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This invention relates to the transfer of molten 
metal from one container to another, such as 
from a reduction furnace to a pouring crucible, 
and it particularly relates to the quiet transfer of 
metal by means of certain improved methods and 
apparatus. 
In transferring molten metals from one con 

tainer to another in an open stream, difficulty is 
always encountered in keeping the metal free 
from Oxidation. This is particularly true in the 
case of easily oxidizable metals, such as alumi 
num, which oxidizes quite rapidly at temperatures 
above itS. melting point. In the production and 
preparation of Such metals a Series of transfers is 
usually involved, and the turbulence resulting 
from the discharge of an open stream of metal 
leads to the inclusion of considerable quantities 
of droSS or oxidation product therein at each 
transfer. Furthermore, mechanical difficulties 
of an equally troublesome nature are frequently 
encountered in the Open transfer of molten 
metals, and especially in the removal of molten 
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aluminum from reduction pots, which in the past 
have generally been discharged by tapping a side 
of the pot. The tapping operation requires a 
large amount of labor, leads to frequent accidents, 
and Sometimes does not produce the results de 
sired because the tapping pin goes astray and 
pierces the wall of the containel above the hearth. 
The principal object of this invention is to over 

come the difficulties previously encountered in 
the transfer of molten metals and especially in 
the transfer of molten aluminum. A further ob 
ject of the invention is to provide an apparatus 
for transferring molten metal quietly and with 
out contamination or oxidation. A specific ob 
ject of the invention is to provide an improved 
method of removing aluminum from electrolytic 
reduction potS. 
A further object of the invention is to provide 

a siphon coated internally with a protective layer 
of congealed refractory material and adapted 
for use in the quiet transfer of metal. A further 
object is to provide a siphon which will withstand 
continued use at elevated temperatures and which 
is so designed that the cleaning and replace 
ment of parts may be readily effected when de 
sired. Further objects will appear upon refer 
ence to the following description and the accom 
panying drawing, in which: 

Fig. 1 is a diagrammatic view partly in elevation 
and partly in vertical section of one form of 
siphoning apparatus adapted to the objects of 
the present invention; and 

Fig. 2 is an elevational view with parts broken 

away of a modified form of part of the apparatus 
shown in Fig. 1. 

Referring to the drawing, in which like refer 
ence numerals are used to designate like parts, 
a siphon, generally designated by the numeral 1, 
is shown which comprises a body, preferably tubul 
lar in form, with its center portion 2 substantially 
U-shaped. This siphon is preferably made of 
heat-resisting cast iron. The discharge end 3 
and the intake end 4 of the siphon are, in the 
preferred embodiment of our invention, provided 
with thickened walls to increase their heat capac 
ity and prolong their life, and to produce other 
results which will hereinafter appear. The si 
phon ends 3 and 4 may be formed integrally with 
the center portion 2 as shown in Fig. 1. Fre 
quently, however, it is preferable to have the 
siphon ends detachable from the center portion 
in order that they may be readily cleaned or 
replaced, and in such case a siphon of the form 
shown in Fig. 2, having Suitable flange jointS 5 Or 
connections of other suitable form provided be 
tween the center portion of the siphOn body 
and one or both of the end sections thereof, may 
be used. 

Intermediate the ends of the siphon body and 
preferably forming a part of the center portion 2 
thereof, at or near its highest point, a base or 
mounting 8 is provided on which a member en 
closing a surge chamber 9 is secured by the 
joint 10. The cross sectional area of the Surge 
chamber is preferably considerably larger than 
the cross sectional area of the tubular passage 
through the siphon body, with which it is prefer 
ably in constant communication. The upper end 
of the surge chamber is provided with a pipe 12 
or other suitable outlet connected by means of a 
flexible tube or the like with an exhauster, Suc 
tion pump, or other suitable means 13 adapted to 
withdraw air or other gas from the Surge cham 
ber and siphon body and produce a partial vacuum 
therein. A ring or hook 9b may be secured to the 
surge chamber in any suitable manner, if desired, 
for attachment to a crane or other means for 
raising or lowering the siphon, and a handle 9C 
may be connected to the surge chamber or some 
other part of the siphon to assist in bringing it 
to the desired position. 

