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BACKGROUND OF THE INVENTION
30 1. FIELD OF THE INVENTION

This invention relates to glass compositions , and more particularly to (1) fiber
glass compositions, and (2) mathematical relationships of the ingredients of the glass
compositions to identify thermal properties of the glass compositions e.g., forming

35 and liquidus temperatures with an acceptable temperature difference to prevent
devitrification of the molten glass during forming of glass fibers.



3, or 1000 poise, and the terns "liquidus tenperature”, " liquidus T" and
"TLI Q' nean 15 the tenperature at which the solid phase (crystals) and

i quid phaee3saki) of the glass are in equilibrium ThePdirfuiser/aance
between TFORM and TLIQ referred to herein as "delta T" or "AT", is a
common neasure of the crystallization potential of a given nelt

conposi tion. TReDipeugsiontgitheiiechnglogy her wor ds the snaller the difference
between the form ng tenperature and the |iquidus tenperature, the greater
the crystallization 20 potential. In the glass fiber formng industry, AT
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Pat ent Nos. 9asu9uringe glass Bber darminporgaiationvin rruiicLieselg the beshingansar on free or
| ow boron e.g. 1.8wt % gl asses having a form ng tenperature in the range of
about 1258 to 1263C. As can be appreciated by those skilled in the art of
gl ass making, redliis FRprefiated ki ihasg skiled ghe artoh raing 9lessy fikees, tmatddait ent i n
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i ncrease in ORYTRINGINR{OSS fibpfferaing Pecratien Aleh nererabtapaesylisdd bight ng t he
form ng t enpaicgpigage, along with associated high-energy costs. In addition, the high

temperatures accelerate degradation of the refractories used in the glass melting

furnace, as well as the bushings used to form the fibers. The bushings include

30  precious metals that cannot be recovered from the glass as the bushings wear.

It is recognized that boron and fluorine in addition to contributing to the
electrical properties of the E-glass, e.g. dissipation factor and dielectric constant, also
lower the forming and liquidus temperatures of the glass while providing a AT of at

35 least 50°C (90°F). The boron in the form of an oxide and fluorine in the form of a

fluoride are included in the glass batch materials and act as fluxes during the glass



results in high-energy usage, high-energy costs, and acceleration of the
degradation of furnace refractories and bushings used to formthe fibers.
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of Continuous Glass Fibres, (3d Ed. 1993) at pages 30-44, 47-60, 115-122 and 126-

135, and F. T. Wallenberger (editor), Advanced Inorganic Fibers: Processes,

25  Structures, Properties, Applications, (1999) at pages 81-102 and 129-168, which

documents are hereby incorporated by reference.

In general, glass compositions having particular properties, e.g. forming
temperature and delta T are identified by weight percent and/or molar percent of the
30  components or ingredients in the glass. As can be appreciated by those skilled in the
art of glass making and/or glass fiber forming, it would be advantageous to identify
the performance of the glass compositions not only by the amount of a particular
ingredient in the glass but also by a relationship, e.g. a mathematical relationship of
the ingredients in the glass. WO 01/32576A1 discloses fiber glass compositions and
35  the mathematical relationship of several of the ingredients, e.g. the combined Wt% of
CaO and MgO, and the ratio of Al,04/Ca0, in the glass. Using the combination of
glass ingredients, e.g. the absolute weight percent of silica with the relationship of



anot her nonlimting enbodi nent of the invention, the glass conposition
contains at least 1 weight percent Ti02. 25 In the di scussion under
Descri pt iwp 0dfo334be Pref erred Enbodi nents are gl ass conpo®Criusny3amn

mat hemati cal relationship of differen# types of glasses. One such gl ass
conposition has the following ingredients: Si02 55.70 to 59 percent by
vei ght;  AlZ8gerlpgasliants m3heglaparecw e tajiowtsigea to RQ{caaltneV\ds of a4, 80

percent by wel 89‘?'?% T to 0.55
percent by wel g%o)w%%% %@ft().ﬂ{o%n Berc tpé{gm\é&%'es 6f%%8|895£510 to 0.60
percent by weight; 35 Na20 + K20 0.85 to 1.50 percent by weight; Fe203
0.20 to O. 4%%8&%tﬁyln\’}@nﬂnt’ and WD 03/ 033425 PCT/ US02/ 33273 5 B203

1.25 to percent t, and the follow ng relationship of
i ngr edi en't s RO 26Tf@aorf3@ermmvsotlm BroviskE R lagaloyren zontainirg, ar( isoren fige glRes 2. 00 to

2.20 Si02/ - o )/ : ' + op9. 00t o
7050 w % Sroorringobibefubdingd e d B kel AR gt yatering! SRS,
+RO+B203 28.(2262°6),30A D6 attiéést 6SO@OH )220 8)é of iRBE: orROEBREIPIRIAS to 2. 45
and a | og3 form %g%eirature in the range of 1210 to 1225C and AT is in
t he range of®® S@Sn 20 is equal to the w % of k20 and Na20. 15

Ref erence shoul d ebmtumﬂslazdom(llaeseﬁlmMgomlrdhemtgeRﬁefaeirorZe% Enbodi nent s
thereto for a nore detail Ly of th conpositions of the
i nvention and thaer%9'8|°§ﬁ(%ﬁ‘8§%§%ft § HE9P S?g s of the glass
conposi tions. 20 altatiogf 8&3; todigagdn th'eoa@gamei‘rmgfmhe mat hemat i cal
rel ati onships of the i n i qve on D gl ass having a form ng
tenperature of | &5 ?9@&2@2&&0 l E’\%(F@ﬁl Hi]/é g‘“z%g to 1220C, and nore
pref erably betweensui2 blSiG ahzmsﬁmthebwangmof 66.@& 18. as«s%and nore preferably
between 1187 to 12086 o KioDRAL,) B, BIRNS,08iR85 088 2.0 10 3.0
15 a ratio of Al,Os to RO in the range of 0.4 to 0.6; and
a difference between SiO, and RO; in the range of 26.5 to 36.6 wt%.

In one nonlimiting embodiment of the present invention, the glass composition
further has a SiO, content of greater than 57 weight percent and B.O; of no greater
20 than 2 weight percent. In another nonlimiting embodiment of the invention, the SiO,
+ Al,O; content of the glass composition is less than 70 weight percent. In still
another nonlimiting embodiment of the invention, the glass composition contains at

least 1 weight percent TiO,.

25 In the discussion under Description of the Preferred Embodiments are glass
compositions and mathematical relationship of different types of glasses. One such

glass composition has the following ingredients:

SiO, 55.70 to 59 percent by weight;
AlLOs 12.35 to 13.94 percent by weight;
30 CaO 24.40 to 24.80 percent by weight;
MgO 2.55 10 2.80 percent by weight;
TiO, 0.05 to 0.55 percent by weight;
Na,O 0.40 to 0.50 percent by weight;
KO 0.40 to 0.60 percent by weight;
35 Na,O + K0 0.85 to 1.50 percent by weight;

Fe,03 0.20 to 0.40 percent by weight, and



Description of the Preferred Enbodi nents In the follow ng discussion, all
nunbers expressi ng di nensi ons, physical characteristics, and so forth,
used in twe gfpaxsi cati on and clains are to be 30 under st ®od/la92/BR27Ng
nodified in all instances by the termf"about”. Accordingly, unless
indicated to the contrary, the nunmerical values set forth in the follow ng
specification and cl aiB®s;can vary deptadint5apercenhiey weight, @dd pr operti es

obt ai ned by ct | f nt invention. At the very |east, and
not as an attP%E@PR'E@ 'Ite!a%grtlsq"q %#e]ﬁ%r%%'?lﬁ%ati on of the doctrine of equivalents
to the scope of the cl@Dns, each 35 nunerical parane2@25&hdubdwie | east be
construed in |ight of ¢l er of reported signifi hgits and by
appl yi ng ordi nary roun%'%/gcgt echni ques. Moreover, al Ii'(rég%%%bm 03/ 033425
PCT/ US02/533273 6 di schi@skedRBerein are to be underst2abdte 8.28nconpass any
and all subranges sub TR herein. For exanple, a ange of 1 wt%
to 10 wt % shoul d be c;g;'n§i g“gaed to include any and a?'%ggst(ﬁg'ﬁgnges bet ween
(and inclusive of) theAb®#iCalm value of 1 and the nadRDiufh6lal ue of 10;
that is, all subrangesgheqiqhng with a 5 mni mumyv foql o/TOr € and
ending with a maxi rrum§/'a2ue'&]6rhtr)3 10 or less, e.g., b. géé!ﬁ%t(al?&mlq{'tgﬁoul d be
appreci ated that, unl eSi©.0tR@rw se indicated, all nu2@P0taB1.0@mles

di scusseﬁ) her ei n, suchAlaé/ gt not limted to weight @gg(ﬁgpt%of materials or
10 tenperatures, are approximate and are subject to variations due to
various factors well RBROWRQdB.Oho0se skilled in the 28.80&u3h0@wi%but not
limted to, nmeasurenmeniqinSt g ',%t and te i . a result,
such values are to be {Jsﬁ%%rg\!}%%%% ggjl ng %Ddi fied ?'ggé(??%?r?gté:mces by the
t erm "about "a lo§8 dandngigmperatuleds sha nadge at €210 tbd 225€ armhAT & iy the famgawirer i cal
paraneters s faorth_Ln.the f I{/owi g cification and 15 attached cl ai ns
are appr oxi Eoo%;&t ﬁg@ '?Tﬁﬂ}“%}g"r hed‘@%eﬂiﬁgﬁ@nﬂa%ﬁbt he desired properties
sought tg be obtained by the present invention. At the very |east, each
nunerical paraneter, shoul t .l east .be canstrued jn |ight he. nunber of
reported signifi ﬁfﬁferﬁfeéﬂ?@dgﬁ@ tﬁg'i‘ﬂ @??‘Fﬁ'pﬁ?%l?gntg?ﬁ SUﬁ‘g&H{S"’g@E{ﬁ ques.
20 Not wi t hst ekt fpr bhradretdetailad sBminzay) of tha gRSs a0l ppsitichIrif @fcsingaitionz@df or t h
the broad sgope of the.invention are approximations, the numerical val ues
set forth i HPREEtashE o1t B Lo P e SIRSD BITBEF R Spr eci sel y as poss bl e.
Any recogni zed deviations and/or errors are discussed. Any nuneri cal

val ue, however, inpherently contains .certain error ecessari resul ting
{Fom 1 hesbt andar 0T CURER FURPIRGISRR Mraston s oSk Bl clp e sl tg irotan
ge?sur ementh Sinvéritioh peovidd éQWF@gaghgGlﬂ@ﬁiime&fpjérétﬂretdi%sehﬁe?mmﬂﬁ,| [ rr: ts of

efining the ran i yded jn the range. For pd.nqt limting
fo the i scouereay 1208t 20 Gl Mot osBticrarbane T TR B fiadhge. o
equal to andirgs glaseand Mare fraRP4blabetwden aqerto 120580dol IRs6n thtainhg40C" def i ne
the sane range. Further in the preceding discussion, in the follow ng

di scussi on a#i8%3®F the clains, the ternms "wei ght percent”,
25

Description of the Preferred Embodiments

In the following discussion, all numbers expressing dimensions, physical

characteristics, and so forth, used in the specification and claims are to be

30 understood as being modified in all instances by the term “about”. Accordingly,
unless indicated to the contrary, the numerical values set forth in the following
specification and claims can vary depending upon the desired properties obtained by
the practice of the present invention. At the very least, and not as an attempt to limit
the application of the doctrine of equivalents to the scope of the claims, each

35 numerical parameter should at least be construed in light of the number of reported

significant digits and by applying ordinary rounding techniques. Moreover, all ranges



"wt% and "percent by weight" are used herein interchangeably. In one
enbodi nent of the present invention, the mathenmatical relationships of 35
t he i ngr edoeats34ed a generic quaternary gl ass system are @®C3aiS0%a3t73 The
guaternary systemincludes Si02, CaOs A1203 and MgO As can be appreci ated
by those skilled in the art of making glass, in particular nmaking gl ass
fibers, MOdiscloset hetkledra to hehandaBGtOBY ©3B4OBPRSTANYSORY BI3RMBEANGES bat ch

materials i i he t t LBE s MO i s
found in c%’é’fogg‘ﬁg%h%r%lﬁ' SB@égeﬁ?dg%nate&%éh @?1 : %h récﬁ{) l%:Ioelggf t he

i nventi on, M@@swsredddéncluotecarwra@dl?éltsuhrme%beween darst meJuwvcaot) #eeminimumhe

gl ass great O Al1203
and MO of S;n erestédﬁﬁtgk WWS&CSWS %ﬁg?lwggé%gﬁhﬁﬁ%%

Si 02/ Al 2G3; nAInPEBN Calbe ofil E2 Mmera\and sndisy wzha rRaXiranoh vallE0d/ 1R0or less, ROV, ALD03.

In the presggtyi nvention when other ingredients or conponents are added to

t he gl ass batch materials to alter the formng and/or |iquidus tenperatures
of the glass and/or are present in the glass, for exanple but not limting

?gl ;P ?ongﬂyggt ia?gt %‘?&%b @Hemla(%g t?%i @g&s &%@’é%eq% éé%ﬂeﬂgﬂféﬁfrﬁ%%g\ﬁ l\%’é?er e RO
is as previ clisdugserbhé¢raindsighdas iR dotlimitezto-weligrR ercerbdf matariaiabl es 1 t hr ough
22, the r0eI g%hﬁ@%lfhr@s (%éga?rﬁxm@ggﬁc% lal(eF%% e&t RR4fia at%ﬁe'tﬁ va %a@t% +

AI)/(R20 a reasonabl e col um w Each
of the conporsltknonaltothaseskiied ot the e ayllchgg, but gehlimitaddd, mpasurement ects t he

relative ba's?é\ﬁ%{zat }ﬂgﬁl‘hehpgnof eHh:%ﬁiéé (Aﬁfrebs\ﬁltgs‘?}aﬁ'véb&es Qf) ﬁ%*b% gielhgRp melt

and its cryst ot ent cussed ow I n nore
detail. Theasgigjag @adlflﬁ@malbnsﬁpm&t& hysth@terirﬁ‘tab@'éétA¢cr®rcﬂlh@y pirdeserindieated ussi on

are the for r{b][t‘ﬁ?ei %enﬁﬁﬂ}”tﬁé hﬁrﬁeﬁd&@'gén@%ekér%é%ﬁh ?rﬁﬂB%ll%W CihesRh and

enbodi nents o pl’ esent I nvention are to pr ovid oron or oron
free gl al¥s @iepbrd elpirtsarmappreyinaationathat orayi viagy @lfmepdmstuppe tegdesitedesi red AT.

In this manngpeed; ﬁ&{ﬁ?& t2Red QWSQ%ntmeﬁtl&} Atghé Qér?‘ %!s@%sacﬁ' bers at

alowterrperature ere ucmgt e possibility o evit cation of the
mol ten gl as snunaﬁrlgal pavamitier Bheud Ableastde. conpirkrslin liohtfthegumber of perestedt

i nvention, Tasealalc Mg Jatglh gmgr,i, Itéq‘g]g, gl ass conposition
havi ng a for ng ten%er at u%aﬁ@ﬁn% reater tﬁg ﬁjOL%S(2264F) and a AT of
at least 50C (90F). 25 In the follow ng discussion, the mathenmati cal

| at hi t t
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rel ati onshi pread smemweelavemloa atrebamom@é@n&, e Wén@m:valugs et farihdndiee t he
bat ch pri or st& cifl® le&érﬂgleé 'aﬁee#égaﬁ Fe%rsa?ytdaepo%ﬂfés Angq%&ﬁlzed'o‘évfah

fol l owi ng di scussi on Piccar “relatt onshi e ingredients
will be in vﬁ”%QﬁferﬂofﬁearﬁrﬁbﬁC@éii@hﬁ@ylnhmeﬂPﬁé vglugskowsyep dsharemfly; contdmsver , t he

i nventi on iSRG drtdFs h@é’es%Qr‘ﬁ? ?ésQultﬁB%oﬁ%ﬁQ%térf&%Bd ?‘ﬁ}'ﬁbéh% W tgnas ur ement

that identifies the anobunt o ngr edi ent mat eri al s and/ or
t he gl asas Cdﬁg@@tlye tasting measurements.

In the following discussion and in the claims the limits of defining the range
are included in the range. For example and not limiting to the discussion, “ in the
range of 1230 to 1240°C” and “ in the range of equal to and greater than 1230°C and

30  equal to and less than 1240°C” define the same range. Further in the preceding
discussion, in the following discussion and in the claims, the terms “weight percent”,

“‘wt%” and “percent by weight” are used herein interchangeably.

In one embodiment of the present invention, the mathematical relationships of
35 the ingredients of a generic quaternary glass system are disclosed. The quaternary
system includes SiO,, CaO, Al,O; and MgO. As can be appreciated by those skilled
in the art of making glass, in particular making glass fibers, MgO if not added to the



35 In regards to the ingredients or constituents of the quaternary system
presented above, it is known that pure silica is the highest nelting gl ass
former. AVOE303340383425 PCT/ US02/ 33273 8 pure silica nelt pdaasons27have a
wel | defined nelting point. At 2500C (4532F), it has a viscosity of
greater than about log 4 (10,000) poise, and as it cools to room
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wei ght percent, or Crease | tion,” the erfect of
RO (CaO + Ng@?oonN@i%*'g-!zQs‘sKgQ ofretatilesst hirough2, fhﬂ/\ﬁ@f&ﬁlpdsmnvéﬁl@z $pecifically,
it will not gnby/(RDEILABE: rsftﬁ )b t dHotlintas +mﬁR@esu o Pg) fﬁttthﬁ(fonﬁ la
decrease its Viscosity and t formng tenperature) but I'So

i ncrease t heinfmoa t&%ﬁ@ﬂ%ﬂ'@ colHmin| wighp. Eﬁch pidhe eampesitinnahisitures ofdhe plagg ease its
i qui dus t enper@iedrbve ?c{?@ctsttﬁére@ét% Dol BetldRs ﬂuné\gy Re! fistkity) Rlddhouah
not required, 1 n one non I ment sent T nver t|on
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RO that i eﬂeﬂgoeratére@rwéebqw@%ﬁemr%me hRgRese @medﬂée'ﬂﬁ@ﬁmprﬁ?Mntl onis
at | east 50Gn EarRdire flplolBe ik eeaon%r%enmar etefu?éwbo sfiBAh ﬁrﬂl;né Touf he
practice of the invention, in one nonlimting Iment o e present

i nvention, tieemingitemreratyernd e q@sﬁfbAEblwthW@megrtbegess caahe erooas9%dSi 02,

in order,fo thgég ﬁlagg‘ﬂ?érs 208 10t feid rﬁgretﬁm%aﬁ#rﬁithepoSSIBﬁQ

nonllmt|ng e the present inventio nposi ti ons
have no gr ede\drifiggiian osﬂla/m%@mnssaa@ indhe beshirg anelaawltﬁsut\,{mr@tbe I n
general , fi 1 i Lo se it
35 has been Hgéﬁc}q%gﬁ gfhdggr@a%dﬂg&atﬁgﬁ%e {Eiq’ﬁg?’ gg: E) I FE%Z%S% C%&pgg'g i ber

conposi ti on, haviny a formpay tempetahuretofi so igrepierdoan 1 24056r(a264°E) archa Abheof abnt r ol | ed
and in parti lcglstasroogpzbbcrl[i)_zed by WO 03/033425 PCT/ US02/ 33273 9
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



controlling the amount of MgO. More particularly, by regulating the anmount
of MJO, the |iquidus tenperature can be selected to provide a delta T of
at | east WO@3/08325 addition, it has been determ ned that aPEmNtuEsSoL/8R278Xi Sts
in a generic quaternary Si02- Al 203-Ca0- w0 systemat around 2.5 - 2.8 wt%
MyO. For a discussion of the 5 eutectic reference may be had to WO 00/ 73231
whi ch docunepureisdicaaralimoesinatibaved welbdefingd madlingpaiat,. ATRE0W Al YE32F) tihe

Si 2/ RO rati t .02 and/or RO
to produce aﬁa gggp&'tgg'pé%gle?tﬂ%aé\pé)ﬁﬂagw'}ag@hgfd%ér%ﬁg 3 scsoPgltgro% to the
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i nventi on, @]aamtﬁ@tlpgtqm@r@ﬁ@aalgncq dfamelPproperties ot her nonlimting

embodi mejys, SI2/ROis no greater than 2.35, or no greater than 2.30, or
no greater than 2.25, or no greater than 20 2.20. In still another
nonlimting enbodBarastorgthe mgkeriah peapertiss of tHecconalituents of HeGRIaRMary apgew from

1.9 to 2.55, r 1.9to
24 for bor o agieps cafpesior favind e boBhits teep Be RSG5 Pabar SR e
Si 2/ RO r at i \which ﬁéhedﬂrgmonge@ammréroéthemaw@mmemonnrbbrmhef weightosi ti onal

envel ope | ey, | It t he
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di f f er ente br@wl@mﬂogmrmmgz@mmfatumérom 2 0 ZaDwhidhi is theTdaeohd ldrgast ng

par anet ers d&ﬁﬁrgd RAt &f Sl I qdr f SI tion
cont ai ni ng addi tlnontwlﬁe aﬁgﬁ}éb n ﬁﬁ'g&% h?élgggﬁﬁsomﬁgq%&r%%% +
RO + 30 B203n swma@omgsmowé@eﬁeokgbm (Q@@m Mg@)ph&e(@aWprepmes)@)IVt(ano +
RO + B203) Rkd v

descri bes the coﬁp@%%%ﬁgﬁ%lﬁ %{WO?]@’F%&S%% gglg\réﬁg HE &{Itln‘é rﬁélt ent| al
and nelt fl udesreape itshyiscepitard:te faming teB@eWﬂﬁsb@nﬂ\M”Ehe Ireﬁré@@tthef CaO on
the crysjpal | igaby f kept
constant in égco&%#lﬁg%ﬁﬂg é’é\?g}nlborﬁ%h%{\{gge%@dé @edgssgé?hgr\é eé)\’/\%t'(g:%/ 033425
PCT/ US02/ 332herefare reducadh@ATSi G2/ CaO wil | show an increase in
crystallization potential due to the contribution of CaO and vi sa versa.
The Si02 - RO difference serves as a simlar indicator, i.e. a decrease in
the di fference orAsa semilt @tl"locl'gfh hefrrengieed, § engoarditnitingienthodabént ef thef a

greater rel giLye:a{BH; @ rystallization 5
potential . nré conveﬁgger] y,e an | nﬁ%ﬁ@g@ﬂam{]ﬁéﬁ%ﬁ\fvs éﬁ C%ﬂ'tg tha&r"‘ﬁ'ﬁ
di f f er emdde ivelditt@lowest log 3 forming temperature, which in the present invention is below

1240°C, preferably below 1220°C in combination with (2) the ratio of SiO, to RO that

yields the process-required AT, which in the present invention is at least 50°C. Based
on the forgoing and although not required in the practice of the invention, in one
nonlimiting embodiment of the present invention, the silica level is preferably no

30  greater than 62 wt% SiO,, in order to promote a lower log 3 forming temperature. In
other nonlimiting embodiments of the present invention, the glass compositions have
no greater than 60 wi% SiO, and no greater than 58 wit% SiO..

In general, MgO is included in a glass fiber forming composition because it
35  has been found that the heating and melting profile of a glass fiber composition, and

in particular the liquidus temperature, can be controlled and in particular optimized by
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nonlimting enbodi ment of the present invention, the SiQ2/CaO ratio of the
gl ass conwoBwsxars ranges from2.1 to 2.8, e.g. from 2.3 PCTAISB2/B1203
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anot her nonl t'he present I nvention val ue of the
A1203/ RO r at3. 6foﬁ00t¢feCCg’ﬂ%lBIBg gbsagSi t i on ranges from0.4 to 0.6, e.g. from
0.46 to 0.53 for boron-free glasses and from0.46 to 0.56 for boron
containing glasses. In still another nonlimting enbodiment of the present
i nvention, the vdh@ddiipnihibe@PpRvel ant208 HiQFR0 ratioRthefollwigp papmedtrso of

the gl asy cofiRPgidchiBl A oshioRE etvBiopQ1evelor fqlterhhy PidssTohipoditidn: OF
the Si0O,/Ca0 ratio, the SiO./AlLO; ratio, the Al,Oz/CaO ratio, the sum of SiO, +
Al,O;, the difference between SiO, - RO, and the Al,O4/RO ratio. The following
parameters describe the compositional envelope level of a glass composition
containing additional temperature modifying ingredients: the sum of R20 + RO +
30 B;0s;, where R20 = Na,O + K,0 + Li,O and the (SiO, + Al,O3)/(R20 + RO + B,03)
ratio.

While the SiO,/RO ratio at a given silica level describes the compositional
effect of RO on the crystallization potential and melt fluidity, the SiO,/CaO ratio
35  shows only the effect of CaO on the crystallization potential. If the MgO and the
SiO2 levels are kept constant in a comparison of various melts, a decrease in the



boron-free glasses and from2.0 to 2.7 for boron containing glasses.

Ref erence may be had to WO 01/ 32576 for additional discussion on the
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conpositions as a flux, however, because of the environnental concerns it

is 35 preferred npfe é&n'of‘ék&&dﬁAlfd)UQrdan?\er Derupicidithashsipeaune eaui prent is

available to renpbve the fluorine fromthe ex austﬁgases the i nvention may
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COHDOSItlonS dISC osed di scussed hereln ar e essen uori ne free
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term nators andten%toe ect he nmelt properties. ganakall oxide is
found i n25 | eWiéh for bprandree @essms%ﬁdﬁroeb%ﬁrter {1 viiefps bergg cpataifngtg glesseal | y
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Similarly with respect to SiO./Al,O; and based on the characteristics of the

melt provided by the amount of Al,O3, an increasing ratio value would be indicative of
a reduction in the amount of Al,O, and/or an increase in the amount of SiO, and

30  would be accompanied by a reduction in the crystallization potential of the melt.
Conversely, a decreasing ratio value would be accompanied by an increase in the
crystallization potential of the melt. In one nonlimiting embodiment of the present
invention, the SiO,/Al,O; ratio of the glass composition ranges from 3.7 to 5.0, e.g.
from 4.2 to 5.0 for boron-free glasses and from 3.7 to 4.9 for boron containing

35 glasses.
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W% Ti Q2 and and re included
in the gl assel@bﬁ%@i@ht ofdhe PFG@@nﬂ anGJttlpn,I the el of thedRiQm AbQg/(BRO0dRPeENt  of

the inventio JapaTels t 0 or 0.30
to 1.0 th’/o |\|§§o3t)gﬁ f%g%g béég% r% ZSCL;%Z%%/%P%%; ;ﬁt(())r{?liq3 gr}%l and/ or

0.05to 1.1 m%ﬁe@zlméﬁ énd irpmt%o o 2vt7¢9n\hmra¢mﬁ@nmglgﬂﬁss@s-ﬁamrw«mmzy 35 As
ment i oned abgyRaq ;J\ﬁ/d eixeg?fe%%d'r d?\'a?&ééds%ﬁ%%n"ih /g%@ﬁ)zas& 64@%% hinto

account the w% of th tions o Is (are)
measured i n(3i@et NASH(RAO hBQ Bz@b)efﬁt'@l S regar dl ess of t he amount. Tranp
anounts of these WD 03/033425 PCT/ US02/33273 13 materials in the gl ass
and/ or batch are to be used to determ ne the value of the ratio. |If any or

all of the additi Ohediscussiaawil Nawde dicegtedig additiesdp shenleatch matarigisiedlteo be
present in tm%feﬂnaﬁgtmr&urmeq u.orueq?m r%\ﬁjré’fan&ﬁ{eqjéléTu%'sd?rgﬁguélyhat

ingredient in detefrmning the value o e ratio. For exanple not

limting to €iEEUSSAY.IRPDIF a pteralNhzids apgder termlassi fiber eerargsitione e resivge BEO3 i s

not, the rat i 3
ot o PSR o oSO USRI SRs St

det er mi ned t tereclysiersaihoron pede sulls dbe pEiUCO partguiRtRsMREIONS fhatt he
claims when Hé}?enﬁﬁﬂrg'd?] tﬁg'pgﬁlcﬁla@ 120d) /nQngQVe"'to%@ r*én%%@éa)ror‘nsa hBfhg ﬁﬁinédé a

claim if the ingredient 1s not recit is not used to
det erm ne t hexhaypliregm bﬁerqbﬁlngaﬁlqaseqéﬁoth%wﬁonments Adb@@hﬁm@mouat ¥e

present in angghe B‘eoé{seﬁlsﬁ’aQMoﬁAﬂ% |ﬁ|aﬁ'E1%;la§'é‘é‘om|£’c§sﬁfbﬁd?nr{He 9+e%€h't5{ﬁ\}e91ﬂ

applicable to't ot her Ttat hemat 1 cal at 1 onshi not ?lmtlng
thereto (R20the gigss-cORIROSTion has BAbATA A& ey BPE @Pt&!ﬁt,t' ﬁahaaga 53@3 eQrstt in

conposi ti onsyedanddst (}'QGS % W8k, IpotR¥f ﬁjtﬁﬁnﬁthﬁten%o%hrﬁérﬁe%e??éeﬁpr esent in

material s such as BaO, Zr02, SrO and 203, "wh are usu
amount s &f ulpverion, thetalassribet ersnpositiondigs modrertetibph dovtd eane l@ﬁatqrﬁl@arg?b ass

conposi ti onsyg sl RsRdatBefi@h? wt% B,0s. In another nonlimiting embodiment of the
present invention, the glass composition is boron-free or essentially boron-free. As
the term “essentially free” is used herein, the glass composition does not include an
ingredient purposely added to the glass but found in the glass in trace amounts. In
30 the practice of the invention, a glass having up to 0.05 wt% B,O; is considered a

boron free glass.

Further, as previously discussed, fluorine is a material added to glass fiber
compositions 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



can also include small amobunts of other materials, for exanple nelting and
refining 20 aids, tranp materials or inpurities. For exanple and w t hout
limting wWhe3psagent invention, nelting and fining aids, ®arhusay3ed, Fe203
and S03i are useful during productioi of the glass, but their residual

amounts in the can vary.and typically have mninmal, if any, materi al
effect on th& 8 @ h%@%?‘ grt'\‘?ee?ﬁ"é%‘é ip o ords,  flugdrs eantent nergsddtenmunt s

of the addi tthaa&)@WBSﬁﬁdwoﬂMV@nmﬁmn@@ﬁm%bdmt Gh&GRse orﬁﬁé@%ﬁ&' on as
tranmp naterlalsga”ycfwga%%lesmc ed in the raw materi a the main

consti t uent s =S¥ rEe\itCodt udSén@o e thatya fragamogreffiudrineTabich |

are several mxcansidesddfergh &sbe Q@@@@SW%”% afill %th&%ﬁﬂh?ﬁﬁ@%m%éduﬁgé t,
i nvention wﬁ?ch rel ates.to the use avin

of cla
Ti 02 | evel gassomposiipn %?%P?té”‘éu%ﬂ’ytffvyoﬂn%sEXQ%’#WBQV e otherwissavi ng h| gh

| evel s K20 aindichtzd, thevgtss fibkr foriRgtsdfhpasitlord @Scissy R (ﬁéjéﬂn‘%gec} Re Em%rgat ch
mat eri al s but {@E{'}Pt ecgnom&al % removed fromthe cl ays useJ

material . AsStaf UQHTT BRT ap neteRdedesam lusiing.n the art of gl ass
melting and as di scussed above, high K20 levels, e.g. up to 0.70m % in the
gl ass raises the rng t ture by as 35 much as about 7 to 10 Cin
relation to a gl a’égd'ﬁé[l?g”ﬁaf%ﬁfsctﬁ%F%n%anF%ms fiper oompesitizm toone

ﬁnbod| nFm omodlnethpmeambperﬂd@retg @@rdo@b@f&ﬁwlﬁgqeﬁeeiarﬂﬁ}é%%r juidyePe gl ass
avi ng | ow

ht r cent ormn erature no greater than WO
03/ 033425 P F%%B"iﬁ 3"3% 9'?&? 'T%'Sge E’thfﬁ#é%@ nﬁ%gﬁés g@réa@%t?onswlomﬂc and a
delta T of alheréleaarteﬁz@ﬂaaOdcherbgrmd))énu@rmcﬁ5@4kam§|d&95¥é%¥ét\wgrkare the
mai n consti ttg gtor vg 8 e@e# heI t ot al ;ﬁga Eercent e final
gl ass corrp03| AL 1096 1R Ht??“? f BfoRgieR Kakkan alkalhedde isifend ior
commer ci al gbwels ep torep0mt%inomaierds! o?éi@%ﬁdh@néth%nhéﬂﬁho%ﬁ a8 SEPAFAL €
I ngr edi ent . ded, it is expected that they

woul d b€ pr eéreﬁ@ﬁ ﬁ%gﬁgatghégﬁq?rﬁqﬁipyﬁﬁg \kthe Reaséisripiige Brventian lg@@gtb&phl cal
| Iocat i OR of adued aslaesepariité Immtal tih thekRActrB G Ei;QRvémeh ‘éllcklaﬁ oi?iH@sSG;?io 5 Qot oo
clay, the inyg 0, at es e e additions o to
be within t %/ngrea‘grsabfyl Ewwr%gﬁﬁﬁ rﬁ%‘ éﬁ%rﬂﬁ@@eﬁmaw&% ofifheinventiors| ay has
hi gh wt % of K2k inetagce @hé@ KU s prdsenbin tREEIAFIAE Hlffb%rﬁ@lrﬁ"'ﬁﬁfaﬂﬁnaﬁg% &j,f ect
of the K20. %éla&% ar '3 CCE L'yo th K20 i ncreases formng t errpg gt ure;
therefore, the | HgP fendly t HECBRMORe FRRGEYS WY r§d%0d'0€éthedn®éproﬁ@@¢$ ied so
as to neiont ahan Naj@uin bae rrbngmﬁtm@wwduﬁ&wt opire pr@@n@}ﬁv&@t’f&%e Qne 15
enbodi nment ocf %%(t)l' n\llert | oBt 3% fol |l ows. broad range
preferred rang®onnst Meides Ot g'é aQF' O(‘Q\E‘QP W% NeeGsandiar Q t» 591%5 t o
58 A1203 (wtte4D. 8NDD-alkdali biide inglddidits Usualg enfpRs)etib Fduld tedmeR prpekiRs25 23 to

are ZnO, TiO,, MnO and/or MnO, in amounts of about 0 to 1.5 wt% Zn0O, 0to 1.5

wt% TiO, 0 to 3 wt% MnO and/or 0 to 3 wt% MnO,. ltis 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,O and/or 0.05 to 1.0 wt% Na,O and/or

0.05 to 1.0 wt% K,O and/or 0.05 to 1.5 wt% ZnO and/or 0.05 to 1.5 wt% TiO, and/or

0.05 to 3 wt% MnO and/or 0.05 to 3 wt% MnO, are included in the glass composition.

30 In still another nonlimiting embodiment of the invention, the glass composition
includes 0.2 to 1 wt% Li,O and/or 0.30 to 1.0 wt% Na,O and/or 0.30 to 1.0 wt% K,O

and/or 0.2 to 1 wt% ZnO and/or 0.05 to 1.1 wt% TiO, and/or up to 1 wt% MnO and/or
up to 1 wt% MnQO..

35 As mentioned above, the ratio (SiO, + Al;03)/(R20 + RO + B,03) takes into
account the wt% of the additions of B,Oj, NayO, K0 and Li,O that is (are) measured

in the glass or batch materials regardless of the amount. Tramp amounts of these



MO(Ww % 1to5 1to4 2to3 K20 (W\t% up to 1.00 0.30 to 1.00 0.30 to 0.80
Na20 (wt% up to 1.00 0.30 to 1.00 0.30 to 0.90 K20+Na20(w% 0.70 to 2.00
0.80 to 1wbo3/093280 1.20 8203 (W% 1.00 to 3.50 1.10 toPrPeTOGA3R@3t0 1.50
Fe203 (wt% 0.10 to 0.50 0.15 to 0.45130.20 to 0.40 Ti02 upto 2.0 Up to
1.5 Up to 1.3 The range provided for B203 is not limting to the invention,
and it is reetnsisiaie glass ansienbagmh afert@hebee@tﬂudﬁerematblerveble df teeatatio.

envi ronment aj aﬁ‘fgpél?%f'tﬁé'ﬁddlt@%SM 0% Ot P LAY ﬁg? aﬁﬁ nBPYetBniRs Rt deced

having |l evels o asses I nventi on are
further defipregemyn mlaﬁ’s anglfar bafcht the Vafb@l df @aionig used mﬁﬂm’tmr@ment% br oad

a0 bS] CLIBAR s Y B PPl MRS By i ity 2770
s| 02/ RO 1. 90N88, K5t L arg rezemt asy lebaols:ms tige WOKSICE.Wz%)/Tst@OMRQOt )
RO ke ol e U LA e e
0.60 0.46 t oK gad H20 arRdriBp0iBed & bDPresed2theralin bese3Si@ BALOL/RP®YIN ( Si 02
+ A1203)/ (RpQ cl"alj% %Qr?f)che]zraqg (él@za- /Q(baglé LRE -+ Olplsv?@ﬁ{e‘a liggldlrﬁ gqual to

t he sum of Na20 cont ai s’ experi ment &l
i || ustrati vethsdrgsedisntis natygciedin the elais, doﬁp@tsuspddmdeﬁen‘omewm valiengdf theat ur es

of the ipyenttigRverd: ﬁ\%uéﬁﬂ%eéetgr%meé? ﬂ)r%§é‘h Rk Chtsg lo}/ Hecdaift P! € |

are the m ni num and naXi nrum val ues M% ass_ COITp(_)S tions recited on
Tabl e 1, andP'PepdiRgdispissionis eppligatiero éhedotwm ewatical rélatignshipg, e.3anlte 1

provi des t hendi kit ths- gjg@@g@@)p@l@ ons. A glass conposition having the
fol |l owi ng |ngred||e‘r€fts eSl 55.00 t0 8 percent by weight; A1203 12.00 to

14. 00 percent by weight; 20 CaO 23.80 to 24.80 percent by weight; MO 2.50

to 3.00 cent 20 0.40
to 0. 50 F’Sicem MU GBS aporERiedfal fact bR B B on ko h Tl dile o gB2R 00 2

K20 0. 8515% o axidgs t @t@f@,@feqwt aeirgmp materials such as BaO, ZrO,, SrO and Cr,0,, which
are usually present in amounts of up to 0.1wt%.

