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INTRODUCTION

The UNIDQ 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 with the rele-
vant Terms of Reference and the main recommendations

of the First Expert Group Meeting on the Hea-Ferrous
Hdetals Industries, held in Vienna, 18-21 M=zrch, 1985.

The scope of this study included

a) analyses of present and future markets of
copper and copper alloys, basic trends of
changes in intensity of use of copper in
different groups of countries,

b) review of technical changes, substitutions
and other factors affecting the demand on
copper and copper based alloys,

c) examination of traditional and new technol-
ogical routes for the producticn of copper
and copper alloy wire, strip, sheet, tube,
bar, casting and hot stamping indicating
the most important advantages znd disadvan-
tages of the different technological optionsg,

d) survey of the main trends of reseach being
conducted in the various sectors ~f non-fer-
rous semi production, showing their aim.

On the basis of the analysis of the present situation and
changing pattern of market, technological level and re-

search works, recommendations are given relatieq to the




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 developments
anc alternatives is based on the relevant publications
and the knowledge of Copper Industry of the consultant.
50 the results and recommendation might be amended and/or
expanded during the Consultation Meeting through the

coniributions of copper expert colleagues.




I.

1.

CHAHGING TREMDS OF COPPER CONSUMPTION

GENERAL TENLDEHCIES

The copper consumption of the world in the last decaie
has experienced an 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 1946-1%80
amounted to 169 million 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, though
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 1550s,
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 place outside es-
tablished centres of production. Accordingly, the share
of major companies in the USA and Europe fell from 93 %
to 45 %. In 1950 over the half the world's output was

supplied from North American mines. Six companies, four

of them in the USA, accounted for most of the vaiue added

in the world by the industry. From mines in the Weclern
USA and Latin American subsidiaries, US firms accounted
for tun-thivrds of the world supply and most copper fab-

ricated prodacta.




Estimated cumulative copper 72 million tons
production priocr to 1946,

Cumulstive copper production 169 millicen tons
1946-1980
Ratio : 2.3

1946-1980/prior to 1946

Annual production, 1950 2:53 mwillion tons
Annual productiaon, 1980 6.97 million tons
Table 1.

World production of primary copper




Growth rate of copper consumption

1950 - 1981 3.4 % per year
1950 - 1940 4.6 % per year
1960 - 1970 3.5 % per year
1970 - 1980 2.1 % per year

Copper prices in real value

1960 - 1970 + 3 % per year
1970 - 1980 - 1 % per 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
fifth of the world consumption. tlew centres of produc-
ticn and smelting exist in the Pacific Basin (Australia
and Japan; and within the USSR, while nationalised com-
panies manage expanding industries in Africa (Zambia and
Zaire) and Latin America (Chile, Mexico and Peru). Thus,
currently over half the sgurces of new refined metal en-
ters world trade. The developing countries supply most of
the incremental tonnages behind the remarkable expansion
of the world industry. Instesc of one dominant centre, to-
day there are four major fabricating centres.

txperts predict there will be an accelerated growth in
the next 20 years outside the USA. By the year 2000, the
"rest of the world"” demands are expected to double.

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 USA and Europe, in
contrast, are expected to grow at 2-3 %, well belcw the
world's average rate of 4.6 %.

Copper consumption is affected by several factors.

A further increase - beside its favourable properties -
can be explained by the fact that while in the 60s the
copper price has incrcased by 3% p.a. in real value,

in the 70% an annual price decrease of 1% ran be observed.
For the aluminium this tendency was of the opposite, so

copper became a3 relatively cheap metal.

The growth of copper consumption in vartous countries
is very well explaioned with the theory of "intensity of
mineral wse™ (MUY, Defined a5 an cconomy 'S apparent con-

stmplron of copper devided by its gross national product

COHPY T riaes o e eardy shages of andustriatbisation




as a function of GNP per capita, but peaks and falls

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

an economy's IU curve would form ar inverted U with

less developed countiries on the rising portion arc ad-
vanced economies on the falling portion.

50 in medium and low-industrialised ccuntries the caopper
consumption is increasing with the GNP, the development
of industry and standard of living. From copper consump-
tion point of view, the nighly developed countries, al-
though at different poinis of time, but got saturated.
In the USA, this saturation set in before the Second
World Uar, whils in the iest European countries it took
place abecut the end of the 60s or in the eariy 70s.
Thereafter the copper consumption per unit product of
industry shows a declining tendency.

-From the per capita copper consumption data (Table 3)

1t can be seen that in the ron-socialist countries the
averasije copper consumption is 2. 5 kg/capita/year. There
are, however, tremendous differences between the indivi-
dual countries or groups of cnuntries, while the annual
consumption is 8.6 kg/capita in the highly developed
countries, it 1s only 0.3 kg/capita in the develioping ones.
There are significant differences even between the west-

ern countiries.

During the p. t twn decades an enormous increase can be
observed in the copper consumption of certain asveloping
countries, for esample in Brazil the annual copper con-
sumpLion/capita has become fourfold between the «0q and

4

n0s and amounted to 2 kg, and 1n Soulh-Korea 1t rarsed

as high as 4 kg/caputa/vear from almost 7ero,




Countries 1963 year 1980 year

kg/capita kg/capita
Altogether 1.8 2.5
Beveloping countries 0.1 0.3
Developed capitalist countries 5.6 B.6
gelgium d.3 31.0
Brazil 0.5 Z.1
France 5.3 4.6
Great Britain 10.7 7.3
Hungary 2.8 4.6
Italy 3.7 6.9
Japan 3.2 11.8
Socviet Union 3.0 5.1
South Horea - 4.0
Spain 1.3 3.6
usa 7.2 8.7
West Germany 9.7 12.1
Western Europe 5.7 7.4

Table 3.

Per capita copper consumption 1 the
highly industriatized- and in the de-

veloping countries
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The cepner consumption data of the different industr-ies
{(Table 4.) show that the major consumers are electr’fi-
cation and electric engineering industries. These branches
of indusiry apply for 45-55 % of the total cansumption.
Fcr that reason, an extensive increase can be observed in
those countries where the industrialisaticn has Just been
started, such an example is Brazil, where electrification
and trensport took a tremendous development, or Korea and
Taiwan, where electronic and electrotechnic industries
swaept ahead at high speed taking over the role of textiie
industry.

SUBSTITUTION ANDG TECHHICAL CHAMGE

A) DECREASE OF COPPER INTENSITY

The following four factors are influencing the dilution

of copper intensity:

1) Economy in the use of copper and copper alloys through
advances in fabricating techniques and in the design
of the finmished products.
Examples for that include thinner-walled and lighter
gauge copper tube for plumbing system, finer brass strip
for car radiators, miniaturisation in the whole field
of electrical and electronic circuits and components,

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

Mew alloys with better mechanica’ and ghysical pro-
perties are fostering this type of material saving.
Copper is being replaced by improvements in designs,
such as multiplexing via pulse code modulation to up-

gravde capacitres in Junction circuits and trunk Tines.

) substitution of alternative materials wilh similar

physical propertics Lo coppor.




Industrial Secter UsSAa Y. Eurnce Japan

Elrectrical Engineering,

Electronics 46.3 54.3 >2.0
Huilding Construction 15.9 15.5 8.8
Transport fb.l 16.7 17.1
Industrial Applisarces 18.8 14.0 15.0
Consumer Goods 8.9 5.5 7.1

Tatal 100.0 100.0 100.¢C

Table 4.

Consumption of Copper in Various Industrial Sectors

of Some Highly Developed Countries




Power transmission systems offer 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 via the aluminium systems fell below that of
copper installations (Newcomb, Toward a dynamic theory
of substitution and technical change, AIME, 1976.)

Hore currently, the switch to composite materials and
aluminium radiators in automobiles reflects the technical
change to high-temperature combustion, which aids emission
control and also eliminates 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 in a trend to-
wards simaller 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 2t present, copper is
being 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 thinner
walled and narrower tubing of aluminium, steel or plastic.
These materials and a variety of new systems permit in-

creasing substitution for copper in hydronic thermal ap-

lications.

Materials substitution may take place at wmore rapid

rates in the highly industrialised countries because

most research ig done there, replocement Lrends ave push-

cd without as much concern over quality prodlems, and bae-

cause markels are more open to imports.




3)

4)

B)

Bevelopment of new technigues 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 - theugh this was a
factor in its inception - but mainly because it is tech-
nically superior. It has many advantages over copper
caeble; it is much more compact, it is immune to elec-
trical interference, there is no risk of electrocution
or explosion as it cairies no electric current, and it
is extremely difficult to tap. One over-riding advantage
though, is its efficiency. A fibre optics system carry-
ing 2,000 telephone channels would neec signal boosters
only every 8 km, as opposed to the conventionsl system's
2 - 4 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.

Structural changes in industry

For instance a shift to road buvilding at the expense
of housc building in the construction sector may dilute
the copper intensity in this area.

NEW APPLTCATIONS OF COPPER

Beside the above mentioned factors "diluting” the copper

intensity in the ditferent branches of industry, there are

goveral new Cields of application for copper and Tts allovs,




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. ‘idespread use of
copper alloys for marine applications could be attributed
to the fact that such alloys had good corrosion resistance,
efficient thermal conductivity, 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.

