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Letter of transmittal to
the Fxecutive Director of UNIDO
Mr. 1. H. Abdel- Ruhman

Dear Mr. Abdel-Rahman,

We have the honour to present herewith the report of the Seminar on
Copper Production in Developing Countries, held in Moscow from 1—6 Octo-
ber 1970, under the auspices of the United Nations Industrial Development
Organization and in close co-operation with the appropriate USSR authorities.

The participants discussed the substance of the papers presented at the
Seminar and reviewed various practieal considerations of the development of
the copper industry under the conditions prevailing in developing countries.
The discussions eovered current and new technological processes used in the
production and transformation of copper, including their economic asprets.

The conclusions and recommendations reflect the spirit of the discussions
held and opinions expressed. We sincerely hope that these recommendations
will provide you with a sound basis for your future work programme.

We wish to express our deep appreciation to UNIDO for the opportunity
to attend this Seminar and to the USSR authorities for their assistance and
hospitality.

Yours siucercly,

Chairman

K. I. Ushakov

Director, State Institute of Non-Ferrous
Metallurgy

USSR

Discussion Leader

B. Leuschner

Regional Adviser on Technological
Research for Industry

Economic Commission for Latin America

Chile

Rapporteur

G. 8. Somerset

Assistant Director and Secretary

British Non-Ferrous Metals Federaticn

United Kingdom
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Introduction

. The purpose of the Seminar, whose conclnsions and recommendations
are given in chapters 1 and 2, was to study and evaluate the technieal and
ecconomic aspects of the application of inodern metallurgicai processes to the
production and transformation of copper, and to assess their importance to
developing countries for inercasing the revenues from their copper industiies,
The Tist of papers discussed during the Seminar is preseated in annex 2.

2. The participants included 54 representatives from developed countries

and 14 from developing conntries. The fall lis' of participants is given in
annex 1.

3. The meeting opened with an asscssment of the world market for copper
and the possibilities for the developing countries to compete in this market.
This appraisal is given in chapter 3. Chapter 4 examines the requirements
of the developiig countries. Chapter 5 indicates trends in the development
of the copper industry. Chapters 6 and 7 cover the technical developments
in smelting and refining described by the experts, and chapter 8 summarizes
developments in copper transforn.ation. Chapter 9 outlines the history of the
copper industry in two developing countries - Chile and Bulgaria.

4. Thke Seminar was followed by a tour of plants in the USSR, which included
mines, smelters, refinerics and plants fabricating c pper and copper-alloy
products.

5. The Group elected Mr. K. Ushakov as Chairman, Mr. B. Leuschner as
Discussion Leader, and Mr. G. 8. Somerset as Rapporteur. Mr. Christo Popov
of the UNIDO secretariat ser. d as Technical Secretary. In addition to
Mr. Ushakov, representatives of the host Government were Mr. J. P. Voro.
nenkov, Deputy Minister, Ministry of Non-Ferrous Metallurgy, USSR;
Mr. L. K. Davidov, who served as Technical Secretary of the Seminar;
Mr. V.1. Vlassov, who was the officer responsible for organizing the visits
to plants; and Mr. V. V. Mikhailov, who was the officer responsible for
organization of interpretation.

6. The experts attended the meeting in a personal capacity and the views

expressed are not necessarily thoee of their organizations or of their Govern.
ments,
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7. Thisreport is the second to be prepared by UNTDO on the copper industry.
The first report, “Modernization and Expansion of Plants in the Copper
Industry™ (ID/WG12/7). was prepared by an Expert Consulting Group
following a meeting held in Vienna in November 1967, The recommendations

of that mecting remain valid and shonld be taken into account.




1. CONCLUSIONS

8. The following main trends in the world copper industry have become
apparent in recent years and they are likely to continue in the foresceable

future:

(1)
(2)
(3)
(4)

(6)

(7)

(8)

(9)

A sustained increase in production and consumption;

A growing tendency towards developing relatively poor ores;
Greater processing of secondary raw materials:

An increasing .uphasis on the comprehensive utihzation of copper-
containing raw inaterials, mvolving the extraction not only of
copper but also of sulphur, precious metals, lead, zine, iron, molyh-
denum and other associated metals, materials and chemicals,
Sulphuric acid and fertilizers and other products may be of partic.
ular mterest to developing countries:

Wider application of underground, heap and dump leaching of
copper from oxidized and sulphide-oxide ores; solutions are either
cemented and subjected to electrowinning or purified and con-
centrated for electrowinning. As a result, additional amounts of
copper are obtained from complex raw materials and dumps with
& modest capital investinent and with low production costs;

The application of improved hydrometallurgical and pyrometal-
lurgical processes for the extraction of copper from mixed and
oxidized ores as well as from oxidized carbonate ores;
Copper sulphide concentrates ajo processed in the main by pyro-
metallurgical techniques. Lately, pyrometallurgical research has
been aimed at intensifying existing processes and developing
continuous and combined processes. Such processes may be less
capital intensive, allov “r improved utilization of raw materials
and reduce fuel consumption;

Increasing attention is being given to utilizing the heat of exhaust
gases. The use of oxygen in copper processing is expanding;

Electrorefining techniques have made considerable progress with
the mechanization of production processes, current reversal, higher
current densities, new reagents, corrosion-resistant inaterials, seni-

conductor rectifiers, and the use of the latest instruments for
process control and short-circuit detection:

5
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(1C)

(11)

(12)

(13)

(14)

(15)

(16)

COPPER PLe- S CTTON IN DEVELOPI 6 COUNTRIES

Reeently, the main copper-producing and exporting countries have
made substantial changes in the legal status of ownership of their
copper industries, with their Governments assuming a deeisive role.
These changes are starting to produce a favourable effect on their
econoniies, to augment the receipts of foreign currency. to con-
solidate their balance of payments. and th ereate additional employ-
ment ;

Copper resourees now known, or likely to be discovered. in devel-
oping countries are expected to be of the same types as those
found throughout the world. Existing proven technology is adequate
for the immediate exploitation of most of these resources, although
the new technology should be uscful;

The shortage of skilled personnel hanrpers the growth of the copper
industry and makes the training of personnel a primary consid-
eration for the developing countries;

It is worth noting the example of Chile, where a state-owned
company, Empresa Nacional de Mineria (ENAMI), purchases
copper raw materials from small-scale producers and processes
them at its metallurgical plants. It also gives financial and
technical assistance to these producers. The total picduction
from these mines is about 10 per cent of the total output of the
country,

Some copper-consuming countries follow & policy of buying copper
products of lower aggregate value from the developing countries
supplying raw materials such as concentrates and unrefined copper;

The increasing amounts of copper scrap in developed countries
provide them with an alternative source of copper supplies that
is in competition with the primary copper produced by the devel-
oping countries. This situation is unlikely to change in the near
future in view of the low per capila copper consumption in devel-
oping countries and their small share of the total world consump.
tion;

The production and export of semimanufactures and fabricated
products from developing countries is almost negligible.




2. RECOMMENDATIONS

9. The recommendations that resulted fromn the discussion are directed to
UNIDO, the developing countries and the developed countries.

A, I was recommended that the United Nations Industrial Development
Organization:

(1) Increasc the technical assistance devoted to the development of
copper industry in developing countries. This assistance includes:
(a) Expert missions;

{b) Consulting services;

(¢) Preparation of preliminary feasibility studies;

(d) Fellowship programmes;

(e) Arrangements for carrying out laboratory tests and other
studies in industrialized countries as they are needed;

(/) Assistance aimed at increasing the degree of domestic pro-
cessing of available copper raw materials, along with the pro-
duction of copper and its further fabrication;

(9) Assistance aimed at improving the economic and technological
performance of existing copper extraction and transformation
plants;

(h) Assistance in the preparation of requests for technical as-
sistance from developing countries on problems related to
their copper industry.

(2) Evaluate new metallurgical processes with a view to their possible
application in developing countries;

(3) Stimulate and assist in the establishment of research and develop-
ment centres for non-ferrous metallurgy in those deve}opmg coun-
tries where conditions are appropriate;

{(4) Collect and circulate to developing countries information on legis-
lation pertaining iv the copper industry. This information should
cover legislation related to fiscal matters and also to the granting
of exploration and mining licences;

(6) Inform the United Nations Conference on Trude and Development
(UNCTAD) and the General Agreement on Tariffs and Trade (GATT)
that the problem of tariffs on copper products exported from devel-

7
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oping countries has been diseussed, and that these organizations
shonld make efforts o rednee these taritts with a view to facilitating
the further development of the copper industey, which is the hasis
of the cconomy of a number of developine conntries:

Inform the international finaneial organizations, such as the hnter.
national Bank for Reconstruetion and Development (1BRD), that
an cndeavour should be made to augment the funds needed for
the development of the copper hddustry in order to deercase the
dependeney on industrialized countries,

Organize future weetings of experts from various countries on the
financial, taxation, economic and marketing problems as well as on
problems connected with the establishment of new copper industries
in developing countries,

It was recommended that developing countries:

1)

(3)

(4)

(5)

(6)

(7

Look into the possibilities of expanding their primary copper pro-
duction and developing an integrated industry to produce a range
of products such as blister, refined copper and semimanufactures
where this is cconomically feasible. Since w major part of world
primary copper is produced in developing countries, prospecting,
exploration and processing should be encouraged in these countries,
In this connexion it is important to note that the capital costs of
facilities for the production of final copper products are substantially
less than those for copper mining; but the benefits are also less;

Consider the application of newly proven commercial teclmology
for the extraction of copper from sulphide, oxide and mixed sulphide-
oxide ores, for the utilization of waste dumps, and for the design
and operation of concentrators, smelters and refineries that may be
appropriate to the existing or planned operations in cach country;

Study and evaluate the most efficient scale of production facilitics
for refinery operations, on the basis of local conditions;

Encourage the use of the services of outside experts in the design,
construetion and commissioning of metallurgical enterprises and for
the training of local personnel;

Work out forecasts for world copper production, consumption and
exports, with the assistance of UNIDO, with a view to iproving
their knowledge of the market situation and the likely trends in
the future;

Establish pilot plants, whenever applicable and economically
feasible, for the treatment of indigenous copper-containing minerals
using the most efficient processes, with the assistance and support,
if desired, of UNIDO and the industrialized countries:

Create conditions that would encourage the investment of capital
from international financial institutions and other sources;
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(8)  Take into account the experience of the copper industry in thoso
conntries that have developed their copper industry within the
last 15--20 years.

