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1.Introduction 

Recycling techniques, even in their most simple forms, are at least 5.000 years old, 
taking into consideration for example the Biblical text “from swords to plough shares”. But 
scientific interest in recycling remained limited otherwise literature on the subject would not 
be so exceedingly scarce, even today. In the light of the rising public interest, which recycling 
has enjoyed in recent years, this thesis is giving a comprehensive in-depth understanding to 
the use of+ recovery techniques in one special area, namely the automobile recycling.  

But from the early days of mass motoring, the recycling of automobiles, has been part 
of the steel economy. Ferrous scrap, as recovered from end-of-life vehicles, has a long 
tradition in this area as a secondary raw material substituting raw iron. Scrap is a feed material 
for steel production that can be brought straight into steel mills, while raw iron must first be 
smelted from iron ore in an energy-consuming process. Steel production requires less raw iron 
if more scrap metal is available as a feed material. Ferrous scrap can reduce the energy 
consumption of steel smelting by as much as 70%, resulting in substantially lower production 
costs. 

 
2.Recycling techniques for materials used in automobile construction 

When we say "recycling" we differentiate between re-using complete components 
(product recycling) and recycling of materials such as steel, aluminium, copper, glass, 
plastics, rubber and suchlike (material recycling). Product recycling has always been the 
domain of the dismantling companies and is already well developed. Even so, a great deal of 
material derived from car wrecks remains to be disposed of even after product recycling. 
Hence the emphasis needs to be placed on the material recycling, for which there is still a 
great deal of unexploited potential. 

Modern end-of-life vehicle recycling not only is supposed to help protect the 
environment and natural resources, but is also expected to work economically, keeping costs 
at bay for its clients. Costs economy requires rationalized procedures.  

An improved eco-balance, on the other hand, needs individual decisions about the 
extent of dismantling each vehicle will sensibly have to undergo. A two-step processing 
system accounts for both these requirements.  
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Local car recycling businesses dismantle end-of-life vehicles according to their make, 
model, condition and the demand in the spare parts market, deciding individually what to do 
with each car. As a compulsory first step, though, all fluids are extracted from vehicles to 
avoid environmental risks from spillage. Only then spare parts and those components bound 
for separate recycling are removed (product recycling). Central shredding plants process the 
stripped car bodies on an industrial scale acting as production plants for metallic secondary 
raw materials (material recycling) . 

 
3. Processes for recycling of dismantled materials 

A modern passenger car contains up to 40 types of plastics. Apart from 20-30 basic 
synthetic materials, there are compounds, or “blends”, and plastics containing addition 
materials. Their weight in modern cars amounts to an average 145-160 kilograms and shows a 
tendency towards further increase. Interior fittings account for more than half of this weight, 
exterior body parts add up to another quarter. Compared with metal, the production costs of 
most plastics are rather low. This makes reusing the material hardly economical since, like 
metals, the different types of plastics must be sorted prior to reprocessing in order to avoid 
low-quality results. There are no sorting systems for separating different types of synthetic 
material from end-of-life vehicles after shredding. Plastic components bound for recycling 
must therefore be removed beforehand   
3.1.  Hammer mills 
 Hammer mills are not so common in comparison to shredders, which is due to the fact 
that from the big shredder producers only Thyssen-Henschel Recycling Technik GmbH (in 
short HRT) from Kassel, Germany, is offering this type of “shredder”. 
The mills can be compared to very large coffee grinders, with the axle rotating vertically. The 
scrap to be shredded drops from the top to the bottom, and is then ejected. There is no grate in 
these mills. The rotor is slightly conical. There are three or four discs on the vertical shaft to 
which the axles of the “hammers” are attached. But, as with turnings crushers, these 
“hammers” are alloy steel toothed impact rings with an internal diameter larger than the axle 
around which they can rotate freely. These impact rings therefore leave space for passing 
scrap. The further the scrap drops, the smaller the space between the ring hammers and the 
liners or wear-resistant walls becomes. 
 A number of fixed “wings” are attached to the rotor shaft at the top of the rotor 
housing, smaller in diameter than the discs with rings. The raw material is torn apart by these 
wings to prepare it for the grinding action of the rings below. Dedusting takes place at the 
bottom of the mill, its kick-out door is situated at the top. A secondary dust collection unit is 
nowadays placed on the zigzag air classification unit through which the scarp falls.  
 
3.2  Hammer mill installation 

The process flow chart of the Henschel hammer mill located in Germany is shown in 
figure 1 . This plant is housed in a warehouse, where the scrap to be processed is stored as 
well. The zig-zag separator of the plant was intentionally operated with less air (pendulum 
flap at the feed, fixed in open state), to ensure that the non-ferrous metal losses in the waste 
product are on a low level. It should be noted that a worker was employed for sorting the non-
ferrous metal pre-concentrate by removing large rubber and aluminum pieces from the non-
ferrous metal precon-centrate. During the entire sampling period, only automobile scrap was 
put through. The spot samples (in total 100) were packed into bags.  
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The samples taken during the sampling procedure as well as the sampling parameters 
are shown in table 1. 

