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Qnerating Experience with the QSL-Plants in Germany and Korea

L. Deininger Berzelius Siclberg GmbH, Stolberg/Garmany
K. C. Choi Korea Zinc Co., Onsan/Kerea
A, Siegmund L.urgi Metallurgie GmbH, Frankfurt/Germany

Abstract

The QSL plant in the existing "Berzelius" Stelberg GmbH lead smelter in Stolberg/Germany
was commissioned in August, 1980. Following some maodifications to the process and
equipment which had become necessary in line with the implementation of this new tschno-
logy, conclusive operating results are now available. These will be reported together with a
short description of the plant design.

In May 1992, raw material feeding to the QSL reactor in the new Izad smelter of Korea Zinc
Co. in Onsan/Korea was started. As all the experisnce gained up to that point in time in the
Stolberg plant had already been incorporated in this plant prior to start-up, it reached stable,
satisfactory operating conditions in a short period of time. After an intreductory description
of the plant imporiant operafing results will be raported.

The operating experience gained in the two plants fully confirms the correctness of the in-
vertors' creative ideas in the 70s. The QSL process meets all demands made on modern,
ecologlcally compatible and energy-saving lead production technology. The paper ends with
suggestions on how the Q5L process will be optimized further in the future.

EPD Congress 1994
Edited by G. Warren
The Minerals, Metals & Materials Society, 1993
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Introduction

The intraduction of stringent environmental regutations for the industry by the authorities
and rising operating costs in the standard process for the recovery of lead (sinter machine
and shafl furnace), resulted in Lurgi looking for a new technology at the beginning of the
sevanties which would minimize air pollution and be mare economical, In 1973 a cont-
nuous process for the treatment of metal sulphide concentrates with oxygen in one smelting
unit was patented by Prof. Paul E. Queneau and Pref, Reinhardt Schuhmann. Based on
this patent, Lurgi and Berzelius developed the QSL-process for the recovery of lead, to an
industrial scale over the last two decades. The process is designed to treaf ail grades of
lead congentrates as well as secondary materials, applying the bath smelting principle with
submerged high-pressurs injection of tonnage oxygen and fossil fuels. Two basically diffe-
rent pyrometailurgical reactions take place in the reactor: the autogenous roast-reaction
smeiting of raw materials containing sulphur and lead, and the carbothermic reduction of
metal values from the fayalitic slag.

The reactor (figure 1) consists of a horizontal, slightly sloped cylinder, which is divided into
an oxidation zone and a reduction zone and can be tited by 80° about its longitudinal axis
when operation is interrupted. The entire reactor is lined with high-quality chrome-magnesite
refractories. Raw materiais such as concentrates and secondary materials, fluxes, recircula-
ted flus dust and, if required, solid fuel are agglomerated and charged through feed ports
located in the roof of the oxldation zone without any further pretreatment. The agglomerated
feed mixture falls into a molten bath consisting of siag and lead. Tonnage oxygen is blown
intc the melt through submerged, cooled injectors and the exidation of the sulphides leads
to the formation of primary lead bullion; slag with a lead oxide content of 25-35 % and
suiphur dioxide-rich offgas. The exothermic reactions take place af 1100-1150" C.

Korea Zinc LURGI

QSL Reactor

(simplified)
. 41,13 m N
GConcentrates + Off-gas
Secondary from
Off-gas from Materials + Reduction
Oxydation Zone Fiuxes Post Combustion Zong
4 3§ PartitionWal Air
—{fi--——, Oxydationzone --—-— {1~ |5& Reductionzone - |-—— —
Lead | T y ey yoeamn| i
Bullion : it Il e ¥ =YL
| O B O O S |
t ' L} f Slag
Goal Dust +
Oxygen + — Carrier Air +
Shield Gas Oxygen + Shield Gas
Figure 1
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The Isad bulion is discharged through a syphan, while the primary slag flows countercur-
rently io the lead and passss into the raducticn zone. It Is separated from the oxidaticn
zone by a partition wall which has an ungerflow for the axchange of slag and metallic lead
and an opening for the passage of the process gas. In the reduction zone a reductant, pul-
verized coal or coks, is injected into the molten baths through submerged, cooled injectors,
together with carrier air and oxygen. The lead oxide is reduced by the reductant to metallic
lead as the slag flows to the opposite snd of the reactor. The carbothermic reduction takes
places at 1200-1250° C. The metalilc 1ead settles to the bottorn of the reactor and flows
pack towards the oxidation Zone to combine with the primary oullion. The low-lead final slag

is rernaved at the end of ihe reduction zone via a slag tap .

Required postcombustion of the oxidation and reducticn gases is accomplished with oxy-
gen-enfiched air or oxygen which is injected into the reactor gas atmosphere via lances.
These lances are located in the roof of the reactor over its entire iength.

hur dioxide and some flue dust leaves the reac-
1200° C. It passes through a vertical uptake be-

fore entering a waste heat wailer for heat recovery and an elactrostatic precipitator for dedu-
sting. The precipitated flue dust can be recycled to the process Of partially withdrawn to re-

cover the cadmium contained in the dust, The offgas is finally passed through a wet gas cle-

aning step and a suiphuric acid plant.

