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" Technical Field s The present invention relates to sealing tapes for

heat - seaM MMt rates, nmethods of nalting the sane, angdtRidgdssse’ Usi ng
the sane to forma sealed article. Background @ ass sealants are used, in
part, in making electronic parts such as sem conductor 10 devices and
fluorescent character display tubes. For exanple, U S. Patent No. 5,145, 803

(Daimer et al.) reports a gj | @pt Y a |l ead borate glass used
in the fabrication of intmmrﬁﬁé@bﬁcﬂ%m4, 883, 777
(Yamanaka) reports a | ead-containing glass sealant for the manufacture of
sem conduct ofschaited] Biehier el ectronic devices. U S. Patent No. Patent
4, 058,?%7 ( Nof zi egc) and U S. Patent No. Patent 4,120,678 (Francel et is
al.) report a gl as8° B&sfiramventon ralates madeaitn g Olap&fof BEERE b
funnel of a\,ﬂ?q’t'ﬁﬁ‘q‘?_h%axﬂlﬁtw : %‘l ass_seal ant sp?sorma bo%gl%bse?ﬁgaén’?r\%gmds
substrates when Neaffsd da“ﬂﬁ‘@ﬁt Qdeef ¢ing the same tmformdesealedartivie pr ef er abl y
made of | ow softening point glass to avoid damage to the article being
seal ed. Sone | owsoftening point glass sealants nelt and flow at a
terrperaturem.ﬁﬁﬂuﬂﬁo C, and nost frequently between 400C and 475C. 20 Most
gl ass seal ants ar(glagast ) ap%)I i ed by extrusion so that a continuous anmount
of paste is plac Sosgf‘(eﬁ@%‘r?r e ds 1y pagk i making elesarahie grartd e hfds UeklidvbuES, Of
the pawte nakeiced MR maRRckLAH f..a,very thin and uniformlayer of paste
free of voids difficult o haCted dihlayihbesy @Bag’EaéI}PlBrU-eSnB#ew Naust, 45,803
thi ckness aXBpigerisbaluepartesglass Raladeadmsisitya o8 Ybiard sﬂ#g\%trate ;

TRt 658 Horoye laB 3B B S hdichyion

bondi ng. Exges ste, upon_heating and coollng o
25 debris pérﬁfnl ecq[%atgaﬁjéf‘ﬂg %Sngéfe%t @rh8l3, 770 [Yhenanalgi) oepdhrialeadeditgdingT NESE

debris part gkkeseal M0Y¥orGRIR amage the internal conponents of the
article bei Eg anuf act ur ed.aheggs e:‘gpsggrgc@g??t?rsﬁ’i‘ﬂé’td?ﬁr elegHorip dekicas. xUif. es

t hat when uBalgnidNe. Patersyt,0MBB7aNofrigergasd U)s. r t rparts of
the anticleg bei?qg rrgarsluf act ured tolg?lgchni Ci tﬁgﬂg%}gﬁ%&éﬁ%gﬁpﬁqﬂcﬁ?%
equi pnent  uEEdPHT R "éé‘f’%ijrﬁoﬁgalmglwisqepbumtota)glaisffeﬁnmrkcaﬂheaéray?’o

‘Pastes may abel Og: | o clothing or to skin creating a
potential safety %?gér'ﬁmpg"e‘g‘g%’%gbé&‘b”w W?esu('?g%?)%'i"h?‘b]f‘f”@ﬁd andevhensused on

Fur t her mor e¢legienniedeviess atoptefdrably ohaaleidf € é@ﬂé&f?ﬁ%é ihh Vdid ARl easant
and possi blé}i%%% dous 8d§rs. Past es may “él sct) ha 01}34%15‘{} tggb‘%dfﬁ%"’ﬁﬁg‘éa{e WO
00/ 59839 P 15A88ld s Reme lewesoftening goiit glass seatamsahelt afdflowlaygnt in t he

paste nmay gy i nied .material which cannot be applied to a
substrat e. As%gfa?'}ergg*e ?’%#@ohcﬁsa%dﬁ?séchﬂ‘i’eﬁ‘élg%ﬁtwe&ﬁd@m%émté?fﬁige of paste is

di scaflled as wasMest glass sealants are pastes applied by extrusion so that continuous amount of

- paste is placed between two surfaces to be sealed. The fluid nature of the paste makes the
application of a very thin and uniform layer of paste free of voids difficult to achieve. Gaps
of paste, or uneven paste thickness along the surfaces to be sealed may result in poor

Substrate bonding. Excess paste, upon heating and cooling of the paste, may result in

25 debris particles being formed external to the region being sealed. These debris particles
may come loose and damage the internal components of the article being manufactured.
Pastes are soft, smooth, and thick mixtures that when used are messy. Pastes are
easily transferred to other parts of the articles being manufactured, to technicians operating
equipment, to equipment used in thc manufacturing process, and to other work areas.
30

Pastes may accidentally be applied to clothing or to skin creating a potential safety hazard
depending upon the composition of the pastes. Furthermore, pastes may contain volatile

solvents which emit unpleasant and possibly hazardous odors. Pastes may also have a
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In addition to the foregoing, pastes may contain‘lead which is hagaiggvszmﬁ
workers 5 when the | ead-containing paste contacts skin or is inges I
Lead contai'ning glass sealants nust be disposed of properly to avoid

envi r onfBR0¥F98 X sues. Additional clean-up time may be neBEB¥SPR/01655 r enpve
unwant ed paste. Sunmary 10 The present invention provides tapes made of

gl ass seal ants r...heat seali substrates. The tapes of the present
i nventi on C%}%‘,-{l@ghge YBFG [-?'E JB%%}%%E‘F“I‘ Hyde pgptednaiseyaperg igavingedrigdi ng a
| ow sof t eni peeR WhicE LRSS Fé}j t.or, | ches, dispersant . and.a
bi nder. These tapes can eélsﬁ l%g tga)éfl?%%tté'ohgéggﬁ]rha?fé ISV\P@%B’E"‘E? Adai8Ess
associ at ed purtdntagpaf pese iskiatdedes whsel M zes gap formati on between two or

nmore substrates being bonded 15 and provide a |ayer of glass seal ant having
a uni f or m t hi ckn@2dditipRdo theiferegeins, pastastmay egrdaindaad whichds hazardmisttoovdrikers

d t hi ' . In. f di t, thet
"hel ucos otV er BRI REPEL U Sherd Hif o B i coatiag slags sealbms
tape. The adibededizpascdsofiptofidlydb BdoiREvIIRSLAERE BSudsh _Pmd@t?(ﬁlaﬂjyfegﬁ—%gttnﬁe ma

early stages of the sealing process. 20 The present invention alsO provides
a net hod ofberAgRessayy taprasovsfunyianted poetel ants for heat seal i ng substrates.
The met hod conprises the steps of mxing a | owsoftening point glass, a
carrier, a dispersant, and refractory particles to forma slurry; adding a
bi nder to tdignmghurry to forma glass sealant; deaerating the slurry; and
formng the slurry into a self- supporting |ayer. 25 The present invention
al so pPovi des a Thetpiestnbinverticnngovidseapesimadé bt flasyisabgtsfodBedtapainf t he

pr esent invegti[?gn. @Qe nmet P&% conprjses the steps of (i) placing a tape for
heat seal i ng StiSt rdE WP AT D5 RrEEnt Hvertion ¢qmpnise ayefssupapdingingeriof|giass
conpri si ng @agli NEd ! f I eal i_ngluding a

| ow sof t eni ng géﬁﬁ?&%ggéé&’%ﬁg?@gg? S{r}lf/ g%ﬁ?’tr?% Cetglil Igaréﬂ%ssﬁerl%%ﬁstaflgélﬁg )

bi nder; 0 DIGET. TBHS ta®s 08 EBHSY Be apPlid WSOk BAESHithbit)th® hired MEoSiakRAGHIE
substrate in con{.}%ct with.the tape so that the tape is at least partially
| ocat ed betRREEH 1IF'2PTS BINRIFES SRRy fUmaHEN Pplaves dwWAPT marp Subsitates thieing Bandeiing

o ST Ml MBS S O o B S T IE Bvrne
assenbl y t caabt exspycahuoldandakelethid taped édnte: ddheevgliass seal ant;
‘ In a preferred embodiment, the tape includes at least one adhesive layer attached to
a major surface of the tape. The adhesive aids in holding the substrates in place during the
early stages of the sealing process.

20 The present invention also provides a method of making tapes of glass sealants for
heat sealing substrates. The method comprises the steps of mixing a low-softening point
glass, a carrier, a dispersant, and refractory particles to form a slurry; adding a binder to the
slurry to form a glass sealant; deéerating the slurry; and forming the slurry into a self-
supporting layer.

25 The present invention also provides a method of making a sealed article using a
tape of the présent invention. The method comprises the steps of:

(i) placing a tape for heat sealing substrates in contact with a first
substrate, the tape comprising a self-supporting layer of a glass
sealant including a low-softening point glass, refractory particles, a

30 dispersant, and a binder;



(iv) at-least partially nelting the glass sealant; and (v) cooli ng 1t be-\;m m}na
assenbly so-that the nelted gl ass seal ant hardens. 10 As used herein, ~w
respect two o8y esent invention, the follow ng shall applllyc'.rmg@%.,gggi c"
refers to an inorganic, nonnetallic material, such as netal ‘oxides, netal
nitrides, and netal oxynitrides, preferably consolidated by the action of
heat. "Fired" refers (i) dephtingaatisid éﬁbs@ﬂ@@:ﬁb&rﬂg&i@{h@%tﬁ%tgootﬂamle heat

"Green Tape" refers to conpositions having both inorganic arrd organic
conponents, which have a dedlpast parsialp bcatedcbemttanithanfiystsebdtiateshd Me REQSHAC e
a ceramc. "Refractory” re;%rsﬁsr ttgti‘alfrrxatt_eri al that maintains its structural
integrity at tenperatures at T esStUSITRREAATEempIyarwhichahp wlass sading tape is
the seal and/or bond creat egl 8%t 548l e i.nvention  |ocated
between the substrates which ar eﬁbondﬁg t8§£e‘*tdfmﬂeé?“’g‘§/“ @EZ%%[ "ﬂ‘égﬁ secopd

"Sel f-stipporting" refers tosubsigatesn body having sufficient mechanical
integrity to be di spe(ns)ed r1;rc1m a roll w thout breaking or significant

di sruption of the tapeWrorheapng s assemptoritermperaturoeapahlel df melthg dfe glage
may overhang an edge W thouk,fgari ng. "Fiber Softening Point" refers to the
nmeasur enent obtained for a gﬁlasé using the Standard Test Method for
Softeni ng Point of Q &b, ASHdbDesignanhkRMgNRe glals fv‘:%&'n%?hng 25 "Low
softeni ng point glass” refers _to a glass conposition capable of viscous
flow at tenperatures Wh t@ohnghthe asseminpse t80e meliGDEIEss @alinlhdIns2003

WO 00/ §9839 PCTI (ALSQ i i pti .of the Draw FIG1 i
Cross ggcti onal Vi ewgé?l Z‘gﬁ‘?é’g'g‘l r%%pe?ﬁ%‘ib"? E’téeé%‘?t 'gﬁ"(}’é‘r’?ﬁi @ﬁ%\fégﬁg?’iggﬁhﬁ@ 3IB§1§ZI f-

supporting | ayer "CeragtielSefaseal aiinordahfe, nénindtaflicCth@R8iab SGdH ANALiaY bR L ineal
tape of the ﬁrrigsent i nvention conprising a self- 5 supporting Il ayer of™

gl ass seal aftt™%q 3% msth asynisides pefemblysconsolidaed by diel aetiah of hea, of a t ape
of the present i pEggQy rL.sil a self- _supporting |ayer of glass

seal ant and two adﬁg%ir\%@#%@??ﬁ?&ﬂﬁmﬁ@?] a&oggg asEen PB%"&?‘- view of a tape
of the present i NGemrhiTapeCeas iocdoshdittal hay S fr{g_)F%nE orBhn;d! 8SS

seal ant_ and a non-conti nuous | ayer of adhesive. to I'S cross

sectiofal vFYWPYENE, Whish heve eidelipitesope, andvehich amydenired $ pedacs 8 béramic.
supporting |layere eal ant . an. adhesive |ayer, and _a backing. FIG 6
is a side view ofﬁéf‘%!e‘\?}’ﬁécsf‘ﬁféé‘aam‘%gm‘éﬂ%lﬁ'é"@rﬁ Strugturad dgfegrivfata j oi nt
formed by atehfRfargres bRastuf 3¢ Mouk JYEHC. ON- 15 Detail ed Description The
present invention provides tapes made of gl ass seal ant used for heat

sleal i ng ]E wo or MWoiR” sefixstie ttessaltangédribond clistdd IsisiarRb 88 te (ki inveRifar t -
glass, rerrachol béweed the substrates which are bonded together by these tapes.

20 "Self-supporting” refers to a green body having sufficient mechanical integrity to
be dispensed from a roll without breaking or significant disruption of the tape. For
example, approximately one half inch of tape may overhang an edge without tearing.

