a5 . -

June 25 - 28 2017, Leipzig, Germany

[EH P r \
Produc

Non-=Famou

e,
\(_"/ T

H

[ - 2 el e
Lol € SUSY

(]

Lead « Nickel / Cobalt / Vanadium «
Minor Metais » General Pyrometaiiurgy «
General Hydrometallurgy » Strafegies for Resource Savings ¢
HSE practics and Legal Aspects

e wee . eemepo




Editor .
GDMB )
Panl-Ernst-Strafie 10, 38678 Clausthal-Zellerfeld, Germany

Internet: www.GDMB.de - Proceedin gs

EMC 2017 Volume 1: ISBN 978-3-940276-72-8
EMC 2017 Volume 21 TSBN 978-3-940276-73-5 European Metaliurgical  Conference

EMC 2017 Volume 3: ISBN 978-3-940276-74-2 ) c

EMC 2017 Volume 4: ISBN 978-3-940276-75-9 '

Set EMC 2017, V1 -4 ISBN 978-3-940276-76-6 2 5 2 8
All rights reserved, No part of this publication may be reproduced or electronically processed

A ® "
copied or distributed without the prior consent by the editor, . : Lel leg % Germ any

The content of the papers is the sole responsibility of the authors. All papers were peer reviewed by
selected members of the scieniific committee or rather the chainmen of the conference.

Yolume 2
Editorial staft: Ulrich Waschki

Production and marketing:  GDMB Verlag GmbH . )
Printed by: Oberharzer Druckerei ' Lead
Nickel / Cobalt / Vanadium
© GDMB Clausthal-Zellerfeld 2017 Minor Metals
General Pyrometallurgy
General Hydrometallurgy
Bibliographische Information Der Deutschen Bibliothek Strategies for Resource Savings
Die Deulsche Bibliothek verzeichnet diese Publikation in der Deutschen Nationalbibliographie; ' HSE practiCS and Legal Aspects

detaiilierte bibliographische Daten sind im Inlernet diber hitp://dnb.ddb.de abrufbar.

Bibliographic information published by Die Deutsche Bihliothek

Die Deutsche Bibliothek lLists this publication in the Deutsche Nationalbibliographie; deiailed
bibliographic data is available in the internet at hitp://dab.ddb.de.



“»

Miskufova, Kwrne, Kochmanova, Havlik, Horvathova

Acknowledgement

This work was supported by Ministry of Education of the Slovak Republic under gramt MS SR
1/0293/14. Paper is the result of the Project implemeniation: University Science Park
TECHNICOM for Inmovation Applications Supported by Knowledge Technology, TTMS:
26220220182, supported by the Research & Development Operational Programime funded by the
ERDF. This work was supporied by the Slovak Rescarch and Development Agency under the con-
fract No. APVV-14-0591.

References

[1] GONZALES-ANAYAIA. et. al: Use of Ozone for Gold Extraction from a Highly Refractory
Coneentrate, Ozone: Science & Engineering: The Jowrnal of the International Ozone Associa-
tion, 2011, 33:1, 5. 42-49, DOI: 10.1080/01919512.2011.536507

[2] ©OZONE TREATMENT FOR CYANIDE EFFLUENTS IN MINING INDUSTRIES, online,
Available at  <http:/fwww.xylemwatersolutions. com/scs/canada/en-ca/prodncts/treatment/
Ozone-oxidation/Documents/Ozone? 20 Trecatment% 2 Hor%20Cyanide %20 E{%E 1 %4 BCY% 8¢
nents%20in%20Mining%20IndustriesYo20white %2 0paper.pdf

13] PARK I ctal: The Removal of Tin from ITO — serap via Ozonization, Bulletin Korcan Chemical
Sociely 2009, Vol. 30, [onling], Available at<http:/dx.doi.org/10.5012/bkes. 2009 30.12.3141>

[4] VINALS J. et.al: Leaching of metaltic silver with aqueons ozene, Hydrometallurgy 76, 2003,
225-232

