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Treatment of Industrial Lead and Zinc Slags

In a Pilot Scale SAF

Jorn Bohlke, Bernd Friedrich,Erik Hecker

In the course of the pyrometallurgical production of lead
and zincit is unavoidable that significant amounts of those
metals are contained in the dagswhich are produced as a
by-product. These contentsdf lead and zincinthedagslead
toadecreaseinyield and in theeconomy dof the production
and present alatent danger to the environment. Therefore,
the treatment of these dags in a submerged arc furnace
aiming at the recovery o zinc and lead and production
of auseable dag is being investigated at the IME Process
Metallurgy and Metal Recycling in a project which is fi-
nanced by the German Federal Ministry of Education and

Research. The investigations conducted include chemical
anaysis, thermodynamic modelling and experimental test
work in a laboratory scale submerged arc furnace and a
pilot scale submerged arc furnace. The am of the project
isto produceslagswhich can be utilised in further applica
tionsinstead of havingto be dumped, and at the sametime
increasing the efficiency of thelead and zinc operation by
recovering lead and zincfrom thedags.
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Behandlung von industriellen Blei-Zink-Schlacken im Pilot-L ichtbogenofen

Bei der pyrometallurgischen Blei- und Zinkgewinnung
fallen a's Nebenprodukte Schlacken an, die unvermeidlich
Blei und Zink in bedeutsamen Mengen enthalten. Durch
den Austrag von Blei und Zink in den Schlacken wird
die Ausbeute und damit auch die Wirtschaftlichkeit des
Gewinnungsprozesses herabgesetzt. Zudem konnen die
Schlacken ein latentes Risiko fur die Umwelt bedeuten.
Um diesen negativen Folgen entgegenzuwirken, wird am
IME Metallurgische Prozesstechnik und Metallrecycling
in einem vom BMBF geforderten Projekt die Behandlung
dieser Schlackenim Elektrolichtbogenofen untersucht. Die
durchgefuhrten Untersuchungen umfassen unter anderem
chemische Anaysen, thermodynamische Modellierungen

und experimentelle Arbeiten im Labor-Lichtbogenofen
und im Pilot-Lichtbogenofen. Das Ziel des Forschungs-
projektes ist dabei die Erzeugung einer Schlacke, die in
weiteren Anwendungen venvendet werden kann anstatt
deponiert werden zu mussen. Durch dieWiedergewinnung
von Blel und Zink konnen dabei gleichzeitig die Wirt-
schaftlichkeit und die Effizienz des Gewinnungsprozesses
gesteigert werden.

Schliisselworter:

Blel - Zink - Schlacke - SAF, Elektrolichtbogenofen -
Hohlelektrode

Traitement dans un four aar c électrique de laitiers richesen plomb et en zinc
Tratamiento de escoriarice de plomo y cinc en un home de arco a escala piloto
Paper presented on the occasion of the meeting of the GDMB Zinc-Committee, October 27 to 29, 2004 in Aviles,

Spain.

1 introduction

Several pyrometallurgical processes are applied for the
production o lead and zinc. These processes base upon
different principles, for example shaft furnaces (Imperial
Smelting furnace and lead shaft furnace) and bath smelt-
ing processes (e.g. QSL, Kivcet, | SA- and AUSmelt), they
al have their individual advantages and disadvantages.An
accepted disadvantage that is common for al pyrometal-
lurgical processesisthefact that they produce aslag-prod-
uct which inevitably contains some amount of the value
metals. This entrapment, in this special case of lead and
zinc, cannot be completely avoided because of thermody-
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namics, kinetics,limitations of the process technology and
due to reasons o profitability of the production. Table 1
exemplary givesalist of published lead and zinc contents
o industrial dags. The variationsin the lead and zinc con-
tents are caused by differencesin process conditions,such
as feed material, plant utilisation, technical equipment or
operation mode. It is noteworthy that within the so called
direct winning processes, as they combine oxidation and
reduction in one reactor, a lead and zinc rich slag is ob-
tained either localy inside the reactor (e. g. QSL or Kivcet
process) or temporarily asintermediate product which is
treated further in asubsequent step in thesame or another
reactor (e.g.ISA- or AUSmelt process).
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Tab.1 Publishedlead and zinc contents of Pb-Zndags(1-3]

