
1,812,172 W. ROHN June 30, 1931. 
PRODUCTION OF CASTINGS FREE FROM PIPES AND Blow HOLES 

Filed. Sept. 6, 1927 

SSSSSSSSSSSSSSSSSS}<<<<<<<<\?3.- &&No.! |?E-ER. 
S SSSSSSSSSSSS<??û| O O O o o o o o GT5TN 

  

  

  

  



Patented June 30, 1931 1,812,172 

UNITED STATES PATENT OFFICE 
WILHELMI ROEN, OF HANAU-ON-THE-MAIN, GERMANY 

RODUCTION OF CASINGS FEEE FRO PES AND BOW-BOLES 

Application filed September 16, 192, erial No. 220,054, ald in Germany D3cember 28, 1925. 

Blocks, sheets and articles of other shapes 
were hitherto produced in such a manner that 
the molten smelt from the furnace or the 
crucible was cast into a suitably selected 
mould and allowed to solidify therein. In 
this method there is always observed the dis 
advantage that the cast articles which are 
obtained, in spite of the casting methods 

i. 

ii 

; 

which have been modified a considerable num 
ber of times, are never obtained free from 
pipes and blow-holes, so that a considerable 
waste occurs by reason of the lost head. 
There will now be described a method of pro 
ducing such articles in a convenient manner 
and free from pipes and blow-holes. 
The fundamental idea of the invention is 

not to pour the molten metal into a separate 
mould, but to allow it to solidify in the cru 
cible itself, and to so select the cooling condi 
tions that no pipes or blow-holes can be 
formed. On the same principle is also based 
for example, the production of the single 
crystals of salt and metal smelts but the 
use of such a method of operation for the pro 
diction of blocks free from pipes and biow 
holes was not known hitherto. The problem 
under consideration can be solved by causing 
the smelt to solidify from the bottom up 
wards. This can be effected by mounting the 

3. crucible on a vertically movable support. 
After the termination of the smelting process 
this support is lowered, and the crucible is 
thus brought with the bottom first gradually 

; 

s 

5. 

into colder zones, in such a manner that the 
bottom of the crucible first comes into the 
lower temperature, and the cooling of the 
crucible proceeds from the bottom upwards. 
In order to enalble the cooling to be better 

controlled it is preferable to provide in the 
lower part of the furnace, or under the bottom thereof stationary copper tubes, which pass round the support in circles and through 
which cooling water flows. 
The same result can be obtained for exam ple in an electrically heated furnace by sub viding the heating coil, and after the com 

... }letion of the fusion cutting this out in sec tions, beginning at the bottom at suitably 
selected periods of time. In an inductively 
heated electric smelting furnace the same 

result can be olotained by switching off the 
windings of the induction coil gradually, sep 
arately, or in groups, from the bottom, until 
finally the whole coil has been cut out. The 
action can also be supported or controlled by 
increasing the thickness of layer from the bot 
tom upwards, of the refractory material be 
tween the smelt and the oven coil, which, 
for example. is water-cooled. In order to 
prevent a too early frcezing of the upper 
layers of the smelt. there is preferably sup 
plied to the upper coils, which still remain 
in operation, somewhat more energy than is 
actually required by them for participating 
in the complete operation of the furnace. 
Finally, such control may also be obtained 
by slowly raising the complete induction coil 
or the furnace casing. 
A constructional example for an induction 

furnace, free from iron, is illustrated in Figs. 
1. to 3. In these, a indicates the crucible 
which is mounted on the support b. which is 
passed through an opening r in the bottom of 
the furnace. and for example can be moved 
vertically by toothed wheel gear d, so that 
after the completion of the smelting the sup 
parth, together with the crucible a can gradu 
ally be lowered from the top downwardly. 
findicates the windings of the primary coil. 
Underneath this may be provided a cooling 
device in the form of copper pipes e. through 
which water circulate?. In the form of con 
struction according to Fig. 2 the primary 
coil, after EEE of the smelting, is raised at a suitably selected speed by a suita 
ble device, for example by weights guided 
over rollers. Accortling to Fig. 3 the coil f 
is provided with tapping points (7. 7, which 
enable sections of the coil to be cut out in 
stages. In the example of the circuit illus 
trated in the drawing the two lowermost 
windings are disconnected by moving the 
switch h from the segment 1 to the segment 2. 
on movement to segment 3 the next two wind 
ings and so forth. The production of the 
desired action may, if necessary, also be pro 
moted by allowing a sufficiently thick plate 
of refractory and heating insulating material 
to float on the surface of the smelt or by plac 
ing simply on the surface of the smelt a layer 
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of granular, refractory material. A sufi 
ciently thick layer of slag of suitable coin position may also act in this respect. 
For this lingthod of operation, the shelting 

