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DEVICE FOR THE HEAT TREATMENT OF A PROTUICT

The invention relates fo 2 dovice for performing hest weatient on 3 substance such ss & bionwass,
pudyiner material, orany other divided solid. § should be repalied that the term “blonsass” diusignates the
biodegradable fracions of substances, waste, and residucs coming fom ndestry o genorsd and from agrivultuss,

fram sylviculture, and from asseciated fndusteies, in partioular,

TECHMOLOGHRIAL BACKGROUNE OF THE IRVENTION

HMumerous industrist fields have vecourse o polymer matesials for orosting thedr produess, such as
plastivs msterlale. T the prosent contest of resyeling waste, there is therefore 3 need for reeyveling ndusirial
waste stul i particular golymer waste,

It ix thus knows ta seeyele such wasts by subjecting 1t to varfous chamical sndior ieat reatments,

For exaraple, & heat treatiment devise is known that comprisss an snslasare, mesas for sunvnviog the
substance between the tnlet of the enclosure and the outlet of the enclosirs, whish means compise & sorew
monted to rotate inside the enclosure shout gy axis of rotation, amd neans for deiving the serew i rotation, The
device also bas heater means for hoatlng the sorsw by the Jouds effect.

Waste s usunlly inseried in the inlet of the exelosure in the form of divided solids that mre raw avof
stivided solids that have been praconditioned, e by & densification step.

The serew pushes the granulegs contimwusly towands the outlet of e enclosurs. Becanse of the
temperattre of the screw, the gramdes soflen progressively fnsidy the enclosyre wntil they melt. The granules s
meltad in s way o then be prepared in order to by reused, thus snabling trested waste 1o be seevelad

Nevertheless, such devices are notadapted fo trentiny certaln materialy. In pevtioudar, certain Rinds of
plastios material waste reach thelr melting tamperature very showly and therefore melt cily belatedly afiey

enfering info the wclosire.

CHIRECT OF THE INVENTION
An obfect of the Invention B0 propose ¥ heat trestment devics fiat o b adapted o fronting 3 grontsy

msnberof sobistances,

BRIEF BESCRIPTION OF THE INVENTION

In order to achieve shis object, the inventicn pronvides a deviss for applying heat treatment to 8
subsinnee, e device conprising an snclosus, corpeynr means for conveying the substancs batwesn w nlerof
the enclosure and e cutlet of the enclosurs, the means for conveylig the substance somprising & sorew mounted
t sotate nvide the caclosure about wr axis of rotation and having deive means for driving e sorew fn rtation,
ant heater means for heating the screw by the Joule effest,

Avesrding to the invention, the sorew prosente slectrical resistance fiat variss along the axis o rotation.

By cagsing the resistanse of the screw fo vy in accordanes with the favention, Bt & prssible to adapt

the resiatance of the strew as & unction of & temperature profile that i to be generated in the enclosure. In
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partioadae, the serew maay b eonfigured so a5 to genemits o thmperatire profife fnside the srclosure that matches
the treatment to be performed on the substange baing cotveved.

To prior at treatment devices, the serew feidentival along fs entire lenpth. o the absence of mny
substance to by sanveyed bnside e enclosurs and ignosing beat lesses by comvection ab the inlet and at the natlat
of the enclosure, the temperatnre reached by each unit fength of the serew 1 therefore identionl. In the prEyenRE
of & substanes to be conveyed Wside the enclosure and ignoring sald heat foses by convestion, the temperature
differonce betweon the sorew and the substanes is greater 2t the nlet of the snelosurs than ot the mutlet of the
enclosure, sinee ransfors of hent by aonduetion take plics between each wiit Tength of the screw and the
substanwe belng conveyad, thereby leading to the temporature of the substanes being raised progressively. From
@ thermodynanic point of view, Jegs s less eoprp B transferred to the substance as & tavels slong the
snslosurs.

