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The present invention has as its primary objec- tive the enhancement of the
degree to which mol- Background of the Invention                        ten
glass is foamed as it enters a vacuum refining chamber. This is achieved by
increasing the This invention relates to enhancing foam gen-   5   amount
of time that the molten glass stream oration in an operation for refining
molten glass  spends in the vacuum headspace, and/or reducing under vacuum.
In EP-A-231 518 which is a docu-     the thickness of the molten glass
stream in the ment according to Article 54 (3) EPC, there is     vacuum
headspace at a given vacuum level and disclosed a method and apparatus
wherein the       molten glass temperature. Conversely, the foam creation
of foam in a vacuum refiner is encouraged   10  enhancement means of the
present invention may by introducing molten glass into the upper head-
permit maintaining a given degree of foaming with space of the vacuum
chamber. The molten glass     less vacuum  or lower temperatures. Two ap-
immediately foams as it encounters the reduced     proaches are taken in
the present invention which pressure, and it has been found that foaming
the   need not be mutually exclusive: (1) the entering glass is not a
problem as had been thought pre-  15   molten glass stream may be separated
into a plu- viously, but is highly beneficial in removing dis-  rality of
smaller streams or reshaped into a thinner solved and entrained gases from
the melt. More-    stream, or (2) the passage of the molten glass over, it
has been found advantageous to generate   stream through the vacuum
headspace may be the foam above the liquid level in the refiner ves-
retarded. [err], and preferably above the foam layer, so as to  20  The
object of the invention is, according to the subject the foam to the lowest
pressure in the    first approach, attained by a method of melting and
vessel. The removal of gases from the liquid phase  refining glassy
material by producing a melt of the is greatly enhanced by the large
surface area pro-  material, introducing a stream of molten material to
vided to the liquid in the bubble membranes of the  a space above a volume
of material in which a foam. Thus, very thin liquid layers are subjected to
25  subatmospheric pressure is maintained sufficiently low pressure in the
foam within the vacuum cham-   to cause at least portions of the molten
material to ber.                                              foam and
passing the stream through the space Under certain conditions, however, not
all of  with a shape other than a single cylindrical shape the incoming
molten glass stream foams imme-       along at least a portion of its
passage through the diately upon entering the vacuum space. In those  30
space so as to enhance exposure of the stream to cases, surface portions of
the stream may foam     the subatmospheric pressure and collapsing the
quickly, but a central portion of the stream may  foam into the volume of
the molten material. penetrate unfoamed into the foam layer or even to
The object is, according to the second ap- the underlying molten pool. If
the molten glass    proach, also attained by a method of melting and does
not foam above the foam layer, it may not be   35  refining glassy material
by producing a melt of the exposed to the lowest pressure in the system and
material, introducing a stream of said molten ma- thus would be subjected
to less than the optimum   terial to a space above a volume of the molten
refining conditions, because even in the relatively  material in which a
subatmospheric pressure is [err] foam layer, pressures increase
substantially at  maintained sufficiently to cause at least portions of
lower elevations. Any incoming glass that pene-  40  the molten material to
foam thereby obstructing the trates to the underlying liquid runs a
considerable  stream temporarily from falling directly through the risk
that it will not be exposed to sufficient vacuum  vacuum space and
retaining it for a longer period to be refined and may be carried into the
outgoing  of time in the region of lowest pressure so as to stream where it
would degrade the quality of other-  enhance the exposure of the stream to
the subat- wise good product. Foaming of the incoming   45  mospheric
pressure and collapsing the foam into stream of glass may be improved by
providing      the volume of molten material. lower pressure in the vacuum
chamber and/or re-       Accordingly the invention also provides an ap-
ducing the glass flow rate, but it would be desirable  paratus for refining
molten glass comprising a ves- to improve the degree to which the stream
foams    sel adapted to hold a volume of molten material without altering
such predetermined parameters as  50  being refined with a headspace within
the vessel throughput and pressure.                           above the
volume of molten material, an inlet open- Prior art proposals to refine
glass by vacuum  ing for admitting a stream  of additional molten have
generally avoided foaming the glass rather    material to the headspace
portion of the vessel, than enhancing it. Prior to the aforesaid co-pending
means for imposing subatmospheric pressure with- application, molten glass
was not injected into the  55  in the headspace, and stream shaping means
asso- upper headspace of a vacuum chamber. Therefore,    ciated with the
inlet for providing at least a portion there is no guidance in the prior
art as to enhanc-  of the stream in the headspace with a shape other ing
foam formation in such an operation.          than a single cylindrical
shape and an apparatus for 2  



3                 EP 0 297 405 B1                   4 refining molten glass
comprising a vessel adapted  within the vacuum chamber. Therefore, the
appara- to hold a volume of molten material being refined  tus for
subdividing or retarding the stream of mol- with a headspace within the
vessel above the vol-  ten glass may be suspended within the upper ume of
molten material, an inlet opening for admit-  portion of the vacuum chamber
in the path of the ting a stream of additional molten material to the   5
molten glass discharging from the inlet orifice. It is headspace portion of
the vessel, means for super-  preferred to mount the foam enhancing device
as imposing subatmospheric pressure within the head-  high as possible so
as to maximize the time that space and stream retaining means to increase
the  the falling foam is exposed to the low pressure in residence time in
the headspace which stream      the vacuum headspace. The device is
preferably retaining means are supported within the head-  10  fabricated
of a non-contaminating refractory ma- space below the inlet opening.
terial such as platinum and may be in the form of a In the first approach,
the thickness of molten  plate, bowl, screen, or basket, as examples. Per-
glass in the stream entering the vacuum head-     forations to subdivide
the stream are preferably space is reduced by subdividing or spreading the
present in the device. Two or more foam enhanc- stream. Since foaming of
the liquid stream pro-  15  ing devices may be provided one below the other
gresses from the exterior surface toward the inte-  to act on the glass
stream in sequence. rior, reducing the thickness permits the entire thick-
These and other aspects of the invention will ness to foam in less time.
Optimally, the time for  become more apparent from the drawings and the
complete foaming is reduced to less than the time  detailed description of
the preferred embodiments required for the stream to fall to the level of
the   20  which follows. retained molten material in the vacuum chamber,
preferably less than the time required to fall into  The Drawings the foam
layer resting on the molten material. The particular thickness desired will
be a function of   Figure 1 is a vertical cross-section through a glass
temperature, vacuum  pressure, and mass  25  glass melting and refining
system including a vacu- flow rate. The number of subdivisions of the
stream  um refining vessel to which the present invention is will, in turn,
depend upon the thickness require-  an improvement. ment. Reducing the
thickness of the stream is also    Figure 2 is an enlarged, cross-sectional
view of advantageous even if it is completely foamed be-  a tube for
delivering molten glass to a vacuum cause gases from bursting foam bubbles
may be   30  refining chamber, provided with slotted orifices in more
readily expelled from the foam when the      accordance with one embodiment
of the invention. bubbles are near the surface rather than within the
Figure 3 is a cross-sectional view of another interior portion of a
relatively thick stream.    inlet tube embodiment having a mesh in the flow
In the second approach, the incoming molten    path. glass stream is
obstructed temporarily from falling   35  Figure 4 is a side elevational
view of an alter- directly through the vacuum headspace. Thus, the  native
inlet tube embodiment having a foraminous molten glass stream is retained
for a longer period  receptacle in the flow path. of time in the region of
lowest pressure, whereby    Figure 5 is a side elevational view of an inlet
more time is provided for the foaming to progress  tube fitted with a
cage-like structure below its out- throughout the stream before it falls
into the pool of  40  let. molten material or the foam layer. The
retardation    Figure 6 is a top view, partially broken away of is effected
by providing an obstacle in the path of  a perforated cup adapted to engage
a stream of the stream  within the vacuum  headspace. This    molten glass
entering a vacuum refining chamber. obstacle can achieve its purpose by
creating a        Figure 7 is a cross-sectional side view of the longer
flow path for the molten glass, by creating a   45  device of Figure 6.