The main materials for seawater piping svstems for ships,
offshore o0il and gas platforms, and petroleum plants are
aluminium bronze, copper-nickel and aluminium-bronze.

T.J.Glover of Inco Europe claims that it had long been
established that copper and its 3lloys 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 consumption.

It is generally accepted that the efficiency of a hull 1s
reduced by 1% for every 10 microns increase in roughness.
Copper-nickel could reduce surface roughness because it

was resistant to seawater corrosion and offered permanent
fouling resistance. The hull of a ship <he Copper Mariner,
was built with copper-nickel hull in 1977 and after four
years the corrosion rate was 0.05mm and the amount of foul-
ing ways negligible. However, the fact that cupro-nickel

was about ten times more expensive than mild stecl had

somewhat prohibitive.,




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 pntential market for super-conductors.
The ratio of pure capper 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 technique 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 impcrtant 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-
vidual vehicles and 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 overhead cables, and the rest in substations and
trains. Main-line railways can take up to 5 tons in each
train and 6 tons in each substation.

There are a number of growth areas for electric transport
battery electric vehicles, hybrid vehicles using electric-
augmenced petro! or diesel engines, and tracked and dual-

mode vehicles.




Some brass allcys have very unigue properties. One of

them is the copper-zirc-aluminium shapc memory alloy.

It returns tc its original shape at a specific tempera-
ture, and is used as activating part of switches and
other devices , e.g. opening and closing windows at ele-
vated temperatures. Other brasses damp noise so they are
used as machine psrts in low noise applications.

A very bright perspective 1s opening for the application
of these alloys.

Summinrg up the disquieting and reassuring tendencies in
conper consumption, one can easily note that there is

still a good potential fer future growth especially amongst
develoeping countries where electrical and electronic sectors,
construction and transport are expanding fast. and copper in-
tensity is still only a fracticn of the same of the highly

industrialised nations.




IT.

COPPER WIRE RON MAHUFACTURING

Copper’s major field of application according to Tahle 4.

1s the electrical sector, where the high electrical can-
ductivity, good physical properties, relatively high strength
and corrosion resistance of copper are of great importance.

In this sector copper is overwhelmingly used in tiwe form of wires,
cables, magnet wires, etc. Growing quality requirement and
efforts of decressing production costs resvlted in 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.
Althicugh during this pericd the technologies were steadily
advancing, particularly with respect to rolling mills and
introducing continuous casting of oxigen-free billets, sig-
nificant coniraints were imposed by the discrete nature of
the bzrs /typically weighing aboui 100 kg/, as well zs the
need both to reheat the bars for hot rolling and to relstive-
ly short lengths of rod during drawing.

Mithin the last decade, this procedure has largely been dis-
placed by centinuous processes. These fcature the tandemisa-
tion of operations spanning melting of a cathode in-feed and
coiling of bright rod in length, in effect, restricted only by
the available handling facilities. Bearing in mind the re-
latively short time during which this dramatic change has
nccured, 1t 1s remarkable that by the end of 1984, the numher
of continuous processing units for re-draw rod, either in-
stalled or expected to be installed was around 100.

The success of the conlinuous processes is mainly due to

bold annovations and amprovements in desoagn of ecquipment,




A}

An important contributory factor has been tk2 steady 1in-
crease in the availability of high-purity cathode copper
from electrolytic refineries. This situation has promoted
the development of furnaces for the continucus meiting of
cathade, for direct trar:.fer to a holding furnace associ-
ated with a continuous ~asting machine. Consequently, it

has become possible to produce copper rod cf both the tough-
pitch varient and virtually oxygen-iree, suitable for the

most critical electrical conductor applications.

COMTINUUS-PROPERZI

The Praperzi non-ferrcus metals casting process was deve-
loped first for zinc and lead, and was later adapted to
produce aluminium rod. In 1960 the company built its first
copper rod caster, which had a capacity of i0 tph. This
plant was sold to the USA’s Southuwire. A second caster was
installed in the USSR in 1962. As rolling torques and loads
are similar for aluminium and copper casting, Properzi was
able to draw on its experience in aluminium rod casting in
the development of the copper caster.

The "secund generation” of copper casters was developed in
the mid-1960s. These casters had capacities of 25 tph. Three
were installed in Sweden, Greece and Italy. This range of
casters was particularly aimed at high-capscity producers.
Following requests from smaller producers, Prrperzi deve-
loped a "third generation"” of casters which had smaller ca-
pacities and required low capital investment. Costs were
reduced by the replacement of continuous shsft furnaces with

reverbatory furnacoes.

This new range of casters, including the medifited "second

qeneration” casters, had capacities ranging from 2 to 30 tph,




Figure 1. A Continuus-Properzi continuous

copper rod casting line




There were two main types : casters with capacities up to
10 tph with either one or two reverbatory furnaces (design-
c¢d for small and medium-sized producers); and casters with

capacities over 10 tph wicth vertical shaft furnaces.

In 1977 Properzi developed a "micro" mill which was capable
i3f cold rolling from a diameter of 8-"L=om down to 1.5mm at
3 speed of 45 metres per second. The mill was designed to

renplace the traditional drawing process for small-diameter

caooper rod.

At present there are four standard Properzi copper casters
which are built by Continuus-Properzi : Model Cu/2500-8/19
has a czpacity of 25 tph and produces 6.35-8mm dia rod;
todel 7E-Cu/1800-8/13 has a capacity of 14 tph and produces
8nm dia rod; Model 6E-Cu/1400-8/13 #Hini has a capacity of

7 tph and produces 8mm dia rod; Model 6E-Cu,1400-86/13 Mini/S
has a capacity of 4 tph and produces 8mm dia rod.

In the casting plant, the well-established two-wheel cast-
ing process is utilised. The lower casting wheel and the
upper "idle" wheel are both encircled by a continucus stee:
belt which closes the ring mould fitted to the periphery of
the lower wheel, to form the casting chamber and determine
the shape of the bar . The casting ring mould has an out-
side diameter of 1,500mm.The caster’s cooling systen in-
cludes two headers which are fitted with separately adjust-

able valve sprays to allow variations in cooling.

The cast har is guided through a conveyor on to an automatic
shear ani bt which is fitted with a pinch roll to feed the
shearinng bead., The bar is cropped continuously and cropped
ends ace collected in a water cooling tank. Tmmediately

douncbream o of the shear unit b s oo tromming unit,




Following trimming, the bar passes through a brushing
unit. This unit is fitted with four rntary steel wire
brushes which r=2move the thin surface 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.

THE SNUTHWIRE PROCESS

The first Southwire Centinuous Rod (SCR) line complete-

ly designed for 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-
velopment of the shaft furnace, molien metal handling,
casting, rolling, pickling, coiling and packaging of coils,
and can be designed to meet the requirements of individual

customers.

The normal run circle foos a SCR copper system is 16-40

hours , with changeover *time for new belts of about 30
minutes. Raw material is charged into a melting ASARCO

shaft furmace, and the molten metal is then transferred

to a holding furmace, by means of a covered launder. Agsin
via a launder the molten copper flows to the pour-pot mount-

ed on the casting machine, from which it is transferred by
the pouring spout to the grooved periphery of the casting
wheel. A steel band encloses much of the wheel's circum-
ference, thus forming the casting cavity 1n which the molten
metal solidifies. After solidification, a cast bar leaves

the cavity by means of an adjustable stripper shoe mountoed

on the casting machine atove the casting wheel which eox-
traocts the casting from the wheel during start-up.
Atextraclor convever theo alters Lhe movement of the bar

From the vertical to Lhe horizontal planc, so that the bar
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will be in the proper orientation for subseguent pro-
cessirng. Pneumatically operated presser rolls are lower-
ed on to the bar as 1t passes over the extractor convey-
or and pinch rglls, which maintain tension in the bar and
t0o guide the lead end intoc an in-line shear, are pcsition-
ged at the end of the extractor conveyor. The in-1ine shesr
squares the lead end of the bar and, unon start-up, craops
h t oar into lengths suitable for remelting untii the
physical znd metallurgical quality of the bar are suitable
for rolling.

After passing a bar handling and loop control table, to
sense and correct variations in casfing and rolling speeds,
the bar entars a preparation device censisting of four
scribiny knives and four wire brushes, and then a pinch
raoll unit which positions and feeds it to the first stand
of the rolling mill. During 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-
cooling.

On leaving the mill, the rod is subjected to a 3-phase
in-line pickling process, which occurs as it travels with-
in ¢ compartm~ntalised delivery tube. In phase one, a mild
acid solution is circulated through the tuve to remove light
oxide on the rod as it leaves the last finishing stand,

whil phase two censists of water rinsing, coolina the rod

and removing any acid residue, with pressurised sprayi-
boses and air wipers, The thivd phase prevents surface osi-
dabtion by a water-soluble wax coating applied avtomaticatly .

Hydeaultestly cdeiven proch tolls then direct the rod o the

cotior, with the diameter of cach corl bewng determoned by

Phe rodb ool spemdh oot the oo bing bhead,




c)

OUTOXUIPU CASTIHG PROCESS

In 1969, an upwards casting system was develo;:ed and
a copper caster incorporating this system was brought

on stream in 1970.

