
Separation-apparatus The invention relates to a separation-apparatus for
separating from a particle-stream at least a first fraction with particles
of a first group of dimensions, and a second fraction with particles of a
second group of dimensions, comprising an infeed-device for the
particle-stream, a rotatable drum having at its circumference plates, each
plate having a radially ex tending hitting surface for the particles, at
least a first re ceiving area proximal to the drum for receipt therein of
parti cles of the first fraction, and at least a second receiving area
distant from the drum for receipt therein of particles of the second
fraction. Such an apparatus is known from DE-U-94 19 448. The known
apparatus is suitable for separation of alien parts such as paper, plastic
or glass from compost. The known apparatus can be designed very straight
forwardly in view of the circumstance that the parts that are to be
separated from the compost can be distinguished very easily therefrom. If
however, the particle stream consists of particles of rather small
dimensions and the particles are of comparable composition, then the known
separation-apparatus is not equipped to separate from the particle stream a
first fraction and a sec ond fraction, wherein the fractions differ from
each other only modestly in terms of the parameters that characterize the
parti cles of said fractions. This can be explained for instance with
reference to bottom-ash of waste incineration plants, although the
invention is not restricted thereto. The November-December 2007 issue of
Waste Management World, pages 46-49, elaborates on bottom ash from such
waste in cineration plants as being by far the largest residue fraction
after the incineration process. Due to the conditions of incin eration,
various materials including metals are comprised in the bottom ash.
However, temperatures during the waste incineration process are generally
not as high that these materials result in 



aggregated particles of metals with slag. Instead some 80% of the metals in
the ashes are free and suited for re-use. It is said that with a particular
type incinerator approximately 50% of the course bottom ashes consist of
particles being larger than 2 mm. Conversely, another 50% of the materials
is smaller than 2 mm. Particularly, the separation of particles which canbe
classified as part of a first fraction having dimensions smaller than 2 mm
from particles being classified in a fraction having dimensions larger than
2 mm is a good example of the problems that are encountered when their
separation is envisaged in a separation apparatus according to the
preamble. Since the problems and the objectives that are connected with the
separa tion of said first and second fractions from a particle-stream
originating from bottom ash are very illustrative for the inven tion, the
following discussion primarily utilizes the example of processing of bottom
ash. It is expressly noted however that the separation-apparatus is not
exclusively useable for processing of bottom ash but can be applied to
process any type of parti cles having small dimensions. On average, in the
composition of bottom-ash aggregates of stone, glass and ceramics account
for approximally 80% per cent of its content and 7 to 18 percent account
for ferrous and non-ferrous metals, whereas the remainder generally
consists of organic material. The main non-ferrous metal is aluminium which
is present through the entire particle size range of the ash. Other
non-ferrous metals are copper, brass, zinc, lead, stainless steel and
precious metals which account for large parts of the 2-6 mm fraction or
higher up to 15 mm. Such metals that origi nate from electronic components
are largely in the 0-2 mm fraction. It is an object of the invention to
provide a separa tion-apparatus which is particularly suitable for carrying
out a separation-method on a particle stream having particles in the ranges
just mentioned. It is a further objective to provide such a separation 



apparatus and method of its operation, which is applicable to particles
that are moist. When the separation-apparatus is to be applied with respect
to bottom ash an additional problem is that such bottom ash is relatively
wet; it may comprise 15-20 weight% water. A further objective is to provide
a separationapparatus which renders it possible to regain ferrous and
nonferrous metals of a particle stream with particles having dimen sions in
the range 0-15 mm. Still a further objective is to provide such a separa
tion-apparatus in which a first fraction and a second fraction of particles
can be separated from a particle stream, whereinthe first fraction has
particles with a size in the range 0-2 mm and the second fraction has
particles with dimensions in the range 2-15 mm. These and other objectives
and advantages that will become apparent from the following description,
can at least in part be attained with a separation-apparatus and a method
for its use in accordance with one or more of the appended claims. A first
feature of the separation-apparatus according to the invention is that the
apparatus has a housing so as to protect the particles from outside
weather-conditions, allowing that the particles of the particle-stream to
be processed by said apparatus have dimensions in the range 0-15 mm. In
contrast to the separation-apparatus that is known from DE-U-94 19 448 it
is not possible to apply the separation-apparatus without a housing in view
of the particles having such small dimensions that the processing thereof
would not be feasible at windy con ditions. The application of a housing as
part of the apparatus is therefore essential so as to allow that the
particles being processed in the separation-apparatus have dimensions in
the range 0-15 mm. A further aspect of the separation-apparatus of the in
vention is that the infeed-device is a vibrating plate having an edge
positioned above the drum, which edge is embodied as an 



