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Description

[0001] The present invention relates to a process for preparing a foaming slag former for electric arc furnaces with at
least 20 wt. % of solid slag particles, to the product of this process, and to its use in electric arc furnaces.
[0002] The use of electric arc furnaces is well-known in steelmaking as well as for the production of non-ferrous alloys.
Typically, such an electric arc furnace comprises a refractory-lined vessel, and, within said vessel, a set of graphite
electrodes. In such electric arc furnaces the charge is usually introduced at the beginning of a process cycle and melted
down by an electric arc between the electrodes. Slag formers are usually added so as to create a layer of slag floating
on the melt so as to protect the melt from oxidation. Additionally, the slag also acts as a thermal blanket, reducing heat
losses, and helps protect the refractory lining from radiation from the electrodes.
[0003] Those slag formers usually comprise calcium and magnesium oxides.
[0004] To increase the thermal insulation and refractory lining protection provided by the slag, it has become common
to use additives to foam said slag. Usually, these additives are carbon sources, such as coke, which, under the conditions
of the hot furnace, produce carbon monoxide bubbles in the slag. It has been proposed, for instance in French patent
application publication FR-A-2 634 787, Japanese patent application publication JP 62-023920, European patent appli-
cation EP-A-0 655 508 and US Patents 5,395,420 and 6,375,711 to use calcium and/or magnesium carbonates, that
is, limestone, dolomite and magnesite, as both slag formers and carbon dioxide sources in the molten slag so as to foam
it. This has however encountered the drawback that these natural carbonates are normally obtained from limestone,
dolomitic limestone, dolomite and magnesite, raw materials of increasing cost.
[0005] At the other end of the process cycle, after discharging the electric arc furnace, the solid slag is a waste material.
The disposal of that waste is a significant problem, in particular for slag containing pollutants such as heavy metals, e.g.
chromium, nickel, or molybdenum, and/or halogens, e.g. fluorine, which could constitute a significant environmental and
health hazard, should they leach out into the environment, and in particular into water supplies and/or the food chain.
Moreover, this solid slag may still contain significant amounts of metal, which is thus lost to the production process. In
particular, it is difficult to extract the finest metal inclusions from the solid slag. Furthermore, recycling the resulting fine
metal dust by reintroducing it into the electric arc furnace has a low yield, as much of this fine dust is simply blown out
of the furnace by the strong updraft.
[0006] It has been proposed by M. Guzzon et al in "Recycling of ladle slag in the EAF: improvement of the foaming
behaviour and decrease of the environmental impact", 2006 ATS International Steelmaking Conference, Paris, France,
December 14-15, 2006, to introduce ladle slag powder into an electric arc furnace so as to recycle the slag powder and
to thereby also improve at the same time the foaming behaviour. This effect is explained in the article by the introduction
of dicalcium silicate particles which form suspended second-phase particles in the molten slag acting as CO nucleation
sites, which leads to a high amount of favourable gas bubbles in the foamy molten slag.
[0007] However, this prior art still presents significant drawbacks.
[0008] Because of the β-γ transition in such dicalcium-silicate-containing ladle slag, much of the slag is in a powdery
form which hinders its introduction into the EAF. Apart from the obvious problem of blow-off of such fine particles by the
strong updraft in these furnaces, these fine particles also tend to clog up chutes and trough lances.
[0009] SU 554072 discloses a foaming slag former comprising ferro-chrome and blast furnace slag, an exothermic
deoxidiser such as aluminium powder and alkali metal carbonates (15-30 wt. %) which decompose to form CO2. This
foaming slag former is pelletized by means of a binder, which comprises water or a water glass solution. Such a pelletized
slag former can be introduced more easily in the furnace but has still the drawback that carbonates, in this case even
particular alkali metal carbonates, are required for the production thereof.
[0010] The objectives of the present invention are therefore those of providing both a means of safe disposal of the
solid slag, in particular its fine or powdery fraction, and a foaming slag former with reduced consumption of raw materials,
including metal and/or metal ore and carbonate sources. In particular, the present invention addresses the problem of
producing a slag former with better flowability and general handling.
[0011] These objectives are fulfilled by the steps of aggregating solid slag particles to form a granular material formed
by coarser grains and carbonating them to produce said slag former. These coarser grains have much increased flowability
with respect to the initial slag particles, which may be handled, transported and blown into an electric arc furnace without
clogging up chutes, containers or ducts, or being blown off by the updraft. Aggregating the particles into coarser grains
also increases the homogeneity of the product and thus its safety and effectiveness in use.
[0012] In the process of the present invention, the slag particles contain at least 3 wt. % of γ-dicalcium silicate. Such
slag particles can absorb large quantities of water. These water absorption properties make the fine γ-dicalcium silicate
dust highly unsuitable for most uses in construction. The present invention offers therefore a solution for the disposal of
such slags.
[0013] Preferably, said aggregation step may be performed before said carbonation step, so that, after the carbonation
step, a solid matrix comprising carbonates formed during the carbonation step binds the slag particles together within
each grain. This matrix produces a hard granular material which is particularly easy to handle without necessarily requiring
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any binding additive. Moreover, it may form a crust around the grain which prevents water absorption, thus further
increasing the safety of the granular material as a foaming slag former.
[0014] While the recycling of ladle slag disclosed in the abovementioned prior art article of M. Guzzon et al. increases
the amount of nucleation sites and thus produces a finer, more distributed foam with a smaller bubble size, it does not
significantly contribute to the volume of gas released in the molten slag, for the following reasons:
The ladle slag can absorb a lot of water, which presents a clear explosion hazard during their introduction in the EAF,
as any water absorbed by the particles instantly vaporises. To prevent this, in the disclosed prior art method, the ladle
slag powder is used while still fresh, before any significant hydration of the calcium and magnesium oxides, never mind
carbonation of the resulting hydroxides, can take place. The natural hydration of calcium and magnesium oxides, an
intermediate step for the carbonation, is in fact explicitly discouraged in said prior art article. In the disclosed prior art
method, the ladle slag is thus substantially free of carbonates.
[0015] It is thus a further objective of the present invention to increase the volume of gas released in the molten slag

