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Pittsburgh, Pa., assignors, by mesne assignments, to 
Strategic Materials Corporation, New York, N.Y., a. 
corporation of New York 

Filed Jan. 29, 1959, Ser. No. 796,902. 
11 Claims. (Cl. 75-1335) 

This invention relates to metallurgy and has for an 
object the provision of new and improved processes for 
producing low-carbon semi-steel and special grades of 
?nished steel directly from ( 1) essentially self-contained 
natural starting materials in the form of sub-standard or 
marginal iron oxide-bearing ores or concentrates of the 
type containing minor amounts of other metal oxide‘ 
values that actually constitute potentially valuable alloy 
ing agents but which are generally viewed as deleterious 
contaminants or impurities from the standpoint of at 
tempted use of such materials in conventional steel-mak 
ing operations; or ('2) similarly constituted blends or mix 
tures of iron oxide-bearing ores or concentrates with one 
or more other marginal or sub-standard ores containing 
oxides of speci?c metals required for alloying with iron in 
the production of a desired grade or type of steel. Spe 
ci?cally, the invention involves the provision of unique 
processes for the direct treatment of either raw or pre 
viously concentrated materials consisting, for example, 
of relatively low-grade nickel-iron and nickel-chromium 
iron ores of the nickel lateritic type, other relatively low 
grade nickel-bearing iron ores, high-iron chromite ores, 
nickel-bearing senpentines and similar nickel-bearing sili 
cates such as \garnierite, etc., or mixtures or blends of two 
or more such materials possibly containing metallic com 
ponents in the form of scrap, for the production and re 
covery of semi-steel as well as a vw'de variety of ?nished 
steels including, by way of illustration, straight ferritic 
or martensitic chromium'steels of the series 400 and 500 
types, austenitic nickel-chromium stainless steels of’ the 
so-called “Strauss” or series 300, such as the popular 
18-8 type, modi?ed chromium-nickel steels such as the 
silicon-containing “Rezistal” type of austenitic alloys, low 
chromium and chromium-vanadium toolsteels, man 
ganese-chromium steels, and the like. 

In copending U.S. application Serial No. 717,839, now 
U.S. Patent No. 2,953,451, granted September 20‘, 1960, 
entitled “Metallurgical Process,” which was ?led by Mar 
vin I. Udy and Murray C. Udy on February 27, 1958, 
there is described and claimed an improved process for 
the production and recovery of separate valuable commer 
cial products consisting of ferronickel, iron and ferro 
chrornium from relatively low-grade nickel-bearing iron 
ores, nickel-laterites, nickel-bearing serpentines and other 
nickelabearing silicates. In essence, the process of said 
copending application involves an initial selective carbo 
thermic reduction of an ore or concentrate of the general 
class vdescribed under such conditions of ?uxing and smelt 
ing as to produce a substantially chrome-free ferronickel 
alloy and an iron ‘oxide-enriched molten slag product; 
followed by a second selective carbothermic reduction of 
the molten iron oxide-bearing slag recovered from the 
?rst stage for the production and recovery of metallic 
iron of low-nickel and low-chromium contents, and a con 
trolled iron oxide-bearing residual slag ‘containing the 
majority of the chromium oxide content of the original 
ore or concentrate. Depending upon the relative concen 
tration of chromium oxide contained within the original 
ore, the process of said copending application further in 
volves the treatment, preferably while still molten, of the 
?nal residual slag product ‘by car-bothermic reduction for 
the separation and recovery of a chrome-iron alloy con 
taining on the order of from 18 .to 50% chromium metal, 
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The processes of the present invention are based, at 
least in part, on the fundamental observation made during 
the course of treating substantial quantities of a lateritic 
type ore of combined iron-nickel-chromium composition 
via the general processing techniques of the aforemen 
tioned copending application, to the eifect that the natural 
ratio of the oxidic occurrence of these metals within such 
ores, which is normally on the order of from about two 
to three and one-half (2—31/z) parts chromium to approxi 
mately each part nickel, with the major portion of the re 
mainder being iron, compares favorably with the syn 
thetic blending ratio for such alloying ingredients gen 
erally employed in steel-making for the production of 
heat and corrosion resisting steels of the chromium and 
nickel-chromium types. Of course, in accordance with 
conventional steel-making practices such alloying is nor- , 
mally effected by the use of substantially pure starting 
materials, i.e., either elemental metals or standard com 
mercial ferroalloys of such metals which are produced 
from high-grade ores or concentrates is smelting opera 
tions that are generally conducted on a separate and dis 
tinct basis from the basic 'iron- and steel-making opera 
tion, the reason being that it has not been possible here 
tofore to maintain grade standards or speci?cations with 
respect to' carbon and other elements, including the alloy 
ing .metals, per se, when attempting to proceed directly 
from a mixed oxidic or so-called “low-grade” reduction 
burden to an alloyed or even low-carbon steel. For ex 
ample, it has been proposed heretofore to treat nickel 
contaminated iron ores of the lateritic type in a pre 
liminary selective smelting operation for removal of the 
nickel in the form of a ferronickel alloy, followed by con 
ventional treatment of the resulting slag for the produc 
tion and recovery of a ferrochromium alloy containing the 
remainder of the iron and substantially all of the chro 
mium present ‘within the original ore. This type of opera 
tion is inherently disadvantageous for the reason that 
substantial iron credits, over and above the iron required 
for alloying with the nickel content of the ores, must be 
recovered in alloyed form with chromium; an alloy which 
is often of no direct commercial value because its chro 
mium content is excessive from the standpoint of routine 
steel operations, but usually insu?icient to justify use of 
the product as a raw material in chrome-steel operations. 
In effect, the dilution of chromium with iron,’ and vice 
versa, brought about by this method of treatment destroys 
the bene?cial ratio of iron to alloying ingredients nat 
urally present within such starting materials, with the re 
sult that the end-products are not readily adapted to use 
in combination for further processing towards the pro 
duction of any variety of heat and corrosion resistant 
steels. 
We have discovered that it is entirely possible, under 

the prescribed conditions of operation which are set forth 
in greater‘detail hereinafter, to e?ect extraction of the 
metal values from a natural nickel-chromium-iron ore of 
the laterite type in the form of several different. metallic 
products of high-purity, while enhancing rather than de 
stroying the aforementioned bene?cial ratio of iron to 
alloying ingredients, such that these intermediate metallic 
products may be recombined directly in controlled pro 
portions for the production of either chromium or nickel 
chromium steels of special heat and corrosion resisting 
properties, that is, steels of the so-called “stainless” types. 
We have further found it to be possible, under the same 
conditions of operation, to compound and selectively 're 
duce a synthetic oxidic reduction burden for the pro 
duction of the same type of intermediate metal products 
of purity and composition adequate to permit their re 
combination in the production of such steels, among 
other standard grades, or, under slightly modi?ed con 
ditions of operation, to compound and directly reduce 
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such a synthetic oxidic reduction burden for the direct 
production of such steels, by blending two or more rela 
tively low-grade metal oxide-containing ores such, for 
example, as an iron-nickel serpentine of otherwise de?cient 
chromium content with a low-grade chromite ore, or a 
garnierite with a high-iron chromite ore or with separate 
ores containing iron oxide and chromium oxide for 
eventual reduction and alloying with‘ the nickel content 
of the garnierite, or a low-grade manganiferous ore and 
a high-iron chromite ore for the eventual production of 
a manganese oil-hardening die steel, etc. Signi?cantly, in 
contrast to the highly iron-diluted ferro-chromium alloy 
necessarily produced in the second-stage of the above-de 
scribed prior processing technique for the treatment of 
laterite ores, the extreme versatility of our invention with 
respect to end-product steel, stems principally from the 
fact that we are able to effect the separation and recovery 
of bulk iron from the original mixed oxidic reduction burd 
en in the form of a high-purity iron product, or, more ac 
curately, in the form of semi-steel, and to virtually any 
extent desired beyond that represented by the iron which 
is actually required in the ferroalloys of nickel and 
chromium, or other alloys, as ultimately used to intro 
duce the desired alloying ingredients into the ?nal steel 
product. 

