, e3e; ~667D8"8: 6: T, UZA WO 02/ 096 EP02/ 04198 - 1 Method and device
' for “¢ontrol ling the pressure in %E ﬁ@ﬁmm"’m | e-screw extruder or a cascade
“extruder The invention relates t d device for 5 controlling
.the. pressure in a vented single-screwmisxtruder or a cascade extruder.

Prior art 10TRe 0&td9filch of thernoplastics to form sh&ﬁé"dﬂ?@@ﬂ@éllgl@ch as
sheets or filnms, generally takes place usjing avented singl e-screw extruder
if volatile constifuents, |phhve an adve eeff ct on the properties of
{ heext rudat e IRBRGH | Shtlo dRVEFD0 R0 CoR BHObLERS o BBAEEDER U | Ayt he
extrusi on preented Eiegd erdatew eadns.tdéme:msa rmg/scéd& exenpder be wat er,
nmononers oroligoners. In the vented single-screw extruder, theplastic V\/ni ch
isingranule formis initially nelted, conpressed and honbgenized in a
first screw Séeti dmva@conmr | giglgted eddd sect merthcal campy essvarcezorf®rand
afirst hogogeR23ldian #pned efsrded, 1o behow, as LheLA! radughioncsane) and
is then fed to a secona screws ctlon whi ch conprises a Iow—cut venti ng
zone and anet&timvglesedt ¢n,cdsrags @xtriEderei t is vented, 25conpressed and
conveyed into an extrusion die, fromwhich the nelt then energes in the
desired for An alte%native design is what is known as the cascade

-ext ruder. ngenent, the screwis divided, in 30 accordance with
t he above nentl oned two screw sections, into two successive single screws
wi th sepggat My, rgta I of, th Jsual ly
kept in géfn%e ra %ugg?r ge%g]%% ° ﬂ_g%ﬁ:‘?&s escf?%ﬁégsggégusu%qely éqw pped
35 with a te@p@rhataﬁ eskeat g obrsydtlaw, \/\mwr@llllomtmlees pbabe wswgpploi ed

di ssi pated Vigarfig baifele- ser%de&ttred%et ey eapel 8t Weg dih i L0 on of
.the screw in the desired way he tenperature can be controlled by means.

- 2 of a he¥iGhank3es F‘Pqtﬁqyeﬁsﬁe‘% ¥ aPlr &h6y WE:?F?%Gﬁnotfurtnle

control | ed byxtranmtef wWnoym hgaﬂ:bHQJeCQMddlg:eﬁqul@f@nto Genmydaidafey of
el ectri Cfé heatl ngcti and air  or caoling are oftengﬁl so u
5

sed. . .
Control IThg tRE 5 TeMpEY at GFE b)‘/ax avd By I herdeoupl’&€°Fn tvt?g‘anta}rlree

~whi ch act uat esnstdomeardld emawhi cfef nekamplieni that estelre soppbypeos or
di ssi pation of ;Reflerd Or 78 PRRE O0{ehPEAPIL HgRELscA0y ald av fSper aijy e

control whichlis as well mat ched 10 to t he denands of the- rocess as
possi bl e, t h@leshds atlt € cdit ridt 8veRrutfie IPEAgLts o’rn%ﬁéaeh’r Rty

usual Iy di vi dethpraises el gaadt efommtjmeizesri indepemdent] ysepakr aldadilen zones.

15 DE-C gg 58026§:ldstal%cr| bes L oréterc% devi ce foenr rrret)snslj:toonrl ng t the fi.lling
| evel of~a venf“png op |n ? an “extrider for® prpoce35| ng £8P Cen®P Sw-Hensi ty

pol yet hyl ene flmtDEh@nmeMz;a%oaeswnbes(Iaefmattﬂ’mii ftor bedbiwngaam the

t hermopl asti g nBldaRMER YHAE) ‘é'r§f°§ét¥h'e%r‘gﬁed15't89 £ BLULAN tae Ay
venting stages which are connected in series. 25 Stehr, R and Andersen

P., in ANTECS®§21 9. WiBCR26OMPIESHEr Gt | 1A SUELXENPUMY A&_Tet 839Deyassi ng
Ext ruder vi amlalmlrll?rgesssléetSensl ng'n destéh bethedeviler compri sidigead vent ed
|:: 28: g :%gr :wc% lédesredM %Hdcogé‘ﬁ%ﬁgdm' ttcge pg)@ru-srggnvecﬁl{gg from

which the melt then emerges in the desired form.

An alternative design is what is known as the cascade
extruder. In this arrangement, the screw is divided, in
30 accordance with the abovementioned two screw sections,
into two successive single screws with separate drives.
The rotational speeds of the two screws are usually
kept in a fixed ratio.
Extruders of the type described are usually equipped
35 with a temperature-control system which allows heat to
be supplied or dissipated via the barrel, in order to
set the temperature in the region of the screw in the

desired way. The temperature can be controlled by means

IR
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"30 extruder with first and second screw sections has a neasurenent control
. circuit for maintaining a predeterm ned pressure at the end of the netering
‘section, the intention being to ensure that th a correspondi ng extruder
.zone is filled with nelt but no 35 nelLt senerges fromthe venting opening.
The pressure diagrans show hi gh pressures, around 3a bar, for the first
hal f of the t%rﬁﬁggsééFPGEe?pﬂfguﬂﬂz[ﬁ@%sﬁ?%geﬁ%ﬁhé?r@gnﬂ@FQﬂu#%crew
tip (ps) arershewint ccdiettoWbsd aby amppaientdfy kieeh 9@ eeansigeiadl smgeri odi ¢
- 3 fluctuatiqps éﬁ%theokgnge Qetme%p 15 ang 30 _bar,. ﬁpere is.no_,
suggest i on that R br eSSUPATBELE8R roh | SYSFRTERALT iHRAT T £ 2BF 1HeF
met eri ng schiongtwrtnqﬂyémﬂramé afbedi rg spardsed. f Cbhimngllink nedd there.
5 General ProBhAIR: AL bLCH R Nr | 0 AR AUNG AN B! PHIGUBILY, Of a
vented single-screw extruder and in defining the'ratio 10 of the Screw
rotational dpEEds F@LeReScadecrkEpbber FBifhatnot umnt dhilitg aties tilansport
behavi our ofsudiel § Wor safiewipeet bANSS He0 NbSRs part SoReeeesyxyidLO ensure
- that in any qperatlng state of the extruder (plastic, i output and
tenperaturef3,tthe second section can 15 transport away nore nelt than the
first secti dmo sappbwesenpelratwrse, corei toknmehges firsonad heetentmat-isatt i on
whi ch geper y se h rocess ,t.o fail (the installati, 20 s to be
stopped§?n g%%ergﬁ% c?géﬁggﬁe ggﬁtﬂﬁﬁaSe%%?é%s%ndafheﬁogﬁéﬁﬁgﬂ upqﬁbain).
To ensure tHamRdwataxte uderteah b¥eusddeoviamagtni @ bher exitmgdeanges t he
transport behayj QlvihEat YR SeGt i {Sr Ustably 8¢t iy t hat
t he second sectf%ﬁ}hasvconsiderably etter 25 transporfjbf%%%?%ﬁés han t he
first secti GiPPEPHIRRLI®VENGS critical operating states it is reliably
; pbssible to prevent nelt fromescaping fromthe venting section. This neans
‘that it.is ent case t ngt _only the | owcut venti,ng,zone,_ but also
a part %% tﬁ%igg ng?er?%g settio eaﬁfﬁﬁer i éﬁﬁi?%ﬁgtﬂegﬁgeomgpr
partial ly findreidboring .thelfilkihgcheedlonfyadiveatting apeadnaf athearsli di ng
flank of the.soneywd!light, Conseguentdy;,plastig £an acc £ | N § he
regi ons which are not perﬁénently fjlléémﬁjth ne}t. 35 ngﬁ%gﬁﬁéﬁfk i f
i rregul ari t iRELYICWL§H t he transporting of the nelt during extrusion, it
may be the case that partial quantities of the nelt remain in the extruder
for an gxcessively. | pong, ti wher e t he e .exposed tq the high
t enper a gr ezj%prc’g u7ce£g£i ]nééngéicr%%ﬁfa‘at%ﬁn%ﬁdt %gr.i NTEF 8% Padd o™ he
screw. Thi s mi@stciausensslame wfert her melitde o voies coniver t ethriget 0 wsiged - 1d ke nmass
or even, indhe Lvely ofr rebating tyseatgé\éoum%ﬁ COPAI tdPacd P40 1n

