2 FEBRUARY 2007 Method and device for treating materials or conposite
materials and m xtures The invention relates to a nethod of the preanble
part of claim1 and a device of the preanble part of claim 12FEBRUAR¥2007ng
wast e products and recycling products of. solid organic or inorganic
materials, or conposite materials and m xtures thereof. The above-nentioned
wast e products include, for exanple, industrial recycling products such as
el ectronic scrap or slags frommetal snelting, but also household waste of
vari ous conpositions. The latter include primarily organic m xtures such as
foodstuffs, plastics oackaglno, conp05|te packao|ng, as well as inorganic
conponents such as l¢iBed apgde s dreating materials oeomp@siteThese ni xt ures and
conposite el enents pose problennzmﬂxﬁammlnm&HﬁLdurlng di sposal, since
separation of the m xtures and of the materials contained in the conposite
has been carried out hitherto either not at all or only inadequately, wth
hi gh consunption of energy. Most of these waste products are incinerated or
dunped. Only waste products with low inpurity content - for exanple cans of
al um ni um sh gr q;ggp

conpl ex wast gﬁlgeslmr’\gr[t%nr Pgégﬁ géei?eth&% reat I;f:"g@a%nﬂl?ﬁ %(at% fé%{lla GIr ecov&eiv;l/ t tfﬂcl)%gh

| ack of technpreshblp@agidficlaitilds fartreating hagth peahicts andsedtcling prdductsextaatid e,
from wet-chem cal, processes or thermal processes. In the conventional

nmechani cal pﬂﬁgﬁﬁgphﬁwﬁ¥ﬁééﬁﬁﬁgaSﬂHé°@@ﬁﬂ5§P?€“@Péﬂ%ﬁFxW%FSt 18®en up by way
of the grain or particle size which is snmaller than the respective |ayer

t hi ckness of the conmponents. This breaking-up operation is generally
effected by Tis ajowamaitidredstvastaeprotiage iuenge, ffomee%mpla FdBRHARYe R00ng

crushi ng operation using SU|tabIe nllls - for exa nre
count er - f | ow BrPfucts suchoasselgetyonis serap 08 slags diom gﬁé@ﬂp %?elmﬂa@@#w leﬁusawifﬂ ting
and cooling pwa&e&a% riots B ?as&wgnﬁﬁ 1&&% 1§cque0€1:f“mh ﬁ{m‘gﬂﬂfukésrsu% h

i sc an rical

conprising a rotor aV|ng plurality of rotat cylin
housi ng sur r diondstufs, :pdaasdcs pdciaging contposite patkagng,ads wall imeinpigahectoimpoherds by a

worm device to the lo
such as glass metals and composites thereof.

These mixtures and composite elements pose problems in particular during disposal,
since separation of the mixtures and of the materials contained in the composite has
been carried out hitherto either not at all or only inadequately, with high consumption
of energy. Most of these waste products are incinerated or dumped. Only waste
products with low impurity content - for example cans of aluminium sheet - are
subjected to material recovery treatment. More complex waste is not subjected to
treatment or material recovery through lack of technical possibilities or the high cost

resulting, for example, from wet-chemical processes or thermal processes.

In the conventional mechanical processing procedure, the composite element is
broken up by way of the grain or particle size which is smaller than the respective
layer thickness of the components. This breaking-up operation is generally effected by

using an at least one-stage very fine



end of the rotor and is then picked up by the airflow of a 10 fan di sposed
across the rotor above a sieve base and below the rotor bearing. The
upwardl y-inpel'led mlling product is —c@mm nuted by so-call ed PFEEBRSARY¥ 2007

broyage, i.e. mlling or crushing plates, which project radially from
rotating rotor plates and are arranged close to the housing wall. The ends
15 of the mlling or crushing plates co-operating wwth the housing wall are

in each case equipped with elliptical franmes; these franes describe a
constructedrgshthe ageenstionheusimer suderldfe t meé llsusi-ngfand exanglaj ned to
assist th m | ling and.conm nutiqn eff.ect. over, in.the vi. of, 20 the
aut hor of SRS ng‘pbaﬁ ?Trjnr U ences ffalrog} ar&%/ﬁ?oﬁalq(ﬁlss}kr’]?/%l \yelc?i\ﬁi ntk%%i S
conmmi nut i ofis Pt ocesse Afbypassgehi cor Heeirtdugates sioeveadryiu gass Se.
particles to the Ilower intake |eads off fromthe housing of this
commnution mll belowthe fan. 25 A comm nution mll of this kind is also

di scl osed hyoldk- Arof2 rk3a2714,5 ¢whi ©hs mBghh Neohfmi HEEH 0aS d 1M dingd # 14 th s ed-
separator m |l for fine comm nution of conposite nmaterials containing
netal s, irdpafPtell aRa¥dRIr e@ovOriliglteci Sts IO tRdtidlds, Firssifi noitd ecB

circuit bOgP'?ndFD@a?OpH%hsifn%r SR RIS reduged bood, argin Sigeeof

approximately 80 to 100 pm and renoved via the separator air. Arranged at
an openi metotr sabypasbei :1id laef |isrtiord delgea whioch deflieet $ot hdie pagvsd ! es

(10010 2LcAJogPeLLNSLY ! e SIOIA el 5 BYPoRs s Jpe, cudes
i 'l ustrat et ndi Bpodeawangs sisn tthee maneralodve €08t evsat biapeplaerd oy
W thout explanation Of L0ELT RLITLLLSATSE:hBL TP ndh RIS fEShnal ooy
comminuted by so-called plaques de broyage, i.e. milling or
crushing plates, which project radially from rotating rotor
plates and are arranged close to the housing wall. The ends
1S of the milling or crushing plates co-operating with the
housing wall are 1in each case equipped with elliptical
frames; these frames describe a constructed circle against
the inner face of the housing and are claimed to assist the
milling and comminution effect. Moreover, in the view of
20 the author of FR-A-1 562 613, turbulences are additionally
involved in this comminution process. A bypass which
recirculates sieved-out coarse particles to the lower
intake leads off from the housing of this comminution mill

below the fan.

