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produci ng gl ass materials. In particular, the present
invention relates to a process for producing gl ass
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Fluxes are typically Group I alkaline oxides, the source materials of which in the batch tend

to react at a relatively lower temperature in the furnace. Stabilizers are oxides that bring
about high chemical resistance to the glass and control the working characteristics of the
glass together with the fluxes in forming operations. Common stabilizers include alkaline
earth metal oxides, PbO, ZnO and Al;0s. Various transitional metal oxides may be
introduced into the glass composition as colorants. As decolorants, selenium, cobalt and
arsenic may be used to impart colorless transparency to the glass. Fining agents are added to

remove seeds in the glass, An exemplary soda-lime-silica glass composition contains
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2 approximately, in terns of weight percent, 70% Si Q2,
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chemically bound water, or are carbonates. These materials tend to dissociate and

decompose at a relatively low temperature in the furnace and release large quantity of gas
(H;0 and CO;). Nitrates and sulfates, if used in the batch, release gases during the glass

melting process, too. In the conventional glass making process for typical TV panel glass,
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take place in parallel, but rather in series. This has actually been observed using cameras by
the present inventor. Some batch components, such as limestone, tend to melt earlier than

silica and alumina and sink into the tank to form globules, thus segregate from the unmelted

SUBSTITUTE SHEET (RULE 26)



silica and alumna and sink into the tank to form
gl obul es, thus segregate fromthe unnelted SUBSTI TUTE
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floating Si02 and A1203 in the scum |l ayer. This

segregation | eads to undesirable inhonbgeneity of

glass (cord). The unnelted g 2 and Al1203 particles

may even becone enclosed in the final glass product.
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3,328M4B-and 3,689,679 (using a premelter where the glass is liquefied first before the
melting tank. Unites States reissue patent No. 32,317 discloses a series of melter designs
with special liquefaction chambers.

[0009] All these approaches hitherto used or proposed are thermal approaches, viz.,
they function by varying the thermal profile in the glass melter. These approaches invariably

suffer from the downside of elevated melting temperature or complex and costly melter
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essentially of materials selected from naturally occurring, synthetic and beneficiated naturally

occurring nitrates, carbonates, carbohydrates, sulfates, boric acid, hydroxides, mixtures and
compounds thereof, with or without containing additional chemically bound water, oxides
and other materials that decompose to outgas under normal glass melting temperatures and
other materials that contain chemically bound water. More preferably, the Group A materials
in the present inventive process consist essentially of materials selected from naturally

occurring, synthetic and purified nitrates, carbonates, carbohydrates, sulfates and hydroxides
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al kali and alkali earth nmetgls, boric acid, m xtures
and conpounds thereof, with or without containing
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compositional and property homageneity, for example, optical glasses and glasses for
producing LCDs.

[0017] By preparing frits from the Group A materials and melting the frits together
with the Group B materials, gas release is substantially reduced in the glass melter, hence
foaming and scum forming. As a result, heat transfer in the glass melter is improved; the

early-formed liquid has a more intimate interaction with the solid particles; and high melting
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[0017] By preparing frits fromthe Goup A materials
and nelting the frits together wth the Goup B
worRddne@ss, gas rel ease i s substantially reducedr/us2onbe24478

glass nelter, hence foamng and scumformng. As a

result, heat transfer in the glass nelter is inproved;

the early-fornmed liquid hag a nore intimte

interaction with the solid particles; and high nelting

SUBSTI TUTE SHEET (RULE 26) WD 2004/ 020351
tempePvelBRDOBAtOR A4 Figh 47 silmaped alumisa ¢t rotlt narerdadily  Alldiese

o) G B T G Bl R P P v

glass-R TR raleUARl/br'h KiBRerdh@fSg MR fof thetdan@® gIAsk @dklter temperature. By
glass-nelting rate, and/or a higher nmelting rate for

reducinger shminating ¢ seuintlayer; kigherquelityeglasggan bepodierg ina

o S BB U O 408
traditi¥RAIBOéEHire A Rlghi kltilg Snpetdnine dagbée fme Seatized i A18pical conventional

| asses that traditionally require a high nelting
glass ehe rileivelinloper melliingtemperadiEe.i n a typi cal

onvent,i I L.RAC i I, .
001y nplotiost BhEPQ ARG R0 P Sl bO U orn n the
detailedldaaptiptiaswhich féliows) wedin gt will be eadibedpphrent o thosetskilled in the

det ai | ed. description which fall ?hvvs and in gar,i) (le ltg .
art frome theglgsqrinfion o s5cegrizedb Y B3sUciag theayentign ap descrped mythgyvritten
descripf6n gﬁf’@lﬁﬁ&tﬂegébﬁ%_ WAES08L é}g&ntﬁé’d Ba@fidsCl Ng the

nventi on as described 1n the witten ~ description and
- [0019]l ai ns Ithis tebé undesstom thatibe foregaipg gercbeal ddsaxiptiogsnd the following

. 19]. Lt is to _be understopd.that the,for.egoi .
derail LGP PGt ey SRBRBOCHAT PO 400 ABUARTH o provide an
overviRS &Y frithéwerk b BndBEt8hdin S URMRNARE ¥ndEhakdtfer oTVIR Tab&ition A8 & is

~are intended to provide an overview or framework to
claimedhder st andi ng the nature and character of the

i,nventi.on as it is | ai med. . l..The .ac ' .
t0024y"; 21 188 aBorany g i Pis B s ncladedp RS € RIFRN Mbranding
of theUfiitivh 2didi A€ incOfpotNed innindRbhsitute 9 farb bEthis¥pecifiostidned

in and constitutes a part of this specification. BRIEF

DESCRI PTI (]\I CF TH_E DRAW NGS [0021] | n t he _

acconpanyi ngpRi@MBSERIPPRAOFTHFE DRAWIRIGEhemL i ¢

fl ow chart sftowrng tnhe conventional process of melting

common soda-line glasses in a cross-fire fuel-fired

| ass furnace; [0023] FIG 2 is a picture show ng the
[0027]; o5 - d theasRompanying 4aWingsny| e el ted by using the

[oozzpnventﬁxeﬂﬁks @ﬁ%te‘ﬁaﬁ@hswam@ LIRS thd QR94ltidnhprodesk 8f Melting

pi cture show ng e cross-section of a, glass sanple
comnitansodglinteeglassenia aurojseliteduel fuap gless fupmaces t he sanpl e

100240 or GG 5 4 ok homind B e ERap it sHelsenaied by ving

the conventional batch melting process;

[0024] FIG. 3 is a picture showing the cross-section of a glass sample having the
same projected composition as the sample in FIG. 2 but melted by using degassed frit in

accordance with the process of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON SUBSTI TUTE
SHEET (RULE 26) WD 2004/ 020351 PCT/ US2003/ 024478 8
W@ 002520386 used herein in the present applicatPOnUS10®024478

followi ng terns have the follow ng nmeaning: [0026]

G oup A materials denote the group of batch materials

that consist essentially ofg those that generate gases

(outgas) under nornmal glass form ng conditions by

deconposition or other chem cal reactions. Gases
[00250]el eas gk 1sad herdih inlihd %@E@t application, tesifollewind ¥éfins kB2 the

2, S8, and N2. For the purpose of the present
followdpBMedREHN, t he di ssociation of chemical |y bound
ter

[002 3] ot | OC%O{IFF% Igatreﬁli'lg Hﬁ@ﬁcﬁé Hﬁ aﬁ? nﬁpég(fé lga@?frgﬁtgn?g ggart %Ex‘?sggt %@en’ually
of thosé f}raagem:ite pager(@itgah anded Abahalighgs ﬁtmﬁmg:adﬂdyhdm lblyd

are in thjs categor eat ITHJOfItyO gas
decon@pc@ltm qgégléqg cbm]t r@pqtgqng fvjﬁsqsm: enbut are not nnlted to,
ventde®
H,O0, ?L@f‘ 9? 9 3% e g?g{ecﬂ?eﬂﬁﬁ ﬁfg ljegtor Fn cﬁés@h%ﬁon of

chem{c@ﬂb?b’@mﬁ watpr B thabach aiakarxalsnst@atdtvd agrchegmhl iead:tum Thus, with

coaif B5EBS e St B ol Seo b water e
this cbSy. AeRhiGRbjofi8AN dasdSare wnéi@éd E‘)Ofn%haﬁhﬁﬁﬁs ERupiing
condi ti ons. I\/Iaterlals in this group may rel ease

conveptignal glass makingn Batgjumatsrials gentamingargel 92 and/oniAl2Qsrare

tch nerally, starting materials containing
exc}uﬁgea(ffé%rsé gP% and/ or A1203 are included in Goup B,