In this casting 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
grapnite mount-piece is positioned into the melt and the
uppar end of 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 coilis by coilers located at
the end of each strand. The submerged die withdrawal unit

is located above the holding furnace and the 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. The diameter of a cast strand can vary from 8-25mm de-

pending on the reguired dimensions of the finished product.

After the casting operation, the unpickled rod is bright,
unoxidised, and ready for cold working. Cold working 1is
undertaken on a specially-designed tandem line where several
rollers are installed behind one another. Since the rod re-
ductions are small, the wire is worked gently in order to
prevent rolling defects, which are prevalent in hot rolling.
Cast rod can also be further processed by means of drawing.
fhe rod diamcter determines whether cold rolling or drawing
is most suitable.

An importlant characterastic of this casting precess is that
speed of rod withdrawal is limited. Conscquently, Lo maintain
cconomic output levels, a caster hos o a numder of strands

working simaltanecusly.




N e

B, . P dect oo flowsheet

Ta

S aoag machne

eI

I
1

L 1omolten conner

gyl

S srane donram of the cooler,

p

ﬂ ,\__—_ 7.tghtanmg nng
1=
| t— -

S0 vacutm pasnp

b

PN

[

Lt eutlet

R 1YY
\wstor nted

-~

i
« ——— 6. secondary coohng

4. gaoler 1acket

H
t
}
’ i Soschdibid red

e 3osonddadion front

2 ooapi e die

30 3. melting furnace

o

£

1 1
- i ;_.i!
' :I

| b=
[%

fFigure 3.

OUTOKUMPY upcast system

5. holding furnace

4. launder

! 6. withdrawa! machine

7. cont

rol desk 9, coilers

8. cailing speed  regulators

10. coil transport

—-l Py
i my
« N

IS

uoganat

oonng




- 25 -

A pricipal advantage of the process is that complex equip-
ment is not required as the process is very simple. This
makes 1t possible to build and operate economically very
small 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
strands. but as an approximate guidec, each sirand of a caster
can produce 1,000 tpy. At present, there are some 20 Outo-
kumpu casters in operation worldwide with capacities rang-
ing from 3,000 to 30,000 tpy.

Nutokumpu has production-scale experience in : oxygen-free
copper (HCOF, DLP, and DHP 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 0D, 1.5mm wall thickness.

The production capacity of a plant depends on the dimensions
of the product, the number of strands, and the rate of with-
drawal, the latter generally being dictated bv the nature

of the metal.

Nifferent types of furnaces can be used. Normal channel-type
induction furnaces are used for oxygen-free coppers and cer-
tain alloys. Coreless induction furnaces are wsed for pre-

cious metals and some difficult alloys. Resistance and gas-

heated  furnaces can also be used 10 tequired.




SECOR CASTING PROUCESS

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
vear and following a testing period of 18 months an order
was placed by Australia's Copper Refineries of Townsville,
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 stream in
lzte 1977. The trademark for the Secim rod casting process

is Secor.

WMore recently Cosim, Clecim's Spanish subsidiary, has built
a S5ecim rod caster at the Oviedo plant of SIA Santa Barbara.
This Secor line has a capacity of 10.5 tph and was fully
operatiaonal 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,
molten copper is supplied from an Asarco shaft furnace.

It then passes through a launder into a holding furnace,

and then into a pouring furnace, from which it flows threngh
a spout into the caster. Slag traps are incorporated in the
two launders. The pouring furnace can be controlled either
manually or automatically to feed the caster at a constant
rate. Automatic pouring is achieved by mcans of a "bubble”
tube which is immersed in the tundish of the caster and

fod continuously with nitrogen or argon.

The caster is of the wheel-and-biclt type and top-pouring 1is

practised. AMfter cooling tn the mould, the cast bar 1s pass-
ed from the casting wheel to an cxit table which feeds the
rolling mull. To avoid problems in the event of re-start

in casting foltowing any hreatdown, the cast bar does not

frans above Lhe casting wheel,



Pinch rolls are on the exit table, which are synchronised
with the casting wheel sbeed, take the weight of the bar

to prevent bar tension at the wheel exit. The pinch rolls
convey the bar to the edge trimming unit and entry shear.
The trimming unit removes any fins on the beit side of the
bar and chanfers 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 stacked for remelting.

Prior to rolling, the bar passes through a pre-pickling

and scale-breaking chamter. The bar is rolled using grooves
ic form 2 round then grooveless rolls (Copper Refineries’
RZR system) to form a flat befeore the final round pass.

The non-tuist rolling mill has cantilever stands grouped

in blocks of 2-3-4 or 5 stands. Ap intermedi:zte shear is
installed on the mill to reduce downtime should a cobble
occur. 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 wax prevents tarnishing of the clean finished rod.

A guillotine shear is positioned in front of the coiler

to cut the rod, if necessary, to avoid coiler jamming.

The Secor casting process cffers seven principal advan-
tages. The automatic level control system ensures consis-
tent high-quality cast bar as well as labour savings and
imptoved operator safety. Increased operator safety and
lTabour savings are achieved also by the automated cropped
bar cooling and removal system. M1l sbands are driven se-
parately to ensure reliable production of a wide ranoe of

rod diamelers.,



The RER grooveless non-twist rolling process permits im-
proved interchangeability of rolls, reduced operating
costs and capital cost, and increased productivity. The
life of the tungsten carbide rolls is prolonged by 50 % by
use uf the crganic 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 instailation costs.

CONTIROD (XRUPP-HAZELETT

In the 1960s Belgium's Metaliurgie Hoboken Overpelt (MHO)
and Usine & 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
refinery of MHO. Jevelopment work was undertaken on a Haze-
lett twin-belt casting plant at Olen. In 1970 it was decided
to build a continuvous casting and rolling plant next to the
Olen electrolytic copper refinery. Production of copper rod
using the MHO-Usine & 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 MHO for the cast
copper rod products.

In this process, cathodes are melted in a shaft furnace and
the molten copper is passed to an induction-heated holding
furnace. From this furnace, copper is charged into a twin-
belt casting unit. Rectangular bars are produced by the
caster. A pair of pinch rolls guides the cast bar to a scalp-
ing unit which trims the edges of the bar by means of ro-
tating tools. The pinch rolls act as a speed-sensing device
for casting and rolling. A pendulum shear s located near
the sealping unit to crop bar during start-up and casting

hrealkdown:,
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Following scalping, the 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 urnit and emergency shear.

The loop controls sre designed to eliminate tension bet-
ween passes to ensure production of high-guality rod.
After pickling in sulphuric acid solution, washing and
soaping, rod is coiled to produce 5-tonne coils. Currently
rod ranging from 6.35 to 22.5 mm is being produced on Krupp-
Hazelett cesting units with capacities ranging from 12 to
50 tph.

GENERAL ELECTRIC DIP-FORMIMNG

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 lémm. 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 Oc and hot rolled in a pro-
tective atmosphere then cooled to room tempcrature wnile
$till in protertive atmosphere, and coiled.

Dip formed copper rod has a low oxygen content, clean dense
surface, uniform single-phase internal structure and mecha-
nical properties suitable for such applications as fine

wire drawing.

AL the same time, it has Lo be menlioned that this ruod

an the one hand 1s free trom hydrogen embrittlement pheno-
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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, where requirements

are high.

GENERAL FELECTRIC LEVITATIOM CASTING (GELEC: PROCESS

The General Electric Levitation Casting (GELEC) process

15 basicalliy a svnerglistic combination of an electraomagnetic
levitation field and a highly effective he2t Ccachanger used
in an upusrd casting mode. The result is & simple, low cost
continuous casting process that overcomes problems of fric-
tion ¢nd adhesion at the mold-metal interfasce often found
using other casting techniques. Among tte advantages are
high casting speeds, smooth continuocus withdrawal cf the
cast 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 shape cast-
ing of small diameter rods and other products from a variety
of pure metals and alloys. For most applications, the fine
equi-axed grain structure of the "as-cast" product is suit-
able for immediate drawing or forming operations without the
need for hot rolling, annealing, or other processing after

casting.

COGHCLUDTHG RFMARKS

[t follows from the above that bitherto traditional wire
bar route for the manufacture of re-draw copper rod will,
increasingly in the future, only be retained in exceptional
cricomstances. Thus, Tor rod oubtputs o the range of 6-40
tonnes, b, Lthe Properzi, Southwire and Yontirod coriinuous
meliiog, casting and rolling processes are now fremly ng-

,(]hl l'lhl'(' .
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Figure 8. Simplificd illustralion ef GULLEC system

in castinn mode




A similar situation exists for the GF dip-forminn process
for outputs in the range of 3.0-11.0 tonnes/h:r. Adoption

of these processes has been mainly on economic considera-
tions, including those arising from the use of a less ex-
pensive in-feed, namely cathode, and the omissizn of a bar
reneating stage. For example, with the Southwire S5CR system,
the overall saving in energy consumption is estimated as
about 1340 MJ/torne, with an output of about &0 tonnes/hr.
The continuous processes also give important advantages in
"dounstream" cperations, among which are the absence of a
pickling stage ard the greatly reduced frequancy of butt
welding between coils. The latter allows the wuse of higher
drawing speeds for the rod. Additiocnally, with appropriate
operational technigues, the technical properties of conti-
ruously processed rod have proved at least as good and,
frequently, markedly superior to those of rod made from

wire ber.

