
Some criteria for the selection of
environmentally acceptable processes
for the processing of lead- and
zinc-containing flue dusts

_'1'1,*,.
"

,

,

/;

~;,:ih

It/
>

'"

pO

"'>,,-,""',...';,,/
~",i;;';~;:2

by M. Rcuter*, S. Sudholtert, and J. Kriigert

Synopsis

TbiS paper gives an overview of some criteria for the selection of
prOcesses for the recovery of lead and zinc from various raw
materials and/or intermediate products. A glossary of possible
processes and process variants, is presented and discussed, as well
as the way in whiCh these areinterlinked. Recent developments in
m.etall'l1rgicalprocess synthesis are also discussed, and the results
produced by an eco-techno-.economic synthesis procedure for
process routes in zinc metallurgy are given briefly. The way in
which such a synthesis can complement a life-cycle assessment
(LCA) of zinc-producing technologies is also described.

Introduction

The relevance of processes, processing concepts,
and strategies for the processing oflead- and
zinc-containing flue dusts must, as would be
the case for any industrial process, continually
be evaluated in order to ensure their long-term
survival. Three quotes from the literature
succinctly summarize this:

>- 'a continuous evaluation of operation
strategies by our industry in general and
(zinc) smelters in particular is vital'!

>- 'more and more pressure is put upon
zinc companies to treat their historical
residues and to produce environmental
acceptable residues'2

>- 'most of the processes applied to the
primary treatment of zinc raw materials
are also applicable to the treatment of
intermediates' 3.

The criteria by which an industrial process,
process concept, etc., can be evaluated is
depicted in Figure 1. Initially, the technical
feasibility of the process must be proved by,
for example, mass and energy balances, and
laboratory- and/or pilot-scale work. This
process can mature into a full-scale operation
only if it is economically viable and if it can
compete on a global scale with other processes.
This can be achieved if the operating costs for
the process are less than the costs for the
dumping of materials such as flue dusts. These
aspects, however, do not guarantee the success
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of a process or a concept in its own right since
environmental issues play a major role. It has
been demonstrated that many processes can
operate within environmentally acceptable
standards, Le. their emissions have acceptable
values. However, during the development of
new environmentally sound recycling concepts,
care must be taken to investigate and highlight
their long-term effects on the environment, by
the use of an environmental impact assess-
ment, to ensure that these processes do not
eventually become a liability.

It must be noted that a process or concept,
if it has any chance to survive, must at all
times be acceptable to society, especially a
society that is becoming more and more
environmentally conscious.

Lead- and zinc-containing flue dusts

The recycling of all the residues from the
production of iron and steel in order to create
closed circuits is receiving much attention,
especially the recycling of lead- and zinc-
containing flue dusts. Figure 2 shows the
locations at which these flue dusts are
produced during iron and steel making. As an
example, about 1 Mt of flue dusts were
produced in the German iron and steel
industry in 1992. In 1985, the European
Community was confronted with approxi-
mately 4.5 to 5 Mt of blast and converter flue
dusts per annum and approximately 0.6 Mt of
electric-arc furnace (EAF) flue dusts per
annum4. These dusts are either being
processed or partially recycled internally, or
are just dumped.

The chemical composition of these very
fine flue dusts depends on their origin as
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Economic ViabilitY of Process
(Costs, Transport, Processing ofintermediate products)

Technical Feasibility
(Mass/Energy balances, Feed materials, Plant location)

Decreasing
Number
of
Processes

?

?

e.g.: Wlllz-Kiln, IS-Furnace,

Electrolysis,...

e.g.: IS-Furnace, Willz-Kiln,
Electrolysis, Isasmelt,
Flame cyclone, Standing
Retort, Electric Furnace,...

Figure 1-A structure for the evaluation of processes for the processing of lead- and zinc-containing flue dusts (IS =Imperial Smelting)

summarized in Figure 2, and the zinc and lead contents vary
widely, as indicated in Table 1.

More specifically, the zinc and lead contents in the
various streams in Figure 2 are as follows5:

> sinter dust «2% Zn, <1% Pb)
> offgas dust from the blast furnace (0-20% Zn, 1-12% Pb)

> converter dust «6% Zn, <1.5% Pb)
> EAF dust (10-38% Zn, 2-10% Pb)

Iron Ore
..

Fin~ Ore

scrap

Slnter-
Dust

Offgas-
Dust!
Sludge

Pig Iron

Converter-
Dust

<0,1 "Zn
<0,05" Pb

Mill Scale

Figure 2-Locations for the creation of flue dusts, and their zinc and lead
contents
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Tab/e!

