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Letter of transmittal to
the Executive Director of UNIDO,
Mr. 1. H. Abdel-Rahman

Dear Mr. Abdel-Rahman,

We have the honour to submit herewith our report on the
"UJtilization of non-Ierrous scrap metal”. This report was prepared
during the Expert Group Meeting on the "Jtilization of non-ferrous
scrap metal 1in jeveloping countries'", organized by the Metallurgical
Industries Section of the Industrial Technology Division and held
from 25 to 28 November 1969, at the Headquarters of the United

Nations Industrial Development Organization, Vienna.

The terms of reference given to us were to present papers
on the utilization of non-ferrous scrap metal, paylng particular
attention to the needs of developing countries, and to discuss
these papers and prepare a report containing conclusions and

recommendations.

In the meeting, 26 representatives from developing countries,
as well as from a number of organizations and firms from developed
countries, participated as observers. They also took an active
part in the discussions and offered suggestions to be included 1in

the report. (A list of the observers is attached as annex 1.)

Mr. N. Chakrabarti was elected as Chairman ot the Group,
Mr. M. Spendlove as Vice-Chairman and Mr. D. Davies as Rapporteur.
Mr. Christo Popov, staff member of UNIDO, was assigned to the

Group to assist in its work.

Annex 3 to the report summarizes the papers presented and

the discussions that took place at the meeting.

In submitting this report we have acted in a personal capacity
and not as official representatives of the organizations and firms

of the governments to which we belong.




We appreciate the attention which UINIDD devoted to the use of
recondary non-ferrcous wmetals and the opportunity offered to us to
et iore at the NIDD Headquarters and discuss these questions.

Yours truly,

N. Chakrabarti

Consulting Engineer at N. Chakrabarti
and Co, Consulting Engineers
Caloutta, India

D. Davies

Director and Technical Manager of the
British Copper Refiners Ltd,
Prescot, Lancashire

“"nited Kingdom

Js+ Dutko

Chief, Department of Technical Progress
Zavod nad Hronom

Czechoslovakia

L+ Frumosu
Director of "NEFERAL" Plant
Bucharest, Romania

M. Istrin

Chief Engineer All Unior. of Ssoondary
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Moscow, USSR
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Joint Managing Director of International
Alloys Ltd, '
Aylesbury/Bucks

United Kingdom

C. Mascré

Chief »f Department of Metallurgy at
Technical Centre of Foundry Industriu
Paris, Franoe

M. Parthasarathi

General Manager of Indian Lead/Zirn
Information Centre

Calcutta, India
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Foreword

1, The ''nited Nations Industrial Development Orgnnization
~onvened the expert working group on "+ilization of non-ferrous
sorap metal"™ to examine the present technological and economic
stitus of the secondary non-ferrous metals industry; also to
mace recommendations for improvement of this industry in devel-
oping countries. Attention was called to the possibility of
technical assistance in field operations (expert, consulting or
advisory missions), which UNIDO could offer through its estab-
l1ished programmes. This report examines the recovery of the
most common non-ferrous metals - aluminium, copper, lead and

zinc - from scrap and wastes.

2e A growing consumer society has been increasing 1ts consump-
tion of non-ferrous metals at a time when the average quality of
ores mined has been decreasing. Three factors have led to the
development of thriving secondary metal industries, sarticularly
in the industrialized areas of the world: increased costs of
primary metal production, periods of scarce supply, and the
growing volume of scrap and residues. These secondary metal
industries, which supply non-ferrous metals in amounts comparable

to primairy producers, assist greatly in meeting the needs of

industry.

3. The consumption of non-ferrous metals in the developing
countries increases from year t0 year. As a direct consequence,
+he volume of non-ferrous metals available for recovery will
increase at a rate sufficient for practicable and economic
recovery. Against the background of rapid depletion of easy-to-
mine ore bodies, these secondary metals will be a valuable part

of the non-ferrous metal resources.

4. The present report deals with the collection and classifica-
tion of scrap and residues, the object of their recovery, the
technologies and equipment, and the control of quality in processing

and in the finished product.
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non=ferrous metal: in teveloplings countrie” *ar the peridd L T
were o follows: laminium, 17 per ~ewti ~opper, LT orer ety
lew i, ~.3 per centj na zinc, 9.4 per cent, Much of this non-=

forrsic metal consumption iz in the form of met:l wools that will
ve ccrapped after the end of their ucefal life and which can e

calvaged, reprocessed ani re—used.

€ The efficient recovery of these materials would provide
developing countries with a domestic supply of non-ferrous metals
for use in existing or new metallurgical 1ndustries. 1t 1s neces-
sary for countries intent upon establishing recovery operctione to
survey or estimate the quantitivs of non-ferrous scrap and residues
arising now and likely to arise in the future in order to determine
the size and scope of the facilities required for their successiul
utilization. Governmental encouragement and assictance will be

required in the early stages of the programme.,

Te Melting and refining fanilities are dependent upon the
continuity of the supply of non-ferrous scrap ana residues; an
efficient scrap collection service is a prerequisite for success=-
ful operations. Similarly, the grading and classification of the
salvaged materials is of fundamental importance if the best use

is to be made of the -secovered metals.

8 Existing secondary metal plants produce metals and alloys
comparable to those of the primary metal producers; their capital
costs are substantially lower than those required for similar

operations in the production of primary non-ferrous metals. The

established secondary metals industry has evolved its own tech-
nology and expertise on the basis of many years of experienc.e.

The transmission of this experience and knowledge to the cdevel-
oping countries by all practical means is desiratle, even at an

early stage of industrialization.
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9. Secondary metal recovery lends itself to either large- or
mall-scale operations, thus enabling developing countries to start
on a modest scale and to incr~zase their level of activity as the
volume of non-ferrous scrap and wastes increases. While the
greatest proportion of secondary metal is recovered by the use cof
proven plants, ejuipment and processes, developing countries may
be in a position to take advantage of the latest techniques that
the industry has to offer and to improve or adapt them to fit

their own economic and technical needs.

Recommendations

10, In view of the high economic va'ue of non-ferrous metals and

the likelihood of further price increases, it was recommended that:

A. The develoging countries should:

(1) By governmental action, promote interest in the estab-
lishment of recovery programmes and facilities for
secondary non-ferrous metals, and endeavour to promote
an economic and industrial climate in which activities
of this nature may be established and sustained;

(2) By legislation, when recovery facilities have been
established, prevent or control the export of scrap and
residues and by appropriate incentives, especially in
the earlier stages of development, provide the necessary
stimulus for local processing;

(3) Where conditions are suitable, establish appropriate
agencies to assume responsibility for initiating and
developing conditions for the maximum collection and
use of national resources of non-ferrous scrap metal
and residues, Governmental policies should lead to
the establishment cf objectives covering the salvaging,
processing and use of industrial and domestic reject
materials;

(4) Effect the creation of an efficient recovery programme
in which the resources of both the public and private
sectors can be engaged with the appropriate division of
responsibility allooated by dewveloping countries
themselves;

(5) Enoourage the establishment of non-ferrous motal
founiries and other industries which can consume the
products of the secondary metals industry;

(6) Orgenize a survey and assessment of the present and
potential scrap and residue resources likely to be
realized. In the light of the results of the survey
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and assessment, policy decisions may be made not only
upon the eccnomic feasibiiity of estiablisning a scrap
collection service but also on the degree of smelting
and other recovery processes that wculd be necessary.
A second objective may be the estoblishment of a scrap
a..d residue collection, classification and standardiza-
tion sesrvice, Special study groups or individual
! experts should analyse the situation in terms of scrap
and residue resources, processing capability, existing
industry and the size of the market for the potential
products. If the results of such studies appear
promisiry; steps should Le taken to detcrmine probable
, costs of production and selling prices. The acquisition
: of the neces:ary technological skills and expertise
should be obtained by using the existing operating
knowledge of the well established refiners of secondary
metals in the industrialized countries of the world;

(7) Encourage the formation of study groups at the appro-
priate levels of management and technical personnel,
The provigion of facilities to enable such groups to
receive training at existing installations abroad wiil
be the most expedient way to assure acquisition of the
necessary skills. Technical schools and centres of
technology may provide short-term and extra-mural
courses and guidance on the recovery of secoundary non-
ferrous metals. This may he the most effective means
of disseminating knowledge in this field;

(8) Make full use of opportunities for technical advice and
ascistance which could he offered through UNIDO, such
as experts, consultants, technical missions and study
fellowships;

(9) Avoid the waste of non-ferrous metals by examining their
current use and ensuring that it is as effective as
possible and that unwanted metal, scrap and residue are
not lost for industrial processingj

(10) Consider, where small .uantities of different scrap
metal are available, the establishment of flexible
processing plants capable of dealing with this variety.
Specialized plants for the production of a specific
non-ferrous metal are more suitable where the quantities
of raw materials are large;

(11) Establish collaboration and co-operation among themselves
and with developed countries in the economic, technical
and oommercial activities related to the use of non-

ferrous scrap metal.

B. The dovelogd countries should:

(1) Make provision for technical education and training of
personnel of the developing countries in the use of
secondary non-ferrous scrap and waste;

e i G WS T T S
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(2) Estavl1sh and maintats contact with saecondary metal
experts of the developing countries to promote ani
implement recovery inastallatione and operationg;

(3) Make availatle to the governmernts ani firme of jeve] -
oping countries books, pamphlet;, brochareas, 1lme and
visual alds and other pelavr t Pocumes g

(4) Whenever possible, make avaiiatie to the developing
countries the latest results o! research, investigation
and development work in non-ferrous metallurgy;

(5) Make available upon request appropriate atandards for
raw materials and end-products.

UNIDO or the appropriate United Nations organization should:

(1) Through a ipecial programme of its Metallurgical
Industries Section assist the developing countries
willing to establish or to develop their own secondary
non-ferrous metals industry through expert advice,
consulting services and technical missions, as well as
by arranging study fellowships for nationals of those
countries in plants and technical 1nstitutions 1in
industrialized countries;

(2) Undertake studies upon request from developing countries
to evaluate their potential for the development of the
secondary non-ferrous metals industry;

(3) Stimulate fellowship training programmes in this branch
of the metallurgical industry;

(4) Undertake studies on the methods of evaluation and deter-
mination of non-ferrous scrap metal resources;

(5) Arrange a systematic preparation and distribution of
UNIDO documents and other publications dealing with
problems concerning developments in the secondary non-
ferrous metals industry;

(6) In due time, arrange further meetings of groups of
expsris, particularly on a regional basis, to identify
the problems and to give concrete advice, guidance and
suggestions to developing countries as well as to
evaluate the lateet developments in the field of non-
ferrous scrap recovery;

(7) In view of the considerations expressed by the expert
group, inform the IS0 (International Organisation for
Standardization), Geneva, of the necessity to formulate
international standards to cover the classifioation of
secondary non-ferrous scrap metal and alloysj

(8) Arrange to make availabls to the developing countries,

the existing standards for non-ferrous scrap metal and
residues.




2, PRESENT USE OF NON-FERROUS SCRAP METAL

Secondary metal in relation to primary metal

1. The world produc*ion of primary non-ferrous metals is
increasing (tabls 1), In the past, only richer ore bodies were
mined. Poorer deposits are now exploited to produce the required
quantities of metal. Technological advances permit the economical
extraction of these metals from the ore bodies. This is particu-
larly true of metals like copper and tin but less applicable in
the case of aluminium, of which ore reserves are the lLargest among

the non—-ferrous metals.

Table 1
ion of feo 1

Annual production 1956-1966 as percentage of 1963 produotion

1956 80
1957 82
1958 11
1959 81
1960 92
1961 94
1962 99
1963 100
1964 105
1965 108
1966 114

12. ‘e world population growth and the constantly increasing
requirements of consumer society will be responsible for heavier
demands upon the world's resources of non-ferrous metals. These



- 16 -

needs may be partially met by the discovery and development of
new ore bodies, but the rate of concumption may outstrip the

production of these and existing resources.

13. A very high proportion of the non-ferrous metals used over
the past 50 years was secondary metal. The maximum recovery of
non-ferrous metals from d.scarded goods would appear to be essen-

tial if the supply of these metals is to meet the demand.

14, In the more highly industrialized countries, the use of
recovered or secondary non-ferrous metals has become a substantial
proportion of the total use of these metals. In the United States
for example, the use of secondary lead now exceeds the use of
primary lead; and the production and consumption of secondary
copper is approaching that of primary copper. With the increased
use of non-ferrous metals, the accumulated quantities remaining in
use will tend to increase also. For many countries, they will
represent the only domestic sources of these materials. In these
circumstances there are pressures which make the efficient recovery

of non-ferrous metals essential.