Further, it should be appreciated that the glass compositions disclosed herein

can also include small amounts of other materials, for example melting and refining

20  aids, tramp materials or impurities. For example and without limiting the present
invention, melting 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 the 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, O3,

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
K20 and low levels of TiO,, K,O and TiO, 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
K20 levels, e.g. up to 0.70wt% 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,0O. One embodiment of the present invention relates to an improved E-
type glass having low weight percent B,O,, a forming temperature no greater than



Fe203 0.20 to 0.40 percent by weight; B203 1.25 to 1.55 percent by weight;
the following relationship of ingredients RO 26.25 to 27.60 wt% 30

Si 2/ CaO woB/08322. 40 Si 2/ RO 2.00 to 2.20 Si Q2/ Al 203 3Pe3/1S02/33279

Al 203/ CaO 0.50 to 0.60 Si02 + A1203 68.00to 70.50 wt% 35 Si02 - RO 28.00
to 31.00 wt% _A1203/RO 0.45 to 0.55 R20 +RO+B203 28.90 to 30.00 wt % WO

03/ 033425 PC23%62 pforadly noeresienthan 1222%33nd 2 Relte TROMEeER F0SComdt o 2. 45

where R20 i sp KA, ature
in the range %?#%189 ¥ B?gg@é;%u&dﬁﬁl séﬂlg% t ec@ﬁﬁlmtsfﬁmm/%se%%gﬁﬁ%

Anot her gl ast®ta gejshé PF"Céﬁt fdine firal glgps crmppsiian. Ahe KoP angiii@: listathis thene

following in 7 [ 3 12.35
o 1o nd e dges Eabg\'/e@ RhnmercPalefecs’ mépoﬂﬁégﬁ%%ebé{dedré?etﬁtm eb@atéﬁgght MyO

2.55 to soswaiemgrweme(fam&o D anBnes@dgahtit wxm’f@dﬂhat gz ogidss

ercent b t o | 0 0.90
{30 cent pgr‘(’:\gér‘]?@sent'ﬁ%é)cléﬁln \l&?@ngsﬁt,@‘%?@rmm ¥n ng%lg%{a phical lB’é‘ﬁijﬁf%zo:g

1.30 to 1.50°%3ere 3%\/&%%(1 TiQpveui be 9r<186m 'ﬁéher @'ﬁhtth%rﬁ%{ﬁntt%\ RO 26. 95

to 27.56 V\'t%orﬁ&rlﬁb@%/s@@ga?e acditidhs 2f K0 antfRTIRS t8 b8 Awithfh t%el&gge@hgt%bp" 238
4.00 to 4.66 Al1203/Ca0 0.51 to 0.56 Si02 + A1203 69.18 to 69.95 Wt %

Si02 - RO 28%%®19Wi o 30.65 wt % A1203/ RO 0.46 to 0.51
10

In those instances when the clay has high wt% of K,O, e.g. 0.60 wt%, it is
necessary to counteract the effect of the K,O. More particularly, the K,O increases
the forming temperature; therefore, the ingredients in the batch materials have to be
modified so as to maintain a low forming temperature, e.g. below 1240°C. In one

15 embodiment of the invention such a glass is as follows.

broad range preferred range most preferred

range
SiO, (Wt%) 52 to 60 54 to 59 55 to 58
AlL,O; (Wt%) 8to 16 11to 14 12 to 14
CaO (wt%) 21t0 26 22 to 25 23to 25
MgO(wt%) ito5 1to4 2t03
K0 (wt%) up to 1.00 0.30to 1.00 0.30 t0 0.80
Na.O (wt%) up to 1.00 0.30to 1.00 0.30 10 0.90
KoO+NaO(wt%) 0.70to 2.00 0.80to 1.5 0.90to 1.20
B,03 (Wt%) 1.00 to 3.50 1.10 to 2.00 1.20 to 1.50
Fe,05 (wt%) 0.10t0 0.50 0.15t0 0.45 0.20 to 0.40
TiO, up to 2.0 Upto 1.5 Upto 1.3

The range provided for B,Oj; is not 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,Os up to 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 MgO (“RO") 26 to 28 wt%




R20 +RO+B2G3 29.15 to 29.89 wt% (Si02 + A1203)/ (R20 +RO+B203) 2.31 to
2.40 where R20 is equal to the sumof Na20 + K20. The gl ass conposition 30
has a | og®Ofoafsd4ng) tenperature in the range of 1156 to 11®@CT/EAAIARTIIS in
the range of 54 to 65C. Other glass conpositions identified by Exanples F
and G of Table 1 8§éhe follow ng ingredients 35 Si02 56.70 to 57.85
percent by wei ght 204%383 12.55 to 13.67 p&r@R2-83 wei ght2:2040207) 033425
PCT/ US02/ 33273 13.@’;\@23 87 to 24.45 percemyp By 4% ght; M2 £p to 2.62
percent by wei ght 0.05 to 0.34 per cent by wei ght; Na20 0.44 to

0. 455 percent by \ﬁé@% 35 K20 0.45 to 0.5%1% by \/ve|3g7h1t°49@\la20 + K20
0.90 to 1.03 peI’CQll}Oa,{Q}éOI\BI ght; Fe203 0. 3@4510@)6@ per cemtsdny ol ght ;

B203 1.30_to 1.50_perc bby wei ght, and the foIIovvlpg rel ationshi ps: 10 RO
26.49 to 27.00 wt HOS 8; €a0 2.37 to 2.38 SGitgPROVE%10 t §540 73.10gt%p/ Al 203

4.15 to 4.61 AlZQRbZCan) 51 to 0.57 15 Si Qg%t@bg@avﬁ% 3§6t5«gtg@4%cva%
Si 02 - RO 30.21 tq |§ 5 wt% A1203/ RO 0.46 to O. B203 28.94 to
29.20 wt% (Si02 #®2R¥%0B)/ (R20 +RO+B203) 94@1’@106302 43 20%%@@5620 is

equ?Ih to the s]tcjmlezfzd\JaQ@+3 120. TheAgI assesz?%mo@zlo@ga;g/c, fggrgongg,t@gp,ﬁs/ature
in e range o n e ran
experimental or i%gﬁ %}é}/e(gaﬁpﬁ%g %403)5an‘8I0(9§°§rpoTabl e 12d10§91257§ed 25
above ando on Tabl ape R2O 19edual Rethdisemus he,ow, unless indicated

d

otherwi se, were prepared fromcertified or reagent grade oxi des (e.qg.
pure silica or calcia). Exanples F and G on Table 1 and exanples H and I

on Table 2 are illustrgabed co@i@irﬁ@é)@)‘énm@ﬁta‘v\@érﬁpl@ﬂ-\-@éﬁ@ﬁﬁﬁ%ti\l@ shiBles F
foll owi ng na | e was 1000 grans. The

n‘iﬁf The batch |zefor ﬁ exanp
i ndi vi dual b3P¢R T éd’PEWf’%' QRS 'BCRP'G 'é&afe@mres aighe SNty TARENIEEERd in a
tightly seal the gidssonjpKitions Etéd bh Table Ntk B8y minlhemsea!eskiham values for
15 the glass compositions recited on Table 1, and for examples A-E, and F and G.
More particularly, Table 1 provides the following glass compositions. A glass

composition having the following ingredients:

SiO, 55.00 to 58 percent by weight;

Al,O5 12.00 to 14.00 percent by weight;
20 CaO 23.80 to 24.80 percent by weight;

MgO 2.50 to 3.00 percent by weight;

TiO, up to 0.60 percent by weight;

Na,O 0.40 to 0.50 percent by weight;

K,O 0.40 to 0.60 percent by weight;
25 Na,O + K,0 0.85 to 1.50 percent by weight;

Fe,O3 0.20 to 0.40 percent by weight;

B,0, 1.25 to 1.55 percent by weight;

the following relationship of ingredients

RO 26.25 to 27.60 wi%
30 Si0,/Ca0 2.20t0 2.40

Si0.,/ RO 2.00t02.20

SiO./Al,O4 3.95t04.70

AlLO,/Ca0 0.50 to 0.60

SiO; + Al,O5 69.00to 70.50 wt%
35 Si0, - RO 28.00 to 31.00 wt%

Al,O,/RO 0.45 to 0.55

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



or container was then placed in a paint shaker for 15 minutes or in a
tubular mxer for 25 mnutes to effectively mx the ingredients. A portion
of the bawolsmes2it hen placed into a platinumcrucible, fiPCTiusg2/sx273ore
than 3/4 of its volune. The crucible Was then placed in a furnace and
heated at 1427C (2600F) for 15 m nutes. The remai ning 35 batch was then
added to the hot cruci 5@z AR R +RO+BL7)C (2600F2-26¢0 246 to 30

m nutes. The furnace t SARE i tl@iﬁ%ﬂ nd hel d

WO 03/ 033425 PCT/ US02/ 33273 Gligeét%'rstgttr?%?u@%;@g?g eﬁgr?n %%Q(gﬁg was

then fritted i n wemperaiwe idthee@dngd b1 F10itot1@a5°GampA Bis indheerangteobb2tb to a

t enper at ure of 14$%§ (2700F) and held at that tenperature for 2 hours. The
g]

nol ten gl ass was fritted again in water and dried. 5 The form ng
tenperatuwe, i.e. the glass tenperature at a viscosity of 1000 poise, was

determ ned by AST t hgd C965- 8 nd the Liquidu e rafure by ASTM
net hod C829-81. T%A'éoqﬁ%rggq?sf%mﬁoﬁé]bf]gﬁﬁréﬁ’;z}?yu#)éa%bqleﬁ%‘eé 8&%%’6%?5?%“‘? report ed
i n Tabl es 1-@0oweg hgiedieitsi ned by a conpari son of the gl ass agai nst

physi cal standards supgl{ ed by the Nat,i I titute of .Standards and
Testing (NIST). In theg'dfo Tabl es, th%é-ﬁ@%o?*?@p‘éﬁce% W%'g%trted l og 3

form ng tenperatures iALOased on cont&aBh sN3.94 pblicBAt IWAghtSever al of the
reported,| og 3 formng nper at ur es rigLnal |l ased on NI ST 717A

whi ch usleds a borosili cg%é st andar d; ?%E#%gos%g?qg?%gtg%y W?'H@t’val ues were
converted to corresponigbo N ST 710A. 2%hés 280meraant by tveighhg3 f or mi ng
tenperatures are considered to based I . Sel ected sanpl es had
i ngredi ents added thatﬂ\%ul d be found8'|g?1l3{e%le-ng a‘ﬁglg%ﬁsed in the batch

mat eri al. Such as K20,N3di®2, cal ci um 0.B&peicdai byBwéghtad/ or Cr 203. The

wei ght percent of the stituents of Ltlen wn in Tables 1 20
19 except for Exanpl esﬁgﬁ]to | are bas%gggons”(tgﬁg)%gé\ee}ngma’S%Egent of each
constituent in the baNaiD +IKOi s bel i @9@db 1 0&tpetdent bptveightyei ght percent i s
general ly about the s s the wig e t of . fth .ted sampl e,
except for gl ass batcﬁﬁ%aot%eri al s that&tzég? Q%?{E)Iegceen %ﬁlﬁ'ﬁféﬁi‘ml ting, e.g.
boron, fluorine and nmoB£ur e absor bi nty 3t &150escent by twhight, @ade of boron, it
is believed that J t of B203 in a |aboratory sanple 25 w ||
be 10 to 16 wei gh@qggoe"rg@'erﬁ{]}efaggéﬁﬁ%an t he wei ght percent of B203 in the
batch conposition, theOprecise | oss dependi ng on th26.66p2556 Wt and

mel ting nditions. I& ase of fluorine, it is i, e that the

wei ght pgo(r)cent of fl uo$'idﬁ}§%dr:1 a |laboratory test san%‘?ét%\ngfzg be about 50
percent |ess than the 9€63® percent of fluorine in 2/08toBd#ch conposition,
the precise | oss dependi t he conposition and nel tjn conditions. In
the case of CaQ CaO hg'pgg\rlfgjéerti fied ignition | oss %tog\)@?%% an average of
4w % . The determ natisleOg€adhe wt % of the batch mat@bila 8.56or the sanples
listed on Tables 1-19 gxcep or Exanples Fto I, th versight, did
not take into account ?ﬁ% i'%lﬁﬁi on loss. Therefore ié\ggggoc%]‘%lg‘r@%t he
inventio, this fact SBawrRObe taken into account. BR04is80.6H@t%w % error

is mninmal, the recitalg\liz&r)RBf t he 0.46 to 0.51
R20 +R0O+B,0; 29.15 to 29.89 wt%
(SiO2 + Al203)/ (R20 +RO+B203) 2.31t0 2.40

where R20 is equal to the sum of Na,O + K;O. The glass composition
30 has a log3 forming temperature in the range of 1156 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;
AlLO; 12.55 to 13.67 percent by weight;



35 wt% of CaOrecited in the clainms covering the enbodi nents of the gl ass
conpositions listed on Tables 1 - 19 does not take into account the

i gni ti on wWOos8/033A85 03/ 033425 PCT/ US02/ 33273 19 Tabl e 20 haeTprsozissrs on
sanpl es; the analysis of the ingredierts of the exanples on Table 20 were
rreasured usi ng XRF anal y5| s. As can be aﬁ)ﬁaem ated by those skilled in the
art of converting data C#Pom 5 | abor at &% 2443 RenseRt Ryoveidhta used to

prepare batch materialggbor comerci ap, 5g|t@§@2 ld@fdyﬁygng@ht the nelting and
fining conditions of the commer ci al furnpace sed melt and fine

the glass has to be tak®a into consi de&Pate 81:?4 Hefcqnéblb\é’fa'igﬁ‘i/ed that gl ass

fiber conpositions nmadRajo om comer ci @hs & 8dss pafeh @}@e,ﬁﬁﬁ nel t ed under
convent i onal operating conditions wil] have simlar batch and nmelt weight

percents as 10 di scuss&¥ above, with ‘Pﬁ@t‘bpéélp%cqnbe%w@'@fibndl ng, in part,

on the furnace operatiNg,0 &gper at ur eg.ob g q)@grpepwm%ngj,eguﬁl ity of
commer ci al batch mater'l__al s. The anoun boron and fluorine reported in

the tables takes into ©%Msideration t@éO&BéQtpéacqnb@éWS'sht 'these material s

and represents the expngaed amount of 1 80€ MBO@eradint by'weidat, dhass
conposition. It s Id furtg? rﬁ% appreci ated that the glass conpositions
di scl osed 15 her. @E’W'rlﬂr IPRIRde smal | anounts of other materials, for

exanpl e el ting and I‘IQDI ning aids, tranp material s 2849 fpPR7 0O Wes. For
exanpl e and wi t hout gﬂ ) the present invention, rrel ting and fining

ai ds, such as S03i are Qe during production of £Hé %? s, but their
residual amounts in thgiiRs can vary and have no natekd al14 effect on the

properties of the glas uct. In addition, small of t he 20
addi tives discussed ab '90;‘@2% enter the gl ass corrposVHBg trarrp

materials or inpuritigsoyoabuded in the raw materi aps1ed ofslze mai n

constituents. Wth ref renc o Tables 1-20, in each 58%:]”2 of each Tabl e,
t he uppe1r5 portion of Qe lists the wt % of th&% 59 UFEMEE in the
gl ass conpositi on basegi0,2R @n the batch materials agowasogogsm%ed above.

The m ddl e portion of Iurmllststhe mat hemat i tionship of the
i ngredi ents di scussed é‘b@‘ﬁ/é for the particular gl aséﬁéé‘?rgégi tion in the

same colum to obtain Rbe #RGByal, properties |isted2g, g4tchgg botawm portion

of the colum e.g. forjg.ng. t r re, |jgquidus te re and delta T

(except for certain co@b@%fﬁﬁgﬁz(@gfgﬂgzg whi ch | é Scussed bel oWw. )

Tabl e 2ol i sts prwickrs t(RIMisFo@alste she Jure oANBLD KD, quhass@@rhaw husyst of the

comer ci al 05|t|ons sho 20 is the WeTg rcent in the
Bty Bl

Gl ass. The VBTBHS (RPEEHEE Fohe [9ed303 Rlec 06 o Al

Transm ssi orggpal ysis techni ques and the wei ght percent for the remal ni ng
constituents was determ ned using X-ray fluorescence analysis (also
referred to as 35 "XRF analysis"), all of which are well known to those

skilled in the arfphe é@@eﬁﬁ{eﬁﬁéﬁéb&%w@%aé@Zﬁsan?&eJ 8h'r86Ied didkeugd 19
include, but are not [[imted gl ass” conposi tions
25  above and on Tables 2 to 19 to be discussed below, 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



disclosed in U S. Patent Application Serial No. 09/980, 248, filed Novenber
28, 2001, in the nane of Frederick T. Wallenberger for "d ass Fi ber
Conposi t iwog3/083es ei nafter "USPA No. 09/980248"); in PCT Ipatrdarsazsizohal
Application No. PCT/US01/27451, filed8 5 September 5, 2001, in the nane of

Frederick T. Wallenberger for "d ass Fi ber Form ng Conpositions”
( her ei naf t er theggsioc? hagrs. ofiveomalerr glassawias than frittedrim weates@al drigghpThe fittedn No.

T US00! 141 8ok nc0RAG024R,a0ns BF PRI OTREE) dppLgatpan Mo

PCT/ US00/ 14155 are jointl erred to as

USPA No. 09/ 9®0mturmﬁgra@durz§n6 he/SRAENgassOsAfan fritidd sghindewateasad dried.
conposition for the |low boron glass fibers that are suitable for textiles
and glass fiber reinforcenments, that nay be used in the practice of the
present ihventi onThe forgingdeeperaturag.en #xeglasmisowetdtonsat afvisdsshiy dfid 000/ 980248

Conb ned andolSEGTNeiefHTASASHA HaRbILE0L BT 1] HOYAGIRerATSLY vent s

in wei ght pe?cent ranges bas
conposi ti on APTM metbod £82p1810mhe lpgt3 fosriay tmpemweme Cog‘basﬁonscrap@mct i ons

A R o e e A R S TR o
(W% 16 to ﬂgnwds supdied by the National reBiufewiBtagiards arsi Tasting (PlldSTjLLJZIr:tge i4u
Fe203 (MOZ/() 3? %ttl‘?e QTaﬁngltW& thé& éé?zgﬁiéfﬂ)gtgfogn%ﬁ téﬂ%gelfa\%ﬁ ls%ars P P

to O. B20 odlnen e gl ass
conpari son o$orussFigoNGe NYSY @m&vemhbf the deporied lechd f@mﬁwewmes AEN can

br oad range A baed BE NIST 7Y RRIc3IsE] dlofoctalediandsR, o8 ARES
0.05 to 1.5 ezfatusswerm@\(emwo corospoad B NIST: 610A. Tuedsforemlithe ®965 to 3 up

tol For ac t | ns di scl osed i n USPA
25 No. 09/ 980%2@‘“%%?%%%§§é 3%@&%?&8'{’?%%@%@%%{“81/27451, ref er ence

should be made thereto. WD 03/033425 PCT/ US02/ 33273 21 As di scussed above
the exanples of Tgbketed sbnﬁférsn%aﬁﬁea@%q 8sd m‘ah%sld HRBaH ﬂ‘?ﬂé c|9; the

I nvention, a | ow boron glass conposition (see e upper portion o t he
col ums on Tégfddn the bafoh matetial Gueh By Keenpiekatalsiem Blepide, BPAGEI/orEIr4:.

The weight percent of the constituents of the compositions shown in Tables 1-

20 19 except for Examples F to | are based on the weight percent of each constituent in
the batch. Itis believed that the batch weight percent is generally about the same as
the weight percent of the melted sample, except for glass batch materials that
volatilize during melting, e.g. boron, fluorine and moisture absorbing materials. In the
case of boron, it is believed that the weight percent of B,O; in a laboratory sample

25  will be 10 to 16 weight percent less than the weight percent of B,O; in the batch
composition, the precise loss depending on the composition and melting conditions.
In the case of fluorine, it is believed that the weight percent of fluorine in a laboratory
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. Inthe case of CaO, CaO 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 I, 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.



5 preferably below 1225C and a delta T of greater than 50C(see the | ower
portion of the colums on Table 1). The exanples of Tables 1-20 include
anot her fwatoaas4e$ the invention, mathematical rel ationsirCp/usb2/s32e3
ingredients in the glass conposition 19(see mddle portion of the colums on
Tabl es 1-20) to provide a formng tenperature below 1240C and a delta T of
greater thanT8ge20das pfq%lcvw oF thoanalysiy efdha moeeslienin of tba exapples on- 20) .
The mat hemat rg@k 2b @it h238thel WRing!Xre Ligydi ents of the glass conpositions
on Table | were discussed above. "Tabl es 2-19 include, but are not limted
to exanples of glass conpositions disclosed in USPA No. 09/ 980248 Conbi ned
and/ orin USPCT Nas ofithe Eaboiaft/ hasiliaRia bl o dlaihdBaigape of  Lhe
i nventions of USPA No.09/980248 Conbi ned an . 01/ 27451 15

ar e i ncl Wtedlaheréar mettgamplaiesiata usad topsepade bateh materiglefoacpmmesriial glassanpl es
188- 236 ar e%r%@h@c%e%efrﬁé]ﬂﬁgl@%ﬂr{% Q&{oﬂ%ggﬁgthmmglamﬁ\a%é%@é BSed f024

43- 50, 78-18 are selected from U . 01/27451. Exanpl es
A-E, 25, 300l ané(ﬂnq@eagl@s%ﬁe|bé§ake@natﬁ@oaﬁlﬁer@§on plrt isshalieers hot alasss

app! i cat i on. phRonBAIARaAel RO doirhtkrBsl Gake FlaRslaly 410 HSRA pepd/ 980248
Combi ned and/or in 1 and those added to the Tabl es by

t he instant enryewﬁm epeaa@ﬂg %ldlt@aﬁmluiaye sirollar fateh mpranalt welaiareraasts as
referenceg myisisBadpbi, Wikdne H‘éc@84o%§% BndRgTnh P@r@ cﬁ‘ﬂﬁé ernécfé dpeRtihgNo-

01/ 27451. For a better appreciation of e invention the sanples on TabI es
2-19 are 25CEHEER B HEHAHLRE A Qyality of %nmencvaéwtﬁb Wﬂ%@s ofheygragunt of

conposi ti onspordi RAd ﬂ&orﬁe&%ﬁsﬁedﬂmrtﬁéltd‘bl&&al(e@ﬁ%%oﬁé.d@ﬁéﬁ&w te dRoaste§FosdRft O
about 5.10 wm % B203 (Tables 3-11 d asses boron-free wth |ithium

oxi de (Tabl e@ei%"&‘F&!'ai%andrfﬁ@seaS@%gth ptibematerialin the@assnd zi nc

oxi de (Tabl egorddosiitfl. k3houldrthsPBe aﬁpr@c@ﬁe’iﬁﬁatllﬁé g@sé b@ﬁpamﬁdhszené&roseal de
(Table 16) Type -6 A asses up to 5 wt% B203 with |ithium oxide (Tables 17

and 18) LTyp r?'“@%s%%%‘”ﬁ‘r‘%%éﬂ“?%ﬁ@@lj@tsé’f8@§r(“‘F?L‘S‘PE fog pxargple énegding and

previ ously d#eﬁﬁhg%ﬂﬁ trAGb YSRSridM BOHUKEES. qiﬁﬁsﬁpleéémogﬁmaﬁaﬁ%
PCT/ US02/ 33273 2 Table 2 (Type 1 asses) includes glass conpositions of

a quat er nar ypre§?@t'@fﬁ”f'%tm¢'?‘ﬂﬂ %mjef@'@ aids i syich pa SOangye Usefubguring rypdsction

preferably ig th@glars@rmtr@‘r reéauéﬁ%nmnéqn%e@awcmeﬁ\;% BhEh&IAR) Ratehial he
range of 57.40-59.10; Al 203 in the range % preferably in the

range of 12- queqi;gnme),grgagilﬁ%pgthg,g@sgpm%t IR agigision, %wwtwth% 13. 45

W% CaQy n Adufitivies MR uSIed?abol® Whenter fedfiad! @n zrﬁsfftlbﬁa§%% rRateridld oP0- 24. 50
wt % and nor e, ﬁ referable in the range of 23.70-24.20wt% and MgOin the

range of 2- 3MRUAESPEEed R the raw meterialipfdhe man constiuentsy o, and nor e
preferably in the range of 2.50-2.60 wt% The gl ass conpositions of Table
2 further incl ude in the rangI:;e of up to 1.25 w% preferably in the

range of 0.25 - rg\ie@%ngﬁ(p hables T-20, in each column of each Table, the upper
portlon of the column lists the wt% of the ingredients in the glass composition based

25  on the batch materials as was discussed above. The middle portion of the column
lists the mathematical relationship of the ingredients discussed above for the
particular glass composition in the same column to obtain the thermal properties
listed in the bottom portion of the column e.g. forming temperature, liquidus
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 techniques 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.



10 preferably in the range of 0.50-1.15 wt% Na20 in the range of
0.75-1.25, preferably in the range of 0.75-1.00 wt% and nore preferably in
t he rangewofo303825 0.9 5w % and Fe203 in the range of upPCa/IBOHEB20 %
preferably 0.10-0.50 wt % and nore pr®ferably in the range of 0.30-0.40
Wt % The conpositions of Table 2 are boron free. Conpositions 1-6 of Table
2 further includetlp@e ol ANERyO % r pbly in the
range of 1.00- 1. 20b gzotgrngaﬁg?e preef tenrjtgf'tﬂgQOt]1 n%%ﬁ%rd%%%ogpg%ﬁ - 1.15 wt %
Na20 in the diggiegeddn LS 7Batent@ppligation&esibl NO|Q9/98@e248aﬁ§d Nefveib2628,. 2001wt %
and more_pr ehgfahlie b : . nge of
up to .35 W% preeergﬁelagnékaﬁgﬁaﬁggg% E}fq %éﬁ%ﬁgeﬁﬁg 8§|g$n§ 'ﬁwér?ﬁgﬁ%a
of 0.20-0.30 US&%‘O@@@@@%&”D dhBECH Iatnmatlomampphi@tnwnm@ PﬁTt’lHl%O‘r/&?@e oted 0- o 9
W % prefer adyahb rtfh%oa ik ferably in
t he range of Or?fe C I w'garﬁé Opif-'%ge”cggr g@alw‘g%@gpff%ﬁs%rpg gr ably in
t he range ofqumm@omgowa%sédherﬁm@erﬁ‘wmam YO 1727451 Heamchingeteofational
0. 85- 0. 95wt Y HBslidiNed PATIUEE bl y
0.10-0.40 wt?9 /pp’ﬁ lrrrlnrel:? epa ﬁ%!?ﬁu?ﬁél@agglggoé %c%%be‘?ﬁ%o\ﬁ% 25 A gl ass
conposi t i on ARpliEztiPnt e EU§8W§M@ F jaiaiy @fezrampras {USRA& I\bm@W@BOZA@nges and
at | east onecghpihbg follow ng rel ati onshi ps provides a gl ass conposition
havi ng a form ng tenperature bel ow 1240C and a delta T of greater than 50C,
e.g.: Rel%ationship Broad Range Preferred Range 30 RO (CaO + MyO 26 to 28
Wt % 26.00 to 27. 2BSphofy 80802420 b 1. 90
to 2.55 1.90 to 2,40 S?OZ/ Al 2 3. 7‘0 Rd%%ﬁ.\@go?%‘l 1%85(:%,&%%3%
0.40 to 0. 75°qm®@'t'96f@fb@'°3\5boemgla$s i\la%@ws@re@urr@lefqme)sﬂma@dgja;smeﬁ Wt %
R20+R0O 27t 02Rinfdrvémértts tAMIRY 6 UsddhQRke aéﬂc’)eog‘f) 2. 30
ta 3 00 VO Cor e Bhigaybdusddhis fre the et iftdnyn Dt fepted 250,
36.60 wt % AlebH3sReOPesitionsof HSHANP. 9%/9@0% meblmﬁtﬂ)éan@Pé‘s’l'sN@dH]bZ%ﬁﬂi ons
are not @Xxpardigsk he HIRVEnPMYinldoRtitas tb@rﬂm to the
wt % of Na20. As can be ap%?elgl at ecli na e'ﬂﬁt ;}é?@érﬁfré?{ elgég?%ﬁng‘%q?{o} t he
i ngr edi ent s Waight of ke final gless pyAPgsitionmth the gxgRnsion lﬂlﬁt USHCT N Q1|/21@&10 t he
invention, tdigss'@AGRBIIOAS atdWorond f8E edi ents of the glass conpositions |isted
on Table 2 are as follows: 10 Si02 57.45 to 59.05 percent by weight; A1203
12.20 to 13.40 percent by wepag;ranggaO 2Beféfed cargd. Ihogtqrefertd ngeei ght ;

MyO 2. 55 percengid)ywij ght ;52Tb@ 1. 10 pepagly by weigihisg

Na,O (wt%) Oto2 up to 1.5 up to 1
CaO (wt%) 16 to 25 20to 25 22 to 24
AlL,O3 (Wt%) 8to 16 11to 14 12 to 14
Fe.0; (wt%) 0.05t0 0.80 up to 0.5 upto 0.4
K20 (Wt%) Oto2 Up to 1 upto 0.1
B203(wt%) 1t05 110 3.5 1t02.5

In one embodiment the glass comparison of USPA No. 09/980248 Combined,
20  the glass composition can include on or more of the following materials in the
following amounts.

broad range preferred range
Li,O (wt%) 0.05t0 1.5 0.2to 1
ZnO (wit%) 0.05t0 1.5 0.2t0 1
MnO (wt%) 0.05t0 3 up to 1
MnO, (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
be made thereto.



15 Na203 0.90 percent by weight, and Fe203 0.25 percent by weight. The
range of the mathenmatical relationships of the ingredients from Table 2
for the gwevs/smepositions listed on Table 2 is found in PablEso2i32rh t he
colum 20 entitled "Type 1 d asses”. Zhe gl asses on Table 2 have a | 0g3
formng tenperature in the range of 1232 to 1240C and a AT in the range of
58 to 74C. Table 2 al so provides ranges for the Exanples 1-6. More

articularly, fro ] - C 1.1 e

1? ol I owi ng i ngredi g%ltd :.SE%Q% drzaé"ﬁgggﬁg S?é.' p%%@'%ﬁ@%'%g@tg%%ﬁ%%gfnérﬂ}by

wei ght ; Al1208mbedinent of the ire@niim, edow bbsongiassiompoSiion 2&etbe Lpp&4oB®npeTr cent
by wei ght; . ' : i t .10 percent
by wei ght : 3%@%%@%01’86252&8@%&%%?@V%&%%rﬁ% ggn%%z’ggé. rﬂ?d?’eéfo 0. 35
ercent welieigiably paow @ihat aeatectabn seotieHpwergiort

Pngredi elral?s Zath Hhe | £b@ ok Iﬁ%gt%rgpl:% d4: 6 can
be found on q%b é’@% c'lﬁjndatlarlglzllgipe 16%@%55%%%1%% gﬁgjss aCOh‘pOSeI |ror?g of
Exanpl es 1 -thg inengion, maijsmpticatirelgtianshipef ttelingredientstin éhe glaggecamipasitidn to24
1240C and a [ ) 0 RCT/.

Fur ther, Tabl 53 SOCHERC 1R coinhPor tooigs BT dripihda s Tprvip Ranotialt
parti cul ar | ybelow 1240 Gaanda delex Z19h peaatad thandb0°Cobes thedompramiridrosfshdrave t he

A1203 13755 03¢ B TooR A0 RS matheiheabBidfink o pEns BB e U1 O
wei ght ; Ngogla.swcim@osrz?ticm QpcFabimt Wege diecussed abave)Zables 3-19endad, boyanse] ghL :
10 Na203 0. 90t ' " : y wei ght.
t he ranges f@?t It _I%d?%? ﬁ%‘n@tg ?E:)fa X?e %@%ﬁ?ﬂ?g?f’g’? g‘?ﬁ‘e@'ﬁér@ﬁ‘?@%@“? rom Tabl e
2 are as fofpohinedRodzs irBYSPETNC. 03/2K164 . Adlitsinebex@adles. @ithin thescape o6i O2/ RO

%ilth 0 5/ 22@6@%"&%%%#@0@%%@9"%@ 3R G-irBsPANG, M2, 71 15 to
) 0 1 0 ) to 31. W %
15 areincluded herein. For example, but not a complete relationship, examples 188-
236 are selected from USPA No.09/980248 Combined and examples 7-24, 43-
50,78-185, and 219-267 are selected from USPCT No. 01/27451. Examples A-E, 25,
30-32, 60-75 are examples, among others, presented by this application. The
examples identified as selected from USPA No.09/980248 Combined and/or in
20  USPCT No. 01/27451 and those added to the Tables by the instant disclosure are
not complete. For a complete comparison reference may be had to USPA
No.09/980248 Combined and/or in USPCT No. 01/27451.

For a better appreciation of the invention the samples on Tables 2-19 are

25  categorized according to the following types of glass compositions.

Type —1 Glasses boron-free (Table 2)

Type —2 Glasses up to about 5.10 wi% B,Os (Tables 3-11)

Type -3 Glasses boron-free with lithium oxide (Tables 12 and 13)

Type —4 Glasses boron-free with lithium and zinc oxide (Tables 14 and 15)
30  Type -5 Glasses boron-free with zinc oxide (Table 16)

Type —6 Glasses up to 5 wt% B,Oj; with lithium oxide (Tables 17 and 18)

Type 7 Glasses miscellaneous glass (Table 19)

Table 20, as previously discussed includes production glasses.
35



A1203/ RO 0.50 to 0.52 R20 +RO 27.24 to 27.95 wt% (Si 02 + A1203)/(R20 +RO
2.55 to 2.64 The gl ass conpositions of Exanples H and | have a | og3 form ng
t enper at UWe 038334251 t he range of 1238 to 1240C and a AT of PE3@SIakizes 3- 11
(Type 2 d asses) include glass conposi2tions of a quaternary systemthat
includes Si02 in the range of 50-60 wt% preferably in the range of

52. 25-59. 00 wt % ahabled @ype diGlaades) indludesglasarrgmpositions @ca@&temaw % A1203
in the 30ra I I % and nore
preferably in t%rﬂfthar}gqn&uéehe\émsﬁ/?§m tﬁé ?JVU?;E 0¥éagoltmﬁ%t’ gé?‘%gaﬁ (P)I-?er%filg%f wt %
preferabl e id72hS9 o gihd mMple B@fel'@bl@@ tive Yargedof rpE r49-55- é@ éxlghlirtherange
range of 22- n i f t he
ange of 1. 280 LweBEIERATL b3 Sandet R, 3 cotury Shd ol Bie A b 8 e
The conposi t fangs obfl 2. 18131345 M"/daﬁei(?\tflltb@léaﬂg@(}ﬁ 26125wh°/0356éﬂmb1ﬁun the tréige afhe

range of gre T
conposi ti onsg%gb'?ggﬁqmé %@d& %Pé@e(%blﬁ%r\gtﬁg?%r?g% QF%ZJOOZM%?@ /r %ﬁd Mgo in
0. 25-1. 25 wt e rangs ef 3- Bk\é“/oypi‘eufertalbm i thegengsf of @.2602.75 wa% amdi)/maned)rﬁfeabm i kel y

inther angemqﬁe g%lﬁ%p%* g@ré,ﬁ) WO'?ﬁ%@gséD &% ?ﬁ%@?g?%b 8%%%;{‘} né(}lf’o%ol'lbn the

range of 0. 25- range o
preferably |Wthﬁéar}g§mjelpé¢ 1(254/@/:0p%erwb%m He0aeggeicd. 8% - il 20avtthartdsmare t o

0.60 wt % a&%fer@g%a@e b wam%m& }\%%ﬁpth)éﬂra/ﬂ P58 pE-abkY prifrddly - 0.45

wt % and nore 0.40 w I ngr dlentsmc t he
gl ass conposinit %ﬁ%ﬂgéfOfQ 7’5a Pewt%-and nare preferablyrin ﬂwaﬂgepéﬁ) 85-Qrx5¥t%lori ne in

anmount s up { andro. He rsh bfhpt%@&tﬂ\‘}vf%#ﬂefe?a 83050 B8 o pidfe |1 amount s

up to 0.15 wm% gl ass conposition havi i'ngredi ents 3-11
wi thin the apgesably dhigesangriofd30-848wtpn CODTP@SWGM olakle 2 eredpdromshi ps

provi des a gh@éSosmapgﬁéﬁg 116 ofirQouQ@\fumrm enfr.@ .nttﬁgp ar@robfbgw %240(3

and a delta T of qreater C | ati ons r oad erred Range
RO (CaO ¥ wgeyeferably i the re\m%q‘zﬂ % 1t%9 wtie god wp% p@mewymamezam afd.@6-80 2. 15
to 2.75 15 At ) C ,00 3.70
Lo 490  AL2DI A0 Degdh 8 senasert, B 28 retranloRe A 87 B0y
66 to 72.1 wend mrupprefarably irghe 3amme. & 0:&5-Ba5wihsarg RepO3® the 6rRe of SR +

A1203) / (R0 Bk pF’e%&%bg% ﬂ?o%@ vﬁ%%d%@r% Oﬁerg?abT;pm tié Pa?-L? o?@&%fqé'b to 36.6

W% 26.5 to 34 w % asses of
TabI es 3-11 Wefeameesitiangdt am Qloclaée E@zurmgwee*an@m@f 0-08 wtﬁfemf@nablyﬂmheTabl es

3-11, R28h i Srapgeaf 028 - widhaRd rohepidheraf ifR8 rafgd d8sb-0 bfwtes: Na,0 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,O; 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%.

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%
SiO,/ CaO 2.10t0 2.80 2.30t0 2.80
SiO./ RO 1.90to 2.55 1.90t0 2.40
SiO./AILO; 3.70 to 5.00; 42010 5.00
Alb,O;/Ca0 0.40t0 0.75 0.50to 0.60
35 SiO; + Al,O4 66 to 73.7 wt% 70.80 to 73.7 wt%
R.O + RO 27 to 28.15 wt 27.15t0 20 wt%

(SiO; + Al,O3)/(R,0 + RO)  2.0t0 3.0 2.3010 3.00



one of the ingredients is not present in the glass it is given a 0 wt% For
the glasses listed on each of the Tables 3,4,6,7,10 and 11, only the
additi on whoBlw2325 s consi dered; therefore for the gl asse®Carusnizs273

i ndi vi dual Tables 3,4,6,7,10 and 11, 20 is equal to the wt% of Na20. For
t he gl asses Iistegiéfn l{.@e i ndividual Tables 5,8 and 30 9, Na20 and K20 are
consi dered; therePofé ®8r the gl asses?®A 19 REGIWIH vi dual TEBPBEo 36,68 witd 9,
R20 is equal to thAgOgRm of the w % of gMag@ eand K20 As canghg i@BpEeci at ed,
each of the Tables 3-11 provides ranges for the ingredients and the

rel ati onshi ps. For exanple and not limting to the invention, 35 Tables
3-11 provide gl assheTymos blab9bsmpestiond akdRotl dobasl RONARU KA RNbSK I _t he
followi ng r nge : \@ 03/ 033425 PCI/US02/ 33273 26 Si 02 53. 00 to .75

per cent %}/ 3‘@ Eﬁi‘fr? A ISP8ughto st Wie PNBD.cent by weight; CaO 22.25 to
24.95 percent by weight; MO 1.50 to 3.00 percent by weight; 5 Ti02 0.50
to 1.10 percent by weight; Na20 0.45 to 0.90 percent by weight; K20 O to
0. 38 percent by V\%?Efm;ge apRrspatey. 13Ple 2 /PoJuPYdeR rapgesir §in ingregizol and30 t o

5. 02 per centthbyelaorghips. FOr Exdngle, Hut BE: IRGGRERLth vBREEINthe raiﬁ_(?]ég Brig 0.13
rcent . e mat hemat i cal

percent by ight. . a 203 0 to. 0.13 pe by wei ght

rel ati onshi \QYR%’%QPHE ?r}g@? gqa?%ﬁ?fgpqsg'%fﬂﬁagen Tehls Zaremas; fg“f’c 5 15 col um
entitled0" Type 2 G assgig),. Tabl e5B4ptosd. o per@b@Ly iagMOSI tions havi ng
ingredients in the fol

oMng ra - S 02 56.00 to 56.65 percent by
wei ght: 20 A1203 13. 052¢% 13. 60{%2‘?%1?%‘?%99%%@6%‘@6'9%0 23.50 to 24.25
percent by weight; MCh@. 50 to 23 EtoBs 8B pérchit Wg@t; Ti 02 0.50 tol. 10
percent by wei ght; Ngﬁo 0.90 pe g%t b%{ wei ght; 25 Fe203 0. 25 percent by
wei ght, and B203 2.00"'®ercent b%/ PIGh t.byl"H%Q'Ptanges for the mathenmati cal
rel ati onshi ps 011: : Ingr e'le@(r)lt 2001‘261.Mpgicaﬁ2ﬁoy7\g@@mbo/si tSI g}scgg '2I'agllet3 fzrzrln
Table 3 are as fo OWSNaf)S O.Qgpér%ent%yweig%t, %ndl . o 2.

Feo0O, 0.25 percent by weight.

The range of the mathematical relationships of the ingredients from Table 2
for the glass compositions listed on Table 2 is found in Table 21 in the column
20 entitled “Type 1 Glasses”. The glasses on Table 2 have a log3 forming temperature

in the range of 1232 to 1240°C and a AT in the range of 58 to 74°C.

