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ABSTRACT OF THE DISCLOSURE

A method for breaking down used materials or items,
particularly wooden or motor-vehicle items, 1into reusable
components with the use of fractionating tools, with which the
accelerated parts of used material interact. The breakdown 1is
effected selectively through impacts, deformation tension,
bending stress, friction and/or shearing, with the shape and
arrangement of the fractionating tools being set and/or matched

+o the structure and size of the used feed materials and/or the

obtained recycled material.
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METHOD AND APPARATUS FOR BREAKING DOWN USED MATERIALS INTO
REUSABLE COMPONENTS PARTICULARLY FOR RECYCLING WOOD PRODUCTS,

USED FURNITURE, AUTOMOBILE COMPOSITE MATERIALS AND SIMILAR

PRODUCTS

Background of the Invention

[1] The invention relates to a method and an apparatus for
breaking down wood products, particularly chips and composite
fiber materials, used furniture, automobile composite materials,
etc., 1into reusable individual components, such as chips and
fiber bundles, fibers, granulates, powders and the like. The
method according to the invention and the associated apparatus
are intended to extensively maintain the slenderness ratio (the
ratio of length to diameter) of the chips, fiber bundles and

fibers without perceptible shortening. The slenderness ratio is

a significant prerequisite for high stability values and a well-

closed surface of new materials and composite materials produced

from the old ones.

[2] Prior Art
[3] Numerous methods for recycling the aforementioned

materials are known. They represent solutions that are cost-
effective to some extent, but have a considerable negative lmpact
on the slenderness ratio. The methods range to granulating the

materials, which typically results in a low-quality recycled

product. Other methods are suitable for maintaining a high

slenderness ratio, but are cost- and labor-intensive. These
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methods also have a limited throughput, which also negatively
influences the associated costs. There are still no suitable
reprocessing methods for some used products, however, which
leaves only thermal disposal.
[4] The simplest solution, albeit one that has a strong
negative impact on the slenderness ratio, is to mechanically
comminute the aforementioned materials in a shredder or a
hammermill. Shredders can have a single- or two-stage design.
Shredders are modified hammermills having a horizontal or
vertical intake and tools of various shapes, with or without a
grinding track as a counterpart to the hammer mechanism, and with
or without the stationary screen or grate part that surrounds the
grinding space. The product generated with this system tends to
possess the quality of a granulate or filler.
(5] The quality of wood products that are re-processed with
the above-described shredder systems can be greatly improved if
the feed material is wetted in order to reduce its brittleness.
This measure results in fewer small particles and less breakage
transversely to the fiber axis. Shredders, hammermills and
similar machines are, however, relatively sensitive to moisture.
The throughput decreases progressively as the humidity level
rises. Jamming begins to occur when the material is between 30
and 40% absolutely dry. For polymer-containing composite

materials, moistening and jamming are usually not issues, because

these materials can absorb little or no moisture.
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[6] Much better results are attained, at least with wood
products, when, in accordance with DE 195 09 152, the
aforementioned materials are pre-comminuted to have edge lengths
of 10 - 20 cm, then impregnated with a saturating and
impregnating solution and, finally, subjected to a steam
temperature of 80 to 100 degrees in an autoclave for a lengthy
reaction time. The impregnating solutions used here are
formulated to exert a hydrolyzing effect on the glued joints, so
the chips of a particle board, for example, separate from one
another due to the hydrolyzing of the glued joints, on the one
hand, and the pressure caused by swelling, on the other hand.
They can subsequently be separated from one another through
screens or the like, and fractionated. The result is a superior
recycled chip with an extensively non-reduced slenderness ratio.
The method is relatively costly, however. It regquilres
hydrolyzing chemicals. To accelerate the penetration of these
chemicals into the pre-comminuted material, a vacuum must be
Ccreated i1n a pressure tank. Finally, steam must be introduced
into the pressure tank at a pressure of up to two bar.
[7] The output of this batch-wise operation is low: a
comparison of the total investment and the operating costs to the
throughput reveals that the product is very good, but the costs
are too high.
[8] AS 1 201 045 1s analogous in some ways to DE 195 09 152.
Here, however, no chemicals are used; instead, a steam pressure

of up to five bar is applied. After a reaction time of several
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hours, chip materials break down into individual components and
can be separated from one another through screening.

