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Up to 85% of the produced steelmaking slag is utilized in the world. Some converter
slag is used as a return material in the blast furnace process and in steelmaking processes.
Some is separated magnetically. The material obtained is used mainly for road construction
and in the construction material industry. At the same time new methods of utilization of
the growing mass of steelmaking slag are sought. Research on the converter slag reduction
process in an electric arc furnace carried out for many years can be counted among the new
methods. Findings of this research have been compared with the findings of author’s own
research carried out under laboratory and industrial conditions.

W $wiecie zagospodarowuje si¢ do 85% wytwarzanego Zuzla stalowniczego. W cha-
rakterze materialu zwrotnego w procesie wielkopiecowym i procesach stalowniczych wy-
korzystuje si¢ pewne ilo$ci zuzla konwertorowego. Czgéé zuzla poddaje si¢ separacji ma-
gnetycznej. Otrzymany material wykorzystuje si¢ gléwnie do budowy drég i w przemysle
materiatéw budowlanych. Jednocze$nie od wielu lat poszukuje si¢ nowych metod zago-
spodarowania narastajacej masy zuzla stalowniczego. Do nowych metod mozna zaliczyé
prowadzone od wielu lat badania procesu redukcji zuzla konwertorowego w elektrycznym
piecu tukowym. Wyniki tych badari por6wnano z wynikami badari wiasnych prowadzonych
w warunkach laboratoryjnych i przemystowych.

1. Introduction

The growing mass of slag is a result of steel production. It calls for search of
various methods of its utilization. About 300 mln Mg of blast furnace and steel making
slag is produced in the world annually [1, 2]. 100% of blast furnace slag and up to
85% of steelmaking slag is utilized. [2].
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Use of converter slag as an additive to the blast furnace charge is restricted by its
high P,Os content. In recent years also use of converter slag as a return material in
steelmaking processes has been limited. By using mechanical slag processing combined
with magnetic separation metal skulls contained in slag can be recovered but at the
same time difficulties related to rational utilization of fragmented non-metallic phase
containing metal oxides occur. The slag reduction in an electric arc furnace can be
counted among new methods of slag processing.

At the moment many research projects on comprehensive utilisation of converter
slag are being carried out in the world. In this study various methods of converter
slag utilization, which either are applied in the industrial practice or are expected to
be applied in the future, are presented and discussed.

2. Possibilities of utilization of converter slag as a return material in the blast
furnace process and in steelmaking processes

Crushed converter slag of 0-10 mm grain size can be used in the blast furnace
process. Addition of slag to sinter charge can be up to 30 kg/Mg of sinter [3]. It enables
reduction of iron ore and lime stone additions. The high P,05 content in converter slag
does not allow to use its higher additions.

For the first time converter slag was used as a return material in a converter plant
in the Wakayama Steel Plant in Japan in 1975 [4]. Use of the process with return
slag added in the amount of 25 kg/Mg of steel enabled reduction of lime consumption
by 10 kg/Mg of steel and complete elimination of fluorite. In Poland converter slag
was used as a return material in 1983 in vessels of 300 Mg capacity. The slag was
prepared to the process by screening through a 5050 mm mesh. Use of return slag
in the quantity of up to 15kg allowed reduction of lime consumption by 6-5 kg/Mg of
steel and dolomite consumption by 0.5-7.0 kg/Mg of steel subject to silicon content in
the hot metal [5].

Much better results were obtained in Poland than in Japan. It stemmed from differ-
ent process objectives. The return slag addition in the Wakayama Plant was calculated
on the basis of CaO content in converter slag. As the converter slag contained under
50% of CaO, 2.5 kg of return slag substituted for 1 kg of lime. In Poland also lime
dissolution rate in the presence of liquid return scrap was taken into account. The
return scrap would pass into the liquid state within the first 2-3 minutes of the process
due to its low melting temperature of 1300°C. In these circumstances the process of
lime dissolution in primary slag was accelerated and its utilisation rate was increased.

