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This invention relates to method and apparatus for 
handling and processing mineral materials fusible at 
high temperatures and for controlling and maintaining 
the material in a flowable state, the method and appara 
tus being especially usable in providing for the coin 
tinuous flow of one or more streams of material de 
livered to a zone where the stream or streams may be 
acted upon by suitably directed forces for producing 
fibers from the material. 

It has been conventional practice to produce fibers 
in commercial quantities from mineral materials such 
as glass, slag and certain types of fusible rock where 
Such materials may be softened or reduced to a flowable 
state at temperatures under 2800 Fahrenheit. Con 
siderable difficulties have been encountered, however, in 
attempts to control and maintain materials that are ren 
dered heat-softenable or flowabie at temperatures in ex 
cess of 2800 Fahrenheit in a satisfactorily flowable state 
or condition. 

Certain glass compositions and other mineral materials 
such, for example, as aluminum silicate from which 
fibers may be formed are rendered flowable at extremely 
high temperatures. Aluminum silicate may be fused 
or melted at a temperature of about 3500 Fahrenheit 
and at such temperature has a relatively low viscosity 
and hence is readily flowable. At a high temperature 
the material may be highly fluid and readily flowable, but 
by reason of the low viscosity of the fluid material, 
attenuation of the material to fibers cannot be satis 
factorily attained. It is found that at a temperature 
of about 3100 Fahrenheit the viscosity characteristic of 
aluminum silicate is extremely critical and changes 
markedly within a temperature range of about 25 
Fahrenheit. At comparatively high temperatures, such 
an extremely critical temperature range of 25 Fahren 
heit is difficult to maintain, and it has been found that 
satisfactory attenuation of the material to fibers is at 
tainable only when the material is within the critical 
temperature range. 

In fusing materials such as aluminum silicate, re 
sistance to the flow of electric current between electrodes 
immersed in the material is utilized to soften or meit 
the material so that it may be discharged from the melt 
ing furnace through a trough or pouring spout. Here 
tofore it has not been possible to maintain or stabilize 
the temperature of the material adjacent the pouring 
spout so as to prevent "freezing” of the material, a 
condition which impairs or obstructs the continued flow 
of the material through the spout. The accretion of 
congealed material in the trough or spout, even if not 
wholly interrupting the flow of the stream, causes an 
unstable or sporadic flow of the material and unsatis 
factory attenuation of the softened material to fibers. 

Heretofore flow blocks formed with pouring spouts 
have been fashioned of graphite or ceramic materials 
having high fusion temperatures but these have been 
unsatisfactory. Flow blocks formed of such materials 
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absorb and conduct heat from the molten material so 
rapidly that the viscosity of the molten material is in 
creased causing a reduction in the flow rate and congela 
tion or freezing of the material eventually interrupts the 
flow or discharge of the material. Ceramic composi 
tions suitable for flow block constructions are readily 
subject to corrosion at high temperatures and disintegrate 
within a short period of time. 
The present invention embraces a method of heating 

and controlling the condition of material fusible at high 
temperatures in a manner providing for uninterrupted 
flow of the material and delivery thereof to a fiber 
forming zone under conditions wherein attenuation will 
occur while the fiber-forming material is within a vis 
cosity range necessary to satisfactorily form fibers. 
An object of the invention involves a method of 

flowing mineral material from a Supply through a pas 
sage arranged to foster a continuity of movement of the 
material and avoid or minimize conditions which would 
otherwise tend to retard or interrupt the flow of the 
material. 

Another object of the invention resides in a method 
of heating fiber-forming materials which fuse at high 
temperatures and controlling the temperature of the 
fused material in a manner rendering the material flow 
able from a supply under conditions avoiding the dis 
sipation of heat from the material at the Zone of dis 
charge of the material from the supply. 
Another object of the invention resides in the pro 

vision of apparatus for handling mineral material hav 
ing a high-temperature fusing point, the apparatus includ 
ing a discharge means for the material arranged so that 
the molten material may be conveyed from the supply 
without appreciable temperature variation thereby avoid 
ing liability of the molten material to chill or congeal in 
the discharge Zone. 
Another object of the invention resides in an apparatus 

for conveying or discharging a stream of mineral ma 
terial at a high temperature wherein the wall of a ma 
terial-conveying or discharging passage or orifice is main 
tained at a temperature whereby adherence of the molten 
mineral material to the conveying or discharging means 
is substantially minimized or avoided. 

Another object of the invention resides in the pro 
vision of a discharge orifice or passage construction 
formed of metal and cooled through the medium of a 
circulating fluid to maintain a reduced temperature for 
the orifice or passage construction below the point at 
which the molten material will adhere to the metallic 
Surfaces to avoid a congealing of the material in the 
orifice or passage and without appreciable transfer or 
conduction of heat away from the material. 

