STI RRI NG BLADE AND STI RRER FOR MOLTEN GLASS BACKGROUND
Techni cal Field (0001) The present invention
relates to a stirring blade for nolten gl ass for
uniformy stirring nolten glass in a stirring tank,

and a stirrer including this stirring blade in the
stirring tank. Description of Related Art (0002)

STIRRING BLADE AND STIRRER FOR MOLTEN GLASS

BACKGROUND
Technical Field
(oo001)
The present invention relates to a stirring blade
for molten glass for uniformly stirring molten glass in
a stirring tank, and a stirrer including this stirring

blade in the stirring tank.

Description of Related Art
(0002)

In a manufacture of a glass plate, there is a problem
that deterioration in gquality of a glass product is
greatly affected by an existence of a heterogeneous glass
in a molten glass. The heterogeneous glass means a
phenomenon that glass with different compositions exists
in the molten glass, and is different from molten glass
around the heterogeneous glass in characteristics such
as specific gravity and refractive index. When the
heterogeneous glass exists in a glass product after
forming and solidification, 1lines called ream are
generated. This causes an optical image to be distorted
and transparency and reflectivity to be damaged.
(0003)

Particularly, in a manufacturing field of a glass



I namanuf acture of a glass plate, there is a problem
that deterioration in quality of a glass product is
greatly affected by an existence of a heterogeneous
glass in a nolten glass. The heterogeneous gl ass neans
a phenonmenon that glass wth different conpositions
exists in the nolten glass, and is different from

nol ten gl ass around t he heterogeneous glass in
characteristics such as specific gravity and
refractive index. Wen the heterogeneous gl ass exists
swpatyrissfproddctt Fanelf SiAPAGYand Pl iadid ixmtehical
lines called reamare generated. Thi s cause
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volatilization froma surfacé of a nolten gl ass.
Tbgpghore, in the manufacture of the glass plate,
nmechani cal stirring is generally perfornmed, as a
met hodrf i i €£Ventuse t be gesed t bng oft hieheheterogeneous
het er ogeneous gl ass and realizing a honogeneous nolten
glLass. are considered, such as inappropriate blending of

glass raw materials, defectiveness of melting conditions,
eluting components from a material of a melting tank,
and volatilization from a surface of a molten glass.
Therefore, in the manufacture of the glass plate,
mechanical stirring is generally performed, as a method
of preventing the generation of the heterogeneous glass
and realizing a homogeneous molten glass.
(0005)

An object of stirring is to make the heterogeneous

glass reduced and disappear, which is generated in the



(0005) An object of stirring is to nake the

het er ogeneous gl ass reduced and di sappear, which is
generated in the nanufacturing step of the gl ass.
Particul arly, high degree of honbgeneous property of
the optical glass and the glass for FPD is required,
and therefore the nolten glass nust be honogeni zed in
the step before solidifying the nolten glass in the
form ng step. Therefore, the heterogeneous glass

ted in the nelt t d the ref tep,
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stirring blade for prescribed nunber of tines,
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thereby stir the nolten glass. The nolten glass is
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stirring tank, and flows-out froman outflow port in a
tlomerefamtingf shepstiorxi ygnteariktavhi He bei ngagtsiferedtube
Alternately, reversely, the nolten glass is flown-in
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(0006)

Stirring is performed in a cylindrical vessel
called a stirring tank or in a flow passage. A stirring
blade is disposed within the stirring tank, and by
rotating the stirring blade for prescribed number of
times, shearing force is added to the molten glass, to
thereby stir the molten glass. The molten glass 1is
flown-in from an inflow port in an upper part of the
stirring tank, and flows-out from an outflow port in a
lower part of the stirring tank while being stirred.
Alternately, reversely., the molten glass is flown-in
from the inflow port in the lower part of the stirring
tank, and flows out from the outflow port in the upper
part of the stirring tank while being stirred.

(0007)
When the shearing force is added to the

heterogeneous glass in the molten glass, the



When the shearing force is added to the heterogeneous
glass in the nolten glass,the heterogeneous glass is
sheared, thus nmaking the heterogeneous gl ass di sappear
or reduced. The shearing force is generated in a part
where a speed difference in fluidity of the nolten
glass is generated, such as the stirring blade and a
wal | of the stirring tank. A stirring speed (the
nunber of rotations: rpm is suitably decided by
viscosity (tenperature) and a specific gravity of the
Im)t?éﬂggp&%ls arfkahe nbft eARGRESE (wi tTHYA gh‘“%‘F%’&%si tye
carries out | owspeed, rotation. For stlrrln
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or screwtype Stirring blade (for
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FI'G 9 shows "an exanple of the crank-type stirring

bladeinh spésai Nthdhadd el Orisothsponsed tpw) de obisably
cylindrical stirring tank 101, and by driving the
gétifdenag byadelddOstiayr o abmparatmtes) r @nak | enatpaxgific
set on a center axis of the stirring tank 101, nolten
gras$t@ pfi the swilitamglask, 101d ithetmelbdn Fhass with
stirring blade 110 includes: a rotational shaft 111
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first bl ade
example, stirring is performed, with low-speed rotation

of about 10rpm.
(0008)

As a conventional stirring blade for molten glass,
so-called crank-type stirring blade, paddle-type
stirring blade (for example, see patent document 1), or
screw-type stirring blade (for example, see patent
document 2), are known.

(0009)

FIG.9 shows an example of the crank-type stirring
blade. A stirring blade 110 is disposed inside of a
cylindrical stirring tank 101, and by driving the
stirring blade 110 to rotate around a rotational axis
set on a center axis of the stirring tank 101, molten
glass G in the stirring tank 101 is stirred. The stirring
blade 110 includes: a rotational shaft 111 positioned

on the rotational axis; a vertical bar-like first blade



112 that extends in a vertical direction along the

rotational axis at a position apart fromthe

rotational axis in a rotational radial direction, for

stirring the nolten glass G that exists in an outer

peri pheral area of the stirring tank 101,

bybei ngrot atedi nthevicinity of an inner wall of the

stirring tank 101; and a horizontal bar-Iike second

bl ade 113 that extends along the rotational radia

direction orthogonal to the rotational axis, for
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froma central part area to an outer_peripheral area
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The stiTring tan s inlets/o
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| ower part, and in the stirring tank 101, the nolten

of assiknétomsl f bemide titeid Putnet 1402 did Bheo HPPSARtal
part and flows-out fromthe inlet/outlet 103 in the

bamelibartsedidbhé beladgestiilBedthédkt eepékaldy, along the
reversely, the nolten glass Gflows-in fromthe
Totationalataddl idindet i oner fergonal Hd dthve-metationnl
the inlet/outlet 102 in the upper part while being
af1§r ckor (DDIAIFipPattdye Meddipferitlags G that exists in a

range from a central part area to an outer peripheral
area of the stirring tank 101, by being rotated in the
range from the central part area to the outer peripheral
area of the stirring tank 101. The rotational shaft 111
is rotated by a motor 118.
(0010)

The stirring tank 101 has inlets/outlets 102 and
103 for the molten glass in the upper part and in the
lower part, and in the stirring tank 101, the molten glass
G flows-in from the inlet/outlet 102 in the upper part
and flows-out from the inlet/outlet 103 in the lower part
while being stirred. Alternately, reversely, the
molten glass G flows-in from the inlet/outlet 103 in the
lower part and flows-out from the inlet/outlet 102 in
the upper part while being stirred.
(0011)

({Patent document 1)



Japanese Patent Laid Open Publication No.2001-72426
(Pat ent docunent 2) Japanese Patent Laid Open
Publ i cati on No.2008-120630 (0012) I ncidentally,
in a conventional stirring blade, there is a problem
that flow out of the heterogeneous glass occurs
easily, due to insufficient shearing force during
stirring. Nanely, some of the nolten glass in the
stirring tank flows-in fromthe inflow port and
flows-out fromthe outflow port, with al nbst no
Shpaneag Poteatadeeddt ABpet BUBy e@tiemglo( B3y 72426
It appears that this is caused by a difference of a
PRRLPRES épcﬁ%@éﬁ: bt ween the central part and the
outer peripheral par f th i,rring bl ade r
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éég ahovvn in FIG9, as shown in a horizontal cross

¢ &n of FI G 10, peripheral speed RL in the central
partgfy I dO4 21400 131 14 1é6ybhad8nkl0 4L 2rmhl . bakde,
peri pheral speed of the outer peripheral part is

trege- 160@14kroblem tHAEr eloieouds ooV i HeBerogeneous
schematic vertical sectional view of FIG 11, the

gohbenogbags &akslfyl,ounei obaiwen £fiperinthehalardmeatbBce
of the stirring tank 101 fromthe inlet/outlet 102 in
theingpetipathgas Yamedyoysameowf AheTheodtemhglagktignthe

glass is flown-out fromthe
stirring tank flows-in from the inflow port and flows-out

from the outflow port, with almost no shearing force
added thereto by stirring.
(0013)

It appears that this is caused by a difference of
aperipheralspeedbetweenthecentralpartandtheouter
peripheral part of the stirring blade. For example, in
a case of the crank-type stirring blade 110 shown in FIG.9,
as shown in a horizontal cross section of FIG.10,
peripheral speed Rl in the central part of the rotating
stirring blade 110 is small, and peripheral speed R2 of
the outer peripheral part is large.

