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No Drawing.

To all whom it may concern:

Be it known that we, Bo MICHAEL STURE
Karuing and Sven Dacosert DANIELL, sub-
jects of the King of Sweden, residing at
Trollhattan, in the Kingdom of Sweden,
have invented new and useful Improvements
in Processes for the Manufacture of Manga-
nese or of Manganese Alloys Poor in Carbon
and Silicon, of which the following is a
specification.

The present invention relates to a process
for the manufacture of manganese, or man-
ganese alloys, poor In carbon and silicon,
especially those with low percentages of
phosphorus and iron, from manganese ores,
whose principal content of manganese occurs
in the form of oxides of manganese, in
which the average degree of oxidation of
the manganese is higher than is represented
by the formula MnO, such for example as
manganese ores which contain one or more
of the minerals braunite, hausmannite, py-
rolusite, polianite, psilomelan, or the like.

It is ‘well known that manganese, or man-
ganese alloys poor in carbon, can be manu-
factured in the following manner. Sub-
stances containing oxides of manganese, may
be smelted with, or while in a molten condi-
tion brought into contact with silicon, or
with alloys which contain silicon—prefer-
ably those containing more than 107% Si,
as not until this percentage of 'silicon has
been reached will the content of carbon
have decreased sufficiently to be regarded as
“low”, for example ferro-silicon, ferro-silico-
manganese, ferro-silico-aluminium-manga-
nese, etc.

In order that this method may be usable
for the manufacture of manganese alloys, it
is indispensable that the reduction with sili-
con should take place under such condi-
tions that neither the reagents nor the prod-
ucts formed by the reaction shall be capable
of absorbing any appreciable quantity of
carbon. For obtaining this result one may
for instance use an electric furnace, the lin-
ing of which does not contain any carbon
and in which the heat generation takes place
in a free electric arc or arcs formed between
two or several points of electrodes which are
not in contact with the charge (for instance
a furnace of the so called Rennerfelt-type).
The -chemical reactions which may take
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place in the process in question may be ex-
pressed schematically by the following
formula:

Mn,Oden + Sig =
(MDO) . (Sloz) a+ MD(,_I).Si(O__d).

The reaction does not proceed quantita-
tively, but ceases when the relation between
the content of manganous oxide in the sili-
cate slag formed, on the one hand, and the
content of silicon in the manganese alloy
formed, on the other hand, has reached a
certain value, which value 1s a function of
the content of silicon in the manganese alloy
formed, and which relation increases accord-
ing as the content of silicon in the alloy
decreases.

In order that the content of silicon in the
alloy obtained shall be low, it is essential
that the content of manganous oxide in the
silicate slag simultaneously formed, shall be
high. Hence it is obvious that the consymp-
tion of silicon per unit of weight of reduced
manganese will be higher, according as the
degree of oxidation of manganese’ oxide to
be reduced increases.

In order that the process of reduction in
question may be carried out with the small-
est, possible consumption of silicon, and thus
with the greatest possible economy, it is de-
sirable that the degree of oxidation 1n the
manganese of the manganese ore used shall
be lowered as far as possible before the re-
duction with silicon is started..

It is conceivable that, inasmuch as it is
well known that manganese oxides of a
higher average degree of oxidation than
MnO can be reduced to MnO with carbon
monoxide or other reducing gases, a prepara-
tory reduction of the ore with such gases
might be practicable. However, in view of
the practical difficulties of carrying out such
a process on a large scale, this so%ution can
scarcely be of any but academic interest.

In accordance with the present invention,
the problem is solved in the following man-
ner :—Manganese ore, whose content of man-
ganese consists principally of manganese
oxides with an average degree of oxiﬁation
above MnO, is smelted with a quantity of
reducing carbon sufficient to bind the oxygen
which the manganese oxides of the ore con-

tain beyond the degree of oxidation MnO.
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This reducing carbon is in addition to the
quantity of reducing carbon that may be
combusted with the carbon dioxide and
water which may be given off by the ore
during the smelting, and which quantity
must be ascertained by experimental tests
in each individual case. It has in fact been
definitely ascertained, that no appreciable
reduction of metallic manganese takes place
until practically all the manganese in the ore
has been reduced to the degree of oxidation
which corresponds to the formula MnO.

It is obvious that by the present process
a manganese ore admirably adapted for re-
duction with silicon will be obtained.

