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The zigzag (ZZ) classifier is a sorting and classification device with a wide range of applications (e.g. recycling,
food industry). Due to the possible variation of geometry and process settings, the apparatus is used for various
windows of operation due to the specifications of the separation (e.g. cut sizes from 100 um to several decimetres,

compact and fluffy materials as well as foils).

zigzag classifier separation recycling

| 1. General Design

The main component of a ZZ-classifier is a characteristic, segmented channel. The ZZ classifier was first
mentioned by Stebbins in 1932 in a patent (A.H: Stebbins: US Patent 1861248) L. Figure 1 illustrates a typical
zigzag channel with its characteristic geometric parameters height (h), width (b), depth (d), horizontal distance (L)
of the exposed edges, and step angle (a). Different geometries are documented for industry and research. In
industry, a stage has an angle of 120°. Companies like JOST @, Trennso B, Hosakawa Alpine !, Hamatec 2!, and
RecyclingWorld 8 offer ZZ with this geometry. However, the other geometric parameters vary depending on the
manufacturer. Although the distance between the exposed edges of the channel (see Fig 1) usually differs, most of
the ZZ classifiers offered tend to have a distance greater than L > 0. Alternatively, the edges lie directly on top of
each other (L = 0). Overlapping classifier edges (L < 0) are rare and can be found only in special applications .
Decisive for the throughput are the dimensions of the cross-section (b/d) which is usually scaled to the channel
depth d. In industry, a ratio b/d of less than or equal to 1 is usually used. For higher mass throughputs, smaller

ratios are also used [,
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exposed edge

Figure 1. Structure and geometric parameters of a zigzag channel.

| 2. Mode of Operation

As shown in Figure 2, a mixed feed material is fed into the ZZ channel &, On the one hand, heavy, dense and/or
compact particles will fall down the channel in the direction of the heavy product outlet. On the other one, fine, light
and/or non-compact particles are carried upwards by the air flow in the direction of the light product outlet.

Therefore regarding the product outlets, the classifier is considered a counter-flow classifier 19,
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Figure 2. Characteristic terms for ZZ classifiers.

Due to the characteristic form of the ZZ channel, the particles oriented to heavy product outlet will hit the lower
segment wall and either rebound and continue falling or start sliding down the wall. At the edge of each segment,
those particle trajectories cross the fluid flow. Therefore, the ZZ classifiers are also referred to as cross-flow
separators in the other literature At each edge of the ZZ classifier, the particles are fluidised on their way to one of
the product outlets, where, the particles are fluidized again and separated according to their size, shape and
density. This offers the distinct advantage over upstream classifiers with straight channel geometries since the ZZ

channels aligns several separating units in series increasing the total separation efficiency of the apparatus 111,

Another feature of the ZZ geometry are the "vortex rolls" 121, which occur in the convex parts of the segments [2I13],
These vortex rolls (Figure 3) generate the so-called recirculation zones where the air flow detaches from the lower
channel wall behind an edge 14 As a result, the “main flow” (Figure 3) has the highest air velocities 218117 gand
vortices form between the wall and main flow 9. As described above, particulate material is not lifted in this

recirculation zone by a directed air flow butcontinues to move downwards, e.g. by sliding down the lower wall due
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to gravity (Figure 4). Material close to the separation criteria (e.g. cut size) will be recirculated repeatedly in vortex

roll the until it is randomly discharged in one of the products 19,

main flow

Recirculation
zone with
vortex rollers

air inlet

Figure 3. Flow regime in the ZZ.
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Figure 4. Solids flows and separation zones in the ZZ.

In addition to separation, the vortices can cause deagglomeration from being supported by wall friction and impact
forces through the interaction of particles with the wall 2. All those deagglomerating effects contribute to the
comparatively high separation efficiency of ZZ classifiers 29, In addition, the separation efficiency increases by

increasing the number of stages, i.e., the number of fluidisation events in the apparatus.

An air cyclone has to be installed next to the ZZ channel in order to remove the light product from the air flow [,
The cut sizes of ZZclassifiers amount to 0.1-10 mm [RI12 depending on the particle density and shape. The
specific throughput is typically between 5 and 15 t/(m? h) 2316 The throughput can be easily increased by
operating several classifiers in parallel [22123],

Moreover, there are other factors that influence the separation mechanism (cut size, selectivity) and thus the
quality of the separation. Flow fields and therefore process performance in air classifiers are usually significantly
influenced by secondary flows. These are caused by walls bounding the separation zone 19, The secondary

effects include particle rotation as well as oscillating of particles, especially for flat particles tumbling 8. Besides,
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interactions of particles with each other or between particles and the wall influence the process, of which collisions,
friction, sticking and vicinity effects are examples. But particle-airflow interactions also influence the process result

B, For example, excessive loading of the gas flow can lead to swarm effects [24],

