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SUGGESTIONS FOR FURTHER RESEARCH

(by ITE in cooperation with SGM and CERIMET)

By viewing the various products and product groups with regard

to technological problems of recovery,it may be stipulated that
certain common features exist in spite of many differences in
size, metal input and availability of products. The major tech-
nical constraints on recycling of non-ferrous metals are concerned
with their separation from materials in the waste stream, from
other materials added during the manufacture of the product or

from other elements in alloys.

On the other hand, regarding the efficiency of scrap collection,
two different sources should be distinguished. Production waste
as well as old scrap arising within the industries are usually
recovered as far as feasible at given technology and prices of
secondary metals. In contrast, products becoming obsolete within
the household sector are normally disposed of in household refuse
and therefore, at present, hardly recovered. This second source
evidently offers the more important potential for additional re-

cycling.

l. Aluminium Recycling

Some of the most important problems are: the increasing complexity
of scrap to be converted into secondary alloys; the call for re~

duction of energy consumption and of labour requirements; the con-
trol of pollution related to some operative methods used in secon-

dary aluminium metallurgy.

— For gome methods in the field of sorting and dressing further
improvements are to be expected, as additional experience from
industrial practice can be used. Entirely new approaches might,

however, be tried for some of the processes: For instance the

results of conventional shredding applied to unsorted scrap



armoured or oil-filled cables. A future development might

possibly consist in adapting some of the existing methods

for treating lead sheated cables by modifying the desinte-
gration process, and complementing it with the separation

of lead from the other metals. The possibility of a cryo-

genic grinding has to be pointed out in which lead is sub-
ject to embrittlement. Of course, the economical factors

are prevailing on all other ones.

The recycling of gerapped lead in its more sophisticated forms,
like batteries and cables, gives rise to a number of pollution
problems, mainly air pollution, owing to the emission of sulphur
dioxide and of chloridized fumes, but also water pollution, in
view of the lowest lead levels in streams, tolerated by law re-
gulations. The last referred factor might cause law infringement,
when dumping materials, even slightly contaminated by lead com-

pounds.

Under such conditions, future development might come off as

follows:

~ Improvements in retreatment and recovery of sulphurized-
chloridized fumes, to be accomplished possibly in one
plant, jointly owned by many smeliers, and operating e.g.

by hydrometallurgical methods.

- Replacing pyrometallurgical methods for treating battery
active masses and other lead oxides and compounds, with
other partially or totally hydrometallurgical methods,
thus reducing air pollution and possibly hindering also

water pollution,

The trend to substitute hydrometallurgical methods for pyro-
metallurgical ones is already to be observed in the primary

lead metallurgy, though in limited amount until now.



Attempts might be made — within the hydrometallurgy research
work - to produce high value lead oxides or compounds directly
from recycled material, avoiding the reduction to metal, by
using special selective reagents or by purifying lead salt

solutions.

The economic advantages of such an approach are apparent.

3. Copper Recycling

To increase the copper recycling)main aspects are:

- To make the scrap more homogeneous,new techniques should

’
be developed, although some new processes, like cable
chopping or car shredding, are already applied on a large
scale., Important progress is still to be made to generalize

such methods to mixed scrap.

- A type of scrap to which more research work should be
applied is low-grade "irony" scrap, such as electric

motor scrap or copper-steel residues from car shredders.

- Cryogenic grinding is a new way of processing some types
of scrap, but its economics are still uncertain, being too
dependent on the price of the cooling agent. An estimation
of the conditions under which such operations are profi-
table could help assessing the future of this method; scrap
and copper prices, choice and price of the cooling agent,
size of the cryogenic plant, etc. should be taken into

account.

- For secondary copper smelters and alloyers, a reduction of
the treatment costs depends primarily on furnace operations.
Methods like oxygen enrichment of the air, air preheating,
natural gas poling, are to be studied further to be applied

on a large scale,



- The improvement in the recovery of by-products from
copper scrap and of the proportion of copper recycled
from the converter to the blast-furnace as a slag,

should also be increased.

- Electrolytic refining should also be the subject for
research on the way of itreating anodes produced from
very impure blister copper or complex scrap. In some
cases, this might allow to avoid either a preliminary
refining, or the production of second-quality copper

that is more difficult to utilize,

4. Zinc Recycling

To increase the zinc recycling research work, one should con-
centrate on the recycling of galvanized products and zinc die
castings. In addition zinc recycling from products such as

batteries or tyres might be of interest.

- In the case of zinc recovery from galvanized products,there
is at present only one direct process of recovery, the
Prayon process. However, under present conditions the pro-
cess is not yet applicable., On the other hand different
processes for the treatment of iron dusts and sludges
dusts have been developed. These dusts and sludges are

of various origins:

- blast furnaces
-~ converters

- open-hearth and electric furnaces.

The industrially most elaborate process to retreat iron
dusts consists in the direct reduction of these dusts in
a WAELZ-type rotary furnace. The economics of this process
would moreover require Zn-rich dusts. The processing of

ordinary blast furnace dusts (4-5 % Zn) would not be econo-
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mical. However, up to now only small quantities of zinc are
recovered from galvanized products, mainly due to economic

reasons. 1

~ Next to galvanized products, still important and yet hardly
utilized sources of zinc recycling are zinc die castings
which are primarily used in the motor car industry. The re-
cycling difficulties of these products result from their
widespread applications especially as small parts. So far,
larger quantities have only been recovered from motor cars.
Recycling from other product areas is still very small be-
cause of disposal in household refuse and separation diffi-

culties.,

- So far, zinc recycling from primary batteries has not been
feasible, since obsolete cells are disposed of in household
refuse and are either dumped or incinerated. Other problems

are related to the mechanical separation of batteries.

- As for the zinc oxides used in tyres, there are several tech-
niques of recycling. At present, only small quantities are
recovered in F.R. Germany. How far recycling in this field
will actually increase in future depends largely on the
choice of technology. This decision is subject to economical

factors whereby zinc recovery plays only a subordinate role.

5« Tin Recycling

By far the most important individual area of tin application - as
regards additional recycling - is packaging, i.e. tinplate from old
cans. For many years the new scrap resulting from the production of
tinplate and especially cans has been recycled. However, much larger

quantities of old tin-containing materials have remained almost unused.

! It must be pointed to the fact, that besides research for a better
product from flue dust processing, there exists the need for an
economically feasible method for recovery of zinc from galvanized
steel scrap before this scrap enters the steelwork furnace. The
economic advantage of such a process would not only lie in the
zinc recovery, but also in the upgrading of steel scrap.



They get into industrial and domestic refuse and are only
rarely recycled. At present, recycling usually takes place
only in the form of steel recycling. The recovery of tin
from used tinplate packaging is up to now subject to re-
search efforts undertaken in nearly all industrialized
countries. The main obstacles to the salvaging of used
material are the collection and processing problems; the
detinning process itself seems to be less problematic,

as the technique is principally the same as in the case

of production wastes (new scrap).

The tin content of alloys such as white metal (bearings),
solder, bronze, efc. is already recycled to a comparative-
ly large extent. But most tin recycling processes in this
field result in "Mischzinn" or similar lead and tin con-
taining alloys which are reused as alloys. It seems to be
appropriate to emphasize the problem of high grade tin
separation from tin-lead-alloys in an economic way as one
of the most relevant and necessary developments in this

areae.
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Introduction

In COM (75) 535, final of 29.10.75, on "Objectives, priori-
ties and means of a common policy of research and develop-
ment", the Commission proposed among other things that
recycling of scarce materials be retained as Community
priority for the coming five years. In this context the "Sub-
committee CREST R&D raw materials" has examined the situa-
tion in the Member States and concluded that an outline of
Community R&D activities should take into account the findings
of techno-economic studies in this field. Among such studies

one should cover the recycling of non-ferrous metals.

As outlined in the annex of the research contract underlying

this study, the analysis should determine the recovery potential

of used materials, on the basis of the metal content of finished

products, taking into account the present technology for recovery
of old scrap.

ITE, Société Générale des Minerais (SGM), Belgium, and Cerimet
Italy, in joint efforts prepared a survey of recycling
technologies, consisting of three volumes in total. In addition
ITE developed a quantitative framework with respect to recycling
potentials of aluminium, lead, copper, tin and zinc. As for

the material-flow-data for the German economy ITE based this
analysis upon input/output-data provided bv Deutsches Institut
fir Wirtschaftsforschung (DIW), Berlin, and INFRATEST-INDUSTRIA,
Minchen.



The material flow, the assessment of the potential of old
scrap and, finally, the identification of areas for R&D
activities to increase the recycling of non-ferrous metals
are subject of this fourth volume of the complete study.
It should be noted, however, that this work employing
input/output-tables for following the detailed material
flow through the economy had the character of a pilot-study
from the very beginning. In order to keep the efforts
necessary to cope with the input/output-approach in rea-
sonable limits, this part of the study was confined to
F.R. Germany, where basic data for 1972 were available.
For a more recent year such as 1976 estimates can only be
derived from the 1972 table upon the assumption of stable
input/output-relationships. They are shown in appendix B

for reference purposes.



l. Selection of non-ferrous metal containing products on

the basis of input/output-tables

l1.1. Preliminary remarks on the input/output-matrix

1.1.1. The relationship of an input/output-matrix

Each individual branch of an economy - an economic sector -
is related to the other. The production of sector A - e.q.
smelter production of copper - is needed for the production
of sector C - e.g. the production of semi-finished goods
made of brass. Besides, sector C may also have to procure
products of sector B - e.g. smelter production of zinc.

Such necessary procurements from sectors A and B for pro-
duction in sector C are called intermediate inputs. Apart
from procurement issues (as viewed by C) there are also
supply aspects concerning A and B: this flow of goods will
be called deliveries. However, neither is sector C only a
receiver of intermediate products nor are sectors A and B
exclusively delivering sectors: sector C delivers its
production (semi-finished brass ware) to the sectors D and E
(e.g. production of taps, cocks and valves). Yet, production
scrap arises in these sectors through manufacturing and is
delivered back to A and B (copper smelter, zinc smelter), if
possible to C (industry of semi-finished goods). Again

to the receiver this is intermediate input and to the sup-

plying sectors deliveries (see Figure 1).

These mutual relationships between individual sectors of an
economy - called intersectoral production relationship - are
drawn up in a éwo-dimensional matrix in which all sectors
are listed on the one hand as suppliers (by line) and on the

other as receivers of intermediate products (by column).



INTERLOCKS OF DELIVERIES AND SUPPLIES BETWEEN FIVE

Figure 1:
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A = copper smelter D = production of taps, cocks and valves
B = zinc smelter E = production of locks and fittings
C = brass-semis plant
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Table 1 gives an example of such intersectoral production

relationships for five sectors.

Table 1: THE INTERMEDIATE PART OF INPUT-OUTPUT-
TABLES :

Purchasing sectors

7] A B C D E )
v
S
8 A | aa ab ac ad ae a.
)]
o B | ba bb bc bad be b.
£
ﬂ C |ca cb cc cd ce c.
@
Zlpflaa a ac aa de | a
Qo
A lElea eb ec ed ee e.

Tl.a .b .C .4d .e .o

Apart from these intersectoral production relationships
there are also so-called intrasectoral relationships.
These are shown by the flow aa, bb, etc. (see Table 1).
They refer to deliveries within a sector which may be
caused by specjalization of individual companies (e.g.
a producer of semi-finished goods may deliver its manu-
factured copper rods to another which processes them to
wire).

The sum of deliveries (a., b., ...) to other manufacturing

sectors is called intersectoral or intermediate output or



intermediate demand, respectively; summed up column-wise
(.a, .b, ...), the aggregates are called intersectoral or

intermediate input.

This intermediate section of an input/output-matrix is most

important. However, it must be supplemented because

- on the oné hand, not all deliveries of a sector must
necessarily be transferred to another manufacturing
sector; moreover, they can also be demanded by domestic
and foreign consumers or investorsl and, thus, be turned

over to final use;

- on the other hand, not all intermediate products are pro-
cured from other domestic manufacturing sectors, but can

also be imported.

The matrix of input/output-relationships between individual
sectors of an economy, as shown in Table 1, must therefore
be supplemented by sectors which account for these aspects:
consumption, investment and exports are added as receiving
sectors. The lines of intermediate output must be supple-

mented so as to include procurements from abroad (imports);
in the view of the receiving sectors this is primary input.

The complete input/output-matrix is shown in Table 2. The
entire raw material flow may be outlined as follows: the
copper smelter A procures its raw materials partly from the
foreign country M, and partly from domestic sources (e.g. new
scrap from copper manufacturing industries). The intermediate
products leave the smelter as blister or refined copper and
are delivered partly to further manufacturers(e.g. the pro-
ducers of semi-finished goods), partly for export. Only the
former remains in the process of domestic manufacturing.

The producers of semi-finished goods themselves process the

1l Intermediate products and investments are basically different:
Whereas intermediate products are directly used for a product,
investments serve for the manufacture of a product.



copper and deliver it to further domestic sectors, or export
it. Now, the supplied sectors may produce locks and fittings,
etc. Again, these are forwarded in part to intermediate de-
mand of other sectors (e.g. mechanical engineering), but

also in part to final use (consumption, investment or exports).
The flow is not completed as long as deliveries are made to
further manufacturing‘sectors: it ends when deliveries are

totally turned over to final demand.

TABLE 2: BASIC OUTLINE OF AN INPUT-OUTPUT-TABLE

Purchasing sectors
! T
A B C D E |I | Consump~ Invest- Export ! I
-] tion ment v
A 1 ny o
ool I o
4] am
§ B g A B
o )
o c g g y
© mg
D =]
2 g ]
! E
2
>
-'1 - o=
D
Q Z£| Intermediate Inputs
Import Primary input Imports for final demand
Gross production.

-1.1.2. The role of input-output tables within the study

In a raw material flow analysis completed for the Bundes-
ministerium fiir Wirtschaft (Federal Ministry of Economics),

the Deutsches Institut fiir Wirtschaftsforschung (DIW) to-
gether with INFRATEST-INDUSTRIA drew up a comprehensive
input/output-matrix for internal use. Employing the latest
available input/output-table for F. R. Germany,a 56-production-
sector-table for 1972, as a basis, the internal matrix



holds 278 production sectors, including those relevant for
aluminium, copper, lead, zinc, and tin. Referring to the
data given in this comprehensive matrix, the path of an
initial output such as the production of a lead smelter may
be traced through the whole economy (e.g. from the lead-acid
accumulator industry to the automobile industry and hence,

to exports,investment or consumption).

For the original analysis of raw material flows mentioned above
the availability of imported raw materials only was calculated
in value terms. Thus, for the purpose of the CREST-study, it

was necessary

-~ to transform the value data of raw materials at disposal
into quantities, and

- to include both domectic primary and secondary material,

apart from raw material imports.

The flow of raw materials, 'in quantities, was derived from
the structural output data of each production sector using
these materials. Although this procedure may result in some
shortcomings in special cases, i. e. whenever sectoral output
is inhomogeneous yet in spite of the underlying, highly
disaggregated input/output-table, the approach seems
acceptable in total. As for primary input from domestic sources
it is aswell reflected in the sectoral output data as that,
of imported metals: As soon as the material has entered the
domestic supply system it is of no importance whether the
metal originates from inland or from foreign sources.

The primary inputs in total are compiled in Table 3. The
figures cover raw material and non-ferrous products of the
first manufacturing stage. By input/output-calculation these
inputs were assigned to final demand, including exports of
finished goods. To assess the metal quantities domestically
available for recycling, it is necessary to adjust the results
of the input/output-matrix by adding the metal content of



Table 3: CALCULATION OF THE PRIMARY INPUTS OF THE INPUT-
OUTPUT-TABLES 1972

input= metal

components Al Pb Cu Zn Sn

Domestic pro-
duction of
primary and 711.9 322.2 398.5 382.5 2.4
secondary
smelters

g;r‘;g;agse 33.6 lo.o 147.6  34.4 9.7
Increase (-)
and
decrease (+) - 2.5 - 1.0 - 9.2 +12.0 - 0.4
of visible
stocks

Imports of
non~-ferrous
metals and 502.5 63.2 528.6 194.4 18.5
semi-finished
products1

Total input 1245.5 394.4 1065.5 623.3 30.2

1 Excluding imports of new and old scrap, ores and concentrates,
which are included in the production figure

Source: METALLGESELLSCHAFT AG: Metalstatistics, 1964-1974,
62. Ed., Frankfurt/Main 1975; STATISTISCHES BUNDES-
AMT: Fachserie G, AuBenhandel, R. 2, Spezialhandel
nach Waren und L&andern 1972; ite estimates.
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imported finished goods, for instance the lead-content of
imported lead-acid-accumulators. Apart from the flow of

raw materials into final demand components (consumption,
investment, exports), the metals may also be used as

auxiliary materials at various production stages or disappear
from the economic cycle due to production losses. Lead, for
example, is incorporated in lead-acid accumulators, and through
deliveries of the accumulator-industry to the automobile
industry part of it shows up a metal-content of final

demand for automobiles. However, lead is also used by the
chemical industry as catalyzers, i. e. it is not processed
directly into chemical products. This portion should therefore
not be declared as the lead component of final demand for
chemical products, but rather as auxiliary materials

remaining within the chemical industry. DIW and INFRATEST-
INDUSTRIA took account of this aspect when presenting their
input/output-results.

Furthermore, the results given below were subject to
plausibility controls through joint efforts of the partici-
pating institutes (ITE, INFRATEST-INDUSTRIA, DIW). In

some cases of greater discrepancies between the input/output-
results the basic data were revised upon indication by cross-
checks with partially available data of official statistics
or information provided by associations. Because of pure
practical reasons, limits of computation were set, as not
each and every little quantity of metal could be included in
print-out of the flow pattern. By weighing the pros and

cons between clarity and accuracy a raw material was

regarded as having been traced -through the whole of the
economy when at least 90 % of the original input had been
ascribed to the final demand components. The shares of
original input actually recorded totalled in case of



-11-

- aluminium 95%,
- copper 926%,
- lead 93%,
- zinc 96%,
- tin 96%.

Finally, further issues that could affect the "truth" of
the raw material flow to final demand categories should be
pointed out here.

One distortion of the raw material flow - yet negligible
in view of the problem at stake - is already caused by

the fact that minor metal quantities actually required

as auxiliary materials have been ascribed to the final
demand components, sectors 57 to 61 of the matrix. Due to
the difficulties in determining each relationship in which
a certain input is employed partly or totally as an aux-
iliary material, a percentage of 0.3 was taken as minimum
amount for following the flow. Sectoral deliveries or
supplies, respectively, amounting to less than 0.3% of
total raw material input have not been listed individually
in the step by step scheme, but under the collective number
99999. Therefore, these deliveries or supplies could not
be identified any closer and were continued to be treated

as raw material quantities still within the economic cycle.

Another distortion may be caused by the fact, that individual
sectors are still not sufficiently disaggregated. For it is
conceivable that there are various production lines in a
certain sector which feature different raw material contents
and different structures of deliveries.
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l1.2. Examples of raw material flow

In this chapter, examples of input/output-relationships
will be shown for several products elucidating at the

same time the possibilities of analytical assessment.
While finished products and such which are mostly de-
livered to final demand are only suitable for showing the
intermediate input relationship, intermediate products
have also been chosen. They primarily allow to demonstrate
the intersectoral output relationships. Apart from the
intention to analyze both input and output patterns the

examples have been chosen at random.

1.2.1. Aluminium

The use of aluminium is generally wide spread, dominated

by few major fields. As regards finished products the
automobile sector deserves special attention. Major alu-
minium supplies to the sector are the foundries accounting
for about 50%. These include both primary and secondary
aluminium which are processed into engine blocks, cylinder
heads and many other small parts. Drop forgings such as
pistons, connecting-rods and wheel rims, too, originate

from this input sector. Furthermore, the producers of
semi-finished goods play an important role as suppliers

for the motor car industry. In this case, major intermediate
products are rolled products for body parts such as hoods or
complete lorry bodies, and moulded and drawn articles such

as profiles, rods, tubes, etc.

On the output side there is a definite concentration on

final demand of which roughly 50% are exports (see Table 4).

In order to give an example of interesting output patterns

a sector has been picked out which manufactures a typical
intermediate product: the industry of semi-finished aluminium
goods.
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Table 4: STRUCIURE OF INPUTS AND OUTPUTS OF ALUMINIUM FOR TIE MOTOR-

CAR INDUSTRY, 1972, in 1 ococo t

manufactures

0,2

Inputs = purchases from Outputs = deliveries to
Code |Specification Quantity | Code | Specification Quantity
primary input 38,6 1o iron and steel
60 stock decrease 0,6 industry 0.1
5 39,2 43 food industry o,1
44021 | autanobile repair
1o iron and steel business 1,9
industry °1 | 45 |muilding and civil
11 iron and steel engineering 0,5
foundries 2,0 54999 | miscellaneous
12 drawing plants services o,1
I?Eillgold rolling 0.2 21 intrasectoral
' deliveries 20,8
13007 | aluminium .
. 99999 | not attributable
fourdries 16,8 deliveries 16,1
13010 | semimanufactured intermediate
products of a a 39,6
aluminium 41,0 =nan '
14 chemical industry 0,3 57/59 | domestic final
20007 | production of demand 96,4
precision tools o,5 61 exports 95,8
20012 | pump and valve total final demand 192,2
manufacture o1 | 62/63 | auxiliary
20033 | 0il hydraulics materials 1,5
and pneumatics o,1
24009 | autamotive elec-
trical equipment 3,7
26 steel forging 0,4
27005 | manufacture of
locks and
fittings 2,2
27999 | other production
of -tools and
finished articles
of metal 0,4
34999 | other plastic
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Tahle 4 continued :

Inputs = purchases from Outputs = celiveries to
Code | Specification Quantity Code | Specification uentity
45 kuilding and ci-
vil eagineecring 0,3
21 intrasectoral
purchases 20,8
99999 | rot attrilu-~
table murchases 5,0
intermediate
input 194 ,1
tal inpat 233,3 total output 233,3

Source: Calculations based on the input-cutput-table of aluminium,

This sector produces its supplies almost exclusively from
primary smelters; the output side, however, reveals the
assumed multiform structure.

Building and civil engineering is the chief consumer accounting
for 24% of intermediate demand. The products include sheets

for front , roof , and wall-platings; but also profiles and
rods which are processed into door and window-frames and
balcony balustrades. Further main users of semi-finished

goods are the manufacturers of aluminium foils, strips and
cans, aluminium products for electrical use as well as the
motor car industry (see Table 5).
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Table 5: STRUCTURE CF IIPUTS AND OUTPUTS OF ALUMINIUM FOR TIE

PRODUCTION COF SEMIMANUFACTURED GOODS, 1972, in 1 coo t

Inputs = purchases from Outputs = deliveries to
Code Specification Quantity {Code Svecification Quantity

primary input 280,2 13013 | zinc smelters 0,8

19001 | wagon making 3,6
13009 | aluminium

smelters 384,2 |20  |mechanical en-

gineering 5,2
21 motorcar industry 41,0

24007 | tele-camuni-

cation equipment 32,0
24008 | automatic data-
processing equip-

ment 18,0
24009 | autamwotive electri-
cal equipment 5,9

24010 | radio,television
and gramophone

manufacture 6,4
24019 | production of
transformers 1,9

24020 | 2aluminium products
for electrical use 44,6

25003 | manufacture of
optical instru-
ments 12,8

25999 | other precesion
engineering and
optical industry 0,5

27005 | manufacture of
locks and fittings 6,9

27009 | production of alu-

minium foils,
strips and cans 61,2

27010 | production of tu-

hular furniture

and equipment 11,6
27023 | production of

tinplate packaging 31,3

44021 | automobile repair
business 1,2
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Table 5 continued :

Inputs = purchases from Cutputs = celiveries to

Code Specification Quantity | Code Specification Quantity

44027 jnanufacture of
tools and finicshed
articles of metal 4,4

45 building and ci-

vil engineering 116,9
89999 |not attributeble
deliveries 80,8
intermediate
demand 487,0
61 exports 177,4
total input 664,4 total ocutput 664,4

Source: Scz table 4,

Since semi-finished aluminium gcods are just intermediate
products the only final demand component is exports. How-
ever, accounting for 26.7% of total output, their signifi-
cance should not be underestimated.

l.2.2. Lead

The use of lead is not so widely spread as in the case of
aluminium. In broad terms, this implies that the inter-
sectoral relationships are fewer and that the relétionship
between smelter and final demand is closer. Therefore, as

an example for input relationship a sector that is most
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Table 6: STRUCTURE OF INPUTS AND OUTPUTS OF LEAD FOR BUILDING AND

CIVIL ENGINEERING,

1972, in 1 oc0 t

Inputs = purchases from Outputs = deliveries to
Code | Specification Quantity Code | Specification Quantity
primary input 0,8 45 intrasectoral
-------------------- deliveries 0,8
13018 | semimanufactured 99999 | not attributable
products of lead 17,9 deliveries 2,3
13019 | lead foundries 6,2 intermediate
14002 | paints and demand 3,1
lacquers industry 1,5 | 57/59 | qomestic final
15 mineral oil demand 25,6
processing o,1 61 rts 0,2
20015 macqmes.for civil total final d a 25,8
engineering 0,4
20023 | lifting, handling 62/63 | auxiliary materials 2,7
and haulage
equipment’ 0,2
20030 | production of
taps, oocks,and
valves o,1
21 motorcar in-
dustry 0,2
24017 | copper cables
and other products
for electrical use 0,4
24023 | accumulator
industry 0,6
29 glass industry 0,5
45 intrasectoral
purchases 0,8
99999 | not attributable
purchases 1,9
intermediate input 30,8
total input 31,6 total output 31,6

Saurce: Calculations based on the input-output-table of lead.
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Table 7: STRUCTURE OF PUTS AND OUTPUTS COF LEAD FOR PAINTS AND

IACQUERS ; 1972, in 1 ooco t

Inputs = purchases from Outputs = deliveries to
(ode | Specification Quantity Code | Specification Quantity
primary input 0,0 14999 | other chemical
industry o,3
13020 | lead smelters 32,6 20015 | machines for
27018 | production of civil engineering o1
tubes and cap- 20999 | other mechanical
sules of lead engineering 0,2
and tin ©,3 21 motorcar industry 1,1
14002 | intrasectoral o1 23 | shipbuilding in-
pur ! dustry o,1
99999 nlolgcigts:zzbutable o3 24 electrical en-
P L gineering 0,5
intemediate s .
input 33,3 33 printing industry 0,9
45 building and civil
engineering 1,5
99999 | not attrilutable
deliveries 3,6
intemediate
demand 8,3
57/59| damestic final
demand 9,0
61 exports 15,1
total final
demand 24,1
62/63| auxiliary
materials 0,9
total input 33,3 total output, 33,3

Source: See table 6.
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heterogeneous, i.e. that uses lead in most diverse forms,

shall be chosen: building and civil engineering.

One outstanding feature is the dominance of semi-finished
lead consumption accounting for 56.7% of total input. These
include mainly sheets, belts, strips and foils which are
used for architectural purposes, partly for roofs, partly

for chimney and bay~-window-frames. Less important is the
input of lead castings (19.6% of input). The remaining 23.7%
of intermediate input are shared by nine other suppliers
(see Table 6).

Paints and lacquers as a second example belong to a commodity
group with a relatively wide-spread delivery pattern. The
main intermediate consumers of paints and lacquers are the
motor car and the building and civil engineering sectors.
The remaining deliveries are distributed quite evenly (see
Table 7).

1.2.3. Copper

The use of copper is still more widely scattered than that of
aluminium. Therefore, the input pattern - e.g. of the
machine-tool industry - includes not only supplies of

primary products from the first production stage, but also

a number of intermediate products or even finished goods
which are used as components (see Table 8). Each inter-
mediate product plays a subordinate role - apart from
products for electrical use.

As a supplier of intermediate products the machine-tool
industry is only of limited importance; the major portion
is passed on to final demand, in equal parts for fixed invest-

ment and exports.
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able 8: STRUCTURE OF INPUTS 2AND OUTPUTS OF COPPER FOR MACHINE~TOOL

INDUSTRY, 1972, in 1 00 t

Inputs = purchases from

Outputs = deliveries to

Code | Specification Quantity Code | Specification Quantity
primary input 5,3 99999 | not attributable
12 drawing plants deliveries 1.4
and cold rolling intermediate
mills o,1 Gemand 1,4
13005 | semimanufactured 59 gross fixed capital
products of copper 3,1 Formation 6,2
13006 | copper foundries 2,5 61 exports 6,5
20030 | production of taps, total final
oocks,and valves 0,2 Jemand 12,7
20031 | transmission
engineering o,1
20033 | 0il hydraulics and
pneunatics o,1
20999 | other mechanical
engineering o,1
24018 | electric motors
and generators o,1
24019 | production of
transformers o,1
24030 | copper products for
electrical use 0,9
24999 | other electrical
engineering 0,2
26001 | marufacture of
non-ferrous screws o,1
26999 | other steel forging o,1
27008 | manufacture of cu-
priferous sundries o,1
99999 | not attributable
purchases 1,0
intexmediate input 8,8
total input 14,1 total output 14,1

Source: Calculations based on the input-output-table of copper.
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Table 9: STRUCIURE OF INPUTS AND OUTPUTS CF COPPER FOR PRODUCTS

FOR EIECTRICAL USE, 1972, in 1 coo t

Inputs = purchases from

Outputs = deliveries to

Code (Specification Quantity | Code | Specification Quantity
primary input 295, 1 2 electricity 1,6
60 stock decrease 0,1 1o iron and steel ,
5 295,2 industry 1,3
12 ar 3 nd 13006 | copper foundries o,1
awing plants . .
cold rolling mills o,1 | 14 | chemical industry 1.6
13005 |semimanufactured 20001 @;ﬁie-tool 0.9
products of copper 22,8 Lty !
. 20015 | machines for civil
13006 |copper foundries 0,2 engineering 1,1
13008 |copper smelters 18,9 | 5,531 1ifting, handling
24007 |tele-cammmication and haulage
equipment 0,2 equipment 0,7
24011 |electrical heating 20031 | transmission
equipment o,1 engineering 1,7
24013 |electrical refrige- 21 motorcar industry 11,2
rator and washing iAo s
machine manufac— 23 shipbuilding in R
ture o,1 dustry =
24015 |production of low- 24007 tele-commmnication .
voltage switch- equipmen !
gears o,1 24009 | automotive electri-
24018 |electric motors cal equipment 3.0
and generators 0,9 24010| radio,television,
. and gramophone
24019 Ié:.:g:%lm of 0.7 manufacture 3,6
Iers 14
24999 |other electrical 24011| electrical heating
engineering 0,2 equipm !
26001 | manufacture of 24012 1;;;:??};22 re;:éig_l’:ncal
non-ferrous screws 0,1 facture 1,1
24017/} intrasectoral . .
- 24013 electrical refrige-
24030 | purchases 21,0 rator and washing
99999 | not attributable machine manufacture 2,8
purchases 0,2 24014| production of high-
intermediate input 66,3 wltage switchgears 1,2
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Inputs = purchases from

Outputs = deliveries to

Code | Specification Quantity

(ode |Specification Quantity

24015 |production of
low-voltage

switchgears 1,5
24016 |production of in-
stallation equip-

ment 1,9
24018 }electric motors

and generators 7,4
24019 |production of

transformers 5,8
24999 |other electrical

engineering 7,7
25 precision enginee-

ring and optical

industry 1,2
26001 |manufacture of non-

ferrous screws o,1

26999 |other steel forging o,9
45 builgiing and civil

engineering 6,2
24017/| intrasectoral
24030 | deliveries 21,0
99999 | not attributable -

deliveries 32,8

intermediate

output 130,5
57/59 | domestic final

demand 183,6
61 exports 45,7

total final

demand 229,3 .

62/63 | axxiliary materials 1,7

total input 361,5

total output 361,5

Source: See table 8,
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The manufecturing of products for electrical use, such as
cables, etc. belongs to a sector which bears interesting
features both on the input side and especially on the

output side (see Table 9). On principle, two different kinds
of material input may be distinguished: On the one hand
products of the first production stage, and on the other
direct use of scrap (new scrap) for instance from cable
processors. On the output side the deliveries of this sector
are widely scattered to other producing sectors. Among others

they comprise redeliveries to preceding production stages
such as foundries.

1.2.4. Zinc

Similar to lead, the production relationships of zinc are
quite limited. Deliveries from the smelter to final demand

are comparatively direct. Exceptions are the building and
civil engineering sector as well as the galvanized steel sheet
industry.

The main suppliers of'the building and civil engineering sec-
tor are the custom galvanizers accounting for 31.2% of inter-
mediate input (see Table 10). They galvanize windows, doors,
and door frames as well as bridge construction elements or
drainage systems. Custom galvanizers are called upon
especially for components which are not standardized but made
to order.

Regarding the delivery flows the galvanized steel sheet sec-
tor is particularly interesting (see Table 1l1). Whereas the
input pattern is ruled by the supplies from smelters, the
structure of the successive production stages reveals the
manifold use of this intermediate product: The major con-
sumer is the building and civil engineering sector sharing
almost 40%. However, actually it gets even more because of



-24-

Table 10 : STRUCTURE CF INPUTS AND OUTPUTS CF ZINC FOR BUIIDING

AND CIVIL ENGINEERING, 1972, in 1 ooco t

Inputs = purchases from Outputs = deliveries to
Code | Specification Quantity | Oode | Specification Quantity
primary input 31,2 21999 | other motorcar
industry 0,3
10001 | galvanizing steel 10,4 53 flat-letting
10002 | galvanizing seam— business 4,0
less steel tubes 0,9 54999 | miscellaneous
10999 | other iron and services 0,3
steel industry °,9 45 intrasectoral
12001 | manufacture of deliveries 4,1
welding electrodes 1,6 | 99999 | not attributable
12002 | production of hot deliveries 6,4
galvanized steel int Yiate
wire 2:3 derrand 15,1
13005 | semimanufactured
products of copper 1,1 57/59 | darestic final
13006 | copper foundries 1,1 demand 112,3
13014 | zinc foundries 0,5 |6 [exworts .1
13015 | semimanufactured total final demand 113,0
products of zinc 24,2 | /63| auxiliary materials 13,8
14002 | paints and lacquers
irdustry 0,5
14999 | other chemical
industry 0,2
19003 | architectural
oonstruction 6,1
19929 | other steel
oonstruction 0,3
20030 | production of taps,
cocks,and valves 0,2
24016 | production of in-
stallation equip-
ment 0,4
24025 production of
primary batteries 0,2
26001 | manufacture of non-
ferrous screws o,1
26999 other steel forging o,1
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Inputs = purchases fram

Outputs =

deliveries to

Code

Specification Quantity

Code

Specification

Quantity

27004

27008

27016

27017

27022
27999

44013

44019

45

99999

mamifacture of
non—-ferrous tools
and articles for
households, agri-
culture,and small
trade

menufacture of
aipriferous sun—
dries

production of
construction ele-
pents of steel
sheet

manufacture of
steel tube and
sheet products

custan galvanizing
other production
of tools and fi-

nished articles
of metal

non-ferrous metal
production and
non-ferrous metal
foundries

steel and light
metal construction

intrasectoral
purchases

not attributable
purchases

o,1

3,9

34,5

o,1

0,9

9.1

intermediate input 110,7

total input 141,9

total output

141,9

Saurce: Calculations based on the input-cutput-table of zinc.
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Table 11: STRUCTURE OF INPUTS AND OUTPUTS OF ZINC FOR GALVANIZED

STEEL SBEET, 1972, in 1 000 t

Inputs = purchases fram

Outputs = deliveries to

Code |Specification Quantity

Code | Specification Quantity

primary input 47,4 1o iron and steel
industry 0,6
13013 |zinc smelters 14,0 12002 | production of hot
galvanized steel
wire 0,3
14 chemical industry 0,8
19002 | production of
ocontainers 0,5
19003 | architectural con-
struction 1,1
19999 | other steel con-
struction 0,2
20 mechanical enginee-
ring o,1
21 motorcar industry 0,6
24 electrical enginee-
ring o,1
27011 | ash cans and dust
kins 0,3
27015 | production of steel
containers 1,7
27016 | production of con-
struction elements
of steel sheet 2,2
27017 | mining machinery 1,5
27999 | other production
of tools and finished
articles of metal 0,3
45 building and civil
engineering 10,4
99999 | not attrilutable
deliveries 5,6
intemediate demand 26,3
61 exports 34,0
material losses 1,1
total input 61,4 total output 61,4

Source: See table 10-.
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Table 12 : SIRICTURE CF' TPUTS AXD OQUIPUTS OF TIN FOR PRODUCTION OF

SOLDERS, 1972, in 1 ocoo t

Inputs = purchases from Outputs = deliveries to
Code | Specification Quantity | Code | Specification Quantity
primary input 2,9 20019 |machines for food
industry o,1
13023 Smé“lzutggtiﬁd 1.8 20020 | manufacture of
Products ' technical apparatus o,5
20999 | other mechanical
engineering 0,2
21 motorcar industry 1,4
23 shipbuilding industryo,3
24007 | tele~camunication
equipment 0,5
24008 | autaonatic data—pro-
cessing equimments  o,7
24012 | household electrical
appliance manufac-
ture o,1
24013 ! electrical refrige-
rator and washing
mashine manufacture 0,1
24016 | production of in-
stallation equip-
ment o,1
24999 | other electrical
engineering 0,3
27999 | other production
of tools and finished
articles of metal 0,2
99999 | not -attributable
deliveries 0,3
total input 4,7 total output 4,7

Source: Calculations bascd on the input-output-table of tin.
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additional indirect supplies of galvanized steel sheets.
Though it is, in general, very difficult to determine the
indirect delivery relationship it is in this case plain
to see that construction elements of galvanized steel
sheet are passed further on to the building and civil
engineering sector. The same applies to the deliveries of
galvanized steel sheet to the producers of steel architec-
tural constructions which fqrnish the building and civil

engineering sector with 97%.

l1.2.5. Tin

As for tin it can be stated that the distance from the smel-
ter to final demand is usually very short. Accordingly the
interrelationships shown by the input/output-table are rela-
tively simple. One example for more detailed output-relation-
ship is solder (see Table 12).

