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Introduction 

1. The purpose of the Seminar, who« cencmsiotts «ad recommendations 
•» given in chapter. 1 and 2, wu to study and evaluate the technical «id 
economic aspects of the application of modern mcUllurgical processe, to the 
prodtwtkm and transformation of copper, and to IHM their importance to 
developing count rie. for increasing the revenue, from their copper industrie. 
The list of papen discussed daring the Seminar ia presented in annex 2. 

2. The participant, included 54 representative, from developed countries 
»nd 14 from developing countries The full liât of participants is giren ia 
MMX   1. *^ " 

S. The meeting opened with an assessment of the world market for copper 
•ad the possibilities for the developing countries to compete in this market. 
Thhi appraisal is giren in chapter S. Chapter 4 examine, the requirements 
of the developing countries. Chapter 5 indicates trends in the development 
of the copper industry. Chapters 6 and 7 cover the technical development. 
in .melting and refining described by the expert*, and chapter 8 wmmari.es 
developments in copper transformation. Chapter 0 outlines the history of the 
copper industry in two developing countries-Chile end Bulgaria. 

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

5. The Croup elected Mr. K. Ushakor as Chairman, Mr. B. Leuschaer as 
MacusaionUjader, and Mr. 0. 8. Somerset as Rapporteur. Mr. Christo Popov 
of the UNIDO secretariat served as Technical Secretary. In addition to 
Mr. Ushakor, representatives of the host Government were Mr. J. P. Voro- 
aenkor,  Deputy Ministor, Ministry of NonFerrous Metallurgy,  USSR; 

v v r J?TkbT' Wh° "WTed *• T*chaic*1 8«ret*ry of the Seminar; 
Mr. V. I. VTassov, who was the officer responsible for onanism* the visit. 
to plants; and Mr. V. V. Mikhailov, who was the officer responsible for 
organisation of interprétation. 

6. The experts attended the meeting in a personal capacity and the views 
expressed are not necessarily those of their organisations or of their Govern- 
ments. 



« OPTO» «Olli « TION IN  PICVELOTIMI MH'STHIKM 

7. This report is tho second to be prepared by UNIDO on the copper industry. 
The first report, "Modernization and Expansion of Plant» in the Copper 
Industry" (ID/WG.12/7). wan prepared by an Expert ('«tromrimg (irturp 
following » meeting held in Vienna in November 11W7. The recommendations 
of that meeting remain valid awl should be taken into aeiiwmt. 



(•») 

1. CONCLUSIONS 

». TV following mai« trami, in the world copper imhutry have become 
•P|i<irent m recent year« and they .re likely to continue in the foreseeable 
mi tire: 

(1) A sustained increase in production and consumption 
(2) A growing tendency toward* developing relatively poor ore»- 
id)   t.reatee ino« «Ming of secondary raw materials; 
(4) An increasing emphasis on the comprehensive utilisation of copper- 

containing raw material., involving the extraction not onlvrf 
copper but also of sulphur, precious metals, lead, line, iron, molyb- 
denum and other associated metal», matemk and ehcraicala 
Nulphurie acid and fertilisers and other producta may be of partic- 
ular interest to developing countries; 

Wider application of underground, heap and dump baching of 
«WW from oxidized and sulphidc-oxide orea; solution« are either 
cemented and subjected to electrowinning or purified and con- 
«•ent rated for elettnmmning. As a result, additional amounts of 
eopper are obtained from complex raw materials and dumps with 
ft modest capital investment and with low production costs; 

The application of improved hydromelallurgieal and pyrometal- 
lurgical processes for the extraction of copper from mixed and 
OXNIUIHI ores as well as from oxidised carbonate ores; 

i'opper sulphide concentrates are processed in the main by pyro- 
metallurgical techniques.  Lately, pyrometallurgical researchI W 
been aimed  at intensifying  existing processes  and developing 
«mtinuous and combined procesa*.. Such processes mav be less 
capital intensive, »Uow for improved utilization of raw "material* 
»nd reduce fuel consumption; 

Increasing attention is being given to «tilling the heat of exhaust 
gases. The »we 0f oxygen ¡n capp(st vtoctmiag u expandmg. 

Kfcctrorehning techniques have made considerable progress with 
the mech»n¡2at¡on of production proceses, current reversal, higher 
current densities, new reagents, eorroskmresistant materials semi- 
conductor rectifiers, and the use of the latest instruments for 
process control and short-circuit detection; 

(«) 

(7) 

m 

(») 

L 



« corre« rmoi>i crio* m uBTSLoriwe COVNTMM 

(10) Recently, the main copper-producing and exporting countries have 
made substantial changea in the legal »tatua of ownership of their 
copper industries, with their Government» assuming a décisive rule. 
These changes are starting to produce a favourable effect on their 
économie», to augment the receipt» of foreign currency, to con' 
solídate their balance of payment«, and to create additional employ- 
ment; 

(11) Copper resources now known, or likely to be discovered, m devel- 
oping count rie» ara expected to be of the same types as those 
found throughout the workl. Exiting proven technology ia adequata 
for the immediate exploitât i m of most of these resources, although 
the new technology should be useful; 

(12) The shortage of »killed personnel hampers the growth of the topper 
industry and makes the training of personnel a prinaary eonmid- 

á eratkm for tho developing countries; 
Í 
I (13)   It to worth noting the example of Chile, where a state-ownwd 

company,  Empresa  Nacional de  Mineria (BNAMI), 
copper raw materials from »mall-scale producete and 
them at its metallurgical plants. It also gives financial assi 
technical assistance  to these producers. The total product in« 
from these mines la about 10 per cent of the total output el tlse 
country; 

(14) Soma copper-consuming countries follow a policy of haying 
products of lower aggregate value from the oVv« loping 
supplying raw materials such as concentrates and unrtuncd copper; 

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

(16)   The production and export of semimanufaeturea and fabricates! 
products from developing countries is almost negugibW. 



2.  RECOMMENDATIONS 

VW IDO, Uh« liiiluphu MwtrlM Md OM 

IM At CM *«*»« ¡mimimi 

"••M* M MMMtfftfMd CMHÉIÌM aa ftfcaw ASM ...      *__• " " ~ *^^^*^m ^ *^*#  ••• 
Ut   «MIM AkMd ^ JnrmrtBj tta» ètpm «f 

•Mriaf rf***àbkb «aypw nt —Éwhb, tío« «ftfc 

•/•stetig 

f*>   Ulilmii tai KM pupilli 1W «f 

(4)   "-»— mi .Énhli la   

(*)  hfcmtteUÉii _    _  
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oping countries has been discussed, and that those organizations 
should make effort* to reduce these tariff« with a view to facilitating 
the farther development of the copper industry, which is the bam« 
of the economy of a number of developing countries; 

(0) Inform the international financial organization», such as the Inter- 
national Bank for Reconstruction and Development (IBRD), that 
an endeavour »houkl be made to augment the fund« needed for 
the development of the copper industry in onler to decrease the 
dependency on industrialized countries; 

(?) Organize future meetings of experts from various countries on the 
financial, taxation, economic and marketing problems as well as on 
pro?4em* connected with the establishment of new copper industries 
in developing countries. 

B.   it tern* rteommtndtd tkttt dtxtloying countries: 

(1) 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 economically feasible. Since a 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 inai copper products are substantially 
leas than those for copper raining-, but the benefits are also less; 

(f) Consider the application of newly proven commercial technology 
for the extraction of copper front sulphide, oxide and mixed sulphide- 
oxida 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 operation« in each country ; 

(S) Study and evaluate the moat efficient seule of production facilities 
for refinery operations, on the huais of local conditions; 

(4) Encourage the use of the service« of outside experts in the design, 
construction and commissioning of metallurgical enterprises and for 
the training of local personnel; 

(fi) Work out forecast* for world copper production, consumption and 
export«, with the assistance of UÑIDO, with a view to improving 
their knowledge of the market situation and the likely trend« in 
the future; 

(A) Establish pilot plants, whenever applicable and economically 
feasible, for the treatment of indigenous copper-containing sminerai« 
using the most efficient processo«, with the assistane« and support. 
If deaired, of UNIDO and the iadustriaased countries; 

(7) Create condition« that would encourage the investment of capital 
fro» isrteroatirjsml luawrwl institutions and other 
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f. 

(S) Take Into account the experience of the copper industry in those 
countries that have developed their copper industry within the 
last 15-20 years. 

/I WM recommended that the developed countries: 

( 1} 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 
•nd co-product metals and materials. Such advanced procedures 
should include the elimination of pollution from production wastes; 

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

(1) Keep the developing countries informed on the latest development* 
in the technology, engineering and economics of copper production. 





3.   ECONOMIC ASPECTS AND MARKETING 
POSSIBILITIES OF COPPER PRODUCTION FOR 

DEVELOPING COUNTRIES 

It. Copper ta prema* ta ta* eartfc'i tariace ta many moniti ht, ta* fe ta 
Mtaed prhatriy ta Clinda, Chfle, F«m, tac UaJoa oí flevfet fluitati 
Reprtifet, the Uafeed Stataa,tlM Rtpvoac of Zafa» aa4 Znaiata. Taata 1 ftaaa 
tac ayant foc tao twM pToojoctno ot copper mimo. TíM oatpojt si taa awaot 
toeroatad orar tao t«a yean of tac émloaoatt «N»è (IM»-ltot) ay 

11. Ta« «ata ta tafcfa î taéWi tat atamt •> por etat oí tao worM pra- 
étotfaa oí copper over tata parta* «at aataoá ta ta» aurdoptd 
•»¡•^par   •^•a^PWtaÄ"*'    opoaaj •••¿•»^•••••aioooaj   o^BW   ovnaoooajT    ^^W   •••OB 

Aata aad Latta JUaerJea. Taafe 2 alto gfrrw igarct far the 

11   IV aaMlttag af eopper ta oarrta* aat ta laaay eana eia» ta «ratta* 
tart H ta ata» éoa» ay mttoai warft f» ta tat 

. Taata» 1 »ad 4 gir« tgaro» far tao vorM aniaaUlo« af 
Tata aMÉaóoi ta* oMMâoiiàMi AIM m—ìIBMìI•!i • —J tk. H^U,^ ^, AaaaW llPiawvjni  BflBV VJaT^PvAnowMPMBB WäH "¿"«MKwaoKTVwoSo* «Nolo« \WBw  v*^D^aHi*7*jHHo) M I 

(oa •    aapn'A   anal^B   a^a^HEI 

»#•   BOMB JWMV •*£•) II 

at or etaaa «a tft* »ta** rttàor taoa ta tao 
ITI« tf täte »as «orarmi  bum, tao tara* 

•Miai taáattry, wMtà it aaaro) OB tac ao» of trrap «ai roaafcm at a raw 
wooM i mi» tao i to V tarato«' ta the 

ta ataéaia*. 

