SPECI FI1 CAT I O N COATI NG MATERI AL FOR PLAT | NUMMATERI AL, PLATI NUM
MATERI AL COATED W TH SUCH COATI NG MATERI AL, AND GLASS MANUFACTURI NG
APPARATUS 5 TECHNI CAL FI ELD [0001] The present invention relates to a
coating material for covering a platinummaterial for use in a

hi gh-tenperature environnment, such as in a glass manufacturing apparatus.
10 BACKGROUND ART [0002] An apparatus (including stir chanber, nelter,
refiner and others) for manufacture of high-quality glasses such as

optical glass and display dl a?SP gener I1§.yI USEs A P'@tﬁ num 15 material as its
constituent material. The platinumndterial™ Is used as the constituent

material for such chanbers and vessels because of the follow ng. Platinum
has a high nelting point and forns no oxide layers in the air, so that the
platinunmaterjal_is litt]le subjected to degradation, defornation and damage
during 20 o&@%%@%ﬁ%&h@ﬁ WW&%@P%EHMM@%M%@M n
chem cal stabili%%K?nd shows a | ow tendency to contam nate lass in a

nol t en st at SV1 T FEICH RAATHNGMATIR Lk a AL LASS MRNUERERURENG APPARATUS

pl ati numrhodi um al | oy have been wi dely used for the platinummateri al
(other pPatinum materials applicable for use 25 in glass industry are
described in detail in Prior Art section 1 of Patent Literature 1).
TECHNICAL FIELD
[0001) The present invention relates to a coating material for
covering a platinum material for use in a high-temperature
environment, such as in a glass manufacturing apparatus.
10
BACKGROUND ART
[0002] An apparatus (inciuding stir chamber, melter, refiner.
and others) for manufacture of high-guality glasses such as
optical glass and display glass generally uses a platinum
15 material as its constituent material. The platinum material
isused as the constituent material for such chambers and vessels
because of the following. Platinum has a high melting point
and forms no oxide layers intheair, so that theplatinummaterial
islittlesubjectedtodegradation,deformatiopanddamageduring
20 operation of such an apparatus. In addition, it is superior
in chemical stability and shows a low tendency to contaminate
glass in a molten state. Other than platinum, platinum alloys
such as a platinum-rhodium alloy have been widely used for the

platinummaterial {other platinum materials applicable for use

25 in glass industry are described in detail in Prior Art section



[0003] In glass manufacturing processes, the apparatus is placed in a high
tenperature environnent of over 1,000 C, generally 1, 200 - 1, 600 t, while
it is varied depending on the 5 content of the treatnent used. Because of

t he above-described features, the platinummaterial even in such a high
tenperature environnment can nmaintain sufficient durability over an extended
period of time without a tendency to contam nate a nolten glass inside the
apparatus. 10 [0004] However, the platinummaterial in the high tenperature

envi ronnent SPCPé'E‘érrE{SLPt%Qt%Pé“IFQardi ng its behavior on an outer surface
e

of the apparatus. problemis a vaporization |oss that results when

plati numin atin terial-.produces .a gaseous oxide. in the f.ormof a
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use, anounts o everal,L % of a vvei%ht of the platinum g&)arat us_a becones
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material in a local site of the apparatus where a |arger anount of platinum

vaporizes. AIeRerahky apgdid zel: HP &t num e dépdsi tar vd depeiddaigppn the

refractory and heat-insulating materials disposed to surround the gl ass

manuf act or i neeRpRE Mfushe i satnant ageds tBecausp@l shenslabee sdeschebed

subjected to platinum recovery and refinenent. Another |oss increases as

t he expensii®aphats nitnenpt 2t iahm wederiizadsenan ispseads high tempacat@be wher e

recovery thereof is difficult to achieve. 2 [0005] Also in the glass

manuf act ur i ngnapPatmd s caaini Hihein sufficient durability over an extended
period of time without a tendency to contaminate a molten glass
inside the apparatus.

10 (0004] However, the platinum material in the high temperature
environment encounters a problem regarding its behavior on an
outer surface of the apparatus. The problem is a vaporization
loss that resultswhenplatinuminthe platinummaterial produces
a gaseous oXide in the form of a platinum oxide (Pt0O,). This

15 platinum vaporization loss, in its general use, amounts to
several % of a weight of the platinum apparatus and becomes a
factor that directly damages strength and stability of the
platinummaterial in a local site of the apparatus where a larger
amount of platinum vaporizes. Also, the vaporized platinum

20 depositsonsurfacesofrefractoryandheat-insulatingmaterials
disposed to surround the glass manufacturing apparatus. This
increases the number of members to be subjected to platinum
recovery and refinement. Another loss increases as the

expensive platinum material vaporizes and spreads into a space

25 where recovery thereof is difficult to achieve.



pl ati num nenber, there has been a problem of formationof bubbles, due to
water in a glass, at an interface of the plati numnenber during gl ass
manuf acturing (see, for exanple, Patent Literature 5 2) . This is believed
due to the following. Water in the glass deconposes to produce hydrogen
that is subsequently allowed to pass through the platinumnenber to an
outside. As a result, an oxygen-concentrated gl ass portion is fornmed at or
near the interface of the platinum nmenber, whereby oxygen bubbl es are 10

produced. [O0p§§ds 51" 2Q1eRe o @ 130lgMe <tch & cﬁa'&@rq gb ”%tsh?@ W ng

t he gl ass manuf acturing, Patent therature 3 propos prOV|5|on
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Literature 3: Japanese Patent Kohyo No. 2004-523449 D SCLOSURE OF THE
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25 a material suitable for coverage of a platinummaterial used 3 in a

hi gh-t enper adegaupess s donphoduce hydrogen that is subsequently allowed to
pass through the platinum member to an outside. As a result,
an oxygen-concentrated glass portion is formed at or near the
interface of the platinum member, whereby oxygen bubbles are

10 produced.

[0006] 1Inorder to solve the problemof bubble formation during
the glass manufacturing, Patent Literature 3 proposes provision
of a hydrogen-impermeable glass~based film con an outer surface
of the platinum member.

15 However, after the study of the glass-based film disclosed
in Patent Literature 3, the inventors of this application have
found it insufficient to suppress formation of bubbles during
the glass manufacturing.

Patent Literature 1: Japanese Patent Laying-Open No. Hei

20 10-280070
Patent Literature 2: Japanese Patent Kohyo No. 2001-503008
Patent Literature 3: Japanese Patent Kohyo No. 2004-523449
DISCLOSURE OF THE INVENTION

[0007] It is a first object of the present invention to provide

25 a material suitable for coverage of a platinum material used



It is a second object of the present invention to provide a coating
material for a platinumnmaterial, which can suppress bubble formation that
is caused by water in a glass during glass 5 manufacturing. [0008] Key
qualities required for the coating material for a platinunmaterial used at
a high tenperature are sunmari zed below. First, it does not show the
tendency to nelt or deformin a high-tenperature environnment and needs to
have a sufficient 10 degree of flexibility to follow deformation of the

pl ati num migréaﬂui@_@eﬁ Dsirate. o Wep the,apparatus is operated or
tS co €

brought to rest, | onents experience thermal expansion or shrinkage.
Accordingly, the t] ng erial.if, si # high n._strength, i.e...rigid,
tends to break asfgalrgegu?gg%?dfogﬂ% I3 ong % RETIR e &%ﬁeﬁgi%ﬁ%‘?l%ﬂange.
Thi s causes themt.o defgrnx ing | ose_their functions. Second, the coating
material, whefFOdd¥ PALETASHi T BLALIPETHIR S L #bn s iGh RRRLEIRRYS S
must be nearly free of defect such as pinholes. This is because the
presence of Ruehledrematiiondshes igafiagsag kY wehercong skps@cariag @bresri ng
use and causes the substrate to contact with an outside air, resulting in
the fail gre mangfa¢teremyly reduce a vaporization loss of platinumfromthe
substrate. [0009] Metal oxides, known as general refractory materials,
maybe regar deQ0 @8] béleng qapplitdall eefondredt foxlpdiatceatfingt mangrhal2bcand
stability in a high-tenperature environment. However, they 4 are hard to
forma densepfatmibymbteirngl ukeerpats s Alyhi faige tHMire are summarizedbelow.
First, it does not show the tendency to melt or deform in a
high-temperature environment and needs to have a sufficient
10 degree of flexibility to follow deformation of the platinum
material as a substrate. When the apparatus is operated or
brought to rest, its components experience thermal expansion
or shrinkage. Accordingly, the coatingmaterial if simply high
in strength, i.e., rigid, tends to break as a result of failure
15 to follow their dimensional change. This causes them to deform
and lose their functions. Second, the coating material, when
made intoc a film, needs to have a dense film quality and must
be nearly free of defect such as pinholes. This is because the
presence of such defect leads to damaging of the coatingmaterial
20 during use and causes the substrate to contact with an outside
air, resulting in the failure to sufficiently reduce a
vaporization loss of platinum from the substrate.
[0009] Metal oxides, known as general refractory materials,

may be regarded as being applicable from standpoints of strength

25 andstabilityinahigh-temperature environment. However, they



flexibility
per f or mance
application

and high nelting points, and accordingly does not show the

contenpl ated by the present invention. The inventors of this
investigated suitable 5 constitution of the coating nmateri al

while taking into account the above-described prior conditions, and

conceived a concept of the present invention that a material containing
nmetal oxides of alumna and silica and a gl ass conponent can

crystalline
satisfy the
i nvention t
refractory

and a gl ass

above-descri bed conditions. 10 [0010] They reached this
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to as those of "the present 5 invention".
of the present invention that amaterial containing crystalline

metal oxides of alumina and silica and a glass component can
satisfy the above-described conditions.
[0010] They reached this invention through the finding that
a coating material containing a refractory material component
consisting essentially of alumina and silica and a glass
component can effectively suppress bubble formation that is
caused by water present in a glass during glass manufacturing.
That is, the present invention provides a material for
coating a surface of a platinum material made of platinum or
platinum alloy. More specifically, it provides a ccating
material for platinum material, which contains a refractory
material component containing alumina and silica and a glass
component.
[0011] The coating material of the present invention contains
alumina particles, a glass component, silica particles and/or
colloidal silica. Hereinafter, technical matters common to the
following first through fourth embodiments in accordance with

the present invention may be referred to as those of “the present

EoveRbent ebritdisnerglacaiing andestipahednguatgplss
[0011] The coating material of the present invention contains
al um na partehasitatybasst torporehing sidtierd sjavhi tedslkimdf dntocattounal

umi na and Silica
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In a first preferred enbodi ment in accordance with the present invention,
colloidal silicais used to constitute at |east a part of silica.
Accordingly, the coating material 5 contains alum na particles, a glass
conmponent, colloidal silica and, if necessary, silica particles. [0012] In
the first enbodi ment in accordance with the present invention, the alumna
particles and gl ass conponent, either wth or without silica particles, may
be prem xed. That is, 10 the alum na particles and gl ass conmponent, either
with or without silica particles, nay be m xed, sintered, ground and then
combi ned Wi th,the,colkoidal silica to provide the coating material. In the
first enbodi ment 1 n accordance with the present 15 invention, the coating
mat eri al may prefgrabl provided i |urry form That is,%%gg coati ng
[

. be Ln__.a

material preferably ac%ﬁfﬁ?s%]ée e’é?%‘?r?/m%%‘iz't%‘?%' ny t HECA TR thes,
gl ass conponent, colloidal silica, either with or without silica
particles. IPEERENE WSt 1 170 LUl sidriciacRés uard §Pasenobiehporent |
either with or without silica particles, are mxed, sintered and ground, as
descri bed abb$@sttadPephat?hgshaieri arccondinaes £hsl woatioghmaiteiniglt he
ground product and colloidal silica. [0013] Preferably, the slurry contains
met hyl celd ul e@etains 23 unt herparitisrlen! alyle gotymponast accdlgddad &i hites . The
organic 6 binder is preferably contained in the amount of 0.5 - 10 parts

and, if necessary, silica particles.

[0012] 1In the first embodiment in accordance with the present

invention, the alumina particles and glass component, either

with or without silica particles, may be premixed. That is,

10 thealuminaparticlesandglass component, eitherwithorwithout
silica particles, may be mixed, sintered, ground and then
cembined with the collcoidal silica to provide the coating
material.

In the first embodiment in accordance with the present

15 invention, the ccocating material may preferably be provided in
a siurry form. That is, the crating material preferably
comprises a slurry containing the alumina particles, glass
component, coclleidal silica, either with or without silica
particles. In the case where the alumina particles and glass

20 component, either with or without silica particles, are mixed,
sintered and ground, as described above, the coating material
comprises a slurry containing the ground product and colloidal
silica.