The offgas with a high conceniration of sulp
tar at a temperature of approximately 1150-

t of zine, a separate uptake in the reduction zone

may be Installed for the recovery of zinc as zinc oxide fume, Under stronger reduction con-
ditions, zinc is partialiy fumed off, The fumed metal is oxidized in the gas aimosphere and

lgaves the reactor through a vertical uptake. No gas opening Is necessary in the partition

wall in this instance. After the coaling of the offgas, the oxlde dust, containing a mixture of

zinc and lead cxide, is coliecied in a bag filter.
& new process compared to the conventional operation are:

If the raw materiais comain & high amoun

The advaniages of th

- direct recovery of metallic lead already during the oxidation of the sulchides

- lower amount of slag due 0 the direct recovery of metallic lead and hence, a lower

amount of fluxes are required

- low offgas volume with nigh sulphur dioxide content resultin
gas treatment equipment

g in comparatively smail

lower generation of materials to be recycled
jower gmissions

- high process flexibility

- recovery of the zinc content by fuming In the reduction z
a second offgas system for further treatment

one and separate collection in

- lower capital cost

- lower operating cost

Orlginal Design of the QSL-Plants in Germany and Korea

In the second haif of the eighties, the stringent German regulations for anviromental pro-

tection ieft Berzelius Binsteldhammer in Stolberg/Germany with the opticns sitner to close

dawn their lead smelier of to introduce a process which would meet the revised
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environmental standards. After the development of the QSL-technolegy to a semi-industriat
scale, Metailgesellschaft AG decided in 1988 to replace the existing conventionai lead smel-
ter in Stolberg with the new process for 75,000 t/a of lead production.

At the end of 1988, Korea Zinc in Onsan/Republic of Korea signed a contract for a Q&L-
plant, rated with a lead production of 60,000 ta.

Majin Process Dala

In the criginat design it was already intended for both plants to smelt secondary lead-hea-
ring materials such as Pb/Ag-residues, Zn-residues, ashes, glasses, slags and batiery paste
together with concentrates. The ratios of concentrates 10 the amount of secondary materials
in the raw material feed mixture and the compasition of the main elements are indicated In

Table 1.
Dresign Capacity and Foed Materials of the Q8L Plants
| 1
! QSL-Plants i Korea Zinc i Berzelivs .
i Onsan/Korea Stolberg/Germany |
. |
Production Capasity 60 000 ! 75 000
of tpa Lead Bullion i
I
! Rezctor Size
- total length inm , 41.0 ' 330
- dia. wxidation zone in m | 4.5 ' 35
i - dia. reduction zone in m ! 4.0 3.0
Daily feed of Raw Material (dry)‘ '
in tpd with 24h/d operation 550 : 500
i !
* Percentages of Concentrates |
and Residues in Raw ! I
| Material Feed Mixture 33 % Concentrates | 63 % Concentrates
' | 47 % Residues in Form - 37 % Residues in Form |
_ of Pb/Ag-Residues, . of PvAp-Residues ;
} Zn-Residues, Pastes | Ashes, Glasses, Slags, ‘
| AufAg-Ores ! Refinery Dusls ‘
i i
Composition of Raw Material |
| Mixture ; i ‘
Iy ! 35.0 a5 |
- %Zn 10.0 5.0
- %Cu , 0.6 0.7 ;
L. %As i 0.3 . 03 |
- %Sb ; 0.3 ' 0.4 !
.- Bad 03 .05
[ i
Table 1

The size of a QSL-reactor is determined by the throughput of raw materials, the correspon-
ding amount of slag produced and the amount of lead which has to be reduced. Tables 2
indicate the corresponding process and design figures for the QSL-plants in Stolberg as

well as Korea.
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Main Process Design Data of the QSL-Plants

Q8L-Plants Karea Zine ! Berzelius
Onsan/Korea Stoiberg/Germany

Reactor Size

I
1 - Total Length in m 4 33
- Oxidation Zone i
, . Length/Diameterinm | 12745 i 11735
I - Reduction Zone
.. LengthvDiametar in m 28/4.0 22/3.0

Feed in t/h (dry): '

- - Raw Material ; 22.7 ’ 20.8
i - Silica | - 0.004
! - Limestane : 27 0.3
L Recye. Oxidation Fume 50 ' 4.3
| - Recye. Leach Residue 13 ’ -
" - Recye. Fumed Slag ' -

- Coal Fines 28 7.9

Gases to Reactor in Nmi/h

- Oxidation :
.. Tuyere Oxygen | 7 300 4700
|
I

- Reduction
[ Tuyere Coal Dust int/h : 1.4 09
i .

Lead Bullion in t/h ‘ 9 95
‘ i
 Slagin t/h g8 7.0
" Final Slag - % Ub i 2.0 23

Table 2

ment showed that high PbO levels in primary stags re-
duce the generation of lead fume with the PbS activily being inversely proporticnal to the
square of the PbC activity in slag. On the other hand the PhO content in primary siag
governs the stag fall -addition of fluxes- and the amount of reductant requirec. The criginal
testwork, therefore, suggested a lead content in primary slag of 40 - 50 %, but practical ope-
rations at Berzelius/Stolberg and Korea Zinc proved a level of 25 - 35 % to be sustainabie
without increasing the fiue dust production substantially.

Testwork during the process deveiop

Drocess Flow and Plant Layout of the Stolberg Plant

tead-bearing materials of 150,000 Ya, these
f concentrates to residues was intended to he

Tne smelter is designad for a throughput of
being mainly secondary materials. The ratio ¢
approx. 63 1 37.