Thus, in a fest embodiment, the resfstancs may e aduptad so thag, whils no substance is hotng
conveyed, the temperatre of the sevew wt the votley frome e enclogurs is higher than o the ndet of the
enclosure, such that, while substanes s boing conveyed by the sorew, the temprnatire differene between the
substanee and the serew remains sebstantially sonstant all along the transit of the substanee throsgh the
srfosure. That eresces the effactivensss with wiich heat iy trangfared snd therefors sndances the heat
gt of sertaln substaness, such as biomasses,

g second embodbment, the resistanes of the screw miay be adaptert s thay, while no sebstanse is
being enivayed, the teayperature of the serew at the Injet of the snclosure is higher than ot the outfer of e
snctosure, sush that, while substancs iy baing conveyed by the sorew, the lerperatirs of the screw renains

substaotially higher than the melting temperature of the substance. It is found in prior art devices that
intracducing divided solids of plastics material coals down the scrow. At ths infet of the snclosure, the sorew om
thus prosent @ temperatire lower thas the meking ivmperatire of the dhvidsd solide, so that they do not nsalt
imamediately. T e thus neopssary Yo walt for the divided salids tobe conveyed over a ceriain distance before they
begin twmelt. In this sevond embodiment, ¥ i possibis ta arvange for the toraperature of the screw 3t the inletof
the sunlosure o be higher than the melting teopentare of the plastivs matorial when it inserted tngo the
enclosure. The divided sulids S melt sach more gickly, therehy enhancing their heat trestinsat,

The trestment devies of the invention cas thus be adapted t reating o larger nunder of substances than

can i et devices

BRIEF DESCRIPTION OF THE BRAWINGS
The fnvention van be better undersivod i the Hght of the folleaving deseription of w nonsBmiting
srabodintent of the Invention given with reforonse o the sccompanying Spurey, fo which:
- Figure 1 is a perspective view of a treatment devics in 8 Hrst eorbodiment of the invention;
Figure 2 i on section view of Figure |
- Figure ¥ is a dlagrammatic perspective view of & seraw of the treatnient devies shown in Figare 1)

- Figure 4 is an endarged visw of 3 portion of Figure 3
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- Figure 3 is 2 graph showing a temperature profile of the screw shown in Rigure T together with @
resistares profile assnelnted seith sxid sorevy, and also a vemperators profile of o privr art sorews
~Figure 8§ s a jraph showhng g temperatuse ;_)r\'sﬁ?a of g sorew of 3 Beatmint devios o second
embodiment of the Invention fogather with 3 resivtance profile assoriated with said sorew, sud alse 3 laaperature
profiie ol a pricy it screw; sod
- Figare 7 iy 1 groaph showing the tamperature of 8 screw of o treatment dovics in g ¢evond embodiment
of the invention, a emperators profile of said screw whils it s conveying a substance, and aleo a temperture

profils of a pricy an screw and a tomperaturs profile of the prior it serew while 1 s coniveying a substanee,

DBETAILED DERSCRIPTION OF THE INVENTION

With relfurence to Figures 1 and 2, the devies senstititing 3 fivet eosbodiment of the fnvention serves o
apply heat treatiment feoa substanse. For this purpose, the devies of the jnvention comprises mn envlosige |
extending essesmé;iiy e horieontal divection and Sield st 8 distanee from the ground by Tege 2. The caclosurs 1
comprises gt cuter vasing, 10 @ single pisce Io this conple, v.g. made of metal, and i partioule ade of now-
magnetic stainless steel. In 8 particular embodiment, the srclosurs 1 elso includes an dnoer casing niade nx g
single plecs of refpactory mumterial, Respective equipreent boxes 1 ave sutashed to each of the ends of the
enelosurg 1,

I this exanyple, the snclosure 1 has an tndet 4 arvanged through the cover of the snplogurs ¥
sibstantiatly at o first ond of the enclosnre . b a particaler smbodinent, the devies haw an indet chinmey $ that
is conpetad dn leaktight manwer wothe fnfet dof the eneloswre. By way of example, the Inlet chibmay 5 i
senoveted to # device for grinding, compacting, or granudating the substance In guvstion so a5 to pregent ¥ as
divided solidy, or indead i is vomneoted to n daviee for prevonditioning the substance by question, which is
already in the v of divided solids. A procanditioning devies sevves to heut and dry said substanse fe et
temperisture sod relative homidity valoes or to densify the substanse. The divided solids are fvedimensisng
granales i the Torra of Gakes or plse they wre thres-dimenvional gramades,