carbon-1i ke deposits. These deposits
serlies. .

25 Stehr,” R. and Andersen, P., in ANTEC ’'92, pp. 416-420:
“Controlling a Gear Pump Assisted Degassing Extruder
via Dual Pressure Sensing”, describe a device
comprising a vented single-screw extruder with
connected melt gear pump. The vented single-screw

30 extruder with first and second screw sections has a
measurement control circuit for maintaining a
predetermined pressure at the end of the metering
section, the intention being to ensure that the
corresponding extruder zone is filled with melt but no

35 melt emerges from the venting opening. The pressure
diagrams show high pressures, around 30 bar, for the
first half of the metering section (pn). The pressures
downstream of the screw tip (ps) are shown to be lower

and apparently undergo considerable pericdic



"5 are to sone extent detached again during extrusion and as a result pass

. into'the melt as undesired inmpurities. r The probl ens described occur both
‘while the extrusion process is ongoing, as a result of fluctuations in the
- 10 transport behaviour of the first screw.section, and also, in particular,
in the event of considerabl e changes in the operating point, as caused by a
~ change in thélYGEHGEIANS i1t NeNpl B2PPR RARCWARSTs lpeidly p?t bdedkedThese
l\/breover,OI tresthbbﬁ@@eMﬂﬂ%}lﬁﬁ#tlxﬂﬁlpkﬁﬁﬂdﬁ&xbéﬁﬁwhtfwulth@glth@
processed plastic is an if the two plastics are . .inc atible, it is

i nperative tﬁétrsgheh%jczfev?/%geua?sr% elreltﬁ’gan%le%%)e%lﬁéd,wm cﬁﬁgs aambo%l ex 20
process. O hevwnisiéng ppuntiitiles idduised whycht me 1l d&éeire .whi ch was previ ously
processed- will occur even a relatively long tinme after the plastic has been
changed. 25 Only the carbon-1ike deposits which were descri bed above can be
~at | east par EraPrplsPFoPAE®$ out by using standard nelt-filtration systens.
Renoval of gel-like inpurities or of other plastics with simlar processing
tenperatures_is not, possible., 30 Particularly transparent products, wth

hi gh demands?i ffd<efon PRENTI dfaldssigiemg ke cERTBE MePEalius abf e 2y

t hese inpuri ve@sed3SiGryier-addnew aeeltdetinpnéion nkeryd ingi idet ik owartae

‘const ant @ndoﬁfi It er S%rlj LS fo rats.eoonaarlatg neqec; mpur igiggs out ofX%he gel t are
Iocatedlbetmeen he veﬁied:5|ndIe-scr W ekt riute? oFSTheS calEalgcExtfuder
“and the extrtbpon @df ematchifig Tohgatttendwofy olwehavésuaf et rider tawd mel t
punp, the pressuie Retvesn .thfneasmgegot,' Acan tﬁ@cé@%ér' upp bﬁsg%a' 'y

nmeasured as a_control variable and 1S regul ate 0 a predeterm ned set '
val ue by neah8asf iheaXt PRGER S ngcrevitot afi 6hsl wpeatier dBlastasle val ue

(¢f. for exampkguthe &edradehperasudicsser tatd onseAdgUst iduis: M | aganAachen,
1995) . EEQS ﬁontrol rrangenent is useg to ;onpen ate for changes,ln t he
transport® befaf8RPTSF tHE YextPutRer , "FoF exafpl e sed byt t hESCEAPEr at ur e

in 10 the feedpgpédeison or changes in the characteristics of the plastic
(apparent density, feed behaviour). A neasure of the uniformty of the nelt
transport in the nelt punp is the pressure downstream of the punp. 15 The
ai m of conbi AFRGTHRE Sexutderc P fel X Punphe i SerBLNg nFeCEhenpr #84Ghe
fluctuationsgdawratingamnfsdecpainprbeekess ot i 150(tHAI $nakEmIam ibe .
achleveg%if hhe Ere %y%ﬁéu stream of , t he ge%{ u changgs by no nore than
20~ G &t er MPUCPUAE GHROHHEY i (i EiShr &° 701 ot HRanT OF CERE. ey Five
- effects on thedutihkor mittaytefd tumnspai) artb tdeseforehs betpeesstirader
downst eam obahN@ Py 100eL! UCLUB! QR e PLERSUT £, UPRLLAIMAY: the
. t
punp 25 are usually conpens%te or by ‘the a e-dgic?lge% ahePo
behaviour of the two sections is usually set in such a
way that the second section has considerably better
25 transport properties than the first section, so that
even 1in critical -operating states it is reliably
possible to prevent melt from escaping from the venting
section. This means that it is often the case that not
only the low-cut venting zone, but also a part of the
30 metering section which is of some length are only
partially filled, i.e. melt is located only directly
ahead of the sliding flank of the screw flight.
Consequently, plastic can accumulate in the regions
which are not permanently filled with melt.
35 Particularly if irregularities occur in the
transporting of the melt during extrusion, it may be
the case that partial quantities of the melt remain in
the extruder for an excessively long time, where they

are exposed to the high temperatures produced in



control of the rotational speed of the extruder screw. In the case of
. vented single-screw extruders or cascade extruders with an essentially only
‘partially filled second netering section, however, relatively high 30
-frequency pressure fluctuations may occur -and cannot be elim nated by

control nean pr, urg fluctuates with th equency of_the rotational
speed of theégggg\%.t a%%ﬁheg%%eyﬁgga, stuﬁ;%‘c&i s? p{:éetﬁgrg%’ovﬁb’s%rinﬁéfd
control of theupeessmee afpstheanebf thebpumpnIerard, iortd he gébelikand,
causes fluctyagtions ig,the flo t i f n_t

geonetry of the extrudate pr od\gchreeg.gve_ eggetr%\\éa#é\é’%flgjr ?ﬁ%g%(?%gggrfs

upst ream of ERBAHELPNSuNPLHEC usaabry-ilikat dgPehit sracAheseop@epositisn such

a way that, 9fethe WundadighetheqLaBLOAONEHES @ul%liinlgd-é%ﬂisp&ﬁ—‘5§\},l\g_e (this
is inperative on account of the 5 dgagn EI‘I nci pl.e of nost punps, ich use
the transporf®d®mePEYas PEBFi ¢BRP) ERGhINEA oA St HBIEERER OhARB UK LkdbESrum

pressure, which results fromthe pernissible |ocking forces at the flange

- between extr r nelt pu . rust not b ceeded. Obj ect and _

sol ution Theryggoip a(r%)cleemo ?%%‘EF%‘?% solcﬁutrhzo‘%é?twﬁﬁﬁe%g‘rﬁ ng* FhEF&88i ngl y

inportant inpthecest igsiayungendd iai shedlL5ofr dducttsiatsuwels asn shrets or
film made f¢ouMLPBLADRLARY LouPaldd Cphar | s iben isidg LLansparent gt
hi g S mp h

transl ucent thernoplastics, since enman are often Irnposéd w
regard to a peFPectiBptPREFLIGUARFtY bR tHee exgvemed eEni ¢oms shedabieduct s.