Composition range of the flue dusts produced in
the iron and steel industry4

Range
%

Range
%

0-38
0-12
0-15
0-9
0-0.8

0-7
0-3
0-1.4
Q-8,5

> stainless-steel flue dust (2-4% Zn, 0.5-1 % Pb).
Essentially, the elements in the various flue dusts can be

divided into those which can be recovered and resold (e.g.
zinc, lead, nickel, chromium, copper, precious metals and, in
some cases, iron) and those for which the recovery provides
no economic incentive. In summary, the objectives for the
processing of the flue dusts depicted in Figure 2 are as follows:

> recovery of the valuable elements (Zn, Pb, Fe, Cr, Ni,
precious metals, and chlorides)

> capturing of the other economically uninteresting and,
in some cases, environmentally critical elements, e.g.
Cd4in a stable form, to ensure their environmental
acceptability

> integration of the processing of the flue dusts into
existing process routes for recovery of the metal

> development of the most economically viable operation
of the processes.

The following sections discuss various concepts for the
processing of flue dusts containing lead and zinc (Figure 1),
which include the following:

> technically feasible and proven process technology
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Processing of lead- and zinc-containing flue dusts

> possible emergent and pilot-scale process routes

> economic viability of these processes

> their environmental acceptability.

In addition, a brief overview is given of a published
methodology in which the first three steps of Figure 1 are
formalized mathematically by a procedure of eco-techno-
economic synthesis, that permits a comparison of a vast
number of processes on an ecological, technological, and
economic basis6,7, subsequently, the use of this synthesis
procedure in complementing the life-cycle assessment is
discussed.

Technical feasibility

Industrial processes for the processing of lead- and
. zinc-containing flue dusts

Most of the processes applied to the recovery of lead and zinc
from primary raw materials can in principle be applied to the
recovery of lead and zinc from flue dusts8. In most cases,
however, the valuable elements in the flue dusts must be
concentrated (e.g. to more than 30% Zn) before their proces-
sing can be justified economically.

Figure 3 summarizes the most important industrial
processes that can be used to concentrate and process zinc
and lead from flue dusts5. This figure depicts the operating
ranges of the zinc contents of the intermediate or end products
against the concentration of the input feed materials for the
various depicted processes. From Figure 3 it can be seen that,
in the region ofpreconcentration (2 to 18% Zn), there is no
industrial-scale process for the processing of flue dusts.

Flue dusts with Iow zinc contents «2%)

According to the representation in Figure 3, flue dusts with
zinc contents ofless than 2% must be preconcentrated in a

t % Zn in

I

Products
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r---
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for the

60
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forfurther
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process such as the rotary-furnaceSPM/SDRprocess,which
was used in japan in the past9. This process produced a
product with a zinc content of 10 to 30%. Other processes
that operate in this region use the DKHblastfurnacelo and
the Inmetco furnacell, which produce secondary flue dusts
with zinc contents between 40 and 60%. Figure 4 depicts the
DKH process, while Figure 5 depicts the Inmetco process.

Zn- (Pb-) poor
Flue dusts

Further
input materials

<2%2n

Sinter

DKH-Blast furnace

> 45% Zn

Road building

Figure 4-The DKH blastfumace process10
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--0- Leaching I Electrolysis
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0

I I.t
20 30 40 50
% Zinc content of input materials

Figure 3-Various processes for the recovery of zinc and lead from flue dusts
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Zn- (Pb-) poor
Flue dusts

Further
Input materials

<5%Zn

Pelletising

Inmetco -Rotary Kiln

Prereduced iron
pellets

40 - 60 % Zn

Pb/Zn-containing
Flue dusts

Leaching
Removal of Cl, F, Alkali

Fe +
Ag

Figure 5-The Inmetco process11

Flue dusts with intermediate zinc contents (about 18 to
30%)

Dust with intermediate zinc contents (about 18 to 30%), e.g.
SPM/SDR secondary flue dust, are generally concentrated to
produce a secondary flue dust with a zinc content of more
than 35%. These dusts can be cycled directly to producers of
primary zinc metal. The process most often applied for concen-
trating flue dusts of intermediate zinc content is the Wiilz
kiln4. Various Wiilz kilns of different operating strategies are
in operation at a variety of locations and companies, among
which are Sumitomo Metal Mining Co. (SMM), Ponte Nossa,
Horsehead Resource Development (HRD), Espanola del Zinc,
Himeji Tekko Refine (HTR), Berzelius Umwelt Service (BUS),
Nisso Smelting Company, and Cerro de Pasc04.