Another object of the invention resides in an ap 
paratus for melting fiber-forming material and main 
taining the material in a flowable state through the 
utilization of electrical energy applied to the material 
in a manner to avoid congealing of the molten material 
in Zones which would interfere with the facile discharge 
or flow of the molten material from a forehearth or 
melting receptacle. 

Still a further object resides in the provision of ap 
paratus for maintaining material having a high fusion 
point in a molten state wherein a flow block or orifice 
construction forms an electrode connected to a source 
of electrical energy and disposed to facilitate flow of 
current through the material adjacent a zone of dis 
charge of the material from a Supply for controlling 
the temperature of the material at said zone. 

Further objects and advantages are within the scope 
of this invention such as relate to the arrangement, op 
eration and function of the related elements of the 
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Structure, to various details of construction and to com 
binations of parts, elements per se, and to economies 
of manufacture and numerous other features as will be 
apparent froii) a consideration of the Specification and 
drawing of a form of the invention, which may be pre 
ferred, in which: 

Figure is an elevational view illustrating a form of 
apparatus for carrying out the method of the invention; 

Figure 2 is an end view of an end of the apparatus 
shown in Figure 1; 

Figure 3 is an isometric Sennidiagramaatic view of 
the construction illustrated in Figure 1 embodying an 
electrode arrangement for controlling the temperature of 
the molten material; 

Figure 4 is a transverse sectional view of the arrange 
ment shown in Figure 3; 

Figure 5 is a view similar to Figure 1 illustrating a 
flow block or material-discharge means arranged to func 
tion as an electrode; 

Figure 6 is an elevational view of another form of 
flow block construction; 

Figure 7 is a vertical sectional view taken upon the line 
7-7 of Figure 6; 

Figure 8 is an elevational view of a modified form 
of flow block; 

Figure 9 is a vertical sectional view taken substan 
tially on the line 9-9 of Figure 8; 

Figure 10 is an elevational view showing a further 
form of flow block; 

Figure 11 is a vertical sectional view taken substan 
tially on the line 11-11 of Figure 10; 

Figure 12 is a longitudinal sectional view of a fore 
hearth or receptacle embodying a modified form of means 
for flowing a stream of molten material; 

Figure 3 is a top plan view of a portion of the con 
struction shown in Figure 12; 

Figure 14 is a view similar to Figure 12 illustrating 
another form of orifice construction; 

Figure 15 is an isometric view illustrating another 
form of fluid-cooled orifice plate; 

Figure 16 is a plan view of an annularly shaped fluid 
cooled orifice construction, and 

Figure 17 is a sectional view taken substantially on the 
line 17-17 of Figure 16. 
The method and apparatus of the invention are espe 

cially usable for flowing a stream of material which fuses 
at comparatively high temperatures, such for example 
as aluminum silicate, and other mineral materials such 
as compositions of glass or vitreous materials which may 
be softened or rendered molten or flowable at tempera 
tures of 2800 Fahrenheit or more. 
The apparatus of the present invention involves a con 

trol of the condition of the fused or molten material 
effective to avoid congealing or freezing of the material 
so as to assure continuity of flow of the material without 
interruptions otherwise necessary to remove congealed 
material from the orifice or flow passage constructions. 
One form of apparatus utilizing the principles of the 

present invention in carrying out the method is illustrated 
in Figures 1 and 2. Figure 1 illustrates in longitudinal 
vertical section a forehearth 10 which is connected to or 
forms a part of a receptacle or melting furnace illus 
trated at 12, the forehearth and furnace being provided 
with a suitable ceramic or refractory lining capable of 
withstanding the comparatively high temperatures of 
the molten material. The ceramic or refractory is not 
directly in contact with the molten material as the ma 
terial adjacent the walls of the forehearth and furnace 
consists of solid unmelted batch or partially fused batch 
forming a protective coating for the surfaces. The fore 
hearth may be provided with a cover member 4 through 
which electrodes 15 and 16 extend for the purpose of 
melting or aiding in melting the glass 20 contained in 
the furnace and forehearth. The cover member 4 may 
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4. 
be formed with openings to accommodate additional elec 
trodes 18 and 19 usable for controlling the temperature 
of the material at the discharge orifice or passage. 
The forehearth or receptacle is formed with a block or 

