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1. Copper production is one of tho most important end
rapidly developing branches of modern industries.

The developuent of copper industry iu the develoving count=
rics has a number of features: it is based on veliubively rieh
raw materials &nd oa building new plante (this allows %o effeces
the most advancéd technical projects); a major part of copper
' is exported to other countries (this places more
“strimz;m;t demandc on their quality). For cthe successful dovee -
lopmen: and maximum Q.f.ficiency of copper produciion it ia
necessary vo take into consideration the main tronds of worid
production the most interesting of which are: chargz: in raw
materials base, the Adevelorment of technological processes,
chaﬁges in gecsgraphical distribution of plants and economic
characteristics cf production.

2. A main trend of changing raw materials bage of copper
industry is the lowering of an average covpver content in ores
concurrently with descovering and developing a amcll number of
rich depoaits.
| It creates a need for increasing the volume of miuning per
unit of copper (by five times comparable to 1900), treating
low=-grade and hardly-dressed ores, showing interest in new rew
materials and increusing the share of secondary materials
sources.

3. The tondencies of developing copper production ars
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motivated by such factors ag growing deizands A(and a3 a regult
lucrease of production), changes in a rsw materials base; the
Technical advarces in co-operating industries, index rise of
labour, equipment and construction coagts; changes in the fuel
power bslance and prices relationship for some types of fuel
and power, a need tor abating water and air pollution and others.
The main trendis in technological advances uader influence
in these factors are given as an oxample in this papsr,
including:
= Application of continuousg and irtograted processss (consinuousg
converting, flash smelting, ete.):; |
- Conplex usage oI rew materialc (sulphux recovery from zeses,

meludiag converter ones, metals recovery from dust ond stogs

’

«fin% of =ilicates and iron éonta.i:;ed in slags);

- Davelopment of “reating bulk (nardly troated) rav Laverigls
with combincu oporations of sepax'atirg  velubale coupononis
in a metellurgi:al cycle (hydrometallurgica), treatment of
copper-zink ccncentrates by methods, applied et Kosaka plext,
KIVCET proces:, etec.)s

- Bxpansion o hydromotallurgical treatment of ores and concentrae
tes with appling extraction-sorption, autoclave end siuiler
advanced proccssesy

~ Intensification of production processes (fluid bed roasting ,
smelting with hot and oxygen enriched blast, increasing of
current density, oxygen usage during converting sulphide
concentrates, bacterial leaching of ores and dumps ote. )

~ Use of new power and fuel sowrces, as well as sesondady power
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ressrvas iwids application of natupal #as, s0lving the problem
of using hos., senerated in =il types of smelting units and
converters;;
= Tmproveuwsnt i1a cxpansion of purilying gases and waste waters
(apylicailicn o oew puwrifiog methouds, erection of costly air and

wagie water jrn-tsailationg),

4. Tachal-ai aivances in copper indust oy inﬂuence the ':hango'.
in diswributioa of netallurgical plants. New plants ars erected
in the regicur w:ik fuvoupatle rnarketing conditions. Thig is
deterwined iy such facturs ae the e roasa of concentrates
Convomiiig, oo wiit of produced copper, incrsase of output per
wZiy of w2 oerials due to their cemples usage, production
of lac: tran pricalia DFeproauct s, creation of large complexes
on the ous- ©” c=cupsr production (with the aim of producing
Portiliners, @ anwetion materialsg, eted, ’
5. Trepis ¢ ths chenges 22 raw materials, economic conjunc-
tuire and tscrnical progress cause definite shifts in operating I
results of corpei production, namely: lncrease of costs and prices !
(in capita.is’ countries thig is largley connected with market

conjuncture anu fluctuations of production), reduction of e

working forc.: aad productivity growth with increasing of capital
investaents snd rising of coustructlion projects costs.
6. The above mentioned trends in the development of cop-

per producticn are interconnected to a large extent and deter-

mined by the iniluence of such factors 18 demand growth, technical
progress in co--~~cperating branches of industry , doplationlor

raw materials sznurces.

Au illustrated scheme, showing the formation of trends in

copper industry, reflects these relationship.







The production a.nd' consumption of copper ig a voxry izporteont

faclor in the economic and industrial structure of the present~

~day society. A unique role of copper and copper alloys ja g0lving

of a number 41 the most important provleuss of technical progrese,

and in the first pluace, the clectrificaetion of induatey has
prlaced copper industry emong such branches which defines the
technical development and econonical independauvce of gome

couutries. And it is no wonder, that copped prcduction imer

CEVEY
uore rapidly in the developing ccuntries, which already accoury
Jor about 1/4 of wordd output.

iV is interesting to rewvmber, thet the rapid econouical
developuent of the Boviet Uuion and guccosafull eleciurification
of the country r:iay be explained among othor reasons by the
high rate o: building coppeér plents in the period of first {ive
Year plens and radical changes in copper industry, which Legan
during postwar years.

The development of copper industzy in the developing coun-
tries has a number of featuras: it is based on relativaly rich
raw materials and on the building new plants (and this allows
to effect the most advanced technical projects); a major part o7
domestic made products are exported to other count>ies &nd due 4¢
this factor , all shipped products must meet strict demands of
the World market.

For the successfull growing and highest efficlency of copper
production it is necessary to take i:ixto“éccount those trends vhich




prevail in the world copper production and at present deterxzine
the teohnical and economic aspects of this industry.

Bome of these tronds are considered in this raper. I'rom our
point of view the developing couztries nay be interected in the
fcllowing problems: changing of raw meterials for coppor industry;
improvement of technology at copper plants changes of geogrephi-
cal distribution of plents; changes of operating results.

T.TRENDS I CHANGING RAW MATSRIALS OF
' COPPER INDUSTRY

A main trend of changing raw materials of copper industry
is the lncrease o cocpror ore reserves at @ steady decrease of
the average copper content with developing some rieh deposits,
the share of whicl in raw materials amounts to 10-20%. it the
present time an sverago content of copper in the mincd ores ig
about 1%, and tbus 50 times less than iron content in tho mined
ore and 50 times ubove the average copper content in the earth
crusti copper concent in some rich deposits 5-8 times higher
than the aversge cne. Given below arc the data about dowaward
trend of acceptable copper contents in the United States,which
to some extert are characteristic for many industrial developed

countrieas

o - e

1906-1911~ 1921~ 1941~ -
Yoar 1880 1902 1910 1520 ‘1340 13;3 }gggnqggg

Copper content,




The lowering of the average copper content in mined ores
is largely set off by technical progeesa in ore nining (decreas-
ing costs per a unit of mined ore), in dressing (Lmprovement of
soncentrate quality, roduqing copper loseses and producing pyrite
‘and zinc concentrates), metallurgical processes (loworing of
copper losses, increasing of metal quality, production of
sulphuric acid, precious and rare netals, using seoondu-y.
power resources). However about S0% of cdppor price rising during
lant 70 yoars may be explained by the lowering of tho average
copper content in ores and the necessity to troat 180~200 tong
of ove to produce 1 ton of metal (1n 1966-68) instead of 40 tong
(in the early of 1900), k

Due to the naturel leaning of copper ores in geveral countri~
es it was nocossary to treat oxide and wixed ores, which ave
not e@sily willed by couvential methods (floatetion) and to
Use new copper resources, including underground uaom.ng
solutions, as well as waters of the worid occan in the future.

