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GLASS:FORM NG MOLD AND METHOD FOR FORM NG A GLASS P SAcopY
CATHCDE 5 RAY TUBE- o BACKGROUND OF THE | NVENTI ON -

FI ELD OF THE | NVENTI ON The present invention relates to a glass

f ormi ng mol d, particularly to a glass_f?rging mold to be used for 10
press formng a glass product such as a front gl ass panel or a funnel
for a cathode ray tube for television, and a met hod" for form ng the

gl ass product for a cathode ray t ube. DI SCUSSI ON OF BACKGROUND
15 - A cathode ray tube-for television isHpreggged b& produci ng a
front panel (image-forning region) ZIEME,QFTHE INVEMITIOReck portion
separately, coati f I St an ' Laner a he
panel-, attaching gﬁ’AééJ %ﬁ@gﬁ RGP 'amogc%?%dg’gpbﬂgllbgmgdcggéésgéﬁﬁ&ﬁ‘ig
them 20 Especi , t ' Y r ' | e

for the preparati gﬁ*‘%f@sf{’gﬂﬁb%a Q%{E%Mﬁéhgqugﬁ iﬁ(:%thfC‘f %E%Hefn%AaTngDE
focused and i@ggeﬁA?rfbéaned. Form ng of the panel is carried out
by pressing nolten gl ass at a high tenperature of about 1,000[err]C
with 25 a plunger against a fopgtREROBNSX oRNPEE NENTENEL N required

to have such properties as hi gh Techantcai
FIELD OF THE INVENTION

The present invention relates to a glass forming~
mold, particularly to a glass forming mold to be used for
10 preés forming 4 glass product such as a front glass panel
oé a funnel for a cathode ray tube for television, and a
method for forming the glass product for a cathode ray
tube.

DISCUSSION OF BACKGROUND

15 A cathode ray tube for television is prepared by
producing a frqﬁt panel (image-forming region), a funnel
and a neck poftion separately, coating fluorescent
substances on the inner surface of the panel, attaching a
shadow mask and electrodes, followed by assembling them.

20 Especially, extremely severe quality control is required
for the preparation of a front panel on which electrical
beams are focused and images are formed.

Forming of the panel is carried out by pressing
molten glass at a high temperature of about 1,000°C with

25 a plunger against a forming mold, and the mold is
required to have such properties as high mechanical

strength, heat resistance and chemical stability against



strength, heat resistance and chemical stability against

-2- .~ btgh tenperature gl ass. As a formng nold for such a
purpese, a stainless steel alloy having chrom um plating or

ni ckel -tungsten alloy plating applied thereon, has been heretofore 5
enpl oyed. The plated coating deteriorates during use, and it is
necessary to strip the deteriorated coatfhg and pl ate the substrate
afresh for reuse. Chrom um plating suitable for the nold may be
appl i ed by seveidighkitempesfature glass.such as Sargent bath, but in each
case, the bath 10 contains highly toxic hexaval ent chron1un1lon Furt her,
the chroni um pl ati ndshas T EOL, Eer: BaCh Re DYIROse, a SEALPLLESt ends
to have scuffs durlng the nmol di,n necessa

aglea3|ngha?ﬁnts¢ﬁ€ﬂu kﬁa:iﬁr°mlu§ B}PFéHEI9rmééﬁgﬁgggﬂégsﬁspogen
e ot her , NiC

r el easi ng propeﬁha aﬁa%%+ elﬂ?gt%*ﬁp g? bgéﬁﬁ%%g§§8§°ls'2einfed
by incorporati “%gnp‘i’b%tae“ Th C 13ted coal ﬁgohewﬂa&seescaﬁm tyggsten,

ni ckel - phospﬁor t ungst €n or ni%CR. ron-tungsten, een

devel oped. 20 that 0 ;£ §sa Q%@F %h@”déEEQXoEEEEB”anEQQg and

advant ages such Hoa I ng ca d under condi ti on which
is free fromto 1%115&' tHe Qﬁﬂ;é{%rteofafresh rf%&geléh%e.t hchfrbmﬁlumnglai:@ngum ng

a rel easing age can reduced, and scuffs are scarcely forned on
the glass suitable for the mold may be applied by several kinds of
bath such as Sargent bath, but in each case, the bath

10 contains highly toxic hexavalent chromium ion. Further,
the chromium plating has drawbacks such that the glass
surface tends to have scuffs during the molding, it is
necessary to apply a releasing agent frequently, and it
is extremely weak against halogen.

15 On the other hand, nickel alloy plating is excellent
in the releasing property, and an alloy plating whereby
hardness is secured by incorporating tungsten, such as
nickel-tungsten, cobalt-tungsten, nickel-phosphorus-
tungsten or nickel-boron-tungsten, has béen developed.

20 For example, nickel-tungsten alloy plating has
advantages such that a coating can be formed under a
condition which is free from toxicity or bad odor of
reagents, the frequency for using a releasing agent can
be reduced, and scuffs are scarcely formed on the glass

25 surface. Accordingly, it is reported that this plating
has been increasingly employed in recent years.

However, tungsten contained in the nickel-tungsten



25 surface. Accordingly, it is reported that this plating has been

increasingly enployed in recent years. However, tungsten
contained in the nickel-tungsten

- 3- alloy coating is susceptible to oxidation, and the coating is
rapi dly oxidized. Accordingly, such a nickel-_ "~ tungsten coating has a
drawback that when used as a surface coating for a nold for formng a
panel, its 5 useful life is very short as conpared with that of the

chrom um pl ati nglloy coating {§s;susceptiblecto pxddptdonmt andvshei on
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i nvention hasS oxi dation resi Stance nuch er than the conventional
nmold. 20 Accolchirieglium platingher eby possible to obtain a very long

useful life, and the nol is al'so excellent in the
In a first aspect, the present invention provides a

glass forming mold which comprises a substrate made of
stainless steel and a coating comprising the following

10 components formed as the outermost surface coating on the
substraté:

(1) from 40 to 94 wt$ of nickel and/or cobalt as
component A;
(2) from 5 to 59 wtg of tungsten as component B; and

15 (3) from 0.5 to 40 wtg of at least one transition
element having a melting point of at least 2,200°C as
component C,

The mold of the present invention has oxidation
resistance much higher than the conventional mold.

20 Accordingly, it is thereby possible to obtain a very long
useful life, and the mold is also excellent in the
releasing property as a characteristic of a nickel alloy
coating, ﬁhereby séuffs tend to scarcely be formed on the
glass surface.

25 To secure the characteristics of a nickel alloy or a
cobalt alloy, component A is incorporated in an amount of

from 40 to 94 wt% in the coating. Further, the amount of



rel easing, property as a characteristic of a nickel alloy coating,

mhereby seuffs tend to scarcely be forned on the gl ass surface. 25

To sécure the characteristics of a nickel alloy or a cobalt all oy,
conponent A is incorporated in an anmount of from40 to 94 wt% in the
coating. Further, the anount of 4 - -4-
conponent B is reqU|red to be from5 to 59 mﬂ@bto secure the strength
of the coating. Conponent C serves to npart oxi dation resistance to

the all oy coati FQMRRAEPE B is reguired: ke §?r§ﬁ©@h5o$°tﬁ% ¥bht tagseante t s
concentration When t he concentratlons of the

%
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of the present Invent onén eéra

el ement sel gctedg from brgrntah@og&eyp Cﬁfi‘éh%l‘aé‘%&{méﬁf‘ié‘éi{%&s N £04 in

nol ybdenum Thenium rutheniumand iridium Such el enent serves to

i mpart oxi dati oBeEpetet 8CBohPohERLS OREE NGi EHEN the a’lﬁoweréﬁgf@s
serves to secure the strength of the coati ng. the first

aspect of the pceathhgi hagnai peleafing property spddf ¢ afd \nTewdp) g from
0.5 to 20 W % of
low defective product rate and oxidation resistance equal
or superior to chromium, whereby the mold will have a
10 very long useful life.

In the first aspect of the presént invention,
component C is preferably at least one element selected
from the group consisting of tantalum, niobium,
molybdenum, rhenium, ruthenium and iridium. Such element

15 serves to impart oxidation resistance to the coating and
at the same time, serves to secure the strength of the
coating.

In the first aspect of the present invention, the
coating preferably contains from 0.5 to 20 wtg of

20 phosphorus and/or boron as component D. Component D
serves to impart oxidation resistance to the coating and
at the same time serves to secure the strength of the
coating and to form a fine crysfal grain layer and an.
amorphous layer in the coating.

