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Industrial-Scale Leadmaking with the
QSL Continuous Oxygen Converter

Paul E. Queneau and Andreas Siegmund

INTROBUCTION

Consumption of lead in the Western
wotldisapproaching five million tonnes
yearly, about two thirds of which is con-
sumed in the manufacture of electric
batteries. The remainder is used largely
for protection from corrosion and ioniz-
ing radiation, for sound insulation, and
in glasses. Growth in lead consumption
01 1.5-2.0% yearly is foreseen, partly due
to the increasing strength of economies
in Asia. However, the production and
use of lead presents well-known and

serious health problems due to its toxic
properties. Nevertheless, manufacturers
can maintain lead’s position as a valu-
able industrial raw material by employ-
ing modern, efficient, and environmen-
tally friendly technologies in its produc-
tion, by developing wisely chosen appli-
cations, and by providing proper safe-
guards in its use. Effective R&D to in-
crease lead-battery efficiency is neces-
sary, in view of promising battery com-
petition from other metals (e.g., Al, Li,
Ni, Na, and Zn}?

approximately 55% of total production
comes from primary lead smelters. More
than 85% of this lead is still produced
using Dwight-Lloyd sinter machines and
blast furnace operations, whichbasically
harks back to 1907 when the former was
introduced. This old practice does not
satisfy today’s requirements in respect
to efficiency and environmental protec-
tion. Therefore, the QSL (Quencau-
Schuhmann-Lurgi) continuous oxygen
converter, which produces lead from
both primary and secondary sources, is
now used in three Lurgi-designed in-

Lead has a high recyding rate, yet

i giwa
g Q 5 techno%ogy for [eadmaklng'
" ture:The H&D sec;uence reqmredt

t 3 abbutﬁo% ofihe overail costof a comparable greenneld ¢

- —no expenswe coke o eléefrade graphlte requxred dra-
- maticreduction i igad and SO, erhissions cornpared to-
- . Conven _onal prachce and W|de ﬂexﬂuhzy in slag com
L position: = :

*ougoxygen convetérs: g firstin Germany, 1hesecondj
* <inKorea, and the third in China. M’Tablel provsdes the
maln des:gn features ofthese plants 3 e

5lag ifia turnkey QSL ‘converter plant in G'ermany, for:

Based on these conciusmns, Lurgl proceeded wnh'
the des:gnofthree successfulcommercial Q8L contifit: -

JOM » April 1896




modifications. The converter is operat-

POl Niogen FnoOe P phsich ierCele ing very satisfactorily, notably in regard
ongeen | P ¥ ? ‘( : Fiug Dust to Slag-.red].lcnon—zone perform‘ar:ace and
ohargo toservice life of the submerged injectors.
Preparatton After an enlargement of the heat-trans-
fer area in the waste-heat boiler, raw
A [ B ] e[S gj;ﬁg;fjggjjgg;?hpm is close to plant
Otges The plant is a custom smelter in which
Staam 20 different galena concentrates, high
and low in lead, have been treated. The
e Waste Water,.s, secondaty raw materials consist of Pb/
Lead Ag residues from zinc plant operations,
Aallon Energy | rower leadba.lttery paste, and otherlead-bearing
! i Rocovary = materials such as lead scrap and lead
R S ) } l glasses, During the past year, plant feed
iDecapperizing e Olfgas -, had an average ratio of concertrates to
M secondary materials of 49:51, at an aver-
{4 Jﬁ ‘1 ﬁ, age total feed rate of 30 t/h to the con-
. Lead topper Sulturc Ao verter (Figure 2a). However, ratios of up
to40:60 havebeenachieved onamonthly
Figure 1. The QSL-Stolberg plant design. basis. Composition of the plant feed is
indicated in Figure 2b. The recirculated
Table I. Design Capacity and Feed Materials of QSL Plants material consists of plant by-products
Stolberg Korea Zinc CNIEC (e.g., dust, dross, and slag). Moisture
Lead Bullion Production Capacity 80,000 t/y 60,000t/y 52,000 t/y content is high (13%) due to the large
Reactor Size content of secondary materials. Feed sil-
Total Length 33m 41.1m 30m ver content is collected in the lead bul-
Smelting Zone Length 12.5m 14.4 m 10.5m lion and recovered in a subsequent re-
Slag-Reduction Zone Length 215 m 26.7 m 19.5m fining step. Converter slag is essentially
g;ﬂelgﬂcgi Z?.ne E;a . gg m ig m gg m ironsilicate. The main slag-forming con-
ag-iReduction sone Lla. A - - m stituents—FeO, Ca0, 5i0,, and ALO,—
Eeaelghljl?iﬁx?é Raw Materials (dry) 500/d 550t/d 260t/d are in the olivine percentefge rangez. Slag
Concentrates 3% 53% 100% basicity: (CaO + MgQO)/5i0,—averages
Residues 379 479t 0.8-1.0. Smelting-zone bath oxygen po-
Raw Material Mixture Composition tential is controlled by solid-fuel addi-
Pb 45% 35% 66% tion, the amount of which is determined
Zn 5% 10% 5% by the nature and amount of secondary
Cu : 0.7% 0.6% 0.2% materials in converter feed to obtain a
é\lf g-i;ﬁ gg‘j ggz; 25-30% lead content as PbOin the 1,000~

