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(57) ABSTRACT 

A system for melting and delivering glass to a Work area 
such as spinners for making ?berglass includes a melter With 
heaters so arranged that the “hot spot” in the molten glass is 
located aWay from the Walls and corrosion sensitive parts so 
that the various elements of the melter Wear out at substan 
tially the same time. The system is further provided With a 
dual exhaust arrangement When the melter, conditioner and 
forehearth are located on the same ?oor of the plant, the ?rst 
exhaust being at the juncture of the melter and conditioner, 
and the second being an alternating replacement for one of 
the heating/cooling ori?ces and mechanisms in the condi 
tioner, so as to effectively limit the amount of corrosive 
volatiles reaching the forehearth. 
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GLASS MELTING APPARATUS AND METHOD 

RELATED APPLICATION 

[0001] This application is a continuation-in-part of Appli 
cation Ser. No. 08/917,207 ?led Aug. 25, 1997, now US. 
Pat. No. . 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to certain improvements in 
apparatus and methods for melting glass. More particularly, 
this invention relates to apparatus and methods Which con 
trol the location of the “hot spot,” i.e. area of highest 
temperature in the liquid pool of melting or molten glass in 
a glass melter so as to control the Wear out of various melter 
and discharge elements thereby reducing the number of 
shutdoWns needed for replacement or rebuild purposes. Still 
further, this invention relates to unique methods and appa 
ratus for venting corrosive volatiles from the system. 

[0003] Melters of various shapes and siZes Which present 
glass batch (usually in poWdered ingredient form, With or 
Without cullet) often by ?oating the batch material as a 
relatively thick layer on top of a molten pool of glass being 
heated and melted beneath the batch, and thereafter distrib 
uting the molten glass from the pool through a discharge port 
in a side Wall of the melter to a conditioning Zone (condi 
tioner), and thereafter to a forehearth array or other Working 
area, are Well knoWn in the art. Exemplary of such systems 
are conventional, in line combinations of a melter, condi 
tioner, and forehearth used to distribute molten glass to an 
array of spinners for making ?berglass batts of insulation. 
Other uses for such combinations are, of course, knoWn, and 
the art, as a Whole, is generally represented by the folloWing 
prior art references: 

U.S. Pat. NO. 3,498,779 4,365,987 
3,897,234 4,812,372 
4,001,001 4,994,099 
4,017,294 5,194,081 
4,023,950 5,616,994 

[0004] Generally speaking, and prior to my invention in 
the aforesaid application Ser. No. 08/917,207, now US. Pat. 
No. , the art of glass making accepted the problem of 
multiple shutdoWns due to the fact that the various elements 
in conventional melters, except in very unusual and unpre 
dictable situations, Wore out at different times. In this 
respect, it is characteristic in the prior art construction of 
melters to employ a cylindrical or rectangular tank-like 
con?guration in Which the side and bottom Walls are formed 
of refractory material such as Cr, Al—Zr—Si, or Al/Cr 
based compositions Whose corrosion rate usually increases 
With increased temperatures. Adding to this problem is the 
fact that in such con?gurations one or more discharge ports 
are either required or desired at different locations Within the 
tank, eg in the bottom Wall and in at least one location in 
the side Wall of the tank. Because the temperature of the 
glass can, and often does, differ markedly betWeen a “hot 
spot” volume in the molten glass, usually in the center of the 
tank near the bottom Wall, and the remaining molten glass 
volume, e. g. at the side Walls, melter parts in the cooler areas 
Wear out less rapidly than parts located in or proximal the 
“hot spot.” 
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[0005] In a typical example of this problem, the melting 
tank is provided in its bottom Wall With a discharge port for 
draining the tank and a side discharge port for distributing 
the molten glass to a conditioning Zone. Such discharge 
ports, Whether in the bottom or side Walls, are normally 
formed of molybdenum or an alloy thereof Which is rela 
tively corrosion resistant and thus is reasonably able to 
Withstand the high temperatures experienced in the melter 
over a given period of time. Unfortunately, like the refrac 
tory Wall material, these molybdenum based ports have a 
corrosion rate Which increases With temperature. 

[0006] In many melters it has also been conventional to 
cool the Walls by various techniques such as With a Water 
cooled shell surrounding the melter. Such cooling of the 
bottom and side Walls, despite inherent currents of How in 
the molten glass, tend to isolate the “hot spot” and set up the 
temperature differentials as discussed above, Which then 
lead to the differences in Wear out rates of the various parts 
and the need for expensive, time consuming, multiple shut 
doWns otherWise unnecessary if all the parts Were to Wear 
out at substantially the same time. 

[0007] In a typical prior art melter, for example, usually of 
a circular, cylindrical bottom, side Wall con?guration, the 
furnace is open topped, side and bottom Wall cooled, and is 
provided With electrodes to melt the batch material. These 
electrodes are usually located in the melter either above the 
batch or in the molten pool of glass itself, often near the 
bottom or inserted through the batch. PoWdered batch mate 
rial is then “?oated” on top of the melting glass beneath it, 
usually by a conventional, metered batch delivery system 
located above the melt area and fed by gravity continuously 
to the batch layer as its underneath surface melts into the 
molten volume of glass beneath it. It is, of course, Within this 
molten glass volume beneath the batch layer that the afore 
said “hot spot” forms. 

