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Summary

1. In spite of the metal's relative nobility the metallurgy of
lead is not so simple as one would presume. This is caused both
by its occurence as sulphide and by the low melting points and
the high volatility of the metal and its compounds.

2. The old Scotch hearth process offered a simple way to take
advantage of some of these circumstances and enabled the direct
production of lead from high grac: galena ore. Its adaptability
to low grade ore; and ordinary concentrate was, however, not so
good, and the blast furnace process became the most important
smelting procedure for lead and practically the only used around
1950.

3. The benefits of the hearth process were not forgotten, and
when the supply of rich galena concentrates has become more

abundant there has appeared some new processes grounded on the
same basic principle, the roast reaction which can be expressed

as the partial oxidation of galena to wetallic lead:

PbS + 0, —3 Pb + SO,

8. Of the new processes the round hearth process is a direct
conversion of the old straight hearth process whereas the self-
fluxing smelting has same new features. These two are both

characterized by excess oxygen in the basic reac_sion written

above and therefore require a slag reduction treatment as a
substantial complement to the smelting proper.
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S. Another type of processes works with deficit oxygen

in the basic reaction and must eliminate sulphur from the
bullion. The most important process of this type is the
Boliden process where the partial ogidation is performed

as flash smelting in the upper part of an electric furnacej

the residual sulphur is removed in a converter.

6. The blast furnace process for zinc (the ISF process)
gives lead as a large-scale byproduct and has turned up as
an important lead produce. Therefore, it must also be

discussed as a new lead process.

7. To make an objection-free comparison of the newer lead
processes both among themselves and with the standard blast
furmace smelting is very difficult if not to say impossible.
There are always some important parameters which are not
comparable such as size, composition of galena concentrate,
prices on local facilities (labour, fuel, energy), relations
between these, local regulations on air and water pollution
and possibilities to evaluate zinc and other minor metals in

the raw material.

8. In spite of their simplicity and apparent ability to extract
lead at low production costs the roasti reaction processes have
definite !imitations in their adaptability. The most important
is their exclusiveness to sulfidic concentrates and specially

to high grade ores. For the round hearth process and the self-
fluxing smelting, described above as the roast reaction processes
with oxyde excess, comes further the fact that they operate in
small furnaces; it is not cleur that a larger production can be
performed in larger units so probably this requires enlarged
number of units which increase. the costs of both labour and
equipment. Finally, these two processes seem to be suitable only

for concentrates with pasic gangue.
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9. The Boliden process (and eventually algo the Outokumpu
method) should ' competitive for medium and big smelters.

It requires medium-grade concentrate, the capital costs are
relatively high but the need of labour is small even if it
must be skilled in order to handle the complicated equipment.
If electric power is cheap and coke expensive, there is no
doubt that this process, perhaps in combination with the basic
ideas of the Outokumpu process, is very applicable for the
treatment of good concentrates. A drawback is the handling of
large quantities of flue dust which, however, can be mechanized
to a great extent.

10. For large tonnages of concentrates of low and average grade
the blast furnace process still is a good alternative. It has

the greatest adaptiveness of all processes and is suitable also
for oxidic minerals like cerrusite PbCO3 and anglesite PbSO.

It requires both expensive fuel as coke and is not very low in
costs for labour, repairs and construction but like the old blast
furnace for pig iron it has proved very reliable, sc even if
existing lead plants should be rebuilt today most of them should
gtill use the blast furnace method.

11. There is one important limitation and that is if the lead
concentrate can be treated together with sufficient quantities
of zinc concentrates. In this case the ISF process can produce
lead to a cost for below that of every other lead producing
process.
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1 General survey on mechods for lesd production

P —— e . W A O

11 General principles

—

P T T

11-1 In nature the most common lead mineral is galena which has the composition
of lead sulphide; usually it is easy to concentrate to 50 - 60 % Pb and some-
times even up to 70 or 80 % Pb. From sulphide concentrates lead can in principle
be produced in three different ways.

a. by roasting and following reduction of the oxide - rcast reduction methods
(fig. 11 a)

b. by roasting and simultaneous reduction of the oxide by unreacted sulphide -
roast reaction methods (fig. 11 b)

