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t enperat ures ar e Spgiefikinglrequires some means for marking or labeling parts and products so

that such parts and products can be readily and accurately identified during

20 tracking. For example, according to one approach, a label bearing identification
information in human readable form (e.g., alphanumeric information) or machine
readable form (e.g., bar code information), 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.
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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 bélow 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
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Optional ly, a |#sBdmgcording to the present invention nmay further conprise
a translqgent (i ncl uding {Lansg rent, of clear) cover (e.g., a protective

| ayer or “d coating) over the t ﬁrﬁ 5@’@?}'.1" Protective layer (e.g., a glass
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temperature; and
(b)  atop layer provided on the fired ceramic body,

wherein there is sufficient color contrast between the top layer and the fired .

ceramic body such that a code pattern (preferably formed by selectively removing

the top layer from portions of the composite layer) is optically discernible.

20 Optionally, a label according to the present invention may further comprise a
transhucent (including transparent or clear) cover (e.g., a protective layer or a
coating) over the top layer. A protective layer (e.g., a glass layer) is sufficiently
translucent to allow a bar code reader, human eye, or other detector means to view
or read the underlying code pattern. Optionally, the translucent layer(s) is a

25 fugitive material.

Embodiments of labels according to the present invention are capable of
retaining not only their dimensional integrity, but also the integrity of information
incorporated into the labels, especially when the label is exposed to high
temperatures (e.g., temperatures above 250 °C, preferably 400 °C to 1000 °C). In

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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corresponding to the thickness of the top |ayer.
particular, can be easily and rapldly formed in labels of the present invention using,

for example, well known laser ablating techniques.

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
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substrates at an atron tenpérature a assy phase
l'iquifies and V\Eab?liéalﬁenftéiﬁﬁdritaie?th%ttéﬁm&y pBaeasuventdlly aldansmsivnallg i tsel f
bonds to the substrate, no other adhesives are required to achieve | abel
attachment. Whersupprstsgheibasg layensSimultaneanslys thedass layerecan bp plishle dusto the

he bace 16y er " Pernie Shibt heltor By phAS. Helnr ket FRPLE Bt WEP L 1o
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to nonpl anar substrates, while the presence of the reinforcing refractory
phase al | ows t hdh¢ labelltotretaindtsalimensionali amdstoicturall integdtysas thelabelas flexadegri ty
as the label is flexed, bent, or. otherw se s agglg)sf:o conformto such a

substrate. In apiGPh OaPHEHESS shaped toponfRImytq,sus 8% orred froma gl ass
and/or a 15 crY%hablihfohShaiien ubindAR! il o Wes Rloexpansi on

of a | abel of the pres I nvention can generally be matched as closely to
t he coeffl%i ent coystdllier cemdmizx thercoefficient of thernsal bxpansios ofig labskofthe presentchi ng

the coefficients of thermal e nsi Q f the substrate. an bel .offers
nuner ous advant dﬁ%%‘@ﬁ&?ng%‘ﬂ?é& ,erg%}@%F%r?af@ﬁF%OB}ﬁfé’ﬁﬁ&eﬂ?ﬂt&ﬁ?%ngth of
the bond bet ween,hhgid e Qitifate 3 QEsiRR] I\@Q%heirrl%e%@f_fﬁgéﬁ&tdf%&maﬁs a

further advantage, such matching mnimzes t l'y 1 nduced
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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I ndustrial applications such as the manufacture of cathode ray tubes, where

br eakage i sSWH#®fn to occur and recycling is regularly practiced. 5

Anot aspect o e t ipvention relates tq a | ahel.ed cat hode ray
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one fired conposite | abel according to the present invention attfached to

t he cat hode thesresenbinvghtipnstoq subsirase, themethod comprisingrthe stepswibt her aspect ,
t he present inventJy on _provides thod of a ing a |abel (.including a
bl ank | abel (i .e??) a l %"éi\{m&/iaf‘ﬂ@ﬂgg’{% aé&ﬁ%“%gt%%r%ﬁm‘a&f&f“&?‘ﬁ‘g at o the

present invention to h%b&ii@i@ﬁcaﬂf@,ﬁﬁ{peﬁ%re%ﬂ sing the steps of; (a)
provi ding and/ or heating a substrate (e.g., a ceramic material) at and/or

to arlSappl i cati ofb) enpaching the labed ol the substrate such tifasthe first glassyiphasetdfe | abel
tSch)thth(raatng)strate SUChtﬁehlaa{)eltb%%d;{ort?;%s%s?r%@' phase of the | abel bonds to the

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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refers to an anorphous inorganic oxide material having a softening point
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have a diffuse x-ray diffraction pattern wi thoyt defipit i .t hat m ght

5 ot¥er wi s&M Héﬁ"&%‘?‘e" %‘“E{F%’E"é*f@ge“dp CRUURCHAR Witk ﬁ’g “gﬁ‘%“s@% | EF

DESCRI PTI ON OF m@%ﬁghe above nentioned and ot her advantages of the
and the

present invention, manner of attaining them will beconme nore
apparent and the i nv@®i6i bis a schahitiodrbés-seetidrad view ofradabel moesadipg to theer ence to

the foll ow ng descrinption of the 10 enbodi t f. the i,nvent ,on taken
in conjunction WESEOYIREEDYER gHRched tog S‘H%sgﬂenﬂg?m\%ﬁg? éﬁb%l has 2 dark ccff%reggase
.schemat I C cross-lgﬁgaﬁcp@ﬁéht\ebpo%d){opqa}kgbel according to the

15 FIG. 2A is a perspective view of the label of FIG. 1, wherein a negative

code pattern has been formed by removing portions of the top layer;

FIG. 2B is a perspective view of the label of FIG. 1, wherein a positive
code pattern has been formed by removing portions of the top layer;

FIG. 3 is a schematic cross-sectional view of another label according to the

20 present invention attached to a substrate, wherein the label has a light colored base
layer and a dark colored top layer;

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
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present invention attached to a substrate, wherein the | abel has a dark

col ored r and a light colored top layer; 15 2A is
a perspe(bz‘?ﬁsg)s@égw of the label of FIG 1, wherein a negat r(\;gmg%dgleog?)oattern

has been forngd b movi,ng .pertigns of the top laver: FIG ,2B i

Dor snoct ve Tk defilled BerpRSS. RihePthe effbolffent S B hodeh Foa ARkcobed o, |
has bee_n f orsmtbmﬁgémném_m@m hm&sappfechf@aﬁmde&m;th&ﬁwiﬁleé andd
schemati c cross-sectional view of another |abel according to the 20

present i nvomratiees of the presentiaventionbst rate, wherein the label has a |ight
col ored base la d,a dark cpl ored.t I r«Fl G 4 1is a sch tic
cross-sectional y&ﬁgﬁ}i‘8*‘0‘%8?%@&?%85@‘08@@5?@&5ﬁlr%d ‘E‘H%P‘Ts%&ﬂ?’%%fa erein
the base lam@éorhﬁlgltbmg%ﬁ@geﬁﬁdnﬁdm RiR) doRdposity éraimfc 1abéTRkcadrditz 5 fied!

al loy; 25 s a schematic cross-sectional view of the

| abel of FI @resént inventininnl Ocis atsakthed 40 substraied 2i (Therspuctatesdfilabebl@ amd t op | ayer;
and FIG 6 is C tic cross-sectional view of ot her | abe] according
£ t he.pr e SHPAFG LaBRis ot BFEF SR B SoH G 0l T oy e Bt

i nt er medi at ' ﬁ?ﬁﬁ WBERidah - : | ayer. 30
DETAI LED DE%&E%%{C&? ‘Itf'(ﬁI enbg%i?ﬁglnt S c?ftn ’ ?5 Hg@%z?ggﬁe‘%ﬁ?a&lb%\'}gﬁo?grﬁl ‘gscri bed
bel ow ar e notarietytafisdbsirates forewhichdabeling evithra ¢evarhicrbased label indesitedon to t he
precise for dj scl osed |n the WO 99136901 . . .

pCT/ Ukbs 110380et I 1smwgiaalyﬂﬁpﬁldw&@m Fihhig femperatyes infdustrighlghsdingent s are
chosen and | - . | | LAt e and
indor ot and_ (RRIGHRREIRRIREHS PP lctnrbichicf O et 3 GG, pERaBRAA FALE, & )

shows one pr4goeC) MerepTefeeibIEiR the tange fohe 40POBAB0DEC, GAd ¥FEE modde! 5 _
according to the present invention. Fired conposite ceram c | abel according
to the presanreferableintho range fiom 400°Ectoatiostol 000MGS inawhich ibsfrate 12tis madeir es of

| abel 10 and substyate 12_have .not been.drawn to scal e, but rather have
been  epr osdiadReEh AdiRhallay 3 2lRty 2 SOFRUSCCRmic; et Tlpstar Malenaby at o 12

may bgs any Qlonfbidtids of these, and the like. Representative examples of just a few of the
many kinds of substrates that advantageously can be labeled in accordance with the
principles of the present invention include liquid crystal displays (LCD’s), flat
glass, curved glass, ceramic whiteware, wine bottles, nuclear waste tanks, glass
surfaces of cathode ray tube components (e.g., cones and faceplates), motor vehicle
20 components, aircraft engine components, rocketry components, and the like. As
shown, substrate 12 is curved, although this is not required. Label 10 can be
attached to other kinds of substrates which are flat, cone-shaped, undulating,
irregularly textured, otherwise nonplanar, or have any other desired configuration.
Optionally, a label according to the present invention may include an
25 indicator element or material, or markings, for example, on the surface of the label
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 for a 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



variety of substrates for which | abeling with a ceram c-based | abel is

desired. 10 wow9ordgediel 10 is particularly useful, however, | ”P@f/ﬁﬁs»snosoo
tenperature industrial |abeling applications involving el evated

tenperat ures of agio YeadaforaaBlytadableth AbapIaRA }ees%?fac%qpﬂifer dic. more

.preferably in the range from400[err]C to 1800[err|C, and even nore
‘preferably in tmANANNE shuotiral 00¢ dimenSional intsgrity. R prefeirél emnbodibients of

substrate 12 is,made of. a netal, a_ et all gy, a.glass, a_crystalline
ceranmic, other p’@fprrﬁsc?%’wmr ré'qu%grg'gmlag&etosur ‘EP%"P&‘E&W_E“Q)P“WP\@E%,T@M t he
|1 ke. Represent ghinv@ossaiil &ﬁvégﬁﬂeeg%eétéﬁ cewific h'&x{\}éhh'ﬁgéut%oélﬂpait rates

t hat advantageously can be |ab I n accordance w e principles of the
present i fiventi one axic| Batexhinglej thesnsfaceslof displpgraysa (4dald 43¢ exdnplés ¢ff ass,
curved gl ass, ceramc iteware, w ne bottles, nuclear waste tanks, glass

surfaces of cat ©% Wit @ SEBPEBRH SHEH LS (pigally, aowefacewith cormpoinsk es), not or

vehicle 20 mﬁ‘%?&féﬂ‘[:a% , ' A . rocketr
conponents, and the 11 e.&&gqg]%%ﬁfr&%l%br}g#%ﬁeg%ﬁgﬁgs%%PWg&?ﬁgﬂsﬁWgh this
i's not requir edregiomfithd $heef Tn ROntedst, aACYHAdriCA] SIrkRE i&kd AffacOWithuhableat €S
which are flat, cone-shaped, undulating, irregularly textured, otherw se

nonpl anar, or hmawb@llh@%e%i red configuration. Optionally, a | abel

accordi ngato the pre ' L,.op include an 25. . _i.ndicator el enment
or nater ?gl , or nar k?’%%té Ib’?%ﬁ% & ?%YS afwvolpver sopstction fnchiding "fgf?é‘i‘lcéf’dy
wi thin the | abel3 simpIiyer 96 providedl dnt@ranit 6y 19 E6MBAES bRIyPA ik if @b abe!

or label type for a specific application (e.qg., selecting the correct | abel
type for a specPfhase liverskt. shlseaughtosly. base tayexbhisIshown hearbelsmentayfdired t op

| ayer, and/or ofher. l,aver(s) .na aye colors.aqr a certain color conbination
t_oyal low for ea 5% ( °fqoéyéﬁﬂ‘?‘g?§ %Hg?fﬁm%ﬁe%@lc ody l‘lééw @sﬂé"s’{bﬁﬁ@@i“’ﬂfbr
di fferent appl i m@ltiphla aap@haawhqﬁmgfetlvﬁy&,aa&ﬁgagbg Sﬁpa&ﬁlenﬁhyn Eﬁﬂi%gﬁged:t .

conposite_conposition that allows |a 10 to I Cclen
desi r ed, 18| evat adnenssietaildielowin compestionuwith ElG.6 WO 99/ 36901