Table 2 also provides ranges for the Examples 1-6. More particularly, from
Table 2 Example 1-6 glass compositions have the following ingredients and ranges:

25 SiO, 57.45 to 59.05 percent by weight;
Al,O4 12.20 to 13.68 percent by weight:
CaO 23.75 to 24.50 percent by weight;
MgO 2.55 to 2.58 percent by weight;
TiO, 0.55 to 1.10 percent by weight;

30 Na,O, 0.90 to 0.91 percent by weight, and
Fe.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.



Si2/RO 2.09 to 2.17 Si02/ Al 203 4.12 to. 4.28 A1203/Ca0 0.56 to 0.57 35
Si 02 + A1203 69.60 to 69.95 wt% Si02 - RO 29.25 to 30.60 wt% A1203/RO
0.50 to Owb23wE3403/ 033425 PCT/ US02/ 33273 27 R20 +RO+B203 pe8/1362/832729. 65
w% (Si02 + Al203)/(R20 +RO+B203) 2.5 to 2.41 The gl ass conpositions of
Table 3 have a log3 formng tenperature in the range of 1200 to 1220C and
a AT is in the range of 56 to 69C. 5 Table 4 provides gl ass conpositions
having Ingredients in the followng ranges: Si02 is 56.25 to 57.75 percent
by wei ght; Al2C0Buitker] Zalde 2tmovides2@nges foetite ExampésyHtand 1.1 MoGamarieulady, t o

24. 25 perce ! . e (Eﬁ;bt? i T : : cent by
wei ght ; Na%mgvaé%@%?r}%@me%a@e@ﬁ% & e 5@}48?&@?@&%@*&@@@6@#%&, and 15
B203 1. 30 tendrar@epercent by weight. The ranges for the nathemati cal

rel ati onshi ps of the iqggredi ent %-fQr gg}%@ itions of Table 4
from Tab?e 4 are as fol Tows: RO%ZE?@%%?@%%?%@WA) Si2/Ca0 2.32 to
2.43 Si2/RO 2.10 toARR0 Si 02BA520334682@reamt By W8ighil 203/ CaO 0. 51 to 0.56

Si 02 + A1203 69.45 to 95 wt % i - sy 31.45 wt % Al 203/ RO
0.46 to 0.50 R20 +Ro+|§%g)3 28.50023’&2;’%3328%0&%3"@}'3’%@1‘9A| 203)/ (R20 +RO+B203)
2.39 to 2.45. The gl adgQonposi 2iarte 2058 peibéd by weighd; a | og3 f ormi ng

tenperature in the 3¢Kxange of nd a AT in the range of 55C
to 70C. The gl ass congtl)dé% tions 8f ar{:%tég%\%@e&t he follow ng ingredients in

the follpow ng rangesNagP92 55. DPGte O5%. PBCeHhyeveighiyansei ght ;

Fe.O3 0.35 percent by weight.
the ranges for the mathematical relationships of the ingredients from Table 2 are as
follows:
RO 26.33 to 27.05 wt%
15 SiO,/Ca0 2.351t0 2.45
SiO./RO 21310 2.20
SiO./Al,O4 4.25
AlL,O,/Ca0 0.55 to 0.58
SiO, + AlL,O4 71.15 10 71.86 wt%
20 SiO, - RO 30.55 to 31.85 wt%
Al,O5/RO 0.50 to 0.52
R20 +RO 27.24 10 27.95 wt%
(SiO, + Al,O3)/(R20 +RO) 2.551t0 2.64

The glass compositions of Examples H and | have a log3 forming temperature
25 inthe range of 1238 to 1240°C and a AT of 55°C

Tables 3-11 (Type 2 Glasses) include glass compositions of a quaternary
system that includes SiO, in the range of 50-60 wt%, preferably in the range of
52.25-59.00 wt% and more preferable in the range of 52.90-58.00 wt%; Al,O; in the

30 range of 10-14 wt%, preferably in the range of 11-14 wt% and more preferably in the
range of 12 -14 wt%; CaO in the range of 21-26 wt%, preferable in the range of
21.50-25.50 wt% and more preferable in the range of 22-25 wt%, and MgO in the
range of 1-4 wt%, preferably in the range of 1.25-3.50 wt% and more preferably in
the range of 1.45-3.25 wt% . The compositions of Tables 3-11 include B,Oj3 in an

35  amount within the range of greater than 0 to 5.10 wt%, e.g. 0.90 — 5.10 wt%. The
compositions of Table 3-11 further contemplate TiO, in the range of 0.25-1.25 wt%,
more likely in the range of 0.40- 1.20 wt% and most likely in the range of 0.45-1.15



35 A1203 13.10 to 13.80 percent by weight; CaO 24.50 to 24.67 percent by
wei ght; MO 2.55 to 2.95 percent by weight; WO 03/033425 PCT/ US02/ 33273
28 Ti 02 Iwo®3paxeent by wei ght; Na20 0.45 percent by wei @omrjusk28s203 45 to
0.58 percent by weight; Fe203 0.25 t% 0.38 percent by weight, and 5 B203
1. 30 percent by weight. The ranges for the mathematical rel ationships of
the ingredi evitis NekOtimtheghngs of @29 35 pietiersblyfin thetikrgeoffG- il PAMY Fare as

fol | ows: lto

207 s o) ATTB et e iyl sl 4B SRS Foeb s s AR RS 75

69. 37 wt % MB¥Giapd Fe.ROnATe Edge®f 2 t® Z0wtdh, me%BWFRDtQ -85 W% @NEMER0

+RO+6203 29. 2. 37

The ol ass cdmaatnt o B e e el e S Beellarst e

20 range Sof TJ.e@ie@ 3-01 bobmtlieigd thepgtojare ﬂmmeamng@ogmtsw te §BPt %7 5PN 6

502 56,15 (orUTRP LS. SMbA I G0 RS 0 W P 13 08 percent by

wei ght; CaO 24. 40 to 24.95 percent by weight; MO 2.55 percent by weight;

Ti 02 0.55 percenty ' %EN%% 03 0.25 to

0. 35 percent by wepbéﬁ%bﬁﬁ&s't' Iqq 3@%8%?%3?1??{3 va?/em?’gﬁmm t%oadr:og% es for

t he mat hematraoggs ansl %tt|¢aﬁﬁ9h$ pktheffoltoméng retgatioashipg eroviles R@lags ggmposition

conmposi tj,0on 0 I to 27.50
woh s b caitboERrind PRe AR bRR PUE T e G SIS S0

PCT/ USOZ/ 33273

Relationship Broad Range Preferred Range
RO (CaO + MgO) 24 to 29 wt% 24.75 to 27.60 wi%
SiO,/ Cao 2.10 10 2.80 2.15t0 2.75

15 SiO./ RO 1.9510 2.55 1.90 to 2.40
SiO,/AlL O3 3.70t0 5.00 3.701t0 4.90
Al,03/Ca0 0.45t0 0.65 0.45t0 0.65
SiO, + AlLO; 66 to 73.7 wt% 66 to 72.1 wt%
R.0 + RO + B0, 27.5 10 34 wt% 28 to 33 wt%

20 (SiO; + Al,O3)/(R,0 + RO + B,O;)  2.00 to 3.00 2.00t0 2.70
Si0, - RO 26.5 to 36.6 wi% 26.5 to 34 wt%
Al,O3/RO 0.40 to 0.60 0.46 to 0.56

Type 2 glasses of Tables 3-11 do not consider Li,O as an ingredient;

25  therefore for Tables 3-11, R20 is equal to the sum of the wt% of K,O and Na,O. If
one of the ingredients is not present in the glass it is given a 0 wi%. For the glasses
listed on each of the Tables 3,4,6,7,10 and 11, only the addition of Na,O is
considered; therefore for the glasses on the individual Tables 3,4,6,7,10 and 11, R20
is equal to the wt% of Na,O. For the glasses listed on the individual Tables 5,8 and

30 9, Na,O and KO are considered; therefore for the glasses on the individual Tables
5,8 and 9, R20 is equal to the sum of the wt% of Na,O and K,O

As can be appreciated, each of the Tables 3-11 provides ranges for
the ingredients and the relationships. For example and not limiting to the invention,
35  Tables 3-11 provide glass compositions having the following ingredients in the
following ranges:



29 Si02/AI203 4.01 to 4.66 A1203/Ca0 0.54 to 0.57 Si02 + A1203 69.50 to
69.99 W% Si02 - RO 28.65 to 30.65 wt% 5 AI203/RO 0.46 to 0.51 R20
+RO+B203 W0.03633405 29. 70 Wt % (Si 02 + Al 203)/ (R20 +RO+B20PXTAISBZ33203 2. 40.
The gl ass conpositions of Table 6 hav® a | og3 formng tenperature in the
range of 1211 to 1220C and a AT is in the range of 52 to 66C. 10 Table 7
provi des gl ass conposiSiPens havid®0q edr7eth reieention wWet@htf ol | owi ng ranges:
Si02 55.25 to 56.15 p nt by i X to 13.30 percent by
weights 15 Cad 23.00 1%, 20 \é\?f%;{r?tmb&]rgm%?é)%&e%f’ O 2.55 percent by

wei ght; Ti02 0.25 to a8 per cerd2 2ptogd YhpercerNpyoveldio percent by wei ght;

Fe203 0. 25 percent by IM§'('). ght; andsg 3 gent by weight. The
ranges for the mathematTcal rel at"ljoﬁ)g;?h&gg ggnl?%e\pﬁ%gfedi ents of the glass
conposi tisons of Tabl e TiOtr om TaH)-80 ip kil parsenio weight; RO 25. 55 to 26.75 wt %
A'2031 G20 0, 55 to 0. 58 60> + Aloss ey 5B ey B 1 “20 S 02 - RO 28. 45
. . . . 0 - .
to 30.60 W% A1203/ R 50 to (P ®I10-3@pereROBWHIMD. 45 to 30.65 wt % (Si 02
+ Al 203)/ (R20 +RO+B2Q]) 2. 24 t q & 380 po&eH iggnposi tions of Table 7
have a | 0g3 forning terrﬁg?atur eq:l)n t'ﬁ%g 38 r§ngeel§o_f 1193 to 1212C and a AT
is in the range of 64 B#:90C. WJ-8310382 psreputhymeight33273 30 Table 8

provi des;,gl ass conposigions havigg ¢ BEHERAEEHSwdithit he fol | owi ng ranges:
Si 02 54.12 to 55. 25 percent by vve%g%t;b ywéight,
SrO 0 to 0.13 percent by weight, and

Cr03 0 to 0.13 percent by weight.

The mathematical relationship of the ingredients is found on Table 21 in the

15 column entitled “Type 2 Glasses”.

Table 3 provides glass compositions having ingredients in the following

ranges:
SiO, 56.00 to 56.65 percent by weight;

20 Al,O3 13.05 to 13.60 percent by weight;
CaO 23.50 to 24.25 percent by weight;
MgO 2.50 to 2.55 percent by weight;
TiO, 0.50 to1.10 percent by weight;
Na,O 0.90 percent by weight;

25 Fe.0, 0.25 percent by weight, and
B.Os 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 wt%
Si0,/Ca0 2.31102.41
SiO./RO 2.09to 2.17
SiO,/Al,O4 4.12t04.28
Al,O5/Ca0 0.56 to 0.57

35 SiO, + Al,O; 69.60 to 69.95 wt%
SiO; - RO 29.25 to 30.60 wt%

AlLOs/RO 0.50 to 0.52



A1203 13.20 to 13.40 percent by weight; 5 CaO 24.20 to 24.55 percent by
wei ght; MO 2.55 percent by weight; Ti02 0.55 percent by weight; Na20 0.45
to 0.50 pwooans3shky wei ght; K20 0.45 to 0.55 percent by wecghtsp2/33203 Fe203
0.25 to 0.28 percent by weight; B20373.00 percent by weight; F up to 0.20

percent by weight, and SrO up to 0.12 percent by wei&ght. 15 The ranges for
the mat hematical rel atR¥AIRPB0% the ingredi ents of28 fetaRBzwi%

conposi tions of Table &drpQ) BBrROeRas) fol l ows: o BE 26475 to 27.55 Wt %
Si G2/ Ca0 2.20 to 2.28 (%IS(??OZI éé%?( 56 10 207 20 S 02/'Al208 4.06 to 4.15
A1203/ CaO 0. 54 t offe @gssgpapapositians gBT#te §have adwm3Sgrmipgdenperature Rd©6. 57 to

+n1203) | (FIBPRABE)I80 Cn AT S B S0 6BE P ons of Tavie 8

have a | dg3 form ng tenperature in the range of 1190 to 1204C and a AT is
in the range of . j Eird havi ng

I ngredients in tﬁﬁabﬁ%ﬁl%go\l%ldﬁg%Ia-r%a%ngw&%s@?%ﬁ%@%@b@ﬁg@%ﬁ%&oﬁlg\gﬂﬁ by

wei ght; Al2@89€s3. 10 to 14.00 percent by weight; CaO 24.00 percent by

wei ght; 35 MO 1. 25t Ber cent i > persb G aghipercent by wei ght;
Na20 0. 90 percent by VZ\%I?% t: WO 3%%?3%@5 Becf’rlfué’ggh@”zt?s 31 K20 0.37
percent by weight; Fe283:i9. 10 pb.2@in 1330 peicghitby vBROE: 4. 93 to 5. 02 percent

by wei ghao;3 F 0.50 pergght by wehghk i 5 5 bRedtdhyRALiGRNT by weight, and
p

Cr203 0. ercent by weight.
MgO 2.55 percent by weight;
TiO, 1.10 percent by weight;
Na,O 0.90 percent by weight;
Fe, 03 0.25 percent by weight, and
15 B,0O; 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,/Ca0O 2.32t02.43

SiO,/RO 2.10t0 2.20

SiOy/Al,O3 4.26t0 4.73

Al,O,/Ca0 0.51t0 0.56

SiO, + Al,O; 69.45 to 69.95 wi%
25 SiO, - RO 29.45 to 31.45 wt%

AlLO/RO 0.46 to 0.50

R20 +RO+B,03 28.50 to 29.00 wt%

(SiO, + AlLO;)/(R20 +RO+B,03) 2.39 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:

SiO, 55.19 to 56.00 percent by weight;
35 Al,O; 13.10 to 13.80 percent by weight;
Ca0o 24.50 to 24.67 percent by weight;

MgO 2.55 to 2.95 percent by weight;



The ranges for the mathematical relationships of the ingredients of the
glass conpositions of Table 9 from Table 9 are as follows: 10 RO 25.50 to
26. 50 wt %vOoBB@RI4EHO 2.21 to 2.23 SIiRZ/RO 2.00 to 2.10 Sir@2/Ush28R78. 82 to
4.05 Al 203/Ca0O 0.55 to 0.58 15 Si02 28 A1203 66.10 to 67.50 ww% Si02 - RO
26.50 to 28.00 wt% AI203/RO 0.49 to 0.55 R20 +RO+B203 31.70 to 32.79 W %
(Si 02 + A1203)/ (R20 +H0+6203) 21.0Qpergent by3veightThe gl ass conpositions of
Table 9 have a | o0g3 fqiiiong temaggycgnggg,\;,a&ht range of 1167 to 1177 and a
AT is in the range of 57 to 69C rovi des gl ass conpositions
having ingredients inKfe foll M@@Qﬁﬁ@@@enwwlggf 55.40 to 57.75 percent
by weight; Al1203 12. a-.q_:.bo 13. 800 Qg{d:@gg pg%e}qpé)gné,ght GAP 22.25 to 24.85
percent by wei ght; 2705 to 0 percent by weight; Ti02 0.50 to 1.10
percent By weight; 30 EHQZO 0. 90 b@@é@fﬁﬁnw\&‘l\%gf@ht Fe203 0. 25 percent by
wei ght, and B203 1.00 to 3.00 percent by weight. The ranges for the

mat hemati cal rel ationships of the ingredients of the glass 35 conpositions
of Table 10 from Thegregapfonthe mathewriicalielatpnshigs gbthedngredigatsf tie glpsp/ cao
2.23 10 2. S3RSROASIIPRIFEHOSRASS2/Sas R0, 02/ RO 2.05 Lo 2 27

Si 02/ Al 203 4 A1203/Ca0O 0.51 to 0.59 Si02 + A1203 69.00 to 70.95
W% 5 Si02 - RO 28.0RP0 32.55 wt % A1203/ RO 0. 46 t4¥/-08 B2 RpwWidR0+B203
28.15 t0;30. 25 wt % ( SiBgchA 203) / (R20 +RO+B203) 2. 285922867 The gl ass
conpositions of Table 10 have a log3 formng tenperature in the 10 range
of 1202 to 1240C and a5®¥RG in the range of 53 to 198t.to 2.07

SiO,/Al,O3 4.01t04.19

Al;O5/Ca0 0.53 to 0.56

SiO, + Al,O3 68.75 to 69.37 wt%
15 Si0, - RO 27.78 to 28.92 wt%

AlLO4/RO 0.48 to 0.51

R20 +RO+B,04 29.28 to 29.74 wt%

(SiO; + Al,O3)/ (R20 +RO+B,03) 2.3110 2.37

The glass compositions of Table 5 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:

SiO, 56.15 to 57.60 percent by weight;

25 AlLO; 13.25 to 13.95 percent by weight;
CaOl 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 Fe, O3 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 wit%
Si0,/Ca0 2.25%02.36
SiO,/RO 2.04 t0 2.14



The gl ass conpositions |listed on Table 10 and the glasses within the scope
of the enbodi nent of Table 10 have a form ng tenperature in the range of
1202 to WOM3@334e3 shoul d be noted that the neasured del t 2CT/tfsor/3&8xanpl e 91
was 34 C it is 15 believed that thi® is a measuring error the |iquidus
tenperature because the glass conposition of Exanple 90 has simlar

i ngredients, a |ower |$§uldés tenperature and a del #41106866100 C.
Therefore the delta T gf le 91 is considered to t 90C. The
preferred gl ass comos’?‘f?gﬁg@r om Table 10 are thoseoigﬁa?b%?ow de the
forming tenperature rapige 1A to 1219C and a del ta §9.§P &ne@POWMAN 5C, nore
20 particularly Exanpl &g, 8ko 91. The gl ass conposi tQ@@Qt&ﬁoEéW' es 78 -
91 of Table 10 from Tabl é 10 have the fol | ow ng ingredients in the

fol | owi ng ranges: Si 02AB8/BO to 56. 65 percent by wei 840024 Al 203 13.05 to
13.80 percent by wei ghg; OW@@) 00 to 24. 85 per cent 2@3{5%2@9?‘\,\&%%0 2.50
to 2.55 percent by wei % °0.50 to 10 percent by wei ght Na20 0. 90
percent by weight; 30 QBA@%E(WC‘&Q’ﬂn@sN\m ght, a84toB#03 2.00 to 3.00
percent by wei ght t t t he

i ngredi ents of thTah g@ggie&gmodglgtomﬁglgg %&%&%&fﬂorrﬁ%%h?&%@ é 10 from
Tabl e 10 ar eraage Pb1210vie:1228°Ran@ 8 AFgs inghe Targs afS%to 862/ CaO 2. 23 to 2.44
Si02/ RO 2,03 to 2.20 WD 03/033425 PCT/ US02/ 33273 33 Si 02/ Al 203 4.06 to
4.34 A 203/ Ca0 0.54 to 0.57 Si02 + A1203 68.95 to 69.95 wt% Si02 - RO
28.05 to 30.60 w Pebls7MQMEISRIREE. cpIN[OSItiONS BavkADINgROEBLDB thafalewing 30. 25 wt %
(Si02 + Alzoli%é 5E]F\’ZO +RO+B203) 2.28 to 2.41 The gl ass conposition of

Exanpl es 78 ave a log3 formng tenperature in the range of 1202 to
1219C and a AT is in tH&2range 0$55.88ta 96.190ercenihbymeidft ass conposi ti ons of

Table 11 from Table 11 ve the f 4) in the follow ng
ranges: Si 02 56.10 to %g@?S percen'Pég(¥/\llI mgoﬁe?&gn?gg%@b 20 to 13.38

percent By wei ght; CaO 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,O3 0.25 percent by weight; and
20 B,O; 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%
25 Si0,/Ca0 2.28 10 2.44

SiO,/RO 2.07 to 2.20

SiO,/Al,O4 4.15t04.30

Al,O4/Ca0 0.5510 0.56

SiO; + Al,O3 68.20 to 69.20 wt%
30 SiO, - RO 28.45 to 30.60 wt%

AlLO3/RO 0.50 t0 0.51

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

(SiO; + AlO3)/ (R20 +RO+B,03) 2.24102.35

The glass compositions of Table 7 have a log3 forming temperature in the
35 range of 1193 to 1212°C and a AT is in the range of 64 to 90°C.



15 CaO 23.75 to 24.42 percent by weight; MO 2.55 percent by weight; Ti02
0.55 tol.10 percent by weight; Na20 0.90 percent by weight; Fe203 0.25
per cent bwowaiog#e3 and 20 B203 1.30 to 1.40 percent by weiPgmtusoZbe73 anges
for the mat hematical relationships of30the ingredients of the glass
conpositions of Table 11 from Table 11 are as follows: RO 26.30 to 26. 97
W% 25 Si 2/ CaO 2. 30 Table8ppvidsisagsroompgsitions aving ingiediznigi int® 4. 19 to
4.73 A1203/ CaO q)ﬁ;‘"iﬁ@ %/g%é Si02 + A1203 69.48 to 69.95 wt% 30 Si02 - RO
29.13 to 31.45 w9  AL20 0.46 to 0.50 R20 +RO+B203 28.60 to 29.17 wt %
(Si02 + A1203)/ (R20 +$iO:B203) 2488 tap2%yrergentyaveidiss conpositi ons of
Table 11 have a | 0g3 fQIdl ng tenpes@idd£40 DHebddBt by @BGAR: 0f 1215 to 1218C and
a AT in the range of 63C to 65C. WO 03/033425 P / US02/ 33273 34 Tables 12
and 13 (TPype 3 d asses§a®Pncl ude -3t Hoppparentdvelghta quaternary system
that includes Si02 in 1he range P&sperctri: Wwbight ef erably in the range of
56-61 Wt % and nore preférably in the range of 57.5-61 w% A1203 in the 5
range of 10-14 wt% prEfPerably i*h5f Rerceaingyeveighti1- 14 wt % and nore
preferably in the ranggef 11. 754513050 pkc¥ht t%\@ei%ﬁt;the range of 20-26
w% preferable in the range of 21.50-2@. 00w % and nore preferable in the
range of 21.75-24.50 WK and my@AStn0-Bheercaayley Weight 4 wt % preferably in
the rangg of 1.35-3. 50Fé{¥b°_?o and n@ggtd)@_ggggﬁghyb)j\nei he range of 1.60-3.25
Wt % The conpositions of Tables 12 and 13 are 10 boron free. The
conpositi ons of Tabl esBf® and 133-E8ReAPI 4t weightti 02 in the range of
0.25-1.75 W% nore ligely in thlgofoag]g@ &lceft- AQneight; &4 Wt % and nost | i kely
nore preferably in the_range of .45-1.%5 wt % Na20 in amounts up to 0.75
W% preferably in an®Ghts up t' 19 G082 perseriRy Wil preferably in anounts
up to 0.65 w% Li20 in amounts in the range of 0.10 to 1.25 wm %
preferablsy in theThanagedfor e Matk@miafical rdiftionsps anthenmyrediphefot trigiyss n t he
range of 0.30 to 1.00 m_% ﬁgd F_?éoqs in tgﬁ range of up to 0.50 w %
preferably uiPmRpsgionsolfapleRdromIPePAPIRIOWEp to 0.30 w% A gl ass
conposition having ingredi ents of Tables 12 and 13 wed.h% o 2hes apeve 20
nggggi ?ingnat | east ongiotgjoatohe follow ng rel ationshi an% 8,\5'8(195 a gl ass

SiO4/RO 1.96 to 2.07

20 SiO./Al,0; 4.06t0 4.15
AlL,O3/Cal 0.54 to 0.55
SiO; + Al,O; 67.55 to 68.55 wt%
SiO; -RO 26.57 to 28.30 wt%
AlL,O3/RO 0.49 to 0.50

25 R20 +RO+B,0; 30.65 to 31.40 wt%
(SiO; + AlL,O3)/ (R20 +RO+B,05) 2.14 t0 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:
SiO, 53.00 to 53.50 percent by weight;
AlL,O; 13.10 to 14.00 percent by weight;
CaO 24.00 percent by weight;
35 MgO 1.25t 2.50ercent by weight;
TiO, 0.50 percent by weight;

Na,O 0.90 percent by weight;



having a form ng tenperature bel ow 1240C and a delta T of greater than 50C
Rel ati onshi p Broad Range Preferred Range RO (CaO + MO 23.50 to 27.50 wt %
23.75 to WD.0003342% 25 Si 2/ CaO 2.10 to 2.80 2.30 to 2. 80¢CHUSEZ3RBG 1.90 to
2.55 2.10 to 2.55 Si02/AI 203 3.70 to15.00 4.20 to 5.00 AI233/Ca0 0.45 to
0.65 0.45 to 0.60 Si02 + Al203 66 to 73.7 W% 70.8 to 73.7 wt% 30 R20 + RO
24.75 to 28 W% 25 to B 75 wt % 0.3Gpexent m@eght, (R20 + RO 2.00 to 3.00
2.30 to 3.00 Si02 - 5to 3 9 - 36.6 W% A1203/RO 0.40 to
0.60 0.46 to 0.53 BSR%%Q@fype 3 %@&Mecé%g%ﬁglghgon;:i der the addition of

K20; therefore for TypB:@& @ ass&93@b.02perapnhby weightie sum of the wt % of
Na20 and Li20. WO 03/083425 PCT/M@@%/e%%%ggywéiéhﬁs can be appreciated, each
of the Tables 12 and 13 provides ranges for the ingredients and the

rel ati onshi ps. Mre pa$tC?cuI ar | y0.18 peragnblsweigbhpdsi t i ons of Tabl es 12 and
13 from Tables 12 and @3chave thg5pklQ@pn Wwei?ﬂﬂr edients in the follow ng
ranges: 5 Si02 57.65 to 60.75 percent by weight; A1203 12.00 to 13.64
percent by weight; CaO 22 to 24. 155 percent by weight; MO 1.70 to 3.40

percent by wei ghtyhe Hndds for Bk halherf2tiBR TEI8InsAbs WE N hgredRnf¥at thdgidss t 0
ht Li20 0.30 to 1.00 b

0.60 percent by weight; . : percent by weight, and” Fe203 up
to 0.25 per ceaifpasitiongioghable PHeom dakje areas fillewsat henati cal rel ati onshi ps of
the ingregfdients of therg ass 15 conpositions of TabbegglLo@Bdwikd from

Tabl es 12 and 13 are on Table 21 under the colum entitled "Type 3

d asses". The gl ass cofu&ad ons of Tables 12 and 132#R4J@2.28 | og3 forning
tenperature in the rangg,mo1205 to 1240C, and a AT bmothe pange of 50 to
100C. 20 The gl ass cor‘rgpsi tions of Table 12 from Table 12 have the

fol l owing ingredientsSiQAls fol | owi ng ranges: Si 023881928.050 59. 97 percent
by wei ght; A1203 12. 18 .69c4d. 64 percent by weight; oGa@ 33804 to 23. 65
percent by weight; 25 O 2.50 to 3.12 percent by weight; Ti02 0.50 to

1.50 per&ent by wei ght SIO; + Al,Os 66.10 to 67.50 wi%
SiO, - RO 26.50 to 28.00 wt%
Al,O3/RO 0.49 to 0.55
R20 +R0O+B,04 31.70 to 32.79 wt%
(SiO; + Al,O;)/ (R20 +RO+B,03) 2.02t0 2.13
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 compositions having ingredients in the

following ranges:

25 SiO, 55.40 to 57.75 percent by weight;
Al,O3 12.20 to 13.80 percent by weight;
CaO 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;
Fe,O, 0.25 percent by weight, and
B.O3 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 wt%
Si0,/Ca0 2.23 10 2.55



Na20 up to 0.30 percent by weight; Li20 0.90 to 0.91 percent by weight, and
Fe203 0.20 to 0.25 percent by weight. 30 The ranges for the nathemati cal

rel at i onswopms/08d423 he i ngredi ents of the glass conpositioreTafSo¥ahie 12 are
as follows: RO 24.94 to 26.20 wt% Si¥2/Ca0 2.47 to 2.72 35 Si02/RO 2.23 to
2.40 Si02/A1203 4.31 to 4.92 WO 03/033425 PCT/ US02/ 33273 36 A1203/ CaO
0.55 to 0.59 Si02 + AISORAL. 55 to 73.03 wt% Si02 -2RH1B2.2AK to 34.91 wt%
Al 203/ RO 0.48 to 0.52 +RO 25.84 to 27.10 wt % j A1203)/ (R20
+RO) 2.64 to 2.79 The éIolfgl%i)zoéorrposi tions of Table 124'%\%4';6% og3 formng
tenperature in the raNg&/@801211 C and to 1218C, an@S4tnd.58n the range of

56 to 68C. 10 The gl asgizqmmgs) tions of Table 13 frogy dakl fod8wpave the
following ingredients in the follow ng ranges: Si02 57.65 to 60.75 percent

by wei ght>; A1203 12. (800 RB. 40 percent by weight; 2&880232.590M% 24. 15

percent by weight; 15 AMi®/R~70 to 3.12 percent by wehghts os8i 02 0.50 to
1.50 percent by weight; Nago 0.45 to 0.90 percent b%_/swe? ght; Li20 0.45 to

1. 00 percent by wei ghtR2QriRO#293 up to 0.25 percent8.bytagl.ghwt%20 The

ranges for the mat herm(@i(ga.LA[z@I;i)@(Sz@lsﬁ@bpgz@z the ingsedienlgs of the glass
conpositions of Table 13 From table 13 is as follows: RO 24.25 to 26.70 wt %

Si 02/ Ca0O 2. 39 t o therdasscammsitias of Taple 40 hawg a lag3gioymng tesnperaigre i the 92

A1203/ Caf9 0. 3qd B £o02%0 $286°C aft 4 AT i th 8 rhihe’ct-s3 40 Wbl S1 02 - RO 31.35 to

36.56 wt %

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 oC: itis
15  believed that this is a measuring error the liquidus temperature because the glass
composition of Example 90 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 Al,O3 13.05 to 13.80 percent by weight;
CaO 23.00 to 24.85 percent by weight;
MgO 2.50 to 2.55 percent by weight;
TiO, 0.50 to 1.10 percent by weight;
Na,O 0.90 percent by weight;
30 Fe,Os 0.25 percent by weight, and
B.O3 2.00 to 3.00 percent by weight.

The ranges for the mathematical reiationships of the ingredients of the glass
compositions of Examples 78 — 91 of Table 10 from Table 10 are as follows:
35 RO 25.55 to 27.35 wt%
SiO,/Ca0 22310 2.44
SiO./RO 2.03t0 2.20



30 A1203/RO 0.47 to 0.55 R20 +RO 24.91 to 27.90 wt% (Si02 + A1203)/ (R20

+RO) 2.30 to 2.96 The gl ass conpositions have a | og3 form ng tenperature in
t he rangewofo30225 to0l1240C and a AT are in the range of 5@CT@ws®iRG 35 WO
03/ 033425 PCT/ US02/ 33273 37 The gl as® conpositions |isted on Table 13 and
the glasses within the scope of the enbodi nent of Table 13 have a form ng
tenperature in the rang@040:1205 to 1240 C and a del4.881 #34t he range of 50

-100C; however the prefiehnegogl ass conpositions fr Jabhg713 are those
that provide the form nz%:t enperature range of 5 1280;]5t0 1'%200 and nore
f+

preferably in the rangdOofr AEDS5 - 1218 C. nore parti@data §0.8xwitpl es
123,124,125, 127- 132, 144;0l5K o155, 157, 160 and 161 v@g_?s 180 s @R, Opri at e
delta T, e.g. 50C or greater. The glass conpositions of Exanples

123, 124, B25, 127- 132, 14¥,Q#R0 155, 10 157, 160 and 164913 @83Tabl e 13 have
the follow ng ingredi | followi ng ranges: i 60. 33
percent by wei ght; A?g% +||1-\,I%-II2E%19?0 13. 40 percent by %%Fﬁeﬁc‘gg@zz 00 to
24. 15 percent by wei ghHSiOA5ANGeY RZD +RO+BQ9 per cent2-B§tadédht; Ti 02 0. 50
to 1.50 percent ! : ; HERSRNY I el 0.45to
1. 00 percent by %%Q?Q?deﬁégé’g@ﬁ%mf’gsé’gzgﬁéer celn gé%ﬁ%mpfe%greﬁe
ranges for tindghamanbeshi2@%io 124PH: pothe WiTgs indhe rangei i §Bddi180G of Exanpl es
123, 124, 425, 127- 132, 147, 153, 155, 157, 160 and 161 from Table 13 are as
follows: RO 24.84 to 26.70 % Si02/Ca0 2.39 to 2.72 25 Si02/RO 2.16 to
2.42 Si Q2/ Al 203 Thesglassocomgitions 20Baldad! frosrTakle 01 BavedheJollowKcr03 71. 05 to
72.80 wt % S = ; .wWwt% 30 Al203/RO 0.47 to 0.52 R20 +RO
25.74 to 27%@%%9&6%39?%0@1"9@&%%( R20 +RO) 2.30 to 2.81 The gl ass

conposi tions have a | o9®:f or m ngda- Edrisch At upercent yreeighihge of 1205

AlLO3 12.20 to 13.38 percent by weight;
15 CaO 23.75 to 24.42 percent by weight;
MgO 2.55 percent by weight;
TiO, 0.55 t01.10 percent by weight;
Na,O 0.90 percent by weight;
Fe,O; 0.25 percent by weight; and
20 B-O, 1.30 to 1.40 percent by weight.

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

compositions of Table 11 from Table 11 are as follows:

RO 26.30 to 26.97 wi%
25 SiO,/Ca0 2.301t02.43
SiO,./RO 2.0810 2.20
SiO./AlLO; 4191t04.73
Al,O,/Ca0 0.51 10 0.54
SiO, + AlLO; 69.48 to 69.95 wt%
30 SiO; - RO 29.13 to 31.45 wt%
AlL,Os/RO 0.46 to 0.50
R20 +RO+B,0; 28.60 to 29.17 wit%
(SiO; + Al,O3)/ (R20 +R0O+B,03) 2.38t02.44
35 The glass compositions of Table 11 have a log3 forming temperature in the

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



to 1220C and in the range of 1205 to 1218C, and a AT in the range of equal
to and 35 greater than 50C and equal to and |ess than 60C. WD 03/033425
PCT/ US02/ 8823833438 The sel ection of the above exanpl es i sPeadsobaeesl on t he
low form ng tenperature. As can be appreciated, if a high delta T is of

i nterest then Exanples 135-141,for exanple, would be of interest because
they have a delta Tin the range of 77 -100 C. 5 The glass conpositions of
Exanpl es 135 - 14gapidOiB A4S é"@é?astsléﬁ bk réfg@e rh agﬁdﬂs%%s in the

fol  owi ng ranges: S 02 50 .55 1 (e N %8 Qht: TAT203 12.25 to
13. 10 per cerftuatajnaigisystem thaton@msﬁosmth@ rergegy 56&%@% ‘prsferablygnthe Myo 1. 70
to 3.10 per(}gﬁge QfVSG"@i Q{%’andwg F@e%@l&%%r@ﬁ%&%? 1 ‘0@%95(%5 it 1.10

percent by weight ercen The ranges

for the rfat lianga @fcm 14 w%t nr@f%ahlsp@ toe ramsé of ﬂ@ﬂédﬁéﬂ@ mprem(af@m%sm “1%5 -

141 from Tabé%léfﬁs.?@ﬁd 78 WONSCadRin the- rQHgé&%@@Qt%\ﬁgp&fe%b@/n@@r%géo to
2.71 20 Si2/RO 2.29 to 2.52 'S 02/ Al 203 4. 62 tO 1203/ Ca0 0.52 to

0.59 Si 02 + 9AR3GE-251000% andmoerprajesablesinghe range of 2166-245R6t% @natMgO 25
A1203/ RO 0. ‘Htﬁeorag oof RAAtgRyetdraBi in %e&@n@@oﬁ"ﬁ% 360IRZ, dnd¥hé3) / (R20 +RO)

2.67 to 2.96 ass conposi tions have_a | og ormngi_terrperaturelnthe
range of 123>4efefaby1@4m:ranaﬁ@f 3.68B.25W% h@cqaraﬁ@%tl%ns% aplgs 18@ed 13@rTabl es

14 and 1% (hoéh fleddThBIBRMOLHISHS ST BIASD mé:dnftér%%te@ﬂ@z .rqmatrsﬁg@asfy
systemthat includes Si02 in the range of 55 referab in the

range of 56-BA5-WM7Gverd Nase Bkely ivrthe éﬁ‘ﬂgé of R-40rrel - 6itye aag mpgt @@'W%e A1203 in

the range QfrefbfabhfinWhdta é%ff@%W PFsM%t J iduls dplolt7sip and nmore
preferably ﬁﬂ;ﬁethe SE ran;@ m@zo CaO|nL'élp1e range of 21-26 w %

pr ef er abl e iHieRRPlY BRGOUBES Upth QS?D W@od\m% prederably dn pngpis It 069 t he
range of 21..4bs 24050 awotntsaR thed\aRd Bf 0.10 to 1.25 wt%, preferably in the range of

15 0.20to 1.10 wt%, and more preferably in the range of 0.30 to 1.00 wt%, and Fe,O; in
the range of up to 0.50 wit%, preferably up to 0.45 wit% and more preferably up to
0.30 wt%.

A glass composition having ingredients of Tables 12 and 13 within the above
20 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 + MgO) 23.50t0 27.50 wt% 23.75to 27.00 wt%
25 SiO,/ CaOo 2.10 to0 2.80 2.30to0 2.80
SiO./ RO 1.90 to 2.55 2.10to 2.55
SiO./AlL,O4 3.70 to 5.00 4.20t0 5.00
Al,O4/Ca0 0.451t0 0.65 0.45to 0.60
SiO; + Al,O4 66 to 73.7 wt% 70.8t0 73.7 wt%
30 RO + RO 24.75 to 28 wit% 2510 27.75 wt%
(SiO; + Al,O3)/(R;0 + RO) 2.00 to 3.00 2.30 to 3.00
SiO, - RO 26.5 to 36.6 wt% 30.50 to 36.6 wt%
Al,O3/RO 0.40 10 0.60 0.46 to 0.53
35 The Type 3 Glasses do not consider the addition of K20; therefore for Type 3

Glasses R20 is equal to the sum of the wt% of Na,O and Li,O.



the range of 1-3.25 w% preferably in the range of 1.50-3.00 wt% and nore
WO 03/ 033425 PCT/ US02/ 33273 39 preferably in the range of 1.75-2.75 wt % .
The conpowpdtBossdf Tabl es 14 and 15 are boron free. ThePcormsoysrbns of
Tabl es 14 and 15 contenplate Ti 02 in 3he range of 0.25-1.75 w% nore
likely in the range of 0.40- 1.50 wt% and nost |likely in the range of
0.45-1.25 wt % g@cairnbgﬁb@fﬁ@@tadne@qﬁleofrt@m@@blaﬁ12)6\2%1 0 1.25 W% preferably
5in the ran&%weés %né@s?&tﬂe ihgrethetits mﬁth@é@t.cﬂ{sﬁf@rme}éfpémcm&g fr?er}ﬂsssof

0.40 to 1.00 in anolnts I n era

preferably |@pmmmaﬁgfaT@wes®250dﬂ%fr9m1?h}&so/l,g2 anttihbave thedallewiil y in the
range of O. 3 in the range of up to 0.50 w %
pre]gerabl y ﬁﬁg%le%tégtwg%glgﬁmgr@f%g referably upgto 0. 20 w% 10 A ZJI ass
conposi ti®on havi ng i ngP&di ent s of7-Gak 8373 peigaat ysveighthi n t he above ranges
and at |east one of thg,bollow ng b@k@ﬁg@@sdyrégmg @qi@s a gl ass
conposition haV| ng a £ or m ng teg{)erature bel (%W 'Ot and a delta T of
G5 54 1 36 o 25, Sp 3700, w616 2SR cREL Akt o 2 802, 20 Lo 5, b0
0 0 330 0 0
S “RO 5. 60 1o 2 o5 MO B L R e e 0 0 450 t o 5. 05
20 Al 208/ Ca0 0.45 to oTlés 0.50 t 850 t&L5&perent ywRIghtss to 73.7 wt % 70.8 to
200 (o 500 230 to 3V S 02 - HD o ok P e 305 1o 36.60 wi o 25
- 0 0
A1203/ RO 0. 40 to 0.60 8296 to 0.8301mé. 0@;?&@%@3@@@5 agfle shown only to
have Li20; therefore fpgolype 4 @gﬁ@gg ofRAt pyswageal to the wt % of Li20 As
can be appreci ated, each of the Tabl es 4 and 15 provi des ranges for the
30 ingredients and the relationships. Mre particularly, the glass
CO”DOZ' ti ?”5 Oft:]"ﬁﬁ%ﬁtl% eéﬂor@féﬂméﬁeﬁ{aﬂgélggbiécgﬁg to@ﬂ%glﬂr eB%\ﬁ% driwee @a%é BW' ng
ingredients in the fol [owi ng ranges [ 0 ercent by
wei ght ; 15A12¢pmpgsitiogs ©f Teblegd Z@wc@ﬁforw ables @%@nd 48 argen 7 zblsgthdzmhfz
percent by wedighh entitddCTod 9 GI&ssds55T s%hQBﬁTablé@ 2af POnhwL. 10

percent by weight; WO 03 033425 PCT/ USO /3327
alog3 formlng 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;
AlLO,3 12.19 to 13.64 percent by weight;
CaOo 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;
Na,O up to 0.30 percent by weight;
Li-O 0.90 to 0.91 percent by weight, and
FeyOs 0.20 to 0.25 percent by weight.

