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The present invention relates to an improve-
ment on U, 8. A, Patent Application Ser. No.
279,060, wherein a common furnace, electric or
otherwise, as used for steel, may be employed
for the process for the production of pure iron
or iron alloys with starting ferreous materials
particularly ferric sands, residual muds from the
extraction of aluminium, pyrite ashes and simi-
lar natural or artiflcial substances contalning
not less than 20% of the metals to be extracted.
In the case of an electric furnace the relative
electrodes may be disposed In any way whatever
the bottom of the furnace may be constructed
according to the usual systems, for instance, with
dolomite comminuted and agglomerated In any
way whatever and among the agglomerating
means even tar and other carbonaceous sub-
stances may be numbered. However in this case,
of course, previous castings are necessary to
“cook” the cake and eliminate the carbon of the
binding agents. These preparatory castings of
the furnace may also be executed with pig Iron
reserving the last casting for a soft steel. It
is better, however, to construct the bottom and
walls of the furnace avolding the use of carho-
naceous substances, the furnace can be made
elther acld or basic according to the sort of min-
eral employed. The mixture to be fed into the
furnace need not be agglomerated, sald mixture
merely consisting of coal and mineral,

It is advisable that both be pulverized and this
fact Is mentioned because many minerals are al-
ready In such a state, which makes it difficult to
use them in the known extraction systems of the
metal. The quantity of the two Ingredients de-
pends on the yleld of the furnace. PFrom fur-
nace to furnace, from one heating system to the
other, and even from the rapldity the operation
itself is conducted with, variations may be re-
quired in the proportions of the two ingredlents.

Fundamentally, however, the proportions for
the furnaces of the Héroult type are those re-
quired by the chemical formula, the produects
whereof are carbon oxide and lron; the correc-
tions suggested by practice being carried out as
they manifest themselves advisable. Sald pro-
portion 1s however subjected to variations ac-
cording to the specles of iron wanted and, to be
more exact, the proportion has to be poorer of

coal, if a particularly pure and deoxidised iron -

is wanted. It may seem a mistake to Increase
the Iron-oxlde to obtaln nicre deoxidized fron, but
this principle is a true one and will be enlarged
upon later. In the case of a 48 ton furnace
of the Héroult type operated in such a way that
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about 800 Kwo are consumed each hour, with the
doors in a medium conditlon of tightness relative
to draughts of alr and in eondition of medium use
thereof (that is, opening them only when it Is
necessary), the mixture, as an actual carbon
contents, should contain twice as much charcoal
in powder of a medium analysis as indicated by
the above mentioned chemical formula. Since
charcoal has been mentioned, it Is Important to
add that also coke, anthracite and so on may
be employed.

Besides the two fundamental elements above
mentioned, fluxes may be added. These fluxes
may be chosen according to the composition of
the gangue of the mineral. Should one use
Cogne mineral or that of the littoral titaniferous
sands, the best addition Is represented by calelum
oxide in large pleces, in clods, and disposed on
the bottom of the furnace and all around the
walls, where the molten bath and especlally the
slags lightly lap the walls with the object of slow-
ing down the chemical etching and avoiding such
a cohtact as long as possible. On the contrary,
one should avoid mixing the calclum oxlde In the
mixture, especlally If it Is powdery as In this
case calelum carbid might be produced.

In any case the proportions of this calclum
oxide in the case mentioned, and in general of the
flux in other cases, are related to so many par-
ticular conditions that only practice may suggest
the best ones especlally to an expert operator.
In general the 109% of calelum oxide with respect
to the minersal charged is Indicated. In any case
both for calelum oxide or other fluxes and for
coal or mineral the corrections may be made at
will by directly adding In the furnace the other
elements to the cost of which the proportion had
been corrected. However, ohe should not repute
that coal or mineral may be added in a large
quantity after effecting the charge of the mix-
ture. In fact it i{s necessary that this be well
calculated and modifled only by means of slight
additions.

