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1 MLL ADDI TI ONS FOR SEALI NG GLASSES FI ELD OF THE | NVENTION 5-

M- additions to enhance seal strength and accelerate crystallization rate
in*err] sealing glass frits that crystallize during the sealing step.
BACKGROUND OF THE | NVENTI ON 10 Joi ni ng of conponent parts
together with a fused glass seal to forma conposite article is a well
cultivated art. In particular, nunerous special sealing glasses have been
devel oped for use in joining glass parts with each other, or with netals,

al l oys, or ceramics. In nmaking a fusion-type seal, the material nust be
heated to a tenperature 15 where it becones soft enough to wet the
Seallng surface and form an adherent, hernetic bond. For nmany purposes, it
|'s desirable to maintain the sealing tenperature as | ow as possible. This
is particularly true'in electrical and electronic articles where thermally
sensitive parts or coatings are comonly enpl oyed. Accordingly,

consi derable attention has been given to | ead gl asses as | ow 20
tenperature sealing glasses. For exanple, stable sealing glasses, having
softening points in the [err] range and |linear coefficients of therma
expansion over the This is the replacenent sheet -2- [err] tenperature
interval in the 70-90 x [er a ' : -s§§%?”t No.
2,642,633 (Dalton). For nanysl‘elé?‘ I'mg ar@q 'ﬁ?i.‘%‘?%‘apggggg“ gl asses are used
in pomder form ternmed glass frits. One such application is formng a sea
bet ween the funnel and panel 5 menbers of a cathode ray tube. Sealing

glass frits are commonly m xed w t FIBDDAOORIHE INVENTION such as anyl
acetate, to forma flowable or extrudable paste. This
5 " Mill additions to enhance seal strength and accelerate crystallization rate in
Pb0-Zn0-B,0, sealing glass frits that crystallize during the sealing step.

*BACKGROUND OF THE INVENTION

10 Joining of component parts together with a fused glass seal to form a composite
article is a well cultivated art. In particular, numerous special sealing glasses bave
been developed for use in joining glass parts with each other, or with metals, alloys, or
ceramics. _

In making a fusion-type seal, 'the material must be heated to a temperature

15 where it becomes soft enough to wet the sealing surface and form an adherent,
hermetic bond. For many purposes, it is desirable to maintain the sealing temperature
as low as possible. This is particﬁlarly true in electrical and electronic articles where
thermally sensitive parts or coatings are commonly employed.

Accordingly, considerable attention has been given to lead glasses as low

20 temperature sealing glasses. For example, stable sealing glasses, having softening

points in the 430°-500"C range and linear coefficients of thermal expansion over the
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m xture nmay then be applied to a sealing surface, e.g., the peripheral rim

of, a funnel or panel nenber. It is also known to incorporate mll additions
in aglass frit mxture, a primary reasosp-being nodification and/or control
of the ultimate coefficient of 10 t hermal expansion in a seal.
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treatnent for I zI'ng, vacuum exhausting, or ann I's second

thermal step rPtedt™N®2 642, mfoﬂ@ﬂperature t han t hat of the seal ing step.
However, the tenperature i nvol ved may be hi gh enough to produce viscous

def ormati on of t he Forimanyesehlingliridscoafing purpobesi, glpssealaceusediin tpondenformnd
m sal i gnment of the seal ed assenbly. As a solution to t he probl em

| ead- zi nc bor demned glassditsycOre sushaipphieationtis forming a seal betyyeen the)Binnel and panel
crystalllzed in s
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seal is capable seque t her’maf’proce ng, suc

vacuum bakeoutor panéinaethbét S&@srils@moﬁﬁ;s@c& Fat@nilY additi&tsPinl 4 Za! it mixture,
| ead-zi nc borate, sealing glass frits have found broad application in the