Over the years, different variations of the geometry were developed, which were supposed to circumvent the
influences mentioned by the geometry in the best possible way. However, the variations shown below could only be
used for special cases and are not state of the art today. The Duke and Utah channels (Figure 5) were developed
and are mainly used in the USA [8l. The Utah throat attempts to increase the intensity of the eddies through its
geometry and thus supports deagglomeration. The Duke throat attempts to solve the problem of reagglomeration
that occurs with the conventional and Utah designs. This is achieved by providing a clear path for the rising
material and a separate chute for the descending material. Furthermore, additional air supply stages as well as
variants for the production of more than two products have been developed . In addition, chutes with a circular
cross-section are also possible, as are variations of the chute using flattened corners and baffles. Moreover, the
design of the air inlet influences the flow regime at the bottom of the ZZ channel promoting back-mixing effects and
thus reducing the separation efficiency 18, The design of the air outlet at the upper part of the ZZ channel
influences the particle removal rate due to exit effects of the air flow. When the channel narrows, the flow

accelerates, resulting in a faster discharge of particles 18,
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Figure 5. Variation of ZZ classifier geometry: (a) zigzag (b) Utah (c) Duke.

| 3. Advantages and Disadvantages of the Classifier Concept

https://encyclopedia.pub/entry/22225 6/12



Design and Operation Mode of Zigzag Air Classifier | Encyclopedia.pub

The ZZ classifier is mainly used as a sorting but sometimes also as classifying device, mainly because of its simple
design, low CAPEX and OPEX as well as good separation characteristics [Z. As already mentioned, the channel
geometry offers a sufficient variability (e.g. channel depth or stage angle) to adapt the device to specific conditions
or material properties [&. Furthermore, the classifier offers a multi-stage separation in a single channel with one
single air stream 18, Due to the repetitive sorting of rising and descending particles, the particles undergo
repetitive individual sorting stages 18], This cascade of sorting zones results in the high separation efficiency of the
classifier, which is k = 0.59-0.8 LILL12I[25]126] | addition, it is possible to cover a wide range of cut sizes going

from ten to microns and a broad range of particle density and shape for sorting (131,

However, disadvantages of the ZZ classifier are problems with inhomogeneous feed materials. Variations of size,
shape, and density can cause segregation and funnel flow in the feed hopper 87 decreasing the separation
efficiency due to fluctuating feed compositions. Unknown dynamics during the process can lead to insufficient
reliability of ZZ operation 12271 |n addition, particle interactions contribute to reduce the efficiency in separation
(271 |Increasing the number of stages has a positive effect on the separation efficiency. However, it also increases
the height of the apparatus as well as the pressure drop 24 and energy consumption 13I728] High settling
velocities of individual particles cause additional complications, as high air velocities are required for separation.

These lie in the highly turbulent flow regime, whereby turbulent remixing negatively influences the sorting result 27,

According to Senden 18 a negative influence also arises from the geometry of the duct in general. The resulting
turbulence leads to back-mixing in several parts of the apparatus and additionally to stochastic disturbances such
as particle wall and particle particle interactions. Since there is no defined directional movement of the particles, it
is difficult to predict the individual particle behaviour and thus the separation result only on the basis of the particle
properties. In addition, the repeated crossing of air flow and uplifted particles with the trajectories of larger and/or

heavier particles causes mixing and thus decreases the separation efficiency 24,

| 4. Fields of Application

The ZZ classifier is mainly used in the field of recycling of solid waste materials. This can be explained by the
already mentioned high selectivity in a wide range of sizes and densities as well as the advantageous dispersion of
material in the process chamber. A ZZ classifier is usually operated at feed rates of 5-15 t/m2h 28, |n addition, a
solid to air ratio of up to 2 kg/m? can still lead to stable separation at a separation efficiency of 0.8 . Air velocity of
2 m/s is industrially considered the lower limit, industrially, whereas 1 m/s is the lower limit of laboratory

applications .

The ZZ classifier can be used for classification (e.g. classification of choppy, fibrous and flat material) and sorting of
primary and secondary raw materials &, especially in the tobacco and tea industry, where the device is used to
separate stalks and leaves [28, |n addition, vegetables are separated from grains, husks and shells or stones (28!
(291 Furthermore the ZZ classifier is applied during the processing of spices and herbs as well as in the textile

industry for the separation of fibres and finished textiles 221,
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Another major field of application is the processing of municipal and industrial solid waste [2I[18[30][31][32][33][34]
Here, ZZ classifiers have been established for composting plants and separating foils 22! and harder materials
such as glass, stones, and metal pieces from compostable material B8I27. |n the recycling of building materials,
impurities such as paper, plastics, foils and wood chips 82240 gre separated from mineral constituents. Also, the
recycling and purification of thermal insulation systems (mainly polystyrene) 21 and thermoset composites is a
common application 42,

Another field of application is the processing of electronic scrap 3843l For example, copper wires are separated
from the insulation in cable recycling [14122]28143]  p|astics, wood, fibres, glass, and rubber 14143l are separated
from metal scrap (e.g. in recycling of fridges). And in the recycling of printed circuit boards, fine metallic and non-
metallic particles are separated 444514811471 The 77 classifier is also used in car recycling producing the so-called

shredder light fraction 4311481491 'which is a mixture of chopped light polymeric materials.

In general, in plastics recycling, metal is sorted from plastics and different types of plastics can be separated. The
ZZ is also used for the recycling of PET bottles 2%, or bottle capsules B, as well as for dedusting plastic granulate
(261 Although more than 100 years old, latest studies show that the ZZ classifier is still up to date and will be a solid
pillar for future recycling topics, e.g. the recycling of electric vehicles components. One example in this field is the
recycling of lithium-ion batteries 5233l Here, the ZZ was already used in several pilot studies for the separation of
current collector foils from cell housing and separator foils 541551561,
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