[0013] Preferably, the slurry contains methylcellulose or

25 other water-soluble polymer as an organic binder. The organic



by weight, nore preferably 1 - 5 parts by weight, based on 100 parts by

wei ght of inorganic solids in the slurry. The slurry-form coating nateri al
in the present invention 5 can be coated on a platinum material by a nmethod
whi ch conprises applying the slurry onto a surface of the platinummateri al
and then firing the slurry. After the slurry is applied onto the surface
of platinummaterial, the applied slurry is preferably dried at a
tenperature of 40 - 95 "C. The slurry may be applied 10 onto the surface of
plati nummaterial while heated. The slurry is preferably applied by

spraying. [O094ddesnd g%e&@%%ﬂpa%gﬂggi{mﬁg, 'prir FHNEREARE &@g{ & theg g# 9

material is applied onto a sur at1 num nateri| and 't ired,

the {111 ng.Uegmera eul30r BLEEBBLINL! U0 e Eands 15 ol 1200 36000C. A0

environnent al” tenperature a plrat rnumhat eri i S$°UsS e
utilized to t. firing., In. this case, the ,use t erature neans the
firing terrpef%ﬁge}?y “ﬁ%Jf&?eg(a ' EOFFR Y He %%Qjed%m]et? eﬁ%\ p‘f]:"flfl?%m material is
used in the gl as,ﬁ} maﬁuf act %ri ng a 1gar atus, a menpber conposed of the 20
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menber, to a tenperature at which a coating material |ayer applied onto the
pl at i numPrmat €% Be ¢eated ofp a pdetEMuh e heriat &ty ameidigehich eompprssent
invention, a coating material containing alumna particles, glass conponent
25 and col | ciplal yERd ithg, sbutrherontia b orr fdedodt tise ldled jpamt netesial Ang
applied onto a surface of the platinummterial and then fired,
then firing the slurry. After the slurry is applied onto the
surface of platinum material, the applied slurry is preferably
dried at a temperature of 40 - 95 C. The slurry may be applied
10 onto the surface of platinummaterial while heated. The slurry
is preferably applied by spraying.
[0014] In the present invention, in the case where the coating
material is applied onto a surface of the platinum material and
then fired, the firing temperature ispreferablywithin the range
15 of 1200 - 1600 C. An environmental temperature at which the
platinum material is used may be utilized to effect firing. In
this case, the use temperature means the firing temperature.
For example, in the case where a platinum material is used in
the glass manufacturing apparatus, a member composed of the
20 platinummaterial is heated, while amolten glass passes through
the member, to a temperature at which a coating material layer
applied onto the platinum material is fired.
[0015] In the first embodiment of the present invention, a

coating material containing alumina particles, glass component

25 and colloidal silica, either with or without silica particles,



resulting in obtaining a fired coating film Since colloidal silica is used
as at least a part of silica, the colloidal silica serves as an inorganic
bi nder. Accordingly, the fired coating 5 filmin the first enbodi ment can be
made sufficiently dense to prevent passage of hydrogen and, as a result,
effectively suppresses bubble formation in a glass during manufacturing of
the glass. The formation of this fired coating filmin the first enbodi nent
is particularly preferred in uses where hydrogen 10 inperneability is

ded. It ; 0016
After ihe f?lrsf%aﬁi%%&w‘ﬁl PR P SoRe Lt Ry Al shER e e ces
di bl th I f h th
component . ASOP v PREEAE IS & 1rebaosetnts i%nfme e SHpaL
particles are, dlspersed jn a matrix phase consisting of the Iass conponent
and col | oi daii1i§q t B4 SEShPBEnt 8 BC ConF F (At %l%ll@?sﬁg’resﬁﬂlbﬁh 2l 9id 9% case

where the silica particles are contained in the coating material, the
silica partiS3EEQRE 2N 8FIGPeCsREnEr parRqad shiteg M t %hﬁhﬁir@@) celafHngs
particles in the dispersed phase. [0017] The fired coating filmin

accor danbe viiitlm tihetli¢ rfsitr steebbddimentofan e preescatfEhviant by geredertabl y
has a thickness of 100 - 1,000 pm nore preferably 200 - 1,000 pun, further
preferably FMeverlt RAGaya dff hiyielogeirclmels a6f d hesilted efdalidtnige2y filmis

excessively small, its hydrogen inperneabilitymaybeconme 8 insufficient. On
the ot her hfmﬁapﬂé‘ss@SCBﬁEbY@ foted eon tikea glass during manufacturing of
the glass. The formationof this firedcoating filmin the first
embodiment is particularly preferred in uses where hydrogen
10 impermeability is needed. It also effectively reduces a
platinum vaporization loss.
{0016] After the firing, the colloidal silica consisting of
fine particles becomes indiscernible from the glass component
as if it vanishes in the glass component. Accordingly, in such
15 a fired coating film, the alumina particles are dispersed in
a matrix phase consisting of the glass component and colloidal
silica component to constitute a dispersed phase. In the case
where the silicaparticles arecontained in the coatingmaterial,
the silica particles are also dispersed to participate with the
20 alumina particles in the dispersed phase.
[0017] The fired coating film in acceordance with the first
embodiment of the present invention preferably has a thickness
of 100 - 1,000 pm, more preferably 200 - 1,000 um, further

preferably 500 - 1,000 um. If the thickness of the fired coating

25 filmisexcessivelysmall, itshydrogenimpermeabilitymaybecone



effect proportional to the thickness is not obtained to becone econonmically
di sadvant ageous. [0018] The alum na particles for use in the present
invention 5 preferably have a nean particle dianeter in the range of 1 -
100 pm nore preferably in the range of 3 - 80 pm In the case where silica
Is used in the formof silica particles, they preferably have a nean
particle dianmeter in the range of 1 - 100 pm nore preferably in the range
of 3 - 80 inn. If the nean 10 particle dianeter is excessively large, the

coat | ng M SlAleeiiahe ! BANLALNLEAEEaAkAT cCURRNENL gg‘yag_g% L @,Rrovi de

a dense fil e other han he "nean par

excessively t he tQ serve. as filler ts strength
to a resulti equl Wogérfééfé? "% t?)r? %Eéggnﬁ/ﬁgrjes &9Y ‘8% P§n8§ BEGME f or m
of colloidal sili.ca, eferably has a mean particle dlaneter in the
range of 1ﬁconﬂﬂ}qﬂ%l:ndi§ SPEEARWS N the range of 10 - 50 nm further
preferably in the range of 10 - 30 nm In the coating material, the

col | oi dal ~ sil4%d lacTBealuning pregddicd a5 hasrusad ndsbermirert iayendion
Accordingly, the use of colloidal silica results in the formation of a
dense coati myefidmably0020jk ahmeapppavtiche giamssteonponsm fargaise iln-t he
present invention is not particularly specified. However, the gl ass
conmponent i 4 0expegtedrs qief el dislly it eke wheriyd tofi 3 AW ped t on XYharase

al kali-free glass manufacturing apparatus. In the light of 9 the absolute

requirement Wate 31 1dldealiis e@MRON@Nttheh@wlréh BF silica particles, they

preferably have a mean particle diameter in the range of 1 -
100 ym, more preferably in the range of 3 - 80 uym. If the mean

10 particle diameter is excessively large, the coating material
even 1f containing the glass component may fail to provide a
dense film. On the other hand, if the mean particle diameter
is excessively small, they may fail to serve as a filler that
imparts strength to a resulting film.

15 [0019] 1In the case where silica is used in the formof colloidal
silica, it preferably has a mean particle diameter in the range
of 10 - 100 nm, more preferably in the range of 10 - 50 nm, further
preferably in the range of 10 - 30 nm. In the coating material,
the colloidal silica acts as an inorganic binder, as described

20 above. Accordingly, the use of colloidal silica results in the
formation of a dense coating film.

[0020] The type of the glass component for use in the present
invention is not particularly specified. However, the glass
component is expected to be alkali-free when it is applied to

25 an alkali-free glass manufacturing apparatus. In the light of



prevented fromentering a glass (product) inside a platinum apparatus even
if cracks are produced therein, it is preferred that the glass conponent
constituting the coating naterial is 5 alkali-free. By "alkali-free" in the
present invention, it is meant that the al kali conponent content does not
exceed 0.1 % by weight. Exanples of glass conponents include borosilicate
gl ass and al um noborosilicate glass. [0021] In the present invention, the
coating naterial 10 preferably contains 20 - 70 % by meight of a gl ass

conponent, % nna an - 5Q % ht, of

silica, on a %ot é%%%ﬁ%eygd%?ﬁrﬁ)emﬁ/br e pr%rf ea?]a]%af Ccfmpogh%/ kﬁ%;bld) % by
wei ght of a ass co nent, 15 - @6 we of al um n 0 - 30 %
by wei ght o Se EREd PEP S TeF (o AL TRR  T OB R or T G okl LR o
colloidal silica is used, a total silica content preferably falls within
the above- sRRRITINT 768 11 [Oaels Pre PEARRRED Jihekain c dipbhdiefar Hamk
coating material may preferably be varied depending on the use tenperature
of the coatilift fdcepilabs pemppnenbecqiesiciiibiethy dther coriinbengtessalols

manuf acturing facilities, the platinummaterial is located in roughly three
di fferent t emppeakit-time egByndalkaDDOfred” 250 the pAe &0t -inlre4®Gon¢C ahdid, 450
- 1,600 C In the 1,000 - 1,250 C tenperature region, the coating nateri al
preferably oosrai nhat3%he Z0k4A bycovep@ién f ragrer diiteiRieabhy t40xce 68 LDy

wei ght) of 25 a gl ass conponent, 10 - 40 % by weight (nore preferably 15 -
10 35 % by we} etilghef. apxahgiBa, £YRAERbnaRteh? s~ 1 RO1 AOMIRI Nt cate
glass and alumincoborosilicate glass.
[C021] In the present invention, the coating material
10 preferably contains 20 - 70 % by weight of a glass component,
15 - 55 % by weight of alumina and 10 — 50 % by weight of silica,
on a solid content basis. More preferably, it contains 30 -
70 $ by weight of a glass component, 15 - 45 % by weight of alumina
and 10 — 30 % by weight of silica, on a solid content basis.
15 Even in the case where colloidal silica is used, a total silica
content preferably falls within the above-specified range.
[0022] The content of each component in the coating material
may preferably be varied depending on the use temperature of
the coating material. As will be described later, in the glass
20 manufacturing facilities, the platinum material is located in
roughly three different temperature regions; 1,000 - 1,250 C,
1,250 - 1,450 C and 1,450 - 1,600 C. In the 1,000 - 1,250 C
temperature region, the coating material preferably contains

35 - 70 % by weight (more preferably 40 - 65 % by weight) of

25 a glass component, 10 - 40 % by weight (more preferably 15 -

10



(nore preferably 10 - 30 % by weight, further preferably 15 - 25 % by

wei ght) of a silica conponent. In the 1, 250 - 1, 450 t tenperature region,
the coating material preferably contains 5 20 - 60 % by wei ght (nore
preferably 25 - 45 % by weight) of a glass conmponent, 20 - 60 % by wei ght
(nmore preferably 30 - 55 % by weight) of an alum na conponent and 10 - 50 %
by weight (nore preferably 10 - 30 % by weight, further preferably 15 - 25
% by weight) of a silica conponent. In the 1,450 - 1 600 C 10 tenperature

or of or bl y 15 53} QEW%J%?&% é%é’éconp Akt 1058 90 5dfue aht
f b 40 - % b f 1 %
by wei oht ( ARTE gy 10T 90 S8y i “mf?lart?wgf”%&ee feaaﬁﬂwy?is

25 % by wei ght) of a silica corrponent [0023] I na preferred second

enbodi ment  of > thbYcwaiphg) ek & salicancomporenbee W thet he2pPesdntd50 C
invention, silicais used in the formof particles. The gl ass and al um na
conponent s USRRREIAFLIE Hiagimtbodheerpasiagsnateaialnprgperably hosrtalgser i bed
in the 20 preceding first enmbodinment. In the second enbodi ment in
accordance W@ h-tée Pprasemightnertricopretfheabagt RAhg-nabet ilay weayghibkeof he
formof a slurry, paste or green sheet. The coating material, if rendered

into the past@lads gf@porsdiast Jor-msocanopr evi geta (hbrekpeopétragl{i dom - 25
[0024] In the second enbodi ment in accordance with the present 11
invention, atsing BY PA{Ghe] &56 %l hiGRIRA"Edfd &G 903550 & by weight
(more preferably 10 - 30 % by weight, further preferably 15 -
25 % by weight) of a silica component. In the 1,450 - 1,600 C
10 temperature region, the coating material preferably cecntains
15 - 40 % by weight {more preferably 15 - 35 % by weight) of
a glass component, 35 - 70 % by weight (more preferably 40 -
65 % by weight) of an alumina component and 10 - 50 % by weight
(more preferably 10 — 30 % by weight, further preferably 15 -
15 25 % by weight) of a silica component.
[0023] Inapreferredsecond embodiment of the coatingmaterial
in accordance with the present invention, silica is used in the
form of particles. The glass and alumina components useful in
this embodiment are similar in type to those described in the
20 preceding first embodiment.
In the seccnd embodiment in accordance with the present
invention, the coating material may take the form of a slurry,
paste or green sheet. The coating material, if rendered into

the paste or green sheet form, can provide a thick coating film,

25 [0024] In the second embodiment in accordance with the present
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conponent may be prem xed and sintered. That is, a mxture of alumna
particles, silica particles and a gl ass conponent may be sintered and then
ground to prepare the coating material. 5 [0025] The paste or green sheet in
t he second enbodi nent of the present invention contains alumna particles,
silica particles and a gl ass conponent. As described above, these

particles may be m xed, sintered and then ground before they are contained
in the paste or green sheet. 10 In the second enbodi ment in accordance with
the present . invention, .the paste_ ar .qreen sheet preferably contains al um na
in the formd¥ ) s PHVrE 8T Snasflisll}grasf.ar&ﬂgtjretgh@ndp&stg&a@ls green
sheet is applied onto a surface of a platinum material ,and fired to provide

a fired coatiHPFEh PRERUN GPLES DA TH R B8 na Thadeds i & Bhe R ©d or
green sheet suppresses production of cracks or the like in the fired
coating filmlulH&a RREkiGASFi betbipe dartinies gnst pt gl @s9. Comp@Eme Byavwei ght
of a solid content of the paste or green sheet. The alum na fibers contain
A1203 in t hécasowtersld andl ehet §Oouhdyt ovep i r g rigfee realal bl r20 mAQ Kl .

wei ght, and have a length of 0.1 - 100 mm preferably 1 mm- 50 mm wth a

di anet er50f [@0R5IM TheOpasteref egodby sheet Zth Mhd fsddd\baBdddaRENbL L S
bel ow 50 % by wei ght, the heat resistance of the fibers is |owered to such

an extent thae enteadivie: t 9aC tonwalifst Re uali ASS peewFRenest . sA3ackesul t,
the effect 25 of using alumna in the formof fibers can not be expected. If

12 the fibeglenghid Snkel:0W18st Whnphenti PEAS SLOPLYLAG abIvE, these

particles may be mixed, sintered and then ground before they
are contained in the paste or green sheet.

