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noted above, the driving force for increasing the rate of flow through the
passages of the vacuum section The present invention relates to the use of
subat-  can be provided only by increasing the depth of the mospheric
pressure to expedite refining of molten  melt upstream of the vacuum
section relative to the glass or the like. More particularly, the invention
re-   5   depth of the melt downstream from the vacuum sec- lates to a
practical arrangement for controlling the  tion. The magnitude of this
level difference is exacer- amount of foaming in such a refining technique.
bated by the viscous drag inherent in these systems. In the melting of
glass, substantial quantities of  Because accelerated erosion of the side
walls occurs gas are produced as a result of decomposition of   at the
elevation of the surface of the melt, signifi- batch materials. Other gases
are physically entrained   10  cantly changing the level aggravates the
erosion by the batch materials or are introduced into the  which, in turn,
deteriorates the quality of the product melting glass from combustion heat
sources. Most   glass. of the gas escapes during the initial phase of
melting,  A simpler structure is shown in U.S. Patent No. i but some become
entrapped in the melt. Some of the  3 429 684, wherein batch materials are
fed through trapped gas dissolves in the glass, but other portions   15   a
vacuum lock and melted at the top of a vertically form discrete gaseous
inclusions known as bubbles  elongated vacuum chamber. Varying throughput
in or <<seeds>> which would be objectionable if permit-  that arrangement
appears to require changing the ted to remain in unduly high concentrations
in the  amount of vacuum imposed in the chamber, which product glass. The
gas inclusions will rise to the sur-  would disadvantageously alter the
degree of refining face and escape from the melt if given sufficient time
20   achieved. Melting raw materials within the vacuum in the stage of a
melting operation known as <<refin-  chamber is another disadvantage of
that arrange- ing>> or <<fining>>. High temperatures are convention-  ment
for three reasons. First, large volumes of foam ally provided in the
refining zone to expedite the rise  would be created by carrying out the
initial decompo- and escape of the gaseous inclusions by reducing the
sition of the raw materials under vacuum, which viscosity of the melt and
by enlarging the bubble di-  25   would require a vessel large enough to
contain the ameters. The energy required for the high tempera-  foam.
Second, there is a danger that raw materials tures employed in the refining
stage and the large  may follow a short circulation path to the output
melting vessel required to provide sufficient resi-  stream, thus avoiding
adequate melting and refining. dence time for the gaseous inclusions to
escape from  Third, carrying out the initial stages of melting and the melt
are major expenses of a glassmaking opera-   30   heating the melt to a
refining temperature within the tion. Accordingly, it would be desirable to
assist the  vacuum vessel require large amounts of heat to be refining
process to reduce these costs.            supplied to the melt within the
vessel. Such a major It has been known that reduced pressure could as-
heat input to the vessel inherently induces convec- sist the refining
process by reducing the partial pres-  tion currents within the melt that
increase erosion of sure of the included gaseous species and by increas-
35  the walls, which leads to contamination of the re- ing the volume of
bubbles within the melt so as to  fined product stream. speed their rise to
the surface. The impracticality of  U.S. Patent No. 4 195 982 discloses
initially melt- providing a gas-tight vessel on the scale of a conven-  ing
glass under elevated pressure and then refining tional refining chamber so
as to draw a vacuum      the glass in a separate chamber at a lower
pressure. therein has limited the use of vacuum refining to rela-   40
Both chambers are heated. tively small scale batch operations such as
disclosed  A problem encountered with vacuum refining on I in U.S. Patent
Nos. 1 564 235; 2 781 411;           any scale, whether continuous or
batchwise, is the 2 877 280; 3 338 694; and 3 442 622.
