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To all whom it may concern. 
Be it known that I, EDwIN F. NoRTHRUP, 

a citizen of the United States, residing at 
30 Wiggins street, Princeton, in the county 
of Mercer and State of New Jersey, have 
invented a certain new and useful Method 
and Apparatus for Melting Oxids, &c., 
without Contamination, of which the fol lowing is a specification. 
My invention relates to electric furnaces 

and allied apparatus and appliances used in 
high temperature melting and heat treat 
ment, P 

The purpose of my invention is to provide 
for melting metallic oxids or other mate 
rials subject to contamination in such a 
manner as to prevent contact with any con 
taminating material during the melting. 
A further purpose is to form a carbid 

coating upon the surface of a graphite cru 
cible by union at high temperature between 
the graphite upon the crucible surface and 
a metal yielding coating. 
A further purpose is to melt a metallic 

oxid floated upon the surface of a molten 
pool of metal, preferably its own metal, by 
heat generated in the pool in the oxid or 
in the container. 
A further purpose is to form a protective 

side wall coating for a lighter content being 
melted or heat-treated, by spreading a liquid 
(here molten) content about the side wall 
by centrifugal action. 
A further purpose is to melt down a fur 

nace content as a continuing operation, feed 
ing the material in at the top, heating it 
there by electrically induced current, con 
centrating the current in the lower part, 
preferably by reducing the cross section 
there of the material within which the heat 
is developed or to which it is applied, and 
passing the molten material through as it 
becomes melted, at all times protecting from 
contamination of the material by the sur 
faces with which it engages. 

Further purposes will appear in the speci 
fication and in the claims. 
My invention relates to the methods dis 

closed and to apparatus by which the proc 
esses may be carried out. 

I have preferred to illustrate my inven 

may appear, selectin 
tion by a few only of the forms in which it 

different forms to 
illustrate different applications of my inven 
tion without attempting completeness of 
illustration and recognizing that many other 
varieties of my invention may be designed 
readily with the information contained 
herein. - 

Figures 1 and 2 are vertical longitudinal 
sections of a crucible embodying one form 
of my invention. 

Figs. 3, 4 and 5 are central vertical sec 
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tions illustrating three other constructions. 
by which my invention can be carried out. 

Similar numerals indicate like parts throughout the specification. 
In the use of induction electric furnaces, 

particularly of the type invented by me and 
shown in my Patents Nos. 1286,394 and 
1286,395 of December 3, 1918, and No. 
1297,393 of March 18, 1919, and in various 
applications copending herewith, utilizing 
high frequency current to induce heating 
current in the resistor, it is frequently de 
sirable to melt a material in a crucible or 
other container which injuriously affects the 
contents. The latter, for example, may be a 
metallic oxid which is a non-conductor of 
electricity and has a high melting point. 
In such a case an electrically conducting 
crucible is used. 
However, the higher the temperature to 

be attained the fewer the materials of any 
character which are available for crucible 
use. Graphite, the best electrically-conduct 
ing crucible materials at any electric fur 
nace temperature and particularly suitable 
for very E. temperatures and for the 
larger crucibles, has a reducing action upon 
the oxids. Other materials, susceptible to 
contamination by the crucible for whatever 
reason, require protection from contact 
with it. 
My present invention is directed to the 

methods and means for handling materials 
to be melted while protecting from con 
taminating influences. 

Because the melting of oxids has pre 
sented great difficulty on account of the 
high temperature usually E. and these 
oxids, most conveniently melted in graphite 
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crucibles, when melted by existing commer 
cial methods have been changed by reduction 
to their metals through the action of carbon 
upon them.I have selected for my first illus 

5 tration, (Figs. 1 and 2) a method and gra 
phite crucible protecting the contents from 
contamination. 
The graphite crucible 7 is painted or 

otherwise covered with an oxid of a metal 
whose carbid it is desired to form upon the 
face coated. I have shown the coating as 
internal only as it will ordinarily not be nec 
essary to coat the outside; but the invention 
is not so restricted. An oxid which can be 
used to advantage is that of aluminum 
which may be painted upon the surface in 
tended to be rendered safe from contamina 
tion. 
Whatever the material used, after the sur 