.1 was yecommended that the developed countries:

(1) Continue the developraent of copper-produetion technology in order
to improve the cfficiency, recovery, productivity and the quality
of copper products and reduce the cost of copper and ity by-products
and co-product metals and materials. Such advanced procedures
should include the elimination of pollution from production wastes;

(2)  Assist the developing countrices in their search for capital investment
to build production facilities;

(3) Keep the developing countries informed on the latest developments
in the technology, engineering and economics of copper production.







3. ECONOMIC ASPECTS AND MARKETING
POSSIBILITIES OF COPPER PRODUCTION FOR
DEVELOPING COUNTRIES

PropuctioxN

10. Copper is present in the earch’s surface in many countries, but it is
mined primarily in Canada, Chile, Peru, the Union of Soviet Socialist
Republics, the United States, the Republic of Zaire and Zambia. Table 1 gives
the figures for the world production of copper mines. The output of the mines
increased over the ten years of the development decade (1960—1969) by
1.7 million tons or 40 per cent.

11. The data in table 2 indicate that about 60 per cent of the world pro-
duction of copper over this period was mined in the developed countries.
The balanco was accounted for mainly by the developing countries in Africa,
Asia and Latin America. Table 2 also gives figures for the mine production
of the developing countries over the same period, during which these countries
produced 40 per cent of the world output.

12. The smelting of copper is carried out in many cases close to or at tho
viines, but it is also done by custom smelters in the countries consuming
copper. Tables 3 and 4 give figures for the world production of smdlters.
This includes the production from coneentrates and {1:e production of second-
ary blister and rough copper from scrap residues.

13. Some years ago it appeared that primary copper would be smelted and
refined incrcasingly at or close to the mines rather than in the copper-con-
suming countries. Even if this had occurred, however, the large secondary
metal industry, which is based on the use of scrap and residues as a raw
material, would continue to be located in the industrialized countries where
scrap is produced.

14. The output of blister copper in the developing countrics is about one
third of the world total or less than the proportion for mine output. This
is explained by the fact that concentrates are Shlpped to the industrialized
countries for smelting.

15. It appears now, however, that this trend is reversing. Some countries
—notably Japan and, to a lesser extent, the countries of Western Europe—
are contracting for the supply of concentrates and blister to feed their smelters

11
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FCONOMIC ASPECTS AND MARKETING POSSIBILITIHES ll;

Tasre 2. PRODUCTION OF MINES, BY DEVELOPED AND DEVELOPING COUNTRIES,
1960 - 1969

{ Thousand tons )

World Developed Developing

total countries Counlrivs
1960 4,234.6 24011 1,833.5
1961 4,395.2 2.543.3 1,851,9
1962 4,559.7 2,710.1 1,849.6
1963 4,629.9 2,729.8 1,900.1
1964 4,848.4 2,887.9 1,960.5
1965 5,065.0 3,053.7 2,011.3
1966 5,301.9 3,265.9 2,036.0
1967 5,073.5 2,958.3 2,115.2
1968 5,474.0 3,276.3 2,196.7
1969 5,908.9 3,600.1 2,308.8
ANNUAL AVERAGE

RATE OF GROWTH - 3.8, - 4.67, 1 2.6Y)

and refinerics. The companies concerned have offered to finance the devclop-
ment of new mining ventures. In exchange they have entered into long-term
contracts with the mines for the supply of minerals,

16. The production of refined copper is dispersed much more widely through-
out the world and much of the refining takes place in the industrialized
countries. Refined copper can be produced both from primary and seeondary
blister and also from serap. The output of refined copper, which now amounts
to over 7 million tons per annum, is substantially higher than smelter pro-
duction. The production figures are given in tables 5 and 6. The total output
of refined copper has risen by some 2.2 million tons in the last decade and
1.3 million tons in the last five years. The outpnt of secondary refined copper
from scrap and residues has almost doubled in the last decade and now
amounts to about 1.2 million tons. The production of secondlary copper takes
place almost entirely in the industrialized countries of the world, principally
in the Federal Republie of Gerniany, Japan the Union of Soviet Socialist
Republics, the United Kingdom and the United States.

I17. During these ten years the output of refined copper in Japan rose to
630,000 tons. Most of this copper is produced from imported raw materials.
Other countries where there has been an important increase in refined copper
production are Chile, the Union of Soviet Socialist Republics, the United States
and Zambia.

18, The grow th rate in the output for the principal produeing areas is shown
in table 7 (for mines) and table 8 (for refineries). Mine production did not.
increase in the developing countries as rapidly during this period. Large ncw
projects are being developed in Chile, but they are not yet in full operation.
Mine production in the eountries with centrally planned economies almost
doubled over this decade.
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ECONOMIU ASPECTS AN MARKETING POSSIRILITIES l:’

Tanre 4. Provuorion o SMELTERS, BY DEVELOPED AND DEVELOPING (01 NTRIES,
1960 - 1969
{ Thowsand tons )

World Develiped Developing
total counlries countries
1860 4.542.9 287008 1.663.1
1961 4,609.4 2,035.1 16743
19462 4.7508.4 3.083.2 1.676.2
1963 4,844.6 3.159.4 1,685.2
1964 5,142.4 3,358.8 1,783.6
1965 5,375.5 3,545.5 1,830.0
1966 H,682.2 3,781.5 1,800.7
1967 5,238.7 3,385.4 1.873.3
1968 5,880.7 3,949.9 1,930.8
1969 6,282.0 4,262.9 2,019.1
ANNUAL AVERAGE
RATE OF GROWTH -+ 3.77, + 4,47 +23.2°,

19. Some developing countries— Peru, the Republic of Zaire and Zambia—
have extensive development programmes. In addition, new mine production
may be expected fairly soon in Botswana, Bougainville (Solomon Islands),
Indonesia, Malaysia and Mauritania. Much of the output of these mines will
go to Japan.

CoNsUMPTION

20. Copper is consumed in one form or another in all countries of the world.
The greatest consumption, however, is in the industrialized countries. Tables 9
and 10 give the world consumption of refined copper. This rose in the period
1080--1969 by some 2.3 million tons. The main increases in consumption
have been in Canada, the Federal Republic of Germany, France, Italy, Japan,
the US and the USSR.

21. Over these ten years consumption grew at & rate of 4.4 per cent per
annum compared with a rate of only 4.1 per cent for production. The growth
of consumption has therefore outstripped the available supplies, which have
had to be replenished by releases from the US Government stockpile of
798,000 tons. This rapid rise in consumption is explained by the growth of
industrial output, improved standards of living, and the growth of popu-
lation.

22. The developing countries consume only 3.5 per cent of the total con-
sumption of copper in all forms. Thus, the consumption of copper varics
enormously among the countries of the world. Table 11 indicates that the
consumption per capita in certain developed countries ranged from 4 to 12 kg
in 1968; in the same year, consumption in certain developing countries ranged
from 0.1 to 0.6 kg (table 12). Although consumption in the developing areas
is small, future prospects are extrr.nely favourable.
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ECONOMIC ASPECTS AND MARKETING POSSIBILITIES 17

Tanre 6. PRODUCTION OF REFINED COPUER, BY DEVELOPEDL AND DEVELOPING OV NTRIES,
1960 - 1969

{ Thousand tons)

World Dereloped Developing
totad conntrics countries
1960 4.993.8 4,135.7 Ris.1
1961 5,127.2 4,231.8 895.4
1962 5,292.7 4,351.9 940.8
1963 5,381.0 4,437.1 943.9
1964 5,810.8 4,779.7 1,031.1
1965 8,186.1 5,075.0 1,091.1
1066 6,360.1 5,228.9 1,133.2
1967 59944 4,786.1 1,208.3
1968 68,850.7 5,307.4 1,253.3
1964 7.147.5 5,704.3 1,393.2
ANNIAL AVERAGE
RATE OF GROWTH | 4,17, 4377, 45,87,

TanLe 7. GROWTH RATE IN MINE PRODUCTION, BY MAIN PRODUCING AREAS, 1060 — 1069
{ Thousand tona)

1960 1969 f;;’e’“g;’ gfm
DEVELOPED AREAS
Us 0979.9 1,4134 1-4.29
Canada 308.5 500.2 - 4,70
Centrally planned eeonotnies 625.2 1,083.0 -1-6.39;
Western Europe 127.4 202.5 -5.3%
Routh and South West Africa 69.7 152.6 + 9,19,
Australia 111.2 128.1 -+ 1.62,
Jdapan 89.2 120.3 +3.49
Total 2,401.1 3,600.1 -+ 4,69
DEVELOPING AREAS
Africa
Zaire, Rep. of 576.4 ‘ 719.5 -+ 2.89%,
Zambia 302.3 364.8 +2.1%
Rest 3.0 39.5 +2.0%
Latin America
Chile 532.1 884.8 +2.9%,
Peru 181.7 189.0 +1.07;,
Reet 83.0 94.3 +1.89%,
Aasta 126.0 204.9 -4-5.8%,
Total 1,838.8 2,308.8 +2.6%,
WonLp TOrAL 4,284.6 5,908.9 4 3.89%,
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TanLe 8.

COPPER PRODUCTION IN DEVELOPING COUNTRIES

{ Thousand tons)

(h(l)\\'Tll RATLE IN PRODUCTION OF REFINED COPPrER, BY MAIN PRODUCING
AREAS, 1960 - 1969

Avrverage annunl

Iria 149 rate of growth
DEVELOPED AREAS
US 1,642.6 2,026.5 2.4°,
Canada 378.2 408.8 EK L
Centrally planned oconomies 799.9 1,262.0 O AN
Western Furope 970.9 1.229.3 + 2,70
Japan 248.1 629.2 -+ 10.8°
Australia 84,2 137.3 - 8.5
South Afriea 11.8 61.2 F20.1°%,
Total 4,135.7 5,754.3 I 3.7°,
DEVELOPING AREAS
Africa
Zambia 402.6 598.1 -+ 4.5%)
Zaire, Rep, of 144.7 183.3 + 2.7%,
Rest 1.2 20.7 +87.29%,
Latin America
Chile 225.6 453.0 4 8.0°]
Rest 60.6 108.4 4 8.7%
Asia 23.4 29.7 + 2.79%
Total 858.1 1,393.2 -+ 8.5%,
WORLD ToTAL 4,993.8 7,147.5 + 4.1%

SEMIMANUFACTURES AND CASTINGS

23. Copper is used for the production of a variety of semimanufactures.
These include sheet, strip and plate, wire, rods, bars and sections and tubes.
About 10 per cent of the copper is used for castings, and a small amount is
used for chemical compounds—mainly copper sulphate. World production
of semimanufacturcs is given in table 13.

