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RESULTI NG GLASS SHEETS RELATED APPLI CATI ON Thi s
application clains the benefit of priority from U S
Pat ent Application No. 10/656, 685, filed Septenber 4,
2003, the content of which is incorporated herein by
5 reference. BACKGROUND OF THE I NVENTION Field of the
I nvention The present invention relates to a system
and nethod 10 for suppressing the formation of oxygen
inclusions and surface blisters in glass sheets and
the resulting glass sheets. Description of Related
Art 15 Liquid crystal displays (LCDs) are flat pane
di splay devices that include flat glass substrates or
sheets. The fusion process is a preferred technique
for producing sheets of glass used in LCDs because
the fusion process produces sheets whose surfaces
have superior flatness and 20 snoot hness conpared to
sheets produced by other nethods. WO 2005/ 030661

T RS A Fom, MR R B R Corvom

C NSNS ANIT [SURRACH BIAOIYTERS aif fezeds) SMEETS AND THE
ref erence. Many of tge | ass sheets _manufactured for

flat panel 5 displ&¥ gﬁgFFga??%ﬁ§,55§FT$cularly t hose
formed by the fusion process (also referred to as the
downdraw process or the slot draw process), are

nelted and forned with conponents nmade from

RELATHER ABFLIRATIAN e.g. platinum or

» 3 \ » v 13 ] il
This application claims the benefit of priority from
U.S. Patent Application No. 10/656,685, filed September 4,
2003, the content of which 1is incorporated herein by

reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a system and method
for suppressing the formation of oxygen inclusions and
surface blisters in glass sheets and the resulting glass

sheets.

Description of Related Art

Liguid crystal displays (LCDs) are flat panel display
devices that include flat glass substrates or sheets. The
fusion process 1is a preferred technique for producing
sheets of glass used in LCDs because the fusion process
produces sheets whose surfaces have superior flatness and

smoothness compared to sheets produced by other methods.
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platinumalloys. This is particularly true in the
fining 10 and conditioning sections of the fusion

wonrosaseciwhere refractory netal s are enpl oye#CTasS2004/029044

mnimze the creation of gaseous inclusions within
the gl ass sheets. To further , mnimze the creation of

aseous inclusions within the glass sheets, the
é%%ioﬁu%¢@@es$rqﬂ¢@m el desaridendc a8 16.4.fi phBgnt Nos.

. senig i n he highest tenperature
??%?%@6agen??gkngwﬁgga%8%'whéh%addﬁanFSHFﬁe A t efiich  are

Dhasspobmidy hdradh awg Fore A del ease fromthe gl ass
nelt at high nelting tenperatures (e.g., above 1450

0. ™A nPHhtheemdenst wheerr mareasactuliedh faimsfiat panel
d4 THp0 19f, a%qoqltébbl AL t-h | ting _and

#?%?ng s%gg%scbf gl ass 5§Fggﬁk?gggpgcgﬁbsga CtHeg by the
Sigiony pendensy (BAisc02resmdtion a8 thvedowndraw process

nditioning t eratures (which aids. in the collapse
GERS ELP AL o BEECRALI ugiGne TN ihepried with
degidrihtd) @agéageornefdrialorhs feeentd al Ly, f r?ﬁta?éTnum or
point o

E&%g%?seous i nclusions. From an environnent al
T AokPYE be dBEPr Al @2t iproladby akteendti wée fining

et heds g1 ef opaking L gh Jrelfing.paoi.nt and strain
apoint grass” sﬁget%égfgﬁ%%t favF%SEthSﬁﬁPoypﬁngﬁFc where
ref radioriyngnedgdrst .atd eumila el 3o baidesiibablied addtdion of
i%§§gnative 30 net hads .for. _maki ng such_ gl ass sheets

had
5 e HOWHYT HS pPadddd | thawnPt R IheshFass -shedps further

riadenives ythit tdeeddi &Y o fIa§L9S, Enchﬂéhgggoﬁr SHELASE the
bllsterlnqi One such nethod™ is described in 0. s.
IPEEENISIETE S, 798 728 WAl chrdirsst oseEt 41D 28P5693066kenic as

ar%{ngzéf%ﬁj%ﬁgogﬁ%§%?ﬁégug}%?ﬁ%ﬁ%? ’E]é(e) | k?_%hee%%l Ct):sebr!r{p(:)erature
fpnangnagecord akmbwg, veasdel wakd iasad o tRONIEOk hN&y1 555

d pQi_nt__qut Si the vessel in order to reduce the
bﬁgﬁ%aﬁFoﬁl “Ebggﬁﬁ§hiﬁ@ﬂ@@?@n@rFﬁ“g¢%§39§a§ﬁe@€éﬁ at high

mAnet hgr wethochfored educing the far ."g&%@?‘ Q{j 9aSFOYS high
inclusions in glass sheefs is described in U'S.
CRRPEHRLNGS. ©; 128 1xseand whig24, a2 shiich dilsel asendhel  of
bUBBles during the melting and fining stages of glass
production, coupled with a strong tendency for O,
absorption at lower conditioning temperatures (which aids
in the collapse of any residual gaseous inclusions in the
glass), results in a glass sheet that is essentially free
of gaseous inclusions. From an environmental point of
view, it would be desirable to provide alternative methods
of making such high melting point and strain point glass
sheets without having to employ arsenic as a fining agent.
It would also be desirablﬁe to find alternative
methods for making such glass sheets via the downdraw
process in which the glass sheets have very little if ‘any

gaseocus inclusions or surface blistering. One such method

is described in U.S. Patent No. 5,785,726 which discloses
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of various batch constituents to mnimze the water

content in the glass conposition and thus the hydrogen
woQoasaaemnt r ati on on the inside surface of thePCT/US2004/029044

plati num containing vessel. Al though the nethods

disclosed in the patents nentioned above successfully

reduce the formati on of gaseous inclusions in glass

ZheEMd A s nerpritirayisidenenc los el nghat surrounds all or a

i nuMm_Ggont al_pi_ng_vessel . t. would be_15 desirable
%%f%%é%i g d%tg?ﬁg Pyg_ﬁgpﬁéaQJFEprgﬁéﬁé tfBd is used to
daortmetl onthef  gamequsidinclougisane | ki ase gheet §, BREE, o

CRI PTI.ON OF THE | NVENTI ON The present |nyent|oq
T Trest i aAFVEMHE OV e @ st@am ee0sand nedttsddrfor in  glass

SSHHRLSSI N r [ 0 as .lnclysions_in a

gIas;ﬁsheegéhgﬁgé?hgﬁ%gggﬂt%%% Qﬁ%%QClgﬁeéﬁg? %ﬁﬁmatlon‘ of

m i herldesonrs meht igigpsd i B]Cmtsdet'LEVQIe/scljrmé@_ ngdn v.s.
] Y at__has refractory neta

PN ORI & aL2E At iRl donbat ) WRFEh s lase the use

dfnnerarZivusal lbdthal coHAGHS R 4 en: gl aﬁ%n@ﬂﬁz@” WLT ater
oated wth_an oxygen ion transportable naterial

c\(l\)%ll.tlg’a. : part itA9 yIlaes f fampostidi o zeddzi tbowi ajhahilghirogen
[ : WAt h duct | el r-ode. T stem _ )
Cgﬁgg%?ﬁéﬁjggs gﬂchggmegﬁéggﬁrcg%%ﬁgfeéuﬁgfi epcplatinum

cpphainiagr ossselle 0@gemugn SAet wé 3@%@0%58@ ah the
' S oxygen ions to mgrate romthe .

e S el hrptent AP re Sandintice the Formation

ofl ertgasles andcenabbes Q&edc_ijpaé@msrl%eﬁé]effg%ldal in systems

essyre of oxygen around an exterior of the vesse
u{%ﬁﬁgﬁa pspjoﬁt‘ltélyl‘%@‘m@mﬁ@l PO 4582084/ 020044 wbulld be

hyel hydr, n.perneation fromthe

dﬁ%%?g%nggH%%gbﬁﬁsgé%e¥gf%g§ﬁgﬁpg§snFﬁ%KF%?ng%ld%F%ﬁent the

fondesieabbE ggaseousinabhasbansiang]swef atrdld sters
within the glass sheet. 5 BRI EF DESCRI PTI ON OF THE

DRAW NGS A nore conpl ete understandi ng of the present
BRIEF DESCRIPTION OF THE INVENTION

The present invention includes an alternative system
and method for suppressing the formation of gaseous
inclusions in a glass sheets and the resulting glass
sheets. The system includes a melting, fining, delivery,
mixing or forming vessel that has a refractory metal
component (e.g., platinum component) which has an inner
wall that contacts molten glass and an outer wall coated
with an oxygen ion transportable material (e.g., partially
or fully stabilized zirconia) which is coated with a
conductive electrode. The system also includes a DC power
source that supplies DC power: across the oxygen ion
transportable material which causes oxygen ions to migrate
from the refractory metal component to the conductive
electrode and enables one to control the partial pressure

of oxygen around an exterior of the vessel which helps one
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i nvention may be had by reference to the follow ng

detai |l ed description when taken in conjunction with
woOheos/0k@6acconpanyi ng drawi ngs wherei n:  Fl GUREPATIUS2@4/029044

bl ock diagramillustrating an exenplary systemin

accordance with a first enbodji ment of the present

invention; FIGURE 2 is a partial cross sectional side

¥ esf bfct IGebnepnéveme pdsedsn upednaatthion tfwolyshe€muolten

iy En Fl. GURE %' FIGURE 3 is, a flowhart .
st Fat i Hg The Badi®REHs ThF L aetHotrRorf undesirable