to form foam. To this purpose, at least 2 wt. % more preferably at least 3 wt. % of carbonates (expressed as  )

are produced during the carbonation step (measured on the basis of the total dry weight of the foaming slag former).
For instance, said carbonation may be carried out with a gas, such as for example a flue gas, comprising at least 5 vol.
%, preferably at least 8 vol. % and more preferably at least 10 vol. % of carbon dioxide.
[0016] By the carbonation step, calcium and magnesium oxides/hydroxides present in the solid slag particles are
homogeneously converted into calcium and magnesium carbonates, which in the furnace will decompose into calcium
and magnesium oxides and foam-inducing carbon dioxide. The exothermic carbonation in an atmosphere with a high
content of carbon dioxide also dries the slag and reduces its water absorption, significantly increasing the safety of its
use as a foaming slag former. By recycling the solid slag into a highly carbonated slag former, the consumption of costly
raw materials, such as limestone, dolomitic limestone, dolomite, magnesite, scrap metal and/or metal ore, is reduced,
all the while reducing the problem of disposing with a potentially hazardous waste. This slag former is also sulphur-poor,
which makes it comparable to the highest-quality natural carbonate sources.
[0017] Carbonating with industrial flue gases moreover provides an advantageous use to carbon dioxide that normally
would otherwise be directly emitted into the atmosphere as a greenhouse gas. It must be noted that this carbon dioxide
is thus continuously recycled, rather than permanently stored, as proposed by C. H. Rawlins et al in "Steelmaking slag
as a permanent sequestration sink for carbon dioxide", pp. 25,26,28, Steel Times International October 2006, or by S.
Goto in "Eco-Materials Made From Industrial By-Products and Carbon Dioxide", Water Dynamics: 4th International
Workshop on Water Dynamics.
[0018] Advantageously, said carbonation step may be performed using a gas comprising less than 30 vol. %, preferably
less than 25 vol. % and more preferably less than 20 vol. % of carbon dioxide. This allows the use of industrial flue gases
without any particular treatment for this carbonation step.
[0019] Advantageously, said carbonation step may be performed at a temperature of between 10 and 100°C, in
particular at a temperature lower than 80°C, and more particularly at a temperature lower than 60°C. Again, this allows
the use of industrial flue gases without any significant addition of thermal energy.
[0020] Advantageously, said carbonation step may be performed at a pressure lower than 10 bar and preferably
substantially at ambient pressure. Not only this dispenses with potentially expensive highpressure equipment, but the
comparatively slow carbonation at these pressures has surprisingly been found to produce a granular material with
harder grains. Presumably, the low pressure promotes crystal growth instead of crystal nucleation, this latter being
known to give rise to very small carbonate crystals characterised by poor binding properties.
[0021] Preferably, after said carbonation said gas may still be used to reduce the alkalinity of effluent waters having
a pH higher than 11. Handling steel slag (for example for cooling the steel slag or when washing or sieving the crushed
steel slag) often produces, as a waste product, such highly alkaline effluent waters, with a high content in calcium,
sodium, potassium and/or magnesium ions. Bubbling this gas through such effluent waters will further reduce its carbon
dioxide content, while simultaneously reducing their alkalinity, reducing the environmental impact of both.
[0022] Preferably, said slag particles may have sizes not larger than x, said x being not larger than 4 mm, preferably
not larger than 3 mm, more preferably not larger than 2 mm, and most preferably not larger than 1 mm. Such a small
particle size increases the reaction surface and facilitates the carbonation of the slag particles.
[0023] Preferably, said grains may have sizes not smaller than y, said y being not smaller than 1 mm, and more
preferably not smaller than 2 mm.
[0024] A binder, such as cement, may additionally be added during and/or before said aggregation step to help bind
the slag particles together into the coarser grains. This ensures the cohesion of the grains during their handling in
particular when they are not, or not yet, bound together by a solid matrix containing carbonates formed during the
abovementioned carbonation.
[0025] Preferably, said grains may preferably also contain sand, in particular sea sand. Otherwise, carbonation could
form a gas-impervious crust of carbonate around each grain, thus trapping moisture within each grain which could cause