drag on the glass flow to decelerate it, or by        Figure 8 is a
cross-sectional view of a two providing a reservoir in the headspace to
temporar-  staged foam enhancement device in accordance ily hold a volume
of the incoming stream. In many  with a preferred embodiment of the
invention, af- cases, several or all of these effects can be     fixed to
an inlet tube. achieved simultaneously, and in preferred embodi-  50
Figure 9 is a side elevational view of a tray ments subdividing and
retarding the flow are both  configuration of foam enhancement device asso-
achieved.                                         ciated with an inlet tube
in accordance with another The means for subdividing the stream of glass
embodiment of the present invention. may comprise a plurality of inlets to
the vacuum     Figure 10 is a side elevational view of a conical refining
chamber, but because the inlets generally  55  variation of a device
similar to that shown in Figure involve costly refractory metal
construction, valving  9. means, and sealing arrangements, it is preferred
to  Figure 11 is a side elevational view of a foam employ a single inlet
and to subdivide the stream  enhancement device configured as a trough in
ac- 



3    5                  EP0297405B1                        6 cordance with
an embodiment of the invention.           The assistance provided by the
vacuum to the Figure 12 is a transverse cross-sectional view  refining
process enables lower temperatures to be of the trough embodiment of Figure
11, taken along  used for refining. Lower temperatures are advanta- line
12-12.                                        geous not only for less
energy consumption, but The present invention is described herein as   5
also for the sake of reduced corrosive effect on the relating to the making
of glass. It should be under-  vessel. Glass normally refined at peak
tempera- stood that the term glass is intended to be used in  tures on the
order of 1520 C [err] can be its broadest sense to include materials that
are   refined to the same extent at temperatures no "glassy" or
"glass-like" since the final state of  greater than about 1425 C [err] or
even vitrification is not a critical factor in the present  10  1370 C
(2500 F) or lower, depending upon the invention. On the other hand, the
most likely ap-  level of vacuum employed. plication for the present
invention is in the making   It is theorized that the creation of foam in
the of transparent glass products of high quality for  vacuum refining
chamber significantly enhances re- which the elimination of bubbles and
seeds from    moval of gases from the melt. The thin film and the glass is
important. Moreover, the advantages of  15  large surface area presented by
the foam increases the present invention are particularly relevant to the
exposure to the low pressure conditions and ex- continuous, large scale
(e.g., greater than 10 tons  pedites transport of the gases out of the
liquid per day, 9 metric tons per day), commercial pro-   phase. This
contrasts to conventional refining duction of glass, especially glass for
vision glazing.  where residence time must be provided to permit In the
preferred embodiment, an apparatus is  20  bubbles to rise to the surface
and escape from the provided by which vacuum refining may be em-
viscous melt, which entails retaining a large pool of ployed in a
commercial scale, continuous glass-    the melt. Thus, vacuum  refining can
achieve a making process. Molten glass is admitted to the    given degree
of refining in a considerably smaller vacuum refining chamber after the
majority of the  space. The beneficial effects of exposing foamed thermal
energy required for melting has been im-   25  melt to vacuum are enhanced
by foaming the ma- parted to the melt so that little or no thermal
terial as it enters the vacuum vessel, before it energy need be supplied to
the molten material     enters the body of molten material retained
therein, contained within the vacuum chamber. Preferably,   and preferably
before the entering stream pene- no more heat is added at the vacuum stage
than is  trates into the foam layer. necessary to compensate for heat loss
through the   30  The preferred configuration for the vacuum re- vessel
walls. At sufficiently high throughput rates,  fining chamber is a
vertically elongated vessel, the vacuum chamber may be completely unheated
most conveniently in the shape of an upright cyl- by other than the
incoming molten glass itself. In  inder. Liquified material is introduced
into the head- preferred embodiments of the present invention,    space
above the molten material held in the vessel. batch materials are first
liquefied at a stage specifi-  35   Upon encountering the reduced pressure
in the cally adapted for that step of the process, and the  headspace, at
least a substantial portion of the liquefied material is transferred to a
second stage  material foams due to evolvement of gases dis- where
dissolution of solid particles is essentially  solved in the material and
due to enlargement of completed and the temperature of the material may
bubbles and seeds present in the material. Creat- be raised to a
temperature to provide a viscosity  40  ing a foam greatly increases the
surface area ex- suitable for refining. Subsequently, the molten ma-  posed
to the reduced pressure, thus aiding the terial is passed to the vacuum
chamber. As a       removal of gaseous species from the liquid phase.
result, a large portion of the gaseous by-products  Producing the foam
above the molten pool held in of melting are driven off before the material
is   the vessel rather than from the molten pool is subjected to vacuum,
and the region of greatest  45  advantageous for collapsing foam and aiding
the gas evolution is separated from the refining zone,  escape of gases.
Another advantage of the verti- whereby materials undergoing the early
stages of   cally elongated geometry is that stratification oc- melting
cannot become mixed with portions of the   curs due to the less dense foam
or bubble contain- melt undergoing refining. Because most or all of   ing
material remaining at the upper end, so that the the thermal requirement
for melting has been satis-  50  overall mass transport is away from the
foam re- fied before the material enters the vacuum refining  gion, thereby
rendering it unlikely that any of the stage and heating of the refining
stage can there-  unrefined material would become included in the fore be
substantially avoided, excessive convection  product stream. Stripping
gases from the melt at of the melt in the refining zone can be avoided. As
reduced pressure reduces the concentration of a result, vessel erosion is
reduced and the prob-  55  gases dissolved in the melt to below their
satura- ability of incompletely refined portions of the melt  tion points
at atmospheric pressure. As the molten 



becoming mixed with more refined portions is re-   material progresses
downwardly toward an outlet at duced.
the bottom, the increasing pressure due to the 4    7                 EP 0
297 405 B1                    8 depth of the melt in the vessel induces any
resid-  disclosed in U S-A-4,381,934 and Re. 32,317 which ual gases to
remain in solution and decreases the  are disclosing details of the
preferred liquefaction volume of any small seeds that may remain. Dis-
stage embodiment. The basic structure of the liq- solution of gases may
also be aided by permitting  uefaction vessel is a drum 15 which may be
fab- the temperature to fall as the material progresses   5   ricated of
steel and has a generally cylindrical toward the outlet. Moreover, the low
concentration  sidewall portion, a generally open top, and a bot- of gases
remaining after vacuum refining reduces   tom portion that is closed except
for a drain outlet. the probability of nucleation of bubbles in subse-  The
drum 15 is mounted for rotation about a sub- quent stages of the
glassmaking process, as is     stantially vertical axis, for example, by
means of an frequently a problem with conventional refining.  10
encircling support ring 16 rotatably carried on a In commercial melting of
glass, especially      plurality of support wheels 17 and held in place by
soda-lime-silica glass, sodium sulfate or calcium  a plurality of aligning
wheels 18. A substantially sulfate or other sources of sulfur are usually
in-  enclosed cavity is formed within the drum 15 by cluded in the batch
materials to aid the melting and  means of a lid structure 20 which is
provided with refining process. The presence of refining aids   15
stationary support by way of a peripheral frame 21, such as sulfur in the
melt has been found to be a  for example. The lid 20 may take a variety of
forms problem when refining with vacuum because of the   as may be known to
those of skill in the art of large volumes of foam induced and because of
refractory furnace construction. The preferred ar- attack on the ceramic
refractory walls of a vacuum  rangement depicted in the figure is an
upwardly refining vessel. But heretofore, effective melting   20  domed,
sprung arch construction fabricated from a and refining of glass have been
difficult to achieve  plurality of refractory blocks. It should be under-
without the refining aids. In accordance with pre-  stood that monolithic
or flat suspended designs ferred embodiments of the present invention,
glass  could be employed for the lid. is melted and refined to a high
standard of quality    Heat for liquefying the batch material may be with
the use of little or no chemical refining aid.  25  provided by one or more
burners 22 extending This is feasible in the present invention because
through the lid 20. Preferably, a plurality of burners the melting and
refining steps are carried out in  are arranged around the perimeter of the
lid so as discrete stages, whereby each stage may be car-    to direct
their flames toward a wide area of the ried out by a process adapted to
minimize or avoid  material within the drum. The burners are prefer- the
use of chemical refining aids. It is generally  30  ably water cooled to
protect them from the harsh believed that chemical refining aids serve to
ex-  environment within the vessel. Exhaust gases may pedite the
accumulation and rise of bubbles from   escape from the interior of the
liquefaction vessel within a molten pool, but such a mechanism is
through an opening 23 in the lid. Advantageously believed to play no more
than a minor role in the  the waste heat in the exhaust gases may be used
refining process of the present invention. There-  35  to preheat the batch
material in a preheating stage fore, no significant effect on quality
results from  (not shown) such as that disclosed in U S-A- eliminating or
substantially reducing the amount of  4,519,814. refining aids used.