member 21 fabricated or formed of material such as 
graphite capable of withstanding the temperature of the 
molten fiber-forming material. Secured to the block 21 
is a member 25 formed of metal which may be of tubular 
or hollow formation through which may be circulated a 
cooling media:m such as water, steam, air or other fluid 
suitable for the purpose. The member 25 is formed 
with a V-shaped configuration 27 to fit the similarly 
shaped upper surface of the block 21, the apex of the 
V-shaped configuration forming a passage, channel or 
spout through which the molten material 20 from the 
receptacle is discharged in the form of a stream S which 
may be attenuated to fibers by a gaseous blast from a 
blast-producing means 22 or by other attenuating forces. 
The member 25 may be provided with projecting lugs 

or extensions 23 adapted to receive lag bolts or other 
securing means for retaining the member 25 in fixed 
relation with respect to the member 21. The member 
25 may be connected by means of fittings 30 and 31 
with fluid inlet and outlet tubes 32 and 33 for conveying 
or circuiating the cooling medium through the hollow 
interior of the member. 
The member 25 is preferably disposed above the block 

21 in order to avoid direct contact of the molten ma 
terial with the block 21 at the discharge Zone so as to 
minimize the conduction of heat away from the molten 
material by or through the block 21. The member 25 
may be advantageously formed of metal and through the 
use of a cooling medium, the temperature of the passage 
or channel wall may be controlled and reduced below 
a temperature at which the molten material tends to 
adhere or cling to the metal surface as the material flows 
over the surface. 

Heretofore a material-discharge passage or channel 
has been provided in a flow block formed of graphite 
and of substantial thickness. As the molten material 
moved through the channel in the graphite flow block, 
heat was conducted away from the stream at such a rapid 
rate as to cause an instant increase in the viscosity of 
the naterial with the result that the naterial congealed 
or froze in the passage thus obstructing or interrupting 
further flow or discharge through the passage. By means 
of the arrangement disclosed in Figures 1 and 2, the flow 
ing stream Substantially contacts only the metal of mem 
ber 25 at the apex 27 and while the temperature of the 
metal member is maintained considerably below that of 
the molten stream, the stream moves over the molten 
member at a rapid rate so that there is insufficient time 
for Substantial loss of heat from the stream and hence 
a continuity of stream flow is assured without liability 
of congealing or freezing of the stream. 

Different metals 1 nay be enployed for the member 25, 
the metal selected being dependent in a large measure 
pon the characteristics of the material being handled 

and the temperature at which the nolten stream is to 
be traintained. For example, cast iron or cold rolled 
Steel may be utilized if cooled so as to maintain their 
temperatures at about 800 Fahrenheit to 1000 Fahren 
heit. Stainless steels may be employed for fabricating the 
member 25 and such materials are capable of withstand 
iing temperatures of from 2200 Fahrenheit to 2400 
Fahrenheit. The flow block or member 25 may be made 
of metal alloys such as platinum rhodium or the like capa 
ble of use at temperattires of about 2800 Fahrenheit. 

In practice, the member 25 may be cooled to a ten 
perature considerably below its critical or melting ten 
perature and even though the temperature differential 
between the molten material and the mennber 25 is com 
paratively large, the stream moves through the passage 
So rapidly that there is comparatively little heat loss and 
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no appreciable change in viscosity. The temperature of 
the molten material at the discharge zone may be further 
controlled by the use of electric current flowing between 

90, 

electrodes 18 and 19 disposed in the forehearth 10 in 
proximity to the flow passage. 

Figures 3 and 4 illustrate a flow block construction 
similar to that shown in Figures 1 and 2 in conjuction 
with a temperature-regulating electrode arrangement facil 
itating control of the flowability or viscosity of the ma 
terial through the exercise of accurate control of the 
temperature of the molten material adjacent the flow 
passage. In this form of construction, the forehearth 
1.0a is provided with a member 25' of a configuration 
similar to member 25 shown in Figure 2. The member 
25 is disposed adjacent and above the end wall 26 of 
the forehearth and is configurated with converging por 
tions forming an apex 27, the latter providing a passage 
or channel through which the molten material is dis 
charged in the form of a stream S. The member 25' is 
cooled in the same manner as the member 25 shown in 
Figures 1 and 2. 

It has been herein pointed out that in order to provide 
for a constant stream flow of material from the fore 
hearth, it is imperative to control the viscosity or flow 
ability of the material adjacent the discharge passage. 
In the form of apparatus shown in Figures 3 and 4 this 
may be accomplished by a special electrode arrange 
ment. Disposed adjacent the discharge zone of the fore 
hearth or receptacle is an electrode 34 of a dipolar con 
struction with poles 35 and 36 thereof disposed in trans 
verse spaced relation and projecting into the fusible mate 
rial in the forehearth and in proximity to the flow block 
or member 25'. Another electrode 37 which may be of 
a single-pole type projects into the fusible material and 
cooperates with the electrode 34. Conductors 38 and 
39 are connected to the respective electrodes to establish 
current flow thereto. 
Through the dipolar electrode arrangement adjacent 

