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This invention relates to metallurgy and has
for an object the provision of an impraoved method
or process for producing ferrochromium. More
particulariy, the invention contemplates the pro-
vision of a methog or process which can be em-
ployed advantageously and economically to pro-
duce high-grade ferrcchromium products irom
various grades of chromium ore, including the
usual commercial ores and some ores of too low
grade to be treated commercially by means of
heretofore customary methods or processes. The
invention further contemplates the provision of
a, method or process which can be employed ad-
vantageously and econcmically to preduce high-
grade metallic chromium-bearing products from
various grades of chromium through the use of
various grades and types of carbonacsous reduc-
ing materials such, for example, as iow-grade
coal of too poor quality metallurgically to be
evapioyed commercially in heretofore customary
methods or processes for recovering chromium
from its ores. Another object of the invention is
to provide an improved method or process for
producing various grades of high-carbon ferro-
chromium and low-carbon ferrochromlum from
various grades of chromium ore.

In the smelting of refractory ore such as
chromite ore according to heretofore custocmary
practices, it is difficult to establish and maintain
moilten a bath of the ore of any substantial vol-
ume. Consequently, the slags produced in the
smelting operations usually are so viscous as
to prevent ready settling out of small particles
of metals produced by reduction and small par-
ticles of unreduced chromife dispersed therein.
In order to avoid high chromium losses through
discarding slag having metallic chromium and
unreduced chromite particles dispersed therein,
it is customary to employ fluxes sparingly and
thus preduce a minimum amount of chromium-
bearing slag, which must be discarded ultimabely
with consequent loss of chromium, or which
must be subjected to a concentration treatment
at additional expense 1o recover chromium con-
tained therein,

I have found that improved recoveries of chro-
mium can ke obtained in the smelting. of
chromite ores by modifying heretofore customary
practices through controlled fluxing and dilu-
tion of the ores in the production of the smelt-
ing charge.

I have found, also, that improved recoveries of
chromium can be obtained by preheating the
furnace charges, of the heretofore customary
types and of the types modified to provide for
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controlled fluxing and dilution, under reducing
conditions.

In employing a submerged arc eleciric furnace
or an arc resistance furnace, the types of fur-
naces employed heretofore in the smelting of
chromite ore, it is difficult or virtually impossible
te gzain any substantial advantage from pre-
heating of the charges, since the charges in the
furnaces are heated, in any case, by hot gases
escaping and passing upwardly from the smelt-
ing zones in the bottom portions of the furnaces.

In accordance with my invention, I reduce or
complete the reduction of a charge initially com-
prising chromite ore in a furnace containing a
slag-covered bath of molten ferrochromium and,
thus, I am able to obtain a very substantial ad-
vantage through the use of a hot or prehested
charge. I prefer to employ a furnace of the
type of an open arc electric furnace and to in-
troduce the hot charge directly from the pre-
heating operation into the furnace onto a slag-
covered bath therein.

I have found that preheating of a charge with
controlled reduction can be ecarried out effec-
tively in a rotary kiln or other sintering equip-
ment, or in a submerged arc electric furnace op-
erated primarily as a melting furnace. The use
of a rotary kiln or other sintering equipment
results in the production of a hot sintered charge
for the reducing furnace, and the use of a sub-
merged  arc electric furnace results in the use
of a hot molten charge for the reducing furnace.

In the heretofore customary processes for pro-
ducing ferrochromium, as, for example, through
the use of the electric furnace in the treatment of
chromium ores, losses of chromium by volatiliza-
tion can be substantial, and such losses com-
bined with losses in the slags prevent the recov-
ery of more than about eight-five percent of the
chromium.

