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A_REVIEW OF THE MAIN FACTORS INFLUENCING THE
POSSIBILITIES OF DEVELOPING LzAD AND ZINC

INDUSTRIES IN DEVELO! .NG COUNTRIES

By Tsyganoff, V.V.
USSR

Introductiop

(1) The creation and development of non-ferrous metallurgy-
~one of the mainstays of modern 1nauuirsy - is considered at
present as one of the most important pre-requisites for the
attaining bty a country of a high economic potential and inde-
pendance. The experience of establishment and development
of non-ferrous metals industry in the USSR and the rapid pace
of technological renovation of this industry in a number of
industrially developed countries clearly demonstrate to what
extent the pace of development of industry as a whole depends
on the level of production and consumption of uumerous non-
-ferrous metals. In a similar way the role and uignificance
of non-ferrous metallurgy is determined also in developing
countries. furthermure, it should be borne in mind that non-
-ferrous motals are one of the stable items of imported and
exported products, or, in other words, a stable source of
obtaining a hard currency, which is an important considere-
tion for developing countries.

(2) The lead and zinc industry belongs to the oldest
branches of non-ferrous metallurgy. Variations (drops and
rises) in the outputs of these metals in some countries are,
as a rule, mutually compensated by corresponding varliations
in other countries, and , on the whole, this branch shows stable
figures of the average annual rate of increase in consumption

and production, as can be seen, for examrle, from Table I.
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Teble I. The average annusl rate of increase in
the mining of ore and in the production
and consumption of lead and zinc over
the period of %955 to 1967, in %

- - o - e o e e e e e e s e e e e e o o

Indystrial Developing
—---Sountries _ ----Countries ___
Lead cine Lead <inc
Mining of lead and zinc
in ore 1075 4.4 009 1.6
Production of primary
metal 1. 2.7 11 5
Consumption of primary
metal 14 3.0 7.4 3.9

The rate of increase in the production of pig zinc over
the period in question, for the industry as a whole, has been
sufficiently stealy showing no particular drops. While there
ware perceptible drops im tne ouvtput of refined lead (from
srimary and secondary raw materials) in 1959 end later in
190, tnese drops were :oliowed by a steady ;rowth or 2 up 3
per cent, in the production ot refined lead, and, on the vhole,
Lhe output of this metal has also been stable.

In accordance withi certain fluciwations in the production
of lead and zinc in a number of countries, there have been
also certain fluctyations of prices on the intermational
market.
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(3) 48 is Kknown, the automobile industry is a big consumer
of lead for the manufacture of storage batteries.

In irndustrial countries producing automobiles, the cone
sumption of lead for storage batteries is on the average
about 3C per cent of its overall consumption.

Taking into consideration, that, besides the consumption
of lead for the manufacture of storage batteries, lead is also
used for the production of anti-detinating agents such as lead
tetraethyl and lead ¥etraethylene additions to petrol, it
becomes quite obvious, that the automobile industry is at

present the main consumer of lead.

Another considerable field of comsumption of lead is for
cable covers. Nearly 15 to 20 per cent in Western Furope ard
5 to 8 per cent in the United States and Canada is used for
these needs. A stable consumption of lead is maintained for
the production of verious alloys which amounts to 5 to 10 per
cent of total lead coansumption.

Among new applications for lead are making of organic-
=lead compounds, manufacture of sound-proof and anti-vibration
sheets, and coating of steel.

(4) The consumption of zinc is characterized by its steady
use for the oldest and biggest field of application-galvanizing,
From 25 to 70 per cent is used for these needs in industrial
countries (in Westernm Europe and Australis respectively).

Galvanizing, especially with subsequent painting, is one
of the most reliasble methods of protection of irom and stecl
ugainst corrosion.

Another large field of consumption for zinc is maxing
of zinc alloys, particularly those for die casting. Production
of brass and bronze is one of the old fields of ..nc consump-
tion. Another one is zinc oxide production. Owing to the develop~
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ment of machine building industry the relative importance of
this item of =zinc consumption is continuously increasing.

Analysis of consumption of lead and zinc in the form
of metal in industrial countries indicates, that lead and
zinc consumption is directly related to the overall economic
potential of a country; i.e. the degree of development of
other industries, in particular iron and steel industry, autoe
mobile industry, engineering and chemical industry,

(5) The state of lead and zinc industry in developing
countries - reserves of the uetals in ore, mining of ores,
production and consumption of lead angd zinc, their export
and import - is characterized by the data in Table IT,

The list of the developing countries which is given in this

Table may be incomplete; it was compiled from the literary
sources we have at our disposal.

-
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Teble II. Metal reserves, mining of ores, productioa

and consumption, export and import of lead
and zinc in developing countries,thoudands
of metric tons.

Reserves ) Mip- Pro- Con=- Export__ ___Import
of metal ing duct- sump-
Country of 1ion tion of raw of of raw of
Total Ascer- metal of of mater- me- materi- me-
tained imn pri- pri- ials tal als tal
and ore mary mary (oreor (ore or
prob- metal me- concen- concen-
able tal trates trates
conver- conver-
ted in- ted in-
to ma- to me~-

tal oqu-~ tal
ivalents) equiva=-

| lents)
Lead
Total amounts
in the develop-
ing countries
listed in this | :
Table: | i
1955 9285 3751 6361 383 73 - - - oo
1967 20925 12237 647.15 434.4 166 = - - o=
Aversge annual s
rate of growth, S
% - - 0.3 11 21 - - -
Africas
Morocco
1955 1000 500 89 7 - 9P 22 . .
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o 1 2_ .3 __&__5_ 6 n 8 10