14.   Tao «ataojt.of Utatar oapptr ta tao 
tUrd of tko world total or Irai tao* tao proporr in« far »tao 
ta i if hin i ay UM fart taat uawtitln are liitafiil ta tao 

tart t*M tirai to 
cxtaat, ta« 

1*.   H 
Ml •ÍWookim 

ta faool tlonr 
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TABLE 2.    PROUUCTION or MINES, BY DEVELOPED ANO DEVELOPING IOLNTJUI..-», 

I960-IM» 

(Thousand ton») 

WorU itoreloptti Diveiopi/ig 
total mmtrUi eountrifi 

IM») 4,234.« 2,401.1 1,833.5 
IMI 4,31*5.2 2,543.3 1,851.9 
ini 4.S59.7 2,710.1 1,849.0 
1M3 4,«3».9 2,720.8 1,900.1 
1964 4,848.4 2,887.» 1,900.5 
ima 5,0*3.0 3,033.7 2,011.3 
19M 3,301.9 3,203.9 2,030.0 
1M7 3,073.3 2,938.3 2,113.2 
IMS 3,474.0 3,270.3 2,190.7 
im 3,90«.» 3,000.1 2,308.8 

AN MUAI, AVERAGE 
MATS or GROWTH    ¡ ï.s';u M 4.0','u -¡-»••?u 

•ad refineries. The companies concerned have offered to finance the develop- 
ment of new mining venture». In exchange they have entered into long-term 
contracts with the mines for the supply of minerals. 

16. The production of refined topper is dispersed much more widely through- 
out the world and much of the refining takes place in the industrialized 
countries. Refined copper tan be produced both from primary and secondary 
blister and also from scrap. 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 topper 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 almost 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 
030,000 tons. Most of this copper is produced from imported raw materials. 
Other countries where there has been an important increase in refined topper 
production are Olile, 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 countries as rapidly during this period. Large new 
projects are being developed in Chile, but they are not yet in full operation. 
Mow production in the countries with centrslly planned economies almost 
doubted orar this decade. 
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T*HI.K   4.     l'»OM ( THIN   o»'  S.MM.TICK*,   H Y   IHiV KI.OI'KD   ASH   l'IVKI.I ll'l M,   (IH NTKIICM, 

l»w»   imut 
(Tk4>u*ttmt Ion*) 

WmU tkrtv4upr4 Drrtkfi** 
km fmtmtriH rtW mtW%4'm 

IW* 4,S42.t l'.»7».(* 1 ,ft«3. 1 
IMI 4,#«a.4 2.M.-..I I.U74.3 
IMS A.im.A 3,1*3.2 I.*7#2 
IMS 4M** 3. ir.» 4 1 ,*».-.. 2 
IM4 5,142.4 3.3ft*. * ijai.a 
IMS ft,37ft.S 3,r»4.r..5 1,M3*.* 
IHM ¡U»»3.s 3.7MI.5 1.MM.7 
IM7 5,2»». 7 3.3*M I.K73.3 
IM« 5.KM.7 a.w».» i,n».« 
IM» »,2»2.« 4,3»2.» 3.»l».l 

A» m At. AVK*A<IH 

HAT* or iiMowfH     | 3.7"u 1 4.4",, t 3.3*',. 

It». HIHIM' <livt'k>|itnK «inmtrir« IVr«, th* HryuMic uf Z*wv MMI Zambia- 
kav» extfnatv« «k<v«-k>fmM>nt prtvritmnteK In atkktìtut, m>w MMM» firtidhartte» 
may be rxptHtitt fairly MW te RtrtawaMa, ÜtxittateviK» (Ht»)»«»»« Iiiamia), 
Itwktttrtaa, Malay»« unii Mauritania Mark of tk« »«tptit of IIHW miar« «M 
fi» to Japan. 

Vitnnvmrntm 

3». í\wr » nmmmnì m «ww furiti «»r anutker in »N ttwtfttrira «>f tk« wnri*l. 
TV K«-»II-** timi*tim|i4Ni«i. kowrvi*, in m ttw MKIH*4 mUwil itmntrit*. Table» » 
»ml IO givi' tkr workl t<Nt»ttmtith«t *•# n*tii«il «^Mpt-r. Tk» nw in tk» prrkiri 
HMtt-ltMtt ky •umf 2.3 ntiiliixi t«*». TW main tern****» i« t «iiwimptinti 
kav» bnm in t a*ta«la. tk« K.-.Ì.T»! IU IHIM* «>f « « rHwnv franc*. Italy, Jama 
0» im «tul ti» l'MWIt 

21. Over tktw ti*» year» nmmmpikm *rrw »t » rati' «>f 4.4 |**c <r**tt prr 
amtttm «iMMpaml with • rate <>f tmly 4 1 f»t «-ni f.* |»r«»HKtii«i. Tm> gmwtk 
«# timmm)*nm ka« tkiwfnc« <*t at ricini tkn available »wi>i4w<*. wkirk karr 
iWI te br rrpk>nit4M-4Í by rrlraat« fanti tk«> lTK t Wrnm»nt «4<«rkf»fe «f 
7911,000 tima. Tkk» ra|wl rm te n»M*tm]*i<»i M « \piaint*i by tlw» grtnrtk «I 
terfaatrtel output, tei|»i>vt<«l Kantiani« i* Rvteg, ami tkr jtmwtk at pnpi- 

22. Tk* «i«Vf>ki|MNK <i*t**trii>" <i»t»i»m« IM»IV J.f» |ier «rut of tk** total roa- 
MMMfÜwn uf «-»upper te aN fcwMM. Tk«a, tiW tii«Hiim|i4L-u »4 «^ifwr varim 
WHitmeitaly MHMIK Ikr itiimtrira «if tke »iirkJ. Takb II mtlk-»U» tk*t tk« 
rnaMWMptkm ptr m pié* te erriate étvtèktfmé iiivNtrira mi^nl hmm 4 to 13 kg 
In IMI; te tkt naw ymar, itmwiiptkm te rrrtate ikTrkxpteuc timmir** ttqrú 
hum «1 I« 0* kg (U44r 1*). AUkuaylt miamw^iMH te tk» dnvrtufing 
la mmä, fata» pnwawrta ajv ritrrmHy favinarakfe. 
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IMI .'».I¿:.í 
I)»*:' ."»,3»á. 7 
IMS .-.,1*1.« 
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• M.'* «,m.i 
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IM* a.*,**». 7 
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l.'.!:il.* 
4,V»I M 
4.4J7.I 
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18 COFFER PBoiiicTios is REVELOPIXO rormiii 

TABLE 8.    GROWTE RATE IS PRODUCTION or REFINE» rorrEE, »Y MAIN  rwoot-rixn 
AREAS, IMO-1MB 

(Tkouëmml ton») 

m« /**» Aumçt tmmmmt 

DEVELOPED AREAS 

US I.M3.I 3,ft».ft -i- Í-4*« 
Canada I7S.S 4M.il -i- ir; 
Centrally planned economie« ?M.» I.MS.» 1   8»% 
Western Europe 970.0 l.Wt.l •f  1T% 
Japan J4S.1 •».3 -t- »••% 
Australia M.Î 137.3 •!- ».*% 
South Africa JI.S •l.S -i-at.i% 

Total 4,113.7 5,754.3 + t.1% 

DEVELOPING AREAS 

Afriea 
Zambia •03.« SM.1 + «••% 
Zaire, Rep. of 144.7 1SS.S + 1.7% 
R«*t 1.3 St.? + 17.3% 

Lmtin Anurie« 
ChiW IS5.Ì 4M.© + •••% 
Baa* •»• 1*1.4 (- t.7% 

A»im »4 3»7 + t.7% 
Total tf».l I.3W3 + ».*% 
Wo»u> TOTAL 4.ttt.8 7.147.5 + «•!% 

SlMlMAStFACTUMS AKD CASTI1ÏOS 

13. Copper ia used for the production of a variety of semimanufactures. 
These Includo sheet, atrip and plato, wire, rods, ban and sections and tubes. 
About 10 per cent of the copper is used for castings, and » small «mom* Is 
used for chemical compounds—mainly copper sulphate. Work! production 
of semimanufactures is given in table 13. 

24. Many developing countries start by mining copper and then erect 
smelters for the production of blister copper. They later build refineries for 
the production of ftre-reflned and electrolytic copper. 

25. The problems of »melting and refining partly involve technical know-how 
and partly the availability of sufficient investment funds tor building the 
planta. 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- 
sideration« reflecting local conditions, however, may make 
refineries of leas capacity. 
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»•»> cam* PBonrcTioN IN HEVELOCIMì MM'XTMKN 

TASLK 10.    r»if*t>irrio?i or MI-IKED corren, »v nivnorcn AND i>isvELoriN< 
«OCÜTHIBM,  1WM-IM1» 

( Tkmttawl tmit) 

Worll Iterrttfrd lirrHopint 
MM emutfif rimmlrlot 

IM» 4,723.3 4,531.4 172.1 
IMI 3,»27.« 4.SWI 1*1.H 
ma 3,127.a 4,»2I.* 2m.« 
IMS SJ9T* 9,HM.« 21*».» 
1M4 5,911.S 5,«S».« 271.7 
i«w ti, 112* 3,*44.» •mm.* 

IM« i,4«5.3 S.1W.4 2*tt.» 
IM? e. 11*.* S,»».!» lil.a 
IM« «,4S3.4 »,3«4.2 22». 2 
IM» •.•».Vu «,742.2 23S.I 

ANSI-AL AVERAOK 

m ATE or Mown     r4-4*0 -1-4.3',, -• «.«'\', 

TABLE 11.   l*r,s « A m A (-oxMrnroox or correa ix 
ALL   ron»*   1*   CKRTAIX  DEVELOTSD CWSTHBI,   IMS 

(hi 
im% 

Anatri* 4.5 
aalfium • * 
frane» T..1 
fli'niMMiy, Fe«. Rep. ef 11.7 
Orca* Britain 11.3 
Itatjr a.» 
•fattati ».« 
NVthr-rtanda 7.» 
Scandinavia •.« 
Mwksrrland I».T 
vn 112 

2». Akhongh abo«t 40 per cent of the world» copper is produced by the 
devr loping countries, their production of ropper semimanufactures is small. 
Ort of a total production of ft.t miffinn torn, only about 3.A per rent t* 
accounted for by the developing countries. The reason* ar« partly economic 
•ad partly Historical. Fabricating moat be dona on * large scab; hrner, 

! thaw products are difficult to produca economically in some developing areas 
with »mall local markets, wurm regional co-operation M established. 

27. The scale of operation lor the production of semimanufactarc« is rising 
rapidly and mach larger «nits are now being formed in all indnatriaJtated 
countries. To establish these «nits hi the developing arena, it would be neces- 
aary to extend the märtet*. Many semi ntanafact arc* are sophi*tk-ated products 
which must have a high quality and be made in a large range of sixes, shape« 



KCOXOMW AUTECTS ANI. MAKKETINO 7 -08SIBIUTIES . #1 

TABLE 12.   PE« CAPITA cosstMrriosr or corrai IN- 

ALI. rORMS IN CXXTAIN  DEVELOPING COU.NTBIEX, IMS 

IM» 

«^•»»n WMMPMS 

0.1 

Alperfci t| 

«fc— ILI 

•J 
• 1 
Al 

M 
•J 
t.1 

Mid «Noy». Tbey M« therefore nnt e*M> produced near the -mrhrt UM 

********* of iemiiMiMfKtwM, hoirerer, erette. MUMOMI «mplormeat 
te the twmlrfe. «**«n*d, «id tbj. p^oom^^ h«. «fc^ *3ltTû!i 
tke Wkote, tbo»gfc, «WW-fabriCÄtillf M HO« . hbow.toteMiT. totarfry. 