| mpurities nelyand@@sfamn extapbgereihgt E@d%ed ¥ tba b HEQ9LaNY esphfigthe form
of dirt part:iLcIeghor rralyj f%rmduri.ng t he prqcessing qf the nelt. I_? i's
known to sepafat & Sut C§GERY nPdri tifes B PSS HC ZQ’iH’d?/%stJr%aan%Pg
fillters. Howewveeesgedis very difficult to separate out gel-like inpurities
or inpuRisties produced by other plastics. |If excessive anounts of
inpurities are present in the end product, the quality of the latter is

of ten adver Sé&Pye@yeEct ddicorPraPlelrfes hehigh ihfatkeghace. desatriidkddarhgann t he

‘case of {ranspapninéhl Ehe greBesbbahbidatect 4 cathdad| ae uhl chygan
easily be se and are unaccegt abl e the quality demands are hi Root s

f undanent al 15§ ¥ he! CasétShat °f m?gt’bgk?er s far P Hdsi etﬂ‘é‘tavgbﬂ t he
inpurities, B5rewt ey thamahalkedg 4rod r erewecthenmviaicha liat es séaggeledhe

inventieg is,hasedson dhg Qhsar vat | - [ case vent ed. .
si ngl e-scr evsvp extru%lers or cazsgddeaggprrggg%g, %ae%%%?tg%%’v\h?&ﬁ oﬁagls%%fe from
the melt areé'Pich wapt cRTPYLAESHH t RECFPEAEIsCiéWlt UIaRSYm tdreem egion of

the first hatdlafivdeynmetenyng tSali MEter the plastic has been
changed.

25 Only the carbon-like deposits which were described
above can be at least partially separated out by using
standard melt-filtration systems. Removal of gel-like
impurities or of other plastics with similar processing
temperatures is not possible. |

30
Particularly transparent products, with high demands
imposed on the visual properties, can be made unusable
by these impurities.

35 Generally, a melt pump for keeping the flow rate
constant and filter units for separating impurities out
of the melt are located between the vented single-screw

extruder or the cascade extruder and the extrusion die.



"It is assuned that, while the extruder is operating, 5 operating states in
- which parts of the screw which are not permanently filled with nelt cone

‘into contact with melt may constantly occur. In these areas, the nelt is no

.longer transported or is only transported_poorly. It can stop noving, soO

that it is exposed to the high 10 te ratures for |longer than would be the
case in the ﬁgaﬁ‘ag?b &éﬂ@raﬁ‘g{b %?%?%@gh%XHEB§§Ft @E}dnﬂlget%trréﬁf'l%anﬁgei nto
the gel statprebschehdetakeeadhdeait dekaribins aboveher mdlft thenp eskdence
time is even_longer, converted.into _car.bon-1ike, deposits 5,f an
oper ati ng st%?gaggymﬁg%%ugggggrs gegtcﬁn(gﬁs?tlofvatrﬁ@%rslcer e%darjegmﬁ?‘t"éﬁaéf?h mel t
t hen occurs agaen,prdretyainined osetavbdnel ike neposi 0§ dte a¢xteader

partiall'y enttaiped and ealel thedy Oggctaﬁ%ée%é L83, 20 (Lhe Pegti al

filling of the screwin the region of the on can be detected

by checki ng ha"BtessiPe pKenitRe oFErrafe s t@tiame. Mugyptéans

pressure proféteayp hBeneagi anosh .t e iREIRNitId 1S Gy Vel st H§egoUr se
of time with a partially filled screwi,s illustrated in Fig. la. The figure
shows & sawt B0t ROPEREEPSR WPED CHRREES &P &1CorePRREOTH HoRAT HPESsefe. The
m ni mum pr esshie eegbrueepond> 1t oetdng Jpr esswsed | byt hdeverdmpwrazioes ine. 1S
usual Iy ;bel o t heri ¢. 30 pressure of 1 bar, The reqular. rise in_.the
pressurel%i S %%%sref%%@y %%%tln%r?tolgnc Font of 1t h{éh%I i %&@Fé\ﬁ%ﬁcﬁkognd the -
screw flightthehbtashbee (ppperbohedehsihe, pfesdubehsemnoor) .After the screw

flight, the pressure falls back to the mninumlevel. Accordingly, the 35

pressure changes with the product of screw rotational speed and nunber of
screw turns.® meagure (of g thgydinfeh ity hefarfhénjBett oft rEmE AR TS e ik
i hvention tothedmea torpunp possithee predishral tagat fieredheogienasd t sumpi. ch have

been desgri . 5.The object.is achjeved by a nethod f controlli t he

M ni numﬁ%evgfrq%f “the Opt?eéé%ﬂ %amrlﬁgtE °f sFrt)Glﬁiglrf ad}d)tlﬂ%f{repélmpnglsseg ion, as

seen in the ltimhspohe direstimn, flucuakeinesd dowgsteedd sdr evhexpuuder or a

cascade extrygder; L inghejbsanspord ofi @ E@bt%”é%rh'l%%ﬁis“i% EH?. vented
a i

si ngl escrew extruder or the cascade extruder 1n each case having a first
screw secti oONF¢a8YI e UPSHECRT Qhethaopeas mavey i FRARIRE I BY (2)Makd a
measur ement €loahr ol+2b%.. ciGedatet M flvkitelatidelsudesn a pheSSUsLe8BasHIi Ng
sensor in fir | f of the nmetering, section, a controller (R) and
an act ugt%%)r T%‘%pf%?mi ‘Sr#l Bter?cipnugm ﬂéa‘fﬁ e%é%?gtlsnophg%ﬁet%}'li YeeYi 8h, 2a
characteri zedramsphat ehd prhessmficerd stheasueesuby deanstokarheof the -

pressure- nea@%' ng sensor (M and is set by nmeans of the.controller (R and
t he actuator (SIIS) in such a way

The fluctuations in the pressure upstream of the pump

25 are usually compensated for by the above-described
control of the rotational speed of the extruder screw.
In the case of vented single-screw extruders or cascade
extruders with an essentially only partially filled
second metering section, however, relatively high-

30 frequency pressure fluctuations may occur and cannot be
eliminated by control means. The pressure fluctuates
with the frequency of the rotational speed of the
screw. On the one hand, this disrupts the above-
described control of the pressure upstream of the pump

35 and, on the other hand, causes fluctuations in the flow
rate, which may have effects on the geometry of the
extrudate produced.



