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TEMPERATURE RES| STANT, COMPOS| TE LABEL FHlkil | NVENTI ON The pr esent

iavention reaygteBedop conposite | abel s useabl.ggal, hi gh 10 t enppepiyssfosoo
(e.g., tenperatures above about 400C). More particularly, the present

invention relates to high tenperature co S in which the | abel
body includes a glassy phase and a refra&‘mﬁﬂwﬁwﬂmwﬂl and in which an
optically discernible code pattern is med in a | abel top

| ayer. BACKGROUND OF THE | NVENTION 15 20 25 9% and products can be

tracked during manufacturing and marketing operations in order to
facilitat® comodity dist MBLﬂ'ibAYEib&EMg’Elg‘QTHMB&SISEM,eS, process
control, stock control, sales contrGOMBOSITE\LABELrol, and the |ike. Such
tracking requires sone neans for marking or |abeling parts and products so

t hat such parts and products canmb@pl'rﬂm;gnmntely i dentified
during tracking. For exanple, actording to one roach, a | abel bearing

i dentification inforithe pmentmmmmrd%m@mpbw abels gseablel as ighurrer | c
f t hi dab f f
bot | 1s 1011 achiBHERREs (<S8 BrerRsTon e Abon ADPa Winks Pt e | o

at one or nNDre pBro&GR ivehtioh i‘éMlSs t%qug}h@hlpeﬁaﬁbfcbﬁ;peﬁ&rlaﬁéwﬂx whigR$hCRBelbe
carried out according to work schedul es corresponding to the identification

i nformation. | nbednieciudel s glassyphase indrasrdfrpcipmyrphash ahd irawbich s @pticallyt r acki ng
pur poses. 30 However. for other.indust maki ng i ndustries
and cat hode raygﬁfﬂa"bf%‘iﬂ%tpﬁ TS, ¥ 8%&? ?Wq% ’Hgslalifzi‘?pgl% Tat tenperatures
wel | above ambi ent conditi ongAEKGROUNY OFPHE INVERMONDOVE 400C) . For

exanpl e, the manufacture of a grass catnode ray tupbe typrcally involves
t enper at ifes i n the Pamsand producibean beatoked duriigomanufd@oing Submarketibgl s do

t t these t Co tl bel s t hat b |
At ached 1o par PESERSAPHERIIENLHT SPREIGH HiRu GCHRIARE RO oro

needed. 2 8 J%@@Bxé&s &%hé@(&k E&H&P&%@s%@é@@l gﬁemfy BHttol, ddMhe like.
nonpl anar surfaces to which a | abel I's attached In der for such parts to
be tracked. For Sectatrqkéng requisdstsote meaps farhgarking| ardabeliag ghms;mctpmduamm)o nent

and a glass fac Ia conmponent, bot h of |ch have urved | anar
surf aces. Oonseﬁ{)?é SHohyparts, gnd prodijcts can beread °P"6‘F° "é{] & esi stant
| abel s, 5gbut tPrEél&n%SF 'eigmﬁle“g&@r&{?%tot&{é’%gg&falﬂﬁ%lﬁﬁél'b% ideAtPfdatiophi ch
are conformable to npl anar “substrates at | Catl on tenperat ures.

Anot her concer ninfeinstion it Aumbe rehdatslb fdrt (¢.gofalplainamsric ntfomsationy br thachinebl e
if a

readable form (e.g., bar code informdtion), or both, is attached to parts running on a
production line. The label is read at one or more process stations so that specific
operation steps can be carried out according to work schedules corresponding to

25 the identification information.

In some industries, printed paper labels are used for tracking purposes.

However, for other industries, (e.g., steel making industries and cathode ray tube
industries) production lines operate at temperatures well above ambient conditions
(e.g., above 250°C, or even above 400°C). For example, the manufacture of a

30 glass cathode ray tube typically involves temperatures in the range from about
400°C to about 1000°C. Paper labels do not survive at these temperatures.
Consequently, labels that can be easily attached to parts and maintain their integrity

at such temperatures are needed.



label is durable enough to survive the entire production process wia BodiN 2002
requiring i nteri m repl acenent. Unfortunately, nmany of the previously known
| abel s ada /}(Q {or hi gh tenperatures becone disfigured an(ycqyugdgllgﬁg@abl e
too easily andgrrus be repl aced several tinmes duri ng production 1 n order to

preserve tracklng
tendency to del am na&gp rﬂa[hfagfpoxgl%?agfs Lgel'S?o gﬁ,%)é E‘],gld g%lseg’"lljg’ad\téff&
| abel s wi th bghuéh pureab be flackkd. Horlekamprng cﬁtﬁaacta@usbé)mmdegaghag ésreeri stics

woul d be desirable. 15 As a practical matter productlon yi el ds sel dom
reach or are reampergntand aglamﬁmplmrcmwpmebom tvghlelaham@wed nepplanas neet

specifications, or syffer fromao defects t cardi ng or
recycling of tngacﬁlr #8“5"1&883}@1 R orfel s&'ﬁéea?ﬁffi oatee eerfﬁﬁﬁ&dggiardl ng
bad partss, parut théteds aso\eiRBd FhtQempytatit edsistirt 1abefsowmha&@ebﬂfmum parts

are relatively expensive. However, before recycled 20 materials can be
returned to tmnpnmwubstm:slatnpphaaunnmmmare preferably renoved to

Tany. of the previ odISeERBIFIT RS BE RHRaY riarale 1 fanpi Ul Lppry”
and nust be rQMVEQiurMP%&AgﬁQmﬂVWMe Qﬁﬁ%?prmcﬁbn PréUEs Mbutﬂ'écf]f iAng HO,

As, Co and Cr(VlI), whether present in pure formor in the form
oxi des, are ofmqoramtrcphabmemobmmﬂy,tmanylﬁ thopravnml,sl)dgmm hbédadﬂpltdﬂ such

t ials. Oxi d f h t al As k
to be i Woor pordt g et raiigs Beoorme QB0 Ewed and/ox gieadiile R caatly PELPHY Bow
sof t eni ng poi '}Eﬁla&ﬁ sgveralstﬂfléseﬁﬁd}% ﬁ@ﬁﬁ&ﬁm@ﬁ b%r?@ﬁfé&ex%é%lkm%%hﬁ%ﬂxtﬁ% heavy

netal s such as and are kno to be used for providing
Consequent |y, @thtn labeds althoughgdwralde, havb al termienpy icsdelgmone and fal) oéf dfithae heavy

dosi 1 bl ¢ heaByoRBIoH COBUMERHY (EpoTBEn SO P LE (B LD aed FREORs ot eps can
be costly and/ f larly if the 2 Z 8 JUN 2002 5
WO ' ~y9l 36901 b&@@%@%&?%ﬁ% %B%g?{\k/;ealg%ut he article and the | abel is
especi al§ y tenaci ouss a practixedinfatter) pradheetiygn gieldsl seldoay rdaeh dt syeenaindined aai r

when the | abel s cont ai ning such netals are heated to hjgh terrB_eratures
Accordingly, i{00%odioy epamplespartsinap bF??kpf%\/‘iodEeeésP%@Fat@ﬂﬁsqréH ?raﬂr‘P‘? free of

these heavy nehal 52f0fI5, tﬁyéé\é’s%@(e@ﬁcﬂdﬁx &‘YEM:} Qg‘okihe aiggfém
present invention provides a conposite rateria a geramc
conposite) su |dfab reoré desxﬂabtmethamgnsearduigshadqiaas, pammﬂaxty wgen fhe)raw rt&atcrmﬂs
ceram ¢ body conprising a base |ayer, the base | aye incgglng i) a first

gl assy phase; "(quraoratefi .mtetthfrma?e@ Fltihaepepives &t?l"?f & BRydedrat eri al
such as, t(ﬁa” | Gl éﬁeffs & @e'?e&n@?&bt%rthéb)odue{%@r ﬁ&ff%ﬁ&:ﬁ%ﬂ% L.\]g?géfmraﬁ gl assy

phase, e first glassy phasé being”capa wetting a substrate at an
appl i cati on 1Fembved to maintain the quality of parts formed from recycled material.

Unfortunately, many of the previously known labels would contaminate the
recycled supply and must be removed. Labels comprising heavy metal atoms such
as Pb, Hg, As, Co and Cr(VI), whether present in pure form or in the form of

25 oxides, are of particular concern due to the toxicity associated with such materials.
Oxides of heavy metals such as Pb, Cd, Hg, and/or As are known to be
incorporated into glassy phases as one approach for achieving low softening points
(e.g., softening points below about 350°C). Oxides of heavy metals such as Co and
Cr are known to be used for providing black color. Consequently, articles having a

30 label comprising one or more these heavy metals are typically recycled by
delabeling and separating the less desirable heavy metals containing labels from the

articles. These steps can be costly and/or extremely difficult, particularly if the
2



25 tenperature; and (b) a top layer provided on the fired ceramc bddf,JUN 2002
wherein there is sufficient color contrast between the top | ayer and the
fired ceramyyhpgdygsuch that a code pattern (preferably formeg~Pysos0300
selectively renoving the top layer fromportions of the conposite layer) is
optically disc i I I : i . t :

i nvention may ?%ﬂry[%g‘rg e%non%raﬁ L&ZA éir}q trh g%%@ﬁ%eeﬁ?&%@kgﬁegg?é\%' t@gggégﬁ’?&%%r

clear) cover (meglsmaybé Gisparbéd/@ diewhen the labetoadnitaigingaueti mictuds dropedtad ey . A
protective |layer (e.g., a glass |ayer) is sufficiently translucent to allow

a bar code reabigh lempararesy dccordinglydl wauldde dasirakis te proyidgiadabelr read t he

under | ying cod b?né}ﬁ{@iﬂ?eﬁc@t}é? elag%lr_nt&ma;oh?snsl ucent layers) is a fugitive

mat eri al . Enbodi S ‘ac I'ng 10 the present invention are
capabl e gf 30 retaining not only tMMAmNmE ENWEETD'IOE but al so the
integrity of information incorporated nto the labels, especially when the
| abel is exposed tolmingaspesiyibe araseridnyentign providescs eqrapasie massral (spically

P esent | nvent FSirediseatpasta ufeBR by ke B Eflbod Gl o of 1° "
substrates, includi @gt el ired CHrARR bdggr@mﬁﬁmgmsg l@g}, itheShasehliye ar e

intended to be usec relatively hi t enper at ur es. Z s ~uN 200z WS
i 9/ 36901 PCTNS@8hdogn0 Label s according to the present invention conprise a

top | ay of one col or oyerlyi a.layer of a contrasting color. Wen
port i ongbof the top Iayer‘?ar ea%t&!zﬁsggf:?ser emoved to expose portions of the

underlying |ayer, the colipr cafr§aetradls (pRafefablyPd tQURid HfeFASHL 8Dt
pattern formed fromthe top layer to be’5 optrcally “discernible. This
allows information to be i ncopauiculataicearamis material) indersparsesiavighe thiefasty
patterning or renoving the tog Ig}y r to formone or nore synbols of a code
pattern either as a negative }as lS'lf’éf’tive i mage, as desired. Such a code
pattern, in turn, aj.GHet éaﬂ%?ﬁ&&%eﬁ%ﬁﬁ&%f WRuhfy £absirite 'afjé‘r{‘éﬂpﬂi'c%’oxﬁnd
tracked during production. code patterns) can be forned in the | abel
ei t her Héfore and/ otemigeratitecand he | abel is attached to a corresponding

substrate. Information can be i ncorporated into the | abel one or nore tines
during the service hﬁfe 61t°f’c]ﬁ¥erl%fﬁ7é‘|%°%9“%$r.°dfﬁ\'a§"f; °‘€Varti cularly

advant ageous f QheRiridfelil GEFFRRAT BIbPEShtiadt BthEdh MBS Ialet dalifd el or mat i on
during the course of production Is desired. The code pattern i1 ncorporated
into the | abel ceramidizdysoeinthacadodd pattetrb(prefetabheformed hp kelectiveljiremavingns of
t hese, and the_like, In. preferred _ enbodi nents, the code pattern includes
huran r eadabl 6! B EPT POBHARS A Tt compnsin Fiver) s qRdely demitle

charact eps, or opaBRiIRAL 14bBPadcBRIifPio m@i‘&esﬁﬂqﬁv&ﬁitoh%é}sﬁmb& ddMprised! ar, can
be easily and rapidly forned in |labels of the present” i nvention using, for
exanpl e, wel| kanshcehb@rcludibg fanspprane oholiean) esverZe.gBaqpmoteetivaflaydner aol or
contrast and nultilayer construction of .|apels accordi to th resent
mvent on. | codtoRael EVeriTIaR 1Tt Oy HRFCBYE EBFe Eort B RYeRgS SPESAN: ng
techni ques in WohikeAtIBHRN A Bhrlabdl Ratie Al B5e, OF ol dbRBol ALES 1B\Few
renoved. In other words, material can be selectively renoved fromthe | abel
only to a dept br sad eamdedying cods patmnnOptignadlly, thearankiucémdmer(sfistahe top

| ayer . ry 25.li.ttle if any of the underlying |abel |ayers need be

subj ect &d to sHEMYIRHSHAL and the substrate itself remains unal tered.
Advant ageously, the | j 8 | flr t her
Cerve g a protect| vaafmerte G HBASaLs LS U et Ve AR eBABICIN 0

| ayer and the satdusingaioeomigltieir dimensionsl mtegrity, bat alsd therintegrityauf ifffermatidnect ed

from damage that m ght  otherw se occur jf suc tterni ng . techni ques 30
were to be appMceEPomRtEdinte &eﬁ%beiq,ésgqgggftyr\%e@ ‘P? @F& is exposeA &0 A aspect, the

code pat tern CanditarkiR (@, fipeflrhits abSe BEPIR fefebly HB0T i 10B05EF, BAT ter N

to the top
30 another aspect, labels according to the present invention can be conveniently

applied to a wide range of substrates, including metal, glass, ceramics, and the like,

which are intended to be used at relatively high temperatures.
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-l ayer using a surface printing technique such as ink jet printer w t%ﬂa‘jUN 2002
ceram c oxide 4 2 8 JUN Z002 WD e136901 PCTNS98/ 10300 contai ning ink or

deposi ti ng&&ﬁw%ggrpom tion through a nask. Label s according I,e.,.;uggs ARG ent

‘invention in a structural base |ayer |ncor porat| ng both a glhassy phase

and a refractory p ;mtg my
attach the | abels %ﬁgs\?\ﬁ r&mé?&rﬁ}%ji ré%“i%’% a es €3 tb;glagésﬁfféggtcogﬁ
t enperat ure abvedyifa ldyer 6f £66raBiHeE €olbt. AWhEh prtidnsl ofvtieop h@elsubst rate
surface. Because the glassy phase itself bonds to the substrate, no other

adhesi ves ar eselegfiviehergmayed ihexnose paxm@ns af tha andertiting lpuexn therroleyi c@strgstphase
Is liquified at, the appli nte refr h

structurally g a"eﬁ?r\@ﬁgﬁ %ﬁ?ﬂsl egelﬁb tpg ?ﬂ?’%@eﬁ?‘a&‘é %f%ﬁ?‘f geheousl y, the
base | ager cag @&u@ld@ehﬂblduqhtsoalro% ARrREGSERAR BforbbRtdihicatle UbRPEY
phase, thereby all owi ng the label to conformto nonplanar substrates, while

the presence mlthhelymtwmngDngpm@ﬁmgaﬁmmg/lawﬂagéom brser mrs syathels of@ r et ai n
its di mensional ruct ur al |nIe ) xed, ., bent, or
ot herwl se. shaped TR R A R peedive S sl i, Sesisfl; SUH €facd  whi ch
the substrat epht?erﬁqmﬁﬁ hNewR @I%Eﬁ:a%uﬁsﬁﬁyt@{ob'é éhﬁlly‘:fd%ﬁﬁﬁ'éd Ardar&cRed didng t he
coefficient of thermal éxpansion of a |abel of the present invention can

general | y be pmiduobtoh.afhetaieglattemnés)ichr be ferfrfeddn dhret labsi etthe'rbdd)reenfyanm on of
the suhstrate as desired. tching the cqefficients t her mal ex ansi on of
the SUBD r at 2RFIAF Tl SFREIed tha OrSTROnAE NGRS InRSFaBRANER B Such

mat chi ng enhaﬂfc%?poksﬁ%dﬁt %%léa?elggsto?%o?@ﬂ%c?ﬂhﬁﬁ%ﬁxetspﬁxécql&@'of BRSigbdiayer and

20 the substrate antage, suc ching mnimzes thermally
I nduced stressed. ﬂ"dnmqmrtidumrmdds'h.mtag@uampra&dtnoaspemnpmmtw:els change. |If

the coefficient of th ~mal  expansj on are not ma ched t hermal i nduced
stresses can Y& ‘%H@?“‘gﬁm the, gowsg b prg ’é’m’Pr\mg?sé‘FéTred

enbodi nents, | abel T | 135‘15; bly

i ncl ude subst anti al |h3%§gé ﬁéetgég?/mr%gt a?atgé gﬁrrgmseel ec?ﬂ%] om E?%ég?ém, ,

Co, and5Cr ( VnmaShinke reaable, corhbinatisérsrof thesecand|thy lika sia peefcirred) ambnd?mienm;l d/ or

heal th hazard so that avaiding the use, of such materjals is highly
desirabl e. Pr 8 @idapaitemdnaudsrdhumangeadable alphanymeac eharacterss me‘avgv met al

atoms al 50 1 aGilibEaPeBHAlERy o AANRRBRIArLDE BBk BLE ubstrate

can be processe recy aving'to rénove the

| abel . |f thephxahalar,mhe:eterllyrmﬂrrap;ﬂgtﬁrmedaﬁelakelmdﬁthefprdfsemvnywemtomlusaigpms,

t he | abel nig?t be an undesirabl e contam nant that would have to be renpved
from the subsforaxampie. el knowin; laseg ablating techaiquessi red. 5

20 Because of the color contrast and multilayer construction of labels
according to the present invention, code patterns can be formed by abrasion,
etching or abrading techniques in which substantially only portions of the top layer
are removed. In other words, material can be selectively removed from the label
only to a depth substantially corresponding to the thickness of the top layer. Very

25 little if any of the underlying label layers need be subjected to such removal, and
the substrate itself remains unaltered. Advantageously, therefore, the underlying
layers of the label can further serve as a protective barrier between the patterning
applied to the top layer and the substrate below. In this way, the substrate can be
protected from damage that might otherwise occur if such patterning techniques

30 were to be applied directly to the substrate itself. In another aspect, the code
pattern can be formed directly, for example, by depositing the pattern to the top

layer using a surface printing technique such as ink jet printer with a ceramic oxide

4



2 8 JUN 2002 WD A36901 PCT/ US98/ 10300 This woul d invol ve extra expeh§e]ldd2002
processi ng steps. Avoiding such heavy netal atons as | abel constituents is

parti cul ar Woaﬂé’ﬁ @t ageous for industrial applications such gs~fh§osn030
‘manuf act ure of cat hode ray tubes, where breakage is known to occur ang

recycling is : 2 | € t t he present invention
relates to a Fgrggillng&c#%lzg%gg%dsﬁgfk?ggé%%?ﬁé%ﬁ%o enatrggst ereof (e.g.,

facepl ates and funiabély acchrdink ab tHegqdesent inveiaionadyclidde stewomral tsass layecat hode
ray tube glass surface and at |east one fired copposite | abel according to
the present i inFerRarginglatharsdassy phaspand arefmstory phasey JBISHORPOSKE SFUEEE 10 | n

yet anot her a . | ' | pplying a
| abel (i ncl ud?‘ﬁg%“ﬁ%‘g‘ﬁﬁ?%gﬂg?‘%‘%eﬁgﬁﬁ% é‘ﬁ X%Mgﬁgﬁ?{%%%soet agat tern))
accor di 8g tO bhlidaties ethparMuf vt wicH e glaspplidsaliquifiedendwets tite abRpitesi ng

the steps of; (a) providing and/or heating a substrate (e.g., a ceramc

material ) at awddcer Besauss thpplpssyphremitselihoadsato the substratei no pthyr 2dhesives ng t he

to the substr Atecaipidighitye BBRLIMENIHNS WHLERE R RRef s loifrndd e "o
application t gpplRfagibh Ed?ndﬁsi\&thﬁtr, tHelteftadtby phdfséthaheallyodndiibndibalsubst r at e

and the | abel are heated to and/or are at the application tenperature. 20
In this appli éepposts:the sasedaver.n§inpultaneoushy, therbase lnyereantbephiablardue o the whi ch
t he vi sqous fl ow of | as onpositign count eracts,thernal .expansi on as
det er miifled acBUbeRdeTeke REH RS Hhare, BiprY e BAGE R 1ndf e Burcrih o)
entitled " St apgmyithat@abstidedshadilé tHe phesehe\GPRE r@hfoldiRbfefrht@RShRAse Allows
Tenperature by Thernonechani cal Anal ysis". 25 Such a tenperature generally
corresponds t thetlabeltaxétainritsgiimansional and steuatral i@iqmnsﬁscthgglbclviéﬂex this

met hod, the softenin aint is.referred to as the "dilatonetric" softening
point. "Cera gat, ?re?tgp&lf%slgneq o“r°¢‘£9¥rf1:€° sHB‘hﬁﬁ?%’lgﬁec material, such as

netal oxides, netalp ghdlidafless indAtciBledubfiardistiomiieBfromR a AL akd/bra
consolidated by the action 30 of heat. "Fired" refers to densification or

consol ildat i on ctygtalline cemanic, the goefficient ofthenmal exparfsionofadabel nfithemregsent hat

maintains its.structural inteqgrity at. 6 .
invention can generatlly%e thched as closely to the coefficient of thermal

expansion of the substrate as desired. Matching the coefficients of thermal
expansion of the substrate and label offers numerous advantages. For example,
such matching enhances the strength of the bond between the label base layer and

20 the substrate. As a further advantage, such matching minimizes thermally induced
stresses between the substrate and label as temperatures change. If the coefficients
of thermal expansion are not matched well, thermal induced stresses can damage
the label and/or the substrate.

