
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/


TECHNOLOGICAL AL TERNA Tl VES 

FOR THE FABRICATION OF SEMI-FINISHED 

AND FINISHED PRODUCTS OF COPPER 

( , , 
·, Tamas GROF ) 

"-...... . ~· -

lm!DO -Consultant 
December 3l 7986 



Table of Contents Page 

1. Introduction l 

2. I. Changing trends of copper consumption 3 

I.l. General tendencies 3 

I. 2. Substitution and technical change 9 

A) Decrease of copper intensity 9 

B) New applications of copper 

3. II. Copper wire rod manufacturing 

A) Continuus-Properzi process 

B) The Southwire proce~s 

C) Outokumpu casting process 

0) SECOR casting process 

E) CONTIROO (Krupp-Hazelett) 

F) General Electric dip-forming 

G) General Electric GELEC process 

H) Concluding remarks 

4. III. Manufacture of copper and copper alloy 

sheet and strip 

12 

16 

17 

20 

23 

26 

28 

30 

33 

33 

41 

A) Casting 41 

Concluding remarks (Casting) 48 

B) Rolljng 49 

C) Annealing 56 

0) Slitting, cutting, and levelling 61 

5. IV. Manufacturing of copper and copper alloy 

tubes, rod~ and wires 

A) Casting 

B) Extrusion 

C:) Drawing 
0) Copper tuhe manufacturing 

E) Wire drrt\<lin1~ 

(,. V. 0 tt1r. r tr.r.trnn 1 O[l i f'S 

7. VI. f·1C1in fir.lrls nf rr!~if!:irch 

fl. VTT. r~o1u:f11rli11n rc111;1rk'.1 

') . H r~ f t ! r J • 11 r; r. ;, 

63 

63 

66 

71 

70 

80 

n2 

WJ 

') (, 



IllTROOUCTIOtl 

The UNIDO Secretariat requested the author to prepare 

a study on "Technological Alternatives for the Fabrica­

tion of Semi-Finished and Finished Products of Copper." 

Present study was prepared in accordance ~:th the rele­

vant Terms of Reference and the main recomnendations 

of the First Expert Group Meeting on the Na~-Ferrous 

Metals Industries, held in Vienna, 18-21 ~6rcn, 1985. 

The scope of this study included 

a) analyses of present and future ~arkets of 

copper and copper alloys, basi~ trends of 

changes in intensity of use of copper in 

different groups of countries, 

b) review of technical changes, 5ubstitutions 

and other factors affecting the demand on 

copper and copper based alloys, 

c) examination of traditional and new technol­

ogical routes for the productian of copper 

and copper alloy wire, strip, sheet, tube, 

bar, casting and hot stamping indicating 

the most important advantages and disadva~­

tages of the different technological options, 

d) survey of the main trend5 of re5each beinn 

conducted in the various sectors "f non-fer­

rous semi production, showing their aim. 

Ori tt;r! lla!;is of thr. an;:ily:;is of thr. pre!;f'!nt situation anrt 

r:t1anqiriq pattr.rn of m<Jrkr.t, tcchnulnriir.<Jl levrl ~nrt rt:­

!ir::1rd1 1oJnrl,!i, rPrnn:rnr!rirlat.inri:; arc f.)iV!~n rP!.:itir.~ to l11e 



selection of those technologies which seem to be more 

suitable for developing countries with the aim of pro­

moting a steady self-reliant development in the said 

countries. 

The presented analysis of the technological ~evelapments 

and alternatives is based on the r~levant publications 

and the knowledge of Copper Industry of the consultant. 

So the rest1lts and recommendation might be amended and/or 

e~panded during the Consultation Meeting through the 

contributions of copper expert colleagues. 
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I. CHANGitlG TRENDS OF COPPER CONSUMPTION 

I .1. GEtlERAL TE!iOEllCIES 

The copper consumption of the w8rld in the last decaje 

has experienced an·1 extremely dynamic growth.(Table 1.) 

Prior to 1946, the total copper production of the world 

is estimated to 72 million tons, while the cummulative 

copper consumption between the years of 1946-1580 

amounted to 169 milljon tons - that is 3.2 times more 

than in all the years before 1946. 

While the annual production in 1950 was as low as 2.5 

million tons, the world total copper production in 1980 

reached 7 million tons. 

At the same time, however, the growth rate of the world 

consumption of refined copper seems to slow down, tho~gh 

it hasn'i come a standstill inspite of the serious eco­

nomic crisis experienced all over the world. (Table 2.) 

Between 1950-1981 the growth rate amounted to 3.4 %. 

Within this period of time it was 4.6 ~ in the 1950s, 

3.5 % in the 60s and 2.1 % in the 70s within the circle 

of the non-socialist countries. 

Much of the growth of production took ._ilace outside es­

tablished centres of production. Accordingly, the share 

of mC'ljnr companies in the USA and Europe fell from 93 % 

tn 45 :. In 1950 over the half the world's output wa:. 

supplicc1 from North J\meric;rn mines. Six companies, four 

o f t ti t: 111 i ri th e U ~j I\ , C'1 c r: o u n l r. rl f n r mo :. t o f t h c v a i u fl a d rJ e d 

i n t ti ( ~ w n r I d b y tt1 r. i n r1 u s t r y . F r n rn m i n e s i n t ti e \•Jc ~; l c r ri 

ll:i!\ arid L;1tir1 ,'\rni:riciln '.iutJ~·,i:1i;iric:., llS t"irm:. :iccounl.Pd 

fnr t.1m-tllird:; nf t.t11: vrnrlli ~;upply nrtrl mci!>l cnp1it:r Llli-

r L 1:;1 tr!d p rnr1111: t:.. 
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Estimated cumulative copper 

production prior to 1946, 

Cumul3tive copper production 

1946-1980 

Ratio : 

1946-1980/prior to 1946 

Annual production, 1950 

Annual pronuction, 1980 

Tahle 1. 

72 mi 11 ion tons 

169 mi 11 ion tons 

2.3 

2:53 million tons 

6.97 million tons 

World production of primary copper 



Grm·1th 

Copper 

5 

rate of copper consumption . 

1950 - 1981 3.4 IV ,. per year 
1950 - 1960 4.6 % per year 
1960 1970 3.5 'J per year 10 

1970 - 1980 2.1 % per year 

prices in real value 

1960 - 1970 ... 3 % per year 
1970 1980 1 Q/ µer year ,. 

Table 2. 

Refined copper consumption and copper price 

trends in the non-socialist countries 



By contrast, these firms in 1983 smelted less than a 

f i f th of the i·JO r 1 d cons ump t i on . r Jew centres o f p rod u c -

tion and smelting exist in the Pacific Basin (Australia 

and Jaran) and within t~e USSR, while nationalised com­

panies manage expanding industries in Africa (Zambia and 

ZaireJ and Latin America (Chile, Mexico and Peru). Thus, 

currP.ntly over half the sources of new refi~ed metal en­

ters world trade. The developing countries supply most of 

the incremental tonnages behind the remarkable expansion 

of the world industry. Inste~d of one dominant centre, to­

day there are four major fabricating centres. 

Experts predict there will be an accelerated growth in 

the next 20 years outside the USA. By the year 2000, the 

"rest of the \·JO r 1 d" demands a re expected to daub 1 e. 

On a regional basis, the annual growth rates required 

will range from 8-10 % in Africa and Latin America to 

4-6 ~ in Japan and the East bloc. The US~ and Europe, i~ 

contrast, are expected to grow at 2-3 %, well below the 

world's average rate of 4.6 %. 

Copper consumption is affected by several factors. 

A furthr.r increase - beside its favourahle properties 

can be P.Xf)laincd ll)' thP. fact th<it loJhile in thf' 60s tile 

r.oppcr pri~e has incrc:lscd hy 3~ p.a. in real value, 

in thf! 70~; an annu<il rriG1! d1~Crt~:l:it! Of 1°~ r:an be OtJ~jt!f\'f'O. 

F n r LI 1 r, 1 1 um i n i um t.11 i :~ t 1? n rl 1 ! fl r. y iv as n f t hr, or r o s i t r, , s n 

c op r • c r t lf? c <1 m P zi rt! l a t i v e 1 y ch r. ri p m r. ta 1 . 

TI 1 r• !l r 11 '.I t. h of t: opp r~ r r. n n ~;urn p t 1 or 1 in v ~ r i nu:; , : our i t r i w; 

i ~ v r: : · y iw I l t! x p 1:1 · f I[' cl i·li Lt 1 LI 1 t · tt1 t: n r y D f " i r 1 t. t~ n :-; it y o f 

111i111~r·;il ll!it:" (TIJ'i. ll1:fincd <1'.i <111 1:1:1H111r:1y':-: tlflp.1rt'f1t r:rir1-

:;1111q1 I.' llfl 11 f c11r1f1r• r r!1:v i d1:il l1y i l:; 11 rr1·;:; 11<J l i uri.il p r11t111C: L 

l, [; r j[' ) • l l I f' f '~ l' '.; 1 r 1 l.11 r' I ' 'l f' I \' (; I '1 iJ t "~ (J r I 11 d I l • ; t r i ( 1 I : '; 'I I. l ( 11 I 
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as a function of GNP per c3pita, but peaks and falls 

at higher level of GNP per capita. Thus the shape of 

an economy's IU curve would form a~ inverted U with 

less developed countries on the rising portion and ad­

vanced economies on the falling portion. 

So in medium and low-industrialised ccuntrie3 the copper 

consumption is increasing with the GNP, the development 

of industry and standard of living. From copper consump­

tion point of view, the nighly develope~ countries, al­

though at different points of time, but got saturated. 

In the USA, this saturation set in before the Second 

~·!orld \far, ~·1hile in the ifest European countries it took 

place about the end of the 60s or in the early 70s. 

There~f ter the copper consumption per unit product of 

industry shows a declining tendency. 

From the per capita copper consumption data (Table 3) 

it can be seen that in the non-socialist countries the 

avera~e copper consumption is 2 5 kg/capita/year. There 

ri re , ho \·J ever , t rem end o us d i f f ere n c es be tween the i n d i v i -

du a l c o u 11 t r i e s o r g r o u r s o f c ,, u n t r i e s , \-J h i 1 e th e a n n u a 1 

consumption is 8.6 kg/capita in thP tiighly dcvelo~ed 

countries, it is only 0.3 kg/capita in the developing ones. 

There arc significant differences even between the west­

ern countries. 

Durinn l11p fl t t\-1'1 dec;1des iln ennrmous increase c.:;:in be 

n h sf~ r v r~ r1 i n th c co fl r r r r. n n s: 1 mp t i n r 1 o f cert a in rJ r v r. J n p i r 1! l 

r. n ll n t i'i r. s , fur e' 1.1 rn pl u i n f:3 r a .L 1 1 tt~ r. ;1 P nu a 1 c 11 pp P. r con -

: ; 11111 p I. i or i I l: ;i p 1 L 1 I 1 :i :, 11 cc n nw f nu 1 • f n 1 d I 11 • t. \·11~t~r1 Uw ~ [) '.; a r 1 ii 

h ( J : ; : 111 d :i 111 fl 1 1 n t l ~ rl t. o L. k (1 , a r 1 d i r 1 ~i n u ~ I 1 ·• K o r '~ .1 i t r ; 1 1 : ; 1 ~ t! 

;\'.; 111 ~jtJ ;1~; 4 k1]/1'.;q1!l.;1/\1'.;H f l'ilfll cl I lll(l'.i l .'"!II. 
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Countries 1960 year 1980 year 

kg/capita kg/capita 

Altogc-':~er 

Developing countries 

Developed capitalist 

Belgium 

Brazil 

France 

Gr~at Britain 

Hungary 

Italy 

Jap211 

Soviet Union 

South Korea 

Spain 

US.4 

\·lest Germany 

\·Jes t e r n E u rope 

1. 8 

0.1 

countries 5.G 

d.3 

0.5 

5. 3 

10.7 

2.8 

3.7 

3.2 

3.0 

1. 3 

7.2 

9.7 

5.7 

Prr capita coµnrr con~umption i~ the 

t1iohly ir1rlu:itrt.1l i 1rrl- cind in ti:,• rlc-

111~ l 0 p l I l U C: U l l 11 t. r i t! ~i 

2. 5 

0.3 

8.6 

31. 0 
~ , 
L • ..t. 

4.6 

7.3 

4.6 

6.9 

11. 8 

5 .1 

4.0 

3.6 

8. 7 

12.1 

7.4 
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The co~~er consumption data of the different indust:ies 

(Table 4.) show that the major consumers are electr~fi­

c3tian and electric engineering industri~s- These branches 

of industry apply for 4~-55 % of the total consumption. 

Fer that reason, an extensive increase can be observed in 

those countries where th~ industrialisatic~ has just been 

started, such an example is Urazil, where electrification 

and tr~nsport took a tremendous development, or Korea and 

Taiwan. where electronic and electrotechnic industries 

sw~pt ahead at high speed taking over the role of textile 
industry. 

I.?. SUASTIIUfIOtl ~HD TECHilIC~L CHMlr;E 

A) DECRE~SE OF COPPER INTENSITY 

The following four factors are influencing the dilution 

of copper intensity: 

1) Economv in the use of copper and copper alloys through 

advances in fabricating techniques and in the design 

of the finished products. 

Examples for that include thinner-w8ll~d and lighter 

o;iuge copper tube for plumbing system, finer brass strip 

for car rarliators, miniaturisrition in the whole field 

of electrical and electronic circuits and components, 

use of clad-metals for coins, ammunition, etc. 

N~w alloys with better mr.chanica: and physical pro­

perties arc fostcrinn this type of materiril savinn. 

Cnri111~r is IHdno repL1ced by improvements in rfo~;iun~;, 

:;uc;l1 a~; rn1Jltiplcxiriq via pulse r:ndr! modul~t.iori to 11ri-

! J 1 ; 1 ti , · r: ; q 1 , 11 · i t 1 r. ;; 1 r 1 .'ll "1 c l i 1111 c i r cu i L ! ; <.rn r1 l r tt r 1 I\ I i 111 ! : ; . 

'.') '.;1111~;!1 t11Li1:i1 11r .ill.1!r11<1t.i\1! i:1dtr~r·1.il!i \1i 111 '.ii mi l.1r 

iJl1y•; I r:;1 I fl!'r1r11•r l. i :!'.; 111 r:r1p~1,!r. 
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Industrial Se:-:tor USA t·/ . E u r r. p :: 

ElP.ccrical Engineering, 

ElP.ctronic'.J 46.3 54.3 52.0 

Buildinri Construction 15.9 15.5 8.8 

Transport 10.l 10.7 17.1 

In '.°1 t! st r i '11 Appliar::es 18.R 14.0 15.0 

Consumer Goods 8.9 5.5 7.1 

T (1 t a 1 100. 0 100. 0 100.0 

Table 4. 

Con:.tirnption of r:oppr.r in Various Industrial Sectors 

of Some Hinti1y Developed Countries 
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Power transmission ~ystems of fer an example in which 

the switch away from copper cable to aluminium cable 

took place despite aluminium's inferior conductivity 

and rising price relative to copper. The switch oc­

cured because the final cost per unit of power trans­

mitted vi3 the aluminium systems fell below that of 

~opper installations (tJewcomb, Toward a dynamic theory 

of substitution and technical change, AIME, 1976.) 

~ore currently, the switch to composite materials and 

aluminium radiators i~ automobiles reflects the technical 

change to high-temperature combustion, which aids emission 

control and also elimi~ates weight. The overall result is 

a high-performance automobile with lower variable and 

fixed costs for the user. The elimination of convention­

al radiators may be a part of the system redesign. 

Fuel economy legislations have resulted i11 a trend to­

wards smaller vehicles and the drive towards higher ef­

ficiency will accelerate copper's replacement with alu­

minium, alloy steels and plastics. 

In the highly developed countries at present, copper is 

bcino replaced by aluminium/steel-core cable in power 

transmission, by aluminium in magnet wire, transformers, 

and switch-gear. In construction, copper can be replaced 

by PVC tubing, and in transport by the trend to thiriner 

\·Ja 1 l c d a n d n a r r owe r t u b i. n g o f a 1 um i n i um , s t e e 1 o r p 1 a s t i c . 

Thcs~ m0terials and a variety of new systeffis permit in­

crea'.;inn subs ti tut ion for coppr.r in hydronic thernal ap-

1 i c;1 Lionr;. 

r fa tr: r i :1 I ~; :, ll tJ ~j t i t lJ t i 0 I l 111 (J y t Cl 1, I~ r ] (I c ( ~ a t m () r l ! I' J p i cl 

r <J I. 1 : : ; i 11 tt 1 f) 11 i fi ti I y i 11 c11 1 '.i t r i ;1 I i : ; 1 ! rl 1: n 1 111 t r i c ~' t J :: r. ~1 u ~; r! 

11J11:;L r1•:;i!.11·1:'1 i~; tl(]Jlf' t.111·r1:, rcpl:11:l:mu11t t1·1·11t!~; ;1r1: 1n1:.h-

1:t! 1·1i tt11111i: t1'.i 111u1:t1 c11111:1:1·11 nvr·1· q11.1l i l.y p1n'.Jl1•111:1, <111d tll~-

r.;111:;i: 111.1 rf,1· I.•; ;1 r·r: 111£11·1 1 0111:11 t.n imp11r !.:; . 
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3) Development of new techniques requiring other Materials. 

