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This application for patent is a continuation of 
my copending application, Serial No. 437,695 
filed April 4, 1942, and entitled Production of 
stainless steel, and the invention relates to the 
manufacture of stainless steel and more particul 
larly to a process of producing stainless steel of 
the low carbon grades from readily available raw 
materials. 
One of the objects of my invention is the pro 

duction of low carbon stainless steel in a simple, 
highly efficient and economical manner, from 
readily available and comparatively inexpensive 
raW materials, using known and available melt 
ing and furnacing equipment. 
Another object of my invention is the provision 

of a process of producing the low carbon grades 
of stainless steel which process is adapted for 
Consumption of a Wide variety of chronium 
bearing ingredients, as Well as numerous types of 
ferrous raw materials, and which, nevertheless, 
is practiced With exceptional expediency, giving 
a clean, Sound, low carbon, high grade product 
of desired analysis. 
Other objects in part Will be obvious and in part 

pointed out hereinafter. 
The invention, accordingly, consists in the com 

bination of materials and composition of ingre 
dients, and in the several steps and the relation. 
of each of the same to one or more of the others 
as described herein, the scope of the application 
of Which is indicated in the following claims. 
As conducive to a clearer understanding of 

certain features of my invention, it should be 
noted at this point that stainless steel is defined 
as an alloy steel, comprising from about i0% 
to about 35% chromium, either with or Without 
Supplementary additions of nickel, manganese or 
copper; or molybdenum or tungsten; or vanadi 
um, titanium, columbium; or aluminum or sili 
con; or Sulphur, and the like, for special pur 
pOSes, and the balance Substantially all iron. 
The carbon content desirably is under .10% and 
preferably is as low as .07% or even .05%. 
Certain processes of producing stainless steel 

include preparing in a suitable furnace, a melt 
of low-carbon Steel of high purity and introducing 
chromium in the melt through the addition of 
refined ferro-alloys such as low-carbon ferro 
chrome. In these processes a minor quantity of 
chromium also may be introduced as stainless 
steel scrap. Such processes, however, requiring 
the use of expensive consistently high-grade ma 
terials, are impractical where low ingot cost must 
be maintained. Moreover, a low-carbon product, 
Say 0.07% carbon or less, may not be obtained 
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in this manner because such processes make no 
provision for carbon elimination and carbon in 
troduced in the Scrap and ferrochrome appears 
in the resulting product. 
More recently developed processes such as those 

disclosed in the Feild Patent 1925,182 and the 
Arness Patents 1,954,400 and 2,056,162, include 
the use of relatively cheap raw materials as a 
Source of chromium and are directed toward the 
achievement of low ingot cost, These more 
recent processes essentially include melting in a 
Suitable furnace, one or more cheap chromium 
bearing ingredients, such as high-carbon ferro 
chrome, chrome ore, and stainless steel scrap, to 
produce an iron-chromium bath. With an over 
lying slag; and then recover the metallic values 
of the slag by a suitable reducing agent to give 
the finished steel. 

Especially in the more recent stainless steel 
processes, employing either or both of chrome 
ore and high-carbon ferrochrome, many diffi 
culties are encountered in melting down the 
charge of ingredients, and subsequently in re 
fining the melt. In the initial melt down of 
ingredients, which customarily is accomplished 
in an electric arc furnace, a bath of ferrous metal 
is formed containing large quantities of chromium 
and appreciable quantities of carbon. During 
the melt down, a carbon reactive slag is formed 
containing large amounts of iron oxide. This 
slag eliminates carbon but also oxidizes chromium 
from the bath. These oxides migrate into the 
slag, thus the slag contains considerable quan 
tities of the Oxides of iron and chromium. 
NoW the slag had in these processes, unfortu 

nately is of thick consistency and becomes hard 
and crusty, in spite of the intense heat of the 
furnace electrodes. This ordinarily is attributed 
to the presence of large quantities of chromic 
oxide. The slag, because of its lack of fluidity, 
is not receptive to the introduction of stainless 
Steel Scrap or alloy ingredients during the .in 
itial melting operations. Added materials are 
withheld by the slag and thus do not pass into 
the melt to any satisfactory degree. Moreover, 
the hard crusty character of the slag limits its 
effectiveness in the removal of carbon, particu 
larly is this felt in attempting to obtain a product 
having a carbon content of .07% or less. 
Although the slag may be broken up, any dis 