However, it should be recognised that the eguipmenti 1., -
volved in the continuous processes is relatively compli-
cated 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 1is
therefore still evolving, as is also that dealing with the
material design and use of various components for which
long-term durability is necessary under the arduous condi -~
tions associated with the process. For ithe user, the equip-
ment represents a major capital investment and its utilisa-
tion factor is therefore important. Or this point, claims
have been made that certain processes are better than the
others, but they are difficult to relate in terms of o gilven

product quality.



for lower nutputs than those of the processes with a
tandemised hot rolling stage, continuous casting methods
existe (Cutokumpu), or are being developed (GELEC), which
produce rod suitable for separate cold rolling to re-draw
sizes. They provide increased flexibility with respect to
the rtange cf section shape and materials that can be cast
as well as to caonsistency of product quality from the con-
tinugus nature of the operation. As far as can be judged,
all these casting processes use a submerged graphite die
techniguz. The macro-structure of the as-cast rod usually
consists of large columnar grains. ihile this does not ap-
pear to cause any problems with rod ultimately reduced to
wire sizos, concern has been expressed about the risk of
fire cracking with rod subjected to more modest amounts of

deformation betore annasling.

(NOTE

1) The table shown on the fecllowing 3 pages are
copied from Metal Bulletin Monthly, August 1983.,
accordingly its figures are hased on the situa-
tion of that time.

2) Under the processes referred to as General
Flectric in this table the GE dip-forming pro-
cess is to be understood, as GE Levitation Cast-

ing method was developed at a later date.)




Country & company

ARGENTINA

Pireili SA
Quilmes

AUSTRALIA

Copper Refineries
Metal Manufacieres

BELGIUM

Natillurgie Heboken Overpait

Lamatref
Lamutret

BRAZIL

Caraba Metals

BULGARIA
FTE Technika

CANADA

Cable Tech Wire
Canada Wire & Cable

CHINA
CNTIC

FINLAND

Outokumpu Oy

FRANCE

Laminoirs Tre..eries
Cableries de Lens

Thomson Brandt, Branche
Trefileries et Cableries

WEST GERMANY

Deutsche Giessdraht
Lacroix & Kress

Norddeutsche Affinene

{To be announced)

GREECE

A. Chandris Cables
Fulgor Greek

HUNGARY

Csepel Metalworks

INDONESIA

Furukawa Electric (Japan)/
Supreme Cabie Mig

IRAN

National iranian Copper

Ingdustrics

I7.ALY

Colata Continua ltatana (1)

flens
Fulyor Cavi

Halrarme

JAPAN

Fuijikura
Futukawa Clectne

Furtukdwa Electre

Works

Buenos Aires
Buenos Aires

Townsville
Port Kembia

Q:cn
Hemiksem
Hemksem

Salvador

Sofia

Toronto
Montreal

Harbin

Pori

Lens

Chauny

Emmerich
Bramsche
Hamburg
Hamburg

Volos
Sussaky

Budapest

Djorarta

Sar Cheshmeh

Belyioso
Salerno
Latina

Avetling

Gakura

Chiba

M

Process

Contnuus-Properzi
Continuus-Properzi

Secor
Southwire

Krupp/ Harelett
Continuus-Properzi
Continuus-Properzi

Krupp/Hazelett
Southwire

Outokirmpu
Krupp, Hazelett

General ciectric
Qutokumpu
Southwire
Krupp./Hazelett

Southwire

General tlectric
Southwire
Southwire
Continuus-Properzi

Outokumpu
Contirus-Properzi

General Flectric

Southwire

Krupp. Hazelett

Southwia
Contiving Propern
Coantausg Propersi

Krtspgy Hopzetiett

General Eledtne
Southwire

Southwire

Continuous copper rod casters

Rad dia.

0.3125-0.625

8mm

8-20mm

6.35-14.28mm

8mm

0.25-
0.625in

8mm

8-15mm

8-9.4mm
8-16mm

Rmm

B

8-16mm

635 20mm

0.3125.
O hin
0 Ay
Qe

Capacity

[--]

25
27.5*

32

9,000 1py

6.0

10 000 tpy

25°

32

36.4
5.4
w'
45

12,000 tpy

6.0

5.9

32

109
2%

34

Date
of construction

1982
1983

1977
1974

1972

1972

1973

1978

1980
1980

1983

1972

1970

1976

1976

1972
1980

1974
1977

1379

1977

1977

19/%
Tompo:wly
off “treain
1976

1971

1975




Country & company

Hitachi Wire Rod

rAizsutnsh, Metal
Mining
At abista Retal
Mionneg
Mrmacu Copper Retiming &
Baliing
Showa Electric
Ve & Cable
Shewa Electric
Vare &2 Cahle
Sumitorno Electric indusines
Tamun Fwatric
Wire g Capcle
Yazani Wire & Cable
Yazaki Wire & Cabie

S. KOREA

Gold Star Cavle
Tathan Eiectric Ware
Poongsan Motal lAlg

MALAYSIA

Metrod (Malaysia)

MEXICO

Cia. Mingra Kappa

Cobre de lrapuaio
Counticon SA de CV
Industrial y Cumcraial Tor

PHILIPPINES

Phelps Dodge Philippines

POLAND
KGHM

PORTUGAL
cpc

RUMANIA

{CEE -~ intreprinideres de
Conductori Electnci Emaiati

SOUTH AFRICA

Transvaal Copper Rod Co ()

SPAIN

thercohre
SIA Sania Barbara

SWEDEN

Elecktrokoppr

TAIWAN

Hua Fog Copper
2 fron W,
Shineg faoey Flectne Cable
fg AV
Tt Coable
W oainin Litaang § e tp
Wiaree bt Catite Corgy
Wortarr Uit Bl tne
Wirer £ Cahbee Clorgy

THAILAND |

Banagbnak flootre Vone

b1 Cabler

Han-Yareas, Flectos Wee
Tho Yaraba bhoo o WS
PO o FBlod

Warks

tharaki-ken
Qsoka
O-oka
Yodo

Mic

Fawasaki
Osava

Kavrachi

Gotemba
Numary

C=0ul
Sac!
Onsan

Kuala Lumpur

NMexico City
Irapuato
Celaya
Mexico City

Manila

Lubin

Porio

2alau

Palabhara

Cordoba
Lugones

Helsingbor g

Kaoheang

Toipei
Topen

Tivpen

Tagra

S b arn
[ ok
args ok
Barngt o

Process
Southvare
Southwirg
Gencral Electric
Southwire

Genery' Electriz

General Flactric
Krupp/Hazelett

General Electric

General Flectric
Genwral Electric

Soutneire
Southwirn
Cutokumpu

Gutokumpu

General Elactric
Cutchumpu
Krupp ' {azalett
Outohumpu

Cutoxumpuy
Krupp /Hazelatt

Genera! clectric

Krupp Hazelatt
Southwie

Krupp. Hareleit
SCC()t’

Continiun Propern

General Electne

Outoruerpu
Goenesal Thectng

SOt

Sonthnate

Oute s
[SRTISHAINIY]
Outomuanpru
Cratonnmin

Rod dra.

0.3125-
0.62%in
0.3125-
0.525in

0.3125-
0.B75in

8mm
8-16mm

0.25 0.€2%in

8-18mm

B9 5 12 and Y4mm

#?10mm

Capacrty
w .

25°

10.9

9.1

5.4

5.0

5.0

18
27.2
16,009 toy

18,000 tpy

5.4
6,000 tpy
3
6.000 tpy

6,000 tpy
32

6.0

17.6°

32

10,000 tpy
6t

8

181

TNty
TN Ly,
4,00 (5o
P ALASERIY

Date
of con=truction

9N

1IN

1930

1979

1982

120
1973
1881
1973

1982

1977

1063

1952

1988

19/3

jean

16e3)
97

1o

(MR
[
1oy
fatutup) 10



Country & company

TURKEY

Bakirsan

Botel Bobin Tek Kablo
Sanayi ve Ticaret SA

ER Erbakir

Huns Hacilae Elektrik
Sanayii ve Ticaret SA

Rabak Elektrntitik Bakir
ve Mamulieri

Sarkuysan Elektrolitik

Bakir Sanayti ve Ticaret

Sarxuysan Elektrolitik

Bakir Sanayit ve Ticaret

UK

BICC
Entield Rolling Mills
Radco

USA

Asarco

Capital Wire & Cable

Cerro Wire & Cable

General Elegtric

Inspiration Consolidated
Copper

Kennecott Refining (c)