vessel. particularly when a high-frequency 
furnace is used as the smelting fulace. mily 
be of any suitable shape. so that it is possible 
to obtain molded articles of any suitable 
character. The lieating winding or prinary 

no coil i: preferally arranged to suit the mould 
el article to e l'oduced. In this mainer it 
is possible to obtain with full certainty. 
moilled 'astings free from llow-holes. A 
particilarly suitable application is the direct 
roletion of slab looms free from blow 

holis, which directly have the most suitable shape for rolling plates. 
It may be linentioned that a very advanta 

geous method of operation is obtained when 
the above method is combined with the pre 
paring method according to British specifica 
tion No. 22(3.St)1. For this purpose it is al 
visalbie to adapt the method of operation 
according to British specification No. 22(3.Stil 
in the manner illustrated in Fig. 4 in: acco'l- 
ance with the requirements of the new method 
of oleration. For example.in induction fur 
laces, free from iron, the lower opening of 
the somewhat cylindrical induction coil i is 
closed by a channotte plate k.k formed of one 
or more parts. Ouio this channotte late. is firstly charged up to a pre-leterminel depth 
of the layer a granular or sandy material 
such as ground bauxite which at the tempera 
tures o'criting during the operation is not 
capable of sintering. There is then placed 
inside the oil on this layer a thin-walled 
sheet-netal cylinder h. and the intermeliate 
space between the sheet-metal cylinder m and 
the jinfiction coil i is filled with the same 
granular or sandy material which does not 
sinter at the temperatures which occur. Iito 
the interior of the sheet-metal cylinder there 

- is then plac'el for exaple, a sheet-metal cas 
43 ingr in of which the outer shape correslotls 

with the surface of the casting to be subse quently produced. according to British Pat 
ent 225S{}l aid in the interior of which is 
lace the material to be fused. 

mediate space between this sheet-metal ten 
plate in and the sheet-metal cylintle' in is 
filled with a granular or sandy material such 
as ground magnesite. or all innina. with the 
addition, if desired. of powdered glass or 

53 litric acid which at the temperatures occur ring during the (peration. is capable of 
sintering and retaining its shape. After the 
charging of the furnace has been completed 
in the manner indicated, the sheet-metai 
cylinder in is withdrawn. whereby the two layer's of non-sintering granular or sandy 
material , and the sintering material o are 
not intermixed, but simply put in contai'i 
with one another. This material o, by rea 
soil of the fact that it sinters at temperatures 
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which are somewhat below the fusion point 
of the metal to be fused, or of the alloy to be 
fused, thus forms to some extent, a shape 
retaining crucible. In the zone adjacent the 
upper opening of the induction coil the ten 
perature under the circumstances will not be suicieitly high in order to effect a sufficient sintering of the shape retaining material 0. 
It may consequently be advisable when set 
ting i the firinace to insert at this point a 
tallur -ection of refractory material as is 
indicated in the drawing of the furnace at p. 
In order to obtain a sufficient increase in 
temperature in these upper zones it may lie 
alville to cover the upper opening of the 
fusion chamber by a thick refractory plate ty 
or to apply a layer of granular or sandy re 
fratory, material. - 
During the fusion process the material 

