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Introduction

1. The purpose of the Seminar, whose conclusions and recommendations
are given in chapters 1 and 2, was to study and evaluate the technical and
economic aspects of the application of modern metallurgical procosses to the
production and transformation of copper, and to assess their importance to
developing countries for increasing the revenues from their copper industries.
The list of papers discussed during the Seminar is presented in annex 2.

2. The participants included 54 representatives from developed countries
and 14 from developing countries. The full list of perticipants is given in
annex 1.

3. The moeting opened with an assessment of the world market for

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 developing countries. Chapter 8 indicates trends in the development
of the copper industry. Chapters 6 and 7 cover the technical developments
in smelting and -efining described by the experts, and chapter 8 summarizes

developments in copper transformation. Chapter 9 outlines the history of the
copper industry in two developing countries—Chile and Bulgaris.

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

5. The Group elected Mr. K. Ushakov as Chairman, Mr. B. Leuschner as
Discussion Leader, and Mr. G. B. Somerset as Rapporteur. Mr. Christo Popov
of the UNIDO socretariat served as Tochnical 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 Bocretary of the Seminar;
Mr. V. 1. Visssov, 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. Thoexpaﬂlattondodthmeoth'innpermlcapchywdtbcvhvl
ewnmmwythaedthdrwprdutm«dthdrﬂm
ments.
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4 COPPER PRODTCTION IN DEVELOPING COUNTRIES

7. This report is the second to be prepared by UNIDO on the copper industry.
The first report, “‘Modernization and Expansion of Plants in the Copper
Industry” (ID/WG.12/7), was prepared by an Expert Consnlting Group
following & meeting held in Vienna in November 1067, The recommenviations
of that meeting remain valid and should 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 eontinue in the forcseeable

future:

(h
(2)
h
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A sustained increase in production and consumption;

A growing tendency towards developing relatively poor ores;
Greater processing of sccondary raw matcrials;

An increasing emnphasis on the comprehensive utilization of copper-
containing raw materials, involving the extraction not only of
copper but also of sulphur, precious metals, Jead, zine, iron, molyb-
denum and other associated metals, materials and chemicals.
Sulphuric acid and fertilizers and other products may be of partic-
ular interest to developing countries;

Wider application of underground, hoap and dump leaching of
copper from oxidized and sulphide-oxide ores: solutions are cither
cemented awd subjected to electrowinning or purified and con-
centrated for clectrowinning, As a result, additional smounts 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 are processed in the ain by pyro.
metallurgieal techniques. Lately, pyrometallurgical research has
been aimed at intensifying existing processes and developing
continuous and combined processes. Such processes may be loss
capital intensive, allow for improved utilization of raw materials
and reduce fuel comsumption;

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 naterials, semi-
conductor rectifiers, and the use of the latest instruments for
process control and short-circuit detection;
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(10)

(1)

(12)

13

(14)

(16)

(16)

COPPER PRODUCTION IN DEVELOPING COUNTIMES

Recently, 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 decisive role.
These changes are starting to produce a favourable effect on their
economies, to augnment the roceipts of foreign currency, to com-
solidate their balance of payments, and to create additional employ-
ment;

Copper resources now known, or likely to be discovered, in devel-
oping countrics are expected to be of the same types as thowe
found throughout the workd. Existing proven technology is adequate
for the immediate exploitatim of most of these resnutces, although
the new technology should be wseful;

The shortage of skilled personnel hampers the growth of the copper
industry and makes the training of personnel a primery commid-
eration for the devcloping countries;

It is worth noting the example of Chile, where & state-ownud
company, Emprria Nacional de Mineria (ENAMI), purchases
copper raw materials frcm small-scale producers and processss
them at its metallurgical plants. It aleo gives financial and
technical amistance to these prodwcers. The total production
from these mines is about 10 per cont of the total ontput of the
country;

Bome copper-consuming countries follow & policy of buying copper
products of lower aggregate valwe from the developing countries
supplying raw materials such as concentrates and wnrefined copper ;

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

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



3. RECOMMENDATIONS
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COPPER PRODUCTION IN DEVELOPING COUNTRIEAR

oping ccuntries has been discussed, and that these organizations
should make efforts to reduce these tariffs with a view to facilitating
the further development of the copper industry, which is the Lasis
of the economy of & number of developing countries;

Inform the international financial organizations, such as the Inter.
national Bank for Reconstruction and Development (IBRD), that
an endeavour shoukl be made to augment the funds needed for
the development of the copper industry in order to decrease the
depenvlency on industrialized countries;

Organize future meetings 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:

Look into the possibilities of expanding their primery copper pro-
duction and developing an integrated industry to produce a range
of products such as blister, refined copper and semimanufactures
where this is economically feasible. Since s 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 costa of
facilition for the production of final copper products arc substantially
less than those for copper mining; but the benefits aro aleo less;

Consider the application of newly proven commercial tochnology
for the extraction of copper from sulphide, oxide and mixed sulphide-
oxide ores, for the utilisation 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 each country;
Study and evaluate the most efficient scale of production facilities
for refinery operations, on the basis of local conditions;
Encourage the use of the services of outside experts in the design,
construction and commiwioning of metallurgical enterprises and for
the training of local pervonnel;

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

Establish pilot plants, whemever applicable and economically
feasible, for the treatment of indigenous copper-containing minerals
waing the most efficient processes, with the assistance and support,
if desired, of UNIDO and the industrialised countries;

Create conditions that would emcourage the investment of capital
from international financial institutions and other sources;




RECOMMEN DATIONS 9

(8) Take into account the cxperience of the copper industry in those

countries that have developed their copper industry within the
last 15—20 years.

€. It wna recommended that the developed coumtries:

()

(2

@

Continue the development of copper-production technology in order
to improve the efficiency, recovery, productivity and the quality
of copper products and reduce the cost of copper and its by-products
and co-product metals and materials. Such advanced prooedures
should include the elimination of pollution from production wastes;
Asnist the developing countries in their soarch for capital investment
to build production facilities;

Keep the developing countries informed on the latest developments
inthmhmm,mMMdmm
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3. ECONOMIC ASPECTS AND MARKETING
POSSIBILITIES OF COPPER PRODUCTION FOR
DEVELOPING COUNTRIES

Paosvcmox

10. Copper is present in the carth’s surface in many countries, but it i
mined primerily in Caneda, Chile, Perw, the Union of Soviet Secialist
Republics, the United States, the Republic of Zaire and Zambia. Table | gives
the figures for the world preduction of copper mines. The output of the mines
increased over the tem years of the development decade (1900—1900) by
1.7 million toms or 40 per comt.

11. The data in table 2 indicate that about 80 per comt of the werld pro-
duction of copper over this peried was mined in the developed countries.
The balance was sccounted for maialy by the developing countries in Afrien,
Asis sad Latin Americs. Table 2 also gives figures fur the mine prodection
of the developing countries over the same period, during which these countriss
produced 40 per cont of the werld output.

13. The smelting of copper is carried out in meny cass cless to or ot the
mines, but it is aleo done by custom smeliers in the counmtriss consuming
copper. Tabies 3 and 4 give figures for the world production of smeliers.
This includes the production from comcentrates and the production of sscond-
ary blister and rough copper from screp residucs.

13. Some years ago it appeared that primary copper would be smelied and
refined incressingly at or closs o the mincs rather then in the copper-cen-
suming countries. Evea if this had occurred, however, the large sscondary
metal industry, which is based en the wee of scrap and residucs os & rew
material, would continne to be located in the industrinlised countriss wheve
scrap is produced.

14. The output of biister copper in the developing countries is about ome
third of the world total or loss them the propertion for mine eutput. This
is explained by the fact that comcemtrates are shipped to the industrialined
countries for smmeiting.