In the future fibre optics is expected tc replace a part 

of the copper coaxial cahles in telecommunications. This 

new technology is not taking over because it is replacing 

a scarce and expensive raw material - though this was a 

factor in its inception - but mainly because it is tech­

nically superior. It has many advantages over copper 

cable; it is much more compact, it is immune to elec­

trical interference, there is no risk of electrocution 

or explosion as it ca1ries no electric current, and it 

is extremely difficult to tap. One over-riding advantage 

though, is its efficiency. A fibre optics system carry­

i11g 2, 000 telephone channels would need signal boosters 

only every 8 km, as opposed to the conventional system's 

2 - 'f km. 

Fibre optic systems using glass fibres as conductors, 

can carry far greater volumes of traffic than equal­

sized copper cables. 

Microwave towers, satellites and wave-guide systems 

also replace long-distance communication systems using 

copper. 

4) Str11ctural changes in industry 

For inJtance a shift to road building at the expense 

of house building in the construction sector may dilute 

the coprJer intensity in this area. 

fl ) M U·J A r f' L T c 1\T rn N s 0 r c 0 f' f' f R 

f\1!:;i!IP Uw :itinvc mr~ritioriccl f;ii;l.nr~; "r1illltin9'' tlw c11rp1!r 

ir1lcr1:;it:v in t.l11• dit'fr.rt!fll. 1Jr:ir1r.tlf~:; or imlustry, t.ht!rf! ;1rr, 

~;1'\'1:r:il 111•1·1 [ i r: Id:. of ~1ppl j r:;1I.i1:n 1111· 1 1q 1 pt'l" arirl 1 I.:; ;tl l «v~;. 
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P.T.Gilbert of Yorkshire Imperial Alloys presented a re­

view of the use of copper and copper alloys particularly 

copper-nickel, in marine engineering. Widespread use of 

copper alloys for marine applications could be attributed 

to the fact that such alloys had good corrosion resistance, 

efficient thermal cor1ductivity, anti-fouling properties, 

and could be welded without difficulty. Copper alloys could 

be used to produce tubes and plates for condensers, heat 

exchangers, and evaporators in power stations. 

Copper alloy and aluminium bronze tubes and plates are 

also used in desalination plants, petroluem refineries, 

and petrochemical plant. 

ThR main m3tcrials for seawater piping systems for ships, 

offshore oil and gas platforms, and petroleum plants are 

aluminium bronze, copper-nickel and alun1inium-bronze. 

T.J.Glover of Inca Europe claims that it had long been 

established that copper and its Jlloys could prevent foul­

ing of ships' bottoms. An increase in the surface rough­

ness of ships' hulls due to corrosion and marine bio-foul­

ing reduced speed and increased fuel con~umption. 

It is generally accepted that the efficiency of a hull is 

rerlu~cd by 1% for every 10 microns increase in roughness. 

Copper-nickel could reduce surface roughness because it 

was resistant to seawater corrosion an~ offered permanent 

foul.inn resistance. The hull of a ship '.he Copper Mariner, 

1·rns bui It with copper-nickel hull in 1977 and after four 

years thr! corrnf,ior1 rate was 0. OSmm and the amount of foul­

i ;i o vi a '.; n c u l i n i b l c . How c v e r , t h c fa c t t t1 a t c u p r o - n i c k c 1 

w Cl s a IJ o 11 t I. c n t i fill~ ~; mo r r. c x pc n : ; i v c t11 ;rn rn i 1 d s t c c~ l ti a rl 

~; () lllf ! \•/ tl ;J I: 11 f (~ t I j t l i t. j V r. . 
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Use of copper for roofs and building expanded in recent 

years in several countries. This metal has been adopted 

more and more for wall cladding, too. 

There is a huge potential market for super-conductors. 

The ratio of pure copper to the volume of super-conductor 

employed is about 1:20. The copper is extruded and drawn 

as a composite with niobium-titanium alloy. 

Solar t~chnique and heat pumps are spreading more and 

more due to the improved design of appliances. These de­

vices can save a fair amount of energy using copper tubes 

- as the heart of the system - the heat exchanger. The ef­

ficiency of the system being a very important factor is 

attributed to the high thermal conductivity of copper. 

Electric urban passenger systems are growing throughout 

the world. Compared to the 11 kg of copper used in conven­

tional vehicles, all the electric vehicle system now avail­

able used sometimes as much as three times more for indi-

v i du a 1 vehicles :rnd up to ten times more for integrated 

public transport systems using back-up generation and trans­

mission. Nearly half of the m~tro system's copper is used 

in the ovP.rhearl cables, and the rest in substations and 

trains. Main-line railways can take up to S tons in each 

trJin and n tJns in each substation. 

Tt1r.re ;uc J numtrnr of growth areas for electric transport : 

bJttrry P.lectric vehicles, hybrid vehicles usinn electric­

tlllrJm1:r1 Ll!O rit!tro 1. Of diesel P.nninCS, <Ind tracked <Ind 011111-

m ml n v r. ti i r: 1 c !; . 
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Some brass alloys have very unique properties. Orie of 

the~ is the c8ppe~-zinc-aluminium shape memory alloy. 

It returns tc its o~iginal shape ~t a specjfic tempera­

ture, and is used as activating part of switches and 

other devices , e.g. opening and closing windows at ele­

vated tamperatur2s. Other brasses damp noise so they are 

used as machine parts in low noise applications. 

A very bright perspective is opening for the application 

of these alloys. 

Swr.ir:iw1 up the disquieting and reassuring tendencies i11 

copper consumption, one can easily note that there is 

still a good potential for future growth especially amongst 

develcpin~ countries where electrical and electronic sectors, 

con:truction and transport are expanding fast: and copper in­

tensity is still only a fraction of the same of the highly 

industrialised nations. 
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II. COPPER WIRE ROO f.t.'\UUFACTURHlG 

Copper's major field of application according to Table 4. 

is the electrical sector, where the high electrical c~n­

ductivity, good phy~ical properties, relatively high stren~th 

and corrosion resistance of copper are of great importance. 

In this sector copper is overwhelmingly used in ti1e form of i-1ir2s, 

cables, magnet wires, etc. Growing quality requirement and 

Pf forts af decreasing production costs resulted i~ revolu­

tionary changes in the main technological routes. 

Up to 1965, the standard processes involved the separate 

operations of wire bar casting, hot rolling and pickling. 

Al U1C'!1!f1h du:-in'.1 this period the technologies were steadily 

advancing, particularly with respect to rolling mills and 

introducing continuous cas~ing of oxigen-free billets, sig­

nific<:111t contraints \•1ere imposed by the discrete nature of 

th,-, b:::rs /typicalh \·1eighing ab;:i:1i: 100 kg/, as \·1ell 35 the 

need hath to reheat the bars for hot rolling and to relative­

ly short len~tha of rod during drawing. 

l·i i t I 1 i n th P. l a s t de c a d e , th i s p r o c e du r e h a :; 1 a r g e 1 y b e e n ci i s -

placrrl by continuous processes. These feature the tandemi~a­

tion of operations spanninn meltini:J of a cathode in-fccr! anrl 

cnilinci uf bririht rod in lenqth, in effect, rP.strir:tcrl only h\ 

thr ~v~ilablc handling facilities. Bearing in mind thr. r~­

L1ti\'f?ly :ihort time rfurinri \·1hir.h this dramatic chanrie li;:1:, 

n c r: u r e d , i t i s r em <J r k <J ti l e t h a t b y th e £ n d o f 1 9 fl 4 , t h r. n 11 mt) ,, r 

nf 1:ur1LiritlllU!> rror:cs:iin!:J units for re-cJrJ\'I rod, eitlier in-

s t:1 I I r: rl o r r~ x r e r: t r. r1 t o h e i n ;, t (] 11 r: rt w (] '.; a ro w1 rl 1 O O . 

Tl11! ~;ucr:1::;:; of l111• t:on l.iri111111:; proc:r'.;'.;1::. i ~; 1:1<1 tr11\ dtit! to 

1111 I 'I 1 rrn11\':1 ti nr1:; ;ir1il 1rnpr-11\1:m1!r1 t ~; i r1 r11•:; 11111 11[ 1~q111pn11:11 I.. 
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An important contributory factor has been t~= steady in­

crease in the availability of high-purity cathode copper 

from electrolytic refineries. This situation has promoted 

the development of furnaces for the continuous melting of 

cathode, for dir8ct trar .fer to a holding furnace associ­

ated with a continuous ~asting machine. Consequently, it 

has become possible to produce copper rod of both the tough­

pi tch v~riant and virtually oxygen-free, su~table for the 

most critical electrical conductor applications. 

A) CONTI NUUS-PROPERZI 

The Dr3perzi non-ferrous metals casting process was deve­

loped first for zinc and lead, and was later adapted to 

producP. aluminium rod. In 1960 the company ~uilt its first 

copper rod cas~er, which had a capacity of iO tph. This 

pl3nt was sold to the USA•s Southwire. A second caster was 

installed in the USSR in 1962. As rolling torques and loads 

are similar for aluminium and copper casting, Properzi was 

ab]e to draw on its experience in aluminium rod casting in 

the development of the copper caster. 

ThP. "second \:)eneration" of copper casters was developed in 

the mid-l960s. These casters had capacities of 25 tph. Three 

were inst<1lled in Sweden, Greece and Italy. This range of 

castP.rs w;Js particularly aimrrl at high-cap~city producers. 

Follnwin11 requests from smaller producers, Prroer7i deve­

loped a "third ncneration" of casters which had smallt!r ca­

fl;Jr.i tie~; ;ind req11irer1 low c<ipit;:il invr.stment. Cosr.s 1·1err. 

rn cf 11 c r. d I 1 y t. h r r c r l ;i c r. m e n t o f c n n t i ni 1 o 11 :. sh;; f t f u rn J r. r. s \•1 i t h 

r c v e r b ;1 t. n r y f u r n ;1 c r: '.; . 

T ti i '..; '1 l! \'/ r ;) '1 n f! (I f r. <1 ~i ti: r '. i • i fl c 11' rt l '1 n 1.11 t: rn (. d i r L r. d " '; t: (: ll 11 d 

(jf~flf'(";1!11111" t:.i:;l.t'I''.;, l1.1d 1:;q1;H:it.it':; r;lll!Jlfl'.; from r, ll1 q) l.rt1. 
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A Cantinuus-Properzi continuous 

copper rod casting lin8 
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There were two main types : casters with capacities up to 

10 tph with either one or two reverbatury furnaces (design­

~d for small and medium-sized producers); and casters with 

capacities over 10 tph wiLh vertical shaft furnaces. 

In 1977 Praperzi developed a "micro" mill t1hich \·ms capable 

1)f cold rolU ng from a diameter of 8- -~L;.;im d01·m to 1. 5film at 

:ci speed of 45 metres per seconcl. The r.•ill was designed to 

rrolacr. the traditional drawing process for small-diameter 

coprer rod. 

At present there are four standard PrJperzi copper casters 

which arc built by Continuus-Properzi : Model Cu/2500-8/19 

h2s a caoar,ity of 25 tph and produces 6.35-Bmm dia rod; 

i·!odel 7E-Cu/1800-A/13 has a capacity of 14 tph and produces 

B~m diJ rod; Model 6E-Cu/1400-A/13 Mini has a capacity or 

7 tph and produces Bmm dia rod; Model 6E-Cu/1400-8/13 Mini/S 

h3s a capacity of 4 tph and produces Bmm dia rod. 

In the casting plant, the well-established two-wheel cast­

inn proc~~s is utilised. The lower casting wheel and the 

uppr.r "idle" wheel are both encircled by a continuous stee~ 

belt which closes the ring mould fitted to the periphery of 

thr. lower wheel, to form the casting chamber and determine 

t1ir. sl1Jrr; of the bar . The casting ring mould has an out-

s i d r. d L11.1 e t c r o f 1 , 5 0 0 rn m . T h c c a s t e r ' s c o o l i n !J s y s t r .n i n -

r:luclr.:; hrn hPaderr; which are fitted with separatclv adjust­

a h l r. v a 1 v e s r1 r CJ y s t o a l l o iv v a r i a t i on:. i n c:: o o 1 i n n . 

T t lt~ c; <1;, l ti ;i r i s ~J 11 i rl c d th r nu fl h a con v t! yo r on to '1 n ;i u t. nm a t ~ r. 

:, I 1 t ! ;i r t Jr 1 i t. 1·1 ti i c: t 1 i s f i t. t r. rl \v i t ti ;i p i n c h ro 1 l t n f c t ~ rl l h F! 

:;IH:ar i ru1 ht•;irl. Tt\11 bar i '.i croppC'rf r.on t. i riu11u:; I y anr! L:r11p111:d 

f'llff'.; ;11·1: r11l lrct.Prl i11 ;1 \•1:1tr:r r:nnl inq t:rnk. fmm1!di,1ll!IV 

!11\1;1:.lr;·.1111 1i1· 1111· :;l11:;1r 1111!1. i:; ;1 t.r1111mi11q l111il .. 
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Followin~ trimmi~g, the .bar pass~s through a brushing 

unit. This unit is fitted with four rotary ~teel wir~ 

brushes which r~move the thin surf ace oxide layer and 

any burrs left by the trimming process. The bar is then 

fed to the rolling mill by means of a pinch-roll. 

8 ) T H E ::: n U T H \'JI ~ E P R 0 r, E S S 

The first Southwire Continuous Rod (SCR) line complete-

ly designed fa~ copper went into operation at Carrollton, 

Georgia, in 1965, a development of the company's copper 

bar caster, which had its first run in March 1963. Over 

the years the system has been improved by continuing de­

vel nrment of the shaft furnace, molten metal handling, 

castinp, rollino, pickling, coiling 3~d packaging of coils, 

and can be designed to meet the requirements of individuaJ 

customers. 

The norm~l run circle fo; a SCR carper system is 16-40 

hour~ , with chRngeover time for new belts of about 30 

minutes. Raw material is charoed into a melting ASARCO 

shaft furnace, nnd the molten metal is then transferred 

to a holding furnace, hy means of a covered launder. Again 
via a launder the molten copper flows to the pour-pot mount­

ed on the casting machine, from which it is transferred by 

the pourinn spout to the ::ironvcd periphery of the castino 

wheel. A steel h;inrl encloses much of the wheel's circum­

ferenr:P, thus formino the castinri cavity in which the molten 

metal ~nlidifics. After s~lidificatinn, a r:~~t bnr le2vc~ 

t I If? r. <i v i t y b y m r. . rn '.i o f a n a d j w1 t a ll l P ~· t r i r ri c r s ti o e mo 11 n t c d 

nri l111? C11'.;tir10 rn;1cl1irlf! <1L.:vr. the r.zi~;tinn \~twr.l wt1ir:h t:x­

t.r:H:t.~; tt11? c:;1~;tinn froP1 t~w wht?r~l l111rinn :.LHt-ur. 

,\r1 1:xtr.11:t.r1r c:pr1v1''.'·;· t.111·11 ;il t.r~T''.i U11' rnov1:111er1l nf UH' l1:1r 

lr11m t.111• v1•rt1i:i1t l.11 1111' t1nri1rH1t.;ll pL1111', :;ii l.11ill t.111' 11.11· 
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will b~ ir. tt1e proper orie11tation for sub::>equent pro­

cessi~n- Pn~umaticnlly oµeratcd presser rolls arc lower­

ed on to the bar as it passes over the extractor convey­

or and ;.iinch rGlls, which maintain tension in the bar and 

to guide th~ lead end into 8n in-line shear, are pcsition­

cJ at the end of the extractor conveyor. The in-line shcdr 

squares Ute lead end of the bar and, u::wn start-up, crops 

the c~st bar into lengths suitablE for remelting until the 

phy~ic~l and metallurqical quality of the bar are suitable 

for rollin:i. 

After passing a bar handling and loop control table, to 

sense and correct vari2tions in castins and rolling speeds, 

the bar en~2rs a preparation device consisting of four 

scribin~ knives and four wire brushes, and then a pinch 

roll unit which positions and feeds it to the first stand 

of ti1e rolling mill. nuring its passage through the mill 

the rod is protected from oxidation through a soluble oil 

protective atmosphere which also cools it, though the solu­

tion is kept at an elevated temperature to prevent over­

cool j nri. 