25
A comminution mill of this kind is also disclosed by DE-A-
42 13 274, which machine 1is used as a micro-fluidised-
separator mill for fine comminution of composite materials
containing metals, in particular for recovering precious
30 metals, from mounted circuit boards. The copper, for

example, 1is reduced to a grain size of approximately 80 to
100 pm and removed via the separator air. Arranged at an
opening of a bypass is a deflector edge which deflects the
particles flowing at the periphery of the rotor into the

35 Dbypass opening. The eddies produced by the rotary motion of
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5 WO-A 9 305 883 contains a process flow diagramfor recovering fibres from
gl assfibre-reinforced plastics or the like using a shredder, after which

t he shredded product is pulverised. LiBerated fibres are sepa”’dBRRRYAR¥N2007
this powder and the remai ning pul verised waste is used, for 10 exanple, as
filler. This process diagramcontains a mcro- mll referred to as a

pul veri ser which resenbles that from FR-A-1 562 013 in construction. In a
process according to WD 95/25595 for treatin 15 conposite el ements of
sol i d organie a@dpor argorigdnist rad@mehasi ttehgradeavangssuoh tas @@ﬂm&ﬂtQ£ of

et a"ﬁetg%brcﬂ A5/ RIS bhn ARER Pl A3thEue! SkDELALc FOHPOSH! ahal |

netal s an astic ials, a mxture rs fed | ow- brea amay
edges vwtksrgnﬁmneéncatnontethOOfopGCCEGsntsehnoaDan novenent is
established in the eddies which acceleratingly breaks up a m xture. In
addition, during this separation or breaking-up procedure the adhesion

bet ween t hfo-gonp®neRd s oBthecsﬁltiadnsar ti cbe®cie$ soverneae diky raecel fyat i on
and frictional forces ch exceed tPg§g?éadheS|on force, and the conponents

of the solfFPHFTHEY es 1RES détQ8hed RbhYeBCiPERT6RE dnbRHEICSt IRF | ayer s

of the abgve-1epdi 9oed CQ”BR%EH@e'FB-t grtak heipce sepasatedide e Hiawt
met hods therefore have ?he object o rocessing 30 conm nuti ng,

honogeni erfg @HdVGeYrJﬁ@di 1 yLépe\Kﬁ@Ieij Hepas ata|r® cORPESIEd NBE@Ri s sand
m xtures .Fr'qmﬁ thavuche H?Hﬁ Ha Sﬂr?eg%%%%'cygar u &y MeGhani cal

sheari ng an cr ush Ing, on relatively uncont ragnent ation’ or
separ abi orexiamfigh- esefgy leddi §his3Prbces KEBRUARY 2007aiha awarieness of

these fac%%filéekgrggg %bJ%%téﬁp&fberlser which resembles that from

FR-A-1 562 013 in construction.

In a process according to WO 95/25595 for treating
15 composite elements of solid organic and/or inorganic
composite materials such as composites of metal/metal,
plastic/plastic, metal/plastic or mineral composites with
metals and/or plastic materials, a mixture is fed to the
flow-breakaway edges with an acceleration of 20 to 60
20 m/sec? and a movement is established in the eddies which
acceleratingly breaks up a mixture. In addition, during
this separation or breaking-up procedure the adhesion
between the components of the solid particles is overcome
by acceleration and frictional forces which exceed the
25 adhesion force, and the components of the solid particles
are detached or removed from one another, the layers of the

above-mentioned composite material being separated.

The known methods therefore have the object of processing,
30 comminuting, homogenising and partially or wholly
separating composite materials and mixtures of materials.
Such methods are based in particular on mechanical shearing
and crushing, on relatively uncontrolled fragmentation or

separation in high-energy eddies.



invention to devel op a nethod whereby m xtures and conposite elenents are
treated in such a way that the fractions recovered fromthe process can be
fed back as 5 val uabl e substances into fhe econonmic cycles. Thi2FEBREARYi2007
achi eved by the teaching of the independent <claim the dependent clains
speci fy advantageous refinenents. In addition, all conbinations of at |east
two 10 of the features disclosed in the description, the drawi ngs and/or
the clains fall within the scope of the invention. According to the

i nvent i on Irheamxeness and compesi tf@cteatser iLal siar ¢ Her okbdegp anll sdpar at ed

by means qnvaer{ltsi&f(:h@? C%!ev%r]t%gJEduée 3 pBlch e d “'ﬁ%x?xgﬁg%rsat g, py the
sudden arresting of a fransported particle i's utiTised. ITn the conposite
mat eri al arortpes Mt wlemerbireakireg- tpeat edsejpar atiadn ef vhe congpoOnerites i s

effected hy a . device which suddenly.interrupts the flow qf sajd conposite
mat eri al ograf(}lrﬁrﬁ ure-By - anjglr%qtl &N AL SR’ S | r?aélndb%e&v?ed(inb?ﬁg Ir%yers

of thesconpadsidie el eueht snshockwaveshar ecprodicedywheeh break up these
conposite elenments. For this purpose it has proved advantageous for process
air to be directed in a counter-rotating rising flow path into the

spiral -1i kg i2b goyewar dst kapspoetl Rt Rk Heenaeratiethd Nof £ AEOR nbiRYeRGiedh t
vertical axis; the above-nentioned shockwave is preferably generated

bet ween tifddidyers oftet hedeprpdsnte metlerind  agpeasfva defvestagemuls of
the rotor 're%q]ré%eq{éjé ngr Oaadﬁ‘dﬁé!:lgr a‘é{ﬁatclérm%i [ il %’P”étogg%\é‘e wald

faces coaxi y arranged at a ra | di stance from one anot rotate
rel atilvel yft clonef aabthes dheatloskei rinaxitss desalr iptel conpobet eramtiemgisal s or