Economic aspects of the use of non-ferrous scrap

15, The extent to which non-ferrous metals may be recovered

from scrap is limited by the absoluteA1038~of metals resulting

from corrosion or dispersion. These small losses are from 2 to

5 per cent; therefore, the theoretical possibility of a recovery is
95 to 93 per cent. In practice this is not so, 60 to 85 per cent
being the generally accepted percentage of recovery.

16. Countries possessing large domesiic scrap resources usually
possess adequate facilities for production of metal products but
this may not be true in many developing countries. Table 2 below

indicates the extent of - his situation,

17. Specialized plants of secondary smelters have often been
expanded as the volume of scrap increases., In general, these
plants are very economical by virtue of a high throughput. This

B s
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may not be the case for developing countries. The size of the

plant required will depend upon the volume of the scrap resources;
the type of plant will be determined by the particular infeed and
the products to be fabricated.

Table 2

Distribution of investments to industry groups, 1938-1961
“(per cent)

Industry group 1938 1948 1993 1961
World Light industry 52.4 44.3 39.3 37.8

Manufacture ogg/

metal product 24.1 30.1 35.2 4.7

Heavy industry 23.5 295 29.5 215
100.0 100.0 100,0 100.0

Developed
countries Light industry 50.8 42.2 39.5 35.9

Manufacture of
metal products 25.5 31.9 36.6

Heavy industry 23.1 29.9 21.5
100.0 100.0 100.0

Light industry 68.9 67.2 55.7

Manufacture of
metal products 9.7 10.7 16.3

Heavy industry 21.4 22.1 28.0
100.0 100.0 100.0

3/ This industry group includes manufacture of metal producisj
electrical machinery, apparatus, appliances and supplies;
transport equipment and other machinery.

18. The capital cost of primary metal is higher than the capitel
cost of secondary metal facilities. The high degree of mechaniza-

tion required in the industrialized areas of the world adds
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substantially to the capital cost; in some developing countries
labour-intensive may be preferable to capital-intensive industry
in c¢he initial stage of development of the secondary non-ferrous

meta’'s industry.

19, An economic assessment of the use of non-ferrous scrap must
balance the cost of acquisition, transportation, concentration

and conversion against imports. The value of scrap does not remain
constant; it moves with the price of the same primary metal., Its
value may also fluctuate as a result of changes in supply and

demand.

20. Whereas prices may change, costs do not vary greatly, and
consequently the increased use of scrap will demand the creation
of a highly efficient service for the acquisition and transporta-
tion of scrap, as transport charges are often an important factor
in the process costs. Whether the enterprise is state-controlled

or private, basic efficiency is vital.

21. The correct grading of scrap has both commercial and tech-
nical significance., Payment for supplies should be based upon
grading and consistency of grading. Ih this way, there will be
incentives for the scrapper, the collecter and the grader to
maximize the return of metal of known composition rather than to
deliver lots of mixed metals. The value to the developing country
lies in the minimum debasement of the domestic supplies, and hence
the minimum requirement~ from the primary producers. The decision
as to what extent the use of scrap will be increased may well be
influenced by the future consumption of metals. Table 3 below

shows the prospective growth rates for developing countries.

22, In general, the per capita consumption of non-ferrous metals
increases with improvements in the standard of living. Using this
as a broad basis for comparison, the general level of scrap

resources may be roughly predicted, but more accurate estimates

would be required upon which %o base decisions.
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Table 23

Proagectivo ggowth in the consumption of non-ferrous
metals in developing countries

Average annual

) se i Prospective
Actuat . ;giigr:bz 1;2 consumption
consumption
in 1967 1956-1967 ( thousand tons)

(thousand tons) (per centj 1979 1980
Aluminium 314 18.0 1,180 2,700
Copper 180 5¢7 280 365
Lead 243 8.3 460 680
Zino 307 9.4 630 980

23. Table 4 below gives more precise details. It suggests that
the tonnages available do noi merit the installation of the largest
types of facilities and that small units may be preferable e~ .ept
in the oase of aluminium, This is certainly true in the case of
copper. Fortunately, the refining of non-ferrous scrap can be a

very small-scale operation.

Table 4
Egtimnto of non-ferrous scrap reaourceas/
i -1

n developing countries 1

Estimate of
scrap resources

(thousand tons}
Scrap resources as
per cent of consumption 1975 1960

Aluminium 20 240 540
Copper 30 R4 110
Lead ) 140 200
Zino 20 126 19%

8/ Including metals contained in alloys.
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24. The economic viability is assured, provided the objectives
are limited within reason. This situation contrasts strongly with
that of the development of primary metals where large-scale opera-
tions are usually necessary and the capital investment is of the
order of ten times that of operations i~ the recovery of secondary

metals.

Sources of non-ferrous scrap

'25.  Non-ferrous scrap originates from industrial operations, the
discarding of durable goods and the scrapping of capital plant and
equipment, The range of processed scrap metal is enlarged by the
increase of technical progress, greater industrialization and

improvemerts in the standard of living.

26.  Scrap from industrial operations emerge from the following
processes:

(a) Rolling, forging and drawing processes in the form of
ends, burrs, croppings, surface cleanings as oxides
OtCQ;

(b) Metallurgical processes in the form of slag, leakages,
spillings, sweepings, flue and bag-house dusts, cinders,
ashes and drosses;

(c¢) Prom foundry scrap as teemings, risers, ashes, leakages,
slags and drosses etc.;

(d) Cable manufacturing proceéses as wires, cable ends etc.;

(e) Mechanical processing as punohings, outtings, turnings
etc,

{f) TMn and zinc coating processes as sludge, cinders etc.,;
(g) Chemical processes;
(h) From components or parts rejected during processing.

27. Scrap rescurces from discarded worn—out articles and capital
plant and equipment may originate from the follcwing sources:

(a) Industry, transport, sgrioultural equipment and dis-
oontinued installations;

i S A A

(b) Military sources such as aircraft, weapons, unprimed
ammunition etc.;

(o) Domestic refuse dumps and discards.
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Scrap from industrial operations is usually easily identifiable
and ocan be readily processed into a form which allows it to be fed

back into the production process without additional refining,

Clasgification of non-ferrous scrap netal

28. Scrap is classified into categories, groups and assortments;
the classification is according to its impurity content. The
United States National Association of Secondary Material Industries
(NASMI) issues an internationally recognized standard classifica-~
tion for non-ferrous metals which precisely defines the quality of
scraps under a series of headings and code names., The correct
grouping of scrap is a basic necessity for optimum recovery at
minimal cost; strict observance of grouping is essential .from the
initial formation of scrap through the subsequent storage and

transport.

29, Identifiable scrap from all sources is usually made into
batch form for direct use, whereas mixed scrap must be refined,
Separate handling and processing lines are frequently used for
different scrap. Frequently there is a feedback of scrap from the
mixed batches after it has been identified during charge prepara-
tion. For aluminium-based scrap, NASMI lists 21 scrap classifica-

tions and 38 for oopper-based scrap.
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3. POSSIBLE USES OF NON-FERROUS SCRAP METAL

Acquisition, iransportation and preliminary processing

30. A major economic factor in the secondary metals industry is
the cost of transportings scrap from its source to the smelter or
refinery., The location of refining facilities in developing coun-
tries must be planned within economic distances of the places where
the bulk of the scrap and residue originates. Alternatively, the
scrap could be treated at processing centres equipped to reduce
the bulk as much as possible, thus reducing the cost of transpor-
tation. In the early stages of development, collected scrap could
be subjected to a preliminary sorting operation. After a suitable
labour force had been trained to sort the scrap into materials of
similar composition, it could be placed in drums or other storage
containers and refined domestically where poss’ble or exported in

the absence of refining facilities,

31. Scrap resources contain both large and small pieces of scrap;
therefore 1ifting equipment should be provided. Chain pulley blocks
and electric hoists are the simplest, but mobile fork lift trucks
have a wider range of application. Various sinple cutting equip-
ment can break large pieces of scrap into convenient size both for
transportation and for furnace charging. Unwanted material such

as ferrous and non-metallic parts may also be cut from the sorap,

thus enhancing its value to the refiners.

32, Mobile alligator shears are usually employed for heavy-duty
cutting; old power cables, plates, heavy tubes and the like are
conveniently cut up in thie way. Power saws and oiy.cetylene
torches may also be used. Heating over an open fire is sufficient
to break large castings of bronse into pieces of manageable sise.
Where labour costs are low, hand-cutting operations with shears,




- 23 -

hack saws and the like may be used to break light scrap and to

free it from unwanted material.

33. Polyethylene— and PVC-coated copper wires may be burnt to
remove the coatings, but this creates black smoke, and chlorine
? and lead oxide fumes. Such burning, therefore, should only be

practiced where there is little danger to humans or livestock.

3. Whenever scrap is stored it should be kept as dry as possible
to prevent losses from corrusion. Storage on concrete or other
hard surfaces is recommended to avoid losses of scrap in soft
ground. Many types of scrap metal may be compacted by specially
designed equipment into bales and briquettes. The advantages of
compaction are that the volume is substantially re.uced, resulting
in lower transport costs, easier charging of the furnaces and

improved melting rates,

The progressive development of a secon
non-ferrous metals indusiry

35. A broad general development pattern of a secondary metals
industry for developing countries may be suggested. Initial
development will depend to a large extent upon whether there is
gome industrial use of non-ferrous metals or production of non-
ferrous scrap or wastes. A preliminary survey and assessment of
the domestic resources of these materials would indicate the types
and quantities involved. The ‘importanca of their acquisition and
transportation to centres for classification and grading has already
been mentioned. The first stage should, therefore, consist of
elementary sorting and grading into lots of similar metals, alloys
and regidues, In the absence of a domestic consumer industry,
these materials may be packed into drums or other suitable con-

tainers and exported.

36, Progression from acquisition and classification, the next
step would be the installation of elementary melting and casting
equipment to produce ingots from baiches of scrap. Simple crucible
gas or oil furnaces may be recommended as they are low in capital

cost and are not complicated to operate. They would be eminently
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suitable for small-scale operations. Simple cast iron moulds

for the casting of ingots are also inexpensive,

37. As the volume of scrap and residues increases, larger
furnaces and casting machines would be required 1o handle the
increased output. When this stage has been reached, analytical
facilities are necessary. Countries adopting a progressive
development plan could then consider establishing simple foundries.
After such basic facilities are functioning, a logical development
would be to install improved methods and processes, including
complex, more efficient furnaces and sophisticated and more
versatile casting plants, which produce not only ingots for the
foundry industry but also cast shapes for the manufacture of
wrought metals. At this stage, the recovery industry would be

in a position to maximize its recovery processes by introducing
dust-catching equipment - such as bag houses - and thereby

increase the use of non-ferrous scrap and residues.

Oggortunities in the production of

gecon non-ferrous metals

Extent and evaluation of potential sources

38. As previously stated, the non-ferrous metals contained in
recoverable metal goods manufactured -over the past four or five
decades will be reclaimed in the future and will supply a large
part of the total demand. As a result, new opportunities will
be provided for the production of secondary metals.

39. Developing countries that establish or improve existing
secondary metal operations may wish to use the opportunity to
evaluate and adopt the most technically and commercially attrac-
tive processes, without spending time and money on development

work or sacrificing prior investments.

ég 40. The value of the secondary metals industry in the United
States, are shown below in table 5, is an indication of the extent
of the operations and the opportunities which exist in this area.

[ a i e
COE H

Table 6 demonstrates the large accumulation of copper, lead and




zinc in use in the United States; this accunmulation is expected

to increase,
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Table p)

Consumption of secondary metals in the United States

Quantitx Unit

(8 millions)
ton 1,0 L)

1969 ValueE/

Copper 1,243,000 short

Aluminium 885,000 short ton 403
Lead 554,000 short ton 161
Zinc 263,000 short ton 76
Antimony 25,568 short ton 26
Tin 22,790 sghort ton [p!
Mercury 22,150 flask 12
Silver 59,000,000 ounce 101
Gold 2,000,000 ounce 70

Source: Bureau of Mines, Office of Mineral Resource
Evaluation.

a/ Prices as cited in American Metal Market, 7 May 1969,
b’ 3853 nillion less than the value of the secondary iron.