15. It appears mow, hewever, that this trend is reversing. Seme countrise
—nsotably Japan aad, te & lesser extent, the countries of Weste n Euvepe—
ase contracting for the supply of concentretes and bister to fond their smmedioss
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ECONOMIC ASPECTS AND MARKETING FPOSSIBIL TIES 13

Tasrk 2. PROUUCTION OF MINES, BY DEVELOPED AND DEVELOPING COUNTRILS,
1960 — 1969

{ Theusand tons)

World Developed Develuping

tolsl esuniries countrica
1960 4,234.6 2,401.1 1,833.5
1961 4,305.2 2,543.3 1,851.9
1962 4,550.7 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
1943 5,065.0 3,053.7 2,011.3
1964 5,301.9 3,205.9 2,038.0
1967 5,073.3 2,958.3 2,113.2
1968 5,474.0 3,276.3 2,194.7
1989 5,908.9 3,600.1 2,308.8
ANNUAL AVERAGE

HATE OF GROWTH | 3.8", 1 4.6, - 3.69,

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

16. The production of refined copper is dispersed much more widely through-
out the workl and much of the refining takes place in the industrialized
countrics. Refined copper can be produced both from primary and secondary
blister and also from scrap. The output of refined copper, which now amounts
to over 7 niillion 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 output 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 secondary copper takes
place alnost entirely in the industrialized countries of the world, principally
in the Federal Republic of Germany, Japan, the Union of Soviet Socialist
Republics, the United Kingdom and the United States.

17. 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 becn an important increase in refined copper
production are Chile, the Union of Soviet Socialist Republics, the United States
and Zambia.

18.  The growth rate in the output for the principal producing areas is shown
in table 7 (for mines) and table 8 (for refineries). Mine production did not
increase in the developing countrics as rapidly during this period. Large new
projects are being developed in Chile, but they are not yet in full operation.
Mine production in the countries with centrally plauned economies almost
doubled over this decade.
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ECONGMIC ANPECTS AND MARKKTING POSNSIRILITIES ‘5

Tasrk 4. PRODECTION OF SMELTERS, BY DEVELOPKD AND DEVELOFING COUNTRIES,
1960 1969
{ Thowsand tons)

Worki I vedcped Drecleping
(7 cowniriee L2 )
19680 4,543.9 28708 1,663.1
11 4,600 4 2.835.1 1.674.3
1982 4.700.4 L Xk R 1.6478.2
1943 4.044.4 31544 1,882
1984 5,142.4 3.358.08 1, 7880
1985 5,375.8 3,040.0 1,530.8
1904 5,823 3,781.5 1,908, 7
1967 5.238.7 3.345.4 1,473.3
1964 5,000.7 3,949.9 1,9%0.0
1900 4,302.0 4,242.9 0418.1
AMNNI'AL AVERAGR
RATR OF umoOwTH | 3.7 P 44, 12.2°,

1. Bowe developing countries  Perw, the Republic of Zaire and Zambia —
have oxtensive development programmes. Tn adidition, new mine production
may be expeeted fairly soon in Botewans, Bougsinville (Solomon Talande),
Indonesia, Malaysia sl Manritania. Mwch of the output of these mines will
go to Japan.

Coxstrurron

0. Copper is consumed in one form or another in all countries of the worid.
The greatest consumption, however, i in the indust rialized conntries. Tables ®
and 10 give the workl conssmption of refisesd copper. This rowe in the period
IR0 — 10 by some 2.3 million tone. The main increascs in consumption
have been in Canada, the Federal Republic of Germany, Franee, Italy, Japan,
the UN and the UNSK.

W

2. Over these ten yoars consumption grew at a rate of 4.4 per cont per
annam compared with o rate of only 4.1 per cent for production. The growth
of consumption has therofore outstripped the available supplies, which have
had to be replenished by relesses from the UN Government stockpils of
98,000 tons. This rapic] rise in comsumption i cxplained by the growth of
industrial output, improved standards of living, and the growth of popu.
Intion.

22. The developing countrics conmsme only 3.5 per cent of the total con-
swmption of copper in all forme. Thus, the consumptin of copper varies
envrmously among the countries of the workl. Table 11 indicates that the
consumption per cupis in cerisin developed countries ranged from 4 to 13 kg
In 1968, in the same yvar, consumption i cortain developing countries rangrd
from 6.1 10 0.8 kg (table 12). Akbough consumption in the developing srras
i small, future prospeets are extremely favoursble.
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TAamir 6. PROBUCTION OF REVINED (OPPEP, BY DEVELOPFD AN D DEVELOFENG (OF NTRIFN,
(R §T )

{ Thonusand tons)

Worl ! Percloped Dorscloping
otid T ST R
} i IR R LAY LALE |
e} S22 1231w L1 AW}
3. a7 EREIR B4 4
1983 N LT K 4,437} 3y
19%) RRILR 45797 1.1
1 5 LR N AINTOH 1.8}
¥ 4oy 6. 30 | a2y 1,133.2
11 ] S48 4,79} 1. 2us3
(R L] LN iR i | 12533
o T 2D 1.8
VNN ML AVERAGLE
HATE 68 GROWFH 4 37 . )

TAamre T 1IROWTH RATE 1N WINE FRODUCTION, BY M AIN PROD ¢ NG Aanb e, [0S 1908
{ Thomaernid tmn )

P .y Arerage snnusl
1na 1 rate o/ -
PevrrLorrn anpas
I Lt X 1.490.4 42,
ot F how. 3 4.7,
Ceatraly planned econetmes a2 1.o83 0 - 8.3,
Western FBuwropw 204 2.5 a8,
South and Sowth West Afraon 7 1528 L3 A
Nt rnbin L2 12%.) chey,
Jupraty w2 1203 L84,
Toind 2.0 3 a0e | 4N,
Devsrorivg oue v
Afrien
Zawire, Bep. of Ly ¥ T8 ‘2.8,
Zavina s me. 8 1 &%,
Rent 80 »H i 38,
Lestin America
Wide 5331 | TN S,
Perw 8.7 11 X 4 hLey,
Rewt a3e 4.3 e,
Naber 1240 b IR J C 8.8,
Total 1 AS80 2308 8 1387,

Wom o roras, 420104 LXK ) i N LR
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TABLE 8. (IROWTHN RATE IN PRODUCTION OF REFINED COPPER, BY MAIN PRODUCING
AREAS, 19601069

( Thousand tons)

A onnuel
1960 1949 '::’: e
DEVELOPED AREAS
Us 1,643.6 2,028.5 4+ 2.4°,
Canada 378.3 408.8 4+ 2.9
Centrally planned economies 799.9 1,262.06 4+ 8.2%
Western Europe 870.0 1,290 + 3.7°,
Japan 248.1 630.2 1 10.9°,
Australia 84.2 137.3 -+ 8.8%,
South Africa 1L8 6).2 -+ 2.8,
Total 4,133.7 5,754.3 + 31,
DEVELOPING AREAS
Africa
Zambia 4024 5081 + 4.8,
Zaire, Rep. of 144.7 153.3 + 3.7%
Rest .2 0.7 +51.2°,
Latin America
Chile 356 453.0 + 8.8,
Rest 0.4 108.4 + 1%
Asie 234 n.? + 3.1,
Total 858.1 1,933 4+ 8.8%
WorLD TOTAL 4,998 7.147.3 + 4.1%

SEMIMANUFACTURES AND CASTINGS

23. Copper is used for tho 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 s small amount s
used for chemical compounds—mainly copper sulphate. World produetion
of semimanufactures is given in table 13.

24. Many developing countriea start by mining copper and then erect
smelters 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 & refinery is now about 100,000 tons
per annum, if profit loss criteriz are taken into consideration. Other com-
siderations reflecting local conditions, however, may make feasible copper
refineries of less capacity.
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'—"' COPPER PRODUCTION IN DEVELOPING COUNTRIES

Tanre 10, CoNISUMPTION OF REFINED COPPER, BY DEVELOPED AND DEVELOPING
covNTRIER, 1960 - 196%

{ Thowsand tons)

World Dereiagrd Drreinping

tolel countricn ermntricg
1996 47233 4,531.4 1721
1961 3,0237.9 4,846.1 1808
1962 3,1279.8 49218 o XL
1943 3,997.7 5,188 8 2109
1984 39L) 5634 LY
1983 61126 38440 2884
1984 6,405.2 6,199.4 2039
1947 48,1188 5,926.% 191.8
1989 6,433 4 4,204.2 2202
1968 4,93.3 6,742.2 a
ANNUAL AVERAGE

RATE oF anowrn - 4.4, +4.3", 4.4,

Tasi 1], PER CAPITA CONSUMPTION OF COPPER 1Y
ALL FORMS INY CERTAIN DEVELOPSD COUNTRMIES, 1968

{kg)

1988
Austria 4.3
Belgiven (X )
Franoe 7.3
CGremany, Fed. Rep. of 1.7
tirent Pritain 1.2
Tealy 4.5
Japan e
Netheriands 7.8
Seandinaw in 9.0
Switseriand 10.7
s 1.2

26. Although about 40 per cent of the workl'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 1.5 per cent in
accousited for by the developing countries. The reasons are partly economic
and partly historical. Fabricating must be done on a large scale; henee,
these products are dificult to produce economically in some developing aress
with small Jocal markets, uniess regional co-operation is established.

