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Heinrich W. Rathmann and John O. Staggers, Cambridge,

and Victor H. Street, Richmond, Ohio, assignors to
Vanadium Corporation of America, Cambridge, Ohio,
a corporation of Delaware

Filed Feb. 27, 1964, Ser. No, 347,853

6 Claims. (CL 75—130.5)

This invention relates to improvements in the produc-
tion of high chromium containing ferrochromium from
chromite ores and relates in particular to a new and novel
method for producing particularly high chromium, low
carbon and low silicon ferrochromium,

In the production of master alloys that are employed
extensively to introduce: chromium into high chromium
content metal compositions such as super alloys, tool
steels, stainless steels, etc. molten chromium containing
ores, such as chromite, which contain metal constituents
in the form of oxides, are treated with. reducing agents
to obtain molten metal alloys. Although chromium oxide
is the primary constituent of the chromium bearing. ores,
iron oxide is invariably present. It is not possible to re-
duce the chromium oxide without also reducing the iron
oxide present in the chromite ores so that the resultant
metal is an alloy of chromium and iron that is commonly
referred to as ferrochromium.

The relationship of the chromium content to the iron
content or the chromium to iron ratio (Cr/Fe ratio) of
a given chromite ore is of considerable importance since
the ferrochromium obtained by a complete reduction of
the ore will have a Cr/Fe Tatio that is substantially pro-
portional to the ratio of such elements in the ore.

The high chromjum-low iron content chromite ores
and particularly ores that exhibit high Cr/Fe ratios are
quite naturally in great demand because these ores yield
a ferrochromium of high chromium and low iron con-
tent. The lower the iron content of a given ferrochro-
mium master alloy, the less need be taken into account
when the ferrochromium is employed to introduce the
chromium into alloy compositions. = Also, a particularly
high chromium content ferrochromium is a necessity
where the addition is for the purpose of providing chro-
mium in the production of an alloy composition having
a particularly ‘high Cr/Fe ratio. For example, a super-
alloy containing 8% chromium and 2% iron (plus W,
Co, Mo, etc.) must be made by using a ferrochromium
of at least 80% chromium.

1t is well known that the Cr/Fe ratio of chromite ores
may be increased by selective reduction of the iron oxide.
Such ore beneficiation is predicated on the fact that when
reducing agents, such as carbon and silicon, are added
to molten chromite ores in relatively small quantities or
amounts (ie., that required to react stoichiometrically
with 109, 20% or 30% of the metal oxides of the ore)
the iron oxide is reduced preferentially to the chromium
oxide. In such selective reductions, a substantial portion
of the chromium in the ore being bepeficiated by selec-
tive reduction is unavoidably reduced and combines with
the reduced iron.. Thus, a substantial portion of the
chromium is. lost insofar as production of useable ferro-
chromium is concerned. Some of the low chromjum-
high iron alloy produced during the selective reduction or
beneficiation is retained as fine metallic shot (metal par-
ticles) imbedded in the up-gfaded slag. This metallic
shot must be removed to prevent & down-grading of fer-
rochromium produced from this slag. The slag must be
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cast, crushed and subjected to magnetic separation to
remove the imbedded shot prior to reduction. - The added
costs of such selective reduction render such operation
uneconomical, particularly in view of the substantial
loss of chromium in the high iron ferrochromium alloy
produced during the selective reduction step. )

An example of selective reduction is. tuught by United
States Patent 2,098,176, Udy, and a method for remov-
ing chromium shot by crushing and magnetic separation
is taught by the United States Patent 2,448,882, Greffe.

The only other commercially available source of chro-
mium is electrolytic chromium which is prohibitively ex-
pensive. '

A’ consideration which must be taken into account in
the production of ferrochromium is the contaminating
elements introduced by the reducing agents employed.
For example, one common reducing. agent is carbon;
however, when carbon is used the resulting ferrochro-
mium will possess a relatively high carbon content which
is undesirable since many, if not most, of the alloys for
which high chromium content ferrochromium is in de-
mand must possess low carbon contents. It is difficult
to remove carbon from ferrochromium once introduced,
since - further oxidation of the molten bath after the
formation of the ferrochromium tends to remove chro-
mium along with carbon.

Another common reducing agent is silicon, usually in-
troduced in the form of ferrochromesilicon. The use of
this element provides a ferrochromium of a particularly
desirable low carbon content; however, if used in such
quantities as to effect a substantially complete reduction
of the chromite ore, the silicon content of the- resultant
ferrochromium is undesirably high. If the quantity of
silicon used as a reduicng agent is kept below that amount
which will effectively reduce substanitally all of the metal
oxides present, chromium values of the ore are lost in
the slag.

