United States Patent 19

Helmut et al.

i 3,751,242
451 Aug. 7, 1973

[54] PROCESS FOR MAKING CHRIMIUM
ALLOYS

{75] Inventors: Knuppel Helmut,
Sulzbach-Rosenberg; Karl
Brotzmann, Sulzbach-Rosenberg
Hutte; Hans Georg Fassbinder,
Sulzbach-Rosenberg, all of Germany

[73] Assignee: Eisenwek-Gesellschaft
Maximilian-shutte m.b.H.,
Sulzbach-Rosenberg Hutte,
Germany

[22] Filed: Apr. 2, 1970
[21] Appl. No.: 25,267

{30] Foreign Application Priority Data
Apr. 2, 1969 Germany.......cccoeeeen. P1916945.0
[52] US. Cloinan. 75/49, 75/52, 75/60,
: 75/130.5
[S1] Int. Clooooiiiieierirenrceeeen s C21c 5/34
[58]) Field of Search .................... 75/49, 51, 52, 59,
75/60, 130.5

[56] References Cited
UNITED STATES PATENTS

1,793,153 2/1931  Becketetal..ccoovcrvennenniicnnnns 75/60
2,855,293  10/1958 Savardetal........icccoiiennn. 75/60
3,046,107 7/1962 Nelson et al......cccoveveieiiiinnenes 75/59
3,330,645 7/1967  Moustier et al.... 75/60
3,594,155 7/1971  Ramachandran...... ... 715/60
3,323,907 6/1967  Kurzinski.......coooornniiiiinnniens 75/60
3,252,790 5/1966  Krivsky....oooooovvvirnnnnnnen. 75/130.5 X
2,093,666 9/1937  Vogt ..o, 75/49 X

3,336,132 8/1967 McCoy .ocvviiiiiincieiiieeins
3,282,679 11/1966 Richter et al....
2,068,785 1/1937 Bainetal.........
3,468,657 9/1969  Philblad et al...
2,562,813 7/1951 Osorzaly et al. ..o 75/59 X
FOREIGN PATENTS OR APPLICATIONS
1,450,718 T/1966  France ......cccoceveereercmvemcenecanne
882.,676 11/1961  Great Britain
985,586 3/1965 Great Britain

Primary Examiner—L. Dewayne Rutledge
Assistant Examiner—Peter D. Rosenberg
Attorney—Lawrence J. Field

[57] ABSTRACT

A process for making a chromium alloy containing
from about 10 percent to about 30 percent chromium
and the remainder essentially iron comprises refining a
pig iron melt containing chromium in a converter by
blowing oxygen jets into the melt under the melt sur-
face in the converter, the oxygen jets each being sur-
rounded by a sheath of a jacket gas such as propane
which is slow to react with the melt in order to protect
the lining of the converter and the nozzles through
which the oxygen jets are biown. The pig iron itself may
contain the chromium or the chromium may be added
to the melt in the form of a chromium alloy after an ini-
tial refinement of the pig iron melt in the converter and
in this case further refinement by the introduction of
the jacketed oxygen jets into the melt takes place after
the chromium has been added. After the oxygen blow-
ing there may be a final blow using jets of argon in
place of the oxygen.

4 Claims, No Drawings
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1
PROCESS FOR MAKING CHRIMIUM ALLOYS

The invention relates to processes for making chro-
mium alloys containing from 10 to 20 percent chro-
mium, the remainder essentially iron, in which a pig
iron melt containing chromium, preferably pig iron of
the *‘Stahleisen” type is refined in a converter.

Highly alloyed steels, such as ferritic and austenitic
chromium steels are usually made by melting in an
electric furnace. The charge, consisting of scrap with a
little pig iron, is oxidised to remove the phosphorus.
After drawing off the slag, the sulphur is removed. To
the usually non-alloyed melt, the alloy constituents are
added in the form of ferrous alloys. In another process
pig iron containing 14 to 20 percent chromium is
melted in a cupola furnace, in a blast furnace or in an
electric arc furnace. The melt is then refined in a con-
verter, by means of surface blown oxygen, to produce
steel. During the refining undesired impurities in the
iron, particularly phosphorus, sulphur and manganese
are oxidised by the surface blown oxygen and go over
into the slag. A characteristic of this process is that the
surface blown oxygen does not reach the melt directly.
A large quantity of ferrous oxide is first formed and
thus explains the high concentration of ferrous oxide in
the slags produced by this process. Ultimately the fer-
rous oxide in the slag oxidises the undesired impurities
in the iron, but at the same time oxidises part of the
chromium in the melt. At the usual refining tempera-
tures the comparatively high affinity for oxygen of
chromium brings a large fraction of the chromium into
the slag, resulting in a high loss of chromium.