[002Aven i iGrolipB aetisls Qeridie tieGRdhpyofttatuhonWa#igls that LOPS8 bssentially
Foam denotes the m xture generated during the course

of thogg thyt typicaliy|dpinerslease gases By deconmarition or pier ehamicplgeactions
| et . _ .
under RLAG! %aés' fOHh ggﬁ%g@ﬁ& ﬂl?t%ﬁgl]s I Wﬁﬁ‘ ﬂfag%lggnkglpthy%léally bound

m Xt ur® genera uring the course’o
gases,) smch he mojdtereandeirtie thetbaith. @amrallyestaﬂtmg maﬂenajmeoxmiding largely

i d rticl cal solid tlc s.are
Si0, ?ﬂ‘{ﬁ‘i’f BB} hregneldsshRirie By they conta bound;yater.
[0028Y U1 ool Q83 Bles M iBhurdledisa 8B i %m%e af 6 hsling i te

he tenperature at which the batch ~ materi al s™ nel
glassmhmﬂlhfecmnsemlam%qud apd gimss nmelter in a gl ass

[tin 0 L,cal conventi SS.
to029R2, 1o SeBafRa%s g Bk eripfF e, PEHER P BRts AR im he
glass ﬁieltélgﬁhhﬁfm;ﬂrfs@s LQa0ged ahdbelid fretigea SBydicHllyage sﬁh@ &rticles are

the batch materials are subjected to heating, nelting

high gel¢ing te;@mrétyrwat@aw sugh ehgiliseand afl'éramal ons to formthe
| t
[003(?‘,& " ?2&\%613%2 l&ltli‘l% t%x%ey e% per?iﬁlg%’ gﬂ;&ﬁllgﬁ ﬁ{éa batch

matertalomst o faand the Imolﬂ‘en iRes zﬁglﬁssfmﬂthii @‘n‘:‘a ghiss thieRiggredtss.
upra, _.many of the batch nmaterials rel ease gases, as a

[003fes [t I Gypiea somysational ghsbmakigoprelRiFd barh RelElsgRg mixed
altogdtfer'al8 chigB@GRo A1 filGe N ASS Bt HalES §RSsubjected to

heating, melting and a series of complex chemical reactions to form the molten glass. FIG. 1

illustrates the conventional melting process for a typical soda-lime glass in a cross-fire fuel-
fired glass furnace. As discussed supra, many of the batch materials release gases as a result
of decomposition or other chemical reactions in the furnace during the glass melting process.
The volume of gases generated during glass melting may be quite substantial compared to the
glass volume in the making of glasses. Whilst the gases may be conducive to the mixing of

the particles of the batch materials in the furnace during the course of glass melting, it causes
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The vol une of gases generated during glass nelting may
be quite substantial conpared to the glass volune in
wo b@4omissng of gl asses. Wil st the gases nmay bBCT/US2003/024478
conducive to the mxing of the particles of the batch
materials in the furnace during the course of glass
nmelting, it causes SUBSTI TUJE SHEET (RULE 26) WO
2004/ 020351 PCT/ US2003/ 024478 9 a nunber of concerns,
as di scussed supra: First, the generated gases cause
a numberaofi cogceragies discussed fdpro hEirst] theagyerhied gedos edussdbathing together

v Gl S, B i A

solid pEclE® M Nfofth 3%8um TdYef On tdp 6 tHERBIEA FEEE Ofhird, #{edRneration of
vol unme of gases may ‘go out of control in the furnace.

large VidlemE of grses hay@omut af/emmttohinethe fumgcel Gbetfban and scum layer have

vy 155 o 8 S B R e REG e e
from readtifg fRh@kicied bitol ARtbriaDEhRd MsidOerabeded iRiMaa A A
bottl eneck in conventional glass nelting process is

bottlendsk inicersntional glass meking paectsvis the dissolutianf ofzandand/or other

' e Jh . | J
ol oty 48y ARCALERS oy LA AR Bty o e
meltingadfalidsaIntateridis) Shdet@aseandhinder dtasvetaligslane piraductigh 886 The
production rate.. The un{nsl ted refractory particles .

unmelfegerelraciary pardplerihe siysblayer GuopusEosher Rasemssagloped in the fnal
glass %ﬂégﬁt% fj:géh?ﬁ% &%etﬂfe%‘ij#g E}Palét?.a‘i‘hﬁgs &ig@%@f d’e%ir?ﬁl@?&r glasses

is i s pa art’y undeSir or glasses

that reqjhixe ahéghudegeeesofiogtogematye suchfas longlessrsebdisatessfockiqud ctystl

. | ags substrates.for liquid grystal. displays. Fqr ... ..
aisplafy. 82 o P ot g i mlipedeegReraibre. sheh os high-ilica
glassek ¢fFP Rk AhpleCelasis LorRany 80eshy in%ﬁ:gmﬁ' }ﬁ?ﬁ? §ili(:£)ﬁ the complete

“exanpl e, gl asses contarning 80% by molfe and ‘hi gher =
melting dfisdicp, mashiee aoeveh erase prosotnaed padblemn bieeraseraf/ths dowmelting

. d bl .of the |
BTN T T —
generakivd AEBEAIng AR in BAde Birperunee eshgel o the @kass furnace for some

generation_and foam ng take place in w de tenperature .
glass gompRpsitions. {This ipdigafes thatthe gas seperatigrand famyag as a factor negatively
L . e indic ot
it TR B A0 T pRAA S3red o 00 BRSO,
[0032]] ass sl disongsed aiyerapit iskrowluthatngising melgag ptiperatfiretib eften an

approf RBI to KA IIRS Fier: RETNE TR AB SR APEsa Lo bafch materials
can méR ebﬁ§%19ﬂ9@k%a&. QOB ﬁéwﬁeﬁg?ﬁrfo_ &k iPdortie tﬁitQ Bobad

scum [ayer so that the batc erials can nel
includesppdiel fuinace designs. fWihereasdhesertharmat dmproachesppy vach &g tha

. lving this prohle { ncl.ude spegci al furpace designs.

intendg @fiates, isyete Htmalceb g HEe R ey barh i ERapef R e

temperAHuRNAPEdIRI OGS luttRDF réf £t brivkd MAHS fisdsdel fus 8SntARthating
dr awbacks. El evated nelting enperature expedites the

the glafisgnd ishenteningthe fenpcedifer Jigh mekingitempdraturagrineasiablyt ignder

T e B R A

furnade® iv/eduallg Agdociatbdvadaeigh ebstuseabl e for many gl asses.
Bui | di ng non-conventional gl ass . L .
[0033] As discussed supra, the process of the present invention is a chemical

approach in addressing the technical problem in conventional glass melting process. The
underlying concept of the present inventive process is to reduce or eliminate gas generation

during the glass melting process, thus reduce or eliminate the problem associated with gas
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furnaces is usually associated with high cost. [0033]
As di scussed supra, the process of the present
WO peogrizen i s a chemcal approach in addressi POT/URB®03/024478
techni cal problemin conventional glass nelting
process. The underlying concept of the present
i nventive process is to redyse or elimnate gas
generation during the glass nelting process, thus
reduce or elimnate the problem associated with gas
gener RS TdabdhE antibECuiRidbRingOvnitl) i2 PR44IRAOA 3dany conventional glass
PCT/ US2003/ 024478 10 generation, foamn and/or scum
malmfgcnrmcn’ges anditheir thermpallyvaedified alrﬁern@tws,csanh bigher Gemsa

rocesses_a t her di
oty aPf Bh GEEBS el e e ncnbl P Bt ﬁéﬁ?ﬁéﬂ%ﬁ% fumace
To th&Ad/ BB 88ma staftimdTelidls Mg usedReihahelEchvahtioral glhas\/xﬁdlqng, but the
the glass nelting furnace. . To that end, the s

outgasging mﬁgab@mﬂgéhegn arie@r@rér@éteégmﬂ allgwrd tosiwass @n% ﬁamed into frits

beforghl%ﬁr rd Pl ding Rilec Biin (LUEORRS tgatgghgag b Sin THORHsd AftHcc.

[0034]I t S [Pk tieconbeyerre of the)dbdcrmmbnnﬁ Itlteqdou\tss bf thegresent invention,
remalnlng batch materials in ass furnace

the batgipateriglsiars diyided iy fye FRDBCHR ARSEREBCPRRSIAE Sspratially of
those B{a? %gééatg ggﬁé@ﬁoﬁéﬁgﬂ&r lBMRN I % S melﬁﬁ?c&ﬁitﬁﬁs JRURGof) B

are gr oups, up Atmterials
materiabneinsisting esssstiailyi oflthose ttiat noaally ddmacit ogtgae nades ngasalglass

melting S e aP RO B e PO T E L Rl 5 s hat the
mateﬂzﬁ‘sain qHREHIH Inity BéhtalR hdAHbAAToHIPE ANt SthEPhal1R8S enumerated, for

melting conditions. As used herein, the term
exampleobiinot limited 4& dmpuratidsyasdpng aeteaddiianalicamponentedo Bots

mater{aﬂlaln ll‘&%f}%% a rm %g{]e _ge ﬂ%rgcolg te' gr 1%9%%?0 ']%lis‘h%gé]xﬁﬁtgnals may

be prétezatedrhetire &h@sare ased Ifomntbe pﬁeséﬁt&n\&!ﬁdwé prutads foopgpdadng glass
do not materially alter the basic and novel feat ui
matergfls.  Haesp Peatsatmenh progesseare fpgse npeaalynised i ¢onyentignal glass

melt%@xtoﬁgs%&e ‘#nck?l?cfn? %u# ﬁk@ﬁnﬂf tS& st a 5ghﬁ§1n§ \%&esﬁfeenmg, drying,

ntTvé proce or pro ucing g terials.
screeflihg spagietic semenipg tang fiotes bewimiation soseaswsidt¢atypentsad floatation.

