
a- a? 1' ‘117 

United States Patent [19] 
Kunkle et al. 

[54] GLASS BATCH LIQUEFACT ION 

[75] Inventors: Gerald E. Kunkle, New Kensington; 
Joseph M. Matesa, Plum Boro, both 
of Pa. 

[73] Assignee: PPG Industries, Inc., Pittsburgh, Pa. 

[2l] Appl. No.: 729,596 

[22] Filed: May 2, 1985 

Related US. Patent Documents 

Reissue of: 
[64] Patent No.: 4,381,934 

Issued: May 3, 1983 
Appl. No.: 288,581 
Filed: Jul. 30, 1981 

[51] Int. Cl.‘ .............................................. .. C038 5/10 
[52] US. Cl. ...................................... .. 65/135; 65/134; 

65/335; 65/337 
[58] Field of Search ................. .. 65/27, 134, 135, 335, 

65/337 

[56] References Cited 
U.S. PATENT DOCUMENTS 

296,227 4/1884 Schulze-Berge . 
682,365 9/1901 Mount . 
698,766 4/1902 Voelker . 
708,309 9/1902 Bronn . 
908,151 12/1908 Schwenzl'eier . 

1,082,195 12/1913 Helfenstein . 
1,371,084 3/1921 Ferguson . 
1,577,602 3/1926 Arnsler. 
1,621,446 3/1927 Watson . 
1,796,871 3/1931 Madorsky . 
1,831,619 11/1931 Allen . 
1,834,631 12/1931 Mulholland . 
1,870,636 8/ 1932 McIntyre et a1. . 
1,889,509 11/1932 Arnsler . 
1,889,511 11/1932 Amsler . 
1,928,598 9/1933 Morton et al. . 
1,953,023 3/1934 Mulholland . 
1,953,034 3/ 1934 Willetts . 
1,999,761 4/1935 Howard . 
1,999,762 4/1935 Howard . 

(List continued on next page.) 

[11] E 

[45] Reissued Date of Patent: Dec. 30, 1986 

Re. 32,317 Patent Number: 

FOREIGN PATENT DOCUMENTS 

400472 2/1932 United Kingdom . 
964819 7/1964 United Kingdom . 
1581672 12/1980 United Kingdom . 

OTHER PUBLICATIONS 

Foex, M. et al., “High Temperature Rotary Furnace for 
Melting Refractory Materials Heated Along Central 
Axis by Plasma Torches," International Conference on 
Gas Discharges, London, 1970, pp. 241-245. 
Everest, D. et al., "Preparation of Ultra?ne Alumina 
Powders by Plasma Evaporation," J . Materials Science, 
vol. 6, 1971, pp. 218-224. 
Yerouchalmi, D., “Four Rotatif a Plasma,“ Electro 
therrn Co., Brussels, date unknown. 
Grosse, A., et al., “The Centrifugal Plasma Jet Fur 
nace," Material Research & Standards, Apr. 1965, pp. 
173-177. 
Whyman, D., “A Rotating-Wall, D.C.-Arc Plasma 
Furnace,” 1. Sci. Instrum., 1967, vol. 44, pp. 525-530. 
Selton, B. et al., "The Centrifugal Liquid Furnace 
Wall,” J. Materials Science, vol 4, 1969, pp. 302-309. 
Foex, M. et al., “A Plasma Transferred Arc Heated 
High Temperature Rotary Furnace,“ 5th Symposium 
on Special Ceramics, Stoke-on-Trent, 6.13., 1970, pp. 
175-183. 

Primary Examiner-Robert Lindsay 
Attorney, Agent. or Firm-Dennis G. Millman 

[57] ABSTRACT 
The initial step of melting glass, converting particulate 
batch materials to a partially melted, lique?ed state, is 
carried out on a support surface of batch. As lique?ed 
batch is drained from the surface, additional batch is fed 
onto the surface to maintain the surface substantially 
constant. 

0 t 0 O i 

The questions raised in reexamination request No. 
90/000,701, ?led Dec. 31, 1984 have been considered 
and the results thereof are re?ected in this reissue patent 
which constitutes the reexamination certi?cate required 
by 35 U.S.C. 307 as provided in 37 CFR 1.570(e). 

74 Claims, 8 Drawing Figures 
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CLASS BATCH LIQUEFACTION 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this‘reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

The present invention relates to methods for melting 
glass, in particular, to the ?rst stage of melting, i.e., 
rendering batch materials to a lique?ed state. The in 
vention is applicable to all types of glass melting, in 
cluding ?at glass, container glass, ?ber glass and sodium 
silicate glass. 

Continuous glass melting processes conventionally 
entail depositing pulverulent batch materials onto a 
pool of molten glass maintained within a tank type melt 
ing furnace and applying thermal energy until the pul 
verulent materials are melted into the pool of molten 
glass. 
The conventional tank type glass melting furnace 

possesses a number of de?ciencies. A basic de?ciency is 
that several operations, not all of which are compatible 
with one another, are carried out simultaneously within 
the same chamber. Thus, the melter chamber of a con 
ventional furnace is expected to liquefy the glass batch, 
to dissolve grains of the batch, to homogenize the melt, 
and to re?ne the glass by freeing it of gaseous inclu 
sions. Because these various operations are taking place 
simultaneously within the melter, and because different 
components of the glass batch possess different melting 
temperatures, it is not surprising that inhomogeneities 
exist from point to point within the melter. 

In order to combat these inhomogeneities, a melting 
tank conventionally contains a relatively large volume 
of molten glass so as to provide sufficient residence time 
for currents in the molten glass to effect some degree of 
homogenization before the glass is discharged to a 
forming operation. These recirculating flows in a tank 
type melter result in inef?cient use of thermal energy 
and maintaining the large volume of molten glass itself 
presents dif?culties, including the need to heat such a 
large chamber and the need to construct and maintain 
such a large chamber made of costly and, in some cases, 
dif?cult to obtain refractory materials. Moreover, cor 
rosion of the refractories introduces contaminants into 
the glass and requires rebuilding of the melter in a mat 
ter of a few years. Additionally, it is known that some 
components of the batch such as limestone, tend to melt 
out earlier than the sand and sink into the melt as glob 
ules, whereas higher melting temperature components, 
such as silica, tend to form a residual unmelted scum on 
the surface of the melt. This segregation of batch com 
ponents further aggravates the problem of inhomogene 
ities. 