On leaving the mill, the rod is subjected to a 3-phase 

in-line pickling process, which occurs dS it travels with­

in ~ com fJ <Ht m ., n ta 1 is c d d c 1 iv er y tub c . In p h C.J s e one , a mi 1 d 

acid solutio.1 is circulatr.d thrnt1fJh the tube to remove light 

ox i ri L! o rt the r o ci a~; i t 1eav1~ s th c 1 J st f i 11 is ti in ri s tan rl , 

1<1 h ~ 1 ~ p h ;i '. ~ e t vrn ;, c· :1 s i :, t :. o f w J t c r r i n s 1 n n , r. o o l i 11 ri t h e rr1 J 

;rnd rc1n1ivirq1 any ar.id rr:~;id1w, 1·1ith prc~>'.>lll'i'.>cd :;rl·:1yi· .l 

h 11' 1? '.; <J J ll I ;i l r •:J 1 pr rs . Tl H' tt1 i r ti p ha :it! p rt!\ r r 1 t ~; ~; u r f 1 c,: o' I -

rL1t.i111? !1\· ;i \1:1l1•r-:iulut1l1• \v;I\ r:u,1L11q1 ;q1p!1,·r1 ;:it1l.111:1;1t.11:.1Il~. 

111, tl : " 1 u l 1 r : . : ! 1 v i1 r i \ 1? r i p , r ; 1 • 11 r 11 I 1 : ; u~ r • ; 1 rl 1 ,. 1 • r • 1 u 1 1 • ,. • • : t. 1 1 t : . 

1: 11 l l 1 : ,. , 1·1 1 ! t 1 1.1 t 1 • 11 1 ;i 111: • I : · r 1 11· 1 • ;i : : t 1 1: n 1 I l 11 • 1 1 ir l i1 1' t 1 • r 1:1 1 1 ir? r I I 1" 

I I: · f' r 1 t : I I ·': I : . , ; · · •: '1 I r r f : It:' I· I 1 : I I I Ir I I 1r':t11 • 
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C) OUTOKlH·1PU Ci\STiilG PROCESS 

In 1969, an up~·iards casting system \oias develo;:ed and 

a copper caster incorporating this system was brought 

011 stream in 1970. 

In this C35ting process, cathodes are melted in an induc­

tion furnace and the molten copper is charged into a hold­

ing furnace through a launder. From this furnace metal is 

drawn continuously through a vertical die cooler. A cooled 

grapnitc mount-piece is positioned into the melt and the 

upp8r end ~f the die is encircled by a water-cooled copper 

jacket. Cast strands are cooled as they are drawn upwards 

and are coiled into 2-3 tonne coils by coilers located at 

tt1e end of each strand. The submerged die 1-Ji thdrav1al unit 

is located above the holding furnace and tl1e die coolers 

are fitted to a horizontal steel support. Two pairs of pinch 

rollers for each strand pull the cast rods through the cool­

ers. ThP diameter of a cast strand can vary from 8-25mm de­

pending on the required dimensions of the finished product. 

After the casting operation, the unpickled rod is bright, 

unoxidised, and ready for cold working. Cold working is 

undertaken on a speci~lly-designed tandem line where sev~ral 

rollers arc installed behind one another. Since the rod re­

ductions arc sm;:ill, the wire is worked gently in order to 

prevent rollinu defects, which are prevalent in hot rollin~. 

C;1~1t rod cdn nl~:;o be further processed by mcnns of dr<11·1inr,. 

r ti c r o rl cl i zi w1 t e r de t c rm i n es w h c tt1 1 ! r co 1 d r o 1 1 i n ri o r d r a 1·1 i n !l 

is mo:;t suit<lblt!. 

J\11 impnrl.c111t r.h;irar.tnr1s1.ic of thL; cJ~itlno prrn:c:;~; i:; tt11t 

:;p1:r:r1 of rllrl 11i U1dr;l\•1<1l i:; lirni t.1!rl. Con:.r.q111!r1t.ly, t.n mzii11t..Jin 

r.c:111ir1111i r: n11 l.p11 t. 11'1.1~1 :; , ;1 r.ri:; Lur ti.1'.i :i r111rntir.r nf '.i '. :-;111d:i 

\•If i I k I I \I] '.i i 111 l J I t. 11 1 ' ' I ; l J '. i I v . 
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A µricipal advantage of the process is that complex equip­

ment is not required as the process is very simple. This 

makes it possible to build and operate economically very 

sn1dl 1 plants. It is also possible to add strands to a 

caster to increase capacity. 

The casting line is completely automated and a 12-strand 

caster, for example, producing 2 tph can be controlled by 

one operator. Plant capacity is dependent on the number of 

str2nds, but as an approximate guide, each strand of a caster 

can produce 1,000 tpy. At present, there a~e some 20 Outo­

kumpu casters in operation worldwide with c~pacities rang­

ing from 3,000 to 30,000 tpy. 

nutokLimpu has production-scale experience in : oxygen-free 

copper (HCOF, OLP, and OHP copper), brasses, nickel-silvers, 

bronzes, copper-nickel alloys, precious metals and alloys, 

zinc, cadmium. The shapes and dimensions of the up-cast pro­

ducts can be varied over a wide range; not only rods (wires) 

but also tubes, strips, and various special profiles can be 

cast. The use of multi-strand machines makes the casting of 

small cross-sections economical. The smallest dimensions 

cast are : wire 3 mm diameter, strip 4 mm thick, tube of 

20mm 00, l.Smm wall thickness. 

The production capacity of a plant depends on the dimensions 

of the product, the number of strands, and the rate of with­

drnwal, the latter generally being dictated bv the nature 

of ttir. m£~t2l. 

niffr!rcnt types of furn<lCf!~i c<1n br~ used. Normal cti~rnnc!l-tyre 

i11uur:Lion furnric:r.s arr: used for oxynr.n-free copper~ and cer­

tain ;J11(1y:;. Cnrc!lw;s induction furn;1cr.:. nre used for rrc­

r:tou:; 111r!L1l:; ;ir1d sumn dift'icult alllly~;. Rc:ii:.tancr. ar1rl \J<1~;-

l1t~ :1 l f ! r I [I J l' Iii I c: f' '. i f~ ~Hl CJ l ~in ti L! I J '.; p r1 i r r r. q I J i r l! d . 
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O) SECOR CASTING PROCESS 

Clecim, the plantmaking subsidiary of Creusot Loire, began 

development work (as Secim) on a copper rod casting process 

in 1975-76. A 10-tph prototype caster was built in that 

year and following a testing period of 18 months an order 

was nlaced by Australia's Copper Refineries of Towns~ille, 

Queensland, for a 25-tph rod caster. This caster, which in­

corporates the patented grooveless rolling procedure (RER), 

developed by Copper Refineries, was brought on str~am in 

12t2 1977. The trademark for the Secim rod casting process 

is Secor. 

~ore recently Cosim, Clecim's Spanish subsidiary, has built 

a Sccim rod caster at the Oviedo plant of SIA Santa Barbara. 

This Secor line has a capacity of 10.5 tph and was fully 

operational at the end of 1982, two months after the start 

of the commissioning period. 

Secor process description 

In both the Secor plants which have been built so far, 

molte11 copper is supplied from an Asarco shaft furnace. 

It then passes through a launder into a holding furnace, 

and t h c n i n to a po u r i n g fu r n ace , f r om w h i ch i t fl 0\·1 s th r f"111 g h 

a spout into the caster. Slag traps are incorporated in the 

two launders. The pouring furnace can be controlled either 

manually or automatically to fee~ the caster at a constant 

rate. Au l1Jmcitic pouring is achieved by mca1i:. of a "bubble" 

tube \·Jhict1 is immersed in the tuncli5h uf the caster anrJ 

fprl l:r1nt.im;rn1:;1y \·1ith njtrnoen or <Jrgon. 

ThP c<1:.t1:r i:. n; the \·i11ecl-ancl-t;clt lypP ;incl top-pnt1ri1q1 i;, 

pr.11.t.i:;1!tl. ,\ft1!r cordi11n 111 Uw mn11ltl, U1<! c;1!il l1.ir i~; p;-1f;;,-

1·tl f'r·11111 tt11! r:;1:;t.i1111 \•il11!t:I In 11n 1:\i l t.lli11: wltil;l1 l'f'1!1h tilt! 

r·n ! I i 11:1 l1i I I I . I fl ;1v1ii d ;11·r1t> I t'.lll:; i 11 ttll' I'\ l'll l () r l't'. :; L1 r I 

1 11 r ; ' I : i I. i I I fJ r n I 1 I)\•/ I 11 IJ :ir l v 111 · ! : " r1 n '•I 11 ' t h I ' c d '. ; l h :1 r d ( 1 t : : i 11 r 1 t 

p .i : , . , , it 1 1 1 \ , : . t.l 11 : 1 : ;1 : ; t. i 11 iJ 1·1 h 1 : r I . 
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Pinch rolls are on the exit table, Nhir.h are synchronised 

with the casting wheel s~eed, take the weight of the bar 

to prevent bar tension at the wheel exit. The pinch roll5 

convey the bar to the edge trimming unit and entry shear. 

The trimming unit removes any fins on the bel: side of the 

bar and cha~fers bar corners. The entry shear crops the bar 

at start-up until the cast bar is suitable for rolling. 

The shear also disposes of rod in the event of a cobble. 

Cropped bar sections are cooled on the crop bar conveyor 

and st2cked for remelting. 

Prior to rolling, the bar passes through a pre-pickling 
and scale-breaking chamber. The bar is rolled using grooves 

to form a round then grooveless rolls (Copper Refineries' 

Rr.R system) to form a flat before the final round pass. 

The non-t•1ist rolling mill has cantilever stands grouped 

in blocks of 2-3-4 or 5 stands. An intermedi:te shear is 

installed on the mill to reduce downtime should a cobble 

occt1r. Cooling in the mill is achieved by circulating cool­

ant from a central station. After rolling, the rod passes 

through a cooling tube where it is cleaned with non-acid 

solution. The rod is drawn through the cooling tube by 

exit pinch rolls and fed through a waxing unit to the coiler. 

The \~ax prevents tarnishing of the clean finished rod. 

~ Ol•illotine shr.ar is positioned in front of the coiler 

to cut the rod, if necess<1ry, to avoid coiler jamming. 

The Secor casting process offers seven principal advan­

l<i!JC'.i. The automatic level control system ensures consis­

t c n t t1 i ri ti - qua l i t y ca 5 t b a r as we 11 a ri 1 ab our s av i n n s and 

i rn p t 11 v e d n rw r a to r ;, <1 f r. t y . I n c r f? CJ ~; r. d op r. r a tor s a f r. t y <1 n c1 

l:itin11r ;,;1vinu:; ;1rr. :1Cll1£?vcd al~;o by the <H1to::-:Jt.cd r:rnppr.d 

t 1 , ir r: ri r ii i 11 q , 1fl rJ r c rn n v ;1 l ;. v : ii. r rn . M 1 1 1 !; t. .i 11 d : ; a r " cl r i v r. n r; P -

r11r·.1l1•l\ to i!ll:illl'l! rclt~ll1l1! produr:t.ion 11f :1 widt• r.inrH~ or 
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The RER grooveless non-twist rolling process permits im­

proved interchange~bility of rolls, reduced operating 

costs and capital cost, and increased productivity. The 

life of ~he tungsten carbide rolls is prolonged by 50 % by 

use uf the organic solution cleaning process. Fine wire 

production down to 71 microns can be achieved without rod 

shaving. Finally, the low height of the caster reduces 

building installation costs. 

E) corn moo (KRUPP-HAZELETT) 

In the 1960s Belgium's Metallurgie Hoboken Overpelt (MHO) 

and Usine a Cuivre et a Zinc de Liege were involved in the 

joint development of a copper rod casting process. The com­

panies planned to install a rod casting plant at the Olen 

refiner~ of NHO. Jevelopment work was undertaken on a Haze­

lett twin-belt casting plant at Olen. In 1970 it was decided 

to build a contin~ous casting and rolling plant next to the 

Olen elestrolytic copper refinery. Production of copper rod 

using the MHO-Usine a Cuivre et a Zinc process began in 1973. 

The plant included Krupp-Hazelett casting and rolling equip­

ment and was designed for a capacity of 100,000 tpy. 

The trademark "Contirod" was patented by MMO for the cast 

copper rod products. 

In thi:. process, cathodes are melted in a shaft furnace and 

thr. molten copper is passed to an induction-heated holrling 

furnace. Frnm this furnace, copper is charncd into a twin­

bcl t casli11~-l unit. Rcctan11uL1r bar~; arc produr.ed by thr. 

ca~;tr.r. I\ r:iir of pinr:t1 rnlh ouidcs the ca~;t bar ton sr.Jlp­

inn 11r1il \•1tiid1 lrim:; thr. ctlo1::; of tt1r: liar hy mcnns of ro-
t; 1 t. i n n l o n l :. . T Ill~ p i n c Ii r n 1 1 : ; Cl c t ;i : ; c.J ~; p P r. r1 - :-; 1 • 11 '.j l r 1 ~ 1 d r. v i r. c 

f111" r:;i:;f.tri!] iHlll 1·nlli11q. ,\ fll!rJC1ti111111 :;tlf';1r i:; lnc:;it.r~d r1r!<1l' 

t.111~ '.;1:;1lpi11q 11riit l11 1:rni1 ti:11' rl11rtnn '.;l:1rt-up :111cl c:1:;t.i11q 
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Following scalping, lhe bar passes to a mill train con­

sisting of 15 horizontal and vertical passes. The mill 

train is divided into four groups: roughing mill; inter­

mediate mill; finishing mill with rotary shear; loop 

control unit and emergency shear. 

The loop controls are designed to eliminate tension bet­

ween passes to ensure production of high-quality rod. 

After pickling in sulphuric acid solution, washing and 

soaping, rod is coiled to produce 5-tonne coils. Currently 

rod ranging f:om 6.35 to 22.5 mm is being produced on Krupp­

Hazelett casting units with capacities ranging from 12 to 

50 tph. 

F) GEr~Ef~.\L ELECTRIC OIP-FORMirlG 

In this process a cold, clean copper "seed" rod with a 

diameter of about 9.6mm is pushed upward through a graphite 

container filled with molten copper. The rod moves at 

100 metres/minute and the copper depth is about 500 cm. 

On emerging the rod is some 2.75 times its initial weight, 

with a diameter of about 16mm. When molten copper and seed 

rod are fed in continuously, a unit of this size will have 

an output of some 10 tph of hot rod, and by scaling up the 

diameter of the rod and the depth of copper, higher output 

rates are achieved. 

The hot rod is cooled to 850 °c and hot rolled in a pro­

tective atmosphere then cooled to room temperature while 

still in protertive atmospi1ere, and coilr.d. 

Oip f orr:1ed coppt!r rod has a low oxyocn content, clean dense 

s u r f a r: r, , u n i f o rm s i n a l c - r ti e1 s r. j n t. c r n ;i 1 s t r u c t 11 r c a n d m c r: h J -

n j r. ;i I pr up~! r t i c :; s u i t Cl tJ 1 e f o r s 11 r: h <J pp l i r: a l i on s <1 s f i 11 c 

w i r e d r ; 1 i·J i 1 1 q . 

,\I. U11: :;:11111~ l.1111(!, 1 !. 11.i:; l.o !If: mrn I. i rJJ11'd lti;1 I t.ti 1;, r1id 

()fl l.111: llfH' t1.lf1il I :i f l't:(! r 1·11111 h\'rll'flljt'll 1:11d1r It. t. I 1:1n1:n t. pt11:nn-
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PRINCl 
16 mm 

CAST ROD 

50 cm 

mm-
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I •nC:!..:Cl~~G BR<GHi c;_::...;N ROD BEFORC: COLD COILING 
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menon, but on the other hand it has somewhat higher re­

crystallization temperature, which is always inherent to 

the oxygen-free copper. The dip formed rod is very much 

suitable even for special applications, w~ere requirements 

are high. 

G ) GE r: E R :\I EL c:: c TR I c L Ev IT A TI 0 M c As T Ir I G ( GEL E c; p R a c E s ~ 

Th~ General Electric Levitation Casting (GELEC) process 

is basically a synergistic combination of an electromagnetic 

levitation field and a highly effective hP~t ~Achanger used 
in an u;::: ·.;a rd casting mode . The res u 1 t is a s imp 1 e , 1 ow cost 

continuous casting process that overcomes problems of fric­

tion 2nd adhesion at the mold-metal interface of ten found 

using other casting techniques. Among tte advantages are 

high castino speeds, smooth continuous withdrawal of the 

c2st product; excellent homogenity, grain structure and 

dimensional uniformity of the cast product; absence of im­

perfections or inclusions in the cast surface and extended 

operating life of parts in contact with molten metal. 

It is particularly well suited for near or net sha~e cast­

ing of small diameter rods and other products from a variety 

of pure metals and alloys. For most applications, the fine 

equi-Jxcd grain structure of the "as-cast" product is suit­

atilc for imm~diate drawing or forming operations without the 

nr.cd fnr hot rolling, annealing, or other processiny <1fter 

C<lStin~j. 

H) cor1r:1 llfl r tlG RFMi\Rh::i 

T l fCJ 1 I ow ~; f r n 111 t ti c <.it 1 °'' r. t h ;i t ti i l h 1 ~ r t o t r J r1 i ti o ri < ll 1·11 r r. 