[ conventi onal a meltin rocesses cl udi .
The bafih TRlerils b g TH oL S EG: SRR O DU Ga epuring
and/of Péé'y@lgd ORE 0% B d30antAERE O HeGprocdse 8 iH8 QaresaﬁtCinf'éiﬁibﬁ & that there
benéficiation such as acid treatnent and fl oatati on.

are noT$psciahtegnineents aafosthersiprting mafenials rompared t the gguventional glass
mali HREERE o Bag i) o op BRb Y Bt e N 8 nRB By e

prese@trlﬁs@ﬂionl nvention is that there are no special
requirenents as to the starting materials conpared to

' [0033khe corfherfimEigien ofghemssentinientive meepss fadves e preparatlon of frits

from @@r 8)%2! xﬁaﬁg{nzhlk ntﬁgigrgﬁ%) ft&v@hg R%fg%%ﬁﬁlé s§en 1§11% of those

that oatgap updertthen@nes glats melia g icoivditips das sndst glahsee,sthé bases generated

reparatlon of frits from atch npterials
by Graup fmeieaRis @%}%teﬁhmw@ﬂ%&t%e gﬁ%ﬁegqa %ﬂ 29 el%ﬁ‘mgl glass
maklﬁ?ﬁ%@ess. Typically, batch materials falling into this group include, but are not limited

to, naturally occurring, synthetic and purified nitrates, carbonates, carbohydrates, borates,
sulfates, boric acid, hydroxides, and mixtures and compounds thereof. These materials may
further contain chemically bound water. Batch materials containing largely SiO; and/or

A1,03, such as Kaolin (AL03-2S8i0,-2H,0), even if they contain chemically bound water, are
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that outgas under the normal glass nelting conditions.
For nost gl asses, the gases generated by Goup A
worRddne@ss constitute the majority of the gas pel/eames024478

during a conventional glass naking process.

Typically, batch materials falling into this group

i nclude, but are not limte to, naturally occurring,

synthetic and purified nitrates, carbonates,

car bohydrates, borates, sulfates, boric acid,

[ a T

excuf G A2 T S A BB AL SR ot TSPt
may iffeltidd) bonare mloahmxte«bm, abtoi-dly dcangiagysysthetic a.mdlpmnﬁedﬁmgon nitrates,

oSt i 15 ST S s o

acid, {n&t‘iﬂ%ﬁ %.ga M@?n Qe HRADISkith Sﬂvm%ﬁﬁﬁﬂr@ §id1t1§nal chemically

G oup A For exanple and for the purpose
boundvaict.| Thése are wmabbysource mesgalynf i thixing ageptsi and Istaydizers in the

e i ) RS LI e UM G
Groupy & e{%@wé’lﬁ SadAs @P&eiﬁé@[ﬂ@%}ﬂﬁﬁcaﬂ!& tallidivateRNHopéxadiple and for the

earth mstals Zn and Pb, boric acid, m xtures and
purpose nﬁdmﬁ@@thnmﬂxeom thevgresenbapplicatinaw aiss Renirines i NazSO4 10H,0 is

itho aI I
rogan G h oS DELO R R85 5 o TRE3Es L FliiblNies
procebdby Felox fréaﬁﬁbnsg |GysfarbepatdtedRomhdte ntwcm;t;ﬁs ofilmaterials, and N,
contai ning chem cally bound water, are_inclu

may tgrslepsel fa@nmqtes Theikhermabrcampssifg ok alkak eﬁﬁ%ea?tﬁvesults in CO,
and aﬁﬁ%ﬂ% e | on \gfri]i]ch %g&mtr%a{‘ﬂu{ﬁ% taééh@s &Wd?ﬁ’e}%o&fces attack and

he prese appl 1 cation,
dissolve titehigk malung\iaatsﬂmﬁ,@dah)as SiOzrandér wdﬂ)ﬁhnmlgethw ccairiieyof glass

.bou wat er . i tr es and Pb304 rel ea as n the
meltifly 002 HGEPisiFd Vit Dl Geacigys prathomzies Snd B0ty bOmids 0 is
releasd8VE{ Bk ‘?Qacfl&?snétttﬂ@ﬁfdrbmeg Mﬁﬁﬁ)r&fac{ﬁrﬁrdlﬁbélan@@ 8f dkemically

ma e released fromnitrates. The thernal

y
boundwetemposiné oysteflingsilts andodcoonatfesn t@gams@rer hysipallyhaynd
Lkal i netal oxi es, whi. ¢ t.oget her q..
waterg brbﬁ'f’ gtaﬁuzﬁﬁnstteﬁg zomfélglningﬁng é‘&’ﬁ' Xﬂsge d s O#f(fng. %Hals that may
be indlh€d IHEGrOUP A CORLAIS tAt FollBHAEH oPhixPineR add/of wmpldR fdts thereof, in
during the course_of gl ass_ _nelting. CO2 is, generated
their patyrally ocewsing, tenefignte aﬁmb{t@ﬁu@ﬁé aﬁ%rf Sathesized state, with or

wuho'il@ é)d%gcr)m{l %hé?ﬁ‘%?lg;ﬁ %d%e{ ?@Céog, ol 43?59&?%00'1@&01{

I'ssoci at fon ot chehi ca
NaN@:ﬁtIQCOmKHﬂG% KO a0, 16,0, L E0s), IaOH;dBm BeQif),, MgCO;,

M(QRbeFRaDs CoOHIN ST SOt ot oSt Bt s BAGYOS, boric
acid ﬁb@pgﬁfaeﬁx%te YB.AEsHH6Y, waed (N, é%'o;q@ Qﬂéﬁteﬂs

oW N m Xtures and/ or corrpl ex
(NaCaBe0£8H;0), dolotrhm(MgﬁmﬂEa@(Dy stuvigCog (4Mg6@6Mg(Q}Bd4HzO)

Pocqy PHIR B S ROAEIDEy bound wat or - Na2OOB,

[003bfHCCS, GM%%QQBE%@H%@B@% urm{;%? g?%%etzﬁﬂg%%lﬁ% constitute a

majohty Qﬁ-ﬂ))@ Gr@g(;&;mt@lg—l){gwegrgmer sgp'(mgﬁl)a@@agnp @q)lgal conventional

class ORI AL CABBBATT BYBE™ Bt s IR ke addet into

Grouié'&éé Wwell, as long as the outgassmg materials are included in Group A These

materials are usually added into the glass composition in small amounts. They usually each
constitute, expressed in terms of mole percentage on an oxide basis, less than about 5%,

preferably less than about 3%, more preferably less than about 1%, of the final glass
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(NaCaB509- SH20O), dolomte (MCC3-CaC33), basic MCO3
(4MgCOBMy( OH) 2. 4H20), PbCQO3, Pb(OH) 2, Pb304, ZnCO3
wan@4da3eH) 2. [ 0036] Generally, those that outperUSIO®024478

normal glass nelting conditions constitute a mgjority

of the Goup A materials. However, other starting

materials in typical convert onal glass nmaking, such

as fining agents, colorants and other glass nodifiers,

can be added into Goup A as well, as long as the
compaitiqya Soinmgofith¢se miaiérialaare prefeirediece mclﬁilwp Groupifeieorder to

S are usua d 0Si,ti,0n.
o 55 A Uy B o Bl RSB i
preferﬁéﬁ&ﬁ%@& dINthERTAE offfer 1Y eﬂ@éﬁtﬁ YoRgfoneits &fto Q]ﬁ‘lodﬁA especially
asi s, |less than about 50 erably | ess than about

where3bgir hmnegqmeemsedlstnbytmemsthc ﬁaai &!m prody% is @psirade A9 nggneral
TR e m—

their sﬁﬁltc% mhaAér$al 4@ uliUllﬁfeﬁﬁﬁ EHoliP ADFok BEdntisie, B0} ket Gogutdd without
order to formfrits. .For the purpose of uniform

chemigalky bousdiwaser, eveaitbesishi not onigassingAindgy nerma elass farming copditions,
are 1n<%g(? fdeﬁl (?rgu}t) A lkéé&'xs‘é%? tl‘?ell rteia%gélg l@\pixé?ﬁﬁ‘%{e o aﬁtures V\H meltlng

entage’ conponen

certait Eﬂbsfeshﬂgbgﬁltﬁrgu&nﬁtratwa: hlshlirerearth oxides,fsunka ks Bb@sMgO SrO and
product |s desir

a gener UId Li ne,

B20, arsxnr#grrs e mﬁlggfcb Soch B adude ma i HeSteR p s Fus by way
o l

of exalfit bl éa&?fg&}grg&su £ ilRffratidd 61 1y, B fififha FREA bl i fers that can

be adduddtihtouGroup hPemckudb 1 oxidesiand otver ma;ermismntdlmug B2Qatborates, PbO,