Table 6

Estimated to of copper, lead and zinc in use in }

s Unit ater i

;thousand short tons) |

Cogggrg/ 22223/ giggh/ 1
1940 _ 14,735 180 264
1945 19,933 873 1,173
1950 24,169 1,674 1,722
1955 28,615 2,490 2,525
1960 32,630 3,052 3,085
1965 37,346 3,587 3,928
1968 40,333 4,030 4,473

Source: Bureau of Mines, Office of Mineral Resource Evaluation.
a/ 1907 base of reference.
b/ 1939 base of reference.
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41, Complete and accurate resource data are important to ensure
prudent use of secondary metals. Opportunities can best be deter—
mined from reliable inforration on the magnitude, locat.ion and
composition cf the mctal goods in use, as well as from an accurate
knowledge of the portion of these materials likely to become avail-
able for recovery in the near future. It is equally important to
obtain current economic and technological information pertaining

to salvaging, re-processing and marketing.,

42. The following figure is a typical materials flow diagram and
shows the sequsntial movement of primary and secondary metals from
source through production as well as in-use salvage and re-cyvcling
phases, The diagram shows the balance of input and output and the
points at which losses occur. By applying statistical information
to a flow sheet of this type, a fairly reliable evaluation of the

secondary metals industry in a particular country is possible,

43. The growth of any metal processing industry is determined
primarily by two factors: (a) the availability of raw materials;
and (b) the marketing opportunities for the product. For secondary
metals, the growth pattern follows trends in the availability of
scrap, and new types of process scrap appear much later as old
scrap from discarded goods and reach the refineries via breakers

and salvage and scrap merchants. The quantity of materials in all
phases of the use - discard cycle determines the size of the salvage

and refining industry.

44. Unlike the price of primary metals, the price of secondary

metals often fluctuates drastically, as does the availability and

"variety of scrap. Under these circumstances, periodic adverse

effects may be felt in operating costs and in the capital employed
in operations. Good management and accounting practice are necesg-
sary if serious pitfalls are to be avoided. The copper industry
is part.cularly prone to problems of this nature where daily prioe
changes are experienced as a result of London Metal Exchange
dealings. Opportunities in the production of specific secondary

non-ferrous metals are briefly described below.

g~
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Secondary aluminium

45, During the last decade, a steady growth has taken place in |
the production of secondary aluminium in the United States. As |
raw materials comprise about 75 per cent of the total cost, the

most practicable mater.als to process are those that resemble the )
invended product to the greatest extent and thus require the mini-
mum amount uf processing. These types are'usually in the form of
common aluminium-based alloys as shown in table 7 from which it
will be seen that aluminium alloys comprised 90 per cent of the
recovered scrap and only 8 per cent were recovered as non-alloyed
metal. Such a pattern indicates that it is not practicable to

convert all scrap materials to their original composition,

Table 7

ve of gecondary al n in the
United States in 1

Short tons
Frop p.ocess sorap
Aluminium-base 568,782
Copper-base : 81
Zinc-base n
Magnesium—base 3
sora tal
Aluminium-base ' 127,681
Copper-base 10
Zino=-base 569
Nagnesium-base 164

Total 697,751

!2!! gf recovery

As metal 53,656
As aluminium alloys 628,848
In brass or bronse 643
In sino-base alloys 8,304
In magnesium-base alloys 1,195
In chemical compounds 22105

Total 697,751




- 29 -

Secondary copper

46. Under the pressure of consistently rising prices, the pro-
duction of secondary copper has increased rapidly during the pa.t
ten years. In most industrialized countries, secondary copper is

used in nearly half of the total copper consumption.

47. Table 8 below shows the position of the United States in
1967 when the copper recovered in brass and bronze materials was
more than 98 per cent of the total tonnage of secondary copper.
This situation suggests that optimum segregation of scrap items

is imperative for maximum processing efficiency; it also reveals
the value of the NASMI classification which lists 38 different
types of copper and copper-alloy scrap. The opportunities, there-
fore, lie not only in the recovery of copper itself but in the
production of a wide range of copper-base alloys for the engi-

neering and other industries.

Secondary lead

48. A substantial growth rate in lead production has occurred in
most industrialized countries during the past ten years. Table 9
following shows the recovery of secondary lead in the United States
for 1967. It will be seen that the prime source is antimonial lead
in the form of battery plates, although other important sources

include electric cable sheath, bearings, pipe and sheet,

Secondary sinc

49. Consumption of zinc in the United States during the past ten
years has inoreased 1.4 times and the corresponding consumption of
secondary zinc 1.3 times. Table 10 below shows the tonnages and
the forms of reoovery. The significant feature is that zinc- and
copper-bage alloys comprise the bulk of all zinc recovered in both

new and old scrap.

50. Zino sorap is classified into nine items; brass and bronze
are not included. The most prominent items include five different
die~cast materials, old zinc sorap, new olippings, die-cast dross
snd galvanisers dross. The die—cast sorap alloys are usually
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refined or blended to suitable composition for new alloys, while
the drosses are distilled to produce zinc metal or zinc dust and

may be oxidized to zinc-oxide products.

Tabi= 8
Reoovery of secondary copper in the
United States in 1967

Short tons

From process scrap

Copper-base 667,080
Aluminium-base ' 10,000
Nickel=base 157
Zinc-base 11

From old sorap

Copper-base : 476,436

Aluminium-base 51500

Nickel-base | 623

| i Tin-tase o %
% Zino-base 50
b Total 1,159,907

Form of recovery

As unalloyed copper:

primary plants . 343,277
other plants 19,777
In brass or bronze l 700,636
In iron and steel alloys 2,805
In aluminium alloys 28,148
In other alloys 299

In ohemioal compounds 4, ﬁ:
Total 1,159,907
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51. Flux materials from galvanizer vats and processing pots and
zinc-based dusts from filters, precipitators, scrubbers and cyclones
are used in the production of zinc chemicals. As few types of zinc
scrap are processed by the secondary refiners, segregation problems
are limited and are not as critical as for the other non-ferrous

metals.

Table 9
Recovery of secondary lead in tie
United States in 1231

Short tons

From process sScrap

Lead-bage 71,829
Copper-base 4,500
Tin-base 578

From old scrap

Battery-lead plates 303,258
All other lead-base 155,892
Copper-base 17,711
Tin-~-base 4
Total 553,772
Form of recovery

As soft lead:
primary plants 2,538
other plants 147,806
In antimonial lead 288,719
In copper-base alloys 17,795
In tin-base alloys 30
In other lead alloys 96,884

Total 553,772
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Table 10

Recove of second zinc in the
United States in 1%7

Short tons
From process scrap

Zinc-base 129,774
Copper-base 106,637
Aluminium-base : 2,895
Magnesium-base 234

From old scrap

Zino~base 40,862
Copper-base 36,142
Aluminium-base 3,165
Magnesium-base 140

Total 319,849

Form of recovery as metal
By distillation:

slab zinc I - 12,595

ginoc dust . 32,09
By remelting 6,366
In zino-base alloys » 17,273
In brass or bronze ' 146,441
In aluminium-base alloys 6,145
In magnesium—-base alloys 43
In chemical products:

sinc oxide, lead free 17,255

zinc sulphate 94536

sinc chloride 11,23
Nisoellaneous 262

319,849
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" Identifying opportunities

52, Similar to other business enterprises, a profit element is

necessary to encourage the development of the secondary metals
industry. In developing countries, profit is not only the usual
pecuniary gain but it may also be expressed in terms of a reduced
expenditure of foreign exchange as a result of decreased imports
and an improvement of the domestic economy by encouraging the
development of industry and additional employment. From both
points of view however, the potential profit will be proportional
to the volume of the business. Basically, the profit will be the
difference between the market value of the products and the cost

of the raw materials plus the operating costs.

53. ‘The extent of the recovery operations will depend upon the
continuity of the supply of raw materials. Current technology and
equipment should be used; the erection of a proven plant reduces

the commission time and the cost of development.

54. Flexibility is important in the design of recovery plants to
allow for future changes in the in-feed material and to obtain the
maximum recovery of flue dusts and other producis. If the volume

of the latter is small, they may be sold or stored and processed

intermittently.

55, Opportunities also exist for developing countries in the
adcptiorr of new aud revolutionary processes. These new processes
may well reduce the working capital required as well as the
operating costs. Further opportunities exist in a relaxation of

product specifications and in a reduction in their number.

56. There are possibilities of mutual co-operation between
developing countries, which might profitabiy negotiate mutual
bartering or purchasing agreements. Thus a country with a
deficiency of domestic scrap resources could import them from
a country with a surplus. Toll conversion contracts may be
considered as well as outright purchase.
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Innovative processing

5T, Opportunities exist for the developing countries to take
advantage of new innovations 1in the processing field. The United
States Bureau of Mines has pioneered several new processes. An
outstanding example is in the improved distillation of zinc, which
led to economies in fuel and retort costs and enabled gas to be

used for heating instead of electricity,

58. Another recovery process for zinc uses one processing waste

material as an agent to refine another waste by the reaction of
zinc chloride in sal skimmings with aluminium in a melt of low-
grade die-cast zinc scrap; the aluminium content is reduced t.
0.01 per cent, Other innovations include the removal of solid
impurities by means of a centrifuge, and, in the field of mechan-
ical processing, the separation oi metal and plastic by a very
much improved method, i.e. by the recovery of metal from plastic
sheathed electrical wires and cables. This method has hcth

economic and social benefits.,

59. Electrolytic methods using mercury as an amalgam have also
been developed in which tin is recovered from hard-head and zinc
from galvanizing dross. Additional applications of these electro-

lytic methods are likely to emerge,

60. The United States Bureau of Mines has developed other
techniques such as ammonia-carbon dioxide leaching of copper scrap.

However, commercial acceptance of them has been slower., A further

process based on the use of brine and water leaches in the recowiry
of lead and copper from lead blast furnace matte is another good

opportunity.
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4. REVIEW OF MELTING TECHNOLOGY AND EQUIPMENT

61. The important aspects of processing are quality and melting
losses, which are very much dependent upon good scrap segregation
and charge preparation. For example, by de-greasing chips, the
loss is 2 to 3} per cent less and the gas content reduced. Basically
the processes employed sho:ld ensure the most complete extraction
of all valuable components contained in the scrap. Therefore it

should be processed into metals and alloys similar in composition.

Use of aluminium scrap and alloys

62. Process scrap is usu-r'ly consistent in quality and accumulates
in substantial quantities; if carefully segregated, it can be used
in the works in which it originates. When available to secondary
smelters, it provide: a high-quality base material for incorpora-
tior into related alloys with close compositional tolerances.
Examples include billet ends, extruded section ana sheet off-cuts;

lower grades include turnings, runners and riser:.

63. 01d scrap is collected from redundant or ohsolete articles
and equipment, including kitchen utensils, motor vehicles, wire
and cable, engine components and aircraft. The scrap resources
can be forecast if the aluminium content of an article is known
and ita life can be estimated. Most old scrap is contaminated
with undesirable matter; it may be coated with paint, or it may
be joined to other metal parts, plastic components or rubber.
These contaminants must be removed from the aluminium sorap before
recovery operations.
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Preparation of raw material in scrap form

64. For the optimum use of scrap, the composition of each batch
must be determined. Sampling on a statistical or controlled basig
will indicate the yield to be expected and also the quantity of

flux required.

65. Both physical and chemical methods are used to sort scrap.
Many wrought alloys in sheet form can be distinguished from pure
aluminium by a simple bend test and'similarly in castings by the
appearance of a fracture. More reliable chemical methods range
from simple spot tests for a rough estimation or for the presence

of one or two elements to the application of a visual spectroscope.

66.  Experience and knowledge help in identification. Often a
component is known to be composed of one or two alloys; a simple
test will distinguish one alloy from another. Scrap delivered to
the smelter usually requires some form of treatment due to either
the size or type of contamination. Where possible, scrap is com-
pacted into bales and bulky scrap reduced by cutting. Dross and
skimmings are treated by milling in wet or dry-ball mills or by

breaking in an impact crusher.

67. Swarf is usually contaminated with cutting oils and frequently
with free iron such as turnings or broken tools. Iron must be
removed before melting. This is done easily by magnetic separation
provided the swarf is free from oil or water. The most efficient
method to remove them is treatment of the swarf in a heated rotating
drum to produce distillation with restricted air flow. Paper and
plastic coatings must be removed from aluminium foil. Scrap cooking

utensils simply require the removal of iron handles and rivets, but

more complex assemblies such as automobile and aircraft engines and
frame scrap require special sorting procedures and may have to be

subjected to a liquation process.

68. Liquation furnaces are reverberatory furnaces designed with
gﬁ; sloping hearths and an outeide bath or ladle for receiving the
liquid aluminium alloy which separates from the higher-melting-

point metals. Combustibles such as paint, wood and plastic are




burnt off. Metal recovered from a liquation furnace is generally
too impure for direct use and is usually brought to the appropriate

specification by the addition of pare aluminium or alloys.