Elimination or reduction of the    Batch materials, preferably in a
pulverulent refining aids is also desirable for the sake of reduc-  state,
may be fed into the cavity of the liquefying ing undesirable emissions into
the environment. In  40  vessel by means of a chute 24, which in the the
float process of manufacturing flat glass, reduc-  embodiment depicted
extends through the exhaust ing or eliminating sulfur from the glass is
addition-  opening 23. Details of the feed chute arrangement ally
advantageous for the sake of avoiding defects  may be seen in U S-A-
4,529,428. The batch chute caused by the formation and volatilization of
tin  24 terminates closely adjacent to the sidewalls of sulfide in the flat
forming chamber that leads to  45  the drum 10, whereby batch material is
deposited condensation and drippage onto the top surface of  onto the inner
sidewall portions of the drum. A the glass. Sulfur in combination with iron
has a   layer 25 of the batch material is retained on the coloration effect
on glass, so the avoidance of    interior walls of the drum 10 aided by the
rotation sulfur for refining permits more precise control of  of the drum
and serves as an insulating lining. As the color of some glass.
so  batch material on the surface of the lining 25 is Referring to Figure
1, the overall melting pro-  exposed to the heat within the cavity, it
forms a cess of the present invention preferably consists of  liquefied
layer 26 that flows down the sloped lining three stages: a liquefaction
stage 10, a dissolving  to a central drain opening at the bottom of the
stage 11 and a vacuum refining stage 12. Various   vessel. The outlet may
be fitted with a ceramic 



arrangements could be employed to initiate the  55  refractory bushing 27.
A stream of liquefied ma- melting in the liquefaction stage 10, but a
highly  terial 28 fails freely from the liquefaction vessel effective
arrangement for isolating this stage of the  through an opening 29 leading
to the second stage process and carrying it out economically is that   11.
The second stage may be termed the dissolv- 5    9.                EP 0 297
405 B1                    10 [err] vessel because one of its functions is
to com-  need be no higher than [err] (2500 F). Peak plete the dissolution
of any unmelted grains of    temperature reductions on this order result in
sig- batch material remaining in the liquefied stream 28  nificantly longer
life for refractory vessels as well leaving the liquefaction vessel 10. The
liquefied  as energy savings. The liquefied material entering material at
that point is typically only partially melt-   5   the dissolving vessel
need be heated only mod- ed, including unmelted sand grains and a substan-
erately to prepare the molten material for refining. tial gaseous phase. In
a typical soda-lime-silica  Combustion heat sources could be used in the
melting process using carbonate batch materials    dissolving stage 11, but
it has been found that this and sulfates as a refining aid, the gaseous
phase is  stage lends itself well to electric heating, whereby chiefly
comprised of carbon oxides and sulfur ox-  10  a plurality of electrodes 32
may be provided as ides. Nitrogen may also be present from entrapped  shown
in the figure extending horizontally through air. In the present invention,
the need to use sul-  the sidewalls. Heat is generated by the resistance
fates is greatly reduced, so that sulfur oxides may  of the melt itself to
electric current passing be- not be present to a significant extent as part
of the  tween electrodes in the technique conventionally gas content of the
melt.                       15  employed to electrically melt glass. The
electrodes The dissolving vessel 11 serves the function of  32 may be
carbon or molybdenum of a type well completing the dissolution of unmelted
particles in  known to those of skill in the art. A skimming the liquefied
material coming from the first stage  member 33 may be provided in the
dissolving by providing residence time at a location isolated  vessel to
prevent any floating material from ap- [err]  the downstream  refining
stage. Soda-lime-  20  proaching the outlet end. silica glass batch
typically liquefies at a tempera-   A valve controlling the flow of
material from the ture of about 1200 C [err] and enters the
dissolving stage 11 to the refining stage 12 is dissolving vessel 11 at a
temperature of about     comprised of a plunger 35 axially aligned with a
[err] (2200 F) to about 1320 C (2400 F), at       drain tube 36. The shaft
37 of the plunger extends which temperature residual unmelted particles
usu-   25  through the roof 31 of the dissolving vessel so as ally become
dissolved when provided with suffi-    to permit control over the gap of
the plunger 35 cient residence time. The dissolving vessel 11     and the
tube 36 to thereby modulate the rate of shown is in the form of a
horizontally elongated   flow of material into the refining stage. Although
the refractory basin 30 with a refractory roof 31, with  valve arrangement
is preferred, other means could the inlet and outlet at opposite ends
thereof so as   30  be provided to control the flow rate of molten to
assure adequate residence time. The depth of    material to the refining
stage as are known in the molten material in the dissolving vessel may be
art. An example would be the use of heating and/or relatively shallow in
order to discourage recirculat-  cooling means associated with the drain
tube so as ing of material.                                   to modulate
the viscosity, and thus the flow rate, of Although the addition of
substantial thermal en-   35  the molten material passing therethrough.
ergy is not necessary to perform the dissolving        The refining stage
12 preferably consists of a step, heating can expedite the process and thus
vertically upright vessel that may be generally cy- reduce the size of the
dissolving vessel 11. More  lindrical in configuration having an interior
ceramic significantly, however, it is preferred to heat the  refractory
lining 40 shrouded in a gas-tight water- material in the dissolving stage
so as to raise its  40  cooled casing. The refractory may be an alumina-
temperature in preparation for the refining stage to  zirconia-silica type
well known in the art. The cas- follow. Maximizing the temperature for
refining is  ing may include a double walled, cylindrical advantageous for
the sake of reducing glass vis-   sidewall member 41 having an annular
water pas- cosity and increasing vapor pressure of included   sageway
therebetween and circular end coolers 42 gases. Typically a temperature of
about 1520 C   45  and 43. A layer of insulation (not shown) may be [err]
is considered desirable for refining soda-  provided between the refractory
40 and the lime-silica glass, but when vacuum is employed to  sidewall 41.
The valve tube 36 may be fabricated assist refining, lower peak refining
temperatures  of a refractory metal such as platinum and is may be used
without sacrificing product quality.   sealingly fitted into an orifice 44
at the upper end The amount by which temperatures can be re-  50  of the
refining vessel. The tube 36 is shown ex- duced depends upon the degree of
vacuum.           tending vertically through the top of the refining
Therefore, when refining is to be performed under  vessel 12, which is
preferred for the sake of in- 



vacuum in accordance with the present invention,   troducing the incoming
stream of glass as high as the glass temperature need be raised to no more
possible within the vacuum space. But it should be than [err] (2700 F), for
example, and optionally  55  understood that the present invention would
also no more than 1430 C [err] prior to refining.    be applicable to inlet
arrangements that do not When the lower range of pressures disclosed here-
maximize the height factor. Thus, the inlet could be in are used, the
temperature in the refining vessel  horizontal and could extend through the
side of the 6    11                EP0 297 405 B1                   12
vessel, but would be above the level of molten   the viscosity of the foam
and slows the rate at material and preferably above the normal level of
which gases are expelled. In that case, it has been foam in the vessel 12.
found advantageous to provide means for heating As the molten material
passes through the tube  the headspace above the liquid and foam. For this
36 and encounters the reduced pressure within the   5   purpose, it has
been found feasible to provide a refining vessel, gases dissolved and
occluded in  burner 53 and to sustain combustion within the the melt expand
in volume, creating a foam layer  vacuum space. A conduit 54 may be
provided at 50 resting on a body of liquid 51. As foam col-  the upper end
of the vacuum vessel whereby a lapses it is incorporated into the liquid
body 51.  small amount of water may be sprayed onto the Subatmospheric
pressure may be established with-  10  foam periodically. The water spray
has been found in the refining vessel through a vacuum conduit 52  to
assist the foam to collapse. extending through the upper portion of the
vessel.  In the embodiment depicted, refined molten As used herein,
"foaming" can be considered to be  material is drained from the bottom of
the refining characterized by at least a doubling of the volume  vessel 12
by way of a drain tube 55 of a refractory of the molten material. If the
material is fully  15  metal such as platinum. It would also be feasible to
foamed, the volume increase is usually much      locate the drain in a side
wall of the vessel in the greater than double. Foam has also been defined
region of the bottom. The drain tube 55 preferably as being characterized
by a gas phase of at least  extends above the surface of the refractory
bottom 90 percent of the total volume, or as the condition  section 56
within which it is mounted to prevent in which bubble membranes touch each
other.  20  any debris from entering the output stream. Leak- Distributing
the molten material as thin mem-  age around the tube is prevented by a
water cooler branes of a foam greatly increases the surface area  57 under
the bottom section 56. The flow rate of exposed to the reduced pressure.
