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Summary: The Wastes of Electric and Electronic Equipment (WEEE) is one of the most complex 
waste-streams including a wide variety of products, from mechanical devices to hi-tech systems. 
WEEE contains recyclable materials with high added value, such as ferrous and non-ferrous metals, 
plastics, electronic components and others. The target of the recyclers is the increase of the recovery 
rate and the increase of the purity of each recoverable product. 

Among the ferrous components, the recoverable stainless steel has high added value, as its 
production from raw materials requires high energy consumption, with concomitant environmental 
footprint. Moreover, added elements, responsible for the properties of stainless steel, such as Nickel 
(Ni) and Chrome (Cr) increase the total production cost. 

Consequently, the recycling and reuse of stainless steel play an important role in primary raw 
materials saving, environmental protection and the decrease of the production cost. 

This work aims to the characterization of the components of end of life dishwashers, which is the 
first and most important step to establish an efficient process of stainless steel separation and 
recovery. Following the characterization, the next step is to manage the separation of all components 
and reach high purity end products amenable for use in secondary metallurgical plants. Such plants 
include copper smelters, stainless steel recovery plants, etc. 

The procedure of characterization and separation is divided into steps. Firstly, the dishwashers are 
submitted to size reduction through shredding machines. Afterwards, the shredded products are 
separated, depending on their components, through magnetic separator, eddy current sensor and 
induction sorting sensor. The magnetic product from the magnetic separator contains ferrous pieces. 
The eddy current sensor separates high conductivity pieces consisting of copper, aluminum and brass. 
The induction sorting sensor detects metal pieces. The final flow of this procedure consists of two 
streams. In the first stream stainless steel and copper cables are recovered along with some plastics. 
Cables are present in this stream as, due to their size and morphology, cannot be recovered by eddy 
current separation. From this stream, there will be efforts for the recovery of stainless steel from 
copper cables and plastic. The second stream is composed of any kind of plastics existing in 
dishwashers.  

 



 

 

1. INTRODUCTION:  

It is undoubtful that stainless steels are the most widespread alloys, due to their uses, from everyday 
products, such as furniture, to space vehicles [1]. Stainless steel is an Fe – C alloy, with many added 
metals, like Chromium (Cr), Nickel (Ni), Molybdenum (Mo), Manganese (Mn), Nitrogen (N). These 
added metals are responsible for the properties of stainless steels, like absence of corrosion, magnetic 
or non–magnetic behavior, special mechanical properties, high temperature properties, etc. According 
to main phase (ferrite, austenite), stainless steels are divided into three main categories, ferritic (α-
Fe), austenitic (γ-Fe) and martensitic (γ-Fe, after heating and abrupt cooling) [2, 3]. 

2. PROCEDURE  

The procedure of characterization and separation is divided into steps. The first step is the depollution 
of the dishwashers, meaning the manual removal of any potentially hazardous material, such as 
capacitor and printed circuit board. These materials are sent for further management to licensed 
operators. Then, the external cable, the motor and the internal shelves of the dishwashers are manually 
removed. Subsequently, the dishwashers are submitted to size reduction through shredding machines. 
Afterwards, the shredded products are separated, depending on their components, through magnetic 
separator, eddy current sensor and induction sorting sensor. The magnetic product from the magnetic 
separator contains ferrous pieces. The eddy current sensor separates high conductivity pieces 
consisting of copper, aluminum and brass. The induction sorting sensor detects metal pieces. The 
final flow of this procedure consists of two streams. In the first stream, stainless steel and copper 
cables are recovered along with some plastics. Cables are present in this stream as, due to their size 
and morphology, cannot be recovered by eddy current separation. From this stream, there will be 
efforts for the recovery of stainless steel from copper cables and plastic. The second stream is 
composed of any kind of plastics existing in dishwashers. 
 

 
Picture 1: Ecoreset S.A. production line 



 

 

2.1 Characterization of dishwashers 

As it is mentioned above, the stainless steel stream contains impurities, copper cables and plastics 
that affect significantly the percentage of recovery and purity of stainless steel. Folded and twisted 
stainless steel pieces hold the impurities and carry them to the stainless steel stream. Therefore, the 
characterization of the components is absolutely necessary, in order to be designed the most proper 
procedures of separation and recovery.  

Hand sorting method is used for the characterization of the dishwashers’ samples. Particularly, the 
components of the samples are stainless steel pieces, copper cables, plastic pieces, plastic circuit 
boards and other material, like paper. 