In preferred embodiments, labels according to the present invention

25 preferably include substantially no heavy metal atoms selected from Pb, Cd, As,
Hg, Co, and Cr(VI). Such heavy metal atoms generally pose environmental and/or
health hazard so that avoiding the use of such materials is highly desirable.
Providing labels that are free of these kinds of heavy metal atoms also facilitates
recycling, because both the label and the substrate can be processed for recycling

30 together without having to remove the label. If the label were to incorporate these
kinds of heavy metal atoms, the label might be an undesirable contaminant that

would have to be removed from the substrate in the event recycling is desired.
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-2 8 JUN 2002 WU 'i9/36901 PCTNS98/ 10300 tenperatures at |east up tozaﬂobjml 2002
1000 C. "d assy" refers to an anorphous inorganic oxide material having a

sof teni ng %n;m?(fqove which the material nelts or softens. ApetpReiozoo
‘materials typically have a diffuse x-ray diffraction pattern w thout

definite |inepy; ' | { ;e

crystalline Sﬁé‘ég% g&“%é“ﬁ%é%%?@ﬁﬂg\l&d TE@%%G%ﬁ&g%%?%mi oned and
ot her advant agetl atbmistas 1gbebamistituents anpartoylady ddvdntageannfor imdusatal ai ni ng

them w |l becone nore apparent apnd the_invention itself pnlak be better
under st ood byaRpEERNSSECh & theanglachiys Afc TRy Fubss where REakaBedfhodi nent s

of the Inven! g A%l dhatelIcHAE Id RBulthy BracligeCCOMPanying draw ngs,

wherein: FIG a schemati’c ¢ross-sectfonal view of a | abel according to
the present invent Aaothat ispedief tieprasentiiwentidrerelatbetoa labélbd cathddd rapas a dar k
col ored base layer and a light colored top layer; 15 FIG 2Ais a
perspective vitbdy QSfCOWQNF%glFTe@f (w-éacqgla%en%ﬁmnalsmw labeled sathogerayer n
has been for i ' , | S.:

per spoct i ve. viibs SpbiHe s AfboRPH dhEefils hifict BR1 sAE onb it Kipidud, |
has been f or naBellgcdrdifiguo e prodent iventidn dthehéd thayethoddtaitube glassa
schemati c cross-sectional view of another |abel according to the 20 present
i nvention att®efiee to a substrate, wherein the | abel has a light colored

base | ayer and a dark colored t layer. .FIG. 4 is.a sch [ .

cr oss- Shet i onal - vi Bwesprorib et Beskus ibiot prdyfora PRORAOof sppving o
the base | ayepbélSichiig £Blafk GbeP@ASL., aNgbel SRthoay @k code patfeRh P lac&irdimgiia!
alloy; 25 FIG 5 is a schematic cross-sectional view of the | abel "of FIG

4, wherein a thogeespritineentiondo a meksimate; theguethod compusing the sigpsrof; and FIG 6 is
a schematic cross-gecti ondlsing SO neahiRl B einstBRe. 2 SR dhitdninl P&
and/or to an application temperature; and
15 (b)  attaching the label to the substrate such that the first glassy phase of
the label bonds to the substrate.
Optionally, the label is heated to and/or is at the application temperature rather than
the substrate, or both the substrate and the label are heated to and/or are at the
application temperature.
20 In this application:
“Softening point” refers to the temperature at which the viscous flow of a
glassy composition counteracts thermal expansion as determined according to
ASTM test method E 1545-95A (December, 1995) entitled “Standard Test Method
for Assignment of Glass Transition Temperature by Thermomechanical Analysis”.
25 Such a temperature generally corresponds to the maximum point on a thermal
expansion curve. In this method, the softening point is referred to as the
“dilatometric™ softening point.
“Ceramic” refers to an inorganic, nonmetallic material, such as metal
oxides, metal nitrides, and metal oxynitrides, preferably consolidated by the action
30 of heat.

“Fired” refers to densification or consolidation by action of heat.

“Refractory” refers to a material that maintains its structural integrity at
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present invention, wherein the | abel body incorporates an interrredizageJUN 2002
| ayer interposed between the base |layer and the top |ayer. 30 DETAILED

DESCRI PTI O, anﬁm)odi ments of the present invention descri bﬁé’l‘)?)@bé?i%ﬁfe
‘not intended {0 be exhaustive or to limt the invention to the precise

fornms disclos | 7, o/ O 191 36901 PCTI US98/ 10300

foll ow ng det ge?rrﬂgga eggtrlle%sttlagﬁc.)g@éttﬁgg@t e enbodi ments are chosen and
described so that oGSy refets toad amvrpiictisandrganiy oajtermeaierdilcharing ainder st and
the principles and practices of the present_invention. FIG 1 shows one
preferred enmbsefieringpasnt akove waiehdherpatariabmelts ansaitens, AmoIpheUsdndeEmYst o t he

present invention Lred osSite..ce 1.C..| ' . pr esent
i nvention 10 %@lcﬁlyggﬁeeﬂd‘?@ggﬁﬁg &'ﬁ%&%g‘.p%ﬁtﬁquiﬂ?(ﬁlg?g?gfswg?éﬁqgge}ﬁ 1g% and
substrake 12 bg,\éﬁ,vig@;ndl;@&t“thg?m&q,faws@m hdsat her have been represented
schematically for purposes of illustration. Substrate 12 may be any of a

wi de variety of substrat ! IN O MM c- based | abel is
desired. 10 Label i articul arl seful .. ho r._in.high.te rature
ndustri ai | abel i nd aBRREIATIIEHES PO aeE MY eteEG AR PehRu arneE BE o

| east 250C, puRfmimet ¥f ftaidig@tHend YT befohEmdFL A addtt ¥ind theliBGeritRAGRelfT OM
400C to 1800C, and even nore preferably in the range from 400C to about
1000C, in whi @il bebetter andersteod by meferenes tothefollowing dascriptioniof the, a gl ass, a
crystalline ceram.c, other refractory .materials onbi nations of these,
and thdl ike. eﬁ@ﬁé‘&?&ﬁt“&?‘?ﬁfé“’%’?&%ﬁ‘ﬁ' ‘8f°°}‘15‘§?“%{‘ Wégv‘@"r AGCRWPRNDE i nds of
substrates t hgfawaslkahaggpusly can be | abeled in accordance with the
principles of the present invention include liquid crystal displays

(LCD s), flat gl as§IG.cluiswedhghatiscrosseseanonal wiewt efimlabel aocordinptotthes, nucl ear
wast e tanks, gl ass.surface f . cathqode ray, tube, c ent e.gd.,..cones and
facepl ares) | ABOON ERHEE Sasged Him ORSHEE, VAFF Gf (a08n R 0t D aHinse
rocketry cOMPORE ikt a REH cbidfed tof fayefis Shown, substrate 12 is curved,

al though this i"'s not required. Label 10 can be attached to other kinds of
subst r dtSes whi ch aF#GflAuis a paspecivapiew, oftincliabelt of FJG. 1 y whereinaa hegatiet ur ed,

ot herwi se nonpl anar, or have_any other desired confiquration. Optionally, a
Label | accor di FEG RpiemEas DS FATIE DY S BYInG RYTHORS PE S tGR 8T n cat or

el ement or materi aFIG.OZB mr&;ﬁ%éméagw@f%mhsel AFIENE, \?hgréﬁcaep&fti\{ehe | abel

or within the | abel conpositi enabling a user to select a particular

| abel or | abeIcodqmeﬁnhasaeapﬁn'inf:dcbyaq:mb‘@'ingpbnimns of the,topddyer;t i ng the correct
| abel type for a s ific g]ass.substrate). For exanple, the base |ayer,
top layer, and/or gf(lﬁe{ 15) é?’@?t_‘crﬁwsf‘ns&ﬂ_é" _l"l’ﬂ“é°€?“°§)‘i§i?tle F‘?F%%P%Fm_%

combi nalgi on t BrAbAtGenfbn SRshed td § SHRRhIAVhARiIPRE 1D ha0a ligiR&loforbleBisgned

for different application tenperatures.
layer and a dark colored top layer;

K o DMNCIRIT

'y 5 2

FIG. 4 is a schematic cross-sectional view of another label according to the
invention wherein the base layer is light colored and the top layer is a metal or
metal alloy;

25 FIG. 5 is a schematic cross-sectional view of the label of FIG. 4, wherein a
code pattern is incorporated into the top layer; and

FIG. 6 is a schematic cross-sectional view of another label according to the
present invention, wherein the label body incorporates an intermediate layer
interposed between the base layer and the top layer.

30 DETAILED DESCRIPTION
The embodiments of the present invention described below are not intended

to be exhaustive or to limit the invention to the precise forms disclosed in the

7
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-Advant ageously, |abel 10 includes a conposite conposition that allows | abel
10 to be sufficiently pliable at a desired, elevated application

t enper at ur 08 7z s ~uN zooz WO ~913@301 PCT/ US98/ 10300 a
-conf or mabl &@f%’%ﬁéﬁ'am e to nonpl anar substrate surfaces whil e?gﬁ‘ﬁspﬁlomo

i ntaini {. I di ' l int i ty. f d .
ebod nent o ofolentth Aeali ofsRRZH R et B SibsifamROAtE shtinrah descrbes
conpound curvgd maeothEFs%ktlﬁrdﬁh'iH@mmgﬁt&m@é M{BindeftMdlhé ?ﬁﬂciﬁl@ﬁﬁd?e whi ch

is curved about nore than 5 one axis. For exanple, the surfaces of a sphere
or a saddl e apmctsesmfitbspreferdanvieatios. wi t h a conpound curvature. Typically,

2 surface wiih comping cuvel iercannal b L orped Ll ama Lol Shekl.
cyl i ndrikcal SIchfo?cﬁtﬁF 't§th§p? eﬁ@ﬁx@eﬂﬁ&r{? BitdiRlofnpositd’ edrith l_%QQ%cd}Eﬁng% e 10

Label 10, as lustrate as a two layer construction i ncluding ceramc

body 13 and t presémtyinvention d0ady attietied to substrated 2b dthg sfrBctufesofitdbel bbayd 13 is in

the form of base | ayer 14. t hopgh only base layer 14 is shown as an

el ament of fi ARSI Lohave Bothecnaram ip sdale B ERAREevE BReIARESSy 13 may

al so be for meg. v | ; S ) %S ofadhigernative
F‘fh%%(ﬁgig% fr”olh-glélﬁﬂs@sy@fr iBustiifon %Blstpﬂiétm ma? He@%§ of a Wi _

enbodi nent w I bel ow 'n connection with

15 I n nore detal
FIG 6. Still wadetyof sgpstrateb &3 wHich habeéing awithra defarhizsbaked Iabiel i1s desiredi t e
ceram ¢ _conpositiqn .incorporatin | assy phase 20. Base l.ayer 14 al so
i ncor pdPat es &abeéflpaemlyulaﬂxyéeiﬁh PEVETo frhil htﬁﬂ‘mﬁ'&?"fﬁt‘?db%‘?lé? elisgory

ticl 22 i : ' . bl
P bt Lont g HARRABEL BO6IIdL Herited eflidnfuiclor (1BAR ISP BeradoRFIGE 0 V)
desired physi gad°ahfo aabg,ah tﬂi&ﬁﬁgéﬁioﬁﬂ(fm(: tb18007C,2Ad Ve more FOr

e

exanpl e, gl assy phase 20 preferably has a softening point so that glassy
phase 20 is capdtrablydh theetahganfromdD0CEen abdutd 000G dn whictbsnbdiratg 12 as mathst r at e

12 at the desired a pIicgﬁi n tengperature |If the soLten'n gpint.is t oo

i gh rel ati veot bmeh A AlleY. GrEsEnp eraling cormindg e e RPN ABRETAIE bond

| abel 38 to 2, 3uRSkibAl 6 hése, hid &:@?ik%?fﬁegﬁs&ﬁﬁm Q%Bip%std??#tﬁ%&%kﬁfe' ve to
gl aSsy phase may 0

the desired application tenperature, w t oo nuch
during appl i catangikinds of isstratesehdt Advatagsonsiy cen beriabeleddy adcdrdance osth the s

di rensional and/or_ structural integrity, Accordingly. Qqive ,Rarticul ar
appl i cati on t BRpEPlesof ﬁiea&resmr myepton §‘°H@§§WBH’ qrgs t4‘§’gW5I(EG§ 51@*‘% 0

substrate 12, i<l r . ' ' I rfackS from
about 100C togg%o’l?’?mggg!&é’r%g%%?%ﬁ%%rﬁ%ﬂg%Pta{gﬁlg’r%ﬁ%é{ﬁtgaoﬁgfl’aggass%/ phase
20. To il | ust sarfazes bf sathedeatay autehigmpdnents (@l ), omesand fduleplatels)) wsotevedhidié e

sof t eni_ng poi nt ranges for _gl assy phase 20 at application te at ures of

550C, 907 o v COmPONGls, AUYEREnSIIE ROMPORSHS, OSKRINHAREONFRIS ARG NG Bk . As

PCT/ US98/ 1030, ARR! ' R LRSS AN e0Sred0 18RI 1caBHeNt Ran a
o G ase Phass PR siESAO KRS HHEGNETPANRS ehel eatbent. Ton 2
desired appl i aaidhed tb etieekiatisiofsubstrates kiblidheate flat, ichie-shapedyamiddiating,abl e to 5

provi de a gl assy phase havjng the desired softening point ¢haracteristics.
Sinilar to bagéewﬁwte&w,redpe er¥ipe Nomplapdrs of l}%@eyaﬁneydm@ﬁﬁpwgammmosi te

ceram c conmposi ti O F Qe | : A5 m y phase in
the formof a plur a@ét{%;%glc])ﬁ%rlg%lgg%%gglgggyﬁ @P%z’?ﬂ‘%é’.‘ nter égiel{cg'g%%n gl assy
phase 24. indicator element or material, or markings, for example, on the surface of the iabel

or within the label composition, enabling a user to select a particular label or label
type for a specific application (e.g., selecting the correct label type fora specific
glass substrate). For example, the base layer, top layer, and/or other layer(s) may
have colors or a certain color combination to allow for easy differentiation between
30 labels designed for different application temperatures.
Advantageously, label 10 includes a composite composition that allows
label 10 to be sufficiently pliable at a desired, elevated application temperature so

8
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A assy phase 24 desirably has a softening point effective to allow top
| ayer 16 to be 10 sufficiently conformable to substrate 12 along wth base

layer 14 wWfQiieod;r acturing and without experienci ng undesi rgdt/gsdsRysoS Of
“flow at the desited application tenperature of label 10. In preferred

enbodi nent s, (o) | i f |yl S greater
than the soft éﬁ%nb;e %})’?%q@?ﬁg?éﬁsag% ‘8%5?@%6’?%?%%}’2@% g{l)’?l?} ,Sﬁyhe sof t eni ng
poi nt of gl asg¢iidiamg sédctufal @i dintdnsionalintdeits oS dred pregerred ethbddidients ofl assy

phase 20, and the difference between such softenjng points is preferably in
the range frotheqwssent igventiongrecqifemablphiosusiacesovith compernd.rpatuceo nheast |

physi cal , nechani.cal . and thermal Hpr rti . r top
| ayer 16 can Eeémt SPBPY ,c%aﬁurgx5?%?§,ggtsﬁ?f§€egﬁfuacg€s?§gﬁ% eouiéfoggﬂ{agn of the
amount 3nd ki pgke ®fis. Bér exainpley tHeautfacdsast adpharedr alsaddle brtCexappiaicd 20 into
either layer. For exanple, refractory particles 22 and 26 nmay be sel ected

to provi de baswficaywithrrompaurdeurvaiirs. Twpicgllyna surfase witidcarepand col or s,

e cRSRIRE RotP U TR Bl bR L §RbAARE pRER bR 5 oo
di scer ni bl e Whgfor Sthél ikt | i coptrASeoylimdfital kfirfade i@ 4RaEREE With sHABIEI NY
portions of the top layer 16. "Optically 25 discernible" nmeans that such a

code pattern rervhtunsaboshomexisrachi ne readabl e using optical techniques.

R tati f .quch ' t echni i ncl ud i ew . d/
ccanni 9. usi ng | nf FAPAqO s hag by e beERe R PR e B8 S
2002 VO 91 36991 aft{dyi8str 10 396Vide od &ciihic BYdy 1€ Cériflic Bodal3Ss idHe foff®

intended to be legible in the IR and/or TJV'ranges may not be discernible
in the visibl ef basadayer M. Ahthoyghi anty basedayer g Ktis stowrcas amegerhentadlfiredrat ed or

ona ¢ he ot her cf s 53 Tin S eopdmmans csmigatadhlY SR iF feraed it ace
layer 14 is rﬁ{m;&wﬁyxrsdwg séh Frultiglt &g@, aftBfhati PPerthBYEmertwilbbé 8bsdtibie! ¥

light (e.g., white). In order to provide base layer 14 with a relatively
dark cdbbor, r &l mbrevdstail below in ednnectien withddGit| es 22 can be i ncorporated

into b I 14 .. d I de t 16 with L ativel
gt cotor . rel at Syl Eningte Haf | Rase ryer s heRled Suhoske B MiCor por ot ed
into top 'ayeeoégoéiﬁ&? in\%xfpbxf%iﬂ%}}a?%l%@bﬂ. ﬁ%k@ﬁ?ér"ﬁ A offte?Pr ti ons of

relatively light top [aye pose the relatively dark, underlying

base | ayer 14reffagtdry phasedd thedproh af plurdly ofirefiastoreparticlds 22 idterspersed iver a

LR LY T NI VN TR
2§ heZoie REIRANA S IRARISEA DUEIRSLISA RcRl SRS Rl | 2
the intended use. For example, glassy phase 20 preferably has a softening point so
that glassy phase 20 is capable of wetting and thereafter fuseably bonding to
substrate 12 at the desired application temperature. If the softening point is too
high relative to the application temperature, it may be difficult to bond label 10 to
25 substrate 12. If the softening point is too low relative to the desired application
temperature, glassy phase 20 may flow too much during application to substrate 12,
causing ceramic body 13 to lose its dimensional and/or structural integrity.
Accordingly, given a particular application temperature at which it is
desired to attach label 10 to substrate 12, it is preferred that the application
30 temperature is from about 100°C to about 300°C greater than the softening point of
glassy phase 20. To illustrate this relationship, the following table shows suitable

softening point ranges for glassy phase 20 at application temperatures of 550°C,

9
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-portions of the top |layer around the code characters are renoved so that
the remaining portions of the top layer formthe code pattern. As an

opti on, a&g@gmmgtern formed fromthe top layer may includgQ§ses/iodtR" ©
"negative codée pattern portions, one or nore positive code pattern portions,
or a conbi nat40Q,~0 o .positive code patterns and one or nore
negati ve code‘} aFtLer}drzgﬁo grégﬁﬁ'c)m | abel according to the present

i nvention 10A identical to label 10 of FIG 1, except that portions of top
| ayer 16A have been e alphanugeric caode pattern
"12-34567". In this] eAppdicateort Teropérgtuper t|i dresresporidang Sefyening Boint
corresponding to the al phanuneri c char actler sRahgasbGlaesy Bas@d@e Heen
renoved to expose the relaliygjey dark, underTyl ngobasgsseeecer 14Ajof ceramc
body 13A. On the other hand. FIG 2B shows label according to the present
invention | OB idenfical to 788€l 10 of RIG 1, 4508€ps 650f&t portijons of
relatively dark top = e
al phanunmeric code ppttern "18003¢567". 30 |Base | SPEFC1UBIGC ceranilc body 13B
is rel atiVE'y ||ght ) caseT—ats P ~t=~rorrs—of TOP fmexcept t he
portions corresponding to the characters thensel ves have been renoved.
Because SO MiGiyeh @Rsit&i Cfp’ iRhtidiERpetdture Conc MR thosf Welld bvle id 2 8
JUN 2002 WO i9/36901 PCT/US98110300 16B to formthe negative code pattern
of FI G5 2A t hpmvidhe glassy phase havihg theitiesared softeringpoidBeharadienistitdA i s a
preferred configuration tq be useg when co attern BPVin dar k code
characters are desiaél ar fo.pase layer, ‘b|tPBgﬁYFbﬂ§?1€?8 g‘pﬁlﬁ aﬁg‘ﬁ%’ﬁ%@a‘fﬁl@ns may
be nore i npor deanhictdtihokiiBn HDFOLRAE & ghiksy ARGLDS ah@FeRicRP phase fiPfheeXanpl e,
removi ng al nost aﬁcl gﬁmaﬁhlngﬁﬁfﬁco' ‘ggeg Isé)fer to | eave or??gpa grraP\e anount
of col ored nefoemicdla plurahtypafsefracteryi pastimesn26yinkarspensed i ghassyephasei24.ecycl i ng
schenes for i ch the |.or.ant woul d _be a contam nant. \Wen form a code
pattern such @@sprRhase dﬁ%{{f’mﬁ% YRBFRINEPORL @HectE 1 aHopHop 5%&@8@6

Pat t er g can B e QefBflodtornibid &) Gbsthlle 2 R Wit S e 48 withbhecurtd, f or
renovi ng por?sﬁorlls 0 (t:opo ay(lar 1%, Stl}érilf:l ugpﬁé a%hr asl gé}),e abl at |bng or e%chi ng
t echni ques. |andtwithqut @zpériencimiz undesimabieslentls bfiflowtat tre, desined applicatior] aser

abl ating techniques is present]y preferred for form code patterns in top
layer 16. Las€MmPSEFue i°ﬁg’bFU%e¥’ll2fR-# embedimARs e SHRBIE PR OEs@wcies

atterns wt ' ’ 0 into
"ayer 16 bef o7 BoannPrTbaphas eleaf idfns iRty AR & T BuRE ADIMEE, "
desired. Alt eproferablyltiie sofednivey pdiheet glassp gphaser2ddi grpaten itanttheignfieningaoditti Ng

techni ques to pattern layer 16, the code pattern can be formed directly by
deposi !g ng t hef glassy haseck0, and the difference between such softening points 1s preferably

in the range from 5°C to 50°C, more preferably 5°C to 20°C.

The color contrast, physical, mechanical, and thermal properties of base
layer 14 and/or top layer 16 can be tailored, for example, through appropriate
selection of the amount and kind of refractory particles 22 and/or 26 incorporated

20 into either layer. For example, refractory particles 22 and 26 may be selected to
provide base layer 14 and top layer 16 with first and second colors, respectively,
between which there is sufficient contrast such that a code pattern (not shown in
FIG. 1) formed from top layer 16 is optically discernible when the underlying base
layer 14 is exposed by removing portions of the top layer 16. “Optically

25 discernible” means that such a code pattern is human and/or machine readable
using optical techniques. Representative examples of such optical techniques

includes viewing and/or scanning using infrared (IR) light, visible light, ultraviolet

10
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formof top layer 16 using a suitable printing technique such as in%<8j et :
printing wwth a ceram ¢ oxide containing ink or depositing the conposition

t hrough a %Eﬂ 20 jet printing techniques are describe | e,
in U S Pat. /3_&9@}1(4071474 (Airey et al.). The code patter nd%%.l:llggggﬁ;ﬁgdr&?red

in the top la f e, ' |

terper at ur es. (83 eRh s HBTReC 1oy i s BURL GV SbERe M BAS Uy,
above 2S0C, prafges ﬁﬁ?hoﬂ@@&is&&nfﬂ@ﬁﬁh& visifle tahganaisharoptisnand ligirebtrce
techni ques, such as |aser abltating, may be used to renove varl ous

t hi cknesses ofmayths codlimatad er ungollimaterg e prefertsdambogimenss, ong ghlavers Ididrs er ent
| evel s of contr.as nt S e r exanple, for a top | ayer having
some transl ucéﬁd@?la?heangglb?(_Ztggroirag%dkwjgtst in a code pattern can be adjusted
or varied by varyi ngh ihgenibdufkéR Showh it FIG.110Badednyr 14e5RYRIVely dagk @ @at est

contrast 30 being obtained for a given |abel when the total thickness of
the top |ayer blask) anbippdayer 16 is reldtivelnt light (mgiewhiteh gnlozgesto providehased) . |z

2 8 JUN 2002 91 36901 PCT/ 98/.10300 RI G .3 | t i
rmon moat o s oF i telative ek RIOD rilaghely RS EBe o Botift Rl caRbe e
sane as | abel iﬂ&rﬁﬁrat%ﬂ%to%as@?é?&r’lm. tlﬁ%?dé?@@ﬁr&v?déﬁbp% Newitd arrelagilétyel y

light color provided by relatiVvely light colored refractory particles 22C,
and top | ayer lighCdies relatwslnlightakiradtonyipantidles 2 eanhedacbrpyratedintoitoplayerar k

refractgory parti 24C. In.order.to provide a.layer with a rk col or,
he uselOol Sal6e AR iF GoRspaRDR STIEqtsdeBPYAL 53 Periop@ bf relstye bl ip Tavet
Represent at | VQ@M’HF&PB& Mk QiR BAK! idérDRGHase RFel BY RBHSR! TS FRyer O
exanple, fromparticles of silicon carbide, "titanium carbide, zircdnium
car bi de, gr apHibtoap be serhovealtto domn eithdrhaawgativenat pokitiveickée paftesn. dAs isedol or 10

may al so be provi.ded, by .inglusion of.dark-col ored, .nonrefractor articles
su%:/h as car bgrli‘efﬂ‘%t@(g,“egﬂﬁ’f, ce%mtﬁ’&? IS rRatgm ‘E’h‘&‘g},‘ the RPrtigRs 9 iﬂ'kee‘.%Pll?Webrder

to provide a | aueihoftiind i the Gl pRRA chalalRrs EmSEIvEs e Hébiidved o Wt
refractory particl’es 1S preferréd. Representative exanples of suitable

whi t e rE¥ r act dayer paforincthe sodegpatien. s l“pogitiek” dode pattarmid £patferrom whichi na,
2irconia, zircon, nmullite, titanic, conhinations 15 of these, and the |ike.
Ct her mat er i alPOrHens of fhe top layit axoypd theroge cg%rws@&r%@mveﬁ? 8¢ that s y
particles may bAghudedrigsGortRd onibydr e patirAl i ipdidge and the
| i ke) and/or 5 cen#%te%. Re?oerrl nSqa)éai %ﬁ%p{e%)“cpz;/ trg I/—itlgé\mwl’l r’efdrdactory
particles 22 gphagendonhed fromehe¢ wplapdrenayadcidderensommate megativetcode pattexh
integrity characteristics of base |ayer 14. 20 For exanple, if_too few
refractory paPOfqnEsOneOriperenQsitiya &ads PALTELROITIQNS, or M?%*“&Q@?/%‘Pﬂfs‘g 20 may
f1ow Cogy MICh freBEiIP B R} B TRE LR hitrEneditivaBb RSy 3 Sufficlent
anount of refracrte%)ry lpartic ese 22 are ioncorp%$g§9ed I6nt0 aage | ayer 14 to

bl ock such undesi r abl@. ZA skows labelawsgrdpigae ehfresdn émebtioh b0 didegtical torai nt ai n
the st ructuraly andodROS] Qe Wk SShlonY oPfop1a5es 168 5e been feabbd 12! 1V 1

form negative alphanumeric code pattern “12-34567. In this embodiment, only

portions of top layer 16A corresponding to the alphanumeric characters themselves
25 have been removed to expose the relatively dark, underlying base layer 14A of

ceramic body 13A.