1.3. Selection of non-ferrous-metal containing products

This section of the study deals with the application of the
input/output-table concerning the quantities of metal in

the products to be delivered to final demand. These products
need not necessarily be finished products, as exports form
one component of final demand. Thus, intermediate products
such as semi-finished goods of copper or lead become final
demand as far as they are exported. As these products are

of less interest to the question in point, they are mentioned
only briefly in the following and are shown as aggregates

in the tables.

However, it can also be the case that technically finished
products, such as solder, are not or are only partially de-
livered to final demand, because the material is required
as input of other industries. In order to include some in-

teresting cases the analysis will not only refer to final
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demand categories but will occasionally go back to inter-

mediate products.

In some cases, in which reliable information regarding

the metal content of products are available from other
sources, this information has been employed in addition to
the results of the input/output-tables.

It cannot be the objective of the study to deal with each
and every non-ferrous-metal-containing product. The limit
for including a product or product group into the analysis
refers to the deliveries of individual sectors to final
demand. In addition auxiliary materials, which are necessary
for production but do not become part of the product, are
indicated.

1.3.1. Aluminium

The limit for including aluminium containing products was

set at a minimum output of 5,000 t. Thus, 24 product

groups were covered. In order to show the main areas of
application not only product groups but also industries were
included into the analysis, i.e. the chemical industry as over-
all industry comprising producers for example of paints and
lacquers. In this way 86,5% of the total aluminium flow will be
covered. For the further investigation, however, 23% may

be neglected as it concerns exports of intermediate products.
Thus almost 51% of the metal flow is finally covered on the
product or sector level. '

The most important use of aluminium is the production of
motor cars. The main products are aluminium castings (engine
blocks, cylinder heads, pistons, connecting-rods, etc.) but
also semi-finished goods such as rolled, forged and drawn
parts (see page 13, Table 4). The second most important
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sector of aluminium application is the building industry
where almost 11% of the total aluminium consumption is re-
quired. In architectural construction aluminium is employed
for roofs, wainscots as well as for inner fittings such as
banisters, shelves, sliding and folding doors. Technical
installations for heating or air conditioning should also

be mentioned.

The use of aluminium for cables and other conducting

material accounts for 3.6% of the total metal input. Be-
cause of its light weight aluminium is substituted for copper
in the case of overhead lines. In mechanical engineering,
communications, automatic data processing and in the manu-
facture of photographical and optical instruments, aluminium

is used mainly for casing.

The importance of aluminium as packaging material can only
indirectly be seen from Table 13 because it refers to final
demand categories. Packaging material is not only included
in the quantities given for foils, strips and cans, but also
in the figures for food industry, manufacture of tools and
articles for household, agriculture and small trade as well
as for chemical industry, i.e. for instance for packaging of

cosmetics and soap.

A total of over 30,000 t of aluminium is used as auxiliary
material. However, this must not necessarily be seen as being
lost for recycling. For example, 3,500 t of aluminium is used
for defoaming reagents in the production of detergents. During
the process metallic aluminium is converted to aluminium hydro-
xide from which alumina can be obtained for reuse in the alu-

minium smelter.

In steel construction, on the contrary, aluminium is used for
welding. The quantities in this and similar ways are to be

regarded as lost for recovery.
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1972

Industry/Sector Total Final Demand
Code Specification 1 (:.;80 £ in %2
14 chemical industry 24.5 2,0
14008 cosmetics and soap industry 4.4 0.4
19 steel construction 13.7 1.1
19001 wagon making 5.8 0.5
20 mechanical engineering 118.6 9.5
20001 machine-tool industry 9.6 0.8
20013 air conditioning and drying
equipment 7.8 0.6
20014 industrial freezing equipment 5.1 0.4
20015 machines for civil engineering 7.0 0.6
20018 agricultural machinery and tractors] 9.5 0.8
20019 machines for food industry 9.2 0.7
20023 lifting, handling and haulage
equipment 5.0 0.4
20025 textile machines 6.4 0.5
20034 office machinery 6.4 0.5
21/44021 jmotorcar industry and repair
business 202.4 15.7
23 shipbuilding industry 10.7 0.9
24 electrical engineering 155.4 12.5
24007 tele-communication equipment 36.6 2.9
24008 automatic data-processing
equipment 23.0 1.8
24010 radio, television and gramophone
manufacture 9.2 0.7
24019 production of transfonmers 8.7 0.7
24020 aluminium products for electrical
use 45.1 3.6
25 precision engineering and optical
industry 17.5 1.4
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Table 13 continued:

Industry/Sector Total Final Demand1
e . in c o2
Code Specification 1 000 & in %
25003 manufacture of optical instruments 13.1 1.1
27 production of tools and finished
articles of metal 61.9 5.0
27004 manufacture of non-ferrous tools
and articles for households,
agriculture and small trade 10.5 0.8
27009 production of aluminium foils,
strips and cans 24.4 2.0
27010 production of tubular furniture
and equipment 14.9 1.2
43 food industry 26.3 2.1
45 building and civil engineering 135.3 10.9
61 export of semi-finished products 286.8 23.0
)} industries 1 053.1 84.6
¥ sectors’ 629.5 50.6

By way of notice: auxiliary materials
) industries 45.8 3:7

3

Z sectors 31.6 2.6

1 - Excluded auxiliary materials and material losses.
2 - Part of total input.
3 - Excluded export of semi-finished products.

Source: Calculations based on the input-output —table of aluminium.
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1.3.2. Lead

In contrast to aluminium the limit for including lead
containing products was not only absolutely but also relatively
reduced to 1,000 t or 0.25% of total input. This is because of
lead uses concentrating on fewer products. 80% of the lead
flow was covered. The export of intermediate products, which
are irrelevant to the further analysis, reduces this figure

by almost 15%.

The most important users of lead are electrical engineering
(25.9%) and the motor car industry (13.9%) (see Table 14).

For both the same product group is relevant: accumulators.

The 9.6% of total final demand shown for this subsector of
electricel engineering reflects only the replacement quantities
while the 13.9% of the motor car industry include all batteries
for first equipment of new cars. Seen from the input side of
the motor car industry over 80% of the lead consumption of

this sector is in the form of accumulators.

Other applications of lead that should be mentioned are the
lead-containing bearings in mechanical engineering, lead
casings in nuclear power stations for protection against
radioactivity, as well as cable sheathings and solder. Further-
more, the printing and copying industry needs lead, however,
here it is used mainly as auxiliary material (typemetal).

1.3.3. Copper

The limit for including copper-containing products into the
analysis is determined to be 5,000 t. This covers 28 sectors
which contribute 57.4% to final demand. Relating the limit
not to the product level but rather to the overall sector
level and including exports of intermediate products even
93.3% of the total copper flow is covered.
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Table 14: MAIN ITEMS OF FINAL USE OF LEAD, 1972

Industry/Sector Total Final Dema.rxi1
Code Specification 1 (i)go t in %2
14 chemical industry 30.2 7.6
14002 paints and lacquers industry 24.1 6.1
15 mineral oil processing 5.2 1.3
20 mechanical engineering 35.9 9.1
20015 machines for civil engineering 4.4 1.1
20020 manufacture of apparatus 11.9 3.0
20023 lifting, handling and haulage
equipment 4,6 1.2
20031 transmission engineering 1.0 0.3
20035 nuclear reactor equipment 6.7 1.7
21 motorcar industry 54.9 13.9
23 shipbuilding industry 2.8 0.7
24 electrical engineering 102.1 25.9
24007 tele-communication equipment 0.5 0.1
24008 automatic data-processing equipment 0.2 0.1
24017 copper cables and other products
for electrical use 45.5 11.5
24019 production of transformers 0.9 0.2
24020 aluminium products for electrical use 8.7 2.2
24023 accumlator industry 37.7 9.6
24024 production of X~-ray equipments 4.5 1.1
33 printing industry 0.4 0.1
45 building and civil engineering 25.8 6.5
61 export of semi-finished products 57.6 14.7
) industries 315.1 79.9
) sectors® 239.8 60.7

By way of notice: auxiliary materials
industries 28.6 7
sectors3 23.2 5.

1 - Excluded auxiliary materials and material losses.
2 - Part of total input.
3 - Excluded export of semi-finished products.

Source: Calculations based on the input-output-table of lead.
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Table 15: MAIN ITEMS OF FINAL USE OF COPPER, 1972
| . . 1
Industry/Sector Total Final Demand
Code Specification e in 32
14 chemical industry 17.6 1.7
20 mechanical engincering 110.0 10.3
20001 machine-tool industry 12.7 1.2
20012 punp and valve manufacture 6.9 0.6
20015 machines for civil engineering 5.0 0.5
20019 machines for food industry 4.4 0.4
20020 manufacture of technical apparatus 6.3 0.6
20023 lifting, handling and haulage equipment] 5.3 0.5
20025 textile machines 4.3 0.4
20030 production of taps, cocks and valves 12.9 1.2
21/44021 | motorcar industry and repair business 59.6 5.6
23 shipbuilding industry 19.8 1.9
24 electrical engineering 546.7 51.3
24007 tele-comunication equipment 33.0 3.1
24008 autamatic data processing equipment 6.1 0.6
24010 radio, television and gramophone
manufacture 21.8 2.0
24011 electrical heating equipment 13.3 1.2
24012 household electrical appliance
manufacture 10.4 1.0
24013 electrical refrigerator and washing
machine manufacture 19.2 1.8
24014 production of high-voltage switchgears | 13.2 1.2
24015 production of low-voltage switchgears 12.3 1.2
2001 | copper products for electrical use 229.3 21.5
24018 electric motors and generators 27.8 2.6
24019 production of transformers 35.2 3.3
25 precision enginecring and optical
industry 8.9 0.8
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Table 15 continued:

Industry/Sector TbtdlEﬁnalIkmand1
‘es . in .2
Code Specification 1 000 t in $
26 steel forging 6.0 0.6
27 production of tools and finished
articles of metal 18.6 1.7
27008 manufacture of cupriferous sundries 7.1 0.7
45 building and civil engineering 45.3 4.3
61 export of semi~finished products 161.3 15.2
) industries 994.9 93.3
) sectors3 611.8 57.4
By way of notice: auxiliary materials
} industries 43.4 4.1
J sectors’ 21.7 2.1

1 =~ Excluded auxiliary materials and material losses.
2 - Part of total input.

3 - Excluded export of semi- finished products.
Source: Calculations based on the input-output-table of copper.

Copper is primarily used in electrical engineering for the

production of conducting material. However, this is not yet

reflected by the 230,000 t which are mentioned in Table 15

as final demand for copper cables. This was only 63.8% of total

consunption of conducting material. The remaining 36.2% are

intermediate demand of other sectors.
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Conducting material, however, is not the only copper
application in electrical engineering. Other items are
cahs, brackets, switchgear parts, switch covers, contact
springs, etc. of copper, brass or other copper alloys.
Along with gear wheels, bearings, pump and valve bodies
main copper and copper alloy applications in mechanical
engineering are tubings for lubricants, radiators and
0il coolers, etc.

In the production of motor cars about 60,000 t of copper
were used. Main components here are radiators, heating
installations, bearings, ignition system, starter, distrib-
utors and wire assemblies. A rather small portion of total
copper input in finished products is attributable to building
and civil engineering (4.3%) and presumably has been under-
estimated in the system. Copper is required in this sector
mainly unalloyed for heating and aeration installations,
sanitary equipment and water pipes, as well as for roofing
or for gutters, waste pipes, locks, fittings and, last but
not least for conducting material.

1.3.4. Zinc

The limit for including zinc-containing products into the
analysis was set at 2,000 t or 0.32% of the total zinc input.
This covers roughly 30 sectors accounting for only 36.6%

of the total input (see Table 16). Relating the limit to

the overall industry level a coverage quota of 80,0% can be
achieved. However, of this 24.2% is employed for the export
of intermediate products which are of no further interest

here.

The most important user of zinc-containing products is
building and civil engineering. As previously mentioned in
connection with the material flow example, the main uses are
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Table 16: MAIN ITEMS OF FINAL USES OF ZINC, 1972
Industry/Sector Total Final D:amand1

Code Specification s 008 & in 82
14 chemical industry 27.4 4.4
14002 paints and lacquers industry 2.1 0.3
16002 rubber industry 0.4 0.1
19/44019 stecl and light metal construction 35.9 5.8
19002 production of containers 3.1 0.5
19003 architectural construction 2.0 0.3
20 mechanical engineering 36.4 5.8
20001 machine-tool industry 5.0 0.8
20012 pump and valve manufacture 2.1 0.3
20013 air conditioning and drying

equipment 2.4 0.4
20018 agricultural machinery and tractorsg 2.3 0.4
20023 lifting, handling and haulage

equipment 2.0 0.3
20025 textile machines 2.5 0.4
21 motorcar industry 38.5 6.2
23 shipbuilding industry 6.6 1.1
24 electrical engineering 38.6 6.2
24007 tele-camunication equipment 3.2 0.5
24010 radio, television and gramophone

manufacture 4.1 0.7
24013 clectrical refrigerator and

washing mechine manufacture 2.7 0.4
24017 copper cables and other products

for electrical use 5.1 0.8
24025 production of primary batteries 7.5 1.2
25 precision engineering and optical

industyy 2.8 0.4
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Table 16 continued:

1

Industry/Sector Total Final Demand
Code Specification in in %2
1000 t
26 steel forging 5.4 0.9
27 production of tools and finished
articles of metal 43.1 6.9
27011 ash cans and dust bins 2.6 0.4
27015 production of steel containers 16.8 2.7
27016 production of construction
elements of steel sheet 3.4 0.5
27017 manufacture of steel tube and
sheet products 5.0 0.8
45 building and civil engineering 113.0 18.1
61 export of seari-finished products 150.7 24.2
) industries 498.8 €o0.0
) sectors’ 228.3 36.6
By way of notice: auxiliary materials
! industries 38.9 6.2
) sectors® 21.9 3.6

1 - Excluded auxiliary materials and material losses.
2 - Part of total input.

3 - Excluded export of semi-finished products.

Source: Calculations based on the input-output-table of zinc.
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for galvanized steel construction elements and for semi-
finished goods. A further important sector for the use of
zinc is the motor car industry. Here are many fields of
application for die casting items, such as carburettor
casing, door handles, dashboard parts, etc. Furthermore,
zinc is also used in the form of brass, for instance for

radiators.

Storage and transport containers account for 2.7% of the
total zinc consumption. In this case the application of
zinc is nearly exclusively in the form of galvanized steel
sheet. This is similar in the sector of steel construction

where galvanized steel products play an important role.

As regards the use of zinc for production of rubber goods,
especially car tyres, it should be noted that the 400 t of
zinc attributed to the final demand of the rubber industry
are obviously too low. Considering the production figures

of the tyre industry and estimating the portion of re-
placement tyres as well as exports a quantity of at least
6,000 t zinc content appears to be more realistic. As
simultaneously the zinc input figure for the chemical industry
as a whole seems to be relatively high the discrepancies may
well result from specific problems of statistics within the

chemical industry.

1.3.5. Tin

The limit for including tin-containing products into the
analysis has to be apparently much lower than in the case of
the other metals under review. It was set at 200 t or 0.7%
of total tin input. This covers roughly 90% of the tin ma-
terial flow when the level of overall industry is chosen. Re-
lated to the sector 1level, however, the limit means that
only 32.7% is covered. The reason for this has to be seen
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Table 17: MAIN ITEMS OF FINAL USE OF TIN , 1972

1
Industry/Sector Total Final Demand
Code Specification in t in %2
14 chemical industry 700 2.3
20 mechanical engineering 5 840 19.3
20019 machines for food industry 450 1.5
20020 manufacture of technical apparatus 1 000 3.3
20030 production of taps, cocks and
valves 300 1.0
20031 transmission engineering 230 0.8
21 motorcar industry 1 900 6.3
23 shipbuilding industry 310 1.0
24 electrical engineering 1 200 4.0
24007 tele-communication equipment 560 1.9
24008 autamatic data-processing equirment 630 2.1
274) production of tools and
finished articles of metal 1 690 5.6
43 food industry 5 600 18.5
43002 production of canned fish and meat | 2 970 9.8
45 building and civil engineering 1 110 3.7
61 export of semi~finished products 7 380 24.4
¥ industries 25 730 85.2
) sectors> 9 870 32.7
By way of notice: auxiliary materials
I industries 1 160 3.8
! sectors 540 1.8

1 - Excluded auxiliary materials ard material losses.
2 - Part of total input.

3 - Excluded export of semi-finished products.

4 - Excluding 27023 production of tinplate packaging, as this material
is mot part of final demand but rather consists of semi-finished
products.

Source: Calculations based on the inmt-output -table of tin.
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in relatively high deliveries of intermediate products such
as tinplate to foreign consumers.

The most important uses of tin are in the production of

cans as packaging material for fruits, vegetables, meat, etc.
(see Table 17). In the motor car industry tin is used both
as element of bearing metals and in the form of solder.
Solder is required primarily for radiators, heaters, cable
connections and also for smoothening uneveness in the body
work.

2, Main areas for increasing recycling of non-ferrous metals

2.1. Assessment of domestic availability

2.1.1. Preliminary remarks

The input/output-tables include on their input side imported
raw materials, semi-finished products and scrap as well as
scrap and primary raw materials from domestic sources. Non-
ferrous-metal-containing finished goods were not included

as they are mostly imported directly for final demand. There
are, however, exceptions such as accumulators which are
partly required for intermediate use - primarily in the
motor car industry - although they are technically finished
products.

Estimating the domestic availability of the relevant products
obviously imports have to be included. But doing so it is not
possible to distinguish between imports for final demand and
intermediary uses so that minor discrepancies cannot be
avoided. In the total, however, these inaccuracies remain

of limited importance.

Having in mind the limits set for including product groups
into the analysis only the imports of the products mentioned
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in Tables 13 to 17 have to be considered. A problem arises
in this context from the fact that the foreign trade statis-
tics only show gross quantities, i.e. the total weight of
imported and exported products. For the purpose of this
study, however, the metal content of the products is needed.

The following pragmatic method has been applied:

From the input/output-table the metal content of exported
products can be seen. Assuming that imported and exported
goods of the same kind contain similar amounts of metal the
relationship of the metal content can be derived from the
import/export relationship of the gross quantities. This
procedure, however, had to be modified in some cases, such

as products of mechanical engineering, where only values of
foreign trade are available from the statistics. Another
problem concerns the discrepancies between the foreign trade
statistics and the specification of the DIW-input/output-
table, resulting partly from the general differences in the
system of the German production and foreign trade statistics.
In the case of building and civil engineering foreign trade
relations are of nearly no importance and thus have been neg-
lected.
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Statistical survey

Table 18: CALCULATION OF THE DOMESTIC AVAILABILITY OF
ALUMINIUM IN PRODUCTS FOR FINAL USE, 1972

. Import/ [Domestic
Code Specification ;ﬁ”yag Export—- | Availa-
Relation | bility
in in % in
1000 ¢ | 1000
14 chemical industry 24.5 48.4 17.6
14008 cosmetics and soap industry 4.4 48.4 4,2
19 steel construction 13.7 52.2 12.7
19001 wagon making 5.8 17.6 4.8
20 mechanical engineering 118.6 24.6 67.4
20001 machine-tool industry 9.6 29.8 6.2
20013 air conditioning and drying
equipment 7.8 49.9 6.4
20014 industrial freezing
equipment 5.1 79.9 4.3
20015 machines for civil engineerg 7.0 67.6 5.9
20018 agricultural machinery and
tractors 9.5 29.7 5.7
20019 machines for food industry 9.2 19.6 4.2
20023 lifting, handling and
haulage equipment 5.0 37.7 5.9
20025 textile machines 6.4 15.3 2.0
20034 office machinery 6.4 33.9 4.0
21 motorcar industry 202.4 28.9 129.9
23 shipbuilding industry 10.7 43.9 8.2
24 electrical engineering 155.4 47.3 134.3
24007 tele-commnication equipment] 36.6 26.2 30.1
24008 autamatic data—-processing
equipment 23.0 86.6 21.4
24010 radio, television and
gramophone manufacture 9.2 75.6 8.4
24019 production of transformers 8.7 64.1 8.0
24020 aluminium products for
electrical use 45.1 47.3 44.6
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Table 18 continued:

Final Import/ |Domestic
Code Specification L 3 Export- | Availa-
Relation | bility
in in % in
1000 t 1000t
25 precision engineering and
optical industry 17.5 49.8 13.2
25003 manufacture of optical
instruments 13.1 69.4 11.1
27 production of tools and
finished articles of metal | 61.9 40.7 44.2
27004 manufacture of non-ferrous
tools and articles for
households, agriculture
and small trade 10.5 64.2 9.2
27009 production of aluminium
foils, strips, and cans 24.4 1) 8.3
27010 production of tubular
furniture and equipment 14.9 69.3 14.3
43 food industry 26.3 20.2 24.3
45 building and civil
engineering 135.3 - 135.3

1) Here only exports amounting to 16 100 t are to be considered;
imports are already included in the primary input figure.

Source:

See Table 13 and STATISTISCHES BUMNDESAMT, Fachserie G, AuBenhandel
R. 2, Spezialhandel nach Waren und Lindern, 1972.
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Table 19: CALCULATION OF THE DOMESTIC AVAILABILITY OF
LEAD IN PRODUCTS FOR FINAL USE, 1972
Final Jmport/ | Damestic
Code Specification Demand Export- Availa-
Relation bility
in . in
1000t | ™ % |1000¢
14 chemical industry 30.2 48.4 20.4
14002 paints and lacquers industry | 24.1 48.4 16.4
15 mineral oil processing 5.2 2) 2)
20 mechanical engineering 35.9 24.6 25.0
20015 machines for civil
engineering 4.4 67.6 3.7
20020 manufacture of technical
apparatus 11.9 24.6 7.9
20023 lifting, handling and
haulage equipment 4.6 37.7 3.6
20031 transmission engineering 1.0 40.6 0.5
20035 nuclear reactor equipment 6.7 13.3 5.9
21 motorcar industry 54.9 28.9 35.2
23 shipbuilding industry 2.8 43.9 2.1
24 electrical engineering 102.1 47.3 88.5
24007 tele-commmication equipment 0.5 26.2 0.4
24008 autcmatic data-processing
equipment 0.2 86.6 0.2
24017 copper cables and other
products for electrical use 45.5 40.2 41.8
24019 production of transformers 0.9 64.0 0.8
24020 aluninium products for
electrical use 8.7 47.3 8.6
24023 accumulator industry 37.7 26.3 27.9
24024 production of X-ray
equipments- 4.5 22.6 2.8
33 printing industry 0.4 25.0") 0.3
45 building and
civil engineering 25.8 - 25.8
1) estimated. 2) not calculable.
Source: See Table 14, and Table 18.
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Table 20: CALCULATION OF THE DOMESTIC AVAILIBILITY OF

COPPER IN PRODUCTS FOR FINAL USE, 1972
Final Import/ Dareétic
Code Specification D ; | Bxport- | Availa-
Relation | bility
in . in
1000 t| ¥ 3 1 000 4
14 chemical industry 17.6 48 .4 11.6
20 mechanical engineering 110.0 24,6 62.2
20001 machine-tool industry 12.7 31.3 8.2
20012 pup and valve manufacture 6.9 29.8 3.1
20015 machines for civil engineering] 5.0 67.6 4.2
20019 machines for food industry 4.4 19.6 2.0
20020 manufacture of technical
apparatus 6.3 24.6 4,2
20023 lifting, handling and
haulage equipment 5.3 37.7 4.1
20025 textdle machines 4.3 15.3 1.3
20030 production of taps, cocks and
valves 12.9 50.5 9.3
21 motorcar industry 59.6 28.9 32.9
23 shipbuilding industry 19.8 43.9 15.2
24 electrical engineering 546.7 47.3 467.8
24007 tele~communication equipment 33.0 26.2 27.8
24008 automatic data—-processing
equipment 6.1 86.6 5.7
24010 radio, television and
gramophone manufacture 21.8 75.6 19.8
24011 electrical heating equipment 13.3 24.4 10.9
24012 household electrical appliance)
manufacture 10.4 45.9 9.1
24013 electrical refrigerator amd
washing machine manufacture 19.2 121.2 20.7
24014 production of high-voltage
switchgears 13.2 25.5 11.2
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Table 20 continued:

Final Import/ | Domestic
Code Specification Demand Export | Availa-
Relation bility
in . in
1000t | P? 1000 t
24015 production of low-voltage
switchgears 12.3 28.1 6.0
24017/ copper cables and other
24030 products for electrical use 229.3 40.2 207.8
24018 electric motors and
generators 27.8 46.7 19.7
24019 production of transformers 35.2 64.0 32.3
25 precision engineering and
optical industry 8.9 49.8 6.8
27 production of tools and
finished articles of metal 18.6 40.7 12.8
27008 manufacture of cupriferous
sundries 7.1 41.2 4.4
45 building and
45.3 - 45.3

civil engineering

Source: See Table 15 and 18.




~49-

Table 21: CALCULATION OF THE DOMESTIC AVAILIBILITY OF ZINC
IN PRODUCTS FOR FINAL USE, 1972
Final Import/ | Domestic
Code Specification D 3 | Export- Availa-
Relation bility
in . in
1000 t| 03 1 000 t
14 chemical industry 27.4 48.4 18.8
14002 paints and lacquers industry 2.1 48.4 1.4
16002 rubber industry 0.4 102.7 0.4
19 steel construction 35.9 52.2 33.7
19002 production of containers 3.1 21.0 2.3
19003 architectural construction 2.0 52.2 1.7
20 mechanical engineering 36.4 24.6 21.2
20001 machine—-tool industry 5.0 31.3 3.2
20012 pup and valve manufacture 2.1 29.8 0.9
20013 air conditioning and drying
equipment 2.4 49.9 2.0
20018 agricultural machinery and 2.3 29.7 1.4
2 tractors
0023 |1ifting, handling and 16
haulage equipment 2.0 37.7 :
20025 textile machines 2.5 15.3 1.8
21 motorcar industry 38.5 28.9 24.0
23 shipbuilding industry 6.6 43.9 5.1
24 electrical engineering 39.3 47.3 33.6
24007 tele-communication equipment 3.2 26.2 2.7
24010 radio, television and
gramophone manufacture 4.1 75.6 3.7
24013 electrical refrigerator and
washing machine manufacture 2.7 121.2 2.9
24017 copper cables and other
products for electrical use 5.1 40.2 4.7
24025 production of primary batteries 7.5 165.5 8.5
25 precision engineering and
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Table 21 continued:

Final Import/ |Damestic
Code Specification D 3 Export—- | Availa-
Relation | bility
in . in
1000t ™?%* | 1000t
27 production of tools and
finished articles of metal 43.1 40.7 33.8
27011 ash cans and dust bins 2.6 78.3 2.6
27015 production of steel container§ 16.8 79.2 16.4
27016 production of construction
elements of steel sheet 3.4 192.6 5.8
27017 manufacture of steel tube
and sheet products 5.0 44.3 2.5
45 building and
civil engineering 113.0 - 113.0

Source:

See Table 16 and Table 18.
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Table 22: CALCULATION OF THE DOMESTIC AVAILIBILITY OF TIN
IN PRODUCTS FOR FINAL USE, 1972

Final Import/ |Domestic
Code Specification D 3 Export- | Availa-
Relation | bility
in t in g ih t
14 chemical industry 700 48.4 477
20 mechanical engineering 5 840 24.6 3 334
20019 machines for food industry 450 19.6 212
20020 manufacture of technical
apparatus 1 000 24.6 673
20030 production of taps, cocks
and valves 300 50.5 215
20031 transmission engineering 230 40.6 111
21 motorcar industry 1 900 28.9 1 200
23 shipbuilding industry 310 43.9 238
24 electrical engineering 1 200 47.3 1120
24007 tele-communication equipment 560 26.2 485
24008 automatic data-processing
equipment 630 86.6 626
27" production of tools and 1 690 40.7 1 352
finished articles of metal
43 food industry 5 600 20.2 5345
43002 production of canned fish
and meat 2 970 1 417.8 4 815
45 huilding and civil
engineering 1 110 - 1110

1) Excluding 27023 production of tinplate packaging, as this material
is not part of final demand but rather consists of semi-finished
products.

Source: See table 17 and table 18.
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2.1.3. Summary of results

Because of the consideration of foreign trade with non-
ferrous-metal-containing products a few shifts between final
demand and inland availibility should be noted. The import/
export-quota of F.R. Germany mostly is far less than one,
particularly in the field of industrial products. This means
that apart from a few exceptions the domestic availability
is smaller than the figure representing final demand. Some
drastic examples are nuclear reactor equipment, textile
machines or wagons. In contrast import surplusses are re-
corded for example for canned food, construction elements

of galvanized steel and primary batteries. Thus it has to

be stated that in the case of the German economy not all
metal quantities which were required for production are
available for domestic recovery. For all five metals the
exports of relevant products exceeded the respective imports.

Related to final demand the domestic availability is as

follows:

- aluminium 75%
- lead 80%
- copper 79%
- zinc 84%
- tin 77%

2.2. Identification of problem areas

2.2.1. Classification by recycling possibilities

The domestic availability gives a first indication of sectors
which appear to be promising for recycling. These, no doubt,
can include products from which the old scrap may be recovered
quite easily. Thus, the problem is to determine products or
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commodity groups which are difficult to recycle under
present technological standards. In order to identify these
items Table 23 gives a survey of the relevant sectors for
each metal under review. Among these sectors three groups
may, in general, be distinguished with regard to the

possibilities of recovering the metal contents:

- Sectors of dissipative use

The main uses which are generally considered dissipative
are in the chemical industry, e.g. production of pigments
or lead anti-knock-compounds in fuel. Such products are
usually lost for recycling.

- Sectors with recycling possibilities

These sectors include product groups from which extensive
metal recycling has been possible for a long time. The
accunulator industry is a very distinct example. A major
quota is also recorded for mechanical as well as electrical
engineering. Generally, these products are recovered by
scrap dealers and most of the non-ferrous metal contents

is recycled.

- Sectors with comparatively low or no recycling

The products of this group have metal contents which, due

to technical and economic reasons are not recoverable in

any notable degree. These are mostly products, e.g. packaging
material or electrical appliances, used in households and

are disposed of as household refuse after their useful life.
In these cases the major difficulty of recycling is the
separation of valuable materials from the household garbage.

Thus, the analysis concentrates in the following on products
or product groups which offer a considerable metal content

that may be additionally employed for recycling.
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Table 23: CHARACTERIZATION OF PROBLEMS FOR RECOVERY OF THE RELEVAN'
NON-FERROUS METALS IN SELECTED INDUSTRIES AND SECTORS

Industries/Sectors Recycling
dissipa- less pro- proble-

Code Svecification Relevant Metals tive use blematic mnatic
14 chemical industry Al ,Pb,Cu,2n,Sn X
15 mineral oil processing Pb X
16002 rubber industry Zn X
19 steel construction
19001 waggon making Al X
19002 production of con-~

tainers Al,Zn X
19003 architectural con-

struction in X
20 mechanical engineering
20001 machine-tool industry Al,Cu,Zn,Sn X
20012 pump and valve manu-

facture Cu,zZn X
20013 air conditioning and

drying equipment Al,Zn X
20014 industrial freezing

equipment Al X
20015 machines for building

and civil enagineering Al,Pb,Cu X
20018 agricultural machinery \

and tractors Al,Zn X
20019 machines for food

industry Al,Sn X
20020 manufacture of tech-

nical apparatus Pb,Cu,Sn X
20023 lifting,handling,and

haulage equipment Al,Pb,Cu X
20025 textile machines Al,Cu,2n X
20030 production of taps,

cocks,and valves Cu,Sn X
20031 transmission en-

gineering Pb,Sn X
20034 office machinery Al,Zn X
20035 nuclear reactor

equipment Pb (x)
21 motor car industry al,Pb,Cu,Zn,Sn X
23 shipbuilding industry Al,Pb,Cu,Zn,Sn X
24 electrical enginecering
24007 tele—~communication

equipment Al,Pb,Cu,Zn,Sn X
24008 automatic data-pro-

cessing eauipment Al,Pb,Sn X
24010 radio,television,and

gramophone manufacture Al,Cu,2Zn X
24011 electrical heating

equipment Cu X
24012 household electrical

appliance manufacture Cu X

24013 electrical refrigerator
and washing machine
manuf{acture Cu,Zn X

24014 production of high-
voltage switchgears Cu X
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Industiries/Sectors

PRecycling

dissipa- less pro- proble-

Code Specification Pelevant Metals tive use blematic matic
24015 production of low-

voltage switchgears Cu X
24017 copper cables and

other products for

electrical use Pb,Cu,Zn X
24018 electrical motors

and generators Cu X
24019 production of trans-

formers Al,Pb,Cu X
24020 aluminium products

for electrical use Al,Pb X
24023 accumulator industry Pb X
24024 production of X-ray

equipnent Pb X
24025 production of primary

batteries Zn X
25 ‘'precision engineering

and optical industry Al,Cu,Zn X
26 steel forging Cu,Zn X
27 production of tools

and finished articles

of metal
27004 manufacture of non-

ferrous tools and ar-

ticles for houscholds,

agriculture,and small

trade Al X
27009 production of alumin-

jum foils,strips,and,

cans Al X
27010 production of tubular

furniture and equipment | Al X
27011 ash cans and dust bins Zn X
27015 production of steel

containers Zn X
27016 production of construc-

tion elements of steel

sheet 2n X
27017 manufacture of steel

tube and sheet products | Zn X
33 printing industry Pb X X
43 food industry
43002 production of canned

fish and meat Sn X
43099 other food industry
44043 other manufacture of Al,Sn X

° food .

45 building and civil en-

ginecering Al,Pb,Cu,2Zn,Sn X
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2.2.2. Recycling problems of individual products

In this section the most important non-ferrous metal-
containing products as well as the characteristics of
metal input and the major problems of recycling will be
briefly described. In some cases it will be necessary

to recall the intermediate input structure in order to
identify the form in which the metal is contained in the
finished product. For example, it is not immediately clear
from chemical industry's final demand for aluminium that
packaging materials make up part of it.

Code No. 14, Chemical industry

Input: - Aluminium, mainly for packaging materials; also

for the production of detergents, pastes and fillings;
- Lead as pigment;

- Copper in form of salts in fertilizers, insecticides,

ect.;
- Zinc as pigment;

- Tin as packaging material (tinplate).

Recycling: Aluminium and tin used for packaging materials
could be recovered. The main problem is the separation cf
household garbage. Further uses of aluminium as well as the
use of lead, copper and zinc may largely be regarded as dis-
sipative. Lead and zinc which are used for anticorrosive
paints for steel constructions could be recycled to a small

extent from flue dust of steel mills.

Code No. 16002, Rubber industry

tyres.
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Recycling: At present, only small amounts are recycled in
the Federal Republic of Germany. The problem of recycling is

more of economic than of technical nature.

Code No. 19, Steel and light metal construction

- Zinc as surface coatings for tubes, sheets and

other rolled products.

Recycling: As far as these products are collected by scrap-
dealers an almost complete recycling of aluminium should be
achievable. Zinc, however, may only be recycled by filtering
flue dusts of steel mills.

Code No. 20013, Air conditioning and drving eguipment

drying equipment for agricultural products and

for paintshops and laundries.

- Zinc mainly for galvanizing steel sheets, brass.

Recycling: Apart from the already mentioned difficulties of
zinc recycling from galvanized steel sheet recycling is not
problematic as the material arises in relatively large pieces
and is normally handled by scrap-dealers.

Code No. 20015, Machines for building and civil engineering

dredging machines, road building machinery and

road rollers, road graders.
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Input: - Aluminium is used for high-strength brass and
bearing material which is exposed to very high
loads, but also for pistons, connecting-rods,

cylinder heads, pumps;

- Lead for batteries and alloys for bearings (white

metal, leaded bronze) and fittings (red brass);
- Copper primarily as conducting material.
Recycling: Lead from accumulators is nearly completely
recycled. The recycling of the other non-ferrous metals

depends mainly on the solution of separation problems.

Code No. 20018, Agricultural machinery and tractors

harvesters, tractors.

Input: - Aluminium for gripping arms of harvesters, parts

of cultivating machines and pipelines;

~ Zinc for casings and small parts (die-castings)
as well as for galvanized steel sheets.

Recycling: The discarded equipment is largely passed on to
scrap~dealers. The main difficulty lies in disassembling the
equipment. Therefore, recycling depends on achievements of
separation.

Code No. 20020, Manufacture of technical apparatus

- Copper for tubes and die-castings;
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-~ Tin combined with lead as solder, tin tubes.

Recycling: The discarded equipment is largely passed on
to scrap dealers. The main difficulty lies in disas-
sembling the equipment. Therefore,recycling depends on
achievements of separation.

Code No. 20030, Fittings

Input: - Copper is used mostly in the form of copper alloys

(mainly red brass and brass).

of large units recycling faces the problem of disassembling
and collection.

Code No. 20034, Office machinery

Products: Type-writers, cash registers, table and pocket

calculators, computers.

Input: = Aluminium and zinc for casings, covers, frames,
types.

Recycling: In particular, the collection and disassembling of
smaller articles is difficult.

Code No. 20035, Nuclear reactor equipment

Input: - Lead is for instance used for radiation shields.

Recycling: At present, the possibilities of recycling non-
ferrous metals, especially lead, from the nuclear energy
sector cannot be exactly determined yet. This input may be

regarded as dissipative.
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Code No. 21, Motor car industry

Input: - Aluminium for wheels, bosses, wishbones, pistons,

connecting rods, cylinder heads, fuel injection
casings;

- Lead for accumulators, solders for radiators and

heaters, car body fillings;

- Copper for electrical equipment, bearings, connec-

ting-rods, sockets, synchronizing rings;

= Zinc for covers and casings of various motor parts

and carburettors, fittings, ornamental parts;

- Tin for solders in particular.

