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A. DftOCUl'IOR 

One of the -in reca-endatioas of t~ Pirat lzpert Group lleetiag OD the 

lion-ferrous lletal• Wuatries, held i• Vienna, 18-21 Karch 1985 (1), -• to 

conduct studies relating to the selectioa of technoloaies in the al-Uiua, 

copper, nickel, sine, l•d and tin industries that would i.e 110re nitOle for 

dweloping comatries, vith the ai.a of pram-ting a 110re intqrated ancl 

self-reli-t dweloa-at :in these coantries. 

--. the reca en4111tior• of th..t aeetiag of Latin America apert• :in 

DCm-ferroas aetal• iad9atries held ill Caracas, 23-26 Panar, 1917 (2), •e 

ca ai.o read a naesti• coacenaiag the desip of -11 ad llecli~i&e 

plants, tbeae -tclaiag i.ecter to the reqair-ts of the .arltets, the 

a.aUuility of -tural resources and the financial resources of the countries 

in the rqion. 

-.ae ....,e .-ioaed ehllies alaoal• .. ._ .. •ial7 • tile 1-•tiptiou 

tbat laaYe .._ ceHi .. e9t .. te -· si.a.. epecial atteatiea to tile research 

that ... •ea ... e OD nkills tlae .i.ae of De plants. 

Oil tllu ... u De ftafter - r ... ated "1 tile 9UDO aecnteriH to 

,,r.,_.e a 8hiJ "l'9ellmollllial .iltenati•• ia tile llo.-Pernaa lletah 

lllllaetri•• wl_. lite folt.illa t-- of ref eraces 

To fotomllate a diacw•ioD ,.,. for tile fint CleNl Pr•ntor, tteetiac 

OD die IOD-ferro.a lletal91 tlaat will pr•.C tit• •ia tecll•lesical 

claanct•u~ic• _. altWNti ... b ._•lapbs cemt.riea; tile •i• teclmical 

.... ._. te i•rwe tlaeir tee"....tepcal praducti•itJ; aad polici• t• 

iecr_.• tit• •• ef •t'-1 r•oarc• _. r-1ace tla• imp•t of ec.._iu .i 

acal• la ._elopitla cemtri•. 

\'be •tnctwe of dis fll"••t -..., corr••-• to tlae tw ef nf ~• 
inclicat• bJ die DIDO ••r~ .. Aa ._.t .. a carefal nal~aie of the 

prniOlaa atadi• _. ~ fttll pertlnlar att..cioD te tlloae preper .. 

tllr ..... Cite a:tlriti• of die IJ9t• el O...lhcloaa Di•iaia (J) _. of tlae 

11etallar1lcal t•atri• lectioa (4). 
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According to the term of reference the -ia "JbjectiYe of the aerciae ia 

to deteraiae the poeai•ilitiee of dweloping aev tecbaoloaical altenatiYea 

that are more adequate (or dweloping countriee. iadicating the -ia 

anantaaes and diaanntqee of the poaai•le teclllloloaical operation. Por the 

purpoae a rewiev of the -ia technoloaical routes •eiaa aaed ia the 

noa-ferrous aetala iadaatry •• andertaken and a tentatiYe uaeeaa1Dt waa -•e 

at.out the poaai•ility of their application ia de.9elopiag countriee. 

Swlarily. on the Maia of pabliahed iaformatioD of res•rcb proar-• •eiaa 
carried out in the field of non-ferroua aaala iadaatry tedmoloaies 1 in eme 

caaea iadicatiou will •e ai•en about the poaauility of application of their 

a:pected reaulta ia dneloping countries. 

ObYioualy thr preaented Tien aboald •e couidered vith jaatified caution, 

vbicb ia the mediate conaequence of tbe nature of tbe taak to •e perfo-.aed. 

l>ut alao dae to tbe fact that tbe presented nal7aia of tbe teclmological 

poaai•ilities ad optiona ia a deak atudy 1 ... ed -ialJ' on tbe contrilttion of 

1JllIDO ~ on a llOdat •i•lioarapbic reaearcb and on tbe aperieace in 

alumini- iadaatry of the drafter (5). 'lberefore it might •e e&Fecti!CI that 

du:dng the proc~ration of the coaaultation aeetiag1 through the 

contribution of~ a:pertl in different •ranch• of the DOD-ferroua 

aetala indatria to be rwiaed at tbe coaaaltation (Al 1 a.. l'b 1 ZD 1 Bi 1 Sn) 

tbe n1mber of tecbnoloaical alternatiYea .,re adequate for Jwelopiag 

countries aight •e coaaiderablJ' iacreaaed and the coaclaaiODa of the pruent 

atudJ' coaaeqaentlJ' •ended. 

I. FIAMEVOB OP Tiii STUDY 

1. '!be non-fe!Tou• aetala induatri• 

lloat of the iLtearated aon-ferroaa Mtala c-..aia 1 in addition to tbe 

•inina-, ore dru.aina- and atractiYe .. u11ur11 operatioaa are alao 

traaaforains f'.he aetal into ••i• a4 caatiap. loait of th•• •iltly th~ 

al .. inium compania are abo CODYertlaa the .. cal into dif fereat fiaiahecl 

productl (bneraae Hna, radiator• for h•e hutill1, cabla, viDCloll fr•u, 
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•tc.) To in creaae ahare in the dovnatr- fabrication bmineaa aema to be a 

aenerally adopted policy of tlae -jority of tlae primary producera. 1ibea 

conaideriag the teclmological alteraati•ea in tlae aoa-ferroua aetals 

iaduatriu. more adeauate for daelopina coaatriea. the problma related to 

the con•eraion of the metal lane to be •KY carefully conaidered became, in 

moat cu ea, tlae aetal ia reacbi.Dg tlae end mer through tlaia proceas. 

,f" Therefore, indicatioaa~be gi•en meaner poHible concerning the •iable 

ai&e of cODV'eraion proceaaea and the quality aacl f1U8Dtity of ams requested 

for theae teclmologiea. Raertbeleaa, in order to •intain the present atudy 

within coherent matanti•e liaita. amler non-ferrou• metals industries 

aining, ore dresaing, metal and aemia production will be underatood. 

2. Selection of tecbaoloaies 

lloat of the proceaaes and devic• being med for the extraction of 

alumini- froa bauxite correspond to a aedi- lael of teclmologicd 

aophiatication. 'llaere are relati•ely fev exceptions, e.g. the autcmatic 

regulatioa of aoae technological processes, tlae production of 

coaposite-11aterials, the developaent and fabrication of hisb-duty alloys (6). 

The aituatioa ia aiailar in tlae caae of b•wy DOD-f errom •tala under 

condderatioa (7), the fundaaental technolo0 ia a•ailole froa a •ariety of 

aourcea, -• al•st no caaea are kDOlfll in •ich a daeloping country vas 

anable to purchase tbe required technology proYided the country had adquate 

financing. lxceptioaa aipt occur vith regard to relatiYely J'ecent 

technological imacwatioaa, po1aibly under testing or coacernina n• •er:J 

apecific product•. Generally •peaking one could aay that tbe •rket of the 

atandard aon-ferrou• aetala iadu1tria technologia ii rather a buyer'• aarket. 

'!be kaovledge required for efficient aineral procadng, however, ii not 

only a •tter of obtaiaiq tlae equi,...t aeeded to carry out particular 

oper.atiou. Such eqaipamt, _. iaatructiou for ita aae11 caa be obtained, 

but many developing couatria lac.k the "luaov--hov" which coma from actual 

experien1:e. '!bi• kaov-bw b often iaternalbed vi thin 'llCI 11 aad hence h 

difficult to obtain anla1 a TIC ia a partner iD the procolina Yature. Lack 

of aanag•mt experience., lack of kaovledge 0£ iadu1trial operation1 11 and lack 
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of aroup lmov-hov 'built up owr ti- in an o•oi• organisation are liltel1 to 

'be •re of a constraint on the ability of dewloping countries to proceH 

their rav -terial• than is the lack of -rely theoretical ltnovledp (1). 

Thi• is one of the reasons of the forming of joint ventures 'between 

state-CNDed co .. anies in developi• countries and 'DCs, and the esta'blbbllent 

of •nap.eat; serrice and coproduction contracu 'between copper ca11panies 

operating in dewlopi• countries and ncs duri• the last decades (8). 

The •joritJ of the •in pieces of equi,.ent, used in these industries, 

can 'be produced in •DJ country having a relatbely developed -chanical 

industry; ll and D activities concerning this equipment are 'being carried out 

in most of the dewloped countries. Regarding the practical industrial 

realization of R and D reaults, concerning new technological processes and new 

type• of equipment, the 'big companies have the 'best poHi'bilities. They only 

have the nece1Hry means to create and introduce •jor innovations on an 

industrial scale; operate paallelly, if appropriate, in sewral fields of 

important a and D activities. Thi• is particularly true concerniag the 

alu.ina aacl aluainiua production, if one has in aind the size of the 

up-tcrdate industrial units. Therefore, without aay doubt, the big sis DIC•, 

Al.CM, ALCOA, BISER, IEYllOLDS, AWSUISSI and PECBIDY have, for the ti

'beiag, the tec:hnolo&ical leadership in the aluaiaiua industry. It •hould be, 

newrthele••• aoted that there are several other c:ompanie• operatiaa in 

Yariou• countries, e.a. France, FIG, Italy, Japan, USA, USSR, not directly 

conaected vitb the !IC•, hning a technological ltnovldge close.to that of 

theae DICs, either concerning the •jority of the operations in tM 

non-ferrous •tab iaclustrie• or reaarding a part of tbea. These companies 

can be considered as poHible •ources of non-ferrou• iletals industry 

tecbnolo17. It abould also be noted that technoloay for tbeae industrie• can 

be purcbaaed via the •jor indu•trial con1ultant1. 