While, the invention herein described is broadly 
applicable to the transfer of molten metals 
generally, especially advantageous and desirable 
results are obtained when the invention is ap 
plied to the transfer of easily oxidizable metals 
and particularly aluminum, and more particu 
larly when applied to the transfer of molten alu 
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minum from electrolytic reduction potS. The in 
vention Will therefore be described, by Way Of ex 
ample, with reference to the last-named appli 
cation. 
We haWe found that in using a Siphon of the 

type herein described, it is highly advantageous, 
and in many cases necessary, to the quiet trans 
fer of metal without contamination thereof to 
provide the metal-contacting portions of the 
Siphon assembly with a layer 15 of congealed re 
fractory material of such composition that it will 
not in itself cause contamination of the molten 
metal. This refractory material should also have 
a melting point higher than the temperature of 
ühe metal to be transferred. A salt of the metal 
being transferred, or a mixture of Salts, is gen 
erally suitable for this purpose. In the case of 
the transfer of aluminum, the molten bath which 
is used in the electrolytic reduction pots in which 
aluminum is produced is the preferred protective 
material, as it has no injurious effect on the metal, 
is readily separated therefrom, and is often avail 
able at places where molten aluminum is to be 
transferred. This bath usually consists of 
natural or artificial cryolite, which is essentially 
a mixture of fluorides of Sodium and aluminum, 
with or Without the addition of smaller quantities 
of other ingredients, such as aluminum oxide, 
dissolved therein. 
The application of a congealed coating 15 of 

refractory material to the metal-handling sur 
faces of the siphon assembly may be accom 
plished in several ways, the most practical of 
which is to draw molten refractory material 
through the siphon passage and there congeal it 
to form a Smooth and even coating. For instance, 
When molten aluminum is to be transferred from 
a reduction pot to a crucible or other receiver, 
the coating may be applied in a manner which is 
best understood by further reference' to the 
drawing, in which a conventional cell 14 for the 
electrolytic reduction of aluminum is shown, with 
a Crucible 16 positioned adjacent thereto for re 
ceiving the molten metal. In the operation of the 
cell or reduction pot 14 in known manner, alumina, 
dissolved in the molten bath 17 is electirolytically 
reduced to form molten aluminum, which sinks to 
the bottom of the pot and forms a layer 18 ad 
jacent the bottom lining 19, while a crust 20 is 
usually formed on the surface of the bath. The 
Siphon 1 is preferably preheated at least suffi 
ciently to remove surface moisture, and its metal 
receiving end or intake end 4 is inserted through 
the crust 20 and into the molten bath of cryolite 
7. The discharge end 3 of the siphon is then 

closed to exclude air, as by means of a fusible 
plug or cover or, as is generally more convenient, 
by Surrounding the discharge end of the siphon 
With a Seal of the molten bath, which may be held 
in the ladle 22. By means of the mechanism 13 
Suction is applied to the siphon, creating a partial 
Vacuum therein and causing the molten bath to 
rise through the siphon and completely fill the 
passage thereof as well as the lower part of the 
Surge chamber 9. If during this process the walls 
of the siphon are at a temperature somewhat 
below the melting point of the bath, the bath in 
contact with the walls of the siphon and the surge 
chamber will congeal and form a protective coat 
ing thereon. 
The siphon is now ready for use, with or with 

out draining the uncongealed bath therefrom, 
and its intake end 4 is lowered through the molten 
bath 17 into the molten layer of aluminum 18 
which it is desired to transfer to the crucible 16. 

