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Introduction 

It is known from literature that the leaching behaviour of heavy metals such as Cr and 

V from steel slags is influenced by the mineralogy.1-6 However, the exact mechanisms 

are not yet understood for all slag types and all heavy metals. This is because various 

different mechanisms can influence the leaching behaviour; the stability of the 

primary mineral phases in which these elements are incorporated, secondary mineral 

phases, which form during leaching or weathering and/or adsorption onto these 

newly formed surfaces. The mineralogical composition itself is influenced by 

metallurgical parameters and the chemical composition.7,8 

 

In this study, a multi-methodological approach with special emphasis on surface 

investigations was used to understand these complex interactions between 

metallurgy, mineralogy and leaching behaviour of electric arc furnace (EAF) slags. 

Additionally, experimental results were combined with hydrogeochemical and 

metallurgical models. Hence, it was possible to identify leaching controlling 

mechanisms for Cr and V and develop conditioning procedures to minimise the 

leaching of Cr and V from EAF slags. The conducted lab experiments and first results 

of the upscaling experiments in an EAF (pilot plant scale) are presented in this paper. 
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Materials and Methods 

Based on previous experiments9 the EAF slag sample with the highest amount of 

leached V and Cr was chosen for the conditioning experiments with quartz sand. 

Additionally, pure remelting experiments of the slag were conducted as reference. 

All experiments were performed using a Tammann furnace and MgO crucibles, in 

which the slag respectively the slag-quartz-mixture was heated up to 1600°C. The 

amount of quartz sand needed to adjust the mineral phase distribution was 

calculated by using FactSageTM. To avoid an oxidation of iron in the melt, the furnace 

was flushed with nitrogen and iron filings were put into the crucibles. Three different 

cooling rates: 1) rapid cooling on a steel plate, 2) moderate cooling in air and 3) slow 

cooling in the furnace were investigated, yielding in total six modified slag samples. 

The chemical composition of the investigated samples was determined after 

digestion (ÖNORM EN 13656) by using ICP-MS (ÖNORM EN ISO 17294-2). The pH 

dependent leaching tests were conducted according to EN 14429. The leachates were 

analysed analogously to the digested slag samples. Electron microprobe (EMP) 

analyses were performed with the Superprobe JEOL JXA 8200 system. 

Results and discussion 

Previous studies9 revealed that EAF slags with increased V and Cr leaching consist of 

the same main mineral phases as EAF slags with lower leached amounts, namely, a 

wuestite solid solution, a spinel solid solution, an olivine solid solution and a melilite 

group member. None of the phases dissolve after leaching for 48 h with distilled 

water (Figure 1) according to visual inspection via EMP. 

 

 
Figure 1: a) BSE image of the original EAF slag sample prior to leaching and b) SE image after 

leaching; Detail: wuestite (W), spinel (S), olivine (O) and melilite (M) 

 

The significant difference, which determines the leaching behaviour, is the ratio 

between wuestites and calcium silicates (olivine and/or melilite) as well as the 
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amount and size of spinels. A lower amount of wuestites and an additional increase 

in stable calcium silicates (e.g., melilite) and spinels decreases both the V and the Cr 

leaching. This is because V and Cr leach incongruently from wuestites but are stably 

bound in spinels.9 Additionally, geochemical modelling indicates that adsorption of V 

onto hydrated melilites impedes the release of V. The ratio of wuestites to calcium 

silicates itself is influenced by the FeO/SiO2 ratio in the slags. Therefore, the optimum 

ratio, at which predominantly calcium silicates are formed and the formation of 

wuestites is supressed, was calculated via FactSageTM prior to the melting 

experiments. Figure 2 shows the BSE images of the remelted and conditioned slag 

samples. As expected and calculated, a lower FeO/SiO2 ratio led to a lower amount 

of wuestites and an increased formation of calcium silicates. Additionally, the 

remelting influenced the spinel formation, leading to more and bigger crystals 

compared to the original sample (Figure 1). Table 1 shows that the tailored change of 

the chemical composition and a corresponding change of the mineral phase 

distribution led to a decrease in V and Cr leaching. 