As a rosult of the unfavourable balance of raw materisls
and the growth of cupper Quantity, used 1n various .'mdustriu
the share of secondary metal ig steadlly increasing . If in
the developing nations it does not exceed several per cent ’
in the developed countries the share of secondary copper is
emounted to 40% and shows an upward trend.

Thus the copper industry is confronted with the following
major trends of changing & raw materials bases
= lowering of an average copper content
- treating low-grade and complex ores

~ an interest to new copper sources
~ inoreasing the share of secondary feed materials.




These trends greatly influence the technologies and econo-

mical effectivenoss of copper production.

TRENDS O ADVARCES IN IECHNOLOGIES OF
COPPER PRODUCTION

The technical advances in production in the first place
| must ensure piogreas 1n ecohomy reducing the expengses of
production, rising officioncy of capital iavestmentg, the BTOW..
ing of labour productivity, increasing an output of producta. I
i8 closely coponected with definite tasks amnd wdrkj.ng conditions
of plants. In other words each scientific and technicazl idea .
Or a new process is realized in industzy oniy in the case if
there are all necessary prerequisites, end the realisation itnelt
givos definite econcmical advantages. If the changes of tecanical
progress prerequisites aré not accidentel acd if @ new process
allows to improve economic etfectiveness, we can gpesX atout
definite trends of technical progress in the given industry.

With this point of view it ig hecessary to consider the
most important trends of technical developnent of copper
metallurgy: the application of continuoug and integrated processes,
complex uses of raw materials the advances in the troatment of
bulk materials, the expansion of hydrometallurgical methods ot
treating ores and concentrates, the lntengification of productior
processes, using secondery power sources and new sources of
power and fuel, the expansion of cleaning gases ana waste waters.,
Here we do not consider the problems and trends of technicg)
progress in mining production, as they refer to nor=ferrous metale




lurgy in the whole.
a) The applicatioa of continuous and integrated

processos

An interest to the devoloonont of coutinuous and integratea
processes is determined by the possibility of reducing capitol
investments and operating costs, the improvement of vsing
power and fuel, tha decreaso of netal losses, thse raduction
of the working forco. The intcgration of two or several opsra-
tioms in a single wunit basically changes prhysical and chenical
principles of thege processes, a heat balance and demands tho
radical charges and principal new design idea:. Thus for tho
application of continuous ang ecpecially integratied pYocesssg
88 a rule it is necessary to modernize operating facilities
or to erect new plants.

As sn example we can cdnaidar tho processes of continucug
convertins and the integrated brocess of roasting and Srelting
in a furnace for flash smelting of copper concentrates.

It is known that ome of the essential shortcomings of converte
ing matte is its bateh type character. Ia thig connection in
recent years in various cowntries sciontists carry out resocar:n
work in the sphere of inventing a continuous brocess of producing
blister copper. It is worth to mention the follcwing main acti.-

vities in this spheres a process, which was at firgt developed
in the Boviet Union by professor Diomidovsky D.A. in 1959 and
later improved in Cszechoslovakia with using a furnace of a rever-
beratory type; the WORCRA process, invented in 1963 in Australig;

the process, developed at the Research Centres of Noranda Co. in
' Canada.
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In Czechoslovakia the exploraticn of the continucus convort=-
ing was carried out in a pilot furnace of a revo.'.-bera‘qory type
with a daily capacity of 6-7 tons of matte containing 411-44%
copper. The investigetions are being coutinued in the direction
ot creating counditions for recovering of by-product mixxarals;

The WURCRA process, proposed by the australiau scientist
Dr. Worner is developed atv Port Kembig. The process has a number
of advantages. It 8ives tho possibiiity %Yo oliminatc a rcasting
operation (though it is necossary to dry feed concenvrates),
to exclude the treatment of return converier slag, to reduce
fuel consumption, tc decrease & working force, to apply sutomg-
tion on a wider scale, to reduce losses ot copper, contained
in slag and dust; waste gases contain enough sulphur for
producing sulriuric acad.

The process of Noraada Co. is somewhat _glifterént from the
WORCRA preccess based on the sawe prineciple. It is carried out
in a rotary converier with t"yres, located in the lower zona

_and the countercurrent flow of matte and slesg. The WORCRA
furnace is of a reverberatory type withftiu’rea located vertically
above the bathi; slag and matte flow in the opposite directions.
It is expected that at the pilot plant of Noranda Co. blister
copper, containing ¢8.6-99% Cu and slag with 0.2~0.3% Cu can

be recovered from the concentrates, containing 26% copper. The
process allows to reduce fuel consumption by 50 per cent, to

decrease necessary facilities and personnel and to spply auto-
mation on a large scale.

A typical example of an integrated process is the 20 called




L£lash smelting of copper concentrates. The process in one of
simultanecus roasting and cmeltirg. In this caso i% iz possini:z

to use heat o oxidizing sulphides with almost comp.letic reducli

k]

heat consumption , and also to incrsase the officicncy of a
unit and practically to recover all gulfu: (exoluding tue
quantity which ims necessary lor matte fom.ug). Ac compared %o
ordinery mattes tho coste of treating rich coppor matts (45-E0
porcent coppexr) aros roduced by two timog. lowaver tlds Procias
demands careiull drying concentrates (0.5~0.3% woisture) aud
3¢ 48 necessary o treat slags with a high coppex content.

Thera ~re two methods of flash sueltirg: in 'fs}io oxygen
atmosphere (Gopper Cliff plant in Canada 2nd Alnalisk Copper
Works in the sSoviev union) and anolting with hot blowing
(Harjavalte Works in Finland, Aghio and Ko.saka Woxrks in
Jgpan, Leia Nare in Rumanic),

In the cuse of flash smeltirng in the oxygen atmogphore thc
erection of an oxygenm plant and oxygen pipelines deumands a0ditio-
nal cepital expenditure, however the Prooeas can be further
intencifiod, end gases evolved during smelting, eontaln vp %o
90% of sulphurous anhydride.

‘Comparing with separate roasting acd smeliing and integraiod
process of tlash amelting allows to cut operating costs per 4
ton of Dblister copper to 10-15%, taking into account of less
costly converiing rich mattes, to reduce the working force to
25-30%, to decrease capital investment by 10-15% end t0 increase

sulfur recovery.