2.1.1 Experimental results 

The experimental procedure includes the examination of three samples, named Sample 1, Sample 2 
and Sample 3. Every sample is subjected to the same procedure of characterization. The stainless 
steel stream of every sample gets through a high intensity magnetic separator, with two outcome 
streams, magnetic and non-magnetic. These streams are separated by adjusting the tilt of a blade. 
Every sample is tested three times, with the blade being at a tilt of 30, 50 and 70 degrees, 
correspondingly. As the tilt of the products-separation blade increases; the opening of the magnetic 
receptor decreases. 

2.1.1.1 Magnetic Separation  

The samples consist of stainless steel, copper cables, plastic pieces, plastic board circuits (PCBs), and 
a very small amount of other materials, like paper, or aluminum foil. The following Charts and Tables 
provide with the % weight of each magnetic stream and the content in metallic and non-metallic of 
the magnetic and non-magnetic product. 

 

 
Chart 1: Weight of magnetic product of Sample 1 according to blade tilt 
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Chart 2: Weight of magnetic product of Sample 2 according to blade tilt 

 
 

 
Chart 2: Weight of magnetic stream of Sample 3 according to blade tilt 

 
 

Table 1: Composition of the magnetic and non-magnetic product of Sample 1 
Sample 1 Magnetic  Non Magnetic  
Blade Tilt Metallic 

(%) 
Non 

Metallic (%) 
Metallic 
(%) 

Non 
Metallic (%) 

30ο  97.1 2.9 42.7 57.3 
50ο  96.6 2.9 56.8 41.2 
70ο  94.1 5.9 80.6 18.0 
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Table 2: Composition of magnetic and non-magnetic product of Sample 2 
Sample 2 Magnetic  Non Magnetic  
Blade Tilt Metallic 

(%) 
Non 

Metallic (%) 
Metallic 
(%) 

Non 
Metallic (%) 

30ο  99.0 0.9 78.8 21.2 
50ο  99.5 0.5 89.5 10.5 
70ο  98.7 1.3 92.7 6.3 

 
 

Table 3: Composition of magnetic and non-magnetic product of Sample 3 
Sample 3 Magnetic  Non Magnetic  
Blade Tilt Metallic 

(%) 
Non 

Metallic (%) 
Metallic 
(%) 

Non 
Metallic (%) 

30ο  98.0 2.0 78.9 20.5 
50ο  97.8 2.2 86.2 13.7 
70ο  98.3 1.7 86.2 13.8 

 
High purity of the magnetic stream is observed in all samples. From the aforementioned Tables, it 

derives that the percentage of the non-metallic part in the magnetic product is very low, lower than 
2.5%. Due to the high purity of the non-magnetic (stainless steel) product, it is concluded that the 
separation and recovery of stainless steel is very efficient.  

2.1.1.2 Hand Sorting  

The magnetic separation is followed by characterization via hand sorting. This method is applied only 
to the non-magnetic product, because the magnetic one is of high purity.  

 
Table 4: Characterization of the non-magnetic product of Sample 1 – Not including stainless 

steel  
Blade 
Tilt 

Plastic 
(%) 

Copper 
Cables (%) 

PCBs 
(%) 

Other 
(%) 

30ο  30.2 64.7 3.5 1.5 
50ο  39.6 53.3 5.6 1.4 
70ο  29.3 63.8 0.3 0.5 

 
 

Table 5: Characterization of the non-magnetic product of Sample 2 – Not including stainless 
steel 

Blade 
Tilt 

Plastic 
(%) 

Copper 
Cables (%) 

PCBs 
(%) 

Other 
(%) 

30ο  93.1 5.3 0.8 0.8 
50ο  84.1 12.8 1.5 2.6 
70ο  87.3 11.0 0.0 1.7 

 
 



 

 

 
Picture 2: Characterization of the non-magnetic product of Sample 2 (tilt of blade70ο degrees) 

 
 

Table 6: Non-magnetic product characterization of Sample 3 – Not including stainless steel 
Blade 
Tilt 

Plastic 
(%) 

Copper 
Cables (%) 

PCBs 
(%) 

Other 
(%) 

30ο  63.9 26.6 7.5 2.0 
50ο  63.4 29.9 5.7 1.0 
70ο  52.6 45.6 0.8 0.9 

 
 
 
 
 



 

 

3. CONCLUSIONS 

The Charts 1, 2 and 3 figure out the effect of blade tilt on the magnetic product, where the stainless 
steel pieces are concentrated. It is obvious that as the tilt increases, the weight of the magnetic stream 
is decreased, because the stainless steel pieces cannot pass through the opening of the magnetic 
product and, consequently, they are rejected at the non-magnetic stream. 

The results from Tables 1, 2 and 3 show magnetic streams with high purity. The impurities are 
held by the folded and twisted stainless steel pieces. Moreover, the predominant impurity is plastic, 
followed by copper cables. PCBs and other material are in percentage. These results concern all three 
blade inclinations. 
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