SUPAFES SEAG1LBechST BRI 0fuPfa OXY BAN std¥d Ugh PASHANG e glass
surface blisters in glass sheets in 20 accordance

$%F t he present invention; FIGURE 4 is a bl ock

diagramillustrating an exenplary systemin
accordance with a second enbodi nent of the present

BRAEN tDEACRIFTAIRE (A THE iDRAWINGS i s a schematic t hat

illustrates 25 the hydrogen perneatjon reaction that
occu?% w'PhGut ??mﬁi% ge%ﬂ%ﬁﬁﬁ%ﬁ?@%PQecﬁﬁ%loé?eofIPresent

irherriesentmdynvesd | aiq F'@JREréﬁe:&%n%esc%mtﬂ}‘r‘%t hal11owing
i I lustrates the hydrogen perneation reaction that
Blaired EaserEPbkgYevheasxt Fakefonitecmmilwyyt ofnt kéth the

é@é%%ﬂyh'-% j &8%0 | GURE 6 is a graph that
iIIustrg?é§Ft 5 im'acyﬁggglﬁhe oxygen | evel on the

par t iFiGUREE SIS Uirse aofblyek ogibagr&noind ubhea2X4tRf Nl exemplary
surface ,of the systens shown in FIGJRES 1 and 4; WO

SX505/030661 *FEPFURZ664/ 2864435 TFmEURE Smhaddneitagrain the

e samtexpeenehal set-up used to verify the oxygen
extraction technol ogy of the present invention;

FI GURECEREs % gPaph Pautial| gsoret esedatenhilchssfowsiew of

P sraes o By DS  rEE, BhePs in Froums
lapplied across a

FIGURE 3 is a flowchart illustrating the basic steps
in a method for suppressing the formation of oxygen
inclusions and surface blisters in glass sheets in
accordance with the present invention;

FIGURE 4 is a block diagram illustrating an exemplary
system in accordance with a second embodiment of the
present invention;

FIGURE 5A (prior art) is a schematic that illustrates
the hydrogen permeation reaction that occurs without the
oxygen extraction technology of the present invention;

FIGURE 5B is a schematic that illustrates the
hydrogen permeation reaction that occurs with the oxygen
extraction technology of the present invention;

FIGURE 6 is a graph that illustrates the impact of
the oxygen level on the partial pressure of hydrogen
around the external surface of the systems shown in

FIGURES 1 and 4;
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zirconia |ayer in the experinmental - set-up shown in
FIGURE 7; and FIGURE 9 is a graph that illustrates

wdav@/oapiech shows 10 the inpact of the dewpoi RCTMIS200ME29044

partial pressure of oxygen at the interface of the Pt
tube and glass in the experigrental set-up shown in
FI GURE 7. DETAI LED DESCRI PTI ON OF THE DRAW NGS 15

Befor@@%ﬁ:rvmagae)deragimw cefireadi BRBES igferdRE set-up used
resent ntion, it should be understood that the

por eSeht fY n\%gﬁt POHSEE FOt TPCkiiPBd T 9ChAe Aeaidls Pte present

oonsigiugtj on or process steps set forth in the
In fact, the present invention

foll owi n descri pti on.

i's cé&ﬁﬁﬁﬁcﬁ R25) @tﬁé@P%n%®@¢WEHbssam@t@S bttty which shows
r or, _C 0 var resent

%n%%%‘?%%el % nd?{a(refctt%%& Li%)r a dgofo}qf%?rrn ﬁg ap sintertace

ctheat &ti rtrﬂ:ermanmdagﬂaesngrk&ylstcﬁm:&\eheh 1MBheYSedt across a
|.east one vessel that contains a refractory 25 netal

%ﬁﬁﬁﬂﬂhﬂu P 0 FEF.ﬁ&ﬁeréeﬁpéeﬁrn@eeoweoﬁ@@wp 11THRI GURE

7orefrey red gl ass sheets are alumnosilicate gl ass

sheets or borosilicate glass sheets. And, the

pr ef EERE i} cleess g’le?rplhﬁmﬁf‘tacﬂrﬂmagrabese dgltassvhich shows

ee t d et manufacturi r ocess.
t\thsé u!suzl g &r te‘k?fn @?lh\gn é%y’v%%lv\rﬁ%r aw sﬁ&’@t gg&@t uPFRgsure of
oprvgees satr et Bes it eatfpckordl Of he gba;sstﬁbgetand glass in the
manuf.act uri.n process in which gl ass sheets are
ngFﬁéH‘eﬂ%iaﬂe Favel PREYRn1g Eéﬁ}gﬁﬁrﬁ direction. In
the fusion or overfl ow downdraw form ng process,

nol ten WD 2005/ 030661 PCT/ US2004/ 029044 6 gl ass fl ows
DEAASLEDt PE&&RIPFHT@N @FeTHEoEBAuﬁNGSJns dovvn bot h

e L L S R L A P e

the root (wheret

pwatsbat ofingleass ohgj 0iin) , sABA1ES HAWNLAQWAMRLEIUNLLt  the
The 5 overfl ow downdraw sheet manufacturi ng

Pﬁ?ﬁ@@%s FEVSEE&PPbeaS i RO, slipatafd Neo 3tBes, 6esails of

cbReekertydnangd U ocdid eQEeps set forth in the following

description. 'In fact, the present invention is capable of
other embodiments and of being practiced or carried out in
various ways.

The present invention is directed to a method of
forming glass sheets in a manufacturing system which
employs at least one vessel that contains a refractory
metal component (e.g., platinum-containing component) .
The preferred glass sheets are aluminosilicate glass
sheets or borosilicate glass sheets. And, the preferred
process for manufacturing these glass sheets is the
downdraw sheet manufacturing process. As used herein, the
downdraw sheet manufacturing process refers to any form of
glass sheet manufacturing process in which glass sheets
are formed while traveling in a downward direction. In

the fusion or overflow downdraw Forming process, molten
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No. 3,682,609 (Dockerty) both of which are hereby

i ncorporated by reference herein. This technique is
woapeiBescof fornming very flat and thin glass sheets2001029044

G her forms of downdraw sheet forming techniques

include the slot draw and redyaw form ng techni ques.

In the slot draw technique, nolten glass flows into a

gl@ﬁgh flh)&)\%i ngntzo machimoedihs| othém tdweebfitdven afidle runs down

sheget ss _are pulled down through the slot. The

quali §7 %? P e 15 §%s W@tstqgs,eagﬁgn@@ntwwm% known as
elesurraey Qlwhiche rﬁﬁf@'ﬁ:?@e &h@k- aHlf £gdr ayd %\%ﬁﬁlow walls

techni que generally involves preformng a glass
ebnPbarei §8IPAR a Bidbcke oﬁrélmecfsm/erpealdthenll cool. The

6@@‘@§Iéﬁgﬁﬁpﬁdp£ﬁ%ﬂge£ h\g %rlfgéff t?c\#éll\égr d| %cfﬁsgsg?h% ﬂascrlbed

hi nner sheet product

iechnisquekatientwhiNoh 3sidsiscaos glpsskexrvi®l t eddantd s. patent
nore vessel s

[ ut|I|ze one_or
%o;{regalgggo g%g::( S&%tegct@fl Jng Pefdt er il wihéRhcormzs nshereby
mdefgRed sy Mt alreUchRSE  Pledldiym becpyse of .| ?ll’iﬁlque is

i nert_ properties. Unfortunately, 25 platinum ena
FRRARDYR P Ini fraineh ferddwt fansmithen glass skkets.

t hr oygh, t.,he n thereby cre xygen_rich
| ayer até]?heﬂd?éaéss%rﬁ at Fﬁ’u%r%ﬂ’t e al'éceggv\h#w%ﬁm %% Feggriques
troctuvde fohemtilion dfrawndesd rﬁ@di:@axgaswﬁl@g(yg@ﬁh ues. In

I or sur ace blisters in the gl ass. ile
Inc ?Lﬂjfcl%}ﬁnﬁﬁa‘t’otﬁg BoEHE: bifothEBr @laesi §lonsl |1é\’f’é7d a trough

Hah/a_ﬂng he sabace st erd ngheffect uhi Cﬁ'%ccéi{es té n?f glass

pl ati num vessel s, for exanple, occurs as a resul
%% Pothadi clevol shrongherths chlcl_tayer Tear thBél.lty of the

005 PCT/U 004/ 029044 7
a\ast int er agleg é‘%ggggxy%eﬁn %lﬁ | 3YEPERAY L RE &I%fsénaChlned
statbeI i evted tredwawpr @duﬁ@ﬂgbyte&;mﬁmguaatg@ﬂe@élly involves

noel ectric electrolysis of the glass nelt
gﬁ?&&\ﬂﬁ %fd %&Sﬁsdélqmﬂﬂ%l&gbﬁtrswaﬁdbtlﬁ@knmfoeaom shape,

tgér%ri@éﬁéaglﬁés%ﬁ‘id/egré@1ﬁ§e H25Y1 8 b8 eCt o &
|l eve
tIhS:Lnneer sheet product.

All of these manufacturing techniques in which
silicate glass is melted and formed into glass sheets
utilize one or more vessels that have a glass contacting
material which contains a refractory metal such as
platinum because of its inert properties. Unfortunately,
platinum enables hydrogen migration to occur from the
glass melt through the platinum, thereby creating an
oxygen rich layer at the glass/platinum interface which
can lead to the formation of undesirable gaseous oxygen
inclusions or surface blisters in the glass.