copious volume of foam that is sometimes produced, Continuous vacuum
refining processes have been    particularly at lower pressures. A large
space above proposed but have not found acceptance for large   45  the
liquid container must be provided to accommo- scale, continuous manufacture
of glass due to vari-  date the foam. Since this head space must also be
ous drawbacks. In the continuous vacuum refining    maintained gas-tight,
its construction can be a sig- arrangements shown in U.S. Patent Nos. 805
139;     nificant economic drawback, particularly on a large 1 598 308; and
3 519 412 a major disadvantage is   scale process. As a result, the foam
acts as a limiting the requirement for relatively narrow vertical pas-   50
factor to the degree of vacuum that can be utilized. sageways leading into
and out of the vacuum zone   It would be desirable to alleviate this
constraint on necessitated by the pressure difference. These pas-  vacuum
refining processes without incurring major sageways complicate the
construction of such a ves-  capital expenditures. sel, particularly in
view of the requirement for gas-  U.S. Patent No. 3 350 185 discloses a
technique tight walls, increase the exposure of the throughput   55  for
collapsing foam in a glass melting process at et to contaminating
refractory contact, and impose a   mospheric pressure, wherein an abrupt
change in significant viscous drag to the throughput flow. It  oxidizing or
reducing condition of the combustion may be noted that a column of glass of
about 4.5    was found to cause foam to collapse. meters is required to
balance a vacuum of one-half atmosphere. Varying the output of such a
system is  so   Summary of the Invention also a problem, particularly in
view of the viscous  In the present invention, the volume of foam [err]
drag factor. Variability is important in a continous  cumulating in a
vacuum refining chamber is [err] commercial operation due to changes in the
product  trolled by applying agents to the foam that [err] being made and
economic factors that affect the rate  conditions in the foam, causing
coalescence of of production desired. In each of the three patents   65
bles and/or interrupting the surface tension in [err] 2    3
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membranes so that they burst. One group of agents    Although not limited
thereto, the present invention found to be effective on glass foam are
alkali metal  is advantageously used in conjunction with a vacu- compounds
such as sodium hydroxide or sodium car-  urn refining system disclosed in
copending European bonate. Portions of foam in the vacuum chamber
Patent Application EP-A2-0 231 518, published on have been found to be
slightly depleted in alkali con-   5    12.08.87 and thus falling within
the terms of Article tent, presumably due to the relative volatility of
alka-  54 (3) EPC. In that application an arrangement is dis- lis in the
reduced pressure environment. As a result,  closed whereby vacuum refining
may be employed in it is believed that the viscosity of the foam is higher
a commercial scale, continuous glass melting than that of the body of
molten glass, and that the  process in a manner that advantageously and
eco- foam is therefore more difficult to collapse. By apply-   10
nomically overcomes the drawbacks of the prior art. ing alkali to the foam,
its viscosity is lowered and  Molten glass is admitted to the vacuum
refining bursting of bubbles is rendered easier. The addition  chamber only
afterthe majority of the thermal energy of a viscosity altering agent to
the foam also appears  required for melting has been imparted to the melt
so to disturb the bubble membranes, causing them to   that little or no
thermal energy need by supplied to rupture. Some bursting due to direct
impingement ef-  15  the molten material contained within the vacuum fects
may also be involved. The alkali added prefera-  chamber. bly corresponds
to the depleted species in kind as   Preferably, no more heat is added at
the vacuum well as in amount so as to maintain the targeted   stage than is
necessary to compensate for heat loss product composition. For
soda4ime-silica glass the  through the vessel walls. At sufficiently high
most significant depletion is of sodium, and there-   20  throughput rates,
the vacuum chamber may be com- fore the foam-breaking agent is preferably a
sodium  pletely unheated. In preferred embodiments, batch compound. The
alkali metal compound may be ad-     materials are first liquefied at a
stage specifically ded as a solid or in solution, and is directed onto the
adapted for that step of the process, and the liq- foam in the vacuum
chamber either continuously or   uefied material is transferred to a second
stage intermittently.                               25   where dissolution
of solid particles is essentially The preferred foam breaking agent of the
present  completed and the temperature of the material may invention is
water. As with the alkali, the water may  be raised to a temperature
suitable for refining. Sub- disrupt the membranes of foam bubbles, either
by   sequently, the molten material is passed to the vacu- droplet impact
or by viscosity modification. Another  urn chamber. As a result, a large
portion of the gase- theory is that spraying water onto the foam cools the
30   ous by-products of melting are driven off before the upper portion of
the foam, causing convective circu-  material is subjected to vacuum, and
the region of lation within the foam. The increased motion due to  greatest
gas evolution is separated from the refining the circulation is believed to
accelerate coalescence  zone, whereby materials undergoing the early stages
of bubbles into larger bubbles that burst more readi-  of melting cannot
become mixed with portions of the ly. This effect is also believed to be
present when us-   35   melt undergoing refining. Because most or all of
the ing alkali solutions, and even when dry alkali corn-  thermal
requirement for melting has been satisfied pounds are deposited onto the
foam. The use of      before the material enters the vacuum refining stage,
water is advantageous because water is readily dis-  and heating of the
refining stage can therefore be solved in the molten glass with little
effect on the  substantially avoided, excessive convection of the
properties of the product glass, and because increas-   40   melt in the
refining zone can be avoided. As a result, ing the partial pressure of
water vapor in the refining  vessel erosion is reduced, and the probability
of in- chamber does not effect the removal of relatively in-  completely
refined portions of the melt becoming soluble gases from the melt. It is
also an advantage  mixed with more refined portions is reduced. that water
is easily handled and can be sprayed con-  Other aspects of the preferred
vacuum refining ar- tinuously or intermittently onto the foam at a readily
45   rangement relate to advantages in throughput con- regulated rate.