30
The ranges for the mathematical relationships of the ingredients of the glass

compositions of Table 12 are as follows:

RO 24.94 1o 26.20 wt%
SiO,/Cal0 24710272
35 SiO,/RO 2.231t0 2.40

SiO,/Al,O5 4.311t04.92



Li 20 0.45 to 0.90 percent by weight; ZnO 0.45 to 1.00 percent by weight,
and Fe203 up to 0.25 percent by weight. in the range of 1195 to 1229C, and
a AT is iwotlhe3xmange of 54 to 71 C. The ranges 5 for thepPcatusernsizirzal

rel ati onships of the ingredients of t¥e glass conpositions of Tables 14
and 15 are found on Table 21 under the colum entitled "Type 4 G asses".
The gl ass conpositi onsAk@yYEeag | 0og3 form ng tenper at uP&STHO-3§l ass
conpositions of Table f Tabl e 14 have the foll ey iL,agr edi ent s
in the follow ng range%@zéir'g%@%& 00 to 58.30 percent 9%5\?\%ﬁﬁ?WA1203
13.03 to 13.33 percentSi8vwRPght; CaO 22.85 to 23. 8&2'6611%@2:91 M§%nei ght ;
MyO 2.50 to 2.55 percepiobgorei ght; 15 Ti02 0.50 to 4.44Q,Bepcent by weight;
Li 20 0.90 percent by weight; ZnO 1.00 percent by wei ght, an Fe203 up to
0.25 percdent by wei ght RZgofﬁane ranges for the mat herrgﬁ-ﬁéé@ 2f.8Pattoonshi ps of
t he ingredients of thegha iJddons of Table f Table 14 are as
fol l ows: RO 25.40 to 2%592%?3&'20%9@?%@2’/4& 2.43 to 2.5%4&%@9% 2.20 to 2.29
25 Si 02/ Al 203 4. 3bhe glags agmpgsitipns/ofdable 18Hhave adegBiogning temparatyee intthe 3 t o

2630 to 27 AEWE SR L RES YRl M PBE RAO e lase

conpositions have a log3 formng tenperature in the range of 1204 to
1213C, apd a AT i I [ tions of
Tabl e 15{])1(‘jr om Tabﬂééggsigétgs?ﬁkn? %lffl'g%%s(ﬁ'qnﬁﬁ?%%ﬁg%ta gélrﬁqr?cf?@ﬂ?%l | owi ng
ranges: WO OBYGSRARENHETIAlISEPY3ITES: 41 Si 02 57.35 to 59.61 percent by

ight; Al1203 12.16 ~L3. 63 L ; 3.14 24. 22
e o 805,59, pespae B pvmball FOReS, 14 (¢

percent by weight; M T.90 t erce 5 Ti02 0.50 tol. 10
percent by wei ght; Al O, 12.00 to 13.40 percent by weight;
CaO 22.00 to 24.15 percent by weight;
15 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.O 0.45 to 1.00 percent by weight, and
Fe O3 up to 0.25 percent by weight.
20

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 wt%
Si0,/Ca0 2.39 t0 2.72
25 Si0./RO 2.16 to 2.51
SiOx/Al,0; 4.30 to 4.92
Al,O4/Ca0 0.50 to 0.59
SO, + Al,O; 71.05 to 73.67 wt%
Si0, -~ RO 31.35 to 36.56 wt%
30 AlLO3/RO 0.47 to 0.55
R20 +RO 24.91 to 27.90 wt%
(SiO, + ALO3)/ (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.
35



Li 20 0.45 to 0.90 percent by weight; ZnO 0.45 to 1.00 percent by weight,
and Fe203 up to 0.25 percent by weight. 10 The ranges for the mathemati cal
rel at i onswops/0ad4232 he i ngredi ents of the glass conpositiomreTafSoYaire 15
from Table 15 are as follows: RO 25.6% to 26.60 wt% SiOQ2/Ca0O 2.41 to 2.54
Si2/RO 2.18 to 2 ?.5 Si 02/ A.203 4.26 to 4.90 A1203/Ca0.0.50 to 0.59
Si02 + AL203 70. 537 g5t Sompapiansdistss’ on Tebla 13 ead s aiasses Wil hASoRRS FO

0.47 to 0. 53tH0erm26Hir B o Gadle 13haté. é@rrﬁ%%%rﬁ&r%ré‘m‘%@%eoﬁ@%ef#gg at2 ?g
ave a | og3 form ng u

to 2.71 The oo of Tab

in the ranggﬁgtf&clf@% t‘%‘tii %e @HQPQ Br-100"EhBowaysgEhegpretared glassc, 25

Tabl e 16 (TypemposHicassen) Tablel18dee ﬂio@éﬂ*na@@@i%ﬁa‘thé%?ﬁnr@te%pg%rgrr%é/f
systemt hat g&é d@% §.02 in the rag&e (%] 55-62 wt % referably int

range of g g g?/t Ond 208 OTE PERIARE) T theTapge. of tedge 141558 grar % A1203 in
t he range of péxﬂemérlwf%mplpseﬁ@nadph%nm-ﬁbzmamg@ 185, 147, Q@o%ﬁa%%rﬁh%ﬂ or e

preferably in the. ran 13.25 W% CaO in the range of 21-2
wt % pref er aBPRICPTRLE Hgﬁ?inﬁg %(?% reately 0o 30 wt % and nore pref erabl e in

the range of 21.25-23.00 wt% and MgO in the range of 1-4.00 w %

preferably in the aneof 1. referabl in the range
of 1.50-3.50 vw%TEf“ﬁ 8%&%’88?%‘%50&?&?%%3%‘8?8?3%58 68?6§2f1ﬂéé53,ﬂn’i5

conposi t i®ons15%, 16akind 156 fmnﬂrmhahevértrﬁzonmﬁdﬁmgfeﬁm Afth&fonBwiag00 Wt %
nore likely n@ %he range of 0.50 - 1.50 wt % and nore preferably in the
range of O. 78" 5 wm% 35 Na20 in anmpbunts in no greater than 2. 00 wt %
preferably no greater 8iGan 1.50 @786 to e0d3 merenpsyeleigaP! y no greater than

1.25 W% ZnO i n anoun inthe r 50 03/ 033425 PCT/ US02/ 33273
42 to 3.00 wt% pref er}ég?ﬁ in thﬁ?gﬁ‘bgég R?r%%’\?%"‘@' W% and nore

preferably in the rangeOof O. 752200205@1%%cear@\5@i§9t3 in the range of up
to 0.50 % preferably jn th e of u 35wt % and nore preferably
in the rignge of up to Mg?O Wt % é%Qq EW?EB%WFIQ% havi ng i ngredi ents of
Table 16 within the ab®idg rangeso. 56%1160;3@@‘3& bpaeigaf, the fol | owing

rel ati onshi ps provi des | ass conpo ion havin form ng tenperature
bel ow 1240C and a delta° 2f’gof greﬁ%&fj’%aﬁmgﬂ \1@95&. onshi p Broad Range

Preferred Range 10 ROL§@aO + My@u5281100 p%8ce\ht B9 Réight, aAd27. 0 wt % Si @2/ CaO

2.10 to 2.80 2.30 to 2Fe82%3 up to 0.25 percent by weight.

20

The ranges for the mathematical relationships of the ingredients of Examples
123,124,125,127-132,147,153, 155, 157, 160 and 161 from Table 13 are as follows:

RO 24.84 to 26.70 wt%
Si0,/Ca0 2.39t02.72
25 SiO,/RO 2.16t0 2.42
SiO/ALO; 4.30 to 4.92
AlL,O;/Ca0 0.52 to 0.59
SiO; + Al,O; 71.05 to 72.80 wt%
Si0; -~ RO 31.35 to 35.37 wt%
30 ALO/RO 0.47 t0 0.52
R20 +RO 25.74 to 27.60 wt%
(SiO2 + AlL,O3)/(R20 +R0) 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 60°C.

- "



Si02/ RO1.90 to 2.55 2.10 to 2.55 Si02/Al203 3.70 to 5.00 4.20 to 5.00

Al 203/ Ca0 0.45 to 0.65 0.45 to 0.60 15 Si02 + A1203 66 to 73.7 % 70.8 to
73.7 Wt %WB0/0334R0 25 to 28 wt % 26.0 to 27.0 wt % (Si 02 +PAraGs/s32R20 + RO
2.00 to 3.00 2.30 to 3.0 Si02 - RO 308%to0 39 wt% 31.50 to 37. wt% Al 203/ RO
0.40 to 0.60 0.46 o 0.53 20 Type 5  asses were considered havi ng Na20;
therefore R20 is Tgurglection phibe aboya efanpeisinrpdrt Basedendaglopeorppe eci at ed,
Tabl e 16 prqyi n i i iol i hRrs. Mre
part cul ar | s pESu S RS Sa e bR B i FelRer e i B4 ERARES  he

fol | owi ng i NgPelildar exanmple. wouidpe ehinigrest hpegpse they hgve 2 dedfa7ignties BBge0
percent by weizghigoocA1203 11.90 to 12.00 percent by weight; CaO 22.40 to
22.50 percent by weight; MO 3.40 percent by weight; Ti02 1.00 percent by
wei ght; 330 Na20 0. 90 percent by weight; ZnO 1.00 to 1.50 percent by

vei ght, and Fe203,eUfadstdthpitiBRs SetantPledVBisM41 /i THBIRASHHEknd he
mat hemati cal relationships of the ingredients of the glass 35 conpositions
of Tabl e 16 fellydrgrigpresients intae foowiggranges: under the colum entitled "Type
5 G asses”. The gl ass g@pPosi ti H¥s5Ph cbedd Serdbht By WRight! 093 form ng
tenperature in the range of 1231 to 1234C, and a AT in the range of 50 to
59C. WD 03/ 033425 PCT/AISE2/ 3327312230181 G gercenihyvaightt Type 6 Q asses)

i nclude gl ass conposi tgQns of a ooBIRleNEy Yereditb9Mdidhat i ncludes Si02 in
the range of 50-62 wt% preferably in the range of 52-61 w % and nore
preferable in the rand\éggf 53. 50L otk 1gpercentityoeioht: 5 t he range of 10- 14
w % preferably in theyggmge of yblioQ@O30lderBbhiWyYetgid more preferably in the
range of 11.90 -13.75 ww% CaO in the range of 21-26 w% preferable in
the range of 22.00-25.1002w % and!-HhPEcptdveraightcanch the range of
22.50-24.25 w% and I\{%@i n the ypaBWsPherdert HheMrto preferably in the
range of 1.50-3.00 w% and nore preferably in the range of 2.25-2.75 w % .
The 10 cdnpositions of Tables 17 and 18 have B203 in the range of 0.50-5.00
W% preferably TH lah§ed RPBR Rith&naftaf rddilioRBRIpdTBf e HPéAERB LY EXdmpIBS T ange
of 0.75-3.25 wt% The _conpositions of Tables 17 and 18 contenplate further
i ncl ude Ti 02139 14igfrom Jggle Gris@s fadlowspo w9 nore likely in the range of
0.35- 1.50 wt % and nogtplikely in the range of 0.40-34 @btos2s W20 in
amounts no greater than 1.00 wt% preferably

Si0,/Ca0 2.501t0 2.71
20 SiO,/RO 2.2910 2.52
SiO./Al,O3 4.62 to 4.88
Al,O4/Ca0 0.52 to 0.59
SiO; + Al,O3 71.80 to 73.67 wi%
SiO, - RO 33.60 to 36.56 wi%
25 AlL,O3/RO 0.47 t0 0.55
R20 +RO 24.91 to 26.85 wt%
(SiO; + Al,O3)/ (R20 +RO) 2.67 to 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 to 100°C.
30
Tables 14 and 15 (Type 4 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 wt% and more preferable in the range of 57-60 wt%; Al,O; in the
range of 10-14 wt%, preferably in the range of 11-14 wt% and more preferably in the
35 range of 12 —13.75 wt%; CaO in the range of 21-26 wt%, preferable in the range of
21.50-25.00 wt% and more preferable in the range of 21.75-24.50 wt%, and MgO in
the range of 1-3.25 wt%, preferably in the range of 1.50-3.00 wt% and more



15 no greater than 0.90 wt% and nore preferably no greater than 0.75 w %
K20 in anpbunts no greater than 0.50 wt% preferably no greater than 0.35
wt % and worog/o33aeef erably no greater than 0.20 wt % Li 20 ipeTarsous®233 i n t he
range of 0.10 to 1.25 w% preferabl%ﬂin the range of 0.20 to 1.10 wt%
and nore preferably in the rang7e of 25 to 1.00 wt% and Fe203 in the
range of 0. 1prefegaldyinthegangetdr aﬁowwﬁ%t hEhe egigrosiipng of Haklss ¢4 90d b eand
mor e pref er ablry, 'fr@etﬁf‘e é&‘ﬁ'&%uti%s Qf ?é)olé’s f’@ar‘M ‘i/s cbhtBinpRge ‘?@mﬁ)ﬁw‘e rb%b bavi ng

ingredients of Tables 17 hin the above ranges and | 'east one
of the fol | oad: 7r5ewfa{e|ra@r§wk@¥ 'fbﬁhé\f?%OfaQ‘bq ds%0 wiihpB mqswkelma\th%g a
form ng tenpghgt Hf@4§9|| ZBNN@/@‘LQ@ ﬁ"éﬂn&m@ﬁlhttﬁe F'én%a ogb%ttGH 2‘5*'@{'@’ %@ Ey

Rel ati onshi p Broad Range Preferred Range MyO 28 vvtA)25 0
to 27.20 w % tep EroeciB 3P tad- ootk eodznozepfezfer@bfmn ETGCBEPQ‘RQf q4@@ﬂ902 55
1.90 10 2. 40,1950 FRAMIFASIANS Parg oF 09 1810 o, Brably AT (aAEE0r 50 L0
0.60 0.50 to 0.60 Si02 + A o /3.7 W wt % 0 + RO +
B203 25 to 3@39%% 26 vip, epd mrwrﬁfere@ywthe rm@ﬂf(@@m mw@éﬁrsizﬁezpsm 00 to
3.25 2. 30 1 0nd et 319,90 VA0, 2erBrobly E1o00 W6 YA arndie frefeh bty €03/ FO
0.40 to 0.60_0 56 WO 03/ 03342 CT/ US02/ 33273 44 Type 6 G asses of
Tabl es 17andd80M&%t uded Li 20, K20 and Na20: therefore R20 is equal to the
sumin wgoof Li20, K20 and Na20. |ndividual Table 17 includes Li20 and

Na20; therefore R20 for Table 17 is equal to the sumin w% of Li20 and
Na20. | ndivi dual Aglass&omgosifien hag 'EB'ZGG"G”F@QT Tabiesngand thwithin §iealiye f or

Tabl e 18 is gayad ahdPat |BSstDHEF the félld(ﬁnpfg F@clatiehmps ﬁ%@ld@@@ MNeQorfioshigh be

appreciated, Tables 17 and 18 provide rapge he ingredients and the
rel ati onshi pRaVingA @rr@mtp@gpr@;qr@ bejomeT 240 §”€6r?§5§|-rtqf@ﬁ%at%‘th%6@& 17 and18
have the followi ng ingredients in the follow ng ranges: 10 Si 02 54. 60 to

59. 53 percent by wei ht;_ A1203 12.16 to 13.63 percent by weight;
22.87 tol%4.05 peRe wei ght; MO 2. oBrogg Renge perceRL@tiéQL\Ba@Qﬁ
Ti 02 0.49 to 1. 10R0q ceeu M) wei ght; 15 Nai@toozéwt% 60 pepsebio bythq,ht

K20 0 to 0.10 per cen wel ght Li20 0.30 to 91 per cent by wei ght
Fe203 0.23 to Qs éént by weight, and 2 10%2 2.3012.60
SIOg/ RO 1.90 to 2.55 2.10t0 2.55
SiO/AlL,O; 3.70 t0 5.00 4.20 to 5.00
20 Al,O5/Ca0 0.45t0 0.65 0.50 to 0.60
SiO; + AlLO; 68 to 73.7 wt% 70.8 to 72 wt%
R.O + RO 25 to 30 wt% 26.0 to 28 wt%
(SiO; + AlLO3)/(R20 + RO) 2.00 to 3.00 2.30 10 3.00
SiO;—RO 26.5t0 36.60 wt%  30.5to 36.60 wt%
25 Al,O4/RO 0.40 to 0.60 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 ingredients in the following

ranges:
SiO, 57.35 to 59.618.30 percent by weight;
Al,O3 12.16 to 13.63 percent by weight;

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

TiO, 0.50 to1.10 percent by weight;



B203 0.90 to 3.00 percent by weight. 20 The ranges for the nmathemati cal
rel ati onships of the ingredients of the glass conpositions of Tables 17
and 18 arwomn/03aki e 21 under the colum entitled "Type 6 PArase®s3273 The
gl ass conpositions of Table 17 and 18#have a | 0g3 formng tenperature in
the range of 1187 to 1239C, and a AT in the range of 50 tol42C. 25 The
gl ass conpositions of ¥aBl e 17 hAAS to RLOrpsreasfibhyeidigr edi ents in the
foll owi ng ranges: Si02 .60 to i + Al1203 12.76 to
13. 43 percent by wei ghtz;ﬁé CaO 23_5%35?3@3%%nt§¥qen Iﬂ’rbl{/ml\/\/ei ght; 30 MO
2.50 percent by wei ght FeaRQ:02 0. 50reP2emeraspt bewgiaht. Na20 up to 0. 60
percent by i , | | : by
hel oht, and B ESTEe T 00T 1250 Canacht byt SheC S 5] b, e des
PCT/ US02/ 83218 theypathigmatieal gelstidnshipsieé thedingredieniscithe glbss icomebsitiansadf t he

i ngredients Sl « | ,

25900 1 o 26. 5075 3¢ 63 TP ap? RIRI S LS 25 nd b B ey P B 4 issel

Si 2/ Al 203 4Th®glegs gompositionsteveaderds Baming temparair®2 + Al 203 70.83 to 71.47
w% 10 Si02 - RO 31.26 to 32.39 wt% AI203/RO 0.49 to 0.52 R20 +RO+6203
27.80 to 28.44 wt% (Si02 + A1203)/ (R20 +RO+B203) 2.49 to 2.57 Type 6

d asses of Tabl e 1lheplass garaposifiang,of Kabledddfrpmizble tehetethe fRving equal 15
to the sym i povdferRd inlthe Bilol#g rapgbsNa20. The gl ass conpositions of Table 17
have a log3 formng tenperature in the range of 1192 to 1198C, and a AT in
the range of 55 to 63CSIQ0 The ¢bB899 tebBBBHetdephly Weigabl e 18 have the
follow ng ingredients Wpnothe fo i i Bl Qi 4 60 to 59. 53 percent
by weight; AL1203 12. 1B808 5. 63‘15.@?@2%@% V\g‘?ngtﬁw‘%'%i’o 22.93 to 24.05
percent by wei ght; 25 B8O 2.00 t 8285352984 perrenblyy weightt ;

MgO 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
FeoO3 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 wt%
Si0,/Ca0 24310 2.54
Si0O2/RO 2.20t02.29

25 SiO-/Al,O3 4.36 to 4.47
AlL,O3/Ca0 0.55t0 0.58
SiO; + AlL,O3 71.13 to 71.58 wt%
SiO, ~RO 31.66 to 32.75 wt%
AlL,O3/RO 0.49 t0 0.52

30 R20 +RO 26.30 to 27.24 wt%
(SiO; + AlL,O3)/ (R20 +R0O) 2.61t02.71

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:



Ti02 0.49 to 1.10 percent by weight; Na20 up to 0.60 percent by weight;
K20 up to 0.10 percent by weight; Li20 0.30 to 0.91 percent by weight; 30
Fe203 0. 280t03/08343%5 percent by weight, and B203 0.60 to 3rad/ysezzems by
wei ght. The ranges for the mathenaticHll rel ationships of the ingredients of
the glass conpositions of Tables 17 are as follows: 35 RO 25.80 to 26. 60
W% Si 2/ Ca0 2.22 to 86 WO 0350:3834269.PCPesSOY3EBBt 46 Si 2/ RO 2.01 to
2.39 Si 2/ Al 203 4.09 .90 A )/ : i 02 + A1203 67.95 to
72.05 wi% 5 502 - ROST50 to 35 04w ok MIULREE s to 0,53 R
+RO+B203 26.70 to 31.10a6k % (Si 8314 inR983percerbly WeghHB203) 2. 18 to 2. 68
The gl ass conposi ti ons.vgb Tabl e 1@0“@‘2%5%&6&@@%@@9 tenperature in the
10 range of 1187 to 1239C, and a AT in the range of 50 to 42C. The gl ass
conposi tidns |isted onTifxbl e 18 854 tehdO gergsslidey Weighti n t he scope of the
embodi ment of Table 18 hgve a fopnsng olddrmecst By Relght;t he range of 1187 to
1239 C and a delta Tin_the range of 50 -142C, however the preferred gl ass
15 conpositions from T4BPe 18 ar B-46Hed O0teagenbPyeight.ame f or mi ng
tenperature range 118fgj®) 1220C,6 Ex@nBlherehBS wdight 215- 229, 213- 235,

238- 240, 242-260 and 262- 267) and nore preferably in the range of 1187 -
1205 C (Exanples 188-191, 194, 195, 198, 200, 201 202-205, 208, 209,
211-213, 1@15- 2_19,TI?@ﬂa‘r%géf’forgﬂén%ﬂf%ma%éé‘re@%sh?p%%ft%agreaéﬁtsad?%ezélggs 20 A
gl ass conposition_having the ingredients in the ranges nentioned above for
Tabl e 18 andcmma#@nts%gﬁaéiq buirery Tebleats ¥ SkiflowWR | I provide gl ass
conpositions having a Reg3 form ng tenperature in thesganges e wih87 to
1220C, and a AT is in the range of 50 to 139C. 25 RO 25.80 to 26.60 wt%

Si 02/ Ca0 2.22 to 2.66 S&BARO 2. 01 to 2.39 Si02/ Al 2631289 to 4.87

Si0,/RO 2.18 t0 2.29

15 SiO,/ALO; 4.26 to 4.90
Al,O4/Ca0 0.50 to 0.59
SiO, + AlO; 70.55 to 71.77 wt%
Si0, - RO 31.15 to 33.61 wt%
ALO4/RO 0.47 to 0.53

20 R20 +RO 26.45 to 27.50 wt%
(SiO, + Al,O3)/ (R20 +RO) 2.60 to 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 to 59°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
wt% and more preferable in the range of 58-60 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 wt%, preferable in the range of 21.25-24.00

30 wt% and more preferable in the range of 21.25-23.00 wt%, and MgO in the range of
1-4.00 wt%, 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 wt%, more likely
in the range of 0.50 - 1.50 wt% and more preferably in the range of 0.75-1.25 wt%:;

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



A1203/Ca0 0.51 to 0.59 30 Si02 + A1203 67.95 to 72.05 % Si02 - RO 27.50
to 33.84 wt% Al 203/ RO 0.46 to 0.53 R20 +RO+B203 26.70 to 31.10 wt% (Si 02
+ A1203) /WB26/03Re»B203) 2.18 to 2.68 35 WO 03/ 033425 PCT/ P60A/S8B23233 47 The
gl ass conpositions from Table 18 havi#?g a | og3 form ng tenperature in the
range of 1187 to 12 and a AT in the range of 50 to 124C have the

fol lowi ng i nigrael sprﬁf?tﬂaktlh@ the ranggioh §-504p g’ Wig, C?Q‘dS‘TOrE(B’r‘%f@raQQ iptheper cent
by wei ght; én@é%ﬂ@?@l’e i@otvﬂ%lan@&e .ﬁ%rahyewrau;gme 50@@@ &%fe%e?bl%ﬁl 24. 06

percent by weig o per cent f tol.
percent by m@ﬁgﬁmge °fr@zte OL?p’Mtté @dsnorﬁe%féfﬂb'w twera@ﬁ?o q@tq@éo W%t o 0. 09
percent by weight; Li20 0.70 to 0.90 percent by weight; Fe203 0.23 to

0.29 percent by weight, and B203 1.00 to 1.20Q percent by weight; And the
fol I owi ng rel at i ohSFAssSompasitien hayingmingredimgtssof Tabl Tasvitiin %@@@Vﬁ(ﬁa"ﬂ&?SZ 57

Si 2/ RO 2. 17aiPatdeatt on@b%%l%%g“re?a@loh& R% &de@é 3%3@%%0@!30&% ég 20
S|02+A1203 70.63 to 71.73 wt S0 61 wt% Al2

0.47 to 0. 53PN iewpeanse 97'02'312&8 Czenftsadﬁk%f 0{ s;ie@tefﬂml%@ | (R0 +RO+B203)
2.47 to 2.63 25 The selection of these exanples is nade based on the | ow
formng tenper ature Furt her exanples 266 -268 are gl ass_caonpositions that
have a | ow for niRgat ature with 0.30 ReadiRarge ExanpPeederastRam® def i ne

a range af ingredpqoL® apgo)el ationship o0$3 f&@wmredl enpsot@2pbabrle a
| ow Li 20 contalnlg /?éé Owthlowformng eratue As can be
appr eci at ed and %;? ?Pously discussed, if£1040 &88h del t a2F01$28P i nterest

t hen Exanpl es frogiolaRbe 18 have a high deibpe tJ2_5g. g. 21010 2.55
SiO, /AL O, 3.70 t0 5.00 4.20t0 5.00
AlL,O5/Ca0 0.45t0 0.65 0.45to 0.60
15 SiO; + Al,O4 66 to 73.7 wi% 70.8 to 73.7 wt%
R20 + RO 25 to 28 wt% 26.0t0 27.0 wt%
(SiO, + Al,O3)/(R20 + RO) 2.00to 3.00 2.301t0 3.0
SiO, - RO 30 to 39 wt% 31.50 to 37. wt%
Al,O5/RO 0.40 to 0.60 0.46 0 0.53
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;
Al,O, 11.90 to 12.00 percent by weight;
CaOo 22.40 to 22.50 percent by weight;
MgO 3.40 percent by weight;
TiO, 1.00 percent by weight;

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



above 75C may be selected to define glass conpositions. Table 19 (Type 7

M sc. d asses) includes glass conpositions of a 35 quaternary systemthat

i ncl udes W0PM3/08332% he range of 56-60 w% preferably in th@CTrsoyss2es 57-59

wt % and nore preferable in the range #f 57.50-59 Wt % A1203 in the range

of 10-14 wt% preferably in the range of 11.00-14.00 w % and nore

preferabl y WD 03/033425 PCT/ US02/33273 48 in the range of 11.50 -14.00
W% CaO in the rpae@saf oAl 1%5(1%8/06 cna&é&gmﬁdepaés%mao%mgﬁseﬁa 22.00-24.00

wt % and nore preferable in the range of MO in the

range of 2. o@uateerngysienpinet Belges SiQr ip e ianag ef - 6%"‘@"@ prefryally ®thad  nore

preferably 'fénb@%fB@-@ngt%far% raére%rZéréfeﬁe/m théf fq@-m@%btemw@t Al @J.ﬁ 19 5

i ncl ude B203 in the ran e of 50 wt % erab he range o

0-1.25 wtY% ang rangs & 1o M"/abwfeﬁb'x Rdhe é?m@é Qﬁﬂ1@01141Q9 Wih@ndmere

conposi ti Onspr‘éfera-lﬁiﬁlirﬁthégang@cﬁtﬁ@@i 235 JA9h LS irl the! éﬁ!fe%f%% Wid, t he range

of 0.25-1.50 % nore |ike referabloylntheran of 25-1. 35 wt % and

nost |ikely prﬁfqr@@e,nh%éanage sz&polzégo WifeandN@gre ﬁrﬁe@ﬁlﬁjﬂt’f'@e 999 ekat er t han
1.25 wt % przi 8020126 i, g\hemgs@ .rlthamanﬂgelcﬁﬁ&o@&v%% @@%rmymtﬁé%r@eaaﬂ y no

greater than 00wt 9 in appunts no greater 50 Wt % preferably

e
no greater théﬂ 36904‘@%\/?%' m&ﬁ%lpfﬁﬁ?réb'kiH'bi*‘@rra'ﬂﬂ%/Ofr%z%?gét"@rA’ thBA  0.35 wt %

MO in amun&&nmutm@@wablémmaﬂd Q8 h\éwcszcomftﬁé aé@]bx oF‘Q 5@@@6 it t han 3. 50
wt % and nore %efera y ho %reater t han 3. 25 Wtoe){ in anpunts no

greater t haPfSIEraRy it O TRAder /05 OA @ng mese ereferal '@tf?o“am@%f Qher3ridr e

pref erably ngtogrart &mgdsitoRsBf '3atﬂ55 ¢ dhd waorﬁ&%g%té fﬂm’h@ﬁmélﬂﬂ&@(ﬂfln thel0
-0.50 wt % prra%BSrG?\glé in th range of 0.15-0.50 wt% and nore preferably in

the range of @%%0 ANgfiedely cig th eange oh O i ﬁ@"Ytr@gﬁ‘@dF@ﬁt“@'Mf

Tables 19 wi hhhé\ramg@ oRlDat0e! LR REBSNa R atbolneasd gl‘é@%r‘ﬂfaﬁ h@o {veh! getersboly
rel ati onshi ps OVI des a gl ass conposition having formn terrperat ure

bel ow 12¥0C Ahdareate]dhanl-$0 wf%garehmgre prgteratdio o QF?@t%ftﬂi‘%hg AP ¥t B Bafd iRrRange

Preferred Raékﬁ@untBQo(g%r‘th%@BO%V%re?&a%%o%ﬁe&@r fhan 256355\&%%%6 nprel/ Cao
2.10 to 2.80 2,20 to 0 2.55 1.90 to 2.40 Si 02/ Al 203

3.70 to 5. oopr§fe?‘éi°'¥ 50 greser tham B3P with: bi-Qdn pErogntsan theggngeofy)-Edto B252 +

A1203 66 to wf¥, prafebadhPinttRe rahgd orbZ0R8Q .10 VIRE, 'bnazl%’re %%fér%b%azmgoo/ﬁataée 51571'-50
0

27.50 wuy 3 120 R0 + RO + Bzo 00 to 3

S 02 - RO 66) %%% %@d"@ gj'J )N the BRIBET R '%02@&’7 ResTerably in feyagee 0. 46
to 0.56 iohe o G5 05-0 Boasesnd ﬂﬁ@iel#ﬂ@féréblﬂﬂ tA@earlye 4 0. Jobeselwrne R20 is equal to
the sumin wt% of Li20 and Na20.

A glass 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 (CaO + MgO) 24 to 28 wt% 25.0to 27.20 wt%
SiO,/ CaO 21010 2.80 2.201t0 2.70
SiO./ RO 1.90 to 2.55 1.90t0 2.40

30 SiO,/Al,O4 3.50t0 5.00 4.00t0 5.00
Al,O,/Ca0 0.50 to0 0.60 0.50 to 0.60
SiO, + Al,O4 66 to 73.7 wt% 67 to 72.1 wt%
R20 + RO + B,0; 25 1o 32 wt% 26.50 to 32 wt%
(SiO; + Al,03)/(R0O + RO + B,03;) 2.00to 3.25 2.30t0 3.00

35 SiO, — RO 26.5 to 36.6 wt% 27 to 36.6 wt%

AlL,O3z/RO 0.40 to 0.60 0.46t0 0.56



Tabl e 19 provides the follow ng ranges for the follow ng ingredients: WO
03/ 033425 PCT/ US02/ 33273 49 Si02 57.72 to 58.70 percent by weight; Al203
11. 88 to wB.03833e5 cent by weight; CaO 22.80 to 23.50 per ®emtusby33zes ght ;
MyO 2. 43 to 2.50 percent by wei ght HS4Ti 02 0.50 to 1.10 percent by weight;
Na203 0.87 - 0.90_percent by we Qf Li20 0 to 0. 30 gercent by wei ght;

ZnO 0 to 0.30 perEé?ﬁG@aaﬁéﬁgﬁTabeSFémmIrzczmdwop&z @nd NsyOwlbietsiiere RZD vhO
0.30 to 3.00eRe &Sthe i i W%f,uzd\/'k%é dhd (NG, O Qernﬂ@ué]%BlebIW |Y1‘ﬁb<§g§tL .38fq

82030t010 er cent e relationships for the in fents of

the gl ass colNpdsithersirge 5%0@6%1@'&@7 s squgl to the sHEl in Y% ofh@qu;\d zpo Ipgivigoal
wt % Si 02/ Cafaide 48 ihdudesSHi,0 Skz@érﬁﬂxla FdrBrofe RIO 16l %l&ﬁ@%@a% th® sfm3?
20 A1203/Ca0 0.52 to Q.57 Si02 + A120%3 69.52 to 72.05 m % - RO 32.40
to 32.70 W%WAP%%@Q@Q)?Q@N?@O.SJL R20 +RO+B203 26.10 to 27.30 Wt % 25
(Si02 + A1203)/ (R20 +RO+B203) 2.59 to 2.74 The gl ass conpositions have a

| og3 form ng tenperature of in the ranﬂe of 1219 to 1241 C, and a AT in
the range of 52 tfS?8be pRpIesiakRy, (pPlsE ¢ Ener 8@rawdeanogsaisr thelpgregients

representati gy g r@@mhmsamoréaarg&@%ﬁ%&@é{é@&nﬁsﬂéﬁgh%ﬂf@oléﬁ 1% BSd18

invention simlar to the enbodi nent of the glass conpositions of Table 4.
The gl ass cotrﬁ%?stf‘?M'ﬁ’&"“&r'Bg@ﬂ‘eﬁtsdﬂgi%ﬁoﬂ%’f"i?g s&YYeeEm that includes Si02 in

the rangg of 55.97-57. 8io,m % Alg@@oltélg,gbg peRiRBELPheidRt 68-12.86 wt % CaO
in the range of 23.91-24,69 w % and n the range of 2.42-2.60 wt% The
conposi tions of Table AkOp ncl ude1%i§:§°‘1%6?’ﬁéer?%m§é“@!9hi 15 - 1.70 wt% Ti 02

in 35 the range of 0.94z0 1.09 W'QQ"B?N@Z@OSSBeFdéﬂt syppeighef 0.87 - 0.93 wt%
K20 in the range of g&lgater t han 050 - W% SrOin the range of

0.040 - 0.050 wt % 033425 PEP/IRISTS/REsZENbY ¥WEIhE203 in the range of
0.002 - 0.008 wt% SCBTigy the rapde t6h.10. fkéent bPwBRALM %

15 Na,O 0 to 0.60 percent by weight;
K20 0 to 0.10 percent by weight;
Li,O 0.30 to 0.91 percent by weight;
FeoOs 0.23 to 0.30 percent by weight, and
B,O3 0.90 to 3.00 percent by 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:

SiO, 57.60 to 58.50 percent by weight;

Al,O; 12.76 to 13.43 percent by weight;

CaO 23.40 to 23.84 percent by weight;
30 MgO 2.50 percent by weight;

TiO, 0.50 percent by weight;

Na,O up to 0.60 percent by weight;

Li,O 0.90 percent by weight;

Fe,O4 0.23 percent by weight, and

35 B.O, 1.00 to 1.20 percent by weight.



and Fe203 in the range of 0.255 -0.278 wt% A glass conposition having
ingredients of Tables 20 within the above ranges and 5 at |east one of the
f ol | owi ngwoaeBasisehshi ps provi des a gl ass conposition havi R¢gTAISODBITNHY
tenperature in the range of 1203 - 12467C and a delta T in the range of 55 -
83C. Several of the glass conpositions do not have the form ng and

| i qui dus t enper at Theemngestbr thehmatihematical relatimmshipa o6theangredienisef thenglaswout t he
t enper at uresco\?ﬂ%sﬂl%béaf}aﬂﬁ%q7%lr@§§foll8®gp05i ti ons nmade between gl ass
conpositions ose rormng tenperature , liquidus 10 tenperature and delta
T were neasured. As indicated by the position on the Table which is in
general in chronol ogi c§b order, it is expected that %1?0%?6%4 Iposi tions
not nmeasured woul d have tenperature performances sim’ 0 those that
were neasured. The nebikefaQ cal rel ati onshi ps of th242tgRd8i ents of the

gl ass conpositions on 20 are listed on Table L e colum
entitled "Production Cglg)g}s@ (contain boron)". The 1%'%%(82'%?0mthe listed
Production d asses i s 8Qu#l:Qz0 the sumin w % of Li2@3atel4Md20. As can now
be appreciated, a rang ach of the ingredients | ass
conpositions of Types Rilzéqga@ gl asses (Tables 2-11) @'gﬁtt(gg'sgdet erm ned from
Tabl es. More particul abiOg,+ Al es 1 and 2 provide a GU83 & NhdywElpst em 20

i ncluding, Si 02, Al203, 620 8Rd MJO and the ingredien ss havi ng
the rel a%bl onshi p as sho'v%%1 iIﬁ@Tabl e 22 under the col U%ﬁzglil %%?%%%Types 1 &
2 dasses". Types 1 &AROEREsses included K20 and Na2@9te AéRefore R20 is

equal to the sumin wt f nd Na20. 25 The gl a 9{@9 h tjRNS having
the foll ow ng ingredi elgr{%g ﬁdr?ﬁfgglf ol l owi ng ranges h%i’sg ogga%fm ng

tenperature in the ran@Oot ALDs) (R0 +HRB6-Qed a AT i A49thd.Srange of 50 to

100C. Si 02 53.00. j : : ent
by e ght: 30 Ca0 38, S8 ae S TR L gBed Dk, e R Al B B s P50
percent By vieitggsumimat%ohbi2Qokgsdend NesO.may further include: TiO2 0.50 to
1.10 percent by weight; Na20 0.45 to 0.90 percent by weight; 35 K20 0 to
0.58 percent by weight; Fe203 0 to 0.50 percent by weight, and WD 03/ 033425
PCT/ US02/ 33273 5lheBess comprsitions opEakjendt haye addgformirg tarnegrataise indhe be

appr eci at ed, r t d i Ok~ofype 3-6 gl asses on
Tables 12 - rgﬂgéﬁpggngdtgtgr%%eaﬁh@ygielbg%%ﬁagphgqooé\?é?f and hi ghest val ues
to 5 define the range for an ingredient and/or relationship on Tables

auat o naty syat enl THOPLHFHEP D" ot 398 18 HelE g5 TR E N gy et et <
of the gl assfollewinggaridee: r el ati onshi p shown on Tabl e 22

SiO, 54.60 to 59.53 percent by weight;
Al,O3 12.16 to 13.63 percent by weight;
CaO 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;
Na,O up to 0.60 percent by weight;
K0 up to 0.10 percent by weight;
Li,O 0.30 to 0.91 percent by weight;
30 Fe,O3 0.23 to 0.35 percent by weight, and
B2Os 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%
SiO,/Ca0 2.22 10 2.66



under the colum entitled "Types 3-6 G asses". Types 3-6 G asses included
Li 20, K20 and Na20; therefore R20 is equal to the sumin wt% of LiZ20, K20
and Na20.wo03Mbs28)l ass conposition having the foll ow ng i Rgmado®sd233i n t he
foll owi ng ranges has a |og3 form ng 46enperature in the range of 1187 to
1240C and a delta T in the range of 50 to 142C. Si 02 54.60 to 60.75
percent by weight; 15Si8pRf3 11.90 to 13.64 percent BPTeEd®t: CaO 22.00
to 24.22 percent by weglja.cand MO 1.90 to 3.40 pepeghl 4y wei ght, and

t he conposition may furt erzclﬁncl ude: Ti02 0.49 to 1.50 percent by weight;
20 Na20 0 to 0.90 perclb®s/690wei ght; K20 0 to 0.10 P&ddeRtSSy wei ght; ZnO
0.45 to 1.50 percent bygdwighd; Li20 0.30 to 1.00 pgyeshd 79¥s5\WRiaht ;