PosO4 FeffaoaD, S8 g AL Faife 310+ HERCE S PR Qo ey Br0s

Tazog%@eblz NhdtoBiER BaAdiNGRS mekd) aH® kdrb B&Hh 6:88é5nd @hADEREs. These
nelting tenperature al kaline earth oxides, such

materizads mexobe nded, tetaiyampartiply intr Groypd, @p fang as@ higanogencous

O
order td AdjGdt tiad ViSddsiy| waterSseaditivity mmwagﬁrgtlﬁomdemm& ifiéts prepared

that can be added into G oup A incl oxi des and
from GrowerA matetalsa itgnasoh dasiHably t%%tﬁssowilﬁtégn tosgraup APyl

lid
1003717 Prgipt gl g 3h “Eedﬁo 39RO an S iicun
Grou;i Aanstetlalanalshm}d dk useithccandngta rthdwpm;actbds:anSltlon of the final
glass (ETRBTAT, and FRGRRSPEES 1] SR O s e g
materﬂilssﬁr{d Iﬁb'ﬁlhg RurhRere@lirenidntdeThéR d}mg@% HSteASR] oD ngétfbatment

f1 nal g ass conposition. In addition, in er to
menuanqdjahove,rme varsfudly iwejghedemnd mixedh sThe gramwlmdmlﬁgbutlon of

ese BB 5 o B R L SR B p ored uc i
any tr'a&fh@nﬁrﬁbt@r e $n WRIdlass nlRhEAhd e, RElvaird fisYoy,, pi, dhsn and cone
in the art can determ ne the anmpunt of the i ndi vi dual ‘

type 1Gi%6TRH Theramemaondy usqda‘&mglh Bl niRy hegenvenienshormrloye. ¢ Hie mixture

of Grgwdhiré%tgﬁ%l 'ig%f 'ilu rclltqg htegtﬁlg: ng %eé%u% a’fﬁlts %855 ﬂ‘%sdnﬁ' ¥lting step

can bé cArkied out inst hvéMignal glass furnace, for example, but not limited to, a pot

furnace or a cross-fire fuel-fired furnace. With the heating energy imposed, the mixture
undergoes a series of chemical reactions and release gases. As can be expected, the main
melt reactions do not take place in parallel, but rather in series. Gas may evolve starting from

a relatively low temperature, for example, 200°C even before liquid is formed from the

SUBSTITUTE SHEET (RULE 26)



materials and nelting furnace requirenents. These
Goup A materials, upon pretreatnent nentioned above,
wae@4o2a036f ul | y wei ghed and m xed. The grain siPET/ARZNO3/024478

size distribution of these starting materials are not

crucial to the present invention. MXxing can be

carried out in any traditipnal m xer used in the

gl ass maki ng i ndustry, including ribbon, pan, drum and

cone type mxers. The commonly used Eirich m xer may
mixtube Aotheeanperatuye resep) thy eukgastiey conkitusseas thf mGtoregrAtually

. terials is._t nsubjectdtoheatln and [tin

liquefigs; Einjally, the &@%Mﬁ iTge @&@cefaagh B a&wﬁ@fi nds gn s
(Fé?ﬁﬁ‘r? HBSsre iULINRESRD 2B ,

comp Imt nfﬁeofﬂéit% pot lélﬁlnace t8rs 2 cr oggh%t? e frﬁtgfé ¥°I aé)gnod of

time, mWhaaweferaMy thetduégakeng raagtlmamgyrgo sposadially lsempietdly ard a fluid
under goes serd of. em actions..and,rel

and o BERLEGEA fied SEumbicd s SRGmef und Bt MR P aaeEn Sret tis

reactiG}Pis vieAK€orRdsieo 'céh\&ﬂflé‘ﬁdl elass Macfo@fé? eSpéthl ehreiReds t@%% taken

may evol ve starti n%@ rom a relatively

not totcenteavieate the, frit hquid fremptasToskoou these meﬁmﬁcmeg [The melktings
‘ f f TLT HEET ((RULE 26
tempesiEAE sy UG B i S et et o grarmple, for a

glass thatis exlsadnmﬁoauc%@ gta hﬁmu&@p&stmofcmm M0851509°C e melting
m xture gradual |y quefies. Finally, the whol e

tempeggiyte pfdhg Gropp 4 n@teralseé Proand 1080rbe ﬂate@géat%maua%b@h@g
consufé?aﬂlé %noﬁﬁgﬂgééa {e'lé%ged cogBRL ?Q Eﬁe%ug ?rg%uk‘{’él‘\ﬁtge Eg%up A

aroun tenperature tTor a perio
matertaﬂsathre slieridib¢ yxerdiscdanttigia stige go thaatthioot@sm@mlgnot be too violent
stantially c npl et el and a fI and scent
and oy 03&9@ iy Dol SRl e e sparaidhe heniBBendin 8 RIQeRsy by
adjust{gOfY Fedadd/QrB1d i Sp 0\{'&%@:& on is very corrosive to
conventional glass refractories. Special care needs to
[0038]e t akédys in typtical glasomekimgpacasssehahé meiting afihelGfouprA materials

corr 0 se refractor The, . nel ti,n
may b Gob AT i Barch TG R B Gl (5 5o B it Sigesning s finished,
the moRdnt rb@ure @RREMS bl ng ﬁﬁiace&am #lowle@ o 80019ITRSE SodlB@niktare is a
usual |y produced. at a nel ting n@gr ature_ of about

glass-likgor aysalline m@mbmtﬁgmgtlerﬂpb'r degyed fiemthoGrour A batch
|
materif c%al' dsi Zh@lrnghjl g fl}l?lgg . Lo e gty e%‘;ﬂ%%lg{(ﬂlﬁgﬂ? e&n{%’ly?&ﬁl the

consi anoun
meltldgomn@ea ema&s aihighthernoi stréss ifheupatérialWhieh ioftles breéaks the material

) ul d be exerC|sed in this stage so that th
into Slaaﬁgaﬁ"ges nEpssmall pigges gan %8%5 %ﬂa b%liw@lll oF Ofgﬁr equipment to
make Eﬁ’(gtoﬁﬂed &d b |I§eékﬁdﬂ1E %n@l‘ié &Elt? Bmhre%at{:ﬂli‘? and its

ting an t|ng pr JUSt t he
sensitiviig/to watdrgit tray be pobjected tedry gaﬁgﬁg [witer quenblylpg):ed cogling between

water-ﬁzgi)tgfl -rcgltlé)'r Oﬁaatgesz g%p@rgﬂ%gf L a%fgf Eﬂxé élegfa%?e fA finely pulverize the

molteﬁ HHrdriil QY That-a HRfoRehiddRs | E’fﬁkﬁﬁ@&f il %%aq@eeﬁdﬂﬂgutgmmg Group B
finished, the nolten mxture exits the mel ting

materra@ﬁqaack@aamvxtct al | ovved to cool. The cooled mixture is

gl a e, or st a mat erj al cont.ai ni.n )
1003gl,, Ger Fa PSRRI R shiteaoerb e AR E b the it of
Group AlrR4tedals pfeb@fe@@@i déd&h@ed Reovawlith the réstbNihe BatcPdtéritds, namely,

this mxture quickly, directly fromthe
the Group B materials, for the glass composition.” Generally, the Group B batch materials do

not outgas under normal glass melting conditions, viz., they do not contain chemical moieties
that tend to release gas by thermal decomposition or other chemical reactions under normal

glass melting conditions, with certain exceptions, such as kaolin (Al;03-2S8i0,-2H;0). Asa
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melting furnace creates a high thermal stress in the
material, which often breaks the material into small
w@r@ams03siThe smal | pieces can then be fed intorer/baton3/024478
mll or other equipment to make frits of the desired
grain size. Depending on the viscosity of the materi al
and its sensitivity to watgf, it may be subjected to
dry gaugi ng (water quenching) or cooling between
wat er-cooled rollers. In the preparation of sone
rule o tIAGSS $natériald ContiaBing 3k amburts BEEIOPundiee AIAB; dré éncluded in
nol ten material, so that a hono eneous m xture of the
Group B; tFalling infechisgroun arg asually atarapoqeurring synthgtic and pupfied