10 In the second embodiment in accordance with the present
invention, the paste or green sheet preferably contains alumina
in the form of fibrous particles (alumina fibers). When the
paste or green sheet is applied onto a surface of a platinum
material and fired to provide a fired coating film, inclusion

15 of such alumina fibers in the paste or green sheet suppresses
production of cracks or the like in the fired coating film. The
alumina fibers preferably constitute 0.1 - 30 % by weight of
a solid content of the paste or green sheet. The alumina fibers
contain Al;0; in the amount of at least 50 $ by weight, preferably

20 70 % by weight, and have a length of 0.1 - 100 mm, preferably
1 mm - 50 mm, with a diameter of 0.1 um - 50 um, preferably 1
- 20 pm. If the Al,0; content is below 50 % by weight, the heat
resistance of the fibers is lowered to such an extent that they
readily reacts with the glass component. Asaresult, theeffect

25 of using alumina in the form of fibers can not be expected. If

12



manner simlar to other fornms of particles. On the other hand, if it
exceeds 50 mm wuniform m xing of such fibers with other conponents is made
difficult. If the fiber dianeter is below 5 0.1 pm sufficient heat

resi stance can not be expected. On the other hand, if it exceeds 50 pm

uni form di spersion of such fibers is nmade difficult. [0026] In the second
enbodi nent in accordance with the present invention, the paste or green
sheet may further contain a 10 water-soluble polymer, such as

net hyl cel | ul ni. i r s organ bi nder preferably
contained in eﬁﬁ%ﬁ?gfeégﬁb %%%eﬂ%% partgmbyEg gh?erﬁn?em%?%f%? 5
parts by wei_ght base on_10 . I_nor gani c in the
paste or éﬁﬁp%$§éﬁl q%ﬁﬁt ﬂﬁmﬁéﬂgpgﬁilFEthe Bgﬁﬂ ghﬁﬁéﬁﬁﬁht of
t he present nvention na take the formof a slurry. This slurry is the
one whi ch colnt dnEXREIR ufti B pip iR IXING ©F sHFD| EHRT angl L dheT
conponent in a mxed form [0027% A coating nmethod in accordance with the
second embodiRRANEIPE dfs mAdepHeEéhtulhventd e $1ibkar dievetesdiadelow
conprising coating or adhering the coating material in accordance with the
second enbddilegnt, $iffbelgnedenit rageat anoe aaranstrfaexpeictadpl adn mm
material and then firing the applied coating nmaterial. The firing

t enper at ur e @k whhRE, AANTh Ekeaeds A Nuhh€orR D ifdgeits iihet s et f iddexes appl y

to this case. 13 [0028] The fired coating filmin accordance with the second
is made difficult.
[0026] 1In the second embodiment in accordance with the present
invention, the paste or green sheet may further contain a

10 water-soluble polymer, such as methylcellulose, as an organic
binder. Thisorganicbhinder ispreferablycontainedintherange
of 0.5-10parts byweight, more preferably 1l - 5parts by weight,
based on 100 parts by weight of inorganic solids in the paste
or green sheet.

15 The coatingmaterial in the second embodiment of the present
invention may take the form of a slurry. This slurry is the
one which contains the alumina particles, silica particles and
glass component in a mixed form.

[0027]) Acoatingmethodinaccordancewith the second embodiment

20 of the present invention is characterized as comprising coating
or adhering the coating material in accordance with the second
embodiment of the present invention on a surface of a platinum
material and then firing the applied ccating material.

The firing temperature and other conditions used in the

25 first embodiment also apply to this case.
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enbodi nrent of the present invention is characterized in that it is obtained
by coating or adhering the coating material in accordance with the second
enbodi ment of the present invention 5 on a surface of a platinumnmateri al
and then firing the applied coating material. The fired coating filmin
accordance with the second enbodinent of the present invention has the
structure in which the alum na particles and silica particles are

di spersed, as 10 a dispersed phase, in a matri x phase conprising the gl ass
conponent. Figure 1 schematically.sho the fired coating film in the
second embodin zﬁgﬁ oiT?"tehglﬁ?gs‘éﬂ#?‘ﬂgeﬁﬁ%n@ F o &R "‘%stﬁbv@q [F& 5 e d
coating filmaobtained via firing at a relatively |ow tenperature around
1,300 t. Th&mahMeRthaft threBr 8agNTsiRVERERODFS i haAGer Hhahdisddatn t he
matrix conprising the glass conponent. Figure 1 (b) shows the fired coating
film obt ai ndd iwi abtainag by erafiigly anpdharing thei orat ey meteeddsl in 500
C. The alumna particles and silica particles which constitute the

di spersed plasmriageawiti theselcved énbdlenent rd ik thhasees seot AR vidhati onhe
matri x phase is made up of the glass conponent rich in alumna and silica.
Thi s inpgoves kheirddcsodbhlgiatiofurd Ratemabi nohdse andiagoeidiapg)eal | ows
the coating material to retain flexibility at a high tenperature over 1,500
t. As a  regitting tha®%ikQ .coated in a good condition on a substrate

wi thout 25 the occurrence of deformation and sagging. 14 [0029] The fired

coating film obt %ih%e%i%iw%o%liq.n%a%ﬁmoringra%%%rdance with the second

embodiment of the present invention has the structure in which
the alumina particles and silica particles are dispersed, as
10 a dispersed phase, in a matrix phase comprising the glass
component. Figure 1l schematically shows the fired coating film
in the second embodiment of the present invention. Figure 1{a)
shows the fired ceoating film obtained via firing at a relatively
low temperature around 1,300 . The alumina particles and
15 silicaparticlesaredispersedinthematrixcomprisingtheglass
component. Figure 1(b) shows the fired coating film obtained
via firing at a high-temperature region that exceeds 1,500 C.
The alumina particles and silica particles which constitute the
dispersed phase are partly dissolved in the matrix phase, so
20 that the matrix phase is made up of the glass component rich
in alumina and silica. This improves thermal stability of the
matrix phase and accordingly allows the coating material to
retain flexibility at a high temperature over 1,500 C. As a
result, it canbe coatedinagoodconditiononasubstratewithout

25 the occurrence of deformation and sagging.
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sheet in accordance with the second enbodi mrent of the present invention
preferably has a thickness in the range of 1 - 10 mm nore preferably in
the range of 2 - 5 nm The fired coating 5 film obtained using the slurry
has the same thickness as that obtained in the preceding first enbodi nent.
A preferred third enbodi nent in accordance with the present invention is
characterized in that the slurry in the first enbodinent of this invention
is coated over a surface of a platinum 10 nmaterial to forma slurry coating
mat eri al Iayf@%ﬁnd then t he aste or reen sheet in accordance with the
second enmbod Jf& higed ingh £ sn elteiag dons b9 rbesPas E§ ozt 2o
material layer to forma protective coating material |ayer. [0030] A

coati ng net hoeeh Ht EGCRLTCACH Hhtbhéh@kﬁ@@PQﬁﬂﬁmMQQymﬁntlﬁfotheH@r@ﬁ%@@nt
invention is characterized as conprising formng the slurry coating

mat eri al | aybrvemiidmmrieafe rabd yohes ex ttihie kneeat ing:hmtramnioal oFaly er 10haeon,
in the fashion as descri bed above, followed by firing the |layers. The
firing tenmpenatererefsratbherin fild ngire@N@ift i20As 5 Amt heThé r 61 r edheash yang  of
this invention are 20 simlarly used. The slurry coating layer portion

(fired slsur rﬁlmaiumnécaxl%&hgo&hbh@lutfﬁ%g@aéﬂéﬁ%aide' Fhi PKAEESEr 4anag,t th
the third enbodi nent of thls |nvent|on preferably has a thickness in the

range of 100,p5:d4,000 {@my B el thearange of 200 25 - 1,000 pm

further preferably 1nther nge 0 Al so, the protective
coating layer[x”ib?@fgikég%ﬂTFgeﬁboa&ment1naccordancewiththepresent

invention is characterized in that the slurry in the first
embodiment of thisinventioniscoatedoverasurfaceofaplatinum
10 material to form a slurry coating material layer and then the
paste or green sheet in accordance with the second embodiment
of this invention is adhered onto the slurry coating material
layer to form a protective coating material layer.
[0030] Accatingmethod in accordance with the third embodiment
15 of the present invention is characterized as comprising forming
the slurry coating material layer and forming the protective
coatingmaterial layer thereon, in the fashion as described above,
followed by firing the layers. The firing temperature andcther
firing conditions in the first embodiment of this invention are
20 similarly used.

The slurry coating layer portion (fired slurry coating
layer) of the fired coating film in accordance with the third
embodiment of this invention preferably has a thickness in the
range of 100 - 1,000 um, more preferably in the range of 200

25 - 1,000 pm, further preferably in the range of 500 — 1,000 pm.
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coating layer) of the fired coating filmpreferably has a thickness in the
range of 1 - 10 mm nore preferably in the range of 2 - 5 mm 5 [0031]
II'lustrating a condition of the fired slurry coating layer in the third
enbodi ment of the present invention, the alumna particles are dispersed as
a dispersed phase in a matrix phase conprising the glass conponent and the
colloidal silica conponent. Illustrating a condition of the fired
protective 10 coating layer, the alumna particles and silica particles are
di spersed as a di spersed phase in a matrix phase conprising the glass
conponent . fﬁéoﬁiFgé BbatrRE1TE| aPahling corvRindoatiidn t(Hd nad pagotestddenent
of this invention includes the fired slurry coating 15 |ayer anal ogous to
the fired cef@tigaf ilayeirn afcthgaddeed chathagf ifidtn pwbddrabily bhst his

i nvention and the overlying fired protective coating |ayer having a |arger
filmthicknéddcknBesaits ¢ hicheafige ed S1-ut ¢ ymgoabrephafarabiy ¢h g eahby
covers a platinummaterial is analogous to the fired coating filmin 20 the
first enmbodioFent —-ofs fhi.s i nvention, it excels in hydrogen perneability and
is thus able to effectively suppress bubble formation in a glass during

gl ass manuf gelpdnijngs) I tPé(@Iﬁ%isélg'bcinciiiﬂfl R OLge! if"i%e%iogtlhggylhgng:%{lpecause

of its large film thickness, e to effectively protec num

maeri al 25 1okt al- LRTREr BhHbEIROKE BRTERL BRHSSHRPIR9ELR ¥APOLhEAIon

alumina particles are dispersed as a dispersed phase in amatrix
phase comprising the glass component and the colloidal silica
component. Illustrating a condition of the fired protective

10 coating layer, the alumina particles and silica particles are
dispersed as a dispersed phase in a matrix phase comprising the
glass component.

The fired coating film in accordance with the third

embodiment of this invention includes the fired slurry coating

15 layer analogous to the fired coating film in accordance with
the first embodiment of this invention and the overlying fired
protective coating layer having a larger film thickness.
Because the fired slurry coating layer which directly covers
a platinum material is analogous to the fired coating film in

20 the first embodiment of this invention, it excels in hydrogen
permeability and is thus able to effectively suppress bubble
formation inaglass during glassmanufacturing. Theoverlying,
fired protective coating layer, because of its large film

thickness, is able to effectively protect the platinummaterial

25 inthe high-temperature environment and suppress a vaporization
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- ]
[0032] The firing tenperature and other conditions used in the first
enbodi nent al so apply to this enbodinent. Preferably, subsequent to
provi sion of the protective coating nmaterial layer 5 on the slurry coating
material |ayer, they are fired sinultaneously. Also in the third enbodi nent
of this invention, the slurry coating material |ayer and protective coating
material |ayer may contain substantially the sane or different proportions
of 10 the gl ass conponent, silica conponent and al um na conponent. [0033] A
fourth enbodihent in accordance with this invention is characterized in
that the coat?$iy datekatinms a two-layer structure having a first coating
| ayer to be brought in contact wth a platinumnmaterial and a second
coati ng | ayelO0®y&l | ivegt 151ind ¢ ehipesia torat 2mg) dtdneer conait { das udeel Lhrtdte
coating layer conprises a mxture of alumna and silica and the second
coating | aykirsonpubictsientgladss applenest this éhbodonehh, erhadigrid1wf this
invention, a fired coating filmis obtained by firing the aforesaid coating
material hauigse @bt E¥QTOANEN odld tiehEtotA ddividhA BIMehat HECaNG Riher
firing conditions used in the preceding first enbodinent” also apply™ to this
enbodi megt . cHe- iyiAn Qfadiify fddd G0 NE A lt’Hea} LAdhe by th
enbodi nent is primarily ‘contenplated to suppress a platinumvaporization

loss in a hi -qﬁﬁ re environnent. 25 The m xture of alum na and
silica, Whic'%lconstl{ote}{sz1 the first 17 coating layer, fulfills a basic

function of the %Olastc; f tnl% %Elll%ld embodiment of this invention, the slurry

coating material layer and protective coating material layer
may contain substantially the same or different proportions of
10 the glass component, silica component and alumina component.
[0033] A fourth embodiment in accordance with this invention
is characterized in that the coating material has a two-layer
structure having a first coating layer to be brought in contact
with a platinum material and a second coating layer overlying
15 the first coating layer, and that the first ccating layer
comprises amixture of alumina and silica and the second coating
layer comprises a glass component.
In the fourth embodiment of this invention, a fired coating
film is obtainedby firing the aforesaid coatingmaterial having
20 a two-layer structure. A firing temperature and other firing
conditions used in the preceding first embodiment also apply
to this embodiment. The provision of the fired coating film
in the fourth embodiment is primarily contemplated to suppress
aplatinum vaporization loss in a high-temperature environment.

25  The mixture of alumina and silica, which constitutes the first

17



i.e., suffers no damage in a high-tenperature environnent to cover a

plati nummaterial as a substrate. The second coating |ayer conprising the
gl ass conponent covers the first coating 5 | ayer to increase protection of
the substrate fromcontact with the outside air. The second coating | ayer,
while maintaining flexibility even in the high-tenperature environnent,
covers and holds the first coating |ayer to thereby prevent separation of
the first coating layer. 10 [0034] Figure 2 is a schematic view, show ng the
fired coating filmin the fourth enbodi nent of this invention. As shown in

Figure 2 (a) L L] NG, kS [ - : r : ,.300" 10,
the fired coca%%e#ggl }%%fs,ug%l%?%g(i?ﬁ?{%@%g@g%?%%ﬁ#%&r goggéﬁg%\%tre%ﬁg"
substrate. However,, \r%\hen firi nlg s achi ei’\ée%}_a% 15 a tenperature exceedi ng
1,500 t, the first drGiselondaXadE AY = ByE st TR h EHET PR 46 t hat
they are converte er form instead of the two-layer form

dtoa, single-la
As a result ,COW%afPfB@HlEBEt‘%%Ee’F}gh‘?}% HELEShEG LRhi chRR IRIFTRE S E NGl ass

conmponent contai ning high concentrations of alumna and silica. 20 [0035] In
the fourth Efdsth FERPTAFinAI She Wknts Giemnanent ceyersaybe [¥rgkscasddtiong
| ayer) containing alumna and silica preferably conprises 15 - 88 % by
wei ght of allaveratanichcdixassgprotbytienght tok sulbsteatd ffrohecah tad haviddnt ent
exceeds 88 % by weight, a possibility of producing a defect increases when
25 the firsttheoatitsgdeayer. i sTteagsednidocoagdihgwidhen, gitasle phdstaib8nat a
hi gh tenperature of over 1,500 t. On the other hand, if

flexibility even in the high-temperature environment, covers

and holds the first coating layer to thereby prevent separation

of the first coating layer.

10 {0034] Figure 2 is a schematic view, showing the fired ceating
film in the fourth embodiment of this invention. As shown in
Figure 2{a), when firing is achieved at a temperature of about
1,300°C, the firedcoating film sustains the two-layer structure
to cover the substrate. However, when firing is achieved at

15 a temperature exceeding 1,500 C, the first and second coating
layers react with each other so that they are converted tc a
single-layer form, instead of the two-layer form. As a result,
the fired cecating film is obtained which comprises the glass
component containing high concentrations of alumina and silica.