¢. by welting with a metal such as iron having higher affinity to sulphur
than lead - precipitation method (tig. 11 c)

11-2 In its simpliest form the three methods car. be illustrated by the flow-

sheets in fig. 1 in which F means a treatment in some kind of furnace or other

apparatus.
™S
°3\ 1 ns
o,
T (roast) » 90, ‘\\s
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fig. 11 & Tw rcast reduction protese Fig. 11 b The resst reacticn process
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Fig. 11 ¢ The precipitation process

Slag

Fig.-s 11 a, b, ¢ Principal flowsheets for the basic processes for lead
production.

11-3 If lead occurs in other minerals of oxidic charachter the material
is treated according to method 1.

11-4 Of these methcds the third nowadays is hardly utilized as an independent
method and will therefore not be discussed. The roast reduction method is

not the simplest but nevertheless the most applied and will be discussed first.
The roast reaction methods have ai apparent simple flowsheet but are applicable
only under certain conditions; therefore, they have been subject for the
special interest cf metallurgists looking for new ideas for lead production

from rich galena concentrates.

el T T R SR it - o—_ o —

12-1 In order to fcrm a background for the later discussions it is necessary
to know a little of the thermrchemical behaviour of lead and of some of its
compounds such as oxide and sulphide.

Following reactions are relevant:

2P0 === 2Pb+0, (1)
DS + 0, —— 3 Ph ¢+ SO3 (2)
™3 + 3/2 0, PO + SO, (3)

S ¢+ 20, ——=PbSO, (»)
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12-2
As combination of (3) and (4) basic sulphates are formed. 4 combination

of (2) and (3) gives the roast reaction:

PbS + 2 PO == 3 Pb + S0, (5)

Another kind of roast reaction is a combination of (2) and (M4):

PbS + PbSO, == 2 Pb + 2 SO, (6)

~

12-3
As - at least at lower temperatures - the sclubility of the solid or liquid

substances Pb, Pb0, PbS and PbSO, in each other is rather small, their

activities will equal unity and we can without great error write the constants

these reactions as

2
Po, k, = 1/po,
Pso, /p, k, = Pgo
2 S 2

2

Psozlp” kg = psoz

02

12-4

As k is a function of temperature we have a system of the three variabies k,

po2 and psoz, and by giving pso2 certain values such as 0.1 at and 0.0l at

we can make diagrams showing areas which indicate the conditions of existens

for lead and the different compounds. These are given in figs 121 and 122.
12-5

From the area of PbS we must for extraction of lead move into the field of

Pb, and the figures indicate how this possibly can be attained.

2__Roast reduction methods

21-1
In the classic roast reduction process, the flowsheet of which follows fig. 111,

the galena concentrate is first roasted in a sintering procedure in order to |
form an agglomerated charge for the blast furnace. Into this the sinter is

fed together with coke and fluxes and smelted under reducing conditions so

that the lead and nobler metals are reduced to the metallic state whilst zinc

and iron remain in the oxidic state and togzether with gangue and added fluxes

form a slag.
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This process can be regarded as a universal process applicable for practically
all kind of raw materials for lead. Therefore, it is the mostly used and with-
out comparison the most important process to day; ihere is plenty of experience
in it and the operations do not require too much skill for their performance.
21-3

The blast furnace process was developped for the relatively pour lead ores
from which lead was axtracted ia the passed centuries. It works best with

pot more than about 40 - 50 § Pb in the charge; it is not so well suited for
the usual concentrates with a lead content of 60 % and more.

21-4

The trouble with richer materials starts already with the sintering. As can

be seen from fig. 121, galena can be desulphurized only above about sso°c.

and at this temperature eutectics between PbS, PbO and basis sulphates exist
which make the sintering charge sticky and pasty, so it must be diluted with
other substances in order to maintain the porosity and permeability of the
bed. Further, you cannot prevent the roast reactionz{s) or (6).

to occur at elevated temperature in a rich mixture so there is a remarkable
formation of molten lead which flows down to the grate and solidifies mainly
in the wind boxes. Part of these troubles can be overcome by using updraft
sintering in stead of downdraft, but the only way to eliminate them completely
is to dilute the charge.

