8 Septenber 2003 Title of the Invention G ass for cathode-ray tube,

strengt hened gl ass, nethod for the production thereof and use thereof 5
Techni cal Background 1. Field of the Invention The present invention rel ates
to (1) a glass for a 10 cathode-ray tube, a gl ass pahSeptarbar 2@0Bode-r ay
tube for which the above glass is applied, a cathode-ray tube and a
process for the production thereof, (2) a glass for a cathode-ray tube, a
process for the production thereof and a glass panel for a cathode-ray tube
and a cathgde-ray it Wb 1Rdrd Wi ch the glass for a cathode-ray tube is
applied, and(3) a strengthened gl ass, a process for the production )
thereof, a glass nade of the above strengthened glass for a display and a
gl ass panel for a caldwsefsaycdtibedantsa tudad hodleremytiiensd folaswi ch the
above gl ass is appl] 0 : [y i onal
practice to use a g egg%o a%(?thgﬁ?% %g%dﬁé%%%ﬁ%%%én%ﬁgé;%ﬁ aéo&flas a
glass for a cathode-ray tube (CRT) For exanple, JP-B-59-27729 25 discl oses
a CRT face Rlat8 4! %;%ﬁd containing BaO, SrO and BaO. However, a

gl ass of thi g strength of approximately 50 to 100 MPa,
and it is required to increase the thickness thereof for ensuring strength,
so that the fracaPloat eHes tro-diavieman extraordinarily large 30 wei ght for

tisfyi | di spl hi
3.1 nch GRT has 5 tHieneeteSt 8% B oI G Pall BR PR S &
appr oxl fat elareickgla yTheibei ghtglasts @acetlhdde- raycatitssid-sagr dadley fddpendent
upon a gl a%icﬁ?'}ﬂe‘i a%%w}éqffc,tl]até%eri% la?)gqfﬁlé%daao%r%cgng@att@ec%tﬂap@e-ray 35
a gl ass parne

t ube using suc cones ave a considerably large weight. 1
8 Sept enbe®IEOBI For fihs RARFETd Fatthedestay tAlbé WHidsF & Been

avai | abl e i teeRMr Medibhe @ dlRsTRANEohatadraddddatidmathereof and
a glass pénel for a cathode-ray tube and a cathode-ray tube

15 to which the glass for a cathode-ray tube is applied, and
(3} a strengthened glass, a process for the production
thereof, a glass made of the above strengthened glass for a
display and a glass panel for a cathode-ray tube and a
cathode-ray tube for which the above glass is applied.

20
2. Related Art Statement

It is conventional practice to use a glass having
large contents of PbQ, SrO and BaO as a glass for a
cathode-ray tube (CRT). For example, JP-B-59-27729

25 discloses a CRT face plate (glass panel) containing BaO,

' Sr0 and BaQ. However, a glass of this type has a bending
strength of approximately 50 to 100 MPa, and it is required
to lncrease the thickness thereof for ensuring strength, so
that the face plate is to have an extraordinarily large

30 weight for satisfying a larger display screen (for example,
a glass panel for a 36-inch CRT has a thickness of 20 mm or
more and has a weight of approximately 40 kg). The weight
of a cathode-ray tube is greatly dependent upon a glass
panel, so that there is caused a problem that a cathode-ray

35 tube using such a glass panel comes to have a considerably

large welght.




I's required to support vacuuminside the CRT and atnospheric pressure
outside unlike a conventional curved 5 glass panel, so that the panel is

i ncreased in thickness or there is enployed a nmethod using a physically
strengthened glass. Wth regard to the physically stgenrgibened 2eEsss,
Japanese Patent No. 2,671,766 discloses a glass bulb for a 10 cat hode-ray
tube, which glass bulb is produced by physical strengthening. In a physical
strengt heni ng net hod, however, a stress-strain layer (including a

conpr essi on stresszhaxeﬂath@w:mgca medreaterprotiube whitar hed, beent hat the

physi cal 15 str t heni ng_net hod, if a [ S:S e,f :

st rengt her r"F‘gl GE{C}]Tgeaslsn h:'é Ph%t y?%‘rr%’e %‘T‘(%%g%én%%vg%%fg& nogé‘laﬁfjlf%?%nt

st ress- st ri@ nrdqyiared atro beumpcut e*daq:m prabde davi GYT aardal | t hi ckness, so

that it i {ct t n S
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difficult ness | ass panel é 5| cal
st reng® hedli#ps aranel dee? bzt | Whe eairt ghe b‘#cﬁeﬁ%‘éslnp Fﬁé‘F B&FHOPT be

expect ed. tlﬂgr_t&q_rs SIPCOyddi & Rdsd € ahd Ing Sd reigd heaETly gk esenditiseedt rai n
poi nt of approximately 470C as described in Japanese Patent No. 2,671, 766,

if it 25 i%Jartly exposed to a higher tenperature for sone tine when
heated to approxi nﬁlehyré5@f}dl hoathei phgeatahgystepengthenetr gégsstrai n may

pe a levialy %%rgér% t:hi e 0 Depdl Mo s 4T E0Al d LRy &gés?eo@i)é af e

Furt her, ‘osed i n Japanese Pat 766 has a
Youngl @ SGGWWEEH Eppe oxiiatie| 9L %5 Gﬂalbalrﬁ E??féd%%%stskaY%b?%lto be

def or ned %&q%r@agr[%g.gg:rl c pressure when decreased in thickness. Japanese
Patent No. 2,904,067 discloses a CRT panel cons%g%g gPOf a ph sically

strengt hened panel 138 PRYPicadj §EFR3P ]Fﬁ%lﬁﬂy@fe V@Hﬁfhe ed gl ass
such as amtaidsscoaiwedistYepgt henhesl gl ass agearm;aﬁé:ysims st 2e 8s Sepyenber 2003

bendi ng strength of 200 1o 3000%\/5? {18, phy s g?aélé’ha t%@(?gﬁg@egggagl ass is
ass

obt ai ned ble i tth & TH ST Eh* S IS rapi C00 roma tenperature
arounti t stegwfintggdignying method, if anvthing, lS sultable for

strengthening a glass having a large thickness. However,
no sufficient stress-strain layer can be secured in a glass
having a small thickness, so that it is difficult to attain
high strength. As a consequence, it is difficult to

20 decrease the thickness of a glass panel by physical
strengthening, and a decrease in the weight of a glass
panel cannot be expected. Further, since this physically
strengthened glass has a strain point of approximately
470°C as described in Japanese Patent No. 2,671,766, if it

25 1is partly exposed to a higher temperature for some Cime
when heated to approximately 450°C in a frit-sealing step,
the stress—-strain may be alleviated and the desired bending
strength may not be cobtained. Further, the panel glass
disclosed in Japanese Patent 2,671,766 has a Young's

30 modulus of approximately 76 GPa, and the glass is liable to
be deformed under atmospheric pressure when decreased in
thickness.

| Japanese Patent No. 2,904,067 discloses a CRT

panel constituted of a physically strengthened panel.

35 It is said that the physically strengthened glass

such as an air-cooled strengthened glass generally has a




point to a tenperature around its strain point to provide a 5 tenperature
difference between the inside of the glass and the glass surface, whereby a
conpression stress layer is forned in the glass surface. The nerit of this
method is that a stress-strain layer having a thi ckreSepemberxizog®ly 1/6
as large as the thickness of the glass panel can be 10 fornmed. However, this
nmet hod i nvolves a problemthat it is not suitable for a glass having such a
smal|l thickness that it is difficult to provide a tenperature difference

bet ween h%don3| ?%I[aend um?ga@cteo ofgd hep 9l ag&& [p"l’llﬁﬁ%sx @aw ng sth a

conpl i cat ed ormtenperature 1 bution“can be
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consi sting of, & fdaf dapeed P A ddrupnges wisP! ayoscd epry Sdig@njngact i on
portion that, is |ocated outside the ant face ortlon and is to. be bonded

to a skir®PLakd -SHERREFRHES 25T Ut lr?(f"?/\?rﬂtf "I HEBITET Burface
of thesfacempeyddtaird saff Bérerddwe bdtwesn sturef an&sme te tfrm:egms |am:ihas a

curvature due to _the scannin i s non-
uni for m y EoIFF Ko st%a{acﬁfe eﬁba-tgurfac i abl &tee%) X torted or
undul at ed. churretdwam e g ragoahuf 28 st ﬂ‘él@gtmlﬁméd ofl &% ﬁ@éﬂ%ﬂ 14 has a
tensil e- sthess J @@{esgi_ag@g}agl 181 A8 SRy OXd @ttﬁ{j}’c}@ﬂ@sﬁsaﬁﬁ&@u@ét@ly

conpr essi on st ess- genera alr-cooled stren hened Iass h%i
stress of

COoNpr essi dr(GStarSeslsaWe a?p‘iarfé?ﬁ rat eI NRST (f 1588 |
appr ox matfrneb tgo%@vMEa tHienm3@ heradkivag vdeyv el @prsnbllmm d@att Her éfsore, the

above | ar ten ess IS Jinstantl reI ase ) aIIed
sel f-f rac?‘m?rte ﬁz(,aatﬁsee Yo ¢ a‘i]?ea BNy i cagsengc{ﬂ attrplth%wégor 2" nvoI ves
a probl emitro iEppliyf A gilasstd traiomsie ml@ermgﬂsaw& st fergndre i e@embove to
a CRT pangh,, 215:1% the AV & 83U S £ I dhe] eongée fad¥D-havi P4, 067,

the above Tapid cooling isS not carried out, pt enber 2003 the
cool i ng i Sumder srEnl ikwtaed Tm Brtapn y-}IngQ:*'B‘I‘ FRETRYIEE gl ass while the

gl assi§s m@&qad&@@maaﬂwldm 1R0i Nt At glasst pake1pgont 2 TRE tensile
:L; ?Ziel n c;.rterr]l%rcaelnltyerhasl Sa S#::omp}. 1catve\ecy trorrct1 hceor{:sol trieﬁgSIOOP Stffasts faﬂ:é he
portion (image display screen) and a junction portion that
is located outside the flat face portion and is to be
bonded to a skirt (frame)-shaped funnel. Particularly,

20 while the outer surface of the face portion is flat, the
inner surface of the face portion has a curvature due to
the scanning of an electron gun. The glass panel is non-
uniformly cooled so that the panel surface is liable to be
distorted or undulated. Further, an air-cooled

25 strengthened glass internally has a tensile-stress layer
having a size approximately 1/2 as large as a compression
stress. A general air-cooled strengthened glass has a
compression stress of approximately 50 tc 150 MPa and a
tensile stress of approximately 25 to 75 MPa. When

30 cracking develops inside, therefore, the above large
tensile stress is instantly released and a phencmenon
called self-fracture is caused to take place in some cases.
It therefore involves a problem to apply a glass that is
only physically strengthened as above to a CRT panel.

35 For the above reasons, in Japanese Patent No.
2,904,067, the above rapid cocling is not carried out, but




5is small as well, and the bending strength of the glass also decreases.
Such a glass has a conpression stress of approximately 5 to 30 MPa, a
tensile stress of 2 to 15 MPa and a bending strength of 100 to 150 MPa. For
supporting a difference between pressures inside andg®@ipibffber g3 W th 10
t he gl ass having a bending strength of 100 to 150 MPa, it 1s inevitable to
I ncrease the glass thickness, so that the glass cones to have a |l arge

t hi ckness and a large weight. Japanese Patent 2,904, 067 al so discloses a

method T Fheealdys s gﬁ&@@w@ | 002 0 S5 PANS) 49517 CRTco 18 ailb S

concl uded anese ent, the chemcal streg enl ng fails to
produce a@uf&@l@ﬁ %Q*b%st%Q r%f’r@]ssllaile?‘}‘ﬂa?fﬁ FEOm 2R AP

t hus- chem cal -84 r&ﬂﬁ&h@f@%oﬁk@ss T WRSHillablst rasgs 2 igl ade fcmmt&rCRT
Further, JP-A-1- 319232 disclqgses a chemcally S resrq%hecr})kd ed gl.ass. for a CRT.
20 Howeverts vl he FOWRFEE st8 FIRFES HAS & &R néss, “1f the

gl ass Bs damagest Hues tweBh, ext@rined sémtingusinengtie oprioeRIcEI®®s of a CRT or
use of a as a, éggggt ;'Eﬂ% %{%qlgsgqpésp%n%@reegﬁ%ﬁtgﬁse%sstd@ n | ayer

and the gl rea Japanese Pat ent 8 4
di scl oses @pmﬁtem@mly St Eend? Hehed fgna%rsswa@n%r%%% ?ofiff’ ﬁ%ﬁi‘%ﬁ

ratio. The, g aésoéjﬁéfﬁé?s@@réﬂgﬁkﬁ“ &t Pa @nto heso ausd I eFor SStUI:@crrtllaz)gera havi ng
a thi ckness of 200 pmor nore and a bending st r@n&hg J(.)cfie %1@90 MPa.
However , |41¢1%%”€b‘é%% BRtYREMAPIPATUIFS HHOVES EE) I ow

absor@bl on\:h&qﬂég@l@@{rlﬁ@daf}a&rh@m@ smersdfyht@é D@@ayoab%%rfﬁ’&lonlt
coefficient of 28/c is_the r el 194 atlgRT Mor e
speci fically, ??%35%%%% nere §éa@ﬁg 190K Qﬁféﬁngég So R4t

a not uired to contaln any other
component ¢ hans ZeoRe § otOBBavelca! eh@rtm‘g tfhbcb@ﬁ?%@ b3 o ptFH%C BRF R i ent . For

exanpl e, ~when the %9 aheuk @fatéhwzl 80luNoEeasedot aistsormsi auneahodnt 4 8
Sept enber 2003 of f by weight, the above gl ass_s o¥vs an 8<R,fay sabsorptlon
coeffici enfobfcwyc%lbbr'o%ﬁﬁ%‘é‘we@slﬁ%n‘?‘ INBTRRBTEL 2102 Ts 4 conponent t hat

is nqueasiéycélgéy@a@dl n ehgl &ssve andpifiesd Pstemtorpbeatc@etnlﬂahn amount of
more S than 10 R4, YRLOBL, 1 IP8L S SUSh ansAffiLiongl speEtsoBirain

layer, and it is said that the thus-chemically-strengthened

glass is unsuitable as a glass for a CRT. Further, JP-A-1-

319232 discloses a chemically strengthened glass for a CRT.

20 However, when the stress-strain layer has a small thickness,
if the glass is damaged due to an external shock during the
production of a CRT or use of a CRT as a product, the crack
may penetrate the stress-strain layer and the glass may
break.

25 Further, Japanese Patent No. 2,837,134 discloses a
chemically strengthened glass having a high ion exchange
ratio. The glass disclosed in this Patent has a stress-
strain layer having a thickness of 200 um or more and a
bending strength of at least 800 MPa. However, it has been

30 found that the above glass has a low X-ray absorpticn
coefficient and fails to satisfy the X-ray absorption
coefficient of 28/cm that is the standard for glass panels
for a CRT. More specifically, the above glass is not

required to contain any other component than Zr0, for

35 increasing the X-ray absorption coefficient. For example,

when the content of Zr0, is increased to its maxlmum amount




remai ns undi ssolved. In actuality, there has been f ound no gl ass that
satisfies a stress-strain |ayer having a thickness of at least 100 m a
hi gh bendi ng strength of at |east 300 MPa 10 and an X-ray absorption

coefficient of at least 28/cm Therefore, a CRT gl as @&% bly has
a large thickness and a | arge wei ght, and for exanpl g §a b-'ﬁé}g%%él)ger has a
very |arge weight. Specifically, a 36-inch CRT panel has a central thickness
of approximately 20 mm 15 and has a wei ght of approxi mtely 40 kg.

Meanwhi | e <a 16 ass%kpa\r&gk{tor @ecaﬁmﬁbe Jlaysd Wiws arcad-araad or browned due
to irradiation with el ec on bea

alfdtherelzg kr\jt%vnZ Jethod in which
the al kal POSEFP G &GRS oaf PR EPR R the §1Ass panel is 20
changed bmolr@aw@gc,hm fler aprewgntieng thatcolsonlortg ea(Sbrlevﬁprlgl;l@f ifhe gl ass
panel . For. e A § 0 aots,%-ﬁ hodwf:or oPreoci ng a gl ass
to be irr&d% é'tag% Wlat'}‘l ec]IOEr (]:)lnssbeams q’hr%;thl um orO sodi um present in
t he subf atiaraydr %ofbit h@@ltgl asssh SDQjeﬁ‘d%fé“as%H W%W%@cﬁ%ﬂ@ﬁf@‘t he Iithium

or sodi um, e‘MaﬂhéturL asd, 08y of potassium rubidium ceS| um and hydrogen
for preventin rowni ng. ‘JP-B- 7- 108797, di scLose S agg p@ﬁg{: to be
irradiated with el Bet2ehupeahy: FhehRi RAS pBEGE st O o‘ﬁ Ra™"30 hi um i on

are subst igtautied ifeqy ascshmsacytﬁlratldmsthmrej actukolmm 9% radi ati on
surface of a panel made of a_ soda line silli ) ed t hat
the enteri¥§s dedth H¥- t%&%iﬁﬁ@l&% ﬁqfiﬁﬂ% %%oﬁ aﬁ:s lpé'rae era Ebl% t hat
t he ent er jamg daept}h-zcafy tates ceupisitdnt et Hiotiant v idh IS5 2&&%7 ably 5 to 20

m and thatg \%%rkb @ s @il S darary lrdged  1ddge ef fect on
preventi nght rovin Septerrber 2003 decreases. HowevIQIr the soda line

silica gl 35 diaees aﬂfﬂrﬁg angs eIt A0 e P Pa” and when t he
panel is deqieasethdd 4 hickhesssgd heezpﬁnel ispelciiatica lfly, def @éminwhen t he

U i ci entie: PATOTh 19 G Al TH THIS ot T ey e o e 2 heonl ase for a
flat-15 and has a weight of approximately 40 kg.

Meanwhile, a glass panel for a cathode ray tube is
colored or browned due to irradiation with electron beams,
and there is known a method in which the alkali ion
concentration of a surface layer of the glass panel is

20 changed by ion exchange for preventing the coloring
(browning) of the glass panel.

For example, JP-A-50-103705 discloses a method for
producing a glass to be irradiated with electron beams, in
which lithium or sodium present in the surface layer of the

25 glass is decreased by ion-exchanging the lithium or sodium
with at least one of potassium, rubidium, cesium and
hydrogen for preventing the browning.

Jp-B-7-108797 discloses a glass panel to be
irradiated with electron beams, in which potassium ion and

30 lithium ion are substituted for sodium ion cf at least an
electron-beams—-irradiation surface of a panel made of a
scda lime silica glass. It is described that the entering
depth of the substituted lithium ion is preferably 10 um,
that the entering depth of the substituted potassium ion 1is

35 preferably 5 teo 20 um and that when the above depths are
smaller or larger, the effect on preventing the b;owning




surface Braun tube is required to have a |l arge thickness as conpared with a
glass for a conventional curved Braun tube. The above nethod of i on-exchange
for preventing 10 the browning is not at all intended for use for a flat-

surface Braun tube, nor is it intended for attaining g g nﬁl?ére Hfat he
t hi ckness of a Braun tube and a decrease in the weight tﬁgﬁeo . ?n t3he

begi nni ng, the above nethod does. not seek to attain high strength. 15
Not hi ng has been studied with regard to the conposition and properties of a
gl ass requicedafseis . desweasikngthhe sbieckness sand chhe lweisgitasofa a gl ass panel

for a cathode ray tube. 1t is conventional | C i 20

t hi ckness *6H7% aﬁ@dbufeldJrs aﬂﬁ SRSt tf‘elqﬁ eﬁ %%’e%ﬁ%,w%e&?\% %%}ges‘s panel

for a catledeecayasese itasHedmegayeldpedani cis phrrdl haso ek &PT Rt i zed the

decrease in the th&t‘?&ﬁ‘e?ée & @%@eigﬂl?xg}?a@'@@[Mn@f;‘LEh@aEEY@Ht bae Under the
irst o

circunstances, it 1s a ject o he +pr,es,ent mvenUﬂ fo provide a
gl ass $or fATC ISR HiAT thep OTANER G 48 T et e ridds@¥ Hh 1Hi ckness and

wgi ght » %t&'ai%%dlﬁngh f:ﬁ&sam%;@hﬁagl_eth@)tetfubi%,vmth@h gn?m| fiosr madaa;n‘— 30 the
above gl ass, a cathode ray tube havi.n e gl ass pane

produci ng St a550RE 3 d% rr‘?ﬁ”ﬁ%%nﬁsg‘a‘f%rangl%%q%oﬁé%ggﬁb% It is
a second ebjmeireaf Wit pr eserds iforerd icamuantipred dereved wadnrtyeeat hode

ray tube which glags hﬁﬁo@éqgetﬁﬁﬁséfepgﬁheQEHa bi ghr Xprayeabsagption
coefficient and is obta ned y chem cal strengt héning o gag@grlx glass in 6

8 Sept@nbéhe20oPwatiineh id swotesd aldaiimiendad &t BEY orde 3'6h- exchange
SO0 as t0 I83Gh 2 ¥8eRid aN8le, Mdha Plassinttertlasstqaneitdniing £at hode ray
t ube which panel is made of the above gi SS, nd a c%ghoqf éfgéggbﬁnhaving
the above FEESSFand Lo I‘—Eﬁ‘rlton‘é’re,ssl ©F & S4B &t ot THe present
i nventi on the peQ\§rde theitgoemgt hanetdegbags nningh iy ledwws ea meddi@gosi ti on
I ncapabl e of giving a,stress-st.rai ay. | ng a large thickness by a
Conventioﬁgﬁscﬁgﬁi%aek to attain Hiéh §¥re45¥ﬂ.
15 Nothing has been studied with regard to the
composition and properties of a glass required for
decreasing the thickness and the weight of a glass panel
for a cathode ray tube.
It is conventional practice to increase the
20 thickness of a panel for attaining sufficient strenqth, and
no glass panel for a cathode ray tube has been dewveloped
which panel has materialized the decrease in the thickness

and weight.

25 Summary of the Invention
Under the circumstances, it is a first object of

the present invention to provide a glass for a cathode ray

tube which glass can be decreased in thickness and weight,

a glass panel for a cathode ray tube which panel is made of
30 the above glass, a cathode ray tube having the glass panel,

a method for producing the above glass and a matrix glass

for a cathode ray tube.
It is a second object of the present invention to
provide a glass for a cathode ray tube which glass has high
35 strength and a high X-ray absorption coefficient and is
obtained by chemical strengthening of a matrix glass in




strengt heni ng but which has a high bending strength and a 10 stress-strain
| ayer having.a |arge thickness,. a glass for a display which glass is nade
of the above strengthened glass, a glass panel for a cathode ray tube in
particular which glass panel is made of the above stgesgifapnssd sbess. and a
cat hode ray tube having the above gl ass panel. 15 The present inventor has
made diligent studies for achieving the above first object and as a result
has found the followi ng. Even if a known gl ass conposition for a cathode
ray tube whishf bi citertlsy sthradncakiy rstrentgehdoethed by iion-mpedsingee to

achi eve a_decrease hic S 2Q h h ’ n aor has
developed g é?agg hgﬁkh E@%; %g&gge 8¥?Egs??€%%d . gl S%S%%hfgbwﬁgg
partlcuIaBIyaéhoﬂeagﬁYS@@bﬁP&?tha@aaﬁ} één@@ﬁﬁl@ﬁel above [Fdass cat hode

ray tube. ;gMen Lhehb@ebendi Rapet hARGHE ikhe |al&%fv‘éa%ﬁ(i,ssh@:\&ﬁ\éﬂr a vacuumis
mai nt ai ned i nsi de a cat hode 25 ray tube aqg at”“%fﬂﬁ{ ressure i s

extermal |y exertedv&giethat 4 F15dd FchdiPHich ¢ F5tbe in
particulaﬁnbendaontQOC@&belﬁe a gteehthenben@ldme mmiahdnEWemgweea n

pressur s LiskI6. 200 QULde g oLass W Uh R e ase n e (i ckness o

the gl ass® resent inventor has
further deaelioged aagb&s$hﬁ0knasSC&Vh@deOnaVHKG@@aWhF@ﬁmgpéds has a hi gher

bendi ng SEESBQE;IEheﬁnggabﬁ'tg%ﬁcXOHBQ 3 Bodul wenlha sty cegRverbional gl ass

for a cat , It has been found,_ that attaln& g afdecrease in
th|c@ﬂéssSﬁﬁésﬁeﬁéﬁ?lﬁo@a&ﬁFyhéglPQqél#é§g§ FRG n@éﬁue SoffBEfdi"Rg Strength
but al so diefUbkewhackoyngss Aedubde of ahel adstve@ tGRagithantdcylasisy, 7 8

Sept enber 2003 at | east Eurt her her f properties
such as b@nagﬁﬁssPﬁgﬁ tﬁorsﬁeE%FpedSIﬁéyltug &%]%%$?¢%%§%I s
nDduIus/sgéasﬁlpageavuﬁyhada plfi tkresbosk S£r§m9é§§n§@rSiﬁsﬁayéﬂdaﬁd a
strain poloipbhat rave feaubted g taE abkakningsa dackgase in thickness and

wei ght . For “decr eas Re 't hi ckness an of SS q?nel for a

cat hdde ray tube, Tdmwmsmraluwenmqm r%ﬁa%e Q%rﬁ Y with
regard tosztheehend rge ShoeRIERraRdobhec¥ound s sheduleyslaf ‘masglfazmdand a

decrease the following. Even if a known glass composition for a
cathode ray tube is sufficiently chemically strengthened,
it is impossible to achieve a decrease in thickness and

20 weight, and the present inventor has developed a glass
having a higher bending strength (at least 300 MPa,
particularly at least 500 MPa) than any conventional glass.
for a cathode ray tube. Even if the bending strength is
increased, however, a vacuum is maintained inside a cathode

25 ray tube and atmospheric pressure is externally exerted, so
that a glass panel of a flat Braun tube in particular tends
to curve to a greater extent due to a difference in
pressures inside and cutside the glass with a decrease in
the thickness of the glass, which causes distorted images.

30 The present inventor has further developed a glass feor a
cathode ray tube which glass has a higher bending strength
and a higher Young’s modulus than any conventional glass
for a cathode ray tube, and it has been found that

attaining a decrease in thickness and weight not only

35 requires a large value of bending strength but also
requires a Young’s modulus of at least 390 GPa (particularly,




10 in the strength of a damaged surface of a panel. Further, the present
I nventor has made diligent studies for achieving the above second object
and has found that a gl ass obtained by chemcally strengthening a matri x

gl ass having a specific conposition can achieve the s t
Further, the present inventor has nmade diligent stud%gggpg?ﬁg%ﬁate)@%ng t he

above third object and has found that a glass obtained by physically
strengthening a matrix glass and further chemi cally strengthening the gl ass
at a 20 tawq:)ereaasnr e9b oue4) 1 hamrthe st ridiarepdiatte dfedrhefamatd | x glass can

achi eve t £918${ sﬁ&dén é@ebl;%i%fggt # g’?‘%o\/e é‘élffénefé’ ted on the

basis of t ove TS objec of the present
25 invent umfiulsu%lch‘f@wre@l’ %wqql}llasgﬁsm%lfm eraat hvbe #ayhtebeesaheEh is

made of g chepdgaldyrsiy fﬂ%&en&%%a@@r@m ﬂ?@:?n@ M@yagaﬁe PRSI psqof at

| east GPa (to be refer to as "glass la for cat hode ray tube"), 30
(2) a grat S FHAEL TR 2 RFRAST oV t UbEE BT SRS oHprFR_Es Si 2, A1203,

Li 20, Na2O, SrO TFéeR, déecRaantgCehR tﬁlﬂdkﬁéS@ agadt ahQwa@@horoea@ or both,
and whi ch s an Li 20 .content, .of .5 | 9 nt to 15
nmol % and gral;LaZgrSOZp con]t encfr ot COatlhcfde %2& 8(%;?‘9 %lgésjpg %O%%Jt’h%de ray
t ube, forri’aﬁfhf&ﬁn tdecmmeedouint ass Wioth armlhi)déor@yetbmédimgthe above (2)
by 8 8 Septanhey %w‘f‘&l@tg eRgibhen ngr (4 besd e&m@ddé@:@asse glass Ib

for a cat hode ray met hod for producing a%P ass for a cathode
ray ttbe, ithitde 4%‘3& én‘%?&!‘qqle%tsr%g%%rﬁ%gat matrix glass for a
cat hode ray tube lmut:hﬁeabome(@iebyntlQﬂv@ﬂ@bangastmaabrremltghﬂteof in a

bat h cont al Naff or K |o nper ature o 50]_%& 550C,
(5) a gl ass L}:?&ngeeﬁ Br aacfbla%‘ﬁd& I}% Ef Ve Srﬁalca"e :{%Ce Rl ass or- At hode
ray tube ithathe ableses (DtamdB)hy drmr(.ﬁgalalm&mqmerprwwlwraugl ass
panel forq%ass having a specific composition can achieve the second

15 object.

Further, the present inventor has made diligent
studies for achieving the above third cobject and has found
that a glass obtained by physically strengthening a matrix
glass and further chemically strengthening the glass at a

20 temperature lower than the strain point of the matrix glass
can achieve the third object.

The present invention has been completed on the
basis of the above findings.