69. The development of large swing-hammer crushing machines has
made possible the cleaning of scrap which formerly would have had
to be melted in the liquation furnace., Such equipment used in

conjunction with magnetic separation or sink-and-float processes
enables very effective recnvery to be ichieved. The rapital cost

is high and may be justified only for large-scale operations,

Methods of melting aluminium scrap

70. In general, scrap recovery of aluminium is practiced in highly
specialized plants where skills and equipment have been developed
to upgrade its value in the production of specification alloy ingots
for the foundry industry. Upgraded scrap can also be used in

hardener alloys and deoxidants for the steel industry.

Tl. Ecrap aluminium is obtained from fabrication processes and
from discards of aluminium—-containing products in population and
industrial centres. It is in sich locations close to raw materials
and markets that scrap smelting operations have developed. The
value of scrap is sensitive to supply and demand; sorap generally
commands-a price 20 per cent below that of virgin aluminium,

although it has occasionally exceeded the price of the latter.

72. The following characteristios of aluminium are important
when considering melting methods. It has a high affinity for
oxygen; once formed, oxide skins prevent further oxidation. The
heat capacity and latent heat of fusion are high. Aluminium forms
carbides and nitrides in reaction with carbon and nitrogen. It is
not reduced by carbon monoxide. Reduction smelting of aluminium
as well as the oxidizing refining of its alloys is impractiocable.

73. Three main groups of aluminium alloys are produced usually

from aluminium scrap:

(a) Wrought alloys — containing copper, manganese, magnesium
and zinc as the main alloying component;

(b) Casting alloys — containing silicomn, copper magnesium,
manganese, zinc nickel and others;
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(c¢) Deoxidizers — destined for the steel industry and for
smelting ferro-alloys, which allow high iron, manganese,
silicon and magnesium conten+*.

4. In developing countries the requirements of the national

economy should be studied before considering the establishment of
a secondary aluminium industry, so that the plant will be suited
to produce the grades of alloy in demand. The choice of furnaces
or combinations of furnaces must be made according to production
requirements; different types of furnaces are considered later in

this report.

Aluminium alloy gcrap refining

75. Magnesium is removed by the addition of fluoride salts to
cryolite; 10 kg of fluoride salts is required for each kilogram of
magnesium contained in the melt. The magnesium may be reduced to
O.1 per cent by this technique. Zinc is removed most efficiently
by vacuum distillation at a temperature of 800° to 900°C in a
vacuum of O.1 to 0.5 mm mercury. Non-metallic components may be
removed by gaseous methods employing chlorine, hexachloroethane
or nitrogen. The la“ter is introduced in the form of diffused
bubbles, the quantity required being 1.5 to 2 m3/ton of alloy
treated. Gaseous chlorine is generally employed. The use of
glass-cloth as a filter has also been adopted.

Main types of furnaces

76. Traditionally, the rotary furnace with a oapacity of 1 to
15 tons has been favoured in Europe. It completely rotates on a
horizontal axis and is charged at one end through an opening. The
sorap is melted under a thick flux cover by the direot flame of
oil or gas burners.

77« The open-well furnace developed in the United States tends

to displace the rotary furnace. It is basically a reverberatory
furnace with an open-well extension at one end and a oapacity up

to 60 tons. The use of flux in melting light sorap is confined to
the open well, but the metal bath must first be produced by melting
heavy sorep or by supplying liquid metal from other furnaces. The
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transfer of heat from the main part of the furnace to the well 1is
achieved by movement of the metal through the openings between the

two parts.

78. The coreless induction furnace possesses advantages over
fuel-fired furnaces in that there is low melt loss and the metal
recoveries are higher by as much as 2 per cent. Generally,
frequency-type furnaces are used with capacities of § to 6 tons.
Clean scrap is essential, as flux treatment is undesirable due to
its effect on the furnace lining and fume extraction problems.

The limiting factors for these furnaces are the high capital cost,
the high power cost, the relatively small size and the requirement

of clean scrap in the charge.

79, Small rotary-type furnaces of 0.5 to 1 ton capacity, which
are stationary during smelting but can be tilted for casting, are
suitable for smelting clean scrap which does not require large
quantities of flux. This type of furnace is o0il or gas fired with
the flue in the roof or in the end opposite the burner; charging
is by a side door. Crucible furnaces with capacities up to 250 kg
can be used for small-scale operations. For melting light scrap,
a furnace similar to a concrete mixer with a refractory lining has
given satisfactory results. It is fired by an oil or gas burner

through the top opening and can be fitted for tilting outwards.

80. The choice of the type of melting furnace to be used depends
on factors such as scale of production, extent of mechanization

and type of scrap to be melted. In general, for large-scale produc-
tion, the well furnace, which lends itself to mechanical charging,
is preferred. The rotary furnace is probably better for low-yield
materials, e.g. metal recovered from dross. In this case, the
problem of salt fume emission is worse than in the well furnace
where less flux is used and.only added to the well, and where there
is no direct flame impingement. Well furnaces are more flexible

in operation as fluxes can be added and spent fluxes removed during
a melt. In the rotary furnace, one flux bath may be used for one
or more melts depending on the percentage of impurities in the
charge.
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81. For efficient scrap melting, agitation of the melt is neces-
sary, This is achieved by the rotating action of the rotary furnace,
but in the open-well furnace it is best accomplished by pumping

the metal over a wall built into the well. Automatic temperature
control is comparatively easily implemented in well furnaces by
inserting thermocouples in the brickwork. It is not so practicable
in the rotary furnace, but, because of the rotation, overheating

is not critical. In the construction of all types of furnace

refractories, the brick is at least 40 per cent alumina.

Furnaces for melting aluminium scrap
82, The following types of furnaces are available for melting

aluminium scrap:

Table 11
Furnaces for melting aluminium scrap
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Melting technology

83, The main difficulty in melting aluminium scrap is the
thickness of the tough oxide film on the surface, which prevents
coalescence of the liquid droplets. At high melting temperatures,
the oxides may be particularly dense and may be suspended in the
melt or sink to the bottom. As the oxides are extremely hard, they
are a source of the harmful inclusions often found in castings.
Good melting techniques demand, therefore:

(a) Minimal contact between scrap and flame when heating
to the melting temperature;

(b) Use of appropriate fluxes to exclude air and remove
oxide;

(c) Agitation of the bath to aid coalescence of metal
globules,

84, It is usual to melt a heel of flux, into which scrap is
charged at a rate sufficient to allow rapid melting with a minimum
oontact with air. Once a heel of metal has been foomed, scrap is
added in increasing quantities; controls ensure quick melting and
that the temperature of the bath does not fall below the freezing
point of the alloy. Fluxes are based essentially on sodium chloride
with some addition of potassium chloride. Fluorides are also added
to reduce surface tension. Alumina is not dissolved by these

fluxes.

85, The major refining operation in the melting of scrap is the
separation of oxides, but other refining operations may be required
to remove unwanted elements. The only elements that can be removed
by simple techniques are magnesium and other elements in small
quantities such as sodium and calcium. Magnesium can be removed
with fluxes containing fluorides or with chlorine gas. The flux
method uses cryolite, sodium silico-fluoride or aluminium fluoride.
The efficiency of magnesium removal in all cases is about

L]

50 per cent; it decreases ae the magnesium content is reduced.

86. Chlorine gas on the other hand is very efficient with near
100 per cent removal when the magnesium content is above 1 per cent,
and 50 per oent removal when it is below O.1 per cent. The sodium

and oalcium content is also reduced to low levels by chlorine
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treatment. Special precautions must be taken in the handling of
chlorine gas and of the fumes emitted during the chlorination

process,

87. Another impurity is hydrogen, which ig the cause of gas
porosity in castings. It may be removed by degassing treatments
using chlorine, nitrogen or a mixture of them. Hexachloroethane

plunged into the melt may also be used for this purpose.

88. The melting temperatures of commercial alloys are in the
range of 5600 to 65000 and the normal temperature for casting
ingots is between 680° and YSOOC. However, in practice, even
higher temperatures are necessary to allow rapid melting which
is essential in order to form a heel of molten flux into which

light scrap can be charged.

Facilities for laboratory control

89. The size and type of the recovery operation will determine
the extent of the laboratory facilities. If the operation consists
merely of melting scrap into ingot form but not into a specific
alloy, the minimum requirement would be a small chemical laboratory
to identify alloys by spot tests and to determine the composition

of the re-melted ingot.

90. Essentially, the laboratory must be able to provide analysis
in scrap identification, control analysis during melting and the
final analysis of the melt. Direct-reading spectrography can be

carried out by a staff of two or three. Single-channel instruments
can be used; they are substantially cheaper. In the larger secon-

dary alloy production plants, a wet-ohemical section i3 often
provided for analytical work which cannot be carried out on the
spectrograph, such as the calibration of standards, the determina~
tion of unusual impurities and the composition of fluxes, fuels

and effluents,

91.  The sampling of scrap is usually a laboratory funotion.
Facilities should be provided for melting the samples under condi-
tions similar to those during actual produotion. Facilities for

reducing the sample to a suitable size are required.
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92, A metallurgical section controls the qua’ity of the ingot
in respect to its oxide content, its gas content, the grain size
and other special requirements. Some alloys must undergo tensile
tests on the castings produced from the ingots. The secondary
refiner will require the necessary facilities to cast test bars

and to test tensile strengths and other properties.,

93, It is customary for larger secondary refiners to provide a
technical service to customers which includes metallographic
examination of castings and non-destructive tests to determine

the cause of defects and to suggest means of avoiding these faults,
The importance of correct sampling cannot be overstressed, and

adherence to specified codes of practice is recommended,

Auxiliary equipment

94. Refined scrap must be cast into ingots of acceptable size,
5-10 kg or 15-26 kg. Small-scale production requirements can be
met by hand casting into simple cast iron moulds. For large-scale
production, the casting is mechanized by using water-cooled moulds
mounted on a belt-type casting conveyor or wheel. The cast ingots

may be pelletized and secured by steel wires or band strapping.

95. Pyrometric control during the melting is usually effected by
means of chromel-alumel thermocouples with cast iron sheathers
protected by a refractory coating or a non-metallic sheath. Foundry
tools such as rakes, skimmers and ladles are constructed of mild
steel protected by a refraotory wash. Launders for the conveyance
of molten metal are also of mild steel with a refractory lining
which should be heated to red heat before use to ensure that

moisture and combined water are evaporated.

. Use of lead and zinc scrap, alloys and wastes

96, Not all products made of lead and zinc yield scrap and

residues for use by the secondary refiner; sometimes they are
completely consumed by use. The major uses of lead are in the
manufacture of lead acid batteries, cable sheathing, pigments,
and in construction and plumbing. To a lesser extent, lead is
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used in printing metals, bearing metals, tetra~ethyl lead and in
gound insulation. The applications above are given in their order
of importance. Zinc is used mostly for galvanizing, die-casting
and production of brass, wrought zinc and pigments; significant
quantities of scrap and residues are available for the secondary

metals industry.

Recovery of secondary lead

97, Lead from batteries provides 50 to 60 per cent of the metallic
lead, antimony and lead oxides; the remainder is lead sulphate.

Lead is recovered in the form of an alloy of antimony 'y processing
the scrap either alone or with other lead-bearing residues. The
recovered alloy is re-used for batteries after its antimony content

has been adjusted.

98. The furnaces may be simple melting pots, reverbatory furnaces,
barrel furnaces, blast furnaces or electric furnaces. Simple
melting cannot recover lead in the form of oxides and other com-
pounds, therefore smelting is required. This consists of treating
the scrap with suitable reducing agents and fluxes; the latter

help to collect the metal, and the former reduce -the oxides to
metal.

99. The lead contents of old battéries may be removed manually

or, where large quantities are concerned, by crushing and separation
processes based on the diffarence in density between lead and other
materials. In the first instance, wet or dry sieving is employed,
in the second instance a separation vessel is used containing a

liquid of the appropriate specific gravity to achieve separation
of the lead.

100. The principal thermal methods of recovery vary to some

extent but most of them employ a flux and a reducing agent. Recov-
sries may be low due to losses in fumes and slag matte resulting
from the sulphur content of the scrap, although the sulphur may

be removed by washing the scrap in a concentrated solution of

godium carbonate. The washed scrap is then smelted in a rever-

beratory furnace at 800° to 900°C using anthracite as a reducing
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agent and a flux of soda ash, borax and fluorspar. There is a
98.5 per cent recovery of the lead and antimony contents with

negligible losses to the fumes and slag.

101. In a Japanese patent for the processing of 0ld battery plates
and half their weight of antimony slimes (55 per cent antimony),
they are heated at 7OOOC with & per cent wood charcoal, 10 per cent
sodium carbonate and 10 per cent coal tar. The resulting yield is

about 92 per cent with 18 per cent antimony in the alioy.

