14 COctober 2005 (12) | NTERNATI ONAL APPLI CATI ON PUBLI SHED UNDER THE PATENT

COOPERATI ON- TREATY (PCT) (19). World Intellectual PropedtPctobga®i®ati on
| nt er nati onal Bureau (43) I nternational publication date S Decenber 2002

(05. 12. 2002) §3T?£;5&g) ernational patent cl aSS|f|cat|on2//E€i)%§ 1(4§

47n6, 47/ 50 (2 nt ernational application nunber PCT/ EFd:
International filing date: 15 April 2002 (15.04. 2002) (25) Language of

filing: Gern%tﬁg@) NOYEPEQf I ating to
the priority: 101 268%51%2 6 3%°%ay%o?8?%583§1 @EDEBQ%B%B‘%7O§A 65‘22 June
2001 (22. 06. XRAYebEingde BN SREYYIRT 91 alanspadeEizmder except US):
ROHM GVBH & CO. KG [DEIDE]; Kirschenallee, 64293 Darmstadt (DE). (10)

| nt er nat i onal ubI icatian nunber WO 02/ 096619 Al (72) Inventors; and (75)

| nvent or s/ Appl 1 anty e Bhi yelad@i. fER Bertied PBE DEEViLShnéPFasse
87, 645215G osmmlafur(gi)E)the MR i SER n M &haeknE B8l Dl nglle-Stiewger 9,

64665 Al sbac 7 ar.ne LK M chael ; Rohm GrbH & Co.
KG | P- Nanag}n’é%? ar'ge??t c%%srcsac en;aqtr ©%54293 Darmstadt (DE). (81)
Desi gnated states (natlonal). AE, AG AL AM AT, AU, AZ, BA BB, BG BR

BY, BZ, CA GaigeNay@> CR CU, CZ, DK DM Dz, EC, BE ES, FI, GB, GD.
GE, GH GM HR, HU ID IL, IN IS JP, KE, KG KP, KR, KZ LC LK LR
LS, LT, LU, LV, MA MO, MG MK, M\, MW MX, MZ, NO, NZ, OM PH, PL,. PT,
RO, RU, 8D, SE.e %trﬁsxo‘E’K 0§Lth$rmoﬁh_/hs€b|cs-r80 Ebrm Tghad BERiss, UZ

VN, YU, ZA, ont.i-nued next pa printed i.S41 Tjtle: METHOD
AND DEVI CE F&'\} Ascﬁ%ﬁx&%s N Ae %N%EEYS CREFPDEARSS NS B8 RUDER OR

vented single-screw extruder if volatile constituents,
which have an adverse effect on the properties of the
extrudate which is to be produced, are to be separated
15 out during the extrusion process. These volatile
constituents may, for example, be water, monomers or
oligomers_; In the wvented ‘single—screw extruder, the
plastic which is in granule form is initially melted,
_ compressed and homoge_nized in a first screw section,
20 comprising a feed section, a eompression zone and a
first homogenization zone (referred to below as the
introduction zone) and is then fed to a second screw
section, which comprises a low-cut venting zone and a
metering section,. in which the melt is vented,
25 compressed and conveyed into an extrusion die, from

which the melt then emerges in the desired form.

An alternative design is what is kn.own as the cascade
extruder. In this arrangement, the screw is divided, in
30 accordance with the abovementioned two screw sections,
‘into two successive s"ingle screws with separate c'irives
The rotational speeds of the two screws are usually
kept in a fixed rat:Lo o -
- - Extruders of the type descrlbed are usually equlpped_'
35 ‘_w:!.th a temperatu_re_con_trol _system which allows heat to
B "be supplied or dissipated via the'barrel“ in order to
set the temperature in the region of the screw in the
: desn.red way . The temperature can ‘be controlled by means o
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whi ch have an af n the properties of the extrudate which is
to be produce&?‘c‘l'\ai?%rel%}%é) éce(-J‘zs(E)télf)a(%r'at ed 15 out during the extrusion process.