Normally, the flue dusts from the iron and steel industry
with intermediate zinc contents (EAF dusts) contain reason-
able quantities of fluorides, chlorides, and alkali (up to 7%
Cl,3% F, and 8.5% Na20+K20). These become concentrated
together with the lead and zinc oxides in the secondary flue
dust from the Walz kiln, and create problems if processed in,
for example the Imperial Smelting Process (ISP) or during the
electrolytic recovery of zinc. Therefore, before these secondary
dusts can be processed further, the problematic elements and
compounds must be removed. The processes used can be
divided roughly into hydrometaIlurgical approaches or rotary-
kiln (clinker) processes12-15.

A schematic flow diagram showing the processing of flue
dusts according to the Walz process, together with processes
for the removal of the fluorides, chlorides, and aIkalt is given
in Figure 6. It can be observed that, not only must the Walz
oxide be processed further, but also the iron-rich Walz slag,
in this case as depicted in an electric furnace. Furthermore,
depending on the unit operation by which the Walz oxide is
subsequently treated, different pretreatment processing
routes must be followed. For example, the ISP is capable of

Pb-Zn containing Dusts
with average contents

purified Cd-Pb-CI- pure
Walz-oxide Product ZnO

~zn

(Pb-) In-Recovery

Enrichment
(e.g. Walz-Kiln)

Walz-residue

Electric
furnace

Leaching
Removal of
Cl, F, Alkali

Slag Fe-
Metal phase

Leach
Liquor

t

(15) 25-35 % Zn

> 45% Zn

Walz-Oxide

Clinker
(Rotary Kiln)

Blending

ZnO-Containing
Mixed product

.
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Figure 6-Enrichment of flue dusts of average zinc content in the Wiilz kiln and subsequent removal of chlorides, fluorides, and alkali from the Wiilz oxide
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tolerating up to 1% chlorides in the feed, implying that
blending could be used; in contrast, zinc electrolysis can
tolerate a maximum of 300 p.p.m. of chlorides in the feed
material, making leaching or a clinker process imperative.

Flue dusts with high zinc contents (>35%)

In the ISPI6, standing retortl7, or electrothermic shaft
furnacel8, zinc metal is produced from materials of high zinc
content (more than 35%), Only when the feed materials
contain more than 55% zinc, are hydrometallurgical proces-
sing and electrolytical recovery applied6,7, From Figure 3 it is
clear that the production of zinc metal from secondary
materials can occur only through two to three steps, However,
it should be noted that the feed materials to the Walz kiln or
to the ISP can be a blend of primary and secondary materials,
thus permitting the limited usage in these furnaces of
materials of lower zinc content than stated above.

Figure 7 comparesthe recoveryof zinc metal by the ISP
and electrolysis. It is clear that feed materials with different
levels of pretreatment are required, and that the ISP is capable
of recovering silver and lead in addition to zinc, which is not
possible after the hydrometallurgical route, Depending on the
silver price, the recovery of this element during the lead-
refining step can add considerably to the profitability of the

Enriched
alkali &chloride poor

Flue dusts

>55%ln

Leaching,
Purification

further
Input materials

>45% In
(>35% In)

Blending, Agglomeration
(Sinter, Briquetting)

Sale,
Slag blowing

Figure 7-A comparison between the recovery of zinc metal in the ISP
and via electrolysis

ISP, whereas the lead-silver residue from the hydrometal-
lurgical process route must be dumped or processed further
for the recovery of these elements.

Other processes for zinc- and lead-containing flue dusts

Table II lists additional processes (some unproven on an
industrial scale) that can be integrated into a flowsheet for
the processing of lead- and zinc-containing materials3.4.6,7,19.

The operating ranges of some of the processes listed in
Table II have been superimposed onto Figure 3 to yield
Figure 8, It can be observed from Figure 8 that some of these
processes operate in the preconcentration range (Le. with
between 2 and 18% zinc in the feed materials), which is of
great importance to the processing of flue dusts from the
steel industry, It should be noted that the Inmetco process
has been used industrially for some years in the treatment of
this type of dust.