will still be capable of crumbling, as this 
mass is lot adapted to sinter at the tempera 
tures which occur during operation. The 
mass o however, will sinter together into a 
shine-retaining crucible of like body at tem 
pertures which are lelow the temperature at 
which the fusion commences. After the 
completion of the fusion the separate sections 
of the induction coil, commencing from the 
lottom. are disconnected in stages at suitable 
intervals of time and thus the smelt is caused 
to solidify from the bottom upwards, free 
for biow-holes and pixes. After the com 
pletion of the smelting and solidification the 
channotte plate k is partly or wholly drawn to 
one side and the material 7, which is still ca 
able of crumbling, is allowed to run out 

tiownwardly. As soon as this has been done 
the easting which has been produced in the 
iterior of the induction coil. with its sur 
rounding sintered layer o is freely exposed. 
and can be readily removed. either upwardly or downwardly from the induction coil, 
wlereupon the furnace can be re-charget. 
The layerl, which has not sintered and which 
has reinaired capable of crumbling, and is 
between the sintered part o and the coil or 
the heating element, also serves as a protec 
tion, against furnace breakages. Should a 
crack occur in the sintered layer o for any 
reason. this could not be continued through 
the layer as this layer remains crimhly and 
would this prevent the passage of metal to 
the coil. Finally it is advisable also to eon 
line the method of operation with that ac 
cording to which the outer space between the 
coil or the heating element and the furnace 
casing is filled with a crumbly. sandy mate 
rial. If in the case of an accident there 
should be such a coliapse of the materials i 
and o that the molten smelt should conne in 
contact with the induction coil or the heat 
in 1g element then the shelt could not pass into 
the space outside the induction coil or the 
heating element, and consequently could not 
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etime into contact with the furnace casing and 
thus damage this. 

Finally it is possible to work a furnace op 
crited in accordance with the construction 
above described readily in a gas-tight casing 
(see Fig. 4) and to allow the fusion opera 

tion to take place in a protecting atmosphere 
or in a vacuum. As in accordance with the 
invention. the lock, free from pipes and 
ilow-holes, is produced at the place of fusion without casting, it is not necessary to provide 

is 
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separaie devices for carrying out the casting 
in a protecting atmosphere or a ya'lliam, or 
to arrange the furnace together with the cas 
ing so as to be capable of being tilted for this 
pirpose. This is of considerable importance 
in the case of induction furnaces free from 
iron as in such cases, as is well known, the 
easing must either consist of a lon-conduct 
it!g material (for example, eartheaware) or 
of a poor-conducting metallienterial which 
in addition must also be subdivided in a slit 
able lilanier so as to be electrically non-con 
ducting. IBoth in the case of earthenware 
casings and subdivided metal casings the de 
vice or tilting causes considerable difficul 
ties by reason of the mechanical strains to 
which the furnace is subjected, and it is there 
fore to be regarded as a technical improve 
ent that this it love described constriction 

methods of operation enable blocks all 
, a w 

ad 
tings free from pipes and blow-holes to 

produced in a constantly stationary furn 
While I have shown and describe my in 

proved process and the nieans for producing 
castings free from blow-holes and lies a: 
pointed out albove, I do not wish to limit lily 
self to the exact steps and Jicans descrile. 
as I am aware that two or more of the steps 
i.e. ricd may be combined and many mini : 
changes may be made in then without di's 
parting frcia the spirit of lily ilveiti in and 
I claimsuch equivalents as may suggest theim 
selves to those skilled in the art. 

I claim : 
1. The method of producing castings free 

from pipes and blow-holes in smelting fu 
.naces, which consist in melting the metal in 
the furnace, particularly in electrically heat 
cd furnaces such as resistance furnaces or ill 
duction and high-frequency furnaces and 
gradually solidifying the entirely molten 
metal from the bottom upwards in the smelt 
ing vessel. 

2. The method of producing castings free 
from pipes and blow-holes in electrically 
heated simelting furnaces which consists in 
thoroughly melting the material in the fur 
nace and then successively eliminating at an 
adjustable speed the action of the heating de 
vide from the bottom of the smelting vessel 
upwards. 

3. The method of producing castings of a 
determined shape free from pipes and low 
holes such as slab blooms for rolling plates 

3 

which consists in smelting the metal or the 
alloy in a ceramic smelting vessel which has 
the same shape as the desired article to be 
produced, and gradually solidifying the en 
tirely molten metal from the bottom upwards 
in the smelting vessel. 

