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ES2TEAIe
Apparatus for the freatment of plastics matarial

Dascrintion

spparaius according fothe premmble of ligie 1

The prior arf revesls numerous simifar asparatises of varying sﬁes@zn comprising @ regelver or culfer compaclor R the

The vention ralat

commination, healing, soffening and bealment of & piastixzs mateid o e renycled, and slee, atlached therstn, & comveyy of

eutruder for the meliing of the material e praparad. The aim hars & to obiw et of the Rghest possible-gu
mosty i e oot paliets,

8}; way of examply, EF 123 771 o BF 308 829 deswrive appavalusns with @ recaiver {reps

ing containe) o, atfeched tharalo,

133

e with suffisfently good themma!
3

J

sxtrider, whers he plastios material infrosuded ol the renedver e somminuted frough rotation of he comuminution and mivis

implements and s fuldired, and is simulianecusly hested by the ensryy inrotuced, & mix
homngeuelly i thus formed. This mivtues fe-discharged affer an agoropdale myidoros B fow e woeler nls e suew

basad axbuder, and 5 oonveyed and, durdhy his wow, plashisd or mafled  The srangement hers has e sowwbased
fed §

fax are thuy actively funed or

exiudar sppg wiersents.  The sofienad plaslics
‘ahiffed inte the oxiruder by the mbing briglensents.

Mostof these dosgna, whinh have besn known for 2 long Hime, however, are unsulisfagtory it raspest of the quali

iy wt the vl of the comdnution &

ofthe realed

lastizy material stdsined at e oulgaing snd of the sorew, andiar in paspact of the quaniitative dubput or trougtoud of the sorsw,

P

Critical fr the and quality of the product are, firatly, the qualily of the prefreated or soffensd polymer material that snises the

cosiayer oF adrisder frons e culier vompaston, and, aﬁéit&ana%%y, i tuation st islake and oo convesing o, whers appropriati;

extusion. Relevantfactors bern inclode the fongBval e ndbidual regions or zoves of the Sorew, and lss 11 sorsw paramaters,

sunhias, foresamgle, soraw ihicknass, faht deptha, andsoon,

fn the case of the prosent suller compavioriconvey combinatiuns, acoordingly, here are parfioslar cioumstances, shnes the

~

matenal which enteny B conveyor is not introdused dictly, withou! baalment ang wd, nstead has alrxady buen pretredisd

i the culter compachy, iz, healed, sofiensd andfor partly cryelalized, ele. This s & sodetermining facter S the intake and &y
the guality ofthe matadal

The o systums — that {5, the rufier rompantor and e conveyar —esert an influance on ore another, and the aultames of the
infake ang of e further nunvaying, and compaction, where sppropriste, wre hewully dagendant on e prefreaimend and the
consistency of e maberial,

Qs

whete the humogenized prebreutes

Rovtand re-gi%an, accordingly, s e Inlariace belween the culler compacly and e convevor, b otiter words the region

s passad fom e cudler compactor isto S conveyer or axiibder. Onthe s hand,

thisis a pusaly meﬁmﬂésai problem ares, ssquidng e coupling fo ove another of two diffsranly oparating devices. Moresver, this

interface ds ficky for the polvmer material as well, sinve at this point fhe malerisl is usually wiese B e melling ranga v a Fighly

suftened sialy, butis not allowed fo mall 1 the lomperatura Is oo low; then thars are Talls in B hroughout aad the qualiy

iigh, and ¥ unwantad melling dccurs &t certaln places, then the ntake haremes Mockad.

Furirermore, praciss metenng and feading of the convever s diffoult B e closed systen and there s no disect

access o e htake; instead, the freding of the materdal tokes plase fom the uller compacty, and thendors vannet be

influenved dirsctly, via & gravimelric metadng devics, fur examplz.

s therefore orifinel fo-desk

Rt

s transifion not only in & mechanically considarad way, i ofher words with an undrsianding of

3

the polymer properties, but b he sume time Y consldsr e sommomics of the oyarall opsration ~ i other words, Hgh Shroughps

46

oo be oheerved hve ane it some cucey mutually contradiviory,

and sppropdate quslity, The presan




3o

A fealurs shaved by e apparatusas known Fom the prive art and menfionsd in the intradisction is that the divection of nonvying

ar of rotalion-of the miking and comminution implements, ard Herefore the divecion in which Hie pestitfee of matedal cirvalatein

he reseiver, and Yurdivension of conveying of the extruder, am i sesenve identical or have the sams sanse. This arangsment,

sedechad inlentionally, wen He renglt of the degivs o § e malerial indo Bie steaw, or o force-fexd ths sorew

This voncept of sluffing e padtides inle he conveying snrew i axiivdwr sy i the dinsclion of conveying of the sorew way aleo

¢ with e famiiar Bhinking of e person sllied nthe atl, since itmesns i

vary ahyious and was il e pavlicles do not have

2 raverse thalr direction of sovement 2 < froad b1 exert any agd he changs of dheettion. An

chipctive has, and in funther derbvaive develnpments, was sbways fo maximiz & doamphly e shufling offect By

way of exangle, alfumpts have abo been made o exiend Heinigke e exiruder inthe manney of  core orio surese iy

canvrinubion inplemands iy the shage of 2 sickie, so hat these can acl Her 2 bowel i fueding the solienad malarial o B

sorew. Displacemeant of e extuder, @ e infiow side, fony 8 redial pogiion v g i&ngéﬁ-iiai sl fha condainer

.,.}

further ampiifisd the stufling offect, and increased the fovce with which the o splement was
conveyed or fwoed inlo the exltuder.
Apparstusse of this type are iy principls cagalile of functinging, and ey operate safisfactonly, aithough with rscuring prodiems