^J1"^^ ••" I*01*"» taTohned in ert*btiAing « copper-f.brio.tiii, 

(•) The «te oí the borne market; 
f*> The Recewtty of wtaf »rr.p and r«^d«M; 

r«i The neeewity of importing the alloying dements (line, nickel #*.); 
(d) The aajvkétion of technical know-how; 
(•) The dkUmr fron export market.; 
ft) The large amowtt of inveetmens fand, required; 

ÍÜ*?* of
i
trwttl,ort: »** «Wpptaf rate, »re tied ta relation to 

fcotk the rah» «ad tbe rohuae of the «no, •emtauumfocterw «eet 
»or» to transport; 

The met that many cowUrie. here erected tariff barrier« 
the import of »cmim.nnf.ctTe« 
The mottinecitv of wad»»*. .~ 

(§) 

ß) 

(i)   The maltiplMty of prodneta «ad ñu required. 
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KOK4JMK.- JUmcm AKW MAKE CTI H« PUMHMUTUES 23 

PaODVCTlOV  FOUETASTS 

2t. It is poanikie to forées« prodoction of newly mined copper with • fur 
degTM of »ecarocy, ime« it teke» »buat ÉTe yean te devekie a new mine. 
»Vsn projected eiteasioni of »listing ••» we »muHy kauwa »efl in adraiw«, 
beeaam tkey require not only time to earry oat the payee»! »ork bat aho 
time to raise tke Urge MUM needed far »vestment 

10. It is ormaidwed likely tint tke mine firodaction <i copper »ill increem 
to t.4 nuMon tea» ky IMO. Smelter production is foreceet to ris» to 
10.1 milito« toas by tkJs date. Of tke mine tiatfmt, k m estimated tkat tke 
asvweaiaf «Mairies wifl proride 3 5 nun tons. Tke eatpat of refined 

is force«* to rim to ekoat 11.3 milno* tons ky IMO. 

CoKsciirTK» ronncAS'i« 

ti. Aiace M per cent of the worid i toppu is BOW used in tke 
eoaatrias, foroeeots skoat ooasnmptiun «m tao next «mende mast iaeritekry 
ks knmd on i«adaioas in tkom nennt rkia. Even s saoetacamr growth m 

awmauea m ta» davolemng coaatrie» woaU ast a»kc • •akstaatisl 
ia ta» world's we of copper. In ta» loa« ram, kowever, ta» roter» 
oon—mption wü damai mrgaty on tke am mad» of it by tke very 

larm-and riaiag -popnktion of ta» dwrekftanj 

12. Ta» fereeaote far conmntpikm an knmd an tke amf» of copper, i». 
primary reiaed copper, mrondsry rotami roomer sad serap need dtaecüy, 
miromaaiawg Urn total amrket far manu, fnnwirrs do not am ptlmiii 
aMm_M0   mal   MmC^m1 •   tmmHV   amam   mnmaav   mm   mVm   ^uui   »*<^a»_»-    ¿^   ^» J «        ,    ^ 

lor some am« t*ey repair» newly mamd mppir; for ether» tkey aimest 
amrmkty enmiey »una. A nap of iatirmidmiy am« reqeJr* «ether on» 

IS. It is dar that tas growth in «msamatioa w« eoatmae, afcheagh tk» 
rim is tìkery to ke semewkat abwar ia ta» arenad keh* of tke decode Tot«! 
»nwBllmi i» —timatod to grew to akeat MS wiflirm tons by IMO. Ta» 
world wÜ tima need 17 mémea toas mor» copper ky tk* end of tke decode; 
koworar, tk» initnitry nVmki k» «apnki» of nronWmg more ky tkis dato. 

14 Tarn» Égaras m»y temi to indiente that n napias of copper i» likely 
to »rim in ta» Amar«, and tarn tk» wil remit ia • dipcmiJ market. Sack 
• waiéennn wwald a» enJto moarroct. la tke nast ta» nmm» Imre bam «Ms 
to emirato en tao «»«rafe M »boat M por cai of tkeir norms! rated capacity. 
lor araeuml pai pumo, th» is the masiaaam rato of onerai«* that they ar» 
fckory to si hist s orar ta» years, skknagh m m nartkamr year tke eperntiaf 
fate amy ko Ughsr er lower. Tk» preaWtioa Igare» rtoJy n puisai ta» 
•mil—m «htahmhls tonnée» in tk» long ram. Tka». tkem foroeoots iaiatoti 
«am tk» amm» may ia tk» fatar« onerato at akont §3 per cent rstker than 

0 por «am of 



$4 cornu FBOM <TION IX nsvELoriso (otxTtiit» 

Sciur 

». A »WHin« on the Utilisation of Non-Ferrou» Scrap in Developed 
('©untrirs was held in Vienna in November 19W», uwler the auspice» of 
UNIDO. TW» meeting dealt mainly with the technical and economic problem* 
that arise in the utilization of scrap 

M. Scrap m a very impt>rtant raw material for the copper indiwtry. The 
movement «»# »crap ami it* availability ha* a major influence on the market 
and the price of primary copper. Many copper product» can be made either 
from scrap, from secondary reined copper or from primary copper. The 
fabricator* are therefore able to choose which they wish to une. 

17. The total scrap now wed amount» to about 3.H million ton»». Thin 
reprrernts nearly 40 per cent of the world copper consumption. »Scrap M uHed 
mainly m the highly indwrtríaHied count rie» 

It. Scrap is produced in the dereloped countries, frequently close to a metal 
ton— mrr It therefore invariably nuda a market and indeed may on occasion 
lepmee primary copper The »apply line for primary copper between devel- 
eptef and developed count rie» ia usually very long, while the supply line 
fer aerap la vary short. Moreover, acrap k created a» a by-product and it» 
esa* of production ia nil. The price therefore defenda entirely on supply 

PMCB 

M. The hey to the growth in the revenue» of developing countries ta the 
future Armand for and price of copper. The eatimatea of demand indicate 
that there wiM be a ready market for additional supplies of copper over the 
yean. The future price level i» much more difficult to aaaeai. 

40. The busse function of a pricing system is to equate supply and demand. 
The priée level should be high enough to encourage new investment in mining 
and yet not so high aa to price the metal out of the market. The copper industry 
kjs always been subject to great fluctuations in the price. There are a number 
of difentnt priées m use m varieté» parta of the world, but the most impor- 

, are: 

(m)   The US producer price; 
(h)   The daily London Metal ExcJuutgc (LME) quotation; 
(()   The prie« lévela determined in the countries with centrally planned 

41. The average, high and low prices for the UK and the US for the years 
lfM-lf?A »re given m table» 14 and 15. The US producer price applies to 
the ni» of primary copper by the large US copper companie» There are, 
however other priée level» in the UH for scrap and custom-smelter copper, 
and fabricutor» must use a blended price based on their average buying 
Wmwt&   pB*    VluvWPiaupunl« 
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TASLC 14.   HrmjtsiEST raice or RI.ECT»OLYTIC com* WIUIAM, Ui«rnen KIXODOM, 

im-n;o 
(t per km) 

43 

Jftf* 

44 

Um 

IMS Vf 
IMI SS m 41 
IM 43 44 M 
IM» 4i 54 M 
IM» 8*» ¡m M" 

SI» SI» SI* 

IMI SI «t SI 
IMS SI si SI 
IMS SI si SI 
1M4 SI SI SI 
IMS SI SI SI 

IMS :« M SI 
IMI ISS IM us 
IMS . IM IM IM 
IMS ISI ISI IM 
IMS 174 IM 1S1 

IMI SI? SM IM 
IMS SM MS SSS 
IMS MS* SM* MS* 

MP S44* SU« 
1M4 S4ft SM SIS 
IMA S4S SM SM 

IMS SS4 4M SM 
IMt SIS SM ITS 
IMS IM J57 1S7 
IMS SM SM SM 
IMS MS S7S SIS 

IMI SM S4S SIS 
IMS SM SM SM 
IMS SM SM SST 
IM« S4S SM SS1 
IMS MI Ml SSS 

IMS MS 77S Sét 
ISSI 411 MS S4S 
ISM 417 tis - «M 
ISM SII 7M MS 
ISTS {Jmmmry -M»y) SM 74S am 



2« I «H-MMI «MM « TtHW IX  MBIUW»««'»'«» 

TAMIS l.V    riNK or Ki.r.í-riMH.VTír rorrrm riM»f»ro:i» 
1WM    I»?« 

n Tin  t'srrt:»» HT*T*«, 

(I'tnto per t*>) 

Arfft *•«« 

ltt.w 
IM7 
if»* 
l<KH» 
IM«* 

IMI 
IMS 
IMS 
IM« 
IMS 

IM« 
IM7 
IM» 
IM» 

IMI 
IMS 
IMI 
I »M 
IMA 

IM7 
IMN 

IM» 

IMI 
IMS 

IM4 

IM* 
IM7 

IVI« 

«•.:• il « *.« 
IÏ.2 1«.» ».» 
l*».A H.» ».» 
II.» I2.S ».» 
IIS 12* 1*1 

II* 12.» II.» 
II.« II.» II.» 
Il » Il » Il» 

II.» II» II.» 
II.» II.» II.» 

1».» I9.S II.» 

»1.» SS.S I».S 

S3.» sas SIS 
I».S SS.S 14 7 

SIS S4.9 IM 

24.3 24 2 243 
S4.3 S4.S 34.3 

2*.» Si.» 34.8 

S».7 2». 7 3».« 

»7.» 4a» î».7 

41.» 47.» SM 

SU.« sa.« 2*4 

sa.» s».» SI.» 

su sa.s 3».« 

SS.I S4.S 3»« 

2*.» S». 7 3».« 

9».* SU.« sa« 
*».« s».» s».» 
SM SS.» S».« 

ta.» 17.» S3« 

SAS 4Î.S M.» 

»«.s St.« S*.S 

«».» 43.3 41.7 

47.» A3.» 41.T 

r   Muy)          »7« M.7 •3.1 
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42. TV IJMK W a iiwnmodity market that ih-tt nini*-* the prk* haat* #1* 

viri willy »II 1ri*it*«itKnw otlwr than tb<m' in North Armtk-a «ml in tht* 
••owttrk* with ««ntr¡»lly plann« il <M«*Ktmif* It i* A fm- m;»rkt t iimtl by »Irwrnt 

rvrry eonntry in ih«- work! It tru-ri-for»* n-rktt* th«' tondit um* of work! 

pm|tf>lv «rwl «b-itiAiwl 

4.1. TV turnover of the I.MK in over J..1 million tin» jwr Annum. Imi mwh 

•»f th» » in the form of jtujitT trAn*aeti«»t», nwh A* IMHIIOIIK AIKI othw opt»r- 
ation* »nw«ni <k-¡tk>r». TV actual |<h\sniil metal hurnlkil by tV market M 

about ¿n*» *»tt»i tin» per annum TV priée ((Notation* art« \m*\ a« » h»*» for 
tV Ion« timi eontmrt* of th«' prmliweri* »ml for hnvinji and «r-ttin* aerap. 