AIZO ag% gm.rés%?%ltsqﬁﬁta é mse}rf Bn& u %? C@ @ag o&é%ple and

i nven
for thﬁﬁhfstraﬁtblﬁplﬁbmm?}d tmGﬂﬁ@(B bzliteld nﬁhﬁi&&s typltchllly imeludesh addlition to
at ch rraterlals oup B.materials,

| culletﬁ,dqut ﬂ?éloé lipdted é%ﬁﬁ%(cpp@fpm@ﬁ%‘%ﬁ%)’ PIFRosifieo gpreglumina,
felds&?ﬁﬁ{b ARl 5%55 u‘ijc@udlﬂggod?&hqaﬁsﬂép HBL0 M DPsi0), b he;r)r?tassr

condi tTons 0 ndt contaln-c
feldspnb K@Orﬁe]s03 68i6),), nelpticlime syehma@{az@af&lzﬁy%ﬁb), spbdumene

o RS RS AL )08 Wl ™
(Si0YEOLRFOIRY I GNAORARS ) 2B (o 2SBBSEOTG e ke

Using ¢dlletsah thdbetdh ma&hets&mizsbmmldespm@ ih Zlage makimgn ﬂleperﬂdmg on the
Si 02 and/ or cI ud B.. Fal.lin

glass Pﬂmaose'ﬁ%m@r@l BEadpe Fteigh antly? g Sipgitici cljets may be

empl@éﬁt eiles }ﬁvgt&%ﬁbidﬁ&s of\ﬁ%q % n@k&gtloﬁhﬁﬂ &iﬁﬁélaﬁaﬁl h]g:at during

salts containing theny and | ets. by way O
glass meétnrp_zl promatingfhstter hrat transimm hatch hlapmmdélq@m Bhase fpamation at

tow gyl SR g TP bR og Vot o e el eibte beine

charg8® st YheSufhke. pure silica, pure alum na, feldspar
R20A1203. 6Si @2, i ncl udi n%jsodl um f el dspar

(0040201 dakevwisy.dbe mivingof te duitsaf Greypidpngterials prepared as mentioned

abové;%%%g% \gas%%ch ngag% dﬁ%ﬁf@ﬁ: %ﬁ%ﬁ%@yﬁge %Smlxer that is

convqnimonauA;Ii teed (i g@@ypﬁmag E&Rx@@y,ﬁnﬂﬁdlng,kﬂgmabt ]ﬁmrteﬂ;menbbcag pan, drum
Si 02Al 203Ca 5|

and cbyR 3 TAESTEp | B pUORH ISP EIREIXer TEY G CRN LY Fployed.

The lﬁi@(ﬁug’ althbn 9@&%{ d iffoSa @éé%ﬁﬁ@@wﬁ’bx@%ﬁrnﬁ‘é@d' finéll @AFormed into the

maki ng. Dependi ng on t e glass conposition and the
glass ematieriad &1 @ mather sithdadp tliefxroawqmoaakglms mdmgpnocesaul lets

b | . cull h
o0afRY; g A%y BesbE Ricdsat bf ceBlvat FomefieBhaARNG of faits sd
the GﬁﬁiptB Békch REARHRd MAhOBlck&it nh)%ﬁﬁvé praB&s e Pot furkk Clel-fired tank

bl anket and |iquid phase formation at | ow

furnage efrstrist posted rf@@tﬁrrad] genktfa@k@caeaﬁdﬁi -eJaeiria miﬂckfémges of various sizes

can b{:% g%%lﬂ 021 % flagigﬁrceohcf dtgg%];c% tlbe%a?ag gla%? 8}1;%‘?9 faﬁc{]{ﬂ‘ﬁer

consi@érafa iy ms%dﬁﬂieﬁdkﬁédt& , [Biee® & till. ;s gaﬁﬁitidiﬂﬁﬁmgab@@tﬁuamf this
the Group B batch materials can be conducted in any
glass mRlangprogesschecaigt(i)jthere is always physically bound and/or entrapped gas in

the frits and the Group B materials; (ii) there may be gas released from the chemical reactions
between the frits of Group A materials and the Group B materials; and (iii) some Group B
materials may contain small amounts of chemically bound water, such as kaolin
(A1,03-28i0,-2H,0). For various purposes, small amount of water may be added to the batch
to facilitate the melting process as in the conventional glass melting process. Moreover,
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conventional ly used in glass making industry,
i ncluding, but not limted to, ribbon, pan, drum and
W@ o00a/020spe M xers. The commonly used Eirich m RET/URBY3/024478

be conveniently enployed. The mi xture is then charged
into a glass furnace where it is nelted, fined and

formed into the glass matefdal in a manner simlar to

t he conventional glass making process. [0041] Any type

of furnace can be enployed in nelting the m xture

durin@fhe ighs FihidpStaiRdgastdagertionR nBeddddr§lin BRIcLId Rhfovt thel 3€ds in the

present inventive process. Pot furnace, fuel-fired
final gl@ﬂﬁ lprodugtsn zﬁ@ﬂe\@r, en, tmy furmasesthe mixiyes generaies mughidess gas than in

the ool RRRE S Ruria o e 8 e MY Bherl H bt g opmine

and sdPfOERINOI réduiced oﬂélﬂﬁﬁaﬁd alThis Yeati@ rofide@s the present inventive
consi derati ons. can expected, there is still
usdo

procesgaseticaar by suitable ragd ﬁﬁ@n&gee pihedin¢lsfired ppd sleﬁ@ptbioa@ec? faek

fired ﬁ.ﬁ%ﬁgs? ﬁvehr?%?(gvae?l’f‘egd (Ha)ne 19 ﬁgetﬁﬁg ﬁ}e?\‘.: tﬁgxgtﬁlg méﬁérﬁig | A ?%yﬂgof the

reducmafoem aiidsspmml, eﬁﬁctdney ef llmy trkmf@aespeamyﬁem the Mp, nhmproved and
hem cal reactlons nthe Ll‘lts

a morg JpERat INEeraF oY hrEwesndh ﬁe@ rormpd liwd angd aeffﬁcmr? patgigles, such as
silica %1 Mﬁmﬁm %ﬁf&v@ﬁ JedtiYg o3RERieR &El%ds BEBILA oPthem. The overall

em cal und vvater such
effectdsﬁamrﬁsm@@h@@x)atur&&rmdnng)ﬂsgmmposes smal | anount

f wat be added to,t ch f.aci it at he, .
004z}, {71 Eonhteomerdre sovstnt ABsr i mtonifE abing Sfaclg)¥ bricks
of the HREES SLoWdH t8RAY ShtureoMBedd NTBsséda]c EdRdmpaO foMelectric boosted

2004/ 020351 PCT/ US2003/ 024478 15 during the gl ass

fuel- fnedqfun@aow anball-glestrigdhmaeasi whichsiniume sxiands the livesrfithe glectrodes
and Dy e, the seeds in the final glass products.
mﬁc Ver, in any furnace, the m xture generates nuch

[0043]ess OBy whasf éxampldmddonthe phiposabf Ylussstionwoly)@ sm-hm@ silica
because the frits are alread outaased and f oam n

glass gaRRIBIRgNRY WeIBhhgoPY 70805 sd Y A0 Kok 10% 1L 20 2hd MgO,
and sxggl?%xlﬂéﬁ?t Qﬁéﬁomgsre :r{iﬁg%mzc@% RSERA, CaCO;, MgCOs,

y suit e and advant ous
and t}fellﬂxle 3i0>cA LA GENne bwlixts ascthbbaxsh andtdriatd acchidirgriofthe pracess of the

wher e .overhead fl a i S, Us
presentANET g o AS RGtth CHEBEhanaish areis s SR G Ssgin amount
. of culRld drdl IR ALriAE B a blad BhRke aRbfo@ka ity fitsOMht BfusipRipared frits
is inproved, and a nore intimate interaction between

are mixié m@rS@z faod AdD; and wiptionally cnliets,atbcml;arggkmtq:a eross-frediglass

fomadimaiqtie LBt B, bR SRl e O] Portp R woiant

approkiinalell 8084 Si0)! 1RGR BOIPERH NE,O, DDY% BBIO; 4hd (L4% K088y be
[0042] Lower tenperature slows the dissolution and

produgedsin; arﬁgmdﬁr fapkion starting ferrp BEPHYH N22603AeOs andKeleOs, where

I t
calcu}# e ec E)jﬁc}éit edégf‘ ?Rg gﬁs ur(%gééA%gtgﬂglg% fi¥fhnelted
and f(ﬁ'hied @hte <ﬁ1fsl. ﬁhcf then ates] with Srm AllD;tand Imelled fieagdhst fuenace to

lives of the electrodes . a thefurn 0
produg reglassy Epph é?aQrSiPSF SPTIERBENTHIEE SROPYY FiGoLp 0L 8% PO,
10.2 1980 1.18, %9623 lob4"R1,8); lah& 2.1% miscellaneous materials, it may be produced by

mixing calculated amount of Na,CO3, K,CO3 and Pb304, melting them and forming them

into frits, followed by combining them with SiO,, PbO-Si0,, AL O3 and miscellaneous
- materials and melting in a conventional fuel-fired glass furmace to produce the glass. For

high silica glasses containing 80% by mole or higher of silica, they can be produced by
SUBSTITUTE SHEET (RULE 26)



gl ass containing, by weight, about 70% Si 2, 15% Na20
and K20, 10% of CaO and MO, and small anounts of
wotéen2si des, can be prepared using Na2CO3, KPCDBS2003/024478