For fluxing the ore to be treated and forming
a suitable slag, I may form a charge mixture
comprising the chromium ore, lime in the form
of limestone and silica. I carry fluxing of the
ore beyond the heretofore customary practice,
adding lime and silica in such amounts and pro-
portions as to produce with the gansue of the
ore a relatively, low-viscosity slag, relatively di-
lute with respect to refractory oxides and hav-
ing a base-acid ratio under 2.0 to 1.0 and pref-
erably equivalent to from 6.8 to 1.75 molecules
of lime (CaO) to 1.0 molecule of silica (SiO2).
It may be economical in some cases to dilute the
charge to a point where a fuel-fired furnace, of
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the open hearth type, Ior example, can be em-
ploved as the reducing furnace,

The degree of diluticn practiced will be de-
termined in each instance by the character of
the ore undergoing treatment, the extent of the
yeduection carried cut in the sinfering or pre-
heating operation and the nature of the reducing
treatment. For example, an ore high in refrac-
tory chromic oxide (Cr203;) normally will re-
quire greater dilution tc produce a fluid slag
than will an ore low in chromic oxide; if frac-
tional reduction of chromium and iron is carried
oub in the sintering or preheating cperation, the
resulting sintered product will be lower in re-
fractory chromie oxide than it would have been
if fracticnal reduction had not been carried out,
and, consequently, it will not be necessary to
dilute to as great an extent in order to produce
a charge capable of being rendered fluid readily
in the subsequent reducing treatment; if reduc-
tion of the sintered or prehéated charge is to
be carried out in two stages with selective re-
duction of iron being eiffected in the first stage,
greater dilution will be required to compensate
for the apparent or relative increase in refrac-
tory chromic oxide resulting from reduction of
the less refractory iron oxide; and, if total re-
duction of iron and chromium is to be carried
cu} in a single high-temperature reducing treat-
ment employing a molten fluid slag covered bath,
dilution to the extent of simply adding sufficient
lime and silica to flux the gangue materials of
the ore will be satisfactory. In general, effective
dilution ean be achieved by providing for the
‘production of a product of the sintering or pre-
heating treatment comprising chromic oxide in
amount equivalent to about fifteen to thirty
percent (15% to 30%) of the weight of the
sintered or preheated charge.

In forming a charge in accordance with the
invention, I prefer to mix intimately the various
components, including the ore, slag-forming or
fluxing material and any solid carbonaceous re-
ducing material which may be employed as here-
inafter provided. The components may be
crushed to any suitable degree of fineness, and
any suitable mixing methods and apparatus may
be employed. For most effective mixing, I prefer
to grind together in a suitable mill the various
components of the charge.
a1l the materials are finely divided and all parti-
cles are small enough to pass through a 4-mesh
screen permits effective sintering and effective
reduction when reduction is provided for.

I select the components of the charge to pro-
vide for the production of a slag having a base-
acid ratio equivalent to about 0.8 to 1.75 mole-
cules of CaO to 1.0 molecule of Si0Oz Heating
of a charge consisting essentially of chromium
ore, lime in the form of limestone and silica to
a temperature in the range 1300° C. to 145G° C.
produces a desired sintered product. Such a
sintering treatment results in caleination of the
limestone with the production of calcium oxide
(Ca0) and with chemical combination of the
Jime with chromic oxide of the ore and the silica.
Fixing of the lime (Ca0) in chemical combina-
tion with the chromic oxide and silica is very
important as it prevents picking up of carbon
dioxide from the atmosphere and thus faeilitates
the production of low-carbon ferrochromium
very low in carbon.

In practicing my invention, I prefer to employ
s low-temperature sintering operation and one
or more high-temperature furnace operations.

A charge in which
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The low-temperature operation is carried out at
a sintering temperature and the one cr more
high-temperature operations are carried out at
melting temperatures—temperatures ai which
the charges undergoing treatment are melted or
are maintained in the molten state.

In the sintering operation, the charge ein-
ployed may be free of reducing material or it
may contain all or a portion only of fhe reduc-

+ ing material (preferably solid carbonaceous re-

ducing material) required to reduce all of the
reducible iron and chromium contained in the
charge, and the operation may be carrisd out ai
a temperature and for a period of time suificient
to effect reduction of reducible iron and chro-

mium by means of all or by means cf a poriion

only of the reducing material contained in the
charge.