Recent ?ndings have indicated that a major rate limit 
ing step of the melting process is the rate at which 
partly melted lique?ed batch runs off the batch pile to 
expose underlying portions of the batch to the heat of 
the furnace. The conventional practice of ?oating a 
layer of batch on a pool of molten glass is not particu 
larly conducive to aiding the runoff rate, due in part to 
the fact that the batch is partially immersed in the mol 
ten glass. It has also been found that radiant energy is 
considerably more effective at inducing runoff than is 
convective heat from the pool of molten glass, but in a 
conventional melter, only one side of the batch is ex 
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2 
posed to overhead radiant heat sources. Similarly, con 
ventional overhead radiant heating is inefficient in that 
only a portion of its radiant energy is directed down 
wardly towards the material being melted. Not only is 
considerable energy wasted through the superstructure 
of the furnace, but the resulting thermal degradation of 
the refractory roof components constitutes a major 
constraint on the operation of many glass melting fur 
naces. Furthermore, attempting to heat a relatively 
deep recirculating mass of glass from above inherently 
produces thennal inhomogeneities which can carry 
over into the forming process and affect the quality of 
the glass products being produced. 
Many proposals have been made for overcoming 

some of the problems of the conventional tank type 
glass melting furnace, but none has found signi?cant 
acceptance since each proposal has major dif?culties in 
its implementation. It has been proposed, for example, 
that glass batch be lique?ed on a ramp-like structure 
down which the liquid would flow into a melting tank 
(e.g., U.S. Pat. Nos. 296,227; 708,309; 2,593,197; 
4,062,667; and 4,110,097). The intense heat and severely 
corrosive conditions to which such a ramp would be 
subjected has rendered such an approach impractical 
since available materials have an unreasonably short life 
in such an application. In some cases, it is suggested that 
such a ramp be cooled in order to extend its life, but 
cooling would extract a substantial amount of heat from 
the melting process and would diminish the thermal 
efficiency of the process. Also, the relatively large area 
of contact between the ramp and each unit volume of 
glass throughput would be a concern with regard to the 
amount of contaminants that may be picked up by glass. 
Furthermore, in the ramp approach, a transfer from a 
radiant source to the melting batch materials is in one 
direction only. 
A variation on a ramp type melter is shown in U.S. 

Pat. No. 2,451,582 where glass batch materials are dis 
persed in a flame and land on an inclined ramp. As in 
other such arrangements, the ramp in the patented ar 
rangement would suffer from severe erosion and glass 
contamination. 
The prior art has also suggested melting glass in rotat 

ing vessels where the melting material would be spread 
in a thin layer on the interior surface of the vessel and 
would, more or less, surround the heat source (e.g., U.S. 
Pat. Nos. 1,889,509; 1,889,511; 2,006,947; 2,007,755; 
4,061,487; and 4,185,984). As in the ramp proposals, the 
prior art rotary melters possess a severe materials dura 
bility problem and an undesirably large surface contact 
area per unit volume of glass throughput. In those em 
bodiments where the rotating vessel is insulated, the 
severe conditions at the glass contact surface would 
indicate a short life for even the most costly refractory 
materials and a substantial contamination of the glass 
throughput. In those embodiments where the vessel is 
cooled on the exterior surface, heat transfer through the 
vessel would subtract substantial amounts of thermal 
energy from the melting process, which would ad 
versely affect the efficiency of the process. In a rotary 
melter arrangement shown in U.S. Pat. No. 2,834,157 
coolers are interposed between the melting material and 
the refractory vessel in order to preserve the refracto 
ries, and it is apparent that great thennal losses would 
be experienced in such an arrangement. In cyclone type 
melters, as shown in U.S. Pat. Nos. 3,077,094 and 
3,510,289, rotary motion is imparted to the glass batch 
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materials by gaseous means as the vessel remains sta 
tionary, but the cyclone arrangements possess all the 
disadvantages of the rotary melters noted above. 
Some prior art processes conserve thermal energy 

and avoid refractory contact by melting from the inte 
rior of a mass of glass batch outwardly, including US 
Pat. Nos. 1,082,195; 1,621,446; 3,109,045; 3,151,964; 
3,328,149; and 3,689,679. Each of these proposals re 
quires the use of electric heating and the initial liquefac 
tion of the batch materials depends upon convective or 
conductive heating through the mass of previously 
melted glass. This is disadvantageous because radiant 
heating has been found to be more effective for the 
initial liquefaction step. Additionally, only the last two 
patents listed disclose continuous melting processes. In 
a similar arrangement disclosed in US. Pat. No. 
3,637,365, one embodiment is disclosed wherein a com 
bustion heat source may be employed to melt a pre 
formed mass of glass batch from the center outwardly, 
but it, too, is a batchwise process and requires that melt 
ing be terminated before the mass of glass batch is 
melted through. 
The following copending applications of the assignee 

relate to improving runoff of lique?ed batch in a con 
ventional tank type melter: US. application Ser. No. 
155,802, ?led June 2, 1980, by J. J. Hammel titled 
“METHOD OF IMPROVING GLASS MELTING 
BY ABLATION ENHANCEMENT”; US patent 
application Ser. No. 159,528, ?led June 16, 1980, by E. 
P. Savolskis and W. W. Scott titled “APPARATUS 
FOR IMPROVING GLASS MELTING BY PERFO— 
RATING BATCH LAYE "; and U5. patent applica 
tion Ser. No. 174,469, ?led Aug. 1, 1980, by J. .I. Ham 
mel and J. D. McKenzie, titled “GLASS MELTING 
ENHANCEMENT BY TOROIDAL BATCH SHAP 
ING." 

SUMMARY OF THE INVENTION 
In the present invention the initial process of liquefy 

ing batch material is isolated from the remainder of the 
melting process and is carried out in a manner uniquely 
suited to the needs of the particular step, thereby per 
mitting the liquefaction step to be carried out with con— 
siderable economies in energy consumption and equip 
ment size and cost. Central to the invention is the con 
cept of employing glass batch itself as the support sur 
face upon which liquefaction of glass batch takes place. 
It has been found that a steady state condition may be 
maintained in a liquefaction chamber by distributing 
fresh batch onto a previously deposited batch surface at 
essentially the same rate at which the batch is melting, 
whereby a substantially stable batch layer will be main 
tained beneath a transient batch layer, and liquefaction 
is essentially con?ned to the transient layer. Thus, the 
partially melted batch of the transient zone runs off the 
surface while contacting substantially only a batch sur 
face, thus avoiding contaminating contact with refrac 
tories. Because glass batch is a good heat insulator, 
providing the stable batch layer with sufficient thick 
ness protects any underlying support structure from 
thermal deterioration. Because the exterior of a furnace 
can thus be protected thermally, as well as from contact 
with corrosive molten materials, the materials require 
ments can be greatly relaxed, even permitting the use of 
mild steel as a furnace housing. The economies thus 
achieved in furnace construction can be substantial. 
Furthermore, because the furnace housing is protected 
by the insulating effect of the stable batch layer, no 
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4 
cooling of the support surface is required, thereby 
avoiding extraction of useful heat from the melting 
process. 
The stable batch surface upon which liquefaction is 

carried out may be sloped in order expedite runoff of 
the lique?ed batch. The slope may be the natural angle 
of repose of the glass batch, or the angle may be in 
creased by providing a preformed batch layer or by 
centrifugal force in a rotating furnace vessel. The runoff 
surface is preferably free from obstacles to ?ow so as to 
permit free drainage of the liquid out of the liquefaction 
zone into a subsequent zone where additional melting 
operations may be performed on the liquid. The liquid 
leaving the liquefaction zone is by no means a com 
pletely melted glass, but is a foamy, opaque ?uid includ 
ing unmelted sand grains and the like. However, it has 
been found that the additional energy required to com 
plete the dissolution and re?ning of this runoff liquid 
constitutes a very small portion of the total energy 
required to melt glass in a conventional tank type melt 
ing operation. Thus, the relatively efficient liquefaction 
process of the present invention replaces a major energy 
consuming portion of the conventional melting process. 
Additionally, it has been found that the runoff liquid is 
surprisingly uniform in temperature and composition, 
and therefore each increment of the liquid has essen 
tially identical needs for subsequent processing. This 
minimizes the need for subsequent homogenization and 
permits precisely tailoring the subsequent process steps 
to the speci?c needs for converting the runoff liquid to 
molten glass ?nished to the degree required for the 
product being produced. 