24. Many developing countries start by mining copper and then erect
smclters for the production of blister copper. They later build refineries for
the production of fire-refined and electrolytic copper.

25.  The problems of smelting and refining partly involve technical know-how
and partly the availability of sufficient investment funds for building the
plants. The minimum economic scale for a refinery is now about 100,000 tons
per annum, if profit loss criteria are taken into consideration. Other con.

siderations roflecting local conditions, however, may make feasible copper
refineries of less capacity.
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ASPECTS AND MARKETING FOSSIBILITIES
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20 COPPER PRODUCTION IN DEVELOPING COUNTRIES

TaprLi 10, CONRUMPTION OF REFINED COPPER, BY DEVELOPED AND DEVELOPING
COUNTRIES, 1960 - [964

{ Thousand tons)

Waorll Developed I)"r'o'la:;'jn,v/
teital coritbrivs connfriog
[ RTH 45205 4,051.4 1721
1961 D,027.4 4,846.1 181.8
1962 5,027 4,021.8 S04
1063 53,397.7 5,186.8 2100
1064 29113 5.639.6 2907
196 6,112.6 H,844.0 268.6
1966 6,405.2 6,199.4 205.8
1067 6,118.8 5,926.8 191.8
1068 6,433.4 68,2042 229.2
1969 6,995.3 6,742.2 203.1
ANNUAL AVERAGE
RATE OF GROWTH 1.4 4.5, REE 3 2

Tanre 11, PER CAPITA CONSUMPTION OF COPPER 1IN
ALL FORMS N CERTAIN DEVELOPED COUNTRIER, 1068

(kg)

1968
Austrin 4.3
Belgium 68
France ) R
iermany, Fed, Rep. of 11.7
Great Britain 11.2
1taly 6.5
Japan 0.6
Netherlands 7.9
Scandinavia 9.0
Switzerland 10.7
Us 12.2

26.  Aithough about 40 per cent of the world’s copper is produced by the
developing countries, their production of copper semimanufactures is small,
Out of a total production of 9.6 million tons, only about 3.5 per cent is
accounted for by the developing countries. The reasons are partly economic
and partly historical. Fabricating must be done on a large scale; hence,
these products are difficult to produce cconomically in some developing areas
with smell loeal markets, unless regional co-operation is established.

27.  Tho scale of operation for the production of semimanufactures is rising
rapidly and much larger units are now being formed in all industrialized
conntries. To establish these units in the developing areas, it would be neces-
sary to extend the markets. Many semimanufactures are sophisticated products
which must have a high quality and be made in a large range of sizes, shapes




ECONOMIC ASPECTS AND MARKETING POSSIBILITIES 21

TasLE [2. PER CAPITA CONSUMPTION OF COVIPER 1IN
ALL FORMS IN CERTAIN DEVELOPING COUNTRIEY, 1968

(kg)
1968

Latin America

(Cl'olombia 0.1

Venczuela 0.6
Africa

Algeria 0.1

Ghana 0.1

Libya 0.6

Moroceo 0.2

Tunisia 0.1

Zambia 0.1
Asia

Iran 0.2

Inranl 2.9

Philippines 0.1

Thailand 0.1

and alloys. They are therefore most easily produccd near the market. The
development of semimanufactures, however, creates additional employment
in the countries concerned, and this phenomenon has obvious benefits. On
the whole, though, copper-fabricating is not a labour-intensivo industry.

28. Thus, the main problems involved in establishing a copper-fabricating
industry are:

(a)
(b)
(c)
(d)
fe)
47
(9)

(h)
()

The size of the home market ;

The necessity of using scrap and residues:

The necessity of importing the alloying elements (zine, nickel etc.);
The acquisition of technical know-how;

The distance from export markets;

The large amount of investment funds required;

The cost of transport: since shipping rates are fixed in relation to
both the value and the volume of the cargo, semimanufactures cost
more to transport;

The fact that many countries have erected tariff barriers against
the import of semimanufactures:

The multiplicity of products and sizes required.

g T S T e S e s R T Bl b Tt G e e e e T L i e
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COPPER PRODUCTION IN DEVELOPING COUNTRIES

L1ag 68 105°S 16%'8 91¢°'8 ¥86°2, 800°L 8899 LS¥0 190°9 IVEIOL TTHOM
org 00g 0c3 0L3 09¢ oce 083 093 0 081 snyunoo Susdopasr
168 £6¢ $9¢ A& 2 39¢ Lee 00t LLE L83 £33 m15un00 padopasp soyio
8Tl 680°T 106 61 89 19 QLS &ee 96C 10% .3&5\.
0T8I oeL 969°1 06<°1 0281 or1¥F°1 ceE‘l 0181 012°1 091°1 stuonooe pouuoyd Apmpapwa)
FRe g §¥3°¢ 0¥9°c 988z L91°s C68°1 118°1 01 ¥el sn
108 1 19 889 L3L ¥89 66S £9¢ LLe 685 1oy
06¢ gre ceg 9ge £0g €63 €28 ¥63 ¢LE 274 Ay
eL¥ R6¢ ¥8¢€ £6¢ 168 66¢ 9ce 6ce Lze Tt eoueay
88 C¢eL 169 ¢8L £C8 08 ¥EL 889 ¥el ¥OL p: 56 1
968 1L $99 0L9 ocL £3L 119 ¥65 0L9 €09 Jo ‘dey "pog ‘Aueumiop
863'E 886'T 8€L'T 098°Z ¥30'¢ 6£6'T £39'2 8L¥'E £1.0°2 cC¥Fs ™oL odosnyy wsnws g
6561 ¥961 L961 9961 e967 7967 £96r1 2961 I967 0961

(suop puvenoyf)

6961 —0961 ‘STUNIOVIANVRINIS XOTIV-HAII0D ANV HEJIOD X0 NOLLONAOHJ dTHOM ‘G TILV]




ECONOMIC ASPECTS AND MARKETING POSSIBILITIES 2:

PRODUCTION FORECASTS

29. It is possible to forecast production of newly mined copper with a fair
degree of accuracy, since it takes about five vears to develop a new mine.
Even projected extensions of existing mines are wsually known well in advance,
because they require not only time to earry out the physical work but also
time to raise the large suins needed for investment.

30. It is considered likely that the mine production of copper will increase
to 9.5 million tons by 1980. Smelter produetion is forecast to riso to
10.1 million tons by this date. Of the mine output, it is estimated that the
developing countries will provide 3.5 million tons. The output of refined
copper is forecast to rise to about 11.3 million tons by 1980.

CONSUMPTION FORECASTS

31. Since 96 per cent of the world’s copper is now used in the industrialized
countries, forecasts about eonsumption over the next decade must inovitably
be based on conditions in these countries. Even a spectacular growth in
copper consumption in the developing countries would not make a substantial
difference in the world’s use of copper. In the long run, however, the future
of eopper consumption will depend largely on the use made of it by the very
large—and rising—population of the developing countries.

32. The forecasts for consumption are based on the usago of copper, i.c.
primary refined copper, secondary refined copper and scrap used directly,
encompassing the total market for copper. Consumers do not use primary
copper as such; they use copper in its most economic and convenient form.
For some uses they require newly mined copper; for others they almost
invariably employ scrap. A range of intermediary uscs require cither one
or both.,

33. It is clear that the growth in consumption will continue, although the
rise is likely to be somewhat slower in the second half of the decade. Total
consumption is estimated to grow to about 14.3 million tons by 1980. The
world will thus need 3.7 million tons more copper by the end of the decade;
however, the industry should be capable of producing more by this date.

34. These figures may seem to indicate that a surplus of copper is likely
to arise in the future, and that this will result in a depressed market. Such
a conclusion would be quite incorrect. In the past the mines have been able
to operate on the average at about 93 per cent of their normal rated capacity.
For practical purposes, this is the maximum rate of operation that thcy are
likely to achieve over the years, although in a particular year the operating
rato may be higher or lower. The production figures really represent the
maximum obtainable tonnage in the long run. Thus, these forecasts indicate
that the mines may in the future operate at about 85 per cent rather than
over 90 per cent of capaecity.
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NORAP

5. A meeting on the Utilization of Non-Ferrons Nerap in Developed
Comntries was held in Vienna i November 1969, nuder the anspices of
UNIDO. The meeting dealt waindy with the technieal and cconomie problems
that arixe in the wtilization of sceap.

6. Serap is a very important raw material for the copper mdustey. The
nmovement of scrap and its availability has a major inflnence on the market
and the price of prinary copper. Manv copper products can be made either
from scrap. from secondary refined copper or from primary copper. The
fabricators are thevefore able to choose which they wish to use.

37. The total serap now used amounts to about 3.6 million tons, This
represents nearly 40 per cent of the world copper consumption. Nerap is used
mainly in the highly industrialized conntries.

38. Serap is produced in the developed countries, frequently close to a metal
consumer. It therefore invariably finds a market and indeed may on occasion
replace primary copper. The supply line for primary copper between devel-
oping and developed countries is usually very long, while the supply line
for scrap is very short. Morcover, scrap is created as a by-product and its
cost of production is nil. The price therefore depends entirely on supply
and demand.

Prick

39. The key to the growth in the revennes of developing countries is the
future demand for and price of copper. The estimates of demand indicate
that there will be a ready market for additional supplics of copper over the
years. The future price level is much more difficult to assess,

40. The basic fimetion of a pricing system is to equate supply and demand.
The price icvel should be high enough to eneourage new investment in mining
and yet Lot so high as to price the metal out of the market. The copper industry
has always been subject to great fluctnations in the price. There are a number
of different prices in use in various parts of the world. but the most impor-
tant are:

(¢) The US producer price;
(b) The daily London Metal Exchange (LME) quotation;

(c¢) The price levels determined in the countrics with centrally planned
econnmies.