X S TRUEPLF ST LH9AL { o o6, B et A0 DLRKSD. YRaEtyEen 2°
According to the invention the mixtures and composite
materials are broken up and separated by means of a

I5 mechanical procedure in which the impulse generated by the
sudden arresting of a transported particle is utilised. In
the composite material or the mixture a breaking-up or
separation of the components is effected by a device which
suddenly interrupts the flow of said composite material or

20 mixture, by means of an impulse; in and between the layers
of the composite elements shockwaves are produced which
break up these composite elements. For this purpose it has
proved advantageous for process air to be directed in a
counter-rotating rising flow path into the spiral-like

25 downward transport path generated 1in a rotor having a
vertical axis; the above-mentioned shockwave is preferably
generated between the layers of the composite material

against a deflector wall of the rotor.

30 According to a further feature of the invention two wall
faces coaxially arranged at a radial distance from one
another rotate relatively to one another about their axis,
and the composite materials or mixtures moved by
centrifugal forces are moved and Dbroken up Dbetween

35 deflector faces projecting radially from the deflector



5 - 2 FEBRUARY 2007 walls. The breaking-up of the conposite can occur on

i npact against a deflector wall and its netal conponents are deforned
spherically; during the deformati on procdess the |ayer-1like netaFEBRUARYIG07
is preferably rolled up. 5 It has proved advantageous to di sintegrate the
conposite elenent to a particle size of 10 mmto 50 mm before the
separation and breaki ng-up process and optionally also to subject it to
thermal pretreatnment. In addition, the 10 material discharged fromthe
separationwmllbremhbngrupkipgemgssfcamammmmmﬂgﬂ@uﬁqptntcuﬂﬁ&mtfmbécma
separatlon and/ r S'ﬂ% gg ﬁrocessjgg é{oc SS ﬁ Zeparat g on-_ferrous
netals. 15 %@%%? ing t FurtheFeat ¢ of Fhem? Fent TP RE  tSepdlGti on
is carrieddefibreadsefsiat Dfalbp) esluandior iy Jddfwirdisedbbegreeparat ois, the
nmet al and/or glastlcs ar bei ng conpacted after separation. For this

pur pose i t13#¥eradv Rt B5E6 sCP8p§8%§FaP§ Pﬁ@fﬁF§§ﬂﬁb§‘ﬂﬂéﬁ4dﬁé anot her by 20
tur bo-lsam nar separation and identification and/or to extrude the netal

and/ or plastics constituents after separation. Based on inherent materi al
propertieslt &@ch mEoWedsiadrantZmepitful b ofl EIga9its thestGImprRskte

s peancCeltne e’ 2 3ﬁq%cggﬁtl%ﬁ%eﬂﬂfﬁ3389 ol &kl 86 aanshel ba tfIg%wt%in t he

shockmaves generate ing to the invention are I ssem nat
materi al s am@ah@w30d|Eﬁm#dmmeabbmiT@mratpongsregaidwpglohellypﬁdpagamdon

vel ocity, freguency litude,  1f th forces ene d b

shockwaves® Ob ngacf‘E %Phe%ggrplgle 8%5&3 he adhgglﬁﬁﬁhﬁﬁfgg

interfHﬁeSnatéhEabonﬁﬁgéhéﬁged betewentlidie separation or breaklng up
process can advantageously be subjected to a separation
and/or sifting process or a process for separating non-

ferrous metals.

15 According to a further feature of the invention the
separation is carried out on separator tables and/or by
fluidised bed separators, the metal and/or plastics parts
being compacted after separation. For this purpose it is
advantageous to separate the plastics from one another by

20 turbo-laminar separation and identification and/or to

extrude the metal and/or plastics constituents after

separation.

Based on inherent material properties - such as density,
25 modulus of elasticity (= stiffness = resistance to

deformation), strength and molecular constellation -

shockwaves generated according to the invention are
disseminated within the materials and have different
configurations regarding their propagation velocity,
30 frequency and amplitude. If the forces generated by these
shockwaves on impact of the particles exceed the adhesion
force of the interfaces - the contact faces between the
individual material phases - the resulting micro-shearing

leads to detachment or separation. This principle 1is



i ndi vidual material phases - the resulting mcro-shearing leads to

det achnment or separation. This principle is 6 - 2 FEBRUARY 2007 wutilised in
a specified and intentional manner accordi-ng to the invention. TFEBRUARYR007
fl-ow behavi our when el astic extension, e.g. for 5 netals, or inherent

el asticity, e.g. of plastics, is exceeded results in permanent spherical
deformations or in partial elastic restoration of the original particle
shape (resilience). As a result of this phenonmenon the phase- separated