IJ ;J L" l" () 11 t t' f rl r lt IC Ill <I fl lJ f <l G l U r (! 0 f I' C - ct r iJ \'I C: Cl fl fl f! r I' l) d \'Ji 1 l , 

i 111. r1:;1~; 1nq1 y i 11 lt1t• fu t.11 rr:, nn Ly lir. r1: t<1 i nrd i 11 1:,r1:p ti nri.1 l 

1:!1"1:11r11:,t.ir1c1::;. Tt111:;, f111· l'flil 011!plll:; Ill l!11~ r:1r1q1• nf (,-t1[l 

1 1 1 r 1111' ~. ii 1 r . I. Ii 1 · r' r n p 1 : r / i , ' ; n 11 I.I 1 1·1 t r 1 : . JJ 1 ii I · 1 1 11 t 1 r n ii 1 : ~ 1 : · : : 1111 111 1 ~; 

lllt'.11.i: I], r:,1•;tl111) .!!lll l'IJJ] iJH] fll"lll'.(!'.i:;1•'.i ill"f' nn\·/ !"11" 1"11\ l~'..i-

1 .i Ii I 1 · , I 11 • t I . 
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f i rJ u r r. fl . :, i 11);' .l i f i c: d i 11 w; t r ;i L i o ri n f G LL F C sys t c r:1 

in c:1~;ti11~1 r.wdc: 
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A simil0r situation exiJts for the GF dip-forQinn process 

for outputs in thP. range of 3.0-11.0 tonnes/h~. Adoption 

of these processes !las heen mainly on ecr:inomic considera­

tions, includinQ those arisina from the use of a less ex­

pensive in-feed, namely cathode, and the omissi~n of a bar 

reheating stage. For example, with the Southhire SCR system, 

the overall saving in energy consumption is estimated as 

about 1340 MJ/tonne, with an output of about 40 tonnes/hr. 

The continuous processes also give important advantages in 
11 dmms t rP.am 11 opera ti ans, among \·1hich a re the absence of a 

pickling stage and the greatly reduced frequancy of butt 

welding between coils. The latter allows the use of higher 

drawing speeds for the rod. Additionally, with appropriate 

operational techniques, the technical properties of conti­

nuously processed rod have proved at least as good and, 

frequently, markedly superior to those of rod made from 

\·Ii re b2 r. 

However, it should be recognised that the equipment i •.. 

valved in the continuous processes is relatively compli­

caterl and its performance depends on the efficiency of a 

range of control and automatic devices not previously em­

ployed in the industry. This part of the technology is 

therefore still evolving, as is also that dealing with the 

mat~r·ial rle~ign and use of various components for which 

long-term durClbility is necessary under the arduous cornH­

ti o n ;, a ~; ~i o r. i " t c d 1" i t h th P. p r o c e s s . F o r l h e us c r , t h t! e q 11 i r -
mcnt rr.prP~;ent;, <1 ma.irir capit.<11 investment and its utilisa-

t i n n f <J c t o r i :, t.h r. ff'! f n r e i 111 p o r t ~ n t . 0 r t h i s po i n t , c 1 a i ms 

t1;ivr. twPn fllddc th:it cr~rtilir1 prnc:1~:.'.it!!i are lJP.tter tl1dr1 t.t11! 

ot.t11!r'._;, tJ11t Ult!\ ;ire rliffic1Jlt tc1 r1:lJt.r! i11 term~; nt ;1 ~Ji\1!11 

p l· c 1 !111 r: t. q 11 • , I i 1. \ • 
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For lower outputs than thosu of the proc~sses with a 

t~ndemtscd hot ro!ling stage, continuous casting methods 

exist~ (Outokumpu), or are being developed (GELEC), which 

produce rod suitable for separate cold rolling to re-draw 

sizes. They provide increased flexibility with re~pect to 

the :angc cf section shape and materials that can be cast 

a3 well as to cansistency of product quality from the con­

tinuous n~ture of the operation. As far as can be judged, 

all th~s~ c~sting processes use a submerged graphite die 

tcchni~u~. T:12 ~aero-structure of the as-cast rod usually 

consists of large columnar grains. ~hile this does not ap­

pear to cause any problems with rod ultimately reduced to 

wire siz~s, concern has been expressed about the risk of 

fire cracking with rorl subjected to more modest ar~ounts of 

deformation before annealing. 

(NOTE 
1) The table shown on the following 3 pages are 

copied from Metal Bulletin Monthly, August 1983., 

accordingly its figures are based on the sit11a­

tion of that time. 

2) Under the processes referred to as General 

Electric in this table the GE dip-forming pro­

cess is to be understood, as GE Levitation Cast­

inn rnett1od was devclop~d ~ta later date.) 
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Cont!nuot:s copper rod casters 
Counrry & comp.•ny Works Process P!'Jdd1.1. Cap.1ciry o.1r~ 

of consrr•1ctton 

ARGENTINA 
Pirelli SA Buenos Aires Cont1nuus· Prooerzi 1982 

Ou1lmes Buenos Aires Cnn:inuus·Properzi 8 1983 

AUSTRALIA 
Co:iper Refineril!S Townsv1lle Secor 25 19n 

Metal Manulac:i.,,es Port Ker.ibla Southwire 0.3125-0.625 27.5" 1974 

BELGIUM 
~ .. ~~t.1!1urg1e Hoboken Q._,ero·!it o:..,n Krupp/ Ha:elett Bmm 22 19n 

Lam1trel Hi?m1:.Csem Continuus·Properl"i 1969 

Lam1trel Hcm·'<sem Continuus-Properzi 19n 

BRAZIL 
Cara;ba Metals Sa!vadnr Krupp/ Ha.:elett 8·20mm 32 1973 

BULGARIA 
FTE Technika Sofia Southwire 6.35-14.Wmm 13 1978 

CANADA 
Cable Tech Wire Toronto Outol<l'mpu 9.000 tpy 1980 

Canada Wire & Cable Montreal Krupp1 1-!azelett 8mm 33 1980 

CHINA 
CNTIC Harbin General Eiectric 6.0 1983 

FINLAND 
Ou:olmmpu Oy Pori Outokumpu 10 000 tpy 1972 

FRANCE 
Laminoirs TrP .• 1eries Lens Southwire 0.25- 25° 1970 

Cableries de Lens 0.625in 

Thomson Brandt, Branche 
Trefileries et Cableries Chauny Krupp/ Hazelett 8mm 32 1976 

WEST GERMANY 
Deutsche Giessdraht Emmerich Southwire 8-15mm 36.4 1976 

Lacroix & Kress Bram~che General Electric 5.4 

Norddeutsche Aff1nene Hamburg Southwire 8-9.4mm 30• 1972 

Hamburg South wire 8-16mm 45 1980 

IT o be announced) Continuus-Proper1i 

GREECE 
A. Chandris Cables Volos Outokumnu 12,000 tpy 1974 

Fulgor GreP.k Sussaky Contir, · •us-Properzi 1977 

HUNGARY 
Cscpel Metalworks Budapest General Fler.fric 6.0 

INDONESIA 
Furu!<aw<t Elnctric 1.J;in<tnl.1 

Su;:ireme C.1blc Mfg Dj,1~.1r1.1 Southwirc Rmm 5.9 1Jl9 

IRAN 
Nationiil lrnni~n Copprr 

lndu:.trics S;1r Ch··~hmrh Krupp. ll.11elr.tt 8mrn 32 1!ln 

IT,'-1.LY 
Coldta Co11tm11o1 l:.ill.1t1.1 1.1) Brl•J1'"'0 ~n11ttn.v11P. 8·1firmn 75 1977 

nr.n~ ~,11t•1nil CnnfrP\111~· r1oi,,.,,, 1 !II~• 

Ful·;or \.,1vi Lali11.1 Cnn~::111u~; f'rcip11r:i 2~, T1•rnpn: 11oly 

off ·;tr1'Jifl 

lt.1lrJrtH? Av1•!111m Kr11pp 'H,11r!i1•U (i :1~; 20rnrn :i~ f!}/(i 

JAPAN 
F11j1hH<1 ·:,,1k11r.1 (j1~111•r,1I Ue,:t11r: 10 9 

furu\..1IW1I ff,.r:trrc 01ilo.1 S\)\llflV\lff' O.:lt~~- 75' 1~1/ 1 
l1 , ,, '~11n 

f UHJkdW.t ~l,.o.!1 r, 1\1111 ~.~t llJ tll'w"w If" (1 .lt.'~- Jo.I' 1 !) '~' 
0 !".''· 
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Cuunrry (1 comfl""Y \\'nr.1-s Pror.1_•:..s Rodd1a. Cap.7c1ty Date 
of con"rructirm 

llit;ichi \Vire Rod lt..~rn>.1-r.en So1Jtlmire 0.31/5- 30• 1971 
067!iin 

M1:cub1sh; t.lc1;1I 0'.M.lka Southw1ri: 0.3125· 25• 1371 

Mining 
. . 

O.o25in 

~~" .::h1~h1 r.,ct:tl 

"°1rntnl] Q,;ika Gmu:r;al Electric 10.9 

r-!'1rn.w1 C0pp.-r R•:•in•n<J fj Yodo Southwire 0.3125- 50• 1981 

H•Jlhng 
0.8751n 

Show;1 Electric 
y,,,,, & CJble r..~1~ Gen.-ra' Electr;~ 9.1 

Shcwa Electric 
v:irc i:-t Citblc r:a~'V~saki G''neral Fbctric 5.4 

5 1.•m:!o::~o El-.:cHic lr~r.±·J~!~;es o~a':a Krupp 1 Hcizelett 7.8-22.5mm 40 1979 

i.1::~nt;i Fi•:ctrii:: 

Wrre t1 C.!blc Kawachi G~n·.:r 111 El0ctr1c 5.0 

Ya1Ji-..i \\'ire & Cable Gotemtia Ger.era! Fl.,c1ric 5.0 

Yilzak1 \•Jir~ Cr CJh:e Nurn;p·u Ge,,u;,: Electric 5.0 

s. KOREA 
Gold Star C.wle ~>oul Soutnwire Bmm 18 1980 

Ta:han Ei•.?ct .. ic 'l/,r·J S"?O•JI Sou:hwirr: 8-16mm 27.2 198:) 

:->oor.g:;an ;.~:.!rdl ::.!-] Or.:;an \Jutokurnpu 16.0YJ tpy 1979 

MALAYSIA 
Metrod !Malaysia) Kuala Lumpur Outokumpu 18,000 tpy 1982 

MEXICO 
Ci.:t. r-.~ino:!ra Kap;.::a r .. ~e,.,ico City General El~:;tric 5.4 1980 

Cob'e de lra;iuato lri!puato CutckJmpu 6.000 tpy 1973 

Cunticon SA cic CV C.::!aya Krup;' '' ~azr::ctt 8-i6mm 33 1951 

lnd!Js:rial y Cv:~·~c._i.11 Tor Mexico City 011tokull'pU 6,CCO tpy 1973 

PHILIPPINES 
Phelps Dodg'.! Phi'i;-i;iin•~s Mani!J Outo•umpu 6,1.Y)Q tpy 1982 

POLAND 
KGHM Lubin Krupp r Ha:el·~tt 6.35-12mm 32 1975 

PORTUGAL 
CPC Pono Gi:.:ner.:! c:tect·ic 6.0 1982 

RU MANIA 
ICEE ... lntrimrinder'!.I d~ 

Conrluctori EJi;ctr1c1 Em.1ilati ?;il,111 Krup;i Hazc!Jtt 8. 10, 1:!, ~4 ar'!d 10 mm 12 1977 

SOUTH AFRICA 
Transv~.1! Cci;ipcr Ro·.t Cu ill) PJld:lGr.J Sourtv .. \.'i:e 0.25 0 c:s,n 17.6' 1%3 

SPAIN 
lhcrco~)r!! f:OHhl~'.1 Krup(I. HJrnl•,lt 8-lflrnm 25 10;;;: 

Sit. s .. n:a B.1r11:ira Luuon~!i Sc..:;oi i0.5 1r ... ~ 

SWED~N 
E.lektr0r.o..,;i.ir ttels1nntn"J Ct.rntm.;·,:., F'rop1:r:i 1\1/J 

TAIWAN 
tlu3 t""I i.u;•p··r 

& lrn•1 lr1'!. i(;1nh-.11:n~1 Gcr11·r .d Eh."·1111.: 3 ~ 

rlhHl'I I 11fll1 I r~1:!,fr11; C.1111~~ 

fr v: "' T.11p1•1 ()11{11:..11 11 'jHI Hl,0..\l H'V 
, ,. ~.., .. ·~ 

f .1l\rr11) <:.1t1l1· T .irpt'I 
C1•'!\1'f1tl f!1·rtr1,; li\1 1't!,J 

Vv ,i .. 1t1 t 11111.t I !1•1 1•11 

\V''" Ir c.,t,1,, r,,,.,) f:11111•1 So11tl:·,\•r•! H.'l r1. l~' ,11d 1.-\m'n B 1'.1;7 

VJ,11.,111 l ,i,.·,.1 t ! ... :rrr: 

W1u,11 l,,d1:,. (11rp T .11p1·1 ! 0

1!1\j{t·,\'.lff' fl 1lJ1nrn 1 ~; ' l'.\•;1 

Tl i/\IU\N D 
B.111:1~ 11k f L, 1111· \.\ '"' 

tr C,,1\ll1· 
~ •,II ! I II ( I 'r. I~ .HI! 011 ! • ~ I lflll •11 

l ,\\1 lpy t·.~l I 

Tt1.11.Y,1.1.1~. f 1 .. , t11 \\'1r!' (l,,r1 pi.~ 011!11"-"'11,11J ~ '~\ \) : 'I' 
111 . .; 

111.11 Y.1:.1~.1 ! I,' f•,, ..... ;,,,. (Cll\IJ~ p"- 011l• ·~ 11'1'1!ll 
4.\n_1 ,,.~ l':~ll 

f'{) ·,1.1111 H1,.\ U,111• ri, ~ 01111 '~11r1111·.; 
1. ~ ~.). i ! ; ... ,. l<t I I 1•pl 1.~i 



Counrry & company 

lURKEY 
Bakirsan 
Botcl Bonin T eh Kablo 

S;,navi ve Ticarct SA 
EA Erbakir 
Hens Hacililr Elektrik 

Sanayii ve Ticarct SA 
llahak E!cktr,..litik Bakir 

ve Mamulleri 
Sarkuy:;.:in Elektrolitik 

Bakir Sarldyii ve Ti~aret 
S;m:uys.an Elektro1;1ik 

Bakir Sanayii ve Ticaret 

UK 
BICC 
Enfield Rolling Mills 
Rodeo 

USA 
.O.sarco 
Capital Wire & Cable 
Cerro Wire & Cable 
General Eles;tric 
Inspiration Consolidated 

Copper 
Kennecott Relining (cl 

Magma Copper 

Nassau Smelting & 
Relining 

Packard Ele.:tric 
Phelps l:'odge Copper 

Products 
Phelps Dodge Copper 

Pr.Jducts 
Rome Cable Corp 
Sou:hwire 

Southwire 

Western Electric 
Western Electric 

Nassau "'"cycle 
vv .. ~ .. nghouse 

USSR 
Metallura1mpo1t 
MetJlluruimpurt 

YUGOSLAVIA 
Bor 
Bor 

ZAMBIA 
11.1"!.ll I .11Jw.1rrw; nf 

lJmh .. 1 

Works 

Hendck 

Istanbul 
Izmir 

Knyseri 

Istanbul 

Istanbul 

Istanbul 

Prescot, Merseyside 
Brimsdown 
Skelmersdale 

A!T'arillo, TX 
Plano, TX 
Hartselle, AL 
Bridgeport, CT 
Inspiration. AZ 

San Manuel, AZ 

Staten Island 

Warren, OH 

Norwich 

El Paso, TX 
Rome, New York 
Carrollton, GA 

Carrollton. GA 
(Caster has 
replaced pilot plantl 
Hawthorne, IL 

Gaston. IN 
Abingdon, VA 

Tashkrnt 
Tashkent 

Bor 
Bor 

l 1J,H1'.hycl 

40 

Process 

Outokumpu 

Outokumpu 
Contin•ius-Properzi 

Outokumpu 

Southlflire 

Outokumpu 

Outokumpu 

Southwire 
Southwire 
Krupp/ Hazelett 

Krupo/ Hazelett 
Soutnwire 
Outokumpu 
General Electric 
Southwire 

Southwire 

Southwire 

Continuus-Properzi 
(modified by Southwirel 
General Electric 

Krupp/ Hazelett 

Krupp · Hazele't 
Outokumpu 
Sr ... \·ire 
(~ ,,. plant) 
Southwire 

Southwire 

Krupp' Hazelett 
Southwire 

Cont·rhJLJS· PrC'l~'l~r zi 
Con 11nuus· Properzi 

Gt.!n1lrc1! fl1~ctr1c 
(;,•ru•r,11 [lcctric 

Rod t11J. 

e-10mm 

0.3125-0.6::5in 
0.25-0_625in 
6.3Smm. 8mm 

Bmm 
0.3125-0.375in 

0.3125-0.625in 

0.3125-0.675in 

0.3125-0.625in 

0.3125-0.5in 

Bmm 

Bmm 

0.3125·0.625in 

8-22.2mm 

0.3125-0.625in 

Bmm 
0.25·0 625in 

~ory 

16.000 tpy 

6,000 tpy 

3.000 tpy 

8 

12,C.t)() tpy 

16.0CO tpy 

34 
v_6• 
25 

Oar~ 

of construcrion 

1980 

1!!82 
1981 

1982 

1!!79 

1974 

19n 

1975 
1974 
1980 

32 1974 
10 19'59 
12,000 tpy 1981 
5-4 
22.1 (increased 1968 
from 16.ll 
35.3 (increased 1973 
from 301 
J8_6 {increased 1972 
from 301 
9 1963 

6-3 

40 

50 
J0,000 tpy 
37 

55 

V.6 

1979 

1980 
!start up) 1983 
1365 

1981 

1974 

40 1976 
16.5 (increased 1965 
from 151 

5.4 
68 

19-54 

1931 

(,11 ,.1 \'1•rf1r·.1f ro11r;l111111 ~r.11 1 1' •v.1\ ,1tf,r1•.! ;,1 f'''' .",.',·•: ,,, ,, .. ;, ,,,,,• ·~ l'f• .1 ,.;•I'' C:: ,·,, 11 •t•1'' 1 • ' :.r ,,. '!•" .1, ·" ·' ;, , '.•: • ., .1·1.f, .I'',••,·.,.~ •. · •· .. , : .1 ,11.1·..;,. 

