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It ig known that the manufacture of low car-
bon ferro-alloys generally comprises two distinct
prineipal steps. In the first step, an alloy rich
in silleon, e. g. ferro-silicon, is manufactured,
e. g. by reducing by means of carbon in an elec-
tric furnace, a suitable mixture of silica and of
ore of the alloying element, an additlon of lime
belng usually made in order to fluidify the slag
which 1s formed during the process. The alloy
obtalned in this first step has a low carbon con-
tent. In the second step, the silicon-alloy which
has been obtained during the first step, is treated
by means of a slag which iIs rich in the ox!de
of the alloying element, in view of eliminating the
silicon and finally obtainihg a ferro-alloy which
is at the same time poor in carbon and in silicon.
The iron present in the said alloy is originated
elther from the ore which is heated in the electric
furnace or from the oxide of the alloying element
which may be mixed with an oxldic compound
of iron, or again from both ore and oxide, or also
from ferrous metal, e. g. mild steel scraps, added
in the furnace.

In the previous processes, the second step of
the operation was often carried on in a furnace
and several slagging off operatlons were neces-
sary, or an lmportant amount of oxide of the
alloying element was systematically left in the
final slag. In all these processes the sald oper-
ating steps lcd to bad ylelds in alloying element
owing to the insufficlent exhaustion of the slag
as concerned the oxide of the sald alloying ele-
ment.

The process hereabove recalled has been largely
used for the manufacture of ferro-chromium, the
iron belng contained both in chromium ore which
is treated in the electric furnace, and In chro-
mium oxlde which was made a constituting part
of the desiliconizing slag. Ilmenite was practi-
cally the material to which 1t was resorted in
that case, as being the ore of the alloying ele-
ment and also the oxide forming the basls of the
deslliconizing slag. Both the chromium and the
fron oxides were reduced by the silicon of the
silicon-alloy and thus iron passed into the alloy.

More recently the applicant has proposed, In
order to accelerate the second step and to in-
crease the yleld thereof, to energetically {ntermix
the molten silicon-alloy and the slag, which rap-
idly realises a chemical equillbrium between slag
and sllicon-alloy. However, when in such a proc-
ess an attempt has been made to lower to very
small figures the silicon in the final alloy, it has
proved that important quantities of oxlde of the
allpying element were necessarily left In the slag.
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Although such quantities are much smaller than
those resulting from a treatment which does not
comprise an energetic intermixture of silico-
alloy and desiliconizing slag, it is obvioug that
it would be much more advantageous to keep
them down. As a matter of fact, when the said
process 1s used for the manufacture of a ferro-
chromium having a low content of silicon, it is
necessary to leave in the final slag a chromiim
oxide (Cri0:) content comprised between 4 and
8%. Accordingly, it is generally resorted in the
processes hereabove recalled to a practice In
which the desiliconizing slag which has been in-
sufficlently exhausted as concerns the oxides, is
charged anew In the furnace in which the silicon-
alloy has been mamifactured and where it is sub-
jected again to a reducing operation, But this
method of carrying out the process led fo an in-
crease in the net cost of the manufacture of the
sillcon-alloy.

The present {nvention refers to a process for
the manufacture of low carbon ferro-alloys.

One object of the invention is to ensure g very
economical run of the silicon-alloy furnace.

Another object of the invention is the obten-
tion of & ferro-alloy which has a very low final
content of silicon in the ferro-alloy, at a low cost
and in a short time.

Another further oblect of the Invention is to
nearly totally exhaust the slag used for the de-
siliconizing, as concerns the metalllc oxides con-
talned therein,

Other further objects of the Invention result of
the disclosure set forth In the following part of
the present specificatlon and In the appended
clalms.