Magma Copper

Nassau Smelting &
Refining

Packard Electric

Phelps Codge Copper
Products

Phelps Dodge Copper
Products

Rome Cable Corp

Southwire

Southwire

Western Electric

Western Electric
Nassau Pecycle

Wusunghouse

USSR

Metallurgimport
Metallurgimport

YUGOSLAVIA

Bor
Bor

ZAMBIA

Metal Fabneatnrs of
Zambna

Works

Hendek

1stanbul
lzmir

Kayseri
tstanbul
Istanbul

istanbul

Prescot, Merseyside
Brimsdown
Skelmersdale

Amariilo, TX
Plano, TX
Hartselle, AL
Bridgeport, CT
Inspiration, AZ

Baltimore, MD
San Manuel, AZ
Staten Istand
Warren, OH
Norwich

€l Paso, TX
Rome, New York
Carroliton, GA
Carroliton, GA
{Caster has
replaced pilot plant)

Hawthorne, 1L

Gaston, IN
Abingdon, VA

Tashkent
Tashkent

Bor
Bor

L uanshiya

Process

Qutokumpu

Outokumpu
Continuus-Properzi

Outokumpu
Southwire
Outokurnpu

Outokumpu

Southwire
Southwire
Krupp/Hazelett

Krupp/Hazelett
Soutnwire
Qutokumpu
General Electric
Southwire

Southwire
Southwire
Continuus-Properzi
{moditied by Southwire}
Genera! Electric
Krupp/Hazelett
Krupp ‘Hazele*t
Outokumpu

S wire

{F o plant)
Southwire

Southwire

Krupp - Hazelett
Southwire

Contnuus-Proserzi
Continuus-Properzi

Guneral Flectne
General Electric

Ovigtob g

Raod dia. Canacity
- 16,000 tpy
- 6,000 tpy
- 3.000 tpy
£-10mm 8
- 12,6700 tpy
- 16.0C0 tpy
0.3125-0.625in 3
0.25-0.625in 27.6°
6.35mm, 8mm 25
8mm 32
0.3125-0.375in 10
- 12,000 tpy
- 5.4
0.3125-0.625in 221 (increased
from 16.1)
0.3125-0.675in 35.3 lincreased
from 20}
0.3125-0.625in 38.6 (increased
from 30}
0.3125-0.5in 9
- 6.3
8mm 40
8mm 50
- 30,000 tpy
0.3125-0.625in 37
8-22.2mm 55
0.3125-0.625in 27.6
8mm 40
0.25-0.625in 16.5 (increased
from 15)
- 54
68
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Date
of construction

1980

1932
1231

1982
1973
1974

1877

1875
1974
1920

1974
1981
1568
1973
1972

1563

1979
1980

(start up) 1583
1385

1974

1976
1965

1981
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III. WMANUFACTURE OF COPPER AMD COPPER ALLQY
SHEET AllD STRIP
A} CASTIIIG

The manufacture of sheet and strip in the modern

copper and brass mill begins with cne of two basic
casting operations. In the casting plant the metal is
melted and either 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 virgin 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
electric-induction melting furnaces. As melting of the
charge proceeds, samples are taken from the furnace and
sent to the spectographic laboratory for analysis.

The composition is calculated by computer and returned
to the printer on the melt shop floor within minutes,
Tf necessary, the melter can then make additions 1o
hrimg the melt exaclly within the specificd compoai -

tion range.




The metal is protected from atmospheric oxidation by

a cover ci carbon or bone ash. When the compesition and
temperature have been determined to meet the requirements
of the alloy being melted, the molten metal is transferred
to a holding furnace.

For many years in copper ancd bracs mill casting practice
the molten metal wss poured from the melting furnace intao
a pouring box which distributed it into lcng, 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 pouring box to ‘he base of the mold was subject to
oxide scumming and entrapment. Metal splash caused the
bottom end of the bar to be spongy. The casting varied
fraom bottom to top in temperature and solidification rate
with potential problems from shrink cavities, gas entrap-
ment, surface laps, and mold coating defects.

Buring the 1960-1275 period, semicontinuous and continuous
casting processes began to supplant the book molds. In each
of these new methods, molten metal flows into a short, rec-
tangular, water-cooled mold, which initially is closed at
one end by a plug on a movable ram or a starter bar.

The metal freezes to the plug and forms a shell against

the mold surface. The ram is then steadily withdrawn, pull-
ing the shell with it. As the shell exits from the bottom
of the mold, cold water is sprayed on it, cooling it rapid-
ly and causing the contained molten metal to freeze. In
this manner a continuously cast slab of the desired length

1s produced,

Gasces and non-metallic materials float to the surface of
Lthe shallow pool and remains there Lo collect at the top
ol the semicontinuous cast olab. This end has to be sawed
of I betore hot rolling., The conlinuouns cast slabs are free

fram this type ol disadvantages.
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The direct chill (0C) césting 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 tne mill and
later by the user who 1s 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 amgunt of
reduction in thickness that can be achieved, before anneal-
ing becomes necessary, is small when compared to hot-roll-
1ng 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 preducing 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 grocess provides a pro-
duct of excellent quality. Tynically, one low-frequency
electric-induction furnace is used as a melter. As a charge
of selected scrap and rcfined metal additions are melted
and brought to the pouring temperature, samples 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
holding furnace. This furnace is constantly monitored to
maintain the metal at the desired casting temperature.

The casting mold is attached to the lower front of this
furnace. 1t is graphite mold contained in a copper, water-

cooled Jocket.
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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 long.

Two stands of withdrawal rolls slowly withdraw the starter
bar as the metal freezes in the mold cavity. The cast basr,
frozen to the starter bar, is continuously withdrawn as the
metal freezes in the mold. Although it is simple process,
its practice regquires that narrow tolerances on mold di-
mensions be held, and exceptional melt cleanness be main-
tained. Any dross or foreign materials that enter the
graphite mold will gquickly 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 compositian
at each end of each coiled bar is determined. This process
lends itself to in-line coil milling and to maximum coil
lengths, dependent only on handling equipment capacity and
practical processing of the material itself.

The rapid chilling of the small amount of metal in the
horizontal mold produces a fine, equiaxed cast grain struc-
turc. The metal drawn from the furnace as it solidifies
always has a pool of molten liquid above it where gases

and nonmetallic impurities tend to collect. The cast bar

is free of pornsity and of defects causcd by solid inclu-

sions.

The good quality of the horizontal casting shows up in

ithe finished strip in terms of excellent formability.

Pho- phot bronzes cast this way develop high strength for
which Lhey are specifiod, coupled with the good formabi ity

necded i omost o of thetr applications,
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Leaded bearing-bronze, alsu cast by this process, offers
improved quality for bushinge, bearings, and thrust washers
which must carry heavy loads under dynamic stresses without
failure. Some smaller mills depend almost entirely on hori-
zontal casting, regardless of alloy, becsuse the process

1s reacdily adaptable to the casting of small quantities of

several alicys.

COHCLUNTNG REMARKS

1} The mold casting method is not used in up-tc-date
mills any more in view of the small weight of the fi-
nished coils, inferior surface quality, shrinkage ca-
vities, porosity, etc.

2) Senmicontinuous 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 3ll the reviewed technologies.

4) Horizontal continuous casting characterized with low
investment cost equipment, good quality, flexible ca-
pacity range by using several smaller capacity machines,
which also enable casting of different alloys at the
same time.

It offers the possibility to eliminate hot rolling

and to reduce costs of cold rolling of some "difficult”
alloys, so this method requires the smallest capital
expenditure for the mill as a whole.

Cuts the encray, material and tronsport costs, requires
fow but well-trained personnel,

Ihis process, bhowever, 19 not suitable for the produc-

Livn ol very wide strips.




8)

ROLLING

To ready the direct chill caest 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 2lloy are grouped together in a lot and
prccessed through the furnace and the hot mill.

The roll stand used for hot rolling is a very sturgy
mill having two rolls (two-high) whose direction of
rctation can be rapidly reversed so the strip can be
nassed oack and forth between them. The lerge horizon-
tal rolls which reduce the thickness are supplemented
by a pair of vertical edging rolls.

After the final rolling pass the metal is spray cool-
ed and coiled.

The madern hot mill is operated from an air-condition-
ed pulpit overlooking the rolling stand and the con-
veyor run-out tapie. VWith the aid of television ramersas,
placed at strategic points focusing on the rolls, the
furnace and the transfer buggy, the alligator shears

at each end, and the coiler, the operator can control
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.
Operation of the bhot mill is sequenced by computerized
controls to insure uniform processing through the hot
mill,

tollowing hot rolling the DC cast bars are coil milled,
and after careful surfoce inspection are ready Lo bu

applied on orders for processing to final gauge, temner
and width. Hortzontally continuous-cast bars are milled

in-tine.




50

Slab and strip milling mackine

12.

Figure




Cold rolling of coppers and copper alloys into sheet and
strip of excellent quality requires a combination of skill-
ful workmanship, kncwledge, and good rolling mills.

To keep cost as low as possible and competitive, the re-
duction in thickness to final gauge needs to be accomplish-
2d in the fewest onerations compatible with gualitiy requi-

rements.

Continunus cast strips are usually rolled on reversible
two-high breakdown mill with large roll diameter. On the
mills heavy reductions are performed in every pass.

From 20mm to é6mm thickness the metal is rolled without
tension between two upcoilers. Under émm winders 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.

Small diameter work rolls are most desirable for providing
maximum utilization of roll force in reducing metal to
thinner gauges, bui 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

are used for cold rolling in the brass mill.