[9] EP 0 581 039 discloses a further method, which likewise
opérates on the basis of steam decomposition. Board-type
elements and used furniture with or without upholstery are broken
down into large pieces so they can fit into the pressure chamber
of an autoclave. Then, the autoclave is filled with steam in a
Cemperature range between 120 and 180°. At the same time,
binding agents that can be hydrolyzed are hydrolyzed, and the
chips swell, resulting in the dissolution of the particle-board
composite. In contrast to the above-cited publications, in this
case, the chip material 1is subsequently cleaned with a cleaning
fluid of hydrolysis products. The necessity of using chemicals
that promote hydrolysis, or cleaning fluids, but especially the
necessity of using an autoclave with steam in a pressure range
between two and five bar, makes the above-described methods

costly.

(10] Object of the Invention

[11] It i1s the object of the present invention to provide a
method and the associated, necessary production system for
obtaining a recycled product, the product having good slenderness
ratios, at low cost and with a purely mechanical, continuous
production procedure that does not employ chemicals, an
autoclave, cleaning fluid or live steam. Above all, the wmethod
and apparatus according to the invention are intended to be

applicable not only to wood products and used furniture, but also
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CO materials and composite materials with high polymer and
duromer contents, which cannot be brought into a state in which

they can be more easily broken down with the application of

moisture.
[12] Brief description of the Drawings
[13] Figure 1 is a flow chart describing and illustrating the

processes and flow of operations performed according to the

present invention.

[14] Detailed Description of the Exemplary Embodiment

[15] Figure 1 illustrates the underlying principle of the

method according to the invention, with its advantageous
embodiments:

{16] The plywood feed product is placed into a pre-comminuter
(1) and broken down into fragments having edge lengths of 10 x 10
to 100 x 100 mm, preferably 20 mm. The fragments are not square
Or rectangular, but have any irregular shape in this size range.
[17] Preferred pre-comminuters are machines that effect
numerous cracks and hairline fractures in the fragments, in which
capillary forces can develop for the later introduction of
moisture, provided that the materials are capable of swelling.
Both low-speed machines, such as those that operate according to
the shearing-rotor principle, as well as high-speed machines,
such as hammermills and shredders, can be implemented in
embodiments that promote the formation of cracks and hairline

fractures. Tests have revealed that large quantities of chips
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and fiber bundles having good slenderness ratlos are separated
out of the composite in the pre-comminution process.

(18] Because the material to be recycled for the ultimate
decomposition must be wetted several times to promote sorption
and swelling, it is advisable to separate the chips and fiber
bundles that already have a satisfactory geometry out of the
material flow using a fractionating sifter (2). Depending on the
requirements on the end product, the fractionating sifter can
comprise a single screen, or be a combination of a screen/drum
SCreen and a pneumatic sifter. The small chips are supplied to,

for example, the DS [?] branch. At this point, oversize chips

can also be separated out, for example, for MS [?] purposes. The
fractionating sifter (2) is advantageous for avoiding wetting
these fractions, which are already usable, and would require
further energy for drying.

[19] In a downstream conditioner (3), the pre-comminuted
material, which corresponds to the defined size, is wetted. The
wetting can be effected with water, but also with steam or
atmospheric live steam. In the use of water, additives that
promote wetting must be used in the method according to the
invention to accelerate the swelling effect of the water on the
wood, and on the binding agent. This type of additive can be
used with atmospheric steam, but is not absolutely necessary,
because hot moisture naturally greatly accelerates the swelling

of wood, as well as the swelling and dissolution of non-moisture-
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resistant binding agents. 1In particle-board and MDF [?] systems,

drying gases are an efficient source of atmospheric steam, with
virtually 100% water saturation and a Cemperature of about or
just under 100°C.