Tunigle 1955 160 100 27 27 23 . -
1967 160 160 15 15 33) . 4 -

Zemble 1955 484 2%6 16 16 ... - 15 -
1967 550 550 21 21 & - 19 -

SQuth_Weg

i fn t195'5 854 85 74 = - ”n - -
1967 1030 1030 75 70 - S 63 -

dleeris 1955 - - 10 - . q32) _ -
1967 545 507 5 - - eee - -

EI‘& -

?.iﬂfﬂ' 1955 - - - - - - - -
1967 500 460 & - . ) . -

Tspzania 1955 - = 4 - o B3 -
1967 - - - - - - - -

United Arsb

ge _______EC 1955 - - - - - - - -
1%7 30 Y - - - - - -

America

Moxico 1955 680 500 211 198 18 42) 4a0 -
1967 6000 3000 168 164 63 ... 86> -

Argentine 1955 1170 440 23 18 25 - - -
1967 1100 1100 31 36 30 ... . -

Bolivia 1955 170 100 19 - - 19 - -
197 120 80 20 - - 20 = -

Brazil 1955 1145 40 4 4 44 - . 13
1967 3000 1100 19 16 26 - o

LA X




quatemals 1955
1967
¥opdures 1955
1957
Py 1955
1967
Bguador 1955
1967
Asia
ipdis 1955
1967
Birma 1955
1967
Irap 1955
1967
Turkey 1955
1967
Thailand 1955
1967
the Phili-~
ppines 1955
1967

230

2000
2100

600

53

g &

230
110

498
380

150>)
20

119
165

0.1
0.11)

61
82

12204

ID/wa.33/9
Page 9

57
77

.0
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1 2__ .3 _4 -2 _6 7 8 10
-é.ing_
Total amounts
in the develop-
ing countries:
1955 13893 4757 695 149 95
1967 38509 16683 844 269 150
Average annual
rate of growth,
% 1.6 5.0 3,9
Africa
Meerls 4955 . L M - . gs?)
1967 1029 673 10 - - see =
Horeego 4955 800 650 43 - - ggd) .
1967 800 680 46 - - 45 o
Tunisia 1955 60 25 5 = =« 13 .
1967 60 60 3 -  oa 7 -
United Arab
EQEUblic 1955 - - - - - - -
1967 860 s e - - - - -
Zembla 1955 776 423 31 28 - o 2
1967 1160 1160 53 45 - - 40
Congo
(Kinsha- )
8sa) 1955 2000 - 68 34 - 1032) 54
1967 2000 1000 110 62 - gg2) 30
South West
Africa 1955 340 340 17 e = 22 -
1967 850 850 23 - = 20 -
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America

Mexico 1955 950 890 269 % 13 312) 49 o .
1967 1200V 3600 235 66 35 160 38 - -

Argenti-
ne 1955 1650 625 21 14 20 - - - 0.2
1%7 1500 1500 27 24 23 e0e ose - XX
Bolivia 1955 1400 800 21 - - 21 - - -
1067 900 750 10 - - 10 - - -
Erazil 1955 - - - - 14 - - - 1%
1967 4000 1100 -  73) 35 - = w
Gustensla
1955 - - 9 - - - - - -
1967 120°) 603) - - - - - -
Qondm'.‘ll 1955 - - - - .. - - - -
| 1967 803) 802) - - - - - -
Peru 1955 3160 250 166 17 - 128 19 -
1967 6000 4000 290 65 5 247 61 = -
Asia
Indla 1955 390 290 3 Y R .
1967 1000 270 6 - 52 .. - 20 ¢
Burma 1955 2275 308 8 - - 4 o o
1967 2700 240 5 - - 159 . - -
Iren 1955 - - 6 - - - - - -

1967 2200 150 7Y - o o) o o o.8¥
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Turkey 1955 40 40 3 - . 43 _  _
197 40 80 6 - . 4R . )

'_I_'_l}gi_l&nd 1955 40 4 - - - - - 6
1967 130 40 2% . . - o 3%

Philippi-

neg 1955 12 12 = © o e - e 0.

197 0 o M . o L . . L.

1) Reserves indicated according to the data for 19580 and 19¢7
2) Full weight
3) Estimate

4) Data for 1966
5) Data for 19€S
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e dsta givea ia Teble I and Table II have desa borrvwed

froa various pudlications end should therefore de regarded as
approximate values.

(6) The charecter of the leed and sinc industry in maay
developing countries has considerabdly changed over the last 10
o 15 years. Whereas in the past these countries were mainly
suppliers of rew materials (ore and concentrates) t¢ the inter-
national market, in recent time trendis towards the constructioa
of metal works can be obeerved (in connection with the efforts of
these countries to effoct industrialization) so as to act oa
the international market as suppliers of metal. To that contri-
butes alsc an increase in the consumption of lead and zinc in
the developing countries theaselves, which unﬂouﬁttuy will
Steadlly increase in the future in accordance with tha deve-

lopment of iron and steel industry and engineering as well as
other modern industries in these countriss.

Altogether 636,00U tons of lead and 695,000 tons of zimc
in ores has been alned in the developing countries in 1955, and
647,000 tons and 544,000 tons, respecticely, in 1%7 - a growth
0f 1,7 per cent for lead and 21.4 per cent 1or sinc. The aversge
anmual rate of growth tor lead has peen U,1 per cent and tor
sing, 1.6 per cent,

The smelting of the metals in these ccuntries in the
SARS yoars was as follows:

in 1955 - 383,000 tons of lead and 149,000 tons of sine,

in 1967 - 435,000 tons of lead and 269,000 tons of sing =
an increase in the production of metallic lead of 14,6 per ceat
and sinc 80.5 per cent, with the aversge aannual rete of growth
of 1,1 per ceat and 5.0 per cesnt, respectively.

The consumptioa of lead and zinc in the developiag countrise
1isted in Table 11 has increased as follows:
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DR R
1967,per cent 1967,per cent
lead,tons of 1‘5 5 figu- Zinc,tons of 15‘5)5 figure
re
1955 73,000 95,000
1967 166,000 227 .4 150,000 157,9

.‘-u---u-;“-l—nb------u---—------.