These volatile constituents may, for exanple, be water, nononers or
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granule formis.initially nelted, conpressed and honogenized in a. first
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is then fed %g) a %ﬁcgnd screw section, which conprises a | ow cut venting
zone and a tlgfa’l é’ §&8€tion, in which the nelt is vented, 25 conpr essed

and conveyed into an extrusion die, from
.20 DE-C 37 44 193 describes a method for venting a thermo-
a plastic melt over a wide viscosity range using a
plurality of venting stages which "are connected in

series.

25  Stehr, R. and Andersen, P., in ANTEC ‘92, pp. 416-420:
“Controlling a Gear Pump Assisted Degassing Extruder
via Dual = Pressure ”Sensiﬁg", 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
prédetermined_ pressure at the end of the metering
seqtion, ‘the intention being to ensure that the

o corresponding extruder zone is filled with melt but no
E 35  melt emerges from 'the"ﬂvénting opening. The pressure

' _'diagraméfshow high préssures, around 30 bar, for the . = ; 

_ first half of the metefing”section (pg)..The”preésuréS'3i'
QoWnstréam of_the'éé#éw:tip'(psy are'shOWn t0'be lower “

‘and . apparently : ;pndetgqif_1cbnsiderablei, ‘periodic . .




which the melt then energes in the desired form An alternatlve design is
what is known as the cascade, extruder. In this arrandéfsiobsr 208 screw
is.divided, in 30 accordance with the abovenentioned two screw sections,
into two successive single screws with-sgparate drives. The rotational

speeds of the n |x ratlo re Extruders of.
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heat transf eI tig W&%lé{%vﬁ‘f et itdhane - turn control | ed by

means of %nown heating/cooling equipnent. Conbinations of electrical
heati ng and @r rQ.Il P%re?'ﬁ' oling are often also used. Controlling the 5
e

tenperature by means =o rnmocouple in the barrel, which actuates a
controller which in turn | n|t|ates the supply or di ssi pation of heat,

forms part ofy t tp-,_ T f.enpe u n s_as well
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supplies.

Otherwisé,.melt emerges from the venting section, which
‘generally causes the prqcess'to fail (the installation
20 has to be stopped in order to clean the venting section
' and then started up again). To ensure that the extruder
can be used over a wide operating range, the transport
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 in critical operating states it is reliably
possible to prevent melt from escaping from the vénting
section,-This means that it is often the case that not .
_¢nly the low-cut venting zone, but also a part of the
30 imetering_ section which is of sdme- length are only
partially filled, i.e. melt is located only directly
ahead of 'the' slldlng flank cf the screw flight.
Consequently, plastlc_ can accumulate in the reglons
. which = are not permanently = filled with melt.
" 35 fParticﬁlarly if lrregularltles occur in . the n'
: transportlng of the nelt durlng extru31on it may be_:{
the case that partlal quantltles of the melt remain in o
_the extruder for an exce381ve1y long tlme, where they;-r“

.-QVarQ exposed to - the high ‘temperatures _produced “in




connect ed. nelt gear punp. The vented single-screw 30 extruder with first
and. second screw sections has a measurement control cil#&staber g905

mai ntaining a predeterm ned. pressure at the end of the netering section,.
the intention being to ensure that the- gorresponding extruder zone is-
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a vented si ng?e screw extruder and 1h Hett ith e screw
rotati onal speeds in a cascade extruder is that of matching the transport
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ensure that in any operating state ext ruder | astic, output and
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whi ch gener adg causes thetﬁé: cess to fail (the |nstgllat|on 20 B'i\s to be

st opped i n ortet®t o T e & T i ngTsedt¥on SVERE t Rén SPRPLEETARLGgai n) .

To ensur.e thaiharrgeseximudhe mrtaa&:mmecbcm/re& aawi deueper iy ng rhagee. the
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t he second sec |o nsi der'abl’y be ranspor propertres an the
first sectio®reseasest- even in critical operatlng states it is reliably
possi bl ejto prevent nelt from escaping fromthe venting section. This

means that it is often the case_that not ]
‘ Moreover, the problems which have been described mean

that, when the processed plastic is changed, if the two
bPlastics are incompatible, it is imperative that the

_ screw be dismantled end cleaned, which is a complex-
20 process.- Otherwise; impurities caused. by the plastic
' which was previously processed will occur even a.
:elatively long time after 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.

- Particulerly transparent‘ products, with high demands -

~ imposed on the viSual prdperties, can ke made unusable

by these impurities.