f e . a ' (o} (=} 1 a
et 0.05% 03 004% 1,100°C discharge to the slag reduction

* Ph/Ag residues, ashes, glasses, slags, refinery dust,

+ Pg/Ag residues, Zn residues, pastes {rom battery scrap, Au/Ag concentrates.

dustrial plants having a combined ca-
pacity of about 200,000 tonnes of lead
bullion per year.

With the QSL converter, modern oxy-
gen pyrometallurgy is used in the con-
tinuous, direct smelting of plumbiferous
materials for energy-efficient, ecologi-
cally compatible, lead production. This
converting process is incorporated in a
single, closed, channel-type bath smelt-
ing unit. Autogenous roast-reaction
smelting of lead sulfide concentrates is
employed, followed by bottom-blown
gaseous reduction of the ensuing lead
oxide slag. Reduction is effected by
mixer-settler, sequentially staged de-
creaseinbath oxygenactivity, and coun-
tercurrent flow of the lead produced. A
wide variety of lead-bearing materials
can be continuously converted inte low-
sulfur lead bullion, discard slag, and
50,rich off-gas.

The development of the flexible QSL
converter from concept through Lurgi’s
pilot-scale validation during 1981-1986

is described in the sidebar “Develop-
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ment of the QSL Converter,” and opera-
tion is outlined in the sidebar “Guide-
lines for QSL Converter Operation.”

OSL METALLGESELLSCHAFT—
GERMANY

[ 1988, Metallgesellschaft AG decided
to replace its polluting conventional
smelter in Stolberg, Germany, with QSL
technology, so as to comply with the
country’sincreasingly stringentenviron-
mental protection regulations. The new
smelter started up in August 1990, It is
designed fora 150,000t/ y throughput of
lead-bearing materials, about two thixds
of which are galena concentrates, and
the remainder are secondaries (Table I),
Figure 1 shows the simplicity of the over-
all Q5L plant design. The plant was inte-
grated info existing smelter facilities,
permitting utilization of the feed prepa-
rationand wet-gas cleaning systems. The
entire plant complex is monitored by a
state-of-the-art control roomand associ-
ated instrumenlation. Operating experi-

ence since start-up led to several plant

zone. The latter zone’s bath oxygen po-
tential is submerged-injector-controlled
g0 that little zine is fumed, resulting in
final slag zinc contents of up to 15%.
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Figure 2. (a) QSL-Stolberg fresh-feed compo-
sition in 1995; {b} QSL-Stolberg feed compo-
sition in 1995. Legend operates clockwise.