Figure 2 indicates the overail process concept or the Berzelius QSL-plant.
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Figure 2.  Process Flowsheet of the QSL-Plant at Berzelius in Stoiberg/Germany

The QSL reactor replaced the conventional units, sinter plant and shaft furnace. The impure
lead bullion produced in the GSL-reactor has to be treated subsequently in a

pyrometaliurgical refinery to marketable products.

Cadmium reports mainly to the flue dust from the oxidation zone and can be recovered as
cadmlum-carbonate by bleeding a certain ameunt of flue dust and the treatment in a subse-

quent leaching step.

A new sulphuric acid plant had to be erected for treatmant of the sulphur dioxide conlaining
process gas.

The excess heal from the reactor off-gases is recovered in a waste heat boiler and, fogether
with the excess heat generated in the contact tower of the sulphuric acid plant, converted in
a turbine into electric energy for plant use.

In the layout drawing { figure 3 ), the compact design of the QSL-plant becomes obvious.
The reactor building has been erected parallet to the sinter plant to allow the connection of
the existing fead preparalion system, such as the proportioning system and the feed mixer
for agglomeration, The pre-mixed feed material s fransporied to a new subsequent mixing
drum, where caal fines and recirculated flue dust are added before entering the reactor,

The QSL-reactor has a total length of 33 m, a diameter of 3.5 m in the oxidation zcne and 3
m in the reduction zone. The reaclor was originally designed for a total installation of three
pairs of shrouded injectors in the oxidation zone far the introduction of the oxygen required.
Lead bulllon is tapped through a syphon which is located at the end of the oxidation zone.
The reduction zone has been designed for the installatior: of a tolal of 8 shrouded injectors
for the injection of the redustant, in this case powdered coal. The final slag is discharged at

the end of the reduction zone.

The process gas of the reactor s carried via a verdical radiation channel, through the con-
vective pass of the waste heat boiler system, into an electrostatic precipitator. The off-gas
then passes through a duct to the existing wet gas cleaning and the new sulphuric acid

plant.
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The coal proportioning system for the reduction zong consists of a coal slto, a pressure
aqualizing bin and four dosing vessels. From the silo, powdered coal or coke is periodically
discharged into the pressure equalizing bin where the reductant is pressurized with nitrogen
and then discharged to the dosing bins. Each dosing bin Is equipped with a star feeder for
mass flow control, and two outiats, which are used to provide continuous dischergs of the
reductant, being pneumatically transported to two reduction Injectors.

! f ‘,f/./‘

coer 8y .
ayens .
FRT T ST

AL R

Figure 3. Amangement of the QSL-Plant at Berzelius in Stolberg/Germany

Process Flow and Plant Layout of the O31-Plant Korea

The QSL-plant in Onsan, Republic of Korea, is designed for the processing of feeding mate-
rial with a residue content of approx 47 %, The overall process concept ( figure 4 ) is similar
to the Stolberg plant. Pue to the comparatively high zinc load, zing is recovered by fuming in
the reduction zone, The fumes are drawn off together with the reduction offgas via & second
offgas system, are collested in a baghouse and pracipitated as mixed oxides for further hy-
drometaliurgical treatment to recover the zinc,
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Figure 4: Preoess Flowshest of the QSL-Flant at Korea Zinc In Onsan/Korea

The layout drawing ( figure 5 ) shows the feed storage facilities, feed preparation, and the
reactor builkding with slag treatment and cffgas handling. The storage building is separated
into a "dry" section where concentrates, fluxes etc. are stored, and a "wet" seciion for resl-
due storage. The "dry" raw materials are unloaded from trucks in the unloading statien and
distributed by a tripper conveyor inte individual boxes. "Wet" materials such as PbiAg-resi-
dues, are unloaded with a pay-loader and distributed by a crane into different storage bo-
xas. Materiat reclaiming is done by two overhead cranes. "Dry" materials are fransferred ta
the fead preparation area by a conveyor belt where they are stored in bins. Coal is unloa-
ded pneumatically and transnorted into two silos before being crushed and ground in a coal
milling plant. The “dry" materials from the bins are proportioned according to a preset
amount and fed to a stationary mixer, while the "wet" materials are conveyed by & plate
feeder and a weigh belt feeder directly to the mixer. The final mixture is then fed to the QSL-
raactor via two feed bins.

The reactor has a total length of 41 m, a diamster of 4.5 m in the oxidation zone and 4 min
the reduction zone. Like the Stolberg reactor, it has been designed for the installation of
three pairs of oxygen injectors in the oxidation zone and 8 injectors in the reduction zone,

Both waste gas systems are arranged at a 90° angle to the QSL reactor. The offgas from
the oxidation zone with a high sulphur dioxide concentration is transferred to a sulphuric
acid plant for the recovery of sulphuric acid.

The lead drossing kettles are located nerth of the reacter, alongside the waste gas system
of the oxidation zone. The final slag is continuously discharged at the end of the reduction
zone and treated in a subsequant slag fuming furnace or direcily granulated, this taking
piace to the south of the reactor.
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Figure 5. Arrangament of the QSL-Plant at Korea Zinc in Cnsan/Korea

Operation of the QSL-Plant at Berzellus in StolbergfGermany

Starling with initial tests in August 1990, the plant was officially inaugurated on November
11, 199C.
The operating experience

the reaclor and preceding
of three plant shut downs.

gained since the start up has led to a number of modifications to
or subsequent equipment which wers implemented during a total

Reactor
Compared to the initial concept, impravements nave been introduced. This is s
gure 6.

hown in fi-

Oxidation Zone

In the original design three fesdports were located dirsctly above the oxldation injectors.
This arrangement led to occaslonal blockages of the feed ports caused by splashing of melt
from {he injector. Consequently, the number of feed ports was reduced from 3 io0 2 and lo-
cated equidistant from the injectars. This modification took place in two steps ( figure 6; mo-

difications 1 and 2 }.




