO 24.91 to 27.90 %2/ 6) g

Al 203)/ (R0 +RO) 2.30 to 2.96 The gl S conposi tions havé? G 5 2005 ng
tenperature in the range of 1205 t01240C and a AT are in the range of 50

to 1010C. 35 221&!17@%5' G&\bblrsz(']ﬂé mdHen J A& v%sétﬁén FiRSPASIatdr RS dhidS 118 fiRfeaTabl e 13

and the glasses with C the e 13 have a

form ng t enper 52UP&ES Wﬁrﬁrﬁﬁeaﬁﬁcﬁ%@ tﬁ?‘pirﬁb'?)e ?f&“gégezl@l’@ @rﬁi‘%} tI“E'tT in the
range of 50 - 1@perdtonscioc? hdune Theahdten@thsglvas then driviep @gaih ironsted srararidéabl e 13
are those that provide the formng tenperature range of 5 1205 to 1220C and
more preferably in the range of 1205 - 1218 C. nore particularly Exanples
123, 124, 1255127- 132 Thaforming tempsgaturesie. theaiass frempesaturgiat B vishesity ap08pr i at e

delta T, e.g. 5BiGe WasHebitfed bgr mlraétﬁod:@m ‘iah@fh% || |d@<t@ﬁ\'€_ér§ﬁlre by

123, 124, 125, 12 147, and abl e 13 have
the fol | owi ng ﬁﬁé%ﬂ?@ﬂ‘ﬂ é%f%sf ei"@ﬁfBW"H%‘e"}PSF?&é@“”’ESG%'DP%"’"%EFPSF@% 57 65

to 60. 33 per ceint TdbjesvieR@Wwere defstdDad b a 2amparisd3 ofitfe pRscayHinsbyhyseaight ;
22.00 to 24. 15

Ti 02 0.50 to g{i%%e‘ﬁ%e‘w%mh‘f%gﬁéﬂ%%fé% ey pesr%cérﬂﬁgpyv‘ﬁb\g‘?ght
Li 20 0. 45 tl® 1T9U8§)éh%@ﬁprlwfﬂugurgmﬂedmcﬁ foreinpempgralweis 2gsgsearcent by

wei ght. The rapg@garfseh td RRTRDASEHG}H 81 thé %pa&écpleghlf&ﬁur@ftehg&aﬂuwa%i' ents of
Exanpl es 123,124, 125,127-132, 147, 153 from T Table 13

are as fol | ows Origidly begeq on §'§T7767W°§|”@E? @?525'@@9( ganpan indhese/ingtpnces t o
2.42 Si 02/ A1208+ Biluet Qvefe SchvértadiB chiadIpoiPtotNISD 7 H6A. STHEPeforeAll Bd3dd3 05 to

72.80 wt % Si 02 0.A 0.52 R20 +R25.74 to
27.60 W % (Si Oﬁormﬁﬁéﬁ%’rﬁ@@ﬁe%%/gdg‘ﬁgs?éé% #7%}} ass conpositions have
a log3 fornfng tenperature in the range of 1205 to 12200 and in the range
of 1205 to 1218C, aQQle&eé\IampSlesIH&dlﬁ@f@éigntgfadééiﬂﬁétv@o‘ﬁld%’é%ur%ﬁnﬂ{e y8r than

50C and equal to and | ess than bruary 2006
The el ection 4ed ROBRTLERIAPED BRalits sASER CRHS® S P PG
tenperature. As can be appreciated, if a high delta T is of interest then

Exanpl es  135-141, f?ﬁe ?fé?@@é ﬁd@ay\%q}lneﬁopgtltﬁ%stés g\it@é go%spo?‘t:’gl% }NE %(e'}[abl av,fs a

delta Tin the range 'ons" 0 es 135
- 141 from Pabl &9 e3cephis Exaraples bld lang h@eedmgrﬂnﬁngmtsiewﬁn&dﬁewmmmmer anges:

Si2 59.55 to @Q&&?ckpq{ IQQQI‘evmth‘éﬁthEtch wétbg%rée%tlg eﬁé?al b%QttP@éé‘rﬁ’é‘Es by
wei ght; CaO 22.31 85 percent 10 percent by

wei ght; Na20 JL?“E’%Q'BPSE?"?BW eligg %%P'Sh?xc?ﬁ’tcfﬁ Qiasiéa%m?éﬁf?ﬂa'sﬁ'gﬁ twei ght, and
Li I20t up tﬁ 0. Gﬂola?téﬁnﬁnd}yiem@ , ehf b?rﬁlﬁ%glubm nﬁdhtufeiaesdmh@ﬁﬁer ugllaalnltge

rel ati onshi ps o | NgL e 0 a a e IS as
ol Fonar R0 34 e @ bolsf BHedled uh s i, Birpet 375105 1= (b8l T8 %, 1, °, 72
Si 02/ Al 203 24. 6 Yilkhe W) 1836 WwRIgh{B#rCzrOleds Bantthe \@eiglg pSiceRt of BAAJAhethi®0 to 73. 67
w% SIQ2 - RO &ﬁp&%ohothgﬁreiée%sg Rﬁ%ﬁ%%ﬁ%@c%o@ﬂﬁpa%%ﬁb doRttigds. 91 to

26.85 Mt % (Si + ass_conpositions

have a | og3 f o:lr}ﬁhﬁﬁa?ee?fﬁek’?%ﬂeukt is hefieved dhat e yeeight paroent of flioine ina B oratory

test sample will be about 50 percent less than the weight percent of fluorine in the
batch composition, the precise loss depending on the composition and melting

30  conditions. In the case of CaQ, Ca0 has an certified ignition loss 3-5wt% (an
average of 4wt%). The determination of the wt% of the batch materials for the
samples listed on Tables 1-19 except for Examples F to |, through an oversight, did
not take into account the ignition loss. Therefore in practicing the invention, this fact
should be taken into account. Because the 4wt% error is minimal, the recitation of the

35 wt% of CaO recited in the claims covering the embodiments of the glass
compositions listed on Tables 1 — 19 does not take into account the ignition loss.



to 1240C, and a AT is in the range of 61 to 100C. Tables 14 and 15 (Type 4
A asses) include glass conpositions of a quaternary systemthat includes
SI02 in the range of 55-62 wt% preferably in the range of 56-61 wt % and
nore preferable in the range of 57-60 wt% A1203 in the %F t? of %&@4
wt % preferably in the range of 11-14 wt% and nore prefer g'iuﬁﬂf 5
range of 12 -13.75 wt% CaO in the range of 21-26 wt% preferable in the

range of  21.50a6 20BaypHeiadtion BRhEled tief £iafbis @f ih8 idghRlidnty\Genéxambleén24- 50
wt % and I\/gO|i t?@ raeg‘ge of 1-3. % greferably in the range of
1.50-3. 00 wt % ARYS ADWESIEEHraddisIg %jyé preferably in the range of
1.75-2.75 wt% . The conpositions of Tables 14 and 15 are boron free. The
conpositions of Tab £ S S ' ;

0.25-1.75 wt% nor eAﬁéirpeifAEy%ﬂeﬁee raﬁ%e (I)(@&gm}%é)%&b%(gh\’/\%}g an rrr%ét likely
in the range @POT@!%mﬂtQ@“W?% data peeditp PeaRaigriatehimatenas fopeaRMeriallss t o
125 wt % Dpref gioabliisniné elth ahd iy ndloRDoftits dorkbriffmassholbRified t
preferably in r e o . .00, 9. ZnO in anoyn in e range
of 0.25 to 1. 23‘5&?%?9'8?@?8’35“?;5ﬂo%egfﬂ‘é’"f'ﬁ?@%‘slﬁ%m?@’?'B'@)‘s%h’ veq §13885% and nor e
preferably in filke compgstions ntadd Gromaoinmidcialigtdde ammderfats20@ metted uhderr ange of up

to 0.50 wt% pe&{vs{a@o%wwlépaﬁhgC&Q%Qn%?@haogsi&ﬁﬁrgqu@g%%%g%id]_&gpéae?rﬁgaé’)o W %

10 A glass conposition Having I ngredients of Ta n 1 n the
above randes difelsged pleqyst wiHbe grecish st depeidina gn pat.anitemBiage oparatiiades a
9:( ass C?WDOtSiht iéﬁébgéél@r\é% ﬂﬁ%u h-?ﬁdﬁ@aﬁt@&%ﬁﬂcgég)ﬁﬁ ba@h%t%%o?“g%ﬁ”%}t%o T
of greater a ; el ations O + My .S |

S Bl A28 20 PpaBaMelisrng eponeS R B bl AR T shra) B SRS o) 25
Si02 - RO Al20@se@aftriemcnResmyesen4hd expd@edvbbour of the naté?iabifl thelgl8s t o 2. 55
3.70 to 5.00 9 O it .00 26.5
to 36.60 w % g‘?‘ﬁ'_g"sﬁt%”to)'.t %“@?@?F’%gp‘ﬁ%@é& *“%g*."%_@'atgg°WS8‘5’V‘§%5"§%9§0 to
2.60 2.10 ttd 2hgsin canzipotinslsiesmall gmgonts of gheonateraisgior exanpleuneltingend to 28
Wth% 2. 3|0 t? 3L&iﬁin§%io§b ﬁ'ﬁ?;ﬁﬁua@ga[%%fnpgrit?e@. Fez&aﬁrféleﬂ?ﬁ witheg liﬁit@gfﬁeslest arteh
shown only to have Li 20: erefore for Type sses is equal] to the
ot o of 1120 s PIERFMRYeRiip: BEINE0 BHE MUBLAIOR e i BLSTH! GHIBS PSS des
ranges for t heof 88 giangmattheintesidasddnduetsirethatglaaa sdri yesy ardiave pamtatarial ar | vy,
the gl ass conpggiti I : have t he
fol | owi ng i ngr SeA Lot pﬁéﬁﬁﬁ%gf°§ﬁ%‘?\%5§§%§’§hLi%ﬁ‘t@@;@ﬁf*‘*’}iﬁ‘%&ﬂ’gc@\o MyO
Ti 02 57. 35200 8dites dzougsed ebeve agy enler tiawlass composition ag Barpe matariglsr by

wei ght;  22. 85igiguritds iRdudRRS i Hatral Yna(@iaBlY the rai® BorlsBtuént®S Per cent by wei ght;
0.50 tol.10 percent by weight; 40 22 February 2006 Li20 0.45 to 0.90

percent by weight; 2ZnO 0.45 to 1.00 percent by weight, and Fe2Q3 up to
0. 25 percent by wei gfith referentente Tiableg ¢-20f in BA&bcdionrild2a6h Tabial tlee dppers i n t he

range of 54 to 7} § ' i.ps of
t he ingredient EZ%?'P?fﬁgQg?"g@@g%%mnﬁg‘étf’% Bﬁﬁgﬁ%gﬁé%més&%f' %ﬁ@%%&g?%e ound on
Tabl e 21 uiéler op e hatghummieriaks ag Wasdiscpgyns abog. aweriddle patien gfi thg golumn

conposi tions hayetd ﬁ&ﬁénit%l%l@ﬁbﬁsﬁiFB?{h@"id&.ﬁlieﬁ@dieﬁ:‘uéﬁi éb@ﬁ@l%ﬁih’[ei ons of
Table 14 from Table[\ 14 have the fol

ow n to.ingredients in the foll ow ng
ranges: S G2 5EADHIE IR CROPERIRDIN e SEmREPRNLO S hefhorgs! PiBPYs3 per cont
by wei ght; listed in the bottom portion of the column e.g. forming temperature, liguidus
temperature and delta T (except for certain compositions of Table 20 which is
30 discussed below.) Table 20 lists production glasses. The amount of each
constituent of the commercial compositions shown in the Table 20 is the weight
percent in the glass. The weight percent for the B,O; was determined using Neutron
Transmission analysis technigues and the weight percent for the remaining
constituents was determined using X-ray fluorescence analysis {also referred to as
35  “XRF analysis”), all of which are well known to those skilled in the art.



Ca0 22.85 to 23.84 percent by weight; 5MjO 2.50 to 2.55 percent by weight;

TI02 0.50 to 1.10 percent by weight; Li20 0.90 percent by weight; ZnO 1.00
percent by weight, and Fe2Q3 up to 0.25 percent by weight. 20The ranges for
the mat hematical rel ationships of the ingredients of the gé%ﬂsé%lcgo i.tions
of Table 14 from Table 14 are as foIIo%: RO25.40 to 26. 3 2. 43
to 2.54 Si 02/ RO2.20 to 2:29 25Si 2/ Al 2084. 36 to 4.47 A1203/Ca(0.55 to 0.58
Si2 + A120371. 13 tol'éll 38 w % Si 02 - RO31.66 to 32.75 wt % A1203/ RC0. 49 to
0.52 30R20 +RO26. 30 8 t’f&“%‘@%'{‘@w@zbmM&Q@éwter(msm@mosatbnso 2.71 The

gl ass conposi t disnlesdtbin&). & HamJﬂAbﬂrcaﬁd’rthdnemkelO@ﬁgBO 48 HilekiNOVERARES805004204 tO

Table 1611 om Fabp oo of AOHSIRT. PiorBerhtor i (R oM A
ranges: 41 5 Si63PA NeS8802a8D; inNRRKY IntErraliondl ApflicatEm®io. PEINISHER7351 tied59. 61
percent by vei Saétembérzﬁ hﬁO‘I % ey ngl%eB?h%@é}h:quy V\Hﬁ%r%mgebfog‘?@% l;€%24 22

percent by V\BI? é per cent C% percent by
wei ght: 0. 45 {8mig O'BB?‘T,IE’W B’W%@fﬂ@ht‘-‘sp Np5 0 /87151003fpfblﬂ¢@ﬂmawa{/\m ght ,
and up to 0. 2Bppieaterio. PCTVESAPIMA4152 2U SRR Nea0y9dtRA8 addintdheatibrdioes for the

mat hemat i cal f | redl of . t he conposi ti ons of
Table 15 from $g@#@§ma%§@ésc¥ohﬁ1§€\grﬂi%wrﬁ%"?‘f'}@a@ Hgéﬁm ®ns of
Tabl e 15 have &°MB#sd orning tenperature in the range of 1195 to 1229C,
and a AT infgthe range of 54 to 59C. RO25.64 to 26.60 w % Si 2/ Ca®2.41 to
2.54 Si2/RM2.18 to %{9 Si P/ Al 2034.26 to 4.90 Al 203/ Ca(0.50 to 0.59 Si Q2
+ A120370.55 to 71. Ng-47PR0248 Rerhingd anyUSRCE Noy R 127452 distiRes bige t 0 0. 53