By way of example, an affact repeatedly observad with maledals with low energy content, e PET fbres or PET fuills, or with

msteriale whish al & low tefsprrating beseis sicky or-solt, aug. polylactin acld @L is hat when, intentinsily, suling of the

plastics matvriat into B intake ragion of the evruder, under pressang, 5 achievet by companeaty moving in hesams xeng, Bis

leas i provatre melling of Hhe maledal immedisiely afiw, or alse I, the intike ragion of the extider. This frstly reduces the
sunveying affect of the axruder, and seoondly there an alsn be some revenss fow of the aaid malt info the region of the qudier
aompanior of raceiver, with e resull Bt flakes that have notyet mslied authore fo ho malf, and s tum He meithus conls and i

some sxiant solidifies, with ratltan! Rymation of s cluvp o cc»azgiameraia made o wﬁy solidiffed oelt and of solid pinstics

paticles:  This cousey blckay ge on the niake-of s

alion implaments. &1

the throughput of the axbuder, since adequate Riing of ?*m serew s no longer achivwed, Ancther

X

Mt movement of S wiiy and oumms

as¥ implemeants: s prevented. dn such vases, the syston sgally

hax 1 bo shut dowit and horbughly dlesned.

Probins also ooour with polymer materiale which have alroady been heafed I the mutier compactor up o the vicaity of thele

meing range. If averfilling of the intake reglimyacoirs hers, e walenal malle and in

Probisins are also encountared willh frous malerals Bal are mostly orfentated and linsar, with 2 certaln amount of *sv;

le pinetios fulls qut into ships. & wmaly reason & Bhis i that e slongsle

aicnpation and low Hickoess or stiffness, for examg

material I relalned at the culfow end of He intake speriure of the scraw, where one end of the strip proafrases infs e repaiver

and by otherand probiudis info the iInlike ragion.  Binte e mining implements and the sorew sre rusing in e same sanee of

exarl the same conveying-dirsction component and pfessura compenant on e malkerizl, botl ends of the sty are subledted ©
possibie. This il loads fo accumulation of the

tension snd pressure i the same direstian, and release of e siip becomes in

materialin the sald region, fo 8 ramowing of the oroes section of the inlake aperture, and fo poover intake pardtrmance ansl, 85 3

further conseguence, fo radured throughpul. Tha hreased feed prassars in tis region can muvsover rauss melling, aad this i

furn causes Be ;\mb‘éems: menfionsd i ths nfroduction:

Cueraialing suller comg

of this kingd have had a varlely of axtiiders sltachad o them, the results having In princivhe bee

enlirely arveplable wnd atracive. The agplicant, howevse, has performd comprehensive invastigations for m kg o Seteey
provemenis i He aysenvas g whcle,
s thavafons an olfect of the present invention o cusvcoms e disadvaniagss reentioned and © ivprove s appsrates of Be

type desoribed in e introdontion & auch 8 way 88 B premit protlem-fres intake of convens

el materiats by the svew, and alse



of thoge materials that are sansiiive oy strip-shaped, and to pormit provessing or restment of trese malerials fo ghve mabarig! of

high quality, with high mro&,ﬂ{k t, while maning sfficient uee of fime, saving erargy, and woininyizing space requirement.

S

Thesharachens aturesof Claimy 1 achiove s obicot i oy apparatis of the type manticnad i tve Invrodiion,

3 axtruger, fis

A first provision hers is that Hie Imasinary untin sentral iongitudinal axia of fhe Conveyy

has only & singhe sorew, o B knpdeding! sy of the sorew glosest o the ntake :cermr e, i thi ronveyor has mare than ane

worew, iy e dirertion opposde 1o the divsclion of comveying of the conveyor, passes sk, e ants of reslady

where, on thi oulliow side, theve is an ofisa! distance Letesen the iongiludingl @ i has a single sorew, of

the hnghudlng! adls of the sorew dlosest 1o $ie infake spadurs, and he faver and hal 1 poreliel fo Be

2

tongituding! axis and tha procesds oulwards Fom the axis of rolation of e :méxiﬁg andior o siement iy the divection

of convaying of the comveyar,

The direction of convaying of the mikie ity and the dgction of conveying of the convey ave therefre no Jonger it e

Same wense, B is known from e pilor art bul nstead are st lnast o & sweall extent in the cpgosite sense, wnd e sluffng affen

% inrnduwrion s thus sedussd. The infentional reversal of the direstion of rolation f the mixing and soruvinusion

comparian with apparalusen hrtwy hitherdo reduces the feed pressure o the intake ragion, aud the sk of

fr iy way, sxvass neaterial s not stuffad o bowslied wih axcens brassers Wit he Biake ey SN

sucha way hat

3

caveyor, aad instasd, in contrast there s o fact i fure & dendency B rmove Sxo0ss Malvidl fom **atwdm(

alfwagh there s always auffidlent maledsl pressnt n the ntakis region. the additional preswure axerted o small o gmost 2o

m

Thin mathod van provide sdeguate filing of Bie sorew and constan! buake of sufficient material by the sovew, without any

overdiling of te soraw with, ae o lurlhsy conssquente, looal preasurs peakarwhers the materiabcould meit

> i Hhug pravenisd, and gperating sficiency v herefurs reasesd, mal

Melling o fie malers

interegle are therefors fengthunad, and downlime due % posaitle tepaies and olvaning mensures ix radured.