Original

Modification 2

Hodification 3
Figure 8.  Original Design and Performed Modifications at the QSL-Reactor of Berzellus In
Stolberg/Germany

Submerged Injectors for Oxvgen {(S-Injeciors) in the Oxidation Zone

Oxygen is injected via a central pipe and its two surrounding annuli to oxidise the feed ma-
terial. Shroud gas, a mixture of nitrogen and atomized water, is injected via an cuter surro-
unding annutus to protect the injector tips from excessive bum-back. Natural gas can also
be injected together with the shield gas for heating purposes. [n the initlal concept the injec-
tors were cocled by nitrogen only, which resulted in instable burn-back rates of the injectors.
With the introduction of a mixture of nitrogen and water as the cooling agent, the fifetime of
the injectors was substantially increased and stabla burn-back rates were obtained because
stable mushrooms could be formed at the injector tip.,

In parallel the construction of the brick arrangement adjacent fo the injectors was modified.
The wear rate of these bricks is high due to the aggressive and turbulent nature of the melt
in this area and the excothermic chemical reactions. Provision had been made in the original
design for the replacement of the bricks adjacent to the injector positions, A frame, in form
of a flat arch, surrounds the injector bricks o prevent the remaining lining from collapsing
during the replacement of the bricks. Experience has shown that the wear always begins in
the joints of the bricks. The wear of the bricks spreads over an area which is approx. 10
times larger than the diameter of the injecter. Based on examinations, an injestor brick was
intreduced consisting of 3 chrome-magnesite based bricks glued into a sandwich structurs
to reduce the number of joints.
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Figure 7:  Injector Brick in Sandwich Structure

In addition, the cross-section of the fiat arch was enlarged tc provide a bigger area which
can be replaced. Figura 8 shows a typical brick arrangement adjacent to an oxygen injector
{S-injector} with a mushroom at the Injector tip. The shown refractory lining was approx. 1

year in service.

Figure 8 Typical Brick Arrangement Adjacent to an Oxygen Imjector

All Injectors manufacturad from feriitic stainless steel, are sealad to the tnjector brick by ce-

menting them into the refractory black prior to their installation.

Due to the modifications of the injectors themselves, the bricks adjacent to the injestors and
an Intensiva cooling of the reactar shell in the injector area {figure 9), the lifetime of the S-
injectors could be increased from short periods ( in the start-up phase ) to approx. 1000 h

of real cperation fime.
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Figure 8 Cooling of the Reactor Shell in the Oxidation Zone af the QSL-Plantin
Stolberg/Germany

The total number of injector positions was reduced from 6 to 3 and located in the 07 vertical
position { figure 6, medification 2).

Eartition Wali

For modifications to the oxygen injectors with the enlarged Injector brick area, an enlarged
oxidation zone area was required. For this reason, the partition wall between the oxidation

and the reduction zone had to be moved fowards the reduction zone. To improve the life-

time of the partition wail, ground bricks were arranged in a ring structure ( Figure 10 ).

Figure 10: Partition Wall between Oxidation- and Reduction Zane at the QSL-Plant in
Stolberg/Germany
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Lead Syphon
To prevent blockages at the lead tap, the lead syphon was modified and built closer to the
reactor shell ( figure 6, rodification 1 ). Thea built-up of accretions in the syphon area of the
reactor and below the offgas channel was reduced by installing an insulating packlining to
reduce heat iosses. Furthermare, an oxy-fuel burner was installed at the end of the oxidati-

on zone as a safaty measure.

Reduction Zone

One result obtained from the start-up operation is that a lead bath above the injectors in the
reduction zone is required to achleve a stable operation and the envisaged reduction re-
cults. In order to incorporate this concept in the exlsting reacior design, it was necessary to
install a refraclory dam ring upstream from the transition point of the reduction zone N the
oxidatlon zone. This ensures that a certain lavel of lead is always maintained in the reductl-
on zane. The installation was carried out in three steps for optimlzation reasons:

Figure & modification?  -a ring dam with a height of 150 mm
modification 2 - a ring ¢am with a height of 300 mm
modification 3 - a ring dam with a height of 350 mm

The averall reduction efficiency can be impaired if an oxidising post combustion Jet impingas
the slag layer. In the original design, the post combustion lances were located directly
above the coal injectors so that the impingment of the post combustion jet in the splashed
siag was relatively high. The post combustion lances are now offset from the coal injectors.
To provide a better heat fransfer to the melt, the post combustion lances operate with oxy-
gen enriched air.

In the initial concept the reduction zone was to be divided into compartments. To eliminate
back-mixing effects attributed to high bath turbulance, the reduction zone had been divided
into three compartments by partition walls { figure 8, modification 1). After the opiimising of
the reduction parameters, it was found that the partition walls ware not required and could

he removed.