[5] VINALSJ. et.al: Leaching of gold and palladium with aqucous ozone in ditute chloride me-
dia, Hydrometallurgy 81, 2006, p. 142- 151

[6] HORVATH M., BILITZKY L. .HUTTNER J.: Ozone, Akademiai Kiado, Budapest, 1985,
ISBN 963 05 3358 &, 333

[7] HAVLIK T. The acid oxidizing leaching of chalcopyrite and ihe behaviour of the sulfur in
the process, Doctoral thesis, Technical Universily of Kosice, 1996, 291

762 Proceedings of EMC 2047

@

Treatment of a leach liquor after leaching EAF dust
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Abstract

The work deals with recovery of metallic zinc from leach liquor afier leaching EAF dust. The leach
liquor after leaching EAT dust in sulfuric acid solutions, containing Fe 3.34 g/L, Zn 4.17 /L, Ca
0.6 ¢/L and other tminor metals {Cd, Pb, Cu), was processed by iron precipitation, cemantation of
other accompanying metals and subscquent zine elecirowimning. Gocethite and jarosite processes
were used as iron precipitation step. Influence of a neutralizing agent (1 M NaOH, CaCQ; and lime
milk}, pH (2.5 — 4) and temperalure (80 and 95 °C) on the process efficiency was investigated, The
aim was to determine optimal conditions at which residual iron concentration after precipitation
docs not exceed 30 pghml; ie. the limit for iron concentration in an electrolyte for zinc elec-
trowinning. It was observed, that pH value and neutralizing ageni have the most significant effect
on the iron precipitation cfficiency. Lime milk was determined as the most suitable neutralizing
ageni, where the residual iron concentration (80 °C, pH 4) was below 1 pg/ml, and representing
precipitation efficiency of 99.98 %. After iron precipilalion step, comentation of other impurities
(Cd, Pb, and Cu) by zinc powder was carried out. The influence of pH and (emperature on the ce-
menlation efficicncy was investigated. The results showed that almost 100 % Cd and 90 % Ph can
be removed by cementation. Tn zine clectrowinning step, the inflnence of temperature (20, 40 and
60 °C) and current density (333 — 1000 A/m?) on the current efficiency was studied. Maximum re-
covery of zine (almost 99 %) was obtained at 40 °C and currenl density of 333 A/m?, At these con-
ditions, zinc was recovered as a compact plate with a minimun of zine being precipitated in den-
dritic form. Results of this study show possibility 1o recover high purlty product by processing
impure zinc contalmng solution coming from EAF dust leaching.
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1 Introduction

EAF dusi is an interesting source of secondary metals, especially zinc. Zinc content in EAF dust
ranges from-§ to 33 wt.-%, depending on the guality of an input matenial (i.. steel scrap) [1 -9]. A
source of zine in the input material is mostly represented by galvanized stee! scrap. In addition 1o
zinc, BAF dust contains up to 50 wt.-% of iron, about 3 wt.-% of calcium, 2 — 4 wt.-% of lead and
other metals in @ minor content. For comparison, the zinc content in primary raw material varies
from 5 to 15 wt.-% [10]. Differences in chemical composition of EAF dust mainly depend on the
diffcrences in the chemical composition of the steel scrap, as well as on the type of steel being pro-
duced. Flue dust from the carbon steel production is characterized by a high content of zine, while
flue dust and sludge from alloy steel production are characterized by a high content of Cr, Ni, Mg,
Mn and others [11 — 16]. From the mineralogical point of view iron in EAF dust is present mainly
m oxidic form, as magnetitc — FeaQq, and/or as franklinite — ZnFe;(04. Zine is present in two miner-
alogical forms, as zincile — ZnO and as franklinite — ZnFezOs or complex Franklinite {Zn, Mn,
Ca,... ) Fe204 [2].

In Slovakia, approximately 7000 tpy of CAF dust conlaining iron and zine is produced. It is consid-
ered as hazardous waste under the current European legislation. Therelore, benefits from processing
and recycling of EAF dust arc clear: reduction of landfilling hazardous waste, gain of iron-rich con-
contrate suitable us an mput o the pig iron and/or steel produciion, gain of zinc and ils compounds
as commercial products, or obiaining other present metals.