The hot sintered product is introduced inio
a high-temperature melting furnace wherein
melting alone may be accomplished or wherein
melting and further reduction of iron or of iron
and chromium may be accomplished. For meit-
ing or for melting and reduction, I may employ
either a combustion heated furnace of the type,
for example, of an open hearth furnace or an
electric furnace of the type, for example, of a
submerged arc furnace or an open ar¢ furnace
or an arc resistance furnace.

For the production of carbon-kesring ferre-
chromiumn of controlled carbon content, I may
sinter a charge, free of reducing material, intro-
duece the hot sintered product into a submerged
arc type or arc resistance type of electric fur-
nace to produce a molten slag product, introduee
the molten slag product into an open arc type
electric furnace, and add coal or ccke lo the
molten slag in the open arc furnace to reduce
the iron and chromium contained in the siag

;5 with the production of molten ferrochromium.

By suitably controlling the amount cf carbon and
the temperature employed, ferrcchromium prod-
ucts containing various amounts of carbon may
be produced. Products containing 1.5 percent to
7.0 percent, for example, may ve produced as de-
sired.

The furnace employed for the high-t€mpera-
ture reduction may be much larger than the fur-
nace employed for melting. TLarge quantities oi
ferrochromium can be held ih the furnace to re-
fine and produce a constant composition alloy
instead of the variable composition grade of alloy
produced by cther methods.

If desired, the melting furnace may be omitted
in the foregoing operation, and ‘the hot sinter
may be charged directly into an open are electiic
furnace wherein reduction may be carried out by
the addition of coal or coke.

If the production of low-carbon ferrcchre-
mium is sought, a smelting charge is subjected
to g preheating operation, in ‘a rotary Kiln, for
example, and under neutral or non-reducing con-
ditions to produce a hot sintered product, and
the hot sintered product is introduced divecily
into an open arc electric furnace and subjecied
therein to the reducing treatment with a nor
carbonaceous reducing agent, such, for example,
as silicon or aluminum.

In employing a high-ircn chromite ore for the
production of ferrochromium, I prefer to heat «
smelting charge comprising a limifed amount of
golid carbon not substantially greater than that
required to effect reduction of the reducible ircn
contairied in the charge, to a sintering tempera-~
ture in the range, 1300° C. fto 1450° C., to éffect
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selective - reduction of the {diron and :form a hot
‘sintered product. -
‘product into ‘an-opeén-are-electric  furnace - and
formy a molten bath comprising a layer of molten
‘iron reduced- in the sintering treatment and. a
‘molten  slag - layer - containing the wunreduced

I introducethe-hot:sintered

chromium. If the molten iron product contains

'some chromium reduced in the sintering treat-
‘ment-the chromium may: be reoxidized by treat-
‘ment of the melten iron-product with air or oxy-
‘gen’eor a solid oxidizer ‘to forin- chromic oxide

which entérs the slag. I tap the slag resulting

from melting of the -sintered-product into an-
‘other open arc electric furnace and subject it

while molten to the action of a carbenaceous re-
ducing agent or a non-carbonaceous reducing

‘agent, -depending on-whether a-carbon-bearing
‘0F ‘a substantially Larbon—frae ferrochromium

produet is desired.

In carrying out a brocess of my inventmﬂ en .-
ploying preheating  or sintering -followed by re-
duction in an open-arc electric furnace, sinter-
ing is carried on continuously, and charging of
the hot preheated or sintered charge to the cpen

arc electric furnace is carried on continuously 2
excepi for short periods-of time during: which

tapping operations are being carried out. ‘Tap-
ping of slag and metal may be carried out at the
same time or at different times. Preferably, a

furnace sufficiently large to hold a very substan- :

tial quantity of molten metal (ahout 50 tons or
more) is employed and tapping of metal is car-
ried out only infrequently. The use of a furnace
having such a large capacily permits the produc-

tion of large quantities of ferrochromium of uni- .
-form ‘compositions, and holding of the metal in

the furnace at high temperatures for relatively
long vperiods of time permits more effective car-
bon elimination and control: ~The slag never is