Consequently, in order to limit the amount of chro-
mium passing into the slag, the refining of melts con-
taining chromium is preferably conducted at very high
refining temperatures, that is to say at approximately
1,800° C. At these temperatures the free enthalpy of
chromium oxide is only a little less than the free en-
thalpy of ferrous oxide. The loss of chromium can be
still further decreased by interrupting the refining when
the carbon has been brought down to approximately
1.10 percent. After the refinement, silicon is added to
the slag. The silicon reduces part of the oxidised chro-
mium again, increasing the chromium concentration in
the melt. However, this slag reducing process has the
disadvantage that other elements, for example phos-
phorus, have less affinity for oxygen than silicon has,
and consequently these elements are also reduced to
some extent and pass back into the melt. This applies
particularly to phosphorus and manganese, and conse-
quently chromium steels which have been refined by
the oxygen surface blow process contain not only a
comparatively high percentage of carbon but also more
than average concentrations of phorphorus and manga-
nese. Finally, the high refining temperature used con-
siderably accelerates destruction of the refractory con-
verter lining, making it necessary to rebuild the con-
verter more often.

In order to minimize the chromium losses, very pure
pig iron is preferably used for the oxygen surface blown
process, the pig iron, containing for example only small
quantities of phosphorus, sulphur and silicon. Due to
the low concentrations of the impurities, less oxygen is
required and consequently the chromium losses are re-
duced. However this advantage has to be paid for in
that the process requires high quality and correspond-
ingly costly pig iron, as the raw material.
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In another known process for refining pig iron con-
taining chromium, a mixed gas containing argon and
oxygen is blown into the melt through nozzles installed
in the converter bottom. This method has the disadvan-
tage that approximately 20 Normal Cubic metres of
argon are required per metric ton of pig iron. Argon is
expensive and the process is comparatively uneconomi-
cal.

The object of the present invention is to provide a
process for making chromium alloys containing 10 to
30 percent chromium, the remainder essentially iron,
in which chromium losses are comparatively low, in
which a lower refining temperature gives the converter
lining a longer working life.

According to this invention, in a process for making
chromium alloy containing from 10 to 30 percent chro-
mium, the remainder essentially iron, in which a pig
iron melt containing chromium, for example pig iron of
the Stahleisen type, is refined in a converter, the refine-
ment is brought about by introducing at least one oxy-
gen jet through a nozzle into the melt under the melt
surface in the converter, the oxygen jet being sur-
rounded by a sheath of a jacket gas which is slow to
react with the melt in order to protect the nozzle and
the lining of the conveter.

This invention is based on the surprising discovery
that if the oxygen required for refining the pig iron is
introduced into the melt from under its surface in this
way considerably less chromium goes over into the
slag. This low loss of chromium to the slag allows a pig
iron to be used which already contains part or all of the
chromium content of the alloy before the refining pro-
cess begins.

The process thus enables the pig iron melt to be re-
fined with little loss of chromium, at a temperature of
approximately 1,700° C, the carbon being brought
down to a final concentration of 0.10 percent. If it is
desired to bring the carbon down still further, and to
lose even less chromium to the slag, the fraction of
comparatively inert jacket gas around the oxygen jet
can be increased towards th end of the refining process
and/or the oxygen may be mixed with an inert gas such
as argon. This hardly influences the economics of the
process, because the oxygen mixed with inert gas, for
example argon, is blown only briefly, for example for
approximately 10 percent of the total refining time.

" In those cases where it is desired to produce a melt
containing very little final carbon the reaction gases
may be drawn away from the melt by means of a vac-
uum pump so that the pressure applied to the surface
of the melt is less than atmospheric, for this purpose,
it is sufficient to bring the pressure above the melt
down to approximately 10 percent of atmospheric. The
carbon can also be brought down by subjecting the
melt after refinement to a vacuum treatment, in which
case it is advantageous to leave all or at least part of the
slag on the melt. A subsequent vacuum treatment
should be conducted under a more extreme vacuum
than that which prevails during refining, preferably 1
percent of atmospheric pressure. '

The process in accordance with the invention may be
conducted as follows. A pig iron of the usual kind is re-
fined and then, after drawing off the slag, the necessary
chromium is added in the form of a chromium alloy, for
example ferrochrome, containing approximately 6 per-
cent of carbon and an above average concentration of
silicon that is at least 3 percent silicon. The high con-
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centration of silicon in the alloy added delivers, during
the oxidation, the quantity of heat necessary for melt-
ing the atloy, The refining of the pig iron is preferably
allowed to proceed until the melt contains only 0.05
percent carbon, 0.15 percent manganese, 0.012 per-
cent Phorphorus and 0.014 percent sulphur.

Some examples of processes in accordance with the
invention will now be described in greater detail.