face has been covered with a layer of this 
material as at 8 the crucible is heated to a high temperature, preferably by a high fre 
quency induction coil, of which examples 
are shown in my patents above and of which 
the best form is seen in my Patent No. 
1,328,336 issued January 20, 1920. The oxid coating is reduced at the high temperature 
and the metal thus freed forms a carbid with 
the graphite of the crucible, as seen at 9. 
The oxids of aluminum, boron, thorium 

and magnesium, magesium chlorid and the 
salts of iridium, osmium and platinum are 
given by way of Estie of the variety of 
initial coatings which may be used and, 
fused, have no reducing effect upon the melt. 
Any of these and other materials, within 

the easy selection of the chemist in view of 
my disclosure, form upon the walls of the 
graphite container a coherent, intimate, 
strong coating of carbid merging into the 
E. hite and capable of withstanding a very 
igh temperature. With other crucibles in 

tended to have their contents protected 
against different kinds of contamination 
other forms of coating could be used. 
This supplies a trustworthy crucible capa 

ble of general high temperature use but par 
ticularly suited for use in connection with a 
high frequency electric induction furnace 

50 (because it is a conductor of electricity) and 
in which the lining is chemically united with 
the container and not a mere coating thereon. 
Taking up next the form of the invention 

shown in Fig. 3, I form a crucible out of a 
molded oxid 10, such as the oxid of thorium, 
titanium, vanadium or zirconium, having a 
melting point in excess of that of the melt 
11, here for eonvenience referred to as an 
oxid. The oxid 11 is preferably melted b 
means of a high frequency, artificially 
inductor such as is shown in my ap 
E. for patent for artificially-cooled 
igh frequency coil, Serial No. 29161, filed 

April 18, 1919, using water-cooled coil 12 
Bs about a supporting quartz tube 13 resting 

35. 

, fused oxid from a hopper 29. 
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upon a base 15. The oxid 11 is more readily 
melted when rested upon a molten pool 14 of 
its own metal. 
In the form shown in Fig. 4 an artificially 

cooled coil 12' is also shown, mounted about 
a quartz cylinder but may be free from it to 
E. rotation of the cylinder and of its 
ase 15'. It is immaterial, so far as the 

theory of the invention is concerned, whether 
the coil turns or not, but a stationary coil 

70 

75 
is more convenient and simplifies connec 
tions. 
Within the cylinder is shown a refractory 

heat insulator 16, surrounding a preferably 
molded non-conducting refractory 17 open 
at the center at the top and 18 and having the 
opening relatively enlarged or counterbored 
to provide a cavity 19 within which the melt 
ing is to take place. 

In order to protect the material to be 
melted, here exemplified as an oxid 11, from 
contamination by the walls of the refractory 
17 I provide a protective coating 20 of molten 
metal, which will not contaminate, (ordi 
narily the same metal as that in the oxid) 
and spread it over the walls of the cavity by 
ES action b upon a shaft 21 in fixed bearings 22 and ro 
tating the shaft, base and supported parts 
by pulley 23 and belt 24. Some one of the 
parts within the refractory 16 must be elec 
trically conducting. This may be the molten 
metal, the oxid to be melted or even the re fractory 17. 
The metal may be spread over the surface 

of the cavity before the oxid is inserted, or 
may be relied upon to take and maintain this 
position afterward in view of its greater 
Eis gravity than that of the oxid. Where . 

the molten metal is not that whose oxid is 
being melted it should have a higher boiling 
point than the boiling point of the oxid. 
In Fig. 5a continuously operative form is 

shown in which an outer cylinder 13, which 
may be quartz, is given different diameters 
at 25 and 26 to receive artificially cooled 
high frequency coils 12, 12. These may be 
energized by the same high frequency single 
phase spp., or, conveniently by different 
phases of the same supply. For different 
connections by which the single phase and 
two phase high frequency current may be 
produced and applied reference is made to 
ny patents and applications above men 
tioned. 
A very thin funnel-shaped crucible 27 of 

a high fusing metal such as iridium or of 
graphite-which in that case would be pre 
ared by a carbid lining-is heat-insulated. 
rom the cylinder, as by purest zirconia sand 

28, and receives a continuous supply of un 
he induced 

current heats the oxid to a high tempera 
ture and, with the greater concentration 
within the smaller cross section at the bottom 

mounting the base 15 
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(neck) of the crucible it may be adjusted to 
fuse the oxid there and not fuse that in the 
upper part of the crucible; providing for a 
continuous progression of the oxid down 

5 wardly and the delivery of molten oxid free 
from contamination in a continuous stream 
through an opening 30 in a support 30 into 
a crucible 31 of molded oxid. 
The induced current may be further in 

tensified in the lower part of the crucible by 
increasing the turns of the coil or by other 
means pointed out by me in my patents and application. 

in all of these forms the oxid or other 
material is melted in a special crucible or 
one having a specially prepared lining free 
from contaminating effect upon the oxid and 
preferably by a current induced in the oxid 
or in the crucible. 
Having thus described by invention, what 

I claim as new and desire to secure by Let 
ters Patent is:- . . . 