21-5

Also in the blast furnace it is advantageous to have a relatively low percentage
of lead (about 50 %) in the charge. If very l.w there are considerable losses
both in slag and in flue dust; lead is very volatile at temperatures in the
welting zone and the top of the charge column must be kept cold (abour 100°C)
so that the lead can be recovered. A high grade charge is difficult to treat
because of the low permeability at elevated temperature as discussed above;
further tuyere temperature is higherr because there is less slag to consume
heat; this also causes an elevated formation of flue dust.

%%;Géeneral way to overcome the difficulties with the high grade raw materials
is also here to dilute them, usually with slag, but it cannot be the right way
to make the ore beneficiation more or less needless. There should be a better

way to make use of the high grad achieved at the beneficiation and therefore

the interest has been concentrated on roast reaction methods which - contrary
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to the reast reductics sstind - enly asn auhe full wse of high pude gadens
ssterials. Defore thet, hewver, wo anst Giosuse & sins emniting presses whied
atts o8 & now process fer liad emtyestise.

£1_ e IWT process
n-1

The taperial Sesiting Purasce (IOF) precses Lo preperly o siae predet lon
process giviag lead ss & by-predect. It suwst b disrusend hare boasuse & et
mmber of ISF plants heve besn buiit recently thes tadiag ever o eonent ial
part of the lead mtmammmmmmmﬁm
in standard bdlas: Turneces.

22-2

Mriefly, the ISF prucess (fig. 712) impliss the amiting sf lLead-evetaining
sintered sphalerite in a blast furnece with pretsated cobe snd prohasted biast.
T™he furnace burden is reduced, and under the predominsst conditions sise vepmew
can exist at elevated temperature and low partial pressurs ™e enit geses gov
to a condenser where they are rapidly caomied by drepiets of circuiating g |
liquid lead on #hich the Binc vapour condenses and disscives i the lead.

The lead absorbs the heat, it is aow oooled cutside . "he sind 18 separated

by liquation, and the lead 18 returned again o 'he condenger In the biant
furnace the charge iead 1s reduced amd tapped with the mniten slag, thees

to phases being separated in 3 forehsarth

22-3

Although originally designed as & zinc producing ssthod the IS -grec cos he
proved itself able to treat lead comcenmtrates additiomally vith ao subetantlal
changes in the equipment, the quality and recovery being o the same level as
in a coaventional lead wmaliter. A ton of lead can be produced siultsnecus
with about ? tons of zinc. This means. as will be shown later thet withia its
capacity this process can produce lead from galesa concentrate wch choaper
than any other process.

3  The roast reaction processes

31 General introduction

— e W e ARD M awa e e e W W

al-1
As nentioned in the opening part the rosst reactice process shuould be a very
simple one if not certain complications had iatervesed. First, the fusdamewmtal
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reest reactions (3) and (6) are sever cosplete. Nowever, by reacting vith

- smecss of either MS or MO (ME0y) the residual amount of M@ respectiwely
M0 will becoms relatively small but must be specially treated. Therefore, the
prectical performsnce >f the roast reaction is more complicated than the simple
fleweheet given in fig. 112. The original way, more or less taken over by some
sudere processes, is given in fig. 31. In a roastine procedure a. a part of
the lead sulphide is comverted into lead omide or sulphate, and this material
ia them reacted ip a furnace L. where the major pan of the lead is recovered
amd s slag formed which has tc be reduced in a final reduction furnace ¢,

Hn-2

All emisting roast reaction processes are based on this schewe, and it has
boen possible ™o combine soms of the steps entirely or partly. There are

two apecios of pr wesses, ome working with sulphide excess in step b., 80
teye is residual lead sulphide (¢ the bullion and very little lead in the
siag, @nd ome with onide wmcess in Otep b., l.e. the lead is free of sulpbur
but the slag contains 3. wuch lead onide that it must be reduced in step c.