That is, the above first object of the present

25 invention is achieved by

(1) a glass for a cathode ray tube, which is made
of a chemically strengthened glass and has a Young’s
modulus of at least 90 GPa {to be referred to as “glass Ia
for a cathode ray tube”),

30 (2) a matrix glass for a cathode ray tube, which
comprises SiQ;, Al;0s, Li:0, Na,0, Sr0, TiOz, Zr0; and CeO:
and also contains MgO or CaQ or both, and which has an Li:0
content of 5 to 20 mol%, an SrQ content of 3 to 15 mol% and
a ZrQ; content of .1 to 5 mol%,

35 {3) a glass for a cathode ray tube, formed from

the matrix glass for a cathode ray tube in the above (2) by




.cat hode ray tube, which conprises the steps of processing the matrix gl ass
for a cathode ray tube in the above (2) to a panel form and chemcally
strengt heni ng t hus-processed glass by 15 ion-exchange in a bath containing
Na ion or Kion or both at a tenperature of 350C to B5dptetbera2@®@®hode ray
tube conprising the glass panel for a cathode ray tube in the above (5),
and (8) a nethod for producing a cathode ray tube, 20 which conprises the
step of integrating the glass panel for a cathode ray tupe i thg above (5)
and a funpeleniyedT 4t revepttiag nndero Heatre fRvec et 3% pett® i rihﬁe Dt esent

invention will, . be, referr H as the invention 1 hereinafter. 25 Further,
the above % &&HY b rea& tg'ﬁj% ﬂe’

pr esent inventi§$ IS gc i§V§%t9¥dég) a gl ass
for a cathode ray tébea matbadi §orfBFREACHYIcRehi 83F &Pfefigthéning of a
matrix gl gsg, WiGh OO i 8GspSi§Rs AldiiSca By adthedngisemIng iR, Sro and

Zr 02 30 and “has an Al203 content of nore n 4 % b-ght (putppot  nore
than 28 %mRLLEs ghtashdtAh Br e T %n?a%félg?? o Oefgbé){/%wei E;hij ?o be

referred tigasx@hasse | trétnencathedect an taibeyth (A2 HHIAsE2 phtdl for a

cat hode ray tube, which 35 is forned of agsodore A garhode ray tube in
he above o7 8. L4 S5IRERuE, 2009 T41" S ol ot 1ay

a cathode ra ube c¢ i sieng t he
gl ass panel for a(6atkodéasayrenseé ATt ReCibs? e(f@&,kgﬁﬁ',%%gf gknethod
for produgi,ng %gé%% for a,cathodeayreypéube tiye chieoveallsteengBheni ng of a
matri x gl ass, ich B conprises the step.of chﬁgi %gl Eﬁén%tlr gepgt hening a
matri x0gl ass conpri(§dng BeGROALE3PTANEIRY| & Hefar 6xide, SrO and  Zr02
and havi ng. anm AM203;60p488] Qhi8Rr eoipansds %hy 9eéphtoLbut not nore than 20

% by wei ght and an_SrO content .of 5.t % b weiz0 ks thys dieo agX chidiege
treatment ther eof ipr’foé?eﬁ&tlﬁlgléhceoH‘taéci‘(rgﬁxnéqgnésal kali metal ion at a

t enper at ur gn of h85860tr@ (350C0 Ehpaabbvéowpeéﬂdof the present invention wll
be chemically strengthening thus-processed glass by

15 ion-exchange in a bath containing Na ion or K ion or both
at a temperature of 350°C to 550°C,

(7) a cathode ray tube comprising the glass panel
for a cathode ray tube in the above {5), and
(8) a method for producing a cathode ray tube,

20 which comprises the step of integrating the glass panel for
a cathode ray tube in the above (5) and & funnel by frit
sealing under heat. The above aspect of the present
invention will be referred to as the invention 1

hereinafter.
25 Further, the above second object of the present

’ invention is achieved by |
(3) a glass for a cathode ray tube, wnhich 1is
formed by chemical strengthening of a matrix glass which
comprises SiC., Al:03;, an alkali metal oxide, Sr0Q and Zr0:;
30 and has an Al;0; content of more than 4 % by weight but not
more than 20 % by weight and an SrOQ content of 5 to 20 % by

weight {(to be referred to as “glass II for a cathode ray

tube}, |
(10) a glass panel for a cathode ray tube, which

35 is formed of the glass for a cathode ray tube in the above

(9),




referred to as the invention 2 hereinafter. Further, the above third object
of the present invention is achieved by 15 (13) a strengthened gl ass forned
by chem cal strengthening of a physically strengthened matrix glass at a

tenperature | ower than the strain tenperature of the ’@%ﬂe ra§§0§t° be
referred to as "strengthened glass |Illa" hereinafter) ﬁ

strengt hened gl ass having a stress-strain |ayer having a thlckness of at
| east 250 m and having a bending strength of at |east 300 MPa (to be
referred to as "st¥engt rreametda@alsa:ylﬁuhaé mmmim@r;he(q@sa BRASE for a

di spl ay, %I ch i Sayred g,f ttulg)% r%@,g)%eqqcb)gl agsy i n the above (13) or

(14), (16) "a gl ass panel cat e ray tube, which_is forped, of the

glass for a displaltdh a H@@Me@&&)md‘{‘éﬁ)gaac%%%ﬂe Phy2 t THEIESRpri si ng

the gl assvegn%bel Byt f&%e&ﬁ@:\éﬁ (sEDen@3BenlBly @ aTet ke fior qlraadycivig ¢h
strengt hene

|.ass, h co rlses Sic en then| trix gl ass
cont ai i n&oé‘ﬁ AsRA| |thﬁ’ets ep %3 Yhec’% gﬁigﬁﬁ czfillql %t ?’gcn ’{Felnl ng the
phy5|calIgl&%@enghb&ﬁ@dn@asnmx ghag&,ahnaal&edpem&ﬂuﬂedﬂx&ﬁ tSnﬂ1&¢ﬁastrain
tenper at ure Jof e ri X a 9 f QLG a
cat hode r yc?u%ﬁg ggén%ea?e%%gg %%65%%%|%# %gﬁﬁgﬁgggpﬁigiﬁgfng a matrix
gl ass havbung awmtXmoze t@b@oﬁp@t iTofpyc wefifghdi @md N HrO &Rt Gf Hréparing a

strengt heped %glb%s%elﬁﬁﬁ:efbﬁpmo%c-%%@lﬂa@@et @ dehemeithathdredhen &bﬂb\m:t( 18) to
obtain a glass panel,” and’integrating the 5 glass panel and qnn% W|th a

frit seal condedniaat anTiad kadiowe tadpden Gt £hé SFRETATIT S Pdn

referred gge@s tﬂ?e'dﬂ&%' é’c@%@lﬂﬁétﬁesﬂ@fm#@dtﬁmﬂnmﬂimms of the
| nvention_1 Frl t he |nvent|on mnllh%% &@_ Alded below.  The glass la
ntion 1

for a catAG4ETF: ltﬁbé‘sact&?r dimng nttc'jmnt fe Ve "is formed of a
chemical |y strengthensgr gl @ss, alamb simiced (dhJedle Yf aklke |IRCHaE R Young s
rmodul us OEnventlon is achieved by

15 (13) a strengthened glass formed by chenical
strengthening of a physically strengthened matrix glass at
a temperature lower than the strain temperature of the
matrix glass (to be referred to as “strengthened glass
ITIa” hereinafter},

20 {14) a strengthened glass having a stress-strain
layer having a thickness of at least 250 pum and having a
bending strength of at least 300 MPa (to be referred to as
“strengthened glass IITb” hereinafter),

(15) a glass for a display, which is formed of the

25 strengthened glass in the above (13} or (14),

(16) a glass panel for a cathode ray tube, which
is formed of the glass for a display in the above (15},

(17) a cathode ray tube comprising the glass panel
in the above (16),

30 (18) a method for producing a strengthened glass,
which comprises physically strengthening a matrix glass
containing an alkali metal, and then further chemically
strengthening the physically strengthened matrix glass at a

temperature lower than the strain temperature of the matrix

35 glass, and
(19) a method for producing a cathode ray tube,




at least 90 GPa, it does not easily bend, so that it can be 15 decreased in
t hi ckness. When the Young's nodulus is less than 90 GPa, the gl ass bends
and is liable to deformdue to an external force such as atnospheric
pressure and a load. Wen the thickness of a glass pagkpidthbér bbal- surface
Braun tube is decreased (for exanple, to a 1/200 to 1/50 of 20 a

di angonal -line length), a glass may bend and images are distorted, so that
it is difficult to decrease the glass in thickness. As already descrlbed

it is conwenthoraklppriaesi peovidingcreass rtike ddiRass Niay oK Gkndss 3or

att ai ni ng ;guf; %ﬁ%%tco%%f%%ﬁ%ﬂﬂtgf %@dL@%sEhQ@/&hﬁsﬁr@@@thbob a cathode ray

t ube has been devel ope her, there has heen de Io%Te g! s for a
cat hode réﬁfﬁﬁﬁéhﬁﬁﬁéhg&@§§stﬁ§§e§FP@n§Fﬁor i &Pe & 8siRG t he

t hi ckness zbbekeqiiz)and abtagliass halsscaanke, obmannadeaxaa1@@a$$efor a
cathode ra 30tube has a un | us onl.y ;2pRLR |y GPa. It
has be®n Sﬁéﬁéfgﬁge&lﬁpﬁcﬁl uP% iowﬁ%ﬁnlofrégtgﬁé%e &h %%%%ng ¥§?mdulus is
requi red hbovat aipeictg of $hkfpceenhtylnwhmMLQMaygléa@@Irefﬁérﬁﬁe§@nt

i nventors ha evel I ohQL £d 35 cathode ray tube, which glass has
both a hi gh %g%d:igléf%%?gf%n%t ﬁ% d'a hleéh Young's nodul us as conpared with 11

8 Septenber 2003 conventional glasses, and it has been found that having a

hi gh bend@@%f%&&%@gE%b%bg&%nt% pat +suf ineeamtichor attaining a decrease in

t hi ckness —and wei and That, a gl.ass 1S . i red V. Yaung' s nodul us
of atlfeast 90 GP ?30‘1‘ ra Bt G ltﬁflcl% S V\J/'er}l?% thgjg éeryt he present

invention, Young Ehengldss Is for esserttliale frazqt dlul'ﬁe)raqﬂ@:ﬁ@mq neP

def ormat i cau a t I far, | I I galshode ray
t ube, pr oglﬁﬁe& Ej%%t?%’él rir ei)ée%t r}_?\n\%gfcg Cg%géggaigungr%%%ﬁgﬁs of fat | east

90 10 GPglass,t taamtd |stmd:@es£ lnotheagillep shdid éved iYPURDs St RO

decreased,-AjLhish RaNQIpaTRAG tjlzs%rs,e%c%astm@r eleare mai Mhaitn ia fdaa:t t‘fms In

particular, a thin flat glass pane] fo era e. ha en
accorty ngldﬁcr#&tsédi A FodFgesthe TRFERL TR O‘“mgds h8%.148°: 02208

than 90 GPa, the glass bends and is liable to deform due to
an external force such as atmospheric pressure and a load.
When the thickness of a glass panel for a flat-surface
Braun tube is decreased (for example, to a 1/200 to 1/50 of
20 a diangonal-line length), a glass may bend and images are
distorted, so that it is difficult to decrease the glass in

thickness.
As already described, it is conventional practice
to increase the glass in thickness for attaining sufficient
25 strength, and no thin glass panel for a cathode ray tube
has been develeped. Further, there has been developed no
glass for a cathode ray tube which glass has strength
sufficient for decreasing the thickness thereof, and a
glass that can be obtained as a glass for a cathcede ray
30 tube has a Young’s medulus cof only approximately 75 GPa. It
has been therefore difficult to confirm or estimate what
Young's modulus is required for attaining a sufficiently
thin glass panel.
The present inventors has developed a glass for a
35 cathode ray tube, which glass has both a high bending

strength and a high Young’s modulus as compared with

11




15 When the glass la of the present invention has a Young' s nodul us of at

| east 90 GPa and a bending strength of 300 MPa (particularly, at |east 500
MPa), desirably, the glass for a cathode ray tube can be decreased in
thickness while retaining pressure durability (duaralisépssnfised ped3a 20
load). In the glass la for a cathode ray tube, provided by the present

I nvention, preferably, (2) the specific elastic nodulus (Young's

modul us/specific gravity) is at least 30 GPa. So long as the specific

el asti c mudabestisn2d aflalseast, 40dGR4, hialse bgleas fovad Béaadedyeddded d n

t hi ckness,, .and el keqf n ;he decr, | FHY fdgcraasing dde

thicknesshéag P%g%ﬁgﬁg%?Egbgﬁﬁé%lgﬁgéég‘F%%ig%%gﬁggﬁ{ficient Lo}iaéghaccount

of its Yoengesremsgulits thi¢knesshend mgishtedgch thadnd IS i'$ in a 30

gl aS_Sf haVE@%u_fiirQHa%f 8agkh aﬁ%ulﬂ@’isn%oa@iuﬂiu&h oFPee fl!e@s(;tgr%/idﬂﬁ fidre &hi gh

specific gravity destroys the wei ght .decrease attaine t. |

strength. g?ﬁéeﬁrséséﬁ‘t t%ilﬁ\yéﬁstﬂ EW%Q "’fedﬂﬁg: t hif‘ %%‘ n FChe els?%:e(%'lr}’fevier(:}1 tg'lhl)éls't ic

nmodul us  whiueh’ iss madulnet iien aof e¥ewny i Inddultes diod gpefestgmgvity 35 is at

| east 30 t he.qgl ass cr My I.ckness and can be decreased
gg%ﬁggagﬁgnsggu%%%.%@'%% e%%%%%aé §§Qb%.

i n weight. I'CITic-elastic ptenber 2003 npdulus is |ess
than 30 GPa, the efffectlags dexrasingcatirodaeiajhttulke sriRIPVI4eE tTHe gl ass | a

for a cathgde hayehybe nRH@UIHEd nalY ot ReubkeseRodulentifont Weelser ad y, (3)
the strain point 5 is at |east 500C. \Men the stral.%[ pg:l nt _.i.s..500C or
hi gherd t iBast FEsENatEr dith dor St MO TgIPaSE 1i¥s PRIE AVICBvildt éd Se et T F=She gl ass

i s heat -t peatiedresgetdhat At HRiSt pengl hmaflet hrergbfssadetheasésrien no case.

For exanpl e, the prodyction of cat hode t ybe, : 10k Dyolygsst he step of
bondi ng am693§§‘18aﬁe%li§‘ﬁ&1e§Sf’ungfell Pag éggi\%f hgaﬁ?rllljlt f%?gs under heat
around 45p&nelhépraa ghadedeoray dcatodesr dpehulbedeasliasder ai n poi nt of 500C
or highe -1eSS- W 1§ gt glhleviated in a heating step such as a
frit seal#ﬁ&ggggp?z§§'gﬁ%iq¥ﬁ% strengthedoes 15 not, decrease.. For this
reaso® the gl ass Wfae%fth%e‘iﬁ%%e?ﬁ of the present invention has a

Young’s modulus of at least 90 GPa and a bending strength

of 300 MPa (particularly, at least 500 MPa), desirably, the

glass for a cathode ray tube can be decreased in thickness

while retaining pressure durability (duarability against a
20 load) .

In the glass Ia for a cathode ray tube, provided
by the present invention, preferably, (2} the specific
elastic modulus (Young’s modulus/specific gravity) is at
least 30 GPa. Sc long as the specific elastic modulus is

25 at least 40 GPa, the glass can be decreased in thickness
and the weight thereof can be decreased.

For decreasing the thickness and the weight of the
glass, it is not sufficient to take account of its Young's
modulus and its bending strength alone. That is, in a

30 glass having high-strength but having a high specific
gravity, the high specific gravity destroys the weight
decrease attained by the high strength. The present
inventor has found that when the specific elastic modulus
which is a function of Young’s modulus and spefic gravity

35 is at least 30 GPa, the glass can be decreased in thickness

and can be decreased in weight. wWhen the speicific elastic

12




I nvention is suitable for use for which strength is required and heat
treatnent is carried out. In the glass la for a cathode ray tube, provided
by the present invention, preferably, (4) the internal 20 tensile stress is
| ess than 20 MPa. The internal tensile stress refers ress in
a portion as deep as half of the thickness of a chensgg?P§§ﬂ§%t%8§?ened
glass having the formof a plate or a panel, for exanple, a deep portion
equidistant fromtwo main surfaces of a glass 25 having a plate form

curther RASLADIY {ods (il SNUBLA NG f Q0L NN Ao lipsiiee SUT T ace

conpr essi on ress In the present invention, the
st rengt heﬁ@dqjitasls? gftathe present invention can have an interal tensile

Staess 30 Ofliefsrﬁheﬂe281&8% IéOfébEé thenpaeskby! tuyepf proeigedss )

under goi ng se racture can be remar ecre Further, t he

st rengt he?ﬂéﬁ Wi Rr et het phretertn |9ﬁFZ£ﬁﬁy ¥ sg?)ha he #lh% sf#%ﬁ%

gorrprsgi \éq_sstarteslse@g}g so0%i.ghwhendtng strengt bolhheélj‘gilpjéé Cp;;vmeli(ljln@hﬁlbﬁ
ecreased ,i.n For_ at 1 easesd,;andi wei ght 13 8

Sept enber BB0F ettt gssr%%alfrf acf9 g r}% 24 &%@%ﬁ

surac raun pref erabl%% the glass la
for a cathmzteqlawsswb@ et stiexted] o7 TRt dHvveS TEMHR i9hsthe) to (5).

The gl ass laagsor dode; f ay, tuhe,  provided by 5 the present invention,
can be obt ali ned em cal . strengt he

|ng of a_matri h l.ass_whi gg cont ai ns
Si 02, A1203i Li 20F0mséams%®v theoprofesting 803 Sﬁﬁ gfl%or%n# fis MyO or
C?O OitljbO]Elhonlhﬁesr{fﬁﬁrgé Xs@@f@z Qﬂiﬁcalrm g @Jltmﬁatpmﬂeel 1 camponeftrsmedan give the
ass la for a cathode ra ass_la i
grgmdul us, WHiETs grasd %agpﬁl%eg Vgl Q’I‘% SEIRS Y @gsdt]rgﬁg%ﬁ %bendl ng
st rengt h, gjgmpfdharﬁne&tsho@é cray btyub@maes(cahaﬂ@eamopmftm@l%%% C®&atisfies
the above o ondi | o d N Ak Al Leasts o 0fa Hiy: Aoy eLantiddonss (2) to
ng T0

(4). is Acc e invention |, there is aI SO kE)row ded ahngtrlx gl ass
for a cat HoWP raych ube, a ghel g hgealing step, so that € trengt oes

15 not decrease. For this reason, the glass Ia of the present
invention is suitable for use for which strength is
required and heat treatment 1s carried out.

in the glass Ia for a cathode ray tube, provided
by the present invention, preferably, (4) the internal

20 tensile stress is less than 20 MPa. The intermal tensile
stress refers to a tensile stress in a portion as deep as
half of the thickness of a chemically strengthened glass
having the form of a plate or a panel, for example, a deep
portion equidistant from two main surfaces of a glass

25 having a plate form. Further, preferably, (5], the
chemically strengthened glass has a surface compression
stress of at least 100 MPa.

In the present invention, the strengthened glass
of the present invention can have an interal tensile stress

30 of less than 20 MPa, so that the possibility of the glass
undergoing self-fracture can be remarkably decreased.
Further, since the strengthened glass of the present
invention also has a high surface comprssive stress and a
high bending strength, the glass panel can pe decreased in

35 weight.
For attaining a thickness-decreased and weight-

13




matrix glass for a cathode ray tube which conprises Si 02, A1203, Li20
Na20 SrO, Ti 02, Zr02 and Ce02 and al so contains MO or CaO or both, and
whi ch has an Li 20 content of 5 to 20 20 nol % an SrO content of 3 to 15 nol %

and a ZrQz content of 0.1 to 5 nol% The above matri Eﬁﬁn pr esent
I nvention has a high Young's nodul us and hi gh X-ray >a8bg!e ptl@%rt%lbgﬁd has
hi gh resistance to the coloring that irradiation with 25 X-ray causes on a
glass (the coloring of a glass with irradiation with X-ray does not easily
take pl ace)ecréieed ahiove- ptade Bt ass Tave easi¢ieTikAY a HPrasE 3% IRy high

strength (%frndi n(fgﬁag r(;eng}a(l}h W@%M%ﬁaﬁ G e i bvexchange and.is
gt he

suitable f chem cal™ str ning. 30 The above matrix gl ass has the
fol | owi ng affdictisons n(Partsd cldlar. Since the matrix glass has an Li 20 content

of 5to 20 nol% ipA g;gggngg EsrpeoaRtRddeSkagettihe, natpivkdglaly has an
SrO content of 3 to 3|

15 % noi % _ X-ray or P4 i,0n LS. pved, and a
decr eaSe e VIRRERE nfy (st Hhd ‘Qaaréle%‘af e%é‘g%xﬁlg%e}%%i%%e%{%ngth can be 14 8
Sept enber 200 Prigveiiedf Simeeriheghas s i wh praseOmad RS ZAYxcériedat of 0.1
to 5 nmol %, the X-ray or pt Lon ffd.Gi @o,anddt hes¥oupg'tsinBoOHgbus are
i mpr oved. Isl%drﬁ%?,’ \%Eéh ?%gz’rraﬁl%x “glass has a CoQ@ %g{nentov of
appr oxi matet Y0 0Ar toth nohed &6 %A Bl agie CBIGHTYS (BiowiNg) caused by
X-ray can he.pevend edan Thevabove sRiss x1gl ass predenabt yrapstape Si 02
content of 40 to 70 nol %, an A1203 content of Q. 0 kb5 % @amNa20
cont eRf ofwintar t$LaDs nb? P2 and Vb@@%o PERY %fmogug%é’15€énjb%lg,ggéséao cont ent of
0 to 15 nub&b eagli T OZmpeoré@ntiof Bight stisnabhyberdhas ahr SRoh+ A1203 +
Li 20 + 0 +STO+ Ti02 + 7Zr02 + )2 $39 vetah goatent of at

AR SVt Rl 1Y STace Ran e the dbous ¢

| east 85 nff9BP 1 above Tt rik glass Ravi hg the above - composjtion can
give a gl assthabiay Qhﬂigh@VEY@@ﬂ@lglOﬂDah]u%p at least one

above conditions (2} to (4).

15 According te the invention I, there is also
provided a matrix glass for a cathode ray tube, and the
matrix glass for a cathode ray tube which comprises S102,
21,0,, Li.0, Na;0, SrC, TiO;, Zr0. and Ce0, and also contains
MgO or Ca0 or both, and which has an Li,0 content of 5 to

20 20 mol%, an SrO content of 3 to 15 mol#d and a Zr0O, content
of 0.1 to 5 mol%.

The above matrix glass of the present invention
has a high Young’s modulus and high X-ray absorptivity and
nas high resistance to the coloring that irradiation with

25 X-ray causes on a glass {the coloring of a glass with
irradiarion with X-ray does not easily take place). The
above matrix glass can easily give a glass having high
strength {bending strength, Knocp hardness, etc.} by ion
exchange and is suitable for chemical strengthening.

30 The above matrix glass has the following effects
in particular.

Since the matrix glass has an Liz0 content of 5 to
20 mol%, ion exchange is promoted.

Since the matrix glass has an SrO content cf 3 to

35 15 % mol®, X-ray absorption is lmproved, and a decrease in
Young’s modulus and a decrease in bending strength can ke
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Since the contents of A1203, Li20 and Na20 are well balanced in the matrix
glass, the matrix glass can give a 20 glass having high strength (bending
strength, Knoop hardness, etc.) by ion exchange. Since the matrix gl ass has
predeterm ned contents of SrQ Ti02, ZrQ2, CaO and Ngﬁg =

absorption coefficient can be inproved. 25 The gl ass epﬁgnﬁﬁéagggve
conposition can satisfy the foregoing conditions (1) to (5). Further, the
total content of Si (2, A1203, Li201 Na20, SrO Ti 021 Zr@2, Ce®2, MO and
CaOis nn@ggyéﬁ@g@mly 90 nol % or nore. 30 In addition to the above gl ass

conponents, the ass rix of.th nyent i nt@i N, tAS. an
opt i onal conponent 1pEe @6%?8F%§58%$£ ?éaétzgge(92% ected from Bad, ZnQ

La203, 0325) MdRZ05, £ 182 08~ r a2 O SANTROISIn cstﬁmusmz andhs YOURE SThe above

opti onal t dnmprove neltability, t0|rrprove clarification
and devi tr| 1 ca éﬂo% %ei%?rée‘%f enber 2003 resi it anc he VI scosity

e ust t
of a gbass, to adjE§Ft§erthEFﬁ%ItE§p%ﬁEFbﬁ ¢ %??lgéﬁn? gﬁé é%“%:ray
absorption,¢ %qsgfd,ﬁ:@mewoo agh usd 1 heodoungs iranidyl ushe tap sy an

i on- exchange rate, | ari zatl gvent 5 browning, so
that they Wg\ea%g %‘fg?%égc%aif ey Iassprde‘}eaﬁﬁs)e[erves to adjust the
properties of the ghasabo?hematonkeglaeﬁ phefebabéyopes ofBl SE8nponent (s) is
or e pretbce%gtbgy 19z mpl % o1 [%%1%"’51{ SRt Ebf&tgh\@S@ffOrlat@alBOde ray

t ube, IS an essen ia onent fof a gl ass. \Il%%n t he content
ther edP | Sndkbs amaeAD sl ¥ Gl-ds$omay Be13podh dECPEETS Cati on

resistance aﬁi them cal Qt@@l&drwentam when 13 rﬁxl:%eezdsi o % |t is
|

sonetines difficult to nelt tr| | ass. g&e of  SP2 is

pr ef er abl Y- 2R~ t ®F 76- %rD*F‘%lérﬁF%{% Ebsryarhssjt {3% nore preferably
50 to 55 nwd % +AK3AB 4 STiD,Cenpooent (Img IO i § 28 gmg@ iqentent of
deV|tr|f|caglfgareSégtanfg and chem cal durability and

15 The above matrix glass having the above
composition can give a glass having a higher Young’'s
modulus.

Since the contents of Al,03, Li,0 and NaC are well
balanced in the matrix glass, the matrix glass can give a

20 glass having high strength (bending strength, Xnoop
hardness, etc.) by ion exchange.

Since the matrix glass has predetermined contents
of SrQ, TiOs, Zr0Q., Ca0 and Mg0O, the X-ray absorption
coefficient can be improved.

25 The glass having the above composition can satisfy
the foregoing conditions (1) to (5}.

Further, the total content of Si0z, Al:0s3, Li,Cy
Na.Q, SrQ, TilO., Zr0Q., Ce0,, MgO and Cal is more preferably
90 mol% cor more. ‘

30 In addition to the above glass components, the
glass matrix of the present invention may contain, as an
optional component, 15 mol% or less of at least one
selected from BaO, Zn0, La;0i, Cs:0, P:Cs, B203, Y203, Nb2Os,
$b»01, 35n0:, K0 or F.

35 The above optional components serve tO improve

meltability, to improve clarification and devitrification

i5




I mproving the efficiency of ion exchange. Wen the content 20 thereof is

|l ess than 0.1 nold, the effects thereof may not be fully exhibited. Wen it
exceeds 15 nol % the glass nay be poor in devitrification resistance. The
content of A1203 is preferably 0.1 to 15. nmol % Furtlhese @l29s 2608! so a
conponent for increasing the X-ray absorption coefficient, 25 and the
content thereof is nore preferably 1 to 10 nol% and still nore preferably
1to5nml% Li20 is a conmponent for chemcally strengthening a glass by

under goi NG elsARFHRINAS it sd asse Suldcacd tpordi an gl syl yrovadyudet ion in an

I on- exchange bat.h. Wen .t he 30 nt.ent_ theyreof Js les : | % the

effect t h§?‘§5fﬂails SXRGESFAAN O E’Wi{er‘?nl t)J“ ext e%asg gg rr%rgn the

devitrifi cakifdi aiesitst amwcecdne o Héec emingdls dacblivg t yto dﬁﬂr%ea.n The

content of; i 2Qds henefare dd mlefhlio 5310 5 2 B Andite@dd@d s al so a
n

conponent "t or decredsi the 35" X-ray absorption coefficient, the content

theredi i Hropdianalfioy thatt $hey makms 16 $3S8httehiRFre X CRESEY

conponent Sher SeheEsCald SN HRe N Pt £ @AY hainglergoi ngheon- exchange
in a glass surface portion mainly wth K ion |r‘:f(a1r3 |osn-mec§<change bat h and
for preveRCPFGHr GniHE ARPET ORS OGRt e O™ BRTELT ' T's 1248 Than 5 0.1

mol % . t he pekffectattiRerne@ofnat®y arotldss ful |y exhi bited. Wen it exceeds 10

nol % it causes t vitrificati rests ' ,durability of
the glass to decr ggl%g&é Trhéeg%%%t%ﬁgs%fP%Z%agge?ﬁggeggggt%f e;gbl y 0.1to
10 mi®. Since Na@®i 9 salasio &5 sedfpcre mompenadde ricdsih P - FEF110

absor pt i ORneoef iGNt s M lis ihe Camentad heyenf dise quafemabl el to 5

0, : 1
TRt x g1 RS Eri GG 0 G5 HOTR I Ho AN WP T HE s S TR eot
exceeds lanaDhther he Exoédday 7Tabse,i dn deefddnc einte sradi B agditettiares
pr of or b1 15 $150 M GAS T o PamBOHORELT 8¢ SAGPoT S argTagel in X.ray
absorpt i o Oc aef fiCcimerits ,anch r¥owny fenasdyt VP, and @ Mot moLe

preferably 50 to 55 mcl%.

Al,0; is a component for improving a glass in
devitrification resistance and chemical durability and
improving the efficiency of ion exchange. When the content

20 thereof is less than 0.1 mol%, the effects thereof may not
be fully exhibited. When it exceeds 15 mol¥%, the glass may
be poor in devitrification resistance. The content of AlL:Qs
is preferably 0.1 to 15 mol%. Further, Al,05 is also a
compecnent for increasing the X-ray absorption ceoefficient,

25 and the content thereof is more preferably 1 to 10 mol%,
and still more preferably 1 to S5 mol%.