(R_ZI_O +Rg)2% 45t cordfasion Vdrdhe( 16 GBroh ghls2 ABAré tr(aRaae SUREDIE ih CostiRs anoY&naé’s‘SnbLaE' e 16
e asse SIt | Ol’l uat nar stemt hat
' ntl udes Si 02 ﬁ"f%ﬂ%%gﬁ t%@@?ﬁ‘@%% Praf EF@F@B {PSPH '?W§¥9%Hé§e@ﬁr3'56 61
wt % and nore pmefb@ﬁ%lmr@oqsﬁlonmf UShRAghdo. @$/981246@omb%ad AhQUSPLT Nohe1/easage of
0,
10- 14 Wt % 15 prm&uaa@mbyonnow.nrgmea.ﬁ e&gmuatés hiwdh Eﬁ% agrggnt% Qgg eggofnﬁpg{ Sferably

in the range of 1

preferable in ﬁ'@'%toéﬂ'&é'”a\‘glﬁ 025'92%“%‘0""@6“%%@% 'ﬁﬁir‘-@Pﬁ?rTéf@lﬁéfBMSi n the
range of 21.25glaSs ddhpotitionsaare bdfgired t he range of 1-4.00 wt % preferably
in the range of 1.25-3.50 W% and nore preferably in the range of
1.50-3.50 Wt % The corrpomhoM—ﬂ@ole-‘l@ei@Qé_aﬂﬂr ost perierrefyange
conposi tions of Talk&wvt¥® conb2tafAzate Ti 082taB1t he rarBptodd 0.50-2. 00 w %
nore likely in tRsO@Be of 0@ 20 - 1.50u¥i% &nd rmr@tgr.]eferably in the

range of 0.75-1.28, V/go/ 35 N@gg,isn amountg, J 4 N0 gregy gﬁ than 2. 00 wt %
preferably no gr egt (H’ﬁ ? ﬁo@%f“% angi nore preferably no greater than
1.25 w9% 2ZnO in AT ? ange of 10150 42 22 #dprifary 2006 to 3.00
w % preferably |rP29hé"'tr/ﬂénge0@5fQ)U§@ to PGt % angtedrde preferably in
the range of 0.7%Q@t%2)50 Wwo¥2and Fe208pitd11t he rangaceft up to 0.50 wt %
preferably in theg,enas of ypio 0.35w Yyang nore plrgfesrably in the range
of up to 0.30 wt% 5 A glass conposition having ingredients of Table 16
within the above ranges and at | east one of the follow ng rel ationships
provides a gl ass compeRPmPestimentihegass companson gf USRM SloatUP0248 Combliad,0C and

a delta T mf ghegkes cdrhriitibh Can ihBluddorlst I@esﬂhgﬂlla\kl\bﬁﬂﬁmrﬁﬁ iP@dd RangePrefer
d Ra re nge RQolio%%amé\(E@ 23 to 28 wt9%R4.0 to 27 %

broad range preferred range
Li;O (wi%) 0.05t0 1.5 0.2t01
ZnO (wi%) 0.05t0 1.5 0.2to 1
MnO (wt%) 0.05to 3 up to 1
MnQO, (wt%) 0.05t0 3 up to 1

For a complete discussion of the glass compositions disclosed in USPA

25 No.09/980248 Combined, and disclosed in USPCT No. 01/27451, reference should
he made thereto.




Si21 Ca®2.10 to 2.802.30 to 2.80 Si02/ ROL.90 to 2.552.10 to 2.55

Si 02/ Al 2033. 70 to 5.004.20 to 5.00 Al 203/ Ca(0.45 to 0.650.45 to 0.60 Si02 +
A120366 to 73.7 w%0.8 to 73.7 wt% R20 + RO25 to 28 wt%26.0 to 27.0 wt %
(Si02 + AI203)/(R20 + RO2.00 to 3.002.30 to 3.0 SIX2 - ?ﬁg to 39 %é&l 50
to 37. wt% Al 203/ ROD. 40 to 0.600.46 0 Q.53 Type 5 G asses*akere@bhs

havi ng Na20; therefore R20 is equal to the sumof Na20 in wt% As can be
appreci ated, Table 16 provides ranges for the ingredients and the

rel ati onships. More particul ar t he gl ass conP03| tions of Tablel6 from
Table 16 have the ‘r"gﬁﬁs‘a{/‘m‘sﬁ a*??*{é#?o@@mmsslom i1 inspIPeRtei§atuEas fE 8ne Si 02

58. 70 to 59. 00epwodiment dfyhenevepkion, a 1A BE3n dhsHonimsitidn (Héemwmaipdmrvw ght;

1700 per cent. by aEl SR gk BEURTS b Rfie bR B 10T To0”
percent by f%ei gfﬁefa@héeb\lﬂézw%dﬁﬂﬂazmp@atﬁeﬂtﬁnl‘&? Glegecthe lowehportiemefes f or
the mathematicgle doﬁinﬁisldaﬁﬁéislepl?) fPﬁe éfb@nGdlé%Qﬁ?thl@m $0 %luﬁ@ﬁn&héﬁéatué%f

conposi ti ons of Table 16 fr are on ble 21 under the col um
entitled "TypHedn ‘@ns%@?thEWea'@?'a@S%Hde%fnareewgtw thﬁa%qSé coPPRRiPe a | 0g3
form ng tenper deemaddia pbitien bfangeolmﬁnslﬂﬁ'ﬂamas 1L2AJ 4 proditel a fordingi tempdisturainge  of

ol ass composi 1 FaRk Taf0T shaina 137 LRRL a3 (ot Rl 0SWBRBTRE | Nc [ange

gl ass conpositions 0
of 50-62 wl% pelamhes alblrgblew@% Theamyeenmhcazelamnmn@fahelmrﬁd@npacéﬂwr able in

the range of 5§}a§96cﬁ9pc%ﬁlo?4‘%tﬁ TaE ) Freld tistuba Jb@@?aﬂés éqg%!u%ofﬁut ereEf er abl y

in the range o % and nore  preferab ‘h ranzgfw
-13.75 wt % Ccafrllifited e p@mpesof olags spnrpstiprs disqasgd QH-I’%’*?‘ HOPH’@SQ ge of
22. 00- 25. 00 Wt Zombetandopin &fSPCANG 0f 27431c ABGNgRl &famplkd witBin2He Sdpabbly and

Oi h % I 00 %
ﬁd Imr;rfa Sr (ra? gg%bwenﬁoréﬁ%e Wé‘r{%e@%%"?‘@@ %b"?%d é@@) rrnﬁ?‘qlﬁﬁcid\l éwg%‘ssﬁtl on\évt of
Tabl es 17 dfd @& Ih@dem i rertekieamplaiyénetfa @rpieicsreidonthds exqmudset&dbl y i n

the range of Ozwﬁéﬁe&é@frémU%Pﬁrhﬁf@ﬁ@hd’a cansih@d 5rmwém9fe59-zh54§ 25 Wt %
The conposition |nIud T2 in

the range of 80 38188 e 9:2E 7 e stinaten oy HBPLE NonfHaras0 . BXammesh-B02%s 04 and
most |ikely in3o0i3e 80aT8)&re Oéxathptee; dmaty othdls, .Bdaaéatadrbyameumlﬁ:am great er than

1.00 wt % pref th eferably no
greater than Ogﬁpﬁ\/\% )d%'ig gagseec C{Jfﬁ?néag'ggﬁ gﬁaﬁﬁ%eﬁg mgog‘ga'\% Fy" preferably
no greater 20 haHSBCQB\IQA@%W-aﬁﬂdamlﬂh@e qided lortiabl ablesdydheiasiont disriosue. 220 wt %

Li 20 in amount 5 faanipis@ermg.ecomple@béo@npraﬁs&@é% HiayBERLSIAGbpAT N the range

of 0.20 to 1.10 @P Ig rangeo 25 to 1.00 wt %
and Fe203 in tHe 0?@&5%4%@“0“& ang/asén YRBRT p<t'é374Bly in the range 20 of
0.15-0.50 wt% and nore preferably in the range of 0.20-0.40 wt% A gl ass
conposi ti on havi ng f':n [e t| ents of Taf) es 17 and 18 thl_ln } bove ranges
and at |east one of THEFS! MRNTHIP T Fim(‘f?l%t'l‘?f'ﬁ% sc?é' &b @ are

conposi ti o3 haategnyizad ﬁmondlmmtoﬁmrbmmwﬂestrélgm Q@ﬂ@:@itlarml a deI ta T of

WO 24 1o 28 wURs. 0o P oD MU IO Cac) 10 Lo 2.802. 20 10 2.70 S GOL
ROL. 90 to 2. SSIV%-%%IGQSG&GJ%?699%2@3‘3%%% gables@4.190 to 5.00 Al 208/ CadD. 50
to 0.600. 50 t 0T@eB GlabsksbofShathdamthtithivhd oxideTH0iés HD afd@1d) Wt %

325530 to 3 SO baesitdpfrarmelifinaintfodant g 1adey 1Y Al Ao 40 (o

0.600. 46 t800. Bgpath Q@S%M%rfpeemm@ﬁﬁﬁz@lewﬂlﬁab@es of Tables 17and18
incl uded Li 20, 1{\'&%&%@?@5%@% to film% gggﬁltmﬂuﬂn%mdg‘ﬂ'%bstﬁ atneﬂl\gum in w % of

Li 20, K20 and ndi vi dual Tab 1 ncl udes and t herefore

R20 for Table 154G ﬁ%ﬁmF‘EF"P‘FFé’@LSI?F? fTE‘WP%Qbf L120 and Na20. | ndi vi dual
Tabl e 18 incl udes Li 20 K20 and Na20; therefore R20 for Table 18 is equal

to the sumin 0,Qf i@ be appre0|ated Tabl es
17 and 18 prov;rgblgvrb(gn%' S ‘?'ouflytﬁufsﬁar’rgm%sﬁ’rgd“% ag'ﬁ’ﬁ%e rel ati onshi ps. Mre
particul arBy, the glass conpositions of Tables 17 and18 have the foll ow ng
ingredients in the follow ng ranges: 10 15 5102 54.60 to 59.53 percent by
wei ght; A1203 12.16 to 13.63 percent by weight; CaO 22.87 to 24.05
percent by weight; MO 2.00 to 2.55 percent by weight; TiO2 0.49 to 1.10
percent by weight; Na20 0 to 0.60 percent by weight; K20 0 to 0.10 percent
by weight; Li20 0.30 to 0.91 percent by weight; Fe203 0.23 to 0.30
percent by weight, and B203 0.90 to 3.00 percent by weight. 20The ranges
for the mathematical rel ationships of the ingredients of the gl ass




conpositions of Tables 17 and 18 are on Table 21 under the colum entitled
"Type 6 d asses". The gl ass conpositions of Table 17 and 18 have a |0g3
form ng tenperature in the range of 1187 to 1239C, and a AT in the range of
50 t0142C. 25The gl ass conpositions of Table 17 have thepggrkl OW
i ngredients in the fol | owing ranges: $,0257.60 to 58,50 %hi“%?%@?ght;
A1203 12.76 to 13.43 percent by weight; Ca(23.40 to 23.84 percent by

wei ght; 30MyQ2. 50 pﬁnemn mu.—sbés) mWA@QgI%Qs Wp%?ﬁ&nstl*avtﬁbﬁ% Na20up to
0. 60 percent b 0 ercent %%qv\@{g ;. Fe2030. 23 percent by

wei ght, and 35 '"Fbéis '92 %é‘ﬁ‘?eﬂ . Preferaly Sthe apsgf v 2006 The
ranges for t hesmsmmwmndmrapmm pshofangdief S7F3501 02 ALO, Bfthd Reggl ass

A 208] a0 51027 AT+ FerRiaBly Wi a1 - T50 Bk Lol 8 25’2’8'35?3
(R20 +RO+B263) rargegh12.65-28 48 wt%t GO in therange of 28825t %opreterablepin theraBge ofo 4. 47

0.54 to 0.57 763%6 2h%oﬁ%4a?ud%or’@ :%ierﬁﬁe ﬁ'\Qhé%%n?egofVﬁ:B%O ﬁ&ﬁﬁn%oar% mgo §y - 80 to
17 i ncl uded’ Li 20, K20 and

28.44 W% 2.4 @% aﬁg (
Na20; therefor eF@EQeI %f Ze;ﬁ prefgraply in tﬁ% rAGROT 252 P 3% ang dnorepisTesaRlY Na20.
The gl ass conposth ramgs ob£.50-2B0avtd%/ Theygssecohp@StidrarofTatge Reurher iatiudeTion t he

range of 1192 1.0 A5G+ A9 2o\l el HHE -RGe A 35 £35 7 Rnd Al e

ranges: Si 02 SS conposi
i ngr edi ent 90i nPiefrraliy pORe rangg of CEG1. 1&5@@’ 00N theratge K25~ 1_2520ref¢relﬂm3 B203

54.60 to 59. 53.rptﬁé€emab obwwc@%% an%o;f/gse%réﬁw ﬁ?mep.%g@aﬁo éazo@@w%t 22.93

per oot 5b59&2.‘e”t@ PY % B g i W AT 0109 vk 8 ot by

wei ght; 0. 30 pefé@al@iirntee cege oby.30Wid0ki%. The 2dmpazitionSoF Tableceare bbwnwei ght ,

and 0.60 to 31’89 ﬁ&%ﬁ&é‘tonye@’\?'ﬁ&fgzﬁﬁh‘%r n@lﬂ@?%of ‘R{thé P@g@%ﬁ‘ﬁﬁ%

rel ati onships o ngr e Fons 'O
are as fol l1dws Pre@%aWnZBe gmge of ©B0- GIGYZQ/M% af@l mﬁm@blﬂm the rapge 6f 50522

February 2006 4@5%@2(\1 rnQ%Faﬁg@oﬁ@?ﬂggéﬁf&Qchwpﬁeﬁ'&gé oP0. 78N 208§ 0. 51
to 0.59 5102 + A120367. 72.05 Wt % Si 84 wt %

Al 203/ ROO. 46 t 8"®MS%E 758 §fd§'293? of §-850- Pt Ppang: '%)2(()55”6@& rangg olgm)ip (R20
+R0+B203) 2. 18 t3% vﬂ%ﬁﬁréfét&blg b4 9.9. 30ampOsIdirha@ra prefdratiaipl the ABgd aME20R0. 8093

form ng tenper a&‘]}dr Goriﬁoslit{gﬁs H and | include TiO; in the range of 0-0.9 wit%, preferably in the
20 range of 0.25 - 0.75 wt% and more preferably in the range of 0,50-0.8 wi%; NayO in
the range of 0.75-1.25, preferably in the range of 0.75-1.00 wt% and more preferably
in the range of 0.85-0.95Wt%,; and Fe;0; in the range of up to 0.50 wt%, preferably
0.10-0.40 wt% and more preferably in the range of 0.30-0.40 wt%.