On the other hand, FIG. 2B shows label according to the present invention

10B identical to label 10 of FIG. 1, except that portions of relatively dark top layer

16B have been removed to form positive alphanumeric code pattern “12-34567".
30 Base layer 14B of ceramic body 13B is relatively light. In this case, all portions of

top layer 16B except the portions corresponding to the characters themselves have

been removed. Because so much less material needs to be removed from top layer

11



‘25 refractory particles 22 are included in base |ayer, the resultantztﬂanN 2002
| ayer 14 may be too brittle, and/or base |ayer 14 may be too sticky at the
applicatio € ature for convenient handling prior to attgchifesso8e base
‘| ayer 14 tgvds?g}s%?{rlate 12. On the other hand, if base | ayer 14 1 ncorporates

too many refr [ tigcl I : pcient -
fl ow of the gﬁgggg)f%'%géhg nt%ggtg"reormf gg%%%8?§8§'b%ﬁﬁé},’g&r’ﬂg{%gﬂeﬁéﬁf may
be so rigid aFiGo2Baekeld0Ass appefeb®edifigutatiohita bk asstbwhen sadei gatteshs

Ceneral |y, bal ancing these concerns, a preferred base |ayer 14 of the
present i nventhavingidadorqde characters ase désirele It sameapnlicationsefacyeling y particl es
22 13 2 8 JUN 2802.V\D [ 91%6901 PCT/ U%%Bll%goo such thg& tg‘izlarsef Ia%er 16 is
pliably confoRRBfEaUens Y REOPTEITPIPATS B4 106 FOPEIICs O FRAHTF IRERAMOD,r y (o
conformst o a S bRGRpIef refd0ingUimbsiali®fatighly colofddhydrab téavB @RHSa éfalbe
pliably conformable at the desired application tenperature to'conformto a
subst rat e havianpuat afinolerdd matdriat @) a positeve iprageé enayibleymorsaissir¢dipaecycling

i ncor porat es enough yefractor articl 22 such that base | ayer 14
i ncl udes 10 t &€ ,esﬂ{)‘é‘rvéﬁcﬁﬁh?gﬁ ng‘bl,g?\?&l‘i?ﬂg’“ﬂ@%ent of glassy phase 20
and 40 to 90, pref em%woﬁﬁngglcﬁﬁe pmgﬁ‘ch%rtﬁ@%dccﬂau%ﬁfsrsﬁﬁﬁﬁriﬂ FRGSI241 es

22. Because top layer 16 1Is y supported by the 'di nensionally stabl e,
yet conf or nablaed BBs thelcade patietn carebe formed yn toarlayer |16 aisibg anydcthniquessaitatse a

primary 10 structural and.di sipnal functjon as .do refractory.particles
D Udse | oS tep g USRS Jop s 16, SRTUAE BRe 08 Ao Tesivir cuahile
conveni ent meq&glp C QL | : : pattern
formed fromtop g@gsr' %Gtﬂlé ?B%B%‘?@fat}‘%&gf'&?’é‘fﬂf'g?gﬁé rﬁ?)émgg%gég apgﬁg’ﬁ 14.
Accordi ngly, nefhnapeoisypresently ptedaréifonforming codeqraptematise tbp layer oLaseryer 16

in |lesser amounts so |long as enough, particles 26 are 15 used to provide top
| ayer 16 with 2Blsding oV el np R SCOROPICED Tish g Prop Ak RATSmS iy Fhazp.decise

preferred top s KE t i parts
Dy el oht , ot HE AP bt R ol B8 RBnel MY K120 1EVERBARBF afiet ol 0PE (| 2
26 per 115 00 pads asachyd wesubbtratol 2 gdsatesiyedohase 24. In addition to contributing
to color contrast, nechanical strength, 20 dinmensjagonal and_ structural

stability, and conf évigmstively,rathes than usipg\abrading, ablating or stchingstephniguesdo
numer ous ot her__} [ S ! s of
refractory parptaggrﬂgé)llegts’g@e ggéé %%éﬁ%ﬁ(%;@ﬁn%%/a%%c?gﬁ Efoé bﬁgfl%@l%r%g@ g%he ach
of base | ayer fddn aftbptiayer Il 8 yieing Guitilsle prifitingy/ fthniqié suthasdsis]jet Fﬂnﬁ@ﬁvﬁt‘hci ent
of thermal expansion. For exanple, it Is preferred that base [ayer 14, top
|l ayer 16, and 2XSTamisoKidgcontamingink ofidepositing:ibecompesitign giroughs piask-clkansi on
to mnigy ze t : t ’&11% ' | ahe i

subj ectjtyd to pgr*%@&%?&%%ﬁ%ﬁg%é&eg?gs%?é’ fIBng partF’?ﬁﬁ%??gatbgﬁé#’ﬁéﬂzgﬁMen hot
substrates ar gAdeokesl)t o roam tenperature fromtenperatures above 400C. |f

the coefficients of thermal expansion of the |ayers 14 and 16 and substrate
12 are too far apar fhe£pasPASE} fan bedformedindhe tap layesotas sxamplea by theapoxeid/ or

gencr ai 1y desi'ecibfERs pERES: sindbidh (427 sthoanRPRAR cABERRRLIGY, ' ©

of each of basempeysieslabodIB50°C] prediably¥00tO té be00°CY). substrate 12 14 2 8

{emper sk 6 range. o1 EINARGSRAChOESSeriniasinsuh eI AbIAtRg, @B b Ueadki

t enper re range e » usqgto

desired appli i . lory t j r invention,
(}%tng?é"yﬁ%x%s&s of the't fl eﬁ%{ ﬁ)gﬁaq%i,.ta gﬁo& Fo?ggﬁrgbﬂ

the coefficien expansion o erial”’i's “measur “ASTM
E831, " Standardiffdrefit ilebdls bPebritRst én the 8AAE labble "ok lexmipR N for@toplayePhiving

Mat eri al s by Thernonechani cal Anal ysis" (Septenber 1993). As an exanpl e,
cat hode ray t (ilemegransluceney; the idegrep afcontiasidan ajcode pettasn cambe adiusted 9ansi on i n

the range fro -6/ X : ture r.an xt endi ng
from 250 o gouried phvaring he uifictbsd Of Be forlidr bl SR el e -
t her mal 3@Xpansiediy sttainbPfor a&ivenlidbdl Wheh the ®tad tfitlaies£6f theadp yersigch of base

| ayer 14 and top layer 16 independently have a coefficient of thernal

expansi on in tme@movehde., Whemtls: underlymgdayer isexposad). 9.6 x 10-6/C. Sinilarly,
for cathode ray tube glass having a coefficient of thermal expansion of
about 12 x 106/C, it is preferred that each of base |ayer 14 and top |ayer
16 i ndependently have a coefficient of thiei mal expansion in the range from
9.6 x 10'6/Cto 14 x 10'6/C.




"15 In addition, refractory particles 22 and 26 may help m nim ze carlgoau JUN" 2002
trapping during firing, which can contribute to an off white col or and

reduce the ggn, ratio of the fornmed inmage. In white-colo 89/ Fd380
refract ory‘ggr’%%lﬁes 22 and 26 with high refractive index maf;ég/g S%leé to

enhance the white c I rthel
provided with a w d?lr%a%gc’lé%\gé Qr%l?{)rgartﬂ?g g%gﬁg%%%g?%gls%gges %\nﬁ)?tﬁglggﬁg?ti ci al
resul ts. ExcesiivieidOr0swhichiisthigeame at labeLITeEFIGIN| excepethatisae llayeel4Cwi t h
too nuch porosity tend to be nmechanically weak. On the other hand, if the

particles are has ilagivelytisht eoler provided hyirelptixely lightyolnsed erdractony Rartigles or

Tmvont on. 1ot PRCB)OREe AR REEL RIS ORGP B, S 2o
particlessize jefrabfagy paficles f4Om 2 nmicroneters to about 10 microneters. In

ternms of shape, refractory particles 22 and/or 26 independently may be
spherical, ellipsoi dp opdextiepravideelpyer, witlca darkaojorghe nbeof substantitliyeiack

i cul ar - shaped .particl es typicall de layers.with t tter. | t
st ot ance a. ESAReTLBRriciet ipurmed Rt Spime btk Iefackik bticlebos.
30 Typically, ﬁﬁ&bagéleétyd,r}af%ﬂaﬁlp@é,ﬁ%&ﬁmms o?ﬁlib&)’&r@ildEPﬁtHﬁhrnO@d/}Bihe,| e size

distribution. As an option, however, refractory particles 22 and/or 26
havi ng 15 2 gircpgium Qarbide(praphiss ¢ombinaninisos/ thesgoandshenbidtel The darkivelor

| ti | size distributi. d b d, .if . desired. For_: le, th
ropr opr 1 e s oPEL AR e YOS PHlion B R {altrkp. BRIy PrreEleg Westas | "°
di stributions giyorBlabk, MAOACbRIbINABBAS bfcthe, frd e dike! IrPSrdePto provideta

viscosify gl assy phases 20 and/or 24 to prevent excessive flow at the
appl i cati on t elayerwitiuadightcdior thepise efisubstaptially whise refraetony pamticles as nor mal

size distribution. \Viscosification | s el p.gl ass hase, 20 re

e}‘ fecti }/Fl y Ij ugfégm? MBCSF%%EO?SF@% o???“?ﬁie E@Hg?'%%/%ﬁp@ﬁ’tcksﬁ?%e of
gl assy ow du : on,
ot Thy cken ng. g fbr mBlt ol Sl ia) ZRR:, HpE il bl O biatdse al

and di méfisi onabf thasecgnd the likk. Eaker rhagrials fot thé (lighticokirerhorf darkicoloyed)O
limting confornmability. Accordi y, in appljcatjions in which |t is
desirable to f??%ﬁ@ﬂ?%é‘ﬁ@%ﬂayl T‘i‘L‘s‘bo %‘@ gnetal{e & Platinum, rhodium, and
portion, pref eﬂ@t;{kyé)gné/&al&ﬁp@{sght percent, of refractory particles 22

and/ or 26 may 1 nclude an anmount of finely divided refractory particles
(i.e., refractory paRe¢feringaghinprinarilpteFii)d, pedraciory particles 22 falsoeentribogn 1

m crometer, preferably 0.5 to jcroneter) effective to supstantial ly
prevent undesi MCM@W@%&V B“'@G“%EHVY a!:ﬂat.enﬁﬁacstq]fzaﬁ g’V%'?f“ed
enbodi ts, t : ' : | e
T aneworh whi ch oS aplre o toh (AR plticl 3 22 s RN n BISYLRF 18 S18RY "
gl ass phase fi phaselenayfiaiv toml mneh atithdrapplichtion enpamtuey Aldvantagenukly, &f t he

vol ume of the glass phase i ignificantly_ |l ower than the avail ab voi d
Vol e, %50 § e Seatal s oF relreRrk BRPIES 27 A1 G M RO LA o {o
wet the substr i i r fand he
gl ass phase |sﬁgol%lé§??}f‘hggﬁfﬁ y éggggtog?la%ﬁain tﬁ%ﬂl’aﬁgﬁ)&%ﬁgﬁ\g\gi&gﬁ \liligf ilq}rrtll;é t he
base | ayer may stnutunabimd dimehsionid sntegrity of basedayer 1di Aelditiomally, if taoefgwi t y

during e application process. .The available vaid vqglu i S expected to
depend gg the PFEFIOrYR ‘g‘eigfafes‘f‘?“ﬂ indiase, layeh | r&ﬂRWP{Tﬁ“F % sp@p' ctory

particles and i 30 4 icles.
Bor cxampl o Ul SRIGRAARE bEIABRT 13 TEANALS Sty d e ippl ARkl Ko
efficiently thaonenienohaidiing peor tolatteltngm pfibadei layer 4# to pitestriateal 2. fon thec| es.

Useful ranges of the tio of glass phase volune to refractory_phase vol une
et 22

within the bas&h 025§ layeR oBeRrparaies 10q mapy wrffactory particles &2, Rasg ht
per cent age of j : o LLyng is in
t he range of 4I.i );?‘g;ngg?ég%?gﬁjnfgéfht{g eﬁf’%% |(L'§}é iﬁ%ﬁgo ar ttfg{){;edsi ze as
used he3@i n r ebending,orbhse laysrddshaybesanigid as tf lack pdedired|amouvnnadf pliablde

measured by any convenj.ent_technique. For particles up to about 100 16 2
8 JUN 2002yv\0~¥:gnggggggljtyp@ﬁn%§g,/ l?@é@g@g thes% concerns, a prgferred base layer 14 of

the present invention incorporates a sufficient amount of refractory particles 22

13
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‘mcrometers in size, a "Coulter Counter, Mdel TA3" particle size analyzer
avail able from Coulter Corp., Hialeah, FL, can be used. d assy phases 20

and 24, or ss phase to be used in | abels according to t
“invention, ‘?Q)y/g’%é@‘i ndependently fornmed froma w de variety ofkgﬁ’é’%’@gp

materials, or c ination o | as material s. t.typical l.y. glassy
phases 20 and® g'ntgﬁtc 5¢ fﬁgrpia%géﬁ'taﬁt&cé’g agLe %ﬁgeb §?S“ﬁ§$85ﬁ%’€‘§f‘ oxi des of
Si, A, Fe, KenMeratlte if BeceSary tconfhm £ a Sifacédf tsubGivate @.g., 4lat label _
conbi nations thereof, and the Iike, according to formulaic characterization
i n whi ch gl asseadsnpbs pliahiy confoenpble stthe desired appdisatoen teaipemtunddo bonfosm(e. g.
in the case of Si .as Si 02% 10 | ncor por.at.i n% vafiobtcfs (2o nts. of oxi des of
the Sn, Zn, alftf BOSFAESaYIS AfnectlsuReRloMPe RIEhrably, b4y PVl Ul 1 or
control lsi ng t hgorReRECidotg Hrt R Ssuch Phat DasRY & 1 44nEREe I RS €

! hsré’ﬁ'éc%}k :
amounts of SnQO, dgraphite, "and/or LizO tends to | ower the softening point
(graphi te al sé60tprefésabiy30 cnk0, vohenepércentiof glassy pbase 20tand 4040 A8 f praferably
material), wh @ea? usin reater unts of Sn tends to increase the
softeni ng 15 S i {0, violupe B"F%‘iti"tféek%yé’éﬁéﬁl%f’l tends to mechanically
strengthen a gl assyp| [tk el ' . : phases
20 and 24 be subst a% ?‘%g?f?pfl%}éegqgﬁ égﬁw*) 6"?#1%6 %ﬁe?\}mﬁﬁ%l%@%swr?ﬁzp at ons:
Pb, Cd, As, Hgonformabletagerlayér)i4, Bfravernpararies@6 netd howkervech prirdfry t he
present i nvention advantageously_ achi eves Zg_al ow softening gaoi nts wthout
rel yi ndOupon &xiciwsl #d dienpignal fyaaionAs do wactoryparsles 2Ammsbase fayendd past ,
oxi des of hea . Ldipng bl ack
col or. Enbodi %ﬁ?@ﬁﬁ{ﬁa{rﬁ%%%@?gﬁ%v%@gﬁ?%ﬁég\clzm %iﬁ‘g{glggﬁée)%\%gb%glpglt@by
usi ng ot her blaeki€n asert thatrd code pattarn farrmedfrdnd topdayel 6 phoptealiy or exanpl e,
not only tends to | ower the softening pint but is also an excellent dark

25 col orant. Acerpils fpm kase lypeld. Hreardipghh sefeackery praicdssA9 Way:bépri ses, on
t heor eti cal ; 0xi is. | , : t
by wer ght - SnCRSIPRE8 Bl tod HydrH® ARG h AR Uine 8 chSuliitiol0aBRE BT

SnO, and i n t hsedtappevilie P 1afpub with desinbleibolctoperas@harabigrivedsg Mo thid05,

based on the total weight 30 of glassy phase 20. d assy phase 24 preferably
conpri ses, one¢ed.treferred tapdpyesx i 6 of tedqiresent pvention MEGPOTAR Mt O pArt LY t o

about 37 perc V., [ | N r . et
percent by weﬁjggiﬁh?’éﬁga Pg%mﬁ}p{%{é) ‘%daﬁ%(es tgjr\g%gétgute@ég@#ﬁ“gggg% ‘?éoz WO
Q9/ 36901 PCT/ pmddhyl #3818t bDglaggphaseer cent by wei ght P205, based on the
total weight of glassy phase 24. Either of these preferred glassy phases 20

and/ or 24 may al so Inadditinn togopwibibpg to olpeearirast, mechaniegl strengthi 20,
20 dimensional and structural stability, and conformability, refractory particles 22 and

26 provide numerous other benefits as well. For example, using appropriate
amounts of refractory particles 22 or 26, as the case may be, also helps provide
each of base layer 14 and top layer 16, respectively, with a desired coefficient of
thermal expansion. For example, it is preferred that base layer 14, top layer 16, anc

25 substrate 12 have similar coefficients of thermal expansion to minimize thermal
stresses when substrate 12 bearing label 10 is subjected to temperature changes.
This is particularly beneficial when hot substrates are cooled to room temperature
from temperatures above 400°C. If the coefficients of thermal expansion of the
layers 14 and 16 and substrate 12 are too far apart, then thermal stresses could

30 cause label 10 and/or substrate 12 to warp, crack, or otherwise suffer damage.

Accordingly, it is generally desirable if the ratio of the coefficients of

thermal expansion of each of base layer 14 and top layer 16 to that of substrate 12

14



- As an option, base |layer 14 and/or top layer 16 may further incor porzapeJ'"g‘l 2002
glass and/or refractory fibers in order, for exanple, to increase

t oughness. Q,ass and/or refractory fibers suitable for this purpose may

“have a wi de range of particle sizes. CGenerally, fibers having an average

di aneter in.the._range mcer rs, .preferably 13 to 16

i crorreters.,bea’(ﬂgle ﬁ“q%lescg;g)cé PQré?i Ige‘%f‘%g {)'glt%Adt%vefgted?% P TynESy 3to20
woul d be suigailifig ffdns BEGt kbdin SrAFERABreab aBOG thelidsABl 8pplicaiisn 10 fiber having
an average dianeter of 13.3 mcronmeters and an aspect ratio of about 10 is

avai | abl e uneleperatues. t Inabkeprdetideqpfahe preseny Bemy, 8R! coeffenDaé ther@ar ni ng Co. ,

mpr ove. + ougHRRion agrast S mierie EASTRERETE, - Slaniird et Ml T 20”1

fiberss per JQReapahbsnd? Expansii &*ﬁoli@fM%ﬁﬁfs?lSyH'B@ﬁﬁoﬁ&%hﬁiicﬁ%ﬂéysti@m €.
Typically, the glass fiber is a substitutioh for a correspondi ng amount of

glass frit dReptemberad93). yAsran examgils, cathiode tdydsbe glassaypigallghdsya havi ng a

softening point significantly hjigher than that of glass frit. preferred
enbodi nent s CGFfﬁLCFFé%,Bﬁ@%'éWQ eXPRRSIAN 1B the rapgeirom it ﬂ%s’%é‘%nc’hé(? %(1(’: &'¢istics are

i ded by i ti . i at.el, d f t ticl i nt
DO 5, Y  BSBERRLSL 8 ARRIRRFAR S SSLLE SRR tuBR L5, 17,
cont r ast Ca%g?fié%#%fffi%t Qi”th%{}%regg%%{o?ﬁa&*}ﬁﬁ%ta{ P??‘Q/Xéﬁﬂﬁs}refé%d fag POt Of

| ayers 14 an I nCor pora cles uoresce 1 n response to
the li@ht ermgath 6Cbdsé piyeRIPAd op Weh CEMHAepchdemYY Bve T obiTRient BEthRRhAIC A
discernibility between 25 layers 14 and 16 is therebhy enhanced. In such
enbodi nent s expirsianddehqmngefromtad x O AEtonboutises v L} ISimidagy.doni bl e in
t he absence of the scanner's interrggation beam but  becones optically
di scer ni bl e SeRofnERYIBREHATS haning & qosttjcignt o thegmal expansieneof apaptsl 2 ¥ oach

relies upon spe dpRLAG AR B kDt AREInd 86 Bl o b SBlaBY Y BgeTieau STt e
col or contrast” at et e of scanni n&'. epr esentat | ve exairpl es of
fluorescent pafcient §6thERRA QRFAnéRontif tetanSCRONITGx 109RE 18714 toeccode
scanner include particles that fluoresce in response to the |ight,

radi at§ on, or ot haéradglition) keftaceny piueidles 22 and Dé negdelp mhimer¢icatboro t hat t hey
| 8 2 8 JUN 2Q02 WC3~991 36901 PCT/ US98/ 10300 are optical  discernible.

Repr esent at i5ABPERANHNS &iringcyvhigh cancanibyte ip 31 ofd mdite spltor pagisdpsfodphor s or
visible lig ' S g | ' earth
hal ophospha’? té"s‘{r?‘z%@f\éﬁ‘% %Pﬁg((ﬁj) n?é%m%g}{h btg%}og)rr%cﬁﬂézeré’#&ga{ﬁﬁgh ggééssir%nat ion
"COOL WHI TE a@é 261 (IRMgISRIfEfvdNDde ¥ 4fa9 b usetd to@nbanze tixowhité caloes, and

sul fides such as ZnS and CaS. Rare earth doped yttria or yttrium gallium
and al uni num gar nBeTAEARY R3S anded Bay %@B?ﬁlpfqu‘éf‘éi Wit a Yads ltarls%tlg

ange v om P 1B e s haet i RERRARI G, ERCRSNE BRIt Pl ot " |

amount of sumbdegiablei béoassel laydrnoiithdesimunh paweity @yéto Belmacithhimally ojgak.ayer 16
so that the code 10 pattern is _o[;ticall .discernible at the tinme that the

code patter P Qe-o,tl@g and,yf the pagtic BPE PRALE Higndhs feswltantlayer may b?J%WOnQ 5to
500 parts b%o%iﬂ%%qr%ecﬂ&ﬁﬁg@ﬁlrdcf!n%}eaﬂi ig%?&grr%"eﬁgpdiﬂl%ﬁ&%c&%dﬁ@' ght of

t he correspon assy p
to the invention, refractory particles 22 and 26 independently have an average

25 particle size in the range from 2 micrometers to about 10 micrometers. In terms of
shape, refractory particles 22 and/or 26 independently may be spherical, ellipsoid,
platelet-shaped, acicular, or the like. However, acicular-shaped particles typically
provide layers with the better impact resistance as compared to layers incorporating
particles of other shapes.