[0008] While convection currents created in the melting 
glass serve to equaliZe, someWhat, the temperature of the 
molten glass pool, it is very often an inherent characteristic 
of such melters, particularly Where bottom entry electrodes 
are employed, that the bottom center of the melter is Where 
the “hot spot” forms. For example, a typical “hot spot” may 
be from about 3150°-3250° F. By contrast, the side Walls 
Will only then be, particularly if Water-cooled, at a signi? 
cantly loWer temperature, eg about 2500°-2700° F. Even if 
Water-cooled, in certain instances, the bottom Wall Will be so 
close to the “hot spot” that its temperature in a localiZed area 
Will, for all intents and purposes, be that of the “hot spot,” 
thus differing from other areas of the bottom Wall, as Well as 
the side Wall and discharge port in the side Wall. Since the 
drainage port is conventionally located in the center of the 
bottom Wall, and thus at or proximal the usual “hot spot” 
location, its corrosion rate differs markedly from that of the 
side discharge port and side Walls. 

[0009] As exempli?ed by the above typical melter 
arrangement, multiple melter shutdoWns may thus become 
necessary. For example, the discharge drain port and/or 
bottom Wall may have to be replaced, While the side Walls 
and side discharge port remain in acceptable operating 
condition, only to have to replace one or more of these tWo 
latter parts at a later time in a second shutdoWn, While the 
replaced bottom Wall and/or drain discharge port are not yet 
Worn suf?ciently to economically justify their replacement. 
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[0010] In short, it Would constitute a considerable advance 
in the art of glass melting if a technique Were developed 
Which could control the location of the aforesaid “hot spot” 
in a glass melter so as to displace it (locate it) aWay from the 
refractory Walls and metallic discharge port tubes (side and 
bottom) such that all of the elements in the melter subject to 
corrosion and Wear out therefrom Were to Wear out at 

substantially the same time. 

[0011] The term “at substantially the same time,” as used 
herein, means that the elements Which are the subject of 
corrosive Wear out are in such a condition at the time that 
one element is in the most advanced condition of Wear out, 
that it is economically justi?able to replace all the elements, 
rather than to go through another shutdoWn to replace a less 
Worn out element When it completely Wears out later in time. 

[0012] In my aforesaid co-pending Application Ser. No. 
08/917,207, now US. Pat. No. , the disclosure of 
Which is incorporated herein by reference, a signi?cant 
advance toWard reaching this goal and solving this prior art 
problem Was achieved, based upon the acceptance of the 
inherent location of the “hot spot” in the melter. By the use 
of a unique discharge port concept located in the side Wall 
of the melter, a suf?cient distance aWay from the “hot spot,” 
coupled optionally With side and bottom Wall cooling 
means, the side discharge ports and side Walls could justi 
?ably be replaced at the same time. In addition, in certain 
embodiments, by relying on convection currents and suf? 
cient bottom Wall cooling, the bottom Wall and bottom 
discharge drain theoretically could, at times, be controlled to 
Wear out at substantially the same time as the side Wall and 
side discharge port. Despite this signi?cant advance in the 
art, it has noW been found that the “hot spot” (i.e. volume of 
highest temperature) often exists, in certain furnaces, inher 
ently too close to the bottom and/or side Walls of the melter 
tank and that circulation currents, even With Wall cooling, 
are insuf?cient to keep the Wear out rate of the bottom Wall 
and bottom discharge ori?ce truly substantially equal to that 
of the side Walls and side discharge ori?ce. Thus there 
continues to be a need in the art for a still further improve 
ment Which creates an even more equalized Wear out rate 

among the essential parts in the melter (eg the refractory 
melter lining Which makes up the melter Walls, side and 
bottom, and the various discharge ports in these Walls. 

[0013] There is yet another problem Which the art of glass 
melting has had to face. In many glass melting operations, 
such as in melting glass ultimately used to make ?berglass 
insulation, it is necessary to employ batch ingredients Which 
create highly corrosive volatiles during the melting and/or 
conditioning operation. These volatiles often end up in the 
atmosphere above the glass and can thus rapidly corrode 
Walls, ori?ces and heater elements if not effectively 
exhausted from the system. Such volatiles are. Well knoWn 
and include, for example, various sodium and borate com 
pounds. 

[0014] In melting systems Which do not employ, or need 
not employ, the highly advantageous technique during glass 
melting of ?oating batch material in a relatively thick layer 
(eg about 3“-4“, or at times as high as 10“) on top of the 
molten glass, the corrosive volatiles can usually be 
exhausted during melting by exhausting them from the 
melter itself. HoWever, When the more desirable batch 
technique of ?oating the batch on top of a molten pool of 
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glass is employed, the volatiles do not readily escape 
through the batch, but rather are only released in the 
conditioner When the molten glass is then freed from the 
batch material being on top of it. This, then, gives rise to the 
need for a neW technique for effectively eliminating corro 
sive volatiles from the glass in the conditioner, particularly 
before they reach the forehearth. 

[0015] It is a purpose of this invention to ful?ll the above 
needs in the art, as Well as other needs Which Will become 
apparent to the skilled artisan once given the folloWing 
disclosure. 

SUMMARY OF THE INVENTION 

[0016] Generally speaking, this invention ful?lls at least 
one of the above-described needs in the art by providing 
both a method and an apparatus for melting glass Which 
controls the location of the “hot spot” so as to locate it Within 
the melt at a suf?cient distance from the side and bottom 
Walls, as Well as any discharge ori?ce therein, so that the 
discharge ori?ces and Walls (bottom and side) may be 
replaced at substantially the same time. 

