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Abstract

Electric arc furnace dust (EAFD) contains compounds, such as oxides and chlorides, including large quantities of Zn, Pb and
Fe. An efficient and stable method for the extraction of metal elements from EAFD is the Rotary Kiln Process. This method is
used to recover Zn in the form of crude ZnO (approximately 60%) via the addition of a reducing agent (coke, anthracite) and
limestone (for basicity control) to EAFD. This process is commonly used in industry as well as in research and development.
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Currently, this method is used in many Korean commercial plants, producing approximately 150,000 tons of Crude ZnO per

year. The majority of Zn is found in crude ZnO (approximately 76%). In addition components such as Pb, Cd, Sn, In, Fe, Cl, and
F are present as oxides, chlorides, and alkaline compounds. This elements have an adverse effect on the zinc smelting process.

Therefore, a refining process that eliminates these impurities is essential. In this study, we developed a process technology that
efficiently separates Zn and Pb from byproducts (mainly chlorides). A bag filter was used to collect Zn and Pb generated during

the dry purification process of crude ZnO. Pure components were recovered as metals or metal carbonate.

Key words : EAFD (Electric Arc Furnace Dust), Recycling, Crude Zinc Oxide Roasting, Oxidation Roasting Products Recycling,

ZnCOx(S), PbCO4(S)
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Table 1. Chemical composition of Electric Arc Furnace Dust(EAFD)
Elements Zn Fe Ca Si Pb S Na Cl
Amount(wt%) 23.0 32.8 4.8 1.3 0.8 0.3 1.25 2.2 2.8
Table 2. Chemical compositon of Crude Zinc Oxide
Elements Zn Fe Ca Si Pb S Na K Cl
Amount(wt%) 60.1 1.7 0.7 0.4 347 0.1 2.7 5.6 8.7
Table 3. Analysis result of HQ-ZnO and 2nd-Dust
Elements Zn Pb Cu Fe Na K Sn Cd Cl S F
HQ-ZnO(wt%) 77.0 0.03 - 1.2 0.18 0.04 0.024 0.004 - 0.23 0.1
2nd-Dust(wt%) 4.88 15.9 0.03 0.08 10.0 14.6 0.05 0.35 46.1 - -
Electric Arc Furnace Dust (EAFD) [ 2nd_Dust ]
y ( PbCly, ZnCl, an, KCl, NaCl )
[ Rotary Kiln (Reduction Roasting) ] Slurry Making
wl( ( 60°C, HCl, Slurry 500g/L )
Crude ZnO Dissolution
J (pH 20, 60°C )
[ Rotary Kiln (Oxidation Roasting) ] Liquid(L-1) Solid(S-1)
(Zn*2, Cd*2..) ( Mainly PbCly) )
J; 1’ Cementation
(Zn Powder) (75°C, Hot Water)
HQ-ZnO 2" Dust T
[ Solid(52-1) ] [ Liquid(2-1) J [ Carbonation ]
Fig. 1. Recycling process of EAFD by rotary kiln Process. (Pb, Cu, Cd, Sn..) “' N (20%Na,CO;, pH, Time, Heating)
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Fig. 2. Experimental flow sheet.
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Fig. 3. X-ray diffraction patterns of 2nd dust.
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Table 4. ICP Analysis results of 1'st Filtering Solution(L-1)

Elements Zn Pb Cr

Fe Cu Cd Sn

Amount(mg/() 25,290 2,784 0.00

4.4 1,783 1,767 49

Table 5. ICP Analysis results of Pb-Cake(S-1)

Elements Zn Pb Cr

Fe Cu Cd Sn

Amount(wt%) 59.19 0..11

0.068 0.012 0.015 0.197

¥ Phl,
O KPbyCls

Intensity

20 30 40 50 60 70 80
2Theta

Fig. 5. X-ray diffraction patterns of solid phases obtained
from 2nd dust dissolved in aqueous solution.
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Fig. 6. Distribution behavior between solid and liquid phases of 2nd dust(Pb cake) components dissolved in aqueous solution.
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2] AREEAL = o o wEbA] 2 ALl A = Table
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Table 6. Standard reduction potentials of various metals

Zn*'(aq) + 2e— — | Zn(s) E°=-0.763V
Cr''(aq) + 3e— — | Cx(s) E°=-0.740V
Fe?'(aq) + 2e— — Fe(s) E°=-0.440V
Cd*'(aq) + 2e— — | Cd(s) E°=- 0.403V
Pb**(aq) + 2e— — | Pb(s) E°=-0.126V
Cu*(aq) + 2e— — | Cu(s) E°=+0.340V

Table 7. Standard free energy values( 4G®) at 25°C

Cri'(aq) + Zn(s) | — | Zn*'(aq)+ Cr(s) [-1.00 (Kcal/mol)

Fe*'(aq) + Zn(s) Zn*'(aq) + Fe(s) |-13.7 (Kcal/mol)

Cd*(aq) + Zn(s) Zn*'(aq) + Cd(s) |-15.2 (Kcal/mol)

Pb*'(aq) + Zn(s) Zn*'(aq) + Pb(s) [-26.9 (Kcal/mol)

VILE Y

Cu*(aq) + Zn(s) Zn*'(aq) + Cu(s) |-46.4 (Kcal/mol)

thefor ] ATl EAE 222 0 2R R854 94x(Zn, Pb)2| ]3]0l 3t A 71
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(a) Filtering Solution (b) Right after Zn addition (c) 10min after Zn addition

Fig. 7. Zn-Cementation behavior in solution after Zn addition.
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Fig. 8. pH Change according to cementation reaction time. Fig. 9. pH Change according to Zn addition amount.
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Fig. 10. Distribution behavior of components between solid(S-2) and liquid(L-2) phase after Zn-cementation to 1’st filtering
solution(L-1).
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S Uprol, o] S-8lo] 3l AMgs1o] A0 1412
598 20% NasCOx(aq) 2554 A7H5HEA] pHASHE: T
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I B2 A ¥k-go] Zlggsto], WAl o] kg4 4dE o] A=
A pHE 20014 64714 F55F3T. TL2{L 2.5~9.0ml
9] 20% Na,COs(aq)= H7I5H= W= pH=6.2014 A
A& 27181 pH=6.5& e 9ITY.