Submeraed injectors for Coal ( K-injectors)

The injectors in the reduction zons are used for the injection of solid fuel. This Is injected
through a central ceramic pipe together with carrier alr. Oxygen Is injected through an annu-
s arranged concentrically around the central pipe whicht is surrounded by a further annulus
through which shroud gas { nitrogen }is Injected. Tha coal injectors are made cut of the
same grade of steel, have the same modified brickwork as the oxygen injectors and are al-
50 cemented into the refractory block prior to installation. A sarvice life for the injectors of up

1o 2000 h of oparaticn is obtained.

The last two injector positions, upstream of the slag tap were located in the vertical
0°-position (figure 6, modification 1).

Currantly the reduction zene Is operated with five coal injectors and cne natural gas injector
which is lccated next to the slag tap.

The reactor sheil area adjacent to the injector flanges are cooled by & water cooling system




Figure 11: Cooling of the Reactor Shell in the Reduction Zone at the QSL-Plant in
S{olberg/Germany

Waste Heat Boiler

For the efficient operation of the overall QSL-plant, a waste haat boiler was instalied to re-
move heat from the offgas for enargy recovery. The use of such a waste heat boiller system
was new in a lead smelting process and, therefore, several design parameters were frans-
fered from equivalent equipmeant in the zinc industry. After some minor madifications to the
waste heat boiler had bean performed, such as the improvement of the rapping device, it
became obvious that the heat transfer area was not sufficient dus to higher energy levels in
the offgases than expected. Therefare, the heat transfer area was enlarged by the installati-
cn of two additional panels of apout 100 m? into the radiation channel during the shut-down
of the plant In May/June "93.

An inclined membrane wall at the transition of the radiation channgl to the convective pass
was removed and substituted by a vertical wall because of the formation of sintered accreti-
ons which caused blockages [n the transition, resulting in an inferuption of the operation,
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Figure 12: Performed Modifications at the Waste Heat Boiler of the QSL-Plant in
Stolberg/Germany

Slag Treatmen

rther treat the slag from the QiSL-reactor In an electric fumnace In
arder to decrease the residual metal content in the slag. Operation showed that this fur-
nace-ype requires too mugh energy and, therefore, alternatives were gonsidered. A gas-
operated forehearth was installad and repiaced the elactric furnace, to setlle entrained me-
tallic iead before the slag is granulated. With the optimized operation of the process, the
slag can now be granulated directly at the slag iap of the reactor and, thersfore, the fore-

nearth was removed in May/June 1963,

It was initially planned to fu

etailurgical Resulis

Since the operaticn mode was changed, maintaining & lead level between 250 - 350 mm in

the reduction zone and a relativaly thin slag layer of approx. 100 - 150 mm, the envisaged
raduction results have been obtained under stable conditicns. Mareover, back-mixing ef-
facts within the slag are minimized under these operating conditions.

The obtained stable raduction resulis may pe attributed to the more intensive heat transfer
in superheated lead, ion transport and different diffusion rates within the entire system as
weil as the overall reaction kinetics, and their influance on gasificaton of the coal or the re-

forming of natural gas, Required heat for the reduction reaction Is provided by the super-

heated iead sc that problems with the formation of massive, uncentrolled growth of accreti-

on by frozen sfag adjacent to the injectors no longer oceur at operating temperature.
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Figure 13: Reduction Results of the QSL-Plant at Berzelius in Siolberg/Germany

Until the last plant modification in May/June 93, the plant could only be gperated below the
designed capacity, due to the limitations of the waste heat boller as mentioned above. After
the restart of the plant in July "3, it was demcnstrated within a short ime that, with the en-
largement of the heat transfer area in the waste heat boller, the throughput of raw materials
in the reactor couid be significantly increased without deteriorating the envisaged operating
results, mainly with regard to the reduction results. The reactor is presently operated with a
ralio of concentrates to secondarles of approx. 1:1 and feed rates between 28 to 35 th.
The lead content in the primary slag is adjusted at 25 - 30 %, resulting in a generation of
flue dust of approx. 6 ¥h. The total volume of offgas of 22,000 - 24,000 Nm?h behind the
electrostatic precipitator has a sulphur dioxide content of approx. 8- 10 % and is trans-
sarred to the sulphuric acid plant for the recovery of sulphuric acid.

&th Campaign
Since July 1993

5th Cempalgn

Ath Campaign
September 1882 - April 1903

3rd Campaign
Aprll - August 1992

Navember 1981 - Aptll 1692

Battery Paste
1% 14%

DYy 52%

56% 62%

67%

Secondary
Resldues Concenirates

Figure 14: Fresh Feed Composition of the QSL-Plant at Berzelius in Stolberg/Germany

492




fwh}

e
er
na
s
g

of
ne

52%

Tha slags produced are pssentially iron silicate slags and, with reference to the percentage
of the principal slag-forming constituents  Te0, CaQ, SiC, and AL, , arein the olivine
range. The ratio of the Ca0 + MgQ!/ S0, Is on average 1°0-1.2, Due to the zinc content in
the raw materials, the zinc conteni of the slag does not excead 15 % even if the entire fresh
zinc input is collected in the slag. The reduction potential in the reduction zone is adjusted
g0 that no zinc ts fumed. Otherwise zing would be collected together with the dust from the
oxidation zone due to the lack of a second offgas system, and recirculated back {o the
process, resutting in an accumulation of zinc in the slag, Above approx. 18 % zinc content,

the slag becomes viscous and is mere difficult to handle.