The averege annual rate of increase has been 7.4 per cent
for lead and 3.8 per cent for sinc,

Ihe_Main Pactors of Development

(7) Yactors Lnjlu.ncmg the possibilities of development
of the lead and zinc industry in a country are Very numerous.
The sain of these are:

(a) the procpects of the internal domestic market in
connection with the objectives of development of othez,
consuming, industries in the country;

(®) possidbilities of sale of lead and zinc for export
deteruined by the situation on the international
aarket;

(e) ava'lability of rew materials, in other words the
existence of explored Teserves, high metal content
in the ore, favourable geological and mining conditiomss

(4) availavility of technical means, i.e. the necessary
aRounts of power, fusl, water, equipment, materials and
transport systems;

(@) the availadility of personne!l;

(£) the choice of flow sheets,

T™he development of the lead and ginc production is a
ocemplex integrated problem, technical, social and economic, and
ia sclviag it, all faciors ef development should de considered
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in their mutual relationships. Naturally, it has its own pecu-
liarities for each particular country and should be solved taking
them into consideration.

The decisive factors are raw macerial reso.rues and  uvall8e
bility of .ecessary technical means.

(8) A contributing factor to the development of the lead
and zinc industry in a country is the possibility of producing
by-product metals extracted in the production of zinc and lead,
such as gold, silver, cadmium, bismuth or selenium, and especi-
ally the need for sulphuric acid, einc vitriol, sodium antimo-
nate and other chemical by-products. In the processing of zinc
concentrates, for example, it is possible to obtain su‘phuric
acid in a quantity corresponding to that of the zinc produced.
The cost of this sulphuric acid is one &and a half to two times
lower than in producing it at special sulphuric acid plants.

Factors_of Product Selling

(9) An impprtant pre-condition for the development of the le-
ad and zinc industry in developing countries is a reliable and
economically sound market for selling the products, which is
determined by the existence of internal markets for sale and
the possibllity of export,

A large domestic merket for consumption of lead and zinc
in developing countries is, in effect, still only being created,
but it has great prospects, aid there is every reason to
believe that, on realization of the envisaged development pro-
grammes, it can absorb in some countries tens of thousands of
tons of these mstals.

The growing demands of these countries for csble products
(in connection with the development of power transmission lines);
increased production of crude and rolled steel which involves
increased need for galvanizing, lead-plating, cadmium-plating
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eto.; construction on some countries of engineering plants
consuming lead and zinc alloys; construction of 0il refineries -
all this will contribute to the enlargement of the domestic
markets for lead and zinc, For a detailed estimate of the
absorbing capacity ot domestic markets we ought to consider

the procpects of development in the countriss concerned of all
pPrincipal industries - consumers of lead and zinc, but this is
beyond the scope of thig paper,

The internal consumption of these metals in the developing
countries has grown almost 2+3 times for lead and 1.6 times for
zinc over the past 12 Jyears, although the absolute values of
the internal consumption are as yet relatively small., Considepr—
ing, however, the existing of considerable reserves of lead and
zinc in the developing countries, the factor of the internal
consumption should be regarded as one which may determine
serious shifts in the development of the lead and zinc industry
in these countries.

(10) As mentioned previously, the domestic market is not the
only consumer of lead and zinc in the developing countries. Ang-
lysis of the export-import situation at the present time indica=-
tes, that the developing countries have definite prospects for
profitable sale of the metals,

The export-import operations for lead and zinc are being
accomplished at present mainly according to the plans und
intentions of industrially developed countries and are deter-
mined by their economic conditions. With the development of
production and consumption of lead and zinc both in the form
of concentrates , and in the form of metals in the developing
countries, the overall picture of distribution of export and
import of these products may substantially change, and some
part of the export-import operations may be accomplished within
the framework of the developing countries themselves. But however
may change details in the distribution of export and import,
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the general tendency of prospective increase in the consumption
of lead and zinc by the industry of all countries is sufficient-
ly reliable and this determines the expedience of developing
the lead and =zinc industry for the develoning countries.

(11) Present-day consumers set high demands on the quality
of metals. Therefore, in cases where the smelting of metallic
lead and zinc is to be developed, it is expedient to provide the
use of flow sheets which will ensure the production of metals
of higher grades at low costs.

(12) In some cases, where due to a mumber of conditions the
mining of lead-and-zinc ores is organized in the developing

countries before the organiza.ion o1r production 99 4
metallic lead and zinc, it may be possible to effect a direct

export of these ores, prov.ded their lead and zinc content is
acceptable for the consumer. Thus, the trade organizations of the
Soviet Union may consider offers of sale into the USSR of lead
ores with Pb contents of 15 per cent and higher.

Availability of Raw Materials

(13) A most important factor enabling the developmemt of
lead and zinc industry in developing countries is the availsbie
14ty of raw materials, i.e. underground reserves of lead and
zinc. These reserves, indicated in Table II in approximate and
preliminary figures, permit us to believe that most of the
developing countries have potential possibilities for
developing lead and zinc industry.

The following countries have the greatest potentialities
in terms of lead and zinc reserves:

in Asia - Burma, India and Iren. The underground reserves
of lead in these countries vary from 0.5 to ¢ millions tons,
those of ziac, from 1.0 to 2.7 militon tons;

in Africa - Algeria, Zambia, Rhodesisa, Congo {(Brazzaville =
~lead, Kinshassa - zinc), Morocco, South-West Africa, ¥he under-
ground reserves of lead in these countries vary froa 0,2 to
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1.6 aillien tens, thoee of sins, from 0.43 to 2,0 aillioca tons;

ia Latin Americs - Mexico, Argent ing, Brasil, Peru, Boli-
vis (sinc). The underground reserves of lead in these countriee

vary froa 1.1 to 5,0 aillion tons, those of tinc, from 1,5 to
12.0 million tons.

It is pleasant to polat out that over g comparatively
short period of time - twelwve years (fros 1955 t9 1967 {pe
¢lusive) there occurred a fairly 'arge increase of estadblished pe.
reserves in the developing couatries;

total reserves of lead have increased €eé5 times over thig
period and ir lustrig] (ascertained) Feserves, to an even greater
degree - 3.2 times. ihe Same 18 true for zinc - {tg total reser-
ves have grown .,.75 times and industrial cnes, 3.5 times.

(14) It is noteworthy that the ores of the Latin Americal
eountries have a fairly high total lead and zinc content - about

20-25%, with 1inc coutent, as a rule, two to three times higher
than lead content.