Four-high rolling mills contain a pair of work rolls of
relatively small diameter. A second pair of rolls, of large

diameter, 1s placed above and below the work rolls in the

stand to back them up and prevent from springing. This ar-
rangement allows the advantage of the small contact area
of small work rolls and the transmittal of high force

theough the Large back-up rolls while maintarnieg the ri-

gidity required far gaage centrol,




The minimum size of the work rolls is limited by the
farces 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-

rated in some plants.

Cluster rolling mills, for example, Sendzimir 20-high mills
were deosigned to counteract both the vertical ancd parizontal
elements c¢f the roliing forces and thus enable the use of
minimum diameter work rolls. Inm cluster wmills the work rolls
are backed up by a cluster of rolls placed with respect to
the work reolls 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 usec solutions is to upgrade the
existing four-high mills changing the mechanical screwdown
system to a hydraulic one. This is a very cheap way of mo-

dernization giving optimal results.

Converting existing two or four-high mills into Z-nigh cald
rolling mill with smaller work rolls enables to rull thin-
ner gauges and tougher alloys with extremely tight tole-
rances. This mill combines the advantages ef a four-high
and a Sendzimivr cluster mill, and can be usoed as o four-

brigh mill, too.

[n new four-high mills hydraulic screwdown system 1s common-
ly used and the rigidity 1s increased by application of pre-
Stressed mill housing frames. Good examples far that arce

the genuatne brohling mills, To mmprove cross-sectional shape

alf st hvdeautce rolt bemdiog dev toes are Pctely apread-

i ol over Ehe world,
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For thickness countrol during high speed roulling, conti-
nuous measurement of this dimension is a necessity.
Rolling mills are equipped with X-ray or contact instru-
ments, which continuously gauge the metal and pravide 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 raolls
to adjust the thickness being produced as required. These
gauges may also adjust back tension and forward tension
applied by payoff and recoil arbors to effect changes in

the thickness of the rolled 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.




c)

ANHEAL LG

During cold rolling, hardening of the metal 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 speci-
fied tensile strength and chosen uniform grain size.
There are two methods of annealing operations : coil an-
nealing and strand annealing, both having advantages and
disadvantages of their own.

Coil snnealing 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 iype of furnmace usual-
ly does not have a prepared atmosphere, but the products

of combustion fill the iurnace and reduce the metal oxida-

tion rate. More commonly, coil annealirg 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. Undar 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 flow through the hood purging
the air. The furmace is placed over the hood and heating
bequn.

The heat input is constantly adjusted to maintain temper-

ature uniformity in the load. This controlled temperature

rise also allows roll lubricants to vaporize and be car-
ried off verore the metal gets so hot that surfaces can
e hatwed, After the metal has reached the annealing

temperature, it ig held there for a short period or soak-

e to provide maxaimun unt formi by
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Then the f{urnace 1s turned off and removed, and the
metal cools in the controlled atmosphere under the in-
ner hood. Ccoling may be aided by a cooling cover con-
taining a water spray system. The inner heod is not re-
moved until the metal temperature is low enough that no

discoleuring or oxidation of the metal tskes place.

The controlled atmosphere is produced in gas cracking

units, or in NZ,/'H2 mixer and absorber.

For oxygen containing copper, the atmosphere must be
nearly free from hydrogen and the annealing iemperature
low enough to avoid hydroger embrittlement.

In traditional coil anneslers, a thin oxide fi'm forms an
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 Company 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-
nealing process. Beside safety reasons, this is a very im-
portant feature from technological point of vicw as well,
bocause during this period traces of properly selected
rolling lubricants evapnrate easily and without discolor-
ation. After the vacuum purge 25% H2 - 75% N2 protective
atmosphere is introduced under the tightly sealed hood.
The high convection system using powerful fan allows Lo
bring the charge in a very short period to the apnealing
temperature selected somewhat lower than usual oand thig

provenls diffusion of zine to the surface Tayer.




Bell annealing is a very productive method requiring

relatively small investment expenditures.

A disadvantage of coil annealing is thst large coils of
scme alloys in thinner gauges can be easily damaged

one wrap can become welced to the next because of the high
temperature and pressure encountered, usuazlly making the
coil unsuitable for further processing. Another disadvan-

tage of coil annealing 1s 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 :1960s. Annealing lines of this type aie
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-
moving roll lubricants, looping towers for metal storage,
a seven-story high vertical furnace which includcs a
heating zone, a controlled atmosphere cooling zone, and

a water quench tank. This is then followed by acid clean-
ing tonks, a water rinse, a drying oven, and a rcel for
recoliiing the metal.

Deqgreasing unit removes roll lubricants from the metal
surfaces before the metal enters the furnace, so a clean,
uniform surface is presented tor annealing. The metal
pasoey over g large roller outside Lhe Turnace at the top
and does ool touch anyihing tnside while 1L 1o heing

heatoed,
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It then passes under ancther large roller at the bottom
in tho cocling water tank. This arrengement avoids any
possibility of surface damage to the hot metzl, which
was cammon in the earlier horizontal! strip snneal fur-
naces.

After acid cleaning, rinsing and drying, the surface 1is
usually coated with a detergent solution orf a light sul-

fur-free oil to protect it during handling in transit.

Since every foot of a coil is exposed to ihe same temper-
sture for the same period of time as it pesses througn
the strand annesling furnaces, grain size fram end to erd

is uniform.

D; SLITTING. CUTTING, AND LEVELIMNG

Following the final rolling, the metal is slit to final
width.

Slitting is accomplished by opposing rotary discs mount-
ed on rotating 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. 8lanking is one such operation.
Blanking of squares or rectangles 1is generally done by
cutting to length. The metsl is [irst flattened and then

cut to length on a flying shear. When circular blanks are
required, they are die cut on @ press.

The citrcles are used for the manufacture of deep-drawn ar-
ticles, ©.q. kitchenware. Coin blanks, cartridge and bullvt-
blanks and cups are also produced on similar presses from

strips.

[dye rotling is another process which may toltow Tinal
SliLting. fdge rolliog can prodoce rollaed noaare vdages,

connded cdges, rounded corners, or rolleo fell rounded clres




for some applications, extremely strict tolerances on
flatness are stipulated. To achieve this a2im, continuous
stretch-levellers are used. These lines are also very
well prepared to eliminate some rolling defects, such as
waves and bnckles, and even slight camber. fFor width of
max. 300mm 3 cempact machine shown on Fig. 16. can be
used. It consists of bridle rolls building up tensicn
and multi-roll leveller. A strip elongation of max. 3%

can be mainiained which is sufficient for a major improve-

3
ment of flatnaess.




Iv.

MANUFACTURING OF COPPER ANHD COPPER ALLOY
TUBES, RODS AND WIRES

CASTING

The technnlogical route of these products in almost every
case starts with casting of billets.

Usually vertical OC semicontinuous or continuous casters
are applied. The operation of these machines is described

in details in the previous chapter.

Castina of wire rods and large size bars zand tubes can he
carried out on horizontal continuous casting machines, equip-
ped with 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 draun to different sizes. For the casting of wire rods

- as it was mentioned in Chapter 2 - Outokumpu upcasters

are widely used.

The horizaontal cast rods and tubes are used for manufacturing
of bearings, bushings, washers, etc. at the as-cast and mill-

ed sizes, and for hot stamping purposes.

The cuntinuous casting of wire rods, bars and tubes dras-
tically simplifies the technological route. It is a very
flexible process regarding the alloys and sizes. Machines
are relatively cheap, easiliy maintained, require small
building. The preduction ran be easily diversified by add-
1ng new lines.

[t has to be emphasized that any properly equippned machine
can cast wive rod, bar or tube using the desired molds and
tools. The process ia characterized by low material and en-
orgyv costs. Tt o very much suttable tor amall-scale pro-

ducers and new!y osbablished manulfactorioag coct by,
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The only disadvantuges are that the cast tubes or bars
have a very coarse grain structure and thiretfore they

dgn't lend themselves to drawing cperatians: eosrenver

Q.

v r
the size ranne of the products is limited by the casting

parameters.

Y TRUS LG

The ond 57 the mald or semicontinuously casc billets has
9 he szued off io achieve gond guality erd product. The

billets ar2 cut to lengths appropriate for the exirusion

Before extrusicn the metal has to be preheated to the
desired temperzturo denending en the type of zlloy. This
is a very delirate operation having great influence oo

only on the prcssing force, speed and ciher sevameters of

the presses, but even on the guality of lire product.
on

Gas or inducti preheaters are both widely appiied, but
in manv cases a combinatirn of the inducticn and gas sys-
tens provides whe best resvlts : homogencus tempereiurc ny
the billcts along iherc whole cross-section, hitgh heating
speed allowing iarge capscity, and farmation of only s

very thin oxice layer on the surtace.

for the extrusion of bavs and tube shells usually hori-
contal oil or water hydrsulic pressoes are applied with

& power typically from 1000 up to 3500 tons.

