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The present invention relates to the menu-
facture of alloys of iron, chromium, nickel and
copper, and more particularly to an economical
method for the manufacture of low-carbon cor-
rosion-resistant nickel-chromium steels contain-
ing a substantial percentage of copper. The
process is particularly applicable to the manufac-
ture of the low-carbon. steels commonly called
rustless irons, in which the carbon content is
usually in the neighborhood of .05 to .15%.

In producing the alloy, the nickel and copper
content is derived primarily from a cheap source

‘consisting of the calcined Sudbury ore contain-

ing nickel and copper which is employed as the
source of the alloy known commercially as
“Monel”’ metal and containing approximately 2
parts by weight of nickel to 1 part of copper.

In the manufacture of “Monel” metal from the
sulphide ores of the Sudbury district in the
Province of Ontario, Canada, a matte is first
produced containing about 25% copper, 55%
nickel and 20% sulphur. . This matte is calcined
in an oxidizing atmosphere to eliminate the sul-
phur and convert the nickel and copper inte their
oxides. This product, which contains the oxides
of the nickel and copper in the natural propor-
tions occurring in the ore is known as “Monel”
This is the material which I prefer to
employ in carrying out my process. It is now
an intermediate product in the making of “Mon-
el’” metal and can be obtained relatively cheaply.
By using this product instead of “Monel” metal
I materially decrease the cost of making my alloys
of iron, chromium, nickel and copper. The nickel
and copper oxides, moreover, serve a function in
the process in reducing carbon to produce a low-
carbon steel. :

The corrosion-resistant steel or alloy which
I produce preferably contains a relatively high
percentage of chromium, usually not less than
about 10%, so as to impart a rustless or stain-
less character to the metal. The carbon content
is preferably low, usually not more than about
.109%. I prefer that the finished rustless iron or
steel shall have a combined nickel and copper
content of not less than about 8% or over 25%.
1 set the lower percentage of my preferred range
at about 8% because a combined percentage of
nickel and copper in this neighborhood is nec-
essary to yield an austenitic steel when the
chromium content is in the usual ranges of 16 to
199% for such austenitic steels. I set an upper

- limit of my preferred range at 25% for the com=~ .

bined percentage of nickel and copper because at
a chromium range of 16 to 19% it is not readily
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possible to introduce more than this combined
percentage of nickel and copper from ‘“Monel”
oxide without an appreciable sacrifice in economy
of operation. I do not, however, limit myself to
these preferred ranges. For examplé, the com-
bined percentage of nickel and copper may be low
enough to yield a martensitic or ferritic steel in-
stead of an austenitic steel.

According to my process, a. suitable electric
furnace, such, for example, as the usual Heroult
steel-melting furnace, is given a charge consist-
ing principally of low-carbon steel scrap which
preferably consists, in part, of chromium-nickel-
copper sieel scrap of the same general analysis as
that which is to be made; ordinary high-carbon
ferrochrome containing, as a rule, from 4 to 6%
carbon; and a relatively large quantity of “Mon-
el” oxide with or without the addition of a ma-
terial high in iron oxide, such as roll scale or
magnetic iron ore concentrate. The power is
applied and the charge is'melted down forming a
bath of ferrous metal and a supernatant oxidizing

" slag. The molten bath is brought to a relatively

high temperature which is continued until the
carbon content of the metal bath is at .or below
the predetermined maximum percentage. Dur-
ing this oxidizing period, a considerable quantity
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of chromium is oxidized along with the carbon -

by the oxides of copper, nickel and iron con-
tained in the slag. The oxides of chromium
enter the slag. At the same time all or a sub-
stantial proportion of the nickel oxide and cop-
per oxide originally in the slag is reduced to me-
tallic nickel and copper and enters the metal
bath. When the carbon -content of the metal
bath has fallen to the desired low figure, the
percentage of chromium in the bath is very sub-
stantially lower than that which is desired in the
finished product, and, in general, is less than
10%.

The second stage of the operation consists in
the addition of relatively large quantities of burnt
lime and ferrosilicon, preferably crushed, to the
bath. The silicon reacts with the reducible ox-
ides in the slag and enriches the bath in chro-
mium up to the desired percentage without any
increase in carbon content. In addition to chro-
mium and iron, a certain small percentage of
nickel and copper may be also transferred to the
metal bath from the slag, Recovery of the chro-
mium, nickel and copper is practically complete
and the final finishing slag is of the well-known
calcium silicate type.