After the favourable results in the BOF process had been obtained, converter slag
was used as a return material in electric arc furnaces of 140 Mg capacity in a domestic
electric melting shop in 1983. Converter slag was fed with the charge in the amount
of 17.5-18.5 kg/Mg of steel. It allowed acceleration of the slag forming process during
meltdown and its foaming at the end of meltdown. Foaming of the forming slag was
caused by processes of reduction of oxides contained in the converter slag, especially
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ferrous oxides, by carbon brought in by carburiser. It enabled furnace operation with
a covered electric arc and limited its destructive effects on the refractory lining [6-9].

In recent years utilization of converter slag as a return material in steelmaking
processes is low. It is caused by the widespread use of low silicon hot metal which
enables lower additions of lime and dolomite. However if the silicon content in hot
metal is very low, introduction of lime in the amount necessary for correct process
may cause excessive increase of the slag basicity. Therefore in such cases some return
slag can be added [1]. At present in electric steel melting shops oxygen is injected and
carbon materials are added to foam slag.

Increase in the amount of converter slag used as a return material in steelmaking
processes was suggested in Australia and New Zealand. In these countries in 2000 about
800000 Mg of slag were manufactured in the BOF process and about 84000 Mg in
EAFs. Only 64% of the converter slag and 54% of the EAF slag were utilized. In order
to reduce the growing mass of slag it was suggested to use it as a return material in the
basic oxygen process in a more sophisticated way as presented before. Results obtained
in Japanese steel plants, where the hot metal is de-sulphurised and de-phosphorised and
de-siliconised before the carbon oxidising process in the next converter, were utilised
in the proposed method. The basic assumptions of the proposed method of converter
slag utilization are presented in Fig. 1. [10].

slag forming material
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hot metal hot metal

slag with a high phosphorus content

slag to BF or

sintering process 1 synthetic slag
regenerator slag
<
<
liquid metal

Fig. 1. Utilization of the converter slag as a return material in the basic oxygen process. 1— hot-metal
desiliconization, 2 — hot-metal dephosphorization, 3 — BOF, 4 — regenerator, 5 — liquid metal
dephosphorization

The following stages can be distinguished in the proposed method of converter
slag utilisation:
1. The whole mass of slag from the BOF 3 is transferred to the unit 2 where the hot
metal dephosphorization process is carried out.
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2. The whole mass of slag from the unit 2 where the hot metal is dephosphorized at
the temperature of 1623K is transferred to the unit 4 called the regenerator.

3. In the regenerator 4 phosphorus passes from the slag into the melt at the temperature
of 1873K.

4. The slag is transferred from the regenerator 4 to the units 1 and 2 where the hot
metal is desiliconised and dephosphorised.

5. The whole mass of slag from the unit 1 where the hot metal desiliconization process
is carried out at the temperature of 1623K is transferred to the blast furnace process.

6. The liquid metal is transferred from the regenerator 4 to the unit 5 where the
de-phosphorising process is carried out at 1623K. Also synthetic slag is added into
the unit. As a result of the process the slag containing over 10% of phosphorus is
obtained, which can be utilized as a fertilizer. The liquid metal is returned to the

regenerator 4.

The optimum conditions for carrying out the proposed process are laid down in
reference [11]. It was determined that it was necessary to add coke to increase the
carbon content in the melt so that the process carried out in the regenerator was
correct. It was also determined that 50% of the regenerator slag should be transferred
to the unit where the hot metal was desiliconized and 50% should be transferred to
the unit where the hot metal was dephosphorized.

The proposed new method of converter slag utilization allows utilization of the
whole mass of converter slag as a return material. It is however necessary to have a
process line consisting of a number of converters or other suitable furnace units. In the
nearest future utilization of this method in converter plants utilising high percentage of
scrap in their charge is not possible. This concerns in particular US steel plants [12] .