25 In the first aspect of the present invention, the

thickness of the outermost surface coating is preferably

from 1 to 500 gm. If it is thinner than 1 /m, the



20 phosphorus and/or boron as conponent D. Conponent D serves to

| mpart:’oxkdation resistance to the coating and at the same tine serves
to séture the strength of the coating and to forma fine crystal grain
| ayer and an anor phous layer in the coating. 25 In the first
aspect of the present invention, the _thickness of the outernost
surface coating is preferably from1 to 500 [err]m If it is thinner
than 1 [err]m the 3 ) . - 5- coating
tends to be susceRtine tends fir thenrusaeptible to ddighttiemperatuhani cal

deformation. If it,is fhicker . than 500 [err]m it takes time to form
t he coating, ano°’§’(fi4ut1°n or imeghan Rk fdfALmAL idthge I § ddmimhdhisdker cal

and 5 economgal_ vl oi nt, . Int first aspect of the present
i nvention, the €ian W’%'st”sﬁ'%&% g m%l%@ éﬁ’?ol%?actdﬂgai fhdy suche
an” amor phous. | ayls PR ELARITIRAD T 15 EShicAi S oxt onsi ve
study for i”Br(“@éBh5ﬁ¥Eal vi 'é%ﬂéjan resi stance of an alloy plating of

ni ckel - tungsten type. As™a result, it has been found that by
using a stainless stfielee #1166 WSd&A %@%Jﬁ}'é&ﬁﬂﬁ"?mven 18 Qg uct ure
of the outernost surface coating to be 15 ve fine crystal grains close

to an anmor phous cqiteriolte surfack dodtdhg] PLRAIFRABIY YontlaiRh@UadEings even
at ahigh crystal grain layer having an average grain size of at
most 20 nm, or an amorphous layer. The present inventors
10 have conducted an extensive study for improving the
oxidation resistance of an alloy plating of nickel-
tungsten type. As a result, it has been found that by
using a stainless steel as the substrate and making the
microstructure of the outermost surface coating to be
15 very fine crystal grains close to an amorphous structure
with non-developed crystal boundaries even at a high
temperature during the molten glass forming, it is
possible to bring the degree of diffusion of metal
elements which occurs through the crystal grain
20 boundaries to be substantially at most 0.1%, based on the
entire coating. Accordingly, it is possible to provide a
nickel or cobalt alloy coating, whereby diffusion of
metal elements is suppressed.
Thus, it is possible to prevent iron atoms as
25 constituting elements of the substrate from being

supplied to the surface of the coating rapidly and in a

large amount through the crystal grain boundaries of the



tenperature during the nmolten glass forming, it is possi ble to bring
t he degree of diffusion of netal el ements .whi ch occurs through the
crystal grain 20 boundaries to be substantially at nost 0.1% based on
t he entire coating. Accordingly, it is possible to provide a

ni ckel or cobalt alloy coating, whereby qlfgL§ion of metal elenents is
suppr essed. Thus, it is possible to prevent iron atons as 25
constituting elenents of the substrate from being supplied to the
surface of the GRAYINPrafititipesvd it has been fiouady khatt ashicomnparede
crystal grain bo%niaries of the

V1S 3, fonVenFOnAty G9Rfings Madify Afed Polycrystal, wherein

coating. Further,

conventi onal cogly f_ a lyCr I erein t he prqportion of
the crystals gr g%ﬂr? g’ouEﬁgrﬁ%‘eosfl iogo ehe )ésrtg%r'fﬁ\y%ntqr?ll,n Ppundaries 18 nossibl e
to forma chem an |Gl oxi.d | h rface
of the coa’fslad r#géj%avﬂ'uerae 'yq‘tﬁgﬁ?ogg(ragggy 5’?’ ts%i(1 :bggt ?8n%f°fr]i'ht ?e%hehu%ai'iy
thi ckness di gectdfd ffcHaME &3ty 3G albd P '@t 241 md el Lhife
of the nold éan be i nproved tosg Igﬁge extent.%(E %g% surf?%% &gr§hFine
crystal grains idodtithdy eRitleby \tBRl pdgress oFNBRLEdaeRenalihy the defi ned,
since the proportion of grain boundaries in the entire vol une of
crystals and thehickness directignaiof kbhendoaiténgsighpeevantedsi Bnldi theof
el enents vary dependi ng upon the substances constituting

useful life of the mold can be improved to a large

extent.

10 The very fine crystal.grains in the present invention
cannot generally be defined, since the'proportion of
grain boundaries in the entire volume of crystals and the
nature of grain boundaries such as diffusibility of
elements vary depending upon the substances constituting

15 the coating, the method for preparing the coating, heat
treatment, etc. However, it is at least necessary that
the average crystal grain size is at most 20 nm as
_obtained by such a means as measurement of the half value
width of X-ray diffraction peaks as observed from the

20 direction perpendicular to the surface of the coating or
inspection of the electron diffraction, and the
crystalline form is such that the nickel or cobalt alloy
coating is composed of crystal grains other than columnar
crystal grains. The above range for the crystal grain

25 size is preferably maintained also during the glass
forming.

If the crystal grain size exceeds 20 nm, the



15 theé coating, the method for preparing the coating, heat treat ment,
etc. FbmeVer it is at | east necessary that t he average crystal grain
si'zé”i.s at nost 20 nm as obt ai ned by such a neans as neasurenent of
the hal f val ue width of X-ray diffraction peaks as observed fromthe
20 direction perpendicular to the surface,of the coating or

I nspection of the electron diffraction, & the crystalline formis

such that the nickel or cobalt alloy coating js conposed of crysta
grains other tHRFCRS¥tko@rof the cgﬁz%’é‘hlb%@%lesrﬂé‘ dw entiiR qrystals

formng. O BecoRed jmubsfartialy AhPLabe WK AL IRicinol metal’ -
-7- t bound th t tals
pecomes subst arftt SRR GRFBE-Thet laé’?é‘ma{%wﬁ‘m%serwe F érfbrer hastign
th b t-h

1 ue fon Ounug%’l ?ﬁn&pg@égm*&]\/@g éffél:ISlO ant [ &{&q;ust her,

diffusion thro crysta grains,

a coating ip%(@é niogh f r G SR 4 L1 ofF,ﬁg%ngar ols

di f fusi on réute heta e+§rr%§%s tendéto be short it su_c"iir}?ei ng
undesirabl e. containif¢ &eildrsd RNl GPBH idolinithd e yeRailig)g are ni ckel
10 and/or cobalt capable of form ng an oxi de |ayer relatively stable

agai nst hi gh t edpPefuwsio® tS¢tesUfdhaiietal elements tend to be short,

in

such being undesirable.
The main elements constituting the coating are nickel

10 and/or cobalt capable of forming an oxide layer
relatively stable against high temperature use. Further,
the element to be alloyed therewith is preferably at
least one element selected from the group consisting of
tungsten, tantalum, niobium, molybdenum, rhenium,

15 ruthenium and iridium, so that effects for prevention of
high temperature oxidation, prevention of crystal grain
growth and maintenance of high temperature strength can
be obtained even during the glass forming. Further, it
is preferred to incorporate phosphorus and/or boron to

20 make the crystal grains fine or amorphous-like to obtain
a microstructure with non-developed crystal grains, and
to prevent crystal growth of the coating even during the
glass forming.

In the first aspect of the present invention, it is

25 preferred to provide an interliner comprising as the main
component at least one element selected from the group

consisting of elements of Groups 8, 9, 10 and 11, between



the el énent to be alloyed therewith is preferably at | east one el enent
sel ect’ed :from the group consisting of tungsten, tantalum niobium

mol ybdenum rhenium 15 rutheniumand iridium so that effects for
prevention of hi gh tenperature oxidation, prevention of crystal grain
growt h and mai nt enance of high t-enperat u_ress_t,rength can be obt ai ned
even during the glass formng. Further, it Is preferred to incorporate
phosphorus and/qr boron to 20 make the cryst%‘INI rains fine or

anor phous- | i ke {he gHhaimiess steql Substrabean Pt eFPSito 5O f8CPst al
A 0 ool R L S A,
25 preferred tg nrovide andntg et*éé}eart(fc%rgg 't[%'r«]an%u%%r %tm%'u%g.ﬁx

conmponent at | S8 bne elenent Selecte romthe group §F§ting of

el ements of G t s

ZasTo S The st the ol he ¥hneheed SRR greparation of the alloy

coati ng. By;,pr%ﬂi BE D dutidnlddte 'surtRd tamfrdddily be Tadirile@ss
steel substiate and t'he outernpbst surface coating can be enhanced, and

preparation of ddw, alRdy exdmpied! inikkel,! kobRIS TBYN,Spallaediva) readily
be carried out. For exanple, nickel, cobalt, iron, palladium
copper or the |ddgpers doryhel Thken itshifforiiddnbyoranithdn £ilmrEorednguch as a
pl ati ng net hod, a Chem cal Vapor Deposition (CVvD) nethod, a Physical
Vapor Depositi arethod such as a plating method, a Chemical Vapor
Deposition (CVD) method, a Physical Vapor Deposition
10 (PVD) method or a metal spraying method. A plating
method is particularly pfeferred from the viewpoint of
the film-forming speed, smoothness and low costs. Such
an element is preferably contained in an amount of from
40 to 100 wt3 as the main component, with a view to
15 utilizing the characteristics of such an element.
The thickness of the interliner is preferably from
0.1 to 50 gm. If the thickness is less than 0.1 mm, it
tends to be difficult to effectively cover the entire
surface, and if it exceeds 50 um, the residual strain
20 tends to increase, whereby the significance as an
interliner will be lost. |
The interliner preferably contains a fine crystal
grain layer having an average grain size of at most 20
nm, or an amorphous layer. In the same manner as in the
25 case of the outermost surface coating, it is thereby