Sl?

25 A glass composition having the ingredients of Table 2 within the above
ranges and at least one of the following relationships provides a glass composition
having a forming temperature below 1240°C and a delta T of greater than 50°C, e.g.:

Relationship - Broad Range Preferred Range
30 RO (CaO + MgO) 26 to 28 wt% 26.00 to 27.25 wt%
Si0,/ Ca0 2.10 t0 2.80 2.3010 2.80
SiOy/ RO 1.80t02.55 1.90t0 2.40
SiO/ALO, 3.70 to 5.00; 4.20t0 5.00
AlLOs/Cal 0.40 t0 0.75 0.50t0 0.60
35 SiO; + Al,O4 66 to 73.7 wi% 70.80 to 73.7 wt%
R0 + RO 27 to 28.15 wt 27.15 10 20 wi%

(SIO; + Al OYR0 + RO)  2.0t0 3.0 2.30 0 3.00



10 range of 1187 to 1239C, and a AT in the range of 50 to 42C. The gl ass
conpositions listed on Table 18 and the gl asses wthin the scope of the
enbodi ment of Table 18 have a formng tenperature in the range of 1187 to
1239 C and a delta T in the range of 50 -142C, however thz%FégferrEBOglass
1s conpositions from Table 18 are thosg that provide the ﬁﬁ”y
tenperature range 1187 to 1220C ( Exanpl es 188-213, 215-229, 213-235,

238- 240, 242-260 an@iR@6R0267) and norzs.ptocdeswithy i n t hesgsogeseh whdB7
-1205 C (Exanples 1 , 194, 195, 00, 201 202-2 0 209,
211-213, 215-219, 2%%?%gé, 225- 229, 23§?§§%§, 239, 242, igghgﬁh§§60). 20 A
gl ass conposition having the ingredients in the ranges nenti oned above for

Tabl e 18 and havi ngrdTRypkol 458 cBRpstioAb b@}ﬁb%p%ltihﬂe%%gqgofogﬁs
conpositions h \élegg_ %‘2?183 ;agr nkngne%enﬁerature in the range o 187 to
1220C, and a ATTEPRTHE AR et 6T iO139C. 25 30 ROR5. 80 to 26.60 w %
Si02/Ca02.22 to 2.66 SiO2/RO2.01 to 2.39 S102/ Al 2034.09 to 4.87

Al 208/ Ca00.51 to 0. ' . 2. 05 Wt % Si 02 - 7.50 to
33.84 wt % A1203/ Roo”?%%a?'lt%ﬁé@%ﬁ%é&gﬁ%&dﬁr%eﬁf%6'R}&r% iordg el -+
A1203)/ (R20 +ROeppgiatipnships Fey exampleduit ngt ligdting dbiha dnventR00Be Threeg Farsis

conposi tions_fhgrdibal o thkdyidd8 \bMpPosiiond fisted O Tadid2 bMabiRlWr e in the range
of 1187 to,1205C, and a Al in the ;gsn%e of 50 to 124C have the follow ng

i ngredi ent £’ and the fol IBW ng r ange®® PP9QF pesceptpymsightys  A1203 CaO MyO
Ti02 Na20 K20 Li20 FéZR3 B20R. 5Vto63.40peh@ny wagieent by weight; 12.16

to 13. 63 percent by wei ,  22.8 . ent .hy weight; 2.36 to
2.50 percent by wei ght;q'r%).49 to|?§'%§8%g"e3%§°§nﬁ%ﬁbywé$ ht; up to 0.30
percent by weight: up tNE®. 09 pe?E2nerceytbymieight: 0.70 to 0.90 percent by
wei ght; 0.23 to 0.29 perggnt by Wﬁﬁé’l%ent%g%i f+: 00 to 1.20 percent by

wei ght; And_the follow el ati opshi ps: 2§.23t0 26.54 wt% Si A2/ CaO
2.40 to 2. Si 02/ RO 2.NB0% o 2. 3590 BTeptRY weRhisan® 1o 4. 87  A1203/ CaO 0. 52
to 0.59 Si02 + A1203 70.Feg>4 o 71.0.35 péreent by Qdight. RO 31. 06 to 33.61 Wt %
A1203/ RO 0.47 to 0.53 R20 +RO+8203 27.23 to 28.64 wt% (Si02 + A1203)/(R20
+RO+B203) 2.47 to 2.63 The selection of these exanples is nade based on the
| ow form ng tenperidednrge qtthe maherestisarblatiorsBigs ofAB8ingregiegtsdmm Taimmdsi t i ons

that have a | et thé gladh BembaitRRE kel & Welels @ciha Yol 20n halihies 265- 268
define a rﬁpge ?B ,hnﬂriglﬂents, a[nd rel atlons%o the ingredients to

provi de a fow Y19 'd8ft ARG yl 'he glaseps,an trbleRyhpve fiogd for@ing derapanatre As can
be appreci at edn d#rcrange @friesk eURMyeClimlalss Rdhe fahge of S8 E4del ta T is of
interest then Exanples from Table 18 have a high delta T, e.g. above 75C

may be selected to define glass conpositions. Table 19 (Type 7 M sc.
d asses) includes dJlahles ajsmpodiesi remgesddr tize Banulest ©6.NEbKE mytktiany, thaat

i ncl udes Si 02 Yo DExraY -6 ass Bafifostti? i range of 57-59
wt % and nore prefer ablnz‘ﬂ?n t EleS r%ng%s oﬁg g@fe%@fgg%{k{%nﬂﬂ%ti "’\nﬁr?ql‘?gs' range
of 10-14 W% preferabl $i%n t he range Ti451a 5805 parced bympichtid nor e
preferably 48 22 Februapyo2006 in the 1020881068 dcret®iy de@f M % CaO in the
range of 21-25 wt % preEe able in the 3\rxgn $ %& 22. 00- 24, 0(_3 wt % and nore
preferable in the range 8P 22.50-24. 068 5)89 4PUPCrRRTEPY Welghe range of
2.00-4.00 wt % preferabMgQ n t he range.56fto 250 PedeBywicighand nor e
preferably in the rangeygf, 2.25-2.75 9 QR i.tions of Table 19 5

i ncl ude B203 in the range of O - 1.50thaéz’t/8{grsg§era%§y&%'gﬁet he range of
0-1.25 wt 9%%nd nore pr®HBably in t h8.9P4nB81 prcentby weight $nd The

conposi tions of Table 1B8e,0, 0.25 to 0.35 percent by weight.

The range of the mathematical relationship of the ingredients from Table 2 for
the glass compositions of Examples 1- 6 can be found on Table 21 under Type 1
35  Glasses. The glass compositions of Examples 1 — 6 have a log3 forming temperature
in the range of 1232 to 1240°C and a AT in the range of 58 to 74°C.



contenpl ates further includes Ti02 in the range of 0.25-1.50 W% nore
likely preferably in the range of 0.25-1.35 wt% and nost likely in the
range of 0.40-1.25 wt% Na20 in anmounts no greater than 1.25 wt %
preferably no greater than 1.10 10 wt% and nore prefera r t han
1.00 % ZnO in anmounts no greater thgn 0.50 wt% pref ?r%ﬁ%“‘%{ﬁ?g?ggt er
than 0.40 wt% and nore preferably no greater than 0.35 wt% MO in
anounts no greater than 4.00 w% preferably no greater than 3.50 wt% and
nore preferably no greater than 3.25 wt% M02 in anmounts no greater than
4.00 wt % pref er ablFyrtie, Dibked provitlésmangesTor hé Bxaraples Hane 1. piedegiaetialiriy) o
greater 15 than % _and F in I . - . %
preferably i nq'ioﬁghr?bzen%%x%rFae%H fgggs\g%f c\/?}'&)%gﬁ%%qn{%ygthgsg%g'}nzgg?%g)?'%m{he range
of 0.20-0.40 wnggangegl ass conposition having ingredients of Tables 19

wi thin thesabove rangesgignd at Ig@@ttogg\.%?gm{amgymu@w ng rel ationships
provi des a glass conposition having a .20 form.ng tenperature bel ow 1240C
and a delta T of greatefPhan 506:3%§§°1§§3R@P€1@tibgl"i‘?fﬁh'8r oad RangePreferred
Range RO (CaO + MyO 24 tao27 wt %23.730o £4.5Q perobnimly Yoefght2/ CaC2. 10 to
2.802.20 to 2.70 Si 2/ .90 to : .S1,02/ Al 2033. 70 to
5.003.70 to 4.90 Al 2@/%.45 tofﬁé&%&g&%g?%ﬁg% 02 + A120366 to 73.7
W96 to 72.1 wt % R20 +TRR + B203R%5 pascepBbywe@s; 75 to 27.50 wt % (Si 2 +

Al 203) / (R2fy + RO + B203)3,80 to 3 &0 eft BPweidZarmg RO26. 50 to 36. 6

W 926.5 to 34.00 wt % Al 203/ RO. 40 10 0. 600.46 to 0.56 The M sc. d asses

i ncl uded Li 20 and Na20; Fesf¥sr ef or -3t RyWEOhY 0 the sumin wt % of Li20
and Na20. 35 TadbtaagdSiopthe\thaesnatiba rélatidnenipof thaingesichisifrotablect rewsisng

i ngredi ents: 4f9[ ‘2!.’2_ February 2006 S10257.72 to 58.70 percent by weight;
A120311.88 to 35’. 35 percent by weight; CaO 22.80 to 23.50 percent by

wei ght; 5MyO 2.43 to 2. B® percent by wei ght; Ti 020. 25-33d0 27.89W¥ér cent by
wei ght; NaZ030.87 - 0.9Qipaifent by weight; Li 200 to 4530 4ercent by

wei ght; ZnO 0 to 0.30 percent by weight; Fe2030.22-0.25 percent by weight;
10M00. 30 to 3.00 percemiPP wei ght; M020 to 3.00 ;?eﬁ:@%tzoby wei ght, and
B2030 to 1.00 percent bgiowight. 15The rel ati onshi pst.35%r the ingredi ents of
t he gl ass conpositions %g g@gbe 19 are as follows: ookel 0 26.00 wt %

Si e/ CaCp. 49 to 2.54 Si 8EPEEY25 to 2.29 Sio02/ A12034 to 4.90

20A1203/ Ca0. 52 to 0. 57 S®02A63:A120369. 52 to 72. 05 Wil953p @286 wR@32. 40 to
32.70 wt % 41203/ RQ0. 47 n 0. /3 R20 +RO+B20326. 10 t 0 33%530 3WkSaeh(Si 02 +
A1203)/ (R20 +RO+6203)2.5§ to 2. 74 The gl ass conpositions have a | og3
formng tenperature of PHOVRE range of 1219 to 12409108 a AT in the
range of 52 to 76C. TablReo2érd Producti on G asses) Tairla® t2Q7.105 weh
representation of commergij.al S havi ng enbag of the
invention simlar to théégﬁﬁg‘&ﬁ%%%sgﬁhe gl ass co%%gstiﬁ'%%ns of Tabl e 4.
The gl ass conposi t iTheglass eorpositionsiaftExampley Hsgrskldava alog3 farmgigderspergiud? i n

t he range gf 7- Y/ 9 i ,ange of 12.68-12.86 w% CaO
in the ran%e g?”%?@%%ﬁ%%t@v&z&aﬁ%ﬁg%%ﬁe range of 2.42-2.60 wt% The
conposi tions of Table 20 include B203 in the range of 1.15 - 1.70 wt% Ti Q2
in 35 the range of 1QpR4 3-11{198e MctassbiaRclide di&e cbfﬁ?gﬁtidh&o a §UaternBry93 W %

1l
K20 in the range of greater_ than 0.050 - Q. 070 w rO,in _the range of
0.040 - 0. 050 %“%étqﬁ“qgéﬁﬂéfd&’g‘ez’éw%ﬁﬁ%ﬁm%?fﬁé%rbﬁlrfa@edﬁnﬁﬁ%z - 0.008
W% SOB in thE2.2558)80 wi% ndh8re-préfe@BR imthrangerul 5E82:68.00 wt% W, Odntie of

0.255 0. 248 WorBe 1 L 8SGoL SRR Infle RAYE B LIEIS LMo Hlordi@hll fitng

wi thin the above®ranges a i ne of t ow ng reflationships
provi des a gl ag89e@iiBodst wierCathinitiryrangs efrdtrafgvtte Risiaraltle indhe FRNPRESR r ange of