outlet for the particle-stream. The application of a vibrating plate is
very suited to supply the particle stream in a con trolled manner to the
drum, in a way that the particle-stream will leave the vibrating plate in a
continuous flow and with a limited thickness of the flow, so as to provide
that the flow has properties similar to those of a monolayer flow of
material. The concept of monolayer-flow is known to the person skilled in
the art and does not require further elucidation. The just-mentioned
objective of approaching the parame  ters of a monolayer flow of material
renders it advisable that the infeed-device operates in use at a
vibrating-f requency of more than 10 Hz and with an amplitude of less than
5 mm. A feature that further supports the just-mentioned ob jective is to
embody the infeed-device as a vibrating plate with an edge and a sloping
plate immediately adjacent to said edge that tilts downwards as seen from
the edge. It suffices that the tilting downwards of the sloping plate
adjacent to the edge of the vibrating plate is in the range of 70-90
degrees with refer ence to the horizon.In a further aspect of the
separation-apparatus of the invention the edge of the vibrating plate is
positioned verti cally or near-vertically above an axis of rotation of said
drum so as to cause that in use the particles of the particle-stream fall
towards the drum in a direction aimed towards said axis of rotation or its
immediate vicinity, and to arrange that the plates of the drum impinge on
said falling particles at a moment that said plates are in a vertically or
near-vertically upwards oriented position extending from the drum. In this
way the operation of the plates of the drum acting on the falling parti
cles of the particle stream cause that the particles stepwise change
direction from vertical flow to an essentially horizontal displacement,
which is at the root of the separation of the par ticle stream into the
first fraction and the second fraction. Surprisingly, it has been
demonstrated that the first fraction pertaining to particles having smaller
dimensions, preferably in 



the range 0-2 mm, do not travel as far from the drum as do the particles
from the second fraction pertaining to particles hav ing relatively larger
dimensions, preferably in the range 2-15 mm. The separation-apparatus of
the invention is thus very suited for use as a classifying means for the
particles of the particle stream, and when the particle stream originates
from waste-incineration ashes the separation-apparatus can benefi cially be
used to classify metals from said ashes into the first fraction and the
second fraction, each fraction having the par ticles with the
just-mentioned dimensions. It is then preferred that the second fraction be
further processed in a dry separa tion method to separate the metals from
this fraction further into ferrous and non-ferrous metals. This is due to
the circumstance that during processing of the particle stream in the
separation-apparatus of the invention it has been shown that the second
fraction has already lost much of its water content. It has further proven
beneficial that the plates are provided with a backing that slopes from the
free extremities of said plates towards the drum's circumference so as to
counter turbulence behind said plates. The effective operation of the
separation-apparatus of the invention is secured by having the drum during
its operation rotating at a speed causing that the plates of the drum
impinge on the particles with a horizontal speed in the range 10-30 m/s. It
is further beneficial to provide the separationapparatus of the invention
with means for providing a gas flowhaving a flow direction that is pointed
from the second receiv ing area for the particles to the drum. This has at
least the following three effects: 1 . A better separation between the
first fraction and the second fraction can be obtained as compared to the
situation in which the gas flow is absent. 2 . The separation-apparatus can
be construed with smaller dimensions. 3 . It is possible to limit the air
humidity, thus promoting 



that the larger particles can lose their moist content more easily. A
further desirable feature of the separation-apparatus according to the
invention is that the said at least second re ceiving area distant from the
drum is provided with a conveyor for discharging the particles of the
second fraction received in said second area, at which conveyor's outlet a
blower is pro  vided supplying a downwardly directed air-flow for removal
of particles of the first fraction that stick to particles of the second
fraction. The invention will hereinafter be further elucidated with
reference to an exemplary schematic embodiment of the sepa ration-apparatus
of the invention and with reference to the drawing. In the drawing: - Fig.
1 shows schematically the separation-apparatus of the invention; - Fig. 2
and Fig. 3 show the drum of the separationapparatus of the invention in a
side and a frontal view, respec tively, and - Fig. 4 shows a conveyor for
discharging particles be ing processed in the separation-apparatus of the
invention. Wherever in the figures the same reference numerals are applied
these numerals refer to the same parts. With reference first to Fig. 1 the
separation-apparatus of the invention is generally denoted with reference
numeral 1 . This separation-apparatus 1 is used for separating particles 3
of a first fraction and of a second fraction wherein the respec tive
fractions pertain to particles having different dimensions. The particles 3
are collectively supported by an infeed- device 2 . The infeed-device 2 is
a plate which is arranged to be vibrated causing then that the particles 3
leave the vi brating plate over the edge 2 ' in a particle stream as
symbolised by the arrow 4 . The particle stream 4 is over the edge 2 '
further supported by a downwardly sloping slide-plate 2'' that 