Process Average lead con-tt‘ant Average zinc content
. Pb shaft furnace 1.5t02.5 % <18 %
IS furnace 103 % 6107 %
| QSL process 2105 % 7t015 %
Kiveet process 4t05% 9to 18 %
' Isasmelt process <3 % 8to12 %

The entrapment of lead and zincin the dagsmay betoler-
ated because of the above-mentioned reasons, but never-
thelessit leadsto undesired consequences. Theimmediate
consequence for the producer is that lead and zincin the
dagsmean aloss decreasing the metal yield of the opera-
tion. Another consequence is that a too high lead and/or
zinc content in the slag can result in a violation of limit
vauesgiven by environmental and legislativeregulations,
so that the dag cannot be used as construction material in
roadwork constructionor thelike. Last but not |east, heavy
metalsin dagsmay represent alatent risk for the environ-
ment, for exampleif they are soluble in ground water. In
the worst case the dag has to be dumped, which in term
causes further cost and decreases the economics of the
operation even more. Therefore a treatment of the dags
is reasonable and recommendable. A suitable slag treat-
ment can increase the metal yield and the profitability of
the production and safeguard aslag availabledf decreased
volume and improved quality, which alowsfurther usein
other applications.

At present there are some processes employed for this
purpose such as sag fuming [4], the ISA- and AUSmelt
process [5], the Plasmazinc process [6] or the Enviroplas
process[7]. Most of these processesare designedfor rather
constant conditionsand display disadvantagesin flexibility
and efficiency.A very flexiblereactor for adag treatment
is the submerged arc furnace (SAF) which permits high
temperatures, low off gas volumes and an efficient use of
energy.A SAF ischaracterised by a compact and flexible
design so that it can beintegrated almost into every exist-
ing operation. Furthermore the SAF technique provides
the possibility to treat liquid material in-line as well as
solid materials when the circumstancesalow or demand
it. On the other side the SAF technology has the taint of
highinvestment costsand ahigh demand for usualy rather
expensiveelectrical energy.

SA Ftechnologyisprovedalready indagtreatmentfor cop-
per smelting,and in the course o the research project the
treatment of slagsfrom different lead and zinc production
sitesin aSAFisinvestigated. The proposed process bases
on the carbothermic reduction of lead and zinc oxidesin
theliquid dag at high temperatures. Zinc ought to befully
evaporated from the slag and can be recovered in the flue
dust, whereas lead is expected to be found partly in the
flue dust and partly asliquid metalliclead in the furnace.
As side effect the reduction d iron oxides supports the
process by achieving lower slag viscositiesand - according
to Stokes Law - higher settling velocities [8]. As target
valuesfor thefina contentsin the slag 0.1 % fox lead and

1 % for zinc have been set. The focusof thework therefore
istheinvestigation dof the thermodynamical limitsand the
definition o the process window for maximum efficiency
by using asubmerged arcfurnace for thedag treatment.

2  Investigated slags

In the course of the research work slags of different lead
and zinc production processes have been treated at IME
Process Metallurgy and Metal Recycling, RWTH Aachen
University's department for non-ferrous metallurgy. The
investigation focuses on two types of slags which differ
mainly in the lead, zinc and sulphur contents ("dag1"
and"dag 2").Figure 1 shows the average compositions of
these dags as they have been calculated upon the basisof
chemical analyses.
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The average lead content is1.5% indagland 44 % in
dag 2,accordingto literature and own investigationsabout
80 % o theleadispresent inmetallicform [9]. The average
zinc content amounts to 111 % inslagl and t012.8 % in
dag 2. Slag 1 contains more sulphur (in average 2.6 % S)
than dag 2 (in average 0.2 % S). Thisleads to a different
zinc mineralogy in the slag assulphur primarily formszinc
sulphide so that zinc sulphide and zinc oxide make up for
approximately one haf each of the total zinc content of
dag 1, whereasin dag 2 zincis present almost completely
aszincoxide. Besidesthe zinc and lead components a ma-
jor part of the dags consistsof the standard slag formers
§i0,, CaO, ALO, and MgO (slag1: 47.6 %,slag 2 43.1 %).
Furthermore iron is present in the dags, the fraction of
iron oxidesis 35.7 % in both dag1 and dag2. Iron is an
important component of theslagsbecausedf itsnatureasa
transition element which can be exist asFe®,Fe*torFe3+ so
that it can be reduced or act asreducing agent itself. In ad-
dition to this, theratio of Fe#4+toFe3+takesinfluenceon the
viscosity of thedag (seeabove). Asiron can be potentially
reduced to the metallicstate if the zinc content getslow, it
is essentially for the slag treatment process that thisiron
phase can be easily molten during or after dag treatment,
whichisan advantage of the SAF technology.