Methods of EAF dusts processing can be divided into three main groups: pyrometallurgical, hydro-
mciallurgical and combined procedures. Pyrometallurgical technelogies {i.e. Waelz process, Pri-
mus, Fastmet and others {17 — 22]) are based on the reduction of steel dust, where the abjective is
obtaining iron concentrale and zine oxide. The disadvantages of pyrometallurgical technologies are
particularly high encrgy demand, low product quality, Jow flexibility and necessity of prefreatment
input material (e.g. pelletizing). Economic feasibility is achieved when over 100,000 — 120,000 tpy
18 processed [23].

Concerning the disadvantages and relatively small amount of dust produced in the Slovak Republic,
hydrometallurgical processing can be considercd as more appropriate procedure. Compared to py-
romelaliurgical processes, the main advanlages of hydrometallurgical processing are: high flexibil-
ity, Iower sensitivity to changes of the input malerial composition, lower investment and operating
costs, lower energy consumplion, high purity of the final product, etc. Hydrometailurgical processes
are also considered as more environmental friendly. For EAF dust leaching, acid leaching agents are
the mosi commonty used or investigated, especially HaS0a, HCI, HNGs or acetic acid (CHCOOIT}
[1, 2, 4,5, 7,8, 24 — 26]. For alkaline leaching of EAF dust, following leaching agents are usable:
NaOH and (NH4)2CO;5 [25 - 31]. Some of the procedures have been developed and tested on a pilot
scale; the most famous includes Ezinex [32], where alkaline leaching is used. The main aim of the
leaching step is represented by dissolution of zinc into solution while iron remains in the insoluble
residne. Outpul of the process is fron concentrate and zine leach liquor intended for further pro-
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cessing. However, zine leach liquor can content also small amount of iron and other impurities {(Ca,
Cd, Pb, ctc.).

Due to presence of these impuritics, obtained leach liquor has to be refined before zine extraction.
Zine can be obtained from a refined solution by clectrowinning as elecirolytic zine or by precipita-
tion or crystallization as commercially valuable compounds, In the case of vine electrowinning from
refined leach liquor, the prescnce of impurities in the superctitical concentration can lead to a lower
cwrren! efficiency, lower zing quality and to contradictory process {oxidation and reduciion} atl the
electrodes {337,

The basic methods {or EAF dust leach liquor refining include precipilation and cementation steps.
Precipitation is usually used as a mcthod for iron removing; the limit iren coneentration in leach lig-
vor for subsequent zine electrowinning is 20 — 30 pwg/ml [33]. In the case of acid sulfale solutions, iron
can be precipitated as hematile — Fe2Qs, goethite — FeO(OH) and jarosile — x[Fea(SO4)(OH)s], where-
inx=H;O', Na*, K or NE* [33 - 35].

The precipitation processes differ by the iemperature, pH, pressure, opticnafly the addition of agents
promoting the formalion of a particular phase. Hematite process lakes place at temperature above
100 °C and at pHL > 2. In the real commercial process, this process occurs at temperature above
180 °C, 1e. high-pressure process. In all developed processes of hematite precipitation, the first step is
reduction of ferric ions to ferrous using SOy as a reducing agent, thereby promoting the precipitation
of hemalile. Obtained product can be theorctically used in cement production industry, in pig iron
produclion, or as pigment, etc. The disadvantage of this process is its complexity (high pressure and
lemperatare) and the high costs, which prevent its wider use in practice [33).

Gocthitc precipilation is carried out at pIT 2 — 2.5, al 70 — 90 °C while oxygen is blowing into the
solution due o oxidation of F?* to Fe?*. The amount of obtained precipitate is lower than in jaro-
site precipitation, The disadvantage is thal goethite containing 40-45% Fe also contuins a small
amount of basic sulfate, which docs not allow its use in the biast furnace [33].

Jarosite precipitation begins at pH <1 and ends at pH = 1.5 — 2. Jurosite production and precipitation
depends on the temperature. In practice, high temperature is used (95 - 180 °C) [33].