While not wishing to be bound by theory, it is
believed that the surface blistering effect which occurs
in platinum vessels, for example, occurs as a result of

the formation of an oxygen rich layer near the platinum-
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have a large inpact on the rate of blistering as a
result of the contact of the glass with the platinum
wonroism3edeso bel i eved that OH groups di ssoci at BCTaIS2004/029044
neutral hydrogen and oxygen. The hydrogen then
perneates the platinum 10 skimn, enriching the surface
region (platinumcontacting region) of the glass wth
DhgRremeht chncanfaten fohis bupbeesricH Hfa}gd:z;sﬁﬁl_lffhe glass
e lLubility Ilimt of the.glass _is exceeded, .In
fp%rt %%&Iliaerv,edt %et(ﬁyd oegenpﬁ@g@%‘ﬁi oY bl i%st eFPAGisaLdee  of
therdoeIdectosse0bcbydlogen fgomide b, g age1whenst b8k down
rtial_ pressure of hydrogen at the ~glass/platinum
&%t &fiate ifdrHgheP9ERER  t henPartheal npmbssurefofOH groups
: t e al rf f th at.i_nym. .
DA S Poohe®eRy T el Phoelt o Mamres o
Irastuce taegandepiarabbe hheblre tge e ai%magbyig@ asl a result
t.rolli reactians that occur at the boundary | ayer
Qg%tq:\/\l}eeenc?rhe Pt att nﬁﬂ’?sﬂ PSRN G SRS R edi&dt-ar it is also

tgilassredlethyer Yus Yt QP 081 kBoaE£0L daNCE Wnkh +t-he hydrogen
present invention is described below with respect to .
FIGURESIENG. ReF r vglrogeR GUREN 1 pe Thepser stbhlovmlatlnum
hemathLc: 25, ui f st 100 for Kin ass .
SZ%E& sgtlg ilﬁgé?ﬁe%d%v\ﬁ&rqgv% f)éusjlgaén - pr ocgglsggarﬂlégsgé?%?ﬁ‘Ctlng
rE@G dmcl| edesthe nEldsang wiessebx#déni nivbiwhi chabat €hen  form
rials i ntroduced as shown_hy arrow 112, -and

blr{%tbﬁieﬁ ot g‘glie I?rﬂ‘?”?? né%o&lﬁr Solybiha tiel tiRgtvedsdihe glass
iElO0exbred®.t i ng130 yesselkylidP, i spprde hf})’éfelragre%{ r ﬂﬁés/ation

materials. The system 100 further includes conponent
bl egriaa yprearsy dvedetof thm plass nsnlrrﬁ ohydrogen from the
lLatd n ont.gj _ni t al s.__For_ exanpl e, _
gglagsi n%eglonttg{lenni ﬁgafr?étaa s BnéiSie al ?gyshé’firﬁ!ggﬂ nff the
JNOs2RE/LE3G6EH] RGT dIS2004/ 0290441 Snewhi chhamy khel Udsirtial
and conbi nations thereof. The

Pt-Rh, Pt-Ir, etc,
PHEEEITTEm Oont BYAFR§SEonpbneRbe | Pttedesd fiuwifige of the
presseliml kedf 1t (féoekrrbuhke h)., aﬂ&'§9e¥8ﬁgel'nvention
120 (e.g., stir chanber 120), a finer to stir chanber
helps reduce the wundesirable bubble generation by
controlling reactions that occur at the boundary layer
between the platinum skin and glass. An exemplary glass
delivery system 100 in accordance with the present
invention is described below with respect to FIGURES 1-6.
Referring to FIGURE 1, there is shown a schematic
view of the system 100 for making gl ass sheets using the

downdraw fusion process. The system 100 includes a

melting vessel 110 into which batch materials are

introduced as shown by arrow 112, and initial glass
melting occurs in the melting vessel 110. The melting
vessel 110 is made from refractory materials. The system

100 further includes components that are typically made
from platinum or platinum-containing metals. For example,

platinum-containing metals include alloys of platinum,
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5 connecting tube 122, a delivery vessel 125 (e.g.,
bow 125), a stir chanber to bow connecting tube

W@ 2ds/ea066tiownconer 130, an inlet 132 and a for RCIS2004/029044
vessel 135 (e.g., fusion pipe 135). The fining vesse

115 is a high tenperature prpocessing area for
removi ng bubbles. The 10 delivery vessel 125 delivers
¥iNkCly| aery t Hinedyidet het -Bbwnclinelr130eto, t henidnl €bmB32ations

I 0fo the, formng,vessel 135 which forns a gl ass
sﬂeé%gERefe?ﬁfngg1%9¥$%$F@@PEaﬁﬁﬁn§, FREPENEFRE SshoRf1lade a
parinal vesoss sestilengl , sicdaeyi ewof one)of t hﬁxiré? avessel

essel s 15 115 (for exanple) in the system 100 an
]}/%Ogv\éﬁalgt' q I?‘Er%lfgé—‘thiaﬁ@etlhelg@bps #n Bimet hdg 360iforchamber

1 G sheet Jutilq zi th sie 0.

icg{:rgar%t?lnrgg tglgagépr ef errad &éeinjfz)%%%ﬁen‘t?e%%ei h?ﬁvéﬁt Pon, bowl

2% pl & i sdrconbanbeng teorpanentcddbect2lg 12dpe12b27, 4
132_that .is in_20 contact with nolten

<%ﬁé§§%%%%ag%00ut%? wati€20330abBd  Bst EBTRORY wehsah 135

@xygen fuaidd gigporish) e meher kakh, 204 véﬁsgl’ 1361 GQNIA 15 g
204) which is then coated (step 304)" wt a
CETRRIGEURE ePERERBEEN208TeR DECFowsENSIMEE ROBbles . The

' 30 ro the_zirconia 204

TR AT e sk il Zc?li g@#gt h&hrough  the
iom@m derit dioni icorpons® 2@, i , thé2 fokding vessel

dﬁM@FI e conducti ve el ectrode 206 and

7..1 nd 132 to the
1é§a@?%§%o%8rpé 80%??8? fh&SCpartial pressure of oxygen
ar ourd fatrréxyert&r mfcuris @Iaahewnhconﬁggggngﬁﬁa shown a
onent 115, 120, 122, 125, 127, 130 30 and

p%%? A-het5sE s oSpreverdl hypddegerni ger mdat e fafomhéheessels

s iC gen rich blisters to formin_the
IS BEREeT ISR BUebE Uy Rl e
igégatmeingome beads218 eonsentel] 300 ther PE8LAHR &4 glass

I i, WO 2005/ 030661 PCT/ US2004/ 029044 9
Sfé%%%glhlglﬂf?gfig? %%5, syﬁ’enlzlé)’o.lznkcmddmg 182 anprgferred

epbsdiin¥gt pover tgad 21%-6eRRRCt ed o t}S‘faEQHSHCt ic\éxeltaining
el ectrode 206.

component 115, 120, 122, 125, 127, 130 and 132 that is in
contact with molten glass has an outer wall 202 coated
(step 302) with an oxygen ion transportable material 204
(e.g., zirconia 204) which is then coated (step 304) with
a conductive electrode 206. A  DC power sgource 208
supplies (step 306) DC power across the zirconia 204 which
causes oxygen ions to migrate from the platinum containing
component 115, 120, 122, 125, 127, 130 and 132 to the
conductive electrode 206 and enables one to control the
partial pressure of oxygen around an exterior of the
platinum containing component 115, 120, 122, 125, 127, 130
and 132 which helps to prevent hydrogen permeation from
the glass which causes oxygen rich blisters to form in the
glass. As shown, the DC power source 208 has a negative

power lead 210 connected to the platinum containing
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lying the appropriate DC voltage with the 5
S%p?ggryatg poIarPPy gcross the zirconia 204, oxygen
woans/03¢d12) migrate fromthe inside surface oPCTiS2004/029044
zirconia 204 to the outside surface of the zirconia
204 (see exploded viewin FI&SURE 2). One nol ecul e of

oxygen gas is renoved fromthe surface of the
f)‘?‘ﬁl?‘?r}ﬁi‘% caftSai niLA§ colponed251151 210 1260 12324 1252 and a

A 2 ev two _nol ecul es of oxygen _
llgﬁlsttﬁﬁ%t % gér-'gt eii%?oug%%t hSOEF?EgﬁLga X6, §hes cpeductive
efrctuprdehe2 @ ectron (e-) flow established by the DC

I 08. oxygen ions (0-2) |eave the ‘
ot oo EPRetien e SHEGR 2der 1 doe oroitese wvicn tne
Je ALY ] 4 1 onent L : 2, :
THI90 and 155 oy RREORRPREE At i 2R (Phfen Lons
_ejsslﬂigrélteoiyf@éh ke rodetéd sarbanc tde exkerfiddconia 204

. ' i nir conponents 115,
o0 032 538 B S i D i o201 (esroveploded
wifewt Hen GXEQJERE f2 )om t baeexaeRall S f a68yQEnt B 20 o removeq

| atinum cont ai ni ng conponents 115, 120,71227 125,
ﬂ%é’%l Ehes 5 CE3PY i dpbrt il copteheiag rempddaw 115,

1bogmithe 1DG paver, sou %@%?%J%@%%%g%gfgﬁﬁ%o %;gles of

| aw. For exanpl e one can use the

Y IFEr - AtFe tha t mgerand dinmoenfh aphki e doprdie 204. This
rol the nmagnitude o

| Zd ia. 2 ' der 25 ta.co f
l%kgﬁ%gL?Paﬂﬂﬁéggg%FEISP o&@éengig%_iﬁsﬁ%b%}%h?ﬁ the the DC
prargesubplyt a080- 18sabrmseheresnsWich) ggggge%h%pqﬂ%%rface
b%gilor the magni tude of the partial pressure o

UroBed % ShYSFBOEl FWHirgedofo mhevmﬂtathymnﬁgmtmﬁ:ining
£0N.1530 Tyg f rab re I on ccur .a_Ls
Cg????i%tg?gégur%y@bfq%%dro%%%’iggpdisza%aﬁﬁn?héjﬁar?%d the
ZHFCPREa s Ai0d of tloxy pert ibd | omesedran dﬂ'leo@yb%ﬁqt giliss reduced

| at i cont ai ni ng conponen , o
YRS HIERL B B L OB Containing
CO@IUS2ON041 0200440 101281 r sb5, t her atig of, hydy ogen The rate

ermeation fromthe glass is reduced due to a Sh
Ofnr?ﬂgvﬁ;gt 8f, thfdrsgeemarfiroxygen external surface of the

platinum containing components 115, 120, 122, 125, 127,
130 and 132 is proportional to the current flow from the
DC power source 208 as related by faraday's law. For
example one can use the DC power source 208 to vary the
voltage and current applied to the zirconia 204 in order
to control the magnitude of the partial pressure of oxygen
go it is within the range of 1 to 1071° atmospheres which
enables one to tailor the magnitude of the partial
pressure of hydrogen to any level required to prevent
hydrogen permeation.

