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Abstract 

The European H2020 project CHROMIC (GA No 730471) aims to develop new 

recovery processes for critical (Cr, Nb) and economically valuable (Mo, V) by-product 

metals from secondary resources, based on the smart integration of enhanced pre-

treatment, selective alkaline leaching and highly selective metal recovery across the 

value chain. The technology will be developed for three models streams (carbon 

steel slags, stainless steel slags and ferrochrome slags) with the potential of 

replication to numerous industrial residues across Europe.  

Preliminary results of the material characterization show that the mineral 

entanglement and fine particle size of Cr-rich phases pose major challenges for the 

mineral processing. Innovative processes such as microwave-induced cracking, 

electrodynamic fragmentation combined with magnetic, electrostatic and enhanced 

gravity separation will be studied to reach the objective of selective mineral 

processing.   
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1. Introduction 

The European H2020 project CHROMIC (GA No. 730471, November 2016 – October 

2020) is developing new recovery processes for chromium, niobium, molybdenum 

and vanadium. These four metals are crucial for the European industry, but they are 

sourced mainly from outside Europe - in particular from South Africa, Brazil, USA, 

China, Russia, Kazakhstan and Turkey. Europe does have large stocks of industrial 

by-products, such as steel, stainless steel and ferrochrome slags, which contain 

significant amounts of these four elements that are currently not fully exploited. 

These slags are used mainly as aggregates in the construction industry, with small 

fractions of some slags even being landfilled. In these applications, the entrapped 

valuable elements are not used to their full value. The CHROMIC project aims to 

unlock the potential of these resources, by developing new sustainable ways of metal 

recovery, leading to a zero-waste recycling of the entire slag materials. An important 

aspect hereby is that CHROMIC does not focus only on recovery of the metals, but 

simultaneously wants to improve the residual matrix material (i.e. the bulk) for further 

valorisation. This is necessary to improve the overall economics of the process.  

This approach requires innovative, highly selective recovery technologies that 

capture the metal without impairing the properties of the residual matrix material for 

valorisation. The CHROMIC project will focus on carbon steel (CS), stainless steel 

(SS) and ferrochrome (FeCr) production chains. In these model streams, great 

amounts of slags are produced all over Europe (20 Mt/y CS slag, 1.8 Mt/y SS slag, 

0.9 Mt/y FeCr slag) and they contain useful metal resources at low concentrations 

that, nowadays, are not recovered from the material. 
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The CHROMIC project is coordinated by VITO, and executed by a consortium of 11 

partners from 5 European countries (Belgium, Germany, France, Slowakia, Italy).  

This paper focuses on the sampling and material characterization, and the 

implications of this for the further technology development.   

 

2. Methodology 

1.1 Material  

Representative samples of the three materials were provided by the project partners. 

For the carbon steel slag, originating from an EAF, three particle sizes were studied 

(0-5 mm, 20-40 mm, 40-185 mm). The ferrochrome slag was crushed and sieved to a 

4-9 mm fraction. The stainless steel slag is a finegrained fraction (< 500 µm) obtained 

after a crushing, screening and demetallisation treatment. For the characterization 

analyses (XRD, XRF) the material was further crushed (jaw crusher) and milled (ball 

mill) to < 125 µm.    

1.2 Methods 

The chemical composition of the samples was analyzed by different methods:   

 Microwave dissolution by a combination of 6 ml HCl, 2 ml HNO3 and 4ml of 

HBF4, followed by ICP-OES measurement 

 Microwave dissolution with HNO3, HF and H2O2 + H3BO3, followed by ICP-

OES measurement 

 Energy dispersive XRF spectrometer with polarized X-ray excitation geometry 

(HE XEPOS, Spectro Analytical Systems, Kleve, Germany), under He 

atmosphere, on loose powder and fused beads. 
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 Wavelength dispersive XRF (PANalytical Axiosmax spectrometer) on fused 

beads.  

X-ray powder diffraction was carried out with a PANalytical X’PERT PRO system, 

operated at 40 kV and 40 mA, with copper anode material. Continuous scans with a 

step size rate of 0.04°/ 4 s were performed within a 2θ range of 5°-120°. The 

obtained diffractograms were qualitatively analysed with the aid of HighScore Plus 

software.  

Morphological observations were carried out by a SEM microscope FEI NOVA 

NANOSEM 450 with EDX analyser BRUKER QUANTAX 200 with SDD detector.  

Preliminary microwave treatment was done by bringing the sample into the MEAM 

VP 1.2 microwave (vacuum pressure, maximum power 1.2 kW) for different time 

intervals at 800 W power. The microwave system has a multi-mode cavity and is air-

cooled. The MEAM VP 1.2 is displayed in Figure 1, together with a schematic 

representation of the microwave part of the machine. After microwave treatment, the 

materials were ground in a ball mill at 400 rpm for 5 minutes. Particle size was 

determined by sieving.  
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Figure 1: Picture (left) and schematic representation (right) of the microwave part of 

the MEAM VP 1.2. 