In addition to slag1 and slag 2 test runs have been car-
ried out with an intermediate product of alead winning
process ("dlag3") in order to investigate the treatment of
lead-rich dlagsin asubmerged arc furnace. This alowsthe
testsin a range of slag compositions as wide as possible.
Slag 3contains55.3 % lead and 6 % zinc, thestandard slag
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Fig. 2. Treated dag

formersadd uptoonly11.6 % indag 3,iron oxidesaccount
for 132 %.

Al dagsthat have been treated in the SAF had been pro-
vided in water granulated form, so that the particle size
wasabout 0.5to 5 mm. Figure 2 givesan impressiond one
treated dag.

3

In advance o the experimental test work thermodynami-
ca calculationshave been carried out for dag 1and dag 2
Theam o these calculations has been to obtain informa-
tion about the effect o processparameterson thelead and
zincrecovery and about thetheoreti cal maximumrecovery
d lead and zinc from those dags. Since thermodynamical
calculations only consider equilibriumstates and neglect
kinetics, the obtained values can be seen as limits for the
dag treatment and thereby help to assess the results of
the experimental test work. The thermodynamical model-
ling was done with the FactSage® software-package[10].
FactSage® hasprovento be useful for this purpose because

Thermodynamical modelling

it offers databases whi ch |ncI ude liquid metal and slag
phasesaswell assolid oxides and sulphides. For the liquid
sl ag phase,subsystemscontai ning PbO and ZnO have been
optimised by the FactSage® developers, so that the results
o thecalculationscan beexpected to bereliable. The main
parameters that have been examined in the course of the
thermodynamical modellingare thefollowing:

input material:dagl or dag 2

reducing agent: effect of carbonaddition(relativetothe
amount of lead and zinc)

effect o atmosphere (O,-partial pressure): air or ar-

gon
temperature: from 700" C up to 1500 °C

Figure3 and Figure4 exemplarily show calculated equi-
libriafor slag 1 with addition of carbon under air atmos-
phere. From Figure 3it can beseen that solid oxidicphases
are stable up to approximately 1130"C and that zinc sul-
phide (sphalerite and wurtzite) is present even up to ap-
prox. 1330 "C. The smooth transition from sphalerite to
wurtzite can be seen asindicationfor acorrect cal culation.
Afirstliquidslag phaseisformedat 1050 " Cand itspropor-
tionrisesstrongly in massup to1150 " C whereit makesout
approximately 90 % of thesolid and liquid phases.Figure 4
shows the corresponding gas phase for the same calcula
tion. Becausedf theadditiondf cokecarbon monoxideand
carbondioxidearedominantinthegasphaseat lower tem-
peratures, with carbon monoxide getting more stable with
rising temperatures. At temperatures above 900"C zinc
oxideisreducedin thedag and metalliczincisevaporated
as expected into the gas phase, so that apart of the carbon
monoxideisturned into carbon dioxide. At higher temper-
atures zinc oxide and zinc sulphidereact jointly and form
gaseouszinc and sul phur dioxide. Thiseffect ismuch more
prominent than the carbothermicreduction of zinc,so that
in dag 1 sulphur will act as the important reducing agent
for zinc. It can be shown simultaneously that for dag2
(wheresulphurisnot significantly present) carbonand iron
together reduce zinc at temperatures above 800 "C.
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Figure3 and Figure 4 can serve as examplesfor the ther-
modynamical modellingresults, Figure 5and Figure 6 sum-
marise the outcome o this investigation regarding the
effect of the carbon addition and of the atmosphere on the
lead and zincrecovery from thedags. It can beseen that the
addition of carbon and the use of an inert (argon) atmos-
pherethat restrictstheaccessof oxygen totheslagimprove
the evaporation of lead and zincfrom thedagsinto thegas
phase. From the thermodynamical point of view it is pos-
sibleto collect closeto 100 % of thelead and zinc content
of thedagsin the gas phase (technically seen, asfluedust).
In theory suitable conditionsfor the dlag treatment can be
generated by the use of carbon, a high temperature (more
than 1500"C) and the exclusion of oxygen in the atmos-
phere. For thisset of parameters slag1 and slag 2 contain
theoretically only 0.01 % respectively 0.03 % lead and
0.21 % respectively 0.24 % zinc.