Two favorable reactions occur as the partial pressure
of hydrogen is raised and the partial pressure of oxygen
is lowered on the external surface of the platinum

containing component 115, 120, 122, 125, 127, 130 and 132.
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equi l i brium at the external surface of the platinum
cgntaining component 115, 120, 122, 125, 127, 130 and

W@ 3Rs/03066hi s reduction of hydrogen perneation PCoMSEIvE/029044
gl ass hel ps suppress the formation of oxygen blisters
in the glass (see FIGURE 5B)y Secondly, the rate of
oxi dation of the platinumcontaining conponent 115,
Hopst 1ophe1amtel 270 hpGrogem p82memtrietucedotduereo dhess is

\Y |I|t 0X 10 for the oxidation
fréé%%%?cgna{lh fb' err %%hlt%t F%‘/%J%E% et e %@’d%&%l g#nd oxygen
sphihittoum vi #w ofha syst@mdD0' gi R FaGROT Q?mcetﬂ\ét h%\%atlnum
second . enbodi nent of the present invention.

FHE Byt CapePne e | ikfes %cr%%,sé@ﬁl,o@bf b:xq/gennd 132.
T e 204ar5§b111 d];]@é%{sﬁére%g %%n&uctﬁo\?‘e%g?eecqu%%%shelps

zirconi a
SZWGSSZOEhe afmirmismret efDG‘D}WI_W&I[ oLt Sesrd 08 . +2@6fg1ass

t g, cont ogen_perneation at
Sréﬁ%wﬁua% S&c |on%; %@Pﬂ)OflPxéﬁéEP@n of the
pdlagd rhen apprieciates ddm@ion%(}ltt he 5 ndubdué'zzse‘itz%onslé’; 130

t he system 100 nay be connected to nore’than
%S dphl SESuEed Féte dqnidie 1@Se§h@m,lltaﬂna]fmtlyr rtgf oxygen

S$@le ot han one power supply 208a
fgﬁd%%b8§%§f%§gcgﬁg%agQ %ternatlvely the system 100

can Befeswdmed wht FIGUREOXYgertHeare 25 4 r aRsRer t abl®hematic
zirconi.a 204) and then covered

204 . .
va%%ﬁrélscretéggﬁﬁﬁﬁcﬂﬁvﬁ el’étt F5HRTrdpBES. . a6  and second

ethbedt eled t DG fp My 6@S 1208311 020 8f Agaghgg%bl%ﬂgwsystem
to control the hydrogen perneation at indivi a

188cti ordiclgidame” s§i@ratEn0’ ¢eotisohewn) .oB0 Theygen ion
trBR8pbrebpihe pre; %E}Ea'l”"e%' %”bg%e@lgro 9. g., zirconia

per meati on can be denonstrate
2Pher nod9Aadin csdisdtetze gicvedutenper allledyt Hdd i Bigisdm . 5o6¢

t.s,_bet weepn wat er, hydrogen and oxygen accordi ng
?élgﬁécgg &t ih RPEY $PU5CF \ P Ba05/-630E61that enable one

tcECEbHSZ@@MfQ?eg%ﬁégerpzper-m@a‘@%‘ﬁt%ﬂ:t 108305841 sections

eqU|I|br|un1 at a set .
the system 100°'. It should also be appreciated that

the individual sections of the system 100' may be
connected to more than one power supply 208. For example
as shown, the fining vessel 115 can have more than one
power supply 208a' and 208a'' (two shown). Alternatively,
the system 100' can be covered with the oxygen ion
transportable material 204 (e.g., =zirconia 204) and then
covered with discrete conductive electrodes 206a...206fF
and discrete DC power sources 208a. ..208F that enable one
to control the hydrogen permeation at individual sections
of the system 100' (not shown).

The dimpact of the present invention on hydrogen
permeation can be demonstrated based on thermodynamics.
At a given temperature, equilibrium exists between water,

hydrogen and oxygen according to the reaction H,0 = H, + %



tenperature, can be expressed as Keq = [ (pH2) * (p02)

112] / pH2O. Based on this equilibrium it is evident
woheis/Beset he past the partial pressure of hydPOG®IS2000/029044

the external 5 surface of a platinum containing

component is determned by the partial pressure of

water (e.g., the dew point) because t.he parti al

Pr-essurBrof expgeantn fpr | ¢hixedegtil@b2ium, at a set

fosphares f : il the present invention, the .
%%ﬂ y way Ite%’ |ér)1%:l} g%ésee)t&ﬁ%e%%er% & pressure [c{prﬁ;)dr od®R2) "1/
HOat Baseexber halssegbacebefiuhe P ecd asidBhal ¢ndpdin the
t here Y reduce the blister generation in the glass

Rfte tg Ry R pRrRESHTSN, OhashYdragena Immi dhey external

clhosyr-e- [ : ' of  the .
S TR b O0HEeR e SR, 3 M ernines
by 78Be7 26yt adweneesagrdesyt i wed k5 abogel, tites pl’d%‘ﬁ;enl?oint)
' ' ef i vel y_reduces the artial pressure o

Bo%g{egné géthet tégfeéjtaefn%@%ﬂﬁ%c‘é’ of PPHRFT ptat PAGmis fixed at
.t artmogpltengonént: 185, 12QnE22, £hed, p%ggen%3oir%@élﬁition,

32 ich in turn increases the partial pressure o
H}?drogg]% WRY tHe &REEFPRAEE SUef mareial herpesuireumE 20ydrogen

I rd SRNP : , 127, 130
acltg%:ég&r?%r educ%‘;ﬁ{ﬁﬁﬁﬁfstl%?e gé%é?ét%lg%n mleﬁ%atjﬁe ad}cgggjereby

r§geiceo they drldgée rpaarearitdon see EhEUBEaSE) duﬁn to tHydrogen
L. by the present, jnventi on w_t hout
p%g\%e%lgtlfgl?us‘ggsge tﬁyun}rl%l?t )% chWélté?lcF8§GF81t oCRRAAgere to

ikeedew phentdenr @ontht2ot hasSYStRBLAA0raNd 100 s A% system
such with the present invention, even at the | owest

(§&% phitht Keh6E5he¥e: off: A@Snt’é&d6) i t | Bopeysichl @st alescribed
aBblal n @nBar el Rtessutedlo Iy ALegen. on the exieral .

surface of the platinum containi ng CORpo
Pazbhial2pres2srel 2F, 3@eancatl32h30 d:hadrexceedsrhbat of the

i . S 5A _and_5B
o R Rt e tFRARIP) 6f¥apentng Ty b 1aer méai0Az7, 130

aneaQHm;w;;i&&at iacalfriM { Hevtaged WiH b%%ti%?iygﬁg%ssure of
extraction technol ogy of the present invention.

hﬁéﬁ@99@06@f 1phe ‘external surface of the platinum
containing component 115, 120, 122, 125, 127, 130 and 132
which reduces the blister generation in the glass due to
hydrogen permeation (see FIGURE 5B) . And, this can all be
done by the present invention without having to use a
humidity control enclosure to change the dew point around
the system 100 and 100'. As such with the present
invention, even at the lowest dew point atmosphere of
winter, it is possible to obtain a partial pressure of
hydrogen on the external surface of the platinum
containing component 115, 120, 122, 125, 127, 130 and 132
that exceeds that of a 100°F dew point day. FIGURES 5A
and 5B are schematics that illustrate the hydrogen

permeation reactions that occur without and with the

oxygen extraction technology of the present invention.
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I't shoul d be appreciated that a mpjority of the

hydrogen in the system 100 and 100' is generated
woesmuseciof the thermal breakdown of water atPCH@IS2004/029044

el evated tenperatures encountered in the nmelting

vessel 110. The 5 water in the glass cones from

chem cal |y bound noisture in the glass and is .

pr opott i uldh fise bPpzeCibbedt heéhgltass. mbHority of the

Regiddan, ;4 h i ter th fnal surface of

t'he é%é)}gt%a%ln %l% a g%rb'l%i %ﬂgc%ﬁ f FBmImASTRR | Recause
athe whe ahdrinalpr bpeskienal @ t hgadew peicnt fc theevateg
air. The 10 water at the external surface of the