el enents ofit cohpedi e mateeicdlfd ecamnie imgleattiivelay hressi |ac sord ety usd ng
known and gestablished technol ogies - e.g. on a nechanical, hydraulic or
pneunati ¢ B%%i%pv%ﬂglﬂﬁfhod described is distinguished by the sinplicity and
functionality of the device according to the invention, 15 resulting in
correspondi ngly si e _and unprohl ematic operation. The intended sinplicity
of the con%%%tgéﬂﬂggioﬁgPWugFgéﬂlSPrtH@ePoﬁﬁﬁSﬁ%ﬂﬂ%ﬁ?%ﬁ%%?%béﬂ”berﬂ??s its
technical gephisatign witheyend fkheuhtivitThe wtid.isatd o) oft know edge from
materi als science, of heat treatnent 20 processes, of conputer- and

si nul at i onea¢eededesiegh 1 teptinn rattorenangPrhdel passibferadsprarsi o and

optim sati p p w1 f her. . Lt a ffd.ciency

whi ch can %%r%%%}c%gggng A eJﬁéﬁqf%E g@%ré%ﬁgggé? ?ﬁéEgg?ﬁb&hgiégribed,
in which thesitaespeit pet haf aresiet cofposhie mhkeanrar®ror thhe phasd-ur e
inside a rotor i§ girgctedtag%%n%%mtgeiEgowaQath gf 6pro ess g;r.an in 0
whi ch t he FER2FTaF9f 88 a8 Pc8ti §OMRPPARGed A R the 5 66F &f%ed O the ot or
falls witheasibhe 30rseepeusinyherawenthdn.esHad ltirsgpot échabhogseto be

di sposed between two re| ative vabl e wall faces spaced
P e.g. on a mecLanicaH¥ Hgdrau ic or pneumatQC %asis.

The method described is distinguished by the simplicity and
functionality of the device according to the invention,
15 resulting in —correspondingly simple and unproblematic
operation. The intended simplicity of the concept and
construction of the rotor machine described permits its
technical realisation without difficulty. The utilisation
of knowledge from materials science, of heat treatment
20 processes, of computer- and simulation-aided design
optimisation, and the possible adaptation and optimisation
of process parameters will further increase the efficiency

which can be anticipated.

25 A device for carrying out the method described, in which
the transport path for the composite materials or the
mixture inside a rotor is directed against the flow path of
process air and in which the material feed device is
arranged in the roof area of the rotor, falls within the

30 scope of the invention. The transport path 1is to be
disposed between two relatively movable wall faces spaced
at a distance, from which deflector faces offset with
respect to one another project into the transport path from

both sides.
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at a distance, fromwhich deflector faces offset with respect to one

anot her project into the transport path from both sides. 35 7 - 2 FEBRUARY
2007 According to further features of t’he invention the wall 2fREBRUARY 2007
coaxially curved and/or are journalled rotatably in the direction of
rotation of the rotor. 5 Because of the sinplicity of the core process and
of the separator, and because of the |arge throughput performance which is
apparent, the resulting costs of separation should actually be relatively:

| ow. The creespomdi i coésrsherepresianteul pifnatlet y inventtatcal tbasunptl on of
resources c s tr rt, ]ggpe_r y. a r. e nt

associ at ef%%% ?ﬁg g%ﬁ%&%g?i}énc 0 rcgs%ﬁ@g%%!gggvﬁ?ggﬂgilﬁ%an ﬁ(azén%@?
consunpti aim the sibsttiohi of ebfettoandft hbel rképr.and consequently the
entire environnental inpact. If the quantity of successfully treated flows
of waste and their 15 conversion into flows of useful materials increases as
a resylt micdbee eednafie aihpactiveness nfe t berpr geess sd hendr esuldring
substitution would, of course, lead tq a  corresponding reduction in the

consunpt i CTERFL ¥ P Frar 91 BEGGHNSEs C 20 Fur 1 Heve ablDARVEHRYE T PEAERER G

details ofydhen inyenthQPenw | Lnberapnateny £ponst Be keblewingrdesdmfion of
preferred enbodi nents and wth reference fo the drawings, in which: 25 Fig.
1 is a skexetrafly hebgr oceskasetriencelpor t Hde breakragrapdsonga cofosite

el ement Eﬂ?ﬂﬂ?ﬁséﬁt ultimately the total consumption of resources
10 such as transport, energy and labour requirements (always
assoclated with the consumption of resources!), water-air

and land consumption, the substitution effect and the like,

and consequently the entire environmental impact. If the

quantity of successfully treated flows of waste and their

15 conversion into flows of useful materials increases as a
result of the economic attractiveness of the process, the
resulting substitution would, of course, lead to a

corresponding reduction in the consumption of primary

resources.
20
Further advantages, features and details of the invention
will be apparent from the following description of
preferred embodiments and with reference to the drawings,
in which:
25
Fig. 1 is a sketch of the process sequence for the
breaking-up of a composite element against a
deflector wall with three steps;
30 Fig. 2 shows the transformation of the composite element
fed to the deflector wall in four stages;
Fig. 3 is a schematic top view of rotating deflector

faces during the process;
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deflector wall with three steps; 30 Fig. 2 shows the transformation of the
conposite elenent fed to the deflector wall in four stages; Fig. 3 is a
schematic top view of rotating defl ectoB -faces during the proceFEBRIMARY 2007
FEBRUARY 2007 Fig. 4 is a sketch showing a side viewof a rotor; Fig. 5to
Fig. 8 are process flow diagranms for different process 5 steps. According
to Fig. 1 a conposite strip 10 of thickness e having a mddle |ayer 14 of
an alum nium all oy covered on each side by PE layers 12 is fed in transport
direction ®Rid0 to0 a tlef hesketchakhoRfingr essiing sadiet trfanspatiordi recti on. By
virtue of the inpulse due to acceleration and of an abrupt cessation of
this inmpulse against the deflector wall 20 and the resulting shockwaves
between theifaysrsol@iglds of the conposite strip 10, the physical