The process according to the invention consists
In manufacturing & low carbon alloy which con-
taing a high proportion of reducing agent, for
Instance silicon, by reducing by means of carbon
preferably according to an acid run of the slloy-
furnace, a mixture of an oxidic compound of the
reducing element e. g. of quartz, and of an oxidic
compound of the metal to be alloyed, for instance
an oxide thereof, and then by successive opera-
tions, the content of silicon of the alloy thus ob-
tained, by means of a slag which has as s basis
an oxidlc compound of the alloylng metal and
a non volatile base such as lime, namely: an
operation comprising an energetic intermixing
between the sald alloy In molten state, and slag
resulting from the second operation carrled on
on a preceding melt, intermixing by which the
sald slag is practically exhausted as concerns
the oxidic compound of the alloying metal, and
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by which the alloy rich in reducing agent is par-
tially oxidized as concerns the said reducing ele-
ment, and another operation comprising a treat-
ment of the said partially oxidized alloy, by means
of a fresh slag having as a basis an oxidic com-
pound reducible by the reducing agent of the
alloy, e. g. an oxlde or ore of the metal to be
alloved and & non volatile base, such as lime,
treatment by which the reducing agent of the
alloy 1s oxidized down to the flnal content which
is wanted as concerns the reducing agent.

The process according to the Invention thus es-
sentlally comprises three stems, namely, first
step, manufacture of a primary alloy rich in re-
ducing agent and poor in carbon; second step, an
oxldizing operation of the sald alloy to trans-
form {t in an intermediate alloy having a me-
dium content of reducing agent, and to give rise
to an exhausted slag; third step, a second final
oxidizing operation to transform the intermediate
alloy Into fAinal low-reducing-agent alloy, and to
glve rise to an intermediate slag having a medium
content of oxidizing substance which is used for
treating a fresh batch of primary alloy as above
set forth. This process ensures, owing to the
combination of these three steps, the obtenticn
of low carbon and even very low carbon ferro-
alloys having a very low content of reducing
agent with a. total yield which is extremely high
as concerng the alloying metal and at a net cost
decidedly lower than the previously known proc-
25665, .

The processg according to the Invention can he
applied to the manufacture of any low carbon
ferroralloy: ferro-chromium, ferro-manganese,
ferro-titanium, ferro-molybdenum ete. The re-
ducing agent which is preferably used is silicon.
Howaever, in the following description and for the
sake of simplification, it will be more speclally
referred to the manufacture of ferroc-chromium,
sllicon belng used as reducing agent, but it should
be understood that the explanations given in the
said disclosure apply as well, with the necessary
modifications, to the manufacture of any other
ferro-alloys coming in the renge of the present
meaenufacturing process and to any other chemi-
cally-equivalent reducing agent.

In the manufacture of a ferro-chromium aec-
cording to the process of the invention, the first
step, consisting In the manufacturing of silico-
chromium in s furnace, is notably characterised
in that 1t practically necessitates but the han-
dling of fresh materials, namely, chromium ore
and- gilica—-preferably quartz—without any use
of used slags or any neces3ary addition of Auidi-
flers. The subsequent desiliconizing operations
do not in fact flnally give rise to any residue
which Is rich ‘m chromium oxide which necessi-
tates & further treatment in the silico-chromium
furnace, hecatuse the slag which is used for these
destliconizing operations is finally practically ex-
hausted as concerns the-oxldes, especlally the ox-
ide of the alloying metal. In the previous proc-
eEses where the residual slag resulting of the de-
siliconizing operation were subjected to a further
reducing operation in the sillco-chromium fur-
nace, the important proportion of lime contalned
in the glag led to an extra expense of thermal en-
ergy for melting again the slag and compelled
to carry on a reductlon operation at a relatively
high temperature, owing to the enrichment in
lime of the materials to be fused and to the low-
ering of the percentage of the content of free
silica. Experience has shown that the reduction
of the mixture of chromium ore and quartz takes
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place In very favourable conditions when the run
of the furnace has an acid character, according to
the Invention. The operation can further be
carried on at a less elevated temperature for a
same content of silicon in the silico-alloy, than
with slags which are rich in llme, and without it
being necessary to add fluldiflers. As a mere in-
dication the constumption of electric current
when manufacturing low carbon silico-chromium
having a very low content of sillcon according to
the invention, is lowered by 20 to 30% when
compared with the previous processes, which con-
stitutes a considerable saving of money and In-
creases the daily output of the furnace.