1. In the melting of metallic oxids and 
like chemicals the combination of a crucible 
composed of a metallic oxid having a melt 
ing point in excess of the intended tempera 
ture of the melt, and a molten body of the 
metal whose oxid is being treated within the 
bottom of the crucible. 

2. In the melting of metallic oxids and 
like chemicals, the combination of a crucible 
composed of a metallic oxid having a melt 
ing point in excess of the intended tempera 
ture of the melt and a body of the metal 
Se oxid is being treated, within the cru 
COe. 

3. A molded crucible for melting oxids, 
etc., formed of a high melting oxid in com 
bination with a lower melting oxid content 
therefor and a molten body of the metal 
whose oxid is being melted in contact with 
the oxid content. 

4. In an electric furnace for melting 
oxids, etc., without reduction a crucible free 
from reducing action upon its content and 
having a high melting point and a molten 
E. therein of the same metal as that of the 
OXO. 

5. A crucible comprising a molded metal 
lic oxid having a high melting point in com 
bination with a coil surrounding the cru 
cible, a high frequency source of current and 
connections for applying the current to the 
coil. 

6. In an electric furnace for melting 
oxids,etc., a non-reducing crucible, an elec trically conducting 
melting point as high as that of the oxid, a 
source of high frequency electric current and 
connections for applying the current induc 
tively about the pool. 
7.In an electric furnace, an inductor coil, 

a support therefor, a source of high fre 
uency current, connections for applying 

65 the current to the coil, a crucible within the 
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pool therein having a . 

3 

support, comprising a metallic oxid of 
higher melting point than the material in 
tended to be melted therein and a fluid re 
sistor in the crucible of higher melting point, 
and Reis gravity than the intended melt. 8. A crucible of electrically conducting 
material in combination with a carbid coat 
ing for said crucible. 

9. A graphite crucible in combination 
with a carbid lining intimately associated 
therewith. . . . 

10. A crucible in combination with a car 
bid lining merging thereinto and chemically 
formed thereon. 

11. A crucible of electrically conducting 
material having a lining intimately con 
nected with it comprising a carbid of the 
material of the crucible. 

12. A crucible having a carbid lining 
blending into the material of the crucible. 

13. A graphite crucible in combination 
with a non-silicious, non-reducing lining 
rigidly connected therewith. 

14. An electric furnace comprising an in 
ductor coil, a source of high frequency cur 
rent, connections for applying the current 
to the coil, a rotatable crucible within the 
coil and means for rotating the crucible 
while it is being acted upon by the coil. 

15. An electric furnace comprising a sta 
tionary inductor coil, connections for apply 
ing the current to the coil, a rotatable cru 
cible within the coil and means for rotating 
the crucible while it is being acted upon by 
the coil. 

16. An electric furnace comprising an in 
ductor coil, a source of high frequency cur 
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rent, connections for applying the current to 
the coil, a rotatable crucible within the coil 
having an enlarged central bore and means los 
for rotating the crucible while it is being 
acted upon by the coil. - 

17. An electric furnace comprising an in 
ductor coil, a source of high frequency cur 
rent, connections for applying the current 1 10 
to the coil, a rotatable crucible within the 
field of the coil and having an enlarged bore 
and means for rotating the crucible while it 
is being acted upon by the coil. 

18. An electric furnace comprising an in- 1 15 
ductor coil, a source of high frequency cur 
rent, connections for applying the current 
to the coil, a rotatable crucible within the 
coil of nonreducing material, means for ro 
tating the crucible while it is being acted 120 
upon by the coil and a molten nonreducing 
chargetherein different from the melt. 

19. An electric furnace comprising a cru 
cible having tapering, cross section smaller 
at the bottom in combination with a high 125 
frequency inductor surrounding the crucible 
and concentrating inductive effect more 
greatly upon the lower portion than upon 
the upper portion. 