Liquefaction of the batch is brought on by melting of 
the lowest-temperature-melting components of the 
batch. Thus, the liquid begins to flow out of the lique 
faction zone at a temperature considerably below the 
temperature required for complete melting of glass, 
thereby advantageously limiting the function of the 
liquefaction zone to the unit operation of liquefying the 
batch. Essentially no increment of the lique?ed batch is 
heated in the zone to a temperature substantially above 
that corresponding to the onset of flowability. As a 
result, the fluid leaves the zone at a relatively low, 
uniform temperature, and the cavity temperature within 
the liquefaction zone also remains relatively low. This 
has advantages for the construction of the liquefaction 
chamber and for reducing heat losses therefrom. The 
ability to accomplish a major step in the melting process 
without wastefully overheating some increments of the 
melt also has positive implications for energy conserva 
tion and for suppressing volatilization of some relatively 
volatile components that are sometimes included in the 
batch (e.g., sulfur and selenium). 

In preferred embodiments of the invention, the ther 
mal ef?ciency of the liquefaction process is further 
increased by providing a stable batch layer that substan 
tially encircles a radiant heat source. Typically the 
batch surface may constitute a surface of revolution 
(e.g., a cylinder or frustum). In this manner, radiant 
energy being emitted by the source will impinge di 
rectly upon batch being melted over a wide range of 
angles. Such an arrangement also permits an efficient 
use of high temperature heat sources, such as oxygen 
enriched flames, since much of the enhanced heat flux 
from such a source will productively impinge upon the 
surrounding batch surface. In the most preferred em 
bodiments, the concept of encircling the heat source is 
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combined with rotating the batch surface so as to in 
crease the angle of repose. 
The present invention may also be employed to im 

prove the emissions of a glass melting furnace. Sulfates 
included in many glass batch formulas are known to 
contribute signi?cantly to undesirable emissions from 
glass furnaces. A major purpose for including sulfates in 
a glass batch is to aid the initial liquefaction process in a 
conventional tank melter. But since the present inven 
tion is speci?cally adapted to liquefying glass batch, it 
has been found that efficient liquefaction can be 
achieved without the presence of sulfates in the batch. 
Thus, the present invention permits omitting sulfates 
from the batch, thereby eliminating the resultant emis 
sions. 

It has also been found that wetting the batch with 
water as is conventionally done in order to control 
dusting is not necessary with the present invention. 
Since vaporizing the water consumes energy in a 
melter, elimination of the water improves the energy 
ef?ciency. Even more signi?cantly, the ability to use 
dry batch means that preheated batch may be fed to the 
process. If the batch is preheated by heat recovery from 
the exhaust gas stream, substantial energy savings can 
be attained. It is an advantage of the present invention 
that the process can accommodate preheated, dry, par 
ticulate batch, whereas prior art proposals to recover 
waste heat by preheating batch have usually been tied 
to the use of agglomerated batch. It has been found 
generally that the cost of agglomerating batch on a 
commercial scale virtually negates the potential energy 
savings. 

Liquefying batch in accordance with the present 
invention is carried out in a relatively compact vessel 
rather than the conventional tank type melter which 
contains a pool of molten glass. Reducing the size saves 
substantial construction costs. Also, by eliminating the 
need for a large residual pool of glass, product change 
overs are facilitated by the present invention. 
The invention will be more fully understood in view 

of the detailed description of several speci?c embodi 
ments which follows. 

THE DRAWINGS 

FIG. I is a vertical cross-section through a ?rst em 
bodiment of the present invention featuring an elevated 
batch pile surrounded by heat sources. 

FIG. 2 is a vertical cross-section through a second 
embodiment of the present invention featuring a sloped 
batch surface. 

FIG. 3 is a vertical cross-section of a third embodi 
ment of the present invention featuring a compacted, 
sharply sloping batch surface. 
FIG. 4 is a vertical cross-section through a fourth 

embodiment of the present invention featuring a frusto 
conical batch surface encircling a heat source. 
FIG. 5 is a vertical cross-section of a ?fth embodi 

ment of the present invention wherein an inclined ro 
tary kiln provides a cylindrical batch surface. 
FIG. 6 is a vertical cross-section of a preferred em 

bodiment of the present invention wherein a drum ro 
tating about a vertical axis of rotation provides a batch 
surface which is a paraboloid surface of rotation about 
a heat source. 
FIG. 7 is a vertical cross-section of a schematic repre 

sentation of a combustion melting furnace adapted to 
cooperate with the batch lique?er of the embodiment of 
FIG. 6. 
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6 
FIG. 8 is a vertical cross-section of a schematic repre~ 

sentation of an electric melting furnace adapted to co 
operate with the batch lique?er of the embodiment of 
FIG. 6. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

A number of embodiments incorporating the princi 
ples of the present invention will be described, but it 
should be understood that the practice of the invention 
is not limited to the speci?c structures disclosed. Also, 
since the invention relates to the initial step of liquefy 
ing glass batch, the descriptions of the embodiments 
will be limited to what would be only the initial portion 
of most glass melting operations. It should be under 
stood that where the product requires, the inventive 
liquefaction step may be employed in combination with 
conventional means for further melting, re?ning, condi 
tioning and forming the glass. 
FIG. 1 represents a simpli?ed version of the present 

invention wherein a liquefaction chamber is 'de?ned by 
a refractory brick enclosure 10. A refractory pedestal 
11 rises above (or slightly below) the level of a pool of 
molten glass 12 within the enclosure. A mound of glass 
batch 13 supported on the pedestal 11 may be either a 
loose pile of batch or a molded, preshaped mass of batch 
in the form of a hemisphere, cone, pyramid, tetrahedron 
or the like. The contour of the batch mound 13 may be 
maintained substantially stable by continuously replen 
ishing the batch by means of a falling stream of batch 14 
fed from a screw feeder 15 or the like through an open 
ing 16 in the roof of the enclosure 10. Heat for melting 
is provided by radiant energy sources 17 which may be 
combustion burners as shown in FIG. 1 or any other 
radiant source such as electric arc heaters. In this em 
bodiment, the radiant energy sources are preferably 
arranged to provide substantially uniform heat to all 
sides of the batch mound 13. As the batch lique?es, a 
fluid layer 18 runs down the surfaces of the batch 
mound 13 and falls into the pool of glass 12. By control 
ling the relative amount of heat input and batch being 
fed in stream 14, a steady state condition may be main 
tained whereby the batch mound 13 remains substan 
tially stable and the liquefaction is substantially con 
?ned to the transient layer 18 and the newly introduced 
batch stream 14. The partially melted runoff in pool 12 
may be passed from the liquefaction chamber to a subse 
quent chamber 19 for completing the melting of any 
residual particles and for otherwise processing the glass 
by methods well known in the art. 