trol. Liquefied material is metered into the upper end Combustible liquids
such as alcohol or fuel oil   of the vacuum chamber through valve means and
re- could also be used as a foam breaking agent. In that  fined melt is
passed from the lower end of the vacu- case, the combustion of the liquid
would add thermal  um chamber through another valve arrangement. energy to
the system as an additional benefit.  50   The height of liquid maintained
within the vacuum chamber is preferably at least slightly greater than The
Drawings                                       the height required to
counterbalance the vacuum. The figure 1 is a vertical cross-section through
Thus, the throughput rate can be controlled by three stages of a melting
operation including a liq-  means of the valves without altering the vacuum
uefaction stage, dissolving stage and a vacuum    55   pressure in the
chamber and without changing the refining stage in accordance with a
preferred em-  liquid level within the chamber. Conversely, a range
bodiment of the present invention.                 of vacuum pressures can
be employed without changing the throughput rate. Aside from the valves,
Detailed Description                               the system is provided
with relatively low resistance The detailed description will be set forth
in con-   60  to flow of the molten material therethrough. junction with a
method and apparatus specifically    The preferred configuration for the
vacuum refin- adapted for melting glass and similar glassy materi-  ing
chamber is a vertically elongated vessel, most als, but it should be
understood that the invention is  conveniently in the shape of an upright
cylinder. This applicable to the processing of other materials as
arrangement advantageously places the incoming well.
65   material, laden with gas and usually foaming, at the 3    5
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readily rise and escape from the liquid phase. As the  within the vessel.
Exhaust gases may escape from molten material progresses downwardly toward
an    the interior of the liquefaction vessel through an outlet at the
bottom, the increasing pressure due to  opening 23 in the lid.
Advantageously the waste heat the depth of the melt in the vessel induces
residual   5   in the exhaust gases may be used to preheat the gases to
remain in solution and decreases the volume  batch material in a preheating
stage (not shown) of any small seeds that may remain. Dissolution is  such
asthat disclosed in U.S. Patent No.4 519 814. also aided by permitting the
temperature to fall as the  Batch materials, preferably in a pulverulent
state, material progresses through the refining vessel.    may be fed into
the cavity of the liquefying vessel by In conventional melting of glass,
sodium sulfate or   10   means of a chute 24, which in the embodiment
calcium sulfate or other sources of sulfur are in-  depicted extends
through the exhaust opening 23. cluded in the batch materials to aid the
melting and  Details of the feed chute arrangement may be seen refining
process. The presence of sulfur compounds  in U.S. Patent No. 4 529 428.
The batch chute 24 in the melt has been found to be a problem when
terminates closely adjacent to the sidewalls of the refining with vacuum
because of the large volumes   15   drum 10, whereby batch material is
deposited onto of foam induced and because of attack on the ce-   the inner
sidewall portions of the drum. A layer 25 of ramic refractory walls of a
vacuum refining vessel.  the batch material is retained on the interior
walls of But heretofore, effective melting and refining of  the drum 10
aided by the rotation of the drum and glass have been difficult to achieve
without the sul-  serves as an insulating lining. As batch material on fur
compounds. It is yet another advantageous   20  the surface of the lining
25 is exposed to the heat aspect of the preferred vacuum fining arrangement
within the cavity, it forms a liquefied layer 26 that that glass can be
melted and refinded to a high stan-  flows down the sloped lining to a
central drain open- dard of quality with the use of little or no sulfur.
This  ing at the bottom of the vessel. The outlet may be fit- is feasible
in the present invention because the melt-  ted with a ceramic refractory
bushing 27. A stream ing and refining steps are carried out in discrete
25   of liquefied material 28 falls freely from the liquefac- stages,
whereby each stage may be carried out by a  tion vessel through an opening
29 leading to the sec- process adapted to minimize or avoid the use of
refin-  ond stage 11. ing aids.
The second stage may be termed the dissolving Referring to the figure, the
overall melting process  vessel because one of its functions is to complete
the of the present invention preferably consists of three   30
dissolution of any unmelted grains of batch material stages: a liquefaction
stage 10, a dissolving stage 11  remaining in the liquefied stream 28
leaving the liq- and a vacuum refining stage 12. Various arrange-
uefaction vessel 10. The liquefied material at that ments could be employed
to initiate the melting in the  point is typically only partially melted,
including un- liquefaction stage 10, but a highly effective arrange-
melted sand grains and a substantial gaseous phase ment for isolating this
stage of the process and carry-   35  The dissolving vessel 11 serves the
function of ing it out economically is that disclosed in U.S.   completing
the dissolution of unmelted particles in Patent No. 4 381 934, to which
reference may be    the liquefied material coming from the first stage by
hadfordetailsof thepreferredliquefactionstageem-    providing residence
time at a location isolated from bodiment. The basic structure of the
liquefaction  the downstream  refining stage. Soda-lime-silica vessel is a
drum 15 which may be fabricated of steel   40   glass batch typically
liquefies at a temperature of and has a generally cylindrical sidewall
portion, a  about [err]  to  [err] and generally open top, and a bottom
portion that is    enters the dissolving vessel 11 at a temperature of
closed except for a drain outlet. The drum 15 is    about [err]   to  about
[err] mounted for rotation about a substantially vertical  [err], at which
temperature residual unmelted axis, for example, by means of an encircling
support  45   particles usually become dissolved when provided ring 16
rotatably carried on a plurality of support  with sufficient residence
time. The dissolving vessel wheels 17 and held in place by a plurality of
aligning  11 shown is in the form of a horizontally elongated wheels 18. A
substantially enclosed cavity is formed  refractory basin 30 with a
refractory roof 31, with within the drum 15 by means of a lid structure 20
the inlet and outlet at opposite ends thereof so as to which is provided
with stationary support by way of   50   assure adequate residence time.