1,944,733 
Suction is preferably applied continuously by 
the exhauster 13, at least until the flow of molten 
aluminum through the siphon is established, and 
usually throughout its transfer, but the suction 
may be released to allow the bath to drain from 
the Siphon before starting the flow of aluminum 
if desired. The ladle 22, when used, is usually 
kept in the position shown in Fig. 1 until the 
layer of molten aluminum in the receiving vessel 
16 is deep enough to cover the discharge end 3 
of the Siphon, and it is then withdrawn. If the 
Suction is released to allow the siphon to drain 
before starting the flow of aluminum, however, 
the ladle 22 may be emptied of bath, filled With 
molten aluminum, and returned to the position 
shown, where it is preferably held until the level 
of the metal in the crucible 16 is above the dis 
charge end 3 of the Siphon. The ladle has a 
two-fold function, whether it is initially filled 
With bath or with molten metal, as it seals the 
end of the siphon and excludes air therefrom 
When the Suction is first applied, and then dif 
fuses the metal discharged from the Siphon, re 
ducing the turbulence of its flow into the re 
ceiver and preventing Spattering. When molten 
metal is present in the receiver 16 in Such quan 
tity that it covers the end 3 of the Siphon, SO 
that discharge from the siphon takes place be 
neath its Surface, the presence of the ladle is un 
necessary. 

During the transfer of the molten aluminum, 
the intake end 4 of the siphon is positioned sub 
Stantially at the botton of the cell 14, and its 
edge may be provided With short legs or analo 
gous projections to facilitate entrance of the 
molten metal into the siphon paSSage, but irreg 
ularities in the Surface of the lining 19 usually 
make this unnecessary. The partial Vacuum cre 
ated in the siphon must initially be Sufficient to 
overcome the Static head of the molten material 
in the intake portion of the siphon, and it is pref 
erable to maintain throughout the transfer of 
metal a vacuun Sufficient to hold nolten material 
in the entrance to the Surge chamber. When So 
operated, a siphon equipped With a Surge cham 
ber of suitable size and having its metal-contact 
ing Surfaces coated with congealed refractory 
laterial. Which is unreactive With the netal 

transferred, as described hereinabove, Will effect 
a quiet transfer of metal from One container to 
another with a minimum of contamination and 
with a rapidity and economy which are highly 
desirable in commercial operation. 
When several transfers of metal are to be 

made in quick Succession. With the same siphon, 
which is frequently the case, it is not necessary 
to coat the siphon as a separate step before each 
transfer. Enough bath is congealed on the 
siphon while lowering it into position, or dur 
ing the transfer of the metal, or after the trans 
fer when a small amount of bath is usually drawn 
over to be sure that the metal is completely re 
covered, to keep the protective layer intact after 
a, thorough initial coating has been applied. 
Small amounts of bath delivered by the siphon 
into the crucible or other receiver 16 are not 
troublesome, as this material rises to the Sur 
face of the metal and is readily skimmed off or 
otherwise removed in known manner. 
Considerable advantage is gained by designing 

the siphon with removable tips, such as the Sec 
tions 3 and 4 shown in Fig. 2, because, after long 
use, the tips may require replacement, or the 
layer of congealed bath or otler refractory ma 
terial may build up, or other stoppages may oc 
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Cur, So that the siphon has to be cleaned. This 
is readily accomplished after removal of the surge 
chamber and the detachable ends, which gives 
easy access to all parts of the siphon for cleaning, 
replacement or repairs. The Surge chamber 
mounting provides a large and conveniently lo 
cated opening through which any temporary 
stoppage of the siphon tube may be relieved. 

During the operation of the siphon or siphon 
pump, it is necessary to operate the vacuum 
pump 13 continuously to obtain the best results. 
We have found in practice that maintenance of 
a vacuum of about 3 inches of mercury through 
out the transfer of the aluminum is generally 
Satisfactory, although apparently not critical. 
With the Surge chamber opening from the siphon 
passage at Substantially its highest point and 
maintained at a suitable vacuum, gas is continu 
ously withdrawn from the molten metal during 
its transfer and escapes without interruption of 
the metal flow. The metal is thus at least par 
tially de-gassed during its transfer, and its qual 
ity is improved as compared with metal trans 
ferred by the gravity method of tapping. One 
function of the surge chamber is to prevent plug 
ging of the pipe 12, the vacuum hose connected 
thereto, and the pump 13. The coating of con 
gealed bath or other refractory material on the 
metal-contacting surfaces of the siphon protects 
the molten metal from contamination and also 
protects the siphon from attack by the metal 
and from deterioration due to the high tempera 
ture of the metal. 
While our invention has been described with 