- "Fiber Softening Point" réfers to the measurement obtained for a glass using the
Standard Test Method for Softening Point of Glass, ASTM Designation No.: C 338-93.
25

Low softening point glass” refers to a glass composition capable of viscous flow

at temperatures in the range of about 280°C to 500°C.



metals. The preferred substrate is glass, especially glass that is uﬁ@g tgma
make cat hode ray tube face plates and funnels. A tape is placed bgt ;l; .
cat hode ray tube faceplate and a 20 funnel or any other substrates to be
seal ed WRPIEP83Bonded. This assenbly of tape and substr atRGI/USI0IERSed t o
the nelting tenperature of |ow softening point glass. The assenbly is

mai nt ai ned _at is.te etr ture until the |l ow softening point glass is at

| east part iBafPes 0 AWEMSi ng, a joint is fornmed between the two
substrates to b b ot - | .that.prevents | eakage

bet ween t he tmqggfj‘?g!:ste‘fcﬁoggl]%ggsh#hvée‘% %:? gFaPSCI %ggeb%rﬁfﬁ‘ P f%préﬂﬁ%glsﬁllf'es
acting as aoppEgeng ldyeadf glasksealdnyo or nore objects or parts to cohere. For
pur poses of producing a stronger bond with less |eakage, it is preferred
that the |ow sdHBeRilhd ik aectipnaksicweofadapt ef e preseittievkntith eomprisingtarselfgt h
of the joi [ Sy rmaoed by . a four-pgint nmethod well known in the art.
The b%nd s?é@ﬁ&lﬁgg efﬂ@fﬁ%@@%*’#%?‘ﬁwfﬁ& range of 0.1 MPa to 4.0 Mra.
30 Referring oGS ida cats SERRANITRY dtla tipd OB ksl 1A V11iBh E5RBLsih R ¥aglt! O
conprises a self-supporting |ayer of glass seal ant 1é. He gl ass s&al ant
13 i ncl udesupporing kykt efnglags sedlafit inddSo ADRSive WReR0/ 59839 PCT/ US00/ 07655

poi nt gl ass, a E-J\Iﬁrﬁd'i t§ of refractory particles, a dispersant, and a

bi nder. After beiHgT th K4S sqavesa! e Rdaresof thp aresentynveglion empEsige esnlf-
body or a I bk d | . LN ni.¢c. and organic
conponent s .9’@‘51‘%?“3% gggpﬁg%éésggagngseﬁ é g‘tgjljb gg@ﬁu%gg Ely%ryoce}{agg?s' gﬁ' ass seal ant

that way be fur i€ Sialtfosesedipnaloatwng 20 GFthépreSefinvehBos bohph&ng 2 sOff-
the sel f-supporting |layer with an adhesive layer. As illustrated in FIG 2,

a tape 21 SYRRPpYRSEyenOkapys ssalapbaniadhesivyleyerotndg backingeal ant 23 and a
| ayer of adhesi 25. ' Jayer.will allow.the self-supporting

| ayer of gl ass \gggl g%} Jﬁgeggﬂggﬁh\ﬁg ife E{%Cdato rg%grpllget@e%stﬁgg 14gint o

i1 1'ustrat efortiedPlyG tage ofitiHeq€sedi if@Kide constructed that includes a

sel f-supporting | ayer of glass seal ant 33 between two adhesive |ayers 35

and 37. This to tape may also help to hold substrates in place before heat

seal ij3g. 'be?ailteﬁ‘%scﬁﬁéﬂ ses two adhesive |ayers, each may conprise the

sanme adhes t adhesives. As illustrated in FIG 4, a tape 41

may include a s@htpiesRROMvERb FobOided tapdt Avlle D€ 8laddeathdt ARRH f8r heat sealin
non-conti nuous | ayer of adhesive 45. At the el evated tenperatures Used to

heat seal S8t maresubsypigatogsthesnSuch shstrated include] b i, ghass) refieactdréasoor
trapped in_t ss. of the.nelted tape. Trapped garbon increases the void
vol ume of frﬁg&sr're ’?%erg?%“: ssugﬁtﬂatfaé%l&l@%‘g cfl??ﬁ“’ilg r%?@fcrﬁtbsfusfqi\@ maks rathors B¥nd.
Or gani ¢ cﬁmsem?;mé&) afd fidiRlst aR eapfis Eﬁ%e@ﬁ&% aLRYSH fa? @u&rfﬁcép?étgﬁﬁf?ge q

early when burn off by heat such that mnimal void volunme Is genera

in tRe joi fnnelpranyapiber substrites tortesealediandéon bondedaThismdanbly@fitgpesindr 1 y
conpri sing %L—OW‘ZI%) s%tegi n oi nt glass powder_or frit, a carrier, a

di sper sant s 4 BRSPS ! CB%&‘E%E’I ferperAture ol dow sefimning,epint glpsss Theigssembly
| ow sof t enjsifaiR@inkid 4IRS SeRPMERTe Bhtillthe ioﬁ@gﬂgﬁnﬂ)’éiﬁp@ﬁfﬂs at least partially

melted. Upon cooling, a joint is formed between the two substrates to be sealed. The Joint

forms a seal that prevents leakage between the two objects joined. The joint also bonds

25 the two substrates acting as an agent that causes two or more objects or parts to cohere.
For purposes of producing a stronger bond with less leakage, it is preferred that the low-
softening point glass be completely melted. The bond strength of the joint is determined by
a four-point method well known in the art. The bond strength of the joint is within the
range of 0.1 MPa to 4.0 MPa.

30 Referring to FIG. 1, an embodiment of a tape 11 of the present invention comprises

a self-supporting layer of glass sealant 13. The glass sealant 13 includes a low-softening



commercially or fornmed i ndependently froma w de variety of gl assf 1 oCT 2003
materials. Gass materials include, in part, silicon oxide, siIicoL
phosphat o @isegphor us pent oxi de, or conbinations thereof. pReusRiot&si NY
tenperature of these glass materials may be nodified 25 by the addition of
nmono- and multi-valent ions. Suitable sources of nono- and nulti val ent

i ons for usepbint ghss, pridsmiity éﬂ]‘ﬁﬁrﬂ&tb@ﬁpdrﬁméyd@i%@%aﬁ‘ﬁ aftPA BindBL A PHefesS Of
S, A, Fe, K , Ti, P, Ca, Na, Mh, B, Ge, Zn, Sn, Ba, Bi, , Li,” or
conbi nat i ons™ ¢ CpRRANEnlHRPORHYyiag. Jermpa green dopy neateradid drenposition that

| ow sof t eni ng,.RRY | t.i,s. less preferred.than the other netal ions
nent i oned. Nbr?g@ztie?gﬁgl 121??%&@#&:1 io\g%ﬁ%fgq%‘?ﬁenﬁi grlhﬁpgfe"f‘ﬂ’é’gy & 2 sleSuppPtiingur e
130 thereby dbgeesslag seilanseht 88Y BS fRfiePmoplfiddHy @h R the T
2003 WD 00! 59839 PCTI USOQY 07655wl_t i's particularly %"?%?‘%%?‘éfﬁéieﬁ&&‘“wgfées

| ow sof ¥ eni n®f theisel-suppasting tayeuvith antadhesive layere Aofilluanyedoh RIGe2 f Plabopi Ng
heavy net al . Ph, . .Cd. As , ,.and Cr(M). By using oxides of SnO
and Li 20, oL %eﬁétngﬁW?Wha%&F g? glarssealgntdiandn Wg)fcaghm@' 25. 6Fhe t he
present i NVRINeEiQB ALY ¥l A0SRYS! YelRGH 9 LR A ol ass.raterial s
with | ow softening aléldpoi nts. The i ng@rpg}éﬁ]}t%%ﬁ Ofgﬁfa\ggéﬁa%ﬁg%aﬂgﬁﬁﬁt%el © bxi des
of Sri, Zn, betrate to he seddedy| As Hlusoraredas FIG.@) aitsper hhfbd addsiuts@frat idcRides
controlling th‘ff resgect ive softening points. For exanple, using greater
amounts of Sht ARBCTUAEIRYT qlighss seqiant Sdibierendowdhesive lgyeas 35 andB¥i This

conposig i on,tahELRES al I n it of that particul ar gl ass

f or m ng corr;%si.t?grf.g HI\/ic lX| n%t*@%%%\l}ﬁﬁng ﬁ"?gesfgrec%eﬁ'b%e?‘ﬁflg'oﬁ A1 BRFTOIRRTECE BNels

to mechani caldhysivd Biystst exttrhaycdigrig tas SaméiheSive bABIR e WIRAIVeENAQY PO Nt

gl ass for usg i n tfgigsfprrgactice of the present invention may conprise, on a

t heor eti cal "ORFHRCHESIS. 4 atapsd | maayinciude mselfsuppaOng hyabefiglass 66alpedGenid 2y

wei ght SnQ, ﬂﬁ-mﬁpﬁm&%{o‘?%ﬁfsﬁgtﬁ to about 35 percent by weight ZnQ

and in the range om a about 45 percent by wei ght P205, based on

the total 15 wei ghtthefelgyaraSempénaiired usedMOhHe kead YhlstileS Argélﬁi@@(f)ﬁsﬁﬂjeﬂg Lt

gl ass nay conprise, on a theoretical oxide basis, In the“range from about

20 to Hbout EREcHye eprgrtin Srrcglassiof themeltethigpe. f Toppabauborihcteasaithet

35 t Ry el in.t f t 39 to about 44
por bent by ool (AR 0B L i {BRES il BN H haseouline BOML erkeaic
The pref err edmpoass(syof eid taps oNihy pidseht inAtief Ard R1daCe AR w Ik nRRISR Y e Bg

wei ght of Li20 A 20 suitable non-lead, |owsoftening pornt glass for
tape of thehpplclighthat miaimalowid wolnmeds gewratedinthSjoiMat . No. 5, 246, 890

(Aitken et al.). ti-oned, the tapes of the. present invention are nade
fromslurries, mﬁ%ﬁgﬁ%ndgﬁ E%IgfeP%\‘tl‘%‘(’: g‘f"_;’/a?)"afp?‘lgcff‘gg.a SHRET SERRS IS Eblor-c| es
are maper i aksfterdng poiibgies pORA& or B laatrth Sa dibRaani B Yphdr MardNEh e H’ yetural
integrity at tenperatures of at |least up to about 25 1000C." Suitabl’e

refractory PeFacteyParticies (dhe, lowerofeningpoit ghras powlersordfit siay be parchasebi de,

commercially or formed independently from a wide variety of glass materials. Glass

‘ materials include, in part, silicon oxide, silicon phosphate, phosphorus pentoxide, or
combinations thereof. The softening temperature of these glass materials may be modified
25 by the addition of mono- and multi-valent jons. Suitable sources of mono- and multi-
valent ions for use in the present invention include one or more metal oxides of Si, Al, Fe,
K, Mg, Ti, P, Ca, Na, Mn, B, Ge, Zn, Sn, Ba, Bi, Cu, Li, or combinations thereof. Lead,
Pb, may also be a component of the low-softening point glass but is less preferred than the
other metal ions mentioned. Monovalent or some divalent ions disrupt the lattice structure

30 thereby decreasing the softening point of the glassy material.



titani um carbide, zirconium carbide, graphite, alum na, zirconia fi rc[or}
mullite, titania, netal (e.g., platinum rhodium and the Ii ke),U oct 2003
conbi nati ons of these, and the like. Non netals are preferred where the
joint sNAPSHE% el ectrically insulating. Refractory partiBCBYSOMT6SHbl e for
the practice of the present invention nmay provide a wide range of particle
sizes 6 0 1 OCT ft003 V\q 0/%%839 PCT/ 1JS00/ 07655 and shapes w th
beneficial resul {'dS PHRENARY prelersrd thatihe lowsattenige poisbglaes be sibstantiiby free of

aesthetic p ; riicl. Y% chosen .t provi de a .

particul ar ?ﬁ’?‘fﬁ‘.ﬁé 8]@5%@%@&#&5&0 6@%1?;)@3‘32&5’%%@%&3’90 (R¥cising oxides

refractory @&SnQ ehekijOyin eombinarsn Gith afRASUM-gl&e Toﬁgﬂgﬁbﬁsfﬁﬂﬂﬁ,%& ﬁ;és%%m cs
e an

such as the thermal expansion and the shrinkage of ass sea
used to forimventjop advamageonsly mohietésatlc Rormiation a€lgiatd Mareials With AW WbMening

partigges to.a gLI’ESS seal ant. The nelt viscosity of the glass seal ant ™ may
al so be nod?TMed 15§ InceROralin afjvarowt amennts of oxigesfrSn, Zngand Beintae tetesy

ticl i . . izat i . | t he, lted ql
D it e rgRiR it PEEINAY AL Tt baling e et sotiohing Rintos e
degree of mh@m,@@ihg%m&%hloﬁﬁishﬂ'sfnb?ﬂn@%ﬁ‘@&tLi’}t@) ﬂ?&ég%:bﬁlaﬁgﬁyiﬁléglﬁgﬁ o

softened state. 10 In the preferred enbodi nents, “the retractory par

of the tapdopningicdempasitionaendsito ATRNARK saf R ths ! ﬁﬁlﬂy e
shape of the tape when it is above the rre"ﬁ'ﬁku‘?% poi nt %?%Lﬂ%%ggs@. e
mel ted | ow-SOFMOERIORg MigingtPa§) sawish pigldss compositonl gererallyetendd tohhectizhizally

refractory framework. |If the volune of the nelted | ow softening point glass
is s 0gni f isgﬁﬂg[g? 1584554 han t he avail abl e void vol unme, the glass may not

flow sufficientl : r .ne _co site to.wet the substrate at the
appl i cation terrpd(;:rrlé:?t%i&ﬁJra glﬁ?%s? ﬁgﬁl\l}glpﬁﬁlgg s hi'l’i‘ée W\é\tﬁ? BIACSHOLDEtERSeRy poi nt

gl ass is siigvéntion amyl congpiiedicera thBaiéd) SxaediabRBnGhY Rinde 4R gﬁﬁxt 2bi1§ hoRe
uring

may not re%,%i n the, desired degree of dinensional intefrity e
appl i cat i oPURCHEBERY Weight ani indbt enge fromyatioutrs 16 sbe BEqieadnt by depgindn®) t he

refirin ' [ | i ocjated with the refractor articles and

!to he shapg O%Pagrhg%égﬁé?sig%}%fa etg’% lahmﬁ(ﬁgtﬂ?éceﬁﬁf’l’ ?"’Eigg‘ébeérb%ﬁgﬁﬁlth‘? tas#li f or m
hi ghl aci i Q.pack.less effjciently than a
broadly di i of g%%g%beﬁgf %ﬁ%&@%ﬁ%ﬁl WSOfSiRg ppiot elask BeyCOMRRSEOMR 1 he
rati o of | eheomeical agjdpbasis, igihe $andeTroit AbAR IV Y BHASS ﬁ@ééﬁ%yweﬁgug;tntd‘,%t ape

are from abl’(f)FUt 1,2:1 to about 3.0:1. The wei ght percentage” of ractory
particles r&“@"ag@mﬂbpétrz“fqorﬂibﬁgt }5spercent by aveight FaOo find irv theeasgenfrommb3at 3

percent {onomshol 5 AR ANS 0 2RalIPAO Rl iy L SEEACL ST BT LLEL S8 Pave
partcles e el gl 1 ek SULIRER, Sl LRI Lo, (eplg be
P further | nopenatien 16w SbRentle point Bk 23 (R oL Rrehh Brentiol S&poneel or
to prevent ieWdedat. We. 51246880 (Ahker3& adppl i cati on tenmperature as conpared to

particles havin Onelﬁé' a ‘{mrmal or. | og normal size distribution. Increased
viscosity may al$3"HEPReG Hentapsiofithe present dnveation ale madt fomshurionavhich

include refractory particles. Refractory particles are materials, or combination of
materials, that maintain their structural integrity at temperatures of at least up to about