 

 

3. Results and discussion 

The results of the chemical composition proved to be strongly dependent on the 

analytical method used, as is illustrated for Cr in Table 1. For the carbon steel slags, 

the results of microwave digestion 1 are comparable to the XRF measurements, 

while those of MW digestion 2 are far lower. This indicates that a strong oxidant such 

as H2O2 is needed to liberate Cr from its mineral phases. However, even with this 

oxidant dissolution of Cr is incomplete for the ferrochrome and stainless steel slags. 

This indicates that Cr is present in different phases in the latter two materials. The 
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results of the XRF measurements are in the same range, with bead analysis giving 

slightly higher numbers.    

An overview of the main element concentration, as determined by XRF analysis, is 

given in Table 2. It is clear that the materials must be considered low grade 

resources. The carbon steel slags contain high amounts of Fe. All materials contain 

significant amounts of Ca, indicating that alkaline leaching is to be preferred. Both Ca 

and Fe may pose issues for metal recovery from leachates, and therefore selective 

leaching to minimize dissolution of these elements is a main challenge in CHROMIC.  

The mineralogical analysis (Table 2) shows that Ca-silicates are important matrix 

components for all three materials. For the carbon steel slags, high amounts of Fe-

oxides are also present. Chromium is present in highly stable spinel phases, which is 

another challenge for the leaching step. In the ferrochrome slag, Cr is also contained 

within metallic ferrochrome particles. The concentrations of the other elements of 

interest (Mo, V, Nb) are too low for mineralogical identification.  

 Carbon steel  

slag 0-5 mm 

ferrochrome 
slag 

stainless 
steel slag 

MW digestion 1 (HNO3, HF, 
H2O2, H3BO3) + ICP-OES 

23300 11000 8613 

MW digestion 2 (HNO3, HCl, 
HBF4) + ICP-OES 

9290 5630 3770 

Energy Dispersive X-ray 
Fluorescence (EDXRF) (powder) 

21100 26400 17300 

Energy Dispersive X-ray 
Fluorescence (EDXRF)  (bead) 

26700 31600 24300 

Wavelength Dispersive X-ray 
Fluorescence (WDXRF) (bead) 

26700 34300 25900 
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Table 1: Concentration of Cr (mg/kg DM) as determined by different analytical 

methods 

  CS slag 0-5 
mm 

CS  slag 20-40 
mm 

CS slag 40-185 
mm 

FeCr 
slag 

SS slag 

Al2O3 wt.-% 8.0 ± 0.3 7.8 ± 1.2 10.0 ± 1.9 6.5 4.2 ± 0.5 

CaO wt.-% 20.7 ± 1.7 21.1 ± 0.6 22.8 ± 0.3 45.9 45.1 ± 2.6 

Fetot wt.-% 30.4 ± 3.1 31.8 ± 2.0 28.2 ± 1.5 0.18 0.6 ± 0.1 

MgO wt.-% 3.5 ± 1.1 3.4 ± 1.2 3.7 ± 1.1 12.6 11.0 ± 1.8 

MnO wt.-% 5.5 ± 0.5 5.7 ± 0.4 6.0 ± 0.4 0.11 1.1 ± 0.2 

SiO2 wt.-% 9.8 ± 0.2 9.9 ± 0.9 10.6 ± 0.6 28.8 30.8 ± 5.6 

Cr wt.-% 2.4 ± 0.3 2.4 ± 0.1 2.6 ± 0.2 3.43 2.3 ± 0.5 

Mo mg/kg DM 54 ± 14 56 ± 14 47 ± 8 <LLD 40 

Nb mg/kg DM 261 ± 132 332 ± 209 245 ± 85 <LLD 617 

V mg/kg DM 714 ± 198 740 ± 229 744 ± 419 448 516 ± 142 

Table 2: Overview of chemical composition of the materials (CS = carbon steel, FeCr 

= ferrochrome, SS = stainless steel) 

 

Material Main minerals Cr-rich phases  

CS  slags Ca-silicates (larnite, gehlenite), Fe-oxides 
(wuestite), spinel 

Spinel (MgCr2O4) 

FeCr 
slags 

Analysis ongoing Ferrochrome, spinel 

SS slags Ca-silicates (merwinite, bredigite, gehlenite, 
cuspidine), calcite 

Spinel (Fe, Mg)(Cr, 
Fe)2O4 

Table 3: Main mineral phases of the materials as identified by XRD 
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Figure 2: SEM images of carbon steel slags. Ca-silicates, Fe-oxides and spinels are 

intertwined, with Cr present in distinc spinel phases of 10-100 µm diameter (F = Fe 

oxide, C = Ca-silicate, Cr = Cr-rich spinel, A = Al-spinel).  