Li,0 is a component for chemically strengthening a
glass by undergoing ion-exchange in a glass surface portion
mainly with Na ion in an ion-exchange bath. When the

30 content thereof is less than 5 mol%, the effect thereof 13
not fully exhibited. When it exceeds 20 mol%, the
devitrification resistance and the chemical durability
decrease. The content of Li,0 is therefore limited te 5 to
20 mol%. Since Liz0 is also a component for decreasing the

35 X-ray absorption coefficient, the content thereof is

preferably 10 to 15 mol%.




20 glass may contain O to 15 nol % Wen the content thereof exceeds 15 nol %
the liquidus tenperature may sonetines increase. The content of CaOis
therefore preferably 0 to 15 nol% nore preferably 5 to 10 nold. SrOis a

conponent that plays an inportant role in 25 the glasg Etém ePrz%‘é)%”t
i nvention. SrOis a conponent that can remarkably increa X-ray

absorption coefficient, and it has been found that SrO does not nuch
decrease the Young's modul us and the bendi ng strength when added. When the
content thereof |SNh§$sm hearnc @ &6 & t frer wmé@x@qlhbsﬁtmm%ﬁh%m%%l ent is

o thang2l8 se n en?g%ge'%gd‘cgr?- ér{&r%% qué{l(%jéééécﬁgt%é sEtgoe.

decr eases. i ' ere to to 15 mol % The
cont ent ofmaStr@}'rsdimkefEérMleB am 11cg1m®}3a1%@lp%t1ana%t$%a| conmponent, and

since it i% ﬁ?%ﬁﬁn Jor W‘h'éWQ\h'engzdﬂt%r%ﬁﬁiérmrﬁ i1@ss sc i ci ent,
It may be |ncorpor

ed. However, the function B o 17 enber 2003
i ncreaSe tthe Xl aHRrpt iRt deT5es é?ﬁ*ylgoﬁg%? ogl%e?’{h&r’]s‘? ctit he
function ofheS Qt adtb&Sad | 50 ahsk® A mrmm tm;atdevdetxe@s@stxm Young' s
nodul us, soth thecot tof B e I s an

optlonal |ncrea5|ng X-ray absorption
coeffi ci er‘Ithe S:cvmteem m)ﬁ\e"mo st t@@@e@@g@s Hr@%@%mdj -3t té’nd-ton“éﬂc?-t he

young' s r&q}gg%atdﬁqscgq}s%nt ea%{p%%fedts fofrefricatdas i s;»tehamamold Ti 02
is a conponent for 1nproving a glass in 10 You (g% rT%) us d X-ray
absor pP i orrREsE kPR fio ahEt 080 pFEvERt Tt ngt tE‘Fle TR é‘%’éﬁ% d By X-ray.
\é\hep ]tlhe %ﬁ]%fkﬁabl;heie@é %Smdl%sdt hzin 0.1 nol % the effect thereof ma%/ not
e fully exhibite en it _exceeds i 1.5 cali on resistance
may sonetines dec?ggg\hlsTﬁecngo H5hteh FQD}‘U@F hgﬁng hglh%grgﬁpr eferably 0.1
to 15 nol %ourkafrs hevquli®2 abSorths ha i x hala g faaiéh‘é@lﬁ’é@l% ef@ntth of
i ght thatmoajt% cfét%%%é ansidrs ¢ %nqzdntte'r& el £ QxCals®s e ndllssHo be

a

col ored cont ent t ereof is therefore ef eéabl ase& to 5 nol %
20 Zrd2 | K-Haw e eRt EorporehtsCieRE PHRYPE npIPehHTeS dect

The content of MgO is therefore preferably 0 to 15 mol%,
more preferably 5 to 10 mol%.
Ca0 is a component for improving a glass in X-ray
absorption coefficient and Young’s modulus, and the matrix
20 glass may ceontain 0 to 15 mol%. When the content thereof
exceeds 15 mol%, the liguidus temperature may sometimes
increase. The content of CaC is therefore preferably 0 to
15 mol%, more preferably 5 to 10 mol%.
SrO is a component that plays an important role in
25 the glass of the present invention. SroO is a component
that can remarkably increase the X-ray absorption
coefficient, and it has been found that SrO does not nuch
decrease the Young’s modulus and the bending strength when
added. When the content thereof is less than 3 mol®d, the
30 X-ray absorption coefficient is less than 28. When it
exceeds 15 mol%, the devitrification resistance decreases.
The content of SrO is therefore limited to 3 to 15 mol%.
The content of SrO is preferably 5 to 13 mol%.
BaQ is an optional component, and since 1t 1is a

35 component for improving the X-ray absorption coefficient,
it may be incorporated. However, the function of Ba® to




roles in the glass of the present invention. Zr02 is a conponent for
inproving a glass in Young's nodulus, X-ray absorption coefficient and
bendi ng strength. Wen the content thereof is less than 0.1 nol % the
effect thereof 25 is not exhibited. Wen it exceeds 5 g@-YreRdbefPdy NI

undi ssol ved portion of a glass is liable to take pl ace. he content of Zr02
is therefore limted to 0.1 to 5 nol% The content of Zr02 is preferably 1
to 3 mol % Ce02 is a conponent for preventing the coloring 30 (browning)

caused by fﬁﬂc%éas@@:b@@%—&@ téwcﬁqf ilch crefeeﬁ%r@t&m olhs)hﬁpr&mmblwgo is
an optiona ent and may nco ed into t e (J or
preventing htaﬁé‘-[mtgtﬂ ofﬁ‘i c%% Srﬁﬁ "tfgg?ac%yl%(ar onri%nttg ttei’ﬁereof

i's preferablgcz&atshﬁmﬁ d{odﬁg’aajdlddms,o etdﬁe:"&diovtéleglcasstmm‘heﬁﬂ% t he 18
S Sept enber. 2003 0 may contain one or nore optional
conponent s selp%c%&%%loel&gnoistg’o?t‘@s% P205, B203, Y203, Nb205, Sb2031 Sno2,
K20 or ¥ for naki ngZh® easa@rombl@m@b&@nhongmﬁsén@r %L%Ij %ts}il%% gheect

properties Oof jtHe HATY I Hyorab%cﬁypﬂlrmf Qe i dh el Bahtﬂel ty,
clarification, an 1inprovenent in devitrjfication rﬁil st r)cﬁie us,t ment of
0

the vi scosiayetea g‘1ta§§ec%ﬁﬁ?s‘5t reTR P E et e coetftd & ent and
an X-ray a@geiultisyn weefddrmieery tkmiqam nientpr efetdiel yolesp sshasdd usi%.

adj ustnent of an iop 8xcr}€ t%ﬁ)m?) ove%%#l&ﬁrgj Sy Bid<at] on and

prevention of br ownt f rix %é{ass may contain, as an
opti onbl cmpoTETH momxims%amd Ii%w&bfakzﬂoﬂmﬂ oRe ndd and drifoxi des of

N, Co, Fepﬂ@%eﬁélﬁajEHBjéglofgﬁﬁEHHH@%d”E onala £ ONMEeBaNtheakoseene t o
adj ust 15°the transm ssivity of gl ass, so tech‘%‘ﬁt the EI ass. can be |rrproved

in contrastthgieathats alﬁﬁss&hégﬂ socrleé‘}?lc%an e BEENES gl ass
panel for aLatnade dayiditeei. IWhla& igengrakdpr act moé%t,othse a gl ass whose

1 ke, Vihon 41 G o AT 1 o Bt Y B s es. (7S, or the

15 content of TiQ; is therefore preferably 0. 1 to 15 mol%.
Further, TiQ; absorbs light having a shorter wavelength of
light that a glass transmits, and it is liable to cause the
glass to be colored, so that the content thereof 1is
therefore preferably 0.1 to 5 mol%.

20 ZrQ, is also one of components that play important
roles in the glass of the present invention. 2Zr0O: is a
component for improving a glass in Young’s modulus, X-ray
absorption coefficient and bending strength. When the
content thereof is less than 0.1 mol%, the effect thereof

25 is not exhibited. When it exceeds 5 mol%, a remaining
undissolved portion of a glass is liable to take place.
The content of Zr0, is therefore limited to 0.1 to 3 mel%.
The content of Zr0, is preferably 1 to 3 mol$%.

Ce0, is a component for preventing the coloring

30 (browning) caused by X-ray. The content thereof is
preferably 0.01 to 1 mol%.

K,0 is an optional component and may be
incorporated‘into the matrix glass for preventing the
coloring (browning) caused by X-ray. The content thereof

35 is preferably 0 to 5 mol%.

In addition to the above glass components, the

18




transm ssivity increases, and the contrast decreases. For decreasing the

gl ass panel in thickness, it is essential to 1incorporate a necessary anount
of such a conponent. The 25 content of the above optional conponent is nore
preferably 0.1 nold or less. The matrix glass for a gaghodenséayzoa8e,
provided by the present invention, substantially does not contain

That is because it is environnentally undesirable to 30 use PbO and because
PbO is a conponent that degrades the chemi cal strengthening and decreases

the Young' spBR@uigisss Ha& T ko ¢batsihobna Gat hede bayibubd, provided by
355503 50 PEPBB A1 S0 F 0 1650 190 AL rbEr 9005 %% LY 1858750 %
Na20 0.1 t6b809 FeM2 G.0lotoF|fé&F Myidgt bt lasieCa® Iproduceds SrO5 to 10
% Ti02 0. SN Q2 1 9 =ab bl q1bRe,aBawe 1¢omERQesi tion
more prefe %%%f ﬁgiagﬂu£f8%ﬂlfé% gén%gﬁﬁqgg %%féﬁg %D|%) The negft of the
above conpesi timpgorementhan wmed tapadiity glrdss Iha¢rRégofhe @8bove conposition 1

having a l%g%ve%eg% GANLRRYL t30¢ 1 2asHBh eesTisRAncent aayuiskmene alfove ranges
can give aFgﬁass haV|n%Ia Young' s nndghus of at

( . _ |_east , 95 1§ GPa and a
bendi ng st FBRgUHSGOSA(-Y @ds 466 >fPa *Grl SHETH gcfe?cépﬁéﬁf d&VPEFPF°¢at i on
resi st ancecoafid ithahtt hedXanay -rasabpbirpt icaetbeciténtcoan bdjustreased by
oo g eSS R e Sk R el e am A b Ty
conprils ngpreyemsii%n of solarization and prevention of browning.
Further, the above matrix glass may contain, as an
optional component, 1 mol% or less of at least one selected
from oxides of Ni, Co, Fe, Mn, V, Cu and Cr.
The above optional component can serve to adjust
15 the transmissivity of a glass, so that the glass can be
improved in contrast and that a display screen can be
color-corrected. ,
As a glass panel for a cathode ray tube, it is
general practice to use a glass whose transmissivity is
20 intentionally decreased by adding NiQ, Co0:03;, or the like.
When the glass panel is decreased in thickness, the
transmissivity increases, and the contrast decreases. For
decreasing the glass panel in thickness, it i1s essential to
incorporate a necessary amount of such a component. The
25 content of the above optional component is more preferably
0.1 mol% or less.
The matrix glass for a cathode ray tube, provided
by the present invention, substantially does not contain
PbO. That is because it is environmentally undesirable to
30 use PbO and because PbO is a component that degrades the
chemical strengthening and decreases the Young’s modulus.
The matrix glass for a cathode ray tube, provided
by the present invention, preferably has a composition 1
comprising, by molg,
35 Si0s 50 to 60 %
Al,;0, 1 to 10 %
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25 30 Si| 02 A1203 Li20 Na20 Ce®@2 MO CaO MO + CaO SrO Ti02 40 to
50 % 1 to 10 % 7 to 15 %0.1to0 8 % 0.01to 1 % 1to 10 % 1 to 10 % 10
to 20 % | 5to 15 %5 to 15 %and Zr02 1 to 5 % and above all, the above
conpositijon nore preferably has an A1203 content of %SQpénﬁ@ér‘V?oé The
merit of [the above conposition 2 is that the nmatrix glass having the above
conpositijon 2 having a |larger 20 8 Septenber 2003 Ti 02 content in the above
range can give a glass having a Young' s nodulus of at |east 100 GPa and a
bendi ng strength afi,at | east 400 MPa, andtbhap the X-ray absorption
coefficient can be gngreased by i ncreasi;ng %geSS@O content. 5 The
characterjistic feaphfe of the above conposition 1 is that the matrix glass
has excel|l ent deviCefkfication resistanfefdn@ivedsiness in processability
over the |conpositi@Ra2, and the charactegiggi ggf gature of the conposition 2
Is that a glass having the conposition 2_10 hag g hi gher Young's nodul us
than a3gllass from €A L tol
Sro 5 to 10 %
Ti0; 0.1 to 5 % and
ZrQs; 1 to 5 %,
and above all, the above composition more preferably has an
10 Al;0; content of 1 to 5 mols.
The merit of the above composition 1 is that the
matrix glass having the above composition 1 having a larger
$i0, content and a smaller TiO, content in the above ranges
can give a glass having a Young’s modulus of at least 95
15 GPa and a bending strength of at least 400 MPa and having
excellent devitrification resistance, and that the X-ray
absorption coefficient can be increased by increasing the
SrO content.
Further, the matrix glass for a cathode ray tube,
20 provided by the present invention, preferably has a
composition 2 comprising, by mol%d,
Si0; 40 to 50 %
A1203 1 to 10 %
Li,0 7 to 13 %
25 Na:0 0.1 to 8 %
‘ Ce0, 0.01 to 1 %
MgO 1 to 10 %
Cal 1 to 10 %
MgQ + Cal 10 €to 20 %,
30 Sro 5 to 15 %
TiO- 5 to 15 % and
Zr0, 1 to 5 %,
and above all, the above composition more preferably has an
Al:03 content of 1 to 5 mol%.
35 The merit of the above composition 2 is that the

matrix glass having the above composition 2 having a larger

20




conposition 1. After a glass having the above preferred conposition 1 or

t he above nore preferred conposition 2 is chemcally strengthened, the
surface of the glass has a 15 Knoop hardness of at |east 600 GPa
(particularly, 650 GPa or nore). Since the glass has i rdness,
the chem cal strengthening can prevent not only the grgoé\:&pﬁggﬁg??rg@ in the
surface but also the devel opnent of crack deep in the glass. 20 The net hod
for the matrix glass of the present invention is not specially |imted, and

the matrix g @ssofahde Proflicedy Adtanvent ignal fmefhags osimxapl e, the

matri x glass can be produced _by a_ nethod in which oxides,. hyd{oxidgé,_

car bonat es, YoiRg af cBOdeRporpHedt LeRftdbe0 GFR.ands2 Pendinpe? FiePPbli ded as
raw gl ass n@fest al Sasthese Mpal eshal shat echei ghegdyt abebtathom conposition as
desired, the ighed materials are mxed to r terial,
t he fornul a‘f%%lgfrh‘?"e‘??& CqR It alclé‘ﬁr??ﬁsgéﬁ%%t %ngéggg{lg%?t%gud ?%&g% HErréI ted
at a tesperature of TBe apprexiteuteltyclisafure vfs50be, abpEenel t is stirred
and C'ar'f&&ﬁ%égiﬁféﬁ'? fsh9H99€€ﬁ8Eﬁa€Plie&lgéésﬁast@ﬁcgiﬁéﬁt I's cast Into

a 0 ock,

a nolding fr o Torma glass b to form a glass sheet or.to press
the gl ass i®evheribiarbica reaiHbURCE aJnE uPRS ITRTY, 1P NRTPRESS#BH hbli¥gl ass i s
re-placed 3y4p @hé%@ﬁ%@sﬁﬂﬂ&ﬁ ﬁ]?aérll@r@M@?cHQriﬁ@ﬂ@ﬁikﬂgcpﬁémtuﬁé\dofcool ed
to roomtenperature, a t radua cpol e ass 8.5e 2003

bl ock is sl f&%dC%HOﬁbF?%eg,g% h&l@{‘a%sggﬂﬁf)g’dg?hn?hé%?o‘?%“‘?%gﬂgfé%egt is
cut, pali sheds aandntfeerattynhentnoduthe tparss-fbesedigbasshés polished as
required. T'g%gg%%£§oglf§s is chemcally strengthened by the 5 step of

i on- exchang e polished glass in a nolten alkali_ salt. This step
i nvol ves the sane pRétedupeglass haFSaJepropEdvENPERIEERSExchange step for

a conventi oBghnoshenbgal | yr Strengbhened, gbasse rInee60opASHE L OIonf 2t he
nolten salt 1s selected dependin%dupon a co osit%ogh f heslgagl ss. The

. 0
pol i shed gl 838™i<ai hfef BT RO ERE noF RBNSEEFECC1D Preudternined period of
tine, tlen kakep BEtdAsds of at least 600 GPa (particularly, 630 GPa

or more). Since the glass has a high Knoop hardness, the
chemical strengthening can prevent not only the growth of
crack in the surface but also the development cof crack deep

in the glass.

20 The method for the matrix glass of the present
invention is not specially limited, and the matrix glass
can be produced by a conventional method. For example, the
matrix glass can be produced by a method in which oxides,
hydroxides, carbonates, nitrates, chlorides, sulfides, etc.,

25 are properly provided as raw glass materials, these
materials are weighed to obtain a composition as desired,
the weighed materials are mixed to prepare a formulated
material, the formulated material is placed in a heat-
resistant crucible and melted at a temperature of

30 approximately 1,300 to 1,500°C, the melt is stirred and
clarified to cbtain a homogeneocus molten glass, the glass
is cast into a molding frame to form a glass block, to form
a glass sheet or to press the glass in the form of a
cathode ray tube (CRT), the thus-formed glass is re-placed

35 in a furnace under heat around an annealing point and

cooled to room temperature, and the gradually cooled glass
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washed. |on-exchange anong al kali nmetal ions is preferred since the

i on-exchange can be uniformy carried out by 15 inmmersing the glass in the
nolten salt so that it is excellent in productivity and that a glass having
a stabilized conpressive-stress |ayer .can be providedg Eg(ﬁ*'ﬂﬁﬁf

Further, the conpressive-stress layer is forned by the i10n-exchange, the
conpressi ve-stress layer can be 20 efficiently forned even in a gl ass having
a small thickness. Further, since the formation of the conpressive-stress

Iayelr ]lgy tf}%@@h ﬁgwshpﬂg@d g&eém %1el1e@@nd*w0@1ﬁw élfam@fln]gme gf@lsmb a
anel for a cathade ray tube whi i e can be
gasi ly strétfgthetset %‘Hb‘\/ep‘ﬁgl%rﬁ%‘?n ¢ agsl??zérﬁaggﬂgm%gilgrtgﬁgef ore
preferred. gagddhetormadhen 4ée Ob gsslishédats trequetedt he conpression stress
does not easi |y degygang.uoli ¢ ,8:Phustrahlkasiyeuqtiagededkasey tagd the

strength of the gl ass does not ﬁ% decrease, ﬁ ove chem cal
st rengt Beni step @@r@@’rﬂf@a@@e%‘ft = P‘?h’eﬂh%@rg&a@?a%% ?orPO L2t hode ray

tube, contaiping beth, Lifo And AA2QWIRR ae Weide heionaiited @ subj ect ed
to ion- exchange in a nmlten salt cont allg?ﬂg%both odi um,i ’2‘3 o{as& um

i on, wher ebyndTe MR G071 TR t e TP as¥c odt thn T Eilncct)rwe et salt are
exchanged afbBt-£00} Wt tongtiehde glass. amhqxnamgnaﬂhnqn1qﬁ1&Wm mol t en

salt are exc Qﬁgq%ﬁggeégaé% ué{égiggéeﬁﬁﬁﬁgg%goﬁag Q&mggs§#§@@t@ﬂb@ﬁe2003

att ai ned. fon exchanged ass, lithiumion
and soleumq]cmss:oan‘a:m@cbhml’tdte qHerds s gimmey sade eIl &P 1isTh S8ddi um i on

and pot ass'%‘%'z&’[}a é@éﬂﬁfﬂéc}(%é!mé& thatisedi tieh opaped petassdumion are

co- present int ass surface and that lithiumion is also co-present
in some casesshethe present invention therefore produces a high effect on

prevention of the cehbarkrRgnthak amakes apkate weealt hengl assprefierradi at ed
with electron 10

t { f
t hi ckness bi/l%c%a%}%e%o%o%%ﬁgr%égﬁsﬁ;?ﬁg%nugg%mfgncggrfgés&ﬁé% or @

15 immersing the glass in the molten salt so that it 1is
excellent in productivity and that a glass having a
stabilized compressive-stress layer can be provided at a
low cost. Further, the compressive-stress layer is formed
by the ion-exchange, the compressive-stress layer can be

20 efficiently formed even in a glass having a small thickness.
Further, since the formaticn of the compressive-stress
layer by the ion-exchange does not depend upon any form of
the glass, a panel for a cathode ray tube which panel has a
complicated form can be easily strengthened. The above

25 chemical strengthening is therefore preferred. Further,
when the glass is heat-treated, the compression stress does
nct easily decrease unlike a physically strengthened glass,
and the strength of the glass does not easily decrease, SO
that the above chemical strengthening is preferred.

30 Further, the matrix glass for a cathode ray tube,
containing both Li0 and Na:0 which are well balanced, is

subjected to ion-exchange in a molten salt containing both

sodium ion and potassium ion, whereby lithium ion in the

glass and sodium ion in the meclten salt are exchanged and
35 sodium ion in the glass and potassium ion in the molten

salt are exchanged, so that sufficient strength can be




precision strain gauge or a nethod using a polarizing mcroscope. The
Babi net conpensati on nethod using a 15 precision strain gauge can be carried
out with a conmercially available nmeasuring device. In the nethod using a

pol ari zing m croscope, a glass sanple is sliced per pgr@émh?déryzé@st he

I on- exchange surface, the cross- sectional surface of the thus-prepared
slice is polished to 20 have a thickness of 0.5 mmor |ess, and while
polarized light is allowed to enter the sanple at right angles with the
pol i shed sasdaceedi he surface is observed in the state of crossed N cols

t hrough a pol ari zi L croscope. Since.a_ _chem call tr d gl ass has
a stress-strain Iaggr¥%§ PSFﬁéﬁtiﬁnFﬁgtéPSrn%Pyggf %Pg_gggg%gggga‘distance
fromthe gladaceliohaupoitnomndhowiignaichaneetiinedi gt Fessmakri¥olor is

measured, JheLebyd pfeéggeéé-ﬁf@idg% RYET 1 6ANaRE poEasHIed fo5, a thi ckness.

Further, a’chem ca rengt hene ass an ph{Sl cal ly strengthened
gl ass &an pespretivnglivshee Brat heodbasi sobfagd PP T dEE+HAsIOR Akt af i ons

cont ai ned feade 9t ass cRANGl a s i @eesce SPegi fheal 1 ythiliust téhut s oassof dept hs
of a netal i1on having a larger ionig¢,_radius (ne%%ﬁ ell_lki |i t{;ptraéfo jon) and a
netal ion FAARRG Sl 80T off T adid¥ EE TS NSRS et &l i on)- are
studi ed. Ifrddienssty pighesatecomnon havengnaidmrgérthentelenthiasiigtdensity of
metal ion | e r S L ORI .G £1ad Lo~ a portion
near the s%%%%gp%‘%cg %?és@?sg %%%e?stgg{né? aet‘%(?)uﬁ%gl?p%%lfé?inég deep
porti @A ofbeame. gl ass, and if the glass has a bending strength in the range

specified in the prggent LB¥elkir-gin 1hgedl 288 be heboumrddt gobeaone that is
chem cally strengthened by ion- exchange. Wen gﬁéal ion %t%pically, al kal

metal i on)CRHCKReRS shYfacBapiper CTTRCEFAEEOR ¢ HRPherSHB%R- 2xchanged with
metal ion davkngien! stgeini gmge radi asnétyptcasiyg alkalarigingtal ion), the

conpr essi dft StTEEERT oyl SRR ST A M P Face, A range
i n whiléh tpeeabsiensstessnworkse redmrise t oanr toApressVbRliséress | ayer.

commercially available measuring device. In the methoed
using a polarizing microscope, a glass sample is sliced
perpendicularly to the ion-exchange surface, the cross-
sectional surface of the thus-prepared slice is polished to

20 have a thickness cf 0.5 mm or less, and while polarized
light is allowed to enter the sample at right angles with
the polished surface, the surface is observed in the state
of crossed Nicols through a polarizing microscope. Since a
chemically strengthened glass has a stress-strain layer

25 formed in the vicinity of its surface, a distance from the
surface to a portion showing a change in brightness or
color is measured, whereby the stress-strain layer can be
measured for a thickness.

Further, a chemically strengthened glass and a

30 physically strengthened glass can be distinguished on the
basis of distributions of metal ions contained near glass
panel surfaces. Specifically, distributions of depths of a
metal ion having a larger ionic radius (e.g., alkali metal
ion) and a metal ion having a smaller ionic radius (e.g.,

35 alkali metal ion) are studied. If (density of metal ion

having a larger ionic radius)/(density of metal ion having
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Since the conpression stress layer is a stress layer in any 15 case, the
conpression stress is alleviated if the glass is heat-treated at a
tenperature equal to, or higher than, a strain point (the alleviation also
depends upon a tinme period). As described above, the g +BHHeP R3S eSS
layer 20 is a stress layer in any case, so that the conpression stress is
alleviated if the glass is heat-treated at a tenperature equal to, or

hi gher than, a strain point(the alleviation also depends upon a tine
period) . Fbmemalletheonstreasiaenaﬁﬁ hapertﬂonnndabythhesucébcstnéngthening
Is not 25 s via a n n rtq b C
strengthem%lgg mz S?ﬁ Eggasghgsxaggg ng?@ ? gggp ¥022¥%gdgkray

t ube, whlchtbaneﬂassftendeléprsedlﬁéshéaﬁ atbeaﬂWEﬁtStFﬁégéha§§ c&eel y

suffers a degrgasepkBigtbANghNenA g&eeéqltblﬁ%neleat hede gawuskubs, provided
by the 30 E%esent I nvention, can be obtain hem ca

st rengt Reni FguBE £RePEHBVE HEPFI*SQF§§§lFB;fé EgFﬁBEEg? gd gﬁbéQHThe gl ass

I b for a cathedengay tube can satisfy at |east one of the foregoing
conditions (1) to (5). Accqrdin to he e n hher, a 35

gl ass for a cathode q‘ g%h &W cﬁﬁﬁg-hléﬁ%éﬁréﬁﬁﬂ% A ge pr oduced
by chen1caltNesSneﬁgthehaMgrthé aboles24i8 Septeﬁbeloaﬁegchaﬂgﬁﬁ yikabs for a
cat hode raYmeHQf PMn'BQVEKGhQngg g@?rQBBLC'9a819§tht?%ﬂ&é&myngahﬁaan or K

ion or both a eratdre o ere | ass for
a cat héde ﬂ&?tﬁhbeoéén bBeobpraFAEdL RPthBG%lHEéFéﬁsWHgl?t?r85§tF@ﬁgFﬁngThe

gl ass pane'af@£a§scﬁéﬁQQQk¥a¥otUHQt arewmdesssbyntheraseseayernyent|on i s
fornmed the above

gl h tub b Ib f
a cathode r ‘?ﬂbegsgﬁa YﬁF%nb Efpgﬁgl Eﬁ agﬁg 13% ﬁt&\?ﬁéﬁgoae ec S 10 o
First, sinthéhengbasstrbselﬁohas acliegh Youagtsmpredalap, sthess ééﬁeﬁe
obt ai ned a gl Pﬂgehoﬁgﬁésk?oﬁl§P§Ess&%§§ LrQQ]Q'§E95E50@aygﬂriﬁeén¥3'nce

t he gl ass pane does ort even pressure IS exerted
panel 1SurfaeeedubheocanBrffeiencetrASpr e5sat b8vViatrdel AngnBuPspad 1S

heat-treated at a temperature equal to, or higher than, a
strain point (the alleviation alsc depends upcon a time

period) .
As described above, the compression stress layer
20 is a stress layer in any case, so that the compression
stress is alleviated if the glass is heat-treated at a
temperature equal to, or higher than, a strain point (the
alleviation also depends upon a time period). However, the
stress—strain layer formed by chemical strengthening is not
25 so easily alleviated as any counterpart formed by physical
strengthening, and when the glass is used as a panel for a
cathode ray tube, which panel is to be exposed to heat
treatment, the glass rarely suffers a decrease in strength.
A glass lb for a cathode ray tube, provided by the
30 present invention, can be obtained by the above chemical
strengthening of the above matrix glass for a cathode ray
tube. The glass 1lb for a cathode ray tube can satisfy at
least one of the foregoing conditions (1) to (5).
Bccording to the present invention, further, a
35 glass for a cathede ray tube which glass has high strength
can be produced by chemically strengthening the above
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15 the cathode ray tube, distortions of images can be decreased. Second,
since the glass itself has a high Young's nodulus and hi gh bendi ng
strength, the glass panel for a cathode ray tube can be decreased in

t hi ckness while 20 nmaintai ning pressure resistance (durg%illty agai nst a
load). Third, since the glass not only has high strengtPeRiginber Z0%hs a
conpression stress layer having a substantial thickness of 50 gmor nore,
abrasi on bending strength can be inproved. Therefore, a thin and Iight 25

wei ght gl assngpaniet frisa et hode fiayad %C@Eb@eofbi&hl@}gch%&é‘%er
decr easi ng tgggtga qgth t.her eof d\}:ourth when a gl ass é)anel for a cat%

ray tube & funnel “Hr e otk ol%‘hccffcﬁhlé?nvﬁzt'rp %13% %eal under- heat
to produce & ermgidmwaiairayo WHEHoCt rne panet . calrhe_k&é&féiece{ easad dnddighpess

dth h
and the pang Janelde brAaks;p04 he cootlaaofn eac fg% %Sgl;lijireﬂi%e step

Thereforg the heating “rate an g F at
of frit ?sedtX@WHe increased, so that the product|V|ty of cathode ray

t ubes can be |nproveﬁh 1 dEdt S the I m
st rengt hene% |on execﬁ%ng% i%::a gﬁﬁa%ecﬂgﬁﬁep@ t‘ﬁgg %ﬁggen‘oer 2003

har dness d S BEES AR ddrfadeFmeghrt |a§°"r9e6351<ﬂ155a dffE to the
above conpr essiadicste esy Itayer ohratihegaboard angest hickRess dddass panel

for a catho ray a d amag e above panel” for a

cat hode ray(?1'ltzf\zt].:ljbez1 atnlﬁ?(;et\%l 3&% 55 %eah)érle &1t %?)ﬁvgr?ﬁq ﬁ’lnﬁa§fgj %ﬁpr essi on

stress 19 ayer havi ng‘-'laff’{% cﬁ@m tdfe B0lanoritmrlel sos thatidherowtgengt h of

the gl ass pﬁﬁ@hlﬂgest&QEee%ﬁhlﬁedgﬁkgéﬁ%deﬁe?la% ggﬁeql%%atlisd%qg%%% For
en

exanpl e, % gla s shows a 10 bending stren abrasion b
strength, £ LF@QsPlféérﬁPanaft%?r¥?er %b?%@eﬁhﬁnghaﬁs#ﬂéwe%aﬁ@eﬁaper

Therefore, the gha$srmaeabnpwamndedpbﬁsbheepﬁgs@Rbrtbﬂvaﬁttﬁ@ basehi gh
b oduction Satoce SR4%8 8 Bk RBlenra, TuBeCsaHasr: he os PRI 8058 8% ass
panel flor athe cathode ray tube, distortions of images can be

- decreased.