If•! ..,1 •1 rfl /"If' IU•f I I.· I I ., ; \~ .(1 ir• ,111,/ (lf'•r•r 1'./ll•i''"t'lrf <f,,,(1•,,; 11il 1'1 ,•·1·:. 
1 

'I,',/, , , I',''' f, 1,/ .J .I , '. 

(cl A H'/(1f"lfltn11r1/111i.J \(.1nd ~\..l'i tfil,ft•d fO ,,,,, t.~.,,,,.,,,, ,,,,1/m ('1'1'1n!i1•f l!J..,, ,l,f,111,f l·.1.<; 11 C1l{'rf1'1fv "' :~ ~!quf f1lf'f r•r "~'J' ;1r•.J. ,,,, 1•'1', f 'I ... · .... ,,,., 1' ·' '~'J 
Ir •d.ufr•d1111111 IJ1.•_,.mf1f•f l:;,iJ 
•.'ihorffrlfl<; 
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III. f.IAllUFACTURE OF COPPER AMO COPPER ALLOY 
SHEET AllO STRIP 

A) CASTitlG 

The manufacture of sheet and strip in the modern 

copper and brass mill begins with one of two basic 

casting operations. In the casting plant the metal is 

melted and 8ither cast in the form of slabs which are 

subsequently heated and hot-rolled to coils of heavy 

gauge strip, or directly cast in strip form and coiled. 

The coils, in either case, will have their surfaces 

milled to remove any defects from casting or hot roll­

ing. The next set of operations through which they are 

brought will provide the desired final gauge and temper 

by a series of cold rolling, annealing, and cleaning 

operations. Finally, they may be slit into narrower 

widths, leveled, edge rolled or otherwise treated, and 

packeged for shipment. 

Raw materials from which the melt is prepared consist 

primarily of virgin copper, either electrolytic or 

fire-refined, selected clean scrap of known origin, 

carefully checked for composition, and special alloy 

elements such as viroin zinc, lead, tin or nickel. 
After the charge has been formulated, the raw materials 

are assembled in charge buckets and carefully weighed. 

These materials are discharged into hoppers which feed 

electrir.-indur.tinn melting furnaces. As melting of the 

chllroe proceed:., samples arc taken from the furn(]cc and 

sent to the spP.ctor.iraphic laboratory for analysis. 

T ti 1 ! corn p n ~; i t i on 1 s ca l cu la t c d by c nm put c r an r1 r ct u r r H~ cl 

tn tlH! prir1tcr nn the rnr!lt :;l1op flnor within mir111tt~!;. 

Tf r11•1;(''.i!i:1ry, tllP mrltr·r C:illl tllt!rl rnclt\I' addition'.; tn 

ll r 1 11 q t.111 : m t : 1 t. 1 • '< a c I. I y 1·1 1 H1 1 n t.l ll ! ! ; p r • c i f i 1: d c: o rn p w; i · 

t. 1 () 11 r ' I r HJ I ! . 
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The ffietal is pratected f~om atmospheric oxidation by 

a cover c~ carbon or bone ash. When the composition and 

temperature have been deter~ined to meet the requirements 

of the alloy being melted, the molten metal is transferred 

to a holding furnace. 

For many years in copper and bra~s mill casting practice 

the molten metal was poured from the melting furnace into 

a pouring box which distributed it into long, rectangular 

molds. This method had some important disadvantages. 

The maximum weight of a casting, and therefore the length 

of finished coil was limited. Molten metal dropping from 

a pouri~g box to the base of the mold was subject to 

oxide scumming an1 entrapment. Metal splash caused the 

bottom end of the bar to be spongy. The casting varied 

from bottom to top in temperature and solidification rate 

with potential problems from shrink cavities, gas entrap­

ment, surface laps, and mold coating defects. 

During the 1960-1975 period, semicontinuous and continuous 

casting processes began to supplant the book molds. In each 

of these ne\·J methods, molten metal flows into a short, rec-

tangular, water-cCloled mold, which initially is closed at 

one end by a plug ~Jn a movable ram or a starter bar. 

The mP.tal f rP.ezes to the pl11r:1 and forms a shell against 

t h r. mu 1 d s u r f a r. ~ . T h e r a m i s t h e n s t e a d i 1 y w i t h d :· a \m , p u 11 -

ing the sh!!ll 1·1ith it. As the shell exi.ts from the bottom 

of the mold, r:old water is sprayed on it, cooling it rapid­

ly C1ncl cJusinn the contained molten rnetal to freeze. In 

l ti i s m n n n e r a c o n t i n u n u ~; 1 y c a s t s l;:i LI n f t h e de s i r e d l c n ! J t h 

i :; p rolf11n:d. 

U11! ;,t1;1llm1 pnnl ;rnd rr.rn;iiri:; ttwrc l.11 r:nllr.r.l <1t thr. t.11p 

11r l.l1(J '.d!1nu:n11tirn11111:; c:i;,t :;lati. ft11:; 1md Ila'.; t.l1 la: :;;i1·11!d 

11 I I' ti' ! r ll r I! I 11 it. 1: l l l l I r I fl ' 1 11 c I : I) 11 I. i 11 l) (l l) '.; c (l '.; t '. i l J l):; . l I" (: t' r I' I. 

f r (lfl) l.t l i ~i t. y p (! (1 I' il I '. i a cl v ii II L. I q I : '. i . 
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The direct chill (DC) casting processes described above· 

are done in vertical molds and are used to produce slabs 

of large cross section which are subsequently reheated, 

hot-rolled into heavy gauge strip, and coiled. Such large 

coils are the most economical to handle through the sub­

sequent rolling and annealing processes at the mill and 

later by the user who is fabricating finished parts. 

Some alloys contain elements which produce phases, or 

structures, which are difficult or even impossible to hot­

roll. Such alloys must be cold-rolled, and the amount of 

reduction in thickness that can be achieved, before anneal­

ing becomes necessary, is small when compared to hot-roll­

lilg reductions. 

The problem with alloys that are hard to hot-work is over­

come with the horizontal continuous-casting method. It of­

fers a means of producing relatively thin cast strips in 

long lengths which can be coiled in the cast state and 

later reduced by cold rolling. Tedious, costly cold break­

down rolling and the attendant annealing are avoided. 

The horizontal continuous casting process provides a pro­

duct of excellent quality. Typically, one low-frequency 

eler.tric-incuction furnace is used as a melter. As a charge 

of selected scrap and rcf ined metal additions 1rr melted 

and brnuQht to the pouring temperature, sample:; for che­

mical analysis are taken. When the proper analysis is es­

tablished and the pouring temperature attained, part of the 

metal is poured into a second, smaller electric-induction 

holrJinn furnace. This furnacr: is constantly moni tared to 
m;iintJin ttw metal at tile d1:sircd casting temperaturr.. 

Th r: r. w ;t. i n q m n 1 cl i s a tt Jr, tw d to t t 1f! 1 m·ir. r front o f th i ;, 

fur11:1ct!. It. is nr.1pll1 tc mo!rl cor1l.1im:d in ;i copper, wC1tc:r­

cr1nlt•l! .1.1c:kt:1.. 
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A silicon carbide plate in the front of the furnace con­

tains a slot which opens into the mold. At the beginning 

of a cast, a starter bar is inserted into the mold and the 

metal freezes to it. The mold is only a few inches lonn. 

Two stands of withdrawal rolls slowly withdraw the starter 

bar as the metal freezes in the mold cavity. The cast b~r, 

frozen ta the starter bar, is continuously withdrawn as the 

metal freezes in the mold. Although it is simple process, 

its practice requires that narrow tolerances on mold di­

mensions b~ held, and exceptional melt cleanness be main­

tained. Any dross or foreign materials that enter the 

graphite mold will quickly destroy it. Mold sizes range 

from 200 to over 660 mm in width and from about 12 to 

20 mm in thickness. A saw in the withdrawal line cuts the 

bars off at the desired length, and they are coiled in 

preparation for subsequent processing. A sample for chemi­

cal analysis is cut from each bar end, so the composition 

at each end of each coiled bar is determined. This process 

lends its~lf to in-line coil milling and to maximum coil 

lengths, dependent only on handling equipment capacity and 

practical processing of the material itself. 

ThP. rapid chillino of the small amount of metal in the 

horizont~l mold produces a fine, cquiaxed cast grain struc­

ture. Tht! metal dra\m frnm the furnace a:. it solidifie:. 

always has a pool of molten liquid above it where gases 

a11rl rH111metallic impuritic~; te11cl to collect. The ca:.t bC1r 

i!i f r r! f'! o f po r n ~' i t y an cl of de f c r: ts ca u ~ e cl h y so 1 i d i n c l u -

siori'.;. 

Ttw !J!HHl qu;ll i t.y of thr'! hori1nntal r:;i~1tir1n :;hmi:. up in 

U11: f111i'.ilH!d '.;trip in tt'rrn:; of C\1:1!llC'r1t fnr111at1ilit.y. 

f't1:1· pl111r lll'!lflLt~'.i 1:il'.;t I.hi:; \•I.IV clt!V(:]llfl l1iqll :;Lrt::l(]ttl f11r 

\·II 1 I l; I 1 I.I 11 : y ;1 r t: : ; p I! ('. i r I : ' ti ' I : I It 111 I I : d \'/ i l ti t.11 r q 1 ll 1t l r I l ["1:1 .111 i i l ! \' 

111:1:1l1!il 1.11 111n:; t (Jr 1.t11! tr ;q1p 11r::111011'.i. 
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Leaded bearing-bronze, als~ cast by this process, offers 

improved quality for bush~r1gs, bearings, and thrust washers 

which must carry heavy laads under dynamic stresse~ without 

failure. Some smaller mills depend nlmost entirely on hori­

zontal casting, regardless of alloy, bec3use the process 

is read Uy adaptable to the casting of small quantities of 

several alloys. 

c rn !CL un Tr!G R Ei-L~RI< s 

1) Tt1~ ".'Old casting method is not used in up-to-date 

mills any more in view of the small weight of the fi­

nished coils, inferior surface quality, shrinkage ca­

vities, porosity, etc. 

2) Semicontinuous cast slabs have excellent quality, but 

one end of the slabs has to be sawed off. 

3) Vertical continuous casting process is free from the 

above mentioned disadvantages, it has a very high pro­

duction capacity, but requires the highest capital in­

vestments of all the reviewed technologies. 

4) Horizontal continuous casting characterized with low 

investment cost equipment, good quality, flexible ca­

pacity ranne by using several smaller capacity machines, 

which also enable casting of different alloys at the 

same timt:. 

It offers thr. possibility to eliminntc hot rolling 

anrl to rec111c:r costs nf cold rolling of some "difficult" 

~lloys, sn this method rc~uircs the smallest capital 

c x pc fl rl i tu r t~ f o r th c m i 11 rt s a who 1 r . 

r: u t :; ll 1 t: t: fl L: qi y , ma t P r i rt l ;rn c1 t r 1111 ::q1 o r l cos t '.; , rt: q 11 i r r: ~; 

f P \•I tll J I. WI' ] ] - t. l" il i J l( ! d p ('! f '.; 0 nl 1 t: l . 

ll1i:; pl'1ll:1~:;.;, l1m11:v1:r, 1:; 11:1!. '.it1it.1bl1: for tt11~ pr1llllH:­

t. j ' 1 f I ( l ( \' I ' I'\ \·; i !11 ' ' ; (. I' j fl '. i . 
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B) ROLLI!IG 

To ready the direct chill cast slab for hot rolling, 

the top or gate end is trimmed by sawing, and then it 

is conveyed into a furnace for heating. Slabs or bars 

of the same alloy are grouped together in a lot and 

procc~sed through the furnace and the hot mill. 

The roll stand used for hot rolling is a very sturd¥ 

mill having two rolls (two-high) whose direction of 

rotation can be rapidly reversed so the strip can be 

n~ssed oack ~nd forth between them. The large horizon­

tal rolls which reduce the thickness are supplemented 

by a pair of vertical edging rolls. 

Af tcr the final rolling pass the metal is spray cool­

ed and coiled. 

The modern hot mill is operated from an air-condition­

ed pulpit overlooking the rolling stand and the con­

veyor run-out table. With the aid of television rameras, 

placed at strategic points focusing on the rolls, the 

furnacP. and the transfer bug!)y, the alligator shears 

at each end, and the coiler, the operator can contra~ 

all these from his vantage point. 

A schedule of rolling reduction for each pass through 

the rolls is established and recorded on a punched card. 

Opcr:iti:in of the llot mi 11 is sequenced by computerized 

con tr o 1 ~ to in !3 u re u n i form pro cc s s inn t t1 r o u ri h th f! Im t 

rnlll. 

F o 1 I ll\·1 i n !I h o t r o I I i r i ! l t h r. 11 C c <J ~;t. tJ J r s a r c c o i 1 m i I l c d , 

aflC! ;il'l:c!r t:ill'(!ful :;11rfJ1:(! in:.rl!!t:tinn <HC! rc;1dv lo lH! 

appllt!d nn nrd1•r:; fllr prnc1~:;:;inq ttl final n:iuq1:, t.f'ITlf]t'I" 

;inrl w1!lt.l1. ll11r1/cll1!.1l Iv r:nntin1111lr:;-t:il:.t ll;ir:; ar1: 1111 I l1!d 

i II· Ii rll!. 
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Culll rolling of coppers and copper alloys into sheet and 

strip of P.xcellent qu8lity requires a combination of skill­

ful workmanship, knowledge, and good rolling mills. 

To keep cost as low as possible and competitive, the re­

duction in thickness tc f i~al gauge needs to be accomplish­

ed in the fewest operations compatible with quality requi-

re1a1cnts~ 

Continuous cast strips are usually rolled on reversible 

two-high br~akdown mill with large roll diame~er. On the 

mill3 heavy reductions are p~rformed in every pass. 

From 20mm to 6mm thickness the metal is rolled without 

tension between two upcoilers. Under 6mm wir.ders and ten­

sion are applied. 

In some cases combined two-high/four-high mills or a com­

bination of one-way/reversible operation is used for rough­

ing, intermediate and finish rolling; achieving savings in 

investment costs. 

s~all diameter work rolls are most desirable for providing 

maximum utilization of roll force in reducing metal to 

thinner gauges, but they lack the stiffness required. The 

wider the metal to be rolled, the lcnger the rolls, and 

the greater the tendency for the rolls to bend or spring. 

To overcome the tendency four-high and cluster rolling mills 

nrr used for cold rolling in the br3s~; mill. 

Four-tii(Jh rnllinn mills contain a p:iir of ~'lark rolh of 

rtdJtivcly :,mz1ll diameter. A sPcond rair of rolls, of large 

rl 1<1r.1t! t.c! r, i :; pl ar.rrl <1t1ovr~ aru.J he 101·1 the 1~orl .. ro 11 s i 11 tltc 

~;Llrlfl t.n ll;H:I< 1.twrn llfl and rrcvcnt fr·om sprir1!1inn. Ttli:; ;-ir­

r;rnq1!rn1•r1t ;illu1o1:; the acl\<ir1L1(lt! of lt1t~ sm~1ll cont:ir.t :1rc?:1 

ot' '.;m:1 l l 1·rnrk r·1il l'.; ;1ml ltw tr;rn:;rni t Lil nf ti1 !ih ftiri:t! 

U11'1111qt1 lt11! L11'!]1! 11.id:-tJfl rnl \~; 1·Jt1i !1! m:-iir1L!1r1ir·q 1111! r1-

I) i .l 1 I\ rr•qt11 r·1·il frir· IFlllljf! r:r!fl t rril. 
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The minimum size of the work rolls is limited by the 

forces in rolling, which tend to bow them backward or for­

ward during rolling. 

For the very high capacity rolling of heavy gauge coils 

tandem mills consisting of 2-4 four-high mills are ope­

rJted in some plants. 