[20] The bulk material that has been intensively treated with
moisture, and possibly with heat, in the conditioner 1s placed in
a sorption and swelling chamber (4). The size of the sorption
and swelling chamber depends on the necessary throughput
quantity, and the speed of the sorption and swelling that can be
attained with the type of moisture supply. If atmospheric steam
1s used, a lower volume is necessary, because the bulk material
swells faster and loses the solidity of its composlite structure
under the influence of heat. Push- or pull-floor silos are
particularly considered as sorption and swelling chambers, as are
Lraveling-spiral or rotating-spiral silos, all of which operate
according to the “first in, first out” principle. As the bulk

material travels through the silo or the large pile [heap], it

has time to adsorb the moisture at the secondary valences of the
micelles, and to swell. Moreover, the deformation tensions of
the chips that have been dried into the material are released
through the supply of moisture, which also contributes to the
separation of the material due to the spring back effect.
Finally, the moisture, possibly supported by heat, causes the
conventionally used glues, which predominantly have a limited

resistance to moisture, to dissolve and likewise swell, which
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gradually leads to the weakening and the breakup of the composite
material.
[21] The use of a drying exhaust-gas/steam method offers two
advantages: First, the hot exhaust air, which is saturated with
water, 1s put to good use. In a normal scenario, the drying
exhaust air is released into the environment after having been
appropriately purified, without the heat content being utilized.
When the air is used according to the invention, the
sorption/swelling is considerably accelerated by the moisture and
heat contained therein. The sorption and swelling chamber (4)
can also be embodied to purify the drying exhaust gases in the
manner of a gravel-bed filter: The drying exhaust gases are
conveyed through a sufficiently thick layer of the bulk material
in a counter-flow method. 1In this instance, the drying gases not
only impart a sizeable proportion of their moisture and heat to
the bulk material, but the fine material contained in the exhaust
gases 1s also filtered in the bulk material, which purifies the
exhaust gas. This effect is advantageously present when the fine
material in the exhaust gases, which was produced in the pre-
comminuter (1) prior to the supply of moisture, has been screened
out by the fractionating sifter (2) for reducing the flow
resistance in the bulk material.
[22] The softened, swollen bulk material is conveyed from the
sorption and swelling chamber (4) to a metering device (S5) with
the aid of known extraction devices. A volumetric system is a

preferred metering device because, unlike gravimetric systems, it
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only reacts slightly to moisture fluctuations in the moisture
range 1in which the system of the device is operated.

(23] The bulk material is then guided across a metal separator
(6), which can be located between position (1) and position (2) .
[24] For also separating out non-ferritic foreign bodies, a
heavy-material separator (7) is disposed in front of a turbo
disintegrator (8); it can be embodied in accordance with EP 1 035
237 A2, or in other ways.

[25] The above description only presents one example of the
numerous options of preparing for and performing the actual
breakdown process. Particularly in materials and composite
materials that contain wood cellulose or other lignocelluloses,
or other components that are generally capable of swelling, an
advance swelling process greatly facilitates the breakdown
procedure, and reduces the material damage during the breakdown
procedure. In accordance with the invention, agents are also
used to promote swelling and reduce the stability of glued
joints; these agents facilitate the wetting of the material with
swelling agents, while biological agents such as bacterial
cultures of microorganisms are employed for weakening the
composite structure. The use of microorganisms is particularly
practical in large, outdoor piles with push- or pull-floor
extraction, or with power shovels:; on the one hand, this assures
the time required for the microorganism activity, and on the
other hand, it allows rainfall to be utilized in maintaining the
moisture content of the material to be broken down. Of course,

9

. o " . o . - prery -—p - T, ' ARl LR AT ” WA v o . '%_b\ mﬁ*ww-mwmwmgw “'WW“Wﬁ».‘k@.'{}'{&s’ w\,.'ﬁ.. ".\
A O A R N T T T R R S I T T R 0 Y S P BB B Ny S T o T S RS G0 M WA e R At B A1 A T P A A N T N TR R RTINS A R VT A TR .




CA 02384555 2002-05-02

such piles must be sealed to protect the groundwater below.

Pumps convey excess liquid from above to the fresh material
placed on top of the heap for the purpose of saturating it.