The depth of molten a peripheral frame 21, for example. The lid 20 may be
material in the dissolving vessel may be relatively constructed of
refractory ceramic material and may  shallow in order to discourage
recirculation of take a variety of forms as may be known to those of
material. skill in the refractory furnace construction art. The  Although
the addition of substantial thermal ener- arrangement depicted in the
figure is an upwardly   55   gy is not necessary to perform the dissolving
step, domed, sprung arch construction fabricated from a   heating can
expedite the process and thus reduce the plurality of refractory blocks. It
should be understood  size of the dissolving vessel 11. More significantly,
that monolithic or flat suspended designs could be  however, it is
preferred to heat the material in the dis- employed for the lid.
solving stage so as to raise its temperature in prepa- Heat for liquefying
the batch material may be   60   ration for the refining stage to follow.
Maximizing the provided by one or more burners 22 extending
temperature for refining is advantageous for the sake through the lid 20.
Preferably, a plurality of burners  of reducing glass viscosity and
increasing vapor are arranged around the perimeter of the lid so as to
pressure of included gases. Typically a temperature direct their flames
toward a wide area of the material  of about  [err] is considered desirable
within the drum. The burners are preferably water   es  for refining
soda-lime-silica glass, but when vacuum 4    7                 EP 0 253188
B1                   8 is employed to assist refining, lower peak refining
with reduced thickness adjacent to the tube 55 so as temperatures may be
used without sacrificing       to reduce the insulating effect on the tube,
thereby 



[err] quality. The amount by which temperatures  permitting the temperatur
of the tube to be elevated can  be reduced depends upon the degree of
vacuum.  to prevent freezing of material within the tube. Leak - Therefore,
when refining is to be performed under   5   age around the tube is
prevented by a water cooler vacuum in accordance with the present
invention,    57 under the bottom section 56. The flow rate of the glass
temperature need be raised to no more than        molten material from the
drain tube 55 is controlled [err], for example, preferably no more  by a
conical throttle member 58 carried at the end of than  [err], and optimally
no more than  a stem 59. The stem 59 is associated with mechani- [err]
prior to refining. Peak tempera-   10  cal means (not shown) to adjust the
elevation of the ture reductions on this order result in significantly
throttle member 58 and thus adjust the gap between longer life for
refractory vessels as well as energy  the throttle member and the tube 55
so as to control savings. Thus, liquefied material entering the dis-  the
flow rate therefrom. A molten stream 60 of re- solving vessel need be
heated only moderately to   fined material falls freely from the bottom of
the prepare the molten material for refining. Combustion   15  refining
vessel and may be passed to a forming sta- heat sources could be used in
the dissolving stage  tion (not shown) where it may be shaped to the 11,
but it has been found that this stage lends itself  desired product.
Refined glass, for example, may be well to electric heating, whereby a
plurality of elec-  passed to a float glass forming chamber where the
trodes 32 may be provided as shown in the figure ex-  molten glass floats
on a pool of molten metal to form tending horizontally through the
sidewalls. Heat is  20   a flat sheet of glass. generated by the resistance
of the melt itself to elec-  Although various shapes could be employed, the
tric current passing between electrodes in the tech-  refining vessel 12 is
preferably cylindrical in configu- nique conventionally employed to
electrically melt  ration. The cylindrical shape is advantageous for the
glass. The electrodes 32 may be carbon or molybde-  sake of constructing a
gas-tight vessel. The ratio of num of a type well known to those of skill
in the art.  25  interior surface contact area to volume is also A valve
controlling the flow of material from the  minimized with a circular
cross-section. Compared dissolving stage 11 to the refining stage 12 is
corn-  to a conventional open hearth type recirculating prised of a plunger
35 axially aligned with a drain tube  refiner, only a fraction of the
refractory contact area 36. The shaft 37 of the plunger extends through the
is entailed by the cylindrical vacuum refiner of the roof 31 of the
dissolving vessel so as to permit con-   30   present invention. trol over
the gap of the plunger 35 and the tube 36  The height of molten material 51
retained in the to thereby modulate the rate of flow of material into
refiner 12 is dictated by the level of vacuum imposed the refining stage.