It ia worth ..... tionq, that at the le&ional Espert Group lleetiac in Latin 

America on •trategie• and policie• for further proce1ain1 of non-ferrous 

•tab (CaracH, Fe~ruary 1987) (2); ·countries in the reaion bavina experience 

in the aiaiai •tallursical Hctor were invited to provide enaineeriaa and 

con•ultancy Hnice• to countriH hnina the intention to set enaapd in the 
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acti Yi.ties of the eon-ferrous •tab industries. 1bia poasiblitJ and the 

technological dewlop•nt in aewral fields of tm non-ferrous •talluraJ in 

the aocialist countries (8) have gi•en the opportuaitJ to producers in 

dewlopiag countries to start up, in selected cases, production without 1llC 

controlled technology. 

Actually there is no uni"Versaliy adopted •thoclol~&J which would allow for 

choosing among technological alternatiYea, which is the •at suitable in &DJ 

giwn set of circumtances. 

It aight not be the objectiw of the present studJ to try to define 

rele•ant criteria, newrtheleas it see• to be of purpose to explain soae 

considerations on the constantly recurring question of •appropriate 

technolog,". (9) 

Accoming to llr. Birit:r., a tecbnolo&J is adequate! when it satisfies four 

conditions, which are; 

purely technological constraint• and parameters, 

liaitations poaed by the ability and :W.ov-bov of the peraoanel to 

practice the technolo&J, 

coaf oraity to the econOllic require•nts under which it baa to operate, 

coaforaitJ to the preYailiag socio-political enviroameat. 

llr. Birit:r. defines al•o •ubparameters to the above iodiciated para•ter1 

eatabli•hiag correlation a•ng proceH tecbnolo&J; product, it• application; 

raw •teriala; econoaic 'benefits; •npovcr; •ocio-politiul constraint•. 

An att..,t will be •de in order tC' be •n apecific on these basic b•ues 

when dealiD& with the tec.:hnoloaic.al proces1e1 hing u•ed in tbe non-ferrou• 

•tali indu•tri••· 
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3. Econoaies of scale 

It is obvious. that the availabilitJ of production input (e.g. energ1. 

skilled labour. capital) in developing countries is ver, different fro• the 

relevant conditions in developed countries. 'lber:efore the technological 

options coasidered as being the best for developed countries might aot be the 

aost advantageous for a developing couatr,. 'Ibis aight be rarticularlJ the 

case when anal1sing the problea of econoaies of scale. 

For process industries. when selecting technologies. the only variation to 

be considered is the si.&e of the plant. It does appear (7). hovewr. that 

there are certain basic efficiencies in the standard aineral processing 

technologies. and that the choice of a plant si.&e below these aini• will 

likely lead to higher unit cnsts. In the case of _., Third World countries. 

this factor is reinforced by requirements for large amunt of infrastructure 

developaeat ot support any processing industEy at all. and by the real 

econoaies of scale in certain infrastructure facilitie• (e.g. hydroelectric 

power plants). 

The apparent advantage• in constructing an optiaiur-ai.&e plant are often. 

howeftr. aot realized in developing countries. Among the specific 

diffieulties vhicb ~ften ari•e in such projects are the follovi.nc: 

(a) large plants oftea experieace loapr con•tnactioa ti••• higher costs ;Nei 

greater difficulties in arraaaiaa utilities. aacillaE:J facilities and 

infrastructure thar. s .. 11 plants; 

(b) large plaats tend to eaperieace aore teclmical operatiaa probl ... than 

s•ll plants. •iatenaace •J be •re proble•tic. and tecbaoloaical 

riaidities are mre likely to occur; and 

le) operatin1 rates tend to be lover in larae plants than in ••ller units, 

thuo increasin1 averaae fixed cost1. 

Re1anlin1 the ainiaaa economic plant lise the follovina fipres were •·I• 
published (10): 



- 9 -

TABLE l: llllllllJll EQ)llOlllC PLAllT SIZE 

(TbouHnds of tons per annu.> 

TJPe of plant Mini ... ecoaomc size 

Almri.na refinery 
Al-i.niua •-lter 
Copper ••lter 
Copper refinery ( pri•ry) 
Steel llill ( intecrated) 
Steel llill (Dl/EF) 
Tin ••lter 
Lead ••lter and refinery 
Zinc ••lter 
Bickel ••lter (sulphide) 
Bickel refinery 
Ferro-nickel plant (oxide) 

400 
60-80 
100 
60 

l.ooo 
100 
15 
30 
30 
25 
25 

10-15 

Sourcea: World Bank. United Rations Centre for Batural Resources. Energy 
and Transport. 

Rote: Considerable econoaies of scale (up to 20% per unit of product) 
can atill be achieved at larger capacities (e.g.• up to S llillion t/a for 
integrated •teel •ills. up to l llillioa t/a for almri.aa refinery). 

The rapid teclmological cha•e occuri• in ao.e •ineral proceHiag 

iadu•tries al•o ha• implications for developi• countries' ability to 

establiah proceHi• facilitie•. On tbe ODe hand, certain developmnu. •uch 

a8 the U8e Of direct-reduction/electric arc furnace tecbnolOIJ for 8teel .. kiag 

or tbe productl"'n of aluainiua sheet• ancl •trips by continuou• casting perait 

tbe connnaction of plants on a mch ••ller •cale than va• previously thought 

economical. opeaiaa tbe way for pro,eHiD& for the doae•tic .. rket in •DJ 

countrie•. 

OD tbe other hand. new developments •uch •• continuou• ca•tiaa ia copper 

have the ef feet of •lda1 it •re difficult for producer• located at 

con•iderable di•tanc:e• fro• •jor •rket• to compete effectively (7). 
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· J J AUention ia also drawn to the fact that in the coat of the •tal reaching 

I the consumer there are three important imputa the price of which are •inly 

, deterained by the location of the industrial objects. These are the quality 

of the <'re. the price of the energy used in the proceaa and finallJ the 

transportation coats iDYol.ed in the tranaf or.ation of the on into •tal and 

ita deliw~ to the customer. 

the i...tividual or consolidated inf lueace of these ite• on the profile of 

the operation• llicht 'be stronger then that of the size of the plant• obviously 

within reasonable lillita. In some caaea f•ourable conditiooa repnliag the 

Uoft mentioned illportant imput• mcht compenaate alicht differences in the 

technolocical lewl of the plants. 'Ibis aicht 'be one of the reaaou of the 

relatively &ood results achieved bJ aom ••ller ca11paniea on the al-iniua 

•rltet or ezplain the impreaaiw perfor.ance of aoae •dimraize copper 

ca11paniea in Latin America. 

In Table 2 under copper •tallic copper of different quality and the •tal 

content of sold concentrate• are understood (11). Froa the 234,000 t of •tal 

produced in 1983 EllAllI '• •hare va• about 120,000 t. ERAKI is a •tate owned 

ca11paay, ita respoui'bility ia to ••lt and refine the copper containing 

•teriah obtained bJ the aediua and ••ll ente:rpri•ea and bJ indi'ridual 

ainer•. 

TAILE 2; COPPER l'IODUCTIO. I• CBILE 

(1000 tooa) 

1979 1980 1981 1982. 1983 

1 Total p~tioa 1,062.7 1,9'7.9 1,011.l 1,242.2 1,257.l 

2 froductioa of ••ll 
and aedi• c_,_ia 152.5 163-.4 117.5 203,8 234 

3 271 I 14.4 15.J 17.3 16.4 11.6 

.-- 'Jotal number of • .,1o, ••• 46,739 46,638 46,464 39,463 • ••• 

5 lllploy••• i:i tlle 
•diua and ••ll 
c09panie• 15,940 16,491 17,158 12,706 n.a. 

-----·-··--
6 S/4 % 34.l 3S.4 36.9 32.2 
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Three mediua aise cumpniea produced ia Qile •re thaa 100.000 t of 

copper in 1983. 

According to the a•ailable iaformatioa (12) the situation of the mediua 

aise COllpaDiea ia quite lti:iafactory. they are fully iategrated. producing and 

ezporting their •tal. these COllpallies are u•iD& up-to-date and efficieat 

techaology and are partiripati11g in t:he realisation of the progra- of 

dewlop8ellt of the copper pf'Oductioa in tbe couatKJ. 

The operations of the ••11-llinimg. should they sell coaceatratea or ore. 

an strongly influeaced by the owrall aituation of the copper •rket. -•l:J 

the price of the •tal. On the buia of the iafor.tioa drawn in Table 1 and 

Table 2. the following observations caa be •de: 

The productiYity in the ••ll- and •diur aise enterpriaea _ _group ia .. ch 

inferior than that in the big plants, --11 ::a theae belonging to 

CODELCO-Cbile. Very probably. the •in reaaon of this aituation is the 

techoolo&J being uaed in a great aUlll>er of ••11 ainiog operations. 

