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(57) Abrege(suite)/Abstract(continued):
steel by adding a foam material, according to the invention a previously defined mixture (5) of a metal oxide, iron carrier, carbon and

b
18
18

tr

nding material In the form of pellets or briquettes (4) Is Introduced Into the converter, which reacts in a chemically reducing
anner under the slag layer (2) due to the high ambient temperature, wherein gaseous carbon monoxide formed In particular by
eans of the reduction process of the metal oxide with the carbon within the pellets or briguettes (4) induces the slag foaming with
e gas bubbles (7) thereof and wherein the specific density of the pellets or briguettes (4) and the resolve time of the reduction

process are selected so that optimal bubble formation in respect of size and duration is achieved.
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(57) Abstract: In order to carry out foaming ot a slag ha-
ving a high ratio of chromium oxide having values of often
above 20% of a non-corrosive melt in an AOD (Argon
Oxygen Decarburization) or MRP (Metallurgical Refining
Process) converter or CONARC SSt for stainless steel by
adding a foam material, according to the ivention a pre-
viously detined mixture (5) of a metal oxide, iron carrier,
carbon and binding material in the form of pellets or bri-
quettes (4) 1s infroduced mto the converter, which reacts in
a chemically reducing manner under the slag layer (2) due
to the high ambient temperature, wherein gaseous carbon
monoxide formed in particular by means of the reduction
process of the metal oxide with the carbon within the pel-
lets or briquettes (4) induces the slag foaming with the gas
bubbles (7) thereof and wherein the specific density of the
pellets or briquettes (4) and the resolve time of the reducti-
on process are selected so that optimal bubble formation in
respect of size and duration 1s achieved.

(57) Zusammenfassung: Um em Aufschdumen emer
[Fortsetzung auf der nachsten Seite/
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Schlacke mit emem hohen Anteil an Chromoxid mit Werten von oft oberhalb von 20 % einer Rostireischmelze i einem AOD-
(Argon Oxygen Decarburization) oder MRP- (Metallurgical Retining Process) Konverter bzw. CONARC SSt fiir Rostfreistahl
durch Zugabe eines Schaummaterial durchzufiihren, wird erfindungsgemall vorgeschlagen, dass ein zuvor detfiniertes Gemisch (5)
aus einem Metalloxid, Eisentrager, Kohlenstottf und Bindematerial in Form von Pellets bzw. Briketts (4) in den Konverter einge-
geben wird, welches unter der Schlackenschicht (2) aut Grund der hohen Umgebungstemperatur chemisch reduzierend reagiert,
wobeil msbesondere durch den Reduktionsvorgang des Metalloxids mit dem Kohlenstott innerhalb der Pellets bzw. Briketts (4)
gebildetes gastormiges Kohlenmonoxid mit seinen Gasblasen (7) das Schlackenautschaumen hervorruft und wobei die spezitische
Dichte der Pellets bzw. Briketts (4) und die Autlosungsdauer des Reduktionsvorgangs so gewahlt sind, dass eine optimale Blasen-

bildung in Bezug aut die Groéfe und Dauer erreicht wird.
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METHOD FOR FOAMED SLAG GENERATION OF A
NON-CORROSIVE MELT IN A CONVERTER

The invention concerns a method for producing foamed slag on a stainless steel
melt in an AOD (argon oxygen decarburization) or MRP (metallurgical refining process)
converter or CONARC SSt for stainless steel by adding a foaming material.

During refining in a converter for producing stainless steel, a slag forms which has
a high content of metal oxides, especially chromium oxide. The concentration of the
chromium oxide during the refining phase often reaches values exceeding 20%, which
greatly increases the viscosity of the slag. The slag is usually very hard just before the
reduction.

The process metallurgy of these types of slags constitutes the following

successively occurring partial reactions:

{02 = 2|0} thermal dissociation of the oxygen
(1)

2[Cr]| + 3[O] = (Cr,03) chromium oxidation in the melt
(2)

(Cr,O0y) + 3[C] = 2[Cr] + 3{CO} chromium oxide reduction at the

slag/metal phase boundary

(3)

Reaction (3) is fundamentally important for the production of stainiess steel,

because chromium oxide is the most important component in the foamed slag production.
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However, this reaction takes place to a very limited extent in the conventional process.
The reason for this is the high viscosity of the slag. All current converter processes reduce
the slag only in the following step, in the so-called reduction, and the process for this 1s
normally carried out with silicon in the form of ferrostlicon.