possible to further reduce the degree of diffusion of

metal elements, which takes place through the crystal



10 (PVD), method or a netal spraying method. A plating method is
parthedlar]y preferred fromthe viewoint of the filmform ng speed,
snoot hness and | ow costs. Such an elenment is preferably contained in
an anount of from 40 to 100 wt % as the main conponent, wth a viewto
15 utilizing the characteristics of such an?eTenent. The

thi ckness of the interliner is preferably from 0.1 to 50 [errlm If

t he thickness is dmsin thamdaridsy riaged ton the teartdy e @wdad isigf.fi cult to
effectively cover the entire surface, and if it exceeds 50 [err]m the
residual strain 20 Tkedethickness «fchertingcnyatal graindayeraorathe
interliner will be |ost. . The interliner preferably contains a fine
crystal gr ai FPEBRQUSH AAYRF At Hhe ddefldine fsilse Ryefgrabdyt akplesst

nm or an anor phous_ ]| ayer. fhe s manner, as Jjn _the case of the .
out er nost surfacé t%tl%/’?lg, 4’? 35 ’t%mﬂ}}‘er han, O é‘“i'o%?l?r ﬁ%}req%«?dtgéé

t he degree .of _diffusion of dg%éﬂseleq%mﬁ% whi.ch .t akes pl ace through

the crystal preventing the ion to bey low. grain

boundari es, based on igte%tggtﬂr_es%%%%%usoﬁ the pre émr}%ﬁ%‘g _tthtée fine

crystal grain |ayer or ayer 1 n ein Iner is

preferably atlea ryr idbil ' U B t@n@3 el it t he
Toxd sug)s@%f[éadli% ;B urséiﬁ(c)enﬂét]:,elr%sjgta'ta (?n g Ia it e P%@[ he

effects for S preventing the _ oW.
first aspect of tdiiHResEtstidulefrci . tHd&iewpoifit &£ the! mdlchanical

preferably made of a martensite type : _
strength, corrosion resistance, thermal conductivity,
10 thermal expansion property, etc.
In a second aspect, the present invention providés a
method for producing a glass forming mold, which i
comprises forming a coating comprising the following
components as the outermost surface layer on a substrate
15 made of stainless steel by a method selected from the
group consisting of a plating method, a CVD method, a PVD
méthod and a metal spraying method:
(1) from 40 to 94 wts of nickel and/or cobalt as
component A;
20 (2) from 5 to 59 wts of tungsten as component B; and
(3) from 0.5 to 40 wty of at least one transition
element having a melting point of at least 2,200°C as
component C,.
Particularly preferred is a plating method, since the
25 thin film-forming speed is thereby high, a smooth surface
along the mold substrate can readily be obtained, and the

cost is relatively low.



stainl ess steel fromthe viewpoint of the nechanical strength,
corrasi'on:resistance, thermal conductivity, 10 thernal expansion property,
etc. “. In a second aspect, the present invention provides a

nmet hod for producing a glass formng nold, which conprises formng a
coating conprising the follow ng cogpggegts as the outernost surface

| ayer on a substrate 15 nade of stainlesS steel by a nethod selected from
t he group consisting of a plating method, a CVD nethod, a PVD

nmet hod and a netal Sy &ityinftammect, the present finyentdono pIowikdEsoa

ni ckel and/or cobalt as cqQnmponent, A; 20 (2) from5 to 59 w % of
tungsten as coM&orarf@rmlng a glagss) Progrcs. §°]tcroa49|a\ﬁb‘?@§f réﬁol[ easit .
one transition el eent having a I ti,n oi pt of at _|east 2,200[err

as hconggnefﬁhﬁk_ﬁilCh °°FﬁﬁﬂgF€UE§F99:§r§fQEPES ﬁ§°§uEFaFngane$hgg,
since the | or, | re aigh, a.smooth. surfa

al ong the nold é%%g¥$% g%§éﬁmbggg§$§%bgc§ﬁféﬁﬁe§¥1éﬁgntﬂélae’ segipm; o

relatively |ow : : : : : - éo P . In
oxide, potassium oxide, strfgtlum oxide aP Oaaflum ox1dﬁg a

a third aspett, the présent 1 nvention provides a e or form

gl ass product foy teaMshedea lass Foriifg Wﬁhﬁhwﬁﬁﬁﬂrbéﬁgrigégigg a gl ass
product for a cat hode ray tube which“contains siliconh oxide, sodium
5 oxide, potassiguibs®tiade nadeOdf dtadnldesaBdebar hHE aXt88ting
comprising the following components formed as the
outermost surface coating on the substrate:
10 (1) from 40 to 94 wts of nickel and/or cobalt as
component A;

(2) from 5 to 59 wts of tungsten as component B; and

(3) from 0.5 to 40 wty of at least one transition
element having a melting point.of at least 2,200°C as

15 component C.

In this case, when the above-mentioned glass product
for a cathode ray tube is formed by means of the glass
forming mold, it is possible to obtain a glass product
for a cathode ray tube, such as a front panel or a funnel

20 which is excellent in the releasing property and which
has good surface properties such as the surface precision
and the surface roughness.

In a fourth aspect, the present invention provides a
method for forming a glass product for a cathode ray

25 tube, which comprises forming a glass product for a
cathode ray tube which contains silicon oxide, sodium

oxide, potassium oxide, strontium oxide and barium oxide,



by neans of a glass formng nold which conprises a substrate nmade of
stai nl.-éss-steel and a coating conprising the foll ow ng conponents

f or méd- as the out ernost surface coating on the substrate: 10

(1) from40 to 94 wt % of nickel and/or cobalt as conponent A

(2) from5 to 59 wm % of tungsten as conpgngﬁt_B; and (3) fromO0.5
to 40 wt % of at | east one transition enent having a nelting point of
at least 2,200[err]C as 15 component C. In this case, when the
above- nent i oned RY :eans Rfu@d glass ff(ﬁme}f@amfid@e whdght goapird sesr med by
means of the gl as'g)%_eﬁ forn ng nold, I's possible to obtain a glass

pr oduct for® 4&ﬁh¥4@ﬁ/qgﬂﬁ¥a¥ﬂ}ﬂ$$a§t§eﬂréﬁ@ Baﬁ@ﬁtépga funnel 20
which is excellent |n the r ert and ,whi_ch good
surface propert &% tﬁﬁeﬁiﬂg%ﬂp 98 qﬁ?ts forggd Fﬁe rface
roughness. f S Ny ntion provides a
met hod for form9 ng a %’sssq%;%%uctsc%%% ng 2’2‘( I%’g’% &) ?ﬁ % ‘t ube, which
conpri ses fo mng a @ha Of Glo fﬁ vﬁ: %tmﬁd% t%%aml %r;

cont ai ns siI con oOxi I um St assi uR e stronti um oxi de
and barlun1OX|ckb°mponent A; by neans of a gl ass forn1ng nol d whi ch
conprises a substrate made of stainless steel and a coati ng

(2) from 5 to 59 wty of tungsten as component B;
(3) from 0.5 to 40 wts of at least one transition
element having a melting point of at least 2,200°C as
10 component C, and
(4) from 0.5 to 20 wtg of phosphorus and/or boron as
component D.
In thie case, in the same manner as the third aspect
of the present invention, it is possible to obtain a
15 glass product for a cathode ray tube, such as a front
panel or a funnel which is excellent in the releasing
property and which_has good surface properties such as
surface precision and surface roughness.
In a fifth aspect, the present invention provides a
20 method for forming a glass product for a cathode ray
tube, which comprises forming a glass product for a
cathode ray tube which contains silicon oxide, sodium
oxide, potassium oxide and lead oxide, by means of a
glass. forming mold which comprises a substrate made of
25 stainless steel and a coating comprising the followiﬁg
components formed as the outermost surface coating on the

substrate:



conprising the followi ng conmponents formed as the out er nost surface
coathng on the substrate: 5 (1) from40 to 94 w % of nickel and/or
cobalt- as conmponent A, (2) from5 to 59 wm % of tungsten as
conponent B; (3) from0.5to 40 mt% of at | east one transition

el ement having a nelting point of at |leagt;2, 200[err]C as 10 conponent C,
and (4) from0.5 to 20 wt % of phOSphorus and/ or boron as
conmponent D. In_this case, in the same manner_ as the third aspect
of the present inventtbrETe® 4% tR 4 it f ddcked and/or gobadtpesduct for
a cat hode ray tube suchcn s a front panel or a funnel which is
excellent in th qx@ogg—m é' property and whi ch has good surface

ti h i.si.on d surface roughness.
Pt toh aspect. 142 ML S WO b Hnklaed® 5ot SRBRERY B¢ R0 ng
I oduct for r b ' ris forni.,ng a
SI gsgsf)rg(rtluc'tJ for a (as)caé%gl?ﬁ)o' e%roay‘mt l}%’é %ﬁfl \gr? g’%ﬁt%%irr%gles??f"ggﬁ@éﬁ de,
9bod3c as 9! ass

sodi um §Xi QemAATHMRALE FR130% %Giggxg eaEbieHE‘E.n%

form ng nol d which conprises a substrate ma 5 stainféss steel and a

coating conpri sigegngdmertold.ow ng conponents forned as the outernost
surface coating on the substrat e:
- 12 - Also in this case, it is possible to obtain a glass

product for a cathode ray tube such as a front panel or a
funnel which is excellent in the releasing property and

10 which has good surface properties such as surface
precision and surface roughness. Particularly, the glass
product contains lead oxide, whereby it is particularly
suitable as a glass product for sealing radiation such as
X-rays and thus is suitable for a funnel glass for a

15 cathode ray tube.

