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4. Cairns. (C. 75-0) 
For many decades aluminim-silicon alloys have been 

obtained by rediction of oxidic raw-materials of aluminuin 
and silicon by means of carbonaceous reduction means in 
electrothermal furnaces. In nature there are inexhaustible 
raw-naieiia Sotirces which are found at many places. 
The raw-materials are mostly kacin, clay, and the ike. 
The process for inaking aluminum alioys electrother 

naily is presently carried out in furnaces with vertical 
electrodes, and has been empiricaily developed. Never 
theless, in the collise of recent years the aluminum-coil 
tent of the aui inlin-silicon alloys obtained has gradual 
ly been raised. About 30 years ago an aluminum-content 
of 65% was considered as the upper limit which could be 
reached. Later o: it was raised up to 70%, but it has 
been considered impossibie to obtain an aluminum con 
ter, E higher than 70-72% (calculated on the Suin. A-Si). 
Efforts to get an alioy with a higher content of aluminum 
have aiways resulted in a product which was composed 
of alunninLinn carbide and aluminum-silicon alloy. 
sur present invention Teiates to a process of making 

substantially carbon-free aluminum-silicon alloys with 
Intre than 72% aluminulim by electrothermal reduction 
of Faw-imaterials containing at niina and silica. 
We have found the production of carbon-free or car 

bide-free, ailinninum-silicon alloys by direct reduction of 
the raw materia is in an electric furnace represents chief 
ly a therinai problem which cannot be solved in the elec 
trothermal furnaces generally used at present. As the 
temperature in the eiectric furnaces such as they are 
presently constructed is high and fuctuating, there are 
in these furnaces temperature-conditions which cannot 
be kept under control. At uncontrolled high temperatures 
carbides are formed by reaction of carbon or carbon-con 
taining gases with aiunina and silica or with aluminum 
aid silicon as Socin as one tries to produce aluminum 
silicon ailoys with a higher content of aluminum than 
65%. We have found that aiuminun-silicon alloys with 
72% aluming in and more can be obtained if the following 
conditions are simultaneously observed: 

(i) The redicion of the cxides of aluminum and of 
silicoi must be carried out within a narrow temperature 
zone in which the speed of the reactions which lead to 
the formation of the aiuminum-silicon alloy is great, in 
which aiready-formed carbides of aluminum and of silicon 
react with alumina and silica to form metal, and in which 
the voiatization losses of the aluminum and of the siiicon 
are still Smail. This zone of teiperatures extends from 
about 2050° C. up to about 2200 C. When observing 
an upper tenperature limit of about 2200° C. the vapori 
zation losses are still Smali; at over about 2200 C. the 
vciatilization of the aiu-minum and of the silicon rises 
rapidly. 

(2) he raw-imateria mixture must be heated as quickly 
as possible to the temperature Zone which is necessary 
for the metai liberation in order to pass so quickly beyond 
the ternperature zone of 1690-2000° C. (which is favor 
able for the formation of carbides) that virtually no forma 
tioi of carbides takes piace. 

(3) The formed aluininum-silicon alloy must be re 
noved as soon as possible after its formation continu 
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2. 
ously from the hot reduction-room and cooled down to a 
temperature below said 1600° C. figure at which the 
carburization by reaction with carbon or carbonaceous 
gases under formation of carbides can no longer take 
place. Care must therefore be taken that the aiurninum 
silicon alloy flows as quickly as possible cut of the reduc 
tion-room. 
The simultaneous fulfillment of the three above men 

tioned conditions can be attained by the process accord 
ing to our invention. 

According to the process of our invention the raw-ma 
terial mixture is charged in such a manner that overheat 
ing is prevented in the reduction-room; in other words, 
the manner in which the raw-material mixture is added 
is Such that the temperature in the reduction-room does 
not rise to a level at which the volatilization iosses of 
aiunilum and of silicon are too great, that is to say to a 
temperature over 22CO C. Preferably the upper limit of 
the temperature is kept under this temperature of 2200 
C. The purpose can be attained by keeping the tempera 
ture of the raw-material mixture when charged well 
enough under the upper admissible limit in the reduction 
room. The raw-material mixture may be, for instance, 
at roorn-tenperature; though, depending on the size and 
the construction of the furnace, it may be advantageous 
to charge the raw-material in a pre-heated State. Fur 
thermore, it is necessary to charge the raw-material mix 
ture substantially continuously, i.e., either continuously 
crat short time intervals. 