special reference to a preferred embodiment and 
application thereof, it will be obvious to those 
skilled in the art that certain changes Or modi 
fications can be made therein, in addition to those 
described by way of example hereinabove, with 
out departing from the spirit of our invention. 
We claim as our invention: 
. The process of siphoning molten metal, 

which comprises drawing through a siphon 
molten material having a higher melting point 
than the metal, cooling said material by contact 
With the siphon to form a protective coating 
On the inner surface thereof, and drawing the 
anotein netal through the siphon. 

2. The process of Siphoning molten metal, 
which comprises drawing through a siphon a 
mixture of molten salts having a higher melta 
ing point than the metal and Substantially un 
reactive therewith, cooling said mixture by con 
tact with the siphon to form a protective coating 
on the inner surface thereof, and drawing the 
Wxholiten metall through the SipiaOra, 

3. The process of providing siphons for the 
transfer of molten metal with linings of re 
fractory material, which comprises drawing 
through a siphon nolten material having a 
inigher melting point than the metal to be trans 
ferred and refractory thereto, and cooling Said 
material by contact with the siphon to form 2, 
grotective coating on the inner surface thereof. 

4. The process of transferring molten metal 
from a vessel wherein it is contained to a re 
ceiver, which comprises Sealing One end of a 
siphon' to excl?de air, inserting the other endi 
of the siphon in molten material having a higher 
melting point than the metal to be transferred 
and applying a suction to the siphon to draw 
said molten material therethrough, the siphon 
koeing at a temperature such that at least a, por 
tion of the molten material therein is congealed 
to form a protective coating on the interior of 

3 
the siphon, and, then inserting the intake end 
of the siphon into the molten metal and apply 
ing suction to draw the molten metal through 
the siphon into the receiver. 

5. The process of transferring molten metal 
from a vessel wherein it is contained to a re 
ceiver, which comprises inserting the discharge 
end of a Siphon into Said receiver and tempo 
rarily closing said discharge end, lowering the 
intake end of the siphon into a body of molten 
material having a higher melting point than the 
metal to be transferred and applying a Suction 
to the siphon to draw said molten material there 
through, the siphon being at a temperature such 
that at least a portion of the molten material 
is congealed thereby to form a protective coat 
ing thereon, and then lowering the intake end 
of the siphon into the molten metal while apply 
ing suction to induce a flow of Said metal through 
the protectively-coated siphon into said receiver. 

6. The process of transferring molten alumi 
num Which comprises drawing through a Siphon 
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a fused salt bath having a higher melting point 
than aluminum and Substantially unreactive 
therewith, cooling at least a portion of said 
bath by contact with the Siphon to form a pro 
tective coating on the inner Surface thereof, and 
drawing the molten aluminum through the pro 
tectively-coated siphon. 

. The process of transferring molten alumi 
num, which comprises drawing through a siphon 
a fused Salt bath consisting essentially of a mix 
ture of Sodium and aluminum fluorides having 
a higher melting point than aluminum, cooling 
at least a portion of Said bath by contact with 
the siphon to form a protective coating on 
the inner surface thereof, and drawing the 
molten aluminum through the protectively 
coated Siphon. 

8. The process of transferring molten alumi 
num into a receptacle therefor from an elec 
trolytic reduction pot containing a layer of Said 
molten aluminum and a Superposed layer of 
inolten electrolytic bath, which comprises insert 
ing the discharge end of a siphon into said 
receptacle and sealing said discharge end with 
molten material from a reduction pot to exclude 
air, and lowering the intake end of the siphon 
through the layer of molten electrolytic bath into 
the molten metal in said reduction pot while 
applying suction to the siphon, thereby drawing 
molten bath through the siphon Where it is con 
gealed by the siphon to form a protective coat 
iing hereon and then drawing molten aluminum. 
through he protectively-coated siphon into the 
receptacle. 

