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@ The invention relates to a method for blowing oxidizing gases into molten metal located in a reaction vessel
having tuyéres below the metal bath surface, whereby the oxidizing gases are blown into the molten metal from
these tuyéres and fed to the tuyéres at an inlet pressure between 85 bars and 170 bars.
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The present invention relates to a method for blowing oxidizing gases into molten metal located in a
reaction vessel having tuyéres below the metal bath surface.

Progressive metallurgical methods for metal production mainly use oxygen as a refining agent today,
particularly if this refining gas is fed to the smelt below the metal bath surface. This procedure has become
more and more common in nonferrous metallurgy. For example, oxygen tuyéres below the bath surface are
used in the QSL reactor for lead production that has recently become known. Similar process variants are
also part of industrial practice in copper production.

However oxygen refining has acquired outstanding importance in steel production. Along with the
various LD processes for steelmaking in a converter, oxygen tuyéres below the iron bath surface are now
also employed in the other important steelmaking aggregate, the electric-arc furnace, to improve the
economy of this process. In the bottom-blowing converter the large-scale use of pure oxygen began in 1968
with the method known as OBM or Q-BOP. German patent no. 15 83 968 is the first protective right to
describe the OBM method.

Further developments in this field followed, the combination-blowing KMS converter being the current,
very versatile and optimal solution for steel production. In this method the scrap smelting capacity can be
controlled within wide limits by the addition of carbonaceous fuels, and the thermic efficiency of these fuels
is considerably increased by the afterburning of the reaction gases and retransfer of the resulting heat. This
increase of the energy turnovers in converters is protected by German patent no. 28 38 983.

A step toward improved operation of the process in the bottom- or combination-blowing converter has
been taken for the top-blowing or LD method by purging the bottom with inert gas. The relatively small
amounts of purging gas used (mainly nitrogen and argon) are replaced by oxygen in the LET process. In
this process about 5 Nm3 oxygen per ton of steel is blown into the smelt through two to four bottom tuyéres
below the bath surface, and the essential refining oxygen fraction is fed to the iron bath by the water-cooled
oxygen top-blowing lance, as customary in an LD converter.

In steelmaking in an electric-arc furnace the KES method, as described e.g. in German patent no. 36 29
055, has recently gained acceptance in several mills. In this method for increasing the energy supply in
electric-arc furnaces oxygen or oxygenous gases are blown into the upper area of the furnace for
afterburning the reaction gases, and oxidizing gases (mainly oxygen) are fed to the smelt through the
tuyéres disposed in the bottom. Simultaneously solids such as slag forming agents and carbonaceous fuels
can be passed into the smelt via hollow electrodes. This method increases the economy in particular by
saving electric energy. This protective right also proposes operating the tuyéres below the bath surface at
increased pressure up to 60 bars from case to case.

In the methods stated hitherto the oxygen is supplied below the bath surface through so-called OBM
tuyéres, i.e. oxygen tuyéres jacketed with hydrocarbons for their protection. These tuyéres normally
comprise two concentric pipes with oxygen flowing through the central pipe, and hydrocarbons, for example
natural gas, methane, propane, butane or light fuel oil, flowing through the annular gap. When this tuyére is
used minimal rates of wear of the botiom lining and tuyéres of 1.5 mm per batch, corresponding to
approximately 5 mm per hour of blowing time, can be reached under favorable operating conditions as
stated for example in German patent no. 34 03 490, "A method for installing a converter bottom™.

Alongside the successful large-scale use of OBM tuyeres, i.e. tuyéres through which oxygen jacketed
by a gaseous or liquid hydrocarbon passes into the smelt below the metal bath surface, there was
previously no lack of attempts to pass oxygen into molten metal without a tuyére protecting medium. For
example U.S. patent no. 2,333,654, filed in 1940, describes a method and apparatus for steelmaking
wherein oxygen is blown into the molten metal through a positively cooled tuyére in a Bessemer converter
or similar refining vessel. The tuyére is made of a material with high thermal conductivity and has a water
cooling system with water flowing at high speed onto the underside of the tuyéres so that a layer of
solidified metal forms on the tuyére surface for tuyére protection. This method has never entered into
steelmaking practice, probably because the risk of leaks and bursts in the tuyére water cooling system and
resulting water vapor explosions was considered too great.