102. An electric furnace i used in another Japanese patent;
93,5 per cent of the lead is recovered without pre-treatment for
the elimination of sulphur, Sulphur dioxide is led from the

furnace through a bored graphite electrode.

103. Both natural draft and electric shaft furnaces have also
been operated successfully with recoveries of 87 per cent of the
lead, 1In lower temperature operatior.s at 36000, the melt is
mechanically stirred with a flux of sulphur and sodium hydroxide.
The advantages of this type of recovery are the relatively low
temperature, the high purity of the reclaimed metal, the absence

of fumes, low losses and no special apparatus required.

104. Rotary furnaces operating at temperatures of about 850°C can
be used. The charge of battery plates is melted with 2 per cent
sodium carbonate, 2 per cent coke, charcoal or anthracite,

0.5 per cent sodium chloride and 0.5 per cent cast iron filings.
Losses to fumes are high, but if they are recovered in a bag-house
and remelted, the yield may be improved.

105. In a rotary drum furnace operation, the charge of battery
scrap lead containing 20 per cent (by weight) lead oxides is
treated with solid carbon (10 per cent of the charge weight) using
10 per cent sodium carbonate as a drossing agent. The dross-free
molten lead is pumped into a refining furnace and treated with
sulphur to remdve copper. After removing the copper dross, the
metal is refined further by treatment with a mixture of sodium
hydroxide and sodium nitrate.

106. Eleotrolytic methcds to reclaim battery lead are operative
on a laboratory or pilot-plant scale. There may be an opportunity
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for developing countries to adopt the electrolytic recovery method

in the future.

107. Cable sheath lead resources are fewer and more sporadic than
battery scrap. Cable factories tend to use their own process scCrap;
the scrap that reaches the secondary refiners has usually been
stripped from old cables. In this case it is necessary to remove

the impurities.

108. In developed countries resources of lead from sheet and pipes,
and other miscellaneous uses are steadily received by the refiners,
but in the developing countries, these resources are small because

these uses of lead are not as widespread. Due to the inhomogeneity
of this class of scrap, it is given a comprehensive refining treat-
ment to remove all the common impurities, such as copper, iron,

arsenic, antimony and tin.

109. The refining treatment consists of melting the charge in a
large cast iron basin equipped with a mechanical stirring device.
The dross formed during melting is skimmed off and treated sepa-
rately. The molten lead is transferred to a refining kettle where
copper and iron are removed by the action of sulphur and ammonium
chloride. Arsenic, tin and antimony are removed by a sodium
hydroxide base flux. Depending upon the scale of operations, the

fumes may be treated to recover additional metal.

110. Other patented processes and techniques are available for
treating scrap in the form of powder, filings, borings, other
miscellaneous scrap and scrap containing other less common impuri-
ties. High-bismuth, lead und copper—base waste material may be
treated by these methods. Using both aqueous solutions and fused
salts as slectrolytes, two electrolytic methods have been developed
to remove several impurities such as bismuth, antimony, copper and

silver,

111. Lead is the principal constituent of foundry type used in
the newspaper industry. This is re~cycled several times a day
with a progressive depletion of the lead content. After a number

of cycles it is returned to the smelter and the composition is
adjusted by the addition of suitable alloys.
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112. Recovery operations lead to the formation of as much as

25 per cent dross. Several processes have been developed for
treating dross. Heating in a reverberatory furnace with sodium
hydroxide can produce lead of 93 to 97 per cent purity, while a

65 per cent recovery of lead may be achieved in a rotary drum
furnace with sodium carbonate and calcium fluoride. Blast furnace
slags have been treated with powdered coal and air and the reduced
metals vapourized and oxidized to obtain high percentages of
recovered zinc and lead. ©Slags containing lead oxide have been
treated successfully with barium oxide, sodium carbonate and sodium
chloride at 200° to BOOOC; the lead separates at the bottom,
Fusion treatment of slags with calcium sulphate and sodium sulphate

is effective.

113. A two-stage process involves the use of an electric furnace.
In the first stage, copper and noble metals are extracted into a
matte, while zinc, cadmium, lead and the rare metals are volatilized.
In the second stage, the remaining lead and zinc are extracted.
Other processes include cementation with carbon-saturated liquid
cast iron, electrolytic treatment of slag at high temperatures and
leaching with an alkali solution. In the latter process, arsenic,
tin and antimony are converted to their respective sodium salts;

lead is recovered from the residue.

114. The metallurgical wastes of slimes, tailings, fumes and
dusts have widely varying lead content and contain impurities
difficult to remove. Although these wastes are difficult to
collect, they are of sufficient significance to warrant their
treatment. There is a iwumber of thermal, hydrometallurgical and
electrolytic processes and patents for recovery methods.
Recovery of gecondary zinc

115. The residues formed during galvanizing are dross, ash, flux
skimmings and steam blowings when tubes are manufactured. Zinc
dross is the most important as it contains a high content of zinc

which can readily be extracted. Ash is used in zinc compounds.

116. Dross contains as much as 95 per cent of zinc and is thus a

rich source for extraction of the metal. It may be used directly
>
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for the manufacture of zinc dust by melting and distillation; this

simple and low-cost operation requires good control techniques.

117. For the recovery of pure zinc, distillation processes are
generally used. The dross is heated to a temperature above the
volatilization temperature of zinc, and the escape vapours are
collected as liquid metal in a condenser. There are few impuri-
ties in the metal; relatively pure zinc with recoveries of up to

95 per cent is obtained. ‘ i

118, The aluminium process is not widely used. It is based on
the principle that aluminium has greater affinity for iron than
zinc and can thus displace zinc from the zinc-iron alloy. Alumin-
ium is added to a bath containing zinc scrap and forms compounds
with the iron which float on the surface of the molten zinc. A
clean separation of the zinc is not possible but separation is
improved by a lead treatment. The yield is good if the process is
continuous. The equipment required is simple and inexpensive. A
centrifuging technique has been developed in connexion with this

process.

119. There are other processes for dross such as sweating cut the
zinc by liquidation or heating and then decanting the supernatant
liquid metal. The methods are simple, but the yield is low and the

metal is usually contaminated with iron,

120, The zinc content of galvanizer's ash varies between 70 and
90 per cent. Galvanizer's ash also contains lead, iron, chlorides
and other matter. Much of the zinc is in metallic form. The
coarser fractions are usually returned to the galvanizing bot
through an open cylinder located in a corner of the bath. The
heat of the galvanizing pot melts the metal in the ash. Thé/metal

then runs into the tath with an 80 to 90 per cent recovery.

121. Generally, however, ash is treated in externally fired
crucibles or rotary furnaces with a suitable chloride based flux
at a temperature of 400° to SOOOC. The ash is stirred gently to

break the exterior oxide surface and to allow the molten zinc to

coalesce. Recoveries of 80 per cent have been claimed. The spent
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ash can be used by the chemical industry to manufacture chemical

compounds or by the smelters to recover the zinc.

122. Flux skimmings are residues from the wet galvanizing process
and are composed of zinc oxides, zinc chlorides and other chlorides,
and some metallic zinc, Generally they are consumed by the chemical
industry, but high-purity zinc can be obtained from them. One pro-
cess involves the reaction of the skimmings with lime, as a result
of which zinc chloride and other metals are converted into oxides,
and calcium chloride is obtained as a by-product. After treatment
in a ball mill with petroleum coke and burnt pebble, the oxide is
heated in a graphite crucible containing molten calcium chloride.

Zinc oxide is reduced and the metal collected in a condenser.

123. Scrap of old die-castings is usually tested for the recovery

of zinc by distillation or used to manufacture zinc oxide,

124. Flashlight battery cells are probably the largest source of
scrap zinc sheets, but their collection is a problem. Other resi-
dues include sludges from the chemical industry and from alloying
and smelting operations in the metallu-gical industry. Often,
special methods or a combination of techniques are required for

an economical recovery.

Economic aspects of the recovery of lead and zinc

125. The economic aspects of the recovery of lead and zinc differ
very little from those relative to other non-ferrous metals. There

are, however, some special factors involved.

126. Problems in the acquisition of scrap are important in the
economice of the secondary metals industry. To illustrate this
point, exhausted flashlight batteries re not collected, whereas
automobile batteries ara collected because the value of the metal
they contain makes this worthwhiie. Efforts should be increased
to recover more of them. There should be growing resources of
die-cast scrap, but some is lost because frequently it is mixed

with assorted metallic scrap. However, the residues are unifomm

and command a fair price.
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127. In addition to the costs of acquisition and transport,

there are costs for sorting and removal of impurities. Good clean
scrap requires little sorting and a simple refining ireatment.
Intermediate operations are necessary prior to the actual recovery
processes for lead batteries and also for assoried scrap from
machine shops that are mixtures of various metals. The cost of

these operations may ve the decisive factor in economical recovery.

128. Certain manufacturing processes require virgin metal, and
reclamation of articles from these processes produces secondary
metal that cannot be fed back and other outlets must be found.
An example is die-casting of zinc alloys. In this case, it is
necessary to produce zinc or oxides by distillation to compete

with other equally suited raw materials such as dross and ash.

129. In general, scrap and residue prices follow the prevailing
price for virgin metal; there is a relatively stable balance
regardless of fluctuations and scarcity in the market. In some
zinc-importing countries, the price of residues is frequently

higher than the price of imported virgin zinc in times of scarcity.
This situation is often created by the pressurz of demand in another
consuming industry such as brass manufacture, which may use drosses
in its process and is prepared to pay the higher prices. In this 1

event, zinc recovery would be unprofitable.

130, In large countries the freight charges for transport of zinc
and lead scrap may be prohibitive, especially if the scrap-producing
industry is distant from the secondary metal refiners. Then a plant

could profitably establish its own refinery rather than sell its

residues,

131. A number of developing countries have a low per capita
consumption of metals, particularly lead and zinc., They inc.ude
countries of Latin America, Africa, the Middle East, India and
South-East Asia., In their industrial expansion, the consumption
of lead and zinc is increasing at a faster rate than that of the
world average - from 229,000 tons of zinc in 1961 to an expected
700,000 tons by 1975 and from 180,000 tons of lead to 500,000 tons.

These figures indicate the potential of the secondary metals indus~

try in these areas,
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132. It is expected that per capita consumption of these devel-
oping countries will be very much in line with the congumption of
the industrialized countries in a decade. In & number of developing
countries battery grids are imported, but in others the complete
battery is manufactured. The former have little use for the battery
scrap resources, while the others use them. Because the collection
and reclamation industries have not been developed, less secondary
lead is used than in industrialized countries. An opportunity for
secondary metal recovery, therefore, may exist, but its economic

development is retarded due to the lack of adequate facilities.

133. In developing countries, realization of the need to improve
the use of scrap and residues is increasing, but in the absence of
technical know-how it is difficult to establish a stable secondary
metals industry. Nevertheless, profitable industries have developed,
albeit by trial and error, but the rate of progress has been slow
even where suitable technical personnel were available. This may

be attributed to the reluctance of industrialists to finance
unproven projects. The situation will undoubtedly change as larger

volumes of secondary metals become available.

134. Lack of foreign exchange prevents imports of lead and zinc
in many developing countries. While this suggests a favourable
situation for the establishment of secondary metal refineries, there
are other inhibiting features such as lack of know-how, instability
of prices and uncertain supply conditions; as a result, residues

are exported or not used effectively.

Use of copper scrap

135. Copper scrap resources from industrial processes include
cuttings, punchings, wire, tube ends, extrusion discards and the
like. Little refining is required; this scrap may be melted in
crucible, reverberatory, rotary or induction furnaces and used for
ingots or shapes. Copper from heavy electrical cables may also be
included if it is stripped from the insulation and sheathing ana

its soldered joints and connexions removed.
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136. Plumbers scrap forms a high proportion of domestic scrap. It
includes 1ehgths of pipe and tube, cistern balls, water cylinders
and boilers and water heaters. Hot-stamped brass, cast brass or
gun metal fittings are often attached. Tee-pieces soldered onto
the tube and soldered joints are frequently found; if they are
melted in the charge, the resulting tin, lead and zinc require
additional refining. Where labour costs are low, such components
may be cut from the scrap, thereby upgracing it, saving the costs
of refining and the waste of tin and lead. The solder-bearing

pieces may be melted for the production of gun metal alloys.

137. Where larger quantities of solder are to be found, a simple
sweating process, in which the components are heated to a tempera-
ture above the melting point of the solder, may be employed to
recover as much solder as pcisible. After sweating, the scrap may
be fire-refined to copper or incorporated in the production of gun

metals.