In the countries of Asia and Africa the total lead and zime
gontent of the ores is SCRewLat lower than tnat of the ores of
Latin American countries, although the data for 8030 deppsite
indicate that in Asia and Africa there are ailso very rich depoe
sits. In soae deposits of Burma and Nigeria the Pb content
&mounts to 20% and the g conteat, 15,0%; in Iran there are
deposits with the Fv contents up to 20% and the In content up
to 30%. Amomg the countries of Africa stands cut Lambia having
deposits witn the Pb content of 15% and the Zn content of 29%,

(15) The development of operations ai new deposits and ag
increase of reserves &t those being OCperated Lave made it
Possidble to incruase the aining of lead and tlnc, though in
relatively saaller proportions than the growth of tt?ir rsser-
usgj‘t}u ut}ins of lead has increased uppm:in“l:ﬁ per cent
and of zinc,”’ 20 per cent.

Koteworthy is o very 8light growth in the mining of leed.




et il

This is explained by the fact that deposits with poorer ores are
iavolved iato operations in soms countries. This, in turn, ceu-
9e8 the need for construction of concentrators with the use

of the most up-tc-date methods of ore dressing. Considering

the fact that the lead-zinc ores contain, as a rule, very
valuadble bLy-metals (such as gold, silver, cadmium, selenium

and oither elements), this construction is Justified. On this
path has stepped Burma where previocusly oaly a rich ore at the
Badwin deposit was mined which contained over 20 per cent pf

P and over 10 per cent of in. As a result of expansion and
®odernisation of aining and concentreting fecilities and the
utilization for processing of low grade ores this couatry is
Plaaning to increase the mining of lead and zinmc twofold ia

the next few years.

(16) It should be pointed out that the existing estimates
of geological reserves of lead and 1inc show considersble
differences, which are due mainly to the fact that the progpec-
tive iwau and zinc deposiis are oot Yot properly studied and
that different methods are used in estimating their size. The
difficulty of calculating the size of a deposit is further
aggravated by a number of factors, anong which the msore impot-
Sant are: inconsistency of metal content in various parts of
oven the sam¢ ore field, irregular shapes of ore bodles, relati-
vely great depths of cre deposits and the presence of other metals
in the ore. The differences in estimates are also caused by the
fact that the standard of geological exploration works and servi-
668 in the developing countries is, as a rule, rather low.

(17) There can be no standard sethod of evaluation of an
Ore deposit with a minimum Pt and In content of the ore from the
point of view of expedience of its sorking. Such evaluationm
¢ar be asade only individually by carrying out appropriste
oaloulatioas for each particular case, taking iato consideratioz,
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primarily, the geological and mining conditions of the deposit,
mineral composition of the ores, the scale of operations and
current prices for lead and zinc on the vorld market.

(18) The chemical and mineralogical composition of the ore
determines the choice of one of the following possible variants
of the flow diagram of further processing of the mined ore:
the use of ores for direct metallurgical processing or using
thea with preliminary dressing.

-Availability of general technical means_

e e e w vl o e - - -

(19) with favourabje raw malerial conditions and the
existence of interna] demand cr advantages export situation,
the decisions to be taken on the development of lead ang zinc
industry and the kind of final commercial product to be obtained
(ore, concentrate or metal) depead on the avallability of
general technical means such as tuel, power, water ang various
suxiliary naterials and transport .ystems. In making the decigi-
ons it is, naturally, desirable to aim at the organizaticn of
Ranufacture with a tlow diagram whichk would lnvolve minimum
expenditure of the above-mentioned Tesources and would be mosgt
suitable for the use of resources available on the spot.

(20) Determination of the minimum quantities of tuel,
power, water ani auxiliary Balerials, egseatial for the
construction of a particular project of lead and zinc industry,
¢an, naturally, t. made only with due consiaeration of the
§eographic, climatic and other conditions in the country where
tLhe project is to e erected. To show, even if approximately,
the order of sagnitude of probable specific consumption figures,
in the Tebles §§ 22-:8)below are given the data or design
developaents carried out by the Loviet design vrganizations
for several nlning-and-conccatratlns and metallurgical leade
~and-11nc projects of certain countries of Asia and Africa. Inm
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the examples given in this paper, these projects are arbigrarily
designated as 'A', 'B' and 'C' for mining-and -concentrating
projects and 'D' and 'E' for metallurgical projects.

(21) For design development of the examples of mining-and-
-concentrating projects was selected the underground board-and-
-pillar method of mining, with pillars of minimum size and sube
sequent overhead caving. Preparation of ore tor cancentration
was adopted, in the designs, by crushing and two-stags disinte-
gration. Floatation of ore was adopted with a selective flow
diagram wit* separation of lead and zinc concentrates. As
the main reagents for carrying out the floatation process were
selected butyl xanthate, potassium cyanide, calcinated soda,
zinc vitriol and others. Under these conditions the following
performance and consumption figures were found for the three
mining-and-concentrating projects adopted as examples:

(22) Table III. The main consumption and_output

Bt AED G TS SR S G S G S — S ST S T Vi o~ " —— e QI —

T D W 4 A GD SR W AR O T D W S S . St G G TS D S s W e QD e W I W o s o e O P s D B o

trating projects

Gnics Projecta_
!Al OB' 'C ]
1 2 % 4 2
Mining of ore thousands
of tons 250 165 165
per year

Pb and Zn contents
in the ore as-mined:

Pb s 6.5 3.5 1.0
Zn ] 6.5 14.6 1.0
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Table IIT (continued)

- 1 -2 — 4 2
Concentrate production:
lead concentrates thousands
of tonas
per year 23 8 27
F)O content % 61.5 59 60
Zn content % 8 12 9
zinc concentrates thousands
of tons
per year 24 39 28
Pb content % 2.04 1.1 2.7
Zn content % 51.5 54.0 51.5
Requirements:
process water thoua.n3
per year 485 330 330
litres
per second 18.4 12.7 12.7
welfare and drink- thous.m’
ing water per year 261 184 184
litres
per second 9.0 6.3 6.3
power millions
of kwhrs 15.5 1“'00 14.2
required installed
capacity of motors kw 3250 2606 2700
Fuel no fuel is required for technological

pXrocesses for communal needs the heat
of fue} gases of diesel-electric gene-
rators”utilized,

(23) The examples of lead-and-zinc plants were considered
in two construction variants with the following annual capaci-

ties:
!D! _Projects 'E' Projeots

lead thous; tons 30 50
zinc thous.tons 50 30
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(24) Raw materials. Lead concentrate of the following
analysis was arbitrarily adopted for lead manufacture:
Pb 58%; Cu 0.1; 2n 8%; S 17¢5%.