As a rule, manganese ores of the kind in
question usually contain larger or smaller
quantities of metal oxides, which are more
easily reducible with carbon than is MnO,
for example oxides of iron. In case it is
desired that the alloy poor in carbon and
silicon shall have the lowest possible con-
tent of metals whose oxides are more easily
reducible than MnO, it is advisable to in-
crease the quantity of reducing carbon sup-
plied in the smelting process, so that the
bulk of the said metal oxides shall be re-
duced to metal. Curiously enough, no ap-
uantity of manganese will follow
along in the reduction. -

Certain manganese ores of the kind in
question, though otherwise good, contain ap-
preciable quantities of phosphorus, When
such ores are reduced with carbon to metal,
practically the entire phosphorus content of
the ore is obtained in the metal.

If it is desired that the manganese alloy
poor in carbon and silicon shall be as far
as possible free from phosphorus, it is pos-
sible, by equivalent increase of the admix-
ture of carben in the preparatory treatment
of the ore with reducing carbon in accord-
ance with the present process (in spite of
the fact that phosphorus-pent oxide is more
difficult to reduce than MnO) to have the
nhosnhorus practicallyv speaking. totallv re-
duced. without entailing the reduction of
anv appreciable quantities of manganese,
provided only that iron in sufficient quanti-
ties to bind the phosphorus so reduced is
stmuttaneouslv reduced. Should the man-
pfinese ore which, In accordance with the
present process, i3 to be. treated with redne-
ing carbon. contain too low a percentage
of iron in pronortion to that of phosphorus,
it is advisable. in smelting the maneganese
ore with redncing carbon, to add a suitable
auantity of oxides of iron, for example
iron ore. ,

Tt ic also evident from the ahove that
manganese ores which. owine to too high a
percentage of iron ar tno hizgh a percentace
of phosphorus, or both. are otherwise not
adanted for the manufacture of manganese
alloys, may be converted by the present
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process into ores admirably adapted for said
purpose. -

Having thus described the present process
in so far as concerns the preparation of the
manganese ore with a view to rendering it
suitable for reduction with silicon, we shall
proceed to explain how the reduction of the
manganese oxide with silicon is performed
in accordance with the present process.

It has been suggested that the substances

containing manganese oxides (the manganese

ores) should be supplied on the surface of a
molten bath of silicon heated to a suitable
temperature, for example in the form of
silico-manganese or high-per cent {ferro-
silicon. In that case, however, the reaction
between the silicon of ‘the alloy rich in sili-
con and the oxides of manganese ore can
take place only in the surface of contact

between the' alloy rich in silicon and the ¢

manganese ore, and therefore the reaction
must proceed comparatively slowly, and its
speed. will necessarily be lowered according
as the concentration of silicon in the alloy,
or the concentration of manganese in the
ore, is lowered, ' In accordance with the
present invention, the mixing of the reagents
is effected in the following manner: silicon,
for example in the form of silico-manganese
or high per cent ferro-silicon, is successively
supplied in finely divided form on the sur-
face of a molten bath of the ore previously
treated with reducing carbon.

Every little grain of the silicon, or the
alloy rich in silicon, is thus converted (as
soon as the reaction between the silicon and
the manganous oxide commences) into a
little drop of silico-manganese alloy, the
specific weight of which increases owing to

“the giving-off of silicon and the absorption of

fhanganese, so that it becomes heavier than
the molten manganese ore, and sinks down
through the latter. The surface of contact
between the drops of silico-mancanese and
the molten manganese ore is, of course,
comparatively large, and, if the concentra-
tion of manganeus oxide in the molten ore
is sufficientlv high, and the path which the
drop of silico-manganese has to traverse in
its downward progress throngh the ore is
sufficiently long, practically all the silicon
will have been oxidized during the fall of
the drop, so that. mancanese. or a man-
ganese allov poor in carbon and silicon will
collect under the cover of molten manganese
ore. This result, however. is subject to the
condition that neither the reacting 'sub-
stances nor the reaction products are allowed
during the process to absorb appreciable
quantities of carbon.

Owine to the reaction of the metal drons
with the molten manganese ore. the latter
will be continvously denrived of maneanous
oxide and enriched with silicon dioxid, so
that the concentration of manganous oxide
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therein will eventually approach the limit
when silicon is no longer oxidized to a sat-
isfactory extent. The supply of silicon must
then be discontinued ang the furnace emp-
tied, whereupon-a new bath of manganese
ore previous}l)y reduced by smelting with
carbon should be prepared, and the supply
of silicon can be recommenced.