In a sixth aspect, the present invention provides a
method for forming a glass product for a cathode ray
tube, which comprises forming a glass product for a
cathode ray tube which contains silicon oxide, sodium

20 oxide, potassium oxide and lead oxide, by means of a
glass forming mold which comprises a substrate made of
stainless steel and a coating comprising the following -
components formed as the outermost surface coating on the
substrate:

25 (1) ffom 40 to 94 wts of nickel and/or cobalt as
component A;

(2) from 5 to 59 wt$ of tungsten as component B;



(1) fromA40 to 94 wt % of nickel and/or cobalt as conponent A

(2) f:rom5 to 59 wt% of tungsten as conponent B; and (3) fromO0.5
to 40 wt % of at |east one transition 5 elenment having a nelting point of
at least 2,200[err]C as conponent C. Also in this case, it
I's possible to obtain a gl ass pr oduct %OL a cathode ray tube such as a
front panel or a funnel which is exce} ent in the releasing property

and 10 which has good surface properties such as surface _precision
and surface roughness3) Fram dndatioy 40 mtyglofsat leasy; eagctressikion | ead

oxi de, whereby it is particularl . suitable_as a_glass_product for
seal i ng radiati&hﬁﬂﬁd&zﬁ?Vlng aX%F&§§n§n?°ﬁﬁgs°fsa§u#gé§Fe2fSpoacfGﬁna

glass for a 15 t ray .tube. In a sixth aspect, the present
i nvention provié%%ﬁﬁﬂ%%& cﬁe?ﬁgd for formng a glass product for a cathode

_ i ! : L ho
"y tube whi ch cont s T 858 &g sl prBBAEg ShaZor, borih,gac

and | ead oxi e,cgmmﬁ5@m§ ¢, a gl ass form ng nold which conprises a
substrate na%e of stainless steel and a coating conprising the

fol | owi ng conpaIyy Srf AhiRd c&%et,hfitoutse?%gtibiw tacebeadhl aggqgskhe

substrate: 25 (1) from40 to 94 wm % of ni ckel and/or cobal S

conponent A; product Edk &reathotie rAyWwttbel buUBBShSNaasréAEPPAREL &t
a funnel which is excellent in the releasing property and
which has good surface properties such as surface

10 precision and surface roughness.

Deterioration of the mold is believed to be
attributable to oxidation and ﬁechanical deformation of
the surface coating due to molding of the glass at a high
temperature of about 1,000°C. Namely, this oxidation

15 process comprises corrosion due to air before and after
contact with the.glass, i.e. so-called high temperature
oxidation and a mechanochemical reaction with the molten
glass as a molten salt during the process for forming the
front panel.

20 To control the deterioration, it is important to
secure stability of the outermost surface coating, and
conventional chromium plating provides extremely dense
chromium oxide to provide heat resistance. If the
protection of the outermost oxide layer is weak, oxygen

25 in air will diffuse and penetrate through the oxide layer
into the interior of the metal coating, whereby

deterioration will progress. Further, the glass melting



- 13 - ¢ , (3) fromO0.5 to 40 wt% of at |east one transition

el emant having a nelting poi:nt of at |east 2,200[err]C as conponent
C, arid (4) from0.5 to 20 wt % of phosphorus and/ or boron as 5
conponent D. Also in this case, it is possible to obtain a gl ass
product for a cathode ray tube, such as a i ront panel or a funnel
which is excellent in the rel easing proper and whi ch has good

surface properties such as surface 10 precision and surface roughness.
Det eri orati on oftempenadiure £xeeedsyédsoocedled Tapmapnpiempesatyrexideti on

and nechani cal defornmation of t he surface coating_due to nolding of
the glass at a ﬁgﬁ?mperaQH§@béﬁaﬁ@ﬂéhoﬂoaB@GPtl°§0@F§Fﬂ]etoﬂﬁnépyth?hls

dat 15 due t bef d afte
Contact with h&e&aﬁsiaﬁ“‘”  Betciee. ‘éséi#ﬁ%ﬁr?gnsipﬁwueegn%gn%%aa%@l 5 and
hanoch W th t | It 't
Qur g the pr oo s EaR ikl pteed” oF thg perag, fupst:g5e caRAGCEGCT |
the deteriorati gyedsd Scd B 5AYealR; and E%%F%o%%@?bln' W1 Qf thE‘Eebgv des

out ernost surface coatln ntiona romump
extrenely densefurthéyng?a %XIde to prOV|de heat re5|stance If t he
protection of the outer t° oxi de | ayer is weak, oxygen 25 in air wll

di ffuse and penetr atthd ieuHhildhe foH qwr@w;%ment ofi the bRedarlien or of the
nmetal coating, whereby deterioration will progress. Further, the glass
mel ting resistance or the mechanical strength obtained by the
addition of at least one element selected from the group
10 consisting of tantalum, niobium, molybdenum, rhenium,
ruthenium and iridium to the nickel-tungsten alloy or
cobalt-tungsten alloy in the coating of the present
invention, is not clearly understood. However, it is.
considered to be such that by the addition of such an
15 element, a dense oxide layer may more readily be formed,
movement of elements in the coating may be suppressed,
and the mechanical properties or the thermal conductivity
may become more suitable to the mold.
The mechanism for improvement of the oxidation
20 resistance and the mechanical strength due to the fine
crystal grain layer or the amorphous layer in the
outermost surface céating is believed to be such that the
boundary diffusion of iron atoms is thereby suppressed,
and the diffusion is limited mainly to the diffusion in
25 the crystal grains which is extremely slow as compared
with the grain boundary diffusion, whereby a stable oxide

layer may more readily be formed on the outermost



- 14 - ° , tenperature exceeds a so-called Tamann tenperature i.e. a
t enperature at which novenent of nmetal atons in the netal lattice
becones active, whereby iron contained in the stainless steel of the
metal substrate tends to 5 diffuse to the surface, and deterioration wll
t her eby further progress. g nmechani sm for inprovenent of

t he oxi dation resi stance or the mecha ?cal strength obtai ned by the
addition of at |east one elenment selected fromthe group 10 consisting of
tant al um n|OM|ﬁﬂrﬁﬁ99ybG@WhﬁP meshamical propemsiesnanddthei ghemmad t he

nlckel-tungsten aIIo B alt-tun sten allgx in the coating of the
present i 1§ nEFYb J§r§P6 BokevEhe plaps

consi dered to b y the addltlon of such an 15 elenent, a dense
oxi de | ayer %%éﬁégﬁbggh1 be forned, novenent of el enments in t he

coating may be supprmeq,he }ares%'?lq: tlrﬂ%e'?i%ﬁ%i[‘ Fa‘_e ?)ogﬁrgtclﬁgiagr .t he

thermal conductivity conme "nore sul

The ”EChan'Sglfghr%ﬁﬁ&oﬁﬁﬁﬁﬁﬁ Q%thh?e@ékgﬁEEOEO %Qa PEEFStaESQe@PEéth

mechani cal ength due to the crystal ayer or
anor phous | ayer shdulld®be undeib®bBESthayr Eaaepeeaéheglhsehehbﬁ\@g b

such that the boundary diffusion of iron atons is thereb supp?esse
and the diffusi means ke&t&&dt&ﬂlhbyshehtbpedtfiuSEﬁampmes.
EXAMPLE 1
Using a nickel chloride bath, a nickel layer was

10 formed in a thickness of 5 :m on the surface of a
martensite type SUS 42032 (JIS G4303) substrate. Then,
using a plating solution comprising nickel sulfate,
sodium tungstate, sodium molybdate and sodium citrate as
the main components, an outermost surface coating of

15 nickel-tungsten-molybdenum (weight ratio of 70:21:9) was
formed in a thickness of 20 pm.
EXAMPLE 2

Using a nickel chloride bath, a nickel layer was

formed in a thickness of 7 um on the surface of a SUS

20 420J2 substrate. Then, using a plating solution
comprising nickel sulfate, sodium tungstate, cobalt
sulfate, sodium molybdate and sodium citrate aé the main
components, an outermost surface coating of nickel-
tungsten-molybdenum~cobalt (weight ratio of 50:30:15:5)

25 was formed in a thickness of 15 um.
EXAMPLE 3

" Using a.cobalt chloride bath, a cobalt layer was



25 the crystal grains which is extrenely slow as conpared with the

grai n -boundary diffusion, whereby a stable oxide | ayer nmay nore
readi‘ly be formed on the outernost surface, and the
mechani cal properties and the thernal conductivity may become nore
suitable to the gl ass form ng nol d. Now, the present

i nvention will be described in 5 furtﬁe}sdétail with reference to
Exanpl es. However, it . shoul d be understood that the present

i nvention i s by figymed in gedhdckaessi ofc§ v onchhgpsurfrsecesinpl 8US
EXAMPLE 1 Using .a nickel chlorige bath, a, nickel |ayer was 10
formed in a thi 4&09Ss SHPSETREe ] MIBRMYYhESdnGr 3. BLaE1Rg solufipPensite type
SUS 420J2 (JI'S A303). substr.ate ng sol.ution