EP 2 242 860 B9

5

5

10

15

20

25

30

35

40

45

50

55

the grains to explode during the introduction in the furnace. By adding such sand to the slag particles during the aggregation
step and disrupting the packing of the slag particles, it is possible to produce granules with increased gas permeability,
improving both the carbonation of the slag particles at the core of each grain and the evaporation of moisture from each
grain prior to their introduction in the furnace. Moreover, this sand also serves as a source of silicon, and, in the case
of sea sand, accelerates the hydration of calcium and magnesium oxides prior to their carbonation.
[0026] Preferably, said grains may also contain carbonaceous particles, such as, for example coal and/or coke dust.
Since the calcination of calcium and magnesium carbonates into calcium, magnesium and carbon oxides is a strongly
endothermic reaction, the exothermic combustion of these carbonaceous particles will help restore the energy balance
in the electric arc furnace, besides being an additional source of slag foaming gas. Coal and coke dust also have the
advantage of being inexpensive byproducts of, respectively, coal mining and handling and coke production.
[0027] Preferably, said grains may also contain bauxite particles. Because they are a source of aluminium, bauxite
particles not only can disrupt the packing of the slag particles and thus decrease the gas permeability of the grains, but
also have the additional advantage of improving the retention of halogens, such as fluorine, in the foaming slag after it
cools and hardens. Moreover, bauxite having a lower melting point than sea sand, the energy consumption of the electric
arc furnace could be comparatively lower.
[0028] Preferably, said grains may also contain stone crushing sands and/or dust. Such waste product of quarries, in
particular of limestone, dolomitic limestone, dolomite and/or magnesite quarries, besides disrupting the packing of the
slag particles, can also be an additional source of calcium and/or magnesium carbonates at a low cost.
[0029] Preferably, said grains may also contain glass particles. Besides disrupting the packing of the slag particles,
these glass particles, like bauxite, also have the advantage of having a comparatively low melting point. Moreover, they
provide a means of adjusting the alkalinity of the foaming slag, and can be obtained as a cheap waste product from
glass recycling processes.
[0030] Preferably, said slag particles may contain a significant amount of γ-dicalcium silicate, in particular at least 3
wt. %, preferably at least 5 wt. % and more preferably at least 7 wt. % of γ-dicalcium silicate. While other uses for solid
slag are already known, in particular in the construction industry, disposal of slag particles containing a significant amount
of γ-dicalcium silicate has proven particularly complicated until now, due to their negative properties of water absorption.
Slag containing γ-dicalcium silicate can absorb large quantities of water.
[0031] At ambient temperature, crystalline lime-silicate slag generally comprises crystals of dicalcium silicate
(CaO)2SiO2 in both their β and γ polymorphic states. As molten dicalcium silicate slowly cools down and solidifies, it
goes through several polymorphic forms:

α with hexagonal crystal structure,
αH’ with orthorhombic crystal structure,
αL’ with orthorhombic crystal structure,
β with monoclinic crystal structure, and
γ with orthorhombic crystal structure.

[0032] As the last transition is linked to an increase of approximately 12% in volume, it causes high strains and
microcracks in the dicalcium silicate crystals of the orthorhombic γ polymorphic state. These microcracks explain the
disadvantageous water absorption properties that had been found hitherto in slag containing γ-dicalcium silicate, as
water is absorbed by capillarity into them.
[0033] The increase in volume in the transition from the β polymorphic state to the γ polymorphic state not only causes
microcracks but even grain fracture and separation. As a result, the fine fraction of the slag will be disproportionately
rich in comparatively soft γ-dicalcium silicate. Due to the abovementioned microcracks and the associated capillarity,
this fine fraction of the slag will have a water absorption capacity of over 20%. Moreover, it can retain this water for
longer periods of time.
[0034] Advantageously, said slag particles may be from stainless steel slag. Stainless steel slag usually contains
substantial amounts of heavy metals such as chromium, in particular chromium VI in the form of CrO4 and Cr2O7 and
molybdenum, which constitute a significant environmental and public health problem. By recycling as large a proportion
of this slag back into the furnace, this problem can be significantly alleviated.
[0035] The present invention also relates to a foaming slag former for electric arc furnaces prepared according to the
process of the invention, and to the use of such a foaming slag former in an electric arc furnace. Said foaming slag
former may be introduced into said electric arc furnace through at least one chute and/or at least one trough lance, with
the advantage of ensuring an even distribution of the slag within the furnace.
[0036] When weight percentages are given in the present specification, these are percentages in dry weight.
[0037] A particular embodiment of the invention will now be described illustratively, but not restrictively, with reference
to the following figures:
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Fig. 1 is a flow chart representing a process for separating a fine stainless steel slag fraction for use with a particular
embodiment of the process of the invention;
Fig. 2 is a diagram representing the phase transitions during the cooling of dicalcium silicate;
Fig. 3 is a schematic diagram representing a particular embodiment of the process of the invention; and
Fig. 4 is a schematic diagram of an electric arc furnace wherein a foaming slag former according to the invention
may be used.

[0038] Fig. 1 illustrates a process for separating a fine fraction of stainless steel slag particles. This fine fraction is rich
in γ-dicalcium silicate, and presents water absorption properties that normally prevent it being used in mixtures with
hydraulic binding agents, such as Portland cement. In this separation process, the molten lime-silicate slag of an electric
arc furnace 1 for stainless steel production is emptied in buckets 2, and transported in these buckets 2 to cooling pits
3, in which it is left to slowly cool and solidify. As the cooling is comparatively slow, the slag will not solidify nearly entirely
in an amorphous phase, like GBFS (granular materiald blast furnace slags), but to a large extent in crystalline phases
instead. A significant component of lime-silicate slag is dicalcium silicate (CaO)2SiO2. As crystalline dicalcium silicate
cools down, it goes through several polymorphic forms as illustrated in Fig. 2:

α with hexagonal crystal structure,
αH’ with orthorhombic crystal structure,
αL’ with orthorhombic crystal structure,
β with monoclinic crystal structure, and
γ with orthorhombic crystal structure.