"25 that the minimumlevel at the l|ocation of the nmeasurenent is between 0.1
.and 10 bar. ¢ The invention is explained by the follow ng figures: 30 Fig.

'l a: Diagrammatic illustration of the pressure profile over time (t) in the
-region of the front half of the nmeteri-ng section, without control 35 Fig. 1

. Di i & i j re profile_over_the course of
e (0) 10 TR 16g ofOr S HET r O AT r 4 haBREEBA G- S ecrion o £
control in aeetedanceswaihyt hepuhveyt tbe machdneFiqpe2etoiDiagrancmt &C
ilTustration,of ERLLPOSAI Phe gﬂrél ?Bn‘&f the :Eré%%gtﬁfq&f‘a%s a, vient

n
singl e-screw extruder 5 Listof refer et‘lce syn essure- rr%agur‘il%g_ :
sensor (S). it RFIFTSERal fLhfs t HS mdmpera§ivect Pon2aneasukeneht whelifier

for filteri rtgeﬁ@nt h@k@ﬁ‘idﬂﬁnéﬂl | p@gisgfooeg?;& I ahp9l | terwrl(iPc'Iﬁl sglrsgf t%}ée
val ue)5. Controller (Pl .controlle . Contr e ,ﬁac ual valu

screw ot at i o%’é?n%%%’éﬁ?‘k@?gtF‘ﬁdé?“bﬁﬁFBPt?dr ?’”E?é £0 B tfuerther hand

t ransm ssi ord 1m&g i umb grres s1idelyhtveri h@@p)l?tté.3fEbmsttlh<iscr;ﬁél&tr§_i79§%(l@De .
(introducti 2 nting,zonglh. Feed zonel6. t punp! trusion

di e18. P5: p%%‘éﬁ%a ngégﬁglgntﬁts%#seorgaao%%??%é e%?2§fl\</ﬁéuf?§|rt Rt Ba: _

Pr essur e- mned3Urp ngneehsoet upst exagedédt henel t punp20. P3: Pressure-neasuring
sensor ypstream of theflow restrictor/downstream of the screw3021. P2:
Pressure-neaguring sensor_in the neteringsection22. Second screw section
(netering séRIYHY MG, sobutisenp qgranmatic illustration of a possible
design of the invention for a vented single-screw extruder with an

S0 o TSI 0 ShSH L B SRR YA O
| pr essur e- nedswriers Sepbyr impertdnt (18) threagtresdoh afplddniefi{P2dednd t he
Contr0|h§r5]iﬂbd&¥@s; such as sheets or films made from
thermoplastic, particularly when using transparent or
translucent thermoplastics, since high demands are
often imposed with regard to a perfect optical quality
of the extruded semifinished products. Impurities may,
20 for example, be introduced with the granules in the
form of dirt particles or may form during the

processing of the melt.

It is known to separate out such impurities by means of
25 dowﬁstream melt filters. However, it is very difficult
to separate out gel-like impurities or impurities
ro produced by other plastics. If excessive amounts of
impurities are present in the end product, the quality
of the latter is often adversely affected or altogether
30 inadequate. Particularly in the case of transparent
films, even slight defects lead to flaws which can
easily be séen and are unacceptable if the quality
demands are high. It is fundamentally the case that it
is better as far as possible to avoid the impurities,

35 rather than having to remove them at a later stage.

The invention is based on the observation that, in the
case of vented single-screw extruders or cascade

extruders, deposits which originate from the melt are



Real i zation of the invention 5 The invention relates to nethods for
. controlling the minimumIlevel of the pressure in the first half of the
‘nmetering section, as seen in the transport direction, in a vented

-singl e-screw extruder or a cascade ext+uder 10 during the transport of a

mol ten t her ngplast iﬁun@%ﬁe?fq@d £3ng! es'csrcervﬁy\‘c@f(x%%ggﬁr He t%\?e%ggﬁg%ge( 19),

extruder in each case has a TiIrst screw section a ven

a second scrEWrséétEdnhedfr e§pbhei mgtesinge sestdrinng section (22), and a
measurenent control 15 circuit (M, which includes a pressure-neasuring
sensor (P) iﬂ the first half, preferably in the first third, particularly
preferably ihttHe fAFEPTGHart&t rof Whhée ndthsr | YL EREEF oY 20Peratédmyr ol | er
(R) and @nhaopeahblin@S)stfaﬁlresi rifrl gﬁ’g&i:mgpéhﬁs]PBEEEEWee ddrdhewRBERT bRg 20
section. The e i asur .eans t he pressure-neasuring sensor
(1) and is s%gEb§§§@§H§%8?§t%é1§88t¥&ﬂiamﬁﬁ% %ﬂﬂft*ﬂ?%ﬂ?%%f%?t(gitgn such
a way that thelm mayumdneteintdty tdmcumocalinonhebet heeamas wanemél t S iket ween
0.1 and 10 bag. it - j sho in_Fig. 1la
£ 1 o obtai ned CRAt i th sharrer S sy g AT SRty hat
shown in Fi g¢@Mb §CRHLFAVABE, 3P Vémedd & nglse- sepewedxttadéheor higscade

‘extruden oThet aRbBedtaeesr ¢iorg tshddie tRYENLILAN d %éutﬁébbgsfeoriﬁ’?%%d
S|ngle-screm1extrud8rs or what are known as cascade extruders, since the

pr obl em whi ch*#R9859p8P8EaL bRFedtateur £ ien IRITILRG @l t Maenebange
si ngl e-screwiekor uder basd assctewwnlliohh hasdrdeadly BelBt oleaB8dipag an

i ntroduction i.th.g first ecfi (15 a tering sectjon (22)
and a venti n%g(ggﬁe%iQ)l%arer}%ngredéc{cﬁég]ri e{:\i/\r/g(gn.gsT geﬁe'ggjﬂ%gf'se[ﬁ?Yohe(ZZ)

| begi ns di rectPyverbpdetntrecoebendloket Hepsbhgbe- screw extruder if 5
granulegs - 11 :nting zone (14) and extends as far as the screw or to the
screw tip. Tﬁf vent ed extruder can al so be operated as a nelt it is fed
i nSte

with nmelt 48 GPERT PNt cafe BRI UdER T ¥h BECLdgRPd&Sf atha
speci al or asteewmabiree watsiegn wiftH hee Ment Reén sboghessagawngXttnglege1 The two

screw sectio re.divyi i_ntg t successive 10 .single screws, wWth
separate drigggé %he %ggggfogggesgggagsﬁgstrﬂf?\M8t5c$ga§taﬂ§a%€h%1i¥ kept
in a fixed rethraonedi pndbertenythe sproducbnasolhedrsepasately. The .

nmet eri ngosection (22) in the cascade extruder t corresponds to the length

of its seconﬂqscreM/or the 15 second screw section
e partial rilling of the screw in the region of the

metering section can be detected by checking the
pressure profile over the course of time. A typical
pressure profile in the region of the metering section

25 over the course of time with a partially filled screw
is illustrated in Fig. la. The figure shows a sawtooth

} ' function with phases of a constant, minimum pressure.
The minimum pressure corresponds to the pressure in the
venting zone, i.e. is usually below atmospheric

30 pressure of 1 bar. The regular rise in the pressure is
caused by the melt in front of the sliding screw flank

and the screw flight, which move past beneath the
pressure sensor. After the screw flight, the pressure
falls back to the minimum level. Accordingly, the

35 pressure changes with the product of screw rotational

speed and number of screw turns.