Economic viability

The processes that were highlighted earlier, (Le. concen-
tration in a walz kiln; removal of chlorides, fluorides, and
alkali; and thermal or electrolytic zinc-recovery) can
undoubtedly be classified as technically proven processes,
which have also demonstrated that they can operate within
the boundaries of set environmental standards, taking
cognizance of the fact that these processes are being operated
in countries with strict environmental legislation. Processes
for the removal of chlorides, fluorides, and alkali are partially
in operation on an industrial scale.

An economic comparison between electrolysis and the ISP
furnace for the recovery of zinc from primary materials
remains vague. A comparison by Maczek2o in the early
1980s put the operating costs of the ISP 10% higher than
those of the electrolytic recovery of zinc (17.98 and 16.14
cents per pound respectively). Verney21, on the other hand,
calculated the operating plus capital costs of operating an
electrolytic process higher than those for the ISP (11,8 and
11.3 cents per pound respectively). However, it is not evident
from either comparison whether the recovery of lead and
precious metals from the ISP was included in the calculations.
The electrolytic process is also very dependent on the costs of
energy at a particular location. Furthermore, the low values
of fluorides, chlorides, and alkali tolerated for the electrolytic
recovery of zinc make a thorough pretreatment of the
secondary flue dusts necessary.

A final economic comparison between the electrolytic
process and the ISP is not made here. Under a given set of

Electrical
processes

Table 11

Various other processes for the recovery of zinc-containing materials3,4,6,7,19

Bath-smelting
processes

QSL process

Kivcet Process

Flame cyclone
Slag fuming

Isasmelt

TBRC
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Enviroplas
ScanDust
Tetronics
Elkem
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Figure 8-New processes for the recovery of zinc and lead from flue dusts in relationship to some existing technology5

favourable boundary conditions, both processes are econom-
ically viable. Whereas the electrolytic process can operate on
flue dusts of high zinc content containing low levels of
chlorides, fluorides, and alkali, the ISP can, in addition to
zinc, recover elements such as lead, copper, and precious
metals. Secondary materials with low contents of chlorides,
fluorides, and alkali can be blended, without pretreatment,
with primary feed materials and be treated directly.

So that a particular process can be evaluated objectively
as to whether it is more economically viable than another, a
synthesis procedure was formulated. This procedure6.7, which
also includes some environmental aspects, is discussed briefly
in the following section.

Process synthesis of metallurgical process routes

From metallurgical experience it is evident that the two
competing environmentally acceptable processes for the
production of zinc metal from lead- and zinc-containing flue
dusts are the combined leaching and electrolysis process and
the ISP. However, depending on location, type of material,
etc., other processes could be used to treat these flue dusts,
for example in existing plants that are in close proximity to
the origin of the flue dust or in newly developed processes
such as the circulating fluidized-bed reactor and the Enviro-
plas process19.

It has been suggested in recent papers that the neutral
leach residues created during the hydro metallurgical treatment
of roasted zinc ores should be treated pyrometallurgically.
When this route is adopted, the available pyrometallurgical

~ 32 JANUARY/FEBRUARY 1997

unit operations for the processing of the leach residues are
available at the same time for the processing oflead- and
zinc-containing flue dusts, as suggested by Figures 9 and 10.
This represents a holistic approach to the recovery of zinc
and lead, Le. the primary and secondary recovery of lead and
zinc are integrated in the most economical and environmentally
favourable way subject to the availability of suitable unit
operations.

It is clear from Figures 9 and 10 that there are a vast
number of processes that can be used for the treatment of
lead- and zinc-containing materials. This rather extensive
overview of the possible processes and process routes would
suggest that the selection of the right combination of
economically and environmentally acceptable processes is a
daunting task, especially if all possible combinations of the
different process routes are to be analysed. This selection can
be made only by very experienced metallurgists or can be
based on suitable synthesis models, Le. mathematical
optimization models that can determine the optimal
connection between various unit operations.

Since the development of such a synthesis model has
been the topic of two recent papers by the authors6,7, the
reader is referred to these for more detail. This development
represents the first application of process synthesis in
metallurgy. In contrast, there are a variety of applications in
chemical engineering22-24 and in minerals processing2S,26.
The methodology followed includes the following procedures:

~ creation of a generalized flowsheet in which the
products and residues of each unit operation are

The Joumal of The South African Institute of Mining and Metallurgy
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recycled to appropriate other unit operations, as
indicated in Figures 9 and 10

~ production of a suitable 'split factor' for every unit
operation and each element being considered, as well
as for environmentally related data

~ creation of a suitable set of generalized mass-balance
equations that describe all the possible process routes,
as well as the energy flow

~ creation of a suitable optimization model (hence a
suitable objective function)

~ solving of the ensuing non-linear optimization model
by a suitable optimization procedure.