di fferences of the 15 3lfferent materials - such as thickness, elasticity,
ductility and the |i&ES- PHOSARS | f5@H Priagdemsa Ry CBRALSTeRECRISREDIS t he

di fferent behaviour gf-.the conponents 12, 14 of the conposite strip 10,

sai d conponents separate. 20 Through the inpact agai nst the deflector wall
20 materials liable to deformation - for exanple the alumniumlayer 14 -

are def or ng %i“é‘fﬁngascoe' §‘§ | ¢ ymag erc'oﬂ\g%51tteha§tf§%t tl'@e of "‘ggﬁc%%'sgslézayer S

12 - absorb t act energy with resul t hese | 'ayers

not under goaahyg - aormlomlye 2bagesl| Lghot- achaaﬂgenlroimrheafilstyru:@tvmd Idn a
conposi te eri I S-S ected,tqQ _such gat nent he .netal. |ayer 14
i s def or ned” Whi F & ?he pI@%t?%geF%yg%sq 2%%% ur'’n "EELIEBo " TR R o

10 to a deflector wall 20 crossing said transport direction.
By virtue of the impulse due to acceleration and of an
abrupt cessation of this impulse against the deflector wall
20 and the resulting shockwaves between the layers 12, 14
of the composite strip 10, the physical differences of the

15 different materials - such as thickness, elasticity,
ductility and the like - are utilised in such a way that,
because of the different behaviour of the components 12, 14

of the composite strip 10, said components separate.

20 Through the impact against the deflector wall 20 materials
liable to deformation - for example the aluminium layer 14
- are deformed, whereas elastic materials - that is, the
two plastics layers 12 - absorb the impact energy with the
result that these PE layers 12 do not undergo any - or only
25 a slight - change to their structure. If a composite
material 10 is subjected to such a treatment the metal
layer 14 is deformed while the plastics layers 12 return
after brief deformation to their original state through the
restoring force. This different behaviour of the composite
30 materials 12, 14 has the result that a shear force is
produced between them which separates the layers 12, 14
along their phase boundaries. In mixtures, breaking-up does
not occur; however, because of their physical differences
the materials present in the mixture also take on different

35 structures. In this way - depending on the above-mentioned



after brief deformation to their original state through the restoring
force. This different behaviour of the conposite 30 materials 12, 14 has the
result that a shear force is produced’ﬁ%f“een t hem whi ch sepalfEBRUARY 2007
| ayers 12, 14 along their phase boundaries. In m xtures, breaking-up does
not occur; however, because of their physical differences the materials
present in the mxture also take on different 35 structures. In this way -
dependi ng on the above-nentjioned 9 2 FEBRUARY 2007 physical properties -

di fferent BR¥PACEEr IRHGREE IRt Or &8 0 Y nBPRFREF8TaPE1fr cuctd VR 2p Db)

in Fig. 1 shovgethgreonandenabl @ apdceer.manent 5 deformation of the
alum niumlayer 14 and the very brief deformation of the two plastics

| ayers 12; a shear force is produced at the phase boundari es between the

material s §{e thﬂ |§¥6r§i&? ]i4shéQs|njﬁiegoﬁéiggrg%Qe 1a98t éﬁﬁ%ﬁgﬁﬁﬁ ni um

| ayer 14 - now in _spherlcai form- and the plastics iayers 2 rebound
agai nst5 t#efompatsendiafecthenadumifna upl asayes layemsl 1hdavieny exitehded

again fro ic0 i ti f. st as ,.a.r | t e .
restoringn%%fggggkgég?ékagggdgggr#ggsgﬁg%lggg%gfeaf’at gﬁﬁﬁgfg%ﬁég?ﬁa

struct ure phodbceesultt stHe ophaser dlouedaup evetad t weayrer t 14 ; mbhese apheses now
have a dianetei mhic?2is ? mul tiple of the previous dinension in their

pl anar structur@YpFrortolfreatment. 20 The changes described are made cl ear
in Fig. 2. Step a) shows the initial product 10 with its strip-like layers
12, 14. In b) a progressive breaking-up can be seen; the |ayers 12 gape
apart %nd IheShERdCE AT 1By2r 14PPENpédEndinRitd i olaveh ih a roMgudt|i ke

;‘gsgidggt ?ﬁgﬁﬂﬁfiwf EBpHl sea3a diheeplibanixs hAaystep19) Aheuidds i amer 14
the impulse direction x, the plastics layers 12 having
extended again from the deformation situation of step b) as
a result of the restoring force. Metals are deformed and

15 thereby attain a spherical structure which results from a
rolled-up metal layer 14; these spheres now have a diameter

which is a multiple of the previous dimension in their

planar structure prior to treatment.

20 The changes described are made clear in Fig. 2. Step a)
shows the initial product 10 with its strip-like layers 12,
14. In b) a progressive breaking-up can be seen; the layers
12 gape apart and the middle Al layer 14 is beginning to
roll up in a tongue-like fashion against the impulse
25 direction x. In step c) the middle layer 14 is adopting an
increasingly spherical configuration and in step d) it
reaches the spherical shape 14; the layers 12 have returned

- as described above - to their original shape.