3. Mechanical processing of converter slag and utilization of fractions obtained
3.1. Mechanical processing of converter slag combined with magnetic separation

Converter slag has been processed mechanically in the world for many years.
For example, this method was implemented in Australia in 1956 [13]. By 1976 only
magnetic separation and further processing of the metallic fraction had been performed
there. It was noticed that the non-metallic fraction could be treated as a lime and silica
source in the blast furnace process. Since then up to 200000 Mg of the non-metallic
fraction obtained as a result of magnetic separation of converter slag have been used
in this process annually. Further growth of consumption of the non-metallic fraction in
the blast furnace process is limited by its high P,Os content. The non-metallic fraction
has also been attempted to be used for the lower base course of expressways. However
problems with surface swelling have occurred. This effect is caused by antogenous
disintegration of the non-metallic fraction as a result of transition of the 8Ca0.SiO,
form into the y form. This can be prevented only in the case of long- term ageing of
slag under atmospheric conditions.
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Fig. 2. Flow chart of converter slag processing in Voest Alpine

The mechanical processing of converter slag used in Europe is presented in Fig. 2
where the process used by the slag processing plant in Linz in Austria is shown as an
example [14]. Maintaining of two slag storage yards is a characteristic feature of this
process. The slag from the first storage yard can be directly processed mechanically in
combination with magnetic separation. The obtained non-metallic fraction can be used
as a Ca-Mg fertilizer or an additive to construction materials. The second storage yard is
divided into 5 fields where converter slag is aged under atmospheric conditions. 5 years
is considered the optimum ageing time. After completion of the ageing process the
slag is subjected to magnetic separation. In the USA 6 months is deemed a sufficient
time for the slag ageing process. In this time the free lime hydration and calcium
orthosilicate allotropic transformation processes causing increase in the slag volume
should be completed [1]. The obtained non-metallic fraction is used for road base
course construction or as an additive to bituminous pavement to improve its roughness
and grindability.

A relatively high degree of contamination of the Ca-Mg fertilizer with heavy metals
is a drawback of the method used in the Linz plant. In Poland use of Ca-Mg fertilizer
made from converter slag by magnetic separation is not permitted due to the high iron
content in soil. It should be emphasised that in the Czech Republic and in Slovakia,



774

where fertilizer obtained from converter slag has been used in large quantities, high
content of heavy metals in soil can be found now.

Converter slag is processed mechanically also in other countries of the European
Union. The non-metallic fraction obtained in this process is used in a similar way.
However subject to the local conditions there are also other possibilities of its uti-
lization. For instance in Germany part of the non-metallic fraction is also used for
construction of flood banks and dams. 3.40 Mio Mg of converter slag, 1.78 Mio Mg
of EAF slag and 0.77 Mio Mg of refining slags were produced in Germany in 2003.
3.36 Mio Mg of slag were used for road and flood banks and dams, 0.37 Mio Mg were
used as a filler in other materials and 0.79 Mio Mg as a return material. It follows
from the data presented that about 20% of the produced mass of steelmaking slag were
not utilized in Germany in 2003 [15].

In Poland the main problem is exploitation and processing of materials from a
dump in Pleszéw near Cracow, where over 20 Mio Mg of steelmaking and blast furnace
slag along with about 15 Mio Mg of other production wastes have been disposed. Over
2.2 Mio Mg of aggregate were obtained as a result of magnetic separation of slag from
the dump in 2000. It was about 10% of the volume of aggregates used at this time.
Aggregates of the grain size up to 63 mm are obtained from blast furnace slag. The
grain size of the aggregate manufactured from converter slag does not exceed 31,5 mm.
Converter slag requires 12 moths ageing time. This time covers the time of storage in
a slag dump, aggregate production and storage. The obtained aggregates are intended
for road construction [16].

To sum up the above presented examples it can be said that the use of mechanical
processing of converter slag in combination with magnetic separation depends on the
possibilities of utilization of the obtained non-metallic fraction for road construction,
in the construction material industry, for construction of flood banks and dams and
in a restricted scope in the blast furnace process. This fraction should not be used
as a Ca-Mg fertilizer due to contamination with heavy metals. The metallic fraction
obtained at the same time can be used as a charge material in metallurgical processes.

The metallic fraction obtained as a result of magnetic separation is very fine and
contaminated with non-metallic particles. Therefore the use of this fraction as a charge
material in steelmaking processes is limited. If higher additions of the metallic fraction
are used in the charge, it should be briquetted first. It is also desirable to dispose of
as much as possible non-metallic particles.