[f, however, the slag viscosity is suitable for foaming, the reduction process (Eq. 3)
is made possible by the gaseous CO formed in the refining process itself and by the iron
oxide reduction of the foaming material, which is added to the melt in the form of pellets
or briquettes at a specific time. The principal components of the material are iron oxide
carriers, €.g., scale, then carbon and a ballast matertal, which defines a systematic
placement of the briquette in the melt.

The reduction process in this type of briquette then proceeds by the following
principle:

(Fe,O5) + 3[C] = 2[Fe| + 3{CO} chromium oxidation in the melt

(4)

The crucial factors for the formation of the foamed slag are thus the constituents of
the added foaming material and the slag viscosity, which in turn depends on the
composition and the temperature of the molten slag. Above all the viscosity defines a
phase region of the molten slag in which foam formation is possible. Therefore, 1t 1s
important to control the slag basicity, which is responsible for the viscosity, so that the gas
bubbles that are formed are forced to stay temporarily in the slag layer. In this regard, the
limestone added to control the slag basicity constitutes a further source of gas, since the

thermal dissociation of this material releases CO according to the following equation:
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(CaCO;) = (Ca0) + {CO}

(3)

The phenomenon of bubble formation involves a process that utilizes the
mechanical force of the reacting gas bubbles to produce a new surface region in the slag.
The buoyant forces on the gas bubbles transiently split the slag surface and saturate the
whole slag layer to produce the foam. When there is a protracted gas stream from the
reacting substances, the number of accumulating bubbles grows with the growing foam.
As a result, the height of the foam layer increases with increasing amount of gas; 1t 1s
directly proportional to the amount of the foaming matenal.

An important factor in this type of mechanism is the optimal placement of the
reactants to obtain a maximum foaming effect. Optimal placement occurs 1n the boundary
region between the slag layer and the liquid metal.

The document JP 1 116018 A describes a method for increasing the efficiency of
the blowing process in steelmaking in a converter by adding a mixture, wherein slag
formation and foaming 1s prevented.

DE 195 18 343 A1 describes a method for increasing the effectiveness of the
smelting reduction of oxidic metal carriers and improving the thermal efficiency of the

charged fuels in the smelting production process.
DE 10 2008 032975 A1l describes a method for producing a foamed slag on

stainless steel melts in an electric arc furnace.
Slag foaming has not been used so far in the production of stainless steel.

Nowadays only dusts are added as compressed pellets or briquettes for the purpose of
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realizing cooling effects. Since the reducing element, namely, carbon, and the ballast
material are not present in the briquettes, these remain effective only unreduced in the slag
zone.

In DE 10 2007 006 529 Al, in the production of a foamed slag on a high-chromium
steel melt, the metal oxides, mainly chromium oxide, that are present in the slag are
additionally reduced by the briquettes and/or pellets floating near the melt/slag phase
boundary, such that the reaction gases that are produced support the foaming of the slag.
To this end, the briquettes or pellets charged to the electric arc furnace consist of a well-
defined mixture of an iron carrier as the ballast material, carbon or carbon as the reducing
agent, and a binder.

During blowing in the converter, a slag forms which has a high content of
chromium oxide. As mentioned earlier, the chromium oxide concentration often reaches
values in excess of 20%, so that slags of this sort cannot be liquefied and foamed to the
desired extent due to their composition. The objective of the invention 1s to develop a
method with which the previously known successful methods for slag foaming in the
electric arc furnace can also be used 1n a converter.

The stated objective is achieved with the characterizing features of claim 1 1n such
a way that a previously defined mixture of a metal oxide, iron carrier, carbon, and binding

material is introduced into the converter in the form of pellets or briquettes and reacts in a

chemically reducing manner under the slag layer due to the high ambient temperature, such
that gaseous carbon monoxide, which is formed especially by the process of reducing the

metal oxide with the carbon, produces the slag foaming with its gas bubbles, and such that
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the specific gravity of the material and the resolution time of the reducing process are
selected in such a way that optimal bubble formation with respect to size and duration 1s
achieved.

Foamed slag develops quasi-exponentially according to the composition ot the
well-defined mixture that consists of a metal oxide, iron carrier, carbon, and binding
material in the form of pellets or briquettes. Introduced into the zone between the slag
layer and the metal melt, the mixture 1s subjected, due to the prevailing high ambient
temperature, to a dissolving process with parallel reduction of the iron oxide. Immediately
upon their entrance into this zone, the pellets or briquettes become encased with a shell of
solidified metal due to their colder temperature. Since the mean melting point of the
pellets or briquettes is lower than that of the metal, the mixture inside the shell undergoes a
melting process. Depending on the temperature difference, the reduction process nside the
shell ends either earlier or later than the melting of the shell. In the former case, the
process can lead to the bursting of the granules and explosive release of the CO gas bubble,
which results in more thorough mixing of metal and slag. In the latter case, the CO gas
bubble develops freely in the zone between the slag and the metal melt.