30 Typically, refractory particles 22 and/or 26 have a normal particle size

distribution. As an option, however, refractory particles 22 and/or 26 having

15



- suitable. Label 10 according to the present invention may be provid2d WiNh2002
an 15 overaII t hi ckness within a w de range dependi ng upon factors such as

t he natur trate 12, the type of code pattern used o 5.;)? , the
* pur pose of e%F and the i ke. Practically, the |abel r1Pou dJagfdtoh ck

h I
ol 1 abl'y 8o¥]“f i mﬁﬁ%fif*&ﬁ%@ﬁ fod?l st Bplrb BB oo W B bted BE 70

| abel undul'y @@hfplé,thé ﬁﬁar@ﬁat&&&&thﬁﬂhld@ﬁxﬁﬂh@xoﬁ@b&% ai mo&rparﬁclz&xzet her wi se
i nconveni ent. Further, extra thickness may offer little added benefit in

terns of mechdistributions meyheln refctery particles 22randlas 264p further wiscesibi glassy t he

like. Ge | | f t hat. |
 Sknoon® o et B SR B BB EEY S BRIl B b i v
preferably 40QnimaréPR phrGdlNRiviiSonly & ndkhhlaRiecdiStAbutit) YVRBGNifiéadionans: 25
The enbodi nents of the present invention showm in FIGS. 1 and 3 are

particul arly adsp hdplg&lssbpha‘sgﬁﬁme effbetively fuseabiyciong m@dbsm&:t t3rln is forned
in top layer 16 .usin bl at chnj Accqr di n top..layer 16
of such enbod?m’t’%mg’swlaiég[ch #[ﬁl%ﬂ'g‘ 4)&59\35%5‘ %ﬁé‘?ﬂ éheﬂ*ﬁgﬂa? | aser
abl ating renpygs v?scammne b# m@dﬁéﬂﬁtg of glh@g ph@s)eezo A&y hitheXREP ndifirc ol Or
contrast of the 30 underlying |ayer, there | om ng the resultant code
pattern to betheptructatal yndidsmsmbll integtify cbfdplst tayar]41@1theuttscgmﬁ¢an¢lk t he

| aser y not .penetrate into.top,l ayer rovi de an
ef foct 1Gs. codimimgsspformapi mspxpwgﬁnz bin SligarasiA Wit “3““51&“&“5‘23& Q01 vio-
y9136901 PCT/ t I p |ayer

e oy ey FRRE DRARF IR Mt LB dhclentity T3

16, but may a ying structure ect the
structural i nweighi percett, dfabﬁhctdx@ paﬁldisubami/drzmnay nhchidsanlammianafged as

wel | . Bal anci es cerns, appropriate thj ess for to

can be 5 det eﬁ%l}ﬁgﬁ”g“rﬁfﬁg’?‘gam s Wlﬁértlﬂ’ Ve 80 RrATR Earﬂéglétchl ng
| aser penetr y then be
selected to §§u1 sct’gﬁ%él)tg%’ﬁg%%lglgo?neestépgﬁré?&hﬁy &ijt% pt‘%&ﬂgre fegir‘egéf {Hihowever

t he t hl§knesssubktahtiglly prgeent hiidesired lfioyhdf gladsg phase!2Orantiloe 2de pt h of | aser
penetration into | abel] 10 so that the |aser penetrates a_little ways into

t he underlying cer dnithe %&mﬂsmbﬂ%e%ﬂh?refm@;apmgl%eﬂ@w&gﬁq ¥emorti ons
of the underlyj I t he
code pattern. M&ggigggwse]@%{é%‘é %‘?\gll to t &eaﬁtn f/fﬁ(ré\ SH%#GA h&%b%nfgy be up
to 10% pref elagéd yThepliss phise ﬂttsrthe pordivolahé within the rmnryfra%ewdork h¥ t ot al

t hi ckness of underlying body 13. Typically, providing er 1 with a
t hi ckness in thﬁémi%efgwamsspmseﬂWl cant} Yd%’ﬁb@@“g?f—%a ?‘8 Plé‘r‘é" W& d be

15 sui hgbl e '{rirabgga% a??%o(‘gfl@w%fﬁé?&tg{] »fréi?%m' ¥ §0thbONite & Iv@the%uﬂg'ﬁjaté §how

alternalvee the pres I nvent1 on Ich are 1dentical to the

enbodi ment s othefappifcatioB temperature. €if geotdlvge v ﬂﬁ)g(taspbh:iserls signifitafder ences.
Firstly, top layers 16D and 16E of FIGS. 4 and 5, respectively, each
conprises a rBErE R henalableryaid yolumpdbp basedryer spypt setaip the desited

degree of dimensional integrity during the application process. The available void

volume is expected to depend on the prefiring size distribution associated with the
25 refractory particles and the shape or shapes associated with the refractory particles.
For example, uniform, highly acicular needles are expected to pack less efficiently
than a broadly distributed population of spherical particles. Useful ranges of the
ratio of glass phase volume to refractory phase volume within the base layer are
from about 1.2:1 to about 3.0:1. The weight percentage of refractory particles in a
30 label layer after firing is in the range of 4.7% to 33.3% for most label applications.
Particle size as used herein refers to the longest dimension of a particle,

and can be measured by any convenient technique. For particles up to about 100

16



20 internetallic material, and/or a nmetal alloy, that is preferabl ;Z %M‘{J@UZ
metal such as gold, silver, platinum and the |like. As used hereinafter,

the term "Rpgddzeohf th respect to top layer 16D and 16E wil | %‘i‘ﬂfssvﬁ/ibs@o
metal, an internmetallic material, and/or a netal alloy. In F ,

llayer 16D may b g%’g $ Ye ng any
suitabl e techni grug&?%rgqldgg%gl ﬁaﬁm&st&ﬁft&e 8?1?2‘%?’%%&5{5%&“ jk{’

Repr esent at i vaviiblefremeSoulter qux,rﬁln@ah,uﬂb, anibetuaéd.coat i ng i ncI ude
sputtering, chem cal_vapor deposition, screen printjing, electroless
pl ating, chenical rEHasey phases &1@14324 <38y Blgss Phase tq heuseddn Jabels acrerding ¢ op

| ayer 16E is [ e As is the
case with the?oe#%%iccg%és\éen‘?(l Qrﬁ%)%hﬁxﬁ%ﬁﬁ@b@g%nﬂﬁﬁéﬁe dafgéiggewﬂﬁg&g% efpat tern

of netals top ﬁ&.‘t@f maRridBFor donibikatidn oTalaseg nfabdriabyl NMustapsiodlly)glasgbptakésng, or
ot herw se etching top | ayer 16E. Alternatlvely, rat her than using_abradi ng,

abl ating, or eP@nird e@@tmﬁmégmbbcqmm%memémre msal joxides o BE ATy 5

L, Bt ekl BLck A MY, RSP, . Gt AR R g 3050

t echni que suclhelsked Bedobdiing € foiulHid E&rﬂutéﬁkaﬁoﬁﬁi %lcﬁ%ﬁsalcﬂmwmtl&klsor a
net al deposition through a nask (see, e.g., U S Pat. . 5,407,474

referred to aloypreysedan aahwemwomdlefbeszemg,ub@wa@eoft&;ps Ss@:véirs 16D and 16E

f FI S, 5 1 | 1 |
26D and016E wirO R PP Bt SR 30ieS S el 2t Tt apeshylP, "
natural c har a‘foh@sfeb %ﬁéﬁlcmﬂflﬂ%ﬁ’ cor%ﬂﬁ:é tRY¥ QéspéAQe%Bﬁeé:ﬁ ggﬁﬁd raRl y

i ncorporates relatively light colored refractory particles 32D and 32E so
t hat the code epampler usmg)gnmr amounsp of §yQy gmamtaradd/%E:z%temtpdawWhe

di ible f b | 4 d 16D and. 16E 10 of
H o ' g b sOfRRag Boinf ERdpnlig 2158 Wnds 15 10wl HRe bOfenibigi, B30 238 sy 1, °
nmay al so be pesséidip “mare@h 86185 Bréaht® adiduRdest Inf RhaPlol ierelNs tHeS ek

variations in electrical or t%errra conductivity across the face of the

pat t eriéd | abebint| IncerpesatingghOs geheraletepds tremechanically swengthenar glassyt i ng base
| ayer gl assy ﬁpase 20 having a relatively |low softening point (e.g., a
sof t eni ng poi A®®§%ss than 15 about 350C), firing of such enbodi ments when

green can result inpQg Bﬁﬂbﬂaﬂ?ﬁﬁé&é&ﬁdﬁkﬁglbﬁ?%&@ 2bra6398@e'sﬁbﬁizﬁfaﬁy phase
20. Such entrapnment can cause base |layer 14°to be black in color.

Accor di ngly, zfz;e@ﬁensopf the folicyying hctw}anbt@hatnmt Pb, Cd, As, Hg. &foeandrf\d).use
such bl ack ba ers 14| co i.nation with a contr.asti vvhlte)
Cop | ayer 14 BB L) i rien nfei Ekig ey Bllets S

cont rasfpi ng C%&%oﬁ&xﬁ@?&m@ﬁwﬂ%’t félliny uBbs 6RIdes B fhe $Q9 AefiAiblRdAvEan be
formed. In sone applications, however, the use of black colored top | ayer

16 is still desdtaledAlseanihe Mt,mmeagrf heavyuhetals such axy CotindEs wereysed fard.

cont 1 gur at | on PROGREBIACK F5lop PipoBiertsot B prdenGanebiotesil bt Rsavheen ¢ ne
two layers. ThgeagBY kB dtheP blabRRoRir&PFaticles as a substitute. Graphite, for

example, not only tends to lower the softening point but is also an excellent dark

25 colorant.
As concrete examples, glassy phase 20 preferably comprises, on a
theoretical oxide basis, in the range from about 20 to about 40 percent by weight
SnQO, in the range from about 20 to about 35 percent by weight SnO, and in the
range from about 35 to about 45 percent by weight P,Os, based on the total weight
30 of glassy phase 20. Glassy phase 24 preferably comprises, on a theoretical oxide
basis, in the range from about 20 to about 37 percent by weight SnO, in the range
from about 24 to about 35 percent by weight SnO, and in the range from about 39
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25 invention shown in FIG 6 provides a solution to this problem 12n re
| abel 10F is identical to label 10C of FIG 3 with two exceptions. First,

] base | ayer Vﬁﬁ”%# {her i ncor porates organi c constituents hel Bf—ﬁ]& Qher e

base | ayer ck in color. Secondly, body 13F of | abel

i ncor por at es J A

bet ween dar k E)aseqt\ﬁé%réfhgw g%h%%j bEkIe gﬁé%&a‘?ﬁg@ﬁoﬁggs @c}ﬁa?e 1 ayer
30 conprises Exmbﬂﬁﬁﬂsewﬁs&ﬁa ghidsl pharsés‘ 2@aididr24pha% elso ihchid? dpaorabeit 1
relatively light refractory particles 34 interspersed in glassy phase 32.

d assy phase 3®ercanichy weighte lyOpartch es 34 may be as defined above with
respect to 21 2 8 ,JUN 2002 [ 36 CINS 8I 1 E wever,
it is preferred thaf's é‘f‘é’?g y§r219‘ﬁ%f§f§°rmg ﬂ‘yflé &5%’1@%05%?% t han
that of sgl assxglaabmo?%aa@éy ﬁb@f& u%ﬁ%isyfopéaaﬁﬁn@%daﬁeaee@ %Hxﬁés@nG'MkspO' nt

greater than that of glassy phase 32F. In other words, each |ayer of | abel
10F pr ef er abl pnd/oc rafrastary ﬁbe!a sgitddsforpthawrnmvmg havér yhds raggé oEpartiglepoi nt

th f 5th | t h |
broferabl v ¢ fzes oAy TR ine 1 Hec dandtnl haBe b S Soc
preferably 5Cn§19ro%%rs,9§r€ﬁ}§ﬂy iPané Hﬂcr@ﬁ;eie?@'aﬂ&aﬂ)ﬂéﬂ%t fafio ¢i.&SkeHghase 20,

and the softening point of glassy phase 24 is 5C to about ?C preferably
5C to 20C, gr dansater)ofid to Bevmldmsmgbbomwpmfﬁq:ﬁw oferecudable glBs Label s

according to t resent invent.ion made usin a vari et

bt oadios.  FaPeLhuie B a‘é"f&%s‘iéam&%?y Ky e mwsaﬁfftaraé? B s 'gpur

i ncorporatl ng %ng |« » o gl assy
phase 20, a pépﬁgné‘?#fé’g[) @th‘ﬁlagé aii;g?llt“?§§Ett:’lj(')?’ﬁlzaIcfﬂ{nlrilgre |ents ncl ude
an organi ¢ pl &@t,iofiAmedersod] SGer sant s to facilitate dispersion of the

refractory and glass, frif partjcles, and e 1S , |f the particle
sizes of the refracﬁ?ﬂ?‘a &ratﬁué“'é§ntéiﬁ‘b9‘{9f°£ﬁ‘ﬁer§%sb° ﬁﬁ?‘itgr‘E‘Pf‘b Iarge at

the outset, p I [ 1Y
Ui t abl o 51 76 SRER, TYBERRKNR 2015 3RS bP wollfe CEBRL O 64 1B
mlling5 dry aighteflgldssyphasewounld b sujtablen dypivelly, |tkegla§§ﬁ>eso§ avent may be

wat er or a nonaqueous liquid, or _conbinations thereof. 20 The preferred
solvent is a HBPSEEEHQNET picguewponding amount ehglass SrbukicEactory Batesalsettane,

lrr:at(g?/l T%lhg;l Ilé\/%g?iﬁ ﬁ%ﬁhﬂfﬂﬁm %Q%‘gs‘ﬂ*gg a%%‘ﬁ‘?% é%gou#ft%g@ceﬁtndb;he

vol une of thefdpl vent, based upon the total vol une of the slurry

i ngredi ents. The polynerlc bi nder and grganic plasticizes, if any, nay be
any of those 25 mat énp@f@qdmmdmemﬁefanetpr%ssnta}puethnt ¢Rlo% cANtFASt on of a

green ajficl e, Jhg high argf)]:%‘%ih d'Wylifle gﬁ?‘@ﬁﬁé nﬁsﬁ %@ﬂ?%ﬁi&%ﬁe%&o?y means

that the ceram¢c article | cIu es-org s and 1S not

heat -t reat ed articlesi intoogiph ef basy lkmﬁ4faheaipeldyerl1$efﬂdwmgamunamh dsgreeiofer s
i ncl ude gl ycero]l, polyethylene glycol, dioctyl phthal ate, conbi pations of
these, and t hé&oloregntrast gar,bs piovided by Sthar apnr@aﬁ}easfpwm ¢ ONESF APt wei ght

of glass frit | m about
1: 18 t o about ]@égssffélgfﬁ ﬁ\rgn&% dﬁ%ﬂrgﬁ%nces #}s@k%?ug{}e%sh C po{%‘{)
pol yvi nyl but ynfitted ﬁﬁhya/bmcbdahcmhmg de®ied sb kieat khel@mcslrdisdmﬁbmey bBerveed ed

dependi nsg on the ) )
2 layers 14 and 16 is thereby enhanced. In such embodiments, the code pattern may

or may not be optically discernible in the absence of the scanner’s interrogation
beam, but becomes optically discemible to the scanner when the particles
fluoresce. This approach relies upon the appreciation that the label need only
display the requisite color contrast at the time of scanning.

30 Representative examples of fluorescent particles responsive to the
scanning light of a bar code scanner include particles that fluoresce in response to

the light, radiation, or other stimulus emitted from the scanning device so that they
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22 2 8 JUN 2002 ~~ r solvent being used in accordance with conventi pniN 2002
practices. The weight ratio of polyneric binder to total weight of glass

frit and r particles is typically in the range fro o to
about 1: 15%§%gb§40¥rry may further conprise dispersing ai dsnkﬁg&nggﬁlﬁmﬁe

art. 5 Representati e ' . | '

i ude o sodrtrbiekfaifGRBIE ReBresFRATTE Glatids iBlc BY Grotbd AELRANT

(avail abl e, fodmppRdsphéss or Wikitile light respoaeive phbgphatdscant mafdvals stdfh'as f r om Rohm

& Haas Co., Philadel phia, PA). Another useful additive is a defoam ng agent
(avai | abl e, f elkalineegsthehalophosphatesdc g, sbrinedSTomn Sylvaniawdrrthritiada 04E" f r om

Air Products o, Al el |G T t.he. i ngredients
can be conbi nggmg?ﬁt‘gnsm&ﬁﬁ%%‘%gﬁﬁf;ﬁﬁéﬁé a‘is/“g ﬂ%}ﬂca mll, and
m xed ustil tQehsdiHédids, BREsBfidésSues bé InSRRY ORS. RhR dafth dpped tida, of O I enove

air which may be trapﬁed in the slurry as a result of mxing, the slurry is
preferabl y deatrinmegallinoe andalumenummparnets apg ather exidps/onexysalfidesargspi r at or or

vacuum punp, priar to.formng th urry into the shape of a,15 base | ayer
sheet A sui « BAEonAIBNGRRACE Pibl- opitaty, 5% naff SRR aRardhle Has FoiPe,
occur, for exaif¥eSron?Y t8100VmRaSARIrE often 220 R omhetelsi Msulficidnt fhb@it of Af t er
the slurry is forned and optionally deaerated, the slurry can be forned

into the desi sech paragles {sangjudedaindaseclayerr1danfior tothlayer) 1 680 that thenodant i onal

t echni ques such_ as .tape gastin sl i ast j scree r.inting ravure
coat i ng, kni f 828FAL% 3939}%3'826%{‘1%%3?3%5@%?3%‘? %‘?c{?ﬂag_ﬁ‘%ﬁﬁtﬁﬁa P¥E shapi ng
the slurry isghiiMe fé%&fng%viclfi@%n&ﬂﬁ,hkiﬂgﬂtéi 500 PRV IWeiARbf pRYspRSH t hat
utilizes a doctor blade or knife blade To coat the 'slurry onto a rel ease
l i ner. To accopapiciestbaseaom Hdspartsdpy weightwof $heawintegpanfdingglassly phase weuld be

preferably in t.hg!range from about 2000 to 2900 cps (2000 to 2900 nPa-~s),
as determ ned$ ¥ anmbi ent conditions using a Brookfield visconeter fitted

with a No. 3 spindl g 1éqgc&émgQ@melﬁgesfehﬁnv&ﬁm%wwﬁrom%d%Jm{arny is too

low after mlling, the viscosity can be iIncreased By renoval of a portion
of the 1$ol ventbvenallahickmess sithircawidergngeldapendihg ppors factoensuch ais thermared of r om

the slurry by evaporgtion durjng m xing. Typically, a sheet | I.rst cast
onto a carri els“%‘g_ffo&’ th%ﬁotéﬂ%émp?‘?%dﬂ égthegaﬁdaaema# Fi\”&?gd,
unvar ped gr ¢ndd I priltically the1sBHRBAUBA ik hbughth Wil Agdigeed
pi eces. Drying can be acconpli’shed using any of several conventional [iquid
medi a renoval itséntndeguss whilelstillibemgipéiabiyregnfoRmeble tahoyplaran sulsptraeas, butbel

pieces are dried in.aif a omtenperature or heated, in air at a 23 2 8
BUSV 2002 e o) sk thesthelsBeunsoly 64 e vy evhen baplingaht B Biteth bur ~30C
to aboyp SCC. olifipwlskiisdoneaniet! FArALCEkird AREn&sIREy SHeerIfide Adiel YRhGHR!ihY 1N

the range fromabout 0.1 nmto abouf 2 nm Additional |ayers may be forned
on the green heras dfaysehatival soength grhile adiding unneressary bulk, gost, optherlikeng, or the

li ke. For exanple, .a sluryr f ipngredients as escri bed Qve except
b ng | mar sa Rl o hishien S B RrnEieieche |abel i ap overall Bubkncss i ©

the general range from 100 micrometers to about 2 mm, preferably 400 to 800

micrometers, is suitable for many applications.