Alier separation of iron from zinc leach liquor, cementation of clectropositive impurities such as
cadmmm, lead or copper is carried out. Cemenlation is necessary due fo the fact that these metals
can co-precipilale on the cathode together with zine and thus affect its final purity, In this case, zine
powder is usually used [or cementation of impurities [2]. Subsequently, afler removal of these im-
puritics and obtaining refined solution with high zinc content, zinc electrowinning can be applicd.

Insoluble lead anode and aluminum cathod can be used in zine elecirowinning process. Pure metal-
lic zine is deposed on the cathode with hydrogen gas releasing (1, 2). At same time, water is disso-
ciated on the anode, what leads to free hydrogen ions formation and subsequently o oxygen gas
releasing (3, 4). Zinc deposition is atfected by electrode potential of metal.

Proceedings of EMC 2017 765
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Cathode reactions: Zn?' + 2¢" = Zn" {1}
20T+ 2e" =Hay o {2
Anode reaclions:  Ha0 —2¢ = 2H* + 10y - (3)
SO + 2H" = H2804 (4)
Overall reaction:  ZnS04 + H2O = Zn + %02 + Ha804 (5

The main goal of this study is to recover metallic zine from purified teach liquor coming from acid-
ic leaching EAF dust. Oplimal conditions of iron precipitation, comentation and zine electrowinning
were invesligated. Thesc cxperimenta! works were carried out in laboratory scale. According pro-
posed optimal conditiens experimental works will continue in pilat plant scale, where the oplimal
conditions will be verified or modified. This work is only a part of a project which deals with com-
. plex EAF dusl processing by hydromctallurgical way. Apart from acidic leaching and metals recov-
ery from solution, project includes alkaline leaching as well.

2 Experimental
2.1  Material and methods

The leach liquor from leaching EAF dust in sulfuric acid, with metals content listed in tablc 2, was
used for the study.

Tablc 2:  Content of main metals in the leach liquor from leaching EAF dust, AAS
Fe Zn Cd Ib

[pg/ml) 3o 4170 18.9 5.1

Based on (he preliminary experiments, following ncutralizing agents were chosen for iron precipita-
tion; 1 M NaOH, CaCOs and lime milk. Experiments of iron precipitation were carried out in the
apparatus fitted with a thermostat, stirring and supplying neutralizing agent. The pII was deler-
mined using the pH meter Hanna pH213 equipped with a temperature correction. During jarosite
precipitation process, (NHa)»804 was added to the neutralizing agent to support jaresite formation.
This additive was chosen based on literature review.

Conditions of iron precipitation experiments are listed in table 3.

766 Proceedings of EMC 2017

@

Treatment of feach Hguor after leaching EAF dust

Table 3:  Experiment conditions of iron precipitation

Nentralizing agent 1M NaOH, CaCOs;, lune milk*

Volume (for I experiment) 400 ml
Time 120 min
Temperature B0; 95 °C
pH during goethite process 34

pH during jarosite process 2.5;35
Additive for jarosite formation (NH4)2804
Stirring rate 300 rpm

* Lime milk was prepared as a suspension of Ca0 in distilled water in a ratio 200 g CaQ/1 1,

Cementation of lead and cadmium was carried out after iron precipitation. Zine powder in an amounl of
0.5 g per 250 ml of leach liguor was uscd as cementation agent, Cementation was carricd out in a gluss
reagtor (figure 1) with stirring (300 rpm) for 60 minutes at 25, 50 and 80 °C, at pH = 4, 3 and 6. The aim
of these experiments was to determine the optimal conditions (pH and temperature) for the cementation,

1 mechanical stirrer; 2 — propeller; 3 — leach liquor; 4 —sampler;
5 — thermomeier; 6 — feeder; 7 — water thermostal; 8 — zine powder

Figure 1:  Schematic view of the apparatus for cementation [36]
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Composition of obtained refined lcach liquor was modified by evaporation to mefal contents which are
listed in table 4. The clectrowinning was carried out in a laboralory electrowinning cell type EP —4.
Alaminum cathod and lead anode were used during elecizowinning. Zinc electrowinning was carried
out at 20, 40 and 60 °C for 120 minutes. The distance between the electrodes was 30 mm and an ac-
tive cathode area was 12 em?, [n addition the effect of lemperature, and cumrent density (F = 333, 500,
833 A/m?) on the current efficiency was investigated.