[0039] With pure dicalcium silicate under laboratory conditions, the transition from αL’-dicalcium silicate to β-dicalcium
silicate will occur at 675°C, then to be followed by the transition from β-dicalcium silicate to γ-dicalcium silicate at 490°C.
As the transition from β-dicalcium silicate to γ-dicalcium silicate involves an increase of 12% in volume due to their
different crystal structure, it will break up the dicalcium silicate crystals. This pulverizes a fraction of the slag. The transition
also causes microcracks in the fine γ-dicalcium silicate grains, which appears to explain why this fine dust can absorb
and retain large quantities of water. These water absorption properties make this fine γ-dicalcium silicate dust highly
unsuitable for most uses in construction.
[0040] Since even with the adjunction of chemical stabilisers and other measures known to the skilled person, it
appears very difficult to completely prevent the formation of γ-dicalcium silicate in mainly crystalline lime-silicate slag,
and since in any case these measures could interfere with the economical operation of the furnace 1, it has been proposed
to extract a fine fraction of the slag, since, due to the pulverisation linked to the γ-β transition, this fine fraction is
disproportionately rich in γ-dicalcium silicate.
[0041] In the process illustrated in Fig. 1, molten slag is extracted from the stainless steel furnace 1 and brought to
cooling pits 3. After cooling, the solidified slag will be dug from these cooling pits 3 and fed through a hopper 4. The
hopper 4 comprises a grid for stopping all oversized slag pieces 6, in this particular case those bigger than 300 mm. As
oversized pieces could damage the crushers used in the later process, these oversized pieces 6 are removed for later
particular treatment, such as breaking with hammers and extraction of large metal fragments before being fed again
through the hopper 4.
[0042] The slag particles smaller than 300 mm fall through the hopper 4 onto a first conveyor belt. This first conveyor
belt then transports them through a first metal handpicking cabin 8 to a first crusher 9 and a first sieve 10. In the metal
handpicking cabin 8, operators remove large metal pieces 11 from the slag particles on the conveyor belt. After the slag
particles are crushed in the first crusher 9, they go through the first sieve 10 which separates them into three fractions:
particles bigger than 35 mm, particles between 14 and 35 mm and particles smaller than 14 mm. The fraction of particles
bigger than 35 mm is taken by a second conveyor belt through a second metal handpicking cabin 13 and a first metal
separating magnetic belt 14, where more metal pieces 15 and 16 are removed. The particles bigger than 35 mm are
then put back into the first crusher 9. The fraction of particles between 14 and 35 mm goes into a second crusher 17
and a second sieve 18, where after being crushed again it is separated into two fractions: a fraction of particles smaller
than 14 mm and a fraction of particles bigger than 14 mm. The fraction of particles bigger than 14 mm is taken by a third
conveyor belt through a second metal separating magnetic belt 20, where more metal 21 is removed, and back into the
second crusher 17.
[0043] The fraction of particles smaller than 14 mm from the first sieve 10, and the fraction of particles smaller than
14 mm from the second sieve 18 join again and are put together through the third sieve 22, which separates them into
a fraction 23 of particles smaller than 4 mm and a fraction of particles between 4 and 14 mm, this coarser fraction being
suitable for use, for example, in construction materials.
[0044] Within the fraction 23 of particles smaller than 4 mm, a fine fraction 24 of particles smaller than 0.5 mm is
particularly rich in γ-dicalcium silicate, and is therefore used in a particular embodiment of the process of the invention,
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illustrated in Fig. 3.
[0045] In this process, the particles in said fine stainless steel slag fraction 24 are first aggregated to form a coarser
granular material 33 with a granulometry between 0 and 4 mm, and then carbonated. However, since the particles in
the fine fraction 24 can form large clods during storage, in particular in the open, in this particular embodiment, a first
breaking up step is carried out to break up those clods before the aggregation step. For this purpose, this fine fraction
24 is dried, then fed through a hopper 29 into a rotary harrow 30, and sieved to remove any remaining clods larger than
4 mm, which are then fed back into the hopper 29.
[0046] After this breaking up step, the fine fraction 24 is fed into a disc or pan pelletizer 31, in which the slag particles
of the fine fraction 24, together with sea sand 32, are aggregated into a coarser granular material 33 by the rotation of
an inclined disc or pan around its main axis 34. Water 35 is sprayed onto the pelletizer 31 for the aggregation of the slag
particles. For this, highly alkaline effluent waters from the previous slag treatment steps may be used.
[0047] Besides the slag particles of the fine fraction 24, it could also be contemplated to add other materials into this
granular material 33, alternatively or in combination to the sea sand 32, for instance a carbonaceous material, such as
coal or coke dust, bauxite particles, stone crushing sands and/or dust, glass particles, and/or lime dust. The granular
material should however contain at least 20 wt. %, preferably at least 50 wt. % and more preferably at least 75 wt. % of
solid slag particles.
[0048] Fresh steel slag usually contains calcium and magnesium oxides, CaO and MgO. For a more complete car-
bonation of the slag, these oxides can be hydrated to convert them into carbonatable calcium and magnesium hydroxides,
Ca(OH)2 and Mg(OH)2. In this particular embodiment, the fine fraction 24 is stored in the open for some time before the
aggregation and carbonation steps, so that at least a partial hydration happens naturally due to ambient moisture. If the
fine steel slag fraction is however so fresh that it has not yet been substantially hydrated by the ambient moisture, it may
be advantageous to also dissolve other additives, such as calcium and/or magnesium acetate and/or salts, such as, in
particular, calcium chloride, in the water 34, or to hydrate the warm slag (under 350°C) in a steam chamber or autoclave
in order to accelerate this hydration reaction. Tables 1 to 4 show the results of hydration tests on calcinated (and thus
substantially calcium and magnesium hydroxide-free) samples of the fine fraction 24:

Table 1: Hydration with 20 wt. % pure water

Hydration time [min] Mg(OH)2 [wt. %] Ca(OH)2 [wt. %] Total hydroxides [wt. %]

43 0.00 0.00 0.00

236 0.00 0.00 0.00

514 0.08 0.14 0.22

3000 0.11 0.10 0.21

Table 2: Hydration with 20 wt. % of an aqu. solution of 0.5M Mg acetate

Hydration time [min] Mg(OH)2 content [wt. %] Ca(OH)2 content [wt. %] Total hydroxides [wt. %]

105 0.89 0.47 1.20

320 0.78 0.63 1.41

1080 0.73 0.32 1.23

2653 0.86 0.40 1.26

4379 0.76 0.53 1.30

Table 3: Hydration with 20 wt. % of an aqu. solution of 0.5M Ca acetate

Hydration time [min] Mg(OH)2 content [wt. %] Ca(OH)2 content [wt. %] Total hydroxides [wt. %]

86 1.34 0.08 1.42

163 1.09 0.80 1.89

829 1.07 1.01 2.08

1276 1.11 0.89 2.00
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[0049] As can be seen from these results, such additives, dissolved in aqueous solutions can significantly accelerate
the hydration of calcium and magnesium oxides to form hydroxides in the fine steel slag fraction 24. It must also be
noted that the sodium chloride present in the sea sand 32 also helps accelerate the hydration of the magnesium and/or
calcium oxides present in the particles of the fine steel slag fraction 24.
[0050] If the rotation speed and inclination of the pelletizer 31 are kept constant, the grain size of the coarser granular
material 33 obtained in this aggregation step can be roughly controlled by regulating the flow of water 35 and the stay
time of the slag particles in the pelletizer 31. After being removed from the pelletizer 31, the granular material 33 is fed
into sieve 36 to remove oversize grains, in this particular embodiment those over 8 mm. Eventually, a fine sieve could
also be used to remove undersize grains, for instance those under 1 mm.
[0051] In the next step, this coarser granular material 33 is carbonated, so as to form calcium and magnesium car-
bonates CaCO3, MgCO3 and CaMg(CO3)2. In a particular embodiment, this carbonation step may be carried out in a
continuous manner, for instance within an inclined rotating drum 37 with a flue gas supply 38, and a flue gas exhaust
39. The granular material 33 is conveyed by gravity against the flow of flue gas in the drum 37. Said flue gas may be
provided by, for instance, an incinerator, a power plant, a blast furnace or a cement kiln, at substantially atmospheric
pressure and a temperature of around 50°C, with about 10% vol. CO2. The carbonation time can be regulated by the
dimensions of the drum 37, its inclination and/or its rotation speed. It has been found that a substantial level of carbonation
may be achieved in as little as 10 minutes. Although in this particular embodiment the carbonation is carried out contin-
uously, alternatively it would also be possible to carry out batch carbonation instead.
[0052] The sea sand 32, and/or other additional particles, through their different particle size and shape, disrupt the
packing of the slag particles in each grain of the granular material 33, which increases its gas permeability to, for example,
1.10-6 m/s, by interconnecting the pores in the grain without significantly increasing the total pore volume. As a result,
the carbon dioxide can more easily reach the core of each grain, contributing to a more complete carbonation. Moreover,
this porosity will also ensure that the carbonates, while binding the slag and sand particles together, will not form a
continuous, impervious crust on the surface of each grain. Since the carbonation reaction is exothermic, the resulting
heat will evaporate the internal moisture of the granular material 33 at least partially, resulting in a dry carbonated granular
material 40 more suitable for use in electric arc furnaces. If the granular material is still not dry enough directly after the
carbonation, it may still be left in cold or heated storage to dry out more completely. Given the elevated temperature of
electric arc furnaces, at around 1500-1650°C, the introduction therein of a granular material 33 having a moisture content
of even as little as 0.2 wt. % could result in a sudden and explosive vaporisation of this moisture, which would be both
a safety hazard and highly damaging for the components of the electric arc furnace, such as its refractory lining. Usually,
however, a moisture content under 1 wt. % is considered safe.
[0053] The flue gas exiting the rotating drum 37 through the flue gas exhaust 39 still contains a significant amount of
carbon dioxide. Since highly basic process water, with a pH value which can exceed 11 or even 12, may be effluent, for
instance, from the previous crushing and washing of the steel slag, this flue gas can still be used to neutralise such
effluent process water.
[0054] Turning now to Fig. 4, the carbonated granular material 40 is suitable for use as a foaming slag former back
in the electric arc furnace 1. The illustrated electric arc furnace 1 comprises refractory-lined hearth 41 and walls 42, a
lid 43 and graphite electrodes 44, wherein the lid 43 comprises a chute 45, and a trough lance 46 traverses the refractory-
lined walls 42. In use, the electric arc furnace 1 contains a melt 47 and slag 48, heated by electric arcs 49. To foam the
slag 48, the carbonated granular material 40 may be introduced into the electric arc furnace 1 through the chute 45
and/or blown into the electric arc furnace 1 through a trough lance 46. Since, at around 1500°C to 1650°C, the temperature