This optimization model comprising the above
constraints is linked to the criteria for the selection of
suitable processes as depicted by Figure 1. In its simplest
form, this equation is

Elements

[

Unit operations

}
J= 6 mk'Ck- ~(1j'k+Oi,k+V;'k+Fj'k)'Xi'k' [1]

where/ = function that has to be optimized
Xi,/Q mk = mass flow of element k from unit i and

total recovery of element k, respectively

= revenue through the recovery of the

valuable element k

= transport costs per mass of the considered

element k for unit operation i

= operating costs per mass of the

considered element k for unit operation I

(including energy costs)

= costs for maintaining the environmental
integrity of the process per unit mass of
the considered element k for unit
operation i (e.g. dumping costs, penalties
for emissions, noise)

= fIXedcosts of the considered element k
for unit operation i.

A closer look at this equation reveals that some of the
criteria mentioned in Figure 1 are incorporated. For a specific
location, environmentally related costs are considered, as are
transport, fIXed, energy, and operating costs. However, the
incorporation of environmental aspects or criteria is a rather
sensitive issue since there is no generally agreed
methodology for the inclusion of these types of costs in
calculations27. The optimization using this approach would
produce a process configuration that would maximize / as a
function of the various costs, boundary conditions, and
environmental considerations.

The results produced by this model for a four-element
system (lead, zinc, silver, and iron) indicate that neutral
leach residues should be treated pyrometallurgically and,
more specifically, by the ISP, which permits the recovery of
lead, zinc, and silver, as well as the waIz kiln. The following
are some general results from the procedure.

~ Optimization on the basis of only the zinc recovery
(including the costs of the unit operation) produces a
solution that suggests that the neutral leach residue
should be processed in the ISP with subsequent slag
blowing and leaching of the zinc-containing flue dust
produced. As the costs of the unit operation increases
fewer and fewer unit operations are incorporated into

Ck

1i.k

°i,k

Vi,k

Fi,k
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the flow diagram, with the final solution resulting in
the dumping of the neutral leach residue, Le. no
processing of the residues.

~ If no constraints other than split factors are
incorporated, the jarosite route is the most favourable,
with processing of the lead-silver residue by a lead
producer and processing of the jarosite by, for example,
the Isasmelt process. As soon as the costs of the unit
operation are incorporated, the preferred route is
processing of the neutral leach residue in pyrometal-
lurgicalunit operations such as the ISP,WaIz kiln, or
flame cyclone. The results indicate that the ISP plays
the most prominent role.

~ Different solutions are produced depending on the type
of feed and the prevailing metal prices. For example,
when the silver price is high, the residues are treated in
processes that can recover silver, such as the ISP, QSL,
and lead blastfurnace.

Figure 10 reveals that the flue dusts can also be integrated
in this flowsheet, providing a holistic approach to the creation
of 'optimal' process routes for the recovery of zinc from
various intermediate materials.

In summary, it can be stated that the synthesis procedure
attempts to combine economic and some ecological weightings
to establish 'optimal' process routes for zinc processing. The
next logical step is to combine this procedure with life-cycle
assessment (LCA), which is defined and discussed in the
following section. This discussion also shows how the
published eco-techno-economic synthesis procedure interacts
with the LCA.

Life-cycle assessment

The environmental department (Umweltbundesamt) of
Germany defines life-cycle assessment as follows27:

~ Life-cycle assessment is a comparison of the environ-
mental effects of two or more products, product groups,
systems, or processes. Its aim is to expose weak aspects
of processes, improve the environmental characteristics
of the products, to provide guidance during buying, to
advance environmentally friendly processes and
products, to compare the behaviour of alternative
products, and to justify the actions taken.

According to the same publication27, LCAcan also be
defined as follows:

~ Product life-cycle assessment is an objective process to
evaluate the environmental burdens associated with a
product, package, process, or activity by identifying
and quantifying energy and material uses and resultant
environmental releases during their entire life cycles...
and evaluating opportunities and implementing changes
to effect improvements.

According to the Umweltbundesamt, the standard model27
for LCAis defined to comprise the following aspects.

~ Goal definition. This involves the setting of the
system and the system boundaries for the assessment
(e.g. geographical boundaries, types of process) and
the functional units (units used as a basis for the
comparison of the environmental impact).