The ’a.dv‘antaeu of the process mentioned above have attractod




attention whidle modernizing operating plants s wall as erscting
new ones. In 1969 flash smelting uunitc with Lot blowing were opers
ting at four copper smeltors in the Woxrld, but by 1972 iho pro=-
cess ig expouted to be applied at 7 plant (2~ in Jopen, 2 - in
Australia, 1 - in Turkey).

b)Complux using raw maitenicis

Complsx uring feed materials is & typical tnead in dsvalop-
ing many brachbes irdustry due to the posaibility to produce
a large quentity of adéitiomal producis (eulphuric aoid, rare
and precious ~ucal, iron, couatruction muterials) withous new
capital investients in iucreasing raw materials. Ln vecent yoars
ic copper industry tha fellowing tocoad  of COLPAOX. UBLDG TAW Miw
terials have Locome most typicals
~ Fecovering wine end pyrite inio selective concertrates UL 2
the benaflcation or chaleonyrite end COPDBI--ZI0C OTIB}
= recovoriag wmeclibdenuw into concentrates during the veaneficis-
tion of copper-molibdenum ores; '
- using sulphur of roaster, smeltor and conveirtbor gaces for
sulphuric acid production;
= recovering copper, zinc and associated elements fiom slags;

- using silicates of the slags rfor the production of construc=-

tion materials;

- recovering sclenium , tellurium anda preciéuu metals from slud-
ge, formed during electrolysis;

= recovery gerianium, indium, bismuth and other minor and rare

metals from dust; formed during uetallurgical processes.

At presont ovulk recovery of valuablie conponsats (copycf.




precious metals) is in the range of £0 per cent.

in *ne costs of raw materials the shai'a of byproducts nescic:
30=35 per cont and ineluding idon and :ilicates it is abowe 507,
Practically only 10-15 pexr cent of these conponents ara recove-
red into commercial products. Thig nears, thav there are congidge
rable reserv.: of cowplex using raw materials and +hi problar
car. be considered s urgent for nzarest yoars. bulphir recovery
and s'ags treatment have a véry great inportance, These pMcessa;s
account for aigbly profitable production of uddisioral (10=20%
and as a rule deficient produvcis such as sulphuric acid¢, fer=-
tilizers, cousvruction materials, and in a mmuor of :csea 1p0m
in the form of cart iron and steel. These products ara egpeci-
ally siguificant fow the developing countries.

The ex.:7ience and calculutions show that ak coppar crelcers
about 85% por cent of ali sulphur, chargee wiaeh ip foed materi.-
als can be used with a definite advauvase. A relatively lergs
qQuantity of sulphur passes into roastex} geses ‘up Lo 554),
converter gases (up to 25%) and into gases, formod duvring
einder smelting (up to 15%). Technological lossas of sulrhur
are in uvhv runge of 5-3 per cent, the quantity of sulphur, used
in the sulphuric acid production is amounted to 93% per cont.
Nowdays in the main producers use gases, Tormed during roast-
ing sulphide coppor concentrate and in & minor quantity gasses,
evolved during converting low-grade mattes.

An adcitional quantity of sulphur can be produced by apply-
ing the integrated processes of roasting and amelting, using'

oxygen-enriched dlowing, smelting copper concentratos in rever-

beratory furnaces (in this case sulphur concentration in geaes




AN i AR R i e . S - o

w10 -

is enough for its profitable ussge), as well as by uasing cone
vertor of new dosign (such as convertvers, used at the Onghama
in Japan, Hobocken in Belgiwm and others).

Sulphur recovery is the most profitable in the systsn
of coqp).éx using ocopper raw materisls. At relatively oquul
ocapital investmonts in sulphuric acid production operaving
costs of producing acid are nuch less when using sulphur pyritve
or elemental sulpbur as receiving sulphur containing materials
does not domand any exponsea.

Costs of prod.ucing Copival investment
Raw materials 1 ton of H,50,, per 1 ton of ILSU,,
e 4! . % 4
Bulphur pyrite 100 100
klemental sulphur ' 175 30
Copper smelter gases 30-80°) 20-90*)

L]

Blags are re-ireated on a wide scale at she plants, wheve
feed soncentrates have a high winc concent. Zine und copper ars
recovered froa these slags mainly by funing process. Iu soue
cases rich slags (those of flasi smelting and converting) are
Sreated by beneficiation with floa.ation copper recovery., Teshnicel
feasibility and economic expedience of couplex treetlment of nlage
make no doudt. ixperience and sconomioc calculations show thas
iron recdvery in the form of iron powder or cast ircen and pro-
@uction of various building materials from silicates make it
possidble to lupp]; these products for the plant itself and t’or
& meighbouring region, and economic advantages of slag vra.t:l.ng

*) Depending on sulpbur concentration in gases and the quantity
used.
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increase up to j0-40%. Enough to Bay, that the cosis o?f sleg
cemeniy prodauciion aro 25-3%0 per cent lgss than thoso of Produw

cing ordinsr; comant,
¢) Advances in treating bulk raw waterials

Rising costs of raw materials and trsaiment of compleiz oren
explairn 2 uow trend in metallurgical treasiiang of bulk foed nate-
rials: cepper pyrite, copper~zing, leac~zincw—copper and atc.

In this case it is possiblo to oliminate valuablo couponents
logses while prorducing selaective concen.ratas and to vay nore
atteniion to solving the provlem of separating vaolvsble elererniy
in metaliurgical processes.

AV pruseut monometallic conceuiratzs are nok produced by
floataticn, <= Lhey contain dafinito qQuentity oZf associated ele~
mentn, which can b¢ recovered as a result of 2oz 2% treatnents
of foed materials as gll plarzlts recciving thosoe concentraces.

If zine, copperand pyritic concentrates are recovered frcm
copper~zinc ores, Jopper in produced no: oﬁly at copper plents,
but et zinc smelters; sine is recovered not oaly at zinc but at
copper smelters, sulphur is recovered ircm copper and zinc con-
centrates as well as from pyrites.

Production of bulk concentrates ensures a 3-3% increase
in the racovery of valuable compoaents, and able all the
reduction of operating costs and capital oxvendiiures

Bulk floge Selective
tation floatation

Capital investments 100 119
Production expenses 100 138
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Bulk materials are treated by hydrometallurgical methods
(roasting, 1leaching, zinc and copper production by elactrolyain),
and pyromsteliurgical methods (for a exomple, KIVCEL procesa).

Both schemes (pyrometallurgicel and hydrometallurzical)
are rather efficient. Compartable to reverberstory smeliins as
a result of treating copper-ziuc congentraves {rom one of the
depnsits it is poassible to receive additicnal counerclel produots
valued at 23 M.roublas with cepital iavistments decrecase hy 9.4
million and operating costs redaced Ly B.9 M.:oubles a yeud
In this case cegplial investuonts can be justiiled in two years.
The treatment of such concenuvratos by wetiods, appiiad at the
Kooaka worke is salso efficient oeonough, though costuy are scue- -
what higher; capital evpenses are coupensated during tbrze

years.

It is likciy thnet the trends of trsating bull: rew materiolas
for some compler oraeg will remaia in the future end this
will be facilitated by developing methods of seperation
of valuable conjonenis in solutions, gaceous phase, nmelts ete.

In thia connection enough attention is psid to invesitige=
tions of ion exchauging processes, pyrometallurgiccl methods
with sublimation of some compcnents and their condensation
in the form of metals, as well aschloridyzing volatilisatiea,
"gegregation" processes and others.