‘removed completely from- the furnace, a protec- .

tive layer of fluid slag being maintained always
in contact with the molten metal.  Charging of
the hot sintered product always takes place into
and through a layer of fluid slag maintained at
a high temperature.
sintered charge material is discontinued for a
short period of time during each tapping period
to permit clearing of the reducible chromium
compounds and settling out of the particles of re-
duced metal to avoid their loss through being dis-
carded with the slag.

Iclaim:

1. The method of producing ferrochromium
which ecomprises heating a charge comprising
chromite ore, a solid carbonaceous reducing agent
and fluxing material to a temperature and for a
period of time sufficient to at least sinter the
charge and producing a high-temperature prod.-
uct, adding the high-temperature product direct-
ly to a molten charge undergoing reduction in an
open arc electric furnace and reducing iron and
chromium of the chromite ore with the produc-
tion of molten ferrochromium, and withdrawing
molten ferrochromium from the furnace.

2. The method of producing ferrochromium
which comprises heating a charge comprising
chromite ore, 5 solid carbonaceous reducing agent
and fluxing material and producing a “high-
temperature sintered product, adding the high-
temperature sintered product directly to a molt-
en charge undergoing reduction in an open arc
electric furnace and reducing iron and chromium
of the chromite ore with the production of molten
ferrochromium, and withdrawing molten ferro-
chromium from the furnace.

Charging of preheated or a:
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“>3.”The method of. producing ferrochromium

‘which - comprises forming a charge comprising
‘echromite ore, fluxing material and solid carbona-

ceous reducing material, heating the charge to a

isintering temperature and forming. a high-tem-
-perature sintered product containing a portion of
‘the iron of .the chromite ore in the metallic state,

subjecting -the high-temperature sintered prod-

-uct to a melting and reducing treatment in an

open arc electric furnace and forming a molten
bath comprising molten slag and molten ferro-

:chromium, . and withdrawing  molten. fenochm«
-mium from the furnace.

4. The 'method of producing ferrochromium

& -which. comprises forming. a charge comprising

chromite: ore, - fluxing material, including silica

-and lime, and solid carbonaceous reducing mate-
rial, heating the charge to a sintering tempera-
‘ture and forming a high-temperature sintered

product containing a portion of the iron of the

-chromite ore in the metallic state, subjecting the

high-temperature sintered product to s melting
and reducing treatment in an open arc electric
furnace and forming a molten bath comprising
molten siag and molten ferrochromium, and

:withdrawing molten ferrogchromium from the fur-

nace, lime and silica being present in the charge
in a molecular ratio lower than 2. O moleumes of
Ca0O to 1.0 molecule of SiOz.

8. The method of producing teuochmmmm
which comprises forming a charge comprising

-chromite -ore, fluxing material, including silica

and lime, and solid carbonaceous reducing mate-
rial, heating the charge to.a siniering tempera-
ture and forming g high-temperature sintered
product containing a. portion .of -the iron of the’
chromite ore in the metallic state, subjecting the
high-temperature sintered product to a melting
and reducing treatment in an open arc electric

;furnace and forming a .molten bath comprising

molten  slag - and- molten ferrochromium, and
withdrawing molten ferrochromium from the fur-
nace, lime and silica being present in the charge
in a molecular ratio in the range 0.8 to 1.75 mole-
cules of CaO to 1.0 molecule of SiOz.