~ Life-cycle inventory (LCI). An LCIresults in a list of
environmental impacts or an impact table, including
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information such as the mass flow of various products,
energy consumption, quantity of created residues or

wastes, emissions to air and water, transport used, and

a qualitative discussion of the resulting environmental

effects. An example in metallurgy is the recent LCI

produced for the German copper industry28.

~ Environmental impact assessment (EIA). The effects
of the LCIon the environment, e.g. changes to climate,
toxicity effects on humans and surrounding nature,
demands placed on raw-material resources, generation
of heat and noise, and odours created are pinpointed
by this assessment.

~ Evaluation. The results obtained for the LCIand the
EIA are evaluated.

~ Improvement analysis. Processes are improved as a
function of the weak points identified during the LCA.

Recently, Stewart and Petrie29 discussed how LCAcan
couple environmental and economic factors in a multi-variable
optimization of process performance. They conclude that it
would be possible to evaluate a set of 'non-inferior' operating
conditions in metallurgical processes in which the trade-offs
between economic efficiency and environmental performance
can be made explicit by the application of process synthesis.
It is evident that there is much similarity between the detailed
zinc application discussed in this paper and the more general
approach covering a wider spectrum of processes as discussed
by Stewart and Petrie. However, since these authors are in
the process of developing an optimization procedure for their
model, no results have yet been presented.

If the synthesis procedure given in this paper and the
definition of LCAare compared, there are a number of common
aspects, indicating that metallurgical process synthesis can
assist during LCAvery much as Stewart and Petrie29 postulate.
The following are common points.

~ The mass balance that is generated by the optimization
procedure gives a complete flow of the elements through
the generated process flowsheet. At the same time, the
energy consumption is produced. As demonstrated in
one of the authors' papers7, it is possible to change
scenarios and establish the effects of the change on the
synthesized process routes; the effect of process
efficiencies and economic indicators can also be
elucidated. It is clear that these are all typical aspects of
an inventory analysis.

~ As discussed by Stewart and Petrie29, LCArequires a
quantitative link between the generation of waste and
its environmental impact. As discussed earlier, each
process is provided with an environmental weighting
relative to an element k as given by equation [1]. This
is not quite in accordance with LCAand its impact
analysis, which requires, for example the aggregation
of waste inventories around recognized global
environmental problems, or the degradation of primary
resources as a function of waste generation. Never-
theless. the suggested synthesis procedure does select
processes that would minimize this aspect of the given
objective function, and therefore minimize the total
environmental burden. In so doing, the proposed
methodology covers some aspects of impact analysis.

~ Each 'optimal solution' producedby the proposed
procedure is a function of all the boundary conditions.
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A change in the boundary conditions would obviously
change the solution, and solutions can therefore be
improved iteratively as a function of these. In effect,
this covers the evaluation and improvement analysis
steps of LCA.

From the above it is evident that some aspects of LCAare
included in the synthesis procedure proposed here. However,
as formulated to date, this synthesis procedure does not form
part of an LCA.

Discussion

Depending on the zinc content of the feed materials, three
steps are currently used on an industrial scale for zinc-poor
materials, or one step for zinc-rich materials. A large group
of steel flue dusts containing intermediate levels of zinc
(about 20 to 30%), are primarily enriched by the waIz
process. The secondary flue dusts produced (about 45 to 60%
zinc) are processed subsequently by the usual zinc-metal
processes.

The principal processes for the production of zinc and
zinc-lead metal are leaching-electrolysis and the ISP respec-
tively. In both processes, however, the feed materials may
contain only limited quantities of fluorides, chlorides, and
alkali. Therefore, before flue dusts from, for example, the
Walz process can be used in these processes, they have to be
pretreated, e.g. by leaching. If the leaching route is followed,
the feed material may contain only 300 p.p.m. of chlorides,
whereas the level may reach 1% for the ISP. In addition, the
ISP permits the recovery of lead and silver, making it more
attractive than electrolytic recovery (which produces a
lead-silver residue that has to be processed further).

By use of the synthesis model proposed for the automatic
evaluation of the available process routes for the recovery of
zinc and lead, process routes that are optimal with respect to
their technologies, and to their economic and ecological
performance can be selected. In addition to LCAformalism,
this synthesis model is a useful tool in the bag of the
environmental engineer.

Although this paper focuses on zinc- and lead-containing
materials, its principles are applicable to the environmentally
conscious processing of all materials containing any number
of elements or compounds.
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