41. The average, high and low prices for the UK and the US for the years
1936--1970 are given in tables 14 and 15. The US producer price applies to
the sale of primary copper by the large US copper companies. There are,
however, other price ievels in the US for scrap and custom-smelter copper,
and fabricators must use a blended price based on their average buying
price for materia's.
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TapLy SE ANT P O BT e rre e o .
i 14, SETTLEMENT PRICE OF ELECTROLYTI COPPER WIREBARS, Uniten Kivapony,

1936

1970

Y per taon)

1934
1937
1938
1939
1940

1941
1942
1943
16044
1945

1946
1947
48
1849
1950

1951
1952
14953

1954
1985

1056
1087
1958
1950
1960

1961
1962
1963
1964
1065

1060
1967
1968
19689
1970 (January — May)

Arverage

42
54
43
48
Hlwt
G110

#1
a1
61
61
61

76
129
132
131

76

217
255
265
2204
245
345

324
216
194
234
242

226
230

345
461

546
411
517
611
698

High

o4
%0
54
54
Hun
a1b

61
61
a1
61
61

1358
138
151
199

230
782
280¢
2444
305

430
269
257
284
276

245

282
523
561

776
598
810
734
749

Lo

37
41
36
an
50
61

61
61
61
61
61

]
115
130
102
161

199
223
248¢
2114
212
284

258
173
187

215

213
224

231
323

349

425
502
566

mr chmbe:

a }umlry —~July
d August — December




:.)6 COPPER PRODUCTION IN DEVELOPING COUNTRIES

TApLE 15, PRICE OF ELECTROLYTIC COPPER PRODUED IN THE UNITED STATES,
1936 — 1970

(Cents per 1h)

Average High Lon

1036 9.5 11.8 9.0
1937 13.2 16,8 9.9
1938 10,0 11.0 8.8
1939 11.0 12.3 0.8
1040 11.3 12.3 10.3
1941 11.8 12.0 11.8
1942 11.8 11.8 11.8
1043 11.8 11.8 11.8
1944 1L8 11.8 11.8
1945 11.8 1.8 11.8
1946 13.8 19.3 11.8
1947 210 23.3 19.2
1948 22.0 23.2 21.2
1949 19.2 23.2 15.7
1950 21.3 24.2 18.2
1851 24.2 24.2 24.3
1952 24.2 24.2 24.2
1953 28.8 30.8 24.2
1854 20.7 20.7 29.6
1955 ars 45.3 29.7
1958 41.8 47.8 5.4
1957 20.6 35.8 25.4
1958 25.8 8.8 23.3
1959 3l.2 35.2 284
1060 32.1 34.2 206
19681 29.9 30,7 25.8
1962 30.8 30.6 30.8
1963 30.6 30.8 308
1984 2.0 a8 30.8
1965 35.0 37.0 ass
1966 36.2 47.2 as.e
- 1987 38.2 a0.6 36.2
1968 48.8 42.3 41.7
i 1969 47.5 52.8 41.7

1870 (January —May) 57.4 59.7 521
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42, The LME is a commodity market that determines the price basis for
virtmally all transactions other than those in North America and in the
countries with eentrally planned economies. Tt is a free market used by almost
every country in the world. 1t therefore reflects the conditions of world
supply and demand.

43. The turnover of the LME is over 2.3 million tons per annum, but much
of this is in the form of paper transactions, such as hedging and other oper-
ations among dealers. The actual physical metal handled by the market is
about 230,000 tons per annum. The price quotations are used as a basis for
the long-term contracts of the producers and for buying and sclling scrup.
They influence the pricing of about 6.5 million tons of copper per year,

44, Producers have held in the past that this was an unsatisfactory method
of pricing metal. Indeed, the aluminium and niekel producers have established
their own prices and they have now been followed by zinc producers. There
i8 now a dual price system for all these metals—one fixed by the producers
and one determined in the market. The copper producers have sometimes
established their own producer price; for example, when the LME was in-
operative during World War Il and. more recently, when attempts were
made to get away from LME pricing and the daily price fluctuations. These
attempts had to be abandoned because of the problems created by dual
pricing. In practice it proved to be impossible for two widely different prices
for copper to exist for any length of time. This is partly owing to the large
supplies of secondary metal and scrap and partly to the desire of some pro-
ducers to obtain the best possible price.

45. The pricing of commodities by a commodity exchange inevitably leads
to an unstable price because there is a daily fixing. The short-term factors
prevalent on a particular day influence establishing the price. In addition,
the long-term factors of supply and demand operato in the market, but
these only affect the long-term movements in price. The wide dispersion of
production costs in the industry also contributes to the instability of the
price.

46. Fundamentally, however, the price of copper must depend on the
long-term supply and demand relationship. If supply grows more rapidly
than demand, the price weakens. In recent years there has been a continning
strong market for copper—indeed, demand has risen steadily and more
rapidly than production. As a result prices have risen sharply.







I. THE REQUIREMENTS OF THE DEVELOPING
COUNTRIES

THE sTATUS OF COPPER MINING IN THE DEVELOPING COUNTRIES

47. The developing countries can be divided into three separate groups.
Countries in the first group have large copper deposits, extensive mines
and use sophisticated technology. These countries are Chile, Peru, the Re-
public of Zaire and Zambia.

48.  Second. some countries and territories have recent ly started to mine their
copper deposits, or are preparing to do so in the noar future. These are Bots.
wana, Bougainville (Solomon Islands), Indonesia, Iran and Mauritania.

49. Finally, a number of conntrics have discovered copper deposits but
have no immediate plans for mining the ores. The exploitation of these
resources by these countries presents a wide range of problems involving
very different nceds.

50. Malaysia is 110w beginning to develop its copper prospects. A deposit
containing about 70 million tons of 0.6 per cent copper was discovered recently
and exploration licences were granted to a consortium. The development of
the deposit is progressing satisfactorily, and production from the open-pit
mine is expected in two to three years' time. Malaysia has yet to decide
whether to build a smelter in order to mine copper ore or to export con-
centrates.

51. Production of copper in Indonesia has not yet begun on a substantial
scale, but large deposits have been discovered near Ertsberg.

52. Copper production in Burma is at the moment limited to the output
of some copper matte froin lead smelting. However, large ore deposits have
been discovered there, and Burma has plans for mining these properties and
for erecting smelters and refineries.

53. TIran also has large copper deposits which will be developed in the near
future. The country faces three principal problems. The first is how and
where to obtain the necessary capital. The second is what type of copper
should be produced that would yield the most benefits for the country;
that is, whether it should be in the form of concentrates, blister, refined
copper or fabricated products, The third is what the effect would be on the
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world market of a sizable export of copper from Trane Tran has asked for
the assistance of the United Nations in working ont the answers to some
of these problems.

M Argentina has alzo discovered copper deposits, bt the country has not
vet been able to develop them,

REQUIREMENTS FOR INVESTMENT FI'NDS

55, Apart from conntries with well established copper induastries, the require-
ments of the developing countries for investment funds are very large and
the capital available from the developed arcas of the world is insufficient to
meet this demand,

56. The capital requured for developing new mines and for the erection of
smelters and refineries is also increasing, owing both to technological develop-
ments requiring larger-seale metallurgical mits and to the fact that many
new mines are based on relatively low-grade ores. Few new high-grade cres
or deposits have heen discovered in recent years, and it is unlikely that they
will be located in the immediate future. The prodnetion of copper from a
low-grade ore does not necessarily entail higher costs than those for operating
existing mines. Indeed, some of the new mines that have come into production
in recent years have gnite low costs per ton of outpnt despite the fact that
the ore is low grade. The increase in the production of copper from opencast
pits and the development of methods of large-scale earth moving and ex-
traction have made this possible. But these methods require a very large
capital investment in the initial stages.

57. The costs of producine copper have risen sharply in most areas of the
world. A few years ago the estimated cost of developing a new mine was
about £500 to €600 per ton of annnal capacity. Extensions to existing mines
were something like a third less. Now a fignre as high as €1,200 for devel-
oping a new mine is being quoted.

58. The major part of the world copper-mine ontput is now refined where
it is mined. The smelters and refineries in the copper-consuming countries
have been using less primary material and have turned more to using scrap.
This trend has been evident in Western Enrope over the past ten years, but
it may well change in the next decade.

59. A number of new mining developments have been financed in part by
smelters in developed countries and territories. These incluele those in Bou-
gainville (Solonon Islands), Indonesia and Mauritania. Much of this financing
has been provided by Japan. The smelters and refineries in Japan rely in the
main on primary material. The supply of serap, even including large imports,
is insufficient to provide the smelters with raw materials. The Japanese
companies have therefore financed many nines throughout the w Id and
have then placed contracts with the eompanies operating these mines for the
supply of concentrates and blister copper.
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60.  Each developing country must decide on the merits of the case whether
it will gain more from the investment of a given =um in mining or in fah-
ricating. Indeed, it may well be that capital investment in fields ontside the
copper industry altogether will re<ult in greater cmplovient and greater
productivity. It wonld therefore be misleading to maintain that 1t will alwavs
henefit the developing countrics to fabricate their coOppeT.

61.  Apart from financial necds, the developing comntries also require teeh.
nical assistance and advice on the economics of the copper’ indnstry, The
general level of technology in these countries must be raised. Thev also
recquire specitic technical assistance to evalnate their copper deposits and to
dctermine the most ecoromic methods of processing the ores,

62.  The developing countries also need more information about the marketing
of copper and they should study future economic prospects of the copper
industry. To achieve this goal, UNIDO shonld try to arrange (when requested)
technical/economic wmissions or individual experts to advise developing
countries on questions related to the development of their copper industry.

63. Since the market for copper and its price are affected by the exports
of the industrialized countries, particularly of Canada, the countries with
centrally planned economics and the US| these countries should indicate
their future intentions with respect to the export of copper, together with
forecasts of the tonnage involved.

64. Finally, the developing countries face a wide range of financial, economic
sand marketing problems. UNIDO should organize further meetings of experts
to give these countries the advice and guidance that they need.







5. BASIC TRENDS IN THE DEVELOPMENT OF THE
COPPER INDUSTRY

65. The expansion of copper production in the developing countries has
three main features: it is based on relatively rich raw materials; it is oriented
towards the establishment of new plants, incorporating the most modern
technological developments; and it ix geared largely to exports.