PCT/ US98110300 as to onf or m ttachable t onpl anar substrate
surfaces while stil |S‘ﬂ§fﬁ%?fgflﬁit%gﬂ%llp ﬁ%ﬁeﬁ?&r?éﬁas g’l’ ?Pg’i‘R?ﬁﬁ? CEIAMEGrity. Sone
preferred emomd%m@finéﬁﬁo&ﬁ&snggggg?pﬂ%ﬁ?g %Sg[a?elc%?ge e%g?té&aasurfaces

wi th conmpound curvature. The ter curvature” surface
whi ch is curvedefbeoty phaseinttheform of plurality of refractory particles 22 interspersed in

glassy phase 20. Glassy phase 20 preferably has softening point characteristics

20 effective to provide label 10 with desired physical and mechanical properties for
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 dimensionai 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,
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5 one axis. For exanple, the surfaces of a sphere or a saddle are

exanpl es es with a conpound curvature. Typically, 650 th
conmpound %ré%é&éfé cannot be fornmed froma flat sheet vvithoﬁfﬁgérgt@hl ng at

| east some r contrast, a cylindrical surface is a
surface wthggb?ﬁlaghggp%fﬁgﬁ% %ellﬂt one axis. 10 Label 10, as
illustrated, has a two layer construction including ceramc body 13 and top
| ayer 16 provided qoa.ceram c. body 123 Coramic hody 13 g in the form of
base |ayer 14. Al tHoudhplisatipn Teowpetamyrer [l AComesphnding SofteningPeimtén} of fired
ceram ¢ body 13 injthis enbodi nent, cerap c Rungy ofl GlaseyPldss@0be [ornmed with

mul tiple layers. Ofe such ngkppl e | ayer} alterysgecws q4goedi mentjwi || be
descri bed 15 dn more detail belowih connection with FIG6 §Still

referring to FIG J, base | d§8¥C 14 has f|red, c436<0680Yer ani c fonposition
i ncor porating gl as§yphase—20—Base—tayer—4—at-se—neorporates—al refractory
phase in the form gqf pl urallp9 Q_;f refrac ory pa$qq 9‘8§0§2¢| nt erspersed in
gl assy phase 20. dassyphase—20-preferaoty tas Soften Ty por Tt
characteristics 20 effective to provide | abel 10 with desired physi cal
and nmechani cadived 9B8&yifel @pplicatioh ﬂgéi&t@féjﬁﬂe Si6Red fr0the a3Vl Ebe BBl@ssy phase
20 preferably has a softening point so f hat gl assy phase 20 is capabl e of
wettind and tpnevided glassyfphaealman)ﬁndieﬂgedsmftsningtnomtshmctansttdse desired

licati t t f th f ' hi gh | at toth
oPDli cati on ¢ enper St to besaiaverid, toplryet dP Al prormuli b feasouposts” ' © 1"
substrate 12 .cefanit BmPoNitiSHineSrpdeitiy d%a&?ﬂhis@‘%%xh%ﬁ%ﬁork Ohhdsn S| T ed

application tenperature, glassy phase | ow t oo nmuch during
appl i cation tformg uﬁsplwalﬁy bvPrefaatosy pg’acbs aﬁnntextspetyedlm glassy phﬁse|2l4$

di I d/ A I
appl i cat i on (UMSERRRR A4 deviatly o potaigaginCefizh e afly PRyRE g 0 b
substrgje 12,4 m”ﬁcxérﬁlg}%ﬁf&ﬁlﬁﬁl‘é t% gﬁ%sn‘aﬁelzaﬂﬂgﬁﬁh'b [3fer 14 with REBEEREHES 1S

from about 100[err to about err]C greater than”the softening point of
gl assy phase aad thﬁout e:tpesemangzumdnsu'able Ka’telsmfsﬂwpat thér desinet Iapphoagon abl e shows

sui tabl e softenin s f as hase, 20 a

t enper at ur es g:ppgg@%e laglal@g?.n {%R@%J/ ents, the so enmgp gomt &I glassy

PCT/ US98/ 103Qfhase 24 preferably is greater than the softening point of glassy phase 20. More
preferably, the softening point of glassy phase 24 is greater than the softening point

15 of glassy phase 20, and the difference between such softening points is 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



750[err]C. and 800[err]C, respectively: Application Tenperature
Cor r espondi ngv$9dsig@tn Ng Poi nt Rangeof d assy Phase 20 550[ err per/usos10300

250[err]C to 450[err]C 750[err]C - 450[err]C to 6500C
8oo[err]C (UV) light, or the HXEOL8bd14 fhat Sre IO ¥E 'Ibg%bl@?x?ih@?ﬁ aR@RE USAL I on
tenperature, one skilled in the art would be able to provi de a

gl assy phase havinggs may ndtlsd discbrsibletie theagsiplei mtgec Moy acomionsthe dight Sundel ar t o
base | ayer 14, top. ayer 16.also prefe I as,fired, conposite ceramc
conposi %/i on i nc&%&ﬁ%ﬁﬁﬁajfsdaﬁ%g@%s@%ﬁe@md F1ape E&eaﬁsgywpéﬁ@'%{f%
formof a pl Ura'l@ié’blﬁf:k,?aﬁfiﬂfbc&tﬁérﬂaféﬂst'ﬁﬂté_s 26 interspersed in glassy phase

24. d assy phase 24 desirably has "a softening point effective to allow top
| ayer 16 too be 10 In theiBibodierent showanhdGahlbasé nyaulssis telativelyPdaak ¢ag, Wi t h
ng and wi thout experiencing undesirable

b I 14 wi t hout f turi ] . > >
| 2\5}3 sa)c/)fe rf | owwﬁwﬁﬂ@d&ég ?qryg%iwgﬂaemlmah&(é@é’ﬂamr In o5eién tgpegvidepbase nbI |

f d enbodi : ' ' I y is
O cater than t nieh Hf it deBEA B ohdh fatSily HAOBiaRigR St AL HRIRC, ¥
sof teni ng poi nt imdorrass jntd basedayds 14.S y6rdat ©'prévidditdplieyer A6 va M@latweRt 15

of gl assy phase 20, and the difference between such softening points’is
preferably in thghteierereiatiyelydight rafactosy potieles P& cambe incprperatedsibtoytop flayer | C

. Th . physi cal hapi cal,._.and .t |
broper t1 A9 ot " bage W ei RprdiRh ssPeian iayal StRbAIGR pcetaivont Rty oy lgver
exanpl e, thr oughsaﬁnreﬁpésiean@remivesﬂda% uBflerlyhEs BHYR WYer B dpditiBas G}ftoé fag)@(ﬁ% I0 re y

particles 22 and/or 26 incorporated ~into ei'ther layer. Fo
refractory part ilélcesberenzyed teformeither s pé¢gativeor pasitpreooidel patteas.cAs ageer 14 and

top | 16 with first and, d col. ectively, .between which
A e LT G AN A AN D
fornmed fromtop cbﬁ%@gmﬁﬁg tStheRbaCeYn Eﬂa?%c?é’r{‘- Heh t?g]‘gef&etr&ﬁowa yﬂencg? base

| ayer 14 is expose renovi ng portions he ayer 16. "Optically 25
di scer ni HiSe" nedaysr toifarm theodode pettets. Pafpiositive’l sodepatternds d pattermirc tvhich

readabl e using gptical .fechni gues. Representative exanpl es of such optical
techni ques incl & n%f’%@ﬁ’ﬁﬂ’nféﬂ?f/%? ﬁﬁ?‘ﬁ’g“a’ﬁ@FW ?ﬁﬁ%?‘@gsf’lﬂﬁft g ght ,
visible light, wdianhPbstiond 8f the top layer form the code pattern. As an option, a code

pattern formed from the top layer may include one or more negative code pattern

portions, one or more positive code pattern portions, or a combination of one or
20 more positive code patterns and one or more negative code patterns.

FIG. 2A shows label according to the present invention 10A identical to
label 10 of FIG. 1, except that portions of top layer 16A have been removed to
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 cotresponding to the characters themselves have

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

11
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(W) li%&'?ﬁ%@épe | i ke. Labels that are intended to be Iegé.p}(%g,ﬁm;dwe IR

and/ or may not be discernible in the visible range. an option,
the light so | ] W56 biARLE : £Gm
enbodi nent s, H{oﬁng’ %?%Itgegtégéh&%gg&rﬁ%é&ns bl ?{:E‘,‘" andﬁl?ﬁg&g?ﬁgéﬁ%yer ?fs white.

S FIG. 2B, hdeEN00 b ferd@onfipurafiorio e used séheh epde pdtternss
relatively dark (e.g., bl ack) and top layer 16 ig relatively light (e.qg.,
white). |n ohaying dask seds/chasactess are deyized. 1n spmeapplications,reQictngar k col or,

relatively dark.yefractor Lk D& JeR&A ' .base | ayer
14. In or derCWI(%F%\?Pﬁ@W%S%é%g&iMﬁ}%ﬁe relat vée{gﬂ]%%tgﬁﬁ fog% cl)gr}p
rel atiyely |igthixafpld, #chvig Rididst all 65a Bfghbpcolbredilaeptpienad ely asiallt op | ayer

10 16. Wth this approach, selective renoval of portions of relatively
light top | agmout®fwploredomptetial inlacposisivaimegs may he more Aefiredyn rrgyelinge | ayer

14. Portions of top |ayer.16 can be r ved to.formeither a negative or
positive cod%p%ﬁﬁ‘ﬁg‘?‘rﬁﬁ/“iﬂﬁsc@g’%rvé‘f%? Kat elﬁ%?'a&é" code pattern is a

pattern in which t{geRfrkiifs code pdtRnt Qkhlad YRy code paRERS Ssbwidint IGSH2ACode
pattern characters thensel ves are renoved fromthe top 15 | ayer to form

t he code pat tmt 2B, the todespatterne¢ancedormed inctop ldyer 26 psing anytechnigh¢ shitapler t i ons
of the top layer around the code characters are renmn so th t he
remai APng po?qrirﬁ‘ﬁg"‘ﬁgp?ﬁlé’n?(?gtq gqralpomqfqdmg %@é"’b&gﬁgpﬁ.orﬂgﬁit&ﬁ option, a

code patter ndhige, 'Th &8 $retide thepiRbentRivehiih REURIT 1A¥r MBlkding1e0al [ ve

code pattern portions, one or nobre positive code pattern portions, or a
conbi nati on efchnigeesis p2éently prefanred fooformingscode patteras inctopdayend6.obaseor nor e
negative code patterns, FIG 2A sho | abel, according to.th resent

i nvention 1 ehlatle&mwhlmcz‘weawmlfgf fst, @%P“’.E’,‘geéfe Ephs é’ts(?‘ﬁ’g’r PIS6KE of top

| ayer 16A ha NAT, ' W oCeEe rn
“ 19 34567 F%“?fﬁ%‘gﬁgﬁﬁ?‘%e"%?ﬂ% V S%?‘méﬁ%’%? b?gféﬁ?%"é'? 7 e

cor r eggondi ngs dteachdittoaubstentel tdyras desiteelt act er s t hensel ves 25 have been
renoved to expose the relatively dark, updetlyi .base er, 14A of ceramc
body 13A. On the o@ff@?‘aﬂ &ra&péhaggsgggggi%}n%g&gg%gf 8 'ﬁé‘gt%gqnh@eﬁ%sent

| nvention 10 ?t&?g%}’ef 3k, the c&&b@neﬁpca%fbe%ﬁledldirﬂﬁ%?tdeﬁ@ﬁﬁn@%tplaﬁélﬁe&f

relatively d ayer 16B have been renpved to formpositive
al phanurrer i c foradef ptlayer 16 Ldidg 346Bable pAdting techigeesichyas ink]j¢Bprittingwitlyi c

body 13B is relatively light. In.this case, all por.t.ions of top,l r 1 6B
except the p&reraNE ogéip,cg B&%W&?f@?ﬁgﬁ%tﬁﬁg?’gf@gf"ﬁ @ﬁ%‘éﬁ%&‘%%ﬁ
20 jet printing techniques are described, for example, in U.S. Pat. No. 5,407,474
(Airey et al.).

The code pattern can be formed in the top layer, for example, by the above

=

techniques at various temperatures (e.g., ambient and/or high temperatures (e.g.,
temperatures above 250°C, preferably 400°C to 1000°C)).

25 In another aspect, some techniques, such as laser ablating, may be used to
remove various thicknesses of the top layer of the label, to allow, for example,
different levels of contrast on the same label. For example, for a top layer having
some translucency, the degree of contrast in a code pattern can be adjusted or
varied by varying the thickness of the top layer removed. The greatest contrast

30 being obtained for a given label when the total thickness of the top layer is

removed (i.e., when the underlying layer is exposed).
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been renoved. Because so nuch |less material needs to be renoved fromtop

layer 11 Mo 856901 o PCT/US98/10300
PCT/ US98/ 10300 16B to formthe negative code pattern of FIG 2A than the

posi tive code patternggf :Féhh s_%ﬁ,altgxg,?@ec%géhdiﬁe& JHieLLdBein, ﬂ,fthggfe@&iton to

be used when code patterns having _ characters are desire I'n sone
appl i cations, rdnyentiond0Covischiisiti sanesasrtabel He ofiBKE i, aymept that bask dayet IHC
conveni ence of feature.forpation. 5 . For .exanp] e, .repoving al nost al |
of a highly col d@agarslaty Ygalﬂcei;’wrwmeﬁbé'rg%@%}%{a&ﬁ@reg? PRTHEISr i al
in a positive i A ' [ | Ng: : ich the
col orant would b%@g con g%eggﬁghqg\ﬁgﬂ Szﬁﬁggﬁgtgﬁg‘%g??ggﬁni cﬁﬂgs t he

code patteyns shefactory paitickes 246. and 2B, the code pattern can be forned in
top | ayer 16 using ani/;gt echni que suitable 10 for renoving portions of

top layer 16, inciudi Hyordsr @awevide ajdaysr with asiatkeqolen g vse efsibstaatially blagkhe

P esent 1y prof or PR et brtferel” RebiSontinye TR E BlaBk [elthelory QRSN ! ©
abl ating is wel ImdguudelecRAOfP ek&aple, fraif ipartRRG of 5ikbAlE4bide] fitdhilm drbile,shar p,

preci se features. A code pattern can befornmed in top |ayer 16 before
and/ or after | alzisicotiomidarbide, graphitetcootbinhtioos of these; andethe dike.a Theldarkrcolor

Lo pat terlfl Bye s begyiied B isbision epEco Gietotnas iy pagles S5t | g
the patterned f QuBoRfitdRPMn®) lonttindtRinS 9f et hhdfHedike! HbidefiolfR6iaL gue such

as ink jet printing wwth a céramc oxide contalning Ink or depositing the
conposi tion t hr dayph vathreelight colok tiuse of splastanpially wihitg refeactomny partislesiise

descri bed, for ex le,in U S . Pat. No. 5,6407,474 | rey et .). The code
pattern can be fpé?%ﬁ‘f‘i Renrsentatiye pxapaples ‘P%‘“%‘?JSFF’EN‘%&%“%’K@%@W ¢

t echni ques at vagj ! Qo i ) e | L& res
(e.g., tenperat ﬁ%ggéégbfgge C'f’ﬁﬁ : %%%@?%%8@?@@?{%%% 1000] e?ﬁdé)) .
25 15 |laf teesetdnd thelikee dthesmateriale dorthel Wlight-colared asddrkeelorad)| at i ng,

may be used to repove varjous thicknesses of the top layer of the |abel, to
allow, for exanppikactefyprgicstimayapeinde osemads a@m Hewgoolatipmen. rgstiv, ?‘Bir

exanpl e, for a tLRpkG%Rl/oDE hibts.
Referring again primarily to FIG. 1, refractory particles 22 also contribute

to preferred dimensional and structural integrity characteristics of base layer 14.