This mixture is fed into the furnace all at once
or at Intervals according io the features of the
furnace and to the system of operation of the
same and here also the practice acquired after
the first two or three castings soon gives the
rules Indicated. In the case of an electric fur-
nace wherein the mixture is charged all at once,
the generation of the arc may be rather difficult,
but this Inconvenience is ramedied then by con-
centrating around the electrodes some mineral
which possesses 8 good electric conductivity both
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in the case of said mineral being a part of the
mixture or of a mineral extra mixture; also the
tension may be elevated and at last irons may be
placed in the furnace preferably scraps of the
same iron produced previously, disposed under
the electrodes in reciprocal contact and covered
by a layer of ahout 3 cm of mineral. This ex-
pedient is advisable, strips of conductive slag be-
ing thus soon allowed to be.formed between elec-
trode and electrode.

It is to be remarked that since the question in
general is to produce a very pure iron it is neces-
sary to ascertaln the purity of the different ele-
ments of the mixture and particularly of the
coal and calcium oxide In the sense that the less
impurlties are added the more the purity of the
material obtained increases. For instance the
calcium oxide must contain the least posslble
quantity of sulphur and the same 1s said as re-
gards coal.

Once the arc is generated, the fusion proceeds
normally and the electric furnace is provided
with electrodes it being of no importance that the
electrodes be sunk into the mixture mass. The
working of the furnace is very calm and abund-
ant gas masses are developed. Little by lttle
pools of molten matter are formed in the higher
tempergature points and finally all the mass [s
liqulfied. Towards the end very hard crusts are
remarked substantially formed of spongy iron.
These crusts must be melted by continuing the
supply of heat and finally & bath 1s obtained com-
prising & metallic layer below and a layer of slag
above. This operation (in the case above men-
tloned) takes about 6 hours. If the operatlon is
conducted well, said slag should be cast nearly
at once because it strongly attacks the walls of
the furnace. This slag may be either too rich
of metal or purified too much and in this case
the metal has an appreclable contents of carbon.
Should & pure iron be wanted, sald slag must
have about 109 metal and if there were more, s
certain quantity of coal must then be charged on
the slag and an increase of the quantity of metal
under the coal 1s obtained. Vice verss If the con-
trary occurs, an additlon of mineral may be made,
but this addition is preferably made after remov-
ing the slag that is by producing a second slag
richer of mineral than normally, as will be dis-
closed here below.

By examining some samples of the metal, one
immediately remarks the fundamental fact that
the successive addltions of coal In the slag cause
an increase of the quantity of metal without in-
creasing the contents of carbon, at first, while
afterwards this contents increases rapidly and
the quantity of metal increases very little, The
optinum point depends on the object wanted and
the conditions in which work is effected, but the
expert operator knows in a short time how to be-
have.

Once the slags have been removed the metal
appears sufficlently deoxidised and the casting
may directly take place; sometimes on the con-
trary the meta] is oxidised more or less and If a
casting should occur as in the case of steel, de-
oxidlsing edditions would be necessary In the
ladle or ingot mould. N

These additions, if & most pure iron possible 1s ;

wanted, are to be avolded for obvlous reasons.

According to the present invention new addi-
tions of mineral in the furnace are on the con-
trary suggested. The followlng example may be
of use:
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Having charged a mixture composed of
Kg.
Mineral of Nettuno_.____ . ______._________ 2.500
Charcoal - __ ol _ 1.000
Calclum oxide______________________._____ 200

i an electric furnace of Héroult type of 800 Kwo:
should the metal be found not suficiently deoxi-
dised -about 50 Kg of mineral and some shovel-
fulls of calcium oxide are thrown into the fur-
nace after having removed the first slag and after
about an hour and a half a sample of metal will
soon show a very remarkable improvement. This
operation may be repeated several times possibly
by casting nearly all the preceding slag before the
new addition, till the point judged necessary. In
other words the mineral (30, 50 Kg each time)
and & little calcium oxide is to be added and after
about 20 minutes a sample should be examlned.
8hould this spurt strongly or be agltated, and
ascending, then it is necessary to slag and to exe-
cute another addition of mineral with calcium
oxlde as above mentioned. After 20 minutcs more
& mew sample Is examined and so on till the meta]
may appear as completely deoxidised, that is calm
and ascending but little,

The sectioned test piece must appear compact
with a bubble only on the upper side. The metal
when cooled abruptly in water must be bright
and of a moon-like white colour, At this point
the casting may take place and only 0,2-0,4% alu-
minium, immersed In the ladle as mentioned, will
do to make the ingot absolutely pure and with-
out gas.

