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The invention aims to alleviate the disadvantage of the known 

separator. In particular, the invention aims to provide a magnetic density 

separator with improved efficiency, and which in practice can have a higher 

throughput, a relatively short process channel and/or a relatively 

inexpensive magnetization device. Thereto the invention provides for a 5 

magnetic density separator comprising a process channel through which in 

use magnetic process liquid and particles to be separated flow in a flow 

direction, a magnetization device that is arranged to extend in flow direction 

along at least one of the walls of the process channel so as to in use apply a 

magnetic field to the process liquid in a separation zone of the process 10 

channel to establish a cut density of the magnetic process liquid to separate 

the particles in the process liquid based on their density, a laminator 

through which the magnetic process liquid is introduced into the process 

channel to flow laminarized  in flow direction along the separation zone, and 

a feed through which a mixture of process liquid and particles to be 15 

separated is introduced into the process channel to join the laminarized 

process liquid, characterized in that the feed includes an entraining device. 

By providing an entraining device in the feed, the mixture of 

magnetic process liquid with particles to be separated can be joined with the 

laminarized flow of the magnetic process liquid in a more controlled way, so 20 

that the joining causes less swirls in the process liquid. In particular, the 

entrainment involves a pushing action that prevents blocking, so that the 

velocity profile of the mixture can be chosen more freely to match the 

velocity profile of the process liquid, so that the joining of the flows causes 

less turbulence. The entrainment device is arranged to move with the 25 

laminarized flow, preferably with the same velocity as the laminarized flow. 

In addition, the entrainment itself can cause less turbulence in the mixture. 

This way, the separation efficiency is improved, and the separator may in 

practice can have a higher throughput, a relatively short process channel 

and/or a relatively inexpensive magnetization device. 30 







6 

 

The process channel may further include an exit zone comprising 

at least one dividing wall extending in flow direction, where the process 

liquid is divided into separate liquid streams in which the particles have 

mutually different average density. 

The invention further relates to a magnetic density separation 5 

method, wherein a magnetic field is applied to a magnetic process liquid 

flowing through a process channel and comprising particles of different 

density, so as to establish a  cut  density of the magnetic process liquid and  

cause separation of the particles by their density, wherein a mixture of 

magnetic process liquid with particles to be separated is introduced into the 10 

process channel via a feed to join to a laminarized flow of the magnetic 

process liquid characterized in that the feed includes an entrainment device. 

In the method, the entrainment device moves along with the laminarized 

flow, and the entrainment device may feed the mixture from a supply area 

where process liquid and particles are intermixed in turbulence to the 15 

laminarized flow in compartimentalized flow. 

The invention will be further elucidated on the basis of a non-

limitative exemplary embodiment which is represented in a drawing. In the 

drawing: 

Fig. 1 shows a schematic cross sectional  side view of a magnetic 20 

density separator, and   

Fig. 2 shows a schematic cross sectional transversal view at A-A 

in Fig.1. 

It is noted that the figures are merely schematic representations 

of a preferred embodiment of the invention. In the figures, identical or 25 

corresponding parts are represented with the same reference numerals. 

Fig. 1 and 2 show a magnetic density separator 20 comprising a 

process channel 21 through which in use magnetic process liquid and 

particles to be separated flow in a flow direction indicated with arrow P. 

A magnetization device 22  is arranged to extend in flow direction 30 

along the bottom wall 23 of the channel 21 so as to in use apply a magnetic 
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process liquid with particles moves with the entraining device 25, preferably 

with the same velocity as the entraining device 25 and/or in the same 

direction as the entraining device 25. In this embodiment, the entraining 

device comprises an endless, flat conveyor belt 5 that circulates between 

return wheels 26. As can be seen in Fig. 2, the conveyor belt 5 stretches 5 

across the width of the process channel 21. The top run 27 of the conveyor 

belt 5 extends along the laminator 4, and continues beyond the laminator 4 

to extend over the magnetization device 22. The top run 27 of the conveyor 

belt 5 forms the bottom wall 23 of the process channel 21. It also forms the 

bottom wall of the feed 24. The length of the top run 27 of the conveyor belt 10 

5 may be several meters, e.g. 2-6 m, and the width may be 0,5-3 m. 

The entraining device 25 extends from a supply area 28 where 

process liquid and particles intermixed in turbulence. The particles to be 

separated are fed in wetted condition to the supply area via an inlet 2. In 

the supply area, the particles are intermixed with process liquid using a 15 

mixer 3 to form a slurryfied mixture. Air bubbles escape from the mixture 

towards the inlet 2. 

The top run 27 of the conveyor belt 5 cooperates with the bottom 

wall of the laminator 4 to form a feed channel of the feed 24. The feed 

channel is thus separate from the laminator 4, and the entraining 25 device 20 

is arranged to entrain the mixture axially through the feed channel, here in 

the same directions as the flow P. 