30 In the Fig. 3 deflector faces 24, 24,, which are oriented
towards one another, project at a horizontal distance b
apart from two wall faces 22, 22, of parallel curvature and
spaced apart by a clear radial distance a, one of the wall
faces 22 rotating in direction y relatively to the other

35 wall face 22,, and 1in the transport direction x of



i ncreasingly spherical configuration and in step d) it reaches the
spherical shape 14; the layers 12 have returned - as described above - to
their original shape. 30 In the Fig. 3 défl-ector faces 24, 24a,2 REBROUARY2007
oriented towards one another, project at a horizontal distance b apart
fromtw wall faces 22, 22, of parallel curvature and spaced apart by a
clear radial distance a, one of the wall faces 22 rotating in directiony
relatively to the other 35 wall face 22a, and in the transport direction x
of 10 - 2 FEBRUSRY00Ftccoapdsite AamtlamicalindiGatAnd neni hdpeati mgtawn npact

noti on of %@wg%iﬁﬁﬁjg%dfﬂqﬁggopgdszI9.Fig. 4 arotor 26 with a direction

of rotation vyl e rotor axis Ais indicated, to which rotor 26 a
m xture of materials is fed fromabove at 30. The conposite materials 10

of the m xture are directed d wardly by. gravity - th piral transport
path is in Jbg?%ﬁ'bg §2FO%Pﬁtrodd%%@qf?oﬁ%ﬁg?gﬁppsogr65§ gﬁﬁq X%@gppgw pat h
34 of 16 whiteh ramsr counsen te tihelitkaesportio patitB2rotide ekl mtkmareof the
conposite materials 10 in the rotor chanb%r 28 is influenced by the rising
air and ea$ill y "ditEdrdahl &5 pdd clfd€mandPqust s 24r e 30ar r FB8 afAPPPR1I4S

cyclone anghdi@avei1d heoroper & Wdiktlihte papsessi @dtad Wwnharg, eB?r gy
recovery of the process can be seen fromFig. 55 not shown here are the
normal sequUERYd tst eps i i AGLiradcHamNEHOWr ePEBatifenindsraged B e38pener -

opti onal | y ¢y e Jpr by gf, el -1yPe-crusher iy angl acdgyi g, st ai ope 20 a

pre-disintegrator, a separator and a non-ferrous materials cutter. From
t he dryer, whasthe meechssurat €1 | terthehiteansseful paelcoy2r abhe dwueétli aliseare
taken fromgg“%he composite materials 10 1in the rotor chamber 28 1is
influenced by the rising air and easily dispersable
particles and dusts are carried away in a cyclone and leave
the rotor 26 with the process air at 36.
15
The energy recovery of the process can be seen from Fig. 5;
not shown here are the normal sequence steps during
mechanical pre-treatment using a bale opener -~ optionally
in the form of a ball-type crusher - and a drying station,
20 a pre-disintegrator, an Fe separator and a non-ferrous
materials cutter. From the dryer, waste reaches a filter
while wuseful recoverable materials are taken from the
cutters to a mechanical processing station. Arranged below
the non-ferrous materials cutter 1is a thermal recovery
25 station for substances recoverable as energy (residual
organic material). The elements illustrated are a mixer or
charging device 40 ahead of a dosing device 42 followed by
a station 44 for rotating-pipe gasification or fluidised
bed combustion. This station produces slag or ash, as well
30 as gas which 1is fed to a combustion boiler 46. Steam
flowing from the latter reaches a steam turbine 48 for
generating electrical energy. Heat removed from the
combustion boiler 46 is fed to a mechanical pre-treatment
process 50. In the lower area of this flow diagram it is

35 indicated that the slag or ash from the rotary-pipe



cutters to a nmechani cal processing station. Arranged bel ow the non-ferrous
materials cutter is a thermal recovery 29 station for substances recoverable
as energy (residual organic material) . The elements ill ustrateBEBREARY 2007
m xer or charging device 40 ahead of a dosing device 42 followed by a
station 44 for rotating-pipe gasification or fluidised bed conbustion. This
station produces slag or ash, as well 30 as gas which is fed to a conbustion

boil er 46. Steam Lowi ng fromt tte ach a st.eam turbine 48.for
oonerat 1 ngoarSitratipt it Al AR 0P 12T Lel LRASNSR 3 SIS M Pl %ls 1
fed to a meehani BBk’ ppecideaat Nnentusepr ot@s s madu fhr tlre nower careamief ohi s

flow diagram,it is 35 indicated, that .the sl or ash fromthe rotary-pipe 11
2 FEBRUARYﬁigﬁ?uadﬁsi PREgETon priddess 44 inditat g r odgh S ¥ schar g%g’f) pe 52
to a KBSl prEEESSnalUsed 4072 Manufactdifpld el Cenam CmPker hydr athi £g bhdder ;
this is indicated in Fig. 6. Here additional materials are supplied in a

m xer of cA8F§FRgiB8adelif EBX 4BAX1RPt eFORIRPNGS FSIHGFT L:Wark? &8l L% a

dosing deyMkéecd2a i r gmponhi gt dhethyl kunat efd @l fLeachescRe§i bl 541 Whi ch
produces hydraulic binder. In the nmechanical processing stage according to
Fig. 7 a vbighsPrpdgFasohyagalild cf 61lPe\Red by an Fe cutter 30 at the outlet
31 of which a station 36a for nmechanical disintegration is |ocated, which
is followed by a non- ferrous materials cutter 32d. At this station

non-f erroudn corstneceatscahd pploastsisasigcoriside uentsrdiegsepar Bied dn @ne 15

nand agg g0t BLugIts ohecarerebl g gy Ml Eper,an, thegotieg, e
sorting degicgelb fyom owhi chhibe fractkoasiof copper, fbtghtmamtali@nd
various disintegration is located, which 1is followed by a non-
ferrous materials cutter 32,. At this station non-ferrous
constituents and plastics constituents are separated on one
I5 hand and constituents recoverable in the form of energy on
the other. The non-ferrous fractions are passed to a
sifting station 58 having a table sorting device 16 from
which the fractions of copper, light metal and various
heavy metals are removed.
20
The plastics constituents from the non-ferrous materials
cutter 32, reach a separator 62 which separates them into
fractions of PE; PP; PS; PET and PVC. These substances are
transported in each case to compounding stations from which

25 the corresponding granulate is removed.