TVy inrtnenee th»» ]trking nf alunit- A./i million tin» »>f r«i|ifw*r per ypar. 

44. Proilwer!« have Vkl in the ]»*t that th» *«* an wnaat »factory mrtfend 
of }*•»< mit metal Imkiil, the aluminium »ml nkkel |*ro«li*e»*rii havt? cwtabliahfil 

thrir own rn-kt-* ami they have now bwn follow».! by «in»' producer«. Thw 
» now • tin«I prk-e »v»tem fi»r nil the»* met*» nu»' fix««! by the produrr» 
•ml one iletermnted in the market, 'fi«' ropper producer* have MMnHìinra 

^abtwhed thfir own jiroilueer pri»*1; f«tr exampk*. when th« IJHR WM in- 
operative during Work! War II »mi. more mvntly, »hen attempt« were 
made to net awa\ from I.MK fn-king and tV lUily prk-e Hnetttatkma. Titrai« 

attempt* hi*d to be ahamknted Ircnnw of tini pmitlem« created by duftl 

pekina*. In prni-tM** il proviti to be imp*»*ihèe fur two wklely different prier« 
for copper to e»wt for Any k-njfth of tinte. Th» » partly uwmn to th« large 
atipphe* of aee»milary metal «nil wrap »mi jiartly to th* deaire of Hmi» pro- 

dmrn to otHAin the hint po«*iM»> |wir«>. 

4."». TV pruina of mtnmwlitiiii hy A »'ommmltty i*x«rMr^ taevlt»Wy WiU 

to An «n»t»M*> |iriii' INTAMM' tH«>rr » A lUilv nxmg. Tkr t4mrt-t«nn f»rtori 
prrvAk>nt on • ^rthwlnr lUy inHwiM«' rrt»\Ai»\\mti ihr prkf. In Atlttitkm, 
thf lonit-li-rm faeton« of Mtp|»ly AIMI ihnmixl oprr»tp in th« mArkrt, b«t 

thme o«ly ftffc^-t Ihr ktr^-torn» mnvi'mwit* in jirki". Tke whin rlwprmon of 
)«r<xlt»i't>i>n «'«wt» in the imlw*trv »U> rontrilmt»1* to Ih«* inst ahi ht y of thr 

pfNT. 

4». F»fnlAm«*n«»By. howi-vt-r, th«' |«kv of «-opprr muât ilrprwl on th*» 
lonti tt>rni Mtpply AWI ikinaml rt'kttkmrthip. If Mftpi.r urow» moer rapkily 
than tlpmAwl, the prk^ »r»k»'nn. In mtnt y»*r» thtfr haa bmi a contiiwiiwa; 

atroné warkH for nippte - ir»Imi, iVnvAmi hai rimti atiMMÜly ami mor« 

rapktry than prmhutk«. A» a rranM prkra havr riam «harply. 





I.   THK REQUIREMENTS OF THE DEVELOPING 
COUNTRIES 

TIIK srvn s OK < or run MININO IN TUB PEVKI.OFIN«; rorsTRiEs 

47. The developing countries can IH» «IìV»«1«M1 inte» three separate groups, 
l'omit ries in the first group have large copper deposits, extensive mine« 
»nd use sophisticated technology. These countries »re Chile. Peru, the Re- 
public of /aire and Zambia. 

IH. Svenivi, «»me countries and territori«'!* have recently started to mine their 
copjsr debits, nr are preparing to do so in the near future. These are Bots, 
wann, Bougainville (Solomon Irlands), Indonesia, Iran and Mauritania. 

4H. Finally, ft number of countries have discovered copper deposits but 
have no immediate plans for mirtini: the ores. The exploitation of these 
rem »urces by them» countries presents a wide range of problems involving 
very different need«. 

iiO. .Malaysia is now beginning to develop its copper prospects. A deposit 
containing »Itout "•» million torn of 0.0 per cent copper was discovered recently 
»ltd exploration licence* were granted to a consortium. The development of 
the deposit i* progressing satisfactorily, »tul production from the open-pit 
mine is expected in two to three years' time. Malaysia has yet to decide 
whether lo build n smelter in order to mine copper ore or to export con- 
centrâtes. 

.11. Production of copjs-r in Indonesia has not yet Wgun on a substantial 
scale, but large de|»osit* have liecn discovered near Ertsbcrg. 

"»¿. Copper production in Burma is at the moment limited to the output 
of some copjKT matte from lead smelting. However, large ore deposits have 
U-en discovered there, and Burma has plans for mining these properties and 
for erecting smelters and refineries. 

X\. Iran also lias large eopjicr deposits which will be developed in the near 
future. The country faces three princi]ml problems. The first is how and 
where to obtain the necessary capital. The second is what type of copper 
should lie produced that would yield the most benefits for the country; 
that is. whether it should l»e in the form of concentrates, blister, refined 
eop|M'r or fabricated products. The third is what the effect would be on the 

¿Î* 
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worM market of a sizable exp«»rt of copis-r from Iran. Iran ha* asked for 
the assistance of ihr fnited Nation« in working out the answer* to some 
of these probk'ms. 

54. Argentina has also discovered copper deposits, lmt the country ha» not 
yet been able to develop them. 

REQIIKEMENTS KOR INVESTMENT UNOS 

55. Apart from countries with well established eoppcr indnstrics, the require- 
menta of the developing countries for investment funds are very large and 
the eapitul available from the devek>ped areas of the work! is insufficient to 
meet this demand. 

5(1. The capital required for developing new mines an«! fur the erect Mm of 
smelters and refineries is also increasing, owing l»oth to teelmologkal «levcksp- 
ments requiring larger-scale metallurgical units and to the fact that many 
new mines are based on relatively low-gratle ores. Few new high-grade orea 
or deposits have been discover«! in recent years, an«) it is unlikely that they 
will be locat«! in the immediate future. The productkm of copper from a 
low-grade ore does not necessarily entail higher cost» than those for operating 
existing mines. Indeed, some of the new mines that have come into production 
in recent year« have quite low costs per ton of output despite the fact that 
the ore is low grade. The increase in the production of copper from opencast 
pita and the development of methods of large-scale earth moving and ex- 
traction have made this possible. But these methods require a very targe 
capital investment in the initial stages. 

57. The coats of producing copper have risen sharply in most areas of the 
work!. A few years ago the estimated cost of devesting a new mine WM 

about f500 to tflOO per ton of annual capacity. Extensions to existing mine« 
were something like a third less. Now a figure as high as 11,200 for «level- 
oping a new mine is being quoted. 

58. The major part of the work! copjMT-mine output is now refined where 
it is min«!. The smchrrs and refineries in the copper-cn»> .uming countries 
have been using less primary material and have turn«! more to using scrap. 
This trend has been evident in Western Europe over the past ten year», but 
it may well change in the next decade. 

SO. A number of new mining developments have been financed in part by 
smelters in develop«l countries an«! territ«»rie*. These include those in Bo»- 
gainville (Solomon Islands), Indonesia and Mauritania. Much of this financing 
has been provided by Japan. The smelters an«! refineries in Japan rely in the 
main on primary material. The supply of scrap, even including larga imperia, 
is insufficient to provide the smelters *ith raw materials. The Japanese 
companies have therefore financwl many mines throughout the world aad 
have then placed contracts with the companies operating these mine« far tWa 
supply of concentrates and blister copper. 



'IMHM3TS or trnm nivei.oetxf» rm \T»I<* SI 

M. Earn atvehfffina mwitry mw* fWide on ta* merit » of tan N« variar* 
it wii gain more from the inTe«ti*tent oí • firm «rai m mining or in Jan- 
rieatin«. Indeed, it may weH be that rapita! inrratment in arid* oataéd* the 
eopprr indwtry altofetner wiH re»mh in greater employment »ad ¡naUv 
productivity It wrmld tarrefort« hr mtelradHtg to maintain tlMt it wil ahraya 
heatét tan drvek>r«ng eoantrir* to faork-ate tarir copper. 

•I. Ap»rt from ftnaarial need*, tar developing c<mot rie* ahe nxmir« toe». 
niral aaetetanee and adirú-e rm the rfonnmtr« of the toppui iadwrtry. Ta» 
general lerel of teenanlngy m thrae ronntrirfl nut bo ratent Ta»y ala* 
reqnirr Mirrine te« ha«-al »«Hutaaee to erahaate their copper deposit* MMI te 
determine the mm* economìe method* of prore—ing tat ort«. 

•t.    Tar developing eottntrM * aim need mor« infornMition »Wont tat 
of eopper aad they nhonkl »turfy fatare economic peoapwf of tat 
innWrv To aehieire lhw goal. I'NIDO inovM try to »mag» (wk* 
technical/economic   mwwtofw  or   indiridnal   riparti  to  adrim 
ermatrira on «NMwtinm related to the dereW.rwnent of their copper 

«J.    War« the market foe copper »nd it» price are affected by tat 
of the indaatmaied eonntrim, partiealarry of Canada, «IM 

centra By planned economie« and ta* TO* tara» eowitrtea 
tarir fatar* intention« with rcupert to tan export of ceppar, together 
fnreeaats of taf tona**« involved 

•4.    Finally, tac developing cowttrira bw • wide mag« ef 
•ad marketing proMrma. UNIDO nVrnM nrgnaiw forth»? 
to gire tara» ronatrie* tao »drier and gnidaaea timi tary 

«Ml 

with 





5.   BASIC TRENDS IN THE DEVELOPMENT OF THE 
COPPER INDUSTRY 

tS. The expansion of copper production in the developing countries has 
three main features: it is Used on relatively rieh raw materials; H is oriented 
toward« the establishment of new plant«, incorporating the moat modern 
technological development!; and it k geared largely to exporta. 

#•. The baste change« related to the raw materials for copper production 
involve: 

(m) The decrease in the average copper content in the oroa; 
(k) The me of low-grade and refractory copper ore»; 
(e) The development of new source* of copper; 
fi) The increase in the utilisation if secondary copper. 

•?. The successful development of and increased effectiveness in the pro- 
(taction of copper are dependent on trends in world production. For the 
developing countries, the moat important considerations are changea in the 
copper content of raw materials, the development of new technological 
processes, change« 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, lesa 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 utilisation 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. 

tt. The mam technological changes, which partly reflect changea in the 
materials, are: 

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

(b)   The complex utilisation of raw materiale; 
(e)   The greater recovery of by-products from the ores; 
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(4)   The development of hydrometallurgical processe«; 
(e) The intensification of the production processes (e.g. the 

oxygen); 
(f) The see of new power and fuel sources; 
(g) The purification of waste gases and water. 

70. New economic developments parallel these technological changea. New 
plants are frequently erected in areas close to the market, since concentrate« 
are more easily transportable than are some of the products of smelt«rs 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 intégrât«! 
processes of roasting and smelting are: 

(a) flash smelting as developed in Canada, Finland and the USSR; 
(b) The KIVCET process; 
(c) The WORCRA process; 
(4)   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), whieh 
allows a decrease of production costs up to 10—15 per cent/ton lor blistsr 
oopper, of labour by 20—30 per cent, of capital funds needed by 10—15 per 
cent; and permits an increased extraction of sulphur. Some of these inte- 
grated processes are operational, whereas others are still at the cUvelop- 
mental stage. 