Moreover, the acld running of the silico-chro-
mium furnace hag the advantage that for an
equal content of silicon, the sillco-chromium ob-
tained has a carbon content lower than the one
which is obtalned In the previous Drocesses
This allows accordingly, either to manufacture
silico-chromium and consequently ferro-chromi-
um having a lower content of carbon, or the con-
tent of carbon being finalliy the same as before, to
start from silico-chromium having & lower con-
tent of sillcon, which constitutes a further saving
of money owing to the amount of quartz to be
used and to be fused belng curtailed.

It should be however underlined that the actd
runt hereabove referred to for the manufacture
of the silico-chromium Is rendered economically
possible only because the means which are pro-
vided by the invention for the desiliconizing of
the silico-chromium lead to a nearly total ex-
haustion of the residual slag as concerns chromi-
um oxide.

The second step of the process comprises a par-
tial first desiliconizing operation of the silico-
chromium which has been manufactured In the
first step., This partlal desiliconizing is carried
on by means of desiliconizing slag resulting of the
third step of a precedent melt, and which Is al-
ready partially exhausted as concerns chromium-
oxide but still contains Important quantities of
the latter. 'The treatment Is advantageously
carried on by energetically intermixing the silico-
chromium and the slag, both in molten state, ac-
cording to any of the known processes previously
proposed by the Inventor for intermixing metal
and slag, nemely intermixing by a rapld pouring
of the molten metal in thick jet from a consider-
able height onto the molten slag placed in a ladle;
or Intermixing by means of an apparatus com-
prising two rocking or rotating receptacles close-
ly opbosed to each other by thelr openings, the
centent of one receptacle being violently poured
in the second one and vice-versa; or again inter-
mixing the metal and slag by repeatedly lifting
these two substances and allowing them to simul-
taneously tumble down by successive rolling op-
erations, in an apparatus formed of two frusto-
conical chambers united by their largest sections
and rotated about a transverse common axis, the
speed of rotation of the apparatus being high
enough that some interpenetration of the slag
and metal contained therein takes place. Such
intermixing leads according to the invention as it
has been disclosed hereabove, to a nearly total
exhaustion of the slag as concerns Cris0s and to
a desiliconizing of the silico-chromium which is
only partial.

At last, in the third step of the process, the
silico-chromium, which has been partially desil-
iconized during the second step hereabove re-
ferred to (first deslliconizing operation) 1s taken
agaln and treated by means of a slag having as
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a besls chromium ore and lime. This treatment
can be carried on by any convenient means, either
by an Intermixing of alloy and slag, which is al-
ways preferable, or without intermixing. The
operation can nhotably be carried on In one of
the apparatus hereabove referred to and by the
processes descrlbed in connection therewith, or
in any other Intermixing apparatus, or also by vi-
olently pouring the metal onto the slag In a ladle,
from & considerable height, or In a furnace by
any known process, starting from silico-chromi-
um, elther in solid or In molten states, the slag
being partially or totally charged in a molten
state. The amount of chromium ore which has
to be used Is calculated in such a way that prac-
tically, the quantities of reduecible oxides con-
talned in the ore (Crz03 and FeQO) stoichiomet-
rically correspond to the total amount of slli-
con which has to be eliminated out of the silico-
chromium alloy. As a rule, the higher is the pro-
portion of lime, the lower is the flnal content in
the silicon and the higher should be the content
of Crz0; in the third step. The amount of lime
to be added also depends upon the composition of
the ore. The higher is the proportion of chro-
mium oxide with respect to the iron oxide the
greater should be the amount of lime added.
The lime may he partially replaced by another
basic substance or other substances such for ex-
ample &5 magnesia.