Table4:  Metals content in the leach liquor before glectrowinning

Zn Fe Cd Ph

(ug/ml] 50 000 18 0.05 0.55

Current efficiency was calculated based on the real and theorctical amount of depesited zinc, Theo-
retical amount was determined by Faraday’s law:

Am = SEeMg] M

Where Am is the amount of obtained substance, I is the electric curren, t indicates the time, F is the
Faraday constant (F = 9.6485. 104 C.mal™"), z is the number of electrons necessary for deposition of
one molccule of the substance, and M is the molar mass of the substance.

Tn order to determine purily of zinc and the amount of present impurities, the analysis of the depos-
iled zine metal was carricd out. All liguid and solid samples were analyzed by atomic absorption
spectrometry on a Varian AA-240

3 Result and discussion
3.1  Precipitation of iron

Figurc 1 shows an effect of pIT on iron precipitation during goethile and jarosite precipitation at 80
and 95 °C by various using precipitating agents. All achieved cfficiencies and residual iron concen-
trations in leach liquor are listed in table 5.
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— 100 Goethite preeipitation of iron m— %0°C CaCO,
2 . 25°C CaCO,
.E &0°C. NaQOH
E 9% 4 1 953 NaOH
§- N 50°C lime millc
g B 95°C line milk
E 28 4
=
o
=
| 97 A
&
=
2
%""-" 96
=)
)

95 - .

3.3
pH
100 Jarosite precipitation of iron m— 30°C CaCO,

N 95°C CaCO,
EmE 80°C NaOIL
[ 95°C NaOH
R 30°C lime milk
BN 05°C lime milk

99 +

98 1

97 1

96

* Efficiency of iron precipitation [%]

pH

Figure 1:  Efficiencies of iron precipiialion during goeihitc and jaresitc process
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Table 5:  Efficiencies of iron removal and residual iron concentrations in leach liguors

g°C - 95 °C
pr cr. [ug/en] N [%] © ere [ug/ml) 1 %]
CGoethite precipitation by CaCOa .
7451 97.8 1246 96.33
4 11.72 99.65 30.81 99.01
Gocthite preeipitation by NaOH
3 39.26 08.84 ) 66.89 GR.03
4 ) 9.68 99,99 12,51 59.63
Goethite precipitation by lime milk
8.43 99.75 1.18 99.97
4 (.68 99.98 3.06 95.91
Jarosite precipitation by CaCOs _
25 155 95.43 127.3 06.25
3.5 24.04 99.29 30.73 99.1
_ Jarosite precipitation by NaOH
25 313 99,08 47.13 98.61
35 G.81 09.71 12.25 99.64
Jarosite precipitation by lime milk
25 2907 09,14 24.05 99.29
3.5 17.34 . 96,49 .58 99.98

Iron precipitation efficiency was mainly intluenced by pH and the type of neutralizing agent, while
higher lemperatures did not result in higher precipitation efficiency. As it was mentioned abowve, limit
for iron congentration in leach liquor intended for zinc electrowinning is around 20 30 pg/ml [33]. A
higher concentration of iron in solution causcs reduction of hydrogen pressure and leads o decreasing
of overall current efficiency of zinc elecirowinning. The final iron concentration in the lcach liquor
complies with the limit. The maximum removal of iron (atmost 100 wt.-%, figure 1) was achieved by
using lime milk as neutralizing agent, wherein the residual iron concentration in leach liquor was less
than 1 pg/ml at pII = 4. This neutralizing agenl seems to be the most suitable in term of amount of
removed iron as well as in term of high speed of filtration afier iron precipitation.
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3.2 Cementation of impuritics

The results of cementation have shown a great possibifity for cadmium rem'oving (almost 100 wi.-%).
At same lime, it is possible to remove almost 90 wt.-% of lead. Additionally, if residual iron is present
in leach liquor during cementation, il can be reduced under limit concentration. Optimal conditions
for cementation of impurities were as follows: t= 50 °C, pIT=4 - 5, 60 minutes.