66. The basic changes related to the raw materials for copper production
involve:

(a) The decrease in the average copper .ontent in the ores:
(b) The use of low-grade and refractory copper ores;

(c) The development of new sources of copper ;

(d) The increase in the utilization of secondary copper.

67. The successful development of and increased effectiveness in the pro-
duction of copper are dependent on trends in world production. For the
developing countries, the most important considerations are changes in the
copper content of raw materials, the development of new technological
processes, changes in the geographical distribution of plants, and the economics
of production and selling.

68. The average copper content of the copper ores that are now being
mined is declining. On the whole, the new copper deposits contain a low
copper content, less than 1 per cent, although there are a small number of
rich new deposits. The decrease in the average copper content in the exploited
copper deposits has been compensated for, however, by improvements in
copper mining, beneficiation and extraction. There have also been important
innovations in treating low-grade and refractory ores. The utilization of
secondary copper is also becoming increasingly important. In the developed
countries, up to 40 per cent of the copper output is from secondary copper.

69. The main technological changes, which partly reflect changes in the
materials, are:

(a) The application of continuous and integrated processes in place of
the conventional batch methods;

(b) The complex utilization of raw materials ;

(c) The greater recovery of by-products from the ores;
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(d) The developiment of hydrometallurgical processes;

(¢) The intensification of the production processes (e.g. the use of
oxygen);

(1) The use of new power and fuel sources;

(y) The puritication of waste gases and water,

70.  New economic developments parallel these technological changes. New
plants are frequently erected in areas close to the market, since concentrates
are more easily transportable than are some of the products of smelters and
refineries,

71. The application of continuous and integrated processes should lead to
an improvement in the consumption of power and fuel, a decrease of metal
losses, and a reduction of the labour force. Examples of these new integrated
processes of roasting and smelting are:

(«) Flash smelting as developed in Canada, Finland and the USSR;
(b) The KIVCET process;

(¢) The WORCRA process;

(d) The continuous process developed by the Noranda Company.

72.  The effectiveness of such integrated processes can be illustrated by the
flash-smelting process (as compared with the classical technology), which
allows a decrcase of production costs up to 10—15 per cent/ton for blister
copper, of labour by 20—30 per cent, of capital funds needed by 10—15 per
cent; and permits an increased oxtraction of sulphur. Some of these inte-
grated processcs are operational, whereas others are still at the develop-
mental stage.

73. At present the use of complex materials include the following processes:

(a) Recovery of zinc and pyrite in selective concentrates ;

(b) Recovery of molybdenum concentrates from copper-molybdenum
ores;

(c) Use of sulphur content in gases for the production of sulphuric
acid, liquid sulphur dioxide and elemental sulphur;

(d) Recovery of copper, zinc and other metals from slag;

(e) Use of slag for building material;

(1) Recovery of precious metals, selenium and tellurium from the
sludge formed during clectrolysis;

(9) Recovery of rare metals from the dust following metallurgical
Pprocesses,

4. The extraction of sulphur and the treatment and use of slag are very
important. They could yield up to 10—20 per cent of additional products,
which may be effectively utilized in a developing economy. These may be
sulphuric acid, micro-fertilizers, building materials, and, in some instances,
pig iron.




-
-t

BASIC TRENDS IN THE DEVELOPMENT OF THFEF O} ERINDUSTRY g

75. The need for using refractory ores and the tendeney towards the uti-
lization of all components of complex ores have determined the lafest develop-
ments in the extraction of collective raw materials: copper pyrites, copper-
ziue ores, copper-zine-lead ores cte.

76. Various methods have been developed for treatiug complex raw materials,
Hydrometallurgical (roasting, leaching and extraction of copper and zine
by electrolysis) and pyrometallurgical (the KIVOET process ete). Theoreti-
cally, both processes are ceonomie,

77. About 10 per cent of the world copper output is now produced by
hydrometallurgical niethods of treating refractory ores. The perspectives for
such methods are favourable in view of the development of ion-exchanging
materials with high selectivity. Economic anud technological changes in the
hydrometallurgy of copper may lead to the industrial application of jon-
exehange processes, whose use can be highly effective for the extraction of
copper from diluted solutions,

78. The techuology for the treatment of mixed sulphide-oxide ores haw
been developed in the USSR (Mostovitch method); in the US it is known
as the LPF (]eaching—prccipitatiuu~ﬂotation) process.

79. The following technological processes have been developed recently or
are being developed and have good perspectives for the future: wasting of
concentrates in fluidized bed:; flash smelting; oxygen, or licated-air-blowing
smelting; smelting of concentrates in converters using oxygen; inereaso in
the current density in electrolysis; and the use of bacteria in heap-leaching.

80. The output of furnaces roasting concentrates in suspension is 1.5 to
2.0 times higher than that obtained from mnulti-bottom furnaces, and the
production costs are 15—25 per cent loss,

81. The use of oxygen during sintering of copper concentrates and in
reverberatory smelting of raw concentrates also gives positive results in
respect of the intensification of the process.

82. During recent years in the enterprises of the USSR current densities
have been substantially increased. This has led to an inerease of output.
Good economic results are being obtained using current reverse.

83. The general deficit and price inercases of fuel have led to the increasing
use of natural gas. At present natural gas is used in smelters in the US and
the USSR. It has been proved that liquid oil ean be economically and feasibly
substituted for natural gas.

84. During recent years secondary sources of power have been increasingly
utilized. Use of theso sources could lead to a decrease in fuel consumption
up to 70—80 per cent.
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85. In recent vears the world has become increasingly conscious of the
dangers of pollution of the atmosphere and water. This is particularly so in
the wore densely urbanized areax. Al metallurgical works are. therefore.
now creeting extensive plints to reduce these emissions and to recover the
metallic and sulphnr content. Tt should be noted that the cost of air- and
water-cleaning systems could reach as high as 10 220 per cent of the cost
of a given enterprise.

86. The choice of a site for the erection of a copper plant is extremely tn-
portant. since errors made cannot be corrected during the life of the plant.

87.  Sorze copper smclters and vefineries are built close to the source of the
raw material, but for others it is more economical to bnild elose to the market.
This is particularly so in the ease of large chemical/metnllurgical complexes,
operating not only close to the market for copper but also close to the markets
for other metals and by-produets.

88. The hreakdown of produetion costs of copper mining and beneficiation
and extraction is roughly as follows:

(a) Mining operations, 41 per cent;
(b} Beneficiation, 33 per cent:
(c) Smelting and refining, 26 per cent.

89. The main weight of production costs is during mining operations. These
costs may be expected to be reduced as a result of technological develop-
ments. However in view of the decreased copper content in the ores used,
the costs may remain unchanged or may even be slightly increased.

90. The price of copper in the market cconomies of the world rose rapidly
in the last few vears, but it fell sharply during 1970, Costs have also been
rising, although much less rapidly.

#1. The decrease in the metal content of the ores, the depletion of mine
resources, the increase of labour costs, the cost of land and water, the in-
creased capital investment in construction and equipment —all tend to raise
the costs of production. On the other hand, costs have been reduced by
technological progress, the improvement of industrial engineering and tech-
nical processes, the reduction of the labour force, the better use of complex
raw materials, and the improved treatment of waste products. The total
effect of these factors is difficult to predict. It may be expected, however,
that serious changes in copper prices in the future may not oceur.

2. The rise in prices in the market economies has been duc largely to
market factors and production problems. Prices in the USSR have also risen
but not to the same extent.

43. During recent years the cstablishment and the reconstruction of the
copper industry have been carried cut on exceptionally large scales. In the
period 16v)--1968, 20—30 per cent more funds were invested per ton of
copper produced as compared with the period 1950—1960.
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M. Technical developments in copper mining should stabilize hoth the
level of capital investment and the level of proditetion costs. With respect

the intensification of metallnrgical processes and the constant introdietion
of continuons and combined extraction processes. Tn spite of the influence
of some factors that tend to increase costs, capital investment costs generally
should either he stabilized or tend to deercasc.

5. The main resntts of the latest advances in the copper indust ry have
been increased ontput and a decrease in the number of labour employed.
A tendency may be ohserved towards stabilization or even a decercase in the
labour employed in the entire copper industry, despite the commissioning
of new enterprises,

to the extraction of copper, capital investment should decrease in view of







6. DEVELOPMENT OF HYDROMETALLURGICAL
PROCESSES

96.  Combined dressing-hydrometallurgical processes are nsed for oxidized
or mixed (sulphide-oxidized) copper ores. Thesc processes involve convertine
oxidized copper compounds into a solution by leaching. the extraction of
copper from the solution, and the flotation of copper compounds that are
insoluble in acid (such as sulphides).

97.  The details of the processes depend on the mineral composition of the
ore and also its physical characteristics.

98. The leaching of oxidized ore is usually carried out with sulphuric acid
as this is the cheapest solvent. Thoe cost depends on the method of production
and varies from $10 to $20/ton. Part of the acid (less than 30 per cent) i
used for copper solution and the rest for the solution of the rock.

99. Complex ores cannot be treated by leaching with sulphuric acid and
thus are known as “‘refractory ores”. For these it is necessary to use more
concentrated sulphuric-acid solutions and also to heat the mixture. This
results in incrcased acid consumption for dissolving the rock. Acid con-
sumption for these non-carbonate ores is therefore about 4 to 5 kg for 1 kg
of copper, and it ean reach as high as 12 kg for 1 kg of eopper for the ores
with a very high content of carbonate.

100. The rate of leaching depends on the size of particles and the leaching
methods. Copper can be extracted from a sulphuric-acid solution by electro-
lysis where the copper content is not lower than 20 g per litro. It is possible
to obtain solutions suitable for leaching by means of counter-current perco-
lation or decanting methods.