Moreover care is taken, according to our invention, that 
the formed molten aluminum-silicon allioy leaves the 
hot Zone of the reduction-room continuously without 
trickiing or flowing through a less hot layer of raw-mate 
riai mixture in which aluminum-carbide could be formed. 
With the known electrothermal processes for making aiu 
minum-silicon alloys the formed alloy flows through a 
still unreacted layer of charge, in which layer the danger 
of carburization, that is to say of carbide formation, exists. 
According to our invention the reduction zone is sep 

arated from the iower aluminum-silicon alloy coilecting 
Toon by a room in which the aluminum-silicon alloy be 
cClines cooled as quickly as possible to a temperature (for 
instance between its melting point and 1600 C.) at 
which a reaction between the aluminum-silicon alloy and 
carbon with formation of carbide can no longer take place. 
The carbon could be supplied either by the wall of the 
collecting-room or by particles of the raw-imaterial mix 
ture which become dragged along out of the reduction 
roon by the aiunninum-silicon ailoy flowing down or 
which simply fall out of the reduction-room into the co 
lecting-roon. Consequently there must be a separating 
room between the reduction-rooin and the collecting 
rocnn. Furthermore, when carrying out the process ac 
cording to our invention Reat is desirably supplied to the 
reduction-room by electric resistance heating. I?ost ad 
vantagecusly the reduction-Tooin is surrounded by a con 
ducting mass, for instance, of finely divided carbon, 
through which an electric current is conducted. 

Aiso heating-rods or other heating conductors may be 
used. Care should be taken that the heat be supplied 
laterally to the reduction-rocm, but one may also addi 
tionaily dispose heating-rods through the raw-material 
mixture itself in the reduction-room. Also inductive 
heating may be utilized. There are many possibilities 
for heating the raw-material mixture to the reaction tem 
perature without using electric-arc electrodes. It is essen 
tial that there be a sufficient heat supply to keep the 
most favorable temperature zone. 
The speed of charge of the raw-material mixture must 

be so controllied that the heat supplied to the furnace is 
consumed by the quick heating and the melting of the 
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raw-material mixture and by the reduction of the oxides 
as Weil as by corinpensating for the losses through the 
reaction-products carried off. In order to maintain the 
favorable temperature raige we have found that it is 
advantageous to charge the raw-material mixture in such 
a narlier that the reduction-room be always kept ful. 
The physical coilditions of the raw-material mixture to 

e chaiged has, cf course, an influence on the progress 
of the reaction. Normally with such processes, the raw 
in.aterial mixture is charged in the form of briquettes. 
When carrying out the process according to our inven 
tion, especially uniforin progress of the reaction with a 
filaintained heat balance is obtained by charging the raw 
naterial as pellets of about i5-20 mm. diameter. To 
nake the pellets, the raw-material mixture is, for instance, 
nixed with 20–25% of water and poured in a known 
r:lanner on a rotating disc-plate or treated in a rotating 
druin. It may be advantageous to add to the raw-mate 
rial mixture a few percents of sulphur as sulphides, sul 
phates, or other sulphur compounds in order to obtain 
a quicker melting. 
At the suitable temperature of, for instance, about 

2100° C., there takes place a quick neiting as well as a 
quick reduction. When continuously charging further 
law-material raixture directly onto the surface of the 
mixture which has just been charged and is continuously 
moving down, the new charge acts to some extent as a 
cocant on the meit, thereby preventing overheating. 
Since a melting substance cannot be heated over its meit 
ing pcint, a constant temperature in the melting-room 
(reduction-room) itself will always prevail. 
The reduction-room may be advantageously disposed 

vertically above the collecting-receptacle. With such a 
disposition the aluminum-silicon alloy can reach the col 
lecting-receptacle most quickly-by a free fall, for exam 
pie. if, for instance, the reduction Zone is located in the 
lower part of a reduction-crucible which is disposed at a 
sufficient distance above the collecting-room, so that the 
molten aluminum-silicon alloy can cool down sufficiently 
during its free fail after leaving the reduction Zone, and 
if, through this disposition the collected metal be suffi 
ciently separated in space from the perforated bottom of 
the crucible, conditions are attained which allow the car 
rying out of the process according to our invention. 
The purpose of the separating-room under the reduc 