Fe203 0 to 0.35 percent!c{%ﬂ;J V\ért?dght, and 25 B203 0 to 3.00 percent oby wei ght .
Still further as can beiCappR@ci ated, a range for eacRh’-69 ta Ba8#Mitoedi ent s
for boron free glassegiolkpe 1 G asses (Table 2), Typgi3odzasses (Tables
12 and 13); Type 4 dadsés (Tables 14 and 15); Type 5 ga'sses (Tabl e 16)
and their rel ationshi pR30Q ¥+Besdet er mi ned from TabR@Z0t0 ghdO m%16. More
particularly, Tables 2@8d: h2olf (REDATOFOMOSI tionsohayh Bgga quat ernary
system i ncl udi ng Si 02, ( Al ?03,2__(3,)21(8 and 026\% th the 1 ngr egi ents of the

gl ass havi ng t he Tke aesoenpesitionswh Takle Tihare atoggfeening fempergiuiers tbat i t | ed
"Types 1,83 5ol 8PPRST o THRPE dnda AT 8 dpBgkeuslad Li 20 and  Na2o;
therefore RZ%n s equal °t o the sum |§n "quttff‘%ﬁ@uo;g and Na20. Further Types 1
35 3&5 G asses are boron free, therefore the fornula "R20 + RO + B203"
beconmes "R20 + . RCT/ 51-31?82 - et i ons
having the foll om%gl}/‘%?%ﬁ?ﬁﬁéi“%%ﬁgﬁ%y ovmgrﬁjgthg%éa-r%gsé%@%g&?{p&%%f

f ormi ng t enpeegmhodinmentofidablari§dave afagsng emesgddednthearange vh1187 ton t he

o 13. 68 por ot oy 2 S T mhedendyh agfe iRReDthe o @itba pisfy 2%\ 5
1.70 to B 10cquepasiéions pmiEdhimh 8 asniiosdthatpiepidsithe tonmingylempenatise rangel ude: 10
Ti 02 0.50 t 0445758 1BSHEE [ xdiiplded $H15 13, 2NB290 B 13045 945380 CE oAl atiiett |

267) and more preferably in the range of 1187 — 1205 °C (Examples 188-191, 194,

195, 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 composition 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%
Si0,/Ca0 2.2210 2.66
SiO,/RO 2.0110 2.39
SiO,/AILO3 4.09 to 4.87
Al,O;/Ca0O 0.51 10 0.59
30 SiO, + AlL,O3 67.95 to 72.05 wit%
SiO, - RO 27.50 to 33.84 wit%
AlLOs/RO 0.46 to 0.53
R20 +RO+B,0; 26.70 to 31.10 wt%

(SiO; + Al,O3)/(R20 +RO+B,03) 2.1810 2.68
35



ZnO 0 to 1.00 percent by weight; Li20 O to 1.00 percent by weight, and
Fe203 0 to 0.35 percent by weight. 15 Still further as can be appreci ated,
a range fwposmsd2df the ingredients for boron containi ngPCT{$e2/232& asses
(Tabl es 3-11) and Type 6 d asses (Tabi7es 17 and 18) and their relationship
can be determined from Tables 3-11, 17 and 18. More particularly, Tables
3-11, 17 and 18 gTbeglassapopesiiiansdronniabig 18 ryingna togdfemmingignmerqtimerin
exanple up t -0 r i i i CaO and
MO with th@eﬁﬁg%eééwe@r?t? s%g#ﬁt% ﬁ% %ﬁdé%’?%}eﬁ%ﬁéﬁdg%r@eﬁg? fzqocns |§ﬁ§hov\n on
Tabl e 22 unditiowihg ingrediiants apdithe fodowinTyaees2 & 6 d asses". Types 2& 6

G asses included Li 20, 0 and ; I 8..equal to the sumin
wt % of Li 20, K20 and Ng% 25 Th%‘?.éﬁggé@.gg%gfseﬁiﬁ%\&gﬂgﬁ%vi ng the follow ng
ingredients in the fol Ak@kng raigds t®has.63 pesgtbpmeighy t enperature in the

range of 1167 to 1240 d a del ; .60 to 142C. Si 02
53.00 to 59.53 percen;:ogg/5 wei ght bgsii%gg()%%gb%ﬂ?%ﬁﬁlg@eg percent by wei ght;
30 Ca0O 22.25 to 24.95 pMefxrent by288itgRt50 pancent ky@eilghb0 t o 3. 00 percent by
wei ght, and the conpogjd.ion mayafMr L H@g;,- 102 0.40 to 1.10 percent
by weight; Na20 O to gl.dﬁo per cegt‘l@géh\ﬁgf)éﬁgb 5 ?{%’po to 0.30 percent by
weight; F 0 to 0.50 pbegent by veitghs0 paeoBh0BSghE PCT/ US02/ 33273 53 SrO
0 to 0.13, percent by ight; Cr it by weight; Li20 0 to
0. 91 pergoent by wei gh}[N,R_z(gnd Fe2 %08'93%8%31)‘?%’2‘?%@'_@? by weight. 5 It will
be appreci ated by thoski2Qki | | ed PAOtth€.9frperednhby wleighgies coul d be nmade to

t he enbodi nents descri above wi t i he broad inventive
concept thereof. For egg?rc%l e, bupqztr%g?!dlzlgﬁt?én%b?%’ee';dg?(?nbone, two, three or
nmore or all of the foBeM as di sd@W9dded.2nsreens by weight:f ort h t he mat hemat i cal

relationship i L S may be used to identify properties of a
ARG tHe %cibﬂn ROARASRPL:

gl ass conposition. Based on the description of the enbodi nents of the
inventioh it can be aPfreciated that this inventioR5i23tagb.o¢iwitaed to the
particul ar embodi ment sgih a€i@sed, but it is intendedat ,G0ter

nodi fications that are wthin the spirit and scope o?' the 1 nvention, as

defined by the append8i-HR@i ns. 21710 2.32
SiO./AlLO3 4.26 to 4.87
Al,O,/Cal 0.52 to 0.59
20 SiO, + AlL,O; 70.63 to 71.73 wt%
Si0, — RO 31.06 to 33.61 wt%
Al,O,/RO 0.47 to 0.53
R20 +RO+B,0; 27.23 to 28.64 wt%
(SIO, + ALOS)/(R20 +RO+B,0y) 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 wi% 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 56-60 wt%, preferably in the
range of 57-59 wt% and more preferable in the range of 57.50-59 wt%; Al,O; in the
range of 10-14 wt%, preferably in the range of 11.00-14.00 wt% and more preferably
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preferably in the range of 0.25-1.35 wt% and most likely in the range of 0.40-1.25
wt%; Na,O in amounts no greater than 1.25 wt%, preferably no greater than 1.10
wt%, and more preferably no greater than 1.00 wt%; ZnO in amounts no greater than
0.50 wt%,; preferably no greater than 0.40 wt%, and more preferably no 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%; 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%, and Fe,O; 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 composition having ingredients of Tables 19 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 + MgO) 24 1o 27 wt% 25.00 to 26.50 wt%
SiOy/ Cal 2.10to0 2.80 2.20t0 2.70

SiO./ RO 1.90 to 2.55 1.90 to 2.40
SiO,/AlL,O4 3.70 to 5.00 3.70t0 4.90
Al,O;/Ca0 0.45 t0 0.65 0.55to 0.60

SiO; + AlL,O3 66 to 73.7 wi% 66 to 72.1wt%

R.0 + RO + B,0, 25 to 28 wt% 25.75 to 27.50 wt%
(SiO; + Al,O3)/(R,O + RO + B,0O3)  2.00 to 3.00 2.00to0 2.75

SiO, — RO 26.501t0 36.6 wi%  26.5to 34.00 wt%
Al,O3/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,O.

Table 19 provides the following ranges for the following ingredients:



E 00 (nU J WD 03/ 033425 PCT/US02/ 33273 55 ONO)LC)OOLO ©) ¢) -,t,N O-OL LI)
OMLC , mNi VNCO(Oct NCOOO CO00 0) G4 NONNNdOI- NNMO
r r LO coVD@pB4eO LO C) OLO O - co 0) LC) LC) C) 0) LC) POTMSE/M203 Lo ' -
0) NOi d - (Y) LO LUMLo LO Cl4 08 NNNd O-NNMD ~ O 'dCD LO, ti LCD Q)
CNi MdANCOL dLOC) LOD . N(MM~LU" t 0C LONCOONNNGON
N cor CDmGCD (0 LO GBIQ:0 L C) 57.UR Yo 88.70 paicent by welyht= C) LL() 0 (00 OC;_
N(O'ITMO (n ON Ny0 0 N . W U) O LO Lno

( ( Agog MNQB&Q{{'@ d_grc%n?ﬁyi@eéhfm1 ) O

LOo cOO0) L() 00 o Lo 4 ocod N LC) LC) Lo cY)
O o0 LO ch NN 00 NNNd CCBRNMD LO Z2.8@jo 285¢peehibyaveightt ) 00 d' LC) O (KIdLO
0) M N(gL - 0) N O co IVLC)O) N(V -0 NNN OC) NNNd r
0 00 00 LO v-- CD LO M@O 2%%‘&2& gpleme %Wef?gbm Mi (hd' NN Lo
00 N (00 00 LU co OOOOTIQE) o mﬁomo@w pRraent ey weigtN N O 04 LO C) LO CD

(o V. LQ "t 00 Lo cPRoco MRS G RESR BN T Qo 0 B en

O+ U + MOm Li20 0 to 0.30 percent by welght
Zn0O 0 to 0.30 percent by weight;
Fe,O4 0.22-0.25 percent by weight;
10 MnO 0.30 to 3.00 percent by weight;
MnO, 0 to 3.00 percent by weight, and
B.O; 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 wt%
Si0,/Ca0 2.49to 2.54
SiO./RO 2.251t02.29
SiO./ALO; 4.40 10 4.90
20 Al,O3/Ca0 0.52 to 0.57
SiO; + AlLOs 69.52 to 72.05 wt%
SiO; -RO 32.40 to 32.70 wt%
AlLOsz/RO 0.47 to 0.51
R20 +RO+B,0; 26.10 to 27.30 wt%
25 (SiO; + Al,O3)/ (R20 +RO+B,03) 2.591t02.74

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 Giasses) 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 wt%,; Al,Os in the range of 12.68-12.86
wt%; CaO in the range of 23.91-24.69 wt% and MgO in the range of 2.42-2.60 wt%.
The compositions of Table 20 include B,Os 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 wt%; K,O in the
range of greater than 0.050 — 0.070 wt%; SrO in the range of 0.040 — 0.050 wt%:;
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compositions made between glass compositions whose forming temperature , liquidus

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,O.

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 quaternary system
20 including SiO2 , Al203, CaO and MgO and the ingredients of the glass having the
relationship as shown in Table 22 under the column entitled “Types 1 & 2 Glasses”. Types
1 & 2 Glasses included K,O and Na,O; therefore R20 is equal to the sum in wt% of K,O
and Na,O.

25 The glass compositions 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:

SiO, 53.00. to 59.05 percent by weight;
Al,O4 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;

35 KO 0 to 0.58 percent by weight;

Fe 0 0 to 0.50 percent by weight, and
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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:

SiO, 54.60 to 60.75 percent by weight;
15 Al,Os 11.90 to 13.64 percent by weight;
CaO 22.00 to 24.22 percent by weight, and
MgO 1.90 to 3.40 percent by weight, and
the composition may further include:
TiO, 0.49 to 1.50 percent by weight;
20 Na,O 0 to 0.90 percent by weight;
KO 0 to 0.10 percent by weight;
Zn0O 0.45 to 1.50 percent by weight;
Li20 0.30 to 1.00 percent by weight;
Fe 04 0 to 0.35 percent by weight, and
25 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

30 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
Na,O; therefore R20 is equal to the sum in wt% of Li,O and Na,O. Further Types 1

35  3&5 Glasses are boron free, therefore the formula “R20 + RO + B,O3” becomes
“R20 + RO”,
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~NONL) ~LOMNd N r O 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;

Na,O 0 to 0.91 percent by weight;

ZnO 0 to 1.00 percent by weight;

Li20 - 0to 1.00 percent by weight, and
Fe.O3 0 to 0.35 percent by weight.

15
Still further as can be appreciated, a range for each of the ingredients for

boron 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 to 5.05 wt%) quaternary system including SiO,, Al,O3, 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 wt% of Li,O, K,O and Na,O.

25 The glass compositions 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;
AlL,O, 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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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 madifications that are within the spirit and scope of the invention, as defined by

the appended claims.

15
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5 1. A glass composition comprising ingredients in the ranges of:

SiO, 52 to 60 percent by weight;
AlL,O, 8 to 16 percent by weight;
Cao 21 to 26 percent by weight;
MgO 1 to 5 percent by weight;

10 TiO, up to 2.00 percent by weight;
Na,O up to 1.00 percent by weight;
KO up to 1.00 percent by weight;
Na,O + K,O 0.70 to 2.00 percent by weight;
Fe.0Os 0.10 to 0.50 percent by weight;

15 B.0; 1.00 to 3.50 percent by weight

wherein;

the glass composition has a log3 forming temperature in the range of
equal to and greater than 1200°C and equal to and less than 1230°C based
on an NIST 710A reference standard, and
20 the difference between the log3 forming temperature and the liquidus
temperature define as AT is at least 50°C and at least two of the following

relationships are present.

Si0,/Ca0 2.10 to 2.80
Si02/RO 1.90 to 2.55

25 ¢ SIO/ALO; 3.70 to 5.00
AlLO4/Ca0 0.45 to 0.65
SiO, + AlLOs 66.00 to 73.70 Wt%
Si0, - RO 26.50 to 36.60 Wt%
ALO4/RO 0.40 to 0.60

30 (SIO, + Al,O5)/ (R20 +RO+B,0;) 2.0 to 3.00

where RO is equal to MgO + CaO , and
R20 is equal to the wt% of Na,O + K,0.

2. The glass composition according to claim 1 wherein the
35 ingredients are in the following ranges:

SiO, 54 to 59 percent by weight;

Al:O3 11 to 14 percent by weight;
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TiO, up to 1.50 percent by weight;

Na,O 0.30 to 1.00 percent by weight;

K,O 0.30 to 1.00 percent by weight;

Na,O + K,;0 0.80 to 1.50 percent by weight, and
B.O; 1.2 to 1.40 percent by weight

3. The glass composition according to claim 2 wherein the

relationships are in the following ranges

Si0,/Ca0 2.20t0 2.70

Si02/RO 1.90 to 2.40

SiOy/Al,O; 3.70 to 4.90

Al,0,/Ca0 0.50 to 0.60

SiO, + AlLO; 66.00to 72.10 wt%

SiO, - RO 26.50 to 34.00 wt%

Al,03/RO 0.46 to 0.56

(SiO, + Al,O3)/ (R20 +RO+B,0,) 2.00t0 2.70

4, The glass composition according to claim 3 wherein the
ingredients are in the following ranges:

SiO, 55 to 58 percent by weight;

Al,Os 12 to 14 percent by weight;

CaO 23 to 25 percent by weight;

MgO 2 to 3 percent by weight;

TiO, up to 1.30 percent by weight;

Na,O 0.30 to 0.90 percent by weight;

KO 0.30 to 0.80 percent by weight;

Na,O + K0 0.90 to 1.20 percent by weight;

Fe,O3 0.20 to 0.40 percent by weight;

B0, 1.20 to 1.50 percent by weight

5. A glass composition comprising ingredients in the ranges of:

SiO, 55.00 to 58.00 percent by weight;

Al,O4 12.00 to 14.00 percent by weight;

CaO 23.80 to 24.80 percent by weight;

MgO 2.50 to 3.00 percent by weight;
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wherein:

the glass composition has a log3 forming temperature in the range of

(nn CDWNCACAti O(oC 'o

ON (N

co cn LO2N 00(O(DoC LOO (p O MT-
o6 gty

N (0 L(

N 08P

O O

U)

e

f- LO 0)

In mCb mLC
MC OQC ONt 10LOOLO (0 a) OM-No o

a) O cn N L WspzexeorS Lo
(0

N Lo

LCO) p LO LO Nco LO
N~-p ) OOCRNCA

0.40 to 0.50 percent by weight;
0.40 to 0.60 percent by weight;

+ K0

0.85 to 1.50 percent by weight;

0.20 to 0.40 percent by weight;
1.25 to 1.55 percent by weight,

1210 to 1225°C based on an NIST 710A reference standard, and the

difference between the log3 forming temperature and the liquidus

temperature define as AT is in the range of 52 to 65°C and wherein two or

more of the following relationships is present:

Si02/Ca0
SiO/RO
SiO,/Al,O4
Al,O4/Ca0
SiO; + AlLO;
Si0, - RO
AlL,O3z/RO

(SiO; + Al,O3)/ (R20 +RO+B,03)

2.20t0 2.40
2.00to0 2.20
3.95104.70
0.50 to 0.60
69.00to 70.50 wt%
28.00 to 31.00 wt%
0.451t0 0.55
22510 2.45

where RO is equal to MgO +CaO and R20 is equal to wt% of Na,O +

K:O

6. The glass composition according to claim 5 wherein the

SiO,

Al,O3

CaO

MgO

TiO,

Na.O

K;0

Nay0 + K,0
Fe,O;

B,Os

ingredients are in the following ranges:

55.60 to 57.60 percent by weight:
12.35 to 13.94 percent by weight;
24.40 to 24.80 percent by weight;
2.55 to 2.80 percent by weight;
0.55 percent by weight;

0.45 percent by weight;

0.45 to 0.58 percent by weight;
0.90 to 1.03 percent by weight;
0.25 to 0.38 percent by weight;
1.30 to 1.50 percent by weight, and

M
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Oc 0 A 0000 WO 03/033425 PCT/ UsS02/33273 90 WHAT IS CLAIMED IS: 5 1. A
gl ass conwogBszRs conpri sing ingredients in the ranges of PCTRS023B23t0 60
percent by weight; A1203 8 to 16 perc®nt by weight; CaO 21 to 26 percent
by weight; MO to 5 percent by weight; 10 TiO2 up to 2.00 percent by
wei ght; Na20 up to 1.60 pefbeglespgomposiian accppinaip caim £, vbeissr bent by

wei ght;  Na20 + Khindflod Sredn G ﬁg%\ﬁﬁgpar@gsy\ei ght; Fe203 0.10 to 0.50
percent by weight; 15 B_ZBB 1.00 to 3.50 percent by weight wherein: the

gl ass conposition has &6 forning tenperature in 2R8@37Je of equal to
and greater than 1200CsmigR@qual to and less than 123@¢ihasgd on an NI ST
710A reference standard, and 20 the difference between the 10g3 formng
tenperatutre and the |i§H2Rk0s t enperature define as APOita 486 | east 50C and
at least two of the foAlzggtgg) rel ationships are pregefty 9302/ CaO 2. 10 to
2.80 SIR/RO 1.90 to 2.55 25 Si2/A 203 3.70 to 5.00 Al203/Ca0 0.45 to
0.65 Si 02 + A1203 66. 091Q¢ #3070 wt % Si 02 - RO 26. 5098 t®69.89 Witoos

SiO, - RO 28.04 to 30.65 wt%
AlL,O3/RO 0.46 to 0.51

10 (SiO, + Al,O3)/ (R20 +RO+B,03) 2.31t0 2.40
8. The glass composition according to claim 5 wherein the

ingredients are in the following ranges:

SiO, 56.70 to 57.85 percent by weight;

15 ' Al,O, 12.55 to 13.67 percent by weight;
CaOo 23.87 to 24.45 percent by weight;
MgO 2.55 to 2.62 percent by weight;
TiO, 0.05 to 0.34 percent by weight;
Na,O 0.44 to 0.455 percent by weight;

20 KO 0.45 to 0.51 percent by weight;
Na,O + K,O 0.90 to 1.03 percent by weight;
Fe.O3 0.30 to 0.40 percent by weight;
B.Os 1.30 to 1.50 percent by weight, and

25 9. The glass composition according to claim 8, wherein the

relationships are in the following ranges:

Si0,/Ca0 2.37 to 2.38
Si0,/RO 2.10 to 2.14
SiOx/ALOs 4.15 to 4.61

30 Al,O:/Ca0 0.51to 0.57
SiO, + AlLO; 70.37 to 70.44 wt%
Si0, — RO 30.21 to 30.85 wi%
AlL,O3/RO 0.46 to 0.52
(SiO, + Al,O5)/ (R20 +RO+B,05) 2.41 to 2.43

35
10. A glass composition comprising ingredients selected from
ingredients of one of the following Groups |, 11 or l1I:



Al 203/ RO 0.40 to 0.60 30 (Si02 + A1203)/ (R20 +RO+B203) 2.00 to 3.00 where
ROis equal to MgO + CaO, and R20 is equal to the wt% of Na20 + K20 2. The
gl ass conwosBwsmrs according to claim1 wherein the 35 ingcadisens®r7are in
the follow ng ranges: Si02 54 to 59 p®&rcent by weight; AI203 11 to 14
percent by weight; WO 03/033425 PCT/US02/33273 91 CaO 22 to 25 percent by
weight; MO 1 to 4 percent by weight; Ti02 up to 1.50 percent by weight;
Na20 0.30 to 1.00 percent by weight; 5 K20 0.30 to 1.00 percent by weight;
Na20 + K20 0.80 to 1.50 percent by weight, and B203 1.2 to 1.40 percent by
wei ght 3. The gl d8®uUBbnposition according to claim2 wherein the 10

rel ationships are in tgg follow ng raga;gtgssoggeq;&(n@g i® to 2.70 Si 02/ RO
1.90 to 2.40 SiO2/AI203°3.70 to 4.90 AI203/CaO 0.50 to 0.60 15 Si 02 +
A1203 66.500t0 72.10 wAkOSi 02 - RO 26!29 taeseenboy weight;Al 203/ RO 0. 46 to
0.56 (Si02 + A1203)/ (%@ +RO+B203) 248 fSCbe%ceZ‘@bg%e‘fbht;The gl ass
conposition according to claim3 wherein the ingredients are in the

fol |l owi ng ranges: Si0M88 to 58 percehto hpergentdniweight1203 12 to 14 percent
by weight; CaO 23 to gp,percent by wej@htss dacdiByandight3 percent by
weight; Ti02 up to 1.30 percent by weight; Na20 g 30 to 0.90 percent by
wei ght; K20 0.30 to ON®Qspercent by Q/\é’ig@ﬂ-% PREESOL by weighipand) to 1. 20

percent fy weight; 30 #:%@)93 0.20 to Oyl@, 98bEeRlenbYy WeigARr  B203 1.20 to
1.50 percent by weight 5. A glass conposition conprising ingredients in the

ranges of: Group II:
SiO, 57.25 to 59.00 percent by weight;
Al O4 12.00 to 13.50 percent by weight;
CaO 23.50 to 24.50 percent by weight;
15 MgO 2.25 to 2.75 percent by weight;
TiO, 0.25 to 1.20 percent by weight;
Na,O 0.75 to 1.00 percent by weight, and
Fe,03 0.10 to 0.50 percent by weight, or
Group li:
20 SiO, 57.40 to 59.10 percent by weight;
AlLO3 12.15 to 13.45 percent by weight;
CaOo 23.70 to 24.20 percent by weight;
MgO 2.50 to 2.60 percent by weight;
TiO, 0.50 to 1.15 percent by weight;
25 Na.O 0.85 to 0.95 percent by weight;
FeoO; 0.30 to 0.40 percent by weight, and

at least two of the following relationships from one of the following Groups A

or B is present:

Group A
30 SiO,/Ca0 2.10t0 2.80
SiO,/RO 1.90 to 2.55
SiOy/Al,O4 3.70t0 5.00
Al,O3/Ca0 0.40t0 0.75
SiO, + AlL,O3 66.00 to 73.70 wt%
35 SiO, — RO 26.50 to 36.60 wt%
Al,O3/RO 0.40 to 0.60

(Si0, + Al,Os)/ (R20 +RO) 2.00 to 3.00



Si02 55.00 to 58.00 percent by weight; 35 A1203 12.00 to 14.00 percent by
wei ght; CaO 23.80 to 24.80 percent by weight; MO 2.50 to 3.00 percent by
wei ght; Wo0o03/08833s125 PCT/ US02/ 33273 92 Ti 02 up to 0.60 pecaarsn2/bsz7anei ght;
Na20 0.40 to 0.50 percent by wei ght; 95K20 O. 40 to 0.60 percent by weight;
Na20 + K20 0.85 to 1.50 percent by weight; Fe203 0.20 to 0.40 percent by
wei ght; B203 1. 28heig ROsHeq t’Pe@@OUyMg\Qla@HtRZO istRsiual ta:witnef Ni-Qser
conposition has a log3 formng tenperature in the range of 1210 to 1225C
based on an NI ST 710A reference standard, and the 10 difference between the
| 0g3 formng tenp®f@tPBe and the |iquidus tenperature define as AT is in
the range of 52 to 65Cgagcyberein two or nore of thegfighlgv ng
relationships is present: SIO2/Ca0O 2.20 to 2.40 Si02/RO 2.00 to 2.20 15
Si 02/ Al 208 3.95 to 4.78/Q4R®3/Ca0 0.50 to 0.60 Si02 9Rie@369. 00t 0 70. 50
W% Si02 - RO 28.00 tg,@;mqg) w % A1203/ RO 0.45 to Q.f/s2Qo Si 02 + Al 203)/
(R20 +RO+B203) 2.25 to A5 Where RO s equal to MO +CaO and R20 i s equal
to wt % of Na20 + K20 6 The gl ass conposition according to claim5 wherein
the 25 ingredients arg pyche followi ng ranges: Si 03 m3e6%d 0 57. 60
percent by weight; Al 263 12.35 to 13.94 percent by weight; CaO 24.40 to
24.80 percent by weight; MO 2.55 to 2.80 percent by weight; 30 Ti02 0.55
percent hy weight; Nag{h0- Abopercent by wei ght; K207, 8650‘797@&% per cent
by wei ght; Na20 + K20 0, 90 to 1.03 percent by weight; Fe203 0.25 to 0.38
percent by weight: 35 B533 RO30 to 1.50 percent by weP§Rio 3688 W%

Al,O3/RO 0.46 to 0.56,
(SiO, + Al,O3)/ (R20 +RO) 2.30to0 3.00
15 where RO is equal to CaO + MgO and R20 is equal to the wt% of Na,O
wherein:

the glass composition has a log3 forming temperature no greater than
1240°C based on an NIST 710A reference standard, and
the difference between the log3 forming temperature and the liquidus

20 temperature define as AT is equal to and greater than 50°C.

11. The glass composition according to claim 10 wherein the

ingredients are present in the following ranges:

SiO; 57.45 to 59.05 percent by weight;
25 Al,O4 12.20 to 13.40 percent by weight;
CaO 23.75 to 24.35 percent by weight;
MgO 2.55 percent by weight;
TiO, 1.10 percent by weight;
Na.O; 0.90 percent by weight, and
30 Fe,0s 0.25 percent by weight and
the relationships are in the following ranges:
Si02/Ca0 23510 2.47
SiO./RO 21310223
SiOy /Al O3 4.25t0 4.84
35 Al,O4/Ca0 0.511t0 0.58

SiO, + Al,Os 70.85 10 71.86 wt%



WO 03/ 033425 PCT/ US02/ 33273 93 7. The gl ass conposition according to claim
6, wherein the relationships are in the follow ng ranges: Si02/Ca0O 2.25 to
2.29 Si ®OR®023402 to 2.14 5 Si02/ A 203 4.00 to 4.66 Al 208TEs0e/88233 t o
0.56 Si02 + A1203 69.18 to 69.95 w %96Si 02 - RO 28.04 to 30. 65 wt%0 -
A1203/RO 0.46 to 0.51 10 (S_ 02 + A1203)/ (R20 +RO+B203) 31 to 2.4 e
gl ass conposition accoﬁb@n‘gRQ) claim5 wherein the |3ﬁé5éll38r5t59m§(¢e in the
foll owi ng ranges: Si 02,@2@/7:\(23t0 57 85 percent by wei @MGto O%]aagdzos 12.55 to
13. 67 percent by wei ght to 24.45 percent vve\gég MyO 2. 55
to 2.62 percent by wei gﬁoﬂ’?‘h@@/(ﬁz@?ﬁ@ 0. 34 per centzé/‘ 4ht:  Na20 0. 44

to 0.455 percent khensh Helgla&okRdsBodtad 4 | ﬁérﬂﬁ BrdMRit Fange 20 +
K20 0.90 to 1.03 pefcent bgyavvel ghtS 0Fe%O (8; ' 6% : tnp \?\Blg ht ;

er
g@mj)ercent
B203 1. 305t o 123519 1R403 bases,oman ikeT 7&%@2@89% srtlaedajld tberyIds Intthen
according to [ ein the relationships are in the follow ng
ranges: Si Oz}ﬁeﬁc{zg%d%g%()\WQir 38 SI2/RO 2.10 to 2.14 Si02/A203 4.15 to
4.61 30 Al 203/Ca0 0.51 to 0.57 Si02 + A1203 70.37 to 70.44 wt% Si02 - RO

30.21 to 30.85 wt% A1393/ R@hg Fa stcBm?oégor(%c%?dm%f%lgg%)‘{o \glﬁgr?m tﬁ@-BzOB)

2.41 to 2.43 35 10. Aglass ¢ rrp05| on conpri si I ngredr ent’s 9%l ect ed
from ingredient singredigids gfe mrheerftmlh@\ﬁpllwgnr@mpss I, Il or Ill: WD 03/033425
PCT/ US02/ 33273 94 G eyp, | 57.45 to 59.05 percent by weight;
Al,O; 12.20 to 13.68 percent by weight;
CaOo 23.75 to 24.50 percent by weight;
MgO 2.55 to 2.58 percent by weight;
TiO, 0.55 to 1.10 percent by weight;
15 Na,Os 0.90 to 0.91 percent by weight, and
Fe O3 0.25 to 0.35 percent by weight, and
the relationships have the following ranges:
SiO,/Ca0 2.36 10 2.47
SiO,/RO 2.14102.23
20 SiO/AlLO; 4.291t04.84
Al,O4/Ca0 0.51 10 0.56
SiO; + AlL,O; 70.85 to 71.45 wt%
SiO, - RO 30.55 to 32.55 wt%
Al,O3/RO 0.46 to 0.51
25 (SiO; + Al,03)/(R20 +RO) 2.5510 2.63

wherein the glass composition has a log3 forming temperature in the
range of 1232 to 1240°C based on an NIST 710A reference standard, and
the AT is in the range of 58 to 74°C.

30 13. The glass composition according to claim 10 wherein the
ingredients are present in the following ranges:

SiO, 57.60 to 58.18 percent by weight;

Al,O; 13.55 to 13.68 percent by weight;

CaO 23.75 to 24.50 percent by weight;
35 MgO 2.55 to 2.58 percent by weight;

TiO, 0.55 percent by weight;



Si02 57 to 60 percent by weight; 5 A1203 12 to 14 percent by weight; CaO
23 to 25 percent by weight; MO 2 to 3 percent by weight; Ti02 up to 1.25
per cent bwowaiogde3 Na203 0.75 to 1.25 percent by wei ght, pamdst®3e203 up
to 0.50 percent by weight; or Goup 971: Si02 57.25 to 59.00 percent by

wei ght; A1203 12.00 to 13.50 percent by weight; CaO 23.50 to 24.50
percent by weight; 15 MgeP2.25 to 2. 79-99p Ottt pasgentdiy gieight, ando2 0. 25 to

1.20 percent by weight g, Ma20 0. 75 tOO.]SSg& AN ; ight, and Fe203
0.10 to 0.50 percent bye%/veai ght, or Gou Irﬁ?{: gg’eg%fp@lm to 59.10
percent by weight; A1203 12.15 to 13.45 percent by weight; CaO 23.70 to
24.20 percent by wei ghtye reMibhehinlark G theGBIRGAS RRLeOY vei ght ; _Tl 02 0.50 to
1.15 percent by weight; 25 Na20 0.85 to 0.95 percént by weight; Fe203 0.30
to 0.40 p&rcent by wei §H?2/CaAd at |east two of the f8l353Ri2Ap ggl g_t ICE/”SCQIOIOS
fromone of the foll owghg&Houps A or B is present: ,GF304 [

2.10 to 2.80 Si /RO 1?%0 to 2.55 Si2/AI203 3.70 to 3%02% A1203/ CaO 0. 40
to 0.75 Si02 + A1203 661@HAk@: 73.70 wt % 35 Si02 - R&256. 50 ts\osgé/eg?)\é\ﬁg
A1203/ RO 0.40 to 0.60 (HRab AL203)/ (R20 +RO) 2. 004ts3 30063

PCT/ US02/ 33273 95 V\/nergbg(oai s equal to CaO + MO ang 5%2% IS equal to wt %

of Na20 or Group B Si 8ad:9:30 to 2.80 5 Si 2/ RO71.1800 .88 W%

10 SiO, - RO 30.55 to 31.85 wt%
AlLOz/RO 0.50 to 0.52
(SIO; + AlLO3)/(R20 +RO) 2.5510 2.64

wherein the glass composition has a log3 forming temperature in the
range of 1238 to 1240°C based on an NIST 710A reference standard, and the AT is

15 55°C.
14. A glass composition comprising ingredients in the following
ranges selected from one of the following Groups I, Il or llI:
Group I:
20 SiO, 50 to 60 percent by weight;
Al,O3 10.00 to 14 percent by weight;
CaO 21 to 26 percent by weight;
MgO 1 to 4.00 percent by weight;
TiO, 0.25 to 1.25 percent by weight;
25 Na,O 0.25 to 1.15 percent by weight;
KO up to 0.60 percent by weight;
Fe 0, up to 0.50 percent by weight, and
B,03 0.90 to 5.10 percent by weight;
Group Il
30 SiO, 52.25 to 59.00 percent by weight;
Al;,O; 11.00 to 14 percent by weight;
CaO 21.50 to 25.50 percent by weight;
MgO 1.25 to 3.50 percent by weight;
TiO, 0.40 to 1.20 percent by weight;
35 Na,O 0.35 to 1.00 percent by weight;

KO up to 0.60 percent by weight;



Si 2/ Al 203 4.20 to 5.00 A1203/Ca0 0.50 to 0.60 10 Si02 + A1203 70.80 to
73.70 wt% Si02 - RO 30.50 to 36.60 wt % A1203/RO 0.46 to 0.56, (Si02 +

Al 203)/ (WRO3/6BR@s 2.30 to 3.00 15 where RO is equal to Ca®cr/uggiBanyd R20 is
equal to the wt % of Na20 wherein: th8 gl ass conposition has a | og3 form ng
tenperature no greater_than 1240C based on an NI ST 710A reference
standard, and the difff&@Pace bet ween Yhie Q-tyReraRtRYWLieRN#E at ure and t he
l'i quidus 20 tenperatuse,define as Alg b i£e4ebetRnbBiwSinREbET than 50C. 11.
The gl ass conposition according to claim 10 wherein the ingredients are
present in the follow ng ranges: Si02 57.45 to 59.05 percent by'weight; 25
A1203 12.20 to 134Qpmercent by weight; CaO 23.75 to 24.35 percent by

wei ght; MO 2.55 percent by weight; Ti02 1.10 percent by weight; Na203
0.90 perdent by wei ghtSiOand” 30 Fe203°390t $E0QBereemPyWEigHt and t he
relationships are in t/k]%)af ol | owi ng 1 afgESio .82 p&raENbyIReifigt: 2. 47 Si G2/ RO
2.13 to 2.23 Si02/A 203 4.25 to 4.84 35 A1203/ CaO 0._g1 to 0.58 Si02 +
A1203 70.85 to 71.86 WedPWD 03/ 0334252 CHUSIFME By Meighlie Si 02 - RO 30.55 to
32.55 wt% Al 203/ RO 0.goto 0.52 and 1 45tdD2 24 pAk2ABhY WEA: RO 2. 55 to 2. 64
wherein the glass conposition has a 10g3 form ng tenperature in the range
of 5 1232 to 1240C baf®d on an NI ST 9%§A°Fém5é}eé‘?ﬁf‘éb%t"’§f9@§rd, and the AT is
in the pange of 58 tang#C. 12. The 0h.38% 6.95Perkhi B waigher ding to claim 10
wherein the ingredients are present in the follow ng ranges: 10 Si02 57.45
to 59.05 percent by wetdht: AlI203 124Re Q680 perced yareidhit by weight; CaO

23.75 to 24.50 percentrdyp,wei ght; up to 0.40 percent by weight, and
B,0O; 0.90 to 5.10 percent by weight;
wherein;
15 the glass composition has a log3 forming temperature of no greater

than 1240°C based on an NIST 710A reference standard;
the difference between the log3 forming temperature and the liquidus
temperature define as AT is at least 50°C. and

at least two of the following relationships in the following ranges from

20 one of the following Groups A or B is present:
Group A:
SiO,/Ca0 2.10to 2.80
SiO./RO 1.95 to 2.50
SiO,/AILO; 3.70 to 5.00
25 Al,04/Ca0 0.45 to 0.65
SiO, + AlLO3 66.00 to 73.70 wt%
SiO, — RO 26.50 to 36.60 wt%
Al.O,/RO 0.40 to 0.60
(SiO, + Al,O3)/ (R20 +RO+B,03) 2.00 to 3.00
30 where RO is equal to CaO + MgO and R20 is equal to wt% of l\‘l:,azo +
KO ; or
Group B:
SiO,/Ca0 2.15t02.75
SiO,/RO 1.90 to 2.40
35 SiOL/AILO; 3.70t0 4.90

AlL,O;/Cal 0.451t0 0.65



MyO 2.55 to 2.58 percent by weight; TiO2 0.55 to 1.10 percent by weight;
15 Na203 0.90 to 0.91 percent by weight, and Fe203 0.25 to 0.35 percent by
wei ght, awo o3bsa25 el ati onshi ps have the foll ow ng ranges: PETA&ANEa72. 36 t O
2.47 SIiR/RO 2.14 to 2.23 20 Si02/AM9203 4.29 to 4.84 AI203/Ca0 0.51 to
0.56 Si02 + A1203 70.85 to 71,45 wt% Si02 - RO 30.55 to 32.55 vt %

Al 203/ RO 0. 46 to 0.51 287°5Mb9s+ Al 203)/ (R0 +RO) 2. 6§8-00d0 7269 Wikter ei n t he
gl ass conposition has gid0gRof ormi ng tenmperature in bR th3BYS b, 1232 to
1240C based on an NI ST 710A reference standard, and the AT is in t he range
of 58 to 74C. 30 13. ThECYRs conposition accor di ngOtAéi" te10H0n 10 wherein

the ingredients are p(@@gmtAH@g)/t(Rgofmd)%om rangesy, 7@&92757 60 to 58.18
percent by wei ght; A129] 55 to0 13.68 percent by wei Ca0 23.75 to

24.50 pertent by wei ght¥e" %’8“9‘35-‘@96"@%8%8?@@?(1%%}?%6@%% of Ng.§2+ 0. 55
percent by wei ght KO 03/ 033425 PCT/ US02/ 33273 97 Na203 0.90 to 0.91
percent by weight, and Fe203 0.35 percent by weight, and the rel ati onshi ps
are in the following ranges: 5 Si2/Ca0 2.35 to 2.45 SI2/RO 2.13 to 2.20
Si @2/ A1203 4.25 A12034€a0 @hé@la’fs@c&mﬁ@slt@rp&cﬂirdﬁil&t@‘?clgﬂa Mwhdreifind6 W % 10
Si 02- RO 30. 55 to31. a§5Wt% Alzo%%RY?’BO 50 to 0.52 (Si02 + Al 203)/(R20 +RO
2.55 to 2.64 wher SHONRUPYALEE QUINgf9elas a | og3 forning tenperature
in the range of 1238 RO 1240C based on an NI ST 710A5@Hes enes widandard,

and the AT is 15 55C 107 AOgI ass conposition corrprl Si ng |ngred| ents in
the foll owing Si0/C 2.20

SiO,/RO 1.96 to 2.29
SiO,/AlLO; 3.79t04.76
Al,03/Ca0 0.51 to 0.59
15 SiO, + Al,O3 66.10 to 70.95 wt%
SiO, ~ RO 26.50 to 32.55 wt%
Al,O5;/RO 0.46 to 0.56
R20 +RO+B,0; 28.15 t0 32.79 wt%
(SiO; + AlL,O3)/ (R20 +RO+B,0;) 2.02 to 2.67
20
16.  The glass composition according to claim 15 wherein the
ingredients are in the following ranges:
SiO, 53.00 to 57.75 percent by weight;
AlL,O4 12.20 to 14 percent by weight;
25 CaO 22.25 to 24.95 percent by weight;
MgO 1.50 to 3.00 percent by weight;
TiO, 0.50 to 1.10 percent by weight;
Na,O 0.45 to 0.90 percent by weight;
K;O 0.10 to 0.38 percent by weight;
30 Fe O3 up to 0.30 percent by weight;
B.0; 1.30 to 5.02 percent by weight; and
further including:
F up to 0.50 percent by weight;
SrO up to 0.13 percent by weight, and

35 Cry,05 up to 0.13 percent by weight



ranges selected fromone of the followng Goups I, Il or Ill: Goup I: 20
Si02 50 to 60 percent by weight; A1203 10.00 to 14 percent by weight; CaO
21 to 26 werosests2hHy weight; MO 1 to 4.00 percent by wei @or/usods223 0. 25 to
1. 25 percent by weight; 25 Na20 0.2510® 1.15 percent by weight; K20 up to
0.60 percent by weight;_ Fe203 up to 0.50 percent by weight, and B203 0.90
to 5.10 percent by wei dht: @ecﬂjﬁsqqom@@'tlsnmws@lr@secﬂ@tw the follewingnt by

wei ght; A1203 11rdMyebo 14 percent by wei ght CaO 21.50 to 25.50 percent
by weight; MO 1.25 t% 3. 50 percent b% Ti02 0.40 to 1.20 percent
by weight: 35 Na20 0.35%0 1.00 BEO0&nPOEY nﬁ&eghl@ywemo up to 0.60 percent
by wei ght; WO 03/ 0334251,8(T/ us02/1§©3?§13%8 &@8&% Ricight0- 45 per cent by

wei ght , gd B203 0. 90 t 5.10 percent % t; Goup IIl: 5 Si02
52.90 to 58.00 percent Bg) wei ght 23-531284 M’EU@“E@/WWQDO percent by wei ght;
CaO 22 to 25 percent bpgeei ght; m@tggzg@, F;épce?»ﬁg?\,\,g%rhpent by weight; Ti02
0.45 to 1.15 percent b wei ght ; Na20 0.40 to 95 percent by weight:

K20 up to 0.60 percent 5-%? wei ght050#%12(1.)%P9r;93?f63yoﬂ’319htpercent by weight, and
B203 0.90 to 5.10 percRaioby wei gl perotiep@ivBighit> the gl ass conposition has
a log3 formng tenperature of no_greater than 1240C based on an NI ST 710A
reference standard; th&SdHf f er enB<ShEIGRBERY WaiGY, 0og3 forming tenperature and
the |iquidus tenperatBy®, defi neZ@@fpéﬂ_Cehﬁb)awebﬁlaSéndSOC and at | east two of
the follow ng rel a& onsh| RS & | owi ng ranges from 20 one of the

fol | owi ng G oups ﬂ igwo 0 eefg ing relatlonshlps

SiO,/Ca0 2.311t0 2.41
SiO,/RO 2.09t02.17
SiO,/AlL,O4 4.12t0 4.28
15 AlL,O;/Ca0 0.56 to 0.57
SiO, + Al,O, 69.60 to 69.95 wt%
SiO, - RO 29.25 to 30.60 wt%
Al,O4/RO 0.50 t0 0.52
(SiO; + AlL,O3)/(R20 +RO+B,05) 2.351t0 2.41
20 where RO equals CaO + MgO and R20 is equal to the wt% of Na,O
and wherein:

the glass composition has a log3 forming temperature in the range of
1200 to 1220°C and the AT is in the range of 56 to 69°C.