In the arrangement shown in FIG. 2, a liquefaction 
chamber de?ned by a refractory enclosure 20 includes a 
shelf portion 21 on which rests a batch mound 22. The 
batch mound presents a surface sloping downwardly in 
substantially one direction and facing a radiant heat 
source such as a burner 23. As shown in the drawing, 
the batch mound may assume the natural angle of re 
pose of the pulverulent batch material. A layer of lique 
?ed batch 24 runs off the batch mound 22 and over a 
refractory lip 25 at a bottom exit opening 26 through 
which the liquid passes from the liquefaction chamber 
to subsequent processing stations, which may entail a 
pool of molten liquid 27 in a subsequent chamber 28. 
Since the batch itself acts as an insulator, the refactory 
material from which most of the shelf portion 21 of the 
enclosure is fabricated need not provide exceptional 
thermal durability, thereby permitting use of economic 
materials. Only at the small lip area 25, where the batch 
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mound is relatively thin and where the molten material 
contacts the support refractories, is it advisable to pro 
vide a durable refractory material suitable for molten 
glass contact such as fused quartz or fused cast alumina. 
Beneath a layer of batch of about 3 centimeters or more, 
the thermal durability requirements for the underlying 
refractory are negligible. As shown in FIG. 2, exhaust 
combustion gases may escape from the liquefaction 
chamber by way of a ?ue 29. Alternatively, the combus 
tion gases may pass through the exit opening 26 and into 
the downstream chamber 28 so as to expend more of its 
thermal energy there. In order to maintain a substan 
tially ?xed interface between the stable batch mound 22 
and the transient liquid layer 24, batch is continuously 
fed to the melting area. Batch may be distributed over 
the melting area by any suitable mechanical means or, as 
shown, the incoming batch may be dispersed by the 
combustion ?ame. Batch may be fed by way of a screw 
conveyor 30 to a ceramic tube 31 extending into the 
interior of the liquefaction chamber and opening in the 
vicinity of the burner 23. 
FIG. 3 depicts a variation on the embodiment of FIG. 

2. A refractory enclosure 35 de?nes the liquefaction 
chamber wherein the batch layer 36 is supported on a 
steeply sloped surface 37 rather than on a horizontal 
shelf. The batch layer 36 is provided with a slope 
sharper than the angle of repose of loose batch by pre 
forming the batch layer into a rigid slab. Glass batch 
may be preformed by molding batch which has been 
wetted with water. The batch layer 36 may be retained 
in place by a refractory lip piece 41 which is preferably 
a material suitable for molten glass contact of the type 
discribed above. An example of a radiant heat source 
illustrated in FIG. 3 is an electric are produced by a pair 
of electrodes 38 and 39 extending into the liquefaction 
chamber. It should be understood that the liquefaction 
chamber of either FIG. 2 or FIG. 3 may include a plu 
rality of radiant heat sources so as to permit the melting 
area to be extended. Loose batch is deposited onto the 
batch layer 36, becomes lique?ed and runs off as a liquid 
layer 40 which passes through a bottom exit opening 42 
from the liquefaction chamber and may be gathered in a 
molten pool 43 within a chamber 44 for subsequent 
treatment. The loose batch may be fed by means of a 
screw feeder 45 to an opening 46 through the top of the 
liquefaction chamber. The relatively steep slope of the 
melting surface in the FIG. 3 embodiment may be an 
advantage for accelerating the runoff of the lique?ed 
batch as well as for simplifying distribution of incoming 
batch over the melting area. In some cases it may be 
desirable for the slope to be vertical or nearly vertical. 
The embodiment of FIG. 4 has a preferred feature 

wherein the batch layer encircles the radiant heat 
source. Such an arrangement advantageously results in 
a greater portion of the radiant energy productively 
impinging upon the batch material and permits greater 
utilization of the insulative effect of the batch layer. 
Because the heat source is encircled by the insulating 
batch layer, refractory materials need not be employed 
for the sidewalls of the housing in the FIG. 4 embodi 
ment. Thus, the housing may comprise a steel vessel 50 
which may be provided with a frustoconical shape as 
illustrated, which may be generally parallel to the inte 
rior surface of the batch layer. However, the sloped 
surface of the batch layer need not correspond to the 
shape of the housing, and the housing may take any 
form such as a cylindrical or box shape. A cover 51 of 
ceramic refractory material may be provided to enclose 
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the upper end of the liquefaction vessel. Batch 52 may 
be fed from a ring-type vibratory feeder 53 through an 
annular opening 54 in the cover 51 so that the batch 
enters the upper end of the vessel substantially evenly 
distributed around its upper periphery. A sloping, stable 
batch layer 55 lines the sides of the interior of the lique 
faction vessel and may be comprised of loose batch or a 
preformed, molded lining. As shown in the drawing. the 
surface of the batch layer facing the heat source if pref 
erably a surface of rotation, in this case a frusto-conical 
shape parallel to the shape of the housing 50. Paraboloid 
and cylindrical surfaces may also be employed. How 
ever, it should be understood that while surfaces of 
revolution are preferred for the shape of the batch layer 
for the sake of receiving uniform heat from a central 
heat source, other non-revolutionary shapes may be 
employed, such as inverted pyramidal or tetrahedral 
shapes. It may be also noted that the batch layer need 
not be of uniform thickness as long as the minimum 
thickness is sufficient to provide the desired degree of 
insulation. Because of the excellent insulating properties 
of glass batch, a stable batch layer whose minimum 
thickness is on the order of about 3 centimenters to 5 
centimeters, has been found more than adequate to 
protect a steel housing from undue thermal deteriora 
tion. A refractory ceramic bushing 56 at the bottom of 
the liquefaction chamber helps to retain the batch layer 
55 in place, and a central opening 57 in the bushing 
de?nes an exit opening from the liquefaction chamber. 
A source of radiant energy, such as a burner 58 provides 
heat within the liquefaction zone for melting the batch 
being fed into the chamber which forms the transient 
layer 59. The transient layer 59 becomes ?uid and ?ows 
downwardly through the exit opening 57. The lique?ed 
batch may be captured in a pool 60 contained by a 
chamber 61 for subsequent processing. Combustion 
gases from the liquefaction zone may also pass through 
the opening 57, whereupon they may be discharged 
from the chamber 61 through a ?ue 62. Alternatively, 
an exhaust opening may be provided through the cover 
51. FIG. 4 shows a single heat source 58 centrally lo 
cated on the axis of the liquefaction zone but it should 
be understood that a plurality of heat sources could be 
provided with oblique orientations. 