The flow diagram of lead manufacture is as follows:

Concentrates and lead cake, a by-product of zinc manuface
ture, are delivered by railway or trucks to a covered storage
yard. 1t necessary concentrates are dried. ¥Fluxing materials
are crushed. The components of the charge are placed into sto=
rage bins. The charge is sintered on a band type sintering ma-
chine with undergrate blast. In the melting shop sinter, coke
and return fines are melting in a shaft furnace. Refining of
blast (rough) lead is provided by the pyrometallurgical method.

(25) Raw materials. Sulphide concentrates have been
adopted for zinc manufagture. Along with these, it is planned
to process zinciferous slags and dusts from lead manufacture.
Zinc concentrate of the following analysis has been arbitrarily
adopted for processing:

Zn 53%; Pb 1.5%; Cu 0.5%; S 33%.

The flow diagram of zinc manufacture (hydrometallurgical)
is as follows:

Roasting of concertrates in fluidized bed kilns. The
sinter is subjected to air separation. The learhing of the
sinter is done in batch-type units in two stages-neutral and
acid. The residue from leaching in the form of zinc cakes is
subjected to wealz-processing. Electrolysis of purified zinec
solution is done at current densities on the cathodes of 400
to 450 amp/sq.m.

The main consumption and output data in the examples given
here have Been determined for lead plants as shown in Table IV
and for zinc plants as shown in Table V,
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<26w%mwﬁ.ﬂsamﬁee.m.eems-és&u
‘ da_t_;_gmined__f_’gr 1§5§.2.l§92!-
---D__grojects_ ___'E! prejects
Item Units per year per per year per ton
ton of of lead
e — L T: S ——
......... e - SN SN S Qe ]
Bé‘.’-‘l‘é&ﬂﬂ&l-i‘ﬁﬂl‘iﬂ"
m¥nts:
Lead concentrates tons 523720 1.7 89640 179
By=-products of zinc
manufacture:
Lead cake containe
ing 40% Pb and 7-8% )
Zn tons : m 001 ?m 0.0}Q
Output_of commercial
products
Refined lead tons 30000 1 50000 1
Flux consumptions:
QUdriz ure tous 2880 Oe1 49}0 001
Limestone tons 2410 0,08 4120 0,08
Iron ore tons 11260 0.4 19270 0.4
Fuel consumptions
Coke tons 10120 0,380 16860 0.338
Natural gas thous.
Nad 6800 0,227 10200 0.204
92..1..1...1.2..2.2!@'
tion:
*resh water th:gn. .
1610 0,06 2680 0.06
Stean tons 8000 0,27 13300 0.27
Power thous.

kwhrs 26000 0,86 35150 0.70




§

Nge 5
Metal extraction:
Pb into refined
lead ] " - 9% -

~ (27) Teble Yo The main consumptiop end output_date_se
determined for sinc plants

Item Units  -——-Di_REojects _ _'B' projects
_ per year p_;xf' :on per year PeF toa
1 2 ___ __3 . 5 6
Raw_material requir-
ements:
Zinc concentrate tons 93500 1.87 48300 1.1
By-products_of legd
maoufactures
Slag tons 26300 0.52 4790 1.9
Dust tons 2900 0,058 4880 0. %
Qutput_of commercis]
R ctss
Pig zinc tons 50000 1 30000 1
Zinc in vitriol tons 320 0.006 Fq) ] 0.007
Puel consumptions
¥ine coke tons 20930 0.42 21690 0.72
Anthracite tons 8970 0.18 9230 0.3

Natural gas thous.Be’ 5500 0,11 4800 0.9




;
g

Page M
U8ilities consumptiog:
Tresh water thous. ﬂ3
8000 0.20 4800 0.20
Gtean tons 70000 1.4 42000 1.4
Powers
total (altermatiag
curreat) thous.

of ketirs 21530 a,) 136480 8.5
Including the amount
of direct current
(takxing intn consi-
deration zinc dust
sanufecture for ‘
own noeds) - m 3.;2 m 5.2
iinc extrsction 93.3 - 92,2 -

(28) The main consumption and output data for sulphuric
ecid shops working on gases of ainc sanufacture have been

determined as shown in Taedle VI.

Table VI, fhe_main process and output_dets _ag
detersioed for eulpburic ecid ghops.

Bulphur in £aa conte-

ining 5.7% B8O, toas 28000

w!ﬁ -geamercisl

Bulpburic ecid calculated
iato moschydrete equi-

Item Unite per
yoar

per ton

ects 'B' projecty

per per ton

of sulp- year of sul-

huric

0.36 14400

valemst tons 80000

phuric

0.36
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1 2 2 o S SN e ___
Utilities_consump-
tiom:
Freah water thous.l} 530 0.01 320 0.0
Power thous. kwhrs 8130 0.1 4130 0.1

(29) The processes of mining ,concentration and metallur-
glcal processing of lead-and-zinc raw materials require a wide
range of reageonts and auxiliary materials, the consumption of
which way vary widely uepouulDg on tue cuaracteristicse of raw
materials and the parameters of manufecturing process.

An approximate list of the mair materials essential

for the operation of mining-and-c<oncentrating and metallurgical
facilities includes the following: explosives, detonators, rock-
=drill steel, hard alloys, steel for lining, steel balls, butyl
xanthate, potassium cyanide, soda, zinc sulphate, copper sulpha-
te, floatation oil, filtration fabric, lime, sulphur, sulphuric
acid, caustic, ammonium chloride, saltpetre, pyrolusite, scotch
glue, saponine.

(30) The above examples of the projects on determining ge-
nersl engineering conditions for ore dressing and metallurgical
plants are considered in conuection with the accepted flow sheets
and can be wused only as a guide for estimating some aspects
of engineering conditions iu organizing lead and zinc industry
in developing countries.