supports the development of a monolayer-type flow of said parti cle stream
4 . The edge 2 ' of the vibrating plate 2 is positioned above a drum 5 ,
which can rotate around its axis 8 of rotation and which drum 5 has at its
circumference 13, plates 6 , 6 ' . Each plate 6 , 6 ' has a radially
extending hitting surface 6 , 6 ' for impinging on the particles 3 that
arrive in the vicinity of the drum 5 . In order to secure that a proper
particle stream 4 re sembling a monolayer stream arrives near the drum 5 ,
it is fur ther preferable that the vibrating plate 2 vibrates at a fre
quency of more than 10 Hertz, preferably 20 Hz and an amplitude of less
than 5 mm, preferably one or two mm. As already men tioned it is preferred
to apply a slide-plate 2'' that slightly tilts downwards as seen from the
edge 2 ' . This tilting downwards can be in the range of 70-90 degrees as
compared to the horizon. As Fig. 1 clearly shows the edge 2 ' of the
vibrating plate 2 is positioned vertically or near vertically above the
axis 8 of rotation of the drum 5 so as to cause that in use the particles 3
of the particle stream 4 fall towards the drum 5 in a direction aimed
towards said axis 8 of rotation or to its im mediate vicinity. This
construction further arranges that the plates 6 , 6 ' of the drum 5 impinge
on said falling particles 3 at a moment that said plates 6 , 6 ' are in a
vertically or near vertically upwards oriented position extending from the
drum 5 . This is shown in Fig. 1 with respect to plate 6 . As shown more
clearly in Fig. 2 , the plates 6 , 6 ' are provided with a backing 14 that
slopes from the free extremities 15, 15' of said plates 6 , 6 ' towards the
drum's circumference 13. This way turbulence behind the plates 6 , 6 ' is
effectively avoided during rotation of the drum 5 . In use the drum 5 is
caused to rotate at a speed such that the plates 6 , 6 ' impinge on the
particles 3 in the particle stream 4 with a horizontal speed (see arrow A
in Fig. 2 ) in the 



range 10-30 m/s. Due to this action Fig. 1 shows that a cloud of particles
moves in the direction of arrow B to be collected in at least a first
receiving area 11, 11' proximal to the drum 5 for receipt therein of the
smaller particles of the first frac tion, and at least a second receiving
area 12, 12' for receipt therein of the larger particles of the second
fraction.With a proper tuning of the vibrating plate 2 in terms of
vibrating frequency and vibrating amplitude and by a proper selection of
the rotational speed of the drum 5 it is possible to realise an effective
separation of the particles into a first and into a second fraction,
wherein the first fraction pertains to particles having dimensions in the
range 0-2 mm and the sec ond fraction pertains to particles having
dimensions in the range 2-15 mm. A proper operation of the apparatus of the
inven tion can be identified when the particles leave the drum 5 in a
manner that their angle of departure does not surpass 12 de grees as
compared to the horizon (see Fig. 1 ) . Fig. 1 further shows that the
separation apparatus 1 is embodied with a housing 16 in order to protect
the particles 3 from outside weather conditions, thus allowing that the
particles 3 of the particle stream 4 having dimensions in the range 0-15 mm
can at all be processed in the apparatus of the inven tion. Although not
shown in Fig. 1 the apparatus 1 of the in vention may in a preferred
embodiment further be provided with means for providing a gas flow having a
flow direction opposite to the arrow B , thus pointing from the second
receiving area 12, 12' towards the drum 5 . Any of the first receiving
areas 11, 11' and the second receiving areas 12, 12' is in practice
provided with conveyor belts for removing the collected particles from said
areas. An example of a conveyor belt that is applied with anyone of the
second receiving areas 12, 12' is shown in Fig. 4 and provided with
reference numeral 17. Particles 3 are discharged from any such second area
12, 12' and transported by the conveyor 17 operating 