Lead contents in the 1,200-1,250°C dis-

charge slag of well less than 2% are ob-
tainable, but only when zinc is fumed at
low bath oxygen potential. A high-zinc
content in recirculated flue dustis unde-
sirable, because the latter can be a sub-
stantial proportion of total feed by weight
(e.g., 20%}. Slags containing more than
15% zinc are generally too viscous at
converter temperatures. Normal plant
lead recovery exceeds 98%, as indicated
in the metallurgical balance of the Stol-
berg operation (Table II). Specific plant
consumption figures during the past year
are shown in Table IIT,

The converter has a length of 33 m, a
diameter of 3.5 m in the smelting zone,
and of 3 m in the slag-reduction zone,
with countercurrent lead-slag and gas-
slag flow. Itis refractory-lined with high-
quality chrome-magnesite brick. A re-
fractory underflow divider separates
the smelting-zone liquid phase from the
slag-reduction zone liquid phase. The
simelting zone is equipped with three
bottom-blowing nitrogen / water aerosol
shroud-gas protected injectors through
which tonnage oxygen is injected into
the bath. The slag-reduction zone is
equipped withsix shroud-gas protected,
bottom-blowing injectors. Five of these
injectors blow tonnage oxygen and pul-
verized bituminous coal into the bath as
reductant. The sixth is installed close to
slag tap and blows tonnage oxygen and
naturai gas, easing settling of lead drop-
lets in the slag. These slag reduction
zone injectors operate in the essential
sequenced mixer-settler configuration,
A single system is employed for con-
verter gas exhaust and treatment. Gas
volume is about 25,000 Nm?/h and SO,
contentaverages 10%. Excess heatin the
off-gasisrecovered in a waste heatboiler.
The 47 bar steamn generated, together
with steam generated in the off-gas sul-
furicacid plant, drivesa turbo-generator
unit. Eleciricenergy so obtained amounts
to about 3.5 MW. This more than covers
the 3 MW power requirement of the Q5L
plant and amounts to 75% of the total
plant requirement.

QSL KOREA ZINC—
SOUTH KOREA

In 1988, Korea Zinc decided to con-
struct a Jead smelter in Onsan based on
Lurgi’snew technology. The QSLsmelter
started-up in 1992. It is designed for the
processing of a variety of concentrates
and secondary materials, the latter
mainly Pb/Agresidue fromits own zine
plant. The design residue content of the
raw materials feed averages about 47%
(Table I}. The overall process design is
similar to the QSL plant in Germany
(Figure 3). However, the converter has a
second off-gas system—at the end of the
slag reduction zone—in order to fume
zinc separately. Tt is collected in a bag-
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hcuse as a mixed-oxide dust for hydro-
metallurgical zinc recovery and lead re-
turn to the converter. A coal crushing
and milling plant supplies coarse- and
fine-sized bitumincus-coal particles for
converter consumpticn. As in the Stol-

berg plant, other feed materials are not
crushed or milled, but merely mixed
before charging into the converter.

The converter (Figure D inthe “guide-
lines” sidebar) has a length of 41 m, a
diameter of 4.5 m in the smelting zone,

Since the conclusion of Lurgi's QSL converter stud-
ies, continuing broad-based devalopment work overthe
past decade has demonstrated the validity of the pilot
plant-based ceoncluslons and provided the following
guide for QSL converter operatici,

Moist galena concentrate, lead-bearing secondary
and recycled materials, and flux are fed to the gently
sloped (0.5-1.0% downward toward lead dlschargs),
filting, horizental kiin-like converter, The materials must
be thoroughly mixed and large-tonnage blended to
satlsfy steady-state feed requirements. Load-slag flaw
is countercurrent, and gas-slag flow should be concur-
rent, with lead recovered in the alag reduction zone
joining the lead produged in the smelting zone, The feed
is smelted in the first section of the converter: the
oxygen-hottom-blown, strongly stirred smelting zone, It
fs characterized by a bath oxygen activity deflned by a
Schuhmann number: [10g{P o,/P,.l] ot about 2.2. Here,
low-sulfur lead bulfion is producad and discharged
through a siphon, and the PhO-rich slag remaining is
passed to the oxygen and coal bottom-blown slag-

progressively decreased to a Schuhmann number of
about 0.2—and its temperature steadily increased—
before slag discharge. This sequentially staged bath
oxygen activity as wel! as the compositional and tem-
perature gradients are achisved by submerged oxygen
and coal introduction through Savard-Lae Injectors for
staged heat and mass transfer in a seriss of reguiated
hubble plumes. The independantly and accutately con-
frolled gas analysis injectors are spaced sufficiently far
apart—and their mass flow rates so regulated—as to

reduction zone, i this section, bath oxygen activity Is -

GUIDELINES FOR GSL CONVERTER OPERATION

turnas PbSO, cake to the converter, A wall Isemployed
it separation of SO,-rich and ZnQ-bearing gases Is
desired. In this case, the converter has a gas offiake at
each end and two gas trains (Figure D).