27. The scale of operation for the production of semimanufacturcs is rising
rapidly and much larger wnits are now being formed in all industriakised
countries. To establish these units in the developing aress, it woukd be neces-
rary to extend the markets. Many somimanufactures are sophisticated produets
which must have s high quality and be made in & lnrge range of sizes, shapes
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Tansrx 12, PER CAPITA CONSUMPTION OF COPPER IN
ALL FORMS IN CERTAIN DEVELOPING COUNTRIES, 1948

(kg)
. — ..

Latin Amerion

Colombia o.1

Venesusla L X
Africn

Algeria 6.1

Ghana 9.1

Libys L ¥

Movosco L} ]

Tunisia ( N ]

Zasabia ( §
Asia

Iran .3

Jwrael 1.9

Philippines ( ¥}

Thailand [ ¥}

M.ﬁoys.mymtmmnﬂypmdndnjuthw.m
development of semimanufactures, however, creates additional
in the countries concerned, and this : has obvious benefits. On

the whole, though, copper-fabricating is not s labour-intensive industry.

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

(s) The size of the home market:

n) Thmuityofﬁumpaadnddm;

(¢) The necessity of importing the alloying elements (zine, nickel ete.);

(d) The acquisition of technical know-how;

(¢) The distance from export markets;

() ‘l‘bbrpamatotiaveumtftad-nq-ked;

(s) mmdtnmpat:dmﬂmnMnnlxadhnhtMM
Mtbv&b“thvﬁmdt&um,nﬂmu&«mm
more to traneport;

) ‘l\obetthtmyoonutrhhnmurwhnhnw
the import of semimanufactures:

() Thuﬂi@l&ydmwﬁmw
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Tasen 15 Wentsr rOssUCTIN OF COUPFER AND COPPFER-ALLOT SEMINANUTACTURSS, 190019800
{ Thousund tone)

3,024 2.000 2,738 2,988 3,398
&0 4 7 e
™3 ®l 728 738
»3 4 08 473
32 353 373 0
L] 44 721 801

FHE:
EHLE
gziaed
A1
§ERERE
82388

!

Westorn Burepe
Cormany, Pod. Rep. of

UK
Yvanes
Italy
Rast

1,820
1,178
97
340

1,750
1,039
»3
300
8,792 9,617

3.640 2,248 3,322 2,584
1,608
901
s
250
8,20

2.3

1,536 1,300
-4
a2
J

1,811 1,908 2,1¢”
1,410
553 578 761 719
m b 387 413
J 200 30 e
1.008 7,984 8,318 8,401

1,841
Ll 1210 1310 1338
e
-
-
sl 6487 a8

1,843
m
233
190

vs
Other developed countvics
Devsloping cvunivice

Wenns woeal

Japas
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PRODUCTION FORECASTS

2. It is possible to forecast production of mewly mimed copper with s fair
degree of acowracy, since it takes abowt five yoars to develop & new mine.
Even projected e1tonsions of existing mimes are wsually known well in advance,
becawse they require not only time to carry owt the physical work but aleo
time to raise the large sums meeded for investment.

3. It is comsidered hikely that the mine production cf copper will incresse
to 9.5 million toms by 1980. Smelter production is forecast to riss to
10.1 million tons by this date. Of the mine cutput, it is cotimatod that the
developing cowntries will provide 3.5 million toms. The output of refined
copper is farecast to ries to about 11.3 million tons by 1980.

CoXsuNPTION FORBCASIS

31. Bince 98 por cemt of the world's copper is now weed in the industrialined
countries, forecasts sbout consumption over the neit decade must imevitably
be based on comditions in thess countrics. Even & spoctacular growth in
copper comsumption in the developing countries would not make a substantial
difference in the world’s wm of copper. In the Jomg run, however, the future
dummqthwﬂwhﬂymth-“dkbythmy
lorge—and rising — population of the developing countries.

32. The forecasts for consumption are based on the weage of copper, ie.
Mwm,mwmﬂmwm],
mcompassing the total market for copper. Comsumers do not wee primary
copper as such; they wee copper in its most ecomemic and convenient form.
hmmt&yuqﬁnmlynhdw;heﬁeuthym
jnveriably employ arap. A range of intermediary wees require either eme
or both.

5. It is clear that the growth in consumption will continwe, although the
riss is likely to be somewhat slower in the second half of the decade. Total

consumption is estimated to grow 10 about 14.3 million tons by 1980. The
wﬂﬂthud!.?d&-humwbythuddthm;

however, the industry should be capable of producing more by this dete.

3. These figures may scom to indicate that & surphus of copper is Nikely
0 ariee in the future, and thet this will result in a depressed market. Such
s conclusion would be quite incorrect. In the past the mines have boon able
(o operate on the average at about 53 per cont of their normal rated capacity.
Yor practical purposss, this is the meximum rate of operstion that they are
Muﬁ-ﬁm&mm&sm“tbwu
rale may be higher or lower. The production figures really represent the
maximam obtainable tonnage in the long run. Thus, these forecusts indicate
that the minss may in the feture operate st about 83 per cont rather thea
over 90 por esnt of copacity.
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Scrar

35. A meeting on the Utilization of Non-Ferrous Serap in Developed
(ountries was held in Vienns in November 1960, under the auspices of
UNIDO. The meeting dealt mainly with the technical and economic problems
that arive in the utilization of scrap.

3. Scrap ie & very important raw material for the copper industry. The
movement of scrap and its availability has & major influence on the market
and the price of primary copper. Many copper products can be made cither
from scrap, from secondary refinod copper or from primary copper. The
fabricators are therefore able to choose which they wish to use.

37. The total scrap now weed amounts to about 3.6 million tons. This
represents nearly 40 per cent of the workd copper consumption. Scrap is used
mainly in the highly industrialized countries.

238. Secrap is produced in the developed countries, frequently close to a metal
consumer. It therefore invariably finds a market and indeed may on oceasion
1oplace primary copper. The supply line for primary copper between devel.
eping snd developed countries is usually very long. while the supply line
for serap is very short. Moreover, acrap is created ss a by-product and its
mdmbnilnﬂ.’fhepdwthnfondqen&mﬁwlyonnpply
snd demand.
Paxce

30. The key to the growth in the revenues of developing countries is the
future demand for and price of copper. The estimates of demand indicate
that there will be & ready market for additional supplies of copper aver the
years. The future price level is riuch more difficult to assess.

40. The basic function of & pricing system is to equate supply and demand.
The price level should be high enough to encourage new investment in mining
.-dyetmtmbighutopﬁcethemul(mtoﬂhcmrkee.Thecopperindu-try
ks slways been subject to grest fluctuations in the price. There are a number
of different prices in wee in varicus parts of the world, but the most impor-
tant are:

(a) The US producer price;
(3) The daily London Metal Exchange (LME) quotation;
(¢) The price levels determined in the countries with centrally planned

*

41. The average, high and Jow prices for the UK and the US for the years
1908 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 ars,
however, other price levels in the UB for scrap and custom-smeiter copper,
snd fabricators must wee s blended price based on their average buying
price for materiale.
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TAasLE 14, NETTLEMENT PRICE OF ELECTROLYTIC COPPER WIRENARS, UNiTED Kinapow,

1936 — 1970
(£ per ton)
Areropr Hiph Low
1996 43 54 3
1997 5 80 41
1938 43 54 »
1999 " 54 4
1940 50 500 50=
a1 e e
1941 [ 1] 1] L 1]
1942 el 1] )|
1943 1] ] ] 41
1944 [ 1] a1 )]
1945 el )] 1)}
1946 76 8 L 1}
1947 » 138 118
1048 1} ] 138 190
1049 {} 1] 151 108
1980 176 188 8
1981 ) b 0 190
1988 258 183 239
1989 280y 200 Mo
29 3444 ¢
1064 45 08 213
1983 M3 ”» 294
1986 %4 436 358
1987 11e 200 178
1958 194 257 187
1950 54 264 26
1908 242 37¢ 215
198} 33 245 213
1963 19 % 234
1063 90 93 m
1984 8 523 231
1908 41 58] %3
1908 344 776 7
1987 411 508 340
1988 7 sle "~ 425
1989 [ 1} %4 503
1970 (January — May) [ f | J 508
: m-;ﬁ
] -
4 Angusi - Docomber
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Tante 15, PRICE OF FLECTROLY TR COPPER PRODUCER 1N THE Niren Nraves,