The valve tube 36 may be fabri-  in the chamber. The pressure head due to
the height cated of a refractory metal such as platinum and is  of the
liquid must be sufficient to establish a pressure sealingly fitted into an
orifice 44 at the upper end of   35   equal to or greater than atmospheric
at the outlet to the refining vessel.                                permit
the material to drain freely from the vessel. The refining stage 12
preferably consists of a verti-  The height will depend upon the specific
gravity of cally upright vessel that may be generally cylindrical  the
molten material, which for soda-lime-silica glass in configuration, having
an interior ceramic re-    at the temperatures involved is about 2.3. A
height fractory lining 40 shrouded in a gas-tight water-   40  in excess of
the minimum required to offset the vacu- ooled casing. The casing may
include a double      um may be desired to account for fluctuations in at-
walled, cylindrical sidewall member 41 having an an-  mospheric pressure,
to permit variation of the vacu- nular water passageway therebetween and
circular    um, and to assure steady flow through the outlet. In end
coolers 42 and 43. Any suitable cooling arrange-.  the preferred
embodiments of the present invention, ment may be employed. A layer of
insulation (not   45   a substantial excess height is provided so that the
shown) may be provided between the lining 40 and    outlet flow rate is not
determined by the vacuum the jacket 41.
pressure, but rather by mechanical valve means. As the molten material
passes through the tube 36  Such an arrangement permits the throughput rate
and encounters the reduced pressure within the      and the vacuum pressure
to be varied independently refining vessel, gases included in the melt
expand in  so   of each other. Alternatively, the pressure at the out-
volume creating a foam layer 50 resting on a body of  let could be below
atmospheric if the outlet is provid- liquid 51. As foam collapses it is
incorporated into  ed with pump means to overcome the pressure the liquid
body 51. Subatmospheric pressure may be  differential. An example of a pump
that is intended established within the refining vessel through a    for
use with molten glass is disclosed in U.S. Patent vacuum conduit 52
extending through the upper por-  55   No. 4 083 711. tion of the vessel.
Optionally, a burner 53 may be    The benefits of vacuum on the refining
process are provided to heat the upper portion of the vessel in-  attained
by degrees; the lower the pressure, the terior.
greater the benefit. Small reductions in pressure be- Refined molten
material is drained from the bottom  low atmospheric may yield measurable
improve- of the refining vessel 12 by way of a drain tube 55 of   60
ments, but to economically justifythe vacuum cham- a refractory metal such
as platinum. The drain tube  ber the use of substantially reduced pressures
are 55 preferably extends above the surface of the      preferred. Thus, a
pressure of no more than one-half refractory bottom section 56 within which
it is     atmosphere is preferred for the appreciable refining mounted to
prevent any debris from entering the out-  improvements imparted to
soda-lime-silica flat glass. put stream. The bottom section 56 may be
provided   65   Even better results are obtained at one-third at- 5    9.
EP 0 253188 B1                  10 mosphere or less. Absolute pressures
less than     found that refining is not detrimentally affected. 0.13332
bar (100 torr) le.g. 0.02666 - 0.06666 bar  Most preferably, the sodium
sulfate is utilized at no 120-50 torr)] are preferred in order to yield
commer-  more than one part per 1000 parts sand, with one- 



cial float glass quality of about one seed per 1000 to  half part being a
particularly advantageous example. 10 000 cubic centimeters. Seeds less
than 0.01 mil-   5   These weight ratios have been given for sodium sul-
limeter in diameter are considered imperceptible and  fate, but it should
be apparent that they can be nor- are not included in the seed counts.
malized to other sulfur sources by molecular weight The foam breaking
agents of the present invention  ratios. Omitting any deliberate addition
of refining may be injected into the refining vessel by means of  aids is
also feasible, but trace amounts of sulfur in a tube 54 extending to the
upper portion of the vacu-   10  some mineral batch materials sometimes
cause urn headspace, for example through the top cooler   minor amounts of
sulfur to be present. 42 as shown in the drawing. The tube may be provid-
Other variations as would be known to those of ed with a water cooled
jacket (not shown) to extend  skill in the art may be resorted to within
the scope of its life. Liquids such as water can be sprayed into the  the
present invention as defined by the claims that vessel by way of the tube
54 continuously or inter-  15  follow. mittently. In one example, the foam
level was satis- factorily controlled while refining soda-lime-silica
Claims glass at a pressure of one-fourth atmosphere by in- jecting water at
a rate of about 3 gallons per ton of  1. A method of refining glassy
materials or the like glass produced. At a pressure of 40 torr a rate of
one   20   wherein a volume of the material (51) in a molten half gallon
per ton of glass was satisfactory. For in-  state is retained in a vessel
(12), subatmospheric troducing solid foam-breaking materials into the
pressure is maintained in the vessel abovethe molten headspace of the
refining vessel, a straight, water  material so as to assist refining of
the material, cooled tube with an air lock may be provided through  whereby
foam (50) is present above the material in the upper cooler 42. The amount
of foam-breaking   25  the vessel, characterized by depositing onto the
material to be used depends upon a number of fac-   foam substances that
accelerate collapse of the tors and the circumstances of the particular
case.  foam. The rate of foam generation and the headspace         2. The
method of claim 1 wherein the foam col- volume available to contain the
foam are obviously  lapsing substance is selected from the group consist-
factors to be considered. The rate of foam genera-   30  ing of water,
alkali metal compounds, and solutions tion, in turn, depends upon the
throughput rate, the  thereof. level of vacuum, the temperature and gas
content of   3. The method of claim 2 wherein the alkali metal the melt,
and the amount of gas-producing refining  compounds are sodium compounds.
aids present in the melt. The foam need not be totally  4. The method of
claim 3 wherein the foam col- suppressed, but rather it is preferred to
employ the   35  lapsing substance is selected from the group consist-
minimum amount of foam breaking agent to prevent    ing of sodium hydroxide
and sodium carbonate. an unacceptably large volume of foam accumulation.
