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Abstract

In the EU-region, the automatically operated 200 (rotating hammer) shredder plants processing large technical equipment (end-of-life vehicles, large household appliances) annually produces 8-9 million tons of non-metallic grinded byproduct, which ends in landfills, without recovery. The organic content of this byproduct is 45-50%, i.e. 4-4,5 million tons. This amount is increased by the 1-2 million tons of organic contained residues from WEEE (waste of electric and electronic equipment) processing plants and recovered on a minimal level. The tendencies showing definitely increasing modality, the welfare of the people, the state of development of technologies increase the turnover of the products, and decrease the use-phase of them due to the faster technical obsolesce.
This type of organic waste, is generally mixed plastics and rubber. Their effective utilization without proper preparation is energetic, pyrolisis or direct combustion. However rising oil prices have the operators thinking of utilizing plastic wastes as secondary raw material. For this purpose, clean and cheap technique is required which is able to produce plastic product separated by type at high yield. Heavy media Dyna – Whirlpool separator could be one of the choices in which by centrifugal force field, particles less than 10 mm particle size can be separated effectively even if their particle density is very close to each others (such as PBT’s with 10 or 20 percent of glass reinforcement). 
In this paper the authors are presenting the experimental setup and its results were carried out in the Laboratory of Raw Materials Processing and Environmental Process Engineering within the frame of an R&D project (TECH-08-A4/2-2008-0142, RECYTECH). Dyna – Whirlpool separator been set up in the experimental series were capable of measuring the effect of different density of the separation media, the feed pressure, geometric properties of the separator and the feed material and feed concentration. Measurements were carried out on model material first then the results were compared with results got from measurements of real plastic wastes. Recovery and yield was determined at both cases. 
Keywords: Dyna – Whirlpool separator, gravity (density) separation, plastic wastes, centrifugal force
Introduction