Recycling: The recovery of passenger motor cars and vans
reaching 90 - 95% is almost complete. The limits of non-ferrous
metal recycling are set on the one hand by the separation
technologies and on the other by the specifications for

steel scrap. The separaticn of non-ferrous metals could be

improved for instance by introducing cryogenic shredding.

Code No. 24010, Radio, television and gramophone manufacture

Input: = Aluminium for casings, dust covers, linings;

- Copper mostly for conducting material;

- Z2inc for casings, driving mechanism, record turn-
tables.

Recycling: The greatest problem is the collection and dis-
assembling. At the end of their useful life these products are
often disposed of in household refuse or kept in households.
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Code No. 24011 - 24013, Electrical heating equipment, house-

hold appliances, refrigerators and

washing machines

Input: - Copper mostly for conducting material and to a small

extent for bearings and casings;
- Zinc for sheets and fittings, zinc die-castings.
Recycling: These products are disposed of in household refuse
whereby larger equipment such as refrigerators and washing

machines are sorted out and shredded.

Code No. 24017 and 24020, Copper and aluminium products for

electrical use

Input: - Aluminium for cables, wires, other conducting material;

- Lead mainly for sheathings;

Copper for cables, wires, other conducting material;

Zinc for galvanized corrugated steel sheathings.

very costly hand sorting becomes necessary in some cases; often
underground cables are not recovered because of economic

reasons.

Code No. 24025 Primary batteries

Input: Zinc cans

Recycling: 01d dry cells normally are disposed of in house-
hold refuse and thus are lost for recycling. Although a
recovery is basically achievable, mainly collection

problems have prevented it up to now.
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Code No. 25, Precision engineering and optical industry

watches, projectors.

Input: = Aluminium for casings, trays, indicators of scales;

- Copper and zinc (brass) are normally used for cameras.

Recycling: Only in case of larger equipment partial recycling
may be expected.

Code No. 27004, Tools and articles for households and agri-

culture

Products: Ladders, sheets, kitchen articles, milk cans.

Input: <+ Aluminium and zinc are used for sheets, profiles

and other semi-finished goods.

Recycling: Larger articles are partly sorted out, the remainder
is disposed of in household refuse.

Code No. 27009, Aluminium cans, strips and foils

Input: - Aluminium is used for household foils and other

purposes.

Recycling: These products are disposed of almost completely in
household refuse. Separation is the main problem due to the
relatively small portion contained in household refuse and

the magnetically neutral nature of aluminium.
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Code No. 27010, Production of non-ferrous tubular furni-

ture and equipment

Recycling: These products are often sorted out at waste dumps
due to their size. In case of commercial use the furnitures
are usually sold to scrap-dealers. Therefore, partial re-

cycling is already being done in this field.

Code No. 27011, 27015, 27016, 27017, Ash cans, dust bins,

steel containers, construction elements,

steel tubes and sheet products

Input: - Zinc is used in form of galvanized steel sheets and

galvanized tubes.
Recycling: A greater part of material is presumably recovered
by scrap-dealers. The difficulty lies in the recycling of flue

dust from steel mills.

Code No. 33, Printing industry

Recycling: No difficulties in case of re-use for the same

purpose. However, demand is decreasing due to new technologies.
The separation of the three metals is costly.

Code No. 43002, Canned fish and meat

Input: - Aluminium and tinplate are used for manufacturing

packaging material.

Recycling: Packaging material is almost completely disposed
of after use in household refuse. The most difficult problem
of recycling is the separation.
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Code No. 45, Building and civil engineering

Input: - Aluminium for window sills, doors, balcony frames,

wall-platings;
- Lead sheets, foils,tubes, solders;

- Copper for outer wall linings, roofings, window

sills, sanitary installations, conducting material;

- Zinc for eaves and roofings, brass in fittings.

Recycling: Aluminium and zinc sheets cause only minor sepa-
ration problems and are largely recycled. In contrast to alu-
minium and zinc, copper is used more for small parts and is,
therefore, more difficult to separate. Cupriferous tubes are
often hard to remove from buildings without comparatively
high expenses.

2.3. The recycling potential of major problem areas

2.3.1. Aluminium

As already mentioned in part 2.1.3., domestic availability

of aluminium-containing products, which under quantitative
aspects are of interest for recycling, is reduced by con-
siderable export surpluses. 25% of final demand for alumin-

ium in finished products is net exports. Additional 23%

has been deducted as exports of intermediate goods.l Accord-
ingly , almost half (48%) of total final demand is to be
attributed to exports. This means, that roughly 645,000 t

of aluminium contained in products were available for recycling
after their useful life. Of these about 595,000 t have been
followed up in the analysis on industry level, and about 507,000 t
on the product level. Even by limiting the analysis to the

problem areas outlined in the previous section of the study

1 Imports of intermediate products are already included in
primary input.
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the quantity still exceeds 400,000 t. The main reason for
this is that the dominating applications of aluminium -
motor car industry, building and civil engineering as well
as packaging industry - belong to the problem areas for

recycling.

In Table 24 domestic availability of packaging material

Table 24: PROBIEM AREAS FOR RECYCLING OF ALUMINIUM

1

Potential Main Recovery Problems
Specification in
1 o0o t Collec- Sepa~ Prepa- Metallur-

tion ration ration gical

packaging material 36.8 X X b4

non-ferrous tools and
articles for households)

agriculture,and trade 9.2 X

instrument engineering

and optical products 13.2 X

radio, tclevision,and

gremophone articles 8.4 X

office machinery 4.0 X

tubular furniture

and equipment 14.3

motor cars 129.9 X X
air conditioning and

drying equipment 6.4 X

machines for building

and c¢ivil engineering 5.9 % X X
agricultural machinery

and tractors 5.7 X X X
building constructions 135.3 X

aluminium products for

electrical use 44.6 X X

Total 413.7

1 On the base of 1972 input

Source: See Table 18.
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amounts only to 36,800 t (foils, strips and cans, packaging
material for cosmetics, soaps and food). In these cases the
employed packaging material can be exactly determined. How-
ever, other sectors contain additional quantities which cannot
be exactly attributed to packaging material. Accordingly,
estimates of roughly 60,000 to 80,000 t of domestic packaging

scrap seem to be reasonable in total.2

The difficulties of recycling are mainly due to the fact

that almost all packaging material is disposed of in house-
hold refuse. Therefore, a prerequisite for recycling is the
separation of aluminium from the refuse. However, this makes
sense only if all refuse is processed for collecting a series
of valuable materials. Apart from the problems of collection,
difficulties also arise in the preparation of the material,
as impurities are to be removed. These, however, are minor

problems compared with the difficulties of collection.

Since packaging material of aluminium accounts for roughly 12 %
of the total recycling potential and as this share presumably
will increase in future the recycling of household refuse
needs further attention.

The collection of old aluminium scrap from household refuse
is not only problematic in case of packaging material, but
also to a certain degree in case of non-ferrous tools and
articles for household and agriculture, optical instruments,
radios, television sets and pocket calculators. However, by
volume, these products contain only low potentials and induce
even greater separation problems since aluminium is often
used as a component of large equipment. Similar recycling
problems arise in the case of machinery. Such equipment is

often processed to recover e.g. steel and not aluminium.

2 See HANS-DIETER TANGERMANN: Verpackungswirtschaft -
Metallkreis, in: Egon Keller (editor): Abfallwirt-
schaft und Recycling, Probleme und Praxis, Essen 1977,
p. 297
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At present, aluminium recycling from automobile scrap has

the largest share in aluminium scrap recovery. This is brought
about mainly by the almost complete collection of automobile
scrap. However, the recovery ratio, i.e. the ratio between
scrap input and recovered aluminium is not very high. In case
of passenger cars and vans it can be estimated at around 30%.3
An increase of this ratio can hardly be achieved as long as
conventional shredding techniques are employed. Experts even
claim that the recovery is less than in the case of hand
separation.4 By introducing cryogenic shredding the separation
of non-ferrous metals from steel and other materials could be
improved.5 In view of yet unused potentials of non-ferrous
metals in cars and particularly with regard to the foreseeable
increases of aluminium application in this sector the relevant

recycling techniques should be improved.

In building and civil engineering the collection of o0ld scrap
at present is relatively low due to the long life cycle of
buildings and the fact that aluminium was only recently intro-
duced to the building and construction industry. The aluminium
parts used here nowadays are mainly large sized pieces sucn as
sheets for wall platings, window frames, etc. Thus, separation
problems hardly exist and aluminium will be recoverable almost
completely when the buildings become obsolete. Some pieces

may be available earlier when they are replaced.

As for the recycling of aluminium cables and other conducting

material it has to be mentioned that conventional cable burning

3 UMWELTBUNDESAMT: Materialien 2/76, Materialien zum Abfall-
wirtschaftsprogramm '75, V: "Metalle und metallische Ver-
bindungen", no place and no year given, p. 39

4 See ORGANISATION EUROPAISCHER ALUMINIUM-SCHMELZHUTTEN (OAE) :
Aluminium-Schmelzhiitten Europa, Japan, USA, 1975-76, Dlissel-
dorf 1975, p. 12

5 See SGM: A Survey of the Technology of Copper Recycling,
Brussels 1977, p. 79 et seq.
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is not applicable. Steel elements of the cables may even
prevent the use of granulators for recycling. Thus in

view of increasing employment of aluminium as conducting
material more efficient recycling techniques in this sector

should be developed.

2.3.2. Lead

The F.R. Germany recorded net exports of lead nearly of the
same amount as in the case of aluminium. Compared with final
demand domestic availability of lead-containing finished
products, however, accounted for 15% so that a total of 35%
of final demand was lost for domestic recycling. Of the
remaining 256,000 t 83% have been followed up in the analysis
on industry level, and about 76% on product level. Limiting
the analysis to the problem areas mentioned in the previous
section of the study only 40% of domestic availability was
covered. This results from the fact that the large quantity
of 95,000 t of lead in accumulators could be recycled
domestically without serious difficulties.1 Accordingly,

this sector was not considered a problem area.

In comparison with the other non-ferrous metals of concern,
recycling possibilities of lead, in general, are especially

favourable. This might be explained by the fact that

- the greater share of input is concentrated in few aresas,

- processing of old scrap is relatively simple since lead
is mostly available in large pieces and retains its

metallic properties due to its good resistance to corrosion.

1 See CERIMET: A Survey of the Technologies for Recycling
Aluminium and Lead, Torino 1977, p. 3 - 27.

2 See INTERNATIONAL LEAD AND ZINC STUDY GROUP: Secondary Lead
and Zinc, Report by an ad hoc Working Party of the Stati-
stical Committee, Washington, D.C. 1975, p. 4.
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Table 25: PROBLEM AREAS FOR RECYCLING OF LEAD

Potential Main Recovery Problems
Specification in
1 o0 t Collec- Sepa- Prepa- Metallur-
tion ration ration gical
machines for building 2
and civil engineering 1.7 X X X
technical apparatus 7.9 X
motor cars 7.0 2 X X
lead sheathings for
copper cables 41.8 X X
lead sheathings for
aluninium cables 8.6 X X
type metal 10.3 X
building constructions 25.8 X X
Total 103.1

1 On the base of 1972 input
2 Storage batteries excluded

Source: See Table 19
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Apart from motor cars, typemetal, and technical apparatus
where technical problems impede recycling, problems arise
mainly from difficulties of collection. Cable sheathings
account for nearly half of the lead quantities considered
problematic as far as recovery is concerned. Therefore,
this sector provides the most important source to raise
the recycling quota. Experts estimate that several million
tons of lead sheathing and lead pipes are waiting for
recovery but are presently not used because of problems of

localization and costly reclaiming.

Collection problems are also partly responsible for the

yet insufficient recovery of lead from machines for building
and civil engineering. In addition, problems of separation
exist as lead is usually applied as component of alloys

used for bearings or taps, cocks, and valves. The recovery
of these alloys concentrates not on lead but rather on
copper (red brass) or results in "Mischzinn" (Pb/Sn-alloy)
which is reused for the production of solder. An efficient
separation of tin from lead is at present still problematic.
However, by volume, this recycling potential is less signif-

icant for lead than for tin.

Quantitatively more important are the lead components of
technical apparatus, i.e. mainly equipment for the chemical
industry. Lead is appreciated primarily because of its good
resistance to corrosion. Difficulties in recycling may

arise from separation problems as well as from the necessary

cleaning for example from acid residues.

In general, lead recycling from motor-cars is relatively high.
Excluding accumulators, however, only 30% of the lead con-
tent is recovered. This might be explained by the specific
kinds of application. Lead is used for solder, balancing
weights, bearings, and similar small pieces scattered over
the whole car.
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Lead in typemetal has so far been recycled almost exclu-
sively within the printing industry, i.e. reprocessed into
the same product. However, the introduction of new printing
technologies has made relatively large quantities of type-
metal superfluous so that this material is available for
general lead recycling. Yet, consisting of lead, tin, and
antimony, the recovery of the alloy constituents is highly

difficult and rather expensive.

Lead pipes, platings, etc. used in building and civil
engineering can partly be removed from these buildings, how-
ever, at great cost. They are usually available when the
building is pulled down. The utilization of this potential

devends largely on scrap prices.

2.3.3. Copper

Due to net exports the domestic availability of copper-con-
taining finished products is 21% lower than final demand.
Additional 15% has been deducted as exports of intermediate
goods so that only 680,000 t of copper remain for domestic
recycling after the useful life of the products. Of these
96% have been followed up in the analysis on industry level,
and still 74% on the product level. Even by limiting the
considerations to the problem areas outlined in the previous
sections of the study roughly 55% of the copper quantities

available for domestic recycling remain.

The most important product groups are conducting material,
construction material, motor cars and a few consumer durables.
As in the case of lead, copper is hardly modified during its
useful life due to its good resistance to corrosion and it
therefore offers quite favourable conditions for recycling.
Because of its good alloying properties it is often used

and recycled in alloyed form.
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Table 26: PROBLEM AREAS FOR RECYCLING OF COPPER

Potential1 Main Recovery Problems
Specification in
1 o000t Collec— Sepa- Prepa- Metallur-
tion ration ration gical

radio, television, and
gramophone articles 19.8 X
electrical heating
equipment 10.9 X
household electrical
appliances 9.1 X X X
precision instruments
and optical products 6.8 X
cupriferous sundries 4.4 X
electrical refrigerators
and washing machines 20.7 X
taps, cocks, and valves 9.3
building constructions 45.3
copper cables and other
products for conductor
use 207.8 X X
machines for building
and civil engineering 4,2 X X
technical apparatus 4.2 X
motor cars 32,9 X X
Total 375.4

1 On the base of 1972 input

Source: See Table 20
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The products scarcely used so far for recycling are electri-
cal consumer goods and, in part, optical and small precision
instruments, too, which mostly are disposed of in household
refuse after use. At present only larger products such as
radios, television sets, etc. are sorted out. This alone,
however, does not guarantee a complete recovery of the copper
contents since, on the one hnad, the quantities per unit are
small (mostly conducting material), and on the other, separa-
tion problems may also occur. Large equipment such as washing
machines, refrigerators, etc. are generally collected sepa-
rately. They can be shredded like scrap automobiles. However,
the recoverable amounts of copper in this case also depend on

the separability.

To a small extent, taps, cocks, and valves, too, are disposed
of in household refuse if e.g. replacements of domestic sani-
tary installations are done privately. In most cases, however,
such work is done by plumbers who collect the exchanged parts.
These products account for a considerable share of copper
recycling from building and construction material. Inaccessible
copper in plumbing, hardware, wiring, lighting accessories, and

. 1
door furniture are seldom recovered.

The most important source for copper recycling are cables and
other conducting material including those quantities which are
delivered as conducting material to other industries.About
320,000 t are available for domestic recovery. So far, large
quantities of used cables, either subterranean or submarine,
have not been recycled mostly because of economic reasons.
Regarding separation, recycling technologies are gradually
being modified from traditional cable incineration methods to

semi-mechanical dressing and mechanical processing. Although

1l See L. WHALLEY, V.E. BROADIE: Non-Ferrous Metal Losses in
the UK, Stevenage no year given, p. 20.
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the incineration method is still more economical, these
possibilities are subject to growing environmental restric-

tions.

Less significant in quantitative terms is the copper re-
cycling potential of building and civil engineering machi-
nery and equipment. The difficulties lie, on the one hand,
in the insufficient collection, and on the other, in the
scrapping process which does not provide for complete sepa-

ration, for instance of smaller bearings from steel scrap.

In the motor-car industry there are many uses for copper.
The most important are the radiator, starter and generator
which usually are removed before shredding. As far as the
copper remains with the steel after shredding not only is
the copper lost but also the quality of steel scrap is
reduced. Thus, greater efforts in utilizing automobile scrap
for steel-making might also lead to a better recovery ratio
of copper. Superior shredding technologies such as cryogenic
shredding enable already a better separation of non-ferrous

metals rrom steel, however, they are not yet feasible.

2.3.4. Zinc

In the case of zinc the difference between final demand and
domestic availability is relatively small. While only 16%

of final demand for zinc in finished products is net exports,
24% has been deducted as exports of intermediate goods. Thus,
60% of final demand or 374,000. t of zinc, respectively, are
available for -domestic recovery. Of these about 76.6% has'been
followed up in the analysis on industry level, and about

57.3% on product level. Nearly all sectors were considered as
problem areas making up 53.5% of total domestic availability.
This is closely connected with the fact that old scrap arisings

of zinc are low compared with other non-ferrous metals.
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The major recycling problems arise from galvanized products.
On the other hand, the recycling potential from die casting
products is also of importance. Semi-finished zinc products,

sheets in particular, are largely recovered.

More than half of the domestic availability of selected prod-
ucts is contained in building constructions. Of this roughly

50% is shared by semi-finished zinc products and brass parts

for which the recycling quota is relatively high. The remaining
50,000 to 60,000 t are used in galvanized materials, especially
in steel sheets and tubes. At present, zinc used for gal-
vanization is usually not directly recovered, because no selec-
tive collection of galvanized steel is in practice.l The known
leaching processes are therefore not yet applied on an industrial

scale.

On the other hand there are processes for the treatment of
flue dusts from steel works. For several years, Lurgi for
instance, is testing the processing of flue dusts with the
Waelz-process. But up to now only small quantities of zinc
are reccvered from galvanized products, mainly due to economic

reasons.

These problems of zinc recycling from galvanized products are
not confined to building and construction material but also
refer to other items of Table 27. However, apart from the
metallurgical problems, difficulties in collecting old scrap

arise in such cases as air conditioning and drying equipment.

Next to galvanized products, still important and yet hardly
utilized sources of zinc recycling are zinc die castings

which are primarily used in the motor car industry. Apart from
these, comparatively small amounts are used for agricultural

machinery and tractors, radios, television sets, and gramophones.

1 SGM: A Survey of the Technology of Copper Recycling, with a
note on zinc recycling from galvanized products, Brussels 1977,
Add. p. 1.
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Table 27: PROBLEM AREAS FOR RECYCLING OF ZINC

1

Potential Main Recovery Problems
Specification in
1T o000t Collec- Sepa- Prepa- Metallur-
tion ration ration gical

ash cans and dust bins 2.6 X X
steel container 16.4 X X
construction elements
of steel sheet 5.8 X X
steel tubes and
sheets 2.5 X
building oconstructions 113.0 X
large steel container 2.3
architectural con-
structions 1.7 X X
air conditioning and
drying equipment 2.0 X X X
electrical refrige-
rators and washing
machines 2.9 X
corrugated sheet
steel for oopper
cable sheathing 4,7 X X X
radio, television,
and gramophone ar-
ticles 3.7 X X
primary batteries 8.5 X X X
precision instruments
and optical products 2.7 X X
agricultural machinery
and tractors 1.4 X
motor cars 24.0 X
tyres 6.0 X b 4
Total 200. 2

1 On the base of 1972 input

Source: See Table 21
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The recycling difficulties of these products result from
their widespread application, especially as small parts.
So far, larger guantities have only been recovered from
motor cars. Recycling from other product areas is still
very small because of disposal in household refuse and

separation difficulties.

Inspite of the high rate of collection of automobile scrap
in F.R. Germany, zinc recycling from this field is still
insufficient. The reason is also that zinc die castings
are mostly small parts which are seldom completely removed
before shredding. Even after shredding large quantities of

zinc remain in the steel scrap and shredding waste.

In view of the widespread use of zinc, it is also interesting
to mention the quantities used in tyres and primary batteries
with respect to recycling. So far, zinc recycling from pri-
mary batteries has not been feasible, especially at the
collection stage since obsolete cells are disposed of in
household refuse and are either dumped or incinerated. Other

problems are related to the mechanical separation of batteries.

As for the zinc oxides used in tyres, there are several tech-
niques of recycling. At present, only small quantities are
recovered in F.R. Germany. How far recycling in this field
will actually increase in future depends largely on the
choice of technology. This decision is subject to economic
factors whereby zinc recovery plays only a subordinate role.

2.3.5. Tin

In the case of tin domestic availability is drastically re-
duced (23%) by considerable net exports of tin-containing
finished products. In addition exports of intermediate goods,
primarily tinplate, are important (24% of total demand). Thus
only 53% of total demand remain available for domestic re-
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covery. Of these 16,000 t 89% have been followed up in the
analysis on industry level and about 61% on product level.
Limiting the analysis to those areas in which recycling
seems problematic roughly 50% of the domestically available

products are considered.

By far the most important individual area of application

seen from the input quantities as well as from the additional
recycling potential is packaging, i.e. tinplate for cans.

For many years the new scrap resulting from the production

of tinplate and especially cans has been recycled. However,
much larger guantities of o0ld tin-containing materials have
remained almost unused. They get into industrial and domestic
refuse and are only rarely recycled. At present, recycling
takes place only in the form of steel recycling. The recovery
of tin from used tinplate packaging is up to now only subject
to research efforts undertaken in nearly all industrialized
countries. The main obstacles to the salvaging of used ma-
terial are the collection and processing problems; the de-
tinning process itself seems to be less problematic as the
technique is principally the same as in the case of production

wastes (new scrap).

Using old tinplate packaging as additional source of tin re-
cycling certainly is the most preomising approach for raising
the recycling quota (see Table 28). For example, the total
potential within F.R. Germany is estimated at about 4,800 t

of tin. Even if only 60% of this quantity is recycled this
would mean additional metal resources of roughly 90 million DM

by value.
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Table 28: PROBLEM ARFAS FOR RECYCLING OF TIN

Pduymial1 Main Recovery Problems

Specification in t

Collec- Sepa- Prepa—- Metallur-
tion ration ration gical

tinplate cans 4 8oo X X X
building con-

structions 1 1o0 X

technical apparatus 700 X X
taps, cocks, and

valves 200 X

motor cars 1 200 X

Total 8 ocoo

1 On the base of 1972 input.
Source: See Table 22.

In contrast to tin in packaging material, the tin content of
alloys such as white metal (bearings), solder, bronze, etc.
is already recycled to a comparatively large extent. Less
important in terms of quantity is the use of tin in the form
of typemetal or in the chemical industry. Apart from the
mostly dissipative uses in the chemical industry the only im-
portant recycling potential in these areas might be seen in
the stock of typemetal becoming available for recovery due to
the changes of printing techniques.

Most tin recycling processes other than tinplate recovery re-
sult in "Mischzinn" (Pb/Sn-alloy) which is reused in the form
of alloys. The separation of high grade tin from these tin/
lead-alloys in an economic way obviously needs further in-

vestigation.
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3. Summary and conclusions

3.1. Product life-times and scrap recovery rates

The guantitative findings of this study outline the re-
cycling potentials of non-ferrous metals from product
groups which so far are not or not sufficiently utilized.
However, these recycling potentiali which have been de-
rived from domestic availability for 1972 are not yet
accessible for recovery. The year in which the finished
products consumed become accessible depends upon when

the products become obsolete. Obsolescence is determined
by each product's life-time. The life-times of products
are completely different (see Table 29). For example, the
production of packaging material of 1972 has become obso-
lete already in 1973, whereas the motor cars licenced in

1972 will become available as scrap only in the early eighties.

However, in this connection it has to be acknowledged that
life-times are only of minor significance as far as the
special objective of this study is concerned. As most of
the products under review have entered their useful life
year by year for a long time and become available conse-
qguently as old scrap each year, the identification of areas
for further research on recycling can on principle be
achieved without regarding the life-times of the products.
This would only be a necessary prerequisite in the case of
newly introduced products becoming obsolete for the first
time at all.

Nevertheless, estimates of product life-times are of
interest for calculating recycling or recovery ratios.
Properly computed these quotas should indicate the portion
of non-ferrous metals which is reclaimed from the originally
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Table 29 : AVERAGE LIFETIME OF SELECTED PRODUCTS

Proaucts Lifetime
in years | classified

chawcal products
- paints and lacquers 4 O
- salts, oxides, etc. 1 -2 @)
- packaging material for chemical prolucts 1 O
petrol (anti-kneck additives) 0
products of rubber industry
- tyres 3 O
- other rubber products 2 -4 O
products for steel construction
~ Al-containers 1 12 A
- large steel containers 5-6 O
- wagons 20 A\
- components of architectural construction 25 A
procducts of mechanical engineering,on average 18 - 20 AN
- electrical motors and other electrical

apparatus 7 O
~ machines for building and civil engineering 12 O
- agricultural machinery and tractors 15 7A)
- taps, cocks and valves 10 O
~ office machinery 15 TAY
motor cars 10 4
- accumlators 3-4 O
- tyres 3 O
shipbuilding 16 A
- accumulators 3-4 O
- paints and lacquers 1-2 O
products of electrical engineering
tele-commnication equipment 24 A
autcmatic data—processing equipment 12 TAY
radio, television and gramophone equipnent 11 A
electrical heating ecuipment 8 O
household electrical appliances 6 O
electrical refrigerators and washing machines
- freezing equipment 12 TAY
- refrigerators 12 AN
- washing machines 9 ()
high-voltage switchgears 30 ~ 40 JAY
low-voltage switchgears 20 JA)
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Table29continued:

Lifetime

in years |classified

Products

copper cables and other products for

electrical use 40 A
electrical motors 7 )
electrical generators 30 - 40 VA
transformers 30 - 40 FA
aluuinium cables and other products for

electrical use 40 FA)
accumulators 3-4 O
X~ray equipments 15 D
primary batteries 1 C
precision instruments and optical products 10 O
non-ferrous tools and articles for households,

agriculture and small trade 12 - 14 L
aluminium toils, strips and cans 1 O
tubular furniture and equipment 18 D
ash cans and dust bins 15 D
steel containers 20 VA
construction eleaments of steel sheet 25 VA
steel tubes and sheets 25 VA
typametal 20 VA
tinplate cans 1 @)
building constructions 40 TAN
- yxoofing 25 VA
-~ tubes 30 O

O = short term, (O = Medium term , & = Iong tem

1 - Steel containers can be processed for reuse and may be employed
for 5 to 6 years.

Source: BIPE: Le cycle des déchets de metaux non ferreux, Paris 1973; H.BLUME (editor):
Technologien der Rohstoffnutzung, Jahresbericht 1976 zum Programm "Angewand-
te Systemanalyse (ASA)" in der Arbeitsgemeinschaft der GroBforschungseinrich-
tungen (AGF), Anlagenband II, K81ln 1977; FRED V. CARILLO, MARK H. HIBPSHMAN,
RODNEY D. ROSENKRANZ: Recovery of Secondary Copper and 2inc in the United
States, US Bureau of Mines, Information Circular 8622, Washington, D.C. 1974;
P.F. CHAPMAN: Energy Conservation and Recycling Copper and Aluminium, in:
Metals & Materials, no place given, June 1974; EUROPOOL: Untersuchurg f{iber
das Aufkommen an metallischem Schrott von Autowracks und Haushaltsgrofgerdten,
die M8glichkeiten der Abfallbeseitigung, Weiterverarbeltung und das Recycling
in den LZndern der Europdischen Gemeinschaften, no place given (1975);
INTERNATIONAL LEAD AND ZINC STUDY GROUP: Secondary Lead and Zinc, Report by
an ad hoc Working Party cf the Statistical Committee, no place given, Sept.
1975; OLCD, COMMITTEE FOR SCIENTIFIC AND TECHNOLOGICAL POLICY: The Life Cycle
of Copper, Paris 1976; ORGANISATION EUROPAISCHER ALUMINIUM-SCHMELZHUTTEN (OEA):
Aluminium Schmelzhltten Europa, Japan, USA, 1975-76, Dusseldorf 1976
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employed quantities. There are two crucial points, however,

which make the computing of fairly exact quotas difficult:

- First, to estimate the quantities of metals originally
employed for products becoming obsolete at present, it is
obviously necessary to have adequate data of production
and foreign trade as well as of the metal content of
relevant- products for the last 30 years or so. Applying
the input/output-approach yearly input/output-tables
back to 1945 would be required. Such data are not available.

- Second, data on the exact composition of the actually
recovered old scrap by products or product groups are not
available. Only rough estimates by industry experts could
be applied.

Therefore, it is not surprising that usually recovery rates
of a different meaning are computed by relating the scrap
available to date to present non-ferrous metal input. The
different meaning becomes obvious for example in the case
of lead recovery from old tubes. Relating the reclaimed
metal from this source to the present day input for lead
tubes results in a quota which does not indicate anything
about the recovery of the originally employed lead for
tubes, i.e. the efficiency of recovery. Such problems arise
when the application 2f metals for certain products has in-
creased or decreased substantially during the reference
period.

In view of this difficulty it has been refrained from com-
puting recovery ratios for each product in this study. With
regard to the specific objectives, that is to say the de-
termination of areas of untapped recycling potentials, it

seems quite reasonable to use more or less rough estimates.



._84_

3.2. Further considerations

Part 2.3. has given a quantitative analysis of the problem
areas identified as sources to increase recycling for indi-
vidual metals. Recycling difficulties have also been out-
lined. In a concluding assessment it seems appropriate to
give a general view of the relevant product groups by
cumulating the different metal contents weighted by the

metal prices. The findings are shown as a graph in Figure 2.

By viewing the various products and product groups with re-
gard to technological problems of recovery it may be stipu-
lated that certain common features exist inspite of many
differences in size, metal input and availability of pro-
ducts. The major technical constraints on recycling of non-
ferrous metals are concerend with their separation from
materials in the waste stream, from other materials added
during the manufacture of the product or from other elements
in alloys.

On the other hand, regarding the efficiency of scrap collec-
tion two different sources should be distinguished. Pro-
duction waste as well as old scrap arising within the in-
dustries are usually recovered as far as feasible at given
technology and prices of secondary metals. In contrast,
products becoming obsolete within the household sector are
normally disposed of in household refuse and therefore,

at present, hardly recovered. This second source evidently
offers the more important potential of additional recycling.

Consequently the following R & D activities to increase the

recycling of non-ferrous metals may be recommended:

- Domestic refuse offers a potential source of relatively
large tonnages of aluminium, tin and - to a smaller extent =

copper. The non-ferrous metallic components of municipal
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Figure 2: TOTAL RECOVERY POTENTIAL OF MAIN
PROBLEM AREAS, in value %
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solid refuse are by far the most valuable constituents.
But the economic viability of their recovery depends on
the development of adequate separation and preparation

techniques.

In this context an overall aspect which must be observed
is that the refuse problem of private households has so
far been mainly discussed in view of disposal. If the re-
clamation of valuable materials contained in the refuse
would be stressed the non-ferrous metals could contribute
greatly towards the economics of recycling. In any case
efforts should be made to introduce recovery systems for
the reclamation of a series of materials rather than for
the recovery of individual materials such as paper, glass,
etc.

The pyrolysis may be regarded as a promising technology to
cope with these problems. This technique resulting in the
recovery of the originally employed raw materials is prin-
cipally applicable to household refuse as well as to cables,

tyres, etc.

It was shown that cecnnology is often available for recovery
operations, but its acoption is restricted by economic fac-
tors. Among them the prices of secondary materials seem to
be most important. Any efforts to increase the level of re-
cycling activities have to take into account that all re-

claimed secondary material has to compete with primary supply.

As for the price fluctuations experienced in the case of nearly
all non-ferrous metals special emphasis should be put upon the
operating flexibility of recycling equipment. This refers not
only to the effects of high capital intensity on the minimum
capacity employment but also to the applicability of the
equipment to various input materials.
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NOMENCLATURE OF SELECTED SECTORS OF THE
DIW - INPUT - OUTPUT - TABLES

1o
10001
10999

13005

13007

13008
13009
13010

13013
13015
13022
13023
14

14002
14008
14999
15

16002
19

19001
19002
19003
19005
19999
20

20001
20012
20013

20014
20015

Eisenschaffende Industrie
H. v.verzinktem Stahlblech

tibrige eisenschaffende In-
dustrie

Kupferhalbzeug-Industrie

Aluminiumleichtmetall-
GieBereien

Kupferhiitten-Industrie
Aluminiumhiitten-Industrie
Aluminiumhalbzeug-Industrie

Zinkhiitten-Industrie
Zinkhalbzeug-Industrie
Zinnhlitten-Industrie
Zinnhalbzeug-industrie
Chemische Industrie
FParben- und Lackindustrie
H. v. Kosmetika und Seifen
Ubrige chemische Industrie
Mineraldlverarbeitung
Kautschukindustrie
Stahlbau

Waggonbau

H. v. Containern

H.v. Hochbaukonstruktionen
H. v. WeiBblech u.WeiBband
tibriger Stahlbau
Maschinenbau-
Werkzeugmaschinenindustrie
H. v. Pumpen und Ventilen

Lufttechnik und Trocknungs-
anlagen

H. v. Kdltemaschinen

H. v. Bau- und Baustoff-
maschinen

iron and steel industry
galvanizing steel sheet
other iron and steel industry

semimanufactured products of
copper

aluminium foundries

copper smelters
aluminium smelters

semimanufactured products of
aluminium

zinc smelters

semimanufactured products of zinc

tin smelters

semimanufactured products of tin

chemical industry

paints and lacquers industry
cosmetics and soap industry
other chemical industry
mineral oil processing
rubber industry

steel construction

wagon making

production of containers
architectural construction
production of tinplate
other steel construction
mechanical engineering
machine-tool industry

pump and valve manufacture

air conditioning and drying
equipment

industrial freezing equipment
machines for civil engineering



20018

20019

20020

20023

20025
20030

20031
20034
20035
20999
21

21001
21999
23

24

24007
24008

24010

24011

24012

24013

24014

24015

24017

24018

24019

24020

_Az-.

Landmaschinen filir Acker-
schlepper

H. v. Nahrungsmittel-
maschinen

Apparatebau

Fordertechnik

H.v. Textilmaschinen

H.v. Armaturen

Antriebstechnik
Blirotechnik
Kernenergietechnik

ibriger Maschinenbau
StraBenfahrzeugbau
Kraftfahrzeugbau - VW
tibriger StraBenfahrzeugbau
Schiffbau

Elektrotechnische Industrie
Nachrichtentechnik

Automatische Datenverarbei-
tungsanlagen

Rundfunk-, Fernseh- und
Phonotechnische Industrie

H. v. elektrischen Wirme-
gerdten

H. v. elektromotorischen
Wirtschaftsglitern

H. v. elektrischen Haushalts-
kiihlm&beln und Waschmaschinen

H. v, Hochspannungsschalt-
gerdten

H. v. Niederspannungsschalt-
gerdten

H. v. Kabeln.und sonstigem
Leitungsmaterial aus Kupfer

H. v. Elektromotoren und
Generatoren

H. v. Transformatoren und
Stromrichtern

H. v. Kabeln und sonstigem
Leitmaterial aus Aluminium

agricultural machinery and
tractors

machines for food industry

manufacture of technical
apparatus

lifting, handling, and haulage
equipment

textile machines

production of taps, cocks,
and valves

transmission engineering
office machinery

nuclear reactor equipment
other mechanical engineering
motorcar industry

motorcar production of VW
other motorcar industry
shipbuilding industry
electrical engineering
tele-communication equipment

automatic data-processing
equipment

radio, television and gramophone
manufacture

electrical heating equipment

household electrical appliance
manufacture

electrical refrigerator and
washing machine manufacture

production of high-voltage
switchgears

production of low-voltage switch
gears

copper cables and other products
for electrical use

electric motors and generators

production of transformers

aluminium products for electrica
use



24023

24024
24025
24030

24999

25

25003

27

27004

27008

27009

27010

27011
27015

27016

27017

27023

27999

33

43

43002

43999
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Blei-2kkumulatoren-
Industrie

H. v. R&ntgengeridten
H. v. Primdrelementen

H. v. Leitmaterialien aus
Rupfer

tibrige Elektrotechnische
Industrie

Feinmechanische und opti-
sche Industrie

Photo- und optische Industrie
EBM-Industrie

H. v. Gerdten und Bedarfs-
artikeln aus NE-Metallen
fir Haus-, Landwirtschaft
und Gewerbe

Kupferverarbeitende Metall-
kurzwarenindustrie

H. v. Aluminjumfolien,
~bidndern, -dosen

H. v. Stahl- und NE-Metall-
mdbeln und -einrichtungen

MlillgefdBe und Abfalltonnen

H. v. Lager- und Transport-
behdltern aus Stahlblech

H. v. Baubedarf aus Stahl-
blech

H. v. Rohr- und Blechkon-~
struktionen aus Stahlblech

H. v. Feinblechpackungen
(WeiBblech)

tbrige EBM-Industrie

Druckerei~ und Verviel-
faltigungsindustrie

sonstige Nahrungs- und
Genufimittelindustrie

H. v. Fisch- und Fleisch-
konserven

brige, sonstige Nahrungs-
und GenuBnittel-Industrie

accumulator industry

production of X-ray equipments
production of primary batteries

copper products for electrical
use

other electrical engineering

precision engineering and optical
industry

manufacture of optical instru-
ments

production of tools and
finished articles of metal

manufacture of non-ferrous tools
and articles for households,
agriculture, and small trade

manufacture of cupriferous
sundries

production of aluminium foils,
strips, and cans

production of tubular furniture
and equipment

ash cans and dust bins
production of steel containers

production of construction ele-
ments of steel sheet

manufacture of steel tube and
sheet products

production of tinplate packaging

other manufacture of tools and
finished articles of metal

printing industry
food industry
production of canned fish and

meat
other food incustry



44043

45
51

53
54003

54999
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Sonstige Nahrungs- und
Genufmittelgewerbe

Baugewerbe

Nachrichtenlibermittlung
(Post)

Wohnungsvermietung

Hotellerie, Gaststdtten-
gewerbe

ibrige, sonstige Dienst-
leistungen

other manufacture of food

building and civil engineer
communications (post)

flat-letting business
hotel and restaurant busine

miscellaneous services



APPENDIX B

Calculation of Final Demand and Domestic Availability
in 1976 on the Basis of Input/Output-Tables for 1972



Given the inputs for 1976, the relevant final demand figures
for the same year may be calculated upon the assumption of
stable input/output-relationships. Prerequisites of stability
are:

absence of technological progress

absence of changes in the composition of final demand

absence of processes of vertical concentration
- absence of changes in the business cycle.