19% - 1970
(Centa per h)

Arrrage Nigh Low
190 nh [ EA. e
1937 13.2 16,8 L X ]
188 (LY. e (3]
1939 L 123 (X ]
g0 13 123 L} ]
1940 (1R 118 1R
1842 1R} [ I K] 1]
1943 L R . {15
1944 1a 1R I»
15 1R} 1K (1R
1946 1N 3 N
47 . - X ] s
1948 230 N3 7ne
149 13 s 187
1940 213 242 ng
11 ] 24.2 24.2 348
1953 24.3 343 %2
1953 % W8 243
154 2 A .7 e
1853 7.5 4.3 »?
1854 498 410 % )
19487 - X} X ] "4
1984 258 ns o X ]
1950 "2 ans me
19800 ) M3 »a
19814 29 »7 ne
1083 e »e »s
1908 ».e »me »e
1984 e b - X »e
1983 ne 7. na
1908 ».2 9719 ne
187 n? ».6 "
1908 Mma 9.9 0.
1000 4.5 Ma "1

1970 (Janwary - May) K74 a7 "
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42 The LME in a commudity arket that determines the price basin foe
virtually all transactions other than thow in North America and in the
comutrien with centrally planned cconomien. 1t i a free market used by almost
every country in the workl 1t therefore reflects the conditions of workd
sapply and demand.

41 The tarnover of the LME is over 2.3 milhon tons per annnm, but much
of thin i in the form of paper transactions, such an hedging and other oper.
ations amony dealers. The actual physical metal handled by the market is
about 20000 tons per annum. The price quotations are used as a basin for
the bong-term contracts of the producers and for buving and selling serap.
They influence the pricing of abont 6.5 million tons of copper per year,

44, Producers have hel in the past that this was an wneatisfactory method
of pricing metal. Indeed, the alumininm and nickel producers have established
their own prices and they have now been folkiwd by zine producers. There
o now & dual price system for all these metals one fixed by the prodecers
and one determined in the market. The copper produacers have sometimes
established their own prducer price; for example, when the LME waa in-
operative during Workl War 11 and. more recently, when attempts were
made 1o get away from LME pricing and the daily price fluctustions. These
attempin had to be ahandoned becawne of the problems ereated by dwal
pricing. Tn peactice it proved to be impossible for two wiklely different prices
for copper to exint for any kngeth of time. This is partly owing to the large
supplicn of secondary metal and scrap and partly to the desire of some pro-
ducers to obtain the best possible price.

43, The pricing of commadition by & commodity exchange inevitably leads
to an unstable price becawse there in & daily fixing. The short-term factors
prevalent on & particular day influcnce extabliching the price. In addition,
the long-term factors of supply and demand operate in the market, but
thene only affect the longterm movements in price. The wide dispersion of
production conts in the industry also contributes to the instability of the
price.

4. Fundamentally, however, the price of copper must deperdl on the
kmg-term supply and demand relationship. 10 supply grows more rapidly
than demand, the price weakena. In recent years there has been 8 continuing
strong market for copper - indeed, demand hat risen steadily and more
rapidly than production. As & resuit prices have risen sharply.







1. THE REQUIREMENTS OF THE DEVELOPING
COUNTRIES

THE SEATUS OF COPPER MINING IN THE DEVELOPING COUNTRIES

47. The developing conntries ean be divided into three separate groups.
Comntries in the first group have large copper deposits. extensive mines
aned nse sophisticated technology. These countries are Chile, Pern. the Re.
public of Zaire and Zambia.

48, Second. some conntries and territories have recently started to mine their
copper deposits, or are preparing to do so in the near future. These are Bota-
wana, Bongainville (Solomon Islands), Indonesia, Iran and Mauritania.

4. Finally. a mamber of conntries 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 needs,

. Malaysia is now heginning to develop ita copper prospeets. A deposit
containing about 70 million tons of 0.6 per cent copper was discovered recently
s exploration licences were granted to a consortinm. The development of
the deposit is progressing satisfactorily. and production from the open.pit
mine is expeeted in two to three years' time. Malaysia has vet to decide
whether to build a selter in order to mine copper ore or to export con.
centrates,

S Production of copper in Indonesia has not yet hegun on a substantial
seale, bat large deposits have been discovered near Ertsberg.

a2, Copper production in Burma i at the moment limited to the output
of some copper matte from lead smelting. However, large ore deposits have
been discovered there, and Barma has plans for mining these properties and
for erecting smelters and refineries.

. Tran also has large copper deposits which will be developed in the near
future. The conntry faces three principal problems. The first in how and
where to obtain the necessary capital. The second is what type of copper
shoukl be produced that woull vield the most henefits for the country;
that ix. whether it shonkl be in the form of concentrates. blister, refined
copper or fabricated prodnets. The third is what the effect woulkl be on the

29
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world market of a sizable export of copper from Iran. Iran has asked for
the assistance of the United Nations in working out the answers to some
of these problems.

54. Argentina has also discovered copper deposita, but the country has not
vet been able to develop them.

REQI'IREMENTH FOR INVESTMENT FI'NDS

33. Apart from countries with well established copper industries, the require.
ments of the developing countriea for investment funda are very large and
the capital available from the developed areas of the workl is inwufficient to
meet this demand.

50. The capital required for developing new mines and for the erection of
smelters and refineries is also increasing, owing both to technological develop-
ments requiring larger-scale metallurgical units and to the fact that many
new mines are based on relatively low-grade ores. Few new high-grade ores
or deposits have been discovered in recent years, and it is unlikely that they
will be located in the immediate future. The production of copper from a
Jow-grade ore does not necessarily entail higher costa than those for operating
existing mines. Indeed, some of the new minces that have come into production
in recent years have quite Jow costs per ton of output despite the fact that
the ore is low grade. The increase in the production of copper from opencast
pits and the development of inethods 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 produeing copper have risen sharply in most areas of the
world. A few years ago the estimated cost of developing & new mine was
about €300 to €600 per ton of annual capacity. Extensions to existing mines
were something like a third less. Now a figure as high as £1.200 for devel.
oping & new mine is being quoted.

58. The major part of the workl eopper-mine output is now refined where
it is mined. The smelters and refineries in the copper-cor-uming countries
have been using less primary material and have turned more to using scrap.
This trendd has been evident in Western Europe over the past ten years, but
it may well change in the next decade.

50. A number of new mining dcvelopmenis have been financed in part by
smelters in developed countries and territories. These include those in Bos.-
gainville (Solomon Islands), Indoncsia and Mauritania. Much of this inancing
has been provided by Japan. The smelters and refineries in Japan rely in the
main on primary material. The supply of scrap, oven including large imports,
is insufficient to provide the smelters »ith raw materials. The Japanese
companies have therefore financed many mines throughout the world and
have then placed contracts with the coimpanies operating these mines for the
supply of concentrates and blister copper.



THR BEQH IRENENTY OF THE PEVELOPING £OF NTRIZS n

0. Each developing country must decide on the merits of the case whether
it will gain more from the investment of & given sum in mining or in fab-
ricating. Inded, it may well be that capital investment in fiekds outside the
copper industry altogether will resalt in greater employment and greater
productivity. It would therefore be misleading to maintain that it will always
henefit the developing countries to fabricate theie copper.

81. Apart from financial needs, the developing countries alo recuire teeh-
nical assistance and advice on the economics of the copper industry. The
general Jevel of techmology in these countries must be raleed. They also
require speeifie technical awistance to evaluate their copper deposits and to
determine the most economic methorda of peocessing the ores.

62.  The developing countrics aleo need more information about the marketing
of copper and they shoukl stwly futwre economic prospeets of the copper
industry. To achieve this goal. UNIDO should try te srrange (when requested)
technical/economic  misions or individual experts to advies developing
countrics on questions related to the development of their copper industry.

63. Kince the market for copper and its price are affected by the exports
of the industrialised countries, particularly of Canada, the countries with
centrally planned ecomomies and the UN, 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 & wide range of fSnancial, sconomie
ond marketing problems. UNIDO shoul organise further meetings of exports
to give these countries the advice and guidance that they need.