25 18. The glass composition according to claim 14 wherein the
relationships are in the following ranges:

Si0,/Ca0 2.32102.43
SiO,/RO 2.10t02.20
SiO./Al,O4 4.261t04.73
30 Al,O3/Ca0 0.51t0 0.56
SiO, + Al,O4 69.45 to 69.95 wt%
SiO; - RO 29.45 to 31.45 wt%
AlLO3/RO 0.46 to 0.50
(SiO; + Al,0;)/ (R20 +R0O+B,05) 2.39102.45
35 wherein the glass composition has a log3 forming temperature in the

range of 1200 to 1218°C and a AT in the range of 55°C to 70°C.



Goup AA Si2/Ca02.10 to 2.80 SIiR2/RO 1.95 to 2.50 Si02/AI203 3.70 to
5.00 25 Al 203/Ca0 0.45 to 0.65 Si02 + A1203 66.00 to 73.70 % Si02 - RO
26.50 to ¥6.080334290 Al 203/ RO 0.40 to 0.60 (Si02 + A1203)/ PCRAGOZB2¥B203)
2.00 to 3.00 30 where ROis equal to1€¢aO + MJO and R20 is equal to wt % of
Na20 + K20 ; or Goup B: Si2/Ca02.15t0 2.75 SI2/RO 1.90 to 2.40 35
Si 02/ Al 203 3.70 to 4.90 A1203/Ca0 0.45 to 0.65 WD 03/033425 PCT/ US02/ 33273
99 Si 02 + A1203 66.00 {18 72The glassrorsposition FoOXHIDE QlaijI@.\aklﬁiemm%ReoAMOS{RO
0.45 to 0.60 (SiO; : .1.75t0 2.75 5 ere equal s
Ca + My and. oo SOk in (R RIGIRE RAR 0 1! Rt 1e. The gl ass

conposi ti on accordi ng B8zl ai m 14 whePp8i2h te FE.75percent bynwhights are in the

foll owi ngsranges: 10 Ray@d. 80 to 27. 565,wh% i X 2.55 Si2/RO
1796 to 2 20 05 02/ A1203S. 79 1o 4. 7662%@{%%%61%6&%&3%@%8%9 15 Si 02 +
A1203 66.10 to 70.95 wke Si 02 - RO 28336 te 34.235 psBent by weigh0s/ RO 0. 46 to

0.56 R20 +RO+B203 28. 1fyqp 32. 79 W % (58 ht BV @20 (R20 +RO+B203) 2. 02
to 2.67 20 16. The ¢l as_sg conposition accc?%(?jclengé¥o %%"ai m 15 wherein the

ingredients are in theTiQl | owi ng r angdd0 per@pt bgweghto 57. 75 percent by

wei ght ; Na,O 0.90 percent by weight;
10 Fe, O, 0.25 percent by weight,
B.Os 1.30 to 1.40 percent by weight, and

Wherein R20 is equal to the wt% of Na,O.

20. The glass composition according to claim 14 wherein the

15 relationships are in the following ranges:
Si0,/Ca0 2.2510 2.28
SiO./RO 2.01t02.07
SiO,/AILO3 4.01t04.19
Al,O3/Ca0 0.53t0 0.56

20 SiO, + Al,O, 68.75 to 69.37 wt%
SiO, - RO 27.78 to 28.92 wt%
Al,Os/RO 0.48 to 0.51
(SiO; + AlLO3)/ (R20 +RO+B,05) 2.31102.37
wherein the glass composition has a log3 forming temperature in the

25 range of 1210 to 1222°C and the AT is in the range of 53 to79°C.
21. The glass composition according to claim 20 wherein the

ingredients are in the following ranges:

SiO, 55.19 to 56.00 percent by weight;
30 Al,O4 13.10 to 13.80 percent by weight;
CaO 24.50 to 24.67 percent by weight;
MgO 2.55 to 2.95 percent by weight;
TiO, 1.10 percent by weight;
Na,O 0.45 percent by weight;
35 K,O 0.45 to 0.58 percent by weight;
Fe,O, 0.25 to 0.38 percent by weight, and

B20; 1.30 percent by weight.



A1203 12.20 to 14 percent by weight; 25 CaO 22.25 to 24.95 percent by
weight; MO 1.50 to 3.00 percent by weight; Ti02 0.50 to 1.10 percent by
wei ght; Wa20/083445 to 0.90 percent by weight; K20 0.10 t@®@CO/@382/pe2rzent by
wei ght; 30 Fe203 up to 0.30 percent H92weight; B203 1.30 to 5.02 percent by
wei ght; and further including: F up to 0.50 percent by weight; SrOup to
0.13 percent by weight, and 35 Cr203 up to 0.13 percent by wei ght WO

03/ 033425 PCT/ US02/ 33273  19Re §ibss EbApaiRSace8riRsiold Lginingr edi ent s
in the follow ng _ranges: Si 02é56 0 _tpo 56. 60(5&gper cﬂgnc%é?@yﬂ%[;‘%ﬁp;mgmzw
13.05 to 13.60 perreéazlr?gﬁws%'Bme,fd@""@%@@@.s’so to 24.25 percent by weight;
MyO 2.50 to 2.55 percesioJgacdwei ght; Ti 02 0.50 tol. 10 -pegeept by wei ght;
Na20 O. 905 percent by V@](%?:E Fe203 0. 25 percent by weight, 10 B203 2. 00
percent By wei ght; and™ Peast two of the fol | ow ng-feltaRilénshi ps:

Si 2/ Ca0 2.31 to 2.41 Si®,@330 2.09 to 2.17 Si02/Al203i44k4 to 4.28 15
A1203/ Ca0O 0.56 to 0.57 le9§ é A1203 69.60 to 69.95 wt% Si02 - RO29.25 to
30.60 wt % A1203/ RO 0.88°7528. 52 (Si 02 + Al 203)/ ( RRO0-PRHBAF3) 2.35 to 2.41
20 where RO equal s CaGBio,MA)@GNd R20 is equal to thegyslapbo baafy, and
wherein: the glass cor?.@sitf'i(gn has a | 0og3 form ng tegéperature in the range
of 1200 to 1220C and YW@ ATYis in the range of 56 t#5-89¢2 3285 W% The gl ass

conposi titon accordi ng AlgOgRAI m 14 wherein the relatpgpshpps are in the
followng ranges: Si QB0 7,82 1Ro8 +&d+B,0,) 2.34 o0 2.40
wherein the glass composition has a log3 forming temperature in the
range of 1211 to 1220°C and the AT is in the range of 52 to 66°C.

15 23. A glass composition comprising ingredients in the following
ranges:

SiO, 56.15 to 57.60 percent by weight;
Al,O, 13.25 to 13.95 percent by weight;
CaO 24.40 to 24.95 percent by weight;

20 MgO 2.55 percent by weight;
TiO, 0.55 percent by weight;
Na,O 0.90 percent by weight;
Fe,0s 0.25 to 0.35 percent by weight, and

s B,O; 1.30 percent by weight, and
wherein at least two of the following relationships are present:
SiO,/Cal 2.2510 2.36
SiO./RO 2.04 to2.14
SiO,/Al, 04 4.01to 4.66

30 Al,O4/Cal 0.54 to 0.57
SiO; + Al,O; 69.50 to 69.99 wt%
SiO; - RO 28.65 to 30.65 wt%
Al,O3/RO 0.46 to 0.51
(SiO; + AlOs)/ (R20 +RO+B,05) 2.34 t0 2.40

35 where RO equals CaO + MgO and R20 is equal to wt% of Na,O

wherein the glass composition has a log3 forming temperature in the range of
1211 to 1220°C and the AT is in the range of 52 to 66°C.



Si2/RO 2.10 to 2.20 Si02/ Al 203 4.26 to 4.73 30 Al 203/Ca0 0.51 to 0.56

Si 02 + A1203 69.45 to 69.95 wt% Si02 - RO 29.45 to 31.45 wt% A1203/ RO
0.46 to OWBM3(%402 + A1203)/ (R20 +RO+B203) 2.39 to 2.45 PETWser/si2m t he

gl ass conposition has a | og3 form ng 1b&nperature in the range of 1200 to
1218C and a AT in the range of 55C to 70C. WD 03/033425 PCT/US02/ 33273 101
19. The gl ass conposition according to claim 18 wherein the ingredients
are in the foll owing raagesThSiglds26mpbsitich Zdcordin inHleast °
A1203 12.20 to 13,20 @Erﬁnt.blg vveilght.g; CaO 23. %qgﬁg‘i?%h%@r”gﬁﬁasﬁy

wei ght; MO 2. 55YFePidBA{olgYyinggrigHershiRsre presgnher cent by wei ght; Na20

0. 90 percent by wei ght Si0OJ0ade203 0. 25 percent by webghti, oB03 1.30 to 1.40
percent by weight, and_. 6ei n R20 is equal to the wt% of Na20, 20. The

gl ass conposition accoP to claim14 wherein the 248 tpe2.3@i onships are
in the follow ng rangesioBl®/ CaO 2. 25 to 2.28 S 2)RQ440k to 2. 07

Si 2/ Al 203 4.01 to 4. 1& @%tzagw CaO0 0.53 to 0.56 20 Si02 + Al203 68.75 to
69.37 W% Si02 - RO 2729 28.92 wt % A1203/ RO 0. 4%5ite 0651 (Si 02 +

Al 203)/ (R20 +RO+B203) Si,3HALO, 2. 37 wherein the gl asg&ggr{(pgg_izbiv\g% has a

| og3 form ng tenperat Uég)lzi n the 25 range of 1210 to 1222C and the AT is in
the range of 53 to79C. " THe gl ass conposition accéfdbrig30.60¢t% m 20

wherein tthe ingredi enagOgre in the foll ow ng rangespsgi193.835. 19 to 56. 00
percent by weight; 30 _AL20 3. 0 13.80 percent by weight; CaO 24.50
to 24.67 percent by wef %?L%d kb@?‘éé%ﬂ,z%)s per cen?-zlf}ﬁo@%%ht;
wherein the glass composition has a log3 forming temperature in the
range of 1193 to 1212°C and the AT is in the range of 64 to 90°C.

15 25. A glass composition comprising the following ingredients in
the following ranges:

SiO, 55.25 to 56.15 percent by weight;
AlLO, 13.05 to 13.30 percent by weight;
CaO 23.00 to 24.20 percent by weight:
20 MgO 2.55 percent by weight;
TiO, 0.25 to 1.25 percent by weight;
Na,O 0.90 percent by weight;
Fe,O, 0.25 percent by weight.
B.O3 3.00 percent by weight; and
25 at least two of the following relationships
Si0,/Ca0 2.28 t0 2.44
SiOy/RO 2.07t0 2.20
SiO,/AlIL,O; 4.15t04.30
AlL,O;/Ca0 0.551t0 0.56
30 SiO, + Al,O4 68.20 to 69.20 wt%
SiO, — RO 28.45 to0 30.60 wt%
Al,O3/RO 0.50 to 0.51
(SiOz + Al,O5)/ (R20 +RO+B,05) 22410 2.35
where RO equals CaO + MgO and R20 is equal to wt% of Na,O
35 wherein the glass composition has a log3 forming temperature in the

range of 1193 to 1212°C and the AT is in the range of 64 to 90°C.



i . ercent by weight; Na20 0.45 percent by weight; 35 K20 0.45 to

-(I)-I gg éerlgegt by wei éht; gFe203 0.25 to 0.38 percent by weight, and|7 B203

1. 30 per cwptoslog3seei ght . WO 03/ 033425 PCT/ US02/ 33273 102 22T/USE33 :asi
conposi tion according to claim14 whapein the relationships are in t2/ id 203
fol l ow ng ranges: SiQ2/Ca0 2.25 to 2.36 5 Si2/RO 2.04 to 2.14 SIOO S' s
4.01 to 4.66 A1203/Ca0O 0.54 to 0.57 Si02 + A1203 69.50 to 69.99 wt/o i

- 65 Wt 96. 10 (Sl 03)/
LROB203) 2. 34 oo 2. 40 wher o e Dhe ot Rk coring 2l T4ERI gt g

tenperature in th e%at‘ogﬁags i 'i‘i'ﬁ@'@""i‘gmeénd the AT is in the range of 52

A gl assS ition conprising ingredhegts the foll ow ng
ﬁgnggg 1%503356 1% to %mg;%ercent by wei ght; A120% ?g 5?&(0 13. 95
percent by weight; IGRQ0 to 24. 95 percent by wel§hto 2.020 MyO 2. 55

i by wei ght; Na2 ercent by
aglr;ﬁ[\t Egz\ggl ght25 ILOEIOQ%A@sfggﬁSnLy \>/lvei gh'?, and g(ggt(%Qég percent by
wei ght: and 25 wherein 'é@ ?gést two of the follow ng0-Félt@apiS6nshi ps are

present: Si 2/ CaO 2. 28i,6 RA,36 Si 2/ RO 2.04 to 2. 1§7S§50%\A£%W 3201 to
4.66 30 A1203/ CaO 0. 54, %57 Si 02 + A1203 69.50 to 6 [ -
28.65 to 30.65 W% Aﬁ@sr 0.46 to 0.51 (Si02 + A12®H3j1o %8@@WM%O+6203)

2.34 to ®.40 35 where R@#ROal s CaO + MyO and R20 i sp gy sh0 Wt % of Na20
(SiO; + Al,O5)/ (R20 +R0O+B,0;) 21410 2.22
wherein the glass composition has a log3 forming temperature in the
range of 1190 to 1204°C and the AT is in the range of 55 to 83°C.

15 27. The glass composition according to claim 26 wherein the
ingredients are in the following ranges:

SiO, 54.12 to 55.25 percent by weight;
AlL,O, 13.20 to 13.40 percent by weight:
CaO 24.20 to 24.55 percent by weight;

20 MgO 2.55 percent by weight;
TiO, 0.55 percent by weight;
Na,O 0.45 to 0.50 percent by weight:
K0 0.45 to 0.55 percent by weight;
Fe, 05 0.25 to 0.28 percent by weight.

25 B,0; 3.00 percent by weight;
and further including:
F up to 0.20 percent by weight
SrO up to 0.12 percent by weight.

30 28. The glass composition according to claim 14 wherein the

relationships are in the following ranges:

Si0,/Ca0 2.211t02.23
SiO./RO 2.00t0 2.10
SiO./AlL,O4 3.82 t0 4.05

35 AlL,O3/Ca0 0.5510 0.58
SiO; + Al, 0,4 66.10 to 67.50 wt%

SiO, -~ RO 26.50 to 28.00 wi%



wherein the gl ass conposition has a 1og3 form ng tenperature in the range
of 1211 to 1220C and the AT is in the range of 52 to 66C. WD 03/033425
PCT/ US02/\88238334203 24. The gl ass conposition accordi ng t®CExlesosi43 wher ei n
at least two of the follow ng rel atilohshi ps are present SiQ2/CaO 2.28 to
2.44 5 SiO2/RO 2.07 to 2.20 SiO2/Al203 4.15 to 4.30 A1203/Ca0 0.55 to
0.56 Si 02 + A1203 68. 28:94RE@9. 20 wt % Si 02 - RO 28. 48494 88560 wt % 10

Al 203/ RO 0.50 to 0.51 (sph02ab0h) G950 4ROZE0HRO+B203) 2 8o 2o tg 2. 35 wherein
the gl ass conposition @za |28§A’3 formng t eg)rperature in the range of 1193
to 1212C and the AT i sWharaimihergargeopirogiion has e a3ifgrming temppraisiee in the
composi tion comprighdgs {1k bahlrPehdthd SORSARYAGL Br 571 dopkl Owi ng ranges:
Si 02 55.25 to 56. bepercent by V\g"gg’t; RIS Yelog B 57 0935 percent by
wei ght; 3CaO 23.00 to 24.20 percent by weight; 20 MO 2.55 percent by

wei ght; Ti02 0.25 to 1,25 pfgs %Hﬁ%ﬁt%nta;c rlg%q Qi 2B, wei ght ;
Fe203 0. 25 percent by weight. @%%803. .0 perg%nt b?/ v?/eﬁ}qgﬁt; andﬂ%y25 at

| east two of the ingledgntsje ireingtipliondng 89802/ CaO 2.28 to 2.44 Si 2/ RO
2.07 to 2.20 Si02/Al203 4.15 to 4.30 Al 203/CaO0 0.55 to 0.56 30 Si02 +
A1203 68.20 to 69.20 Wt % Si02 - RO 28.45 to 30.60 w % A1203/RO 0.50 to
0.51 (Si02 + Al203)/ ($B +RO+B2TBY0 to 5%5Q pergedpymrighi; RO equal s CaO + MyO
and R20 js equal to wRpef Na20 gH1pheiLbd dhendbRgtighPmposi tion has a | og3
formng tenperature in %e range of 1193 tptg 1_31%% a'r?g’the AT is in the
range of 64 to 90C. W¥a3/ 03342524 persent y3vsight; 104

MgO 1.25t 2.50ercent by weight;
TiO, 0.50 percent by weight;
Na,O 0.90 percent by weight;
15 § KO 0.37 percent by weight;
Fe O3 0.10 percent by weight;
B,Os 4.93 to 5.02 percent by weight; and
Further including
F 0.50 percent by weight;
20 SrO 0.13 percent by weight, and
Cr.03 0.13 percent by weight.

30. The glass composition of claim 14 wherein the relationships

are in the following ranges:

SiO,/Ca0 2.23t0 2.55
25 SiOx/RO 2.05 to 2.27
SiO./AlLO; 4.04 to 4.69
Al,04/Ca0 0.51to 0.59
SiO, + Al,O; 69.00 to 70.95 wt%
SiO, - RO 28.05 to 32.55 wt%
30 Al,O3/RO 0.46 to 0.53
(SiO; + Al,O3)/(R20 +R0O+B,03) 2.28t0 2.67

where R20 is equal to the wt% of Na,O, and
the glass composition has a log3 forming temperature in the range of
1202 to 1240°C and the AT is in the range of 53 to 100°C.
35

31. The glass composition of claim 30 wherein:



26. The gl ass conposition according to claim 14 wherein the relationships
are in the follow ng ranges: Si02/Ca0 2.20 to 2.28 5 Si2/RO 1.96 to 2.07
Si 02/ Al 20804308342 4. 15 A1203/Ca0 0.54 to 0.55 Si02 + Al Pa3/B#2/53873 0 68. 55
W% Si02 - RO 26.57 to 28.30 wt% 100AI 203/ RO 0.49 to 0.50 (Si02 + A1203)/
(R20 +RO+6203) 2.14 to _2 22 wherein_the ass conposi tion has a | og3
forming tenperature i nShe ranged-6¢ tqg@&?@%Q@Vd"%ﬁW the AT is in the

range of 55 to 83C. 1553, The gh@g@t&m@%kbﬁtrbyewggﬁtdl ng to claim 26
wherein the ingredients are in the follow ng ranges: 5i02 54.12 to 55.25

percent by weight; A1988 13.20 ?%Zﬁﬁ’ %S%E?W%ftbyb&ie'g@r ght; Ca0 24.20 to
24.55 percent by wei ghfg O 20 I\/gQag,@@z@ng;é%gnto %%h ght; Ti02 0.55 percent
by wei ght; Na20 0. 45 to .50 percent by 0°0.45 to 0.55 per cent
by wei ght> Fe203 0. 25 'P@ 0.28 perRéni: 19>pewan§hywelgﬁt3 B203 3.00 percent by
wei ght; and further ingbjsling: Foop peReht BPweightent by weight SrOup to
0.12 percent by weight. 30 28. The gl ass conposition according to claim 14
wherein the relationsf@s are |9r2{5|ﬁ’6r0961 PBbWF'ﬁBt PBfiges: Si R/ Ca0 2.21 to
2.23 Si02/RO2.00 to g0 Si 0246@2@503(§>% RdleQ@hBS A1203/Ca0O 0.55 to
0.58 Si02 + A1203 66.10 to 67.50 wmt % 26.50 to 28.00 w % WO

03/ 033425 PCT/ US02/ 33273 105 A1203/RO 0.49 to 0.55 (Si02 + AI203)/ (R20

+RO+B203)p 2. 02 to 2. 1332fmerehé1%rb£@c&h BSsRionUTRRSh BoWhehds thelhr@s form ng

tenperature in the range of 1167 to 1177 and the AT is in the range of 57
to 69C. composmon has a log3 forming temperature in the range of equal to and

greater than 1202°C and equal to and less than 1219°C based on an NIST
710A reference standard, and

the relationships are in the following ranges:

15 Si0,/Ca0 2.23 10 2.44
Si0,/RO 2.03 to 2.20
SiO,/ALOs 4.06 to 4.34
AlLO4/Ca0 0.54 to 0.57
Si0, + AlLO; 68.95 to 69.95 wt%
20 Si0, — RO 28.05 to 30.60 wt%
ALO4/RO 0.49 to 0.53
(SiO, + ALOg)/ (R20 +RO+B,05) 2.28 to 2.41

33. The glass composition of claim 32 wherein the ingredients are

25 in the following ranges:
SiO, 55.40 to 56.65 percent by weight;
Al O3 13.05 to 13.80 percent by weight;
CaO 23.00 to 24.85 percent by weight;
MgO 2.50 to 2.55 percent by weight;
30 TiO, 0.50 to 1.10 percent by weight;
Na,O 0.90 percent by weight;
FeoOs 0.25 percent by weight, and
B,0O; 2.00 to 3.00 percent by weight.
35 34. The glass composition according to claim 14 wherein the

glass composition has a log3 forming temperature in the range of equal to



5 29. The gl ass conposition according to claim28 wherein the ingredients
are in the follow ng ranges: Si02 53.00 to 53.50 percent by weight; 10
A1203 13.WO0 3033445 00 percent by weight; CaO 24.00 percentrChyusSessnt ; MO
1.25t 2.50ercent by weight; Ti02 0.8307percent by weight; Na20 0.90

ercent by weight; 15 0.0.37 _percent by weight, Fe203 0.10 percent by
e ght: B203 4. 939?‘%9%‘9%2”&1 ééﬁf%@/‘ Léhio;arti'd%ﬁs thap 1RE8°G based@nmy F 0. 50
percent by wei ght NIZO7 81 rdleréBedstbh@iit, dny wei ght, and Cr203 0. 13 percent
by weight. 30. The gl ass conposition of claim 14 wherein the relationships
are in the followng rgﬁg‘ég‘.s istheprpegrrbeql o geatepthasi &P CROJZAOB! tho 2. 27
Si @2/ Al 203 4. 04 t gndhe89 thah 98/ Qs L5 %@ 0.59 Si02 + Al203 69.00 to 70.95
W% Si02 - RO 28.05 to 32.55 wt% 30 Af %/ROO.46 to 0.53 (Si02 +
Al 203) / (20 +RO+B203) thexglatignshimsare thibedoliRing mngesial to the wt % of Na20,
and the gl ass conpositt a log3 form ng tenpera Lh .t he range of
1202 to 1240C and the ﬁ@(@n the range of 53 to 108%&%?%3"1. The gl ass
conmposi tion of clai m 38IQuRPein: WO 03/ 033425 PCT/ USRDB38228 106 Si 02
55.40 to 57.75 percentggyyagight; A1203 12.20 to 134§gtg§r7%ent by wei ght;
Ca0 22.25 to 24.85 percent by wei ght; MO 2.05 to 2.60 percent by weight;
5 Ti02 0.50 to 1.10 pefe@dfaby weight; Na20 0.90 peP&ério O¢ wei ght; Fe203

0.25 pergent by wei ghtgicgndal,o, 69.48 to 69.95 wit%
Si0, - RO 29.13 to 31.45 wi%
AlLO4/RO 0.46 to 0.50
(SiO; + Al,0)/ (R20 +RO+B,05) 2.38 t0 2.44

where R20 is equal to the wt% of Na,O.
15

35. The glass composition according to claim 34 wherein the
ingredients are in the following ranges:

SiO, 56.10 to 57.75 percent by weight;
Al,O, 12.20 to 13.38 percent by weight;
20 Ca0O 23.75 to 24.42 percent by weight;
MgO 2.55 percent by weight;
TiO, 0.55 t01.10 percent by weight:
Na,O 0.90 percent by weight;
FesO; 0.25 percent by weight.
25 B,03 1.30 to 1.40 percent by weight;

36. A glass composition comprising ingredients in the following
ranges selected from one of the following Groups |, Il or 1lI:

Group I:
30 SiO, 55.00 to 62.00 percent by weight;
Al,O4 10.00 to 14.00 percent by weight;
CaO 20.00 to 26.00 percent by weight;
MgO 1.00 to 4.00 percent by weight;
TiO, 0.25 to 1.75 percent by weight;
35 Na,O up to 0.75 percent by weight;

Li,O 0.10 to 1.25 percent by weight;



B203 1.00 to 3.00 percent by weight. 10 32. The gl ass conposition of claim
30 wherein the glass conposition has a |og3 formng tenperature in the
range of woualo3d4es and greater than 1202C and equal to anecirasse2siran 1219C
based on an NIST 710A reference standard, and the relationships are in the
foll ow ng ranges: 15 S'E%Cao 2.23 to 2.44 Si02/RO 2.03 to 2.20

Si 2/ Al 203 4.06 to 4.35%%1203/ ca0o 0. 581Q 8,58 psteest Ppweight 203 68. 95 to 69. 95
W% 20 Si02 - ROGP&um to 30.60 wt % AlI203/RO 0.49 to 0.53 (Si02 + Al 203)/
(R20 +RO+B203) 2.28 to 2941 33. The gl ass conBosi tion of claim 32 wherein
the ingredients are 28Q2n the foll owPH§0 a1 R%E8 persepbbysweight; t 0 56. 65
percent by weight; AlRA(®;13.05 to 131800Re1460beR¥n®) @8HHt; Ca0 23.00 to
24. 85 percent by wei ght.; . MJO 2.50 to 85 Eercent by wei ght; 30 Ti 02 0.50
to 1.10 percent by wei Sﬁp Na20 0. 9021275 &ap-0B petpsngit weight03 0. 25 per cent
by wei ght, and B203 2Mg® to 3. 00 per ¢@Btto BYsOWRr&knt by BRigB¢t. The gl ass
conposi tion according li.(qicl aim 14 wherein tg%m‘gl ass co_rrgosi tion has a | og3
formng temperature in'tf#e range of eéﬂgltoﬂ e85t BewaiEht pCT/ US02/ 33273
107 and greater than 1R4EL and equal t(PtaMW0 bersnt hakeidRl8C based on an

NI ST 710A reference st rkgard, and the Aa' iz I.n the range of equal to and
greater than 63C and egiﬁl | to and | e2€0¢n2]0dsEcent by wgghtisoc, and 5 the
rel ati onghi ps are in thed;ol | owi ng r anges0.4SheRERAS WeigQ, bo 2. 43  Si 2/ RO
2.08 to 2.20 SiO2/AI 203 4.19 to 4.73 A 203/Ca0 0.51 to 0.54 10 Si02 +
A1203 69.48 to 69.95 wt% Si02 - RO 29.13 to 31.45 % A1203/RO 0.46 to
0.50 Group IlI;

SiO, 57.5 to 61.00 percent by weight;
AlLO, 11.75 to 13.75 percent by weight;

15 CaO 21.75 to 24.50 percent by weight;
MgO 1.60 to 3.25 percent by weight;
TiO, 0.45 to 1.55 percent by weight:
Na,O up to 0.65 percent by weight;
Li,O 0.30 to 1.00 percent by weight;

20 Fe,O; up to 0.30 percent by weight, and

wherein:

the glass composition has a log3 forming temperature of no greater
than 1240°C based on an NIST 710A reference standard:
the difference between the log3 forming temperature and the liquidus
25 temperature define as AT is at least 50°C. and

at least two of the following relationships from one of the following
Groups A or B is present:

Group A:
SiO,/Ca0 2.00to 2.80
30 SiO»/RO 1.90 to2.55
SiO,/Al,04 3.70 to 5.00
AlL,O,/Ca0 0.45 to 0.65
SiO; + Al,O4 66.00 to 73.7 wt%
SiO, — RO 26.50 to 36.60 wt%
35 Al,O4/RO 0.40 to 0.60

(SiO; + Al,O3)/ (R20 +RO) 2.00 to 3.00



(S 02 + A1203)/ (R20 +RO+B203) 2.38 to 2.44 where R20 is equal to the wt%
of Na20. 15 35. The gl ass conposition according to claim34 wherein the
i ngredi erv® 0af8342h the foll ow ng ranges: Si02 56.10 to 57PCI/yser/zem by
wei ght; A1203 12.20 to 13.38 percentlohy weight; 20 CaO 23.75 to 24.42

percent by weight; MO 2.5 ercen y weight; Ti02 0.55 tol.10 percent by
wei ght: Na20 0.90 per YBRE g?o%%iag‘hﬁg?gﬁé‘é@% apd T QyisegenktomyramiNga©.+ 25 B203

1.30 to 1.40 perckip®; &ty wei ght; 36. A glass conposition conprising
ingredients in th?‘ gu%lé_ovm ng ranges selected fromone of the follow ng
Goups I, Il or I [@ ‘oup I: 30 Si02 55.00 to 62.00 percent by weight;
A1203 10.00 to 14.00 p8iCewHO by wei ght; CaO 20. 00 t 9 386,9@gpercent by

wei ght ; O01.00 to 4 %(; rcent by weight; Ti02 0,25 to 1.75 percent by
wei ght: 35 Na20 up to D éé%er cent by weight; Li20 8198°2851. 25 percent by
wei ght; WO 03/ 033425 PSIOLMMB@/ 33273 108 Fe203 up t0490%95p@r cent by
weight, or Goup II: i(ﬁ{%CSB' 00 to 61.00 percent by weight; A1203 11.00
to 14.00 percent by wei'ght®~5 CaO 21.50 to 25.00 peP-dai@ 09 wei ght; MO

1.35 to 3.50 percent b§iOpeiA®; Ti02 0.40 to 1.60 peseers 7HYo W oht; Na20
up to 0.70 percent by | 'ggﬁ' Li20 0.20 to 1.10 percent b%/ weiw?ht; 10
Fe203 up to 0.45 perceRt2by Rei ght, or Group I11: SP®90 &73869wi%1. 00
percent By weight; Al®E3,/RO.75 to 13.75 percent by gesehpsgs 15 CaO 21.75

to 24.50 percent by \Ae(isﬁztiAh_/ggl 8R26C9+k8))3' 25 per centz.ggtg\gloght;

where RO is equal to the wt% of CaO + MgO, and R20 is equal to the
wit% of Na,O + Li,0.

15 37. The glass composition according to claim 36 wherein the glass
composition has a log3 forming temperature in the range of equal to and
greater than 1205°C and equal to and less than 1240°C based on an NIST
710A reference standard, and

the AT is in the range of equal to and greater than 50°C and equal to
20 and less than 100°C, and

the relationships are in the following ranges;

Si0,/Ca0 2.39t02.72
SiO/RO 2.16 t0 2.52
Si0,/Al,05 4.30 t0 4.92

25 AlL,O;/Ca0 0.51 to 0.59
SiO; + Al,O; 71.05 to 73.67 wt%
Si0, - RO 31.35 to 36.56 wt%
AlLO3/RO 0.47 to 0.55
(SiO; + AlL,O3)/ (R20 +RO) 2.30to 2.96

30

38. The Glass composition according to claim 37 wherein the
ingredients are in the following ranges:

SiO, 57.65 to 60.75 percent by weight:
Al,O3 12.00 to 13.64 percent by weight;
35 CaO 22 to 24.155 percent by weight:

MgO 1.70 to 3.40 percent by weight;



Ti02 0.45 to 1.55 percent by weight; Na20 up to 0.65 percent by weight;
Li20 0.30 to 1.00 percent by weight; 20 Fe203 up to 0. 30 percent by weight,
and wherwprn3/0831e5 gl ass conposition has a 10g3 form ng tewogrEsousr’df no
greater than 1240C based on an N ST1¥LOA reference standard; the

di fference between the |l og3 formng tenperature and the |liquidus 25

t enper ature define as‘%_}@2 is at |east o1 20Pestent QU9 of the fol | owi ng
rel ationships fromone0b the foll owowp to@ .60 pScéntdy Weigis; Present: Goup A
Si 2/ CaO 2.00 to 2.80 _éo Si 02/ RO 1.90_t02.55 Si Oz/AI 203 3.70 to 5.00
A1203/ Ca0O 0.45 to 0.6%28 02 + Al 203 #6306 +90 payconifpyoyeiditosnd Rro 26.50 to
36.60 wt % 35 A1203/ RPeQo40 to 0. 60 (4pit02.25 gukddht bl weig. +RO) 2. 00 to 3. 00
WO 03/ 033425 PCT/ US02/ 33273 109 where RO equals CaO + MjO and R20 is equal
to w%of Na20 + Li20; or Goup B: SiC2/Ca0 2.30 to 2.80 5 SiO2/RO 2.10
to 2.55 SiQ2/Al203 4380 tah2.dMds obhipRSHiSREArdiAg tOciRiNGS7 TheRinthdbRR3 70. 80
to 73.70 wt% Si02 - RO 30.50 tqg 36.60 wt% 10 Al 203/RO 0.45 to 0,58 (Si02
+ Al 203)/ (R20 +RejPssiten pas %.‘QS% foluing tepepsratuign e 1998 REed D Lta0 + MO,
and R20 is equal gigutéhtBan Wo4°efa attoldndQesslifar® 1218F0H3LaSH apNYBPSi ti ONn
according to clai_m 36 wherein the glass conposition has a |og3 form ng
tenperature in t HdOPapfgeense sandard. 88dand greater than 1205C and equal to
and | esgpt han 1240C bageAT ¥in@Re Mngd of &d4hd Eﬁ@%r%afé(?tlﬁnaiﬁd@{égd g thhe AT

is in the range of equal to and gr eater than 50C and equal
and less than 68°C, an

the relationships are in the following ranges;

Si0,/Ca0 2.47 t0 2.72
Si0,/RO 2.23 to 2.40

15 SiO./ALO; 43110 4.92
Al,O4/Ca0 0.55 to 0.59
SiO, + Al,Os 71.55 to 73.03 wt%
Si0, - RO 32.15 to 34.91 wt%
ALOS/RO 0.48 to 0.52

20 (SiO; + Al,O3)/ (R20 +RO) 2.64 to 2.79

40. The glass composition according to claim 39 wherein the

ingredients are in the following ranges:

SiO, 58.25 to 59.97 percent by weight;
25 AlL,O3 12.19 to 13.64 percent by weight;
CaO 22.04 to 23.65 percent by weight;
MgO 2.50 to 3.12 percent by weight;
TiO, 0.50 to 1.50 percent by weight;
Na,O up to 0.30 percent by weight;
30 Li,O 0.90 to 0.91 percent by weight;
Fe O, 0.20 to 0.25 percent by weight.
41. The glass composition according to claim 36 wherein:

the glass composition has a log3 forming temperature in the range of
35 equal to and greater than 1205°C and equal to and less than 1240°C based
on an NIST 710A reference standard;



20 and | ess than 100C, and the relationships are in the foll ow ng ranges;
Si02/Ca0 2.39 to 2.72 Si02/RO2.16 to 2.52 Si02/Al 203 4.30 to 4.92 25
A1203/ Caw0.03033405 0. 59 Si 02 + A1203 71.05 to 73.67 wm % SiPQ2/US0R$233. 35 to
36.56 wt% AI203/ RO 0.47 to 0.55 (Si02 + A1203)/ (R20 +RO) 2.30to 2.96 30
38. The dass conposition_according to claim37 wherein the ingredients
are in the fol l owi ng rihaddds indherarge savdy teend grasiardean SBIC fed gmial to A1203
12.00 to 13.64 p i 4 35 CaO 22 to 24. 155 percent by wei ght;
MyO 1.70 to 3.40%@?“%&3&?}5%36%3@; WO 03/ 033425 PCT/ US02/ 33273 110 Ti 02
0.50 tol.50 percent byhewelgitnshipslaroindhag®llewing.rgtogser cent by wei ght;  Li 20
0.30 to 1.00 percent A i.ght, and Fe203 up to O. t by weight. 5
39. The gl ass conposi '??ﬁg\é%g?gordi ng to claim 37 V\herzzgﬁgﬁ{%zagl ass
conposi tison has a | ogBiDe/RA ng tenperature in the rahy@to?.5équal to and
greater than 1211 C a to and |l ess than 1218 en an NI ST 710A
ref erence standard, aﬁoﬁ%ﬁjﬁ@ﬁe AT is in the range o%’ggﬁ(g?'gto and greater
t han 56C and equal to AlfpdC4#@ss than 68C, and the red-a@ toR&Hi ps are in the
foll owi ng ranges; Si RQB.47 to 2.72 Si /RO 2. 23 9127487 wiop
Si 2/ Al 203 4.31 to 4.9 '6%\I fg‘?getao 0.55 to 0.59 Si02 + 'A1503 '71‘."’55 to 73.03
W% Si02 - RO 32.15 t9034.RQ w % Al 203/ RO 0.48 to I.BRtop@p.§&wth2 + A1203)/
(R0 +RQ), 2.64 to 2. 79A|f(93:/R(-5he gl ass conposition accepdingsko claim 39
wherein the ' '

(SiO; + Al,O3)/ (R20 +RO) 2.30 10 2.96

42, The glass composition according to claim 41 wherein the

ingredients are in the following ranges:

15 SiO, 57.65 to 80.75 percent by weight;
Al,Os 12.00 to 13.40 percent by weight;
CaO 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;

20 Na.O 0.45 to 0.90 percent by weight;
Li,O 0.45 to 1.00 percent by weight;
FeoO, up to 0.25 percent by weight.

43. The glass composition according to claim 41 wherein,

25 the glass composition has a log3 forming temperature in the range
of equal to and greater than 1205°C and equal to and less than 1220°C
based on an NIST 710A reference standard;

the AT is in the range of equal to and greater than 50°C and equal to
and less than 59°C, and

30 the relationships are in the following ranges:
SiO,/Ca0 2.39t02.72
SiO./RO 2.16t0 2.42
SiO/AlO4 4.30t04.92
Al,O5/Ca0 0.52 to 0.59