25 1000°C. Suitable refractory particles include, for example, particles of silicon carbide,
titanium carbide, zirconium carbide, graphite, alumina, zirconia, zircon, mullite, titania,
metal (e.g., platinum, rhodium, and the like), combinations of these, and the like. Non
metals are preferred where the joint should be electrically insulating. Refractory particles

suitable for the practice of the present invention may provide a wide range of particle sizes



7 0 1 OCT, 2003 WO 00/59839 PCT/ USQ0/ 07655 integrity of the tape \éndtlm
significantly limting its conformability. Accordingly, in applicati Zﬂﬂ-"
whi ch it wWeeglesghg abl e to further increase the viscosity of C&I}fs

| ow-softening point glass, at |east a portion, pref erablf 4 30"2‘6553\/& ght
percent, of refractory particles may include an anmount of finely divided
refractory pand sieipeswith. Rnefitigf €aftsOThe RBGLD i gg.particle
size of less than 1 mcroneter, preferably 06}5@5 ?yﬁagralg?r\g?g'??&é%f)gctive
to subst ant Pethejicpuesnasas, refiarietymadiddsonayoe ¢Hoser e motidenipadichRir @blog! ass.
Particle size as ereiz refers to the | ongest di nension of a

ed . .
particle, and can %ssr?ﬁg\g?frsé’ ths preseyt WyeRiion; iaslnde refieptanupasticlenfor gautiter of

up to about Q6o FoPRER ' ' ca Count er .. Model A3"
particle size analyzer. 5‘2@%.’ ?%ﬁ&ﬁ}ngﬁsuﬁ kﬁee:ﬁh%%r?‘ag?’fpalqupéﬁ ,thcl—%,““E%F e
used. V6l ati the glasguealantarsed &y fofinu jbin tay 98 dndd¥iEPbPthe B_ﬁdi&ia%ﬁre‘?iacfol?f.
present inventi.on are made by m xing | ow softening point glass particles

‘Wi th refract BFYClEhia 2 glagssaaling.oThe meliiviscosity, of she glpss sealaht maoalsd bé enodifiud Bly
carrier may | ow_sof t eni.n oi nt. glass particles/ refractory
15 particle %gfta%ﬁggtotgg?%grl?ﬁ’q PafHE eénﬁagﬁgomg%ﬁlﬁp@‘qeitwwﬂé@ﬁﬁl@ of s
then easi |y glasmiged thé refted BRsiiosl it Sodhe YARALAIAMor NEGOLERE! LRY L£ALAL e

is a non-aqueous |iquid such as dichloronmethane, tri 0 r?é?ﬁf}?
et hyl ket oneSomegiageaseof raedhphical sippoit while tie lowombiting poian glaBeis 60k sofdHearst4rRY
be use as the c&rtﬁéere bu igqchess (%eferred t han non- aqueous I|iquids.
Preferably, a siurryC PREFIEEmbodimentsohe reftactasy apigles phthsarrecmiovidy adapse
vol une of t higari@bérkethick ] | slurr

o SIROriARaR dk bl e skhcindfapt WeE il ihve s, of

ingredients. Carriers preferably evaporate re

sel f - suppor tIel§ng agist obthegslasss Theancted Jow-sofaraipsinl Yasstill BeldidS/oRRAL t i NY
| ayer of gl ags .s%?ﬁliag}s I S substﬂgt jlally free of carrier. Dispersants 25
Siurries usedup Braictraptorkramewppe 16 fhesiohime afjibamelied lowdsofrning poietslesise
di spersant. SR ' ' : ' e s the abi lLty of a
suspensi on oﬁ‘fg parti glqgfkf n%ﬁ{%ﬁ%ﬁ@@ﬁ?@k;ﬁéﬁ%@ ?%cn&?ﬁ PR Sd‘lfh?lﬁ%t?y well
pri mar 36 par tfian e compdsite tpmes tistsubstaenit ieNapplib&ich ieRpERamd. Ifkife WIGHE@D! Y

added to a njxture conprising | ow softening point glass particles,
refractory ° %F’F[tﬁq @%V-éﬂﬁefan&emaf glpgs i Flamf%a@téxsrp@tpr. than thedivaidabls moid r educes
the viscosi tyhifhe & ' e defloccul.ation of the glass and
the refractory p%rlf[ﬂ;ftg eﬁdﬁrﬁ)&@%‘g@é&%@?& g%ﬁrf%?} &m"%‘ﬂ@a‘bﬂ‘eﬁfﬁﬁdee B¥ent s

of the m xt wpplicaBeppesass.aThe svailsbEVoRBvoMime WeRetdtd depBndGh B/ &?&9
OCT 2003 PCTI US00/ 07655 avai |l abl e di spersants include t3<'§1)§godi umpga t %%z%

car boxyl at e _%i%ﬁ@ﬂ%@ withgpe Fefemtory pastielies ail e shape orshapeb essociatkelrwithe
trade gesi gpgd bzﬁ‘ﬁclcgw-ex;ﬁ{ple, u?i}/tgh{m,%)élﬁy b2 s are expected to pack less

efficiently than a broadly distributed population of spherical particles. Useful ranges of the
ratio of low melting point glass to refractory phase volume within the tape are from about

‘ 1.2:1 to about 3.0:1. The weighf percentage of refractory particles in a tape after firing is
in the range of 4.7 percent to 33.3 percent for most tape applications.

25 Typically, refractory particles have a normal particle size distribution. As an
option, however, refractory particles having bimodal or other multimodal size distributions |
could be used, if desired. For example, the appropriate selection of a combination of two
or more particle size distributions may help refractory particles to further increase the
viscosity of the l.ow-softening point glass and/or to prevent excessive flow at the

30 application temperature as compared to particles having only a normal or log normal size

distribution. Increased viscosity may also help to maintain the structural and dimensional



& Haas Co., Phil adel phia, PA). Another useful dispersant having dﬁf pan.n
characteristics is an acetyl ene al cohol. (available, for exanple, nh&CTt%
trade designation 5 "SURFYNCL 104E", available fromAir Products Co.

Al | ent owpy pol38g3e The di spersant may al so be the binder offCINSAPE7ESSE t he
present invention if the binder provides the required dispersion
characteristics. Upon heating the tape to its nelting tenperature, the

di sper sant integrity obibehape withpo signdicant plimitingivs sorfoymateliaAagrdinglyoim  Any
retai ned car on may, decr.ease, t he bon erties of the tagpe. .
Conaequent APRLCROTSAn SGHBR FRtr LT t Fster [rdise s sy 6F b v ndieninge of
the presen t e @rﬁ :
Slurries ug’o{?pgm : gas,‘[fg ki pﬁ'ﬁ regggnl? Wﬁgﬁtﬁ%‘ﬁh oﬁﬁ& e g@{)fn# er
A binder imhale anragmnnt:omﬁﬁeey dﬁflide%luefﬁ'aimbr? placticlésofi e, mefractog | partleploavieiang

| ayer when the slurry is 15 dried. Suitable poI meric binders include

acryl Bc poPRVeegePAtse §ige ﬁfllessaihl@yrlamcr%@ﬂt‘;rvpm Nkl mlﬁ@wréﬁﬁaﬁe@ to

pol yesters 3 e ng
on the car Ol el SR MR B Il ot i onPRURE B il GELEE iBSR R
vei ght rat herefifreRp 6TRE !cﬁlgbét 'ﬂﬁﬁéns‘icﬁ] S0 prtiviB] Al caflfbedh@daredbylard tdnvenient
refractory particles is typically in the range from about 179 to about
1:15. The kbchuigue. |Eonmmlauwmabouhﬁ)0tmq@eorzﬂcmrmtstr@ p *Eoulter GCaungert Moxde] s

pl aced und {e .e at.ure onditi, uffjcien |t t SS
corrponents tpgg A 7Y QiFgf??‘H quifsE B)’I l‘ﬁ’é’l ?ﬁ %‘“ta‘?rﬁ@fiature

t he bignder will burn and may rel ease carbon. Any retained carbon may
decrease t he bonding properties of the tape and may contribute undesirable

por osi ty aiblaile kiqget Caeiet conductivity. Slurries used to make tapes of the

present inventign may include a plasticizer 25 degendlng pon the

char act eri sti csSBETighsed to gRke the) tapas Of thesprgsend IHYSAREAR 2srm estI’BiJF‘i"S}“gAP“’I ape
prepared fr ) i on
Pempor at ur S0t bt lessRliar R cRaR) pifitelth ocll OuEhRE AL bBAGAY' 01 o
seal ant . Avpladitliquidedrried ihhy bpaddednatiedotweofdning pointtghass pafictasy réfaacrake t he

resulting self-supporting |ayer of glass sealant nore flexible. If a
sl ur ry i ncPadels maw rﬁltfequmq %PSP‘?@iGﬂbITéleb’OH’dJé? IIQ‘EIHW&CfﬂFE{?PPﬁ%W@Ue%y

not be a n ft r

sel f - suppo?’%ﬁ?\%g?[ﬁye ofg‘?%bmglgnsgg %\Etﬂér\{‘/\é/bd é&g’ﬁtﬁ%&s lpﬁ"é 'fﬁh as The
pl asti ci zedidhforéraeBmes] tiddhlSraéthasd, fmdtﬁ}eﬁtﬂyhﬁetan@kofﬁ@ffe 2003 alAGnGD/o59839
PCT/ US00/ 07655 sel f-supporting | ayer of glass sealant is heated to its

sof t eni ng s@mhmatlm thereoti Water ma}bpbq:@ﬁdws theptirieh bay ispessareferred fanyron-

| f | th ff. 5
adhesver AR (RIEE orctadyca S5y oS oG abaltHo S8 BBORED Felem BV °
formeg i nt QoRinledfehie eider, Bﬁdeﬁ@poﬁ\tlﬁ%tfat SolaRRIdfithdsluAyShgrefietlsaTarsaal ant is

formed. One or nore adhesive |ayers
preferably evaporate resulting in the formation of a self-supporting layer of glass sealant,

consequently, the self-supporting layer of glass sealants is substantially free of carrier.

Dispersants

25 Slurries used to make tapes of the present invention include at least one dispersant.
A dispersant is a material that increases the stability of a suspension of particles in a liquid
medium by deflocculation of the primary particles. In the present invention, the dispersant
is preferably added to a mixture comprising low softening point glass particles, refractory
particles and a volatile liquid carrier. The dispersant reduces the viscosity of the mixture,

30 causes the deflocculation of the glass and the refractory particles, and allows for better

mixing of the components of the mixture. Representative examples of commercially



may be attached to the self-supporting | ayer of glass seal ant as
illustrated.in FIGS. 2, 3, and 4. The adhesive |l ayer(s) may be prueisﬂfr]'e 2003
sensi ti veyeordoby may be hot nelt type 10 adhesi ves. Suitq,@-l%s%q)aﬁ%gves

i nclude, for exanple, acrylates, urethanes, tackified rubbers, an
silicones. Oher |ike adhesives known to one skilled in the art may al so be

used. The auhdsbleclidpasent icludeya foddiaa R4l Bﬂ@uﬁrbbkylﬁz&p_o%@éhﬁf}giﬁﬁ é’i‘s&r{? a
tape) or discontinuous. Discontinuous adhest ayers

maj or surface of .th

may be coat eé"i“ﬁf‘b;e' ot S*@Rple, pader dharirpilecdesignatipp SEAMOL G5 &7, aVhitabdel fresi Réhm
. _ e e 1

ol 1 suppor Laiar b iR Epte, PALRobhe: (3RS dioeouhae e Toraingeat ed 1o

t he soft eni nghapmeteiisticis ah ReetPleRS Slco56 (@ ' s..Seal jin

Tapes The fol | owin Icorr;;‘onent?ls: al ow(gﬁ%{aglr%ﬁg%gg@h{ewgﬁcggt,mqé%icadrersl"@?%w

di sper sant, ‘BURIGYNOLILME" aawdilablp froma it Brodficts ol atilentowm aA Y. CFtRSdidfefsant

conbined in _a myxi Q% appa at?s to form slurry. The |ow softening point

‘glass and t HE®} dp¢ {'Bﬁ{})"f{?éf’ f Lpe O thePiesnm insation ifshe binder provides theabauirdde

liquid carri®épefBon BorRdde rticle mxture to for .