It is necessary to note, however, that using direct uetal-
lurgioal methods of treating buik materials (bulk concentrates,
ores and s0 on) will be efficiant only in those casoe whean .
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valusblo minerals losses and opevating costs of metallurgical
procosses such raw materials are much less comparing with the
complete cycle of beneficiation and metal).urgicai trectmeat

- of all selective concentrates. At prosent these methods arve
used for treating extremely complex ores. Tha recovery of
valuable minerals from such materials is relatively low and
the production of clean selactive concentrates is conaected

with considerable diffioulties and generally is uaproficable.

d) Dypangion of hydrometallurgicul treating

ores ana councentratas

Due to copper deficiency and lowering ite coaternt in mined
ores much attention is being given to low=grede oxide gnd
nixed ores, which up to date wers not considered as importaat
raw materials for copper producticn. AL Preseni copper producsc
by direct hydrometallurgical recovery from such ores i8 about
10 per cent of the world output . Such methods hold greay
promige in connection with re-treating highly efficient ion=

chenging naterials (extraciing agents, sorbents) posseasing good
selectivity.

Hydrometaliurgical methods of copper recovery fron primaxy
rev naterials are used for treating mixed ores, oxside, sulphide
dumps, overburden and ores from mine.

Technologies of treating mixed sulphide oxide ores are develop
ed in the Soviet Union (the so called "Mostovitch method"), this
method, widely applied in the U.S.A. as known as “LP¥" proco'ss
(leach - precipitation - floatation).

Now both treatment of old dumps and heap leaching tecomss
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more important for processing oxide ores. The advantages of

heap leaching are rtlo.tivoh" low expenses, but operating costs
are higher comparing to loo.ch;n's. in tinh; acid consumption
increases by 2-3 times, the oycle continues for a longer
period of time. |

- - In view of the abovo' mentioned data some producers are
greatly interested in a project of copper are mining by molni 2

p:plo.:loa. the inforwmation being published by Kenneoott Ooppor

Oh'p and United Nuolear Corp. Investments into the project,
ineluding leaching of mined ore in the region of explosion
initially estimated at 13-15 million dollars. ,

The eperating costs of producing and treating solutioms, .
with copper oonteat of about 1.2 g pPer liter with a total eireu=-
lasioen of 7500 cubic meters and ceament oopper mltuc are u
the oxder of 40 oent per 1 kg of copper.

IS 4is planned to recover copper from solutions by extractioa
(1asvead of cementation) followed by electrolysis. Exiraction is
shewm $0 be effective in separating oopper from ruthenium and
other products of rediosctive delay, howover, radioastive con-
temimation of surrounding regions and u:l.-ie offects remained
% be a2 uasolved problem.

fhe teshnology and economics of hydrometallurgical meshods
of eepper production can be qualitatively changed by ion-exchanging
PPOeesses, imcluding extraction nethods, whj.oh are widely being
imvestigated ia various ocountries as wou as sorption proocuu.
vested ia the Soviet Union. The application of these procouu

are Justified above all by high cupper recovery and by the possi-




bility of its dirvect recovery from stripping solutions by elec-
_trolysis (in this case the operation of cement copper smelving
ie ellminated). ihis determines an efficient copper recovery
from various dilute~solutions, vhich is confirmed by some daéa Zi=-
ven below. '

In 1966 at Colorado Springzs (Usa) (teneral Mills Co. put
into operaticn a wnit with a capacity ol 1140 1/ming the soluiion
contaired 1.1-1.6 g copper psr liter. Costs amounsed to 2,1-3,8
cents per pound against 3.75 centa per pound in the case of
cementatior by iron,

Israel ilining Indugtrics (2t Timna) have producad 15,000
tons of copper from low~grado nres, Feed solutions contain
-5 & copper rer liter. Recovery'is over ) per cent. The costa
~are in the range of T¢5 cents per pound.

According to calculations cOpper recovery from oxide and
mixed ores by applying soirtlon processes without riltration
may be rather advantsgeoug. With increasing copper recovery
by several per cent against Mostovitch method (this is achieved
by complete leaching of copper in the presence of sorbent) and
the recovery’'the same quantity of precious metals the process
is more profitable and capital investments ar- justified in
2~3 years.

o) Intensification of production

processss

The intensification of technologi~al processes is aimed
at producing nmcre copper or treating more raw naterials; other

. . . o, ; 2 ‘. o NIRRTy |
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things being equal this facilitates the reduction of capital
investments and cperating costs per 1 ton of copper produced.
However intensification of production processes in copper metal-
luargy hag some negative sesspectg: increase of copper content
ip slags, dust looces rize, repid vear of equipment and lining.
And Dbesdide this it 13 necessary to invest additional capital
for intensificeticun (  erection an oxygen plant,  increase of
blowers, erection of units tor preheating air itc). The effi-
ciency of intensification ig determined by the ratio of above
mentioned ractors.

1t is8 wovth to mote thst inivonsification of production

processzes by nodern means (by uuing oxygen) has a number ot

- other favourahble offects. Thus oxyren-enriched blowing alongsid®

with intensification of smelting allows to decrease coke consum=-
ption, to produce concentrated sulfur gases and to cut dust log=-
ses.

In recont time the achievemnt:s of science have increased
the 10le of favourable factors of intensification of production
processes, and decreasing costs of capital cohatruction and
labour mede thess processes egpecially attractive.

In this connection intepsification of production processes
can be considered as & steady tendency of present day copper
production.

As most promising for the nearest years we can consider the
following tendendes:fluid bed roasting of concentrates, flash
smelting®), concentrates qnelt.ing in converters with oxyson

s ey WB O SBD P AR R 4 G Be s M G D es .

*) Described in the cection, Development of contimuous and
integrated processes.
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enrichod blowirz , increasing current density dueing leesre ly-
sis of conper, applying bacterial leuching of ores =nd avmag .

Fluid bed roasving is being cdeveloped in vhe Soviat Undon.
Tkhe efficiercy of fluld bed roasving futnaces as compazad w4
multi-heerth onas is increased 1.5«2 {ipes, thy precess ean be
efiectlively controiled, malxtonance and regal costs  eaw be
sharply reduc+d end technological pToCaLses e properiy stabi-.
lized. Anplyving fluid bed roasting it in pocsidble +s ocus onaeryt-
ing coets by 15-25 per cent und canital Luvoataents in iua
reconstructlcn cnd erection of rurnacen are ceaprugatod durding
1e5=2 yoarg.

The experionce of uslng oxygen for agglopmeratica of capraY
concentrates sl revecberatory smaiting rav cencentratcs also
showed the c¢ificiency of the in%enzification of thesa vrocaesyes.

The particvlar an inereace ot oXygea ¢onvent in the bilast
of a reverberavery turnace by 1 per cont mekes 1t rossible ‘o
rise speed ¢f amalting by 2.5 per cont and vo docreas? speelfic
fuel consumption to 2.2%; with the courideradlo reduction of
dust losses; sulphurous anhydride content rises up to 2.5-4
per cent aud it cen be used for moking sulphuric acid.