tion-room is to remove the molten aluminum-silicon alloy 
as quickly as possible from contact with the reacting 
charge. Of course, for instance, perforated non-reactive 
intermediate bottoms may be disposed in this separating 
room, which bottoms prevent an excessive reflection of 
heat from the reduction-room downwards or fully pre 
vent such a reflection. The separating-room may be also 
partly filled with a bed of luips or grains of a material 
(for instance lumps of corundum) which has a poor 
thermal conductivity and does not react with the molten 
aluminum-silicon alloy. Such lumps or grains may be 
disposed on perforated intermediate bottoms. 

lfurthermore the mounting of other types of baffles 
between the reduction-room and the collecting-room may 
be advantageous. 

instead of a vertical arrangerinent one may choose a 
disposition at which the aluminum-silicon alloy flows 
obliquely into the collecting-receptacle. With such a 
disposition one should suitably take care that the wall 
along which the aluminum-silicon alloy flows down has 
Such a composition or such a temperature that it cannot 
react with the aluminum-silicon alloy and form carbide. 

in SC1}le cases it may be advantageous to dispose cooi 
ing elements in the separating-room in order to accelerate 
the cooling of the aluminum-silicon ailoy. These cool 
ing elements may, for instance, be rods made from inert 
material with a filler of copper, the heat being withdrawn 
from these rods outside the furnace by means of a cooling 
liquid. 
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it may be aise advantageous to provide the collecting 
receptacle with a device allowing either a heating or a 
cooling, so that the tern perature which is necessary for 
maintaining tile heat-baiance can be controiled. 
When carrying out the process according to our inven 

tion one miay, of course, use as a cclecting-receptacle a 
channel or a pain from which the aiulininLin-Silicon aiicy 
flows continuously into ancher receptacle or even into a 
casting device, for instance into a pig-casting inachine. 
As the raw-material mixture 13ist be heated in as short 

a tine as possible to the reduction temperature range and 
inst pass as quickly as possible through the tenaparatuie 
zone of 1603 to 2C00° C. (which is favorable for the 
formation of carbides) it is advisable at the beginning of 
the operation to heat the reduction-room to a tempera 
ture of for instance 2350 to 2200 C. before charging 
the raw-material mixture. 
Of course, the process according to our invention 

can also be applied when cine wishes to make an alumi 
sin-silicon alloy which contains less than 72% aiuri 
nun, for instance down to 65% aliiii in or even 60% 
aluminum. Even though aluminum-silicon alloys whic 
contain more than 60% or even more than 65% alumi 
aim in the usual electric furnaces can be obtaiaed by 
known processes, the process according to our invention 
is Spairior to the known processes for making such alu 
nuinum-silicon alloys, as the reduction can be much better 
controlled so that the process is aiso superior with respect 
to the expenditure of energy. 
The aluminum-siiicon ailoys obtained according to the 

process of our invention may have a rather high content 
of iron (for instance as in the ferro-silico-aluminum), of 
titanium, and of other elements. 

in the drawings: 
FIG. 1 is a vertical sectional view of one for in of appa 

rattis embodying the invention; 
F.G. 2 is a horizontal sectional view thereof; 
FiG. 3 is a vertical sectional view of a modification; 

and 
ifiG. 4 is a horizontal sectional view thereof. 
In FGS. 1 and 2 there is illustrated an embodiment 

of the invention in the form of a small experimental fur 
nace of a capacity of about 80 kilowatts. The iron fur 
nace-shell. 2 is provided with a lining 2 of fire clay and 
filed with finely divided carbon 3. Two parallel walls 
4 built up with magnesite bricks limit the inner room 
at both sides of the current-supply nipples 5 made of 
graphite and of the water-cooled steel electrodes 6. A 
cylindrical crucible 7 made of graphite is disposed in 
the furnace at such a height that its lower part which 
serves as the reduction room is at the same height as the 
current-supply nipples 5. The crucible 7 is formed with 
a perforated bottom as shown, and is surrounded by a 
cylinder 8 made from electrode-carbon, which cylinder 
Serves to transfer the heat uniformly to the reduction 
room. Under the reduction crucible 7 there is disposed 
an intermediate vessel 9 which is also made of graphite 
and has a perforated bottom. Under the intermediate 
vessel there is a collecting receptacle 18 made of clay 
graphite. The lower part of the receptacle G projects 
downwards out of the furnace and is surrounded by a 
mantle is of fire clay powder which protects it against 
a too great cooling. On the reduction crucible 7 there 
is laid a covering plate 2 made of electrode-carbon 
with a central hole for the charging. 
As can be seen the reacting charge in the crucible 7, 