suspensi on. A spersant I g"%ﬁ%&&gﬁéﬁﬁﬁ {c')@fhll‘?é T Estie W“P%rap‘g&.fg]%gls?%“am

viscosity. il eithexévagompmpartaimpossibBhtRating coBBES Ank Setding€ cﬁ’(fbohgﬁa ,
refractory %rticlﬁs and/or glass frit by a 25 suitable size re ugl ng
t echni que” kifGETaie1¢ Rending propeRica sl theuaps. rigonssatental it ispreferred, thatnie katry

mllin je 14 t like. . If dry mlling is.used, then the

vol at i Iibe | i t&‘lﬁ%w %%%ptgge t O?gmadcfgséagt g\‘vlﬁgégq ﬁ%m%srﬁtg‘\ tojramal aroynt ) dispessanss

the glass and refractory particles. The slurry is then m xed for about one

to about twelve hours, preferably for about one hour. Next, an organic

bi nder prec - and any desired optional additives (e.g., a 30 plasticizer
d are allowed to mx (preferably

| t h |
bal | 0 E1edy -t o E e b kS Wit be B e orcett ol adhingard A
f bl ) f ii i i : j th
preferably binder Bnaf@anidthateti@l suttable for ?&nﬁnfh@éf—bu%nﬁ}g%{%ﬁ{%éng%ggfun {he

slurry within the bottle slowy (about | to abou
00/ 59859 PCHneSCRritablsBolypajic bindersrinsladaacrybiopblymers; polyvinlyEbstytal /polpefkgr

casting. Th r nay, al so be dearated under a vacuum for exanple, b
use of gan a?ﬁ?’ ir](?;l&f é%ly(u)'}eyﬂ?gﬁ%ﬁ YRURD: Ty thegeply pod thg likpeandgnay bg/sqqgﬁtgi t hg

shape of a Uegadind ditht ektier VAR HEd 9 a@@&ﬁ%ﬂ&: with &o gIH@or&gﬁisaﬁgg ] 3’“153 usi ng

deaerated slurry is formed into the desired shape ..,
convent i onaMeigé mtiopferslymarte binder ap eotalastighigof glhss fricast refractoBCpaatles is

printing, gravure. coatin knife coating, and the |like. The preferred

met hod f or g’W‘b”é‘P{é" ﬁ’r?e‘a‘é&e&??‘{}a %“ttléiéo ahout il lpy Thedyiades issiemayefl svhen the tape
convendpl onabf iR tp&ent iR iid . ki | ade cqgat
the slurry onto a rrellieginé%?lil%g%aT%’%gco?gﬁr%“slﬁed%gg{emgggéf?ﬁﬁ%,n?g%@e&i?l%ec%gﬁsty

of the sl ufempenenprafithe @bt.yUpon héwaingaheg eapbno i aleltidg @mdeRnire, ke 3¢ RTI
(measured upder _gnbient 10 conditions usjing a Brookfield visconeter fitted

with a No. _“‘Epﬁ“ﬁd‘i‘f’é’ TEAFIH RPEmyARY Fetaigsl capbaremay digerease threberiding propertiesof
llow af ter nidelthfROand!fify dnBRRRE hYdSAIOIR (f)ol'&ﬁgiez‘lﬁaﬁ)gclggtrikgln:%%gll.lct?\}city.

Slurries used to make tapes of the present invention may include a plasticizer
25 depending upon the characteristics of the binder selected as a component of a slurry. A
tape prepared from a slurry including a binder having a high glass transition temperature
will tend to form an inflexible self-supporting layer of glass sealant. A plasticizer will
preferably be added to this slurry to make the resulting self-supporting layer of glass
sealant more flexible. If a slurry includes an inherently flexible binder, then a plasticizer
30 may not be a necessary component of the slurry since the resulting self-supporting layer of

glass sealant would inherently be flexible. The plasticizer is removed by bum-off when the



a portion of the carrier prior to tape casting. Typically, carrier is
removed fromthe slurry by evaporation following the casting stef.10CT 2003 .
Typically, ‘a sheet is first cast onto a carrier support (liner or backing),
then 15wimeez9639 y dried to produce an uncracked, unwarpedpdepsosdssnpl es of
suitable carrier supports include paper, silicone coated paper, polyneric
filnms, or conbinations thereof. The preferred carrier support is a
silicone colfeuppetipgdayer of glass sedfani ischeated théts saftaimgpbiah ePlastiiizgs Yeaftly
several co ional |iguid nmedia renpval techniques including heating:
Pref erably ?gﬁltté’ etggﬁ%rgh”aﬂgmd@? %“g%‘?‘??pé’ﬂmga]tay?fd?f rBlasg pgadad bafose ey seeorhpesesnt 20
in air at apiepgerature ranging fromabout 30 C to about 50C. The tapes may
be stripped fromthe carrier support or, optionally, the carrier support
may be left on the tape to inprove its handling properties. The thickness

of the tape {ypically ranges fromabout 0.1 to about 2 mllineters,
prefersablyfréi!ﬁg}«—ﬁg” fromabout 0.1 to about 0.5 mllineters. Optionally,

one or nore adhesi Yy ttached.to, the self-supporting |ayer of
25 gl ass seal antq!.&t ﬁléé ?%Igégr}cg&tﬁﬁe E]Iugé(éﬁe Bitsfe g slusey is fpmasciagton lgaﬁfﬁ'eaﬂd
subst r at es dried.ba. setad@BoRihslifRr of gns b d? Eﬁoﬁné&”éﬁénﬁ} ARSRITRL e }a?é%ou t

sandwi ch assenbly is then heated to a tenperature € range o
350C to abd#y bsetteckas! torthe salfhenppepingralersofigiass setlart Ao i1kishsted at BRGS. JThe

andwi ch a ' referably heated fromroomtenperature to the desired
30 rr\étmxi wmﬁﬁfi?g?h‘ée{agp%&caﬁwg) 3?" RIGTRYFS $eopisive pr @g:t?nw bllédlobumltdupe or ;:ami c
constiipt uentghesivet h ' 3 I Ch to suffer fr updue
Cher a1y ahechet " Suliae dshdlthct M1 SEN N ar B B Platis oG Riho s ks RaH o

preferred Redsilingnasatheslikdepibadest knoavantosonéakilRliyn e FAGhPhISo G4 Tige t he
at nosphere__.in. whi ch e sandwi.ch assenbly is heated, and the amount and

h
type of or §HfELYe WQSSE%’ Coptiast(i-c.ppedxiansivewith hmajve awifag ofabetaps) of ow
enough to gMsehdl Kj ' . shrink or distortion of the
sandwi ch ass_génlgllngbgﬁ'rit)%o?%@ﬁ%w Sle%ﬁggeterls ngaysbﬁ(?ﬁﬁ%g‘?m g atery, dof eXammplg, 1 at e
sl ow enougbtripes grdntenThe adtesivetaypiN preferibly Berded BE- wifdnt tBE PRk iU l¥isink e
sand\gl ch as tenb% may be heated wherein the tenperature (beginnrfng at room
t enpePat ur %"j TP ﬁﬂféﬂ?ﬁ‘glﬂlay‘s pealanand adhesint laydrslanetheatad tetheanatning point
suffici emoft‘ﬂe%)é@??éeﬁ‘&ﬁ or burn out the organic constituents before
reaching the softening point of the glass to prevent trapping of the
organi c constituents (e.g., carbon). Follow ng renoval of the 10 organic
const i t uenMgthodedtMalgng GlasSeaknly Tapdsl the nelting point of the | ow
sof t eni ng poi nt eggﬁl}g'{l s reached. The sanple is then cooled to forma
j oi nt between ¢ Fie PG CRBPORANGY 2 lpwripdigningoirh ghass, Titiasties | @ pispargartj s€ i n

t t dsnd | _of . I C. t ' t
ol Ling. ooy s SRR R FRELy PTG g rorBinbER 4 MONR FEeas o fas |

t he j oi nt.slurry. The low softening point glass and the refractory particles are combined first and

then a volatile liquid carrier may be added to the glass/particle mixture to form a
suspension. A dispersant is then added to the suspension to reduce its viscosity. The
mixing apparatus is able to reduce the size of the refractory particles and/or glass frit by a

25 suitable size reducing technique known in the art such as crushing, wet ball milling, dry
ball milling, jet milling, and the like. If dry miliing is used, then the volatile liquid
component is added after the particle size reduction of the glass and refractory particles.
The slurry is then mixed for about one to about twelve hours, preferably for about one
hour. Next, an organic binder precursor and any desired optional additives (e.g., a

30 plasticizer or colorant) are added to the slurry and are allowed to mix (preferably ball
milled) for about 4 to 12 hours. The slurry is then deaerated, preferably by transferring the

slurry to a plastic bottle and rotating the slurry within the bottle slowly (about 1 to about 5

- 10 -



15.d ass Sealing Tape The tapes of the present invention preferably w ﬂﬂ
sel f-supporting layer of glass sealant with a thickness in the ran fz 3
about 0.%daabput 2 milimeters, preferably having a thi i n_the
range of about 0.1 to about 0.5 millineters. The wi dth of *‘?ﬁ@@@ﬂ“&o
supporting |layer of glass sealant is preferably in the range of about 2

mllimeters abeethove aif BIBHIEREMmS Lferid referred that has
a width whi cxtkllﬂil)s app? oxi rat el y tﬁ@qhs\nggﬁ%?fo % égu?%iﬂ‘{?é%lg Y &l50khg dearated, o

enbodi ment, ¥rdeap¥asium, fer pragmdntbyi use efiti aspiraRy ob GacuREPYIES brio? 16 Rfmi QY MeO'
a pre-cut gasgket.ha |nsg t he, desired shape to forma seal between two
substrat es. ‘%8?’ &%ﬁﬁl apeof g @pet Anutablg vacyuse isaabgul htorout er shape and an

Toctangul ar ol at engfeitibly BEachRes kil Bnef iafiE dBe! Taps Waostarain
additi dnal |wirernsemivnabteomeiqads sieF Q BShivs, dli ' iadhes)

| ayers may conprise the sane, qdi ffere%fﬁ?@or mgxtlg?egg%@’ggﬁ%@?%@g&’ 5%@53
havi ng an’ adi984ng&nifegestings aedidfie like. (The prefproed methbd dersshaping e slurry is tape

sel f - support.| r of.qgl.ass 30 seal.ant ar referred. In addition, a
t ape havi ng clggt%‘gé%a elcg‘ci/ S pggavetiopglgngihed @P&‘ﬁhzeéérﬁ*ﬁé@r blage or knife blade

benefits. Fapceatammilary O Plcldhenadhes) r MR B 3k 20y L 2003
WO 0059839 PCT/ USOQ 07655 perenaner{tﬂﬁcq?ﬁég?ﬁelﬁ%{% t8pq CHSUHD i YiSFON OGf8 & t he

second adheshwye i ageserahiyyinitee mage frotn aboup? 666ty BIGEESH (medsured RS- ugibiayi NY
| ess pgr manent i@dherence A L%S of the tape could position the second
substrate c&PPUUPIuSINES Brogk {egci)é‘sﬁ%fﬁ?fﬁh@ﬁdl witly @ Nee Bspindls atH80fpmytIf the
substrate. RieeHt | YRV ers are i.l'lustrated in
s, 2, 3, TR S oAb P R i VGBS s e ot Prérmetibef ve

| ayer of the potm ofithe oayiebpriomwoamdeaspid. Typicallp) @elidds H?ﬁo@@*fﬁﬁﬁ}‘rﬁégxﬂr%
cont act wtg t he substr{q tes to be bonded. An enbodi nent of a tape of the
present i nveXREY PR go‘ﬂl‘lﬁa@RFﬂﬁlf‘igsstqu ustrated in FIG 5. In FIG 5,

tape 51 include f ri i l.ay. of glass sealant 53 an dhesi ve
55I.o Adhesi ve 55 ?"gﬁ E?%?@g&tlgfggﬁaa%ooﬁﬁ%ﬁ %"e“‘BP"’g g OEEaaqké‘?ﬂq' tI?'ﬁ"gler 53.

Rel eagébl y eartfutlyeblietieo provaiean bicratkdiactvapeP@heSEXSnDiSs bBsBABIK AGie? -
Backing 57 is rempved, from adhesive 55 prior to placing ad%em ve B5'in
contact wi t FPRPQES RAPES stligope copsedipaper. Polynrenc\filagspor aomtbiinaniins theeeof.

adhesive |l a ' I huous in order to .mnjm.ze the total
organi c con?trg%? ﬁ%‘?‘[ﬂﬁ%ceap"? eé'%'gﬁ%rﬁsea #&F‘?ﬂcaf?ﬁlleﬂﬁoﬁyﬁ%ero@ﬂ'réﬁf‘%g pshe i oni ng
feat ures pr aodstisie usingatyest secralléonlaRRhal Afid AeBi iRV ANELR ks T ee Of

adhesive layer(s) are preferably wet with a [liquid such as e nol before
bei ng appl i E¢ludgngheating Peaferablygtheitapestateedrindrif arat aforh henpieagiare @@iastshdabs

(20e 58 2O oIS AL BOBLAPGod et Bl S e
from the carrier support or, optionally, the carrier support may be left on the tape to
improve its handling properties. The thickness of the tape typically ranges from about 0.1
to about 2 millimeters, prefcrablf ranging from about 0.1 to about 0.5 millimeters.
Optionally, one or more adhesive layers may be attached to the self-supporting layer of

25 glass sealant.