Brie?y, one embodiment of the process of our in 
vention involves an initial selective reduction of a natural 
ore of mixed oxide content, or a blended reduction burden 
of equivalent mixed oxide content, under such conditions 
as to produce and recover a substantially chrome-free 
low-carbon ferronickel alloy of nickel content closely ad 
justed for subsequent'controlled alloying applications in 
steel-making as, for example, within the range of from 3 
to 35 percent Ni or higher, and an iron-enriched molten 
slag product which also contains the chromium oxide 
content of the original ore or blend of ores. This slag 
is then subjected to a second selective carbothermic re 
duction for the purpose of producing a metallic iron or 
semi-steel product virtually free of nickel and chromium 
or other minor alloying metals contained in the original 
charge, and a molten slag. product of closely controlled 
residual iron oxide content containing substantially all of 
the chromium oxide content of the original charge. 
Thereafter, the latter slag is subjected to reduction smelt 
ing, or possibly adjusted ?rst with respect to its chrome 
'iron ratio by the addition of chromite ore, and then re 
duced, to produce a ferro-chromium alloy of chromium 
content closely adjusted for subsequent alloying with the 
ferronickel and/ or quantities of the semi-steel in the pro; 
duction of a ?nished steel of any desired speci?cation. 
In this embodiment of our invention, the separate metallic 
products of‘ the three selective reduction smelting opera 
tions, or any lesser combination of the same, are then 
blended, either in the molten stage or after cooling, and 
reconstituted in appropriate proportions under action of » 
a re?ning furnace to produce the particular type of steel 
desired. ' 

‘In an alternate process of our invention, the initial 
oxidic reduction burden is very closely regulated by blend 
ing a plurality of di?erent oxide-containing ores or con 
centrates to provide substantially the exact ratio of each 
metal required in the ?nal steel product, and this “steel 
blend” is then subjected to a direct reduction smelting 
for the production and recovery of an alloyed semi-steel 
containing the iron and alloying metals ‘in proportions 
corresponding to the speci?cation for the ?nished steel 
product which is sought to be produced. In order to 
maintain the carbon at a minimum within the alloyed 
semi-steel produced by this direct reduction technique, 
the carbonaceous reducing agent is employed in an 
amount insu?icient to reduce all of the iron oxide of the 
original blend to the metallic state, such that a residual 
slag is produced containing a ?xed proportion of both 
iron oxide and chromium oxide. This slag may be sub 
sequently processed for the production and recovery of 
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a marketable standard grade of ferrochromium. The low 
carbon alloyed semi-steel from the direct reduction is 
supplied to an electric or open hearth ?nishing furnace 
wherein decarburization is eifected with oxygen in con 
ventional manner and adjustments made for silicon, and 
the like, or for any minor portion of the alloying metals 
‘which may be found to be slightly “o?E-standard” in the 
crude steel. Conveniently, the chromium content of the 
end-product steel can be varied in the ?nishing process by 
re~oxidation into the slag. Alternatively,,if all of the 
chromium entering the crude alloy during the direct re 
duction is also desired in the ?nished steel, then it is 
usually necessary to employ a non-carbonaceous reduc 
ing agent following the decarburization to reduce any 
chromium that has been oxidized, back into the metal. 

It is believed that the foregoing process measures may 
be best understood by reference to the following detailed 
description of the separate embodiments of our inven 
tion taken in conjunction with the accompanying draw 
ings wherein: 

FIG. 1 constitutes a schematic flow diagram or flow 
sheet illustrating the exact sequence of steps or opera 
tions involved in the selective reduction process of our 
invention, wherein the various alternative practices de 
scribed hereinafter have been depicted by means of dotted 
line indications; and 

FIG. 2 is a similar ?ow sheet illustrating the exact se 
quence of steps or operations involved in the direct reduc~ 
tion process of our invention. 

In the general practice of the processes of our inven 
tion, the ore or concentrate or a blend of suitable ores 
>or concentrates, may be calcined or otherwise treated, 
initially, to provide a reduction burden of substantially 
constant composition, which is thereafter ?uxed by the 
addition of selected base and acid constituents to form a 
charge capable of producing a relatively high-melting 
point slag in the subsequent selective or direct reduction 
smelting operation, as explained more fully hereinafter. 
Alternatively, in accordance with preferred operating tech 
nique, we can admix the raw ore with the necessary ?ux 
ing materials, and thereafter calcine the combined mass 
to produce a substantially stabilized reduction burden of 
predetermined base-acid ratio. In either event, we pre 
fer to employ magnesia as the basic ?ux component with 
respect to silica, in lieu of conventional basic ?uxes such 
as lime or limestone, according to the unique ?uxing prac 
tices described and claimed in the aforementioned copend 
ing application; The magnesia may be employed as such, 
or in combination with calcium oxide in the form of a 
true dolomite of natural or simulated composition, or, 
most advantageously, we may employ a natural magne~ 
sium silicate such as serpentine for the combined flux 
and metal values, contained therein, or other serpentine 
like magnesium silicates in which some of the magnesium 
is replaced by a desiredalloying metal, such as the nickel 
of garnierite, ‘and the like, or a magnesite in combination 
with silica can be employed to advantage. It is vfound 
that such magnesia-silica and magnesia-lime-silica ?ux sys 
tems are ideally suited for use in the production, settling 
and recovery of ferronickel as well as iron and the crude 
alloyed semi-steel from ores and synthetic blends of the 
type speci?ed hereinbefore. Of course, conventional lime 
?uxing can be employed in conjunction with the processes 
of the invention, but not without some sacri?ce in the 
overall e?iciency and opera-ting characteristics of the 
processes. 