the discharge Zone of the material in the forehearth, cur 
rent passes through the fusible material from each of the 
poles 35 and 36 of the electrode 34 to the electrode 37 
as indicated by the arrows in Figure 3. Through this 
arrangement the material in the zone between the poles 
35 and 36 of the electrode 34 is maintained at a con 
trolled temperature by regulating the current flow through 
the mtaerial. Temperature regulation may be effected 
by adjusting the distance between the poles 35 and 36 
in the fusible material. 
One form of adjustable support for the dipolar arrange 

ment is illustrated in Figures 3 and 4. The poles 35 and 
36 of the dipolar electrode arrangement 34 are respec 
tively supported upon clips or brackets 38', each bracket 
being pivotally connected by a pin 39 to an element 40 
slidably mounted in a guide portion 41 formed upon a 
Supporting bar or member 42. The pole-supporting ele 
ment 40 may be slidably adjusted in the guide 41 by an 
adjusting screw 42. 
Through an arrangement of this character, each of the 

poles 35 and 36 may be adjusted to a desired angle and 
immersed in the molten material to a proper depth. 
Under certain operating conditions, one of the poles may 
be disintegrated or burned away at a faster rate than the 
other and the above-described construction also affords 
a facile means of compensating for an irregularity of 
this nature. 
By providing dual paths for current flow through the 

material from poles 35 and 36 of electrode 34 to the 
electrode 37, the material at the zone 44 between the 
poles 35 and 36 adjacent the material-discharge passage 
27 may be held to a substantially constant temperature 
whereby the material in said zone will remain in a flow 
able condition. It may be that the material may freeze 
or congeal in the zones indicated at 43 between the side 
walls of the forehearth 10a and the poles 35 and 36, but 
the congealing of the material in these zones has no 
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material effect upon the flowability of the material in 
the zone 44. The temperature of the member 25 is 
maintained sufficiently below the fusing temperature of 
the material by the circulation of a coolant through the 
member in order to eliminate the tendency of the flowing 
material to stick or adhere to the metal surfaces of the 
nember 25. 
Thus through an effective control of the temperature 

of molten material adjacent the discharge Zone and the 
avoidance of appreciable conduction of heat from the 
material in the flow passage, a continuity of flow of the 
material from the forehearth is assured whereby efficient 
fiber-forming operations may be carried on without inter 
ruption. 

Figure 5 illustrates a modified arrangement of appa 
ratus for maintaining a material of high fusing tempera 
ture in a molten or flowable state. In this form the fore 
hearth or receptacle 1.0a is formed with a flow block 45 
as an end wall of the receptacle and having a V-shaped 
passage or channel at 46 through which the molten mate 
rial flows or is discharged. Disposed between the flow 
block 45 and the forehearth 10a is a layer of electrical 
insulating material 47 which may be of a suitable ceramic 
or vitreous material having noncurrent-conducting charac 
teristics so as to insulate the block 45 from the receptacle. 
A composition of clay, asbestos and sodium silicate has 
been found suitable for the purpose. 

In this form of the invention the block 45 may be 
fabricated of compressed graphite, granular carbon or 
other current-conducting materials that are resistant to 
the corrosive action of the molten material. The block 
45 is connected by means of a current conductor 48 with 
a source of electrical energy, the graphite block 45 form 
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ing an electrode. Another electrode 49 extends into the 
glass, aluminum silicate or other material in the fore 
hearth and is spaced from the end wall or electrode block 
45 so that current flows between the electrodes 45 and 49 
through the molten glass. 

By reason of the current flow between the electrodes 
45 and 49, the material in the forehearth is maintained 
well above the fusing temperature through the heat gen 
erated by the resistance to the passage of the current 
through the material. As the flow block 45 also serves 
as an electrode in the arrangement shown in Figure 5, 
the graphite block is heated to a high temperature and 
hence there is substantially no transfer of heat from the 
molten material to the electrode-flow block 45 and the 
molten material may flow in a continuous stream through 
the passage in the block 45 without interruption or ob 
struction, such as might be caused by congealing or 
freezing of the material in the passage. 