EXAMPLE 1

In order to make a ferrite chromium steel containing
approximately 0.10 percent carbon and 14 percent
chromium, pig iron of the Stahleisen type, that is to say
a pig iron containing approximately 3 to 4 percent car-
bon, up to 1 percent silicon, 2 to 6 percent manganese,
0.08 to 0.12 percent phosphorus and up to 0.04 per-
cent sulphur was refined in a converter, oxygen being
blown into the melt through compound nozzles in-
stalled in the converter bottom, each compound nozzle
consisting of an oxygen pipe surrounded concentrically
by a jacket gas pipe, to the effect that each oxygen jet
was surrounded by a sheath of jacket gas which in this
example was propane. The non-alloyed pig iron was ini-
tially refined to give a melt containing 0.05 percent car-
bon, 0.010 percent phosphorus, 0.010 percent sulphur
and 0.010 percent manganese. During this refinemeent
the melt temperature was 1,740° C. After drawing off
the slag and reducing the melt with a 2 kg of aluminum
per metric ton of steel,. 23 percent of ferrochrome,
based on the total weight of the finished melt, and 50
kg of lime per metric ton of steel were added to the
melt. The ferrochrome consisted of 64 percent chro-
mium, 6 percent carbon and S percent silicon, the re-
mainder iron. After adding the ferrochrome and the
lime, refining took place again for a further five min-
utes, altogether 25 Normal Cubic metres of oxygen
being blown per metric ton of steel through the con-
verter bottom. Analysis showed a carbon concentration
of 0.15 percent and chromium 15.4 percent. The blow
was therefore repeated for 20 seconds. The steel was
then tapped off at a temperature of 1,640° C and
showed on analysis 0.10 percent carbon and 14 percent
chromium.

In the example it is not necessary to add all the chro-
mium just after drawing off the slag. If desired the fer-
rochrome can be added in several successive portions
during the second refining process. Particularly good
results are obtained by blowing the lime, in the form of
a fine dust, into the melt with the oxygen.

EXAMPLE lI

Using a similar converter, a melt was refined for the
purpose of making a ferrite chromium steel containing
17 percent of chromium. For this purpose pig iron con-
taining 7 percent of chromium was refined. This pig
iron had been prepared in a 30 metric ton converter
from pig iron of the Stahleisen type containing 4.2 per-
cent carbon, 0.5 percent silicon, 0.1 percent phospho-
rus and 0.04 percent sulphur to which were added per
metric ton of pig iron 200 kg of scrap containing 17
percent of chromium by weight and 65 kg of ferro-
chrome containing carbon and containing 64 percent
of chromium by weight. During the refining of this pig
iron melt, lime dust was blown with the oxygen. At the
end of the 15 minute blow with oxygen jets jacketed
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with propane during which a total of 55 Normal Cubic
metres of oxygen were consumed per metric ton of
melt, the temperature was 1,680°C and analysis of the
melt showed 0.15 percent carbon, 7.1 percent chro-
mium, 0.015 percent phosphorus and 0.012 percent
sulphur,

After drawing off all the slag, 18 percent of ferro-
chrome based on the total weight of the finished steel
melt was added to the melt, the ferrochrome containing
63 percent chromium, 6 percent carbon and 4 percent
silicon by weight. After a further blow lasting for 4 min-
utes and consuming altogether 20 Normal Cubic me-
tres of oxygen per metric ton of steel, the melt had a
temperature of 1,620° C and showed 0.13 percent car-
bon, and 17.4 percent chromium. A further blow was
then applied for 90 seconds, blowing through the oxy-
gen pipe a mixture containing 50 percent oxygen and
50 percent argon, pure argon being blown through the
jacket gas pipe. The melt which was tapped off con-
tained 0.05 percent carbon and 16.8 percent chro-
mium.

These two examples show that the process according
to the invention allows chromium steels to be made
containing 0.10 percent of carbon, or less, with very lit-
tle chromium loss to the slag, and this without using a
reduced pressure over the melt. Still lower carbon con-
tents can easily be obtained by refining under reduced
pressure, or by giving the refined steel a subsequent
vacuum treatment, )

We claim:

L. In a process for making chromium alloy containing
from about 10 percent to about 30 percent chronium
and the remainder essentially iron, including the steps
of (1) refining a pig iron melt in a convertor by intro-
ducing at least one oxygen jet into said melt through a
compound nozzle located in the bottom of said conver-
tor and discharging said oxygen jet into said melt below
the surface of said melt and surrounding each said oxy-
gen jet with a sheath of protective gas which is slow to
react with the melt and which is discharged into said
melt simultaneously with each said oxygen jet, in order
to protect said compound nozzle and the lining of said
convertor and (2) thereafter drawing slag off from said
refined pig iron melt, and (3) then introducing a chro-
mium alloy containing at least 3 percent of silicon into
said pig iron melt to form a pig iron melt containing
chromium (4) thereafter further refining said melt by
repeating step (1) by introducing said oxygen jet into
said pig iron melt containing chromium and (5) recov-
ering the produced alloy containing 10 percent to 30
percent chromium.

2. A process as claimed in claim 1, further compris-
ing the step of applying a pressure less than atmo-
spheric pressure to the surface of said melt during said
step of introducing said oxygen jets into said melt.

3. A process as claimed in claim 1, wherein said pig
iron ‘melt contains not more than 50 percent of the
chromium content of said alloy and further comprising
the steps of drawing off slag from said melt after said
step of introducing said oxygen jet into said melt and
adding the remainder of said chromium content of said
alloy to said melt after said slag has been drawn off.

4. The process of claim 1 in which the protective gas
is propane.

* * * * *
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