3.2. Use of the INMETCO method for metallic fraction processing

The INMETCO direct reduction process was used in a laboratory and in a pilot
plant in the mid 70’s in Canada. As a result of the process chromium and nickel were
recovered from metallurgical wastes formed at production of alloyed steels. In 1978
the INMETCO method was used in Germany, where a pilot installation was built. The
installation enabled processing of dusts, sludge, oiled scales and the metallic fraction
separated from slag [17-21].



775

In the INMETCO process metallurgical wastes are reduced in a rotating hearth
furnace at the temperature of 1250°C. Carbon containing pellets constitute the charge
material. As a result of the process iron sponge is obtained, which later is processed
in an electric furnace into a low phosphorus hot metal intended for converter plants.
Also such metals as zinc, lead and cadmium are separated in the process in the form
of secondary dusts. The above mentioned metals can be recovered from the-dusts in
suitable metallurgical processes.

Up to 300000 Mg of metallurgical wastes can be processed into 175000 Mg
of hot metal in the INMETCO installation annually. The process can be restricted to
obtaining of iron sponge in a rotating hearth furnace, which is subjected to briquetting.
The briquettes obtained are intended for the blast furnace process or converter plants.

Pellets are manufactured in the INMETCO process in a disk pelletizer from a
mixture containing fine oxide materials, pulverised coal and a small amount of binding
substances. Next the pellets are transferred into a rotating hearth furnace fired with
gas burners. The flue gas flows in a direction opposite to the hearth rotation so that
heat is exchanged with the pellets in the counter-current. The process is carried out so
as to heating and reduction zones form in the material. Pellets in the heating zone are
heated to the reduction temperature. At the reduction temperature carbon contained in
the pellets reacts with ferrous oxide and other metal oxides. The course of reduction
in the pellet layer and in the pellets is controlled by a micro-atmosphere with a high
CO content, which separates the pellet layer from the furnace atmosphere and thus
prevents re-oxidizing of the pellets.

The process is carried out at the temperature of 1100-1350°C. Iron oxides con-
tained in the pellets undergo reduction in 92% in 10-14 minutes. The carbon content
in the obtained iron sponge depends on the carbon content in the pellets. An important
feature of the INMETCO method is the possibility of carbon content control in the
iron sponge within the range 1.5-10%, which enables to obtain hot metal containing
6-7% of carbon.

During production of the iron sponge also zinc, lead and cadmium are reduced
and alkalis, chlorides and fluorides are partially evaporated. The reduced heavy metals
evaporate in the off gas stream and there they re-oxidise. The forming secondary dust
precipitates in filters. Metals contained in the dust concentrate can be obtained with
metallurgical methods.

The iron sponge is processed into hot metal by direct melting in an electric fur-
nace at the temperature about 900°C without air contact. Non-metal components, ash
introduced by coal and sulphur under reductive conditions pass into the slag, chemical
composition of which corresponds to the typical blast furnace slag.

The iron sponge is continuously added to the slag melt in the furnace from the top
through loading pipes. Slag foaming caused by residual reduction of the iron sponge
causes maintaining of the pellets in the slag and metallurgical reactions occurring first
in the pellets and than with the involvement of the slag. At that time the reduced iron
is carbonised with carbon which is excessive in pellets. This leads to reduction of the
melting temperature, fast dissolution and results in distribution of phases. Tapping of
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the hot metal and slag is performed in a non-continuous manner. Flue gases with a
high CO content are collected, cleaned and then supplied to the rotating furnace as an
energy carrier.

The iron sponge can be melted also in typical facilities for steel melting. To this
end blast furnaces, basic oxygen furnaces and electric arc furnaces can be used. The
iron sponge should be hot briquetted for storage and transportation so that the required
strength is obtained and re-oxidising is prevented. Due to the strength requirements the
carbon content in the iron sponge intended for hot pressing should be 1.5-2.0%.