By virtue of the reduces faed pressurn, displacsaide eloments which car be tssd in 1 known imannsy 10 ragulste the degres of
ng of the sorew can be sdudted with even greater

fillng of the soraw react markedly muove smaifively, a

grecision. This makes faasier i find the Keal point st which & ag&erate thesysterm, I partinutar

examnple regrind made of high-dansity palyethylere (HUPE oy PET.

dsingly and advar x&me; iy it hae pursover baen found that coeration I the opposite sense, according to e hwsation,
mproves infake of miaterials which have slready besn soltenad sinast fo the point of melling. I partioudar when the madesial is

afready o doughy o solenad vondifion, the Soraw Sals e materisl from tha doughy dng aflacsnt fo the covlaher wall. b e
o] gy Iy

case of 3 divection of rotalion in the direction of conveying of the soraw, this tng would bnsissd be pushed onwarts, and semavs!

of an outer layer by the sorew woult not be poseible, With residlantinpaiment of intaka. The revarsabof the divesting of rotation,
according fo the invention, svaids this,

Farthermre, e rslention of accussulation phenomens forpwd in the oute of Hie Featment of the madarisls which Dave hest

desoribed abovs and are in strip form oy fibvous oan be rasolvad wore sasily, o do not soour st all, sincs, ot e apsiieng edg
aituated i the diretion of robation of the mixing Imgdements on the autfiow side or downsiraam, the dirsolion veuder for the mixing

dinsction vechy for the conveysr pointin slmost apposite dirsclions, or i directions $at st lesst o

! : 3
extant have oppodite seae, and an shongate siip cannot therelwe become curved around, and relained by, e said sdge, bt
opp ¥ §

wolasd becomes andrained agaln by e mixing vorter In the ressiver,

The overal effect of the design acoardiag to the venfion & that inlake pedormance is impowved and 3 cughout fs markadiy
3 3

The stabifity and performance of the sntire system mads of culler comparior and comvayer is s insressed.

Chossly sesoviated tharewith, and concomitanty ravponsibla for intake i the dasign of and also sspacially the motim of the

sorsw, spenifically in the infake region, where the materisl fom the quller eompactr Js intendad to be andersd o the strew,




Hare, the applicant has swrprisingly established that intake performance can be st furher inproved by reversing the diraction of
rolafion of the scraw of the conveyer,
tn thia costed], the serew, or the sorew closest b the wishe aperture, rotates clockwiss whan viewsd Tam e Siarting paint,

owands the molor, of thasorew, ot

genarally ciose fo e contalingr and o the

£

ake, and nher approprinle &t the end gol

fom the nfeke apedurs, in the divestin towardy he and or fo the dacharge aparturs of He convayor, The diraction of motion of

the flights of the sorew is tharafore upwands whay sesy fhiough e sperture Fom the cutler sompastsr or Fom B sontdiner,

Sicrews used hitherto §n containariextruder systama operating with oovrotating stuffing action, Le. in systama it which the miving
implamsnts are e sesence otated in the direction of conveying of the extruder, have 8 éajve:éveiy bearsorews hathave rolatesd

anlichickwisson, soon Feough the aperiwe, .wﬁiawnwmz.

Tha fnfewing have thus been provided: & spacific deaiyn of & culier compantoriaxirader systern, conprising & speiutly designes

sufler compantor with & specific direction of rotalion of b i %emx;-is, i order thal ransfer, o the convayor, of the pretreated
homogenized, sofigned matenal n the seositve condifion civse tr the melting range is ackieved affectively, bit neverthaless

andey pon-aggressive conditions, and alen ¢ specially designed conveyty, with an upwarde-otaling sorew, which provide

s ouBey compactor, Tha furve disivitution tus seafised in the intaks

this
aff

fon, the waledal i st laken up by the somw fom helow and

swprisingly good infake specifonlly I vombdnation with

regian e ol a type naver ;:reviaus‘?y rezfised. Flestly, she implements tomvay the materisl t the aperiurs but do not hersby

e material inte B aperturs undey prewswre. AL that io
sanosmitantly moved upwards, and intske thereof than noours iy the upder region of the intaioy sperfure. Lacal prassure peaky of
swerfend affents are Hhus svolded.

The design has provad parfioularly adveniagenus v vepring products, since these ganavally have very qond sofis-Sow

of known spparaluses with conventiona! dirsctisn of surew rolation, ratertal s charged 1o e sorew soisly

iy sight effect. This makes it difieull to infroduce energy info the

& spacilic nesd 10 reduce the beight of e st imploments greally, or ever fo omitthem,. Thish

;‘
L impainy mailing performance it the sonsw, Snce fhe meterial e rot besn suffichenty healed it Be outter compaclor, Thislg

all the mare orftical in the case of segring products, sivee regrind products ars thicker thas folfs, and i is all the more Impariant that
hasling e alsn achivusd iy the dntardor of the particies

When, scoosding b the invention, the direction of ratation of e soraw Iy now reversed, charging of material fo By sorew iy mo

ionger asutomialic, ant the ;m;}?&m“*s arg necessaty 1or conveying the malerial infe the upper ragion of the sorew. The amount of

2R

spergy infrosuosd infe the matwistic Hus aisesuflicent i faoiitaty poseibie subzequent maliing. A further consenuence nf ihis is

increased throughpd, and also beier qualily, since besauss the averags lmpersiure of the particles is higher & i pussitle 1o

e shewr iy o sorew, and Tus v i ountiibutes & saved MPLugues:

The displacestle intahe alement marsover becomas sagler to raguiats, of Indeed can be omitied gtively.

\‘a«

AN

As mendionsd; spacifically i e oase of sorsws havig ¢ romprassing effect, intake befunviowr Js one of the dacisive factors forthe

=

quality of e materiad iy the malt o i the agglomenats and s the ingd

sraducd, and alse far the

threughpat periormance of e

yotem. The meerall affect of fhis parlicalar design i ihat the thaughput of Be syatem con be significantly ncresses

4}5

Esperimants have confimed hat in fhe case of fraalment in an apparaius acounding to Hie invention according fo Figa;.re tord

{divection of rofation of the Implamenty countarrutaling, divaciion of rofatian of e serw clookeis

Higher than n the tase of treabment in an anslogous known Apparatis {direstion of rotation of the iy
of ratations of the sorsw anticionkwise), whan ofher parameters are ienfical. Figurs § nollates the s’emﬁs::

