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This invention relates to electric furnaces and, 
more particularly, to one adapted for sintering 
Such materials as molybdenum, alloys thereof 
With tungsten and other metals, as Well as for the 
reduction of Such metals from the oxides, 
The principal object of my invention, generally 

Considered, is to provide an electric furnace of the 
resistance type in which a large proportion of the 
energy is radiated directly from the resistance 
elements to the material to be heated. 
Another object of my invention is to provide 

an electric furnace of the resistance type in which 
considerable advantage is taken of the direct ra 
diation from the resistance elements, while still 
retaining an efficient insulating material, and not 
interfering with the utilization for continuous 
movement of the product through the furnace. 
A further object of my invention is the provi 

sion of an electric resistance furnace which may 
utilize a large proportion of the energy directly 
radiated from a filament of refractory material 
such as tungsten, whereby it may be utilized for 
sintering tungsten or the like which could not be 
sintered in furnaces in which the heat developed 
in a resistance element has to pass through the 
Wall of a refractory tube or other container. 
A still further object of my invention is to con 

struct an electric furnace of the resistance type 
in which the temperature on the inside thereof 
may be caused to approach the maximum tem 
perature that the available refractory will stand, 
that is, probably about 1800° C. When using alu 
mina, as the refractory. 
Other objects and advantages of the invention 

will become apparent as the description proceeds. 
Referring to the drawing: 
Fig. 1 is a vertical longitudinal Sectional View, 

with parts in elevation and parts shown diagram 
matically, of a furnace and associated apparatus 
embodying my invention. 

Fig. 2 is a transverse sectional view on the line 
II-II of Fig. 1, in the direction of the arrows. 

Fig. 3 is a perspective view of a modified form 
of heating frame for such a furnace. 

Fig. 4 is a detailed sectional view on the line 
TV IV of Fig. 3, in the direction of the arroWS. 

Fig. 5 is a detailed sectional view corresponding 
to Fig. 4, but showing a modification. 

Resistance furnaces employed prior to my in 
vention were constructed substantially as fol 
lOWS: 
A tube or muffle of highly refractory material, 

preferably alumina, was wound with a wire or 
ribbon of molybdenum or tungsten as the resist 
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in an insulating powdered oxide, such as alumina, 
and operated in a protective atmosphere prefer 
ably hydrogen. 
Since the furnace refractory must have consid 

erable thickness in Order to give it the necessary 
mechanical strength at the high temperature of 
operation, such operating temperature of the fur 
nace was limited, in part, by the thermal con 
ductivity of the tube or muffle, the outside of 
Which is necessarily considerably higher in tem 
perature where it contacts the resistance Wire, 
than is the interior surface which furnishes the 
radiant heat available to the material being 
treated in the furnace, This differential in tem 
perature may well be of the order of 150° to 200 
C. This limits to from 1600 to 1650° C. as the 
temperature to which furnaces of this type can be 
successfully operated. 

It has been proposed to mount the resistance 
wires on the inside of the refractory tube, but 
for general operations this is impractical, espe 
cially where heavy loads or tracks of molybdenum 
are used in the furnace. 
In accordance with my invention I take ad 

vantage of the direct radiation from the resist 
ance elements, still retain powdered or other effi 
cient insulation, and do not interfere With the 
utilization of the furnace for continuous horizon 
tal movement of the product therethrough. 

Referring now to the drawing in detail, like 
parts being designated by like reference charac 
ters, and first considering the embodiment of my 
invention illustrated in Figs. 1 and 2, there is 
shown a furnace which comprises a middle or 
intermediate hot Zone part 2 maintained at a 
desired temperature by a heating element f3 
which, if the furnace is to be used for maximum 
temperatures, or those up to about 1800° C., is 
desirably a tungsten wire or filament. If the fur 
nace is to be operated at a lower temperature, 
the filament may be of molybdenum or Some 
other material which will stand the temperature 
of furnace operation, 

In the present embodiment, the refractory filla 
ment 3 is supported by being wound on a refrac 
tory insulating inside box or frame 4, desirably 
formed of alumina and comprising a floor or bot 
tom portion 5 and sides 6 and it, forming a 
trough-shaped object extending the full length 
of the furnace, and opening upwardly. The fila 
ment 3 is wound helically around the frame f4 
and desirably received in grooves or notches 8 
at its lines of engagement therewith. On ac 
count of the shape of the frame, the filament is 

ance element. This element was then embedded 55 bare or unobstructed at the top to radiate direct 





2,404,059 
5 

is wound about the filament as a coil 19, in 
close contact with the filament or brazed or 
welded thereto like the plate 79 of the preceding 
embodiment. 
From the foregoing disclosure, it will be seen 

that I have developed a furnace of the elec 
trical-resistance type in which higher temper 
atures than heretofore are obtainable because of 
using direct radiation from the heating filament, 
rather than receiving the heat therefrom after 
passing through a tube or muffle. Although pre 
ferred embodiments of my invention have been 
disclosed, it will be understood that modifications 
may be made within the Spirit and Scope of the 
appended claims. 