A compariscn of energy consumption in the QSL-ciant with the former mode of operation
{sinter plant and shaft furnace), shows that only approx. 60 % of the enargy Is required for
the QSL-plant. Even fuels cantaining sulphur can be amployed because ail offgases are

troated in a sulphuric acid plant.

Energy Recovery

The hot process offgas fram the QSL-reactor 1s cocled from approx. 1,200° Clo 400" Cina
waste heat boiler, Saturated steam with a temperature of approx. 250° C and a pressure of
47 bar is produced. This saturated steam is transferred to @ supsrheater unit instalied
downstream from the contact vessel in the sulphurlc acid plant, The steam in the super-
heater is heated to approx. 340° C with the excessive heat from the extremely exothermic
reaction
S0, + %0, = 50,

produced in the coniact vessel, An auxiliary bailer with a separate superheater guarantees
that the eniire volume of steam is always avallable at a uniform temperature and pressure
to operate a turbo-generator unit, even when steam generation from the operation

fluciuates.
The turbo-generator unit 1s deslgned for a nominal ouiput of 3.5 MW.

5 Waste Heat Recovery System at the QSL-Piant in Stoiberg/Germany

Figure 1
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According to the overall power generation concept, the turbo-generator can be operated
independsntly. Conseguently, in the case of a power failure, the QSL-plant can continue to

be operated.

The supply of electric anergy taken from the public grid could be reduced altogether from a
former value of 4.5 MW to 0.5 - 1 MW. The energy gained by waste heat recovery ave-
rages 2.5 MWh par manth.

Situation Regarding Emissions

For years, the degree of dust and heavy metal precipitation in the area of the plant has be-
en measured by ihe means of a network of monitoring stations, In the immediate vicinity (4
km? ) of the smelier there are 16 examination areas, each of 0.25 km?, where plant emissi-
ons are determinad. in addition, there are 48 examination areas, each of 1 km?, throughout
the Stolerg area, and a further 13 areas, each of 1 km’, over a wider area in the vicinity.

Based on measurements performed by the german authority the reduction of emissions
from the QSL-plant compared to the former status, i.e. with the operation of the sinter ma-
chine and the blast furnace, is as follows
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Figure 18

It was shown with the star-up of the new QSL technology that the high demands of the
"TA-Luft" (German air pollution legislation) are attainable and, close to the plant boundary,
the limits specified are significantty mainfained.
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Operation_of the QSL-Plant at Korea Zinc in Onsan/Karea

Madifications Performed before Commissiening

mmissioning of the QSL-plant in Stolberg/Germany,
d out in advance of the plant at Korea Zing being

The experience gained during the co
resultad in  some modifications carrie

commissionad.

Grigingt

Maditication 9

Figure 17: Criginai Dasign ana Performed Modification at the QSL-Reactor in Onsan/Korea

A tota! of four additional S-injector flanges were installed to eliminate the problem of plug-
ged feed ports caused by the splashing ¢f mell. This arrangement allows the reactor to be
operated with two or three feed ports always in service, while using 6 S-njectors located

offset from the feed ports.

Two dam rings were incarporated In the reduction zone o provide a constant lead layer of
petween 250 - 350 mm over the whole length of the reduction zone and to achieve satisfac-

tory and stable reduction rates.
Two additional partition walls were installed In the reduction zone for better control of the
reduction itself and to decrease the amount of back-mixing.

The offgas opening in the partition wall batween the oxidation zone and the reduction zone
was closed complately lo eliminate problems with the oparation of a two fan system using
two prassure control sensors and 1o improve the draft contral,

An oxy-fuel burner was installed at both ends of the reactor to avold the build-up of acereti-
ons and to keep the melt liguid,
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In accordance with experience gained from the Stelberg plant, a water-cooled injector was
introduced in the oxidation and reduction zons to improve the service life. In addition, the
injectors were designed as mavable injectors and can ke shifted into the reactor according
to the injector wear rate, upto a maximum length of 300 mm. In the case of the S-injectars,
the ratio of oxygen to total gas volume per injector was also reduced by Increasing the nitro-
gen shieid gas volume. All injeciors were equipped with an individual oxygen flow control to

improve the overall aperation.

Tne postcombustion lances in the oxidation zone were equipped with individual flow con-
trols and an adjustable oxygen enrichment andfor pure oxygen flow operation, 1o improve
the control of gas-postcombustion for a better heat-efficiency and to prevent uncontroiled
lead oxidation. The postcombustion lances In the reduction zone were equipped with an In-
dividual flow control for the postcombustion air and with an adjustable oxygen enrichment of
up to 40 % In {he alr, to improve postcombustion controi for better heat-efficlency and to

prevent a re-oxidation of lsad which had already been reduced.

A water-injection system was installed in the radlation channel for peak off-gas temperature
centrel if required, in order to avoid dust accretion build-ups in the waste heat boller.

To guaranies the continuous operation of the coal injection in the reduction zene, the flui-
dization system of {he coal dosing system was modified in order to pressurize the reductant
up to the opersting atmosphere by comprassing the reductant without the formation of &c-

cretions and bridges.

Cperating Perfermance

The comimissicning of the plant began on May 10th, 1292, with the first material being char-
ged into the reactor.