Figures 6 and 7 illustrate another form of flow block 
or means for discharging molten material from a recep 
tacle. In this form the flow block or member 5 is 
secured to an end of a forehearth 10b by securing bolts 
52 passing through openings formed in lugs 53 extending 
from the member 50. The member 50 is formed with 
converging walls 54 joining vertical wall portions 55 
which are connected by an arcuate portion 56. The ver 
tical walls 55 and the arcuate or semicylindrical wall 
56 form a passage or channel 57 through which molten 
material may flow from the forehearth 10b. 
The member 50 is of hollow configuration providing 

a chamber or duct 58, the member 50 being provided 
with inlet and outlet tubes or pipes 60 and 6 in com 
munication with the chamber 58 to convey fluid such 
as water, air or cither suitable heat-absorbing and con 
ducting medium into and away from chamber 58. The 
member 50 forming a flow block may be made of any 
of the metals hereinbefore mentioned, the choice of metal 
being dependent upon the temperature at which the 
glass, aluminum silicate or other mineral material is 
delivered through the flow passage 57 formed by the 
walls 55 and 56. 
The member 50 may be utilized as an electrode in the 
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manner hereinbefore described in respect of the form of 
construction shown in Figure 5 for controlling the tem 
perature of the material to iaintain the same in a 
flowable or molten State SQ that the materia at the time 
of its delivery to a fiber-forning zone is at a viscosity 
suitable for forming fibers. An extension 63 may be 
formed on the member to which a terminal of a current 
conductor may be secured for conducting current to the 
member 50. As the temperature of the flow block or 
member 59 is reduced by the cooling medium in the 
chamber 53 below a point at which the ring ten fiber 
forming material will Stick or adhere to the member, the 
molten material readily flows through the orifice or pas 
Sage 57 and freezing or congealing of fiber-forming ima 
teria in the passage is substantially eliminated. 

Figures 8 and 9 illustrate another form of flow block 
construction. In this form of the invention, the flow 
block 65 is fashioned with a J-shaped configuration, the 

i g at 68, the apex and adjacent coin 
ging wall portions presenting a trough-like passage 

through which molten material ray flow from a fore 
hearth. This costinctio; of foy block is inade of instal 
and is formed with a chamber 70 through which a cool 
ing fluid may be circulated through inlet and outlet 
pipes 72 and 73. 
When it is desired to tilize the flow block 65 as one 

electrode of an arrangeneit for heating and controlling 
the temperature of matten fiber-fortning material in the 
forehearth or receptacle, the flow block may be provided 
with projections or terfinal plates 75 to one or both 
of which may be secured suitable current coindictors. 
It is to be inderstood that when the member 65 is tilized 
as an electrode, one or more additional electrodes are 
immersed in the into ten material in the forehearth. The 
resistance offered by the material in the forehearth to 
the passage of current heats the material, and by regul 
lating the current or the Spacing of the electrodes, an 
effective centrol may be exercised over the temperature 
and viscosity of the material. 

Figures () and 11 illustrate another form of orifice 
or flow block constru?ction fashioned of metal. As illus 
trated, the flow block is of Sibstantially rectangilar shape 
provided at its upper central Zone with downwardly 
extending, conve g walls 8 forming a W-shaped 
trough or chanine S2 through which molten material may 
flow fron a forehgarth. The flow blogck is of hgow co 
figuration providing a chamber 84 through which a cool 
ing medium inay be circulated through inlet and outlet 
pipes 35 and 86. 
One wall of the flow block is formed with a pouring 

or material-discharging tip. 88 to facilitate a smooth flow 
of notein material from the forehearth, the upper Zone 
of the poiring lip being curved in the manner indicated 
at 89 in Figure 11, the lip serving to accurately direct 
the path of the stream to fiber-forming forces. Projec 
tions 9 may be provided for Securing the orifice or flow 
block construction to the end of a forehearth. Weided 
or otherwise Secured to the Grifice construction is a ter 
minal plate 93 which is adapted to be connected with a 
current conductor when it is desired to utilize the flow 
block as an electrode of a material-heating System CT 
arrangement of the character shown in Figure 5. 
The tip or Spout portion 88 is of thin-walled construc 

tion to accommodate the few of cooling medium in the 
proximity of the spout surface in order to reduce the 
temperature of the portions of the flow biock engaged 
by the stream of note: naterial so as to prevent the 
moltea materiai from Sticking to the surfaces of the pas 
Sage and thus eliinitiating freezing or congealing of ma 
terial in the passage. 