turbance of the thick slag, as for example, by 
furnace arc operation, by the addition of mate 
rials, or through stirring, leaves the metal bath 
unduly exposed to carbon contamination from 
external sources, notably the furnace electrodes. 
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Carbon picked up by the melt, particularly near 
the end of the Oxidation heat of the metal and 
during the reduction heat, becomes a permanent 
alloy element and affects final carbon analysis of 
the finished steel. . . . 
During the reduction stage, where chromium 

and iron are recovered from the oxide Slag 
through the addition of noncarbonaceous reduc 

4 
strongly oxidizing conditions so that there is a 
rapid elimination of any carbon in the melt. The 
carbon content of the stainless steel scrap present 
as Well as that of any base steel Scrap is rapidly 
eliminated. So also is the substantial carbon 
content of any high carbon ferrochrome emi 
ployed. Unfortunately, however, along With the 
oxidation of carbon there is an oxidation of chro ing material, such as ferrosilicon, the sluggish 

character of the slag is responsible for consider 
able losses of chromium and iron. Oxides are 
reduced only partially by virtue of improper ad 
mixture of thick slag and reducing material, and 
yielded base metal is impeded by the thick slag 
and thus cannot gravitate into the bath. Con 
siderable base metal, as well as valuable oxides, 
therefore, remain in the slag and are lost in slag 
ging off. 
One of the objects of my invention is the pro 

vision of a process of producing stainless steel 
of the low carbon grades, under .10% carbon and 
preferably under .07% carbon, employing a maxi 
mum of inexpensive raw materials and yielding 
clean, sound metal of desired analysis all in a 
minimum of time, and with optimum ease of fur 
nace operation. . . 

Referring now more particularly to the practice 
of my invention, I preferably employ an electric 
arc furnace of the well known Heroult type of 
13-ton capacity. This is lined to a height some 
what above the slag line with chromite brick, with 
side-walls and roof lined with silica brick. The 
electrodes are of carbon or graphite, operable. 
under an applied voltage available in several 
stages, within the approximate range of 100 to 
275 volts. . . . . . . . . ... . . 
In order to protect the chromite brick lining 

from erosion by molten metal and slag, I apply a 
coating of burnt lime to the lining. Usually a 
proportion of lime approximating 10 to 20 pounds 
perton of steel is sufficient for this purpose. The 
furnace then is preheated, in any suitable man 
ner, as a final step preparatory to charging. 
In the production of a heat of stainless steel, I 

charge into the prepared furnace an inexpensive 
source of chromium including one or both of the 
raw materials high-carbon ferrochrome and 
chrome ore. In addition to these ingredients 
there preferably is included in the charge a sub 
stantial quantity of stainless steel scrap. The 
scrap comprises one or more of such materials 
as pit and scull scrap, high-carbon, high-chro 
mium scrap and castings, ingot butts, crop ends, 
roll scale, punchings, clippings, grinding dust, 
and the like, commonly available, as for example, 
about the melt shop, rolling mill, and the various 
customer plants. The chromium-bearing mate 
rials chrome ore and high-carbon ferrochrome 
conveniently are used separately, or in Such pro 
portions with respect to the stainless steel scrap 
as to be consistent with satisfactory furnace oper 
ation, giving recognition to variations in avail 
ability of the materials and to fluctuations in 
their market prices. 
I also charge into the furnace a substantial 

quantity of a material rich in oxide of titanium, 
illustratively, ilmenite, titanite, or rutile. Where 
needed, ordinary iron or steel scrap also is added. 
In addition, I charge a substantial quantity of 
oxide of iron, such as low-carbon Steel roll scale. 
Power is applied to the furnace and the charge 

is melted down and forms a bath of alloy metal, 
having a supernatant slag. This slag is of a fluid 
consistency. Moreover, it is high in iron oxide 
Content. 
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mium contained in the bath of metal, this mi 
grating into the slag as oxides of chromium. At 
the conclusion of the melting period, therefore, 
the melt consists of a bath of low-carbon steel of 
appreciable chromium content, With an overlying 
blanket of slag. 
As illustrative of the practice of my invention, 