Fig. 8 shows a process flow diagram for household waste.
This waste 1s subjected as input material to mechanical
pre-treatment at 64; useful recoverable materials such as
30 metals, plastics mixtures and the 1like - in particular
heavy metals - pass through a discharge outlet 66 to a
mechanical processing station 70 which can also be reached

by pre-sorted industrial waste 69. Heavy metals are removed



heavy netals are renoved. 20 The plastics constituents fromthe non-ferrous
materials cutter 32a reach a separatar ;62 which separates them.nto
fractions of PE; PP, PS; PET and PVC. These substances are trardpdtREARY 2007
each case to conpoundi ng stations fromwhich 25 the correspondi ng granul ate
is renoved. Fig. 8 shows a process flow diagramfor household waste. This
waste is subjected as input material to nechanical pre-treatnent at 64,
useful rec r ahl ' S . plast.i ' r t he
TRe - 1 n i s Fty e e S B2 Se R 25 BRoHLEL B3 B 1 a
mechani cal sgreotess) my stwatt ofe 700 wivk ¢l tano ahder e reached by pre-sorted

i ndustrial waste 69. Heavy netals are renoved 12 2 FEBRUARY 2007 fromthe
waste and slag quality material is produced as the starting product for
hydr aul i ¢ Biurderss.ceSubsteances aelcoversaableecasyyenanrgy apespassedrvhigough a 5
di scharge outlet 68 for_further _treat t. The fraction,of _useful
recovergbléjl i%ﬁs??%{?ﬁo€§s§8a %ﬁgﬁgﬁfc N7 ' sePat af BACFAEB 85 to
four fracti@esuldenst@de Byp7d mboetaksy .is7hbrdddasdd aeeciamdi ddbl ¢ mangar al
substances). Al so resent is a fraction recoverable as energy which_ is 10
conduct ed Vie®3t1Re 9 néfV?Dtou@hi§Obu¢QUﬁatéF@£tHQQﬁnttﬂﬁ“%ﬁ%%ha?ﬁe dut | et

68. The colibectadfract o 1ol Sulst ancesy 1| eeousrabl eo@s. eagegy) | Spitgat ed

in station 74 by nmeans of =~ an energy process and the resulting therm

energy i s be@sebdck itso the fmechanincalreseparabilen psocessray 7811¢6 Shags and
filterqg d%%h%JgggHt@fée@ﬁégﬁjﬂﬁ§0y§r¥opqgﬁﬁ§sbulk material from the
discharge outlet 68. The collected fracticn of substances
recoverable as energy 1s treated in station 74 by means of
an energy process and the resulting thermal energy 1is fed

back to the mechanical separation process at 76.

Slags and filtered dusts from the energy recovery process
74 reach station 53 with the KBS process, from which a

hydraulic binder is extracted.



74 reach station 53 with the KBS process, fromwhich a hydraulic binder is
extracted. 2 FEBRUARY 2007 -13 CLAIMS 1 A nethod for treatingppafiEARY 2007
products and recycling products of solid organic or inorganic materials or
conposite materials or mxtures thereof, in a rotor (26) having a vertica
axis (A), characterised in that in the Conposite material or mxture a

br eaki ng-up or separation of the conponents is effected by neans of an

i mpul se by a device which interrupts the flowin a generated spiral -shaped
downward transport path (32) of said conposite materials or m xture, wherein
for formng the interrupting device t k=MMS faces (22, 22a) arranged
coaxially and at a reciprocal radial distance (a) rotate re atively to one

anot her abolit th“eirrret@shfgr terdng taaie PEdyels pRd reqyglivg pseducts of 3phg ofigaic Rbved by

centrifugal forGggsea P{XR;Y@Q cﬁ‘r%m Qfl@lﬁﬁﬂerlﬂd:l)s BehaeRs defdoecinod rftaces) (20, 24,
24a) projecting raél a fromthe vva faces (22, 22a), wherei n a shock

wave i s generat étavnlneta/\e@,rhcatl rresis| @Pybelcbarwerts?k in gwhibdhe eomRasEe msaterabar nst a
deflector face (l%?téla%f' bregléﬁ%-ué)r)r {eB&ati ) find ﬁ‘)é)on&%dls ef%&&ﬁ?}sm@érﬁ 0T§n fed on a

rising flow path cou ating to t transport pdath (32).. 2.
Met hod accor di ngmpulse Ibyi arsletice cyHacrhamt@Tupssedlm flow Hata gmratmmmlishapﬁ@t eri al