Figure 2 illustrates another arrangement for flowing 
high temperature fusing material from a receptacle or 
forehearth. In this arrangement the forehearth 60 is 
provided with a floor or bottom wall 02 having an open 
ing formed therein to receive a member or flow block 
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04 provided with a suitable orifice or pasasge 105 

through which molten material may flow in the form of 
a stream S. The member 104 may be advantageously 
shaped of circular configuration and is formed with a 
chamber 106 to facilitate the circulation of fluid for 
cooling the neinber. 
The cooling fluid may be conducted to and away from 

the chamber 33 through illet and outlet pipes 108 and 
9. It should be noted that the vertical dimension cf 

wali : { bot inding or defining the passage 05 is very 
Sieri and the portions of the member 11 and 12 adja 
cent the bounding wall 130 are curved and extend away 
from the wall 0 both above and below the passage as 
portrayed in Figure 12. 

fruction provides for a Substantially large 
to acco info date ain adequate quantity of 

isies a flow passage or orifice, the 
al 

Cocing i 
y/3 of y is comparatively short so that a ninimum 
C: Sii contact Cf the Citi laterial with the wal 
of the is oil: aiiated. 
nolier late:ia, tiltier cer 
&ng die to the cancil 

it has been find that the 
temperature conditions 

otioin of heat by the cooling fluid, 
nay tend to c the ZC ties indicated at 4. How 

(ever, the comparatively rapid flow of the stream S away 
from the Supply in the forehearth through the passage 
does not result in any appreciable coging of the stream, 
and hence the liability of the material to freeze or coin 
geal in the passage 35 or we the passage is substan 
tially eliminated thereby assiring a Sooth, continuous 
flow of fiber-forming materia from the forehearth. 

i) sinie installations it in ay be desirable to ein ploy 
the tal neirbser Cir few block is an electrode for 

shing cirrent flow thro:gh the molten material in 
the forehe eigctrodes E 6 projecting 

ith. When this method 
of heating aid controlling the temperature of the mate 
rial is employed, a cottinecting block or termina 3 may 

Sec.ad to the member 94 to 

rth to Cne or ir: 

- a , geiber 23 y be con 
itected in ber 3:54 as an ecctrode. 
The arc Gif the 

ar 

isible nateia in the fore 
h3arth. I be cofrced by an electrode ingement 
Gf the character show; in Figures 3 and 4. The elec 
Erode construction in proxii inity to the end wall of the 
forehearth preferably incides a clipolar arrangement 

ing poles i2.3 and 25 part as illustrated in 

1. 

iFigure 3. The other elect 
Ctirrent path through the nataria may be disposed in the 
position shown in Figure 13, hS of current 
flow from the poies 26, and 23 and the electrode 39 
being indicated by arrows. y hears of the electrode 
arrangement, the Zone 32 of the material in the fore 
hearth adjacent cr inamediately above the orifice or pas 
Sage 183 may be heated to the temperature required to 
maintain the fisible material at a desired viscosity to in 
sure the flow of molten material through the orifice and 
avoid or eliminate congealing of the material adjacent or 
in the orifice. 
The fusible material, under certain conditions, may 

have a tendency to congeal at Zones 134 spaced from the 
orifice, but the congealed materia is out of the path of 
flow of the material from the Zone 132 and, hence, Such 
congealed material does not interfere with a continuous 
flow of material through the orifice. 
The metal orifice member 104 may be employed as an 

electrode and for this purpose is provided with a projec 
tion 118 to which a current conductor 120 may be con 
sected. When the orifice member is used as one electrode, 
the current flow through the fusible material may be be 
tween the member 104 and the electrode 130. If desired, 
the poles 24 and 25 of the dipolar electrode may be 
connected directly to electrode 130 to facilitate current 
flow from mennber 104 to poles 124, 125 and electrode 130. 

Figure 14 illustrates another form of orifice or pas 
Sage construction providing a means for flowing a stream 
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of fusible material from a supply. In this form, the floor 
102 of a forehearth or receptacle is formed with an open 
ing in which is disposed a member or flow block 140. 
The member 140 is shaped to provide a flow orifice or 
passage 142. At the upper portion of member 140 the 
walls 143 extend upwardly so that the entrance to the 
passage 142 is above the floor surface 102 of the fore 
hearth. 
The member 140 is preferably of annular configura 

tion and of hollow construction providing an annular 
chamber 145 through which a coolant fluid or medium 
may be circulated, the fiuid being conveyed to and from 
the chamber through inlet and outlet pipes 147 and 148. 
It should be noted that the passage wall which is deter 
minative of the size of the material stream is compara 
tively short to minimize the area of contact with the ima 
terial and hence avoid excessive cooling of the stream. 
The interior wall portion 149 of the member 140 is flared 
outwardly and downwardly as illustrated to eliminate 
contact of this portion of the member with the Stream 
of molten material. S. 
An effective control of the temperature and hence the 

viscosity or flowability of the material may be had through 
the use of an electrode arrangement of the character 
shown in Figures 3 and 12 comprising electrodes 150 and 
51. The electrode 151 may be of dipolar construction 
similar to the electrode 34 illustrated in Figure 3, while 
the electrode 50 may be of the single pole type. 
As shown in Figure 14, the electrodes are disposed in 