In recent years in the VSSR the donsity of curreat , used
in electiolysis of copper was congideradly increased to inton-
sify this process and to rise the output of electrolytic cOppers
Thus at oue of the plants currert density wes raiced foonm 189
a/m in 1957 to 240 a/n in 196%.

Incresse of current density along with riging the afficien~

oy of electrolytic copper proauction causes definite difficultio;
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in technologicel processes (currcent output declined trom 93%
in 1959 to 91.5% in 1964, power consumption insrensed by 2§ pexr
cent), Reoncmics of intensifyin; electroiysis ace liproved by
current revarsips. A nuaner of nlants where oxygén-enriched
Dlasting is ©oeing opp.ied for treating concentrates in cone
verters instes. ¢ revarberatory smeluing increases evory yaald,

Aside from rising the cfticiency of converter thin method <faclii.

. tate to increace suifir conbent in converter seses snd to nrodu-

ce more sulphuric acid.

At Hitachi worls (Japan) dried concentretes polliets arve amolte
ed in a converter us.yl ailr cenriched with oxygen to gbout 35%, 1
The iatroduction of this mathod insteesd of agglonosate axneltins
in 2 shalt 1uimace rave the tossibility to rise the offleciency
of preducticn wmoro thaa by teo time. |

At tho Coppur ClIFL (Canada) coppor comeantrzts is being
smelted in the couurtcer, blown by air, eurichced with oxyg.en
up to 29-30%. ihe vificiency of the convertors hes increased
by 50%, and as a result oue of the eleciric turnzcos and a
special convericr werc shut dovu. Lahourr and materials require-
mont bave roduced accerdingly.

As a result of detailed econcmic ealculstions Kennecott
Copper Corp. at its Harfield works decided to operate an
oxygen unit with a capacity of 363 ton of technical oxygon a
day. Technical oxygen(227 tons/day ) will be fod to the cone
verters to incrcase its concentration in the' blagt up to 23%.

This will allow to rise copper output without the installation




of new .onveircore, as well au i3u., content in converter gases
(frow @ o #~j), and sulfuric acid production Jucreeses frop
1270 to 1542 vons a day without reconstruction of the plant.

Chary -z =f concentrnt s ..to the converter is aimed to“
+nereasirg tiu.s weight of ons alt, taking about 10=-hours
from 60 . o&-72 tons, decraazing the quantity of raw mate-
rials fed ¢ o everberatory iurnace,; operating two furnaces
instead of thice units and reacing  suifur losses in rever-
beretory fur.aces gases.

Oxyrgar-snicken blast s aiso applied at the american works
Hayden (Ar.:-na) rnd Chino {dsw Mewico). At Hayden works one
of %ke coavertors produces Luut: and  in another this matte
is blowi: to LiiuieD copper; at. Lhe Cnino works blister copper
Iren conc2iimaves 18 producea in the gseme convertor.

An orgon wnit, which ie teing bullt at the Nkana Copper
pmelter (lemb’a) will daily produce 544 tons of technical
uxygen (9.0 ., costs of the projoct are in the range of 4.5
million dollars.

8inco 1962 it was supposed to faed oxygen—~anriched blast
to raverteratory furnaces snd converters, and this was to rise
the plant efficiency to the level, for the achievement of whigh
by usual methods would be spent about 28 million dollars.

It is the second among the largest units in the world which
operate at the plants of non-ferrous metallurgy.

The experience of treating pelletised concentrates in

converters has Leen gained in the Soviet Union, where one of

the plants is éucceeafully operating a unit which ensures
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about 15 per cent of copper output with a auvipg over 500,000

roubles & year as compared to concentrates smelting in a rever~
beratory furnace. .
The problem of'intensifying production processes of hydro-
wetallurgical treatment of ores sud dumps is of particular
interest, as one of tha main shortcomings of the natural leach-

ing is that this process is taking much *+ime.

In recent vears the investigalions conducted in various
countriss, show that in natural ~».dizing and leaching sulphide
ores one of the main factors is a bacterial process in natural
conditions. In particular it is found that per every ton of
sulphuric acid, uade by chemicul methods,up to 4 tons of acid
are produced by hracteria.

A pilot plant for bacterial underground leachiug at one
of the mines was desigued by the institute "Uralmehanobr", A
monthly productivity of a precipitation plant was about 20
tons of copper. During the rirst mocth it increaged up to 31 ¢,
during the second - up to 33 t, and during the third - wp to
34 tons.

As a result of the testg the efficiency of the unit hag
been increased LY 63 per cent. Cost price of one ton of copper
was much less as compared to tha*t produced from copper concentra-

tes.
£) Uses of new sources of fuel, pover and

secondary power resources

Deficiency and high costs or sciid metallurgical fuel (ocoal,
coke), the occurence of relative.y cheap and more avaiiable gase-




ous fuel duv to the discovery of ngw 8418 fields and sdvanceg
in chemistry cav:ad am active scarch fopr decrearing fuel
comswaptica in n/rometallurgicael processes end usos o low
sriced fuei and power. In principlo copper production dvea not
require consunpt.on of luel end power in laxge quentiting
{excluding “:i2 productlon of reiinad copper). Depending on
current density in  electrolysis the total pGvwer consumption
ie 200-230 wv-nr, and fucl consunpGion Ln the order of 42-20
per cent of charge weight. However in copper prcduction on é
widc scale fuzl and power consumpiion is rather groat. Fox a
plant with a capacity of 200,000 tons of rsfined copper coal
consumption colaled 200,C00-250,000 tons and bovwer requirge
mants lu the raage of 50 millicn kw-hLo.

A share of fusl and power costs in the expensee [or moatal.s
‘urgical processus i3 amountsd to 30~407% &nd in the votal price
costs of bl.ster cupper is avous 6=10%.

At present natural gus is being used at copper smeltcrs
of the Soviet Union and the United States.

The results of investigutions and the experience of apply-
ing natural gas in industry show the accuomic expedicnoy of
using natural gas instead of oil for tiring reverberatory,
rofining and other furnaces of copper smelters. JNatural gas,
used for reverberatory smelving mekes it possibie to prolong

a furnace compaign, to reduce fuel coets and favours the nolu-

tion of dust collecotion problems.

In the sphere of firs refining the investigations are aimed

at the application of natural gas for firing refining furnsces




and for technological purposes.

Currently a final stage of Iire refining (reduction)

- 4s »t1ll performed with the aid of expensive wood (wood poles)
which requires the application of manual labour and a laxrge
quantity of wood. The inveatigatiouns, on the chanrging of wood
by less expensive reducing agents (naturel gas) gave positive
reaults.

In recent tinme great attention is fooursed on the utili-
sation of secondary powor resources of copper smeltors. Now waete
heat boilers are being installed behind revorb;ratory furnaces,
converters and units for rlash smelting. The caloulations show
that the ussge of fluo gas hoatv for pPovexr and stean gensretiion,
as well as for prehoating air is favoursdle in all cases, whon
& pexriod of stable heat euigsion is not loss than 60=-70%. of
the operating timo of the main unit. Most effective is the
eomplex spplication of heat when steem, pewer and air are used

for the needs of the plant. It opens up posiibilitiu of

reduoing primary fusl consumption by 70805, .
It 1.;3 relatively simple to solve the probvlem of heat emis- -
sion from geses of reverberatory saolting which is a contimuous
prooess with stable heat conditions and low dust contemt of
Gases. The problem of using heat from the waste Sases forwmed
uring flash smelting with relatively stable heat conditions
was also successfully solved by means zore advanced methods.