[26] For materials containing wood cellulose and similar
lignocelluloses, a further interesting option is to moisten the
material intensively in a washing facility, as is standard
practice in the MDF industry, for example. The washing procedure
required for MDF is omitted here, because it is not necessary. A
washing facility of this type is certainly capable of separating
out heavy components having a higher density than water, thus
rendering magnet separators and heavy-material separators
supertluous. With the aid of this washing facility, which
performs the function of an intensive wetting and saturation
facility in the ensuing description, the capillary system created
in the pre-comminution process can be enriched particularly
rapidly with liquid. This is all the more the case when warm or
hot water is used. There is no formation of waste water to be
disposed of, because the dripping water is either returned to the
wetting facility via corresponding de-watering conveyors, or
applied to the fresh pre-comminuted material and used in further
swelling processes. Thus, the method creates no issues with
respect to groundwater or the environment.

(27] As already mentioned, the above description only relates
Lo materials that can swell, and composite structures created
from them. If the material to be reused is predominantly or

completely composed of polymer or duromer components, moisture

10

) . o . - y A , oty . - '3, M TR E MY A2 MAS ¢ £ s VLY AN £ e A PSRN NIRRT 1A Tl 0 R PN T LR G L\ L L R T R deh R W (VNS W, WWW "
B R T N R L R T R B A G ) O R A L S A T DA 2 R S S TR K AT AR 5 A AT Vi ARG B R S R A M g N P T80 T N T O Y AT T AT P KT S B O T 7 '”"" "1:“""' “ ' - .
: N



CA 02384555 2002-05-02

and swelling typically accomplish very little, or nothing. Thus,
these preparatory measures are not implemented.

[28] In all cases, whether or not moisture can be employed in
a pre-treatment, the actual breakdown process into indiwvidual
chips, fiber bundles, fibers, granulates, powders or the like
takes place in a turbo-disintegrator (8).

[29] From the turbo-disintegrator (8), a pneumatic conveyor

(9) conveys the broken-down material into a vacuum sifter (10).
The primary function of the vacuum sifter is Lo separate the
recyclable material out of the material stream. Because the
material flies through the vacuum sifter in a flight parabola,
pneumatic sifting occurs in the sense of 3 cross-flow sifter.
Depending on the respective mass and kinetic enerqgy, on the one
hand, and the specific surface of the individual fragments, on
the other, the material can be sifted into a selectable number of
fractions, such as smallest chips, DS chips, MS chips and

oversize products. The oversize products can be supplied to the

[30] The above-described measures are preparatory steps of the
method in its different variations, depending on the used
material to be prepared. The preparatory steps are particularly
significant if good slenderness ratios are sought for used
materials that are capable of swelling.

[31] The actual breakdown in the CLurbo-disintegrator (8) is
effected according to a fundamental operating principle involving

the interaction of rotors that preferably rotate in opposite
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directions with a very high energy intake, which becomes
effective as impacts, deformation stress, bending stress,
friction and shearing in different zones and planes of the
material to be broken down, depending on the type and arrangement
of the tools. To characterize the order of magnitude of the
energy intake, the example presented here is a machine having an
inside-rotor diameter of, for example, 1410 mm, with the tools of
the oppositely-rotating rotor having a flight radius of, for
example, 1410 mm at both rotors, the machine being motorized
with motors running at 100 to 300 kW, preferably 200 kWw. A
machine of this size generates a sound level between 90 and 130
dB (A), depending on the rpm. The rpm range of the inside rotor
1s generally between 500 and 2000, while that of the outside
rotor 1is between 0 and 2000, preferably about 1200.

[32] The type and position of the fractionating tools in the
outside rotor are critical. The arrangement is always selected
Lo prevent jamming; flammable materials would catch fire and melt
polymer materials, which would jam the machine. The shape and
arrangement of the tools must reliably assure the extraction of
the broken-down material. The spacing between the tools must
meet the basic prerequisite that no material can build up on the
tools. This is primarily an issue of adequate spacing and the
generation of sufficiently high centrifugal forces to ensure that
the material is thrown off.

[33] Because the method and the apparatus of the invention can

be implemented for a number of used products, an inventive
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feature of the method and apparatus 1s that the fractionating
tools of the outside ring are embodied in diverse manners, and
are purposefully adapted to the material to be processed and the

desired recycled product.