(31) Any mining and metallurgical plant should have a good
transport systCem for transporting materials and chemicals as well
a8 for shipping the final commercial product. In view of the
limited number of tracks and highways in developing countries
transport problem deserves much attention in considering the
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possibilities of developing lead and zinc industry. Transporta~

tion by water ways must be studied in the first place. It is
obvious that transport problems which mainly depend on the plant
location are connected with definite costs and must be considered
on the basis of available estimatec,

Personnel problem

(32) Morden mining methods, floatation and metallurgical
processes of lead and zinc production require various equipment,
Their efticiency is greatly affected by the skillfulness of perso-
nell maintaining this equipment.

General management ig a function of professional eugineers,
It is necessary to note that due to the specific nature of raw
materials metallurgical processes of lead and zinc production are
consiaered to be the most complex in the sphere of metallurgy.
Therefore the training of workers and engineers must be more
effective. The problem of providing personnel for lead and zinc
industry may be solved by the training of the required numbep
of skilled workers and engineers at the plants of the same type
in other countries.

Camice of typical flow sheets

(33) Alongside with the availability of raw materials and
general engineering conditions (i.e. sufficient quantity of fuel,
water, power and auriliary materials) amnother important factor,
@ffecting the efficiency of creating lead and zinc industry in
gome developing country is the choice of typical flow gheets and
the main equipment for ore treatment.

(34) As far as this meeting is organized mainly to discuss
metallurgical and general engineering aspects of lead and zinc
industry in developing countries the problems of mining and ore
dreseing are not considered in detail in this report.

However it is necessary to undewline some T'emarks, concer-
ning these problems.




i
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(35) According to the nature of minerslisation sad further
treataent lead and zinc ores may be devided as follows:

a) oxidized polymetallic lead and sinc ores with lead
and zinc content in the range of 6-7 pe: cent. Probably such ores
can be moat economically treated LY waelz procesg without
preliminary dressing by typical floatation methods; mixed lead and
zinc sublimates produced by wael: prucess can be treated by one
of the metallurgical methods described in the nexi part of this
report;

b) oxidized or mixed sulphide monometallic lead ores
containing 15 per cent lead probtably can be most economically
treated together with the standard lead concertrates by direct
metallurgical methods (agglomerstion + smelting in shaft furna-
ces and others); If a country with such ore deposits has not yeot
built a metallurgical plant, mined ore can be exported to other
countries; in particular this probtlem can be considered by
Soviet organizations, as mentioned above;

c) oxidized monometallic zinc ores, containing sore tham
6-7 per cent zinc. They may be treated by waels process with
further sublimation of oxidstion products to produce commercial
zinc white or these products can be suipped (o (im ,iants ior
iurther treac.en.;

d) moncmetallic and polymetallic sulphide ores. As a rule
they are shipped for dressing by usual methods.

(36) %he development of lead and zinc industry in any
country may be most effective, if various aspects of aining, ore
dressing and ametallurgical treataent are connected by one gene-
ral develcopment scheme with the following considerations:

a) wherever possible it is necessary to use highly effi-
cient mining systeas, based on the usage of efficient mining
equipment, which provides ore aining at the most low costs.
When applying highly efficient aining systeas there are cases




of imsreeased ore diluticn due to gamge inclusions.

In order to decrease the dilution effect in ore dressinag
it 1i» Becessary to use processes and equipment which allow to
FOROVe as more zange as possible at the initial stage by rela-
tively chozg;othod-. This can be achieved by dressing in beavy
suspensions preliainary sorting by radiometrie and photometrie
Bothods;

®) complex polymetallic ores are to Le dressed by such
80thods, which allow the ultimate extraction of valuable me-
tals as rich and clean concentrates, uLut thoge Retals which
Cab Bot be extracted as a rich clean product should bLe extrece-
ted as & bulx concentrate for further treatment by special me-
tallurgical processes among whicn ig & new process, Sugested by
Boviet engineers - the so called KIVCETprocess, described
in the next parts of tne report,

Choice of Retallurgical processes of
lead and zinc prodr-~tioa

(37) Bow lead 1s mainly produced by pyrometallurgieal
Botheds, which include:

= reduction smelting in shaft furnaces with prelinisary
agglomeretion roasting of lead conceatrates;

= "Imperial Emelting™ process;

= hearth saelting of raw lead concentrate;

- Peaction arc 8elting of lead agglomerate;

= agglomerate or ricn partially calcined
lead concentrate Aaelting in rotary lturnaces;

= precipitation sueiting in electric furnaces.

Compared witn otier Bethods aggliomerstiop rossting of
leed concentrates foilowed by reduction Sasiting of agglomerate
12 shaft furmaces is used on a very large ocale.

About 87% of totel lead output was produced by this
8ethod in 1966~1967,




During last two years adout 8,5 per ceat of the total
1ead cutput was produced by "Imperial Smelting” process.
= the amount of lead, produced by hearth saelting is
about 3 per cent;
= lead production by precipitation amelting is less than
0,1 per ceant,

(38) Lead extraction and the level of its production
By reduction smelting in shaft furnaces are greatly affected by
the quality of lead concentrates. In this connection a special
atteantion is directed to the production of high quality lead
concentrates containing 50-75 per cent lead, less than 2 per
cent copper and not more than 5% zinc, because the high
oontent of these metals may cause a nuaber of difficulties
and if copper content is above 2 per cent, cunsiderable losses
0f lead are to be expected during smelting. The level of lead
production by using this method is changing on & wide Pange
both in relation to the efficiency of agglomeration machines
and shaft furnaces, coke consumption per ton of melted change
and to the lead extraction as s refined product and complex
usage of raw materials, which greatly depends on charge com-
position.

(39) World lead production by using "Imperial Smelting”
process is continued to grow.

(40) Lead melting in hearth furnaces requares clean rich
concentrates and is not far proaising,

(41) Reaction arc smelting is used for producing lead
from rich lead concentrates mixed with limestone and dust, for-
®ed during agglomeration roasting.