(0014)

Therefore, as shown in a schematic vertical
sectional view of FIG.11l, the molten glass G is flown
into outer peripheral area FB of the stirring tank 101
from the inlet/outlet 102 in the upper part as shown by

arrow A. Then, the molten glass is flown-out from the



inlet/outlet 103 while being stirred satisfactorily,
wth a sufficient shearing force added thereto by the
rotation of the vertical bar-like first blade 112 and
a horizontal bar-like second bl ade 113. However, the
fol |l owi ng phenonenon occurs. Nanely, the nolten gl ass
Gthat flows into the central area FA of the stirring
tank 101 descends from an upper side to a | ower side

of the central area FA as it is, as shown by arrow P.
with no sufficient shearing force added thereto b
Tttt ogtland XADwERbbe Pedm netirFet/ Attt apsorhly .
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rotations of the stirring blade can be taken into
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stirring blade is increased, the shearing force added
tank Neo nold evegiassrom dheupbpetr shdet apkacabwbe side of
i ncreased, and a stirring effect can al so be

e reasedal (8048) FA as itHoswevas, sihbhen bWieampbiweR, with
gl ass has high viscosity, the nolten glass with high
qpsﬁgﬁ§#®i¢%t§ﬂhggpﬁﬁg ggggpe@dded thereto by stirring,

and flows-out from the inlet/outlet 103 in the lower part.
Thus, the molten glass that receives no sufficient
shearing force in the stirring tank 101 is insufficiently
homogenized due to insufficient stirring, thus causing
the ream to be generated. The same thing can be said for
the paddle-type stirring blade.

(0015)

Therefore, in order to solve the above-described
problem, increase of the number of rotations of the
stirring blade can be taken into consideration. If the
number of rotations of the stirring blade is increased,
the shearing force added to the molten glass in the
stirring tank can be increased, and a stirring effect
can also be increased.

(0016)
However, when the molten glass has high viscosity,

the molten glass with high viscosity is sometimes rotated



together wth the stirring blade if the nunber of
rotations of the stirring blade is increased.

Therefore, increase of the nunber of rotations is
limted. (0017) In addition, platinumor a
platinumalloy is used in a material of the stirring
tank and the stirring blade, in terns of a

heat -resi stant property and an anticorrosive property.
However, if the nunber of rotations of the stirring

bl ade is increased, there is a possibility that
aethem ofithe B¢ r sitdgFaidik BAddehelst i%h9 ngupibsde ©f

is peeled-off by stirring the nolten glass., The
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occurs in rt where the sheari.ng stress.| ded by
SIFFPRAG © e%%ﬁt%ﬁ“é?ﬁsg? 5ﬁ§afﬁssﬁﬁk%o%%%%ﬁggé
6@&&51 generated if the nolten gl ass has high

I Scosity. Wien a foreign matter (platinumforeign

mattern), W S ®P! il HUTheh SrPA i hahlaY 10y is used
peel ed-off fromthe stirring tank and the stirring

bh adRaits riaxed£ithd ke iy 48 t@gh&ssnd timiBke ridingy blade,
product gl ass is caused thereby, because the foreign
iRt t &fernts al 68 i ncl uledti-resiestgirass ptoperftgr miamd an
For this reason also, the nunber of rotations of the
ahticomgosiate paopeattibe | Howeawat séfmiche @MOOREr of
Therefore, an object of the faten; docunent 2 is to
pe betdenshe fsthenstiiger n g rr a@e bl adkn GReRrEPA -t RBELf 1S
a spiral blade., In this case, there is a roblen1tQPth
arP et iBhldtYshRalti Ryt ABUROPf i gisdsir T fdnk and the
because no_speed difference_is nerated_.in t mol t en
§FCE1ng AL e Ner ot Ge (P T ET PGP BT TELr SpBB S f ase-
éthp%%AEﬁgggth§ %%ESLQ%%?QQPSpQEQE%uﬂI%ﬁPp€ﬁ£-molten
glass occurs in a part where the shearing stress 1is
added by stirring the molten glass, and this phenomenon
is easily generated if the molten glass has high
viscosity. When a foreign matter (platinum £foreign
matter) such as platinum or a platinum-alloy peeled-off
from the stirring tank and the stirring blade 1is mixed
in the molten glass, trouble in a product glass is caused
thereby., because the foreign matter is also included in
the glass after forming. For this reason also, the
number of rotations of the stirring blade can not be
increased so much.

(0018)

Therefore, an object of the patent document 2 is

to provide the screw-type stirring blade wherein the



SUMVARY OF THE | NVENTI ON (0019) In view of the
above-descri bed circunstance, an object of the present
invention is to provide a stirring blade for nolten

gl ass capabl e of sufficiently stirring an entire body
of a nmolten glass in a stirring tank including a
central area of a tank and capable of realizing a
honogeneous nolten gl ass even if not increasing the
nunber of rotations, and provide a stirrer for nolten
glass including this stirring blade. (0020) A
Q¥ Een s isf fLpwnhregene tahlkenailofoprovialkang a shape
stirring blade for nolten gl ass disposed inside of a
G ABATEH Pdafderi nght BRks FaFestiReThg fnfl PERPGLASEhat
in the stiryi tank by being driven to rotate around
I AN POra SBOSTLRE the PEBReRILRFE bF YRRKstPPERRES

&é”%?e Hckggkg¥eﬁ%écgglégggka%g%fgnp%ﬁéIﬁ%f@egngiggs,
rotati ona
and therefore a stirring effect becomes low, such as

making the heterogeneous glass disappear.

SUMMARY OF THE INVENTION
(0019)

In view of the above-described circumstance, an
object of the present invention is to provide a stirring
blade for molten glass capable of sufficiently stirring
an entire body of a molten glass in a stirring tank
including a central area of a tank and capable of
realizing a homogeneous molten glass even if not
increasing the number of rotations, and provide a stirrer
for molten glass including this stirring blade.
(0020)

A first aspect of the present invention provides
a stirring blade for molten glass disposed inside of a
cylindrical stirring tank, for stirring molten glass in
the stirring tank by being driven to rotate around a
rotational axis set on a center axis of the stirring tank,
including:

a rotational shaft positioned on the rotational

axls:



a vertical bar-like first blade that extends in a
vertical direction along the rotational axis at a
position apart fromthe rotational shaft in a
rotational radial direction, for stirring the nolten
gl ass that exists in an outer peripheral area of the
stirring tank, by being rotated in the vicinity of an
inner wall of the stirring tank; a horizonta
bar-1i ke second bl ade that extends along a rotationa
radial direction orthogonal to the rotational axis,

for st meinfgahk haft bhkgl Bissthladri §hatj axiepdfgdn 2
froma central area to_an outer perigheral area, of the
CerEiFAg t Ahkechy Pei AGORG atRE iTPEATLAGRLT (HRET R 2
central area to_the outer perjpheral ea of 1h .

RPF ARG ?Bﬁﬁ?‘ grAm the Totaydenal Faatfimasgfational
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, for guiding the nolten glass that exists in the

56 & 8hgar88aebat IR ShbI¥idniefkot ad N MMM @lall of the
peri pheral area. (0021) A second aspect of the

pEeseRlng akj on provides the stirring blade for

nol ten gl ass according to the first aspect, wherein a
pl ur ala tlyoof zhotiedoriaat - bidke | s keosdcdidrds alest apgtends
di sc-like third blades are respectively provi ded at
ahpogval satmtienadt aefdadl dizecsIAn LEtppgonal to the

rotational axis, for stirring the molten glass that
exists in a range from a central area to an outer
peripheral area of the stirring tank, by being rotated
in a range from the central area to the outer peripheral
area of the stirring tank; and

a disc-like third blade which is provided on an
inner peripheral side of the vertical bar-like first
blade and extends in a planar shape in a direction
orthogonal to the rotational axis, for guiding the molten
glass that exists in the central area of the stirring
tank to the outer peripheral area.