During this last step, the desiliconizing of the
silico-chromium can be carried on until the fig-
ure which is wanted is reached, the final con-
tent of sllicon which is obtained being the lower
the higher are the contents of the slag in basic
substances and Cr203. Owing to the fact that
in this third step a relatively high content of
the resulting slag can he reached as concerns
Crz03 without inconvenience-—the said slag be-
ing used agalh In the second step (first desili-
conizing operation) of a next step, and being
therein nearly totaily exhausted as concerns chro-
mium oxide—it is concelvable that the amount
of basic substances and especially of lime, which
is to be used will he smaller for the obtention
of a given final content of sllicon, than in the
previously known processes.

Practically, Iron is present in the process by
the mere fact that the ore of the alloying ele-
ment contains iron. In the case of the manu-
facture of fcrro-alloys, notably ferro-chcromium
iron is by nature present in the chromium ore
(ilmenite). But iron can In any case be added
to the process either in the furnace in which the
primary alloy is manufactured or in the furnace
in which the primary slag 1Is fused.

On another hand, the primary slag made of
oxidic compound or ore of the alloying element
and of an oxlde of a non volatile basic element
may be obtained by fusing ore of the alloying ele-
ment in the slag furnace and by adding thereto
the basic oxide in the intermixing device.

It clearly appears from what is disclosed here-
above that owing to the combination of the two
desil{conizing operations (second and third steps
of the process) according to the invention, the
amount of chromium ore to he used for the de-
siliconizing does not thecoretically supersede the
one which stoichiometrically corresponds, as con-
cerns the reducible metallic oxides, to the amount
of silicon which Is to be eliminated, and that the
said cre is totally exhausted as concers chro-
mium, during the second step of the process (flrst
desiliconizing operation). No residual slag more
or less rich in oxides, has thus to be treated
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anew in the gilico-chromium furnace, which
allows as it has been disclosed above, to advan-
tageously realize a running of the sald furnace
having an acld character.

It is to be remarked that If the three steps of
the process according to the invention neces-
sarily follow each other according to the se-
quence which has been indicated when they are
considered as applied to the manufacture and
the treatment of one and the same melt of siltco-
chromfum, the carrylng on of the process can
however give rise to modifications as concerns the
timely material succession of these three steps,
as 1t is shown In the various embodiments here-
above described, these embodiments being dis-
ciosed as examples of practicing the invention.

First embodiment —An appliance is used which
comprises an electric furnace for the manufac-
ture of silico-chromium alloy, a furngce for the
fusion of chromjum-ore and an intermixing ap-
paratus made of two receptacles, each of them
being open at one end, these two ends being
closely united together in such a manner that
the longitudinal axes of the two chambers make
an angle of about 80°, and that there {5 a com-
mon Up for the two chambers over which the
content of one chamber can ke poured into the
other chamber. These two chambers are mount-
ed on a common oscillating axis—practically par-
allel to the sald common lip—and means are pro-
vided for rocking the ensemble of the said appa-
ratus and by these means energetically pouring
the contents of one receptacie into the other and
vice-versa.

The accompanylng drawing diagrammatically
shows such an applience in which | Is the tilting
furnace for manufacturing the primary silico-
chromium, 2 the tilting electric furnace for fus-
ing the primary slag, 3 the rocking intermix-
Ing apparatus open at 4 and comprising two ad-
Jacent receptacles § and 8 having & common lip
68, pivoted on & horizontal shaft 1 carried by o
double frame 8 and rocked by a motion device 9.
Between the two parts 8 of the sald frame is a
plt 19 into which ladles i1 and 12 can respectively
be sunk in order to cast the final ferro-chromi-
um alloy poor in silicon and to discard the final
slag poor in oxides. The primary silico-chro-
mium and the primary slag are run into the in-
termixing apparatus respectively by means of the
removable gutters 13 and (4.