The entraining device 25 includes entraining elements 31 that  

engage the walls of the feed channel so as to compartimentalize the mixture 

in the feed channel between the supply area and the process channel. The 25 

turbulent waves in the supply area 28 caused by the mixer 3 are blocked 

from propagating directly to the process channel 21. Here, the entraining 

elements are flexible riffles that extend upright form the conveyor face, and 

that sealingly engage the bottom wall of the laminator 4. The entraining 

elements may here e.g. be 0.5-15 cm tall, for example 2 cm. The entraining 30 
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3. Mixer to slurrify the particles and allow air bubbles to 

rise to the surface 

4. Laminator with inlet (left) to create a homogeneous 

horizontal laminar flow of process liquid 

5. Conveyors with flexible riffles for introducing the 5 

slurrified particles into the magnetic field/separation channel, both 

conveyors moving at the same speed as the horizontal laminar flow 

produced by the laminator 

6. Vessels for separating the product flows into 1. a stream 

of particles that sink into a screw conveyor and are taken out from the 10 

separator to a washing unit, and 2. a stream consisting mainly of process 

liquid but including also some very fine materials, fibres and foils (particles 

with very small terminal velocities) moving with the flow of process liquid, 

that is sucked off by a pump. The rectangular bend at the outlet of the 

vessel guarantees that the suction flow at the splitters is homogeneous over 15 

the width of the separator 

7. Screw conveyors to take out the products 

8. Outlet for the lightest particles, possibly including also 

floating particles 

9. Outlet for removing material sticking to the lower 20 

conveyor belt 

10. Outlet for removing the flows of process liquid including 

also some very fine materials, fibres and foils to a pump and a filter. After 

filtration, the combined flows of process liquid are reintroduced into the 

reservoir 1 and then into the laminator section (4) 25 

 Flexible riffles 

 

A batch of 320 kg of mixed PET, PS, PE and PP waste is cut by a 

cutting mill with a screen of 10 mm. 
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Claims 

 

1. A magnetic density separator comprising a process channel 

through which in use magnetic process liquid and particles to be separated 

flow in a flow direction, a magnetization device that is arranged to extend in 

flow direction along at least one of the walls of the process channel so as to 

in use apply a magnetic field to the process liquid in a separation zone of the 5 

process channel to establish a cut  density of the magnetic process liquid to 

separate the particles in the process liquid based on their density, a 

laminator through which the magnetic process liquid is introduced into the 

process channel to flow laminarized  in flow direction along the separation 

zone, and a feed through which a mixture of process liquid and particles to 10 

be separated is introduced into the process channel to join the laminarized 

process liquid, characterized in that the feed includes an entraining device.  

2. The magnetic density separator according to claim 1, wherein the 

entraining device extends at least partially through the process channel, 

along with the laminarized flow of process liquid.  15 

3. The magnetic density separator according to claim 1 or 2, wherein 

the entraining device extends from a supply area where process liquid and 

particles intermixed in turbulence.  

4. The magnetic density separator according to any of claims 1-3, 

wherein the feed includes a feed channel  that is separate from the 20 

laminator, and wherein the entraining device is arranged to entrain the 

mixture axially through the feed channel. 

5. The magnetic density separator according to claim 4, wherein the 

entraining device includes entraining elements that  engage the walls of the 

feed channel so as to compartimentalize the mixture in the feed channel 25 

between the supply area and the process channel. 
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6. The magnetic density separator according to claim 4, wherein the 

entraining device comprises a conveyor with entraining elements arranged 

to move along the flow direction.   

7. The magnetic density separator according to claim 6, wherein the 

entraining elements form transport cradles between them that are open at a 5 

side facing the process channel.  

8. The magnetic density separator according to claim 6 or 7, wherein 

the conveyor is an endless, flat conveyor belt, and wherein the entraining 

elements comprise uprights extending from the conveying face of the belt. 

9. The magnetic density separator according to claim 8, wherein the 10 

uprights comprise riffles extending transversely across the face of the 

conveyor belt, interspaced in movement direction.    

10.  The magnetic density separator according to claim 8 or 9, 

wherein the feed channel is defined between the laminator and the process 

channel wall at an entrance of the process channel at the top and or bottom 15 

of the process channel. 

11. The magnetic density separator according to claim 10,  wherein 

the conveyor extends along the wall of the process channel in flow direction, 

and  wherein the entraining elements engage the wall of the laminator.  

12. The magnetic density separator according to any of the preceding 20 

claims, wherein the process channel includes an exit zone comprising at 

least one dividing wall extending in flow direction, where the process liquid 

is divided into separate liquid streams in which the particles have mutually 

different average density. 

13. Magnetic density separation method, wherein a magnetic field is 25 

applied to a magnetic process liquid flowing through a process channel and 

comprising particles of different density, so as to establish a cut density of 

the magnetic process liquid and  cause separation of the particles by their 

density, wherein a mixture of magnetic process liquid with particles to be 

separated is introduced into the process channel via a feed to join to a 30 
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laminarized flow of the magnetic process liquid characterized in that the 

feed includes an entrainment device. 

14. Magnetic density separation method according to claim 13, 

wherein the entrainment device moves along with the laminarized flow. 

15. Magnetic density separation method according to claim 13 or 14, 5 

wherein the entrainment device feeds the mixture from a supply area where 

process liquid and particles are intermixed in turbulence to the laminarized 

flow in compartimentalized flow. 