 
Table  1: Sampling procedure 
Sample 
material 

Sample 
designation 

No. of spot 
samples 

Sampling 
time 
(sec.) 

Sampling 
interval 

(sec.) 

Sample mass 
total (kg) 

Use of samples 

 
Non-
ferrous 
metal  
pre-
concentrate 

B1/1-40 40 10 0 130 for examinations  
regarding sampling 

B2/1-40 40 20 300 420 for characterization 
of material 
composition 

Composite 
sample S31) 

– 10 300 approx. 200 For small-scale  
analyses, if required 

 
Waste 
product 

B3/1-20 20 3 600 70 for characterization 
of material 
composition 

Composite 
sample S4 

– 3 600 approx. 100 For small-scale  
analyses, if required 

 
4  Results of the analysis 

As already mentioned before, the analyses of the samples from the non-ferrous 
fraction in regard to the distribution by piece size and the extent of disintegration of each 
piece did reveal that the halved values of the piece sizes are at the installation 

• shredder about 30 mm  and at the installation  
• hammer mill about 45 mm. 

This fact, connected with the reduced disintegration extent of the samples from the 
non-ferrous fraction from the hammer mill installation indicates that the hammer mill has a 
smaller shredding effect than the shredder installation. The composition analyses is showing 
that the magnetic sorting of the hammer mill installation is not operating sufficient enough 
because in the large-sized fractions are a lot of magnetic pieces, which are “spoiling” the non-
ferrous metal fraction. In the waste fractions of both installations, i.e. shredder and mill, are 
over 50% of all pieces with a size smaller than 4 mm. For a metallurgical utilization only the 
iron content could be taken into consideration, but the enriching of the iron content to 
metallurgically interesting values seems at least problematic from the economical point of 
view. 

 
4.1  Pre-concentrate of non-ferrous metals 

The 80 samples taken with their total mass of more than 850 kg were sufficient for the 
analysis of the non-ferrous metal pre-concentrate from the shredder and from the hammer 
mill, as a basis for the establishment of metal balances and the development of process 
suggestions. 

Figure 2  show the lump size distribution functions determined for the two non-ferrous 
metal pre-concentrates , which show the half-value lump sizes for the shredder amounting to 
30 mm and for the hammer mill of 45 mm. 
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Fig. 1. Process flow chart of the hammer mill installation  

 
In connection with the higher degree of disintegration of ferromagnetic steel, this 

indicates that in the hammer mill, the separation efficiency of the magnetic separator is not 
high. A reduction of the ferrous content in the hammer mill system, by way of calculation, 
results besides the increase in the content of non-ferrous metals, in an approx. 10% increase in 
the non-metal content in the non-ferrous metal pre-concentrate of the hammer mill to approx. 
50%. This extremely high non-metal content can be explained by the high content of organic 
non-metals, as compared with the shredder, in the lump size classes between 4 and 32 mm, 
which indicates that the air velocity has been set rather low in the air separator of the hammer 
mill (fig.3.). The ratio of the non-ferrous metal contents between each other is largely the 
same. 

 What is essential for the generation of a light-metal concentrate is the ratio between 
the aluminum content and the magnesium content. The non-ferrous metal pre-concentrate 
from the shredder has a content of magnesium and magnesium alloys of approx. 11% of the 
aluminum content as compared with the hammer mill, where the magnesium  content  is  only  
just under 4% of the aluminum content. In contrast, the non-ferrous metal pre-concentrate 
from the hammer mill shows a relatively high content of zinc and zinc alloys (fig.4) . 
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Lump Size Distribution Function of Hammer Mill
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Fig. 2. Lump size distribution function of the non-ferrous metal pre- 
concentrate from hammer mill. 

 
 

Fig. 3. Contents of essential components of the non-ferrous metal pre- 
concentrate from the hammer mill in total. 

 
An enrichment of individual non-ferrous metals in individual lump size classes, which 

might be exploited technically, cannot be seen, although the maximum contents of the 
individual non-ferrous metals occur in different lump size classes: 

- copper:      < 4 mm 
- lead and lead alloys:    < 8 mm 
- copper alloys:     4 mm to 16 mm 
- cast aluminum alloys:    16 mm to 32 mm 
- zinc and zinc alloys:    16 mm to 32 mm 
- magnesium and magnesium alloys:  32 mm to 63 mm 
- malleable aluminum alloys:   > 32 mm. 
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Contents of non-ferrous pre-concentrate 
from hammer mill
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Fig. 4. Contents of essential components of the non-ferrous metal pre- 

concentrate from the hammer mill in relation to the size class. 
 