In the latter connection, it should be explained that in 
the carbothermic processing of, natural ores of the gen 
eral class described as usually practiced heretofore, it 
is customary to ?ux the iron content of the ores with basic 
?uxes in the form of lime or limestone, virtually exclu 
sively, with the result that the melting point of‘the result 
ing slags is generally too low to permit the production 
of high-grade ferronickel, other than possibly on a batch 
basis. Theoretically, the melting point of such slags can 
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be raised to an effective Value for continuous operations 
by further increasing the concentration of lime therein, 
but it has been found that the quantity of additive-lime 
required to effectively raise the melting point, rather 
than lowering it, becomes excessive, resulting in dilution 
of the iron oxide content of the slags to an extent that 
they become impractical to treat on any economical basis. 
In addition, high-iron-calcium silicate slags of this general 
type tend to be extremely corrosive towards furnace lin 
ings and bottoms. ' _ 

As described in substantial detail within said copending 
application Serial No. 717,839, it has now been established 
that magnesia-silica and magnesia-lime-silica ?ux systems 
of the types speci?ed hereinafter, effectively overcome 
all of the major disadvantages inherent in similar oper 
ations conducted with lime and limestone ?uxes. Thus, 
such slag systems can be maintained at the optimum high 
temperatures required for reduction and removal (i.e., 
tapping) of ferronickel (or iron or semi-steel) in the ?uid, 
molten state without excessive power input to the furnace. 
Furthermore, the severe corrosive action normally to be 
expected from slags of equivalently high-iron contents is 
totally eliminated through use of such ?uxing techniques, 
with the result that one can operate on a continuous basis, 
even with magnesite-lined furnaces, for example, without 
encountering excessive shut-down time for ‘repair of fur 
nace linings and bottoms. Of course, the advantages to 
be gained through permissive use of a non-carbonaceous 
furnace lining with respect to the quality of end-product 
iron or semi-steel, for example, will be obvious to any 
skilled technician. In addition, since one embodiment of 
our invention proceeds initially to the production of fer 
ronickel, followed by the production of metallic iron 
through reprocessing of the slag remaining after recov 
ery of the ‘ferronickel, it is found that the use of the rela 
tively lighter magnesia ?uxes results in less dilution of 
the initial slag as compared with calcium oxide ?uxes, 
thereby maintaining the iron oxide content of the slag 
relatively high, and simplifying ultimate recovery of me 
tallic iron or semi-steel therefrom. 

Of further signi?cance .is the fact that While certain 
prior investigators have postulated that ‘high-iron‘ slag 
systems intended for use in conjunction with ores of the 
general class described hereinbefore should be of an acid 
nature to provide satisfactory operating conditions, it 
has been demonstrated in accordance with the process 
of said copending application Serial No. 717,839 that the 
magnesia-silica and magnesia-calcium oxide-silica slag 
compositions of the invention ‘are ideally suited for the 
production of ferronickel, as well as iron and steel, from 
natural lateritic ores or equivalent synthetic charges, when 
proportioned within the range of approximately one to 
one and one-quarter (1.0-1.25) parts of basic constitu 
ents to each part of acid constituents, or more precisely, 
when comprised of from one to one and one-quarter parts 
by weight magnesia and other basic components such as 
calcium oxide (all calculated to MgO equivalency, but 
excluding iron oxide as a base), to each part by weight 
silica. In point of fact, while it has been shown that 
the 1.0—l.25:1 base-acid ratios represent optimum oper 
ating conditions, the base-acid ratios of the slag systems 
of the present invention may be constituted anywhere 
within the range of from one to two-and-one-quarter 
(LO-2.25) parts by weight base (calculated as MgO and 
excluding iron oxide) to each part by weight silica, and 
entirely satisfactory results are obtained. In general, it 
is found that the base-acid ratios of the preferred slag 
systems of the invention can be varied anywhere within 
this wider range to achieve optimum operating conditions 
‘as a function of power input to the furnaces. 

It is believed that such ratios of base components in the 
form of magnesia and magnesia-lime mixtures or com— 
postions, in combination with the acid ?ux in the form of 
silica, render possible the reduction of the nickel oxide of 
the ores and settling of metallic nickel into the ferronickel 
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alloy in the presence of the otherwise high concentrations 
of iron (i.e., 35% and higher) within the residual slags. 
In order to insure good ?uidity of such slags at high tem 
peratures, and particularly the second stage slags which 
are processed for iron recovery in accordance with the 
selective reduction process of our invention, thereby fa 
cilitating complete settling of metallic values therefrom, 
one may add further quantities of ?uxing ‘components, 
maintaining the desired optimum base-acid ratios speci?ed 
above, while providing a sufficient volume of slag to 
achieve this desired effect. For example, if the natural 
silica content of an ore is relatively low,'while one may 
practice magnesia or magnesia-calcium oxide ?uxing to 
obtain a base-acid balance within the desired optimun. 
range, it may be that the overall volume of the resulting 
slag mass will be insu?icient to provide good settling 
action. Under these conditions, it is merely necessary 
to add synthetic slag of the same desired base-acid'ratio, 
practicing volumetric dilution, so to speak, to whatever‘ _ 
extent may be necessary or desirable. Ordinarily, the slag 
volume in the ?rst stage will be found to be adequate 
following ?uxing to establish the desired base-acid prop 
erties as speci?ed above, but dilution by the addition of 
synthetic-slag may be desirable prior to treatment of the 
?rst stage residual slag for iron recovery in the second 
stage when processing reduction burdens by the selective 
reduction technique of the invention. ' 

Provided a flux ratio within the preferred optimum range 
of from 1.()—1.25 parts base (as MgO) to each part acid 
is established within the initial charge to the ?rst stage 
for ferronickel or direct semi-steel production, then it 
should not be necessary to practice any further ?uxing 
(other than‘simple dilution) in subsequent smelting stages 
of the process, such as the second stage smelting for iron 
recovery via the selective reduction process, or ferro 

~ chromium production when practicing the direct reduction 

40 
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process of our invention. On the other hand, if ?uxing 
of the initial charge for ferronickel or semi-steel recovery 
is practiced such as to establish a base-to-acid ratio of 
from 1.25 to 2.25 parts by weight base to each part by 
weight acid, i.e., ‘ratios within the upper limits of the 
somewhat wider permissive range for our process as speci 
?ed hereinbefore, it is usually advisable to add some addi 
tional silica, alumina or ?uorspar to the second stage, 
since the slags might otherwise tend to become viscous 

, upon reduction and removal of the major portion of their 
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iron oxide content. In essence, these additions are con 
trolled such as to establish the second stage slag at or 
near a base-acid ratio within the optimum range of 1.0 
to 1.25 parts base to each part acid. The addition of an 
acid ?ux effectively reduces the concentration of base 
components to values within the optimum range. Quite 
naturally, however, it is most advantageous to adjust to 
the optimum range within the ?rst stage so that the charge 
can be processed through both stages without intermediate 
?uxing between stages in both the selective and direct 
reduction techniques. a’ 