The tape is then placed between the surfaces of the substrates to be sealed by the
tape to form a sandwich assembly. The sandwich assembly is then heated to a temperature
in the range of about 350°C to about 500°C so that the tape melts but not the substrates.
The sandwich assembly is preferably heated from room temperature to the desired

30 maximum firing temperature under conditions effective to burn out organic constituents

without causing the sandwich assembly to suffer from undue thermally induced damage.
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substantially no heavy netal atons selected fromPb, Cd, As, Hg, db1 800 2003
Cr(VI). Such 20 heavy netal atons generally pose environnental and/or =
heal t h Wa@@ that avoiding the use of such materials is highly
desirabl'e. Providing tapes that are free of these ki nds JCT/H¥K07655et al
atonms also facilitates recycling, because seal ed substrates can be

processed fXHe préfeg¥hd | ' to renove.the seal ed area. This

woul d decre_asep_ bot h {]éﬁgg%\gg{éﬁ(’fp‘:ﬁ%&'{ Pﬁ%“%?’%‘&e&&?%t%é%%ws@& #mogphdre h
recycling. imsthirighesandy;cheassirblpgs Beueddl, ARMME RSouNELAY ¢ OdT‘%r&%i.P%t G Y
advant ageous forg r}gﬁzt rial applications such as the nuf aet ur &o5f

cat hode raf t¥ibles *ifiaPethsheatiagats is slavoemough toavaid caakifig GYsutinRIuhdue

regul arly praQL di | oF pt. produced by a tape_of the present invention
preferably has gagogg#sﬁ?@?}égt &’stg“‘f%‘éﬁ ﬁﬁﬁm@ib%ﬂgoﬂﬂ@maifhﬁ geﬁmmhfmﬂmy
equal 5t o t hecuraed fatcilewtenoboH fa | he,substrat e bonded.
That is, the ratio of the coef ?i’rci g?\t@&g?ﬁﬁh@ﬂ%h %’)%S%é] i%ﬁeIBF‘“Y‘ﬂ@' thei nt

rel ative t8Andwdchsassernblymayderitettdrergsn the @mpahnit Qeénﬁi‘ﬂ bt foorf0r €
pr ef er abl y%ern?ﬂ%g%ﬁ}gz/f rom- 13 0.1 -OCT 208, WO 001!%9 9 PéT/ US00/ 07655
(o

about 0.9 BPICICPEMly missado.anddild stoateatpraturconiffitienper evapsatd O

about the opBahioBOht @ e practice of the present invention,
the coefficient of t h%ﬁH%‘gﬁﬁﬁgP‘%@% aakH%g ﬁ'ﬁﬁc?%tﬁ?f&gd?o%tlﬂféh? ghagsstoj s

measur ed bRreRSEMaEgiBg of theStgandecshshigshts (Vat, B%&Q?%g%g@rg %@gg% é;‘; pansi on

of Solid Materials by Thernpnechani cal Analysis” The
coef 11 ci en? e8RCFRRSIHENSeRenbing iinresamed hatilgha seitieppaing ofihe Ié»h@oft@rﬂﬁékbﬁlﬁes
bonded shogihgl ibEashdl 17l v.0i,d resjdual. stress in the joint which may
Jead to farfur ekl r@ejsg’?‘ﬁfé.‘9&%%?88(?%#8&0%%@1@% heswees plesubstyatesleing

coef fi ci enorsied tdgethsn| Tiex SBpwise Rise it 4 i X926/ C to 12 X
10- 6/ C over a tenperature range ext er??:lﬁitﬁat r%%d“églg%f? c?&@??[sr%{%@l 0%or

cat hode r aJfERUDHECTHPRASHSPAPK Fymeltingahd glasewhichiwill iesulEin R¥RAEEHER ink®ins
about 8 x équf'oﬁfs(i}ntﬂet'o{& preferred that the joint formed froma sealing tape
of the present 1 nvention has a coefficient of thermal expansion in the
range from about 6.4 x 10"6/C to about 9.6 x 10-6/C. Simlarly, for

cat hode r tube gl ass having a coefficient of thernmal expansion of about
12 x 10-67@;@—5&@%Merred that a joint formed froma tape of the
present inventign %&%? 2 coefficjent of thernmal expansion in the range from
9.6 x 10-6/C to 155" §C MessREnventiqomreisrabinbave,esseh suppoetinglaperaofadassi ed

out usi ng seslamdrtta kAR sqH ' |, knawn..and routipe to those
skilled in the art, excegt {?\lh%erra}g@%tsﬂaeb%\fg'\ggé32%‘?%’8Hﬁm?tﬂéftpﬁ erably havipg

exanpl es &rtBickngsg it tharinge of Bodut@ol waiboki O milli8eteRY Sl Y ALUM
np ilfifettRY &Hel QPith G-HEIAR
f 0.4 mcroneters,

21):]717@8?3 gsﬁéﬂo%rggsﬁag%}/olg rg‘&nﬁgggfagh gsngrgggpghg !@gthg L‘é%bgndi ab@d.ﬂrmﬁﬁxetcrs to about 5
centimeters; however, it is most preferred that has a width which is approximately the
width of the joint to be sealed. In one embodiment, a tape of the present invention may be
provided in the form of a pre-cut gasket having the desired shape to form a seal between

two substrates. For example, a gasket having a rectangular outer shape and an open center

25 portion may be used to provide a peripheral seal between two rectangular plates of a
plasma display panel.
The tape may also contain additional layers such as one or more adhesive layer(s).
The adhesive layers may comprise the same, different, or mixture of adhesives. Tapes
having an adhesive layer on each of the major surfaces of the self-supporting layer of glass
30

sealant are preferred. In addition, a tape having adhesive layers made of two different

composiiions may have benefits. For example, one of the adhesive layers may more
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25 ALUM NA ALO' from Al coa Industrial Chemcals Co., Bauxite, AR @ﬁi\%ﬁ.
m xture conprising 66% by vol une net hyl et hyl ketone and 34% by vol 2003
et hanol . wiD@esseg3ect yl pht hal ate commerci al ly avai |l abl e fropcpdndgfssshem cal
Co., M Ilwaukee, W. 30 DPM)O3 a lead-free glass frit consisting of a

tin-zi nc-phophate oxide conposition, available fromFerro Corporation,

C evel and, @iermanentiy adie@OIRO08 WD akSHEROhECE,dIAHOH 65 By ERNEP 8 nfade of a

| ead-free glass frit . .consj sti ngﬁ’of a tin-zinc-phosphate oxide conposition
avai | abl e f PEHPEESTIEHT 6FUYS Bavinglesy pyravaenGibsrenpe A wiesefahs sape could

Wi o Cor p. PoRbar YR EEolHBlrdit ke, OF RO hPramen bl YRshediondhe el |

avai | abl e usdestrateh Extargdes ofdgses BRvhj QBhesHARBEMOSARC ratkd ,0n3Car
Co., Danburii, CT. PVB pol yvﬁ?;b/l bu%yr al conirerci al | yr%val afg{ge(zf ?gt?}lﬁd%e

Al dri ch® CherkilRess othackingy masnhecelacedvyver dieRhgsixe tayenbhthp saptei ankl esashise/iengoved
nmedi an parti

‘Zirconi a Sangllgl,etolsd.r%%&né%&sﬁdg%fﬂ%&r@r%g{’e{?gﬁr ‘[%{EE %ﬁ@%ﬁ%&%‘:%{qﬁéﬁ&?&ﬁﬁ%@m

zi rconi a panpf hdpesf hﬁz@rﬂ&n@in@@ﬁi@ﬂ;d@ﬂ‘fgi E:L&il?%]iéseill%tra%dgmrﬁg QMgt EF(?TSG tape

commercially available from Zirconia Sal es, merican vermwc
Corp., Mari et teeludeaself suppoRgliayes ofi ghas séatdrm S 3hmdi adgedva®sli Adhdaivd $55]se Si ze
of 8.0 m crg‘rjrﬁste s, comrercially available as G Zircon MIlled Fine from

ell' t_o1am

TAM Cer ami c§&¢ RIOL Hfage ef glass setant layerrS prRejepeatty attaghedaie amaioret ri cal
four-ppy nt shere of h&t%@%%stl?ﬁﬁchﬂ{ﬁf rBPcrkgrY% §9%s AnfLE {r%(%)e%ﬁggﬁtyé gsrspé'r?lgﬁ?‘?]t 01?

m ddl e of the test specinen, was utilize 0 neasure

the joint bltingedhasatehiida coasact witk tigl absemes &6 bondeAm Ceram Soc., 80
[5] 1281 - 84 (1@97 ). Fﬁ .6 schematically illustrates the four-point
shear strength t€%% apPLSRYRDS; the aghesive lagen(s)jrannbe disenniisspusdatdrdergoRay

Tube gl asseginifhise HES s Inst ass har. 6 d glass .25 bar
63 that are bonded toétgﬁggglﬁg?%et%ﬂ@ t%o%ﬁ?“é’iﬂc "E}%‘Pﬁf“‘%&aﬁ"?éf*&%f}%BOﬂwasa
t ape of thefeapresgeatvidedibenh hdhiesivel ass bar 62 is interposed between
stai nl ess steel | oadi ng% pins 66 and 68. Simlarly, glass bar 63 is

i nt er pbised bet wer ppesithy rifeesibstantéally fresoefi adgepive daypilshard pricrablyouti wigh pi ns 66
G e e R TR L SO
center 65 ohidj thenipe in adhering to a substrate surface.
In the preferred embodiments, tapes according to the present invention include
substantially no heavy metal atoms selected from Pb, Cd, As, Hg, Co, and Cr(VI). Such
20 heavy metal atoms generally pose environmental and/or health hazard so that avoiding the
use of such materials is highly desirable. Providing tapes that are free of these kinds of
heavy metal atoms also facilitates recycling, because sealed substrates can be processed for
recycling without having to remove the sealed area. This would decrease both the expense
Aand the processing steps associated with recycling. Consequently, avoiding such heavy
25 metal atoms is particularly advantageous for industrial applications such as the
manufacture of cathode ray tubes, where breakage is known to occur and recycling is
regularly practiced.
The joint produced by a tape of the present invention preferably has a coefficient of
thermal expansion that is approximately equal to the coefficient of thermal expansion of
30 the substrate bonded. That is, the ratio of the coefficient of therma!l expansion of the joint

relative to the substrate bonded ranges from about 0.8 to 1.2, more preferably ranging from
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30 64. In order to apply a shear force to joint 64, a force is appﬂi]epcq'ozgm
each of the four loading pins in a direction normal to the surface of f
gl ass bgy/qs) %ﬁnd 63 (see arrows in FIG 6). -15 0 OCT 2003 WO 00/ 59839

PCTI uso/ Y6885 Thi s results in a shear force across joi nt PEHUSBOTESS
Procedure I was conducted at room tenperature using an industrial test

hi i al i | der_the t desi gnati on "SI NTECH 10/ D"
(avai | abl o Toc ot S BB eored Tror 3P 6w ropmyemBe s &out g The
fol | owi ng tsepksg Genipehtae. Ie@d mct%ébéﬁth@gﬁq%eﬂtﬁfa@ed%ﬁ,%é ‘Eget?&fg%nf :ﬁ??@t or s

slurry. About 50 grans of glass balls having a dianeter o
and about SFFPaRsieRsOlohe tapcaand drahbsirdies/is moeasumtd dyet SYMAES 312 Sanddrll TRt er s

wer e pl aced, i 450 ¢ | ass_jar having . a dianmeter of about 7.0

centi neter g\.&@g?ﬁort pedf F@ﬂgggp@é}qnsof\,;g}l@ Mptesialsdy Fheompmechasias! Apalgsis” -
Bridgeyvi | | gSeftémbdinpgig! ' to . the glass |ar

cont ai ni ngq ?Iﬁe gl ass gaillﬁgca%ge %%&gbﬁ%ﬁbﬁgﬂgépﬁﬂ%? seﬁ%“?ﬁ“‘bh&rm of a
DPMD03 gl asubstrates, boaded sidfldbesnitds (8 aRSidlresidiel stegstin iR jWRs vkl may:géaaq at

a speed of 100 rg f.or about an hour. Next, approximatel’y 8 granms of PVB, 6
grams of PEEUEAHDS igknk-atiodoory Woe glasa tickllydias heoekfictent of theheal expansion

i ngredi ent r |1, ol ed for.an additional 4 hours 15 (Exanple 1),
8 hours ( EE%YR}%I rgnéfl)’f&g%ﬁx f?m%?utpglz(’ﬁi%réﬁéwﬁ a teIpRprajuie) rgnge, exggndingfrgma s s
seal ant conpesiZsron echO ositJ.qn. of e .Sl ur i S .
summari zed in Tabl eo??glgcﬁaﬁgat?%% r ggﬂ%é 'lﬁégs 1%1 4 acsogg?cé?ﬂ[ Oﬁ%f?’f“le?‘%?‘@“
furthér pr ofebwsd soy01/P@nis ieprefeored thdGific GoTht PIMsE fonPoldalifly (40 W%énlf
avai | abl e under. tne trade designation "NALGENE', 20 available from gene,
Chi cago, | EYVen§pRngy aceetbigigntof thapmalexpensjon ot tht eahgatfrom simed.40f 10°5/°Cpon t 0
remove air 5 the .glass seal gnt before casting onto a

sili cone-cgg%{g '63%(% y}ezg% eé}nfl%f@l Fofﬁé&l‘\‘?agé%'sﬁ ¢ 86 hayanga gestiicigpisoftbemmat ps
(measur ed I NnaQ: I fi _Qu,sconmeter wi.th a nunper spi ndl e at 100
o he serareioR SFapas 1k dosh AP RrFlerg i SR s fRa HPRiof 5 o

der th -5t avaklabl e fromWestern Vi) i | nG.
Manhat tan Beach ol Bebiie A Bt kB TR it G denboctan O B Ve

t ape iscast ijpg eghi-ne having a 15 ml| (0.38 mllinmeter) coating gap. The
gl ass sealants were dried overnight at anmbient conditions and the
resulting self-supporting |ayers of glass sealants were then stripped from

t he pol yes fi to provide green sheets with a thickness of about 150
m cromaterMngeffi cient of thermal expansion of the sealing materi al

of 30 Exanple r f i heati.ng to 300C.at | Jmn) was 93.3
2 100710 e o e ERAURE ool 48 a8 et PRl s R aves. Whick ard wel
known and routine to those skilled in the art, except where otherwise described in detail.