I claim: 
1. In an electric furnace, in combination, an 

insulating housing, a refractory insulating frame 
enclosed therein, and a refractory heating ele 
ment carried on the exterior of said frame and : 
comprising sections above, at the sides of, and 
below said frame, said frame being formed to 
allow radiant heat to pass directly from at least 
some of all but the last-mentioned Sections of 
the heating element to the interior. 

2. In an electric furnace, in combination, an 
insulating housing, a refractory insulating frame 
enclosed therein, and a refractory heating ele 
ment carried on the exterior of Said frame and 
comprising straight sections above, at the sides & 
of, and below said frame, said frame being pro 
vided with openings through which radiant heat 
passes directly from all but the bottom sections 
of the heating element to the interior. 

3. In an electric furnace, in combination, an 
insulating housing, a refractOry U-shaped in Su 
lating frame enclosed therein, and a refractory 
heating element carried on said frame, Said heat 
ing element spanning the distance between the 
upper portions of the sides of said frame So as 
to radiate heat directly to the interior. 

4. In an electric furnace, in combination, an 
insulating housing, a refractory insulating frame 
enclosed therein and U-shaped in Section, a re 
fractory heating element on said frame and 
spanning the distance between the upper portions 
of the sides thereof, the sides of Said frame being 
formed with openings through which radiant heat 
passes directly from the heating element to the 
interior. 

5. In an electric furnace, in combination, an 
insulating housing, a refractory U-shaped insul 
lating frame enclosed therein and a refractory 
heating element Wound on Said frame, Said heat 
ing element spanning the distance between the 
upper portions of the sides of Said frame, and a 
major portion of the height of Said sides, adja 
cent the side sections of said element, being 
slotted to allow heat to radiate directly from 
the side sections of the element, as Well as di 
rectly from the upper sections of Said element, 
to the interior. 

6. In an electric furnace, in combination, an 
insulating housing, a refractory insulating flat 
sided frame enclosed therein and formed With 
notches at the edges of Said Sides, and a refrac 
tory heating element Wound on said frame and 
received in Said notches, Said frame being pro 
vided with openings between said notches through 
which radiant heat passes directly from the heat 
ing element to the furnace interior. 

7. In an electric furnace, in combination, an 
insulating housing, a refractory insulating frame 
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6 
enclosed therein and formed with notches, a re 
fractory heating element wound on Said frame 
and received in said notches, said notches being 
lined with plates of material similar to and 
closely engaged by said heating element in Said 
notches, so as to cause said element to run at 
a lower temperature in said notches than there 
between. 

8. In an electric furnace, in combination, an 
insulating housing, a refractory insulating frame 
enclosed therein and formed With notches, a re 
fractory heating element wound on said frame 
and received in said notches, the parts of Said 
heating element in Said notches being COWered 
with material similar thereto, So as to cause Said 
element to run at a lower temperature in Said 
notches than therebetween. 

9. In an electric furnace, in combination, an 
insulating housing, a refractory insulating frame 
enclosed therein, U-shaped in section, and pro 
vided with notches, a refractory heating element 
Wound on said frame, received in Said notches, 
and spanning the distance between the upper por 
tions of the frame sides, the sides of Said frame 
being formed with openings between Said notches 
through which radiant heat passes directly from 
the heating element to the furnace interior. 

10. In an electric furnace, in combination, an 
insulating housing, a refractory insulating frame 
enclosed therein, U-shaped in section, and formed 
with notches, a refractory heating element Wound 
on said frame, received in Said notches, and 
spanning the distance between the upper por 
tions of the frame sides, said notches being 
lined with plates of material similar to and 
closely engaged by Said heating element in said 
notches, so as to cause said element to run at 
a lower temperature in Said notches than there 
between. 

ll. In an electric furnace, in combination, an 
insulating housing, a refractory insulating frame 
enclosed therein, U-shaped in section, and formed 
with notches, a refractory heating element wound 
on said frame, received in said notches, and span 
ning the distance between the upper portions 
of the frame sides, the parts of said heating 
element in said notches being covered with mate 
rial Similar thereto, so as to cause said element 
to run at a lower temperature in said notches 
than therebetween. 

12. In an electric furnace, in combination, an 
insulating housing, a refractory insulating frame 
enclosed therein, a refractory heating element 
Wound on Said frame, said frame being formed 
with Openings to allow radiant heat to pass di 
rectly from the heating element to the interior, 
and metal reflector elements set in said housing 
directly outside of the sections of heating ele 
ment at Said openings, to reflect heat inwardly 
therefrom directly to the furnace interior. 

13. In an electric furnace, in combination, an 
insulating housing, a refractory insulating frame 
enclosed therein, and U-shaped in section, a re 
fractory heating element wound on said frame 
and Spanning the distance between the upper 
portions of the sides thereof, the inner surface 
of the upper portion of said housing being cov 
ered With a refractory lining for causing the 
heat radiated upwardly from said element to 
be reflected downwardly to the interior of the 
furnace. 
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