Therefore, maxi-  molten material from the drain tube 55 may be mizing the
foaming effect is preferred. It is also  controlled by a conical throttle
member 58 whereby preferred that the foam be exposed to the lowest  25
adjusting the gap between the throttle member and pressures in the system,
which are encountered at  the tube 55 controls the flow rate therefrom. A
the top of the vessel in the headspace above the  molten stream 60 of
refined material falls freely liquid, and therefore exposure is improved by
per-  from the bottom of the refining vessel and may be mitting newly
introduced, foamed material to fall  passed to a forming station (not
shown) where it through the headspace onto the top of the foam   30  may be
shaped to the desired product. Refined layer. Also, it is more consistent
with the mass  glass, for example, may be passed to a float glass transfer
in the vessel to deposit freshly foamed  forming chamber where the molten
glass floats on material onto the top of the foam layer rather than  a pool
of molten metal to form a flat sheet of glass. generating foam from the
surface of the liquid pool  Melting and fining aids such as sulfur com-
beneath the foam layer.                      35  pounds (e.g., sodium
sulfate, calcium sulfate) are The heat content of the molten throughput ma-
conventionally included in glass batches, but pro- terial entering the
refining vessel 12 can be suffi-  duce a substantial portion of the
undesirable emis- cient to maintain suitable temperatures within the  sions
in exhaust gas from glass melting operations. vessel, but at lower
throughput rates energy losses  Sulfur compounds are responsible for a
significant through the walls may exceed the rate at which  40  portion of
the gas phase found in glass products, energy is being transported into the
vessel by the  and thus their removal is an important part of a molten
material. In such a case, it may be desir-  refining process. In a vacuum
refining process, the able to provide heating within the refining vessel
for  presence of amounts of sulfur that would conven- the sake of avoiding
undue temperature reduction.  tionally be considered very small are more
than The amount of heating could be relatively minor  45  desired because
of the large contribution sulfur since its purpose would be merely to
offset heat  compounds make to the atmosphere in the vacuum losses through
the walls, and may be carried out  chamber and because of the accelerated
erosion of by conventional electric heating arrangements    the vacuum
chamber walls caused by the present whereby electrodes extend radially
through the    of sulfur. Typically, flat glass batch includes so- side
wall and electric current is passed between   50  dium sulfate in the
amounts of 5 to 15 parts by 



the electrodes through the glass.                 weight per 1000 parts by
weight of the silica Regardless of the throughput rate, the space  source
material (sand), with about 10 parts by above the molten body 51 in the
vessel 12 can    weight considered desirable to assure adequate tend to be
cooler than desired because of the     refining. When operating in
accordance with the absence of the molten mass and because radiation   55
present invention, however, it has been found pref- from the molten mass is
insulated by the foam     erable to restrict the sodium sulfate to two
parts by layer 50. As a result, the upper portion of the foam  weight, most
preferably, no more than one part per layer can become cooler, which in
turn increases  1000 parts sand, with one-half part being a particu- 7
13                EP 0 297 405 B1                   14 [err] advantageous
example. These weight ratios   and in particular the platinum/rhodium
alloys com- have been given for sodium sulfate, but it should  monly used
for molten glass contact applications. be apparent that they can be
converted to other   Theoretically, any refractory material could serve
sulfur sources by molecular weight ratios. Com-   the purpose of the
present invention, but durability plete elimination of refining aids is
feasible with the   5   problems render most other materials impractical.
present invention, although trace amounts of sulfur  Ceramic refractories
would be subject to consider- are typically present in other batch
materials so  able erosion due to contact with the flowing stream. that
small amounts of sulfur may be present even if  The atmosphere in the
headspace of the vessel 12 no deliberate inclusion of sulfur is made in the
has been found to be sufficiently oxidizing to de- batch.
10  terimentally affect the durability of molybdenum. The attainment of
complete foaming is easier   Water-cooled stainless steel or the like can
be at lower pressures, and therefore lower pressures  used, but it is
preferred to minimize extraction of in the refining vessel are preferred.
The foam en-  heat from the glass by cooled members. Some hancement devices
of the present invention permit  water-cooled elements may be employed in
some the use of higher pressures than would otherwise  is  of the
embodiments without undue heat loss, pro- be possible, thus saving on
vacuum pump costs.    vided that they are limited in their area of expo-
But even when using these devices, exceeding      sure. certain pressure
levels can make it very difficult to  In its simplest form, the foam
enhancement achieve complete foaming. These maximum pres-     devices of
the present invention may involve modi- ure levels depend upon the
viscosity of the glass  20  fications to the outlet end of the tube 36.
Thus, in stream entering the vacuum chamber, which, in     the embodiment
of Fig. 2, the tube 36 is provided turn, depends upon the temperature and
composi-   with a closed lower end 62 and a plurality of side tion of the
glass. For a conventional soda-lime-  orifices 63, whereby the stream of
molten material silica flat glass composition at [err](2500 F) to  passing
through the tube is divided into a plurality 1480 C [err] it has been found
to be desir-  25  of smaller streams, each of which is more readily able to
provide pressure below 13300 Pa (100 torr)  acted upon by the low pressure
environment. The absolute, preferably below 9310 Pa (70 torr), in the
orifices 63 are shown as rectangular slots, but headspace of the refining
vessel 12 to achieve    could be any shape. The size of the orifices is
complete foaming. How much lower than these       chosen in accordance with
the number of stream maximum pressures the pressure in the vacuum   30
subdivisions desired and the amount of flow resis- space should be
maintained depends upon the       tance that can be tolerated. The end
member 62 mass flow rate of glass and the particular foam   may also be
provided with one or more orifices, enhancement device used. At relatively
high glass  and if provided with a plurality of orifices, may flow rates
pressures below 5320 Pa (40 torr) may  serve as the stream dividing means
instead of side be preferred even with extensive foam enhance-  35
orifices. ment devices. But at about 2660 Pa (20 torr), only   Along these
lines, Fig. 3 depicts an embodi- modest foam enhancement devices may be re-
ment that includes an insert in the end of the tube quired even at high
flow rates.                   36 for subdividing the molten glass stream.
The In Figures 2 through 12 there are illustrated  insert may take the form
of a grid of rods or wires several embodiments of flow enhancement devices
40  65, as shown, or a wire mesh, perforated plate, or in accordance with
the present invention. Each of  other foraminous member. Close spacing of
the these devices is intended to be mounted within the  subdivided stream
portions may cause the stream vacuum refining vessel 12 shown in Fig. 1, in
portions to recombine subsequently, but that is not association with the
lower end of tube 36 so as to  detrimental if the stream portions have been
acted be impinged by the stream of molten material  45  upon by the vacuum
before they recombine. De- passing from the tube 36. The foam enhancement
pending upon the mass flow rate and the vacuum device may be affixed to or
be integral with the  level, the foaming of the stream portions may occur
tube 36 itself, or it may be independently mounted  almost immediately upon
encountering the reduced 



to the adjacent lid structure of the vessel 12 or on  pressure and  before
recombining. At higher a support arm extending into the vacuum vessel  50
throughput rates, however, it may be preferred to through an access opening
in a wall portion. The  use some of the other embodiments disclosed latter
is preferred for the sake of adjusting the  herein that provide a
subdivided or thinned stream position and orientation of the device as well
as  for more extended periods of time. permitting relatively easy
replacement. The eleva-   The embodiments of Figs. 2 and 3 are not the tion
of the device is above the molten body 51,  55  preferred embodiments,
particularly at high flow preferably above the foam layer 50.