(continued)

Hydration time [min] Mg(OH)2 content [wt. %] Ca(OH)2 content [wt. %] Total hydroxides [wt. %]

1914 1.02 0.91 1.93

Table 4: Hydration with 20 wt. % of an aqu. solution of 0.5M CaCl2
Hydration time [min] Mg(OH)2 content [wt. %] Ca(OH)2 content [wt. %] Total hydroxides [wt. %]

84 0.00 0.00 0.00

776 0.00 0.61 0.61

1464 0.30 0.87 1.17

3113 0.16 0.72 0.88
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in the electric arc furnace 1 is well above the calcination temperatures of the calcium and magnesium carbonates in the
granular material 40, these break down into calcium and magnesium oxides, on one hand, and carbon dioxide, on the
other. This carbon dioxide forms bubbles in the slag 48, foaming it.
[0055] To increase the foam formation, and to at least partially offset the energy spent in the endothermic calcination
of the carbonates in the granular material, carbonaceous materials such as, for example, coke or coal, may also be
introduced into the electric arc furnace 1 through the chute 45 and/or the lance 46. Moreover, these carbonaceous
materials may be, as described above, incorporated within the grains in the carbonated granular material 40, and/or
separate from the carbonated granular material 40. In stainless steel production, the introduction of carbonaceous
materials, acting as reducers, also has the advantage of preventing to some extent the formation of chromium oxides,
reducing the consumption of chromium as well as the content of environmentally problematic chromium (VI) in the slag 48.
[0056] The foamed slag 48 helps protect the refractory lining of the electric arc furnace 1 from electric arc radiation,
forms a more efficient thermal blanket over the melt, reducing heat losses, and dampens the noise from the electric arc
furnace 1. Once discharged, this slag 48 may be reprocessed again according to the processes illustrated in Figs. 1 and 3.
[0057] Although the present invention has been described with reference to specific exemplary embodiments, it will
be evident that various modifications and changes may be made to these embodiments without departing from the
broader scope of the invention as set forth in the claims. For instance, the fine slag particles may be left to naturally
hydrate and carbonate, aggregating themselves into a larger block (heap), which is then broken up to produce the
granular foaming slag former. The aggregation step may also be carried out by other means than the disc or pan pelletizer
described hereabove, such as, for instance, a pelletising press. Lime dust, a byproduct of lime production, could also
added to the slag particles, both as an inexpensive additional source of carbonatable calcium and/or magnesium hy-
droxides after hydration, and to disrupt the packing of the slag particles in a granular material. The duration of the
carbonation may be adjusted according to the circumstances, and the carbonation be carried out using different equipment
than the rotating drum described hereabove. Also, the invention may be applied in the production of steels other than
stainless steel, or even of non-ferrous alloys in which electric arc furnaces are used. Accordingly, the description and
drawings are to be regarded in an illustrative sense rather than a restrictive sense.

Claims

1. Process for preparing a foaming slag former (40) for electric arc furnaces (1), with at least 20 wt. % of solid slag
particles, which foaming slag former comprises carbonates, characterised in that said slag particles contain at
least 3 wt. % of γ-dicalcium silicate and the process comprises the steps of :

aggregating said solid slag particles into grains which are coarser than said solid slag particles to form a granular
material, and
carbonating said particles, before or after they are aggregated in said aggregation step, to produce said slag
former (40),
and wherein during said carbonation step at least 2 wt. %, more preferably at least 3 wt. % of carbonates are
produced.

2. Process according to claim 1, wherein said aggregation step is performed before said carbonation step, so that,
after the carbonation step, a solid matrix comprising carbonates formed during the carbonation step binds the slag
particles together within each grain.

3. Process according to any one of the previous claims, wherein said carbonation is carried out with a gas, such as
for example flue gas, comprising at least 5 vol. %, preferably at least 8 vol. % and more preferably at least 10 vol.
% of carbon dioxide.

4. Process according to claim 3, wherein said gas comprises less than 30 vol. %, preferably less than 25 vol. % and
more preferably less than 20 vol. % of carbon dioxide.

5. Process according to any one of claims 3 or 4, wherein said carbonation step is performed at a temperature of
between 10 and 100°C, in particular at a temperature lower than 80°C, and more particularly at a temperature lower
than 60°C.

6. Process according to any one of claims 3 to 5, wherein said carbonation step is performed at a pressure lower than
10 bar and preferably substantially at ambient pressure.
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7. Process according to any one of claims 3 to 6, wherein after said carbonation said gas is used to reduce the alkalinity
of an effluent water having a pH higher than 11.

8. Process according to any one of the previous claims, wherein said slag particles have sizes not larger than x, said
x being not larger than 4 mm, preferably not larger than 3 mm, more preferably not larger than 2 mm, and most
preferably not larger than 1 mm.

9. Process according to any one of the previous claims, wherein said grains have sizes not smaller than y, said y being
not smaller than 1 mm, and preferably not smaller than 2 mm.

10. Process according to any one of the previous claims, wherein a binder, such as cement, is added during and/or
before said aggregation step to help bind the slag particles together into the coarser grains.

11. Process according to any one of the previous claims, wherein said grains also contain sand (32), in particular sea sand.

12. Process according to any one of the previous claims, wherein said grains also contain carbonaceous particles, such
as, for example coal and/or coke dust.

13. Process according to any one of the previous claims, wherein said grains also contain bauxite particles.

14. Process according to any one of the previous claims, wherein said grains also contain stone crushing sands and/or
dust.