The entlosure 1 sise inchdes an outlet § that fn s example is formed o the battom of the encipeure 1
sebstantially st the second of the twe sads of the enslosure 1 B a partioudar conbadient, the device has an
outlet ehiinmmey 7 that fs conseeted in leakiight manner (o ihe dutlet § of the enclosure 1. By way of example, the
cutlet chimmey 7 is connested to w devive for cooling the substanes.

Naturslly, the bottom and the cover of ths enclosire 1 ars defined relative to e ground on whish the
snclosure L is slanding.

&g can be seen more cloarly in Figure 2, the device has means fur sonveving the substanes betwosn s
indet of the enclosere and arcoutiet of the enclosurs. These racans thus comprise & screve 10 that axtends inside

the enclosure 1 wlong an axiy X hetween the two eptipment boxes 3and that I mounted o rotate abowt said axis

X ingide the encloswe 1. By way of sxamiple, the sorew 10 may be made of stainfess stegl, Specifically, fhw

serew 10 ds i the forar of a helieal sofl that is fastened end-on a8 each of s bwo snds torespestive shalt

segtents 1 the fastening being by welding, foe oxample. Bach of sald ahisft segments 11 s sontiveied &t itg
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other end viz g respective Hange 13 10 & shalt 13 on the ssoe avis that pasces through the assosdated sad
sonipmrent e

The convever means alse inchede means for driving the acrew 10 to rotate ahowt the aris X, which
meahs arg aranged fn one of the equipment boxes 3. Acvording to x particilar aspest of the invention, the rotary
drive menns cinprisean dledinic meter Phaad siechanieal conpestion e bebwet theoutlet sha of the
motor and one end of the assovisted saoeeanis SR A3, the shald 13 Heeildriving the savew 18 These vatary
deive meang i tds example include control mesns e sontrolling the speed of rotation of the vutlet shalt of the
motor, which micans iay for example comprise 2 varfehle spead controtier:. Theconts! mesns thus enalls the
speed of rotation of the serew 10 to be ndapted wothe whstanee I s conveying, Le. they enable the tansitthes of
ihe substares through the exclosare 1o be varied sdapted,

Thecontrol device ala includes heator means fve beathig the serew 10 by the Jad offect, which beater
wmeany are arvanged in the cguiprocot boxes 3 in tdvenmmply. Tros pardendar sinbodismens, e hesdsr neans

CONPrisE generator meand iy guoeting slectrivity and mcans fir cotnecting the two snds of the serew Wy the
twe polarizere oF said genertor means. For this parpuose, sach savisaxis ahaft 12 fesscursly conneeted tos
saaxial drum 20 of slestrically ponductive materfal with carbon brashes 21 rubbing thereagainet to deliver

cleetricity, which brashes are connested by conductar wives (not shovn) fo generstor mesns for genseating
slectrioity, Thessrow 10 thus oxrles the sams slestrio corrent @il along the axds X oz pariloular aspect of the
mvention, the hester means conprise means for regalating the eleptris ourvent sarried by the serew 10, In thig
example the regulaio yeany cwupries a power contvaller Interposed betwaen the sleciricity gensruior osans and
e eonnsciion meaws, The regulstor menas fius ensble the elecinle curvent cavvled by the serew 10 1o be adapied
to the substanes being sonveyed.

i operation, the substande Re treatment i ntroduved viu the fnfet clidmney $ tothe R o raw
divided solids or precomditionsd divided solids, and the serew 18 pushes the divided solids continuously towards
the vutlet & of the enclosure 1, Bocause oof the tomperaturs of the serew 10, the divided solids soften
progrsssively anill they melt The sereny 10 thus serves B porform heat treatment on e substance sost to
sonvey the substanee,