which is maintained by resistance heating at a tempera 
ture of for instance 2050 to 2200 C., is separated in 
Space from the aluminum-silicon alloy which collects in 
the collecting vessel 6. The aluminum-silicon alloy 
formed in the crucible flows out of the reaction chamber 
through the vessel 9 into the collecting receptacle 10 (a 
part of which is disposed outside the furnace) before it 
can carburize. The temperature of the collecting recep 
tacle is only about 900° C., that is about 1150° C. to 
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1300 C. below the temperature of the reduction Zone, 
So that the aluminum-silicon alloy does not take up car 
born in the collecting receptacie. 
FGS. 3 and 4 show another example of a small experi 

mental furnace embodying the invention. The arrange 
ment is the same as in the experimental furnace shown 
in FGS. 1 and 2, except that the two walls from magine 
site bricks are not used; but current connections are pro 
vided for the additional heating by means of the graphite 
heating-rods 3. 

in furnaces Such as illustrated we succeeded in obtain 
ing among others an aluminum-silicon alloy with 76.0% 
aluminum and 23.1% of silicon; the remainder being 
composed of the usual impurities (iron, titanium, and so 
on) which occur in electrothermally produced aluminun 
silicon alloys. This aluminum-silicon alloy was obtained 
from a mixture of the following raw-materiais: 

27.4% raw kaoli 
23.8% burnt kaolin 
23.6% alumina 
2.1% silica (quartz) 
23.1% charcoal 

The mixture was pelletized to grains of 15 to 20 mm. 
cross-section, which sustained without damage a fall from 
a height of 1.5 to 2 meters. 

Before introducing the raw-material mixture, the re 
duction crucible 7 was heated to a temperature of 2100 
C. to 2200 C. and kept at this temperature during the 
continuous charging of raw-material mixture. 

Since certain changes in carrying out the above process 
and in the constructions set forth, which embody the in 
vention, may be made without departing from its scope, 
it is intended that all matter contained in the above de 
scription or shown in the accompanying drawings shall 
be interpreted as illustrative and not in a limiting sense. 
What is claimed is: 
1. A process of making aluminum-silicon alloys by 

electrothermal reduction of oxidic raw materials of alumi 
inum and silicon, which comprises heating the walls of a 
graphite-walled reduction chamber to an elevated ten 
perature of not less than 2050 C. and not more than 
2200 C. through the action of a current passing through 
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a conducting body of finely divided electrically resistant 
carbon Surrounding the reduction chamber, charging the 
reduction chamber whose walls have been so heated with 
a mixture comprising oxidic raw materials of aluminum 
and Silicon and carbonaceous reducing agents, maintain 
ing the charge in said chamber at a temperature of about 
2050 C. to about 2200 C. to reduce the oxidic raw ma 
teriais to molten aluminui-silicon alloy substantially free 
from carbides and without Substantial volatilization, caus 
ing the molten alloy substantially as soon as it is formed 
to escape by free fall from said reduction chamber direct 
ly into a Zone Substantially cooler than said reduction 
chamber and to leave the hot Zone of the reduction cham 
ber continuously without flowing through a less hot layer 
of raw material mixture in which aluminum carbide could 
be formed, while retaining the solid part of the charge 
in said reduction chamber, and collecting the molten al 
loy escaping into said cooler Zone almost immediately 
therafter in a collecting chamber maintained at a temper 
ature sufficient to maintain the temperature of the alloy 
while in said collecting chamber below 1600° C. 

2. A process as set forth in claim 1, wherein the molten 
alloy in said collecting chamber is continuously withdrawn 
therefrom. 

3. The process as set forth in claim 1, wherein the 
temperature in the reduction chamber is naintained at 
not over about 2200 C. by substantially continuous 
charging of the reduction chamber. 

4. The process as Set forth in claim 1, wherein the 
heat is supplied to said reduction chamber mainly through 
the current conducted through said body of carbon. 
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