101.  Copper is extracted from lean solutions by cementation with iron
scrap. Cement copper concentrate is produced with about 75 per cent copper
content. Alternatively, copper may be separated from a solution directly by
electrolysis in place of cementation, melting and electrolysis. Direct electro-
lysis requires less capital and the maintenance costs are lower. This process
cannot, however, be used in all cases at the moment, although a method
for the extraction of copper concentrates from lean solutions, with the sep-
aration of copper through electrolysis, is now being developed.
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Toe LPEF daaemisg prrcierr o FLOTATION) PROCESS

POZ0 A present the hasic anbivg Hotation-hvdrometallurgical process of
treating oxidized and mined ores is the LPF process, which consists of
eaching, precipitation and flotation of copper. Leaching is carried out at
pPH TS at the Bevinnine and at 29 25 at the end of the process,

163 Coment copper i produced by uxing either iron in the form of serap-
o or ron powder, Tron consumption for cementation is about 1.5 kg for
I kg of copper. The lowest consumption of the decanter is obtained at pH 3.
The cost of serap-iron varies considerably from country to conntry hut lies
within the range of £20 (0 $60 per ion

104, The LPF process is most effeetive iu extracting oxidized copper from
mixed ores, The process is profitable if it can extract an additional 1 kg of
caopper per ton of ore,

VOS5, The process can be made more profitable by :

() A reduction in the cost of raw materials, namely acid and the
precipitator;

(b) Improving equipment and particularly its resistence to corrosion,
e.g by the use of new alloys or plastics;

(¢) Reducing the reagent costs;

(d) Automation of control,

(¢) The replacement of iron. which is expensive, with cheaper material.

SORPTION

106, Copper can be extracted from a pulp solution by an ion-exchanger.
Unfortunately, this process has the disadvantage that a bigger apparatus
i8 required at the leaching-sorption stage. The advantage is that it replaees
pyrometallurgical processing by electrolysis, and this is a mnch cheaper
process,

107.  If hydrogen is available inexpensively, copper can be precipitated in
the form of high quality powder in an autoclave. A flotation-sorption com-
bination can increase the production of copper from oxidized ores by over
5 per cent compared with the LPF process.

108.  Solvents other than sulphuric acid have not yet been proved in practice.
Experiments are now being carried out for the extraction of copper from
the sand of flotation tails by percolation, with subsequent copper precipitation
in the form of cuprous sulphide and with cyanide regeneration. This process
has not yet gone beyond the stage of experimental tests. It requires com-
plicated apparatus and technology and incrcases the capital costs.
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HYDROMETALLURGICAT, TECHNIQUES FOR PROCESSING COPPER ORES
AND CONCENTRATES IN THE 'S

H0. Copper production in the US as in the rest of the world is hased on
the large-scale smelting o f silphide concentrates,

HOL - Less copper iy produced by leaching, but this process is now msed at
a nuhber of places. Development work on hydrometallurgical methods fop
processing sulphide concentrates has also progressed rapidly in recent years,
owing in part to the problems of atmospherie pollution by gases from
smelters,

Hi. The methods used in the developed comntries for treating concentrates
could be applied in the developing eountries, including the hydrometal-
hurgical procedures used for oxide ores and mining waste,

2. Out of the total copper production in the US of 1.5 million tons in
1969, 1.3 million tons were produced from sulphide ores by flotation, simelting
and refining. In addition, some 2,500 tons of sulphuric acid were produced

cach day, and half of this was used in leaching eopper ores and mine-waste
dumps.

3. The need to reduce air pollution caused by the cmission of sulphur
dioxide indicates that much more acid will be produced from smelter gases
in the future. This will then be available for increased leaching of oxide ores
and waste. The acid production rate from the gas of copper smelters reached
4,000 tons per day in 1970, and more than half was used in leaching oxide
ore and sulphide mine-waste dumps.

il4. In 1969 the leaching of waste produced 120,000 tons of cement copper
by precipitating the dissolved copper with iron. Most of this cement copper
was further processed by the conventional smelters,

115, Leaching of oxide copper followed by eementation and clectrolysis
or solvent extraction and eleetrolysis produced 100,000 tons of copper in
this year. The solvent extraction and electrolysis process is a marked advanec
in technology for leach solutions and appears destined for early world-wide
use. Leaching of oxide and mixed oxide-sulphide ores is used, followed by
cementation with iron in order to recover the copper from the solution.

116. In some places long-terin leaching of oxide and mixed sulphide-oxide
copper minerals is practieed, including underground leaching of eopper from
caved mine workings. Ammonia leaching has not been used for some years
but is now being investigated for copper-silicate ore eontaining a large amount
of limestone. The ore is first roasted to convert the copper silicate to copper
oxide and metallic eopper.

7. Processes have also been proposed for the hydrometallurgical treatment
of copper sulphides based on ammonia or acid-autoclave leaching. Aminonia
pressure-leaching is successfully used in Canada but on nickel-sulphide rather
than on copper-sulphide coucentrates,
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HB.  The possibility is being investigated of an integrated process for oxide
and sulphide ores that are separately mined. The oxide fraction would be
leached using acid nade in roasting the salphide coneentrates, Sponge iron
would be used to precipitate the copper from the oxide-ore-leach solution.
However, considerable problems are foreseen, especially in controlling the
roasting of the sulphide concentrate.

9. Proposed hydrometallurgical processes for copper-sulphide concentrate
have heen investigated only on a laboratory scale. No such procedures have
been demonstrated in conunercial operation, which is an important fact to
bear in mind.




7. DEVELOPMENT OF PYROMETALLURGICAL
PROCESSES AND OF COPPER REFINING

THE UTILIZATION OF OXYGEN

120. In one of the copper smelters in the USSR, copper concentrates have
been smelted in shaft furnaces with the use of oxygen since 1960, The economic
effect of the process is evidenced by a 33 per cent decrease in coke consumption
and a 60 per cent increase in output.

121, Enrichment of the blast with oxygen is also one of the most essential
innovations in reverberatory smelting. Such industrial-scale operations exist
in two smelters: one in the USSR and the other in Copper Cliff, Canada.

122, Over the period 1963 - 1965 oxygen was introduced in reverberatory
furnaces at the Copper CLff smelter for smelting copper-nickel concentrates.
The oxygen content in the blast was calculated at 25 per cent; the use of
oxygen resulted in a decrease of fuel consumption by about 13 per cent, and
the output of the furnace increased by about 30 per cent.

123. In one of the USSR smelters, blast enrichment with oxygen up to
40 per cent has been tested. 1 'uring a long period of industrial testing, optimal
conditions of the process have proven to be achieved with oxygen blowing
at 5,000 m3/hour (27 per cent); at this rate of oxygen enrichment the furnace
output was 5.6 tons/m?, and the copper content in the slag was about 0.5 per
cent and the 80, in gases was about 4 per cent.

124.  Use of oxygen (as compared with normal blast) resulted in an increase
in farnace output by 25 per cent and a decrease in fuel consumption by
25—30 per cent. Enrichment of blast with oxygen above 30 per cent was
found to be harmful to the refractories in the first sections of the furnace.

125. During the last 20 years a completely new method of smelting finely
ground and pulverized materials has been developed (oxygen flash smelting).

126. The advantages of this process are:
(a) Integration of the two processes —roasting and smelting—in one
unit ;
(b) Increase of the smelting rate (daily rate of smelting per square
unit of hearth furnace);
(¢c) Decrease of fuel consumption ;
(d) Higher grade of matte.
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O

27, The disadvantages are:

(«t) "The need tor thorongh diving of the charge:
(h) The need to constrnet the oxyeen plant;
() The treamment of slag for COPPEr recovery,

28 The process was developed by the Tuternational Nickel Company in
B2 at the Copper CIHE smelter. Oxygen consumption is approximately
HO m? per ton of charge, Off-gases contain up to 75 per cent sulpt ur dioxide
and are wsed for production of liquid sutphur dioxide and sulphurie acid. The
process is cconomically feasible, becanse iported coal hax been replaced by
local sonrees and liquid sulphur dioxide has been obtained as a by-product.

129, A\ simubar smelter was set up i the USSR in 1968 and this included
an oxygen plant, furnace and sulphuric-acid plant.

130. According to known published sowrces, at least seven smelters process
copper coneentvates i couverters nsing a blend enriched with oxygen. The
oxygen content i the blast is 2535 per cent. Converters can be used for
smelting pelletized and dried concentrates as well as wet concentrates,

131, In the majority of cases converter smelting is used for processing very
specific concentrates (produced by flotation with 73 per cent of copper, rich
sulphide silica and rich sulphide concentrates with a copper content higher
than 30 per cent). Converter smelting with oxygen can be applied not only
to concentrates, but also to blister and other waterials. Oxygen consumption
is approximately 90 m? per ton of charged concentrate. In the USSR in 1966,
semi-industrial tests for roasting copper-zine sulphides were conducted using
oxygen up to 29.8 per cent. The feasibility of this process has been proved.
It is envisaged that the process will soon be implemented on an industrial
seale.
SMELTING PROCESS DEVELOPED IN FINLAND

132, Flash smelting has been developed by the Outokumpu Company, and
besides its use Dy the company’s own plants at Harjavalta and Kokkola,
Finland, it ix now used also in Japan and Romania. In addition, smeltors
applying this process are under construction or being designed for use in
Australia, Botswana, The Federal Republic of Germany, India and Turkey.

133. Flash smelting is a continuous process combining the three stages of
conventional copper smielting, namely, roasting, smelting and partly con-
verting, all of which can be carried out in tho same furnace.

134. The flash-smelting furnace uses mainly heat produced during the
oxidation of the concentrate for smelting, and the consumption of additional
fuel is only a part of that required in the conventional smelting methods.
Flash smelting offers good possibilities for the recovery of the heat generated
in the process, and if the converter is equipped with waste-heat boilers, the
plant is more than self-supporting in terms of power,
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135, The grade of matte prodiced in the firnace varies form 45 to 65 per
cent of copper. The matte i then treated further in conventional converters,
The slag comtains 0.8 1.5 per cent of copper and therefore has to he pProces.
sedd farther,

136, Flash smelting is flexible with regard to capacity as well as composition
of the feed. Tt is essential for the proeess that the farnaee feed is sufficiently
fine and moderately homogenons.

137, Flash smelting also offers good possibilities for the recovery of sulphur,
Gases from the flash-smelting furnace with a high sulphur dioxide content,
mixed with the converter gases of a lower sulphnr dioxide content, are an
ideal feed for the sulphuric-acid plant. Nearly all the sulphnr ean be recovered.,
The method developed for reducing sulphur dioxide into elemental sulphur
offers possibilities for sulphur recovery in arcas where sulphuric acid has no
demand.