CaC®, MgCA, and the like, Si 2, A1203 and cullets

as the batch materials according to the process of the
present invention. As such,;4he carbonates are first
nelted, optionally with a certain amount of cullets

and other materials in a glass furnace and formed into

mixing lah8l %elt_fx%eth% PRRinR BERE 8Ad fnreFi&g RER iflow, Wikidg B Buxing frits

and optionally cuflets, then char ed into a
with the e@sa batcl thatgriad Jolidwedbicrmelting imre corxentiong) elsgrisebaoisigd cross-

fire @éﬁa . A borosilicate glass (pyrex) containing by
é‘ﬁ? approximately 80% Si O2, 12. 9% B203, 3. 8% Na20,

[004&] 2% ALRReaRA LOTH8aHSR Y thfcall 10U ELRlel By asini id ar
ffashi on starting from B(OH) 3, Na2CG3, A1203 and K2C03,
conventiona glasa mkummceam&nwgemplae(mglasmd@@@tmtwmgh

percefi A P bR A g e Qo (i 10 Ah0R - A SR g 14

31.5% Ba®, 01336 Md0) 0% 8,09 and fifistelltnebhiesighidamonrtts bf éthéieaides. The
gl ass cont a| ning by wei ght of about 60.8% Si 02, 22.8%,
ﬁlmawd@npe@mz LEod uqngla g@mrﬂp@s’@%mmw&mr&cap wpgch as high as

302 A LRSI e MRS M A B0
relatﬁd]ﬁi Highlpérdentageef Silbeand AN, Which are feﬁ’abtovyadaieﬁals foarn and
combining themw th Si 02, PbO Si Q2i A1203 and
particlaslysrnmienuias arquiteipaprouassd. nUsing the precess of figdmesentigyention,
I f t
caloufat ghan];du,rn‘?sdot%r% 3 Al Haiag éllacg?dggggg@&% asceiéqﬁgco%%rcog, B,0s,
CaO, MG, $r(g SI(N%%! Ba@@g had Bad¥di)e arebyix SURERT in'EltE'cEtoSbEE‘ﬁ‘lts, which

(RULE_26 20351 PCT/ USZOO 478 1 Xl
is suba?fulenﬁy %@0 Vi the) Grorp &8 MEieHRS 1ame %%@a%%}&agﬂﬁ%g@d
formefdrlh{osthe gla§ gﬁ fB{E(afrp‘l’é( irGlorf dralvSprodiss. NThdSresdnk ifiRnfcH Kd3 been

materi a py ‘nelting in a conventional
provedlsamessful ipcedncing ssnmsfor this type gf gless ommnesition. [ 0044]

asse ar substr.a .
004 5o rheesentiipis et el tRLRT s TG kel RarRfleb, whicn
are mOXR WP ba INuskilive) hdbBotSn BAY Way ﬁnﬁﬁhﬁ% 26 tHe.cldimedMrivghtion.

percent on an oxi de basis, of 4 7% Si 02, 2.0-11%

A1203, 1-16% CaO, 8-21.5% SrO, 14- 31.5% BaO, 0-3%

MyO, 0-4% B203 and m sc )k@[g@q smal | amounts of

ot her oxi des. The furn?i:e en‘p@rature for producing a

gl ass conposition in this category can reach as high

s 1650C using, the conyenti onal C . .
[0046Y ) _ bk ferifhiod Blast SomRRsiGRs ™ eroPALe usig ) e cgrvenfignal melting
proceﬁﬁvﬁéﬂe‘é‘ﬁl Bhtdh HReRAL G& é%sto theplalld ( @Tﬁ e Aty prokiiss Bf the

are refractory materia m and tlcularly scum
preseﬁnnmmgma MTheqldsbes lpvqimﬂmdhejfolltmmge)tahmlqzsrlmw sthayf(a)x he

esent invention, —cal cul afed anounts, of Gr)eggb

compRgifigRt SASicting PSR iU EPEIgSS PRGOS aspetpbastr 65,

CaGsidpO SrO & tdN03) 2, Bafl and Ba( NCB)Zoagre m xed
and nelted to formfrits, which

AlO; 9.5-14 CaO 3-13
B0 - 5-10 SrO 0-5.5
TiO, 0-5 BaO 2-7
Ta,0s 0-5 MgO+Ca0O+SrO+BaO 10-20
[0047] or (b) compositions consisting essentially, expressed in mole percent on an

oxide basis, of: .
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is subsequently mxed with the Goup B material s,
namely, Si02 and A1203, nelted and forned into the
w@b@agm2iy1 for exanple, fusion draw process. TPET/US2003/024478

present invention has been proved successful in

reduci ng scumfor this type of glass conposition.

[ 0045] The present inventionyis further illustrated by

the foll owi ng exanples, which are neant to be

illustrative, and not in any way limting, to the

cl ai m8iG;nvent i on65-BXAMPLES @Q@ﬂ6] A serg-gs of gl ass

conposjtions were _nelted usin i) the conventiona

mel ti 120|’é;rocess vhr e all bat8® material®Sare nelted

togethgﬂhand (i) stfe nmeltingglyocess of(%F pr esent

i nvention. The glasses involved in the folTow ng
[0048k anpl emdressemtielly free of BYO. conposi ti ons consi sting

on an oxi de

t d | t
rooaBcre, ' fiehd %\‘ e i s sl "eﬂgwsneﬁo@a@z@s,fegcos,

CaCC%@%C@ 1@a S?Cé T('[l\ﬁ%lg?@%@ Cf corrp03| % @)@3 Fining

agentsomsh 8§ mg)mieﬂwomvlegp, used pY ey enhall amoohts. pancmts oftdhe starting

maceds 70505 £ Re 0S5t A MRS sl el ompositon

h e
T8 TR S R D e 8y i

Ba(NQ:hy Mgty B(OH):sB204, ifipnydand fbe earbpizpes. Ainiog agwgs:mre added to

the GIEIRR metPl for S U S e, el 8650 ur B

materfi12 felwier$iOy ardlALO;very smal | amounts. Anmounts of t he
artin material s used were cal cul ated according t
[0056 e res%?dﬂ?k‘ﬁégﬁfl@}l@@gé‘éﬁ Breaglting akGrauprp Bgterialso prepare the
: 0
it e e USRS L ERET AOPLLGF) B presen

invenBa¢ gﬂﬁ:)a& ofvyNinSGupEA Ghdrdial Bﬁ@%gcé (gotip’lB m?&ﬁhlst, fneere conducted
carbonates. . Finin ents were. a to
both {HIEFRER ST iiesin ALY dF ThiaPE LRI biat fepaspnipventive

proce%&‘ﬁ‘)r e SWlci cﬁ%s% coﬁb@éiﬁor% cafl®k %Eé@&ﬁlﬁ%ﬁh&&%a?‘s@zﬁe addlell.

[00 The melting, including the pre-nelting
[0051)} Gr 0 uypariousgkamination and ghseryatien micans were used to study the melting

process. Video camera was used to observe the melting processes. At certain desired point

of the melting process, heating is stopped, the batch is cooled down immediately and cold
autopsy of the solidified sample is performed. Microscopes were used to study the gaseous,

solid and liquid inclusions in the sample.
EXAMPLE 1 (Comparative Example)

[0052] In this example, the conventiqnal melting process was used. Thus starting
materials of calculated amount were tumble mixed, charged into the furnace, heated to about
1600°C and melted. Substantial outgassing was observedAduring a wide temperature range
from 200-1500°C. At a temperature between 500-600°C foam began to form. Scum of solid
particles, foam and gas bubbles were observed in the temperature range of about 1100-
1400°C. FIG. 2 is a picture of the cross-section of a sample 4 that was immediately cooled

after 40 minutes at 1600°C during the course of melting. It is clear from this picture that
SUBSTITUTE SHEET (RULE 26)



frits and the preparation of glass, either by the
conventional process or by the present inventive
w@raaessspf nmelting Goup A material frits' anBCTAUS03/824478

materials, were conducted both in platinumcrucibles

in a laboratory. It is to be understood that the

present inventive process E?r produci ng gl ass
conmpositions can be used on [arge industrial scale as
wel . [0051] Various examn nation and observation

there WR:8 Rdande MAmBESLSK dag voidy did 4 FEcRE sF3cunifdedifig g ﬁ&ﬂtets, solid
camera was used to observe the nelting processes.