U.S. patent no. 2,855,293, filed in 1955, relates to a further method and apparatus for treating molten
metal with oxygen. The method is characterized in that oxygen with a pressure over 28 bars (400 pounds
per square inch) is used to obtain a limited cooling effect at the tip of the tuyére so that the tuyére material
does not melt. The application of the method and apparatus is bound to a number of requirements. The
most important conditions are an oxygen pressure between 28 bars and 70 bars (400 to 1000 pounds per
square inch), a jet and tuyére area between 0.003 to 0.03 square inches, corresponding to an inside pipe
diameter of 1.5 mm to 5 mm, and a pipe wall thickness of at least 4.8 mm. Under these conditions and with
a proper refractory material for the tuyére surroundings one can reach a minimal rate of wear of 0.27
inches/min, corresponding to 6.86 mm/min or 411 mm/h. These rates of wear based on the wall thickness of
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a modern bottom-blowing converter lead to operating times of less than 10 baiches, while customary
comparable bottom durabilities today are over 1000 batches.

The method described in this U.S. patent for passing oxygen into the smelt below the metal bath
surface at a pressure between 28 bars and 70 bars has not been applied in steelmaking or metal extraction.
Instead the same inventors recommended blowing oxygen into a molten metal bath only together with one
or more gaseous hydrocarbons in French patent no. 14 50 718, filed in 1965.

As described above, this method of jacketing the oxygen with hydrocarbons has become accepted in
metallurgical processes for metal production and leads to satisfactory results in particular with respect to
the rates of wear of the tuyéres used and the resulting high economy. But there are also disadvantages.
Mainly in steelmaking the relatively high hydrogen contents from the tuyére protecting medium impair the
finished molten steel. Also, complicated controlling installations are necessary for reasons of safety, for
example to keep the pressure of the hydrocarbons lower than the oxygen pressure so that the hydrocar-
bons do not overflow into the oxygen pipes and cause undesirable deflagrations and fires in the feed
system. Finally a considerable proportion of the hydrocarbons for tuyére protection is lost as vagrant
medium in the converter bottom and leads to undesirable flame formation outside the converter, e.g. in the
area of the piping on the converter bottom.

The invention is accordingly based on the problem of reliably passing oxygen into molten metal below
the bath surface without a jacket of hydrocarbons or other additional tuyére protecting media and obtaining
comparable rates of wear of the pass-in system and the surrounding refractory lining as are known from
OBM tuyéres.

The object of the invention is a method for blowing oxidizing gases into molten metal located in a
reaction vessel having tuyéres below the metal bath surface, characterized in that the oxidizing gases, in
particular oxygen, are blown into the molten metal from these tuyéres and fed to the tuyéres at an inlet
pressure between 85 bars and 170 bars, preferably between 90 bars and 120 bars.

These measures cause the tuyéres to burn back together with the surrounding refractory material
uniformly at a rate of wear of less than 30 mm/h of blowing time. No undesirable substances need be fed fo
the molten metal. Reliable process control and an improved, high overall economy of the method are
ensured.

The inventive method can be used in steelmaking in a converter, an electric-arc furnace and other
suitable vessels (ladles, vacuum systems) for carrying out a refining process, in coal gasification in an iron
bath, in the smelting reduction of metal ores and in the production of nonferrous metals.

The invention is based on the finding that the resistance of tuyéres to premature burning back
increases over-proportionately only as of a pressure stage of at least 85 bars for the passed-in oxidizing
gas, in particular oxygen. This finding is surprising because in known methods for blowing oxygen into
molten metal relatively high burn-off rates for the tuyéres have hitherto been detected in the pressure range
between 28 bars and 70 bars and in exceptional cases up to 80 bars, which somewhat decreased at
increasing pressure but still have values of about 40 cm/h of blowing time in favorable cases. The constant
slight decrease in the tuyére burn-off rate at increasing oxygen pressure is only explainable in the prior art
by the Joules-Thomson effect, which causes cooling on the tip of the tuyére when the highly compressed
gas emerges and expands.