. Th ' | at i
conprisi ng ni ck&°® Iﬁﬁﬁﬁg nic els&&ﬁ%ﬁFFdn&?#i#@?t?BEFg%%ﬁﬂl?88&?@ and f
di itrat t ' ti
igt Lﬁpﬁﬁ'el i uEgs Aybdatea SR CiR B T8R4 YhE HREh §boBREntRS, Iﬁig%eion
a thickness :
bath. a i ok3l l%g;)}:[ee?&{\%? s“rfafgf%ltgﬁaffhf‘éﬁﬁgégﬁgﬁgﬁéfgﬁ‘ %Bﬁgt’ﬁ%‘
surface of a SUjveddnti2a13 WS 8I9:5)THaR, £HshBE anPhathhgiAekY! ben1s

conprising nickel sulfate, sodiumtungstate, cobalt sul fate, sodi um
mol ybdate and sqgi.umcitrate as the main
EXAMPLE 4
Using a tetraaminopalladium bromide bath, a palladium
10 layer was formed in é thickness of 4 gm on the surface of
a SUS 420J2 substrate. Then, using a plating solution
comprising nickel sulfate, sodium tungstate, sodium
molybdate and sodium citrate as the main components, an
outermost surface coating of nickel-tungsten-molybdenum
15 (weight ratio of 70:25:5) was formed in a thickness of 16
pm.
EXAMPLE 5
Using a nickel chloride bath, a nickel layer was
formed in a thickness of 3 gm on the surface of a SUS
20 42072 substrate. Then, using an ammonium alkaline
electroless plating bath containing palladium chloride
and hypophosphorous acid as a reducing agent, a nickel-
palladium layer was formed thereon. Then, using a
plating solution comprising nickel sulfate, sodium
25 tungstate, sodium molybdate, and sodium citrate as the
main components, an outermost surface coating of nickel-

tungsten-molybdenum (weight ratio of 70:26:4) was formed



conponents, an outernost surface coating of nickel-

t ungst-en- nol ybdenum-cobal t (wei-ght ratio of 50:30:15:5) 25 was fornmed in
a thickness of 15 [err]m EXAMPLE 3 Using a cobalt chloride
bath, a cobalt |ayer was : - 16 -
formed in a thickness of 6 [err]mon the sunfjace of a SUS 42032 -
substrate. Then, using a plating solution conprising nickel sulfate,

sodi um tungstate, ; sodi 4 ~knesd™, ybﬂgbﬁn and sodiumcitrate as the main
conmponents, an Y oltermost. surtace oating of nickel -tungsten-nol ybdenum

(weight ratio of gEiMpLp)gwWas formed in a thickness of 15 [err]m
EXAMPLE 4 Usi ng a tet.raam nopal | adi um brom de bath, a palladi um

10 layer was forned y8iAgthiskewes Ohidri&s rparwn éhﬁé&&f%ﬁié&! was . 2
SUS 420J2 substrate. Then, using a plating solution conpri si ng ni ckel

sul fate, sodium tfognédtin Sothidkness P!y diich e SRHANBLIdE & gurs the
mai N conponents, an out ernost surface coating of

ni ckel -t ungst gn- n42 bzl esuins t At e ( Weltgdnt, nesimy ofn dhindnivm WAka1dmeed in a

t hi ckness of 16 [err]m EXAMPLE 5 Usi ng a ni cke

chloride bath, a eleketolesrplalsing baflremttdiming hpadkadkiunmoichldrdide],m on

the surface of a SUS
having nickel sulfate added thereto and using
hypophosphorous acid as a reducing agent, a nickel-
palladium—phdsphorus layer was formed thereon. Then,

10 using a plating solution comprising nickel sulfate,
sodium tungstate, sodium molybdate and sodium citrate as_
the main components, an outermost surface coating of
niCkel-tungsten-molybdenum (weight ratio of 70:26:4) was
formed in a thickness of 17 um.

15 EXAMPLE 7

Using a nickel chloride bath, a nickel layer was
formed in a.thickness of 4 um on the surface of a SUS
426J2 substrate. Then, using a plating solution
comprising nickel sulfate, sodium tungstate, sodium

20 molybdate, sodium citrate, sodium hypophosphite and
phosphoric acid as the main components, an outermost
surface coating of nickel-tungsten-molybdenum-phosphorus
(weight ratio of 69:20:6:5) was formed in a thickness of
22 ym,

25 EXAMPLE 8

Using a nickel chloride bath, a nickel layer was

formed in a thickness of 6 Mm on the surface of a SUS



20 420J2.substrate. Then, using an ammoni um al kal i ne el ectrol ess

pl ating bath containing palladium chloride and hypophosphorous acid as
a reduci ng agent, a nickel - pal | adi um | ayer was fornmed thereon. Then,
using a pl ating solution conprising nickel sulfate, sodium 25
tungstate, sodi um nol ybdate, and sodiun1gi;éa1e as the mai n
conponents, an outernost surface coating of nickel-

t ungst en- nol ybdenum_(wei ght ratio_of 70:26:4) was forned .
- 17- in a%fcksebstsates [ dhepm using pxpipting solution sing a

lerrimon the. o GPPREds3nd 58Bkel ¥5 5835 apashfl ExRenbaler pRbass: amoni um
| kal i I I l.at.i @] L1l adi hlorid

Pavi ng mi ckel SGLTLPLetaRch bR, Re13BaH 5EGs bR LR cE R pBEr CORREPBAEORE: o as

a reducing agent.:gd “'Ebggho ic aBl! 3dRUBLRIRSRORRYSs! BHE nipR fOr Med

t hereon. Then, f& ds?ng pfating so?ution conpri sing nickel'"sul fate,

sodi um t UNgsy at GompBALUTLTOAPSAL 8 ABH LS QUL FHLE EOALENGSoE nickBE-TRI N

conponents, "an outernost surface coating of ni-ckel-tungsten-nol ybdenum
(wei ght ratio otuzgszah4howgsaenum-&abamd-pnoaﬁhbrﬁgpséﬁoaf(4Zi§ﬁ£r}££iol5

EXAVPLE 7 Usi ng a ni ckel chloride bat a nickel |ayer was
formed in a thi ofn6433afk744:e:l)nwas fobmeduihagethicRn&sS of 16 m.
EXAMPLE 9
Using a cobalt chloride bath, a cobalt layer was
10 formed in a thickness of 5 um on the surface of a SUS
420J2 substrate. Then, using a plating solution
comprising nickel sulfate, sodium tungstate, sodium
molybdate, sodium citrate and boric acid as the main
components, an 6utermost surface coating of nickel-
15 tungsten-molybdenum-boron (weight ratio of 68:25:5:2) was
formed in a thickness of 17 .m.
EXAMPLE 10
Using a nickel chloride bath, a nickel layer was
formed in a thickness of 2 um on the surface of the glass
20 forming side of a mold substrate made of SUS 420J2.
Then, using a plating solution comprising nickel sulfate,
sodium tungstate, sodium molybdate, sodium citrate,
sodium hypophosphite and phosphoric acid as the main
components, an 6utermost surface alloy coating
25 (thickness: 20 um, average grain size of crystals: 6 nm)
of nickel-tungsten-molybdenum-phosphorus (weight ratio of

60:25:9:6) was formed.



42052 substrate. Then, using a plating solution conpri sing nickel
sul fate, sodiumtungstate, sodium 20 nolybdate, sodiumcitrate, sodium

hypophosphi t e and phosphoric acid as the main conmponents, an outernpst
surface coating of nickel-tungsten- nnlybdenun}phosphorus (weight ratio
of 69:20:6:5) was fornmed in a thickness of 22 [err]m 25 EXAVPLE 8
Usi ng a nickel chloride bath, a nickel y%? was formed in a thickness
of 6 [err] mon the surface of a SUS

- 18 - 42§§QM§E§si@ate Then, using a plating sol ution

conpri sing nickel Ifate n1tun state, cobalt sul fate, sodium

mol ybdat e, sodiun1c Fﬁaﬂea Eﬂg§gﬁo§5& ate bath¢ja, °%h%%bhb$Y%raE¢ﬂ and

b d t t t f ting o

mckel 2 §§$§ﬂ“mb§§ﬂ€ e T Sw%‘épcfﬁ%il'{;ée ARG T emssé

f 54:33:7:4:1: 0, err

(l)JSI ﬁg a cobalt }%{forl 8%8? o’}fa co%gﬁli a\:ﬁsma ? °4 g%%cﬂ%qg " t hi ckness

ol ati ng <ol it ofens ugShE 4 Pk "S#l?%ke?l fﬁfceéﬁ@?#ﬂnﬂetcu%% AL

ol ybdat e, SOdl%Shﬁr@ﬁﬁgéﬂgtbpré&ﬁﬁh%@ﬁyﬁé&ﬂ'ﬁbtassnﬁ@%é an
out ernost surface coati'ng of nickel -