(0021)

A second aspect of the present invention provides
the stirring blade for molten glass according to the
first aspect, wherein a plurality of horizontal bar-like
second blades and disc-1like third blades are

respectively provided at intervals in the rotational

10



(0022) A third aspect of the present invention
provides the stirring blade for nolten glass according
to the second aspect, wherein the horizontal bar-1ike
second bl ade and the disc-like third bl ade are
integrally forned at the sanme position in the
rotational axis direction. (0023) A fourth
aspect of the present invention provides the stirring
bl ade for nolten gl ass according to anyone of the
first to third aspects, wherein the disc-like third
HfhdledtEePSAREG into a disc shape, with the rotationa
s a center. (0024) A fifth aspect of the
g&es% i nvention provides the stirring bl ade for

' h
four ch 30338 HR el DOoEOCRRYpRBR B HIr ot BoncRrpuLaes
vagggr&%drﬁiﬁﬁécfo@lﬂ%f{gﬁd nggeaéégﬁﬁy %hto the

S|xth aspect” of the present i nvent i on prov

§é¢6ﬁﬂnespbeie1%Hef@&ﬁeﬁhg|ﬁ§§1%®%¥ai'Hh££h§ﬁ¥0Q§cQRd
the first to fifth aspects, wherein the disc-I

bhadd driddnei 6ipeoviitedthira WREdsEEd nﬁltleatidllth( formed
surface vertical to the rotational axis. (0026)

at the same position in the rotational axis direction.
(0023)

A fourth aspect of the present invention provides
the stirring blade for molten glass according to any one
of the first to third aspects, wherein the disc-like
third blade is formed into a disc shape, with the
rotational axis as a center.

(0024)

A fifth aspect of the present invention provides
the stirring blade for molten glass according to any one
of the first to fourth aspects, wherein a protruded
fourth blade is provided in the disc-like third blade.
(0025)

A sixth aspect of the present invention provides
the stirring blade for molten glass according to any one
of the first to fifth aspects, wherein the disc-like
third blade is provided in a posture inclined to a surface
vertical to the rotational axis.

(0026)

A seventh aspect of the present invention provides

11



A seventh aspect of the present invention provides a
stirrer for nolten gl ass, wherein the stirring bl ade
according to any one of the clains 1 to 6 is disposed
inside of a stirring tank which is disposed, with a
center axis directed vertically, having an inflow port
di sposed on one end side and an outfl ow port disposed
on the other end side in a vertical direction, to
thereby allow nolten glass to flowin the vertical

di recti on. (002731 Accor di réa to the f.irst ajﬁgcli
2 fS W §F L2Nnt™P i8Rt POAS St hEPRAGPIEN TP sd HHA & £14°
in the central area of the stirrin ank, .
?cr%ctlrf(ﬁ'&?eﬁ? 8§ Y Oe%sﬁl?/ %%%brflg %ug%t gwé'%rser?a]ﬁposed
per.d I . A I an, ; | deds
PR ST Sl B 00 AR ST P
Bl Ade 1had vl U B 01 RCtH AR JRAr ehetiew posuidi Sheada
stirring of the nolten glass in the central area can

JIE o7@ ¥ad, s DY et HLd A 10U 1L BE IPodt QSisp@ stdie ohi tBE other
bl ade and the second blade in a state in which the

aml s egh ass viex tgikt albdl itre d thiooutter therieplyea dlowrreal ten
Accordingly, even if not increasing the nunber of

gl st i basfdbwt He sthie rveptbradediseiatdiany of the

nmolten glass in an entire body of the stirring tank
2 bk accel erated, and honogeni zi ng of the nolten

gl ass_can be accelerate As a result, even

d. ¢ ﬁhen t he
het er BGEREMIL G &8s FRef 1 GRS n@F RS sOF r FHE t2HRSeRt
di d duct.i f. t.he het
T eREIPRaI FoeaRey S I DA SAD Gt arre S fRaL
th i -aof f aof nlat.i . ' irri
480 LR hp e b im0 i

£20; be SURRIESSAfe PECAUSEAL] | SePObnBLEESSHAd Wf the
I ncrease the nunber of rotations of the stirring

$ fABing blade, can be guided to the outer peripheral
area by the disc-1like third blade having a guiding action.
Therefore, insufficient stirring of the molten glass in
the central area can be solved, by the stirring action
using the first blade and the second blade in a state
in which the molten glass is guided to the outer
peripheral area. Accordingly, even 1f not increasing
the number of rotations of the stirring blade, stirring
of the molten glass in an entire body of the stirring
tank can be accelerated, and homogenizing of the molten
glass can be accelerated. As a result, even when the
heterogeneous glass is flown into the stirring tank,

disappearance and reduction of the heterogeneous glass

can be realized by stirring, and also generation of the

12



(0028) According to the second aspect of the
present invention, a plurality of horizontal bar-1like
second bl ades and disc-like third bl ades are provided,
respectively at intervals in the rotational axis
direction, Therefore, the flow of the nolten glass can
be nmade toward the outer peripheral area fromthe
central area in the stirring tank, and stirring of the
nolten gl ass can be accel erated. (0029)
According to the third aspect of the present _
RERRPEPBAT ehcP Pt 26fAt aF PARLLRKE .sBEdRY Bl BAEeHAdL of
the disc-like third blade are inte%yalu¥ fornmed at the
e PoiEIvh ihade Wit il SEATE RS ed@fdn. can be
Therefore, rigidity i.s inproyved. (0030 .
HECOF o R tr ob PREUFb L En L HoPBE S 57 PRATY; Egehporease the
' i 0B, isc-1jike ird.hl [ med into a
%H%%géhggefg%%f%%ﬁﬁaé%tgﬁgoﬁgﬁggzgé(ﬁi%éé'stirring

#sgyas a center, and there are no corners.

here%ore, there is little possibility that the third

bl adeakgotliavefl BY thige MRlelh @l agpedird &6 WO present
invention, a plurality of horizontal bar-like second
blades and disc-1like third blades are provided,
respectively at intervals in the rotational axis
direction. Therefore, the flow of the molten glass can
be made toward the outer peripheral area from the central
area in the stirring tank, and stirring of the molten
gdlass can be accelerated.

(0029)

According to the third aspect of the present
invention, the horizontal bar-like second blade and the
disc-1like third blade are integrally formed at the same
position in the rotational axis direction. Therefore,
rigidity is improved.

(0030)

According to the fourth aspect of the present
invention, the disc-1like third blade is formed into a
disc shape, with the rotational axis of the stirring
blade as a center, and there are no corners. Therefore,
there is little possibility that the third blade 1is

shaved by the molten glass and is worn.
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(0031) According to the fifth aspect of the
present invention, slip between the nolten glass and
the third blade is prevented by an exi stence of the
protruded fourth blade provided in the third bl ade,
and a centrifugal force caused by the rotation of the
third bl ade can be positively given to the nolten

gl ass. Therefore, retention of the nolten glass on the
third bl ade can be prevented, and the flow of the
nolten glass to the outer peripheral area fromthe
¢6ABdadl area in the stirring tank can be strengthened,

and stirring ef ficiency can be further increased.
(0032)Accordingcoh @l fgie o fitfd i RER®4SpeRt dihe h@resent

Eﬁ%@%&é&a“%es&nis?%#ﬁéagpﬁﬁfuwéft%ﬁgﬁ P8FoRghata Shize
%%%tigspkggen tdog '%k§¥§é¥gFFgngm%ﬁglh?gtruded

ass and ere ent| | ass o

'f'&lu&q: | a4 d‘@nfptaig%\P{cg &ntﬁ? fHA ¢ hﬁ{lrcpy it dd | o&?ty

an i nclined sur i sc-Ti1 ke third blade), flui

bRnlthe Al | o8k eashesUd 84 i1k CREL D1 8hVER kBel RBira
nolten glass, then the stirring efficiency can be

buaideer cancmeaspds iand Sy t jerehonngenhzatneont of ighass.
nmol ten gl ass can be realized. (0033) According to the
Taeerifforsspecdtehttibe pifesdrd molten glass on the third
blade can be prevented, and the £low of the molten glass
to the outer peripheral area from the central area in
the stirring tank can be strengthened, and stirring
efficiency can be further increased.

(0032)

According to the sixth aspect of the present
invention, the disc-like third blade is provided in an
inclined posture. Therefore, the flow along this
inclination can be given to the molten glass, and the
retention of the molten glass on the third blade can be
prevented. Further, by rotation of an inclined surface
(disc-1like third blade), £fluidity in the rotational axis
direction can be given to the molten glass, then the
stirring efficiency can be further increased, and
further homogenization of the molten glass can be
realized.