University of Miskolc, Institute of Raw Material Processing and Environmental Process Engineering is a member of a research consortium in Hungary dealing with End of Life Vehicles  (ELV's) and Waste of Electric and Electronic Equipments (WEEE's). The aims of the project (RECYTECH, szerződésszám) are actual in Hungary. As it is written the project work plan [1],  in the EU-region, the automatically operated 200 (rotating hammer) shredder plants processing large technical equipment (end-of-life vehicles, large household appliances) annually produces 8-9 million tons of non-metallic grinded byproduct, which ends in landfills, without recovery. The organic content of this byproduct is 45-50%, i.e. 4-4,5 million tons. This amount is increased by the 1-2 million tons of organic contained residue from WEEE (waste of electric and electronic equipment) processing plants and recovered on a minimal level. The tendencies showing definitely increasing modality, the welfare of the people, the state of development of technologies increase the turnover of the products, and decrease the use-phase of them due to the faster technical obsolesce.
The rapid filling up of landfills, the natural resources treated lavishly and the intention of manufacturers of technical equipment to “green” design and produce actuated the European Committee (EC) to create plenty of regulations and obligations concerning certain group of complex technical products, even affecting their treatment following these products use-phase (waste treatment). The main goal of its intention is motivated by extending the producers’ responsibility and enforcing the “polluter pays” principle.
Based on the extended liability of manufacturers, the EC made the observance of 2000/53 and 2002/96/EC directives obligatory in all member states for end-of-life vehicles (ELV) and for waste of electric and electronic equipment (WEEE) – as major waste streams. Based on these directives the relevant regulations (among others the 264/2004 and 267/2004 Hungarian statutes) came into effect also in Hungary. 
According to these laws national collection centers and salvage yards have been built for both ELV and WEEE. In the case of WEEE several coordinating bodies were generated at the initiative of manufacturers to coordinate and to handle the waste management tasks, as in the case of electronic waste collection also belongs to the duty of manufacturers. This system was financed by „product fee”, which is not so prevalent in the EU: the manufacturer/dealer are free from paying the product fee if they fulfilled the determinated collection rates and sustain the collection system reliably. Utilization and recovery rate of both ELV -s and WEEE is prescribed in regulations, and it is already hard to meet this requirement not to mention the next years. 95% utilization rate should be achieved for ELV by 2015, within this at least 85% should be material utilization. In the case of WEEE ten categories of equipment are distinguished, each with different prescribed utilization rates, between 70 and 80%. These limits should be met for WEEE already in 2008. 
In Hungary 120-130 thousand ELV and about 140 kilotons of WEEE are generated annually. After preliminary manual disassembling ELV-s are being shredded (an automatical mechanical comminution process), and afterwards the metal fraction (about 70 wt% of the ELV -s) can be separated. At present there are 2 shredders in operation in Hungary (both in Budapest) and at the end of 2008 another. shredder has been also installed in Fehérvárcsurgó (Fejér county)by Alcufer Ltd.. Shredding is a worldwide known and acclaimed technology resulting a non-metallic byproduct mainly consisting of glass, plastic, rubber, textile (shredder light fraction). The majority of this mixed fraction goes nowadays mostly to landfills in Hungary. There are more minor shredders for WEEE in Hungary, but only three of them are of significant capacity (one in Dunaújváros, Jobbágyi and Budapest). Both the amount and composition of electronic waste are different from those of ELV -s. Its plastics content is higher (usually around 20 wt%, in certain categories it may reach even 40 wt%). 
The residue (light fraction) formed after shredding ELV’s and WEEE may reach 50 kilotons, which goes to national landfills. Although the amount of this fraction is to be reduced by several national and international laws, the technical breakthrough, an efficient technology has not yet appeared.
Except from this, it can happen, that the actual Hungarian environmental government pursuing several EU-countries’ practice (for example Austria), may forbid the deposition of the concerned shredder fraction, which intention is also motivated by the finished (16. July, 2009.) derogation of the Landfill Directive related to Hungary. This directive want to stop essentially the deposition of organic content, and considering the relevant amount of it, it will bring the shredder operators into impossible situation, because the light shredder fraction from ELV-s and WEEE contains at least 50% of organic materials and there is insufficient separation and recovering technology capacity at present time.
Therefore the aim of the RECYTECH project is to develop a complex utilization technology and pilot plant, which will solve the separation of the above mentioned problematic fractions, and these separated fractions will be supplied back partially or totally to the material cycle reducing significantly the amount of waste to be deposited in landfills. As a first step we would like to select the optimal separation technology of automotive light shredder fractions and electronic waste process residues (which helps the separation of different materials based on their different physical properties), followed by the material utilization of the separated fractions by identifying actual and possible applications. In one point of view plastic material can be a good feed material for pyrolitic applications or if they can be separated from each other properly, can be used as secondary raw material helping cost effectively reach the requirements of EU waste policy. As a concept, by using different physical separation methods, plastic and other organic components can be separated from non organic components, such as metals or glass, concrete. 
Plastic materials can be separated from each others using the differences of their various physical properties. Dynamic heavy media separation is one of the options. As Bevilacqua, Bozzato and Ferrara publishd in their paper [2] dyna whirpool separator can be used for density separation of plastics. Doing theoretical considerations, they stated that dynamic density separators are suitable for plastic separation, but one-stage separation can be used only if the light and heavy particle has large difference enough in their densities and the separation is sharp. Otherwise multistage separation is required. In the Laboratory of Institute of Raw Materials Processing and Environmental Process Engineering, we have carried out two short experiments. One of the experiment was aimed to calibrate the dyna whirlpool separator have been being built and check if the theoretical hypothesis is right. The other experiment was a short demonstration of separation of multi-component plastic stream using one-staged dyna whirlpool separation.

Experimental setup
A Dyna Whirlpool separator has been built. The whirlpool tube itself is made of transparent PVC, a 400 mm or 300 mm long tube can be used. The inner diameter of the tube is 50 mm. The end sections where central feed, vortex finder and tangential media in and outflows can be found is made of bonamide, which is easy to work with. The feed and the vortex finder is made of stainless steel and attached to the tube through central hole of the bonamide section using "O" - ring sealing. The feed has 19 mm, the vortex finder has 25 mm inner diameter with conical openings to reduce the missed particles because of the thickness of the vortex finder itself.  The length of the vortex finder can be adjusted freely from 240 mm to 0 mm ( in case of 400 mm tube length) to examine the effect of separation length in the separator. The separation media is stored a 30 liter stainless steel tank beneath the separator, where from a centrifugal pump is pumping the media through the separator. The outlet of the separator is flow back to the tank while separated boxes with semi-permeable bottom catches the particles. The pump drive is a 400 W 3 Phase electric engine, which is supplied electricity through frequency converter. With this solution the flow rate can be set up for the separator at given separator geometry and setup. The flow velocity cannot be to slow or fast, at optimum speed, a centered and stable air core is generated within the Dyna-whirlpool separator. 
[image: image7.png]



Picture 1. he experimental Dyna-Whirlpool separator built in the laboratory of Institute of Raw Material Processing and Environmental Process Engineering, University of Miskolc, Hungary

The pressure loss of the separator can be measured with a Digibar pressure meter while the flow rate can be measured by a built in flow meter.