20 For example, if too few refractory particles 22 are included in base layer 14, glassy
phase 20 may flow too much at the application temperature. Advantageously, a
sufficient amount of refractory particles 22 are incorporated into base layer 14 to
block such undesirable flow of glassy phase 20, thereby helping to maintain the
structural and dimensional integrity of base layer 14. Additionally, if too few

25 refractory particles 22 are included in base layer, the resultant base layer 14 may be
too brittle, and/or base layer 14 may be too sticky at the application temperature for
convenient handling prior to attachment of base layer 14 to substrate 12. On the
other hand, if base layer 14 incorporates too many refractory particles 22, base
layer 14 may not allow sufficient flow of the glassy phase to promote good

30 bonding, or base layer 14 may be so rigid as to lack a desired amount of pliable
conformability. Generally, balancing these concerns, a preferred base layer 14 of

the present invention incorporates a sufficient amount of refractory particles 22
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sone translucency, the degree of contrast in a code pattern can be adjusted

or varied ing the thickness of the top | ayer renove t est
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made of net alayefl@to enfdhfthitigode patérafornieifrotao ldye) 1Gisdpeicalty cer et s.
Referring again primarily to Fl 1, refractory particles 22 al so

G
contribute t disseraitle from Rasedayst hafceprdinglys tritagiony pauticles 26 may be

characteristi . b f f
refractory pér?ct%féﬁr%@&%go g@eﬁ?%rgﬁ%ula égss?rnar%%usngé){oal?ieﬁg q%‘%’“&?‘ gsagtg: (Peps h%\gge 20 may
fl ow t1d0 nmuclhsét totprevide fip lapdri 16rwitle d@trablewotor cofitrast chgaceridtics. Toshikf i ci ent

anount of refractory particles 22 are incorporated into base layer 14 to
bl ock such usBerefsprd tap layers 16 gf hepressptinuention ingerparste hig 3 R mai ntain

E gg fStG\rNUCt ur %\Leiﬁﬂfjmg}erﬁ'gﬁ}a%'f?b {onti(ﬁga[r{st% WighosT Gy phfticlésl perqog! |y, 1f
parts by weight of glassy phase 24.
In addition to contributing to color contrast, mechanical strength,

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, and

25 substrate 12 have similar coefficients of thermal expansion to minimize thermal
stresses when substrate 12 bearing label 10 is subjected to temperature chahges.
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
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| ayer 16 is optically discernible Trom ayer 14." Accordin

refractory part f/eCgsisifieferryd thmt eavbaf) pasecityed 14 ahd tépolaydrapandebendently bases
anounts so |ong as e_nou%h particles 26 are 15 used. to provide top
layer 16 with deestfeigntoltharmal expansian in the mnge dom 6ixcH)™/foto M % 1&HEC.

preferredctop | ayers f. th resent.. iynvent i incorpor.ate 5 to 50 parts
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to col or contrast, nechanical strength, 20 di mensi onal and structural

stability, and eeHrastuetieof theformeskimage.olnwhite-¢dleteddayers, maftactory particles 22
and 26 with high refractive index may be used to enhance the white color.

Refractory particles 22 and 26 may each be provided with a wide range of

20 particle sizes and shapes with beneficial results. Excessive porosity is generally
undesirable, because layers with too much porosity tend to be mechanically weak.
On the other hand, if the particles are too big, then the resultant layer may be too
rough and/or mechanically weak. Generally, in preferred embodiments according
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 teﬁns 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
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layer. The glass phase fills the void volume within the refractory framework. If

the volume of the glass phase is significantly lower than the available void volume,
20 the glass may not flow sufficiently well from the composite to wet the substrate at
the application temperature. If the volume of the glass phase is significantly
greater than the available void volume, the base layer may not retain the desired
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
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used, if desiredq. For exanple, the appropri el.ection, of conbi nati on
of two orﬂ}mre FUPIpENgY “ﬂF@PP’i‘tBBE%‘ﬁES %&5"’%@4%"?@8%3’%&? *icles 22
and/or 26 to fur -3/ | :
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hel p gl assy phase_20 nore effectively fuseably bond to substrate 12. In
conbi nat i on wi t WOBP%&a@étéra 5 8150 tnds P IYrer iy SOftERing ARG lscﬁﬁe%rﬁgory
application, su I oL -l | ' LRy may
further help m%‘cﬁmﬁlﬁ?ﬂigﬁgﬂﬁ%&?%&gﬁgngh%ﬁgﬁlglﬁgna t(?nt egr?at%egtg)ﬁe e

| ayer 14 18 t houtpositg incorpadting\P,0Q generally tends to mgechanitallynstiengthérya glassy
Accordingly, in applications in which it is desirable to further viscosify
gl assy phase 20 PRA%f-or 24, at |east a portion, preferably 5 to 10 wei ght

ey o el o0t O KPS ATt G PR R el
average parti cl dree of any of the following heavy metal atoms: Pb, Cd, As, Hg, Co, and Cr(VI).
By using oxides of SnO and Li,O, the present invention advantageously achieves
20 low softening points without relying upon oxides of the less desirable heavy
metals. Also in the past, oxides of heavy metals such as Co and Cr were used for
providing black color. Embodiments of the present invention avoid these heavy
metals by using other black-colored particles as a substitute. Graphite, for
example, not only tends to lower the softening point but is also an excelient 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
SnO, 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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In preferred embodiments of the present invention, color contrast

20 characteristics are provided by incorporating appropriately colored refractory
particles into each of base layer 14 and top layer 16. However, a suitable degree of
color contrast can be provided by other approaches. For example, one or both of
layers 14 and 16 may incorporate particles that fluoresce in response to the light
emitted from a bar code scanning device so that the optical discernibility between

25 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 discernible 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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10 | ncor porating various anounts of oxides of the Sn, Zn, and Li into

the gl assy pRggagsdogy Particularly useful for controlling the |
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the total wei ghiy; ; ably
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conprises, on a theoretic oxl de basi s, to
about 37 per cenpattiglesibasgdton30Qpaits by eightofthe tomespahding gldsyt phasdwonldds
percent by wei ght'tag&?’ and in the range from about 39 17 WO 99/ 36901
PCTI US98/ 10300 %Y ut 44 percent by wei ght P205, based on the total

wei ght of gl assy phas ' f 20
and/or 24 may al so inc b%gleo E%B?gﬁ%\@otg%Bﬁ%&%@%ﬁ%gﬂﬁkg@%@hﬁgﬁ As an
option, Hdase | aypesrall thickmdésowithiap widy eangé dependirdgiigoh dctons sachpssrthé fatbre of

; gl ass and/ or refractorl)é fibers in order, faor exanpl to increas

e, e
' toughness. d as gubstrate 12, the type of code pattern used on the label, the purpose of the label,
and the like. Practically, the label should be thick enough to withstand the rigors of

its intended use while still being pliably conformable to nonplanar substrates, but

not so thick that the label unduly gets in the way when handling the substrate or is

20 otherwise inconvenient. Further, extra thickness may offer little added benefit in
terms of mechanical strength while adding unnecessary bulk, cost, or the like.
Generally, it has been found that providing the label with an overall thickness in
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 pattem 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 sufficient amount of top layer 16 to expose the color contrast of the

30 underlying layer, thereby allowing the resultant code pattern to be optically
discernible. If top 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,

19



and/_orI refractory fibers suitable for this purpose nay have a wi de range of
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PCT/ US98/ 10300 ar eFEpS.i4and Hishswesltarpative erehodimaents of the presgntipyationne| ude uv

excited fluo ‘SRS M identical to the embodiments of FIGS. 2B and 3, respectively, except for

two differences. Firstly, top layers 16D and 16E of FIGS. 4 and 5, respectively,
each comprises a refractory phase that has been replaced by a metal, an

20 intermetallic material, and/or a metal alloy, that is preferably a noble metal such as
gold, silver, platinum, and the like. As used hereinafter, the term “metal” with
respect to top layer 16D and 16E will refer to a metal, an intermetallic material,
and/or 2 metal alloy. In FIG. 4, top layer 16D may be formed upon composite
ceramic base layer 14D using any suitable technique for depositing metal-

25 containing coatings. Representative techniques for forming such a metal coating
include sputtering, chemical vapor deposition, screen printing, electroless plating,
chemical reduction, photo reduction, and the like. In FIG. 5, top layer 16E is
selectively patterned to incorporate a code pattern. As is the case with the
embodiment shown in FIGS. 2A and 2B above, the code pattern of metal top layer

30 16E in FIG. 5 may be formed by abrading, ablating, or otherwise etching top layer
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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desi r abl rovided wth.a thickness,such that l.aser abl.ating, renoves a
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-

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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20 The preferred solvent is a nonaqueous liquid such as dichloromethane,
trichloroethane, methyl ethyl ketone, toluene, ethyl alcohol, combinations of these,
and the like. Typically, the slurry 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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in glassy phase a3Parafiydich 8s § BieRhilC aid AMEISRRRR shityPlas hidBsiBe bl ack in
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use such bl ack FaB@priatpdercasting. nTe temyivieain wirichirtal ba tppedriadhd stgry 622 g. |
white), top |ay 4. This ensures. that label 10, wll conprise two | ayers
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can be forned. hige 8psEaspitor 62VAcAHH puURDIBMEF to tbiRing T ShrrPl top
| ayer 16 is still desi?sgd, not\{vithstp;?{g%l\%g t he bl a(g:k col or ﬁ%&géﬁ‘g&er

14. Unf ortunat elbpse lsperisheeth Aasnitable vhtmrk issibouict tore Deaerating amyaiisol cvous, for
configuration fqr,_lapeli pur es [due.tao.the | ack of contrast between the
two |ayers. The eé?ﬁ%gfhéﬁgwcﬂ’“g .gprletggﬂlrglélggonaro l?fvenftio.n shown in FIG 6
provi des a sol ut j on { adichit shiBhb Kincd 46 Bpibia§ dederfEa e LROLMERL {0

| abel 10C of FIG 3 with two exceptions. Flrst, base |ayer
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
20 coating, and 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, as determined under
ambient conditions using a Brookfield viscometer fitted with a No. 3 spindle at 100
25 rpm. If the viscosity of the shurry 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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slurry incor i 83&d ICl i ; onding to
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refractory and glass frit particles, .and the 15 =~ like. |f the particle
sizes of the ref raﬁa%mlteﬁ%attvpem@a%lhﬁﬂrgm%%ragléﬂafyrer gresn labeb greenr ge at

Lhe Sutset, Bk F BeBASE A, BhadBIG AR WL E dERREES b e

sui tabl e size reducl ng nique 1 nt I ng,

m | ling dryabavd The sheets, whethernwblor ngpre,aand thdnebe stdoked dhdlagnihatedt nmay be
wat er or a nonaqueous |iquid, or conbi aations t hereof. 20 . The
preferred solfRGHiSrUSing 2RBTOREIME PISSYEFOA (PraprIptusss Kprenpmpisnelamination

of these. - andTeRESRER00 FiH0 7 LAY HAARE oy HES Chay PR, 0%, o1

about 70 per dewmid t)be suitable for some compositions. After lamination, the multilayer, green

structure can be cut into the desired pieces. According to another approach,

20 additional metal, ceramic, and/or glass coatings can be formed on the base layers
using ink jet printing techniques. When using ink jet printing techniques, a
patterned top layer can be directly formed without intervening abrading, ablation,
or etching steps.