Asmentioned before, the thermodynamical calculationsby
definition neglect kinetic effects. A short consideration of
kineticsisgiven elsewhere [11, 12]. Dueto this negligence
of kineticsit not possibleto get information about thetime
necessary to establish the equilibrium state. Furthermore

Pb/Zn-slag 1 (gasphase)

some parameters used for the calculations are idealistic
or based upon assumptions (for example the ratio of the
amount of feed slag to the amount of atmosphere or the
composition of the atmosphere) and other parameters
cannot be maintained in practicewith perfect accuracy (e.g.
temperature). Therefore the achievableresultsin practical
test work can differ significantly from the results of the
modelling. But particularly the imponderability of real
processes makes the thermodynamical modelling more
useful in the way that the results of the experimental test
work can be evaluated by comparing the obtained results
with the theoretical optimal achievable values.

4  Experimental

In order to investigate the carbo-reduction treatment of
lead and zinc bearing dags in a submerged arc furnace,
several tests have been carried out. A seriesaof test runsin
a100 kW laboratory scale SAF of the IME served to give
first results as preparation of the pilot scale test work [12].
Thefocusof the entire test work was on the treatment of
theslags1l and 2 and aswell of thelead-rich intermediate
productinthepilot scaleSAFof thelMEin order to define
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Fig.5: FactSage® calculated lead recovery (at 1500"C) from two differ-  Fig.6: FactSage® calculated zinc recovery (at 1500 °C) fromtwo differ-
ent Pb/Zn-slags ent Pb/Zn-slags

World of Metallurgy - ERZMETALL 58 (2005) No. 4



Jorn Bishlkeet al.: Treatment of Industrial Lead and Zinc Sagsin aPilot ScaleSAF

a set of process parameter serving quick operation and
lowest Pb/Zn-contents in the dlag.

41 Equipment: Pilot-scale SAF at IME

A 500 kW pilot scale SAF, electric power provided up to
5.3kA and 110V in DC mode, was used for the experi-
mental validation of the theoretical results. The shell of
thefurnace isawater cooled double steel wdl and islined
with refractory bricks (chrome-magnesite) on the inside
establishingan inner diameter at the bottom of 520 mm.
Theinner height of the furnace is 900 mm, which leadsto
atotal volume of 250litres. Thefurnaceisequipped witha
water-cooled copper bottom electrode and agraphite top-
electrodewhichis150 mmindiameter. Graphite electrodes
can befull or hollow electrodes, the latter having a65 mm
holefor the charging of fine materialsinto the electricarc
zone. It is possible to tap melt from two tap holes, one on
bottom level and one 500 mm above bottom level. The
wholefurnaceishousedin order tocollect theentire off gas
whichisgathered at 5000 m*h and cleaned in a bag filter,
wherefluedust iscollected for weighing and sampling,and
subsequently in agasscrubbing unit. A PC-based data log-
gingdeviceautomaticallysavesimportant parameterssuch
as several temperatures o the furnace, cooling water and
off gassystem and electrical data for later analysis. Other
parameters like the temperature of the melt have to be
measured manually and discontinuously.

ThepilotscaleSAF hasbeen used alsofor different purpos-
es like recyclingdf differenttypesdf batteries(NiMH, ZnC,
Alkaline), productionof ferro-chromium and ferro-silicon,

water cooled
furnace shell

upper tap hole

bottom tap hole

Fg7 05 MW pilot scaleSAF at
IME,Aachen
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treatment o PGM containing dags, ilmenite reduction or
the investigation o thefusibility of different kinds of ores.
Temperatures o more than 1800 °C are possible. Figure7
showsan overview of the pilot scaleSAF at IME.