It is all the more surprising that an overproportionate, clear reduction of tuyére burn-off occurs
according to the invention at a pressure of at least 85 bars. This tuyére burn-off found is less than 3 cm/h of
blowing time and is thus in the same order of magnitude as with OBM tuyéres in which the oxygen is
jacketed by hydrocarbons.

According to the invention the oxygen is conducted, before entering the tuyéres, through supply pipes
having a clearly greater free cross section than the tuyére in order to minimize the pressure losses in these
feed pipes. It has been shown that the full oxygen pressure of at least 85 bars, preferably 90 bars, must be
present at the inlet of the tuyére, i.e. its back or cold side, to ensure maximum flow rates within the tuyére
itself. It is also within the scope of the invention to give the tuyéres a conic form, i.e. a cross section
tapering toward the tuyére mouth. Instead of a conic design the tuyéres can also have several steps worked
into the inside diameter. These measures for tapering the inside diameter of the tuyére toward the tip are
always expedient when the lower limit of the stated pressure range of at least 85 bars is present, i.e. if no
higher oxygen pressure is available. The preferred design of the tuyére for the inventive method is a tubular
tuyére body with a uniform inside diameter which is supplied with oxygen in the pressure range of 90 bars
to 120 bars.

Other tuyére areas departing from the circular shape can of course also be used, for example oval,
slotlike and any desired polygonal shapes.
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According to the invention the oxygen is fed to the tuyéres at temperatures of -5°C to 50 ° C, preferably
about 10°C to 30°C. At this temperature the oxygen is thus present at the inlets of the tuyéres. The
density of the oxygen in the supply pipes and accordingly at the inlets of the tuyéres is between 120 g/dm?3
and 240 g/dm3, preferably between 130 g/dm3 and 170 g/dm®. The advantageous low rates of wear of the
tuyéres can be reached by the inventive method with the stated values for the density of the oxygen.

The unforeseeable great reduction in the tuyére burnoff rate when passing oxygen into molten metal as
soon as the pressure range of about 85 bars is exceeded according to the invention cannot be explained by
the Joules-Thomson effect, i.e. the gas expansion at the tip of the tuyére. Instead, more exact
physicochemical tests have shown that the gas expansion hardly leads to cooling of the surroundings in this
pressure range. Similar conditions also result for the calculation of the cooling effect through the
hydrocarbon jacket of the oxygen in OBM tuyéres. The cracking energy of the hydrocarbons is com-
pensated almost completely by combustion of the carbon to CO, resulting in an approximately heat-neutral
behavior of the hydrocarbon gases when passing into an iron smelt. While the effect of the hydrocarbon
jacket is today regarded more as a retardation of the reaction by the hydrocarbons or their cracking
products when oxygen is passed into an iron smelf, there is only a very vague interpretation of the
surprising finding of an above-average reduction of wear when oxygen is blown in at pressures over 85
bars. The reaction zone of the oxygen with the molten metal is probably shifted forward to the tuyére mouth
as of this pressure level by the high flow rate of the oxygen in the tuyére feed pipe and the expansion at
the tip of the tuyére, alongside the expected cooling effects. The distance between the tuyére mouth and
the area in front of it with maximum reaction density between oxygen and e.g. the iron smelt and thus the
iron oxide formation - FeO - is large enough to clearly reduce the reactive effect of this high-temperature
zone on the tip of the tuyére. It is conceivable that as the oxygen blowing pressure increases a reaction
distance slowly forms here as described between the tip of the tuyére and the main reaction zone. But this
reaction distance only has measurable effects on the burn-off rate of the oxygen tuyére as of a certain
pressure level. Although these explanations may appear speculative at first they are compatible with
previous findings in this field. By comparison, the ignition zone of a Bunsen burner is e.g. also shifted
forward as the gas pressure increases.