20 [0035] In the fourth embodiment of this invention, the mixed
layer (first coating layer) containing alumina and silica
preferably comprises 15 - 88 % by weight of alumina and 12 -

85 % by weight of silica. If the alumina content exceeds 88 %

by weight, a possibility of producing a defect increases when

25 the first coating layer is caused to react with a glass phase
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the silica content exceeds 85 % by wei ght, the thernmal expansion

coefficient decreases to increase the occurrence of separation of the first
coating |l ayer. The gl ass conponent |ayer (second 5 coating |ayer) may
conprise a single type of glass. It nay alternatively conprise a m xture of
plural types of glasses. Preferably, a ratio in amunt of a gl ass
constituting the second coating layer to the alumna-silica m xed |ayer is
roughly 1: 1. If the glass phase becones excessive, an excess gl ass
conponent 10 is produced when it reacts in _a high-tenperature environnent.
Then, saggi i @uBleh femRersdess qf é’é’@rcém'éeﬁept ng) eeewthey degsl, THe
first coatig%.layer preferably has a thickness of 50 - 500 fn] particularly
pref erably 3de sdbpcpporties tsexerrds 88at bvgie by, phef Ehepny! gxpansthinckness
of 50 - 500 pun, 15 particularly preferably 50 - 250 pm If a total

t hi ckness ofcoetfifd dfiiendt dendesgesniad toateageltdyepscusrbekevwiG@ppmrattiibay may
not be made into a dense filmthat satisfies an anti-oxygen requirenent. If
it exceeds bf0f0Repfirst ekt ing hayencr eisd Bl asgossmpohény Thair t(beyonday be
separated or renmoved fromthe 20 substrate when a nmarked tenperature

variati o 0e@dtSng A@Félr)AmadesonpRedcalovangl e tepat by gaker.i ait ohayhi s
I nvention consists essentially of alumna, silica and a glass conponent.

However, it a@%)ér%lé&tl%&ycﬁehﬁk@s@ s%mgr@o&@m S 3% &i1hGaRIsa,
titania or lite, when needed. 25 In the present |nvent|on the type of

Lhe plati nurprfaafte%ramy, 39523 0% R URBLER! §r 551198 RALE LAY SRESkbbad:
er than pure

coating layer to the alumina-silica mixed layer is roughly 1:1.
If the glass phase becomes excessive, an excess glass component

10 is produced when it reacts in a high~temperature environment.
Then, sagging due to this excess glass component may occur.
[0036] The first coating layer preferably has a thickness of
50 — 500 pm, particularly preferably 50 - 250 uym. The second
coating layer preferably has a thickness of 50 - 500 pm,

15 particularly preferably 50 — 250 uym. If a total thickness of
the first and second coating layers is below 100 um, they may
not be made into a dense film that satisfies an anti-oxygen
requirement. If it exceeds 1,000 pm, there is an increasing
possibility that they may be separated or removed from the

20 substrate when a marked temperature variation occurs.

[0037] As described above, the coating material of this
invention consists essentially of alumina, silica and a glass
component. However,itmayfurthercontamnaceramiccomponent,
such as zirconia, titania or mullite, when needed.

25 Inthepresentinvention,thetypeofthe;ﬂatinumnwterial
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pl ati num platinumalloys are also applicable. Exanples of platinumalloys
i nclude platinumrhodium platinumgold, platinumpalladium
platinumiridiumand platinumruthenium5 alloys. In addition to being
applicable to solid solution alloys, the coating material of this invention
is applicable to oxide dispersion strengthened platinumalloys, called
strengthened platinum [0038] The platinum material of the present
invention is a 10 platinum material conposed of platinumor a platinum

alloy and chara | Z i that 1t ither_coated wt he goatin
material or %%\% %%E%{r:\rggg JLssuhp g a%ﬁle&fll ?Egy cséjaetclln%l%ﬂ mBit%‘era 13%? cPé%cee W th
the first, sgf t hird ,or fourt nt of this .invention., The

d h enbodi
pl ati num nat® #%gltﬂ%atpe]ﬁltrﬂmi i?ellcod%t iarc'kgel %Srf’ataé?ﬁ]ﬁcfa%;se deLEPPBLESaBbve,
|

refers to a atinummaterial in condition after the coating material is
coated ther BWER G IRYS o Ads iflg Hiusathadl um, il &t ima-gpiet pl at i num
material having on its surface the fired coating film as described above,
refers to @AEnuEmpakkadiw, iml aomuin- ion difume ranch @ leddramvadthiarng up o
material is fired. [0039] The gl ass manufacturing apparatus of the present
i nventi of | saklharsact dnigbtl tdsorcompei syrgrd igladtlientos ohi disod it ientaidroysnat ed
with the coating material or having on its surface the fired coating film
i n accor dancshanidda ttilhey hbtetiatesdnthi 25 rivieintd cor ikoapp bieabbditenixiefe t hi s
invention. Likewise with 20 those aforesaid, the glass manufacturing
apparat us cfpgertdlibn strengthened platinum alloys, called strengthened
platinum,.
[0038] The platinum material of the present invention is a
10 platinum material composed of platinum or a platinum alloy and
characterized in that it is either coated with the coating
material or having on its surface the fired coating film in
accordance with the first, second, third or fourth embodiment
of thisinvention. Theplatinummaterial coatedwiththecoating
15 material, as described above, refers to a platinum material in
conditionafter the coatingmaterial is coated thereonbycoating
or adheringbut before it is fired. Theplatinummaterial having
on its surface the fired coating film, as described above, refers
to a platinum material in condition after the coated coating
20 material is fired.
[0039] The glass manufacturing apparatus of the present
invention is characterized as comprising a platinum material
either coated with the coatingmaterial or having on its surface

the fired coating film in accordance with the first, second,

25 third or fourth embodiment of this invention. Likewise with
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a platinummaterial coated with the coating material refers to the one in
condition before the coating material is fired, and the glass manufacturing
apparatus conprising aplatinummaterial 5 having on its surface the fired
coating filmrefers to the one in condition after the coating material is
fired. [0040] In accordance wth the present invention, superior

hi gh-tenperature properties of a platinumnmaterial can be nmaintained, while
avoi ding a vaporization loss of platinumeven 10 in a high-tenperature

environment over 1,000 C.. . Furthernore, in accordance with the present

i nventi on, g%%%?ea &%ﬁqﬁn%ﬁnq %S§t5'ﬁ&”&§§ LG ﬁBpaFﬁggsn‘éﬂEﬁ’é’cﬁWq ng.
BRI EF DESCRI PTI.ON OF THE DRAW NGS [0041] [Figure 1] Figure 1.is a view which
schemat i cal | § Riffdidum BabRrdadnpated with Fhe centting matienial reteradte

w th a second enbodiment of the present invention. [Figure 2] Figure 2 is a
vi ew whi ch sErermitg éal Fondhbign Sriefasgirpeecet t ing it ticuk iiwgiiredh iand
accordance with a fourth enbodi nent of the present invention. 20 [Figure 3]
Figure 3 is thegdéaswmanh fsledns iay apeans Arsconpniss ing tipda tdhuam mh tessia 1

manuf acturi ng apparatus. [Figure 4] Figure 4 is a photograph which shows the
conditi o diavit@rdradital shubhteschod fExadpbeabinfyF Qi e dferfs gor €hd drse a
phot ogr aph whi ch shows the condition 25 of interfacial bubbles of

Conpar ati ve bxaddph@iZiorlafiguiite 6dodit Oy enddiSial photograph which shows
t he condition
[0040] 1In accordance with the present invention, superior
high-temperature properties of a platinum material can be
maintained, while avoiding a vaporization loss of platinum even
10 in a high-temperature environment over 1,000 C.
Furthermore, in accordance with the present invention,
bubble fermation can be suppressed during glass manufacturing.
BRIEF DESCRIPTION OF THE DRAWINGS
[0041] ({Figurel] Figurel is a viewwhich schematically shows
15 an example of a fired coating film in accordance with a second
embodiment ¢f the present invention.
[Figure 2] Figure 2 is a view which schematically shows an
example of a fired coating film in accordance with a fourth
embodiment of the present invention.
20 [Figure 3] Figure 3 is a view which shows an exemplary
construction of a glass manufacturing apparatus.
[Figure 4] Figure 4 is a photograph which shows the condition
of interfacial bubbles of Example 6.

[Figure 5] Figure 5 is a photograph which shows the condition

25 of interfacial bubbles of Comparative Example 2.
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of interfacial bubbles of Conparative Exanple 3. [Figure 7] Figure 7 is a
phot ogr aph whi ch shows the condition of interfacial bubbles of Conparative

Exanpl e 4. 5 EXPLANATI ON OF REFERENCE NUMERALS [0042] 1 ... glass
manufacturing facilities 2 ... nmelter 3 ... refiner 4 ... stir chanber 10 5
form ng apparatus 6, 7 and 8 ... connecting flow path BEST MODE FOR

CAﬁRYING QUT THE | NVENTI ON [ 0043] Exanples in accordance wth the present
i nvention, together with Conparative Exanples, are described below 15

(EomIE, 88 SR AL AR AR

slurry-form coating ‘material 1nacc

present invepti a4 re, ac ing nmateri fired coating film

i ncl udi ng 2§Eaiﬁg%F%gg%%%§§§%?l%sg?ggéo%gﬂﬁ%ﬁﬁﬁ?a%ﬁéﬂ%i%i%persed phase of
al um na and glica s pl.aced on a platinumallqy substrate and then the
presence of E VEPoFi Zat FOHUFEsS 167 2pPRPTFAURRPR IR iHe shomssthateongikt ion
exam ned. In this enbodi nent, foura%%pes of coating materials was prepared

cont ai ni ng d?¥fEREREfaaiabsbubbbes b rrmpArahbee Boamokerds. First, a raw

material sol (slurry) 22 having a conposition in correspondence to each
coating Pat EXBLANATION OF REFERENCE NUMERALS

[0042)] 1 .. glass manufacturing facilities
2 .. melter
3 .. refiner
4 .., stir chamber
10 5 .. forming apparatus
6, 7 and 8 .. connecting flow path
BEST MODE FOR CARRYING OUT THE INVENTION
[0043] Examples in accordance with the present invention,
together with Comparative Examples, are described below.
15 (Examples 1 - 4 and Comparative Example 1)

The following Examples utilize a siurry-form coating
material in accordance with the first embodiment of the present
invention.

(0044] Here, a coatingmaterial (fired coating film) including
20 a matrix phase of a glass component and a dispersed phase of
alumina and silica was placed on a platinum alloy substrate and
then the presence of a vaporization loss of platinum from the
substrate was examined. In this embodiment, four types of
coating materials was prepared containing different ratios in

25 amount of those components. First, a rawmaterial scl (slurry)

22



was prepared. [0045) The raw material sol (slurry) used alumna and silica
in the condition (colloidal silica) of a deionized colloidal 5 solution
(alkali-free) . As in this enbodinent, at |east one of alum na and silica

whi ch constitutes a dispersed phase is preferably provided in the formof a
coll oidal solution. As the glass conponent, an alkali-free

al um noborosilicate glass manufactured by N ppon Electric dass Co., Ltd.
(designated as 10 OA-10 and having a conposition conprising, by weight, 60 %

Si021 10 % 5 % Al120 Q046] 5 % Ca 5 %Sr0 and 2 .% Ba and an
ol kal i -1ree TAPANS RoEORRRET P Lo Rt TR e PR B ROBEGT TRt F AL of s
Co., Ltd. (designated as EF and having a conposition conprising, 15 by

wei ght, 55 %&F0BTeB28FB203, 14 % A1203, 24 % CaO + MyO) were used. The raw
mat eri al sol slurrxe was prepared by suspending the colloidal solution of
gl ass, al uni h804RH sihie gaw wagﬁréal Gl ghi Hyrtwd dsachalsding apfight lignd
further adding nethylcellulose in the amount of 3 % by wei ght, based on the
20 solid wei ghtthe ooa}itAdn atcodllatislalsisidicad mfh sqdeienkzadocoddodale of a
Pt-10 wt.% Rh alloy was used as a substrate test piece. The test piece was
heat ed atb i t sobatkosi (#llyl a-fwdejpl r Zguin tEBdBcambedihgntt het r bsashteie al

sol while stirred by a stirrer 25 was supplied to a spray nozzle from which

trr:1e Z?It e\r/vas 6prayedi n2 e paatie whaver cohettiestepl acaibpeastli pkaessi of 200
P preferably provided in the form of a colloidal solution. As
the glass component, an alkali-free alumincborosilicate glass
manufactured by Nippon Electric Glass Co., Ltd. {designated as
10 OA~10 and having a composition comprising, by weight, 60 % S1C,,
10 % B;0s, 15 % Al;0s,
[0046] 5 % CaQ, 5 % 8r0 and 2 % Ba0), and an alkali-free
aluminoborosilicate glassmanufacturedbyNipponElectricGlass
Co., Ltd. (designated as EF and having a composition comprising,
15. by weight, 55 % Si02, € % By03, 14 % Al,0;, 24 % Ca0Q + MgQ) were
used. The rawmaterial sol {slurry) was prepared by suspending
the colloidal solution of glass, alumina and silica in water
weighing twice the solid weight, and further adding
methylcellulose in the amount of 3 % by weight, based on the
20 solid weight.
[0047] A flat plate (size: 75 mm square x 1.0 mm) made of a
Pt-10 wt.% Rh alloy was used as a substrate test piece. The
test piece was heated at its back side by a hot air gun.

Concurrently, the raw material sol while stirred by a stirrer

25 was supplied to a spray nozzle from which the sol was sprayed
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application to both sides of the test piece, the sol was fired in a
electric furnace to forma coating material (fired coating film. 5 [0048]
For the test piece coated with the coating material (fired coating film ,
the presence of a platinumvaporization |oss of platinumwas exam ned. This
exam nation was carried out by heating each test piece at 1,300 C and 1, 500
C for 100 hours in an outside air and neasuring a change in weight thereof
after 10 the heating. The results are shown in Table 1. In Table 1, the

exam nation results ior t he -10 wt..% Rh_al | Q .vv'kt hout %t}@o coat i
material (fiFERCEELEMURGEN FC s aPd5Enbnt %{%6 5FSE1NBIE U corfpbsi T i on
(wt % PIatinun1V%§grjzatiog Loss, ;Al,05 Sio5 d ass Compgnent 1300t )fl oat
OA- 10 EF Ex.3PRbIephion tesoatisspdes Pt the Sesf Blodes e 503 desinede. 5
23.5 40 0 0 Ex.4 39.023.537.5- 00 Conp. Ex. 1 0. 129 0. 35g (Pt-Rh
Alloy) 15 [0D5@ ehscEhhc falEae feokemmll ecat ing matariaim(fapediceatio | oss
occurred in the platinumalloy coated with the coating material (fired
coating filnfilmjThis confirns that the coating material has a superior
protective effect. The sane effect has also been confirmed at a high
t enper at &r e pY¥@48IForGheCrefhplikee coatedwith the coatingmaterial (fired
coating film), the presence of a platinum vaporization loss of
platinum was examined. This examination was carried out by
heating each test piece at 1,300 C and 1,500 C for 100 hours
in an outside air and measuring a change in weight thereof after
10 the heating. The results are shown in Table 1. In Table 1,
the examination results for the Pt-10 wt.% Rh alloy without the

coating material (fired coating film) are also shown.