el ectronics i raprmany. reddonybeirgemodification andlor conablibf the ulttnate kgefficient of
together the panel and funnel nenbers of a cathode ray tube. There is,
however 10a corthemal ggpansiondn afseal. i nprovenents, both in the seal produced
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rate at which fAChgbas fover dmferitiferthhh 1t of the’ 4HgPstld. IHOWeGE, the temperature
involved may be high enough to produce viscous deformation of the frit seal. This
15  brings about distortion and misalignment of the sealed assembly.
As a solution to the problem, lead-zinc borate glasses were developed that, in
frit form, thermally crystallized in situ. These frits remain relatively glassy for a
period of time in the early part of a sealing step. This permits the glass to soften and
flow to wet the sealing surface prior to crystallizing. Thereafter, with the sealing
20 surface completely wet by the glass, the glassy frit crystallizes throughout to a rigid,
deformation-resistant seal. This seal iS capable of withstanding subsequent thermal
processing, suc_:h as a vacuum bakeout, without distortion.
These thermally crystallizable lead-zinc borate, sealing glass frits have found
broad application in the electronics industry. They are particularly useful in sealing
25 together the panel and funnel members of a cathode ray tube. There is, however, a
continuing search for improvements, both in the seal produced and in the sealing
process. . '
The present invention provides specific mill additions to thermally

crystallizable, lead-zinc borate sealing glass frits. These mill additions improve the
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SUMVARY OF THE | NVENTI ON The invention resides in a sealing glass materi al
copmprising a thermally crystallizable, [err] sealing glass frit and a ml|
addition selected froma group consisting3of [err] and zircon, the mll
addi tion being present in an anount sufficient to increase the nechani cal

strength-in a ' I t
anount being ntg%&over a?elétﬁg& es%ﬁ‘iv\;; Sﬁ'?c lﬁ% dwﬁmg%?l%g?? mg REle H]ye

i nvention furt hgdreds@fy mssaua At amﬁwglgﬁﬁﬁr&yﬂmmﬁngm alal| east two
conponent parts joined by a fusion seal, the fusion seal béing the fused
and thermally crystallized product of a sealing glass material conprising a
thermally crystallizable, 15 PbOZnO B203 seal i ng gI ass frit and a mll
addition selected fromthe grouplcMMARII G [EINVENTION zircon, the ml|
addition being present in an anount sufficient to increase the machanl cal
strength & a fusion seal to at | east 55.2 NPa (8000 psi), but the anount

bei ng not over abou % t. Ofgqu | teria
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i nproving therimal I'y crystalllzab e [efr] sealing glass frits. Such frits

are wi dely usedmoint suffiientroisdredse thecmedhaaizal strepgthfin @l fasion aedl t6 at faktc55.2
parts. An application of -4- particular interest is sealing together the
panel (wladow) MPal(8000:psi), butrtheamourt teingndt@ser aboyt § By weighbof theQedii(B
sealing glass frit may, for exanple, consist essentially of, in percent by
wei ght, 68- 8290maenialg- 16% znO and 6-12% [err]. In addition, minor

The invention further resides in a composite article composed of at least two
component parts joined by a fusion seal, the fusion seal being the fused and thermally

crystallized product of a sealing glass material comprising a thermally crystallizable,

15 PbO-Zn0-B,0, sealing glass frit and a mill addition selected from the group consisting
of Al,O;, MnO, and zircon, the mill addition being present in an amount sufficient
to increase the mechanical strength of a fusion seal to at least 55.2 MPa (8000 psi), but
the amount being not over about 5% by weight of the sealing material.

20 - BRIEF DESCRIPTION OF THE DRAWING

The single FIGURE in the accompanying drawing is a schematic view in cross-

section of a cathode ray tube blank embodying the invention.

tn

DESCRIPTION OF THE INVENTION

)

The present invention evolved from an on-going study of means for improving
thermally crystallizable PbO-ZnO-B,0, sealing glass frits. Such frits are widely used
in low temperature (400-500°C) sealing of glass and ceramic parts. An application of



5 anounts up to about 5% of other oxides, such as [err], BaO and [err]
may be present. The single FIGURE in the acconpanying drawi ng shows, in
cross-section, a cathode ray tube bl ank, -general | y desi gnated 10, produced
i n accordance with the present invention. Cathode ray tube blank 10

i ncl udes a panhidigdtiaterebtis Raling@@kthéOthe panélgWedowd 4and Tdnrie] Rsetibereoher 16.