32 The suiphide encess processes

32-1

Theve are tw: techairal precesses working with emcess sulphide in bulliom
from *he roast reaction. One is the Boliden process which is applied in full
scale, and the other the Outokumpu method which has been worked out in pilot

pliamt seale

¥i-1

Laperissntally and not without success [.T. Puller of St. Joseph lead Co. has
perforand "eaction (2) by biowing galema with air {nto a molten lead bath. In th=
Japammee Sagap-aski process amcess sulphar is said to be remowsd by soda esh;

mc dwtails of this preceas are Wnowe .

Y2} The Biiden process

$2i-1

e flowshbeet f the % liden ruast reaction process is ~howm in fig. 321. Galena
semcontrate f bigh grade (8% 75 % PL) i3 together with c.rculating flue dus. and
mme iimestme Liows with slightly preheated air intc the upper part of an electric
fureace provided with v isctrades subeerging in a siag bafh. The furrace can be con-
sidmrad a8 i fisa® emw,.?.ag farnace with faciilities for additional electric heating.
LE S

In the sempanded materiai the reactiom (1) PSS ¢+ O; — o Pb ¢ S0; takes place; as
cm tm pown fyom Pig i1 177 lead cam euist in comtact with 5C; at elevated tempe-

rEvapws it the jast s reszage of Wi iz st toe Righ
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Lead concentrate
Alr l
a Partial roast
* | (Sintering) 360,
b Roast reaction
* | (x.round hecarth, y.drum f'ce 2
l Bullion (major part)
Slag
c \ L
Reduction _ CO and CO
€1 (x. blast f'ce,y.drum f'ce)H 2
Bullion \
Final slag
Fig. 31 Original version of the roast reaction process
x. round hearth y. self fluxing
Galena concentrate
\ J/ Flue dust
a.|Flash smelting in Alr Galena
b.|electric furnac- |—-)S0, \ concentrate
| \ Final slag B. l Flash smclting 150,
N
Bullion with (¥ slag fuming) '
3ass
Bullion and slag
Alr
NV
b.|] Separation furmace ,
Converter S0 ¢.] (cooled bottom) }'——9802
(refinir -~ H-— S0, l \
l \3 Circulating Bullion Final slag
flue dust
Bullion

Fig. 321 The Boliden process Fig. 322 The Nutokumpu method




ID/¥G.33/4
Page 16

321-3

The reaction is, however, not complete, and it has been found more convenient
O leave some unburnt sulphur in the reaction mixture by using deficit of air.
As very little lead is oxidized, it is possible to produce a final slag with
80 little lead that it can be discarded or taken to a slag fuming plant. A
small quantity of coke is added on top of the slag in order to depress the
lead content of the slag. From the furnace a bullion with 3 § S is tapped;

it is taken to a converter and the sulphur removed by blowing air through the
melt a short time.

321-4

The temperaturein the flame in the upper part of the furnace is rather high
and as lead sulphide and lead are very volatile a substantial part of the
imput goes out of the furnace as vapours lead sulphide and lead and as dust.
For concentrate containing 100 t of lead there is a formation of furnace dust
with a lead content of 36.2 t and converter dust with 3.9 t lead or 40.1 t

in total which quantities must be fed back into the furmace. The dust consists
mostly of lead sulphate and reacts with lead sulphide in the flame.

321-5

The bullion is tapped at inlervals in a launder and flows directly into a
converter of Pierce-Smith type where it is blown with air. Most of the sulphur
is removed as SO, partly by roast reaction in the molten bullion, partly as
volatilized PbS which is burnt ebove the surface; secondarily, lead sulphate
is formed in the dust. After this treatment there is still a small amount
sulphur left but when the blowr bullion is cooled a coarse dross is separated
which contains lead sulphide and some metallic inpurities and which is returned
to the electric furnace.

321-6

The slag contains about 34 % Ca0, 24 % Sioz, 17 % Zn and 4 % Pb; the quantity
is small so in spite of the relatively high lead content only 1.1 % of the
input goes this way. The zinc and lead contents are recovered when the slag

is treated together with the copper malte slag in a slag fuming plant.

321-7
In its present version the Boliden process was developped in the early 1960 -es.