4.2  Procedure

Thetreatment o industrial lead-zincdagsin the pilot-scale
SAF has been carried out batch wise in DC mode with
the copper bottom electrode acting as anode. In each test
run approximately 250 to 300 kg of water granulated dag
have been molten and treated, the tap-to-taptime was 2 to
2.5 hours. The test runshave been conduct in seriesdf three
orfourinorder togaincomparableand reproducibleresults.
Beforeeachfird test run of the day the furnacewas heated
by smelting150 kg of steel scrapfor 2 hours,with the inten-
tion o preheating the refractory lining. In total more than
5.6 tonsdf |ead-zincdag have been molten. Thecharging of
the feed material takesroughly 1 hour o thetotal timeand
isdonewith apower input of upto350 KW. After or aready
during the charging of dag lignite coke (particlesze 1to
5 mm) isadded to the melt using asmall amount of nitrogen
ascarrier gasthrough the hollow el ectrode. The amount of
added coke was calculated on the basisof thelead and zinc
contentsaf the dagswith 20 % stoichiometric coke-excess.
A temperature of 1500"C or morewas aimed at, especialy
in preparation o tapping. The temperatures of the melt
have been measured discontinuously by a lance. Several
samplesd theliquiddlagaretaken during atest run, either
by insertingacoldiron bar into the melt or by usng ascoop
for extracting a larger portion of the melt. After a holding

hollow electrode |

of gasoutlet

copper bottom
electrode,
water cooled
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time of about haf an hour the treated dag is tapped into
ladlesand the next test run can begin. During the tapping of
thedag asmall portion of the dagisgranulated in awater
bath. The produced dag, the collected flue dust and where
possiblethe produced metal are weighed with theintention
to put up mass balances. Samplesare taken from the water
granulated fina dag, the flue dust and if possiblethe metal
and anaysed by ICP and X-ray fluorescence anaysis.

4.3 Results

Thelead and zinccontentsd thedags both decreased during
the treatment in the SAF, but the decrease of lead and zinc
show rather different character. Figure8 shows the devel-
opment of the lead content during a test run for dag1 and
dag 2 exemplarily.Ascan be seen for the given test run lead
isremoved noticeably from thedagright from the beginning.
Thiscan be seen asa proof for the presenced metalliclead
in the dagwhich doesnot need to be reduced but only hasto
melt and to settleout of the dag phaseinto alead phase. The
trend of thelead contentissimilar for dag 1anddag2, butin
theformer the effect ismoresignificant becaused the higher
initial lead content. The resultsdf the treatment o the lead
rich intermediate product (dag3) confirm this behaviour.
The treated lead richdag had aninitial lead content of 55.3 %
which leadsto alargemetalliclead phasesettling at the bot-
tom of the furnace. It has been observed that this can lead
to an extensiveinfiltration of the installed refractory lining,
in industrial practicethis can be avoided by usng more ap-
propriate refractory materials, for example carbon bricks A
separateironlayer wasnot found, reducediron-dropletswere
only found in thefinal dag asdispersedroplets.
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Fig.8: Development of the lead content during SAF carbo-reduction
treatment of Pb/Zn-slags (dag1and dag 2)

Thebehaviour o zincisnot identical to lead. From Figure 9
is can be seen that the removal of zinc from the dags does
start only delayed at the beginningdf the SA Ftreatment but
acceleratesat its end. This can be ascribed to the fact that
zinciscompletely bonded as oxide or sulfidein thelagsso
that it has to be reduced and evaporated for removal. This
requireshigher temperaturesin the melt than the melting of
lead, temperatures which are difficult to achieve during the
charging period. Whereasthe reduction o zincisinhibited
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Fig.9: Development of the zinc content during SAF carbo-reduction
treatment of Pb/Zn-slags (dag 1 and dag 2)

duringthechargingof thefeed dlag,it increasesand leadsto
quickly decreasing zinc contents when homogenouscondi-
tionsand higher temperaturesin the melt are achieved.

Onedecisivefactor for thesuccessof thetreatment of lead-
zinc dag in an SAF is the fina content of lead and zinc
in the dags after the treatment, because this determines
whether a dag complieswith regulations. It also is related
to the efficiency and yield of the process. In the conducted
test work the majority of the test runs produced very good
resultswhich arein agreement with the targets(set limits) of
max. 0.1 % lead and 1 % zinc.ThisisshowninTable2 The
achieved minimum lead contentsdof thedagswereanalysed
as002 % for dag1,0.08 % for dag2and 0.29 9% for dag 3.
For dag 3 ahigh value d the maximum lead content of the
treated slagwasdetermined, but thisisfasified by themetal -
liclead phasein thefurnace.