Panel and funnel nenbers 12 and 14 are j oi ned together by a rigid seal 18
conposed of a cathedewmdy tuber ystallized, [err] sealing glass having a mll
addition in accordance with the present |nvent|on Currently, two |ead-zjnc

borate glass frits AFbO-En@,Ossealin fxib imays forrexample, sgnsistcessensiaty of, in
Co New Yor k d 90 Co /7580

Vi '[Pleggs se\gl ,n%gceglpj légef »t&]gggbn@"i ’ﬁg%ogp‘suaa 6‘1#&990%9&3@%%“;’ :
28r cent qn an a(r)r)z(olud% a?o' abouf'$ %> gftﬁ%grrotx?des, such PS:& ,2&39 f"é‘? p]l,O,, may be 4.5

8.4 [err] pre 2.2 BaO 1.9 [err] 0.03 5
Code 7590 cont'a |ns about 1 %zircon as a mll addition in Code 7580 frit.

The zircon m || addrhd ﬁﬁgl@WGU@ﬁtﬁéXééo%’nﬂah%ﬂglmﬁgtsﬁé\b@tm'cﬁosfslk@cﬂo?ﬁg
frit. It serves to initiate crystallization ein a sealing cycle 5-

Strengt h nmeaswathodaicay wbe dlank] generallyodesignaet 10d pkodaved imsaceordandeowithithe
Three-Ball (POTB) technique. In this procedure, a disk-shaped sanple is
posi tioned on presestinypaticed Gathdde rayl tube blank 19 amludeAamas@lanemberr b, aefynnel
agai nst the center of the
member 14 and a neck member 16. Panel and funnel members 12 and 14 are joined
together by a rigid seal 18 composed of a thermally crystallized, PbO-ZnO-B,0,
sealing glass having a mill addition in accordance with the present invention.
Currently, two lead-zinc borate glass frits are commercially available from -
Corning Incorporated, Corning, New York under Code Numbers 7580 and 7590.
15 Code 7580 is a vitreous sealing glass frit having a composition, in approximate weight

percent on an oxide basis, as set forth in Table I.

TABLEI
PbO : 74.5
20 : ZnO 12.9
B,0, 8.4
Si0, 22
BaO 1.9
ALO, 0.03

Code 7590 contains about 1% zircon as a mill addition in Code 7580 frit. The
zircon mill addition acts as a crystallization catalyst in the 7580 frit. It serves to

initiate crystallization late in a sealing cycle.
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sanple with increasing force until fracture occurs. 5 Afrit
seal in a large size cathode ray tube requires high strength and a hi gh set
point. The set point is the highest tenpeg.ature at which a seal retains
rigidity agai nst deformation. These properties are required to wthstand

the stresses that @ﬁ%ﬂ%ﬂdﬂgsﬂ&rﬁ%ﬁ JHQ‘%U(%%“&%* ?2‘&5@&1 m@&&baepis?dﬁdﬂ _&ggg

exhaust, especially fo arger-si ze seal's nmade Wt

7580 gl ass fr ifhrQaBEI1 (POTBY téeBhiqR m%@grdcedmea 8Rk-shapell38MBITs pditiondtS
MPa (5000-5500 psi) and a set point of about 300 C. These properties

i ndi cate that on threerspaced Yalls helkldiala frame.nadpigtoatie fdroed spairst g deateg of theze
tubes. Crystallized glass seals nade with Code 7590 frit exhibit nmechani cal
strengt hs in ishsapleawil indreasiigFofce. untilfaciur 0cur$00 psi) and set points >
[err]. It is apparent that_ a major. change in properties occurs between

vi treous Sand cryst & fiitsesl i) ulasgessize cathads ray tube requiresthigh stropgtinenthabighsspt
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Sadrton for CelEUERE" e ARt U eitiredg Vb R e Sesladckly during,

the material . %@ﬁ @H}@d&% tof e/ rublhd ﬂet?sﬁw'zﬁﬁeﬁﬁarg@{- 28PEBeON
the col or codél segg I ng magerial, 't was und 20 lt at a |_gﬁ|f|can§t) :
increase had occur rngitreodiseaisfmadd) with Gode I58@ ghfs frft HyameSHahitap strgngtBSin the
observed in a seal prepared with the black material. This observation |ed

to an extoendedamgeusfi34o5-38viPa (5000-550PqisH dnidzoset pointof ablout 800rC.| Thelsi t | ons
as a neans of inpraovi ng seal strength. As an_incidental benefit, it has

been found t h@ropestiesigdigaterthataevitreeuscliit seal s inadequgtenfor sealigg large size fubesal i ng