(0033)

According to the seventh aspect of the present

14



invention, the nolten glass is sufficiently stirred by

the stirring blade, while the nolten glass flows to

the lower part fromthe upper part or fromthe | owner

part to the upper part of the stirring tank.

Therefore, the honogenization of the nolten gl ass by

stirring can be accelerated, and as a result, even

when the heterogeneous glass is flown into the

stirring tank, the di sappearance and the reduction of

the het erogeneous glass can be realized b sti.rring,

mvetteer Fpei BALGL N Bé agsadisngstficientHl G 9tisrad by

erspective view showing a structure of a stirrer

'I}Fclﬁfd‘irri'gl%?iﬂ?ﬁ@'b‘l’%ag% sReorat hgot 81afd SehbBUsnEAL the

of the present inyention. FIG 2 is a si.de sectiona

BeE REER; ERem AP AT PRELa08 GE Toati DA V4 BRTt

h Lai ni L i o . e

s el BT B e M EE A S8] Finepeqne b
&h D92 2RQ0Ne: QOGhIEREnOh10RE RESAMrd IVENELRANe

FIGS is a side view show ng a cross-sectional part of

dd@See BA BRI, NN Bla8Sresult, e iGwhenSt Re R SPESEENEoUS

view of the stirring blades according to further

dnd Sers edloadi iafio ehet HeipreagntankyetiiéGlisappearance

and the reduction of the heterogeneous glass can be

realized by stirring.

Brief Description of the Drawings

FIG.1l is a perspective view showing a structure of
a stirrer including stirring blades according to an
embodiment of the present invention.

FIG.2 is a side sectional view of this stirrer.

FIG.3 is a side sectional view for explaining a
principle of this stirrer.

FIG.4 is a perspective view of the stirring blades
according another embodiment of the present invention.

FIG.5 is a side view showling a cross-sectional part
of these stirring blades.

FIG.6 is a perspective view of the stirring blades
according to further another embodiment of the present
invention.

FIG.7A is an upper side view of a part of each

stirring blade, and FIG.7B is a side view thereof.
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FIG 7A is an upper side view of a part of each sti ing
bl ade, and FIG 713 is a side view thereof.

FIG8 is a view show ng nodi fied exanples (a) to (e)
of a fourth blade of the stirring bl ades shown in

FIG6 and FIG 7. FIG9 is a perspective side
view of the stirrer including conventional stirring

bl ades. FIG 10 is a horizontal sectional view
of an essential part of this stirrer. FIG 11

Is a side sectional view for explaining a principle of
thi s NG r&eris Besvipmwdehpwin@amodifieditexamplagehaiofio

(e) of a fourth blade of the stirring blades shown in
FIG.6 and FIG.7.

FIG.9 is a perspective side view of the stirrer
including conventional stirring blades.

FIG.10 4is a horizontal sectional view of an
essential part of this stirrer.

FIG.1l1l is a side sectional view for explaining a

principle of this stirrer.

Best Mode for Carrying out the Invention
(0034)

Preferred embodiments of the present invention
will be described hereunder, with reference to the
drawings.

FIG.1l is a perspective view showing a structure of
a stirrer including stirring blades, FIG.2 is a side
sectional view of this stirrer, and FIG.3 1is a side
sectional view for describing a principle of this
stirrer.

(0035)

As shown in FIG.1l and FIG.2, this stirrer includes:

a cylindrical stirring tank 1 installed, with a
center axis L1 directed vertically:; and

a stirring blade 10 disposed inside of the stirring

tank 1. An inflow port 2 of the molten glass is disposed

16



(0034) Preferred enbodi nents of the present
invention wll be described hereunder, with reference
to the draw ngs. FIG 1l is a perspective view
showi ng a structure of a stirrer including stirring
bl ades, FIG 2 is a side sectional view of this
stirrer, and FIG 3 is a side sectional view for
describing a principle of this stirrer. (0035) As
shown in FIG1 and FIG 2, this stirrer includes: a

cylindrical stirring tank 1 installed, with a center
gk jag EpPET BeTddofefFhpcaftyriggdtank 1'aa§tw?%@w port

bl ade 10 di sposed i_nside of th t|r ank
A SWSPSEe S Bt & HOWRT B&T Wyl %‘b‘gs“é‘ﬂlten glass

G flows-in from the inflow port 2 in the upper part, then
transfers toward the lower part in the stirring tank 1,
and flows-out from the outflow port 3 in the lower part.
(0036)

The stirring blade 10 functions to stir the molten
glass G of high viscosity in the stirring tank 1, by being
driven to rotate at a low speed around a rotational axis
L10 set on a center axis L1 of the stirring tank 1.
(0037)

This stirring blade 10 has a so-called crank-type
shape as a basic shape, and includes a rotational shaft
11 positioned on the rotationmal axis L10; a vertical
bar-like first blade 12 extending vertically along the
rotational axis L10 at a position apart from the
rotational axis L10 in a rotational radial direction,
for stirring the molten glass G that exists in an outer
perlpheral area FB in the stirring tank 1, by being
rotated in the vicinity of an inner wall of the stirring
tank 1; a horizontal bar-1like second blade 13 extending
along the rotational radial direction orthogonal to the
rotational axis L10, for stirring the molten glass G that
exists in a range from a central area FA to an outer
peripheral area FB in the stirring tank 1, by being

rotated in the range from the central area FA to the outer
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in an upper part of the stirrng tank 1, an outfl ow
port 3 is disposed in a |ower part thereof, and nolten
glass Gflows-in fromthe inflow port 2 in the upper

part, then transfers toward the |ower par,- in the
stirring tank 1, and flows-out fromthe outfl ow port 3
in the |l ower part. (0036) The stirring blade 10

functions to stir the nolten glass G of high viscosity
in the stirring tank 1, by being driven to rotate at a
| ow speed around a rotational axis Lb Mset on a
pemti@hegdlsakieaofBtimethei stingindmiank 1(:088%)a disc-1like
This stirring blade 10 has a so-called crank-type

§hapd hdadephadi prondsed e&’r‘i’dipﬁtﬂru@%ié’hrelﬁaa]ti of the
shaft 11 positjoned on the rotational axis

Verfical ;a=1ikeefLIf toPddeed 2 end? n5°vBFt PE&PW“
I t at I t t t

HERABLANGY 1, ARAE  Li

diteGhid 11 agJis'sE.' 'ro'rI dr gﬁig‘%htgegh 'rﬁ‘éftgnt%f‘é ;ﬁ(%%x%t

In an ou hera n t estlrrl

Qh@%lannr %@t %intrfahheaﬁféacw thh @hedld ﬂmefnwanxofl to
the stirring tank 1; a horizontal bar-like second

Bhade ukZ X3 &rdhRgralongdahery ot ati onal radi al
direction orthogonal to the rotational axis L10, for

¢bosmwi)ng the nolten glass G that exists in a range
froma central area FA to an outer peripheral area FB
in thaAstleaptigonanlorl, mbyebbpmg zogttledoan-1her aegond
fromthe central area FA to the outer peripheral area
PBaide st He3 stnfr dagcrdnkkel; thhBdabdiaged i ke anfrarpvaded
14 provided on inner peripheral side of the vertical
BSFPIeiCRCe“‘F?Jr%t bt ad’e“g‘?rgelﬁs £8 bé eRtERFEd I &L the

BFAT SR L 8ot b° 160" { BRAGR i (R Wbt T ehogRads oG the

b TR, B R e
L10. At this time, preferably the number of installation
of the disc-1like third blades is two ore more, and 3 to
5 are further preferable. Further, the disc-1like third
blades 14 are formed into a disc shape, with the
rotational axis L10 as a center, and are fixed to the
rotational shaft 11 and the second blade 13 in a posture
vertical to the rotational axis L10O. Moreover, two
vertical bar-like first blades 12 are disposed at a
position opposed 180°, and the horizontal bar-1like second
blades 13 are disposed in a posture vertical to the
rotational axis L10, with both ends connected to the two
first blades 12.