A problea of using coaverter gases heat remained unulm :
for a long time.
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It was explaincd by the shap changes of gos VOLluges, ité
corrosive nature and the high contomination of gaces with dust
and particles oi liquid netals.

For achioving of the high efficiency in using heet it ig
necessary o prevent wn infiltration of cold air into waste gases.
At Onahoma piarit it is reached due to a special consiruction of o
converter Lood. Under such conditions it ig poesible to inoressy
sulfur concenvration in waste ganes end to preduce additionsal
quantity of sulluric acid. After three yoar operation of
wastoe-he~t beilers there was no corrosion 02 haated surfacos.
Wastoe~heat beilers generats about 10.4 tons of stoear an hour |
at 250°C and nnder the pressuro of 58 atm. Turvo=blowers
require atout 0% of steam, generated in waste~hoat boilers
of converters. |

AV the Boliden plent (Sweden) a waste-heat boiler for
sonverter gascs hes been in operation for cEeveral years ang
produces about 100 tons of steau a day. Os3 tons of steam is
generated per ' ton of bligter copper,

The experiencze of these and othor copper smelters shows that .
the problem of heat and suifur gases utilisavion can be succesc-
fully solved.

g)Improvement and Expaneion of gaves and wasto
watexr purification

UntiL the recent time little attonvion was given to the
pRobieas of air and natural water pollution, as air and waier
TeSOUIees wore considered to be pructically unexhaustable,




However in tho course of timo the alr poliution of induje
trial centres and sbotos as well s pollution of fresh wetcr

basins have become oo groat thav at prosent the solution of

the problem is of wvitel idwpurtance. In recent years countrieasn,

- compenies and separate enterprises iuvested great capital

"in creating wmore advoiaced alr and water purification systens

at operating end 1ew pleuis. This cen be considered &3 8 sleady
tendency in tho devslopzent of many industries, including coppar
production.

At copper sio.ter: gonorated gases and waste vaters oontaln
valuable components (copper, gold, silvexr, rare metsle) and
impurities (arsenic, chiorine, fluoriune;. Aside from tuis gasen
conteln muchk sulfur, which on one head ie of great iistersst
in an economic as;<ch and [1wu the other it ia a roel targur
of contaminatiryg surrounding avmospkers with a sulphurous geg.

At the plant:s, operating wizhout water ~ecirculation, during
beneficiation its concumption amounts to 200=250 m3 per 1 ton
ol copper and duriiug metallurgical treatment of ores snd cone
centrates -~ 130-150 i3, Tre volume of waste weters, wiich are to
be purified is abovrt 200--350 _mb pexr 1 ton of conpaew.

At metellurgicel planis air, consuned per 4 ton of copper
is in the order of 2H=6H m3 .

The totel yuantity of gases passing to atmosphere inoluding
a number of raw meterials components (such ag sulfur) reaches
30-70 n’ per 1 ton of blister copper.

Gases and waste water are purified with.the tollowing p\u\-

roses:




1) valuable components reoverys
2) improvent of working conditicns at th Dlent

3) prever:ion of air ani fodni-water btasy . - o lution,

The metr~ds of solving these piroblems i oy o iiirrert,

though in a number of cases trsy can be _solv.d Lot taneously.

“he diiiurence in overcowi.n: these prob. . r .y ne ~hown
by the follewing example.

For proiivable produetion or sulifurie 3.1 " w flue zaseg
the minim:n content of sulfurcus anhydride shoild ca 31 the
vange of ‘-%%. In the air of prowction budicoingy - tiphvious
anhycride content should not svceed 20 mg/y . AL tois content
a h=armaful ins luences on the personnes 18 not  cos,ta, Un the
-Ther naud in populated areas vt coucsubtraticr s lphuroug
arinyiridae in 9 air in the order of 1-2 m;z:_/x-l3 ooworaldared
to to undesirable, as the ini:ah: -ntg staye: .- 're -ll qay
round and at the concentrativn of 1.+ mg/m3 trgy luel nplea-
sent smell.

Contents of harmfull matter in gases and waste wnter exert
an adverse effec: on the whols bilosphere.

All this causes to errect at the enterrrises ~oiplexes
of air and waste water purifing installations, using new
material:, equipment and processas. Ic;n-changmg nettods of
waste water purification, biochemical, electrophysical and
electrochemical methods of air cleaning find expanding
application in industry. Of great interest are sorption methods
of purifying gases from some harmful impurities; these methods

are being developed by "Gingtvetmet" institute.
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Air and waste-water purifying installations become an

% integral part of cach concentrator and metallurgical plants, pro-
cessing raw metevials, containing copper. Costs of such equipment

are amounted to fi.-0( per cent o total capital investment in

By industrianl enterprises and  show cn upward trend.

I11. irenw: in Geographicul oistridution

ol Copper Inaustoy Tizoug

Technical rdevelopment of copper production and increasing
ite role in the .stracture of ainuustry determine the changes
in the dastyi' son of copper inaustry plants. In recent time
motallursical plaate are velng il it in the regions, located
i inmmedial- Lroenat s we the peosots consumers.

The cncice o construction si6e hag a great economie signi-
ficance and e¢v::ru, made at vhin ctage in contact to the errors
made in cue0sint the technogssy , are impossible o correct
‘fﬂj and they adverss » i1nrlience the operating results of a plent
during the whole ;- - 1od of itg work,

At pres~nt a nuaber of copier smel.ers consume raw
materials suppli. . from far suvurces “reat trmportntion costs are
largely compensated Ly the coucentration of production ’

" decroasing of costs ver a ton of copper to 12-15 rpubles ensures
raw materials transportation for a distance of 800-1200 h.. The
’.; problem of feed materials transportation is essentially faoili-

tated by the advances in ore dressing. For example, in the

Boviet Unlon during the period of 1945-1968 concentrate consump-

tion per 1 ton of copper has decreased twofold.




A character of expenses on raw materials and products trang-

portation is also changing to the comsiderable exions. At pre-

cent 1n the Soviet Union expenses on the Lrausportat 1on of,

copper smelbter products exceed raw materials, aidngside in
wornectlion with the eXpansion of complex usiiy, r . setearials

the output of copper smelters is steadily rising. v 965 at a
number of ccpper smelteras 600 ky of final rloduct,: wore produced
from every toun of raw materials. Now this rab:o - atbcut 1:1; and
less transportable sulfuric acid is a great Lerticon of  the

- total quantity of the products.

In the neearest future, when iron will he . .- verad from
the slags, and silicates will te uead for consiy..iion materie
als , production quantity of products (metals, uzid, iren) would
exceed processed rew materiale, containiang coppoer nearly by two
times.