758070l ass 11t fr o BhaeN Sl el ade Rl s, 580 byt Pelialral oghs

Cryst al i zat1 o ERRES of 48,8518 Xiea bidog- 7i0H'ns03RG o8 poth SREO°G: inomprnsny

‘;n.r ;ﬁt de ll\jﬂa;f thri‘a;tsa"ﬁ%ﬁr Thaf il?%r&&h!i&rocﬂix}s'ﬂeﬂ%emi@edﬁk and bfystaftizell Piass s34, 2!
15 Certain cathode ray tube sealing operations require a dark-colored frit. This is

»

deemed necessary to accurately assess frit coverage and flow by visual examination.
The system devised consisted in mixing the zircon mill addition for Code 7590 with
manganese dioxide to provide é black color in the material. Quite unexpectedly, when
strength measurements were made on the color coded sealing material, it was found
20 that a significant increase had occurred. Specifically, a value of 56 MPa (8110 psi)
' was observed in a seal prepared with the black material. _
This observation led to an extended study of potential crystallization catalyst
mill additions as a means of improving seal strength. As an incidental benefit, it has
been found that, along with the increase in strength, a decrease in sealing cycle time
25 may also be obtained.
For strength testing purposes, Code 7580 glass frit from a production lot was
employed. This frit has a mean particle size of about 30 microns. Mill additions of
potential crystallization catalysts were added to 100-200 gram batches of the glass frit.

The batches were mixed by. roller milling in a plastic jar for several minutes. Mixtures



-6- that showed prom se were further tested in |arger batches of one to two
kilograns. These were mxed in a twin-shell mxer. Sanples for strength
testing were prepared by adding a few drqogs of iso- propanol to a batch of
30-35 grams of mixture. This mx was pressed in a cylindrical 5 nold to

ari 11 e 11 om 18 e rEihiflwerR s e in gt bl 37 BhEle M RiFRnsy 0

Mul tiple Sanpl?ﬁ“%k,%?g#xg‘?wgtwﬁtﬁeﬂ?@‘&d for strength to provide nean

strength val ues erent m additions were tested at |evels of
1% 2% and 4% by weggmples Tabitfen ti:ﬁihgr\bé‘re aféddy fAdingnoiev dipyefiso-n MPa
(psi) units, determ neg for varlkglus 1 bfi?diti%ges at the indicated three
| evel s. Typi capropamoldarachatehyofc30-85 gramsraf mirturdie Thismgix veas préSéed fin & leglindrival
val ue. Code 7580, wi thout any additive, was used for conparison or control

purposes.3 1t emldiofoimea dise thaywas fredss 490 \Pa A B.31am (k1) )diam@er disc was core

1% . Foo 4% Addi ti ve MPa psi

/l\ /p$_570 p Sqin6!cl) Zélgmagt:erfgpd samplg and groung ané polished fg'§l1‘_4 f;lgth;}m?) g. Mulu4p@6 0 /2
. rr .39. )

6660 seioblEs Of 456 Balgh e tested for srengih to provigé yiéan g8t values. . °)

6610 - e
O 710 SeviriLdiiinehin 8d<ﬂ1tex£>ﬁ \Er%rg Jested gt levels of 1%, 2% %% peAdght.
45.6 16620 " Table Il fdpoRtsAndieth ixRinih YaliedCin MPa (psi) units!8efmit8d Gor various
46.1 / 6680 57.0 / 8280 The data in Table 11 indicate that zircon

and fineir@l um adilitivesaroheindigtedahree 18dels. Typidahwaddad dewiatibdsagdre i tiddhgd 5es
for purposes of the invention. As noted earlier, 2 % MQ is also )
ef fective. A ul@%af the meanwvalue. (Fadgt780; wishowe any additiye, twasaised forscopgparison or
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Table Il
15 1% 2% 4%
Additive ME . ME . ME .
Zircon 50.1 / 7260 52.217570 60.2 / 8720
Zr0, 39.4 / 5730 46.0 / 6660 51.5/7470
SnO, 44.2 / 6410 45.5 16610 39.8 /5770
20 TiO, 47.57 6890 46.4 / 6710 37.1/5380
Al,O, (coarse) 46.0 / 6660 45.6 / 6620 46.5 / 6750
AL, (fine) 48.0./ 6970 46.1 / 6680 57.0/ 8280