During the first operating period, some mechanical problems had to be sclved, mainly in an-
cliary equipment upstream or downstream of the reactor, such as a leakage in the waste
heat boiler system, the stag granulation system, etc.. Nevertheless, it was possible to de-
manstrate that good metallurgical results could be achieved in the plant.

QSL KOREA
February 1993

[t/

\
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Figure 18; Reduction Results obtained at the Q@3L-Plant at Korsa Zinc
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During the month of August 1992, the plant already achievec its design capacity for lead
bullion of 60,000 tpy. The reactor was operated mainly with concentrates as raw material
and with feed rates of between 42 - 48 #n. It was possible to adjust and maintain a lead
sontent ir the primary siag of about 30 - 35 % This lead content was reduced to 2 - 5 % In
the final slag tapped from the reduction zane. The total generated volume of offgas from the
oxidation zone was between 30,000 to 32,000 Nm¥h, including false air from the transition
reactor o the offgas channel, it contains approx. 9 - 11 % sulphur dioxide and carrles bet-

ween 7 to 8 ¥n of flue dust,

On November 22nd, 1992, the plant was shut-down to replace the partition wall between
the oxidation and reduction zane and to remove the two partition walls which had been in-
stallad in the reducticn zona. After optimization of the oparating parameters, it was found
that stable and sufficient reduction rates could be achieved even without the partition walls

in the reduction zone.

modifications prior to commissioning was an important measure

The incorporaticn of all the
aration of the plant within such a shart time after comrissicning.

to ensure the successful op

The arangemant of the installed S-injectors in relation to the feed ports eliminated spla-

shing into the feed ports.

With the water-cooled, movable injector system an increased service life could be achisved
fram the beginning, After optimizaticn by increasing the water flow rate up to BO - 100 I/h to
the Injectors in the oxidation zons, the sarvice life was substantially improved up 1o 1,600
operating hours resp, 67 operating days (table 3). The intensive cooling by the shield gas
mixture is utllized to form a protective mushroom in the vicinity of the injector tip and the sur-
rounding refractory. It is believed that an acceptable injestor life can only be achieved when
a stable mushroom is formed. On the other hand, accaptable reduction results could only be
achieved as explained before in ine presence of a certaln lead bath height, which means a
stable mushroom can only be formed If the distance af the injactor tip from the lead/slag in-
terface is not too high, otherwise ihe sarvice liie of the injectors is reduced (fable 3). A pos-
sible explanation for this effect could be the degree of difficulty In forming a mushroom of
solidified slag on the injector tip at high lead levels, Mushroem formation could be seen as a
dynamic process involving the transport of slag to the injector tip, due to the turbulence

tactor and the remelting of the slag in the passage of

caused by the gas plume above the inj
supsrneated lead, The deeper the lead layer In the quiescent part, and hence, the lower the
d part of the bath above the injectors and

probability of slag being gntrained in the stire
dragged down to the vicinity of the injector. This decreases the growth rate of any

mushroom baing formed.

]
Actual Average Injector Service Life Korea Zing
S-Injectors K-Injectors
In Deep Lead Bath | In Shallow Lead Bath 1992 1993
( §2,84,86,89) { 88,510)
Orverall Bor-Back Rafe | mmv/oper. hours 1,19 0.37 0.38 0.16
Service Life oper, days 21 67 34 7%

Table 3: Actual Service Life of the Injsctors at the QSL-Plant at Korea Zinc in Ongan/Korea
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Tne modified coal-dosing system resulted in a continuous flow of the raduction agent into
the reactor. The cooling intensity of the injectors, dependent on the flow rate of the shield
gas, has to be balanced so that the mushroom is large encugh (o afford reasonabla pro-
taction to the injector tip, but not so large to provoke injectar blockages by solid fusl. Cur-
rently, the achieved wear rates of the K-injectors are about 0.1 - 0.3 mm per operating hour,
resulting in an effective, average injector service life of up to 4 months. However, this aver-
age is affected by the premature replacement of injectors in the course of preventive
maintenance.

The individual control of the gas flow rates to the injectors, as well as the postcombustion
lances provided a much higher flexibility in controlling the overall process with regard to the
thermal and the material balance. Since the restart of the plant on January 5th, 1983, to-
gether with the operating parameters, optimized mainly with concentrates as new feed du-
ring the first five months after the commissioning of the plant, the amount of secondary ma-
terlals has continuously increased, esp. Pb/Ag-residuaes. in July '83, the ratio ¢f concen-
trates to secondary materials of the fresh material charged inte the reactor was up to 55:45.

1992 1st Quarter 1993 2nd Quarter 1993

Secondary Residues
5%

32%

96%

Concentrates

Figure 19: Fresh Feed Composition of the QSL-Plant at Korea Zinc In Onsan/Korea

In the process, copper and sitvar are collected mainly in the lead bullion and are recovered
in subseguent refining steps. Similar to the Stolberg operation, the generated slags are es-
sentially iron silicate slags and are, with reference to the principai slag-forming constituents
only, in the elivine range. The adjusted basicity (Ca0 + MgQ/SIC,) is in the range between
0.6 - 0.8. Zinc is fumed in the reduction zone depending on the prevailing reduction potenti-
al, then collscted In the mixed oxide dust, or leaves the reactor with the slag if not fumed.
Depanding on the reduction potential, most of the arsenic is reduced and partially dissolved
in the secondary lead or fumed and collected together with the zinc in the mixed oxide dust.
Cadmium is enrichad in the flue dust of the oxidation zone. In order to contrel the cadmium
content, a bieed of flue dust is performed periodicaliy and cadmium is recovered by le-
aching and precipitation as cadmium carbanate.
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The lead recovery rate cbtained from the ovarall process is approx. 98 %.