1203 - 1217C agydsR25l6d Wi AhdmblRGréRRBR iPthePinge 083825 wiBVaTdag®fn theie gl ass
conpositions do not, have th

e formng and Liquidus fenperatures, and the
delta T. The JPBEROflohybA:R" fBWB'y\R? ?"%6 et°f1é‘%’§’%§é\“%t%é‘§°rﬁﬁff?ﬁﬁwQ T were
gl ass conposithe carge whdd5325watin Theamnpositipasif Talkdes3-Wh oskiedé 85Pd ingn
tenmperature, , )i gyl r | T n red-

il cat ed By ¢ FhOUSh itin bo st gl e Mo S\ o 470 B TBADUA S

chr onol ogi cal @neResitions ofTableguld durther cortemplate TP 2B $herangrodfi®35ohadd Wigh,

measur ed woul dybviRely SRR BAJY & 0ROL §.96 WRHGRS mdsiTkbiGin the rdrig@ sL0 khat sVer e
measured. The nat hematical Trelationships of the ingredients of the glass
conpositions on Table 20 are listed on Table 22 in the colum entitled
"Production d asses (contain boron)". The 15 R20 fromthe |isted Production
G asses is equal to the sumin wt% of Li20 and Na20. As can now be

appreci ated, a range for each of the ingredients of the glass conpositions
of Types | and 2 gl asses (Tables 2-11) can be



determ ned from Tables. Mire particularly, Tables | and 2 provide a
quaternary system 20 including Si02 , A1203, CaO and MO and the

i ngredients of the glass having the relationship as shown in Table 22 under
the colum entitled "Types 1 & 2 3 asses”. Types 1 & 2 i N ed
K20 and Na20; therefore R20 is equal tg the sumin M%o&%%g&g%ﬁkggo. 25
The gl ass conpositions having the following ingredients in the follow ng

rA $n9es Pﬁs a |ped N;agaggﬂma rér%gtcm.%smz@, %@Begm Ih%’é@%ﬁg@ofbl@ﬁ.@@g&@é&? ﬁ{ld a
in e range o Q . S 1o : per cen ;
A1203 12. 20 td%iﬁf.%%feﬁéé/d’éﬁf’ rﬁ"ﬁe\ﬁé%ﬂt ;Q%V@k&fﬁezﬁede%a@av “%@\r,@‘ﬂt by
wei ght, and Myi@; bn8Feiy iBtheGamera epto 5§ wils| prhferablyna to th4s wiitrpudinbieon may
further includg, 92‘!530?5 od.- Bl Hdhe qiabeldnfdsthiond & 0. 90
percent by \Ae?&ﬁﬁe?-éb 3 2%4%%%' é%gﬁgga?%gtﬁ?%by We%ﬁ? ;a Fe2(t§7 SO 't]_o 0. 50
percent by %ei g:ﬁ#b:s Hhtbw nopjratsddhereto srefuopes pamoupty Upde §P W% SIEBr uar y
2006 Further agm&aits BStodPy WG4 MEGHL,0AInaalddRs pto @astitef the ingredients for
Type 3-6 glasses on Tables 12 -19 can be determ ned by selecting the

| owest and hi ghest values to 5 define the range for an ingredient and/or
rel ati onshi p on TabA glassl énigdsitivp havigeingredienta of JableEah1 lewitnliPtheé @bpreovi de gl ass
conposi tions hayj i | 1 aQ@ and Mo
with the ingr e%?‘g%%r%o#_@%g&%fog?s&%@w grb:taﬁéedéﬁiggg??ggiﬁP?%ﬁ%"vﬁsoinabl e 22
under the &bl uhayingra formiag temppfridre belgwd23Q Scand a dajta d of gregleptrgg $8L i nel uded
Li 20, K20 and Na20; therefore R20 is equal to the sumin wt% of 1-120, K20

and Na20. 10 15 20 The .gl ass conposition, having the fallown

ingredients in the ﬁéﬂ%ﬁ”ﬂg ranges has a%%%éﬁﬁm ng %ﬁ%@%&@#@i n the
range of 1187 to 12ROQCabd MgQlelta Tin t he 24rtaBgetlef 50 t24.7642€7.68w02 54. 60
to 60.75 percent byqWe| ,  A1203 11.90 t per cent weight ; CaO

22.00 to 24.22 perc%%?cgdywei ght, and Ngo%f.jﬂé Qt%g 3.40 pzé*rc%:/tgnf by wei ght,

and the coéfrpositi o¥OHROfurther include: Ti¥AeE:589 to 1.5% Pektent by
weight; Na20 O to Q:}?ﬁb@gr cent by weight; 3420 s5bot o 0. 10z mefocest by

wei ght; 2Zn0O 0.45 t 0. percent by weight, _.Li 0.30 t . Q0. percent by
wei ght; Fe203 0t g cE)ercent by wei ght ,d"’ff’nta 0'?B%203 0 t(gl;%t.og)osagercent by
wei ght. Still furth&0,a\lan be appreci at ed®bta78@dmgld for GdoM2dfwitthe
ingredients for b e asses: Type o, ( Tabl £ R g wlype 3

G asses (Tabl es 12%3%5&%{;&3 e 4 4 asseiz?qu%lag\gfum and 15); 'Igype 5

d asses (Tabl e 16) &ifek t AP (RE HRPHBIp Pk We det erdPHeE- 4 om Tabl es

2 and 12-16. More pgoiigearly, Tables 2 angslid386 wigt asSpamim@asittd ons

havi ng a quaternary_ systemincluding Si 02, Al203, CaO and 0 jth the

i ngredients of the ﬁ'?‘ﬁ%ohavi ng the relati ooné%oé'eghom ono'%%r?loe 2 under
the colum entitled "Types 1 &3-5 d asses”". Types 1 & 3-5 d asses incl uded

Li 20 and_ Na20; 1 egalof . 220 o FurfUl1 ddhk Dbt i) ¥ irffecleh?0 and Na20.

Further Types 1 35 asses are boron fTree, ornmula "R20 +
RO + B203" 2hec thewafore farI@bles R, REQ isequel to thepminrefitia ity of X0t Nagi las s
COlffpog ' ]E i ons h&;{é &Qh;iﬂ;irefd%isqy\hﬂ%ése&riﬁmeeﬁés? g'Sié\%iIré?ﬁa g gftco)a.owmae %léﬁ!ﬁe_sr has
a log3 formng tenmperature in 0 0 12. nd .a delta in
the range of 5l’£§t?‘gg'1 :°f§eOT?b%’7%&§?’ggéef§ 17% 059!#%??}1%‘899@? £ Al203

12. 00 to 13. 68ceideant tHayefove farhihe glasSadoR theQidividuaPTatlds 36,6 Feiftanbyl 1WR2Qht ;

MO 1.70 to 3. 10 r t i gh it

el ude: Ti o ey € Bty ork Ok atg e BRER LRGN AR
0. 91 perced® b, Nelpd: K0 arpcansigigredetheminre fy theedlagaes omthe individygl Tablesent by
weight, and Osfgnd-93R208¢ ERRAI toltve Wh Sfthe wiSh bf Na,bWinbhed as can be
appreci ated, a range for each of the ingredients for boron containing:
Type 2 d asses (Tables 3-11) and Type 6 d asses (Tables 17 and 18) and
their relationship can b&s chatberappreedtddr eavhThblectabigs 34,1 pitdviden darig@s fdvbr e

articularly, 3= I (W raTa} j horon
(F:)ont ai ni ng go }%lébg%é%g?%%%gd ilbé r@é&%g}@ggvﬁt@ %Xa&%aﬁ’%) er n”tzglt @H@rﬂ?g“ﬁ{@\r’]chggi ng
Si 02, A12035 CAablghd-1Vpovidgialdss compositipne baving te &flowing ingregiiestsiatheng t he

relationship skmwingman'gagl e 22 under the colum entitled "Types 2 & 6
G asses". Types 2& 6 dasses included L120, K20 and




Na20; therefore R20 is equal to the sumin w% of L120, K20 and Na20. 25
The gl ass conpositions having the following ingredients in the follow ng
ranges has a log3 formng tenperature in the range of 1167 to 1240C and a
delta T in the range of 50 to 142C. Si 02 53.00 to 59. SBZQZ?ECSM bé %I ght;
A1203 12.00 to 14.00 percent by weight,. 30 CaO 22.25 to 9

wei ght, and MO 1.50 to 3.00 percent %y wei ght, and the conposition may

further include: 35 Ti 03, 40 to gad@tomrmqﬁpcehybywﬁﬁ@ht Na20 0 to 0.90
percent by wei ght; K20 to 0.30 %‘;’\Bqt bcy %2&9 F Oto 0.50 percent by
weight; 53 SrO0 to 0.1% ércent E% 3 rBtoo 13 percent by
weight; Li200 to 0.91 Q=& cent b%ﬂﬁog?ﬁt%mmﬁnth?emm to 0.30 percent by

wei ght. 5 22 February 2 It wil} hed: those skilled in the
art that changes could b€ nmade to S@Eo n%o %rﬁegt glgﬁescrl bed above wi thout

departing ffomthe broad®nventi v@50€%h3:%5‘%r°%rﬁé)‘é’8*9ht For exanpl e, but not
limting thereto, one, two threeoqs td@g@pérber@bywe@ﬁt t he formul as di scussed

above setting forth the themat|8 | at i gns of the 10 i ngredi ents nmay
be used to identify pr o;@t. es of g’%?i@%’c"é’gﬁb 'on. Based on the

description of the enmbodiep®nts of 0td@30 pareerttby)welghﬁ; can be appreciated that
this invention is not |é5l ted toskhe, @%g%rgéﬂtﬁl}wﬁ pdl ments di scl osed, but

it is intended to cover ‘nbdifications in the spirit and scope
of the invéhtion, as deffined by ®te0-8ppredly weldhtrs. 15 54 22 February
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15 column entitled “Type 2 Glasses”.

Table 3 provides glass compositions having ingredients in the following

ranges:

Si0, 56.00 to 56.65 percent by weight;

20 AlLO; 13.05 to 13.60 percent by weight;
Ca0 23.50 to 24.25 percent by weight;
MgO 2.50 to 2.55 percent by weight;
TiO, (.50 t01.10 percent by weight;
Nao0 0.90 percent by weight;

25 Fey04 0.25 percent by weight, and
B,0O, 2.00 percent by weight.

The ranges for the mathematical relationships of ingredients of the glass

compositions on Table 3 from Table 3 are as follows:

30 RO 26.05 to 26.75 wi%
Si0./Ca0 2.3110 2.41
Si0./RO 2.09 0 2.17
SIOALOs 41210 4.28
Al04/Ca0 0.56 to 0.57

35 SiO, + AlO, 69.60 to 69.95 wt%
SI0; - RO 29.25 to 30.60 wt%

ALOYRO 0.50 10 0.52
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R20 +RO+B;0; 28.95 to 29.65 wit%
(SiO, + ALO)(R20 +RO+B,0s) 2.35t02.41
The glass compositions of Table 3 have a log3 forming temperature in the
range of 1200 to 1220°C and a AT is in the range of 56 to 68°C.

Table 4 provides glass compositions having Ingredients in the following

ranges:

SiO;is 56.25 to 57.75 percent by weight;
AlzOsis 12.20 to 13.20 percent by weight;

10 CaO 23.75 to 24.25 percent by weight;
MgO 2.55 percent by weight,
TiO, 1.10 percent by weight;
Na,O 0.90 percent by weight,
Fe,0Os 0.25 percent by weight, and

15 B0, 1.30 to 1.40 percent by weight.

The ranges for the mathematical relationships of the ingredients for the glass
compositions of Table 4 from Table 4 are as follows:

RO 26.30 to 26.80 wt%
20 Si0,/Ca0 2.32t0 2.43
SIO/RO 2.10 t0 2.20
SiO/A1,0s 4.26 to 4.73
Al,O4/Ca0 0.51 o 0.56

SO, + AlOs 69.45 to 69 95 wi%

25 Si0, - RO 29.45 to 31.45 wt%
ALOL/RO 0.46 to 0.50

R20 +RO+B,0; 28.50 to 29.00 wt%
(SiO; + AlLOR){R20 +RO+B;05) 2.30 to 2.45.

The glass compositions of Table 4 have a log3 forming temperature in the
30 range of 1200 to 1218°C and a AT in the range of 55°C to 70°C.

The glass compositions of Table 5 have the following ingredients in the
following ranges:

Si0, 55.19 to 56.00 percent by weight;
35 AlLO, 13.10 to 13.80 percent by weight;
Ca0 24.50 to 24.67 percent by weight;

MgO 2.55 to 2.95 percent by weight;
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NazO 0.45 percent by weight;
K0 0.45 to 0.58 percent by weight;
Fe,0O; 0.25 to 0.38 percent by weight, and
5 B.0; 1.30 percent by weight.

The ranges for the mathematical relationships of the ingredients of the glass
compositions of Table & from Table 5 are as follows:

RO 27.08 to 27.45 wt%
10 Si0,/Ca0 2.25 t0 2.28
Si0x/RO 2.01 to 2.07
SiOL/ALOs 4.01to 4.19
AlLOy/Ca0 0.53 to 0.56
Si0, + ALO; 68.75 to 69.37 wi%
15 Si0, - RO 27.78 to 28.92 wt%
ALOJRO 0.48 t0 0.51
R20 +RO+B,0, 29.28 fo 29.74 Wt%
(SIO; + AlO5)/ (R20 +RO+B,05) 2.3110 2.37

The glass compositions of Table § have a log3 forming temperature in the
20 range of 1210 to 1222°C and a AT in the range of 53 to79°C.

Table 6 provides glass compositions having ingredients in the following

ranges:
Si0, 56.15 to 57.60 percent by weight;
25 AlzO5 13.25 to 13.95 percent by weight;
CaQ 24 40 to 24.95 percent by weight;
MgO 2.55 percent by weight;
TiO, 0.55 percent by weight;
Na,©O 0.90 percent by weight;
30 Feox04 0.25 to 0.35 percent by weight, and
B:O; 1.30 percent by weight.

The ranges for the mathematical relationships of the ingredients of the glass
compositions of Table 6 from Table 6 are as follows:
35 RO 26.95 to 27.50 wi%
Si0,/Cal 2.2510 2.36
SiO./RO 2.04 to2.14
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C\i 666NC~46, cNi a6Lo Si0/ALO; 4.01 to 4.66
Al;O5/CaC 0.54 t0 0.57
SiO; + Al,O4 69.50 to 69.99 wit%
8i0;~RO 28.65 to 30.65 wi%
AlO3/RO 0.46 10 0.51
R20 +R0O+B;0; 29.15 10 29.70 wt%
(SiO; + Al O3) (R20 +RO+B,05) 2.34 1o 2.40.

The glass compositions of Table 6 have a log3 forming temperature in the
range of 1211 to 1220°C and a AT is in the range of 52 to 66°C.