As experience has shown that the molten
manganese bath need not be very deep, the
process can also be performed in the follow-
ing manner. To a shallow manganese bath
(which as a rule remains in the furnace
when it is tapped off) is supplied a mixture
of unmelted, previously reduced manganese
ore, preferably in a finely pulverized state,
and finely pulverized silicon, for example
in the form of an alloy, a mixture so ad-
justed that the MnO concentration of the
ore bath, owing to the successive supply of
MnO entailed by the melting of the charge,
and in spite of the successive absorption of
silicon dioxide and reduction of manganese,
is kept constant, until the furnace chamber
is filled and must be emptied. This latter
form of the process has the advantage that
it is easier to protect the silicon ol the alloy
supplied against oxidation with free oxygen,
and to prevent the caking of the small grains
of the silicon alloy used for the reduction.

The actual performance of the process
can, of course, be carried out in any furnace
of suifable construction, but the process may
most conveniently be performed in electric
furnaces of a suitable type, and in one of
the following ways: Either by using s sin-
gle furndce in which a suitable quantity of
manganese ore is first preparatorily reduced
with carbon, whereupon the silicon is sup-
plied on the surface of the bath of molten
ore thus obtained, or else by preparatorily
reducing the manganese ore with carbon in
one furnace, and thereupon either discharg-
ing it in a molten condition direct into an-
other furnace, in order there to be treated
with silicon, or moulding it, after discharge,
in suitable receptacles, where it is allowed to
harden, in order to be transferred in a solid
state—if desired, after grinding—io the
second furnace, where the treatment with
silicon is to take place.

A -third combination, in which the same
furnace is used alternately for the produc-
tion of previously reduced manganese ore,
which, after discharge, is allowed to harden,
and for the reduction, with the aid of silicon,
of preparatorily reduced ore, obviously co-
incides in principle with the latter of the
above-merttioned alternatives.

Tt is obvious that, whichever alternative is
selected, the lining of the furnace in which
the reduction with silicon takes place, must
not contain any appreciable quantity of
carbon. .

In the reaction between the preparatorily

reduced manganese ore and the silicon, there
is obtained, as above mentioned, a_ silicate
slag which contains manganous oxide, and
whose manganese content must be kept
higher according as the silicon content mn
the manganese alloy poor in carbon is lowe..
It has, however, been found possible within
certain limits to diminish the manganese
content in this slag, provided the slag con-
tains other bases. Ifor example, it has been
ascertained that two slags, one of which
contained 70% MnO and 30% Si0, and the
other 35% MnO and 30% CaO as well as
35% Si0,, were in this respect equivalent.

The importance of this discovery lies prin-
cipally in the fact that, per unit of weight
of silicon consumed in the reduction, ‘a
smaller quantity of manganese in the form
of slag, when lime {or other bases) 1s sup-
plied to the process during the reduction
with silicon is obtained, than when such
bases are not supplied.

In the special case where a silico-man-
ganese alloy is used as a veducing agent, it
is possible to contrive that the slag pree pi-
tated as a by-product shall not contain a
larger quantity of manganese than can be
entirely utilized for the manufacture of the
quantity of silico-manganese with which the
reduction of the preparatorily reduced man-
aanese ove is effected.  In the production of
silico-mnngnnese alloy from such slag, one
can as a rule count on an output of man-
ganese of not less than 90%. This entails
the advantage that the present process can
he employed without the precipitation, as a
by-product. of slag which vequires to be
used for the manufacture "¢f other man-
aanese alloys.

Ty the reduction with silicon (where lime
hias been added in the process) of the pre-
paratorily reduced manganese ore, it has
been found that if the lime has been insuf-
ficiently burned, or, if after the bharning it
has been allowed to lie for some time before
uge, part of the silicon supplied will be
oxidized by oxidizing gases present in the
limne, such as carbon dioxide and water.

Tt has been found possible to obviate this
drawback by supplying lime (or other bases)
to the manganese ore simultaneously with
the smelting of the latter with carbon. it
has in fact been found, euriously enough,
that a slag which in the aggregate consists
of MnO and CaO as to over 90%, is com-
paratively eastly smelted, while at the same
time it does not (in contra-distinction from
high-basic calcium silicate slags) crumble
into powder if kept for some length of time.