35 SiO; + Al,O; 71.05 to 73.03 wt%

Si0, - RO 31.35 to 35.37 wt%



ingredients are in the follow ng ranges: Si02 58.25 to 59.97 percent by

wei ght; 25 A1203 12.19 to 13.64 percent by weight; CaO 22.04 to 23.65
percent bwowaiogiaes MO 2.50 to 3.12 percent by weight; PCIAS02/32730 1.50
percent by weight; Na20 up to 0.30 pé&2cent by weight; 30 Li20 0.90 to 0.91
percent by weight; Fe203 0.20 to 0.25 percent by weight. 41. The gl ass
conmposi tion accordi ng AlPMR@i m 36 wherein: the gl asL-¢6id3%ti on has a | 0g3
form ng tenperature inside Agogerelo +Rbyequal to and gy et ef than 1205C and
equal to and less than 1240C based on an NI ST 710A reference standard; WO
03/ 033425 PCT/ US02/ 33273 111 the AT is in the range of equal to and
greater than 50C and egual fi I%@c&r%éésiﬁd?ﬁébcé% o e 43heharahaid onshi ps
are in the follow ng ranges; S?C)Z/Ca 2.39to 2.72 5 SSIR/RO 2.16 to 2.51
Si 02/ Al 263 4. 30 tiargdignts 35a pube fllonindgenees: 0. 59 Si 02 + A1203 71.05 to 73.67
W% Si02 - RO 31.35 tf)n36. 56 wt % 10574420303 Serfdntloy idige, (Si 02 + Al 203)/
(RRO +RO 2.30 to 2.96 42. The gl ass conposition according to claim4l
wherein the ingredieftzPare in the f@-%\ﬂiwq RAtGEst byjweighth2 57. 65 to

60. 75 percent by wei ghtzgo A1203 12. 002 @p bD4H: RAE&SAMY wghtei ght;  CaO
22.00 to 24.15 percent by weight; 0O 1.70 to 3.12 pércent by weight;

Ti02 0.50 to 1.50 perd‘é@é by wei ght; 280 i&a2d2 gegsniky weight: per cent by

wei ght; 1oLi 20 0.45 to fpQ0 percent by 8@i0h50 pefcROR Wlighto 0. 25 per cent by
wei ght. 43. The gl ass conposition according to claim4l wherein, 25 the

gl ass conposition has Mfog3 forni ng YR PRIFRNtY Waighty ange of equal to

and greater than 1205q2_(;@1d equal to agb tes80 bERBNIAARSghtbased on an NI ST
710A reference standard;

Fe,Os up to 0.25 percent by weight.
15
45, The glass composition according to claim 41 wherein:
the glass composition has a log3 forming temperature in the range of
equal to and greater than 1205°C and equal to and less than 1218°C based
on an NIST 710A reference standard;
20 the AT is in the range of equal to and greater than 50°C and equal to
and less than 60°C, and

the relationships are in the following ranges:

Si0,/Ca0 2.39102.72
Si0,/RO 2.16 to 2.42

25 SiO4/ALOs 4.30t0 4.92
ALOY/Ca0 0.52 to 0.59
Si0, + ALOs 71.05 to 72.80 wi%
Si0, — RO 31.35 to 35.37 wi%
ALO/RO 0.47 to 0.52

30 (Si0, + AlLOs)/ (R20 +RO) 2.30 10 2.81

46. The glass composition according to claim 45 wherein the
ingredients are in the following ranges:

SiO, 57.65 to 60.33 percent by weight;
35 Al,O, 12.22 to 13.40 percent by weight;
CaO 22.00 to 24.15 percent by weight;

MgO 2.30 to 3.40 percent by weight;



the AT is in the range of equal to and greater than 50C and equal to and
| ess than 59C, and 30 the relationships are in the foll ow ng ranges:
Si 2/ CaOw039/083322. 72 Si 2/ RO 2.16 to 2.42 Si Q2/ Al 203 4r80/1S02/33292
Al 203/ Ca0 0.52 to 0.59 35 Si02 + A120871.05 to 73.03 wt% Si02 - RO 31.35
to 35.37 wt % WD 03/033425 PCT/ US02/ 33273 112 A1203/RO 0.47 to 0.52 (Si02
+ A1203)/ (R0 +RO) 2. §t§32to 2.81 44. The0 1§ b8S perepmidyiweight: according to
claim43 wherein the h@gredl ents aﬁg 664‘5%5?@' bRW,Pg ranges: Si 02 57.65
to 60. 33 percent by wei g A1203 12 to percent by wei ght; CaO
22.00 to 24.15 percent Lk weight; M&42.tgd. Qoopescem byeveightitangy wei ght; 10
Ti02 0.50 to 1.50 perc by wei ght; cent by wei ght
Li20 0.45 to 1.00 percgﬁ%oaby wei ght , a&ﬁ@@éé%g?&n?b?@e%ﬁfﬁ percent by
wei ght. 15 45. The gl ass conﬁoa tion according to claim4l wherein: the
gl ass conposition has 471 og3he glass AeMpesitie 2acqrding e dlaie 4%ameeref equal to
and greater than 1205G a&od@flnpo%@ioﬁ'?\gs la@ég% ﬁohﬁlﬂg%gga{?ﬁfﬁqw%h NI ST
710A reference standard; 20 the AT is in the rangé of ual to and greater
than 50C and equaPayato a'mjgfleé?ithﬁﬁ'a‘r?%@@anéﬁﬁuﬁlﬁ@alﬁdaleﬁﬁﬁhﬂi‘s?ﬂ@%céaéed n the
fol I owi ng ranges: o§le§’?@18Af&erteﬂcg tdargt @/ RO 2.16 to 2.42 25
Si 02/ Al 203 4.30 to 4.92 A'203/Ca0 6 52 to 0.59 Si02 + A1203 71.05 to 72.80

Wt % Si 020 - RO 31.35 t the3sl B7n ihrerange oDSURO0GBINMIGreate0thea 63EC Al equat tA1203) /
(R20 +RO) 2. 30 t 0,24 %&Sﬁ%n 1'Ubecg;riadss conposition according to claim45
wherein the

the relationships are in the following ranges:

Si0,/Ca0 2.50102.71
SiO./RO 2.291t02.52

15 SiO,/AlLO3 4.62 t0 4.88
Al,O3/Ca0 0.52 t0 0.59
SiO; + Al,O3 71.80 to 73.67 wt%
SiO, — RO 33.60 to 36.56 wt%
AlL,O3z/RO 0.47 t0 0.55

20 (SiO, + AlL,O3)/ (R20 +RO0O) 2.67 t0 2.96

48. The glass composition according to claim 47 wherein the

ingredients are in the following ranges:

SiO, 59.55 to 60.57 percent by weight;
25 Al,O3 12.25 to 13.10 percent by weight;
CaO 22.31 1o 23.85 percent by weight;
MgO 1.70 to 3.10 percent by weight;
Naz20 up to 0.30 percent by weight
TiO, 1.10 percent by weight, and
30 Li,O up to 0.60 percent by weight.

49, A glass composition comprising ingredients in the following
ranges selected from one of the following Groups I, Il or 11!:
Group I:
35 SiO, 55 to 62 percent by weight;
Al,O4 10.00 to 14.00 percent by weight;
Ca0 21 to 26 percent by weight;



ingredients are in the follow ng ranges: Si02 57.65 to 60. 33 percent by
vveigght; 35 A1203 12.22 to 13.40 percent by weight; CaO 22.00 to 24.15
percent byowsiogdaes MO 2. 30 to 3.40 percent by weight; WBCGA/SOB3225

PCT/ US02/ 33273 113 Ti 02 0.50 to 1.501percent by \If]\IEI ghtéj Elagge)up t?006425
wei ght percent; Li20 0,45 to 1.00 percent by weight, and e up .
pergent lOby wei ght. 5 4M80rhe gl ass coﬁﬁ%g’iﬁiﬁﬁﬁ? EH g to cl ai m 45
wherein: the glass conpigs tion has a b@gdohorspdieeri BypPRIgHUre in the range
of equal to and greaterthan 1234C ag%egq%ﬁ to andIO | ess than 1240C based
on an NI ST 710A refer eﬁ'&g standard; 18-4°H ReLcgm by Migighknge of equal to
and greater than 61 C Zn0O equal to ao@s5lte3IPs preentB)weighd t he

rel ati onships are in t ol 'owi ng ranges. Si (2/ CaO 2.50 to 2.71 Si /RO
2.29 to 2?52 15 Si 02/ E%?fg’s 4.62 to 4.“8%0 9&?3&7@8@%‘!"8’9“{’8%.59 Si 02 +

A1203 71.80 to 73G6aupM:% Si02 - RO 33.60 to 36.56 w:]% iAI 203/ RO 0. '4t7' to
0.55 20 (Si02 + Al203) L. A R0 +RO 2.6 0 6 48. The gl ass conposition
accor di né to claima7 l\%dérei nthe in ?g‘ﬂf’ﬁﬂgé’e@?@t BYWeigRt f ol | owi ng ranges:
Si02 59.55 to 60.57 peAt@pt by wei ght),11_02_50 M@O{éeﬂ%nta@?%,@igggé1gopg;?§2tnt b)l:/)y
ﬁ: gm %gozﬁ.p?)tlotg. Oggrggafe[;; \Aé?éﬁlttg%;’@% p%/r_gcmt .e‘f"‘éi@htt? by wei ght, and
30 Li20 Up to 0.60 perbg@ by wei ght. 148.to 800l pesntByReRIL;I ON conpri sing
ingredients in the fol Jrﬁ/\n ng ranges égé%:i%g fromone of the follow ng

Goups I, Il or Ill: G'6Gp I: 35 Si02 Pefsnt Bhyveight wei ght ;

Li,O 0.30 to 1.10 percent by weight;
ZnO 0.30 to 1.15 percent by weight;
Fe.Os up to 0.35 percent by weight, or

15 Group IlI:
SiO, 57 to 60.00 percent by weight;
Al,O3 12 to 13.75 percent by weight;
CaO 21.75 to 24.50 percent by weight:
MgO 1.75 to 2.75 percent by weight:

20 TiO, 0.45 to 1.25 percent by weight:
Li,O 0.40 to 1.00 percent by weight;
ZnO 0.40 to 1.10 percent by weight;
Fe,Os up to 0.30 percent by weight, and

wherein:
25 the glass composition has a log3 forming temperature of no greater

than 1240°C based on an NIST 710A reference standard;
the difference between the log3 forming temperature and the liquidus
temperature define as AT is at least 50°C. and

at least two of the following relationships in the following ranges from

30 one of the following Groups A or B is present:
Group A:
SiO,/Ca0 2.10t0 2.80
SiO./RO 1.90 to 2.55
SiO,/AlLO; 3.70 t0 5.00
35 Al,O,/Ca0 0.45 to 0.65

SiO, + AlLO; 68.00 to 73.70 wt%



A1203 10.00 to 14.00 percent by weight; CaO 21 to 26 percent by weight; WO
03/ 033425 PCT/ US02/ 33273 114 MgO 1 to 3.25 percent by weight; Ti02 0.25
to 1.75 pwooans3shy weight; Li20 0.25 to 1.25 percent by weirgrsn2/332Zn0 0. 25
to 1.25 percent by weight 5 Fe203 up1i®d 0. 50 percent by weight, or G oup
I1: Si02 56 to 61.00 percent by weight; A1203 11.00 to 14.00 percent by
wei ght; CaO 21.50 to 8%00RPercent by weight; 10 My@P-$04936.603%0 percent
by weight; Ti02 0.40 npgo}reP percent by weight; LigQoQed3&cto 1.10 percent
by weight; 2ZnO 0.30 to 1.15 percent by weight; Fe203 up to 0.35 percent
by weight, or 15 G oufPiPeHAK:PARE? tRP)60. 00 per cent-0OoRd0ght ;  A1203 12
to 13.75 percent by \ABM@FeQRO‘i?%@alto?tﬁeW/@cﬁ@@) PMZQ@BM RYOUSEGIH 1o thMDO
1.75 to 2.75 percent by weight; 20 Ti02 0.45 to 1.25 percent by weight;

Li 20 0.40°to 1. OOWB’/eroéih@? ®y weight; 2ZnO 0.40 to 1.10 percent by wei ght;
Fe203 up to 0.30 pegyemt by weight, and wherein: 25 the glass conposition
has a | og3 form ng tenperature of no greater than 1240C based on an N ST
710A reference standarglcd‘?\%)di fference between the B3§30£80n ng
tenperature and the |iggus tenperature define as Ahpitgoajs | east 50C. and
at least two of the followng relationships in the follow ng ranges from
30 one of the foll ow n§iQA A or Bis present: G 648t25.08 o2/ Ca0 2.10 to
2.80 Si¢R/ RO 1.90 to R,65ca8 2/ Al 203 3.70 to 5.00 g%pAb3&y CaO 0.45 to
0.65 Si02 + A1203 68. Ogi to 73.70 wt %

O, + AlL,O3 70.80 to 72.00 wt%
SiO, -~ RO 30.50 to 36.60 wt%
AlL,Osz/RO 0.46 to 0.53
(SiO; + Al,O3)/ (R20 +RO) 2.30to 3.00
15 where RO is equal to the wt% of CaO + MgO, and R20 is equal to the
wt% of Li,O

50. The glass composition according to claim 49 wherein the
glass composition has a log3 forming temperature in the range of equal to
20 and greater than 1195°C and equal to and less than 1229°C, and
the AT is in the range of equal to and greater than 54°C and equal to
and less than 71°C, and

the relationships are present in the following ranges:

SiO,/Ca0 2.411t0 2.54
25 Si0O2/RO 2.181t0 2.29
SiO,/Al,O4 4.26 to 4.90
Al,O3/Ca0 0.50 to 0.59
SiO, + AlLO3 71.03 to 71.73 wt%
SiO, - RO 31.15 to 33.61 wt%
30 AlL,Osz/RO 0.47 t0 0.53
(SiO; + Al,O3)/ (R20 +RO) 2.60 10 2.71
51. The glass composition according to claim 50 wherein the

ingredients are in the following ranges:
35 SiO, 57.35 to 59.618.30 percent by weight;
AlLO; 12.16 to 13.63 percent by weight;



WO 03/ 033425 PCT/ US02/33273 115 Si02 - RO 26.50 to 36.60 wt % A1203/RO
0.40 to 0.60 (Si02 + A1203)/ (R20 +RO) 2.00 to 3.00 where ROis equal to
t he wt % ovo@a@#23vpO and R20 is equal to the 5 wt% of Li 20T/us02/63203p B:
Si2/Ca02.30 to 2.60 SiO2/RO 2.10 tle6 2.55 Si 02/ Al203 4.20 to 5.00 10
Al 203/ Ca0O 0.50 to 0.60_Si02 + A1203 7Q,80 to 72.00 wt% Si02 - RO 30.50 to
36.60 wt % A1203/ RO 0. %8%t 0 0.53 (Si 08285 ia 2637 pe{orpbbyweiphb 30 to 3.00 15

where RO is equal to tigom % of CaO +1Mp® 2aBhaednt by wege! to the w % of
Li 20 50. The gl ass co to claima49 wherein the glass

sition accordin
conposition has a Ioggpﬁﬂrm' ng tenper 9@8#%11191"’?'??@”?'%%‘@@9@ equal to 20 and
greater than 1195C andLiggual to and | gas tb 0@ pbictPEoy aB@nthe AT is in the
range of equal to and gréater t han 548 gnd equal to ~and less than 71 C,
and the relationships 48 present in PHR P JIOCRGGRt Putgiedt  si 02/ cao 2. 41
to 2.54 25 Si02/RO 2. E&0;0 2.29 Si 02(M2035perdent sy deigft. AL203/ CaO 0.50 to
0.59 Si02 + A1203 71.03 to 71.73 wt% Si02 - RO 31.15 fo 33.61 ww% 30
A1203/ RO 0.47 to 0.53 (Si02 + A1203)/ (R20 +RO) 2.60 to 2.71 51. The gl ass

conposition according 513,2cl ahérgﬁgs m@ﬁp?itgngég@ordﬁwbsmg@ms”ﬁ?nitﬂiagg?)
foll ow ng ranges: 35 Si 7. t . ercent by weight;
12. 16 togl3. 6193 pe9'8%§1?°r85’/°§%é%”3‘ﬁ’ﬁ;ac19@5? PEniedapaeBere inshe rangere eayaldocao

22. 85 to1R4. 22 pesnereatey thai 2o4C ahlSydal Wakdleds BranPer &Nt Ay Wei ght
the AT is in the range of equal to and greater than 56°C and equal to
and less than 71°C, and

the relationships are present in the following ranges:

Si0,/Ca0 24310 2.54
15 SiO2/RO 2.20t0 2.29
SiO,/AlLO, 4.36 to 4.47
Al,O4/Ca0 0.55t0 0.58
SiO; + AlLO; 71.13 1o 71.58 wt%
Si0,-RO 31.66 to 32.75 wt%
20 AlLO/RO 0.49 10 0.52
(SiO; + Al,O3)/ (R20 +RO) 2.61t0 2.71

53. The glass composition according to claim 48 wherein the
ingredients are present in the following ranges:

25 SiO; 58.00 to 58.30 percent by weight;
Al,O4 13.03 to 13.33 percent by weight;
CaO 22.85 to 23.84 percent by weight;
MgO 2.50 to 2.55 percent by weight;
TiO, 0.50 to 1.10 percent by weight;

30 Li,O 0.90 percent by weight;
Zn0 1.00 percent by weight;
Fe,Os up to 0.25 percent by weight.

54, (Table 15) The glass composition according to claim 49
35 wherein the glass composition has a log3 forming temperature in the range of
equal to and greater than 1195°C and equal to and less than 1229°C based
on an NIST 710A reference standard, and



Ti 02 0.50 tol. 10 percent by weight; Li20 0.45 to 0.90 percent by weight; 5
Zn0O 0.45 to 1.00 percent by weight; Fe203 up to 0.25 percent by weight.

52. The gwess/smapositi on according to claim49 wherein t RET/UPAIRT3
conposition has a log3 formng tenperdature in the range of equal to 10 and
greater than 1204C and equal to and less than 1213C, and the AT is in the
range of equal to and thegsk igrn theaangsdf envdl loqnal greater thad SHES end kauel 7A0C,
and the rel ati onshi e in the follow ng ranges: Si Q2/CaO 2.43
to 2.54 15 Si 02/ %.Sgg%no 93625%& 2/ Al 203 4.36 to 4.47 AI203/Ca0 0.55 to
0.58 Si 02 + A1203 71. 1BetrelafidndhipsvdrepresSietPin-thdXolIBding Gages32. 75 wt % 20

Al 203/ RO 0.49 to 0.52 i A1203)/ (R20 +RO 2.61.tQ.,2.,71 53. The gl ass
conposi tion according %o%z%aqm 48 wherein the i ngreaid'gr;[?g'%nre present in
the foll oM ng ranges: 3®2R02 58. 00 to 58. 30 percent 2bg toi2tht ; A1203
13.03 to 13. 33 percent A ght; CaO 22.85 to 23.8 [ by wei ght;
MyO 2.50 to 2.55 perceﬁ{a(z()yz Wei ght; Ti02 0.50 to 1.%5%38?‘?% by wei ght;
30 Li20 0.90 percent b#l-QeCgt; ZnO 1.00 percent byOWwsitglet59 Fe203 up to
0. 25 percent by wei ght o;/54. abl e 15) The gl ass co Lt rding to
claim49 35 wherein thglogl+aélé5%orrposi tion has a | oggpﬁ'c‘)%?tr% 23'?&‘&%& ature in
the range of equal toS&hd RPeater than 1195C and eq@al5to3aed witss t han
1229C baged on an NI'S ref erence standard, and 33425

PCT/ US02/ 33273 117 th'ze(lzé%z%bs in the range of equal 9\(@96’{%@/5%1‘ eater than 54C
and equal to and | ess(Si@GanALLQG) (BRQ #R{ rel ati onshi pS0do@.7r esent in the
followng ranges: SIi2/Ca0O 2.41 to 2.54 5 SI2/RO 2.18 to 2.29 Si 02/ Al 203

4.26 to 4.90
55. The glass composition according to claim 54 wherein the

ingredients are present in the following ranges:

15 SiO, 57.35 to 59.61 percent by weight;
AlL,O5 12.16 to 13.63 percent by weight;
CaO 23.14 to 24.22 percent by weight;
MgO 1.90 to 2.55 percent by weight;
TiO, 0.50 to1.10 percent by weight;

20 Li.O 0.45 to 0.90 percent by weight;
Zn0O 0.45 to 1.00 percent by weight;
Fe,Os up to 0.25 percent by weight.

56. A glass composition comprising ingredients in the following

25 ranges selected from one of the following Groups I, Il or IlI;
Group I:

SiO, 55.00 to 62.00 percent by weight;
Al,O, 10.00 to 14.00 percent by weight;
CaO 21.00 to 25.00 percent by weight;

30 MgO 1.00 to 4.00 percent by weight;
TiO, 0.50 to 2.00 percent by weight;
Na,O up to 2.00 percent by weight;
Zn0O 0.50 to 3.00 percent by weight
Fe,O, up to 0.50 percent by weight, or

35 Group II:

SiO, 56.00 to 61.00 percent by weight;



Al 203/ Ca0 0.50 to 0.59 Si02 + A1203 70.55 to 71.77 % Si02 - RO31.15 to
33.61 wt% 10 Al 203/RO 0.47 to 0.53, (Si02 + A1203)/ (R20 +RO) 2.60 to 2.71
55. The gwess/smapositi on according to claimb54 wherein tRET/USNYsRAS ent s
are present in the foll ow ng ranges: 11& Si 02 57 35 to 59.61 percent by

wei ght; A1203 12.16 to 13.63 percent by welg Ca0 23.14 to 24.22
percent by weight: M#&:@:90 to 2.55 pePeént §9pmegwywelwhbz 0.50 tol. 10
percent by weight; 20 g£,30 0.45 to O. QPZ@%Q@BE) pQ%eHPb;g\D& ht ZnO 0.45 to
1.00 percent by weight; Fe203 up to ger cent g V\Blg% 56. A gl ass
conposi ti on conpri si ngMBRYr edi ents | n1t2§é0 SPIrsiGang by wsi hnges sel ect ed

fromone of the followprgg Goups |, |§58% hlsb: pegge(p,ygy{,\,e,gﬁtoz 55.00 to 62.00
percent by weight; A1203 10.00 to 14.00 Percent ht; CaO 21.00 to
25.00 pertent by wei ght2:30 MjO 1.00 et é@peecefewww Wei ght: Ti02 0.50

to 2.00 percent by weighdy, Na20 up t953¢997@e;ep@‘,1& b;PM/e)@‘chht Zn0 0.50 to
3.00 percent by weight Fe203 up to O. F%c(s)ercent by wei or 35 Goup

I1: Si02 56.00 to 61.008z%%rcent by wel@kt 0 -3\weEenRRYog P@r/ US02/ 33273 118
A1203 11.00 to 13grf) pARY cent by weight; CaO 21.25 to 24.00 per cent by
weight; MO 1.25 to 3 50 percent by Ti02 0.50 to 1.50 percent by
wei ght; 5 Na20 up to 1588 percent by %pgm% Qﬁ@e@esuowelgh% percent by
wei ght; 176203 up Lo OB, percent by WerSlhd 1 96 pol@EAtsy dibje SI 02 58.00 to

60. 00 percent by wei ght 10 A1203 11.75 t per cent by wei ght ;
CaO 21.25 to 23 OO percent by weight;

MgO 1.50 to 3.50 percent by weight;
TiO, 0.75 to 1.25 percent by weight;
Na,O up to 1.25 percent by weight
15 Zn0O 0.75 to 2.50 percent by weight;
FeoO, up to 0.30 percent by weight, and
wherein:

the glass composition has a log3 forming temperature of no greater
than 1240°C based on an NIST 710A reference standard,
20 the difference between the log3 forming temperature and the liquidus
temperature define as AT is at least 50°C. and
at least two of the following relationships in the following ranges from

one of the following Groups A or B is present:

Group A:
25 SiO,/Ca0 2.101t0 2.80
SiO,/RO 1.90 to 2.55
SiO,/AlLO, 3.70t0 5.00
Al,04/Ca0 0.451t0 0.65
SiO; + Al,O4 66.00 to 73.70 wt%
30 SiO, - RO 26.50 to 36.60 wt%
AlL,O3/RO 0.40 1o 0.60
(SiO; + Al,O3)/ (R20 +RO) 2.00to0 3.00

where RO is equal to the wt% of CaO + MgO and R20 is equal to the
wt% of Na,O; or
35 Group B:
Si0,/Ca0 2.301t0 2.80



CaO 21.25 to 23.00 percent by weight; MO 1.50 to 3.50 percent by weight;
Tio2 0.75 to 1.25 percent by weight;, Na20 up to 1.25 percent by weight 15
ZnO 0. 75 wo 03/0532per cent by wei ght; Fe203 up to 0.30 per ®emtusby33zes ght ,
and wherein: the glass conposition Has a | og3 form ng tenperature of no
greater than 1240C baged on an NI ST 710A reference standard; 20 the
di fference between the Of ormi ng tenperature and 2H@P2ARA dus
tenperature define as &jojm,@f |east 50C. and at |eagtrstie @f the follow ng
rel ati onships in the foIIovvln ranges from one of the follow ng Goups A
or Bis present: G oup™kO:#5805 op/Ca0 2.10 to 2.80 8i48dPRAEN. 90 to 2.55
Si 2/ Al 203 3.70 to 5. 0@.02,&1,29@4 CaO 0.45 to 0.65 Si027¢31293 766490 to 73.70
w % 30 SI 02 - RO 26.5Q.to0 36.60 wt% A1203/RO 0.40 to 0.60 (Si02 + A1203)/
(R20 +R0O)>2.00 to 3.00esTBORO is equal to the wt % 8P-584@3G-5Rdand R20 is
equal to the w % of NaR®,/R@y 35 GroupB Si 2/ CaO 203319 53 80 WO
03/ 033425 PCT/ UsS02/ 332Z§ 11}32 ygz 10 to 2.55 Si 02/ AI 203 4.25 to 5.00
A1203/ CaO 0. 45 to 0.603PpZ ACx BQOT@%)O to 73.70 we01t83402 - RO 30.50
to 36.60 wt% A1203/ RQNﬂeI%ER(DQs 8 B td 1k W% of AadP8 Mg d, BA8 RO edudotige 3. 00
where RO i s equal }) i % of CaO + MJO, and R20 1s equal to the w % of
Na20. 10 57. The Yﬁéé’ %om tion according to claimb56 wherein the gl ass
conposi timn has a | og3 form ng tenperature in the range of equal to

57. The glass composition according to claim 56 wherein the
glass composition has a log3 forming temperature in the range of equal to
and greater than 1231°C and equal to and less than 1234°C based on an
NIST 710A reference standard, and

15 the AT is in the range of equal to and greater than 50°C and equal to
and less than 59°C, and

the relationships are present in the following ranges:

Si0O,/Ca0 2.62
SiO,/AILO3 4.921t04.93
20 Al,O4/Ca0 0.53
SiO; + AlLO; 70.16 to 71.00 wt%
SiO, - RO 32.90 to 33.10 wt%
ALOs/RO 0.46
(SiO; + Al,O3) (R20 +R0O) 2.6410 2.65
25
58. The glass composition according to claim 57 wherein the
ingredients are in the following ranges:
SiO, 58.70 to 59.00 percent by weight;
Al,O, 11.90 to 12.00 percent by weight;
30 CaO 22.40 to 22.50 percent by weight;
MgO 3.40 percent by weight;
TiO, 1.00 percent by weight;
Na,O 0.90 percent by weight;
Zn0O 1.00 to 1.50 percent by weight, and

35 FeoO, up to 0.20 percent by weight.



and greater than 1231 C and equal to and | ess than 1234C based on an NI ST
710A reference standard, and 15 the AT is in the range of equal to and
greater twen3®®d2and equal to and |less than 59C, and t hepcalusn2/asghi ps are
present in the follow ng ranges: Si @0 CaO 2.62 Si02/Al203 4.92 to 4.93 20
A1203/ CaO 0.53 Si02 +_A1203 70.16 to 71.00 wt% Si02 - RO 32.90 to 33.10
wt % A1203/ RO 0.46 (Si 82 + AGIHS)5omMPReGON-ReyPYsing ingipdientsin thefaigwinghe gl ass
conposi ti on accor finges kelectedl fdrh nvbLMeIfIcwWI®y Grdigs¢d] &nlis are in the

foll ow ng ranges: Si 02 58.70 to 59.00 percent by weight; A1203 11.90 to
12.00 percent by @9%hi; 30 Ca0 22.40 to 22.50 percent by weight; MO
3.40 percent by weightSiGj 02 1. 00 per egnb t®B200ipgent bNRSGhe- 90 percent by
wei ght; ZnO 1.00 to 18@ percent by V\%@ght, an8 35 Fe203_u;%‘ to 0.20
percent by weight. WO Pp33425 PCT/ USHEP 33348 REFEEE Y Weigiitass conpositi on
conprising ingredientsCa® the foll ow pgookapeB8e peRlefthPdeigh®@m one of the
follow ng Goups I, IIN@r [11: Goup I:OSi 22 50. 00 }oo 62. 00 percent by

wei ght; 5 A1203 10. 008 14. 00 per cehtO089 HROIRREENt EMEIPE. 00 to 26. 50
percent by weight; MQOG. 00 to 4.00 peseeRiooPerddt BPveighti 2 0.25 to 2. 00
percent by wei ght; Naéo cgp to 1.00 pergp(rant by wei ght ;. th K20 up to 0.50
percent by weight: Li?2820.10 to 1.25UR& LERAPCEENGRY Weight; Fe203 0.10 to
0.50 peroent by wei ghtK,@nd B203 0. 5Qp t€00.50 @erdefif GyeRéighty wei ght; or G oup

I1: 15 Si02 52.00 to 6E.|.280 per cent byo%'t§1.t2’5 percent by weight

Fe,0s 0.10 to 0.50 percent by weight, and
B,0; 0.50 to 5.00 percent by weight; or
Group Il

15 SiO, 52.00 to 61.00 percent by weight;
Al,O, 11.00 to 14.00 percent by weight;
CaO 22.00 to 25.00 percent by weight;
MgO 1.50 to 3.00 percent by weight;
TiO, 0.35 to 1.50 percent by weight;

20 Na.O up to 0.90 percent by weight;
KO up to 0.35 percent by weight;
Li-O 0.20 to 1.10 percent by weight;
Fe,0; 0.15 to 0.50 percent by weight, and
B0, 0.50 to 4.00 percent by weight; or

25 Group Il
SiO, 53.50 to 60.25 percent by weight;
Al,O,4 11.90 to 13.75 percent by weight;
CaO 22.50 to 24.25 percent by weight;
MgO 2.25 to 2.75 percent by weight;

30 TiO, 0.40 to 1.25 percent by weight;
Na,O up to 0.75 percent by weight;
K;O up to 0.20 percent by weight;
Li,O 0.25 to 1.00 percent by weight
Zn0O 0.75 to 2.50 percent by weight;

35 Fe,0; 0.20 to 0.40 percent by weight;
B,0; 0.75 to 3.25 percent by weight; and

wherein;



A1203 11.00 to 14.00 percent by weight; CaO 22.00 to 25.00 percent by
weight; MO 1.50 to 3.00 percent by weight; Ti02 0.35 to 1.50 percent by
wei ght; 200Na@834ep to 0. 90 percent by weight; K20 up to @®@CIASpmsxeht by
weight; Li20 0.20 to 1.10 percent by2weight; Fe203 0.15 to 0.50 percent
by weight, and B203 0.50 to 4.00 percent bg weight; or 25 Goup Ill Si02
53.50 to 60.25 percentth®glagecampositignbeya lpgs derming tfﬁ‘pP?tb"@er@ﬁtgr?ﬁﬁe"vvel ght ;
Ca0 22.50 10 24.3p,p ?ﬁ&@@tba*éké%\eﬁ'aﬂmliﬂM@r@fe?&c&gt%d% percent by weight;
30 Ti02 0.40 to 1.25 per cent u 0. 75 percent by wei ght;
K20 up to 0.20 per cent’th@y“ﬁ@ﬁﬁf‘gﬁtbetwqgnzm tpgBgonmying teptresetrtesand the liglifght  ZnO
0.75 to 2.50 per 0.40 percent by weight;
B203 0.75 to 3. 233%?%‘" %ﬁ'% &1 gﬁg&%@%&ﬁrﬁ]n VO 03/ 033425

PCT/ US02/533273 121 tmileﬁsawm @fdh@wpmngrtelaamﬁmnsogsﬂeffoHcrwm@rar@npe‘rqn ure of
no greater than ference standard; the

di fference between ﬁ%%)@ggﬁpg%rgu}s%g%ergt S%th and the |iqui dus
tenperature defi Meroap AAT is at |east 50C. and 5 at | east two of the

fol |l owi ng relationshl de follow ng ranges fro the foll ow ng
Goups Aor Bis presen?%oup A SiQ2/ CaO 2.10 to n% ggaez%g 2/ RO1.90 to
2.55; 10 Si 02/ Al 203 i R@ 5.00; Al 203/ Ca0O 0.50 to1.80602.58i 02 + A1203

66. 00 tq'&73 70 wt % %%g/ﬁ]z 26.50 to 36.60 w % Aqﬁé@% Rgp0.40 to 0.60 15

(Si02 + Al 203)/ (R20 + 203) 2.00 to 3.00 where is equal to the wt%
of CaO + MgO, and R20 AlfO£ga@l to the wt % 0.50 to 0.60;
SiO; + AlLO; 66.00 to 73.70 wi%;
SiO, -RO 26.50 to 36.60 wt%
AlLO3/RO 0.40to0 0.60
15 (SiO + Al,03)/(R20 + RO + B,Og3) 2.00 to 3.00

where RO is equal to the wt% of CaO + MgO, and R20 is equal to the wt%
of Na,O + K,O + Li,O; or

Group B

SiO,/ CaO 2.20t02.70
20 SiO,/ RO 1.90t0 2.40

SiO./Al, O3 4.00 to 5.00

Alb,O3/Ca0 0.50 to 0.60

SiO, + AlL,O3 67 to 72.1wt%

SiO, - RO 27.00 to 36.60 wt%,
25 Al,O3/RO 0.46 to 0.56,

(SiO; + AlL,O3)/(R20 + RO + B,03) 2.30 to 3.00

where RO is equal to the wt% of CaO + MgO, and R20 is equal to the
wit% of Na O + K,0O + Li,O.

30 60. The glass composition according to claim 59 wherein
the glass composition has a log3 forming temperature in the range of
equal to and greater than 1187°C and equal to and less than 1239°C,
the AT is in the range of equal to and greater than 50°C and equal to
and less than 142°C, and the are present in the following ranges:
35 Si0,/Ca0 2.22 {0 2.66
SiO./RO 2.01t02.39



of Na20 + K20 + Li20; or Goup B Si@2/ CaO0 2.20 to 2.70 20 Si@2/ RO 1.90
to 2.40 Si02/AI203 4.00 to 5.00 AI203/Ca0 0.50 to 0.60 Si02 + AlI203 67
to 72. ImWwWoOIB023425 RO 27.00 to 36.60 wt% 25 Al 203/ RO 0. 4®@CTaws02/5873 (Si 02 +
A1203)/ (R20 + RO + B203) 2.30 to 3.002%here ROis equal to the wt% of CaO +
O and R20 is equal fo th wt % of Na20 + K20 + Li2Q., 30 60. The gl ass
(I\:/grrposi tion according %‘&2@1'2§3m 59 wherein the gl ass @Qﬂf}béigpi on has a | og3
form ng tenperature inatbgcaenge of equal to and grestesosban 1187C and
equal to and | ess than ,&39 ,~the AT is in the range of equal to and
greater than 50C and eﬁ' " APs and 1 ess than 142C, aﬁ%%%napéwa’esent in
the foll ow ng ranges: §9,SK8/ CaO 2.22 to 2.66 Si O2pR6ED & 191 qtR. 39 WO
03/ 033425 PCT/ US02/ 33273 & 2 Si02/ Al 203 4.09 to 4.90 A1203/CaO0 0.51 to
0.59 Si 02 + A1203 67. 9820¥R%2 05 wt % Si02 - RO 27.584F& 98391 w% 5
A1203/ RO 0.46 to 0.53 (SEORAKLOALZRA) +FROFHOHRO+B203) 22818268 2. 68 61. The
gl ass conposition according to claim®60 wherein the ingredients are in the
foll owi ng ranges: 10 Si02 54.60 to 59.53 percent by weight; A1203 12.16 to

13. 63 per cent bybwei ghé1. C‘H@@aséﬁaoom;ﬁbsﬁi%n%corg%(lﬁmaimb%v&hl%'k@ﬁhﬁe MJOZS-OO
to 2.55 percent ight; 15 Ti .49 to 1.10 percent by weight; Na up
to 0.60 percent b'ég'i%@eg%é,re NS fﬂlf?"‘f"lg "985 percent by weight; Li20 0.30 to
0.91 perment by weight; Fe203 0.23 to 0.30 percent by weight, and 20 B203
0.90 to 3.00 percent by eight. 54.60 to 59.53 percent by weight:

Al,O3 12.16 to 13.63 percent by weight;
Cao 22.87 to 24.05 percent. by weight;
MgO 2.00 to 2.55 percent by weight;
15 TiO, 0.49 to 1.10 percent by weight;
Na,O up to 0.60 percent by weight;
K>0O up to 0.10 percent by weight;
Li.O 0.30 to 0.91 percent by weight;
Fe.Os 0.23 to 0.30 percent by weight, and
20 B,O; 0.90 to 3.00 percent by weight.

62. The glass composition according to claim 59 wherein
the glass composition has a log3 forming temperature in the range of
equal to and greater than 1192°C and equal to and less than 1198°C,
25 the AT is in the range of equal to and greater than 55°C and equal to

and less than 63°C, and the relationships are present in the following ranges:

Si0,/Ca0 242102.48
SiO./RO 21910 2.24
SiOy/Al,O4 4.30 to 4.47

30 Al,0O4/Ca0 0.54 10 0.57
SiO, + Al,O;4 70.83 to 71.47 wt%
Si0, - RO 31.26 to 32.39 wt%
Al,Os/RO 0.49t0 0.52
(SiO; + Al,O3)/ (R20 +RO+B,05) 24910 2.57

35
63. The glass composition according to claim 62 wherein the

ingredients are present in the following ranges:



62. The gl ass conposition according to claim59 wherein the glass
conposition has a log3 formng tenperature in the range of equal to and
greater twe3diR2< and equal to and | ess than 1198C, 25 tRETAR02/3327h t he
range of equal to and greater than 53@ and equal to and Ies;s thag 620, and
the rel ationships are present in the followi.ng ranges: Si02/CaO 2.42 to
2.48 S CRIRO 2. 19 to 255% S o/ Al 203546880 658 PRENERY WBE/ CaO 0. 54 t o
0.57 Si02 + A1203 70.8AL0D9 71.47 Wt % 157670 13.R® shkeetft by dvelght:39 W %

A1203/ RO 0.49 to 0.52 (Si02 + AlI203)/ +RO+B203) 2.49 to 2.57 35 63.