' In the actual, practice of the processes of our invention, 
we prefer to ?ux the raw ore or ores with magnesia or 
magnesia and calcium oxide, together with any silica that 
may be required over and above the natural silica content 
of ‘the ore or blended ores, to establish the prescribed 
base—acid ratio of from 1.0 to 2.25 parts by Weight base 
(taken as MgO) to each part ‘by Weight acid. The result 
ing charge is then calcined by heating within any suitable 
apparatus, such as a rotary kiln, to establish it at the 
maximum possible temperature for a free-flowing consist 
ency, without overheating to the extent that the charge 
will form rings within the kiln. Ordinarily, this can be 
accomplished by heating the charge to a temperature 
within the range 1100" to 1300° C. It is found that the 
stabilization of the ores provided by preliminary calcining 
is particularly necessary for subsequent selective reduc 
‘tion. Of course, any of the charges can be melted di 
rectly within an electric furnace, but we ?nd that the use 
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of a vkiln with gas, oil,‘ coal oreven waste gases from an 
electric furnace‘, provides a more economical operation 
as compared with the use of ‘electrical energy exclusively. 
Furthermore, we prefer to operate within successive stages 
of the process of the invention with molten charge ma 
terial recovered from a preceding stage in order to fur 
ther economize on power consumption by avoiding the 
necessity for remelting the various reduction burdens. 
If desired, pre-reduction can be practiced to some extent 
Within the kiln such that a major portion of the ferric iron 
is reduced to the ferrous state, and a portion to the ele 
mental state, consistent, of course, with the primary ob 
jective of maintaining maximum through-put in the kiln 
for supplying the electric furnaces or other smelting 
equipment on a continuous basis.‘ In point of fact, in 
actual operation of the process of the invention via the 
direct reduction technique, it has been observed that sub 
stantially all of the nickel, most of the chromium as well 
‘as any manganese present within a blended reduction 
‘burden, and approximately 35-65% of the iron can be 

. reduced in the calcining operation without impairing the 
operating capacityofthe kiln. In a similar manner, when 
the charge to the kiln contains reducing agent in an 
vamount proportioned to effect ultimate selective reduction 

7 of the nickel and only limited iron for alloying with the 
nickel, all of the nickel and approximately 25-50% of 
the iron will be pre-reduced during the calcining operation. 
Assuming a lateritic type reduction burden or an equiv 

alent synthetic blend is to be treated by successive stages 
of selective reduction, the hot, free-?owing, partially re 
duced material from the kiln is passed directly into the 
smelting zone of an electric furnace maintained at a tem 
perature ‘within the range of from 1550-1650° C., to 
gether with contained carbonaceous reductant in an 
amountrsu?icient to effect reduction to the metallic state’ 
of all of the nickel oxide contained therein, and that por 
tion only of the iron oxide required for the production 
of a ferro-nickel alloy of any desired nickel content. If 
the alloy is to be used for the production of 18-8 stain 
less steel, for example, the initial selective reduction may 
be conveniently controlled to provide a ferronickel alloy 
of approximately 15% nickel content for ultimate com 

. hination with the ferrochrornium alloy produced in the 
third stage. If an alloy of lower nickel content is desired, 
alarger quantity of iron oxide is reduced into the ‘alloy 

- and, conversely, if more nickel is desired in the alloy, less 
7 of the available iron oxide is;reduced in the initial smelt 
ing operation. This balance is largelya function of the 
amount of reductant used in the operation. Preferably, 
the reducing agent should be of such a size ‘and density 
that it will be wetted by and react readily with the slag. 
For example, particle. sizes within the range of approxi 
mately V16" to 1/2" are entirelysatisfactory. In the ab 
sence of any pre-reduction in the kiln, the addition of 
the carbonaceous reducing material to the furnace burden 
should include an excess over and above that required 

t5 
combine electric arc-resistance and slag-resistance heating, 
achieved through the m-aintenance of short arcs by posi 
tioning the electrode tips between approximately three‘ 

7 inches (3”) below the surface of molten slag contained 
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for production of the desired ferronickel alloy, in order ‘ 
to effect reduction of the major portion of the ferric iron 
content of the ore to the ferrous state, in which form it 
combines chemically Withthe flux components for the. 
formation of a stable high melting point slag. 

In'the presence of flux systems of the type described 
above, the recovery of the desired ferronickel alloy can 
be eifected virtually without contamination resulting from 
reduction of chromium oxide contained within the orig 
inal ore, in ‘that, the chromium oxide will remain with 
the iron oxide within the molten slag product produced. 
If necessary or desirable under speci?c operating condi 
tions, a holding furnace may be employed intermediate 
the ?rst and second stages and/or the second and third 

' stages to effect complete settling ‘of metallic shot from 
the molten slag, and to maintain a reservoir of molten 
material to insure a smooth cycle of operations. Pref 
erably, the smelting practices employed in the electric 
furnacing of all materials according to our invention 
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in‘the furnace to approximately one-half inch (1/2”) 
above the surface of said slag. Incoming charge material 
is supplied to the peripheral portions of the furnace 
chamber to ‘maintain the arc zones free of accumulated 
charge, ‘and heat enters the cool charge directly from the 
slag bath in contact therewith. 

In the second stage of the selective reduction process 
of our invention, the molten iron-oxide slag recovered 
from the ?rst stage is passed to ‘a second electric furnace, 
wherein carbonaceous material of proper size and density 
is added in an amount, sufficient to effect reduction to 
the metallic state of the major portion, of the iron con 
tained therein. In order to ‘maintain this product free 
of chromium metal, a controlled portion of the total avail 
able iron oxide is left unreduced within the residual slag, 
under which condition substantially all of the chromite 
canbe kept in the slag rather than contaminating the 
larger proportions of iron which are reduced and re 
covered in elemental ‘form. Thus, it has been found that 
the presence of as little as three percent (3%) by weight 
of iron oxide, to a of ten percent (10%) by 
Weight, and preferably about six to eight percent (6—8%) 
by weight, within the residual slag, will generally func 
tion to maintain the metallic iron product substantially 
free of excessive chromium metal. Accordingly, in the 
second stage smelting of the selective reduction process 
of our invention, the slag recovered from the ?rst stage 
is smelted with de?cient carbonaceous reducing material, 
such as to retain at least three to ten percent (3—10%) 
by weight of the iron oxide within the'slag remaining 
after recovery of the metallic iron. In addition, carbon 
Within the iron recovered in this stage should be kept 
at or below about two percent (2.0%), since at carbon . 
concentrations above 2% the chromium will tend to come 
down into the iron. When employing a magnesia-lined 
furnace, carbon in the “pig iron” can be kept to values 
below approximately 0.5%, thereby producing, in effect, 
a medium carbon steel. As previously pointed out here 
inbefore, the MgO-SiOz slag systems effectively prevent 
attack of the MgO lining. On the other hand, control 
of carbon within the iron ‘product can be readily main 
tained at or ‘below approximately two percent (2.0%) 
even in a normal carbon-lined ‘furnace. 