A particularly desirable procedure (taught by United
States Patent 1,543,321, Danieli) in common usage for
reducing chromite ores to produce fow carbon, low sili-
con ferrochromium so as to obtain the maximum benefit
from the chromium iron ratio of the chromite ores is a
two-step process wherein: :

Step (1).—A ferrochromesilicon alloy having a rela-
tively high silicon content (referred to as primary ferro-
chromesilicon) is oxidized by a molten slag from a
preceding heat (a first stage or intermediate slag) which
contains a moderate percentage of chromium oxide. This
reaction results in the formation of a ferrochromesilicon
alloy of reduced silicon content (referred to as a second-
ary ferrochromesilicon) and a slag that is extremely low
in chromium oxide content and which may be discarded
(discard slag), and

Step (2).—The secondary ferrochromesilicon (of re-
duced silicon content) from Step (1) is oxidized by a
molten slag containing a relatively high percentage of
chromium and iron oxide (referred to as the chrome
ore-lime melt). This reaction results in the formation
of a low carbon, low silicon ferrochromium and a first
stage or intermediate slag (to be used in a subsequent
heat).

The term “stage” is used herein to distinguish the two
stage reduction of the chrome ore-lime melt from the
two_step oxidation of the ferrochromesilicon. The twe
step oxidation of ferrochromesilicon is set forth above.
In this countercurrent cyclic process the two stage reduc-
tion of the chrome ore-lime melt is in the opposite direc-
tion. In other words, the first stage of the chrome ore-
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lime melt reduction is the second step of the ferrochrome-
silicon oxidation and the second stage chrome orc-lime
melt reduction is the first step of the ferrochromesilicon
oxidation. Therefore the first stage slag referred to here-
in is the slag resulting from the first stage reduction of
the chrome ore-lime melt which is the second step of the
ferrochromesilicon oxidation, It is one of the materials
charged to the reaction vessel in the first step of the ferro-
chromesilicon oxidation which is also the second stagé re-
duction of the chrome ore-lime melt. For purposes of
clarity we shall refer to the first stage slag also as an in-
termediate slag.

The reducing agent of Step (1) (primary ferrochrome-
silicon) is employed in excess over that required to react
with all of the oxides of the first stage or intermediate
slag so that all or nearly all of the metal values of the
first stage or intermediate slag, particularly chromium, are
recovered. The oxidizing addition (chromium ore-lime
melt) of Step (2) is employed in excess of that required
to react with the secondary ferrochromesilicon (reducing
agent). The resultant ferrochromium is low in carbon
and silicon, and the chromium remaining in the first stage
slag is recovered in Step (1) of the subsequent heat. By
proper balancing of the quantities of primary {errochrome-

silicon and chroime ore-lime melt employed, a consistent =

ferrochromium alloy is produced.

The primary ferrochromesilicon of Step (1) is com-
monly produced by reduction of chromite ore and silica
with carbon in an electric furnace, and the molten chrom-
tum-rich slag employed in Step (2), (ore-lime melt) is
commonly produced by fusing chromite ore and lime. In
practice, the slags enter the reaction in the molten state
while the ferrochromesilicon alloys may be added in either
molten or solid form. )

It will be obvious from the above that the described :

process produces ferrochromium alloys having chromium
contents that depend entirely upon the Cr/Fe ratios of
the chromite ores employed. If a chromite ore, having
a Cr/Fe ratio of about 3 (three parts Cr to one part
Fe) is employed, the process will consistently yield a low
carbon, low silicon ferrochromium containing about 67%
to 73% chromium. By employing an exceptionally high
grade chromite ore having a Cr/Fe ratio in the range of 4
(four parts Cr to one part Fe), it is possible by this proc-
ess 1o produce low carbon, low silicon ferrochromium con-
taining from about 75% to 80% chromium. However,
such high grade ores are rare and in short supply and
they are not suitable for producing an alloy containing
over 80% chromium:

We have discovered a new and novel method which
consists of a modification of the two-step process set forth
above and taught by United States Patent 1,543,321,
whereby at a modest sacrifice of the chromium content
of ferrochromium obtained from one or more heats, a
low carbon, low silicon ferrochromium may be obtained
from a selected heat of greatly increased chromium con-
tent. ’

Although a significant feature of our invention is the
production of very high (75% or better) chromium con-
tent, low carbon and low silicon ferrochromium, our
method may be successfully employed in conjunction with
a chromite ore having any given chromium content or
Cr/Fe ratio to up"mde the chromium content of pre-
selected heats in a series of heats,