The gl ass conposition é@Qor ding to cl 5%'%8(?2 éP@f‘#‘Y%We'ﬂﬁbr edients are

present in the follow mgo anges: WO 03/5032fcthnt BolkidhB2/ 33273 123 Si 02

57. 60 t00558.50 per cent @/? wei ght ; Alg% 12. 7? to 1%.'43 percent by weight;
CaO 23.40° to 23.84 per&&ft by wei ght; 'ﬁ/gf@"f.“ BY Wel98bnt by weight; 5 Ti02
0.50 percent by wei ght Na,a20 up to Oup® PeDeersenbhy weigetit; Li 20 0. 90

percent by weight; Fe203 0.23 percen y weight, B203 1.00 to 1.20 percent
by wei ght. and 10 MeE'é$n R2O is equh198tp8rqqqgg30\)("%9§¥7 Na20 + Li 20 64. The

gl ass conposition accoFdiOwg to clai m §3hateitbythggdl ass corrposihti on gasé a
| og3 form ng tenperatuge.in the range al to,and greater than 1187
and equal to and |ess Eﬁgfn 1239C, 15 t’lﬁbtg\?f%:'dé)qrq?ngﬁéwre §@nds equal to and
greater tdhan 50C and egheadeirt R20aeuae &stht AR KARGD +angbt he rel ati onshi ps
are present in the following ranges: Si2/CaO 2.22 to 2.66 SiQ2/RO 2.01

to 2.39 20 Si 2/ Al 203 4.09 to 4.90 A1203/Ca0 0.51 to 0.59 Si02 + Al 203
67.95 to 72.05 wt% Si62 - Rk glasSBormposkbniabcitding to claim 59 wherein

the glass composition has a log3 forming temperature in the range of
equal to and greater than 1187°C and equal to and less than 1239°C,
15 the AT is in the range of equal to and greater than 50°C and equal to

and less than 142°C, and the relationships are present in the following

ranges:
Si0,/Ca0 2.22t0 2.66
SiO./RO 2.01102.39
20 SiO/AlLO; 4.09 to 4.90
AlL,O4/Cal 0.51t0 0.59
Si0; + Al,O5 67.95 to 72.05 wt%
Si0, — RO 27.50 to 33.84 wit%
AlL,O3/RO 0.46 to 0.53
25 (SiO; + Al,O3)/ (R20 +RO+B,03) 2.18 to0 2.68

65. The glass composition according to claim 64 wherein the

ingredients are present in the following ranges:

SiO, 54.60 to 59.53 percent by weight;
30 Al,O; 12.16 to 13.63 percent by weight;
CaO 22.93 to 24.05 percent by weight;
MgO 2.00 to 2.55 percent by weight;
TiO, 0.49 to 1.10 percent by weight;
Na,O up to 0.60 percent by weight;
35 - K0 up to 0.10 percent by weight;

Li,O 0.30 to 0.91 percent by weight;



Al 203/ RO 0.46 to 0.53 25 (Si02 + Al 203)/ (R20 +RO+B203) 2.18 to 2.68 65.
The gl ass conposition according to claim®64 wherein the ingredients are
present iwWOtl®3¥4es | owi ng ranges: Si 02 54.60 to 59. 53 percent/usy2seryht; 30
A1203 12.16 to 13.63 per cent by weight4 CaO 22.93 to 24.05 percent by
weight; MO 2.00 to 55 percent by vwei Ti02 0.49 to 1.10 percent by
wei ght; Na20 up to O. E@Q%ercent by m@@é%@O@ye@ﬂ%wggh@ 10 percent by
wei ght; Li20 0.30 to B,81 percent byo\ggltgbtogdgéﬂép@bg)%pg% PCT/ US02/ 33273
124 Fe203 0.23 to 0.35 percent by wei ght 60 to 3.00 percent by

wei ght; 66. The gl ass é)rrpo%_htl on according to claim®65 wherein 5 the gl ass
composi tion has a | 0g3°%-or ml AgIREHEYPERIHAR 350t toHayd B9whesgilal to and

greater tshan 1187C andtheqas dofn 9wlorh ﬁ§§aud@;@rfoﬂqa29%m;§éi§tu&ﬂnltﬁe Fdhgkle range
of equal to and greater than 50 and | ess than 139C~ and the

rel ati onshi ps ar eS$t3diegnd Qrﬁaﬁeﬁ@aﬂdﬂ% ug@d equghipand leps tjaapl22ats.2. 22 to
2.66 SiCR/RO 2.01 t /
050 S 02 + AL203 6709%] fagr 7?%@9%)&1‘%' %38;3%%?7‘%@?? %‘fﬁa %‘%’a\ﬁ%

A1203/ RO 0. 46 to @dblesg hiap2l 38° 103N (FRadnsRos BROGpsént ithedolbw® 67. The

gl ass conposition, ﬂgggr ding to claim®65 wherein 20 the gl ass conposition
has a 1 og3 form ng tTénperature in the range of equal to and greater than
1187C ant® equal to andSie&32aQ han 1205C, the AT is in2RRdopdbége of equal to
and greater than 50C a al to and less than 139 n

rel ati onshi ps are presgﬁ)tzw the follow ng ranges: gg gogzq'%CaO 2.40 to
2.57 Si2/RO 2.17 to SI@AILGE 02/ Al 203 4.26 to 4.87 4A8P203/8Ca0 0.52 to 0.59

AlL,O4/Cal .0.5110 0.59

SiO, + Al,O3 67.95 to 72.05 wt%
15 SiO, - RO 27.50 to 33.84 wt%

AlLOz/RO 0.46 to 0.53

(SiO, + ALO3)/(R20 +RO+B,0;) 2.18 t0 2.68

67. The glass composition according to claim 65 wherein
20 the glass composition has a log3 forming temperature in the range of
equal to and greater than 1187°C and equal to and less than 1205°C,
the AT is in the range of equal to and greater than 50°C and equal to

and less than 139°C, and the relationships are present in the following

ranges:
25 SiO,/Ca0 2.40to 2.57
SiO./RO 2.17t02.32
SiOy/Al,O5 4.26 t0 4.87
Al,O5/Ca0 0.52 to 0.59
SiO; + Al,O3 70.63 to 71.73 wt%
30 SiO, - RO 31.06 to 33.61 wt%
Al,O3z/RO 0.47 t0 0.53
(SiO; + Al,O3)/(R20 +RO+B;05) 2.47 t0 2.63
35 68. The glass composition according to claim 67 wherein:
SiO, 57.60 to 59.21 percent by weight;

AlL,O; 12.16 to 13.63 percent by weight;



Si 02 + A1203 70.63 to 71.73 wt% 30 Si02 - RO 31.06 to 33.61 w% A1203/ RO
0.47 to 0.53 (Si02 + A1203)/ (R20 +RO+B203) 2.47 to 2.63 35 68. The gl ass
conposi t iwo taosaedli ng to claim67 wherein: Si02 57.60 toPEI/B2/pRITeNnt by
wei ght; A1203 12.16 to 13.63 percent 1By wei ght; WD 03/ 033425 PCT/ US02/ 33273
125 CaO 22.87 to 24. OGC%er cent by \A/el%g Ngo 2.36 to 2.50 percent by

wei ght: Ti02 0.49 tolCB® percent by weidgre 24 0R@eeecanbby wewhB0o per cent by
weight; 5 K20 up to O. fifyapercent by weigghp o 5%3295@10}(9\,9;0%“0 90 percent by
wei ght; Fe203 0.23 to 29 percent b 1 to 1.20 per cent
by weight: 10 69. The gi%@ss conposi ti #949369@%@%\/%@% 65 wherein the
ingredients are in thenggbl ow ng rangg to §|3@%e%n§&p\,g, aB. 70 percent by
wei ght; A1203 12.45 to 13.35 percent 53 50 to 24.55
percent by weight; 15 9 2.50 to 2. SHP&P@&P@%WWWQW Ti02 0 to 0.90
percent by weight; NagQoO to 0.60 peb%% ol:go H&beﬂﬁ‘b 0 to 0.55
percent by weight; Li20 0.30 percent b ht ; & 'up to 0.35
percent by weight: B20%%. 90 to 3.000 rE«Q WC‘?/%lb@H‘te*ght:V\herel n: the

gl ass conposition has Bog3 form ng temrtat1ugoepér5b,{tlg?\,\,’g;lg$@ to 25 1239C,
and the AT is in the range of 54 to 96C. and at |east two of the follow ng
rel ati onships are present; SiQ2/Ca0 2.22 to 2.50 Si02/RO 2.01 to 2.26

Si 02/ Al 208 4.09 to 4. 65930 ﬁihag%%&?nﬁoéﬁoﬁ&:c@r% t%'cqam%ﬁ}?é}gm@ﬁe 95 to

72.05 % Si02 -, d2 70 wt % A1203/ 0.47 to O
ingredients are in the follow1ng ranges:

SiO, 54.60 to 58.70 percent by weight;
Al,O3 12.45 to 13.35 percent by weight;
CaO 23.50 to 24.55 percent by weight;
15 MgO 2.50 to 2.55 percent by weight;
TiO, 0 to 0.90 percent by weight;
Na,O 0 to 0.60 percent by weight;
KO 0 to 0.55 percent by weight;
Li-O 0.30 percent by weight;
20 Fe,O3 up to 0.35 percent by weight;
B.0Os 0.90 to 3.00 percent by weight;
wherein:

the glass composition has log3 forming temperature in the 1187 to

25 1239°C, and the AT is in the range of 54 to 96°C. and
at least two of the following relationships are present;
SiO,/Ca0 2.22 t0 2.50
SiO,/RO 2.01t02.26
SiO,/AlL,O4 4.09 to 4.65

30 Al,O3/Ca0 0.52t0 0.57
SiO; + Al,O3 67.95 to 72.05 wt%
SiO, - RO 27.50 to 32.70 wt%
Al,Os/RO 0.47 to 0.51
(SiO; + Al,O3)/ (R20 +RO+B,05) 2.181t0 2.65

35

70. A glass composition comprising ingredients in the following
ranges selected from one of the following Groups |, 1l or llI:



(Si02 + Al203)/ (R20 +RO+6203) 2.18 to 2.65 35 70. A glass conposition
conprising ingredients in the following ranges selected fromone of the
foll owi ngwGroaps2s , 11 or [11: W 03/033425 PCT/ US02/ 33273CTARG2/32rDUp | :

Si 02 56.00 to 60.00 percent by weightize A1203 10.00 to 14.00 percent by

wei ght; CaO 21.00 to 25.00 percent by weight; 5 MJO 2.00 to 4. 00 percent
by weight; Ti02 @©°Blto 1.50 percent by weight; Na20 up to 1.25 percent
by weight; Li20 0.10 gj,1. 25 percentsdyo Wes®bd percéMPByumeig@; 0. 50 percent by
wei ght; 10 MhO up to 4, 06 percent by wei ght; I\lﬁuOZ up. to 4.00 percent by
wei ght; Fe203 0.10 t AP80 percent blp-%gtogm-?() aB%Pe“B@Oye@hFo 1.50 percent
by weight; or Goup Itz015 Si02 57. 091 p@tc25. 00 porRESD WaYhtWei ght;  A1203
11.00 to 14.00 percent bé wei ght; CaQ 22.00 to 24.00 percent by weight;
MJO 2.00 3%t o 3.00 perced80py weight; ZFPeEe 08pefasntbysweight cent by wei ght ;
20 Na20 up to 1.10 pergient by wei ght;o_zsit@@_5@§3£z;ehpby1wg@h@er cent by weight;
ZnO up to 0.40 percent by weight; MO up to 3.50 percent by weight; MO02
up to 3.25 percent by M&Qynt: 25 Fe204 9. 135 percentsty Wrightent " by wei ght, and
B203 0 to 1.25 percentLifty wei ght; or .40 ep.2bIpkreahfBy wdigh®) to 59. 00 percent
by weight; A1203 11.50 to 14.00 percent by weight; 30 CaO 22.50 to 24.00
percent by weight; MF¥® 25 to 2.75 plé‘ft?e(h%lo B?fcg%ti%(ﬁl’(e,'ght?ﬂ 2 0.40 to 1.25

percent fy weight; NagRoup to 1.00 pgseentdo pyrcwetihtsightti 20 0.25 to 1.00
percent by wei ght

MnO, up to 4.00 percent by weight;
Fe,04 0.10 to 0.50 percent by weight, and
B.O; 0 to 1.50 percent by weight; or
Group Il:

15 SiO, 57.00 to 59.00 percent by weight;
Al,O; 11.00 to 14.00 percent by weight;
CaO 22.00 to 24.00 percent by weight;
MgO 2.00 to 3.00 percent by weight;
TiO, 0.25 to 1.35 percent by weight;

20 Na,O up to 1.10 percent by weight;
Li.O 0.20 to 1.10 percent by weight;
Zn0O up to 0.40 percent by weight;
MnO up to 3.50 percent by weight;
MnO., up to 3.25 percent by weight;

25 Fe,Os; 0.15 10 0.50 percent by weight, and
B.O, 0 to 1.25 percent by weight; or

Group 11l

SiO, 57.50 to 59.00 percent by weight;
Al,O; 11.50 to 14.00 percent by weight;

30 CaO 22.50 to 24.00 percent by weight;
MgO 2.25 to 2.75 percent by weight;
TiO, 0.40 to 1.25 percent by weight;
Na,O up to 1.00 percent by weight;
Li.O 0.25 to 1.00 percent by weight

35 Zn0O up to 0.35 percent by weight;
MnO up to 3.25 percent by weight;

MnO, up to 3.25 percent by weight;



35 ZnO up to 0.35 percent by weight; MO up to 3.25 percent by weight;
Mh02 up to 3.25 percent by weight; WO 03/033425 PCT/ US02/ 33273 127 Fe203
0.20 to OwoOd3pexeent by weight; B203 0 to 1.10 percent bycmaisghsi27and
wherein: the glass conposition has alkbg3 form ng tenperature of in the no
5 greater than 1241C blg zg)d on an NI ST g gferen e standard; the

di fference between the " f043 form ng tgéé Q 84 PETSER b¥W8'9 Fqui dus
tenperature define as BJO4J s at | east S&Ci.1aperozht beasight wadof the fol | ow ng
rel ati onships in the fohl owi ng ranges fromone of the following Goups A
or Bis present: 10 GBUP®R-Si02/ Ca0 2.10 to 2.8 Si02/ RO1.90 to 2.55
-Si 2/ Al 2@(3 70 to 5. ﬂh@gla%ls%ﬁ'{peelﬁbrﬁ)hééaﬂdg?,(forﬁiﬁné.&nﬁiéﬂéiuﬁe &zt p. 00 to
73.70 wt% (Si02 + A2 RO + B 2.00 to 3.00 Sj02 - RO 26.50 to
36. 60 wt % Al 203/ HEAE" %tf)“t{?% %éawqe%afhws\% 7%@@%06(%“%% of CaO + MyO
and R20 is equal to t hipeiférerd b&wé@?tﬂehd@fgﬂnm@'fen%éwﬂﬂr@a@ $éligGaes 2. 20
to 2.70 Si02/ RO1.90 to 2.40 Si02/A208 3.70 to 4.90 25 A1203/CaO 0.50
to 0.60 Si02 + Altgowesnusslefipe 39 AT\ %lef%f,ﬁ@%h A1203)/ (R20 + RO + B203)
2.00 to 2.75 Si 02 - wher e
RO is equal to the th‘%%?aﬁQaét%égftﬁéf%m@é%g%%ﬁ%asqn?%ﬁo \H\Ag/%m%%fs Na20 +
Li 20. 71. The gl a§@'ﬂ@Bﬁﬁ&gletfpl&wl%@&%sﬁgoﬁ%lsdqraﬁﬂt70 wherein: the gl ass
conposi tipn has aglp@d form ng temperature of equal to and 35 greater than
1219C and equal to and | ess than 1241 C, and WO 03/ 033425 PCT/ US02/ 33273

SiOy/ CaO .10t0 2.8

SiO,/ RO 1.90to 2.55

Si0,/Al,O4 3.70to 5.00

Al,O;/Ca0 0.45to 0.65
15 SiO; + AlL,O; 66.00 to 73.70 wt%

(SiO, + Al,O3)/(R:0 + RO + B,O3) 2.00 to 3.00

SiO, — RO 26.50 to 36.60 wt%

Al,O3/RO 0.40 to 0.60

where RO is equal to the wt% of CaO + MgO, and R20 is equal to the wt%
20 of Na,O + Li,O; or

Group B

Si0,/ Ca0 2.20t02.70

SiO,/ RO 1.90to 2.40

SiO./AI,O4 3.70t0 4.90
25 Al,O,/Ca0 0.50 to 0.60

SiO; + ALO; 66.66 to 72.1wt%

(SiO; + AlL,O3)/(R,0O + RO + B,03) 2.00t0 2.75

SiO, - RO 26.50 to 33.34 wt%

Al,O5/RO 0.46 to 0.56
30 where RO is equal to the wt% of CaO + MgO, and R20 is equal to the wt%

of Na,O + ngo

71. The glass composition according to claim 70 wherein:
the glass composition has a log3 forming temperature of equal to and
35 greater than 1219°C and equal to and less than 1241°C, and



128 a AT equal
the rel ationshi ps are present

to and greater than 52C and equal

in the foll ow ng ranges:

to and | ess than 76C and
Si2/Ca0 2.49 to

2.54 Si ROR®023425 to 2.29 5 SiO2/ Al 203 4.40 to 4.90 Al208mT=@e/83252 to

0.57 Si02 + A1203 69.52 to 72.05 wt %128&j 02 -
A1203/RO 0.47 to 0.51 10 (Si02 + Al 203)/ (R20 +RO+BZO3€9
The gl ass conpositi on ad&EadRlig and graatenihan S{hceand eauah

RO 32.40 to 32.

the foll ow ng rangesi.$ : 7 i ght ;
3 he%%@omrglﬂg%t%ré Brc‘%géonté%%g%ﬁ&(;’mé%%g\é%e?cent by wei ght;

11.88 to 13. 35 percent

MJO 2. 43 to 2.50 percediP48p0w i ght ;

70 Wt %

2.59 to 2.74 72.
andigsepedfCare in

15 A1203

Ti02 0.50 to 1.289%P2&nt by wei ght;

Na203 0.87 - 0.90 perc ,@2/,%@/ wei ght; 20 Li20 O to 0.395psehegnt by weight;

ZnO 0 to 0. 30 percent

Yy “wel ght
0.30 to 3 00 percent b§iCaéilfht

Fe203 0. 22-0. 25 percent

y wei ght;
Mh02 0 to 3.00 percédft®g.9ei ght, and 25

MhO

B203 0 to 1.00 percentpfy mehaht. 73. A glass conpospisheo@empri sing the

follow ng ingredients :

12.68 to 12.86 per centSig Widi@ht :

MJO 2.42 to 2.60 percegip,byreei ght;
wei ght ;

© by weight;

Na20 0.87 - 0.93 percent bé
Fe203 0.255 - 0.2.78 phl@d

1 02 55.97 to 57.07 percent by wei
Ca0O 23.91 to 24. 6@-%%&3%
Ti02 0.94 - 1.09, Bi&8NYo Qo Wei ght ;
35 K20 0.05 - 0.07 _percent by weight;
B203 1.15 -0471905d

ht; 30 A1203
P5 W%wei ght ;

rcent by

wei ght ; 40 03/ 033425 ngréysggbgﬁ@@o +RAE38Y 0. 018 -»@9Q33 7@er cent by
0. 0

weight; SrOO0.04 -
percent by wei ght;

72.

5 percent by wei ght,

and Cr203

ingredients are in the following ranges:

SiO,
Al,O4
CaO
MgO
TiO,
Na,Os
Li,O
Zn0O
Fe,O,
MnO
MnO,
B,0;

15

20

25

73.
SiO,
Al,O,
CaO
MgO
TiO,
Na,O
K,O
Fe,04
B,0;

30

35

57.72 to 58.70 percent by weight;

11.88 to 13.35 percent by weight;
22.80 to 23.50 percent by weight;

2.43 to 2.50 percent by weight;
0.50 to 1.10 percent by weight;
0.87 — 0.90 percent by weight;

0 to 0.30 percent by weight;

0 to 0.30 percent by weight
0.22-0.25 percent by weight;
0.30 to 3.00 percent by weight,
0 to 3.00 percent by weight, and
0 to 1.00 percent by weight.

55.97 to 57.07 percent by weight;

12.68 to 12.86 percent by weight;

23.91 to 24.69 percent by weight;
2.42 to 2.60 percent by weight;
0.94 — 1.09 percent by weight;
0.87 — 0.93 percent by weight;
0.05 - 0.07 percent by weight;
0.255 — 0.2.78 percent by weight;
1.15—1.70 percent by weight;

. 002 -

0. 008

The glass composition according to claim 71 wherein the

A glass composition comprising the following ingredients :



wherein: 5 the above gl ass conposition have a log3 formng tenperature in
the range of 1203 to 1217C based on an NI ST 710A reference standard, and
t he diffewersmiizet ween the | 0g3 form ng tenperature and t RETIUSORBIROB
tenperature define as AT is in the rdaage of 55 to 83C. and at |east two of
the following relationships in the follow ng ranges are 10 present
Si®/Ca0 2.2 9 to 2.39505 @2/ RO 2. 04 0P181403%pempem|yoweight3s to 4.50 .
A1203/Ca0O 0.52 to 0.53gl§ Si 02 + A1203 8. §95%8rLd %@%P{? amy02 - RO 28.82
to 30.63 w% A1203/RO 0.47 to 0.48 (Si02 + AlI203)/ (R20 +RO+B203) 2.29 to
2.41 where Ro is equal &3t he wt % of 02+ CHEP pergemly weidldqual to the 20
wt % of Na20 + K20wRéreid 9l ass conposition conprising: a quaternary system
including Si02 , A1203, CaO and MgO and the inlgredi ents of the gl ass

havi ng the fol | owi ng r BleARYRSIASE Compositin kawe 2Iogd farping tsmpestae/iRteL. 96 t o
2,29, S CBIA 205 2anR drads f612 MEBILLRE O st 79 0h Adersh B2otindidOhO. 10 O
71.45 wt% 30 Si02 - RO 26.5 to 32.55 wt% Al1203/RO 0.46 to 0.56 (S102 +
A1203)/ (R20 +RO+B203) the differeacob@wea thedogdferninaiampavgioraant hadiabiduper cent
by weight is defi el Tk ° + Li 20 in percent
by wei ght is define egétur%%ﬂnﬁf%%-a'%ﬂﬁh%gg?& o?/felg%?tggsée(giz%r?ts are in percent
by wei ght to provi de aatleastswoofitiedoliaveng redationshipomp3hé dollowing raeggsearat ur e of
equal to @nd no gélee%ﬁtr t han WD 03/ 033425 PCT/ US02/ 33273 130 1240C based
on an Nlé 710A reference standard, and the difference between the 1093
form ng tenperature an8i@¥#@a®i qui dus tenperature def 29 &s2.3AT is at | east

50C. 5 75. The glass c Ktion according to claim rgin the
ingredients are in the%@oﬁdgm ng ranges; Si 02 53.00. E:béngg@S percent by

wei ght ; SiO./ALO; 4.38 to 4.50
Al,O,/Ca0 0.52 to 0.53
15 SiO; + Al,O3 68.65 to 69.98 wi%
SiO, -~ RO 28.82 to 30.63 wt%
Al,O3/RO 0.47 to 0.48
(SiO; + Al,O3)/ (R20 +RO+B,05) 2.29 10 2.41
where Ro is equal to the wt% of MgO + CaO and R20 is equal to the
20 wit% of Na,O + K,O

74. A glass composition comprising:
a quaternary system including SiO, , Al,O;, CaO and MgO and

the ingredients of the glass having the following relationship:

25 S0,/Ca0 2.20to0 2.55
SiO4x/RO 1.96 t0 2.29
SiO./AlO4 3.7910 4.84
Al,O3/Cal 0.51 to 0.59
SiO; + Al,O3 66.10 to 71.45 wt%
30 SiO; ~ RO 26.5 to 32.55 wt%
Al,O4/RO 0.46 to 0.56
(SiO; + Al,O3)/ (R20 +RO+B,03) 2.02t0 2.67

where the sum of MgO and CaO in percent by weight is defined as
‘RO” and the sum of Na,O + K,O + Li,O in percent by weight is defined as
35 “R20” and the above ingredients are in percent by weight to provide a glass

composition having log3 forming temperature of equal to and no greater than



A1203 12.20 to 14.00 percent by weight; CaO 22.25 to 24.95 percent by

wei ght, and 10 MgO 1.50 to 3.00 percent by weight. 76. The gl ass

conposi t iwp caosxedli ng to claim 75 further including: TiO02cons028x74. 10
percent by weight; Na20 0.45 to 0.90 1percent by weight; 15 K20 0 to 0.58
percent by weight; Fe203 0 to 0.50 percent by weight; B203 0 to 5.02
percent by wei ght1249/@ beged prpAn NIGT 7104 (pierenpRsignedis: & thAcTeasg Si 02,
A1203, CaO and MyfRiwebh met|!9%t2fbﬁni!10@%§wr&mesamth&m LGl PR JRAAIRAARE as
follow ng relationship: SI02/Ca0 2.39 to 2.71 SiO2/RO 2.16 to 2.52

Si O2/ Al 203 4. 26 t4&T is.a3deash$0W3/ CaO 0.50 to 0.59 25 Si02 + A1203 70.60 to
73.67 wt% Si02 - RO 30.95 to 36.56 % A1203/RO 0.46 to 0.53 (Si02 +
A1203)/ (R20 +RO+B203) 2.30 to 2.96 30 where the sumof MO and CaO in
percent By weight is d&.i netiheglass ganposiion acherdingrie slaimiz4avhera@the+ Li 20 in
percent by wei ght; j i f ! be gl ass conposition having |og3
form ng tenperat ulrng'%F%%E é(l%?%ﬁrg%gd(l)f rlagg t'o 1240C based on an NI ST 71 QA
reference standard, anfiQ35 the differehe@® tp&LWE@ereemeby wg®hf or mi ng
tenperature and the |iguhdus tenperajubeidef b By Weighp the range of
50 To 142G W0 03/ 03349805CT) Uso2) 33270 i +0R Peer gl ass Conposi ti on
according to claim 77 GRAGrein the i ndg?8dtwet 85 aereentbytwrightorndwi ng ranges:
Si 02 54. to 60.75 pepgent by wei ght 50% AB3Q3rcLht Land3. 64 percent by
vei ght ; R0 2500 t b 5855 percent by V\g?g'ht?) rcbh %0’31.'90 to 3.40
percent by weight. 79. The glass conposition according to claim78 further
including 10 the fol leui norhdigeedbSRicsiton dobSrallib RMMYS AN IouHif2 0. 49
to 1.50 percent by vvei_(;;’%; Naglo 0 tolBO.I é’o percen(r%t bylwei ght; IEZUOH%Zto
0.10 percent by weight{i02Zn0O 0. 45 to @584 hdPderrenbly weidhtht ;

Na,O 0.45 to 0.90 percent by weight;
15 K,O 0 to 0.58 percent by weight;
Fe O3 0 to 0.50 percent by weight;
B.O; 0 to 5.02 percent by weight; and further.

77. A quaternary system including SiO,, Al,O3;, CaO and MgO

20 with the ingredients of the glass having the following relationship:
Si0O,/Ca0 2.3910 2.71
SiO./RO 2.16t0 2.52
SiO./AILO; 4.26 to 4.99
Al,O,/Ca0 0.50t0 0.59

25 SiO, + AlLO, 70.60 to 73.67 wt%
SiO, — RO 30.95 to 36.56 wt%
Al,O;/RO 0.46 to 0.53
(SiO, + Al,03)/ (R20 +RO+B,03) 2.30t0 2.96

30 where the sum of MgO and CaO in percent by weight is defined as

“RO”, and the sum of Na,O + K,O + Li,O in percent by weight is defined as
“‘R20".
the glass composition having log3 forming temperature in the range of
1187 to 1240°C based on an NIST 710A reference standard, and
35 the difference between the log3 forming tehperature and the liquidus

temperature define as AT is in the range of 50 to 142°C.



15 Li20 0.30 to 1.00 percent by weight Fe203 0 to 0.35 percent by weight;
B203 0 to 3.00 percent by weight; 80. A glass conposition conprising: 20 a
guat er narywosp®s3as i ncl udi ng Si 02 , Al 203i CaO and MyO havipag/ushe332f®l | owi ng
relationship: Si02/Ca0O 2.36 to 2.73 181 02/RO 2.14 to 2.52 Si 2/ A 233 4. 26
to 4.99 25 Al 203/Ca0O 0.50 to 0.59 Si02 + Al203 70.85 to 73.67 wtw% Si02 -
RO 30.55 to 36.56 wt% AI 203/ RO 0.46 to 0.53 (Si02 + Al 203)/ (R20 +RO+B203)
2.30 to 2.96 30 where Be sUhe@fasbabmpostideadcordimttotsidlin Aywheeithe i S

defined as "RO',.and.the sum of 20 + K20 + Li20 in percent by weight is
defined as "R20" '.ngfe?ﬁjée"%ﬁ'@é”iﬂﬂ‘?gﬁoﬁg‘?”aﬂf@ggﬁe in percent by weight to

p][ ovi deI a gl asg ggrrposiog ont Eavi 2%9[569.301“:@SWB?eEmB%Wlbighg ItR thizagrége

of equal o an gr er an 0 ess an

based on %n NIST 71 Oagbéf erence sta%&gﬁg‘??gﬁg p@\@eagﬁogg@%é PCT/ US02/ 33273
132 the difference bet@aen the |0g3 fQz.lmbmgzn.ezmlero%hume\ava@dt,tahg Ilﬂm dggc
tenperature define as AT is in the ra 0 ua an reater than

and equal to and |ess ﬁq 100C. 5 81?%H839ﬁ%3%e§c%'{5ﬁ%899cr\?'0n according to
cl ai m 80 wherein Si02 57.45 to 60.75 percent by weight; A1203 12.00 to
13,09, Deroent b L9055, o el oo BrBEb B R e 00,

: o 3. percent by wei . !

claim811d urt her thedblloWimgingrebidhds D.thé fdllowihgFangest cent hby wei ght ; gazo 0 '68
0.91 percent by weight;..ZnO 0 to 1.0 r t b ight; 15 Li 20 to 1.
percent by weight, and 3203 0 to O. gégggﬁ?’@rﬁerﬁpmﬂ@ £ 83. A glass

conposi tion conprisi ngNaZzD a quat er nanyo 8)eStpeeannby wdighgy Si 02 , Al 203, CaO
and MgO and

KO 0 to 0.10 percent by weight;
Zn0O 0.45 to 1.50 percent by weight;
15 Li,O 0.30 to 1.00 percent by weight
Fe,O4 0 to 0.35 percent by weight;
B,0; 0 to 3.00 percent by weight;
80. A glass composition comprising:
20 a quaternary system including SiO, , Al,O;, CaO and MgO having the
following relationship:
Si0./Ca0 2.361t02.73
SiO2/RO 2.14 t0 2.52
SiO./Al,O, 4.26 to 4.99
25 AlL,O,;/Ca0 0.50 to 0.59
SiO; + AlLO3 70.85 to 73.67 wt%
SiO, -~ RO 30.55 to 36.56 wt%
AlL,Os/RO 0.46 to 0.53
(SiO, + AlLO3) (R20 +RO+B,05) 2.30t0 2.96
30 where the sum of MgO and CaO in percent by weight is defined as

“RO”, and the sum of Na,O + K0 + Li,O in percent by weight is defined as
“R20".
the above ingredients are in percent by weight to provide a glass
composition having log3 forming temperature in the range of equal to and
35 greater than 1195°C and equal to and less than 1240°C based on an NIST
710A reference standard, and



up to 5.10 wt % B203 wt % and i ngredi ents of the glass having the foll ow ng
rel ationship: SiO2/CaO 2.20 to 2.66 Si02/RO 1.96 to 2.39 25 Si2/ Al 203
3.79 to 4w0B03mM1RR3/ CaO 0.51 to 0.59 Si02 + Al 203 66.10 toPCTBE2/%29 Si 02 -
RO 26.50 to 33.91 wt % A1203/RO 0.4618» 0.56 30 (Si02 + A1203)/ (R20
+RO+B203) 2.02 to 2.68 where the sum of MyO and CaO in percent by weight is
defined as "RO', and Heslifigigncssbalyeen mewmrm‘ngéemﬁerg g and thayiaisiught i s

defined as "R20" terﬁdé‘?atartéodémb%%ﬁ‘qé fihe réﬁzd”e dfeoPSIt6 SRl gRvatiaha 504

provi de a glass 35 conposition havin orm ng tenperature in the
range of equal toa@dwaqumt@md)@sw@nlﬂ@%?@soz/ 33273 133 greater than 1167C
and equal to and | ess than 1240C based on an NI ST 710A reference standard,
and the difference between the | 0og3 form ng tenperature and the |iquidus
tenperat ure define as Af |sThﬁgtaﬁ%C@@ﬁ@%t'%Tacéa%glo%@ &wihagreln t han 50 and
5 equal to and less thgp,142C 84. Thg7ggq§§0¢grﬁg%gb}p\y\}e@ﬁpor ding to claim
83 wherein the ranges for Si 02, A1203, CaO and MyO are: Si02 53.00 to 59.53
percent by weight; 10Ah®203 12.00 to1a@06@1%§8@émenbpywe'igaht CaO 22.25
to 24.95 percent by wetght, and MO 2801 04 80Qrd EPfibighy anei oht . 85.
The gl ass conposition according to claim84 further incl ugl ng: Ti 02
0.40 to 1.10 percent bWokki ght; Na20 07@60@1@@%@@%@Mﬂﬂ’9&'ﬂtwel ght K20 0

t 00. 30 wgj ght percent; F O to 0.50 percent by weight; SrOO0 to 0.13
percent by weight; 20 Cr203 0 to 0.13 percent by weight; Li20 0 to 0.91
percent by wei ght, and82FezfﬁbeGla%C@“B@S'EB@T%@ﬁfd"Bgﬂov%ﬁ'@@ fuglger ingledigy:ass
conposi tion according fg.claim85 Mebgoqoa%%éréedt@y“%@hqhe range of 0.90
to 3.00 wt% 87. The ¢l ass conposi tion according to clai m86 wherein B203

isin Na,O 0 to 0.91 percent by weight;
Zn0O 0 to 1.00 percent by weight;
15 Li,O 0 to 1.00 percent by weight, and
Fe, O3 0 to 0.35 percent by weight.
83. A glass composition comprising:

20 a quaternary system including SiO. , Al,O;, CaO and MgO and
up to 5.10 wt% B203 wit% and ingredients of the glass having the following
relationship:

Si0,/Ca0 2.20 to 2.66
SiO2/RO 1.96 to 2.39

25 SiO,/AlLO3 3.79 t0 4.90
Al,0O4/Ca0 0.51 to 0.59
SiO, + AlL,O3 66.10 to 72.05 wt%
SiO0, - RO 26.50 to 33.91 wt%
Al,O,/RO 0.46 to 0.56

30 (SiO; + AlLO3)/ (R20 +RO+B,0;) 2.02 t0 2.68

where the sum of MgO and CaO in percent by weight is defined as
‘RO, and the sum of Na,O + K,O + Li,O in percent by weight is defined as
“R20".
the above ingredients are in percent by weight to provide a glass
35 composition having log3 forming temperature in the range of equal to and



the range of 1.30 to 5.02 wt% 30 88. A glass fiber conposition conprising:
Si02 52 to 62 percent by weight; Na20 O to 2 percent by weight; CaO 16 to
25 per cerwOlwg/osmpght; A1203 8 to 16 percent by weight; PeI03003233t0 0.80
percent by weight; K20 O to 2 percend3by weight; MJO 1l to 5 percent by

wei ght; WO 03/ 033425 PCT/ US02/ 33273 134 B203 0 to 5 percent by wei ght;

Ti02 0 to 2 perceleaisr than JHe7 Copnd eqﬂabtotaﬂdﬂeiﬁethé@ﬂ?4(g§3 kasedien:anili8lei n t he
gl ass conposi ti on7hg§r@fel.é;ggsfa(pﬁg}dﬁgnaenperature of no greater than 1240C
based on an NIST 71 OA reference standard, a AT of at |east 50C, and a
SiCR/RO ratio of no grdhg diffeenss betwesn themleg3 frming thmperdieeeing ﬂtm@ltt}ﬂ@ss

conposition has a f

2.55:  Si 02/ Ca0 D terhs3 g BN asy ReaBY 3%8%8%&%‘ Pkl aRaose | o
0.6; Si 025+ A1203eg8aldotaod EdsThant 942°C( Si 02 + A1203)/ (R20 + RO + B203) 2.0
to 3.0; Si02 - RO26.5to 36.6 wt% and Al1203/RO 0.4 to 0.6. 15 89. The

gl ass fiber conposition according to claim88, wherein the Si02 + Al 203
content of the glass c@dposiThegtasssogipesitien atdvading @ oitith 8D@herdinethgl ass
fiber conposition I t I ein the 20 Si02 content of

t he gl ass corrp05|tgﬁgjr;eglfgpég'};5 /9(9 @aﬁgl}ﬂ%%and the B203 content of the
gl ass conposition is n®iQs eater than 5300% 59153 pEheengbpseight,ber conposition
accordi ng,to clai m9o, rein the gl ses at least 1
wt % Ti 029025 92. The gIA\ffAs% fiber corrp(;gﬁbltgﬂ% o& ﬁaﬂ"%%@ 'aim 91, wherein
the glass conpositionGa® boron-free. 2025 tbﬂié.&{pl;mserﬁt bperightmpdsi ti on

according to claim52, rein the 3q %t%sfod:y%mé’rﬁibv n r4‘,[urt her includes
at least one material sélected from ' '9

85. The glass composition according to claim 84 further including:

15 TiO, 0.40 to 1.10 percent by weight;
Na,O 0 to 0.90 percent by weight;
KO 0 t00.30 weight percent;
F 0 to 0.50 percent by weight;
SrO 0 to 0.13 percent by weight;

20 Cr,04 0 to 0.13 percent by weight;
Li,O 0 to 0.91 percent by weight, and
Fe,03 0 to 0.30 percent by weight.

86. The glass composition according to claim 85 wherein B,Oj is in
25 the range of 0.90 to 3.00 wt%.

87. The glass composition according to claim 86 wherein B,O; is in
the range of 1.30 to 5.02 wt%.

30 88. A glass fiber composition comprising:

SiO, 52 to 62 percent by weight:;
Na,O 0 to 2 percent by weight;

CaO 16 to 25 percent by weight;
Al,O; 8 to 16 percent by weight;
Fe,0; 0.05 to 0.80 percent by weight;
KO 0 to 2 percent by weight;

MgO 1 to 5 percent by weight;



Li20 0.05 to 1.5 percent by weight; ZnO 0.05 to 1.5 percent by weight;
MhO 0.05 to 3 percent by weight; and MO02 0.05 to 3 percent by weight. WO
03/ 033425wB@3/081802/ 33273 135 94. The gl ass conpositi on a®ecarusongs2rd cl aim
| further including the relationships4 RO 26 to 28 wt % R20 +RO+B203 28. 00
to 32.00 % 5 95. The gl ass conposition according to claim5 further
including the rel atBaShshi p8:to Rpepenbey weighty. 60 wt % R20 +RO+B203 28.90 to
30.00 wt% 10 96. ThHOgl ass 0aenpesdeht By\waighbrding to claim 75 further
including the relatgonshi PRto ige?c% 80y 1,8 ﬁtY 56 wt % R20 +RO+B203 27.20 to
32.79 wt% 15 97. The gl ass conposi | oh"'accor di ng to claim78 further
including the relati on%hi s,,RO.24.01 to..26, 70 mﬁ%f R20 +RO+B203 25.15 to
28.64 wt% 20 98. The JINSEN s I MReSEER Jrsip 'ReS Bmengismrerats eing

i ncluding the relgpdgt@rthdn pP340R0 bddeddn b NAST 990 feredte BRAdATGOrB203 25. 15

to 27.80 wm % 99. The gl ass conposition according to claim81 further
including the rel ati oRdh it igasH30°60 apgh aBOgB O iete oBtr gteeter HBRE2SB 226, 90

to 32.79 wmt % further wherein the glass composition has at least one of the following
features;

Si0./RO 1.9 to 2.55;
Si0,/Ca0 2.110 2.8;
SiO,/AlLO; 3.71t0 5.0;

10 Al,O5/Ca0 0.5t0 0.6;
SiO, + Al,O, 66.0 to 73.7 wt%;
(SiO; + AlO3)/(R,0O + RO + B,03) 2.0 to 3.0;
SiO, - RO 26.5 to 36.6 wt%; and
Al,O3z/RO 0.4 10 0.6.

15

89. The glass fiber composition according to claim 88, wherein the
SiO; + Al,O3 content of the glass composition is greater than 70 wt%.

90. The glass fiber composition according to claim 89, wherein the
20 SiO; content of the glass composition is greater than 57 wt% and the B,O,

content of the glass composition is no greater than 2 wit%.

91. The glass fiber composition according to claim 90, wherein the

glass composition comprises at least 1 wt% TiO,.

25
92. The glass fiber composition according to claim 91, wherein the
glass composition is boron-free.
93. The glass fiber composition according to claim 52, wherein the
30 glass composition further includes at least one material selected from:

Li,O 0.05 to 1.5 percent by weight;
Zn0O 0.05 to 1.5 percent by weight;
MnO 0.05 to 3 percent by weight; and
MnO, 0.05 to 3 percent by weight.
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94. The glass composition according to claim 1 further including
the relationships:

RO 26 to 28 wt%

R20 +RO+B;0; ' 28.00 to 32.00 wt%

95. The glass composition according to claim 5 further including
the relationships:

RO 26.25 to 27.60 wit%

R20 +RO+B,03 28.90 to 30.00 wt%

96. The glass composition according to claim 75 further including
the relationships:

RO 24.80 to 27.56 wt%

R20 +RO+B,0; 27.20 to 32.79 wt%

97. The glass composition according to claim 78 further including
the relationships

RO 24.01 to 26.70 wit%

R20 +RO+B,0; 25.15 to 28.64 wt%

98. The glass composition according to claim 81 further including
the relationships

RO 24.01 to 26.90 wt%
R20 +RO+B,0; 25.15 to 27.80 wt%

99. The glass composition according to claim 81 further including
the relationships

RO 24.80 to 27.56 wt%

R20 +RO+B,03 26.90 to 32.79 wt%