The neasurenent control circuit (M The pressure-neasuring sensor is part

. of a measurenment 20 control circuit (M, which includes a pressureneasuring
"sensor (P) inthe first half of the netering section, a controller (R and
-an actuator (S) for influencing the presgure in the nmetering section. It is
preferable f there to be a neasurenent anplifjer (2 25 which filters
out the nini %utm Ileﬁlelcod}sjtci\eerergests%r edncf”brcﬂ}?bee%ttl‘ﬁ% Vil®ie BB®SeBAL r ol
pur poses. Thelrsmreviahitve (Sjuomyopr éfepabkybhe eguipped tdddtiae ¥ okREi on
sensor, whichyd acat ad. jve itself, 30 or on a shaft which runs
synchr onousl &é\ﬁs%%quﬁe%%e}?ggen%%%% ?%?%’f’r%%gm gnal is taken into account
in the controlling of the mninmum|evel of the pressure. In this way, the
pressur e- gi nigRam sy -pnal f@na@,@ié@é)cpe%ig a nore sinple manner in terns of
the control technology 35 invol ved. e pressure i s neasured by neans of

" the pressureneasuring sensor (P) and, at the | ocation of neasurenent, is

set via the measisemendr CoOabhGkoClieYi t the IrinidMmby18%a0s off theye
i h awy that It is

actuating nmeans (S) for_ipfluencing.the pressure in suc

bet ween 0. 1 é)ﬁrc?s(lsal)lbearl? 1géetglf6tx %ﬁc@?,mBFEFéPSblsfoﬁé%erﬁ*@. 2 and
1 bar (in eacteegmsénabss utejnspopteskirertiippgr 5nl iani ventel hamdgmpy- be
appropriahe, S t Ly en It fro scapi fromthe venti _
openi ng g@s) asﬁﬂerls%u t %fé%g%%[prge}gsﬁe. %ys%age en%xggu??\lé mEPELPYy SR on,
“the pressure bhaeEPod (of thenehnge themmeplast250, theneraltley 2ingl&O bar.

The pressure ddrdhecRet-aaRy SECLHRN dQuRshLealy rew tip ds al ways
hi gher than the ,pregsu e inthe first half of thtgur%%}grli%g %\éé%:jt]i oénafseiLS

Accordi ng t o ¥ ihvEntiTht IHECRonerblPRd (bPessar ¥ensiaonapsiegrdatler t han
(t He pressurea nmetenient i g et on2@d laemer at haratshe dafe@sS U@ mirdhe end
of the eri I QA T value_for the pressure.is ideally set
in s’uchnggwafl%ﬁzlﬁctltt dstz\géjt%yflflﬁé%%l %él ?hgrgﬁgérgﬁ%aﬁéfrﬁé’lgt sé'@'bﬁéi%s from
the venting dpeni Ag. Lkhej sfiketef badfsubst arhe alnet edeipendesstctaron he a

di stance of tda@tHRIKY e(BensRy RO tidg Ni; t screw
25 geonetry inthis re i(on)‘.3 Act uat,o?czt%)%t\ge}cnwgg} o} ggx%ﬂgﬁg?gfgggd&%vee (9)

for control | PF§SSHEFSRGT dthet MGTRT et YFiame screw, an adjustable flow
restrictor or a restrictable bypass can be used as actuator (S) for

i nfluencifhg the Qr rein the nmetering section. It has al so been found
that, in the casecgcfsesr;iezl%a ively large extruders with a screw 35 di aneter of
> 95 mMm the pressure in the first half of the netering section can be

influenced bynneanstof thhe ﬁg@gghrgenpgrqgéug@ugéht he, r e@i Q) of 4 he et ering
section, in particular in the second half of the met'ering section. hI n the
case of the %5?55&1&‘36%&9@1?&’&1,“9 sensor (M) and is set Dy means of

the controller (R) and the actuator (S) in such a way
25 that the minimum level at the location of the

measurement is between 0.1 and 10 bar.

The invention is explained by the following figures:

30 Fig. 1 a:
Diagrammatic illustration of the pressure profile over
time (t) in the region of the front half of the

metering section, without control

35 Fig. 1 b:
Diagrammatic illustration of the pressure profile over
the course of time (t) in the region of the front half

of the metering section with control in accordance with
the invention



the drive for controllii the screw which lies direction or the ratio of the
two'screws with 5 used as actuator (S). - 13 ig the screw rotational speed
"of downstreamin the transport of the screw rotational speeds respect to
-one another. can be A restrictable bypass woul d preferably be provided

bet ween the second half, or the final third, in particular the final
quarter of the netering section 10 and in the region of the
pressur e- neagddi-ngasensor (P) in the first half, preferably in the first

third, partigyl _ f eraby V.. he fifps uarter. of the.neterin
section. 15 E:i(;g%a i%faﬁ%&%%%%%e#c rslgasaé\%%ggeagsérlginné’ﬁ ﬁlene

i nvention w £RVESEBNECT ¢ YR teachrisl g Jof - sc newntexk sidegt e- screw ext ruder .
The ventexl single-screw extruder has a first screw section (13), a venting
zone (14), a neteri,ng section (22). The material hopper (12) for 20 feeding
in plastic granul &1—533.,95' £ 499eRGs AYWPO e neasurement control circuit (M
= ML) has, as predsur erfaasssumg eNSHind) sehRQ Pr eg$ur £y Masr idlg.sensor
(1), a neasurenent arrplhiafli rof( )h as tcontroller - (R) the controllers (4),
(5) and (7) and, as act Uator (%),e {35 iSRETtbr (9) . Addi ti onal

measur enent contr@él- ci MegisturivineTite embddiirent Sshowfiilnekigg 2obt ithenhi ch
there isg@ 30 second I circuit (M), conprising a
pressur e- neasuri nﬂ semﬁqﬁg%&\ﬁ%ﬁ#ﬁ(ﬁs | ocat ed downstream of the screw
tip in the neterifg sefOndFoltise nfasurehmemlaeplifier (23), the
controllers (24) and (Chnardlar raqitatQmdD11d,S particularly preferred. 35
The pressure whi cl:} IS ?ea ur ;{ gy t he Eressuremeasuriqrg sensor (19) is set
bﬁg nmeans of the cdritrof & r(f} ednd tAECHEtuat BFLE9) iGf sudhea wagremat t he
{ maxi mum | evel of the presstrienatl tspheedycati on of the neasurement is
limted.;sThis hasgthe %g(\éq,@td%gemtotggtr (dlri_ve 9 pressure peaks which inpose
a load on the material can be avoided in particular in the start-up phase.
Preferred enbodi nefts Extruder transmission

11. Screw barrel

12. Material hopper

13. First screw section (introduction zone)
20 14. Venting zone
15. Feed zone

1l6. Melt pump

17. Extrusion die
18. Ps: Pressure-measuring sensor downstream of
25 the melt pump
‘ 19. Py: PresSure—measuring sensor upstream of the
() melt pump
20. P3: Pressure-measuring sensor upstream of the
flow restrictor/downstream of the screw
30 2l1. P;: Pressure-measuring sensor in the metéring
section
22. Second screw section (metering section)
Fig. 2b:

35 Diagrammatic illustration of a possible design of the
invention for a vented single-screw extruder with an
additional measurement control circuit (M2) . Reference
symbols as in Fig. 2a. The second measurement control

Cilrcuit (M2) comprises the pressure-measuring sensor



In the case of a vented single-screw extruder with a nelt gear punp (16),

- which is located downstream of the screw tip or downstream of the metering
"section (22), the minimumlevel of the pressure can be controlled in 10 the
-first half of the netering section as-alfesult of the rotational speed of
the drive mot@r)(9) nbeLAGehBRE CAFHA A -thespressyreds £8achow: L the
case of a vented single-screw extruder wth an 15 adj ustable ftl ow
restrictor, wWHircH%)s | ocated downstream of the screw ti p or downstream of
the netering section (22), as seen in the transport direction, the mninmm

'evel of the_pressure can controlled in the first half of the netering
section (22) R%? AZALERR © %(hﬁe YB3 W™ estrictor being cl osed when the

pressure s too low. In the case of a vented single-screw extruder with a

restrictable pa i i op te .returns 2 lt. fromthe
space downst Fi%m %?V%%f?rnet é%l%g%ssecﬁgo?ﬁe( ds | .%é.r oov\r%s%ﬁejalrﬁl%f e screw
tip, to the Filpdmum |leyflf of the mreeesbng docttben {2t héakf mbfi i | evel

of the pressuiecgambesconidn) | gd igedheihi i hatdnQiotheqmetering section
as a result of the bypass being opened 30 when the pressure is too low. In
the case of &™vEnt'EI EhRIEEE W SU rerdefusHt R 3eparasery&sHLAsH abl e
barrel tehpedatihg i héhe maigidng $ECt hOMoldwn MuhiePp 1awdli Of tThe

pressure canv35tb(§ caontral led in tr]%f({rst half of the neteri na section as
a result of tREBEr PP A EMFEF S U THHe Het BT nGP S6R4F 0R¥bERAGTI A&r eased

when the pressghe ¢&s¢ obalsowa first5 stnevheerasierof (a5rascadeeaxtngder,
the m ni mum Leyel @afgyt he, ps e b rol ' Cfir hal f of
284l @fa)LNe, PLESSHE CsERRP g?%gton d é%ér{;cglrg% g H8

the netering section (2 as a resu rotation e € drive
(mbtor for thBe$EFeRIpari®ithiathe 629kt er BRE sect iR DetemeRieducedtwién t he

pr ezsurglfi %sfbmclu@w (Ther lmilﬂ’lmc&ﬁtliirﬁfaltﬂ&éé"h@ ﬁf@@éﬁﬁéﬂrﬂeé{\@ﬂﬁﬁbnéhgehgg@m! on
is based a s.practically,all thernoplastics whi are, processed using
vented singl Z-%écrlenwtgr))( r &Ié%g ilralctjgts H%%‘ae&?kf’]gﬁeﬁg%’bﬁe fodtpard,
particul arl ypsuittigblerflgr phefeppbagtiios sheh fAsrst quarter of the

acrylonitril g: Lene-styre 5 I hyl.en er epht.hal at es,
pol ybut yl e.neﬁfggtégﬂ'?hg%é?é??‘ gglzédm'(dg\@ntplgﬁy%’%r gé])es?en%o?ﬁn%f:ggﬁ%or
met hacr yl at edS) polfp&ar Boddtencingactharodife sl ol yhet hvhe renhaeryhgt e or

ot her mag urescthbandsthef H¥osOhr&Orest hrdmplast iss. nidawavels t hgeprobl em
of 20 inpurities _caus osits is parti cu%/ar,l y rel evant to transparent

ed by _de
pl asti cs, suEr‘%eSE“ﬁSrg}‘SSPéSﬁa e VIR yiet hattY | afe Gt pBYymRaNy| of

met hacryl at etpkastandgoller (R) and the actuator (S) in such a way
that the minimum level at the location of the
measurement is between 0.1 and 10 bar.
25
Without control, a pressure diagram as shown in Fig. la
{3 is obtained, but with control a pressure diagram

corresponding to that shown in Fig. 1b is obtained.
30 Vented single-screw extruder or cascade extruder

The method according to the invention is suitable for
vented single-screw extruders or what are known as
cascade extruders, since the problem which is to be
35 solved occurs in both systems. A vented single-screw
extruder has a screw which is driven by a motor and has
an introduction zone with a first screw section (15), a
metering section (22) and a venting zone (14) arranged

therebetween. The metering section (22) begins directly



Devi ce 25 The invention also relates to a device which is a vented
..singl'e-screw extruder or a cascade extruder and is equipped with a
“measurenment control circuit (M for carrying.out the method according to

the invention. 30 Advantageous effects Idf the invention The pressure

.control arraggeaenthaCoRIndiiRg tAdd1e 14y eqhlioRx2R%e S d h%r]t ?gl LW L urns

inthe first 35 half of the meteri nqisectl on are conplete W th
nelt even dufPfg Unhf &PGur BBFEWopR¥ athhg teat 8STeThi BlR ondiiifer F§PFededuces

.or el ininat esih§Be 0§EHEW CR&R rafickN e athOYEsHe Y | bREraFREN idd 8. mBhe filter
units can be of Igss expensi ve dezi gn. Tg}? extrusion rate can be_, 16

i ncreased. FPFEER %ﬁarﬂg‘g ikt erFal $SBan¥h Iéﬁ%‘){"heri‘ékﬁteﬁ% Sod§ed igual ity

i s i nproved. gfémeupeoduct output is increased. Manufacturing defects are
reduced accordingly. 5 Further advantages energe when the noul di ng conpound

which is being extruded is changed, particularly in the event of a change
bet ween noul Thag cesepdendsxtofudird f eamnbec ofegagied namhiachspéeiabubdi ng

conmpound whi VRS, £X S LESt I c
di rsnghar ged wg?ﬁé{t)%e ne€v %ﬁ?%?rpgecglr}pggg%at\%ﬁi %ﬁﬂg&s@t—%c gwe%twregg&eig,ui .e. as
it were has TBebEWRaSREGWoHEC LiLRNEh@YfetHot RE IR MgEVYE SHECERA®EME on or

using the deyig@laccasebng hoidihe dapsniteon ari@sdueshal thealdopmyl di ng
conmpound whi ch s extryded | ast can be di scharged re qui ckly by the new
moul di ng conPBTERY® ofita nEWRf SEREVEmAESY 513 YnEEBF tife & creke9The
invention al selaelahslsipp dueormegpaeidiagbdevddre: il Méd hsebaehtehe . met hod
according t e ] tion can .be caryJ.ed.out..The device faor trgnsporting
the nmelt of OTaﬁ%lhergn%%]ﬁﬁ i S Theret o?(eﬁaonﬁrni sé%lea VERtEH s ﬁ§F§P§8FeW
(extruder or @ormesperdexteuddre hhenagh aofi rigts sseeendesicrew (d5) theent i ng

zone (14), nNBLESAAOsSESH Sk PZ, 25 a pressure-neasuring sensor (1) in the
first half of the netering section, which is part of a nmeasurenent control

circuit, and the nmeans (16) for influencing the pressure in the netering
section. 30 Exé\\Redsurément séontotal eciouidsp@di ng to that shown in Fig. 2a
was produced: A vented single-screw extruder, manufactured by Stork, 35 D =
35mMm L =32 D, with a nelt gear punp (16) produced by Maag Punp Systens
Extrex Ex 28Themprgsedrefheasensngesensoronsr awdi refiia (epsumetaded, as

pressur egreasyhi A8l SeBIQEbubd) . @)DVE PRESEUT g n3ensiR Produgedsby Goeul 3,
(0-200 bar), a nmeasurenent anplifier ,
measuring sensor (P) in the first half of the metering
section, a controller (R) and an actuator (S) for
influencing the pressure in the metering section. It is
preferable for there to be a measurement amplifier (2)
25 which filters out the minimum level of the pressure and

provides this value for control purposes.