15. Process according to any one of the previous claims, wherein said grains also contain glass particles.

16. Process according to any one of the previous claims, wherein said slag particles contain at least 5 wt. %, preferably
at least 7 wt. % of γ-dicalcium silicate.

17. Process according to any one of the previous claims, wherein said slag particles are from stainless steel slag.

18. Process according to any one of the previous claims, wherein said aggregation step comprises aggregating said
solid slag particles into a block and then, after said carbonation, breaking up said block to produce said granular
material.

19. Use of a foaming slag former (40) prepared according to any one of claims 1 to 18 in an electric arc furnace (1).

Patentansprüche

1. Verfahren zur Herstellung eines Schaumschlackenbildners (40) für Elektrolichtbogenöfen (1), mit mindestens 20
Gew.-% festen Schlackenpartikeln, wobei der Schaumschlackenbildner Carbonate umfasst, dadurch gekennzeich-
net, dass die erwähnten Schlackenpartikel mindestens 3 Gew.-% γ-Dicalciumsilikat enthalten und dadurch, dass
das Verfahren die folgenden Schritte umfasst:

Aggregieren der erwähnten festen Schlackenpartikel in Körner, die gröber als die erwähnten festen Schlacken-
partikel sind, um ein körniges Material zu bilden, und
Karbonisieren der erwähnten Partikel, bevor oder nachdem sie im erwähnten Aggregationsschritt aggregiert
werden, um den erwähnten Schlackenbildner (40) herzustellen, und wobei während des erwähnten Karboni-
sierungsschrittes mindestens 2 Gew.-%, noch besser mindestens 3 Gew.-% Carbonate hergestellt werden.

2. Verfahren nach Anspruch 1, wobei der erwähnte Aggregationsschritt vor dem erwähnten Karbonisierungsschritt
durchgeführt wird, sodass, nach dem Karbonatisierungsschritt, eine feste Matrix, welche Carbonate umfasst, die
während des Karbonisierungsschrittes gebildet wurden, die Schlackenpartikel innerhalb jedes Korns bindet.

3. Verfahren nach irgendeinem der vorigen Ansprüche, wobei die erwähnte Karbonisierung mit einem Gas durchgeführt
wird, wie zum Beispiel Rauchgas, welches mindestens 5 Vol.-%, bevorzugt mindestens 8 Vol.-% und noch besser
mindestens 10 Vol.-% Kohlendioxid umfasst.
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4. Verfahren nach Anspruch 3, wobei das erwähnte Gas weniger als 30 Vol.-%, bevorzugt weniger als 25 Vol.-% und
noch besser weniger als 20 Vol.-% Kohlendioxid umfasst.

5. Verfahren nach irgendeinem der Ansprüche 3 oder 4, wobei der erwähnte Karbontisierungsschritt bei einer Tem-
peratur von zwischen 10 und 100 °C durchgeführt wird, insbesondere bei einer Temperatur von weniger als 80 °C,
und noch genauer bei einer Temperatur von weniger als 60 °C.

6. Verfahren nach irgendeinem der Ansprüche 3 bis 5, wobei der erwähnte Karbonatisierungsschritt bei einem Druck
von weniger als 10 bar durchgeführt wird und bevorzugt im Wesentlichen bei Umgebungsdruck.

7. Verfahren nach irgendeinem der Ansprüche 3 bis 6, wobei das erwähnte Gas nach der erwähnten Karbonatisierung
verwendet wird, um die Alkalität eines Abwassers mit einem pH-Wert von mehr als 11 zu senken.

8. Verfahren nach irgendeinem der vorigen Ansprüche, wobei die erwähnten Schlackenpartikel Größen von nicht
größer als x haben, wobei das erwähnte x nicht größer als 4 mm ist, bevorzugt nicht größer als 3 mm, noch besser
nicht größer als 2 mm, und am besten nicht größer als 1 mm.

9. Verfahren nach irgendeinem der vorigen Ansprüche, wobei die erwähnten Körner Größen von nicht kleiner als y
haben, wobei y nicht kleiner als 1 mm ist, und bevorzugt nicht kleiner als 2 mm.

10. Verfahren nach irgendeinem der vorigen Ansprüche, wobei ein Bindemittel, wie Zement, während und/oder vor dem
erwähnten Aggregationsschritt zugesetzt wird, um dazu beizutragen, die Schlackenpartikel in die gröberen Körner
zu binden.

11. Verfahren nach irgendeinem der vorigen Ansprüche, wobei die erwähnten Körner auch Sand (32) enthalten, ins-
besondere Seesand.

12. Verfahren nach irgendeinem der vorigen Ansprüche, wobei die erwähnten Körner auch kohlenstoffhaltige Partikel
enthalten, wie zum Beispiel Kohle und/oder Koksstaub.

13. Verfahren nach irgendeinem der vorigen Ansprüche, wobei die erwähnten Körner auch Bauxitpartikel enthalten.

14. Verfahren nach irgendeinem der vorigen Ansprüche, wobei die erwähnten Körner auch Steinbruchsande und/oder
-staub enthalten.

15. Verfahren nach irgendeinem der vorigen Ansprüche, wobei die erwähnten Körner auch Glaspartikel enthalten.

16. Verfahren nach irgendeinem der vorigen Ansprüche, wobei die erwähnten Schlackenpartikel mindestens 5 Gew.-
%, bevorzugt mindestens 7 Gew.-% γ-Dicalciumsilikat enthalten.