STREAIHE A 00t ared ERethsl | Pebiaaks \Cﬁf:mel nfl@fO. The
i n h I t ratuyres o .
et e ST Aind 5ol LA o o 1o
e 191dss ek sie eontpdntiragen, taindibe be@:ia\/—@]ﬁ{ &g btgfle glass.
15 b | cul gt based on the S
PR RS G SR R or oo
seedepl €,0¢ handr eeoenangyh( Qonfedy tFROMVBLS st @ACt LAN Uiy 541
G=58,900 - 13.1 T. Were T is the tenmperature in
2EgreesPRRPOFhigRa1IGES e fPde BABREY Ofn thtomies The

te. guihi B 5 gongtant, . far_th :
wgglécrmaat e%lééﬁsigﬁggt he r%ﬁlﬁ%ésﬁ%ﬁ 13'a!r%eg ssotpe!rmevﬁgasla)]?d 100
ad§ce § harmaRlys kegkiss dommmintbhély@rdagenvahdowy{gﬁﬁﬁ%t the
[ d / 004/029044 a given tenperature, e
e&%&%kggegcﬁggggggﬁeﬁeo eapgrﬁg_%?ﬁ'l’, where G and T the

gas tonsthpuldne@sef bhe R@kdli HFESSUERSLOT thle ka1

p%ggsure of hydrogen, under a given set of conditions, can
be calculated based on the Gibbs free energy for the
reaction, H,0 = H, + Y O,. For example, the free energy
(G) for the water reaction is @ — 58,900 - 13.1 T. Where
T is the temperature in degrees Kelvin and G is the free
energy in calories per mole. At a given temperature, the
equilibrium constant for the water reaction can be
calculated using the relationship Keq = € %* where G and T
are as previously noted and R is the gas constant. Once
Keg is known, the ratio of the partial pressures of the
various gases involved in the water breakdown can be
calculated where Ky = [(pHz) * (p0Oz)*/21 1/ [pH.0]. For
example, at 1450°C, Keq is equal to 2.47 x 10°5. TIf a 750F
dew point air environment (PH20 of 0.030 atmospheres and
pPO2 of 0.21 atmospheres) is heated to 1450°C, pH, is
calculated to be 1.59 x 10°¢ atmospheres (1.59 ppm). And,
if the partial pressure of hydrogen (1.59 ppm) is greater
than the partial pressure of hydrogen present at the
glass/platinum interface then hydrogen permeation

blistering is suppressed.



10

15

20

25

30

cal cul ated where Keq = [ (pH2) * water breakdown can
be (p02) 1/2] 1 / [pH2Q . For exanple, at 1450C,

wé2005/B&6equal to 2.47 x 10-5. If a 75F dew pBCmAUS208/029044

envi ronnent (pH2O of 0.030 atnospheres and p02 of
0. 21 atnospheres) is heated tp31450C, pH2 is
calculated to be 1.59 x 10-6 atnospheres (1.59 ppm

And, Being the pran¢ abgpridssurienf chydu?gﬁmgﬁl Eheppodn see
r eat nthe artial esureo rogen .
E?gge%t S%CJE%QQ gl'ass ?at??ﬁﬁ té?rfea%%q ﬁfhﬁ%%%% will
pecrease onheblgatterd INgo -8 sSURRS ess edya¥85e005/ 23086 Lo st ant

004/029044 13_ Using the same equili brium
B%Féﬁtl%es%%eca?ﬁ sedaERut d4d@wcr pedatin t heThe present

pavéhed ol eSRUE €2 b2 AXYgeN W Iy d {gf%gécﬁ?tt hepr eggagges one

ressure of hydrogen, at a constan

V\dtoéher(dth©O| martialhe presenird |b\fent®ﬁpgiéﬂke33t the
to | ower

hi s erty.and enabl es one
?ﬁe@p} | & pnt?ess%%)]é&g %gﬁ“ A4 YrasBRrpraginpressure
mﬁtbydﬂ@@emhbﬁhtﬁaU%&&etﬂ%ﬂoaéil ghePlgasWe 1 @f and 100' to
hydrogen on the exterior of the system 100 and 100" to

e Greater (s thee parmtalar pyserarsf dfydhydengen in the
0 d ow gaes | nt 0

%:Ithgss% atgis;S%%(\:Nﬁs eﬂve: %A%I%Chg %ecq‘:tlve > SUBp ]ts%‘icé% 2hed low

Feredatvloirlofe Digeeivelyt | stiepseismashe g aﬁ@rrﬁ@@_ﬁoﬂfl &RExygen

A4 fact, cal cuI at| ons indicate that an atnosphere
lé_ﬁh sft%was 131 &7 SIS o WDF takBe Rade by the present

15 i Meentriaen tOcE@Mﬁl@t pafld ak npiiessu etﬂfathyg{i&gjﬁgn%sphere
her than a 100F dew point air atnosphere
3 Gr 86 BRENG | PhstYGtRscahi $decomeépt byl rtltdhepresent

A PR 8 of _h dro en
12{ 10Flg1rgea%F?l E{jew poF%t rmsBﬁeer% u@gﬁr@@e& higher
té@é\}lg@ 1eQ%F . dEar pmntefaiifn@.emdsl];ﬂifé%d,ndlE@@URQ h&shows a

g%%lp:k]][ res éeﬁg};ge ydroggn cfocl)'lrce?pt7.5': ajlirgld tll'cl)g':ggr%vl\),h, the
partial pressure of hydrogen is shown for a 10°F and 40°F
dew point atmosphere as a function of oxygen level. For
reference, lines indicating the partial pressure of
hydrogen for a 75°F and 100°F dew point air atmosphere are
shown. This data indicates that the 10°F dew point
atmosphere will have a partial pressure of hydrogen
greater than the 100°F dew point air, if its partial
pressure of oxygen is less than 0.01 bercent.

Referring to FIGURE 7, there is shown an experimental
set-up 700 used to verify the oxygen extraction technology
of the present invention. The experimental set-up 700
included a 0.435 inch diameter by 12 inch long tube of Pt-
20Rh 702 that was closed on one end 702a to be able to
hold Corning Code 1737G glass 704. A three inch section

of the tube 702, near the closed end 702a, was plasma

sprayed with a 0.010” thick layer of Ca stabilized
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shown. This data indicates that the 10F dew poi nt
atmosphere will have a partial pressure of hydrogen
wanre@toaeset han t he 100F dew point air, if its pRCTiIUSR004/029044

25 pressure of oxygen is less than 0.01 percent.

Referring to FIGURE 7, there s shown an experinmental

set-up 700 used to verify the oxygen extraction

Fedmolagy 06ef t Ae pthserﬁxﬁem]ﬁi emrfHoe egﬁerltlzhmmzﬁkconia
-up 7 i-ncl.uded a 435 inc i angt er 2 inc

7Iscgétn’g t%ubggofelﬁcgc? %th%Z ‘”fatf’at“\?g‘? PEsRP DI bRk éngpaste

i ioihe abte powded! d GorningCoade LE3AG. A as§-ddda  the

A three inch section of the tube 702, near the closed

SfFFRE e of ddim zdpeapda wWidth a GuELovas higken to make
r tghil 0 3 1 . .

B e bhoans 43 SeriPdn P08 I8 e aar migathy isolated

fouef ddee of . 43" zdirpvatar PO620&hPttuwdleecionde T8 p@bpose of

de ai nti ste containin powder _in a
t?}aengp‘ggte{igrcﬁrg uﬁ708 he’ i F@urﬁ%"é‘%c&%fztﬂ@a}i BHieEt  to
tHI6. ekaeenwas btakedcko BakerBesUsBrddiatst heydt Any other
el ectrode 708 was electrically isolated fromthe

WIS FiCanBeELTPRL20RRULGbeh T2, Mhenpurgode tof meke this
eatec%lz%%_teroﬁ%jo WS ea%&"’.&l@ﬁ.t éh%g%;c%ﬁipac&tﬁ]g e 708 on

the external surface of the zirconi .
téhen dotts e Ineterfiaale cofil dhbave rheend aused twndrekieed hf Sred at

. The tube 702 with the Pt el ectrode
308%6h e oHtbE P TR ORSL e EPREbRE 708 g ve off

thireroftddert abinddP0C f arrtb ol r§8oSi MRS pbe Hlectrode 708
together and drive off the organiC binder. After
el Bt ehRCPri@ldey r 698dros iendeunired eoveiccabopt 30% of

ndugtd sug f ver. t % of. _15 the external
t%%rfaceé%%lt hééugfaf%%n?}éf ?tglgéj %2%08%535770(#; V\gilet I%Jgﬁ‘ss 704
wpkacéen neliaed himdibe 02 toise | pyel tequl vahelt ed®ivalent

the. height of the zirconia 706. APt lead wire 710 was
r gBﬁgﬂiﬂ%&Eﬁn& &SPt 2T 8CR+BdE0908 BnPithd &t et 710 was

wsdppase akotihe ztregoni;a 7Q6 4o @ldow f oy %Igoséﬂérvee)gtoernal
el ectrical connection to a DC power source 712. The

surface of the zixrconia 706 to allow for a positive
electrical connection to a DC power source 712. The
bottom 6 inches of the tube 702 was then suspended into a
1450°C furnace 714. This caused the glass 704 inside the
tube 702 to melt. A 1/8” diameter Pt rod 716 was inserted
inside the Pt tube 702 to the point where the tip of the
rod 716 was immersed in the molten glass 704 about % inch.
The portion of this rod 716 above the glass 704 was
sheathed with an alumina sleeve 718 to prevent the rod 716
from electrically contacting the inside surface of the Pt
tube 702. A Pt lead wire 720 was connected to the Pt tube
702 to allow for a negative electrical connection to the
DC power source 712. The DC potential between the rod 716

and tube 702 was monitored using a voltage monitor 722.