The minimum zinc contents of the final dags were ana-
lysed as0.16 % for dlag |, 0.72 % for dag 2 and 0.07 % for
dag 3. Comparing the experimental valuesto the calcul at-
ed data, it can beseen that the minimameet the prediction
o the thermodynamical calculation very good. In the case
o dag 2 the zinc content went of even below the predic-
tion which can beexplained by a higher mean temperature
in the test run than assumed in the calculation. A positive
side effect of the carbo-reduction treatment of thedagsis
the diminishing of the slag amount. For dag1 and slag 2
the quantity of slag can be reduced up to 16 %, in the case
o dag 3 thisdecrease even amountsto 54 % to 70 %.The
reduction of the massof the dagsisimportant to minimize
the cost for further useor landfill.

Furthermore Table 2 shows the lead and zinc contents of
the gained flue dusts. For slag 1 and slag 2 the zinc content
exceedsthelead content whereasfor slag 3 due to the high
Pb/Zn-ratio in theinput material the dust product contains
much more lead than zinc. Theratio o produced flue dust
to the amount of treated slag varies between 6.5 % and
13.5 % for dag 1 and 2 and between 12.5 % and 13.5 % for
dag 3. The produced fluedusts may be easily processedfor
lead and zinc winning in other processes.

Figure10and Figure11l exemplarilyillustrate the distribu-
tion of lead and zinc among the products of atest run for
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Tab.2 Lead and zinc contentsin the dag product after SAF treatment
compared to modelling( M ni num contents) and in the flue dust
after SAF treatment (maximum contents)

Slag type Slag product (mi:ﬁmu;n_) Flue dust
; Test work Modelling* (maximum)
1 Pb  0.02% 0.01 % 37.2 %
Zn 016 % 0.21 % 77.8 %
2 Pb  0.08 % 0.03 % 38.1 %
Zn 072% 0.24 % 70.5 %
3 (leadrich) Pb  0.29 % not calculated 56.3 %
Zn 0.07 % not calculated 27.6 %
* calculated at 1500 °C, argon, carbon addition R e et

dag2anddag3.Asdag 3origindlyisrichinlead ametal-
liclead phaseisformed whereasthetreatment of dag1and
dag 2 rarely produces a metallic phase due to the lower
lead contents.

Inthecased dag 2 (Figure10) 4.7 % o thelead istrans-
ferred fromtheinitial dag to thefluedust,only 1.1.% of the
lead remains in the dag phase. As no metallic phase could
be separated after the test run, 4.2 % d thelead hasto be
consideredasalosswhichisassumedto becaused by diffuse
emisson and, moreimportant, smallest dropletsd” metdlic
lead that did notsettleor infiltrated intotherefractorylining
o thefurnace. Zincontheother sideistransferredto 76.6 %
into the flue dust, 5.6 % remain in the dag phase. Theloss
d zincaddsupto17.8 % and ishigher than thelossd lead.
Herethe most probablecausefor thelossd zincarediffuse
emissonsd zinc oxidein the off gasAszincis reoxidised
from metallic,gaseouszincto zinc oxidein theoff gasby sec-
ondary air, the particlesize of thezinc oxidein thefluedust
isassumedto bevery small, so that it isnot collected entirely

by the bagfilter but partly by the gasscrubbingsystem.

Figure 11 showsthat 59.2 % o thelead content of theini-
tial dag 3iscollectedin the metal phaseand 16.9 % o the
lead content remainsin thetreated 5 ag phase. From optical
ingpectionit can be assumed that lead in final dlag phaseis
dtill partly present as metallic droplets that did not settle
intothemetal. Another 14.4 % of thelead contentof dag 3
can befoundin thefluedust,and 9.5 % must beconsidered
aslossin thistest run. A main part of thislossis assumed
to becaused by infiltration of therefractory lining. For zinc
the distributionis quite different. Here 70.7 % of the zinc
content o thefeeddagiscollectedin thefluedustand only
04 % o theinitial zinc content remainsin the dag phase.
Aszincisnotincludedin themetallic phase, thisleadsto a
meass balanceloss of 28.9 %.Thelossdo zincisassumed to
have been caused asstated abovefor dag 2.

Other importantfactorsfor theeconomy o adag treatment
processare the energy consumptionand the coke consump-
tion. The energy input into the furnace has been approxi-
mately between 950kWh/t, and 1350kWhit,  for clagl
and dag 2, and between 1100 f(Wh/t . and 1250k . for
slag 3 respectively. The varlatlons are due to dlfferences
in the average temperature and duration of a test run.