Note that the first blade 12 and the second blade

18



At | east one or nore horizontal bar-like second bl ades
13 and disc-like third bl ades 14 are provided
respectively at intervals in a direction of the
rotational axis LIO and are integrally fornmed at the
same position in the direction of the rotational axis
LIO At this tine, preferably the nunber of
installation of the disc-like third blades is two ore
nore, and 3 to 5 are further preferable. Further, the
di sc-like third blades 14 are fornmed into a disc
thapree fwianed ey poratndnabdaxdisd ld Oimsnest eemifettheandund
are fixed to the rotational shaft 11 and the second
’E)‘Pﬁd?ef 29 fegopssbdrdevédtigdiet danuey Ghan anehiekness
Moregver, two vertical bar-like first blades 12
%f@ 8?‘§ﬁo§é€fea1:hérﬁo§?-?f18rﬂ- %ppor['slb‘b“ 18de dAgcrdd ke third

bar - | i.k 13
PRaeArE! e FFbapa Eo ESRGrAl BASE L rane09N TheBBLA Y

0 e 0 s t at
FhetE rEPERRCHat s haR B e e IS S80aRe B pdBlag
by¥oaghound rod, and a dianmeter of the round rod of the
second bl ade 13 is set larger than a thickness of a
di sc- laiskeatbtkdpRl@dabdde , TheRe tdeidb8ayl ikEadbirnd is
blade 14 is joined to a central part in a height
chaeatitemniafed ham rtruntl bae Ghat-aanst itnies bhedsecands
bl ade 13. (0039) As descri bed above, the
asddedi hg &l acdecalliesl chramdciteypaesitinrihgt bilhde, and by
disc-like third blade 14 is added to a so-called
eA@hRIt fpe $hiimd riylaftades . afblisy sdddinryr the chpabile of
bl ade 14, this stirrer is capable of increasing a
SXETRPASPe Feat iFgmeniat bnrer a5Be QB tePasdpérr tngy

| ten S i.n the central area FA, where the
%{?P??ﬁgréf*%eﬁ' §‘°Pr§.ﬁd1 yleasa@né& mgncamtmlssé@@ FA,

d h
BFAES] s CEREEIBE Rhaqfer IF SPRETREBR R Vhen
d
f *rgbggdtwt;tlégoicp carried%eyl o S%oer J:Pgnfgl éype

Is Stirrer, as an action princi own 1 n

sglrlrhﬁﬁn’gh.'é@.@ ghass @ tchﬁ;ele)ﬁéfl‘?phgrhlieagﬁr&t Fal 13 @R,
FA of the stifliing tank 1, where insufficient stirring

€asrtyngcednk due to a smal | peri pheral speed of the
stirring blade 10, can be guided to the outer

peoapheral area FB by the disc-like third bl ade 14
havi ng a guiding action. Then, by the stirring action
of th&afedst, hraderd2ngnda hieh secetdrivlegde d8 am action

state in which the nolten glass is guided to the outer
principle is shown in FIG.3, the molten glass G that

exlsts in the central area FA of the stirring tank 1,
where insufficlent stirring easily occurs due to a small
peripheral speed of the stirring blade 10, can be guided
to the outer peripheral area FB by the disc-like third
blade 14 having a guiding action. Then, by the stirring
action of the first blade 12 and the second blade 13 in

a state in which the molten glass is guided to the outer
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peri pheral area FB, insufficient stirring of the

nmolten glass G n the central area FA can be sol ved.

Accordingly, even if not increasing the nunber of

rotations of the stirring blade, stirring of the

nolten glass in an entire body of the stirring tank

can be accel erated, and honogeni zation of the nolten

gl ass can be accelerated. As a result, even when the

het er ogeneous glass is flown into the stirring tank,

di sappearance and reducti on of the heterogeneous gl ass

panipdersd ared BP . stpspififd,ciant sitdeyjarecd itde Bplien

peel - of f phenonenon of platinum etc, being a materia

Bl asiset § EReRp B BRk aERR FACAR PRt ¢ 4nk, AEGATAENILY -

suppressed. (0041 ) For exanple, as_shown b

AFPOWAL Pt HeNGoPEEAng 555 AR qﬁqtlb°‘f?£lgf*ﬂ¥ffn§he

tank 1 fr the ipflow por in u r..part I,

bF Lea b Pred Sg1 ACA= LTS PF ot Mo o e aea p e, BEg e

A.n e . stirrli . , [ [ h foh i, fL om d

Fﬁéiycegﬁ%]r a"'lshér egittg%rtl}ﬂojctaﬁl\gqogfggr prée!r ?%ﬁ& al rée%i on an

EFm%%e%‘ﬁoé‘!lt Py¥nagE Wn L m@fggHS§l£E§ dhgcplikecthiek@ted.
ade 14 exits in a center part of the stirring bl ade

A9, aapdsiig tSt bveadwhknt baef hetbrbgade ot audhddas flown
second blade 13 in the outer peripheral region FU.

Aaeer dihrglsytirstind ittgnlof dbheappéheangkassdGrieduartion of
entire body of the stirring tank 1 can be accel erated,
ahe hh¢erowegeET waoilas Dicanhee myabhz gl 2% sGigring. and
stirring can also be accelerated. As a result, even
wher tdrnerdelof safpeaPasde AHL RARRINGPOBF Ofhglatinum,

het er ogeneous gl ass can be realized by stirri )
(—3@@:4,2)!9eing a ggnate:rial of the stgrr.yLng bfagg and the

stirring tank, can be suppressed.
(0041)

For example, as shown by arrow A, in the molten glass
G flown into the stirring tank 1 from the inflow port
2 in the upper part, a part of the molten glass G is flown
into the central area FA in the stirring tank 1, which
is then flown from the central region FA to the outer
peripheral region FB as shown by arrow Q, because the
disc-like third blade 14 exits in a center part of the
stirring blade 10, and is stirred by the first blade 12
and the second blade 13 in the outer peripheral region
FB. Accordingly, stirring of the molten glass G in an
entire body of the stirring tank 1 can be accelerated,
and the homogenization of the molten glass G by stirring

can also be accelerated. As a result, even when the
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In addition, in a case of this enbodinent, there are
provided a plurality of horizontal bar |ike second

bl ades 13 and disc-like third bl ades 14 respectively

in the direction of the rotational axis L10 at
intervals. Therefore, it is possible to nake the fl ow
of the nolten glass Gtoward the outer peripheral area
FB fromthe central area FAin the stirring tank 1, at
each place in the axial direction of the stirring tank
1, and al so possible to accelerate stirring of the
%F?’éﬂgﬁr‘ﬁgélseglr@lﬁst it RO des e thifalBeadenks! .

into a disc sha e

G e R L T %ﬁ& o Teaofhesus
SPLDET Banddd Lherelore Lhere s ligtie possibility

at the thir ade aved y the nolten gl ass
g@ 4b§ worn. Moreover, the horizontal bar-Ilike second
ade 13 and the disc-like third blade 14 are

i nt egrmal ladior i, aint BecaaBe oROSiHiisObodMBent, there
direction of the rotational axis Lb. Therefore, there

ase appevitethat plapaisiie it OfodiiApritdy Wart D€ke second
stirring blade 10 can be realized. (0043) In
lataddesoh? andidisad sbipesthibkd bbafiesnitheetherd ivledde in
14 into a flat plate shape, such as a pol ygonal shape
tReuadttegitinaxadondle siedmdiomherxifnahlPhatdigtervals.
shape. However, if the third blade 14 is formed into
Tlherﬁspy@onarc eﬁameSS%héPet?gn%edw 49 P& e molten

ner portlons are shaved g the nolten gl ass and

ol RS B Fn TAT € ST By LR BER A e &b FES SR AR the
th It | It bl

?@ﬁE%Q%er&ugl en ?ggucf nﬁbclrg?n Iyagro ¢ n5&%°e

m'e/tggnﬂlé#gera {aétg.%:h desifable; req%pga tCAJM,afanSd*%&%o

I'sS nost pre an ova sha

pssspbakl eo 68B4AYerate stf@fﬁﬁﬁeéf the molten glass G.
above-description shows a case in which the nolten

ghashers fthewa-iist fr06s thei v@peLapar t 4ang fFoewrduhnto a
fromthe lower part of the stirring tank 1. However,
deversieapé| ond tlayt lad o et heceptabli €. .10 of the stirring
blade 10 as a center and has no corners, and therefore
there is little possibility that the third blade 14 is
shaved by the molten glass and is worn. Moreover, the
horizontal bar-like second blade 13 and the disc-like
third blade 14 are 1ntegrally formed at the same position
in the direction of the rotational axis L10. Therefore,
there is a merit that improvement of rigidity of the
stirring blade 10 can be realized.