We have found that our method can be applied to the
production of low carbon, low silicon ferrcchromium
without lowering the chromium content of any individual
heat to below the minimum chromium coutent of the
grade spccxﬁcatxon For example, our method may be
employed for producing low carbon and low silicon ferro-
chromium containing over 75% chromium and even over
80% chromium from the usual metallurgical grades of
chromite ore employed to produce low carbon, low silicon
ferrochromium having chromium coulents within the
specified range of 67% to 73% without any suibstantial in-
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crease in or alleration of the procedurcs and costs and
without depleting the chromium content of preceding or
subsequent heats below that which will contmuc to fall
within the ranges of 67% to 73%. v

As stated above, if reducing agents, suchg as sx!*con in
the form of ferrochromesilicon, are added to molten chro-
mite in small but increasing amounts, e.g. 10%; 20%, etc.
of the stoichiometrical requirements, the Cr/Fe ratio of
the ore or slag is increased by the preferential reduction
of the iron content along with some of the chromium.
If we start with an ore-lime melt having a Cr/Fe ‘ratio
of 3 and add 10% of the stoichiometric requirements, we
may obtain a beneficiated melt with a Cr/Fe ratio of
about 4. By adding 30% we attain a ratio of 7 or 8.
However, when large quantities of ferrochromesilicon are
added, we find that there is a reversal in the preferential
reduction and the final slag does not have a high Cr/Fe
ratio. As the stoichiometric quantity approaches 160%,
the Cr/Fe ratio drops to about 4 or 5.

The percentage of the stoichiometric requirements
where a reversal in preferential reduction occurs is not
precisely known and it is undoubtedly a function of
various factors, such as composition and temperature.
However, we have determined from experimentation, that
the reversal takes place in the range of 50% to 70% of
the stoichiometric requirements. Thus, it is evident that
as ferrochromesilicon is added to the molten ore and its
quantity rises to 10%, 20%, 30%, etc. of the stoichio-
metric requirements, iron is selectively reduced, then at
a quantity between 50% and 70% of the stoichiometric
requirements additional ferrochromesilicon results in the
preferential reduction of the chromium.

In the process of the present invention, we take advan-
tage of the reversal of preferential reduction by reducing
the quantity of primary ferrochromesilicon employed in
Step (1) of the above-described two-step process to effect
a small but controlled increase in the chromium content
and the Cr/Fe ratio of the resultant first stage or interme-
diate slag (of Step (2)).

The enhanced Cr/Fe ratio of the first stage or intermedi-
ate slag experienced in the present process is significant
in that it enables our process to effect particularly high
chromium ferrochromium in an efficient manner which far
excels the prior art practices.

In the utilization of the two step process described above
and set forth in 'U.S. Patent 1,543,321, Danieli et al. essen-
tially all the chromium and iron oxides in the chrome ore
are reduced and essentially all the silicon in the primary
ferrochromesilicon is oxidized. Consequently, the silicon
content of the primary ferrochromesilicon must equal the
amount required to effectively reduce all chromium and
iron oxides in the ore. This effective stoichiometric
amount differs from the calculated stoichiometric amouni
because some of the silicon may be lost as dust or may
be oxidized by air or other reactants, and these losses are
determined by operating factors such as temperature, size
of ferrochromesilicon used, use of solid as opposed to mol-
ten ferrochromesilicon, and other variables. We have
found under our pamcular conditions that the effective
stoichiometric amount is about 1.15 times the amount
calculated from the chemical reactions. If this amouni
is exceeded the silicon content of the secondary ferro-
chromesilicon will gradually build up and ultimately re-
sult in producing ferrochromium with a high silicon con-
tent. If less than the stoichiometric amount is added, the
chromium content of the intermediate slag increases and
ultimately the chromium conient of the discard slag will
also increase. In the Danieli process there is a large ex-
cess of reducing azent in Step (1) and a large excess of
oxidant in Step (2). I is possible thercfore to have varia-
tions in the amount of silicon (as primary ferrochrome-
silicon) added in several heats but this cannot be con-
tinued for a long period. The amount of primary ferro-
chromesilicon used is usually equal to 400 percent of the
stoichiometric requirement for reducing the chrome and
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iron oxides -of the intermediate slag when producing the
67 percent’to 73 percent chromium ferrochrome from

. chromite ore having a Cr/Fe ratio.of about 3. However, -

in treating this ore under different conditions it is possible
to employ as little as 150 percent or as much as 600 per-
cent of the stoichiometric requirements to reduce the
chrome and iron oxides of the intermediate slag. Because
of this wide range it is possible to conduct the process with
molten reactants without knowing the exact composition
or even the exact weight of either.