5. The method of claim 1 wherein the pressure in Using unnecessarily large
amounts of foam breaking  the vessel (12) is no more than one-half of at-
material would be undesirable due to its cooling ef-  mospheric pressure.
fect on the melt. At the order of magnitude of the ex-   40  6. The method
of claim 1 wherein the pressure is amples given above, the amount of water
injected    no more than 0.13332 bar (100 torr). has been found to have an
insignificant effect on the  7. The method of claim 1 wherein the material
energy efficiency of the system. An example of an   (51) being refined is
soda-lime-silica glass, and is ini- undesirably large volume of foam would
be one that  tially provided with a sulfur source as a refining aid in
caused foam to enter the vacuum conduit 52 in the   45   an amount no
greater than an equivalent amount of embodiment shown in the drawing.
2 parts by weight sodium sulfate per 1000 parts by Melting and fining aids
such as sulfur or fluorine  weight of silica source material. compounds are
conventionally included in glass        8. The method of claim 1 wherein
the foam col- batches but produce a substantial portion of the un-  lapsing
substance is fed continuously onto the foam desirable emissions in exhaust
gas from glass melt-  50   (50). ing furnaces. Their elimination would be
desirable,   9. The method of claim 1 wherein the foam col- but to attain
the highest levels of quality, particularly  lapsing substance is fed
intermittently onto the foam for flat glass standards, use of the aids has
been con-  (50). sidered necessary. Furthermore, sulfur sources        10.
The method of claim 1 wherein the material is (e.g., sodium sulfate,
calcium sulfate) have been   55  liquefied prior to entering the vessel
(12). found to cause excessive foaming under vacuum.        11 .The method
of claim 7 wherein the material Typically, flat glass batch includes sodium
sulfate in  (51 ) has no deliberate inclusion of a sulfur-containing the
amounts of about 5 to 15 parts by weight per    refining aid. 1000 parts by
weight of the silica source material    12. Themethodofclaim 1
whereinthecollapseof (sand), with about 10 parts by weight considered   60
foam (50) is accelerated by spraying water toward desirable to assure
adequate refining. When operat-  the foam. ing in accordance with the
present invention,         13. The method of claim 1 wherein the foam col-
however, it has been found preferable to restrict the  lapsing substance is
liquid. sodium sulfate to two parts by weigth to maintain a   14. The
method of claim 13 wherein the liquid is manageable level of foaming, and
yet it has been   65   combustible. 6    9.                 EP 0 253 188 B1
10 mosphere or less. Absolute pressures less than      found that refining
is not detrimentally affected. 0.13332 bar (100 torr) (e.g. 0.02666 -
0.06666 bar  Most preferably, the sodium sulfate is utilized at no (20-50
torr)] are preferred in order to yield commer-  more than one part per 1000
parts sand, with one- cial float glass quality of about one seed per 1000
to  half part being a particularly advantageous example. 



10 000 cubic centimeters. Seeds less than 0.01 mil-   s   These weight
ratios have been given for sodium sul- limeter in diameter are considered
imperceptible and  fate, but it should be apparent that they can be nor-
are not included in the seed counts.                malized to other sulfur
sources by molecular weight The foam breaking agents of the present
invention  ratios. Omitting any deliberate addition of refining may be
injected into the refining vessel by means of  aids is also feasible. but
trace amounts of sulfur in a tube 54 extending to the upper portion of the
vacu-   to  some mineral batch materials sometimes cause um headspace, for
example through the top cooler    minor amounts of sulfur to be present. 42
as shown in the drawing. The tube may be provid-   Other variations as
would be known to those of ed with a water cooled jacket (not shown) to
extend  skill in the art may be resorted to within the scope of its life.
Liquids such as water can be sprayed into the  the present invention as
defined by the claims that vessel by way of the tube 54 continuously or
inter-  15  follow. mittently. In one example, the foam level was satis-
factorily controlled while refining soda-lime-silica  Claims glass at a
pressure of one-fourth atmosphere by in- jecting water at a rate of about 3
gallons per ton of  1. A method of refining glassy materials orthe like
glass produced. At a pressure of 40 torr a rate of one   20   wherein a
volume of the material (51) in a molten half gallon per ton of glass was
satisfactory. For in-  state is retained in a vessel (12). subatmospheric
troducing solid foam-breaking materials into the    pressure is maintained
in the vessel above the molten headspace of the refining vessel, a
straight, water  material so as to assist refining of the material, cooled
tube with an air lock may be provided through  whereby foam (50) is present
above the material in the upper cooler 42. The amount of foam-breaking   25
the vessel, characterized by depositing onto the material to be used
depends upon a number of fac-   foam substances that accelerate collapse of
the tors and the circumstances of the particular case.  foam. The rate of
foam generation and the headspace         2. The method of claim 1 wherein
the foam col- volume available to contain the foam are obviously  lapsing
substance is selected from the group consist- factors to be considered. The
rate of foam genera-   30  ing of water, alkali metal compounds, and
solutions tion, in turn, depends upon the throughput rate, the  thereof.