particlesrandliquifben top®f thsi meltencglassh dhewyhite mapteriad on dhe tOp@ashm@n in this
q di at el d
o Sy R ARSI 2 e e

M croscopes were used to st udy t he gaseous solid and

liquid inclusions_in the nB

(Conpar ati ve ExdpAMPL ﬁh? leﬁefttﬁl"‘éen@Q’é)rrpl e, the

conventional nelting process' was used. Thus starting

mat eri al s of cal cul ated anobunt were tunble m xed,
[0053har gednithis exdrhglef the peesent ilveatiemintethodiyrastused. GI)IQ{Gmtqi A

S o i M
meltef. eﬁ@ﬁﬁiﬁf@w&e& e% bout %ﬂ@l"i’éﬁ ﬁqgélfédttO SR im/el?CfHﬁG liquid.

of solid partic gas bubbl es were
Then s &y meitdined 4 that myeraugior shentb-2dfoussoosid its 00@assing was

S i ct r0ssssecti of, a
subsgofyily comefdie ind £ e PUir s v R pbred, dhaf s mgten
materid] W QOGwed td eb]INE GRWFHR e ABnid TWmetH we éﬁr Zlﬁ%d therefrom.

fromthis picture that SUBSTI TUTE SHEET ( RUL
The frtsmppeared tp1beerystaline anl maltiphase. IASﬁQrWéfdé dritg wq;w faxed
d
1nt1m519§;q€%1|1 ﬁ% @;fgglp grlggt%?glg "S['ﬂ }%hl‘f Y. ee \g&a&gﬂ%&d into the melter,
heated apd nfelthdll_eCUmbtued t@tha&snve'ﬁhenanircb@smtl@assﬁig dlmﬂghﬁel‘tlﬁg was

as sho in figure was unnelted SI|I a and
drama*mﬁv ﬁ‘\é\fﬂ‘&% n'g 1@% CRRPOEIHOR ForEespo f( A g Example 1 was
I3 t tAl e
meueiﬁ #3 trula% gfbﬁesst@ dgg{y V%ééégg@l/edt Pnld w%(l)lu %zmle ‘?nol{g? .%"?’5 SaBHE was

nomimaded asosagtplaBovempie & wlasumatchaltemotddaﬁme Ae ntinuted & 1600°C

. M xed and charged.into t Iter. The m xture S X
during the melbAg pasGE WhishoresMBstantially i saume Sopping BRI 95 sample 4 in
Examiplé'l 9Thé %héisectlyﬂ@f‘sa'xﬁplé"@ ABhOVAIFIG. 8 A B&hparison of FIG. 3 to

enperature for about ours until its outgassing
FIG. fwalbowssthbtsaznpilé Blhiag numlr]iﬂse,tléam dewmn quitgsefdhe molten glass. Gas void
bubbl e- f r,ee was obt ai.ned.. Thep .t he. nol t.en .
fractig s Flept1y Secuaelt 0ok R o R a1 SOV e STcH BpALto b in a later
stage @F 2i466lufiéh tHaS Mhode iethe %Slﬁ’%ﬁgndl befch tpil@ % shoWEinfPIG 9. Clearly the
appeared to be crystalline and nul {iphase. Afterwards,

procegshef the presentdneentipk axdrkedrie redace bgnpfarming durmgdhp gss melting
ggaterl als. The resultant m xture was charged into the
nelter, heated and nelted. Conpared to the

[0054)onve NIt Gilibe REREES fo thesy Gasel if Ghelatt ihagvarRiub hivdifi@sions and

alterations can be made to the present invention without departing from the scope and spirit

proce

of the invention. Thus, it is intended that the present invention cover the modifications and
variations of this invention provided they come within the scope of the appended claims and

their equivalents.
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dramatically reduced. The gl ass conposition
corresponding to sanple Ain Exanple 1 was nelted
WwWOI200A92G38E process of the present invention asp@®EUB2003/024478
and the nolten gl ass sanple was nom nated as sanple
B. Sanple B was inmedi ately cooled after 40 m nutes at
1600C during the nelting pjocess, which was
substantially the same stopping point for sanple Ain
Exanple 1. The cross-section of sanple B was shown in
What i &hinsbd i& ‘conparison of FIG 3 to FIG 2 shows that
sanple B had nmuch less, if any, scumon top of the
nDIten glass. Gas void fraction was clearly reduced.
\Y e S sh me the sili rains. to be in
Lo A BESARE G SRRNH shprne o plo Pk i
1)) c mdaatngcmmh by@) gfixipp tiee Agtigh eiferiall, bdifactively $feaed 36 as Group
rocess of the present fnvention worked to reduce

s ma jalsi ?@S@Ung Wgentraélygq as%err%ﬂ @mtr@xtgq@rt@éersﬁassmdsng
|
t Itkgngmraﬁmﬁndl a:tmvswhmg tha mmtdrmwlb Iﬁ_ﬂamfdt odutghsf mmi)h?ogﬁg) e
and spirit t I nti on us IS I ntende
{ Fglte H@tﬁﬂfsﬁgé‘?ﬂter}eﬁ%ﬂ%‘}\:qu&mﬁeﬁﬁ@%dl fications and
(1) v %ﬁkﬁ\ ggé‘eﬁg g?&%ecgm g@eﬁ@} Mlﬁ gﬁ{ﬁg gggsgﬂmmgx?&eﬁasﬂoi@mely
eqezfmwd mnsgsroaussmtmma @®HEET (RULE 26) WD 2004/ 020351

PCT/, USZ 03/024478 19 med j.s: 1...A
(I p i ﬁ?xﬁa%%%%\%@m A RAHDE Pidionsife form the
%ldsg)mafhg]a;steps (1) producing a frit by (i) mxing
e starting materials, collectively referred to as
Goup A materials, consisting essentially of
teri r.alas 0
2. (P §iohnin holBosBes 8RR ol BT e (B AR Broup A
materiald &€ inmelted bad allovadd tg @RcIal gubstakipity eémplete@nd al | owi ng
the materials to nelt and outgas; and (iii) cooling
the nol ten outgassed material and form' ng frits
3. 1%%%5%@ acéJ og%aél %g?tﬁ]g}]a%rﬂgé%lﬁea ﬁx?geﬂeﬂlpéltal?tﬁ‘e oF Group A
materralas‘ iarstepdT) ie absut G0O-BPOE Toates thanl the gﬁm:knélltlhg )emiﬁdrituftgn step (1I).
the resultant m xture of step (11) under glass nelting
conditions to formthe glass material. 2. A process
[
4. |\ BIOEASHRRGR d&éeé;ggh Rlaffh, WABREPING ArBu Rachidls kbrsist
essenfaaﬂymﬁéhbsle(sebuﬂeg donsndtet iy bealrtipg, cynthbiid aid)ioenaﬁcxéted naturally

R T R T O
alkali lefrt@ RS, 450 AP al:ﬁ’l"‘ﬁﬁxﬂlfé@ And @&nﬂ&ﬁﬁﬁ tKERdel Whh or without

ten”perature in step (I
containing additional chemically bound water

5. A process in accordance with claim 4, wherein the Group A materials consist
essentially of those selected from the group consisting of Na,CO3, NaHCO;, Na,CO5-xH0,
NaOH, NaNO;, Na2;S04, K,CO3, KHCO3, KOH, KNOs, K804, Li;CO;, LiHCO;, LiOH,
LiNOs;, BeCO;, Be(OH),, MgCOs, Mg(OH)z, CaCOs, Ca(OH),, SrCOs3, St (NO3),, St(OH),,
BaCb3, Ba(NO3)2, Ba(OH);,, boric acid (B(OH)3), B;03, colemanite (Ca;Bs041-5H0), borax
(N2,B407'10H;0), ulexite (NaCaB50y-8H,0), dolomite (MgCO;-CaCOs3), basic MgCO;
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4. A process in accordance with claim1, wherein the
Goup A materials consist essentially of those
waedogormsdl f rom natural |y occurring, synthetic POTUS2003/024478
beneficiated naturally occurring borates, nitrates,
car bonat es, carbohydrates, sulfates and hydroxi des of
al kali and alkali earth. al s, B203, boric acid,
m xtures and conpounds thereof, with or wthout
contai ning additional chem cally bound water. 5. A
(4MgCRD§319%§©HD2|WI§2@BOPE@®§ ?b(@HB} PB @, ZAG oyaﬁa @nroﬂbyeu@h%whout
A materials consist essent 3I hose sel €ét ed
additignabehentically twupd tesi st i ng of Nazcos NaHCCs3,
Na2C33- xH2O, NaOH, NaNG3, Na2SO4, K2C03, KHCO3, KOH,
KNG3, K2S04, Li2C03, LiHCO3, LiOCH, LiNG, BeC3,
6. BR( e8s in\a66and¥b(i Bldim Fatkdtein G GHdud. A Biat&dals further
NO3) 2, Sr(OH)2, BaCO3, Ba(N03)2, Ba(OH)2, boric
comprwsufum(ﬁm:apd nppouigasunematsrialk unterrpsmliglsImlting or ax