The production in 1985 of each of the well succeeding •diu~ize 

companies is .. ch le•• than the ainimaa econoai.c plant aize included in 

Table 1. 

Without having the intention to\dd;:) any general conclusion froa the 
....... _./ 

quoted date, one can uy that even in aining and elltrative •tallurgy aectora 

of the non-ferrous 11etals induatriea, in very aelec~ed case•, aediua-aize 

enterprise• might be coapetiti•e with capacitiea not reaching the generally 

accepted llini ... econoaic plant aize. Obvioully one should be elltre•ly 

~- aseeHing the viability of this tJPe uf enterprises, in the 

•Joricy of caaes econ011iea of acale will be deciaive. 

4. ros•il~ilitiea for increaaina the use of natural re1ource1 
ta de,,.lopiaa countrie1 

Vay• a114 ••u to i8'"reaae in developiq couotrie• the use of natural 

reaource• lhould only exceptionally be aought through the eatabliah•nt of 

aining or extractive .. tallurgy object• with capacitiea not reaching the 

I 
( 
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generally accepted ainU.. economic plant ai&e. 'lhia aight be successful only 

in wry fawourable caaea. Dovavard and hori&ontal integration of the 

non-ferrous •tala industries, - aa it vill 'be indicated in Part C of the 

report - oqaniaation of the production of f iniabed •tal goods aight, in 

frequent ca,ea, lead to a •re profitable uae of natural resources, pro.,te a 

balanced 4iewlopaent of the eCODOmJ of the contl'J and request imreat•nt 

decisions compatibl~ vith the poaaibilities of the countl'J. 

Already at the Vienna Espert Group lleeting OD the lleatructeriag of the 

Mon-Ferrous lletal' lnduatriea in llarch 1985 ( l) the importance of the 

interactioa of these induatrlea with other relateo industrial sectors, capital 

goods, boa a1Ml steel. coutnaction9 etc. vaa pointed out. 'lhe aeed for 

anal7aiag the poHibiliti'!a for a greater degree of proceHiag of the 

non-fenous •tala in the developing couatries vas also e~baaized. The 

•aning of these atataenta 'beca• cleanr in the light of tbe deliberations of 

the regional expert group aeeting in Caracas., February 1987. (2) The 

coacluaions a1Ml reec~l:ions of this •eting • .,ng others state: 

Strengthening the relationship between aining and industrial 

proceHiag should be considered by t..be zegion of high priority; 

Vbea developing technologies suitable l:o the size of the •rket in 

the region. ..,ecial attention should be payed to l:be technological 

developaent of l:he production of aeais and finished products; 

Market conditions of the non-ferrous •tals in developed countries 

should be reviewed in order to increase the de•nd and identify 

poHible nev applications for these •tala. 

These atatemeata define the framework in which the non-ferro~• -tal• 

industries should practically operate. It i• different fro• the classical 

ainina-e~tractive aetallurgy approach and aiaht be the basie. for several 

countries of a 81>re efficient broader technolosical policy. It i• baeically 

an end-coneuaer orientation vbicb can very probably lead to the identification 

and poHibly beet utilisation of .tl poHibUitiea of national and internatioia 

develop111ent for the non-ferrous .. calla induatriea. 
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TAIEL 3: .. D ACTlYUIES OF DSTl'IUTlOBS 111 LUlll AIEllCA 
lB TIE FIELD OF llOIH'EllOUS llETAIJ.UICY 

Country Ba• of the lteaource• in ActiYities Professional 
iutitutiOD million ust, at a ff 

1985 

Argentina 1111'1 0.5 htraction of Bi and Co 14 

Brasil CEPED 13.0 Co extraction; obtention of 160 
preciou• •tab; Bi 
sulphate plant 

Brasil err 0.5 Eari.mamntal control in 10 
the Cu and Bi industries 

Brasil IPT de O.Olt htraction of Cu froa 2,600 
CGllplex oxidised ores 

Chile Cllll 2.0 Cu on dnHing and 300 
•tallur&J; cold proceHi• 
•tbod• for •s•ll aine•" 
separation of .,lubdenua 
and araenic. lecovery of 
rutile froa copper tail•. 

Chile IllDC 1.0 Reap leachi• Cu-oxides, of 72 
Au and Ac· Tailiag recowry 
Cu, Au, Co, W, etc. 

Chile Iil./CAP 8.5 Trainiag on proceH control 121 
and autoriHtion in the 
copper industry 

Chile Un.iversidad o.os Bon destructive testing, 52 
de Tarapaca standardization and quality 

control of •tal product• 

Colombia Cl DI 0.12 lecovery of Zn in a 15 
aiderurgical plant 

ColUllbia Serricio 120.0 Short course on alueiniua 8,204 
B11eional de. alloys; abort courses on 
Aprendizaje copper alloys 

Co•ta ln•tituto 0.04 Extraction of alumiaiua 8 
Rica Techaoloaico maerah. lecycliag and 

refining of aluaiaiua alloy• 

Ecuador rolitecnica 0.06 Aluainiua alloyiag serap- 7 
cle Littoral recycliag and refining.Pure 

Bi clefonaiag Zn and Cu alloy• 

Peru IllGENIET 1.708 Explora~fon and evaluation of 
depo•~tc (Cu, Pb, Zn, Aa); 
(S~, w, !u). Proble .. of 
undersround minins, bene-
fi~iation of ores 
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There is atill .. ch to do iii oner to ,., tile MCeaaal'J att•ti• in ._ 

countries to technoloaical de'ftlopment oft• pro61cti• of aema _. fiai.elled 

products. Table 3 reflects •- infonati• alNlut tile a+D actirities of 

selected Latin America iaatitutiou in the field of --fernu •talluqy 

(13). 

Firat of all, it eeem tut Table 3 coataiaa mlJ a ••ll fracti• of tile 

l+D actiritiea in n.-ferroua •talb iaduatl'J ia t• Latia American 

countries. Very probabl7 R+D is l>eiag carried out ia tlle facilities of tile 

U.Ortant state-Olllled or private c_,_ies operatilta ia the naioa. 

Bewrtheless, tile informatiae in T•le 3 •rita attnti•, tile R+D actiritiea 

are dealing vith: 

- prospection and aining of non-ferrous ons; 

- beneficiation of non-ferrous ons; 

- production of n.-ferrous •tals; 

- production of allOJ'•i 

- extraction of precous •tab and other useful COllpOD•t• of tile ore; 

- automtion, proceas and quality control; 

- reCJlciag. 

The projects reflected in Table 3 are well chosen and the7 could aarel7 l>e 

included in a good technoloay progra- for the region. •wrtbeleae •n of 

tbea is dealiag explicitl7 with dovnstreaa proceHiag. Therefore, tlle 

expansion of the activities in this direction see• to be the ••t desireable. 

In the context, it ia worth mentioniag that recentlJ the •jor traditional 

copper and al•inium TIC• have streaathened forward intearation. Phelp• 

Dodge, Aaarco, Iaco and 9oranda eatabliahed or expanded fabricatiaa 

1ubaidiariea.(8) In tbe UM, a+D activitiea concernina new iaacwative 

aluainia pNceHes wen alovecl or stopped. Though projects reprdiaa 

iacrealiaa efficiency in the layer and Ball-lleroult proceH are beina 

continued, a+D progra-• of the 1':-1est US producer• wen reriaed and 

eaphali• was shifted froa the•• pro.;eHea to other na•ly dowutreaa 

activities. (14) It ..... to br hiahl7 adri1eble that l+D iaatitutiona 



.. 
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opentill& ia .._lapi• ca~ri• re ..... alee p~iw te die c' s• •i~" 
..... - ~ .. _._. of __ ....._.. .etala. v.ler t• ---i~ IHIHllJ 

prewilil• worl .. We ia t~ - le~ .. tala &-.tries ia dllt follwba • 

attapt - ..- ia oder h 11ucrae die tiffe..- •ia • .._ of 

tec ... la&ieal dnelat•Ht lllaich eelected ia tli.tkw whn ef dMe 

i.nllutries accedi.lla tot:._ cbancter oft• ~irit7 ..-r uaieftatioa: 

- iAleati'fic:KHa of die pnc:HRa; 

- replace•at of die .... lltte ~t•• t; 

- tee8WrJ of ... itiwl wet.l u-. IH•• of ne pEKeue• on; 
- ea_.liala pnmct:i.aa apsitin .at nacW.S t'be geaerallJ accepted 

.uai ... ecoaomc plaat ai&e onlJ aa the ... ia of reliable ecOllOmic and 

•rket aoalyai.a aad alMler-e.ceptiaaallJ fnourable Mti_.l coaditioaa; 

- utili&i• all poaaibilitiea for pnceaai111 prodacta (e.g. a,ecial 

alaabi-. coruadua. fused alumina. copper aulpbate 9 etc.) 

b) Production of aeaia aad fiaiahed products 

- aelection production profile aad aiEe using all tecbaological 

poaaibilitiea; 

- Ullder fnourable •rket coaditioaa eatablialmeat of productiaa 

facilities without ova natural ruource•. with aubaequeat - if 

appropriate - later upatreaa iategratioa; 

- promotioa of the de•ad for aoa-ferrou• •tal• • particularly •ia 

creatioa of adriaory aerrice• for cuatomra. 

la Part C of the report• whenever possible. iaformtion will be P.•e• 

ccmcerni• tbe tecbaolosical characteriatic• aad alteraathe• reprdi• t'be 

productioa of the •tab beiaa oa the a1enda of the firat couultation ••ti•& 

vith due conaideration of practical applicatiou; operatiou related to t'be 

elaboration of •••i• aad fini1hed procluct1 will be detcribed onl1 for 

aluainiua and copper. 
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c. CWMC'EUSTICS GI' nl laU Tl' llM'IC& llUCISS UID D tllE 

'Dae eatnctioa ef ...... te. its •fiaila ilito al ·- • .-11 .. t• 
pntlacti- - die atal ., electa.l.,.u ... •ll .-..1U11e1 ... flhait•· 
Al~ a a~ i .. wna I ef dime ,_nHM is ~-. piece. I «1• tal 

~an .. t l .. Hht I, die ... K t•ie CJ&I RJ• ..Ute Hlllllftea .... 

at pnHK will 9et tie a limtills ~ h l•t..,r a1••~ ef die al .... U. 

i••atEJ. 'Ille .... licatiea ef .. te ..... WI••• el n•te .._ ... lliPt 
fsilitate tile i••tificatioa ef - ete ..... ih psti.a-11 ia -.et.pi.Ilg 

countries. llewrtlaelea• tlae pnceuiac ef lw arade b..aite• aed .. -i...aitic 

•teriala iato aluaiaiaa aipc UYe local hiportaace. kcaue •- comatries 

•1 waat to procea• tlleir exiatiac 09D r• •teria 1. 