Table 7 provides glass compositions having ingredients in the following

ranges:
Si0; 55.25 to 56.15 percent by weight;
Al 04 13.05 to 13.30 percent by weight;
Cal 23.00 to 24.20 percent by weight;
MgO 2.55 percent by weight;
TiO, 0.25 to 1.25 percent by weight;
Na,O 0.90 percent by weight;
Fe.0; 0.25 percent by weight; and
B20s 3.00 percent by weight.

The ranges for the mathematical relationships of the ingredients of the glass
compositions of Table 7 from Table 7 are as follows:

RO 25.55 10 26 .75 wt%h
Si04Ca0 228to2.44
Si0-RO 207t0 2.20
SiO/ALO; 4.15t04.30
Al;0,/Ca0 0.55 to 0.56

SiO; + Al,O3 68.20 to 69.20 wt%
Si0; - RO 28.45 to 30.60 wi%
Al,O4/RO 0.50 to 0.51

R20 +RO+B,0; 29.45 to 30.65 wt%

(SiO; + ALO3) (R20 +RO+B,Q;)

2.24102.35

The glass compositions of Table 7 have a log3 forming temperature in the
range of 1193 to 1212°C and a AT is in the range of 64 to 90°C.
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8i0, 54,12 to 55.25 percent by weight;
AlO3 13.20 to 13.40 percent by weight;
5 Cal 24.20 to 24.55 percent by weight;

MgO 2.55 percent by weight;
TiO, 0.55 percent by weight;
Na,O 0.45 to 0.50 percent by weight;
KO 0.45 to 0.55 percent by weight;

10 Fe,0, 0.25 fo 0.28 percent by weight;
B,0s 3.00 percent by weight;
F up to 0.20 percent by weight, and
Sro up to 0.12 percent by weight.

15 The ranges for the mathematical relationships of the ingredients of the glass

compositions of Table § from Table 8 are as follows:

RO 26.75 to 27.55 wi%
Si0,/Ca0 2.20to 2.28
Si0/RO 1.96 to 2.07

20 SiOo/AlG, 4.06 to 4.15
Al,05/Ca0 0.54 10 0.55
SiO; + AlOs 67.55 to 68.55 wt%
SiC; - RO 26.57 to 28.30 wi%
Al0:/RO 0.49 to 0.50

25 R20 +RO+B,04 30.65 to 31.40 wi%
(Si0O; + AlLO3)f (R20 +RO+B,05) 2.14 10 2.22

The glass compositions of Table 8 have a log3 forming temperature in the
range of 1190 to 1204°C and a AT is in the range of 55 to 83°C.

30 Table 9 provides glass compositions having Ingredients in the following
ranges:
Si0, 53.00 to 53.50 percent by weight;
AlO, 13.10 to 14.00 percent by weight;
CaO 24.00 percent by weight;
35 MgO 1.251 2.50ercent by weight;
TiO, 0.50 percent by weight;

Na,O 0.90 percent by weight;
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5 SrQ 0.13 percent by weight, and
Cr;03 0.13 percent by weight.

The ranges for the mathematical relationships of the ingredients of the glass
compositions of Table 9 from Table 9 are as follows:

10 RO 25.50 to 26.50 wt%
Si0,/Ca0 2.21t02.23
SiO./RO 2.00t0 2.10
SiO/Al,O3 3.82t0 4.05
Al,O5/Cal 0.55 to 0.58

15 SiO; + AlLO; 66.10 to 67.50 wi%
Si0, - RO 26.50 to 28.00 wi%
AlLO,/RO 0.49 0 0.55
R20 +RO+B;04 31.70 to 32.79 wi%
(8i0; + Al;O3)/ (R20 +RO+B,0;) 2.02t02.13

20 The glass compositions of Table 9 have a log3 forming temperature in the

range of 1167 to 1177 and a AT is in the range of 57 to 69°C.

Table 10 provides glass compaositions having ingredients in the
following ranges:

25 SiQq 55.40 to 57.75 percent by weight;
AlbO3 12.20 to 13.80 percent by weight;
Ca0 22.25 to 24.85 percent by weight;
MgO 2.05 to 2.60 percent by weight;
TiO, 0.50 to 1.10 percent by weight;
30 Na;O 0.90 percent by weight;
FesOs 0.25 percent by weight, and
B.0; 1.00 to 3.00 percent by weight.

The ranges for the mathematical relationships of the ingredients of the glass
35 compositions of Table 10 from Table 10 are as follows:
RO 26.80 to 27.35 wi%
Si0,/Cal 22310255
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LN SiOx/ALO; 4.04 to 4.69
Al,04/Ca0 0.51 to 0.59
SiO; + Al,O, 69.00 to 70.95 wit%
5 Si0; - RO 28.05 to 32.55 wt%
ALOJRO 0.46 to 0.53
R20 +RO+B,0; 28.15 to 30.25 wi%
(SIO; + ALLOg/(R20 +RO+B,05) 2.28 to 2.67

The glass compositions of Table 10 have a log3 forming temperature in the
10 range of 1202 to 1240°C and a AT is in the range of 53 to 100°C.

The glass compositions listed on Table 10 and the glasses within the scope of
the embodiment of Table 10 have a forming temperature in the range of 1202 to
1240 °C. It should be noted that the measured delta T for Example 91 was 34 °C: it is
15 believed that this is a measuring error the liquidus temperature because the glass
composition of Example S0 has similar ingredients, a lower liquidus temperature and
a delta T of 100 °C. Therefore the delta T of Example 91 is considered to be about
90°C. The preferred glass compositions from Table 10 are those that provide the
forming temperature range 1202 to 1219°C and a delta T greater than 5°C, more
20  particularly Examples 78 - 91.

The glass compositions of Examples 78 — 91 of Table 10 from Table 10 have
the following ingredients in the following ranges:

SiO; 55.40 to 56.65 percent by weight;
25 ALO; 13.05 to 13.80 percent by weight;
Cal 23.00 to 24.85 percent by weight;
MgQ 2.50 to 2.55 percent by weight;
TiC, 0.50 to 1.10 percent by weight;
NayO 0.90 percent by weight;
30 FeoQ4 0.25 percent by weight, and
B0y 2.00 to 3.00 percent by weight.

The ranges for the mathematical relationships of the ingredients of the glass
compositions of Examples 78 — 91 of Table 10 from Table 10 are as follows:
35 RO 25.55 t0 27.35 wi%
Si0,/Ca0 2.23102.44
SiO./RO 2.03t0 2.20
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(SIO; + Al O3)f (R20 +R0O+B,03)
The glass composition of Examples 78 -91 have a log3 forming temperature
in the range of 1202 to 1219°C and a AT is in the range of 53 to 100°C.
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68.95 to 69.95 wit%
28.05 to 30.60 wt%
0.49to 0.53
28.95 to 30.25 wit%
2.2810 2.41

The glass compositions of Table 11 from Table 11 have the following

ingredients in the following ranges:
56.10 to 57.75 percent by weight;
12.20 to 13.38 percent by weight;
23.75 1o 24.42 percent by weight;

SiO,
Al O,
Ca0
MgO
TiO,
Na;O
Fe.O;
B0,

2.55 percent by weight;

0.55 t01.10 percent by weight;

0.90 percent by weight;
0.25 percent by weight; and

1.30 to 1.40 percent by weight.

M Q0I

The ranges for the mathematical relationships of the ingredients of the glass

compositions of Table 11 from Table 11 are as follows:

RO

Si0,/Ca0
SiOx/RO

SiO/AIO3
Al,04/Cal

Si0; + AlLO4

SiO; -

RO

AlLOJ/RO
R20 +RO+B,0;
(S5i0; + A'gOa)l (RZO +RO+8203)

The glass compositions of Table 11 have a log3 forming temperature in the

26.30 to 26.97 wi%
2.30t0 2.43
2.08to 2.20
4.1910 4.73
0.5110 0.54
69.48 to 69.95 wt%
29.13 to 31.45 wit%
0.46 to0 0.50
28.60 t0 20.17 wi%
2.38 to 2.44

range of 1215 to 1218°C and a AT in the range of 63°C to 65°C.

t

N
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5 range of 10-14 wt%, preferably in the range of 11-14 wt% and more preferably in the
range of 11.75 —-13.75 wt%; CaQ in the range of 20-26 wt%, preferable in the range
of 21.50-25.00wt% and more preferable in the range of 21.75-24.50 wi%, and MgO
in the range of 1-4 wt%, preferably in the range of 1.35-3.50 wt% and more
preferably in the range of 1.60-3.25 wt%. The compositions of Tables 12 and 13 are
boron free. The compositions of Tables 12 and 13 contemplate a TiO; in the range of
0.25-1.75 wt%, more likely in the range of 0.40 - 1.60 wt% and most ||kely more
preferably in the range of 0.45-1.55 wi%; Na,O in amounts up to 0. 75 wt%,
preferably in amounts up to 0.70 wi% and more preferably in amounis up to 0.65
wit%,; Li,O in amounts in the range of 0.10 to 1.25 wt%, preferably in the range of
0.20 to 1.10 wi%, and more preferably in the range of 0.30 to 1.00 wi%, and Fe,O; in
the range of up to 0.50 wt%, preferably up to 0.45 wi% and more preferably up to
0.30 wt%.

A gléss composition having ingredients of Tables 12 and 13 within the above
ranges and at least one of the following relationships provides a glass composition
having a forming temperature below 1240°C and a delta T of greater than 50°C:

Relationship Broad Range Preferred Range
RO (CaO + MgQ) 23.50to 27.50 wi% 23.75t0 27.00 wi%
Si0./ Ca0 2.1010 2.80 2.30t0 2.80

Si0./ RO 1.90t0 2.55 21010 2.55
SiO,/AlLO, 3.70405.00 4.20t0 5.00
AlO;/Ca0 04510 0.65 0.4510 0.60

SiO; + Al,O, 66 to 73.7 wi% 70.81t0 73.7 wi%
R0 + RO 24.75 to 28 wt% 2510 27.75 wit%
(Si0; + ALO3)(R,0 + RO) 2.00t0 3.00 2.30to0 3.00
Si0,~ RO 26.5 to 36.6 wi% 30.50 to 36.6 wt%
AlLO,/RO 0.40 to 0.60 0.46 to 0.53

The Type 3 Glasses do not consider the addition of K20O; therefore for Type 3
Glasses R20 is equal to the sum of the wit% of Na,O and Lj,O.




" NCD MV LOLA Ococo OMr cOOQU NV OV rrLo LjrNN666r NNCVW6NO6
CONNOOW ) mNMDOa 0 M_o LC) CDc M 0) ¢’ 20D Ui CBNN666r C qNd) 6mNNONF Nrr Lf) 0 LO
OU,)toOLOOLOrWOLOLOlOO)OOLC]-?HQWVNG ) L0 OALS o
OVUF U) LOD) NVPMONLACNCOV' LOLO O ) ( D~NNB66r NNNV6 rrio L~

LO o“?) : ?\/I 0 LOLALOOU ON 2)0M LAVinLOLT ) 0) Nwavo\uoo\k? Fehpary 2o
MO~NCVO60r NNCV' V' CNNNNF - e oNcoNNMNMLo C) MONMOLoW Mo CDri pLb 7M-
LoCg66¢NNNA' 60N( VNGAE ban be Sprediatéd) eactDSOha TARR0RRN 337

provides ranges for the ingredients and the relationships. More particularly, the glass
compositions of Tables 12 and 13 from Tables 12 and 13 have the following
ingredients in the following ranges:

5 SiO, 57.65 to 60.75 percent by weight;

Al,C, 12.00 to 13.64 percent by weight;
CaO 22 to 24.155 percent by weight;
MgO 1.70 to 3.40 percent by weight;
TiO, 0.50 to1.50 percent by weight;

10 Na©O 0.30 to 0.60 percent by weight;
Li.O 0.30 to 1.00 percent by weight, and
Fe,O, up to 0.25 percent by weight.

The ranges for the mathematical relationships of the ingredients of the glass
15 compositions of Tables 12 and 13 from Tables 12 and 13 are on Table 21 under the
column entitled “Type 3 Glasses”. The glass compositions of Tables 12 and 13 have
a log3 forming temperature in the range of 1205 to 1240°C, and a AT in the range of
50 to 100°C.

20 The glass compositions of Table 12 from Table 12 have the following
ingredients in the following ranges:

SiO, 58.25 to 59.97 percent by weight:
Al O 12.19 to 13.64 percent by weight;
Ca0 22.04 to 23.65 percent by weight;
25 MgO 2.50 to 3.12 percent by weight;
TiO, 0.50 to 1.50 percent by weight;
NaxO up to 0.30 percent by weight;
Li:O 0.90 to 0.91 percent by weight, and
Fe,Os 0.20 to 0.25 percent by weight.

30

The ranges for the mathematical relationships of the ingredients of the glass
compaositions of Table 12 are as follows:

RO 24.94 to 26.20 wt%
Si0,/Ca0 24710 2.72
SiO/RO 2.23t02.40

Si0./ALO; 4.31t04.92
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00 Al;0./Ca0 0.55to 0.59

SiO; + ALO, 71.55 to 73.03 wit%

Si0, - RO 32.15 to 34.91 wit%

ALOY/RO 0.48 to 0.52

R20 +RO 25.84 to 27.10 wt%

(Si0, + Al,O3) (R20 +R0O) 26410 2.79

The glass compositions of Table 12 have a log3 forming temperature in the
range of 1211°C and to 1218°C, and a AT in the range of 56 to 68°C.

The glass compositions of Table 13 from Table 13 have the following
ingredients in the following ranges:

Sio, 57.85 to 60.75 percent by weight;
A0, ) 12.00 to 13.40 percent by weight;
Ca0 22.00 to 24.15 percent by weight;
MgO 1.70 to 3.12 percent by weight;
TiO, 0.50 to 1.50 percent by weight;
Na,O 0.45 to 0.90 percent by weight;
Li,Q 0.45 to 1.00 percent by weight, and
Fey, 0, up to 0.25 percent by weight.