A vory interesting tendency i: the erecticw »y | #1Ze chemie
cal - metallurgicel complexes in the reglons of coprer smelter
location. Asides from conventional products thesue comn lexes will
produce high quality fertilizers, salts, clemizais, construce
tion materials etc. Transportation expenses ‘ur sulpping these
products are much higher as compared to shipping «f raw mate-
rials.

If the tariff for concentrate tramsportation is taken as a

unit, the tariff for metal shipping will average 2; ror sulfur
ao:lﬁ - 1,7-1.8; for produots, made from slags - 1.1-1.2. The

total costs of the products are sharply increasing when they
are transported for a long distanco; thus if the costs of con-
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centrates, shipped for distance ot 1000 km rise oniy by 1.3%,
sulfuric acid ccsts increase by 40-50, end those of the pro-
ducts from slags by 80-~100 per cent. .

As a result of this metallurgical plants are hecoming less
dep=sndable on raw materials trangportstion ani may bhe .situatgd

[

at considerablec distances from wines and concentrators in the
regions witn mor: favourable conditicns as relatea to fuel,
power and clims.2 and in immediate proximity Vo the consumers

of the products.

1V, Tieads in the Changes of Operating
Regults

(costs,prices,capitial invesimeuts,
productivity)

The changeu of operating resulis rufiect the trndincies
of chsnging raw m2terials, consumpticn , technologi:al schemes,
economic and political conjuncture, a3 well as a puneral appro=
ach to the problems of scieantific and social progress. Despite
the fact that these results are subjected to considerable
changes, their anslysis for a number of years aiiows to deter-

mine the relatively steady trends of these changes.
a) Costs of copper production

The costs changes are effected by ihe two opposite factors:
rising the ccsts of production (decrease of metal content im
ores,_dppletion.of mines reserves, increase of lgbour costs,

rising of land and water costs, increasing capitel investments im
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construction and equipment) and lewering the costs of projuc-
tion (technical progress, luproveuwent ¢f industriel engineerirg

and techuclusgical processes, rcduction of the working force,

development ot co=-operation and spocialization of production; co-

mplex uses ¢{ raw materials, treatment of waste produéts). In
capitalist cousntrics the costs ol copper production during scme
perlods are escentially rising dus to the strikes of working
pecple.

According to the data for 2/% of the copper producers in
the capitalisu countries the average costs ol copper smelting
are in the rangc of 400~800 dollars per 41 ton, and under the

fixed prices copper production may be considered as profitable.

Given below is the character of copper production costé
gooording to the available data:

Mine prouuetion 414
Ure bLeneticiation 35%
Bmelting and refining 26%

Considering these data it is essential to streass a major
role of the capital invested in mine production. Technical
progrelsJ in nmining (application of highly efficient nining
' systems, usage of self-propelled equipment, application of
effective explosives, mechanization of mining works, applica~

tion of nuclear explosions etc., probably may essentially reduce
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cogvz  por il of mired ore. Hewever tne to an expected lowering
of copper conieny in ores (accordns o Lhe estimates in the USA
e 965 an avels o opper combent o rined owes will doecreasd
up bo G50 Lh s o wely unab the oLt pLer unlt ol nined wetal
will remain sL b .0 came lovel o .o e sonewhab rdghex.

It is avmrinie, Lo tate intu < ooant o steady tread of
rising  labouw conts, (duving 00 S -0 L, indey rise was about

17, asd of dnove i, egadpscat o o eons?t ruetlon expLuses

wdacex rvise = v ¢ year). Tids 1 c.olained by the aeced of
Y

ﬂ&tfsflr'g dailaa .. 0 . workers and o7 the erection 9f cuXie
laxy objectus v . and wains e o oorification ete. ).

On dre ol ua ooballeegieal o ooxboant of e and
concentratoe uli L progress, re main Yendencapg of which
were  wmenviors Lohoc o will allun L sus bhe eXponsos per a
wildt of copp-s o wi sbabla vwdde sl of 0 3aanp y €acdpiment
wad  construct on 0 L by S5=1U0. e {oval soits will Lo at
vho old level .~ iease orly wiigh iy, It may be considered
that in the ns . st years the tecniuicri goveloprent o1 copper
production wil' ‘o e madn ofr o' by Agterdoretion of raw
wsverials  bali v of this metal .o . vizing of labour, equipe
went and constrnc. .1 soste.

b)) froeed

During last 10 yoars coppsr prices show a stcady upward
trend in commectiii of rising demanc fop metal and increacing
of production ¢cctinz (rising in prices of rew naterials, and .

in capitallst ccuntries the instability ot production due to

iinancial crises =il surikes av Lhe Lig plants, producing this




melal au’ o lou wcaa80ns). Gopper prices (do dollars per 1 ton)
were 078 L 0 a0, 1127 - in 107, 1242 in 1968 and 1467 in 1969,
In fie Wovish Ve praices of w-,«unéi copper also rose to gome
exieat Cir o e trey wore Ligier Ly 29 per cen. ).

AS WO el above the cose. of -opper smelting are not

cgpectod o S swsuntiell; ur o the rear futuss, aspecially
wioRhRe nere 0 01 couwper C'ioc. v Lhe developing countrieg

Will !oonos wn relatively 1ici row maverials and advances
toachnodorie 0 roo, 3808, UL bue .-adencies o4 tosta changes
ag Lho bar’ o Jou vis objecti s prliie determiuation will

Footlitaba i ssebilizeticon o wyen the reduction of prices,

Vi duocher inereacing of woicn In Lhe future can be caused

vt vhe Sonsideracie  conJuncti » o CLslges.
Cnpital invest nons

in recert rears copper nianus ara being Lu.lt and recon-

atructed v .. wide scale, ard “his allows to define some
tendences 7 cranging the capitai investment anc the total

cogsts of new rianta constructios.

The sras_iunds of copper p:sjuction show an upward_trend.

During 1950-1970 the funas of Lhe wajer copper producers (Kenne-
cott Copper Corp., Phelps Dodge and Anaconda) have imcreased
by 1.5 times. In the &oviet Union and socialist countries the
main funds of copper industry were rising at the high rate. 1
Mine production accounts for about 60% of the main funds. A |

share of the capital, invested in the mines is rising more
repidly.
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Comparins *hs data of the costs of building new facilities

during 1950-1+.( ic the data concecuing the construction costs
during 1960~1:«i wie can find a 20-404 total rise of capital )

inve . tment per vy of copper. in thna first place it ims

ceunocted with o ¢ iuc the index of «uipment costs and lowering

copper contmt in 2ined ores (this 1s of particular importance
due to the incrouting of capital uivestments in nining faci-
lities).

Accordir; uo the data, publishrd ior a number of mines in
capitalist connt Lus in 1969, the 1/crage capital investment per
~a unit of pirodus ‘on Tor mining and “ressing were 1900 dollars
per 1 ton. '

At the ave - ¢ 1nvestments in retallurgical treatment
(smoluing and refiniag) in the order of 400=-600 dollars the
total investwe:i.. per one ton of ccrper are in the range of
2,500 dollar:. fo- new plants aad sbcut 2000 dollars for the
plants, built i: i'e early fifties.