The measured DC potential was indicative of the partial
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bottom 6 i nches of the tube 702 was then suspended
into a 1450C furnace 714. This caused the glass 704

wonsisdaodshe tube 702 to nelt. A 1/8" di anet ePCRUSR@A/029044

716 was inserted inside the Pt tube 702 to the point
where the tip of the 25 rod 716 was imersed in the
nol ten gl ass 704 about 3 inch. The portion of this

PoEsF16e a@bvexygenglaatss:hHMtW\mSPtsgbmhednméirlﬁaaes. It was
from

na sleeve 718 to nt the rod 716
e?eg‘]fl ci?ca*f]i1 co’ﬁ%&ct ﬂ‘?ﬁf i RTURTETf atE oPX¥HEDPt 2L the
i iber 702e AfPttHl@adpﬁM K7 201 ¥aeongested 16 the Rlicse to
tupe 30 702 to allow for a negative electrical

ketre c e b reked DEigdwePrisour cAIFL2. aTheefCimate of the
potenti %dr@§§ﬂ(‘f‘§no%h% o' 1§ tﬂ?gw&:% e VR the \Pt tube

moni t ored using a voltdge nonit e neasur
D& paténpilakswad 4 ndecatbey enaflet heipar tiled M&nst equation

005/ giag%l P /U 004/ 029044 15 pressure of oxy
fo Py T NSRS O t MfasPohsRbiiRd tbr%t partial

@f@m—“é'@f pbﬁ?@*ﬂrﬁ als oxygencal the imter ol |
the Pt rod 716 and gl ass §04 is close to beﬁg?ﬁ&g& shownin

BHeHHS btated with air. an estlmate of the 5

parti r f g terfac he, Pt

t ube I%70@%I a?@ugﬁggs % ?EL %b keA’EJlu3|£Ir%g fﬁ%ﬁ)\%rﬁ%’t
appeatdron. thahi sxtateast iwid rb:tmeﬂomemsitofe ofxipoteat | @hrface
t artial ressure _of oxygen _is provided in the

%f g}ﬁ hgmﬁ‘ﬁ? 5811&?@98 SROCREFETT 9Ty EBSt REYgeaphlevel at
SHOWN t &) CUREE 8 r Adcd Sor apRar et ’E@@é o¥br & drl‘%lazss 704 .

oxygen fromthe external surface of the Pt tu
FasSar ePPedihonctiygdesy gbn bppéliest achess nttéuenaioatlng of

ilr!tt(i%{] l%.ce78g tt%e g%mo%edg%\tf%;oss %qaségjggél & ST%H in the

e current 1s applie
;zalrba@m PG UIE I SIf0\wey@ySt] ed, ahéhllfrﬁ:e\:t@@lS@Irﬂa[béh@f the
%qtﬁrtl ,%)ressure of oxygen on the internal surface of

Ube 763STfhet "f‘sg“éa@i'ié&ué?o%ﬁt‘%%éﬂpwnward trend
dowwearsh £ end pf@stshlereoaéfl QLS SH! ey VI PNsurrace

the internal surface of tube 702 due t
A ridre cBt ot ubgy g&2 rérmv&lo Zﬁlé rbnmehusa miferdxacgen removal

f-ggms {ﬁlasctiﬁgerEar evers'?gls reac eion is reversed when the

current is turned off. The internal surface of the Pt
tube 702 begins to re-oxidize. This behavior is typical
tq what is seen when the dew point on the external surface
of the Pt tube 702 is changed. Historic data for this is
provided in the graph shown in FIGURE 9.

Referring to the graph shown in FIGURE 9, it is
apparent that the dew point surrounding the Pt tube 702
was decreased in several steps. A decrease in dew point
lowered the partial pressure of hydrogen on the outside of
the Pt tube 702, leading to an increase in hydrogen
permeation. This was seen as an increase in the partial
pressure of oxygen at the internal interface of the Pt

tube 702 and glass 704. Thus, the experimental results
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current is turned off. The internal surface of the Pt
tube 702 begins to re-oxidize. This behavior is

woypmisgades1it o what is seen when the dew poi nt ORCTHS2004/029044

external surface of the Pt tube 702 is changed.

Historic data for this is 25 provided in the graph

shown in FIGURE 9. Referring to the graph shown in
FhQGUREi S, HIGURES aapahdnt9 tdtadw tdbmilesw poéhéviors, a higher
surrou?drgg%the tube 702 was decreased in severa

BFEpLS FRAER Of dBVABOPRE AtoweRed STy | sjrface of

PhesBHr €.8fe hy@5 098,90t he QUiRIMS Qg wftbﬁe%xyggﬁ level
702, leading to an increase in hydrogen per neat | On.

ﬁhr%hﬂasnﬁﬁyfaﬁ?zﬂfrth@e%@etuhetﬁQZpanﬁreﬂaSpré@éuréecause

ge th nt.er nal |nterf ace of t
002K e S Gt 5 b P3ERERR, BB Eestitnin: AMPERRF o Aniecrease
ﬁ@OSﬁl@@OG@&rE@EﬂUS%Q%SQ&%O44>f16 hysh@arn N akl GIRES 8xternal
and_9 show sim | ar behaviors, a higher partia
%%%%%?eqﬁ HyRir BierrUbe 2 cXBERARF 40 Pdbelpfreasr in the

%é@elé%lrea%ulttlr% | hidel AVELT 08 OfhotPE {%9998%9&%}1 glass

he interface of the Pt tube 702 and ass
%@%au§@36auﬁewa9fst@bplngnhy@aagenlperhgdtpgen permeation.
ecrease n the parti al ressure of . .
NOSESRS, 2 e RASE Gl T MRt Xp Bt PERP: SpBlicapson of 2
a{r8§$1| bs IﬁuaﬁehﬁCrtﬁﬁsﬁ ian 1he aexygen Imvetadbelh@ore of a

|nterface of the Pt tube 702 and glass 704, because
1Ehelfndheaser T i bl dPEEERUBEr Ratd diacr 0- M cdvEP °F shift

i.heqdat a Bﬁﬁ%” y %l?ﬂ\é‘s iﬁéﬁc%@% saRpldcathan ﬂﬁc,?'onlaa{mgxygen

of current toad4in2 area o caused nore
sHifactihonheypaet af priessuresait okygencidmania 68pable of a
hrf in_dew point. This.indicates .that the zirconja , _,
B e | B P oL R bR ot TP AT hP R Pamidity
capale ehcaosbrbr aa@@trors@@gqnob Br.otRelden Nha the 726
traditional hunrdlty control enclosure disclosed in

U S. Patent No. 5,758,726. Follow ng are sone
d h 1 an
a Varﬁc@ﬂféw?ﬁ@ 43S égmé §d§¥ﬁ£$§%n ggg u%w o7 esen? system

nmet hod 200 of "t he present inven
IGfv exrtd onoal sandeuhathsdt Ré Ooxifdaticoprefsent invention:

e The present invention also reduces the oxidation of
the external surfaces of the platinum containing
components. Current technology relies on a coating,
such as Rokide (aluminum oxide) on the outer surface
of platinum containing components to limit the
contact of air (oxygen) with the precious metal.
This invention provides a means of lowering the
oxygen level, which is a key driver in the oxidation

reaction of platinum.

e The present invention provides a means of controlling
the partial pressure of oxygen around the external

surface of the gystem, without the wuse of an
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the external surfaces of the platinum containing
conponents. Current technology relies on a coating,

weuals/aes6Roki de (al um num oxi de) on the outer BATUAZ@®4/029044

25 of platinum containing conponents to limt the
contact of air (oxygen) with {?e precious netal. This
i nvention provides a neans of [ owering the oxygen

| evel enthicghides ackey skiygdaty tRes@didatten control the
reaction of platinum 30 The present invention

provi a&siogpheates agfowwhtlylit S¥RFemhe partial pressure
of oxygen around the external surface of the system
wi t hout the use of an WD 2005/ 030661 PCT/ US2004/ 029044

17e emglOSPh@ RmtSeGRRARIL LSS tRreartRlrikhe useful for
at nosphere around the system The present invention

i s pafpiradinar | ypigdef melftomg 5 for Mled hisfradsl t Pegnér glass
hi gh rai Nt heets 4 ones gﬁg '

flat %anr?e t%dfigp aytgi.eas(%heeépr escgnltri !(tﬁlvateéqnf% on pr(%Lw eégb |

an alternative to changing the batch constituents of

the glass, such 10 as, for exanple, the addition of

ar Senif&ecomraiagntg Ml RFIHelas asd balderipgive  to
addltlcglgm\?[ilﬁg 9585%gtiéﬁv%%h%%t%ﬂ‘é%deéf ally e glass, such
alternative to using ow wat er contal ni ng batch

const beyenfsrt exmaipd e, hethgl asklitlibn?20of Thespneésenntaining

i nvention could hel p_anyone who ts, delivers..ar,
forns@6F§§§aﬁﬁ a9l aF'_unggaﬁ?aiﬂsgﬁﬁ'vesgéf.ﬁéﬁl ion, the
addi t peRsddte RHOSARE chNVERbT Dlle SO Betcbanefitei alo using
in the manufacturing of cor tubing and sheet.

Mor eotei, Waecepr €same linivent harcle ogPEshé tusahef it apeke the
in thglg%gufacturing on non-LCD gl ass. The present
i nvention can be used in any gl ass or

e The present invention could help anyone who melts,
delivers or forms glass in a platinum-containing
vessel. In addition, the present invention could be
beneficial in the manufacturing of Vycor tubing and
sheet. Moreover, the present invention could be

beneficial in the manufacturing on non-LCD glass.

