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Abstrakt

Tato praca sa zaobera lihovanim Sachtovych Uldttmrg vznikli ako vetijSi
produkt pri vyrobetiernej medi z druhotnych surovin s lkben vylihova kovy zinok a me'.
Ulety pochadzaji zo spainosti KOVOHUTY, a.s. v Krompachoch. 8as experimentov sa
sledoval vplyv teploty, koncentracie kyseliny sigpa navazky. Na experimenty Idhovania sa
pouzili rézne teploty (20, 40, 60 a 80 °C), koncaaie kyseliny sirovodikovej (0.25, 0.5, 1 a
2M) a rézne pomery kvapalnej ku pevnej faze (L:305 20 a 40). Z dosiahnutych vysledkov
mozno konStatoud Ze luhovanie zinku prebieha rychlo a uz v 5 menga dosahuju vysoké
vytaznosti a pri niektorych podmienkach sa vylUhujakpcky vSetok zinok. Luhovanie medi
vSak bolo odlisné. NajvysSie ¥gznosti sa dosahovali az po 60 minatach a tendémisigek
naznauje, Ze pretfenie doby lthovania by mohlo viek zvy3eniu v§aZznosti medi do roztoku.
Z vysledkovdalej vyplyva, Ze pri ufitych podmienkach (0.25M 430, 90 °C a L:S = 20) je
mozné dosiahnustav, kedy sa bude selektivne luhoeaok (vitaznos zinku nad 90 %) bez
toho aby sa luhovala nde(vytaznog medi pod 1 %). Omgay stav t.j. kedy by sa dosiahli
vysoké vyaznosti medi bez toho aby do roztoku preSiel zinok, je mozné dosiahriu
NajvysSie vyaznosti oboch kovov gasne (97 % Zn a 68 % Cu) je mozné dosighpu
podmienkach: 2M E5Q,, 90 °C a L:S = 40.

Abstract
The leaching of zinc and copper from blast furnadast generated in

pyrometallurgical treatment of secondary raw materoriginated in copper smelter
KOVOHUTY, a.s., Krompachy, Slovakia is studied mstwork. The influence of temperature,
sulphuric acid concentration and weight of sampégeninvestigated. For the experiments were
used different temperatures (20, 40, 60 and 80c¢@)centrations of sulphuric acid (0.25, 0.5, 1
and 2M) and liquid to solid ratios (L:S = 10, 2@at0). It follows from the results that leaching
of zinc is fast and in the fifth minute was reaclmégh extractions and under certain conditions
practically the zinc was totally dissolved. Coppesaching had different behavior. The highest
extractions were achieved after 60 minutes and tdrencies of curves indicate that
prolongation of leaching time could result in higlextractions. The results also reveal that at



Acta Metallurgica Slovaca, 15, 2009, 3 (147 - 153) 148

certain conditions (0.25M $3$0, 90 °C and L:S = 20) zinc can be dissolved selelgtifram
copper but opposite situation where only coppéeashed out without leaching of zinc can not
be reached. Highest extractions for both metalsttamy (97 % Zn and 68 % Cu) can be reached
at conditions 2M HSQ,, 90 °C and L:S = 40.

Keywords: blast furnace dust, leaching, zinc, copper, seagnmadav materials, hydrometallurgy

1. Introduction

Industrial wastes belong to category of hazardeaste due to their amount and also
the content of substances which are taken as tarar&elatively high amount of such waste is
generated by metallurgy. These wastes are in fofid (e.g. slag, dust), liquid form (waste
water, sludge) or gaseous phase (PCBs, organicg, T dusts are generated in production of
many metals and production of copper is one of tfigm

On the present, copper smelter KOVOHUTY, a.s.,nigachy, Slovakia is the only
producer of technical-purity copper in Slovakia.the past, this company produced a copper
from primary sources by pyrometallurgical procesées today they are producing the copper
pyrometallurgically only from secondary raw mateigscrap) [2].