5. BASIC TRENDS IN THE DEVELOPMENT OF THE
COPPER INDUSTRY

85. 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 is geared largely to exports.

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

(a) The decrease in the average copper content in the oros;
(%) The use of low-grade and refractory copper ores;

(¢) The development of new sources of copper;

(d) The increase in the utilization ! 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 ocontent of raw materials, the development of new technologicsl
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 boen compensated for, however, by improvements in
copper mining, beneficiation and extraction. There have slso been important
innovations in treating low-grade and refractory ores. The utilization of
secondary copper is aleo becoming increasingly important. In the developed
countries, up to 40 per cent of the copper output is from secondary copper.

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

(s) 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 development of hydrometallurgical processes;

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

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

(9) The purification of waste gases and water.

70. New economic developments parallel these technological changes. New
planta are frequently erected in areas closo 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 docrease of metal
losses, and a reduction of the labour force. Examples of thess new integrated
processes of rossting and smelting are:

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

(c) The WORCRA process;

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

72. The effectivences of such intograted processes can be illustrated by the
flash-smelting process (as compared with the classical technology), which
allows & decrease of production costs up to 10—13 per cent/ton for blister
copper, of labour by 20—230 per cent, of capital funds needed by 10—18 per
cent; and permits an increasea oxtraction of sulphur. Some of these inte-

grated processes 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;

(4) Recovery of molybdenum concentrater. from copper-molybdenum
ores;

(¢) Use of salphur content in gases for the production of sulphurie
acid, liquid sulphur dioxide and eclemental sulphur;

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

(¢) Use of slag for building material;

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

(s) Recovery of rare metals from the dust following metallurgioal
processes.

74. 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 offectively utilized in a developing economy. These may be
sulphuric acid, micro-fertilisers, building materials, and, in some instances,
pig iron.
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78. The necd for wsing refractory ores and the tendemcy towards the uti-
lisation of all components of complex ores have determined the latest develop-
ments in the extraction of collective raw materials: copper pyrites, copper-
sinc ores, copper-zinc-lead ores etc.

76. Various methods have becn developed for tresting complex raw materials.
Hydrometallurgical (rossting, leaching and extraction of copper and zine
by eloctrolysis) and pyrometallurgical (the KIVCET process etc). Theoreti-
cally, both processes are economic.

77. About 10 per cent of the world copper output is now produced by
hydrometallurgical methods of treating refractory ores. The perspoctives for
Mmm&vmbkhvbvdthdewhp-ﬂnolb&uem
materials with high selectivity. Economic and technological changes in the
hydrometallurgy of copper may Jead to the imdwstrial application of ion-
exchange processes, whose uwse can be highly effective for the extraction of
copper from diluted solutions.

78. The technology for the treatment of mixed sulphide-oxide ores has
besn developed in the USSR (Mostovitch method); in the US it is known

a8 the LPF (leaching — precipitation - flotation) process.

7. Thﬂhmwcdmhnmw»unlyu
mmwmunmwumm:ma
concentrates in fluidised bed; flash smelting; 07 o, or heated-air-blowing
smeolting; smelting of concentrates in converters wsing oxygem; increass in
the current denaity in electrolysis; and the use of bacteria in heap-laching.

80. The output of furnaces rossting comcentrates in suspemsion is 1.3 to
2.0 times higher than that obtained from multi-bottom fernaces, and the
production costs are 15—25 per cent Jess.

81. The we of oxygen during sintering of copper concentrates aad in
reverberatory smelting of raw concentrates also gives positive reswits in
respect of the intemsification of the process.

82. During recent yoars in the enterprises of the USSR current demsitics
hnhunmhﬂyw.mhuutoumdutﬁ.
Good economic results are being obtaincd wsing current reverse.

3. mmmmmmdfu}hnuumm
we of natural gas. At presont natural gas is waed in smelters in the US and

the UBSR. It has been proved that liquid oil can be economically and feasibly
substituted for natural gas.

4. Duﬁnumtyuuneondwymo‘mhwhunw
utilised. Use of these sources could lead to & decresss in fusl consumption
up to 70—80 per cent.
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#3. In recent vears the workl han become increasingly conscious of the
da:gers of pollution of the atmosphere and water. Thix is particularly »o in
the more Jdensely urbanized arcas. Al metallurgical works are, therefore,
now erecting extensive plants to reduce these emimsions and to recover the
metallic and sulpbnr content. Tt should be noted that the cost of air- and
water-cleaning systems coukd reach as high as 10 20 per cent of the cost
of & given enterprise.

6. The choice of a site for the eroction of a copper plant is extremely im-
portant. since crrors pade cannot be corrected during the Jife of the plant.

N7. Nome copper smelters aned refineries are bailt close to the souvee of the
raw material, but for others it in more economical to buikd close to the market.
This in particularly »o in the cane of large chemical/metallurgical complexes,
operating not only clowe to the market for copper but also elose to the markets
for other metals and by-prosiuets.

w8, The breakdown of production costs of copper mining s beneficiation
and extraction i roughly as follows:

(a) Mining oprrations, 41 per cent
(b) Beneficiation, 33 per cent:
(¢) Smelting and refining, 26 per cent.

#9. The main weight of production costs in during mining operations. Thewe
costs may be expected to be reduced an a result of technological develop-
ments. However, in view of the decreased copper content in the ores weed,
the cosis may remain unchanged or may even b wightly increased,

5. The price of copper in the market ceonomien of the workl rose rapidly
in the last few years, but it fell sharply during 1970, Conts Lave abo been
rising, although much lews rapidiy.

Ol The decrease in the metal content of the orex, the depletion of mine
resources, the increase of labour costs, the cost of land amd water. the in-
creased capital investment in construction and equipment  all temd to raise
the conts of production. On the other haiel, conts have been rodueed by
technological progress, the improvement of indhuntrinl engineering and tech.
nical processes, the reduetion of the labour force, the better use of comphex
raw materials, and the improved treatment of waste products. The total
offect of these factors is difficult to predict. It may be expected, however,
that serious changes in copper prices in the future may not occur.

92 The rise in prices in the market economics has been due largely to
market factors and production problems. Prices in *he USSR have alw rinen
but not to the same extent.

#3. Dusing recent years the entablishment and the reconstruction of the

industry have been carried out on exceptionally large scales. In the
period 1960 — 1988, 20- 30 per cent more fundds were invested per tom of
copper prosluced as compared with the periad 1970 - 1960,
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4. Technical developments in copper mining should stabilize both the
level of capital investinent and the Jevel of production conts. With respect
to the extraction of copper. capital investment shonkl decrease in view of
the intensification of metallurgical processes and the constant introduction
of continwous and combined extraction processes. In spite of the influence
of some factors that tend to inerease costa, capital investinent costs generally
should cither be stabilized or tend to decrcase,

85, The main resnlts of the latest advances in the copper industry have
heen inervased ontput and a decrease in the number of labowr emploved.
A tendeney mav be obmerved towards stabilization or even a decrease in the
labowr employed in the entire copper industry, despite the commissioning
of new enterprines.






6. DEVELOPMENT OF HYDROMETALLURGICAL
PROCESSES

8. Combined dressing-hydrometallurgical processes are used for oxidized
o mived (sulphidle.oxidized) copper ores. These procesass involve converting
oxidized copper compounds into & solution by leaching. the extraction of
copprr from the solution. and the fltation of copper compounds that are
imeduble in acid (mch as sulphides).

7. The details of the processes depernd on the mineral composition of the
ore and ala its physical characteristios.

0. The leaching of oxichized ore is usually earried out with sulphuric acid
an this is the cheapest solvent. The cost depends on the method of produ: tion
and varies from $10 to $20/ton. Part of the scid (lens than 30 per cent) s
weed for copper solution and the rest for the solution of the rock.

W Complex ores cannot be treated by Jeaching with sulphuric acid and
thus are known as “refractory ores’™. For these it is necessary to use more
comeentrated aulphuric-acid wolations and aler to heat the mixture. Thia
resulta in increased acid concumption for diseolving the rock. Acid eon.
sumption for these non-carbonate ores in therefore abowt 4 to 5 kg for 1 kg
of copper, and it can reach aa high as 12 kg for 1 kg of copper for the ores
with a very high content of carbonate.