The tuyéres used may normally be usual commercial pipes. The dimensions of the tuyéres vary in
accordance with their application. No narrow limits are given by the inventive method here. For example the
length of the tuyére is about 1 m and its inside diameter 6 mm when installed in the bottom of a
steelmaking converter. The tuyére is made from a usual commercial copper pipe with a wall thickness of 3
mm. Inside tuyére diameters of about 1 mm to about 20 mm have proven suitable. Oxygen tuyéres with an
inside diameter of 2 {0 6 mm are preferably used.

When selecting the material one should give preference to materials which do not ignite in the presence
of oxygen and then possibly burn back in uncontrolled fashion, as for example unalloyed steel pipes
behave. Copper, copper alloys and stainless or high-alloy steel pipes are accordingly recommendable. In
special cases ceramic pipes, in particular multilayer ceramic pipes, have proven useful as oxygen tuyéres.
These multilayer ceramic pipes involve at least two and up to five concentrically fitting pipes of the same or
different materials, for example corundum, mullite, spinel, magnesite, which can also be glued together.
These adhesive layers can improve the material properties, such as resistance to change of temperature,
thermal conductivity and breaking strength. Combinations of ceramic and metal pipes can likewise be used
as oxygen tuyéres.

The tuyéres can be installed in the refractory lining of the refining vessel below the metal bath surface
by inserting the tuyére and fixing it in the center of a prefabricated tuyére channel having an inside
diameter 1 mm to 20 mm greater than the outside diameter of the tuyére. The remaining annular gap is
filled with a ceramic casting compound, or one preferably uses a tuyére shake-in compound which is
compressed better than a normal casting compound through the vibration of the tuy&re when poured into
the free annular gap. After installation of the tuyéres their mouths are flush with the surrounding refractory
material, or the tuyére pipes protrude slightly. No beehive-like bulges of refractory material containing the
oxygen pass-in pipe are necessary as described in the prior art.

When the inventive method was applied in a combination-blowing oxygen converter for steelmaking
there were considerable advantages for the production sequence in comparison to the use of OBM tuyéres.
In steel finery by the known method the bottom of the converter with a capacity of 65 t contains eight
tuyeres with an inside diameter for the central oxygen pass-in pipe of 24 mm. Surrounding the oxygen
pass-in pipe is an annular gap with a width of 1 mm through which about 10% natural gas based on the
oxygen throughput flows for tuyére protection. About 60% of the total amount of oxygen is passed into the
iron smelt below the bath surface through these bottom tuyéres. The flow rate is about 12,000 Nm3/h at a
mean O, pressure of 10 bars.
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If the inventive method is applied these relatively elaborate OBM tuyéres can be replaced by the same
number of simple oxygen tuyéres comprising pipes with an inside diameter of 7 mm. At an oxygen inlet
pressure in these tuyéres of 120 bars the same amount of oxygen can be blown into the iron bath. The
blowing behavior of the converter proves to be exiremely quiet when operated by the inventive method. The
feared phenomena of so-called blow-throughs or an increased boiling motion involving great splashes
cannot be observed. Since the rates of wear of the oxygen tuyéres and the total converter bottom are about
6 mm/h of blowing time they are within the range of bottom wear when OBM tuyéres are used. For
steelmaking operation remarkable economic advantages already result from the saving of amounts of
natural gas and the clearly reduced hydrogen contents in the finished steel. Furthermore the tuyéres are
less expensive, and the relatively elaborate installations for controlling the tuyére protecting medium can be
omitted.

The following table shows comparable data and results of prior art methods and the process according
to the invention. U.S. patent no. 2,855,293, which deals with the treatment of molten metal with oxygen,
states under the title "Refractory” in col. 8 from line 20 wear figures for two different refractory materials,
namely acidic grog and basic magnesite, which are found in col. 1 of the table. Col. 2 of this table shows
the wear of the refractory materials together with known OBM tuyéres. In this process a tuyére protecting
medium is used, natural gas in the case shown, in an amount of 10% based on the oxygen throughput. The
data on refractory consumption are found in German patent no. 34 03 490. These figures are intended to
show the wear values and thus lifetimes to be expected for the refractory lining in the large-scale methods
in use foday, but with the described disadvantages resulting from the hydrocarbon jacket for the oxygen
passed into molten metal below the bath surface.