Second, since the glass itself has a high Young’s
modulus and high bending strength, the glass panel for a
cathode ray tube can be decreased in thickness while

20 maintaining pressure resistance {durability against a lcad}.

Third, since the glass not only has high strength
but also has a ccmpression stress layer having a
substantial thickness of 50 um or more, abrasion bending
strength can be improved. Therefore, a thin and light-

25 welght glass panel for a cathode ray tube can be obtained
without decreasing the strength thereof.

Fourth, when a glass panel for a cathode ray tube
and a funnel are bonded to each other with a frit seal
under heat to produce a cathode ray tube, the panel can be

30 decreased in thickness and the panel rarely breaks against
a rapid change in temperatures. Therefore, the heating
rate and the cocling rate before and after the step of frit
seal can be increased, so that the productivity of cathode
ray tubes can be improved.

35 Fifth, since the glass panel chemically
strengthened by ion-exchange has a surface having a high

25




cathode ray tube. In the above gl ass panel for a cathode ray tube,
preferably, a portion having the snmallest thickness has a thickness 1/200
to 1/50 as large as the diagonal line 20 thereof. In this case, the

di stortion caused on the glass panel due to a pressur ' n be
decreased. Wen the thickness of the portion having thg ﬁé&éﬁbggffqﬁckness

Is less than 1/200 of the diagonal line, the distortion of the panel caused
by a pressure difference 25 nmay not be decreased. The gl ass panel for a

cat hode ray, § bes s Pr ovhsleshr bycd hes piesesisi Dy efdhafedi s Boui ttilse as a gl ass
panel for a flat-surface cathode ray tube. The. gl a e t sent

i nventi on S@AHR 2NBdEdetAnVe aet??%%tgc}%’é?ﬁs%b%?i%%rg%‘gai?faﬁ -Qﬁ%‘%e
panel whose Y£5jstamnbekias Pr esseirgbas® hanekeforda opathedparey tube
constituting a cathode, ray_ t 5ais | ower than that of a conventional

cat hode rayl? UM KAt hy! & urved surface. The above %I ass panel for a
cat hodeSray tube cafhe3Bbbweppbdasenabylt ferstefdtbpdgr 68¥sSPRE the above

matrix gl 3ssdoled SR N00G I EYeAUDMEoPIEPATad DaBGp: &adlion 26K foss
Sept enber 3T C emcally strengthening the panel by io -exct}gnge in a
bath cont ai Fiyer Neaviomd 02 K i @FR®FS bof SO o hatPr $s SRhedt2Y T8 350C to

550C. The cathoslech ayrtte fasheppnesedtes nvent eani hasdesredes t4wsn pr oduced

gl ass panel, for, a cathode r t . ' e wae produced
by integr at%%gtkﬂ?legg‘?%sls p(g%%‘:llél?&(;? -a%crzt%%ag@l%gy %l‘g%e&%rﬁ gﬁ%unnel with a
frit seal beudindestredyEeni nveati oabPasidh bendkpd af heendereifafdter. 10 In

the inventi | x, 8L 855 bavk ngnrh&batiyehyal argersenntgaser of A1203
and SrOis g%%%?c%?ﬁgﬁﬁét?g%g?h%ned forrproducin €?%Iass |1 for a cathode
a

ray tube whrerefPnes Hag @lass cRavel (RFAviA§e P PEEFEYe  thi ckness
and has hi ghysikengh hmaadhaghi gbs Xstaycabses phsondamage that may be

caused on the glass during the producticn and use of a
15 cathode ray tube, and it is suitable as a glass panel for a
cathode ray tube.

In the above glass panel for a cathode ray tube,
preferably, a portion having the smallest thickness has a
thickness 1/200 to 1/50 as large as the diagonal line

20 thereof. 1In this case, the distortion caused on the glass
panel due to a pressure difference can be decreased.

When the thickness of the portion having the
smallest thickness is less than 1/200 of the diagonal line,
the distorticn of the panel caused by & pressure difference

25 may not be decreased.

The glass panel for a cathode ray tube, provided
by the present invention, is suitable as a glass panel for
a flat-surface cathode ray tube.

The glass panel of the present invention exhibits

30 the above effects when applied to a flat-surface panel
whose resistance to pressures to be exerted on the panel
constituting a cathode ray tube is lower than that of a
conventional cathode ray tube having a curved surface.

The above glass panel for a cathode ray tube can

35 be produced by the steps of processing the above matrix

glass for a cathode ray tube to prepare a panel, and
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15 coefficient. It has been thought that a conventional glass for CRT
suffers a decrease in X-ray absorption coefficient and shows degraded
meltability when it contains nore than 4 % by wei ght of A1203. The present

i nvention can overconme this problem by incorporating gasahffbe@BAL Of

SrO 20 When the content of A1203 is increased, the chem cal--strengthening
efficiency increases, which is advantageous for formng a stress-strain

| ayer having a large thickness. SrOis a conponent for serving to increase
the A1203 qmnenta iy houterdprasdsin gt TR Y T8RN gtass, and it

s also a component, 1a¢; 4 MPf OWG A he Gassr ivbeh ayiabseagidsty. The
present invention can tphere ore sinultaneously satisfy requirenents of a
gl ass for aeztdbde r350Cutte SBAfCthe glass is to have excellent X-ray

absorptivity and isThe bergubtabhe fobe36fchhai pabssntengvhBALAG. hFke matri x
gl ass used in the present invention _contains nti@l o @edrponents,

Si 2, A220&he i —%?é;?cechqeloaesss, %arrﬁofangér%raozeéa%}gé?éarthgr contains, as
essential @CoURERentd$)tube Gan dre Geoxlugeddeh. LIFRIFRFINY ERGed13%5 35 gl ass

preferably caontains BaQ Whtional FePONeNts. a 2fr Bt Sepaknber
2003 When é)riaél%]? fch% agb%ve T 8%03}13&@02 is incorporated, the coloring that

gl ass has duelawn ligatadiation with X-ray can be decreased. In the present
invention, it is prgkesredntocdHse hoth HeCzandi€e@hkoeriprétenting the 5

'S an dsent al comiBnERF FBFCACHPASS: MNBATtRe TaNrenr thar ool o 6
than 40 % bye et ghé 1yt her géassontiénmmyo Hhehpasor ahd §§@mi§a|clhe{q,1§5il|lglty and
omet | mes. d 1T TR R REEnErT ERE R TE o of Sae. Tho ontent ol 5 Cb i<
prefier abl y #fb¢ ovl¥lcko blasei lyhs | a nok e ps of BF abl y1 2887 t 326579, By %Egaht. 15
A1203 is the, mOst LOPOLL ARt s COIPONSPteh@fni ARG OY¥i BPYgh X-ray absorption

15 coefficient. It has been thought that a conventional glass
for CRT suffers a decrease in X-ray absorption coefficient
and shows degraded meltability when 1t contains more than
4 % by weight of Al:03. The present invention can overcome
this problem by incorporating a proper amount of SrO.

20 When the content of Al;0s is increased, the
chemical-strengthening efficiency increases, which is
advantagecus for forming a stress-strain layver having a
large thickness. SrQ0 is a component for serving to
increase the Al,0; content without decreasing the

25 meltability of a glass, and it is alsc a ccmponen; for

’ improving the glass in X-ray absorptivity. The present
invention can therefore simultaneously satisfy requirements
of a glass for a cathode ray tube that the glass is to have
excellent X-ray absorptivity and is to be suitable for

30 chemical strengthening. ‘

The matrix glass used in the present inventlon
contains, as essential compecnents, 5i0,, Al,0;, alkali metal
oxides, S5r0 and ZrQO:; and further contains, as essential
component (s), TiO, or CeC; or noth. Further, the matrix
35 glass preferably contains BaC and Sb:0; as optional

components.
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a glass in devitrification resistance and chemcal durability and inproving
the efficiency of ion exchange. Wen the content thereof is less than 4 %
by weight, the ion-exchange rate is low, and it takes a time to obtain a 20
stress-strain |ayer having a |l arge thickness. Wen it §$% ds 20 _%h

wei ght, a glass is poor in devitrification resistance. BBREERLOS A1203
Is therefore limted to nore than 4 % by wei ght but not nore than 20 % by
weight. For formng a stress-strain |ayer having a |l arge thickness, 25 for
exanpl e, a thicknes¥h¢depnh) obf tmeoabpvehé‘icanaadtc:eoz iﬁdZII&chpan&tedabl y 5

to 20 % by w{dho1d®of r 0 (o} th
pr ef er abl y 10 tgjza %Iﬁ':I p&\?/:'{?et?g Eys 6na§ ‘3% t@rre%/% oxl dlosécoin%%l neda¥n t he
r

matrix ‘Eecﬁfreé?%ﬁfé-bl >InNéFi‘(§? é’ﬁ'@sl@(ﬁ? igwenitdprar d tpaéf erably  Li 20
Na20 and K2@aréﬂuﬂzﬂacth29 use BT €5SeMd aeccORPONERAtvehtih§ BheCONpPONent
not onl Ve for l%w ng a glass in neltability but also for chemcally
strengt hen| ng]t ass by undergoing 35 ion-exchange in a glass surface
portion mainly WI t h 'Nae|©mmpqnsnl’anonoofe1mhamg9rbat hlase what he20 can

| mprove theel %%qoqﬁber 2003 exchange efficiency. However, when the
cont ent thereof excee s 3 %by weight, the devitrification resi stance and
the chenical durabil$i9e décreasssamiridecontrnanisdes iy 9l@s-heWhkeass

decreases, sbet hatntidnd Trdidddrculd ﬂé%sﬂtﬂkﬂar; he 5 ¢ %;gﬂ’c@ GO entaef Li 20
|sther ore pre ferably limted t.o %R;%bywe and the content
thereof'1s MBre eplpé’logyd'ﬁ’l yAETs e 05% I 2k " LT3 GRtdREnt not only
for inprovi mgsdsglaase, amdreddtexbiilt te)xduﬂdsalm o oy @Jm&r@h(tal liye &tsrengt heni ng
the 10 gla [&V r I n nqderg ion-.exchan S
surface por??lontr?%rjfgll (r%l %rltffll %}ﬁ o tPrbé’lq:n(y%on%éa;g&%hz‘;“fingl""sbat thW F%n€content
t hereof is P§s§lphahs4pl;@5?r@0éilght40 t@héoe%fbEtwehehéofmoseppaefembhmt
exceeds 20 ¥sbyoweisght py Weiga¥ses the devitrification resistance and

chem ch 15 durability of the glass to decrease. The content of Na20 is
t her ef pr ef er abl Y42Cai f%dt}f‘% WOEH PBPYs By hergRPongnl for improving

a glass in devitrification resistance and chemical

durability and improving the efficiency of ion exchange.
When the content thereof is less than 4 % by weight, the
ion-exchange rate is low, and it takes a time to obtain a

20 stress-strain layer having a large thickness. When it
exceeds 20 % by weight, a glass is poor in devitrification
resistance. The content of Al,0; is therefore limited to .
more than 4 % by weight but not more than 20 % by weight.
For forming a stress-strain layer having a large thickness,

25 for example, a thickness (depth) of 100 um, the content of
Al;0; is preferably 5 to 20 % by weight, more preferably 6
to 20 % by weight, still more preferably 10 to 15 % by
welght.

The alkali metal oxides contained in the matrix

30 glass are preferably Na,0 and K,C, or they are preferably
Li,0, Na,0 and K;O.

While Li,0 is not an essential component, it is a
compoenent not only for improving a glass in meltability but
also for chemically strengthening the glass by undergoing

35 ion-exchange in a glass surface portion mainly with Na ion

in an ion-exchange bath, so that Li,0 can improve the ion-
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it is nmore preferably 5 to 10 % by weight. K20 is a conmponent for inproving
aglass in neltability and for preventing the coloring that the glass 20
suffers due to irradiation with X-ray. Wien the content thereof is |ess than
1 % by weight, the above effects are not exhibited, when it exceeds 10
% by weight, the ion- exchange rate decreases. The co t@mbrp @003
therefore preferably limted tol to 10 %by weight, and it is nore 25
preferably 5 to 10 % by weight. SrOis a conponent that can renarkably

i ncrease tdwchangy abSorpdnopn. cokffdv@irentwhedndhid dohitamt Mty

conponent f ' i i I ility. Further, .i1t. 1S a conponent
t hat servesé%%é%’gf\)%glér/p%?oafe%@g’aﬁr\gegl%/éakpﬁ %chéaeylaérr%urn S%)#?ﬂ%%Ba i ch

wor ks to premteamicd brdwsahahigey d¥erease. cdmrdhern, hdheofviissdsdsy than 5 %

by ~wei ght .o henX"g By AhssLd Qs CagS Tied enfy. i | esse L@k 28/ G 1o VgD it
exceeds _20 % by wel %‘ht, the |iquidus tenmperature 1ncreases. The content of
S0 i s Pher®ran® | Tt SOPEETS O 35:0018¢ Byehefore, Papderabiy pimitedbly 8
to 15n;>f) by tweighto 3\Mid;ef»&a@ﬂts, naid afheﬁﬁfcﬁfﬁeirﬂ:{ tgmmmb nts nilaﬁs a 29 8 |
Sept enber t r 4 nprovi.ng .the X-ray absorption coefficient an
| mpr ovi ng ﬁquﬁ%aegrgéﬁiﬁ}]ﬁdqelﬁoag‘l |%I @ Q“ﬁ%eqq.‘etf'f ect of BaO on inproving the X-ray
absorption coeffici®¥aO ilss |pwempdrent S@ dddweviarr, dnpmwanitoe prefayabl y

used since jif peS 4B i SRENSS t 15 % by
wei ghtlB thlg ion-exche%ng}g eff%cl%nc%gg%ggggﬁﬁh@eﬁg%ﬁglﬁh@%ment of
r ef

BaO is V9 BRYER & PTG b Mg ppdReidsing  igi g¥changsorié: @ ef erabl y
5 to 12 % hy asei ghirfa8e0Ddre: idh mEANILAR tEOMOARRNt f G I1W-QMidMhdfe X- 10
Govi tri 11 G&EAt0r r B8r8: SEecanaerbnEABRENAN S CFFFCFBAGy  hEH PHGSESN ent of
Zr02 is |edde Nérfecol Yhiwyr emei gt padre effhect $tt kaceeksad rotbyextihited.
oot of S BSSE SR ey 08 o2 Aol HBGE 15 The
it is horedprebdddbiy of thes Wy Wi glecrearie2 Fheacenhpdhenf Na:o
preventi ngikshehededoirRypreferably limited to 4 to 20 % by weight, and
it is more preferably 5 to 10 % by weight.
K:C is a component for improving a glass in
meltability and for preventing the coloring that the glass
20  suffers due to irradiation with X-ray. When the content
thereof is less than 1 % by weight, the above effects are
not exhibited, and when it exceeds 10 % by weight, the ion-
exXchange rate decreases. The content of K;0 is therefore
preferably limited to 1 to 10 % by weight, and it is more
25 preferably 5 tc 10 % by weight.
Sr0 is a component thaf can remarkably increase
the X-ray absorption coefficient, and it is an important
component for improving a glass in meltability. Further,
it is a component that serves to incorporate a relatively
30 large amcunt of Al;0; which works to promote the ion-
exchange. When the content thereof is less than 5 % by
weight, the X-ray absorption cocefficient is less than 28/cm.
When it exceeds 20 % by weight, the liquidus temperature
increases. The content of SrC is therefore limited to 5 to
35 20 % by weight, and it is preferably 8 to 15 % by weight.

While BaQ 1is not an essential component, it is a
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that a glass suffers due to irradiation with X-ray. Wen the content
thereof is less than 0.1 % by weight, the 20 effect thereof is not
exhibited. Wien it exceeds 1 %by weight, the glass is colored to a great
extent. The content of TiQ is therefore preferably %‘%eﬁ%n}b%’

_ _ . db Rjoauel ght
Ce® is a conponent for preventing the coloring 25 thal a glass u"fgfers due

to irradiation with X-ray. Wien the content thereof is less than 0.1 % by
wei ght, the effect thereof is not exhibited. Wen it exceeds. 1 % by

wei ght, t heogipeerits fambimP ey g ddtorttrath 3R L oFhEOom el T2 is
therefore pref anlovihd 4 Qiladé b I meirginti t yhi FReSkZE2cits ofoBagnon -
essential conponént, it is used as clarifying.. t. . T of Sb203
is 0 to 1RFPNI&GHES 1% Ghe %ﬁ%%&’dﬁ%s%o%é%%&%@hjés p]!r._kg‘ééeflﬁ[&%}{i/ent i on,
35 the totarxontentvel,t he abavbeepsedeirablyompedestiacendtt B 1&5Sve
optional conponents is.pref bl l.east %% 32 § 5Septgrhen 203

wei ght . ‘L’I n eg%(ﬁr{sllé’rsle t ow?\ﬁgl g%%vg’%gg%gnngt g,%%t F%a{ agove %I ass ?at rgi X may

contai n at theastoromxdeinag ef FGRnG0, deqRISENO, TREFEIPTB20 85208, Sno21

N Q OOZOB’COgt?ng: U Bdoris igruouement ofnieid abi 10 tye 19 & iy catignt,
a

adj ustnent o thermal expansi on %ﬁefficie{t and an X-ray absor ption
a

coef fi ci ent2tchdiiusthBMT HIPLHT § TR 8k chamye 7 at &Y pfevEhti on _of solarization
and adj ustnent of aztoansi=siMigortdt ddmesmadnpbrere IOy @ 3fd Zno
are copponents for _ i.nproving.the tabi |4 3 U agsasandythe content 10
t her eot %i s JefBr=HiR- T OCOA%%J[DC?L&V% g%?d 1Iﬁés%C?“fatlbrl?%/ the matrix, gl ass

subst ant i aldhemdcest nbtrakionttayn demil i el ¢aakor DS 1HEFEY| " to

i rradiation,, Wil X-d@yc e yor dinag ‘tebelatlendl b dees Dstlesstahah means
that the matrix ass contalns no | ead exce 15 irg)uritie[;s.. nge %% e
e S with a

matrix gl ass %t aiHoht r 48 iSEtSC T SrihReT a1 as conpar e
conventionalt ghassed9r7 & wathodgir ayciabglaso thatot heegl s snekedi tion

tenper%gur%%ﬁ content of Zr0, is therefore preferably limited to 1 €o
7 % by weight, and it is more preferably 2 to 5 % by weight.
TiQ, is a component for preventing the coloring
that a glass suffers due to irradiation with X-ray. When
the content thereof is less than 0.1 % by weight, the
20 effect thereof is not exhibited. When it exceeds 1 % by
weight, the glass is colored to a great extent. The
content of TiQs is therefore preferably 0.1 to 1 % by
welght.
Ce0, is a component for preventing the coloring
25 that a glass suffers due to irradiation with X-ray. When
* the content thereof is less than 0.1 % by weight, the
effect thereof is not exhibited. When 1t exceeds 1 % by
weight, the glass is liable to be colored in yellow. The
content of TiQ, is therefore preferably 0.1 to 1 % by
30 weight.
While Sb,03; is not an essential component, it is
used as a clarifying agent. The content of Sb:0; is 0 to
1 % by weight. |
In the matrix glass used in the present invention,

35 the total content of the above essential components and the

above optional components is preferably at least 90 % by




of the matrix glass is as high as 550C or higher. The 20 strain point of the
matrix glass is therefore high, and even when the glass is heated during
the step of frit sealing in the assenbly of a cathode ray tube, the stress-
strain layer is not easily alleviated, so that a decre i 6@‘3*1 can
be prevented even after the cathode ray 25 tube is asgéé%f)(lg%?%t?t er,
since the matrix glass has a high glass ‘transition tenperature of 550C or
higher, a glass in the formof a plate can be easily shaped, and the gl ass
is advant agesoishf or Jr elidiivigna tgl a3 pdnsle mpmpuintenis  t Hde3GbgvEss in the
formof a plate._The nethod f uci rd Hsedl t he.
present inv 3oh rf‘%tﬁjb% rs?%éc(?cgi %/Prglgnll{?%edé%n% héeé(l%n?%?x g ass@%'an be
produced by Ga@on&mdi | oavdls, mBtProd BzPor Sanpli®, C9eCmat$izPsgPass &8A be

produced by guiEiPfend 3B ni €4b Oxi @eS, c el prideson CaddPRatRsat NbErat es,

chlorides, sulfides, etc., are properly proyided as ra | ass. 31 8
Sept enbep’ 200 R br S 8Pans | Mo st MR b1 2 s T Fi GHEAY (1P BT HOA

conposi ti on @se fiekt 1@k, tae] weighet oftet i Bhis-ewchanigedrdive, prepeert fon

f ormul at ed erial,.the. fornmulated terial i i heat+d esi st ant

cruci bl e angoeﬁ’reff?g%lha?aﬁl?tae eal’cg}%%m%?t aopfpr%xﬁ%r?%ﬁgsél%%roy'to ,500C, the

nelt is stithese aoupdeeifs edld® dha@iand e PR eh PAss, the

glass i s castydle: & MOALIANG LAAE: 19 JO1IN @ LA ASTnd! 0GK, cdeetus- f o med
pl ace

gl ass block 1 s re- in a_ furnpace under heat Iial‘_;round an anneal i ng poi nt

and cool8d t'axreboks tRApERERRYE, 0 Al ¢ he JyY 2Ry cool ed gl ass block is
cut and polished. Theegliassil| £he RatatRodeasaystibbeanpievigedoby nthe

present invention, is a pro t_forned. by .chem ¢ r t j 4 t he
Phove mat 1 et e and PR a0 T St A g [ BN D
critical. Howetters-te. glThss wooding Catbodantdp ltybdoesn npd eomtEiant |y
produced acGordingjor e follaw ho sethad ofnd he, prasenixddpention. In the

met hod of the present invention, the matrix glass having the above
conposi tPon impwhekiesd |y

The above matrix glass contains a relatively large
amount of Al,0; as compared with a conventional glass for a
cathode ray tube, so that the glass transition temperature
of the matrix glass is as high as 550°C or higher. The

20 strain point of the matrix glass is therefore high, and
even when the glass is heated during the step of frit
sealing in the assembly of a cathode ray tube, the stress-
strain layer is not easily alleviated, so that a decrease
in strength can be prevented even after the cathode ray

25 tube is assembled.

Further, since the matrix glass has a high glass
transition temperature of 550°C or higher, a glass in the
form of a plate can be easily shaped, and the glass is
advantageous for producing a glass panel by cutting the

30 glass in the form of a plate.

The method for producing the matrix glass used in
the present invention is not specially limited, and the
matrix glass can be produced by a conventional method. For
example, the matrix glass can be produced by a method in

35 which oxides, hydroxides, carbonates, nitrates, chlorides,

sulfides, etc., are properly provided as raw glass
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20 strengthened. The chem cal strengthening is carried out by a
conventional nethod, that is, a nethod in which ion- exchange is carried out
in a bath containing alkali metal. 1ion which bath is heated at 350 to 550C.

Specifically, the matrix glass is imersed in a 25 rr@lgggte%%irggbgtai ned
at a tenperature lower than the strain point of the glass, taken. out after

a predetermned period of tine and then washed. The conposition of the
nmolten salt is selected depending upon the conposition of the glass. It is
efficient tmahesd el salttheon e tre Mg 16 jore 30 Wwd the Ppd dntains Na, and

1t is efficiept,diq e A AAlir&ONt@ldifgided Wtdiens thea 0l antxedntai ns Li.
The nolten salt nay be a nolten salt of a sirg)le substc?nce It _may be

nol ten ni x@FePAnss @ gomulated paierial e o aE ﬁ%%eerojgalniﬁate has

a | ow decorpQsidd O 3D Hermperad teantt ©AIbinbd eandk melfed gt edc., are
additionally used as required. The tenper re fo(r)@%éc@grg al 1:3%38

Sept enber FEOPeFAEHG i RP I AR Y t'e° 551 n %&el

nitratée’s
used. Wi | ettirerdd nenderlizod fficrd titwe dhmeirrsia)m@ildq@%ou%émﬁﬁfhgﬂﬁ)ﬁv a

treatment %%%Degflgatslg & Idads DIES S A Ya iRy Wl 24 ROl 2 gmigs preferably

wi thin 8 haours,” particular preterably wthin 4 hours in, vjew of

product i vi yl.ockre tha ribasyt 5% Thah dalIGK st T SFRTMEFH &8¢ Hescri bed
above, whergfin A GBI Ofr dufd [0S Sr#tdal ing Kb iy etndawioled tdi ckness

of 100 mor nore and a bendin trengt h of | eas 0 . achi eved.
And, there T WERSRE Hed tagfbgd?rh%sg’f%&aaﬁéét%%cﬂfeeéagl%%el,g%}g\?ll%ed by
t he presentcuthveend ipl isttedch gl ass has a stress-strain |ayer having a | arge

thickness and has hygh siLenoth 2od g 1pnBudh-Xyr 8ynahspreviaaaceolficient.
The stress-strain |ayéercan be measured for a tgl ckness in the ]iarre manner

as in the dhecadyetarerim@ntigivents oh BEOdycE WO gred LY ICH YR P tat hode ray
tube, proviged A0 ayiddhe Prasenivdry et ork Preder abng, tidiengtiass forhas an

15 producticn thereof is not critical. However, the glass for
a cathode ray tube can be efficiently produced according to
the following method of the present invention.

In the method of the present invention, the matrix
glass having the above composition is chemically

20 strengthened. The chemical strengthening is carried out by
a conventional method, that is, a method in which ion-
exchange is carried out in a bath containing alkali metal
ion which bath is heated at 350 to 550°C.

Specifically, the matrix glass is immersed in a

25 molten salt maintained at a temperature lower than the
strain point of the glass, taken out after a predetermined
period of time and then washed. The composition of the
molten salt is selected depending upon the composition of
the glass. It i1s efficient to use a salt containing K ion

30 when the glass contains Na, and it 1is efficient to use a
salt containing Na ion when the glass contains Li. The
molten salt may be a molten salt of a simple substance, or
it may be molten mixed salts. As a salt, a nitrate is
preferraed. Since a nitrate has a low decomposition

35 temperature, a carbonate, a sulfate, etc., are additionally

used as required. The temperature for the chemical
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internal tensile stress of |ess than 20 MPa and a surface conpression
stress of at least 100 MPa for the sanme reason as that explained with
regard to the glass la for a cathode ray tube in the invention 1. 25
According to the invention 2, there is also provided %¥ ASmbRARPlpd or a
cathode ray tube, particularly for a flat-surface catho g ray tube, which
panel is formed of the above glass Il of the present invention, and a

cat hode ray tube having the above glass panel for a cathode 30 ray tube.

The inventi shr8ngichknbagexpl pirnpdrbgl 380 TheSsOf@ndhernedigtadseat8ording to
the inventigRaq3 relies on a glass conposition to a very small degree, -and
it satisfies a stress-strain |ayer haV|Q?§§ Iargg thlcknességg%?and a high

bendi ng strength. AYdedier &% CRFIRGIP TSR or° 33 8
Sept enber 2g@P3ndsagi opbheapeeaginehnyeamperatantai ns as peaﬁerahéyof Li 20

and Na2q. Fot . obLabgi ng. 2.l oS! beagLh i ess At Raknaolayer (conpr essi on

stress Iaer} hge, It ace 4 novable ion in
the gl ass wpthtanulenls naefﬁgahlyawgéhlnoﬁ|bOﬂ§é|a§ vigwyPéw of efficiency
and a cost rbhub%L@&EiCtlve to replace Li with Na and to replace Na with

K. In addltFon to an_easiness in ion-exchange, | e , cal
strengt heni ng, the &8 @adrix Qlass IoMEHGTy E"g}r?diﬁﬁ %f Li 20 or

Na2O or botBeksriBat iBotrk, Caﬁeb@bgfthéleﬂthgtﬁhﬁnbcablytsbseﬁgthemed si nce
it has _ a thermal_ expansion coefficient §g|ch is hi h to so ﬁgx& nt and

has a ﬂdh/aﬁﬁ§§F|H§Vb89nF thhgxgefswPst AP nHPoPht MO Eo?nghls Feason, the
content of kt28ngthNaZOabr lbesh BS0 MPef emabby Bchoeyedy, ndei gEIas a

o o by PopobkoBpaeRed ohasa1hbia Ol LNEaPhEARNEayl BUBR)! PRobsddapr oduct

obt ai ned by Sically strength nin e matrix glassS and further .
chenical |y bvr éhgt RERBAGTL héve§ﬁ9‘§%alﬂh}c§t BeR§ENBAEI2gFESESSESFTRAE

physi cal S‘iégegt hewrkRg. aal‘éQ@\éeth@ﬂﬁbs@ﬁhh@dhéanhbghemnlre;ngdh Fhdt a20 i s,
a glas to an anpealin oi nt gher but lower than a softening

eat ed
s O iU Ea RS

The stress-strain layer can be measured for a
thickness in the same manner as in the already described
invention 1.