Referring now to FIG. 5, there is shown an embodi 
ment featuring a rotary liquefaction zone. High thermal 
ef?ciency is provided by encircling the heat source with 
the batch material being melted, and the transient batch 
layer being melted is distributed within the vessel by 
means of its rotation. The rotating vessel comprises an 
inclined steel cylinder 65 which may be rotated by way 
of a motor 66. Loose glass batch may be fed to the upper 
open end of the cylinder by means of a screw feeder 67. 
Before the vessel is heated, an insulating layer of batch 
68 is built up within the vessel. During operating, the 
rate of feeding the batch and the rate of heating are 
balanced against one another so that the layer 68 re 
mains stable and serves as the surface upon which 
newly fed batch is melted and runs toward the lower 
end of the cylinder. A radiant heat source such as a 
combustion burner 69 may be oriented along the axis of 
the cylinder from either end of the cylinder. As shown 
in FIG. 5, the burner 69 is mounted in a refractory 
housing 70 which closes the lower end of the cylinder 
65. The combustion gases pass axially through the cylin 
der and escape through the upper end into an exhaust 
box 71 which encompasses the upper end of the cylin 
der. Exhaust gases may be passed from the box 71 to a 
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stack 72. The lower end of the rotating cylinder may be 
provided with a refractory ceramic bushing 73 suitable 
for molten glass contact. A gap 74 between the burner 
housing 70 and the bottom inside edge of the cylinder is 
provided for escape of the lique?ed batch 75 which may 
fall into a collecting pool 76 contained by a chamber 77 
where the molten material may be subjected to subse 
quent processing. The angle of incline of the rotating 
cylinder will be determined by the rate at which it is 
desired for the lique?ed batch to run out of the cylinder. 
The cylinder should rotate at a speed at which loose 
batch is held against the inside walls by centrifugal 
force. The minimum speed will depend upon the effec 
tive diameter of the cylinder. The following are calcu 
lated estimates: 

Diameter Revolutions per Minute 

0.5 Meters 60 
1.0 Meters 43 
2.0 Meters 37 

The preferred embodiment is shown in FIG. 6 and is 
characterized by a liquefaction chamber rotating about 
the vertical axis, with glass batch encircling a central 
heat source. The rotary melter 80 of this embodiment 
includes a housing comprising a steel cylinder 81 and a 
steel floor 82. The housing is provided with vertical 
support by a plurality of rollers 83 which are affixed to 
a frame 84. A plurality of side rollers 85 maintain align 
ment of the housing. Rotation of the housing may be 
provided, for example, by driving one of the rollers 83 
or 85 by motor means (not shown). A central opening in 
the floor 82 is provided with a refractory ceramic bush 
ing 86 suitable for molten glass contact and having a 
central opening 87. Any suitable structure may be pro 
vided for supporting frame 84 but for purposes to be 
described hereinafter, it is preferred to make the entire 
liquefaction structure 80‘ relatively portable. Therefore, 
overhead hoist means may engage attachment means 88 
affixed to upper portions of the frame 84. The upper end 
of the vessel may be closed by a refractory lid 90 which 
may be stationary and supported by the frame. The lid 
90 is provided with a central bore 91 through which a 
burner 92 or other radiant heating means may be in 
serted. Alternatively, a plurality of heat sources may be 
employed. The lid is also provided with a feed opening 
93 whereby batch may be fed from a screw feeder 94 or 
the like to the interior of the vessel. Before the vessel is 
heated, a stable layer of batch 95 is provided in the 
vessel by feeding loose batch while the housing is ro 
tated. The loose batch assumes a generally paraboloid 
contour as shown in FIG. 6. The shape assumed by 
loose, dry batch is related to the speed of rotation as 
follows: 

where: 
H=the elevation of a point on the batch surface in 

the direction parallel to the axis of rotation; 
R=the radial distance’ of that point from the axis of 

rotation; 
u=a friction factor; 
m=angular velocity; and 
g=the acceleration of gravity. 

The friction factor may be taken as the tangent of the 
angle of repose, which for dry glass batch is typically 
about 35‘. The above equation may be employed to 
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select suitable dimensions for the rotary vessel at a se 
lected speed of rotation or, conversely, for determining 
a suitable speedpf rotation for a given vessel. The rela 
tionship shows that steeper slopes, which are generally 
preferred, require faster rotational speeds, and that at 
zero velocity, the slope is determined solely by the 
angle of repose as in the FIG. 4 embodiment (assuming 
no preforming of the batch layer). 
During heating, continuous feeding of batch to the 

vessel of FIG. 6 results in a falling stream of batch 96 
that becomes distributed over the surface of the stable 
batch layer, and by the action of the heat becomes lique 
fied in a transient layer 97 that runs to the bottom of the 
vessel and passes through opening 87. The liquefied 
batch falls as globules 98 from the exit opening and may 
be collected in a pool 99 within a vessel 100 for further 
processing. Exhaust gases from the combustion within 
the liquefaction vessel may also pass through the open 
ing 87 and may be exhausted through a ?ue 101. Alter 
natively, an exhaust opening may be provided through 
the lid 90. 

In FIGS. 7 and 8, there are depicted combinations of 
the rotary melter 80 of the FIG. 6 embodiments com 
bined with conventional means for completing the melt 
ing of the lique?ed batch. In order to melt residual sand 
grains and to refine the liquefied batch emanating from 
the rotary melter 80, an overhead fired furnace 110 of 
conventional construction may be provided as shown in 
FIG. 7. The furnace contains a pool of the melt 111 and 
may be provided with one or more side ports 112 or an 
end port, as are well known in the art, from which 
?ames may be directed above the melt for providing 
heat thereto. The fumaoe may include a conventional 
inlet extension portion 113, but rather than feeding 
batch at such a location, the output from one or more 
batch liquefiers may be fed to the furnace through an 
opening 114. Melted and refined glms may pass from 
the furnace to a forming operation by way of a condi 
tioner or forehearth 115. The function of the furnace 
110 is primarily to raise the temperature of the melt and 
to provide sufficient residence time for any residual 
sand grains to dissolve and for gaseous inclusions to 
evolve from the melt. These functions represent a minor 
portion of those carried out in a conventional melting 
furnace, and therefore the furnace 110 may be only a 
fraction of the size of a conventional furnace having the 
same throughput. In other words, it is estimated that the 
batch liquefaction means of the present invention may 
replace one-half to two-thirds of a conventional flat 
glass melting furnace with commensurate savings in 
construction costs and with more efficient energy us 
age. A single liquefaction vessel may be used to provide 
lique?ed batch to the furnace of a large scale, commer 
cial glass-making operation, but it is generally more 
economical to provide a plurality of smaller units. Thus, 
to supply a throughput on the order- of several hundred 
tons per day, it may be preferred to employ about three 
or four liquefaction units. It is preferred that each lique 
faction unit be made portable so that a unit in need of 
maintenance may be removed and a reserve unit in 
serted in its place, thereby minimizing disruption of the 
glassmaking operation. The use of a plurality of lique 
faction units also provides an economical means for 
varying the throughput of the glassmaking operation by 
increasing or decreasing the number of units in opera 
tion. 
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FIG. 8 illustrates another arrangement for complet 
ing the melting and re?ning of the output from one or 
more rotary liquefaction units 80, employing electric 
heat rather than overhead combustion ?ring. The elec 
tric melter 120 may be comprised of a refractory vessel 
121 into which are inserted a plurality of electrodes 122 
by which thermal energy is imparted to the melt by 
means of Joule resistance heating. The lique?ed batch 
from a liquefaction unit or units may enter the electric 
melter through an opening 123. Following elevation of 
the melt temperature by the electric heating. a stream of 
the melt may pass through a submerged throat 124 to a 
re?ning zone 125 where gaseous inclusions are permit 
ted to escape from the melt. it should be understood 
that in the arrangements shown in FIGS. 7 and 8, the 
rotary liquefaction unit 80 is illustrated as the preferred 
embodiment. but that the other liquefaction units dis 
closed herein may be used in place thereof. 