(0043)

In addition, it is also possible to form the third

blade 14 into a flat plate shape, such as a polygonal
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Nanely, it is also possible to use the flow of the
nmolten glass that flows-in fromthe | ower part and
flows-out fromthe upper part. In this case, the
i nflow port 2 of the upper part becones an outfl ow
port, and the outflow port 3 of the |ower part becones
an inflow port. (0045) In addition, as shown in
FIG1 and FIG 2, the aforenenti oned enbodi nent shows a
case in which the disc-like third blades 14 are
provided in a posture vertical to the rotational axis
Ebh@peHdwasmmne dishéxkaonpilr ahppadesozhemh@insdhge disc
provided in a posture inclined to a surface vertijcal
ﬁﬁ-ame r Soatevaial idkitbel1birfihdadey L i B f agmpflattodhe
shown in FIG4 and FIG 5. (0046) .. ....Th en the,
grd¥99nal tHh3Repl L88% *"z&sz(irae Pﬁw%’eﬁ% #ﬁ&tm&&mer
ostures, the flow al ong ..nclj | on h hi_r
BeRass 186 Yl BN S a4 L ot ol Sl e yomn.
|t I r r [ '
ARg T PR s Ep R G GPhES o B R dy el o, Yhe

RGlddied 186, ac8s(8itSGd ke pRbbd ohl Blae Ay off & Wud ity
can be given to the nolten glass Gn the direction of
bire pr3diéonal RxEsrd2h@lylhansf el yddrast shaipeg is not
efficiency can be further increased, and further
laeEigets vaf iamvd afciiwnhat tstvapy &smasinplre frrgmt reed. Also,

(0047)
an oval shape is also acceptable.
(0044)

Moreover, the above-description shows a case in
which the molten glass is flown-in from the upper part
and flown-out from the lower part of the stirring tank
1. However, reversed flow may also be acceptable.
Namely, it is also possible to use the flow of the molten
glass that flows-in from the lower part and flows-out
from the upper part. In this case, the inflow port 2 of
the upper part becomes an outflow port, and the outflow
port 3 of the lower part becomes an inflow port.
(0045)

In addition, as shown in FIG.l1 and FIG.2, the
aforementioned embodiment shows a case in which the
disc-like third blades 14 are provided in a posture
vertical to the rotational axis L10. However, disc-like

third blades 24 may also be provided in a posture inclined

to a surface vertical to the rotational axis L10, like
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In addition, as shown in FIG1 and FIG 2, the

af orenenti oned enbodi nent shows a case in which
nothing is added to the upper/lower surfaces of the

di sc-like third bl ades 14. However, protruded fourth
bl ades 35 may al so be provided on plate surfaces of
the disc-like third blades 14. In this case, the
fourth blades 35 are provided on the plate surfaces on
whi ch the nolten glass flows (upper surface when the
mol ten glass flows fromthe upper side, and |ower

Zu? FAEE1WIe? Liate md t @hoghads FlIGwst famin FRE - Power
side%. (0048) As shown in FIG 7(a), each fourth bl ade
B¥0tR)this case is extended radially outward fromthe

outer peripheral surface of the rotational. shaft 11,
ondt B PH ol ahBe” 9B 47 oL DRGyi UotE St BERUeFt iZh are

1800 . ,
PPRORRAal 0 inciined  PORFUTSSii cHRY pditgbn alon
_ _ | e
L0eMngesBh b2 WL GPRED Ll FEvEaaR B0 SEVERDLE tne

k&1 8bhng1dislseCld 0 &efmsbeeaegq% Pladsad 3pe Thee¥ahted
of O is set to be in a range of 30s Gs 90. Thus, it is

POSH I #n § & eltakien & der tHPPEH i S8 1acde enaa ofi nf Aaak kil ,
bl ade 14 (area between the second bl ade 13 and the
bpurbhaklizte S5) tbe timelfirom sud€aice t(leisothtkagthird
direction of the fourth bl ades 35, and a scraping
iddes By )t.hd fwidity btadebe3givam Heo itive engsbtenNgtl@ss
that as shown in FIG 7(b), each fourth bl ade 35
prAst Fhaedineghdrnt pRFimECkaitd RNk agd supp8r hihprefore,
ortion of the round bar-1like_ second blade 13

ot FLdEd PR TheC LPPEY SAPf 8Ce SO HIRF thRFHSBFEde 2nd
%4. élgerwﬁse the scra in% egLect b tgge ffgggh an
55887 550 RRRURDE 258 Sipebted nEodef ten 9fass’ can ve
realized.
(0047)

In addition, as shown in FIG.l1 and FIG.2, the
aforementioned embodiment shows a case in which nothing
is added to the upper/lower surfaces of the disc-like
third blades 14. However, protruded fourth blades 35 may
also be provided on plate surfaces of the disc-1ike third
blades 14. In this case, the fourth blades 35 are
provided on the plate surfaces on which the molten glass
flows (upper surface when the molten glass flows from
the upper side, and lower surface when the molten glass
flows from the lower side).

(0048)

As shown in FIG.7(a), each fourth blade 35 in this
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Further, in an exanple shown in the figure, each

fourth blade 35 is fornmed by a flat plate vertical to
the third blade 14, which is inclined so as to have a
hi gher height on the rotation center side and have a

| ower height toward the outer peripheral side. Note
that each fourth blade 35 nay al so be forned in such a
manner as extending to the outer peripheral side from
the rotation center side, with sinply the sane

hei ght, or may al so be forned reversely to the exanple
castehe ifi garéenide G ucta &l alitneoudwadred ngfrom| itheal opter
as to have a |l ower height on the rotation center side
asd iphangerswefgae pdwakre rRéasdrerlpétiaferldl . dnde two

(0050) In addition, as shown in FIG 8, the

ﬁ@u:rrtuh bﬂa@@ssé5caﬁeuer%‘a%%ﬁ§tyanm?+rﬂéen opposed ¥8§°.
exa e of 12 588 f.constitu gthefour h

Hll {% ignplas f:ttg”er e%rf%"él 9‘5?? RSP P

BBt e TP TeeRl AES mﬁs%é%mf"fmasa% o ngle 0.
g%%trure%(a éneghbagwrgn% fféﬁg %ﬁ% the r%actatqq,g

irection ring ade shows

¥l & af r@ &é\sehef sERRSld bulddd ithe o tJhméld@f 3PCis

using the flat plate in a posture inclined frontward

Welth tbesPaGE at Pahbe 68tHd9 8@ digeecti @huB 0k tthe possible
stirring blade, (d) shows an exanple of a case of

centtakeltwindet heppeur shriflhzde a3%ad vsi rdrea Hdrrd ikeade 14
menber having a cross-sectionally triangul ar shape,

drad )b esthowen abhexamgloadobladeadé andcdhst ifany iy dtirde
fourth bl ade 35d using a bar-1ike nmenber having a
Shos €5 ddre cﬁ.raqu’g, “EBGSl}Ln the rotating direction of the

fourth blades 35, and a scraping effect by the fourth
blades 35 can be increased. Note that as shown in
FIG.7(b), each fourth blade 35 protrudes higher than the
height of an upper half portion of the round bar-like
second blade 13 protruded from the upper surface of the
third blade 14. Otherwise, the scraping effect by the
fourth blades 35 can not be expected.

(0049)

Further, in an example shown in the figure, each
fourth blade 35 is formed by a f£lat plate vertical to
the third blade 14, which is inclined so as to have a
higher height on the rotation center side and have a lower
height toward the outer peripheral side. Note that each
fourth blade 35 may also be formed in such a manner as

extending to the outer peripheral side from the rotation
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For exanple, as shown in the exanple of (b), when the
fourth blade 35d is constituted using the flat plate
in the posture inclined backward with respect to the
rotating direction R the nolten glass retained on the
third blade 14 can be transferred to the outer

peri pheral side, while suppressing a scraping

resi stance small, which is caused by the fourth bl ade
35b. Accordingly, peel-off prevention effect for the
material of the fourth blade 35b can be obtai ned,
eofpared 1iidh Vbi%las%lmal%ﬂ:éﬁ SRES QA bt 28E BSH Bd SO
ver i cal reover, .as. shown in the

‘Bf‘(?%ﬁrgﬁhgnt? 59 SRR I 4Bot A8 Esatte! Th sucn

t he.f.l at. pl ate i he posture
|nc$$%ég ?ron%ma dawﬁgﬁnfgggec £5¢ 6 thngo at"ig* height

gﬁr€ﬁ5'98tgtfgd %éﬁ%ﬁ%ﬁ éxan&()t*é?ﬂ@ktﬁglghgs§ow rd

retained on the thir e 14 can suppres

ther shieks the Sehaphngsehkect for the nmolten glass can
be i ncreased, conpared with a case in which the fourth

bbade)35a is vertical. (0053) In addition, as
shown in exanples of (d) and (e), when fourth bl ades
35d arfch 3Gbibavent hesceshessmseat iFr@I8 y thiéapguk@h blade
shape and cross-sectionally sem -circul ar shape,