 

 
Figure 2: BSE images of EAF slag samples cooled on air; a) remelted and b) conditioned; 

Detail: wuestite (W), spinel (S), calcium silicates (C) 

 

Table 1: Leached amount of Cr and V in mg/kg and as percentage of the total content; Original 

sample (EAFS1), remelted samples (EAFS_R1 to 3) and conditioned samples (EAFS_C1 to 3), 

with 1: rapid cooling, 2: moderate cooling and 3: slow cooling; Basicity (CaO/SiO2) and 

FeO/SiO2 ratio 

 EAFS1 EAFS_R1 EAFS_R2 EAFS_R3 EAFS_C1 EAFS_C2 EAFS_C3 

pH value 11.2 11.0 10.8 10.9 10.1 10.0 10.1 

V (mg/kg) 2.5 1.2 0.37 0.38 0.13 0.02 0.02 

V (%) 0.34 0.19 0.06 0.07 0.03 0.01 0.01 

Cr (mg/kg) 0.13 0.076 0.0024 0.0018 0.046 0.0043 0.0024 

Cr (%) 1E-03 6E-04 3E-05 9E-06 9E-04 6E-05 7E-05 

CaO/SiO2 2.03 1.54 1.89 1.59 0.57 0.60 0.57 

FeO/SiO2 3.66 3.26 3.35 3.83 1.12 1.21 1.05 
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The lab experiments were repeated by using a pilot plant EAF. First X-ray diffraction 

analyses show that the mineral phase distribution has also changed as intended. 

 

Although the described experiments are preliminary tests, they yield promising 

results for tailoring EAF slags towards a minimisation of V and Cr leaching, 

demonstrating that a calculated and targeted conditioning is possible if the 

underlying mechanisms are understood. 

Acknowledgment  

The authors want to thank the Austrian Research Promotion Agency (FFG) for funding 

the project MiLeSlag and all participating project partners for the support. 

References 

1. A. J. Hobson, D. I. Stewart, A. W. Bray, R. J. G. Mortimer, W. M. Mayes, M. Rogerson and I. T. 

Burke, “Mechanism of Vanadium Leaching during Surface Weathering of Basic Oxygen Furnace 

Steel Slag Blocks: A Microfocus X-ray Absorption Spectroscopy and Electron Microscopy Study”, 

J Environ Sci Technol, 51 (14) 7823-7830 (2017). 

2. M. Loncnar, H. A. van der Sloot, A. Mladenovic, M. Zupancic, L. Kobal and P. Bukovec, “Study of 

leaching behaviour of ladle slags by means of leaching tests combined with geochemical 

modelling and mineralogical investigations”, J Hazard Mater, 5 (317) 147-157 (2016). 

3. D. Mombelli, C. Mapelli, S. Barella, A. Gruttadauria, G. Le Saout and E. Garcia-Diaz, “The efficiency 

of quartz addition on electric arc furnace (EAF) carbon steel slag stability”, J Hazard Mater, 279 

586-596 (2014). 

4. A. Aldrian, J. Raith, D. Höllen and R. Pomberger, “Influence on chromium spinels in an electric arc 

furnace slag on the leaching behaviour”, J Solid Waste Techn and Manag, 41 (4) 357-365 (2015). 

5. H. Cabrera-Real, A. Romero-Serrano, B. Zeifert, A. Hernandez-Ramirez, M. Hallen-Lopez and A. 

Cruz-Ramirez, “Effect of MgO and CaO/SiO2 on the immobilization of chromium in synthetic 

slags”, J Mater Cycles Waste Manag, 14 317-324 (2012). 

6. I. Strandkvist, F. Engström, K. Palsson and B. Björkman, “The influence of iron oxide on the 

chromium leachability of EAF slag: a full-scale study at Ovako Hofors”, in Proceedings of the 4th 

International Conference on Process Development in Iron and Steelmaking (ScanMet IV), Edited 

by MEFOS, Lulea, Sweden, 2012. 

7. D. Mombelli, C. Mapelli, S. Barella, C. Di Cerra, G. Le Saout and E. Garcia-Diaz, “The effect of 

chemical composition on the leaching behaviour of electric arc furnace (EAF) carbon steel slags 

during a standard leaching test”, J Environ Chem Eng, 4 (1) 1050-1060 (2016). 

8. M. Tossavainen, F. Engström, Q. Yang, N. Menad, M. Lidström Larsson and B. Björkman, 

“Characteristics of steel slag under different cooling conditions”, Waste Manag, 27 1335-1344 

(2007). 

9. S. Neuhold, D. Vollprecht, P. Presoly, J. Schenk and B. Adamczyk, “Freisetzungsbestimmende 

Mechanismen von Schwermetallen in Stahlwerksschlacken - Analysen, Modellierung, 

Synthesen”, in Oral Presentation-Proceedings of 14. Recy&DepoTech conference 2018, Edited by 

R. Pomberger. Montanuniversitaet Leoben, Chair of Waste Processing Technology and Waste 

Management (AVAW), Leoben, Austria, 2018.