- boric acid and dimethylamine borane as the main
components, an outermost surface alloy coating
(thickness: 18 um, average grain size of crystals: 15 nm)

10 of cobalt-tungsten-molybdenum-boron (weight ratio of
53:37:8:2) was formed.
EXAMPLE 12
Using a nickel chloride bath, a nickel layer was
formed in a thickness of 4 um on the surface of a SUS
15 42032 substrate. Then, using an ammonium alkaline
electroless plating bath containing palladium chloride
and hypophosphorous acid as a reducing agent, a nickel-
palladium layer was formed thereon. Then, using a
plating solution comprising nickel sulfate, sodium
20 tungstate, sodium molybdate, sodium citrate and sodium
hypophosphite as the main components, an outermost
surface coating of nickel-tungsten-molybdenum-phosphorus
(weight ratio of 65:24:6:5) was fbrmed in a thickness of
15 um.
25 EXAMPLE 13
Using a nickel chloride bath, a nickel layer was

formed in a thickness of 4 im on the surface of a SUS



15 'tuﬁgsien-nnlybdenun}boron (weight ratio of 68:25:5:2) was f ormed
in, a-thickness of 17 [err]m EXAMPLE 10 Usi ng a ni cke
chl or'i-de bath, a nickel |ayer was formed in a thickness of 2 [err]mon
the surface of the glass 20 formng side of a nold substrate nade of SUS
420J2. Then, using a plating solutignzﬁogprising ni ckel sul fate,
sodi um tungstate, sodi um nol ybdate, sodium<Citrate, sodi um
hypophosphi te and phosphoric acid as the main conponents, an outernost
surface all oy cggppﬁgs“§§treﬁﬁhckﬁé§§w »gingr ApnpmEQBibgeadkalingi ze of

; i ckel - - mol ybdenum phosphorus (weight ratio
g;yStalSGO?ZET%géfcﬁég %%ﬁé %t%%%gikﬁﬁ ggn%aggggg all dgum cglorgde,_ 19

i o | Lt sulfate bath .a cobalt |
was formod"PHiR%: pieksd. BoaFLsd BRREN sRérRESCarRtatle The giace

form ng side of t de 0 2 The ing a

pl ati ng soIutioH§8§§g§f§Pﬁgbg%b§F?Bs§Ffétggguéggés%a?ﬂgft%ngg?gég, sodi um
mol ybdat e, - pgt aganyauilin-phBsphorusehyEraphd 2BEmaTEROYLAH] Nerlighane as
t he main conmponents, “an outernost”surface alloy coating

(thickness: 18 hgihha platasg 8b2ubishZeofpres¥fifahscked S@dradd, Of
cobal t -t ungst en- nol ybdenum boron (wei ght ratio of 53:37:8:2) was

f or med. EXabBibml 2ungstate, sodium molybdate, sodium citrate,

phosphoric acid and boric acid as the main components, an
outermost surface coating of nickel-tungsten-molybdenum-
10 phosphorus-boron (weight ratio of 66:23:7:3:1) was formed
in a thickness of 18 um.
EXAMPLE 14
By means of a sputtering apparatus having three
targets of nickel, tuhgsten and téntalum, a nickel
15 interliner was formed in a thickness of 1 m on the glass
forming side surface of a SUS 420J2 substrate, and then
an outermost surface coating of nickel-tungsten-tantalum
(weight ratio of 68:26:6) was formed in a thickness of 5
um by a sputtering method as in the above Examples.
20 EXAMPLE 15
By a metal spraying method using fine powders of
nickel, tungsten and niobium as starting materials, a
nickel interliner was formed in a thickness of 10 gm on
the glass forming side surface of a SUS 420J2 substrate,
25 and then an outermost surface coating of nickel-tungsten-
niobium (weight ratio of 72:25:3) was formed in a

thickness of 30 m by a metal spraying method.



Uslng a m ckel chloride bath, a nickel |ayer was formed in a thickness
of .4~ [errinlon the surface of a SUS 15 420J2 substrate. Then, using an

anmori-um al kal i ne el ectrol ess plating bath containing palladium

chl ori de and hypophosphorous acid as a reducing agent, a nickel -

pal | adium | ayer was fornmed thereon. Then_ zigg a pl ating sol ution
conprising nickel sulfate, sodium 20 tung tate, sodi um nol ybdate, sodium
citrate and sod|un1 q¥pophosphite as the main conponents, an outernost
surface coatlng tungst en- nnlybdenun}phosphorUf , (melgR;LEaago
of 65:24:6:5) was f an in a thickness o [err]m 5 EXA

Using a nickél chloq$%&91nﬁrF°QP Paly an interddmer, was hi ckness

P g0 LI O L G fh%@#%suafn& 40 it GRS forning side
o setic css ol R e o POS Bheravadd Peducing

sul fate added thereto a usi ng hypop

agent, a nickel ¢ 1agiﬂ§ﬂgd¥36ﬂ&9Qﬁﬁﬁﬂqu%PI%X%?ewaﬁuEQEQEd %BﬁgﬁﬁungThen

using a plating soluti'on conpri.sing ni ck sul st at e,
sodi um nol ybdat e;ungadidta,Ciitriditum chlorﬁaﬁsﬁhﬁrde@ﬁhdcﬁﬂgaQQr'Qnachﬁ as

t he mai n components, an out ernost surface coating o
ni ckel -t ungst en-cutlermertidurface coating of nickel- tungsten-lrldlum

(weight ratio of 72:24:4) was formed in a thickness of 14
pm. _

10 EXAMPLE 17

Using a nickel chloride bath, a nickel interliner was

formed in a thickness of 3 /m on the glass forming side
surface of a SUS 420J2 substrate, and then, using a
plating solution comprising nickel sulfate, sodium

15 tungstate, ruthenium chloride and citric acid, an
outermost surface coating of nickel-tungsten-ruthenium
(weight ratio of 72:25:3) was formed in a thickness of 12
pm.
EXAMPLE 18

20 Using a nickel chloride bath, a nickel interliner was
formed in a thickness of 3.5 um on the glass forming side
surface of a SUS 420J2 substrate, and then using a
plating solution comprising nickel sulfate, sodium
tungstate, potassium perrhenate and potassium citrate, an

25 outermost surface coating of nickel-tungsten-rhenium

(weight ratio of 70:22:8) was formed in a thickness of 16

,m.



10 lphdsphprus-boron (weight ratio of 66:23:7:3:1) was forned in a

t hickness: of 18 [err]m EXAMPLE 14 By neans of a sputtering
apparatus having three targets of nickel, tungsten and tantalum a
nickel 15 interliner was formed in a thickness of 1 [err]mon the glass
form ng side surface of a SUS 420J2 suber%?eL and then an out er nost
surface coating of nickel-tungsten-tantalu (weight ratio of 68:26:6)
was formed in a thickness of 5 [err]mby a sputtering nmethod as in the

above Exanpl es. COMPARBINNE [EXAMPLE 1 By a netal spraying nethod using
fine powders of nj ckel, tungsten and ni gbium as starting materials, a

t
ni ckel interliner waSS¥R9 RLRIP QWnﬁﬂéﬁﬁﬁﬁ(ﬁa?R)[%ﬂw??ﬁ??mOSt surfaqs ass
form ng side surface of a SUS 420J2 substr.ate, 25 nd then an out er nost
surface coating co‘?actfﬁl}%e"faﬁ %?’grﬂeé%-m a stt%cé‘&etiﬁ Qfei | 40 2 Gh@f'sﬂa:fgﬁ%)
was fornmed in a L 4 PPS err]mby a netal spraying nethod.
- 21 - EXA%:P& él%l’ s‘Ub%S:I# ‘a cobalt chloride bath, an

interliner was COMPAﬂ§¥fV§j%XhM?t iLkness of 2.5 [err]mon the glass

form ng side surface of a SUS 420J2 substrate, and then using a 5
plating solution Coﬂﬂgiﬁﬁrﬁlﬂﬂéﬁ$ﬂ iddlde badi Uy nickeltﬁ%%%ka%%s i ridium
an 0

chloride and sodiumcitrate, an out ernost surface ating of
ni ckel -tungst en-fiodndiin a thickness of 6 m on the surface of a SUS
42072 substrate. Then, using a plating solution
comprising nickel sulfate, sodium tungstate and potassium
10 citrate as the main components, an outermost surface
coating of nickel-tungsten (weight ratio of 71:29) was
formed in a thickness of 20 um.
COMPARATIVE EXAMPLE 3
Using a nickel chloride bath, a nickel layer composed
15 of fine columnar crystals (average grain size: 0.1 um)
wherein the crystal grain boundaries were orientated to
be perpendicular to the outermost surface, was formed in
a thickness of 6 #m on the surface of the glass forming
side of a mold substrate made of SUS 420J2. Then, using
20 a plating solution comprising nickel sulfate, sodium
tungstate and potassium citrate as the main components,
an outermost surface alloy coating made of polycrystals
(average grain size: 50 nm) of nickel-tungsten (weight
ratio of nickel:tungsten = 72:28), wherein crystal grain
25 boundaries were abundantly present, was formed in a
thickness of 20 um.