For the first, model experiment Calcium-Chloride and water was used as a separation media. The model particles are PA6 plastic with glass fiber reinforcement with 1.34 kg/m3 of particle density and Poly-olefin  with glass fiber reinforcement with 1,12 kg/m3 was used. the particle were granules, their particle size was 4mm of each, and the shape of them was considered as spherical. At first Calcium-Chloride solution was made with 1,41 kg/m3 density and it was added into the equipment. The pump was started and steady whirlpool was set up. Than particles, 1000 g of each was feed into the separator. the heavy product was collected, washed and dried. The light product was feed back after solution density was lowered. The solution densities was respectively 1.41, 1.32, 1.3, 1.25, 1.22, 1.2, 1.18, 1.15, 1.11, 1.04, 1.02 and 1 kg/dm3. At each density both material was feed and the length of the vortex finder was also has been set to four stages. the length was respectively 240, 180, 120 and 60 mm. The weight of the products was measured. 
Test results for the model experiment

Determining the efficiency of a separation process, Performance curve is generally used. For dynamic density separations, such as Dyna-Whirlpool separators, the performance curve can be determined by carrying out density analysis of the heavy and light products. In this case however the feed contains pure plastic particles with a given particle density and the feed was a mixture of only two type of particles. this fact makes the determination of the performance curve impractical because performances "curves" become two spot which is hard to evaluate. Instead of the performance curves, the component recovery functions can be used to analyze the efficiency of the separation. As it can be seen in diagram 1. recovery curves are very useful tools to evaluate separation efficiency.
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diagram1. Component recovery curves for evaluation of separation efficiency
Determining the composition of the light product, it is clearly evident that separation is perfect in case of only light particles are in the light product. At the point where heavy particles are going to be the part of the light product, their rate determine the efficiency of the separation. In the other hand, the width of the recovery curves, by means of density determines the closest particle density can be separated with minimal contamination of the products. In our case, the density range seemed to be : 0.1 - 0.2 kg/dm3 where separation can be carried out effectively for both products in one-stage. If the density difference is lower, good separation can be carried out for only one of the product and with lower component recovery rate. 
What else, the recovery curves are good for? As it can be seen in diagram 2. and 3., the effect of separator length can be determined. 
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Diagram 2.: Component recovery curve in the light product for Poly-Olefin (1.12 kg/dm3)

In diagram 2. the effect of the tube length can be seen for the one-stage separation efficiency. As the tube length grows, separation efficiency become better. The initial length of the tube was 120 mm. In this case the width of the recovery curve is wide, it reaches 0.2 kg/dm3 by means of density, while even doubled length can be dramatically reduce the width of the curve and increase sharpness of separation. 
In case of the heavy particle, the tube length has no significant effect, the recovery curves remain almost as wide at long setup as they was at short setup. However the measured data showed, that component recovery curves can be described with Rossin - Rammler functions. It has significant role of designing separation steps and selecting separation cut density, because with a small device, and few small scale measured data, the component rates at the products can be calculated and even separation densities of  multi component mixtures can be determined as an optimal cut points, reflecting the needs of the market.
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Diagram 3: Component recovery curve in the light product for PA6 (1.34 kg/dm3)
As it was mentioned earlier, and examined by Bevilacqua, Bozzato and Ferrara, separation efficiency can be measured by the rate of the components in the products. 
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Diagram 4: Light plastic rate in the light product as a function of its rate in the feed, at given separation density