The viscosily curves for the polymets freated {FLA regaénd froom food packaging wers recorded by wsing an MURSHS Ao Pasr

tolany thenmeler nossuraient svsian plate-on wior Zomm, gap T, nirogen atmosphere). Dunve S shows the
R X 7

vissoelty of the polymer processsd with conventional feciinology. Curve § shows the vistosiy of the sams polymer processed



o

with he apparatus scoording 1o e fovention. The viscosity value is Higher thraughout, and e shows that i the case ofcurve §
here has bear iecs degradation of the polymer. Curve § i morsover almust ientica! to that for the origingl materiat ol shown
Farier advanirgscus enbodiments of the nvention ave desorbed by tha ooy features:

A preforred smbadiment provides that in the upger segive of e infake aperture disial with raspect o the bese e tsle spens s

the shape of @ wedge. Thers e thus an adetiiona! favnurable sffect on infake behaviour, or e miing Inplemens can thus

convsy material nto this region.

i thers is aleo provision for an intake also b open in the shape of 8 wedge it (e bwer region, sxcess matarial can ba convayed
back wiore easiy e the cutler compatior,
A %ﬁawgm‘as infeke is achdeved when thers b, proviled in B lowsr region of the inlobe spenies, 3 comveying davice for

¥

exmmpie &

e the form of 2 displaceable ek element or of & displaveabls bavder, having 2 shipping soios in the divection of
conveying of e sorew.
Acconding B ong sdvaniagenus develogmsnt of e vention, he conveydr s amanged on the vecelver in such & way st e

scatar produst of ha divecling veclor {dirsclion veelor that s assoclated with the dirsction of rutation) hat is angential to the e

deosaribad by the :aﬁéaﬁy cufermost point of the midng andiy com emantey fo-Be plaction msleddl fansporad pagt

i e divaciion of rolation or of reoveent of the miss

23

(£

e apertre-and et v normal fo g madiug of the seosleer, and that pod

andfor oomminution implement and of the direction veclor that Iy assomated with e diraclion of conveying of the canveyer a

sach indhidugl point oy in the antire region of th apertre or at aach individual point or in the entire region nmediatsly {3@%38;,«" g

front of b gperture s zovo ornagalive. The ragion immediately radially v frontof the aperiure is defined as fat region which is

in front of the wpariure and 2l which the wmaterial by just abowt fo pass trough s speriure b hae not ot passed the apenivs.

The advantagay mentioned i the inbadiction are fhus ackieved, snd Hen is ofisctive avaitance of alf typas of sgglomevation &

3

the reglon of e intake sparture, brought abous by stiuffing sffests, In gs*:cu farhard, there i albo no teparoanay on the spatigl
arrangament of the mixing implemsnty and of the sorew In rolation fr one another, 3nt by way of evample he orentation of the

s of rotation dess ot have o be nomal % the Biaeal surfass i fo e ongitudingb axis of e convayoror of the sarew. The

o vedlor thal B associaled with the <irerdion of sotation angd tha diraclion veoly sl s associated wil

sanveying fewdhing, proferabiy horizontal pleng, or s 2 plans odeniated s 2 fo e normal & fhe axs of mtation.

&

ncludad between B aotion vecky thatls assooiated with the dirsciion ofaotation

In gnother advaniageous formation, the angle

S

of the mixing andior comminulion implemant and the direction vesior that fs associated with the diesion of conveying of e

=

£

SOnvRYE IS grealer as or aqual o Y and soalier than of euel b ‘s&&“‘ wheve ihe ar;giz«\ iv messred al the point of

iersaciion of e b divgolion vagtors & Be odge Batis aseocisted wih he et and Bat s

\s\n“:

’s

situsied upsisam of e
diventtn of rofaline or of movemand, in parliculze at e polol that s on e said sdge or o the spadhurs and i Musted furlast
23

upstream.  This theeelorg desuribas the rangs of snglss within which the sonveyor must he arf&ng&;i o e rensiver i ardwe 0

antievi the advaniageous sfiacts. o te anlive reglon of the spertire or ateach individual point of te aperturs, the Borces avling

o the maferal ars Hensfore avientated abisast tn a sl extent in an cpposie sense, of In e sxbame vass the wisnistion s

prrpendicddar and presswrgneuial. AL no polrl of the aperws v te sodlar product of e dirsction vactors of the mibding

implemnents and of the sorew positive, and 1o sxcessive siuflipg sffent occins even iy & subregion o the speriura.

Apcter advaniagous formation of the fnvantion provides that the angly inchuded bebvesn the drection vestor that is assaciated

4\%0

with the direction of rotation or of moverment and the dirsclion verder that is nssoriated with the dirertion of conveying is from 1
to 1807, mansured ot the palnt of interssction of the s diraction vestors it e middle of the aperiure. This fype of arangement

W

jg selovant by way of examiple when s conveyor v avanged lngentialy oo the vy romparion,



e}
frvorder tyensire that nivaxceasve stiling efivct ocars, e dislands, & the oifsel, hehes longitudingl axds and the radius
oan-hvaniageausiy be greater Bavor equat i halfof the nteval dismeter of e housing of
ean moreover be arlvantagoous Ry thage paiposes o eof By distance o offset Balesan e &

377

by graaier thap orequal to 7%, ortll mores advaniagaously greater than or squah fo 20%, of the vadits of the recelver, Inthe

sase of conveyors with @ profonged intake region o with grooved bushing o with extended hopoer, it can ke advaniagsous kv

this distance or offset i be greater than o squal 1o the radius of the reosiver. This ik pavticularly True for cases whare e
canveyor s altached tengantislly to hersceiveror suny tangentisfly fo the cross seclion of the containes,

g g arfiouindy advaniagaouy smbodimant heve, the is_sxgiiuéir;: { aois of the conveyor or of the sorswr of e Tongifudial axis of the
seraw closest o e {nfleks aparture runs fongoniatly with respaci o S nasy aide of the aide wall of he containes, or e Inner
wall of the hoising dosy go, or e avslope of the strew doay o, where i 18 preferabie that there fv & Ghive sunseciad fo the ang
g
head and which v grranged ot the end of theho

of the Scvew, and tha ar an extruster

e Boren provides comveying, &l s oppusits end, to 2 discharge aperture which i v pa
0ng.
tn the case of conveyors that are rasfally offcel, but nol anangey taagentally, s advantagaous o provide that the imagihany

vontnuation of He longiuding axis of the sonwyor in a aiverfion rpposiie 1o the divsolinn of conveying, at least b seclitne,
asxes, ivthe bum obavecant, throegh the xpane withinthe reoaiver,