In our modification we reduce the quantity of primary
ferrochromesilicon. in Step (1) of the process by an
amount which we find will lower the silicon content of the
secondary ferrochromesilicon an amount that will result
in only a small sacrifice in the chromium content of the
low carbon, low silicon ferrochromium produced in the
subsequent Step (2). The amount of reduction depends,
of course, on the degree of sacrifice which may be toler-
ated in respect to the reduction of the chromium content
of the ferrochromium alloy of the individual heat. For
example, we have had particular success by reducing the
relative weight of primary ferrochromesilicon by about
12% while effecting the two-step process in the manufac-
ture of 67% to 73% chromium ferrochromium from chro-
mite ore that has a Cr/Fe ratio of 3. The primary ferro-
chromesilicon in this case contained about 49% silicon.
The chromium content of the resultant ferrochromium
dropped from 72% (the previous heat) to about 70% so
as to remain in the specification limits of 67% to 73%.
The Cr,O; content of the first stage or intermediate slag
rose from 9% to 13% without an accompanying increase
in FeO.

A reduction in primary ferrochloromesilicon in Step
(1) preferably should amount to at least about 5% (rel-
ative weight) to effect a measurable increase of Cry0; in
the first stage slag. It would not be desirable to exceed
about a 25% (relative weight) decrease for any given
heat since such a. reduction would produce a ferrochro-
mium of undesirably low chromium contént. Thus, it
is preferable to maintain the primary ferrochromesilicon
addition to relative amounts of from 75% to 95% of the
normal effective stoichiometric addition weight.

Each time such relative weight reduction in primary
ferrochromesilicon is made, the first stage or intermediate
slag of the resultant Step (2) will exhibit a corresponding
rise in Cry03 and a further improved Cr/Fe ratio. Such
reduction may be practiced in one or a succession of heats
depending on the level of chromium one wishes to attain
in the selected heat. We have had particular success in
reducing the quantity of ferrochromesilicon for two heats
and taking advantage of the increased chromium and
Cr/Fe ratio of the first stage or intermediate slag during
the third heat.

To take advantage of the chromium build-up in the first
stage or intermediate slag at the selected heat we employ
a quantity of primary ferrochromesilicon substantially
corresponding to the primary ferrochromesilicon normal-
ly employed during the two-stage process, plus a quantity
corresponding to the reduction in primary ferrochrome-
silicon employed during the preceding heat or heats where-
in the chromium content of the first stage slag was en-

. hanced. Such enlarged mass of primary ferrochrome-
silicon is divided into relatively large and small portions,
the large portion being employed as the reducing agent for
the first stage or intermediate slag, and the smaller por-
tions are added to the chrome ore-lime melt to selectively
reduce the iron content. These reactions result in a high
chromium content secondary ferrochromesilicon with an
improved  Cr/Fe ratio and a lower than normal silicon
content, plus a beneficiated chrome ore-lime melt. The
enriched secondary ferrochromesilicon is then ‘added to
the beneficiated chrome ore-lime melt and a low carbon,
low silicon ferrochromium- alloy which contains more
than the normal amount of chromium is decanted and cast
in the normal manner.
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The quantity of primary ferrochromesilicon eplplz)ycd
to selectively reduce the iron content of the ore-lime 'sirelt

--in the recovery step of the present process will vary, of

course, in accordance with the size of the entarged rnass

" of primary ferrochromesilicon as: well “as-its division.

Such quantity may constitute as little as 10% by  weight, -
of the stoichiometric requirements for reducing such melt
to as much as 70%, by weight, of such requirements,

During the chrome ore-lime melt beneficiation ' step,
there is produced a somewhat low chromium ferrochro-
mium. The heat following that in which the high chro-
mium ferrochromium is obtained is preferably reacted in
a vessel containing the molten low chromium alloy. The
secondary ferrochromesilicon for this heat is obtained by
reacting the first stage or intermediate slag from the high
chromium heat with the normal amount of primary ferro-
chromesilicon. We have found that the low chromium
ferrochromium alloy produced by the benefication step of
our process is of such volume and chromium content ihat
upon reaction of the heat following the beneficiation step
in the presence of such low chromium ferrochromium,
the final product or combined ferrochromium contains 2
chromium content that is substantially equivalent to that
of the preceding heats.

The method of the present invention is best described
by reference to the flow sheet of the accompanying draw-
ing and an illustrative example.