These assumptions, however, seem to be not realistic for
the period between 1972 and 1976. Thus, results for 1976
have not been included into the study but only are shown

in the appendix.

Tables for 1976 are numberized in the same way as for 1972.



Table 3: CALCULATION OF THE PRIMARY INPUTS OF THE INPUT-
OUTPUT TABLES 1976

input- metal

conponents Al Pb Cu Zn Sn

Domestic pro-
duction of
primary and 991.1 338.2 446.6 326.2 2.3
secondary
smelters

Direct use
of scrap 55.4 10.4 157.3 77.1 6.1

Increase (-)
and
decrease (+) -7.2 -17.0 -45.4 +3.9 -0.3
of visible
stocks

Imports of
non--ferrous
metals and 626.8 51.3 685.5 188.2 20.1
semi~finished
products

Total input 1666.1 382.9 1244.0 595.4 28.2

1 Excluding imports of new and old scrap, ores and concentrates,
which are included in the production figure

Source: METALLGESELLSCHAFT AG: Metalstatistics, 1966-1976,
64. Ed., Frankfurt/Main 1977; STATISTISCHES BUNDES-
MAMT: Fachserie G, AuBenhandel, R. 2, Spezialhandel
nach Waren und Lé&ndern 1976¢; ITE estimates.
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Tablc 18: CALCULATION OF THE DOMESTIC AVAILABILITY OF
ALUMINIUM IN PRODUCTS FOR FINAL USE, 1976

Code Specification Final Dom?Stic
Demand Availa-
bility
in in
1 000 t 1 000 t

14 chemical industry 32.8 23.5
14008 cosmetics and soap industry 5.9 5.6
19 steel construction 18.3 17.0
19001 wagon making 7.8 6.4
20 mechanical engineering 158.7 90.2
20001 machine—tool industry 12.8 8.3
20013 air corditioning and drying

equipment 10.4 8.6
20014 industrial freezing

equiprent
20015 machines for civil erginecerg
20018 agricultural machinery and

tractors 12.7
20019 machines for fcod industry 12.3
20023 lifting, handling and

haulage ecuipment 6.7 7.9
20025 textile machines 8.6 2.7
20034 office machinery 8.6 5.4
21 motorcar irdustry 270.6 173.8
23 shipbuilding industry 14.3 11.0
24 electrical engineering 207.9 179.7
24007 tele-commmication equipmeny 49.0 40.3
241008 automatic data-processing

equipment 30.8 28.6
24010 radio, television and

¢gramophone nonufacture 12.3 11.2
24019 production of transformers 11.6 10.7
24020 aluminiun products for

electrical use 60.3 59.7
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Table 18 continued:

. Domesti
Code Specification Final Avail afc
Demand ‘o
bility
in in
1 000 t 1 000 t

25 precision engineering and

optical industry 23.4 17.7
25003 manufacture of optical

instruments 17.5 14.8
27 production of tools and

finiched articles of meztal 82.8 59.1
27004 manufacture of non-ferrous

"tools and articles for

houscholds, agriculture

and smll trade 14.0 12.3
27009 production of aluminium

foils, strips, and cans 32.6 11.1
27010 production of tubular

furniture and equipment 19.9 19.1
43 food industyiyr 35.2 32.5
45 building and civil

engineering 181.0 181.0

Source: ITE estimates
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Table 19: CALCULATION OF THE DOMESTIC AVAILABILITY OF
LEAD IN PRODUCTS FOR FINAL USE, 1976
P Final Domestic
Code Specification Demand Availa-
bility
in in
1l 000 t 1l 000 t
14 chemical industxy 29.3 19.8
14002 paints and lacguers industry 23.4 15.9
15 mineral oil processing 5.0 1)
20 mechanical engineering 34.8 24.3
20015 machines for' civil
engineering 4.3 3.6
20020 manufacture of technical
apparatus 11.6 7.7
20023 lifting, handling and
haulage equipment 4.5 3.5
20031 transmission engineering 1.0 0.5
20035 nuclear reactor equipment 6.5 5.7
21 motorcar industry 53.3 34.2
23 shipbuilding industry 2.7 2.0
24 electrical engineering 99.1 85.9
24007 tele commnication equipment 0.5 0.4
24008 automatic data-processing
equipnent 0.2 0.2
24017 copper cables and other
products for electrical use 44.2 40.6
24019 production of transformers 0.9 0.8
24020 aluminium products for
electrical use 8.4 8.3
24023 accumulator industry 36.6 27.1
24024 production of X-ray
equipments 4. .7
33 printing industry . 3
45 building and
civil cngineering 25.0 25.0

©)

1) not calculable

Source:

ITE estimates




Table 20: CALCULATION OIF THE DOMESTIC AVAILIBILITY OF

COPPER IN PRODUCTS FOR FINAL USE, 1976
e g Final Domestic-
Code Specification Demand Availa-
bility
in in
1l 000 t 1 000 t

14 chemical industry 20.5 13.5
20 mechanical engineering 128.4 72.6
20001 machine-tool industry 14.8 9.6
20012 pup and valve manufacture 8.1 3.6
20015 machines for civil engineering 5.8 4.9
20019 machines for food industry 5.1 2.3
20020 manufacture of technical

apparatus 7.3 4.9
20023 lifting, handling and

haulage equipment 4.8
20025 textdle machines 5.0 1.5
20030 production of taps, cocks and

valvzs 15.1 10.9
21 motorcar industry 69.6 38.4
23 shipbuilding industry 23.1 17.7
24 electrical engineering 638.3 546.2
24007 tele-communication equipment 38.5 32.5
24008 automatic data—-processing

equipment 7.1 6.7
24010 radio, televisicn and

gramophone manufacture 25.5 23.1
24011 electrical heating equipment 15.5 12.7
24012 household electrical appliance

manufacture 12.1 10.6
24013 electrical refrigerator and

washing machine manufacture 22.4 24.2
24014 production of high-voltage

switchgears 15,4 13.1




Table 20 continued:

Code Specification Final Domestic
Demand Availa-
bility
in in
1 000 t 1 000 t
24015 production of low-voltage
switchgears 14.4 7.0
24017/ copper cables and other
24030 products for electrical use 267.7 242.6
24018 electric motors and
generators 32.5 23.0
24019 production of transformers 41.1 37.7
25 precision engineering and
optical industry 10.4 7.9
27 production of tools and .
finished articles of metal 21.7 14.9
27008 manufacture of cupriferous
sundries 8.3 5.1
45 building and
‘civil enginecying 52.9 52.9
Source: ITE estimates




Table 21: CALCULATION OF TIE DOMESTIC AVAILIBILITY OF ZINC
IN PRODUCTS FOR FINAL USE, 1976

ot £ v Final Domestic
Code Specification Demand Availa-
bility
in in
1 000 t 1 000 t

14 chemical industry 26.2 18.0
14002 paints and lacquers industry 2.0 1.3
16002 rubber industry 0.4 0.4
19 steel construction 34.3 32.2
18002 production of containers 3.0 2.2
19003 architectural construction 1.9 1.6
20 mechanical cngineering 34.8 20.3
20001 machine-tool industry 4.8 3.1
20012 pump and valve manufacture 2.0 0.9
20013 air conditioning and drying

equipment 2.3 1.9
20018 agricultural machinery and

traccors 2.2 1.3
20023 1ifting, handling and

haulage oquipnent 1.9 1.5
20025 textile machines 2.4 1.7
21 motorcar industry 36.8 22.9
23 shipuilding industry 6.3 4.9
24 electrical engineering 37.5 32.1
24007 tele~commnication cquipment 3.1 2.6
24010 radio, teclevision and

gramophone marufacture 3.9 3.5
24013 electrical refrigerator and

washing machine manufacture 2.6 2.8
24017 copper cabhles and other

producls for electrical use
24025 production of primary batteries .2
25 precicion ongineering and

opticol industry 2.7 2.6
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Table 21 continued:

NP Final Domestic
Code Specification Demand Availa-
in in
1 000 t 1l 000 t
27 production of tools ard
finished articles of metal 41.2 32.3
27011 ash cans and dust bins 2.5 2.5
27015 production of steel containers 16.0 15.7
27016 production of construction
elements of steel sheet 3.2 5.5
27017 manufacture of steel tube
and sheet products 4.8 2.4
45 building and
civil engineering 107.9 107.9

Source:

ITE estimates
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Table 22 : CALCULATION OF TIE DOMESTIC AVAILIBILITY OF TIN.
IN PRODUCTS FOR FINAL USE, 1976

Jode Specification Final Domestic
Demand Availa-
bility
in t in t
14 chemical industry 654 446
20 mechanical engineering 5 456 3 115
20019 machines for food industry 420 198
20020 manufacture of technical
apparatus 934 629
20030 production of taps, cocks
and valves 280 201
20031 transmission engineering 215 104
21 motorcar industry 1 775 1121
23 shipbuilding industry 290 222
24 electrical engineering 1121 1 046
24007 tel. -commmnication equipment 523 453
24008 automtic data-processing
equipnent 589 585
27" ) production of tools and
finished articles of metal 1 579 1 263
43 fooa industry 5 232 4 993
43002 produacticn of cammed fish
and meat 2 775 4 498
45 kuilding and civil .
engineerjng 1l 037 1 037

1)Eh{cluding 27023 production of tinplate packaging, as this nx?tctrial
is not part of final demand but rather consists of semi—~finished
products.

Source: ITE estimates



APPENDIX C

Final Demand Part of the Input/Output-Table,
1972 in %

57 = Private Consumption

58 = Government Consumption

59 = Gross Fixed Capital Formation
60 = Changes in Sﬁocks

61 = Foreign Sector ( Exports )

62 = Auxiliary Materials

63 = Material Losses
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ALUMINIUM continued

CODE 57 58 59 6o 61 xxx 62 63 xxx
14016 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14017 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14018 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14019 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14020 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14021 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00
14999 0.14 0.25 0.05 =0.00 0.99 l.42 D426 0.0 1.69
15 0.04 0.00 0.0 0.0 0.00 0.C4 0.0 0.0 0.04
16001 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
16002 0.01 0.00 0.00 0.0 0.02 0.03 0.0 0.0 0.03
16003 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00
16999 0.0 0.C 0.0 0.0 0.0 0.0 0.0 0.0 0.0
17001 0.0 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.00
17999 0.00 0.C 0.0 0.0 0.00 0.01 0.0 0.0 0.01
18 0.0 0.0 0.0 0.0 0.01 0.01 0.0 0.0 0.01
19001 0.0 0.01 0.37 0.0 0.09 0.47 0.0 0.0 0.47
15002 0.0 0.0 0.00 0.0 0.00 0.01 0.0 0.0 0.01
19003 0.0 0.0 0.01 0.00 0.00 0.01 0.0 0.0 0.01
19004 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
19005 0.0 0.0 0.0 0.0 0.01 0.01 0.0 0.0 0,01
19999 0.01 0.03 0.49 0.02 0.06 0.61 0.01 0.0 0.62
20001 0.0 0.0 0.38 -0.01 0.39 077 0.0 0.0 0.77
20002 0.0 0.0 0.01 0.0 0.C1 0.02 0.0 0.0 0.02
20003 0.0 0.0 0.00 0.0 0.01 0.01 0.0 0.0 0.01
20004 0.0 0.0 0.00 0.0 0.01 0.01 0.0 0.0 0.01
20005 0.0 0.0 0.00 0.0 0.00 0.01 0.0 0.0 0.01
20006 0.0 0.0 0.06 -0.00 O.14 0.20 0.0 0.0 0.20
20007 0.0 0.0 0.12 =0.01 Oel4 0.25 0.0 0.0 0.25
20008 0.0 0.0 0.00 0.0 0.C0 0.00 0.0 0.0 0.00
26009 0.0 0.0 0.12 =0.00 .12 0.2¢ 0.0 0.0 0.24
20010 0.0 0.0 0.10 -0.01 0.29 0.38 0.0 0.0 0.38
20011 0.0 0.0 0.10 -0.01 0.27 0.36 0.0 0.0 0.36
20012 0.0 0.0 0.08 -0.01 0.28 0.36 0.0 0.0 0436
20013 0.0 0.0 0.41 =0.01 0.22 0.63 0.0 0.0 0.63
20014 0.0 0.0 0.10 =0.01 0.31 0.41 0.0 0.0 0.4l
20015 0.0 0.0 0.29 =0.01 0.28 0.56 0.0 0.0 0.56
20016 0.0 0.0 0e1l13 =-0.,00 0.25 0.38 0.0 0.0 0.38
20017 0.0 0.0 0.10 -0.00 0.14 0.24 0.0 0.0 .24
20018 0.0 0.0 0.34 =0.01 Oebb 0.76 0.0 0.0 0.76
20019 0.0 0.0 0.25 =0.01 0.50 0.74 0.0 0.0 074
20020 0.0 0.0 0.20 =0.00 0.15 0.34 0.0 0.0 0.34
20021 0.0 0.0 0.05 0.0 0.01 0.06 0.0 0.0 0.06
20022 0.0 0.0 0.05 0.0 0.02 0.07 0.0 0.0 0.07
20023 0.0 0.0 0.26 -=0.00 C.14 0.40 0.0 0.0 0440
20024 0.0 0.0 0416 =0.00 0.22 0.37 0.0 0.0 0.37
20025 0.0 0.0 0.10 -0.01 042 0451 0.0 0.0 0.51
20026 0.01 0.0 0.04 =0.00 0.13 017 0.0 0.0 0.17
20027 0.0 0.0 0.01 0.0 0.00 0.01 0.0 0.0 0.01
20028 0.0 0.0 0.00 0.0 0.00 0.01 0.0 0.0 0.01
20029 0.0 0.01 0.16 0.0 0.01 0.18 0.0 0.0 0.18
20020 0.00 0.0 0.12 -0.01 0.16 0.28 0.0 0.0 0.28
20031 0.0 0.0 0.01 -0.00 0.05 0.06 0.0 0.0 0.06
20032 0.0 0.0 0.00 0.0 0.0 0.0¢C 0.0 0.0 0.00
20033 0.0 0.0 0.0 -0.00 0.03 0.03 0.0 0.0 0.03
20034 0,02 0.0 0.21 =0.01 0.29 0.51 0.0 0.0 0.51
20035 0.0 0.0 0405 0.0 0.01 0.06 0.0 0.0 0.06
20999 0.07 0.02 0.06 =0.,01 0.02 0.16 0.0 0.0 0.16
21001 0465 0.0 0.35 =0.01 2.81 3.79 0.01 0.0 3.80
21999 2.83 0435 3,66 =0.05 5.10 11.89 0.11 0.0 12.00
22 0.00 0.11 0.02 =-0.02 0.04 0.16 0.0 0.0 0.16
23 0.01 0.10 G.35 0.04 0.36 Q.86 0.0 0.0 0.86
24002 0.0 0.0 0.0 0.0 0.0 0.0 c.0 0.0 0.0
264001 0.0 0.0 0.17 0.0 0.0 0.17 0.0 0.0 0.17
24C03 0.0 0.0 0.0 0.0 0.00 0.00 0.0 C.0 0.00
240046 0.0 0.03 0.07 0.0 Oeld 0.24 0.0 0.0 0.24
24005 0.07 0.02 0.0 0.0 0.09 0.18 0.0 0.0 0.18
24006 0.0 0.0 0.00 0.0 0.00 2.00 0.0 0.0 0.00
24007 0.02 0.02 2.27 <=0.00 0.63 294 0.00 0.0 2494
24008 0.0 0.0 0.87 0.0 0.98 1.85 0.0 0.0 1.85
24009 0.03 0.0 0.0 -0.00 0.17 0.20 0.0 0.0 0,20
24010 0443 0.0 0.04 0.0 0.28 0.74 0.0 0.0 0.74
24011 0.17 0.0 0.00 0.0 0.06 0.23 0.0 0.0 0.23
24012 0.18 0.0 0.0 0.0 0.06 0.24 0.0 0.0 0.24
24013 0.20 0.0 0.0 0.0 0.11 0.31 0.0 0.0 0.31
24014 0.0 0.0 0.16 0.0 0.04 0.20 0.0 0.0 0.20
264015 0.07 0.00 0.0 0.0 0.18 0.25 0.0 0.0 0.25



ALUMINIUM continued :

CODE 57 58 59 60 61 xxx 62 63 xxx
24016 0.01 0.0 0.0 0.0 0.04 0.05 0.0 0.0 0.05
24017 0.0 0.0 0.08 0.0 0.01 0409 0.0 0.0 0.09
24018 0.01 0.00 0.13 0.0 0.18 0,32 0.0 0.0 0.32
24019 0.0 0.0 0.54 0.0 0.16 0.70 0.0 0.0 0.70
24020 0.0 0.0 3.5% 0.0 0.08 3.62 0.0 0.0 3.62
264021 0.0 0.0 0.0 0.0 0.01 0.01 0.0 0.0 0.01
24022 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24023 C.0 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.00
24024 0.0 0.C 0.01 0.0 0.01 0.01 0.0 0.0 0.01
24025 - 000 0.0 0.0 0.0 0.00 0.01 0.0 0.0 0.01
24026 0.00 0.0 0.0 0.0 0.01 0.01 0.0 0.0 0.01
24027 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00
24028 0.0 0.0 0.05 0.0 0.01 0.06 0.0 0.0 0.06
24029 0.0 0.0 0.0 c.0 0.02 0.02 0.0 0.0 0.02
24030 0.0 0.0 0.0 0.0 0.01 0.01 0.0 0.0 0.01
24999 0.01 0.04 0.08 =0.00 0.03 0.15 0.0 0.0 0.15
25001 0,01 0.C 0.0 0.0 0.0 0.01 0.0 0.0 0.01
25002 0.0 0.0 0.0 0.0 0.00 0.00 ¢.0 0.0 0.00
25003 0424 0.0 0.30 0.0 0.52 1.05 0.0 0.0 1.05
25999 0.11 0.07 0.0 0.0 0.17 0.35 0.0 0.0 0.35
26001 0.00 0.0 0.0 0.0 0.01 0.01 0.0 0.0 0.01
26999 0.00 0.01 0,01 0.00- 0.02 0.05 0.0 0.0 0.05
27001 0.01 0.0 0.0 0.0 0.0 0.01 0.0 0.0 0.01
27002 0.0 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.00
27003 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00
27004 0.49 0.03 0.03 0.0 0.29 0.84 0.0 0.0 084
27005 0.02 0.0 0.0 0.0 016 0.18 0.0 0.0 0.18
27006 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27007 0.0 0.0 0.0 0.01 0.03 0.04 0.0 0.0 0,04
27008 0.04 0.0 0.0 0.0 0.08 013 0.0 0.0 0.13
27009 0.65 0.0 0.0 0.02 1.30 1.96 0.0 0.06 2.02
27010 0.39 0.0 0.63 0.00 0.16 1.19 0.0 0.0 1.19
27011 0.0 0.00 0.0 0.0 0.0 0.00 0.0 0.0 0.00
27012 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27013 0.0 0.0 0.0 0.0 0.12 0.12 0.0 0.0 0412
27014 0.0 0.07 0.0 0.0 0.10 0.16 0.0 0.0 0.16
27015 0.00 0.0 0.02 0.0 0.00 0.03 0.0 0.0 0.03
27016 0.00 0.0 0.0 0.0 0.01 0.01 0.0 0.0 0.01
27017 0.0 0.0 0.00 0.0 0.01 0.01 0.0 0.0 0.01
27018 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27019 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27020 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27021 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27022 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27023 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00
27024 0.0 0.0 0.0 0.0 0.06 0.06 0.0 0.0 0406
27999 0.08 0.01 0.04 0.00 0.07 0.20 0.0 0.0 0.20
28 0.00 0.0 0.0 0.0 0.01 0.01 0.0 0.0 0.01
29001 0.00 0.0 0.0 0.0 0.00 0.01 0.0 0.0 0.01
29002 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
29003 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
29999 0.0 0.0 0.00 0.0 0.00 0.01 0.0 0.0 0.01
30001 0.01 0.0 0.0 0.0 0.00 0.01 0.0 0.0 0.01
30999 0.11 0.01 0.05 0.00 0.02 0.19 0.0 0.0 0.19
31001 0.00 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00
31002 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
31999 0.02 0.0 0.00 0.0 0.01 0.03 0.0 0.0 0.03
32 0.01 0.00 0.0 0.0 0.00 0.02 0.0 0.0 0.02
33 0.01 0,00 0.0 0.0 0.00 0.02 0.0 0.0 0.02
34001 0.00 0.0 0.0 0.0 0.01 0.01 0.0 0.0 0.01
34999 0.09 0.01 0.01 0.01 0.07 0.14 0.0 0.0 O.14
35001 0.01 0.0 0.0 0.0 0.00 0.02 0.0 0.0 0.02
35999 0.02 0.0 0.0 0.0 0.01 0.03 0.0 0.0 0.03
36001 0.02 0.00 0.0 0.0 0.00 0.02 0.0 0.0 0.02
36002 0.01 0.0 0.0 0.0 0.00 0.01 0.0 0.0 0.01
36999 0.04 0.00 0.00 =0.00 0.02 0.06 0.0 0.0 0.06
37001 0.03 0.C 0.0 0.0 0.00 0.03 0.0 0.0 0.03
37999 0.06 0.00 0.0 0.0 0.00 0.06 0.0 0.0 0.06
38 0.00 0.0 0.0 0.0 0.0 0.01 0.0 0.0 0.01
39 0.01 0.0 0.0 0.0 0.01 0.02 0.0 0.0 0.02
40 0.01 0.0 0.0 0.0 0.00 0.01 0.0 0.0 0.01
41 0.21 0.00 0.0 0.0 0.01 0.22 0.0 0.0 Q.22
42 0.12 0.0 0.0 =0.,00 0.00 0e12 0.0 0.0 0.12
43001 0.00 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00
43002 0.01 0.C 0.0 0.0 0.0 0.01 0.0 0.0 0.01
%3999 l1.83 0.05 0.00 0.02 0.21 2.10 0.37 0.0 2448
44009 0.00 0.0 0.00 0.0 0.0 0.01 0.0 0.0 0.01
44010 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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LEAD continued

CODE

14016
14017
14018
14019
14020
14021
14999

15
16001
16002
16003
16999
17001
17999

18
19001
19002
19003
19004
19005
19999
20001
20002
20003
20004
20005
20006
20007
20008
20009
20010
20011
20012
20013
20014
20015
20016
20017
20018
20019
20020
20021
20022
20023
20024
20025
20026
20027
20028
20029
20030
20031
20032
20033
20034
20035
20999
21001
21999

22

23
24002
24001
24003
24004
24005
24006
24007
24008
24009
24010
24011
24012
24013
24014
24015

OOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOC;OOOOOOOOO

w
~1

N w

o

o

o

(-4

® ® & 2 ® 8 © 6 & 5 & 8 5 & C O S 8 6 S 0 U P S & 6 O & & O 8 s G O G 8 O O O S O O P S O s s s e e 9 e s e s

CO0O00O00CO0O0O0O00O0COO0DO0ODO0OAODOO00OODOITV0OODOCO0OCOODOOO0ODWOODOOQOO

0.01
0.0
0.0
0.0
0.00
0,04
0.03
0.13
0.08
0.0
0.02

W

OOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOO&OOOOOO o8]
w

o

® & 0 6 & B & 6 0 O & 8 0 & 8 0 O 6 S 6 & O 0 O O B O . O 0 8 e e 0 0 O 06 s e
L=

0000000000000 0O0O0QCO0O0O00OOOVOVDOO0OOOCOCOOO0OO0OOO

0.0

o.o

- X-X-X-¥-¥-¥-N.N-¥X.¥-N.]

o

® @ o 8 6 ®» 2 0 ¢ 0 s

000000000 0DO0O

o

.
~N O
o

o0
.

[
o

0.09
0.0
0.0
0.0
0.0
0.C0
0.0
0.0
0.C
0.C
0.0
0.0
0.0
0.0
0.0
0.0

59

o.o
0.0
0.0
0.0
o.o
o'o
0.01
0.00
0.0
o.o
0.0
0.0
0.0
0.0
0.0
0.01
0.0
0.00
0.0
0.0
0.06
0.08
0.01
0.00
0.0
0,00
0,01
0.01
0.00
0.00
0.01
0.00
0.01
0.05
0.00
0.57
0.01
0.01
0.04
0.07
l.64
0.00
0.00
0.75
0.04
0.02
0.01
0.00
0.00
0.00
0.09
0.04
0.00
0.0
0.02
1.25
0.16
0.28
2.91
0.03
0.30
0.0
0.01

0.00
0.0
0.0
0.09
0.02
0.0
0.00
0.0
0.0
0.0
0.01
0.0

0.0

[-N-N-N-N-N-N.N-N-¥-Ne
EEEEEEREEEREER]

COO0O0O00O0O00O0O0

°.°

0.0

0.0

0.0

0.0

0.0

0.25
0.05
0.0

0.01
0.0

0.0

0.0

0.00
0.00
0.00
olo

0.0

0.0

0.00
0.01
0.09
0.01
0.01
0.00
0.00
0.03
0.01
0.00
0.00
0.02
0.01
0.05
0.03
0.01
0.53
0.02
0.02
0.05
0.13
1.12
0.0

0.00
0.40
0.06
0.10
0.02
0.00
0.01
0.0

0.12
0.22
0.0

0.00
0.03
0.20
0.06
2429
4.05
0.C5
0.30
0.0

0.0

0.0

0.01
0.02
0.0

0.03
0,03
0.01
0.03
0.01
0.04
0.04
0.00
0.04

xxy

0.0
°co
o.o
0.0
0.0
0.0
0.36
0.43
0.0
0.02
0.0
0.0

0.00
0.00
0.01
0.00
0.00
0.0

0.00
0.08
0.17
0.02
0.01
0.00
0.00
0.04
0.02
0.00
0.00
0.02
0.02
0.07
0007
0.01
1.09
0.03
0.03
0.08
0.19
2.53
0.00
0.01
1.15
0.11
0.12
0.03
0.01
0.01
0.00
0.21
0.25
0.00
0.00
0.C5
le%4
Q.43
3.09
9445
0.22
0.73
0.0

0.01
0.00
0.01
0.03
0.00
0.12
0.05
0.01
0.07
0.04
0.17
0.12
0.01
0.05

=)
N

O

[-N-X-X-N-N-N-N-X-N-N-NoN-N-X-X- - R N-N-N-N-Ne.F- NN N-N-N-N-NoX-N-N-N-N-R-N-N-N-N-N. 3 N-N-R-XoN- ¥
o

I EIEEEE IR EEEEEEEEEEEEEEEEEEEEEEREE R I I

[~ N-N-R-N-¥-N-N- L N-R-R-N-XoR-N- R NN N-R-N-N-N-N-N-F-N-N-N-N-X-N-N-F-N-N-N-N- NN~ NN R NN NN ¥

0.0

[T

Q00000000000
EEEEEEREEEX
0000 YUMODO0OOOO0O

(o X-K-]
* o o @
000

[¢)}
w

[<R-X-N-J-R-N-N-E- N - R-N-R-R-N-Nox-N-N-F-N-N-E-F- RN N-R-N-N-JF-R-R- NN -N-N-N-N-NoNoR- NN

. e

[~ -N-R-N-N-E-N-E-F-NoJ-N-N-R-N. RN NeN-N. N - N-F-N-NeE- NNl RN-NoRoN-NoN-N-N-NoN-NoN-R-NeNo]
PEEEREEEX
o

oo
o
o0

0
o.o

o
- -
o o

0.0

CO0O0OCO0O0O0O00ODOO0O
MEEEEEEREEEEEEREERERE

[-X-X-N-X-¥-N-N-R-E-R-R=R-R-R- N1

nN O

N



LEAD continued

CODE 57 58
24016 0.01 0.0
24017 0.03 0.0
24018 0.00 0.0
24019 0.0 0.0
24020 0.0 0.0
24021 0.0 0.0
24022 0.0 0.0
24023 3.88 0.35
24024 0.0 0.0
24025 0.00 0.0
24026 0.01 0.0
24027 0.0 0.0
24028 0.0 0.0
24029 0.0 0.0
24030 0.0 0.0
24999 0.02 0.14
25001 0.00 0.0
25002 0.0 0.0
25003 0.01 0.0
25999 0,02 0.01
26001 0.0 0.0
26999 0.0 0.00
27001 0.01 0.0
27002 0.09 0.01
27003 0.0 0.0
27004 0.00 0.0
27005 0.0 0.0
27006 0.0 0.0
27007 0.0 0.0
27008 0.00 0.0
27009 0.00 0.0
27010 0.01 0.0
27011 0.0 0.0
27012 0.0 0.0
27013 0.0 0.0
27014 0.0 0.0
27015 0.0 0.0
27016 0.0 0.0
27017 0.0 0.0
27018 0.0 0.0
27019 0.0 0.0
27020 0.0 0.0
27021 0.0 0.0
27022 0.0 0.0
27023 0.0 0.0
27024 0.0 0.0
27999 0.30 0.04
28 0.01 0.0
29001 0.01 0.0
29002 0.0 0.0
29003 0.0 0.0
29999 0.04 0.03
30001 0.00 0.0
30999 0.05 0.00
31001 0.00 0.0
31002 0.0 0.0
31999 0.04 0.0
32 0.01 0.00
33 0.06 0.02
34001 0.00 0.0
34999 0.01 8.00
35001 0.01 0.0
35999 0.01 0.0
36001 0.00 0.0
36002 0.00 0.0
36999 0.06 0.00
37001 0.00 0.0
37999 0.01 0.0
38 0.0 0.0
39 0.01 0.0
40 0.00 0.0
41 0.03 0.0
42 0.01 0.0
43001 0.0 0.0
43002 0,00 0.0
43999 0.33 0.01
44009 0.00 0.0
44010 0.0 0.0
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LEAD continued :

CODE 57 58 59 60 61 XxX% ¢2 63 ¥xx
44011 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44012 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44013 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44014 0.00 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.00
44015 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44016 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44017 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44018 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44019 0.0 0.0 0.02 0.0 0.0 0.02 0.0 0.0 0.02
44020 0.00 0.00 0.06 0.0 0.02 0.08 0.0 0.0 0.08
44021 0.29 0.01 0.01 0.0 0.00 0.31 0.12 0.0 0.43
44022 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44023 0.0 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.00
44024 0.02 0.00 0.01 0.0 0.01 0.04 0.0 0.0 0.04
44025 0.01 0.00 0.00 0.0 0.00 0.02 0.0 0.0 0.02
44026 0.00 0.00 0.01 0.0 0.0 0.02 0.0 0.0 0.02
44027 0.01 0.0 0.01 0.0 0.00 0.02 0.0 0.0 0.02
44028 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44029 0.00 0.0 0.0 0.0 0.00 0.01 0.0 0.0 0,01
44030 0.02 0.00 0.02 0.0 0.0 0.04 0.0 0.0 0.04
44031 0.00 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.00
44032 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44033 0,00 0.00 0.0 0.0 0.0 0,01 0.0 0.0 0.01
44034 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00
44035 0.00 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0,00
44036 0.00 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.00
44037 0.00 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.00
44038 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44039 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44041 0.00 0.0 0.0 0.0 0.0 0,00 0.0 0.0 0.00
44042 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44043 0.06 0.0 0.0 0.0 0.0 0.06 0.0 0.0 0.06
45 0,06 0.32 5438 0.01 0.03 5.80 0.70 0.0 6,49
46 0.01 0.01 0.02 0,00 0.01 0.05 0.0 0.0 0.05
47 0.10 0,00 0,00 0.,00 0.0 0.11 0.0 0.0 0.11
48 0.03 0,01 0.02 0.0 0.02 0.08 0.0 0.0 0,08
49 0.00 0.0 0.0 0.0 0.04 0.04 0.0 0.0 0.04
50 0.04 0.01 0.00 0.0 0,02 0.08 0.10 0.0 0.18
51 0.01 0.00 0.00 0.0 0.0 0.02 0.83 0.0 0.84
52 0.03 0.01 0.0 0.0 0.00 0.04 0.0 0.0 0404
53 0.18 0.0 0.0 0.0 0.0 0.18 0.0 0.0 0.18
54001 0.05 0.00 0.0 0.0 0.0 0.06 0.0 0.0 0.06
54002 0.01 0.0 0.0 0.0 0.0 0.01 0.0 0.0 0,01
54003 0.06 0.0 0.0 0.0 0.0 0,06 N.0 0.0 0,06
54004 0,03 0.0 0.0 0.0 0.0 0.03 0.0 0.0 0.03
54999 0.01 0.02 0.00 0.0 0.01 0.04 0.09 0.0 0.13
55 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
56 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
57 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
M XN X 10.64 1483 29.65 =0.13 33,18 175.16 17.37 0.62 93,15
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COPPER continued :

CODE 57 58 59 60 61 xxx 62 63 xxx
14016 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14017 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14018 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14019 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14020 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14021 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00
14999 0.06 0.11 0.02 -0.,00 0.43 0.62 1.82 0.0 2444
15 0.04 0.00 0.0 0.0 0.01 0.05 0.0 0.0 0.05
16001 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
16002 0.01 0.00 0.00 0.0 0.02 0.03 0.0 0.0 0.03
16003 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00
16999 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
17001 0.0 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.00
17999 0.00 0.C 0.00 0.0 0.00 0.01 0.C 0.0 0.01
18 0.0 0.0 0.0 0.0 0.01 0401 0.0 0.0 0.01
19001 0.0 0.0 0.03 0.0 0.01 0.04 0.0 0.0 0.04
19002 0.0 0.0 0.01 0.0 0.00 0.01 0.0 0.0 0.01
19003 0.0 0.0 0.00 0.00 0.00 0.01 0.0 0.0 0.01
19004 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
19005 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00
19999 0.00 0.02 0.27 0.01 0.03 0.34 0.0 0.0 0.34
20001 0.0 0.0 0.65 =0,02 0.68 1.31 0.0 0.0 1.32
20002 0.0 0.0 0.07 =-0.00 0.13 0.20 0.0 0.0 0.20
20003 0.0 0.0 0.03 -0.00 0.10 0.13 0.0 0.0 0.13
20004 0.0 0.0 0.00 0.0 0.03 0.03 0.0 0.0 0.03
20005 0.0 0.0 0.03 =0.00 0.05 0.08 0.0 0.0 0.08
20006 0.0 0.0 0.06 =0.00 .14 0.19 0.0 0.0 0.19
20007 0.0 0.0 0.07 =0.00 0.08 0.14 0.0 0.0 O.14
20008 0.0 0.0 0.04 ~-0.00 0.06 0.09 0.0 0.0 0.09
20009 0.0 0.0 0.06 =0.00 0.06 0.12 0.0 0.0 0.12
20010 0.0 0.0 0.06 -0.00 0.16 0.21 0.0 0.0 0.21
20011 0.0 0.0 0.07 =0.00 0.20 0.27 0.0 0.0 0.27
20012 0.0 0.0 0.13 =0.01 0444 0.56 0.0 0.0 0.56
20013 0.0 0.0 0.18 =0.00 0.10 0.27 0.0 0.0 0.27
20014 0.0 0.0 0.09 =0.00 0.28 0.37 0.0 0.0 0.37
20015 0.0 0.0 0.35 =0.01 0.32 0.66 0.0 0.0 0.66
20016 0.0 0.0 0.08 -0.00 0.16 0.23 0.0 0.0 0.23
20017 0.0 0.0 0.06 -0.00 0.08 0.14 0.0 0.0 0.14
20018 0.0 0.0 0.19 =0.01 0.24 0.42 0.0 0.0 0.42
20019 0.0 0.0 0.17 -0.01 0.34 0.51 0.0 0.0 0.51
20020 0.0 0.0 0.39 -0.01 0.30 0.68 0.0 0.0 0.68
20021 0.0 0.0 0.01 0.0 0.00 0.01 0.0 0.0 0.01
20022 0.0 0.0 0.09 =-0.00 0.04 0.13 0.0 0.0 0.13
20023 0.0 0.0 0.39 -0.01 0.21 0.59 0.0 0.0 0.59
20024 0.0 0.0 0.19 =-0.,01 0,26 0.44 0.0 0.0 O.44
20025 0.0 0.0 0.12 -0.01 0.48 0.59 0.0 0.0 0.59
20026 0.00 0.0 0.02 0.0 0.05 0.07 0.0 0.0 0.07
20027 0.0 0.0 0.06 0.0 0.04 0.10 0.0 0.0 0.10
20028 0.0 0.0 0.02 0.0 0.04 0.06 0.0 0.0 0.06
20029 0.0 0.0 0.01 0.0 0.0 0.01 0.0 0.0 0.01
20030 0.01 0.0 0.23 =0.01 0.30 0.52 0.0 0.0 0.52
20031 0.0 0.0 0.04 <-0.01 0.22 0.25 0.01 0.0 026
20032 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0 0.00
26033 0.0 0.0 0.0 ~0.00 0.04 0.03 0.0 0.0 0.03
20034 0.01 0.0 0.10 -0.00 0.14 0.24 0.0 0.0 0.24
20035 0.0 0.0 0.14 0.0 0.02 0.16 0.0 0.0 0.16
20999 0.09 0.03 0.08 =0.01 0.03 0.23 0.01 0.0 0.24
21001 0.26 0.0 0.14 =0,01 lel12 1.51 0.0 0.0 1.51
21999 0,90 0.11 l1.16 -0.02 1.61 3.76 0.07 0.0 3.83
22 0.00 0.09 0.02 =0.02 0.03 0.13 0.0 0.0 0.13
23 0.02 p.21 0.75 0.09 0.76 1.83 0.04 0.0 1.87
24002 6.0 0.01 0.0 0.0 0.00 0.01 0.0 0.0 0.01
24001 0.0 0.0 0.02 0.0 0.0 0.02 0.0 0.0 0.02
24003 G.00 0.00 0.0 0.0 0.00 0.01 0.0 0.0 0.01
24004 0.0 0.00 0.00 0.0 0.01 0.01 0.0 0.0 0.01
24005 0.04 0.01 0.0 0.0 0.05 0.10 0.0 0.0 0.10
24006 0.0 0.0 0.00 0.0 0.00 0.00 0.0 0.0 0.00
24007 0.02 0.02 2440 <=0.00 0.67 3.10 0.03 0.0 3.18
24008 0.0 0.C 0.27 0.0 0.31 0.58 0.0 0.0 0.58
24009 0.07 0.¢ 0.0 =0.00 0,40 0.46 0.0 0.0 0.46
24010 l.18 0.0 0.11 0.0 0.76 2405 0.0 0.0 2.05
24011 0.94 0.0 0.01 0.0 0.30 1.25 0.0 0.0 1.25
24012 0.75 0.0 0.0 -0.00 0.23 0.98 0.0 0.0 0.98
24013 1.16 0.0 0.0 0.0 0.65 1.80 0.0 0.0 1.80
24014 0.0 0.0 0.98 0.0 0425 1.23 0.0 0.0 1.23
24015 0.32 0.00 0.0 0.0 0.82 1.15 0.02 0.0 1.17
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COPPER continued :