(42) Precipitation smelting is worked only at Mubskami

(43) Lead production by smelting agglomerste or rich




e

partially calcined concentrate in rotary furnaces, reaction
arc melting of lead agglomerate and precipitation smelting

in electric furnaces did not find wide application. Reaction
smelting in electric furnaces with preliminary agglomeration
Of lead charge seemed to be more promising among thege methods,

(44) In a number of countries extensive research and
experimental work are belng carried out with the aim to deve=-
lop and introauce new processes of lead production,

(45) Now zinc in procduced Ly koTometallurgical and hydro-
molallurgical methods. Pyrometallurgical methods include:

= tinc distillation in furnaces with gorisontal rctorts;

= tinc distillation in furnaces with vertical retorts;

- electrothermal method;

- "Imperial Smelting" process.

(46) Zinc distillation in furnaces with gorisontal retorts
is the oldest method of zinc production (it was introduced in
the beginning of XIX century). It has a number of disadvanta-
868 such as low labour productivity, low Yield and metal qua-
lity, high operation costs and hard working conditions.

(47) Zinc distillation in furnaces with vertical retorts

is more efficient and compared with the former hag a number

of advantages: higher labour productivity, higher yield and
metal quality, better heat usage, the possibility of modep-
nization, better working conditions dug to the sealing of equip-
ment and besides that it can be worked on continuous basgig,
However this method requires additional capital investment

due to expensive and complex charge preparation and consunpe-
tion of such materials as carborundum used in muffle design.

(48) The electrothermal process of zinc production wag
introduced in 1936,

Now this process is being used in UesS.A., F.R.G., Peru,




Argentina, Japan and U.5.5.R. The electrothermal process

offers definite advantages: high metal yield, increased labour
productivity, possibility ot building large units, complex usage
of raw materials. However it has some shortcomings: design
difficulties in choicing appropriate materials for a furnace
bath and condenser y sufficiently resistant to slag and zine
vapours. This process is definitaly promising , especially in
countries with considerable cheap power resources.

(49) In the pyrometallurgy of zinc a success was achieved
by the Imperial Smelting Co which has developed a process
providing within a single operation tor t:e condensation
of zinc vapours and the recovery of lead into the molten metal
bath.

the advantages of the process is a theam of many reports
presented at this conference.

(50) Hydrometallurgy is at present responsible for the
greatest part of the world zinc production.

The advantages of hydrometallurgy include: high rate of
zinc recovery (if the circulating maverial is also treated);
high grade of metal recovered; efficient treatment of very
complex ores and high rate of raw materials utilization
(particularly in the combined production of zinc and lead);
better working conditions. Diaadvé%agss are the following:
much worse results (both metallurgical and economical) in
case the concentrates with hi. h rate if impuruties (ferrum,
silica, arsenic, antimony, cobalt, copper, magnesium, nickel,
germanium chloride) are treated, which in turn involves the
usuage of some additional equipment for the purification of
solutions; low labour productivity in electrolitic recovery
(manual cathods stripping operation); additional operation
for the treatment of rich-in-zinc cakes.

Inspite of these disadvantages, hydrometallurgical method
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in the production of zinc will not apparently loose its
significance for the treatment of rich zinc concentrates

with low impurity rste in the countries where cheap electro=
energy is available,

51. Tue choice of the production method for the recovery
of zinc and lead depends on many Circumstances and first of
all on the constituents of the ore, eleciroenergy and coke
resources and on the consumption pat.ern of the particular
metal.

The choice should be deciced by the vay of technclogical
and economical calculationy in every particular case. Popr instanm
in case of developing countries the decisive factor is electro-

énergy and c  : supply, without which it is virtually impossib-
le to develop the lead-ziac production.

When coke resources are iich and the consumption pattern
is not for the most high-grade metal, the preference may bde
given to the Imperisl Smelting process; when on the contrary
the coke resources ure pPoor and high grades of netal are
mostly consumed, then hydrometallurgical treatment of zine
Ray be preferred. The so called "KIVCET" process developed
in the USSR provides for the production of middle grades o
Zinc with the coaparatively low consuaption of coke and mild
electroenergy supply.

(52) On agenda of this meeting there are many interesting
reports of various countries' fepresentatives concemning the
advances cf the lead and zinc metallurgy in their countries,

Allow me, Please, %o outline Briefly some innovations in thaig
fleld applied in the USSR,

(53) Trying to improve the existing flow sheets
and to develop some new and Bore efficient methods of
lead, zinc and other heavy non-ferrous metals recovery, the
soviet specialists choose the way of wide application of i~
dustrial oxygen and of electrothermal processes.
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Nore than 80% of primecy lead is now recovered in the
USSR with the aid of oxigen enrichment. At one of the plant
the air blown into the blast furnace is enriched to 30% of
oxigen, which rosults in a few per cent increase in the direct
lead recovery, some 27-30% increase of the b.ast furnaces
production and lower (by 10-19%) quantities of coke consumed.

The industrial-scale experiments of the enrichaent of
the dblowing air to 5% of oxigen in the process of fuming slage
of lead smelting furnaces have shown the increase of the speci-
fic production volume of the zinc fuming plant up to 0% and
the rate of zinc recovery into fume sublimates - by 8-10%
together with lower fuel consumption (by 10%).

Ox.gen is aleso used in sintering to increase tLe produc-~
tivity of the sintering plaat and for greater concentratioa of
sulpbur dioxide in the fuel gases utilised for sulfuric ecid
production,

The oxigen enrichmeat is also used in the USSR in the
hydrometallurgy of sinc in the process of the fluidised bed
roasting of zinc concentrates.