In the drawings, FIGURE 1 and FIGURE 2 are a single
flow sheet which illustrate the present process. FIGURE
2 is a continuation of the flow sheet of FIGURE 1. Car-
bon in the form of coal and coke is introduced as the
reducing agent into an electric furnace 10 along with chro-
mite ore and quartzite (a source of silicon). The chro-
mite ore has a Cr/Fe ratio of about 3. ' The decanted
metal consists of a primary ferrochromesilicon containing
about 49% Si, 34% Cr and 16% Fe.

In accordance with standard procedure in effecting the
two-step process such as is set forth in United States
Patent 1,543,321, Steps (1) and (2) of a conventional
heat, shown generally at A, take place in reaction vessels
14 and 16, respectively.

A quantity of primary ferrochromesilicon alloy (5,100
Ibs.) is added to the reaction vessel 14, along with a quan-
tity, approximately 21,500 Ibs., of a first stage or inter-
mediate slag from Step (2) of a preceding heat which as-
sayed 9% CryO; and 1.5% FeO. The quantity of pri-
mary ferrochromesilicon added is equal to the effective
stoichiometric amount required to reduce 24,000 pounds
of chrome ore-lime melt containing 27 percent CraO; and
8 percent FeO. This quantity of primary. ferrochrome-
silicon is also equal to approximately 400 percent of the
stoichiometric amount required to effect complete reduc-
tion of the first stage or intermediate slag.

There is decanted from the reaction vessel 14 approxi-
mately 5,700 lbs. of secondary ferrochromesilicon A.
This alloy contains substantially less silicon than the pri-
mary ferrochromesilicon, but sufficient to reduce the ore-
lime melt to produce the ferrochromium product and a
first stage or intermediate slag. The secondary ferro-
chromesilicon also contains substantially all of the metal
values of the primary ferrochromesilicon and the first stage
or intermediate slag.

A molten ore-lime melt is created by additions of chro-
mite ore and lime to electric furnace 12. This chromite
ore is essentially the same chemically as that employed in
the production of the primary ferrochromesilicon. - The
ore-lime melt has been determined to contain about 27%
Cry03 and 8% FeO. .

In Step (2) of heat A, a quantity, 24,000 Ibs., of the
ore-lime melt is added to the reaction vessel 16 along with
the 5,700 Ibs. of secondary ferrochromesilicon A from re-
action vessel 14. - There is decanted {from vessel 16 ap-
proximately 8,300 1bs. of a low carbon, low silicon ferro-
chromium A which contains 729 chromium. The slag
from vesscl 16 is the first stage or intermediate slag A from
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heat A and weighs 21,500 lbs. This first stage or inter-
mediate slag A is used in Step (1) of ‘e succeeding heot
B and contains equivalent chromium and iron to the em-
ployed in Step-(1) of heat A (9% Cry0;—1.5% FeO).

Since the first stage or intermediate slag A produced by
heat A is substantially identical in weight and composx-
tion to the first sage or intermediate slag employed in
Step (1) from a preceding heat, the procedure of heat A
may be repeated to consistently produce low carbon, low
siticon ferrochromium alloy of 72% chromium, How-
ever, in heat B we commence to deviate from this proce-
dure to enable the production of a very high chromium
heat (preselected to be heat D).

In heat B, the first stage or intermediate slag A from
vessel 16 is introduced into a reaction vessel 18 along
with 4,500 Ibs. of the primary ferrochromesilicon. It
should be noted that this addition constitutes a relative
reduction of approximately 12% of primary ferrochrome-
silicon. The primary ferrochromesilicon of heat B is in
such quantity to be approximately 369% of that required
to stoichiometrically reduce the first stage or intermediate
slag.

There is decanted from the reaction vessel 18, 5,100
Ibs. of secondary ferrochromesilicon B which is introduced
into the reaction vessel 20 along with the normal quan-
tity (24,000 Ibs.) of ore-lime melt. This results in 7,300
Ibs. of ferrochromium B which contains only 70% chro-
mium. Such level of chromium is sufficiently high to
meet the usual requirements of 67% to 73% for this
grade. The first stage or intermediate slag B, however,
amounts to 21,800 1bs. and contains 13% Cry0; and 1.5%
FeO.

The altered first sta"e or intermediate slag B of heat B
is introduced into reaction vessel 22 of heat C along with
another reduced quantity (4,500 lbs.) of primary ferro-
chromesilicon alloy. This quantity of primary ferro-
chromesilicon now amounts to only 259% of that required
to reduce the now enriched first stage or intermediate slag
B. The reaction yields 5,400 lbs. of secondary ferro-
chromesilicon C. When this alloy is reacted with the
standard 24,000 1bs. of ore-lime melt in vessel 24, a ferro-
chromium (7,300 1bs.) is produced which exhibits a chro-
mium content of 70%. It is apparent that the secondary
ferrochromesilicon C of heat C is so enriched from the
enriched first stage or intermediate slag from heat B,
particularly insofar as the Cr/Fe ratio is concerned, that
the ferrochromium of heat C exhibits a relatively high
chromium content despite the fact that the reducing
powers of the secondary ferrochromesilicon C are further
depleted. Of particular significance is the fact that the
first stage or intermediate slag C from Step (2) of heat
C exhibits a still further increase in CryOz and a further
enhanced Cr/Fe ratio. This slag amounts to 22,100 lbs.
and analyzes 17% CryO; and 1.5% FeO.