Steelmaking slags cannot be directly processed with the INMETCO method, only
the metallic fraction separated from the slags. The non-metallic fraction separated
magnetically can be used for road construction, manufacturing of construction materials
and in the blast furnace process. However methods of utilization of slag forming at
hot metal melting in an electric arc furnace should be sought.

4. The converter slag reduction process in an electric arc furnace

4.1. Research in the world

The first trials of converter slag reduction in an electric arc furnace were carried out
in Japan in 1979. The reduction process proceeded at the temperature of 1800°C and
began from the intense and short-lived foaming of the slag under reduction. The heats
carried out resulted in metallic and non-metallic phases. Based on the research carried
out it was found that the non-metallic phase can be utilised as clinker for Portland
cement production. To this end it is necessary to run the process for 15 minutes as
of the moment the foaming ends and to quench it with compressed air while tapping
to stabilize the 82Ca0.SiO, allotropic form in the non-metallic phase. If there is no
quenching the allotropic transformation of the 82Ca0.SiO; form into the ? form can
occur resulting in increase in volume, the phase disintegrates autogenously and looses
its binding qualities.

The obtained non-metallic phase was utilized for production of Portland cement.
The final adjustment of the chemical composition of the obtained phase was made
in a muffle furnace using CaO or SiO, additions. The metallic phase was utilized in
converter processes [22].

Information about erection of a slag processing plant with the annual capacity of
250000 Mg planned by the Belgian GBR group was realised in 1984. Converter slag
was to be processed by reduction in an electric arc furnace of 2 Mg capacity. Based
on the tests it was found that it was possible to obtain clinker form the mixture of
converter slag and alumina carriers added to lower the temperature of the process.
The investment costs were assessed at about 1 billion Belgian franks. The expected
production costs were estimated at 506 million Belgian franks. The costs covered
first and foremost the costs of electricity (61%), costs of raw materials (13%) and
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remuneration. The depreciation period was provided for 5 years [23]. However there
is no further information on the planned investment in available sources.

Trials of reduction of converter slag mixed with graphite reducer were also carried
out in an induction furnace in China in 2003. The reduction process was carried out at
the temperature of 1650 and 1800°C in a graphite crucible. As a result of the process
iron and manganese were reduced to very small amounts. The phosphorus content was
reduced by 95.5%, 62.7% of which was reduced to the metallic phase and the balance
constituted evaporation losses. It was also observed that free CaO reacted with carbon
at the temperature of 1800°C producing carbide CaC, [24].

It is a disadvantage of the abovementioned methods of converter slag processing
that the process is aimed mainly at production of Portland clinker. With fluctuating
slag chemical composition it is possible that the desired chemical and mineralogical
composition and clinker characteristics are not obtained. Therefore it is necessary to
adjust the chemical composition of the obtained non-metallic phase by lime addition.

4.2, Own research of the author

The trials presented constituted the premise for carrying out tests on the converter
slag reduction process. The aim of the tests was to determine the scope of chemi-
cal composition adjustments to the obtained non-metallic phase intended for Portland
clinker as well as to determine the conditions of the reduction process when utilizing
it as the Ca-Mg fertilizer [25-28].

The research was carried out under laboratory conditions in a single-electrode
electric arc furnace. Ground converter slag blended with a ground graphite electrode
were subjected to the reduction process in a graphite crucible. The mass of slag was
1000g, the mass of reducer was 40g. In order to increase the CaO content in the
obtained non-metallic phase also heats with pure CaO added to the charge in the
amount of 20g were made [25-26]. Suitability of the obtained non-metallic phase as
a Ca-Mg fertilizer was assessed on the basis of a test were 5000g of slag mixed with
250 g of reducer was subjected to the reduction process. The percentage of the reducer
was increased to obtain a higher degree of reduction. [27]. During laboratory tests
no quenching was applied. The obtained material was taken out of the crucible after
several hours, after it had cooled down slowly.