Cluster rolling mills, for example, Sendzimir 20-high mills 

werR designed to counteract both the vertical anrl horizo~tal 

elements of the rolling forces and thus enable the usP of 

minimum diameter \'JOrk rolls. In cluster inills the i-rnrk rolls 

are backed up by a cluster of rolls placed with respect to 

th~ ~ark rolls so they contain the rolling forces and pre­

vent bending or springing of the work rolls. 

The traditional 20-high Sendzimir mills are very complicatEd 

and expensive, so rolling mill manufacturers started to de­

sign and manufacture new tvpe of rigid rolling mills. 

One of the most commonly useo solutions is to upgrade the 

ex i s t i nu fo u r - h i g h mi 11 s ch an g i n g the me ch a iii ca 1 s c re \oJ d mm 

system to a hydraulic one. This is a very cheap way of mo­

dernization giving optimal results. 

C o ri v r. r t rn ~i e x i s t i n g h·rn o r f o u r - h i g h rn i 11 s i n t o Z ·· h i g h c o l d 

rn1lir1n rr.ill \·1ith smaller ~·rnrk rolls en:ibles to rull thin­

n c r n 3 t 1 o c s J n rl t n u ri h P. r a 11 o v s '" i t h e x t r em cl y t i Q ~1 t t o 1 P -

ranu~s. Thi'.; mill combines the advant::-ise~; cf a fou:--tiiLJh 

rinrl a Jt:11dzirnir cl11'.itcr mill, arir: C(ln be u:ir~d (!'; ~' four-

t1iuti rni 11, tau. 

In 11r~1·1 four-hi\1t1 mill!; t1ydr;111lir; ~;r:rr:\·;ilm;11 :;y~;tc~r;1 is r:n11111n11-

lv 11!;i:rl ;rn!I Lili~ riqiclily i~; i1H:r1:a:.;c:il t1y (lpp\ir:;it1~111 nf prt~­

:; :. I' 1 : : ; ~ ;i : ii 111 1 I I I 1(11 J : ;i 11 :1 f r d m t ~ •; • G o t 1( I , · \ <11n p L' ! ~ f , 1 r t: L 1 t ; 1 r 1 : 

l.tw q1:1111ir11' lr1Ji1l111q 1111Ll: •. In 1111pr:nL: 1:rn·;.;-:;1~;:t111r1;1l ~;!1<-Jp1• 

r l r : ' I I I ; l I 1 \' t I r 'i l I i I I: I' I l I l I w 11 ll I 111 I : j I'.\ I I. l. '.; ; I I' '. i . : t I ' l \ '; p r I:. I ii -

Jill! .ill (l\I'(' U11: \~111·lil. 
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For thickness control during high speed rolling, conti­

nuous measuremP.nt of this dimension is a necessity. 

Rolling mills are equipped with X-ray ur contact instru­

ments, which continuously gauge the metal and provide a 

continuous readout of thickness. There are also control 

devices which actuate the screws in the roll housings and 

automatically open or close the gap between the work rolls 

to adjust the thickness being produced as required. These 

gauges may also adjust back tension and forward tension 

applierl bv payoff and recoil arbors to effect changes in 

the thickness of the rollej metal. 

In the last decade the Vollmer contact thickness and roll 

gap gauges are used most commonly on the non-ferrous cold 

rolling mills. These gauges are safe for the personnel, 

cheaper than the X-ray or beta-ray instruments, and require 

less and more simple maintenance. 
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C) AtlllEAL UIG 

During cold rolling, hardening of the m8tal occurs. 

One reason for annealing is to soften the metal so it 

can be further reduced by cold working. In case of fi­

nished strip the anneal is designed to produce a sµeci­

ficd tensile strength and chosen uniform grain size. 

There are two methods of annealing operations : coil an­

nealing and strand annealing, both having advantages and 

disad~~ntages of their own. 

Coil 3nnealing may be carried out in a roller hearth 

furnace in which the coils are continuously conveyed 

slowly through the furnace as they are gradually heated 

to the annealing temperature. This ~ype of furnace usual­

ly does not have a prenared atmosphere, but the products 

of co~bustion fill the I~rnace and reduce the metal oxida­

tion rate. More commonly, r:oil anneali~g is done in bell 

furnaces of the type in which a controlled atmosphere 

can be maintained. The annealing unit consists of a base 

on which the coils are stacked. Under the base is a fan 

for circulating the hot gases through the load, to pro­

vide more uniform and rapid heating. 

After the metal is stacked on the base, the inner hood 

or retort is placed over the load and sealed. The control­

led atmosphere begins to f luw through the hood purging 

the Jir. The furn<1r:e is placed over the tiood and hP.<1ti11~J 

t.ienun. 

The llr.:it. input. is r:onstc:ir1tly adjusted to rn~int:iin temper­

<1 t u r e u n i f o rrn i t y i n ttir. 1 o ;:i d . T h i s c o n t r o 11 c d t e mp e r a t u r c 

ri:;r! al:;o allm~:; roll lubric;:inl~; to v;iporilC~ and tic c<1r­

r·it!d orr lll!f(l["(~ ltlf! mct<lJ net:. ;,o t10t that :a1rf;1r.1::; C:illl 

!JI• !1:1ri111•d. ,\ft1·r t!H! mr.t.;11 !1.1:• rc!c1r:!11•d ttw .11111P:1liriq 

f. (;mp I ! r 'l t. l I r. I : • i t. i '.; I lt ! I ti I I l I! r '! r l1 (' ; 1 ! ; trn r t. p '! r l l ll l () r '. ll 1 'l k -

1:!1 l.11 p1·111,,, 1 rl·· :11;1x r rn11111 11111 f11rmi Ly . 
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Then the furnJce is turned off and removed, and the 

metal cools in the controlleG atmosphere under the in­

ner hood. Cooling may be aided by a coolinJ cover con­

taining a water spray system. The inner hood is not re­

moved until the metal temperature is low enough that no 

discolouring or oxidation of the metal te:kes place. 

The controlled atmosphere is produced iP. gas cracking 

units, o:- in n2/H 2 mixer and absorber. 

For oxygen containing copper, the atmosphere must be 

nearly free from hydrogen and the annealing temperature 

low enough to avoid hydropen embrittlement. 

In traditional coil 2nnealers, a thin oxide fi~m forms on 

the surface of zinc containing alloys (brasses;. The natu­

ral colour of the metal has to be restored by dilute sul­

phuric acid pickling and brushing following the anneal. 

In the early 1970s, the Austrian Ebner Co~pany developed 

a process for bright annealing of brasses in high-convec­

tion bell annealers. Since then about 100 annealers of 

~his type are operating all around the world. In these 

furnaces a charge temperature of 750 °c can be achieved. 

They all use a vacuum purge in the first stage of the an­

nr.al ina process. Oesidc safety reasons, this is a very im­

rnrt~nt feature from technological point of view as well, 

b l ~ c a LI :, r~ d 1 1 r i n fl t I 1 i s p c r i o d t r a c e s o f p ro p Pr 1 y s c 1 r. c t r. d 

r o 1 l i n q l u h r i c <.lll t ;, e v <J r n r a t e e a ~; i 1 y a n d w i tho LI t r1 i s c o 1 o r -

at.inn. 1\flt!r Lhc vacuum purne 25~~ 11 2 - 7S~ N2 protective 

<1 t mo~; p Ill~ re i ;, i r 1 t rod u r: r~ cl u n ctr. r t ti r. ti n ti tl \' s ca l r~ cl h nu d . 

T I ll! I 1 i 011 c o n v r ! r: t. i n n '.; y ;, l G rn u : ; i r 1 n p n \·J c r f u 1 f <1 n a 11 mi '.; l n 

tJ I' j nq !.t11: r:ti;11·~Jt! i 11 <1 Vt! I')' :illU [' t pt! r i nrl to ttlf~ ;1fln(~;1 J j f:(l 

tr]r:q'l!!'.11.:Jf·r: :d:l1•ctr!d '.if1filf!\·Jt1:1~. Jow1!r tt1ari u:;u.ll <llld thi:; 

r1r1!v:·r1I.. r11ff11:;11111 :if 1ir1 1: t.n tl1.· ·;11rf:11:1: J.1y::r. 
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Bell annealing is a very productive method requiring 

relatively small investment expenditures. 

A disadvantage of coil annealing is that large coils of 

some alloys in thinner gauges can be easilt damayed : 

one wrap can become welded ta the next because of the high 

temperature and pressure encountered, usually making the 

coil unsuitable for further processing. Another disadvan­

taqe of coil annealing is that it is time consuming. 

In the late 1940s continuous strand or strip annealing 

lines began to be used in brass mills. From these early 

beginnings, the high speed vertical strip annealers were 

developed in the i960s. Annealing lines of this type are 

now in use for annealing copper and copper alloy strips. 

When severa~ such lines are available, a variety of thick­

ness ranges can be rapidly annealed, providing great flex­

ibility in production scheduling and enabling fast deli­

very of finished strip. 

The continuous strip anneal lines include payoff reels, 

a stitcher for joining the front end of a coil to the 

trailing end of the one preceding it, a degreaser for re­

movinn roll lubricants, looping towers for metal storage, 

a seven-story high vertical furnace which includes a 

heatinn zone, a controlled atmospherp, conlin9 zone, and 

CJ 1·1atcr qucnct1 tank. This js then follm-1cd by ac:id clean­

inn tJnks, a w~tcr rinse, a dryin~ oven, and a reel for 

recoil inn ttw me ta l. 

Dcnre:1sir1n unit remove:. roll lubricants from ttw mcL1l 

s11rfac:c'...i bcftH't! the rn1~tal enters tile furnac:1!, so ;1 clean, 

unifnrm ~;urf;ic1• i~; prp~;cnt1:r! for ilrrnPalinn. The rnr-?ldl 

p ;J '. i '.; I : :, () \' I ! [ .J le! !" ! )l! !" () 1 l t ! f' () ll f. : i l d I ! LI l t: f 11 !" fl. 11; I~ , l !. ti 11 ! I. (l p 

,1f1rl rl111·:; 1H1 I. tn111:t1 ;1r1y !.11i11q 1 ri:; i tlr· 1·1!11l1• i I. 1 :; tlf' i 11q 

I 11: ;i t. t: ti . 
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It then passes under another larue rollr!r at the bottom 

i n t t:c: c o c l i n g \·1 a t c r t a n k . T h i s a r r 2 n g e rn en t a 'J o i d s :rn y 

possibility of surface damage to the hat metal, which 

was conman in the earlier horizontal strip 5nncal fur-

naccs. 
After acid cleaning, rinsing and drying, the surface is 

usually coated with a detergent solution or a light sul­

fur- f~~e oil to protect it during handling i~ transit. 

Sine~ every foot of a coil is exposed ta t~e same temper­

a tu re for the sa!"le psriod of time as it p<;sses ti-. rough 

the strand annealing furnaces, grain size frJm end to erd 

is uniform. 

0) SL ITT I:lG. l.UTT rnG, MIO LEVEL HIG 

Following the final rolling, the metal is slit to final 

\·/id th. 
Slitting is accomplished by opposing rotary discs mount­

ed on rat~ting arbors. These knife sets mesh together as 

the metal passes between them and shear it into a multi­

plicity of width. 

Processing operations which follow final slitting are oc­

casionally required. Blanking is one such operation. 

Bl<rnkinu of squJrr.s or recizinglcs is genr.rally done by 

cutlinn to length. The meted is first flattened ~rnd then 

cut to l£!noth on~ flyinn ;,twar. \·Jhcn circular blank~; are 

n~ q u i r c d , th c y ll rt! d i e cu t on a p r cs s . 

Th1! r.irr:l1!!i are ll'.if!cl for the m~nufact11rc of clecp-rlrn1m ar-

t i r: I 1 ! : ; , r: . ( 1 . k i t dw m1 J r c . r, o i n tJ Lrn k : ; , r. a r t r i rl \l e a 1 ll I ll u 11 t: t -

til;i1d\:i ;111CI cup:; ;1re ril:~n prrHl111:r•rl 011 '..ii111ilar pr1•:;:;1!:; frnm 

I rl I p; r [ 1 1 I II H] i "; ;11111 ti I!' r II r ( 11 " ':;' ; \•JI 1 1 ':ti II t 'l \' l I ii 1 t1\: r 1 11 'l 1 

:;lil.l.i111J. lil111: r11\l11ir1 1:.111 pr11tl11l:1: r11]\,:d : .. .,.::1r1• 1:r!q.·:;, 

r1111111lr•;I 1·11111·:;, i:r1111Hl1:tl r:nr11r!r:., 111· r11\l1•11 f1;t I I"l1llllll1·1I 1;1!1;:••;. 
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For so1ne applications, extremely strict tolerances on 

fl~tnc~s are stipulated. To achieve thi3 aim, continuou~ 

stretch-levellers are used. These lines are also very 

well prepared to eliminate some rolling defects, such as 

waves and b•!Ckles, and even slight camber. For width of 

max. 300mm a compact machine shown on Fig. 16. can be 

used. It consists of bridle rolls building up tensicn 

~nd multi-roll leveller. A strip elongation of max. 3% 

can bP maintained which is sufficient for a majo~ improve­

ment nf flJtness. 
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IV • t-1 A I l U F ~\CT UR Ill G 0 F C 0 PP EH ArlO C 0 PP EH ALL 0 Y 

TUBES, ROOS MID \'IIRES 

A) CASTitlG 

The tcchn0loqical route of these products in almost every 

case starts with casting uf billets. 

Usually vRrtical n~ semicontinuous or continuous casters 

arc applied. The operation of these machines is described 

in details in the previous chapter. 

Cast~nn of wire rods and larqe size bars and tubes can be 

carried out on horizontal continuous casting machines, equip­

ped wit~ graphite mold of desired shape. Features of these 

lines are the same as those with the strip casters. 

After horizontal casting, the surface of the products has 

to be milled. Cast wire rods are cold rolled, arnealed and 

then dra~n to different sizes. For the casting of wire rods 

- as it was mentioned in Chapter 2 - Outokumpu upcasters 

arP. \·1idely used. 

The horizontal cast rods and tubes are used for manufacturinn 

of bearings, bushings, washers, etc. at the as-cast and mill­

ed sizes, and for hot stamping purposes. 

ThP cur1tinuous castinn of wire rods, bars and tubes dras­

tically simplifies the technolonical route. It is a very 

flexih1r. prnccss rcqardino the alloys and sizes. r-tar:hinP:. 

CJre rclatiu~ly cl1car, c<isiliy ml.lintainP.d, requirf? sm<"lll 

Lrn [ 1 ll i no . T ht! p rn cl u c t i on r: ;i n he r! n ;, i 1 y d i v er s i f i c d by a r1 d -

i n ! J r w \·I l i n r ~; . 

It h;1:i t.n tl1! r.mrh:1'.1iz£:d that. any rr()prrly cq11ippr.d 111;ict11rlt) 

r;in c;1:il. \·1iL"!) rnrl, t.1;1r or l11l1r. 11si11q ltw dr!:.irr.rl rnolth ;i1Hl 

l.11111:;. Tl11• proc:1:~;:; i'.i ch:1r:Jr:t.£~ri1r~d lly lmv ma~.r!1·1z11 ;i11d £!r1-

r:r11v i:n:i !.:; . [ t: 1 :. v1:rv rn11r:l1 :;111t.111l1: fnr ~;1,1~ l J -~;1:a 11· p 1·11-

!1111:1· r:; ;111!1111·1·:!\' ,::.l.il1!1·;lwil 111,;1111!'.11.t11r111<1 ,,Jl:1!1t.1:: 
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rhe only rji~ad~ant~ges are that the cast tubes or b8rs 

hCJv;; d very coar~e grJin structure and th ;ref ore thcv 

~on't l~nd tnemselves to drawinq 00eration~: ~sre~~~r 

t:he siz;:; rJn~~e cf the products is limi::eci by t!lf; c?.sti:1q 

p;1ramcters. 

The •..:mi :-i: tt1e r.101 d or sernicontir:uous1; ca:: c billP.t<.-: h3s 

bille~.j 

press. 

o ~ f to 

cut to 

achieve go0~ quality end product. T~~ 

lengths appropri~te for the ext~us:on 

Before extrusicn th~ metal has to be preheated ~o the 

desired tP.rnpera+ur~ de:iendino on H:e typed 2!.loy. This 

i s a v e r y d 0 l i r, a t e o p c r a t i a n h a v i n g g r e a t in fl u c r1 c: ::i n c t 

on 1 y on the p ~-c; s sing f Gr c e , speed an '1 c the r ._. 2 r ::i meters of 

the presses, but even on the quall.-'<.y of liH'; proci:..ict. 