In a typical glass batch formula consisting primarily 
of sand, soda ash and limestone, the soda ash begins to 
melt ?rst, followed by the limestone, and ?nally the 
sand. Physical melting is accompanied by the chemical 
interactions, in particular, the molten alkalis attack the 
sand grains to effect their dissolution at a temperature 
below the melting point of silica. At some intermediate 
point in this process, the liquid phase of the heteroge 
neous mixture of reacting and melting materials begins 
to predominate and the material becomes flowable as a 
fluid. The temperature at which the batch becomes 
?owable will depend upon the particular batch formula, 
especially the amount and melting temperature of its 
lowest melting temperature ingredients. The most com 
mon low temperature melting ingredient is soda ash, 
which melts at 1564‘ F. (851' C.). Theoretically, a batch 
having a suf?cient amount of soda ash may become 
lique?ed at the soda ash melting temperature, but expe 
rience with commercial batch formulas indicates that 
the temperature is somewhat higher-4000' F. (1090‘ 
C.) to 2100' F. (1150' C.) for a typical ?at glass b'atch. 
This may be explained by the fact that batch melting is 
a complex series of interactions among the various in 
gredients, whereby the physical properties of the indi 
vidual ingredients are not exhibited. It may also be that 
insu?‘icient soda ash is present when melted to entrain 
by itself the remainder of the unmelted materials. More 
over, even though the present invention eliminates 
much of the overheating of conventional melters, the 
runo?‘ temperatures observed with the present inven 
tion may not truly represent the initiation of liquefac 
tion. but may include a small amount of heating after 
liquefaction. Other low temperature melting ingredients 
sometimes employed in glass batches, such as caustic 
soda and boric acid, have even lower melting tempera 
tures than soda ash and may behave differently as runoff 
initiators. On the other hand, some types of glass other 
than ?at glass require higher temperatures to melt. It is 
preferred to use the present invention with batch formu 
las that liquefy below 3000' F. (i650‘ C.). For many 
types of glasses made on a large scale commercially, the 
present invention would be expected to operate satisfac 
torily with lique?ed batch draining from the liquefac 
tion chamber at about I600‘ F. (870' C.) to 2300‘ F. 
(1260' C.). 

In the present invention, the lique?ed batch drains 
from the liquefaction zone as soon as it reaches the fluid 
state, and therefore the ?uid draining from the liquefac~ 
tion zone has a nearly uniform temperature close to the 
liquefying temperature of the particular batch formula, 

10 

30 

35 

45 

50 

60 

65 

12 
typically about 2100‘ F. (1150“ C.) in the case of con 
ventional flat glass. Because heat is transported out of 
the liquefaction zone at the liquefying temperature, 
which is considerably lower than the temperatures at 
tained in a conventional glass melter, the temperature of 
the liquefaction vessel may be maintained relatively low 
regardless of the temperature of the heat source. As a 
result, materials requirements may be reduced relative 
to a conventional melter, and use of high temperature 
heat sources is made possible. The greater heat ?ux 
afforded by high temperature heat sources advanta 
geously increases the rate of throughput. An example of 
a high temperature heat source is a combustion burner 
supplied with oxygen as a partial or total replacement 
for combustion air. The use of oxygen is also advanta 
geous in the present invention for the sake of reducing 
the volume of combustion gases, thereby decreasing 
any tendency of the ?ne batch materials to become 
entrained in the exhaust gas stream. This is particularly 
signi?cant in the preferred practice of feeding the batch 
dry to the liquefaction vessel as opposed to the conven 
tional practice of wetting the batch with water to inhibit 
dusting. Furthermore, the use of oxygen instead of air is 
believed to reduce the potentially for creating nitrogen 
containing bubbles in the glass. 
An example of a batch formula employed in the com 

mercial manufacture of ?at glass is the following: 
Sand-I000 parts by weight 
Soda Ash-313.5 
Limestone-84 
Dolomite-242 
Rouge—0.75 

The above batch formula yields approximately the fol 
lowing glass: 
Si02—73.l0% by weight 

CaO—8.85% 
MgO--3.85% 

Fc203—-O. 10% 
The lique?ed batch running out of the liquefaction 

zone of the present invention, when using the batch 
formula set forth above, is predominantly liquid (weight 
basis) and includes about 15% by weight or less of crys 
talline silica (i.e., undissolved sand grains). The liquid 
phase is predominantly sodium disilicate and includes 
almost the entire soda ash portion of the batch and most 
of the limestone and dolomite. The fluid, however, is 
quite foamy, having a density typically on the order of 
about 1.9 grams per cubic centimeter, as opposed to a 
density of about 2.5 grams per cubic centimeter for 
molten glass. 
Although additional energy must be imparted to the 