level of vacuum, the temperature and gas content of   3. The method of
claim 2 wherein the alkali metal the melt, and the amount of gas-producing
refining  compounds are sodium compounds. aids present in the melt. The
foam need not be totally  4. The method of claim 3 wherein the foam col-
suppressed, but rather it is preferred to employ the   35  lapsing
substance is selected from the group consist- minimum amount of foam
breaking agent to prevent    ing of sodium hydroxide and sodium carbonate.
an unacceptably large volume of foam accumulation.    5. The method of
claim 1 wherein the pressure in Using unnecessarily large amounts of foam
breaking  the vessel (12) is no more than one-half of at- material would be
undesirable due to its cooling ef-  mospheric pressure. fect on the melt.
At the order of magnitude of the ex-   40  6. The method of claim 1 wherein
the pressure is amples given above, the amount of water injected    no more
than 0.13332 bar (100 torr). has been found to have an insignificant effect
on the  7. The method of claim 1 wherein the material energy efficiency of
the system. An example of an   (51) being refined is soda-lime-silica
glass, and is ini- undesirably large volume of foam would be one that
tially provided with a sulfur source as a refining aid in caused foam to
enter the vacuum conduit 52 in the   45   an amount no greater than an
equivalent amount of embodiment shown in the drawing.                    2
parts by weight sodium sulfate per 1000 parts by Melting and fining aids
such as sulfur or fluorine  weight of silica source material. compounds are
conventionally included in glass        8. The method of claim 1 wherein
the foam col- batches but produce a substantial portion of the un-  lapsing
substance is fed continuously onto the foam desirable emissions in exhaust
gas from glass melt-  50   (50). ing furnaces. Their elimination would be
desirable,   9. The method of claim 1 wherein the foam col- but to attain
the highest levels of quality, particularly  lapsing substance is fed
intermittently onto the foam for flat glass standards, use of the aids has
been con-  150). sidered necessary. Furthermore, sulfur sources        10.
The method of claim 1 wherein the material is (e.g., sodium sulfate,
calcium sulfate) have been   55  liquefied prior to entering the vessel
(12). found to cause excessive foaming under vacuum.        11.The method
of claim 7 wherein the material Typically, flat glass batch includes sodium
sulfate in  (51) has no deliberate inclusion of a sulfur-containing the
amounts of about 5 to 15 parts by weight per    refining aid. 1000 parts by
weight of the silica source material    12. The methodof claim 1
whereinthecollapseof (sand), with about 10 parts by weight considered   60
foam (50) is accelerated by spraying water toward desirable to assure
adequate refining. When operat-  the foam. ing in accordance with the
present invention,         13. The method of claim 1 wherein the foam col-
however, it has been found preferable to restrict the  lapsing substance is
liquid. sodium sulfate to two parts by weigth to maintain a   14. The
method of claim 13 wherein the liquid is manageable level of foaming, and
yet it has been   65   combustible. 6    | V                    11
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IIII Patentanspfiche                                      Revendications 1.
Procede d'affinage de matieres vitreuses et Verfahren zum Raffinieren von
Glasmaterial      analogues, conform*ment auquel on retient un oaer
dergleichen, be! dem ein Volumen des Materials    5    volume de la matiere
(511 a l'eat fondu dans un reci- (51) in geschmolzenem Zustand in einem
Behalter      voe  de 2a matie u51    pretaion  dnsrun 6cla 



.12 geale wid .be d.  .ec         ee Mate-,          pient  1 2). on
mamntient une pression inf~rieure a la rial zur Unterstutzung des
Raffinieres s  des Materials  pression atmospherique dans le recipient
au-dessus si   Unterdruc.   .u rec R.teaten  ides   woberias   de Ia
matiAre fondue afin de favoriser l'affinage de la emn  unteruruck
aufrechterhalten  wird, wobei        aird emus  5)datpdet  udsu Schaum (50)
Ober dem Material in dam Behalter vor-   matiAre. de Ia mousse (50) etant
presente au-dessus haden itg nnicnturh10   de la matiare dans le recipient,
caractdries en ce que nlon d6pose sur la mousse des substances qui accele-
Stoffen auf dem Schaum, die den Schaum zusam- menbrechen lassen.rent
'affassement de la mousse. 2. Verfahren nach An. pruch 1, dedurch gekenn-
2. Procddd suivant la revendication 1, caract6risd zeichnet, doa der
Schaunm zrsturende Staff aus der   en ce quo l'on choisit la substance
provoquant Gethnet, Wass der, Schaumzerstorgende  -Stoffausder  t15
l'affaissement de la mousse parmi l'eau, les compo- Gruppe Wasser,
Alkaliverbindungen und Losungen       ses de m6taux alcalins et leurs
solutions. derselben ausgewAhtt ist.                              3.