The fusibility 1s further increased by the
presence of silicon dioxide, the content of
which, however, need in no case exceed 157%.
The fact that it has been possible to supply
bases already in the first stage of the process

also entails the advantage that limestone,
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for example, can be used instead of lime, in
conditions where electric power is cheap and
the fuel required for the burning of lime is
expensive.

In order to make clear the above state-
ment, we give hereinbelow two series of
chemical formulse which schematically ex-
press the experience obtained in the manu-
facture of ferro-manganese poor in carbon

i and silicon, (A) with the use of the process

which is the subject of the present invention,
and (B) with previously known processes.

1,480,267

For the sake of completeness, the formule
for the reactions which take place when the
silicate slag, rich in manganous oxide, ob-
tained as a by-product, is worked up into
ferro-silico-manganese, are also appended.
A. Manufacture of ferro-manganese poor

in carbon and silicon in accordance with the

process which is the subject of the present
invention :

1. Preparatory reduction of the manga-
nese ore with carbon.

2(12Mn,0, + Fe,0, + 2Si0,) + 2Si0, -+ 16Ca0 +31C =

(manganese ore with circa 8% Mn, 5%

(quartz)
Fe and 5.5%, BiOs)

{burnt
lime}

%. The reduction with silicon in the form
of ferro-silico-manganese of the manganese

geduc-
g car-
bon)

47Mn0.16Ca0.Fe0.6Si0, + Fe,MnC + 30CO

(preparatorily reduced Mn ore with  (Spiegel iron  (escapin,
55% MnO and 1.29; Fe) with 23¢, Mn) ¢ ga.sé:)s) €

ore prepa_rétorily reduced with carbon with
the addition of lime.

47Mn0.16Ca0.Fe0.68i0, + Si,,. Mn,,. Fe.C = 22Mn0.16C20.19Si0, + Mn ;. Fe,.Si.C

(preparatorily reduced manganese
ore)

3. The conversion of the silicate slag
nese alloy.

{silico-manganese
alloy with 25%, 8i,
70% Mn, 0.8% C)

(silieate slag with 33%, Mn) {ferro-munganese
with 9497 Mn, 19,

8i and 0.5% €.

obtained as a by-product into silico-manga-

29Mn0.16Ca0.195i0, + 4510, + FeO + 50C = 2Mn0.16Ca0.98i0, -+ Si, ,Mn,,FeC + 49C0

(oxide
of iron
belong-
ing to

quartz

and re-
ducing
carbon)

(silicate slag rich in manganese) , (quartz)

bon)

B. Manufacture of ferro-manganese poor
in carbon and silicon in accordance with
previous known processes:

2.88(12Mn,0, + Fe,0, + 2Si0,) + 1.89(Si,,.Mn,,.Fe.C) = 30.96Mn,SiO, + Mn,,. Fe, 4.C, 4Si

(silico-manganese alloy with ~

256%, 8i, 70% Mn and 0.8 car-
bom)

(Mun-ore with circa 609, Mn, 5%, Fe, 5.5%,
8iOs2)

2, Conversion of the silicate slag rich in
silico-manganese alloy:

30.96Mn,Si0, + 14.078i0, + 2.81FeC + 157.60 =

(oxide of iron
accompany-
ing quartz
and reduc-
ing carbon)

{reducing

(quartz)
earbonj

(silicate slag with

(reduc-
ing car-

(waste slag with 79, Mn) (escaping

(silico-manganess
alloy) gases)

1. Reduction of the manganese ore with
silicon in the form of a silico-manganese
alloy.

1428

(ferro-manganese with

circa 839, Mn, 0.5% C
and 1% 8i)

(silicate slag with 559, Mn)

manganese, obtained as a by-produet, into

(1.89 +0.92)S1,,Mn,,. Fe.C + (154.79C0 + 5.72Mn -+ 5.69S1).

(lerro-silico-manganess)

On comparing the above formulse it will
be found that:

{a) In the present process about 52% of
the manganese content of the ore supplied
to the process is recovered in the manganese
alloy poor in carbon, while in the previous
process merely somewhat over 10% ‘s ob-
tained in the reduetion with silicon.

() Per unit of weight of manganese ob-
tained in the form of a manganese alloy
poor in carbon, the consumption of reducing
silicon is about 90% higher in the latter
than in the former case. .

(¢) The consumption of ore per unit of

{escaping gases)

weight of manganese obtained in the form
of manganese alloy poor in carbon is in the
latter case about 44% higher than in the
former.

{d) The manganese content in the alloy
poor in carbon obtained is about 10%
higher in the former than in the latter case.