As a specific example of my process, the fol-
lowing procedure employed for the manufacture
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of ingots containing 16 to 18% chromium, about
69% nickel, about 3% copper, and not more than
.109% -carbon, is described: 6,360 pounds of steel
serap, analyzing approximately 16% % chromium,
69% nickel and 3% copper, and 5,000 pounds of
ordinary low-carbon steel scrap, were first
charged onto the bottom of a six-ton Heroult
electric furnace. Along with the. scrap was
charged 2,500 pounds of lump high-carbon ferro-
chrome, .analyzing approximately. 5% carbon
and 709% chromium; 1,600 pounds of “Monel”
oxide, analyzing approximately 40% nickel and
189% copper; and 2,000 pounds of roll scale, an-
alyzing about 699% iron. The electric power was
applied the charge was melted down, and there-
after superheated to a degree sufficierit to permit
the charging of an additional 1,000 pounds of roll
seale. ' 'The iron, nickel and copper oxides form an
oxidizing slag. The temperature was maintained
at superheat until a metal test showed .09% car-
bon. No reliable method is known to me for ac-
curately determining the temperature of the
metal bath under the slag blanket, but it is es-

timated that this temperature should be approx-

imately 3050 to 3200° F., which is some 100 to
250° F. higher than that usually employed in
ordinary electric steel melting practice. The
superheating of the bath to a temperature above
that ordinarily employed in electric steel melt-
ing practice is preferred, since- the superheat
renders the action of the iron, nickel and copper
oxides more energetic in oxidizing the carbon
from the metal: ’

Next, 1,450 pounds of crushed 75% ferrosilicon
and 3,300 pounds of burnt lime were added to
the slag as rapidly as conditions permitted. The
silicon reducing agent reacted with the reducible
oxides contained in the slag forming metals,
which gravitated into the bath of molten metal,
and silicates, which remained in the slag over-
lying the bath. When the light green appearance
of the slag indicated that its reducible oxide con-
tent was low, final additions of lump ferrosilicon
and low-carbon ferromanganese were made to the

bath and the metal was poured. Ladle tests

showed analysis of 16.2% chromium, .08% car-
bon, 6% nickel and 2.9% copper, together with
manganese, silicon, phosphorous and sulphur in
norimal amounts. The product of the heat
weighed approximately 17,000 pounds.

When the initial scrap charge used consists en-
tirely of ordinary low-carbon steel scrap, in-
stead of a mixture of ordinary scrap with chro-
mium-nickel-copper scrap as shown in the above
example, it is necessary to employ a considerably
larger .quantity of “Monel” oxide. For example,
in such a case the roll scale was entirely omitted
and replaced with an equal weight of “Monel”
metal oxide,.and the product of a heat of similar
weight analyzed approximately 10.5% nickel and
6% copper.

To secure an alloy containing the maximum -
percentages of nickel and copper and made in

accordance with my process, the ordinary steel
scrap and roll scale are dispensed with and an
initial charge is used consisting of chromium-
nickel-copper steel scrap, high carbon ferro-
chrome, and an oxidizing agent consisting entire-

1y of “Monel” metal oxide. Following such pro- -

cedure an alloy containing approximately 17%
nickel and 8% copper was produced.-

In my process I employ a cheap source, not only
of nickel and copper, but also a cheap source of
chrominm. namely, high-carbon ferrochrome.
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Moreover, by virtue of the energetic oxidizing na-

- ture of the nickel and copper oxides, my process

makes possible the efficient and cheap removal
of carbon from the high-carbon ferrochrome
employed. In other words, my process represents
an unusual case where two cheap sources of al-
loying elements, one a natural mixture of oxides

and the other a high-carbon ferro alloy, are

employed in such a way as to take advantage of
their particular characteristics in order to pro-
duce a low-carbon alloy. )

While I prefer to use high-carbon ferrochrome
on account of its cheapness, and because the car-
bon can be efficiently oxidized by the oxides em-
ployed, low-carbon ferrochrome can be employed
if desired. Also, while I prefer to use “Monel”
oxide containing nickel and copper in the pro-

.portions naturally occurring in ‘the ore, on ac-

count of its cheapness and because the propor-
tions of nickel and copper are suitable in most
cases to supplement the chromium in securing
stainlessness and rust-resistance, and obtaining,
when desired, an austenitic steel, other sources
of nickel and copper may be employed, with dif-
ferent proportions of the nickel and copper oxide
if desired, as, for example, a mixture of nickel
and copper oxides, or “Monel” oxide modified by
the addition to it of other nickel or copper oxides.
While I prefer to use as a reducing agent a ferro-
silicon having a relatively high proportion of
silicon, such as 75% ferrosilicon, other grades
of ferrosilicon may be used or even silicon metal.
Also, other exothermic reducing, agents may be
employed, such as aluminum, magnesium, ete.