All eaeqrceatric aepect ia .to-iaatills 1-otla ia aluaiDium prvdactioa and 

couumptioa. deteniai• tlae 41ewlopmeat trend. 1bis and tlae better 

eaploitatiOD flf c.,ital looU - d1le b their iacreaaiag coat - ia tbe promoter 

of tlae 41enlo,_.t of tlae la,er aad Ball-llerault proceaaes. Apart froa the 

climatic factor tlaere is ao teclaaical liaitatioa to uae these processes 

aDJVhere ia tbeir preaeilt or 41enloped fon, prorided tbe erected facilities 

cu be rua aed •iDtaiaed ia a 1iwa couatEJ. Hc:ausz wlaea deaipims the plaat 

a naaoaable choice of automtioa aad •claaisatioa va• •de and the per1oaael 

vaa expoaed to aa appropriate traiabrg. 

Due to esariroa9eDtal protectioa COiiine •re aad .,re iato tlae fore aev 

alulliaiua ••lters are of the pre-backed aa ode tJpe uabrg aaad7 aluaiaa. 

Tbia ia tlae rnsoa tlaat aev plaats are baaed oa the productioa of tlais t,,e of 

abmiaa aad soae older oaa - if aot pnduciac HadJ - are traalf Ol'Md to 

pro4uc:e tlaia •arietJ of almriaa. DeYelopias couatriH laaYe ••tlJ trilaydrate 

t7pe bauxite, the production of aaadJ alma cauaea DO probleavitb auc:h rav 

•terial. 

I 
i 
I 
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'fte .._,.,_.t ia ..m-pn•ru' t.•ricati• l..U to • m>n ., =ic. 

Alt._.-tm .._ic •"•ctiaa -""• an •11 .._. •ise "'ec1•H, .. t t'
efficiwy of tllue pmcenea •• wll u t'* ~ti- of pn•cu wit• 

i11e...- ... litJ .. t1acera 187 •teMilY ia t• fen ef nce.t .._ .. , t. 

&1-iaiaa's ••ce•• ia t• cia .. 11titiea wUla otller •teriala ..... .,.. t• 
•tea41J U.inn11 at ef die pnfertiea of it• M9i-pn•.rta ia oder te aet 

~ter •• ...-..e nttna 1 l•. llti• et.jllctbe _.men ec.,..;c 

•n•rti- an t'- •ia dewebt•H t1 «e•riea ia t•i• fiel._ 'llllllalMe, 1llaea 

es~liaiac f.an-icdia fecilitiea tt.e pn~r -.ip ef die p~t 9lis ii of 

parwewill Qiportw. 

Sise of -it• plaJ • iilfottMlt nle ia die ecGiWMf of pn•rtiaa. 'Dae 

•i&e of aa al.-iaiua plant grew froa tile pnrioas UO,OOO-lS0,000 tn to a 

line cap.city of 300,000-500,000 tPJ. Plaat capmcitiea reach or nrpua beace 

often 1 llillim tPJ. Oa tbe act.er ead ••ltera are ......a.ya kilt vitla 

cap.cities of aHat 100,000 to 300,000 tn. tt.e actaal capacity 41epadiag oa 

the liae c•acity. 

Si&iag of aeai-prodac:tioa lines is a comple& queatioa. 'lbeie are certain 

aeai-product• the transport of vbicb is oalJ ecODOllic vitbia a wry lhlited 

area. Fortu-tely such aeai-producU caa be produced ia relatiwl7 ••ll-ai&e 

plants. Thia ia tnical for enruded products, vbere 1-3000 tn prodaction 

ft1eilitiea ai&bt be ecoaolli.c. lolled products OD tbe other end are 

transportable e•ea to loag diataacea, but the si&e of tbeir econcllic 

productioa is much larger. C.at-rolliag uaita could be of ••ller ai&e, eftD 

10,000 tpy uait• alcbt be riable. Such production lines haft to operata, 

bowewr, ia coajaactioa with a ••lter aad tbe apecuua of tbe aeais 

productioa vith tbb tne of equi,_..t is aarrowr thaa vith uual rolliaa 

ailla and tile fabricatioa of ._. ~ip-all.,ed aluaiaiua products is Mt 

poHible. 1'lae ai&e of ecoaoalc rollhc ailla - vbich are iadepeadeat from a 

••lter - i• much laraer, at least 40,000 tn aad the larpr the cap actirit7, 

the ktter its ecoaomr. Cold rolliaa aill• could be of a ••ller ai&e tbaa 

the hot oaea. It ia i ... l, bowftr, to have both at the aa• place, otherwise 

an iatenediate product bH to be •bippd to the cold aill, but it ia also a 

c.-n practice to ••t up cold llill• ·~•Hias coila. 
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llajori~ of the rolling ailh are located ia the ceater of cou.ption. 

eupppl7i• vi.th their product• relatiYelJ large areas. Due to tnalpOrtatioa 

reaaoas eatruaion fecilitiea are located aearer to the ca•t-n. 

The location of f i.aiahed product maafacturimc facilitiea ..,_.. oa the 

tne of product and the tec-..,10&7 used. Special •rketing and pmmtioa caa 

be carried out for fi.aiahed product• harimc a pn+-i•at al-U.i- content. 

Vim and c .. le •aahcturimc. fecilitiea pnHlucillg kitc'--re _. other 

uteuils. c.ataiaera and certain alumni- prodacta for the .. ildimc iadut.y 

could be tJpical oau. 'Ille eettillg up of such fecilitiea • .,.... - iD the 

•jorit7 of cue• - oal7 from the market• --.tic prices of the pndact and 

the choaea ~ec:llDoloU. while the local pnductioa of ot•r tnn of fia iahed 

products depends to a larwar extent froa the geaeral deftlopmat leftl of the 

area under coaaideratioa. 

Prices per uait of •ol119e are aubject to great •ariatiODa• ewa where the 

hlk of a concrete itea coaaiata of aluaiai- atructures. Sa• .,,uea alao 

to ••ll-i&e object• (e.g. artifacts) the prvductioa of which - ia spite of 

the ••ll aerie• iDYol•e4 - •7 be throughout ecoaoaical. It should be 

pointed out that with pleiaer ite•. ia vho•e •aufacture relatiwl7 fev and 

ai11ple operatioaa are iDYolft41 (e.g. bollovare). as a rule only laqe-acale 

prodactioa •7 be a payi• prop09ition. la contradiction. laoweftr. vbere 

wages are lov and iDYe•t••t reaourcea are poor. tbe .... facture of deerdrava 

kitcheavare •7 ewa ia ••ller aerie• be ecoaoaical. 

Approxi•te opti ... c.,acitiu for tbe large-scale •aufacture of aome 

aelected fiaiabe4 ite• are dealt with in Table 4. 

Capital expenditure ia related to that of erecti• a ••lter. Froa a 

c011pariaoa of the correspoadi• figure• it will be obHned that specific 

bweatmeat coata for oae tone of fiaiahed product •7 grutl7 •al'J with tlae 

t7fe of product uacler re•iev. and ., be aa mch aa 5 to 6 ti_. that of tbe 

incot (e.g. in ca•• of kitcheovare) or juat a fraction thereof (e.,. in caae 

of furniture fr•••• ladders or Kaffoldi••>· One point, hovever. ia 

e.,.ciall7 •ignificaat: reaaoaable •ise capacitiea for thia tJPe of product• 

can be fond in the 500-5000 tPJ range. 
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Dm.E 4: &CDIOllCAJ' :r ™5111.E MIUllJll SIZE w FACILnIES 
MD DED. lllSU''ATICJm aJSTS 

. - - - - --- ---- - - -t-iu..a - 100) 

Plant 

Finished prvduct •mafact•re 
Iitclleavare 
ca.. 
Li .. id aaa •ottlea 
Caab 
bdiatora 
I.Mp poata 
Stra..ied win. •ina•lated 
cOIMhactor 
~lea. U...lated cODductora 
Coataiaera .- taaka 
Colhpsi•le t•e• a .. •rosol 
Httles 

Saachri.cb paaela for the kildi• 
industry 

Portals. • .. 11 ••ildillga 
F•raicure frame. ladder. 
scaf foldillg 

2. C!pper 

Processed metal 
per c.-

100 

O.l 
2.25 
2.0 
0.4 
0.15 
1.22 

4.4 
10 
1.2 

5 
0.7 

1.0 

0.8 

l.neatmeat coat• 
per cent 

100 

0.6 
7.2 
3.6 
1 
1.1 
1.8 

0.9 
6 
2 

6.5 
0.6 

0.4 

0.2 

Ka.t copper today ia proceaaed bJ maillg. vaate lea..-:hi• and cemeatatioa. 

coaceatrati•• amelti•• a .. nfini•· Open-pit aiaina ia •re ~ than 

undeqrouad maia& aDL ownurden. or vane. coataina aome copper. Frequently 

the vaate i• leached to extract tbe copper. wbicb .. y be reccnered bJ paHi• 

tbe leach sol•tioa tbroap a._. of .crap boa. precipitatia& metallic copper. 

and diHolri11& the iroa; the laat operatioa ia called c.-tatioa. 