Tuyére dimensions Prior art Invention

U.S. patent 2,855,293 German patent 34 03 490

Inside diameter (mm) 1.6 24 7
Outside diameter (mm) 3.2 34/42 13

Oxygen pressure

Minimum (bars) 28 6 90
Maximum (bars) 70 16 120

Refr.mat./Tuyére wear

Minimum rate (mm/h) Grog 411 MgO+C5 MgO+C 6
Maximum rate (mm/h) MgO 3048 MgO 10 MgO 30

T.p.medium natural gas

based on Oz (%) - 10 -

Comparable data and results of prior art methods and inventive method

Col. 3 of the table shows the corresponding data for the inventive method. Comparison of the values in
columns 1 and 3 of this table, which both relate to oxygen blowing without an additional medium into molten
metal below the bath surface, makes it clear how great the unforeseeable decrease in wear for the tuyéres
and surrounding refractory material is when the oxygen is blown into the smelt through the tuyéres at a
pressure of more than 85 bars. The stated minimum wear of the refractory materials and tuyéres in the
inventive method is smaller by a factor of 68.5 and the maximum wear by a factor of even 100 as
compared to the known process described in the U.S. patent. The hitherto inexplicable effect responsible
for this unexpectedly clear reduction of wear in the tuyéres when the pressure is increased over 85 bars
must be left open here. Possible interpretations have been offered above in this description of the invention.

The method according to the invention can be easily adapted to the operating conditions in reaction
vessels for refining molten metal. Among other things, it can replace the inert gas purging means below the
bath surface in the relatively large LD converters. It is within the scope of the invention to modify the
method for blowing oxidizing gases into molten metal and utilize its advantages by skillful adaptation fo
existing metallurgical processes. As long as one uses oxidizing gases, in particular oxygen, in the pressure
range between 85 bars and 170 bars one is within the scope of the invention.
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Claims

1.

A method for blowing oxidizing gases into molten metal located in a reaction vessel having tuyéres
below the metal bath surface, characterized in that the oxidizing gases are blown into the molten
metal from these tuyéres

and fed to the tuyéres at an inlet pressure between 85 bars and 170 bars.
The method of claim 1, characterized in that the oxidizing gas is oxygen.

The method of claim 1 or 3, characterized in that the inlet pressure is between 90 bars and 120 bars.

The method of any of claims 1 to 3, characterized in that the oxygen is fed to the tuyéres at a
temperature between -5°C and 50°C.

The method of claim 4, characterized in that the temperature is between 10°C and 30°C.

The method of any of claims 1 o 5, characterized in that the oxygen is fed to the tuyéres with a
density between 120 g/dm? and 240 g/dmé.

The method of claim 6, characterized in that the density is between 150 g/dm? and 170 g/dm?3.

The method of any of claims 1 o 7, characterized in that the free cross section of the oxygen tuyéres
is designed to taper from the inlet side toward the tip of the tuyére.



0 European Patent
Office

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 93 11 6638

EPO FORM 1503 03.82 (P0401)

Catego Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
Bory of relevant p to claim APPLICATION (Int. CL.§ )
A,B | US-A-2 855 293 (G. SAVARD ET AL.) 1 C21C5/34
* claim 1 * C21C5/48
A,D | US-A-2 333 654 (0. LELLEP)
* claim 1 *
A,D |FR-A-1 450 718 (L'AIR LIQUIDE)
* claims 1,2 *
A,D |DE-B-1 583 968 (EISENWERK - GESELLSCHAFT
MAXIMILIANSHUETTE)
* claim 1 *
A,D |DE-C-3 403 490 (KLGCKNER CRA TECHNOLOGIE)
* column 7 *
A,D |DE-C-2 838 983 (KLOCKNER CRA TECHNOLOGIE)
A,D |DE-C-3 629 055 (KLOCKNER CRA PATENT)
""" TECHNICAL FIELDS
SEARCHED (Int. CL.5)
c21C
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
BERLIN 30 NOVEMBER 1993 SUTOR W.
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A : technological background
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document




	Bibliographie
	Beschreibung
	Ansprüche
	Recherchenbericht