The data in Table II indicate that zircon and fine alumina in amounts greater

25 than 2% are effective additives for purposes of the invention. As noted earlier, 2%
MnO, is also effective.
Alumina, in amounts greater than 2% and up to about 5%, consistently

provides the desired characteristics of improved mechanical strength, shorter sealing



-7- cycle tine and acceptable flow prior to crystallization of a seal. For
sone reason, repeated tests with MiQ2 and with zircon do not always give
consistent results. This nmay indicate sengitivity to the degree of m xing.
Accordingly, alumna is a preferred crystallization catalyst. 5

|t f dt I i ] s i | Lt t
was found th 18% gﬁ%ﬁ%n@n&@ orgéta g{p?ﬁg.sz,ham{ 6f 2tda1 €| BorSbirel fe&ont ©

its success as I on cataly essentiall'y no benefit was
obt ai ned when ggyEaRdQest with MhO28ndVvith zicsPdd nftadlivays give cassidématailts! Mebis
about 10 microns were enployed. Preferably, the alumna will have a mean
particle size Ineaysindicate sensitivitytodhe dégrecodfl midtingdf Apeordinglys alemimarisny poefesredn
froma test in which one batch was 10 prepared with a 3% additi on of
al uni na havi ngcrystallizatioacatalyse size of 13.2 microns. A second batch, for
conparison was prepared with 3% alum,na having a nean particle size of 3.3
T crons. Phe batch i WA {avad diak heparigle see ot ygwaalssrflaﬁhﬂmn&ml@.lté psess

(ra 2500 per ) 2 Beti¥bhtioon il 'S, Sl R S PRl W ot 202
het er ogeneous,  BHGl&&h ﬁ?rgﬁilﬁ VithSt m icl Fyggg@%%&&%%b Wicrdok WeFe ;

surface to initrate crysi zation. ysta lon rates were neasure
using di fferentehﬂﬂoy%aarmfa&bgelmwﬁaﬁﬂaywﬂm-a Mhé&in pattide Bizk NES tharPS WHEORS!,
unfired sanpl es were prepared and heated on a schedul e identical to that
descri bed for strendte effeasofrpartivié size may de sesnofromtaestdin stliickc bne2bétch was
crystalline conpounds (each associated with a discrete crystallization peak
or exot hdom i n prépar@ogitha 3% addition df sluminachayingad mearepdrtich sicerif 3322 igR0S
sealing frit. For each run, the tine fromthe sta of the isothermal hold
at [err] was - v 57<aud batsh, ﬁonsomaaamma(sm@md)w%ég’oeﬂawmcm&@ 530 pagicle
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and 27-30 m nutgy for the DSC conpletion. TABLE Il sets forth the DSC
crystallization tinme in mnutes for the "peak"
15 The data indicate that alumina functions as a heterogeneous, nucleation catalyst.

Thus, it appears to provide a free surface to initiate crystallization.

Crystallization rates were measured using differential scanning calorimetry
(DSC). For this purpose, powdered, unfired samples were prepared and heated on a
.schedule identical to that described for strength measurements. In general, two distinct

20 crystalline compounds (each associated with a discrete crystallization peak or exotherm
in the DSC measurement) will crystallize from a PbO-Zn0-B,0;, sealing frit.

For each run, the time from the start of the isothermal hold at 440°C was
recorded for the maximum ("peak”) and end ("completion™) of the second
crystallization exotherm to occur. These parameters have been found to constitute an

25 effective measure of crystallization time in this type of sealing operation. Typicai
values for a frit nucleated, as currently, by a 1% zircon mill addition, are 18-21
minutes for the DSC peak and 27-30 minutes for the DSC completion.

TABLE III sets forth the DSC crystallization time in minutes for the "peak”

and "completion” times at the 440°C hold for several different aluminas. The



and "conpletion” tines at the [err] hold for several different alum nas.