For farther details, reforence may be made to Dosument PR 2 829 306 in the name of the Applicant, in
whivh the-enciosure 1, the conveyor means, and the heater means are-degeribed indetail,

With refersnce to Figurss 2 sad 3, the scrow 10 In this example vornprises suvew Mights that ave “flat”,
sachoserew thght pregenting a rectangular seetion of area § {shown in Figurs 43 The area S is defined by
nultiplying the thichasse g of the sorew flight (thickness defined along the axis X3 by the height b of the screw
Hight (height defined i & direction perpendicular o the azis Xk

T an advantsgeons ambodiment, the serew 103 subdivided along the sxis X dnto five suceessive
portions 38s, 28, 2Re, AR, and ZRe pressrting distinct electrivad resistanves. The fivst partion 28a-axtends
alony the axis Xhetwean the first ond of the sorew 1Da that s situsted sebstantially at the inlet chimney §, fo the
begiaving of the second portion 28h. The secand portion 28t extends along the axis X betwsen tie end of the

first portion 38 and the beginning of the third portion 280, The BRb and last portion 28 extends along the s



X bevwesn the end of the fowrth porting 28 and the secnnd end of the serewr 10b that is situpted sobsstntialiy o
the cutlet chivmey 7. Nalurally, the five postivay are sconved o she anctiser,

In an advantagsons smbodiment of the Invention, each portion of the serew hay sorew fights of 8 height
ditferent frean the height of the other pvifons, the sorew Jights all being Rentios! o voe anther within 3 given
portion. Thi, cach portion of the sovew has w alectrical resiciange that i ditforent frov the resiatiace of sach

of the other portions, The resistance of 8 sorew Right may be defined as fullows:

o

o £
R U o
&
where:
e the shectrical resigtivity of the material of the serow flight in ohmmnsin (where mm= s squars

roiflimetors and gy leroutersy

£ s the lengthoof the sorew Hight B eten) and

S iy the wrea of the sorew ight in syuare meters,

By nwodifying the height of 2 sorey flight, the arsa ol the screw fight is nwdified so that the sesiciance
of the sevew flight is chianged. Since the resistance of » postion is proportonal to the resistance of its scérew
fighis, this sorves fo nodify the resistance of & pordon,

More precisely, and fn g et susbodiment of the fnvention, the fiest portion 282 haa a fivst serew flight
haight By, the second portion 285 bug a sevend serew flight height ity that Iy Tese than the frsy serew tRght haighs
By, the third portien 28¢ bus a third sorew fight height Jey that is levs than the seeund sereny Blight b eight hy, the
fourth portion 28d hus w fourth sersw Bight height by that i less than the tiind seraw Bight height by, qud the
Sl portion 8¢ hay « 18 verew fight height fug fhat iy less than the fourth sorew fight height By, The

resiatanee of the serew 10 thus invrsages slong the axds X on golig Son theinlet 4 of the enclosure o the outlst
& of the enclomre. A xresudt, when no sebstance i helig conveyed wnd the serew 10 §s carrying an slsetrie
currsnt, the temperature of the serew 10 in the firgt povtion 282 is lower thar the enpergture fo the second
portion 28 whick in serew flight v kaver than the temperstore i the thind portion 28¢, foelf kower than the
tempovatire in the fnueth portion 28d, which ix iself Jowsr than the tompreature in the Hifth portion 288,
Figure 3 thus shows the temparature profife of the serew 10 onse the sorew 16 has been heated to reugl

3

steady conditions and withaut sy substanes beiug conveyed by the serew 10 {profile represented by the dushed-
line purve). The resistance profife of the screw 10 s represented by the continuous-line corve, Figure 5 also
shives & tenyperators profile for o prior st screw of resistance that is constant wlong the wie of rotatien of the
serpw onee the serew has been heated to reach stoady sonditions and without say subsisnes being conveyed by
the screw (profile reprosented by the continusus-iine swrve with squares),