20 The examples are illustrative, but do not limit the invention.

GLOSSARY

ALUM alumina particles having a median particle size of 0.4 micrometers,
commercially available under the trade designation “CALCINED
25 ALUMINA ALO” from Alcoa Industrial Chemicals Co., Bauxite, AR.
CAR a mixture comprising 66% by volume methylethylketone and 34% by
volume ethanol.
DOP dioctyl phthalate commercially available from Aldrich Chemical Co.,
Milwaukee, WL
30 DPMO003 a lead-free glass frit consisting of a tin-zinc-phophate oxide composition,

available from Ferro Corporation, Cleveland, Ohio.
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The tapes were used to seal substrates. First the self-supporting 9hL¢QCTofzuﬂ3
glass sealant was cut into 8.0 centineters x 1.2 centineters pieces and

two sel fwewnnsesssi ng | ayers were placed between two cat hoqlg—rwwg-ggg gl ass
(avail able from Philips Corp., Toledo, OH) bars having a size of 8.0
centinmeters x 1.2 centineters x 1.5 centineters. The faces 5 of the

sel f - supportDRi‘équ@’yer anged-fese tgdeds it cppisyihpgf etihaielphospiateoftis 8bmpsdidano!
was not enployed in Sug@?ﬁg nt exanpl es when sel f-su port| ng Iayers wer e

associated with an qogyE?rmﬂ;fépqr@s?hn ‘tdqlwglag " gggprl sing gl ass
seal i ng tapegl ocated hgj Ehnt B 3 nay, tu £
statically | oaded to prc;é&ge a pl‘rﬁglgesﬂrl g?augﬁg d%féh H?@T%SI%HOQAB%Mfg?%d
in a conventional resiESAIW fiorhWit€o Cori Rew Thek 387pl es were heate rom

room t enper re to 400C at 4 C mnutefollowed by hol ding at 400C for
0.6 hd trJrP %%g; sanpl eénfv'ﬁk?@ P‘?iéﬁghleng\gélﬂd@mmtlaﬂpavmhbletl.&maenﬁtttaﬂe wi thin

the furnace to form the region_|l ocated between the
gl ass bars responsi bl gle IgPa 1%‘01@%&‘&@‘%@@ r}ﬁﬁ% Aian Carhide eompPanbume -

then cut inPVWBL. 0 X 1pdly¢ind Busial %h%ﬁﬁy(akﬁfalb}é%ﬂ-ﬂ g%q‘héﬂcﬁ[?ﬁlecw j oi nt

was | ocated in the center- of each specinen eac Chear
strength of the joi nMMiwmaukeea®Wlr ed as described in Test Procedure 1 and

the results listed.in . Table 1. Exanples 4-6 20 The sel f-supporting
| ayer of glégéélseal antz”i’)‘?n‘ﬁ?%ieéémli“@ ypdiap papiglesiread 8. Eminrpinetsrs] - 3.

dedl. | | er mean
Howeves, the zirconi a av

particle size of 0.9 ﬁ?@rorrelfmy L‘%lf’%leufﬁé I 'y émtalsﬁgz lﬂ?fé ‘émg”ﬁ%h Bl e

4), 8 hours (Exanpl eCo)p., Mﬁde&é’, Gaurs (Exanple 6). The corrp05|t|on of the

slurries of amples 4, 5, and 6 are summarized in Table 1. For each
speci nen, %@%ggr sFH‘%‘H’Q% H%*Flezélavmqrmmn paticlnoizs wf 6@ miromeatersi bed in

. 0.1 QCT 2003 WO
00/ 59530 TABLE 1 pCTI UL BBRaoDE Eefinsiah Rirsnte Dasadac dhmptangrermyculie
frit707070707070 ZI ROCBQBOI%nZdtRQZ&OBOBO PEO. 940. 940. 940. 940. 940. 94

454545 PvB8. 18. 18. 18. 18. 18. 1 PEG66666 DOP888888
CAR45155 éﬁ%s zircon particles having a median particle size of 8.0 micrometers,

commercially available as G Zircon Milled Fine from TAM Ceramics, Inc.,

Niagara Falls, NY.

TEST PROCEDURE 1

20 An asymmetrical four-point shear strength test, which provides a pure shear stress
in the middle of the test specimen, was utilized to measure the shear strength of the joint
between cathode ray tube glasses (see, J. Am. Ceram. Soc., 80 [5] 1281 - 84 (1997)). FIG.
6 schematically illustrates the foﬁr—point shear strength test for evaluating glass seal joint
‘betwecn Cathode Ray Tube glasses. The test specimen consists of glass bar 62 and glass

25 bar 63 that are bonded to one another by joint 64. Joint 64 is formed using a tape of the |
present invention. Glass bar 62 is interposed between stainless steel loading pins 66 and
68. Similarly, glass bar 63 is interposed between stainless steel loading pins 70 and 72.
Loading pins 66 and 70 are positioned at a distance of 4 mm from the center 65 of joint 64.
Loading pins 68 and 72 are positioned at a distance of 12 mm from the center 65 of joint

30 64. In order to apply a shear force to joint 64, a force is applied to eacﬁ of the four loading

pins in a direction normal to the surface of glass bars 62 and 63 (see arrows in FIG. 6).
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Slurry nilling 48124812 time(hr.) Type of nilling nediaglass hal|§ hOCT 2003
bal | gl ass bal | gl ass ball gl ass bal |l gl ass ball Tape o

properm%{) conf or meconf or nsconf or nsconf or meconf orns Surface treatnent
on wet twet _tape Thickness of tape 0.30.30.30. BETA50407653)

Seal i ng tenperature 400400400400400400 (C) CTE ( 10 /C)93.3----------
Stiffness' ; 730z == r.strenqt

(MPa) 2. 141.%%@0&8‘1‘;@8%< .ag%sﬁ'hoemtrseﬂsgf?tegm\?g‘?%%qf%e}s rdpetad atrqom equal

to the sl opempératuneusiogan indunstrial @it EIMmENQ 208 DIELAGT AY Ghad NE

| i near port;jon of t‘m rve. 5 Table 1 illustrateS that greater nechani cal
shear st refigHEn3en %Q&IWeﬁavﬁlﬁbbrfm MT$§ystemy €orp.cEdac Praiyye, DANY.I ¢l es
in the glass sealing tape. Exanples 7-12 The sel f-supporting | ayer of gl ass
seal ant of Exanples 7-9 were prepared as 10 Exanples 1-3. except that 5.6 :

granmssof PE®amptesG-25 grans of DOP were added to the ball mll instead of
the previously described quantities. The m xture was then ball mlled for

SR S SA A gl gt bkt A bl L

gf Exarrpl egb‘?%?d %%’gd’? gfﬁﬁ%xgﬁls%vb’%@a@ﬁn@zph@ millapesery %8 abgutrﬁﬂ@am of
Pours ( Exapprs b B SR BREO LS snifimerci tiera plapetinc: 4 E0ampleiass iy havige
Somes L vtk i ettt G5 of ol AL ) LS

i ndi VP dual CeniBsidgexidleoPA.1 5be fillomang tempommitsewereladdeionft Wweas jaabhsans ay
2003 10 0o AEs PR AN CeARED St By ot SECTA grgms ofa dARMONE gleos Gt amsy
sanpl es WeB@ gtA@ of ZIRE] . The Fnix Q7Y &AL b2 Rlitled at speed of 100 rpm for about an hour.

Next, approximately 8 grams of PVB, 6 grams of PEG, and 8 grams of DOP were
added to the mixture. The ingredients were then ball milled for an additional 4 hours
15 (Example 1), 8 hours (Example 2), and 12 hours (Example 3), and a slumry of the glass
sealant composition was formed. The composition of each slurry is summarized in Table
1.
Each of the resulting glass sealant slurries were further processed by transfer to a
450 cm® plastic bottle (commercially available under the trade designation “NALGENE”,
20 available from Nalgene, Chicago, IL). The glass sealant was slowly rotated at a speed of 1
Tpm to remove air bubbles from the glass sealant before casting onto a silicone-coated
polyester film. The viscosity of the slurry was 2900 cps (measured using a Brookfield
viscometer with a number 3 spindle at 100 rpm). The polyester film was 0.076 millimeter
thick and was available under the tradename “WWSIP-75", available from Western Wallis
25 Inc., Manhattan Beach, CA. The casting was performed using a doctor blade type tape
casting rnachirie having a 15 mil (0.38 millimeter) coatin;g gap. The glass sealants were
dried overnight at ambient conditions and the resulting self-supporting layers of glass
sealants were then stripped from the polyester film to provide green sheets with a thickness
of about 150 micrometers. The coefficient of thermal expansion of the sealing material of

30 Example 1 (measured following heating to 300°C at 10°C /min) was 93.3 x 107/°C.
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resisti've furnace in air according to the following schedule. The flLi3CTk 2003
tenperature.-was raised at a rate of 4C mn fromroomtenperature to 450C

and was Wg) ¢l/58839450C for 0.6 hour. The fired sanples Wer?cf/ﬂfsoégﬁ%?ss”al | er
pi eces of specinmens sized 1.0 cmby 1.2 cm5 by 3.0 cm For each speci nen,

the shear strength of the joint was nmeasured as described in Test

Procedure | and Tliratapessudrt ais@t © sealSubsirdidy. FaRt fieZelfkh ig @f&'ﬁg 1
Nunber 789101112 - 707070808080 DPMD0O3 gl ass frit Zi RC%%%O%OZOZ ggass

PED. 940. 940°¢840! Yasruh 4150 .0 ARIE 15 % 4 2ABAE MRS picteskfid 180 58l S@pgorting layers
PEGS. 65. 65. . DOPG, 256, 256, 256. 256. 256, 25 S Ml
tinme(hr.). 4‘3%5%6‘??&3‘*%‘? “r’r‘?F‘TQP?FB" fﬂ%m%agﬁ?%‘éé 2ilable from rﬁéﬂq%%g-?%aleﬂpass

bal | gl ass b@H) b&s hatiag h sik8RE 8.0 centi i i
‘propertybrittlebri tt?éebri ttl ebrﬁetntlfné= crrﬁ’t(tllze epflﬂefcés %&f%‘céaglem}efeé%t Ir%eﬁfac%

dr ydr ydr ydrofdhesgifysupppring layek mas setiéd by agpining cGRin6DwaA a8Pub0 FhSRd w3 Got
tenperature 45045045Q0450450450 (C) Stiffness'

(N mm) 1, 833 B3P%6¢ 19 8Upsequnyi examplesswbensselizsuppprtinggayers were associated with an
(MPa) 0. 51. stvaliadefO- : r val ue for stiffness i, equal to
the sl ope %?9? he ?%%HT%?%%%&%S%%@%E‘%@?RH%L% glgssasgf.@?gﬁaﬁggocavgﬁaqvﬂ%eq i near

portion of pidves oixrawtmdelfxptmbbg&sﬂ,?wei&tm@ﬂ?llaﬁﬁdﬁgﬁk&naéa plesfure BPhsu 58 18
wer e prepared as (Exanpl es 1-6, with the follow ng changes. The gl ass
seal ant of nplEWerEdirgd ing Fenvsppnal exsistive fena® igraimeT hef samples AV dR€ heated
parti g es fractor | cles and.the_ql ass seal ants of JExa | es
16- 18dever e%ﬁa@%’g%m@g% e%‘bﬁg‘ﬁ";ﬂ} 40¢ 194] ’ﬂ@“ﬁ%ﬁﬁ‘o&‘icééj)’dbolqlﬁ% bk 494 chpggﬁ
particl es. hdike TRMAAPIdsivRRS tih allbRed BPEdo1 SYRRAL fel i 3gal ants
of Exanples 13-18 are sumarized in Taﬁoe 3. %ﬁﬁéééﬁ%ﬁ%f@%tt@ @]T%%cﬁz?rral
expansi on &erm hiointi rldd jeiobivantiemegien imhtd bbtvideant ghasslBars ABponsile fd6 wer e
85.5 x 10- %1% 8?“?6x 10.7/C and 125.1 x 10' 7/ C, respectivefy as neasured
onding thebars together.
The samples were then cut into 1.0x 1.2 x 3.0 cm specimens (including joint). The
15 joint was located in the center of each specimen. For each specimen, the shear strength of

the joint was measured as described in Test Procedure 1 and the results are listed in Table
1.

Examples 4-6

20 The self-supporting layer of glass sealant of Examples 4-6 were prepared as
Examples 1-3. However, the zirconia added to the slurry was ZIRC2 having a smaller
mean particle size of 0.9 micrometers. The milling times were 4 hours (Example 4), 8
t‘xours (Example 5), and 12 hours (Example 6). The composition of the slurries of
Examples 4, 5, and 6 are summarized in Table 1. For each specimen, the shear strength of

25 the joint was measured as described in Test Procedure 1 and the results are listed in Table
1.

-17-
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cm [BYB each specimen, tHd ¢trengBh jof thef.§ ¢i nt wA3 lneasurdddl as d&sdri bed
in TEES  Procedurell and téhe resul ¥s| are lifstied in Fable 3. 6TABLE 36Bxam | e
Numhd¥OP31415161718 | DPMD03 8&gliass fridt[707070808080 ZI 0303020P020 8
PEO! $hoyodiin040. 94(. 940. 94 CAR4A54545454545!2PYB8. 18. 48. 18. 18.818. 1 PHE]66666
DOPRSSe®sY Sl urry millling48124812 tinme(hr.) -Type of nilling nediaglads
bal LTyesof hﬁ[limg(jneﬂhq ha&laps|balk 5 | halkys|balk ist HaHs ¢ Blagsiballfgle elass ball glass ball
pr opiepyarenaftior neconf aensmeni operiarmnf orcerfermit or penéasms or ieanfems f b cenfermedt nment
onwe tSHErcREtyRANLASt wet t Bele Thi ck#ss |of 0%80. 30. 30w80. 30. 3wtape| njvetPr dssur e
on303®20303030_sampl e(g/cnP) Sealingl tenperafure400400400400400400 (¢) CTE
(10 /g'égjc?@ssg)ggpe3125 1 0.3 0.37 0.3 0.3 0.3 0.3

mm

Sealing temperature 400 400 400 400 400 400

°C)

CTE ( 107°C) 93.3 -- -- - - -

Stiffness' (N/mm) 4,165 3.798 2,736 - — -

Shear strength (MPa) 2.14 1.95 2.82 | <0.01 <0.01 <0.01

" The reported valtue for stiffness is equal to the slope of the load versus displacement curve determined over
the linear portion of the curve. :

10

15

Table | illustrates that greater mechanical shear strength was observed when

incorporating larger refractory particles in the glass sealing tape.