6. The method of producing ferrochromium
which comprises forming a charge comprising
chromite ore, fluxing material including silica
and lime and solid carbonaceous reducing mate-
rial, heating the charge to a sintering tempera-
ture in the range 1300° C. to 1450° C. and form-
ing a high-temperature sintered product con-
taining a portion of the iron of the chromite ore
in the metallic state, subjecting the high-tem-
perature sintered product to a melting and re-
ducing treatment in an open arc electric fur-
nace and forming a molten bath comprising mol-
ten slag and molten ferrochromium, and with-
drawing molten ferrochromium from the fur-
nace, lime and silica being present in the charge
in a molecular ratio lower than 2.0 molecules of
CaO to 1.6 molecule of SiOa.

7. The method of producing ferrochromium
which comprises forming a charge comprising
chromite ore, fluxing material including silica
and lime and solid carbonaceous reducing mate-
rial, heating the charge to g sintering tempera-
ture in the range 1300° C. to 1450° C. and forming
& high-temperature sintered product containing
a portion of the iron of the chromite ore in the
metallic state, subjecting the high-temperature
sintered product to a melting and reducing treat-
ment in an open arc electric furnace and form-
ing a molten bath comprising molten slag and
molten ferrochromium, and withdrawing molten
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ferrochromium from the furnace, lime and silica
being present in the charge in a. molecular ratio
in the range 0.8 to 1.75 molecules of CaO to 1.0
molecule of SiOz,

8. The method of producing ferrochromium
which comprises forming a. charge comprising
chromite ore, fluxing material, including silica
and lime, and solid carbonaceous reducing: ma-
terial, heating the charge:to a sintering tempera-

ture and forming a. high-temperature sintered ;:

product containing a.portion of the iron of the
chromite ore in the metallic state, subjecting
the high-temperature sintered product to a:melt-
ing and reducing treatment in an. open.arc elec-
tric. furnace and forming a molien. bath com-
prising molten slag and molien ferrochromium,
and withdrawing molten ferrochromium from. the
furnace, lime. and. silica. being: present. in. the
charge in a molecular ratio lower than 2.0. mole-
cules of CaO to 1.0 molecule of SiQ:z and in
amounts sufficient to form with the:gangue ma-
terials. of the chromite ore slag having. a-rela-
tively low melting point. which can. be: melted
in the open arc electric furnace to form: a fluid
layer covering ferrochromium produced therein.

9. The methed of recovering ferrochromium
from high-iron chromite ore which comprises
heating a charge comprising the chromite ore
and fluxing material under reducing conditions
and producing a high-temperature sintered prod-
uct containing a portion of the iron of the
chromite ore in the metallic state, subjecting the
high-temperature sintered product. to an oxidiz-
ing treatment in an open arc electric furnace

in- the presence of iron oxide. to re-oxidize any z

chromium. reduced to. the metallic: state: with
iron of the chromite ore and form (1) molten
slag comprising the unreduced chromium of the
chromite ore and the.-re-oxidized chromium and
(2) & molten metal product comprising the iron
reduced from the chromite ore-and.the iron re-

19

duced from the iren oxide in re-oxidizing re-
duced chromium, subjecting the molten slag to
a reducing treatment in an open arc electric
furnace and forming a. molten bath comprising
molten slag and molten ferrochromium, and
withdrawing. molten ferrochromium from: the
furnace.

10. The method of recovering ferrochromium
from. high-iron chromite ore wihch comprises
heating a charge comprising the chromite ore
and fluxing material under reducing conditions
and producing a high-temperature sintered prod-
uct containing a portion of the iron of the chro-
mite ore in the metallic. state, subjecting the
high-temperature sintered. product to an oxidiz-
ing. treatment. in an. open arc electric furnace
t0 re-oxidize any chromium reduced to the metal-~
lic state with iron of the chromite ore and form
(1) molten slag comprising. the unreduced

; chromium of the chromite ore and the re-oxidized

chromium and (2) a molten mefal product
comprising. the iron reduced from the chromite
ore, subjecting the molten slag to a reducing
treatment in an open arc electric furnace and
forming a molten bath comprising molien slag
and molten ferrochromium, and withdrawing
molten ferrochromium from the furnace.
MARVIN J. UDY.
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