liquid to convert it to a completely melted glass, it is 
estimated that a major portion of the overall energy 
consumption is spent in the batch liquefaction process, 
and that that portion of the process is carried out sub 
stantially more efficiently by the liquefaction methods 
of the present invention compared to a conventional 
tank-type melter. A theoretically derived value for the 
total energy required to completely melt glass is 2.5 
million BTU’s per ton (0.7 million kcal/metric ton) of 
glass produced. In order to complete the melting of the 
material leaving the liquefaction zone of the present 
invention, it is calculated that theoretically 0.36 million 
BTU’s per ton (0.1 million kcal/metric ton) would be 
required, or about 14% of the total theoretical energy 
requirement. In a conventional overhead ?red tank 
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melting furnace operating at state-of-the-art ef?ciency, 
total energy consumption has been found to be typically 
about 6.25 million BTU‘s per ton (1.75 million kcal/ 
metric ton) of glass produced. The liquefaction process 
of the present invention, on the other hand, has been 
found to consume, typically, about 4.5 million BTU‘s 
per ton (1.26 million kcal/metric ton). Accordingly, it 
can be seen that the liquefaction step performed in ac 
cordance with the present invention accomplishes 
about 86% of the melting while consuming about 72% 
of the energy required by a conventional melter. The 
total energy ef?ciency of the present invention will 
depend upon the efficiency of the particular process 
employed to complete the melting of the lique?ed 
batch, but if the ef?ciency of the subsequent stage is no 
better than the efficiency of a conventional tank-type 
melter, it can be estimated that the overall energy con 
sumption for melting glass in accordance with the pres 
ent invention would be about 5.4 million BTU’s per ton 
(1.5 million kcal/metric ton). or about 86% of the 
amount of energy used in the conventional melting 
process. In fact, it is contemplated that the energy ef? 
ciency of subsequent processing steps employed in con 
junction with the batch liquefaction of the present in 
vention would be better than that of the conventional 
melting process, since conditions may be provided that 
are particularly adapted to the speci?c tasks of melting 
residual sand grains and removing gaseous inclusions 
from the melt. Furthermore, the energy consumption 
?gures employed above for the conventional melting 
process include heat recovery from the exhaust gases, 
whereas the ?gures for the liquefaction process of the 
present invention do not. Therefore, employing con 
ventional heat recovery means with the process of the 
present invention may be expected to lower its energy 
requirements further. 
A pilot scale trial of the embodiment of FIG. 6 em 

ployed a steel cylindrical drum 18 inches (46 centime 
ters) high and having an inside diameter of 25.25 inches 
(64 centimeters). Optimum rotation of the drum was 
found to be in the range of 42 to 48 revolutions per 
minute in order to form a stable layer of loose batch 
covering the inside wall of the drum. The bottom exit 
opening had an 8 inch (20 centimeter) diameter. The 
burner was ?red with natural gas and oxygen in stoi 
chiometric ratio and expended 4.3 million BTU's per 
ton (1.2 million kcal/metric ton) of lique?ed batch pro‘ 
duced. The maximum production rate attained was 2.8 
tons per day of lique?ed batch. 
Other modi?cations and variations as would be obvi 

ous to those of skill in the art may be resorted to without 
departing from the scope of the invention as de?ned by 
the claims which follow. 
We claim: 
1. A method of liquefying glass batch comprising: 
in a vessel having a cavity surrounded by sidewalls, 

an upper inlet end portion, and a lower outlet end 
portion, maintaining a lining on the interior of the 
sidewalls comprised of a stable layer of glass batch; 

feeding glass batch into the vessel at the inlet end 
portion so as to form a transient layer of glass batch 
on the stable layer lining; 

providing heat to the cavity to render the transient 
batch layer to a molten fluid which ?ows on the 
stable batch layer lining toward the outlet end and 
out of the vessel through an outlet opening in the 
outlet end portion; and 
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14 
replenishing the transient glass batch layer by feeding 

additional glass batch onto the stable batch layer at 
a rate sufficient to maintain the stable batch layer 
lining substantially constant at a suf?cient thickness 
to thermally protect the vessel from the heat within 
the cavity. 

2. The method of claim 1 wherein the vessel is a 
metallic vessel. 

3. The method of claim 1 wherein the surface of the 
stable layer of batch is a surface of revolution. 

4. The method of claim 1 wherein the vessel and the 
stable layer of batch are rotated about the cavity. 

5. The method of claim 1 wherein the vessel is an 
inclined cylindrical tube and is rotated about the axis of 
the tube. 

6. The method of claim 1 wherein the vessel is a 
cylindrical or conical drum, the axis of which is substan 
tially vertical. 

7. The method of claim 6 wherein the vessel is metal 
lie. 

8. The method of claim 1 wherein the stable layer of 
batch is maintained at a thickness of at least 3 centime 
ters. 

9. The method of claim 1 wherein the stable layer of 
batch is provided with a surface sloping at an angle 
greater than the natural angle of repose of the batch. 

10. The method of claim 1 wherein the heat is pro 
vided by an oxygen enriched combustion ?ame. 

11. The method of claim 1 wherein the batch is essen 
tially free of sulfur. 

12. The method of claim 1 wherein the batch fed to 
the transient layer is dry. 

13. The method of claim 1 wherein replenishment of 
the transient batch layer includes distribution of batch 
onto substantially all portions of the surface of the tran 
sient batch layer. 

14. The method of claim 1 wherein the replenishment 
of the transient batch layer comprises depositing a 
stream of batch onto the upper portion of the batch 
within the vessel and permitting portions of the depos 
ited batch to tumble onto lower portions of the batch 
within the vessel. 

15. The method of claim 1 wherein replenishment of 
the transient batch layer comprises dispersing a stream 
of batch onto the transient batch layer by means of a gas 
stream. 

16. The method of claim 15 wherein the gas stream 
comprises a combustion ?ame. 

17. The method of claim 1 wherein the molten ?uid 
?owing out of the vessel includes a substantial portion 
of unmelted batch material. 

18. The method of claim 17 wherein the molten fluid 
?owing out of the vessel is subsequently subjected to 
additional thermal energy so as to complete melting of 
the batch material. 

19. The method of claim 1 wherein minor periodic 
erosion of the stable batch layer occurs and is repaired 
by controlling the rate of feeding additional batch so as 
to maintain a substantially constant interface between 
the stable batch layer and the transient batch layer. 

20. The method of claim 19 wherein material eroded 
from the stable batch mass is entrained in the molten 
fluid passing from the vessel without substantially af 
fecting the composition thereof. 

21. The method of claim 1 wherein the stable batch 
layer and the transient batch layer have substantially the 
same composition. 



Re. 32,317 
15 

22. The method of claim 1 wherein the stable batch 
layer is provided with a surface facing the cavity that is 
substantially a concave surface of revolution. 

23. The method of claim 22 wherein the concave 
surface has a vertical axis of symmetry. 

24. The method of claim 23 wherein the vessel is 
rotated about an axis corresponding to the vertical axis 
of symmetry. 

25. The method of claim 1 wherein the glass batch is 
a soda/lime/silica glass batch and the molten ?uid is 
drained from the vessel before its temperature exceeds 
2300° F. 

26. The method of claim 1 wherein the melted ingre 
dients in the molten ?uid ?owing from the vessel in 
clude soda ash, caustic soda or boric acid. 

27. The method of claim 26 wherein the molten ?uid 
includes unmelted particles that include sand grains. 

28. The method of claim 1 wherein the heat is pro 
vided to the cavity by means of a radiant heat source. 

29. The method of claim 6 wherein the vessel is ro 
tated about the axis of the drum. 

30. The method of claim 29 wherein the drum is 
metallic and the upper inlet end portion of the vessel 
includes a ceramic lid. 

31. The method of claim 29 wherein the batch within 
the vessel is provided with a surface facing the cavity 
that is substantially a concave surface of revolution. 

32. The method of claim 29 wherein the batch is a ?at 
glass batch and the molten ?uid is drained from the 
vessel at a temperature no greater than 2300' F. 