The ranges for the mathematical relationships of the ingredients of the glass
compositions of Table 13 from Table 13 is as follows:

RO 24.25 to 26.70 wit%
Si0,/Ca0 23810272
SiO,/RO 21610 251
Si0 /A0, 4.30 to 4.92
Al,C3/Cal 0.50 to 0.59
SiO, + Al,O4 71.05 to 73.67 wit%
Si0; — RO 31.35 to 36.56 wt%
AlLOL/RO 0.47 to 0.55
R20 +RO 24.91 to 27.90 wt%
(Si0; + AlLO,)/ (R20 +RO) 2.30 to 2.96

The glass compositions have a log3 forming temperature in the range of 1205
t01240°C and a AT are in the range of 50 to 101°C.
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1240 °C and a delta T in the range of 50 —100°C: however the preferred glass
compositions from Table 13 are those that provide the forming temperature range of
5 1205 to 1220°C and more preferably in the range of 1205 - 1218 °C. more
particularly Examples 123,124,125,127-1 32,147,153, 155, 157, 160 and 161 with the
appropriate delta T, e.g. 50°C or greater.

The glass compositions of Examples 123,124,125 127-132,147,153, 155,
10 157, 160 and 161 from Table 13 have the following ingredients in the following

ranges:
SiO, 57.65 10 60.33 percent by weight;
AbLO; 12.22 to 13.40 percent by weight;
Ca0O 22.00 to 24.15 percent by weight;
15 MgO 2.30 to 3.40 percent by weight;
TiO, 0.50 to 1.50 percent by weight;
Na,O up to 0.45 percent by weight:
Li:O 0.45 to 1.00 percent by weight, and
Fes0s up to 0.25 percent by weight.
20
The ranges for the mathematical relationships of the ingredients of Examples
123,12_4,125,127—132,147,153, 155, 157, 160 and 161 from Table 13 are as follows:
RO 24.84 10 26.70 wt%
Si0/Cal 2.391t02.72
25 Si0./RO 2.16to 2.42
SiO/AILO; | 4.30 to 4.92
Al,O3/Ca0 0.52 to 0.59
SiO; + Al,O, 71.05 to 72.80 wt%
Si0, - RO 31.35 to 35.37 wi%
30 AlLO4/RO 0.47 to 0.52
R20 +RO 25.74 to 27.60 wt%
(SiO2 + ALOR)(R20 +RO) 2.30 to 2.81

The glass compositions have a log3 forming temperature in the range of 1205
to 1220°C and in the range of 1205 to 1218°C, and a AT in the range of equal to and
35  greater than 50°C and equal to and less than 80°C.

Pr
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The selection of the above examples is made based on the low forming
temperature. As can be appreciated, if a high delta T is of interest then Examples
135-141,for example, would be of interest because they have a delta T in the range
of 77 -100°C.

The glass compositions of Examples 135 - 141 from Table 13 have the
following ingredients in the following ranges:

SiC, 58.55 to 60.57 percent by weight;
AlLOy 12.2510 13.10 percent by weight;
Cad 22.31 to 23.85 percent by weight;
MgC 1.70 to 3.10 percent by weight;
Naz20 up to 0.30 percent by weight

TiO, 1.10 percent by weight, and

Li,O up to 0.60 percent by weight.

The ranges for the mathematical relationships of the ingredients of Examples
135 — 141 from Table 13 is as follows:

RO 24.01 to 25.95 wit%
Si0./Ca0 2.50t0 2.71
Si0,/RO 2.29t02.52
SiO/AlLO, 46210 4.88
Al,04/Ca0 0.52 to 0.59
SiO; + AlLO; 71.80 to 73.67 wit%
S0, - RO 33.60 to 36.56 wit%
AlbOs/RO 0.47 t0 0.55
R20 +RO 24.91 to 26.85 wi%
(Si0z + ALOg) (R20 +RO) 2.67 10 2.96

The glass compositions have a log3 forming temperature in the range of 1234
to 1240°C, and a AT is in the range of 61 fo 100°C.

Tables 14 and 15 (Type 4 Glasses) include glass compositions of a
quaternary system that includes SiO, in the range of 55-62 wi%, preferably in the
range of 56-61 wt% and more preferable in the range of 57-60 wt%; Al,Os in the
range of 10-14 wt%, preferably in the range of 11-14 wt% and more preferably in the
range of 12 —13.75 wt%; CaQ in the range of 21-26 wi%, preferable in the range of
21.50-25.00 wi% and more preferable in the range of 21.75-24.50 wt%, and MgQ in
the range of 1-3.25 wt%, preferably in the range of 1.50-3.00 wt% and more
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N O ON LO h O preferably in the range of 1.75-2.75 wi% . The compositions of Tables 14 and 15 are
boron free. The compositions of Tables 14 and 15 contemplate TiO; in the range of
0.25-1.75 wt%, more likely in the range of 0.40- 1.50 wit% and most likely in the
range of 0.45-1.25 wt%; Li2O in amounts in the range of 0.25 to 1.25 wt%, preferably

5 in the range of 0.30 to 1.10 wt%, and more preferably in the range of 0.40 to 1.00
wit%, ZnO in amounts in the range of 0.25 to 1.25 wt%, preferably in the range of
0.30 to 1.15 wt%, and more preferably in the range of 0.40 to 1.10 wt%, and Fe,O; in
the range of up to 0.50 wi%, preferably up to 0.35 wi% and more preferably up to
0.30 wt%.

10
A glass composition having ingredients of Tables 14 and 15 within the above

ranges and at least one of the following relationships provides a glass composition
having a forming temperature below 1240°C and a delta T of greater than 50°C:

15 Relationship Broad Range Preferred Range
RO (Ca® + MgQ) 24 to 28 wit% 25.25 to 27.00 wt%
Si0,/ Cal 2.10 to 2.80 2.30t02.60
SiO,/ RO 1.90 to 2.55 2.10t0 2.55
Si0y/Al,O4 3.70 to 5.0C 4.20t0 5.00

20 Alz0,/Cal 0.45 to 0.65 0.50to 0.60
SiO; + Al,O3 68 to 73.7 wit% 70.8 to 72 wt%
R.O + RO 25 to 30 wt% 26.0 to 28 wt%
(Si0; + AlL,O3)/(R,0 + RO) 2.00to0 3.00 2.3010 3.00
Si0; - RO 26.510 36.60 wt%  30.5 to 36.60 wt%

25 AlLOL/RO 0.40 to 0.80 0.46 to 0.53

The Type 4 Glasses are shown only to have Li,O; therefore for Type 4 Glasses
R20 is equal to the wt% of Li,O

As can be appreciated, each of the Tables 14 and 15 provides ranges for the
30 ingredients and the relationships. More particularly, the glass compositions of Tables
14 and 15 from Tables 14 and 15 have the following ingradients in the following

ranges:
SiO, 57.35 to 59.618.30 percent by weight;
ALO, 12.16 to 13.63 percent by weight;

35 Ca0 22.85 to 24.22 percent by weight;
MgO 1.90 to 2.55 percent by weight;

TiO, 0.50 t01.10 percent by weight;
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Fe 0, up to 0.25 percent by weight.
in the range of 1195 to 1229°C, and a AT is in the range of 54 to 71°C. The ranges
5 for the mathematical relationships of the ingredients of the glass composifions of
Tables 14 and 15 are found on Table 21 under the column entitied “Type 4 Glasses".
The glass compositions have a log3 forming temperature

The glass compositions of Table 14 from Table 14 have the following
10 ingredients in the following ranges:

Si0, 58.00 to 58.30 percent by weight;
AlLO; 13.03 to 13.33 percent by weight;
Cal 22.85 to 23.84 percent by weight;
MgC 2.50 to 2.55 percent by weight;
15 TiO, 0.50 to 1.10 percent by weight;
Li,O 0.90 percent by weight;
Zn0O 1.00 percent by weight, and
Fez04 up to 0.25 percent by weight.
20 The ranges for the mathematical relationships of the ingredients of the glass

compositions of Table 14 from Table 14 are as follows:

RO 25,40 to 26.34 wi%
Si0,/Ca0 2.43 to 2.54
SiO2/RO 2.20 to 2:29

25 SiOL/ALO; 4.36 to 4.47
Al,04/Ca0 0.55 to 0.58
Si0, + Al,O; 71.13 to 71.58 wt%
Si0,— RO 31.66 to 32.75 wi%
ALOLRO 0.49 to 0.52

30 R20 +RO 26.30 to 27.24 wt%
(Si0, + Al,O4)/ (R20 +RO) 2.61t0 2.71

The glass compositions have a log3 forming temperature in the range of 1204
to 1213°C, and a AT in the range of 56 to 71°C.

35 The glass compositions of Table 15 from Table 15 have the following
ingredients in the following ranges:
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or Al:Os 12,16 to 13.63 percent by weight:
Ca0 23.14 to 24.22 percent by weight;
MgO 1.90 to 2.55 percent by weight;
5 TiO, 0.50 t01.10 percent by weight:
Li,O 0.45 to 0.90 percent by weight;
ZnO 0.45 to 1.00 percent by weight, and
Fey 05 up to 0.25 percent by weight.
10 The ranges for the mathematical relationships of the ingredients of the glass
compositions of Table 15 from Table 15 are as follows:
RO 25.64 to 26.60 wi%
Si0./Cal 24110254
Si0/RO 2.18t0 2.29
15 SiO/AlLO; 4.26 to 4.90
Al,O5/Ca0 0.50to 0.59
SiO; + AlLO; 70.55 to 71.77 wt%
Si0; - RO 31.15 to 33.61 wi%
Al,Os/RO 0.47 to 0.53
20 R20 +RO 26.45 to 27.50 wt%
(Si0; + AlO3) (R20 +R0O) 2.60to 2.71

The glass compositions of Table 15 have a log3 forming temperature in the
range of 1195 to 1229°C, and a AT in the range of 54 fo 58°C.

25 Table 16 {Type 5 Glasses) include glass compositions of a quaternary
system that includes SiO, in the range of 55-62 wt%, preferably in the range of 56-61
wit% and more preferable in the range of 58-80 wt%: Al,O; in the range of 10-14 wt%,
preferably in the range of 11.00-13.5 wt% and more preferably in the range of 11.75
—~13.25 wt%,; CaO in the range of 21-25 wi%, preferable in the range of 21.25-24.00

30 wi% and more preferable in the range of 21.25-23.00 wit%, and MgO in the range of
1-4.00 wi%, preferably in the range of 1.25-3.50 wt% and more preferably in the
range of 1.50-3.50 wt%. The compositions of Table 16 are boron free. The
compositions of Table 16 contemplate TiO, in the range of 0.50-2.00 wit%, more likely
in the range of 0.50 ~ 1.50 wt% and more preferably in the range of 0.75-1.25 wt%:

35 Na20O in amounts in no greater than 2.00 wi%; preferably no greater than 1.50 wi%,
and more preferably no greater than 1.25 wt%; ZnO in amounts in the range of 0.50



~ [ ) N a0)
0.0 co In co vWNCcoOr MNON-t ON ~coNVOO0OOr i ONCVV Onf VNON) © Nco )
NI\/N)O~NO' LU jNO I pU? O NU? LOnONm col t) LoC~ XLO N( VCOOOVEoNNI t OONN ON{ N
Wo QO LOINLO0OO0OLOODONOGoOoV't 000. r OONVLO

N L L
LV 16, NonaDl LG 000, L0 O N (0 60 NIOGDLON L6 ") NOGRBEPPRAUERRAN
ran ntNOy NOMO Ln LO LO O 0 OONm~p LnmiLO O O LACcoN cooVLDNCDO. LO~-O 6C5C
6NLNr OVNNO[ r O #33-D@at%e.preferably)in the@arg@ dd 0G0k 9754 ) 480 more preferably in the
range of 0.75 to 2.50 wt%, and Fe,0; in the range of up to 0.50 wt%, preferably in
the range of up to 0.35wt% and more preferably in the range of up to 0.30 wt%.

5 A glass composition having ingredients of Table 16 within the above ranges
and at least one of the following relationships provides a glass composition having a
forming temperature below 1240°C and a delta T of greater than 50°C:;

Relationship Broad Range Preferred Range

10 RO (Ca0 + Mg0) 23 to 28 wit% 24.0t0 27.0 wt%
Si0,/ CaO 2.10t0 2.80 2.30t0 2.80
SiC./ RO 1.90 to 2.55 2.10t0 2.55
Si02/Al,O0p 3.70 to 5.00 4.20t0 5.00
AlLO5/Ca0 0.45 to0 0.65 0.45tc 0.60

15 Si0; + Al,O, 66 to 73.7 wt% 70.810 73.7 wt%
R20 + RO 25 to 28 wi% 26.0t0 27.0 wt%
(Si0z + Al,04)/(R20 + RO) 2.00to 3.00 2.30t0 3.0
5i0, ~ RO 30 to 39 wt% 31.50 to 37. wit%
Al:Os/RO 0.4010 0.60 0.46 00.53

20 Type 5 Glasses were considered having Na,O; therefore R20 is equal to the

sum of Na,O in wt%.

As can be appreciated, Table 16 provides ranges for the ingredients and the
relationships. More particularly, the glass compositions of Table16 from Table 16
have the following ingredients in the following ranges:

25 SiO, 58.70 to 59.00 percent by weight:
ALQO; 11.90 to 12.00 percent by weight;
Ca0 22.40 to 22.50 percent by weight;
MgO 3.40 percent by weight;
TiOs 1.00 percent by weight;

30 Na,O 0.90 percent by weight;
Zn0O 1.00 to 1.50 percent by weight, and
Fe,O4 up to 0.20 percent by weight.

The ranges for the mathematical relationships of the ingredients of the glass
35  compositions of Table 16 from Table 16 are on Table 21 under the column entitled
“Type 5 Glasses”. The glass compositions of Table 16 have a log3 forming
temperature in the range of 1231 to 1234°C, and a AT in the range of 50 to 59°C.
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quaternary system that includes SiO, in the range of 50-62 wt%, preferably in the
range of 52-61 wit% and more preferable in the range of 53.50-60.25 wi%; Al,O3 in
5 the range of 10-14 wt%, preferably in the range of 11.00-14.00 wt% and more
preferably in the range of 11.90 ~13.75 wt%:; CaO in the range of 21-26 wi%,
preferable in the range of 22.00-25.00 wt% and more preferable in the range of
22.50-24.25 wi%, and MgO in the range of 1-4.00 wit%, preferably in the range of
1.50-3.00 wit% and more preferably in the range of 2.25-2.75 wt% . The
10 compositions of Tables 17 and 18 have B,O; in the range of 0.50-5.00 wt%,
preferably in the range of 0.50-4.00 and more preferably in the range of 0.75-3.25
wt%. The compositions of Tables 17 and 18 contemplate further include TiO, in the
range of 0.25-2.00 wt%, more likely in the range of 0.35- 1.50 wt% and most likely
in the range of 0.40-1,25 wt%; Na,O in amounts no greater than 1.00 wi%; preferably
15 no greater than 0.90 wi%, and more preferably no greater than 0.75 wi%; K,O in
amounts no greater than 0.50 wt%; preferably no greater than 0.35 wi%, and more
preferably no greater than 0.20 wt%; Li,O in amounts in the range of 0.10 to 1.25
wt%, preferably in the range of 0.20 to 1.10 wt%, and more preferably in the range of
0.25 to 1.00 wt%, and Fe,Q, in the range of 0.10-0.50 wt%, preferably in the range
20 of 0.15-0.50 wt% and more preferably in the range of 0.20-0.40 wt%.