In the glass II for a cathode ray tube, provided

20 by the present invention, preferably, the glass II has an
internal tensile stress of less than 20 MPa and a surface
compression stress of at least 100 MPa for the same reason
as that explained with regard to the glass Ia for a cathcde
ray tube in the invention 1i.

25 According to the invention 2, there is also
provided a glass panel for a cathode ray tube, particularly
for a flat-surface cathode ray tube, which panel is formed
of the above glass II of the present invention, and a
cathode ray tube having the above glass panel for a cathode

30 ray tube.

The invention 3 will be explained below.

The strengthened glass according to the invention
3 relies on a glass composition to a very small degree, and
it satisfies a stress-strain layer having a large thickness

35 and a high bending strength.

A desirable condition is that a matrix glass for
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| ow-tenperature gas, liquid or solid, to provide a tenperature difference
between the surface and the inside of the glass. Wen the glass is cool ed
such that the glass 25 tenperature cones near to a strain point, the
tenperature difference remains as a strain in the glasggg gggbgpgﬁqh Is a
stress-strain. The stress-strain forned in the above process of cooling a
gl ass constitutes a stress-strain |ayer (conpression stress |layer) and
works to inprove the 30 glass in bending strength. However, since an extrene
tenperature Wi¢fénehbe phasestt hevegnasanteobbates orhededft RetPhyRH:%t he

above procesgniiSNRIRCt ireal lpresed nat adnig@ckitRank@he sttrewi-ghrilie gl ass.is
nei ther defornmed nor destroyed. The thickness of the stress-siﬁa%g | ayer

formed 35 byl®¥@r abooBPpRFSFRRI SEFFERgHRYRAT hgPY s*RPprdXIRE Sl y* 1/ 6 of the
gl ass thicknesguiasd tbergbassecamesviiboléaven aibhetdengl34s8vEept anbeen2003

strength of up to 200.MPa_in.pract] se.. . The ' ST RNG heRi ng can
be al so é%rr?gﬁl%%ta %9r etoﬁ@%ﬁ%i%%§+u%étﬁgh.. y;§2;§%§% IS essential to
treat the matosk, gitsisaeffecthper beurepiaoerli hehthh¥a 5a8er &P nt @Rl #ESof t he

glass. It isybegapsegof #]rhiasd&)j.oéirgn ddain tdes iGhesd cal idd-engihenyelg is
carried out after the  physical strengthening. Wen the trfatnent Is carried
out at a tehperatGhRemhrgheftFRAALEARIRYr aFRE pBRREE PHe®s¥raFh | ayer forned

by the physieghtsihengt Beprogetsambheyi at etiim o) N SappeaorhSpecihatal |y,

the glassg is.imersed in_a mlten _salt | Nt g e t wer
t han thz st ra ncaBoPﬁtegFthﬁnéﬁﬁsghgﬁﬁc%g%%tg#%% ??%eﬁﬁe %gf%%nygg?%gfor a
pr edet er m neal theempérepdanandnt heaffiheeytagsicl takkhdbuto @B washed. The

conposition 0of t sal t i,S . dep | BO1 R0E Ehen CesPRsL tion
of the gIass?xF%H?sgﬁgf?ggt?vgognaﬁgégg%ﬁg %%%ggtﬁﬂﬁsg a sagégﬁomtaining Na

ion when thEoyl BBiScEAREPAs Lhe apatepti el ek an &adC%a t djeous to

use a salt coptabphpyyKsi 8 whed bhewgigns agoatabvalNa. 20 The above nolten
salt may be a nolten _salt o [ | e _subs ance, (O it A\ Qﬁ nmol ten m xed
nél Ianénf the p e

I f a, . Si
salts. a salt, al EiF&F@“ﬁ&QFH§%a998®S poi it 5i's Ereferred.

invention is a product obtained by physically s rengthening
the matrix glass and further chemically strengthening the
physically strengthened glass. For the physical
strengthening, a conventional method can be emploved. That
20 is, a glass heated to an annealing point or higher but
lower than a softening point is brought into contact with a
low-temperature gas, liquid or solid, to provide a
temperature difference between the surface and the inside
of the glass. When the glass is cooled such that the glass
25 temperature comes near to a strain point, the temperature
difference remains as a strain in the glass. This strain
is a stress-strazin. The stress-strain formed in the above
process of cooling a glass constitutes a stress-strain
layer (compression stress layer) and works to improve the
30 glass in bending strength. However, since an extreme
temperature difference causes the glass to be deformed or
destroyed, the above process is practically used at a
cooling rate at which the glass is neither deformed nor
destroved. The thickness of the stress-strain layer formed
35 by the above physical strengthening is approximately 1/6 of
the glass thickness, and the glass comes to have a bending
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Since a nitrate also has a | ow deconposition tenperature, a carbonate, a
sulfate, etc., are additionally used as 25 required. The tenperature for the
treatment is properly 350 to 550C when a nitrate is used. The tine period
for the immersion differs depending upon a treatnent g &g BéUp8O3I t
is-preferably within 24 hours, nore preferably within 8 hours, particularly
preferably within 4 30 hours in view of productivity. The step of the

physi cal strengthening and the step of the chem cal strengthening may be

i ndi vi dualstremependéntpstepsd?0diPe hey paycbecebniffiuous steps. For

exanpl e, the glassthg BeakEEA10s2 rkaARELALUGE cah B2 33 sanrealrieg paitnt. or
hi gher but | ower than a softening point, and then im iapflcjinnersed I n

3 1 ”r::: [
a nol ten 3 t2 nePRYeRheanas BT entfiP"OHRTT 4t &1 Spethtiie TOwer than a
strain poitteat Nthdi Ba€ASR, glass eapes atempedatieechowerakbsnpthee bet ween
the surface _and the |nsidg of gl iy rasss ddaip layer is
formed> WHETE $Hé %?Ja%t ?g ?hn’f%e?isggs on T orls'zq%éép:aﬁésdﬁtozfr m nedséti nme peri od,
i on- exchangeat akles pheméchbt serengthentngfhgecorrifd grhsathfd the nolten

sal t, and ﬁia%gﬁggs&p@n&&ﬁ%ﬁn%ay%e@@m - ddendiheni cadasti@pgidening is
efo y

added. It “c und out studying djistributions.o éo ne%al.ions
cont ai ned ¥ead EERPGFAEYreuRtaeer wHRtheFDE hat gt AsBO+REchbRf cAFF 921

strengt henggye A gbshed by ERe Ofhdepthl otremyBhendnghasi aylaviatrgartoonic
radius (e.g,, alkali qmetal_..ion). and.a distributi it f i on
havi néo o Sisaseshn éﬁ%%ﬁ*ifsca(qel.yg. d“éﬁ k%%ssmﬁél%%sgﬁ“gtaﬁé?‘g%@is | f
(density ofahetméinvaihesdi ay a temgeratenéclovadi tbyn(EeAsFEF2S! netal ion

having a ﬁﬂ?i%ﬁro£09ﬁ§ 13dLUS)ai Ra2n PRI ALAN  ReBhe 161 BEAT 88 OF0R gl aSS s
| arger than e coun e?gart In a %eep portion of thf»glass, apd_if _the
gl ass has Rrédadergisedehynh PRZLPS. rangetipeci FNBdITA EothEaE?858HF

i nvention,zike.gkRes . i sTHOWhdds he e ¢ hate ol henjaht | is stelaftdiened by

Lube, ene GRReRATAFoeRti bhe | fyBtag ron of £AS B7AEL, TRE 8 catfode Tay

effective and advantageous to use a salt containing Na ion
when the glass contains Li, and it is effective and

advantageous to use a salt containing K ion when the glass

contains Na.

20 The above molten salt may be a molten salt of a
simple substance, or it may be molten mixed salts. As a
salt, a nitrate having a low melting point is preferred.
Since a nitrate also has a low decomposition temperature, a
carbonate, a sulfate, etc., are additionally used as

25 required. The temperature for the rreatment is properly
350 to 550°C when a nitrate is used. The time period for
the immersion differs depending upon a treatment
temperature, it is preferably within 24 hours, more
preferably within 8 hours, particularly preferably within 4

3¢ hours in view of productivity.

The step of the physical strengthening and the
step of the chemical strengthening may be individual
independent steps, or they may Dbe continuous steps. For
example, the glass is heated to a temperature of an

35 annealing point or higher but lower than a softening point,

and then immerdiately immersed in a molten salt maintained
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relatively noderate limtation on the conposition of the 25 glass as is
described already. In view of suitability to the chem cal strengthening
carried out after the physical strengthening, it is preferred to use the

following matrix 1 and the following matrix glass 2. the
glass 1 will be explained below. 30 The matrix gl ass %éééff’f %’Sgg%lch

conprises Si Oz, A1203, Li20, Na20O, SrO T102, Zr2 and Ce and al so
contains MO or CaO or both, and which has an Li20 content of 5 to 20
mol % an Sr& contenpebit@reéoldBenvibPeand atZa{R pobhntnt Iroftlolsl aass nol %

35 In the b h t f 3, Li 20
20 TR eSS TORE s PEELRED LUk k05600 BBL Jeo Lk ur MA20°: L

content of adrthe Ypside7ofokhenglasht ehP BRAL AR 2DBreESDSETEEN 15296t he

content of Na2€ifed, 1Wrﬁele:1'% qﬁahﬁs clcmtlerﬂ:tezca‘edvgﬁlfoﬂato 15 % the
content _.of CaO.,is 0 to

ntent of Ti 2 i t o and t he
ot SO S G BiBh TS8P HI0T, EpRed, BhaCR e iR g
Ce® is at #leastuBbade ¢f aluldlql@astmndihiehambtgﬂlas&l’conmems the above
matrix gla n n |t e from
Be0  and I St et B U e R S R 5O
Fin a totals aAseA- of 15 nol % or less. Further, in addition to the above

gl ass conponents, EecaﬁtbénghﬁaSoétWBy E@hﬁb@hgcambarmbeﬂﬁoﬁe afplurality
of co ﬁgent t-tﬁslel ected from oxi des of in a

Lot al SR e TR R D e 1 ruetle Yargghet 2.0 ¢

conponent dlarsa g8 asisemiMehl ¢ het cand eménéder @ofdnss:rllé:sﬂuomarmm@ianﬁl'% t he

gl ass ey be oA devidel AL o2t {opLesistance, and, shegt calgyrebi iy,

and when it ‘excee somne the matri x
gl ass. The mﬂﬁbmonbfar@@ dhsehibet e ¢frﬁ1¢l‘é@1t%f4®‘-‘“§%l 7O IR it is

preferably A%d0 60 mlde ripuprelesapl yipd: 1 qnddaidh) AlPdSteded.

conpongpt fo rovin lass jn devitrification res Stance and chemi cal
du?gbl ﬂe.gty %d c[g)ns;!.ty go? ngetal .'Il.Ol’l haVJJ_ng a larger JI:O J

radius)/ (density of metal ion having a smaller ionic
radius} in a portion near the surface of a glass is larger
than the counterpart in a deep portion of the glass, and if
the glass has a bending strength in the range specified in
20 the present invention, the glass is found to be one that is
chemically strengthened by ion-exchange.
When the glass is used as a glass panel for a
cathode ray tube, the present invention Imposes a
relatively moderate limitation on the compesition c¢f the
25 glass as is described already. In view of suitability to
the chemical strengthening carried out after the physical
strengthening, it is preferred to use the following matrix
1 and the following matrix glass 2.
First, the matrix glass 1 will be explained below.
30 The matrix glass 1 is a glass which comprises SiQ;,
Al,05, Li,0, Na,0, SrQO, TiOs;, Zr0, and Ced; and also contains
MgQ or Cal or both, and which has an Li;0 content of 5 to
20 mol%, an SrO content of 3 to 15 mol% and a Zr0; content
of 0.1 to 5 mol%.
35 In the above glass, more preferably, the contents
of Si0., Al,0s, Li,0O, Na».C, Ti0;, Mg0O and Ca0 are as follows.
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25 inproving the efficiency of ion exchange. Wen the content thereof is
|l ess than 0.1 nol % the effects thereof are not exhibited. Wen it exceeds
15 nmol % the glass is poor in devitrification resistance. The content of
A1203 is therefore limted to 0.1 to 15 nol % Further 30 a
corrponent for increasing the X-ray absorption coeffici ens%%9 nﬁhg'f gt)%%ontent
thereof is preferably 1 to 10 nol% and still nore preferably 1 to 5 nol %
Li20is a conmponent for chemcally strengthening a glass by undergoing

i on- exchang@yimo bt gl tke sonteme pbriion i35 Grdion| AP Vit e GBH- 9T ahf

i on- exchangg; 74%? hs Wigndhescent et Lharesk be Lrs§<§ wa@ 5l % %he ef f ect
thereof is 3 Sept enber 2003 not exhi bited. We eds 20 rr@ % the,
abi

glass is pobie Feneevftefiieation’ r'\é%l%%’a%lcet%‘ﬁdc‘?l%e’&%e cafdbF abi FPty.
The content19f3)i@Rei sohbereforeripmied t10 tp 16 2) noidotheSitutm i 20 is

al so a component for_dgc r t

cont ent %t g‘?%‘f eng %Fe?é{)ﬁbliylzgf” P]teﬁlgléé %Zg,’ gt%géptpglr g’?e %?V %ﬁ?'o C:laé'>é1rrt)l ds.
Na20 is a campobedi foratcherastaldy strengthening a glass by undergoing

I on-exchange in a 9'135 daﬁ%aﬁe BOEhleoabo%' Bh ¥ W EBmoh@RtkD @Re

i on- exchange bath an preventing browning. Wen_ the content thereof
is | ess thatPove Inabr 3% Fhesef} opdy ¢heFrabt R %tae&ﬁ{ﬁ{k Yhen it

gxcegdls 10 é@hﬁ/?]néﬁtlzgayéﬁéc%et@ ﬂ,e&mtm@rctb]} Cahd ONL& LS|, fstam;,e pang Blsre;]{n cal
ur ani |ty ass, to r e ontent. o S e
limtedo %“Clz’tgf %E’)’ nﬁ?%s’lgggﬁ? Y rﬁé?OKFé %t so caoﬁotgaeint éc])‘r%tgecg% easi ng

the X-ray Bbsmb%l@n toesfficient as well, the content thereof is

preferably 1'to 5 gplih MO:is Boaampanent for Japrovnsa Shgsaiica YouNG s

nodul us, and the matrix glass rmay contain O to 20" nol % of When t he
content t hetkofnaxeredslass nbl B4y t fer See nycAubsI Pt ot fREFEht 1Ty

decreased. Jhe:SRbethtfse MG dS ff@ﬁ%}@i@eéléﬁtﬁﬂ ten 0 t®, ¥n oV Ycand it
is preferabl 5 to 10 nol| % 0% Ca0is a COEB:? ent for Ierr0VI ng a glass in

X-ray 195 ©Of i bh 20kPF3Li FMRURNC Yot MAutEES* and the matrix

In the matrix glass 1, $Si0; is a basic component
for a glass. When the content thereof is less than 40 mol%,
the glass may be poor in devitrification resistance and
chemical durability, and when it exceeds 70 mol%, it is

20 sometimes difficult to melt the matrix glass. The content
of Si0, is therefore limited to 40 to 7C mol%, and it is
preferably 45 to 60 mol%, more preferably 50 to 55 mol%.

Al,0; is a component for improving a glass in
devitrification resistance and chemical durability and

25 improving the efficiency of ion exchange. When the content
thereof is less than 0.1 mol%, the effects thereof are not
exhibited. When it exceeds 15 mol%, the glass is poor in
devitrification resistance. The content of Al:0; 1is
therefore limited to 0.1 to 15 mol%. Further, Al:0; is also

30 a component for increasing the X-ray absorption coefficient,
and the content thereof is preferably 1 to 10 mol%, and
still more preferably 1 to 5 mol$%.

Li,0 is a component for chemically strengthening a
glass by undergoing ion-exchange in a glass surface portion

35 mainly with Na ion in an ion-exchange bath. When the
content thereof is less than 5 mol%, the effect thereof is
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glass may contain O to 15 nol % When the content thereof exceeds 15 nol d,
the liquidus tenperature is caused to increase. The content of CaOis
therefore limted to O to 15 nol% and it is preferably 5 to 10 nol% 30

SrOis a conponent that plays an inportant role in th pr esent
invention. SrOis a conponent that can remarkably incresegéé%ﬂgé&?gﬁs

absorption coefficient, and it has been found that SrO does not nuch
decrease the Young's nodul us and the bending strength when 35 added. Wen
t he contentnéheexbibisetieshdmni3 ewtdeds O ety HRFHRIDNTRIN ci ent

Is less than, 28, Wep-iL.88.8 PERISFRREL 2003 £XEC8HSmisamDLlerabheity.

devitrification resistance decreases. The content of §%Q§g§m%her ore
abl

limted to Bheocastamboet FheP contdMrofors G iml (hikrt c?“"fglg ol % BaO
is an opti ogghcE0NPANENE , 2 Bl SidWEpdriernts Bor Menmosiant flor Xmpapving the
X-ray absorption coefficient, . i be i p fyanction
of BaO to ?ﬂﬁ?éﬁgéo?h8°?§?é9laﬁgopgg?oﬁo%géﬁﬁig%%%gngth%¥§§?ﬁ%?g yg hal f
the functi otoof 8 Sn€lsandoBaCpisfatsbly tOnponkhtmehdt decreases the Young's

modul us, so that the.cgnient gbnBafknlOcbs Phehecably SciengrhbhiagZaOis an
optional component and has a hig effect - on . increasi ng X—rgéﬁgbsor ption

] th
coef fici entglssacky uheéasdeingj Lonzereadrdet Ak BeHUFAY EPFgﬁa?h 7He

Young's nogyl 4sy fhencantent ihhgheobnisxprehgeabbyhl esd than 5 mol % 15
Ti 02 is a conponen i i

t for inproving._.a glass in, Y ' | us ~ray
absor ptii%n 2be7FREFBAL bﬁﬂggilf}f;' g’lné'?fgn %gcqrh%e%[%}?sﬂgg)ggu%el y t?>%la[rrgy
VWhen the cootenholthethef eiffekessthhanc. drephdt enbibitedt tWeg®oftis not
exhi bited. Wen it c 1% %. .th eyvLtfLEE LenoR0rEeSEEEAREE | S
Cow. The comtaneosr T8 BB Pe Crocaraes P s oo n b o 1E rer ot Fur t her
Ti 02 absor ban#li ghemihavi dyrabshdeveptnibel ehgeh 6P ArGhE2FAat 'Yl ass

transmts, .gpdeht b3 Nhad! Bstoncrussrd heigiass t® del cod arediobd. that the
content thereof | 5 mol d. } al so one

: s therefore pr ef er abl 0.1 1to 5 QR
of conﬂoﬁ]en%nFﬁaFapq}a’ys|%Jp%?t%m?°m1?‘?ﬂ1%%t|%°1f MRS l%‘f %lﬁée present
invention. Zp93rp8idn coefficient as well, the content therecf 1s
preferably 1 to 5 mol%.
MgQ is a component for improving a glass in
Young’s modulus, and the matrix glass may contain 0 to 15

20 mol% of MgO. When the content thereof exceeds 15 mol%, the
X-ray absorption coefficient is decreased. The content of
MgO is therefore limited to 0 to 13 mol%, and it is
preferably 5 to 10 mol%.

CcaC is a component for improving a glass in X-ray

25 absorption coefficient and Young’s modulus, and the matrix
glass may contain 0 to 15 mol%. When the content thereof
exceeds 15 mol%, the liguidus temperature is caused to
increase. The content of Ca0 is therefore limited to 0 to
15 mol%, and it is preferably 5 to 10 mol%.

30 Sro is a component that plays an important role in
the glass of the present invention. Sr0 is a component
that can remarkably increase the X-ray absorption
coefficient, and it has been found that SrO does not much
decrease the Young’s modulus and the bending strength when

35 added. When the content therecf is less than 3 mold, the
X-ray absorption coefficient is less than 28. When it
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conponent for inproving a glass in Young's nodulus, X-ray absorption
coefficient and bending strength. Wien the content thereof is less than 0.1
nol % the effect thereof 30 is not exhibited. When it exceeds 5 nDId a
remai ni ng undi ssol ved portion of -a glass is liable to

content of Zr02 is therefore limted to 0.1 to 5 rml%stgfg‘gte?:% 9O§f Zr 02
Is preferably 1 to 3 nol% Ce® is a conponent for preventing the col oring
35 (browni ng) caused by X-ray. The content thereof is preferably 0.01 to 1
mol % 39 55ékﬁﬁﬁﬂbeISZQBB%KZGhésdemibpifb@ationnpeaeataan degrpases.

i ncor por at into MR ss,. f Vv t 3CpPLofENg i@romnlng)
caused by %yco % Eoﬂ%eﬁfc rg% PEFQE%rg?ﬁigg? Eg to 5 nnlxg I n

addi tion tcEn@ecambaetgbéssr@on@QDEﬁfsrabhE S5above3grasd-matri x may contain

one or more optionak, 9%p%%96b%1%%|QCE%ﬁth%tha%Q%,s@%%@ iR2Q@5% aB203r
Y203, Nb2Cb5, Sb203, Sn02. or for making it easier_to pro ass or

adjustlﬁg tEROPPRPRE t £R5 b?Pfﬁ%l@gagge faheYy2ParTRh19D Fﬂﬁ$g§8ﬁ%ﬁ%
mel tabilityst Crhélfl}f)ecﬁhtﬁﬁpoﬁﬂte«ﬁpr Qitﬂmanir, ithaleftirtet farcaif Bad e st ance

adj ust rent of the VI of, a of ;a nsi on
coeff|C|entln%5%a%ﬁ § gﬁ¥o?%f? %% ??%?ﬁ%g? %étﬁéﬁ tﬁéggoung s
modul us, adpusfneme ﬁtnanlonneexﬁh@ngendaﬁeo l§5ab$even@@@ﬂoﬁﬁn§oF%@ant|on

and prevent o] n tﬂg& 1hbe abovgapBthibX-ghesatN@Y Beotai n one
or a pluraf# % %%n%@%eg?gqg ecteﬁ ?FOHIOXId%S of Ni, Co, Fe, M, V, Cu

and Cr10as #%xﬁ#@@@rﬁéiyaajE@t?h@oiﬁe transmissivity of the glass. 20 The
matrix glass 1 SUbSQ@@ih@'%ﬁ.@@%&oﬂQﬂ eehpainen tPhOd Bhatalﬁl@@caw§30ﬁ I S
enV|ronnentaII undesi r ab e_PbO _and becgg§e b qgﬂponent t hat
degr ades t H&" %ﬁ?%ﬁ?ngt%gﬁg?hEﬂYn@bgﬁﬁp e2Feasss %E oung modul us. The
matri x gl assodepeef ei abigchassasconposenddng 1ssengph dgd the Young’s
modulus, the content therecf is preferably less than 5 mol%.
15 Ti0, is a component for improving a glass in
Young’s modulus and X-ray absorption coefficient and for
preventing the coloring caused by X-ray. When the content
thereof is less than 0.1 mol%, the effect thereof is not
exhibited. When it exceeds 15 mol%, the devitrification
20 resistance is low. The content of TiO:; is therefore
limited to 0.1 to 15 mol%. Further, TiO, absorbs light
having a shorter wavelength of light that a glass transmits,
and it is liable to cause the glass tc be colored, so that
the content thereof is therefore preferably 0.1 to 5 mol3.
25 7Zr0, is also one of components that play important
roles in the glass of the present invention. ZrQ: is a
component for improving a glass in Young’s modulus, X-ray
absorption cocefficient and bending strength. When the
content thereof is less than 0.1 mol%, the effect therect
30 is not exhibited. When it exceeds S5 mol%, a remaining
undissolved portion of a glass is liable to take place.
The content of 2ZrQ,; is therefore limited to 0.1 to 5 mol%.
The content of Zr0; is preferably 1 to 3 mol3.
CeQ, is a component for preventing the coloring
35 (browning) caused by X-ray. The content thereof is
preferably 0.0l to 1 mol%.
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and above all, the above conposition nore preferably has an conprising, by
nol d, 50 to 60% Si 02 A12031 to 10% Li 2010 to 20% Na200.1 to 8% Ce020.01 to 1
% MyOL to 10% CaOl to 10% SrO6 to 10% Ti 020.1 to 5% and Zr021 to 5% 40 8
Sept ember 2003 A1203 content of | to 5 nol% The nerit goded@mhoE03
conposition 1 is that the matrix glass having the above conposition 1
having a |larger Si02 content and a smaller Ti Q2 content in the above ranges
5 can give a glass having a Young's nodulus of at |least 95 GPa and a

bendi ng strength of Ka® lsast 4poiwmal apempenvemhg aRk B3y eP® devitrification

resistance,; and-ddaltdde ned Whe 3:F2§@£PJ< ki g1 Tag9efd i Cheayek@Imperhacr eased by

I ncreasing the "SrO content. urther, the natrl 8Jass

preferably'?&%P%ﬁ%%nﬁ%%?wm%ﬁﬁb %%%%?? %gx RY mol84e FOSEPUGNE ST A12031

to 10% Li 20i7s ter d69e NeRP00 1té 05 8e Ce(020. 01 to | % MyOL to 10% CaO to 10%

MO + CgCﬂO to 20%’I§rggdggi%g%£o the above glass components, the
above glass matrix may contain one or more optional
components selected from La;Cs, Cs:0, P:0s, Bz0s3, Y203, NbsOs,
Sh,03, Sn0; or F for making it easier to produce a glass or
adjusting the properties of the glass, namely for an

10 improvement in meltability, clarification, an improvement _
in devitrification resistance, adjustment of the viscosity
of a glass, adjustment of a thermal expansion coefficient
and an X-ray absorption coefficient, adjustment of the
Young’s modulus, adjustment of an ilon-exchange rate,

15 prevention of sclarization and prevention of browning.

Further, the above matrix glass may contain one or
a plurality of components selected from oxides of Ni, Co,
Fe, Mn, V, Cu and Cr, as required for adjusting the
transmissivity of the glass.

20 The matrix glass 1 substantially does not contain
PbQ. That is because it is environmentally undesirable to
use PbO and because PbO is a component that degrades the
chemical strengthening and decreases the Young’s modulus.

The matrix glass 1 preferably has a composition 1

25 comprising, by mol%,

S10; 50 to 60 %
Al,05 1 to 10 %
Li,0 10 to 20 %
Na:0 0.1 to 8 %
30 Ce0; 0.01 to 1 &%
MgO 1 to 10 %
CaC 1 to 10 %
Sro 5 to 10 %
TiQs 0.1 to 5 % and
35 Zr0; 1 to 5 %,

and above all, the above composition more preferably has an
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Ti 025 to 15% and ZrQ21 to 5% and above all, the above conposition nore
preferably has an A1203 content of 1 to 5 nol% 25 The nerit of the above
conposition 2 is that the natrix glass having the above conposition 2
having a larger Ti02 content in the above range can gi jng a
Young's nodul us of at |east 100 GPa and a bendi ng streé%?ﬁgn%%ﬁ§f2?@§gt 400
MPa, and that the X-ray absorption 30 coefficient can be increased by
increasing the SrO content. The characteristic feature of the above
conposi ti onAl:ds ddndtertthes firdt riox glmaslst .has excel l ent  devitrification

resi stance and easi Rgss sSapi Cﬁpng)olsg tipr Zhe&nd the
characteristic feature gx‘é}g?ﬁg co égg% OC%\H? at a gl.ass having the
conposi ti onm2trhgsgaafsgheriyguigesa H@IG@mPﬁﬁhtaoﬁlés§aWﬁ8H|ﬁhéa$ﬁe§

Sept ember 2803, C&fEP@éﬂle'&’:ﬂdla Aﬁéﬂei hei @ a:s;'vht@ltrlm It g d hearahay e
preferred co 05|t|on or tge above re preferr si,tiqn ésgl ves a

chenmicaldy S& eﬁ@YﬁeﬁeHléﬁis a%hBYe?5 QHPﬁaéemﬂggﬁgsKﬁgoﬁghéfﬁﬁgs of at

| east 600 GBRa &pdr ki buhalihg, s6benGPa of Bbr épaSknd@0t MBagkadshkasng hi gh
Knoop hardn h h pr n o] Ny e growmh
of crack i noRRELebFraaety L C b LT RN U e e

gl ass. 10 Thbsqnphmqnf@peﬁﬁécabaveCﬁatbelQFégésﬁd|@Yné@cr§9éépalF9€||n1ted
and the matgiy ghassnik.can be produced by a conventlonal met hod. For
exanple, the matrix Iass I n rodyced hy n whi ch oxi des,
hydr oxilfes, car bon&P&dhefit rt;tee l’rlxoﬁlid“&§ qsﬁrﬁ clth 825 e 15
properly preuhﬂedlasonam/gbﬂgslanhgplaysmolhese naterlals are weighed to
obtain a conp05|t|o% i desired, the melg e grials are mxed to prepare
a fornul ated material’, %t he forrrul at ed terla |s placed in a

heat -resi stant cr uanBJzéa and nelted at a tehpetftére of approxi mately 1,300
to 20 1,500C, the nglitois stirred and clapi fhefdst@ obtain a honngeneous
nDItenI%Jass, t he glass is cast into a nDIdlng g s

Na,Q
CeQ; 0.0L to 1 %
Mgo 1 to 10 %
Cao 1 to 10 %
MgO + Cal 10 to 20 %,

20 Sro 5 to 15 %
TiO; 5 to 15 % and
ZrQ; 1 to 5 %,

and above all, the above composition more preferably has an
21,03 content of 1 to 5 mol%.

25 The merit of the above composition 2 is that the
matrix glass having the above compositicon 2 having a larger
TiO, content in the above range can give a glass having a
Young’s modulus of at least 100 GPa and a bending strength
of at least 400 MPa, and that the X-ray absorptiocn

30 coefficient can be increased by increasing the SrO content.