It has to be noted that the amount of energy losses that
are caused by cooling water and other effects cannot be
quantified and therefore are included in these values as
well asthe energy that isneeded to melt the solid feed ma
terial. Consequently the necessary energy for the energy
optimised inline treatment of liquiddagsin a SAF will be
considerablylower than thesegiven values. The energy |0ss
by cooling water will be measured duringfuture test runs
in order to make more exact data accessble. The average
temperatures during the test runs have been in the area
o 1350"C to1550"C.The applied coke consumption was
about 0 kg/t,, forsagland slag 2and about S0 kg/t,,, for

slag
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Exapleaf thedistributionoffead | product: dust: product: dust: .
and zincin the productsafter . [
trestment of dag 2 B ];1%_ - 94_.7% - EG% 76.6% .
f . 1
| ! slag 3 |
| !
| EAF-treatment % loss: 9.5% LEAF—treatment ----- » loss: 28.9%!
I
— \ l v v v '
g 11 k . x S . |
Exampleof thedistributionof lead lead in slag lead in metal lead in flue zinc in slag zinc in flue |
and zincin the productsafter SAF product: product: dust: product: dust:
treatment of an intermediatelead 16.9% 59.2% 14.4% 0.4% 70.7%
rich product (dag 3) | — — — l
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dag 3, but in al the conducted test runs a coke excess has
been used which can be minimised in practical operation.

Summary and outlook

Duetoreasonsd thermodynamics,kineticsand profitabili-
ty of production, slagswhichderivefrom thepyrometallur-
gical production of lead and zincaways contain significant
amounts of lead and zinc. Because of economical,ecologi-
cd and | egidlativereasonsaspecial treatment of thesesags
isrecommended if adirect use eg. in road construction is
not possible and dumping of the dagsisto be avoided. A
technology which offers appropriate characteristicsfor a
treatment of lead-zincdagsisthe carbo-reduction process
in asubmerged arcfurnace.

InaBMBF-financed projectthetreatment of lead-zincdags
inasubmerged arc furnace has been investigated. Thermo-
dynamical calculations have shown that sulphur and iron

which are present in thedagsact as reducing agentsfor zinc.
Under suitable conditionsboth lead and zinc can be recov-
ered theoreticallyamost to 100 %. Such suitableconditions
are served by high temperatures, the addition o carbon as
reducing agent and a non-reactiveatmosphere. Subsequent
experimental test work has been carried out in laboratory
scaleand pilot scale submerged arcfurnaces. Thistest work
proved that the SAF techniqueis very adoptablefor aslag
treatment by producing dags with very low lead and zinc
contentsand afluedust rich in lead and zinc. The final lead

and zinccontentsin theslagsin themajority of the test runs
werein agreement with the target limitsd 0.1 % lead and

1% zincin the slags. Thus the resultsof the thermodynami-
cal modelling could be confirmed and it can be stated that
kineticsdo not completely prohibit the equilibration of the
treatment. It has been found that the removal of lead from
the dags differsfrom the removal of zinc. Whereaslead is
removed rather quickly from the beginning of the process,
the remova o zinc at first isinhibited and only increases
when homogenous conditions and high temperatures are
reached. Lead and zinc can both be recovered to between
70 % and 95 % in the produced fluedust and, if formed, in
a metallic lead phase. This metallic lead phase does form
sgnificantly when theinitial dag containsalargeamount of

lead. The producedflue dust can beused for recoveryof zinc
and lead by pyrometallurgical or hydrometallurgical means,
the produced crudelead can beintroducedin thelead refin-
ing operation. The SAF treatment can be applied to dagsof

lead and zinc winning processes as well as to intermediate
productsadf lead winning processeswhich are rich in lead.

Further investigationwill focus on the acceleration and in-
tensificationof thedag treatment in the SAF by pneumatic
injection of coke into the melt instead of or additional to
itsfeeding through ahollow electrode. The test work inthis
areaisexpected to becarried out in the course of 2005.At
thesametime thefurnace will be equipped with additional
sensorswith theintention to observe the energy balance of
the process. Furthermore the economical limitsd the use
o thesubmerged arcfurnace will becalculatedon the basis
o the gathered data and by evaluation of the produced
dag, fluedust and crudelead. On the basisdf thisarecom-
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mendation for the treatment of lead and zinc bearing slags
will begiven.
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