The screw drive (9) may preferably be equipped with a

rotation sensor, which is located on the drive itself
30 or on a shaft which runs synchronously with the drive,

and the rotation signal is taken into account in the

controlling of the minimum level of the pressure. In

this way, the pressure-minimum signal can be tapped in

a more simple manner in terms of the control technology
35 involved.

The pressure is measured by means of the pressure-
measuring sensor (P) and, at the 1location of

measurement, is set wvia the measurement control circuit



- 17 for filtering out the m ninum pressure |levels and a controller which
controls the rotational speed of the extruder drive notor as actuator.
"Puring the extrusion operation using polynmethyl nethacrylate as thernp s
-plastic, the pressure in the first halfieof_the metering section was kept

bet ween 0.5 §?d 6 bar. In % in.the event of an atteqﬁt t o, change
col our from tr%%sﬁﬁ?ﬁntoﬁnﬁ &|ﬁ§t€8ﬁ&8@n5@9§§anfﬁ0 REIRAI di ng
conmpound, thehérpanssbuar uas $Wmhten@dybyjﬁpprnM|ﬂatebywbéhf((lean@pprox

5 mn inste 0 n) . conpare o0 mnth t he, pressure
control accordﬂ% 2 égphet§n€§n%|gn a?gﬁégiita% e néterﬁ%ﬁ’s% i on.
WG 02/ 09661%nd 18 baIICT/ EPOZ&MIQ@BIBATENTS@LN% 1A I\/ptfhaduter wopeer ol | i ng

the mnigumjgyel ok theaR' ssHrSe i Bpbbpli ket halifcef diy &Ps

section, as 5 seen in the transport dlrectlon in a vente S|n escrew
extruder or BetastheR BREARABE dUPMNEhend stdmgpOREdM % afola eTﬁESUlt

t her nopl astigs 5§@kv§ﬁé§gu§énglescrem/extruder or the cascade extruder in
each case having a first screw section (15), a venting zone (14), 10 a
metering section (22) and a measurenent control circuit (M, which includes
a pressure-neasuhengnsergortfd)meétetbegf sestibal f tofe thesmiws ingssection,

a controll er, n C or. f i nfl ue t ressure. |n t he
b rﬁR)ch%% eak% 1d o 959 e‘%'} b bg Rressyng

met eri ng section, ~1 rac erlzed in at t ure’is neasured by
means of thellps eBsapeueasay it mww@)saﬁulps ,d@twnbycrw@ansafoftm@ t he

control ler (Rrapdttike @gt Laattw%rys(smgﬂew%éh W@Met eéét?rén' R b evel  at
t he | ocati on_of tg?ﬁf? renent” i s béetween 0. bar. 2. Mt hod

according to &3} cﬁgrﬁﬁ?eW?E%HlPﬂ FﬁSFanZS the measur enent contr ol
{circuit (M includes a neasurenent anplifier (2) which filters out the

m ni nu ev of . the pressyre and rOV|de this al for control purposes.
30 3. WI\/EIP %%%oc%éldn%gkg Scé allnq‘ie ort , C %r ac g\rél‘r?gg nptrheast 1‘1trhejg rew
drive (9) isalkwayppedeareh ahpot dheopresssae, nMﬂuﬂﬁlvedtmng(ﬁhQNHQMe drive

itself or onygysPafit-Wehel ryRs M&CJUL%WO%' Y LRqt RE drjedereddipiggtation

signal being taken into account th
section.

20 The set value for the pressure is ideally set in such ‘a
way that it just still remains the case that no melt
escapes from the venting opening. It 1is therefore
substantially dependent on the distance of the pressure
sensor from the venting opening and on the screw

25 geometry in this region.
[ Actuator (S)

By way of example, the drive (9) for controlling the
30 rotational speed of the screw, an adjustable flow
restrictor or a restrictable bypass can be used as
actuator (S) for influencing the pressure in the
metering section. It has also been found that, in the
case of relatively large extruders with a screw
35 diameter of > 45 mm, the pressure in the first half of
the metering section can be influenced by means of the
barrel temperature in the region of the metering
section, in particular in the second half of the

metering section. In the case of the cascade extruder,



‘| evel of]é FRressure bei n contro% n.the fi
S

"35 controlling of the mininumlevel of the pressure in the first half of

. the netering section (22). - 19 4. Method according to one or nore of
"Clains 1 to 3, characterized in that there is a second neasurenent control
-circuit (M), conprising a pressure-neasyring sensor (19) which is | ocated

downstream of the screw 5 tip of the neteri ng section a contraller
(7) and an aEf‘ﬁal‘j&r‘W@) Oraermcttfé’lﬂrlé%uﬁ'}ée@ ﬁ%‘ésﬁ?%ﬁth%aﬁEeSﬁ fhe
pressur e- neashei n@d@msorwk(ﬂc&) anice s S @@bnb&réraansmf the celﬂtahebloerc (7)

and the actuat.or in su t ha e maxi num | t he pressure
is 10 limte 1§Fc IJfémI ocat fgﬁ 5\12'% as%# e}ﬁ’gﬁt sqsre"ﬁvelf?l%%ltla%%%}’ PRGEES one or
nore of C ai wg Lthe 4dyochanzetserwizel respleatt tthe exer wderthex acaenibed

si ngl escrew ru t It gear punp (16), which is 15 | ocated
downstrea% o?é{eﬁeggl S\gﬁa%cg)rggr?e (22), the mininumlevel of the pressure
being controlled in the first half of the nmetering section (22) as a result

of the rotat ponakssReed 0 et h@ggrals\se wehak (%)reffelrla%uyn%eas dovherdt he
pressure is

| ow. 20 6. codln t o one aine 1to
4, charact er%’?é&’eeﬁ‘ tﬁ'g‘t t 158 G8RG ug'e?' {'s Y ent’E s?h@ggsctpéﬁgext rider
w th an adj U@halnlleufllamm tlest rfiictadr , qubrtbrl o i ocatednatonnisia earmicafi onhe

meteri nglosectl an .25 é thg m? m | erveessoget he  pressure, ngn )
controlled in thenfl r's E\d he retfers nNg sec Ton ]i as Fesul t of
the flow restni ctbe bémgtclmbﬁ, where féealpl essin e tihe tcforlsd,tw tBard, Met hod
accordi ng to ne Ckalgp1d t , aracterized {

ext ruder ver%'?e %gcrewggx%ru%er tv}\,}(‘e?h a rest%‘?cf a(gf hﬁé pygg whi ch,

in the open @ﬁ&leélntgets@rc §°r1?elt fromthe space downstream of the netering
section (22) to the first half of the 35 netering section (22), the mn| mum
1 g 3 %tvhalfaof trge meterin
section F49 a2 4% st 1907 PR 6 Sgllﬁé opaen T Wren? tHeT BrBEs e |s
too | ow. . -tze i8.veitifved weddork fryenceneo othevesanpl €l afme Yend el
characteri zed ;lg160aL 1he SXLINASS. I8 & Yented Singhescrew,exliydele W th

separate control” of the tenperature of th barrel in the region of the

net eri ng sect®én,@ SR P RFPINFREV &P Of(1tHe t 41 E1De? AR codAtr ol I%ed in

the first hahktefrinke %&eibﬁg (szazc)tl OMHe22haderd alleskbppof t{ie )t emparature

of (Lhe B eleeR8iNg | ner easad i fhenreaLon o7 g B RLLOD SEFTT pIhen
measurement control circuit (M = M1) has, as pressure-

measuring sensor (P), the pressure-measuring sensor
(1), a measurement amplifier (2), as controller {(R) the
controllers (4), (5) and (7) and, as actuator (S), the