160, The rate of leaching depeads on the size of particles amd the lesching
methods, Copper can be exteacted from a sulphuric-acid solution by dectro.
hynin where the copper content in not Jower than 20 g per litre. 1t in possible
to obtain sohitions sitable for leaching by means of counter-current peren.
Jation o decanting methode

. Copper s extractesd from lean solutions by cementation with irom
serap. Cement copper concentrate ie produced with about 73 per cent copper
contont. ANeenatively, copper may he separated from a solution directly by
riretrodysin in place of cementation. melting and electrolvsie. INrect eleetro-
lysin requires besa capital and the maintenance comtn are lower. This process
capnot. however, he weedd in all cance at the moment, althongrh a method
for the ex raction of copper concentrates from lean solutions. with the sep-
sration of copper theough clectrolyein, is now being developed,

e
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Tue LPF 0 EvciNG PRECIFITVIION  FLOPFAFION) PReow Ess

2 A preesent the Lasie conthined totation hydvometallurgeieal prowess of
treatims onidized and mined ores s the LPF process. which consists of
eaching, precipitation and tlotation of copper. Leaching i+ cavvied out at
PHOES ar the besinuing o at 2380 205 at the end o the provess

ol Cement copper s prodineed b wsme either irons i the form of serap-
veen o won pewders Bow consimption For cementation is abont 1.5 hye for
bl of copper. The Towest consumption of the decanter is obtained at pH 3,
The cost of serap wan varies considerably frour countey to conntey bt ies
within the rawre of S200 000 S8 per ton

1ob The LPF process i most eftective i extieting ovidhzed copper from
naved ores The provess s proditable Uit can extract an ackditionad | kg of
.u'b'n'l' Pq-l' Loy 1"' ore,

WS Fhe procescovan e nde iore protitable by

Cor N reduetion e the costoof raw aterials, oely acid aned the
precipitator:;

thi Bpeovines equipiment and particnlardy its resistence to eorpomion,
v by the use of new allovs or plasties:

ro Reducing the reacent eosts:

tr Antamation of control:

o Thereplcement ofiron. wlaeh 1< expensive, with cheaper material,

NORETION

Bowi o topper can be extracted trom a pulp solution by an e xelanger,
Untfortunately, this process has the disadvantage that a bigger apparatus
e orequived at e deachinzsorprion staze, The advantage is that it replaces
pryrometalliraal processie: by electrolysiss and this is a0 much cheaper
Process,

POt I hvdiozen s avaikable mespensively, copper can e precipatated in
the b ot lach guality poswder incan antochive, N flotation-sorption com-
B cansinerease the pradnetion of copper from oxichzed ares by over
Soper cent comparred with the LPF process,

tos. Solventsother than sulphoie acud have not vet been proved i practice,
Paperients are now beinz carvied ont for the extraction of copper from
the snad of thtarion tails by percolation, with subsequent coppeee precipitation
e the foro ot s oas salplede and with cvanide regeneration. This process
P it vt o hevondd the staze of experimental tosts B equites com.
vie ot appanatns ed techuology ol inercases the capital eosta
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FIN DROMETVLLEKCICAL TRCHN TG b FOKR PR b~ <1 e, COPPLE ORES
AND CONCENTR VRS BN FHE US

M Coppun production i the US s i the et of the work) is Frasedd o
the Lirge-scale snaclting of sulphide concentyates

HOo Fess copper s prodhiced by beaching, but ths Provess s now wsed at
a munber oF places: Devebent work on bvdronn Cdbarcical et heods for
processme sulphichs concerdrates s absa prociessed rapirhy mrecent vears
owing an part to the problems ot atnosphien polition by pases from
stelters,

YL Fhe mcethonds used o the devedoped comnties for treshin concent ites
conkb b apphed e the devedoping conntiees b $he by drometal-
lrgical proceding s nsal for oxide ores and MY wasle

I Out of the total oopper proddnction e the 1S 0of 15 saithore tons in
PO mnlhion tons were produced foona snlphide ores by Hotation <neling
nind retininge Inoadblition some 25080 tons of sibphiaric acul woye pronduced
cach day and half of this was wsed in kaching coppR ores andd e waste
dunps

T3 The need 1o vehiee air pothation cansed by the cnassion of swlphur
choxube iwdicates that mach mre acid will e prochaced frow <nwlter games
m o the future, This will then be avaibable for inercased kaching of axiede ores
anck waste, The ackd production rate from the gas of copper <meclters reached
$O tons per day i 1970, and more than halt was wsed i keaching oxide
ore ml wabphide ainewaste dumps,

PEE T Dt the beachimg b waste produced EXLO 1ons of erent copper
by precipatating the disolved copper with iron. Mo of this eeent copper
was furthey processed by the conventional snelers

S Laachang of oxide copper 1olbimed by cementation and cheetrolysis
o solvent extraction wnd clecnoly sis produced 1o 1oy of copper i
thi< vear. The solvent extraction amd clectrolysis process i< i nrked advanee
e technodogy for Jeach solations ared appears destined for varly workd-wide
use. Leaching of oxide aned mined oxide-sulphiule ores is wsedd. followed Iy
cenentation with icon i order to recover the copper frora the solation,

G dn wome places Jong-term leaching of oxide and mixed sulphide o xide
copper minerals i practiced imcduding wudergronmd eaching of vopper from
caved mine workings. Ammonia keaching hax not heen nsed for some Vears
but i< now being investigated for copperstdicate ore contining a . ge amoant
of hmestone. The ore s first roasted 1o conyert the copper shicate to copper
vxibe wid metallic copper.

7 Processes have alao been progeesed for the hyvdrometallaegical treat ment
of vopper sulplindes based on ammonia or acid-autocave keaching Ammonia
pressure beaching w successfully used m Canada but on nickel-sulphide rather
than on copper-sulphide concentrates.
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18, The possibility is being investigated of an integrated process for oxide
amd sulphide ores that are separately mined. The oxide fraction woukl be
Jeached using acid made in roasting the sulphide concentrates. Sponge iron
woukl be usdd to precipitate the copper from the oxide-ore-leach solution.
However, considerable problems are foreseen. cspecially in controlling the
roasting of the sulphide concentrate.

119, Proposed hydrometallurgical processes for copper-sulphide concentrate
have lwen investigated only on a laboratory scale. No such procedures have
been demonstrated in commercial operation, which is an importans fact to
bear in mind.

o



7. DEVELOPMENT OF PYROMETALLURGICAL
PROCESSES AND OF COPPER REFINING

THE UTILIZATION OF OXYGEN

120. In ome of the copper smelters in the USSR, copper comcentrates have
heen smelted in shaft furnaces with the use of oxygen since 1980. The economie
effect of the process ia evidenced by a 33 per cent decrease in coke consumption
and & 80 per cent increase in output.

121 Earichment of the blast with oxygen is aleo one of the most essential
innovations in reverberatory smelting. Such industrial.seale operations exist
in two smelters: one in the UNSR and the other in Copper Clifl, Canada.

122, Over the period 1983 - 1983 oxygen was introduced in reverberatory
furnaces at the Copper Chff smelter for smelting copper-nickel concentrates.
The onygen content in the blast was caleulated at 23 per cont; the we of
oxygen resulted in a decrease of fuel consumption by about 13 per oent, and
thoﬂwwthehmhcmndbynhmwmmt

123. In one of the USSR smelters, blast enrichment with oxygen uwp to
40 per cont has bren tested. During a long period of industrial testing, optimal
conditions of the process have proven to be achieved with oxygen blowing
at 5,000 m¥/howr (27 per cent); at this rate of oxygen enrichmeat the furnace
output was 5.6 tons/m?, and the copper content in the slag was abowt 0.8 per
cont and the SO, in gases was about 4 per cent.

124. Use of oxygen (ss compared with normal blast) resulted in an increase
hhmmwby%wrwwamhfﬂwhby
25«”mm.lnkhwdbuvhbosymmn"mvu
found to be harmful to the refractories in the first aections of the furnace.

128. Mthmmm.mﬁcﬂymnﬂud“hﬂy
gvound and pulverised materials has been developed (oxygon flash smelting).
126. The advantages of this process are:
(s) Integration of the two processes —-roasting snd smeeling —in ene
whit ;
(b) Incroase of the smelting rate (daily rote of smelting per square
whit of hearth furnace):
{¢e) Decrease of fuel comsumption ;
(d) Higher grade of matte.

49
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127. The disadvantages are:

(1) The need for thorough drying of the charge;
(b) The need to construet the oxygen plant;
(c) The treatment of slag for copper recovery.