21 Rabed 4 il IRCRSR b B

of the ﬁﬁhlZglﬁb%/ceﬁ)@ZSﬁﬁoxPCT / US2003/ 024478 20

(4MgCaB- Mg(OH) 2. 4H20), PbCOB, Pb(OH) 2, Pb304, ZnCO3

and Zn(OH) 2, with or wt hout addi tional chenically
7. DRSS kELsofiandh AOPOSR | DhACRASRAGE kol A feming
materialgarg aidad ¢o Gmupa@txgassuntg thaae&hlcahstmutnsjbss than about¥abyg mole

ures, in.anmounts that each
onan%ﬂgt)ﬁ%?tfetgn‘ﬁ glsé;leSﬁ&ﬂfngggﬂ?n 5% by nol e on an oxi de
basis of the final glass conposition. 7. A process in

accordance with claim6, wherein the fining agents and
8.  némpronssyisasiordanaeaish ¢lains 7awkereildheifiniog @gmtp agd ngn-outgassing

unt s, t.hat, each.constit ut ¥

materi RS A et A7 ER@RTS AP UG Hhf FachiEP Rttt 1B h Bt o by mote
on an 618PBadi¢ bRe fifal AashcOMBSSitioN) accordance with claim 7,

wherein the fining agents and non-out gassi ng

rmterlals are added to G oup Ain anpunts that each

t t

I ¥ R B e S R D T
coloraatspgimhnuchﬁensihdcﬂuﬂem 6, wherein the non-outgassing

materials conprise colorants, glass nodifiers, and

cullets. 10. A process in accordance with claim®6,

10.  WASi&dels H“&cc@x‘d%&gmﬁQQQHGWﬁerélﬁ@h@ﬂﬁlﬂgﬁgédw and non-outgassmg
materials are selected from PbO, Pb304 @)

materigls @re SobotedHea@n PEE2BB;0. baEs MOS0, Z86) FeOT Fe)z@:«, ZsfR, Sby0s,

510, 157258 e RAO8T T Cony it s Rl ey B B P

ox1desaam%ﬁ@aﬁ§dsvm th claim1, wherein the Goup B materials
consi st

tempm(a

11. A process in accordance with claim 1, wherein the Group B materials consist
essentially of materials selected from naturally occurring, synthetic and purified Al,O3, SiO,,

mixtures and salts containing them, and cullets.

12. A process in accordance with claim 1, wherein the Group B materials consist
essentially of those selected from sand (containing mostly Si0,), feldspars (R0 Al>0;-6Si0,,
including sodium feldspar Na;O-Al,05:6S10; and potassium feldspar K;0-Al,05-65i0;),
nelpheline syenite (Na;0°Al,05-28i0,), spodumene (Li;0O-Al;05-28i0;), phonolite
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essentially of materials selected fromnaturally
occurring, synthetic and purified A1203, Si02,
woootoe®ss1 and salts containing them and cul | epeT/USR03/824478
process in accordance with claim1, wherein the Goup
B materials consist essentially of those sel ected
from sand (containing nostly Si02), feldspars
(RO Al 2CG8. 6Si @2, including sodium fel dspar
Na20O Al 203- 6Si 2 and pot assi um f el dspar
(xRyC Kﬁh@% -2EJD:68iGP) blast FanpOL A GiOY- B0 €a0-S%), lead silicate
( O Al 238. 2SI 2), spodunene (Li20-A1238. 2SI 2),
(PbO-5i2moh]20e asUBsTin TVED: SREBREILE 26) WO 2004/ 020351
PCT/ US2003/ 024478 21 (xR20yAl 203Fe203zSi 02), bl ast
furnace slag (Si QA 203Ca0S2-), lead silicate ‘
13.  (RbbédR)in adbriadcRfih %ﬁtﬂh'lnwﬁl@ﬂeﬁfﬁ step! (08), H&hm ohdr thd molten
rocess in accordance with claim1, wheréin in step
glass isireduced compared in epnentianel glassraelting pepsessi s r educed
conpared to conventional glass nelting process. 14. A
process in accordance with claim1l, wherein in step
14. (Al procésoén fdcotdanse With GRémi 1 whkin in(stepi (II) Jajte fiitsib formed in step
cQo 15. A process in accordance with claim1,
(lll)bWﬁ@Fé‘PCﬁmlghe Group A naterials include B203 source
materials and al kali and al kal i ne earth carbonates,
and Goup B materials consist essentially of Si02
15. amdpocesdiR O oidancewith olaiad , whemircthe Grome Awhiatbrialk éichade, B,O;
wherejn the G.ou teri aI S conS| st. essenti al.l
sourcqyalsyels 2 gty edka TRt S Cesehapates, S OroRp § maierinthsfasist
essent%ﬁWSlO?ﬁ&D@ﬁAﬁo Ti 02 Ta205 and Y203, G oup B
mat'eri al s consi st essentially of Si02, A1203, and the
anmount of the starting materials used are such that

t | forned th om h tion. .
caraPeR T 0B fed Witk Sl T, Wadielymt SPES iuhfrisps ponsis
essemﬁkﬁf OHDg @}@m%@@aMgﬁ) CaC0, 100,640 Br({a®)) ﬁC03,
-14 'Ca0 3-13 B203 5-10 SrO 0-5.5  Ti 02 0-5
Ba(N@a)@ 1202 Taszzegd ¥2@s, @@%BM@@B&@S@@GW“@W of §i02, Al,03, and

the arfOuNt 6F the! ch%ﬁéﬁg‘g?lg %S%MS%‘E ts&é ? gtg%%gg‘%@d ggg%éamys a

compd)@ﬁmcorm;;ﬁhg é‘aéiﬁfﬁ,lly&@res&dlﬁiemﬁdfond&péﬁ@&)cﬁ; ar(#adipbdsis, of
%t erials con&;g essentially of Si02 and Aizog and
e amount of ?Hé0starti ng &ials used are%Such

Aot the gl assgkoiyned theref (g has a conpositsqn
conS|st|ng essentlally, expressed in ternms of nole

Buéhcent on an 8ADde basis, ofSrO 0-5.5
TiO; 0-5 BaO 2-7
Ta,0s 0-5 MgO+CaO+SrO+BaO  10-20°

17. A process in accordance with claim 1, wherein the Group A materials consist

essentially of B(OH);, B,0;, MgCOs, MgO, CaCOs, SrO, SrCO; and/or Sr(NOs);, Group B
materials consist essentially of SiO, and Al;0s, and the amount of the starting materials used
are such that the glass formed therefrom has a composition consisting essentially, expressed
in terms of mole percent on an oxide basis, of

SiO; 65-75 MgO 0-3

ALO; 7-13 Ca0O 0-5
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Si 02 65-75 MO 0-3 A1203 7-13 CaO 0-5 SUBSTI TUTE
SHEET (RULE 26) WD 2004/ 020351 PCT/ US2003/ 024478 22
wBdB203/020336 SrO 0-5 and essentially free of BaPrT/LI82008024478

process in accordance with claim16 or 17, wherein in
step (I), the mxture of Goup A materials are heated
to and kept at about 1100-1200C for about 1-2 hours in
step (ii) and allowed to outgas substantially
conpletely. 19. A process in accordance with claim 1,
mhereBgo§tep (I'l119.14s carriedr@ut in a fogl -fired
furnace. '20. A process in accordance with claim1,

and esgerdradlydresto€Ba0l | 1) is carried out in an electrically
boosted fuel -fired furnace. 21. A process in
accordance with claim11, wherein silica is used as a

18. SPrbéddgin@iceidande with cﬁlﬁlw 0817 aﬂﬁbrélh i @l@ﬁ(l)ttﬁé @fixture of
equal to or greater than 75% by nol e of | ass

Groun:b mprserials arn heapd tn ansdceppat abputph198290 |Chfc3@b@rtda21 beurs in step
(i) anWa lgw&]l ?o' cmtgzgshsgﬁggrg@lg CE)%@}G%I%I ca content is equal to

greater f the glass conposition
obt ai ned. SUBSTI TUTE SHEET (RULE 26)

19. A process in accordance with claim 1, wherein step (III) is carried out in a fuel-fired

furnace.

20. A process in accordance with claim 1, wherein step (III) is carried out in an

electrically boosted fuel-fired furnace.
21. A process in accordance with claim 1, wherein silica is used as a starting material in
Group B, and it constitutes equal to or greater than 75% by mole of the glass composition

obtained.

22. A process in accordance with claim 21, wherein the silica content is equal to or

greater than 80% by mole of the glass composition obtained.
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