rates, because of the added resistance to flow Except where noted, the
device of each em-     through the tube 36. This resistance not only re-
bodiment is preferably fabricated from platinum,  duces flow through the
tube, but also complicates 8    15                EP0297405B1
16 regulating the flow rate by valve means 35 or the  upon the effect
desired in a particular case. Holes like. Therefore, it is preferred to
permit the molten  in the range of 0.5 to 3 centimeters in diameter
material to be discharged from the tube 36 and    have been found to be
satisfactory in typical cases, then to be engaged by a foam enhancing
device of  with the number of holes being maximized without the present
invention a sufficient distance from the   5   unduly reducing the
structural strength of the cup. tube to avoid imparting a significant
back-pressure  Although holes of a uniform size may be used, it is within
the tube. Accordingly, a wire mesh or the  preferred to provide larger
holes near the top so like is employed in the embodiment of Fig. 4 in the
that at high flow rates any surplus flow will pass form of a basket-like
receptacle 67. Instead of a  through the large holes rather than over the
rim of mesh, the receptacle 67 could be fabricated from   10  the cup. The
cup embodiment of Figs. 6 and 7 perforated sheet material or other
foraminous ma-  could be suspended from the tube 36 as in the terial. The
openings in the receptacle subdivide the  embodiments described heretofore,
but a different incoming molten stream at least momentarily, and  support
arrangement is shown wherein the flow the receptacle provides resistance to
prevent the  enhancement device is mounted on a support arm stream from
falling immediately into the foam layer  15  80 independent from the tube
36 and preferably or below. The receptacle 67 is shown generally
extending to the exterior of the vacuum refining cylindrical in
configuration, but it should be appar-  vessel 12 so as to permit
adjustment or replace- ent that it could be provided with virtually any
ment of the device. In order to provide structural shape that would retard
the velocity of the stream.  rigidity along a substantial horizontal
distance in Some advantage is provided by enclosing the out-  20  the high
temperature environment of the refining let end of the tube 36 with the
receptacle 67 in that  vessel, it is preferred that the support arm 80 be
no portion of the stream can escape being acted   cooled by circulation of
cooling fluid such as water on by the receptacle. The upper end of the
recap-  therethrough. To this end, the arm 80 shown in tacle 67 may be
affixed around the tube 36 by     Figs. 6 and 7 includes concentric coolant
conduits means of a compression band 68 as shown in Fig.  25  81 and 82. In
order to provide rigid support of the 4. The receptacle 67 may be somewhat
elongated    cup 75 itself, the illustrated embodiment includes a to
provide sufficient interior volume to accommo-  conduit loop 83 through
which the coolant is cir- date any build-up of foam or molten material
there-  culated and within which the cup 75 rests. As in so as not to
affect flow from the tube 36.     shown, the loop 83 comprises an extension
of the A variation of the basket type foam enhancer of  30  inner arm
coolant conduit 81 and terminates with a the present invention is shown in
Fig. 5. There, an  connection to the outer arm coolant conduit 82.
enclosure resembling a cage is fabricated from a  Accordingly, coolant may
circulate from conduit 81 plurality of rods 70. The cage could be provided
through the loop 83 and out through conduit 82. with a wide variety of
shapes, but some advantage  The direction of flow may, of course, be
reversed. may be found for the conical configuration shown   35  Because of
the cooling, the conduits 81 and 82 and in Fig. 5 in that it presents
openings of varying  the loop 83 need not be fabricated of platinum, but
width, with wide openings at the top for passing  may be made of stainless
steel or the like. In order foamy material and narrow openings at the
bottom  to reduce the cooling effect of the cooled support for restricting
the size of subdivided liquid streams  arm 80 on the interior of the
refining vessel, the passing through. Additionally, the conical shape   40
arm may be provided with an insulating cover such presents little
obstruction to the passage of the  as the refractory tube 84 shown in Figs.
6 and 7. stream and thus is not prone to create a back-    Additional
structural strength may be provided to pressure in the tube 36. As
illustrated, the rods 70  the cup 75 by reinforcement members 85 which may
be joined at their bottom ends on a disk 71   may comprise platinum alloy
tubes welded to the and their upper ends may be affixed to the tube 36   45
loop 83 and extending down the side and under the such as by welding.
Optionally, the rods may be   cup. It should be understood that the shape
of the 



reinforced by one or more circumferential rings 72  cup may vary
considerably from the frusto-conical at an intermediate elevation or
elevations.       embodiment shown in Figs. 6 and 7. In particular, In
Figs. 6 and 7 there is shown another em-    horizontally oblong cups may be
advantageous for bodiment of the present invention wherein the foam   50
the sake of increasing the volume of the cup of enhancing receptacle is in
the form of a perforated  while permitting passage into the vessel through
an cup 75. The cup 75 may be formed of a side wall   access opening of
limited size. The arm 80 may portion 76, bottom 77, and optionally a flared
rim  extend substantially horizontally through an open- portion 78, all of
which are preferably fabricated of  ing in the side of the vessel, or it
may include a platinum alloy. The side wall and bottom of the cup  55  bend
so as to extend vertically through the top of are provided with a plurality
of holes through which  the vessel. A swivel connection may be provided at
the molten material may pass. The number and      the location where the
arm passes through the size of the holes may vary considerably, depending
vessel wall to provide a gas-tight seal while permit- 9    17
EP 0 297 405 B1                     18 [err] adjustments to the position of
the foam en-     vacuum foaming the stream. Any modification to hancing
device.                                    the shape of the stream will
advantageously in- In any of the embodiments of the invention,     crease
the surface area per unit volume of the heavy flow rates can cause the
capacity of the     stream. Therefore, one approach to reducing the foam
enhancement device to be exceeded. In such    5   stream thickness to
enhance foaming is to provide cases it may be desirable to provide a two
stage   a non-cylindrical stream shape, such as by using a foam enhancement
device. In other words, if the    non-circular inlet opening (e.g., a
slot). A solid body stream is not foamed to the extent desired after
placed in the path of the stream that alters its passing a first foam
enhancement device, it may    shape is also a beneficial approach and has
the be passed to one or more additional foam en-  10  additional advantage
of reducing the velocity of the hancement devices positioned to receive the
par-   stream, whereby its residence time in the head- tially foamed stream
from the first device. The   space is greater. Therefore, the preferred
stream secondary devices may be substantially the same    modifying shapes
are those that also provide sub- design as the first device, or
combinations of dif-  stantial retardation. Maximum retardation can be
ferent designs may be employed. Generally, each   15  achieved with
horizontal surfaces, and a simple secondary or subsequent stage would
preferably     embodiment of that type is shown in Fig. 9. be larger than
the preceding stage. An example of      Fig. 9 shows a solid tray 100 that
may, for a two stage device is shown in Fig. 8 where a first  example, be
generally circular in shape, supported apertured bowl 90 is supported above
a second      horizontally below tube 36 by a plurality of brackets [err]
bowl 91, both being mounted in vertical  20  101. Alternatively, the tray
could be carried by a alignment with the outlet of tube 36 so as to
laterally extending support arm. Molten material receive the incoming
stream of molten material.    flowing from the tube 36 spreads on the tray
100, Material that may overflow bowl 90 or otherwise be  is reduced in
thickness as it is momentarily de- insufficiently treated by bowl 90 is
received by  tained on the tray, and flows over the edges of the bowl 91
where the flow is again retarded, sub-   25  tray in a generally annular
shape having consider- divided, and reduced in thickness. Two stages ap-
ably greater surface area than the original stream. pear to be adequate for
most purposes, but three   The tray may be provided with upwardly
projecting or more stages may be resorted to if necessary to  edge portions
if it is desired to retain a larger achieve a desired degree of foaming
under particu-  amount of material on the tray. The edge portions lar
conditions. The structure for supporting bowls  30   may also be notched to
produce subdivided 90 and 91 illustrated in Fig. 8 is merely a preferred
streams flowing from the tray. example. It should be apparent that many
vari-          A variation of the Fig. 9 embodiment is shown ations of such
a structure are possible. A plurality  in Fig. 10 where the flow spreading
device is not of tubes 92 support the upper bowl 90 and another  horizontal
but has substantial horizontal dimen- group of tubes 93 supports the lower
bowl 91. Both  35  sions. Instead of a tray, an upwardly pointed coni- sets
of tubes may extend upwardly to an attach-    cal member 105 is provided,
supported by brack- ment to a ring 94, which in turn may be supported  ets
106 from tube 36. It should be apparent that from the tube 36 as shown, or
from a laterally     various other shapes could be used to spread the
extending arm as in Figs. 6 and 7. In the particular  stream, such as a
hemisphere, wedge, or tetra- arrangement shown in Fig. 8, the tubes 92
angle  40  hedron. inwardly below the bowl 90 in order to provide
In the embodiment depicted in Figs. 11 and 12, additional support to bowl
90 and extend through   some spreading of the stream may occur, but the the
lower bowl 91 to join with tubes 93 in attach-  primary effect is to
lengthen the flow path so as to ment to a bottom support ring 95, thereby
provid-  increase the time that the melt is exposed to the 



ing additional rigidity to the structure. The rim of  45  low pressure in
the headspace. This embodiment bowl 91 is reinforced with a tube 96 as an
optional  entails means to divert the falling stream from its feature.