In general, the second stage selective reduction for 
iron removal is effected in such manner as to adjust the 
chrome-iron ratio of the resulting slag-at'the level re 
quired for the ferrochromium alloy to be produced in 
the third stage of the process. By suitably regulating 
the amount of iron taken out in the second stage, to 
within the minimum of three percent (3%) iron oxide 
required to be left in the slag to insure the production of 
within the minimum of three percent (3%) iron oxide 
chromium oxide slag can be concentrated with respect to 
chromium ‘at any value within the range of ‘from 12-50% , 
depending, of course, on the exact amount of iron oxide 
present within the slag, since these slags tend to in 
crease in refractoriness as their iron. oxide content de 
creases and their chromium oxide content increases. 
Thus, if the iron oxide‘ is low in the slag then the chro 
mium oxide ‘can only be concentrated to values Within 
the range of ‘from 12-25%, unless auxiliary ?uxing is 
practiced, whereas with a high residual iron oxide con 
tent the chromium can be concentrated up to 50%. Al 
ternatively, the chrome-iron ratio of the slag can be fur 
ther adjusted by the addition of chromite ore directly 
to the slag with ‘appropriate essential fluxes. Preferably, 
the ?ux system in the third stage of our selective reduc 
tion process is adjusted to provide for the eventual pro 
duction (following reduction of the FeCr) of a residual 
waste slag containing about 1.5 parts base (as MgO) 
to each part acid (silica). 
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' Assuming that a ferrochrome alloy is desired from the 
third stage suitable for use in the production of standard 
.18-8 stainless steel when combined with a ferronickel 
alloy of 15% Ni produced in the ?rst stage of the selective 
reduction, then the chrome-iron ratio of the second stage 
slag should be adjusted to yield a ferrochromium alloy 
of approximately 38% chromium and 58% iron, with the 
balance consisting of minor amounts of manganese, tita 
nium, silicon, etc. On the other hand, if the nickel is 
only required in comparatively small percentages within a 
straight chromium steel, as, for example, concentrations 
below 2% for hardening purposes to form martensite and 
to enable the resulting alloy to be grain re?ned by heat 
treatment, it will be seen that substantially the same al 
loys could be modi?ed for such an application by appro 
priate dilution with the unalloyed semi-steel recovered 
in the second stage of the process. It is the simultaneous 
availability of the separate chromium and nickel ferro 
alloys with unalloyed iron of low-carbon content, coupled, 
of course, with the inherent processing adjustability of 
the ferroalloys with respect to their nickel and chromium 
contents, which renders our process so ?exible from the 
standpoint of end-product steel. 
The chrome~iron slag from the second stage is passed 

into the third furnace, preferably in molten form, and 
subjected to reduction smelting to produce and recover a 
ferrochromiuim alloy corresponding to the chrome-iron 
ratio provided in the slag. Since a majority of the stain 
less steels are characterized by low-carbon speci?cations, 
the third stage reduction is preferably conducted in the 
presence of a non-carbonaceous reducing agent such as 
silicon, ferrosilicon, ferrochromium silicon, aluminum and 
aluminum silicon. For very low-carbon ferrochromium, 
we prefer to employ aluminum or ferrochromiu-m silicon 
as the reducing agent, and inthe latter instance, an alloy 
containing approximately 40-50% silicon. Of course, a 
portion or all of the ferrochromium may be reduced to 
standard high-carbon alloy depending on the particular 
use to which it is to be put. In the event that chrome 
containing reductants are used in the third stage of smelt 
ing, the chrome-iron ratio of the slag to be reduced should 
be adjusted to allow for chromium entering the metal 
from the reducing agent. / 
The ferrochromium alloy recovered from the third stage 

is charged directly to a re?ning furnace of the electric or 
open-hearth type wherein it is blended with the ferro 
nickel alloy from the ?rst stage and/or portions of the 
semi-steel from the second stage in the respective propor 
tions desired in the ?nal steel product. The ?nishing fur 
nace is operated in conventional fashion to effect decar 
burization of the metal and adjustments are made for 
silicon content and the like. Undesirable constituents 
can be removed during the re?ning smelt or other con 
stituents may be added to obtain the desired ?nal composi 
tion. Of course, chromiumadjustments can be made di 
rectly during the ?nishing heat by oxidizing any excess 
chromium into the slag. On the other hand, assuming 
a correct chromium balance has been obtained initially in 
the product recovered from the third stage, it is desirable, 
following the usual oxygen decarburization in the ?nish 
ing furnace, to treat the melt with a non-carbonaceous re 
ducing agent such as aluminum, ferrosilicon, silicochro 
mium, etc., to return to the steel any chromium which has 
been oxidized into the slag during the oxidation reaction. 
The ?nished steel is then recovered from the steel furnace 
and treated by conventional methods for conversion to 
consumer products. . 
The direct reduction or single-stage process of our 

invention takes advantage of the fact that the unique smelt 
ing and ?uxing practices described hereinbefore permit 
close control of the metallic contents reducible out.of a 
mixed oxidic reduction burden, such that the oxide con 
tent of such a burden can be blended in the ?rst instance 
to provide, upon subsequent direct reduction, a metallic 
“steel blend” which can then be ?nished to a desired 
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10 
grade of steel. For example, in situations requiring only 
,300 or 400‘ series steels, with no particular requirement 
for the large tonnage semi-steel produced in the second 
stage of our selective reduction process, it is advantageous 
to simply blend a low-iron high-nickel ore such as a ser 
pentine or garnierite, with an off-grade chromite ore, re 
ducing this blended burden in a single stage to produce an 
alloyed semi-steel properly proportioned'with respect to 
iron, nickel and chromium for subsequent ?nishing to se 
ries 300 or 400’ steels, ‘together with a residual iron oxide 
chromium oxide slag in which the chrome-iron ratio has. 
been enhanced, via the large proportions of iron entering 
the steel blend, to, permit processing for the production 
of a standard grade ferrochromium alloy. In a similar 
manner, the initial ‘oxidic blend can be appropriately pro 
portioned to provide on direct reduction, a metallic steel 
blend capable of being ?nished tovany of the austenitic 
nickel-chromium stainless steels. In addition to the chro 
mium~nickel steels, the oxidic blend can also be adjusted 
to provide a suitable source of other metallic alloying 
agents such as manganese, for example, by the addition 
of a manganiferous ore to the reduction burden. Es 
sentially, the singleestage direct reduction process ?nds 
preference over the three-stage selective reduction proc 
ess in any situation in which by-product iron or semi-steel 
is not required, andwhere high-iron nickel ores of the 
laterite type can be replaced with low-iron,‘higher nickel 
bearing ores of the serpentine or garnierite types, among 
others. ' 

In the practice of the direct reduction process, the 
blended oxidic charge to the ?rst stage is preferably 
?uxed and calcined, initially, in exactly the same manner 
as described hereinbefore with respect to the ?uxing and 
calcining of a selective reduction burden. The charge is 
then subjected to reduction smelting under action of com 
bined arc-resistance slag-resistance heating and in the 
presence of su?icient carbonaceous reducing agent to ef 
fect reduction to the metallic state of all of the nickel 
oxide contained therein and that portion only of the iron 
oxide and chromium oxide required to produce the desired 
steel blend or crude alloy for subsequent ?nishing to steel. 
While the reduction of iron oxide and chromium oxide in 
the ?rst stage is controlled principally to secure a metallic 
product of proper iron-nickel-chromium content, by ap 
propriate blending of oxidic constituents and controlled 
reduction of the iron and chromium, an effort also 
made to adjust the chrome-iron ratio within the residual 
slag to values of the order of 2.521, or higher provided 
supplemental ?uxing is practiced, such that this slag may 
be readily converted to a standard grade ferrochromium 
product in the second stage of smelting. 