 

Figure 3: SEM image of ferrochrome slags. Ferrochrome particles (FeCr) (20-40 µm) 

are present in a matrix of Ca-silicates (C) and Cr-containing spinels containing (S) 
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Morphological examination with SEM-EDS elucidates the complexity of the materials. 

Figure 2 shows a picture of the carbon steel slags, with Ca-silicates, Fe-oxides and 

spinel phases strongly intertwined even at very small (10-100 µm) scale. Chromium 

is present in distinct spinel phases, with diameter ranging from 10-100 µm. For the 

ferrochrome slags (Figure 3), small metallic particles (20-40 µm) are present in a 

matrix of Ca-silicates and spinel phases (~10 µm) that contain Cr. 

The mineral entanglement and small scale of the chromium phases implies that 

selective comminution and pretreatment to fully liberate and concentrate the Cr-rich 

phases will be extremely challenging. CHROMIC aims to answer this challenge by 

combining innovative comminution techniques such as microwave-induced cracking 

and electrodynamic fragmentation with physical separation techniques based on 

magnetic, electrostatic and enhanced gravity separation. 

Comminution has a high energy demand, with associated high costs. Microwaves 

can induce stress in minerals due to differential heating of minerals with different 

microwave absorption properties, resulting in micro-cracks around selected mineral 

boundaries [1]. CHROMIC will investigate whether such selective heating-induced 

cracks can lower comminution energy, and lead to clean particles of Cr-rich minerals. 

Preliminary tests on the carbon steel slags (0-5 mm) (Figure 4) have shown that a 

short microwave treatment (5 min at 800W) leads to a shift towards a finer size 

fraction (from 58 % to 65% material < 100 µm) after the same comminution (5 min 

ball mill at 400 rpm). Longer microwave treatment does not have an effect on grain 

size after comminution, and leads to sintering effects due to increased temperature. 

Further tests will be performed to optimize this treatment.  

The concentrates produced by the selective mineral processing will be used as input 

for the leaching step. Recently, VITO developed several hydrometallurgical methods 



Euroslag 2017_paper CHROMIC 

 

 

10 

 

 

to recover Cr and V from stainless steel and FeCr slag materials based on alkaline 

leaching [2, 3].  A potential route towards alkaline heap leaching of SS slag and FeCr 

slag was developed on lab scale whereby NaOCl was added as an oxidizing agent 

[4]. Within CHROMIC, VITO will use microwaves as well to improve the efficiency 

and economic feasibility of these leaching processes.  

 

Figure 4: Results of preliminary microwave treatment test at 800 W on EAF slag (0-5 

mm) to reduce comminution energy 

 

After leaching, the metals of interest are present in complex solutions, often in low 

concentrations compared to competing ions such as Fe or Ca. To selectively extract 

Cr, Nb, V and Mo from solution, an array of metal recovery processes will be 

investigated ranging from more traditional ones such as selective precipitation and 

solvent extraction to highly innovative sorbents based on layered double hydroxides. 

This work is scheduled to start by the end of 2017.  
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4. Conclusion and outlook 

The European H2020 project CHROMIC (GA No 730471) aims to develop new 

recovery processes for Cr, Nb, Mo and V from carbon steel, ferrochrome and 

stainless steel slags based on the smart integration of enhanced pre-treatment, 

selective alkaline leaching and highly selective metal recovery across the value 

chain.  

The material characterization shows that the materials are low grade (~2.5 wt% Cr) 

with strong mineral entanglement. Distinct Cr-rich phases have been identified, but 

are present in very small particles (10-100 µm) which poses a significant challenge 

for the mineral processing. CHROMIC will study innovative comminution techniques 

such as microwave-induced cracking and electrodynamic fragmentation in 

combination with electrostatic, magnetic and enhanced gravity separation to 

concentrate the input stream for leaching. Preliminary tests show the potential effect 

of microwave treatment to reduce comminution energy.   

CHROMIC will develop innovative technologies for the recovery of Cr, Mo, V and Nb 

for all steps in the hydrometallurgical chain, namely mineral processing, selective 

leaching and selective metal recovery. An overarching, iterative value chain 

assessment will be performed to ensure compliance of the developed technology 

with market demand and economic, environmental, health&safety and legal 

requirements. The optimal flowsheet for each of the model waste streams, including 

valorisation of the residues, will be validated by larger scale tests that allow also 

conceptualisation of full scale implementation.  
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