vertical path to a more tortuous path. An example Subdividing the stream in
order to reduce its   of a relatively simple flow diverting means is a
thickness and thus expose all portions of the      trough 110 as shown in
Figs. 11 and 12. The stream to the effects of the vacuum is a feature of
50  trough may be supported within the headspace of each of the embodiments
discussed hereinabove.     the refining vessel 12 at a slight angle from
hori- Instead of subdividing, it is also possible to reduce  zontal, and
the incoming stream may impinge on the stream thickness by spreading. This
approach   the high end of the trough and flow off the low end. is shown in
the embodiments of Figs. 9 through 12.  In order to provide stiffness to
the horizontally A falling stream of liquid attains a cylindrical shape  55
elongated trough the use of cooling means is pre- under the influence of
surface tension because that  ferred. Therefore, a conduit 111 for
circulation of shape has the least surface area. Unfortunately,   coolant
(preferably water) may be provided in the that shape is the least desirable
for the sake of  trough with a hair pin configuration for example. 10    19
EP 0 297 405 B1                   20 The coolant conduit also may serve as
the support    is subdivided within the space into a plurality arm for the
trough. The conduit 111 may be fab-       of streams. ricated from
stainless steel or the like. To reduce heat loss from refiner to the
cooling conduit 111,  5. The method of claim 1, the conduit may be encased
in refractory material   5  wherein a non-cylindrical shape is imparted to
112. The refractory 112 is preferably sheathed in a   the stream as it
enters the space by an inlet platinum alloy cover 113 to provide durability
to     orifice configuration (62, 63). flowing molten glass. As shown in
Fig. 12, the upper surface of the trough may be concavely      6. The
method of claims 1 or 2, contoured to help guide the flaw along its length.
10  wherein the stream is reshaped after entering Although the primary
intended flow path is along      the space by contacting a solid member
(67, the length of the trough, at high flow rates some     75, 100, 110)
within the space. material may overflow the sides of the trough. The trough
110 is depicted as being linear, but it should  7. The method of claim 6,
be understood that the flow diverting means could  is  wherein the solid
member (67, 75) subdivides include bends and curves. It may also be
desirable   the stream. for the molten stream to flow from one flow
diverter to another, thereby additionally extending its resi-  8. The
method of claim 6, dence time in the headspace.
wherein the solid member (100, 110) retards 20     the flow rate of the
stream. Claims 9. The method of claim 6, 1. A method of melting and
refining glassy ma-        wherein the solid member (67, 75, 100, 110)
terial by producing a melt of the material,       reduces the thickness of
the stream. introducing a stream of said molten material to  25 a space
above a volume (51) of the molten      10. The method of claim 5, material
in which a subatmospheric pressure is    wherein the solid member (100,
110) extends maintained sufficiently to cause at least por-    the flow
path of the stream through the space. tions of the molten material to foam
and pass- ing the stream through the space with a shape   30  11. Apparatus
for refining molten glass comprising other than a single cylindrical shape
along at    a vessel (12) adapted to hold a volume of least a portion of
its passage through the        molten material (51) being refined with a
head- space so as to enhance exposure of the            space within the
vessel (12) above the volume stream to the subatmospheric pressure and
of molten material (51), an inlet opening (36) collapsing the foam (50)
into the volume (51)  35  for admitting a stream of additional molten of
molten material.                               material to the headspace
portion of the vessel (12), means (52) for imposing subatmospheric 2. A
method of melting and refining glassy ma-        pressure within the
headspace, and stream terial by producing a melt of the material,
shaping means (62, 63) associated with the introducing a stream of said
molten material to  40  inlet (36) for providing at least a portion of the
a space above a volume (51) of the molten         stream in the headspace
with a shape other material in which a subatmospheric pressure is    than a
single cylindrical shape. 



maintained sufficiently to cause at least por- tions of the molten material
to foam thereby   12. Apparatus for refining molten glass comprising
obstructing the stream temporarily from falling   45  a vessel (12) adapted
to hold a volume of directly through the vacuum space and retain-
molten material (51) being refined with a head- ing it for a longer period
of time in the region  space within the vessel (12) above the volume of
lowest pressure so as to enhance the expo-     of molten material (51), an
inlet opening (36) sure of the stream to the subatmospheric pres-    for
admitting a stream of additional molten sure and collapsing the foam (50)
into the   so   material to the headspace portion of the vessel volume (51)
of molten material.                   (12), means (52) for imposing
subatmospheric pressure within the headspace and stream re- 3. The method
of claim 1,                             taining means (100, 110) to
increase the resi- wherein a plurality of streams pass through at    dence
time in the headspace which stream least a portion of the space.
55      retaining means are supported within the head- space below the
inlet opening (36). 4. The method of claim 3, wherein a single stream
enters the space and   13. The apparatus of claim 11,    19
EP 0 297 405 B1                   20              L  M The coolant conduit
also may serve as the support     is subdivided within the space into a
plurality arm for the trough. The conduit 111 may be fab-       of streams.
ricated from stainless steel or the like. To reduce heat loss from refiner
to the cooling conduit 111,  5. The method of claim 1, the conduit may be
encased in refractory material   5  wherein a non-cylindrical shape is
imparted to 112. The refractory 112 is preferably sheathed in a   the
stream as it enters the space by an inlet platinum alloy cover 113 to
provide durability to     orifice configuration (62, 63). flowing molten
glass. As shown in Fig. 12, the upper surface of the trough may be
concavely       6. The method of claims 1 or 2, contoured to help guide the
flaw along its length.  10  wherein the stream is reshaped after entering
Although the primary intended flow path is along      the space by
contacting a solid member (67, the length of the trough, at high flow rates
some     75, 100, 110) within the space. material may overflow the sides of
the trough. The trough 110 is depicted as being linear, but it should  7.
The method of claim 6, be understood that the flow diverting means could
is  wherein the solid member (67, 75) subdivides include bends and curves.
It may also be desirable    the stream. for the molten stream to flow from
one flow diverter to another, thereby additionally extending its resi-  8.
The method of claim 6, dence time in the headspace.
wherein the solid member (100, 110) retards 20  the flow rate of the
stream. Claims 9. The method of claim 6, 1. A method of melting and
refining glassy ma-        wherein the solid member (67, 75, 100, 110)
terial by producing a melt of the material,       reduces the thickness of
the stream. introducing a stream of said molten material to  25 a space
above a volume (51) of the molten      10. The method of claim 5, material
in which a subatmospheric pressure is     wherein the solid member (100,
110) extends maintained sufficiently to cause at least por-    the flow
path of the stream through the space. tions of the molten material to foam
and pass- ing the stream through the space with a shape   30  11. Apparatus
for refining molten glass comprising other than a single cylindrical shape
along at     a vessel (12) adapted to hold a volume of least a portion of
its passage through the         molten material (51) being refined with a
head- space so as to enhance exposure of the             space within the
vessel (12) above the volume stream to the subatmospheric pressure and
of molten material (51), an inlet opening (36) collapsing the foam (50)
into the volume (51)  35  for admitting a stream  of additional molten of
molten material.                                material to the headspace
portion of the vessel (12), means (52) for imposing subatmospheric 2. A
method of melting and refining glassy ma-         pressure within the
headspace, and stream terial by producing a melt of the material,
shaping means (62, 63) associated with the introducing a stream of said
molten material to  40  inlet (36) for providing at least a portion of the
a space above a volume (51) of the molten          stream in the headspace
with a shape other 



material in which a subatmospheric pressure is    than a single cylindrical
shape. maintained sufficiently to cause at least por- tions of the molten
material to foam thereby   12. Apparatus for refining molten glass
comprising obstructing the stream temporarily from falling   45  a vessel
(12) adapted to hold a volume of directly through the vacuum space and
retain-      molten material (51) being refined with a head- ing it for a
longer period of time in the region   space within the vessel (12) above
the volume of lowest pressure so as to enhance the expo-      of molten
material (51), an inlet opening (36) sure of the stream to the
subatmospheric pres-    for admitting a stream  of additional molten sure
and collapsing the foam (50) into the   so    material to the headspace
portion of the vessel volume (51) of molten material.