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

(m)   Recovery of tine and pyrite in selectivo concentrates; 
(h)   Recovery of molybdenum concentrâtes from copper-molybdenum 

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

(4)   Recovery of copper, line and other metals from slag; 
(*)   Us» of slag for building material; 
(I) Recovery of precious metals, selenium and tellurium from the 

sludge formed during electrolysis; 
(§)   Recovery of rare metals from the dust following metaUurgioal 

74. The extraction of sulphur and the treatment and use of slag ars very 
important. They could yield up to 10—20 per cent of additional products, 
which may be effectively utilised in a developing economy. These may be 
aaJphuric add, micro-fertilisers, building materials, and, in som« instances, 
pig taon. 

I 
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75. The need fur «wag refractory orea and UM tendency towards the »ti- 
Haation oí al) components of complex ore» have determined tike latest develop- 
ment« in the extraction of collective raw materiata: cupper pyrite», copper- 
line orea, copper-sine-lead ore« etc. 

76. Vario«» methods hare been developed fur treating complex raw material». 
Hydrometallurgical (roasting, leaching and extraction of copper and line 
by electrolysis) and pyrometaUwgical (the KIVCET prore»» etc). Tfeeoreti- 
cally, both processes are economic. 

77. About 10 per cent of th« world copper output is now produced by 
hydrometaUurgtca] methods of treating refractory orea. The perspective» fur 
each methods are favourable in view of the development of Inn rtrfunging 
material» with high selectivity. Economie and technological changes in the 
hydrometellurgy of copper may lead to the industrial application of ion- 
exchange processes, whose use can be highly effective for the extraction of 
copper from diluted solution» 

78. The technology for the treatment of mixed »ulptedv oxid» eras 1ms 
basa developed in the USSR (Mostoviteh method); in the US K i» known 
M the LPF (»e«*^-precipitation   flotation) 

79. The following technological processes have been developed recently or 
are being developed and have good perspectiv«« for the future: wasting of 
W"WUfi«»'W « iuWiaed bed; áesh smeMng; ei ».*, or heatedsk-hsowmg 
•mehing; smelting of concentrates in converters «sing oxygen; iiinaaa» in 
the current density in electrolysis; and the use of bacteria in hewaJenehing. 

80. The output of furnaces roasting concentrates in uqi rasine hi 14 to 
2.0 times higher than that obtained from muH ¡bottom furnace«, and the 
production eosto are 15-25 per cent km. 

•1. The use of oxygen during sintering of copper concentrates and in 
reverbetatory smelting of raw concentrates also gives positive results in 
respect of the intensification of the procesa 

•S. During recent years m the enterprises of the USSR current denen ir» 
hâve been substantially increased. This has ted to an terreas» of oatmr». 
Good economic rtwulu are being obtained using currant reverse. 

SS. The general deAcit and price ulereases of fuel have led to the 
use of natural gas. At present natural gas te usad in smsitus in the US end 
the USSR. It has been proved that Hquid oil can be ecosweakufly and feasibly 
substituted for natural gas. 

M.   During recant years secondary sources of power have been 
«Ulised. Use of these sources cooM lead to a dur »esa te fasi 
up to 70-80 per 
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m In reeent year* the worfcl haa become inereaaingly eonackm* of the 
.Ir-jera of polmtion of the atmo^-re awl water. This ¡a particularly *> m 
the mon* .leiwelv urbanized area*. All met allurgi. al work* an«, th.Ti-l.in-, 

w»w erecting extensive plant* *•» r,>a,,,,,> th*'*' "»im«,m mvi to m'm'' th*¡ 
metallic and anlplittr content. It ahonld be noted that th.- coat of air- an.1 

»ater-ek-aning «yat.-iii* emiM reach a* high a* 10 *> P»r <«'»* «* <»*' <'»* 

of a given enterpriae. 

M TV choice »>f » «¿t.« f.H- th.^ ereetkm of * c.-p|*-r plant M extremely im- 
portant, «m-.- error* ma.lc cannot U- .-orrecte.1 duri.« th.- lif.- of th.- |»lant. 

»7 Home «wr amener* and rerinerk* a..- Imilt <W to the aoun-e of the 
raw material »Hit for others it i* more economical to hwkl cha*- to the market. 
Thk» MI partuularlv a» in th.* ease of large ehemi. al/metall«rgical lfm]*»«, 
operatiti« not «*ly cloxc to the market for copper hut also ck*e to the market» 

lor other metal* ami by-product*. 

m.    The breakdown of pr.al». tkm coat* of copper mining »nd benem-iatiun 

and entractk*» i* roughly a* follow*: 

(a)   Mining op-ratkmi», 41 per cent; 
ß)    Benenciatkm, 3.1 per .-ent ; 
fe)   itmelting awl reftning, M ver <**«* 

m    The main weight of pr«Kluetkm cat* w during minim operatk-ma. The*« 
t-oata may he espeeted to be reduced a* » reanlt .*f t.-chn,dogi.al develop 

ment*  However, in view «>f the .leer.**-.! opper «,m,mt '" thn ,M''* H*'<1' 
the coat, may remain «whanged or may even >*• «Kghtly in. rea*,-«!. 

!» The price of copper in th.- market ee.Miomi.-a of the »,.r,d r,m> rapidly 
in the laat few year», l«it it fell aharply «»«ri..« I!»7». (Wt* have al«. U-n 

rising, although mui-h kaa rapklly. 

IM The «V. ream- in th.- metal eont.-nt of the .«-a, the »lection of n, ine 
rea.mre.-a, th*- increa*e of teUnir coat*, th.- coat of »awl and water tl» »»- 
crcaaed capital investment in eon*t ruction »ml e.,n¡i>ment all ten. to ra.*e 
the enata of product!.«. On the other ha.«», cat* have been reduced hy 
teehnoMcal progreaa, the improvement .»f iwhi-trial engt».-.-rinu and tech- 
nical proee*ae«, the reduction of th.- lalamr force, the better u*e .-4J»»'!** 
raw material-, awl the improved treatment of waate product* the total 
effect of theae fact«** ia difficult to predict. It may be eipret.-d. h.,w.-*.-r. 
that aerkm» changea in e.^»-r price» in the futur.- »ay n.* «,-nr. 

IT» The ri«- in prkca in the market economie* haa bee« dut. largely «o 
market faetma awl pr.aliK-tion pro)**». PrWa in *he U»4R have .h» »wn 

h»t not to the »ame estent. 

(13 Dwing re.*nt yeara the eatahliahment and the m««tru.tk* of the 
eopper «diwtrv have »,een e.rrie.1 mt .* ex.eptfc^y »^ge «^ " »^ 
»iiod IMI»'!«», 30- 30 per cent m*are f»wki wer. ii.veate.1 per t.a» «f 

copper prwlw^-d a» compan-d with the ja-rkai imi-l\m. 
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94. Twhiitral ik'vok>j>monts in oo|>fw*r mining *Hotikl »tatitlitp both »ho 
lerel of oajtítal invowtnwn* awl tho lovol of pr(*lurtion OOMN. With if'xjioot 

to ihn oxtraotkm <»f («>T»|wr. «nfMtal invontrnont nhotikl IWHTO«» in vkw of 
Ike intontiti« al km of inotallur^ical proco«*-* an<l tho «onxtant introduction 
of cntttimtott* and oonilHtie«! ontraMkwi pr»K-o!Wf«. în f«|Mto of tho inflnonoo 

of nomo fart or» that tomi to frieron«' rout*, capital invo*tmont ooat* gonoraHy 
xbotlkl oithor lio »tíilwliüod or toiwl to (lpcroaxo. 

fW. Tho main rostiltn of tho latost nilvanoo* in tho oojypor in<lti»try havo 

hwn lurron»-»! oHt|Htt and a «k*or»«a»o in the mmilirr of labour owipJoy«!. 

A tewlrwy may l>o olMorvotl toward* »taliilisation or oven a »k*eroa<w in tho 
UUmr omftk»yod in tho out irr. oofifior kvlttfttry, (tapeto the fomminwèoniim 
«f mi mterprfcw*. 





fi.   DEVELOPMENT OF HYDROMETALLIRGICAL 
PROCESSES 

!*Ä. t'omtftftf-tt «ln**«mirrivciri>n»#'tal)»irjfi< »I prori'*AM» arr «»wl for oxkl»««l 
«f N»t*#*t (i«il|mkk"o*klii¡f<l) eo|ifii»r orr*. TV» prfMTMWft involv«» rfrnvfrtinft 
ftvinW«! r«f»f»»r romftrmnH* into a aohttkm W b»»fhintr. the extrartki« oí 
wifipt-f from tk* Mmttkm. and th* (Matkm of »'opppr romprniixlft tkat arr 
»wwatwhW in »riti (wit ft» Mitymkk**). 

f»7. TI» iktaiU ¡4 Ikf |>ro< *•***»* <k|if>mt on ihr min» ral rompt Mit km of tkr 
«f» awl »fcm it* pky»kal (hitriM'tmxtir-*. 

•*. TV» lr*<nin« "f »ikfe»-«! or* M «mtally i-arriad »*it with »ulphurk' »riti 
M tibia im tWr rk#apr*t wilvfitt. Thf »out deprnd" on tin« mrtkod of prod«; tkm 
•ml TMíM from fin to $2*» ton, l*»rt of tk» a<kl (k-*a tkan *> pt-r mit) M 

fr* «»pfirr * ilnt km »ml th* rr-wt ft* tike M »lut km of tkr rock. 