[0017] In one embodiment of this invention this is accom 
plished by providing in a melter for melting glass from batch 
material therein in Which the batch material is ?oated on top 
of a pool of molten glass and the batch is melted by heating 
means so located as to form a ?nite volume of molten glass 
Within the pool of molten glass, Which ?nite volume is at a 
temperature substantially higher than the remainder of the 
molten glass Within said pool, the melter including a side 
Wall and a bottom Wall and a discharge port located Within 
at least one of the Walls, the improvement comprising 
Wherein: 

[0018] the heating means are so located as to create 
this ?nite volume of substantially higher temperature 
at a spaced distance from the Walls and any side 
discharge ori?ce located in the Walls Whereby the 
Walls and any side discharge ori?ce Wear out at 
substantially the same time during melting of glass in 
the melter. 

[0019] In certain preferred embodiments of this invention 
the heating means comprises a plurality of electrodes in a 
generally circular array located Within the molten pool 
beneath the batch material ?oating thereon, and including a 
retaining structure for each electrode extending above the 
batch, Which retaining structure includes an adjustment 
mechanism for adjusting the depth to Which the electrode is 
inserted into the molten pool, and also, preferably, for 
adjusting the horiZontal location of each electrode Within the 
pool, as Well. By adjustment of the electrode array both 
horiZontally and vertically Within the pool, the optimal 
location for the inevitable “hot spot” can be achieved for any 
particular siZe and/or con?guration of melter tank (furnace) 
extant to optimiZe the goal of achieving substantially the 
same Wear out time of the various melter parts. 

[0020] In certain preferred embodiments, in this respect, 
the melter may be one of an open top type, With a Water 
cooled jacket or shell, Whose batch feed, optionally, may be 
a simple tube located above and in the center of the electrode 
array. In still further preferred embodiments, the melter is a 
cylindrical tank With a side discharge port of the type 
disclosed in my aforesaid pending Application Ser. No. 
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08/917,207, now US. Pat. No. . A particularly 
advantageous electrode array, in this respect, consists essen 
tially of six electrodes equally spaced in a circular pattern 
about the center of the cylindrical tank, the radius of the 
circle being about one-third the radius of the inside diameter 
of the tank. 

[0021] This invention further includes Within its scope 
certain unique methods for melting glass. Generally speak 
ing, in this respect, this invention includes in the method of 
melting glass in a melter Which includes a bottom Wall, a 
side Wall and at least one discharge port located in a said 
Wall and comprised of a corrosion resistant material Whose 
corrosion rate increases With temperature, the steps com 
prising, forming a molten pool of glass Within the melter, 
?oating batch material on top of the molten pool, melting the 
batch material so as to add further molten glass to the pool, 
discharging molten glass from the melter through a dis 
charge port, and during the melting of the glass batch 
material, creating Within the pool a ?nite volume of molten 
glass Which is at a signi?cantly higher temperature than the 
remainder of the molten glass Within the pool, the improve 
ment Which comprises forming the ?nite volume of the 
higher temperature molten glass at a location suf?ciently 
removed from the Walls and the discharge port such that the 
Walls and discharge port Wear out at substantially the same 
time. 

[0022] This invention further includes Within its scope 
certain unique apparatus and methods for exhausting corro 
sion causing volatiles from the overall system before they 
reach the forehearth, thus ful?lling yet other needs in the art. 

[0023] Generally speaking, the unique apparatus as con 
templated herein for exhausting volatiles during glass melt 
ing and distribution includes, in the combination of a Walled 
melter, a Walled conditioning system having at least one 
heating element extending through an ori?ce in a Wall 
thereof and a forehearth, said melter being connected in 
molten glass ?oW communication With said conditioning 
system through a discharge port located in a Wall of the 
melter at a ?rst end of the conditioning system and the 
opposite end of the conditioning system being connected in 
molten glass ?oW communication With the forehearth, the 
improvement comprising at least one removable heating 
element extending through the ori?ce in a Wall of the 
conditioning system and exhaust means proximal the ori?ce 
for exhausting corrosive volatiles from above the molten 
glass in the conditioning system through the ori?ce When the 
removable heating element is removed therefrom. 

[0024] In certain preferred embodiments of this invention 
the melter, conditioning system and forehearth are all 
located in substantially the same horiZontal plane. In certain 
other preferred embodiments, of course, this invention 
employs as its melter the aforesaid unique melter Which 
controls the “hot spot” so that its various elements Wear out 
at substantially the same time. 

[0025] Still further, and generally speaking, the unique 
methods associated With this novel exhaust technique 
include in the method of melting, conditioning and distrib 
uting molten glass Wherein the method includes the steps of 
providing in serial ?oW communication, a melter, a Walled 
conditioner and a forehearth array, melting glass in the 
melter, delivering molten glass from the melter to the 
conditioner, providing at least one heating means located in 
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an ori?ce in a Wall of the conditioner, delivering the molten 
glass from the conditioner to the forehearth and distributing 
the molten glass from the forehearth, Wherein the method 
further includes the step of removing a substantial portion of 
the corrosive volatiles from the atmosphere above the glass 
before they reach the forehearth, the improvement compris 
ing, removing at least one of the heating means from its 
respective ori?ce thereby providing an open ori?ce in a Wall 
of the conditioner, providing an exhaust means in exhaust 
functioning communication With respect to the open ori?ce, 
and exhausting corrosive volatiles from the conditioner 
through the open ori?ce. 