the production of a 16-ton heat of metal to a 
Specification, for example, of 18% to 20% chro 
mium, 8% to 10% nickel, less than 0.07% carbon, 
less than 0.65% each of manganese and silicon, 
and the remainder substantially all iron, 4700 
pounds of chrome ore analyzing 48% chromium 
Oxide (Cr2O3) are shoveled onto the banks of the 
furnace. I then charge the furnace with 19,200 
pounds of stainless steel scrap having an average 
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analysis of about 18.3% chromium, 8.5% nickel, 
less than 0.20% carbon, and the balance substan 
tially iron; 190 pounds of low-carbon, 7% nickel 
steel Scrap; 500 pounds of low-carbon, 8% chro 
miuin, 3% nickel steel scrap; 480 pounds of high 
carbon ferrochrome analyzing approximately 
65% chromium, 5% carbon and the balance sub 
stantially iron; 5300 pounds of plain low-carbon 
steel roll scale; and 725 pounds of ilmenite 
(FeTiO3) comprising approximately 42% tita 
nium oxide (TiO2), 34.2% iron oxide (FeC), 
2.5% Silica, 1.35% alumina, and 1.90% magnesia. 
Alternating current electrical energy is supplied 
the furnace and the charge of ingredients melts 
down, leaving a bath of metal. With an overlying 
Slag. 

In accordance with my invention, the func 
tion of the bath of metal and its overlying slag 
is greatly facilitated by the ilmenite or other 
fluidifying agent contained in the charge. The 
fusing slag is fluid and smooth as compared to 
heretofore known melt-down slag conditions. It 
is more reactive. Moreover, it is well distributed 
Over the surface of the metal bath, and its effi 
ciency is greatly enhanced. 

In the process, the fluid slag, containing large 
amounts of iron Oxide, is highly, effective in oxi 
dizing carbon, as for example, that entering the 
process from the furnace charge and from the 
furnace electrodes. Iron oxide added With the 
charge is in excess of that theoretically required 
to combine with the carbon in the charge, plus 
the carbon pick-up during melting. The great 
er the chromium in the charge and the greater 
the amount of carbon to be oxidized, the greater 
must be the excess of iron oxide. The initial 
presence of a relatively large quantity of chro 
mium oxide in the slag inhibits the oxidation of 
chromium from the molten metal, since the vigor 
of chromium oxidation is inversely proportional 
to the amount of chromium oxide already con 
tained in the slag. Slag fluidity ensures intimate 
contact between iron oxide in the slag and car 
bon in the melt, or carbon coming from an ex 
ternal source, and, moreover, prevents the elec 
tric furnace arc from kicking away the slag and 
exposing underlying bath metal to the furnace 
atmosphere. With the fluid slag, a vigorous re 
action is rapidly achieved causing a type of oxi 
dation, or distribution of oxidation reaction, 

The melt-down is, therefore, under 75 which quickly gives a low-carbon product and 
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which renders the metal more susceptible to 
cleansing and refining in subsequent stages of 
the process. 

Melting of the charge and elimination of car 
bon further are expedited and are rendered more 
effective by employing a high melt-down ten 
perature. The oxidizing effect of the slag is 
intensified at elevated temperatures and the ex 
tremely fluid conditions of the slag then obtain 
ing. OXidation of carbon from the melt is great 
ly accelerated. By employing a high melt-down 
temperature, and a fluid slag, melt-down of in 
gredients and removal of carbon from the melt, 
is Successfully achieved in about one and one 
half house, thus effecting a substantial saving in 
melting time. 
While I know of no reliable method for deter 

mining the temperature of molten metal in 
mediately beneath the slag blanket, it is esti 
mated that this temperature falls within the 
range of 3100° F. to 3250 F., which incidentally 
is some 150 F. to 300 F. above the temperatures 
Ordinarily employed in the usual electric steel 
making processes. This high temperature is re 
ferred to hereinafter as a temperature of Super 
heat. 

After neiting down the charge of ingredients 
at a temperature of superheat, samples of metal 
are taken from the bath for carbon analysis. 
The sampling and analyzing steps together re 
quire about 15 minutes of the total process period. 
For the example given, the samples indicate a 
carbon content of 0.03%, which is considerably 
below the maximum carbon value specified. 