33. The method of claim 29 wherein heat is supplied 
to the cavity by a radiant energy source. 

34. The method of claim 33 wherein the radiant en 
ergy source is an oxygen enriched combustion ?ame. 

35. The method of claim 33 wherein the radiant en 
ergy source is an electric are. 

36. The method of claim 29 wherein the batch is a 
batch composition essentially free from sulfur and is fed 
to the vessel essentially dry. 

37. A method of liquefving glass batch in a vessel having 
an upper inlet portion, a lower outlet portion, and sur~ 
rounding sidewalls comprising: 

(a) insulating the vessel with a layer of glass batch defin 
ing a sloped cavity within the vessel: 

(b) heating the cavity to liquefjr a transient layer of the 
glass batch which flows on an underlying stable layer 
of batch to the outlet immediately upon liquefaction; 

(c) replenishing the transient layer of glass batch at a 
rate sufficient to maintain the stable layer of batch at 
a su?icient thickness to protect the vessel from undue 
thermal deterioration. 

38. The method of claim 37 wherein the vessel is a metal 
lic vessel 

39. The method of claim 37 wherein the surface of the 
stable layer of batch is a surface of revolution 

40. The method of claim 3 7 wherein the vessel and the 
stable layer of batch are rotated about the cavity. 

41. The method of claim 37 wherein the vessel is an 
inclined cylindrical tube and is rotated about the axis of 
the tube. 

42. The method of claim 37 wherein the vessel is a cylin 
drical or conical drum, the axis of which is substantially 
vertical 

43. The method of claim 42 wherein the vessel is metal 
lie. 

44. The method of claim 37 wherein the stable layer of 
batch is maintained at a thickness of at least 3 centimeters. 
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45. The method of claim 37 wherein the stable layer of 

batch is provided with a surface sloping at an angle greater 
than the natural angle of repose of the batch. 

46. The method of claim 37 wherein the heat is provided 
by an oxygen enriched combustion ?ame. 

47. The method of claim 3 7 wherein the batch is essen 
tially free of sulfur. 

48. The method of claim 3 7 wherein the batch replenish 
ing the transient layer is fed to the vessel in a dry condition. 

49. The method of claim 37 wherein replenishment of 
the transient batch layer includes distribution of batch onto 
substantially all portions of the surface of the transient 
batch layer. 

50. The method of claim 37 wherein the replenishment 
of the transient batch layer comprises depositing a stream 
of batch onto the upper portion of the batch within the 
vessel and permitting portions of the deposited batch to 
tumble onto lower portions of the batch within the vessel 

51. The method of claim 37 wherein replenishment of 
the transient batch layer comprises dispersing a stream of 
batch onto the transient batch layer by means of a gas 
stream. 

52. The method of claim 51 wherein the gas stream 
comprises a combustion ?ame. 

53. The method of claim 37 wherein the lique?ed mate 
rial ?owing out of the vessel includes a substantial portion 
of unmelted batch material 

54. The method of claim 53 wherein the molten fluid 
?owing out of the vessel is subsequently subjected to addi 
tional thermal energy so as to complete melting of the 
batch material. 

55. The method of claim 3 7 wherein minor periodic 
erosion of the stable batch layer occurs and is repaired by 
controlling the rate of feeding additional batch so as to 
maintain substantially constant interface between the sta 
ble batch layer and the transient batch layer. 

56. The method of claim 55 wherein material eroded 
from the stable batch mass is entrained in the molten ?uid 
passing from the vessel without substantially affecting the 
composition thereof.‘ 

5 7. The method of claim 37 wherein the stable batch 
layer and the transient batch layer have substantially the 
same composition. 

58. The method of claim 37 wherein the cavity is pro 
vided with a surface that is substantially a concave surfbce 
of revolution. 

59. The method of claim 58 wherein the concave surface 
has a vertical axis of symmetry. 

60. The method of claim 59 wherein the vessel is rotated 
about an axis corresponding to the vertical axis of symme 
try. 

6]. The method of claim 37 wherein the glass batch is a 
soda-lime-silica glass batch and the lique?ed batch flows 
from the vessel before its temperature exceeds 2300‘ F. 

62. The method of claim 37 wherein the melted ingredi 
ents in the lique?ed batch ?owing from the vessel include 
soda ash, caustic soda or boric acid. 

63. The method of claim 62 wherein the lique?ed batch 
includes unmelted particles that include sand grains. 

64. The method of claim 3 7 wherein the heat is provided 
to the cavity by means of a radiant heat source. 

65. The method of claim 42 wherein the vessel is rotated 
about the axis of the drum. 

66. The method of claim 65 wherein the drum is metallic 
and the upper inlet end portion of the vessel includes a 
ceramic lid. 
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67. The method of claim 65 wherein the cavity is pro 
vided with a surface that is substantially a concave surface 
of revolution. 

68. The method of claim 65 wherein the batch is a ?at 
glass batch and the molten ?uid is drained from the vessel 
at a temperature no greater than 2300' F. 

69. The method of claim 65 wherein heat is supplied to 
the cavity by a radiant energy source. 

70. The method of claim 69 wherein the radiant energy 
source is an oxygen enriched combustion ?ame. 

71. The method of claim 69 wherein the radiant energy 
source is an electric arc. 

72. The method of claim 65 wherein the batch is a batch 
composition essentially free from sulfur and is fed to the 
vessel essentially dry. 

73. A method of liquefying glass batch comprising: 
in a vessel having a substantially vertically symmetrical 

cavity surrounded by sidewalls, an upper inlet end 
portion. and a lower outlet end portion, maintaining a 
lining on the interior of the sidewalls comprised of a 
stable layer of glass batch; 

feeding glass batch into the vessel at the inlet end portion 
so as to form a transient layer ofglass batch on the 
stable layer lining: 

providing heat to the cavity to render the transient batch 
layer to a molten ?uid which ?ows on the stable batch 
layer lining toward the outlet end and out of the vessel 
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through an outlet opening in the outlet end portion.‘ 
and 

replenishing the transient glass batch layer by feeding 
additional glass batch onto the stable batch layer at a 
rate sufficient to maintain the stable batch layer lining 
substantially constant at a sufficient thickness to ther 
mally protect the vessel from the heat within the cav 
ity. 

74. A method of liquefying glass batch comprising: 
in a vessel having a cavity surrounded by sidewalls. an 

upper inlet end portion, and a lower outlet end por 
tion, maintaining a lining on the interior of the side 
walls comprised of a stable layer of glass batch; 

feeding glass batch into the vessel at the inlet end portion 
so as to form a transient layer of glass batch on the 
stable layer lining; 

providing heat to the cavity to render the transient batch 
layer to a molten ?uid that includes incompletely 
melted portions and which ?ows on the stable batch 
layer lining toward the outlet end and out of the vessel 
through an outlet opening in the outlet end portion 
while still including incompletely melted portions; and 

replenishing the transient glass batch layer by feeding 
additional glass batch onto the stable batch layer at a 
rate suj?cient to maintain the stable batch layer lining 
substantially constant at a sufficient thickness to ther 
mally protect the vessel from the heat within the cav 
ity. 
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