[0049] [TABLE 1]

Composition (wt%) Platinum Vaporization Loss
Al,0, 5i0, Giass Companent 1300°C 1600°C
DA-10 EF

Ex. 1 16.9 14.1 35.0 35.0 g 0
Ex. 2 26.5 23.5 50 - 0 0
Ex. 3 36.5 23.5 40 - 0 0
Ex. 4 39,0 23.5 37.5 - 0 0

(l(’:to-gl]}? fll)c&;) - - = - 0.12¢ 0. 35g

15 [0050] As can be seen from Table 1, no platinum vaporization

loss occurred in the platinum alloy coated with the coating
material (fired coating film). This confirms that the coating
material has a superior protective effect. The same effect has

also been confirmed at a high temperature over 1,500 °C. On the
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24 other hand, it has been confirmed that, w thout the coating materi al
(fired coating film, the platinumalloy shows a platinumvaporization |oss
of at least 0.1 g, both at 1,300 C and 1,500 C, and its anpunt increases as
the tenperature is 5 further elevated. [0051] (EXAMPLE 5) This Exanple
conforns to the fourth enbodi nent of the present invention. |nthisExanple,
a coat ingmaterial (fired coating mater ia 1) 10 having a two-I|ayer
structure was nmanufactured. First, a raw material sol (slurry) containing
alumna and silica (53.1 % by weight of alumna and 46.9 % by wei ght of

o) s 608bEhaRR; 012 BUDSPLEL ool PE-RANTLEOL Y ADL LU PEEDALALLA

n
met hod were —used as T'h Ex | 6adings ereof "were ad?%sted.
15 As simlar_to Ex es - 4, .the_r mat.er i ol was ray, coated. The
coated sol WBELAFTEH BRTeferottHed FLOFLY niBe rFlat iy [ Horfe (450 ) am
t hi ck) . [0052laThereafter, a second coating |ayer was fornmed on the first

coating | ayePlaFhPumsiRiidt cdatqthd assyef akslemtfe ofl 4, bothiakd Afhdnent
| ayer containing 50 % by wei ght of an OA-10 gl ass conponent and 50 % by
wei ght of andBf §i 288 Conpbdehts amouht iferepsgs procels impdmeateronts
coating layer, the sol was spray coated to a filmthickness of 150 m as
descri bed abfwethdheetesatedng test piece carrying the coating material 25
(fired coating filn thereon was then subj ected to the sane net hod

[0051] (EXAMPLE &)

This Example conforms to the fourth embodiment of the
present invention.
InthisExample, acoatingmaterial (firedcoatingmaterial)
10 having a two-layer structure was manufactured. First, a raw
material sol {(slurry) containing alumina and silica (53.1 % by
weight of alumina and 46.9 % by weight of silica) was coated
onto a substrate. The same solvent and preparation method were
used as in Examples 1 - 4. Only loadings thereof were adjusted.
15 As similar to Examples 1 - 4, the raw material sol was spray
coated. The coated sol was dried and then fired to forma first
coating layer (150 mm thick).
[0052] Thereafter, a second coating layer was formed on the
first coating layer. This second coating layer was made of a
20 glass component layer containing 50 % by weight of an OA-10 glass
component and 50 % by weight of an EF glass component. In the
forming process of the second coating layer, the sol was spray
coated to a film thickness of 150 um, as described above.
The resulting test piece carrying the coating material

25 (firedcoatingfilm)thereonwasthensubjectedtothesamemethod
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25 as used in Exanples 1 - 4 to exam ne the presence of a platinum

vapori zation |l oss. The results are shown in Table 2. [0053] [TABLE 21
Coating Material Conposition (.t% Platinum Vaporization Loss First Coating
Layer Second Coating Layer 130090 15001 A1,03 Si0O, OA-10 EF Ex.5 53.1 46.9
350 35,0 00 Conmp. Ex. 1 - - _ 0. 129 0. 35g (Pt-Rh Alloy ) 5 [0054) As
evident from Table 2, no platinumvaporization |loss occurred in the
platinumall oy coated with the coating material (fired coating film , as
simlar to Exanples 1 - 4. This coating material (fired coating film has
been found t®® r%hﬁerﬂ APrEXRBPlesd. Fad v exaldingr Ehatpresmrce ofue Rhafeifiint o a
single layer 10 at 1, 500 9C. It has been confirmed, however, that the
protective wpeeizafiomel eoat i d enatesildls jogres sdroainndah dadriea .1, 500 C.

[ 0055] (EXAMPLE 6 and COVPARATI VE EXAMPLES 2 - 4) This Exanple confornms to
the first enb®d»dknt[THBLENE Ipresent invention. 15 A slurry containing a

gl ass conponent, A1203, SiQ2 and ZrQ2 was prepared according to the
conposition specified in Table 2. QA-10 (nean particle di arreter of 7 pm

was used as tlhe gl ass Rhte g@ﬁ ne. ,or T na
particles (nmgan parti cmﬁb%%R nf&ﬁgjlﬂ%ﬂ% {’ 32? ?F@ flor m of
First Coating Layer [SecondCoating Layer s00C v
1 1500
Al,0, 810, 0A~10 EF
Ex. 5 63.1 | 46.9 | 35.0 | 35.0 0 0
Comp. Ex. 1 - _ _
(Pt-Rh Alloy) - 0.12¢ 0. 35g

5 [0054] As evident from Table 2, no platinum vaporization loss
occurred in the platinum alloy coated with the coating material
(fired coating film), as similar to Examples 1~ 4. This coating
material (fired cocating film) has been found to maintain its
two-layer structure at 1,300 C but change into a single layer

10 at1,500°C. 1Ithasbeenconfirmed, however, that the protective
effect of the coating material is sustained even at 1,500 C.
[0055] (EXAMPLE 6 and COMPARATIVE EXAMPLES 2 - 4)

This Example conforms to the first embodiment of the present
invention.

i5 A slurry containing a glass component, Al;0s, Si0; and ZrQ;
was prepared according to the composition specified in Table
2. O0A-10 {mean particle diameter of 7 ym) was used as the glass
component. Al,0;was used in the formof alumina particles (mean
particle diameter of 50 um). SiO; was used in the form of

20 colloidal silica (colloidal solution of silica, mean particle
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20 colloidal silica (colloidal solution of silica, nean particle 26
dianeter of 20 nm. Zr2 was used in the formof zirconia particles (nean
particle dianmeter of 6 pm These conponents were suspended in water

wei ghing twice the solid weight. Then, nethylcellul ose was added in the
anount of 3 % by weight, based 5 on the solid weight, to prepare the
slurry. [0056] [Application of slurry to platinumcrucible] Wile an
interior surface of a sand-blasted platinum crucible (46 nn1in di anet er and

on axteri or {‘%%et“@ PEf et Tl op S lglﬁ??nﬁ R

coating on the e surface ext.e . rdi omt he bottonlsurface to a
hei ght of 2B2htChes emedn g&rgg.cg ‘5 ReCEr e{)uﬁ‘)wasmf‘??%oc%{‘ﬂpclne%% C

for 5 hours to fire the coating nmaterial layer. This resulted in obtaining
a 500 pm t hi $REE SUSPENESs: I myatiernye 1gh 19 47)i qa hhersoddidve bahbl e Fsthat i on
test] After the coating material was fired, the platinumcrucible was

cool ed to 1,nsdgybeelkulossl waist added dinhroboewst ldfcdt%e byl wesght Obasnd

el evated in tenperature to 1,500 t at a heating rate of 10 C mn and then
mai nt ai néd atn 1L 0s 1 fdrwdi divwy . tR e ddm montdid ishimfy i nterfaci al bubbl es
was evaluated by the rating O if no or little bubbles were observed and by

the rating poosemamagpiiiaes onelod ehseryedo phetewnamuatienblegults are
shown in Table 3. [0058] The condition of interfacial bubbles in the
platinum While an interior surface of a sand-blasted platinum
crucible (46 mm in diameter and 40 mm in height) was heated by
a hot air qgun, the slurry was spray coated on exterior bottom
10 and side surfaces of the platinum crucible. The coating on the
side surface extendedupwardly fromthebottomsurface toaheight
of 25 mm. After dried at 80 °C, the crucible was fired at 1,500 °%C
for 5 hours to fire the coating material layer. This resulted
in obtaining a 500 pm thick, fired coating film.
15 [0057] [Interfacial bubble formation test]
After the coatingmaterial was fired, the platinumcrucible
was cooled to 1,300°C, filled with an aluminoborosilicate glass
(0B-10), elevated in temperature to 1,500 C at a heating rate
of 10 C/min and then maintained at 1,500 C for 1 hour.
20 The condition of interfacial bubbles was evaluated by the
rating O if no or little bubbles were observed and by the rating
X if many bubbles were observed. The evaluation results are
shown in Table 3.

[0058] The condition of interfacial bubbles in the platinum

25 crucible was shown in Figures 4 — 7 by photographs. Figure 4
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25 cruci ble was shown in Figures 4 - 7 by photographs. Figure 4 27
corresponds to Exanple 6, Figure 5 to Conparative Exanple 2, Figure 6 to
Conparative Exanple 3 and Figure 7 to Conparative Exanple 4. [0059] [ TABLE
33 Ex. 6 Conp. Ex. 2 Conp. Ex. 3 Comp. Ex. 4 dass component (0A-10) 25.0

25.0 25.0 25.0 conpo- A10 51.5 75.0 - - sition Si0 23.5 - 75.0 23.5 Kk[9A
ZrO - - - 51.5 Total 100 100 100 100 <condition of Interfacial Bubbles 0 x x
X 5 [0060] As can be clearly seen fromthe results shown in Table 3 and

Figures 4 -
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4nd Zr02 in Conparative Exanple 4. This denonstrates
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0
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[0060]

ared to that
QGO TOEYE

As can be clearly seen from the results shown in Table

3 and Figures 4 — 7, the platinum crucible of Example 6 coated

with the coating material containing Al,;0; and Si0; as essential

components other than the glass component shows a marked
10 reduction of bubbles, compared to that coated with the coating
material which, other than the glass component, contains Al;Q3
only in Comparative Example 2, Si0; only in Comparative Example
3, or 810, and ZrQ; in Comparative Example 4. This demonstrates

that, in order to suppress formation of bubbles during glass
15 manufacturing, it isnecessary to incorporatealuminaandsilica
as essential components, in accordance with the present
invention.

It has been also found that the coating material of this

Example can reduce a platinum vaporization loss, as similar to

20 those of Examples 1 - 5.

[0061] (EXAMPLES 7 - 9}
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It has been also found that the coating material of this Exanple can reduce
a platinum vaporization loss, as simlar to 20 those of Exanples 1 - 5.

[ 0061] (EXAMPLES 7 - 9) 28 These Exanples conformto the first enbodi nent of
the present invention. Slurry solutions of Exanples 7 - 9 were prepared
having the conpositions specified in Table 4. The sane types of glass 5
conponent, A1203 and Si 02 as used in Exanple 6 were used. [Application of
coating material to platinumcrucible] Wile an interior surface of a

sand-bl asted platinum crucible (46 mmin diameter and 40 nmin height) was
heated by a hot Hiesgylirambeds anformds Jpvef idsdt anmdismend iodr tg’&ﬁtom 10
and side surfaces of the platinumcrucible, as simlar to Exanple 6.
Coat i ng was predgaviedistaritidrat the coating |ayer after fired formed a 500
pin thick film The coated slurry was dried at 80 QC to forma slurry
coating naterial 3ayery JdleGAlonBhe fpEabmplEsCchuEi Blwe0n pdredrdddrastivig y
coating layer 15 was fornmed in the manner as descri bed above was then fired

at a test teiwebabdketiohsSsh@td fiedqdl edhio A t eSS AhIRGPER0c £ YT adowner
than the test tenperature, filled with an al um noborosilicate glass (CA-10),

el evat edsi n o) fess! reytt t; i i J 4 for
Exanpl e557 -é 9 Zoéﬂaﬂtj' ?lﬁgétiiﬁ‘g ér'g(?%a aﬁ)frﬁi}%ercﬁélq{m%n a d%f?g%énr%i -r{;lt%laé:cﬁed at the

test tenperature f0, 1 NQuly, Te Gandidd o ilit & 332 PR %R ib1e)
While an interior surface of a sand-blasted platinum

crucible (46 mm in diameter and 40 mm in height} was heated by
a hot air gun, each slurry was spray coated on exterior bottom

10 andside surfaces of theplatinumcrucible, as similar to Example
6. Coating was achieved such that the coating layer after fired
formed a 500 pm thick film. The coated slurry was dried at 80 °C
to form a slurry coating material layer.
[0062] The platinum crucible on which the slurry coating layer

15 was formed in the manner as described above was then fired at
a test temperature for 5 hours, cocled to a temperature 200 C
lower than the test temperature, filled with an
aluminoborosilicate glass (OA-10), elevated in temperature to
the test temperature specified in Table 4 for Examples 7 - 9

20 at a heating rate of 10 C/min and then maintained at the test
temperature for 1 hour. The condition of interfacial bubbles
is shown in Table 4.