%i i advantagecus S provide that Ben i nmedisde and dissst comnaciion helween the apariors and e bisks aperiue, withogt
o2

substandial suparation o 3 wangfor cention, e @ conveying acraw.  This parmits effsclive and non-aggressive fransfsr of
migterial

The reversal of the direstion of rolation of e miing and commainution mpm:rmh circulating n the vontainge can saraindy nt
seault from sebitvany sefion o negligance, and itis no! posaibls ~ aither & the Known spparatusss or iy Hix sppuratus according o
she fnvanton - simply fo slfow the miing implerents o rotate I the cpposile direstion, in parficular bevause e arangement of

st o dirgclion-oniented, and theiraction s thersfors only

e miing and comminution implements ix in '3 coridy way soyrmgh

AR

AR

singgle-suddesd or unidiractional. i this type of squipment were b be rolated intentionally i the wong direction, 2 good mixing vartex

would nol form, and thevs woult be no adequats comudinulion orhastng of the materdal, Each culier compacior thegforo has ie

unaliveably prescdbad direction strotalion of fhe miving sndconyninution Implements.

iy fhis ponnection, B i pariicularly adventsgenus fo prmdds hiat the manner of formation. satup, survature sadior srrangement of

the Trontel reglons or fontdl edees that sre assndiatad with the mixing andivr sonuinution implements, acton the plasties materid

and pulnt In the dirsction of rotation or of movenant, differs when a«};@:;sas'isoa--g i made valls the regions el in e direction of

rotafion orof movement, are o therear or hehing,

A1 advaniagiouy arangEmsn heve gravidas thal on Yuew vimpiemen the arangenen Ras toplanents

andfer blades which, in the dirention of solalion orof movemant, have & healing, comminuting wadior outting affent on the asting

mateisl, The fmplavents gndfer Diadas can sithey by fastaned dinsclly oy the shalf or preferably be avaoged on & rotalable

ivplement carder or canler dise arvanged w-porticalsy paralial fo the bass! surface, or be Tumed et oy mouided anto e
sane; optionalas g “»gix gsiﬁm.

i peinciple, the offocts mentionsd are relevant nedply to comproasing sediudery o agolmuratons bt alev fo conveying soraws

thathavanp orle

rovessng eftect Hers agaly, locat ovarfsed s avsided.

tn another parfioulady advaniogeous Rnmation, iy provided that e receiver s i sesance cvlindrinal with & loved banad murface

$

and with, grisntated yertically i ralalion arelo, 2 side wal

bish has the shape of the jatket of a ovinder. Iy snother smple

des with the contral sl of the reosiver. in Bnicther advaniagacus Tounatiol, e adis

devigr, e axis of rofation osingl

ar the canival axls of he confaingr have been orientaled vertically andior amrmally in relation fo the basw! sutfars. Thise particular

geometriss nplimize infeke performsanns, with-an apparaius design Tiat provides stalility nd simple construction.



f e connaglion s o advantageoss fo provide that the mixing andinr comminution Inglement or, ¥ & plurally of muually

been pronddad, the lowast mivng andinr tony tclovest

suparposad miving sndior cowenl ; ;
o e Baae & siranghd ol a smal distence from the basal surface, In parlicudsr in e region of thelowest quatsr of the &eiﬁht of
g 5 §

the rateiver, and also Bat Hhe aperkare fs simiarly aranged. The distence here s dufingd and measyrad from the kowest edge o

thi-gpertre o it the Infale apaviure o the contatner bage i headys reglon of the contaings, Thare fy mostly some rounding of
thi etfge &l the comer, and the distance & Henfore moaswred from the fovest edge of e sperles along the imaginany
continuations of the side wall downwards ¥ the imaginany subward confinuation of e vontuiney base.  Distences with goud

Fare froey o 4l mm.

guitabi
in anolier advaniogeous snbodimasd of the fresiment process, the radialy culsrmost edges of the miving andior conyminelion

impiemanty almost reach e sidewall

The coslaingy doss ol necesswily have to have & wdndical shape with orasler oroes. ssclion, svey thuugh Bl shape &
adhvaniageons for pracinal reasons and reasons of menufachiing fechncdony.  Whaw confainer Shapes that deviale fom e
syfindrival shaps with crolar woss seclun, oxomndles Seing containeny hving the ahepe of @ tuncated cone or syiindrival
sontaners which, i plan view, ars oliipfical or oval, & calcuiation I reguirsd for conversion to g oindrical sontainer which has

ontsinier s the same &8

shular trows section and the same volume capacly, on the gssumplion that the helght of s inaginan

ta diamater. Container ?ze%g-‘,-s;'zis fave which are substantially higher than the resultant mixing vortex {after taking info sccount

distanns required for safely) are ignored, shoe this sxcesy contalner height is notutlized aud # thevefore has ao furthar affecton

ihe processing of te malerigl

The expression csmvever mesns maily syslewss with swrows thal have noncampressing or decompressing sffect L soraws
which have punsly conveying eﬁsci, baﬁ alse sydens with avrev Hat have comprasnng effect e sxbuder sorews wilh
aggiamersting o platifiing effect.