¢ The present invention can be used in any glass or
melting system in which glass comes in contact with
refractory metals such as Pt, Mo, Rh and alloys.
This contact could be in {;he melting, delivery or

forming phase of production.

e If there is a process instability or change in the
water content of the glass that leads to an increase
in hydrogen permeation blistering, then there is
often no way to respond to this problem using the

{



melting systemin which glass conmes in contact with 25

refractory netals such as Pt, Mo, Rh and alloys. This
woanmisastestoul d be in the nelting, delivery or PEDMUSRIVE/ 029044

phase of production. 30 |If there is a process

instability or change in the ;water content of the

glass that |leads to an increaSe in hydrogen

per meat 400 thl drsd Br hog dtiken ddieteol Senelberao saed 0it may
respond to this problemusing the WO 2005/ 030661
PCT/U§%BO@P§§9§4@918“3tF5&tW%ﬁ%ﬂu%uﬁ?HPPynEontrEhe present

encl osyr &Sl NGe 1 haoay , bgQperating aﬁ%%'téfnaéﬁﬁ9QEg this

dewpoi nt. The present invention ha etter chance
of solpgaoiglethi s problem 5 Preferred oxygen ion
transportable materials that can be used in the
present invention are yttria stabilized zirconia or

Ca 3t¥%éféf¥%&'5§§§éﬁ 1g£h %ang§8§§agﬁeo§¥gg 159@ that can

transportabl e material s can used as well such as
partldkty geebi | i zad zihec orprassedioped Vet iyit r i arand yttria

Ca, an artial and full tabilized Z|rcon|as
doped ai L%&ld% “of S Ngt éﬁ] st b I 5}r5991ﬁ0, Other

Er, Traypés bl asthddn @%le,trgﬂl%orﬁﬁl@ﬂe WR@4ials can be
YTaO4 rare earth 15 niobates/tantal ates al so can

st abi 14588 orSpaterlilal #ychsegbinazeia ey cabrbihhgedr zirconias
tetr agﬁ}@eird Phases. PtE‘ha ‘?—git ecge"“ﬂ%nc?xéggﬁl\é&i@céﬁé fully

inth conia |la tlce reducing t
conducttiabili zawtl miecowtaasdopeéf eitkdoxMiztupésSof Nd, Sm,

t he ahove |,i. st dopants._can_20 be us r coni._as
norna&? hé ﬁg?hi yPei% s gF'llﬁ&O 3% Hﬁ#ﬁl&ngndMg CeO2,
m xt umemzaf haf ghazand zivigeoi a Wit I‘YTa@qpants £8Rebe  earth

used, but cost more. Numerous other gen ion _
condudtisres tsirot s aloHers | aAtRarkam g§|t|a éizraver peertially

d'Sco%ﬁﬁﬁgjﬁﬂgacﬁﬂebecﬂﬁ§g Wﬁ%ﬁ EH@'Eetragonal phases, but

create fewer oxygen vacanciesg in the zirconia lattice
reducing the ionic conductivity and are not as
preferred. Mixtures of the above listed dopants can
be used. Zirconias normally have hafnia levels of 1-
10 %. Hafnia and mixtures of hafnia and zirconia with
dopants can be used, but cost more. Numerous other
oxygen ion conductors such as doped lanthanum gallate
have been discovered and can be used when their
melting points, oxygen partial pressure stability
regions, and low electronic conductivity regions are
not exceeded. It should be appreciated that there are
many ways to apply the oxygen ion transportable
materials, one such way is to use plasma spraying.
The coating of oxygen i1on transportable materials
need not be fully dense but should be somewhat

impervious to oxygen gas (0,).
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25 nelting points, oxygen partial pressure stability
regions, and |low el ectronic conductivity regions are

waabos@seweded. |t shoul d be appreciated that tReTAIS208/029044

many ways to apply the oxygen ion transportable
materials, one such way is t se plasma spraying. 30
The coating of oxygen ion transportable materials

t | t . 0 t . 5
.nee‘j e kéq’lcflﬂdy éjﬂb‘se@ 2%%&2%%%(?0306 1 it 1s also

i npervi ous to oxygen gas (O
PCT/ Us2664/02904zb 5 dfeviemntl 9 hydtogdwul peahsat ben and the

appreciated that .it, i.s al so possible to preven
Py OB FoP Rt (O SRT ( DBt Rkt DT ECar/ systen that
gener alli1@wPya a regbed/ HSIRA t hahosghésYs ta Nesduggintained

oxygen atnosphere to be mai ntained or created around

t he efffer Faleat&sl glassngonthet cx¥teragé onophglaygst efpntact
100 and 1O ooV LiAddi OnA sysiemod  or even a
pot enti al means of achieving the reduced partla?

pr essreddft imasdensywitdrd. be A opoeact 058 Mmeenextef nathieving
surfa he_surface of the system 10

or a_part of
2nd 168< | FEShetH SARE AT Pow UBftEnke to
gas flowirgd M idstch=y W ithed UM Ao HDSPEHE surface
such that the formation of hydrogen gas fromthe

brgak@@mﬁhﬁ $ﬁﬁ%@®rbo?na@ﬁeloﬁfnﬁ@pﬁsﬁ&ﬂﬁﬁ#ﬁﬁﬁn%@ﬁt has a
This gyl %:%\g%éﬁgeéoheghpﬁggée flaovJ:i{rPgd' Iﬂ@?ﬁ&{:ﬁgmfﬂs would

and could a e use conjunction w
pr eserforitnvent i oathospida: N auchi ghewtpardtieal poesstien of

of hydrogen even at very | ow demgaint conditions. 2

0
The r SOy FRE alt FOBnpIHenPTESEHOMR tHe FBISENESorn the

the syste@cHQ-and R oern | nelidesuretind §8:8Ct8dimprove
fromthe group of platinum nolybdenum palladi um
r hodi @m &m@cdltiopslt hevesem and could also be used in

conjunction with the present invention to obtain a
higher partial pressure of hydrogen even at very low

dewpoint conditions.

e The refractory metal component used in the vessels of
' the system 100 and 100' can include a metal selected
from the group of platinum, molybdenum, palladium,

rhodium and alloys thereof.

Although two embodiments of the present invention
have been illustrated in the accompanying Drawings and
described in the foregoing Detailed Description, it should
be understood that the invention is not limited to the
embodiments  disclosed, but ig capable of numerous
rearrangements, modifications and substitutions without
departing from the spirit of the invention as set forth

and defined by the following claims.
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25 Al though two enbodi nents of the present invention
have, been illustrated in the acconpanyi ng Draw ngs

wanas/odescr i bed in the foregoi ng Detail ed DescPCPiS2ig/029044

it should be understood that the invention is not

limted to the enbodinments djsclosed, but is capable

of nunerous 30 rearrangenents, nodifications and

¥HbSt MsuCiLaadEM tiseut departing fromthe spirit of

the invention as set forth and defined by the

followi ng clains. WO 2005/ 030661 PCT/ US2004/ 029044 20

WHAT hS CLAIMERHSY df Admeiihed Of 5 958 RQ &8I ASSuti1izing
material utilizing an apparatus tﬁat i ncl udes at
PEasPReTe rss Sdlatt ohnal wieg Btaleektacier wemsal containing

onpone [ i nner wall ich contacts the .

%I z:\%s, %’ﬁﬂe?ﬁg% Conp |OsI?'enngttﬁgvé?%p§nofjrnn%5atwlar}& which
annoates whkl gobstheseetr aetboy oBhplisoApopRAt sWebh of:

an oxygen,ion transportable nmaterial; coating at

| east “&2poFEI ofTof THeSDxylehli oRT 16her afforacine  metal
E‘Bhﬁbh@htwwtiEhaaﬁoBg;?%EhV?noﬁl %eghEQSftéﬂﬂeamalc&gg%ge

DC voltage to the refractory netal” conponent an
condueprpteng| eettr odeeast. The perhodnof ofl aitimel, oxygen ion

| said DC -.15.vol tage_i.S lied to the
Frh P het B s hbneAt Pad PRA EbRAGoE ] jECrods; and
el ect apgeytihgn exygen ieobtaygrate feam tREractory metal
refractory netal conpgnent to the conductive el ectrode
GRTEANERELPBE bAE EBTEBRELYE EhECPEPEFal pressure of

oxygen around an exterior of the at |east one vesse

whi ch 20 effectively reduces hydrogen perneation from

nol t eA. gl aSbe tiheithed f edt | Cébymsuppr edsesitthewhen said DC

f tion _of__undesirabl gaseous inclusions within
TReCEr e it |20 50 FS et HotP o 10 BPRd, SBPeRRE and
the alddudtite e&begonbiel tihe pakfdah REASSUr RiGkate from
oxygen around an exterior of the at |east one veSse

BPSoTREFPSTERE Metalf corppaeyt rediike endndtdatd onlettrode
fxiennalna s 9l a8s qont agh,. . 3yrfages 8£r{b§l pressure of

refractory netal conponent.
oxygen around an exterior of the at least one vessel which

effectively reduces hydrogen permeation from molten glass
that effectively suppresses the formation of wundesirable

gaseous inclusions within the glass material.

3. The method of Claim 2, wherein the ability to
control the partial pressure of oxygen around an exterior
of the at least one vessel also helps one to effectively
reduce the oxidation of external, non-glass contact

surfaces of the refractory metal component.