The metallic steel blend from the ?rst stage is sep 
arated'from its residual slag and charged to a steel fur 
nace of the electric or open-hearth type wherein it is 
treated in exactly the same manner as the‘separate end 
products produced by the selective reduction process, 
to produce the particular gradeof ?nished steel desired. 
The single-stage steel blend will generally be found to be 
of slightly higher carbon content as compared to the 
blended metallics Which are supplied to the ?nishing fur 
nace from the selective reduction process, but it is found 
that the carbon content of the alloy may be readily ad 
justed to meet speci?cations in the ?nishing’furnace. 
The iron oxide-chromiiu'n oxide slag is then trans 

ferred, preferably while'still molten, to a second furnace 
wherein it is reduced with a carbonaceous reducing agent 
to ‘produce and recover a high-carbon standard grade’ 
ferrochromium, or with non-carbonaceous reducing agents 
to produce medium- or low-carbon ferrochromium. The 
slag phase in this operation is preferably adjusted to pro 
vide approximately equivalent parts by Weight of alu 
mina, magnesia and silica, or a 1:1:1 ratio of ‘these com 
ponents, with any calcium oxide naturally present therein 
being calculated to magnesium oxide equivalency and 
considered as part of the total MgO requirements. if‘ 
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‘necessary or desirable, part of the ferrochromium product 
from this stage may be used for alloying purposes with 
the ?rst stage metallic alloy within the steel ?nishing ~ 
furnace. This is a particularly desirable expedient when 
low-nickel, high-chromium steels are desired as the ?nal 
steel product. I 

As will appear readily to the skilled technician, it may 
not always be practical to dilute, a reduction burden with 
the gangue constitutents of a nickel’ oxide ore of ex 
tremely low-nickel content simply to extract the nickel 
content thereof for alloying with iron and chromium 

' frorna different ore source, and under such circumstances, 
it is recommended that a procedure be adopted similar 
to the invention described and claimed in copending ap 
plication Serial Number 731,993 of co-applicant Marvin 
I. Udy which was ?led on April 30, 1958. In accordance 
with the process of said copending application, a natural 
chromite ore or concentrate of relatively low Cr:Fe ratio 
is bene?ciated for ultimate use in the production of ferro 
chromium alloys by an initial smelting operation con 
ducted for the selective reduction and removal of excess 
iron present in the ore or concentrate, with the produc 
tion and, recovery of metallic iron of controlled chromium 
content, and a molten slag product of relatively enriched 
chromium oxide content and containing iron in any de 
sired‘ proportion lower than that of the original raw 
charge material. Thus, if desired, the initial smelting 
operation with high-iron chrome ores can be controlled 
to produce a ferritic iron product containing approxi 
mately 5% chromium (chromesteel), or iron containing 
10—12% or 18-20% chromium, or steel, or high-chro 
mium irons containing 25% or more chromium, with the 
balance of the chromium and iron being recovered within 
a subsequent stage or stages as ferrochrornium alloys of 
standard grades. The nickel-free chrome-iron alloys pro 
duced in accordance with the process of said copending 
application are ideally suited for use in steel-making, 
and may be blended within the ?nishing furnace with pure 
elemental nickel or a high-grade ferronickel alloy from 
an independent source to produce nickel-chromium-iron 
steels, provided a reasonably good, natural source of, 
nickel oxide‘is not readily available for processing in ac 
cordance with the selective and direct reduction tech 
niques of our present invention. 

-It is believed that the processes of the ‘invention will 
be best understood by reference to the following speci?c 
examples illustrating the application of the foregoing 
principles and procedures to the production of steel from 
various different oxidic starting materials: 

EXAMPLE I 
. Lateritic Ore—Selective Reduction 

One-hundred (100) parts of a raw laterite ore are 
admixed with approximately 18 parts of a magnesite flux, 
and approximately 8 parts of a carbonaceous reductant, 
and calcined at a temperature above 1100° C. to provide 
a free-?owing stabilized reduction burden of the following 
compositionwith respect to‘ essential constituents: 

Percent 
Fe ___ ____ ____ __ 49.35 

Ni ______________________________________ __ 0.76 

Cr ______________________________________ __ 2.40 

Co _____________________________________a_ 0.07 
Mn ______________________________________ __ 0.19 

SiOz ____________________________________ __ 8.8 

A1203 __________________________________ __ 6.4 

MgO ___________________________________ __ 14.0 

CaO ____________________________________ __ 3.64 

The foregoing charge is then smelted within an elec 
tric furnace in the presence of a carbonaceousreductant 
comprising coke, coal or lignite char having from 2-6‘ 
parts by weight of contained carbon. 

There are recovered from the smelting furnace 4.2 
parts by weight of a ferronickel alloy containing 15% 
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nickel, 84—84.5% iron, and from 0.13-0.20% cobalt, to 
gether with a molten slag of the following essential an-l 
alyses: , 

Percent 
Ni _____________________________________ __ 0.05 

Fe _____ _ 47.0 

Cr _____________________________________ __ 2.3 

_..... _....__ _-.. ' 

A1203 ":1 _~__; ‘ 7.0 

MgO ___________________________________ __ 16.90 

CaO ____________________________________ __ 4.7 

The foregoing slag is run into a second furnace to 
gether with a carbonaceous reductant containing 8-11 
parts by Weight of contained carbon. The slag is smelted 
at approximately 1500“ C. until the test samples as de 
termined by visual as well as laboratory means disclose 
the desired separation of the primary slag into the low 
carbon iron or semi-steel and the chrome-iron secondary 
slag. There are recovered from the furnace 41.7 parts 
by weight of a semi-steel product of the essential analyses: 

' Percent 

C ______________ _l_____-_ _________ __>_____‘_____ 0.19 

Si _______________________________________ __ 0.08 

Cr ______________________________________ __ Tr. 

Ni ______________________________________ __ 0.15 

. Co ______________________________________ __ 0.03 

and a residual slag of the analysis: 

Percent 
Fe __ _ _ _ _ _ _ _ _ _ _ _ __ 8.97 

C-r ______________________________________ __ 5.39 

nMn __________________ _, _________________ .._ 0.75 

SiO2 ____________________________________ __ 29.0 

A1203 __________ _'_ _______________________ __ 13.0 

CaO ____________________________________ __ 14.6 

MgO ___________________________________ __ 22.4 

40 

50 

55 

60 

65 

70 

The chrome-iron slag recovered from the second stage 
is thereafter run into a third furnace together with 6 
parts by weight of non-carbonaceous reductant per 100 
parts of slag7 in the form of a ferrochromium silicon alloy 
containing 42%‘ Si. The slag is adjusted to approximately 
a 1:1 base-acid ratio, and smelted to producev 3.9 parts 
by weight of a low-carbon ferrochrome of the following 
essential analyses: 

Percent 
Cr ______________________________________ __ 38.0 

Mn ______________________________________ _- 2.0 

Si _______________________________________ _.. 2.8 

Fe _ _ _ _ _ _ _ _ _ _ _ _ _ __ 57.2 

The entire quantity of the foregoing ferrochromium 
alloy and all of the ferronickel recovered in the first stage 
are introduced into an electric re?ning furnace and 
processed ‘for the production of a stainless steel product 
of standard 18—8 composition. 