The mass flow rate of the sonic velocity gases
simultaneousiy Injectad into the slag reduction zone
bath should not exceed that needed for break-up of the
jet into a weli-developed turbulant bubble plume. The
high gas velacity is necassary to prevent plugging the
injectors by bath constituents. However, jetting of the
hot reducing gas tight throughtha bath due to excessive
momentur is defrimental to gas utilization efficiency
and to bath chemistry contral. It is wastefuf of costly
inputs—heat transfer back to the slag is modest, and
mass transfer is poor. Furthermiore, such jetting can be
the cause of unnecessary post-combustion difficulties
and unwanted splashing and sloshing. It Is imperative
that the bubble plumss maximize gas-iiguid-solid inter-
faclai coritact area and mixing In their reglons of the
bath, The rale of heat and mass transfer is divectly
prepertional to this area's magnitude, and reaction rate
Is Inversely proporfional to interfacial boundary layer
thickness. The slag should be deep, so as to give the
tapidly rising gas bubbles tims to accomplish their
missicn. Therefore, lead is not allowed to ocoupy es-
sential working space, beyend that inevitably taken by
the inharently ever-present shallow, continuous, under-
lying layer of recently produced lead. Furthermore, high
iead levels raduce the service life of the Injectors: by
interfering with the formation of the mandatory stable
"mushrooms” that protect their tips. The lead produted
should flow steadily and continuously to the smelting

form, with minimal splash, a longitudinai se-
ries of orderly reaction gas-siag bubble
plumes of progressively decreasing oxygen
activity and increasing temperature until slag
discharge. These chemically active mixing
regions are separated by passive lead set-
tiing pools. Therea is no intermixing of adja-
cent bibble plumes, thus providing a con-
tinuous mixer-settler, countercurrent lead-
slag flow configuraticn in-the slag reduction
zone (Figures A and B).+17

The reader is referred 1o Richter's model-
ing studies descrioing the fluid mechanics
phenomena of phase mixing and separation
in this countercutrent reaction channel, a2
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Figure A. Flow circulation on one side of the Injector
in channal reactor water experiments,

Calm lead settling basins are

| located at both ends of the con-
verter and between the iwo
zones. The latter makes = re-
fractory zone divider unnaces-
sary. If, nevertheless, a refrac-
tory bartier of some kind is de-
sired, it can be a wall with an
underflow passageway, a maxi-
mal opening bridge arch, or an
appropriatelycooled suspended
| shallow baffle. The simplest re-

actor has no such barrier, a
single gas cffiake, and a single
gas train {Figure C). The train
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includes gas heat exchange,
dustrecovery, and conventiona
sulfuric acid leaching of soma or
afl of the dust for zinc and cad-

mium extraction, with lead re- mushroom.

Figure B. An ideal{zed bubble plume inthe reduction zone ofthe
G5 oxygen converter: (a) injector (O, +coal) shroud and carrier
gases; (b) jet; (c) bubble plume; (d) phase separation; and (g)
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and of 4 m in the slag-reduction zone; an
underflow wall separates the zones. The
smelting zoneis presently equipped with
four injectors, and the slag-reduction
zorne has seven. Off-gas to the waste-
heat boiler from the smelting zone hasa

volume of about 35,000 Nm?/h (includ-
ing ingress air from the feed ports and
the converter/ vertical uptake transition)
and has a 10-12% 50, content. Process
gas generated in theslag-reduction zone
is passed through a vertical uptake
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equipped with water-cooled membrane
walls for heat exchange. It is then
quenched with air and water to a tem-
perature below 200°C and passed to a
bag filter for dust removal.