'Ille copper on fro• tbe aiae, oft• coataiaims leH tbaa 11 copper• ia 

traaaportd to the coaceatrator when it ia first cruabecl aDcl thea srouacl vith 

vater. !be around on alurr, •tera flotation cell•, where copper 

coac•tratea an collectecl aa a frotla. rol1ovi11& clevateri11&, tbey eater the 

... teer. la the ••lter the ealfide aiaerala react vith oxypa aDcl fluxea to 

produce i.-are copper •tal, so2 , ancl al&• S•ltiaa occur• in tvo 1tepa. 
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la the nwrberatory furaace. the copper concentrate is •lted to produce 

•cte. the abed eulfidea of copper and iroa. llext. air ia blowa through the 

•Ue ia tbe cODWrter•. produciag impure copper plus a elag coataiaiag the 

iroa. 1be impure copper is then cast iato aaodes aad purified bJ plating oato 

pure copper in - electrol7tic tankhouse. 

Other bydro•tallurgical proceesea include tbe direct leachiag of on 

folloved bJ recowry of copper bJ cematetioa or electrovinniag. leceatl7. 

hovewr. hydro.tallurgical treatment of concentrates ia lieu of ••ltiag ia 

being deftloped ia oner to aYOid the high cost of emrironmeatal coatml 

fmcilitiea required ,for aev ••lters. (28) 

la onler to decrease procluction. particularl7 eaerg7 costs the 

cODYeatiaaal copper sulphide fl~heet couietiDc of curshiag. griading. 

flotation. devateriag. ••ltiag aad refiaiag uaderweat wry eigaificaat 

chaages since the aid seYenties vith the f olloviag •ia tread. 

1be esc:alatioa of ei.&e (26) ia ainiag aad ailliag equi,.eat to bring about 

r~ductions in operating aad .. inteaance cost• (tbe so called econoaies of 

scale); intensification of cheaical. PJrometallurgical processes bf iajection 

of o:sygea. bJ which reactions wen aped up aad capacit7 of furnaces incna•ed; 

replacemat of espeasiYe PJrometallargical proce••e• vith high eDeraJ' 

consU11ptioa bJ leH ezpenaiw h7dro•tallurgical proceHu which promote 

cheaical reactions at lowr temperatures aDCI vith amre thorough treat•nt of 

•terials. 

In aiaina. teclmologiul improTements ra11&e fro• improved aDCI aore 

efficient eaploai••• to •re accurate aad greater mol>ilit7 drills. In aine 

ore handli111 .,..cem, imprne .. u haYe ra11&ed fro• in-pit 90Yable crushers to 

de•elopma& of fleet• of aiant trucks and ch••• to larse toanase 

transportation (avaJ froa tram and trucks) aad hu&e CODYeJOH. 

eo-i•tioa operation• account for over SOI of overall •illins 

(crusbiac-arindias-cla••ificatioa-concentration-devaterina) costs. 

ClassificatiOD operatiOD• 1eaerall7 include iaten1ediate co..iaution 

operatiot1e after reao'7al of .. cerial alreadJ reduced to a specified sise. 
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lo this re.,ect. in the la•t two decades a flmdaeental chamge in 

c la•dficatioa techaolo11 ha• been taltiag place al.,.t •iftnall:r by 

nplacimg ralte and bowl cla••ifier teclmology with hydncyclonea. The 

tremendous adYaDtages of hydn»cJlones are their effectiw classification and 

aeparation of fines. lov cooa--.tion uf .,are part•. wry ••ll siae of 

equipMDt. peraitti.ag to double grindiag capacitJ under the Hae roof. and 

their easy adaptation to automatic controls of the grindi• circuit. 

Autogeaoua griadi• i• the grinding of ore by itself rather tUn by 

special -tallic or noa.etallic gri.ndimg bodies distinct froa the ore. 

Bovewr. autogenoua grindi• is not al-1• sacceHful for crushing and 

arindimg •ia chUDb of rocks by itself. due to a deficiencJ in the nck media. 

or when frequent changes in qualitJ of media occur. In this ca•e in order to 

asAre SmDOth operation8 large 8teel &rindiag balls are added iD quantities 

betVeeo 21 and 10% of the total wlume. Currently, ••t of such 

aeai-aatoaeaou• ailla carry less than 51 by volw of such steel balla, while 

the traditional ball aills use a 451 by YOl- ball cbarae. lo ••t porphyry 

copper operations today, vhich treat such large tomaages as between 20,000 and 

150,000 ton• per day, seai·autogeooua aills ia fact replace secondary and 

tertiary crushiag and the rnd aill grindiag stage. 

In tbe area of concentration, tecbnologicallJ new systea for replacement 

of traditioaal flotation cell• v .. developed ia these last :rears in Canada. 

Thia is the so called colum flotation. !be idea offers a number of 

advantase• in the separation of different ainerah, particularly ia the copper 

induatry and in tbe area of byproduct •lybdeaa recovery. 

the principal characteristic of this columa is that it baa no recoverin1 

parts and ••lid• are kept in euspeaeion by rbiaa bubbles aloae. 

B:rdromtalluru, ia particular the leachiac techaolo11 prove4 to be a 

eafe, efficient and coet effectift aetbocl for a number of .. tale, which 

include copper, sold and uraniul'I. Theee cheaical proceHH can be carried out 

in a number of va:r•, etarti• with in eitu leachi•, vhn fraae .... ted and 

fracture4 •teriab b not excavated, or by the heap leachi• aetbod vhea the 
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brolr.ea rock ia d_,.d oa specially prepared pad• aad aprimled with leach 

liquors tlhich -ere CODYeDieatl7 recia:•lated. · .J.eaclaiag caa 'be carried out also 

at at•apberic preaaure or ia closed 'ftSaela at eleYated temperature -nd 

preaaure. It caa be purely chemcal. uiag acid. caustic soda or cyaaide. or 

biological using partiuclar atraia• of Nc:teria. Dae bacteria do aot actually 

leach the -teriala but rather reader thea a_....le to subsequent chellical 

leach 'bJ speeding up the OJtidatioa of tlae sulphide m.-rala. 

Leachiag is relatiwly cheap aad simple teclmology. easy to iataHluc:e 

aince it nquires little in the -Y of sophisticated euqipmeat. Leach li41uor• 

obtaiaed either 'bJ ia situ. heap. Yat or •itatioa leaching are conducted for 

purification to a aolweat eJttractioa •it and then aujected to reduction to 

the •tallic state bJ electrovianing (to copper cathode) .. 

While sulphide ores can be chuply leached 'bJ ferric aolutiou laelped bJ 

bacterial leaching tecbaolog. with OJtidu tnated 'bJ •re cODYeatioaal acid 

leaching., the aev aolweat eJttractioa teclmolog ghes a possibility to 

effecti..el:r clean such aolutiou for their fiaal ele~tanrinniag •t~p to 

produce higb-purit:r (99. 9% Cu) cathode. This s'IJEV tl!chaolou is aov highly 

popular in dneloped couatriea., auch aa tbe USA and Cenada. 

Hore than a..,.._re else. cost cutting tecbaoto1iea ha•e apread in the 

pyro•talluqical area., when coats are high because of hip eaeqy 

consumption. Oae -:r to do this is to decreaae the taperature of coa..ersion 

of •ineral• into •tal. such a• is acc011fliahed in tbe Segnaatioa Process. 

The other •thod ia to iateuif:r the pnceH vitb OJtJleD iajectioa. 

tbrou1h which reaction• are sped up. capacit7 of furnaces iacreaaa and 

product• are obtained at a l0111er coat. 