17. Verfahren nach irgendeinem der vorigen Ansprüche, wobei die erwähnten Schlackenpartikel von Edelstahlschlacke
stammen.

18. Verfahren nach irgendeinem der vorigen Ansprüche, wobei der erwähnte Aggregationsschritt das Aggregieren der
erwähnten festen Schlackenpartikel in einen Block und danach, nach der erwähnten Karbonatisierung, das Zerbre-
chen des erwähnten Blocks umfasst, um das erwähnte körnige Material herzustellen.

19. Verwendung eines Schaumschlackenbildners (40) hergestellt nach irgendeinem der Ansprüche 1 bis 18 in einem
Elektrolichtbogenofen (1).

Revendications

1. Procédé de préparation d’un fondant de scorification moussant (40) pour des fours à arc électriques (1), avec au
moins 20 % en poids de particules de scories solides, lequel fondant de scorification moussant comprend des
carbonates, caractérisé en ce que lesdites particules de scories contiennent au moins 3 % en poids de silicate γ-
dicalcique et le procédé comprend les étapes consistant à :
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agréger lesdites particules de scories solides en des grains qui sont plus grossiers que lesdites particules de
scories solides pour former une matière granulaire, et
carbonater lesdites particules, avant ou après leur agrégation dans ladite étape d’agrégation, pour produire
ledit fondant de scorification (40), et dans lequel pendant ladite étape de carbonatation, au moins 2 % en poids,
de manière plus préférée au moins 3 % en poids de carbonates sont produits.

2. Procédé selon la revendication 1, dans lequel ladite étape d’agrégation est réalisée avant ladite étape de carbona-
tation, de sorte qu’après l’étape de carbonatation, une matrice solide comprenant des carbonates formés pendant
l’étape de carbonatation lie les particules de scories ensemble dans chaque grain.

3. Procédé selon l’une quelconque des revendications précédentes, dans lequel ladite carbonatation est effectuée
avec un gaz, tel que par exemple un gaz de combustion, comprenant au moins 5 % en volume, de préférence au
moins 8 % en volume et de manière plus préférée au moins 10 % en volume de dioxyde de carbone.

4. Procédé selon la revendication 3, dans lequel ledit gaz comprend moins de 30 % en volume, de préférence moins
de 25 % en volume et de manière plus préférée moins de 20 % en volume de dioxyde de carbone.

5. Procédé selon l’une quelconque des revendications 3 ou 4, dans lequel ladite étape de carbonatation est réalisée
à une température comprise entre 10 et 100 °C, en particulier à une température inférieure à 80 °C, et plus parti-
culièrement à une température inférieure à 60 °C.

6. Procédé selon l’une quelconque des revendications 3 à 5, dans lequel ladite étape de carbonatation est réalisée à
une pression inférieure à 10 bars et de préférence sensiblement à la pression ambiante.

7. Procédé selon l’une quelconque des revendications 3 à 6, dans lequel, après ladite carbonatation, ledit gaz est
utilisé pour réduire l’alcalinité d’une eau d’effluent ayant un pH supérieur à 11.

8. Procédé selon l’une quelconque des revendications précédentes, dans lequel lesdites particules de scories ont des
tailles pas supérieures à x, ledit x n’étant pas supérieur à 4 mm, de préférence pas supérieur à 3 mm, de manière
plus préférée pas supérieur à 2 mm, et de la manière la plus préférée pas supérieur à 1 mm.

9. Procédé selon l’une quelconque des revendications précédentes, dans lequel lesdits grains ont des tailles pas
inférieures à y, ledit y n’étant pas inférieur à 1 mm, et de préférence pas inférieur à 2 mm.

10. Procédé selon l’une quelconque des revendications précédentes, dans lequel un liant, tel que du ciment, est ajouté
pendant et/ou avant ladite étape d’agrégation pour aider à lier les particules de scories ensemble dans les grains
plus grossiers.

11. Procédé selon l’une quelconque des revendications précédentes, dans lequel lesdits grains contiennent également
du sable (32), en particulier du sable marin.

12. Procédé selon l’une quelconque des revendications précédentes, dans lequel lesdits grains contiennent également
des particules carbonées, telles que par exemple de la poussière de charbon et/ou de coke.

13. Procédé selon l’une quelconque des revendications précédentes, dans lequel lesdits grains contiennent également
des particules de bauxite.

14. Procédé selon l’une quelconque des revendications précédentes, dans lequel lesdits grains contiennent également
des sables et/ou de la poussière de concassage de pierres.

15. Procédé selon l’une quelconque des revendications précédentes, dans lequel lesdits grains contiennent également
des particules de verre.

16. Procédé selon l’une quelconque des revendications précédentes, dans lequel lesdites particules de scories con-
tiennent au moins 5 % en poids, de préférence au moins 7 % en poids de silicate γ-dicalcique.

17. Procédé selon l’une quelconque des revendications précédentes, dans lequel lesdites particules de scories pro-
viennent de scories d’acier inoxydable.
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18. Procédé selon l’une quelconque des revendications précédentes, dans lequel ladite étape d’agrégation comprend
l’agrégation desdites particules de scories solides en un bloc et ensuite, après ladite carbonatation, la rupture dudit
bloc pour produire ladite matière granulaire.

19. Utilisation d’un fondant de scorification moussant (40) préparé selon l’une quelconque des revendications 1 à 18
dans un four à arc électrique (1).
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