the receptacle in relation to the orifice 142 so that the 
temperature of the material in the Zone immediately ad 
jacent the orifice may be controlled so that the material 
is maintained in flowable condition for discharge through 
the orifice. Through this method, the material may be 
maintained at a requisite high temperature so that heat 
that may be transferred from the moving material to the 
wall of the orifice 142 is insufficient to raise the viscosity 
of the material to a point at which it tends to congeal 
or freeze to the walls of the orifice. During the opera 
tion of the apparatus some of the material may congeal 
or freeze in the Zones indicated at 154 and 155, but such 
congealed material does not interrupt or obstruct free flow 
of the molten material through the passage or orifice. 
The orifice member 140 may be utilized as an electrode 

in the same manner illustrated in the arrangement shown 
in Figure 12. Thus the orifice member may be provided 
with a metallic terminal or projection 157 to which a 
current conductor 158 may be connected. Other elec 
trodes may be disposed within the forehearth or recep 
tacle adapted for cooperation with the orifice member i40 : 
so that electric current may be caused to flow in paths 
adjacent the orifice plate or flow block so as to maintain 
the material adjacent the orifice member in a flowable 
State. 
The orifice member being formed of metal may be 

cooled below a temperature at which the molten material 
will tend to cling or adhere to the metal. As the unolten 
material is in contact with the orifice wall for a relatively 
short distance, the temperature of the molten material 
is not reduced through conduction of heat to the walls 
of the orifice to a point at which the material tends to 
congeal or freeze in the orifice or passage. 

Figure 15 illustrates another form of orifice plate or 
flow block adapted to fit into an opening in the floor of 
a forehearth. The plate 160 is formed with an orifice or 
passage 162 through which molten material may flow 
from the forehearth. Means is provided for maintain 
ing the temperature of the plate 160 sufficiently low to 
prevent the molten material from Wetting and adhering 
to the plate. As illustrated, members 164 and 65 are 
arranged at each side of the orifice 162 and are in heat 
transferring or conducting relation with the plate 160, 
each of the members being of hollow configuration to 
form fluid-receiving chambers. 
The chambers formed in members 164 and 165 are 
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respectively provided with inlet and outlet pipes 167 
and 168 connected to adjacent ends of the chambers while 
the opposite ends are connected together by means of a 
tube or pipe 169. Through this arrangement a coolant 
or temperature-control fluid may be circulated through 
the chambers 164 and 165 to conduct heat away from 
and thus regulate and control the temperature of the orifice 
plate 160. The plate 160 and the chambers 164 and 
165 may be formed of metal, and through the use of a 
coolant or cooling medium circulating through the cham 
bers, the tenperature of the zones of the plate adjacent 
the orifice is reduced below the point at which the molten 
material will cling or adhere to the Surface defining the 
orifice 162. The arrangement shown in Figure 15 may 
be embodied in the forehearth construction illustrated 
in association with other forms of the invention and the 
material in the forehearth may be heated by one of the 
arrangements disclosed herein. Gases or liquids, as, 
for example, water, steam, air or any suitable heat 
absorptive fluid, may be used as cooling mediums for cir 
culation through chambers 164 and 165. 

Figures 16 and 17 illustrate still another form of orifice 
or flow block construction for flowing a stream of ma 
terial having a high fusing temperature from a receptacle 
or forehearth. In this form of construction, an annular 
member 75 is shaped to provide an interior circular wall 
176 forming or defining an orifice or passage 77 through 
which the molten material may be discharged. The mem 
ber 175 is formed with an annularly shaped chamber 8, 
the latter being in communication with inlet and outlet 
pipes 81 and 182 which may be disposed in close rela 
tion as shown in Figure 16. In order to insure a Sai 
isfactory circulation of cooling fluid through the chamber 
80, a baffle plate or abutment 184 may be disposed in 

the chamber 30 in the position shown in Figure 16. The 
baffle serves the purpose of directing the flow of cooling 
fluid in one direction through the chamber 180 in order 
to control the temperature of the orifice or passage Wall 
176. It is to be understood that the member 75 may 
be formed of metal and the temperature thereof reduced 
sufficiently through the circulation of cooling fluid through 
the chamber 180 to avoid or Substantially eliminate the 
tendency of the molten material to adhere to the wall 76 
of the passage. 

In carrying out the method of the invention through the 
novel forms of apparatus disclosed herein, it will be ap 
parent that an effective control may be had of the tem 
perature of the wall of a passage or orifice. The method 
of heating the material adjacent the orifice or passage pro 
vides a control of the temperature of the material assur 
ing a continuous flow of molten material. The utiliza 
tion of the method and apparatus for handling Such ma 
terial is particularly advantageous in feeding or flowing 
the material to a fiber-forming station as interruptions 
of the process or operation are avoided through the elim 
ination of conditions fostering a freezing or congealing of 
the material in the passage or orifice of a fioW block. 
Thus a continuous stream of molten material of a con 
trolled viscosity may be delivered from a receptacle or 
forehearth through the use of the method and apparatus 
of this invention for carrying on continuous fiber-forming 
processes or for other purposes. 