at a conveying speed that is high enough to cause that the particles 3
leave the conveyor belt 17 with a speed suffi cient for the particles to
travel through an essentially trans versal air-flow 18. Due to the air-flow
18 particles of a first smaller fraction that attach or stick to larger
particles 3 of the second fraction are released. The air-flow 18 can easily
be arranged by application of a blower 19 providing preferably a downwardly
directed air stream 18 immediately adjacent to the exit point or outlet 20
where the particles 3 leave the conveyor belt 17. The inventors expressly
point out that the exemplary embodiment as discussed hereinabove relates to
the operation and construction of the separation-apparatus of the invention
without necessarily being restricted to the processing of wasteincineration
ashes or bottom ashes. The separation apparatus of the invention is
generally applicable to any type of particle that is required to be
classified into fractions of particles having dimensions in the lower
ranges such as 0-15 mm without being restricted to such particles as are
derived from waste in cineration plants.CLAIMS 1 . Separation-apparatus (1)
for separating from a par ticle-stream (4) at least a first fraction with
particles (3) of a first group of dimensions, and a second fraction with
particles (3) of a second group of dimensions, comprising an infeeddevice
(2) for the particle-stream (4), a rotatable drum (5) having at its
circumference (13) plates (6, 6'), each plate hav ing a radially extending
hitting surface (6, 6') for the parti cles, at least a first receiving area
(11, 11') proximal to the drum (5) for receipt therein of particles of the
first fraction, and at least a second receiving area (12, 12') distant from
the drum (5) for receipt therein of particles of the second frac tion,
characterized in that the apparatus has a housing (6) so as to protect the
particles (3) from outside weather-conditions, allowing that the particles
(3) of the particle-stream (4) to be processed by said apparatus (1) have
dimensions in the range 0- 



15 mm. 2 . Separation-apparatus according to claim 1 , charac terized in
that the infeed-device (2) is a vibrating plate (2) having an edge (2')
positioned above the drum (5), which edge (2') is embodied as an outlet for
the particle-stream (4). 3 . Separation-apparatus according to claim 1 or 2
, characterized in that the infeed-device (2) operates in use at a
vibrating-frequency of more than 10 H z and an amplitude of less than 5 mm.
4 . Separation-apparatus according to claims 1-3, char acterized in that
the infeed-device is a vibrating-plate (2) having an edge (2') and a
slide-plate (2'') immediately adjacent to said edge (2') that tilts
downwards as seen from the edge (2'). 5 . Separation-apparatus according to
claim 4 , charac terized in that the slide-plate (2'') is inclined at an
angle in the range 70-90 with respect to the horizon. 6 .
Separation-apparatus according to anyone of claims 2-5, characterized in
that the edge (2') of the vibrating plate (2) is positioned vertically or
near-vertically above an axis (8) of rotation of said drum (5) so as to
cause that in use the particles (3) of the particle-stream (4) fall towards
the drum (5) in a direction aimed towards said axis (8) of rotation or its
immediate vicinity, and to arrange that the plates (6, 6')of the drum (5)
impinge on said falling particles (3) at a mo ment that said plates (6, 6')
are in a vertically or nearvertically upwards oriented position extending
from the drum (5) . 7 . Separation-apparatus according to anyone of claims
1-6, characterized in that the plates (6, 6') are provided with a backing
(14) that slopes from the free extremities (15, 15'} of said plates (6, 6')
towards the drum's circumference (13) so as to counter turbulence behind
said plates (6, 6'). 8 . Separation-apparatus according to anyone of claims
1-7, characterized in that in use the drum (5) rotates at a 



speed causing that the plates (6, 6') impinge on the particles with a
horizontal speed in the range 20-30 m/s. 9 . Separation-apparatus according
to anyone of claims 1-8, characterized in that it is provided with means
for provid ing a gas flow having a flow-direction that is pointed from the
second receiving area (12, 12') towards the drum (5) . 10.
Separation-apparatus according to anyone of claims 1-9, characterized in
that the said at least second receiving area (12, 12') distant from the
drum (5) is provided with a con veyor (17) for discharging the particles of
the second fraction received in said second area, at which conveyor's
outlet a blower (19) is provided supplying an downwardly directed air flow
(18) for removal of particles of the first fraction that stick to particles
of the second fraction. 11. Method for separating a particle stream (4)
having a moisture-content of 15-20 weight% into at least a first frac tion
with particles (3) of a first group of dimensions, and a second fraction
with particles (3) of a second group of dimensions by processing same in a
separation-apparatus (1) according to anyone of claims 1-10, characterized
in that prior to sub jecting the particle stream (4) by the processing in
said sepa ration-apparatus (1), the particle stream (4) is sieved so as to
restrict the particles to sizes in the range 0-15 mm, and that the
separation-apparatus (1) is used to provide a first fraction pertaining to
particles having dimensions in the range 0-2 mm, and to provide a second
fraction pertaining to particles having dimensions in the range 2-15 mm.
12. Method according to claim 11, characterized in that the particle stream
(4) originates from waste-incineration ashes, whereby the
separation-apparatus (1) is used to classify metals from said ashes into
the said first fraction and saidsecond fraction, whereafter the said second
fraction is proc essed further in a dry-seperation method to separate the
metals into ferrous and non-ferrous metals. 