Expertence gained at the QSL plant in
Stolberg was incorporated in the Korean
plant design, and other improvements
were also implemented. Converter feed
wasinitially mainly galena concentrates.
Good metallurgical results were soon
obtained, and 15 different concentrates
have now been treated. The converter
operated at feed rates of 42-48 t/h, with
2-5% lead content in final siag. After
optimization of process parameters, the
proportion of secondary materials was
increased (e.g., lead-silver residues from
the zinc plant, oxide residues, and exter-
nal sludge). Depending on prevailing !
slag-reduction-zone oxygen potential,
much of feed arsenic content is reduced
and partially dissolves in the secondary
lead or is fumed and collected with the
zinc in the oxide dust. This is especially
true when slag lead content is decreased
below 3%. Feed rate to the reactor was
increased after increasing the particle
size of the coal used as a secondary ma-
terial fuel in the smelting zone, which
led toless carry over into the waste-heat
boiler. Increased coal-utilization effi-
ciency and decreased boiler burden per-
mitted the higher converter feed rate.

Average 1994 feed rate was 47 t/h,
with a ratio of concentrates to secondary
materials of 68:32. The amount of fresh
material in the feed was 60%, which is
substantially higher than the 46% at
Stolberg (Higure 2b). This is due to the
lower average moisture content in feed
material and the relatively lower flue
dustproduction at higher feed rate. Cur-
rent feed rate is 55-60 t/h, with a feed
composition of 55% concentrates, 28%
Pb/Agresidues, 6% oxideresidues, and
11% miscellaneous lead-bearing materi-
als (Figure 4). Final slags are similar in
composition to those at Stolberg. Ad-
justed basicity is in the range 0.7-(.9,
and lead content as PbO in the primary
slag is 35-40%. The lead content of dis-
charge slag is below 5%, corresponding
to a total lead recovery of about 98%.
Zinc inpul in converter charge is only
partially fumed (30-40%) in the slag-
reductionzone. Theslag d1scharged from
the converter is scavenged in a simple,
well-performing, top-blown Ausmelt
slag fuming furnace, where the zincand
lead contents are decreased to 3-5% and
less than one percent, respectively.

GSL COMINCO—CANADA

In December 1989, a QSL plant de-
signed by Lurgi for 120,000 t/y lead
output was started up at Trail, British
Cotumbia. Tn compliance with Comin-
co’s request, the converter fuel require-
mentwas to be met entirely by the direct
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Figure 3. The QSL-Korea plant design.

Table II. Metallurgical Balance of the QSL Converter at Stolberg (%)*

Lead Copper
Input 100 100
Output
Lead Bullion 98.4 83.86
Slag 1.6 16.14
Sulfuric Acid
Cd/Zn Carbonate

Emission Air

Zinc Arsenic Sulfur
100 100 100
0.08 3.8 1.0
99.5 94.6 0.2
0.9 98.1
0.42 0.6
0.1 0.7

* Source: QSL-Die umweltfreundliche Bleigewinnung Bd. 1; Berzelius Stolberg GmbH Bleihitte Binsfeldhammer.

use of natural gas, although such use
was contrary to both QSL and Cominco
standard slag-reduction operations,
which depend on solid fuel. After three
months of failed attempts to success-
fully substitute slow-burning methane
for bituminous coal, the converter was
shut down and ultimately abandoned. It
is being replaced by the Russian,
coke-dependent Kiveet furnace.'™