The ••t succeHful new ••ltiag proceH is doubtleHl:J the Outokumpu 

fla1h S•lti111 which cOlll>iaas roasting., •ltiD& and partial conwrtiag into a 
0 

siaal• proce••· When only pnbeatad air (to 4SO C) va• u1ad to suppl•••t 

the heat seaerated b:r the notberaic nidatioa of feS, •tt•• a11ayed than 

only 4S-SOI Cu., aad fuel oil needed to be added to finish the reaction. With 
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the iatrocuctioa of OXJ&ea earichecl air. the process Mc._ c011pletely 

autopaous aad tbe copper coateat of the •Ue bcreaaed to 65-701. Vith a 

higher grade of •tte. the required conerti• c.,.city and eaeru consumption 

fell aha-..ply "7 as much aa 40 to 50 pen:eat. Also. adclitioe of oznea reduces 

the wlu.e of gase• and iacreaaea their so
2 

coateat froa the aorml 10-15% 

to aa •~h as 30X .. 

the fleaibilitJ of the flaah s•lti-. process ia term of treati• 

coaceatratea of waryi• COllpOSitioa and concrolli• •tte grade is based oa 

tbe fact that the degree of oaidatioa ia au..,eoaioe ( flaah) ••lti-. caa be 

regulated rapidlJ and eui17 "7 cha•i• the ratioa of coaceatrate to OXJgea 

ia the proceH air. 

Amag other up-to-date copper ••ltq techaologies the El Teaiente. Iaco
11 

Jlits•ishi and lloraada pncesaea ahould H -•ti.eel. legardiag selection of 

•in teclmological optiou for the production of copper aem tbe folloviag 

might be taken ia coaaicleratioa: (27) 

la every tecbaological route coatiauous caati• processes are reco-aded 

to apply 11 which offer iacreased 7ield • lov eaergy coasumptioa and capital 

hweatmeat 11 decreaaed eaYinlmeDt pollution. flexible pnduction capacity, 

aood productiwitJ • high product quality. 

Vire rod production technolou •bould be •tcbed to the local or regional 

de•ad. Vbere the de•ad ia lov and exceHiYe ore re•ources are not 

a•ailable11 flexible or lov capacity proceHea •hould be aelected 11 like 

Outokumpu. Ce dip-forail• or horizontal ca•ter•. Tbe beat solution ia to 

hne a pos•ibilitJ for casti• not ODlJ different ai&u. but ewn 

dif fereat alloy• oa the ••• equi,_.t. 

Cold rolli111 aill• equipped with hydraulic acrevdova and auto.atic 

thicluae•• nplatioa are rec~ed to appl7. Collbinatioa of 

tvo-hip/four-bi&h or four-bip/Z-mll •1 coalide-.ably cut iave1tmeat 

coats. Bot ailla •hould be Hlected only for ftl'J hip de•ad or •pecial 

c••••· 
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For heat tnat..ta of •tripa. virea a..S coiled t.._ 'bri_. .-.lU. 

'bell hrMcea offer the H•t aol•tioa at tM •-•t upital illweat..at. 
- ... . - - - " - -- -- - -- ----- .. -- . -- - ----- - - -- ----

Iadinct preaaea offer a ...-.er of _. .... , ..... 'b•t at ~·~ ..-ri.s .. tal 

dinct prea•e• an •re flexiltle mp'l'diag tt.e prodllct .U. a.ri• a 
auitaltle extnaioa pn•• a l011er dwad fer win rod can 'be temporarily 

co'lllered too co-.nmi•i• on the a:i&e of the coib. 

Bi&hlJ efficient. wry productiw •nufact•ri• •tbods an ia operation 

ia ae'ftral couacriea for the low-con production of 'bra•• rocla uai• 

al••t 100% scrap. Couiclering this feet careful atteation haa to 'be paid 

to the de•ad aide in this sector too. 'l'be 'beat techaological alteraative 

in this field see• to 'be the uae of estruaion and aom Scbuag type 

contimaoua dravinc. fi.aiahiD&. chamferi• mchi.aea .. 

Teclmological route for copper tube •nufacturiD& should 'be selected on 

the 'basis of several factors. In a plant having free capacitJ on a cold 

rolli.Dg aill. welding tubes fro• strip aud drawing thea on skinner blocb 

could be aa ideal solution. In case of a plant having free capacity on 

the exiati• extrusion preH,, reduction on drawing beaches is the opti•l 

aolutioo offering a very wide product mix. The ••t efficient way for the 

production of •diua and ••ll ai&e tubes ia the continuous casting -

pilp!r rolling - spinner black dravi ... 

Vben eatablishing copper and copper alloy seaifiuiahed product 

•nufacturing, spacial ellphasia baa to be •de on recy1eiag production and 

collected acrap. The better the scrap is separate~ the ~igber ia its 

value. Rip econo., can be achieved uaina eve1y scrap for its proper 

purpose. 

3. 'Lead aacl sine 

The co.,lexity of leacl-siac i>rea has led to "u•roua flovsheeta for 

rational recovery of different •tal components in the different ore 

collbinatioea. The •jor types of ore• 10 far have been lead-sine-copper ores, 
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learsnc orea, copper-zinc ore•, and lead-copper ores. tbe o'ftrall reco'ftry 

of •tala in auch c~lex ores, men calculated on their recowrable content 

into a fiaiabed concentrate, rarel1 exceeds 801. 'l'beae recowriea are ewn 

lower if -lpbidea are llixed with oxides. In fact, flotatic..n recowr!.es do 

not preaeat •DJ dif f icultiea as far aa bulk flotation concentrates are 

coaceraed. Metal loaaea atart principall1 in aelecti.e flotation. 

Tberefore, in the treatment of complex lead-zinc aulphide ores tvo new 

baaic appnaachea haft e•rged in theae laat years: one, which tries to atart 

nro•tallu.gical treatment of bullt concentrates ri&be froa tbe beginning, 

without prerioua separation of ina~ridual coacentratea, ancl the other, which 

improves technoloaiea for teat.at of the indiridual concentrates. 

In the firat case, excessive loss of •tala in their flotation aeparation 

h avoided, ancl tJpicall1 90-95 percent •tal recoveries are obtaiaed agaiut 

the awrage 80 percent recowriea bJ other clasaical •tboda. The 8Dst 

outatandiag in this respect is the Imperial s-lting Proceaa vith 13 

industrial installations to its credit so far offering an overall recovery of 

about 95% of the •tab. However, in some cases tbe l11perial s-ltiag Process 

is not quite suitable for solving all proble•, and new, cheaical processes 

are being «leveloped for tbe ••• purpose. 

In the area of direct ••ltil• of concentrate•, like vith copper, there 

are two type• of new proceHea in development: those vbich use bath ••lti .. , 

such •• the Boliden laldo (TBIC) Process, and the QSL Procea1. The other 

group of direct ••ltiag furnaces are tbe flash ••ltiaa technoloaiea as 

developed by Outokapu and Kivcet. 

At •DJ rate, it should be clear that these e•raiag technoloi!.es should be 

still convinciaglJ proven in full scale induatrial planta. 

4. !!! 

Under the preaent condition• of the tin •rut ecooOllically more effective 

•thoda are particularl1 i11pe>rtant for this industry. Amons th•• the fu•ina 
I 

proc••• and an efficient .. thocl of flotatioa for tin fin• .. ric 1pecial 
•' attention. 

11 I 
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Duri• the 1970'•• aa iacreadng proportion of iode tia hu beeu aiaed, 

due to the aradual ezhautioa of MUrcea of allurial tin. It ha• beco.e 

increasingly difficult to obtain hi&h-grade tin coacentratea at a high 

recowry fro• lode •terial. Rather thaa lose increui• aaount of tia by 

atte .. ting to upgrade tbe coaceatratea, there bu been a tread tovarda tbe 

fuai• proceaaea, which can gift a mdi- grade concentrate of 40-50% Sa at 

high recowry rates of owr 90%. 1'bia compares vith 50% or leas recove:ry for 

obtaiaiug concentrates of about 601 Sn by m.ral processing •thoda. 

Fuaiag, ia fnourable cases, •Y replace aineral proceaaing alltogether to 

produce a coacentrate directly fro. the ore. But this certainly requires 

high-grade ores to •tart with. Fuaing non.ally requires products of 71 Sa and 
mre. 

la an endeoor to recowr aDre of the fia~ tia produced by eftr finer 

grincling to li:.erate caHiterite, particularly if this ia iati•tely 

associated with aul,hide ainerala, flotation has 'been widely introduced, aot 

•rely to float sulphides away froa ca•aiterite conceatratea, but also to 

float caHiterite fro• tlN gangue aiaerala. Although the productioo of this 

flotatioo concentrate caa boost tia recowry significantly, by 20% and mre, 

ti-.:: pproduct ia very low-grade, around only 20% Slt, and calla for nev •thods 
of treat•at. 

5. Bickel (28) 

The treatment• used to recover the nickel froa aulf ide and lateritic ore• 

differ coaaiderably because of the ore•' different phyacial characteriatica. 

The sulfide ore•, .;a which the nickel, iron, and copper occur in a physical 

llixture as di8tinct ainerala, are aaenable to initial concentration by 

aecbanical aethod•, eg, flotatioaa and •cnetic Hparatioo. The lateritic ores 

are not •uaceptible to theae pbJ•ical proce•••• of beneficiation and cheaical 
aeana mat be uaed to extract the nickel. 

Pyromtalluraical Proce••••· Sulfide ore• fir•t underao cruahiaa and 

aillina operation to reduce the •terial to the neCHHl'J dearee of finene11 

for aeparation. froth flotation or aaaaetic •eparation proce••e• reparate the 

aulf ide• fro• the a•naue. M08t •ulfide ore• then underao a aeries of 

pyrometalluraical procHH• con1btina of roHtina, ••lti,na, and convertina. 
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Rickel oxide ores can also be precessed bJ nrometalluru • the1 are 

••teed with a aulfidiug -terial. e.g •• m~. to p~~~e a~ iroa-nickel 

-tte. that can be treated aiai.larly to the •tte obtained froa sulfide ores. 