128, The process was developed by the International Nickel Company in
1952 at the Copper Chff smelter. Oxygen consumption is approximately
140u? per ton of charge. Off-gases contain up to 75 per cent sulpt ur dioxide
awd are used for production of liquid sulphur dioxide and sulphuric acid. The
process is economically feasible, because imported coal has been replaced by
local sources and liquid sulphur dioxide has been obtained as a by:product.

120. A similar smelter was set up in the USSR in 1968 and this included
an oxygen plant, furnace and sulphuric-acid plant.

10, Aceording to known published sonrees, at least seven smclters process
copper concentrates in converters using a blend enriched with oxygen. The
oxygen content in the blast is 25--35 per cent. Converters ean 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
specitic eoncentrates (produced by flotation with 73 per cont of copper, rich
sulphide silica and rich sulphide concentrates with a copper content higher
than 30 per cent). Converter minclting with oxygen can be applied not only
to concentrates, but also to blister and other materials. Oxygen consumption
in approximately 90 m? per ton of charged coucentrate, In the USSR in 1066,
remi-industrial tests for roasting copper-zine sulphides were conduceted using
oxygen up to 20.8 per cent. The feasibility of this process has been proved.
It is envisaged that the process will soon be implemented on an industrial
scale.
SMELTING PROCESS DEVELOPED 1N FINLAND

132, Flash smelting has been developed by the Outokuinpu Company, and
besitles its use by the company’s own plants at Harjavalta and Kokkols,
Finland, it is now used alvo in Japan and Romania. In addition, smelters
applying this process are under construction or being designed for use in
Australia, Botswana, The Federal Republic of Germany, Tndia and Turkey.

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

IM4. The flash-smelting furnace uses mainly heat produeed during the
oxidation of the econcentrate for smelting. and the consumption of additional
fuel is only & part of that required in tho 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 15 more than self-supporting in terms of power.
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135 The grade of matte produced in the furnace varies form 45 to 63 per
cent of copper. The matte is then treated further in conventional converters,
The slag contains 0.8—1.5 per cent of copper and therefore has to bo proces-
sed further,

136.  Flash smelting is flexible with regard to capacity as well as composition
of the feed. It is essential for the process that the furnace feed is sufficient ly
fine and moderately homogenous,

137. Flaxh 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 sulphur dioxide content, are an
ideal feed for the sulphuric-acid plant. Nearly all the sulphur can be recovere.
The method developed for reducing sulphur dioxide into clemental 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,

Tur. 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:

(n) Low efficiency in the utilization of other elements owing to the
loss of zine, lead, cadmium and other metals contained in the
concentrates;

(b) low efficiency in utilizing sulphide-concentrate heat-producing
propertics. which means that the smelting procemses require ad.
ditional fuel;

(¢) Complicated mnlti-stage technological pattern;

(d) Difficultics in purifving large quantities of gas and in utilizing the
sulphur;

(¢) Low and uncontrollable desnlphurization, which makes it difficult
to regulate the comporition of matte.

140. In the USSR remi-industrinl tests have been earried out since 10963
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 electrie encrgy. This combined unit and method has been devel.
oped and has been named the KIVCET process or KIVCET unit.

1. The KIVCET process combines autogenous roasting and smelting of
a charge that is dispersed ad suspended in & evelone chamber. The chamber
is fed with oxygen and zine is volatilized in the eleetrothermic part of the
unit. The zine is then condensed into molten metal. and copper. lead and other

-
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metals are removed from the sleg. These operations form a continuous process.
One entire cycle gives:
(a) Sulphur extraction to provide rich gases (up to 90 per cent sulphur
dioxide) ;
() Copper and precious metals in matte;
(¢) Lead, germanium, selenium, rhenium, cadmium and other com-
ponents are volatilized, and zinc becomes liquid.

142. This process has been functioning since 1963 in a pilot plant. S8emi-
indutrislMonuunitwithsmpadtyofwtmofch.rgoperdaym
being carried out to obtain optimal construction and performance data.

143. The main technological operations of the KIVCET process are:

(s) Charge preparation for smelting;

(8) Roast smelting of charge in cyclone chamber;

(¢) Slag and matte scparation;

(d) Electrothermic stripping of smelt;

(¢) Condensation of zinc;

(1) Cooling and purification of gases.
144. Work has been carried out on the processing of copper-zinc concentrates
containing: 16 —20 per cent copper, 7.3—10.5 per cent sinc, 1.5—2.0 per cent
Jead, 34—26 per cent iron, and 3234 per cent sulphur.

145. Table 16 gives data on the extraction of various metals and sulphur
by the KIVCET and other methods of processing.

Tanes 16. CoMTARATIVE YIELD OF METALS AND SULPNUR FROM COPPAR-SINC CONCEN-
TRATES BY VARIOUS EXTRACTION METRODS

{Per eent)
Methed Coppor Lead Bine Suiphue Gold Silver
KIVCET 8.0 2.6 70.8 90.6 .6 4.3
Electronmelting
(with sintored charge) 95.0 6.0 70.8 .0 ”.e n.e
Reverberatory smelting .0 9.0 - 0.0 - -
Shalt wmelting 9.4 ’4 0.8 - 9.3 9.3

148. mxlvmm,hmmamm,m
Jowu fuel, electric energy and oxygen per ton of charge beoanss of the better
wtilisation of the thermal effect of sulphide-oxidaticn. This can be seon from
the figures in table 17.

Tamn 17. CoNsUMPYION OF YHERMAL AND ELECTRIC ENERGY PER TON OF EXTRACTED
NETAL RY VARIOUS METHODS OF SMELTING

(AWA)

Rovorboratory Mt Bivatvethormis
Kivenr siing iy msting

1,078 4,087 3.347 4,543
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147. At present, a pilot industrial KIVCET complex with the capacity of
500 tons/24 hours is being commissioned in one of the copper smelters of the
USSR. Another furnace, with a capacity of 1,200 tons/24 hours, is being
designed.

148.  Copper-nickel concentrates have been smelted using difforent techno-
logies. The chemical composition: of the concentrates was as follows: 3.9—4.3
per cent nickel, 1.8—2.1 per cent copper, 0.1—0.15 per cent cobalt, 14.7—15.7
per cent sulphur, 23.2—24.6 per cent iron, 25.7—26.1 per cent silica, and
7.0—10.2 per cent magnesium. The percentage of metals extracted in matte
in the KIVCET furnace was as follows: 97.8 per cent nickel, 96.2 per cent
copper, and 80.8 per cent cobalt. The comparative consumption of oxygen,

fucl, blast and clectric encrgy for the various smelting processes is given in
table 18.

TABLE 18, COMPARATIVE CONSUMPTION OF OXYGE.., FUEL, BLAST AND ELECTRIC ENERGY
BY VARIOUS METHODS OF EXTRACTION

(Per cent)
Electrosmelling " "
(1cith sintered charge) Smelter " Thompoon 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 proccss is autogenous and that in the eyclone
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 metals in matte is as follows: 96.3 per cent copper,
90.7 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 cen* 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. Essontially, this process combines the smelting and converting
operations in one furnace. The different operations are carried out in the three
different zoncs of the furnace. The process has the great advantage of pro-
ducing metal rather than matte diroctly from concentrates. Moreover, the
fuel requirements are much 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 still in the development stage. Work on nn experimental
scale has been carvied on at the Sulphide Corportion Ltd in Anstralia.
More veeently. Conzine Rio Tinto of Australin Ltd has built a seni-contmereinl
WORCRA furnaee at the works of the Rleet rolvtic Refining & Sinelting Co,
of Anstenlia LAd, at Port Kembla,

1. The furnace has undergone three separate campaigus of about a year
ench, and experience has shown that the process ean be worked on a commer-
cial senle. The Port Kembla plant has n capneity of abont 6,000 tons of
copper per aunum, Puring operations a unmber of deficiencies in the ancillary
plant became evident, but these have now been rectified. The fucl requircment.
for a bigger furnace would probably he about half that required for a con-
ventional reverberatory furnace.

155, The conelusion to be derived from the operation of the pilot plant and
the semi-commercial iustallation is that the metallurgy of the WORCRA
process tor the continnons direet smelting-converting of copper coneentrates
is well established. However, hefore a plant is built on a full commercial scale,
more work on the engineering side is required to achieve the maximum poten.
tinl for this operation. The next step wonld be to build » plant with a capacity
of 20,000 30,000 tons of copper per annnm,

1. The advantages of the WORCRA proeess as compared with the con.
ventional methods are:

) Lower capital costs, which are expeeted to be some 20—30 per cent
lowerthan reverberatory and conveetor furnaces of the same eapacity.
This is prticularly important for the developing countries as they
are frequently short of capital to invest in their indust ries.