Firing of the green, dried, multilayer label pieces preferably occurs under

25 conditions such that the resultant fired label includes substantially no organic
constituents other than carbon. More preferably, firing occurs under conditions
such that the resultant fired label is at least partially sintered, and more preferably
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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conventi onal

incorporated into the green article to facilitate sintering without loss of dimensional
and/or structural integrity of the article. If the difference between the maximum
20 firing temperature and the softening point of a particular glassy phase is too small,
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 foo 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
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techni ques such as tape casting, slip casting, screen printing,. gravure
coating, ki besedbh coating, and the like. The preferredplpiEauhosdr
shaping the slurry is tape casting. Tape casting is a conventional nethod

that utilizegpaidach Mmptradf. ForkRithflebhdtia MaxiRdh téﬁr?ér'&bﬁr@ﬂfa?isa

rel ease liner.” To acconplish tape casting, the viscosity of the slurry is
pref erably i 508G e 250°Gcbdlovwe theedpplicatitdii®mperaf?© Groajikhe sastabllet dlondlingichteinder

Covnie o Soskagis 7l s, Sl INS s SHapEy R ch i of o
mlling, the,y ' | S EASEHN6i - Of | of the
sol vent pri ort &?%&@gt)ées*gg@t?feg%ﬂ%bﬁgg f% ggﬁ\%%@?@“?@ﬁ%@éﬁé@&c%m t he

slurrysby evaporation during mxing. Typically, a sheet is first cast onto

a carrier supporithon carcfully dried to prod nwar ped
green articlp, Applieation s|bFirugFempemtre Range 3D Softeninmmntkmgsey pi eces.
Drying can bg dBempgratugshed usi ng any of several| conventional |iquid nedia
renoval techpi quessgeac! udiing heapoo Jooeter abl y, t dspowy wessoP@bel |pi eces
are dried intair at roomilenperature or heated {n air _at g 23

99/ 36901 750°C 500°C to 700°C 450°C to 650RCT/ U$98/ 10300

ten‘perat ur e nthao ranna flraom ahant 200 arrl C + AL Aot EOArrel O e

A—t-he—ange—fremabeod 3Ot ]-C—t-o-about—b0-er1-C—
t hi ckness of ja grmct ape {af t er569§3iﬁ‘?g75iosct ypi cpl | ySQququOPé’{ﬁge rom about
0.1 nmto abbout—2-—Tmm—rAddrtTorar—tayers T base
| ayer by coating, lamnating, or ink jet printing, or the like. For
exanpl e, a slurry Sfrer fifHges devifed c@ﬁe?attem carfifhefi b Behealin i @PQ@F& havi ng
i ngredi ents corresponding to those of the green, additional layer to be

coated can bdunipss thetbpt layer isalrdady patiémede.ginbheansgiink jet grioting pr @sigylar A
typical wet coating thickness,is kn.the range,from 3, mcrpmeter,s .to.20
] Ot ot or <. ROl a8 e o Ted pia bR a of Bt e Bk E g e

t echnigges Kngwéiratd) Tﬁlﬁ%o% baﬁ&n‘ﬂréfpﬁ@lyaé&’{;ﬁiseg lri]lﬁhﬁﬁﬁﬁéﬂé iﬁfJﬂnﬁﬁ@n,ib%r t hen

preferably dried. The 1 coating "and dryi ng &;ocgsl;sl rrlelly be repeated to
ptifiable ghara¢terspul ti | ayer,

add nore | ayeode ifomeationgpictonal imformtation aBraillea pther
green structure,my. be t int Si ked sha or pheces. In alternative
approach for ?Wm%nfﬂgfﬂﬁiﬁ’f”fﬁ'ﬁgﬁ?- 888&&%%&%?2’8%%& 4BF> each | ayer
can be separ ghshinereSdble@. gl Seatihbld ¥y DbACRHS 5RBn &Y, SohibiRddions of these, or

the like. In embodiments in which the code pattern comprises a bar code,

15 representative examples of the many varieties of suitable bar codes include 2 of 7
Code, 3 of 9 Code, ACI, AGES, Ames, Anker, AS-6, AS-10, Bar/Half Bar, Bi-
Level Code, Binary Code, Binary Coded Decimal, Bulls Eye Code, Codabar, Code
11, Code 39, Code 93, Code 128, Code B, Color Bar Code, Delta Distance A,
Delta Distance B, Delta Distance C, Digital Code, Distribution Symbol, Double

20 Track Symbol Code, European Article Numbering (EAN), F2F, Frequency Code,
Fujitsu, IER, International Article Numbering (IAN), Interleaved 2 of 5, Matrix
Two of Five, Modified BCD, MSI Bar Code, Nixdorf, Norand, Octal Coded
Decimal, Periodic Binary, Plessary Code, Presence/Absence Code, PWM, RTC,
Scope Code, Sieinené Code, Sunburst Bar Code, Telepan, Ten Segment Decimal

25 Code, Toshiba, Two of Five, Two of Five Matrix, Universal Product Code (UPC),
USD-1, USD-2, USD-3, USD-4, USD-5, USD-6, USD-7, USD-8, Wagon Wheel
Code, World Product Code (WPC), and Zellweger Code. Of these, bar codes that
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15 above. The sheets, whether two or nore, can then be stacked and

| am nat ed t ogad $pe3soaasi ng appropriate pressure and tenperat ur epcfRkosiesgsr! €.
a lam nation pressure of 3000 psi (20.7 MPa) and | am nation tenperature of

.65[ err] C have bsrewidielynsed iaclde €odd 39)1EPE, BANOIES 5 IARASIMeI QST 5, 8ol Yar,
‘lam nation, the nultilayer, green structure can be cut into the desired

pi eces. Accordiwlfléssﬁ)ﬁ far approach, 20 additional netal, ceramc,

and/ or glass coatin or.ned on the base |ayers using.,i | et
printing techni ques g’f%%%ﬂgaglt Ir:log:f{eipﬁ1 %eﬁné{rogﬁ?srﬁ oy ‘&ﬁm‘?‘ﬁﬁig,@*dsn%é%ed
top layer can bebstratees Witich@hidmabel Wekip the Icaaeeﬁsateﬂi Ranadiedd Fifexafipl@lif ON. OF
etching steps. Firing of the %reen, dried, multilayer |abel piecés

pr ef erabl § occuthe codripattepmincludes abardiods, artar sedsscatrrer cathbe nsed to tapidly ond ed

| abel includes subsﬁ?ntigll 0_organi c constityents other fhan carbon.

t
More pref er abl yACHSNhEF2 © DGR M BRdSE o1 Tl’fgl oftespondmg substats. ant

fired | abel is A&%islve@Bknddd falt ast;r?i § f r.ahl r
condi tions such tlhsat t he resuﬁég%t rrcgl g%de’{iﬂ?lgﬂéssﬁqb@ng% iogp#ét#gﬁgy
sintered. A subaddntereening sbadesy The midthedf the barslaad spices, as wellas the gntrt i cl e

“having a density, of, at | east 30, 80% preferably at |east 85% nore
preferably at %faf‘éf?h@@)@s?&ﬁé t‘é&‘@ﬂ?‘%?‘@‘%@ﬁe?ﬁ%ﬁ?“@ﬂg tabesattripyiedsp such

theoretiggl . 24 St :

PCT/ US98/ 10300 %%“%%‘%ﬁ‘%???ﬁ%ﬁ??ﬁ%?ﬁ@ﬁ?ﬁ% partioular bar code, Barcades caboq ¢ 1 om
room t enper at ureacode ketterspinmntiess] and sihet!glaphit ispabble "VRIsedypically WeEodegndi ti ons
effective to burn out organic constituents wthout causing the article to

suffer from undfeodsimanlynumescforeptioRge. The preferred heating rate is

dependent upon a varj.et,y... f factors including the atnosphe I, N

which the article i sm%éilflg%],baf ﬁ%&%asﬁ%‘iaﬁrﬁg %I?F&a‘{%gﬂiﬁfgéﬁaaﬁ?fx ogﬁgglf‘{'gﬂgnt

present, and t Herdede scashet @inits af intéri6xabion Ged bE EledtrothabnEc FdiREn (e.g.,

Pr eferabw, the heating rate is sl ow enough to avoid cracking, bl o%tl ng,
nk

undue sh agdighty whirh isspwepbacress the\bargpodenLaser lightds chminogtyfused asghe The

heat i t t I t bon
rappi g i1 andiegiobtbeaf indton P et s iefT iRy dadap Ao TRt 2o,
enbodi ment s i nasouiebieRgayecobipRisk IO HER:, ViRibH ligAUNQLEht R BRI . "Fokisudshtd! ack

color to the base layer, so a faster )
the bar code characters can be read with good resolution, the width of the -

interrogation beam is preferably no greater than about 1.4 times the minimum

20 width of the thinnest bar code character. When the interrogation beam hits the bar
code, the beam is reflected back towards the scanner. The scanner includes
componentry for detecting the light intensity of the reflected beam. Portions of the
interrogation beam reflected from dark characters or portions of 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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heating rate can be used so |l ong as the | abel maintains dinensi.onal and

structuralwbrgg,g@%ty during firing. Preferably, firing occupsriiResiosoo
Firing may occur by heating the green article to the maxi num?irlng

temper ature in 0Ny QhmfBifared il B¢ AckREble 1S update tRTOHE PhtiAH forBieif abl V.

t he maxi num tenperature to which the green article 1s ted during firing
i s suffici entldbelspaeeanding toltheprehent swifention.nForpxianiples Jdutihg theeogtsaofy phase(s)

i ncorporated intfo.the_greepn article to facilitate sintering wthout |oss of
di mensi onal  RERAMGHON Of CRIRQHEARY FRE lass ComBROS ffpRiComPOREIHIAY OF cr nce
bet ween t he 4 : fobdnd t W : m(?o : d;ﬁh oint of a
particul ar gﬁg@gg@g}%@gﬁfegeﬁtgg@gﬁgﬁslﬁt g?ﬁ‘%ﬁ? g ggrsl%p%ﬁ%@m g tg be too
por ous Saf t er desirednand wseslof thesesdompontnts. headdentodteap itrack bfwhabsetprencebhier

hand, if the difference between the maxi numfiring tbgqrrper ature

dth
sof t eni ng poicARdiipnywaspsed for each gpmpenent b mayibs deden @a{pﬁa@mﬁgﬂet ©
: ! f . | . e dur
viscosity o ng&ﬁtcﬂ @%ﬂﬁ%@?&a@gﬁ%gletp&%qadd%ngi’éddagma&éﬁxk E&ﬁ%ﬂﬁ‘% uring

25 attac 0 as atter can cause suc ass% phase

to flow out ftbﬂmdﬂaa)rlnadsteIdiffeiaatrpucdtssih%eahdmoﬁscappﬁe@mhveubstr'mki ness and/ or
a loss of structural and/or dinmensional integrity. Accordingly, in

preferred enbdsreafiar she eade patistnannedabel ain berepd pad decoded tosquieldygadt o be in
th f 5. Cto ab 0 ferahl y_50 Ct
67 "o MR Bl bR O PSR L' o] ety

phases i ncor por at erhe pitsenfinvamedn WKW bé turther BERriBEEWaR refeitndid @B. G ven
a desired application tenperature, the maxinmnumfiring tenperature is al so

desirably | edollowing expmplessi red 25 WD 99/ 36901
PCT/ US98/ 10300 application tenmperaturg. For exanple, using a maxi numfiring
tenperature that is 50[err]C to 250][ ow the application tenperature

woul d be suitabl e. A D800 bintipbicalath SaIERTl RF with SdighetefbPdboRn $810RM whire
follow ng table shows suitable ranges of firing tenperatures for

cor r esbondi ngherged avithrabopt 1400 grams ap pluming grinding mediad Jreps diatnetgspl i cat i on
Firing Temperaf il Gofatt) dailable 0o V'S5 "Stohike 3288 RIahHHRA, Hdut 600
grams of trichloroethane, about 50 grams of methyl ethyl ketone (MEK), 40 grams
of dioctyl phthalate (commercially available under the trade designation “DOP”
. from Aldrich Chemical Co. of Milwaukee, WI), 36 grams of isopropanol, 50 grams
20 of methylene chloride, 97.5 grams of a first glass frit (available under the trade
designation “EG2712” from Ferro Corp., Cleveland, OH; softening point of 650°C;
coefficient of thermal expansion of 8.0 x 10°%/°C), 97.5 grams of a second glass frit
(available under the trade designation “EG3012” from Ferro Corp.; softening point
of 471°C; coefficient of thermal expansion of 11.8 x. 10‘6/°C), and 105 grams of
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
additional three hours.
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550[err] C, . 300[err]Cto 500[err]C 250[err]C to 450[err]C
750[err] C  wooor3ee01 200[err]C to 700[err]C 450[ err ] fctrosssmabar r] C
‘800[err]C 550[err]C to 750[err]C 500[err]C to 700[err]C

After firing, a desi h%@utcp;ﬁﬁmﬁgﬁéef‘sr d‘ft&@&slghﬁgbhﬂn{mémdrry Wak Rendfared toyer

‘(unless the top layer is already patterned (e.g., because ink jet printing
or a simlar tethree ook flask (2f0ad) capasity) @sd pladed widehwvacubnr srldomnanga af t er

the |abel is attached to its 10 ) ubstrate. .Th d att.ern ref.erabl.
conpri ses al pha¥gfem B“‘PHF%&??EW“OW?‘_I% 8 equﬁngﬁ‘aﬁ‘BﬁﬁP&Kitt@?S%egfjmng y
| nfor mati on, - B giiring as Al médif BiphiAll. SWREPHRTiRbSty SIAADUDAY ifdasé tof hese,

or the Iike. The code pdttern my eﬁtﬁiurmn r eadabl e,” machi ne” r eadabl e

(e.g., readabl e abyut290@Epsacaursdain avsur 2520 uking aBrooldietd vistuesater fittedivith 4§ ke.
I n enbodi ments in which the code pattern conprises a bar code, 15
representative afspiadlesperated 21480 oy the deassated slyny was thenpmiforplyseast nci ude