[0026] In certain preferred embodiments the method as 
above set forth further includes the step of providing batch 
material on top of the molten glass in the melter. 

[0027] This invention Will noW be described With respect 
to certain embodiments thereof accompanied by various 
illustrations Wherein: 

IN THE DRAWINGS 

[0028] FIG. 1 is a partial side sectional vieW of one 
embodiment of this invention. 

[0029] FIG. 1A is a partial top vieW of the embodiment of 
FIG. 1, With the molten glass and batch only partially shoWn 
so as to illustrate the inside bottom Wall of the melter. 

[0030] FIG. 2 is a partial side sectional vieW of the 
embodiment of FIG. 1. 

[0031] FIG. 3 is a schematic outline of the current pattern 
among the electrodes in the embodiment of FIG. 1. 

[0032] FIG. 4 is a partial side sectional vieW of the side 
discharge port and vent chamber of the embodiment of FIG. 
1. 

[0033] FIG. 5 is an end sectional vieW of the cooling 
means and side discharge tube of FIG. 1. 

[0034] FIG. 6 is a side sectional vieW of a conditioner 
cooling means used in the practice of an embodiment of this 
invention. 

DETAILED DESCRIPTION OF CERTAIN 
EMBODIMENTS 

[0035] With reference initially to FIG. 1, there is illus 
trated therein an apparatus for melting glass according to 
this invention. The apparatus as illustrated includes a melter 
1, a conditioner 3, and, as partially shoWn, a forehearth 5. 
Forehearth 5 is conventional and, for example, may be of the 
type provided With multiple ori?ces along its elongated 
bottom Wall (not shoWn for convenience) for distributing 
molten, conditioned glass at an appropriate temperature to a 
conventional spinner array for making ?berglass insulation 
batts (also not shoWn for convenience). Ori?ce 7, as illus 
trated, is an air-cooled drain ori?ce in this embodiment used 
to drain the system during shutdoWn, the distribution ori?ces 
leading to ?berglass spinners being further doWnstream. 

[0036] In the embodiment of FIG. 1 the three Zones of 
operation, i.e. melter 1, conditioner 3, and forehearth 5 are 
preferably all located in substantially the same horiZontal 
plane. This eliminates a knoWn use of the location of the 
forehearth on a level (eg on a separate ?oor of the plant) 
beloW the conditioner, called the “drop area”, Which here 
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tofore Was advantageously used to exhaust volatiles from the 
system. In this Way, the need to build into the plant facility 
a separate level or ?oor is eliminated and its considerable 
cost saved. HoWever, this eliminates the aforesaid advanta 
geous drop area betWeen the exit end of conditioner 3 and 
entrance end 6 of forehearth 5 Which Was used to vent 
(exhaust) corrosive volatiles. This, in turn, gives rise to the 
unique venting system of this invention discussed above and 
described more fully beloW. 

[0037] Turning noW to a more detailed description of 
melter 1, attention is directed, in addition to FIG. 1, to 
FIGS. 1A, 2 and 3. The mechanism illustrated is one 
embodiment of a mechanism as contemplated by this inven 
tion for selecting the location of, and controlling the siZe of, 
“hot spot”9 created in molten glass pool 11 during the 
melting operation. As illustrated schematically in FIGS. 1, 
1A, and 3 in dotted lines, by using an array of heating 
electrodes 13, and here preferably six, arranged in a sub 
stantially circular fashion beloW the layer of batch material 
15 ?oating on pool 11, “hot spot”9 is generally con?ned to 
a ?nite, generally hexagonal or circular cylindrically shaped 
volume of glass beloW batch 15, Whose central vertical axis 
“C” corresponds With the central vertical axis of cylindrical 
melter tank 1. FIG. 3 is a schematic Whose full lines 
illustrate the theoretical paths of heating current extending 
among the electrodes and Whose dotted lines illustrate a top 
vieW of “hot spot”9. 

[0038] Melter 1 is of a conventional tank-like, cylindrical 
construction having conventional side Wall 19, and bottom 
Wall 23, each lined With refractory linings 21 and 25, 
respectively. Such refractory linings 21 and 25 may be 
formed of conventionally used refractory material such as a 
chromium based material Which is knoWn for its corrosion 
resistance, but Whose corrosion rate increases With tempera 
ture. In a typical example, lining 21 may be 90% or more by 
Weight Cr, While linings 19, 23, and 25 may have less Cr, eg 
about 30-50% by Weight. Melter 1 further includes in 
conventional fashion drain discharge port 31 located cen 
trally of melter 1. Discharge port 31 is conventionally 
formed of a corrosion resistant metallic tube 33 inserted 
through an ori?ce in shell 29, bed material 35, Wall 23 and 
liner 25. Port 31 is principally used for draining glass from 
melter 1 preparatory to shutdoWn. 

[0039] As further illustrated in FIG. 1, but better shoWn in 
FIG. 2, batch material 15 is ?oated on pool 11 of molten 
glass such that the underside surface of batch material 15 is 
constantly being melted While the batch layer is being added 
to as it is consumed by a conventional metered batch system 
Whose exit end tube is shoWn at 37. As best illustrated in 
FIGS. 1, 1A, poWdered batch 15 is fed by gravity to the 
substantial center of the circle having a radius R, Whose 
circumference is subscribed by the location of the six 
electrodes 13 as points on the circle and Whose center is 
contiguous vertical axis “C”. 