The dusts are generated in the shaft furnacebgspaoduct during the melting of
copper scrap. According to Announcement of Slovakistry of environment 284/2001 Z.z.
these dusts are classified as a hazardous wastedeeof content of heavy non-ferrous metals
and other components. On the other hand, it catal®n as the source of valuable metals like
zinc, copper or lead [3, 4].

The chemical composition of this dust largely defeon composition of charged
scrap. The average composition of dust is: 45 9%6&n, 0.7 — 1.4 % Cu, 5.0 — 15.0 % Pb and
0.4 — 10.3 % Sn. The material charged to the s$haftice, is low-grade copper material within
the range 1 to 10 %. In the next steps, e.g. ctingeand pyrometallurgical refining, is treated
the waste with higher content of copper [5].

Three groups of components present in dusts coeldaken account according to
their composition:

e Valuable components: Cu, Zn, Mn
» Slagging material: CaO, MgO, Ab;, Si0O,
» Accessory components: Fe, Pb, Ni, As and other [6]

The main component of the dust is zinc either @tattic form or in form of the oxide
(Zn0O), followed by the oxides of heavy non-ferraustals (e.g. CuO, SnPShOs). However,
the lead is present not in oxide form, but in eletakform. It originated by reducing conditions
in blast furnace [7].

It follows from above mentioned, that blast fureadusts of secondary copper
production are hazardous material, but on the ottaard this material contains interesting
amounts of valuable metals e.g. zinc, copper at.lea

The possible methods for treatment dusts are:mgtallurgical, hydrometallurgical
or combination of these two methods. This work ®sidhe hydrometallurgical treatment of
blast furnace dust from copper production of seaopdaw materials with the aim to find
optimum conditions to leaching of zinc and copper.
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2. Experimental
2.1 Material

The blast furnace dusts of copper production ebsdary raw materials were used
for the experiments originated in copper smelteMABIUTY, a.s., in Krompachy, Slovakia.
Total weight of material was 4.5 kg. The represrdgasample was obtained by automatic
sample divider and chemically analyzed by AAS mdihicab. 1.

Table 1 Chemical composition of blast furnace dust
Element Cu Zn Ni Sb Fe Cd Cl Pb

C‘Eo’}(f]e”t 1.06 | 46.14| 002 0016 002 021 005 23[79

2.2 Leaching

Leaching was realized in the apparatus, schemevtoth is shown in Fig 1.
Experiments were carried out in glass beaker imenersvater bath at 20 °C, 40 °C, 60 °C, and
90 °C with constant stirring. Four concentratiofswphuric acid (0.25M, 0.5M, 1M, and 2M)
were used as a leaching reagent. The volume ofilegceagent for each experiment was 200
ml and weight of sample was 5, 10 and 20 g whaglvS ratio (liquid to solid phase) equal to
40, 20 and 10. Time of leaching was 60 minutes. lidied samples were taken according to
given time schedule at 5, 10, 15, 30 and 60 minufée samples were analyzed by AAS
method for copper and zinc amount.
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Fig.1 The scheme of the leaching apparatus (lrresiengine; 2 — propeller; 3 — leaching pulp; 4ampler; 5 —
thermometer; 6 — feeder; 7 — water thermostatg@st)

3. Results and discussion
3.1 The zinc extraction
Fig. 2 and 3 show kinetic curves of zinc leachiigvarious concentrations of
sulphuric acid (0.25M, 0.5M, 1M and 2M) and temperas 20 °C, 40 °C, 60 °C, and 90 °C.
The extractions of zinc at 90 °C are very high andll concentrations are over 95 %.
At other temperatures the extractions around 90 éfevachieved, only at 0.25M,80, the
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extractions were around 70 %. Practically all zivees dissolved at 1M and 2M solution. The
lowest zinc extractions were always achieved a8M.H,SO, and higher at 2M 80Q,. On the
other hand, the differences between each concemtrate not so large. As the graphs show, the
leaching of zinc from the dust is very fast andra&ctions after 5 minutes reached the highest
extractions. It is mainly given by large surfacearof particles. However, the tendency of
curves is decreasing what could be probably causedormation of basic zinc sulphate
(ZnSQ,.3Zn(OH).NH,0). This fact needs to be verifying by further istigation.