A giass composition having ingredients of Tables 17 and 18 within the above
ranges and at least one of the following relationships provides a glass composition
having a forming temperature below 1240°C and a delta T of greater than 50°C:

25
Relationship Broad Range Preferred Range
RO (Ca0 + MgO) 24 to 28 wt% 25.0t0 27.20 wt%
Si0,/ Ca0 21010 2.80 2.20t0 2.70
8i0J/ RO 1.90 to 2.55 1.90 to 2.40

30 Si0/AIO; 3.50 to 5.00 4.00t0 5.00
Al,Oy/Cal 0.50to 0.60 0.50 to 0.60
SiO, + AlLO, 66 to 73.7 wi% 67 to 72.1 wt%
R20 + RO +B,0, 25 to 32 wt% 26.50 to 32 wi%
(SiO; + ALOL)/(RO + RO + B,0;)  2.00to 3.25 2.301t0 3.00

35 Si0, - RO 26.5 to 36.6 wi% 27 to 36.6 wi%

AlO/RO 0.40 to 0.60 0.46 to 0.56
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equal to the sum in wt% of Li,O, KO and Na,O. Individual Table 17 includes Li;O and
NazO; therefore R20 for Table 17 is equal to the sum in wt% of Li,O and Na,O. Individual
Table 18 includes Li,0, K;0 and Na,O; therefore R20 for Table 18 is equal to the sum in
5 wit% of Li;O, K;O and Na,O.

As can be appreciated, Tables 17 and 18 provide ranges for the ingredients
and the relationships. More particularly, the glass compositions of Tables 17 and18
have the following ingredients in the following ranges:

10 Si0, 54.60 to 59.53 percent by weight;
AlLO,3 12,16 to 13.63 percent by weight;
CaC 22.87 to 24.05 percent by weight;
MgO 2.00 to 2.55 percent by weight;
TIO, 0.49 to 1.10 percent by weight;

15 Na,© 0 to 0.60 percent by weight;
K0 0 to 0.10 percent by weight;
Li;©O 0.30 to 0.91 percent by weight;
Fe Oy 0.23 1o 0.30 percent by weight, and
B,0; 0.90 to 3.00 percent hy weight.

20 The ranges for the mathematical relationships of the ingredients of the glass

compositions of Tables 17 and 18 are on Table 21 under the column entitled “Type 6
Glasses”, The glass compositions of Table 17 and 18 have a log3 forming
temperature in the range of 1187 to 1239°C, and a AT in the range of 50 to142°C.

25 The glass compositions of Table 17 have the following ingredients in the
following ranges:
Si0O, 57.60 to 58.50 percent by weight;
Al2O; 12,76 to 13.43 percent by weight;
Cao 23.40 to 23.84 percent by weight;
MgO 2.50 percent by weight;
TiO, 0.50 percent by weight;
Na,Q up to 0.60 percent by weight;
Li,O 0.90 percent by weight;
Fe,0, 0.23 percent by weight, and

B0, 1.00 to 1.20 percent by weight.
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The ranges for the mathematical relationships of the ingredients of the glass
compositions of Tables 17 are as follows:

RO 25.90 to 26.34 wt%
5 Si0,/Ca0 2.42 10 2.48
SiO./RO 2.19to 2.24
SiO./A1O; 43010 4.47
Al,Oy/Cal 0.54 to 0.57

SiO, + AlLLO, 70.83 to 71.47 wt%

10 Si0, - RO 31.26 to 32.39 wt%
Al,O4/RO 0.49 to 0.52

R20 +RO+B,0; 27.80 to 28.44 wi%
(SiO, + ALOs)/ (R20 +RO+B.05) 2.49 to 2.57

Type 6 Glasses of Table 17 included Li,O, K,O and Na,O; therefore R20 is equal
15 to the sum in wt% of Li,O, K;O and Na,0.

The glass compositions of Table 17 have a log3 forming temperature in the
range of 1192 to 1198°C, and a AT in the range of 55 to 63°C.

20 The glass compositions of Table 18 have the following ingredients in the
following ranges:

Si0, 54.60 to 59.53 percent by weight;
Al,O4 12.16 to 13.63 percent by weight;
Ca0 22.93 to 24.05 percent by weight;

25 MgO 2.00 to 2.55 percent by weight;

' TiO; 0.49 to 1.10 percent by weight;

NaxO up to 0.60 percent by weight;
KO up to 0.10 percent by weight;
LizO 0.30 to 0.91 percent by weight;

30 Fe,O, 0.23 to 0.35 percent by weight, and
B,0O; 0.60 to 3.00 percent by weight.

The ranges for the mathematical relationships of the ingredients of the glass
compositions of Tables 17 are as follows:
35
RO 25.80 to 26.60 wt%
Si0,/Ca0 2.22 10 2.66
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SiO./ALO, 4.0910 4.90
Al,O3/Ca0 0.51t0 0.59
SiO, + AlO, 67.95 to 72.05 wit%
5 Si0, - RO 27.50 to 33.84 wt%
AlLOs/RO 0.46 to 0.53
R20 +R0O+B.0, 26.70to0 31.10 wi%
(SIO; + AlLO3) (R20 +RO+B;03) 21810 2.68

The glass compositions of Table 18 have a log3 forming temperature in the
10 range of 1187 to 1238°C, and a AT in the range of 50 to 42°C.

The glass compositions listed on Table 18 and the glasses within the scope of
the embodiment of Table 18 have a forming temperature in the range of 1187 to
1239 °C and a delta T in the range of 50 -142°C; however the preferred glass
15 compositions from Table 18 are those that provide the forming temperature range
1187 to 1220°C (Examples 188-213, 215-229, 213-235, 238-240, 242-260 and 262-
267) and more preferably in the range of 1187 — 1205 °C (Examples 188-191, 194,
185, 198, 200, 201 202-205, 208, 209, 211-213, 215-219, 221-223, 225-229, 233-
235, 239, 242, 257 and 260).
20
A glass compasition having the ingredients in the ranges
mentioned above for Table 18 and having the following relationships will provide
glass compositions having a log3 forming temperature in the range of 1187 to
1220°C, and a AT is in the range of 50 to 139°C:

25 RO 25.80 to 26.60 wt%
SiO,/Ca0 22210 2.66
SiO./RO 2.01t02.39
SiO./ALO, 4.09to 4.87
: Al,O4/Ca0 0.51 10 0.59
30 SiO; + ALLO, 67.95 to 72.05 wt%
8i0; - RO 27.50 to 33.84 wt%
AlLOs/RO 0.46 to 0.53
R20 +RO+B.0, 26.70 to 31.10 wit%

(Si0, + ALOL/(R20 +RO+B,05) 2.18 0 2.68
35
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the range of 1187 to 1205°C, and a AT in the range of 50 to 124°C have the
following ingredients and the following ranges:

Si0, 57.60 10 59.21 percent by weight;
5 Al,Oq 12.16 to 13.63 percent by weight;

Cao 22.87 to 24.06 percent by weight;
MgO 2.36 to 2.50 percent by weight;
TiO, 0.49 to1.10 percent by weight;
Na,O up to 0.30 percent by weight;

10 K0 up to 0.09 percent by weight;
Li,O 0.70 to 0.90 percent by weight;
Fey04 0.23 to 0.29 percent by weight, and
B2O; 1.00 to 1.20 percent by weight;

And the following relationships:

15 RO 25.23 to 26.54 wt%
Si0,/Ca0 2,40 to 2.57
Si0./RO 2.17 t0 2.32
Si0./Al;04 4.26 10 4.87
AlLO,/Cal 0.52 to 0.59

20 Si0, + AlL,O, 70.63 10 71.73 wt%
Si0, - RO 31.06 to 33.61 wit%
AlLO,/RO 0.47 to 0.53
R20 +RO+B,0; 27.23 10 28.64 wt%
(SiO; + AlO3)(R20 +RO+B,0,) 2.47 t0 2.63

25
The selection of these examples is made based on the low forming
temperature. Further examples 266 -268 are glass compositions that have a low
forming temperature with 0.30 wt% Li,O. Examples 265-268 define a range of
ingredients and relationship of the ingredients to provide a low Li,O containing glass
30  with low forming temperature. As can be appreciated and as previously discussed, if
a high delta T is of interest then Examples from Table 18 have a high delta T, e.g.
above 75°C may be selected to define glass compositions.

Table 19 (Type 7 Misc. Glasses) includes glass compositions of a
35 quaternary system that includes SiO; in the range of 56-80 wt%, preferably in the
range of 57-569 wit% and more preferable in the range of 57.50-59 wi%; Al,Os in the
range of 10-14 wi%, preferably in the range of 11.00-14.00 wt% and more preferably
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range of 22.00-24.00 wit% and more preferable in the range of 22.50-24.00 wt%, and
MgO in the range of 2.00-4.00 wt%, preferably in the range of 2.00-3.00 wt% and
more preferably in the range of 2.25-2.75 wt% . The compositions of Table 19
5  include B,O; in the range of 0 — 1.50 wi%, preferably in the range of 0-1.25 wi% and

more preferably in the range of 0-1.10 wt%. The compositions of Table 19
contemplates further includes TiO; in the range of 0.25-1.50 wt%, more likely
preferably in the range of 0.25-1.35 wi% and most likely in the range of 0.40-1.25
wit%; Na,O in amounts no greater than 1.25 wt%:; preferably no greater than 1.10

10 wt%, and more preferably no greater than 1,00 wi%; ZnQ in amounts no greater than
0.50 wt%,; preferably no greater than 0.40 wt%, and more preferably ne greater than
0.35 wt%; MnO in amounts no greater than 4.00 wt%; preferably no greater than 3.50
wt%, and more preferably no greater than 3.25 wt%; MnQ, in amounts no greater
than 4.00 wt%; preferably no greater than 3.50 wt%, and more preferably no greater

15 than 3.26 wt%, and Fe,0, in the range of 0.10 -0.50 wt%, preferably in the range of
0.15-0.50 wt% and more preferably in the range of 0.20-0.40 wt%.

A glass compasition having ingredients of Tables 19 within the above ranges
and at least one of the following relationships provides a glass composition having a
20  forming temperature below 1240°C and a delta T of greater than 50°C:

Relationship Broad Range Preferred Range
RO (CaO + MgQ) 24 to 27 wt% 25.00 to 26.50 wt%
Si0,f Ca0 2.10t0 2.80 22010270
25 Si0/ RO 1.90 to 2.55 1.90 to 2.40
SiOy/Al;03 3.70 t0 5.00 3.70t0 4.90
AlsO4/Ca0 0.45t0 0.65 0.55 to 0.60
Si0; + ALO, 66 to 73.7 wit% 66 to 72.1wt%
R0 + RO + B,0O, 25 to 28 wt% 25,75 to 27.50 wt%
30 (SiO2 + AlLO3)/(R;O + RO + B,Q;)  2.00 to 3.00 2.00t02.75
Si0,-RO 265010 36.6 wt%:  26.510 34.00 wt%
Al O4/RO 0.40 to 0.60 0.46 to 0.56

The Misc. Glasses included Li;O and Na,O; therefore R20 is equal to the sum in wt% of
Li,O and Na,0.
35

Table 19 provides the following ranges for the following ingredients:
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Mo No p QVO . E Co W%zoa 11.88 to 13.35 percent by weight;
CaO 22.80 to 23.50 percent by weight;
MgO 2.43 to 2.50 percent by weight;
5 TiO, 0.50 to 1.10 percent by weight;
NayO, 0.87 — 0.90 percent by weight;
Li2O 0 to 0.30 percent by weight;
Zn0O 0 to 0.30 percent by weight;
Fe.0, 0.22-~0.25 percent by weight:
10 MnO 0.30 to 3.00 percent by weight;
MnQ, 0 to 3.00 percent by weight, and
B,0O3 0 to 1.00 percent by weight.

The relationships for the ingredients of the glass compositions on Table 19
15 are as follows:

RO 25.23 to 26.00 wi%
Si0x/Ca0 2.49 to 2.54
SiO«/RO 2.25 0 2.29
Si0L/ALO, 4.40 10 4.90
20 Al,O4/Ca0 0.52 o 0.57
SiO, + AlO, 69.52 to 72.05 wt%
Si0, - RO 32.40 to 32.70 wt%
ALOLRO 0.47 to 0.51
R20 +RO+B,0, 26.10 to 27.30 wt%
25 (SIO; + AlLLOg) (R20 +RO+B,0;) 2.59 10 2.74

The glass compositions have a log3 forming temperature of in the range of 1219 to
1241°C, and a AT in the range of 52 to 76°C.

Table 20 (Production Glasses) Table 20 is a representation of commercial
30 glasses having embodiments of the invention similar to the embodiment of the glass
compositions of Table 4. The glass compositions are of a quaternary system that
includes SiO, in the range of 55.97-57.07 wit%; Al:Ojy in the range of 12.68-12.86
wt%; CaQ in the range of 23.91-24.69 wi% and MgQ in the range of 2.42-2.60 wt%.
The compositions of Table 20 include B,O, in the range of 1.15 = 1,70 wt%; TiO, in
35  the range of 0.94 — 1.09 wt%; Na,O in the range of 0.87 —0.93 wit%; K,O in the
range of greater than 0,050 — 0.070 wi%:; SrQ in the range of 0.040 — 0,050 wt%,;
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Crz20; in the range of 0.002 — 0.008 wt%; SO; in the range of 0.018 — 0.032 wit%,
and Fe,Oj; in the range of 0.255 ~0.278 wit%.