[34] The different functions of one and the same tool are

to a lengthy series of tests:

[35] If the fractionating tool of the outside rotor comprises,
for example, a flat iron bar with a 15-mm thickness and a 50-mm
width, this tool can achieve widely-varying results. If the tool
is mounted such that material to be comminuted is thrown from the
inside rotor against the narrow tool edge, the thrown material is
stressed to the point of bending. Consequently, shearing forces
develop in the material layers, causing, for example, chips of a
particle board to be compressed, then separate from one another.
The length of the chips is hardly reduced, especially if
adequate swelling has taken place. If, however, the same tool is
mounted 1in the outside rotor such that the feed material is not
thrown against the narrow side of the tool, but against its wide
side, no bending stress occurs; 1instead, an impact stress is
preferably effected. 1In this case, a far more intensive
comminution takes place than with the narrow tool side in the
described example. Not only do the original chips separate from
one another, but the extreme impact stress breaks down at least
the larger chips into a different number of partial chips, that
18, in addition to the breakdown of the composite structure, the
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individual chips are broken down into a plurality of smaller

chips. 1In an extreme case, this tool position can effect the
destruction of a material that could not OCCur 1in an impact
against the narrow edge.

[36] In.the use of the aforementioned flat iron bar, the
function can be modified within broad parameters in that the
narrow side possesses radii of different sizes, up to a knife-
like blade. A large radius results in a gentle breakdown, while
a blade-like radius more likely leads to an extreme bending
Stress, followed by the formation of cracks CLransversely to the
fiber axis of the chip or the like., than to shearing stresses
that effect the breakdown of the composite structure and attain
advantageous slenderness ratios.

[37] If, for example, the material is a pliece of vehicle
interior trim preferably comprising polymer fibers, or a mixture
of polymer fibers and natural fibers, the above-described tools
resembling flat iron bars are inadequate for an advantageous
comminution. These molded parts have essentially obtained their
cohesion from thermobonding, that is, the polymer fibers were
melted together at their points of intersection. Surprisingly,
over the cdurse of development efforts, it was found that
apparently homogeneously-melted zones of such molded parts
actually maintain their fiber structure, although it is not
readily visible. With a higher density, however, the melted

areas are so strong that a pure impact only effects an inadequate

breakdown into individual parts or individual fibers. A

14

o e B ot POt e T e CAOVAR VLT TRALELN 0 AN ANAY [ At 7 V RN OO A T o I TN R XN iy R AT N TR AL A T e Ty
- Ny, A 4y TR WMWY AN IV AN 3 SHHIV OO MO in Mr AR P Cnacy © A O W U AT AU VR MG PO STV L AL o v W : SRR PR AR

N b R ¥ L e o T o P AR AN SN R SR S AN RN ? T I W ) T T O M 4 T R L PO R T A YTV T EEE L e P A v I N e e it K b : .

R o L T A TR MA Sl o P P AN A Al oo S B LR LR S AT 2 Ny ANTAN 8 * - ‘ - ;



CA 02384555 2002-05-02

combination of bending stress, impacts and tension or cracking
stress i1s required for Creating not an amorphous mass, but a
fibrous material, from the material to be processed, which is

particularly an objective with natural fibers. The combination

Oof the operating principles outlined above 1s achieved through

the embodiment of the tools. In the use of the aforementioned

comb tool. Impact and bending stresses can occur simultaneously
at these double-sided comb tools. Because the ends mesh with one
another, however, parts that have not been broken down
sufficiently due to impacts and bending are subjected to tensile
Stress between the rotating combs, and break apart. It has been
seen that border zones of reduced stability, where the fibers
slide against one another, remain even between polymer fibers
that appear to have melted together.

[38] The comb tools of the two rotors can be oriented strictly
radially, and mesh in this position. It is also possible,
however, to set the two combs in a more tangential arrangement
relative to the two rotors, and embody their front surfaces to be
sharpened to a sawtooth-like or blade-1like structure. Tools
embodied in this manner perform a certain cutting action, in
addition to impact and shearing actions, for executing a cutting

breakdown process in addition to lmpacts and bending and tensile
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Stresses for materials that are particularly difficult to break

down.

[39] The comb tools can be embodied as rectangular combs,

roof -shaped combs, prismatic combs and the like.