Examples 7-12

The self-supporting layer of glass sealant of Examples 7-9 were prepared as

Examples 1-3, except that 5.6 grams of PEG and 6.25 grams of DOP were added to the

ball mill instead of the previously described quantities. The mixture was then ball milled

for 4 hours (Example 7), 8 hours (Example 8), and 12 hours (Example 9). The preparation

of the glass sealant of Examples 10-12 were prepared as that of Examples 7-9, except that

20 grams of ZIRC1 were used to make the glass sealant. The ingredients were ball milled

for an additional 4 hours (Example 10), 8 hours (Example 11}, and 12 hours (Example 12).

The compositions of the self-supporting layers of glass sealant of Examples 7-12 are

summarized in Table 2.

Four layers of dry tapes with an individual thickness of 150 micrometers were

placed between cathode ray tube glass (available from Philips Corp.) bars having a size of

- 18 -
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desc
le N
PEO.
DOPS8
bal |
prop
on P

ErampieRahbeapeci nen, the{shear sstrengtle jof the1pgi nt wasinqeasur ad |as
[ IDPRM03 flasd 88t Prjocedur® 1 and 1the resubt|s are Isbgted i ngdabl e 480 Hxam
1192021222324 DPMDBB{ gl ass3gi it 707408070707@0 41 RCI 3030 | Z1 RC20803030
DAE. 940. 940. 940.1940. 994CARAS AU 1545484HVB8. 18.918. 18. 18948. 1 Ph@GHG6666
BEBRE Sl urry mljling 4444812 45 t he hras)i Type @b imi || i ndas nedi agkags

®¥8 bal |l gl ass blal | gl assibal | gliags baklillass bakl |Tape 8.1 8.1
eiPEgconf or nsconfljor necaid ¢r necowf pr necosfjor nscombdrns Suif ace treatjnent
SARPBAPSAPSAPSAPIA 6.25 6.25 6.23 6.25 6.25 6.25

Slurry milling timethr.). 4 8 12 4 ] 12

Type of milling media glass ball giass batl | glass ball glass ball glass ball glass ball

Tape property brittie brittie brittle brittie brittle brittle

Surface treatment on dry dry dry dry dry dry

tape

Thickness of tape{mm) 0.6 0.6 0.6 0.6 0.6 0.6

Sealing temperature 450 450 450 450 450 450

(°C)

Stiffaess' (N/mm) 1,833 4,816 1.454 1.550 1.849 1,352

Shear strength (MPa) 0.5 1.38 0.23 0.17 0.21 0.2

* The reported value for stiffness is equal to the slope of the load versus displacement curve determined over
the linear portion of the curve.

Examples 13-18

The glass sealants of Examples 13-18 were prepared as Examples 1-6, with the

following changes. The glass sealant of Examples 13-15 were prepared using 30 grams of

15

ZIRC particies as the refractory particles and the glass sealants of Examples 16-18 were

prepared using 20 grams of ZIRC particies as the refractory particles. The compositions of

the self-supporting layer of glass sealants of Examples 13-18 are summarized in Table 3.

The coefficients of thermal expansion of the fired sealing materials of Examples 13, 15,

and 16 were 85.5 x 107/°C, 82.3 x 10'-_"/°C and 125.1 x 107/°C, respectively as measured

Materials by Thermomechanical Analysis™ (September 1993).

- 19 -
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tape Thi ckness of 0.30.30.30.30.30.3 to (nm Pressure on 303030303ﬁ3{)0an12003
|l e(g cm ) Sealing tenperature 400400400400400400 (,C) Stiffness'

(N mm) 2 ) 3, 3232, 3402, 1661, 289 Shear strength

( MPa) 0. 3%9@%%%2 321.120.17 The reported val ue for stifF¢d4U4S0876Fual to
the sl ope of the | oad versus displacenent curve determ ned over TABLE 4 15
the |inear portiTemn RiedsHe dfekd ¥Q Qg? : 98 CTl 01 07655
Exanpl es 25-30 Sel f-gupp-orti né F%g‘lgréss 0 Fg?%gsmgée{@egﬁ‘go 8%%@5%{%@8«3 58557
ver e pr epatavdilzide fiexaRpilips Cotp. )Lbars badaph sizBai 6i0hen bl ke 8§ 19f cinh@es FiRgSs

seal i ng tape .vv%sho 15 | lineter. Sealed articles were prepared by the
met hod des¥Fiedhe frgss Ohﬂlﬁﬁiﬂeé'émi%‘h&@l appiggensil s brusto aThatesuloing Sampidsast

28- 30 wer egjp : Eirst 00, cnB8 porcelain ball mll jar
with a di a%efsgsiéﬁgll?@g od{)&ﬁé. c%cﬁlt({aﬁr’eoidg?asylf\kg%g{?ﬁsﬁ &@E‘e Gen ﬁ%ﬂw 2 DIBHFUEF ans -
of al §im nagfHJ Heing ' : ' r.s:di.aneter) i ngr edi ents of
Beampl o 138 Qo Sn Rl ibnd EAMTARELE 1 uP AEoRide e el bephrdle oy

t ape cast i Hp furitcecempernagrands 058 ifgn Y&Ie f 138 ' -

except that the thickness of the 10 gl ass ;dgg)lrei ng tggg@t%gd@mtg%édf&%cn

m | | i met erheldar4Q0a€hfos fechavenThe srenplbeweresilosrdtdicand at em icaiptratas

nmeasur ed ibed in Test Procedure 1 and the results are listed in
Tabl e 5. %’.ﬁlggﬁﬁfeher@wﬁ’] Ot\slsﬁf‘ll.l@mf%r stiffness is equal to the slope of the
| oad versus di SPhalfifiBngidd W t: ) i rtiqn of
the curve. Exanple Nunber%ég%eg%g%fg%(r)g@%ﬁg§g%slOgiagp %?ﬁ?%f?@%aéﬁgbog%ia cm
ZI RCB030303080 30 HEw. «adl) s8¢ 0mé@) Chest@n Srh(of e BARAGA 2k dirdB 45 described in Test

PVBS. 18. 18Pr%§e uirgé %’ntji the results are listed in Table 3.

TABLE 3
Example Number 13 14 15 16 17 - 18
DPMO03 glass frit 70 70 70 B0 80 80
ZIRC 30 30 30 20 20 20
PE (.94 0.94 0.94 0.94 0.94 0.94
CAR 45 45 45 45 45 45
PVB B.1 8.1 8.1 8.1 B.1 8.1
PEG 6 6 6 6 6 6
DOP _ 8 8 8 8 8 8
Slurry milling 4 8 12 4 8 12
time(hr.)
Type of milling media glass bail glass ball glass ball glass ball glass ball glass ball
Tape property conforms conforms conforms conforms conforms conforms
Surface treatment on wei wet wet wet wet welt
tape
Thickness of 0.3 0.3 0.3 0.3 a3 0.3
tape{mm) . .
Pressure on 30 30 30 30 30 30
sample(g/cm?)
Sealing temperature 400 400 400 400 400 400
]
CTE ( 19"/’*(:) 85.5 §2.3 125.1
Stiffness’ (N/mm) 7,741 2,999 2,249 1,865 4,392 3,906
‘Shear strength (MPa) 364 1.33 2.11 1.32 2.21 2.31
) The reported value for stiffness is equal to the slope of the load versus displacement curve determined over
15 the linear portion of the curve,

Examples 19-24

The glass sealants of Examples 19, 20, and 21 were prepared as Examples I, 2, and

6, respectively. The glass sealants of Examples 22-24 were prepared as Example 13. The

-20.



PEG566666 DOP888888 Slurry mlling 48124812 tine(hr.) Type of m Iq]r‘gpp-r gﬂ%
- medi-agl ass bal | gl ass bal | gl ass bal |l al um na al um na al um na bal | bal T ba T

pr oper t ywandogsvemconf or msconf or msconf or nsconf or nsconf or s fErAReReFcELat ment
on wet wet wet wet wet wet tape Thi ckness of 0.150.150. 150. 150. 150. 15 to (nm

Pressure on 303030303030 sanp |le( cn) Seal i_ ng

t enper at ur SATCHDEAONZ BYA6 O40DaBroXifnmatty 300 lmcrorneteﬁs t(hick ajn(c)i tlécz 5-0p4z12n(c)l b;)é%)gl o4
s/tt)l, 6243 32,2784, 0547, 2877, 250 Shear _strengt MP . 1. . .
TABL)E 50 U 5é'f%%c%?do‘ﬁ?é§§§é‘"?@ﬂ%®6ﬂ@%‘s§uawwg aghesde GSeatehl es

31-33 T 4 es 28-30. exc t hat 0.30
mlli ngfésﬁg{rgggéseal ﬁ??ﬁ%@m@{ﬁ‘%&%ﬁ% Sgg? @%‘%W\i%ﬂb‘%&ﬂﬁf@d as in
Exanpl es 1Cdmpemgeft. PabBMISD Theasvbnpobitibhd bf ma@élf@b;?p%rﬂw%zla%?%f'tgﬁ% gealmr

t he ZI.RC. F? each specinen, 5 the shear strength of the’joint” >
measured a& Eé%@?ﬁebég‘%rﬂf erdiystrppdiebabied.1 Thnthpehwereqradeti beaveen twat sdcdsrof

TS oot A B RS AR SRR LD T o
self-supporting layer of glass sealant and to assist the alignment of the glass pieces during
the early stages of the sealing process. Each cathode ray tube glass piece had a size of 6.0
cm by 1.2 cm by 1.5 cm. The resulting samples were fired in the same manner as previous
10 examples at 400°C. For each specimen, the shear strength of the joint was measured as

described in Test Procedure 1 and the results are listed in Table 4.

TABLE 4
Example Number 19 20 21 22 23 24
DPMO03 glass frit 70 70 BO 70 70 70
ZIRC1 30 30
ZIRC 20 30 30 30
PE (.94 0.94 0.94 0.94 0.94 0.94
CAR 45 45 45 45 45 45
PVB 8.1 8.1 8.1 8.1 8.1 8.1
PEG 6 6 6 6 6 6
DOP 8 8 8 8 8 8
Slurry milling 4 12 4 4 8 12
time(hr.)
Type of milling media glass ball glass ball | glass ball | glass ball | glass ball glass ball
Tape property conforms conforms | conforms | conforms | conforms | conforms
Surface treatment on PSA PSA PsA PSA PSA PSA
tape
Thickness of 0.3 03 0.3 0.3 03 0.3
tape{mm)
Pressure on 30 30 30 30 30 30
sample(g/cm’)
Sealing temperature 400 400 400 400 400 400
CC) '
Stiffness' (N/mm) 2,010 1,373 3,323 2,340 2,166 1,289
Shear strength (MPa) 0.34 0.2 2.36 2.32 1.12 0.17

* "The reported value for stiffness is equal to the slope of the load versus displacement curve determined over

15 the linear portion of the curve.
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CAR454545454545 PVB8. 18. 18.18.18.18.1 PEG€5666_66 DCP888888_ Sl urry IUQTQT 32003
mlling48124812 tine(hr.) Type of mllingal um na ballal um na bal |l al n
bal | gl | gl ass bal |l gl ass ball nedia Tape,

pr opgr @§8ﬁgﬂﬁsconf or msconf or nsconf or msconf or nsconf or ms PSEYSHRA7655

t r eat ment wet wet wet wet wet wet on te Thi ckness of 0. 30. 30. 30. 30. 30. 3 tape(nm

Pressure giadf3nd 30 samle( cnR) Seal i ng400400400400400400 tenperature
(O stiff nﬁ(ﬂ%a%%ess 4, 3033, 6103, 4983, 6062, 544592 Shear '

strengt h2. 671. SRE-RippoRAQ 1440 O51MBRLaIRRE Jf ERARTpR wtwe}@{ug?saeaﬁpess B

equal to the slope of the | oad versus displacenment curve de m nled over
t he |i nearEX38Wi6s03-bY cxerpt that ths thickness| of sheaglasoseBlingrpesva 0. 1P miklineter.

' - h ] t t
of eﬁ%&%"m@éﬁﬁééﬁﬁa%s%érgs?ﬁ%@ﬁ#?tgéﬁ’@%&d %ﬁﬁ@%@aﬁéﬁ% 5 q%dlbgﬂi-hﬁg‘?f: E%d |
[ t oi nt _was, neasur ed_as
Tact SE°0r ocondne YRR Alaid LEEMIE! b8 b Breninit dTONOY S Fiay £ 1308 cpvocT |

1000 WO O@bﬁgmbmm&aﬁmﬁ&amﬁe@@whsoﬂqmééiﬁ%%&é%%%a@@w& PORGEE
frit707070808080 ZI RC303030202020 PEQ. 940. 940. 940. 940. 940. 9

CAR454545 480 grenyafplugina grindinggnadia (BS remizGo@atdi6meter) and the ingredients of
Example 13. A self-supporting layer of each glass sealant was prepared by tape casting.

Processing and testing were performed as in Example 13, except that the thickness of the
10 glass sealing tape used was 0.15 millimeter. For each specimen, the shear strengtﬁ of the

Joint was measured as described in Test Procedure | and the results are listed in Table 5.