25 The embodiments of the present invention shown in FIGS. 1 and 3 are
particularly suitable for forming labels in which a code pattern is formed in top
layer 16 using laser ablating techniques. Accordingly, top layer 16 of such
embodiments is desirably provided with a thickness such that laser ablating
removes a suffictent amount of top layer 16 to expose the color contrast of the

30 underlying layer, thereby allowing the resultant code pattern to be optically
discerible. Iftop layer 16 is too thick, the laser may fiot penetrate far enough into

top layer 16 so as to provide an effective code pattern. If top layer 16 is too thin,
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‘addi tional layer to be coated can be applied to a surface of the
underlying, green pieces. A typical wet coating thickness is in the range

from3 m'crﬁé%}i%&tto 20 m cronmeters. The coating slurry canpﬁqﬁggtdggfeéo

t he surfac echni ques known in the art as |isted above.

icleis th ferably dried  The 1 | i b
epeat od Lo adth st By Repsttl 6oy Podeh BByl fe Yl by USRI RIBEREPOEEY T,
nul tilayer, gufdlyiiy sttictir€ sdBytolffeetihe isttheufi® mte @ity TadtRs 10r Sibsdarsl2 | n an

alternative approach for formng the nultilayer green | abel, green sheets
of each | ayer codd alse becpmagedaswelt.epared using the procedures described 15

above. The sheets, ether .two or nore, can then.he stacked an am,nat ed
t oget her using appr‘ﬁgﬁ?ﬂ%“ﬁﬁ%g‘gﬁF@saﬂha&PéW%pﬁa@“ g’r’ t%@(@??ﬁldled cap be
| am nat kon pr ﬁééﬁige?gmgﬁlﬁgu?%y n{eag%r?né\@@heﬁtﬂ% WA H e | cfdhin rature of

65C have been foun e suitable for sone conpositions. ter | am nation,
t he nul ti | ayepenetratesintetlabet § Or Fhe thickessof top hayer | A enayethen belsgléatedtp.

e e R o B B P S e
t echni ques. V\h@'@r Wfs@ﬂgﬁﬁ%eﬁ@ﬁlaﬂﬁﬂéﬁépﬂgpf RS PeflttBftionfinRAbAI09E thARhd ayer

can be directly formed wthout iIntervening abrading, ablation, or etching
st eps. Fi ri nglasér genetratees tittledwaysdntorthé tndexlying ¢exiraic pdyclds Thefudlyabl y
occurs Bnder 25 condi tions such {fgaﬁb th& esumnt fired l.abel includes
subst arffi al | y SHROSET PtiastingoRartipns @fine upderiing bedy LhlognaximNgs e 0pEsalr ap v,
firing occurs 1€ W . I hs at

| east parti al F&@%ﬁﬁglgsgg?ﬁéaﬁgﬁ ﬁ%{r{ée}{lbruﬁg?ggﬁgngn é‘?ﬁg%%me[@gﬁﬂﬁgglgﬁafhat

t he resul tant 18 magbeluplrell 0¥ peeferabbnip ol 3%, thotel preferatilpap o abbus Uséfahe i al | y
fully sintered article refers to a fired article hayi ng a density of at

| east 30 80% tqspldhickngss ¢f upderlying bagiyol3. [hymically cproyiding top;layes 16willna, and
even nore pre : i 2 WO

91 36901 PCTNS #@%%‘8%@???&%? %‘ﬁéﬁ"?’{rk?ér%g%@k S0 g“éﬁ”é‘??‘%é@#‘é&be heat ed

from rdem t enpeitableihehé praclice sfthe prdentdnvemtiohf i ri ng tenperature under
conditions effective to burn out organic constituents w thout causing the

ﬁrti cle to suffer fFIGH. dradsd &hﬁ@rﬂi@mﬂﬁwﬁﬂlﬁ’@éﬂ?@éﬁﬁ@@?_m?mdfl&wped
acmospher ¢ 1 n"WTCRE Lty Up BR AN RE aP R AEAH D RIS A

substituent ptwsaifferertds Finalyd fpi 1agsts ¢6Dand AGEIITFIGES S afi@ 5 £rebpdctivelype
fired. Preferably, the heating rate is slow enough to avoi d cracking,

bl oati ng, und@echsiomnrisegerefigetony phaseithashagbeanyeplacedhy ametal; a0 duri ng

firing.,nThe h L I revent
car bon 2t0 r appi ﬁggl n lggg‘%t%géhng/ggF%e?er%@gaq%%b@&hﬁﬁé&g&vﬂ ?}go@gse gil/%rg For
enbodi ment s i geldusiiveg, platinuas, lanb alselikayAs useddiebsinafterpthpitérgn “eral” woitdd bl ack
color to the base Iaéer, so a faster heating rate can be used so |ong as

the | abel i ASERGS0 payesiL6R:AnCIRE will téerds aimetal, an anteymetelbe Aptariabi ng.
Preferabl y, g4, BEENGRoL A, 4Mlobi iR TBY BEFHE rdcBSRbh Qb g, 0" €N

article to the maxi num fi1ri'ng tenper n e Or nore g Stages, 15

as desired. Prehagicbisy layeh@4Daxinglaiysaitité fchfiqué forvdbpoitihgmedleen article
is heated during firing is sufficiently greater than the softening points)

of the 23| assy cphaining coatipgs: JRepaesentative techniguer fos forming sneh 2 metah eoatingat e

sintering witkh | o Q j i onal r structu i rity of the
articre o e PRerita, ChERALYMR ABRS R, St Do, cCLEdE e ang
the sof t eni ng chéhithl reiudioRAphdts weductian,aHad ¥helks: Elnl G, tho?fTﬁ’él'dr,MEh@n t hat
gl assy phase m ght be too porous after firing, and therefore too weak

mechani cal | y. seactivigly patiemediia irrorpdratetaccode pattgrande ip therase Withdheraxi num

oo oreat 1 natPRE sieltn BUER PR Rk, e RB6% Pt o el W RVT g

firing 3nd/ or 1@Brih FYG. 5 may be formed by abrading, ablating, or otherwise etching top layer

gl ass

16E. Alternatively, rather than using abrading, ablating, or etching techniques to
pattern metal top layer 16E of Fig 5, the patterned form of top layer 16E shown in
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‘25 attachnment to a substrate. The latter can cause such a gl assy pIZa@elU{No 2002
flow out fromthe | abel too nmuch, |eading to excessive stickiness and/or a

loss of St{v'(')c-ﬁﬁﬁibll and/ or dinensional integrity. Accordi ngl Yoo ifdo6" ' €d
enbodi ments, the maximumfiring tenperature is selected to be in the range

from about 2 . 10F - - eat er
than the sof xﬁﬁgagggﬁ%@ggiflgf %’Z{‘gf’%?gi‘%ﬂgg’é’g“?gﬁ)ﬁor ﬁg;rfg%%g%%{lg‘ "a’gf abel
accordi ng to prirgtingrveiges metaheemuining inikior @ matald=pbsiton dpplglcatnasi(see,
tenperature, the maxi mumfiri rkg] tepperature (s also desirably |ess than the
desired 25  €8-UfuRakd¥m 5,407,474 relsosd tpahovesos/ 10300 appl i cati on

F i i i s 50C
2500 bel ow t he appt Tmecont fitifeoie ARG LAY LPIREI Y A Banlt3, 0 1

exanpl es of spegpectitdlnldach afti fofmed R6mfmealyito 1ayab] 6D ahd W6E sl lgadrally anges
of firing tenperatures for correspondi ng softening point and application
t enper at ur es: teBd RokAve @gelatively davk eolenasradratypheharackgsstias dvceond d8sa eni ng

Poi nt_RangeSSACAN00 4 EORARAN R RRSET RRNAS, R HBRREBRGAp O200CS50C

to 750C500C to esire attern can n be forned

in the top | aysticles 3R aRd B2 sb eHat thr\dde pattérh Ifermibd iRabp Biyectsl) end) 1 6E hecause
ink jet printing or a simlar technique was used as desired, either
before andl oroptfoably disersmiblasembaselayerc il and 14E.s Whendop dayees 16D andel €fode

pattern.prefer i ses al phan Lig inkornmati bar . code

ot or ma@ on, P08, & 385y SR Chea frine SofEd b, PRRiGRAS mav e or s,
conbi nations g pdsbi®Rao dicefnthie khdRled THOARIHH BAddteiting RYialiéns THRRRtricgRdabl e,
machi ne readable (e.g., readable by a bar code scanner), conbi nations of

t hese, or t heotthkmmal conduetivity acrossshe fropiof die patterneddebebat t ern conpri ses a

bar code, 15 representative ex | es of .the .many varieties of suitable bar
Codes i nél ude 2 of 1 CEbgaimests g e pissent inyantioR ieerpoing bate faver gasg

AS-10, Bar/ HapRasBa0 haihg b e8livdip v sditendip/pdiRid@.g., Bl Jofieii &l 148 ¢harml |
Bull s Eye Code, Codabar, Code 11, Code 39, Code 93, Code 128, Code B, Col or
Bar Codé, Del aboupd&Q°nchring ofisach smbpdimantewhen green earDresuls cerg@ic Di gi t al

O e BBk PR 7 20 e 2 BRE R B L
e 110 ) A 3Bl Al o ol e D, 1
Code, Presencis/piéfemedtto WGeduch Blawk bdsg Gayers 14 in combination with a contrasting,
(e.g., white), top layer 14. This ensures that label 10 will comprise two layers of
20 contrasting color so that an optically discernible code pattern can be formed.
In some applications, however, the use of black colored top layer 16 is still
desired, notwithstanding the black color of base layer 14. Unfortunately, such a
black-on-black structure is not an optimum configuration for labeling purposes due
to the lack of contrast between the two layers. The embodiment of the present
25 invention shown in FIG. 6 provides a solution to this problem. There, label 10F is
identical to label 10C of FIG. 3 with two exceptions. First, base layer 14F further
incorporates organic constituents helping to make base layer 14F black in color.
Secondly, body 13F of label 10F further incorporates relatively light colored
intermediate layer 30 interposed between dark base layer 14F and dark top layer
30 16F. Intermediate layer 30 comprises a glassy phase 32 and a refractory phase in
the form of relatively light refractory particles 34 interspersed in glassy phase 32.
Glassy phase 32 and refractory particles 34 may be as defined above with respect to
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- Scope Code, Sienens Code, Sunburst Bar Code, Tel epan, Ten Segnent &@.eraw 2002
25 Code, Toshiba, Two of Five, Two of Five Matrix, Universal Product Code

(LIPC), USD usp-2, USD-3, USD-4, USD-5, USD-6, USD- 7, US Wheel
" Code, Worl &v‘%?%}fg@ Code (WPC), and Zel | weger Code. O thesg,;éyggﬁg@ 0e()s

t hat 26 2 8 02, WD >9136901. PCT/ US98/ 10300 wi del.y used.j.ncl ude
Code 39, UPC, TRAR, F3- GIOVRVer {8 Areletre (e Bhesy i V¢ SRR SR " Code.
The resul tant oc@a tRa thef 6F ARy iptase ZOFCAAMBAY geiby PRise QdF Glavé &l Ssttdning ng t he
substrate to which the | abel bearing the code pattern is attached. For

exanpl e, if 5point goeathr than thev of glassy phiase 32Fpdn othsnwords, pagh laysy of tabshH¥r can
be used to rapi nd accur at el read t.he.co attern in order to

Centi Ty s he PerbRoReRRErc sy SRas A R R ebd b kMo Poith th ah ot

typi cal gsbar c b &6 RS ' dM¥RéE Srefeétabllythe syfedhi paces.
The wi dtshs of Qﬁ%lh%zr@qﬁ?quaces,eﬂg{sn% eliﬁsgts theﬁrnunbel?,mc}f eacrllll,igp(ﬁ

correspond t o ofigfasey sinise 32 éy 5/Q & sboul 5@°Gypeaferaglyt TClre 28FC greatemttian thesuch 10

features is given by the specification for a particul ar, pbar code, Bar codes
can encode | etspRening poiphef glassyphasg 3% angdthesofiening poyitof g &M%éﬂ ly, bar

codes encode RbiMAL] WABL .6 | bABY | | ' canni ng
operation, ei {3 hg?ggbé tasftb i gEhéljre 5""%‘9% gg%ggitélgg%%rtﬁ%g@é%%ﬁﬁrﬁi&g%fs an

i nterrogation gmaﬁpmseghppt romagnetic radiation (e.g., 15 light) which is
swept across the bar code. Laser light is commonly used as the

i nt err dfat i on beam Labelhacrgrding kethefnsesent ipventiannaylsgmade usinga varigiof abl e

li gh ise IR ligh isible.liaht i he. like.
To ensur e t hatPLIES FRE Gaaples 4 bise Ve B9 be' Bibned ok =y RearkPlieinb
the width of trbgadt afm&tizo@t%?m ﬁ)ﬁ?&ﬁxﬁ@%ﬁl&yﬁhm%[abb@ﬁeﬁbom 1.4

tinmes the mninmum20 wdth of th ' st & ode character. Wen the
i nt err ogat i on binstem andtassolvent. b@ptiewrl engredients énpluadesanrasganie plagtitizark t owar ds

it ensi Ly of CHPCTRRdG BB ARPErIPT PORE "HrACHHS PAEsey BYARNSt p i
reflectgd fromydankimeparntd §z6 diithRFacy paticle§ EndIaF the @fiRs Hitldre fRVrge €SS

intensity than portions of the interrogation beamreflected fromlight 25
characters or apthetousses, pafticléisizesamay bel eeduTedito the deditedisizengingawy suitsblom t he

bar code will vary.in iptensity in nner_correspondi ng. to.the,light and
dark characte rsézeﬁd%‘i‘g Teﬁﬁgq‘dﬁ P4‘t thﬁ a‘%égglt USHANg, i"b% ﬁf’ﬁl B}‘glé’gsg'p'ﬁ)ﬁus yst em
i ncl uded in t hgj SR RahillifY, atPfieafeonal |y coupled to the scanner, then

transl ates such varfationin the reflected light intensity in order to
decode the bar codeThEsplvantdnay bawiater of @ npsaqueensdtquidgucambinabions hertef see,

an 1t euct | RSP SRS AABH G G e Pl RBED | ohi g,
Inc., 1984). Zchloroethane, methyl ethyl ketone, toluene, ethyl alcohol, combinations of these,
and the like. Typically, the shurry includes from about 40 to about 70 percent by
volume of the solvent, based upon the total volume of the slurry ingredients.
The polymeric binder and organic plasticizer, if any, may be any of those
25 materials known in the art to aid in the formation of a green article. The term
“green” with respect to a ceramic article means that the ceramic article includes
organic constituents and is not heat-treated or is incompletely heat-treated. Useful
organic plasticizers include glycerol, polyethylene glycol, dioctyl phthalate,
combinations of these, and the like. The weight ratio of the plasticizer to total
30 weight of glass frit and refractory particles is typically in the range from about 1:10
to about 1:25. Suitable polymeric binders include acrylic polymer, polyvinyl
butyral, polyvinyl alcohol, and the like, and may be selected depending on the
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-2 8 JUN 2002 WO >91 36901 PCT/ US98/ 10300 In sone instances, it may be

desirable to update the code pattern forned in | abels according to the
present invention. For exanple, during the course of production of cathode
“ray tube glass conponents, different conponents nmay be subjected to a

i erent s eguenoRil R PEESRAR SRITLHCANSn S BRRIEL SR IR Pofios! T e

end uses of n or rac sequence of
condi tions gymemdmﬁdvf RS wedgHon Emﬁs fdthn@?@frab@rﬁp&tx&l@bis&ypxealwat e the
| abel attached to the conponent with one or nore additional code patterns
cor r espondi i 1apge fremabeuoh:9 teakougilflSer ent processing conditions applied to
t he substrate. Th ter, t code l. e read and

£hE Qg o0y inG R gL IShHSinR ik b0 B i B

decoded to quickly an ccurate € pro i'on history of
the cq respegidientadvasxatiples of B6mBeeS ANt avanmemsparsmk inch¢ ak@dfusi t her
described with reference to the followi ng exanpl es. Exanple 1 A 2600 cn8
por cel ai n baklt ofd Farbprylatgipolyelgcigolyieadispersent (@vaiiablel Sorexempleaundes t@har ged

commer ot al 1yt araisre®  TANL 381 Lo i 28 o \RRIERE MG TR 2bout soo

grams of tr'&th@%%@éfﬁﬁmitl\%QQﬂheMgladgénQ(favﬁ%wk’ox%txaﬁ‘nblekﬁﬁd%!?%e( MEK) , 40

grans of dioctyl phthalate (comrercia avai | abl e under the trade
desi gnati on tra@@ﬂéSIgmnnASHRlFW@héME:aﬂromu Bfodyrts\Geaskdalentown, PAA6 gr ans of

' |, 50 2 hyl hi f f t gl
Tt REvai 1 anlo oade s SrHatedREr gt oo e gembined if SRpRmRiecorp, 0
G evel and, pard@b [8Bh BOa RRUAIMI aRkPRixediRai fHe(‘slxﬁx;}lhana videgkifgpl expansi on of

8.0 x 10 6/C 97.5 grams of a second glass frit vai | abl e 'under the trade
desi gnati on apﬁ@ﬁm forf castimg=€Fo En@ye pir, whicl mamﬂ)ngapmdm thod sluﬁSLaQ;l coe~ci ent

Ul 11t e powdERT B RinReltF Siufivds RERtoroblbiceissiisd boel aopenite, ReS R B 111 s
vere free ofysd BeadMifaior 8PV RublS %m?ﬁamfo;lm Itxwl&%ﬁﬂ&aaevyﬁaﬁeml mlled

at a speed of about 100 rpm for "abo four hours. About 60 grans of an
acryllx copdiasamisyer|sheatx Aemthbheo'ncqurmwaabbatbl Emu(daérPa) hidederaiioig mkysalgmat i on
"RHOPLEX B- 60A" %)rom Rohm and Haaa?? Phi | ad Fn a, 30 liq?) was added to the
bal | mill. PRE;I0YFEHPRIG ARV SPEAF Bl PHEIBER 370U Additional ¢ hr ee

hours. 28 After the slurry is formed and optionally deaerated, the slurry can be formed

into the desired shape (e.g., a sheet or wafer shape) using conventional techniques
such as tape casting, slip casting, screen printing, gravure coating, knife coating, and
20 the like. The preferred method for shaping the slurry is tape casting. Tape casting is a
conventional method that utilizes a doctor blade or knife blade to coat the slurry onto
a release liner. To accomplish tape casting, the viscosity of the slurry is preferably in
the range from about 2000 to 2900 cps (2000 to 2900 mPa-s), as determined under
ambient conditions using a Brookfield viscometer fitted with a No. 3 spindle at 100
25 rpm. If the viscosity of the slurry is too low after milling, the viscosity can be
increased by removal of a portion of the solvent prior to tape casting. Typically,
solvent is removed from the slurry by evaporation during mixing. .
Typically, a sheet is first cast onto a carrier support, then carefully dried to
produce an uncracked, unwarped green article, which is subsequently cut into
30 wafer-shaped pieces. Drying can be accomplished using any of several
conventional liquid media removal techniques including heating. Preferably, the

green label pieces are dried in air at room temperature or heated in air at a
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-2 8 JUN 2002 About 150 milliliters of the resulting ball-mlled sl gr@yju\”asmnz

transferred to a three neck flask (250 nl capacity) and placed under vacuum
at 1 torn ) using a vacuum punp to deaerate while th S

T stirred. Tr({ve(£ %’?’S?@y t hi ckened during stirring as liquid medi gcﬁﬁ%%?ﬁé%d.

Vhen the viscasl by gl if S ool HURYphAIRRSF Il SHOCUIRIRRLERS of 2308nTPa~S)

nmeasured at a usi ng 00 d visconeter fifte .

spi ndl e oper ajagslafidr dkpiflg iPFpichiteiniihe edrpedFbrs hbout\0. Masn tdasdutiRinidr M y cast

onto a silicone-coated polyester filmusing a conventional doctor-blade

tape casting machi riedditional faystsimay baformed ontiie greenibgsedayer by soatingoer at ur e

for about 10 hours. 10 .The resultant, drie reen, casting was then stripped
tafing) 9Pk detBOUPe S SIS FaREREPIR 2R b1 BRALCSRAF about

fromthe pol
300 m csomet e&e%cﬁ&d%%v%ﬁée@f‘ﬁéﬁﬁ%Sing?é&?en&@édﬁééﬁé&ﬁ " tcf@n@ﬂ:sof(thé‘?reteh,e
structure included organic constituénts. In ternms of the actual, visually
observabl e coidditionmahlyentolhetcoated nan be spplicdpo o sifact dfithe ynderlyinghgetenwi t h a
white color. The green. sheet was wt 15 jntq_ga nunper of 3.2 cmby 2.4 cm
base | ayer piBEES dhiypica WhoRtEg t ‘?@eﬁﬁslﬂ/t_ Tgngsirpmcbmicrometers 03 gl ack
col ored enaneh;pankery amecuohﬁ%aaﬁﬁem fﬁ(ﬁﬁ't@meﬁ‘swﬁ%ﬁsiﬁé‘ﬁec}xﬁiﬁ%s _

desi gnation "VERSA COLOR" from Anerican Art Clay Co., Inc.7 Indianapolis,
IN) was then knuwmreingbaards tistedabne. Sihteosted ertidle trthendprpfarably dasd. Thyer

pi ece a wet coati t hi ckness of about 50 - 100 m cronejers sone
Dl el 20" cinEbE Sad SoOREEESS My TRBRe (add B (BT s orte Ao of

gach dri ed ' @eMasDRIE hadkifledPhE afulittal %)e\éﬁtstr&&ﬁitei gy bELRIAB RSP aDou!

50- 100 m croneters. "The coat green”sanples were dried In an oven at about
70C for aboutshape¢senmeceshe resulting green |labels were then fired in a

conventional resistive furnace in air. accordi tQ.fhe following firing
schedul e: 25 ( 1 ) AEAREEMR{YHIAPS tfeﬁﬁwgt&fﬂgni@n ﬁcsfa%nlz@lngmve; (2)
hel d at 350C X f 4 pnute; and
(%) “hel o ar o5 ks Bl acilifer caitbe REREAEy praeting the bfoteaftes GELcH:BY
conposilfe cergbuve. Thbeheesy, whelhestweaer mbrey tanlthed Be prackeaddnd [dintnatadber of the

fired conposite ceramc |abel articles was | ess than about 0.05 nmm The
densi ties of (BEhEr ysing wMPEoRIAte pressr anciemperaturs, £pE exampleradapgnation o JuN

2002 about, 1 Sebat 3150028 EO0R] il SP b ANRL o£ A pleim 1

respectively. fohd éeb®sGtabRi for syiie terapostibmef Alftee 14Rimbeeh, tRe MiltlayerPatén t O
hot cat hode ray tube gl asses at an application tenperature of 750C flat

cat hode ray tSiEtuse sanbscsiintodhe desiredpiages. i peconding to amotheraApproaciter nany)
were hgated to.750C.in conventional resistiv Lhace. T at.hode ray
tbe oPdse pi SisioRgL e, EREIE e o SBA e iy b TR on € G 10
coefficient ofsibdiikied printidgiéchiqued. WieHusPgink jet Prifitifg tethigiqaesyrosi tion of
t he cathode ray tube gl ass pieces were as follows (in wejght percent): SiO-
- 53.5; A103 patisrmed tap Jayer cap b dircptly formed: wighous igervenigg jabradingppblatio 3. 5
SrO - 0.5; Ba re'tcl'g gtg 203 - 0.3; Fez03 - <0.35; and the renai nder at
<0.2. After the CHPRES ‘ray tube gl asses reached 750C, sanples of the fired
ceram c | abel arti Firig ofeliecgrédén, aﬁehmﬁhﬁ%e‘ £11288] pibees poéfedly eudarsniidet ube

gl asses. The tenperature was held at_750C for abouth’i% mnutes before the
furnacédwas t eanditipngisuchthat the sesultan fired labekingludesweubstaptialhpno grganict o r oom 15

t t .about hour,. T r j t 0 _eyval uat
adnest on ot ¢ KRRl oui Srabceafuon., Mok PrRicib ) Brbe Py et p@nds ® iy
of the | abel ssytRatARSRENEMt fifedl8bdliig A1kt PafidRY sinfertd)Qnd Widraé peefétablyne

cat hode ray tube
under conditions such that the resultant fired label is substantially fully sintered. A

substantially fully sintered article refers to a fired article having a density of at least
30 80%, preferably at least 85%, more preferably at least 90%, and even more

preferably at least 95% of theoretical.
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* glasses. Exanple 2 20 A 1000 cnB porcelain ball mlIl jar with a di gnsatJUN (2902
about 13.0 emwas charged with about 500 grans of alum na grinding nmedia (

1.5 cm di afrf £ about 300 grams of trichloroethane) about o300
" MEK) 20 gr arrs%g)a}sgodi octyl phthal ate, 18 grans of isopropanol, 25 grans of

orans of a second b Aceormp i Hgoinephdd el iy Hebled vl ) L 1
zi rconi a powdgnpef@iieRs Eheddsitediraiinilith dirfhg tetiberatdOtndet contitiond ébfecdve cs Co.

Ni agara Falls, NY). The ingredients were ball nmlled at a speed of about
100 rpm for atsdanm pBLErgARigconstifments wihowcansingtheasticle tacsudlep ophundueat ex

ere then bal FoRTNCRCRGA detiRg TR Brethfed MR e B denpadfondih FlleR: °, o

resul tigg bal bfﬁjhdokﬁﬁkcmdm%'ﬁse Wiospheresh hidttht ertitld ifhefted)@hkarhbadland 100
mlliliter capacity) and aced under vacuumat 1 torr ( 133 Pa) using a 30

2 8 JUN 2002 typeofinrgsuigsubstitientpresent, and the desicedssalorrof thekase materiad to e
slurry thickepe ring,stirnng as |iquid nmedi.a evaporated. Wien the

i scodity of T REAFPLY. bas BERdnFare SR eGSR0 By RN e, AT ,
neasured i n agrAfedARGRagY bPdikidRion SIAAS bfen ARAN Milriig NS eXiéRafthg RX&ND! e 1,
the deaerated slurry was then uniformy cast onto a silicone 5 coated

pol yester fil showdd algo acaway e rate slonl endugh to prigvent carbap &rapping imigbelachi ne. The

cast slyrry was,dr.ied at roomtenperature in air f.or about five hours. The
cast 1 afe vasoRRRERt R A B sk hadh el B b bk cor

sheet having gadehayekN@sSonOkappnil Might @AEHRER coldPR thE BASR 188 a@stec Ut into
3.2 cmby 2.4 cmbase | ayer pieces and 2.0 cmby 8.0 cm'base | ayer pieces.

Bl ack col or edheatingwate gan be used gorepng aothedrt@Rmaintgios dimesnsionalsandstacamlont o
ide of the dried. | . i .t0. gi t ting.