The characteristic feature of the above
composition 1 is that the matrix glass has excellent
devitrification resistance and easiness in processability
over the composition 2, and the characteristic feature of

35 the composition 2 is that a glass having the composition 2

has a higher Young’s modulus than a glass from the
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frame to forma glass block, to forma glass sheet or to press the glass in
the formof a cathode ray tube (CRT), the thus-fornmed glass is re-placed in
a furnace under heat 25 around an annealing point and cooled to room

tenperature, and the gradually cooled glass block is séis%ggﬁ%ggéﬁmqshed,

the glass shaped in the formof a sheet is cut, polished y bent
or the press-forned glass is polished as required. 30 The matrix glass 2
will be explained below The matrix glass 2 contains, as essential
conponent s;or$@2] t XIR0B, al kali netal oxides, SrO and Zr02 and further

contains, as essengial _.c onent (s Ti.02.0 Ce@ . or both. Further, the
matri x gl ass 2 con%\gi%%g Eg% 328555?“%6565‘ ésBSBthSngF‘ecﬁ 8fients. The content
of SrOis Brekeroed weyperl ghen hner ttiee tabave conternprefetrhedabove 42 8

Sept ember Q05 £56EM | Al g £08 @Oé‘eéﬁénﬁé'éhihes%%ﬁ@&%n&&?ﬁ?é‘?é‘tﬁhééeat | east
90 % by weight. For obtaining a stress-strain layer having a |arge

t hi ckngss T R JtERRP HERTIRESS el colht 2R S 6@heGBa above A1203 is

pref er abl y(ghdt {2 20 by 3@i Qb , o FOfEre Pr efcanall ¥ HODIE ddama § % by wei ght
but not m:Hieﬁ ' n0020 % c?%eme'g\ﬂi til) rmrexﬁref rably 5 to 20 %b

wei ght . The Tt P SCRYIBET P13 tHET Pretkrabl SEHRITIERIAG 31 | e ¥RME ai ni ng,
by % by waigthtonly tths gs@fthi@D,crachOin otid Soofadd2fuanddldo tithd0 % of K20
as al kali I i t.al ol % ight, 40 to 70 % of Si02, 1
to 7,% ofd%%Z?ﬁﬁ&%e%@%g%? (%%%?ﬁb.‘%yﬁoafig%qbf Ce@®, 0 to 15 %of BaO
and 010 1 % of sbBls methad ApsvEhSi EpovernatriXi gkassed2isBactand Sh208.

15 Desi r abdpgcidiel phiomel thed ) | and| ass watstibst@ddal1 Yoala8s ld et ai n any
| ead for %;yevaenéclj n@eat he rgaglleorlﬂ_?o ca serd'et)){y i rradiation v]\:/l_th )i rsasy.l The
wording SUBStEHE T H P e PHGIOTont R n e X wBRAS 1 HAE TR Tt GlesSgllass 2
cont ai ns r@n dadl rexwbpted npora tneshod ead wisi &0 envdepnreydadt ydamdesi rabl e
and s al 39 A SUMANCTH: {NAles g AdEdIe Ghefl g8l SlEengtyigni ng and
decreases the Young' s nodul Us. ! ! !
15 properly provided as raw glass materials, these materials
are weighed to obtain a composition as desired, the weighed
materials are mixed to prepare a formulated material, the
formulated material is placed in a heat-resistant crucible
and melted at a temperature of approximately 1,300 to
20 1,500°C, the melt is stirred and clarified to obtain a
homogeneous molten glass, the glass is cast inteo a molding
frame to form a glass block, to form a glass sheet or to
press the glass in the form of a cathode ray tube (CRT),
the thus-formed glass is re-placed in a furnace under heat
25 around an annealing point and cooled to room temperature,
and the gradually cooled glass block is sliced and polished,
the glass shaped in the form of a sheet is cut, polished
and thermally bent or the press-formed glass is polished as
required.
30 The matrix glass 2 will be explained below.
The matrix glass 2 contains, as essential
components, S5iQ., Al,;0;, alkali metal oxides, SrC and Zr0;
and further contains, as essential component(s), TiO; or
CeQ; or both. Further, the matrix glass 2 contains BaC and
35 Sby0; as optional components. The content of Sr0O is 5 to
20 % by weight, and the total content of the above
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The glass matrix 2 may contain at |east one selected from MO CaO 2ZnO
La203, P2051 B203, Sn02, NNO 25 Co203, Cr203 or F in an amount of 10 % by
wei ght or less In the above matrix glass 2, SiQ2 is a basic conponent for a

gl ass. Wen the content thereof is less than 40 nol %Bt%re? g,\tl\rﬁﬁmbe poor
in chemcal durability and devitrification resistance, a é 1en- 1t exceeds

70 % by 30 weight, it is difficult to nelt the matrix glass. The content of
Si02 is therefore limted to 40 to 70 % by weight, and it is preferably 45

to 65 % bgswehghtl AdRPSnkAta gAAPERENbptobnbNPEEMpBgeatgl ass aitn
devitrificati gn he%i E’t ance hEhem’ cal durability and ion- 35 exchange rate.
When the CSRATENT t RePEolet8PFess than 0.1 % by weight, the glass is Iiable
to devitrify, andHdr todkes rd 3 a8 sSepsaedir 212003 wamdrawi rfpran large
stress-stEah RhBuer phaxhog; Bah apgehikRess, tHRCRohkopXCEEdENE0 % by

wei ght, the glass is“poor in devitrrficatlon resistance. The content of
A1203 § s abpErefdr@: d&sinrafiarabdie G-Hark0.20 % By weightt b®OGfot nore 5 than

(28 %;Eg/ E%g%raEQFy ferai ag?ﬁ st.oef%?t wa?akltggat_ nB@VhP@eatFBhZQPe%SO % b
ep o .~Mm_or nore, e content. o [ referably o 0 by
wet ght ) nBYeBIENGy aBly L nBPEc: RERTE8PITng Gi Rt ThRY HBE SMbre than 20 % by
wei ght, still norEhepmefteriablglaldE t2o 16 e Woprf ek lat Kedd aret al oxi des
cont ai ned . ri : are . peef.erall 2 d 0, ¢0k st Reyare

pr ef er abl cbfi‘uﬁa%t%@ﬁé%%&@ég,V\ﬁlyl % E?Z%gfléhﬁgt gaﬁge,g’sl%ntoifa 1%‘dg'rrp?)nent , It
's a 1QombendAt t 6F Naph ovgl 2L B8t | af iQ 5 131K kindalialo PErIca 5

Che][ﬂ' cal | ynst t:%ﬁ&ta!iﬁlmhag_ %3 e%gbgrS&e?i)gh@DdangbngoLQno@xsﬁt@ggeli ﬂct)ﬂ- ?I zE_sgo
surface pgrtio inly on_ifn. _an jan-ex nge , So0,that Li
can i npr oget%t F?g {i%ﬁz, eQ%aﬁ%gjfe%f‘P%i@h%y q:ﬁr ttt‘fbfl, a?"tﬂjefg%dél’e?eﬁge t her eof
with Na205proddcBalaandf fecb @n%t bé pbevents drheofabmmvi iy, Z0CHowever,
when t he TRt en(?%%peréaacg agfg%g%?l % by weight, the devitrification

resi st ance ahd ‘chem ¢ ity decrease. Further, the viscosity of
the giss decreasdesimPlphatthia ghow fateiit tlasmld RS GiHsI2 - he cont ent

of does not contain any lead for preventing the coloring
caused by irradiation with X-ray. The wording
“substantially does not contain” means that the matrix
glass 2 contains no lead except impurities. Lead is
20 environmentally undesirable and is also a component that
degrades the chemical strengthening and decreases the
Young’s modulus.

The glass matrix 2 may contain at least one

selected from MgO, Ca0O, Zn0O, La;0s, P:0s, Bz03;, SnOz, NiO,
25 Co0203, Cr20; or F in an amount of 10 % by weight or less.

In the above matrix glass 2, Si0; is a basic
component for a glass. When the content thereof is less
than 40 mol%, the glass may be poor in chemical durability
and devitrification resistance, and when it exceeds 70 % by

30 weight, it is difficult to melt the matrix glass. The
content of Si0, is therefore limited to 40 to 70 % by
weight, and it is preferably 45 to 65 % by weight.

21,03 is a component for improving a glass in
devitrification resistance, chemical durability and ion-

35 exchange rate. When the content thereof is less than 0.1 %
by weight, the glass is liable to devitrify, and it takes a
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K3

Li20is therefore preferably is 0 to 3 % by weight, nore 25 preferably 0 to
I % by wei ght Na20 is a conponent not only for inproving a glass in
nmel tability but also for chemically strengthening the glass by undergoing

i on-exchange in a glass surface portion mainly with Lon. in an
i on- exchange bath. When the 30 content thereof is Iesééferpgﬁmi’%rbcﬂp%\ei ght ,
the effect thereof is poor. Wien it exceeds 20 % by weight, it causes the

deV|tr|f|cat|on resi stance and chem cal durability of the glass to
decr easet 1HRet@ohPERL 2 oF L REDD-Firdabar b1 YRE h%Vé‘P%r%b]r?rQetBh?Gk%’-W wei ght ,

nore prefeeably &xteedd 35 %)ybgmau@hghtKZ@ne Sbasonponesdrfoi i nproving a
gl ass |n 44, 2003 nel |I| anq:fqg rgyentlng the coloring
S ek A

that the %Yé§§l§gﬁ?gi?§ ﬁﬁﬁl?Ba???adl Wieh the content
t her eof thetefsréhdasirdbby mer@hthamh@e hb%vleyetﬁé'eglns lwe nobtmexdi bited,

and gment¢£%2%§egdﬁ ere?% Y. va&ynﬁog#55ql D s: Ity reases. The

cont ent preferab to 1 to 10 % by weight, and
it is an@Vl@geaethb¢¥n65$o Qﬁp@bbyOﬂel@%tumSWI)m@rafcbh@o@@mtemhat can

remar kabd y An%ea%eprb&eréba@y 4absoppt %oa cqefihhei, eﬁbreaFQ‘eEbriaﬁl@n

t ant f I t her, it i
 Conpor8AES L FARR S8 ok P8 YRLER par et ool rEVER | VTS 2 ab oY MIBLRE Of AL203

whi ch mosksllomprenprefehablpnloeu@hhﬁgeal%hen t he content of SrOis |less
Lhafos, % DY el 9k, e k2 ADR0EALLoRoRRSEEE! 9R che hegsikhan 28/ om 15

When it exceeds enperature | ncreases. The
content 9+aSfFoars Pﬁ@f@?é?prﬁeﬁeﬁﬁﬁiﬁbohl@FtééeﬂoaSEtBrQQG%ﬁB}YMelght and
it is more,prefL£alhy &,0to 15 % by weight. Wile BaOis not an essential
conponent, it is_a.. 20_conponent for ggrOV|n? the X-ra absorgtlon

i

coefficient and"™ipgfodiag &S RAks2R rehefREbRfi £YPPERENES f2Et 18 2Ba0 on
| npr ovi ngompenntayoabsappbirong caefiass enh melteowelithaand Sibso Hbwever,

can e PEELELADl ¥ UselRLDREn g Bnd ©FPas BN EANE ¥R 1b5-content of s20

exceeds
exchange in a glass surface portion mainly with Na ion in

an ion-exchange bath, so that Li,0 can improve the ion-
exchange efficiency. Further, the co-presence thereof with
Na,0 produces an effect on the prevention of browning.

20 However, when the content thereof exceeds 3 % by weight,
the devitrification resistance and the chemical durability
decrease. Further, the viscosity of the glass decreases,
so that it is difficult to mold the glass. The content of
Liz0 is therefore preferably is 0 to 3 % by weight, more -

25 preferably 0 to 1 % by weight.

Na,0 is a component not only for improving a glass
in meltability but also for chemically strengthening the
glass by undergoing ion-exchange in a glass surface portion
mainly with K ion in an ion-exchange bath. When the

30 content thereof is less than 4 % by weight, the effect
thereof is poor. When it exceeds 20 % by weight, it causes
the devitrification resistance and chemical durability of
the glass to decrease. The content of Na;0 1s therefore
preferably 4 to 20 % by weight, more preferably 5 to 10 3

35 Dby weight.

K0 is a component for improving a glass in
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25 the ion-exchange efficiency decreases. Therefore, the content of BaOis
preferably limted to O to 15 %by weight, and it is nore preferably 5 to
12 % by weight. Zr02 is an inportant component for inproving the X- ray

absorption coefficient and inproving a glass in 30 cherg gg té?HBﬁlbbbbﬁy’
devitrification resistance and ion- exchange efficiency. en the content of

Zr02 is less than 1 % by weight, the effects thereof are not exhi bited.
Wen it exceeds 7 % by weight, the glass is not easily nelted. The content

of zZr@ i ediahdildity pinef Soabby avienitiey the aod B5.IE %Mt iegglasmd it i s

nore pref eidfar«? e RoikyaMBia#lon whitd? X328, CORRRRCRhel BbnREQYENti Ng the
col oring 3218 Sept.emher. 2003 that a glass suffers due to irradiation with

X-ray. Whene cohn théredt & O dsd aan el ARe "HIGALS 13k ef fect

t her eof | sototexevihiilticdgd.andhemeirt iexeeededs %dw pAeiwdilghtd haty aiss+ S

colored t reat extent. The 5 content of Ti02._i herefore preferably 0.1
SRR 18l onohe FBRCEREVaR: Ry 1

to 1 % by "Weig dle'écréaaég% t FBF PEVS Jt%etlé%ﬁ"% ?Jﬁ% that a
gl ass suf freefetad ltyo liimideidattiood wiot B OX-% &y walierhnt,t kevdcorit ergt mdrey eof i s

l'ess t han Q.k %M Wej gt 1ot Re 10 £fifegt, thereof is not exhibited. Wen it

1] .
exceeds 1 % by weight, the glass isliable to be colored in yellow. The
content of Ti02 i SSther2fdreTRII abiir®. 2% oremag bl el yFreaspil e MO
Cﬁo and ZnQeare rgt a®Sepitiian _cb@fcﬂmfl@mn_t Sind PQyBL_r%)arbqnipmqrh 3 at ed since
they are companents far .inproving a glass.in tahil.ity. e,,cont ent
ther o ©; EUTRSREME 5% PR RS alghe it S Y B EReEesont i al
conponent 1teiitsher compones tpitdfadr selrwassdd dsc rplcansitfeyiang edgenitve lTkhe cont ent
20 of Sb203,% RLehisakly 0 Jn by, e I 2‘9‘9‘# i to,ihe above
conponents, tg%e gl asstata)lrnaltlrx(riizé3 Z%n%%&c%%%:?nhéiagﬁ , %0@%8%3 Sn02, Ni O
Co20B, O SFFhAI@eE fBRennbheyeRBhenst ofieFrabisi LgSscbhaPf Pcit PEn,
adj ust mentedfghthe tihkexwala ve RSt Ko eidd fHiRfiteranNd AN o6s 2hdra )2 hgor pti on

Coeffigie@ﬁkquhyééggggasogoa% E@nk%é%%%ng%he'liquidus temperature
increases. The content of Sr0O is therefore preferably
limited to 5 to 20 % by weight, and it is more preferably 8
to 15 % by weight.

While Ba0 is not an essential component, it is a
20 component for improving the X-ray absorption coefficient
and improving a glass in meltability. The effect of BaO on
improving the X-ray absorption coefficient is lower than
SrC. However, it can be preferably used since it is less
expensive. When the content of BaO exceeds 15 % by weight,
25 the ion-exchange efficiency decreases. Therefore, the
content of BaQO is preferably limited to 0 to 15 % by weight,
and it is more preferably 5 to 12 % by weight.
Zr0; is an important component for improving the X-
ray absorption coefficient and improving a glass in

30 chemical durability, devitrification resistance and ion-

exchange efficiency. When the content of Zr0; is less than
1 % by weight, the effects thereof are not exhibited. When
it exceeds 7 % by weight, the glass is not easily melted.
The content of ZrQ; is therefore preferably limited to 1 to
35 7 % by weight, and it is more preferably 2 to 5 % by weight.

Ti0, is a component for preventing the coloring
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rate, prevention of solarization and adjustnent of a transmssivity. The
nmet hod for producing the matrix glass 2 is not specially limted, and the
matri x glass 2 can be produced 30 by a conventional nethod. For exanple, the

matrix glass 2 can be produced by a nethod in which ox}des, hydraxi des,
carbonates, nitrates, chlorides, sulfides, etc., are ﬁ%@?‘?@g %0 d as

raw gl ass materials, these naterials are weighed to obtain a conposition as
desired, the weighed 35 materials are mxed to prepare a formul ated
material, BHE 3 Flasat el fererdud 4o ipizadihtirm wicsh -Fesd vt amthesr uci bl e 46

8 Sept enbedhe 2003t évingl #BL+&5F ats a dLIMNALAH U €1 Of @pm@%ﬁm} elye 1,400 to
1, 500C, the i.s stlfred and clarified to obtgin a

| t onogeneous nol ten
gl ass, theiset FRereRt HhiHh s R HES r afdieio LftOteﬁ‘lC&eGISags biPdck, the
t hus-f or neeeigilalss thecklass bs reslplsobdd ik agfeahasetamder Theat around an

anneal 5ng Al ine a0F £00] a4 LoD LeIpRIAlUES,y 31d e 05agkal Y cool ed

gl ass I's cut and polishe above “mat’ri X glass 1 and 2 are
suitabl e We¥dktheni cal strengthening and excellent in X-ray 10 absorption

characteristics. Besbgesstde-ahifed@tfdX ph-Assetng danerad 1 & es such as
soda Iirrehtgl a\fs c be also us%genas a matrix glass. The strengthened gl ass
Ilia of the'PreSehtdsy §oh Y RS Y PHysita 3y stTERgt heni ng
the 15 abthe cmttéent gtlessecdniaidgrg taldenl 0. et aby Ye gtk f wider chemical ly
st renghhend i V. r t.hened glass .at t er,at,ure | ower than
t he s??ai n%%%ién etokg%/%éffria% rrf"?(tE eg{lgls%&efg‘e é’?‘r‘%‘n&t%hee%g %g%as}st%o % he pr esent
i nvent i on Wl globt i dabgs s hies phiyadi leal t s three rep herddhgi tofye hleowrat Tie gl ass 20

havi ng t he-gpeaid | &t oIS iteRk a8 rkh e retedaealy 9t.rergt heni pg thereof as
descri bed above, whereby it has a stréess-strain |ayer having a thickness of
at |east 250-9Rt- preferably at least 300 m still nore preferably at |east

400 pm and having.ahbeadngg,sta@ngﬁ@ phoahrbeast 399eMPaal25 preferably at
2t A 350 g AL LS, B Sl o il SRR AR X Ty
components for improving a glass in meltability. The

content thereof is preferably 0 to 4 % by weight.

While Sbh;0; is not an essential component, either,
it is preferably used as a clarifying agent. The content

20 of Sb;0; is preferably 0 to 1 % by weight.

In addition to the above components, the glass
matrix 2 may contain La;0s, P:0s, By0i, Sn0;, NiO, Ca:0s,
Cr20; and F for improvement of meltability, clarification,
adjustment of the thermal expansion coefficient and an X-

25 ray absorption coefficient, adjustment of an ion-exchange
rate, prevention of solarization and adjustment of a
transmissivity.

The method for producing the matrix glass 2 is not
specially limited, and the matrix glass 2 can be produced

30 by a conventional method. For example, the matrix glass 2
can be produced by a method in which oxides, hydroxides,
carbonates, nitrates, chlorides, sulfides, etc., are
properly provided as raw glass materials, these materials
are weighed to obtain a composition as desired, the weighed

35 materials are mixed to prepare a formulated material, the
formulated material is placed in a heat-resistant crucible
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28/cm The stress-strain |ayer can be neasured for a thickness as expl ai ned
wth regard to the foregoing 30 invention 1. Further, for the sanme reasons
as that explained wth regard to the glass la for a cathode ray tube,

preferably, the strengthened glass Illa has an interna Ss of
| ess than 20 MPa and a surface 35 conpression stress o? Se%peiﬁé-{gg?zﬁ%f

chem cally strengthened glass and a physically 47 8 Septenber. 2003
st rengt hene(gdﬂ gss can be distinguished on the basis of distributions of
metal i ondCoPtarfdd2hetr FEMRE T 1 ER 0 Bf 2BPr X BBt phviel - 480 &BPexpl ai ned wi t h

rfgarg t o1} Hieof@r agai g1t Iri\serstﬂl%eh a%qu%lfdﬂaﬂﬂéa & i by ipns of d)ept hz
of a in ar ion) an
a net al %%h%%vﬁ%ggé s%a'?‘l“érg BT ¢ %I%ga‘?% b‘é cg%‘lt kjaﬁlgon%t‘ﬁ?igbﬂ are
studi ed. Arzmei bOofO(lde&!lsglAyS@fblwnekal thentias+ hgrmed agyessibhock is

radi us) / (He0sit¥eQf iABL akurw@e ciié‘ﬂ ﬁeéﬁfﬁéw&n& O Ca fi Ak Y8 g I;ﬁofngo” on

near the 10 surface of lass is larger he counter art
portion o?"¢ h%oﬁ}%‘gstoIﬁo?fhet%‘f‘?%ﬁ%ﬁ%%eda’@ﬂia’é%e o?r%%%albYe@%%eﬂnvent i on,

thereforeglibe S1o€B8Sistc@t Nahd@Yyesl ifwedred by the chemical strengthening is
found in a portioggtEl er o_the gl ass urface and iin a rel atlvely deep 15
1

portion, a stress | ayare &a 5?‘?&38 AFGE5t he@BHoge 2t Re SR tRBA e
di stributfon @h%ma@abr$*srércqtﬁemhegcdrme:actel)sdemienm hentag is not found.

ACCOﬁ@inga$§bf$@1@ﬁe@ﬁ%&aéf@%ﬁ@ﬁf%% f‘ﬁéé%ﬁﬁftéﬁa“% dv 8&9¥h$§|ckness of at

strengt hened ass v a stress-strain |ayer aV|ng a
| east 2509ba$1$%$|d %%@??@Pagl%‘é?ﬁﬁ nPusk rangtddaf L Hee | abass 3080 NPa. and

pr ef er abl y1 &% ﬁ(sediaysa@s;@émi,p p@ﬁflment of at least 28/cm Further, for
t he sane reasons %Eg t exghaln with_regard to the gl ass la for a

cat hode ray tube, EFBPAREYedt HéasEr EhgEnBhed'§I BEESPPFD has an internal
tensile stmwesstmmem tdngrr 2uddRA e dolay SiEd BLe s Coapg eisen iy striess of at

leas&510Qa$@¥% matrix glass containing alkali metal(s) and further
chemically strengthening the physically strengthened glass
at a temperature lower than the strain point of the matrix
glass. The strengthened glass of the present invention is
obtained by the physical strengthening of the matrix glass

20 having the specific composition and the chemical
strengthening thereof as described above, whereby it has a
Sstress-strain layer having a thickness of at least 250 um,.
preferably at least 300 um, still more preferably at least
400 um and having a bending strength of at least 300 MPa,

25 preferably at least 350 MPa, still more preferably at least
400 MPa and an X-ray absorption coefficient of at least
28/cm.

The stress-strain layer can be measured for a
thickness as explained with regard to the foregoing

30 invention 1.

Further, for the same reasons as that explained
with regard to the glass Ia for a cathode ray tube,
preferably, the strengthened glass IIIa has an internal
tensile stress cof less than 20 MPa and a surface

35 compression stress of at least 100 MPa.

A chemically strengthened glass and a physically
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When the strengthened glasses Illa and Il11b of the present invention have a
bendi ng strength of at least 300 30 MPa, the stress-strain |ayer of each
has a thickness of at |least 250 m preferably at |least 300 m particularly
preferably at |east 400 pm Further, when the bendi ng i | east
350 MPa, the stress-strain |layer of each also has a tﬁi&%ﬁ8§§“3ﬁigiéleast
250 gm preferably at 35 | east 300 pm particularly preferably at |east 400
m  Furthernore, when the bending strength is at |east 400 MPa, 48 8
SepterrberstzeaethheeétgéssSScaal he| djetingubabhdabBothasbasifi efness of at

| cast 250apayr poGEELAL! ¥rahel 8851od00cHht RERALACHLAE! ¥nePsaLengt! yeah | cast
400 p.m The present |nvent|on further EFOVI des a gla 5.a d i splay

whi ch gl a85258 PaRfedasf iEnhexabaiRedt YERYt heragd 5Pa§§e|ﬁP£esPlP9ft of the

present i MeBhtOBn 2.0 fsScPBN@ill, Ordzas@laim@@ﬂ:r’m)bﬁ udep vt chif gh ass panel
IS forned ogﬁihe apove Ias for a t hode rgxm%ube haxlng t he

above %l aB&CAandPR ﬁ&lﬁ Hg?ﬁrlgnbgtﬁ%géuﬁa3 tne I - cReE8hpri ses
produ0|nglan$taadgbhmaedlghassh&vmngaa smetirrghasschavdnysadeXyaray

absor pt1 0 ¢gel M hetan! 16k akyre! €R5k; 28/ O pg@ﬂ@fa@9<@b@g§§§ panel from the

st rengt hene gl ass integrating t gl ass panel and unnel with a
frit sealmaﬁaérlﬁ@abaV15q|ﬁ apyIeheloRicheagbyve/ (AGBALLENST1PE623, the

uﬁthod fOioﬁohﬁbmﬁgaagbﬁéilgﬁtEbhab raagua)ghass paaehonlﬁébudeaea met hod in
I C

gl h d I bendi
presgihn ﬁﬁﬁg Eﬁ aeg gsﬁliﬁfﬂﬁggﬁglhgaﬁ EPgaggﬁnggggr %ﬁgﬁntﬂggﬁlass
panel 20 psrpioducédtby piless.noimitige stsdngtheuedighass oblded together.
For phyS'g@ggxnﬁt&ﬁea£Q§Bhn95ﬁe9@@8Le§hﬁﬁsdstpeggegtggghchsya§VIng such a

skirt por rapi dl'y coo roduct having a
hi gh tenpépamaﬁebYatbérch@§lsﬁés§tﬁ9nathgnéngtéSpﬁevpéela 8oBPERdFat e with

25 an Intﬁ@hk@@akodtﬁbrg@abgoaurfa@ée ahe &heae&angtnnégyvaéepproblens t hat
the s |nk|n% Bate of 28 Iasslva les so_ k geg uct is deforned
bnd it SPERACRY g1 S5ECOAAABFE BosPuBEeLs AOLBRHY nEUFotRe ShPLEen:
inventionmetal ion distribution characteristic of the chemical
strengthening is not found.
According to the present invention, further, there
is provided a strengthened glass having a stress-strain

20 layer having a thickness of at least 250 pm and having a
bending strength of at least 300 MPa and preferably an X-
ray absorption coefficient of at least 28/cm.

Further, for the same reasons as that explained
with regard to the glass Ia for a cathode ray tube,

25 preferably, the strengthened glass IIIb has an internal
tensile stress of less than 20 MPa and a surface
compression stress of at least 100 MPa.

When the strengthened glasses IIIa and IIIb of the
present invention have a bending strength of at least 300

30 MPa, the stress-strain layer of each has a thickness of at
least 250 um, preferably at least 300 um, particularly
preferably at least 400 um. Further, when the bending
strength is at least 350 MPa, the stress-strain layer of
each also has a thickness of at least 250 um, preferably at

35 least 300 um, particularly preferably at least 400 pm.
Furthermore, when the bending strength is at least 400 MPa,
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however, there is no limtation to be inposed on the 30 cooling unlike the
physi cal strengthening, or the Ilimtation on the above cooling can be
all eviated by enploying the chem cal strengthening in conbination with the

physi cal strengthening. Preferably, the chem cal strengtptmsesi2®m3s 35
carried out after hot processing or cold processing such as shaping of a
nolten glass into a shaped glass, cutting of 49 8 Septenber-2003 the gl ass

in a desired formor poljshing of the glas surface,., In the_inyentions 1 to
3, the cHeMf cHfresyte ’rfén}rEng’f soﬁa??‘%édajzﬁ? %Vi%?%?%%e%sg?gsgki nabhs
nol ten saldad© BSd aah, | PFeLxciBNgeat | Neddit S30asEn, apavpl taberhpy be applied
bet ween the fDltgf sa%t and t?@ | ass. The above application of a voltage
can i npr R TFEEPT Rt B ahtP2F 1101 ity of the ion-exchange. The cheni cal

st rengt heni ng st efhrapresens| Loweatbyn forthersPegvériesefodiAgSalien i ion
and hydr oDi g POy Oni B8 qoh8§Si SurbAasea Sbkehe hpoversbyedngbhyfeton is
sonet i nmes preciﬂltated on th | ass surface aftEr t he_chem.ca

strengt he®ta%s BLEh A pfEEP 7t atRd PERSTREePEFAEER" Y af?ﬁ%?%sggﬁgé mat eri al

attached f®r aa gtaskopanehy anabd Swisboet ghesscpased aspfobhned ofathdi spl ay
colors differ.