The third step (second desiliconizing opera-
tion) of a preceding intermixing operation in the
rocking apparatus 3 being supposed as termi-
nated, the molten slag (Intermediate slag) re-
sulting of this step and which still containg sub-
stantial proportions of oxildes (chromium and
fron oxides) Is left In the apparatus and a batch
of sllico-chromium alloy (primary alloy) manu-
Tactured in the silico-chromium fumnace |, is
charged into the receptacle of the apparatus §
in which the intermediate slag has been left. The
silico-chromium can be Intreduced in the appa-
ratus elther in molten state or in solid state.
The latter occurrence permits of rendering the
functioning of the intermixing apparatus 8 timely
independent of that of the silico-chromium fur-
nace. After the intermixing of the gillco-chro-
mium and siag has been performed in the rock-
ing apparatus and the sillco-chromium has been
partially desiliconized, the slag is allowed to sep-
rate from the metal and It is discarded, heing
practically exhausted as concerns oxides. It is
then replaced in the rocking apparatus by mol-
ten chromium ore taken from the slag fusion
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fumace 2 and a new operation of intermixing
is carried on by progressively adding Hrne in solld
state in the apparatus 3, thus forming primary
slag. When the reaction between the partially
desiliconized silico-chromium (intermediate al-
loy) and the mixture of chromium ore and lime
(primary slag) is ended, ihe ferro-chromium
which has been desillconized to its final content
of silicon, is cast and there remains in the in-
termixing apparatus 3 a molten slag (interme-
dinte slag) which is ready for performing a
second step of the process, . e. a first desflicon-
izing operation of silico-chromium rich in sili-
con. In the said embodiment of the invention,
the material sequence of the three steps of the
process coincides with the one which character-
ises the scheme of the invention which has been
described hereabove to set forth the invention,

Second embodiment.—An appliance is used
which is the same as the one defilned in relation
with the first embodiment. In contradistinction
with what has been the case in the first embodi-
ment, the sllico-chromiuin (intermediate alloy)
which has been partlally deslliconized by the sec-
ond step of the process (first desiliconizing oper-
ation) is cast, allowed to solidify, erushed and
stored in a storing place (not shown) after each
operation. Partially desiliconized silico-chromi-
um in crushed state is thus at hand in a per-
manent manner,

The sequence of the operations is in such a
case, the following: a quantity of molten slag
(primary slag having as a basis chromium-ore
and lime) is taken from the slag fusion furnace
2 and is introduced into the intermixing appa-
ratus 3 at the same time as partially desiliconized
gilico-chromium in crushed state taken from the
storing place (Intermediate alloy), An energetic
intermixing is performed between the slag and
silico-chromium and this Intermixine desilicon-
izes the silico chromium to {ts final content of
silicon, thus carrylng on the third step of the
process (second desiliconizing operation). The
ferro-chromium thus obtained is cast after sep-
arating from the partially exhausted slag, the
latter being kept in the apparatus 3 (intermedi-
ate slag). The pecessary quantity of silico-chro-
mium (primary alloy) is then taken from the
silico-chromium furnace | and is introduced into
the apparatus 3. The mixture of sflico-chro-
mium ang slag is energettcally intermixed there-
tn in order to realize the total exhaustion of the
slag as concerns CrzOs3 (second step of the proc-
ess). Intermixing having been terminated, the
slag Is discarded In exhausted condition and the
partially desiliconized silico-chromium (interme-
diate elloy) 1s cast; it 1s allowed to solidify and
it is crmshed and stored in view of being fur-
ther treated later on.

It is to be remarked that In that second em-
bodiment of the Invention the sequence of the
two desiliconizing steps in the intermixing ap-
paratus is reversed In respect to the sequence
which is followed in the first embodiment,