Tt ckness of ' Hiekiky Sk BRBRtaiemo bR eeds b Pl FiuiptecR Py biting,

an el ectric owgnyrédn #R8kko Zﬂé%ﬁ:aﬁuﬁpﬁﬂﬁg tehifaRatiRUh Bne SFRofEIfdatihl BEgdy, een

| abel s were then fired in a conventional resistive furnace in arr according
to fol 16w ng &sdésimgdschedule: 15 ( 1 ) heated fromroomtenperature to 270C

at 1 Cmnute; (2)_held at 270C.for one hour; heated from.270C to 650C
at 1 C/minute; andPF ‘)”'ah& thepaxigym 'FB}PC?&%‘%@S@FEWQW Wég’sgﬁ?ti’ kage of

the fired cong Ilirlge gﬁggi@éﬁ?ﬁcikﬁ%ﬁ& th i s%%niﬁ??ant(@)zontﬂc g%%ﬂas%;og -

canber of the nposite amc label articlfes wWas |eSs t'han
The densiti esimbrponated inte thecgregroatitle to éacaitate siraéririg without lass ofidimenzivnak

1.71.8 g/cnB. The col ors, of the se | r..and_ to oating,| ayet of the
fired |abel s ARYEr m%aldﬁ&gswa%fﬁt,ﬁe F%@E%?fﬂ\?&qﬁf‘?mgﬁﬁ&m@m XMWY, i cat i on
of oneogf thefeRRtERpGRuATAR &é@@ﬂtcﬁ@%iﬁﬁoﬁ%&ﬁc@%ag#&@& Héig i§ @Y% shishe

gl asses at an application tenperature of 800 cat hode
then that glassy phase might be too porous after firing, and therefore too weak

mechanically. On the other hand, if the difference between the maximum firing
temperature and the softening point of a particular glassy phase is too great, then
the viscosity of that glassy phase might be too low during firing and/or during
25 attachment to a substrate. The latter can cause such a glassy phase to flow out
from the label too much, leading to excessive stickiness and/or a loss of structural
and/or dimensional integrity.
Accordingly, in preferred embodiments, the maximum firing temperature is
selected to be in the range from about 25 °C to about 300 °C, preferably 50 °C to
30 about 150 °C, greater than the softening point(s) of the glassy phases incorporated
into a label according to the present invention. Given a desired application

temperature, the maximum firing temperature is also desirably less than the desired

25



,,,,,, - £ 8 JUN 2002

- ray tube glass piece (see Exanple 1 ) was heated to 800C in a conventi onal
resistive furnace. After the cathode ray tube glass reached 800C, the fired

ceram c | aﬁ@,;ggg;d]cl e was directly placed onto the hot cathgie{;é41b3te
) el

gl ass and at 800C for about five mnutes before the furnace was turned

of f and cooli : d ! -Bﬁgﬂ-- r. about
45 m nut es. T%%msé\%r?roﬁﬁgm%l]samggsgé@% ﬁ-,[cp:}){{ 't‘)lgﬁp?dﬁ%ly or{{a'ggp cﬁﬁﬁ ﬁg?es@\riﬁ'gce of
t he cathode rsgeCtiglpsoet asisw 184 applafion idhpepitdre Webld He 3614ble. PEH /illifsdtel 0300
Exanpl e 3 Coated green | abels were prepared using the procedure of Exanple
2, except thagxam wnfaugiomitoneldmnﬂmfﬁ?lawmg tab’aisgnawséumhieramgnsaoiiﬁrane
designation "Ti ONA Ti 02" from SCM Chem.cals Co., Baltinore was used in
bl ace of 5t HEMPPIAGHF for e PPBUHE £rehch R PP Hsp iR etbs T hen 1 r eq
in a cogiventional resistive furnace in air according to following firing
schedul e: ( ) heated fromroomtenperature to 250C at 1 C/mnute (2)

hel d at 250C|f orApblieatiors; |( 3FiringJlearpefatarenRAGKEE 1| 0 S6fiBking Point Ramgaruf e, and
10 (4) held gt ®efpefafiire one hour. The linear shili nkage of the firef

conposi te ceram CskgRel arfi 1 Cl e3ohaS (FE0°E 12 Pgr ce%ood@g4g@goer pDf t he
:% ut _0.05 mm

fired conposijte ceramc label articles was |ess|than abo The

densities of |the f750%T conposi t &004T e¥@0°Cabel arti cI503Cwe680°%out | 1.6-1.8
g/Cn*B Col ordofthe base |l avers and topn coatind | avers were ywhitell15 and

bl ack, respedtiveR§0°Cro dejronst SO epPI0°€at i on |of Eﬁ@@°6ﬁ9 70 oat pd

Cer am C | abel O LU T1T1UL uat rnmouc 1Ay UL UJCT u: Ao oL O L arr app: 1 uat1 UTI

tenperature of 750C, a curved cathode ray tube gl ass piece (see Exanple 1)

was heated to 750C,i . j 1Sk f . T i er of the
II\ftgr frifD 3\ Bk ORIk Sﬁﬁé‘n%tah Yfen Bérfagﬁéd in'{he t%t(l%gglls

cat hode ray tube glass piece was about 20 7.5 cmand 1ts thi was
about 0.6 cm (vAlesethettbpelayert ib alteadyspatttmied (gk.abscanseaimkget ptiriitg ox afsimiak

ic | abel ticl di t | to,t he haqt t hod tub
§|e;§21t bef or o R Wavedhas fenred Siner b agegaegiqurrétev&e Igb! aninched ESE‘%J? .
own room a ; r o the
Po %%ﬁ?eﬂ&. THE gocﬁ\c?%gter }r@epﬁf&rmﬂ_&%s ?ﬁﬁ%urﬁ@ﬁé i&f?l‘gxgdg{oﬂo\gﬁ

curved surface of the cat y tu gl ass. e ceramc s 25
observed to bedeingfothytidn) pitedtial informeation; Beaike, @thdrlidentifiablectharagters,ube gl ass.
Exanpl e 4 This exanpl e descri bes the preparation of fired two | ayer ceramc

| abel s whi ch §9FNBEeny of Bisse. R thedikeo e fgde p3tis™ sy be hymange sl ayer and

that can be f QBCP% a i cat |
t enper at ur es #{E&?%%&ra g%%@é,%g%ﬁ%%%] 4 ng‘agﬁggbu? @%{é&% Sdf?He %Y JuN
2002 a A 1000the tike.pbr erabadimeinalin whidh the asdevpatterracathprises abapéodehout 13. 0 cm

was charged with about 500 gsr ans of alununa grindi ngl@rrredi a). about 300 grans
of trié&hlor o cTCREFRNtAYsFXRMp SQf Hhesmany Yanetiepof Sj’r*@h’ee Cﬂ‘il%d{l‘;l}ldi)%toﬁal ate

("DOP")) 18 [ r n 2 f A QF i} hden:and 97.5
grans of a g?ggggég ?{ftg % 5bﬁtag’ilﬁdggsfgg%g’éerreg"%g‘r%té%umﬁﬁmgf??ﬁgel

desi gnati on "DRDQ38de, Binarh LodagBinkyy Coded Ddciraly Buils Eye Cpde, Qadabar Qodas
follows: Sn0O-54.3, 2Zn0-9.5) and P205-36.3). softening int, of 293e;
coefficient ofl-{Gode g C@é@péﬁag%iﬁ 133, @@f@,ﬁ%er Bﬁt??dwﬁ?eitad?latggcq Mt

i ncl uded no . : L3 b‘f'sﬂxj : g'g{ r | mlled
at a speed ofbg%ou%sr@gsB%%t%Sacguﬁ’q{gﬁ?l (g%is. oLt %@é%gg@

copol y2@r | at Erack Symbul Code) EGrdpeiPArticlSNathbeling EAN) NE2F, FdetpenépChle; bal |
mll, and the_ingredients were mlled for an_additiognal three hours.

bal |
About 80 i oFuitiste [ERs ptarnatipna) Article Nusmberieg (Ad0; Interivaved 2@fSoMetit ask.
About 40 grang

fesili : i : i al ' " UF- 08"
fromH C. Star ng Ofﬁyel,’ Rﬁg\l/{\f%:\é)tﬁlg; E \éﬁrjf’gtfégg gré&r‘tﬁg#%gfgc%i gggq:giﬁ
pi gment (avai Datimal, P2riodic Bifty, PlessainFCode) Pfedénte) AbseaceCdde, NN RTC !t he

resulting ball-mlled slurry and stirred at about 300 rpm usigg a
conventi onal ¢aperasschicmgniCeds, SupbwaBy Cpde, TelgpamdicaSegmeacDedipslit 80 ni

of theskesul t} . ] p herr k ( 100
TP er - cagat Toshib o b8 e Bao bf BNZ NS, UbRcfial PhEiel Blde (lr,
vacuum punp tUSDeRAISDL, WSD-8, USD-4 USD-$, USD-6,1USDer] USIME, WagohWhédl ckened
during stirring as liquid nmedia evaporated.

Code, World Product Code (WPC), and Zellweger Code. Of these, bar codes that
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20 Wien the viscosity of the slurry increased to about 2900 cps (ZZB@OJUN 2002
nmPa~s) when neasured as described in Exanple 1, the deaerated slurry was

. then uni fo{v@ﬁglsﬁéﬁt onto a silicone-coated polyester film uscdidusds0300
conventional doctor-bl ade tape casting machine. The cast slurry was gri ed

at room t enpejrabidety [1€:d3hAudOCo I TUBE MEAROP bE 5, IAReriERGLCRSE 5 [@ffabdas then
stripped fromthe polyester filmto provide a green sheet having a

t hi ckness of @d®Plessey Gndd. ers. The green tape was cut into 2.0 cmby 8.0 cm
base | ayer pieces._\Wiite color enanel paste was then br sg. oated gnto one
side of the dried Breeféwqﬁag?é’d%’%?mmf%ags 3 ponyepjent ’E‘Sg‘f’arﬁ’ “f%‘@éﬂ%g? of
about 50 mcr : }Q@@T £330 piMern %0 dHakhed. EF R bieifenanel
powder and 3 gﬁjﬁége‘gﬂglﬁlﬂﬁ?gégib a %thu%gerpt %ntrageﬁégesi gnegtx\élﬂgne’!'M" from
Anericah Art thé aydeGmtteimiacihdesTdiear codé,achar godescahmereah by asedoiocapdiyarde dri ed
in an electric oven at about, 70C for apout, three hours. 8 JUN 2002

' 33
The resul ti ngcgrately Tead e code pattesn imerdsr to.idantify theicorrespording s¥fistraisal

resistive fur | b [ ] I | L L [%ﬁﬂ’“i i 1)
heated from r'?)%r%n éemrrlf)rgdr“éf‘t lﬁﬁgé)?g a%x&?lé{a?gé?é’rg Eﬁltdgé 52%%‘)%{2; e t%d %%S 400C for
24 m nut es bedndrigtepv@ningigacdeWThé widtho of thetbargdapaces, sweell avthemamber The

| i near shrinkage of the fired conposite ceramc | abel articles was_ about 12
percent. The ¥aglecorespond tq diffskent gharpeicts, The magning tg beatiripyted te sucht han

0. 05 Th |t f - ] C. labal t 1.6
g/ cnB. The gofggtpgésg%/glglg%sgg‘géb%‘gg%%}é&aéﬁgx? %Bﬁ%gpﬁcé’ d?‘a?@? g&%e? c?‘lggufi red

| abel s were bina6de Ruersyinitiers, hd behep gRiphicsSyinbolky MestapsitalBy, bangydes cat i on of
one of these coated ceramc labels to a hot cathode ray tube glass at an
appl i cati on t&%pds prmaARlysuMeHeiRfoaBAON. 3 | at cat hode ray tube gl ass piece

i ed coram c 1 anah (e oAs R sohmifighP o SR ftelon SpitRia 1 °°

gl ass, and t hsarted@ssanhdietidas iletrdgaionbedm dfelecibfidgnéticradiation(€g., bef ore
the furnace was turned off and cooling was allowed to occur down to room

t enper &3 ur e dight) whishds SYepherassdbe bargodee Lasardighbiscommanly psaskasdbe t o be
tightl bonded, to the surface o he .cat hode.r a ube gl ass, nple 5 20 A
450 ers o aqcrebebiidh St Aifouth oullr AL ¥ Ifart Ry bl ARed), AXBuaSIERER! © ° ¢
100 grams of @hi®m#sddniprise MAight, gisitsle Lighd, UV Kiht) ofthd likeE Telenire Hifat

mllinmeters and 50% of glass balls with a dianmeter of 12.5 m/llineters;

avai | abl e f r otfif bargasie sheraeiprsiegn bereadgeith goad resplyution ghgywidth obthea first gl ass

frit ("EG3012! . f and it (" ") gram of a
i sper sant 28 SRAPL A § PrfaPhBRCartEzPab bty SRE Semintrgn. TAL
731" fpem Rohwidinef fHedsinkedt bar cddé Shaticten. OWhan tirfifRifopatichdam Kigae babl e
under the trade designation "SURFYNOL 104 E' from Air Products Co.,

Al | ent own, PAjode] the begm agmsflegtediback tpwardsshe sagnper Jihescanngr Bichideni nder

bal i1 ed aropangfh ol el ehF iRty br i hecleal BRI
resul ting sl uinkefropatior beafbieBested from @arkt @Rarattefsivr pertitdglof the bar code will

have less intensity than portions of the interrogation beam reflected from light

25 characters or portions of the bar code. Thus the light reflected from the bar code
will vary in intensity in a manner corresponding to the light and dark characters or
portions of the bar code. A signal processing system included in the scanner, or
operationally coupled to the scanner, then translates such variation in the reflected
light intensity in order to decode the bar code. For additional information

30 regarding bar codes see, for example, Craig K. Harmon and Russ Adams, Reading

Between the Lines. An Introduction to Bar Code Technology, Chapter 3 (Helmers
Publishing, Inc., 1984).
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" flask which was evacuated to 1 ton ( 133 Pa) using a vacuum punp tg 8 JUN' 2002
deaer at e. The 34 2 8 JUN 2002 Wa Q136901 PCTNS98110300 deaerated slurry

. mxture E? oyni formy cast onto a silicone-coated polygst@isdsiibitoUsi N9
a conventi onal octor-bl ade tape casting techni que. The cast tape was

allowed to dry at t; f ldeSiPayid s %&Hﬁ)qmgggwas
then stri pped fron@%ﬁgleplg yesf:'?‘lelkl Ib(r%dtﬁgl proml‘%)eda%r ggn eet W tﬁ

t hi ckness of lhids &ccording rethe psesefitiavention Fohertmplesdwrittg thatourde 6 x 4. 0"
(about 10 cmx 10 cm base |ayer pieces. In order_to produce a bl ack

col ored top IIH?@%CtWtOIf cathods rayitye ghagse@t@c@gntsb@ggrqnaggpp%eg%aw e screen
ted th d
ot T S g, B B SO SO s

of W ng ngt ondesirfd endlitg@s S€ tHRSE chrhporicarts. MAtorderto kBQﬁﬁ'z&:ldlkﬁ'SN}tah@équdmteﬁtﬂ' in an

oven at about 80C for about 30 mnutes. The resulting two | ayer Iabel S were
then cut i nt condigtons was used fox eachorompongnts fmay e desirablg to up@?de the label

CoT et onel aRhE o s ABRARR: Wit R BRRE FAdfif chiEpA GG AERE o
350C for one tBQhEone(é’r)mbn%&ilffB&nf Bés'ﬁﬁ@Qthlti@ﬁ5€pﬂied20 Heogubstegte. and (4)
hol ding at 67SC for 24 m nutes. q’he colors of the base |ayers and top

coating | ayer'ﬁlemaflehéhﬁi c¢dnpattan§|® a/\)@bd oahibe eeadandidegeded to quiskbitandel y. 20
To de strate Pi%g gﬁi 8 %; ramc | abel s to ho cat hode
ray tupe gl as®¥ %BW‘PE SR ‘t’%}?ﬂet}’s ?C%"é@n § PP %%FP ode ray
tube glass piece WidpRsaht hﬂrcﬁﬁoﬁ%‘l‘ho@ Hérﬂxﬁhéxfhe‘ié”ﬁﬁéd%ﬁm feferéix@Qo meanpl e 1
) was heated to 750C in a conventional resistive furnace. After the cathode
ray tube gl asfollowmgexdmpie3C, a fired, two | ayer ceramic |abel was directly
pl aced onto the hot cathode ray 25 tuE gl Qsz and held at 750C for about 10
m nutes before the furnace was turned the sanpl e cool ed down to

roomtenperature 0)(@609*&99%0%&15‘95!‘1 mill j& \bxﬂpﬂha\ﬁ%ier%tﬁ%ﬂﬁ@ Gé}n%sf irnmy
bonded to the surface of the cathode ray tube glass. Exam-ele 6 This

exanpl &S descrdhaegedtvwich abzut i1400 gmmscﬂfamema griading medie(l.5 aaliameteng 30

| am nation techni ques,. 35 2 002 Fir n ayer was
pr odused by {HEMGEETY AT SRRV %EW&’%&EW@A&‘B&! St
fol I'owi ng pr%ﬁﬁk‘%@mdﬁl&ﬁ@thﬁﬁ@a%&% s OF b2 rrﬁét&seqmﬁmt dmf CM

was charged wth about 100 grans of dlass ball %of ass baI s wth
di amet er of 1¢f dwdtyli pmhaéats (@mﬂmﬁa%lkyfavgildﬂs ubdd:rltbe madd'deslaMm‘i‘DOP”S 12 5

mllinmeters), as 0] rans of 100%

corn oil (avaﬁ?’&ﬁaﬂ ﬁgg EEP %@H@&%D% £6 g@ﬁ‘fﬁ?ﬁ“pﬂp&ﬂ?kgg ods
CPC | np@r nat i giiaihyiRhe chibAEE, DD Erafds! It fafirst ldss fﬁ@g availaiB utler HRY thffee. 7. S
grams of a pol yethyl ene glycol (avail able under the trade designation

" CARBONAX NETdd@g}iam_’fEFEMEI\EorﬁiFéﬁ@CcﬁﬁQme\feianm Of; softéfngpm:iat ¢f650°a
Danbury, CT), and 12.4 grans of di OCt_X; phthal ate (" % The i ngredients
were ball m |¢°@éﬁca@nt&f§lp¢é@al efpapsionof 3 1T €L 7 aperams of g seaend elass KHout

10.7 f I boird! !
car bi greaggrt?l Bla%z’éé}ﬂ&eﬁ%z%{ﬁ deg@hgtod (getfllir)??dﬁng&ﬁ%grog’sn’e%ers g%uprg'“ Io(r:On
Graphi te Co., ofd7]e@96vefiitient ofdhétmbt ctpansTon ®F 19/830 10 ¢t/eC)) and €05 gﬁhﬁrdﬂ tt

Gordon M nes LTD, berta,
25 high purity mullite powder (Baikawski International Corp., Charlotte, NC). Both

frits were free of the undesirable heavy metals.

The ingredients were ball milled at a speed of about 100 rpm for about four
hours. About 60 grams of an acrylic copolymer latex emulsion ( available under
the trade designation “RHOPLEX B-60A” from Rohm and Haas, Philadelphia,

30 PA), was added to the ball mill. The ingredients were then ball milled for an

additiona! three hours.
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- 15 Canada) were added to the ball mll. The ingredients were then balq JUN- 2002
mlled for an additional 2 hours. The resulting ball-mlled slurry was
transferred .0 an open beaker and stirred at about 300 rpmusing a

" conventional air propelled mxer having a 3.2 centinmeter blade. The slurry

t t hi ck i LU i
U scostty of -t he AP ISP mRbERIG 8 reshfibl BalTuiR BUARUGRREHIR A 0° o
s) when ”Ea$lh&é€decﬂt8ﬂaiﬁ$250 mbchpacityaadplaeed undeh @actuxi atrletord3pPaced in a |00

m three neck flask which was evacuated to 1 torr ( 133 Pa) using a vacuum
punp to deadsinge vaquum gumprtedearale wmtlythﬁslmrwyasﬁgrqdhéﬂhe@mmbrm y cast onto

a si I i cone-ﬁthl te d80| estt er fi m\a&r&% 500y WE al g%cto e tape
& THEPE 3 g ?3\5&8‘3 %88
e T i sl e
e R L e !

to provide & green ess 0 m cronet ers e green
sheet was CWHrobkied éls&méterlﬁltéarﬁllt%a’moo3 spindd cpedatdid Q00 e[ thei eces. A top

| ayer green tape was produced tape casting a slurry m xture which was
ball mlled dﬁaﬂf%ig@hlufralwaé\mwgd teontg\a 30igorgreoalgdpalygstar fikagismgar ged 30

i th about 50 16 t d t f
o ot S AT ool P e PB e R e
havi ng the gpmégﬂehip@ﬁu(rhmomgmgmjrgent) as follows: Sn0-36.4, Zn0-24.1,

and P205-39.6); 36 2 8 JUN 2002 softening point of 350C, a coefficient of
thernldl expansi ofhofresgltgntxiried, g castngwahthen sttippgd frm th@mb'oaftcmﬁiﬂng poi nt,

t hi | frit | uded P, As , f
it anta powibppRiadtpives it o ok of Booctho Mool abf Poey °
enul sion (" %"@3%@&5 @erte)'m “OredR’ Meary Rt tHé ﬁﬁﬁzﬁlﬁémcl&ieﬁ offMid 731 "), 0.23

gram of defoam ng agent ("SURFYNOL 104 E'), and 20.0 grans of dei onized
wat er. The mn@tMnmtIs tm@fﬂm actuﬂlwlﬁxallapb@rw&@lm theogultipem f or about

three hours. The result q slurr vvas.éra sferred Lo a 10 ml three neck
ek whi chcamtuh Btovided T etpta herPhich S olof  7h8 ebad el bk fhe
deaergf e. Theaodemaivat 6f3|3 SlcHt By2. mciﬁtbhrs@lé&@is 1E&%&n§'ﬁ'ni1&“b€}b’f 2@%&6}”80 a

silicone-coated 10 polyester filmusing a conventl onal doctor-bl'ade tape
casting teclem bmelathwemsBIaﬁp@lmemebme fan Qik@asacn&rmimwm@bberature for

bout 8 h d. t ed,f th filmt
provi de a grBdss Brete Frisaton VERSALOEPR: HFt pmiedren 87 GRLCE BB sheet
was cut i nt gadtaflipolis, m%%! then4nite c&at&poﬁtmoné Qe loR¥ £ dPie@G8en Bhsr?e 1hy& | ayer

| ami nates were formed | am nating a base | ayer piece and a top [ayer
pi ece t oget rpmceataa/et@miegaumsmfabsm 1 10mizeqroeters. &In sonpr sagplase of 3000

p5| 0.7 Ma he .t am nat e s .then

& o Patueiped cndel u? e i Prsigs BRt R besh defaterefad Mot 1
convent | OnallayePpietd Wi adbkt kUktRGRickAesdiof aBift S0A00ikRmichds. f Phd Qe
schedul e: (1) heating fromroomtenperature to 250C at 2C/ mn.; (2) holding
at 250C f or gowwe samples Wed) diivelainian g ven arabdB0TD°Cafod Gigbua B hd@fsm n; and (4)
hol ding at 400C for 0.4 hour. 25 The col ors of base and top Iayers of the
fired ceramc | agéFéeSHFtW%ed‘ lapgleweredbgn fired 1%l¢9’é&"¢“ﬁ‘8§%é€~°ﬁ§‘\)’él y. To
denonstrate méq? labels to hot cathode ray
tube gl ass aft‘t?ﬂg%ép :%%ﬂaa?P%r:a]n ettr}rp?éer ake mggg%g@alg flat cathode ray tube
gl as23i ece Wit h($) ze heite@hont roomefiperatird tdd33070at °Gniifatesee Exanple 1 )
was heated to 30 530C in a conventional resistive furnace. After the
cat hode ray tube (2 ashelde 6@ for one hour;