138. The rescarch and development work on the flash-smelting process has
recently been devoted to producing a higher grade of matte and producing
clemental sulphur from the sulphur.dioxide gases generated in the process.

Ture KIVCET meTHOD

139. The conventional methods of obtaining copper involve, in the main,
matte smelting of sulphide ores and subsequent conversion to blister copper.
These methods have the following weaknesses:

(a) Low cfficiency in the utilization of other elements owing to the
loss of zine, lead, cadmium and other metals contained in the
concentratey;

(b) Low efficiency in utilizing sulphide-concentrate heat-produeing
properties, which means that the smelting proeesses require ad-
ditional fuel;

(¢) Complicated multi-stage technological pattern;

(d) Diffieulties in purifying large quantities of gas and in utilizing the
sulphur;

(e) Low and uncontrollable desulphurization, which makes it difficult
to regulate the composition of matte.

140. In the USSR semi-industrial tests have been carried out since 1963
with a view to creating a combined metallurgical unit as well as a new method
of processing the most complex ores and concentrates based on the use of
oxygen and clectric encrgy. This combined unit and method has been devel-
oped and has heen named the KIVCET process or KIVCET unit.

141. The KIVCET process combines autogenous roasting and smelting of
a charge that is dispersed and suspended in a eyclone chamber. The chamber
is fed with oxygen and zinc is volatilized in the elcctrothermic part of the
unit. The zinc is then condensed into molten metal, and copper, lead and other
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metals are removed from the slag. These operations form a continuous process.
One entire eyvcle gives:
(a) Sulphur extraction to provide rich gases (up to 99 per cent sulphur
dioxide);
(b; Copper and precious metals in matte;
(¢) lcad. germanium, selenimm, rhenium, cadmium and other com-
ponents are volatilized, and zine becomes liquid.

~

142, This process has been functioning since 1965 in a pilot plant. Semi-
industrial tests on a unit with a capacity of 50 tons of charge per day are
being carried out to obtain optimal construction and performance data.

143, The main technological operations of the KIVCET proeess are:

(a) Charge preparation for smelting;

(b) Roast smelting of charge in eyclone chamber:
(¢) Slag and matte separation;

(d) Electrothermic stripping of smelt;

(e) Condensatinn of Zine;

(f) Cooling and purification of gases,

144.  Work has been carried ont on the processing of copper-zine concentrates
containing: 16—20 per cent copper, 7.3—10.5 per cent zinc, 1.5—2.0 per cent
lead, 24—26 per cent iron, and 32— 34 per cent sulphur.,

145. Table 18 gives data on the extraction of various metals and sulphur
by the KIVCET and other methods of processing,

TanLe 16, CoMPARATIVE YIELD oOF METALS AND SULPHUR FROM COPPER-ZINC CONCEN.
TRATES BY VARIOUS EXTRACTION METHODS
{ Per cent)

Method Copper Lead Zine Swlphur Gold Silver
KIVCET 95.0 62.0 70.8 90.0 04.6 04.5
Electrosmelting
{with sintered charge) 95.0 63.0 70.8 00.0 93.0 93.0
Revorberatory smelting 093.0 30.0 — 60.0 - -
Shaft smelting 03.4 0.4 60.8 = 06.5 05.3

146. The KIVCET method, in comparison with other processes, requires
less fuel, electric energy and oxygen per ton of charge because of the bettcr
utilization of the thermal effoct of sulphide-oxidation. This can be seen from
the figures in table 17.

TasLe 17, CoNsumprioN oF THERMAL AND ELECTRIC ENERGY PER TON OF EXTRACTED
METAL BY VARIOUS METHODS OF SMELTING

(kWh)

Reverberatory Shaft Elecirothermic
KIvCET melling smelting melling

1,078 4,027 3,347 4,542
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147 At present, a pilot industrial KIVCET complex vith the capacity of
500 tons/24 hours is being commissioned in one of the copper smelters of the
USSR. Arother furnace. with a capacity of 1.200 tons/24 hours, is heing
designed.,

8. Copper-nickel concentrates have beer, smelted using different techno.
logies. The chemical tomposition of the concentrates was as follows - 3.9-43
per cent nickel, 1.8—2.i per cent copper, 0.1—0.15 per cent cobalt, 14 7—15.7
per cent sulphur, 23.2- 24.6 per (ent jron, 25.7-26.1 per cent silica, and
7.9—10.2 per cent magriesium. The pereentage of metals extracted in atte
in the KIVCET furnace was as follows: 97.8 per ecnt nickel, 96.2 per cent
copper, and 33.8 per cent cobalt. The comparative consumption of oxygen,
fuel, blast and clectric energy for the various smelting processes is given in
table i3.

TABLE 18. CoOMPARATIVE CONSUMPTION OF OXYGEN, FUKL, BLAST AND ELECTRIC KENERGY
BY VARIOUS METHODS OF EXTRACTION

{ Per cent)

Electro meiting . — " y
(with sint-red charge) Smeltcr " Thompson KiVCET

100 84.5 70

149. Rich sulphide copper-nickel ore (8—10 per cent copper, 3—4.9 per cent
nickel, 0.08—1.12 per cent cobalt, 40—45 per cent iron, 28 per cent sulphur,
6—8 per cent silica, 2 per cent alumina) has also been tested in the KIVCET
furnace. It was found that the process is autogerous and that in the cyclone
chamber it is stable under the following conditions: a rate of desulphurization
of not less than 60 per cent, and not more than 30 per cent of silica in the
slag. The extraction of motals in matte is as follows: 96.3 per cent copper,
96.7 per cent nickel and 77 per cent cobalt.

150. Semi-industrial tests have been carried out in the KIVCET furnace
with copper-pyrite concentrates, containing gold (3.8 per cent copper, 3.8 per
cent sulphur, 32 per cent iron, 21 per cent silica, 10 g/ton gold, 40 g/ton silver).
The extraction of metals in matte is as follows: 93.1 per cent copper, 90 per
cent gold, and 95.2 per cent silver,

151.  During 1969 copper concentrates were smelted in the KIVCET furnace
to blister. Results were promising, and further tests are now under way.

THe WORCRA PRoCEsS

152. Further development of the WORCRA process has been made in the
last three years. Essentially, this process combines the smelting and converting
operations in one furnace. The different operations are carried out in the three
different zones of the furnace. The process has the great advantage of pro-
ducing metal rather than matte directly from concentrates. Moreover, the
fuel requirements are mueh lower than those for conventional methods, and
sulphur or sulphur dioxide can be recovered as a by-product.
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153. The process is stiil in the deveiopment stage. Work on an c.perimental
scale has been carried on at the Snlphide Corporation Ltd in Anstralia.
More recently. Cowzine Rio Tinto of Anstralia Ltd has huilt a semi-commercial
WORCRA furnace at the works of the Electrolytic Retining & Smelting Co,
of Australia Ltd, at Port Kembla.

154, The furnace has undergone three separate campaigns of ahout a year
cach, and experience has shown that the process ean he worked gn a commer-
cial scale. The Port Kembla plant has a capacity of about 6,000 tons of
copper per annum. During operations a number of deficiencies in the ancillary
plant became evident, but these have now heen rectified. The fuel requirement
for a bigger furnace woukd probably be about half that required for a con.
ventional reverberatory furnace,

155. The conclusion to be derived from the operation of the pilot plant and
the semi-ecommercial installation is that the metallurgy of the WORCRA
process for the contimions direct sielting-converting of copper concentrates
is well established. However, before a plant is built on a full commercial scale,
more work on the engineering side is required to achievo the maximum poten-
tial for this operation. The next step would be to build a plant with a capacity
of 20.000—30,000 tons of copper per annum,

156.  The advantages of the WORCRA process as compared with the eon.
ventional methods are:

(a) Lower capital costs, which are expected to be some 20—30 per cent
lower than reverberatory and conveetor furnaces of the same eapacity.
This is particularly important for the developing eountries as they
are frequently short of capital to invest in their industries,

(h) Lower operating costs, which would bring greater economic returns
to the countrics that adopt the process. The extent of the cost
savings would depend on lecal conditions, but they vould be parti-
cularly evident for fuel, power and iabour.,

(r) The WORCRA furnace wouid be economically +iable at much
smaller capacities than conventional smelting. The plant could
probably prodnce, economically, an output in the range of
10,000-20,000 tons of coppe. per year. It eould, therefore, be
adopted by the developing countries, which have relatively small

copper deposits and are uot able to build the very large smelters
now in use,

(d) Sulphur can be recovered efficiently from the waste gases. Virtually
all the sulphur could be recovered apart from the small quantities
contained in the copper produced and in the slag. As a result,
atmospheric pollution could be greatly reduced. This problem is
becoming increasingly important,

(e) Recovery of copper from the concentrates should be as high as
in the existing proecsscs,
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ELECTROLYTIC REFINING OF COPPER

- -

157, The eleetrolytic process for refining copper has made great progress
m the last decade, althongh the process has not undergone a fundamental
change; it is still perforined in box-type tanks with fixed electrodes,

E58. As a result of the latest improvements in the provess and the use of
new materials, the current load in the tank has been greatly inereased. Its
production capacity can be raised by increasing the electrode surface in the
tank, and by raising the current density.

159. At present a current density as high as 250 —300 A/m? is applied in
some refineries in Japan and in the USSR, The intensification of the refining
process by raising the current density up to 400—600 A /m? is made by using
current reversal. It has also been demonstrated that raising the current
density up to 400—600 A/m? is possible without current reversal, for various
tvpes of copper.

160. Labour-intensive processes, c.g. the removal of copper sheets from
dies and the preparation of cathodes, have also been substantially mechanized.
Continuous process lines have been mechanized, and mechanized methods
are now used for eleaning tanks of sludge. The washing of cathodes has also
been simplified.

161, Further research work is progressing in the same direction, namely,
on mechanization and the search for new materials.

162. The main improvements in the process have been:

fu) The stabilization of the regimo;

(b) The use of new materials for tanks and electric transmissions;
(¢c) The intensification of the clectrorefining process;

(1) The mechanization of prodnction operations,

163. The principal developments giving rise to these improvements have
been:

(¢) The substitution of current semiconductor rectifiers for motor
generator sets;

(b) Heating the electrolyte by tubular heaters:

(¢) New instruments for automated control of the process;

(d) Improvement in the quality of cathode sediments;

(¢) New apparatus for detecting short circuits.