Both type• of on• can be leached with --.ia. Lateritic ores can also 

be leached with sulfuric acid. Because of poaaibilitiea of eaeru saving and 

rate of •t•l recowr, this process aeem to attract ao.e interest. 

D. lllll1 DIIECTIOltS OF .. D ACTIVITIES 

In this contest. the moat prolliaing area• for technological dewlop•nt in 

developiag countries seea to be those related vitb: 

Energy saving• and -teriala handling in lliniag operations; 

Energy aaviaga and proceHing efficiency incre•nt• in comainution 

operation•. including seai-autogenou• grinding and cyclone classification. 

Substantial i.,rove•nts in flotation technology through greater volu• 

flotation c ·Us. introduction of new types of flotation cella, s.ach as 

column cells. and i.,roved reagent formulae. 

Greater u•e of hydro .. tallurgical enezsy and capital saving tecbnologie• 

a• reflected in bacterial leaching, aolvent eatraction and electrovinning 

technologie1. 

Introduction of proceHe• which perfroa conversion of the •tal content of 

aineral•, both of sulphide and aon-•ulpbide character, into the .. callic 

•tate vitb tL.: lowest con•miption of energy, a• for example ia the SX/'IW 

and Sesregation proce••••· 

l11provement of the effectivenea1 of the layer aluaina production 

tecbnololJ throu&h better adjuataent of diae•tioa and precipitation where 

appropriate, iaten•ification of red-... d va•biag in order to reduce cau•tic 

con1uaption and produce a leH eaviroaaent pollutina •d. 
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Greater emphaaia on byproduct recow~ in all pbaaea of kae •tala 

production. iacludi• flotation separation. bydm.etalluqical. 

pyrometallurgical or electrometallurgical separation. A lmllber of 

important •tala. aucb aa gold. silver. •l1Weaua. cobalt. biamtb. 

aeleniua and rbeaiua. galliua and vanadiua. can serve aa waluable 

byproduct credits to reduce procluction coata of bue •tala. Alao. 

oon-aetallic component• aucb aa nlpbur and arsenic •J be recowred at a 

profit. 

Organization of the proc:eaai.ug and better waloriutioo of i.ntemediatea. 

If -..propriate mmafacturiag of the follori• products, e.g: OD aluai.aia 

basis; artificial white bauxite; special aluainu; different •tal 

compounds aulphata. oxides etc; aluminiua 199.99. 

Organization of collection. proceHi.ug and uae of recycled •tala. 

Introduction of mdern oxygen tecbaolo11 in baae •tah ••lti• in all 

its possible forms, vitb a clear aia towards optiaization of results both 
economically and capacityviae. 

Realiaation of •1•teaatic coat reduction ir the exiati• aluaiaa ameltera 

through i.,roved control of electrol1te COllpff ition. temperature and of 

eel 1 operation. 

PoHihilitiea of production of broader apectrua of aaaia froa aluaioa and 

copper al loya tbrouah contiououa cutiaa. 

Reconstruction of exiati• rolliac ailla and equip thea vitb bJdraulic 

acretrdovn aystea, electronic drive reaulati .. circuits, aut01111tic 

tbicbeH and shape control and reaulation. 

Confection of studies related vitb optiaization of scale of operations for 

a detenioed proceH or tecbnolo11, which can com froa eCODOllJ of acale 

or tbroup ainiaturiution of plants more in accordance vitb national 

necessities and possibilities. 

Systelll9tic study of potential advantaa•• to expan•ion of exi•ti111 

facilities throuah improved and inten•ified technoloai•• ver•u• 

con1trvction of new plant•. 
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Initiation of the desipa and mmafatun of eqai,_.t for tile pndaction 

of aeais. nitable for •ni• the •ltiple Yariety of ••ll-oden· ·

typical in the •jority of cues for dewlopi• countries. 

It is particularly gratif7i• to note that aewral of the 8'ow uplaiaed 

ideas are reflected in Table 3. illutrati-. the actirities of Latia American 

Rt-D iaatitutions. and are related to the tedmical ccroperation pncr._ of 

UlilDO: 

Greece: 

China: 

Ct.ile: 

India: 

India: 

Iadoae•ia: 

China: 

Eatablialment of the tec~ecoaaai.c riability of Dduatrial 

scale production of artificial refractory bamtite ad ria oxide 

uaiug indi5eacus rav •terial. 

Erection in the ZlllBG-2BOU altmini- complex of an indaatria! 

experimental tube digestioa unit for the proce••brc diuporic 

oree. 

A multi-disciplinary ll+D progra- ie under Uipte..tation to 

boost the application of the bacterial leaching of copper oree. 

Decreasing the •pecific oil coneaption by at leaat 20% of one 

of the aluaina calcinere ia lorba aad iacrea•e the proaction 

capacity of the kiln by about 60%. 

Verification of the .. vantaaee of adopting periodic nwree 

current tecbnol0&7 in telllS of iacreaee in the refinilfl rate• at 

the Iadian Copper '°'t'lex, Gbateila. 

rrorieion for the Iadoneeian Government of the infomatioa 

aeceHary before taltieat an ine•t••t decuioa npnliaa the 

eetabli•bment of aluminiua dOWD8tna• iadu•tri••· 

Coawrdoa of the Caans-Zbou 'steel villdov fra• factolJ into a 
I 

model aluminium viadov and door fra• plant leading to the 

ettablbh•nt of •iailar plaau in otllar location• of the 
I 

COUDtlJ• 
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It is also worth _.tioailla that UUDO coutitatilla ia aneral 41ewlopi• 

cOU11£ries t:o-tlle ~ioa aDILexpeMi.oll of c••bilitie• for canyi111 ~r a+D 

actiYities in -tall•r&J• 

The ~ uceq.ta froa mlDO' • prosra- •.-atrate the Yalidity of aa 

integrated ...._tnaa oriented ..,roach to the awlopmnt proltl- of 

noa-ferrous •tab i ..... triea. 

E. COll:U!SlCllS 

Then ia little doubt that •- exiatimg aad -rsi• new teclmologiea in 

the area of aoa-ferroua -tala industries caa h of areat ._fit for 

dewlopitlg aatiou. !be -t aipaific:aK aeea to h tboae vbich an rele-.at 

to the ainiag aad extractiw •talluqy of copper aad to the furicatioa of 

alumniua aocl copper aeai.s. !be use of adYaDCed technology in Yarioaa 

countries can greatly coatrikte t.o wrtical iate,ration of •tallurgical 

operatiou aad horisoatal iatearatioa with other productiw sectors. Vertical 

integration in the area of ....-ferrou8 •tab not only reduces tra9P0rtation 

coata related with ahippiac •tala iuu .. of coacentratea kt also aeneratea 

new employment iD ••ltiac aad refining aad leaYes in the comatry the .. ._ 

•alue of the •tala. It also contri'butea to areater access aad coaaU11ptioa of 

•tale in the country throup a•l...-nt of aeai-.nufacturiac ad 

•nuf ac:turimg iocluai.ries. vbich caa 'be 'both esport and internal CODSUllption 

oriented. Such is the c:.iae of COllftrtiag copper cathodes into wire rod, which 

la then traufoEM41 into iuulatetl aad 'bare vin aocl ca'ble. 'l.itc...,are, 

conductor•. viadov-fr-•. contaimr• ,.ckaaiag •teriala are produced from 

alulliniua. Zinc aocl copper are rav •teriala for 'braH mlla vhich 

•nufactare •trip, ro4, ltar•, mch•ical wire aad a ..-.r 01· ... factured 

products. •uch •• plubiag aad c.-rical ta'be. OD the other hand, fouadrie• 

proceH lead. &iac, tin aad copper iato a llUllber of a1101• and caati••• while 

powder plaata produce •upplie• of powdend •tala. 
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All claeae pnduct• fiM practical •e• ia .. ildi•• electrical. 

electnaic. trauportatioa aad ot•r i .... tries. iacl•ill& ialutrial 

mc•i.ae~ ...... i,.at. CGDaamer ... aeaeral product• iM•tries. 

oace clleap aad uple suppliee of -tals are ._.ticall1 aYaiU.le. t•1 spar 

a ....._r of acdritiu related wit• t•ir •e• ... C011£rnate to •rist111tal 

iatearatioa of t• -tals aeccor vitla ot•r pn61ctioa ... --.factari• 

i.._tries. 'Dais is ... rt froa t• creatioa_ of _., actiritiu related vi.t• 

aperatioa of ... auppliea to •tal illduatriu t-..e1..... •uda .. aeru 
.... 1,. tnn.,.rtatioa. all sorts of •terials ... food •-..lies. 

c-icacioas. etc. 

Processillc • ...._..r appnpriate of t• iatemMiate pnHlucta of t• 

differeat eperati_. ia tlae ...-ferrou •tals illdaatrie• ia olwioulJ 

iatecral part of t• wrtical iategratioa poliq. 

Iaiciati'fta regardi• co-operation ammg dewlopimc c:oaatries iD tbe 

proclactioa of warioua seai.-products could laaYe soaad •uu ewa ia lack of 

•tal productioa ia tH area uader couideratioa. Iacnuimc ...... ia a 

region ia •iffenat •tal proclacu aigllc vell jutifJ auc• co-operations. 'Dae 

prodactioa of a broad wariet1 of aeai.-prCMlucts Deeds ... 1, a •rket of 

couiderable si&e vlaic• is sel.._ aYailule ia oae couatE7 as illutrated by 

tbe uaple of sewral deweloped c:oaatriea. 