QSL CNIEC—CHINA

In the summer of 1985, China
Non-Ferrous Metals Import and Export
Corporation (CNIEC) decided to build
in remote Baiyin the first commercial
Lurgi Q5L plant by installing anew lead
smelter with a capacity of 52,000 t/v
lead builion. The design is primarily
based on the treatment of galena concen-
trates. The QSL converter has a total
length of 30 m, a diameter of 3.5 min the
smelting zone, and 3 m in the slag-re-
duction zone. Oxygen is blown into the
smelting zone by three submerged injec-
tors. Ceal and oxygen are blown into the
slag reduction zone by five submerged
injectors. The overall concept is similar
tothe Stolberg plant (Figure 1) except for
the energy-recovery unit. Total feed mix-
ture consists of concentrates, fluxes, coal
fines, recycled process flue dust, and
some slag returned after zinc fuming in
an electric furnace. The feed is propor-
tioned, mixed, and agglomerated on a
pelletizing disc before entering the reac-
tor. The plant was started up at the end
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of 1990, but was shut down three months
later due te process-related problems
and mechanical problems—primarily in
the oxygen plant. CNIEC modified and
restarted the Baiyin plant in June 1995,
after visiting the QSL plants in Stolberg
and Onsan. Within six weeks of startup,
very good metallurgical results were
obtained at design capacity, and excel-
lent operating performance continues.

QSL VS. CONVENTIONAL
TECHNOLOGY

The capital cost of a 150,000 t/y QSL
plant is about two-thirds that of a com-
parable conventional sinter machine-

blast furnace plant. Energy consump-
tion per tonne of raw material of the QSL
plantin Stolbergisalso about two-thirds
that of the conventional smelter it re-
placed (Figure 5). This includes a credit
for power generated by the waste-heat
boiler steam. A comparison of QSL- and
conventional-plant operations (Figure &)
shows that the mass flow of QSL re-
cycled materials is far lower. In a con-
ventional plant, the quantity of recircu-
lated materials (flue dust, return fines,
and slag) is about triple that in a QSL
smelter, primarily due to the deficien-
cies in today’s world of the traveling
grategalena sintering machine. InOnsan,
less than approximately 20% of feed
lead-bearing material is recirculated,
which represents a major, multifaceted
improvement. Also, QSL off-gas volume
is far lower and its 50, concentration far
higher, mainly due to elimination of sin-
tering and replacement of air by oxygen.
Even when a QSL plant treats large
amounts of secondary materials, it con-
sumesless fuel than a conventional plant
treating concentrates only. Moreover, the
latter’s high-cost fuel—metallurgical
coke produced by environmentalty un-
friendly by-product coke ovens—is re-
placed by a broad range of lower-cost
bituminous coals and, optionally, addi-
tional minor amounts of low-cost petro-
leum coke, (e.g., the product of environ-
mentally friendly oil refinery delayed
cokers). Overall supply and maintenance

11%

55%
B Concenirates 1 PbiAg-Residues BHOxide Residues MMothers

Figure 4. The fresh-feed composition of QSL
Korea Zinc (April 1985).
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costs are also much lower in a JSL op-
eration.

An outstanding value-added charac-
teristic of the new practice is its manifest
supericrity over conventional lead-
making in respect to pollution. In 1970,
German government authorities in-
stalled a network of monitoring stations
in the Stolberg plant area to measure
dust and heavy-metal precipitation. In
the immediate vicinity (4 km?) of the
plant, there are 24 examination facilities
measuring plant emissions. Addition-
ally, there are 48 more distant examina-
tion facilities, and another 13 beyond
them. When the German government
imposed the new “TA-Luft” legislation
(technicalinstructions on air quaiity con-
trol) in 1986, Metallgesellschaft had only
twoalternativesin thefollowing decade:
either continue the Stolberg operation
by introducing new technology or aban-
don the plant. Extensive modifications
were, therefore, madeinits conventional
practice, but the TA-Luft heavy-metals
emission standards still could not be
met, Furthermore, planned reduction in
SO, emissions proved impractical (e.g.,
an additional desulfurization facility for
blast furnace off-gas treatment had to be
rejected for cost reasons).

QSL technclogy was, therefore,

Table lll. 1995 Specific Consumption
Figures per Tonne of Charge

QSL Converter Stolberg*
Throughput of Charge 30t/h
Silica Okg/t
Limestone 26 kg/t
Iren-Blux 42 kg /t
Oxygen 156 Nm?/t
Nitrogen 71 Nm?3/t
Power Consumption 115 kWh/t
Power Production 130 kWh/t
Coal 66 kg/t
Natural Gas O Nm?/t
Compressed Air 122 Nmd/t!