The altered reactions of heats B and C may, of course,
be continued to further enrich subsequent first stage or
intermediate slags; however, heat D was chosen for the
production of a very high chromium content ferrochro-
mium alloy.

In heats B and C, the quantity of primary ferrochrome-
silicon was reduced over the normal effective stoichio-
metric amount (5,100 1bs.) by a total of 1,200 Ibs. In
heat D, therefore, approximately 6,300 Ibs. of primary
ferrochromesilicon are employed (the normal amount,
plus 1,200 Ibs.). Of this, 4,600 lbs. are introduced into
the reaction vessel 26, along with the first stage or inter-
mediate slag C from heat C. After the primary ferro-
chromesilicon reacts with the first stage or intermediate
slag, the secondary ferrochromesilicon is allowed to re-
main in the ladle. Ore-lime melt (24,000 lbs.) is bene-
ficiated in another vessel 28 by the addition of the re-
maining portion of primary ferrochromesilicon (1,70C
1bs.). The beneficiated ore-lime melt is then decanter
into reaction vessel 30. Subsequently, the secondarv fer
rochromesilicon is decanted from reaction vesssl %6 intc
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- ore-lime melt (24,000 1bs.).

reastion vessel 33, There ss decanted from the reaction
vessel 30, 7,100 ihs. of a fow carbon, low silicon, high
chromium fcrrochrommm D commmng '\pproxum tely
81.7% chromium. st

Vessel 28 contains 3, 000 Ibs. of a relntlvm
mium (low C, low Si) ferrochroiium allo (50% Cr)
which may be cast and sold. 1In’ thns case, tbe first stage '
or intermediate slag D obtained from rcaciloﬁ vesqel 3¢,
is equivalent in weight and analysis to the first stage or
intermediate slag A of heat A (21,500 1bs. 9% Cr04
and 1.5% FeO), and may be employed to prodice a72%
chromium ferrochromium in the normal fashion or the
quantity of primary ferrochromesilicon may be lowersd
(preferably by 5% to 25%, by weight, of its normal con-
centration) to enrich a first stage or intermediate slag in
the manner of heats B and C so that the process of the
present invention is repeated.

1f the 509% chromium ferrochromium alloy is not re-
garded as-being marketable, it is conveyed into a reaction
vessel 34. The first stage or intermediate slag D from
reaction vessel 30 is conveyed into a reaction vessel 32
along with the normal quantity of primary ferrochrome-
silicon alloy (5,100 Ibs.) The secondary ferrochrome-
silicon alloy E from this reaction (5,700 lbs.) is conveyed
into the reaction vessel 34 along with a normal charge of
Since the quantity of low
chromium ferrochromium is not large (3,000 Ibs.) and the
chromium content constitutes half of its analysis (50% ),
the low carbon, low silicon ferrochromium E, decanted
from vessel 34, contains 69% chromium, which is well
within the marketable range of 67% to 73%. The first
stage or intermediate slag E from heat E is equivalent to
the first stage or intermediate slag A of heat A (21,500
1bs., 9% Cry03—1.5% FeO) so that heat F (not shown)
may be employed as a regular Step (1) as in heat A, or
to enrich the first stage or intermediate slag, as in heats
B and C.

It is to be noted that in each heat, sufficient primary
ferrochromesilicon alloy is employed to remove substan-
tially all of the metal values from the first stage or inter-
mediate slags and that the discard slags from all of these
reactions contain only about 1% CryQ;.

The exact quantities of primary ferrochromesilicon em-
ployed are, of course, dependent on many variables. For
example, under the conditions of our reaction as shown
by heat ‘A where chromite ore of Cr/Fe ratio of 3 is
employed to obtain 67% to 73% Cr ferrochromium, using
the volume of materials shown at reaction temperatures
of about 3200° F., we find that the silicon content of the
primary ferrochromesilicon should amount to about 400%
of the stoichiometric requirements; however, when react-
ing different chromium containing ores in different vol-
umes and at different temperatures, a greater or lesser
excess may be required. 1In each instance, however, it is
preferable to lower the primary ferrochromesilicon from
5% to 25% of its own weight since such reduction will
enrich the first stage or intermediate slag regardless of the
exact materials employed and the conditions of the reac-
tion.