Fig. 12+= Zn-Cementation*]2|5}X] 92 o 7}H(L- 1)}
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SE(L-2)°] THsted, Fig. 9% FAH 100mig] 5
(Pure Water)& 2715t 58910 2] 50mi& H2151o],
o] £~&HS 70°CE 7FF5HHA] 1A17HE<E 20% NayCO;3
()& F71BI5AS o] Thikel ARSI SIS 2
AFeh A Ado|tt. 70°Co|l 4] Zn-Cementation] 2|5}X]
O ofO(-1)0] T2 20% NaxCOx(aq)] 87}l o}
2 pHlste AFeolxo] Azjel vl Al A5 L e}
Wit $HH Zn-Cementation X 2]3H-2HE2] F-9+=, 20%
Na,CO:58H5 H7FhH Z7]oll= pH7} &4 5] pH=
5.0~5.57H] S50 pHEe] L7gRt FAlA- Aol &
ABtR LM, ThA] XA 38] pH7E 5718t 7432 UErIL
k. 18] 3=F9] ZnAH 71O 2 Cementation ] 2] SF 7
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Fig. 11. pH change of 1°st filtering solution(L-1) according

to 20%Na,COs(aq) addition amounts at room tem-
perature.
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Fig. 12. pH change according to 20%Na,COs(aq) addition
amount to filtering solution(L-2) after cementation
at room temperature and 70°C.
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Table 8. Chemical composition of solids obtained by filtration after adding 20%Na,COs(aq) at room temperature and 70°C

Element(wt%) Zn Pb Cr Fe Cu Cd Sn
S3-0(R.T) 33.79 2.40 0.00 0.04 2.47 0.14 0.16
$3-0(70°C) 46.35 5.00 0.00 0.06 322 0.28 0.63
S3-1.5(70°C) 59.02 0.03 0.00 0.06 0.01 0.32 0.14
S3-2.0(70°C) 59.14 0.00 0.00 0.04 0.01 0.19 0.12
S3-2.5(70°C) 58.46 0.02 0.00 0.04 0.01 0.01 0.09
$3-3.0(70°C) 57.88 0.03 0.02 0.03 0.00 0.01 0.06

Room Temp
™ N
I [m} o n o

O ZnCo,

B 7n,CO;(OH)s2H,0

A NaZnH, N
o oo W

Intensity
(counts)

20 30 40 50 60
2-Theta

Fig. 13. XRD patterns on solids obtained by filtration after
adding 20%Na,COs(aq) at various temperatures
(Cementation condition : 2.5(equi, Zn wt%)).

Qojxl BE WA T E(S3-1.5~3.0)9] 9= Znlgo]
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Hom XRDI|HREA AT Fig. 130]] YERA QI

Fig. 13- J|#2] 0 & 2 589g=F9] Zn-cementation$-0f|
&2 50°C, 70°ColA] ZFZF 20% Na,COs(aq)7Fste] A
271 AAES Azste] XRDEASH A2 ZnCOs(s),
Zns(OH)sC1-2H,0(s), NaZnHs(s)7F A& 1 4
UL o}t 2 XRDAHZRH thgath 22 14
2), (3), (Mol JsiA 2FFEe] AEHkgo] dof= A
02 AlmEeh 83 BgEEo] tishA SEMTE AT}
TARE JAFEe] MEESol SHE S HERAL 9l
etk

ZnCly(aq)+Na,COs(aq)=ZnCO;(s)+2NaCl(aq) )
47ZnCly(aq)+7Na,CO;(aq)+7H,0
=Zn,CO;3(0OH)sH,0(s)+8NaCl(aq)+6NaHCOs(s) (3)
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27ZnCly(aq)+2Na,CO5(aq)+3H,0
=27nCOs(s)+4NaCl(aq)+2NaZnH;(s) “)
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Table 9. Analysis result of solid and liquid after carbonation reaction of Pb-Cake at 70°C

Filtered Solution
Photo

Pb-Carbonate,
Photo

Elements Zn Fe K Na Pb Sn Ni Cr
Solid(Pb-Cake), wit% | 0.07 | 024 | 0.73 | 0.08 | 635 | 0.06 | 0.0 | 0.0
Pb-Carbonate, mg/L. | 023 | 0.2 | 0.8 | 3.02 | 6586 | 0.16 | 0 | 0.0

Filtered Solution, 1y 5| 45 | 5304 |50,500| 266 | 99 | 00 | 0.0

mg/mL

O NaPb,(CO,),0H

Intensity

2-Theta

Fig. 14. XRD pattern on solids obtained by filtration after
adding 20%Na,COs(aq) at 70°C(Cementation con-
dition : 2.5(equi).
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