[0040] As best illustrated in FIG. 2, the depth “D” of 
molten pool 11 is the distance from the inner surface of 
lining 25 to the under surface of batch material layer 15. 
Distance “D” varies, of course, given the drainage slope in 
the bottom Wall structure of melter tank 1. As shoWn in FIG. 
1A, in one embodiment of such a melter 1, radius R2 may be 
about 7-8 feet, radius R1, about 1A1-1/3 of R2, eg about 2-3 
feet, While depth “D” at the side Wall 19 may be about 
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13-15inches and the thickness “T” of the poWdered to 
semi-molten batch layer may be about 3-5 inches or more 
(eg up to 101“). 

[0041] With further reference to FIG. 1 and FIG. 4 more 
particularly, melter 1 is provided With a side discharge port 
generally at 39 for distributing molten glass from pool 11 to 
conditioner 3. In preferred embodiments of this invention 
side discharge port 39 is constructed according to my 
aforesaid Application Ser. No. 08/917,207, now US. Pat. 
No. . As disclosed therein and as illustrated here, 
discharge port 39 includes a corrosion resistant metallic tube 
41 (eg of molybdenum or an alloy thereof and usually of 
the same metal Which makes up drain tube 33) extending 
through the side Wall structure of tank 1 in How communi 
cation With the entrance end of conditioner 3. As shoWn in 
FIGS. 1 and 5, tube 41 is thicker at its top than bottom 
circumference, and is cooled by circulating Water or other 
?uid through surrounding shell 43 in the direction of the 
arroWs (FIG. 5). 

[0042] The purpose of making the top of tube 41 thicker 
is because, for some reason not fully understood, and despite 
the fact that tube 41 is fully submerged in molten glass 
theoretically protecting it throughout its circumference from 
oxidation, the top of tube 41 Wears out more rapidly than its 
bottom portion. Thus it has been found in practice to be 
advantageous for longer Wear life to, for example, With a 
discharge tube of about 6 inches (O.D.), use a 4 inch (ID) 
ori?ce created by a 1/2 inch offset from center. While not fully 
understood, this uneven Wear pattern may be explainable by 
the phenomenon knoWn as “upWard drilling” in a refractory 
material as it is corroded by corrosive materials in the glass. 

[0043] Conditioner 3 is principally used to loWer the glass 
exiting melter 1 to an appropriate temperature for distribu 
tion to the forehearth. For example, in a typical operation, 
glass “G” may exit side discharge tube 41 at a temperature 
of about 2560° F., and be loWered to about 2230° (eg a drop 
of greater than 200° as it enters forehearth 5 beneath 
submerged block (dam) 45 Which functions along With dam 
47 to isolate molten glass in conditioner 3 from glass in 
forehearth 5 during shutdoWn. Dam 45 further serves to 
isolate the relatively volatile free atmosphere of forehearth 
5 from the atmosphere of conditioner 3. In a similar manner, 
of course, dam 49 isolates molten glass in conditioner 3 from 
melter 1 and exhaust area “E” (described beloW) during a 
shutdoWn. Drain port 51 is provided in bottom Wall 53 
(Which may be Water-cooled) to drain glass from conditioner 
3 prior to shutdoWn or When otherWise needed. 

[0044] Provided in top Wall 55 of conditioner 3 is a 
cooling baffle structure 57 (more than one can be optionally 
added, if desired) for circulating cooling Water or air there 
through. Baf?e 57 is a unique concept to this invention. 
Without baffle(s) 57, there Would be formed a stream of 
higher temperature glass on the surface of ?oW, potentially 
causing loWer glass to crystalliZe. Baf?e(s) 57 divert hot 
glass doWnWardly, thereby preventing this problem from 
occurring and creating better homogeniety of temperature in 
the glass and a lack of stagnant glass in the bottom of 
conditioner 3. 

[0045] In addition, top Wall 55 is provided With removable 
burners 59a-e located in their respective ori?ces extending 
through Wall 55. During start-up of the system, in conven 
tional fashion, burners 59a-e are employed to heat the 
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refractory Walls so that molten glass ?owing from melter 1 
and exiting tube 41 Will remain molten, and continue to How 
through conditioner 3, rather than solidify When it contacts 
the refractory Walls. 

[0046] After start-up and ?lling conditioner 3 to the depth 
desired With molten glass (not shoWn for convenience), the 
molten glass must then be cooled to the required exit 
temperature as aforesaid. For this purpose, one or more of 
the removable burners 59a-e are removed (thus vacating 
their respective ori?ce 60a, b, c, a', or e) and replaced by 
Water-cooled tubes such as a cooling tube 61 shoWn in FIG. 
6, Which is inserted into a vacated ori?ce made open by 
removal of a burner 59 therefrom. As shoWn in FIG. 6, 
cooling tube 61 is a simple rectangular or circular shell 63 
(depending on the conforming shape of the vacated ori?ce it 
is inserted in). Shell 63 has located in its Wall, Water outlet 
port 65. Within shell 63 there is located an internal tube 67 
for providing cooling Water (or other ?uid) to shell 63 in the 
direction of the arroWs. Cooling tubes 61 are metallic and 
may be made of a corrosion resistant metal such as molyb 
denum, if desired. Tubes 61 can be provided With a simple 
mechanism for controlling their depth of emersion into the 
molten glass. This, in turn, can be used to ultimately control 
the outlet temperature of the glass at the entrance 6 of 
forehearth 5. In this respect, ori?ce 64 is used for a ther 
mocouple (not shoWn) to sense the temperature of the glass 
that is entering forehearth 5. 