In Order to achieve maximum economy con 
mercially, the oxides of iron and chromium in 
the slag are recovered during a subsequent re 
ducing period. In recovering iron and chro 
mium from the slag, an amount of non-car 
bonaceous reducing agent such as crushed ferro 
silicon, alsifer (aluminum-silicon-iron alloy), or 
crushed ferrochrone-silicon, chemically in ex 
cess of the reducible oxides of iron and chromium 
in the slag, is charged onto the slag Overlying 
the metal bath. Power applied to the furnace 
electrodes is diminished somewhat below that 
required in producing a temperature of Super 
heat, and the non-carbonaceous reducing agent 
fuses into the fiuid oxide slag. The fluid con 
dition of the slag permits thorough reaction be 
tween reducing agent and iron and chronium 
Oxides of the slag. Iron and chronium recovered 
gravitate readily through the fluid slag and pass 
into the bath. Where an ingredient rich in 
titanium oxide, such as ilmenite, titanite, or 
rutile, is employed, the ingredient is not decom 
posed by the non-carbonaceous reducing agent. 
Moreover, it is not decomposed by the heat of 
the furnace and the electric arc. The titanium 
oxide containing ingredient thus maintains slag 
fluidity throughout the reducing period, without 
introducing titanium into the melt. 

For the illustrative heat of metal indicated 
above, a Substantially complete recovery of iron 
and chromium is achieved by charging onto the 
fluid slag, successive quantities of ferrosilicon 
amounting in total to 4370 pounds of 50% grade 
ferrosilicon and 500 pounds of 75% grade ferro 
silicon. 

Silicon contamination of the molten metal, 
during the reducing stage of the process is sub 
stantially prevented by supplementary addition 
to the fluid slag of burnt lime in amount suffi 
cient to ensure the maintenance of basic slag 
conditions. The fluid condition of the slag es 
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tablished through the presence of the titanium 
oxide ingredient, such as ilmenite, enables more 
complete dispersion of the lime and non-car 
bonaceous reducing agent throughout the slag, 
thus giving more complete reduction of iron and 
chromium oxides in the slag, and ensuring more 
positive formation of stable basic calcium Silicates 
as slag components. It will be understood that 
the line conveniently is charged onto the slag in 
successive batches alternating with the addition 
of successive quantities of ferroSilicon, along With 
supplemental amounts of fluidifying ingredient 
where needed. As an alternative, I find it prac 
tical to mix the lime and ferrosilicon on the 
melt shop fioor and to charge successive batches 
of the mixture onto the slag. In the illustrative 
heat, I find that 9200 pounds of burnt lime pre 
vent silicon contamination of the melt despite 
the large quantities of ferrosilicon employed. 
A quantity of chrome ore (3300 pounds for 

the illustrative example given) is conveniently 
charged, along with the non-carbonaceous re 
ducing agent and burnt line in corresponding 
successive batches, further quantities of the tita 
nium oxide bearing ingredient being introduced 
where necessary. The chrome ore used in the 
process at this stage enables better control over 
slag volume during the earlier melt-down period 
and is reduced readily in the filuid slag to metallic 
chronium. It will be understood, however, that 
the use of chrome ore may be dispensed with in 
both the melt-down and reducing Stages, or may 
be used solely in one or the other of the stages. 

After all of the ferrosilicon and lime (and 
chrone ore Where used) have been added and 
have fused and completed their reactions with 
ingredients contained in the fluid slag and molten 
metal, which incidentally requires about 134 
hours, the reducing period is at an end. This is 
evidenced by a change in color of Successive sam 
ples of slag, taken from the furnace, from a black 
to a light green or light gray color. The fluid 
Slag fron Which the metals iron and chromium 
are recovered With a very minimum of Waste to 
the slag, then is Substantially completely drawn 
off the bath of molten metal. 
Where nickel enters the process, as in the illus 