100

Zn extraction [%o]

Zn extraction [ %]

o

100

90

80

70

60

50

= 025M H,80,, L:§ =20

&
L
s & Mn°C
v o40°C
B 60°C
- [ 1R
20 40 60
Leaching time [min]
oo
W
u
* 20°C -
7 40°C
B 60°C
< meC
c=1M H:SOJ. L:5=120
20 40 al

Leaching time [min]

Fig.2 a — d Zinc extractions at various concerdregiand temperatures with L:S = 20
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Fig.3Zinc extractions at 2M 8O, various temperatures and with L:S = 40
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3.2 The copper extraction
The best results of copper extraction was obseateldS = 40. Kinetic curves of
copper leaching in various concentrations 66, and temperatures are shown in Fig. 4.
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Fig.4 a— d Copper extractions at various concgatrsand temperatures with L:S = 40
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Fig.5 Copper extractions at 0.25M$0,, various temperatures and with L:S = 20

The copper leaching has different behavior asase®f zinc. The higher extractions
achieved after 60 minutes; in zinc leachingvats in fifth minute, and the curves have
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increasing tendency. Moreover, the results areaadtigh as in zinc, but the tendency of curves
indicates that prolongation of time would result higher extractions. The increasing of
concentration and temperature has positive effeotdpper leaching. However, the optimal
copper extractions were achieved at 60 °C. Thhemnigxtraction (around 60 %) was achieved
in 2M solution of sulphuric acid after 60 minutés68 °C. On the other hand, the lowest copper
extraction (under 1 %) was achieved at concentra@i@5M HSO,, L:S = 20 and temperature
90 °C (Fig. 5). At these conditions extraction afhczis above 90 %, what gives good
opportunity to selectively leach out zinc withoe&thing of copper.

4. Conclusion

From the results of blast furnace dust leachimperments with aim to leach zinc into
solution follows:

» The highest zinc extractions were achieved at 2)8@ (for all L:S ratio), where
practically all zinc was dissolved.

e AtL:S =20 the highest extraction were obtained.

» The differences in extractions between each corago were not so large.

e The differences in extractions between each tenyeravere not so large.

* In all experiments was observed, that in fifth méaf leaching the extraction is above
60 % and at this time the higher extractions welgeved.

e The increasing of temperature has positive effeckimetic of leaching, because at
higher temperatures the higher extractions wereged.

From the results of blast furnace dust leachingeaments with aim to leach copper
into solution follows:

» Behavior of copper is different as in case of zinc.

» The higher copper extraction was not achieved usaere conditions with zinc.

e The higher extraction (60 %) was achieved in 2¥86, at 60 °C with L:S = 40
(weight of sample 5 g) after 60 minutes.

e The combination of L:S = 40 and 60 °C looks to h@able for copper leaching and
gives higher extractions for all concentrations gjiplies to chosen experimental
conditions).

» The increasing temperature and concentration gfhsmic acid had positive effect on
copper leaching.

The mentioned results describe achieved facts.dewy the optimal conditions of
leaching depend on fact, if we want to leach olddiively zinc, copper or we want to leach out
both of these metals.

From the results also follows:

* At conditions (0.25M HSQ, 90 °C, L:S = 20) can be achieved state at whicraetibn
zinc is above 90 % and copper is under 1 %.

» Highest extractions of both metals (97 % Zn and®8u) can be together achieved at
conditions 2M HSQ,, 90 °C, L:S = 40.

e It can not be achieved state where copper is leaateximally with no extraction of
zinc.
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