[0047] To cool the glass, cooling air may be used instead 
of, or alternatively With, cooling tubes 61. For example, in 
a typical operation Which cools the molten glass from about 
2560° F. to 2230° F. in conditioner 3, ori?ce 59a may have 
cooling air bloWn through it, as may ori?ce 596. This also 
forces an atmosphere changeover to continuously rid the 
atmosphere of volatiles. Then, cooling tubes 61 may be 
inserted into ori?ces 59b and c. This leaves ori?ce 59d open 
for use in a unique exhaust system as contemplated by this 
invention and as described beloW. It is understood, of course, 
that ori?ces 59a-e may have other combinations of air ?oW 
and/or cooling tubes employed, including all cooling tubes 
61 or all cooling air ?oW if desired. It is, hoWever, an 
important feature of a preferred embodiment of this inven 
tion that at least one of these vacated ori?ces, preferably 
either ori?ce 59d or 596, and most preferably 59d, be 
employed to exhaust corrosive volatiles from the atmo 
sphere above the molten glass in conditioner 3. 

[0048] As illustrated in FIG. 1 in phantom dotted lines, an 
exhaust system 69 is provided at ori?ce 59d Which may be 
turned on after burner 59d is removed, thus exhausting 
volatiles from conditioner 3 before they reach forehearth 5. 
As a further part of a preferred exhaust system, a further 
permanent exhaust port 71 is provided at the initial entrance 
end of area “E” in conditioner 3 Where an initial portion of 
the volatiles may ?rst be removed from the atmosphere 
above the molten glass immediately as it exits side discharge 
tube 41. 

[0049] Turning noW, more particularly, to the electrode 
melting apparatus illustrated in FIGS. 1-3, there is presented 
a unique apparatus and method for controlling the siZe and 
location of “hot spot”9 Which can otherWise be so detrimen 
tal to Wear out, and Which, if not controlled, can cause 
unnecessary multiple shutdoWns of the system as described 
above. 
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[0050] In the melting con?guration as illustrated there are 
provided six conventional electrode melters 13 Which are 
conventionally Water-cooled by entrance line 73 and exit 
line 75. Other con?gurations using lesser numbers of, or 
more, electrodes may be used. Electrode 13, including its 
current-carrying shaft 79, may be formed of molybdenum as 
is the actual electrode melter portion 81. Water-cooled shell 
77 may be formed of stainless steel. As illustrated schemati 
cally in FIG. 2 and more realistically in FIG. 1, electrode 
portion 81 is immersed in the molten glass 11 to the depth 
required, While molybdenum shaft 79 is protectively cooled 
by cooling shell 77. 

[0051] Electrode 13 is supported by horiZontal shaft 83 
Which carries electric current and the cooling Water to and 
from the electrode. In turn, shaft 83 is connected to an 
adjusting mechanism 85 Which includes a central shaft 87 
Which retains, in vertical position, outer shaft 89. Rotating 
mechanism 91 alloWs shafts 89, and thus shaft 83 attached 
thereto, to be angularly adjusted in the horiZontal plane by 
rotating the shaft on ball bearing 93 and securing the shaft 
at the desired angle by a conventional locking mechanism 95 
When the desired angle is reached. 

[0052] In addition to this horiZontal adjustment, the ver 
tical position of electrode 13 Within molten pool 11 is 
accomplished by gear rachet mechanism 97 Which, via 
screW threaded rod 99 attached to shaft (sleeve) 89, slidable 
in retaining tube 101, may be activated to vertically adjust 
the height of shaft 83 above melter 1 and thus that of 
electrode 13 With respect to pool 11. Protective belloWs 103 
extends betWeen slidable shaft 89 and upper nonslidable 
shaft 105 to Which rachet mechanism 97 is attached, to 
protect that portion of shaft 87 on Which shaft 89 slides 
during vertical adjustment, from dust and other contamina 
tion. 

[0053] As can be seen, the adjusting mechanism 85 pro 
vides an effective mechanism for adjusting both the hori 
Zontal and vertical positions of each electrode 13 With 
respect to the molten bath. Since it is the electrode array 
Which ultimately de?nes and limits the ?nite volume of “hot 
spot”9 (e.g. typically at 3150° F.-3250° E), the unique 
apparatus illustrated here presents, by its precise adjustabil 
ity, the ability to control the location, siZe and, indeed, in 
certain instances, the general shape of the “hot spot”9. Thus, 
by proper adjustment, the “hot spot” may be controlled at a 
preselected location Within melter 1 (i.e. Within pool 11) 
suf?ciently removed from the sensitive refractory and metal 
lic parts, so that these elements Wear out at substantially the 
same time, thus minimiZing the number of shutdoWns 
needed for repair. 

