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Electric Arc Furnace Dust (EAFD)

e Steel and stainless-steel production
generates EAFDs

0.5-1.5Mtonsin EU

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

 Hephaestus 2 demo site
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HEPHAESTUS project concept
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* Zn and Pb vaporise
* Znis degrading and polluting the lining of CO, to methanol (CC)

the furnaces Greece NTUA
* ZnO needs energy to be reduced
* (I, K, Na unwanted
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AAC (ammonia/ammonium carbonate) route

wastewater

NH3 + (NH4)2C03
(NH4)2S
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1) Leaching: ZnO + 4NH, + H20 = Zn(NH,),** + 20H-
2) Precipitation: Zn(NH;), " + (NH,),S ) = ZnS, + 2NH," + 4NH,
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EAFD composition
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Blzinc Iron Oxide 121,1%

.Chromite, syn 116,8 %
alcium Oxide Silicate 71,4 %

[llCalcium Aluminum Silicate 0,7 %

.Quartz, syn 0,3 %

4000 —{llEskolaite, syn 0,7 %

Wlsiticon Oxide 2 04 %

Silicon, syn 0,1 %

Silicon Oxide 3 0,7 %

6000

Zn0O 10%
Spinels 83%
Silicates 7%
%

[lPericlase, syn 1,2 % *
2000 .Potassium Calcium Silicate 2,0 %
* *
et - A; ..
0 I o T
10 20 30

Position [°28] (Copper (Cu))

1) Leaching: ZnO + 4NH; + H20 = Zn(NH;),>* + 20H-
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AAC (ammonia/ammonium carbonate) leaching

* OLI Studio calculations on single
elements, to progressively more
complex representative sample
(iterative comparison with
leaching experiments)

* L/S 5, RT, (3h, 500 rpm) at various
AAC compositions

* Consistently, (1.3kgAC +
0.3kgA)/kg EAFD gave higher Zn
conc. (15.31£0.5 vs 14.210.5 g-L'1)
and lower Zn in the residue (7.7 vs
8.8%)
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Leaching efficiency (%)

ke/kg
species EAFD
ZnO 0.1
Fe304 0.83
Si02 0.07
CuO SE-04
PbO 1E-03
FeO 1E-04
CrO3 1E-04
KCl 1E-03
NaCl 1E-03
Mo0O3 1E-03
Total 1.0037
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Zn(NH3)4+2 [mg/L]

ZnS precipitation
2) Precipitation: Zn(NH;), " + (NH,),S ,,, = ZnS ;, + 2NH," + 4NH,
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Intensity (a.u.)

> 99.5% leached zinc precipitated

— ZnS (sphalerite)
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ZnS precipitation: enhance filtration

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

150004*5‘_ o0 A
2~12500 - -l Zn modelled "
" M . 80 Lu ,////
‘] !! E— Zn experimental :,\3 Y .,/, B Zn
g’mooo- \! = | -4 -A cu
~ ? 0 60 .2 -y~ Pb
d 7500 -1 . E : ,./*/ _4_ Fe
c \- a | Ng “@-si
o 'm ' 40+ >
© 5000 - Em ® | . <
S S ®
.“. 20
2500 - k .
u , -0
o _‘_ .__ -
0 T T T T ‘l._._._| ‘ ‘ T " T !
0.00 0.02 0.04 0.06 0.08 0.10 0.00 0.02 0.04 0.06 0.08 0.10
kg (NH,),S/ kg EAFD

kg (NH,),S/kg EAFD

Purity
(%)

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
[ v
S

HEPHAESTUS

101058696 - HEPHAESTUS - HORIZON-CL4-2021-TWIN-TRANSITION-01




ZnS precipitation: enhance purity

Modelled ZnS prec.
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ZnS precipitation: removal of Pb and Cu

| COD 9014778 PbS Anglesite
1 ite

COD 9009723 CuS Covelli
COD 5000088 SZn Sphalerite

* Pb and Cu were removed 100%
e Znlosses < 0.1%

2Theta (Coupled TwoTheta/Theta) WL=1,54060

% | Zn | Na | K | C | Cu | Fe | si | Cr | Pb| O | Mo

Pb Cu 40.7 <LOD <LOD <LOD 8.9 <LOD <LOD <LOD 53 n.a. <LOD
prec. fw

L
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ZnS precipitation: enhance purity
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ZnS (PbICu free) 80°C [r- 0.01

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 255 / / / / / 0.05 / / / 0.03 83