(12), means (52) for imposing subatmospheric pressure within the headspace
and stream re- 3. The method of claim 1,
taining means (100, 110) to increase the resi- wherein a plurality of
streams pass through at     dence time in the headspace which stream least
a portion of the space.             55      retaining means are supported
within the head- space below the inlet opening (36). 4. The method of claim
3, wherein a single stream enters the space and   13. The apparatus of
claim 11, 11    21.               EP 0 297 405 B1                    22
wherein the stream shaping means (62, 63)          une partie de son
passage a travers l'espace, comprises a portion of the inlet opening (36).
de maniere a augmenter l'exposition du cou- rant a la pression inferieure a
la pression at- 14. The apparatus of claim 11,
mosph~rique et l'affaissement de la mousse wherein the stream shaping means
(67, 70, 75)   5  (50) dans le volume (51) de la matibre fondue. is
supported within the headspace below the inlet opening (36).
2. Proced6 de fusion et d'affinage d'une matiere vitreuse par la production
d'une masse fondue 15. The apparatus of claim 11,                        de
la matiere, I'introduction d'un courant de wherein the stream shaping means
comprises  io    ladite matiere fondue dans un espace situe au- a
foraminous member (62, 63).                      dessus d'un volume (51) de
la matiere fondue, oO regne une pression suffisamment inferieure 16. The
apparatus of claim 13,                        a la pression atmospherique
pour amener au wherein the stream shaping member includes         moins des
parties de la matiere fondue a a grid or mesh (65).                      15
mousser de maniere a ainsi temporairement empicher le courant de tomber
directement a 17. The apparatus of claim 15,                        travers
l'espace vide et a le retenir pendant wherein the stream shaping member is
a con-        une plus longue p~riode de temps dans la tainer having a
plurality of orifices (63).       r~gion ou regne la pression la moins
elev6e, 20      de fagon a augmenter l'exposition du courant 18. The
apparatus of claim 11 or 12,                    l la pression inferieure a
la pression atmos- wherein the stream shaping or retaining mem-
pherique et A affaisser la mousse (50) dans le ber (100, 110) is supported
so as to present a     volume (51) de la matiere fondue. surface having a
substantial horizontal compo- nent in the path of the stream.           25
3. Procede suivant la revendication 1, caracterise en ce qu'une
multiplicite de cou- 19. The apparatus of claim 18,
rants passent a travers au moins une partie de wherein the stream
retaining member com-          l'espace. prises a horizontally extending
trough (110). 30  4. Proc~dd suivant la revendication 3, 20. The apparatus
of claims 11 or 12,                caracterise en ce qu'un courant unique
p6netre wherein the stream shaping or retaining mem-       dans l'espace et
est subdivise dans l'espace ber includes a plurality of spaces through
en une multiplicite de courants. which molten material may flow from the
mem- ber.                                      35  5. Proc6de suivant la
revendication 1, caracterise en ce que l'on confere une forme 21. The
apparatus of claim 14,                        non cylindrique au courant
lorsqu'il penbtre wherein the stream shaping member is sup-          dans
l'espace par une configuration a orifices ported on a horizontally
extending arm (80).       d'entree (62, 63). 



40 22. The apparatus of claims 11 or 12,              6. Procede suivant la
revendication 1 ou 2, wherein the stream shaping or retaining mem-
caract6rise en ce que le courant est reforme ber is fabricated principally
from platinum or     apres son entree dans lVespace par entr6e en platinum
alloy.                                    contact avec un element solide
(67, 75, 100, .:  45  110) dans l'espace. Revendicatlons 7. Proc6d6 suivant
la revendication 6, 1. Proc6de de fusion et d'affinage d'une matiere
caracterise en ce que l'l6ment solide (67, 75) vitreuse par la production
d'une masse fondue      subdivise le courant. de la matiere, I'introduction
d'un courant de   50- ladite matibre fondue dans un espace situe au-  8.
Procede suivant la revendication 6, dessus d'un volume (51) de la matiere
fondue,      caracterise en ce que l'element solide (100, ou l'on maintient
une pression suffisamment        110) retarde la vitesse d'coulement du
cou- inferieure a la pression atmosph6rique pour        rant. amener au
moins des parties de la matiere  55 fondue a mousser et le passage du
courant a    9. Procede suivant la revendication 6, travers l'espace avec
une forme autre qu'une       caract6rise en ce que lP6l6ment solide (67,
75, simple forme cylindrique, le long d'au moins       100, 110) r6duit
l'Npaisseur du courant. 12    23                EP 0 297 405 B1
24         C  L  H 10. Procede suivant la revendication 5,
tamis (65). caract~ris6 en ce quo l'616ment solide (100, 110) 6tend le
trajet d'6coulement du courant a  17. Appareil suivant la revendication 15,
travers l'espace.                                 caracterise en ce que
l'element de fagonnage 5      OU de formage du courant est un recipient 11.
Appareil d'affinage de verre fondu comprenant    comportant une
multiplicit6 d'orifices (63). un recipient (12) convenant pour contenir un
volume fondu de matiere fondue (51) en cours  18. Appareil suivant la
revendication 11 ou 12, d'affinage avec un espace de tete dans le
caracteris6 en ce quo l'6lment de formage ou recipient (12) au-dessus du
volume de matiere  10  fagonnage ou de retenue du courant (100, 110) fondue
(51), une ouverture d'entree (36) desti-   est supporte de fagon a
presenter une surface nee A I'admission d'un courant de matibre
poss~dant une composant sensiblement hori- fondue suppl6mentaire dans la
partie formant     zontale dans le trajot du courant. I'espace de tote du
recipient (12), un dispositif (52) pour imposer une pression inferioure A
la  15  19. Appareil suivant la revendication 18, pression atmosperique
dans l'espace de tete      caracterise en co quo I'4l6ment de retenue du et
un dispositif de formage ou fagonnage du       courant comprend une auge
s'etendant hon- courant (62, 63) associe a l'entree (36) pour
zontalement (110). conf6rer a au moins une partie du courant _,    dans
l'espace de tlte une forme autre qu'une   20  20. Appareil sulvant la
revendication 11 ou 12, simple forms cylindrique.
caracterise en ce quo l'element de retenue ou de formage ou fagonnage du
courant com- 12. Appareil d'affinago de verre fondu comprenant    prend une
multiplicite d'espaces a travers les- un recipient (12) convenant pour
contenir un     quels de la matiere fondue pout s'ecouler de volume de la
matiere fondue (51) en cours  25    1'4lement. d'affinage avec un espace de
tete dans le recipient (12) au-dessus du volume de matiere  21. Appareil
suivant la revendication 14, fondue (51), une ouverture d'entr6e (36) pour
caracterise en ce quo l'6l6ment de fagonnage l'admission d'un courant de
matibre fondue        ou formage du courant est supporte par un
supplementaire dans la partie formant l'espace   30  bras s'6tendant
horizontalement (80). de tote du recipient (12), un dispositif (52) pour
imposer une prossion inf6rieure a la pression  22. Appareil suivant la
revendication 11 ou 12, atmosphdrique dans l'espace de tete et un
caractfris4 en ce quo l'Pl6ment de retenue ou dispositif de retenue du
courant (100, 110)       de fagonnage ou formage du courant est fabri- pour
augmenter la duree de sejour dans loes-  35  qu6 principalement en platine
ou en alliage du pace de tete, lequel dispositif de retenue du     platine.