9. In a process of transferring molten metal 
into a receptacle therefor, the combination of 
steps comprising coating the inner Surface of a 
siphon with a congealed layer of material hav 
ing a higher Yaelting point than the metal and 
drawing the molten metal through the coated 
siphon while continuously applying suction 
thereto, V- 

10. In a process of transferring molten alumi 
num into a receptacle therefor, the combination 
of steps comprising coating the inner Surface of 
a siphon with a congealed layer of salts having 
a higher meiting point than aluminum and sub 
stantially unreactive thereWith, and drawing 
molten ailuminum through the coated siphon into 
said receptacle while continuously applying suc 
tion to the siphon. • 

11. In a process of transferring molten alumi 
num into a receptacle therefor, the combination of 
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steps comprising coating the inner surface of a 
siphon with a congealed layer of salts consist 
ing essentially of sodium and aluminum fluorides 
and drawing molten aluminum through the 
coated Siphon into said receptacle While con 
tinuously applying suction to the siphon. 

12. In a process of transferring molten alumi 
num from an electrolytic reduction pot which 
comprises drawing the aluminum through a siphon 
at least partially coated with a congealed layer 
of the electroiytic bath, the step comprising clos 
ing the discharge end of the siphon with molten 
material withdrawn from the reduction pot while 
applying suction to induce a flow of molten ma 
terial through the siphon. 

13. A siphon for transferring molten metal com 
prising a substantially U-shaped tube coated on 
its inner Surface With a congealed layer of ma 
terial having a higher melting point than the 
metal to be transferred and operatively connected 
intermediate its ends with means adapted to ap 
ply a suction to the tube. 

14. A siphon for transferring molten metal 
comprising a substantially U-shaped tube coated 
On its inner Surface With a congealed layer of 
material having a higher melting point than the 
metal to be transferred and provided interne 
diate its ends with a Surge chamber of materially 
greater cross-sectional area, than the tube, said 
chamber being connected With means adapted to 
create a partial vacuum in the tube. • 

15. A siphon for transferring molten ineta, 
comprising a hollow substantially U-shaped 
member with a tubular passage therethrough, 
the walls of Said passage being thickened near 
the ends of Said member, and said member being 
provided intermediate its ends With a surge cham 
ber of greater cross-sectional area. than the said 
tubular paSSage and connected therewith, said 
chahmber being also connected with means adapt 
ed to apply a Suction to the passage to draw 
molten metai therethrough. 
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16. A siphon for transferring molten metal, 

comprising a curved member with a passage 
therethrough, said member consisting of at least 
one detachable end portion having increased Wall 
thickness throughout at least a part of its length, 
and a center portion detachably connected to Said 
end portion, said center portion being also de 
tachably connected with a member enclosing a 
surge chamber of greater cross-sectional area, 
than the said passage and communicating there 
With, and said Surge chamber being operatively 
connected with means for producing a partial 
vacuum therein. 

17. In a siphon for transferring molten metal, 
a Surge chamber communicating With a paSSage 
through the siphon, said chamber being of ma 
terially greater cross-sectional area, than the pas 
sage, and being readily detachable therefrom. 

18. A Siphon for transferring molten alumi 
num from electrolytic reduction pots to recepta 
cles therefor, comprising a Substantially U-shaped 
tube coated on its inner surface with a congealed 
layer composed principally of a mixture of 
sodium and aluminum fluorides having a higher 
melting point than the aluminum, and opera 
tively connected intermediate its ends with 
means adapted to create a partial vacuum in the 
tube. 

19. A siphon for transferring molten alumi 
num from electrolytic reduction pots to recepta 
cles therefor, comprising a Substantially U-shaped 
tube coated on its inner surface with a congealed 
layer composed principally of a mixture of 
sodium and aluminuin fluorides having a higher 
melting point than the aluminum and provided 
intermediate its ends with a surge chamber of 
materially greater croSS-Sectional area, than the 
tube, said chamber being connected With means 
adapted to create a partial vacuum therein to 
draw molten aluminum through the siphon. 

WICTOR, C. DOERSCHUK. 
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