(0063] [TABLE 4]
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I's shown in Table 4. [0063] [TABLE 4] 29 Conposition (w % Condition of Use
Al 203S io dass Conponant Test Tenp. Interfacial Tenperature (QA-10)
Bubbl es Region Ex.7 26.5 23.5 50. 0 1200'C-1 hr. O 1000- 1 2 5 01 Ex. 8
39. 0 23. 537. 5 13000C1 hr. 0 12507-14501 Ex.9 51. 523. 525. 0
1500' G- 1 hr. O 1450-16001C [0064] As can be clearly seen fromthe results
shown in Table 4, the application of the coating material containing A1203
and Si02 as essential conponents other than the glass conponent, 5 as in
Exanples 7 - 9, suppresses bubble formation during glass manufacturing. As
al so shown i the heat resistance .to enduyre in a higher use
tenperature [egi on chn G&eMpeRitian €ut %do [t he coati ng [nBbaditiet ob redysang ifs
gl ass conpongnt cont sﬂt aﬂ@ | Qs eompdnang | Testdlemp. ng dotepfaciaht jc FempetaturéOl | t
has been al sp found é?’t qoa0A+ld) mpt eri al s of t/he8abblEsanjl esRegionr educe
a platinum vhp@xi zat] g6 5/[0Fss b [as 581 (1 1 Ar[206€ ATHSE |07 EXanPl €9 1hpa~A 25000 >
(EXAI\/(I;’LE 10) { TiexSg XY 23569 a Jrast €11 3p ?cHr.i ng npu(tr)i a1 258~ 1450°C
accordance w SECANh 5 vm-zrﬁrr—tfm 1 pt—ryenttor . _
B PEES) O T 1™ oY 1450 RO

containing 3 —ergitt—of—a—gtass—e Ot o
of alum na (A1203) particles and 23.5 % by wei ght of si I i ca (Si02)
particles, as shown in Table 5, was

[0C64] As can be clearly seen from the results shown in Table

ht

4, the application of the coating material containing Al,0; and
Si0, as essential components other than the glass component,
5 as in Examples 7 - 9, suppresses bubble formation during glass
manufacturing. As also shown in Table 4, the heat resistance
t¢ endure in a higher use temperature region can be imparted
toc the coating material by reducing its glass component content
and increasing its alumina component content.
10 It has been also found that the coating materials of these
Examples can reduce a platinum vaporization loss, as similar
to those of Examples 1 - 5.
(00651 (EXAMPLE 10}
This Example uses a paste-form coating material in
15 accordance with the second embodiment of the present invention.
A mixture containing 37.5 % by weight of a glass component
{OA-10)}, 39.0 % by weight of alumina (A1,0;) particles and 23.5 %
by weight of silica (Si0;) particles, as shown in Table 5, was
first sintered to provide a sinteredbody. The silicaparticles
20 had a mean particle diameter of 20 um. The alumina particles

were the same particles as used in Example 6. Sintering was
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first sintered to provide asintered body. The silica particles 20 had a nean
particle dianmeter of 20 pm The alum na particles were the sanme particles
as used in Exanple 6. Sintering was 30 performed at 1, 500 C for 24 hours.
The obtai ned sintered body was ground to provide a ground product having a
mean particle dianeter of about 20 pun. [0066] 100 parts by wei ght of the
ground product obtained and 5 5 parts by weight of alumna fibers (97 wt. %
Al1203-3 wt. % Si 2, nean fiber length = 10 mm nean fiber dianmeter = 3

j.un) were added to an aqueous solution containing a nmethylcellul ose resin

: . . . :
M xed 1o propef B BAAteL- TE Gotunid Sraer oD kAT AgnERBed boay
met hyl cel | ul gse resi n, was adgﬁg&in t he anount . of 40 parts by weight,_ based

on 100 parts¥®y WAYH t& PER f Br EherRd &F&P%%Wi&ﬁoéu@?a’érﬁﬁ%iﬁ%%a

fibers. [0067] [Adhesion of paste to platinumcrucible] The above paste was
adher ed ont 0c9&%8@EebroHorbdnt atdl Whde 15 surfaces of a sand- bl asted

plati numcrucible (46 mmin dianeter and 40 mmin height) . The adhered
paste cover elil9he] safd pegtensy wsfigiteofl Blhé numwrdipiroldacisobha Eradpired 6.
After adhesion of the paste, the platinumcrucible was fired at 1,500 C for
5 hours,S coblptittsoby, 880ght 4f ldlechiwat ibbral ey nahaor adidi-catwe .20sgbass
(OA-10) , elevated in tenperature to 1, 500 C at a heating rate of 10 Cmn

and then maiméah Fadeat 1 dndOP =Ci 6 @i, lmBANIEibek@i RBEELI-0D 16f) Water{aedl
bubbl es is shown in Table S
to an aquecus solution containing a methylcellulose resin
dissolved therein at a concentration of 9 % by weight. The
resultant was mixed to prepare a paste. The aqueous solution
10 containing the methylcellulose resin was added in the amount
of 40 parts by weight, based on 100 parts by weight of the
aforementioned ground product and alumina fibers.
[0067] [Adhesion of paste to platinum crucible]
The above paste was adhered onto exterior bottom and side
15 surfaces of a sand-blasted platinum crucible (46 mm in diameter
and 40mm in height). The adheredpaste covered the same regions
of the platinum crucible as in Example 6. After adhesion of
the paste, the platinum crucible was fired at 1,500 C for 5
hours, cooled to 1,300 C, filled with an aluminoborosilicate
20 glass (OA-10), elevated in temperature to 1,500 °C at a heating
rate of 10 C/min and then maintained at 1,500 C for 1 hour.

The condition of interfacial bubbles is shown in Table 5.

[0068] ([TABLE 5]
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L e e
[0068] [TABLE 5] 31 Ex. 10 OA 10 (Powder) 35.7wt% (37.5wt% A2().
(Powder) 37.1wt%39.OMm% SiO2 (Powder) 22.4wt % 23.SWwt% 97%A1203- 3%bi 02
(Alum na Fiber) 4.8Wm%8. OM% Total 100w % (105wt % Conditi on of
Interfacial Bubbles 0 {0069] As can be seen from Table 5, bubble formation
during glass manufacturing is again suppressed in Exanple 10 using the
paste-formcoating material in accordance with the second 5 enbodi nent of
the present invention. The paste of this Exanple has been found to remain
uncrazed even after it is fired and successfully reduce a vaporization |oss
of platinum as simlar to Exanples 1 - 5. [0070] (EXAWPLES 11 - 13) 10
These Exanples ¢onformto the third enbodlngpﬁgof theg present invention.

[ Preparation of HrtUatlng T 1 rmy-formcoating materia
was prepared by ﬁp“#pkﬂb A dRL T aHum na particles for
A1203 and col | oi “PRYED)|  ca for Si 2 3TARPHBIWER N [Table 6. The al umina

particles and c¢Bitpi ddowdsh) i ca were s| nmi2Rawth@8.5#tt e [used in Exanple 6. The
val ues written i BTREGAINSEBIAlNING AR OWs Bk tsfBOw@ydal| silica in Table 6
indicate a meigHFaZFUT‘H'CUT?UTUai ST iﬂﬂwﬁgkﬂbwwﬁ

Condition of Interfacial Bubbles @)

[0069] As can be seen from Table 5, bubble formation during
glass manufacturing is again suppressed in Example 10 using the
paste-form coating material in accordance with the second
5 embodiment of the present invention. The paste of this Example
has been found to remain uncrazed even after it is fired and
successfully reduce a vaporization loss of platinum, as similar
to Examples 1 - 5.
[0070] (EXAMPLES 11 - 13)
10 These Examples conform to the third embodiment of the
present invention.
[Preparation of slurry-form coating material]
A slurry-form coating material was prepared by using OA-10
as a glass component, alumina particles for Al;03 and colloidal
15 silica for Si0,, as shown in Takle 6. The alumina particles
and colloidal silica were similar to those used in Example 6.
The values written in parentheses in the row of colloidal silica
in Table 6 indicate a weight % of a colloidal silica solution.
As an organic binder, an aqueous solution containing 1.5 % by

20 weight of a methylcellulose resin was used in the amounts
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As an organi c binder,
nmet hyl cel | ul ose resin was used in the anpunts
prepare three types of slurries al,
bl c1 OA-10 (Powder) 50.0wt % 37. 5m % 25. Oat %
Silica) 23.5wt % (94. 0wt % 23. 5wt %€ 94. Omt %
% Aqueous Sol ution of 200wt % 200wt %
5 [0072] The
ified
|n a

51. 5wt %

200wt %

gl ass conpon
in Table 7.
sintered bod
products a2,
b2 c2 OA-10

36. 5wt % 3 Méﬁgmﬁ

100wt %

10

15

Si2 (Coll oi dal
23. 5wt % 94. 0wt %9 Organi ¢ Bi nder
Met hyl cePUose Resin) Tot al

gpLol Phed0), AP0 cang

ure was sinter

g%% ﬁd

(1.5 w.

bl and cl.

an aqueous solution containing 1.5 % by 20 weight of a

32 specified in Table 6 to
[0071] [TABLE 6] slurry al

AhO3 (Powder) 26.5w % 39. Om %

370. 5wt % 370. 5wt % 370. 5wt %

speezrd ThEgh Eides'd,

sintered body was then ground. As a result,
c2 were prepared. 10 [0073] [TABLE 7] Sintered Body a2
50 O % 40. Ot % 37. 6W %

ratio

Hrdes s

ﬁe

ground

A1203 (Powder) 26.5w %

ABIRdet]) 23. 5wt % 23. 5wt % 23. 6wt % Total 100a % | OO %

in the ratio specified in Table 7.

Sintering 1500 C- 24 hrs. 15001-24 hrs. 1500. 24 hrs.
Siurry al b1l cl

OA-10 (Powder) 50.0wt% 37.5wt% 25.0wt%
AlQs {Powder) 26.5wt% 39.0wt% 51.5wi%
Si0s (Colloidal Silica) 23.5wt% (94.0wt%) 23.5wt%(04.0wt%) 23.5wi%(94.0wt%)
Organic Binder
(1.5 wt.% A jueﬂus Solution of 20001% 200wt% 200wt%
Methylcelulose Resin)
Total 3705wt 370.5wt% 370.5wt%

[0072] The glass component (OA-10}, Al,03; and $i0;, were mixed

The mixture was sintered

at 1,500 C for 24 hours to obtain a sintered body.

body was then ground.

c2 were prepared.

The sintered

As a result, ground products a2, b2 and

[0073] ([TABLE 7]
Sintered Body a2 b2 c2
0A-10 (Powder) 500wt % 40.0wi% 37.6wtls
Alx()3 (Powder) 26.5wt 36.6wt 39.0wt%
8i0; (Powder} 23.5wt% 23.6wt% 23.6wt%
Total 100wt% 100wt% 100wt%
Sintering 1500C-24 hrs. 1500°C-24 hrs. 1500°C.-24 hrs.
[0074] Thereafter, eachgroundproduct wasmixedwithanorganic

binder and alumina fibers, as shown in Table 8, to prepare three

types of pastes a3, b3 and c3.

{0075]

[TABLE 8]
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[0074] Thereafter, each ground product was m xedwi th an organic binder and
alumna fibers, as shown in Table 8, to prepare three types of pastes a3,
b3 and c3. 15 [0075] [TABLE 8] 33 Paste as b3 c¢c3 Gound Product of 69. 7wt %
69. 7wt % 69. 7wt % Sintered Body (a2 Sintered Body) (b2 Sintered Body) (c2
Sintered Body) Organic Binder (9 wt%Aqueous Sol mion of 30.3wt % 30. 3wt % 30
% MethytCet utnse Rosin) Alum na Fiber 5wt~u 5wt % 5w % 97%Ah0s- 3%5i Oz
Total 105w % 105Wm % | O6wt % [0076] [Application of coating nmaterial to
plati numcrucible] Wile an interior surface of a sand-blasted plati num
cruci ble (46 in diameter and 40 nmin height) was heated by 5 a hot air
gun, the slurrp®®rm coating matlerial a8, bl for clb3show] in Talle 6 has
spray coat ed Oreremd Ridu@b bott omjand eirage Suffacesrad t hg pl aphem crci bl e
and then dried Siterl@Bodf t 0 f or m |a(RIsikered B&IYA| | (BQ SHBrbEobAl | |cagatered Bt | t he
paste a3, b3 ororganicmav\/n N Tapblje 8 was adhelfed 10 ontoithe thus-forphed
slurry coati ng‘mgﬁﬁ R?Eﬁ@?f and t hi9dwits i ed| t 030.3wtth a pr ot 0Bwi¥e copti ng

mat eri al | ayerp—+66+A S t=trtt et it - e -eehR—t
slurry and prd“t‘“@l',“ﬁf% C%%tl ng nmt er izl ayers waguheat ed at gyheating

Total 105wt% 105wt% 105wt%

[C076] [Application of coatingmaterial to platinum crucible]
While an interior surface of a sand-blasted platinum
crucible (46 mm in diameter and 40 mm in height) was heated by
5 a hot air gun, the slurry-form coating material al, bl or cl
shown in Table 6 was spray coated on exterior bottom and side
surfaces of the platinum crucible and then dried at 80 °C to
form a slurry coating material layer.
Next, the paste a3, b3 or <3 shown in Table 8 was adhered
10 ontothe thus-formedslurrycoatingmaterial layer andthendried
to form a protective coating material layer.
[0077] Next, the platinum crucible carrying thereon the slurry
and protective coating material layers was heated at a heating
rate of 10°C/min to the specified temperature and thenmaintained
15 at the test temperature for 5 hours, so that such slurry and
protective coating material layers were fired. The fired
coating filmobtained in each Example consisted of a 500 um thick,
fired slurry coating layer and a 5 mm thick, fired protective
coating layer.

20 Each of the platinum crucibles of Examples 11 - 13 on which
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rate of 10 Cmn to the specified tenperature and then maintained 15 at the
test tenperature for 5 hours, so that such slurry and protective coating
material |ayers were fired. The fired coating filmobtained in each Exanpl e
consisted of a 500 mthick, fired slurry coating layer and a 5 nmt hi ck,
fired protective coating layer. 20 Each of the platinumcrucibles of
Exanples 11 - 13 on which 34 the fired coating filmwas forned in the
manner as described above was then cooled to a tenperature 200 C | ower than

the respectjve test tenperature, filled with an al um noborosilicat: | ass
(On 10) T hetAS o T84 HOTITE (e asuterieta i Aobhr EATATE & (o9 Brefn and

then maintained at the test tenperature for 1 hour. The condition of
interfaci al e esas sthgpwrdledidls @ tENHOErBIrg AR dower tharetha 2 Ex.
13 Slurry Coating al bl ¢3 Layer (500utn) (500um (500urn) Protective
Coati ng a3 bBegzpectiyetesrignpEs@urEsnil l adwi t ek ina A0l IS0
15000 C n 16on OO0 interfacial Bu Was cia 10 [0079] As evident fromthe
resul ts shownlass Takl-¢09, hedvaditentheftdriblikapedaturg gt asseabnnfacdtes i ng
can be suppressed in

5 o©f 10 C/min and then maintained at the test temperature for
1 hour. The condition of interfacial bubbles is shown in Table

9.