A furnace of 8000 KVA with four electrodes smelts 235 t of concentrates in 24
hours and produces lead with a recovery of 98 %. It has succesfully been tested
with concentrates down to about 60 § Pb, but indications give an idea of its

applicability also for concentrates of still lower grade.




322 _The Ovtokwpw method

322-1
mqlnrinumuw.mmmmh
burned in a flash smelting furnace vith air ia agpronisstely stoichiommerie
quantity, the heat balance being improved by the use of predasted air inetesd
of electric heat us in the Boliden process. As is the lattur there is a
formation of sulphur-containing bulliom in which the lead sulphide canpot

react vith the lead oxide {n the slag according to the low activiey
of lead sulphide in the bullicn. Bullion and slag are takes inte & separetien
furnace.

322-2

The bottom of the gas-fired separetion furmace is cooled se there is o
pronounced vertical tempereture grediemt in the metallic phas:. e sold

metal in the bottom cannot dissolve sulpbur. amd this wetal is comt loowsly
tapped out. The liquated sulphide flows up and causes & ~oncentretios of iond
culphide in the top layer, and when the concestration has increased tc the
level where the roast reaction can take place, SO, escapes apd there is me
accumulation of sulphige This effect i further i[acreased by the presense

of copper which facilitates the realization of the rues! reactiom

322-3

In principle, this method is very near the idealised flowsaset givem in fig 112
The method has been tested with good results in & pilot plamt with & capoeity
of 2 tons of concentrates pr hour, but lack of smterial has prevanted the
construction of a full scale plant.

33 _ The oxide

. — o

excess processes

3l1-1

In older times, when the supply of coaree high grede galens eve wae betowe

than it is today, the 're was treatsd accordiag to fig. 31 is small sever-
beratory furnaces where the ore first was partly omidised at msderate tonpore-
ture (step a.), after that was the temerature raided sc that the Foast reOetien

occurred (step b.) and the lead could flow out, and finally the rems.ndey
reduced with coal or charcoal (step c.) in order * re-ceer as muh isad oo
possible. This three-step prooedure was sodermized to the twe step Beoteh
hearth process (see 331) and this further developped ist: the roumd hearth
process (see 332). The self-fluming process (333) is amother sodificetien.
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The Waarth prexess esists, mweeer, 9till in & seomuhet chamged aniifleetion
the fiepatmst f whish s given in fig. 351 T old Seteh Woarthe seve
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of enge drives by » twothed vieel. The air Dlows in from below through a
twtral plpe eommscted te the circular vindhom which is a part of the water-
eled iamer wall of the hearth. Punching of the tuyeres is made automstically.
%232

Poking and remcval of slag is performed mschanically at one station and when

6 oortala sector passes this station the blast is automatically switched off.
e lead forusd is tapped from the surface level in a collecting ladle. Such
fostors as blast, motation speed, poking intensily and addition ~f ore and
S0al eam be variated asccording to the nature of the rev materials. The hygiemic
conditions B¢ the wurters are very satisfactory.

9

A Parnare vith hearth dimsmeions vuter dismeter 12 feet and inmer dismeter

T fort cam with 47 tuyeres in 2 howre melt 81 ¢ vo with 79 § P (8] ¢ lead)
d preduce 80 7t bulliom (87 5 N recovery) 21 t gray slag with 50 A Pb s
ham swt (17 V% of input) snd 13 8 ¢ Flue dust with 70 % P (1% % § of input)
ls forurd mnd revwrmed % 3 % 1 coal is twrmed [f the raw material comsists
of fime concentrates, 2 slight sistering together with the flue duat is vary
alventageua and dncressss the formetion of #ust om the hearth [f the quantity
of slag is smmii ' 2ar test be redweed in 4 short drwm fureace .

Galons som:ep traty

&qr_»‘ﬁ”k R - o SV,
' a. | Siateriag and partial desulphuris stien
= Bl .- o i, e ez U _— - . » uﬂa’ n‘

4
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Samiting in the rouwsd hearth

[.MI .