2 of 7 Code, 3 of. 9 Cpde, AC . Ank - - . Ha
By B Level Coina SThrs<oste galyerer AR Siing R Gyenfiotal dodi Pilde 6 sl
Codabar, Code 1lyachi @?Tﬁ@cas@ﬁ@@va?%lloﬁ@&i&) drg @t rooRfiRmBerabitt fr aBakt 100sbRrs. Del t a

Distance A, Delta Distance B, "Delta Distance C, Digital Code, Distribution
Synbol, Double 20  TheTesultintSrictogrec@oehstingEwasihen sirinped frm thepelzesterdilpEaN) |

L T B s AR QI
-Ni xdorf, Norand mi%ggétergovﬁéﬁ%@%’r mi28ds tRalithe RhIMAY indRldRASRganicCode,

.Presence/ Absence Scope Code, Sienens Code, Sunburst Bar
Code, Tel epan, Tenstibemeih téasiofthe 2%al, visuallp dbservEbihédber, thtwmibfe Fi ve, Two

of Five Matrix, Universal Prqduct Code (UPC), .,USD- 1, D-2, USD-3, USD 4,
USD-5, USD-6, USPrstituansproyid &m%g&e‘%é,‘vk\mr"r’ I'PHSEEE“F“ é"ﬂéw ), and

Zel | weger Code. i, ot &Pﬁ? &Hﬁ& é VR34 368hber of 2.0 cm by 8.0
SCT) Ues8) 10300, L i §,°€§%§ Py s d s é’gdg"y%r,l PECEAN S of 5o ™Y

Interl eavisl 2 ofenbbasEbayebpiecesaBladk colored eximahd pasth Ganraikise ememel evalable t er n
provides a convenient nmethod of .identifyin he .substrate to i ch the

1 abel bearing tR@deidhetrade designation aYF%§m_ r ﬁ'@%ﬁ*ﬁ?"é‘,"a‘}#‘“dmy Eo.,tlnc.,

‘ Indianapolis, IN) was then knife coated onto one side of each dried green base layer

piece at a wet coating thickness of about 50 - 100 micrometers. On some samples,
the black colored enamel paste was painted onto one side of each dried green base
20 layer piece with a wet coating thickness of about 50-100 micrometers. The coated
green samples were dried in an oven at about 70°C for about 3 hours.
The resulting green labels were then fired in a conventional resistive
furnace in air according to the following firing schedule:
(1)  heated from room temperature to 350°C at 2°C/minute;
25 (2)  held at 350°C 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
perccr;t. The camber of the fired composite ceramic label articles was less than

30 about 0.05 mm. The densities of the fired composite ceramic label articles were

29



5 the code pattern includes a bar code, a bar code scanner can be used

to rapidlyorndesgcurately read the code pattern in order tgq/ ' t he
corresponﬁ’i ng substrate. As is well known in the art, a ty%#ggﬁg%/g{rﬁ%ode

i ncludes a nwBRer,59f7 PriP! ¢e PALS oFthe bite $hyee ' s of the
bars and spaces, as V\gh as ?he nunber of ggcﬁéwggfo?ggg%ﬁgg{}g%ﬁ#egrent
char act er s. cohmpositecearamictlabdlewatet whiks anslcblack, sespectiv@ly. features is given

by the specificatjop for a par}icul ar. bar code. Bar codes can encode
letters, nunber s,f%%%%ﬁeagp gaton of thagnated ogrpmic dahelstaihof cathede ray des

encode pri n%ﬁ%}%la&ﬁ?@tr d.ncap.gﬂéﬁfomgﬁmg&ﬁg%ggﬁﬁdg@sﬁ% ca éieg‘g)gﬁ-wg%ﬁlg% »? g an

operation, eit ra statronery or ar Cco

i nt er rdgat i Qiedes oo PhElRC P GARhEE, Gatfiany) WeretRatdd to 350°C ind 1 ght) which
Is swept across the bar code. Laser light is commonly used as the

i nt er r ogat i cenwdienalaesistinegfirmaceeThe cathederhy hibgiglasspyeceewerszich Abauti t abl e

| i ght ' | R Light, wvi.sib ight, UV LI he |ike.

To ensur o ¢ B kD Rk (06 2o 57 o o ERienh St theshial saptistoncRlaoR B Rt  on

th i dt h of [ ' | .about 1.4
e w of ot 'ﬂﬁ&%ﬁo&?ﬁ%@e%ﬁﬁé@sggﬁ%%% rfoﬁ%x? ou

times the m ni mum 20 r code chara VWhen
t he i nt er r ogedightrpeheeath 8i0s- 5318; ABO; 6 5Pz NabOe QB ARO s7.8eMeg@iCGad back
The_ scanner incl udes congonentry for detecting the

t th .
I ?\é\ﬁ[ nt eﬁsﬁfi}%n rT%S;rS}ﬂ R 0cBa@c Bh; ShafPx i GAsFuPs + 70-35herd thegat i on beam

reflected fr, a L.ogs. Qf the har wi |l have |ess
ntensi ty t A et SO, SRR e BBl by AR Shsstl e BHC Hmplsn el gne 2
charact ers ahe fifedidefusic ¢dbel Aticles wesddiectVpkiceti on thé BbtcaftRlik e4i@He f r om t he
bar code will vary in intensity in a manner corresponding to the |ight and

dar k char actglassesorThsdempemtirevas heldlah 756 for abowsilgmainutes befesstheg syst em
I ncluded in the scanper oper at i onal | upl ed to the scanner, then
transl ates JHEPRCSYPAS Q’W@n&%ﬁn‘fﬁ’@ Smﬁé&%ﬁﬁfﬁ‘&fmiwb ¥ TRMor der to
decodgs the hamp&aie ove@abstidink helA! Thd SatipIE w88 eRfmined to EGAR4tEll N9 bar codes
see, for exanple, Cralg_gl. Har ron and Russ Adans, Readi ng Between the

i

Li nes. An | estiercef the ®mmicdakelsttoche catbode ragitahe: glasses. (AB lofithes

Eg} b;gg?%osl%lgﬁs Wer]é%%@rwg t7o be ti%ygb%/ngg? t%]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

25 52.5 grams of 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 copolymer
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 using a
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In sone instances, it may be desirable to update the code pattern formed in

| abel s accor Qig@sksort he present invention. For exanple, duringctAiSoshestosSe
of production of cathode ray tube glass conmponents, different conponents

may be subj ect egadutmimithy foede@frateSARILARE SRng fwad s8EE6E STRIsIGAY eiélcaBs durin
depending upon the 5  desired end uses of those conponents. In order to
keep track of whHTingagliawdaegia evanenatado Whenathe yiseobitysf theatlvrry eprosrdto, it

be desirabl te the |abel attached..tg th t with
Tor e addi ¢ onal Seeiad B ESnue BacdhnaRics Vish e oS00 RoRabe froepafEn:
processi ng condpf ERdplaR Pthe @eacrfed Qﬁ@%&ﬂ&tﬁﬁoﬁﬁﬁﬁﬁ&% a i%i@@n&é&iﬁ‘ed

patterns on a | abel can be read and decoded to qui
accurat el § det epoliyestertfiim ysingrrconiventidniabdantor-tiddet thpe castingmpdiine. nTheasponent .

The present invention will now be further descrj be%(ywilhtph reference to the

foll bui ng. exanpfiBty s Arisd e/ 000 Sppatib ik BERBRR BYARPLES (Thei o8 GReoTS,

di aneter of abo ; 1884 vy

al um na grindi ng{eﬁéﬁpge%??ﬁ#glygs% er; °%§%%E%ﬁ§fﬁ§6§%%?gﬁ@§%ﬁ S.

St oneware Co. 0350Muinsainscteid] JTheagpermtshbéiGvagcanimto3.2 e ih2.4 cachdsatuger pibsegt 50

grans of nmethyl e | ketone (MEK), 40 grans of dioctyl phthal ate
(conmercial ly a%i{ gélﬁ}"bbm%ﬁém ltqﬁ‘élﬂyﬁ%méceéeﬁl%é?ﬂ%?ﬂ W?PWQ)%WR&A ch

Chemi cal . of I 3 B ]
Chem cel 18001 UG8 b s, e 0P850 e 0t e B
the trade desi gtadiven wetéahfihg thitknese sRibost SPOmtrométeY atherdate@ptee 8drhsies NY

point of 650[err]C, coefficient of thermal expansion of 8.0 x [err] 97.5
grams of a secoWaregitieddn an electrigoaen atibout/Hf€: for awut thackshalwsi gnat i on

"EG3012" f F . ...50fteni ' f. 47l C . fficient of
et expone on'or T RauESE B R R R £ s SRR
mul lite powder ﬁﬁ@d&@{\@.jflacdomiﬁé &gifdug%% éi‘i’ﬁglj%cheﬁi@:” otte, NC. Both frits

were free of the undesirable heavy neta e Ingredients were ball mlled
at a spedfl of about Q0 rheatdddfirom ivoath ténmperathreito 704D ewit°Oatlimyteans of an
acrylic copol ynmer | aq(ix emuyl si onoé avai |l abl e under the trade designation
"RHOPLEX B- 60A" f r omZkohrheldat 34056 forene haws! phia, 30 PA), was added to

the bal| m I, The | ogr edh Gl )Ry 0'RledtRt ae Pl ng® 2001 100l
C)] held at 650°C for 24 minutes.

The linear shrinkage of the fired composite ceramic label articles was about

20 12 percent. The camber of the fired composite ceramic label articles was less than
0.05 mm. The densities of the fired composite ceramic label articles were about
1.7-1.8 g/em®. The colors of the base layer and top coating layer of the fired labels
were white and black, respectively.

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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About 15 Jdohkdgyt €rs of the resulting ball-mlled slurry rred
to a thrgvevwndg}g?o?l ask (250 m capacity) and placed under v\ggzﬁ}rﬁbg?&%@torr
using a vacuum punp to deaerate whil ggfhgnelgurry was stirred. The slurry
t hi ckened during stirring as liquid apor ated. When the viscosity of
t he slurry i ncreafedtei@réen labels wheireZ@éDusings thepaocedert oftExabmple 2,25[ err] C
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coat edOont 0 one si#e ofhekkati®SATC &or opedior-base | ayer piece at a wet coating
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coated green sanples were dried in _an oven at about 7_0£err]C_: for about 3
hours. The r ebenti0.Qfyman. cElre denpisies ofuthediredh eompositeeramie labehartinles vierd

i sti f ' ' di to t follow £iri hedule: (1
heat od 1 rom RO SR ERYT GOPt St Bpeeylevery and Wp Bprog i Wepgvhins ¢V
(2)  1el d atandBRER fedfectivslyone hour; (3) heated from 350[err]C to
675[err]C at 2[err]C/ mnute; and (4) held at 675[err]C for 24 m nutes.

The linear shrink epfonstyate fapplication of on¢ ofthe gpated cernmilabels to botes was
about 12 percent. The canber of the.fired co Sit m c_| abe rticles
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ceram c | abelgagbi %ia@?pi@@é Gee Example 1) was heated to 750°C in a conventional

resistive furnace. The diameter of the cathode ray tube glass piece was about

20 7.5 cm and its thickness was about 0.6 cm. After the cathode ray tube glass
reached 750°C, a fired ceramic label article was directly placed onto the hot
cathode ray tube glass before the furnace was turned off and cooling was allowed
to occur down to room temperature over 30 minutes. The label easily conformed
to the curved surface of the cathode ray tube glass. The ceramic label was

25 observed to be tightly bonded to the surface of the cathode ray tube glass.

Example 4 -

This example describes the preparation of fired two layer ceramic labels
which include a top, white coating layer and a black base layer 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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tenperature overofpeyt TRRG li&@ﬁ'itm&iﬁ@emq&%r €oSBaNrteavhoTRY 2l Uat e
adhesion of the fired ceramc l'abel's to tHe Cat hode ray tubé glasses. All

of the | abels vvangeahbmtsmmﬂbalhnﬂbdtatgbpdeﬁ of abaied 00 oprh er abont fachafrs.t he

1y ar ' A0 grmto! P oo srleion S TRHOBLEN BrOALLTEI SO0 o 2}1'
Cri e or oat hane ot b el il e AFEL Gt watF Bl it BF fBahons e |

grams of isopropeusl Abfb!itamﬁﬂﬁfﬂfermﬁng@myﬁﬁ&tﬁfawlatraa@feﬁﬁdwaﬂssmf a

first glass fr|t ("EGR712") grams of a second gl ass frlt 'EG3012"),
and 25 Ahouh e g@m&ﬁﬁawpn adideinopsisr (Copunmieially avaiaile A

i | abl
ol el 001000 LN BEONS AR i,
hours. Abrgut 30 (gvailable@b “mnyn’r foRHelo)T0Rp.)) xaéxemdmdo&hmsxﬂtmgzbﬂﬁhﬁued

B- 60A") was added to the ball mll. The ingredients
shurry and stirred at about 300 rpm using a conventional air propelled mixer having

a 3.2 centimeter blade. About 80 ml of the resulting shurry mixture was transferred
to a three neck flask (100 milliliter capacity) and placed under vacuum at 1 torr
using vacuum pump to deaerate while the slurry was stirred. The slurry thickened

20 during stirring as liquid media evaporated. When the viscosity of the slurry
increased to about 2900 cps when measured as described in Example 1, the
deaerated shurry was then uniformly cast onto a silicone-coated polyester film using
a conventional doctor-blade tape casting machine.