* Raw material composition = 49% concentrates and 51%
secondary materials.

t Due to five days per week operation; weekend injector
protection.

adopted withresulting striking environ-
mental change for the better, bothinside
and outside the plant. New practice
emissions of dust are sharply lower over
a broad specirum. Emissions of lead,
cadmium, and sulfur dioxide from the
new converter facility have all been de-
creased by more than 90%. (Figure 7).
The stringent clean air demands of
TA-Luftare now being met, both close to
and far from the plant’s perimeter. Hor
instance, the lead content in QSL dust
emissions at the plant perimeter is 0.2
ug/m*—which is much lower than the
corresponding German and U.S. control

figures of 2.0 pg/m? and 1.5 pg/m?, re-
spectively.

PAST TO FUTURE

The solution to difficult energy and
pollution problems around the world
depends on better— not less—iechnol-
ogy, an aphorism ail rational environ-
mentalists comprehend. In 1974, the in-
ventors of the (-5 continuous oxygen
converter publicized their belief in its
superior capabilities for copper, nickel,
andlead productionin respect to energy
consumption, metal loss, and pollution.
“The dream of a better way”*rejected in
the United States as impossible is now a
reality abroad. The Q5L continuous oxy-
gen converter meets the demand for eco-
nomic, energy-saving, ecologically com-
patible lead production from both ga-
lena concentrates and, importantly, a
great variety of secondary or recycled
materials. Lurgi QSL plants have proven
that their capital and operating costs—
and injurious emissions—are all impor-
tantly lower than those of conventional
sinter machine-blast furnace plants. Since
the latter are sperannuated, their obso-
lete design will not be copied in green-
field construction. Lurgi’'s modern lead
converter can be retrofitted into these
old-fashioned plants and, thereby, take

Lead Concentrate (65% Pb}

Lead bullion
630 kg (98% Pb}

1,000 kg
¥
Flue dust = 4 Fluxes 130 kg Flue dust
150 kg 192 k
A Water 256 Kg g
€ Flel 4 kg
« Ajr 6,200 kg
SINTER MACHINE
Off-gas
< Goke 155 kg
A Air 880 kg
Flue dust
160 kg
BLAST FURNACE
Off-gas 1,025 kg
Return slag
560 kg
. > Slag 320 kg

Lead Concentrate +
Secondaries (46% Pb)
1,000 kg
hd

Lead builion
465 kg (98% Phb)

== 4 Fluxes 7 kg

« Nitrogen 65 kg
< Oxygen 288 kg
< Air "45 kg
< Coal 95 kg

7= Demin. water 13 kg

QSL-CONVERTER

Mixed oxide 63 kg
Process 936 Kg
Off-gas

Slag 214 kg

a

b

Figure 6. Mass flow comparisons: (&) Conventional galena concentrate lead smelting—basis: 1,000 kg galena concentrates (65% Pb). (b) QSL galena

concentrate and secondaries lead smelting (Korea Zinc)—basis: 1,000 kg raw material (55% concentrates, 45% secondary materials) (46% PB)
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Figure 7. Pb, Cd, and S0, emissions at Stolberg.
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maximum advantage of the existing in-
frastructure, In leadmaking, the future
has arrived!

Many metailurgists find it difficult to
believe that leadmaking—in overall
terms—is more difficult than copper-
making. This misunderstanding is ex-
plainable by the marked dichotomy sepa-
rating the two industries. Fruitful bridg-
ing of the chasm between their produc-
tion technologies requires study: the
chemical and physical properties of the
two elements and their compounds at
elevated temperatures are critically dif-
ferent. Better understanding of these facts
will help clear the way for adoption of
the continuous cxygen converting of
mineral concenirates and secondaries by
the copper industry. The same conclu-
sion applies to the pyrometallurgy of
copper-nickel-cobalt sulfide concen-
trates, The great rewards attainable in-
cludeimproved metal recovery at lower
cost and improved environmental pro-
tection. In the past half century, lead-
meking brought up the rear of the oxy-
gen pyrometaliurgy parade, It is now a
leader. Coppermaking and low-iron,
copper-nickel-cobalt matte-making will
surely follow—the future beckons!?:2
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