[0078] [TABLE 9]

Ex. 11 Ex. 12 Ex. 13

Slurry Coating al bl c3
Layer (500 .2m) (500 22 m) (500 .m)
Protective Coating a3 h3 c3
Layer (5mm) (5mm) {5mm)
Test Temperature 1200C 1300C 1500C

{Tondmon of O _ O O
Interfacial Bubblas

10 [0079] As evident from the results shown in Table 9, formation
of bubbles during glass manufacturing can be suppressed in
Examples 11 - 13 in accordance with the third embodiment of the
present invention.

Alsc, the coating materials of these Examples have been

15 found to successfully reduce a vaporization loss of platinum,
as similar to Examples 1 — 5.

[0080] [Exemplary application in glass manufacturing system]
The following examples illustrate a glass manufacturing
installation to which the present invention is applied, and a

20 method for manufacturingadisplayglassbyusingthisapparatus.
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Exanmples 11 - 13 in accordance with the third enbodi rent of the present

i nvention. Also, the coating materials of these Exanples have been 15 found
to successfully reduce a vaporization |loss of platinum as simlar to
Exanples 1 - 5. [0080] [Exenplary application in glass nmanufacturing system
The follow ng exanples illustrate a glass manufacturing installation to

whi ch the present invention is applied, and a 20 nethod for manufacturing a
display glass by using this apparatus. 35 First, a construction of the

gl ass manufagturing installation des ri bed Fi ure 3 .is a pl.anat ory
Ot o iy ch UL A ReCORTREPERLET O 316 BLEBR A AT et (AR | o
The gl ass manufacturing installation 1 has a generally 5 rectangular nelter
2 as a supply® §65F€eb8A-a Fb¥en Yrasan explafatry YigHsybiel shrwsttheam of
the nelter 2, a stir chanber 4 disposed downstream of the refiner 3, and a
f or mi ng apparca’talisrucﬁildnrsptfséfdl&jmmﬂ gwmudfactve igd drettaddertion.The nel ter
2, refiner 3, stir chanber 4 and form ng apparatus 5 are connected 10 by
respecti ve connecitiengylfd=ewrpaiufadurirand s t410G’%tjenTHe has tzergedelrad llyot t om
side and ceiling walls, each nade of a refractory. The nelter 2, equi pped

with a bernefecta@tarded tand 20bBeaSsuppl papeit € b £ nelnid Ing:ra glam gyataer i al
for glass. The side wall of the nelter 2 that is |ocated toward 15 the

downst ream hasr i3k out h% OEBHSd&%é€£e£’tﬁfdf‘9c$1eaﬂlellﬁ%trr gam st QhardbRnarrow
connecting flow path 6 ﬁr ough whi ch the nel
4 disposed downstream of the refiner 3, and a forming apparatus
5 disposed downstream of the stir chamber 4. The melter Z,
refiner 3, stir chamber 4 and forming apparatus 5 are connected
10 Dby respective connecting flow paths 6, 7 and 8.
[0081] The melter 2 has bottom, side and ceiling walls, each
made of a refractory. The melter 2, equipped with a burner,
electrodes and others, is capable of melting a raw material for
glass. The side wall of the melter 2 that is located toward
15 the downstream has an outlet. This cutlet defines an upstream
end of the narrow connecting flow path 6 through which the melter
2 is connected to the refiner 3.
[0082] The refiner 3 has bottom, side and ceiling walls. The
bottom wall, as well as an interior wall surface (at least an
20 interior wall surface region in contact with a moclten glass)
of the side wall, are made of platinum or a platinum alloy and
surrounded by a protective refractory. A downstreamend of the
connecting flow path 6 is opened toward the side wall of the

refiner 3 that is located toward the upstream. This refiner

25 3 is a site where fining of a glass is mainly carried out. 1In
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2 is connected to the refiner 3. 10082] The refiner 3 has bottom side and

ceiling walls. The bottomwall, as well as an interior wall surface (at
| east an 20 interior wall surface region in contact with a nolten gl ass} of
the side wall, are nade of platinumor a platinumalloy and surrounded by a

protective refractory. A downstreamend of the connecting flow path 6 is
opened toward the side wall of the refiner 3 that is |ocated toward the
upstream This refiner 25 3 is a site where fining of a glass is mainly

carried out hi - fin | ease toma f ent
causles flune 1Jl&.)i]%b%f)csétl Inailfél e%‘% %atsl Elg‘ggg%t g?l ﬁf ?e;laglE g?s:ag!so%@%s t hey

d th d h t hat I ted
tovard the doWRSEPERA aﬁs&u@s@fﬁﬁhﬁq%a b1 LR A8 BASpS? rbfh ond
of the narrOM/connectln%gfIOM/ path 7 _through which the refiner 3 is

connect ed t o-%% 3§ FERRERPet oW Yhee FledSdonhle rekif Hadrdest. thogsfinde stir

chanmber 4 has bottom side and celllng wal I's.  The bottomwall, as well as
an interior hethatsrs dacatad [texard theadownssresm harl asuptbitet s edihois i n
contact with a nolten glass) of the side wall, are nade of platinumor a

pl at i numdal |@yt kel desflirresumae diplsy raapr endco £ vehe efamctwrgoniédet igtg rf ldvanber
4 is asite where, as a primary task, the nolten glass is stirred by a
stirrer or tgeth 7ké&roaghormigenehs yefiheTtei scdanvelkdafo the sstrrchedraydrer 4

that is located toward the downstream has an outlet. This outlet defines an
upstream 4 located downstream thereof.

[0083] The stir chamber 4 has bottom, side and ceiling walls.

The bottom wall, as well as an interior wall surface {(at least

10 an interior wall surface region in contact with a molten glass)
of the side wall, are made of platinum or a platinum alloy and
surrounded by a protective refractory. The stir chamber 4 is
a site where, as a primary task, the molten glass is stirred
by a stirrer or the like to homogeneity.

15 The side wall of the stir chamber 4 that is located toward
the downstream has an outlet. This outlet defines an upstream
end of the narrow connecting flow path 8 through which the stir
chamber 4 is connected tc the forming apparatus 5 located
downstream thereof.

20 [0084] The forming apparatus 5, in case it is used to form a
display glass, is a sheet glass forming apparatus such as a
down-draw, up-draw, or float processing apparatus. An overflow
down-draw apparatus is particularly suitable in the formation
of a sheet glass for liquid crystal display.

25 The connecting flow path 6 connecting the melter 2 and
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end of the narrow connecting flow path 8 through which the stir chanber 4
is connected to the form ng apparatus 5 | ocated downstreamthereof. 20

[ 0084] The form ng apparatus 5, in case it is used to forma display glass,
is a sheet glass form ng apparatus such as a down-draw, up-draw, or fl oat
processi ng apparatus. An overflow down-draw apparatus is particularly
suitable in the formation of a sheet glass for liquid crystal display. 25
The connecti ng flom/path 6 connecting the nelter 2 and 37 refiner 3 is nade

of a refractor e ot her .hand other nnectin fI w_pat i.e.,

the connectih JFrteoﬁvB'pJ?ﬁ ﬂ‘a“?le %BﬁnEEFFﬁﬁ Phe- re?'?(r%r %ﬂ%ﬁtﬂ ﬁ%rtﬂ%te]ﬁ and

t he connectr Ojrﬂeﬁge% ectr ng t stir chanber 4 and form ng

appar at us 5 ]cﬂ'w ﬁ'!un’t'd?r a tg?%t‘?%ﬂ’ﬁ Ay LRy Rattouhded by  a

protective refractory ! 085%!; n this exanple, a fired coating filmin
accor dance WFAHeGHG fibedr eFbBEE ik dofti Feclpmeentd pRdehle sinngftdmy
consists of a fired slurry coating |ayer and the overlying protective 10
coati ng | ayeflow paftdr frepravechingutee sturf abembert heangl Sosmingmprsectaiisng
installation (refiner 3 - connecting flow path 8) nade of platinumor a
pl ati numbal | Dy .arEheadeabtnglatieumads a @flabianpl edldy and 3swercinedsdikdabl y
used for such a fired coating film 15 100861 A display glass can be

manuf act ur ech ystdigedthierdl@stradif act uring instal l ati on having the

af oresai d construction,
[0085] In this example, a fired coating film in accordance with
the third embodiment of the present invention, which consists
of a fired slurry coating layer and the overlying protective

10 coating layer, is formed on an outer surface ¢of the glass
manufacturing installation (refiner 3 - connecting flow path
8) made of platinum or a platinum alloy. The coating materials
of Examples 11 — 13 can be suitably used for such a fired coating
film.

15 [0086] A display glass can be manufactured using the glass
manufacturing installation having the aforesaid construction,
according to a method which follows.

First, a rawmaterial for glass is prepared. For example,
the glass raw material is prepared such that a glass having a

20 Si0,-Al,03-B,03-RO (RO denotes at least one of MgO, CaO, BaO,
Sr0 and Zn0) based composition, specifically, an alkali-free
glass containing, by mass, 50 — 70 % of 810, 10 — 25 % of AL,Os,
5 — 20 % of ByO3, 0 - 10 % of Mgo, 3 - 15 % of Ca0, 0 - 10 %

of BaQ, 0 — 10 % of Sr0, 0 - 10 % of Zn0O, 0 - 5 % of TiQ; and

25 0 - 5 % of P,0s can be obtained. Besides the above-specified
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according to a nethod which follows. First, a raw material for glass is
prepared. For exanple, the glass raw material is prepared such that a gl ass
having a 20 Si02-A1203-B203-RO (RO denotes at |east one of MO CaO, BaO
SrO and ZnO) based conposition, specifically, an alkali-free glass
containing, by mass, 50 - 70 % of Si021 10 - 25 % of A1203, 5 - 20 % of
B203, 0 - 10 %of MO, 3 - 15 %of CaO 0 - 10 % of BaO, O - 10 %of SrQ O
- 10 %of ZnO, 0 - 5 %of Ti02 and 25 0 - 5 % of P205 can be obt ai ned.

Besi des the above-specified 38 conponents, various types of conponents such

as a fining f; h . 7 h epar.ed. s ra
material is nlr%qggdﬁgg&%P% E?%gggnggbgg%ﬁ#g;eg?gﬁi55ﬁnf%%%%gﬁ sht
vitrified. Wthin the |ter,,5 2, the glass is heated from above by a
bur ni ng fl ar%arbrbo%u‘{%rdt £Hfi%ver . In case of the Si02- Al 208- B208- RO based

gl ass, the &ass is nelted in the approxi mate tenperature range of 1,500
1,650 t. AftEt0&fh r ThecBEFBArSENEL 3T t1éY Jadesipd iRethdnrtrtroducedgn
i ntroduced through the connecting flow path 6 into the refiner 3. The
nol ten gl assthempdies 2 waeraf thibprésegragwlicbirgfiiedg Within themegter
reaction. These initial bubbles are renmoved in the refiner 3 where a fining
gas rel eased f rdm glhisni by hgehtd Tausedaveeiyt 8 entaige Alahne im®durdde
gl ass. 15 (0088] After being fined in the refiner 3, the nolten glass is
i ntroduced thy aughrfide. cadmeatiengt fihewspet-PA T, d;RBE0IHRD Bhked glass, the

glass is melted in the approximate temperature range of 1,500

~ 1,650 C.

After vitrification, the molten glass in the melter 2 is

10 introduced through the connecting flow path é into the refiner
3. The molten glass includes initial bubbles produced during
a vitrifying reaction. These initial bubbles are removed in
the refiner 3 where a fining gas released from a fining agent
causes them to enlarge and rise in the glass.

15 {0088] After being fined in the refiner 3, the molten glass
is introduced through the connecting flow path 7 into the stir
chamber. Inthestirchamber4, theglassisstirredbyarctating
stirrer to homogeneity.

After being homogenized in the stir chamber 4, the molten

20 glass is introduced through the connecting flow path 8 to the
forming apparatus 5where it is formed into a sheet. Thedisplay
glass is obtained in the manner as described above.

[0089] Generally, the connecting flowpath 6 between themelter

2 and the refiner 3 corresponds to the use temperature region

25 of 1,450 - 1,600 C, the refiner 3, the connecting flow path
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chanber. In the stir chanber 4, the glass is stirred by a rotating stirrer
to honbgeneity. After being honogenized in the stir chanber 4, the nolten

20 glass is introduced through the connecting flow path 8 to the formng
apparatus 5 where it is forned into a sheet. The display glass is obtained
in the manner as described above. [0089] Cenerally, the connecting flow path
6 between the nelter 2 and the refiner 3 corresponds to the use tenperature
region 25 of 1,450 - 1,600 t, the refiner 3, the connecting flow path 39 7

b h fl d th [ nmber, 4 h ' hanb h
uec tonper at UPECPEGT A or =it 585 3 angf HEG & - imERRY 1 GOHhERE g HTAIE b &

between the stir chanber 4 and the form ng apparatus 5 to the use

t enper at ur e ¢ eeff o fUSE Jepreratne nedion vk He 290act iled 5§ Whagbdhe gl ass
manuf acturing method, it has been found that the gl ass manufacturing

i nstal | ati orc@mMegHing SkamnathsRdprwasn Ebesddd phranbenrh angdshieZnymeg oss,

even after it is operated for an extended period of time, and, as a
result, its spraniis dndosthbilsé yranpemsiutairegdoavef Bn010 -ext, &%ded peri od
of time. It has been also found that bubble formation during glass
manuf act 8ri ng canibehsuppaessied. ofhiche iatsival bahsermafiu fidsuexadgpetiei al so

applicable for use in the manufacture of glasses other than the display
gl ass, as a MR bebh £ ShatOtkelgads MaBufacturing installation of
this example shows the reduced platinum vaporization loss, even
after it is operated for an extended period of time, and, as
a result, its strength and stability are maintained over an
1¢ extended period of time. It has been also found that bubble
formation during glass manufacturing can be suppressed. The
installation of this example is alsc applicable for use in the

manufacture of glasses other than the display glass, as a matter

of course.
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[1] A coating material for platinummaterial, which is contenplated to coat
a surface of a platinummaterial nmade of 5 platinumor a platinum all oy,
characterized as containing a refractory conponent including alum na and
silica, and a glass conponent. [2] The coating material for platinum
material as recited in claim1l1, wherein the glass conponent conprises an

al kali-free 10 borosilicate or alum noborosilicate glass. [3] The coating
material for platinumnmaterial as recited in claiml1l or 2, wherein said
alum na, silica and gl ass conmponent q;gkqug jned in the ambunts of 15 - 55
% by weight, 10 - 50 % by wei ght arft - Yo by wei ght, respectively. 15
[4] The coating material for platinummaterial as recited in any one of
claimse 1 - 3, wherein said silicais at least partly in the form of
colloidal silica. [5] The coating material for platinummaterial as recited
in claim 4, [(Tharfact@tiZgl et esiflai ifh ¢ 1 idive fedranidles whidyligss 20
conponent and the colloidal silica. [6] The coating material for platinum
mat eri al as catianeldtred dloacarl, a chur tate iz edpdstétonnanatagial graxme £
product obtained by grinding a sintered body of a m xture of alum na
particle$ gndhitiremglass qgdngpament aldrd/,t hacldteirdaledsids ecant253nfiflg Ehe
coating material for platinummaterial as recited in 41 any one of clains 1
- 3, characteifZat@s, eehpbhehidiRcBhdiiy ale@hal 8hAs i@l e hanpas tyielses, the

gl ass conponent and silica
component.
[2] The coating material for platinum material as recited in
claim 1, wherein the glass component comprises an alkali-free

10 Dborosilicate or aluminoborosilicate glass.

[3] The coating material for platinum material as recited in
claim 1 or 2, wherein said alumina, silica and glass component
are contained in the amounts of 15 - 55 % by weight, 10 - 50 3
by weight and 20 - 70 % by weight, respectively.