The cast slurry was dried at room temperature in air for about five hours.

25 The cast tape was then stripped from the polyester film to provide a green sheet
having a thickness of 350 micrometers. The green tape was cut into 2.0 cm by 8.0
cm base layer pieces. White color enamel paste was then brush coated onto one
side of the dried green base layer pieces at a wet coating thickness of about 50
micrometers. 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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were then ball mlled for an additional three hours. 30 : About 80
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fl ask (1086(?715%6{9?%& capacity) and placed under vacuum at %&%gﬁnggoﬁng a
30 WO 9913690%y¢ vesyitin green label articles were then fired ip a conventional resistiv
PCTI US981 10300 vacuum pur‘gp to éleaera(f‘e Wﬁl l'e ?Ee sPurry was st rreo?. The
slurry thi ckénestedn airrgeartingrto fiellowing ifiting dclrsdddlea evapor at ed. \Wen the
viscosity of the sl urré i ncreased to about 2900 &ps as neasured in

e

accordance with t (9 vi seded frpmyeamiempgrapre tedQ°C B °Crainptecand t he

deaerated slurry st | cast, . ontpo a silicone-coated 5
pol yester film usmg atﬂglgr#gh{)%f%&‘"d@@{lﬁf Bﬁfz’éﬁ‘éc’qhé‘ﬁ O¥RIP IO uchine.  The
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t hi ckness of ?gggﬁésﬁ(gq‘%{ cr ogrel%‘?grqa. ?éﬁg}ng%g?gghgdggg%ﬁtgé%s' V\T:g? Vgol‘g?sfled I n
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for one hour; (3)%%%%@1&53)%?_ éﬁtg‘l’g@%f‘{gr@ réng?laﬁflgtrt?%ﬁ m nut e;
and (4)  hekghéde ﬁ?%&r%‘liﬁ at @1 applicatiowiedfperating dfiabedrs3ohc, ifiaaathele t he
fired conposite ceram c label articles was about 20 12 percent. The

canmber of t htayftubeglasupipensisexExamplaily of abiwait Sem x d0em A e 3gs heated ®. 05 mm
The densities, of fired,conposj ceram ¢ | abel articles re ahout
1798 L or  FoMa30 of e SHRBR b8 Wi eotiy alaeessof e s Ghagiey 308 he
fired isabel s gy anlpid Emperinkl 36K heldSABSOC 1k aliout RIS befkePP! | cat i on
of one of theé coated ceramc | abel sanples to 25 ot cat hode ray tube
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temperature over about 30 minutes. The ceramic label was observed to be tightly

bonded to the surface of the cathode ray tube glass.

Example 5

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

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

neck flask which was evacuated to 1 torr using a vacuum pump to deaerate. The
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ray tube gl ass piece (see Exanple 1) was heated to 800[err]Cin a
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the base |ayers and THRré&Ringioll@)elbeldQicse ieh bt il 10" (2. 96l Raapk,
respectively. To denonstrate application of one of the coated’ ceramc

| abel s to hot cé&l.houe pieays andifred iras s@wentiormhresistive fimhdcenin hie apmirdihg tethef

750[err]C, a curved.cathode ray tube glass piece (see Exanple 1) was heated
to 750[err]Cin ‘éﬁmé%&@ﬁal resistive furnace. The dianeter of the
cat hode ray tube gla pi : p&% ' t hi ckness was
about 0.6 cm After ?ﬁe ngﬁ%‘g@ﬁ}@y tu%ﬁ%ﬁ&ggt&?%ﬁ%%ﬁé@%@ﬁ C afired
ceram c I18bel articl €)washelidingcit 3010 Agode BoMr® t he hot cathode ray tube
gl ass before the furnace was turned off and cooling was all owed

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

4 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 cathode ray tube glass.

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

30 lamination techniques.
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beaker and stirred at about 300 rpm using a conventional air propelled mixer

having a 3.2 centimeter blade. The slurry mixture thickened during stirring as
liquid media evaporated. 'When the viscosity of the slurry mixture increased to

20 about 2900 cps when measured as described in Example 1, the mixture was placed
in a 100 ml three neck flask which was evacuated to 1 torr 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 temperature for about 8 hours. The dried

25 tape was then stripped from the polyester film to provide a green sheet with a
thickness of 500 micrometers. The green sheet was cut into 4.0” (10 cm) x 4.0”
(10 cm) base layer pieces.

A top layer green tape was produced by tape casting a slurry mixture which

was ball milled through following procedure: A 200 cm’ glass jar was charged

30 with about 50 grams of glass balls (16 millimeter diameter), 30 grams of a glass frit
(obtained from Ferro Corp. under the designation “DPM004” and having the
composition (in weight percent) as follows: Sn0-36.4, ZnO-24.1, énd P,05-39.6);
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tube gl ass pi eC?'e(:és‘?e Exanple 1) of about 5 cmx 10 cmx 0.6 cmwas heated
to about 530[ er iC. A fired ceramc | abel was directly placed on the hot
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for about five mnutes before the furnace was turned of f and cooli ng was
al | owed to occuteYaoRifcs togsthesat 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.;

(2)  holding at 250°C for one hour;

(3)  heating from 250°C to 400° at 2°C/min; and

(4)  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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order to pr od‘a@ghlge glpa&h)l(cgg ’o]rl’g’dfs? %Jg&lei’gg? %F%P%Go%ﬁﬂ a‘rlgﬁltéi Ete( gﬁgiqg?:l@’g?gen base
| ayer pieces gameofdispesantrTAMOLWELT), 0.453rim dif defoamingagente(“SURFASYEL

(comrercially avail able under the trade designatjon "P . E.I.
Dupont de Neﬁtﬂﬂrﬁ”)ah%ls esamnef,acsyliogopalymer E??ﬁ‘l”?ﬁE)‘IISlW%?gggééﬁﬁg ]%'(d) mrret al
10 paste t ] e[ a ; t 30

m nut es. The ?@%ﬁ? ?‘}k‘%’ %bgﬁgf}glro ﬁﬁggg\{%@a rm@%%ﬁ%@%? eli-e]nl%éf@{l%eﬁti?g 5 cn X
3.0" (155 cm sHe@6£300 R forrabout three hoary ettiouo 100 ml of itetresudtingslmay wasn ai r

according to the follow ng schedul e;
J transferred to a 108 ml three neck flask which was then placed under vacuum at 1

(Dt

torr 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 temperature
20 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
(2)  holding at 450°C for 24 minutes.
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(1) heating fromroomtenperature to 350[err]C at 2[err]C/ m nute; 15

(2) hol di ngv@be/Zppf err] C for one hour; (3) heat i ng from 3pRrRisHsfe3dP
675[err]C at 2 C/mnute; and (4) hol ding at 675[err]C for 24 mnutes. The

colors of the bagg chr¥esSthasp dRbasORYdr of IRYRESsplidWerkiwifR dnalbeick, wer e
white and bl ack, respectively. 20 To denonstrate application of

‘the two | ayer ceaespagtivelyabel s to hot cathode ray tube glass at an
application tenperatyre, of 750[err]C. a flat cath r t ube gl ass, pi ece
with a size of about uﬂ@ Jenopskg @Pﬁllé’a@‘?‘s"{:ﬁll?\e (’%‘é@l‘iﬁgg}ﬁf‘gﬁq‘)"a&%g%& to

750 Ci ' LSk . - Lub
lase 1 bached 7EbY T ARyt di b ibinifind SEBO°C; o Qb e o) BBE RIS EHcle °
pl aced ont the wit a §isé PRt H¥m3010 cm x 0.6/ bR (HeFEanidié 1 hhsheated466B67T | C

for about 10 m nutes before the furnace was turned off and the sanple

cool ed down to rpsrenventiona resistive farnaceh d\fter theecathmde rayrtube glaseteached obser ved
to be firmy bo to.t surface qf the, cathode ra ube gl ass. anple 6
This exanpl e deggﬁg%é‘sﬁrﬁagabf’gﬁ’ﬁ g‘é‘?"ﬁﬁﬁh’t‘ﬁd gqutp dli“&fé °éﬁ@é{ﬁ‘??%é%§saggi ng 30
| am nation techg

Fﬁ;’aft' ?3%“%%1’ abyg 3%%?0@1%9 before the ce wasbtgrntﬁg1 ggf aéxg sflf“? ng a

PCT/ US98/ 10300 reen base layer was produced

slurry m xture whinple cosledddivn torddng tent: lbvéodboavbtthaui. 0ThE label was 450 cnB
glass jar with a dianmeter of about 7.0 cm was charged with about 100 grans

of glass ¥hlls Ebsmwesttodiediumlyadherediothe sirfane ofthe gathode raytutierglassy s and 50%

of glass balls with dianeter of 5 ﬁ.S g}blirreters), 65 grans of a
glass frit ("DPMD0O3"), 2 grams of 100% n oil (avail able under the

trade designation " VA% dandplOd8sBesds tofabficatioRGef h Mhres Bts @Pahicllakel using
Engl ewood diffs, NJ), 167 granms of toluene, 7.5 granms of a polyethyl ene

gl ycol (avai |l abllaminatden andweatingittehnigeésgnat i on " CARBOWAX NMETHOXY

POLYETHYLENE GLYCOL 2000" f ' Carbide Co., 1 b Cn), d
12. 4 grams of diocty %@F@Pngf?*%%ﬂ%ﬁfﬁ@sipﬁﬁq%ﬁ?%f@eﬁ%gﬁgfﬁfym I) I egn

at a speegs of abgiyturd ARichRiMsball nRled thrbighTolOWing préeaire: 10450 Sl g18s fat

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 (“TiIONA Ti0,"), 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 slury was transferred to a 100 ml three neck flask which was
then placed under vacuum at 1 torr using a vacuum pump to deaerate. The

25 deaerated shurry 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” (10

30 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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pol yvi nyl butyral (A drich Chem cal Co.), 28 grans of silicon carbide

particl esyld3 1200, nean dianmeter of 4.9 mcroneters, Sypey phite
Co., Chi cago,ﬁﬁﬁgl, and 14 grans of graphite powder (Sherritt &%gﬁgo& nes

LI5S A o A A 5 s ka1

wer e then bal’l urs. e resulting mlled

slurry was t padshrelof8doo Fsiqmo.GMPa)bqaie&Woa&yér fimihsite Gvastthabeaud intdA®M™ pm usi ng
a conventional air propelled m xer having a 3.2 centinmeter blade. The

slurry mixt ul@Stom)okeae (il 0em) pigeest iFor thepreduction of a biaskicalosediopiayes®  Wien

the viscosity .of th | urr I xture i e 2 SWQ cps
when neasur eé/mgé“ﬁggé'?i%@Hy?ﬂgﬁ?ﬁ?ﬁl%ﬂﬂbﬁ’:ﬂ%&s@?@ %sé ﬁﬁf@?@’ n 100 m
three neck fl.agls gibng Bf WSk BigACHPPARArQ-E-3794'T CHCHRRN,F et ROOsKH, PUM t O
deaerate. The deaerated slurry mXture was then unifornly cast onto a

si | i cone- codtlevelpuyl, PIiwas Hrisheaatsdrapte theovhitedayesofthegreemlaninateiat a2 ape
casting technjque. The c t.ape S | owed. t o dr t, room.t enperat ure for
about 8 hour LH‘{%EW@S 8?1%%‘%% mlcr%.rqeg%g. ﬁgﬁ’t“ﬁé}r’?‘yﬁ%aﬁeﬂﬁb# W(?‘Fnﬂﬁl?frsﬁ}ﬁgﬂ/%st er
filmto providgvéntidhgedle wgi;tiveafuﬁdabemﬁ&ccefdjgg){b folIewaRcREdule: The
green sheet was cut into 4.0" (10 cm x 4.0" (10 c base | ayer pieces. A
top layer green tagpp wdsatingfromedomytemppmnmreasd 4507Caat SPC/mmpute; andir e whi ch

was ball mlled through follow ng,’;ggocedqre: A 200 cnB glass jar was
char get? 30 wi®h athaldinget 430FsfonR4 sminaes.pal [ s (16 nillineter

di ameter), 30 gramng, of .a sg frit [ f . t he
desi gnat |) on " DI%IVD Ong,he colors ﬁg@ﬁe'ﬁ&p’t‘ ne ¢ g tgs"fr]}%lc%ﬁé Fa%]lg\;%ve%rg @%’5@’ %13% 9})? d as
fol | ows: SnOwifoidresge@valy. 1, and P205-39.6); 36 WD 99/ 36901

PCTI US98/ 10300 softening point of 350[err]C, a coefficient of thernmnal
expansi on of 8.8 xT¢ demonsirsteapphicationdifiie earemicdabdl ¢¢ hetmathpdpsayiubet hi s

glass frit ingluded no.Pb. Hy, As, Co b~ OF _Cr (M), 20 ang of. titania
powder [err] g(iﬁq_sﬁaxp %lcﬁ?o%'%ef%“@(% 35@ ek %‘F&M &yoﬂg‘(’ g%ﬁﬁ*ﬁ?:‘*x

B- 60A" 0.2 f o r t n [AME, . r

def oamisng aggﬁgﬁ?%ﬁﬁwgl 452%'9)%?”5186? 42%-{0 gré%?ieop%%%%iwgetg%v\gicer. The
i ngr edi ent' s viaracconsentionil resistivet fusnacp.e Adtenthebathodp rayf tobe glassteachiedee hour s.