89 nehar b tvrtheuskuanpbdidfied), the nolten gl ass
retained on the third bl ade 14 can be transferred to
the out¥r SPAMDitdr gxafindes othiel easeppfegsnagittiding the
scraghngﬂre5|stance small, which is caused by the

FRUFth Brlades 335 Varid Be. e Rty sTeshedpsertdrplly
PgegﬁgtE%Qrd blade 14, (b) shows an example of a case

of constituting the fourth blade 35b by a flat plate in
a posture inclined backward with respect to the rotating
direction R of the stirring blade, (c) shows an example
of a case of constituting the fourth blade 35c using the
flat plate in a posture inclined frontward with respect
to the rotating direction R of the stirring blade, (4)
shows an example of a case of constituting the fourth
blade 354 using a bar-1like member having a
cross-sectionally triangular shape, and (e) shows an
example of a case of constituting the fourth blade 354
using a bar-like member having a cross-sectionally
semi-circle.
(0051)

For example, as shown in the example of (b), when

the fourth blade 354 is constituted using the flat plate
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effect of the material of the fourth blades 35d and

35e can be obtained, conpared with a case in which the
fourth blade 35a is vertical. (0054) Thus, when
the fourth blades 35 (35a to 35e) are provided on the
flat plate of the third blades 14, slip between the
nmolten glass and the third bl ade 14 can be prevented

by an existence of the fourth bl ades 35. Accordingly,

a centrifugal force caused by rotation of the third

bl ades 14 can be positively applied to the nolten

yhasdhe anus theendinicdringdssackhmabd pridvemespéebnto the
being retained on the third blades 14. As a result,

rhéaftiiog ¢fingwrthentBn ehas@oibeﬂh@léﬁﬁeFeﬁéﬁmﬁﬁbPﬂ the
area FB fromthe central area FA in the stlrrlngétank

Endaf bhaderehgiamRE T RAZPEFERr o e gbi G epRece
0055
S38eir i RREp AR L e GestPARale Rk TeRCe small,

which is caused by the fourth blade 35b. Accordingly,
peel-off prevention effect for the material of the fourth
blade 35b can be obtained, compared with a case in which
the fourth blade 35a is vertical.

(0052)

Moreover, as shown in the example of (c), when the
fourth blade 35c is constituted using the flat plate in
the posture inclined frontward with respect to the
rotating direction R, slip with respect to the molten
glass retained on the third blade 14 can be suppressed,
and therefore the scraping effect for the molten glass
can be increased, compared with a case in which the fourth
blade 35a is vertical.

(0053)

In addition, as shown in examples of (d) and (e),
when fourth blades 35d and 35e have the cross-sectionally
triangular shape and cross-sectionally semi-circular
shape, similarly to the example of (b), the molten glass
retained on the third blade 14 can be transferred to the
outer peripheral side, while suppressing the scraping
resistance small, which is caused by the fourth blades

354 and 35e. Accordingly, the peel-off prevention
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The viscosity, tenperature, and flow rate of the
nolten glass, being a target, are approxi mately as
foll ows. Tenperature; 1450C to 1550C Viscosity: 900 to
2000 poise (90 to 200Pa,$) Flowrate: 3cnmnin to
6cmmn (0057) Al so, the conposition of the
nolten glass is shown in table 1. (0058) (Table 1)

effect of the material of the fourth blades 35d and 35e
can be obtained, compared with a case in which the fourth
blade 35a is wvertical.

(0054)

Thus, when the fourth blades 35 (35a to 35e) are
provided on the flat plate of the third blades 14, slip
between the molten glass and the third blade 14 can be
prevented by an existence of the fourth blades 35.
Accordingly, a centrifugal force caused by rotation of
the third blades 14 can be positively applied to the
molten glass, and the molten glass can be prevented from
being retained on the third blades 14. As a result, the
flow of the molten glass to the outer peripheral area
FB from the central area FA in the stirring tank 1 can
be strengthened, and further the stirring effect can be
increased.

(Examples)
(0055)

Next, specific examples will be described.
(0056)

The viscosity, temperature, and flow rate of the
molten glass, being a target, are approximately as
follows.

Temperature: 1450°C to 1550°C

Viscosity: 900 to 2000 poise (90 to 200Pa‘'s)

Flow rate: 3cm/min to é6cm/min
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Conmposition of Mlten glass (nol% (0059)
Plati num and a platinumalloy are given as materials
of the stirring tank and the stirring blade. As an
exanpl e of the platinumalloy, "platinumrhodi um
alloy" and "platinumiridiumalloy" can be given, when
used in the nolten glass of a high tenperature range.
Al so, when used in the nolten glass of a | ow
tenperature range, "platinum palladiumalloy",
"platinumgold alloy", and

(0057)
Also, the composition of the molten glass is shown

in table 1.

(0058)
(Table 1)
Composition of Molten glass (mol%)

Si02 50~70
Al203 5~15
B203 b~15
MgO 0~3
CaO 3~10
SrO 1~3
BaO 0~5
Naz0 0~1
K20 0~1
As203 0~1
SboO3 0~1
SnOy 0~2
Fe203 0~2
Z2rQ2 0~2

(0059)

Platinum and a platinum alloy are given as materials
of the stirring tank and the stirring blade. As an
example of the platinum alloy, "platinum-rhodium alloy”
and "platinum-iridium alloy” can be given, when used in
the molten glass of a high temperature range. Also, when
used in the molten glass of a low temperature range,

"platinum-palladium alloy”, "platinum-gold alloy”, and
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"plati num ni ckel alloy' can be given, (0060)

Further, dinension of the stirring bl ade depends on an
i nner dianeter of the stirring tank and an average
passage anount (average stay tine) of the nolten
glass. Even if the dinmension of the stirring tank is
i ncreased without restriction to grow in size, there
is arestriction in aspects of strength and
efficiency. Therefore, normally a plurality of
stirring tanks are installed, and for exanple, these
‘stiztimgmt ank&edr 2 Lbeyl” bgabebrg gdoremect ed in series
by fl ow passages. At that tinme, when the nolten glass
(®%0¢® hnsferred fromthe upper side to the | ower side

in the stirring tank of the front stage, the flow
passaf8s theg c sttt 34°8004s the StdFd a9 thkade| ¢epends

57 R LR LB, M $54 B
{421 o | 5P, BRIV LR s

EROATO0F N @ Lkt 8068 HRIVRENsEDershT£hAY bLadesrandea
the stirring tank, generally a shearing effect is

wiereasedréftthe talrar ance gh@ap) ipet weer t hensldd riiRg a
bl ades and an inner wall surface of the stirring tank
reés 8HBtkioAs Bt U p&t N ONS teknigte, chear anteicibnpy .
to 30mm are desirably ensured, and nost desirably 15nmm
Thoe POfinreaneneatmally a plurality of stirring tanks are
installed, and for example, these stirring tanks are used
by being connected in series by flow passages. At that
time, when the molten glass is transferred from the upper
side to the lower side in the stirring tank of the front
stage, the flow passages are connected so as to transfer
the molten glass from the lower side to the upper side
in the stirring tank of the rear stage.

(0061)

Optimum dimensions of the stirring tank and the
stirring blades are decided as follows.

First, regarding a clearance between the stirring
blades and the stirring tank, generally a shearing effect
is increased if the clearance (gap) between the stirring
blades and an inner wall surface of the stirring tank
is small. As actual dimensions of the clearance, 1l0mm

to 30mm are desirably ensured, and most desirably 15mm

to 20mm are set.
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(0062) In addition, as the dinension of the
stirring tank, the inner dianeter is desirably set to
be 500mm or less, and is nost desirably set to be
300mm to 400mm Depth of the stirring tank is
restricted fromthe aspect of strength, because the
pressure of the nolten glass is added to the | ower

part of the stirring tank (if the thickness of

pl ati num being the nenber of the stirring tank, is

I ncreased, the depth of the stirring tank is al so
(Ad6eased). Actually, the depth of the stirring tank
is desirably set to be 500mmto 1500mm and nost

desi r abt pagdit kqn passobendivenedorn?f (oe3)tirring tank,
Further, regarding the_dinension of the disc-Iike

FHier #nBPEJSIBMeLRE iF] feshgablydest hAe 1Yo Less.