'Ille ftrtical iategratiOD of t• DOD-ferrous •tals iadustries ia 

dewelopims couatries is 1aiai111 aa ewea areater importance wlaea oae consider• 

tbe possibilitJ of iatroduci111 aev, iatesrated tecbaoloiies for mo•t effectiw 

aad lowest cost produced tecbao1o&J. Ia aewral deweloped c:ouatriu 

coaditiou for maimg aad •talluqical actiritiu are deterioratias. lletal 

•rkets are aot espectri to bprowe aubstaatiall1 ia years to co.e because of 

both t .. luaer 1rovtla ia •tal demad aad tbe niati111 owersupply. Vader 

tbese coadiciou of tlae stratesie• of de•elopi111 couatries ia tlae aoa-ferrous 

•tals iadu•tries are basri OD aubstaatiallJ decnasn pftHluetioa costs aad 

aot OD espectatiou of laiper •tal prices, theJ Iii.slat acquire a biger share 

ia c ... supplJ of tlle iadustrial world vicla differeat products of DOD-ferrous 

mtallul'IJ. 

' 

I 
I 
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Practical illplemeatatioa of MV tedmoloaies ia tile ..-ferrou kse 

metals area ia •ewlopi• comatriee will .... uin a rat•r complea ... 

i-iuti-.e cmbiMtiOD of work at e&ieti• rue&rch facilitiee at 

uabenities aad aatiGDal research ceaten. alOllC with work at U....trial t7fe 

ruearch •ra•isatima aad easiaeeri• firms. 

Creatioa and operatiaa a•neory aenices for •tal cut .. n --1• l»e 

iacludd froa the H&imli• ia tile •tiOMla poHDlJ' nai-1 tecMol0&7 

proar--•· 'Ille p..-e of t-.e senices is t• follOlriaa: 

to ... st the e~c ue of --fernus metals •• .n..e1,. •• poAible; 

to ezplon aad promote aew 08tlets for these •tals; 

to help pnMlacer• aad ~r•., pnri•img teclmical adrice ... 

docu_...tatioa aad by orgai&ha traiabc ac-... for their ataff. 

Sewral high-stadard .. D iaatitatiou are operatimg ia dewlopiaa 

couatries ia tlle aoa-ferrous •tals i ..... tries. 11aeir coatributioa will l»e 

importaat to the iatroduction of aev teclmolo&ies ia the iadustrial practice; 

particularly the aHUS8eDt of the riability of aev proceHes aad teclmoloSJ' 

apt be ~rtad. Direct tedaaoleu transfer froa important CompaDiea 

operatiag ia dewloped couatriea is also to be eariaap«I. 

Siace it• establislmeat UlllDO ha• alV&J'• ••e particular efforts to 

c~ribute to the dewlopMDt of the •talluraical ia.tuatrie• in dewlopiac 

couatrie•. UlllDO operate• oa requests fr .. iadift.dual pw~t• tlaroup the 

proara- of technical assistance. Tiie operatioul actift.tie• aupported by 

the orgaaiutioa of a,..,_ia. aeaiaara, export aroup meeti••• WDrkAopa aad 

tlle preparatiOD of atadiea, paper• aad other doca8eDtatioa. 

Tbe coawai11& of the Firat Couultatioa ia tlle lloD-Ferrous lletala 

Iadutriea repreaata aa importaat mlutoae ia UllDO'• actiritiea reprdiac 

aoa-ferrous •tala iaduatriea aad it haa to be reflected ia the relnant 

proar•- of t'he organisation ia tlle future. 
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eo.ceraillc operatiODal actirities it seem t .. t t• ,..ai.ble coatributioa 

of nIDO i~ t_!le foll~~•..!iel•-~-~.l!l B-".r:tiaalulJ_ .,pmciated: -

Teclmical e.al-tioe. laboratory testiaa of ra¥ •terials aa4 ot•r 

produces; 

ProrisiGD9 of espertise for efficieat operatioa ... _,.eraisatioa of 

existi11g prodactioa uaits; 

Creation of •ft.ory semce for customers. 

'!be follorap of tbe coaaultatioa meetiac will also require a couiderable 

upauioa of the supporti• actiritiu of 1JllDO priacipally with the objectift 

to rewal furtber possibilities of the deftlopmat of tbe DOD-fernaa •tals 

iaduatries iD dewlopi• couatries ria .-1e1ioaal. 1e1ioaal aad iaterre1ioaal 

co-operation. It seem to be desirable. t .. t pm-tiaclar atteatioa •hould be 

payed to tlae dewlo.-at of aeaia aad fiaislled 'rodacts MDUfacturi• io 

dnelopiac coaatries. Actioa orieated atMies as well a• e.,ert croup 

metim&• slaoald also be initiated with a riev to ideatify the poHibilities of 

desica aad ....t.cc.ri• of sem-fmicatiOD eqaipmnt •re suitable for the 

coaditioas pn.aili• ia dewlopi• coaa£ries. 

1. Dewlc.ei• coaatri•• •J wish aad co~•iu operatiaa ia tbese couatrie• 

are iDYi~ to coasider: 

To follOV'"11p t• ..._lop••t of c• teclmoloci•• Hi• used ia the 

acm-ferrou •tab iaduatriea with a Yin to iatroduce la the practice of 

the couotlJ t .. ••t effectiw aad saitable aev fiadinc•; 

To establish the teclaaoloaical •ad prodaccioa ... .i.,...c proll'a-• of 

the aoa-ferrou• •tale iaduecri .. heYi• ia Iliad all po••ibilitie• 

derivio1 froa the vertical and horisoatal iatesration of the Hctor; 
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To ~lon - when appropriate - all possibilities of aubrecioaal. recioaal 

and iaterreciQDal __ c~ration, aida could reasonably l>e conceiwd under 

fair and equitable conditiou for tbe cnation of tbe new objects for 

ainiag or atraction of ...-ferrous •tab. ln all cases appropriate 

feasibility and .. rketiag atudiea an requind in tbe decision makiac 

process; 

Vbeae1'er appropriate. local subregional, regional and interrecioaal •rket 

possibilities aen euaini11& the proltlem related to the utaltlia1-nt of 

semi.a furication facilities. 'Dis action ai&ht l>e pxofitable - in 

fnquent case• - e.en baaed on imported •tal. Similarly. installation of 

production of finished goods in a countrJ vitbout hning aD:J f•rication 

facilities tli.ght lead gradaallJ to a demand in seaia which can induce 

later on tbe enction of facilities for seaia productioa; 

Tecbnological possibilities of gradual deftlopment of seais-production 

p.rticularly the viable si&e of cap.cities for the fabricatioa of extruded 

and rolled products through different suitable processes; 

The esublisb8ent respectiwly tbe stnagtbeaiac of ll+D institutes for the 

noa-ferrous •tab industries and adrisory service for it• customrs. 

2. Dewlope!I countries _, vuh and companies operatiq in these countries 

are invited to consider: 

When establisbiq new production facilities in the non-ferrous metal• 

industries or replacing for different reasou exiatina oaes to locate the• 

possibly in dnelopina countries following an objectift analJ•is of the 

expect• production cost• aad on the basis of mtually advantaaeou• 

aareemats includina financina; 

To n•iev with particular attention ia the framework of relevaat 

co-operation aareemeats the poHibilities of involvina co.,anies operatina 

in de•elopiac countries into the supplJ of sellis of the •rket of 

dnaloped countries; 
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To proride for deYeloping countries iafor.atioa in the actbitiu of a+D 

iut.itueiOllS• -edwi_,E'7 Hrri~-aDd.,.., tedmologi't:at--.chieuw• in the 

non-ferrous •tala industries vlaich aiglat 1>H useful for these countries 

in the selection among possible realistic optioa•; 

To receiw traiDees froa dewloping countries in pu-ticular iD courses 

dealiag vitb different problems of application of DOD-ferrous metal•. 

3. ~ -y vi•h to coDSider: 

To circumcribe first the follow-up of the First Consultatioa ill the 

BOD-Ferrous lletal• Industrie• to alumniua and copper, eapandi .. the 

experience of the•e exercises to lead, &inc. tiD and nickel; 

To strengthen it• •upporting acti•ities vi.a preparation of actioa oriented 

•tudies and tbe organi&ation of expert group •etincs cacerning the 

following important i•sue•: 

to review po•sibilitie• of •ubregional, re1ional and interregional 

co-operation in the transfer of the most effecti•e and particularly 

•uitable technological iDDOVationa to the non-ferrov• •tals and 

finished product• of different ngion•; 

to identify pos•i.bilitie• of co-operation a.:mg diffennt countries 

in the supply vitb •eais of non-ferrous metals and f ini•bed products 

of different re1ions; 

to investipte the modalities of desi1n and •nufacturiac of 

equip•nt for non-ferrous •tab aeais production suitable for the 

conditions prevailing in developiaa countries. 
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Staff -.bera in the S19tea of Conaultatiou Diriaioa aad in other units 

of the Secretariat were utremly helpful in proridi• pidance and iaformtion 

for tbe preparation of thia report. 'Ille helpful attitutde of the colluguea 

vas hiply appreciated bJ the drafter; 
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