EVALUATION




(melght ratio of 72:24:4) was fornmed in a thickness of 14 [err]m 10
EXAMPLE 17 Using a nickel chloride bath, a nickel interliner was
formed in a thickness of 3 [err]mon the gl ass forning si de surface
of a SUS 420J2 substrate, and then, using a pl ating sol ution
conprising nickel sulfate, sodium 15 tu tate, rutheniumchloride and
citric acid, an out ernost surface coatl ng of nickel-tungsten rut heni um
(weight ratio of 72:25:3) was forned in a_thickness of 12 [err]m
EXAMPLE 18 20 Widhn Fegpecik&P €RFbr Péetbst ﬁoaslngéke# Eﬁ@@Pﬂ-Pﬁeﬂ- #as
formed in a thicknes f 3.5 [err]mon ss for surface
of 2 SUS 45007 L8bentafombaiatientrernyes £ rafﬂ% LK eEs HRERBFFe ng
ni ckel sulfate

Ciirate, an obthuoEPREEPEOPRaRc haY égs?hﬁ.z BY uhaRERRet & °? ‘E}?ns' o

e ra“"c%bﬁiﬁi?r?e@ HRbreviEd hladubdag Qﬁﬁsf*"f’%@ﬁ%?’aﬁ%ssu fate bath,

22 ?ﬁteegg‘r)]?;czu&ﬁﬁﬁédef ray Eﬁﬁéggggﬂ’glﬁ gxﬁég‘f‘ﬂy'asi‘né%sﬁ'e&ﬁl\?ﬁgé@sierr] m
provided with these coatings. The results are shown in
Table 1. The composition of the glass for the front
panel of a cathode ray tube employed, is shown in Table
2. In Table 1, the Taber abrasion index, the oxidation
10 weight increase and the panel forming properties (scuffs
on the glass surface, the useful life of the mold) were

represented by relative values to the respective values

of Comparative Example 1 being 10.



5 COVI?ARATI VE EXAMPLE 2 Using a nickel chloride bath, a nickel

Q2

| ayer ‘was* formed in a thickness of 6 [err]mon the surface of a SUS
420J2 *substrate. Then, using a plating solution . conprising nickel
sul fate, sodiumtungstate and potassium 10 citrate as the nmain
conponents, an outernost surface coat '41g_ of nickel -tungsten (wei ght
ratio of 71:29) was formed in a thicKhess of 20 [err]m
COVMPARATI VE EXAMPLE 3 Usi ng a nickel chloride bath, a nickel
| ayer conmposed 15 of fine columar crystals (average grain size: 0.1
[err]m wherein the crystal grain boundaries were orientated to
be perpendicular to the outernost surf $bl¥vaf formed in a thickness
of 6 [err] S T Or fd ng side of a pold
substrate npde of SU$ 420J2. Fhen, usipg 20 a plating splution donprisin
ni ckel sul flate, sodi §m. t ingaibaire pogi@et tes| um ci tr af SBEES, Hapful
conponent s, | ExampBéls WSk REs s5FL8£6n P LY gbqat | n§lra8e pfompdiherjyisiife of
(average grlin size: |Bardngss rlin - g{r&gsrtggn (yempldyed] glasso |of the
ni ckel : tungsten = 72328), whefein Crys gF P | 25 bounpgatesc¥dr emo1d
abundant |y hvas forned in A thickneks of 20 ferrlm
EVALUATI ON 1 630 - 23 - /th
respect to ' 37 xp.l_esljl_t.& A 18 _phnd p‘nmpsra'r:lL\sm
Exanples 1Jto 32 the]Vi @sers phar dagss, 8 A 0 16
3 665 32 15 A 0 15
4 645 31 14 B 0 15
5 648 30 13 B 0 15
6 648 30 12 B 0 15
7 650 35 12 A 0 17
8 672 28 7 A 0 18
9 687 30 14 A 0 17
10 710 35 12 A 0 19
11 680 39 17 B 0 17
12 661 28 12 B 0 17
13 668 29 11 B 0 18
14 670 30 14 A 0 15
15 665 32 16 B 0 16
16 650 34 17 A 0 15
17 640 36 16 B 0 14
18 630 38 18 B 0 13
Compara-
tive
Examples
1 - 639 10 10 A 10 10
2 517 70 33 A 0 4
3 517 70 33 A 0 4




theiTaben-abrasion i ndex and the wei ght

i ncrease by oxidation in air

wer e*nmeasured, and front panels of a 5 cathode ray tube were fornmed by
usi ng *nol d (plungers) provided with these coatings. The results are
shown in Table 1. The conposition of the glass for the front
panel of a cathode ray tube enployed, is s Qun in Table 2. In Table 1,
t he Taber abrasion index, the oxidation wei ght increase and the panel
form ng properties (scuffs on the glass surface, the useful life of
the nold) were represented by rel ativgbvel2es to the respective val ues
of Conparative BEfanpre S[ImEIop Hnvp
- 24 - Glass SJ.O2 Na,0 K.Oall eS10 BaO Zr0, etc.
Taber Oxidation Jeuf f ef ul anplles Vi ckerp abrasion
wei ght Qass Loftnd 2P [of 5] e kaiﬁngsw iZrdex | inc8eise

I I .
erpioyed glass | giass |'%0, | Na0 [ &0 | Pbo fsro, etcy [unit: wip
15 2 65 3 8 16
L 5655 Qa 6438 ) 6.0 [82.5 | 3% | 23.§ 1
645 31 14 B 0 15 5 648
30 13 B 0 15 6 648 30
12 B AsOshown bylfhe Exanples, th§5§kesent fﬁbentlon 12
A 0 17 8 672 A
0 18 provides advantages such that the coatlng is superior in

10

the releasing property to the conventional chromium
coating, and scuffs are less likely to form on the glass
surface, and it is far superior in the oxidation

resistance to a nickel tungsten coating.



v
-

9 - . 687 30 14 A 0 7“—‘——$G—————_____

710 -+ 35 12 A 0 19
I S A L L T
12 B 0 17 13 668
B 0 18 14 670 _ 46 - 30
0 15 15 665 32 16 B 15
16 16 650 34 17 A 0
17 640 16 WHAT Isz CLAIMED IfS: 14 18
% Conpara- tive

Eﬁgnples l. A s formﬁgg mold whhg? compf&ggsrg)subsgppte made] o

517 )
317 70 of gg%ﬁ?less s gsl and a q?atlng comPrlslng E%e fofiow1ng
- 25 - mponents formed th e t £4c83%0ating Sy
Na[err] O K[err‘id‘)o sO € gs e% tgn[os sur£acd ogtlng %h
7.5 8.1 gll.dfubstrates?: 2 8.6 d ass Sigerr] Na[err]O
Klerr]O PbO SrO etc. Unit: wt% 5 B 64. 6 6.0 2.5
3.0 23.9 (1) £rsm 4OWo B4 Wia BRmlGel té?ﬂ/ﬂfré%”di}al't”‘é%“t I on
provides advantages such that the coating is superior the rel easing
property to the composmntomgl chromium 10 coati ng, and scuffs are |ess
likely to formon the gl ass surface, and it is far superior in the
oxi dati on _ (2) from 5 to 59 wt% of tungsten as component B; and

(3) from 0.5 to 40 wt% of at least one transition
10 element having a melting point of at least 2,200°C as
component C.
2., The glass forming mold according to Claim 1, wherein
component C is at least one element selected from the
group consisting of tantalum, niobium, molybdenum,
15 ruthenium, rhenium and iridium.
3. The glass forming mold according to Claim 1, wherein
the outermost surface coating further contains from 0.5
to 20 wtg of phosphorus and/or boron as component D.
4. The glass forming mold according to Claim 1, wherein
20 the outermost surface coating has a thickness of from 1
to 500 um.
5. The glass forming mold according to Claim 1, wherein
the outermost surface coating contains a fine crystal
grain layer having an averagé grain size of at most 20 nm
25 or an amorphous layer.
6. The glass forming mold according to Claim 5, wherein

the fine crystal grain layer or the amorphous layer has a



re5|stance to a nickel tungsten coating.
26 - ¢ WHAT | S CLAIMED | S:

form*ng mol d which conprises a substrate nmade of stal n mjwlﬂﬂ”m
a coating conprising the follow ng conponents forned a

surface coating on the 5 substrate: 27 - (1) from40 to 94 wt % of
ni ckel and/or cobalt as conmponent A (2) from5 to 59 wt %
of tungsten as conponent B; and (3) from0.5 to 40 wt % of at

| east one transthi@hﬂeaﬂ of| atrekeasid oy lael ting poi nt of at | east

2,200[err] C as onponent C. 2. _The glass form nol d_accordi ng
to daimi, mhe?elnThe gléﬁﬁpgﬂéﬂ%nﬂim%1@13¢gﬁﬁ§1%ﬂm9¥ﬂ ﬂhﬂanhﬁﬁfron1

t he group consi of tantalu ni obi noJ ybdenum henlun1
rheni um and i H%ﬁ‘uﬁlg {l’gn%r W’@’r%@g‘f A rﬂﬁ’d’y 't(‘?*Ci afit