The resulting slurry was transferred fo 100 t hree neck
g53O°C, th% fired ceramﬂ: label was dtirect;i‘y placecm)nto Ia:e hot cat%ode ray tube

glass. The temperature was held at 530°C for about 30 seconds before the furnace

was turned off and the sample was allowed to cool down to room temperature over

20 about one hour. The label was observed to be firmly adhered to the surface of the
cathode ray tube glass.
Example 9

To prepare a base layer tape, 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

25 diameter of 16 millimeters and 50% of glass balls with a diameter of 12.5
millimeters), 21.7 grams of a first glass frit (“DPMO004”), 65 grams of a second
glass frit (“DPM003”), 17.5 grams of graphite powder (Sherritt Gordon Mines
LTD), 0.5 gram of dispersant (“TAMOL 731”), 0.45 gram of defoaming agent
(“SURFYNOL 104 E”), 12.8 grams of acrylic copolymer latex emulsion binder

30 (“RHOPLEX B-60A"), and 46 grams of deionized water. The ingredients were
ball milled at a speed of 100 rpm for about three hours. About 15 grams of milled
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flask whi.ch was evacuated to 1 torr using a vacuum punp to deaerate. The

- deaer at ed slwomysegoxt ure was then uniformly cast onto a sili ggeusysadand

pol yester 10 filmusing a conventional doctor-blade tape casting
techni que. The glasd fibeaii@vailable abi@whsiride dbsignation TBNEENBAr &owd Owe§ about 8
hours. The dried tape was then stripped fromthe polyester filmto provide
a green sheet weming €nj bryiag an averagefigmetarelol3s3 mivremgtessandanaspedizasioc ut

| nat es ver e Thihathiardfh fiteshBRe bR MBS SEES, ThE imeretients pgpp gAY
pi ece toget her aou 306 L Lsing aQofvenfiohdl aid fropdiled Ix &MV B2 ch BlARSSUr e Of

3000 psi (20.7 MPa). The two | ayer |am nate was then cut into 1.0" (2.5 cn
x 3.0" (735 cm Abautel00phkefsturryiinixture svdstthengtrapstoeredta b ml threeneckdlaski red in

ti | L Sti 2 f ' ' di to the . foll ow
Cchodute: (1) VREBRREORAAT IR ARl Sk §OBE A ER ML HED 3 6T i
2 hol di ; : ' f & Ct
300 er 1] at 31 onb] oy o hus? iR Vithen bifor 6L b0 £ IR B 1~ 25

The col ors of bpalyesierdilhnogsingy eonventioriahdodtoridddecmpacasting tdobhiquar Dhkicast! wer e
bl ack and white resp%ﬁtivel y. To denonstrate apagl I cation of the two |ayer

ceranic |abel s PABERGS a‘f’%@élryéﬁlmpﬁb'@m@ﬂé‘gge&r <l 1W%nﬂieé#ﬁ€rt9ﬂ%re of
200 cm ¥0"6. oy Eth el Rbnd M8 BoBeRaCHR Riffollsh Y ehdeh Shi A thicknlhs M

conventi onal r esf sfouy 800 midiemeters N TRIgréddshe&twaadat inty 1.00(RS5 emd xst.0edohed

530[err]C, a fired ceramc |abel was directly placed on the hot cathode ray
tube gl ass. 37 °m) bgsedayespipgas.

et ore the furnace whgt e praeitor i Roddiarlbne kiRt 2 BRRRTC oy

to room t enper agiicegevsil (f“abmq,t 6 SrathslvPdlglass et (DEBIOOMRY afdD4 gfavecbfitiadie
firmy bonded to the surface of the cathode ray tube gl ass.
15 powder (TiONA TiO,) was brush coated onto the base layer green pieces at a

thickness of about 20 micrometers. The coated green label was then fired in a
conventional resistive furnace in air according to the following schedule:

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

(2)  holding at 450°C for 24 minutes.

20 The colors of the top and base layers of the resultant fired ceramic label
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 cathode 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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5 Exanple 7 A 450 ml glass jar with a
di anet er ofygda@sbe1/- O cm was charged with about 100 grans ofpcengssgnbsab! S
(50% of glass balls with a dianmeter of 16 mllineters and 50% of gl ass

balls with a dianeter of 12.5 MIIirreterﬁamI(gglqrarrs of a first glass frit
("DPMD03"), 15 grans of a second gl ass | MD04"), 20 grans of silicon

10 car bi de paAtines| gatlof (3.8 diter) 2Iass janwith adliameterof aboutt 140 eincwaset er s,

> G Co.. Chigagn, IL). 15 O FeNi bl :

B R e T S oA
I

b'gnder (" W%G%?ﬁg{ék&s#@sdbq{ﬁﬁzﬁslﬁ? de%%%?ﬁlﬂ#ﬁge@nm&%dl ents

wer e babl m | grachsaif agzldss frit (“DPMIQESY). oi7519@msptﬁgfaphxtabowde1t(8npmdrours About
100 M of the _result] slurry transferyed 00 ee neck fl ask
Whi ch was t hefTaRbife &i9h Adcsrams of BRpsRhate eft&{ava%aﬁw&eammﬁ Herignt

deaer at e. The“%m | ﬂ?ﬁ to a
silicone-coated po yes? ?Af ?F%Wsr{&hg@ogp\é\gﬁv | bna %{)cto %ggg t ape
casting technimixtare oit66% bg voluspreMBRSwith BV, volusie ettanol. (The ihgrepientst ure 20

for about 10 hours. The dried tape was then stripped fromthe pol yester
filmto provi H’é"@%‘r@ﬁ’ﬁd%é@eﬁ%qfﬂoﬁQfﬁlfekm%alb ourp drhoud 405 gramsiet er s.

pi cces 10F0r ¢ AR VRSl fA Ry Chenfuar BT 70 el oriblefMend BBl L0 4. 5
grans of squeemndemeahbmmmquGanqunandﬁm from

Thonmpson Enanel 25 ., Bell evue, KY), grans of the glass frit used

in the top | agemsgif @Gliﬂmhéha@te é‘fRDB”)gmﬁﬁdéﬁdtputh%\bﬁlhmﬂbmm@mgremm [err]
was brushed ont I e ating thickness of about 20
nm cronet ers. t«&) P@g%g%ﬁﬁgaﬁg?%&?ﬁ%ﬁ&?%ﬁ% in a conventional resistive
furnace in ai r aCC%Skékﬂlﬁr@Haﬂ%ﬁ&H'sWa%Mcﬁto% en beaker and aboﬁtl)

heat i ngsfromroomtenperature to 450[err]C at 5[err]C/ m nute; and

hol di ndSat 45072 erapG afanilled “F3HECK32 gass fibprhosng av everage diameter of 13 3 .
PCTI U89811030%1%1 Ee% A as%ect rat?o E)P fo v%géj at?da‘ A% ltheyb Al {ed spe J ik and sgirreanPl es

were white an

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 (“DPMO003™), 150 grams of titania powder (“TiONA TiO,”),
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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respectively. To denonstrate application of the ceramc |abels to hot
cat hode ray wob#34ybnss at an application tenperature of 530[ ecCTjuSss/so3our ved
cat hode ray tube gl ass piece 5 with a size of about 5 cmx 10 cmx 0.6

cm (see Exanpl eolyvindbutiedi(Attirica Chegfied GoJ, 35 gﬁxﬁ’s@i‘%ﬁ%ﬂ@mﬂe glyesl stive
furnace. After t“he cat hode ray tube gl ass reached S(gl[eerr ,C, a fired | abel
was directly pI(a@éMWMN&E%é@X(Ya? YETHLENR 66 Y§IQls 206Ky and |58 gsams of

oanbi e tool ed duiseRthagE Har St SadedTo IR Mihe B PRER olerbifn [0
10 obser vegilitmillee fér andditRahiawdhouss. IR résuldmOsalohillddehaai wade ray

tube gl ass. Exanple 8 This exanple describes the fabrication of a three

| ayer cerdnic |tansferned knghalf galion (1 Srlitam) plastiebottlg (NARGENEJandatowly rolled

i xt ur e whi oh @8 SBECT P RGT EReBligh HPBTY ARG OBPJUIARE CoRed BTG as s
biass bal | s (000 48R0 Kihe e . e YRt e Bt H AT 0t
of gl ass bal | s stiipgeddratn thegtodyestaf filk tdbprovideigreenahedts with aghiskmese bf abogt ass
O Sper sant (" TARETReES. by grosh shestd wereat B0 807 I AR 3Q2ALLD SBURFYNGL
104 £) 1428 5ials. Bhe 6PRR Whfte LALFA LBk RaOBiabod Bt bt HRicR Uoiofeq 2N 30

grans of dei oni'zed water. e I ngredients were a speed of

100 rpm for abgsiéces prriubedtdove Abfogin alldbel laviaf Stilyers. €Bhd dtadkovasl larhinatedas
transferred to a 100 ml three neck flask which was then placed under vacuum
at 1 torr using Empgrabreep6iis 05 5 secnnds ater pressaresf 220 psi deaMPad.edhe| urry

m xture was then uniformn y cast. on a sihicone-coat.ed .yester,fil musing
a conventi onal elalggtagelsgﬁrgﬁzgnt%g{)xé@ocggm)é 6bé’mm°ﬁﬁse. 58’3% gtieﬁlblaag S
allowed to dry wére 'ﬂi&rﬁé@i@@é&iv@ﬁ@qﬂa?fesﬁﬁ%fuxﬂ&e@ﬂﬂ&%ecoﬂlﬁﬁﬁﬁ’dh@%l’ld’aﬂﬁg was

t hen strlg)ped fromthe polyester filmto provide a green sheet with a

t hi cknes$S of 15@hedwle:omet ers. The green tape thus produced was cut into
4.0" (10 cm x 4.0" 0 C e f.these green pieces was
stacked on a bl ack céior?&m&mﬁ?%@f%ﬂagg&“qgﬁc?mm& ess of 200

m cronet ers) produce@)i N BGE3 46PeSPbahoxaml e 7. 39

The fired ceramic labels were placed onto hot cathode ray tube glasses (see

Example 1) held ata temperature 0f 530°C in the resistive furnace. The labels

20 were allowed to firmly bond to the cathode ray tube glasses before the furnace was
turned off and the samples were allowed to cool down to room temperature. The
ceramic labels were observed to be firmly bonded to the surface of the cathode ray
tube glasses. The white top layers of the ceramic labels were then etched by a laser
beam produced by a static CO, laser machine (available under the trade designation

25 “MAC 2000 CO;” from Dynamark Co., Bloomfield, CT) in order to expose a
portion of the underlying black base layer and thereby form bar code patterns on
the surfaces of ceramic labels.

Other embodiments of this invention will be apparent to those skilled in the

art upon consideration of this specification or from practice of the invention

30 disclosed herein. Vartous omissions, modifications, and changes to the principles

and embodiments described herein may be made by one skilled in the art without
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The two gregpopseees Were | am nated at a tenperature of 65[ epé&t/isdspioactO

M nut es” at—a Pressure T g000 - psi (2077 MPa). The two Tayer Tam nate was
then cut into &epgmx{ngroﬁn &B trie toPe adlépihidf thé ﬁ%ﬁtiofﬂhichh@iﬂ&idﬁf@d%y the of a
bl ack colored top | ayer, a mxture of 4.3 grans of squeegee oil ("A-4"), 7
grans of a gl afdlowing clgiidPMD04"), 5 and 3 grans of bl ack pignent
powder ("F-3794" CoCrFeNi, Ferro Corp., Ceveland, OH was brush coated
onto the white |layer of the green |am nate at a thickness of about 20

m croneters. The three-layer coated | abel was then fired in a conventional
electrically resistive furnace in air according to foll owi ng schedule: (1)
heating fromroomtenperature to 450[err]C at 5[err]C/ mnute; and 10

(2) hol ding at 450[err]C for 24 m nutes. The colors of the top,

i nternedi ate, and base | ayers were bl ack, white, and bl ack, respectively.
To denonstrate application of the ceramc |abel to hot cathode ray tube
glass at an application tenperature of 53[err]C, a curved cathode ray tube
gl ass piece 15 with a size of about 5 cmx 10 cmx 0.6 cm (see Exanple
1) was heated to 530[err]C in a conventional resistive furnace. After the
cat hode ray tube gl ass reached 530[err]C, the fired ceramc |abel was
directly placed onto the hot cathode ray tube glass. The tenperature was
hel d at 530[err]C for about 30 seconds before the furnace was turned off
and the sanple was allowed to cool down to roomtenperature over 20

about one hour. The | abel was observed to be firmy adhered to the surface
of the cathode ray tube glass. Exanple 9 To prepare a base |ayer tape, a
450 M glass jar with a dianmeter of about 7.0 cmwas charged with about 100
grans of glass balls (50%of glass balls with a 25 di aneter of 16
mllimeters and 50% of glass balls with a dianeter of 12.5 mllineters),
21.7 grams of a first glass frit ("DPM)04"), 65 grans of a second gl ass
frit ("DPMOO3"), 17.5 grams of graphite powder (Sherritt Gordon M nes LTD),
0.5 gram of dispersant ("TAMOL 731"), 0.45 gram of defoam ng agent
("SURFYNOL 104 E"), 12.8 grans of acrylic copolynmer |atex enul sion binder
30 (" RHOPLEX B-60A"), and 46 grans of deionized water. The ingredients
were ball mlled at a speed of 100 rpm for about three hours. About 15
grans of mlled '