(10) ‘is broken d8Bn®/ rdI tF%g? gﬂﬁ f s§1dd<ﬁ>];n| gé_'}ﬁtei atérﬁa‘l:seor(rglgtu %f\]fvéle%‘/ilfﬁ) agd Its

metal constituénts are e nmari ner :
Met hod accor di ngoﬁmng:tlmmteﬁuptmgdmottm%ﬂfaéem (Zhaﬂa)tamngedweaxiallyk@dmet al

conmponent is rolled u rin for I OCess ) Met hod
according to any'1 8?1'8“’8‘5i ‘%qu%hd anice ac)) aitate elrvg y E e corrpéﬁs:ol ?gle%la}élﬁén or

m xture i s conmthait@apdied aaeriblher Stemfeatmwed by chruefakalrfgrceparp mooed and

characterised in that the conposite el i.s reduced..t ticle size

o 10 mm t o 50 rikes UpysiiRSH ALY dReRt o hrigopEieninedrps FoR s i

characterised i rfaédsqp2,t179), GoHERAIS iat Shocle vavee it gdnSraﬁ:ﬂbjeﬁz@deﬁdhé (aytResfrat

pre-treatnent before the separation, g aki gr cess. 6, Method

according to anyOBResitgrmeerig! r?'gaIESttaod“ﬁ{“t%gF%éﬂgrz fsatp)ioh thehegtory B8, #d er i al
process air is fed on a rising flow path (34), counter-rotating to the transport path

(32)..

2. Method according to claims 1, characterised in that the composite material (10) is
broken up on impact against a deflector face (20, 24, 24a) and its metal

constituents are deformed in a sphere-like mariner (Fig. 1) .

3. Method according to Claim 5, characterised in that the layer-like metal component

is rolled up during the deformation process (Fig. 2).

4. Method according to any one of claims 1 to 3, whereby the composite element or
mixture is comminuted before the separation or breaking-up process, characterised

in that the composite element is reduced to a particle size of 10 mm to 50 mm.

5. Method according to any one of claims 1 to 4, characterised in that the composite
element is subjected to thermal pre-treatment before the separation or breaking-up

process.

6. Method according to any one of claims 1 to 5, characterised in that the material
discharged from the separation or breaking-up process is subjected to a separation

and/or sifting process, wherein the material discharged from the separation or



di scharged fromthe separation or breaking-up process is subjected to a
separation and/or sifting process, wherein the material disch raed {J%]lezb&e
separation or 2 FEBRUARY 2007 -14 breaking up process i s subjé&ctet

process for separating non ferrous nmetals. 7. Method according to C ai ng,
characterised in that separation is ¢itried out on separator tables and/or
by fluidised bed separators. 8. Method according to any one of clains 6 or
7, characterised in that the netal and/or plastics parts are conpacted
after separ at i breakiog up/propess issubierter og nr@e%srfgr SSPatyTE nop A¢rraiis metads. 8
characterised in that the plastics materials are separated from one anot her
by turbo-Iam nar separation and/or identification. 10. Method according to
Claimb5 orl. 6, MethodcaceeridingdoiGlaimbacharsnterived il thanskpanatipn issedrded owomst i t uer
are extruded af} %Fat&?%?és%%ﬁ?ﬁby ﬂﬁ'idisé?ibqg\!épﬁﬁt&cré?r treating waste products and
recycling pr odidt's of 'solid or gani c an Inorganic materials or conposite
materials or mxtures thereof, for inplenenting the nethod according to any
one of the pre i j i i r r . Vi tical axis
(), char det or M rasERindy ETRE of clifufts o roindrficrise Y WRRR Rt RE1 T
of the waste pantlogistiesghrts eeycompagedaftodiepdrstiornherein for formng the
interrupting device, the transport path (32) is disposed spiral-shaped
downward between two rel atively novable wall faces (22, 22a) of the rotor
(26) spaoed aptiodhaccardidi 3d ang end af) claifns Anove)ichdrasterised fird eas the Zitastidsa)

def |l ector facesr%§ 2.0r 24, 24a%) lpr 0j ect OH bgth Bi_ﬁies into the tr(@nsport pat h
and are of f set MALAlS ¥gFeparated, frogh one 2Bethery bY Apho{amunapaiegpration ARLYF devi ce
(30) is arrangedniificatibe roof area of the rotor (26), and the transport path
(32) for the conposite materials (10) or the mxture is directed in the
interior (28) of a rotor (26) in the opposite direction to the flow path
(34) of prigcesfehdd: acdetdinPRY Clain 3C6 ¥, ehdisttdrifedinahan thd meahaddrGt4stis&ed i n that
the wall faces (22, 22a) are curved coaxially. 13. Device according to
Claim 11 or 12consHiende extrudediafies s¢metionhe wal | faces (22, 22a) are
journalled rotatably in the direction of rotation (yt) of the rotor (26).

11. A device for treating waste products and recycling products of solid organic and
inorganic materials or composite materials or mixtures thereof, for implementing
the method according to any one of the preceding claims, comprising a rotor (26)
having a vertical axis (A), characterised in that a device is provided, which
interrupts the flow of the waste products and recycling products, wherein for
forming the interrupting device, the transport path (32) is disposed spiral-shaped
downward between two relatively movable wall faces (22, 22,) of the rotor (26)
spaced apart by a distance (a), from which wall faces (22,22a) deflector faces (20,
24, 24,) project on both sides into the transport path and are offset with respect to
one another, and the material feed device (30) is arranged in the roof area of the
rotor (26), and the transport path (32) for the composite materials (10) or the
mixture is directed in the interior (28) of a rotor (26) in the opposite direction to

the flow path (34) of process air.

12. Device according to Claim 11, characterised in that the wall faces (22, 22,) are

curved coaxially.

13. Device according to Claim 11 or 12, characterised in that the wall faces (22, 22a)

are journalled rotatably in the direction of rotation (y;) of the rotor (26).