[0054] In a typical operation of the above-described sys 
tem, electrodes 13 are adjusted so as to be equally spaced (as 
illustrated in FIG. 1A) about vertical axis “C” of tank 1. 
Electrode melter portion 81 of each electrode 13 may be 
approximately 6 inches in diameter and about 6% inches in 
height and may be operated at about 4000 amps. Given a 
side height “D” Within the aforesaid range, and a radius R2 
of about 8 feet and a radius R1 of about 3 feet, With an 
adjusted depth of about 9-12 inches betWeen the bottom of 
electrodes 13 and the top surface of bottom Wall liner 25 for 
each of the six electrodes employed in the array as shoWn, 
a “hot spot”9 as illustrated in FIGS. 1, 1A is suf?ciently 
controlled and con?ned to a ?nite volume Within the elec 
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trode array such that the “hot spot”, usually at about 3150° 
F.-3250° F. is substantially removed from the refractory 
Walls and discharge ports, While such Walls and ports are 
located nearest the coolest glass as cooled by the cooling 
Water in cooling shell 29 and as affected by glass ?oW 
currents shoWn by the circulating arroWs in FIG. 1. In this 
Way, and by proper adjustment of the electrode array for any 
given con?guration of melting tank, arrived at by routine 
experimentation Well Within the skill of the artisan once 
given this disclosure, a unique technique for substantially 
equalizing Wear out of the melting tank parts may be 
accomplished, thus minimizing the number of shutdoWns 
required for replacement of parts. 

[0055] Once given the above disclosure, many other fea 
tures, modi?cations and improvements Will become appar 
ent to the skilled artisan. Such features, modi?cations and 
improvements are, therefore, considered a part of this inven 
tion, the scope of Which is to be determined by the folloWing 
claims: 

I claim: 
1. In a melter for melting glass from batch material therein 

in Which the batch material is ?oated on top of a pool of 
molten glass and the batch is melted by heating means so 
located as to form a ?nite volume of molten glass Within said 
pool of molten glass, Which ?nite volume is at a temperature 
substantially higher than the remainder of the molten glass 
Within said pool, said melter including a side Wall and a 
bottom Wall and a discharge port located Within at least one 
of said Walls, the improvement comprising, Wherein: 

said heating means are so located as to create said ?nite 
volume of substantially higher temperature at a spaced 
distance from said Walls and any said discharge ori?ce 
located in said Walls Whereby said Walls and any said 
discharge ori?ce Wear out at substantially the same 
time during melting of glass in the melter. 

2. The melter according to claim 1 Wherein said heating 
means includes a plurality of electrodes locatable Within said 
pool of molten glass. 

3. The melter according to claim 2 Wherein said heating 
means further includes means for adjusting the vertical 
location of said electrodes Within said pool of molten glass. 

4. The melter according to claim 3 Wherein said heating 
means further includes means for adjusting the horiZontal 
location of said electrodes Within said pool of molten glass. 

5. The melter according to claim 1 Wherein said heating 
means further includes means for adjusting the horiZontal 
location of said electrodes Within said pool of molten glass. 

6. The melter according to claim 1 Wherein said melter is 
substantially cylindrical in shape and has a vertical central 
aXis and further includes an open top, and Wherein said 
heating means includes a plurality of electrodes located so as 
to eXtend beloW said batch material and into said pool of 
molten glass and so arranged as to be located in an array 
around and proximal said vertical central aXis of said 
cylindrical melter. 

7. The melter according to claim 6 Wherein said electrodes 
are arranged in a substantially horiZontally circular array, 
With the center of said circular array being located along the 
vertical central aXis of said cylindrical melter. 

8. The melter according to claim 7 Wherein the radius of 
said cylindrical melter is about 3 times larger than the radius 
of said circular array. 
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9. The melter according to claim 7 Wherein said heating 
means further includes means for adjusting the vertical and 
horiZontal positions of each said electrode With respect to 
said pool of said molten glass. 

10. The melter according to claim 1 Wherein said melter 
includes a Water-cooled shell and a Walled structure having 
a said side Wall joined at its base to a substantially circular 
said bottom Wall thereby to de?ne a substantially cylindrical 
electric melter, the Walled structure having an open top so 
that atmosphere above the glass batch material is not heated 
other than by Way of heat emitted from heated glass in said 
melter; Wherein said at least one discharge port is located in 
a said side Wall of said melter, said port permitting molten 
glass from Within the melter to How out of the melter and 
into a conditioning area. 

Wherein said side discharge port includes an elongated 
tube comprised of a substantially corrosion resistant 
metal, and having an entrance end and an eXit end 
thereby to de?ne a molten glass ?oW communication 
path betWeen an interior of the melter and the condi 
tioning area and Wherein said entrance end of said tube 
is so located as to be spaced from said ?nite volume of 
molten glass of substantially high temperature and 
proXimal the remainder of said volume of molten glass; 
and Wherein said discharge port tube is comprised a 
material Which has a rate of corrosion Which increases 
With temperature. 

11. The melter according to claim 10 Wherein said melter 
further includes a discharge port in said bottom Wall of said 
melter, said discharge port in said bottom Wall is comprised 
of a material Which has a rate of corrosion Which increases 

With temperature. 
12. The melter according to claim 1 Wherein said heating 

means are so located and constructed so as to heat the molten 

glass Within said ?nite volume of highest temperature to 
about 3150° F.-3250° F. and proximal said bottom and side 
Walls of said melter to about 2500° F.-2700° F. 

13. The melter according to claims 1, 11 or 12 Wherein 
said heating means include a plurality of electrodes and 
means for adjusting said electrodes horiZontally and verti 
cally With respect to said Walls of said melter thereby to 
locate said ?nite volume of higher temperature molten glass 
at a preselected location Within said melter. 

