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Abstract 
 
The general aim of the project was a further step towards waste free steelmaking. The activities of 
the research group were focused on the recycling of slag from secondary steelmaking and spent 
refractory materials as fluxes in primary steelmaking. Most of the slags generated in secondary 
steelmaking disintegrate during cooling. Having reclaimed the metallic iron the barren material is 
dumped, usually. Spent refractory materials, arising from the relining of metallurgical vessels, are 
infiltrated with slag and steel. With the exception of high quality grades with only few impurities, 
spent refractory materials are dumped as well.  

Owing to their high concentrations in CaO and MgO ladle slags and spent refractory materials still 
have a high metallurgical potential that can be exploited in primary steelmaking. Different 
strategies on the processing and recycling of these materials have been developed with respect to 
the specific situation of the industrial partners involved this project. 

The recycling of liquid ladle slag into the EAF requires a special infrastructure. At RIVA ACCIAIO 
S.p.A., Verona Works, the necessary prerequisites are present. The recycling of liquid lade slag 
has been tested, successfully. The control of steel quality, especially sulphur in steel, process 
performance and the composition of EAF slag revealed no detrimental impact according to the 
recycling of the ladle slag. In long term test runs a small increase in the total energy consumption 
has been observed which is due to the additional opening of the furnace and the resulting heat 
loss by radiation. RIVA runs two electric arc furnaces at Verona Works. Since it is difficult to 
predict into which of both furnaces the ladle slag will be recycled, the recycled amount cannot be 
taken into account in calculating the recommended amounts of lime and dolomite in the burden. 
Benefits are given by the fact that no processing of the ladle slag is necessary and that an 
inadmissible formation of dust is avoided. A recycling rate of 80 % has been achieved already and 
the recycling of liquid ladle slag is transferred into daily operation. 

The recycling of solid materials has been tested in the steel shop at KEP. The handling of solid 
materials has the advantage that a selection of favoured slag compositions, the adjustment of 
desirable mixtures and the production of uniform qualities is possible. An optimised synthetic slag 
former has been developed on the basis of ladle slag and spent dolomite. This synthetic slag 
former has advantages with respect to the early formation of liquid slag, an improved foaming of 
slag by adjustment of the melting temperature as well as the viscosity and the minimised 
consumption of refractory material.  

The processing and recycling of coarse aggregates of ladle slag and spent refractory materials 
reveals no problems. The remaining fine fractions of ladle slags can be recycled by pneumatic 
injection. If a pneumatic injection of dusty materials is not realisable, the fines have to be 
agglomerated prior to recycling. Tests on agglomeration of secondary steel slags and spent 
refractory materials show that all known agglomeration techniques can be used. However, each 
agglomeration needs further development concerning to necessary optimal binder additions. The 
most common agglomeration process is pelletising. The expenditures for the production, including 
the investment costs, are the lowest of all the investigated agglomeration processes. By using 
cement as binder, pellets with good properties can be manufactured. 

 



In long term tests in the steel shop at KEP approximately 15 % of lime has been substituted by 
ladle slag in a ratio of 1 : 2. The substitution does not change the basicity of the EAF slag and only 
minor effects with respect to metallurgy and steel quality are induced. A statistical evaluation of the 
sulphur distribution indicates that the sulphur capacity of the EAF slag is still not utilised. A similar 
evaluation of process data concerning to the energy balance reveals no additional consumption of 
energy in periods with recycling of ladle slag. 

According to the developed recycling strategies at KEP about 50 % of the generated ladle slag 
can be recycled and the operational costs are counterbalanced by savings in lime. Economical 
benefits are due to the reduced amount of dumped ladle slag. Moreover, less limestone has to be 
quarried and a further contribution to in overall CO2 emissions reduction by the steel industry is 
realised. 

The recycling of spent refractory materials has been tested by FQZ Brandenburg. Spent refractory 
materials arise from different sources. These materials are extremely heterogeneous with respect 
to grain size and chemical composition. Hence careful processing and quality controls are a 
prerequisite in recycling. The recycling tests in the sinter plant, the blast furnace burden and the 
BOF converter at EKO Stahl GmbH confirmed that spent magnesite is a suitable substitute for 
olivine and of soft-burnt dolomite. Besides ecological benefits, i. e. saving of dump space, 
conservation of natural resources and reduced emission of CO2, savings in the production costs of 
steelmaking are calculated. 

In conclusion, the recycling of ladle slag, mixtures of ladle slag and spent refractory materials as 
well as the recycling of spent MgO-refractory materials is beneficial to all investigated processes. 
However, the optimal recycling procedure depends on the operational conditions in the steel 
works. It will not be possible to recycle the liquid ladle slag in every steel shop. 

As shown, the developed recycling strategies ensure that no detrimental influences have to be 
expected. Each recycling procedure leads to adequate advantages in the steel shops.  

Thus it is possible to utilise the capacity for P and S removal of the ladle slag and spent refractory 
materials more efficiently by recycling into primary steelmaking procedures. Distinct economical 
and ecological benefits are determined for all investigated recycling strategies. 

 

 