TABLE S
Example Number 25 26 27 28 29 30
DPMO03 glass frit 70 70 70 70 70 70
ZIRC 30 30 30 30 30 30
PE 0.94 0.94 0.94 0.94 0.94 0.94
CAR ‘ 45 45 45 45 45 45
PVB 8.1 8.1 8.1 8.1 8.1 8.1
PEG 6 6 6 6 6 6
DOP ' 8 8 8 8 8 8
Slurry milling 4 8 12 4 g 12
timefhr.)
Type of milling media | glassball | glassball | glass ball alumina alumina alumina

ball batll ball

Tape property conforms | conforms | conforms conforms conforms conforms
Surface treatment on wet wet wet wet wet wet
tape
Thickness of 0.15 | . 0.15 0.15 0.15 0.15 0.15
tape(mm)
Pressure on 30 30 30 30 30 30
samp!e(gfcmz)
Sealing temperature 400 400 400 400 400 400
(°C)
Stiffness' (N/mm) 1,624 3,433 2,278 4,054 7,287 7,250
Shear strength (MPa) 0.62 1.42 0.76 2.3 3 2.04

"The reported value for stiffness is equal to the siope of the load versus displacement curve determined over

15 the linear portion of the curve.
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DOP888888 Slurry milling time(hr.)48124812 Type of nilling medial BssOCT 2003

bal Fl ass ball glass balllass ball gl ass bal |l gl ass ball
propert yoonbesassronf or mrsconf or nsconf or nsconf or nsconf or s

Tape

Seriaamobéssat ment

onwet wet wet wet wet wet tape Thi ckness of tape(nm)0. 30. 30. 30. 30. 30. 3 Pressure
on303030303030 sam |l e(g cne) Sealing tenperature430430430430430430 (C) CTE
1nm) 1, 2302. 2672, 2491, 8652, 5943, 145 Shear strength

|1_
.61

(
(MPa) 2. 321. 022. 1

|0 1C) SBx

sanme as in Exanples 2-

portion of tnhﬁirﬁ#éﬁ’g@a g

5 The reported value for stiffness is equal

141.
the sl ope of the xBﬁ'B"’\?éi?és“"HF BrAPatcsin testqdasdn disasmi¢s28d3@ exceptithas 0.3Gear
SRt TSR A e
S“eXcept that a s

BPRL 32-$83ners i

44 wer

to

o B B

used to prepacept thae3® grnlses ATUMSABR esSk ARG Hutasht ﬂﬁ-z@@%&acﬁ%%@gn,
to was

differed from Exanp

le 2 in that the ratio of DPM)O3 glass frit

80: 20 3r at hée sherftrengtBof thegoimy wap mssswed 4s7deseriedoimeTemt Prbcbdere Janmd the

Exanpl es 13&%{3 g} @t -t %[J .60 mllineter glass sealing tape was used.
I : , . .
Exanpl e 48 di %tse%éé 5 %[}nl} S%le 13 in that it was prepared with a m xture
of two glass frit materials, 44.5 gr aﬁEﬂQOB and 25.5 grans DPM 1003 and
was bal | [MifahSR NufferdPOUT T WGy JOUTS: For_eact gpect et fre—shear 36
strength oTpENI®3LREAY @S NEASHTEd as scribed .., Fest 2 r-ocedurert and,m
the resul tSzpge TTSTed[Tn Tabkg 8- 01 {OF 1605166/ 59639-FABEE-P
PCT/ USOQ (7550 EXanpl €] NUTTber 434445467748 DPWBO3—gtrass—+ 50 t 79?083%737044. 350
DPMLOO3 gl | S5 ZIRC b§4’)f>020 Zior§ 3636
. . 0.94 0.94 0.94 0.94
CAR 45 45 45 45 45 45
PVB 8.1 8.1 8.1 8.1 8.1 8.1
PEG 6 6 6 6 6 6
DOP 3 8 8 8 g 8
Slurry milling 4 ) 12 4 8 12
timethr.}
Type of milling alumina ball | aluminaball | aluminaball | glassball | glass ball glass ball
media
Tape property conforms conforms conforms conforms | conforms | conforms
Surface weatment wet wet wet wet wet wet
on tape
Thickness of 0.3 0.3 0.3 0.3 0.3 0.3
tape{mm)
Pressure on 30 30 30 30 30 30
sample(glcmz)
Sealing 400 400 400 400 400 400
temperature {°C)
Stiffaess’ {N/mm) 4,303 3,610 3,498 3,606 2,544 592
Shear strength 2.67 1.93 1.85 1.39 0.44 0.05
{MPa)
' The reported value for stiffness is equal to the siope of the load versus displacement curve determined over
the linear portion of the curve.
10
Examples 3742
Examples 37-42 were prepared the same as in Examples 13-18, except that a
sealing temperature of 430°C was used to prepare the samples for shear strength testing.
For each specimen, the shear strength of the joint was measured as described in Test
15 Procedure | and the results are listed in Table 7. |
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PEO. 940. 940. 940. 940. 940 94 CAR4545454545.

PEG6666. 6 DOP888888 Slurry milling ti Ime( hr . )8|1284122 Type of Jm I !I'ape
medi a ' | glass ball glass ball alumna alumna g %ﬁ%ﬁ@h
pr opertgil/éggﬁ?or msgcon forms conforns ball ball conforns k’ 653 eat ment
on wet wet wet confornms conforns wet
TABLE 7
Example Number 37 38 39 40 41 42
DPMO0O3 glass frit 70 70 70 80 80 30
ZIRC 30 30 30 20 20 20
PE 0.94 0.94 0.94 0.94 0.94 0.94
CAR 45 45 45 45 45 45
PVB 8.1 8.1 8.1 8.1 8.1 8.1
PEG 6 6 6 6 6 6
DOP 8 8 B 8 8 [
Slurry milling time(hr.) 4 8 12 4 g 12
Type of milling media glass ball glass ball glass ball | pglassball | glass ball | pglass ball
Tape property conforms conforms conforms | conforms | conforms | conforms
Surface treatment on wel wel wel wel wet welt
tape
Thickness of tape(mm) 0.3 0.3 0.3 0.3 0.3 0.3
Pressure on 30 30 30 30 30 30
sample(g/cm®)
Sealing temperature 430 430 430 430 430 430
(°C)
CTE(107/°C)
Stiffaess' (N/mm) 1,230 2.267 2,249 1,865 2,594 3,145
Shear strength {MPa) 2.32 1.02 2.11 1.6 1.14 1.25

10

45 PVBS8. 18. 18. 18. 18. 1981

T The reported value for stiffness is equal to the stope of the load versus displacement curve determined over

the linear portion of the curve.

Examples 43-48

Examples 43-44 were the prepared same as in Examples 2-3, except that a sealing

temperature of 430°C was used to prepare the samples for shear strength testing. Example

45 also differed from Example 2 in that the ratio of DPMO003 glass frit to ZIRC1 was 80:20

rather than 70:30.

Examples 46-47 were prepared the same as Examples 13-15, except that 0.60

millimeter glass sealing tape was used.

Example 48 differed from Example 13 in that it was prepared with a mixture of

two glass frit materials, 44.5 grams DPMO003 and 25.5 grams DPM 1003 and was ball

milled for about two hours.

For each specimen, the shear strength of the joint was measured as described in

Test Procedure 1 and the results are listed in Table §.
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tape 0.30.30.3wet wet 0.6 Thi ckness of tape(rnm0.60.6 Pressure o 1 OCT 2[][]3
303030303030 ' sanple(g/cm ') 430430400400400400 Sealing tenperature (C)
CTE( 10/ QVvO'0/5¥839 f ness 4, 9762, 8642, 4233, 8303, 9914 (N nmm) 8#ZTAsboseressShear
strength (MPa)2.510.631.8691292 2 | fness is equal ~ The reported val ue
for stif ve.to the slope o. rm ned over the linear portion of the curf the

| oad versus di splacenent curve dete

TABLE 8
Exampie Number 43 44 45 46 47 48
DPMOO03 glass frit 70 70 80 70 70 44.5
DPM1003 glass frit ' 25.5
ZIRCI 30 30 20
ZIRC 30 30 30
PE 0.94 0.94 0.94 0.94 0.94 0.94
CAR 45 45 45 45 45 45
PVB 8.1 8.1 8.1 8.1 8.1 8.1
PEG 6 6 6 6 6 6
DOP 8 8 8 ] 8 8
Slurry milling time(hr.} 8 12 8 4 12 2
Type of milling media glass ball | glassball | glass ball alumina alumina glass ball

ball ball

Tape property conforms | conforms | conforms | conforms conforms conforms
Surface treatment on wet wel wel wet wet wet
lape
Thickness of tape(mm) 0.3 0.3 0.3 0.6 0.6 0.6
Pressure on 30 30 30 30 30 30
sample( gcmz)
Sealing temperature 430 430 400 400 400 400
()]
CTE ( 10"/°C)
Stiffness' (N/mm) 4,976 2,864 2,423 3.830 3,991 4,847
Shear strength (MPa) 2.51 0.63 1.86 1.91 1.29 2.2

" The reported value for stiffness is equal 1o the slope of the load versus displacement curve determined over
the linear portion of the curve.

5
The foregoing detailed description and examples have been given for clarity of
understanding only. No unnecessary limitations are to be understood therefrom. The
invention is not limited to the exact details shown and described for variations obvious to
one skilled in the art will be included within the invention defined by the claims.
0
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5 The foregoing detail ed description and exanpl es have been given @grUCT 2003
clarity of understanding only. No unnecessary limtations are to
understood therefrom The inventionis not limted to the exact details
shown and descri bed for variations obvious to one skilled in the art wll
be included within the invention defined by the clains. 10 0 1 OCT 2003
WHAT IS CLAIMED IS: 1. A tape for heat sealing substrates conprising a
self-suggﬁgﬁthﬂlﬁaiﬁ?% | ayer of glass sealant having a first and a
second mmj or su#face, e gl ass seal ant |ayer conprising: a | owsoftening
poi nt gl ass capabl e of viscous flow at tenperatures in the range of about
280C t 0 ,500C, leural j 1.y of C . i - L ; d a

bi nder . 12. - hetpB S Bl (il a2 APEAEL s WFBoriad BREGA g B
conpri seelat pdvargta fostzaed a se@ondithgortsapiaceathe glhaisealdnt laykreompnsiogie | ow sof t eni ng
poi nt glass ¢ risSes on. eorect | i ' 0.t rom
e T e b o T
about 328@€rtedo°’Chy wei ght ZnO and in the range from about 30 to about 45
percent by weijght. P20 based .on the total weight of glass material. 4.
The tape of €F%?%¥ﬁ?aﬁﬁ%?g¥ﬂa1%§’IOMFsoftening point glass is lead free. 5.
The tape of eldispesdhs; ahdirt her conprising at | east one or nore adhesive

| ayers attach%p to a nmajor surface of the glass sealant |ayer. 6. The tape
of claim1, fTM%%er conprising one or nore continuous adhesive |ayers
attached to the first major surface of the glass seal ant |ayer, and
optional,ly, e . or r.e .conti.nuo I e : t he second
maj or s&r f acg[%(e)fa P ﬂgaﬁwal$gﬁ'gsrglakh§%?asf %ggg‘i%mi’ﬁé‘ 0[0%8%%3 %I(}? tgcllir??l, further
conprising one or nore non-continuous adhesive |ayers attached to the
first j or rfa f. . th L.ass | a ' ..pne or nore
non- 'cg?ti nu?ﬁgtaggﬁté‘g?“\% ﬁ%%%‘rﬁ?‘eéﬁ‘?g@%g‘@g? gmﬁ%%ssgglg%%gé %@?@Hﬂéﬁ}c ace of the
gl ass sealdambsid, dry dre.raige filvrmetiono2D ©f aboetkdOngereent BpeeigrSoitkat theagangenipom
substrates rising t j 1 X1 i i gl ass
capabl e ag?m\g/i?%cg ﬁ§j5fq% Bcfvrmg? Q{e? %ﬁsﬁa&# }élstﬂ% Brg\‘h%% é"%} léér?\)\gfeﬁ%%tagﬂlégtg pgrg%)n?:g){ o 500C,
a carri evejghaPlisSpemdsarthe toahdeighe of glasorseriphrticles to forma slurry; 26 0 1
OCT 2003 (ii) adding a binder to the slurry to forma glass sealant; (iii)

deaerating the glass seal ant; and
4. The tape of claim 1, wherein the low-softening point glass is lead free.

5. The tape of claim 1, further comprising at least one or more adhesive layers attached to a

major surface of the glass sealant layer.

6. The tape of claim 1, further comprising one or more continuous adhesive layers attached
to the first major surface of the glass sealant layer, and optionally, one or more continuous

adhesive layers attached to the second major surface of the glass sealant layer.

7. The tape of claim 1, further comprising one or more non-continuous adhesive layers
attached to the first major surface of the glass sealant layer, and optionally, one or more non-

continuous adhesive layers attached to the second major surface of the glass sealant layer.

8. A method of making a tape for heat sealing substrates comprising the steps of:
(1) mixing a low-softening point glass capable of viscous flow at temperatures in the

range of about 280°C to 500°C, a carrier, a dispersant, and refractory particles to form a

slurry;
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(iv) formng the glass sealant into a flexible self-supporting Iay[Er @¢ 03
gl ass sealant. 9. A nethod of nmaking a sealed article conprising t e‘ Lp@

of: (i) placing a tape for heat sealing substrates according to claim1l1 in
contact with a first substrate; (ii) placing a second substrate in contact
with the tape so that the tape is at least partially |ocated between the
first substrate and the second substrate thereby formng an assenbly in
whi ch the tap

> S ad'h. I & sntd lptartci | I l,nter 0Sed bt_etvveen the first and the
second substWht es*I4PE; ?’j At r‘?g’r‘?ﬁ% °§§§§F?fﬁ lef“b a tenperature capabl e of
nmel ting the dglipss deeahthiithd glyseecalan(anw) at | east partially nelting the glass
moi tod gl ase Gaal ARt heFaERE Saert i & D5 BatelP PpEr e LR e et hod
of claim9. 27
9. A method of making a sealed article comprising the steps of:

(i) placing a tape for heat sealing substrates according to claim 1 in contact with a

first substrate;

(ii) placing a second substrate in contact with the tape so that the tape is at least

partially located between the first substrate and the second substrate thereby forming an

assembly in which the tape is at least partially interposed between the first and the second

substrates;

(iii)  heating the assembly to a temperature capable of melting the glass sealant layer;

(iv) at least partially melting the glass sealant layer; and

) cooling the assembly so that the at least partially melted glass sealant hardens.

10. A sealed article produced by the method of claim 9.

27