AAC flowsheet modellin

s3
EAFDs s (NH4)25 20% 2 Recirculation 1
NH3 +(NH4)2C03 T(C) 250
Mass (kg/hr) 10037 5 0 Mass (kahr) 0356722 Mass (kghr) 388758
Mass (kghr) 0.0588312 (atm) L
\blume (Lir) 0 208969 oH 112388 Volume (Lhr) 0363169 Volume (Lihr) 39003
pH 101396
Zn0 (Zincite) (kghr) 01 H20 Aq. True (kghr) 0285378 pH 10 2955
Zn(NH3)4+2 Aq (mglL) 331916
Fe304 (Magnetite) (kghr) 083 Volume Aq [Lhr) 0.0362287 Zn(NH3)4+2 Aq (kathr) | 3.9003e-4
Si02 (Quartz) (kg/hr) 0.07 (MH4)25 20% 2 52 Aq (kghr) 3.09989¢-10 wastewater
NaCl (Halite) (kghr) 10e-3 t > Mass (kghr) 020461
KC |1 {Sylvite) Solid (kghr) 1.0e-3 Feedback 1 @f‘ Volume (Lhr) 0205279
FeO (Wustite) (kghr) 10e-4 !‘ (NH4)28 20% 1 Feedback-8 PH 10.2955
CuO (kghi) 5le-d NH3 + (NH4)2C03
+
Cr03 (kg/hr) 10e-4. (NH4)
PbO (Massicot) Solid (kg/hr) 10e-3 washing water Feedback2
Water 2
.—‘ wastewater
Water 1 washing water
pH 98794
Filter-2 Split-1
EAFD Washing LEACHING Filter-1 F;]RCEUS Filter-6 708 PREC. iter Py Mass (ka/r) 447162
washed EAFD Volume (L/r) 449297
n i 4 K+1 Aq (kghr) 47185e-3
ti
rrrrrrr @< ecreutatign s Na+1 Aq (kghr) 3493683
Feedbackd @' SOLID RESIDUE NaCO3-1 Aq (kg/hr) 00
Feedback-3 Washing water 1
Mass (kg/hr) 548402
521 Volume (L/hr) 539185
Water 1 pH 11.0784)
Mass (kg/hr) vagas2z?l 0 -~ . F =« F = g »F 2 & = ©‘ ____________ C03-2 Ag (mglL) 11786.6
Volume (Lihr) 0496323 {CH ; €02 Aq, True (mglL) 2.81115e-2
oH 699655 Feedback5 ; Feedback6 NH2C02-1 A (mgl) 10663
Wised NH4+1 Aq (ma/L 542535
L2 " Filter-4 Mix3 Filter-7 M2 g1g Washing ZnS NH3 A;H a - 133093
Mass (kghr) 0474511 5-13 Washing SR g5 Reactor2 Aq. True (mgll) -
Volume (Lhr) 0475946 Zn(NH3M+2 Aq (mgl) 261110
pH 6.99655 Water 3 Washed SOLID Water 4
RESIDUE Washed ZnS Washing water 2
Water 3
s T Mass (kghr) 534338
ss (kghr) - e ot sl o2 olume (Lhr) 536058
ashing water ashing water
Volume (Lhr) 0.108039) 9 9 o 102837
pH 6.99655 S CO2 Aq. True (kghn) £19411e-7
Water 4 -
Vass (o 0139033 Washed SOLID RESIDUE €03-2 Aq (ko) 00221102
ss (kghr) E Washed ZnS HS-1 Aq (kghr) 177479%-8
Mass (kg/hr) 150897
Volume (Lhr) 0.139453 Volume (Lnr) PRITIIE: Mass (ghr) 697175 NH3 Aq. True (kg/r) 0.151969
pH 6.99655 - washed PbCuS 522 Valume (L/hr) 0.621186 NH4+1 Aq (kghr) 0.0252021
Fe304 (Magnetite) (kg/hr) 0830101
Mass Solid (g/hr) 1.18781 CuS (Covellite) {g/hr) 0.540764 ZnS (Sphalerite) (ghr) 102.033 52 Aq (kg/hr) 128176e-10
Zn0 (Zincite) (kg/hr) 6.38083e4
EE Ry Co1oes Volume (Lhr) 0.286294 PbS (Galena) Solid (ghr) 0397053 NH3 Aq Trus (ma/l) 283194 TniNH3H 2 A Ui | 41186204
+,
s21 n(NH3)+2 Aq (kghr) - CuS (Covellite) (ghr) 0540764 5102 (Quartz) (g/hr) 0112041 NH+1 Aq (mgiL) 470138
T(C) 250 $i02 (Quariz) (kghr) 00681508 PbS (Calena) Solid (g/h1) 0397053 ZnO (Zincite) (ghr) 013795 Zn(NH3 2 Aq (mgll) 768502
P (atm) 10 5102 (Quartz) (gh) 0112041 Mass Salid (ghr) 118781 032 Aq (mgl) 112459
pH 112162 Zn0 (Zincite) (g/hr) 013795 SI02 (Quartz) (ghr) 143013
CusS {Coveliite) (ghr) 0540764 CuS (Covellite) (ghr) 224707e-5
PbS (Galena) Solid (g/hr) 0397054 PbS (Galena) Solid (ghr) 30796%3
Si02 (Quart) (g/hr) 0.0942456
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Validate the AAC process
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Conclusions

Funded by
The process is almost circular the European Union

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 (NH,),S/kg EAFD = 0.38 kg (NH,),S (20 wt. %) sol. /kg EAFD
<< 0.2 kg/kg EAFD

YV V V VYV VYV V V

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

N
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Thank you for your
attention!

Thomas Abo Atia

Research manager, KUL ¢ Solvomet ¢ SIM?
thomas.aboatia@kuleuven.be
https://solvomet.eu/
https://kuleuven.sim2.be/
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