3.3 Zinc electrowinning

Current cfficiencies of zine electrowinning at all {emperatures and current densities arc given in
table 6, together with the pictures of the obtained zinc.

Table 6:  Zinc deposits obtained by clectrowinning and achieved current cfficiencies
[“C]  Current densily [A/m?]
333 500 _ 833 1000

20

LY
- \ 4 E
95.98 %,

40

98,98 %

6o

83.67.%

* The percentages in correspond to the current efficiency under the listed conditions

Zinc was deposiled as a compact sheel with partial formation of dendrites, figure 2, depending on
the used current density.
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Figure 2:  a) Zn cathode with dendritic deposit, b) dendrite al a magnilication of 100 x

Results show that the highest current efliciency (over 93 %) was achieved at 20 and 40 °C, at cunrent
densitics 333 and 500 A/m? The highest current elficiency (almost 99 %) was achieved at 40 °C and
current density of 333 A/mZ. From table 6 also results that under conditions with higher current effi-
cicneies, the formation of dendriles was the minimum.

Current efficiencies 92 — 99 % can be considered sufficient, since the literature indicates [23, 33]
that economically viable zing electrowinning pracess should achieve a current efficiency of 90 %.

Chemical analysis of obtained metallic zinc confirmed a high purity of final product (more than
99.5 %). Content of impurities in the final product was as follows: 0.06 wi.-% of iron, 0.03 wt.-% of
cadmium, 0.08 % of copper and 0.02 wt.-% of lead.

4 Summary

The work deals with the recovering metallic zine from the leach liquor coming from acidic leaching
of EAF dusl. Pue (¢ the [act that EAF dust composition depends on input materia! with various
metals content, thc compasition of EAF dust is highly individual. Tt follows that leach Hquor com-
ing from EAF dust leaching has various composition as well. For thal reason, il is impossible to
apply a universal lechnology for ils processing. Studicd EAF dust is characterized by high zine and
iron content as zincite and/or franklinitc and by a presence of other non-ferrous metals, such as lead
and cadmium, ete. The presence ol these impurities nust be taken into account during leaching and
subsequent leach liquor treatment.

The main aim during EAF leaching is zinc conversion iito solution. However, except zine, obtained
leach liquor contains also significant amount of other impuritics (Fe, Ph, Cd,...) which can have
negative effect on the purity of deposited zinc and processing cosls. lron removal step was per-

772 Proceedings of EMC 2047

KD

Treatment of leach liguor after leaching EAF st

formed by well-known precipitation techniques (jarosite and goethile). Goethile precipilation with
using lime milk as a neutralizing agent showed the best results in terms of precipitation efficiency.
Al optimal conditions (pI1 = 4, 80 °C), residual iron concentration was less than | ug/ml.

Subsequently, iron-depleted leach liquor was subjecied to the cementation with zinc powder. Under
optimal conditions: t — 50 °C, pH = 4 — 3, and time of 60 minutes, nearly 100 % of Cd and 90 % of
Ph was removed. Last step was zine electrowinning, where he highest current efficiency of almost
99 %, can be achieved after 120 minutes, at 40 °C and 333 A/m2 In this case, metallic zinc with
high purity (more than 99.5 %) was obtained.

Obtained metallic zinc is a product with high added value. Zinc price is currentty 2312 USD/tone
{to 29.09.2016) according the London Metal Exchange. However, for the treatment of zine leach
liquor a preparation of other commercial products, e.g. zinc sulfate or zine oxide can be approptiale
as well. These products could be economically more interesting as metallic zine, mainly in terms of
high energy consumption during zinc -elecirowinning. Rescarch and development of alternative
technology for the treatment of leach liquor from EAF dust leaching is subject for further study.
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