20. An induction furnace, comprising 130 



1. 

upper and lower communicating tapering 
furnace sections in combination with sepa 
rate inductor coils therefor and electric cur 
rent supply of different phase for the two 

5 coils. . O 
21. An electric furnace for melting oxids 

free from reduction, comprising a generally tapered crucible of nonreducing imaterial, 
continuously open at the bottom in combina 
tion with high frequency inductor coil heat 
ing means therefor, having greater concen 
tration at the bottom. . . . 

23. In an electric furnace for melting 
oxids free from reduction, a thin furnace 
lining of high fusing E; metal, a casing 
surrounding the same, finely divided refrac 
E.material t casing s the li , supporting the lining, an inductor 
coil surrounding the casing and high fre 
q. supply for the coil. 23. The method of forming a lining for a 
crucible, which consists in coating the cru cible with a metallic compound capable 
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of reduction by heat, such as an oxid of 
aluminum or a chlorid of a metal of the 
platinum group, and heating it to a high 
temperature to cause reduction of the metal 
lic compound and combination of the metal 
therefrom with the material of the crucible. 

25 

30 
contamination from a graphite crucible, 
which consists in coating the crucible with 
a reducible metallic oxid or chlorid and in 
heating the crucible to cause reduction of 
the conting and combination of the metal 
thus freed with the g of the crucible. 

25. The method of li 
35 

ining a crucible hav 
ing a reducing action upon the material con 
tained, to protect against this reducing ac 
tion, which consists in coating the crucible 
with a material capable of being reduced by 
the reducing action of the crucible and of 
chemically combining with the crucible 
when so reduced and subsequently heating 
the crucible so coated to bring about the re 
duction and recombination. 

26. The method of lining a crucible com 
of material deleterious to certain in 

tended contents, which consists in utilizing 
the deleterious characteristic of the crucible 
to transform a lining thereto so that it shall 
recombine with the material of the crucible 
to protect against further deleterious action. 

27. In the protection against contamina 
tion of the content of the crucible of electric 
E" upon substance within the crucible, 
the 
crucible with a material subject to the same 
character of contamination and heating the 
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60 crucible to cause the contaminating action of 

24. The method of protecting a melt from. 

rocess, which consists in coating the 
oxid in contact with SFS 
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the crucible u in the sing to ity the 
character of the lining, and as this lining 

to recombine with the crucible. 
a metallic 

is chan 
28. The method of melting 

oxid free from reduction, which consists in 65 melting it S. high frequency induction with 
in i"; FE I O metallic oxid of higher int than 
the oxid being melted in E. of a 
molten body of the metal of oxid to be 70 
melted. - 

29. The method of melting an oxid free 
from reduction, which consists in melting 
the oxid in a nonreducing crucible in the 
resence of the metal of which it is an oxid 
y current induced in the oxid or the metal 

beneath it. - 
30. The method of protecting a material 

75 

being treated from contact with the walls 
of the vessel in which the treatment is tak- 80 
ing it, which consists in providing a 
liquid or molten content within the vessel, 
which content is heavier than the material 
being treated and in whirling the vessel dur 
ing the treatment to spread the heavier 
content between the material treated and the. 
walls of the vessel while the treatment is 

tal lace. thod f . . id . The method of protecting, an oxi 
from contamination by contact with the cru 
cible within which it is being melted which 
consists in providing a pool of molten metal 
beneath the oxid in the crucible and whirl 
ing the crucible while the oxid is being 
melted to distribute the -metal about the 95 
walls of the crucible. 

32. The method of protecting, an oxid 
from contamination by contact with the cru cible within which it is being melted which 
consists inPE a pool of molten metal like that of the oxid beneath the oxid in the 
crucible and whirling the crucible while the 
oxid is being melted to distribute the metal 
about the walls of the crucible. 

33. The method of p ing an oxid 
from contamination by contact with the 
crucible within which it is being melted 
which consists in maintaining a layer of 
protective molten metal between the oxid 
and the wall of the crucible. 

34. The method of protecting an oxid 
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from reduction while melting it, which con 
sists in constantly pro ing the oxid from 
a region of relatively cross section and 
low temperature through regions of small 115 
cross section and g temperature until the 
oxid is molten and draining the oxidas it is 
melted into a mold while maintaining the 

acces, 
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