Third embodimeni.—The appliance which s
used ‘Is the same as the one hereabove described
in relation with the first and second embodi-
ments. As In the second embodiment the silico-
chromium which has been partially desiliconized
{intermediate alloy) during the performance of
a second step of the process (first desiliconizing
operation) is separated from the exhausted siag
and 1t is cast, allowed to golidify and stored. The
sequence of the operations s the following: Par-
tially desiliconized silico-chrominm (intermediate
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alloy) 1s taken from the storage place and it is
introduced in the slag fuslon furnace 2 at the
same time as the substances which compose the
slag, principally chromium ore and lime, When
these various substances are melted (primary
slag and intermediate slioy) they are caused to
react upon each other during such a long period
of time that the final content of silicon which {s
wanted for the ferro-chromilum alloy is reached
(third step of the process) —second desiliconizing
operation—the amount of chromium ore Intro-
duced in the slag fusion furnace 2 belng so
chosen that a relatively large quantity of Cra:0O:
Is left !n the slag when the operation is ended.
The ferro chromium obtained is separated from
the slag and cast. The remaining slag (inter-
mediate slag) is taken out of the fuslon furnace
2 and it is introduced in the intermixing appa-
ratus & at the same time a5 silico-chromium orig-
Inated from the sillco-chromium furnace | (pri-
mary alloy) and which can be charged eithar
In liquid or in solid states. The mixture of silico-
chromium and of the slag resulting from the
previous operation is energetically Intermixed
during about two minutes, which realizes the
second step of the process (partial desiliconiza-
tion of the silico chromium and exhaustion of
the slag as concerns Cri0O; (first desiliconizing
step). The exhausted slag is discarded and the
partially desiliconized silico-chromium (inter-
mediate alloy) 1is cast, allowed to solidify,
crushed and stored in view of being further de-
siliconized.

In such an embodiment, as in the precedent
one, the order of sequence of the two desiliconiz-
Ing operations Is timely reversed with respect to
the one in which they follow each other in the
first embodiment of the invention.

Below s given a detailed and still more specific
example of carrying on the process according to
the process of the invention.

A ferro-silico-chromium (primary alioy) hav-
ing the following composition:

8i=459

C=0,030%

Cr=40%
the remainder being substantially iron, was man-
ufactured in a silico-chromium electric furnace,
by starting of a charge comprising:

Parts in weight

Chromiwm ore__.___________________ about 150
Quartz __ . ____ 190
Coke o 98

On the other hand, a mixture comprising 103
parts in welght of chromium ore and 80 parts in
weight of lime, was melted in a slag fusion fur-
nace and constituted a desiliconizing slag (pri-
mary slag).

In an Intermixing apparatus such as the one
hereabove described in relation with the first em-
bodiment of the invention, 1500 kgs of the ahove
said primary slag were charged together with 410
kes of partially desiliconized ferro-silico-chromi-
um intermediate-alloy resulting from a preceding
operation according to the Invention, and having
the followIng composition:

85i=339,
Cr=51%
C=0,027%
the remainder being substantially iron. This

ferro-silipo-chromium had been allowed to solid-
ify; it had been crushed beforehand so as to
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wholly pass thirough a sieve the square meshes of
which had opening dimensions of 5 mm,

After an energetic intermixing during two min-
utes, in the intermixing apparatus, about 560 kgs
of ferro-chromium were obtained having the fol-
lowing composition:

5i=0,12%
C=0,024%
Cr="13,50%

the remainder being substantially iron.

The so chtained ferro-chromium which had
very low content of silicon and carbon was cast
as final product of the process, and the slag (in-
termediate slag) was left in the intermixing ap-
paratus.

The said slag had the following composition:

Cra0a="1%
5i02=25%
FeO=0,209
Ali0;=9,50%
Ca0=46%
MegO=11.50%

the remainder having not been determined hy an
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analysis as it was of no Importance to know the
composition thereof,

To this intermediate slag 365 kgs. of molien
ferro-silico-chromium taken from the silico-
chromium electric furnace above referred to and
the composition of which has been given here-
above (primary alloy), were added in the inter-
mixing apparatus,

After two minutes of energetic intermixing in
the rocking apparatus 395 kes of partially desil-
iconized ferro-silico-chromium (intermediate al-
loy) were obtained, the analysis of which was:

Sl —=33%
Cr=5029%
C =0,027%

This Intermediate ferro-chromium was sepa-
rated from the slag, allowed to solidify, crushed
and stored.

The slag was then discarded; it contained but
0,5% of Cra0s and 0,14% of FeO, heing according-
1y perfectly exhausted as concerns reducible ox-
ides.

RENE PERRIN.