4. The method of Claim 1, further comprising the
step of adjusting the DC voltage to control the rate of
the oxygen migration from the refractory metal component

to the conductive electrode which enables one to control a
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30 4. The nmethod of Claim1, further conprising the
step of adjusting the DC voltage to control the rate

wofhoostoaeseoxygen migration fromthe refractory RETAIS2004/029044

conmponent to the conductive el ectrode which enabl es
one to control a WD 2005/0306§1 PCT/ US2004/029044 5 21
magni tude of the partial pressure of oxygen to be

wathiinude I‘o&ngereOfpaa’ﬂIdlatl briee =1l @ fatdmagienes B auithin a
the exterior he at |east one vessel. 5. The

FretAGd Ut @%Wn & tiher®i n RENeERECTRAsATEHE] Fissetxterior

@ckH@egtalgngIeaeveégsgl a fining vessel, a
delivery vessel, a mixing vessel or a fornrng vesse

6. The nethod of Caiml, mherern sai d refractory 10

net al sconpanent ncl.udes | ected fr.o
gr oup ~of p&g i OQDP?b&iﬁ&W] pmw %ﬁﬁd? t one

akkeays ihel&@és 7a e vl ogeaized, alﬁllflﬂ@ﬁ eivessel, a
sai d oxygen ion 15 transportable material includes

BaLEVEEYy VEESEhY | § MAKABY| Yee8e:i PEoni BorBingheensehod

of aiml, wherein said glass material is a glass

sheet used in a liquid crystal 20 display. 9. A
systeﬁrusewhEOMEth&a@ﬂaSéamateriaWhesaiﬁ say st emfractory

co I sing: a_vessel i ncl S a ra

[ E%%nerﬁ“%% av}rrrﬁgl% e? n"f\erme&&ﬁ eh]; tc%‘?crt g5¥r§ "Bk group

mal tehaglass, angbiabddiing’ wahh aeeaked whbhiaR OXY@Emlloys
ion transportable material which is then coated with
BhesRabcti ve el ectrode; and a DC power source having

a negative power |lead 30 connected to the refractory

net al conmponent and a positive power |ead connected

to theé.con@bet megheldecifr odbaimD12008{H30i661said oxygen ion
ggéég%994£92901naterlal includes partially or fully

stabilized zirconia.

8. The method of Claim 1, wherein =said glass
material is a glass sheet used in a 1liquid crystal

display.

9. A gystem used to form a glass material, said
system comprising:

a vessel that includes a refractory metal component
having an inner wall that contacts molten glass and an
outer wall coated with an oxygen ion transportable
material which is then coated with a conductive electrode;
and

a DC power source having a negative power lead
connected to the refractory metal component and a positive

power lead connected to the conductive electrode.
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22 10. The systemof Caim9, wherein when said DC
power source supplies DC power across the oxygen ion

wonresgpest abl e materi al then oxygen ions m gr aPeTfuSeio/029044

the refractory metal conponent to the conductive

el ectrode and 5 enabl es one tg control the partia

pressure of oxygen around an exterior of the vesse

whi chlfel pthenesytacemf fofct Cveiy supphmessdike {Bemt 90y pe

f undesirabl e gaseous inclusions and surface .
é?‘?’%%erssoﬁct%i r?gﬁ%{? Yl adS REVEFi afCTr2HS11thqheoxygen ion

syshepoetakd & mal@rihereldy sgkdsdC Rawer mfg%‘%t?@ .!Egom the
addition to enabling one to conttol the partia
PrEsatierofmekgyencaponadtt he ekeerpoduct itke de\Z.@&fsbe:lodfe and
el 0 t ti,vel y_reduce the oxidation o
%é%g%%%lfﬂ%% E%n-g?§g£8%o§¥5%tp?ﬁgﬂﬁgespﬁ?s?ﬂﬁe OF oxygen
aedumdt gy rettalriconpdnethe llesdde Sysiem HelPRi Mne to

[ id DC ource i s capabl e of
é%E%gggﬁl:%3?EEP58FgoéﬁépJ%EF@NﬁQH1@@ eRabBésabhe g@seous

oetudlodde pakle oful-he-OXYgaNn JPgiati gn.yfromhe, glass

refractory netal conmponent to the conductive

B &¥t¥ke which enabl es one to control a magnitude of

the partial pressure of oxygen to be within a range

of about 1 to 10-10 atnospheres around the exterior

of thel vesssd . s26tdd. Jfhecsyshemogl haia 9, e B power
sai d vessel . _includes a nelting vessel, a fining '
SAESE T YPHUePY tPesdePlimgnmioneng vesertrol hhe partial

DrAdHUYE S5S8kygSl AdoudBecB¥SLem0f [ aim L9he V\'g%égleﬁ] also
said refractory  netal conponent includes a feta
hedipsctae fromihecyioaly védptat timinpxnahybdenom external ,

PAl adium chodlum and alloys Sherepl. VO 2008/ 030661 .,

component.

12. The system of Claim 9, wherein said DC power
source is capable of supplying adjustable DC power which
enables one to control the rate of the oxXygen migration
from the refractory metal component to the conductive
electrode which enables one to control a magnitude of the
partial pressure of oxygen to be within a range of about 1

to 107*° atmospheres around the exterior of the vessel.

13. The system of Claim 9, wherein said wvessel
includes a melting vessel, a fining vessel, a delivery

vessel, a mixing vessel or a forming vessel.

14. The system of Claim 9, wherein said refractory
metal component includes a metal selected from the group
of platinum, molybdenum, palladium, rhodium and alloys

thereof.
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15. The systemof Caim9, wherein said oxygen ion
transportable material includes partially or fully

werealsioBiesed zirconia. 5 16. The system of C ai RCOUS2004/029044

wherein said glass material is a glass sheet used in
a liquid crystal display. 1% 17. A glass materi al
formed by a manufacturing p Scess perfornmed within a
systemthat includes: a nelting, fining, delivery,

m xing or formng vessel, the vessel includes a

refragﬁoryThét@Y%R%mdﬂ%nﬁlahmvﬂu;Whﬁﬁ@h@rsaéﬁlOKN@EH ion
gl n ter 15 wall_co d wth an

R on T n TP ananor P aE o mAtSAE wnPERCra then oF © Fully

ebabedlimetihzarcondacti ve el ectrode; and a DC power

source having a negative power |ead connected to the

refractory nmetal conponent and a positive power |ead

connegted tRet hg%/geeﬁlu%fvec@'a%t rede. Q.18 T%%id glass
glass material of Claim17, wherein when said
peheriaburte sappylass Delpemker weedssin her oxdyigenid i arrystal
&E§E§Q rtable material then oxygen ions migrate from
the"retractory netal conponent to the conductive

el ectrode 25 and enables one to control the partia

pressure of oxygen around an exterior_ of the vessel .
whi chi“r;wm ng oﬂigﬁﬁ BREBELPVel yOLTFPr ebY t Re fEMWEEGHTing

%fp@@§|§5ﬂ)é§f’éﬁn8@5ﬁ9&ﬁin | ek st opsy Rnd ﬁ%f@&%:
listers within said glass ‘material. 30 19. The gl ass
mat er# al Mgf tohai m féninger eidelsivalryDC pbweng soorce farming

Lt{on iI-Ng. 0N 0 _cantrol the artja
g?géésésiuf et[g% %%Aeénl around T he aeﬂ%#ﬁ%qmoo?ﬁpttﬁgt% component
ROOLAY 3866 1nRET/ WS20A04HB29kh -t v egsel gBh SO BBEPSN outer
one. to effectively reduce the oxidation of external, ,

o -g‘ﬁggxﬁinﬂﬁé%lséPfa%§¥9%F t helr éfgerafable  material

which is then coated with a conductive electrode; and
a DC power source having a negative power lead
connected to the refractory metal component and a positive

power lead connected to the conductive electrode.

18. The glass material of Claim 17, wherein when
said DC power source supplies DC power across the oxygen
ion transportable material then oxygen ions migrate from
the refractory metal component to the conductive electrode
and enables one to control the partial pressure of oxygen
around an exterior of the vessel which helps one to
effectively suppress the formation of undesirable gaseousg
inclusions and surface blisters within said glass

material.

19. The glass material of Claim 18, wherein said DC
power source in addition to enabling one to control the

partial pressure of oxygen around the exterior of the
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nmetal conponent. 5 20. The glass material of Claiml1l7,
wherein said DC power source is capable of supplying

wadjposgsedsl e DC power which enabl es one to conPcoluStdee/029044

rate of the oxygen mgration fromthe refractory
nmetal conponent to the condygtive el ectrode which
enabl es one to control a 10 nmagnitude of the partia

Peessur a1eb meNgRN dre beo Wethést avelpngedoteahoid ckitdtion
10- 10 at nospheres around the exterior of the vessel.
of . exhergrass nar-ericgls ctordiahtim A LapRe? ePh $died refractory

ﬁgégfcﬁg& ofjEeLal conponent includes a netal selected
romthe %roup of platinum nolybdenum pall adi um

rhodi um and alloys thereof. 22. The glass material of
d ai 7, erein said, 20 oxygen,on transportable |
mter 28t i DR uEea B a o TATYR st dbj PrREBAIn. said DC
BbiEPNsBurdd idhecgbasse ”B‘fe_ré@pl?firg ah @y 44 a¥her ech power

said manufacturing process is_a fusion manufacturing
phockssenaslog oife Jlcassomaieri akhef Thhemaf, the oxygen

reiDosai d gl ass mierial is @ glass sheeloo2s e o
ﬁ?ﬁss naterial of alﬁ$§ : ﬁ%%%eln sad dfass ©
cahéucialves algbtassdéubehich enables one to control a
magnitude of the partial pressure of oxygen to be within a

range of about 1 to 107'° atmospheres around the exterior

of the vessél.

21. The glass material of Claim 17, wherein said
refractory metal component includes a metal selected from
the group of platinum, molybdenum, palladium, rhodium and

alloys thereof.

22. The glass material of Claim 17, wherein said
oxygen ion transportable material includes partially or

fully stabilized zirconia.

23. The glass material of Claim 17, wherein said

manufacturing process is a fusion manufacturing process.

24. The glass material of Claim 17, wherein said

glass material is a glass sheet.

25. The glass material of Claim 17, wherein said

glass material is a glass tube.