While the product obtained is preferably &
low-carbon stainless or rustless steel of the type
ordinarily called stainless or rustless iron, the
process can be employed in the manufacture of
stainless or rustless steels containing higher per-
centages of carbon.

The preferred product is an austenitic steel
containing chromium from 10 to 20%, prefer-
erably 16 to 19% of chromium, and from 8 to 25%
combined nickel and copper, preferably 3 to 12%
combined nickel and copper, in the proportions
of approximately 2 parts of nickel and 1 part of
copper.
is preferably low, about .06% to .15%, giving a
metal that is especially resistant to corrosion,
that readily lends itself to forming operations
such as hot or cold rolling, deep-drawing, and
the like, and which is comparatively free from
carbide precipitation after severe heating and is
thus free from intergranular attack upon being
subsequently exposed to corrosive media. The
steel may be made, however, containing other
proportions of chromium, nickel and copper, such
as 15 to 20% chromium, or even 10 to 30%

. chromium; 6 to 14% nickel, or even 5 to 18%.

nickel; and 3 to 7% copper, or even 2 to 8% cop-
per, the bdlance being principally iron. In gen-
eral irons and steels of the higher chromium con-
tents require the higher percentages of nickel
and copper in order to produce an sustenitic alloy,
and, similarly, lower chromium contents permit
lower amounts of nickel and copper; the propor-
tion of nickel to copper, however, as indicated
above, is preferably maintained in the ratio of
about 2 to 1. . '

Since, for reasons of eficiency and economy, &
silicon-containing reducing agent is preferably
employed in the practice of my process in the
matter of reducing the oxides contained in the

‘slag there is a tendency toward silicon contam-

ination of the metal. In order that a readily
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formable metal whlch lends itself t.o an ease of
heat treatment may be consistently produced the
silicon content of the metal is kept to a low value,
in spite of the tendency toward silicon contami-
nation where a high recovery of the oxides from.
the slag is desired, by the exercise of care in
making the ferro-silicon additions during the re-
ducing stage of the process. By this means the
silicon content may be maintained under 1.00%.
Minor proportions of other.alloying elements
may be employed, such as manganese, vanadium,
titanium, cobalt, tungsten, molybdenum, etc,
either singly or in combination. These addi-
tional alloying elements may be incorpora.ted in
the metal bath during the steel-making operation
in accordance with well-known methods.

The copper apparently supplements the nickel
in imparting certain desirable characteristics to
a high chromium steel, such as remarkable re-
sistance to corrosion.

While I have described the preferred embodi-

'ment of my invention, it is to be understood that
‘the invention may be otherwise practiced wlth- )

in the scope of the following claims
I claim:

1. The process of meaking Jow-carbon. iron-
chromium-nickel alloys, which comprises charg- .
ing a furnace with low-carbon, steel scrap, high-

carbon ferrochromium and “Monel” oxide, and
heating. the charge to a temperature sufficient to
fuse the scrap and form a superndtant layer of

* molten slag and to cause a reduction of nickel

40

“and copper from their oxides to the metallic state.-

accompanied by the oxidation of the carbon in
the bath, thereafter adding to the slag & silicon

reducing agent and lime to reduce chromium to-

gether with residual nickel and chromium from
their oxides in the slag. -

2. The process of making low-carbon iron-
chromium-nickel alloys, which comprises charg-
ing a furnace with low-carbon steel scrap, high-

carbon ferrochromium and “Monel” oxide, and.

heating the charge to a temperature sufficient to

fuse the scrap and form a supernatant layer of .
5 molten slag and to cause a reduction of nickel

and copper from their oxides to the metallic

state accompanied by the oxidation of the car~"

bon in the bath, thereafter adding to the slag

. a silicon reducing agent to reduce chromium to-

gether with residual nickel and chromium from
their oxides in the slag.

3. The process of making iron-chromium-
nickel-copper alloys, which comprises heating in

"~ a furnace a charge containing iron scrap, high-
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<t

. 60

63

carbon ferrochromium and nickel and copper
oxides to a temperature sufficient to fuse the
secrap and form a supernatant layer of molten

slag and cause a reduction of nickel and copper.

to the metallic state, and thereafter adding an
exothermic reducing agent to the slag to reduce
the oxides in the slag to a metallic state.