CODE

24016
24017
24018
24019
24020
24021
24022
24023
24024
24025
24C26
24027
24028
24029
24030
24999
25001
25002
25003
25999
26001
26999
27001
27C02
27003
27004
27005
27006
27007
27008
27009
27010
27011
27012
27613
27014
27015
27016
27017
27018
27G19
27020
27C21
27022
27023
27024
27999

28
29001
29002
29003
29999
30C€01
306999
31¢01
31002
31999

32

33
34001
34999
35001
35999
36001
36002
36999
37001
37999

38

39

40

41

42
43001
43002
43999
44009
44010

57

0.04
0.05
0.10
0.0
0.0
o.o

O.o

(=N =)

58 59 60
0.0 0.0 0.0
0.0 17.17 0.0
0.01 1.08 =0.01
G.0 2455 0.0
0.0 0.07 0.0
0.0 0.0 0.0
0.C 0.0 0.0
0.0 0.0 0.0
0.0 0.06 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.C 0.19 0.0
0.0 0.0 0.0
0.0 0.04 -0.02
0.37 077 ~0.01
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.04 0.0
0.11 0.0 0.0
0.0 0.0 0.01
0.07 0.08 0.01
0.0 0.0 0.0
0.00 0.0 0.0
0.0 0.00 0.0
0.01 0.01 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.01 0.0 0.0
0.0 0.0 0.0
0.0 0.02 0.0
0.01 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0C C.0 0.0
0.0 0.03 0.0
0.0 0.0 0.0
0.0 0,00 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.01 0.05 0.00
0.0 0.00 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.00 0.01 0.00
0.0 0,00 0.0
0.01 0.11 0.01
0.0 0.0 0.0
0.0 0.0 0.0
0.00 0.01 0.0
0.01 0.0 0.00
0.02 0.00 0.0
0.0 0.0 0.0
0.01 0.01 0.01
0.0 0.0 0.0
0.00 0.0 0.0
0.00 0.0 0.0
0.0 0.0 0.0
0.00 0.00 =-0.,00
0.00 0.0 0.0
0.01 0.0 0.00
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.00 0.0 0.00
0.0 0.00 0.0
0.0 0.0 0.0

61

0.28
2466
1.42
0.76
0.00
0.00
OIO

0.00
0.06
0,00
0,07
0.01
0.02
0.00
1.64
0.28
0.00
0.00
0.08
0.28
0.14
Oel4
0.01
0.01
0,02
C.10
0.20
0.01
0.0

0.43
0.00
°.°1
0.0

0.0

0.0

0.00
0.00
0.01
0.02
0.0

0.0

0,00
0.0

0.0

0.00
0.0

0.07
0.01
0.00
0.0

000

0.02
0,00
0.C4
0.00
0.0

0.05
0.02
o.oz.
0.01
0.06
0,00
0,01
0.00
0.00
0.03
0.01
0.01
0.0

0.00
0.00
0.00
0.0

0.0

0.0

0.02
0.0

0.0

XXX

0.32
19.87
2460
3.31
0.07
0.00
0.00
0.00
0.12
0.01
0.11
0.01
0.22
0.00
174
le47
0.02
0.00
0.15
0.58
023
0.33
0.12
0.02
0.03
0.28
0.22
0.01
0.0
0.67
0.01
0.04
0.01
0.0
0.0
0.0C
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0.0
0.0
0.0
o.o
0.0
0.0
0.0
0.0
0.0
0.0
°.°
0.0
0.0
0.0
0.0

XX

0.32
19.99
2.62
3.35
0.07
0.00
0.00
0.00
0.12
0.01
0.11
.01
0.22
0.00
1.82
1,47
0.02
0.00
0.15
0.59
0e¢24
0.42
0.12
0.02
0.03
0.28
0.22
0.01
o.o
0.67
0.01
0.04
0.01
0.0
0.0
0.00
0.04
0.01
0.02
0.0
0.0
0.00
0.0
0.0
0.00
0.0
0.22
0.02
0.01
0.0
0.0
°'°l|‘
0.01
0.41
0.01
0.00
0.20
0.07
0.11
0.01
0.12
0.03
o.oh
0.02
0.01
0.09
0.11
0.21
0.00
0.01
0.01
0.02
0.01
0.00
0.01
0.18
0.01
o.o



COPPER continued :

CODE

44011
44012
44013
44014
44015
44016
44017
44018
44019
44020
44021
44022
44023
44024
44025
44026
44027
44028
44029
44030
44031
44032
44033
44034
44035
44036
44037
44038
44039
44041
44042
44043

45

46

&7

48

49

50

51

52

53
54001
54002
54003
54004
54999

55

56

57

XX

.OOCOOQQICOU‘
ocwgooococngooe ~J

o
—

D000 OCTOO0O0OQOOOO00
-
P
~n

)
Q
o

0.03
0.02
0.0

0.0

0.06
0.04
0.0

0.00
0.00
0.01
0.01
0.03
0.00
o.o

0.00
0.0

0.08
0.05
0.02
0.22
0.08
.00
0.07
0.07
0.06
0.36
0.02
0.03
0.32
0.07
0.03
0.0

0.0

0.0

11.39

0.01

59

0.0
0.0
0.00
OIO
0.0
olo
0.0
0.0
0.17
0.18
0.01
0.0
0.01
0.09
0.01
0.06
0.03
0.0
0.0
0.06
0.00
0.0
0.0
0.0
°.°
0.0
o‘o
0.0
0.0
0.0
0.0
0.0
3.94
0.05
0400
0.07
0.0
0.01
0.01
0.0
0.0
0.0
0.0
0.0
0.0
0.03
0.0
0.0
0.0

38445

~C12-

60

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.00
-0.00
000
0.0
0.0
0.0
000
0.0
0.0
0.0
0.0
0.0
0.0
0.0
o.o
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.01
0.01
0.01
000
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

-0.22

61

0.0
O.o
0.00
0.00
0.0
0.0
0.0
0.0
0.00
.06
0.00
0.0
0.01
0.04
0.01
o.o
0.00
0.0
o.o
0.00
0.01
0.0
olo
0.00
0'0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.02
0.03
0.00
0.05
0.08
0.04
0.01
0.01
0.00
0.0
0.0
0.0
0.0
0.04
0.0
0.0
0.0

38,98

L 3
L

g

0.00

0.12

0.23

90.48
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ZINC 1IN %
CODE 57
1001 0.11
1999 0.00
2 0.14
3 0.10
4 0.05
5 0.0
6 0.00
7 0.0
8001 C.0
8999 0.0
9002 0.0
9001 0.00
5003 0.0
9004 0.0
9005 0.0
Q9006 0.0
9007 0.0
9008 0.0
9999 0.00
10001 0.0
1cc02 0.0
10003 0.0
1C004 0.0
16065 0.0
10006 0.0
10999 0.03
11001 0.0
11002 0.0
11003 0.0
11999 0.00
12001 0.02
12002 0.03
12999 0.00
13001 0.0
13002 0.0
13003 0.0
13004 C.0
13005 0.06
13006 0.03
13007 0.0
13008 0.0
13009 0.0
13010 0.0
13011 0.0
13012 0.0
13013 0.0
13014 0.24
13015 0.0
13016 0.0
13017 0.0
13018 0.0
13019 0.0
13020 0.0
13021 0.0
13022 0.0
13023 0.0
13024 0.0
13025 0.0
13026 0.0
13027 0.0
13999 0.0
14001 0.0
14002 0.10
14003 0.0
14004 0.01
14005 0.0
14006 0.06
14007 0.00
14008 0.06
14009 0.00
14010 0.00
14011 0.0
14012 0.0
14013 0.0
14014 0.0
14015 0.0

58

0.01
0.00
0.02
0,02
0.01
C.C
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ZINC continued

CODE
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ZINC continued :

CODE 57 58 59 6o 61 xxx 62 63 ¥xx
24016 0.01 0.0 0.0 0.0 0.05 0.06 0.0 0.0 0.06
24017 0.00 0.0 0.70 0.0 0.11 0.81 0.0 0.0 0.81
24018 0.01 0.0 0,08 0.0 0.10 0.18 0.0 0.0 0.18
24019 0.0 0.0 .12 0.0 0.04 0.16 0.0 0.0 0.16
24020 0.0 0.0 0.01 0.0 0.0 0.01 0.0 0.0 0.01
24021 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00
24022 0.00 0.0 0.0 0.0 0.0 0.C0 0.0 0.0 0.00
24023 0.00 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00
24024 0.0 0.0 0.01 0.0 0.01 0.03 0.0 0.0 0.03
24025 0.93 0.04 0.0 0.0 0.24 1.21 0.0 0.0 1.21
24026 0.01 0.0 0.0 0.0 0.01 0.02 0.0 0.0 0.02
264027 0.0 0.0 0.0 0.0 0.01 0.01 0.0 0.0 0.01
24028 0.0 0.0 0.01 0.0 0.0 0.01 0.0 0.0 0.01
24029 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00
24030 0.00 0.0 0.00 0.0 0.06 0.06 0.0 0.0 0.06
24999 0.05 027 057 =0.01 0.21 1.09 0.21 0.0 1.30
25001 0.01 0.0 0.0 0.0 0.00 0.01 0.0 0.0 0.01
25002 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00
25003 0.02 0.0 0.02 0.0 0.04 0.08 0.0 0.0 0.08
25999 0.11 0.07 0.0 0.0 0.17 0.35 0.0 0.0 0.35
26001 0.02 0.0 0.0 0.00 0.03 0.05 0.0 0.0 0.05
26999 0.05 0.16 0.21 0.03 0436 0.81 0.00 0.0 0.82
27001 0.05 0.0 0.0 0.0 0.00 0.05 0.0 0.0 0.05
27002 0.00 0.0 0.0 0.0 0.00 0.01 0.0 0.0 0.01
27003 0.01 0.0 0.00 0.0 0.04 0.04 0.0 0.0 0404
27004 0.16 0.01 0.01 0.0 0.09 0.27 0.0 0.0 0.27
27005 0.01 0.0 0.0 0.0 0.09 0.10 0.0 0.0 0.10
27006 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0,00
27007 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27008 0.08 0.00 0.0 0.0 0.15 0,24 0,0 0.0 024
27009 0.00 0.0 0.0 0.0 0.01 0.01 0.0 0.0 0.01
27010 0.02 0.0 0.04 0.0 0.01 0.07 0.0 0.0 0,07
27011 0.0 0.36 0.03 0.0 0.03 0.42 0.0 0.0 0.42
27012 0.0 0.0 0.0 0.0 0.02 0.02 0.0 0.0 0.02
27013 0.0 0.0 0.0 0.0 0.01 0.01 0.0 0.0 0.01
27014 0.0 0.11 0.0 0.0 0.16 0.28 0.0 0.0 0.28
27015 0.39 0.0 l1.88 0.0 0.26 2.53 G.16 6.0 2.69
. 27016 0.09 0.0 0.0 0.0 0.30 0040 0.15 0.0 Ge55
27017 0.0 0.0 0.08 0.01 0.70 0.78 0.01 0.0 0.79
27018 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27019 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27020 0.0 0.0 0.0 0.0 0.10 0.10 0.0 0.0 0.10
27021 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27022 0.0 0.0 0.0 0.0 0.0 0.0 0.01 0.21 0.22
27023 6.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00
27024 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27999 0.57 0.08 0.33 0.03 0.51 1.52 0.23 0.0 1.75
28 0.01 0.C 0.0 0.0 0.01 0.02 0.0 0.0 0.02
29001 0.01 0.0 0.0 0.0 0,00 0.01 0.0 0.0 0.01
29002 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00
29003 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
29999 0.00 0.00 0.01 0.00 0.01 0.03 0.0 0.0 0.03
30001 0.01 0.0 0.0 0.0 0.00 0.01 0.0 0.0 0.01
30999 0.12 0.01 0.06 0.00 0.02 0.20 0.0 0.0 0.20
31001 0.01 0.0 0.0 0.0 0.01 0.02 0.0 0.0 0.02
31002 0.00 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.00
31999 0.05 0.0 0.00 0.0 0.02 0.08 0.0 0.0 0.08
32 0.02 0.01 0.0 0.0 0.01 0.04 0.0 0.0 0.04
33 0.16 0.05 0.00 0.00 0.05 0.27 0.0 0.0 0.27
34001 .01 0.0 0.0 0.0 0.03 0,03 0.0 0.0 0.03
34999 0.01 0.00 0.00 0.00 0.01 0.02 0,33 0.0 0.35
35001 0.03 0.0 0.0 0.0 0,01 0.04 0.0 0.0 0.04
35999 0.03 0.0 0.0 0.0 0.01 0.03 0.0 0.0 0.03
36001 0,03 0.00 0.0 0.0 0.01 0404 0.0 0.0 0.04
36002 0.02 0.00 0.0 0.0 0.01 0.03 0.0 0.0 0.03
36999 0.10 0,00 0.00 =0.00 0.06 016 0.0 0.0 0.16
37001 0.05 0.0 0.0 0.0 0.01 0.06 0,0 0.0 0.06
37999 0.11 0.00 0.0 0.0 0.01 0.12 0.0 0.0 0.12
38 0.01 0.0 0.0 0.0 0.0 0.01 0.0 0.0 0.01
39 0.01 0.C 0.0 0.0 0.00 0.02 0.0 0.0 0.02
40 0.01 0.0 0.0 0.0 0.00 0.01 0.0 0.0 0,01
41 0.02 0.0 0.0 0.0 0.00 0.02 0.0 0.0 0.02
42 0.02 0.0 0.0 0.0 0.0 0.02 0.0 0.0 0.02
43001 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00
%3002 0.01 0.0 0.0 0.0 0.0 0.01 0.0 0.0 0.01
43999 0417 0.00 0.0 0.00 0.02 0.20 0.0 0.0 0.20
44009 0.01 0.0 0.00 0.0 0.0 0.01 0.0 0.0 0,01
44010 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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ZINC continued

CODE 57 58 59 60 61 xxx 62 63 yXxx
44011 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44012 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44013 0.0 0,00 0.00 0.0 0.00 0.01 0.0 0.0 0.01
44014 0.00 0.00 0.0 0.0 0.00 0.01 0.0 0.0 0,01
44015 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44016 0.00 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.00
44017 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0
44018 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44019 0.0 0.04 1.54 0.03 0.01 1.62 0.45 0.0 2.07
44020 0.00 0.00 0,09 =0.,00 0.03 0.11 c.0 0.0 0.11
44021 0.18 0,00 0,01 0.0 0.00 0.20 0.0 0.0 0.20
44022 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0
44023 0.01 0.00 0.01 0.0 0.00 0.03 0.0 0.0 0.03
44024 0.04 0.00 0,03 0.0 0.02 0.10 0.0 0.0 0.10
44025 0.04 0.00 0.01 0.0 0.00 0.05 0.0 0.0 0,05
44026 0.06 0.02 0.11 0.00 0,00 0.18 0.0 0.0 0.18
44027 0.02 0.00 0.04 0.0 0.01 0.07 0.0 0.0 0.07
44028 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44029 0.0 0.0 0.0 0.0 0.0 Q.00 0,0 0.0 0.00
44030 0.05 0.00 0.04 0.0 0.00 0.09 0.0 0.0 0.09
44031 0.02 0.0 0.0 0.0 0.00 0.02 0.0 0.0 0.02
44032 0.0 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.00
44033 0.01 0.01 0.0 0.0 0.00 0.02 0.0 0.0 0,02
44034 0.00 0.0 0.0 0.0 0.00 0.01 0,0 0.0 0.01
44035 0.01 0.0 0.0 0.0 0.0 0,01 0.0 0.0 0.01
44036 0,01 0.0 0.0 0.0 0.0 0.01 0.0 0.0 0.01
44037 0.02 0.0 0.0 0.0 0.0 0.03 0.0 0.0 0.03
44038 0.00 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0,00
44039 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44041 0,00 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.00
44042 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44043 0.12 0.0 0.0 0.0 0.00 0.13 0.0 0.0 0.13
45 0.19 097 16446 0.03 0410 17.75 2.21 0.0 19.96
46 0.02 0.02 0.06 0.01 0404 0s14 0.0 0.0 014
47 0.27 0.01 0.01 0,01 0.00 0.29 0.0 0.0 0.29
68 0.08 0,03 0,06 0.0 0.05 0,22 0.0 0.0 0422
49 0.00 0.00 0.0 0.0 0.11 0.12 0.0 0.0 0.12
50 0.06 0.02 0.01 0.0 0.03 0.11 0+26 0.0 0.37
51 0.04 0.02 0.01 0.0 0.00 0.07 0.0 0.0 0.07
52 0.09 0.02 0.0 0.0 0.01 0.11 0.0 0.0 0.11
53 0.16 c.0 0.0 0.0 0.6 0.16 1.30 0.0 le46
54001 0.03 0.0 0.0 0.0 0.0 0.03 0.0 0.0 0,03
54002 0.04 0.0 0.0 0.0 0.0 0,04 0.0 0.0 0.04
54003 0426 0.0 0.0 0.0 0.0 0.26 0.0 0.0 0.26
54004 0.03 0.0 0.0 0.0 0.0 0,03 0.0 0.0 0.03
54999 0.04 0.14 0.03 0.0 0.04 0.25 0.14 0.0 0.39
55 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
56 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
57 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
X XX 9.50 3,53 31.28 0.21 40.35 84.86 9.79 0.98 95,63



)
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TIN 1IN %

CODE 57 58 59 60 61 Xx%X% 62 63 X¥x
1001 0.07 0.00 0.00 0.0 0.01 0.09 0.0 0.0 0.09
1999 0.00 0.0 0.0 0.0 0,00 0.00 0.0 0.0 0.00

2 0.10 0,02 0.02 0.0 0.00 0.15 0.0 0.0 0.15
3 0.07 0.01 0.02 0.0 0.0 0.10 0.0 0.0 0.10
4 0.02 0.00 0.0 0.20 0.03 0.06 0.0 0.0 0.06
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 0.00 0.0 0.0 0.0 0.01 0.01 0.0 0.0 0,01
7 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00
8001 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8999 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00
9002 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9C01 0,00 0.0 0.0 0.0 0.0 0.00 0,0 0.0 0.00
9003 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9004 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9005 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3006 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9007 0.0 0.0 0.0 c.0 0.0 0.0 0.0 0.0 0.0
9008 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9999 0.00 0.C0 0.01 0.00 0.01 0.02 0.0 0.0 0.02

10001 0.0 0.0 0.0 0.0 0.01 0.01 0.0 0.0 0.01

10002 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

10003 0.0 0.0 0.0 0.0 0.01 0.01 0.0 0.0 0.01

10004 0.0 0.C 0.0 0.0 0.0 0.0 0.0 0.0 0.0

10005 0.0 0.0 0.0 0.0 0.03 0.03 0.0 0.0 0.03

10006 0.0 0.0 0.0 0.0 0.01 0.02 0.0 0.0 0.02

10999 0.00 0.0 0.01 0.0 ¢.10 0.11 0.0 0.0 0.11

11001 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

11002 0.0 0.0 0.0 0.0 0.01 0.01 0.0 0.0 0.01

11003 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

11999 0.00 0.0 0.01 =~0.00 0.02 0.03 0.0 0.0 0.03

12001 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

12002 0.0 0.0 0.0 0.0 0.0 0.00 0,0 0.0 0.00

12999 0.0 0.0 0.00 0.00 0.06 0.07 0.0 0.0 0.07

13001 0.0 0.0 0.00 0.0 0.00 0.01 0.0 0.0 0.01

13002 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00

13003 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0

13004 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

13005 0.07 0.0 0.12 -0.02 0.71 0.88 0.0 0.0 0.88

13006 0.03 0.01 0.09 -0.04 0.25 0.34 0.0 0.0 0.34

13007 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00

13008 0.0 0.0 0.0 0.0 0.10 .10 0.0 0.0 0.10

13009 0.0 0.0 0,0 0.0 0.00 Q.00 0.0 0.0 0.00

13010 0.0 0.0 0.0 0.0 0.02 0.02 0.0 0.0 0,02

13011 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

13012 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

13013 0.0 0.0 0.0 0.0 0.03 0.03 0.0 0.0 0.03

13014 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

13015 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00

13016 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

13017 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

13018 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

13019 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

13020 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

13021 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

13022 0.0 0.0 0.0 0.0 5.79 5.79 0.0 0.27 6.06

13023 0.0 0.0 0.0 0.0 0.69 0.69 0.0 0.0 0.69

13024 0.0 0.0 0.0 0.0 0.18 0.18 0.0 0.0 0.18

13025 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

13026 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0

13027 0.0 0.0 0.0 0.0 0.29 0.29 0.0 0.0 0.29

13999 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

14001 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00

14002 0.12 0.02 0.0 0.0 0.24 0.38 0.0 0.0 0.38

14003 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

14004 0.01 0.0 0.0 0.0 0.01 0.02 0.0 0.0 0.02

14005 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0 0.00

14006 0.05 0.0 0.0 0.0 6.00 0.05 0.0 0.0 0.05

14007 0,00 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.00

14008 0.04 0.0 0.0 0.0 0.00 0.05 0.0 0.0 0.05

14009 0.00 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.00

14010 0.00 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.00

14011 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

14012 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

14013 0.0 0.0 0.0 0.0 0.02 0.02 0.0 0.0 0.02

14014 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00

14015 0.0 040 0.0 0.0 0.0 0.0 0.0 0.0 0.0



~Cl8-

TIN continued :

CODE 57 58 59 6 61 xxx 62 63 xxx
14016 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14017 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14018 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14019 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14020 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14021 0.0 0.0 0.0 0,0 0.00 0.00 0.0 0.0 0.00
14999 O.14 0426 0.05 =0,01 1.01 lebt 0.82 0.0 2426
15 0.06 0.01 0.0 0.0 0,01 0.07 0.0 0.0 0.07
16001 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00
16002 0.02 0.01 0.00 0.0C 0,06 0.09 0.0 0.0 0.09
16003 0.0 0.0 0.0 0.0 0,00 0.01 0.0 0.0 0.01
16999 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
17001 0.0 0.0 0.0 0.0 0.00 0.00 0.0 0.0 0.00
17999 0.00 0.0 0.00 0.0 0.01 0.01 0.0 0.0 0.01
18 0,00 0.0 0.0 0.0 0.01 0.02 0.0 0.0 0.02
19001 0.0 0.0 0.02 0,0 0.00 0.02 0.0 0.0 0,02
19002 0.0 0.0 0.00 0.0 0.00 0.00 0.0 0.0 0.00
19003 0.0 0.0 0,00 0.0 0,00 0.01 0.0 0.0 0.01
19004 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
19005 0.0 0.0 0.0 0.0 11.70 11.70 0.0 0.35 12.05
19999 0.00 0.01 0.16 0.01 0,02 0.20 0.0 0.0 0.20
20001 0.0 0.0 0431 =0,01 0.32 0.62 0.0 0.0 Q.62
20002 0.0 0.0 0.03 ~0.00 0.05 0.07 0.0 0.0 0,07
20003 0.0 0.0 0.02 <~0.00 0.08 0.10 0.0 0.0 0.10
20004 0.0 0.0 0.00 0.0 0.02 0.02 0.0 0.0 0.02
20005 0.0 0.0 0.07 -0.00 0.10 0.16 0.0 0.0 0.16
20006 0.0 0.0 0.03 -0,00 0.06 0.09 0.0 0.0 0.09
20007 0.0 0.0 0,03 ~0.,00 0.064 0.07 0.0 0.0 0,07
20008 0.0 0.0 0.03 ~0.00 0.05 0,08 0.0 0.0 0.08
20009 0.0 0.0 0.02 0.0 0.02 0.04 0.0 0.0 0.04
20C10 0.0 0.0 0.03 =0,00 0.09 0.12 0.0 0.0 0.12
20011 0.0 0.0 0.03 =0.00 0.08 0.11 0.0 0.0 0.11
20012 0.0 0.0 0.08 -0,01 0.28 0436 0.0 0.0 0.36
20013 0.0 0.0 0.31 -0.01 0.17 0.47 0.00 0.0 047
20014 0.0 0.0 0.10 ~-0.01 0.32 0e42 0.0 0.0 0,42
20015 0.0 0.0 0.14 ~-0,00 0.13 0.27 0.0 0.0 0427
20016 0.0 0.0 0.04 =0.00 0.09 0.13 0.0 0.0 0.13
20017 0.0 0.0 0.03 -0.00 0.04 0.07 0.0 0.0 0.07
20018 0.0 0.0 0.09 =0.00 0.12 0.21 0.0 0.0 0.21
20019 0.0 0.0 0.39 -0,01 0.77 1.15 0434 0.0 1.49
20020 0.0 0.0 0.99 =-0.02 0.77 1.75 1.68 0.0 3.43
20021 0.0 0.0 0.01 0.0 0.00 0,02 0.0 0.0 0.02
20022 0.0 0.0 0.08 =0,00 0404 0.12 0.0 0.0 0.12
20023 0.0 0.0 6.30 =0,01 0.16 0446 0.0 0.0 Q.46
20024 0.0 0.0 0.13 =-0,00 0.18 0.31 0.0 0.0 0.31
20025 0.0 0.0 0.08 <0.01 0.34 D42 0.0 0.0 0e42
20026 0.00 0.0 0.01 0.0 0.03 0.04 0.0 0.0 0.04
20027 0.0 040 Q.02 0.0 0.02 0.04 0.0 0.0 0.04
20028 0.0 0.0 0.01 0.0 0,01 0.02 0.0 c.0 0,02
20029 0.0 0.0 0.02 0.0 0.0 0.02 0.0 0.0 0.02
20030 0.02 0.0 0.41 =-0.02 0.53 0.93 0.07 0.0 1.00
20031 0.0 0.0 0.12 -0.03 0,67 0.76 0.01 0.0 0.77
20032 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0 0.00
20033 0.0 0.0 0.0 ~0.00 0.04 0.03 0.0 0.0 0,03
20034 0.00 0.0 0.03 0.0 0.04 0.08 0.0 0.0 0.08
20035 0.0 0.0 0.05 0.0 0.01 0.05 0.0 0.0 0.05
20999 0.27 0,09 0.24 =0.03 0.09 0.65 0.70 0.0 1.35
21001 0.09 0.0 0,05 =0.00 0.37 0.50 1.13 0.0 l.62
21999 0.31 0.04 0.39 =0.01 0.55 1.28 3.96 0.0 524
22 0.00 0.19 0.03 -0,03 0.06 0,26 0.0 0.0 0.26
23 0.01 0.07 0.23 0,03 0.23 0.56 0465 0.0 1.01
24002 0.0 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.00
24001 0.0 0.0 0.01 0.0 0.0 0.01 0.0 0.0 0.01
24003 0.0 0.0 0.0 0.0 .00 0.00 0.0 0.0 0.00
24004 0.0 0.0 0,00 0.0 0.00 0.01 0.0 0.0 0,01
24005 0.01 0.00 0.0 0.0 0.02 0.04 0.0 0.0 0.04
24006 0.0 0.0 0.00 0.0 0.00 0.00 0.0 0.0 0.00
24007 0.00 0.00 0.27 0.0 0.08 0.35 1.67 0.0 2403
24008 0.0 0.0 0.03 0.0 0.03 0.06 2.22 0.0 2.29
24009 0.01 0.0 0.0 0.0 0.05 0.05 0.0 0.0 0.05
24010 0.17 0.0 0.02 0.0 0.11 0.29 0.0 0.0 0.29
24011 0.19 0.0 0,00 0.0 0.06 0425 0.0 0.0 0.25
24012 0.46 0.0 0.0 0.0 Odl¢ 0,61 0.0 0.0 0.61
24013 0435 0.0 0.0 0.0 0.19 O0e54 0.0 0.0 0.54
24014 C.0 0.0 0.07 0.0 0.02 0.09 0.0 0.0 0.09
24015 0.06 0.0 0.0 0.0 Oelé 0.20 0.0 0.0 0.20



TIN continued :

CODE

24016
24017
24018
24019
24020
24021
24022
24023
24024
24025
24026
24027
24028
24029
24030
24999
25001
25002
25003
25999
26001
26999
27001
27002
27003
27004
27005
27006
27007
27008
27009
27010
27011
27012
27013
27014
27015
27016
27017
27018
27019
27020
27021
27022
27023
27024
27999

28
29001
29002
29003
29999
30001
30999
31001
31002
31999

32

33
34001
34999
35001
35999
36001
36002
36999
37001
37999

38

39
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43001
43002
43999
44009
44010
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TIN continued :

CODE 57 58 59 60 61 X%%% 62 63 XXX
44011 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44012 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0
44013 0.0 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.00
44014 0.00 0.00 0.0 0.0 0.00 0.01 0.0 0.0 0.01
44015 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0
44016 0.00 0.0 0,0 0.0 0.0 0.00 0.0 0.0 0.00
44017 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44018 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44019 0.0 0.00 0,08 0.00 0.0 0.08 0.0 0.0 0.08
44020 0.00 0.00 0.08 =0.,00 0.02 0.10 0.0 0.0 0.10
44021 017 0,00 0.01 0.0 0.00 0.18 0.0 0.0 0.18
46022 0.0 0.0 0.0 0.0 0.0 0.00 0,0 0.0 0.00
44023 0.00 0.0 0.00 0.0 0.00 0.01 0.0 0.0 0.01
44024 0.03 0.00 0.02 0.0 0.01 0.07 0.0 0.0 0.07
44025 0.03 0.00 0.01 0.0 0.00 0.05 0.0 0.0 0.05
44026 0.03 0.01 0.06 0.0 0.0 0.10 0,0 0.0 0.10
44027 0,05 0.C0 .08 0.0 0.01 0.1¢ 0.0 0,0 0,14
44028 0.0 0.0 0.0 0.0 0.C 0.0 0.0 0.0 0.0
44029 C.0 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0400
44030 0.04 0.00 0+04 0.0 0.00 0.08 0.0 0.0 0.08
44031 0.02 0.0 0.0 0.0 0.00 0.02 0.0 0.0 0,02
44032 0.00 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.00
44033 C.01 0.00 0.0 0.0 0.0 0.01 0.0 0.0 0.01
44034 0,00 0.0 0.0 0.0 0.01 0.01 0.0 0.0 0,01
44035 0.02 0.0 0.0 0,0 0.0 0.02 0.0 0.0 0.02
44036 0,01 0.0 0.0 0,0 0.0 0.01 0.0 0.0 0.01
44037 0.03 0.0 0.0 0.0 0.0 0.03 0.0 0.0 0.03
44038 0.00 0.0 0.0 0.0 0.0 0.0C 0.0 0.0 0.00
44039 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44041 0.00 0.0 0.0 0.0 0.0 0.0C 0.0 0.0 0.00
44042 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44043 1.32 0.01 0,00 0,01 0.01 1.35 1.00 0,0 2435
45 0.06 0.20 3.41 0.01 0.02 3.68 032 0.0 4.00
46 0.01 0,01 0404 0.01 C.03 0.11 0.0 0.0 0.11
47 0.26 0.01 0.01 0.01 0.00 0.28 0.0 0.0 0.28
48 0.02 0.01 0.02 0.0 0.01 0,07 0.0 0.0 0.07
49 0.00 C.0 0.0 0.0 0.03 0,03 0.0 0.0 0.03
50 0.04 0.01 0,00 0.0 0.02 0.08 0.0 0.0 0,08
51 0,01 0,01 0.00 0.0 0.00 0.02 0.0 0.0 0.02
52 0.12 0.03 0.0 0,0 0.01 0.16 0.0 0.0 0.16
53 0.12 0.0 0.0 0.0 0.0 0.12 0.17 0.0 0.29
54001 0.04 0,00 0.0 0.0 0.0 0.04 0.0 0.0 0.04
54C02 0.C4 0.0 0.0 0.0 0.0 0.04 0.0 0.0 0.04
54003 0,13 0.0 0.0 0.0 0.0 0.13 1.68 0.0 1.81
54004 0.04 0.0 0.0 0.0 0.0 0.04 0.0 0.0 0.04
54999 0.02 0,07 0.02 0.0 0.02 0.13 0.54 0.0 0.67
55 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
56 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
57 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
¥ X ¥ 23.25 1.77 11.8C 0.12 39.12 764,06 19,75 0s61 9643
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INTRODUCTION

The outstanding properties of copper make 1t
an easily recoverable metal : 1ts good resistance to corro-
sion and 1ts use chiefly in the massive form account for the
very few dissipative uses of this metal. Moreover, the
normally rather high price of copper makes its recovery
interesting, even when the scrap only contains a relatively
low percentage of copper. In 1972 (13) i1t was estimated
that, 1n the then prevalling economic and technical
conditions, the lower limit of the copper content of the
scrap in view of its recovery was 10 to 15 #. With the
price of copper prevaillng to-day, thls 1limit 1s now to be put
at about 20 to 25 %. But it i1s, however, always lower when
the scrap also contains valuable secondary metals such as

precious metals.

Losses in the copper circuilt are low as far
55 metal production is concerned : discarded slays containing
up to 1 to 2 % copper, industrial wastes like pickling solu-
tions used for surface treatments, etc... Copper dissipative
uses {chemicals and electroplating) represent a very small
part (1 - 2 %) of the total consumption of copper. Copper

alloy bearings alsb account for some metal dissipation.



The largest losses of copper do occur
when obsolete end products should return into the pro-
duetion circuit through the scrap dealing sector (see fig. 1
p. 19). Some scrap that might be reclaimed is sometimes
rather dumped in landfills (e.g. car bodies, appliances,...)
Other types ol' sorap may not be recovered because of too high
recovering costs (old buried cables, scrap with too low metal
content, ...). Scrap with high steel and very low copper contents
are rather directed to steelworks where copper wlll be dis-
solved in the steel.

It has been estimated (22) that copper losses
in the circuit production - use - recovery might reach 25 to
40 %. Another source (53) reports the assessment that only
60 % of the potential old scrap in 1971 has been recovered.
Some of the uncollected balance is however to be collected in
subsequent years. These filgures suggest that lmprovements

of the copper recycling balance are possible.

*

This report presents a survey of the state
of the art in copper recycling, concentrating on electrical
engineering, mechanical engineering and building materials.
As such, 1t does not contain many statistical data. Other
reports have already been undertaken or completed in order
to give a better understanding of the quantitative aspects
of the material flow.

Emphasis is put on o0ld scrap (°) which gives
rise to the most difficult problems for a complete recovery.
New scrap 1s not neglected and also receives much attention.
Municipal solid waste, which may contain some amounts of

copper, and industrial waste are however not dealt with.

(°) For definition of those terms, see section 1.2.
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This represents an entirely new field of research (see(39)

for example) and it 1is beyond the scope of this report.

The first chapter presents a review of the
manifold uses of copper and copper-base alloys, which gilve
finally rise to old copper scrap. This is followed by a
general overview of recycling schemes for different kinds
of materials.

The second chapter is devoted to a more
detailed description of the machinery and the processes
that are now available on an industrial scale. These
processes may be roughly divided into three categories :

- non-metallurgical sorting and concentration processes;
- metalliurglical processes;

- processes for direct use of scrap (alloys and chemicals).

However, the actual techniques described here
are not entirely satisfactory and new processes are now being
developed. This point is dealt with in the first part of the
third chapter. In the second part, the economic factors,
which play a key role in the recycling industry, are emphasized
as well as the influence they exert on the choice of a
recovery technique.

Finally, conclusions are drawn in respect to
a possible R & D action towards improvement in the copper

recycling balance.

Numbers between brackets refer to the bibliography
at the end of the report.



1. SCRAP OCCURRENCES3 AND SCRAP PROCESSING

1.1, Properties and uses of copper and 1ts alloys

A basic feature of copper recovery 1is the large
variety in forms and sources of scrap. In order to understand
this, one must revert to the properties of copper and copper-
base alloys that Justify their use for a given purpose. A
good reference in that respect may be found in (16).

The material utllized for any industrial ap-
plication 1s not chosen at random. It always results from
a compromise between technical requirements and economic

consliderations.

Copper outstanding qualitlies are its thermic
and electric conductivity, 1ts duetility, its mechanical
reslstance, its weldability, the possibility of being var-
nished and easily insulated. Addition of some alloying
elements may have an influence, one way or another, on each
of these properties and cause an increase or decrease of the
price of the metal.

Mechanical strength 1s increased by cold working
operatlons, but softness can always be restored by annealing
above re-crystallization temperature when {urther cold work
is to be performed.