Thir sxpragsions axbudey and extruder soraw in e present fand mean extruders of sorews wssd for complate oy partial melting ¢
the mabial and aisy sxbnaders used o agglomerate, ul not mel, the softensd mnterial  Sorews with aggiomenaling effect

subjact e material to devere comprassion any shesr only for s short e, but do vt plustly thi matsisl The mutpoing and of

the agglmarating sorew therefore delivers materfal which has not been completsly nmitz,d But which instead s compossd of

pasticles fnoilently mefted oy at thel strfaos: witich hove beseaiad fogether an ¥ by dinlaring. However, v bol cases e

sorew sxards prassure on the rmaleral and compasts

Al of the exampdes destribad in the foure balow deple! conveyors with 2 single strew, Ry sxample singlescrew @
Howaver It i also possibie as an alternglive b provide sunwsvors with mues than one serew, e sxample dwire or mulliscraw

o asliders, o partivudar with & plurality of idesting! sorsws, which at lbast haw e Sume doresien

Further featves s advantages of the invention are appavent from e dascripfion of the buentive sxampies below of the sulle

matter of the ivaniion, which are 1ot be nterprated as realdeling, and whish the drawings depict dlagrammaticelly and ot 1o

soals
Figurs | shows # vertical section through an apparatuy according fo the invention with sxtnuder attached approximiaialy

Figes 2 shows & hordzoni! seotn thraugh the smbodiment of Figuse 1,

Figurs 3 shows anoler efmbadiment with minimt it
Flgure 4 shows anotier ambordiment with velatively dgrgx offsel

fNeithar the containers, nor the sorawsng S wixing inploments are o soale, gither hamssives or In ralation & one anvthe, in

=

the drawings. By way of example, thevelire, the conlatners are in reality mostly larger, o7 the screws longer, than dagicted heny,



e

The advantagecay dully

rpsclosentrider combination daglolad I Figure 1 and Figies 2 o the breafment or ssoyaling of

anzontat

oo, with @ lovel b

pizciioy malanal has a-cyiim % contaiter oo quiler comprelor o shredder 1 with i

basal swface Jand with & vertics! side wall & orening roomally thaveiowith the shaps of & rylinder acks
Aranged at g small distance from the basa! surface B, atmostat about 10 fo 20%, or optionally legs, of the height of the side wall

&~ movsured fom the buseb swlacn 2 to b upparmost adgeof e side wall 8 ~ s an Inplomentsarder 13 ov 2 beve! carder

Glecwrisntated paralied i e basal surfsce 2, whish carderor dise can be roleted, in the direction 12 ofrotation 1 of movevent

tsiner 1.

indicated fy an gmaw 12, anand o coubial axls 10 of rolatfon, wiich is sivultenecusly e central wis of the oon

noty 21, loosted balaw the container 1, drives the carvier dise 13, On the upper sids of the oamisr dise 13, Badss or implamaaia
4. culle ’i:éaﬁe_@, 14 hrave: been arrangad, andd fogsther with te oarder diso 13 form the mixing andir someminution implement 3.

As indigaiad in the disgean, the blades 14 are not aanged symmsiteally on the carder diss 13, but inshoad have a partiouar

clion 1 of rotation or of movement, s that

wsannerof formation, sebupor armangenient o Bhelr frontyl edges 22 faciey in theg

)

fhey o have 8 sprcific machanical efect on e plastios materisl. The radially sutmemost soges of the mixing and commisution

janar sudfasa of the

Implemeaity 3 reach & point wivich i ralalvely dose to, sbont 5% of e mdiug 4

sidewall 8,
The containe 1 has, near the top, 2 charging speriuns hrough whinh the produnt o be processed, e.g. poriions of lastios &l s
son .

-

veying device in the diraglion of . THe confaings T osn, 28 a0 slemalive,

chavgad by way olevange v mesns of 5
e g chssdd confainer and capable of evacuston alisast oy far 95 s Induatdal vacuum, the materlal by Intoduosd iy way ol &
ralsad oy g

systent of valves, The sald product is ver o cominition implemanis Jandis

vad by the piroglating

mixing vortex 3D, where the prduct rises along the varlival side walf 2 and, sppradimalely in the region of e sffestive containgy
hiedght H, falls brack again wward and downwards inte the region of the ventre of the contalnes, undsr ravily. The offedtive neight

Hol thetuntaingr 1 s aporosimately e sawe as i internal tiamater DL 1o the container 1, & mixing yortex 30 5 thus Syaed, in

which the matedsl s chouisied fn 2 vortex foll fom bp fo holiomy and also B the diraation 12 of rotafin, By virke of is

ngersent of e wikng and comminulion slements 3 4w the blades 14, Bis type o apparatus van theralve be

opsrated coly with the presoribed drendion 12 of yolalion ¢r movement, and tha divection 12 of rotalion cannat be reversed readily

or without additional chengss,

dating mixing and comminution impleents 3 comuminute and miv the phasics maleral intraduced, and Heraby heat ang

soften i by way-of the wechanios! i

ha contalner 1,

"(

fotonst anergy intrmdiced, butdonctmeltit After & corfain rugidanos fime i
A material is, a8 dedorided in detall below, removed fom the contalner 1 thsgh
Hy welbad,

Atthe lovelof the, in the presant case anghe, summinution and miking implement 3, the sald sperture § is Tormed I the side

the hamoegenized, softened, dowghy bt notmalle:

m

an aperlure §, passed wto thadntake region of an axtruder &, and received by 8 vorsw § there and subsenua

o

swak 8

.

of the contalner 1, and the prefreates plastios malerial can ba removad fom the indenar of

The mateisl s pasved i & shgle-sorew oxtruder T arranced fangantialy on i conliine

$ by, situated in its jackel wall, an inteke apsriure 80 for the material to be revaived by the soraw & This type of ercbudivent hag

the advaniage hal o sovew B oanbe driven Fom the fowerend In B drawing by & deive, deninted only diagrammatioally, In sugh

i

2 way hal the upper end of the sorew § i the drawing can be kaptfres from B drive. The discharge sperture for fhe plasified o
'.'«}

&

agginmerated plagtics materlal conveyad by the sorew 8 oan tharelore be arranged st ihe sald uppsr
axdrudey head ot deplofed.  The plastics mateisl van therehus be sonveyed withoat dellaction f;y_ e aorew § though e
dissharge apwriure; this s nntreadily poseibla in the srmbodimants scconding B Figwves S and 4.