[40] If the desired geometry of the final product or the
requirements of the feed product dictates that friction and
shearing are to be implemented as the operating principle, alone
Or in combination with the above-described principles, knife-like
flat iron bars can be mounted closely together in the outside
rotor, so the inside rotor pushes away the feed material past the
tools of the outside rotor, thereby initiating a frictional or
shearing stress. This arrangement of the tools of the outside

rotor differs from a conventional frictional track or grinding
track in that adequate spaces for allowing the comminuted
material to pass between the tools without jamming are provided
between the tools in accordance with the invention. In a further
embodiment, the tool of the outside ring can also comprise a
stamped, perforated steel sheet, in which case the edges of the
perforated steel sheet, which extend counter to the direction of
movement of the inside rotor, act as impact, friction and/or
shearing edges. This effect can be enhanced in the direction of
the shearing and impact forces by standing the transverse
supports of the perforated steel sheet on edge relative to the
inside rotor, or setting them. Development efforts have revealed
that, in addition to the function of the turbo-disintegrator,

with its dual-rotor system and high energy intake, the embodiment
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of the tools figures decisively into the option for converting
waste products back into usable materials, and configuring their
geometry in the desired form.

17

T e o B T P B T T R IV T A LT T S I P S XTI CMACATHIY [ T Pyt S R N O BT F T Y G A Do ANOADAOS gy 2 ¥
. s g SN 2 KPRy " TNV T AN T AT AT\
Co i ‘ :



CA 02384555 2002-05-02

CLAIMS

1. A method for breaking down used materials or items,
particularly wooden or motor-vehicle items, into reusable
components with the use of fractionating tools, with which the
accelerated parts of used material interact, characterized in
that the breakdown is effected selectively through impacts,
deformation tension, bending stress, friction and/or shearing,
with the shape and arrangement of the fractionating tools being
set and/or matched to the structure and size of the used feed

materials and/or the obtained recycled material.

2. The method according to claim 1, characterized in that
the used materials are subjected to a pretreatment prior to the

breakdown process, which may also include fractionation.

3. The method according to claim 2, characterized in that
the pretreatment of used materials that are capable of swelling

includes the supply of liquids in the form of wetting, saturation

or vaporization.

4. The method according to claim 2, characterized in that

the pretreatment includes the supply of biological agents such as

microorganisms oOr bacterial cultures.

18
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5. The method according to claim 3, characterized in that

the used materials are preferably stored in an open st.orage space
for the duration of a settable reaction time for the liquids

and/or the biological agents.

6. The method according to claim 1, characterized in that

the recovered recycled materials are subjected to a finishing

treatment.

7. The method according to claim 1, characterized in that
the finishing treatment includes separating the recycled material

out of the conveyed stream of material that is present following

the comminution process.

8. The method according to claim 7, characterized in that
the separation includes a pneumatic sifting, which effects a

fractionation of the conveyed stream of material.

9. The method according to claim 7, characterized in that
at least one fraction, particularly the oversize product, is sent

back to the pretreatment.

10. An apparatus for executing the method according to
claim 1, having fractionating tools and at least one rotor,
characterized in that the fractionating tools are disposed on an

outside ring/rotor ring that rotates relative and coaxially to
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the inside rotor serving to accelerate the pieces of used

material.

11. The apparatus according to claim 10, characterized in

that the two rotors rotate at an rpm of up to 2000.

12. The apparatus according to claim 10, characterized in
that, to avoid jamming at the energy intake where the
fractionating tools act on the pieces of used material, with a
rotor diameter between one and two meters, the rotors are driven

with a power of up to 300 kW.

13. The apparatus according to claim 10, characterized in

that the fractionating tools include flat iron bars.

14. The apparatus according to claim 11, characterized in

that the flat iron bars are embodied as comb tools.

15. The apparatus according to claim 10, characterized in
that the fractionating tools are formed by a perforated steel

sheet.

16. The apparatus according to claim 15, characterized in
that the stamped transverse supports of the perforated steel

sheet are stood on edge relative to the inside rotor, or are set.
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17. The method according to claim 4, characterized in that

the used materials are preferably stored in an open storage space
for the duration of a settable reaction time for the ligquids

and/or the biological agents.

21
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