Appendix A llsts some physlical properties of

copper and its alloys.

1.1.1. Pure copper

Pure copper 1s used in electrical engineering
because of its high electrical conductivity, higher in fact
than that of all other metals except silver. It is generally
tough pitch high conductivity copper, of electrolytic
grade, containing a certain amount of oxygen (0.02 to 0.04 %),

e



or oxygen-free copper when the metal is to be heated in
a reducing atmosphere or when it 1s to be welded to glass
(electronics).

Copper is also appreciated for its good
resistance to corrosion by chemicals, water and atmosphere,
és well as for 1ts ability to take complicated forms and to
be Jointed. Tt 1s thus used in plumbing installations,
underground piping systems, roofing, usually as phosphorus-
deoxidized copper, with or without addition of arsenic.

Its excellent thermic conductivity is the reason why it 1is
used also in heat-exchangers and 1n chemical engineering.
Standards for such uses are less stringent than for T.P.H.C.
copper, so that fire refined copper 1s used as well as
electrolytic copper

Other uses include locomotive flre-box plates
(in the past), blast furnace tuyeres, and numerous and varied
articles for mechanlcal, chemical engineering or the building

industry.

1.1.7. Copper with small additions

Small additions of some metals, usually less
than 1 %, may improve some qualities of copper.

Silver (about 0.01 %) raises the annealing
temperature and silver-copper is thus used for electrical
engineering parts that must keep their mechanical strength
after tinning, soldering or baking.

Cadmium (0.6 to 1 %) also raises the annealing
temperature, strenghtens the material and does not impair the
electrical conductivity of copper. Cadmium-copper 1s used
for overhead conductors of long spans and contact wires for
electric traction.

Lead, tellurium, selenium, sulphur or nickel
in small quantities are added to improve the machinability

of copper.
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Smiall additions of tin, with or without
other elements like cadmium, silicon or aluminium, lead
to the so-called conductivity bronzes with improved
tensile strength but lower conductivity than pure copper.
They are used for telephone and trolley wires, rotor bars
and various cast parts.

Beryllium, with or without cobalt, gives a
greater strength to copper and makes 1t particularly suitable
for springs and for non-sparking tools for use when a risk
of explosion exists.

Other elements may also be added to copper
and all combinations are possible to impart to the alloy

the desired properties.

1.1.3. Brasses

Brasses are copper-zinc alloys, the zinc
content of which may vary between 2 and 50 %. According

to the importance of the zinc content, one distinguishes

- up to about 38 % Zn, "A " brass composed
of a so0lid solution of zlnc in the face-centered-cubic

copper lattice;

- from 38 to 46 % 7Zn, "4‘*? " brass contain-
ing, beside thed phase, a centered-cubicp phase propor-
tionally growing with the zinc content;

- from 46 to 50 % Zn, " P" brass no longer

contains any "4 " phase;

"

- over 50 % Zn the "y
is not industrially interesting because of its brittleness.

phase appears, which

The properties of these groups of alloys are
quite different as well as their applications. - On.the other

hand, the richer In zinc, the cheaper is the alloy.

.



1.1.3. a - "4™" brasses

Like copper, "d " brasses are ductile and
easily cold-worked. Theilr hardness is lncreased by cold-
working. Thelr shade becomes lighter as their zinc content
increases.

Cap copper_

It contains from 2 to 5 % zinc and retains

almost all the electric properties of copper. It is chiefly

used as container of priming caps for ammunition.

Gilding metals_
They contain from 5 to 15 % zinc and are used
for Jewellery and other decorative purposes. Their shade

varles from red copper to "brassy" yellow.

Contains 30 % zinc and has the highest
ductility which makes stamping, spinning and other cold
working operations very easy. This alloy is used for
cartridges and shell cases, lamp caps, door furniture and

numerous other cupped articles.

Admiralty brass

Contains 70 % copper, 29 % zinc and 1 % tin;
its resistance to corrosion is higher than that of cartridge
brass. For a long time it was the main alloy used in marine
boiler condenser tubes. It 1s still largely used in fresh

water-cooled condensers.

Aluminium brass
It contains about 76 % copper, 22 % zinc,
2 % aluminium, sometimes a little arsenic. Presently, it

is- commonly used for marine tube condensers.



Basis brass
It contains between 36 and 38.5 % zinc;
may also contain a small quantity of the """ phase. It

is used for press work when a cheap material is required.

These brasses are altogether hard and
easily machinable. They are obtained by adding about 1 %
lead to basis brass. As their name suggests, they are
used for small gear wheels and other parts of clocks and

instruments and for the engraved scales of measuring devices.

They may be hardened and strengthened by heat
treatments. They contain small additions of various elements,
such as nickel or aluminium, They are used for machine

components such as gear wheels, instruments pinions, etec...

1.1.3. b - "d + B " prasses

Since "B " brasses cannot be deformed to
any great extent, "4 + B " brasses are of intermediate

properties between "4 " and "g"

brasses, depending on
the proportions of both phases in the alloy. Essentially,
"4 + b " vrasses are hot-working materials that can be

easlily hot-rolled, forged, extruded and cast.

It contains 40 % zinc. It is used in a
great variety of cast and hot-worked forms.

— e emm | e e - — am— — o N am— pmme | am—

Because of 1ts lead content, it has an
improved machinability as compared to Muntz metal. It is
widely used for pressed or forged and cast parts that are
to be machineds These uses include valve parts, pipe unions,
clamps, brackets, etec...



Naval brass

l.lke admiralty brass, it contains about
1 % tin, but on a 60 : 40 basils. Improved corrosion
resistance makes 1t suitable for structural applications
and for forging, especially for contact with sea water.
Naval brass may also contain some lead so as to improve

its machinability.

1.1.3. ¢ - "4 1'}? " high tensile brasses (manganese
bronzes)
The term "manganese bronze" 1s rather mis-
leading because these alloys are no bronzes and contain only
a small addition of manganese. They may contain various
additions to the basic copper-zinc alloy, which give it
greater strength and toughness and better resistance to
corrosion. These alloys are used for large castings such
as marine propellers and rudders and countless smaller
castings. Hot pressing or forging parts, like high pressure

valve bodies, pumps, etc... are also made out of such alloys.

1.1.3. d - "B" prasses
The only 1mportant application of

"P" prasses

1ls as brazing solder.

1.1.4, Bronzes and gunmetals

True bronzes are binary copper-tin alloys.
Small additions of zinc, phosphorus, nickel, lead may confer
desirable properties to bronze. Gunmetals are copper-zinc-
tin alloys.

There are two main classes of bronzes: wrought
alloys used for the manufacture of springs, wire-gauzes, etec..
by cold-working operations, and casting alloys for bearings
and general engineering purposes like valve bodies, fittings, etec..
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Wrought alloys usually contain up to
8 % tin, frequently with some phosphorus, up to 4 %.
Cast bronzes are richer in tin and most often contain
additional elements. Bell metal has a tin content of 20 %

or more. Speculum metal, used for optical instruments and
decorative purposes, contains up to 40 % tin. Leaded__
bronzes, with 5 to 25 % lead, form suitable alloys for
bearings. Bearings may also be made out of copper-lead

alloys for heavy duty purposes, or be manufactured out of

8 % tin and 4 % zinc, are used as castings for naval and
englneering purposes. Admiralty gunmetal 1s also used for
ornamental bronzework.

resistant to corrosion than brasses. They are used for the
casting of taps, valves and other water fillings.

and to corrosion by water and steam and find their applica-

tion in wearing parts of pumps for boiler feed water.

1.1.5. Cupro-aluminiums (aluminium bronzes)

Aluminium bronzes are based on copper and
aluminium, and often contaln additions of iron, nickel or
manganese. With thelr good mechanical properties and
excellent resistance to corrosion, they are particularly
sulted for service at moderately elevated temperatures.

"« " aluminium bronze, containing up to
9 % aluminium, is a cold-working material. Due to its
golden color, it is used in Jewellery and for various
small objects like cigarette cases, lighters, etc...

It 1s also used for heat-exchangers and similar chemical

engineering purposes.,
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between 9 and 10 % aluminium, are mnde of two distinct
phases like the "4 f‘y " brasses. They are used as
castings for many naval and engineering purposes 1like

pumps, propellers, hydraulic clutch wheels, etec...

1.1.6. Copper-Nickel alloys

A content of 5 to 10 % nickel gives copper a very good
resistance to corroslon by sea water; such alloys are used
for marine appllications.

Cupro-nickels with 20 - 30 % nickel are used,
among others, for marine condenser tubes and for coinage.
Resistance wires are made out of cupro-nickel with 40 to
60 % nickel.

68 % nickel and 1.25 % both iron and manganese, are a choice
material for applications in chemical engineering in very
corrosive medium.

%0 % nickel and 55 to 63 % copper with zinc as balance.
These alloys have a slilvery shade, becoming whiter as the
nickel content increases. They are used for a lot of decor-
ative applications as well as for the manufacture of forks
and spoons and other pieces of silverware. Spring contacts
for electrical equipments and resistance wires are also

important applications of these alloys.

1.1.7. Other copper alloys

Because of their improved strength, weldability and resis-
tance to corrosion, they are chiefly used for chemical
engineering applications : storage tanks, piping systems,

pickling crates, etc...
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resistance wire and for springs as a substitute for

beryllium copper.

Following tables, extracted from the C.D.A.
publication (16), list the sultable copper alloys according
to type of service in :

- electrical engineering

- mechanical and general engineering

- marine engineering

- chemical engineering

- building and plumbing

- paper-making, printing and textile industry
- instrumentation

- decoratlive and household uses

Appendix B (in French) also lists appropriate
materials for typlcal applicatlons in various industries.

Table 1 - Appropriate copper-base materials

according to type of service
(extracted from (16)).

See bages 1%, 14, 15, 16 and 17 hereafter.



Mechanical and General Engineering

Type of Service

Appropriate Materials

Locomotive firebox plates and stays

Deoxidised arsenical copper

Copper-nirkel-silicon

Other special coppers with

small additions

Bearings

Phosphur bronze

Leadod bronze and gun-

metal
Coupper-lead
Porous Lrunze
Graphited brorze

Turbine and supercharger blading

Special cupro-nicke?
Alum.nium bronze
Monel

Gear wheals and other mechanical
paris subjeet vo wear

PlLosphor bronze
Gu nnetal
Alumunmum bronze
Antimonial bronze

Pumnp aud valve bodies, bolts. nuts
and general structural applica-
tions

High tensile brass
Naval boass
Alumin:um bronze
Gunmetal

Mone!

Pressure-tight and general castings

Guninetal

Leaded gunmctal
The o - 3 brasses
Aluminium bronze

Radiators and o1l cooclers

Copper
Cartnid ze brass
Admiralty brass
Cupro-nickel

Tubing for lubricants, liquid fuels,
water and low pressure steam

Copper

Cylincer heads, tuyéres, electrode
holders and castinzs for apphca-
tions involving reiatively high
thermal conductivity

Recast cathode copper
Chromium copper
Cenductivity bronzes
Cadnuum copper
Tellurium copper
Berylhium copper
Cobalt-beryllivir. copper

Mechanical and General

Engineering—continued.

Type of Service

Appropriate Materials

Articles produced by extrusion and
hot forging, comprising bars and
sections of all shapes, pipe fittings
and innumerable small parts for
light mechanisins

Tho & — f brasses
Lewaded & — 8 brasses
Auminium bronze
Copper

Silicon brass

Articles produced by die casting,
mainly racks, gearss, brackets and
small mechanical parts

Brass
Aluminium bronze
Naval brass

Articles produced by or involving
machining, especially on auto-
matic machines

Leaded brass
Tellurium copper
Leaded gunmetal

Cupped and bent articles produced
by cold presswork and spinning,
including cartridge cases, con-
tainers of all kinds, lamp caps
and numerous bent wire products

Deoxidised copper
Oxygen-free copper
Tough pitch copper

‘The x brasses

The a phosphor-bronzea
Cupro-nicke!

Nickel silver N

The & aluminium-bronzes
Silicon bronze

Springs

Beryllium copper
Phosphor bronze

Brass

Nickel silver
Copper-manganese-nickel

Brazing alloys

Copper

GO : 40 brass

50 : 50 brass
Phosphorus copper
Silver solders
Silicon brass

Non-sparking tools

Beryllium copper
High tensile brasses
-Aluminium bronzes

((9T) wouag pe30BI3X?)
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Electrical Enginecring

Appropriate Materials

Chemical Engincering

Type of Service

Appropriate Materials

Type of Service ‘

Transmission of electricity under
normal conditions

Tough pitch H.C. copper

Transmission of elesiricity under
exacting conditions in regard to
mechanical loading, vibrationand
wear

Cadnuum copper
Steel cored copper
Conductivity bronzes

Hizh conductivity applications in- |
volving moderately elevated tem-
peratures

Silver copper
Chromiuny copper
Tellurinm eopper
Conductivity bronzes
Cadmium copper

Stills, vats, kettles, autoclaves and
general coppersmithing

Deaxidised copper
Deoxidi~ed arsenical copper
Silicon bronze
Phosphor-bronze
Cupro-nickel

Aluminium bronze

Monel

Piﬁing for relatively mon-corrosive
iquids and gases

Deoxidised copper
Arsenical copper

High conductivity combined with
machinability

Tellurium copper
Other free-machining coppers

Castings of high conductivity,
including resistance weiding elec-
trodes

Remelted cathode copper
Cadmium copper
Chromium copper
Cowductivity bronzes
Beryllium copper

Cobalt beryllium copper
Tellurium copper

Piping and pipe fittings for brines

Aluminium brass

Sintered products for welding clec-*j Copper-tungsten
trodes and contacts
Contact springs Phosphor-bronze

Nicke! silver
Beryllium copper
Cobalt beryllium copper

and similar solutions Cupro-nickel
Silicon bronze
Aluminium bronze
Mounel
Piping for refrigerators Copbcr
Pickling crates, ohains and hooks Silicon bronze
Cupra-nickel
Aluminium bronze
Monel
Castings for valves, pumps, etc., to | Bronze and gunmetal
resist corrosion and wear Nickel bronze

Aluminium bronze
Silicon bronze
Monel

Resistance wires

Nickel siiver
Cupro-nickel
Cop‘})er:my.nganese‘
aluminium
Copper-manganese-nickel

p ca) switch covers and
similar fittings

The « brasses

Heat exchange equipment, includ-
ing condenser tubing and end

Aluminium brass
Admiralty brass

Cams, brackets, switchgear parts, | Brasses
terminals and miscellanecus com- | Aluminium hronze
ponents Gunmetal
Magnets Copper-manganeso-aluminium
Copper-nickel-iron
Copper-nickei-cobalt

plates Cupro-nickel
Aluminium bronze
Deoxidised coppor
Arsenical copper
Naval brass (wrought)
Castings, such as end plates for heat | Naval brass
ox equipmient, and applica- | Gunmetal
tions where corrosion is not par-
ticularly severe
Paper-making industry, including | Brass
Fourdrinier wire cloth & Bronze
Aluminium bronze
Silicon bronze

-'-('[a-



Marine Engincering

Type of Service

Appropriate Materials

Marine condenser tubes and plates

Aluminium bLirass
Cupro-ni :k>l

Pipingand pipe fittings for sea-water

Aluminium brass
Cupro-nickel

Silicon brenze
Aluminium bronze
Bronze and gunmetal

Propellers and rudders

High tensile brass
Alurninium bronze

Valves and pump parts, spray
nozzles, ete.

Pronze and gunmetal
Nicikel bronze

High tensile brass
Monel

Nuts and bolts, chains and hooks

Aluninium bronze
Bronze and gunroetal
High tensile brass

Sail eyelets and musceilanecus small
fittings

The brasses

Non-magnetic binnacle fittings,
engine-room: telegraphs, ete.

The brasses

Decorative trim

Gilding metal
Nickel silver
Copper

Brass

Aluminium bronze

Shkeathing for small craft

Copper
60 : 40 brass
Naval brass

Building and Plumbing

Type of Service

Appropriato Materials

Roofing, flashings, damp-proof
courses, gutterings and sheet cop-

per work generally

Copper (preferably
deoxidised)

Storage tanks, cisterns and cylinders

Copper (preferably
deoxidised)
Silicon bronze

POPPININ .4

Piping for domestic hot and cold
water services, gas and heatingin-
stallations, both buried and above
ground. Soil and wasto pipe
services

Copper {preferably
deoxidised)

Plumbers’ fittings, pipe unions, taps,
valves, etc.

Various cast and forged
brasses

Bronzes and gunmotals

Nickel silvers

Copper

Architectural and decorative metal-
work, including mouldings and
glazing bars

Copper

Gilding metal
Various brasses
Nickel silver
Aluminium bronze

Wire gauze insect screens

Phosphor bronze
Brass

Copper

Boilers and calorifiers

Copper (preferably
deoxidised)

Radiators and unit heaters for hot
water or steam

Copper (preferably
deoxidised)

_gt_



Paper-making
Printing and Textile Industries

Type of Service Appropriate Materials
Fourdrinier gauze Phosphor bronze
Cartridge brass
!
Rollers and plates for printing on | Copper
textiles ang paper P ppe
|
Singe plates Copper
Cap copper

Instrumentation

Type of Service

Appropriate Materials

Plates, gear wheels and othor parts
for clocks, meters and similar
instruments

Clock brass

Small m ts demanding precision of

Leaded brass
Tollurium copper

B R

Piping and pipe fittings for pulps
and solutions

Aluminium brass
Cupro-nickel

Silicon bronze
Aluminiurn bronze
Bronze and gunmetal

Pumps, valve parts, beater bars and
general castings or forgings to
resist corrosion

Aluminium bronze
Silicon br:dnze
Bronze and gunmetal
Nickel bronze

High tonsile brass
Monel

Artifcial silk manufacture (certain
processes)

Mossy or granulated copper H

Metallic inks

Flake powder in copper and
brass

Springs and dia including | Pho-plior bronze .
pBomvdon tubes bellows .\’ickg! silver s
beryllium copper 3
Copper-manganese-nickel .
Monol ¢
]
Dxﬁractmn gratings Specnhnh metal
Fixed electrical resistances Copper-nickel :
Copper-manganeso~ )
c:luminium . i
pper- nickel
Nickel silver g
i
Magnetic alloys Copper-manganese- '
aluminium
Copper-nickel-cobalt .
i Copper-nickel-ircn ;
Capillary tabing Cupro-nickel
Copper ;
Coil windings and eddy current dises | High conductivity copper }
Thlennomuples and compensating | Copper-nickel
!
Resistance strain gauges Copper-nickel
Copper-mangaries~
aluminium
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Decorative and Houschold Uses

Typo of Service Appropriate Materials
Statuary and cast decorative metal- | ‘Lin bronze
work, including doors and gates Gunmetal

Nickel .l ver
Aluminium bronze

Brass
Architectural metalwork inoluding CoL)Ker
shop fionts, railings, eto. Gilding metal
Brass
Nickel silver

Aluminium bronze

Jowellery, plaques, trays .and
decorative containers such as

cigarette cases and powder com--

Tho a brasses
Uilding motal
Various coppors

pacts Nickel silver
TlLe « aluminium bronzes
Coins and medals Low tin bronzo
Cupro-nickel
Nickel silver
Gilding metal
Jugs, Lottles, hot water cans, pre- | Coppor (usually tinned)
sorving pans, boilers, ete. Tho « brassos

Pins, fastonors, chains, picture | Tho brusses
hooks and miscellancous houso-
hold articles
Bolls Bell bronze
Silicon brass
Decorative electro-plating finishes goppor
rass
Spooulum metal
Paints and inks Flake powder in coppor and
brass
Spoons, forks and tableware Nickel silver
The brasses (electro-plated)

-17-
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1.2. Classit'leation of' sierap

It 1s usual to distinguish three categories

of scrap :

- home scrap;
- new scrap (or prompt industrial scrap);

- 0l1ld scrap (or obsolete scrap).

Home scrap arises from a production process
of semi-finished or finlshed products and 1s recycled within
the same plant. Thils can occur in copper smelters and
refineries, in foundries and brass mills and by ingot makers.

New scrap also directly results from a
production process but is not reused within the manufactory.
It is sent to a scrap user (see section 1.3.1.) either on a
toll treatment basis, i.e. for restitution of new copper or
alloy, or under .a sale contract. This scrap can also be
recycled via the scrap dealing sector.

Home and new scrap comprises slags and
skimmings, machining swarf and all kinds of defective pieces.

01d scrap results from the obsolescence of
copper-containing products. It is always recovered through

the scrap dealing sector.

Figure 1 sketches a general circuit of copper
and copper-base materials from primary production to recycling.
This diagram should give an idea of the wide variety of scrap
flows, which is a consequence of the numerous uses of copper-
base products.

Figure 2 is another diagram of this circuit,
as drawn in a publication of the U.S. Bureau of Mines (47).

A good description of the organization of the
scrap dealing sector (small collectors, semi-wholesale dealers,

wholesale dealers) may be found in (5).

.
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01ld scrap is the most difficult category
to deal with as far as recycling i1s concerned. There 1is
always a strong economic incentive for a manufactory to
sell or to recycle 1ts new scrap, even if the effort to
sort 1t into homogenous parcels 1s not always made. The
only serious limitation for new scrap is the lack of an
economical process for the recovery of some industrial
waste like very low grade slags, waste pickling solutions,
flue dusts, etc.. that must still be dumped.

On the opposite side, 0ld scrap is to be
collected, sorted, cleaned from foreign materials before
being sent to a scrap user. This 1s the role of the scrap
dealing sector. The numerous and scattered uses of
copper-base products, the variety of alloy composition,
the lack of incentive for some obsolescent copper-
contalning products owners to forward thelr scrap to
scrap collectors instead of dumping it on landfills or
mixing 1t with household waste, the extreme heterogeneity
of some collected scrap parcels, make the task of old

scrap recovery more difficult.

The problem of organizing scrap collection
is not, properly speaking, a technical problem, and it is
not dealt with in this report. The way scrap is sorted
has important technical implications on the way it will
be recycled.

When a copper alloy scrap is to be re-
covered, 1t 1s usually much more economical to transform
it into new alloy than processing it in a copper refinery
for production of pure copper which might subsequently be
mixed with zinc or tin, thus returning to the original
alloy composition. Furthermore, the economy in alloy
recycling is still larger when the alloy scrap composition

is nearest to the composition of the desired output.

.
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Likewlse, it 1s always preferable
to sort unalloyed copper scrap into parcels of rather
homogenous grade (see the flowsheet of a secondary copper
refinery, page 84).

The savings realized in processing high
grade copper scrap of homogenous alloyed scrap, of course
result in a higher price for this écrap. This added value
is the commercial rationale for the sorting of scrap by
manufacturers or by scrap dealers,

The sorting of new scrap is often carried
out within the plant generating the scrap, especially when
it has a high intrinsic value or when some toll treatment
contract exists with a metal supplier. New scrap arising
as turnings, cuttings, etc... and so0ld to scrap dealers
are more likely to be mixed.

01d scrap sorting is often more complex
when the scrap is supplied to dealers by many scrap col-
lectors gathering it here and there. The extreme diversity
in shape, size and quality of such scrap, makes sorting
mechanization hardly possible, so that it 1s practically
always performed manually. More details in this respect
are given 1in section 2.1.

Shearing and baling may also be performed
when sorting the scrap. Too long or too wide pieces often
have to be sheared. Baling the scrap with hydraulic presses
provides denser parcels which are more easily carried,
handled and charged into the furnace. This baling
operation is necessary for aluminium scrap, the lightness of
which would otherwise cause the transport to be too costly.
Copper scrap is however not always baled. Possibilities
of cheating on the composition of such bales are actually
large, since their outer part only is visible and since
they are sold on the basis of their weight. Some cases
are known when bales were loaded with bricks ! Shearing

and baling, as a matter of fact, depend on demand from scrap

/.
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buyers who have to take technlcal requirements into
account and, on the other hand, to rely on the seriousness

and the good reputation of the scrap supplier.

Whatever the mechanism of scrap price
fixing, this price 1s always related someway to the copper
grade and the nature of the alloy. Most often, mixed scrap
and preclous metals containing scrap are sampled for analysis
as they arrive at the copper smelter and refinery (10).
This procedure 1s costly, both in time and money, and
various attemps havé been made to establish a standard
classification for metal scrap trading. 1In that respect,
different national classifications have been proposed,
in France, 1in Germany, 1in the United Kingdom, in the
United States.

A standardization of the European classi-
fications promoted by the B.I.R. (Bureau International de
la Récupération) has led to the EURO norms. These norms
refer to European transactions. National standards are
however still currently used in each country.

American Standards issued by the N.A.R.I.
(National Association of Receycling Industries, lormerly
known as the N.,A.S.M.T., National Association of Cecondary
Metal Industries) apply in the United States and in
international scrap trade.

EURO norms for copper and copper alloys
are listed in Appendix C and N.A.R.I. norms in Appendix D.
A comparison of these standards is made in (5).

Important savings are made by using these
standards, not only by avolding sampling and assaying costs,
but also by a simplification of administrative operations,
especially for small parcels.

Two 1Important restrictions are nevertheless

placed on a general utilization of standards. First, copper

.



smelters and refiners usually pay their purchased scrap on
the basis of the copper and other elements contents (valua-
ble and detrimental impurities, as determined by assay.

On the other hand, certain scrap categories such as too
low-grade scrap, highly mixed scrap or scrap containing
highly valuable metals, or some special alloys like silver-
nickel (see category Niece in N.A.R.I. standards), never
quite fit into the classifications and are sold by sample
or analysis. But standards are always of common use among
scrap dealers and scrap re-users (see next section).

Scrap pricing is then based on these categories.

l1.%, Basics of recycling processes

1.%9.1. Secrap users

After sorting and, if necessary, preliminary

processing, copper scrap may take various routes for treatm

- brass mills

- foundries

- secondary ingot producers

- chemicals and other miscellaneous users

- secondary copper smelters and refineries.

The scrap supply to brass mills is often
limited by stringent requirements as to quality of their
products. In order to most avoid pollution risks of their

ent

alloys by impurities that are difficult or costly to remove,

wrought metal producers generally restrict themselves to
the recycling of part of their home scrap and production
scrap of their clients (like turnings, stamped sheet



skeletons, ...), the alloy composition of which 1Is well
known so that the risks are lower. Anyway, scrap never
constitutes 100 % of brass mills' feed, and refined metal
ingots are always added in order to dilute impurities and
bring the alloy to the desired composition.

When the allowance for alloy composition is
greater, as 1s tlie case for leaded turning brass which is
produced 1n large quantities, o0ld and new scrap may have a
much more important place in the supply. It 1s then well
sorted scrap, with high metallic content and with minimum
impurities.

Other productions, like for instance some
copper cables and wires, require such a high quality that
only electrolytic copper may be used and that even the
first quality home scrap is often sold to scrap dealers

or other scrap users.

Foundries face the same kind of problem
as brass mills do. The more demanding the quality of their
products, the lesser thelr possibility of usling scrap.
For castings with great chemical allowance, home scrap, new
scrap and o0ld scrap may constitute the main part of thelir
metal supply. Scrap use may also be reduced to zero when
castings must have a very precise chemical compositilon.
Often too, foundries prefer to rely on alloy ingots pur-
chased from secondary ingot producers. The choice of the
type of supply always results from a balance between
profit on metal price and risk regarding the quality
of the product.

Secondary ingot makers, on the other hand,
use old scrap of more or less good quality, in large quantities

to produce alloy ingots of glven composition.
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The technique for recycling alloys,
in brass mills or foundries as well as for ingot production,
essentially consists in preparing the furnace charge, melting
the scrap, removing the impurities and giving the desired
composition to the alloy by adding virgin metals. This is

described in section 7.3.1.

Another way of recycling copper scrap is
to produce chemicals. This outlet consists mainly in copper
sulphate production, and it requires high grade copper scrap
with minimum about 86 % copper. The technique is dealt with
in section 2.3.2.

Counter to the- above direct uses of scrap (in that
they do not imply bringing the copper back to the state of
virgin metal), metallurgical smelting and refining processes
are aimed to produce from scrap a metal that 1s as pure as
primary copper recovered {'rom ore concentrates. These
processes, which do not essentially differ from those
developed for primary production, are detalled in chapter 2.7.

If, in Europe, they are chiefly applied in
secondary smelting plants, 1t must be underlined that the
distinction between primary and secondary producers is
less and less well defined. European primary copper pro-
ducers actually supply thelr plants with copper scrap at
various stages of their production. In some cases, this
scrap may even constitute a very significant part of their
supply.

Another feature of copper refineries, be it
primary or secondary, 1s their ability to recover other
metals, like gold, silver, platinum, palladium, rhodium, etc...
that may accompany copper in certain types of scrap and
that would otherwise be lost. In many cases, this
recovery 1s even a condition of profitability of scrap
processing and represents a notliceable source of supply

of these metals.
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As can been seen from the figure on page 84,
scrap of any grade above the minimum economical limit can
be introduced in the flow sheet of copper smelters and
refineries. Secondary copper refiners are able to ftreat
scrap that cannot be processed by alloyers and chemicals
producers, as well as scrap that the latter can accept.
Secondary copper refining appears thus as both complementary
and competitive to direct use of scrap. Practically,
this competition 1s however limited to high grade copper
scrap. Recovery of good alloyed scrap is more economically
performed by alloyers than by copper refiners who can only
recover part of the zinc as zinc oxide, tin as brazing
lead-tin alloy, and nickel as sulphate. On the opposite,
too polluted alloyed scrap may not be acceptable to.
alloyers and are to be recycled by secondary copper

smelters.

1.3.2. Some particular problems according to types of scrap

The above considerations apply to any kind of
scrap, be 1t stemming from electrical engineering, mechanical
engineering or building materials. Certain types of scrap,
however, possess speclal features and have led to the develop-
ment of suited techniques. The corresponding machinery is

described in chapter 2.1.
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Fos.00 1. Blectrliceal englneering

1.5.27.1l., a - Insulated cables and wires

Cables and wires represent a major use of
refined copper. Except for overhead cables and wire windings,
they are to be insulated. According to the use of the cable
and the properties required from the insulation, cable sheathing
may involve various materials : plastics (mainly PVC or poly-
ethylene), lead and oiled paper, steel armour, fabrics,
aluminium, tarred jute, etc... Beside the outer insulation,
which 1s common to electrical and telephone cables, the core
of the latter consists of a set of thin lnsulated wires.

All this insulation stuff 1s to be removed from the copper
conductors in order to upgrade the scrap and make it usable

by scrap users as n°l or n°2 copper wire.

Insulated cable and wire scrap arises both
as new and old scrap, with a large variety of insulation
materials and of diameters. The scrap processor is thus
often faced with a very heterogenous material in slze and
gquality, without even mentioning the possible presence of
aluminium cables. As a consequence, any processing of this
scrap must involve some manual sorting.

Incineration

The first method one may have in mind to have
copper separated from 1ts insulation is incineration. All
combustibles, such as plastics, fabrics, tar, paper, etc...
are burnt, and lead is molten and recovered in a crucible,
Copper can then be easily removed from steel or aluminium

armour by hand.
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This method is the only one which has been

used for many years in spite of 1its drawbacks

- The copper recovered by burning is less valuable than
copper recovered by mechanical methods. It 1s oxidized by
any excess of air 1n the furnace and corroded by the hydro-

chloric acid produced during the burning of PVC.

- Considerable atmospheric pollution is produced during
burning and, in many areas, burning of cable scrap is

now prohibited.

- The value of the plastic insulation is completely lost
by burning. Thils 1is now of little consequence as recovered
plastic has llttle or no value. However, processes have
been recently developed for plastiec waste recycling which

could increase the value of this product.

However, incineration 1s still widely used.
Improved furnaces have been designed in order to limit above
inconveniences. They are described in section 2.1.4.

On the other hand, incineration is the sole
method usable for some kind of cables, the treatment of which
is difficult by mechanical means.

Furthermore, the cost of an incineration
equipment 1s considerably lower than that of a complete
mechanical equlipment.

— e w— e e et mme eem e

The alternative to incineration of cables
lies 1n mechanlical processing. Several equipment manufact-
urers have deslgned complete flow sheets for such processes.
The principle, common to these flow sheets, consists in
chopping the cables into small loose copper and plastic

nuggets and separating them by various devices. The
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design of the machinery is however different according to
manufacturer. Chopping mills are described in section 2.1.2.4.
and separation devices in section 2.1.2.5. Complete flow
sheets are given in section 2.1.3.1.

These processes have limitations at various
degrees : leaded cables as well as greasy or tarry cables
behave badly in chopping mills. Talcum powder allows to
cope with grease and tar if they are not in too large
quantities, but this means becomes unsatisfactory when the
amount of greasy cables increases. Steel-armoured cables
are also difficult to cut in chopping mills as they rapidly
damage the knives. There also exists a lower limit for the
diameter (except in the DRYFLO process) of wires likely to
be mechanically separated from their insulation. Investment
costs are very high and the 1mportant throughput of such
machines (2 to 3 tons per hour) requires an abundant feed
of a rather homogenous quality.

On the other hand, cable stripping machines
(described in section 2.1.2.3.) remove the insulation by
cutting 1t along its whole length. These machines are able
to cut any kind of cable, they are rather inexpensive but
continuously require one man to operate them. There also

exists a minimum diameter below which wires cannot be stripped.

1.3.2.1. b - Electric motors

Electric motors, as well as car generators or
alternators and small transformers, form a mixed iron-copper
scrap with about 20 to 30 % copper on the average. This
copper 1is shaped as wire windings, commutators, bushings,
contacts, etc... Traditional ways to treat such scrap are
either to feed 1t directly into a copper blast furnace or



-31-

to break the armature with hammer, saw or nibbler
(see section 7.1.72.72.) and then separatc the copper
winding from the armature. 1In this latter case, there
always remains some copper entrapped within the steel
scrap.

The copper content of car electric motors
is nowadays largely recovered through car shredding operations
(see sectioﬁs 1.%.2.2. b and 2.1.3.2.). The case of ap-
pliances which also contaln significant quantities of copper
mainly in motors, 1s also dealt with in these sections,

because of the similarity of operations.

1.3.2.1. ¢ - Electronic and telephone material

Electronic circuits, telephone exchanges,
computers, etc... represent a very interesting copper scrap
since they also bear a lot of preclous metals. This scrap
normally anlways goes to secondary copper smelters.

Computers and telephone centrals also include
various steel or other metallic components that are not suitable
for treatment in a copper smelter. These are removed either

manually or by a shredding process.

1.3.72.2. Mechanical engineering

l1.3.2.2. a - Swarf

Swarf may occur in many shapes (turnings,
grindings, chips, ...) that are not always well suited for
charging into a furnace,.

The feed material for a blast furnace
for instance 1is to be lumpy 1in order to achieve sufficient
porosity and crushing resistance. As a consequence, there is

a limitation to the use of fine dusty scrap like grindings.

e
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This kind of material is charged in small proportion as compared
to bigger pieces, or 1s agglomerated by briquetting or pellet-
ization with a binding agent.

Turnings and chips are also briquetted
in hydraulic presses (section 2.1.2.1. b) so as to reduce
their specific volume which would otherwise be too large for
an efficient charging of furnaces. When briquetting is
performed within the manufacturing plant from which turning
scrap arises, it also contributes to lower the transportation
costs. Assoclated with briquetting 1s the problem of removing
the tooling lubricants swarf is impregnated with (see sections
2.1.2.1. b and 2.3.1.).

Transport equipment may be included in an
extended notlon of mechanical engineering.

An important part of the automobile copper
content 1s concentrated in a few removable parts : radiator,
generator or alternator, starter,... An analysis of fifteen
ten-year old American automobilles, made in 1969 (20), assesses
the composition of a "typical composite car". It is reported
in table 2., Copper accounts for 1 % of the total composite
car weight. Estimates of average copper weight in cars vary
from country to country. They are comprised between 2 and 8 kg
per car. This represents quite a significant amount of copper
when considering the number of cars being scrapped each year.
This number has been evaluated at 2.1 million cars and vans
in Germany in 1980 (49).

When o0ld cars are not simply abandoned some-

where in the countryside, they are most often brought to a



2

Table 2

Copper content of a typlcal composite American car

(from(20))

Part Copper content (pounds)
radiator (1) 13
body wiring 4
starter 2.8
generator 2.8
heater core 2.4
electric motors 0.8
dashboard wiring 0.8
battery (cables

and clamps) 0.8
coil 0.5
instruments (2) 0.5
thermostat (2) 0.5
tubing 0.4
engine wiring 0.4
radio 0.3
differential (2) 0.2
voltage regulator 0.2
fuel pump (2) 0.2
carburettor (2) 0.2
horn and relay 0.2
transmission 0.2
brake drums and
cylinders (2) 0.2
total : 31.2 pounds = 14.15 kg

(1) Radiators are usually made of copper and/or brass, but sometimes
also, partly or entirely, of aluminium or steel,.

(2) These parts contaln copper as yellow brass.
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wrecker who can use them as a source of spare parts.

Al'ter a while, when the automoblle has been more or less
stripped of valuable parts, it is shipped to a car scrap
processor. Even if the hulk has been thoroughly stripped,
there always remains some copper in body and dashboard
wiring, tubing, ... (see table 2). Scrap processors may
also receive abandoned automobiles,

The traditional method of processing car scrap
consists in stripping the hulks of the remaining re-usable
parts, incinerating them to remove non-metallic materials like
fabrics, rubber, plastics, ... , removing cast iron, heavy
steel and accessible non-ferrous components, and finally,
compacting the hulks in the so-called "n°2 bundles". These
bales are of poor quality and steelworks are generally more
and more reluctant to buy them. Some copper always remains
entrapped within the steel scrap and is lost. Furthermore,
car inclneration in the open alr has been prohibited in many
regions as a consequence of pollution regulations. As an
alternative to baling, shearing the hulk into large loose
pieces is also a common procedure,

About twenty years ago, a new mechanical
process was developed, allowing a better separation of copper.
Car bodies, with or without prior stripping, are shredded and
reduced to fist-size pieces. After dust removal, ferrous
pieces arc pathered by a magnetic device. The non-ferrous
reject may then bie either hand-sorted by picking up the
most valuable metal pieces, or processed so as to remove
the non-metallics and separate aluminium and zinc. In the
latter case, copper remains mixed with some stainless steel
(non-magnetic .) and has to be treated in a copper refinery.