The temperature profile of the sorew 18 Sows elearly thet the temperaturs i higher at the vutlet 6 of
the saclosure §ihan the tomperatue at the hudet of the encloswre 1. Such 2 teroperature profile is particalarky
sdaptadt to apphving heat trosbment tu 8 blomass,

oy second embodiment of the lavention, the device is identica! to the device of the firg sbodiment of
the invention axcept that the resistanes of the sorew dsercases along the axis X botwsen the inlet o ths enclosure

e e sutlet sthe antlovgie.
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Figure & thos shovws the temperstare profile of the sorew b the second embodiment of the ihvention
ones the verew hite besn heated up 1o @eady conditions aad without any substancs being conveyed by the serew
s:mxtﬁrmeu:«iim curvy, Figure 6 also shows the temperature profile of a prive st screw having constant
registance along the axis of rotativa of the serew, it exlste once the serew has bosn heated t reach steady
conditions and withowt any substance being conveysd by the screw {profile reprasented by the sondinunus-ling
sures with sgumces).

The wmpsrgtare profiic of the screw of the fnvention shows slearly that ths temperahws s the ontle
ooy the englosars by mnch lower than the femperaiire st the ibleb o the snclosure. Such wtomperatues profife ds
particudacly well adupied W spplving hesu teatyient o o plastisy materiad,

i preforred mannke, the tesistanee of the serew i the second synbodinent is sdepted so that when the
screw is opnveying u subvianse, the tepperature of the sorew vemaius substantiaily constant and sbove the
meliing tewpesiture of the subanes over the sntire fength ol the serede. The substance fs then 3 plastics
material

Figure 7 tus shows e temperaturs profile of the sorew as adaptad in this way onge steady conditions
have besn reached and without the plasties material befag sonveyed by the screw (pradile reprosented by the
cortintrug-How swrve with squares) and te tempersiure profile of the ssme serew while 1 b conveying the
plastivs msterial (profile reprasented by the dushiad-line qurve together with squires). There can also be seen the
temperatee profils of g price st ssrsw afler reaching weady conditions snd without the plastics rostevial being
corveyed iy e prior art sorew (profile showa By the sentinuous-ing curve with triangles), sud e temperaturs
profiie of the same priovan sorow while conveying the plistics mubsrial (profile reprossated by the dashed-line
curve with trianglegy

It can thus be seen both Rot the serew of e fovention and for the prior st screw that Inserting plastics
muterial vix the inlet of the eaclosure canses the strey to coul down.

With the prior art sorew, the screw presents an foley famparature bywer than the melting temperatire of
the plastics material Ghows by the continuous-iine curve) suel that the pastios material doss not melt
imemediataly. s therefore necossary, i thiv examgds, 10 wait for the plastios material to be conveyed aver
more than half the Tengh of the prior st screw before it begins fomelt,

mehing tempevaniee of the plastics material slong the enties fength of the seraw, I partividar, the tenperahae of
the sorew af the tndet 1o the snolosure remaing Rgher than the resing wwiopersture of the plastios muaterial when
s inserted fnto the enclosure. The plastios material b quostion thus melis much mors quickly with the serew
of the invention San with the prior art serew, therehy mproving its heat treatiment,
The device of the fnvention may be adupted to applying heat temperature to = wide range of substanses

mainly by the way it which the serew 18 s defined. b adddition, ance the serew 1818 fo place fnside the

coslowre 1, Hs also possible o & smaller extent & adapt the beat irenbrosat of the substance being conveyed by
modidating the sleainic current conveyed by the sovew 10 and by modulating the spesd of rotation of the sorew
Hy
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Natarally, the invention s e Hmited o the embadinents deseribed and it ls possibie to apply varlant
sbodiments thereto withotit golag beyond the ambit of the nvention as defined by the claima,

The number of portions spesified is not Hwiting, Farthermore, e serew nesd not be divided into
portions and it may prosent slevtrical vesistanes that vaddes continuously along the axts Xo For exsmsle, saeh
serew flight of the serew sy bave 8 Gifferent section, sush that the registancs of the scréw noreases
progressively from one eral of the serew to the othe

Although the resletunce of the surew in thd oxanple foresses ov decresses betweoen the nlet of the
ehelosure and the putlet of the saclosure, the serew could inghide at Teast vas portivn of lower resiwance (ot of
grevter vesistance} thun e twa povtons oh sither yids theveat