There iy @ conneclion for conveying of materizl or S ransfer of matedal bebwaen the intake aperfurs 80 and the apariure §, and

i e presunt case thisconnention to the aperhure 8 s direwt snd immaddiate and nvalves no prolongad i

separatinn. All thatle provided is avery shot banafer ragion,
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A

s T
wids 18.0f heswrew § and thal of the exfiuder S colncide. The exbruler S comveyy the mudenial iy the disclion of the arow 17

dinad

15, The leng

fn the housing 16, there iv 3 sorew § with comprsssing offers, mounind rotafally arouny s longitudinal axia 4

The extreder & is g conventional extnuder knows per & In whlch the sofiened piastios mateial is compresasd and dhus melied,

and the maltisthen discharged st the opposite snd, 8 theeextruder heed.

wing anctior comminution implements 3 or the blades 14 e af agproximately the seme love! as e contal iongituding! axis
Softheavbuder & The cutenmont ends of the bisdes 4 have adeuate separation fom the Sghis of the-screw §,

i the ambodiment according fo Figures 1 and 2, the exbuder § v, se mentioned, atlached tangentisly o the sontginer 1. orsuns

tangentiafly b relation to 8y gross section. o the drawdng. the inagary continuation of the contral longiiudingd axds 1aof e

axtruder § o of fie soraw § I the dirsclion opposite tothe draction 17 of conveyingiof the et § towards the rear passes e
avis 10 of rofation and doss mot intersent i On the outfiow side, here & an offeet distanne 18 betwaen e fongiudinal axia 18 of

the exirader § or of the sorew § and the mdiis 1 of the waliiner 1 that Is parsliel i the longhuding! axds 5 and procesds

» ‘-

Hon implement 3 iy the diesclion 17 o conveving of e
3 3

autwands fromy the axds 10 of rolstion of the midng andior come
conveyor B in the prssent case, i imaginary contihuaiion of the lagitudha! axs 15 of the sadrader § fowands the sear doss nt
pasy through the space wihin e container 1, bud Inslead pasaas i aba shortdistance.

Thir shstance 18 is somawhal greater e the radius of the contsiner 1. There is tharefove o olight sbward offcet of thi axtruder
A, orthe nfeke reghon is somewhal despsr,

The expressions ‘opposite” “counter” and "I an oppoe sense” hers musnany crianiution of e vaciors wWith respent v ong

o

anothar which |

tacue-angled, ae oxplained in detglt below,
i other wonds; the scalgrprodunt ofa dirention veoky 18 wdiioh ianaciated with e diraction 12 ofrobation andt he sosaigdn e

naulior implement 3:or fangential to the

whish is angential & irede desoribed Dy e cuterminst point of i riving andior cons
R

plasfics malardal passing e aperlee 5, and which poinle b the dirsclion 12 of rolation o movement of the mixing sodiy

P

comminstion inplements 3, and of & direction vechyy 17 which i3 aconclalnd with the divestion of conveying of the extruder & and

which procaeds iy the dinsclion of conveying caraliel B the contral onpiuaingl axly 18 1 seerywhare 2ot o negalive, 8l sach

incuidual point of the apurtare '8 w b the segionradislly immadiately iy Sont of e apadues 8, ang is nowhere positive.

s

fre the case of the zmi«e anerins in |

e Tang 2 the eoalar product of He dirsction vestor 1§ fur the divsction 12 of rotalion
gad of the diraction verter 17 for e divection of corvaying Is negative sl svery point of the sperie &

she dirsclinn veckyr oy e direction 19 of rdatin,

The ange a betwean the diraclion vackr 17 & e direstion

oEy

ot upsirean of the diracion 12 of rolstion, o 8t the adde of the apariure

msasrad at Hie poind 20 of te spertire 8 siinated

& sifuated furthest upstraam, 15 approximaisly masimally abmut 17,
Ag gna-contingas 1o proceed downwards along The apardune & Flgure 2, fe i the divestie 12 of folslion, S obliuse angle

i5

&

wo b ihcrease. B e conbseof e aperture B, (e angle bebwasn tha divection vetky

betwean Hedwo diragtion veolurs ten
about 1867 and Hersealar product s maxinslly nagstive, and Rirfier downwards fom there the angle desd becomes » 188 and
e voalse product In turn decresses, bud st remalns negeiive. However, thess anghis o no longer Teeved angles o, sige ey
argnetmeaswred sl point 20

&g angle B, nolincludad in the deawing In Figurs 7, measurad in the venlre of thie aperture &, tetwaen Hie diraclion veglor for e
drertion 18 of rotation and the diration vertor for the dirention 17 of tonveying is ahout 178”1 180,

Tha spparatus sconding o Figers 2 repvesents the gl

P

wHng oEve W exeme valte.  This tpe ol anangerment tan provide &
yary non-aggressive stuffing effect or & particularly sdvantagaous feed, and s tyon of apparstis is pertionlarly advaniagsous b

sensifive materials which are freated in the vidiniy of the melling range, orfor produst in he forrs of fong atrpy.

shrse (o e inleks and ot Beang

Thwvatrow § rolsloy Slhokwise, when viewad fom the conlainer §

pointing fowards e mofor, of e soraw &, or from the Inlake apariure 80 In the direclion owards the end, or wards tha mele



discharge apstoe, of the sxbuder 8 The fights of the sorew G- and, with the sorew, the material o

ind by the sorew -
tharefore moya upwands out of the tutter compactor or candaingr 1 trough the aperiure 8.