138, Tinned copper is found in scrap electrical cables and wires,
utensils, and food and drink manufacturing equipment. To avoid
waste of the tin, this scrap should be used in the production of
bronze for the foundry industry; lead and zinc must not be in the

charge.

139, Automobile radiators represent an ever increasing source of
copper and copper alloy scrap. They may be sweated to recover
solder and afterwards used in the production of gun metal or

foundry brass.

140. When labour costs are low, electrical switchgear and bus-bar
‘nstallations may be broken into small pieces and the non-metallic
portions removed. Soldered ends, tinned ends and cable connectors
may be cut from them to obtain lengths and pieces of uncontaminated

copper. The ends may be used for the production of foundry alloys.

141. Insulated copper wire is a valuable source of copper scrap,
but its recovery presents problems of environmental pollution,
Mechanical stripping may be used, but the most elementary process

is to burn the wire in the open air or in a furnace. Large volumes

of black smoke are produced, which are undesirable in densely
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populated areas. If the wire is insulated with PVC, chlorine,
phosgene and lead oxides are emitted. Under no circumstances
should the emitted lead oxides fall upon agricultural land. After
burning, the residue is riddled to separate copper from ash. The
disadvantages of burning are losses of small particles of copper
and severe oxidation of the remaining copper unless the temperature

is kept as low as possible.

142. Occasionally locomotive fire-box plate is received at the
refineries. As it usually contains arsenical copper with 0.3 to
0.5 per cent arsenic, it can be remelted and used for the produc-

tion of water pipes.

143, The major resources of copper-bearing residues are from
industrial processes and include slags, sweepings, skimmings,
flue-dusts and scales. In the secondary copper industry, it is
usual to screen the residues and heat them in a simple blast
furnace with scrap iron, limestone and coke. The residues may
be subjected to agglomeration and charged. The basic operation

consists in oxidizing the copper in the furnace and reducing it

with the iron of the furnace burden. A black copper is produced
which is passed to the converter for further processing, to blister

and finally to cathode by electrolysis.

144. Because high-purity mill scales are essentially copper
oxides, they can be directly smelted in reverberatory or rotary

furnaces using reducing agents,

145. If labour costs are low, electric motors can be broken and
the metallic copper removed manually for processing. Otherwise
they are processed in a blast furnace. Contaminated brass, bronze

and the like are also treated in a blast furnace.

Technology and equipment

146, The use of copper scrap has become a major industry in the
industrialized oountries and provides almost half of their require-
ments of copper. Concurrently, with the reocovery of pure copper
by fire-refining technology and by electrolytic methods, copper

alloys such ac bronze and gun metal ar¢ manufactured and sold as
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ingots to the foundry industry. The technology used in the proces-
sing plants enables competitive production of secondary and primary

metals.

147. Much of the process scrap generated by the wrought non-ferrous
metals industry is consumed internally in a refinery's own melting
and casting shops, and very little reaches the secondary metal
smelter., This scrap is usually rigorously segregated and sold as
parcels of uniform quality. It requires little treatment and is
used for the production of high-quality rolling slabs and extrusion

billets.

148, Scrap from worn out and discarded equipment and consumer

goods is generally low grade and is contaminated with tin, lead,
iron, zinc, cadmium and non-metallic components. The extent of
the contamination determines whether it is to be fire-refined or

electrolytically refined.

Sorting and grading of copper scrap

149. Scrap may be delivered to the refineries already sorted

and graded to standards prescribed by internationally recognized
authorities such as the United States National Association of
3econdary Metal Industries (NASMI). Consignments are usually
checked to ensure compliance with the standard of scrap purchased.
Samples of mixed scrap are melted and assayed. The purchase price
is based on copper content, therefore accuracy in sampling and

assaying is very significant.

150, Scrap in which the percentage of impurities is low and
confined to elements such as lead and tin which are easily removed
by fire refining is segregated, batched and refined as a parcel.
It is suitable for the production of shapes. Low-grade scrap may
be similarly treated for the manufacture of ingots for remelting
and alloying purposes. Heavily contaminated scrap and residues

in which the percentage of impurities is high (especially elements
not removed in fire refining such as nickel), are usually fire-
refined to produce a batch of metal that will be homogeneous in
character for ultimate electrolytic refining. Where converter

facilities exist, scrap may be processed direcily in the converter.




200 9 ® 7'



MICROCOPY RESOLUTION TESY CHART
NAT:ONAL BUAEAY OF STANDANDS - 1943







-55_

151. Gun metal, brass, bronze and other alloys of copper are
generally sorted by the collector and sorted further into batches
by the refiners for the production of ingots. Occasionally, ths
cecpper, tin and zinc content may be recovered. Other materials
of nigh copper content are concentrated in batches; their copper
content and impurity levels determine the most economical refining

method, i.e. fire refining or electrolytic refiuing.

The technology of fire refining

152. The major foreign elements in copper scrap are tin, lead
and iron; the quantities present may be reduced in each case to
tolerable limits by fire refining. Among the minor elements,
cadmium and sulphur are readily eliminated but the removal of

arsenic is a rather more complex process. Nickel, on the other

hand, cannot be eliminated. The analysis of the parcels of scrap
will indicate whether there are non-removable elements in it and

the necessary degree of refining.

153. A large refinery will have recourse to linear programming
techniques using a high-speed computer to optimize the use of scrap;
but this is not necessary in smaller refineries. The composition
of the charge is very important; a successful result is obtained

only if tL.e sampling and assay have been carried out accurately.

154. The fire-refining process 1s based on the oxidation of impu=
rities by blowing air through a bath of molten copper. [Klements
such as cadmium and sulphur volatilize and are elininated through
the furnsce flue. Refractory tin, lead and iron oxides float om

the surface of the bath and are collected in a slag. The efficiency
of the process is controlled by the degree of oxidation; exceesive
oxidation causes unnecessary loss of copper in the slag. The

oxygen comtent is usually limited to 1.2 par cent for the remeoval

of tin and 0.8 to 1.0 per cemt for the removal of lead.

155. Sand is usually the carrier slag for these treatments., It
sust be completely solten and is completely disperesd in the Bath
by blowing air through the selt. Once the oxygea comteat of the
bath has reached the figures quoted above, ne furtber blowm sir is




introduced and tne slaz is skimmed off, Pirtiar rlowing merely
increases slag | azes without oxidation of wddrtnal tmpurity.

The melt 12 now 3atirited with ~pre-.s oxile,

186, Tre ~iprevia oride i1z red cel metalli~ ~“ppar bty the
*noling™ process 1n whi~h greern ‘ree *r.onks ars 2t .ok into the
molten “ poer; 13 ‘*hey r.rn nder the a.rfyi-ea f tre malt, the
Srymgen 11 the melt ~ombtines wi'n thre ~artcn and i# released as 3
grg, dn aasay is made to determire wratrer firtrer treatments are
necessgary. The poling ~eases at .1 per ~ant ;xyeen and tlowing
is re~ommen~ed, The 'reatments ire ~ontin iwd it tre imparity
levels are satisfactory. After the final poiing *he t Yiulh=-pLt P
sopper should have .71 to 1, 0% per ~ent Oxygen. [! “an re deowi-
dized bty the addition of phosphorus, if a phosphoris-derxidized
copper is required, Arseni: can be removed bty adding sodiam
~arbonate o the melt after the tin and lead have bteen removed and

allowing it to react for atout 30 minutes,

197, Although many secondary copper refineries e comt insoas and
semi-cont! auous ~asting sethods for shape productiion, the bdulk of
wire sars and i gets are nast inte hevisontal esulds »f eopper and
sarried on large ~asting vheels. Thess bars and ingote ore easy

to make, regiire a ~in.mal amount of msachining, and at the ond of
their weful 1ife thay sre ret rned to the furnace, Por lower-
volume production, high-grade cast iron soulds can @ waed foe
ingots, dillets and nakes, Nowever, for the latter preadusite,
water-cooled copper roulds sre rrefershie. T™Mese ssuide are sonted
vith & slurvy of bone ash for the casting of teugh-pitah sopper
and with s sineral oil and sarben dressing for dootidived sopper.

158. The casting tempersture is stristly ceamtrelled bty V0o wie of
iamoreion pyremsters with prenicus metal \hermsso-pien; if the
prodect is cest directily fram the furaace, s reduwsing stasephere
is maintsined., During csasting, 'he ogygen suntent of the selt is
serefully somtrolled and the set of the surfuwse of the predust
sarefully ctoorved. Ia erder o sant sound dilete and selee,
cate and stiention sust W given ts the peuriag lemperetare, L)




rate f riae 17 the moulig, the parity of trhe metal and the shape

f tne pouring stream,

Majn types f firmaces

194, T+ general .se ire re ‘angular, reverheral ry f.rnacesz °f
@t &% toma capacity that are fired by il or p.lverized fuel.
The L.rFmers are | cated a' ore end and the .p-taxe al the other,
‘harging doore are on ons sile; A puiine, and skimming door is at the
ap-take end, A tap hole 1s on the side oppesite o the charging
dcer. A g.apended or sprung-ar-t roof is sonstricted, The chrome—
magnesite heartt wually has spall-resistand fire-brick abuve the
motal line., Self-propertioming burners are generally .sed with
neavy el 21l for firingy provision is often made in additiomn for
£as il sapnly for uee during poling and sasting.

160 Anothar popular fuirmace 13 the ritary furmace which is
ettremely versatile and am be 004 intermittent.y or continuouely.
Purnasces of this type sre ylindrical and are mounted om rollers
to permit Potation, thee Lncreasing the thermal effisiency by
Bringing the ~harge ints ~omtpet with the hot fumace wal. ™e
refractories are similar 13 theve sed \n reverseratory furnaces,
and the refining procedires are ~arried ut in the same way,

141, A third type af furmace 18 he n e Salonar fTiuraace, Whiaoh
is sssentially s small tilting reverterstor; furmase wilh a intes-
repted .p-take., OLl burmer: are lecated in the sppouite wall te
by up-take] olagging and working docre are en one side wall and

s tap Gesr in the other. The charge is ledgns ia the Vrumseted
wp-tahe, vhere it solte and fleows inte the hearih. ™e refres-
torice are similar te these in remrtersicry furnases; the wp-iahe
is lined with a Mgh-grade fire-Mics. Nelting is astremely repid)
s Sten-cagasity furnase en o )-bour ayels will readily melt

& ‘ena/?4 houre. The Gogth of the heorih, hewever, s vt sufli-
eisat for rapid poling. This is Yoot aceamplished ia o molding
faranse.
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Quality control

162. The metallurgical and economic success of the fire-refining
process depends upon the quick and accurate control of impurity
levels and oxygen contents. A multi-channel direct-reading spectro-
graph enables a rapid analysis and an agsessment of the efficiency
of the refining process. Optical oxygen determinations are easily
and quickly carried out to check tlie proper oxidizing and reducing
processes. The gecondary copper refinery ghould also have complete
facilities for wet-cheamical analysis of other elements than those
for which the spectrograph is used. Absorptiometric analysis equip~
ment is uzseful in the determination of phosphorus. Copper intended
for electrical use will require that the conductivity be measured
on an electrical bridge. Facilities for etching and examining
eections of castings are necessary to ensure the quality of the

cast producis.
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5. QUALITY CONSIDERATIONS IN THE RECOVERY OF
NON-FERROUS SCRAP METAL

163. The desired quality of the refined product is determined by
the intended end-use and is controlled by the appropriate manufac-
turing specification. Scran and wastes of various origins are
treated to obtain products of acceptable quality, but there is
always an unavoidable scatter in the chemical composition of the
principal elements as well as of the impurities. This precludes
the use of these materials for the production of wrought products
to a large exient, so that the foundry industry is the main
customer for such scrap. This is, of course, particularly true

for aluminium alloys, brass, gun metal and bronze.

164. The chemical composition must be controlled in order to
produce the following required properties:
(a) Goud castability and other casting properties;
(b) Machinability;
(c) Mechanical properties;
(d) Corrosion resistance;

(e) Tightness.

Aluminium casting alloys

165, Aluminium casting alloys may be grouped into four major
classes for foundry purposes:

(s) Alloys for general purposes;

(b) Corrosion-resistant alloys;

(c) Heat-resistant alloys;

(d) Special alloys for particular uses.

166. In alloys for general purposes machinability and good
casting proparties are required. Higher hardness generally
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improves machinability; this may be engendered hy the presence of
alloying elements. Non-metallic inclusions must be avoided. These
alloys exhibit tendencies to hot-cracking and shrinkage; good

foundry practice can prevent these problems.

167. 1Iron is an undesirable impurity in some casting methods.