14. In the method of melting glass in a melter Which 
includes a bottom Wall, a side Wall and at least one discharge 
port located in a said Wall and comprised of a corrosion 
resistant material Whose corrosion rate increases With tem 
perature, the steps comprising, forming a molten pool of 
glass Within said melter, ?oating batch material on top of 
said molten pool, melting said batch material so as to add 
further molten glass to said pool, discharging molten glass 
from said melter through a said discharge port and during 
said melting of said glass batch material creating Within said 
pool a ?nite volume of molten glass Within said pool Which 
is at a signi?cantly higher temperature than the remainder of 
the molten glass Within the pool, the improvement Which 
comprises forming said ?nite volume of said higher tem 
perature molten glass at a location suf?ciently removed from 
said Walls and said discharge port such that said Walls and 
discharge port Wear out at substantially the same time. 
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15. The method according to claim 14 Which further 
includes the steps of: 

a) operating said melter for a period of time until at least 
one of said Walls or discharge port requires replace 
ment; 

b) stopping said melting of said glass; 

c) draining said molten glass from said melter; 

d) replacing said Walls and said discharge port; and, 
thereafter, 

e) melting further glass in said melter. 
16. The method of claim 14 Wherein the temperature of 

said ?nite volume of said higher temperature molten glass is 
about 3150° F.-3250° F. 

17. The method of claim 16 Wherein the temperature at 
said Walls and proximal said discharge port is about 2500° 
F.-2700° F. 

18. The method of claim 14 Wherein said melter further 
includes electrical heating means and means for adjusting 
the location of said heating means With respect to said pool 
of molten glass, said method including the further step of 
adjusting the location of said heating means so as to locate 
said ?nite volume of higher temperature glass at a selected 
location Within said pool of molten glass. 

19. The method of claim 14 Wherein said melter includes 
at least tWo discharge ports, one of said ports being located 
in said side Wall and the other of said ports being located in 
said bottom Wall, and Wherein each of said ports is formed 
of a material Which comprises molybdenum or an alloy 
thereof. 

20. In the combination of a Walled melter, a Walled 
conditioning system having at least one heating element 
extending through an ori?ce in a Wall thereof and a fore 
hearth, said melter being connected in molten glass ?oW 
communication With said conditioning system through a 
discharge port located in a Wall of said melter at a ?rst end 
of said conditioning system and said opposite end of said 
conditioning system being connected in molten glass ?oW 
communication With said forehearth, the improvement com 
prising at least one removable heating element extending 
through said ori?ce in a Wall thereof and exhaust means 
proximal said ori?ce for exhausting corrosive volatiles from 
above said molten glass in said conditioning system through 
the ori?ce When said removable heating element is removed 
therefrom. 

21. The combination of claim 20 Wherein said condition 
ing system has an entrance end for receiving molten glass 
from said melter, and said discharge port is in How com 
munication With said entrance end of said conditioning 
system thereby forming a juncture betWeen said melter and 
said conditioning system, the combination further compris 
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ing a second exhaust system at said juncture for exhausting 
corrosive volatiles during the glass melting and conditioning 
operation. 

22. The combination of claim 21 Wherein said melter 
further includes means for providing batch material on top 
of said molten glass When in said melter so as to ?oat on said 
molten glass in a layer thereon. 

23. In the method of melting, conditioning and distribut 
ing molten glass Wherein said method includes the steps of 
providing in serial ?oW communication, a melter, a Walled 
conditioner and a forehearth array, melting glass in said 
melter, delivering molten glass from said melter to said 
conditioner, providing at least one heating means located in 
an ori?ce in a Wall of said conditioner, delivering said 
molten glass from said conditioner to said forehearth and 
distributing said molten glass from said forehearth, Wherein 
the method further includes the step of removing a substan 
tial portion of said corrosive volatiles from the atmosphere 
above the glass before they reach the forehearth, the 
improvement comprising, removing at least one of said 
heating means from its respective ori?ce, thereby to provide 
an open ori?ce in a Wall of said conditioner, providing an 
exhaust means in exhaust functioning communication With 
respect to said open ori?ce, and exhausting corrosive vola 
tiles from said conditioner through said open ori?ce. 

24. The method of claim 23 Wherein said method further 
includes the step of providing batch material on top of the 
molten glass in said melter. 

25. In a system for melting glass Which includes a glass 
melter, a conditioner, and a forehearth Wherein said glass 
melter is so constructed to discharge molten glass to said 
conditioner, Wherein said conditioner is so constructed as to 
alloW molten glass to How through said conditioner to said 
forehearth and enter said forehearth at a loWer temperature 
than the molten glass entered said conditioner, the improve 
ment comprising a glass ?oW diverting structure so located 
so as to extend into said How of molten glass in said 
conditioner so as to divert molten surface glass into molten 
glass beneath said molten surface glass. 

26. The improvement according to claim 25 Wherein said 
conditioner includes a top Wall and glass ?oW diverting 
structure includes a Walled structure extending doWnWardly 
from said top Wall and of sufficient length so as to extend 
into said molten glass a suf?cient distance to substantially 
equaliZe the depthWise temperature of the glass at any given 
location of the conditioner thereby to reduce crystallization 
of said glass in said conditioner. 

27. The improvement according to claim 26 Wherein said 
glass diverting structure includes means for cooling said 
structure. 