This process is described more detailedly in section 2.1.3.2.
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Processing appliance scrap is very similar
to processing car scrap. The first usual method consisted
in removing the motor manually and selling it separately
from the steel scrap. Incineration was seldom performed.
'ne new trend is to shred appliances in the same mills as
¢cars, and this may sometimes constitute up to 15 - 20 % of
a shredder feed. Large quantities of copper, however, are
still lost in landfills., It has been estimated in 1971
in the U.3. that about 45,000 tons of copper and 65,000 tons
of zinc contained in major appliances are discarded in the
U.S. every year, of which 80 to 90 % are disposed of in
landfills (12).

1.5.2.2, ¢ - Miscellaneous

Large pleces of equipment, like chemical
plants or ships, arc usually wrecked by specialized firms
which separate the valuable metal scrap. This scrap then
enters the scrap dealing sector.

1,3.2.3. Building materials

No special problem arises from building
material scrap. Large copper pleces like roofing sheets,
plumbing pipes, bollers,... are sold to scrap dealers.
Smaller copper parts, like electrical wiring, are however
difficult and costly to recover and are rather left with
bricks and concrete,.
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2. COPPER RECYCIING MACHINERY AND PROCLEGSES

2.1. Non-mctallurgical separation and concentratlion processes

As for any 1industrial process, the choice of
a metal scrap separation process represents a compromise bet-
ween technical requirement and possibilities on the one part,
and capital and labour costs on the other hand. The technical
requirements consist of : expected separation degree, desired
throughput, pollution control, ete... Such requirements may
vary :

1) according to time : quality to be obtained
350 that the output product be marketable (see for example the
market for n°? bundles), increasing antipollution measures
(see the processing of insulated wires and cables) ....;

2) according to space : size and location of

the company (market, antipollution regulations, etc...).

The technlcal separation possibilities relate

to three necessary stages of the process :

- release of homogenous constituents;
- lidentification of the metal;
- separation.

When scrap pleces, as 1s often the case, consist
of various parts of different metalllc nature, it 1s necessary
to break and crush them in order to release the various consti-
tuents,

Identification and separation of the various
metals are, in fact, performed in one single operation at the
occasion of mechanical sorting. In this case, it is necessary
to dispose of a standard separation method taking into account
a physical property properly determined and sufficiently dif-

ferent from one metal to another, so that a scrap parcel

e
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may be separated into two fractions of different nature.
A.V. Bridgewater (8) has listed the physical features of
metals and their application to separation techniques.

All of them do not apply to copper bearing scrap. IFor such

scrap, the lollowing techniques are currently used

- density (combined with size and shape);
- magnetism;
- melting point.

These techniques, described in sections 2.1.2.
and 2.1.3., in fact only allow to separate copper and/or copper
alloys from other metals. The physical properties of copper
alloys often vary within too small a range to allow their use,
on an industrlal scale, in a separation process, with the ex-
ception of some particular cases like cupro-nickel magnetic

separation. It 1s then necessary to resort to manual sorting.

The size of the pieces to sort also plays a part
in the economics of scrap sorting. Since in the case of hand-
sorting the identification effort is the same whatever the size
of the piece, the economic 1limit of profitability in hand-
sorting decreases with the piece size. Small size pieces will

induce to adopt mechanical sorting processes whenever possible.

2.1.1. Hand-sorting

Despite considerable improvements in the
techniques of scrap treatment, hand-sorting remains an es-
sential operation in copper recycling processes. Hand-sorting
is most often applied to mixed scrap lots, in view of obtaining
more homogenous parcels, usually corresponding to a standard

specification, and of thereby giving the scrap a higher value.



oot Metal cleanlng
For composltie scerap, a rough llberatlon Ls made
elther with hammer, hacksaw and other slnilar tools, or by the

use of semimechanized devices such as nibblers and alligator-
shears. Wheéreas alligatcr-shears are built for the broad
purpose of cutting metal pieces, be it ferrous or non-ferrous,
nibblers are specifically designed for metal cleaning. Such
machines increase the speed and the efficiency of metal liber-
ation operations. They are described, together with other

shears, in section 2.1.2.2.

2.1.1.2. Metal identification

Proper sorting requires a quick and reliable
method for identification. Several methods may be used, jointly
or separately (see (46), (47)).

Time consuming identifilcation methods are not
applied on each piece of a scrap parcel, but rather on several

sample pileces serving as guidelines.

a/ Appearance_

The recognition of the previous use of scrapped
pieces often gives a clue as to its metallic composition (see
e.g. copper wires, brass fittings, radiator fins,...). Colour
is another criterion that 1is used to distinguish between copper
alloys : brass colour ranges from yellow to green or brown;

copper 1s red to green when oxidized, and so on...

Identification may be based on hardness, brittle-
ness, appearance of the cut surface and of the cuttings, colour
ol the fracture which is important when the surface of the piece
is dirty or oxidized. For instance, a high lead content in
copper alloys can be detected by using a pointed hammer, showing

up a reduced hardness.
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¢/ Blowpipe

Samples may be 1ldentifled by heating them in a
blowpipe and observing the colour of the flame, the melting
speed, the fume, etc... Such characters vary according to the

alloy composition.

Although primarily designed for the detection
of ferrous metals, magnetic testing may be used for a few
magnetic copper alloys : cupro-nickel, aluminium-bronze,
manganese-bronze. Copper-clad steel wire will also be
detected with hand magnets.

A wide range of spot tests, from simple drop
tests to more elaborate ones, may be used on the sorting area
to detect the presence of specific metals in alloys. A review
of spot tests for the majority of industrial metals can be
found in (P9). Ior copper alloys, spot tests as well as

blowpipe tests are limited to doubtful cases.

Important scrap dealers often are equipped
with a laboratory where classical chemical analysis and
spectroscopic analysis may be performed. These procedures
are, however, time-consuming and expensive and are mainly
used as a check for identification made by less accurate
methods or in difficult cases. Portable handy spectroscopes

t

have been developed for "in situ" analysis, but they are mostly

used for flerrous and aluminium scrap.

Although all these copper and copper alloy
identification tests are quite simple in their principles,

they require a considerable amount of skill that can only
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be achleved by practlice., A skilled scrap sorter could,
r'or instance, recognize more than 20 varieties ol copper
alloys merely by nickling or drilling tests.

The U.S. Bureau of Mines (4#1) has undertaken
some research work to develop an identification procedure
for copper-base alloys by measurement of colour. Such a
colorimeter could be useful for hand sorting only but, as
far as we know, this method has not yet been adopted by

scrap processors, at least in Europe.

2.1.2, Machlinery for mechanlcal processes

The equipments used in the treatment of
copper bearing scrap cover a larger field than Jjust scrap

sorting. They concern :

- scrap compacting;
- scrap cutting;
- granulation;

- metals separation.

2.1.2.1. Compacting machines

Although baling and briquetting are always
subject to agreement between scrap buyer and seller (see the
N.A.R.I. and EURO classifications in Appendixes C and D), it is
often convenlient to reduce the volume and save some of the
transportation costs. Furthermore, bales and briqguettes
are easily chargeable into furnaces. The trouble is that
one can only see the outer part of the bales and must
consequently trust one's supplier as far as the inner part

is concerned.
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P00l 0 - Baling machlines

[lydraullc metal baling presses work either
by bilaxial or by triaxial compression. These principles are
sketched in fig. 3 and 4 (°). Practical realization may
however vary from one press manufacturer to another. They
produce cublec or parallelepipedic bales, the section of
which may be comprised between 30 x 45 and 90 x 60 cm.
Thelr use ranges from paper and municipal waste to heavy
ferrous scrap. The size and power of the machine are of
course related to the kind of input. Non-ferrous and light
ferrous sheet scrap balers require 8 to 50 Hp, depending
mainly on the size of the bales. Car hulk balers require
100 to 700 Hp. The last figure relates to a press capable
of baling simultaneously three flattened car bodies.

Fig. 3

3) Horizontal compression 4) Pack-expulsion

(°) A list of references for figures extracted from publicity
leaflets 1s given 1in appendix E. Equipment manufacturers
we have been able to contact are listed in appendix F.
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Briquetting machines were originally
designed to treat turnings and chips arising from tooling
operations. Cold-briquetting involves a preliminary elimi-
nation of cutting oil and water by centrifugation and/or
drying in a furnace. The chips are then hydraulically swaged
into the die of the press to form a compact cylinder of about
10 to 15 cm diameter, with 65 to 75 % solid volume. Hot-
briquetting allows to dry the chips within the same machine
and produces briquettes with up to 90 % solids.

Copper and copper-base alloy turnings are often
too springy to allow easy briquetting and must be chopped prior
to entering the briquetting press.

Briquetting may also be applied to copper

nuggets produced by mechanical cable recovery systems.
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2. L0000, Shears

Alligator shears are commonly used in scrap
yards to cut too large pieces into the desired lengths. They
may also be used for metal cleaning purposes, in order to
separate composite scrap into more homogenous pieces.

IMlg., 5 shows a typical alligator shear : the
bottom jaw 1s static and the upper jaw pivots on an end boss.
These machines are fed manually and are operated either by
foot pressure on a pedal, or in a continuous way at constant
speed. Large machines may also be fed by a conveyor belt
system, The power required for non-ferrous cleaning and
shearing is about 5 to 8 Hp. More powerful engines, 15 to
30 Hp, are needed in bigger machines capable of cutting mild
steel pieces.

v
[}
:
.
3
|
"
3




4l

2.1.2.2. b - Gulillotine shears

Gulllotine shears, with the upper blade
hydraulically powered down along a vertical line, are used
to cut higher tensile and blgger bulk metals, such as entire
car bodies. They can be combines with a baling device.

These machines are driven by 60 to 360 Hp motors.

2.1.2.2. ¢ - Nibblers

Nibblers (fig. 6) are metal cleaning machines,
resembling alligator shears, with an horizontally V-shaped
mobile upper blade. The fixed bottom blade is carved on the
side of a working table. Nibblers are operated in the same

way as small alligator shears. They are powered by 10 to

20 Hp motors.
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Although alligator shears may be used to cut
cables to the desired lengths, special devices have been
designed for that purpose.

Actually, electrlcal cable scrap come very
of'ten to the processing plant in the form of entangled bundles
which are difficult to man-handle and which cannot be intro-
duced in stripping machines, choppers, raspers and granulators.
Moreover, the lengths of the bits of cables are generally
speaking too long, which makes their further treatment dif-
ficult., When one has to deal with a lot of cables, the first
operation to be performed consists in cutting them into easy-
to-handle pieces before introducing them into the treatment
devices,

For this purpose, the following devices are
utilized

- portable cable cutters, which are very handy tools, are
connected to an hydraulic system by means of sufficiently
long hoses to give the operator a large area of work.

For instance, the tool shown on fig. 7, developed by SISO

allows the handling of cables having a diameter of up to
3.1/2";

- non-portable cable shears, to cut all types of cables in
bulk form, like the one sketched on fig. 8, from PERSONER

-

VERKSTAD. F Lokt
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Fig. 8

1. Loading opening 6. Retaining plate
2. Fixed knife beams 7. Cutting blades
3. Moving knife beams 8. Conveyor belts
4. Frame 9. Control panel
5. Cylinders 10. Pump unit

2.1.2.3. Cable stripping machines

Cable strippers are designed to cut the cable
insulation along its length in order to remove it from the
copper conductor. Stripping 1s often a very convenient way
of processing steel armoured, lead sheathed and greasy and
tarry cables.

In most of the stripping machines, the cable
is pushed on a fixed cutting knife by two feed rollers, the
pressure of which 1s adjusted by a spring loaded screw. The
knife makes a slit in the insulation which i1s manually removed

at the exit of the apparatus (fig. 9).
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Other machines (GREENBERG) are fitted with
multiple feeders, adapted for different cable diameters and
with two fixed knives which make cuts on each side of the cable.

In the machines manufactured by RIGBY, slitting
knives are rotary and power driven. They make in the insulation
two parallel slits, tangent to the conductor. This way of
stripping results in more complete opening of the cable and
reduces the amount of hand labour required to complete sepa-
ration of sheathing and conductor. Machines fitted with
rotary knives are not able to treat spiral wrapped metal
armoured cables.

These machines must always be fed and operated
manually. Some machines are self-adjusting to the cable
diameter, but they are not able, in that case, to slit armoured

cables,
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Obviously, there also exlsts a lower limit

in the diameter of wilres that can be processed by such machines.

2.1.2.4. Chopping and shredding mills

The first step of any cable, car or appliances
automative mechanlical treatment process always consists in
reducing the scrap size in order to reach a liberation degree
of 1ts constituents allowing an efficient separation. This
size reduction is achieved in rotating mills. Cables are
chopped in knife granulators working mainly by a shearing action
and providing small copper and insulation nuggets (fig. 10).

Car hulks and appliances are usually shredded in hammermills
for which impact action is most important. In this case, the
end product consists of fist-size pieces. All crushed or ground

products are evacuated through grates with appropriate openings.

rig. 10
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2 1.2, a - Chopping_mills_(granulator:s)

Pre-chiopping_

Instead of using shears to dilsentangle cable
bundles, 1t is also possible to chop them in specially designed
pre-choppers (raspers). Cables are reduced to pieces 1" to 3"
long, and pass through the wide-mesh outlet screen. This allows
for constant and controlled feed into the primary granulator
of the recovery installation which, traditionally, is the bottle-
neck in all systems.

Pre-choppers may be fed with steel armoured
cables which may subsequently be chopped by granulators. They
usually have a throughput of 4 to 6 tons per hour for normal
plastics, 1insulated cables, or of 2 tons for the lighter telephone

wires, and are driven by 80 - 90 kW electric motors.

Granulators

The granulators, whichever their origin, are
always mills fitted with a rotor equipped with interchangeable
knives rotating against stationary knives fixed to the mill
housing. The outlet is made through a screen, the mesh of which
governs the sizes of the end product.

Each cable scrap recovery equipment 1s fitted
with mills having special characteristics. The primary and
finishing mills differ from one another only in the outlet
screen mesh sizes, although some manufacturers propose dif-

ferent devices for the two milling stages.

In the CIMP (COMPTOIR INDUSTRIEL DES METAUX ET
PLASTIQUES) equipment, the two mills are similar and each of
them is driven by a 55 kW motor. Their 400 mm diameter rotor
is fitted with 5 rows of 4 knives each, and the stator is fitted
with 2 rows of 4 stationary knives.
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The ALPINE equipment contains 3 milling stages
fitted with identical 90 kW mills equipped with a rotor of
9 rows of 5 knives each and a stator with 6 rows of 5 knives each.
The rotation speed is 350 rpm, and the production reaches
3 t/h for medium cables,

DRYFLO and 3/S granulators are rather similar
to these,

The HORAI granulators are, however, quite dif-
ferent. The first stage granulator reduces the scrap to a size
of 20 - 40 mm by special twisting and shearing action. The
rotor has three sets of blades working against two statlonary
ones. The rotor blades are erected slantwise in relation to the
axls rotation and each blade is divided into four separate sec-
tions erected in echelon. By using a very low speed rotor
(35 - 50 rpm), wear is greatly reduced and a greater lead angle
of the blade 1is permitted. Moreover, the nolse is greatly
reduced (90 decibels, as compared to 110-130 for normal speed
mills) as well as the power consumption.

The second stage granulator (fig. 10) is
especially designed to give maximum stripping efficiency
with minimum blade wear. The scrap 1s reduced into particles,

sizes of which vary between 3 and 12 mm.

Besides cable scrap, many granulators are capable
of processing other copper scrap such as turnings, sheets, strips,

etc... This use 1s however restricted to new scrap.

2.1.2.4, b - Shredding mills

The most widely used shredder i1s the hammermill.
This type of mill has a rotor equipped with 3, 4 or even 6 axes
displayed in circle, each holding a row of swinging hammers
(fig. 11). The scrap is crushed by impact and shearing action.
When reduced to the deslired size, the pleces are evacuated from
the mill through a grate having the required opening. Too big

pleces pass again under the hammers. Such machlnes require

e
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considerable power, 1000 to 4000 Hp shredders, according to

the desired throughput rate, are marketed. Less powerful
hammermills can crush car bodles ridded of their engine and
driving gear.

The chief input of the shredders consists of
automobiles, up to 80-90 %4. Various tvpes of appliances,
also containing a certaln amount of copper, make up the
difference (see section 1.3.2.2. b).

Similar mills may be fitted with toothed rings
for the shredding of turnings (fig. 12). The tooth-shaped tools
prevent springy turnings from clogging at the bottom. Evacuation
grids have to be placed at the bottom. The weight capacity of
such mills varies according to the size, the power, the turning

speed, the nominal chip size and the nature of the turnings.

e



WILLIAMS markets ring mills with 15-20 Hp

up to 1000-1500 Hp, or even up to 6000 Hp on request. More
powerful mills tend to have a slower rotation : 600 to 900 rpm
for a 1000 Hp mill against 1200 to 1800 rpm for a small 20 to
60 Hp mill,.

BECKER has developed ring mills with 75 to
500 Hp with a constant speed of 980 rpm.

The throughput of a ring mill is about twice
as large [or brass turnings as for mild steel. It is still
less (or stainless steel, high alloy steel or aluminium. For
brass turnings, a small 15-20 lp mill would have a capacity of
1.5 to 2.5 t/h with a grid hole size of 2" and 1 to 2 t/h if

the operiing is 1" wide.
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CLESID has developed recently a knife-
shredder capable of processing automobile hulks and ap-
pliances. It conslists of a shredding drum equipped with
stationary teeth-like knives, enclosed in a stator equipped
with moving and retractable knives mounted on jacks. This

shredder has a capacity of 5 t/h.

2.1.2.5. Concentration and classification devices

The problem of separating mixed pieces or
particles according to their nature is solved in a number of
ways. Procedures adopted for metal scrap processing usually
derive from ore dressing technliques. Only the most important
ones as regards copper recycling will be dealt with here.

Any separation device makes use of one or
several physical properties of the materials to be sorted.
Ferromagnetism is used 1in magnetic separation. Partilcles
may be separated according to their density in hydrocyclones,
pneumatic and fluidized bed separators. The size of the
particles may however interfere with thelr density in the
separation. However, heavy media separation relies only
on density. Classification according to size 1s performed
in dust cyclones.

Ligquation (or preferential melting), although
not being a purely mechanical process, will also be cited
liere as a means of separating metals according to the difference

in their melting points.

2.1.27.5. a - Magnetic_separation

The required magnetic flux for the separation
is generated by electromagnets or, more often, by permanent

magnets,
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The simplest magnetlc separator consists of
a grid through which passes the material to be treated, the
magnetic bars collecting the iron particles. Another type
of simple magnetic separator consists of a set of suspended
magnets having also to be freed periodically from the re-
tained iron.

Crossbelt magnetic separators allow to evacuate
automatically the retained ferrous particles (fig. 13).

Magnetic pulleys also carry out an automatic
separation (fig. 14).

The magnetic particles are strongly attracted
by the magnet assembly and held to the drum through the length
of the magnet arc and thus deflected from their normal tra-
jectory. They pass on one side of the divislon vane while the

non-magnetic particles pass on the other side.

Although mainly used to remove ferrous metals

from non-ferrous materials, magnetic separators may also be
utilized for copper alloys. Actually, cupro-nickel, manganese-
bronze, aluminium-bronze and some copper-base alloys containing
iron are magnetic too, though much less than iron and steel.
The intensity of the magnetic field is thus to be increased.

e



In pneumatic separators the materials to be
separated are introduced in an upward alr flow. The light
materials are carried upwards with the air flow whilst the
heavy ones drop by gravity. Varlous means are used by the
different manufacturers in their designing in order to
generate sufficlent turbulence within the air flow needed
for a proper separation, but it may happen that heavy mate-
rial, due to its small size, moves with light material and
is lost. The efficiency of such separators is thus dependant
not only upon the specific gravity difference but also upon
the size ratio. They are unable to discriminate between
small pleces of copper and large pieces of plastic.

The majority of this type of separators use
a large quantity of alr, being used not only for the separa-
tion but also for the transport of the light material from
the separators to a sultable collector.

A pneumatic separator which is utilized for
the recovery of copper from electrical cables 1s the ALPINE
MULTIPLEX ZIGZAG CLASSIFIER. In this device, the upward air
flow follows a zigzag course. The separator is fed at mid-
height with material to be separated. The heavy part of the
treated products is collected at the bottom while the light
one escapes with the air flow through the top outlet. This
separator can only be used for a first rough separation fol-
lowed by a more accurate sizing in another type of device
(see the ALPINE flowsheet, section 2.1.3.3.). (Fig. 15, page 57)

The DRYFLO SCALPING TOWER consists of a vertical
column in which alr 1s introduced so as to create a turbulent
effect. By suction at the top of the column, paper and textile
dust and fine copper powder are extracted and the heavy material

descends by gravity to a conveyor.
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This system, depicted in fig. 16, may be used
for the separation of metallic and non-metallic fractions in
non-ferrous residue from automoblle shredding, as well as for
the separation of bar ends, lost tools, etc... from turnings,
bushings and similar metal scrap, prior to crushing. Recovery
of metals from municipal solid waste 1s also possible with
this equipment.

The mixed input 1s poured on a vibratory feeder
which causes an initilal disassociation and stratification of
the heavy material at the bottom of the feeder, and of the
lighter components in the upper layer. The whole material
is then discharged into a high veloclty alr stream arising
from a fan. This stream acts like an air knife and blows the
relatively light materials into a crusher hopper. The heavy
pleces drop into a reject spout and are removed. The light
fraction is crushed and evacuated through a screen. Heavier
parts which could have been blown with the light fraction,
elther because of their large surface or because of entangle-
ment with light non-metallic items, are more difficult to shred
and are recycled centrifugally back to the vibrator feeder.

We have no figures about throughput and
efficiency of such a device, but its manufacturer claims
that it can recover up to 98 % of recyclable metals from a
typical municipal solid waste feed.

Pneumatic table

The HORAT pneumatic table (fig. 17) separates
the particles according to their specific gravity by a blast
of air and conveys them in opposite directions thanks to
vibrations magnetically produced . Plastic and copper par-
ticles are discharged at opposite ends of the bed. According
to information given by the company, 98.5 % of the copper,
100 % pure, is recovered. The pastic insulation separated

contains less than 0.2 % copper.
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The CIMP separator consists of a vibrating
sieve over which the materlals having to be separated are
spread. Air is blown upwards under the sieve in order to
form a fluidized bed. The light materials gathering above
the bed are removed from one side of the sieve by air blown
sidewise, while the heavy materials are evacuated by gravity
via the other side. The flows and the distribution of air
are adjustable, With such separator 99 % of copper, about

100 % pure, is recovered.
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In the 3/S fluidized bed separator, the
separatlion 1s made by passing the product mixture over a
vibrating, flat, porous deck sloped in two directions.

As the mixture 1is introduced into the narrow side of

the trapezoidal deck, low-pressure, fluidizing alr strati-
fies the material according to the terminal velocity of
each particle. '"Heavy" particles sink to the bottom of

the material bed and are conveyed up to the heavy discharge
by the deck's vibration, while "1light" particles, 1lifted

by the air stream, float off the lower end of the deck.
Intermedlate particles are discharged as "middlings"
between the two extremes.

The ALPINE alr Jjig mainly consists of the
housing (1), the sieve (2), the hopper with discharge
openings (3), the adjustable air feed lines (4), an un-
balanced generator (5), installation trestle (6), venti-
lator (7), rotary slide valve (8) and hose line (9).

Like pneumatic tables, this system is de-
signed for cable processing (fig. 18). The housing is fillled
up to a certain height with small glass balls lying on a sieve.
The mixture of copper and insulation nuggets 1s fed above the
glass ball layer. A pulsatory alr flow comes from beneath the
sieve and gets the mixture of wire and insulation into a
swinging up and down which results in the deposit of the copper
on the balls and the gathering of the insulation in the top
part of the bed. The unbalanced generater then causes the
housing to oscillate vertically. Thanks to these oscillations
and thanks to the weight of the copper layer, the balls dis-
locate in upward direction and play the role of a kind of
separating layer, through which copper goes down and is gathered
in containers below the sieve. The light material of the
insulation 1s not able to dislocate the glass balls and remains
on the top. It 1s discharged out of the housing.

99 % of the copper present in the charge is
recovered by this method, with a purity of 99.7 %.
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The well known cyclone is able to extract
particles as fine as 10 microns from air, but 1t can only
discriminate between gasses and solids and is not to be
relied upon to separate different solids. It 1s mostly
used for removing the dust from the air utilized for the
pneumatic carriage of the solids or drawn over the dif-
ferent devices of the equipment.

Cyclones may also be used to separate dust
particles according to their size. The critical size should

be in the 5 to 50 micron range.
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The DRYFLO SEPARATOR consists essentially of
a porous bed, over which the copper and plastic material is
fluidized using an iron powder medium. When the mixture is
fluidized, the plastic tends to float on the surface whilst
the copper will tend to sink to the bottom. The material is
split into three fractions:

1) clean conductor;

2) clean waste plastic or rubber;

3) a middling product consisting of a small amount of
material where the insulation 1s still wrapped around
the conductor,

According to the information published by the
maker of this equipment, the main advantage of the method is
that it 1s able to extract simultaneously not only the heavy
coarse copper but also the fine wires that might otherwise
have been lost together with the plastic. The principle of
the method is analogous to that of a wet heavy medium separator
in which the separation 1s due only to the relative difference
in specific gravity. The iron powder medium is able to ac-
commodate the fluctuations that inevitably arise due to the
fact that the cable belng fed into the system 1s constantly
varying both in dimensions and in relative copper/plastic ratio.
Without the lron powder medla, constant adjustment of the
separator would be necessary to take into account the varying
size of granulated copper and plastic.

After separation, the iron powder 1is recovered
by a magnetic device.

Treatment of mixed gauge copper wire gives
an average recovery varying from 99.36 to 99.75 %. Recovered

copper has a purity of 99.97 %. Separated insulation contains
0.55 to 1.10 % copper.
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2.1.2.5. d - Hydrocyclones

Hydrocyclones are very similar to cyclones,
except that the feed 1s mixed with plain water., As a scrap
recovery system, their sole application 1s, to our knowledge,
in the STAMICARBON washing-separating process designed for
the treatment of the non-ferrous reject of car shredders.

The centrifugal force allows to obtain a density separation
point of 1.8. The overflow contains non-metallic particles
only, whereas the bottom discharge contalns mixed non-ferrous

metals and glass.

2.1.2.5. e - Heavy media separators_

Heavy medlia separation 1s based on the
principle that cork floats on the water and that stone sinks.
It 1s mainly used in scrap processing to separate hard rubber
and aluminium from other metals in the non-ferrous car shredder
reject, after removal of light non-metallics. As the density
of water 1s below that of aluminium, use is made of a "heavy
medium" 1i.e. a suspension of magnetite and/or ferrosilicon
in water. These materials allow to reach high densities, are
inexpensive and easily reclaimed by a magnetic separator and
cleaned for re-use.

Densities from about 2 up to 7.9 may be reached
with various concentrations of this materlal in water.
Aluminium having a density of 2.7 will float in a heavy
medium of density 3. Filg. 19 shows a typical flowsheet for
a heavy media separation system.
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Lead melts at a temperature of 327° C, zinc die
casts (96 % Zn and 4 % Al) at 381° C, aluminium at 660° C,
copper at 1083° C and steel at about 1500° C. It would thus be
possible to achleve a separation by melting mixed scrap select-
ively for each metal at a controlled temperature. This is
actually done wilth car shredder reject for zinc and aluminium,
and for aluminium collection from heavy scrap. The temperature
required to melt copper is too high : melting is then ac-
companied by oxidation and alloying with iron. Lead sweating
is also performed in cable incineration chambers when the cables
have a lead sheathing.

Sweating may be done in small home-bullt fur-
naces as 1ls the case for many small scrap processors, as well
as 1n specially designed furnaces marketed by several manu-
facturers providing the stricter control of temperature needed
when several low melting point metals are present together.

These furnaces may be heated by gas or fuel oil,.
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2.1.3. Flowsheets for mechanical processes

2.1.3.1, Systems applied to cables

The following flowsheets, marketed by different

firms, integrate the devices described in the previous sections.

The mixed cables are first manually sorted

in order to separate them in three lots :

- cables containing copper conductors with a diameter < 0.3 mm
which cannot be treated;

- lead and/or steel armoured cables and tarred/greased cables
which cannot be treated in the granulation equlipment; such
cables are treated by a stripping machine;

- the other PVC, rubber, paper, etc.. insulated cables which
can be introduced normally 1lnto the circuilt.

They are fed into a pre-chopper or cut by a
portable cable shear.

The cut cables are freed from the steel particles
they might contain by a magnetic pulley. They are then loaded
into the primary granulator via a conveyor. A pneumatic conveyor
carrles the product leaving the granulator to the two finishing
mills, The alr utilized in the conveyor is freed from its dusts,
paper and textlle wastes, in a cyclone.

Pneumatlic carriers, also fitted wlth a cyclone,
carry the products to the two pulsed alr fluldized bed separators
with vibrating sieve, where copper and plastic are separated.

The 1nlet of this device is filtted with a magnetic grid retaining

the last small ferrous particles.
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7.1.3.1. b - HORAI flowsheet (fig. 71)

The HORAI equipment can treat cables contalning
copper wires having a diameter above 0.15 mm, It cannot accept
either tarred and greased cables or steel armoured cables. The
treatment of lead armoured cables 1s impossible at the moment,
it is ‘however belng studied.

Consequently, a preliminary manual sorting is
necessary and the lead sheathed and/or steel armoured cables,
as well as greasy and tarry cables will be treated by means of
a stripping machine. Before being introduced in the first stage
granulator, the cables must be cut into pieces 0.5 to 1 m long
by means of a portable or stationary shear.

At the outlet of the first granulator, the pro-
ducts are taken away by a belt conveyor fitted to its head with
a magnetic pulley. At the same time, dusts are collected and
carried into a cyclone. The conveyor carries the products to the
second granulator, at the outlet of which they are taken away
by a pneumatic conveyor to a double deck vibrating sieve. The
alr leaving the pneumatic conveyor 1s freed from its dusts by
a cyclone. Above the double deck vibrating sieve, an exhaust
fan sucks the paper and textlle wastes up, collected in a
cyclone,

From this sieve onwards, the too large fragments
are recycled at the head of the second granulator while copper
and plastic are carried to the fluidized bed separator by a belt
conveyor fitted wlth a magnetic pulley which removes the last
ferrous particles. At the outlet of the fluidized bed separator,
copper and plastic are recovered separately, the latter being
carried away to the plastic collector cyclone.
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The ALPINE equipment can treat cables containing
copper wires with a diameter above 0.2 mm. Tarry and lead cables
are excluded. However, steel armoured cables can be treated if
the equipment is fitted with a pre-chopper. Once more, a manunal
sorting 1s consequently indispensable.

The cables are cut by a shear into pileces 0.5 to
1 m long which pass on a magnetic pulley. If a pre-chopper exists,
the steel armoured cables are sent to it. Otherwise, they are
sent to the stripping machine where they are processed together
with lead sheathed and tarry cables.

The primary mill is fed by a conveyor belt.

Dusts resulting from the milling are sucked up and they are

sent to a cyclone. The products leaving the mill pass on a
Multiplex Zig Zag Classiflier. The alr leaving thls device through
its top carries away paper, textlile wastes and also part of the
plastic, which are collected in a cyclone. The heavy part recovered
at the base of the Multiplex is sent to the second stage of the
mllling consisting of a mill identical to the first stage one,
except for the sieve.

The milled products then pass into a second
Multiplex Zig Zag, adJusted so as to collect at 1ts base the
heaviest copper pleces. At the top of this device, the fine
copper particles and the plastic leave for a cyclone, holding back
the copper and the heaviest 1lnsulation pieces, the fine plastic
particles being carried away to another cyclone.

The heavy plastic and the copper are admitted to
the third stage of the milling, conslisting of two parallel mills
identical to the previous stages ones, except for the sieves,

The outlet of each of the above mills is fitted with a third
Multiplex Zig Zag, at which top another deal of plastic is
eliminated through a cyclone.

Finally, the mixture collected at the base passes
on an ALPINE Air Jlg where the remalning copper and insulation

are separated.
ALPINE has also devised two other flowsheets

especially suited for thin or massive cable supply.
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llere again, armoured cables and cables containing
lead, greasc and tar, cannot be treated. Sorted cables are re-
duced to a length of about 250 mm in a pre-chopper. They are
thus carried by a conveyor belt to the primary granulator. A
cross belt magnetie separator is placed above this conveyor.

The cables are chopped down to a length of less
than 12 mm by the primary granulator, the outlet of which is
fitted with alr sweep fan units which suck alr through the mill
and extract the chopped material. The latter is pneumatically
conveyed to a cyclone where dust 1s removed. Cleaned, chopped
material falls into the secondary granulator where it 1is reduced
to 4 mm. The secondary granulator 1s also fitted with air sweep
fan units which pneumatically convey the material to a pan feeder.

The DRYFLO Scalping Tower at the top of which
textlile and paper are extracted, 1s fed by the pan feeder. At
the base, the material falls on a belt conveyor fitted with a
cross belt magnetic separator which removes any iron which may be
released.

The first DRYFLO separator, which 1is operated
with iron powder as fluldized bed, 1is fed by the conveyor belt.
Material which flows out of the latter 1s split into three frac-
tlons, namely :

- copper;

- plastic or rubber waste, still containing some copper;

- a middling product consisting of a small amount of
material where the insulation is still wrapped around
the conductor.

The iron powder which 1s present in each of these
fractions is screened out and recycled. Plastic wastes are sent
by a conveyor belt to a second DRYFLO separator where the remain-
ing copper 1is separated from clean plastic and the middling
product.

/.
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Middling products from the first and the
second separators are treated by a third granulator, the
chopped material leaving it 1s sent to the first separator
together with that from the second granulator.

This equipment, as its manufacturer claims, is
the only one which 1s able to process cables of any diameter,

even fine wires.

As for the preceding processes, the mixed cables
must first be manually sorted in order to separate those which
cannot be treated by the equipment. The other cables are fed
into a shear or into the 3/S Rotagator pre-chopper. Pre-chopped
cables are loaded into the primary granulator and into the
secondary one successively. After granulation, a magnetic
separator removes the steel particles which the product may
contain.

The mixture of chopped wire, insulation and
some unstripped wire from the secondary granulator, then passes
to the separation sectlon of the system. First, a high speed
vibrating screen sizes the mixture into coarse and fine fractions.
This separation is made in order to avoid losses of fine copper
in the tailings of subsequent operations.

The two sized fractions are carried separately
by two constant feed conveyors which feed, at a constant rate,
two fluidized bed separators. These separate the mixture into

four fractions

- clean copper;

- clean plastic;

- a milling fraction which is re-circulated to the high
speed vibrating system;

- unstripped wires which are sent to the third stage
granulator for re-chopping and, from there on to the
high speed vibrating system.
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Treatment costs have been evaluated for each of
the above flowsheets, the 3/S excepted. 'Following facts were
taken Into account

- nominal hourly capacity : 2 or 3 tons of cables per

hour;
- Investment amortization : 5 years;

- financing costs : 10 % interest rate;

- operating charges :

- 2 shifts of 4 or 5 men aeccording to the
equipment;
- electric power;

- malntenance;
- salary costs : Bf. 400 per man-hour;

- builldings are not taken into account.

The calculation, based on data valid in 1976,
gives a recovery cost of Bf. 4.1 to 5.6 per kilo of copper.
These flgures correspond to a feeding of mixed cables having
medium dimensions. It stands to reason that a higher hourly
production could be reached with larger cables, the cost price
being consequently appreciably lowered. On the other hand, a
charge composed of a majority of cables containing small wires
would reduce the production, thus entailing an opposite effect
on the cost price. The calculated values must consequently be

considered as averages.

2.1.35.2. Systems applied to cars

The typical flowsheet of car hulks processing
comprises the following steps (fig. 25). Before being charged
in the shredder, the car body 1is always ridded of 1its tank,
considering the risk of explosion. The magnesium cast engines

e
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are also removed from the car body. To various degrees the
body may also be ridded of the englne, the transmission, the
tyres, the battery, the radiator, etc... The degree of strip-
ping depends on technical considerations (possibility for the
shredder to crush the heavy parts in cast iron, wanted quality
of the ferrous scrap,...) as well as on economic considerations
(cost of the stripping, price of the removed parts, treatment
cost of the non-ferrous fraction of the shredder, etec...). As
a rule, the high capaclty shredders having a large throughput
crush the car bodies as they arrive, after removal of the tank.

A cyclone system 1s always installed at the
outlet of the shredder to collect dust.

Ferrous metals are collected by a magnetic
separator, leaving a fraction of non-ferrous materials comprising
non-metallic materials (fabrics, glass, rubber, ...) and a
mixture of metals (zine, aluminium, copper, brass, stainless
steel).

Most of the shredding operators merely hand-pick
the copper, brass or other non-ferrous pleces, big enough to be
easily spotted when passing on the conveyor belt at the outlet
of the magnetic separator. The balance of the non-ferrous fraction
is then re-sold to another scrap processor. It has been estimated
(42) in the United States that of the 2 - 3.5 % of non-ferrous
metals contained in car scrap, about 1 to 1.25 % 1s already
recovered by simple hand-picking. A much lower figure 1s reported
in (17) : hand-picking would allow a recovery of 14 % only of the
red metals coming out of the shredder. The composition of the
recovered non-ferrous metals is however different from that of
the global metallic shredder reject, since there is a tendency
to pick the blgger pieces of metals, where zinec and aluminium
tend to break into smaller pieces than copper.