3) heated from 350°C to 675°C at 2°C/minute; and

4) held at 675°C for 24 minutes.
The linear shrinkage of the fired composite ceramic label articles was about 12
30 percent. The camber of the fired composite ceramic label articles was less than

about 0.05 mm. The densities of the fired composite ceramic label articles were
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2 8 JUN 2002

* 530C, a fired ceramc |label was directly placed on the hot cathode ray tube
gl ass. 37 2 8 JUN 2002 The tenperature was held at 530C for about one

m nute before- the furnace was turned off, and the sanple was allowed to
" cool down to roomtenperature over about one hour. The | abel was observed

o De 111 BGFSd 7 Bohic TRIESRR Ble SA1E BE BOFIBO LR AR Ot BThecd PxETD! @

7 A 450 nml glass draneter o W't h about

100 grans ofcoﬂIéJ@Sisem&hﬁ:léﬁéD%eﬁe viltiesdidddksrespdckivelydi amet er of 16
mllinmeters and 50% of glass balls with a dianeter of 12.5 mllineters), 65

grams of a first Ty édeisorsrate appliyation of jhe cpated cansmiolabals e betrrathodasay fri t
"DPMD04"), 20 f sil.i 10 bi ticl €} 1200,
i meror b B BARER s B sPrEhY SETRRC o SRR A 20, e

f CoGy FeNi ' " E- 3794% ' . ("TAMOL 731
'(')) , 0845€glr aIIr:IIC%g kfé@?ﬁ?nmr?gé oﬁeﬁtﬁéhébw)ivgﬁgEgﬁéé%ys‘gag?%%s of acrylic
copol yner | ao¥erivdhisreastivel fafifce. (TR rBpibe klas@pidceiOvte 8ath Houdei oni zed

water. The ingredients were ball mlled at a 15 speed of 100 rpm for about
t hr ee hour s.5 hautO cnog Oficrofand had 2 eeafficientgpfshermal expagsion ghahat P&k t o a 100

m three neck 4 whi ch was en gl aced updey vacuumat 1.torn ( |33 Pa)
IS ng. & vac ARl Shnhe et ol Meruaiiods oo SPeSlest BiFvey oS FLRUOUALY hen

uni formy cast: Sighh CoBLs Cophedspo t er. fd. hMm-usi nventi onal
doct or - bl ad?%lglgrepe gcaes )i r?gIl:]d)zt ec '?ﬁ%@g? er%éI\IIégt 8’t7é1|IodéI)\/\/aj'télgs’a g%i‘mggét o dry at
room B t enple?7aPuOe- 1308; S3hod.5;IBath00i6s Sblhe (43;iFed0t ap@3feamdithen stri pped

fromthe polyester filmto provide a green sheet with a h hi ckness of about
200 mi cr onetremgindgiha <@ ehfterribecathpde ray tubeglasses reached 780°Crpamples of (10 cm)

b I ' . _For, , ti f whi t I I :
moxture of AbSHgRssErte 1l BLEER vore SrtuPlates bF el E oA RUABHICS  Gnat i on

"A-4" Trom THaaps ofhefaa fowaOheld BT3PV UBr abll 10 i@ BefBfe thi€ ol ass frit
used in the %Iop Iayeer 0 Eg?angl e %, an(I?S gI%m; o? tIgIIanl C Sowder ("Ti ONA

Ti 02") was kutsbedaotirted dfeaibhe shiayles wetecdlRvedito dodl@dlvnng rédthckness of
about 20 mcronmeters. The coated | abels were then fired in a conventi onal
resi st3 ve fUpmaatrsovarabetone dpwg The sermples syareoxamined tocyaluate 30 (1)

heating fr oy o0 LARPEAS bk indk SastRG i cRBY Y8 ofliths( A fiaheli g at 450C

for 24 mnutes.
labels were observed to be tightly bonded to the surface of the cathode ray tube

glasses.
Example 2

20 A 1000 cm’ porcelain ball mill jar with a diameter of about 13.0 cm was
charged with about 500 grams of alumina grinding media (1.5 cm diameter), about
300 grams of trichloroethane, about 25 grams of MEK, 20 grams of dioctyl phthalate,
18 grams of isopropanol, 25 grams of methylene chloride, 48.75 grams of a first glass
frit (“EG2712”), 48.75 grams of a second glass frit (“EG3012”), and 52.5 grams of

25 monoclinic zirconia powder (commercially available as “HPZ 1000” from TAM
Ceramics Co. Niagara Falls, NY). The ingredients were ball milled at a speed of
about 100 rpm for about four hours. About 30 grams of acrylic copolymér latex
emulsion ( “RHOPLEX B-60A”) was added to the ball mill. The ingredients were
then ball milled for an additional three hours.

30 About 80 m] of the resulting ball milled slurry was transferred to a three neck

flask (100 milliliter capacity) and placed under vacuum at 1 torr (133 Pa) using a
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«+ 2 8 JUN 2002 The colors of the top and base | ayers of the fired s%&&N 2002
were white and bl ack, respectively. To denonstrate application of the

ceram c | abel.s to hot cathode ray tube glass at an application tenperature

" of S30C, a curved cathode ray tube glass piece with a S size of about S cm

x 10 cm x O. 'ﬁﬁf : ] i,onal
resistive fl}lrg%ug@eé %ogaré g‘?ﬁdg%%“i%ﬁ%%‘z“'ﬂg@ﬁ%‘tgag?ﬁgg“‘?’gg@ﬂﬁg&@%@g a fired
| abel was distiriniglay liphid eeediacsvaporhted Wihien detvisedsityrafythd sivey ipbtesedamnd hel d at
S30C for about 30 seconds before the furnace was turned off and the sanple
cool ed down abont2800rensdAY¥Er mPais)eas aneasuretbivpccaydanch with theTyiscosifhmbasueing obser ved
to be firmy adhered-10 to.the . surfa of 1 cat.hode ray tube..dl ass.
Eanpl e 8 TRFESAE AHPETmIE L Pp a A Furl wislfe SNBRRG Cenlo PRIBRE, i o
| abel dusi ng chawsd petyésen fitvi ahsing alcbivgniirtah BdcorelsladeABpd daktirigmabhiriee Thayer green
tape was produced by tape casting a slurry 15 m xture whi gh was ball mlled
through f ol IBHSHEY p¥as dBER Rt 0oR tempprafpredh 8 oy abput fivethoursyiTAREASEIPB!  about
7.0 cmwas %&%Qt%w QHd {Joﬁ%lt&’ﬁﬁﬂ?o vﬂle%%?eeﬁ%hée%hz(vﬁg/ﬂ @ickgé@ss balls
with a diameter of mllimeters and SCxn of gltass balls with a dianeter of
12.5 mi || i mef 85@injcr@setgrsaifbe gfeemshpetwas dut into 3.2 ORNE0A4 ym B lgyeapieced tit anic
powder (" Ti ONA, T O~ 0. ram of di spersant (" TA 73 .4S 20 gram
of def oami né‘"gal}rﬁm ?gggﬁﬁéﬁgigiﬁiwé‘ﬁ fick g’qﬁrféﬁ%é"&'\é?pﬁ%‘bél | at ex
emul sien (" RIGEDHIRD wirs WA brushadsted Ontd oAETHIdO bf HeUAB Zeéh bRt Biyer pibRs to
ingredients were ball m|led at a speed of 100 rpm for about five hours.
About 100 misivsfa veteosting thicknegs of abpptSOgpisrametersf The eagted @rogn SYOPISL WElSr ee neck
fl ask which .1 he : t (133 Pa) using a vacuum
punp to deag\ﬁg@en.%e%§g$g§g§%$£y%$$fﬁ%hx euhgglts\'/vas then uniformy cast
onto a silicone- cogir&dltingloyes ielstdréithds iRl in aGofiNveRibnad falsti kofubmice bl ade
tape casting technigque. The cast, tape was allowed to dry at room
t enper at ur e ' i 2¢a9Fding tfolhing firimp echgdyley t ape was then stripped fromthe
polyesder filmt royi r i [ of 1 SO

i) Qgﬁ e fited ﬁm?. 16 taxgp%%tu tb 57@’62{9 1%@@&}

m croneters. The 'green tape thus produced was cu 0" (10 cm x 4.0"
30 ( 10 cm piecegsy Omgldak 2vdres@r 8fear;pi eces was stacked on a bl ack col or,
green base | ayer tape (thickness of 200 m croneters) produced in accordance
with Exanple 7. 39  Aeatedfrbdin2702C WH50°C G5 UMMinBET Ad 598110300 The two
green pieces were lamnated at a tenperature of 65C for 30 mnutes at a
pressure of 3000 (ki (helyl ap 6RGEE) for Fhminuigs. | ayer | aminate was then cut into
1.0" (2.5 cnm X . } For t.he.pr i.0on I col ored
top layer, a m xfrt?rgémé%rjsgr@{%? gl}rr@ggl?edscaﬁl 8%%ecegﬁnﬁgth%gl—a% 3]?J‘¥?Sga$39r}gli§of a
glass2Grit (peoPMD4e ramberaffitheJirgd anmsposite &dranic 1itied) antinles pasddey than F- 3794"

CoCrFeN, Ferto Corp., Ceveland, was brush coated onto the ite | ayer
of Lhe gr eot (ATndRE USFSI0ES oh T KoM S A3 GHf] ST PP SEOFe)
three-layer 19atal TrRh@lorvesht bae lzfyefﬂﬁ!itb?c@qti%gmy@ﬂéﬂtﬁ@ﬁired%tﬁ?sh&dr@?' Iy
resistive furnace in air according to follow ng schedule: (1) heating from

room t enper athiteand blagls gespegtively/ i nut e; and
To demonstrate application of one of the coated ceramic label samples to

25 hot cathode ray tube glasses at an application temperature of 800°C, a flat cathode
ray tube glass piece (see Example 1) was heated to 800°C in a conventional
resistive furnace. After the cathode ray tube glass reached 800°C, the fired ceramic
label article was directly placed onto the hot cathode ray tube glass and held at
800°C for about five minutes before the furnace was turned off and cooling was

30 allowed to occur down to room temperature over about 45 minutes. The sample

was observed to be tightly bonded to the surface of the cathode ray tube glass.
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* 10 (2) holding at 450C for 24 mnutes. The colors of the top, inter N%(#I AW! 2002
and base | ayers were black, white, and bl ack, respectively. To denonstrate
applicati Y akdeg ceramic |abel to hot cathode ray tube gl g&spaéesadsoeo

" applicati gﬂo?jglrsrper ature of 530C, a curved cathode ray tube glass piece 15

with a size of about 5 cmx 10 cmx 0.fx feSge Exanple 1 ) was heated to
530C in a conventional resistive furn&@l—mi}:r'['er the cathode ray tube gl ass
reached 530C, the Coated greendabets Weategirepaxed using thd propdduceof Ioxample Be hot

cat hode ray tube glass. The tenperature was held at S30C for about 30
seconds bef or BX¢€R thﬁh‘r"ﬁa@é’%p&?m@ﬂcﬁw aXﬁ‘&P‘?{l%B“‘i"é%ﬁ 'Ea‘{ﬁafgesﬁp?t&ﬂﬁed to
cool down to & eF I v ; t

observed to beﬂ?ﬁéﬂ y édﬁze)@es?lgoﬂti%égglgg%g’c%ﬁggm?ﬁy I?:?at ggéeeﬁﬁglyl%%g gl ass.
Examul €59 To pieesreogian Thasesultitigegreérnlabel aatidled wete femfised iara comvvéntiondl anet er

of about 7.0 cm was charged with about 100 grans ofagl ass balls (50% of
gl ass bal | s wresistixe fsnagednairacceiinggofpllowing faning schedulgio, of gl ass bal l's

with a dianeter of ,12.5, o]} ENELer r ol | ass frit
("DPMD0O4"), 65 grans of hga%iegjéﬁi Bﬁ)atggé%ﬁz?&(tggg%@ﬁ) Td/'i‘%%g’gr ans of
graphite powder (Sprri helda@ersesC Mrirssoues;D), 0.5 gram of di spersant (" TAMOL
731 "), 0.45 gram of defoam ng agent ("SURFYNOL 104 E"), 12.8 grans of
acrylic copol yner (3t ex heated foom2H1°Cder6588C at REmRIimMe;Bnd0A" ), and 46 grans
of deignized water. The ingredients were ball mlled at a speed of 100 rpm
for abd@t three hols. heldat 638°Gfarpnedouri||ed 40 Z 8 JUN 2002 gl ass

fiber (availabl e ustlefrLieyltade 951 MR E30EC B2 s LOI, QB8

Corni ng Co., having an average er o croneters and an aspect

ratio of 10) waperdsic XHeQainber 6£h lfired\oripésitetetanti6 14delirtizles Wie lésB ghiaadi ent s
were stirred at about 300 _rpmusing a conventional air pr ogel_l ed m xer
having a 3.2 ekpuOdfenme Thediensitigpohthe Sired pompositejogramie lahghartigles were

about 1 torr (o3 BkP e CA86 ot AT SxtiThios MR R0k ANl ERNNE,,

sl urry 18 xt ur gnd\Black,tespebtiveipr nl y cast onto a siliconecoated polyester film
using a conventional doctor-blade tape casting technique. The cast tape was
allowed to dry at rdecsiemonsipate applicatipn of ane of thegoated cerantitlabslg tejhoted t ape

thi ckness of  SBEHC B 5UR BrBRL PaPPHFIG EEREERIE T AL L AEUNAASATOR (2 5
ol ored top | e gRE e UK ERYRIET) s nchted b0 K onlit®il (€ o
of a gl ass fr irdsistivORMAE. )Theadizmdtegofths cathotie ranube ghsppiacteway dotNA Ti Oz)
20 i o Dot or 413 OPR AN 55 REkRGTCRPH FALD. LS. PR o1 PLpde FBO AR | onal
oSl Ui ve Tur Babfed o, o FELOCALAE 1h aREAL Olak QLGN PEOGGincthel ). heat] 1o

fromroomtenperature to m nut e; C for 24
m nutes. 20 Thathodd ayutsf gladzdeforp tifiiriems avdsayeied offf andiveoling wis alldwéd r ed
ceram c | abel were white and bl ack, respectively. To denpnstrate

appl i cati on of0 94FEr down & Fromy temnesatpEe Qver 3@ minutes.| Ahelabeleapidy conformse ray

tube gl ass at i 1 C, f . ray tube
gl ass pi ece Wtfﬁe%ﬂ&e?&%&%%ﬁ?@%ﬁ@&%?f@é ecérl?%‘ (5”% c@%ﬁ'gg%te@gr?rpl e 1) was
25 heatXsd to oBépvédtodeaiphtle bohdetto the furfdce \Of thd atanie rayfube gldsie cat hode

ray tube gl ass reached 530C, the fired | abel was directly placed onto the

hot cathode ray tube glass and hel d atExsmpledr about 10 seconds before the
furnace was turne f I ! I
tonporat ure over abBt e ABRMREE i HeBi ES ARa 00 Iyl s B
adhered to thevhidH inalide Qftop, Whigadoagae1ayeyandOa bldblebaleadyer and that can be

fused to hot cathode ray tube glasses at application temperatures in the range from

30 about 470°C to about 570°C.
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Liter) glass jar wwth a dianeter of about 14.0 cm was charged w th about
1000 grams of. gl ass balls (50% of glass balls with a dianmeter of 16
"mllineters and SO’/oof glass balls with a dianmeter of 12.5 mllineters),

800 5 grans of ir . r owder

(Superi or Graphl QB@E}, p@Eﬂgmr%g%qgf%“h %%@gﬁ%@é?&(lg’\%élrﬂk%?e under the
trade desi gmahngahWItENEﬁmo@ﬁzMOfﬁlnoma\/g‘rhﬂmgwqm ab&b\BO(Yg:rams , and 530

rans of a ture of 66% by vol u with 34% b I ngl. The
?ngr edi ents tﬂéﬂ%mf)ﬂa‘f“?e’ ﬁl?q“OF g@{nsg%go(ﬂaqw q’O fpgg' féﬁ?o(uﬁbga) ur. About
105 grams ofg amsméapvéymlg O/%( f8 of fnéth reh@msmmmam rains of @ gBisdfiR  Of

pol yet hyl ene gl ycol METHOXY POLYETHYLENE GLYCOL 2000"), and 100
grans of di dgbtmme¢)ﬁpm£eab€0(p ID@GET)thGAEaCb dgsi geagion GDPMS0B24nd having theThe

di ent Th
osulti ng bAbTPRsifEtn SBish: dPrcead e Feloail sPOT 4L, BB S BRI B0 Dot 15
175 grams OfsoftkdiA@pbinto3295C; tbetBciett A ferhhleRpaliiniof908x APEPIgEhdi anet er of

13.3 microneters and aspect ratio of 10 was added to the ball-mlled slurry
and stirred gss &bomlucg@@lmﬂonﬂgsﬁmg?oacémmfemlb ohlag msnerhemsow baébknmeder
having a 3.2.cmb sl Xt ntra sferyed

gal lon (3.8 atd ts%eegl opi?bog{ ’Bg‘[ttj S8ont'Fout a\g V\ﬁgoé co oly fa?ex

aval e un eSI gnatl on

"NALGHENE" f regiuldia @RBI@RME)@imagpwerkhﬁen%Gdand thsd ml\llmnllr, @Ad tﬁé 1@i‘ecﬁ?en$speed of 1
rpmto get rid of air bubbles before casti ng onto a _silicone-coated
pol yest er fiwsss ball myled formiaggitigna) dlree E‘E}ES cABeut §8 miof Hhegesy t%ri‘m"é’ct ured by

AEM Co.,  Sanniihe0@ns fdisfetBER a i %‘sﬁé T3 99?&1'1&#15? The dri ed

green tapes were then stripped fromthe po yester pr OVI de 25 green
sheet s wi t h (eomiinercialiy agaitableab SUF-057 from B.(oSerakrIsc., thtongéd Fdddts were cut

into 4.0 10c he onofavx/mte
col ored toé EULT b@kﬁéﬁ(&iﬂ:‘é\gm‘%‘m{ rglvagaq??? Bﬁ%ﬁ Ergm] §F° % YEF anet er of
about1¥2. 0 Gidused thd@Egesk billt hilRE Qlitry 208 st abdut D@ FAn bahg 8 Wi th a

di aneter of 16 mlllrreters 350 grans of a gl ass frltﬁg DPIVDOSf), 150 grans
of titanic peREational ﬂrmeﬂ?mlwr hayingga 372§9r§metgfbl%ﬁo At 80 ekqfdbe (" ENPHOS

PS21A"), anqeﬂ%ﬁﬁ"n_?%gﬂfﬁra é%é’ Emsfé??cﬁtté"{i Fﬁr% rrelﬁg%h&y(léf@ln“ﬂﬁg% %h 34% by

vol unme et hano di énts were ba at a spee rpmfor
about an hound pl@bcﬂﬂ;ncﬁﬂvﬁug}natrt taf (133 Pa) @ir& GitiNnz @ Ap podepeiarewhilehe r al

Al drich Chem cal 5 gra ene METHOXY
bOLYETH ENE s D The Sl BisRepel dote NirBE g Foul P BT ) v o
2ddi t75nal “m%a%&“m?‘@sg@%? AL Fro 4B 2006 o200 BBL S For red 1o
a haljf ]galll oma@urﬁd@sdiqscrdre)i 1@E&$ﬂplclblbeﬂ¢?rz(t€d\%mﬁENEs themuini Sirmiy gastI olled at a
speed o r eaer.a re casting o a silicone coa ed
ol yestor f 9 1 8lisegedonan boloestd T SRR RE AR A S S g1 een
tapes were thefinet ri pped fromthe polyester filmto provide green sheets
vmth a thickness of about 80 mcroneters. The green sheets were cut into

.0" (10 cm) X Eh@caS( slgrzyafaédyxqut repademperanee bx aix fos gbouiiivedonsst or ed

i ec o nt ac fo forma
lo:abelf%awsnglL ﬁ% g? ‘93 8“? Bid(fr&%tﬁaﬁgﬁgtergqé‘ttg 9‘%@%‘9%’%? eﬁof 65C for

5 seconds athaamrgraaﬂ&uﬁ@ss@f 382 fhidsefersl - Theldrégn tagéwad atlinateFEcmiy®.0 hen cut
into 12 mm x 60 nm pi eces. The resultln_@g green | abels were then fired in a

convent i onalcn basedayey pieges: i bise folorgnamed paiteiWaythen brush cpeied enjorpge 15

schedul e: 0 Q d at 400C
for 0.4 hourS%déﬁ{RR ?Prl%de cerlgar?‘lg?:a%'le g eg awg;%et gqtmégh kr?e@gﬂf%r) t‘? ode ray
t ube gl assesmictfifeters. The paste was a 70/30 wt. % mixture of white enamel powder and
30 squeegee oil (available under the trade designation “A4” from American Art Clay
Co. Inc.). The coated, green base layer pieces were dried in an electric oven at

about 70°C for about three hours.
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" Exanple 1) held at a tenperature of 530C in the resistive furnace. 2TBeJUN 2002
| abel s 20 were allowed to firmy bond to the cathode ray tube gl asses

before the fwnace was turned off and the sanples were all owed to cool down
"to roomtenperature. The ceramic |abels were observed to be firmy bonded

to the surface ofyf e, Al nods RY JhitRE JHhEaRETed IS MALLRiBPreki@E S OF the
h cﬁecﬁ%y a ﬁ% uced‘ﬁby a s?‘?g‘?

ceram c | abels were then aser beam pro 1c C02

| aser machi NMarragy & difkdcordingley follbwirg fatlgy dhedwganrat i on 25 "MAC 2000 C02" from
Dynamark Co., Bloonfield, CI) in order to expose a portion of the

under | yi ng bl ack Bhse heatedrfrom goonh temnigyaterstodBaIC @io%@lrpamteem on the
surfaces of ceram.c | abels. 4 r2 8 JUN 2002 What is clained is: 1. A

3
conposi te mat eri d2) suiRbpeA00cE forddemimtes betqrp spolmedowndgipomi ng: (a) a

fired geram c body conprisi base.l ayer, the base layer 5 including: (i)
a fi rsf gl assy phase; V‘Pfrag&??}‘f?ﬁwggf’?}a%t ory phase interspersed with the

first gl assyriharars siritkadd 6fthe Brdompdbite eriificebel aRRMsavAfabogi 12 Ng a
substrate at an application tenperature; and 10 (b) a top | ayer provided on

the fired cepexeent mhgeh of tiediredsyelayer cendmicdahets wasoless thamP08 a8m. bet ween

the top la and the fired ceram c bod uch t hat odespattern is

onci eart y i Taesiy' the B GEF AT CeRBNY 1RG4 B BRR P EbERARE © e code
pattern. 15 oF.thé'bdsMBRA dnd thRt&iting/layek dfaké ArddahibdlaWereibitkang Wiide! at e,
conprising: (a) a fired ceram c body conprising a base |layer, the base

| ayer 19 ncl udesngetivdly. a first gl assy phase; (ii) a first refractory phase
interspersed with.the first glassy 2 ha the first . ssy phase being
capabl e of wettin gerg?fﬁgf’}efggﬁ?ﬁ%ﬁﬁggﬁf)?f@sﬁ ci?ﬁtefié:ﬁﬁg}lg{%Fg;togﬁat (b) a
code patter i i : ] r{anpct i

sufficient Ebgpg)?gg%ﬁglr)ggltag%%ta&égﬁﬁﬁaﬁgﬁco er%g{!‘{oefra%n bteg’eyﬁtr%ggﬁgeer am c
body such t hay tbeqidaie pjeaé (s2& Examplepit)iof abdut 5dbins & 0% 6.6 ¢ wds hddied wonposi t e

material of claim1l or 2, wherein the code pattern conprises a bar code
pattern. 4. apest T¥pogh fieedpgramit dgbebwagdisgetly plased on therhat sathodev@y 4l i cat i on