The findings were verified on the basis of a heat under industrial conditions made
in an electric arc furnace. The furnace had the nominal capacity of 7.5 Mg, magnesia
bricks lining and the working layer were made of burned dolomite. Reduction of 2 Mg
of converter slag had been planned. 500 kg of converter slag divided into 5 portions
supplied onto a 4 Mg melt were subjected to the reduction process. Each portion
was mixed with 6 kg of ground carburite. After the melting period the slag had been
removed and the melt had been deoxidised with ferrosilicon, three portions of slag were
supplied. After 15 minutes the 4" portion of slag was added and after next 10 minutes
the 5" one. The process carried out at the temperature of 1700°C was terminated after
10 minutes as of the addition of the last portion even though the slag foaming had
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not been finished yet and the planned mass had not been added. It was caused by a
concern about complete local destruction of the refractory lining [28]. The findings of
these tests are presented in tables 1 and 2.

TABLE 1

Findings of chemical composition tests of the non-metallic phase obtained under laboratory conditions

- P Iy Chemical composition [%}]

. g a5(8] |~ TCa0, [Ca0y] Si0; [MgO| FeO [MnO|Cr,0; JALOS| P,05 ] TS
1 |Converter slag ;% — | 4450 | 1.68 | 16.63 | 5.26 |23.25 5.40 | 0.16 | 1.68 | 1.24 |0.11
2 |Phase 1 S61.1 |0.27|61.50 | 1.82 | 23.21|5.19 | 3.01]|4.13| — | 1.40]0.83 [0.12
3 |Phase 2 568.0 |0.28 | 62.63 | 2.55 | 22.28 | 291 | 451|378 | — | 1.96|0.74 [0.12

0.444] 62.60+] 1.90<]23.002.03+0.569 0.58 0.016 1.62]0.05-]
vl nses 17139 10,48 |63.40 [2.32 |29.20 |2.57 |5.13 | 2.06 [0.064 |1.66 |0.01¢ %%
Phase 1 - without CaO addition
Phase 2 — with addition of 20 g CaO
Phase 3 — Ca-Mg fertilizer
TABLE 2

Findings of chemical composition tests of the non-metallic phase obtained under industrial conditions

. Chemical composition [%]
NO Material C | CaO; | SiO; | MgO | FeO |Fe,05|MnO|Cr,05 |[ALO, [P,05| TS
1 {Portland clinker — |63+67|21+24|Max 5| - | 2+4 | - - 4+7 | - [Max 1.5
Research in Japan
2 |Converter slag - 1504 | 153 ; 2.01 163 Fe [521| - 1.00 |2.28 -
3 |Non-metallic phase{5.93{ 68.3 | 19.8 | 0.84 045Fe 1020 -~ | 136 (044 -
Research in Belgium
4 {Converter slag - | 464 | 129 3.0 {219]| 64 | 57 |0.1Cr[ 09 | 2.0 {0.1 SOs
5 |Non-metallic phase| — | 53.2 | 21.4 | 49 3.2 Fe 22| - 11.1 | 0.7 0.1
Own research of the author
6 |Converter slag - |41.53]14.62 | 5.13 |22.39] 6.43 {6.70| 0.87 | 1.04 {0.82| 0,08
7 |Non-metallic phase|[0.17] 52.51 | 21.34 | 6.85 | 6.22 | 4.48 | 4.84 | 0.48 | 1.67 |0.53| 0.16

Based on the tests carried out in a single-electrode electric arc furnace it was found

that a non-metallic phase not undergoing autogenous disintegration could be obtained
at slow cooling if its phosphorus content did not exceed 0.3% molar concentration.
This phase could be utilized as Portland clinker after adding CaO to the charge in the
amount of about 2% of the converter slag mass. This would cause increase in CaO
content in the non-metallic phase by over 1%. At the same time the SiO, content would
decrease by about 1%. The mineralogical composition of the obtained phase changed
along with its chemical composition. The alite 3Ca0OSiO, content increased and the
belite 2Ca0SiO, content decreased [26].