trative heat of metal, I find it advantageous to 
include a major source of nickel in the initial 
furnace charges, as for example, in the form of 
alloy nickel scrap. The original charge of nickel, 
however, is advisedly controlled so as to introduce 
into the melt, a quantity of nickel somewhat less 
than that Specified So as to avoid overshooting 
specifications in the final analysis. Nickel in the 
original charge does not oxidize in the furnace 
and, therefore, has little effect upon the slag. 
Later, as toward the end of the reducing period, 
or during the metal finishing stage, an amount 
of electrolytic nickel, ferro-alloy nickel, or nickel 
in other form which is free of contaminating 
materials, is added to the melt to finally adjust 
nickel analysis of the alloy metal. During the 
reducing period, particularly after recovery of 
iron and chromium from the fluid slag, an accu 
rate analysis of the bath is conveniently made, 
and the amount of nickel, as Well as the amounts 
of other alloy elements needed can be closely 
determined. Although the nickel, or other sup 
plemental alloy elements such as tungsten, vana 
diurn, columbium, molybdenum, and the like men 
tioned hereinbefore, may be added in the furnace 
during the metal finishing stage or in the ladle, 
Inetal added at Or near the end of the reducing 
period enables more thorough melt-down and 
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better dispersion of the added metal throughout, 
the bath. In the embodiment described above, 
I add 1010 pounds of electrolytic nickel to the 
metal bath, preferably 
period. - 

Following slag-off after the reducing period, 
I build up a non-carbonaceous finishing slag on 
the bath of metal. With the finishing slag, oxi 
dation is prevented and final refinement or de 
oxidation of the metal is achieved. (For the 
illustrative embodiment described above, a mix 
ture comprising approximately 400 pounds of 
burnt lime; 35 pounds of fine 75% grade ferro 
silicon; and 75 pounds of fluorspar, or an amount 
of other slag fluidifying material is charged onto 
the bath. The charged mixture melts down and 
a supplemental 400 pounds of burnt lime, and 
about 75 more pounds of fluorspar or amounts 
of other fluidifying ingredient are added to com 
plete build-up of the finishing slag.) Where de 
sired, lump ferrosilicon and lump ferromanga 
nese, or conveniently silico-manganese, are added 
to finally adjust the manganese and Silicon con 
tents of the heat of metal. 
After suitable refining of the metal is achieved, 

the application of power to the furnace is termi 
nated, furnace electrodes are raised and the heat 
of metal is tapped into a ladle for teeming. The 
finishing period, measured from the time of slag 
off following the reduction period, to the time of 
tapping the furnace, amounts to about 1/2 hours. 
For the example given, the heat of metal produces 
a total of 29,700 pounds of stainless steel ingots 
analyzing approximately, 18.6% chronium, 8.9% 
nickel, 0.05% carbon, 0.62% manganese, 0.42% 
silicon, and the balance substantially iron. The 
butt scrap comes to 1250 pounds, giving a total 
for the melt of 30,950 pounds. The metal is sound 
and virtually free of objectionable oxide inclu 
Sions. 

Following the tapping of the metal, the furnace 
lining is repaired with chromite and once more 
covered with a protective coating of lime. The 
furnace is charged with ingredients for melt 
down, the furnace electrodes are lowered, electric 
power is applied, and the process is repeated in 
accordance with the provisions hereinbefore set 
forth. The time required after tapping to the 
beginning of melt-down of the charged ingre 
dients amounts to about 45 minutes. A complete 
process cycle, accordingly, is achieved in substan 
tially less than 6 hours time, this being consider 
ably shorter than the time required in carrying 
out heretofore known processes, including the use 
of cheap melt-down ingredients. 
Thus it will be seen that there has been pro 

vided in this invention an art of producing stain 
less steel wherein the various objects hereinbefore 
noted, together with many practical advantages, 
are successfully achieved. It will be seen further 
that with the invention, a wide variety of raw 
materials are utilized rapidly and efficiently, giv 
ing maximum economy in the production of 
clean, Sound, stainless steel, and that various 
combinations of raw materials are permitted, con 
sistent with availability of materials and expedi 
tious furnace operation. 
While as illustrative of the practice of my 

invention, one or more chromium-bearing ingre 
dients such as stainless steel scrap, chrome ore, 
and high-carbon ferrochrome, and titanium 
oxide containing material, with oxide of iron such 
as roll scale and/or an ingredient source of base 
iron or steel, are initially charged into the fur 
nace; it will be understood that, where practical, 

at the end of the reducing. 