164. Despite these improvements, the general level of automnation in the
process is still rather low.

185. The new materials that are being used include corrosion.resistant
thermoplastic materials for lining tanks, acid-resistant stainless steel for
pumps and titanium for dies.







8. DEVELOPMENTS IN COPPER TRANSFORMATION

166. Transformation, or fabrication, includes the processes of converting
copper raw material into a variety of products, which may be used by the
engineering, electrical, transport and construction industry. Basically, these
processes involve the use of unwrought copper to produce wire, strip, sheet
and plate, rod, tubes and castings. These products are made either of copper
or of & wide range of copper alloys.

167. About half the copper in the world is used for electrical conductors.
In the main, this is in the form of wire that has been produced from wirebars,
first by a hot rolling process down to wire rod, and thereafter by drawing.
These processes involve large capital expenditure and many different stages.
At various stages the metal has to be heated and then cooled, processed
and annealed.

168. The developments in fabricating generally are aimed at eliminating
some of these many processes and wasteful heat treatments.

169. The recent developments are described below.

COPPER WIRE ROD AND WIRE

170. The conventional hot rolling-mill uses wirebars as a raw material. Tho
wirebars have to be cast in the first place from cathodes and then have to
be reheated to allow for hot rolling. The production of wirebars is carried
out in the copper refineries. They are then transported to the rod rolling.
mills for rolling into wire rod.

171. To replace these two separate, conventional processes, development
work has been carried out on the integration of the casting and rolling
processes, and new methods have been devised fur coutinuous casting and
integrated rolling-mills, e.g. the Properzi South Wire system. As an alter-
native, the General Electric Co. of the US has developed a dip-forming
process, which eliminates the wirebar and forms wire rod directly from melted
cathodes. Both these processes yield a wire rod that is subsequently drawn
down into wire.

51
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192, Further developments have taken plice on the hyvdrostatic extrusion
of copper wire direct v from the wivehar to finished wire, This s Qvariat oty
of the conventional oxtrusion process but the billet is sarrounded by pres-
surized fluid.

173, Work has also heen carricd out on reducing the drawing processes
This can be done by nsing Lydrostatic or hydrody namic presses to rednee
the  working loads, or, alternativelv, by usine  roller-dje technigues to
rechice the number of drawing operations.

174, Finally, ultrasonie energy may be wsed in wire-drawing.

STRIP, SHEET AND PLATE

175.  Linprovements in producing rolled products have followed  basie
principles similar to those used for procuucing wire, The aim is to eliminate
some of the intermediate processes.

176. At present copper rolling-slabs are produced by the refineries and
alloy slabs in the foundries. These slabs are then reheated for hot rolling
into rough rolled strip. This is then cold rolled. At varions stages reheating
and annealing is necessary

.
kY

177. The aim of the new methaods is to eliminate some of the above oper-
ations, and, in particular, the continual reheating. The basie approach has
therefore been to cast wide strip directly, instead of producing it by hot
rolling. Continuous casting in wide widths has been developed by the Hazlett
and the Hunter engineering presses. Continnous casting in narrow  widtls
has also been developed, using static dies,

178.  An alternative process, although probuably of less importance, is the
centrifugal casting of a hollow evlinder of brass, which is then sawn nnd
flattened to give a thin wide strip for subsequent cold rolling,

179. An alternative approach has been to reduce the number of working
operations by effecting a very large reduction in the thickness of the materjal
in a single operation, instead of passing the metal through rolls many
times.

180. All these various processes can be integrated with the continuous
casting method already outlined.

181.  Other developments in the production of flat products include the

compacting of powders or the use of spray-deposition techniques, to produce
& strip for subsequent cold working.

182, Greater accuracy of dimensions has also been obtained by using pre-
stressed materials.
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Tur DEVELOPMENT AND STRUCTURE OF THE COPPER INDUSTRY IN ('HILE

183.  Chile has been one of the world’s largest copper producers for more
than 100 years. Its output rose to nearly half a million tons per annum
during World War II but foll after the war to a level of about 400,000 tons.
For a period of years production remained statio, The industry was devel-
oped in the main by two large Amcrican companies—Anaconda and the
Kennecott Copper Corporation.

184. 1In 1964, the Government of Chile formulated a new policy for the
industry, which envisaged the following :

(a) Doubling the copper production from 600,000 to 1.2 million tons
of copper content per year;

(b) Partieipation of the Government in ownership of the mines through
the purchase of shares;

(¢) Integration of the copper industry into the national cconomic
programme so that the industry would buy the major part of its
supplies of necessary materials in the countryv;

(d) Increase in refining capacity;

(e) Active participation of the Government in the marketing of eopper
produets;

(f) Trogramme for building the infrastructure for the expansion of
plants —honsing, roads etc.;

(9) Expansion plan for the medium and small mine seetors;

(h) International action by the Government in the copper market,
especially throngh co-operation with the other three main copper
exporting countries —Peru, the Republic of Zaire and Zambin;

(t) Nationalization of the copper industry,

185.  The legislation to put this programme into cffect took two years to
be enacted. After it had been passed, detailed arrangements were worked
out whereby the Stato was to acquire eontrolling interest in the major
US-owned mines and eventnally to obtain complete ownership.

186. The increase i the production of eopper was intended to allow the
more rapid nationalization of the copper industry. The rapid rise in the
world copper prices gave an incentive to sales.

X
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I87. The government-owned Empresa Nacional de  Mineria (ENAMI)
provides a wide range of services to the medium-sized and small mining
industry. These inclide not only exploration, smelting and refining, but also
such activities as the constrnetion of roads and drainage systems. the sapply
of electrical power and plant and machinery of varions types.

NuW INDUSTRIAL DEVELOPMENTS IN COPPER SMELTING AND REFINING IN
BULGARIA

I88. Bulgaria has been a source of copper since ancient times, but in vory
small guantitics. The copper industry really started to develop only after the
Second World War when Bnlgaria beeame a centrally planned economy.

180, At that time there were two small metallurgical plants in the country,
one of which produced a few hundred tons of copper matte. Several non.-

ferrons metal ore deposits were discovered and flotation plants were estab-
lished.

190, In 1970. the total production of non-ferrous metal ores was more than
13 million tons. The copper content of these ores in various years between
1950 and 1970 is given in table 19.

Tanre 19, COPPER ORE PRODUCTION 1IN Burgaria,
1950 —19%0
( Recoverable metal content)

Year Tons

1950 2,200
1956 5,600
1980 11,000
1965 29,900
1970 ca. 40,000

191, The general trend of development in the world’s copper industry has
also been reflected in the Bulgarian industry. Low-grade deposits of

porphyritic ores are being developed, and some richer ore deposits are being
opened up.

192. The ore of the low-grade mines has a metal content that goes as low

as (.4 per cent. Underground mines are producing ores with a copper content
of 1 per cent or a little more.

193. In general, thercfore, the ore bodies cannot be considered to be very

rich, but modern methods of dressing and metallurgical processing give good
technical results.

194. In the Dimitrov mine and metallurgical plant, large quantities of
low.grade ores are processed. The first blister copper in Bulgaria was pro-
duced here in 1952 and the plant still produces only blister copper.
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195. Most of the copper raw materials are processed in the coppev-extrac-
tion works, which started operating in 1959. This plant was enlarged and
began operating with increased capacity in 1966—1967. The plant not only
produces copper, but also extracts some by-produets such as sulphur,
selenium, tellurium, precious metals and others. Varjous by-products are also
obtained from the spent electrolyte.

198. The programme of operations is:

(1) Preparing the eharge out of concentrate and quartz flux;
(h) Drying the eharge;

(¢) Roasting in the fluidized-bed roaster:

(d) Smelting the roast product in the electro-smelting furnace;
(e) Converting the copper matte;

(/) Fire-refining of the blister copper and anode casting;

(9) Electrolytic refining of the copper anodes,

197. On the basis of thesc new developments in Bulgaria, the following
conclusions can bhe drawn:

(a) It is possible for a copper industry to be devcloped effectively
even in a small country with comparatively low.grade ores, with
a copper content of about 0.4 per cent.

(b) Effective processing of concentrates with relatively low copper
content is possible by careful selection of the metallurgical methods
and the intensification of mctallurgical processes,

(¢) In order to obtain favourable cconomie results, trained specialists
are needed who are highly qualified in the development of copper
metallurgy in a small country. The results achieved in the devel-
opment of copper metallurgy in Bulgaria demonstrate that in this
country highly qualified specialists can be trained in a short
time.
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Annex 2

PAPERS PRESENTED TO THE SEMINAR *

ID/WG.74/1/Rev.l  Programme of work

ID/WG.74/2 Flash-smelting process,
by K. Kaasila

ID/WG.74/3 Developments in WORCRA copper smelting-converting,
by H. K. Worner

ID/WG.74/4 Economic aspects of copper production and marketing

possibilities for developing countries,
by G. 8. Somerset

ID/WG.74/5 Some hydrometallurgical techniques for processing
copper ore and concentrates,
by J. B. Rosenbaum

ID/WG.74/6 New developments in copper transformation
(rolling, extrusion, drawing etc.),
by 8. Temple

1D/WG.74/7 Chile: Development and structure of the copper industry,
by B. Leuschner

ID/WG.74/9 Improvement of pyrometallurgical processes for copper

recovery by the application of oxygen,
by L. M. Bochkariov

ID/WG.74/10 New trends in the development of world copper industry,
by V. N. Leksin

ID/WG.74/11 New achievements in the electrorefining of copper,
by G. N. Pakhomova

ID/WG.74/12 Processing of copper-zinc, copper-nickel and other

sulphide concentrates and ores by the oxygen-suspended
electrothermic technique,
by I. M. Tsygoda

* A limited number of copies are available upon request,
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COPPER PRODUCTION IN DEVELOPING COUNTRIES

ID/WG.74/13 Development of combined dressing-hydrometallurgical
processes,
by 8. T. Mitrofanov and M. A, Vinogradova

ID/WG.74/14 List of participants

ID/WG.74/15 New industrial developments in copper smelting and
refining in Bulgaria,
by I. D. Vasilev
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KHAXHBIX MAraaMkax M GreHTCTeAX BO BCeX PAWOMAxX Mupa. Hasogute
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