Proc6de suivant l revendication 2, caract6risd 3. Verfahren nach Anspruch
2, dadurch gekenn-      on ce qua les compos6s de metaux alcalins sont des
zeichnet, daB die Alkaliverbindungen Natriumverbin-  composes du sodium.
dungen sind.                                   20      4. Procdd6 suivant
la revendication 3, caractdris6 ze4. Verfahren nach Anspruch 3, dadurch
gekenn-      en ce quo l'on choisit la substance provoquant zeichnet, dal
der Schaum zerstoronda Stoff aus der   I'affaissement de la mousse dans le
groupe forme par Gruppe  Natriumhydroxid und Natriumcarbonat aus-
I'hydroxyde de sodium et le carbonate de sodium. gowihlt ist.
5. Procede suivant la revendication 1, caracterise 5. Vqrfahren nach
Anspruch 1, dadurch gekenn-   25   en ce que la pression qui rbgne dans le
r6cipient (12) zeichnet, daR der Druck in dam Behalter (12) nicht   n'est
pas superieure ala moitie de la pression atmos- mehr als die HAlfte des
Atmosparendruckes betragt.   pherique. 6. Verfahren nach Anspruch 1,
dadurch gekenn-        6. Procede suivant lia revendication 1, caract6rise
zeichnet, dag der Druck nicht mehr als 0.13332 Bar   en ce qua la pression
n'est pas superieure a 0. 13332 (100 Torr) betragt.
30   bar. 7. Procid6 suivant la revendication 1. caracterise 7. Verfahren
nach Anspruch 1, dadurch gekenn- ' ... ~~~~en ce que la matibre (51) h
affmner est un verre de *  zeichnet, dag das zu raffinierende Material (51)
So- zelcnet dafi ds z rafimeendematria lo  R >o-soude-chaux-silice at elle
est. a l'onigine, pourvue da-Kalk-Silikatglas ist und anflinglich mit einer
suecaxslc  tel  a.Alo~ae  oru da-Kak-Siikatgas it undanfaglichmit inerd'une
source de soufre servant d'adjuvant d'affinage Schwefelquelle als
Raffinierhilfsmittel in einer Men-  enune surce do sufre  a ladquvant
daffinar- Aquivalnt von2 Ge- 5   en une quantit6 non supbrieure A
1liquivalent do 2 par- ge von nicht mehr als dem Aquivalent von 2 Ge-
sulfatedosodiumpar1000partiesen wichtsteilen Natriumsulfat pro 1000
Gewichtsteile    poids do matire constituant la source do Ia silice.
Siliziumdioxidausgangsmaterial versehen wird.          8. Procede suivant
la revendication 1, caracterise 8. Verfahren nach Anspruch 1, dadurch
gekenn-      en ce qua l'on amene en continu la substance provo- zeichnet,
dag der Schaum zerstorende Stoff konti-  40   quant l'affaissement de la
mousse sur la mousse (50). nuierlich auf den Schaum (50) aufgebracht wird.
9. Procede suivant la revendication 1, caracterise 9. Verfahren nach
Anspruch 1, dadurch gekenn-      en ce qua Pon amene de fa(on intermittente
la sub- zeichnet, dao der Schaum zerstorende Stoff zeitwei-  stance
provoquant I'affaissement de la mousse sur ia se auf den Schaum (50)
aufgebracht wird.             mousse (50). 10. Verfahren nach Anspruch 1,
dadurch gekenn-   45  10. Procede suivant la revendication 1, caract6-
zeichnet, daR des Material vor dam Einbringen in den  rise en ce qu'on
liquefie la matiere avant qu'elle ne Behalter (12) verflussigt wird.
penetre dans le recipient (1 2). 11. Verfahren nach Anspruch 7, dadurch
gekenn-       1 1. Procedd suivant la revendication 7, caracte- zeichnet,
daB das Material (51) keine beabsichtigten  rise en ce qua la matiere (51)
ne comporte pas Einschlusse eines Schwefel enthaltenden Raffinier-  so
d'inclusion deliberee d'un adjuvant d'affinage conte- hilfsmittels
aufweist.                               nant du soufre. 12. Verfahren nach
Anspruch 1, dadurch gekenn-       12. Procede suivant la revendication 1,
caracte- zeichnet, dao der Schaum (50) durch Aufspruhen       ris ence
qu'on acceltre l'affaissement de la mousse von Wasser auf den Schaum
zerstort wird.             (50) en pulverisant de 1'eau sur la mousse. 13.
Verfahren nach Anspruch 1, dadurch gekenn-   55  13. Procede suivant la
revendication 1, caracte- zeichnet, dao der Schaum zerstorende Stoff
flussig   rise en ce quo ta substance qui provoque l'affaisse- ist.
ment de la mousse est liquide. 14. Verfahren nach Anspruch 13, dadurch ge-
14. Procedesuivantlarevendication13,caracte- kennzeichnet, dao die
Flussigkeit brennbar ist.      rise en ce que le liquide est combustible.
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