The flow sheet of the drawing and the example shown
and described are illustrative only. It is.obvious that the
method of the present invention may be employed to
increase the chromium content of any such two-step proc-
ess, regardless of the level of chromium normally obiained,
and the upgrading step, such as shown by heat D, may
be effected after one or any number of first stage slag
enrichment steps, such as are.illustrated by heats B and
C of the flow sheet, so that any specifically desired high
chromium level may be attained from a preselected heat,

Also, upgrading of the depleted chromium ferrochro-
rm'um such as shown for heat E, is relative so that such

scovery may be effected regardless of the normal chro-
:m level ferrochromium being produced by the two-step
DINCESS, :

1o‘v 'chro-




3,301,669

R 9

It will be understood that the terms “primary” and
“secondary” as applied to the ferrochromesilicon alloys
are relative terms and are not intended to identify a spe-
cific silicon content. The primary ferrochromesilicon
alloy made up in furnacé 10 contains 49% Si; however,
such silicon content may vary widely without departing
from the scope of the present process since this alloy will
be utilized in accordance with its reducing powers. Gen-
erally, the secondary ferrochromesilicon will contain less
silicon than the primary ferrochromesilicon; however, the
silicon content of this alloy may also vary widely in
accordance with the exact reaction taking place.

Chromite ‘ores consist mineralogically of the spinel
group and contain primarily chromite (FeOQ-CryOj) and
magnesiochromite . (MgO-CryQO;). In either of these,
Cr,0; may be partially replaced by Al;03. Most chro-
mite ores thus contain significant quantities of magnesia
and alumina, e.g., 10% to 18% MgO and 8% to 12%
Al,O,, but these oxides are not reduced, but rather form
a slag. The ores may also contain minor or trace amounts
of reducible oxides such as nickel and manganese which
enter the ferrochromium. It will be understood that the
two-stage process for producing low carbon, low silicon
ferrochromium- described above and the method of the
present invention is applicable to all such ores though they
may vary in origin and content.

In the illustrative flow sheet of the drawing, a total of
eleven reaction vessels are depicted (14 -through 34).
Such numerdus vessels are illustrated for convenience of
description only since, normally, vessel 14 will be the same
ladle as vessels 18, 22, etc. "Extra equipment is not re-
quired in carrying out the method of the present invention.

Also, in the above description, reference is made to de-
canting ferrochromesilicon alloy from various of the re-
aclion vessels, It is our practice to use the secondary
{errochromesilicon alloy in the molten state although, as

[
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previously stated, it may be cast-and crushed for use in -

the solid state. The molten ferrochromesilicon in the re-
action vessel is covered by a thick layer of slag and it is
separated from the slag by using a specially designed ves-
sel which, when tilted, permits the molten ferrochrome-
silicon alloy to come out first. It will be understood that
any of the commercially accepted methods and devices for
removing the molten alloy from its slag cover may be
employed in conjunction with the present method. :

Also, the reaction vessels themselves may be any of the
well-known refractory lined vessels employed to contain
molten reactive materials. A common vessel for this use
is a refractory (magnesia) lined ladle. The electric fur-
naces employed may be any of the well-known commer-
cially available electric reduction furnaces employed for
these purposes.

The invention is not limited to the preferred embodi-
ments of the flow sheet or examples, but may be otherwise
embodied or practiced within the scope of the following
claims.

We claim:

1. In a continuous two-step process for reducing chro-
mite ore to obtain a low silicon ferrochromium wherein
in Step 1 silicon is the form of a primary ferrochrome-
silicon alloy is reacted with a molten intermediate slag
from Step 2 of a preceding heat to form a secondary ferro-
chromesilicon alloy and a discard slag and in Step 2 the
secondary ferrochromesilicon alloy is reacted with a chro-
mite ore-lime melt to produce the low silicon ferrochro-

mium and reproduce the intermediate slag, the amount’

of primary ferrochromesilicon being substantially equal to
the effective stoichiometric quantity required to reduce the
chromium and iron oxides in the chrome ore-lime melt,
the improvement which consists of:

(A) adding less than the effective stoichiometric quan-
tity of primary ferrochromesilicon to at least one heat
to enrich the chromium content of the intermediate
slag and
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(B) in a subsequent heat, !