L000c5 an - B S e AR REABPHegRInGIes PRIOTE teprey ot n t he
t I i i . f i ected froma
bl o 1 Rlag BaPARAOE O and e iiing e lIBRER [ odtBE Ebhitto RBREET O TTOT 2 ¢

5 6. The conpmpefatiréraverabant 30 mibueis MThe ceamiclabelt i dbegrvedipecte wghtlpr i ses a
second gl assy phase and a second refractory phase interspersed wth the
second gl ass3engedtacthe surfacgof gherpatode sayilibeBlass. of claim 1 or 2, wherein the

first refractory phase 10 conpri ses L.Lste plurality of refractory
particles. ﬁél’n f¢s

20 A 450 cm’ glass jar with a diameter of about 7.0 cm was charged with
about 100 grams of glass balls (50% of glass balls with a diameter of 16
millimeters and 50% of glass balls with a diameter of 12.5 millimeters; available
from Jencors company, Bridgeville, PA), 50 grams of a first glass frit (“EG3012”),
50 grams of a second glass frit (“EG2712"), 0.5 gram of a dispersant

25 (commercially available under the trade designation “TAMOL 731" from Rohm
and Haas Co.), 0.45 gram of a defoaming agent (available under the trade
designation “SURFYNOL 104 E” from Air Products Co., Allentown, PA), 12.8
grams of acrylic copolymer latex emulsion binder (“RHOPLEX B-60A”), and 30
grams of deionized water. The ingredients were ball milled at a speed of 100 rpm for

30 about five hours. Some of the resulting slurry was transferred to a 100 ml three neck

flask which was evacuated to 1 torr (133 Pa) using a vacuum pump to deaerate. The
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* 8. The conposite material of claim6, wherein the first and second Zgﬂassy
phases each has a first and second softening tenperature, respectively, and

., Wherein theysegseey softening tenperature is greater than thepdtfi88s/10300
softening tenperature. 15 9. A | abel ed cathode ray tube, conprising: (a) a

cathode ray t ' s t IS b 8icBRE-S6diéd v& y one
of clains 1 -H gﬁﬁgg}ggntﬁgﬁ{rﬁg%alﬁﬁggggﬁg@ cftilube. ggﬁllcgﬁéAdrtrgé%ogesg%}
appl yi ng a cofijimusing aceneeritonhbdertorttdade apbedstiag éschampupr The nast tdpe vatseps of :

(a) providing copposite material of any on f clgi 1. - 8, (b) heating
at | east one aﬁm&ecg'grd}wfcmgﬂb?mpgfaé“rsrfmt %i’é’“&gﬁ)rg%%’ist gﬁ"g&f‘@ﬁi fape “?% ‘%"é‘ t he
application tem i . ' site
material to the Eﬁ‘ﬁﬁ’?ﬁ’g‘{‘%s@ﬁ%ﬁ&%%@i Ioﬁ}rg@%dlﬁgsé pégq Setllgét; p gg}gc oﬁsdgp{g(?ot he
cer am c5subst nAtremefets. Fhargret sheeowvasraltiing 40°to#08(abaut 1@ fctrac 1 O cin) basec ode

article, the nethod . 30 conprising the steps of: (a) providing a ceramc
conposi t e sui 1aYBY pieeesy In axsler ihproduce ablasks celored sap iaysy wigh metal, the dred ) v LuuL
(i) afired c ' conpL.s r Lhcl udi ng:
(1) a tirs: Hhblse et sRAPYCR kel tidy it el inAIE BNFRadd C 1 T
the first 5 glcmierphaliy@vailddde findes thegtaiz¢sighation (RD/AG 6 FQ®ilfteen Bf1. wetting a
substrate at an application tenperature; and (ii) _a top |ayer provided on
the fired cer Rpentsisdyemenss apd Compeny PhY ibyingione PE). The s¢reén printehmetabp

| ayer the ceram.c..c I 10 1t V@] d erein there is
sufficiq@nt COPgﬁig%ﬁmﬁﬁﬁggé‘ﬁ 5%8%‘%?3@%‘3‘&‘1%9_@? g%oglg_gﬁﬁ%g?tle%d ceram ¢ body
such that the bar qggeesBRIing@Hd lhyer ¢belsORére Xhel Gt Bitdi107q2.5letn) A3.02t hod for
making a conposite refractory code article, the method 15 conprising the
steps of: (a) (Phom)piaces andciinedin e conveptionalgesistivedfbinace o aif adsordingtoethe
substrate, co [isi ngé éil).a fired ceram c body conprising a base | ayer,
the base | ayef1WePadig* €20 ( 1 ) a first glassy phase; (2) a first
refractory phase ipher SRefiifpdrdthirborh Rmpdradie & 08¢ RDeSHindipe. first gl assy
phase bei ng capabl 2 )of V\Btttl ng a surBstrgte a? an appl Pcaﬁ%n tenmperature;
and 25 16b) direct!| y2) or hblding &te3 5000 dorpamtettmury by depositing the pattern
using an ink jet printer with a ceram c _ oxide or netal containing ink or

depositing the conf®dsit heatingremaRozC me15°C at 2 C/minute; and
C)) holding at 675°C for 24 minutes.

The colors of the base layers and top coating layers of the fired labels were

white and black, respectively.

20 To demonstrate application of the two layer ceramic labels to hot cathode
ray tube glass at an application temperature of 750°C, a flat cathode ray tube glass
piece with a size of about 5 cm x 10 cm x 0.6 cm (see Example 1) was heated to
750°C in a conventional resistive furnace. After the cathode ray tube glass reached
750°C, a fired, two layer ceramic label was directly placed onto the hot cathode ray

25 tube glass and held at 750°C for about 10 minutes before the furnace was turned
off and the sample cooled down to room temperature over about one hour. The
label was observed to be firmly bonded to the surface of the cathod;e ray tube glass.

Example 6
This example describes the fabrication of a two layer green label using

30 lamination techniques.
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*wherein there is sufficient color contrast between the code patteri? §nidJN n2802

fired ceram c body such that the code pattern is optically discernible. 30
46 . As

’ A[ A Af . Ay[%A@ Ayn% Af . AyH% A, . An. A A~. Ay. A A H Ay% Ayn. Ay% Af AS9. An. Al

% A8 5 e e e Y e W B S il A5 20 AL
a] ca] ca] ca] Cxam@akaabmahﬁnedﬂlﬁd\@}xqamw@@rd&aﬁ@Lﬂxﬁm&hﬂ glajGjar with a

<a]cT
§ fg\lf]% fytjof i) Oy apearonf s | psapos pbay balls (CO% o
cMa] cal] ca a a
ral!’ #c$$&X<§lls %}?ﬁ%lv?‘(‘ @%ﬁgé% chll%]g ?k?ﬁ%@?b%&@%%%??%ﬁ&%éﬂa calca] ca
1ca] ca5 ca] cajxahiimetdroRbs gl ofal dak @i @‘M QagrambbE 800% pheadobd * * %6r| ++

, N---. V.. / C0000001" 2r 2p334 444! 5C5556{ vq c?{] cal ca]ca]caJca]lca]ca]calc
a] ca] ca] caU] @h(gyaiddble uiden thedTada designaiiona éi-]% ]0(5131139&]1’@9]1% RBa] ca] ca] cal 6

cbee( =3 Lﬁ%@? ol arRapran ity N0y LS Eaps of tolyeng, 75 grams of a

U c”a] ca] ca]% 19&11@8 1661k SAdG I RAderleSRhsdnCad SARBOW AR] ca] ca] cal ==F>
>>?p?0?7?7?A k BBCDDDE3F} GGHkH~yt oje [V]ca] ca] ca] calcalca]calc
a] ca] ca] ca] CMEJMXXLB]%YETHMM@LX COL 2000~ from Union Carbide Co.,

A v BRI SR B4 € BB B Gl G 4. o S Wil ca ca

a] ca] ca] ca] ogiGalaal & &ka%fﬁﬁdlﬁfim?ﬂrﬁ%%bﬁlaﬂi&aﬂ&ﬁﬂ CﬁbbuY\féﬁZéZ,%E bf 9\ \\ &] s]

11111 _f_" a”bbc6d~ddel eeef {vqgl gb] X] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

c?] tC?IU] aaU] Zmlwaﬂlmmg]n(ﬁﬂrﬁ]@ww}l@q -5 &8 grdmadicéljoon]cadiideparadlésf f gi gggggg
3 o] ol en digradd AT ALd %ﬁpﬂ%}éﬂ#@ﬂ@%ﬁpﬂﬂﬁf@a}t&Qrcﬁbe%?ﬁeaq ca] cau

lcalc IL]) and 14 grams of graphite powder (Sherritt Gordon Mipes LTD, Alb
a] ca] ca] ca] caJca] cal qq) grgr rl()s {ss"tiuuv+vxvvoam xxzXzzz{{* {t{B}I r{vql gb] X] ]

] ca] c&f ca] cTamliaayerajpdddd) toaheball mill. The ingredients were then ball milled for an

Wi
Crox Ty 0] waF B AP G Gy e 20} LAGRBL FEF CH a1 FES Pt CUTCeFeal cal ca) cal
cal] ca] c” a] ogthgdlsmalaatsal %LP%@@MU@J@@]:&%H@&%@%@W&]@ mixer

3{vqgl gb] X]]] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] caU] cal]ca]Jc
a] ca] ca] ca] cvor] €A P ceafjtondtehlads. cﬁ]dﬂl]m]wa]lma]mh‘]mel]dma]lg atirrm@@s pTJIY;

DL et cael SR R

Z] ga] ca] ca] cé]" ] 0] (Pa]( a]ocalja‘rIl %?]‘Y:% 7Y edafge cEg dm] *]“épa‘f (l:a(]hEaU] calUl caV]c

aj ca\/] ca] ca mixture was placed in a 100 ml three neck flask which was evacuated to 1 torr (133
Y' i V?2(yp] & x| val gb] ><]p] ] ca] ca] ca] ca] ca] caU] cal] ca] c"a] ca] ca] ca] ca] ca] ca] ca]c
a] ca] ca] ca] clgé] @a@ea]@aq%pé@péa}iw}@a] €hy é@Ftaéf]dcsd‘ﬂ%@lz@wwf] ¢mya[ V] cal)] caU

8] cal cal ca CuTeETEs Rl RS U Bn 2oL SR P B e vngpgal docor

, | wr mhe™Y] c] wladecape edseing feahﬁqh@ al"l@@&a@,alal];whgal@dvcaﬂ toalr¢ ad rodinaempéarhfand caj caj ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!, ?ACF6I Adq} | wr mhc] call ca]c
a] ca] &3] ca] ciay akqu & heutsc Alhealkicd tans|veas]then SHp fﬁa]lg@]RSéX%E]\él\L]lé(a] ca]ca]ca] c

Z]U]c g]a]c g]a]c gia]c&g}, g :%i)g’é >r TI t Wgﬁl ]"&CA‘]"\%]C ?5?@&] l]o’irtegﬁcr f@%@%‘i f%igfc‘a]'sc ajcajcalc
a] ca! RP. % X cut ko 4. 0”](965 &‘ﬂ% Qbf](?(](]]lgéhﬁ base la er pieces.

a)J ca] ca] ca] ca] ca] calca]calca]ca]ca]c"a]ca ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca U cMa] cahden kaserorgantapgweg produced by tape casting a slurry mixture which

i ca] cal cal cuFo o ERRE RS G R R CAPDR AR R faas phureed - 2unoscss
$18&888&" { (1, Witk aboud 50- ramé@f%&@%ﬁﬂﬁ%ﬂhﬂc@“hﬁmeter) 30 grams of a glass frit

aJca]ca]ca]calcalcalcalc"al]c"a]ca]calcalca U c’\a] c’\a] caj] ca] ca]ca] cfal] ca]c
a] ca] ca] ca] c@pwireddtarm Femd €aj andd the designation “DPM004” and having the

composition (in weight percent) as follows: Sn0-36.4, ZnO-24.1, and P,0s-39.6);
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] ca] ca] ca] ca] ca] cal] ca] c"a] ca] ca] ca] ca] ca] ca]ca]c”a]ca]ca]ca]ca]ca]ca]ca]ca

. ]ca]ca]caJcal.ca] ca]ca] ca] ca! EEEqFHHI

| & 31 J- LLI\/EOO?RSBTTUVV‘éV\W(XdXXXHYYY{ vql g

| cal ca cal Cal)tcte ing l)om Cﬂﬁgécaloe%mglt o?]l %]nafl ;xpanglon 1){: gl]B aﬂo@& aJcaj ca]caj c

aJ ca] ca] ca

1] cal o ca Aoy LRt ARgiRclad fren Mo Boige e o B R Bl ot oad e
ca] ca] ¢ a] c&ld; ot CaMIp] 2o ads A sickingepdwdey g‘ghole TiOat) s« grasad ptgytip p

Cal'ca oa) capeis! %@@]&%ﬁ%&;&m caleab el kel o cqucad ool ¢ o oal ol

2]5 gZ]S E:Sgij Lﬁi’ ELT% Zjﬁ?ﬁr{g agﬁféoﬁﬁlﬁ]gdﬁfw G8URFYNOL 104 E™), and 20.0

a] ca] ca] ca] saémlmisaam 18] Ti]ifigrk diehs afetabalbinilied 4t @’Spéeiadf; 100 rpm

QqbFf | yuD}xsnl d_Z] ca] ca] ca] ca] ca] cal ca] calca]c a]ca] ca] cal calca]ca] calca]c

a] ca] ca] ca] aq@&}lb&q@dwsq cHjecayudtnsdpeEn (as rapsferred to a 100 mi three neck

Az"Ufi 1 uD

alzca] ol o R AL SN ERLEN G GRYER PALERS PG AL WRhGakCR] cal cal ©
“fH) - 10%& (’Dhe@&el@&@sﬁl rmﬂtﬂg/&aé JheX uniformly cast onto a silicone-coated

le%&' ()-10%& ()-" 310%& ()-Ss10%& (l -'w _dE)-109%& () 109%&' () - 0% ()-F

10%& X0 - s10%Riyeyter ﬁlmmng)wmvena pctoxtﬂ;aéy tapg ygsting tacimgue) The cashor’ () - F

oG 1004 s 48 P Ao 0t e o e purs. The g ppe was

then stripped from the polyester film to provide a green sheet with a thickness of 8

micrometers. The green sheet was cut into 4.0” (10 cm) x 4.0” (10 cm) top layer
pieces.
15 Two layer laminates were formed by laminating a base layer piece and a top
layer piece together at a temperature of 65°C for 30 seconds at a pressure of 3000
psi (20.7 MPa). The two layer laminate was then cut into 1.0” (2.5 cm) x 3.0” (7.5
cm) label pieces.
The resulting green labels were then fired in a conventional resistive
20 furnace in air according to the following schedule:
(1) heating from room temperature to 250°C at 2°C/min.;
) holding at 250°C for one hour;
3) heating from 250°C to 400° at 2°C/min; and
€Y holding at 400°C for 0.4 hour.
25 The colors of base and top layers of the fired ceramic labels produced were

black and white, respectively.

To demonstrate application of the two layer ceramic labels to hot cathode
ray tube glass at application temperature of 530°C, a flat cathode ray tube glass
piece with size of about 5.0 cm x 10.0 cm x 0.6 cm (see Example 1) was heated to

30 530°C in a conventional resistive furnace. After the cathode ray tube glass reached

530°C, a fired ceramic label was directly placed on the hot cathode ray tube glass.
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Graphite Co., Chicago, IL), 15 grams of CoCrFeNi black pigment (“F-3794"), 0.5
gram of dispersant (“TAMOL 7317), 0.45 gram of defoaming agent (“SURFYNOL
104 E”), 12.8 grams of acrylic copolymer latex emulsion binder (“RHOPLEX B-
60A”), and 30 grams of deionized water. The ingredients were ball milled at a
15 speed of 100 rpm for about three hours. About 100 ml of the resulting slurry was
transferred to a 100 ml three neck flask which was then placed under vacuum at 1
torr (133 Pa) using a vacuum pump to deaerate. The deaerated slurry mixture was
then uniformly cast onto a silicone-coated polyester film using a conventional
doctor-blade tape casting technique. The cast tape was allowed to dry at room
20 temperature for about 10 hours. The dried tape was then stripped from the
polyester film to provide a green sheet with a thickness of about 200 micrometers.
The green sheet was cut into 1.0” (2.5 cm) x 4.0” (10 cm) base layer pieces.
For the production of a white colored top layer, a mixture of 4.3 grams of
squeegee oil (available under the trade designation “A-4" from Thompson Enamel
25 Co., Bellevue, KY), 7 grams of the glass frit used in the top layer of Example 6,
and 3 grams of titania powder (“TiONA TiO;”) was brushed onto the base layer
pieces at a coating thickness of about 20 micrometers. )
The coated labels were then fired in a conventional resistive furnace in air

according to the following schedule:

30 (1) heating from room temperature to 450°C at 5°C/minute; and

) holding at 450°C for 24 minutes.
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An intermediate layer green tape was produced by tape casting a slurry

15 mixture which was ball milled through following procedure: A 450 ml glass jar with a
diameter of about 7.0 cm was charged with about 100 grams of glass balls (50% of
glass balls with a diameter of 16 millimeters and 50% of glass balls with a
diameter of 12.5 millimeters), 65 grams of a glass frit (“DPM004”), 35 grams of
titania powder (“TiONA TiO,"”), 0.5 gram of dispersant (“TAMOL 731), 0.45

20 gram of defoaming agent (“SURFYNOL 104 E”), 12.8 grams of copolymer latex
emulsion (“RHOPLEX B-60A”), and 30 grams of deionized water. The
ingredients were ball milled at a speed of 100 rpm for about five hours. About 100
ml of the resulting slurry was transferred to a 100 ml three neck flask which was
then placed under vacuum at 1 torr (133 Pa) using a vacuum pump to deaerate.

25 The deaerated slurry mixture was then uniformly cast onto a silicone-coated
polyester film using a conventional doctor-blade tape casting technique. The cast
tape was allowed to dry at room temperature for about 10 hours. The dried tape
was then stripped from the polyester film to provide a green sheet with a thickness
of 150 micrometers. The green tape thus produced was cut into 4.0” (10 cm) x 4.0”

30 (10 cm) pieces. One of these green pieces was stacked on a black color, green base

layer tape (thickness of 200 micrometers) produced in accordance with Example 7.
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were white and black, respectively.

To demonstrate application of the two contrasting layer ceramic label to hot
cathode ray tube glass at an application temperature of 530°C, a flat cathode ray
tube glass piece with a size of about 5 cm x 10 cm x 0.6 cm (see Example 1) was

25 heated to 530°C in a conventional resistive furnace. After the cathode ray tube
glass reached 530°C, the fired label was directly placed onto the hot ca}thode ray
tube glass and held at 530°C for about 10 seconds before the furnace was turned
off. The sample was allowed to cool down to room temperature over about one
hour. The label was observed to be firmly adhered to the surface of the cathode ray

30 tube glass.
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Y@ﬂO%ﬁ 6‘ 0)- polyvinyl butyral (Aldrich Chemical Co.), 70 grams of polyethylene glycol
(“CARBOWAX METHOXY POLYETHYLENE GLYCOL 2000”), and 100
grams of dioctyl phthalate (“DOP”) were added to the ball mill. The ingredients
were then ball milled for an additional two hours.

The resulting ball-milled slurry was transferred to open beaker and about
15 175 grams of milled “739 EC 1/32” glass fiber having an average diameter of 13.3
micrometers and aspect ratio of 10 was added to the ball-milled slurry and stirred at
about 300 rpm using a conventional air propelled mixer having a 3.2 cm blade.
This slurry mixture was then transferred to a 1 gallon (3.8 liter) plastic bottle
(available under the trade designation “NALGENE” from Nalgene of Chicago, IL)
20 and slowly rolled at a speed of 1 rpm to get rid of air bubbles before casting onto a
silicone-coated polyester film using a doctor blade tape casting machine
(manufactured by AEM Co., San Diego, CA, under the trade designation “AEM
2104™).
The dried green tapes were then stripped from the polyester film to provide
25 green sheets with a thickness of about 175 micrometers. The green sheets were cut
into 4.0” (10 cm) x 5.0” (12.5 cm) pieces. For the production of a white colored
top layer, a half gallon (1.9 liter) glass jar with a diameter of about 12.0 cm was
charged with about 500 grams of glass balls with a diameter of 16 millimeters, 350
grams of a glass frit (“DPM003”), 150 grams of titania powder (“TiIONA Ti0,”),
30 4.7 grams of phosphate ester (“EMPHOS PS21A™), and 265 grams of solvent
mixture of 66% by volume MEK with 34% by volume ethanol. The ingredients

were ball milled at a speed of 100 rpm for about an hour. About 52.5 grams of
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15 2. A composite material suitable for labeling a substrate, comprising:
(a) a fired ceramic body comprising a base layer, the base layer
including:
(i) a first glassy phase;
(ii) a first refractory phase interspersed with the first glassy
20 phase, the first glassy phase being capable of wetting a
substrate at an application temperature; and
(b)  acode pattern provided on the fired ceramic body,
wherein there is sufficient color contrast between the code pattern and the fired

ceramic body such that a code pattern is optically discernible.

25
3. The composite material of claim 1 or 2, wherein the code pattern comprises
a bar code pattern.
4. The composite material of claim 1 or 2, wherein the application

30 temperature is a temperature in the range from about 400°C to about 1000°C.
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glassy phase.

7. The composite material of claim 1 or 2, wherein the first refractory phase

10 comprises a first plurality of refractory particles.

8. The composite material of claim 6, wherein the first and second glassy
phases each has a first and second softening temperature, respectively, and wherein

the second softening temperature is greater than the first softening temperature.

15
0. A labeled cathode ray tube, comprising:
(a) a cathode ray tube ceramic surface; and
(b) a composite material of any one of claims 1 — 8 attached to the
cathode ray tube.
20
10. A method of applying a composite ceramic label to a substrate, comprising
the steps of:
(a) providing a composite material of any one of claims 1 - §;
(b) heating at least one of a ceramic substrate or the composite material
25 to the application temperature; and
(c) after step (b), attaching the composite material to the substrate such
that the first glassy phase bonds to the ceramic substrate.
11. A method for making a composite refractory barcode article, the method
30 comprising the steps of:

(a) providing a ceramic composite suitable for labeling a substrate,

comprising:
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i) a fired ceramic body comprising a base layer, the base layer
including:
(1) a first glassy phase;
(2)  afirst refractory phase interspersed with the first
5 glassy phase,
the first glassy phase being capable of wetting a substrate at an application
temperature; and
(i1) a top layer provided on the fired ceramic body, and
(b) ablating by laser a portion of the top layer of the ceramic composite
10 to providing a barcode,
wherein there is sufficient color contrast between the top layer and the fired

ceramic body such that the bar code pattern is optically discernible.

12. A method for making a composite refractory code article, the method
15 comprising the steps of:

(a) providing a ceramic composite suitable for labeling a substrate,

comprising:
(1) a fired ceramic body comprising a base layer, the base layer
including:
20 (1) a first glassy phase;

(2) a first refractory phase interspersed with the first
glassy phase,
the first glassy phase being capable of wetting a substrate at an application
temperature; and
25 (b) directly forming the code pattern by depositing the pattern using an
ink jet printer with a ceramic oxide or metal containing ink or
depositing the composition through a mask, -
wherein there is sufficient color contrast between the code pattern and the fired
ceramic body such that the code pattern is optically discernible.

30
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