The same results are visable in the course of recovery of the individual components as 
seen in Figures 3 and 4 and. In addition, there are the basic differences mentioned above. 
Furthermore, ferromagnetic steel must be excluded, because its far higher degree of 
disintegration in the non-ferrous metal pre-concentrate from the hammer mill is not due to 
shredding advantages to be attributed to the hammer mill, but, as explained above, to the low 
efficiency of its magnet separator (fig.5.). Ideal magnet separation should not leave any 
disintegrated ferromagnetic ferrous materials in the non-ferrous metal pre-concentrate of such 
shredding plants. The course of the degree of disintegration shows the expected tendency, 
which means, the bigger the lump size, the lower the degree of disintegration. The 
components zinc, zinc alloys, and non-ferromagnetic steel are in contradiction with this 
tendency. With respect to these components, the decrease in the degree of disintegration can 
only be seen up to the medium lump size classes; the highest lump size classes, instead, show 
a significant increase in the degree of disintegration. When reflecting about increasing the 
degree of disintegration, and thus the quality of non-ferrous metal concentrates to be produced 
from the non-ferrous metal pre-concentrates, from a process engineering point of view, one 
must consider that, except for lead and lead alloys, more than 50%, in the case of magnesium 
and magnesium alloys even 100%, of the metal contents present in compounds are 
compounds with ferromagnetic ferrous materials . This can be explained by the predominance 
of ferromagnetic (plain) steel as the material employed  for  standard  parts. This content of 
ferromagnetic steel in the compounds can be used for re-circulation of the compounds 
concerned to the shredding machine through magnet separation, which will presumably result 
in an increase in the degree of disintegration. 

 Owing to their specific use in starter batteries, lead and lead alloys are almost 
exclusively found as compounds with the non-metal textile (NM paper) and plastic (NM 
plast) materials in the medium and higher lump size classes. 
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Recovery of essential components from hammer mill
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Fig. 5. Recovery of the essential components from the non-ferrous metal 
pre-concentrate of the hammer mill. 

   
 

Degrees of Disintegration for Hammer Mill
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Fig. 6. Degrees of disintegration of the essential components of the non-ferrous metal pre-concentrate from 
hammer mill. 

 
 

The less steep course of the lump size distribution function of the waste from the 
hammer mill, together with the contents of the individual components shown below (fig. 6 ), 
indicates that the separator in the hammer mill is operated at a very low air speed. The metal 
content of the waste is made up of fragments of brittle alloys in the fine lump size range (e.g. 
isolated fragments of cast iron in the lump size range 4 to 8 mm) and thin-walled pieces 
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Lump size distribution function 
of the waste from hammer mill
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(wires, thin sheets) in the high lump size range.  
In addition, it must be considered that the content of lead and lead alloys increases 

with the decrease in the lump size, which is due to grinding or abrasion of this soft metal 
(fig.7.). These globally described tendencies more significantly show in the waste from the 
shredder than in that from the hammer mill owing to the higher air speed in the separator of 
the former. 

 
 

Fig. 7. Lump size distribution function of the waste from hammer mill. 
 
 
5. Conclusions 
 
10 Based on the assumption that the shredder yields the product masses per year are as 

follows: 100.000 tons/ year – steel finished product, 5480 tons/year – non-ferrous metal pre-
concentrated and 31500 tons/year – waste product; 

20 Based on the assumption that the hammer mill yields, the product masses per year 
as follows: 25000 tons/year steel finished product; 3080 tons/year non-ferrous metal pre-
concentrated and 14.400 tons/year – waste product; 

30 The analysis of the samples from the non-ferrous fraction in regard to the 
distribution by piece size and the extend of disintegration of each piece shown that non-
ferrous fraction from the hammer mill installation has a smaller shredding effect than the 
shredder installation; 

40 Contents of essential components of the non-ferrous metal pre-concentrate from the 
shredder are: 38% aluminum; 13.2% copper; 1.9% copper alloys; 2.5% Mg and Mg-alloys; 
3.7% Zn and Zn alloys, 4.6%Pb and Pb alloys; 32,3% steel and steel alloys and 3.8% non-
metallic compounds; 

50 Contents of essential components of the non-ferrous metal pre-concentrate from the 
hammer mill are: 39.8% aluminum, 33.3% copper; 1.4% copper alloys; 3.4%Mg and Mg 
alloys; 0.7% Zn and Zn alloys; 2,0% Pb and Pb alloys; 17.9% iron and steel  and 1.5% non-
metallic compounds; 
60 The metal content of the waste is made up of fragments of brittle alloys in the fine lump 
size range and thin-walled pieces in the high lump size range. 
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