779

If the non-metallic phase is intended to be utilized as a Ca-Mg fertilizer it is
necessary to obtain the slag reduction rate over 21% and the P,Os content under 0.3%
molar concentration. Under this conditions a non-metallic phase undergoing autogenous
disintegration as a result of transformation of the Ca0SiO, into the y form can be
obtained. About 70% of the fraction under 0.5 mm grain size is suitable for soil liming.
Coarser fractions contained too much of iron oxides, even up to 10%. This prevents
use of these fractions as a fertilizer due to the relatively high iron content in domestic
soils [27].

The non-metallic phase under industrial conditions was stored for 48 hours in a
box. 46 kg underwent autogenous disintegration. It constituted about 10% of the mass
of the non-metallic phase. The relatively high mass of the non- metallic phase resulted
from high wear of the refractory lining in the process which was estimated as twice as
high as the usual wear and tear. The usual wear and tear of such a lining during steel
melting does not exceed 44kg/Mg.

The chemical composition of the non-metallic phase not undergoing autogenous
disintegration was similar to the chemical composition of the clinker manufactured
in accordance with the Belgian method [23]. The same CaO and SiO, contents were
obtained and the MgO content higher by about 2% was obtained which resulted from
high wear of the refractory lining. The iron and manganese oxide content was twice as
high due to earlier termination of the reduction process. At the same time the Al,Os
content was lower by about 10% which improved clinker characteristics.

By comparing the chemical composition of the obtained non-metallic phase with
the chemical composition of the phase obtained in Japan [22] it was found that much
lower CaO and MgO content had been obtained. At the same time higher iron and
manganese oxide contents had been obtained. The differences had been caused by
higher CaO content in the slag reduced in Japan and by carrying out the reduction
process in Japan for 15 minutes after the end of the slag foaming.

The test performed under industrial conditions allowed to state that the converter
slag reduction process could be carried out in a classic EAF on condition that the charge
material was added in portions. In the case of a single addition it was necessary to
increase the furnace height due to intensive foaming of the slag during reduction. It was
also necessary to replace a basic lining with a graphite one because of its earlier wear.
If the non-metallic phase was intended for Portland clinker, quenching with compressed
air or water while tapping was necessary to stabilize the £2Ca0SiO; form and to obtain
the non-metallic phase not disintegrating autogenously. Also calcium should be added
to the charge to increase the CaO content in the resulting non-metallic phase or it
should be added during the cement production.
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5. Summary

100% of the blast furnace slag and up to 85% of the steelmaking slag are utilized
in the world. Therefore new methods of utilization of steelmaking slag are sought.
Trials of converter slag reduction in an electric arc furnace can be counted among the
new methods.

Trials of converter slag reduction in an electric arc furnace were carried out in
Japan and Belgium in 1979 and 1984 respectively. In 2003 research on the converter
slag reduction process in an induction furnace was carried out in China. The research
enabled to determine conditions of the process performance and utilisation of the
resulting metallic and non-metallic phases. The obtained phase can be utilized for
production of Portland cement. To this end it is necessary to carry out reduction for
15 minutes as of the end of intensive foaming of the slag occurring at the beginning
of the process. The obtained material should be subjected to intensive quenching so
that it does not disintegrate autogenously and binding properties are not lost.

It is a disadvantage of the abovementioned methods of converter slag processing
that the process is aimed mainly at the production of Portland clinker. With highly
fluctuating chemical composition of slag it is possible that the desired chemical and
mineralogical composition of the non-metallic phase are not obtained. In this case
it is necessary to adjust the composition by lime addition. Therefore own research
under laboratory and industrial conditions was carried out. The aim of the tests was to
determine the scope of chemical composition adjustments to the obtained non-metallic
phase intended for Portland clinker as well as to determine the conditions of the
reduction process when utilizing it as a Ca-Mg fertilizer.

Based on the research performed it was found that the resulting non-metallic phase
could be utilized as Portland clinker after adding CaO in the amount of about 2% of the
mass of converter slag. The CaO could be added as a charge material before starting
the reduction process. If the non-metallic phase was intended to be utilized as a Ca-Mg
fertilizer it was necessary to obtain the slag reduction rate over 21%. About 70% of
the fraction under 0.5 mm grain size was suitable for soil liming.
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