EXAMPLE II 

Mixed Laterite and Chromite Ores-Selective Reduction 

A laterite ore containing 52.95% Fe, 1.49% Ni and 
1.80% ‘Cr, in amount of 1000 pounds, was smelted in the 
‘?rst stage to yield 92 pounds of a ferronickel alloy ana 
lyzing 16% Ni, 0.1% Si and 0.1% C, and 942 pounds 
of molten slag containing 48% Fe and 1.9% Cr. The 
latter slag was transferred hot to a second electric furnace 
and smelted to yield 402 pounds of semi-steel (0.5% C, 
0.1% Si) and 422 pounds of slag containing 11.9% Fe 
and 4.3% Cr. ' 

The chrome-iron slag from the second stage was trans 
ferred to a third electric furnace and admixed with 85 

- pounds of a chromite ore containing 10.5% vFe and 
22.0% Cr. This blended reduction burden was then 
smelted to yield 94 pounds of a chromium-iron alloy 
analyzing 36% Cr and 3.5% C. v 
The separate ferronickel and chrome-iron products 
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from the ?rst and third stages were transferred molten 
to a steel re?ning furnace and ?nished to yield 184 pounds 
of standard 18-8 stainless steel. ‘ 

EXAMPLE III 

Mixed Serpentine and Chromium 0res—Dzlrect Reduction 

One-thousand (1000) pounds of a serpentine containing 
14.5% Fe, 1.6% Ni and 0.6% Cr were blended With 150 
pounds of a chromium ore containing 10.5% _Fe and 
22.0% Cr, and the blend calcined to a constant compo 
sition. The burden was reduced directly with coke in 
an electric furnace to yield 195 pounds of a metallic steel 
blend analyzing 18.1% Cr, 8.05% Ni, 0.5% C and 0.1% 
Si. This metal product was subsequently ?nished to 
standard 18-8 stainless steel in an electric steel re?ning 
furnace. , 

This application constitutes a replacement continua 
‘tion-in-part of our former copending application Serial 
No. 729,026 of April 16, 1958, which has since been 
abandoned in favor of the present disclosure. 

Having thus described the subject matter of our inven 
tion, What it is desired to secure by Letters Patent is: 

1. \Process for the production of stainless steel from a 
relatively low-grade complex reduction burden selected 
from the group consisting of (1) a natural iron oxide 
bearing ore containing minor portions of nickel and 
chromium oxides and (2) a synthetic blend of a plurality 
of different natural ores constituted to provide a major 
proportion of iron oxide and minor portions of nickel 
and chromium oxides, said material being ?uxed and 
thereafter subjected to a ?rst reduction smelting in the 
presence of a reducing agent in an amount just sufficient 
to effect the selective reduction to the metallic state of 
substantially all of the nickel oxide contained in said 
material and a controlled portion only of the iron oxide 
content of said material with the production of a molten 
metallic iron-nickel alloy and a molten iron oxide-bearing 
slag containing the chromium oxide content of said ma 
terial, separating and recovering said iron-nickel alloy 
from said molten slag, subjecting said slag to a second 
reduction smelting in the presence of a reducing agent in 
an amount sufficient to effect the selective reduction to 
the metallic state of a controlled. portion of the residual 
iron oxide contained therein with the production of 
metallic iron and a molten iron oxide-chromium oxide 
slag, separating and recovering said metallic iron from 
said molten slag, subjecting the molten slag to a third 
reduction smelting in the presence of‘a reducing agent in 
an amount suf?cient to effect the reduction to the metallic 
state of the iron oxide and chromium ‘oxide contained 
therein with the production of an iron-chromium alloy 
and a molten residual slag, separating and recovering said 
iron-chromium .alloy from said residual slag,- charging 
the separate iron-nickel and iron-chromium alloys to said 
re?ning furnace, and treating the alloys in said re?ning 
furnace by blending and smelting the same therein under 
action of said re?ning agent ‘for the production and re 
covery of stainless steel. ' 

2. Process for the production of stainless steel from a 
relatively low-grade complex reduction burden comprising 
a relatively lowsiron nickel~bearing ore and a low-grade 
chromite ore blended together in approximate proportions 
to provide nickel in an amount substantially equal to that 
desired in said stainless steel and iron and chromium in 
excess of that desired in said stainless steel, said burden 
being ?uxed and thereafter subjected to reduction smelting 
in the presence of a reducing agent in an amount sur? 
cient to effect the selective reduction to the metallic state 
of substantially all of the nickel oxide contained therein 
and controlled proportions of the iron oxide and chro 

, mium oxide contents thereof with the production of an 
alloyed metallic crude steel blend containing iron, nickel 
and chromium in approximate proportions corresponding 
to the desired composition of said stainless steel and a 
residual molten iron oxide-chromium oxide slag, separat 
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ing and recovering said metallic crude steel blend from 
said molten slag, and treating said crude steel blend in said 
re?ning furnace by smelting the same therein under action 
of said re?ning agent for the production and recovery of 
stainless steel. , 

3. Theprocess as claimed in claim 2, that further ‘corn 
prises subjecting said iron oxide-chromium oxide slag to 
reduction smelting in the presence of a reducing agent in 
an amount sut?cient to effect reduction to the metallic 
state of the iron oxide and chromium oxide contained 
therein with the production of a ferrochromium alloy and 
a residual molten slag, and separating and recovering said 
ferrochromium alloy from said residual molten slag. 

4}. Process for the production of separate commercial 
products in the form of ?nished steel and low-carbon iron 
from a’ relatively low-grade iron ore comprising nickel 
oxide and chromium oxide diluted to relatively minor 
proportions principally by the iron oxide and gangue con 
stituents of said ore, that comprises ?uxing said ore and 
thereafter subjecting the ?uxed ore, initially, ‘and its suc-- ' 
cessive residual slags, thereafter, to three successive reduc 
tion smeltings each in the presence of a carefully con 
trolled quantity of a reducing agent to effect the selective 
reduction to the metallic state and recovery, in succession, 
of (1st) an iron-nickel alloy of substantially enhanced 
nickel concentration as compared With the ironznickel 
ratio of the original ore, -(2nd) at low-carbon iron corre 
sponding to the major portion of the iron content of the 
original ore, and (3rd) an iron-chromium alloy‘ of 
substantially enhanced chromium concentration as com 
pared with the ironzchromium ratio of the original ore; 
charging said iron-n-ickelralloy and iron-chromium alloy 
to a common steel ?nishing furnace, subjecting said 
‘blended alloys to smelting therein in the presence of a 
?nishing agent, and separating and recovering a ?nished 
chromium-nickel steel from said furnace. 

5. The process as claimed in claim 4, wherein a con 
trolled quanti-ty of said low-carbon iron is also charged to 
said steel ?nishing furnace to provide for the production 
of ‘a ?nished steel product having an ironznickelzchro 
mium ratio of increased iron content as compared With 
the ironznickelzchromium ratio obtained by blending said 
iron-nickel and iron-chromium alloys. 