. (1) adding more than the effective stoichiometric
quantity of primary ferrochromesilicon, a por-
tion thereof being added to a chrome ore-lime
melt to beneficiate the ore-lime melt and a _por-
tion being added to' thé intermediafé ‘slag to
produce a chromium enriched secondary ferro-
chromesilicon, the total excess primary ferro-
chromesilicon being substantially equal to the
deficiency of primary ferrochromesilicon in the
preceding heats and

(2) reacting the beneficiated chrome ore-lime melt
with the chromium enriched secondary ferro-
chromesilicon to produce a high chromium, low
silicon ferrochromium alloy and reproduce the
intermediate slag. '

2. The process as set forth in claim 1 wherein the pri-
mary ferrochromesilicon alloy in paragraph A is 75 per-
cent to 95 percent of the effective stoichiometric quantity.

3. In a continuous two-step process for reducing chro-
mite ore to obtain a low silicon ferrochromium wherein in
Step 1 silicon in the form of a primary ferrochromesilicon
alloy is reacted with a molten intermediate slag from Step
2 of a preceding heat to form a secondary ferrochrome-
silicon alloy and a discard slag and in Step 2 the secondary
ferrochromesilicon alloy is reacted with a chromite ore-
lime melt to produce the low silicon ferrochromium and
reproduce the intermediate slag, the amount of primary
ferrochromesilicon being substantially equal to the effec-
tive stoichiometric quantity required to reduce the chro-
mium and iron oxides in the chrome ore-lime melt, the
improvement which consists of:

(A) adding less than the effective stoichiometric quan-
tity of primary ferrochromesilicon to at least one
heat to enrich the chromium content of the inter-
mediate slag and :

- (B)in a subsequent heat,
"' (1) reacting a chrome ore-lime melt with a re-

ducing agent to beneficiate the ore-lime melt

(2) ‘reacting a primary ferrochromesilicon with
the intermediate slag from the preceding heat to
produce a chromium enriched secondary ferro-
chromesilicon, the total amount of primary ferro-
chromesilicon and reducing agent utilized in
B(1) and B(2) being substantially equal to the
effective stoichiometric quantity required to re-
duce all oxide values in the chrome ore-lime
melt plus the deficiency of primary ferrochrome-
silicon in the preceding heats and

(3) reacting the beneficiated chrome ore-lime melt
of step B(1) with the chromium enriched sec-
ondary ferrochromesilicon of step B(2) to pro-
duce a high chromium, low silicon ferrochrome
alloy and reproduce the intermediate slag,

4. The process as set forth in claim 3 wherein the pri-
mary ferrochromesilicon alloy in paragraph A is 75 per-
cent to 95 percent of the effective stoichiometric quantity.

5. In a continuous two-step process for reducing chro-
mite to obtain a low silicon ferrochromium wherein in
Step 1 silicon in the form of a primary ferrochromesilicon
alloy is reacted with a molten intermediate slag from Step

" 2 of a preceding heat to form a secondary ferrochromesili-

con alloy and a discard slag and in Step 2 the secondary
ferrochromesilicon alloy is reacted with a chromite ore-
lime melt to produce the low silicon ferrochromium and
reproduce the intermediate slag, the amount of primary
ferrochromesilicon being substantially equal to the effec-
tive stoichiometric quantity required to reduce the chro-
mium and iron oxides in the chrome ore-lime melt, the im-
provement which consists of:

(A) adding less than the effective stoichiometric quan-
tity of primary ferrochromesilicon to at least one
heat to enrich the chromium content of the inter-
mediate slag and
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(B) in a subsequent heat,
(1) reacting a chrome ore-lime melt with primary
ferrochromesilicon in amounts of from about

10 percent to 70 percent by weight of the stoi-

chiométric requirements for reducing the melt to
beneficiate the chrome ore-lime melt

(2) reacting primary ferrochromesilicon with the
intermediate slag from the preceding heat to pro-
duce a chromium enriched secondary ferro-
chromesilicon, the total primary ferrochrome-
silicon used in Step B(1) and Step B(2) being
substantially equal to the effective stoichiometric
quantity plus the deficiency of primary ferro-
chromesilicon utilized in paragraph A and

(3) reacting the beneficiated chrome ore-lime melt
of Step B(1) with the chromium enriched sec-
ondary ferrochromesilicon of Step B(2) to pro-
duce a high chromium, low silicon ferrochrome
alloy and reproduce the intermediate slag.

i2

6. The proccss as set forth in claim 5 wherein the pri-
mary ferrochromesilicon alloy in paragraph A is 75 per-
cent to 95 percent of the effective stoichiometric quantity.

1,543,321
1,586,591
1,770,433

10 1,835,925

1,901,367

2,127,074

2,176,688

2,227,287

2,448,882

3,158,464
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