The_ _above.p ca C | d CRLD ddi ng the
above sté%poﬁﬁegg?iisg%ﬁn%lé%%%ﬁ?%hl y9§¥$é§étggﬁeEGF% ¥%ggﬁgrgggnt
i nvent i orebeset htassl panbhg dedtaresthod foFy Fheakhpdsgsravr BHRel ayer is

formed by, pgr 85@8@21985!&5@@(:9&?% papehgsHEhageg1sest Rabmaast rain | ayer
or

can be forned, uni in the enfire surfac Ther ef

! , t . Qre. Eis ortion and
undul at i FR2BFEXvEE§SE PV%n?2§nT%erﬁén?PﬁPngFPPOHOSF t&§Fa8S ffortion of
25 the cheahsel by/sh) epgbpenedyghagsawbi phAnpr firom bhe atreagtiemedensile
ot 0bl o CANBE GBLHeAREA0 T 5} AnbES: FOARCSPAARY FASor RALrs™ Fichndss of At~
| east 50 firiandebhenedes heatase where the strength
15 In any one of the above inventions 1 to 3, the
method for forming a glass material into a glass panel
includes a method in which a glass plate heated is shaped
into a glass panel by bending it, a press-molding method
and a method using a float process. When the glass panel
20 is produced by press molding, a skirt portion is molded
together. For physically strengthening a panel-shaped
molded article having such a skirt portion, it is required
to rapidly cool a molded product having a high temperature
after its press-molding or to provide a cooling rate with
25 an intentional distribution. There are therefore involved
problems that the shrinking rate of the glass varies so
that a molded product is deformed and that yield of glass
panels decreases. According to the present invention,
however, there is no limitation to be imposed on the
30 cooling unlike the physical strengthening, oOr the
limitation on the above cooling can be alleviated by
employing the chemical strengthening in combination with
the physical strengthening.
Preferably, the chemical strengthening step is
35 carried out after hot processing or cold processing such as

shaping of a molten glass into a shaped glass, cutting of
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30 greatly decreases due to damage in the production process .or practical
use. (4) The conpression stress fornmed in the surface is at |east 100 MPa,
and the gl ass panel has a high bending strength, so that the glass can be
decreased in thickness 35 while retaining strength aggﬁgaheﬂ{ She As a
result, the glass panel has a decreased weight, and a cathode ray 50 -8
Sept enber 2003 tube having a decreased wei ght can be produced. The present

i nvention,optim zes_the chem cal. _strengthening neth (e. physi ca
St engt hERERG LRSS Tl PofBa RS e HRRTCRE BPRSRBLHENDSG)hS! SARER: Cal 5
conposi t samgafcer. attai ning the above features. According to the invention

1, there can be yﬂ{jt}gﬂe&%}‘%ﬁ&ﬁ% for.a §atg}%dq:]{&?;iécﬂbe or a gl ass panel

for a cathode ray t . glass or gldass panel has_ conposition and

pr opert i 6§ reagihead ol SnERICEG et opds HYbLameysipIdacPéasé tReyl ass or gl ass
panels i npbhiceknass tand Meaht iohbexehahge.t henotRss £95ep gathode ray tube
or the ﬁl%ss panel for a ﬁatgﬁge ray t¥ e can, be deﬁrea% d Ln t hi ckness
and wei gNPLtAGEOMEYn S BPPhd eChPERIEER 0% BPLLER SPhr 8°Caf™ 15 be produced
a cat hodelmay.t ubrehavong sppiicatbbnsofeagrhliage bawi bypaovei hbd a
decreaserh é”%h%h%ff@%ﬁ%%%’ %fggp%hqobgggghhggel, particularly, there can

be obtai ned a "gl"ass "panel o at-'surface cathode ray tube which glass
panel is decreasethe rehemiickalesst zanp tiniRg gHteP MARbiA P tieviek Bhventi on

2, ¢t kine @hass dfhalemc@dnhql @NPaa iSRS Snsl hdd chayer ideepn kthiche gl ass by
I on excha%%g I S chen1ca||¥ itren thened .to for a glass for _a cathode ray
tube, so9H HETEEan BLXBFOVIQBICR BYEERn+BT 2804t EafRBAEPEY tube which
gl ass hagrhkicdhpistaterpton ahé alhisgh swéfmay aliserptthen chesfifdadi ent. Furt her

There cas Be Aoy a SEakes BhaliPtERtattiPRdtr o PR eoE Ch ol ace
panel had liviogte sR@rster vadielr iadd ad teicgiedXtoayp aBSSEp RS Ic S8 i ci ent .
15 sometimes causes a problem that display colors differ. The
above problem can be overcome in advance by adding the
above step.
The glass panel chemically strengthened in the
present invention has the following features.
20 (1) The stress-strain layer is formed by ion-
exchange in the glass panel surface, so that a strain layer
can be formed uniformly in the entire surface. Therefore, .
distortion and undulation are very small.
(2} The central portion of the glass (portion of
25 the chemically strengthened glass which portion has a
maximum tensile stress) has a tensile stress of less than
20 MPa, so that the self-fracture problem can be decreased.
(3} The stress-strain layer has a thickness of at
least 50 pm, and there is no case where the strength
30 greatly decreases due to damage in the production process
Oor practical use.
(4) The compression stress formed in the surface
is at least 100 MPa, and the glass panel has a high bending
strength, so that the glass can be decreased in thickness

35 while retaining strength against pressure. As a result,

the glass panel has a decreased weight, and a cathode ray




Further, the above gl ass panel is used for a cathode ray tube, there can be
provi ded a cathode ray tube having a relatively |ight weight wthout
decreasing the strength and X-ray absorption char acteri stics. 35 According
to the production nethod in the invention 2, a glass jgogegispdiosi§ogay tube
whi ch gl ass has 51 8 Septenber -2003 high strength and a ?n gh X-ray
absorption coefficient can be efficiently produced. Further, according to

the invent, a. stre thened | as rovi ded w hick stress-strain 5
| ayer and %ﬁ?ﬁ 3?1&‘61&1‘%1& q’bea]r&btg qﬁ/ %Cg{f«‘:ee‘ii even froma gl ass
conposition which fihs pnelsent fnféntibh opbmazesfyhbothemthnck :
stress-str géﬁg endi r engt I;gft thened gl ass
accordi ng %eoﬂ?llh énvig‘mjl on &% %éj ‘£ [}ﬂﬁ%lcgﬁpag‘il C g P% gl ass panel
for a di spialowatheoyyl asemierl aﬁ‘éléﬁtrlfﬁidéemawlt ube @rem@a trengt hened gl ass

accor disng écglﬁ%twtf@flsa@téﬂlﬁcfaﬁhe b e tﬁé&wmd not only for
pr oduci ng s but_al so for roducl. n el for di splay which is
exposed to a 15 di PFEPEALRII k pFB@sﬁPgEnFﬂg?di eBﬁtg?Heb?he di spl ay,

such as a agfptasbnganel glans afdr ed dcerheds omydlﬁpi@wx( REDjlo¥s pamehss panel

for a plas S T £5 i Il be

expl ai lrcl)ed fv%dé Jf)ge e?cgaér?gc—hf a&gmpfe)és}?h lrgtgslena (flrgvé]rﬁ/ thpangesent

i nvent i on &hepeshistomeand rﬁlt@éﬁlb‘fyleti’ne%%qta@ﬁﬁ)l&r TR e‘st 1905%11319

Referepti afo Exadpiesd and &p@@@r@élq s2p A th Ry edna@l s such as
r

oxi des, hydroxi des, carbonate ates chl orides, sulfates wer e
wei ghed t " Epar e ReEEHEEEt i HATT iTRTTADICE TROGE 52 Yyt ern%ed—'%teo obt ai n
a fornul at@ﬂamtmm@l fd’h@f@imtb@é exh B0:utpd erdral bavade it @acpeld i ima pl ati num

cruci bl e, %; ? g%lﬁnd nmelted, and the nelt was stirred,
. a
honogeni ze nd- ¢l ar the nolten gl ass was cast into a

Accordlng to the invention 1, further, there can
15 be produced a cathode ray tube having sufficient strength
and having attained a decrease in weight.

According to the invention 1, particularly, there
can be obtained a glass panel for a flat-surface cathode
ray tube which glass panel is decreased in thickness and

20 welght.

According to the invention 2, a matrix glass that
can form a stress-strain layer deep in the glass by ion
exchange is chemically strengthened to for a glass for a
cathode ray tube, so that there can be provided a glass for

25 a cathode ray tube which glass has high strength and a high
X-ray absorption coefficient.

Further, since the above glass is used for a glass
panel for a cathode ray tube, there can be provided a glass
panel for a cathode ray tube which glass panel has high

30 strength and a high X-ray absorption coefficient.

Further, the above glass panel is used for a
cathode ray tube, there can be provided a cathode ray tube
having a relatively light weight without decreasing the
strength and X-ray absorption characteristics.

35 According to the production method in the

invention 2, a glass for a cathode ray tube which glass has




casting nold. After the glass solidified, the glass was re-placed in an
el ectric furnace heated to a tenperature 35 around the annealing point of
the glass in advance, and the glass was gradually cooled to room
tenperature. 52 8 Septenber- 2003 A 65 x 10 x 1 mm bot eﬁﬁb g@# hed
sanple was prepared fromthe thus-obtained glass bl oc a &

i on-exchange. A nolten salt had a conposition of NaNG3: KNGB (=2:3 (melght

ratio)). JThe, abov ss_sanp 5.was i rsed.in the | ten salt having a
i ntn) el SPanbEeRBtRe S0R a0 eb X60evt BPSRIBrB CORTGE Eie G5 | ot

t hen takeheoaffandewaéhedroaabbds | and 2 shOM/gIass conposi tions and.
various neasure ti Laaff e refers to data
obt ai ned bg al | omfr %C%\f?gﬁh vvaveh% th-ﬁlq} r{)? n% to enter a gl ass
sanpl e, §8?Hﬁ6e&e@r§ﬁ§ﬁﬁtpééyﬂﬁgﬁtWlﬁbaﬁtthycétSérﬁ§§rﬁ¢6ﬁ150 mm far from

an opppsi Leysur hagea aflghhgeﬁhaﬁ§ §@%Eh@tﬁnéaﬁab%%%ms}v proARTYPLion 15
coefficient. Thickness ess-strain data qbtained by

pol i shi ng®4eBy §58™ 809}8ﬁSoFoﬁpgﬁﬁﬁFBnaHBlcﬁe5§ﬁrPﬁ&etHé 99F5§§“§Fraln | ayer
through atpreeitdsdy bsthamntpavgest2@sblentahiasiagelendidng stigength refers
to data th in ds?¥e gguring an ion-exchanged sanple according to the

t hr ee- poi nt ben te t of JI'S-R1601. #150 Abrasion bending strength refers
to data obtalnedﬁ%ﬁlﬁﬁﬁﬁﬂQﬁqﬁQ%ﬁaﬁ@@@1ﬂﬂ§QmW$Eb¢Qﬁthﬂ1MRﬂEQHichhanged

sanpli® wi hia #450a5aBdpRaRPeFuRRE ] GarRYI QggQHEsapahane%e%nhl%ﬂ@l 1g test
whil e applying a | Qad such that a "tensjle stress was exerted on the surface

bei ng abraded. 53 '8'€S éfror2(§’0§a'@lﬂd@ fag 21e °oF Bke 2 Ex. 3

strengthened glass according to the inventions 1 to 3 can
be suitably used not only for producing CRTs but also for
producing a glass panel for a display which is exposed to a

15 difference in pressures inside and outside the display,
such as a glass panel for a field emission display (FED) or
a glass panel for a plasma display (PDP).

Examples
20 The present invention will be explained with
reference to Examples hereinafter, while the present

invention shall not be limited by these Examples.

Examples 1 — 8, Referential Example 1 and Comparative

25 Example 1

Raw materials such as oxides, hydroxides,

carbonates, nitrates, chlorides, sulfates, etc., were
weighed to prepare a composition shown in Table 1 or 2, and
mixed to obtain a formulated material. The formulated

30 material was placed in a platinum crucible, heated to
1,400°C and melted, and the melt was stirred, homogenized
and clarified. Then, the molten glass was cast into a
casting mold. After the glass solidified, the glass was
re-placed in an electric furnace heated to a temperature

35 around the annealing point of the glass in advance, and the
glass was gradually cooled toc room temperature.
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Ex. 4 Ex. 5 45.051.054. 045.842. 8 @ assA12032. 01. 82. 62. 03. 0
Li 2011. 013. 017. 09. 010. 0 Na202. 06. 01. 04. 03. 0 Conposi ti onK201. 30. 00. 50. 02. 0
MyQ0. 06. 04. 013. 09. 0 CaOL2. 56. 08. 00. 010. 0 ( ol d) Sr012. 56. 05. 611. 05. 0

Ti 0212. 56. 03. 012. 013. 0 Zr O21. 03. 03. 02. 02. 0 CeCR20. 10. 10 N
Sb2030. 10. 10. 20. 10. 1 Y2030. 01. 00. 00. 00. 0 La2030.00.01.59§8%g%“bef2003
BaO0. 00. 00. 01. 00. 0 Tot al 100. 0100. 0100. 0100. 0100. 0

MyO+CaOl2. 512. 012. wl (cm)
Specific graV|ty3P€%§%g;§§p5; %§63%§ﬁ44§déﬁ%é%5 %§%Tbl%§%%%§‘%%%l
Specific @FSEPF@dnﬁaemu§h3539963999aeapd)ggﬁsalh peknani4 b iesXes30560550
Tenper at uge (&h-bQEhkAGe. 45@%19&42@5@ hangemdb 8 PShi ¢ (hour) for

164448 io e Thj ckness of 7080808 O stress-strain | ayer
Non- abrasgaﬁé Qﬁ%&hd“@b%@ @Glo) The above glass sample y

was immersed in the molten salt having a maintained

temperature of 380 to 460°C for a predetermlned time peried,
then taken out and washed.

Tables 1 and 2 show glass compositions and various
measurement data.

10 X~-ray abscrption coefficient refers to data
obtained by allowing X-ray having a wavelength of 0.06 nm
to enter a glass sample, measuring a transmitted-light
quantity at a position 50 mm far from an opposite surface
of the glass sample and calculating an absorption

15 coefficient.

Thickness of a stress-strain layer refers to data
obtained by polishing a cross section of a sample and
measuring the stress-strain 1ayer.through a precision
strain gauge.

20 Non-abrasion bending strength refers to data
obtained by measuring an ion-exchanged sample according to
the three-point bending test of JIS-R1601.

#150 Abrasion bending strength refers to data

obtained by uniformly abrading the surface of an ion-

25 exchanged sample with a #150 sand paper and carrying out a
three-point bending test while applying a load such that a

tensile stress was exerted on the surface being abraded.
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strength (MPi) #150 Abrasion bendi ng 320350400280300 strength (MPa)
Conpresi ve stress (Mda)510400500450450 Tensile stress (MPa) 1010101010 Ex. =
Exanpl e 54 8 Septenber 2003 Table 2 5102Ex. 6 Ex. 7 Ex. 8 RE x. 1 CEx. 1
46. 050. 062. 068. 070. 6 d assA1203 2.0 8.0 2.0 9.2 0.9 vi gog%’%gq,&}s’z@ég. 50.0
Na2Q2. 01. 71. 09. 112. 5 Conposi ti onK200. 00. 00. 00. 00. 6 MyOL1. 80. 04. 00. 05. 9
Ca(013. 012. 06. 80.09.5 (ol 9% Sr06. 013. 05. 00. 00. 0 Ti G28. 01.02.00.00.0

Zr 22. 02. 04. 03.10. 0 Ce®20. 10. 30. 10. 00. 0 Sh2030. 10. 20. 10. 10.0

2030. 01. 00. 00. 00. 0 La2030. 00. 00. 050r®1®L® Ba00. 00. 00. 010. 00.0

Tot al 100. 0100. 0100. 0100. 0100. 0 MyO+Ca24. 812. 010. 80. 015.4 X-ray absorption

282830133 Ex. 1 |EXx. 2 !Ex. 3 |Ex. 4 |Ex. 5

5iQ, 45.0 51.0C 54.0 45.8 42.8

Glass Al,0; .0 1.8 2.6 2.0 3.0
Li,0 11.0 13.0 17.0 9.0 10.0
Na,0 0 6.0 1.0 4.0 3.0

Composition K,0 3 0.0 0.5 0.0 2.0
Mgo .0 6.0 4.0 13.0 .0
Cao 12.5 6.0 B.O 0.0 10.0

(mols) Sro 12.5 6.0 5.6 11.0 5.0
Ti0, 12.5 6.0 3.0 12.0 13.90
Zro, 1.0 3.0 3.0 2.0 2.0
Ceal, 0.1 c.1 0.1 0.1 0.1
Sb,0; 0.1 0.1 0.2 0.1 0.1
¥,0, 0.0 1.0 0.0 0.0 0.0
La,0; 0.0 0.0 1.0 0.0 0.0
Bao 0.0 0.0 0.0 1.0 0.0
Total 100.0 100.0 100.0 | 100.0 100.0
MgQ+Ca0 12.5 12.¢ 12.0 13.0 19.0

X-ray absorption 37 28 29 33 30

coaefficient (em™)

Specific gravity 3.1 2.8 2.8 3.0 2.9

Young’'s modulus (GPa) 110 103 102 - 110 114

Specific elastiec modulus 35 36 36 36 39

(GPa)

Strain point (°C) 570 520 530 560 550

Temperature (°C) for ion- 450 420 400 420 440

exchange

Time period (hour) for 18 4 4 4 8

ion-exchange

Thickness (um) of 70 80 go 80 90

stress-strain layer

Non-abrasion bending 300 500 650 450 500

strength (MPa)

#150 Abrasion bending 320 350 400 280 300

strength (MPa)

Compresive stress (Mpa) 510 400 500 450 450

Tensile stress (MPa) 10 10 10 10 10

Ex. = Example
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coefficient (cm1l) Specific gravity2.92.92.82.52.5 Young' s nodul us

. (GPa) 11395927573 Specific elastic nodul us 3931323029 (GPa) Strain point
(C) 550560530500500 Tenperature (C) for ion- 450400400380460 exchange Ti ne
period (hour) for 4161641 ,ion-exchange Thickness (Em ain
| ayer 80 100 100 150 30 Non-abrasi on bendi ng 5005506005%%3%%%§?%2%2? (npa)
#150 Abrasi on bendi ng 34035040030050 strength (MPa) Conpresive stress

(Mpa) 300200200150300 Tensile stress (MPa)1010101010 Ex. = Exanple, REX. =
Referential Exanple, CEx. = ConparedibhVe Exanple 5 55 8 Septenber 2003

t hi ckness required due to the conventional Iinitation of pressure

e . s adtete  can ho A i
b L oS T M I 4 i M Prosaay peens s B

5i0o, 46.0 50.0 62.0 68.0 70.6

Glass Al,0, 2.0 B.0 2.0 9.2 0.9
Li,0 9.0 10.8 13.0 10.5 a.c
Na,0 2.0 1.7 1.0 9.1 12.5

Cemposition K,0 0.0 0 0.0 0.0 0.6
MgO 11.8 0 4.0 0.0 5.9
Cago 13.0 12.¢ 6.8 ¢.0 9.5

(mols) Sro 6.0 13.0 5.0 0.0 0.0
Tig, 8.0 1.0 2.0 0.0 0.0
Zro, 2.0 2.0 4.0 3.1 0.0
Ce0, c.1 0.3 5.1 0.0 0.0
Sb;0, 0.1 0.2 0.1 0.1 6.0
¥,0; 0.0 1.0 c.0 0.0 0.0
La,0, 0.0 c.0 0.05 0.0 c.¢
Ba0 0.0 0.0 0.01 0.0 0.0
Total 100.0 100.0 100.0 100.0 10Q0.0
MgO+Cal 24.8 12.90 10.8 0.0 15.4

X-ray absorption 28 28 30 13 3

coefficient (cm™')

Specific gravity 2.9 2.9 2.8 2.5 2.5

¥oung’'s modulus (GPa) 113 95 92 75 73

Specific elastic modulus 39 31 32 30 29

{GPa)

Strain point (°c) 550 560 530 500 500

Temperature (°C) for ion- 450 400 400 380 460

exchange

Time period (hour) for 4 16 16 4 1

ion-exchange

Thickness (um) of 80O 100 100 150 30

Stress-strain layer

Non-abrasion bending 500 550 600 500 290

strength (MPa)

#150 Abrasion bending 340 350 400 300 50

strength (MPa)

Compresive stress (Mpa) 30¢ 200 200 - 150 300

Tensile stress (MPa) 10 10 10 10 10

Ex. = Example, REXx. = Referential Example,
CEx. = Comparative Example
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Si 0276.0 d assA12C31. 0 Li 200.0 Na2®. 3 Conposi ti onK203.5 MjOL. 6 Ca2. 3

(mol %9 Sr338.6 Ti O20.4 Zr20.5 CeM0.1 Sb2030.0 Saol.7 Content100.0 X-ray
absorption 29 coefficient (cm1l) Specific gravity2.7 Young s nodul us (GPa) 76
Specific elastic nodulus 28 (GPa) Strain point (C)477 % nding
98 strength (MPa) CEx. = Conparative Exanple Table 4 ate rea |ng | oad
Thi cknessEx. 9CEx. 2 5 mmi, 570 N294 N 10 mm®, 370 N1, 180 N .Ex = Exanple, CEx.
= Conparative Exanple 57 8 Septenber-2003 The gl asses obtained in Exanples 1
to 8 hadthicknesgyrafjsdrptli dnecaef frihei ennventi®nel MGt ¥euRE s nodul us

pressure durability can be decreased, so that the products
can be decreased in weight.

5 Table 3
CEx. 2

Si0, 76.0

Glass Al,0; 1.0
Li,0 0.0
Na,0 9.3

Composition K0 3.5
MgO 1.6
Ca0 2.3

(mol%) 5ro 3.6
TiG, 0.4
2xQ, 0.5
Ce0, g.1
Sb,0, 0.0
BaQ 1.7
Content 100.0Q

X-ray absorption 29

coefficient (cm™)

Specific gravit& 2.7

Young's modulus (GPa) 76

Specific elastic modulus 28

(GPa)

Strain point (°C) 477

Non-abrasion bending 98

strength (MPa)

CEx. = Comparative Example
Table 4

Plate Breaking load

Thickness Ex., 9 CEx. 2

5 mm 1,570 N 294 N

10 mm 6,370 N 1,180 N

Ex = Example, CEx. = Comparative Example

10
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of nore than 90 GPa, a specific elastic nmodulus of nore than 30 GPa, a
non- abr asi on bendi ng strength of nore than 5 400 MPa and a stress-strain

| ayer (conpression stress |layer) thickness of nore than 50 pnl Furt her,
these glasses had a abrasion bending strength of noreg gﬂ? %x The

gl asses obtained in Referential Exanple 1 and 10 Conparative e 1 had
a Young's nodulus of less than 80 GPa and an X-ray absorptlon coefflcient of

| ess than 20, so at S A&
cat hode ray tube g%ﬂ% %%Eﬁ? g$§€? 5? su??I ql %Q1 hose
gl asses drgylebearpﬁlpubbpeéin@nentlsfd2§cgssearem ReN@Péd Armcgﬂépénent

have conpgsi Pab?@sthgk{t @'Od@PTaheaS%BQ%lelct eqae'i:%eabdm\aenblfoam%ed fail to
satisfy the B ertles of % ass of the present h ntion. %Pesxanple 9
and ConpaFQP dOEGSAp & ?oﬂ 68 9éﬁPPoH§Pdﬁ8H SLEERGEReR dm8F§s§

cat hode rapot Mba whidcl gkaesShadralaonﬁgemtlabm@hewelbn EBitgess3 was
processed |nto si zes . of x_10_x _10_mm ( Conparative
ot o 2 VEE) ¢ BLCHRegPaSE RFENE OHe B HBarsF COHIBE ¢ FORSSs t hat i n
Exanpl e 1gﬁasSpsobe§sedabathen bandispgzesrandtbubjfeoped thanod-S@xchange
under congitions shown in Exanple 1 of Table 1 (Exanple 9). These gl ass
sanpl es were neasured for a breaking load by a threedﬁﬁ;nt bendi ng test at

a span of 50 nm By HR Y Hheinak Fedpiarensi ahdwifmmierabland, the
| oad whur abblphyathat GxaAmphe COoREnti gaahky sambauned by tlkesgltass MQNing a

thlckness of 1 ar ati-we Exanp an att.ai ned by
the gl ass |ﬁ Ex§n8Pe%grﬁH]W%S§F§§g agogfthFéﬁngsg%lﬁf% §%§€'%§(95Ehs t he
th|cknesstbﬁttheegbaséaﬁﬁEGOHEQraptveUEkabﬁbeaB al glpsactfiogald product s,
theref orec,thgqdl a5y 868 SePLeher 2003 Lhikness iragyl tadglug fo the

conventlonal l'imtation pre urability can decreaséd, so that
the products can 1HE%?eaEQQFQr9lﬁﬁiﬁﬁ %?CﬁﬂﬁQ?ﬁ}n- Publications

15 discussed in Related Art Statement have compositions
outside the scope of the present invention and fail to
satisfy the properties of the glass of the present

invention.

20 Example 9 and Comparative Example 2

A conventional non-strengthened glass for a
cathode ray tube which glass had a composition shown in Fig.
3 was processed into sizes of 65 x 10 x 5 mm and 65 x 10 x
10 mm (Comparative Example 2). Further, a glass having the

25 same composition as that in Example 1 was processed to the
same sizes and subjected to ion-exchange under conditions
shown in Example 1 of Table 1 (Example 9}.

These glass samples were measured for a breaking

load by a three-point bending test at a span of 50 mm.
30 Table 4 shows the results.

As shown in Table 4, the load durability that can
be conventionally attained by the glass having a thickness
of 10 mm as shown in Comparative Example 2 can be attained
by the glass in Example 9 which glass has a thickness 1/2

35 as large as the thickness of the glass in Comparative

Example 2. 1In practical products, therefore, the glass




CEx. 2 Si276.0 d assA12031.0 Li200.0 Na2®. 3 ConpositionkK203.5 MOL. 6
Ca®2.3 (ol % }Sr@8.6 Ti020.4 Zr20.5 Ce20.1 Sh2030.0 BaOLl. 7 Content100.0
X-ray absorption 29 coefficient (cmi1l) Specific gravity2.7 Young's nodul us

(GPa) 76 Specific elastic nodulus 28 (GPa) Strain point g(&dsk L@Rgasi on
bendi ng 98 strength (MPa) CEx. = Conparative Exanple Tagg%)§%¥g9

Pl at eBr eaki ng | oad Thi cknessEx. 9CEx. 2 5 nmi, 570 N294 N 10 nn6,37P Niblio N
Ex = Exa = Conparative, EX le 57 8 Septenber 2003 Exanpl e
pl at e- sh;r@e%]{gﬂc\éggs(ss ﬂ%%%e‘iih u%o?‘fboa]i‘ngi oRrERBhkonal limitation of

pressure durability can be decreased, so that the products

can be decreased in weight,

5 Table 3
CEx. 2
5i0, 76.0
Glass 31,0, 1.0
Li,0 0.0
Na,0 9.3
Composition K0 3.5
Mgo 1.6
Ca0 2.3
‘ (mols) sro 3.6
! Tio, 0.4
Zr0, 0.5
Cel, 0.1
5b,0, 0.0
Bal 1.7
Content 100.0Q
X-ray absorption 29
coefficient (cm™)
Specific gravit§ 2.7
Young’s modulus (GPa) 76
Specific elastic meodulus 28
(GPa)
Strain point (°C) 477
Non-abrasion bending 98
strength (MPa)
CEx. = Comparative Example
Table 4
Plate Breaking load
Thickness Ex. 9 CEx. 2
5 mm 1,570 N 294 N
10 mm 6,370 N 1,180 N
EX = Example, CExX. = Comparative Example

10
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in Exanple 1 (thickness 10 mm thickness of a smallest- thickness portion 8
man) was subj ected to ion-exchange under 5 conditions shown in Exanple 1 of
Table 1, to obtain a glass panel for a 36-inch flat-surface Braun tube. The

panel had a weight of approximtely 20 kg and had a . i0@§ as
conpared with a conventional panel having a wei ght of dﬁge%%ﬁgﬁh\?t her, the

panel had a decreased thickness as 10 conpared with a conventional panel
havi ng a.é@%&%pgs§oof 20 mmor nore. Further, it was found that the panel
having a Targe size had sufficient strength. 15 Exanples 11 - 16 and

Conpar ati ve ExanpPep3aRewshapPer 8/-355uBRVasJdokNEe§ONRPFLEIPGe $HOYWEar bonat es,

nitrat ?S1i§hﬂ:59£1h;319§é1 13‘€'£f1§é2§es§t o 1:;1fei\49r€hi<\£\%i1e9§§dof0apéﬁ@ﬁl@sa—COWDOSi tion
shown in Table 5, and m xed to obtain a,for mat er The ,f or mul at ed

t f ) | at ed i al .
materi al WRECHMEEEIPPRTAODI &t PRUNVRF s Rl %?tg%a?%dl‘?%_?6C£I?ﬁ@%dlﬁﬂ8rrrel ted,
and t e nebhdesossi 5hedn banpgempredl andrsbhsiij eto dbeainthegimkien gl ass
was cast into.a. castinpg.nold ter_the glass splidifi I was
re-pIacedp?ﬂeénngegt??cl?ﬁ#ng%gih%%fe%c 0 Eaﬁ%np%égfufgﬁéé%%ﬁﬁgIﬁﬁé
anneal i ngapeehghdf of hepgrassmahehdvadcky amd héd 25dgrneasedswgialbal |y

cool ed {0af 0pPkRbERA! ALUACa IBEVENUSoARI 3haREL 0hasenb! aokevgaepoki sbed on

both the surfaces to prepare a 65 X nm pl at e- shaped gl ass sanpl e-
The gl assKgangl& WRRT i niiet aReh s Saaes tthjcﬁk’herﬁp / KNGB ni xed
sal t 3 omai @@ﬁbﬂeddﬁwiaﬁoat ?_ﬁﬂ’é@ﬁt%]bﬂﬁl 3§?aepr mjemgrraneﬁitknespeoifgﬁth gl i
carry out_ion-exchange en, the sanple t.aken out abl e
shows gl ast 85n‘68§f3ti 0 %rgh%r'valrif olfs® ?&%‘ﬂﬁiﬂ%f@“&ar%@%%% oar ption
coeffici ehargef eiget badasaf8bcobnti atdebgthl | owi ng X-ray having a wavel ength
of 0.06 nm to enter a plate-shaped glass, neasuring a transmtted 58 8

Sept enber -2003 Iight guantity at a position 50 mmfar from an opposite
surface ofxegmelgpadd andScareufarPragehhvanEsrPPien coefficient.