W». t'»n»|4r« HTM earwo* h*> trf*t«i l»y kwkitttf witk. awlphwrk- acid »ml 
tktw »rw known a* "rrfraHory o#W. For tk«w> it M rweeiwNirv to nur more 
»••mr^ntriit«! *otlj>hwrk'-*o kl *4wtkm'« »ml alw> to hrat ti* miittMv. TW« 
rewwita in itv-rfawd arkl fofv<ttmptkwi f«»f dUaoiYtnjr tk*» rock. .Vki «m- 
MMtfrikm for tk*w wm-<arho*i»t*" nrcs w tkwfor*» anowt 4 to !> kg f»»r 1 kg 
of rnyyrt, and it ran rwwk M kk/k a« 12 k>( for 1 k« of topper for the err* 
wftks a rtiy hk/k content of enrlwmate 

Wr>. The rate of kvhmu tìepentt» <m tk#- awe ol partk-le* ami the leaf-kin* 
method«. t'»>|if!rr ran I*- extracted from a »Ntphwk'-a« k! aohttwrn l»y eiert ro- 
tyakt wh*r» tH*- copper routent w not krner tK»n 21»g per litre It k« poaaihte 
to »>•>** in woHttkm« *»itahle for leaf-king by mean* of «'oamter-rwrent pere«, 
kttkm or <k(i»ntintf nvtk<*i<« 

KN. roftftrr w «xfr»«t*-«l from ban Mmttk>iM ky »*«irnta»k>ii witk MI« 

•rrafi. (V»»r»rt <iip|^r «'on«f>ntr*it«- m poilw^l »itk alwmt 7.1 j»»r »f« ropiirr 
routent. Alternatively, roppH- m*y *»• iwf«ar*t«l from a *ol»tkm ttowtly W 
rWtrorjr«*« in fikwe iif i-rmrHtatkm. mt hing ami rlr<-tn4yw. iHrwt rlrrtrf>- 
rj-fli« rryirra kna rapital ami tnr- nuimtrnanf-r c<»t» art* ktwrr Tnk faromc 
(•mm*. Inwrrrr, kf wwil m all «••«•>• at tkc monirnt, ahkoMfk a nwtknd 
tm thr r» ractkm «if nipprr i-otni-ntratm from Wan aortttkm« with tk« arp- 

«€ iaf|ifi tk*o«gn plfitrtttyaki, M »X>W hrmg 4rr«*k*)ml. 

a» 



* i nlTHI   ninni i  llii\   IS   ni.u lui'iv i   \|mi  , 

'Y»y. I.I'K in \< HIM     inn inmioN    HorvnoN) ••I!«N»SS 

l«>- At plc-rnt ihr liilKtr <'ii||ili||lc«l tlotatioll li\tltt>lii«-talllin.'i«al plinth «if 

1t«atin<_'   i'Mi|i/n|   ami   HUM.I  mv*   i*  (lie   |,|'K  provi-.-.*,   win« h   nmsisln  ot 

l«M«'llillL*.    pl'tvipilatioll   .111)1    tli «I at Î* >ll   o| '   roppvr.    litMt'lliri^   ¡-<   vari'H-ll   tint    ¡it 

pll   I.."» at   llir I», u'limiiu' an.I al   i' :\    •_'.."» a»  the i-ml i»l' ih»- pnm-s* 

h».'? ( i ini'in rn|i|M-r i- |H.I.|II,n| l>\ idilli.' titilli irmi in th«- form of" M« rap- 

ui'ii or iron (IMWIIII. lion i otiMimjit uni fur ci-minlat i<m i-¡ »hont I.."» kir for 

I  ki¡ t>f roppvr. 'I'll«    lnwiw   I'onMllllptioll of tile iln-imtrr i* olitameli at   pll .1. 

th« -'  «•( MI;I|» non \ .i i i«- <on.H¡«h-ntl>lv fr«»tn r«>iiiit n  t<> rotini ry  IMI1 li»-« 

within the I.IIIL'«' «>f >:'•» to  MH> |MT tun. 

1**1 Ih«' I.I'K prove-, i-, ID«>-.t «-Hvrtm- in t'Ntriiitiiic oxiilt/t-il ««»ppvr fumi 

inixnl   iits   'l'hc pr....^. i, proiiiiililf i| it «an 1-xti-ai't an a«l«lttt«>iial  I kii <<f 

« i >j'|H I    pel'   !n||   n|   me 

I'*.*»      Ilio  |iioii-x.  i an  I'«'   inaile  moie |.iotitali|e h\ 

iii    A rriliii'tinii  m  die io>t   uf ni«   inaici ini-*,  namely  ami mwl («*• 

plri ||>it.|toi ; 

il>l     linj>roviii_' euiiipment  ami piiti«-tifarlv it« resi>tvin-f t«> e<»rrt>*i«>*t. 

<•_'.  hy   the n-if of new   til|o\s or pianti*'.*; 

'••/      lieillli'iltii   tllr   iea<_'ellt   rosi s ; 

I 11      Automation  of   rollilo! ; 

ht    i'hi'up! H «unlit of iron, «hull i-< *'\|M>ti->ix •-. wilh «••»••«fiff matinal. 

S«n:rrios 

h»> (oppi i,,u 1« ixti.uttil Iront a pulp dilution \>\ ¡tu imi «xt lian^er. 

I utoftnnatrlv, thi> |nor.'-* ha* tin- <h*a<lvaiitm.'e that a NIîJPT app«r«t»i* 

i* ri'ijiiiri'il at th>- !«• a« hin.' --orjitiuii -l,i_'i\ The mlvantau'«' i* that it ripia««* 

pyronictallii!_'i. il pm, v*..iii" l.s i-|(-, tro|\*i*. ami thi* i-> a mini» « h< api-r 

pro«-ri». 

l"7. If h\.lro_'fii t- avalladle in» \|«IIHìVIIV. e«i|»p«r van !*• \wv\ ipitatt^l in 

'''• Í'nu "t |ii_'li quality powtli-i in an ¡iuto< lavi-, A fi<ita1ioti-.*of]rti<»*t roni- 

''U¡«*h'i ran iiii'i'«'iM> the pt'«H|i|i'i ii in o| iop|HT from "XMIí/«*«! «nt« hx over 

"» ]'< r ten'   i'1'tiipan-il  with  the  M*F pr> ««•«»*«. 

lie» So|\ i ut- oth« T than Milphim«' a« i«l liavt- not vit I*«-!! j»r» >x •-»! in |«r»«tHT. 

|-!xpt'nni«'ii'- an- now l»in_' i,irri*-»l «nit for (he «xtra«lion of «opprr from 

th»' -1 i.i I of l! ii IMI m fail- hy | M >r i-illation, with ¡»»I»*»'« JIH-MI ««»pfw r j>i»i i|>«tati<>fi 

m fi,!• f lim of iiip'uiH -nlplü'li' ;'ï;«| with « yaiiMlr i<'L'«'n«'fatinit  Thi-» JUIN»'*» 

!•  I-   !i"*    \>-*    -'oi,.-    IM\,I>|I|   th'-   -la.'!'   of I'X|M-tillir||tal   t'-l't     It    M'lJItttl-K   l-tMN- 

p'i- if,,l   (¡1'iii'u-   ui'l t<-i hnoloj.^-   »nil m< ria-«--* th<   ot|>ii»l »-o-tn. 



l't-V. KMU'llKSr lit   H V HK..MI  I \l I.I   H'.l,   VI    IHn.l       I || 

Ih IUti.VIHU.ll Kl. It AI   'IM H M«/«  «-  H U«   l'lí< »  l.-HM.  <..||M;  «»([»-. 
AMI I UM (-.S I li \\t> |\   TMt>.  I "N 

l«K>       <o|,|H I    |.rotiti, tinti   III   th.-   IS   a-«   Ih   Ol.    M -I    of   th.     „,,1-H   ,-   lW4-«i|  „i, 
«lu- latyi- M ah   .«iiit'ltiht; of Milphiil»-  I on, I ut iati-- 

IH» 1/» i..|»|«-i i> [,10.1H,ni |,\ |,a,hmk'. but (la, |H.M« „ |, n,,* w^| „t 

,i iiiitiilM-r ..I plrt.-rs. iKv. |..|»rii< iif .*.,rk ..li Imlroin« t.illui-Mal NMIIH-JS f,,r 
jniHi^m^ stil|»hi.|. .unni,trat.s has ,<|*o j^,,..,,.,,, ,| i;,|,',|l\ MI ii-.-rnt y. a 

«•wiiiii   in   |»ar1   ti.   ih.    JM«.M«III,   ..f   atnio>trfVn<    |M,||III»OM    h\    n**'•-   fi' 
'ar- 

ni 
llllltllf». 

Ill Tin- MIHIMMN ii*..| HI ti»«- ifc-v« lo|*»-,| n.unti,, •.., ti. -n MI.' i.iin.uiiMt.s 

...uhi IM- N|>|IIHI| in th. .1. V.|.,|HHU' <•.. uniti.- in« li»im.' ti,. Iè>.|t..«i. t»|- 
liiriVM'ül |>r«M»«|iir. s iis«i| W u\ttU- oris «IH|   minili-.'   **,»,|« 

II.» «hit ..• tin- total <O|I|MT |H<M|iiitii.ii m fin- I -> ,,f I ."» null»..)» ton* in 
lì»'»!« I II million t.,n, «,,-,• JHIH|I»I.-.| ft„m MII|>)IHII> OH- ì,\ flotation srtxhitw 

IIIHI nlininif In atti«lit inn. M,m,> -.'..Il a» t«.,,* ,.f *ul|.h,jii. ami v*.. I.- JW.H|«,IM| 

<;»»II day. ¡uni hall oí thi* <*a   u-*-«l  in «Yai-hitt*/ i.,|.|i»r on-, ami HMIH--»«^»- 
'luill|t- 

ll:i       Tilt     ll.l.l   to   M>i|t|.-i-   air   |M>lllltioli   <>HMHI-)|   l,y    ti*    «mi-^M.n   of"   stilami 

ilHiKÙlf iiHli.at.-. Ilial inuili iitot,- M,-H| »,|| |„. ,„-.«»,»...I fami . imiter li**-* 
in »IH- futur.-. This wilt then IN- «vttilahl.- f.* mei.«*.,I b-a, IIIHü „fi^iV ore* 

ami vtMHtiv The H. HI |H-IMIU« ti.*i int.- from tiV «a- of .«»i^r «»»M-lter* n », hwl 
I«*»» ton* iM-r «lav in I «O», ami IIM*» than IM If ««s w«<| „» hl( hiiiu ox»|e 
on- tunl Miirtthi<}Y  min» .wast»- <l)iin|»- 

III. In It*»«* lit» fcaihitiif ..I «a*te |rt.H|t|,».l IJtMttRi ions of ,,-iiHKt eofifier 
l»y imnjHtrttin.' tit.- .Ii^.hnl ,..|,|M-r with iron Mo,« of this »eim-nt eof-frr 
WHS fiirt IM-i- jrt.M»-M-.| hy  the . t>n\ cut n,,,»l  smelter* 

MV      Ij-H. Illll-.'    of   OXKI,-    «,,,,,„.,    ,..l|o«tl|    |,y     ,,••«entât Ioli    MIMI   I •*-. t loh »í» 
«.i w.Ucht . \tirtitM.ii MIMI ele. ti..UM* jn.MlH.t.1 Mm «um f.i.s , ,f «.,|,|»r in 
this yi-iir. Th.- solvent i-xttt»« tM,n an.1 ele. tmU -i, |mM.-sS i-. ., m.uki-,1 a.tvaii.«- 

Ill   t»«hlM.i«^V   f<*   b't»<h   H.|HtM4IH  HI«!   M|.|M»TM  .l«>t|IM«l   f,,t   , », |y   «,4ki-«KlV 
MM- l^-Mi-hiittf oí OXMIY ami iiii\nl oxiií» HIII|4IMU- OI*-S IH »*I\ íoll..w.-,| |,y 

rciiuntatk.ii with ir.^i m «»rtiVi t.. rt-iour ih«- i-nfifM-r frinii «IM- solution 

N»i. In «..m«- |»lrt.« s loinf-ti-riii ka.hinií „f ,,M.h MIMI niixi«! ^MIJAí,},--«.«Mí.- 

.•«H>î»t iHHM-rnl.s ¡s i«»«ti,,«|   m.|,i«liilkr «»»«h-ninHHM» li-Mi-hititf ..f i-oftfifr fnw 
• avi-il miiM* wiirkiftiix. AniRionix h-n.-hin-.- has w* U^n HS«-I| fW mmw yi*r.s 