For castings in sand moulds and permanent moulds other than for
pressure die-castings, the iron content must be as low as possible.
Levels of 1.0 to 1.5 per cent iron are usually employed when pres-
sure die-casting, as the iron prevents the casting from sticking
in the mould. In the manufacture of the ingots for pressure die-
casting of secondary materials, the iron content is increased, if

necessary, or is retained when present in satisfactory quantities.

168. Copper is a valuable alloyirg element when it is present
between 1.0 and 5.0 per cent with a mean tolerance of about

1.5 per cent. Magnesium increases both the elastic limit and the
hardness, but it decreases elongation values and is reputed to
impair casting properties. The refiner must control the consistent
magnesium content in deliveries because of its effects during
castihg in the customer's foundry. Other elements, including
manganese, nickel, lead, tin and chromium are usually found at

allowable limits, 3 per cent zinc may be allowed.

169. Metals that are more noble than aluminium present a danger
to corrosion resistance., Copper, nickel ;nd zinc fall in this
category, and their contents are strictly limited to 0.05 per oent,
0.10 per cent and 0,15 per cent respectively. The magnesium and
silicon contents must be constant to avoid variations in casting

properties.

170. Heat-resistant alloys are required in the automotive indusiry,
and consistent quality is important both in the foundry and during
gservice. Good deformation resistance and a thermal expansion
similar to that of cast iron are necessary. These requirements are
met by alloys containing copper, nickel, magnesium and iron,
together with a high silicon content. The Y-alloys are typical.
Deoxidante are the only special alloys for particular uses that

are made from scrap.
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171. Chemical composition 1s best determined by the direct-
reading spectrograph, using standards based on the alloy being
tested ratner than on standards extrapolated from those for pure
materials. These standards should be cast into specimen standard
sets under foundry conditions. Analysis of actual ingots should
be avoided because of the wiie compositional scatter. Other
controls are the me.surement of gas content and the machining and
polishing of sections for the detection of hard spots. Mechanical
properties may be controlled by tensils test bars cast in perma-

nent dies,

Co ~base allo

172, Copper of high conductivity is rarely used 1in the foundry
industry. When copper is used, the usual method 1r ‘o sort, melt
and oxidize the scrap to reduce the sinc and phosphorus comteat,
Tin is rarely removed. The cupreocus oride dissolved in the melt
is reduced by the addition of magnesi.m in ihe form of U poar oeat
copper-magresium alloy at the rate of 0.0 per cent of the wight
of the charge. If this is insufficieat, Turther additions at the
rate of 0,01 per cent are made, The copper comtert is uswally

99 to 79.% per cent.

173. DBronse usually containe 9 to 1} per ceat tir, The tin
content 1s carefully comtrolled becaues of its high price, and the
bronse must be ressomably free of lead, As this clement is nod
easily removed by melting, leaded bromse ecrap and lead sust mot
be present in the charge. Zinc scrap 1o similar in this respest.
Other haraful elomenis are silices, aluminium and sulphur) iren
sust sl90 be restricted but nichel is considered eguivalemt %o
copper. The preesnce of gns in brease is hareful te foundry
worlere.

174. Drase is weed in the foundry for sand casting and for &io-
casting. 1ypicel compositions are ae follews)

Por sand cesting, the cepper scateat reangee fres §) to

67 por sent) the load ceatent io 1.0 por eeat| e mmiioes
tis content 18 1.0 or 1.9 per semt) the centent of silices,
sulghur and slwmiaiwe ie 007 pov soat casb.
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For die-casting, the brass contains more zinc than those

for sand casting with a deliberate addition of aluminium

to moderate zinc volatilization. The usual copper content

is 59 to 64 per cent; the maximum content of lead is

2 per cent; the maximum content of tin and aluminium is

0.8 per cent each.
175. The increasing popularity of copper aluminium alloys bears
the risk of their contamination cf other alloys. Therefore, these
alloys must be carefully sorted from other alloys. Various copper
aluminium alloys are used for sand and permanent mould casting.
The latter are usually made from virgin metal, however.there is a
market for secondary ingots used in sand casting. These castings
may contain iron, nickel and manganese, but zinc and tin contents

must be avoided. The total impurity content may not exceed

0.8 per cent. The maximum aluminium content is 1.0 per cent.

Quality control_in the preparation
of scrap for recovery

176. The main method to sort discarded articies is manualj the
experience of the sorter is Very important. The tin content of

bronze may be determined by méasuring the hardness on a Brinell

machine:
Brinell hardness Tin ____
Below 80 ' Below 8
80-95 ‘ 8-12 °
95-115 12-14
Lbove 115 Above 14

Rapid analysis techniques may also be helpful to sort scrapj they

include drop testing, electrochemical potential and spectrography,
snd electrical conductivity measurements.

177. Automatic sorting is used mainly to separate white metal and
copper-base 1lloys. Agitation and screening at a temperature

betwwen the melting points of the ~lloys in a furnace fitted with
s rotating screen is very effective,

178, Weisturv and cutting oils may be removed by ocentrifuging,
followsd by & hot-wmter wash with cleansing agents. Frequently




the scrap is further dried in a kiln, The magmeti~ qeparaticr f
ferrous materials from dry scrap 1s a cheap ini e'factive =orting

method.

179. Briquetting is popular in the copper 1niustry; RN catuvi o E RN o
baling presses are in general use., Although 1t i1s ~laimei that
baling reduces melting losses, this 1s open to juesti n, ™Me wmairn
advantage of briquetting is that furnace charging is famter,
furthermore storage space and handling are more ec.iomical for

briquettes.

Qpaligx_control in smelting and refining

180. Quality control of the fire-refining process for copper
scrap has been discussed in paragraph 162 of this report, The
bronze refining process of oxidation and reduction is similar to
the refining of copper. The process may be employed with or with-
out slag, but better ingots are produced with a slag layer, 5 to
10 cm thick., The slag can be used for several melts; 1its fluidity
ig maintained by the addition of fluorspar. A typical slag is

formed from the followins chemicals:

per cent
Borax . 15

Calcium carbonate 25
Sodium carbonate 35
Silica 25

Without slag, the refining process proceeds by progressive oxida-
tion by air of iron, zinc, silicon, manganese and aluminium, Some
oxides that adhere to the lining are removed by washing the furnace
with a flux of sodium carbonate and silica; the metallic silicates
are reduced by the addition of pulverized coal, and the metals
recovered, The final reduction is achieved with phosphorus addi-
tions. The sulphur is removed by sodium carbonate or by the

addition of magnesium,

181, Careful control of refining is necessary, particularly at

the oxidizing stage, to prevent the loss of tin, zinc and lead,
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182. brass is generally melted in batches by the smelter. The
process is simple as there is no gas pick-up. Sodium chloride

added at the end of the melt is a good cleansing agent.

183. Aluminium copper alloys are melted under slags of cryolite
or calcium fluoride. If manganese 1s present, manganese chloride
is used as a slag; it degasses strongly and may therefore intro-
duce more manganese into the melt. As impurities are not elimi~

nated, the sorting of scrap must be accurate.

184. Thers are several aspects L0 quality inspection. To ensure
homogenecus composition, all ingots of a single delivery to a
foundry should be from the same charge or melt, The direct-

reading spectrograph is recommended to control chemical composition.

Because of its speed, it is useful to determine changes in the

composition, Solidification under a reduced pressure of 150 grams
of 1iquid metal from the melt is useful to check whether degassing
has been completed. The surface of the ingot bar must Le inspected
to ensure tuat splitting has not occurred. Fracturing a slice from

an ingot may reveal spots, blow-holes and the presence of slag.




- 69 =

Annexy 1

LIST OF PARTICIPANTS

Apart from the experts parti-ipating in the meeling, the

follosing 26 persons atterded as obser ~rs. The four UNIDO repre-

sentatives who participated are also listed below.

lg&llx

AlJ $

HUBGANY s
IERIA:
ITALY 1

Qbservers

Tahar Abielmoumem
Saad Nasri

Walter Bazant-Hegemark
Cerhard Caslel
Heirrich G8tsz

Hana Reichert
Priedrich Schifer
Julius Stainer

Mi18p Balazc
Parseshwari Dayal

Luciano Rarcheei
Ciordano Vitali

Roman Balaj
Petre Narcu

Jose Luis Jobrinc Vicente
Pernando Tocs Abascal

Tumer Dsenc
I.LW
Pranc Drosg

Recovan Pikojevid
Jelena Ksbilie




-t -

H, Abde. Ranmar, Bxe-.tive Diretor

14
-

Bgor Ruthtlam, Diputy Director,
Intustrial Techrology Mivisiow

L. Torrsa 4a 3i.va, Thief,
Netallurgical Trdustries Sectiom

Christo Popov, Nember of the Staff,
etallurgical Industries Sectiom




10/W5.46/1

1D, W, 48/2 Problems of secomtary lead amd zime atilizstion,
ey ¥, Parthasarstihi

1D/wC. 46/ Cpportunities in the production of secondary nea-
ferrous metals,
by R, Spendiove

ID/ W46/ 4 Search after apprepriate guality for ingets of
secondary noa-ferrous mmials and alloys destimed
for canting,
by C. Raserd

Pelicios, ineoative: and programmes

Preblome of quality in proowesing sscendary nen-
forreus screp metal,
w 5. Chmiradarti

Pattern of future dewiopment of the secondary nen~
ferrous swtals i1ndustiries in doweleping countiries

tilisation  copper serapt tochnol gy and
squipmenat,

by De Davies

Psesible policies and ssasures for the crvation of
copper sernp facilitios in deweloping countries

Sourees of non~ferrous scrup metal and alloys and
their preparation for miting and reclamation,
W L. Prumse.

RMeconmoadations "ad pregesals

Utilisstion of alwminiwm sosup: techaclegy and

oguipmeat,
W J. Jakebi

Bpesific suggeetions for cotablishing scrap recewsry
fasilitioe

) 4 1'mived mmber of copics ase available wpen request.




{ ﬁi‘:m' *&if‘?

/WS, 86/10

Econamic aspec s and significance of the atiiisatisn
of mom-fearvreus scPap in Ieveloping ani eve; spod

coumirion,
W J. Dates and K, Tomao

Nethods of miting non-ferrous screp setal oand
pesesibilities of their application in Seweicping
coumiries,

by B, Istria




LS

Avaiiakiiity of row waterieis for peraciary .fal ard i
topenis ~2 Lhe conmampt. s 7 primary ®eta 2 T Far. el apBLiTAs
tiome ami alen sa the propertiom 57 acpap P Pes tuss Arising from
ea-h of the end-prodscts, . osl i Latieries wmi “abis sheathing
sre 179 =hiaf sourees of seoanlary lead, wWhiis piveriting resiiues,
fie—cacting sePap 4 4 2inc shee's are the important soupees far

SREOR LATY RAWE,

A ®a or pertiom »f the secondary (ewni i1» terived from battery
scrap., He rollestion of batteries is » Wil srgenised secter 514
the se-endary metals trade whish weeiwes a sieaty supply of al4
patteries for the reclamation o jead, Wmerous patenis and
proceasees a. > available for the recevery of ioad from daitery
screp o1ther a8 & metal a7 ae an alley of satimeny, These inclsde
thermal ani electreiytic proceseses: eash 3f them has »rivantages,
{isadvantages and & lLimited spplication, FPlawbing Tisteres snd
strippings of cable sheathing ani sld sheet are ilse good seurces
af secomdary lead) \he refining of wwrh scrap o weuwally simple,
*roataont of other lead-bearing residese swrh as dust, fwms, sliage
and the Line is complicated ani very 2fion roquires ¢Epeasive pie-
liminary proceseing and comples smslting snd refining procedures.