Gas or indt1ctjo:-1 preheaters are beth widel} a;Jpl1ed, but 

j n r.r a ri '.' c a s e s a r, o rn h i n a t i r. n o f t h e i n du c t i c n <.: n d g a ~; s y s -

tc:1ns rrovides 1.tle best re.sL1l ts : homog~nous temp~raturc o:i 

th c bi 11 ct:) a 1 on g th E: .t i:- who l e c r o 5 '.~ - sect ion , in g h h u at i n g 

s v~ c d J 1 J £H·/ i n g i a r g c cap 8 r: i. t y . and f o rm a t ion of on 1 y a 

\'f!ry thi.n oxinc 10yPr on thP, surface. 

r o r t t lf; r. x t nVi i on o f b J i: s a !1 d tube sh r, i 1 s u Gu ;:i 1 1 ) t-; o r i. -

rn ri t '1 1 n i. l or ~·1 :1 t er r1 yd r au l i c pi" es s ~~;, arc J pp 1 it'. ti ~·J it h 

;: pm:t~r typic;il ly frorn tOOfl up to 3~(![1 tons. 

f11tw:~ r:;ir1 tic pirrcrd .1n th1: f~xtru~·;iori orr.,~,~; it'.;eli, if ~t 

I 1 d v ( ~ d r 0 r r. (' [I p t n (, n r; t () r 1 : ; • p ( ~ !l <l r cl i fl~ 1 '. "" i c ~Cl r r· i c '. t y 0 f 

U11: l.11!>,.·;, v1:ry q1111t! r1::;ul ~:; r~;rn tw 11!1L1in(~\l ti•, ::~ ''".i Pi'•'-

(!r 1111•11 t1l I l1:L'.;. lt11:; 11:1•Ll111d 1:; (lpt:;;1;il .in1\ d :.•;·· p1 ... :::; 

I !' iJ I' I i ! I I 1 1) . 

---------·-------·-------.... ----- -..-...---
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Figure 21/a. Schematic drawing of a direct 

'I 

! I 
~ ~ ...... 
E:;I' 'f 8~

: : 
' I ., I ~ 

', r-- I. 11~ 
I r1c:J ...._ _______ _ 
t ~------ .... -· ----, 

fiqt11·1: 2!/tJ. 'i r: t 11~ m :1 l i t; d l' ;l\'J i f1 ! J r 1 !' <J n I m1 i rt~ r.: t 
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/\ 1000 ton VcrU r:nl fxtr11:.inn rr.::1s 

tt]ht! r;hr!l l~; from r? i ttwr prr.-rlr i I led 

11 r p 11:rcntl 111l1 ·: t.~; t1v tlw i nrl i rt•r: t 

p r 111: t "; ! ; n !' : ;i 1 I i d ! ; 1: r: t. 1 (l 11:; t 1 \ I. t 11' 

rl j l' t ' ( ; t. fl l' ( II ; I ! : ; '.~ 
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In the recent ye ci rs a n e \·1 , so - ca 11 e d 11 ind i r cc t 11 p res s in ~J 

method has started to 5µread over intensively. This new 

method, shmm on Fig. 21.q, has se\leral outstandinq features. 

nuc to the decreased friction the pressing force 'energy) 

is reduced by 15-20 ~. speeds are increased by 7-10 % , 

metal ~avi~~s can be achieved and wear of the container 

and its parts is smaller compared to the traditional di-

rect presses. 

E~isting direct presses are converted into indirect presses 

in sc~cral plants. 

The indirect presses at the present stage of art are less 

suitable for extrusion of tubes and complicated profiles. 

To achieve good quality uf the product, billets are usual-

ly extruded with shell. It is a well known fact that the 

surface of the billets are rich in impurities. To avoid 

penetration of these impurities into the extrusions, a thin 

shell collecting most of these particles is formed during 

press in g . The she 11 is discarded after f in is hi n g the ext r us ion . 

In somr. cases for the production of smaller tllbes vertical 

pres~cs are used applying force in the range of 1000 tons 

anct usin~ pierced or solid sections. 

After pressing extrusions arc pickled in dilute sulphuric 

acirl, end-ct1t, and in case of rezidy products they arc r.ut 

tn lenot.h, strairihtencd, pack£~ct and delivered. 

Ollwr part. llf t.iir t~xl.r11~;ir1n:. arc pninti~cl ar1r1 clLH·Hl tHl cJif­

f1~rt?r1t. rlr:11·1inr1 tH~:1i:l1l·:;. '.;orlit~ alln)~;, r..~1. hra~;;,r?!i, rt?q111rl, 

i r1 Le r1111?rl i :i t.r· nrtrit'.1 l i r1q .1 flt! r f!~1c:l1 d r ;nv i riri ope r .1 t L llfl!i. 

,\r1rl!';1lir1q:, .i1T 1:.1I'rI1:d 11111. i11 r1ill~:1· t11'.1rtt1 l'ur11.11:1•:;, r1r 

I r 1 I : . I ' ; I ' I I r \·J l I" I " ; ll I d \ .. I I I I ' tl I. I JI I I : : ; l I I t 1 I ' I l .1 n 111 '. " ' r : ' . I I ii ' : ' ' ' 

• : : p 1 1 J1 1111·11 t , 1 r 1: 1 I 1 : · ; 1 · r t I 11 ·' I 1 11 !.11 , : p 1 · 1: \ i 1 111 · ; c I 1 .i p t 1 : I' 1 11 1 J, • t . 1 1 I : ; . 
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plug drswing drum tension roll 

decoiler fi .. ~ •. f 
M.,:C'" ,. It)' r ) 

upcniler 

fi\]llrf~ 27. 
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Tube dra\ving methods 

a) tube drawina \·Ji th cyli..ndric pluo 

b) tube drnwing \vi th floating plur, 

c) t.11 br drriwinn \vi thou t pl.tin 
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,'\ftt!r intermediate or final ar1neali11g, the prod11ct has to 

tie p ~ c: k L: J in dilute ~ u 1 p h uric '1 c i d and th c n ·.-1 3 sh n. d . 

Br~ss Hnd other copper alloy tubes are usually drawn 0n 

t r a d i t i cl r: ~ l d r a ~·1 i n g b e 11 c h e s n o t i n a c o i 1 f o rm . S om e b en c h c s 

allow dr1~ing of up to three tubes para!lel at the same 

time. 

f~uus c.;rc; p~essed into larger lenqths CJnd coi 1 ed ~f"'.:er lea·!ing 

th,.., run-out table of the press. There are several different 

t~~P of ~o~ipment for drawing this type of product, but the 

most popular among them are the combined Schumag lines 

allowin~ continuous drawing, straightening, polishing, saw­

ing, and packing rods of different sizes and cross-sections. 

0) COPPER TUBE MArJUF 1-\CTURHIG 

Co~per has m~ch higher ductility than its alloys, therefore 

the prociuction of copper tubes is different from the previous­

ly mentioned technological route. 

011 the extruc:;iun press heavy gauge tul..ie shell is extruded 

i n t o \•: a t e r e l i rr i n J t i 11 g t h c o x i d a t i o n o f th e s u rf a c e . 

fhc tube shells are end-cut and directly transported to 

I.ht; pilc~~r mill. The pilgr.r mi11 is a special rollinu mill 

with alt2rnJting rotation of rolls. 

T t e ri ;:i ti i cs to r o 1 1 lo 11 g , hi uh - a r: r. u racy CJ n rl goo cl q u zi 1 i t y 

r:Pppt:r lutJt!S ;ipplying 1:1rfw reduction~;. Thr tube~> 3re coil­

f! cl a f t t: r pi l ~w r i n n . 

Cupp r r t 11 hr!~; \<J e i q 11 i no t 1 p to 2 ') n k n :i CJ r c d r a 1m i n ~-; c v t ! r d 1 

p;1~;'.;r:'~ wit.l101it. i11lf!l'lnt'di;ilt: ;11111t:Jli11!l on !ipiniwr bloc:k~; 

:1pplyi11q "t"lo:1Li11!1 plu~r;". l1Jt11·1t:.ir1l <11Hl dr:win~1 pl11q art: 

pl.1l:1:r! i11:;1dt: UL: Lul1t: ;111!1 .i poi1Jt i~; m:1t~1: ori ;1 pw;t1-pt1irit.1:r. 

I t 1: ! p 11 I I l I. : ' tl I. lit l t ! l '. j p ll : it ll:: I Lt l I 1111 !l t l I.I 1 t: cl • (' :ir ll I ti I' '1 '>) I I . 
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35 ~~ reciuc ti:Jn is used in each ~'lss. Tt:s total recb'.:tion 

is 99 % without intermediate anneal~ng. 

The las~ dr2~l~g operaticn ls made on a ~o~~ine~ c~~tinuaus 

d r :n-1 i n g b Rn c ti 1·1 h i ch imp r o v e '.-1 t tie ,., h <.:pr: c f the t L~ !:J .] , , ~ t i t 

tu length~, ~nd in case of refriger~ting tubes, for~~ ccils 

nf or~cred stzR. The nnnealing of the tube~ is perfor~~d ~n 

bright ann~!alin~ roller h.:ar-::1 or uatr:t 1 furr.;~ces. 

1:-i the p2st ye3rs t:1e produciion of cnpper tulle bv strip 

1·1elding ha~~ started. By using higt".- f rrquei1cy ir0 d•JctiDn ~·ir:ld­

ing of cold rolled and di t strips, combin~d with spir;ner-'­

block drawing and f inist1ing lines with inco~por2ted i0te~­

mediate induction annealing, the pro~uct1on can be made 

in~ more continuous way, a~d tunes up to 5000 kg per coil 

can be produced. 

t'IIHE OR~i'iirJG 

The drawing of wires in principal do8sn't differ too mucl1 

f rorn the production of rods. 1 hf' only rJif ferencc is that 

continuou~ wire drawing machines with incorporated induc­

tion bright annealers ar8 usJally Applied. 

Wires tor special Applications are flattened o~ small roll-

inn mi 11~::;. 
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V. OTHEf{ TFCHtlOLOGIES 

Castinqs and hot sta~ping of different copper alloys 

- brasses, bronzes - are widely used in the transport, 

sonitJry, electrical and mechanical engineering. 

These it~~s are mostly produced by small specialized com­

pani~s ~nd rarely in the frame of factories producing ncn-

f ,::;rro:i:> ::::;r.ii::;. The volume of present study doesn't allm1 

to elJ~urate the various casting and hot stamping techno­

logies in details, so only a few important trends will be 

me11 tinned here. At tlie same time it has to be emphasized 

that no dramatic chariges could be seen in this field during 

the last decc;de. 

Raw material for these product is mostly scrap mainly col­

lected and purchased outside the factory and partially re­

cycled \·1i thin the production proces3. Al though the prescri! 1 -

tions for the cr.emical composi tioris of the casting alloys 

are not as strict as the same for th~ wrought product, 

it is very important to pay special care and attention for 

the selection and separate collection, handling and storage 

of dirferent alloys avoiding their mix-up. 

Th~rr is a world-wide tendency showing intensification of 

s c r <l p r P. c y c 1 i. n g . 

I n 1 'J U fl , t h r. U '1 l\ , t h e h i !J n e '.; t c o p p c r s u p p 1 i c r a 1 1 o v l! r t h e 

wudrl, g;:iincd as nllJr.h 85 46,6 % of his r.orpcr production 

fr~1m •;r:r;iw;. Iri the m<l.)or1ty nf inr1t1'.;trLJ1 r.ountrir.s tt1L~ 

r ; it i n n f p r o rl 11 r: t i o n f r n 11• '. ; c r ;i p ;, h ;1 ~; 11 l s o i n r.: r P il ~ E' rl ti r t. 1·n ~ P. r 1 

L 9 7 r l : 111 ti 1 'J U 0 ; a n ri f ro m t.t w l o L 1 1 n f 3!1 . fl 0~ i n 1 9 7 [ J i t 

r1r111vr1 int.11 50.H ", [11 tl1c yt!"r nl' L'lfltl. Tt i;, ntivim1'.;, l11:1+ 

Lilt! !!fll'l":ly 1:Uil'.dlillilL!ur1 llJ'.i JJ•;i 1n;_itl,! <111 i11t'l1.1t!lll'l! llll t.111'.; 

LI: i l d I'. J 11: '! , \·d I i r: t 1 i '.; l ) I 
11 u l l k vit I I l f I' !' pl' I I ti l I('. t: i '11 l r r t1111 ti I I':; ' 

\·Jl11[1'. JI I: ,J:; \11\·I :1·; J,ilJ[J J.\·Jl1 1'11i· ;11·1:1:11t:tlr!fl f'.·11:11 '.><'.l.i!1'.;, 
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The utilization of scraps and other copper containing 

waste materials helps to economize with copper ares; at 

th~ same time it results in sufficient decrease of en­

vironm~nt pollution, for example sulphur emission into 

the air and dimi~ishes the problem of pollutant storage. 

Oifferent casting processes are applied, such as : 

- s2nd casting, 

- die casting, 

- shell mould casting, 

- pressure casting, 

- centrift1gal casting. 

For all these processes copper alloy scrap is melted in 

oil, gas or electric furnaces of 100-2000 kg capacity. 

The composition of the melt is contralled uy quick lahor­

atory methods, and adjusted if required. After that the 

metal is cast by the technologic2l route selected depend­

ing on the size, shape, quality requirements, size of the 

series, etc. 

In the ~ast decade, more and more producers use horizontal 

casting instead of centrifugal casting for the manufacture 

of bP-C1ring tubes. The horizontal casting has size and alloy 

limit;:itions, but it is much more suit(lble for mass produc­

tion riffcrino better toler(lnces, homogr,nity, lower mr.tal 

a n d r. rw r r, y c o n s ump t i o n ;rn d o t h e r ;:i d v a n t 8 o p, s . 

Hnt sta:npi.nu i;, a vP.ry produr.tive mr.thorl for mas~; prod11c­

t i n 11 n f LI i f f P r c n t 11w r: I 1 i n r p ;:ir t ~; a n r1 s a 11 i Li r y i-l r p 1 i :i 11 r. r. , ; . 

I\:. i t \·1 ;i '.; p r c v i rn 1:; l y m c• n t i o 1 w d , i n up - t n - d.; t c L:i r. t o r i c : ; 

U 11 ! : . 1 ! p r n r ! 1 J(: t : ; " r 1 ! ~,<IC ii! f r o II! r, it. - t. o - I 1!11 ( J tt 1 co rd i 11 u t Jt 1 '.I ;: ~ . ; t 
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Hot stamping, similarly to die or pressure casting m8th8ds, 

are economic3lly feasible only for parts ordered ir. lar~e 

quantities due to the time-consuming and expensive process 

of die-m~~ing. As a result of the relatively high capital 

investments required - in compariscn with sand casting 

equipment - these production facilities are viable mostly 

in cas~ of demand over 1000 tpy. 

One mu~t note that die-making shop should be an integral 

p2rt of any well equipped and co~petitive die casti;1g, pr9s­

sure casting or hot stamping plant. 
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VI. 14A Ill FI ELOS OF RESEARCH 

Although in the recent years one could see tremendous 

cha~~es 3nd improvements in almost all fields of copper 

semi-finished product technologies, there are still vast 

possibilities for technical developments and research in 

this sector of industry. 
The most imoortant trerds are shown below 

A) Cooper wire rcrt manufacturing 

ne\·J contir.·~ous casting methods are being developed or the 

existing ones are being improved in order to ensure 

- casting of smaller gauge product closer to the end 

use size 
- produr.tion of new and difficult alloys 

- metal and energy saving in the whole technological 

route 

- higher productivity 
- inr.reased flexibility of production program, i.e. fast 

change of alloys and sizes, shut-down and start-up 

- elimination of environme1:t pollution. 

New materials are heing developed for use in critical appli­

catior.s whici1 are responsiole for the major part of downtime 

of the lines, such as casting moulds, shaving dies, refrac­

tory mHterials, etc. 
A;1tomJtion of handlin~J and tran!;port is anot!lt~r aspcr.t of 

:rn1nvatinn:i.Reliability of central anrl ref1ulatinn ~ystem 

is ~ very importJnt prohlew to hr. ;,oJved. 

0) ~.!.!.:_U2~~_;, ti 1? ~-~ pr n r111 ct. i rrn 

1:nr1t.i11u11t1:; r:;1:;l.1r1q i:; ltw ]a'.it ac:t1it:".'1!rn1~nt i11 Uit~ prnrl11c­
l.i1111 11r :;l.l'ip:; ;1r1d :;t1rr.l:i. At: t:!lt? pr1!:i1!nt '.;Liqr. tt1i:; 1111:U11llj 

llll\·11•v1·1 i :; \ 1111 i \,•ii .1:; f:n ;i:; t.111! .1Il11\ :; ;ir(~ r:ri1w1·rr11~i1. 
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Research is intensively carried out to impro~e the material 

of the moulds in order to enable the manufac~~re of alloys 

\·:hich are difficult to cast contini1ously, to increase the 

lifetime of the moulds and to decrease costs related to the 

dies. 

Grain refining is also an important feature in improving the 

ductility of the cast product. 

In this sector an other main field for research is aimed 

at applvinq hi~her speed rolling mills of improved design 

or to reconstruct the existing mills and equip them with 

hydr2ulic screw down system, electronic drive regulating 

circuits, automatic thickness and shape control and regu­

lation. New coolants, cooling and filter systems are being 

introduced. All these efforts are resulting in 

higher productivity 

tighter thickGess tolerances, better shape and sur­

face of the product 

rolling of thirner gauge strips 

manufacture of heavy coils 

heti:er yield. 