IwH is n.w iH-itty Mivt'Ktiii*tM| foi .o|.|» i-Mlimt«- ort- .«nitauuiw M U,&' amo»iit 

o» ItiiM-stofM-. Thr tm i<t lir*« ioa-t.,1 t.. ,oit\,it th< toi>f»-r »ili. ¡»it- t,. t«n»p-i 
o\i.iV- muí   IIMUIIH   «l,],J*l 

117     IViNf-MM-ii Ravi* *\m> IM-O'II JM..JK.« ,i f,^ «r*,. h\«h.,nM (»»»1^1, «| «ivütnií-Ht 

• •Í nifificr K«l|tl,Ml»f* lt*s«.| 0« ,I,IIII„IU,I or i.. MI auto« Uvi* k-t». »uiu»' Atiiiwnia 

|<c»s*nr»- hrt.himr M •»««»•w.ftiltv ws««I in t Aiwtk hit t*t ni. k. í sWl|,|ú.». r*th»r 
than »ut cofifii'r-itit^àitlp €**nHt-n«r*l«i» 
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118. The {MitiMbility it bring investigated of an integrated prore*» fur oxide 
ami Hiilphwle or*-« thnt an- «ejwrately mined. The oxkle fraction »owkl lie 
learhed \mn\i aikl made in ron*tin« the *ul]>hiile rotter titrate*. H|N»tige iron 
would be uned to |>rt«»i|>itate the ropjirr from the oxkle-ore-lea< h H>hitk*t. 
However, rmiMklerahle fimhlemit are forearen. eNpeeially in emit rotting the 
roasting of the »ul]»hkle eoneentrate. 

119. Prop Med hydmmettillurgit-»l |>rore»M* ft* ronper-sulphide eoneentrate 
have Wii investigated only on a lahttratory «»I»'. No »uth ]trufedttre« have 
Keen demonntrated in eommereial operation, whkh w an importan* fort tu 
tirar in minti. 



7.   DEVELOPMENT Of PYROMETALLURGICAL 
PROCESSES AND OF COPPER REFINING 

T»I l TJLIIATK)* «»»' OXYUEN 

1». 1» one «if tke topper tntertert in tke U*R, copper eoneentratea ktve 
keen tmeJted hi »kaft furnace« with the MM» of «»yum ntnce IMO. Tke rrrmmnk 
•ft*« oftke prorene i« evidenced by a 33 per cent deercee? in «ike rononmption 
and iNpr cent mereae« in ontpnt. 

121. Enrichment of the bk*t witk oxygen w On «M of Ik« atoet nonti it I 
inaovationa ki rvmbrntwy »metting. 8wk indaatrial-aea»» operation* tiki 
In two Hwhm: one m tke t'NHR and ti» otker in Copper Ont, Canada. 

122 Owr tki period IMS -l«tô oxygen wa« mtrtwWed in reverkeratory 
fornace« at tke Copper CUf «mekcr for tmelting copper-nickel concentrate». 
IV oxygen content in tke kkwt WH miéntete at 29 prr rant; the ate of 
oxygen reeaked te • deereeae of feel conatimption by akont 13 prr erat, and 
tke entant of tke farnaee im reward ky akuwt 30 net cent. 

123 In one of tke UH8R eawltera, kleet enrichment witk oxygen ep to 
40 per cent haa lie«n teated. Döring a fenf perk*! of intMMtriaJ totftag, optimal 
fof»Utk*i* uf tke prurt-f* kave proven to U ackieved wrtk oxygen kfewkaj 
•t 5,0» m*/kottr (27 per cent); at tkw rat« of oxygen enrkknwnt tke fornace 
owtpot wii fit to«/««, MM| tke copper content in tke elag «a« abont 0.1 per 
rent and tke SO, in gaaea WH akont 4 per rent 

124. IV of oxygen (M compared with normal blaot) rrewhiU ki on imitati 
m foranee ontpwt by 25 per cent and a deereaae in fort rontnmptk« ky 
24 » per eent. Inrk-kment of bbat witk oxygen »bore 30 per e«nt WM 

feaad to W kanafot to tke refractora» in tke trai aertioaa of tk« foranea. 

IH    Daring tke UM 20 year, a eoaxfoHeiy new metkud of »netting tneiy 
ajenad nnd pt^eriaed materia» kne keen developed (oxygen inok ei—hiiij) 

191.   Tke advantage* of tk» proeeaa ore: 
(•)    Integration of tke two procreare   retour« and aatekuaj-ia one 

(l)   Introno» of tke emettia« rote (doily rote of 
«nit of keartk fornace); 

fe)   Brina« of fool contempt ion ; 
(i)   Hifkor grade of atttto. 
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127. The disadvantage* are: 

i»)   The need for thorough drying of tht* charge; 
(b)   The need to construct the oxygen plant; 
(t)   The treatment of «lag for copper recovery. 

128. The procès» »a» developed by the International Nickel Company in 
lt>52 at the Copper Cliff smelter. Oxygen consumption is approximately 
140 mJ pir ton of charge. Off-gases contain up t:> 75 per cent sulp! ur dioxide 
and are used for production of liquid sulphur dioxide and sulphuric acid. The 
process is economically feasible, because imported coal has been replaced by 
local source* ami liquid sulphur dioxide hat been obtained as a by-product. 

120. A similar smelter was set up in the USSR in 1U68 and this included 
an oxygen plant, furnace and sulphuric-acid plant. 

130. According to known published sources, at least »even smelters procea» 
copper concentrates in converters using a blend enriched with oxygen. Tho 
oxygen content in the blast is 2."t 3,"> per cent. Converters can be used for 
smelting pellctized and dried concentrates as well as wet concentrate«. 

131. In the majority of cases converter anivlting is used for processing very 
specific concentrates (produced by Hot ut ion with 73 jier 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 materials. Oxygen consumption 
is approximately «0 ni* per ton of charged concentrate. In the USSR in 1966, 
eemi-induatrial tests for roasting copper-zinc sulphide* were conducted using 
oxygen up to 20.8 per cent. The feasibility of this process has Iteen proved. 
It is envisaged that the ]troces* will soon be implemented on an industrial 
scale. 

SMELTISO FKOOt.ss UKVKI.OPKlt IN FlSI.AXD 

132. Flash smelting has been developed by the Outokumpu Company, and 
beside* its use by the company's own plants at Harjavalta ami KokkoU, 
Finland, it is now used also in Japan and Romania. In addition, smelters 
applying this procea* are under const nut ion or being designed for use in 
Australia, Botswana, The Federal Republic of Cermany, India and Turkey. 

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

134. The flash-smelting furnace uses mainly heat ¡trodueed during the 
oxidation of the concentrate for smelting, ami the consumption of additional 
fuel is only a part of that required in the conventional smelting method«. 
Flash smelting offers good possibilities for the recovery of the heat generated 
in the process, and if the converter is equipped with waste-heat boiler», the 
plant is more than self-supporting in terms of power. 
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135. The ^ra«lo of matte produced in the furnace varies form 45 to 65 per 
mit of (opjHT. The matte is then treated further in conventional converters. 
The «lag contains 0.8—1.5 jx-r cent of coppei and therefore has to IKS proces- 
sed further. 

130. Flash smelt in« is flexible with regard to capacity as well a« composition 
of the feed. It is essential for the process that the furnace feed is sufficiently 
fine ami moderately homogenous. 

137. Flash smelting also offers good possibilities for the recovery of sulphur. 
discs 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 recovered. 
The method devested for reducing sulphur dioxide into elemental sulphur 
offers possibilities for sulphur recovery in areas where sulphuric acid has no 
demand. 

138. The research and development work on the flash-smelting process has 
recently been devot«! to producing a higher grade of matte and producing 
elemental sulphur from the sulphur-dioxide gases generato! in the process. 

THI: KIVCET METHOD 

130. 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 efficiency in the utilization of other elements owing to the 
k»8 of zinc, lead, cadmium ami other metala contained in the 
concentrates; 

(b) Um efficiency in utilizing sulphide-concentrate heat-producing 
¡»roperties. which means that the smelting processes require ad- 
ditional fuel; 

fr)   Complicated multi-stage technological pattern; 
(4)   Difficulties in purifying large quantities of gas and in utilizing the 

sulphur ; 
(f)    I»«- and uncontrollable desulphurizatkm, which makes it difficult 

to regulate the composition of matte. 

140. In the VSHR heini-industrial tests have been carried out since lfW3 
with a view to creating a combined metallurgical nuit aa well as a new method 
of processing the most complex ores and concentrates based on the use of 
oxygen and electric energy. This combined unit and method has been devel- 
oped and has been named the KIVCET procesa or KIVCET unit. 

141. The KIVCKT pri>cess combines autogenous roasting and smelting of 
a charge that is dispersed and suspended in a eyelone chamber. The chamber 
¡A fed with oxygen and zinc is volatilized in the ck*etrothertnio part of the 
unit. The zinc is then condensed into molten metal, and copper, lead and other 
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metals «re removed from the skg. These operations form a continuous procees. 
One entire cycle givra: 

(m) Sulphur extraction to provide rich gasee (up to 90 per cent sulphur 
dioxide); 

(b)   Copper and precious metals in matte; 
fe) Lead, germanium, selenium, rhenium, cadmium and other com- 

ponents are volatilised, and zinc becomes liquid. 

142. This procesa 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 an 
being carried out to obtain optimal construction and performance data. 

149.   The main technological operations of the KIVCET proeesa are: 
(•) Charge preparation for smelting; 
(•) Roast smelting of charge in cyclone chamber; 
fe) 8hg and matte separation; 
fi) EWetrothermic stripping of smelt; 
ft) Condensation of tine; 
ft) Cooling and purification of gases. 

144. Work has been carried out on the primming of copper-sine concentrates 
containing 1«-» per cent copper, 7.J-10.S per cent tin*, 1 3-2.0 per cent 
lend, 24-» per cent Iron, and 32-34 per cent sulphur. 

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

TABU  I«.     COMTABATITB YIBSJ» O» HBYAU ABB tULMIl'» FBOIt  COmB-mC COÜCBW- 

VBATBS BY TABlOlTf EXTBACTIOX MKTBOD« 

fftr cmt) 

**•- Ctppw Imi Urn *«*m AN *** 

KIVCET M© •2.» 79.1 M.9 M.t •4..1 
KJBBM^VMBBBBBBI&BBMV •a«*^^WW«^BUBWU^^WSWUU| 

{with wwtwil elMrg*) •S.« N,0 79.1 M.« M.t N.t 
Weywbwimjr —chwtf MO M.« — at.» 
•he».»*»« M4 »4 eft.l — M.4 •3.1 

14«. The KIVCET method, » comparison with other proessses, requires 
Isss fuel, electric energy and oxygen per ton of eharge besanas of the better 
liBiation <* «*• thermal effect of sulphide-oxidation. This can be seen from 
the Iguree in table 1?. 
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•STAL BV TABfOt • MSYB8M ST »Wei.««« 

(kWh) 

urtar 

IJW 4,*tî IMI 4 Mi 
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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 different 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 
7.9—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, 
fuel, blast and electric energy for the various smelting processes is given in 
table 18. 