(¢} The content of carbon in the former
case is scarcely more than half as large as in
the latter.

(7} In the latter case the silicate slag rich
in manganese, obtained as a by-product, con-
tains so large a quantity of manganese that
it cannot be fully utilized for the manufac-
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ture of the equivalent quantity of silico-
manganese alloy with which the reduction
took place, whence it follows that, when the
earlier mrocess is adopted, the manufacture,
in order to yield the best possible economic
results, must be combined with the manufac-
ture of, for example, ordinary ferro-man-
ganese rich in carbon, or silico-manganese
alloys. It should be observed that a manu-
facturing process which in order to pay, has
to be combined with another kind of manu-
facture, as a rule, diminishes the value of
the process.

It is to be understood that wherever we
have used the expression “manganese” in
the specification and claims, this expression
is intended to cover not only manganese as
such, but also alloys thereof, and where we
have used the expression “manganese alloy”
it is intended to cover not only an alloy of
manganese, but manganese as metal.

Having thus described our invention we
declare that what we claim is:

1. The process of manufacturing manga-
nese poor in carben and silicon, and having
low percentages of phosphorus and iron,
which consists in smelting manganese ores
in which the principal content of manganese
occurs in the form of manganese oxides hav-
ing an average degree of oxidation of the
manganese higher than is represented by the
formula MnO in an electric furnace with a
quantity of reduction-carbon adapted to re-
duce the main part of the higher manganese
oxides of the ore into manganous oxide, a
part of the eventually oceurring iron oxides
to iron and a part of the eventually occur-
ring phosphoric combinations to phosphorus
then reducing the prereduced manganese ore
in an electric furnace by silicon in the form
of alloys preferably having more than 109%
of silicon, the latter reduction taking place
under such conditions that the metal formed
has no opportunity to absorb any apprecia-
ble quantity of carbon.

9. The process of manufacturing man-
ganese poor in carbon and silicon, and hav-

ing low percentages of phosphorus and iron,

which consists in smelting manganese ores
in which the principal content of manganese
oceurs in the form of manganese oxides hav-
ing an average degree of oxidation of the
manganese higher than is represented by the
formula MnO in an electric furnace with a
quantity of reduction-carbon adapted to re-
dnce the main part of the higher manganese
oxides of the ore into manganous oxide, a
part of the eventually occurring iron oxides

‘to iron and a part of the eventually -occur-

ring phosphoric combinations to phosphor-
us, then reducing the prereduced manga-
nese ore in an electric furnace by silicon in
the form of alloys preferably having more
than 109% of silicon, said silicon being sup-
plied in a finely pulverized state on the sur-

face of a molten bath of prereduced man-
ganese ore, the latter reduction taking place
under such conditions that the metal formed
has no opportunity to absorb any apprecia-
ble quantity of carbon.

3. The process of manufacturing man-
ganese poor in carbon and silicon. and hav-
ing low percentages of phosphorus and iron,
which consists in smelting mangancse ores
in which the principal content of manga-
nese occurs in the form of manganese oxides
having an average degree of oxidation of
the manganese higher than 1s represented by
the formula MnO in an electric furnace with
a quantity of reduction-carbon adapted to
reduce the main part of the higher man-
ganese oxides of the ore into manganous
oxide, a part of the eventnally oceurring
iron oxides to iron and a part of the even-
tually occurring phosphorie combinations to
phosphorus, then reducing the prereduced
manganese ore in an electric turnace by
silicon in the form of alloys preferably hav-
tng more than 10% of silicon. the silicon
being supplied in a finely pulverized state
and mixed with pulverized prereduced man-
ganese ore on the surface of a molten bath
of prereduced manganese ore, the latter re-
duction taking place under such conditions
that the metal formed has no opportunity to
absorb any appreciable quantity of carbop

4. The process of manufacturing manga-
nese poor in earbon and silicon, and having

low percentages of phosphorus and irvow,

which consists in smelting manganese ores
in which the principal content of manganese
oceurs in the form of manganese oxides hav-
ing an average degree of oxidation of the

manganese higher than is represented by

the formula MnO in an electric furnace
with a quantity of reduction-carbon adapt-
ed to reduce the main part of the higher
manganese oxides of the ore inte man-
ganous oxide, a part of the eventually

oceurring iron oxides to iron and a part of

the eventually occurring phosphoric combi-

nations to phosphorus, then reducing the
prereduced manganese ore in an electric
furnace by silicon in the form of alloys
preferably having more than 109 of silicon,
said silicon being supplied in a finely pul-
verized state and mixed with pulverized
prereduced manganese Ore and Easic sub-
stances such as lime on the surface of a
molten bath of prereduced manganese ore,
the latter reduction taking place under such
conditions that the metal formed has no op-
portunity to absorb any appreciable quan-
tity of carbon. )