4. The process of making low-carbon chro-

‘mium-nickel-copper rustless steel, which com-

prises melting in an electric furnace steel scrap,
high-carbon ferrochromium, and nickel and cop-
per oxides so as to fuse the scrap, reduce me-
tallic nickel and copper from their oxides and
oxidize carbon from the charge, and form &
supernatant layer of molten slag containing chro-

mium oxide, and thereafter adding to the bath a -

su.t'table reducing agent and lime to reduce the
chromium from the slag back into the metal,

. 5. The process of making low-carbon chro-
mium-nickel-copper rustless steel, which com-
prises melting in an electric furnace steel scrap,

_.high-ca.rbon ferrochromium. and “Monel” oxide

so as to fuse the scrap, reduce metallic nickel

"and copper from their oxides and oxidize carbon

from the charge, and form a supernatant layer
of molten slag containing chromium oxide, and
thereafter adding to the bath a suitable. reduc-
ing agent and lime to reduce the chromium from

" the slag back into the metal.

6. That step in the: process of making low-
cerbon nickel-copper rustless steel in an electric
arc furnace, which consists in heating in said
furnace o charge containing steél scrap, high-
carbon ferrochromium and nickel and copper ox-
ides to a temperature sufficient to fuse the scrap
and cause a reduction of nickel and copper to a
metallic state, forming thereby a bath. of ferrous

.metal of low-carbon content containing c¢hro-
<mium, nickel and copper.

7. That step in the process of making low-car-
bon nickel-copper rustless steel in an electric arc
furnace, which consists in melting in said furnace
a cha.rge containing steel scrap, high-carbon
ferro-chromium and “Monel” oxide to'a temper-

ature sufficlent to -fuse the scrap, oxidize the-
- | greater part of the carbon and cause a reduction
of nickel and: copper, whereby a low-carbon
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chromium-iron alloy containing meta.llic nickel

and copper is-produced.

8. In the .production- of rustless iron contain-
ing nickel and copper, the art which includes,
reducing oxides of nickel and copper with high-
carbon ferrochromium in the presence of molten

- ferrous metal, forming theteby a bath of ferrous

30

metal low in carbon - and containmg chromium, -

. copper and nickel. -

9. In the production of a low-carbon ferrous
alloy containing chromium, nickel and copper,

" the art which includes, preparing a ferrous metal
bath containing chromium covered by & blanket-

of slag rich in the oxides of chromium, nickel
and copper, and reducing the metallic oxides con-
tained in the slag with a silicon reducing agent,
thereby enriching the bath in the metals, chro-
mium, nickel and copper. ’

10. In the production of rustless iron contain-
ing nickel and copper, the art which includes,
preparing a low-carbon ferrous metal bath con-
taining chromium and an overlying blanket of
slag rich in the oxides of chromium, nickel and

_ copper, and reducing the metallic oxides con-

tained in the slag with a non-carbonaceous reduc-
ing agent, thereby enriching the bath in the
metals, chromium, nickel and copper.

11. In the production of low-carbon Iron-
chromium-nickel -copper alloys in an electric arc
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furnace, the art which includes, melting down in

said furnace a-charge including high carbon fer-
rochrome, and copper and nickel oxides, forming

_ thereby a bath of ferrous inetal containing chro-

mium, copper and nickel with a supernatant slag
containing oxides of copper and mnickel; and
thereafter reducing the oxides present in the slag
to effect a recovery of their metallic values and
an enrichment of the bath in the metals copper
‘and nickel. .

12, In the production in an electric src fur-
nace of low-carbon rustless steel containing cop-
per and nickel, the art which includes, melting
down in said furnace rustless iron or steel scrap,
high-carbon ferrochrome, copper and nickel ox-
ides, and an oxide of iron, forming thereby a
low-carbon bath of ferrous metal containing

chromium and a supernatant slag containing the

oxides of chromium, -copper and nickel; and

- thereafter reducing the oxides present in the slag
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to achieve a recovery of their metallic values and
an enrichment of the bath in the metals chro-
mium, copper and nickel.

13. In the production of low-carbon {iron-
chromium-nickel-copper alloys in an electric arc
furnace, the art which includes, foiming in sald

. furnece a low-carbon-bath of ferrous metal con-
. taining chromium with a supernatant slag con-

taining the oxides of chromium, copper and
nickel: and thereafter reducing the oxides pres-
ent in the slag under basic conditions and em-
ploying & non-carbonaceous reducing agent to
effect a recovery of the metallic values in the
slag and an enrichment of the bath in the metals
chromium, copper and nickel.

. ALEXANDER L. FEILD.
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