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Electric Arc Furnace Dust (EAFD)

• Steel and stainless-steel production 
generates EAFDs

• Hazardous waste => landfilled or treated 
by Waelz process (70%)

• Hephaestus 2 demo site

0.5 - 1.5 M tons in EU



HEPHAESTUS project concept

1MVA Cleantech® => Greece (Metlen)
5MVA Cleantech® => Italy (AIT)

EAFD (AST acciai speciali Terni)
Fe-Ni dusts (LARCO)

EZINEX® => Italy (Engitech)
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• Zn and Pb vaporise
• Zn is degrading and polluting the lining of 

the furnaces
• ZnO needs energy to be reduced
• Cl, K, Na unwanted 



AAC (ammonia/ammonium carbonate) route

1) Leaching: ZnO + 4NH3 + H2O ⇌ Zn(NH3)4
2+ + 2OH-

2) Precipitation: Zn(NH3)4
+2 + (NH4)2S(aq) ⇌ ZnS(s) + 2NH4

+ + 4NH3



EAFD composition
Elem. % Average Std. Dev.

Fe 23.8 0.5

Zn 15 1

Cr 9.5 0.4

Ca 3.55 0.05

Mg 3.61 0.06

Si 3.4 0.1

Mn 2.16 0.03

C* 2.2 0.1

Ni 0.98 0.06

K 1.7 0.1

Pb 0.6 0.1

Cu 0.35 0.03

S 0.56 0.02

Al 0.6 0.1

Mo 0.23 0.03

Ti 0.12 0.02
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ZnO 10%

Spinels 83%

Silicates 7%

1) Leaching: ZnO + 4NH3 + H2O ⇌ Zn(NH3)4
2+ + 2OH-



AAC (ammonia/ammonium carbonate) leaching
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• L/S 5, RT, (3h, 500 rpm) at various 
AAC compositions

• Consistently, (1.3kgAC + 
0.3kgA)/kg EAFD gave higher Zn 
conc. (15.3±0.5 vs 14.2±0.5 g·L-1) 
and lower Zn in the residue (7.7 vs 
8.8%)

species
kg/kg 
EAFD

ZnO 0.1
Fe3O4 0.83
SiO2 0.07
CuO 5E-04
PbO 1E-03
FeO 1E-04
CrO3 1E-04
KCl 1E-03

NaCl 1E-03
MoO3 1E-03
Total 1.0037



ZnS precipitation
2) Precipitation: Zn(NH3)4

+2 + (NH4)2S(aq) ⇌ ZnS(s) + 2NH4
+ + 4NH3
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Elem. (%) Zn Cr Cu Pb Na K Fe Si Cl Purity (%)

ZnS 55.6 0.3 0.6 0.6 0.4 0.5 0.3 0.5 0.3 82%

> 99.5% leached zinc precipitated



ZnS precipitation: enhance filtration
reduce the rate of nucleation by lowering the relative supersaturation: adding reagents slowly with good mixing

A= one step

Very slow filtration and decantation

B= stepwise

Faster filtration and decantation



ZnS precipitation: enhance purity
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ZnS 58-59 <LOD <LOD <LOD 0.52-0.56 0.15-0.20 0.1-0.16 <LOD 0.3-0.45 <LOD <LOD 87-88



ZnS precipitation: enhance purity
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101058696 - HEPHAESTUS - HORIZON-CL4-2021-TWIN-TRANSITION-01

ZnS precipitation: removal of Pb and Cu 

• Pb and Cu were removed 100%
• Zn losses < 0.1%

% Zn Na K Ca Cu Fe Si Cr Pb Cl Mo
Pb Cu 
prec. 40.7 <LOD <LOD <LOD 8.9 <LOD <LOD <LOD 5.3 n.a. <LOD
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ZnS precipitation: enhance purity 

% Zn Na K Ca Cu Fe Si Cr Pb Cl Mo Purity 
(%)

ZnS (Pb/Cu free) 80°C 62.2 / / / / / 0.01 / / / / 92
ZnS PbCu_LS_120°C 53.1 / / / 0.49 0.01 0.12 / 0.43 / 0.01 80

ZnS (Pb/Cu 
free)_LS_120°C 55.5 / / / / / 0.05 / / / 0.03 83
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AAC flowsheet modelling



Validate the AAC process

PLS Post ZnS W residue W ZnS



Conclusions
The process is almost circular
 45-50% Zn leaching
 10% in the washing of LR. LR to cleantech
 90% ZnS 
 ZnS purity 85-90% or > 90% with Pb/Cu removal
 1 kg water/kg EAFD
 0.08 kg (NH4)2S/kg EAFD = 0.38 kg (NH4)2S (20 wt. %) sol. /kg EAFD 
 << 0.2 kg/kg EAFD

Is it economically viable?
 about 0.5 € per kg of EAFD (ammonium sulphide:1.9-4.7 €/kg and zinc sulphide: 0.9-18 €/kg) => depends on ZnS purity

Outstanding points 
 KCl recovery? Bleed of the closed-loop liquid streams after how many cycles?
 Recovery of Zn in washing of LR (+ 10%)? 



Thank you for your 
attention!

Thomas Abo Atia
Research manager, KUL • Solvomet • SIM2 
thomas.aboatia@kuleuven.be
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