In accordance with the invention, the addition of the foaming material 1s carried out
in such a way, by specific control with values of 2-30 kg of pellets or briquettes/t of liquid
metal/min, that a well-defined foamed slag height is obtained and then maintained for a
predetermined period of time. The charging of the foaming material is distributed 1n layers
and in such a way that the entire area is covered with a well-defined weight per unit arca

that amounts to 1-5 kg/m*/min for an optimal foaming effect.
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An important consideration for systematic slag foaming 1s the maintenance of a
well-defined slag viscosity, so that a suitable slag control system 1s necessary.

The operation of converters involves blowing a charge, i.e., especially the feed
metal, with oxygen. In this operation, the slag performs its primary function by capturing
undesired components from the melt. Due to the low thermal conductivity of the toamed
slag, the heat losses are greatly reduced, and thus the energy imput into the metal melt 1s
improved.

The foamed slag also means strong sound absorption. The top blowing lance
enveloped in foamed slag emits little noise into the environment, and this means improved
environmental conditions in the vicinity of the converter.

Other advantages of a strongly foaming slag in the converter are:

« improved energy balance of the melt due to the layer of insulation provided by the
foamed slag,

e acceleration of decarburization by saturated oxygen in the slag and its reaction
with dispersive metal drops,

 minimization of splattering and clogging of the interior of the converter,

» increase in the process efficiency by metal recovery from residual matenals, such
as arc furnace and converter dusts, sludges, and other recyclable residual materials of the

steelworks, which can be mixed into the pellets or briquettes as metal oxide or 1ron

carriers,

e cooling effect of the briquette additions.
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A slag foaming method in accordance with the invention will now be described
with reference to the accompanying schematic drawing. A slag layer 2 with pellets 4
embedded in 1t floats on a metal melt 1 in a converter (not shown). These pellets 4 were
previously introduced into the converter, in which they initially became arranged 1n the
zone 3 between the slag layer 2 and the metal melt 1 due to their preadjusted density and
their formation with a shell 6 of solidified metal. After this shell 6 melts, making the
pellets 4 lighter, some of the pellets 4 leave the zone 3 and are located inside the slag layer
2. The CO/CO, gas bubbles 7 produced by the reduction of iron oxide carriers present 1n
the pellets 4 and of limestone (CaCQOj3) that 1s present have led to the formation ot a
foamed slag layer 8, in which the CO/CO, bubbles 7 are shown enlarged.

A pellet 4 is also shown enlarged. It consists in the present example of the
constituents CO, CO,, Fe, Cr, and CaO and 1s encased in a shell 6 of solidified metal that

formed 1n zone 3.
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List of Reference Numbers

metal melt

layer of slag

zone between the slag layer and the metal melt
pellet

defined mixture of the pellet

shell ot solidified metal formed on the pellet
gas bubble

layer of foamed slag
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We Claim:

1. A method for producing foamed slag on a stainless steel melt 1n a converter for an
argon oxygen decarburization process, a metallurgical refining process or a combination
electric arc furnace/conventional converter blowing stainless steel production process by
adding a foaming material, wherein a previously defined mixture (5) of a metal oxide,
iron carrier, carbon, and binding material 1s introduced into the converter in the form of
pellets or briquettes (4) and reacts in a chemically reducing manner under a slag layer (2)
due to a high ambient temperature, wherein gascous carbon monoxide, formed by the
reducing of the metal oxide with the carbon inside the pellets or briquettes (4), produces
the foamed slag with gas bubbles (7), wherein the addition of the foaming material 1s
carried out in such a way, by specific control with values ot 2-30 kg of pellets or
briquettes (4) per metric ton of metal melt (1) per minute, that a well-defined foamed slag
height is obtained and then maintained for a predetermined period of time, and that the
charging of the foaming material 1s distributed 1n layers and in such a way that the entire
area 1s covered with a well-defined weight per unit area that amounts to 1-5 kg/m2/min

for an optimal foaming effect.

2. The method 1n accordance with claim 1, characterized in that to maintain a well-
defined slag viscosity, which 1s necessary for systematic slag foaming, a slag control

system 1s used.
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3. The method in accordance with claim 1 or claim 2 characterized 1n that available
residual materials are used in the defined mixture (5) of the pellets or briquettes as metal

oxide or 1ron carriers.

4. The method 1n accordance with claim 3 wherein the available residual materials

are selected from the group consisting of arc furnace dust, converter dust, sludges and

other steelworks recyclable residual materials.

10
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