Tuhes con be piereced on the extrusion precs itseli, if it
i filted with an internal picrocer. The piercers usuolly
Nave o forece up to 606 tons. Pegarding concenirictty of
the tubes, very yood resules can be nbtained by HET oy pire-

-
i

dralted bilhets, IThrs method 1o optimal only oD Goe pre s
TG onob suitabnte for o gand goaltby praccing, havimnoonoman
P i roasod metal o consumntton ot tne e tia ppre et rans

o e b,
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process or solid secltions by Lhe

direct process




In the recent years a new, so-called "indirect" pressiny
methocd has started to spread over intensively. This new
method, shcun on Fig.2l.b, has several outstanding features.
Nue to the decreased friction the pressing force fencrgy)
is reduced by 15-20 %, speeds are increased by 7-10 % ,
metal savings can be achieved and wear of the contalner
and its parts is smaller compared to the traditional di-

rect presses.

Existing direct presses are converted into indirect presses
1n several nlants.

The indirect presses at the present stage of art are less
suitable for extrusion of tubes and complicated profiles.
To achieve gocd quality of 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
pressing. The shell is discarded after finishing the extrusicn.

In some cases for the production of smaller tubes vertical
presscs are used applying force in the range of 1000 tons
and using pierced or solid sections.

After pressing extrusions are pickled in dilute sulphuric
acid, end-cut, and in case of ready products they are cut

to length, straightened, packed and delivered.

DRAVT MG
Other part of the extrusions are pointed and drawn on dif-
ferent drawing beonches. Some alloys, e.g. brasses, require

intermediate annealing after each drawing operations.

AMnealings are carcied oub in rotler hearth furnaces, or
0 caae of wiree and coabed tubes o belU anoeat s Thone

caurpment are described oo the previoos chapter an tdetarls,
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Figure 25, 3-strand tube and rod drawing bench
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Figure 26.  Schematic drawing of a pilger mill




plug drswing drum tension roll

decoiler

upcoiler |

Figure 27, Schematic drawing of o cpinner block




b)

c)

Figurec 28.

=TT Stopfenzug
/ mit zylindrischem Ziehstopfen

e Stopfenzug

ey /- mit tiegenden Ziehstopfen

Tube drawing methods

2) tube drawing with cylindric plug
b) tube drawing with floating plug

c) tube drawing without plug




D)

After intermediate or final annealing, the product has to

be pickled in dilute sulphuric acid and then washed.

Bross and other copper alloy tubes are usually draun un
traditional drawing benches not in a coil form. Some benches
allow drawing of up to three tubes parallel at the same

time.

Rods zre pressed inte larger lengths and coiled cfier leaving
tha run-out table of the press. There are several diiferent
tvne of wguipment for drawing this type of product, but the
most popular among them are the combined Schumag lines
allowing continuous drawing, straightening, polishing, saw-

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

COPPER TUBS MANUFACTURIHNG

Copper has much nigher ductility than its alloys, therefcre
the production of copper tubes is different from the previous-

ly mentioned technological route.

On the extrusion press heavy gauge tube shell is extruded
into water eliminating the oxidation of the surface.

The tube shells are end-cut and directly transported to
the pilger mill. The pilger mill is a special rolling mill
with alternating rotation of rolls.

It enabies to roll long, high-accuracy and good quality
copper tubes applying large reductions. The tubes are coil-

ed after pilgering.

Copper tubes weighing up to 250 kgs are drawn in several
passes without intermediate annealing on spinner blocks
applying "floationg pluys”. Lubricanl and drawing plug are
placed inside the tube and o point is made on a push-pointer.
Ihe pernted Lube s pushed Lhrough the doe and deawn,

Tuties davwa Lo S ooen O and 200 mm o wa b thockne g are drown,




Figure 29. Continuos tube drawing mach:ine
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35 % rpduction is used in cach mass. The total reduztion

is 99 % without intermediate annealing.

The las*® dre.ing operaticn is made on a combined coatinaous
drawing bench which improves the shupe ¢f the tub2, ut it
tu lengths, and in case of refrigerating tubes, Iorews ceils
af ordered size. The annealing of the tubes is perforsed in

bright ann=aling roller hear*h or bateh furnaces.

In the past years the produciion of copper tube by sirip
welding has started. By using high-Ireguency irnduction wold-
ing of cold rolled and slit strips, combined with spinner-
block drawing and finishing lines withk incorporeted ionter-
mediate induction annealing, the production can be made

in a more continuous way, and tubes up to 5000 kg per coil

can be produced.

WIRE DRAWING

The drawing of wires in principal doesn't differ too much
from the production of rods. he only difference is that
continuous wire drawing machines with incorporated induc-
tion bright annealers are usually applied.

Wires tor special applications are flattened on small roll-

ing mills.
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Figure »>0. Non-slip thin wire drawinmg maching




V. QOTHER TECHHUOLOGIES

Castings and hot stamping of different copper alloys

- brasses, brounzes - are widely used 1n the iransport,
sanitary, electrical and mechanical engineering.

These items are mestly produced by small specialized com-
panics and rarely in the frame of factories producing ncn-
forrous camis. The volume of present study doesn't allow
to elaborate the various casting and hot stamping techno-
logies in details, so onlvy a few important trends will be
mentiovned here. At the same time it has to be emphasized

that no dramatic changes could be seen in this field during
ithe last decads.

Raw material for these product is mostly scrap mainly col-
lected and purchased outside the factory and partially re-
cycled within the production process. Although the prescriyi-
tions for the cremical compositions of the casting alleys
are not as strict as the same for the wrought product,

it is very important to pay special care and attention for
the selection and separate collection, handling and storage
of diiferent alloys avoiding their mix-up.

There is a world-wide tendency showing intensification of
scrap recycling.

In 1980, the USA, the biggest copper supplier all over the
world, gained as much as 46,6 % of his copper production
from scraps. In the majority of industrial countries the
ratio of production from scraps has also increased between
1970 and 1980: and from the total of 34.8 % in 1970 11
arown into 36,8 % in the yeor of 1980, Tt is obvious, that
Lhe eneray consunption has alse made an influence on thrs
Lendeney o which ta 15,500 Kb/t for production trom ores,

b be 00 be an Taw s To/00 Luh o preduction from oct e,




The utilization of scrapns and other copper cantaining

waste materials helps to economize with copper gres; at
tho same time it results in sufficient decrease of en-
virognmant pollutien, fer example sulphur emission into

the air and diminishes the problem of pollutant storage.

Different casting processes are applied, such as

- sand casting,

- die casting,

- chell mould casting,
- pressure casting,

- centrifugal casting.

Far all these processes copper alloy scrap is melted in
0il, gas or electric furnaces of 100-2000 kg capacity.
The composition of the melt is controlled by gquick labor-
atory methods, and adjusted if required. After that the
metal is cast by the technelogical route selected depend-
ing on the size, shape, quality requirements, size of the

series, etc.

In the nast decade, more and more producers use horizontal
casting instead of centrifugal casting for the manufacture
of bearing tubes. The herizontal casting has size and alloy
limitations, but it is much mere suitable for mass preduc-
tion nffering better tolerances, homogenity, lower metal

and rnergy consumption and other advantages.

Hnt stamping is a very productive method for mass produc-
tion of different machire parts and sanitary appliances.
As it was proviously mentioned, in up-to-date factories
these products are made from cab-to-length continuous cant

raode ol difforent siz00,




Hot stamping, similarly to die or pressure casting methods,
are economically feasible only for parts ordered ir large
quantities due to the time-consuming and expensive process
of die-msking. As a result of the relatively high capital
investments required - in compariscn with sand casting
equiprent - these producticn facilities are viable mostly

in case of demand over 1000 tpy.

ne must note that die-making shop should be an integral
part of any well equipped and competitive die casiing, pres-
sure casting nr hot stamping plant.




VI. MAIH FIELDS OF RESEARCH

Although in the recent years one could see tremendous
chanqes and improvements in almost all fields of cepper
semi-finished product technologies, there are still vast
possibilities for technical developments and research in
this sector of industry.

The most important trerds are shown below

A) Copper wire rcd manufscturing

Mew continvous casting methods are being develeped or the
existing ones are being improved in order to ensure
- casting of smaller gauge product closer to the end
use size
- production of new and difficult alloys
- metal and energy saving in the whole technological
route
- higher productivity
- increased flexibility of production program, i.e. fast
change of alloys and sizes, shut-down and start-up

- elimination of environment pollution.

New materials are heing developed for use in critical appli-
catiorns whicii are respensible for the major part of downtlime
of the lines, such as casting moulds, shaving dies, refrac-
tory materials, etc.

Automation of handling and transport is another aspect of
innovations.Reliability of control and regulating system

iz a very important probler to be solved.

B) Strip and sheet production

Continuous casting is the last achicvement in the produc-
tion of steips and sheets. At the present stage this methoo

however o bimited as far as the alloys are concerned.




Research is intensively carried out to improve the material
of the moulds in order to enable the manufacZure of alloys
which are difficult to cast continuously, to increase the

lifetime of the moulds and to decrease costs related to the

dies.

Grain reiining is also an important feature in improving the

ductility of the cast product.