8 
any one or more of the materials may be added 
in part during or at the conclusion of the melt 
down or oxidation period. Likewise, it will be 
understood that although I find great advantage 
in employing the titanium oxide bearing material 
throughout both oxidation and reduction periods, 
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considerable advantage is achieved even where 
the material is added only during the Oxidation 
period or only the reduction period. 
As many possible embodiments may be made 

of my invention and as many changes may be 
made in the embodiment hereinbefore set forth, 
it will be understood that all matter described 
herein is to be interpreted as illustrative, and not 
in a limiting sense. 

I claim: 
1. In the production of stainless Steel of carbon 

content, not exceeding 0.10% in an electric arc 
furnace, the art which comprises; melting down 
under oxidizing conditions a charge of ingredients 
comprising steel scrap and a source of chromium 
together with a titanium-oxide bearing material, 
said steel scrap and source of chronium essen 
tially including at least one of the group consist 
ing of stainless steel scrap, high-carbon ferro 
chrome and chrome ore, whereby there is had a 
bath of metal of low carbon content having a 
supernatant fluid melt-down slag principally 
consisting of the oxides of iron and chromium 
and additionally including said oxide of titanium; 
and at the conclusion of the melting operation 
and without withdrawing said slag adding to the 
slag a non-carbonaceous reducing agent and fur 
ther quantities of the titanium-oxide containing 
ingredient to recover metallic iron and chromium 
from the oxides present in the Slag. 

2. In the production of stainless Steel of carbon 
content not exceeding 0.10% in an electric arc 
furnace, the art which comprises; melting down 
a charge including stainless steel Scrap, high 
carbon ferrochrome, iron oxide and a Substantial 
amount of material rich in the oxide of titanium, 
whereby there is had a bath of molten metal of 
substantial chromium content and of very low 
carbon content having a Supernatant fluid melt 
down slag principally consisting of the Oxides of 
iron and chromium and additionally including 
said oxide of titanium; and at the conclusion of 
the melting operation and without withdrawing 
said slag adding to the slag a non-carbonaceous 
reducing agent and further quantities of the tita 
nium-oxide containing ingredient to recover 
metallic iron and chromium from the oxides present in the slag. 

3. In the production of stainless steel of carbon 
content not exceeding 0.i0% in an electric arc 
furnace, the art which comprises; melting a 
charge including steel Scrap, chrome ore, and a 
substantial quantity of a material rich in the 
Oxide of titanium, whereby there is produced a 
bath of molten metal having a carbon content of 
about 0.03% and having a Supernatant fluid 
melt-down slag principally consisting of the 
oxides of iron and chromium and additionally 
including the oxide of titanium; and while retain 
ing the slag adding thereto further quantities of 
the titanium-oxide containing ingredient and a 
non-carbonaceous reducing agent, whereby slag 
fluidity is maintained and the oxides of iron and 
chromium present in the slag are reduced to 
metallic iron and chronium. 

4. In the production of stainless steel of carbon 
content not exceeding 0.10% in an electric arc 
furnace, the art which comprises; melting down 
under oxidizing conditions a charge including 
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stainless steel scrap, chrome ore and a titanium 
oxide containing ingredient, whereby there is had 
a bath of molten metal having a low carbon con 
tent with a supernatant slag principally consist 
ing of the oxides of iron and chromium and 
additionally including the oxides of titanium; and 
while retaining the slag adding thereto further 
quantities of chrome Ore and the titanium-Oxide 
containing ingredient and a non-carbonaceous 
reducing agent, whereby the oxides of iron and 
chromium are reduced to metallic iron and 
chromium. 

5. In the production of stainless steel of carbon 
content not exceeding 0.07% in an electric arc 
furnace, the art Which comprises; melting down 
under oxidizing conditions a charge including 
stainless Steel Scrap, high-carbon ferrochrone, 
chrome ore, and a substantial quantity of 
ilmenite, whereby there is had a bath of molten 
metal of Substantial chromium content and a 
carbon content not exceeding about 0.05% and 
having a fluid Supernatant slag principally con 
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sisting of the oxides of iron and chromium and 
additionally including titanium oxide; and while 
retaining the slag adding thereto further quan 
tities of ilmenite and a non-carbonaceous reduc 
ing agent to recover metallic iron and chromium 
from their oxides present in the slag. 
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