The countervolaling implamants 14 fransfor the pretreated, homogenized, sofisned matedal In non-aggrassive manner to the

extrudsy § v, respeciivaly, brung the malerial ints s inteke region. The sffert of the partioular movement of the particles of

matenial of the lntake region roupled with the upward rotalional moverent of the soraw 6 Is tiat the particles are subleeled b

ooflection and inlaka by the sersw §

Figure 3 shows an allemative embodiment iy which e axbuder Sy not alfached targentially 1o Se conteiner 1 Hut nstead &

alfachud by s end 7. The sorew § and B housing 16 of the extruder § have baen adsptad in the region of the apertirs Sio the
shape of the inner wall of the confainer 1, and have besn offsst backwards 3o asto be fush. No partof the exiruder & motnudes

through the aparluse § into the apace within the container 1.

hatf of the fnlama Bameterd

oithe housing 18, This smbodiment therefors represents the second Snifing case or axbieme vaiue yaty the smaliest possibly

The distance 18 bers coresponds fvabout Sio 10% of the radius 11 of the conlalser 1 and {o gbowt

oael or distance 18, where the ditsclion 1Zof ralation ovof movesent of the mixissga arcomminuiion implements 3is atleas)

slightly opposite fo the diraclion 17 of com of the evtruder §, snd specifically soruss the sntire Wrsa of e spetive &,
GHEYOf 4

b2

The scalar produst in Figure 3 ot thal threshoid pofnt 30 situated furthestupstrzam ls presisely zem, whens fus is the point fovates

A

at the euge of the aperie § and stiuated furthest upstrsan: The angls o between the drention vactor 17 for the dention of
conveying and the disscliors verlr & the dreslion 19 of rolalion, measunsd b point 28 Iy Figurs B, ds preciesly 807 Huona
provneds furler downwards along e aperiane §, La in e divection 12 «f selation, the angl botwesy the ditection vectors

bacomes aver grealyr and teromes s obligue sngle > 80°, and af the same Hwe the soalar product becomes negative.

Howaver, st no poind, of in nio region of the apariure B, & the scalar product posifive, or the angls smalier then 88°. No loval
overfesd can therefore ommw evsn in & subvegion of the apertue 8, and no detrimental sxcessive shuffing effect oon veourin »

regton of the aperiee &,

This alve reprasents a deciaive differsncs o relation fo 2 purely radial mrangement, singe there wouhy be s angle o < §0° st poin

28 or &t the edge 20' in a full

radied arrangement of teeaxbuder 8, and thase ragions of the: aperture 8 situsted, iy the drawing,
above the radius 11 or gostresm Wenzef of on e inflnwy side thereo! weold Bave & positive soalar prodict. 1t woild hugs be
pes&a e fordoedily :m&iteﬁpéasé -product fo accumulate i ihese ragions.

Figum 4 depicls annther allernative embodiment v which e exinuder § is somewhat further offsst than in Figure 3 on the cutfiow

side, bul s nol tangentially a8 i Figiree T and 2. dn the pressnt case. 93 aise in Figwre 3. the reanwand buaginany confinuation

of the longtudingl axiz 13 of e extruder § passes through hie space withn the contawer 1o the manser of 2 secant. As a

comequence of this, e gperturs 8 is - measured In ihe droumferential tion of the container § - widsr than in the embodimant

according o Figwe & F;gu ¢ 3, bt somewhat aviatier Fran e radiue 11

The distance 18 s alsg varrespondingiv gresterthan in
The angle o measused 2l polnt 20 s about 1507, and the shuffing effect is thenfore refucad in compasiaon with the agparates of

Figure 3 us s more advaniagaous for cerfaln sendilive polymars. The tnner wall of ths housing 18 or the right-hrand-side imnar

wdge, g% sexn Fom the conlainer 1, Is langential o the conlalner 1, and therefors, unike In Figure 5, thers s no obligus

fransitionsl adge. Al s pointof the aperture & and situatad furdhest downsiream, on the exireme lxfinand side in Figurs 4, the

angle e atout 1807
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misnyagek, kinCssn leovoplasrius  holadskniGenyanok  sedlitasdhoz, ds shbez  keposolddd

siikeszidsdhar, Mgyitheshoe, vagy daraboliséhoz, (rahasznositds cdlishdl, tartdlival 11} & lnidolgozanas anyag seamars, shola
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1) forgashnpely (10 kvl forgathats, kidbelutd keverd, sxivagy darabald saovsaiim {3

3

kaverdssher, mal ahaz &n adoli asedhen darabidasshor,

apteesat s
RLGEAT XU

o s ZAM {3

{arfomanyaban sgy nylias (8] van kiképagve, ameivan &

ghol legalshb egy szdlitiosziin (8], kitdndsen axfnuder ‘{f-}, &

Gy hozban (18} fvgd, Rmddte, gyl vagy davaboids «

& bamend nyfidss (80 van s v-:sigsa 8 altal Jazewz;”w

b

& wzalifideszidz {5 vagy 2 bomend nysﬂ}s?sv: {80} kopest legiOonichhi coiga kdzpont ws»z**maxyers& farazelt

meghossrabbiides ovablvead & sealitbesabiz () szdlidsl irdnyaval szemben v forgdciangelyen (10, andlidl, hogy ant

axzal jollemezve, hogy & srallitheszkdz {5) vagy @ bamand pyiidshor (80) fegkizsiab fekvd caign {8) hosszengelya
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14, Az 132 indnypontok egytke searint késatidk, sxeal jsllemezve, hogy o lagalsh szenszémiantd (18}, Hewe alegaled
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Fig. &~ Viscosity IV
Measurement equipment.  MORSDT Anton Paar rotary rheameter
Megsurement systemy Plate-on-plate, dameter 25mm, gap 1 ooy nitrogen
atmosphera
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