Fig 3% FLwnimer f o the round hoarth procees .
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$32-4
The round hearth process is used omly by the Bleiberger Bergwerks Union
(BBU) in Austria. The present smelting capacity is about 80 t concentrates
with 75 % Pb in 24 hours, but it is said to work satisfactorily down to
about 20 t a day. All operations can be mechanized, the requirements for

equipment and buildings ir¢ small, so if the material is suitable this method
should be very convenient for a small plant.

- - — o o v -

333-1
The self-fluxing process can be considered as another development of the

ancient reverb smelting. It is still a three-step process, but the roasting
step a. is performed on a sintering machine and the roast reaction b. and

the reduction of residue c. are both perforwmed in the same oil-fired short
drus- furnace.,

131.2

As mentioned abowe there is a considerable roast reaction occuring already

4t the sintering of a rich yalena concentrate. If the sintering machine works
with updraft the lead droplets solidify when they meet the cold air coming
from below, and the metallic lead in the sinter does no harm to the sintering
process.  When the pangue is basic the activity of lead oxide in the sinter
nd in the slag is increased and the recoveries are rather goud.

1333}

The conceatrate with <bout 70 A Pb is first sintered on a straight Dwight-Lloyd
machine with updraft «intering and a sinter with about 75 § Pb is produced of
which one third is metallic lead; the $i0; - content is 2.3 % and Ca0 + Ng0
P

133 »

The sinter is taken to short Arum furmaces with an inner diameter of 2.37 »

el 3 length of 2.6) . The furnaces are oil-fired and the chargpe heated to
aout 1160%C at which the roast reaction is completed, the lead separated

tr-m the oaly partiaily miten slag and tapped «ff. In order t. melt completely
#el reduce MMEracite Ml wala ash are adled apd the heating continued, now

Tt furmace acts as relucing furtace  The total lead recovery is about 9% §.
3%

™e seif fluming smelting is applied by Rudnidi svinca in topilnica in MeZica,
icwenia, Yagosiavia, where 3 galena oncentrate with about 70 4 Pb is sselted
in guantities of about 190 ¢t in M howrs. There is one updraft sintering machine:
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and two operating 2.5 m® short drum furnaces, each furnace having a capacity
of producing 39 t of bullion in 24 hours. The method seams very suitable for

a small or medium-sized smelter especially when coke is expensive.

4  Comparison of the different methods

4-1
0f the methods mentioned the old Scotch hearth method will not be taken

into consideration, and the Outokumpu method althcugh very attractive has
never been tested in full industrial scale so these is not sufficient basis
of experience for its comparison with other methods.

-2

To make a comparison free or objections is very difficult if not to say
impossible. There are always some important parameters which are not comparable
such as size, composition of galena concentrate, prices con local facilities
(labour, fuel, energy), relations between these, local regulations on air and
water pollution and possibilities to evaluate zinc and other mincr metals in
the raw material.

4-3

Dr. W. Schwarz of Lurgi, Frankfurt, has made comparisons of some different
processes for lead production, and on these as basis I have tried to drew

up comparable fipgures in a table. For each process | have attempted to analysze
how the production cousts divide in material, fuel, electric energy, labour
and maintenance, and finally how much capital ocosts can be estimated to.

L2

In this comparison the ISF process is the most difficult to analyze. Here
lead is produced as byproduct with practi.ally nc extra construction costs,
and the extra consumption of fuel for the lead is negligible. Additiom of a
ton of lead concentrate decreases the capacity for treating zinc concentrate
about 94 kg, but both lead in zinc concentrate and zinc in lead concentrate
are recovered. In a small lead plant the production of sulphuric acid is often
questionable, but in an ISF-plant all sulphur is evaluated. For larger quantities
of lead concentrates the ISF alternative is hardly to be considered.

“-5
Table 41 gives consumption figures for the different processes. Such expenses

as costs for overhead, for licences, for assaying, for other staff than direct
labour besides repair and maintenance etc. have not been taken iito consideretiom
as they differ much from one site to another. The figures in columns S refer to
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& small plant with a throughput of about 10 000 t/yr (30 t a day) and L
to a larger plant of about 50000 t/yr (150 t a day).
8-6

In table 42 each main item in tab. ul has got a characteristic relative number

significant cost and 5 a very dominating cost. The
a relative estimation of the competivity of a process

size of the production. Finally, fig. 41 tries to
illustrate these variations graphically.