In this sector an other main field for reseesrch is aimed
at applving higher speed rolling mills of improved design
or to reconstruct the existing mills and equip them with
hydraulic 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 thickress tolerances, better shape and sur-

face of the product
- rolling of thirner gauge strips
- manufacture of heavy coils

- better yield.

In the field of annealing development efforts are aimed at
ensuring uniform properties, clean metallic surface of the
products. Encrogy savings, high productivity and flexibility

of heat treating processes are of great importance, too.

The finishing processes should improve the flatness and sur-

C. Tube and vod prodoctivn

|
face quality, too.

[ the extrusion technology the most outstanding broeak -
throogh of the Tast decade 15 the introduction of tidireet

proesaes, tnvestiogations are ander way bto oapply this oew




technology for the manufacture of tubes and complicated
sections. Improved design of run-out tables and finishing
machinery is one of the preconditions of better product

qualitv.

In drawing operations continuous drawing and welding pro-
cesses like spinner blocks, Schumzag machines, etc. offer
high preductivity, good and uniform quality, large length

of product, high yield and energy savings.

For the production of complicated secticns special rolling
operations are being introduced.

Improving material and shape of pressing and drawing in-
struments and tools, developing high efficiency coolants
are essential in achieving higher procductivity and better

quality during extrusion and drawing operations.

D) Casting and hot stamping

In this field the main trend is aimed at providing mcre
sccurate parts, smaller wall thicknesses, and approximate
the final shapc and dimensions of the ready product 1in or-
der to decrease the quantity of scrap and finishing opera-
tions.

Robots are improving both productivity and quality, so

they are obtaining wide use in this sector of industry.

£) Mew alloys and properties

Mew ficlds of applications of copper alloys are thorough-
ly discussed in the first chapter. VThese applications re-
quire not only better guality semis, but sometimes even
new nropertios.

The main Lask of rescarch in this respect s Lo produce
pew alloys baving opiimal properties for the speettre ap-

plicalion,




To achicve this aim it is very important to obtain a
better understanding of the influence of forming, heat
treating processes and different alloving elements on

the properties of alloys.

Snphisticated heat treating and forming procedures may
offer special combination of different parameters.Precipi-
tate hardening alloys or amorphous metals produced by su-
perfast cooling are good examples of the achievements in
this firld.

lew allovs like copper-iron or special shape-memory brasses

are very much asked for in the electronics.

Microalloying 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
strenath of steel and corrosion resistance of copper alloys.
Very spccial 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
work.

The sawme way composite materials are attracting much 1in-

teract, too.

)




CONCLUDING REMARKS AND RECOMMENDATIONS

Suome developiny countries are rich in ore reserves

and natural resocurces of energy. Thoir non-ferrous

ore mining (copper, zinc, tin, aluminium, nickel, etc.)
is hinghiy developed, but only the first phase nf metal-
lurgy is well established. This way only the low-pro-
cessed products (concentrate, blister copper, cathode,
etc.) are exported. The following statistical data

show {(Tables 5 and 6, e.g. the ore mining and copgper
nroduction figures for Africa, together with the more
informative data on refined copper production anc con-
sumption. The sophisticated lahour-intensive non-ferrous
semis and the finisned products are meinly imported.
The high cests of this double transport 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 cdevelopment
are provided. The establishment of mutually 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 sz2mi pro-

ducts in this area.

By yradual establishment of a chain of an expandablza
capacity industrial plants, the up-to-date and econoaic
production of copper alloy semi products could be per-
formed. Small ploats are huilt at a faster rate, and
the need of the Limited investment resources can e

spread over o longer peciod of Lime.

Aoty the trends of industriaol geowth rtocan fie:
potnted et that o anst o copper inteoasive sectors ol 1n-

ductey, 1o electyreal and cloctronte aector Lransport,




Blistex copper

Ore mining nrnduction i
Cerartoies 1035 Cu/year 167t/ year i
1981 1982 1981 1982 i
Algerin 0,2 - - -
Botswan:n 17,8 18,3 - -
Coiyre 0,2 - - -
Y'orocco 7,6 19,0 = =
Namibin l#l&,:} ’&9,3 38,7 149,3
Soulli Africa 210,606 207,1 185,54 184,1
Zaire 504,8  Lo4 8 LB6, 2 L66,8
Zambia 587,k 529,56 571,6 568,2
7Ziubabwe 24,6 24,0 22,9 30,0

Africa altogeiher : 1397,5 13421 1304,8 1328,4

Tanle 5.

Ore mintng and coppet predoction data

of Africa
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E itefined Conpor
| Produciion Consumption
Countrios 103t/y 103t/y
1981 1982 1981 1982
Algeria - - 2,0 2)“
Soypt 2,0 2,4 11,7 12,0
South Africa 144,8 142,8 89,9 89,4
Zaire 151,3 175,1 1,4 1,6
Zambia 564,0 596,53 2,2 2,8
Zimbabwe 16,5 18,0 6,0 6,0
Other African countrieos - - 0,2 -
Africa altogether 878,6 934,8 113,4 114,2
Table 4.

Relfined copper production and censumption

of Africa




caonstruction and machanical engineering, are showing up
the fastest growtih rates all over the worid. The very

lou figures of copper intensity of develeped countries
call for a change in the near future. So the production
of copper and copper alluy semis may be organized in
every regilon, subregion or countryin order to meet the
growing demend of the national economies on these materi-
als renardlacs to th2 {sct wheother cheag orc or energy

recources are available ar not

feod examplss fur the tendency are some develcping coun-

tries no: tco rich in ratural resocurces, but having grow-
iniy demand of cupper semis like Tailwan, South Korea,etc.
whers the manufacture of these products have been sel up
airsady. But the areas and capocities have to be chosen

vary carefully because they require considerable capital,
technnlogy, metal and energy. Availability of these re-
scurces and the trends of demand even an regional or 1inter-

regional level have to be studied very iherouzghly.

As it i5 shown in the previous cheapters there is en abun-
gance of verious technologies in every sector of this in-
dustry. The equipment and the necessary know--hows are

mostiy avallable.

Upon selection, the following maln tendencies have to he

considered

- In every technological rcoute continuous casting pro-
consses are recommended to apply, which offer increased
yinld, low energy censumption and capital investment,
decreaced enviconment pollution, fiexible production

Capactty, ygond prosuctivity, high product quaiity.

Selocted wire rod production Lechinoleoy shoutd beomateh-

o Lo Whie tacal o regronal demand s e tho bemaoed




low and cxcessive ore resources are not available, flex-
ible e¢r low copacity processes should he selected, like
Outokumpu, GE dip-forming er horizontal casters. The best
solution is to have a possibility for casting not only
different sizes, but even different alloys on the same
equipment. Tho paramount importance of the demand side 1is
related to the fact that the conversion price (added value)
of wire rods is relatively low and can't cover long dis-

tance transportation costs.

Cecld rolling mills equipped with hvdraulic screwdown and
automa*ic thickness regulation are recommended to apply.
Com

considerzhly cut investment costs.

bination of two-high/four-high or four-high/Z-mill may

dot mills should bhe selected cnly for very high demsnd or

sprcial cases.

For heat treatments of strips, wires and cniled tubes
nright annealing bell furnaces oifer the kbest solution

2t the lowest capital investment.

Indirect onresses offer a number of advantages, but at
nresent horizontal direct presses are more flexible re-
garding the product mix. Having a suitable extrusion press
a lower demand for wire rod can be temporarity covered too

comprumicing an the size of the coils.

Highty efficicent, very productive manufacturing methods
are in aperation in several countries for the low-cost
preduction of brass rods using alwmost 100 % scrap. Con-
stderimg this fect carefol attention has to boe paid to
the demand side 1o this seclor ton.The best Lechnological

altoraative in this ficld svems to mo the use of exbrosoon

and some Sohomag Lype contiovens deawieg, fiotshong, cham-

ferriog machiaes,




Technclogical route fer copper tube manufacturing
should be selected on the basis of several factors.l
In a plant having free capacity on a cold rolling
mill, welding tubes froum strip and drawing them on

spinner blocks could be an ideal solution.

In case of a plant having free capacity on the exist-
ing extrusior press, reducticn on drawing benches is

the optimal solution offering a very wide product mix.

The most efficient way for the nroduction of medium
and small size tubes is the continuous casting - pil-

ger relling - spinner block drawing.

The most suitablie casting method must be chosen 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 ccllected scrap. The better
the scrap is separated the higher is its value.

High economy can be achieved using every scrap for its

proper purpose.

High quality secord-hand equipment dismantled for one
or another reason can be used very well as it is or re-
conctructed to meet the demand of some developing coun-
tries. This is a source of tremendous economy of in-
vestment capital. When purchasing second-hand equipment
in most cases it is possible to make agreement for the

technoiogy transfer.

Gradual establishment and development of production
considering the viable size of capacities 1s dominant
faoctor in cvery sector of industry. The importance of
Local, cubregional, regional and even intecregional

marh.el and production cooperation poisibilities has to




be emphasized once more. In the frame of such coopera-
tions nroduction vased even on imperted metal might bn
profitable, promoting the overall development of in-
dustry in the countries concerned.

- In light of the sophisticated nature of copper and
conper 2lloy semifinished product manufacture and the
wide range of research and development works, develop-
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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