The carichment of the blowing air up to (8--30% of oxigea
BRakes it possible to increase the specific productivity of
fluidized be. roasters by 60-70%, to increase the solubility
of sinc in sinter by ¢-2,5% and also to increase suifur dio-
xide concentration in the off-gases. Another application
of the industrial oxigen is the separetion of iron impurities
from weslz-oxides leach solutions. This facilit&tes the
filtration and pulp sedimentation procedures and reduces the
quantities of manganese ore used,

The blowing air 1s also enriened with oxigen when proces~
sing sinc cakes in waelz furnaces. Under the conditions of
the maximum oxigen consuaption the recovery of sinc intoc the
wasls-oxides is increased by 0,3%, cadmium- by 6,0%. The




consistency of zinc in cliuker is lowered by 0,7%,

The main advantages of the oxigen enrichment are 3
intensification of industrial processes

» reduction of the
Specific fure] consumption, increase ip

quality and quantity
of metals fecovered, greater concentration of sulfuy dioxide

in the off-gases, lower costs of production,

(54) wuch work hag been done ip

of development and application or electrothermal processes,
In lead Zetallurgy electrothermal devices are used inp the
process of slag sedimentation aftep smelting in Llast op
fuming furnaces, Electrosnelting Ol copper dross at one

of the plants sade it possille .o eliminate copper products
¢irculation, to reduce quantities of lead lost wity them and
to produce the matte with 40-45% of copper and 10% of lead,
The electrothermal process has been developed and applied

for silver scum treataent with the resulting condensation of
the liquid zinc,

Rlectric furnaces are also
aing of lead.

the USSR in the coursge

4sed for the continuous refji.

Electrothernal processes are widly applied in zinc metgle
lurgy. The Belovsk plant, tor example, whicn ig the only one
still producing zinc ipn horizontal retort oWens 1is being
recoastructed ror ¢lectrothermal processes. Two big electro-

thermal {urnaces with liquid zine condensation have been ale
ready put into production at thig plant,

operation at
The furnace wil] be used for the

J @granulated and calcined fume
Sublimates containing zinc and lead. Another smolter igs oquipe-

Ped with the furnace of 9000 kVa for processing rich-in-zine
slags and zinc cakes.
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A plant is being constructed for the treatment of siate-
red z1.c cakes uix®o with lead smelting slags in big 16500
kVa electrothermal furnaces with liquid zinc condensation,

(55) The most promising and significant process for the
treatment or complex concentrates containing zinc, lead and
copper is from our point of view the so-called KIVCET method,
developed by the soviet specialists, The word "KIVCETD" is the

russian abbriviation for the "oxigon—tluh-cyclon-alectrothor—
Bal process.

This process provides for the smelting of fime zaterials
in the blowing stream containing oxigen in amounts varging
from the usual percentage in air and up to 100%. The product
obtained is then treated olactmthemiculy.

According to tais aethoud:

@) smelting fine materials in the blowing streas caa be
either flash as a straight torch or as the toreh winded by
the cyclon action or ahy other means.

b) further treatment of the molten metal takes Place
both in an electrothermal device directly connected with the
saelting equipment and in the separately located device cone

nected with thse smelting section by means of g lauader used
for molten metal conveyance.

In case the sulfide material containing sore than 20%
of sulfur is treated, the sintering and saelting processes
Are autogeneous (without any fuel barning) and take place
in the industrial oxigen atmosphere. The flue gases are rich
in this case with sulfur dioxide.

If the oxidized or PoOor-in~sulfur concentrates are to
be treated then some Easeous, liquid or solid fuel should
be added imto the smelting process.




mmmamem (sine, leed, and copper)
are distriduted ia the following way:

During the umelting process 3inc enters the molten bath
from which it is fumed in the electrothermal section of the
plant and tnen con-densed in the condesator as liquid .etal
ready for use.

Lead 15 partially fumed ana concentrated as tume subiie

Rates but aainly it is condensed together with zinc as vlast
metal,

Copper, nickel and covalt 6° to the rich Aatte witharawm

periodically from thne scoummmuletiag pot in che electrothermal
section of the plant.

The advantages of the KIVCET process are generall- g
followe:

granulation and sintering processes are eliminated;

high rate of desulfurisation is achieved;

emall volu-zunﬁning the equipaent are rich with sulfur
dioxide (70-90%), aaking recovery as cheap sulfuric acid,
olementary suifur or liquid sulfur dioxide economically
attractive;

heat evolved from the oxidizing reaction taking Flace

i the charge is utiliszed within the process itself for
@Belting and add‘‘ onal heating of the charge components
(this reduces significantly the energy conspmption during
the whole process in comparison with many other sethods);
the consumption of high-¢rade coke is e¢liminated;

She process provides for the treataent of lead-and-copper

Gomplex concentrates which in turn makes {t poussible to

W8e the bulk floastation method, pemitting higher rates

of aetals recovery froms cvres into concentrates;

the continuous processing of the material within a single

plant is readily adaptable to sutomatisation of the main
units of the systes.
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At the pilot stage of the development of the KIVCET pro-
Ce8s some 20 thousand t@nes of concentrates were treated.

The industrial plant with the capacity of 300 tones of
eoncentrate per day is at present under completion. Another
project now under construction is of the plant with the
capacity of 1000 tones oi charge per day.

Conclusions

(56) Summing up the results of the analysis (made in
this report on the basis of the publications available and the
experience of the industry in the USSR) of the main factors
which may have a significant impact on the development of the
lead and zinc industry in the developing countries, we may
conclude that there is a possibility for the industry in
these countries to be profitably developed.,

This conclusion is contirmed by the tollowing generali-
sations:

= The production and consunption of lead and zine both in
industrialised and developing countries for the last 12
Jeoars have been steadily but slowly increasing .

= Lead and zinc prices at the international market are keeping
to b¢ wore ui ie.v s.aDiE.

= lne inner lead aud zinc uarket in the developing countries,
being though in the stage of creation, is nevertheless
proaising and perspective.

= Raw materials conditions in the majority of the developing
countries are favourable though not fully investigated yet.

= Dum to the development of other industries in these countri-
o8 the lead and zinc production development cannut be
handicapped by the hsemce of general technical means
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= Transport communications mainly depend on the economical
and geographicul conditions of every particular country.

- The personnel supply problem can be selved by training spe-
cilalists abroad.

- The existing and newly developed processes for the produc~
tion of lead and zinc are highly efficient.

-~ When estimating the possibility and prefitability of the deve
lopment of lead and zinc industry in the developing countries, |
the interdependance of many factors should be considered.

Therefore this problem should be solved for every country
individually by the way of thorough technological and
economical comparisons of the calculations made for diffe~
rent schemes of the material processing.
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