15 {4] The coating material for platinum material as recited in
any one of claims 1 - 3, wherein said silica is at least partly
in the form of colloidal silica.

[5] The coating material for platinum material as recited in
claim4, characterizedascontainingaluminaparticles, theglass

20 component and the colloidal silica.

[6] The coating material for platinum material as recited in
claim 4, characterized as containing a ground product obtained
by grinding a sintered body of a mixture of alumina particles
and the glass component, and the colleoidal silica.

25 [7] The coating material for platinum material as recited in
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particles. [8] The coating material for platinumnmaterial as recited in 5
claimb5, characterized as conprising a slurry containing the alumna
particles, the glass conponent and the colloidal silica. [9] The coating
material for platinumnmaterial as recited in claim®6, characterized as
conprising a slurry containing the ground product obtained by grinding a
sintered body of a mxture 10 of the alum na particles and the gl ass
conponent, and the colloidal silica. [10] The coating material for platinum

material as recited i.n n characterized in that the
Shurry cont 76 ORenodr SAALES bl dg*r &rﬁfﬂerﬂzﬁ&dceat?%pmmaﬁ SETY
platinummaterial as recited in one of clains 1 - 3, characterized as

cont ai ni ng §C§¥t@}ﬁ&n%@éﬂlﬁépao8?§itﬂ§ée§y HREndl agS CYRRRe Y aihye idica

m xture of alumina particles, silica particles and the glass conponent.

[12] The coadntgdk@serial for platinummterial as recited in 20 any one of
clainms 1 - 3, characterized as conprising a paste or green sheet contai ning
al um na partli&l eShescbatanpandtieties] fand pllhé¢ighassatempabens .rddidjedtia
coating material for platinummterial as recited in claiml1l,

char act ebi zefl isn GQNRhashBdedipagt 8s0to@p LN BHCLts 1 3 WrAidlinithd tdegr ound
product obtained by grinding a sintered 42 body of a mxture of the alum na
particles, silirtiddgitt £besSs, aRd Al ASS-EMPPRBEALNG the colloidal silica.
[2] The coating material for platinum material as recited in
claim ¢, characterized as comprising a slurry containing the
ground product obtained by grinding a sintered body of a mixture

10 of the alumina particles and the glass component, and the
colleoidal silica.

[10] The coating material for platinum material as recited in
any one of claims 7 - 9, characterized in that the slurry contains
an organic binder.

15 [11] The coating material for platinum material as recited in
any one of claims 1 - 3, characterized as containing a ground
product obtained by grinding a sintered body of a mixture of
alumina particles, silica particles and the glass component.
[12] The coating material for platinum material as recited in

20 any one of claims 1 - 3, characterized as comprising a paste
or green sheet containing alumina particles, silica particles
and the glass component.

[13] The coating material for platinum material as recited in
claim 11, characterized as comprising a paste or green sheet

25 containing the ground product obtained by grinding a sintered
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[ 14] The coating material for platinummaterial as recited in claim12 or
13, characterized in that the alumna particles 5 consist at |east partly
of fibrous alum na particles. [15] The coating nmaterial for platinum
material as recited in any one of clains 12 - 14, characterized in that the
paste or (green sheet contains an organic binder. [16] A nmethod for coating
a platinummterial, characterized 10 in that the coating material as
recited in any one of clains 1 - 15 is coated or adhered onto a surface of
t he platinurgipr terial .and then fired%¥%17] The nethod for. coating a

pl ati num mat®FaChE PAEHHES Ph TRPaFHRENA PRt Bt 67T z et 1 3Fa RAT G S urry

as recited in any 15 one of clains 7- 10 is coated on a surface of the

pl ati num mat® fdlashFamRonant-ed. [ 18] The nmethod for coating a platinum
material as recited in claim17, characterized in that the slurry is spray
coated on thellsufhaceoatinhaaileatiiadufoma bat fhum 2GHetrdlalThe nedhioed fior
coating a platinummaterial as recited in claiml|6, characteri zed in that
t he paste orclgrigerlXheetl s ateidadriizedany amatofthed ailmmihd pakiiicy eadher ed
onto the surface of the platinummterial and then fired. [20] The net hod

for coatbng cordialt nuMIRELT igdras; (Ecitieddus aAwnGndl PakdiQhkaracterized in
that the slurry as recited in any 43 one of clains 7 - 10 is coated on the

surface of thespl ahink@at IR fldtdrild FOET Pa S Ak YaGRAliNgabayer s L& past e
or green sheet
any one of claims 12 - 14, characterized in that the paste or
green sheet contains an organic binder.
{16] A method for coating a platinum material, characterized

10 in that the coating material as recited in any one of claims
1-151is coatedor adhered ontc a surface of theplatinummaterial
and then fired.
f17] The method for coating a platinum material as recited in
claim 16, characterized in that the slurry as recited in any

15 oneofclaims7-10iscoatedonasurfaceof theplatinummaterial
and then fired.

[18] The method for coating a platinum material as recited in
claim 17, characterized in that the slurry is spray coated on
the surface of the platinum material.

20 [19] The method for coating a platinum material as recited in
claiml16, characterizedinthat thepasteor greensheetasrecited
in any one of claims 12 - 15 is adhered onto the surface of the
platinum material and then fired.

[20] The method for coating a platinum material as recited in

25 c¢laim 16, characterized in that the slurry as recited in any
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as recited in any one of clains 12 - 15 is adhered onto the slurry coating
| ayer to forma protective coating layer, and then firing 5 is achieved.

[ 21] The nethod for coating a platinummaterial as recited in any one of
claims 16 - 20, characterized in that the surface of the platinumnmaterial
is subjected to a blasting treatnment before the coating material is coated
or adhered thereto. 10 [22] A fired coating filmfor platinummaterial,
which is contenplated to coat a surface of a platinun1naterial made of

pl ati numor a um al Loy, haract ed in that is_o ed. b
coating or adﬁgrﬁiﬁqﬁﬁgs éatl ﬁﬁnng FB@l?%HfPﬁeaﬂ§ t t%ﬂ%ﬁns 1
- 3, 7 and 11 onto the urface of the Iatlnun1 15 materi al and then firing
the applied RSy FRIGEHR Sy %\C’?&’é‘a leysti nghe PRACERT graePfhRet
material, which is contenplated to coat a platinumnaterial nmade of

pl ati num or asarpratpAum anyene ehaladis L2edlfrix pdherediandiutibe s umn i x
phase conprising a glass conponent and a di spersed phase 20 conpri sing

al um na par tdadteiambaysr Itiocko paath o tesstane: despengdadyeirn arbthandix iplase.
[24] Afired coating filmfor platinummaterial, which is contenplated to

coat a s6rface adhiyddati num material nmade of platinumor a platinum all oy,
characterized in that it is obtained 25 by coating the coating material as

recited in amjonehefmétRbdsiordt4ohting ansh £ indf mak e 1sHE g wdd tike
platinummaterial and then firing the applied coating materi al.
any one of claims 16 - 20, characterized in that the surface
of the platinum material is subjected to a blasting treatment
before the coating material is coated or adhered thereto.
10 [{22] A fired coating film for platinum material, which is
contemplated to coat a surface of a platinum material made of
platinumor aplatinumalloy, characterizedinthat it isobtained
by coating or adhering the coating material as recited in any
one of claims 1 - 3, 7 and 11 onto the surface of the platinum
15 material and then firing the applied coating material.
[23] A fired coating film for platinum material, which is
contemplated to coat a platinum material made of platinum or
a platinum alloy, characterized in that it includes a matrix
phase comprising a glass component and a dispersed phase
20 comprising alumina particles and silicaparticles anddispersed
in the matrix phase.
[24] A fired coating film for platinum material, which is
contemplated to coat a surface of a platinum material made of

platinumor aplatinumalloy, characterizedinthat it isobtained

25 by coating the coating material as recited in any one of claims
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[25] Afired coating filmfor platinummaterial, which is contenplated to
coat a platinummaterial made of platinumor 5 a platinum all oy,
characterized in that it includes a matrix phase conprising a gl ass
conponent and a colloidal silica conponent, and a di spersed phase
conprising alumna particles and dispersed in the matri x phase. [26] A
fired coating filmfor platinummaterial, which is 10 contenplated to coat
a surface of a platinummaterial made of platinumor a platinum all oy,
characterized in that it is obtained by adhering the paste or green sheet

as recited in ang gne ®f- 1 FEhk? surkac@nbe the pyRtasEmOhatBbe;iRhabhgum
material and then firing the applied paste or green sheet. 15 [27] Afired

coating fil mhen p&gghaughgagﬁﬁggéd Whhetnksnacopigipl ated to coat a surface
of a platinumnmaterial nade o plati numof a platinumalloy, characterized

in that it ;329?t %nfpre&’yc&ac}?fr}ffﬁlltl% iscltrlur lyatﬁﬁ-t £ ia{tee?roiiq; ?n X eui%f,y

clains 7 - on the surface o € pla umateri a

coating 20 | ri,ng the past r. green . sheet as recited [n any one
of clains 128¥§Ee%ﬁ?%g?ﬂeggl?ﬁq Qué;q Ve erd adopais BFoPgE%FQBm @bat i ng
| ayer anq%then L%éin t he applied coating |ayers. [28] The fired coating
filmfor *pl afi RUAT hAERr3 atO%s TAHALFLL 15PE I FheE, LEnaPaébderrzadnahrikat
said slurry coating layer 25 inc]ludes a matrix phase conprising a gl ass
conponent anBR@Se4S0RBT{Hikal 2 s¢laea comporent  artid acell bpedakds bhace
conprising alumna particles and dispersed in the matri x phase.

component, and a dispersed phase comprising alumina particles

and dispersed in the matrix phase.
[26] A fired coating film for platinum material, which is

10 contemplated to coat a surface of a platinum material made of
platinumoraplatinumalloy, characterizedinthat it is obtained
by adhering the paste or green sheet as recited in any one of
claims 12 - 15 onto the surface of the platinum material and
then firing the applied paste or green sheet.

15 [27] A fired coating film for platinum material, which is
contemplated to coat a surface of a platinum material made of
platinumoraplatinumalloy, characterizedinthat it isobtained
by cocating the slurry as recited in any cne of claims 7 - 10
on the surface of the platinum material to forma slurry coating

20 layer, adhering the paste or green sheet as recited in any one
ofclaims 12 -15onto the slurrycoating layer to formaprotective
coating layer and then firing the applied coating layers.
[28] The fired coating £ilm for platinum material as recited
in claim 27, characterized in that said slurry coating layer

25 includes a matrix phase comprising a glass component and a
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[29] The fired coating filmfor platinummaterial as recited in claim?27 or
28, characterized in that said protective coating 5 layer includes a matrix
phase conprising the glass conponent and a di spersed phase conpri sing

alum na particles and silica particles and dispersed in the matri x phase.
[30] Afired coating filmfor platinummaterial, which is contenplated to
coat a surface of a platinummaterial nmade of 10 platinumor a platinum

all oy, characterized in that it is obtained by firing a coating nateri al
having a two-|ayer structure which consists of a first coating |layer in

contact w t hedhkopdal i i caraicgipcalerdd a¢@NRr H$5Pgrdeli phalse @mptiimg and
silica and a second coating |ayer provided on the first coating | ayer and

15 conpri si ngl @m b 2Sa SOIPLNEMnd [Sldpdyr PRt DURLTBLSN AL grade of platinum
or a platinumalloy, characterized in that it is coated with the coating

mterial aspseri e i 20Yconeinh fiﬁﬁg:%:rlﬁg.raizgnuEnS%Ja erPadtLouwRIR & |

made of platinumor a platinuma terlze inth as the

fired coati f|| e 29 ely its surface
[33] A gl asgﬂlrranu;{ha%%uP?%é a%%}glfg us¥&gl ﬁgﬂt 5833 c%‘rfiPFPﬁ £ 1V et T 119
Iatlnun1nat rial e latinumor a platinum al]o characterlzed |n

!tohat its out %{Jrlfr&g]é"(fess ; De&d 1% Phaﬁgp‘?ﬂ’@p%ﬁf‘?ﬂgt 235§ CBMERed i n

any one of clainms 1 - 46 [34] A gl ass manufacturing apparatus using, as
a constituerdnd r?afiéﬁpsrseg phase firARet ek dae lidasopaplaciAinted S pie i num

particles and dispersed in the matrix phase.

[30] A fired coating film for platinum material, which is

contemplated to coat a surface of a platinum material made of
10 platinumoraplatinumalloy, characterizedinthatitisobtained

by firing a cocating material having a two-layer structure which

consists of a first coating layer in contact with the platinum

material and comprising a mixture of alumina and silica and a

second coating layer provided on the first coating layer and
15 comprising a glass component.

[31] A platinummaterial made of platinum or a platinum alloy,

characterized in that it is coated with the ccating material

as recited in any one of claims 1 - 15,

[32] Aplatinum material made of platinum or a platinum alloy,
20 characterized in that it has the fired coating film as recited

in any one of claims 22 - 29 on its surface.

[33] A glass manufacturing apparatus using, as a constituent

material, a platinum material made of platinum or a platinum

alloy, characterized in that its outer surface is coated with

25 the coating material as recited in any one of claims 1 - 15.
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all oy, characterized in that its outer surface is covered wwth the fired
coating filmas recited in any one of clainms 22 - 29. 47

{34} A glass manufacturing apparatus using, as a constituent
material, a platinum material made of platinum or a platinum
alloy, characterized in that its outer surface is covered with

the fired coating film as recited in any one of claims 22 - 29,
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