courant est supporte dans l'espace de tete en- 



dessous de l'ouverture d'entree (36).         PatentansprUche 13. Appareil
suivant la revendication 11,    40  1. Verfahron zum Schmelzen und Lautern
glasi- caract6ris6 en ce quo le dispositif de formage    gen Materials
durch Herstellen einer Matedi- ou fagonnage du courant (62, 63) comprend
alschmeize, Einbringen eines Stromes des ge- une partie de l'ouverture
d'entr~e (36).         schmolzenen Materials in einen Raum Ober elnem
Volumen (51) des geschmolzenen Mate- 14. Appareil suivant la revendication
11,    45      rials, in dem ein ausreichender Unterdruck auf- caracterise
en ce quo le dispositif de formage    rechterhalten wird, um mindestens
Teile des ou fagonnage du courant (67, 70, 75) est sup-     geschmolzenen
Materials aufzusch~umen, und port6 dans l'espace de tate en-dessous de
Hindurchleiten des Stromes durch den Raum l'ouverture d'entree (36).
mit einer anderon als nur zylindrischen Form so      Ober mindestens eonen
Teil des Wages durch 15. Appareil suivant la revendication 11,
den Raum, um dadurch das Aussetzen des caract6ris6 en ce quo le dispositif
de fagonna-   Stromes dem Unterdruck und das Kollabieren go ou formage du
courant comprend un 61-         des Schaumes (50) in das Volumen (51) des
ment a perforations (62, 63).                    geschmolzenen Materials zu
vergr5oern. 55 16. Appareil suivant la revendication 13,        2.
Verfahren zum Schmelzen und LAutern glasi- caracterise en ce quo l'l6ment
de fagonnage     gen Materials durch Herstellen einer Materi- ou formage du
courant comprend une grille ou      alschmeize, Einbringen eines Stromes
des ge- 13    25                EP O 297 405 B1                    26
I1111111 11111111111 11111 II I! \   schmolzenen Materials in einen Raum
Ober            geschmolzenen  Materials  (51) aufnehmen elnem Volumen (51)
des geschmolzenen Mate-         kann, das mit einem  Kopfraum im Behalter
rials, in dem ein ausreichender Unterdruck auf-   (12) Uber dem Volumen des
geschmolzenen rechterhalten wird, um mindestens Teile des        Materials
(51) gelutert wird, mit einer EinlaB- geschmolzenen Materials aufzuschaumen
und   5      offnung (36) zum Einbringen eines Stromes um dadurch den Strom
zeitweilig am direkten        zusktzlichen, geschmolzenen Materials in den
Hindurchfallen durch den Unterdruckraum zu         Kopfraumteil des
Behilters (12), Einrichtungen hindern und fOr eine langere Zeit in dem Be-
(52) zum Anlegen eines Unterdruckes an den reich mit dem geringsten Druck
zurlckzuhal-        Kopfraum  und stromformende Einrichtungen ten, um
dadurch das Aussetzen des Stromes  to     (62, 63), verbunden mit dem
EinlaB (36), zum dem  Unterdruck und das Kollabieren des
Versehen mindestens eines Teiles des Stro- Schaumes (50) in das Volumen
(51) des ge-          mes im Kopfraum mit einer anderen als nur schmolzenen
Materials zu unterstktzen.             zylindrischen Form. 3. Verfahren
nach Anspruch 1,                 is  12. Vorrichtung zum Lautern
geschmolzenen Gla- dadureh gekennzelehnet,                            ses
mit einem Behalter (12), der ein Volumen daR eine Vielzahl von Str6men
durch minde-         geschmolzenen  Materials  (51) aufnehmen stens einen
Teil des Raumes gelangt.               kann, das mit einem  Kopfraum im
Behalter (12) Ober dem Volumen des geschmolzenen Verfahren nach Anspruch 3,
20       Materials (51) gelautert wird, mit einer EinlaB- dadurch
gekennzelchnet,                            6ffnung (36) zum Einbringen
eines Stromes daR ein einzelner Strom in den Raum eintritt
zusatzlichen, geschmolzenen Materials in den und in dem Raum in eine
Vielzahl von Stro-         Kopfraumteil des Behalters (12), Einrichtungen
men aufgeteilt wird.                              (52) zum Anlegen eines
Unterdruckes an den 25      Kopfraum und stromzurUckhaltende Einrichtun- 5.
Verfahren nach Anspruch 1,                         gen (100, 110), um die
Aufenthaltszeit im Kopf- dadurch gekennzelchnet,
raum zu verlangem, wobei die stromzurickhal- daB eine nicht zylindrische
Form dem Strom        tenden Einrichtungen im Kopfraum unter der auferlegt
wird, wenn er in den Raum durch          Einlal36ffnung (36) getragen sind.
eine Einla8offnungsanordnung (62, 63) eintritt.   30 13 Vorrichtung nach
Anspruch 11, 6. Verfahren nach Ansprlchen 1 oder 2,                dadurch
gekennzelchnet, dadurch gekennzelchnet,                            daR die
stromformenden Einrichtungen (62, 63) daB der Strom nach dem Eintritt in
den Raum        einen Teil der EinlaBoffnung (36) bilden. durch BerUhrung
mit einem festen Teil (67, 75,  35 100, 110) im Raum umgeformt wird.
14. Vorrichtung nach Anspruch 11, dadurch gekennzelchnet, 



7. Verfahren nach Anspruch 6,                         daB die
stromformenden Einrichtungen (67, 70, dadurch gekennzelehnet,
75) im Kopfraum unterhalb der EinlaB3ffnung daO das feste Teil (67, 75) den
Strom aufteilt.    40  (36) getragen sind. 8. Verfahren nach Anspruch 6,
15. Vorrichtung nach Anspruch 11, dadurch gekennzelchnet,
dadurch gekennzelehnet, daB das feste Tell (100, 110) die FlieRge-
daB die stromformenden Einrichtungen ein Tell schwindigkeit des Stromes
zurOckhalt.     45       mit Lochern (62, 63) aufweisen. 9. Verfahren nach
Anspruch 6,                      16. Vorrichtung nach Anspruch 13, dadurch
gekennzelchnet,                            dadurch gekennzelchnet, daB das
feste Tell (67, 75, 100, 110) die Dicke    daB das stromformende Tell ein
Gitter oder des Stromes verringert.                   50       Sieb (65)
aufweist. 10. Verfahren nach Anspruch 5,                     17.
Vorrichtung nach Anspruch 15, dadurch gekennzeichnet,
dadureh gekennzelohnet, daB des feste Tell (100, 110) den Flieflweg des
daB das stromformende Teil ein Behalter mit Stromes durch den Raum
verlangert.        55       einer Vielzahl von Offnungen (63) ist. 11.
Vorrichtung zum Lautern geschmolzenen Gla-     18. Vorrichtung nach
Anspruch 11 oder 12, ses mit einem Behalter (12), der ein Volumen
dadurch gekennzelehnet, 14    27                 EP 0 297 405 B1
28      * c         M ldaB das stromformende oder -zurlckhaltende Tell
(100, 110) so getragen ist, daB es im Weg des Stromes eine Oberflache mit
einer im we- sentlichen horizontalen Komponente ausbildet. 5 19.
Vorrichtung nach Anspruch 18, dadurch gekennzelchnet, daBl das
stromzurlickhaltende Tell eine sich horizontal erstreckende Rinne (110)
aufweist. 10 20. Vorrichtung nach AnsprUchen 11 oder 12, dadurch
gekennzelchnet, dal das stromformende. oder -zurUckhaltende Tell eine
Vislzahl von Raumen aufweist, durch die das geschmolzene Material aus dem
Tell  15 flielen kann. 21. Vorrichtung nach Anspruch 14, dadurch
gekennzelchnet, dal3 das stromformende Tell von einem sich   20 horizontal
erstreckenden Arm (80) getragen wird. 22. Vorrichtung nach AnsprUchen 11
oder 12, dadurch gekennzelchnet,                    25 daB das
stromformende oder -zurOckhaltende Teil prinzipiell aus Platin oder einer
Platinlegie- rung hergestellt ist. 30 35 40 45 50 55 15    