25 drive motor (9).
Additional measurement control circuit M2

The embodiment shown in Fig. 2 b, in which there is a
30 second measurement control circuit (M2), comprising a
pressure-measuring sensor (19), which is located
downstream of the screw tip in the metering section,
the measurement amplifier (23), the controllers (24)
and (7) and an actuator (9), is particularly preferred.
35 The pressure which is measured by the pressure-
measuring sensor (19) is set by means of the controller
(7) and the actuator (9) in such a way that the maximum
level of the pressure at the location of the

measurement 1is limited. This has the advantage that
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fM 109 ()-2n the case of a vented single-screw extruder with a

restrictable bypass which, in the open state, returns
25 melt from the space downstream of the metering section
(22), 1.e. downstream of the screw tip, to the first
half of the metering section (22), the minimum level of
the pressure can be controlled in the first half of the
metering section as a result of the bypass being opened

30 when the pressure is too low.

In the case of a vented single-screw extruder with a
separately controllable barrel temperature in the
metering section, the minimum level of the pressure can
35 be controlled in the first half of the metering section
as a result of the barrel temperature of the metering

section being increased when the pressure is too low.
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Thermoplastics

10 The problem on which the invention is based affects
practically all thermoplastics which are processed
using vented single-screw extruders or cascade
extruders. Thée method is particularly suitable for
thermoplastics such as acrylonitrile-butadiene-styrene

15 (ABS), polyethylene terephthalates, polybutylene
terephthalates, polyamides, polystyrenes, polymethyl
methacrylates, polycarbonates, impact-modified
polymethyl methacrylate or other mixtures (blends) of
two or more thermoplastics. However, the problem of

20 impurities caused by deposits is particularly relevant
to transparent plastics, such as polycarbonate or
polymethacrylate or polymethyl methacrylate plastics.

Device

25
The invention also relates to a device which is a
vented single-screw extruder or a cascade extruder and
is equipped with a measurement control circuit (M) for
carrying out the method according to the invention.

30

Advantageous effects of the invention

The pressure control arrangement according to the
invention ensures that the screw turns in the first
35 half of the metering section are completely filled with
melt even during unfavourable operating states. This
considerably reduces or eliminates the occurrence of
the above-described impurities. The filter units can be

of less expensive design. The extrusion rate can be
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control circuit, and the means (16) for influencing the

pressure in the metering section.
30 EXAMPLE

A test structure corresponding to that shown in Fig. 2a

was produced:

A vented single-screw extruder, manufactured by Stork,
3%° D=35mm, L = 32D, with a melt gear pump (16)

produced by Maag Pump Systems Extrex Ex 28, was used.

The measurement control circuit (M) included, as

pressure-measuring sensor (1), a DMS pressure sensor

produced by GneuB, (0-200 bar), a measurement amplifier
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In this way, in the event of an attempt to change
colour from a transparent moulding compound to an
10 opaque blue moulding compound, the transition was
shortened by approximately half (only approx. 5 min
instead of 10 min) compared to a test structure without
the pressure control according to the invention at the

start of the metering section.
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pressure in the first half of the metering section, as

5 seen in the transport direction, in a vented single-

screw extruder or a cascade extruder during the

transport of a molten thérmoplastic, the vented single-

screw extruder or the cascade extruder in each case

having a first screw section (15), a venting zone (14),
10 a metering section (22) and a measurement control
circuit (M), which includes a pressure-measuring sensor

(P) in the first half of the metering section, a
controller (R) and an actuator (S) for influencing the
pressure in the metering section,

15

characterized

in that the pressure is measured by means of the
pressure~measuring sensor (P) and is set by means of
20 the controller (R) and the actuator (S) in such a way
that the minimum level at the location of the

measurement is between 0.1 and 10 bar.

-310&

2. Method according to Claim 1, characterized in that

25 the measurement control circuit (M) includes a
measurement amplifier (2) which filters out the minimum
level of the pressure and provides this value for

control purposes.

30 3. Method according to Claim 1 or 2, characterized in
that the screw drive (9) is equipped with a rotation
sensor, which is located on the drive itself or on a
shaft which runs synchronously with the drive, the
rotation signal being taken into account in the

35 controlling of the minimum level of the pressure in the

first half cf the metering section (22).
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5. Method according to one or more of Claims 1 to {4,
characterized in that the extruder is a vented single-
| . screw extruder with a melt gear pump (16), which is
15 located downstream of the discharge zone (22), the
minimum level of the pressure being controlled in the
first half of the.metering section (22) as a result of
the rotational speed of the drive motor (9) being
increased when the pressure is too low.
20
6. Method according to one or more of Claims 1 to 4,
characterized in that the extruder is a vented single-
screw extruder with an "adjustable flow restrictor,
which 1is located downstream of the metering section
25 (22), the minimum level of the pressure being
controlled in the first half of the metering section
(22) as a result of the flow restrictor being closed

when the pressure is too low.

30 7. Method according to one or more of Claims 1 to 4,
characterized in that the extruder is a vented single-
screw extruder with a restrictable bypass which, in the
open state, returns melt from the space downstream of
the metering section (22) to the first half of the

35 metering section (22), the minimum level of the
pressure being controlled in the first half of the
metering section (22) as a result of the bypass being
opened when the pressure is too low.
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8. Method according to one or more of Claims 1 to 4,
characterized in that the extruder is a vented single-
screw extruder with separate control of the temperature
of the barrel in the region of the metering section,
the minimum level of the pressure being controlled in
the first half of the metering section (22) as a result
of the temperature of the barrel being increased in the
region of the metering section when the pressure is too

low.

9. Method according to one or more of Claims 1 to 4,
characterized in that the extruder is a cascade.
extruder and the minimum level of the pressure is
controlled in the first half of the metering section
(22) as a result of the rotational speed of the drive
motor for the screw part in the metering section (22)

being reduced when the pressure is too low.

10. Method according to one or more of Claims 1 to 9,
characterized in that the thermoplastic which is
processed is a polyethylene terephthalate, a
polybutylene terephthalate, a polyamide, a polystyrene,
a polymethyl methacrylate, a polycarbonate, impact-
modified polymethyl methacrylate or another mixture

(blend) of two or more thermoplastics.

11. Device which is a vented single-screw extruder or
a cascade extruder, characterized in that it is
equipped with a measurement control circuit (M) for
carrying out the method according to one or more of
Claims 1 to 10.