It is apparent that, within the scope of the invention, 
modifications and different arrangements may be made 
other than is herein disclosed, and the present disclosure 
is illustrative merely, the invention comprehending all 
variations thereof. 
What I claim is: 
1. Apparatus for handling material having a high 

fusing temperature including, in combination, a melting 
furnace adapted to contain the material; said furnace 
being formed with a forehearth; a member formed of 
metal associated with said forehearth formed with a 
passage through which molten material may be dis 
charged from the forehearth; means for passing an elec 
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tric current between the member and an electrode im 
mersed in the material for maintaining the material in 
the forehearth adjacent the passage in a flowable state, 
said member having a chamber formed therein adapted 
to receive a cooling fluid for maintaining the wall of the 
passage at a temperature below that of the molten ma 
terial. 

2. Apparatus of the character disclosed, in combina 
tion, a forehearth adapted to contain a supply of motten 
mineral material; a flow, block Supported by the fore 
hearth provided with a passage through which notein 
materiai may flow from the forehearth, said flow block 
being formed with a chamber adapted to receive a coolant 
fluid for naintaining the temperature of the portion cf 
the flow block defining the passage at a lower term pera 
ture than that of the molten material; an electrod 
tending into the material in the forehearth, and incais 
for establishing flow of electric current between the flow 
block and the electrode for maintaining the material ad 
jacent the passage in a flowable condition. 

3. In an apparatus of the character disclosed, in com 
bination, a receptacle adapted to contain nachten material 
fusible at comparatively high temperatures, a flow block 
assiciated with a wall of the receptacle; said flow block 
being of hollow configuration to receive cocant fluid for 
circulation through the flow block, said flow block being 
formed with converging walls providing a V-shaped chan 
i.e. through which the material may flow in a stream from 
the receptacle; atd means for passing an electric current 
through said flow block and the nate:ial adjacent thereto 
for naiataining the material in the receptacle adjacent 

are in a flowable state. 
4. Apparatus of the character disclosed, in combina 

tion, a furnace adapted to contain material having a high 
fusing temperature and critical viscosity characteristics, 
a pair of electrodes extending into the furnace, means for 
flowing electrical energy between the electrodes and 
through the material in the furnace to render the material 
molten, a forehearth extending from the furnace and 
adapted to receive molten material from the furnace, a 
flow block Supported by the forehearth provided with a 
passage through which the molten material is discharged 
from the forehearth, said flow block being formed with 
a chamber adapted to receive a coolant fluid for main 
taining the temperature of the portion of the flow block 
defining the passage at a lower temperature than that of 
the molten material, an electrode extending into the 
molten material in the forehearth, and means for estab 
lishing flow of electrical energy between the flow block 
and the electrode in the forehearth for maintaining the 
material adjacent the discharge passage in a flowable 
State. 
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5. Apparatus of the character disclosed, in combination, 

a furnace adapted to contain material having a high fus 
ing temperature and critical viscosity characteristics, a 
pair of electrodes extending into the furnace, means for 
flowing electrical energy between the electrodes and 
through the material in the furnace to render the ma 
terial molten, a forehearth extending from the furnace 
and adapted to receive molten material from the furnace, 
a flow block supported by the forehearth formed with 
cenverging walls providing a V-shaped passage through 
which the molten material is discharged from the fore 
hearth, said flow block being formed with a chamber 
adapted to receive a coolant fluid for maintaining the tem 
perature of the portion of the flow block defining the pas 
Sage at a lower temperature than that of the molten ma 
terial, an electrode extending into the molten material in 
the forehearth and means for establishing flow of elec 
trical energy between the flow block and the electrode in 
the forehearth for maintaining the material adjacent the 
discharge passage in a flowable state. 

6. The method of handling material having a high fus 
ing temperature and critical viscosity characteristics in 
cluding melting the material in a furnace by flowing elec 
trical energy through the material in the furnace, flowing 
the molten material into a forehearth and through a pas 
Sage in the wall of the forehearth, flowing electrical energy 
from the wall of the passage through the material in the 
forehearth adjacent the passage, and circulating a fluid 
through a chamber formed in the wall of the passage for 
maintaining the passage wall within a temperature range 
facilitating flow of the material at a viscosity to avoid 
congealing of the material in the passage. 
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