I}l"
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1/ 32" from Omens Corning Co., having a Hﬂﬂﬂmwmr of 13.3
¢ oy resul ting

m cronmet ers and Whatds plfthed @t | 0 of 10)
ball-nmilled slurry. The ingredients were stirfed af about 300 rpmusing a

conventional air propelled m xer having a 3.2 cm bl ade. 5 About 100 i
of slurry mxture was, then transferred.to.1 t hree neck flask which was
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deaerated slurry m Xty e viogrell B&AmiEHI Cmﬁblﬁ ta 138 By ol s,coat ed

pol yester filmusing (? conventi onal dod(?!t’ or-bla ea tgpeygrégiteiﬂr?gﬂtag%ﬁni que.
The cast tape was al | owed ineduding: at room tenperature for about 10 hours.
The dried tape 10 was,..t hen stripped fromthe polyester filmto provide
a green sheet with a thi cKRess rs‘ag&g%f’?mimcrorret ers. The green sheet
was cut into 1.0" (2.5 cmgx 4. Q' . !

production of a white col o(}lje(d tggréé%%@ggﬁl%%t%%sé?pﬁggﬁgl%eaflrl?g{%}%‘ggqueegee
oil ("A-4"), 6 grams of a gl assphase}thé iR phasebéing copablEofetting ani a 15
powder (TiONA [err] was brush coated onto the base |ayer green pieces at a
t hi ckness of about 20 ni cronet efubstratgat apaprligationsismperabue; ands then fired in

a conventjgpnal resistpwe f | i cordi,ng to the foll ow ng

schedul e:w()l) heati ng fragé??aggrn#@g?ﬁéfgﬁﬁ%efwgﬂ%‘f%‘?‘fy}C at 5[err]
I'minute; and (2)wherdinkitré ' safficd® b6lof tatfadl bebfedh thelidpSlayet@nd the fired The
colors of the top and base |ayers of the resultant fired ceram c | abel were

white and bl ack ceragipbedy sneh fhat ggodrpatient isapticallyplisceetibloandfwhenein theo
contrasting | ayer am c l.abel, to hot cathode ray tube glass at an

appl i cation terr%glrnﬁ%l?egﬁ%tfn%éﬁflgﬁaﬁ%°‘§{%fﬂautmcat hode ray tube gl ass piece
wth a size of about 5 cmx 10 cmx 0.6 cm (see Exanple 1) was 25

heated to 530[err]Cin a conventional resistive furnace. After the cathode
ray tube ¥t ass Reachddesgmpesitemateritloficlainnd , whbrsin the cods pastetd gonpprisesa ont o
t he hot cat hOdebE“aé{?,ﬁ}tgi’gﬁE}%I ass and held at 530[err]C for about 10 seconds

before the furnace hed of f. The sanple was allowed to cool down to
room t enperature over about one

|

3. The composite material of claim 1, wherein the application temperature is a
temperature in the range from about 400°C to about 1000°C.

20
4. The composite material of claim 1, wherein the top layer consists
essentially of a refractory material selected from the group consisting of a metal, an
intermetallic material, a metal alloy, and combinations thereof.

25 S. The composite material of claim 1, wherein the top layer comprises a

second glassy phase and a second refractory phase interspersed with the second

glassy phase.

6. The composite material of claim 1, wherein the first refractory phase
30 comprises a first plurality of refractory particles.
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hour. The | abel was observed to be f"{lmgmwﬂ”’ﬂ" he surfaee of the
cat hode rypgifseo01 tube glass. 41 : ! _ PCT/US98/10300
PCTI US98/ 10300 Exanple 10 A one gallon (3.8 | |ters) glass jar with a

di aneter of apout il Qniy¥siemattRl 8Ecaith § widieinlthd BRQ afld 3¥Bndblagdyass bal | s
(50% of glass balls with a dianmeter of 16 millineters and 50% of gl ass
balls with a phiaseseaeh hasfa fiidt andecondsnftening tei@peratire, respegiively, aod wherginss
frit ("DPMDO3!). 17 aps of graphi.te powder ripor.Gaphite Co.), 9.4
o s of . phodbhcandsisne SmeRRaRE it gart trb te BRESbing BRPEHreNp s
PS21A" fromWtco Corp., New York, NY), and 530 grans of a m xture of 66%
by volune MEK with 34% by vol une ethanol. The ingredients were ball mlled
at a speed 0f8.100 A pabeledrcatiode rayatnbbmempridingut 105 grans of 10

pol yvi nyl butyral (Al drich em cal Co.)., é% rans of polyethyl ene glycol
(" CARBOMAX NMETHOX aba@ﬂ‘bﬁ%@@_%?é@“éﬁé ' c,%,gﬁﬁ 100 grams of dioctyl

pht hal ate (" DOP") re g&ﬁgﬁ . ) iing ! re then
ball mlled for an ddi?l 0 s'it?\% o%?’ghn%llleé ?fec-sf%ﬁsilngggg?@ﬁ?? Pgd slurry
was transferred to opencdiesieaiy tubd. about 15 175 grans of mlled "739

EC 1/ 32" gl ass fiber having an average dianeter of 13.3 microneters and
aspect ratio of 10 was added to the ball-mlled slurry and stirred at about

300 °r usi ng, a copventi s r . ] X.eh i 2 . ade.
This of0rry ot ur hoq Pipeite EpARBoSRE oM S Tobaf Y £ bpferodBablf 0. |
bottle (avai l@bkRpsioger the trade designation "NALGENE" from Nal gene of

Chi cago, IL) 20 and slowy rolled at a_speed of 1 rpmto get rid of
ai r bubbl es” bef or e(a}astpraviding Hcemposite snterial o awsgonsefdaimsil +1:1 m usi ng a

under the.trade delhonabSHE ShRRSHBReH EHRHE Sbele Srile Compenfi iy, T

stripped fromthe pol yegfthé applicatibR taniperatie; 2id green sheets with a
t hi ckness of about 175 microneters. The green sheets were cut into 4.0" (10

cm) x $350" (12.5 c® pi sferstepr(b), attrehing thesompesitematerighiorthe sdhsgptsguch
that the first glassy phase bonds to the ceramic substrate.

10. A method for making a composite refractory barcode article, the method
comprising the steps of:
20 (@) providing a ceramic composite suitable for labeling a substrate,
comprising:
@) a fired ceramic body comprising a base layer, the base layer
including:
1) a first glassy phase;
25 (2)  afirst refractory phase interspersed with the first
glassy phase,
the first glassy phase being capable of wetting a substrate at an application
temperature; and
(i)  atop layer provided on the fired ceramic body, and
30 (b)  ablating by laser a portion of the top layer of the ceramic composite

to providing a barcode,
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top layer, a half gallon (1.9 liter) glass jar with a dianeter of about
12.0 cm was okengsshoy t h about 500 grans of glass balls with cghsRi&o0e Of
16 millimeters, 350 grans of a glass frit ("DPM)03"), 150 grans of titania
powder (" Ti ONA [ ; ; : Oﬁg% y PS21A"),
and 265 grans ofﬁrslgllkgxgt%%mr}]s il%ﬁt}?%n% 6%%@9%%%@5&%%&?% y vol une
et hanol . The i ngeaathietiody wechethbtatht ban dolde gatidrn is cpieallly difcetfiBler pm f or about
an hour. About 52.5 grans of 42 WO 99/ 36901

PCT/ US98/ 10300 pol yvi nyl butyral (Al drich Chem cal Co.), 35 grans of

pol yet hyl ene gl ycol ("CARBOMX METHOXY POLYETHLENE GLYCOL 2000"), and 50

grans of dioctyl phthalate ("DOP") were added to the &ﬂ"“uuﬂ&'
ingredients were then ball mlled for an additional t mmm”"(,
resulting ball-mlled slurry was 5 transferred to*a hal¥ dallson*(1.9
liter) plastic bottle ("NALGENE")and slowy rolled at a speed of 1 rpmfor
deaeration before casting onto a silicone coated polyester filmusing a
tape casting machine ("AEM 2104"). The dried green tapes were then stripped
fromthe polyester filmto provide green sheets with a thickness of about
80 mcroneters. The green sheets were cut into 4.0" (10 cm x 5.0" (12.5
cm 10 pi eces. One of these white-colored pieces was placed onto four
bl ack col ored pi eces produced above to forma |abel having 5 | ayers. The
stack was |lam nated at a tenperature of 65[err]C for 5 seconds at a
pressure of 220 psi (1.5 MPa). The | am nates were then cut into 12 nmx 60
nm pi eces. The resulting green | abels were then fired in a conventi onal
resistive furnace in air according to the foll ow ng 15 schedul e: (1)
Room tenperature to 400[err]C at 5[err]C/mn.; and (2) Hel d at 400[err]C
for 0.4 hour. The fired ceramc | abels were placed onto hot cathode ray
.tube gl asses (see Exanple 1) held at a tenperature of 530[err]C in the
resistive furnace. The | abels 20 were allowed to firmy bond to the
cat hode ray tube gl asses before the furnace was turned off and the sanpl es
were allowed to cool down to roomtenperature. The ceram c | abels were
observed to be firmy bonded to the surface of the cathode ray
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tube gl asses. The white top |ayers of the ceramc | abels were then etched
by a | aser beam produced by a static CJerr] |aser machi ne (avail abl e under
the trade desWg@i¥B¢%h 25 "MAC 2000 CP[err]" from Dynanmar PCTAISI8/10300

Bl oonfield, CT) in order to expose a portion of the underlying black base

| ayer and thereby form bar code patterns on the surfaces of ceram c | abels.

O her enbodinments of this invention will be apparent to those skilled in
the art upon consideration of this specifig¢aion or frompractice of the
i nvention 30 di scl osed herein. Various om ssions, nodifications, and -

changes to the principles and enbodi nents descri bed herein may be made by
one skilled in the art w thout 43 W09/ 3690. 1. .

.. LS928j 14800 departing fromthe true scope and spirit of the invention
which is indicated by the followirggclainms. 44 24N 99/36901

PCT/ UJS98/ 10300 What i sg@ aimed isy 1. A compo$i t@gmterj@ suitable for
| abel ing a substrate, cO[pri _sigg RIS EeLali ¢ J0dy conprising a
base | ayer, thebéelhoo..o. a,.%-. RE. (90 a first
gl assy phase; (i if pst° ceeteradtd® thtistei ni e spero€@pith the first
gl assy phase, the firs{ gl 4Ssy piiade Haian Capaltq of g&ft? g a-t3bstrate
at an application Qgreagm"g;: arﬁq-m" AR % e, :(ﬁb“)..ga tog | ayer

provi ded on the fired ci}antcefody—wher erm THere ieSe S § T E # col or
contrast between th@2op\Beayer and the fired cerani c bedy=saph that a code
pattern is optically df'scernible, and wherein the conposi te\gut erija

I ncl udes the code_gattern.

Fig. 1




15 27 The conposite material of claim1l1, wherein the code pattern

conprises a WeosBeshg pattern. 3. The conposite material ofpetaédghdson
~Wherein the application tenperature is a tenperature in the range from
about 400[err]C to about 1000[err]. 20 4. The conposite material of

claim1l1, wherein the top |ayer consists essentially of a refractory
material selected fromthe group consisting of a netal, an internetallic
material, a netal alloy, and conbinations 2fg8reof. 25 5. The
conposite material of claim1, wherein the top |ayer conprises a second
gl assy phase and a second refractory phase interspersed with the second

. gl assy phase. 6. The conposite material of claiml, wherein the first
refractory phase 30 conprisepgg first pl urabq4ty of refractory
particles. 45 WO 99/ 35801 26 10C

- PCI 1 US98/ 10300 7. The™Co u &S0y w,,‘ phm 5, We ffein the first
and second gl assy .phase f oBeO ST ‘! QiAQOt enper at ure,
respectively, anﬁ6 , --G?H e §§cond°§ogt°e§mg’¢ ea?pég ) Y greater than

the first softening telp Zai,i’g 080 0000009\0 ?ed %é’to?&@tube

conprising: (a) e odeq%yﬁb 60"0 P, suusﬁ of o
conposite material of a u% é‘ a% o %@hode ray
tube. 10 9. 22 Bi BoT of appl y| ng a corrp05|te sepgmZCabel to a

substrate, conpri sing e steps of: (a) provi di ng a conpd
any one of clains (b) heating at |east one of a cera
or the conposite - Rloqperature; and 15
(c) after step ' to the subsfrate
such that the first S

met hod for making a cé

te matl rial of
g substrate

posite refractory barcode article,

Fig. 3

Fig. 2B



conprising the steps of: 20 (a) providing a ceram c#’
conposite ' for labeling a substrate, conprising: (i L.red
ceramc bo@?gggﬁ%ﬁi sing a base | ayer, the base |ayer incl udi)Pﬁ:g{US?ﬁéd:"B& a
first glassy phase; 25 (2) a first refractory
phase interspersed with the fi?? gl assy phase, the first glassy phase
bei ng capable of wetting a sub ate at ai ﬁgplication t enperat ure; and
(1) a top layer provided on the fiLﬁd/ Q m ¢ body, and 30
(b) abl ating by | aser a porti e top layer of the cer
to providing a d

PCT/ US98/ 10300
| ayer and the f
optically disce

ﬁF% conposite

he top
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