Although the reslstance of the sorew 1 b examiple b modified afong the axis X by varying the beight
of the sorew Hights in exeh porting, it s possible o a0t ot other prtameters. For esample, the screw may fave
serew Sights of sectivag that differ from one portion to ancther, by heans of Siffering thicknesses, of ditfering

thickneases ard heights, saddor of ditfering lengths, The portions may therseives be of differing lengths, The
portivams ny be sade of different materfals, The portions may have sorew lights st differing pitches. The
weights of the portions may be differvat. Natarally, it Is possible % act on severad parsneters st the ssme thae i
order to modiy the electrical resistance of the serew o im;g theaxizs X

The vy the sorow is defined may flso be sevovinted with additiaal pacseveters othey than the elevtrieal
resistanes of the screw,

For sxample, the definiilon of the serew may teke inte considerativn the fuct that the volumes of te

subatance B be treated vardes Bithe o not at all within the enclosire fe.g, when mersly pasteurizing 8 substines),

o that the volume of the substance oy freatibent varies within the enclosure (8., when pyrotyzing substances
such us Bomneses, which can fead to gas being forted that medifies the volume of the biomase).

it should b resalled that the iderstitial volume ds defingd by the follnwing formula:

Vintorstitint ™ Se T Fw::}
where:

By I the wetted surface srea o the sorfies wen of the sorew Dight In sontact with the sabstance, which
wrea ds propertional w the effective height of substanes between vach of the acrew Stighis

g i the thivkness of the screw flight; and

Pivthe plich of theisgraw,

When the substinse iy subleat to-Tittle or novarietion T volome, the Interstitial volume batween de
surew flights ix preferally kept constunt alf along the wde X, By way of example, sction may the be taken on
the thickness of the screw ights while keeping the height of the screw Rights constant so as to vary the
regintenoe of the screw aloag the agis X, the plich of the screw being adhssted a little so 2 to keop fhe interatitial
volume constsnt,

Wihen the substames is subjoet to volume variation, the filling factor of the serew desreasss betwesn the
inlet of the enclonwre and the sutiet of the encloeurs. Tna prefecred embodiment, die nterstitial volire of the
sovew fa then oxused e decrease between the infer of the enslosure and the alet of the saclonre 8o as

conserve g conatant Biling faotor along the axds X ofithe serew. P axaraple, it Iy posatble to ust on the
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thicknges ¢ of @ wrew Hibt und an the plch P of the sérew while ke sepiig th hedght brofa sorew Hight cosstant
soran by vary both-the registanice of the sorew snd S inleratitia volums:

The way the screw §s defined may ab take Info congiderasion the heat exchange arsa hetween the
substance and the serew. 1 s preforable to sosk to muxintdze this heat exchangs avss by having & serew pitch P
that is a5 smvail 88 possibie, 3 sorew Hight height & that ds as lagpeas poseibile; and o il factorof the sorew
thitt 18 as farge us possible.

v any everd, when definlag the sceew in ardey to cause the clectrical rasistance of the sorew to VY
aloung the axis X, 1t shouid be swsured that the geometrical paramsters that are used for the sorew flighte (section,
height, thickness, . rand for the sorew (pitoh, lengtl diamster, L) dlso define wmechaicad strength for the serew

that s sufticient for conveying the substance in qussiion,

BERENDEZES BUY TERMEE HORVZELESTRE

Szekadaimi igdnyponiek *}};g{g? 1;‘1 T
| g
1. Berendests egy termdh hékezelésdre, sowly borondesde timtalmasn LTNM-1 0001 2§§§ ‘

= g sartierst {1,

= tovdbbiid eszktatibet a terme tovabbiiedn @ st Bt ey bemensts (3365 3 28 10 & sy Kimenete {8 Ko,
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do Azl z‘.gén}:;}mu szerintl bevendeads, amelynél @ sudiiftdusiga (10} legalabh ket sxkosara {28a, 28b, 280, 284,
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mdsilien vahoznik
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