Diagram 4. shows us, how the recovery of the light plastic, and the rate of both are changing as a function of their rate in the feed. If the proportion of the light particle in the feed is 10%, its rate in the product is going to be reducing dramatically using cut point just slightly larger, than its particle density. If the feed contains larger proportion of light particles, the change is not that dramatic. It means, that one of the particles has larger proportion in the feed, density control of the separation media could be easier, because even large slides in media density has no dramatic effect. This is true if the density range between the two particles are large enough to the media density shifting.
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Diagram 5: Light plastic rate in the light product as a function of the density difference between the two particles being separated
Recovery curves can be used for modelling purposes as well. To determine the effect of the density differences between two particles, recovery curves can be shifted. Using recovery curve to slide among the axis of separation density, the effect of the density differences between two particles and their effect of the rate of the particles in the product can be determined. In diagram 5. original 1,12 poly-olefin recovery curve was used and shifted toward the recovery curves of PA6 plastic. At each step particle density was increased at 0,05 kg/dm3 and the recovery rate was calculated using the function of the original recovery curve. the separation took place with cut density of mean density of the particle (ligth + heavy/2) and the rate of the particles was 50/50% at the feed. It can be determined, that high rate of light particles can be reach if there is significant 2distance" by means of density between the particles, and if the density difference is dropping very low, the rate of the light particle is remain 100 % if the separation density is lower than the density of the light particle, however recovery is very low in this case, therefore it is not practical to use in one-staged operations.
Second experiment
In the second experiment, a real material was about to separate. The samples were originated from one of the Hungary located car factory, where plastic parts are selected and failed parts are mixed as waste. This practice is huge problem, because mainly PBT and PA66 can be found in this waste stream which plastics has significant difference in their density, however in the car industry, plastics are reinforced with glass fibbers so their density is altered by other additions as well. In the sample eventually 14 different type of plastic was mixed, their density we have measured and ther proportion in the sample can be seen in table 1. 

Table 1: Type of plastics in the sample, their density and mass proportion .
	Type
	Density,

 [kg/dm3]
	Mass proportion, [%]

	PBT GF 10
	1,38
	5,87

	PBT GF 15
	1,42
	4,90

	PBT GF 20
	1,47
	10,32

	PBT GF 30
	1,52
	2,37

	PBT-ASA GF 20
	1,32
	1,98

	PBT -PC GF 20
	1,41
	1,43

	PBTP GF 33
	1,54
	2,43

	Summ PBT
	
	29,30

	PA66 GF 13
	1,21
	34,75

	PA66 GF 25
	1,34
	27,91

	PA66 GF 30
	1,37
	0,08

	PA66-PE GF 13
	
	0,07

	PA6-(GB 20 + GF 10)
	1,37
	2,91

	Summ PA
	
	65,72

	PET GF 30
	1,47
	0,13

	PC-GFC
	1,29
	0,96

	Other
	
	3,89

	Summ other
	
	4,98

	Summ
	
	100,00


The maximum particle size in the sample was 90 mm, and despite of "liberated" particles were in the mixture, the sample had to be crushed, because particles are grown together by their shape makes the separation impossible without size reduction. The whole sample was crushed down below 10 mm using hammer crusher with 10 mm gap size in the bottom screen of the crusher and separation analyses were carried out. Dyna whirlpool separator was one of the equipment in charge, where according to the wide variety of particle densities and taking into account the largest particle density (1.54 kg/dm3) water, Calcium-Chloride and Zinc-Chlorid solutions were the media used in the dyna-whirlpool separator. The length of the dyna-whirpool separator was 400 mm, the diameter of vortex finder and feed were 14 m, the diameter of the tangential in and outlet tube were 9 mm, pressure loss of the separator wwas around 1.2…1.5 bar. The separation experiment was carried out with the separated plastic fractions one by one starting the separation process at 1.34 down to 1.18 kg/dm3 respectively using distilled water to thin the solution. The separation efficiency was improved with multi staged separation, which, as the results showed is an efficient way to improve product purity and recovery rates.
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Diagram 6: Car industry waste plastic recovery in the light fraction as a function of separation density.
It can be determined from the data, that PA and PBT plastics can be separated at good efficiency. Furthermore using higher cut density than 1.36 kg/m3 PBT fractions also can be separated from each other. The recovery of PA's are around 95 - 100 %, unfortunately PBT ASA 20 is moving together with PA's. Separation of PA fractions from each other was not effective due to low difference of their densities. An other important result, that separation efficiency could have been improved using multi-stage separation steps.

Conclusion
1. Separation sharpness can be determined using recovery curves instead of performance curves in practice of density separation of plastics. It is even more true if two component system is separated. Recovery curves can be described as Rossin - Ramler function, therefore calculations regarding cut density and product quality can be executed by using them.

2. In dyna-whirlpool separator, perfect or good separation result with high yield can only be hoped, if the densities of the particles has enough difference between them. Based on the measurement this density range is 0.1 - 0.2 kg/dm3  
3. If one of the plastic material (in two component system) has larger proportion in the feed, choosing  cut density closer to that particle density improve the purity of that product, however it has negative effect to its yield. Asymmetric rate of components in the feed makes media density control easier, small shifts in media density are not cause dramatic changes in product purity
4. PBT and PA plastics can be separated effectively from each other using dyna whirlpool separator in the particle size range of 1 - 3.15 mm and 3.15 - 6.3 mm. for good product purity and yield, multi stage separation required.
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