15 Raw materials such as oxides, hydroxides,
carbonates, nitrates, chlorides, sulfates, etc., were
weighed to prepare a composition shown in Table 5, and
mixed to obtain a formulated material. The formulated
material was placed in a platinum crucible, heated to

20 1,400°C and melted, and the melt was stirred, homogenized
and clarified. Then, the molten glass was cast into a
casting mold. After the glass solidified, the glass was
re-pladed in an electric furnace heated to a temperature
around the annealing point of the glass in advance, and the

25 glass was gradually cooled to room temperature.

The thus-obtained glass block was polished on both
the surfaces to prepare a 65 x 10 x 1 mm plate-shaped glass
sample. The glass sample was immersed in simple KNO3 salt
or an NaNO;/KNQ; mixed salts maintained at 380 to 450°C, for

30 a predetermined time period, to carry out ion-exchange.
Then, the sample was taken out and washed.

Table 5 shows glass compositions and various
measurement data.

X-ray absorption coefficient refers to data

35 obtained by allowing X-ray having a wavelength of 0.06 nm
to enter a plate-shaped glass, measuring a transmitted-

58




Thi ckness of a stress-strain layer refers to data 5 obtained by polishing a
cross section of an ion-exchanged sanple and neasuring the stress-strain

| ayer through a precision strain gauge. Non-abrasion bending strength
refers to data obtained by measuring an ion-exchangedg6$, of - 10
sanpl e according to the three-point bending test of Jlg--e%‘fég)l. %Ofg:g]

Abr asi on bending strength refers to data obtained by uniformy abrading the

surface of ; gl aﬁan%m_@aaaeg PBERLEoW BB An#Ea? $206 ra&p%rpp@yi@@rryl ng out
a 15 three-paint bending test while applying a Io%g) such that a tensile

stress waS8UgkaFeeffofhehglagef é@@ Séﬂﬁb}l%ﬁ-&&eén Sé’r@gdtoéhber 2003 Table 5
Ex. 11Ex. &3&%xrid3Extl4Ex. 15EX. 16CEX 3 SIC247 550. 555. 553. 057. 062. 060. 6

A120315. 010. 07. 51Q,,01 7. 00, ssL|20
Na2010. 59. 010. 58. é%ﬂ? 4 & G b it e data
MyQ0. GO. 50b66i69d06y09031§hungnaacmoee egc@@ogoogoagoLmn exchanged

Sr 9. 59. Oé&mgié Qhé. Qéésﬂ%Qné QM%%%§§€§55%tQ%1%51%%eQOe%%d%gh a
Ti @20. 50. 50. 50. 40. 4 24.53.03.01. 04. 0

Ce20. 30. Be3HSAOr46L2012 9BPES0. 20. 20. 20. 20. 20. 20. 6

ZnQ0. 00. 00. 01. 00. %&&&A@ﬂ%&&%@%&;mmc&@é@@ 9% Sta

LTot al 100, 0100. 0100. 0100. 0100. 0100..0100,.0. T 0600570580600580520
te(r)r;[)gr at u?g%eﬁle Bé’ym§8§8rrfjpgoﬁn2§?§2§§§:?§‘r§%n§§| coe ﬁ(%:ll g‘n'ﬁ(é&n@ X)

sample according to the three-point bending test of JIS-
R1601.

#150 Abrasion bending strength refers to data
obtained by uniformly abrading the surface of an ion-
exchanged sample with a #150 sand paper and carrying out a

15 three-point bending test while applying a load such that a
tensile stress was exerted on the surface being abraded.
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Tenperature for 460440430460450460400 i on-exchange (C) Tinme for ion- 4444444
exchange (hour) Stress-strain 15010017010015013030 | ayer (Ettit)

Non- abr asi on 250300320350330350200 strength (Moa) #150 Abrasion
22020020025025023050 strength (MPa) Ex. = Exanpl e, Septembar 20ore
Example (Notes) 1) A: Total content of Si02, A1203, Li20 Na20, K20, SrQ
BaO, 5 Ti02 , Zr02 , Ce® and Sb203 . 60 8 Septenber-2003 As shown in
Table 5, all of Exanples 11 to 16 give chenically strengthened gl asses
having a stress-strain |ayer havi #gbdet 5 ckness (depth) of at |least 100 m

ot hoop O aeSEa e am L T ot Lokt [EEass dibhid ol Had 28/ om
The gl asses obt 388 in I Ekbwplied®43 it 3518 _raté e |f AIIY u$ado as 6961 fass f or
a cathpde ray t/ueq; partltﬂkarlyoas a glask namel thay ef or.o [Fumther, al
of thespcdasseqhaye a #1530 qabragipon bgngingzlg tr@qgth ot af Ie@st 200
MPa. The above g&gﬁfes ot EFq IICEan%tgb ti—to were—atrtrangee—t o be
gl ass ppnel s for—aHat—suttadce-cath Pay t8uBe AQA)fhéoﬂ@acq_pﬁ s were
i nt egr af €¥FBAt h [FaPnel s | by -Prijt $ealli n§-wnders. heat 2.® dbtaim B6siach
fllat-surface 15 |egbhode 1ay .oubess.dti wasofpundothatga dirfhegenceg yn
his. obf & P33 i Ghade et ioqr ik AAe® | e wet 2 doobtti by rbt
distorted. It wasi8l so fours 9.0 11.0 13.0 ¢ 12.0 | 15.0 | 10.4
(Wt%) Bao 6.5 9.0 4.5 5.0 2.0 0.0 9.0
Ti0, 0.5 0.5 0.5 0.4 0.4 0.4 0.5
Zro, 4.5 3.0 3.0 1.0 4.0 2.0 2.1
Ce0, 0.3 0.3 0.3 0.4 0.4 0.4 0.2
Sb,0; 0.2 0.2 0.2 0.2 0.2 0.2 0.6
Zno 0.0 0.0 0.0 1.0 0.0 0.0 0.0
Al 100.0 | 99.5 | 99.0 | 99.0 |100.0 {100.0 | 99.3
Total 100.0 | 100.0 |100.0 | 100.0 |100.0 |100.0 |100.0
Transition 620 600 570 580 600 580 520
temperature (°C)
X-ray absorptien 29 29 29 29 29 29 28
coefficient (cm™)
Temperature for 460 440 430 460 450 460 400
lon-exchange (°C)
Time for ion- 4 4 4 4 4 4 4
exchange (hour)
Stress-strain 150 1240 170 100 1590 130 30
layer (um)
Non-abrasion 25¢C 300 320 350 33¢ 350 200
strength (Mpa) .
#150 Abrasion 220 200 200 250 250 230 50
strength (MPa)
Ex. = Example, CEx. = Comparative Example

(Notes)
1) A: Total content of Si0,, Al;0:, Li;0, Na,0, K;0, Sro, Bao,
5 TiOZ, Z2r0,, Cel, and Sb;O;,.
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that the glass panels did not undergo coloring (browning) 20 due to
irradiation with X-ray. Exanple 17 A soda |ine glass having a thickness of 5
nmwas heated to approximtely 700C, cooled to 500C with air 25 ejected

t hrough a nozzle having a cooling capability of 500 /¢ Iy
cooled from500C to roomtenperature. Then, the glasgéggéh?ﬁﬁggse In a
nolten salt of potassium nitrate having a tenperature of 450C, nmaintai ned
therein for 4 hoyrs, then, t out, ol gd .0, AW t1eanpey atairgi vea30 and
washed. The obt ai iﬂ%ﬂﬂs%ﬁagéﬁgﬁ%g%eéﬁgbfﬁg strégé- strain l.ayer thickness
and a benehegistidygshrefighhened ghewseshBayésdl fsStRe§easst@afpl e havi ng
the sanme _conpositi.on as S t hengd Bwaakr 100l ym amd a 35 gl ass
sanpl e havPA§Tt évggﬁeac3§ggggfggn<§%E§Egve wg% %ﬁégL§%5g¥ §b?e thened.
These samplaas nge e nonmiabaiaisy 051 bgnddBeefbEFNISH03 5% reasired” Tabl 6 '6 shows

t he FQ?U|%%ﬂ'%ﬁqhd$a@mb%ém@ia@%@%Uh%@efQh & -gtayesdsswpdilen] ayer  t hi ckness
t hr oug | Si '

a precision strain _gauge after the.gro t] agh was
polished.‘1%%§§Hﬁj%ﬂﬁréﬁbpﬁr%égﬁﬁg‘FggégTa %ﬁ?a?%%ﬁ§§§ bﬁgggﬁsﬁng each sanpl e
havi ng a $ixzegifesfd Ix tt0 D6 Lammbeadedidi mgedo ash@ HIEEE FAMA@ bendi ng t est

of JIS-R1601. Table 6 15 SSISt il 1y | B g tHare i The
inventionéﬁ%ﬂg%iéuﬁfﬁwggﬁﬁ’r}égﬁgkgt enﬁ%g SOOQ%%%i§ MPa .al one %penical 30
p- MB0OO MPaFwsturenmt hearli mif dlhere glasses have a #1 abrasion bendihg

10 strength of at least 200 MPa.

The above glasses obtained in Examples 11 to 16

were arranged to be glass panels for a flat-surface cathode
ray tube, and the glass panels were integrated with funnels
by frit sealing under heat €O obtain 36-inch flat-surface
15 cathode ray tubes. It was found that a difference in
pressures inside and outside each cathode ray tube did not
distort the thus-obtained cathode ray tubes, and that
images were accordingly not distorted. It was also found
that the glass panels did not undergo coloring {browning)
20 due to irradiation with ¥X-ray.

Example 17
A soda lime glass having a thickness of 5 mm was
heated to approximately 700°C, cooled to 500°C with air
25 ejected through a nozzle having a cooling capability of 500
W/m2-°C and gradually cooled from 500°C to room temperature.
Then, the glass was immersed in a molten salt of potassium
nitrate having a temperature of 450°C, maintained therein
for 4 hours, then, taken out, cooled to room temperature
30 and washed.
The obtained glass was measured for a stress-
strain layer thickness and a bending strength. Table 6
shows the results. A glass sample having the same
composition as above was strengthened by air only, and a

35 glass sample having the same composition as above was

chemically strengthened. These samples were similarly




The above soda |ine glass had a conposition having the follow ng contents
shown by % by weight. Si02 71.2 % A1203 1.5 % Na20 13.1 % K20 0.9 % MO
4.1 % Ca0 8.9 % S03 0.3 % Exanple 18 A 8 nmthick glass for a CRT was
heated to approximtely 700C, and the gl ass was rapi ' LSedd a
nolten salt of potassiumnitrate having a terrperatureOI%%(':Jpggl%z?gggddh

mai ntai ned therein for 4 hours, then, taken out, cooled to roomtenperature
and washed. The aqbt aj ne g%ass was, neasured for a stress- strain |ayer

t hi ckness™8RGY4® eng*%@ij%t TS i HPE nE®¥ahe®  manner as in Exanple 17. Table
7 shows the resul tBachA 3onpjlease ss angal serrealifing tehes tomases -cOnpoigl tiayers -above
was trea y $i tre I S I ' t he
Sare compbarEr s by s rroared by 53 8 daareber C200s chom Al

strengt heferR§ignond, card whe Ppéack@dsanples were sinilarly neasured. Table
7 shows the resul t $enfablee sfr2nl@nlTe2Rrot tes Sastar abtdiayer Bandi ng strength
The i nventionl mMmB50 Nga Phgiicﬁl"l nml50 MPa s%gengﬁ%eni g.al one Chem cal
50 ~i m250™RBSUSLPEanGRRENPATPAFORE VHRE B0ovESgPas S &r 14 ad a
conposi ti erchadiing to the three-point bending test of JIS-R1601.

Table 6
Stress-strain layer | Bending strength
The invention 800 um 400 MPa
Air-strengthening 800 I 150 MPa
alone
Chemical 30 pm 300 MPa
strengthening alone )
10
The above soda lime glass had a composition having
the following contents shown by % by weight.
Sio, 71.2 %
Al:0; 1.5 %
15 Na,O 13.1 %
K;0 0.9 %
MgO 4.1 %
Cal 8.9 %
503 0.3 %
20
Example 18

A B8 mm thick glass for a CRT was heated to
approximately 700°C, and the glass was rapidly immersed in
a molten salt of potassium nitrate having a temperature of

25 420°C, maintained therein feor 4 hours, then, taken out,
cooled to room temperature and washed.

The obtained glass was measured for a stress-
strain lavyer thickness and a bending strength in the same
manner as in Example 17. Table 7 shows the results. A

30 glass sample having the same composition as above was
treated by physical strengthening alone, a glass sample

having the same composition as above was treated by




the follow ng contents shown by % by wei ght.
Ca0 0.4 %
Sb203 0.3 % Exanple 19 A 8 nmthick glass for a CRT

approxi mately 700C, and the glass was rgg mbdeIGEf
nmolten m xed salts of sodiumnitrate (40 % by wei ght) anéggé

nitrate (60 % by wei ght) having a tenperature of

6.6 %
Zro2 2.1

was heated to

K20 8.6

% MO 0.3 %

% Ce@2 0.2 %

Sr

Si02 60.6 %
O010.4 %

A1203 1.0 %
BaO 9.0 %

Na20
Ti02 0.5 %

in
pot assi um
400C, mai ntai ned therein

for 4 howtisemibeD, st AkEH 194 ing CAPEE, t Ond OOHRt eARaEtAHUEAMPNdswWaslted. The

obt ai ned g] ass s neasured for stress- strain |layer thickness and a
bendi ng sYHehARLY edsutete @ 4Ranh Qﬁ?i@h?ﬁ&ﬁﬁﬁ%Fﬁ?. Tabl e 8 shows the
results. A glass sanple having the sane conposition as above was treated by

physi cal strengthening al one, a gla§

s, sanple 63 -S Septenber 2003 having the
%bgen?rhpnihal i

sanme conposjtion as above was treate _ . Qtrf#@LhenLn%_aLﬁre’ and
the treated.sanples were  sinmilapkie ia Bepding StEqMIthoc i ts. 5
Tabl e 8 Strp&se dWaPH9%ayer Bend| ng stlr 8Bgt h The i nyent il “hA650 MPa
Physi cal 1 pBG<RPa strengthen|jng alloA® Chenical {100 N30 MRPa strenpthening
al one strengthening alone
Chemical 50 pm 250 MPa
strengthening alone
5
The above glass for a CRT had a composition having
the following contents shown by % by weight.
Si0e 60.6 %
Al,05 1.0 %
10 Na,0 6.6 %
K20 8.6 %
MgQ 0.3 %
cao 0.4 %
Sro 10.4 %
15 BaO 9.0 %
TiQ; 0.5 %
Zr0; 2.1 %
Ce0» 0.2 %
Sb; 04 0.3 %
20
Example 19
A 8 mm thick glass for a CRT was heated to
approximately 700°C, and the glass was rapidly immersed in
molten mixed salts of sodium nitrate (40 % by weight) and
25 potassium nitrate (60 % by weight) having a temperature of
400°C, maintained therein for 4 hours, then, taken out,
cooled to room temperature and washed.
The obtained glass was measured for a stress-
strain layer thickness and a bending strength in the same
30 manner as in Example 17. Table 8 shows the results. A

glass sample having the same composition as above was

treated by physical strengthening alone, a glass sample
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The above glass for a CRT had a conposition having the follow ng contents
shown by nol % Si 0262.0 % 10A12032.0 % Li 2013. 0 % Na201.0 % MgO4. 0 % Ca(6. 8
% 15Sr 5.0 % Ti 022.0 % Zr024.0 % Ce020. 1 % Sb2030.1 % 20N 00. 05 % Co02030. 01
% Exanpl e 20 A 8 mnmthick glass for a CRT was heated t® sZpagmbaxiztmie! v
700C, and the glass was rapidly imrersed in a nolten salt of potassium
nitrate having a tenperature of 400C, naintained therein for 4 hours, then,
t aken outha €Dy eché OsIMONHRPPST Bl i a dngMasaerlas Theeg@btai bed gl ass was
measured for a siress- 30strain Ij’%xgr thigkﬂesstandta bendi ng strength in
the same TRHAETFEhsSFreRERprEnd 7219981 e2 BBt T RREFASTITRICA “§F&ss sanpl e
havi ng t heisaher tpnpesstred. asalioy e vidsovws! ttheSaptsantidsr- 2003 5 treated by
physi cal strengthening al one, a glass sanple having the same conposition as
above was treated by chem cal strengthening alone, and the treated sanples
were Ssinilarly measured. Table 9 sheddetBe results. Table 9 10

Stress-strajn | ayerBendi ng strehgtiesERetraientyanl| Bd@@nyPatBpgshcal{ 1 nml50
MPa The invention 1 mm 650 MPa

Physical 1 mm 150 MPa

strengthening alone

Chemical 100 pm 600 MPa

strengthening alone

The above glass for a CRT had a composition having
the following contents shown by mol%.

Si0; 62.0 %
10 Al,0; 2.0 %
Li,0 13.0 %
Na,O 1.0 %
MgO 4.0 %
Cao 6.8 3%
15 Sro 5.0 %
TiQ, 2.0 %
Zr0s; 4.0 %
Cel; 0.1 %
Sb203 0.1 %
20 NiQ 0.05 %
Caz03 0.01 %
Example 20

A B mm thick glass for a CRT was heated to
25 approximately 700°C, and the glass was rapidly immersed in
a molten salt of potassium nitrate having a temperature of
400°C, maintained therein for 4 hours, then, taken out,
cooled to room temperature and washed.
The obtained glass was measured for a stress-
30 strain layer thickness and a bending strength in the same
manner as in Example 17. Table 9 shows the results. A

glass sample having the same composition as above was
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strengt heni ng al one Chem cal 100 ~LnB850 MPa strengtheni ng al one The above
glass for a CRT had a conposition having the follow ng contents shown by %
by weight. Si02 47.5 % A1203 Na20 15 20 15.5 % 10.5 % K20 5.0 % SrO 9.5 %
BaO 6.5 % Ti02 0.5 % Zroz 4.5 % CeQ2 0.3 % Sh2C3 08%‘e %P]?) s iRt hened
gl asses obtained in the above Exanples were integrated w't unnel's with
frit seals under heat to give cathode ray tubes. Desi rably the heating is

carried eIty }pé’m inp ach gl ass so
that the s ress s]%f;g}ﬁ; acg/gefssl' are (# xﬁe?nf%%%dna L%ig%% olgégmanner

there mr@‘@m‘hlm 33Re CRRDRYE ¥AY 2RO HAWEY E;’F%%%e%amél s having-a
stress- iH&hicd BYSfr ﬁrﬂ&ﬁl mmSSam @ﬂeleﬁéétaéOsampmds haveng a
bendi ng stren th of at ast 3 %Se‘%;sgg{%r 2003 WHAT | S CLAI MED
1S 1. A I&e%%‘t“ﬁ e S chemical ly
strengt hened gl ass and has a Young s rmdul us of 5 at Ieast 90 GPa. 2. The

glass of claim1, which has at | eas.{.algfg Qf a specific elastic nodul us
(YOung S nDdH|HQ/QnPPIfIP nrav1 | east 30 GPa—-—a -strain-peint of at

| east 500C, |-an dfress-strain layer | Bending strength'
The invention 1 rm © 400 MPa
Physical 1 mm 150 MPa
strengthening alone
Chemical 100 pm 350 Mpa
strengthening alone .

The above glass for a CRT had a composition having

the following contents shown by % by weight.

10 S1i0; 47.5 %
Al,0, 15.5 %
Na,0 10.5 %
K,0 5.0 %
3r0 9.5 %

15 Bao 6.5 %
TiO; 0.5 %
Zr0g 4.5 %
Ce0; 0.3 %
Sb:0; 0.2 %

20

The strengthened glasses obtained in the above
Examples were integrated with funnels with frit seals under
heat to give cathode ray tubes. Desirably, the heating is
carried out at a temperature lower than the strain point of
25 each glass so that the stress-strain layers are not
alleviated. In the above manner, there were obtained the

cathode ray tubes having glass panels having a stress-

strain layer having a thickness of at least 250 um and
having a bending strength of at least 350 MPa.




10 internal tensile stress of less than 20 MPa or a surface conpression
stress of at least 100 MPa. 3. The glass of claiml, which is a chemcally
strengthened glass froma matrix glass which conpri ses Si 2, 15 A1203r Li 20,
Na20, SrO Ti 2, Zr02 and Ce@2 and al so contains ?Eﬁe% . 4. A
matrix glass for a cathode ray tube, which conpri ses Sl %bg@ﬁ% 20,
Na20, SrO Ti 2, Zr02 and Ce2 20 and al so contains MJO or CaO or both and
whi ch ha %go {Aﬁg@[:@ %Sof 5to 20 nol% an SrO content of 3 to 15 nol %
and aZ eh to 5 nol% 5. The glass of claim4, which has an
Si 02 content of 25 40 to 70 nol % an A1203 content of 0.1 to 15 rml % an

Na20 contgnt of 0al % <10 q R MR Qggt %g_fb f(;;(i)l]]:_tg% L3 il o

content of 0 to 15 rol % an content nmol % and has an Si 02
+ A1203 +ct¢99041kﬁzétmesﬂthanqnoglasSzaoé hageapYoupgbs+medwitst 8 cont ent
of at sl eagt 85:8Bl % 88a6. A glass for a cathode ray tube, which is a

chem cally strengthened glass fromthe matrix glass recited in claim4. 35
7. The glass of claim®6, which has at | east one of a Young's nodul us of at
| east 90 TPa, a spée glasel aft icda6mk 67 ShIept dnisernt20@R stodueuf{ ¥oung' s

modul s/ speg{ e ILRNLEYL REaBtuleqpbuRl: s RBaugy 8 LBLA;ROLL QL1 | ast

500C, an erna ensi ress
conpressi©oh 8trésgstoBlatPheast si08iMPaeiBE Afnethbdakbr SQGHEIUCEFINQ a gl ass

for aocatheeernay tbHBe1eWateBs60BRrises e€henl sol hyasbreagtiemnne the matrix
glass recited in claim4 b hange breatrrent thereof in a bath

cont ai ni ng°RE*FORL B8R RtFﬁﬁgo?gbBFh §855 1PBrjefature of 350C to 550C. 9. A

gl ass panel for a cathode ray tube, nade of the glass recited in claim 1.

10 A glags panel o A G4 BRI 1YP%n 119 Oh IhEm YAy recited In
claim
strengthened glass from a matrix glass which comprises SiOg,
15 Al;0s, Li;0, Na0, Sr0, Ti0O;, Zr0; and CeO; and also contains

Mg0O or Ca0 or both.

4, A matrix glass for a cathode ray tube, which
comprises $iQ;, Al,03;, Li 0, Na0, Sr0, TiOz, Zr0; and Cel;

20 and also contains MgQ or Ca0 or both and which has an Li.0
content of 5 to 20 mol%, an Sr0O content of 3 to 15 mol% and
a 2rQ, content of 0.1 to 5 mol%.

5. The glass of claim 4, which has an S$i0O; content of
25 40 to 70 mol%, an Al,0; content of 0.1 to 15 mol%, an Na0
content of 0.1 to 10 mol%, an MgO content of 0 to 15 mol%,
a Ca0O content of 0 to 15 mol% and TiO; content of 0.1 to 15
mol% and has an Si0; + Al.03 + Li,0O + Na0 + SrO + TiO; +
ZrQ; + Ce0, + MgO + Ca0 total content of at least 85 mol%.

30
6. A glass for a cathode ray tube, which is a
chemically strengthened glass from the matrix glass recited
in claim 4.

35 7. The glass of claim 6, which has at least one of a

Young's modulus of at least 90 GPa, a specific elastic




11. A method for producing a glass panel for a cathode ray tube, which
conprises the steps of processing the matrix glass recited in claim4 to
the formof a panel, and chem cally strengthening thus-processed glass by
i on-exchange in a bath containing Na i or Kion or Q9%¥até%b%rt rature
of 350C to 550C. 12. A cathode ray tubeg’ conprising the g 5@5 pane recited
inclaim9. 13. A cathode ray tube conprising the glass panel recited in
claimA. .14. A strengthened glass forned by chem cal strengthening of a
physical ly g%rgngt?@ned patrié gla s _at _a tenperature |ower than the strain
t enper at urt°of ~tfe ' *HEEFI X PPASsUS/8PeFhEist FEAYLhEned fglrdsdeaS tel38 m 23,
}A/ni CP 223 @58 §d§§9é@ﬂb éiﬁ_ﬁ)o@fséte;@é?ﬁ{:r?b°¢,?Yﬁti‘%%%ﬁﬂlv%§ E%ﬁg%j}%ssh of at
eas a , n n of at_leas 2a. . e
strengtheﬁggr% %sgPO?egfa?ﬁg 3?03%%%hgﬁa§ i?r%FESSFoaﬁéeéﬁlgﬁ ﬁ%F@ﬁﬁm
tensile stdesdtoleeessl@haiP20 MPa, a surface conpression stress of at
| east 100- MPa and an X ray absorption coefficient of at |east 28/ cm 17..

The strengthened gl ass of claim 23, wherein the matrix glass contains L120
or Na20 or® both ané Ra§hads£paj RTOPBIrARJOR 438ECSor o ghelathrgie May

strengt hengadhd) assi @ SbmbM 235 MG LM {1 Pes - PBAGEX AL ASS tAQNMALRS S C2,
A1203, Li2Q Na:zCl,Sn;l_W] pzﬂ Zr02 and Ce2 and al so"contains MyO or CaO
or both affdte FHatTi% Y a2 Has? HY L1120 Lortanteof*52E8°28 RBR%EOEN SrO
content ofir3.z tmedis dmd 04 bnihq N 0o ofit et 19 . Or Ibb B 5a80E% 19. The
strengt hened gl ass_of cl al 3, rein the matrix glass contains, as
essenti al %ﬁﬂf%‘? %%gggnilf@%%ogﬁl-kali netal oxides, SrO and zr02 and
further contains, as essential conponent(s), TiQ2 or CeQ or both, and

further, dhe mailjpxc9hassetoniargs Ba0.andshedy as,ant il oCqgponents,

and further wherein the matriXx glrass has an elt "of 5 to $ by
wei ght an@l@23otEdCdel it PFaimhe - above essential conponents and the
optional components is

10. & glass panel for a cathode ray tube, made of the
_glass recited in claim 6. -

1. A method for producing a glass panel for a cathode
ray tube, which comprises the steps of o
processing the matrix glass recited in claim 4 to
the form of a panel, and '
chemically strengthening thus-processed glass by
ion-exchange in a bath containing Na ion or K ion or both
at a temperature of 350°C to 55C°C.

12. A cathode ray tube comprising the glass panel
recited in claim 9.

13. A cathode rav tube comprising the glass panel
recited in claim 10.

14, A strengthened glass formed by chemical
strengthening of a physically strengthened matrix glass at
a temperature lower than the strazin temperature of the-
matrix glass. ' ' :

15. The strengthened glass of claim 23, which has a




at least 90 % by weight. 20. A strengthened gl ass which has a stress-strain
| ayer having a thickness of"at |east 250 pm and has a bending strength of

at |east 300. MPa. 21. The strengthened gl ass of claim 25, which has at

| east one of an internal stress of le t han 20 MPa, F%Hﬁ ABSr ession
stress of at least 100 MPa and an X-ray~ absorption coefflcient Of at |east
28/cm 69 8 Septenber 2003 22. A glass for a display, which is nade of the
strengthened glass recited in claim?23. 23. A glass for a display, which is

made of tdwer L n lLags.tecit i.n.claim?29. 24, A s panel for a
cat hode rgd@ 0 EE%DE Eggg ﬁ%""%% gb k?ssrseﬂrté'd'lineaétg 25%1&“25

gl ass parf¥ df%‘?'s ac%?’ﬂ%d’égrﬁy*f-‘ﬂﬁeﬂ @Afl @Iﬁ lsastaddLMBRAe gl ass reci ted in .
claim32. 26. A cathode ray tube conprising the glass panel recited in

cl ai m 33. %7 A g% ss _panel for a cathode ray tube, which is nade of the
gl ass rec# ed in ﬁﬁlﬁf #hgthened glass of claim 23 which has at

least one of an internal tensile stress of less than 20 MPa,
& surface compression stress of at leas; 100 MPa and an X—
ray absorption cocefficient of at least 28/cm.

17.  The strengthened glass of claim 23, wherein the
matrix glass contains Li,0 or Na:0 ¢r both and has a strain
point of 450°C or higher. |

18, Thé_strengthened glass of claim 23, wherein the
matrix glass contains S$iO;, Al;0;, Liz0, NasQ, Sro, TiOz,
ZrQ; and CeQ:; and also contains MgO or Ca0 or both and the .
matrix glass has an Li0 content of 5 to 20 mol%, an Sro
content of 2 to 15 mol® and a ZrQ; content of 0.1 to 5 mol%..

19, The strengthened glass of claim 23, wherein the
matriﬁ glass contains, as essential components, S$i0z, Al;0s,
alkali metal oxides, SrQ and Zro. and.further contains, as
essential component(s), TiO; or CeQ; or both, and further,
the matrix glass contains Ba0® and Sb:0; as optional
components, and further wherein the matrix glass has an SrQ
content of 5 to 20 % by weight and a total content of the
above essential components and the cptional components is
at least 90 % by weight.

20. A strengthened glass-which has a stress-strain

layer having a thickness of at least 250 um and has a
bending strength of at least 300 MPa.

21. The Strengthened glass of claim 25, which has at
least one of an internal stress of less than 20 MPa, a
surface compression stress of at least 100 MPz and an X-ray
absorption coefficient of at lesast 28/cm.
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22, A glass for a display, which is made of the
strengthened glass recited in claim 23.

23. A glass for a display, which is made of the
strengthened glass recited in claim 28S.

24 . A glass panel for a cathode ray tube, which is

made of the glass recited in claim 31.

25. A glass panel for a cathode ray tube, which 1is

made of the glass recited in claim 32.

26. A cathode ray tube comprising the glass panel
recited in claim 33.

27. A glass panel for a cathode ray tube, which is
made of the glass recited in claim 34¢.