A comparison between the operating resulis of the QSL-process and the standarc process
(sinter machine and blast furnace} indicates that the mass flows of recycled materials in the
QSL-process have been drastically reduced. With the standard process {(sinter ma-
china/shaft furnace) the quantity of recirculated materials is approx. three times highar than
the charged materials in order to obtain the lowest possible sulphur content in the sinter. In
the Korean QSL-plant only approx. 1¢ % of the charge has to ba recirculated. This resuits
in fower sources of emission. Mcreover, In the QSL-process lower offgas volumes by the
application of oxygen instead of alr must be treated. As a consequence, this also results in
a reduced amount of emitted mass flows, Even with the wreatment of a raw material with a
ratio of concentrates to high fuel requiring secondary materials of 55:45, the consumption of
the solld fual is lower in the QSL-process compared to the standard process operating only
with concentrates. In addition, less expensive fuels and/or reductants can be applied, such
as coal Instead of coke. Most of the other consumption figures are lower in the QSL-process
than in the standard process. Altogether, this results in a more economic operation with low

environmental pollution.

Raw Materials Lead concentrate
1,000 kg

1,000 ki L
vy ¢ v

Flue dust
150 kg

« Fluxes 130 kg
« Water 256 kg
- Fuel oil 4 kg

Flue dust
2 kg

R

4 Fluxes 7ky

g 4 Nitrogen 85 kg o Air 6,200 kg

- Cxygen 288 kg

« Air A5 kg

P 4 Coal 95 kg OH-gas

[ « Demin. watar 13 kg
4 Coke 155 kg
- Air BEO kg

Flue dusi
160 kg

e, Mixed oxide 63 kg Shaft furnace

Process 936 ky Off-gas 1,025 kg

Gff-gas

_: Raturn slag g

0k
g Slag 320 Kg

P Slag 214 kg

l.ead bullion L.ead bullion
5 kg 670 kg
Mass Flow in QSI-Lead Smelting Korea Zinc #ass Flow in Conventional Lead Smelting
Basls: 1000 kg Raw Maleyial (85 % Concentrates, Busis: 1000 kg Concenlrates (65 % Pl
48 % Secondary Materials) (48 Yo Ph)
famro M

Figure 20




Further Developments

For an even more eccnormical operation of both QSL-planls, soms investigations are still
being carried out,

Senvice Life of the Refractory Lining

The service life of the main refractory lining in the QSL-plants In Stolberg and Korea is now
longer than one year. Compared to the main brickwork, a higher wear rate of the refracto-
rias fas been experienced in the partition wall, at the slag line and in the vicinity of the

injectors.

The refractory waar in the partition wall always starts in the joints in the gas phase. After
certain wear rates have been reached the attack affects single bricks which finally leads fo
the loss of that brick. The remainder of the brickwork is then no longer intertocked and will
aventually cause the loss of the wall. To impreve the service life of the bricklining of the par-
tition wall, the design has been modified so that the partition wall is built with polished bricks
without mortar to reduce the width of the joints. At the same fime, a detailed examination to
design a water and/or air-cooled partition wall Is being performad. A totally different design
of the partition wall area Is alsoc under investigation.

The wear rate at the slag line and In the bricks adjacent to the injectors is caused by erosion
and the infiltration cf slag into the bricks with the subsequent dissolution of the MgO-phase
out of the bricks. To extend the lifetime of the bricks in these areas as well as the partition
wall, different brick qualities are baing tested in two test areas in the Stolberg reacior. These
bricks have demonsirated an excellent resistance to high temperature, chemical attack, me-
chanical attack and thermal shock in lab-scale tests.

Service Life of the Injectors

Even though an acceptable and predictable service life of the § and K-injectors was
achieved by introducing water-cooled and movable injectors, further investigations to im-
prove the lifetime of the injectors are being carred out.

On a laboratery scale, several metailic and ceramic materials have been tesled. Injectors
have haen constructed from the best proven matarials from these tests in order to investi-
gate how these materials behave under operating conditions.

Furthermore, investigations regarding different injector designs are belng carried out in or-
der to improve the cooling of the injectors by the gas media.

Slag Flow Phenomena

For a further optimization of the reduction of lead, fluld dynamics caleulations on a cemputer
model are being carrled out to examine the flow phencmena of the slag at different depths
of the iead and the slag layer in the reduction zone.
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Conclusion

The QSL-process can mest the demands of modern, energy-saving, ecologically compa-
tible, lead production technology. German and Korean QSL-plant operations show that QSL
capital and operating costs are lower than those of the conventional sinter machine-blast
furnace process. Stringent environmental standards can bs met, and can be maintained on
a permansnt basis. The correctness of the inventors' creative ideas in the seventies has be-

en confirmead.

The viability and flexibility of the overall process and of reactor design has been demon-
strated in both plants. Lead bullion and low lead slag can be produced from a wide range of
raw matarials (concentrates and secondarles), as well as sulfuric acld from high sulffur dioxi-
de content process off-gas. The service life of shell refractories and of submerged injeciors
is acceptable, Operating experience in the new plants has resulied in process modifications
and there is potentlal for further improvements, as expected in the implemantation of new

technology.