(h)  Lower operating costs, which wonld bring greater economic returns
to the conntries that adopt the process. The extent of the cost
savings wonkd depend on loeal conditions, bnt they wonld be parti.
enlarly evident for fuel. power and labour.

() The WORCRA firnace wonld be eeonomieally viable at mnch
smaller capacities than conventional smelting. The plant could
probably - prodice, economically, an output in the range of
10.000—20.000 tons of copper per year. It could, therefore, be
adopted by the developing eountries. which have relatively small
copper deposits and are not able to build the very large smelters
now in use.

() 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,
atmospherie pollution could be greatly reduced. This problem is
becoming increasingly inportant.

fe) Recovery of copper from the concentrates shonld bo as high as
in the existing proeesses,
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ELECTROLYTIC REFINING OF COPPER

7. The eleetrolytic process for refining copper has made great progress
in the Inst deeade, althongh the process has not undergone a fundamental
change; it is still performed in hox-type tanks with fixed electrodes,

158, As o rosndt of the latest improvements in the process and the use of
new materials, the current load in the tank has been grcatly increased. Ity
production eapacity can be raised by increasing the clectrode surface  the
tunk, and by raising the current density,

159, At present a enrrent density us high as 250 —300 A/w? is applied in
some refineries in Japan and in the USSR. The intensification of the refining
process by raising the current density np 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
tyvpes 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 cleaning tanks of sludge. The washing of eathodes 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 improvemnents in the process have been:

(¢) The stabilization of the regime; ‘
(b) The use of new materials for tanks and electric transmissions:
(c) The intensification of the clectrorefining provess:
(d) The mechanization of production operations.

163. The principal developments giving rise to these improvcuu-,ntr have
been:

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

(b) Heating the electrolyte by tubular heaters:

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

(d) Improvement in the quality of cathode sediments;

(¢e) New apparatus for detecting short circuits.

v

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

165. The new materials that are heing 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 varicty of products, which may be used hy the
engineering, clectrical, 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 a 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 wastoful heat treatments.

160, The recent developments arc described below.

COFPER WIRE ROD AND WIRE

170. The conventional hot rolling-mill uses wirebars as a raw material. The
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 for continuous 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.

61
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172, Further developments have taken place on the hydrostatic extrusion
of copper wire direetly from the wirehar to finished wire, This is a variation
of the conventioml extrusion process hut the billet is surrounded by pres.
surized fluid.

173, Work has also been enrried out on redueing the drawing processes,
This can be done by using hydrostatic or hydrodyvnamie presses to reduce
the working londs, or, altermatively. by using roller-die  techmignes 1o
redinee the number of drawing operations,

174, Finally, ultrasonic energy may be used in wire-drawing.

STNIP, SIKET AND PLATE

175. TImprovements in producing rolled  products  have followed  basie
principles similar to those used for producing wire, The aim is to climinate
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 various stages reheating
and annealing ix necessary.

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

178.  An altemative process, although probably of less importance, is the
centrifugal casting of a hollow cylinder of brass, which is then sawn and
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 material
in a single opcration, instead of passing the mctal through rolls many
times.

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

181. Other developments in the produetion of flat products include the
compacting of powders or the use of spray-deposition techniques, to produce
a strip for subsequent cold working.

182.  Greater accuracy of dimensions has also been obtained by using pre-
stressed materials.



9. THE COPPER INDUSTRY IN CHILE AND BULGARIA

THE DEVELOPMENT AND STRUCTURE OF THE COPPER INDUBTRY IN CHILE

183. Chile has been one of the world’s largest copper producers tor more
than 100 years. Its output rose to nearly half a million tons per annum
during World War IT but fell after the war to a level of ahout. 460,000 tons.
For a period of years production remained .tatic. The industry was devel-
oped in the miain by two large American companies—Anaconda and the
Kennecott Copper (orporation.

184. In 1904, the Government of Chile formulated a new policy for the
industry, which envisaged the following:

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

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

(c) Integration of the copper industry into the national economic
programme so that the industry would buy the major part of its
supplics of necessary materials in the country;

(d) Increase in refining capacity;

(e) Active participation of the Government in the marketing of copper -
products;

(f) Programme for building the infrastructure for the expansion of
plants—housing, roads ete.;

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

(k) International action by the Government in the copper market,
cespecially through co-operation with the other three main copper
exporting countries —Peru, the Republic of Zaire and Zambia;

(¢) Nationalization of the copper industry.

185. The legislation to put this programme into effect took two years to
be enacted. After it had been passed, detailed arrangements were worked
out wherehy the State was to acquire controlling interest in the major
UR-owned mines and eventually to obtain complete ownership.

186. The increase in the production of copper 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.

hd
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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 include not only exploration, smelting and refining, but also
sich activities as the construction of roads and drainage systems, the supply
of cleetrical power and plant and machinery of various types.

NEW INDUSTRIAL DEVELOPMENTS IN COPPER SMELTING AND REFINING IN
Brraania

188.  Bulgaria hax been a source of copper since ancient times, but in very
small quantities. The copper industry really started to develop only after the
Second World War when Bulgaria became a centrally planned economy.

IR0, At that time there were two small metallurgical plants in the country,
one of whiels produced a few hundred tons of copper matte. Several non.
ferrous metal ore deposits were discovered and flotation plants were estab.

lished.

190. 1In 1970. the total production of non-ferrous metal ores was more thaa
13 million tons. The copper content of these ores in various vears between
1950 and 1970 i given in table 19,

TasLe 19, CorreER ORE PRODUCTION IN DBULuARIA,
1950 — 1970
( Recoverable wirtal content)

Yerar Tona

1950 2,266
1956 5,600
1800 11,600
1965 29,900
1950 ca, 40,000

191. The gencral trend of development in the world’s copper industry has
also boen reflected in tho Bulgarian industry. Low-grade deposits of
porphyritic ores arc being developed, and some richer ore deposits are being
opened up.

192, The ore of the low-grade mines has a mctal content that goes as low
as 0.4 per cent. Underground mines are producing ores with a copper content
of 1 per cent or a little more.

193. In gencral, therefore, 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 arc processed in the copper-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-products such as sulphur,
selenium, tellurium, precious metals and others. Various by-products are aiso
obtained from the spent electrolyte.

196. The programme of operations is:

(a)
(h)
(c)
(d)
(e)
(1)
(9)

Preparing the charge out of eoncentrate and quartz flux;
Drying the charge;

Roasting in the fluidized-bed roaster;

Smelting the roast product in the electro-smelting furnace;
Converting the copper matte;

Fire-refining of the blister copper and anode casting;
Electrolytic refining of the coppor anodes.

197. Ou the basis of these now developments in Bulgaria, the following
conclusions can be drawn:

(n)

t)

fe)

It is possible for a copper industry to be developed effectively
even in a small country with comparatively low-grade ores, with
a copper content of about 0.4 per cont.

Effective processing of concentrates with relatively low copper
content is posaible by careful sclection of the metallurgical methods
aud the intensification of metallurgical processes.

In order to obtain favourable economic results, trained specialists
are needed who are highly qualified in the development of copper
motallurgy 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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WMinarnua Oprannsaumn OBbeanHeHMbx Haunin mMomwo Kynute s
KHUMHbLIX MAraIvHUX W QreWTCTBAX BO BCeX pauoMax mupa. Hasogure
cnpasku 06 MWIAAHUAX B BAWEM KHMUXHOM MaranMe wmnn nuwunTe no
aapecy: Oprawmiauns O6veanmennbix Hauyna, Cexuns no npogawe
winannn, Hew-Mopk van Menesa

COMO CONSE GUIR PUBLICACIONES DE LAS NACIONES UNIDAS -

Las pubhicaciones de las Naciones Uniclas estan on venta en hibrerias y casas
distribuidoras en todas partes del munda, Consulte o su hbrero o dirijase a:
Naciones Unidas, Seccion de Ventas, Nueva York o Ginebra,

Printed i Austrin Price 3t~ on Uiited Natrons publiention,
ot cqunadent g otheer CUTTEDC e~
713022 Augast 1972 4 400 Sgles Neo T2 BB

1D'80