The actual practice in processing the non-ferrous
shredder reject may vary from plant to plant, although it rests
on the same basic principles. A typical flowsheet would run
as follows (fig. 26) :
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1/ Screening : shaking the material through a screen
allows to filter out the fine dirt.

o/ Light material removal_ : paper, light plastic, fabrics,
foam, etc... are cleaned out by a water flotation or an air
elutriation system. The heavy residue, mostly metallic,

sinks to the bottom of the system.

%/ Rubber, heavy plastics,..._removal : remaining non-metallics

— —" e emmm - om—

are collected in a heavy medium system of density 1.8 to 2.1.

5/ Aluminium collection : a second heavy medium system, with a
density of 2.7 allows to float aluminium. Glass 1is also
collected together with aluminium. Operations are often
halted at that stage in shredding plants. The remaining mix
of zinc, éopper and stainless steel 1s then shipped to another
scrap processor specialized in zinc recovery. Such recovery

may, however, sometimes be made within the same plant.

ential melting system. Lead that might be present, is also
recovered at this stage. Copper and stailnless steel are left
in the sweating furnace and usually shipped to a secondary
copper smelter

Departures from this general flowsheet are
numerous and consist either in other separation systems or
in the sucecession of the operations. Non-metallics may be
removed ln one stage after screening, with a WILLIAMS V.I.P.
separator or with a hydrocyclone in the STAMICARBON process,
for instance. Screening may also take place after removal of
light non-metallics. But the most important feature from a

copper recycling point of view is the presence or absence of

e
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a hand-plcking step 1n the process. Some scrap processors
still maintain this step, either before or after the removal
of non-metallics, as long as the cost of this operation is
paid by the value of a purer copper scrap. The final mix,
in thils case, is of course richer in stainless steel. Further-
more, many shredding operators, like in other scrap processing
fields, have developed own improvements of the existing techno-
logy with a view to achleving a greater separation efficiency.
These 1improvements, however, are most often kept secret.
According to (42), the non-ferrous metal content
of car scrap is about 2 to 3.5 4. It was generally agreed,
during the first years of shredder production in the U.S., that
the mix consisted of approximately 65-68 % zinc die cast,
21-25 % aluminium, 2-3 % stalnless steel, balance 7-8 % copper.
Since that time, the aluminium and stainless steel contents
seem to have increased, the copper proportion remaining constant.
The copper content 1s thus markedly lower than that indicated
in (20) (see section 1.3.2.2. b). This discrepancy may result
from the difficulty of assessing an average copper conftent, and
mainly from the fact that shredding operators receive partly
stripped hulks as well as entire cars, and sometimes do strip the

cars themselves before shredding.

Cryogenic shredding 1is operated since 1971 by
GEORGE & Cie. The basic principle of this method is to cool
the scrap bales down to a temperature when they become brittle,
so that a less powerful hammermill wilill suffice to cause them,
literally speaking, to explode.

In this INCHSCRAP process, the hulks are first
baled. No part of the car bodies needs to be removed, not even
the gas tank. The bales are conveyed along an insulated tunnel
where they are cooled down to about -7° C by cold nitrogen gas.

At the end of the tunnel, they are immersed in a liquid nitrogen

S
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bath at -196°C t The bales enter a 500 Hp hammermill at the
temperature of -140°C, where they explode into pieces of dif-
ferent sizes, according to their nature. Fabrics and dirt are
first eliminated by a fan. Other products are classified by
size and pass through magnetic separators., Further processing
of the non-ferrous fractions 1s similar to the treatments
described above,

Similar cryogenic systems have been studied for
other kinds of scrap, like cables and electric motors, but they
are not yet developed to a fully operational stage. They will
thus be mentioned in chapter 3.1.

2.1.4, Incineration

Strict antipollution regulations and the desire
to obtaln good quality copper scrap from cable burning, have led
to the design of furnaces fitted with afterburners and gas
scrubbers, Furnace manufacturers market varilous designs of
such devices, but they all rest on the same basic principles.
The PECO furnace is taken here as an example (fig. 27).

Insulated copper wires are loaded into the
furnace in movable baskets. The insulation is ignited in the
ignition chamber and burns up until it is all consumed. The
burners operate only for a short time when a new batch of cables
is introduced. By restricting the air inlet and limiting the
temperature, excessive oxlidization of copper is avoided. If
lead sheathed cables are introduced into the furnace, the molten
lead, sweated from the cables, flows over a shaped furnace floor
into a heated port for convenient recovery outside the furnace.

After complete elimination of the insulation,
the wire is withdrawn, quenched and cleaned of ash. Fumes and
smoke generated in the process pass into the secondary chamber
(after-burner) where they combine with additional air and burn
completely in a high temperature environment. During normal
operation, these combustion fumes are often sufficient themselves
to maintain the required temperature of the after-burner without
need of additional fuel,
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Exhaust gasses from the furnace subsequently
pass into a gas scrubber where fly ash, soluble acids and
other pollutants are washed out prior to their emission
through the stack. The hydrochloric acid (HCl) resulting
from the combustion of PVC insulation 1s neutralized by
soda (NaOH) and 1s transformed into salt (NaCl) and water.

Other equipments vary in the conception of
thelr loading device, after-burners and gas scrubber systems.

The treatment costs of cable scrap by incineration
have been evaluated on the same basls as in the case of mechanical
processing (section 2.1.3.1. f). With a furnace capacity of
0.625 ton of cables per hour, the cost per recovered kilo of
copper 1s about Bf. 3.70.

It must be noted that despite the fact that
oxldization of copper is conslderably reduced as compared with
simple burning, some superficial oxidization is still difficult
to avold, especially for small diameter wires, and that the
copper cannot be sold at the same price as copper nuggets ob-
talned by efficient mechanical separation processes.

Incineration furnaces may however be loaded with
any kind of copper cable scrap, and is still, together with the
DRYFLOW system, the only way to remove plastic insulation from
thin wires.

2.2, Metallurgical processes for copper smelting and refining

Metallurgical processes applied to the treatment
of copper scrap and residues do not basically differ from those
applied to primary copper production. The approach of the
problem is however rather different and has been leading,
for the last twenty years, to a faster development in the case

S
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of primary copper. Primary copper smelters actually recelve
very important quantities of constant quality ore concentrates.
It 1s thus possible to work on a large scale and to optimige
each step of the process. Regular supply, in quantity as well
as 1in quality, has led to the development of continuous roasting
and smelting processes, with higher heat and metallurgical
efficiency.

On the contrary, secondary copper smelting
is faced with a much more diversified source of supply. This
diversity 1in quallty is accompanied with a greater uncertainty
about avallabilities, which mainly depend on copper prices.

As a consequence, secondary copper smelters are operating more
classical plants with smaller capacity. A good knowledge of
the processes and small units allowed to keep the flexibility
required for the survival of this sector.

Whereas the basic technology of copper smelting
and refining remained essentially unchanged, secondary metal
recovery improved. As already stressed, the complexity of
supplied scrap (alloys, electronic scrap, ...) in many cases
makes this recovery essential to the profitability of the

whole operation.

2.2.1, Pyrometallurgy

Unlike ore concentrates, most of the copper scrap
and residues do not contain any sulphur, so that 1t is never
necessary to perform a desulphurizing roasting, and smelting
is the first pyrometallurgical step.

The classical equipment used by the majority of
secondary copper smelters, may be l1llustrated by all or part of the
flowsheet as per fig. 28. This 1s the conventional way, with
a succession of metallurgical steps, each one of which is aimed
at removing certain impurities, recovering secondary metals and
incereasing the copper grade up to the final electrolytic
refining step.
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Table 3 lists the range of variation of input and output
at each step., Typical energy requirements are also listed

in table 4,

Table 3
Incrcase of the copper content of low grade scrap and residues.
Cu content Cu content
feed product
A 7
] e ———
Blast furnace 30 - 35 , 70 - 80
Converter 70 - 80 97 - 98
Anode furnace 95 - 98 98,5~ 99
Electrolytic 98,5- 99 > 99,9
refining

Tapble 4

Typical energy requirements for the production of onc ton

of cathode copper from secondary material.

Electricity Fuel oil Coke

Kwh 1 tonnes

Blast-furnace 242 90 0,60

Converter 178 90 0,16
Anode casting ; 36 100 -
Electrolytic 460 - -

refining

Total 916 280 0,76
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With some specific departures, each
secondary smelter disposes of part or whole of this
general (lowsheet, Most of them are using a blast furnace
for low-grade scrap and/or reverberatory furnaces for high-
grade scrap smelting. On the other hand, electrolytic
refining seems to be more and more the indispensable
ultimate step allowing to meet the requirements of copper

users.

2.2.1.1, Copper blast furnace (water jacket furnace)

This kind of furnace 1s similar to the iron blast
furnace, but 1t has a rectangular section and is much smaller,
with a surface of 3 to 7 m2 at the level of the tuyeres (fig. 29).
A reducing smelting with coke (8 to 12 % of the charge) yields
a "black copper" and a slag.

The charge 1s essentially composed of low-grade
copper-bearing scrap and residues and converter and anode fur-
nace slags, that are mixed with sand and lime if necessary. All
kinds of scrap and residues designated as "drove" in the N.A.R.I.
standards are fed into the blast furnace : electronic scrap,
skimmings, foundry ashes, irony scrap, ...

The charge must of course contain enough valuable
metals in order to pay for the smelting and the subsequent
refining costs. Scrap with less than about 20 % copper is thus
ruled out, and 1s to be concentrated by mechanical processes,
for instance. From that point of view, the use of copper in
more and more complex components creates a new problem,

The plastics content in the charge 1s also to be limited so as
to avold a too early combustion of the charge. This also makes
a preliminary mechanical processing or incineration necessary.

The copper blast furnace operation 1s difficult
to stabllize. The equilibrium is to be maintained between
copper oxide reduction and oxidation of iron and aluminium

which are removed within the slag. This constraint makes it

e
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necessary !or each smelter to balance his supply between the
various kinds of scrap. Besides, 1t should stir up some new
research for the recovery of copper which 1s more and more often
combined with iron and aluminium. This type of use 1s, in fact,
rowing and the quantities that could be recycled 1in blast
furnaces will remain limited.

The liquid phases, metal and slag, come out of the
furnace continuously and are separated in a crucible. The black
copper contains 70 to 80 % copper, the balance being mainly tin,
nickel, iron, lead and zinc in varying proportions, depending on
the furnace feed and the operating conditions. This metal 1is
treated subsequently in a converter. The slag, containing about
1 to 2 % copper, is lost as well as some tin, nickel and lead,
and 5 to 10 % zinc. This unavoidable copper loss represents
about 5 % of the processed copper.

The blast furnace gas cleaning gives mainly
a zine and/or tin-bearing dust. Some blast furnaces are working
in "hot top" conditions, 1.e. with the furnace top maintained
at high temperature. This allows a better recovery of zinc and
tin in the dust since their condensation at the top is avoided,
and they do not pass into the slag.

Some smelters separate zinc-bearing charges from
tin-bearing charges, the latter being composed of converter slags.
This aims at producing a zinc-rich dust (50 to 60 % zinc) or a
zinc-lead-tin dust which will be either sold or treated within
the same plant for the production of zinc oxide and lead-tin
solder alloy.

Economically, the copper blast furnace keeps an
unquestionable dominant position due to the wide range of scrap
and residues it 1s able to treat. Some technical improvements
have been achlieved during the last years, particularly alr en-
richment with oxygen, which contribute to reduce coke con-
sumption and to increase the smelting rate. Most small units,
however, have too modest requirements and cannot, therefore,
obtain oxygen at interesting prices. Other techniques, like
air pre-heating and fuel injection in tuyeres, have been studied

but are not yet applied on a large scale.
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2.2.1.2. Converter

The liquild black copper coming out of the blast
furnace undergoes a first refining step in a converter similar
to those used for blowlng copper matte, but of smaller size.

It is a cylindrical furnace, with a nomlnal capacity of 10 to

40 tons, equipped with a horizontal line of tuyeres through
which air is blown into the bad. Gasses are evacuated either

by the charging opening (Peirce-Smith converter) or sideways
(Hoboken siphon converter, fig. 30). The air causes a selective
oxidation of the metals accompanying copper, and the oxides

pass elther into a slag or into flue dusts. The composition

of converter products is given in table 5,
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Table 5
Black Copper converter - Typical compositions.
Feed Products

Black Copper Blister Slag Oxide
Cu 70 - 80 7 8 7 30 - 40 7% 2 -5
Pb - 67 0,3 Z 5~-10 7% 2 - 25
Zn - 67 - 2 -101% 30 - 40
Sn I - 57 - 2 -107 5-25
Fe 4 - 67 - 10 - 20 7
Ni 1 - 4 Z 0,4 % 1 - 87%
SiO2 15 - 25 7%
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The thermal balance of the gonverter reuctions
1s theoretically positive : the heat produced mainly by iron
and zinc oxidation should compensate for losses by radiation
and gasses. However, as it 1is a discontinuous process, some
fuel or coke is used in order to hold the copper liguid before
blowing or even to melt scrap during the charging. If the heat
balance makes it possible, 60 to 80 % copper scrap is also
charged during air-blowing, particularly tin-bearing scrap like
"drink", "ebony" or "grape" N.A.R.I. categories when tin
recovery in dusts or slag is almed at.

Iron, zinc, tin, lead and nickel are collected
in the slag. This slag is returned to the copper blast furnace,
except when 1ts tin content justifles a separate processing.
Part of the vsine, tin and lead also passes into dusts whilch are
collected {or recovery. Complete removal of lead requires,
however, too long a blowing, bringing about a too large quantity
of slag incorporating some copper. Besides, 1t is impossible
to bring the nickel content below 0.30 %. Crude copper (or
"plister" copper) from the converter will subsequently be
electrolytically refined, which is all the more justified as
its precious metals content often represents a significant

source of revenue for secondary smelters.

The most immediate modernization is the oxygen
enrichment of the air blown through the tuyeres, or the blowing
of' pure oxygen by "top blowing" or by an immersed nozzle. These
techniques aim to 1lmprove the heat balance and to accelerate the
operation. Unfortunately, once again small secondary smelters
wlll have to pay a too high price for oxygen which cannot be
bulk delivered, as consumption is too 1low.

The role of the black copper converter in the
copper recovery process is well defined : it 1s a refining step

which is rapid (3 to 4 hours for a nominal furnace charge),

.
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efficient (copper grade increases (rom 7% to 908 %) and, 1if
the furnace ls well designed and operated, thermicnlly sell-
sufliclent,

Endly, thc¢ advisability of matte blowing in
the primary smelters, should be emphasized with respect to
scrap treatment. In this case, the heat balance 1s clearly
positive and the quantity of sollid scrap that may be loaded
into the converter without extra melting cost is much more

important.

2.2.1.3. Rotary converters

Several types of rotary converters (including
the Kaldo), inspired by the technique applied in the converters,
have been set up 1in order to process copper scrap. They are used
to smelt and refine scrap rich enough to avoid the blast
furnace-converter circuit. Their field of application is,
however, not yet well defined : these units are, in fact,
competing with the converter processing the 60-80 % copper
scrap and with the reverberatory furnace processing the 85-

95 % copper scrap.

Their main advantages are : the flexibility of
smelting with natural gas or fuel, the easy regulation of working
conditions (continuous or discontinuous use) and, above all,
the possibility of having them turn round their axle at a rather
low speed (for instance 30 rpm). This rotation ensures a mixing
and a movement of the charge, making the smelting and the practice
of "top-blowing" or blowing by immersion particularly efficient,
no matter the injected product (air, oxygen or reagents).

As in the case of the converter or the reverbera-
tory furnace, the principle of the operation is to oxidize and
to slag the impurities after smelting. The resulting slags are
remelted in the blast furnace, except when they undergo a separate
treatment to recover other metals.

The operating flexibility of rotary converters
allows to treat rather complex copper scrap, for instance with

lead and zinc recovery by elimination in dust. Poling (copper

/.
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reduction) 1s also performed, 1n some applications, before

copper is cast 1nto anodes or even as fire-refined copper.

The rotary converter, which is the most recent
furnace used in the copper recovery industry, was submitted to
many tests. However, each smelter using this process according

"one" rotary converter.

to his own technique, we cannot speak of
Because of 1ts small dimenslons, it will be reserved for specific
applications. It 1is a subject of important research work and

improvements in the case of complex scrap (50 to 85 % copper).

The use of tillting furnaces should be mentioned
here (like the Sklenar furnace), which combine some characte-
ristics of both the rotary converter and the reverberatory
furnace., This rectangular furnace is equipped on one side
with burners, and on the other side it has a large opening
for scerap charging and gas exhaust. Gas passing through the
charge allows a very quick melting, but the bath is not deep
enough to allow an efficient refining. It is well suited for
remelting clean scrap intended for alloy production.

n,2.1.4, Reverberatory furnace

Secondary melting reverberatory furnaces may
have a capacity of up to 200 tons. Heated with fuel or natural
gas, the reverberatory furnace is used either for the smelting
and the fire refining of high quality copper scrap subsequently
cast into commercial formats, or for a first refining of scrap
and blister copper from the converters, before casting into
anodes and electrolytic refining.

At that stage, the reprocessed scrap includes
categories 2 to 9 of the N.A.R.I. classification, the most
important ones being "Berry" and "Birch".

Contrary to the furnaces mentioned previously,

e
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the recovery of secondary metals 1s here quite accessory,
because of the degree of purity of the blister copper to be
refined., Slags produced by this furnace (30 to 40 % copper)

are returned to the blast furnace.

The immediate refining of copper scrap in a
reverberatory furnace is of course the most economical way of
recycling it. One operation only - smelting, oxidation and
slagging of the impurities, deoxidization and casting of copper -
produces commercial copper. To reach this result, it is however
necessary to take into account the possibilities of eliminating
the various impurities and, therefore, to choose carefully the
scrap to be processed (> 85 % copper). Such elements as cadmium,
part of the zinc and inorganic materials, are volatilizing.

Tin, lead, iron, aluminium and the remaining part of zinc are
removed by oxidation and collected in a slag.

The elimination of lead is however difficult
and requires an important overblowing of the bath leading
to a too large amount of copper losses in the slag. Besides,
below 0.3 %,nickel cannot be eliminated. Arsenic and, to a
lesser extent, antimony can be removed by adding lime or soda
to an overblown bath. Lastly, it should be mentioned that some
impurities, uncommon in the ordinary scrap (though not in the
blister copper), such as bismuth, selenium, tellurium and
precious metals, are almost never removable at that stage.

These various requirements do not allow the
treatment of high grade scrap containing large quantities of
lead, nickel or antimony for the production of fire-refined
copper. This scrap will be cast into anodes to be refined later.

After removal of the impurities, the copper oxide
contained in the bath is reduced by the poling process, in which
tree trunks are 1lntroduced under the liquid copper surface and
burn while combinlng with oxygen. Copper is then cast, either

in commercial formats, or in anodes.



The fire-refining process in the reverberatory
furnace took advantage of the research work performed by primary
copper refiners to increase capacity and quality of anode
furnace production. Oxy-~fuel burners and natural gas, propane
or ammonia desoxidization number among the most important

developments.

Basically, copper scrap fire-refining tends to
decrease. The use of this type of copper, which is relatively
impure, is more and more restricted to the making of products
for which the electric and mechanic properties of pure copper

are not required.

2.2.2. Hydrometallurgy

2.2.2.1. Electrolytic refining

Electrolytic refining more and more constitutes
the normal continuation and the last step of copper processing.
It consists in dissolving copper at the anode and depositing it
to the cathode under the influence of an electric current. If
the impurities in the anode are nobler than copper, they do not
dissolve and, if they are less noble, they do not deposit.

Cathode copper is more than 99.9 % pure.

The electrolytic refining technique is basically
the same 1n secondary copper refineries as in primary copper
refineries. European primary refineries generally have a rather
important supply of high grade copper scrap. This scrap is mixed
with blister copper in the anode furnace. On the other hand,
many secondary mmelters have no electrolytic refinery and their
black copper or their blister copper is also sometimes sent to

primary refineries.

e
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The few refineries that specifically treat
secondary copper, generally produce a more impure anode copper
than primary refineries do. These anodes often bear important
quantities of lead (0.3 to 0.4 %), nickel (0.3 to 0.4 %),
antimony and, sometimes, tin. It has thus been necessary to
control the behaviour of these impuritles in order to produce
good quality copper. This copper does however not meet the
present most stringent standards for some impurities. In fact,
lead and tin do not dissolve in the electrolyte, but a too high
concentration of these elements in the anode could pollute the
cathode through mechanical drive.

Precious metals are recovered in the electrolysis
slimes and are, later on, processed for silver, gold and pos-
sibly platinum-group metals recovery. A typical composition ol

such slimes would be as follows

silver 1 -5%
gold 0.05 %
lead 20 - 30 %
copper 10 - 20 %
antimony 3 -10%
tin 3 -10%

and sometimes occurrence of selenium, tellurium and bismuth.
Nickel is another impurity frequently found in

the anodes (0.% to 0.4 %). It dissolves in the electrolyte and

a continuous bleed-off is therefore operated. The bleed-off

Is first electrolized to remove copper, then, 1f necessary,

purified from its arsenic content and, finally, concentrated by

evaporation. Nickel sulphate crystals are precipitated and are

elther sold as they are or purified in the refinery.

Modernization efforts during the last few years
concerned copper cathode gquality, mechanization of the operations
(including casting into anodes) and increase of current density
in the electrolysis cells by means of periodic current reversal.
These improvements are obviously not exclusively fitted to the

secondary copper industry.



2.2.2.2. Leachling processes

An entirely different route may be imagined
for copper scrap and residue recycling : copper dissolving
by leaching and direct recovery of the metal from the solution.
This very simple principle 1s however facing economical and
technical difficulties which, up to now, have been only partly
overcome, although such processes are already applied on a large
scale to the treatment of some copper concentrates.

Copper scrap leaching consists in dissolving
the different metals in order to extract them separately after-
wards. The chief characteristics of leaching processes are

- no dust or alr pollution;
- good selectivity as regards certain impurities;

- possible automatization of the processes.

On the other hand, some difficulties that have
restrained the industrial development of these processes must

also be pointed out

low recovery yield;
low speed of leaching operation;
lack of flexibility regarding the various kinds of scrap.

A lot of research work was devoted to leaching
processes during the last few years, but one only 1s applied
on an industrial scale. A classical flowsheet would read as

follows

- leaching;

- solvent extraction with possible bleed-off for
precipitation or purification;

- in the case of solvent extraction, elution of the
exhausted electrolyte and solvent regeneration;

- recovery of metals, most often by electrowinning.
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The principal leaching agents are

sulfuric acid;
hydrochloric acid, with or without ferric chloride;

ammonia and ammonium salts.

Except in certain particular cases, a general tendency seems
to favour the use of hydrochloric acid. Some examples are given

in the following figures

Copper scrap leaching is made in the open air. After
filtration and precipitation of lead and tin, the solution
1s reduced with hydrogen untlil copper powder is obtained.

This process 1is applicable to the treatment of radiators.

Copper 1is recovered as cathodes by electrowinning.

Among the processes using chlorides, the D.K.H._
process (fig. 34) should be mentioned, which is the only one
known to be appllied on an industrial scale for certain copper re-
sidues., After leachling and elimination of a residue, copper
chloride 1s precipltated and oxldized as Cus0O. This copper

oxlde 1s leached again and the solution is electrowinned after

purification.



-97-
Figure 31

UNIVERSAL MINERALS AND METALS .

CuSCRAP

NHy.L0p @

LEACHING

FILTRATION

Sr S04
— , '

Pb e Pb S

PRECIPITATION T 2h
Ho 1
Cu
REDUCTION

CuPOWDER SOLUTION

I""D/__th 0,
y

BOILING
M

BASIC

- - - -

Zn CARBONATE .




®

-08-

Pigure 47
BJORLING.
HNO3 a—
L ISTLEACHING -NO RECOVERY
h
FILTRATION A
SCRAP
! 2N0L E ACHING |——&NO ——
\ -
PbS 04
Sn0,_
%
DISTILLATION >HNO;
y
FILTRATION
iggé ‘ SOLUTION
CuSCRAP ZuSQ0y
CuSCRAR
y
ELECTROWINNING
SOLUTION
CuS0;  H250;7
f Cu
\CATHODES




Figure 33

Cupric chloride process
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2.5. Processes for direct use of scrap

2.3.1. Alloys

As 1in the case of secondary copper smelters,
there exists no strictly defined flowsheet that would be
followed by all alloy recyclers. Each one of them, be it a
brass mill, a foundry or a secondary ingot maker, rather
adjusts his technique to the kind of material he is supplied
with and, above all, to the requirements about his products.
The basic principles of alloy recycling are, however, the same
for the whole sector. This technique accounts for about
two thirds of the whole copper secondary production.

2.3.1.1. Furnace charge composition

In order to produce a certain alloy with scrapped
alloy material, some combination of two different techniques is
used : dilution and refining. Dilution consists in bringing
any element of the alloy to the desired content by mixing dif-
ferent parcels of material, and particularly, in bringing, by
so doing, undesired impurities down to a content that is no
longer harmful. Refining consists in reaching the same goals
by removing elements, either by oxidization with air blowing
or by fluxing. The operations are performed in a furnace, and
the composition of the bath, after analysis, 1s finally adjusted
by adding virgin metals.

It 1is always more economlcal to calculate the
furnace charge so as to minimize the amount of necessary dilu-
tion or refining and be the closest possible to the wanted final
composition, given the avallable qualities of supply and the
quantity and quality of desired alloy. Blending different kinds
of scrap rests first on a good knowledge of the scrap lot compo-
sition and thus on a careful sampling and analysis. The ex-

perience of foremen in charge of this operation, who are able

e
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to spot unwanted material in a scrap parcel, here plays a
part of nrime importance. A good scrap sorting is also es-
sential as the added cost of sorting is offset by the savings
in refining and dilution.

Some years ago, the use of a computer has appeared
order to optimize the charge blending according to the compo-
sition, price and availability of raw materials. This pro-
cedure has nevertheless not yet been adopted everywhere, and
some alloy recyclers still prefer to rely on their skilled
workers, especlally when theilr range of products 1is not
too large.

It should still be emphasized that the use of
scrap in the making of alloys depends on the composition
tolerance of the final products and that, in many cases, brass
mills and foundries are reluctant to buy old scrap or even

new scrap (see section 1.3.1.).

2.3.1.2. Furnace operation

When an alloy recycler operates by dilution only,
tha probliem essentlally consists in making an excellent charge
blending and in avolding to buy poor quality scrap. Tne charge
is then molten in the furnace in order to homogenize it and
adjust 1ts composition with some pure metal ingots. Some fluxes
may be used, like glass or borax, to cover the bath and reduce
the volatilization of zinc.

If the charge is to be refined, air blowing can
oxidize some impurities like iron, manganese, aluminium, ... and
remove them to a slag. This operation 1s very similar to those
performed in pyrometallurgical processes for secondary copper
recovery (section 2.2.1.). Blowing is however not satisfactory
in the case of high zlinc alloys, since 1t would cause zinc to
volatilize as zinc oxide.

Chemical fluxes are used to remove impurities,
to protect the surface of the bath or to give desired properties

to the melt or the slags. Various non-metallic and metallic

in
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fluxes are used in this respect, for instance : lime to remove tin,
phosphorus to remove lead and deoxidize the melt, charcoal to
provide a reducing atmosphere at the surface of the bath, sand

to thicken the slag or borax to make it more fluid, and so on...
The kind of flux varies with the desired effect and the nature

of the alloy. Copper-base alloys can also be used as fluxes

in order to add some element to the melt.

The amount of refining is generally not very high
when the scrap is properly sorted and the charge properly blended,
so that impurities are already diluted. Furthermore, some
impurities, like aluminium or silicon, are difficult to eliminate
by refining to the extent required for some kinds of brasses,
and here again, the calculation of the charge is of primary
importance.

Alloy melting always gives rise to various
residues (slags, skimmings, ashes, ...) that are rather rich
in copper and that are sent to a secondary copper smelter for

recovery.

Reverberatory furnaces are used when the amount
of refining 1s rather important. The design and operation are
similar to the secondary copper reverberatory furnace (section
2.2.1.4.), but the capacity is somewhat lower, about 10 to
100 tons.

Rotary furnaces, be they simply rotating or
end-tilting units, are more flexible. They are also more
easily operated and have a better heat efficiency.

Induction furnaces also are very flexible units
and tend to be preferred now. The basic principle is the same
for coreless and channel furnaces : heat is generated by high
eddy~-currents induced in the charge by a high or low-frequency
magnetic field from an induction coil (fig. 35); convection

flows within the crucible ensure a good mixing of the charge.
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induction furnace (from (7))

Other types of furnaces include arc furnace,
crucible end-tilting furnace, crucible rotary furnace. A good
description is given in (44) and (47).

Anyway, the cholce for a furnace depends on the
nature of the alloy and on the operations to be performed, the
desired capacity and flexibility, heat efficiency, refractory
lining resistance, etc... Often, a compromise 1s necessary
one must choose between capacity and flexibility, since big
furnaces allow a better prbductivity for important quantities
of a like alloy, and flexibllity is desired to cope with the

large variety of scrap composition and product requirements.
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?.5.7. Chemicals

Copper sulphate by far represents the most
important chemical outlet for copper. It can be produced from
copper pyrites, cement copper, lmpure sulphate solutions as a
by-product of copper refining, and copper high-grade scrap.
The copper content of scrap 1is usually required to be at least
86 %. On the other hand, some copper sulphate manufacturers
are reported to use electrolytically refined copper, which is
certainly much more expensive but provides a higher safety
as regards the quality of the product.

The production processes of copper sulphate
from scrap are rather simple and are cited here briefly.

More details can be found in (18). All of them are variants

of the same basic process which comprises three steps

- granulation;
- oxidation and diiution by a sulphuric solution;
- crystallization of the copper sulphate, rinsing and

packaging.

The purpose of granulation is to increase the
specific surface of the metal and to facilitate by this means
the dissolution of copper. The scrap is melted at 1200° C in a
rotary or a reverberatory furnace, where the impurities pass
into the slag. It 1is then poured into cold water, so as to
obtain copper shots with about 99.8 % copper.

The granules are placed in a lead or stainless
steel-lined tower where they react with steam and sulphuric acid
to form diluted copper sulphate at about 90-100° C.

The liquor is then sent to crystallization pools
where sulphate crystals precipitate. These are finally rinsed,

dried and packaged.
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5. PFURTHER CONSTIDERATIONS AND CONCLUSIONS

3.1. Areas of present research

The present research work regarding either
fechnical improvements of existing recycling techniques or
development of new processes, is carried out by both public
organizations, be they governmental institutions 1like the U.S.
pureau ol Mines or the Warren Spring Laboratory in the U.K.,
and private companies. Whereas developments introduced by the
formers are always aimed to reach the market, private companies
when they do not want to patent and market their processes,
often do not disclose their ftechnology so as to keep the ad-

vantage of their inventiveness over their competitors.

Problems in cable scrap recycling have already
been mentioned in chapter 2.1. The new incineration furnaces
wlth after-burner and scrubbers are theoretically non-polluting
and do not oxidize the copper wires. They need to be carefully
operated for that purpose and this may be contradictory to the
desire ol the furnace operator to achieve a higher throughput
py not controlling too strictly the incineration conditions.

We have actually seen in a yard, a parcel of brittle oxidized
copper wires being incinerated in a modern furnace.

Cable chopping devices, on the other hand, are
less flexible as regards their cable feed, and treatment of
steel-armoured, lead-sheathed, greasy and tarry cables in
chopping mills is still difficult. Nowadays, such cables are
incinerated or skipped. A new development would be to apply
a cryogenic choppling to those cables. This technique has al-
ready been tested on a small scale. A principle flowsheet
is given fig. %6. After having been cooled down with liquid

nitrogen, steel, lead, tar, plastic, are sufficiently brittle
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to be crushed by a hammermill. There tremaln, however, some
problems to be solved before implementling such a process on
an 1industrial scale for, after crushing, the tar rapidly
becomes pasty and makes further separation difficult. DMore-
over, cryogenic processing of cables appears not to be very
cheap. It has been calculated on the same basis as for
mechanical processing (section 2.1.3.1. f), with a capacity
of 2 tons of cables per hour, that the recovery cost of the
cryogenic process would be about Bf. 4.80 per kilo of copper,
with half this amount represenfing the price of liquid
nitrogen solely. Cryogenic crushing is also developed

in some plants, after dipping cables free of tar or grease in
a liqulid nitrogen bath. This brings about few technical
problems, but the economic future of this process depends on
the relative price of copper and nitrogen. The U.S. Bureau
>f Mines (54) has investigated the possible use of other
cooling agents, like dry ice or methanol. Their preliminary
results showed that a liquid COp-dry ice system could also

pe used for insulated wire processing.

An entirely different method to remove insula-
tion from cables, that has been contemplated in Germany by three
private companies (7), is pyrolysis. The basic principle of
pyrolysis is to heat wastes contalning organic compounds in a
neutral atmosphere so as to decompose them into gasses and vapor,
and to produce a carbonaceous residue. Polluting products are
washed and neutralized and other pyrolysis products may serve
as fuel. The application of pyrolysis to municipal sold wastes
has already been studied in Japan and by the Warren Spring
Laboratory, but the German process would be the only one ap-
plicable to all types of cables as well as to other kinds of
industrial organic wastes. The economics of the process has,

however, not yet been studied.

./
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Another type of scrap to which much research
work 1s devoted is low-grade "irony" scrap, such as electric
motor scrap or copper-stainless steel residue remaining after
processing non-ferrous car shredder rejects.

Cryogenic grinding of these materials has also
been studied. The U.S. Bureau of Mines (4) performed some tests
on cryogenic processing of non-ferrous residue from automobile
shredder, but 1t only succeeded In separating zinc from the
copper and aluminium components. Pilot installations for
cryogenic processing of electric motors are also tested by a
French scrap processor and they seem to prove effieient.

As for cables, the main problem seems to be the cost of the
cooling agent.

Research work alming to extend the sweating
process (see section 2.1.2.5.) to iron-bearing copper scrap
has also been undertaken by the U.S. Bureau of Mines (37).

The process 1s based on preferential melting in molten salt
path at 1150 to 1250° C. The role of the salt bath is to
prevent copper oxidation and to promote heat transfer. Barium
or calcium chloride 1s used preferably. A pre-treatment of the
scrap with sodium sulphate or sodium silicate to prevent copper
from alloying with iron, allows to achleve a better separation.
This process, however, seems to be very costly : an estimation
made in 1973 was about US$ 0.20/1b.

Another research of the Bureau of Mines focussed
on an efficient hand-breaking system for electric motors with
power hand-tools, presses and hand-saw (21). Similar research
was devoted to manual car dismantling (20).

Processing of electric motors by cupric-ammonium
carbonate leaching has been investigated too (48) but, as far as
we know, none of the processes devised by the U.S. Bureau of

Mines has been commercially adopted up to now.

/.
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Mechanical separation processes are also
current 1y investigated in various laboratories. Most of
them are however being studied for application to municipal
solid waste sorting systems. Eddy-current separators and
devices for classification according to friction coefficient
could be used for copper scrap. A magnetic liquid consisting
of a colloidal suspension of tiny magnetic particles in water
has been developed in Japan (2). By applying a magnetic field
of a given value to this "ferrofluid", it is possible to
obtain a controlled apparent density and to have the magnetic
liquid act like a "heavy medium" allowing separation of metals
that differ in density by as little as 0.3. We do not know
whether such device has already been tested or used in Europe

until now.

Concerning metallurgical processes, most of
their developments have already been mentioned in chapter 2.2.
As regards pyrometallurgy, efficiency improvements include
enrichment of air with oxygen, pre-heating of alr, oxy-fuel
burners, etc... Many leaching processes have already been
proposed, but economical feasibility has still to be demonstrated
for most of them. The use of hydrometallurgical processes
might be particularly interesting for certain types of scrap
which set real problems as far as pyrometallurgical treatment
is concerned: copper scrap mixed with aluminium, copper with
some toxic metals (cadmium, beryllium, ...), poor recovery of
secondary metals., The flexibility of hydrometallurgy, a good
pollution control and the possibility of regenerating the re-
agents, are attractive.

It is, however, not conceivable to have a single
process which would allow to treat any kind of scrap in optimal
conditions. In this field, processes that are specific %o
well-determined scrap categories are to be developed. The ad-
vantage would be the selectivity and the expected recovery yields,
and the drawback, the lack of flexibility due to the application
limits. /.
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One may imagine that some combination of a basic
pyrometallurgical processing followed by a subsequent hydro-
metallurgical treatment, could constitute a new orientation.
Unfortunately, no promising industrial realization has been
achieved yet in this field.

3.2. Consequence of economic factors on the technique

A basic fact, that should never be forgotten
when dealing with scrap recycling, is that this activity belongs
to a competitive sector, where every cost in the reclamation
process must be pald for by the price of the recovered products.
ITn other words, recycling operations must be profitable to the
scrap processor to enable him to continue his operations. This
influences the outlet for some scrap as well as the recycling

technique itself.

As we already pointed out, the outlet for certain
types of scrap is fixed by technical requirements : low grade
scrap for instance can be recovered by secondary smelfers only.
For other scrap, its price as compared to that of pure copper
may influence its outlef. For high grade copper scrap, direct
users are competitors to secondary copper smelters and refiners,
as thils kind of scrap is a fair substitute for pure copper as
regards their purposes. N°1 and n°2 copper scraps have thus their
own market governed by the supply/demand rule. The price of
this scrap 1s related to the price of pure copper, but can
rather independently move away from it. The scrap suppliers
try to sell at the highest possible price, as long as this
price covers thelr costs, and the direct users of scrap buy

it as long as the discount versus pure copper is higher than

e
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the costs involved by the use of scrap, since they always have
the alternative possibility of using refined copper. On the
contrary, copper refineries will purchase high grade scrap

as long as the refining costs are lower than the difference
between pure copper and copper scrap prices, so that the whole
operation allows them to make some profit. Some other factors
may cloud this picture : a tight copper supply may compel
direct users of scrap to pay for it more than the nominal
copper price as the metal is difficult to obtain, or a refiner
may buy copper scrap at a high price, without any profit, to
keep his plant running when the metal is in short supply, and
SO O