The -8- inprovenent in sealing cycle tine obtained with fine alumnas is
apparent fromthe data in TABLE Il1. TABGE Il 5 Addi tive

Particle Size Crystallization Tinme (mn) (mcrons) Peak

[Cgmr)i etion -30/‘1r{18{c)r§k§|ent in sealing Lyl:?e (%xge gRtained with fifié aﬁ%x/ifl%ssis g%?g?tr?éﬂtﬁg 3%
6.1 dataf TQBLE III. 21.19 10 1.5% [err] 6.1
19. 03 23.75 The data show a consistent trend of decreasing

crystallization time as alum na particle size decreases at a constant
anmount of al um na added. Shorter crystallization tines, providing they are
not acconpani ed by a correspondi ng decr cBABLEMIf | ow, permit 15 a faster
frit seal. In cathode ray tube manufacturing, this shortening of the

seal i ng Bycl e iAdditivdrtant siParcletSizont ri but eSrystaliizaginn Tipe ausk i vity.

-9- | CLAIM 1. A sealing dl a?s.matgrial conpLi sing a ther:ﬁglé .
crystallizable, [err] sealing Qa8 rit and i |1 additi orPRREFEM ed from
a group consisting of alum na, zircon, and manganese di oxide, the ml|

addi tion bei ng3frALEt in an anblBdt suffici e?4.8® increase tHb4hechani cal
strength in a fusion seal to at |east 55.2 MPa (8000 psi), but the anount
bei ng not over3%AlHOs5 % by wei 2 of the seald-8f material . 27.68

3% Al,O, 6.1 16.61 21.19
10 1.5% ALO, 6.1 19.03 23.75

The data show a consistent trend of decreasing crystallization time as alumina
particle size decreases at a constant amount of alumina added. Shorter crystallization
times, providing they are not accompanied by a corresponding decrease in flow, permit

15 a faster frit'seal. In cathode ray tube manufacturing, this shortening of the sealing

cycle is important since it contributes to higher productivity.



2. A sealing glass material in accordance with claim1 having a m ||
addi tion of at |east 2% nmanganese di oxide. 3. A sealing grass nmaterial in

accordance with claim! having a nmill adgition seffchie Jgm h group
consi sting of alumna and zircon, the anount of th i bei ng
greater than F?L{%KH\XW ght. 4. A sealing glass nmat equ L mg@# ﬁgnce wth
cl aim 3 wherel emll addition is alumna in an ' % by

weight. 5. A conposite article conposed of at |east two conponent parts
joined by a fusion seal, the fusion seal being the fused and thermally

crystallized prdgedlingfglis eatdridl ¢odlpaising ABthermaly lizsH16.P6OD-ZRO BYY,| Y,
crystallizable, [err] sealing glass frit and a mll addition sel ected from
t he group consdatinggipsefricdndnd mil] addition selecied froang grompecodsistitigdef, alirhima, i | |
addi tion being present in an anount sufficient to increase the nmechani cal
strengt hSof azirenst, @nd sranganese dioxidea ¢he mil addition pa&iog Present)in apamouhiesufiicientt
bei ng not over about 5% by wei ght of the sealing material. 6. A conposite
article in actbingegasethgméchan rFFG“ﬂﬁéFéifHSIPhéeagé‘Prﬂbmtﬁg?aMPé (BOQ0Rsd), byt a

fusion seal ape the nnel and pane nber.s, of cat.hode .ray tube bl ank.
7 A Sear g e AT BERE aoPreraBRSt s EEp O e SR R {he ol i a

has a mean particle size less than 10 m crons.

2. A sealing glass material in accordance with claim 1 having a mill addition of at

10 least 2% manganese dioxide.

3. A sealing glass material in accordance with claim 1 having a mill addition selected
from the group consisting of alumina and zircon, the amount of the mill addition being
greater than 2% by weight.

15
4. A sealing glass material in accordance with claim 3 wherein the mill addition is

alumina in an amount up to 5% by weight.

5. A composite article composed of at least two component parts joined by a fusion
20 seal, the fusion seal being the fused and thermally crystallized product of a sealing
glass material comprising a thérmally crystallizable, PbO-ZnO-B,0, sealing glass frit
and a mill addition selected from the group consisting of alumina, zircon, and
manganese dioxide, the mill addition being present in an amount sufficient to increase
the mechanical strength of a fusion seal to at least 55.2 MPa (8000 psi), but the
25 amount being not over about 5% by weight of the sealing material.

6. A composite article in accordance with claim 5 wherein the component parts joined

by a fusion seal are the funnel and panel members of a cathode ray tube biank.
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