5. The process of manufacturing man-
ganese poor in carbon and silicon, and hav-
g low percentages of phosphorus and
iron, which consists in smelting manganese
ores in which the principal content of man-
ganese occurs in the form of manganese
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oxides having an average degree of oxida-
tion of the manganese higher than is repre-
sented by the formula MnO in an electric
furnace together with lime and a quantity
of reduction-carbon adapted to reduce the
main part of the higher manganese oxides
of the ore into manganous oxide, a part of
the eventually occurring iron oxides to iron
and a part of the eventually occurring
phosphoric  combinations to phosphorus,
then reducing the prereduced manganese ore
in an electric furnace by silicon in the form
of alloys, preferably having more than 109
of silicon, the latter reduction taking place
under such conditions that the metal formed
has no opportunity to absorb any appre-
ciable quantity of carbon.

6. The process of manufacturing manga-
nese poor in carbon and silicon, and having
low  percentages of phosphorus and iren,
which consists in smelting manganese ores
in which the principal content of manganese
occurs in the form of manganese oxides hav-
ing an average degree of oxidatién of man-
ganese higher than is represented by the
formula MnO in an electric furnace together
with lime and a quantity of reduction-car-
bon adapted to reduce the main part of the
higher manganese oxides of the ore into
manganous oxide, a part of the eventually
occurring iron oxides to iron and a part of
the eventually oceurring phosphoric combi-
nations to phosphorus, then reducing the
prereduced manganese ore in an electric
furnace by silicon in the form of alloys
préeferably having more than 10% of silicon,
said silicon being supplied in a finely pul-
verized state on the surface of a molten
bath of prereduced manganese ore, the latter
reduction taking place under such condi-
tions that the metal formed has no oppor-
tunity to absorb any appreciable quantity of
carbon.

7. The process of manufacturing manga-
nese poor in carbon and silicon, and having
low percentages of phosphorus and iron,
which consists in smelting manganese ores
in which the principal content of manganese
occurs in the form of manganese oxides hav-
ing an average degree of oxidation of the
manganese higher than is represented by the
formula MnO in an clectric furnace together

1,480,287

with lime and a quantity of reduction-car-
bon adapted to reduce the main part of the
higher manganese oxides of the ore into
manganous oxide, a part of the eventually
occurring iron oxides to iron and a part of
the eventually occurring phosphoric combi-
nations to phosphorus, then reducing the
prereduced manganese ore in an electric
furnace by silicon in the form of alloys
preferably having more than 109, of silicon,
said silicon being supplied on the surface of
the molten bath of prereduced manganese
ore in a finely pulverized state and mixed
with pulverized manganese ore, the latter
reduction taking place under such condi-
tions that the metal formed has no oppor-
tunity to absorb any appreciable quantity
of carbon.

8. The process of manufacturing manga-
nese poor in carbon and silicon, and having
low percentages of phosphorus and iron,
which consists in smelting manganese ores
in which the principal content of manganese
occurs in the form of manganese oxides hav-
ing an average degree of oxidation of the
manganese higher than is represented by
the formula MnO in an electric furnace to-
gether with lime and a quantity of reduec-
tion-carbon adapted to reduce the main part
of the higher manganese oxides of the ore
into manganous oxide, a part of the even-
tually occurring iron oxides to iron and a
part of the eventually occurring phosphorie
combinations to phosphorus, then reducing
the prereduced manganese ore in an electric
furnace by silicon in the form of alloys pref-
erably having more than 10% of silicon, said
silicon being supplied in a finely pulverized
state and mixed with pulverized prereduced
manganese ore and basic substances such as
lime, on the surface of the molten bath of
prereduced manganese ore, the latter redne-
tion taking place under such conditions that
the metal formed has no opportunity to ab-
sorb any appreciable quantity of carbon.

In testimony whereof we have signed our
names to this specification.

BO MICHAEL STURE KALLING.
SYEN DAGOBERT DANIEL!.
Witnesses: o7
Ava, Hagnixn,
E. Nrvon.
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