4. The method of producing castings free 
from pipes and blow holes in smelting fur 
naces, particularly in electrically heated fur 
naces such as resistance or induction and 
high-frequency irrnaces which consists in 
excluding oxygen from the neighborhood of 
the smelting vessel during the smelting op 
eration, smelting the metal and gradually 
solidifying the thoroughly liquefied metal 
from the bottom upwardly in the smelting 
vessel. w 

5. The method of producing ferrous metal . 
'astings free from pipes and blow holes in a 
ceramic lined smelting furnace particularly 
in electrically heated furnaces such as resist 
ance furnaces or induction and high fre 
quency furnaces which consists in melting the 
metal in the furnace and gradually solidify 
ing the entirely molten metal from the bottom 
upwardly in the smelting vessel. 

6. The method of producing castings free. 
from pipes and blow-holes in electrically 
heated smelting furnaces such as resistance 
or induction and high-frequence furnaces 
which consists in first forming a sheet-metal 
casing of which the outer shape corresponds 
with the surface of the casting to be pro 
duced, surrounding the said casing with a 
layer of a granular material capable of 
sintering close below the melting temperature 
of the material to be smelted, surrounding 
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the said layer with a layer of a granular ma 
terial not sintering at the said temperature, 
then introducing the metal to be smelted into 
the interior of the metal casing, heating the 
metal by means of an electric current up to 
the molten state and gradually solidifying 
the molten metal, after completing the melt, 
from the bottom upwards in the smelting 
vessel. 

7. The method of producing castings free 
from pipes and blow-holes in electrically 
heated smelting furnaces such as resistance 
or induction and high-frequency furnaces, 
which consists in first forming a sheet metal 
casing of which the outer shape corresponds 
with the surface of the casting to be pro 
duced, surrounding the said casing with a 
layer of a granular refractory material ca 
pable of sintering close below the melting 
temperature of the material to be smelted. 
surrounding the said layer with a further. 
layer of a granular material not sintering at 
the temperature produced between the layer 
being capable of sintering and the heating 
devices, then introducing the metal to be 
smelted into the interior of the metal casing, 
heating the metal by means of an electric cur 
rent up to the molten state, gradually solidi 
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4. 1,82,172 
fying the molten metal, after completing the 
melt, from the bottom upwards in the smelt ing vessel, then allowing the not sintered ma terial to flow out and removing the casting with the adhering sintered layer. 
8. The method of producing castings free from pipes and blow-holes in electrically heated smelting furnaces such as resistance or 

induction and hi gh-frequency furnaces which 
to consists in first forming a sheet metal casing of which the outer shape corresponds with 

the surface of the casting to be produced, sur rounding the lower, greater part of the said 
casing with a layer of a granular refractory 

is material capable of sintering close below the 
melting temperature of the material to be 
smelted, and an upper, smaller part with a tube of refractory material, surrounding the 
said layer and the tubular element with a to layer of granular material, not sintering at 
the said temperature, then introducing the 

a nietal to be smelted into the interior of the t . . . metal casing, heating the metal by means of 
; : an electric current up to molten state, and ill 25 gradually solidifying the molten metal, aft 

. er completing the melt, from the bottom up wards in the smelting vessel. 
. 9. The method of producing castings free :: from pipes and blow-holes in electrically 
. . . 3; heated smelting furnaces such as resistance 

or induction and high-frequency furnaces which consists in first forming a sheet-metal casing of which the outer shape corresponds 
with the surface of the casting to be pro 33 duced, surrounding the said casing with a 

f layer of a granular refractory material capa 
ble of sintering close below the melting tem 
perature of the material to be smelted, sur rounding the said layer with a layer of a 

49 granular material, extending to the outer. 
furnace walls, not sintering at the tempera 
tures produced between the first layer and 
the furnace walls, then introducing the metal 
to be smelted into the interior of the metal 

is casing, heating the metal by means of an 
electric current up to the molten state and gradually solidifying the molten metal, after 
completing the melt, from the bottom up wards in the smelting vessel. 

to In testinhony whereof affix my signature. 
WILHELM ROHN. 
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