' 6. Process for the production of ?nished steel fromv 
individual relatively low-grade ores including (1) a low 
grade chromite ore and (II) a low-iron nickel-bearing ore, 
that comprises blending said individual ores in respective 
proportions to providea mixed oxidic reduction burden 
containing (1) nickel in an amount approximately equal 
to that desired in the ?nished steel, and (2) iron and 
chromium in excess of that desired in said ?nished steel, 
?uxing said mixed reduction burden and thereafter sub 
jecting the same to reduction smelting in the presence of 
a reducing agent in an amount controlled to promote the 
selective reduction to the metallic state of substantially all 
of the nickel contained therein and controlled portions 
only of the iron and chromium contents thereof corre 
sponding to the approximate metallic iron and chromium 
requirements of said ?nished steel, separating and recover 
ing a metallic phase comprising a crude steel blend con 
taining nickel, chromium and iron in approximate propor 
tions corresponding to the alloy composition of said ?n 
ished steel and a slag phase containing the excess iron 
oxide and chromium oxide present Within said original 
ore blend, charging said crude steel blend to a steel ?nish 
ing furnace together With any other essential alloying 
ingredients desired in said ?nished steel including minor 
metallic additions, as required, to adjust the iron, nickel 
and chromium ratio o-f'the crude steel blend to grade 
speci?cations, and ‘smelting said charge in the presence 
of a re?ning agent within said ?nishing furnace for the 
production and recovery of ?nished steel. 

7. The process as claimed in claim 6, that further com 
prises subjecting said iron oxide-chromium oxide slag 
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‘phase to reduction smelting in the presence of a reducing 
agent in an amount su?icient to eifect reduction to the 
metallic state of the iron and chromium contained 
therein with the production and recovery of a ferro 
chrom-ium alloy, and charging limited portions of said 
ferroc-hromium alloy to said steel ?nishing furnace to 
gether with said crude steel blend to adjust the composi 
tion of the steel melt with respect to iron and chromium 

’ 8. Process for the production of separate commercial 
products‘ in the ,form of ?nished steel and low-carbon 
iron from a laterite ore comprising nickel oxide and ohro. 

oxide diluted to relatively minor proportions prin‘ 
cipally by the iron oxide and gangue constituents of said 

. ore, that comprises, ?uxing said ore to a basic composi 
tion, subjecting said ?uxed ore to a ?rst reduction smelt 
ing inthe presence of a carbonaceous reducing agent in 
an amount sufficient to effect the selective reduction to 
the metallic state of substantially all of the nickel con 
tained therein and suf?cient iron to provide for the pro 
duction of an iron-nickel alloy containing nickel at a 
concentration within the range 3-35 percent and a molten 
slag product containing the remainder of the iron oxide 
content of said ore together with the chromium oxide 
content thereof, subjecting said molten slag product to a 
second reduction smelting in the presence or" a carbo 
naceous reducing agent in an amount controlled to pro 
vide for the selective reduction to the metallic state of 
that portion of the iron oxide content thereof in excess 
of that required for eventual alloying with the chromium 
content of the ore to provide an iron-chromium alloy of 
chromium concentration within the range 12-50 percent, 
with the production of low-carbon metallic iron and a 
molten slag product containing the residual iron oxide 
content of said ore and substantially the entire chromium 
oxide content thereof, subjecting said molten slag product 
to a third reduction smelting in the presence of a reducing 
agent in an amount su?‘icient to e?ect reduction to the 
metallic state of the iron and chromium contents thereof 
with the production of an iron-chromium alloy of chro 
mium concentration within said range of 12-50 percent, 
blending said iron-nickel and iron-chromium alloys with 
in a common steel ?nishing furnace, and smelting said 
blended alloys therein in the presence of a ?nishing agent 
to e?ect the production and recovery of a'?nished nickel 
chromium steel. - . 

, 9. The process as claimed in claim 8, that further com 
prises admixing the- iron oxide-chromium oxide slag re 
maining from said second reduction smelting with con 
trolled quantities of a low-grade chromite ore, and sub 
jecting the admixed ore and slag to reduction smelting for 
the production and recovery of said iron-chromium alloy. 

10. Process for the production of separate commercial 
products in the form of ?nished steel and low-carbon iron 
froma synthetic reduction burden consisting of a nickel‘ 
laterite ore blended with a low-grade chromite ore to 
provide nickel oxide and chromium oxide diluted to rela 
tively minor proportions principally by the iron oxide and 
gangue constituents of said ores, that comprises, ?uxing ' 
said reduction burden to a basic composition, subjecting 
said ?uxed reduction burden to a ?rst reduction smelting 
in the presence of acanbonaceous reducing agent in an 
amount su?icient to eifect the selective reduction to the 
metallic state of substantially all of the nickel contained 
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therein and suf?cient iron to provide for the production oi.’ 
an iron-nickel alloy containing nickel at a concentration 
within the range 3-35 percent and a molten slag product 
containing the remainder of the, iron oxide content of 
said burden together with the chromium oxide content 
vthereof, subjecting said molten slag product to a second 
reduction smelting inthe presence of a carbonaceous re 
ducing' agent in an amount controlled to provide for the 
‘selective reduction to the metallic state of that portion 
of the iron oxide content thereof in excess of that required 
for eventual alloying with ,the chromium content of the 
originalreduction burden to provide an iron-chromium - 
alloy of chromium concentration within the range 12-50 
percent, with the production of low-carbon metallic iron 
and a molten slag product containing the residual iron 
oxide content of said burden and substantially the entire 
chromium oxide content thereof, subjecting said molten 
slag product to a third reduction smelting in the presence 
of areducing agent in an amount sufficient to elfect re 
duction to the metallic state of the iron and chromium 
contents thereof with theproduction of an iron-chromium 
alloy of chromium concentration within said range of 
12-50 percent, blending said iron-nickel and iron~chro 
mium alloys Within-a common steel ?nishing furnace, and 
smelting said blended alloys therein in the presence of 
a ?nishing agent to effect the production and recovery of 
a ?nished nickel-chromium steel. 

11.- Process for the production of ?nished steel from 
a mixed reduction burden consisting of a low-grade chro 
mite ore and a nickel-‘bearing ore selected from the class 
consisting of serpentine and garnierite ores, that com 
prises blending said chromite ore and nickel-bearing ore 
in respective proportions to provide a mixed oxidic re 
duction burden containing in combination (1) nickel in 

. an amount approximately equal to that desired in the 
?nished steel, and (2) iron and chromium in excess of 
that ‘desired in said ?nished steel, ?uxing said mixed re 
duction burden and thereafter subjecting the same to re 
duction smelting in the presence of a reducing agent in an 
amount controlled to promote the selective reduction‘ to 
the metallic state of substantially all of the nickel con 
tained therein and controlled portions only of the iron 
and chromium contents thereof corresponding to the ap 
proximate metallic iron and chromium requirements of 
said ?nished steel with the production of a metallic phase 
comprising ‘a crude steel blend containing nickel, chro 
mium and iron in approximate proportions corresponding 
to the alloy composition of said ?nished steel and a slag 
phase containing the excess iron oxide and chromium oxide ~ 
present within said original mixed reduction burden, sep 
anating saidymetallic and slag phases and charging said 

‘ crude steel blend to a steel ?nishing furnace together 
with any other essential alloying ingredients desired in 
said ?nished steel including minor metallic additions re 
quired to adjust the iron, nickel and chromium .ratio of 
the crude ‘steel blend to grade speci?cations, and smelting 
said charge in the presence of a re?ning agent within said 
?nishing furnace for the production and recovery of 
?nished steel. ‘ 
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