In the field of ~nnealing development efforts are aimed at 

cn:1uL"ing uniform properties, clean metallic surface of the 

r r n duct:; . Enc r p y s av in o s , high productivity and flex i bi 1 i t y 
of ti1~;it treatir1r, processes arc of grc<Jt importancr., too. 

Tl11· finishinn processp,~; shot1ld improve the flatness ;rnc1 sur­

fac1: £lllillity, too. 

[11 1.t11: t!\ lr11'.i; or1 tccti11r1lllrJY U11! rno'.;t out'.1tanr1i11q t1r 1!;1k -

U111111qti ()f U1t: L!:il c11:l;<1tl1: i:• l111! \11lrr1tl1lf'~!nn 11f 111'1i1·1·1·l 

11 (" ! " ; ' ' I : : • . l I ) 'J I : '.; t 1 I I : l t. I ()11 : I ; I r I : 11 r \( I 1 ' r \•/ ' I y t. I J : q 1 ;1 l v t t 1 i : ; r ) I : \•/ 
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technology for the manufacture of tubes and complicnted 

sections. Improved design of run-out tables and finishing 

machinery is one of the preconditions of better product 

quality. 

In drawing operations continuous drawing and welding pro­

cesses like spinner blocks, Scht:rr.3g m::ichines, etc. offer 

high prorluctivi ty, good and uniform quali !:y, large length 

of product, high yield and enargy savings. 

For the produr.tion of complicated sections special rolling 

operations ore being introduced. 
Impraving material and shape of pressing and drawing in­

struments and tools, developing high efficiency coolants 

are essential in achieving highEr p:oductivity and better 

quality during extrusion and drawing operations. 

0) Casting 3nd hot stam~~ 

In this field the maiD tre~d is aimed at providing mere 

accurate rarts, smaller wall thicknesses, and approximate 

the final shape and dimensions of the ready product in or­

der to decrease the quantity of scrap and finishing opera-

ti.nns. 
Rob o t;, a re improving b o tt1 product iv i t y and q '1a1 i t y , so 

ttwy are otitair1ing wide use in this sector of industry. 

E ) tJ r~ \·I n l l o y ~; 3 n d prop c T: _t i r. 2 

flci·i fi1~lrh nf spp!.icatiun'.; of c;;µpcr alloys cirf' thr1rnuqh-

1y d1~;ru!;';r)r1 in llw fir~d cl1<lrti:1. lt 1 e:1t~ appLc::it1oris rc­

q11 i rr~ rH1 t o,' l y bet tr: r qu<l I i l y '.if:rn i:, l.Ju t s~imr. ti m1~'.~ r.vt:n 

rl I: i'/ fl I"() p, ~ I' 1. i I!'.; . 

1111: 111:1111 Li.;k of rr:~;1:<1r1:lt 111 lr11:; rw;pect. 1'.i to prod\11:1! 

l'l'\'I ;il\rl\'!i ILl\illl\ ilflLllll.ll pl'!l\lt!l"t.l::'.i f11;· 1111: :.p1:c1r11.: ,)p-

p\ it:;il.11111. 
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To achieve this aim it is very important to obtain a 

better understanding of the influence of fo:ming, heat 

treating precesses and different alloying eleme~ts on 

the properties of alloys. 

Sophisticated heat treating and forming procedures may 

offer special combinatior1 of different p~rameters.Precipi­

tate hardening alloys or amorphous metals produced by su­

pcrf ast cooling are good examples of the achievements in 

this fi,~Jd. 

ile1·1 Jlloys liKc coorer-iron or sper:ial shape-memory brasses 

are very much asked for in the electronics. 

Micro~lloying is able to drastically change the structure 

and through it the properties of some alloys. 

Sandwich metals in recent years are produced in the up-to­

date plants by means of cold-cladding. These plated semis 

combine the characteristics of different metals, like the 

strenoth of steel and corrosion resistance of copper alloys. 

Very sp~cial combination of different metals and properties 

can be obtained this way at very reasonable cost. That is 

why this technology is in the focus of a number of research 

1·rnrk. 

1 he s o 1:1 e 1·1 a y comp o :; i t e m '1 t e r i a 1 s a r P a t t r a 1~ t i n g much 1 n -

ter·"!~;t, too . 
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\I ·: I . r. U ti r. LI JO [ti G fff MARKS id ID R E r. Of.1 ME r! 0 A T I 0 rl 'l 

Some dcvelopiny countries are rich in ore rcser~es 

Jnd natural resources of energy. Th~ir nnn-f8rrous 

ore mining (copper, zinc, tin, aluminium, nickel, etc.) 

is hi~hty developed, but only the first phase of metal­

lurgy is well established. This way only the low-pro­

cessed products (concentrate, blister copµer, cathode, 

etc.) 2re exported. The fallowing statistical d~ta 

show (Tables 5 and 6) e.g. the ore mining and copper 

pro1uction figures for Africa, together with the more 

informative data on refined copper production and con­

sumption. The sophisticated la~our-intensive non-ferrous 

semis and the finished products are mainly import~d. 

The high costs of this double transoort alone can make 

out a serious waste in the economy of these countries. 

Consequently, at present in this region only the natural 

conditions required by a rapid industrial devel0pment 

are provide::d. The establishment of mutuJlly advantageous 

cooperations between the countries with energy resources 

and ore reserves, would provide great possibilities for 

the fast and economic development of copper technologies 

in order to meet the demands on copper alloy sJmi pro­

ducts in lh.is arr;,. 

f3y Dradual P.:>tziblist11ncnt of zi chJin of an pxr:inrl:ihl:~ 

CJl"!;H":i ty indu~;trial pl<Jnt:,, thP. ur-to-dat(! ;:ind r.r:ono.nic 

pl' CJ r ! ll !: t. i lJ 11 (1 f r: 0 pp CL" J l] () y :i \~ f11 i I"! f 0 rl ltr'. t '.i !'. 0 ll l d t I I! PC r -

forr:i1!d. '.lm:lll p1. .. 1t.:; ;ire· t11lilt at a f:Jst(:r r:1tP, <!rid 

tt!I' r1t?.·r! of t.hr! limi I.er! irlV(!'.i tmc!n l rc'.ill\J!'(:c'.; c<1r\ ~l'! 

,\1:.1!y·;:;1q tti:! t.r1?11rb 11f i11ilw;lr1.il !li'11vlll 1 1t r~:ir1 tll' 

pr1111:1!1t :11.: 111.il 11111:;1. 1:ripp1•r i11t1;,1:;1v1: ·;i?1:l.r11··; 111' 111-

il11:,l1·y, I.I'. 1•J1•1:f1·11:,1i .lilt! ,•!1•1:\.1:11 1 \1· '..t 0 1:t.111· \.\",lll'.flt•rl., 
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Hlis t .• ~r copp<=::r 
Or~ min in~ nr'lducf:ion 

. . . lOJt \;u/)r!3ar 10-"' :/year ' \...·:•A: ~· i._' ;_ t '~; 

1981 1982 i931 1982 

Alc,-cria 0,2 

notswana 17,8 18,3 

r,CHlf~O 0 •) , ... 
•ror·opco 7,6 lC), 0 

~:1mlb.ia 44,J l~o J ,., , 38,7 49,J 
Soi; L~1 ,\fric:;1 210,G 207,1 18') 4 

- ' 184,1 
Za i r<' 50lt, 8 494,8 486,2 466,8 
7.nr:1b i a 587,4 529,6 571,6 598,2 
Z L:1habw1~ 24,6 21~, () 22,9 JO,O 

/\frica ;'\] t Of_;' el-hr!~ 1J97,5 1Jl12, 1 1J01~,8 1328,4 

T<11-i1P 5. 

Ort! mir1inq anrJ coprir,r prod1ll:t.im1 dat<l 

nf /\frir:;:i 
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< :om1 t ri ns 

~\1[~(~riti 

!'.,:~ypL 

South A.fr le<'. 

7.alrn 

7.:-imbla 

Zimbabwe 

Othnr :\fr lean countrios 

A.fric<l nJto{jethnr 

PI·oduc i;i on 
'l 

lO-'t./)" 

1981 198.2 

2, 0 2,4 
ili4 8 , 142,8 

151,3 175,1 
5G4,o 596,5 

16,5 18,c 

878,6 9J4,8 

T<Jblt! r;. 

Consumption 

lOJt/y 

198i 1982 

2,0 2,4 

11,7 12,0 

89,9 89,4 

1~4 1,6 
2,2 2,8 

6,o 6,o 
0 ., , ... 

llJ,4 l llt, 2 

f~ (, 1· i rH, d 1: n pp c r r 1 r rn I 11 c: t i 11 n ;in cl L: n n s 11 mp t i n 11 

nf l\fric;i 



' 

92 

cons t r u c t i on and in -3 ch an i c :1 1 en g in e e r i n g , are sh m1 i n g up 

the f ;:is test grm1U1 ra te5 al 1 over the ~·rnr 1 j. Tt1e very 

low figures of copper intensity of developHd countrie~ 

CJll for a change in the ~ear future. So the production 

of copper ?.ild copper all1iy semis •nay be organized in 

every region, subregion or countryin oraer to meet the 

growi~a dcm2nd of the national economies on thRse materi­

als ren2rdl~ss to t~a [set whc~~cr chea~ or2 or energy 

rc:;o11rces are d\'ail2ble ·11 noi: 

l~c;oJ cxari1:;lcs fur the tend8n~y are sorr.e r.eve~ cpi;:g r::our1-

tries no~ tco rich i~ ~at~ral resources, but having grow­

im1 demanc of cr1µper semis like Tai\·1an, South Korea,etc., 

wher~ the ~3rufacture of these products have been set up 

already. But the areas and capacities ha~e to be chosen 

very caref~!ly because they require considerable capital, 

technnlogy, metal and energy. Av8ilability of these re­

sources ~nd the tr~nds of d~mand even ~n rcgion81 or inter· 

rq;ional levei have to be studied very thoro'1'J'll y. 

/\sit is sho\·1n li: the previous sh2pi:ers there is an ahun­

cic::ric~ of vc>I"i ous techno] ogies in eve:ry sector of thi"l in­

dustrv. The eqLi~ment and the necessary know-hows are 

mn~tly av~ilahle. 

lJpar1 st!l~;c:tinn, the follo~viriLJ in;:iin tf3ndcnctPs have to tw 

cnw; illcrcrl : 

J n CV l? l' y t CC t I! l 01 D ("l i C ZI ] :' n l I t. f' CU fl t i nl I ::JU'.~ C 2 :_; t i n !] p r 0 -

CC'.i'.if?:• <Hf? recommcnrled to Clf1p1y, ~vhich offer irir:rt··a'.;t;d 

yi 1:!!J, lr11v r?n!:L"f!Y cor1:;~J1T!pti1ir1 and r.Clrit<ll i11\·t~'.d.m1:r1t, 

r1r:1:r1:.1·1~d 1:r1vir11r1r111:11t. pollt1\.jr~11, f]1:>..it1l1: prr1duL:t.inr1 

c;q1.11·1 i',, q11(1!1 p1·1H;uctivi t.y, ti1ql1 prm~·r1:L qL1;1l i tv. 

•;r•l!•r:t.1:il 1·11r1: r·11il pr1Pl11r:tir111 l1•1:r,11fll111:v :;l11111!d t1" r111lt'l1·· 

1 : 11 I ! : t. I 1 " l 1 1 1 : . : I 1 ' r I" • ' 1 1 1 1 11 ; ii. 1 1 , · 111 . 11 1 , '. . \·11 ; " r · 1 • t I 1 • ' ! ' · 111 , 1 1 11 ! 1 • ; 
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low and excessive ore resources are not available, flex­

ible er low capacity processes should be selected, like 

Outokumpu, GE dip-forming or horizontal casters. The best 

solution is to have a possibility for casting not only 

different sizes, but even different alloys on the same 

'3 q 11 i p rr. e n t _ Tt~ :~ p a !.' a m n u n t i mp o r t a n c e o f th e d em a n d s i d e i s 

related to the fact that the conversion price (added value) 

of wire rod~ is relati~ely low Jnd ~an't cover long dis­

tanc~ transportation costs. 

Cold rolling mills equipped with hvdraulic screwdown and 

aut0ma~ic thickness regulation are recommended to apply. 

Co!rbination of two-high/four-high or four-high/Z-mill may 

r:onsidP.r2bl~1 cut investment costs. 

:lot mills c;hrJulr1 be selected only for very high dem&nd or 

spr.ci3l cases. 

ror h~at treatments of strips, wires a~d cniled ~ubes 

n!·i~ht an1iealing bell furnaces offer the best solution 

1t th~ lnwest carit~l investmr.nt. 

I n d i r e c t o r P. s ~; r: s o f f c r C1 n 1J m b e r o f ::i d v a n t a a e s , b u t ;:i t 

pP!serit horizontal cE rec t presses are more f lrxj hle rr,-

fJ a rd i rHJ ti 1 e f1 r o rl u :.~ t nd. x . fl<•"' in a a '."; u i tab 1 e ext r us ion press 

2 101·1cr 1l1~rn;Jnd fnr 1d rR rorl can ho; tPrnporari l; co'.1ererl trin 

(;:irnprurnl~ill1rj Oil t.hc sizr. uf' tbt! COi.ls. 

fl i 11 r; I v c f :· i c i (: r 1 t , v r, r y p rod u c t i v P. rn ~i nt i f <1 c tu r i Wl r.; r ~ l h o d ~; 

;Jrf~ ill 'lfll!!';Jtiri11 i11 S8Vf!J';1l Cfll.Jfltl'ir.'.I for thr 1mJ·-CO'it 

pr1tlu1;L1lll' !lf tJr;1~,·; rucJ:; u•;tr1q (]Jii1o:;L lOfl ~~ :;1;L"tlfl. L:ri11-

~;irl1?J'lr1q U1i:; :·~:r:t r;:1rc:t!l ritlr!r1t.i1lfl 11;1'.i t11 ti:: paid ln 

U11! di!l1J:1111I :;irlf! 111 I.Iii:; :i!!f:l.nr tnn.Tlll! hc~•t t.1!1'.IJIJ(]l'.H]il~<ll 

d I ! I : l' ! I .I I. 1 J f ! i I 1 t 11 i : : r l I ! I iJ '; ~ ' f ! rr. '. : I 0 ri I . u ]( ! 1. I : j l } () f I : x I. r 11 : ; l 1111 

.111il 'il'llll! '.1:·1111111:111 1.)'p!! 1·1:11!.ifll!f!ll:i ri1·;1 11Jll 1), f1!1i•;ll1rHJ, 1:1:.1111--

rr! J' i Ill) l!J,Jr:fl I '.ll"i. 
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Technological route for copp~r tube manufacturing 

should be selected on t~e basis of several factors. 

In a plant having free capacity on a cold rolling 

mill, welding tubes from strip and drawing them on 

spinner blocks could be an ideal solution. 

In C3Je of a plant having free capacity on the exist­

ing extrusion press, reduction on drawing benche5 is 

the optimal solution offering a very wide product mix. 

Ths most efficient way for the production of medium 

and small size tubes js the continuous casting - pil­

ger rolling - spinner block drawing. 

The most suitabie casting method must be chosP.n on 

basis of demand, as it is shown in Chapter V. 

When establishing copper and copper alloy semifinished 

product manufacturing, special emphasis has to be made 

on recycling production and collected scrap. The better 

the scrap is seoarated the higher is its value. 

High economy can be achieved using every scrap for its 

proper purpose. 

High quality secu~d-hand equipment dismantled for one 
or another reason can be used very well as it is or re­

constru~ted to meet the demand of some developing coun­

tries. This is a source of tremendous economy of in­

vestment cnpital. When purchasing second-hand equipment 

in most cases it is possiblr, to make Jgraement for the 

t e c II r 1 n j ll flY tr CJ r 1 sf er . 

G r ;1 r! tH 1 c ~; t a h 1 i '.; t 1 m '- ~ n l ;rn rl d e v r, l o ri nu! n t o f ri r o d u c l i o n 

r:or1'.;idt!rir1!J ttw vi<1t1lr, ;;i1r· nf c;ipar:itit!!i L; r101ni11ar1l 

1';1ct:nr in cvr,ry '.if!t:!.nr pf jr1du:;l.ry. lilt! impnrl.,in1:1! •11' 

I or:;1 l, '.:1it11·r:qi nt1<1 I, r~qJi 1J11i1 l a11il 1~111!Jt in l:1!l'L"l~\I ion;1l 

111;ir-l.1!l CJti:I 1'J''llll11:!.i1111 1'.or1p1:L"<il 11111 p11i'.iitJiI1 ti1·~; ht1:; t11 
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be emphasized or:ce more. In the frame of such coopera-· 

tions production 0ased even on imparted metal might b~ 

profitable, promotir.g the overall development of in­

dustry in the countries concerned. 

In light of the sophisticated nature of copoer and 

co~pcr 3lloy semifinished product manufacture and the 

\·: i d i: r a r. g e o f re s e a r ch a n d d e v e 1 o pm e n t w o r k s , d e v e J. o p -

ing countries may consider the establishment of R • 0 

Institutes and advisory centres for. copper industry 

working in close cooperation with the producers and 

customers of products concerned. 
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