Althrugh galavanising residiues sush a8 1ine dross and Wb are
goed sources of seoendary sinc, \hay sre sfton weed a0 rew mmterials
for the production of sine 4ust, sine otide and olher cemprunds of
sine. Production of sscondary sine [ren galvansing residuss is
predeninantly cenfiasd to therunl techniques, alihough siocire-
lytie processes are alsc seeasionally emplaged. Zine choot serwp
is emsily pocessed My singie refiring ‘ehnivens, while fie-
canting o rep 18 wonally ‘rested u the sane ssthade edopted foo
tive tres., Zine frem flash!igh’ Letteries s gwmerel iy mi




je vermi ca-g.ee of 1.°f1 5. ties ie coliestior ar separation

Y orae mets

s & womicz f tha reacoyery of sec miary 2.1 and zinc are
large . s tepeadent om three important aspectis of the secondary
wta.s 'raim, ™HRese ircl cie the - lisction f s rap, the separa-
vise of tha metallic ~ontemt from cther substances ani, lastly,
refising or smelting of the scrap ani residues., tach of these
stages ~aitritutes to the fimal —ost of the secondary metal} there
s instances where seconiary metal recovery 1s uneconomical due
1o escessive cost or practical 1ifficulties in connexion with one
sr more >f the above aspects., In addition to these main considera-
tions, factors sach iz the eni-uses of the secondary metals,
stability >f price and freight charges hive an important bearing

on the methed of uae ! serap or residues,

T™e pattern of consumption of lead and zimc and, conssquently,
the wee of serep 1R deweloping areas differs from that in highly
industrialised countries, A aumber of deweloping couniries experi-
ence s shoriage of the tws metals., Thus, while coaditions are
favourable for the reclamation of secondary lead and zinc, there
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foreign enchange difficulties, .lowsver, various sieps can de
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snesurageanat aay be aseded,




Cpportunities i the production of
secordary non=ferrous metalc

ty M. Spandlove

W

Recently discarded durable metal giods manufactured some ten
to fifty years ago comprise a substantial part of the raw materials
currently processed by secondary smelters. Opportunities in the
current i1ndustry must be found therefore for processing these old
materials as well as the new scrap being generated by manufacturing
plants. Since the scrap materials of tomorrow are being manufac-
tured as durable goods today, the potential future benefits are
considered. It is shown that these metal materials are accumulating
as goods-in-use in the United States and are collectively reaching
enormcus proportions., They comprise a growing metal resource.
Documented data on the actual quantity of scrap materials prccessed
annually show that these materials supply a large part of the total
metals consumed, The record also shows that primary and secondary
metal production rise and fall approximately in unison, and, for
some commodities, the fraction of metal supplied from scrap appears
even to be increasing slightly more rapidly than primary metal pro-
duction. Such data may be useful for estimating the profitable
scale of operations in a developing country simply by comparing its
lpvel of industrialization with comparable reliable data published
b:y other countries. The ratio of profitable secondary metal produc-
tion for two countries should be approximately proportional to the
ratio of their levels of industrialization. Such a comparison of
data would simply indicate the total volume potential, but the
economic potsntial could then be estimated in accordance with
domestic capabilities and other assets. Accordingly, opportunities
in the production of secondary metals would be found through several
msans, such as judicious management, adopting only the most advanced
and efficient technology and possibly negotiating suitable trade
agreements. Several typical examples of interesting possibilities
are discussed including distillation, electrometallurgy, mechanical
separations and chemical processes.
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Search after appropriate quality for ingots of
secondary non-ferrous metals and alloys
destined for casting

by ©. Mascré

The eccnomic and juridical aspects are considered to be of
great importance for the recovery of secondary non-ferrous metals.
The foundry industry can use alloys of relatively scattuered compo-

sition and is, therefore, an important consumer of secondary non-

|
ferrous metal alloys. The qualities of different aluminium- and i
copper-base alloys are described in the paper. The influence of |
a number of chemical elements on these qualities is discussed. In ;
addition, the sequence of technological requirements for the produc- |
tion of ingots from different non-ferrous alloys is explained in |
some detail. The equipment and furnaces used are also briefly

described. The paper deals mainly with the quality, inspection and

control of ingots destined for the foundry industry.

i T
i
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One of the striking feat re: ¥ the rap.! growih . the nos-
ferrous metals industry in re-ant j;ear= i1z the effe t.vea recovery
and use of secondary metal tc an extent of X per cent and more of
the total production of important primary rnon-ferrous metals such
as aluminium, lead, copper, zinc, tin and nickel, In the 'nited
States, secondary metals account for 42 per cent of the total
production. With an ever-increasing necessity for recovering
secondary non-ferrous scrap metal, more attention 13 being paid to
the questions of acquisition, i1dentification, segregation and
processing of the available resources. Non-ferrous ore deposits
in India are small, Therefore the current Indian production of
ma jor non~-ferrous metais 1s negligible, and the bulk of the
country's demand is satisfied through imports. After an analysis
of the country's future demand and production pattern, the paper
stresses the importance of a planned programme for effective
recovery and use of secondary non-ferrcus scrap metal by all
possible means. This problem was correctly approached by the
National Metallurgical Laboratory of India at Jamshedpur by
considering, on a priority basis, research and development work
on the recovery of aluminium from dross and other scrap souroces,
as well as copper from secondary materials by melting and electro-
metallurgy. This work may serve as a guide to large-scale indus-
trial recovery of secondary aluminium and copper. The paper then
describes the various sources of aluminium and copper scrap and
alloys and discusses their characteristics and qualities. Seversl
methods of extraction and recovery are suggested. Various methods
of recovering metal or alloy aluminium from dross and skimmings,




f.rom - 2 rap, POilirng s rag, fatricatior scrap, rold aluminium
wire, Foi.x, 1.3 ariei .terzile i luling various aluminiun-3ailoy
scrap from t rings, turrings, irilling, millings an1 [uralumin
rave tear li3cuzaei, The operation of sultable types Of furnaces
12 a1 liscussed, The paper irnciwies similar discussions on the
aval.ability of fabrication copper acrap and other mixed copper-
pearing scrap containing 17 to 'Y, per cent copper and procesges
for their recovery, The effect of furnace atmosphere during
melting of scrap metal, with particular reference to hydrogen,
oxygen, water vapour and refractory lining in relation to product
quality has been clarified, Finally, the paper stresses the

importance of maintaining meticulous quality control in processing

non-Terrous scrap metal at every stage of operalion from the ini-
tial source of the scrap through the manufacture of the finished
product. This should be accomplished through the application of
modern metallurgical testing equipment such as metal spectiroscopy,
direct-reading spectrometer, X-ray florescence spectrometer or
through a conventional analy‘ical-chemical ladoratory set up under
the guidance of an experienced metallurgist.
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Utilization of copper scrap:
technology and equipment

by D. Davies

The paper is essentially a practical guide for the recovery
of copper from scrap. An attempt has been made to reveal the
potential use of fire-refining methods as compared to electrolytic
refining for the production of copper shapes for subsequent working.
In this way, the maximum use of a valuable asset is to be realized
with its considerable contribution to the copper-consuming sector

of the economy.

The fire-refining process is well known and is well documented
in metallurgical literature; therefore, no attempt has been made in
the paper to deal .with the purely metallurgical considerations of
the process. Emphasis has been placed upon the practical aspects
of the operations to suggest the scale of operations required and
to indicate the ancillary and supporting activities of scrap collec-

tion and sorting, which must precede the actual refining process.

An indication has been given of appropriate equipment for the
establishment of a refining operation for certain lewsle of activ-
ity. In this regard, the paper has been generalized to present a
common form of good practice that is appropriate for very small to

comprratively large inatallations.




:
B
1
g
&

- 176 -

Sources of non-ferrous scrap metal and alloys and
their preparation for melting and reclamation

by L. Frumosu

The paper deals with sources and the importance of non-
ferrous scrap metal. It is particularly important to determine
the origin and classification of scrap metal in order to ensure

adequate storage and transport after collection.

In the most effective use of secondary metals, the manufac-

tured end-products are similar in composition to the material
salvaged.

Better extraction yields can be obtained by:
(a) Knowledge of source and composition of scrap metal}

(b) Classification of scrap metal in accordance with
quality standards; (This proves the importance of
compulsory classification standards. A standard for
non—-ferrous scrap should consider the quality require-
ments demanded by the processing plant.)

{(c) Procedures for acceptance, handling, transport and
storage to avoid any possible contaminationj

(d) Organization of enterprises for collection and delivery
of scrap metal to the prooessing plants;

(o) Organisation of preliminary treatment of scrsp metal
to ensure quality requirements for full reclamation
of useful metals.

Some of these points are applicable to th; source of scrap, some

to the collecting enterprise and others to the processing plant,

The paper discusses the scrap collected in Romania, its
sorting by collecting enterprises and the specialised screp
processing plants. The following groups of scrap metal are
discuseed:

(a) Copper and its alloys;
(v) Zinc and its alloys;

(¢) Tin and its alloys;

(4) Lead and its alloys;

(o) Aluminium and its sllays.
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The characteristics of scrap metal in the following three
forms are given:
(a) Serap metal 1n pieces;
(b) Cuttings;

(e) Scrap oxides,

The preparation of scrap metal for melting and reclamation
is the main theme of the paper and therefore the preparation
schedule of the base metal is presented in detail., The technology
and a flow sheet of the process are given; future trends are

o.tlined.

The experience of the specialized NEFERAL plant for scrap
processing is described; the efficisncy of its technology is
indicated. Scrap metal of aluminium- and copper-based alloys is
prepared by pyrotechnical control, sorting, dismantling and baling
by special equipment., Cuttingu of aluminium~ and copper-based
alloys are prepared by the following steps: breaking, degieasing,
removal of iron and briquetting. Dus to deficiencies in the
degreasing technology using rotary drums, modern methods of
degreasing with solvents have been tested,

In the preparation of lead and lead alloy scrap, special
equipment is used to dismantle powesr cables ~nd to crush tubes,
Oxide scrap containing copper and lead is prepared by agglomer-
ation or brigquetting] ~xide scrap containing aluminium is prepared
according to mechanical or hydromechanical techmology. 0ld
batteries are usually prepared by dismantling and sorting. Phys~
ical~cheaical sstheds for quick amalysis have been introduced
parallel with the application of modern technology.

In conclusion, it has boen noted that rational primary prep~
aretion is vital for an cconenic reclamation of non-ferrous setals.
T™he ispertance of thees astivities in developing coumiries has
alse been painted out,
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tti1l1zatior of alumirium fCTABLS
techrol gy ard equipmen?t

by . Jakota

This review of the aluminium scrap smelting industry deals
wit- the nature and origin of the maw materials. Methods of
preparation are described to show how to upgrade scrap in order
to make alloys of higher values than would be possible from the
unprocessed scrap, thus providing uniform furrace charges and
achieving maximun productivity. The various furnaces in current
use and the metallurgical aspects of smelting and alloying are

described.

Recommendations are made for the disposition of scrap depend-
ing on the volume of the resources and the scale of operations
planned. Although quantities mentioned are in respect to aluminium
scrap, it is suggested that some facilities can be designed to
treat other non-ferrous metals; then more advanced equipment can
be justified where the resources of aluminium alone are insuf-
ficient. Similarly, partial preparation of scrap in a number of

areas prior to transport to one smelting unit may be desirable

in developing countries. If there is only a imall market for |
foundry alloys, rough re-melt ingois may be the most suitable

product to export for the production of a variety of higher-value
ingots. FPFc. quantities of less than 500 {onu per annum, direct !
sale to the best market should be encouraged.

The size and scope of the industry in developing countries
will grow in proportion to the general industrial development,
but they will be particularly dependent on the manufacture and
consumption of such articles as durable consumer goods, aluminium
components in modern buildings and aluminium-based clectrical
transmission equipment. The gradual increase in scrap generation
will limit the size of the scrap smelting indus*“ry.

As foundries are established to meet the demands for alumin-
ium alloy castings, the output of smelters will change from the
early stages of simple re-melt ingots for subsequent processing
and alloying to production of specification alloy ingots that
require close control and up-to-date techniques. The number and
sise of individual plants will depend on the geographical
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distribution of industrial concentrations; smaller and more
numerous operations will be desirable if the distances between
centires are great. A few large factories will be more viable if

the centres are close to each other,

The furnaces, handling and processing equipment, production
techniques and laboratory control mentioned in this paper have
all been ueveloped in Europe and the United States to meet their
operating and commercial requirements. Por plants in countries
where they would be entirely new ventures, local conditions may
present opportunities and problems that could well lead to modi-
fications and improvements in existing practices. The circum~
stances and the types of scrap available are continually changing.
It is therefore important that an installation should be capable
of adaptation to suit the widest range of demands that may be
made.

-
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Economic aspects and g;g;!;cg nce of the
utilization of non-ferrous scrap in gnggg;m

and developed countries

by J. Dutko and X, Tomko

Non-ferrous scrap metal i1n variocus forms 1s an important
source for the production of secondary mstals. In general, devel-
opments in this branch of metallurgy have resulted from a decrease
in the percentage of valuable metals in the existing ore reserves
as well as from the increase in demand and markst prices.

The most effective means of establishing a domestic meial
supply as a base for further developmert of industiry in the dewel-
oping countries is considered to be the collection and processing

of non-ferrous scrap metal,

The technology of processing the scrap iato uwsable mstal is
generally a simple one. Ina number of cases it does not require
large capital investments; the total expenses for processing uwsw~
ally is only about 25 to }5 per oent of the exponses nsceseary for
production of the primary non-ferrous sstals,

This paper points out the ecomomic aspecis and pos=: dilities
for the development of a secondary noa-ferrews msstals inaustiry Aa
the developing ocoumiries.

:
|
|
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