By comparicon capital investments per unit of production
in aluminium indjustry are amounted to 800 dollars per ton, and
in the complete cycle of nickel production 4,000-9,000 dollars
per ton.

Technical progress in mining is likely to have the seme

effect on stabilizing the capital investments and the costs.
In metallurgy due to the introducing of continuous and inte-
grated processes and intensification the capital investments
in the major metallurgical operations essentially decrease
and this despite of the action of some factors, facilitating

N\




coste Tiue ., nay iesult in e ».abltizetion ep reduction of

capita. .. wvrstamts per a i of predaction,

d) Proiuctiwju_

Loe 01 v a8in reflecui r: . { the trends ir the dov010p-
ment coupe crouucticn ig a caczage of laroup content of
teclwwlegic “rocusses aci . ¢ . rowth of labour productivity.
Uuare ¢ L.t capasity equipe o, increase of funds, a wide
application ol autemation .ui w-unanizgation intensification
of r™aduii v esses, wide .ige of mordern forms and methods
of Andustr . engireering, “1#nu - weut and contrel, improvement
of workuis ¢ wiid - all the:s. ~&storg lead to g steady rise of
the share -7 iabour costs. MV §2) lecessary Lo note that the
cousideralv. copper odtput 1% ths operating plants in the
Soviet Unica and capitalist countrias is achieved without an
essential iacrease of a ¥ “king force,

There i a tendeney of siavilizing or even reducing

working for o in copper indastyy asg a whole, degpite of the
wide building and placing in operation of new facilities.
During the period of 1960~1967 the labour content in the
production of refined copper in “he USA roduéed by 15 per cent,
in mining more than oy 10%, in dressing by 1/5 and in metallur-
8ical processes by 10%. At lany copper smelters in the Soviet

Union 1labour productivity growth for the same period was much
higher.

At the same time it ig necessary to note that the laboux
content practicaiiy remaines unchanged. In the late Lifties
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and at preseut .i» structure of labour contents in the copper
industry of the Soviwet Union and the United Stated according

to our calculation.: wag characteri««q 0y the following data (%)

TBaR 1"SA
Mines S5y 50
Concentrators 8 18«21
Metallurgical plauts a5 28=31
Total 100 1G0

These date are siwmi.ar to th» structure of Jabour content

in copper industry of other capita.list countries,

Mining is accounted for a majier part of labour content
and a share of {.is content can Lie reduced by radical t;eohnical
advances. It is iikely that the ‘rends of technical progress
will only c¢ff set the lowering of metal content in ore.

Thus as a major tendency in chaning «f laboup productivity
we should consider a further decrease of labour content in
cupper produciior witl. ths relatively stable labour require~

ments and some rising of labour content in mine production.

V. Conclusioa

Without the claim on the erbracing of all present and
future trends in the development of copper industry this paper
ghows that the main of these trends are interrelated and not

accidental. So one can clearly see the -nfluence of the




demaid {or “ojrar and the Ccaange: ¢! raw materials on the deve-

lopaent . ' cruclogical proces es, the eilect of technological

DEOCesses L e distridution of rya Flann sad velermination

Soobesuton #85UTEE, the ir: viac. o PIiius and  demandg

S0 e0 Pl T vhe advincas 1 Lhe vreatwent of ores on the

requiruwent. uiscad upon raw aharials cour:ag ete,

A Boner i cueme of ihe Urends in th. “evel.puent of copper
ind vy = “wuoin fig. 1. The scheme outlines the following
problens-

- maln soacvers . concernin;  She develipuent  of coppep industry
A grow'h of demand; Aepletion oi rar miverlais sources;
tovhaloal aivences in CO=Operavity Lrancuess a giowth of
demands :..: ‘v~products: an Index tise of latour, equipinent

and con: Lbroee o co8sts);

~ genoral treads in the dev:lopment uf industry (a growth ot
output; can:al investments; =nd éopper rrices; construction,
moaernizati a sy oXpansion of pilantg; the developmnent of

technicus «-0cesses; treatment ol new raw naterials etc.)s

~ trends in technical Progress (intensification of Production
processes; complex uses of 1aw materials, development or
hydrometali:rgical processes etc.) as well as eéxamples of
the offects of these trendg;

- effects of trends in technical progress (growth of copper
production, compensation of Taw materials balance, decrease
of construction costs, rise in labour productivity etc.).

The scheme shows that the determination of the trends ;

in the development of copper industry are mostly influenced




by the growth of the demends for copper, technicql asdvances in
co=-operating industries and the changes of raw materials. It

is necessary to note that the effects of the trends in the

technical progress directly meet the main demands of the ipe
dustry.
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¥ig. 1 Determination of trends in copper pwoduction. ",!

I. General trends.
1 - Development of technical Processes; ) :
2 - Treatment of new raw materials (1oﬁ-grado, hardly treated f
ores etc.); '
- Growth of copper production; ‘
- Growth of capital investmenis, costs and copper pricess 2

- Deelopment of secondary coppor productiong

U AN N R U

- Construction, modernization and expansions of plants. ;

I1. Main factorr and stimulation of development. |
1 - Technical development of co-operating branches (equipmend
production etc.);
2 - Increase of labour costs index;

" 3 - Increase of equipment and construction costs index;

Cae cem e —— av——— -

& « Depletion of raw materials sources;
5 = Growth of demand for copper; ,-
6 - Growth of demand for construction materials, oh-un..m.g
7?7 = Rising in prices of s0lid ruels;

8 ~ Necossity of abating air and water Pollution;

9 = Increase of copper used in various industries of the |

country.

e g me —em——— o

II1. Yrends in technical progress.
1 = Intensification of production Procaesses;
2 - Development of continuous and itegrated procoml;
3 « Developrent of hydrometallurgical processesj
4 « Complox uses of raw materials;

\

j
|
|
!
|
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5 = Advances in treatment of bulk feed materials;
6 = Uges of new power and fuel sources;

7 - kxpansion of gas and waste water cleaning.

IV. sxamples of reflecting these trends.

1 = Uses of oxygen, increase of gurrent dénsity, btacterial

‘ leaclLingj

@ - Advances in flash smelting and continuous convertings

3 = Oopper leaching from oxide ores and dumbs development
of lon-exchanging processes;

4 - Treatment of slags, and uses of sulphur containing gases;

5 = Hydrometallurgioal treatment of sopper-zinc coutaining
raw naterials at Kosako plart, KIVCET procasss |

6 = Usage of natural gas for pyrometallurgical processes,

- installation of waste heat boilers;

7 = Construction of equipment for ¢leaning gascs and vaste
water.

Bffects of these tendences.
1 -~ Growth of copper production;
2 ~ Decrease of construotion costs;

- 3 = Rige of labour productivity;

& = Reduction of operating costs;

S5 - Oompensation of raw materials bthncos

6 = Production of chemicals and construction matorin.ln
7 = Decreane of gases emission and volume of weste water.
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