The sclentific reasons of this fact apparently
paradoxical and till now unknown in Steelwork
bractice are owing to the fact that the iron, ob-
tained by means of these systems from mineral
reduction especially if purc as those of Cogne
or of the littoral sands with coal defectively
dosed, passesses very remarkable features of in-
oxidabllity even at a high temperature and con-
sequently the more the decarburisation is pushed
on the more the tendency not to absorb oxygen
15 increased. Of course the presence in the iron
of other elements as for instance manhganese,
phosphorus, sllicium, aluminium somietimes de-
termlne a great deal more than carbon this char-
acteristle of pure Iron, but as already remarked
for carbon the oxidising addition by diminishing
or destroying all sald impurities causes with the
Increase of the purity of iron also a diminution
of its contents in oxygen.

It Is to be remarked that the same additions of
mineral are to be made also in the apposite case
that is when the metal is carburised and one
wishes to decarburise it.

In any case as above mentioned an addition of
deoxidislng elements may be necessary and made
in the ladle or Ingot moulds according to normal
practice of good steelworks.

In the case of the present example it may be
asserted that 1250 Kg of iron may be obtained
with Fe equal to or more than 99,959 and con-
suming about 4000 Kwo per ton and taking about
seven hours and a helf from the beglnning of the
charge to the end of the casting. These con-
sumptions and ylelds are however in function of
the size of the furnace and its perfection and
consequently they are susceptible to be remark-
ably Improved.

The use of aluminium in cakes is suggested if
the -deoxidation occurs in the.ladle in the propor-
tlon above mentioned of about 0,4% of the metal
to be deoxidised. Of course it would be prefer-
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able to use compound alloys: aluminium ecal-
clum, aluminium ecalcium magnesium, and the
like even with sodium potassium, boron and the
ke with the object of making more the product
of the oxidation of sald deoxidising substances
more easy to be melted and consequently easier
to be separated from the metal. However with
the aluminium alone the result is already good.
Of course these deoxidising means are to be dis-
solved in the metal to be deoxidised without being
burnt in the air and slags. By using aluminium
this for example may be fixed on the top of a rod
of the same lron obtalned in some preceding cast-
ing and kept at the bottom of the ladle and here
uniformly agitated till it is completely dissolved.
This takes about 6 minutes in the case above
mentioned and if even a part of the iron rod {is
melted this will not disturb at all. It is conven-
ient that the casting takes place in the ladle in a
neither too hot nor too cold state and also as
regards these detalls experience will give in each
case the necessary indications. Should the fur-
nace be electric with electrodes, the smallest
tension possible has to be used compatible with
the fundamental fact that, after the formation
of the bath, the electrodes have to carry no coal
at all, which would unavoidably occur if they were
in contact with the slag or still worse in contact

o]

10

20

25

3

with the metal. About 80 volts are sufficient {f
there are graphite electrodes normally loaded In
ampere.

When the casting {s done, the furnsce may be
charged again with a new mixture and the opera-
tion is recommenced again. Of course owing to
the high temperature required for casting pure
iron it may happen that the wallg of the furnace
show traces of corrosion. 'This inconvenience is
remedied by means of additions of dolomite or
other refractory substance directly on the points
corroded and disposing calclum oxide in clods of
the mixture of the new charge preferably on the
more corroded zones. In such a way the furnace
will last for a normal number of castings.

It is clear that the capacity of the furnace has
to be proportioned to the amount of the charge
wanted in order to avoid that a too thin layer of
metal may produce a superheating of the refrac-
tory material and of the hottom in the points
nearest to the electrodes, this Implying the pas-
sage of a part of said refractory material into the
bath with the impurities contalned therein, which
would be particularly dangerous in the case the
refractory material contains carbon.
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