A glass composition having ingredients of Tables 20 within the above ranges and

5  atleast one of the following relationships provides a glass composition having a forming
temperature in the range of 1203 - 1217°C and a delta T in the range of 55 - 83°C.
Several of the glass compositions do not have the forming and liquidus temperatures, and
the delta T. The glass compositions without the temperatures and delta T were glass
compositions made between glass compositions whose forming temperature | liguidus

10 temperature and delta T were measured. As indicated by the position on the Table which
is in general in chronological order, it is expected that the glass compositions not
measured would have temperature performances similar to those that were measured.
The mathematical relationships of the ingredients of the glass compositions on Table 20
are listed on Table 22 in the column entitled “Production Glasses (contain boron)”. The

15 R20 from the listed Production Glasses is equal to the sum in wt% of Li,O and Na,0.

As can now be appreciated, a range for each of the
ingredients of the glass compositions of Types 1 and 2 glasses (Tables 2-11) can be
determined from Tables. More particularly, Tables 1 and 2 provide a quatemary system
20 including Si0O2, Al203, CaO and MgO and the ingredients of the glass having the
relationship as shown in Table 22 under the column entitied “Types 1 & 2 Glasses”. Types
1 & 2 Glasses included KO and Na,O; therefore R20 is equal to the sum in wt% of K0
and Na,0.

25 The glass compaositions having the following ingredients in the following
ranges has a log3 forming temperature in the range of 1167 to 1240°C and a AT in
the range of 50 to 100°C:

Si0. 53.00. to 59.05 percent by weight:;
AlOy 12.20 to 14.00 percent by weight;

30 CaO 22.25 to 24.95 percent by weight, and
MgO 1.50 to 3.00 percent by weight, and

the composition may further include:

TiO; 0.50 to 1.10 percent by weight;
Na,O 0.45 to 0.90 percent by weight;

a5 K20 0 to 0.58 percent by weight;

Fey0y 0 to 0.50 percent by weight, and
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Further as can be appreciated, a range for each of the ingredients for Type 3-6

glasses on Tables 12 -19 can be determined by selecting the lowest and highest values to
define the range for an ingredient and/or relationship on Tables 12-19. More particularly
Tables 12-19 provide glass compositions having a quaternary system including SiO,, Al,0s,
CaO0 and Mgo with the ingredients of the glass having the relationship shown on Table 22
under the column entitled “Types 3-6 Glasses". Types 3-6 Glasses included Li,O, K.Q and
NayO; therefore R20 is equal fo the sum in wi% of Li;O, K,O and Na,O.

The glass composition having the following ingredients in the following ranges
has a log3 forming temperature in the range of 1187 to 1240°C and a delta T in the
range of 50 to 142°C:

Si0, 54.60 to 60.75 percent by weight;

AlO, 11.90 to 13.64 percent by weight;

CaO 22.00 to 24.22 percent by weight, and

MgQ 1.90 10 3.40 percent by weight, and
the composition may further include:

TiO, 0.49 to 1.50 percent by weight;

Na,O 0 to 0.90 percent by weight;

K0 0 to 0.10 percent by weight;

ZnQ 0.45 to 1.50 percent by weight;

Li2O 0.30 to 1.00 percent by weight;

Fe 0, 0 to 0.35 percent by weight, and

B.O; 0 to 3.00 percent by weight.

Still further as can be appreciated, a range for each of the ingredients for
boron free glasses: Type 1 Glasses (Table 2), Type 3 Glasses (Tables 12 and 13);
Type 4 Glasses (Tables 14 and 15); Type 5 Glasses (Table 16) and their relationship
can be determined from Tables 2 and 12-16. More particularly, Tables 2 and 12-16
glass compositions having a quaternary system including SiO,, Al;0;, CaO and Mgo
with the ingredients of the glass having the relationship shown on Table 22 under the
column entitled “Types 1 &3-5 Glasses”. Types 1 & 3-5 Glasses included Li,O and
NaxO; therefore R20 is equal to the sum in wi% of Li,O and Na,O. Further Types 1
3&5 Glasses are boron free, therefore the formula *R20 + RO + B,O," becomes
"R20 + RO",
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The glass compositions having the following ingredients in the following
ranges has a log3 forming temperature in the range of 1195 to 1240°C and adelta T
in the range of 50 to 100°C:

5 Si0, 57.45 to 60.75 percent by weight;
AlyOs 12.00 to 13.68 percent by weight;
Cao 22.00 to 24.50 percent by weight;
MgO 1.70 to 3.10 percent by weight, and

the composition may further include:

10 TiO, 0.50 to 1.50 percent by weight;
Na0O 0 to 0.91 percent by weight;
Zn0 0 to 1.00 percent by weight;
Li20 - 0to 1.00 percent by weight, and
Fe 0, 0 to 0.35 percent by weight.

15

Still further as can be appreciated, a range for each of the ingredients for

boren containing: Type 2 Glasses (Tables 3-11) and Type 6 Glasses (Tables 17 and
18) and their relationship can be determined from Tables 3-11, 17 and 18. More
particularly, Tables 3-11, 17 and 18 glass compositions having a boron containing

20 (for example up io 5.05 wt%) quaternary system including SiO,, Al,O,, CaO and MgO
with the ingredients of the glass having the relationship shown on Table 22 under the
column entitled “Types 2 & 6 Glasses”. Types 2& 6 Glasses included Li;O, K;O and
Na.O; therefore R20 is equal to the sum in wi% of Li,O, K,O and Na,O.

23 The glass compositicns having the following ingredients in the following
ranges has a log3 forming temperature in the range of 1167 to 1240°C and adelta T
in the range of 50 to 142°C:

SiO, 53.00 to 59.53 percent by weight;
Al;O4 12.00 to 14.00 percent by weight;

30 Cao 22 25 to 24.95 percent by weight, and
MgO 1.50 to 3.00 percent by weight, and

the composition may further include:

TiO, 0.40 to 1.10 percent by weight;
Na,O 0 to 0.90 percent by weight;

35 K,O 0 to 0.30 percent by weight;

F 0 to 0.50 percent by weight;
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Cr2032 0 to 0.13 percent by weight;

Li2O0 0to 0.91 percent by weight, and

FesCOs 0 to 0.30 percent by weight.

It will be appreciated by those skilled in the art that changes could be made to
the embodiments described above without departing from the broad inventive
concept thereof. For example, but not limiting thereto, one, two, three or more or all
of the formulas discussed above setting forth the mathematical relationship of the
10 ingredients may be used to identify properties of a glass composition. Based on the
description of the embodiments of the invention, it can be appreciated that this
invention is not limited to the particular embodiments disclosed, but it is intended to
cover modifications that are within the spirit and scope of the invention, as defined by
the appended claims.

15
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What is claimed is:

1. A glass compaositions comprising:

SiO; 55 to 58 percent by weight;
Al,O3 12 to 16 percent by weight;
CaO 23 to 26 percent by weight;
MgO 2.5 to 3 percent by weight;
TiO- 0.5 to 2 percent by weight;
Na,O 0 to 1 percent by weight;
KO 0 to 1 percent by weight;
Na0 + K;C 0 to 2 percent by weight;
Fe,Os 0.1 to 0.5 percent by weight;
B-O, 1 to 2 percent by weight,;

wherein the glass composition has a log 3 forming temperature no greater than 1230°C.
based on NIST 710A reference standard, and the difference between the log3 forming
temperature and the liquidus temperature is at least 50° C.

2. The glass composition according to claim 1, wherein the TiO, content is 0.5 to
1.5 percent by weight.

3. The glass composition according to claim 1, wherein the glass composition
has a B,O; content of 1.3 to 2 percent by weight.

4, The glass composition according to claim 1, wherein the Fe;O; content is 0.2

to 0.4 percent by weight.

S. The glass composition according to claim 1, wherein the ratio of SiO; to
(CaO+MgO) is no greater than 2.2.

6. The glass composition according to claim 1, wherein the ratio of SiO, to
(CaO+MgO) is from 2.0 to 2.2.
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Tic2 Na20 K20 Na20 + K20 Fe2O3 B203155 to 58 percent r%y':%éf“&ﬁf%%z to
16 percent by weight; 23 to 26 percent by weight; 2.5 to 3 percent by
weight; 0.5 to 2 percent by weight; 0 to 1 percent by weight; 0 to 1
percent by weight;. O to 2 percent by weight; 0.1 to 0.5 percent by weight;
1 to 2 percert by W8 ghes @znnr@moumcom tquekaimi i wherain A88.Quf)sist hon

has a Ic&eﬁe;mémaﬁguﬁp@p?éﬁgm@m gltr eat er than 1230C. based on NI ST 710A
ref erence standard, and the differéence between the |0g3 form ng

tenperature and the |iquidus tenperature is at least 50 C. 2. The gI ass

conposi tion agzcor dFHeg glsRs ChahgBsition WiRLRIIMY td &latinCR, %@Fe@rm(Nb?OW LR nd:

per cent g ght. 3. The gl ass conposition according to clalm 1 V\/nerel n
t he gl as¥! @8%@&%9%@“"9&@%@“&&3 content of 1.3 to 2 percent by weight. 4.
The gl ass conposition according to claim1, wherein the Fe2G3 content is
0.2 to 0.4 percent by weight. 5. The Iass conposition according to claim
1, wherein tHe ratihe giassspmeSdlon(ag@o}dme Cﬂajmng vgreeein éNaid02LR0) & ndrhe

glass ¢ St 1R 1 BGU ARGy WRight @i m 1, wherein the ratio of SIQ2 to
(CaO+|\/g%g is from 2.8%{{0”3.5. 5‘{' 22 February 2006 7. The gl ass conposition

according to claim1, wherein (Na20+K20) is no
10. The glass composition according to claim 1, wherein (Na,O+K,0+Li,O) is no
greater than 1 percent by weight.

11. The glass composition according to claim 1, wherein the glass composition
has a forming temperature of no greater than 1220°C. based on an NIST 714 reference
standard.

12. The glass composition according to claim 1, wherein the difference between
the log3 forming temperature and the liquidus temperature is at least 60°C.

13. The glass composition according to claim 11, wherein the difference between
the log3 forming temperature and the liquidus temperature is at least 60°C.

14. A glass composition comprising:

Si0O, 55 to 58 percent by weight;
AlxO, 12 to 16 percent by weight;
Cal 23 to 26 percent by weight;
MgO 2.5 to 3 percent by weight;
TiO, 0.5 to 2 percent by weight;
Na,O 0 to 1 percent by weight;
KO 0 to 1 percent by weight;
Na,O + KO 0 to 2 percent by weight;
Feo 0, 0.1 to 0.5 percent by weight;

B.O3 1.3 to 2 percent by weight;




greater than about 1.03 percent by weight. 8. The glass conposition
according to claiml1, wherein (Na20+K20) is no greater than 1 percent by
weight. 9. The glass conposition according to claim1, wherein
(Na20+K20+Li 20) is no greater about 1.03 percent by wei ght 10. The Iass
conposi tion according to claim1, wher@xn (Na20+K20+Li 20 ?fewargr
than 1 percent by weight. 11. The gl ass conposition according to clai m 1
wherein the glass conposition has a formng tenperature of no greater than
1220C. based on an NIST 714 reference standard. 12. The gl ass conposition
accor di n§"2'8INcNgi 175, CHARISEION hafea deg Bleanipe tempalatiie nohgrepten3harod A3TG.
t enper at hesedagl Nib® #1lo%uréﬂé+§né@r§%6§wra%d' t‘ﬁe%fférﬁﬂ?‘é bEfeenlfe 15 § fgﬂnﬂﬁg
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conpositjon according to claim1l, whérein rence betwe

f or m ng ?@Pﬁ@&‘é’?tﬂ”@tg‘ﬁlﬁq%% temparaire i alerst 8P1Fe is at | east GOC 14 A
gl ass conposition conprising: Si02 55 to 58 percent by weight; A1203 12 to
16 percent by weight; CaO 23 to 26 percent by weight; MO 2.5 to 3
percent by wel3ht; A glgsg zompesition corprrisingnt by weight; Na20 0 to 1 percent
by wei ght; 6,0 to 1 perce 0 + K20 0 to 2 percent by

wei ght; Fe203 6 1to 0.5 peﬁtg% %ﬁb&mﬁ '‘B203 1.3 to 2 percent by

wei ght; 92 22A1K&pruary 2006 ThEr'd Wﬁf@&mibgl\ﬁ@@ltcorrpom tion has a log 3

form ng tenpegghure no great tot sed on NI ST 710A reference
standard, and the difference etvveen e Io formi ng tenperature and the
liqui dus tenp¥8@ture is at 12849 35’9039('} bﬂ‘ﬂelgm gl ass composition conprising:
Si Q2 55 to 58ripgrcent by vvelt_ggttm 5?@,%@ t16 percent by weight; CaO 23
to 26 percent b wei ght ; by weight; TiQ2 0.5 tol.
percent by wal %’t Na20 0 tQ)tOl1 B@P@@rwwg%l ght; K200 to 1 percent by
wei ght ; NaZQ)(o K200 to 2 PEIFCEP érc@ﬁ/tdéﬁb&% Fe2®3 0.1 to 0.5 percent by
wei ght; 8203 3 to 2 percent by wei erein the glass conposition has
alog 3 form'}l@qJéH'p%rature %@%P@ﬁ?@i YiWRight1220C.  based on NI ST 710A
reference standard, and the glitd 65926&n06) We ntthe | 0og3 form ng

tenperature and the liquidus tenperature 1s | east 60 C.
B,0; 1.3 to 2 percent bywelght

g3

wherein the glass composition has a log 3 forming temperature no greater than 1220°C.
based on NIST 710A reference standard, and the difference between the log3 forming
temperature and the liquidus temperature is at least 60° C.