0 to 5 where 0 means a not
sum of these numbers gives
ad how it varies with the

S Conclusions and summary
5-1

In spite of their simplicity and apparent ability to extract lead at low pro-
@uction costs the roast reaction processes have definite limitations in their
adaptability. The most important is their exclusiveness to sulfidic concentrates

and specially to high grade ones. “or the round hearth process and the self-
fluxing swelting, described above as the
oexcess,

roast reaction processes with oxyde

comes further the fact that they operate in small furnaces; it is

BOt clear that a la-~ger production can be performed in larger units so probably
this requires enlaryed number
labour and equipeent . Finally, these two processcs seem to be suitable only
for concentrates with basic pangue .

$-2

The Boliden process (

of units which increases the costs of both

and eventually also the Outokumpu method) should be
competitive for medium and biy smelters.

It requires medium-grade concentrate,
the capital costs

are relatively high but the need of labour is small even
if it must be skilled in order to handle the complicated equipment. If electric
power is cheap and coke expensive, there is no doubt that this process, perhaps
in combination with tine basic ideas of tho Outokumpu process, is very applicable
A drawback is the handling of large
quantities of flue dust which, however, can be mechanized to a pre

$-3

for the treatment of good concentrates.

at extent.

For large tonnages of concentrates of low and ave
process still is a good alternative.

rage grade the blast furnace

It has the preatest adaptiveness of all
processes and is suitable also ¢

'r oxidic mnerals like ~crussite PbCO3 and
angiesite Pbio,.

[t requires both expensive fuel as coke and

is not very low
in costs for labour, repairs and

construction but like the old blast furnace

for pig iron it has proved! very reliable, so even if existing lead plants should
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be reduile today most of them should still use the blast furnace method.

$-4

There is one important limitation and that is if the lead concentrate can be
treated together with sufficient quantities of zinc concentrates. In this case
the I'F process can produce lead to a cost for below that of every other lead
producing process.

Table 41. Basis of cost calculations for smelting of galena concentrate
with 72 § Pb.

S small plant, L large plant; ISF considered not fit for use for large tonnages.

Process‘
Mrt \\\\\\ Blast ISF Round hearth Self-fluxing| Boliden
concentrate \.L.f.‘!i“.a??fiv ! ]
S ; L Jr S S L S L 5 L
Direct labour 9.7 3.2 1.5 11.6 3.4 7.1 3.3 4.0 1.5
(man-hours)
Fuel in kg
0il 13.3 6.4 - 85 51 83.3] 74.0 - -
Coke 168 150 - 13 13 - - 12.5 12.5
Coal - - - 150 150 24 24 ~ -
El.energi in Kwh 154 135 58 70 60 161 43 750 596
Materials
Limestone Ly Ly 113 80 80 ~ - 200 200
Soda ash 32 32 12 15 15 25 25 - -
Maintenance 5.51 2.2 1.1 3.4 2.0 6.0y 4.0 3.0 1.0
(man-hours) ’
Capital costs $ 16.1| 8 4.5 12.1 8.9 16.9| 14.0{ 15 7.5
4
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Table 82. Ralative charecteristic cost of differeat precesses.

S small plant, L large plant.

Blast
Process p ce ISF {Mound hearth | Self-flumi Boliden
S L s S L s L s | "SR

Labour 5 2 1 s 1 ¥ 3 3 1
Fuel 5 s - b 't 3 3} - -
El. energy 1 1 - 1 1 1 1 S 5
Materials 1 | 1 1 1 1 1 1 2 2
Maintenance 5 2 1 3 2 - N 1 1
Capital costs s 3 1 b " 5 5 S 3
Sum 22 1% [ 18 18 19 17 18 12

'}
25 ¢
20 &+
Self-fluning
15 4+ Round hearth
Blast furnace
Boljiden
10 &
5 &
e 18y
0 + + $ } 4 -
0 10 20 30 80 50

1C0C t concentrate pr year.

Fig. 82, Relative costs ef different lead processes.