AT 3, 5 L P P SRS B RREC Rl ot
AR 25, 08, AR LB o

f | n t C R t
gl Bty lash e ap e iy autad o

haddl QR eche Ol olvRe RYASENSET BHENSHtALr G PRAKDELE the
obt ai ned. Therefore, when the inner dianeter of the
ghillckineg d 1K pila tSatun 0 Haeing Ghd etk ero Mitveekeirafing
the third blade is desirably set to be 0.2 to 0.6.
t@@d&4) is incred$edr theedeaphit ovastiper$sbipmedpowitenk is
t he aforenenti oned conditions satisfied, it was found
ehao vinareadeedi i r rAiaguplades tdre tdRP Bh e’ENntRpnFEREITIRI
were used, generation of ream could be suggressed

oS |‘1ﬁﬁ3e'é%‘i’ﬁ§ ERE fOnD& ROWBL B bRSOBE: PRAhAPST
decrea the rotatl of the stirring
fesdes n%?E/ Q%n‘g tsf?é’"g‘ti‘i?i Qg'%mdes of the
%% i nventi on were used, generation of reamcould
su pressed even when the nunber of rotations was

decr ea1§1?9t9¥r30r/%8far?1?he ﬁlfeeﬁlm‘ sqtd?& IS HeedYs rceel_lke

for honobgenization o nol t en g ass by conventi onal

ghiiidd ng1Bkadess Thies s€veaiagt e dd€s, t hdlePythBe outer
stirring blades of the present invention, a sufficient

gheald iy Lereco aair fe, addeddtspdde (@ddewhedy ©6 ndleen
nolten glass in the stirring tank including the nolten
gllass dfs tshelroma y al s ageae rateldebsttiwereinng ppertk antd lower
t hereby make the heterogeneous gl ass di sappear.

Rdrstdser , Ad gyeelwhdt phendhenetiest ofl dhendis cetldkandslade
not observed because the nunber of rotations of the

4§15 EPPrgndl hadh & 8EE® We Of cbifiaRgf erring the molten glass

from the central area to the outer peripheral area of
the stirring tank, which is an object of the present
invention, can not be obtained. Therefore, when the
inner diameter of the stirring tank is set to be 1.0,
the outer diameter of the third blade is desirably set
to be 0.2 to 0.6.

(0064)
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(0065) The stirring bl ades of the present

i nvention as descri bed above could be used in al

ki nds of glasses such as a gl ass substrate, a gl ass
substrate for an FPD gl ass substrate, an optica

gl ass, a building glass, and a bottle glass. Also, a
supply device of the nolten glass using the stirring

bl ades of the present invention is suitable for being
used in a down-draw type form ng device, but can al so
be applied to the other type form ng device. Wat is

cl ai mdtiexr lexfemtimenng biagle Derfvoinedh, gl asith the

2snCsed
aforementioned conditions satisfied, it was found that

when the stirring blades of the present invention were

used, generation of ream could be suppressed without

increasing the number of rotations but rather decreasing

the number of rotations of the stirring blades. Namely,

when the stirring blades of the present invention were

used, generation of ream could be suppressed, even when

the number of rotations was decreased by 30% of the number
of rotations required for homogenization of the molten
glass by conventional stirring blades. This reveals the
fact that by the stirring blades of the present invention,
a sufficient shearing force can be added to the entire
body of the molten glass in the stirring tank including
the molten glass of the central area in the stirring tank,

to thereby make the heterogeneous glass disappear.

Further, a peel-off phenomenon of platinum, etc, was not
observed, because the number of rotations of the stirring
blades could be reduced.

(0065)

The stirring blades of the present invention as
described above could be used in all kinds of glasses
such as a glass substrate, a glass substrate for an FPD
glass substrate, an optical glass, a building glass, and
a bottle glass. Also, a supply device of themolten glass

using the stirring blades of the present invention is
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of a cylindrical stirring tank, for stirring nolten
glass in the stirring tank by being driven to rotate
around a rotational axison a center axis - the
stirring tank, conprising: rotational shaft positioned
on th. rotational axis; a vertical bar-like
first blade that extends in a vertical direction along
the rotational axis at a position apartt:r omthe
rotational shaft in a rotational radial direction, for
stirring the nolten glass that exists in an outer
patitpareal £ ar eaedfnd hesstli imni ng dawk,- dmawbet yge r dbatied g
inrhc. vicinity of an inner wail of the stirring
femiice, but canloksgdret abpldreditketBecurte bhitatee flhaming
extends along a. rotational radial direction
8eVAG6§on_al to the rotational axis between the
rotational shaft and the first blade, for stirring the
nolten glass that exists in a range froma centra

area to an outer peripheral area of the -ring tank, by
being rotated in a range fromthe central area to the
outer ipheral area of the stirring tank; and a fl at

pl ate shape third bl ade which is provided on an. inner
peri pheral side of the vertical bar-like first
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bl ade and extends in a planar shape in a direction
orthogonal to the rotational axisguiding the nolten.
glass that exists in the central area of the stirring
tank to the outer peripheral area, and the nolten
glass to be stirred in the outer peripheral area,

2. The stirring blade for nolten glass according to

What ai & Lladhieiis at | east one or nore hori zont _al
bar-1i ke second bl ades and flat plate shape third

bl ades are respectively provided at intervals in the
rotational axis direction. 3. The stirring

bl ade foktAvitieny ¢lasse atsOmt Ngeh0gThakMi2spMRIELIiMside
the horizontal bar-like second bl ade and the fl at

of pl ahye ishapechhi sdibkl-ade, are i ntegrald yriormedoat 1455
sane position in the rotational axis direction_

in 4hdhetstirinigng bh rdByf ok iR} t@f‘i@éﬁs%oﬁcﬁ@fgizggatr%und a

any one of clainms 1 to 3, wherein the flat plate shape

rotddi1énbl adei kssberppdai piorar dkss shapge WHih Lh& tank,

rotational axis as a center _
comprising:

a rotational shaft positioned on the rotational axis;

a vertical bar-like first blade that extends in a
vertical direction along the rotational axis at a position
apart from the rotational shaft in a rotational radial
direction, for stirring the molten glass that exists in an
outer peripheral area of the stirring tank, by being rotated
in the vicinity of an inner wall of the stirring tank;

a horizontal bar-like second blade that extends along
a rotational radial direction orthogonal to the rotational
axis between the rotational shaft and the first blade, for
stirring the molten glass that exists in a range from a
central area to an outer peripheral area of the stirring
tank, by being rotated in a range from the central area to
the outer peripheral area of the stirring tank; and

a flat plate shape third blade which is provided on
an inner peripheral side of the vertical bar-like first
blade and extends in a planar shape in a direction

orthogonal to the rotational axis, for guiding the molten
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5. The stirring blade for nolten glass according to
any one of clains 1 to 4, wherein a protruded fourth
bl ade is provided in the flat plate shape third bl ade,
6. The stirring blade for nolten glass according to
any one of claims | to 5 wherein the flat plate shape
third blade is provided in a.. posture clined

TLag et Verts T (0 HET o st ORel SkiGe St fad pank

stirrer for nolten glass, wherein the stirring bl ade
to aceordlingr tive anphene lofatdwe, chaidnshe moledrs aiaposed be
inside of a. stirring tank which is disposed, with a

stf??%&iﬁﬁxfﬁedbﬁ%gke% c§h§§hhyarg%y|ng an in .low

I sposed on on de and an outflom1port
d!sposed on the other end side in a vertica
direction, to thereby allow nolten glass to flowin

the_vertical dire .
2. The stirriégléTade for molten glass according to

claim 1, wherein at least one or more horizontal bar-1like
second blades and flat plate shape third blades are
respectively provided at intervals in the rotational axis

direction.

3. The stirring blade for molten glass according to
claim 2, wherein the horizontal bar-like second blade and
the flat plate shape third blade are integrally formed at

the same position in the rotational axis direction.

4. The stirring blade for molten glass according to
any one of claims 1 to 3, wherein the flat plate shape third
blade is formed into a disc shape, with the rotational axis

as a center.

5. The stirring blade for molten glass according to
any one of claims 1 to 4, wherein a protruded fourth blade

is provided in the flat plate shape third blade.

6. The stirring blade for molten glass according to
any one of claims 1 to 5, wherein the flat plate shape third

blade is provided in a posture inclined to a surface
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vertical to the rotational axis.

7. A stirrer for molten glass, wherein the stirring
blade according to any one of the claims 1 to 6 is disposed
inside of a stirring tank which is disposed, with a center
axls directed vertically, having an inflow port disposed
on one end side and an outflow port disposed on the other
end side in a vertical direction, to thereby allow molten

glass to flow in the vertical direction.
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