?QGES'CW%Ff M S L e r%rﬁmﬁ#eheﬂh §C°°n”stlaslt”lfmf e g ass
cont i ng has e (FrepRade' 8 GAURS 61 16 4ifP 18 eI ile HBiR0e

formng nol d aC&Qéé’i NSub St £4 8¢ ”&rld YA Gidbrmost télf‘rf%i&eerdﬂﬁm%”face

coatlng contains a fine crystal
8. The glass forming mold according to Claim 7, wherein

the interliner has a thickness of from 0.1 to 50 um.
9. The glass forming mold according to Claim 7, wherein
10 the interliner contains a fine crystal grain layer having
an average grain size of at most 20 nm or an amorphous
layer.
10. The glass forming mold according to Claim 7, wherein
the fine crystal grain layer or the amorphous layer in
15 the interliner has a thickness of at least 0.05 um.
11. The glass forming mold according to Claim 1, wherein
the stainless steel substrate is of martensite type.
12. A method for producing a glass forming mold, which
comprises forming a coating comprising the following
20 components as the outermost surface coating on a
substrate made of stainless steel by a method selected
from the group consisting of a plating method, a CVD
method, a PVD method and a metal spraying method:
(1) from 40 to 94 wtg% of nickel and/or cobalt as
25 component A;
(2) from 5 to 59 wt$ of tungsten as component B; and

(3) from 0.5 to 40 wtg of at least one transition



. [
grain layer having an average grain size of at nmost 20 nm 25 or an

ner B R (e ryatar Sorarn ayerorthe-anor s INRURLAIRIER LI

- 27 - t hi ckness of at least 0.5 [err]m 7. The glass forn1ng

nol d according Caim1, which has a énterllner conprising, as the
mai n conponent, at | east one el ement“Sel ected fromthe group

consi sting of 5 elenents of Goups 8 9, 10 and 11, between the stainless
st eel substrat§1§ﬁGthBaUGP§rﬁn@?lg&PBaEeléﬁa?fnﬁt leastg2,290°Q a8 s
formng nold accordin t8 Caim?7, wherein the interliner has a

t hi ckness of fFBWPangFo 30 [err]m 9 The gl ass forming nold

el S s R é'g'szﬂaasenga%géosn%gﬁ g
h 7,
b e "L tme, wnslh SRS ABAH ESAE, H

the interl 'é‘ercaﬁﬁoéet bhgkeasa qué‘f: ESﬁE&leoéliﬁ ebhMdxide, dddidr rfae gl ass

form ng nold according to Claim1, wherein e stainless stee

substrate is oaxﬁaéyegathsswﬂeoxlde, $€roft iBh NeLider aid OSAEi i SxDd&ss
form ng nold, which conprises formng a coating conprising the

following 20 bgonpansnbf asglaesoBbeningtmsudf wiiek oedbhPEi H&s aa
substrate nade of stainless steel by a nethod sel ected
substrate made of stainless steel and a coating
comprising the following components formed as the
10 outermost surface coating on the substrate:
(1) from 40 to 94 wts of nickel and/or cobalt as
component A;
(2) from 5 to 59 wtg of tungsten as component B; and
(3) from 0.5 to 40 wtg of at least one transition
15 element having a melting point of at least 2,200°C as
component C.
14. A method for forming a glass product for a cathode
ray tube, which comprises forming a glass product for a
cathode ray tube which contains silicon oxide, sodium
20 oxide, potassium oxide, strontium oxide and barium oxide,
by means of a glass forming mold which comprises a
substrate méde of stainless steel and a coating
comprising the following components formed as the
outermost surface coating on the substrate:
25 (1) from 40 to 94 wty of nickel and/or cobalt as
component A;

(2) from 5 to 59 wts of tungsten as component B;



fromthe group consisting of a plating nmethod, a CVD ‘met hod, a PVD
mettiod and a netal spraying nethod: (1) from40 t ul
ni ckél and/or cobalt as 25 conponent A (2) fromﬁmmmnu\uml *II
tungsten as conponent B; and (3) from0.5 to 40 wt% of at I"%ast
one transition - 29 - - 28 - el ement
having a nelting point of at |east 2,200[e?r]C as conponent C.

13. A nmethod for formng a glass product for a cathode ray tube, which
conprises formng a3 a'g@fb?%&@ 4% wt of at dedst gpe ranfitdencont ai ns
silicon oxide, sodiu . oxide, _pqtassiym oxi de, strontium oxi de and

bari um oxi de, eslemed'{? haidgpe pediting PGF'Hithfnﬁftdi\?oﬁﬁéh 2:4Q8°Fs88 a
substrate nade of stainless _steel and a coating conprising the

fol |l owi ng conpéﬁ@ﬁﬁ?qﬁ%ﬁﬁii the 10 outernost surface coating on the

substrat e: (af 1‘%[3,.{ YnAQ 4 ;}ggé,é;‘ﬁtv\:@&fgap%its%%@ru%n 400 %%lr%&a%g; and

conponent A; from ngst'eén as’conpon
(3) fromO0.5 tg %ofp.at least one transition 15 elenment having a
mel ting poi%t ofﬁg¥ﬁ$%ast 2,200[err] C as conponent C. 14. A

met hod for fornisg A fHakd FRdYdrridlg @ ¢aasdd®roduct’ ®brt dbeatWeaeh
conprises formng a glass product for "a
ray tube, which comprises forming a glass product for a
cathode ray tube which contains silicon oxide, sodium
oxide, potassium oxide and lead oxide, by means of a

10 glass forming mold which comprises a substrate made of
stainless steel and a coating comprising the following
components formed as the outermost surface coating on the
substrate:

(1) from 40 to 94 wts of nickel and/or cobalt as
15 component A; |
(2) from 5 to 59 wt3 of tungsten as component B; and
(3) from 0.5 to 40 wtg of at least one transition
element having a melting point of at least 2,200°C as
component C.

20 16. A method for forming a glass product for a cathode
ray tube, which comprises forming a glass product for a
cathode ray tube which contains silicon oxide, sodium
oxide, potassium oxide and lead oxide, by means of a
glass forming mold which comprises a substrate made of

25 stainless steel and a coating comprising the following
components formed as the outermost surface coating on the

substrate:



L d ~ LR
cat hode'ray tube which contains silicon oxide, sodium 20 * oxide, potassium"
oxkde, strontium oxide and bari um oxi de, by neans of aiﬂlﬂﬁj"“mmm’"\ l,
nold whi ch conprises a substrate nade of stainless ste

conprising the foll ow ng conponents fornmed as the outernost strfhceé *
coating on the substrate: 25 (1) ;;6°m 40 to 94 wm % of nickel and/or
cobalt as conponent A; (2Y ' from5 to 59 wt%of tungsten as
conponent B; (3)
from0.5 to 40 wt %b¥ fxom AkttqRd Midnf indekel anél/@r‘f’eﬁpbﬁdﬁ @§ a nel ting
poi nt of at |east 2, 200[err]Cas conponent C, and (4) from
0.5 to 20 M%W%Wh ius and/ or boron as 5 conponent D. 15. A

met hod for formng %rgss rod#t e}__. (i_'at 3? t ube, _which
é’ UngexRo§8 F8§}‘¥’P i
ggm);: igssr Iolr(r:nozgo ?jtgn 4 %f Rt 3@32\4_ g)g QQ a q_ %2 oxi de,
Trof Y8 te 49 F0, i8R LS

by nmeans of a 10 orm ng |ch conpri ses made of

stainl ess stegh e?r@q: A HERANS RTRIEY poshhe Eolaltomggst 20896PggeNt s

formed as The outernost surface coatl n
(1) from 40 t cibode¥tolc Nigngel and/or cobalt as 15 corrponent A
(2) from5 to 59 wt % of tungsten as conponent B; and

(4) from 0.5 to 20 wt$ of phosphorus and/or boron as

component D,



(3) froﬁfB'S to 40 wt% of at | east one transition el ement having a
nelllng point of at |east 2,200[err]C as conponent C. 20 16. A

met hod f or form ng a glass product for a cathode ray tube, which
conpri ses form ng GLA§EaRNMENG MOLD, MBTHGD FOR PROBUCINGEA IGRRSS FORMING MOLD AND
contains silicon aETHED FORJFORMING A GLASS]PRODUOICAFOR ANCATHODES RANAIUBBad oxi de,

by nmeans of a glass form ng nold which conprises a substrate made of
25 stainless steel and a coaABSTRACHPOFSTHE DPHSCLOSUREI ng conmponent s
formed as the outernost surface coating on the substrate:

- 30 - (B Q‘Jracﬁﬁ Apnmingy, mald whighc icempriges: ac sudistrase made
conponent A, from5 to 59 w %, of tungsten as conponent B;

(3) fromo0.5 t&f 496—%“%%8 zﬁtteleéa@doﬁe coptidg: CORPTssipge fbfit ﬁ&\}ngna
rom 05 Lo 2GRS GGG Saridheo PUSSFBRESs SUT EaCg EaRLRapEn the |V
5 substrate:
(1) from 40 to 94 wts of nickel and/or cobalt as
component A; |
(2) from.5 to 59 wts of tungsten'as component B; and
(3) from 0.5 to 40 wtg of at ieast one transition
10 element having a melting point of at least 2,200°C as

component C.