TABLE 18.   COMPARATIVE CONSUMPTION OF OXYOE.;, FUEL, BLAST AND ELECTRIC ENERGY 

I)Y VARIOUS METHODS OF EXTRACTION 

(Per cent) 

Eleetrotmetting „   „    ,._. 
(with ñnteni charge) SmeUer "Thompmm" KIVCET 

100 84.5 70 

140. Rich sulphide copper-nickel ore (8-10 per cent copper, 3—4.0 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 autogenous 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 metala in matte is as follows: 96.3 per cent copper, 
00.7 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 íB 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 PKOCESS 

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 aro carried out in the three 
different zones of the furnace. The process has the great advantage of pro- 
ducing metal rather than matto directly 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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Itti. Tho process is still in the development stage. Work on un experimental 
scale has lioon carried on at the Sulpirid« Corporation Ltd in Australi». 
Mor»« recently. Coiiziuc Rio Tinto of Australia Ltd has built a srini-conimeieial 
WOltCRA furila«' at tin« works of tho Klectrolytic Refining Ä Smelting Co. 
of Australia  Ltd. at   Tort   Kembla. 

I.">4. Tin- furnace has undergone three separate campaigns of about a year 
••rich, and experience has shown that tho proooss can ho worked on a eommcr- 
oial scalo. Tho I'ort Komhla plant has a oapaoity of about 0.CHH1 tons of 
copper iH<r annum. liming o)>eratioiis a number of deficiencies in tho ancillary 
plant became evident, hut thoso havo now lioon rectified. The fuel requirement 
for a bigger furnace would probably bo about haiï that required for a con- 
volitional reverhoratory furnace. 

I'M. Tho conclusion to bo derived from tin- ojieration of the pilot plant and 
the soini-roinmeroial installation is that the metallurgy of the WORCRA 
process for the continuous direct smelt ¡ng-ooiiverting nf'eopiier concentrates 
is well established. However, before a plant is built on a full commercial scale, 
more work on the engineering side is required to achieve the maximum poten- 
tial for this operation. The next step would bo to build a plant with a capacity 
of 20.000   30.000 tons of copper per annum. 

l.W. The advantages of the WORCRA process as compared with the con- 
volitional methods are: 

(n ) Lower capítol costs, which are expected to lie mime 20—30 per cent 
lower than revorheratory and convert or furnaces of the same capacity. 
This is particularly important for tho developing countries as they 
are frequently short of capital to invest in their industries. 

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

(r) The WORCRA furnace would be economically viable at much 
smaller capacities than conventional smelting. The plant could 
probably produce, economically, an output in the rango of 
IO.000-20.tH10 tons of copyier per year. It could, therefore, be 
adopted by the developing count rieft, which have relatively »mall 
copper deposits and are not able to build the very large smelters 
now in use. 

(rl) 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 tho slag. A* a result, 
atmospheric pollution could be greatly reduced. This problem is 
becoming increasingly important. 

fr) Recovery of copper from the concentrâtes should lio as high as 
in the existing processes. 
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El.KCTKOIATIC ItKFININO OF COl'I'EK 

l.r»7. Tin- electrolytic process for refining eopja-r Jius made great progress 
in the Inst decade, although tin- process has not undergone a fundamental 
change; it is still performed in box-typc tanks with fixed electrodes. 

158. As ¡i rtirmlt of (he latest improvements in the process and the use of 
new materials, the current load in the tank has been greatly increased. Its 
production capacity can he raised by increasing the electrode surface the 
tank, and by raising the current density. 

l.W. At present a current density as high as ¿ÔO-UOO A/tn* is applied in 
Home refineries in Japan and in the USSR. The intensification of the refining 
process by raising the current density up to 400-(WO A/m» is made by using 
current reversai. It has also bren demonstrated that raising the current 
density up to 400-flOO A/m» is possible without current reversal, for various 
tyjM's of copper. 

100.    UWr-intenmve processes,  e.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 cathodes has also 
been simplified. 

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

I«2.   The main improvements in the process have been: 

fu)    The stabilization of the regime; 
(b)    The uso of new materials for tanks and electric transmissions; 
fc) The intensification of the elect rorefining process; 
fd) The mechanization of production operations. 

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

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

fb) Heating the electrolyte by tubular heaters; 
fc) Now instruments for automated control of the process; 
(A)   Improvement in the quality of cathode sediments; 
ft)   New apparatus for detecting short circuits. 

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

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





8.   DEVELOPMENTS IN COPPER TRANSFORMATION 

160. Transformation, or fabrication, includes the processes of converting 
copper raw material into a variety of products, which may bo used by the 
engineering, electrical, transport and construction industry. Basically, these 
processes involvo 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 proceof» down to wire rod, and thereafter by drawing. 
These processes involve large capital expenditure and many different stages. 
At various Btagcs 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. 

160.   Tho recent developments arc described below. 

COPPER WIRE ROD AND WIRK 

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 easting »rod 
integrated rolling-mills, e.g. the Froperai 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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172. Further developments liave taken place tin the hydrostatic extrusion 
uf copper wire directly from the wiiciiar to iiuished wire. This is a variation 
of tlu» conventional extrusion process luit the billet is sin rounded by pres- 
surized fluid. 

I7H. Work has also been carried out on reducing the drawing processes. 
This can IK» done by using hydrostatic or hydrodyuamic presses to reduce 
the working loads, or, alternatively, by using roller-die techniques to 
reduce the number of drawing o]M'ratinns. 

174.    Fiiuilly, ultrasonic   "iiergy may IK- used in wire-drawing. 

STIUP, SIIKET AXI> I'l.ATE 

175. Improvements in producing rolliti product* have followed basic 
principles similar to those used for producing wire. The aim is to eliminate 
some of the intermediate processes. 

170. At present copper rolling-slabs are produced by the refineries and 
alloy »labs 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 is necessary. 

177. The aim of the new methods is to eliminate some of the above ojier- 
ations, and. in particular, the continual reheating. The basic approach has 
therefore been to cast wide strip directly, instead of producing it by hot 
rolling. Continuous casting in wide widths has U-eii developed by the Hazlctt 
and the Hunter engineering presses. Continuous casting in narrow widths 
has also been developed, using static dies. 

178. An alternative process, although probably of less importance, is the 
centrifugal easting of a hollow cylinder of brass, which is then sawn and 
flattened to give a thin wide strip for subsequent cold rolling. 

17S>. An alternative approach has been to reduce the number of working 
operations by effecting a very largo reduction in the thickness of the material 
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 
a strip for subsequent cold working. 

182. Greater accuracy of dimensions has also been obtained by using pro- 
stressed materials. 
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THE DEVELOPMENT AND STRUCTURE OF THE COPPER INDUBTRY IN CHILE 

183. Chik) has been one of the world's largest copper producers for more 
than 100 year«. Its output rose to nearly half a million tons per annum 
during World War II but fell after the war to a level of alxrat 400,000 tons. 
For a period of years production remained ..tatic. The industry was devel- 
oped in the main by two large American companies—Anaconda and the 
Kcnneeott Copper Corporation. 

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

fa)    Doubling the copper production from 800,000 to 1.2 million tons 
of copper content per year; 

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

(e) Integration of the copper industry into the national economic 
programme so that the industry would buy the major part of it« 
supplies of necessary materials in the country; 

01)    Increase in refining capacity; 
ft) Active participation of the Government in the marketing of copper 

products; 
(f) Programme for building the infrastructure for the expansion of 

plants—housing, roads etc.; 
(g) Expansion plan for the medium and small mine sectors; 
(h) International action by the Government in the copper market, 

especially through co-operation with the other three main copper 
exporting countries-Peru, the Republic of Zaire and Zambia; 

(i)   Nationalization of the copper industry. 

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

180. 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 gnve an incentive to sales. 
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187. The government-owned Empresa Nacional do Minoría (ENAMI) 
provide« a wide range of services to the medium -sized and small mining 
industry. These include not only exploration, smelting and refining, but also 
such activities ns the construction of ronds and drainage systems, the supply 
of electrical power and plant and machinery of various types. 

NEW INDUSTRIAL, DEVELOPMENTS IN COPPER SMKLTINO AND REFININO IN 

BlLiJAKIA 

188. Bulgaria has 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. 

189. 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- 
ferrous metal ore deposits were discovered and flotation plants were estab- 
lished. 

190. In 1070. the total production of non-ferrous metal ores was more thau 
13 million tons. The copper content of these ores in various years between 
1950 and 1H70 is given in table 19. 

TABLE IH.    COWER ORE riioxriTioN  JN   HI L<: AHI A. 
1950-1970 

(Recovcrrthh »trial conlrnt) 

Y rar Ton» 

i»ao 
1950 
1900 
1905 
1970 

2,3©« 
5,000 

11,600 
29,90t) 

rn. 40,000 

191. The general trend of development in the world's copper industry ha« 
also been reflected in the Bulgarian industry. Low-grade deposits of 
porphyritic ores are being developed, and some richer ore deposita afe being 
opened up. 

192. The ore of the low-grade mines has a metal content that goes a« 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 general, therefore, the ore bodjes cannot be considered to be very 
rich, but modern methods of dressing and metaHurgical processing give goad 
technical results. 

194. In the Dimitrov mine and metallurgical plant, large quantities of 
low-grade ores are processed. The first blister copper in Salgaría was pro- 
duced here in 1952 and the plant Btill produces only buster copper. 
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195. Most of the copper raw materials are processed in the copper-extrac- 
tion works, which started operating in 1950. This plant was enlarged and 
began operating with increased capacity in 1960-1967. 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 al«) 
obtained from the spent electrolyte. 

196. The programme of operations is : 

(a) Preparing the charge out of concentrate and quartz flux; 
(h) Drying the charge; 
(r) Roasting in the fluidized-berl roaster; 
(d) Hmeking the roast product in the electro-smelting furnace; 
(e) Converting the copper matte; 
(f) Fire-refining of the blister copper and anode casting; 
(f ) Electrolytic refining of the copper anodes. 

1#7. On the basis of these new developments in Bulgaria, the following 
conclusion« can be drawn: 

(a) 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 cent. 

ß) Effective processing of concentrates with relatively low copper 
content is possible by careful selection of the metallurgical methods 
and the intensification of metallurgical processes. 

(c) In order to obtain favourable economic 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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Il)/\VG.74/2 Flashtsmelting proci'««, 
by K. Kaasila 

ID/VVG.74/3 Development M in WORCRA copper «melting-converting, 
by H. K. Worner 
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|M>««ibiliticK for developing countries, 
by G. H. Somerset 

IU/WG.74/5 Home   Hydrometallurgie«!   technique«   for   processing 
copper ore and concentrate», 
by J. B. Roscnbaum 

ÎD/WG.74/0 New developments in topper transformation 
(rolling, extrusion, drawing etc.), 
by S. Temple 

ID/WG.74/7 Chile : Development ami structure of the copper industry, 
by B. Leuschner 
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by L. M. Bochkariov 
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by V. N. Leksin 
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