'35 . Generally, a melt pump for keeping the 'flow rate

| '-;constant and fllter units- for separatlng lmpurltles out
'gof the melt are located between the vented 51ngle screw]'
';extruder or the cascade extruder and the extru51on dle




only the | owcut venting zone, but also a part of the 30. neteri ng section
which is of sone length are only partially filled, i.e.l4d@dtgber g000cat ed
only directly ahead of the sliding flank of the screm/fllght.
Consequently, plastic . can accunul ate-.ip the regi ons which are not

tly f4dl e t 33 Partclar rr I ties o [
Fﬁ(ran?pzplspgrt |<%1g %‘f&dﬁ hghgrrglftlo ufinG St I érj to%ué?lfl gﬁgﬂlhg{l@g%%f’ﬁ’atl
partial quantRPXssung beeveent theemnitmuder arie extd udes heltapusrceéssively
long tinme, whengihRemaxnossd 59 éhSOHt%ltGgg%B&gr ?ﬁdpﬁgd!&%‘aﬂ}hﬁleé“

Cct ober 2005 - 4 contact wi,th the inner surface o € SCrew.
cause sonme oft? e REPHetsrBineshaat etivr obd geens kef Hagsestraden, in

the event5of gedet i yekytushavouspbbe £ONdiLeRaL1ENt P2L@E bORH i Keor
deposits. These deLp03| t.s e to. sope extenﬁtti det ached again dur’i n

ext rusi on and*% r gt t DT nt 5T Hes fsﬁﬁrEﬁHéQFredAP%ﬁFF-gP%S. The
pr obl ens desdkarﬂe@,omhémt hL9%5 ) £ THies exdrtitisb Dnarpangessnt SiongeeAy, as a

result of fl dut havi our o L rst secrew
secti on, andltcotallte%oﬁ par tfl%lltgl}éﬁ?é?t%e %v%n?r‘l”gsg?fﬁg %gﬁ%%+%urcﬂ nges in
the operati ng‘—h@oﬁﬁitr@%auéw pyampéhangesedn lyhehrit pertiperature hinpl astic
whi ch i s1bei Rhe pféE@S%éuéé We&i’cﬁ{gedst pf%gft%' %%!E%ée}dl@#%ém%

descri bed maat?lﬁ H’ﬁ‘ when the processe tic_ is chan the two
plastics are TcBHBSERG d2OPRLRY AsBFAtyye teRst behaviovzdw be di smantled
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limit the pressure fluctuations downstream of the pump

to less than #5%. This aim can be achieved if the
pressure upstream of the gear pump changes by no more
‘than +20%. Greater fluctuations in the pressure,
_20 Iupstream of the pump have effects on the uniformity of

 transport and therefore the pressure downstream of the

pump .

The fluctuations in the'pressure upstream of the pump'

25 are wusually 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- |
';3:30 frequency pressure fluctuations may occur and cannot be
o 3:elimineted, by - control means. The pressure fluctuates
with the frequency of the rotational speed of the5
screw. On the one hand, this disrupts the above--
described'cqntrol_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--"'

'“fg_extrudate produced..



impurities or of other plastics with similar processing tenperatures is not
possi ble. 30 Particularly transparent products, wth hilftOdichend®5 i nposed
on the visual properties, can be made unusable by these inpurities. 35

Generally, a nmelt punp 'for keeping the floaw rate constant and filter units

for 'separatin t the nelt are |ocated b n th vent ed
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transport in WNSTrea T hé pu 15 The
ai m of conbi WP H@l%‘ktrrcﬁ‘dé?e a?ﬁ'éper%ietdpurrp isto limt the pressure
fl uct uat hgns downstream of the punp to less than 5% This aimcan be

achieved if t ress stream of the gear punp changes by no nore
t han 20% é)g:tjé?é) Btﬂff % n the pressure. 20 upstream of the punp

have effects on the unlformty of transport and therefore the pressure

downstream of_,t he__ PP.The fl uctuati Long. 1N t he essu upstream of the punp
25 ‘are usual I'%;l CoRPInEEPES 12 E'J?p{'lﬁé ngel-l?jeg' %f‘é At oPEGPMERG
rotational speedesfsiigs yeximawdearse riew. the Imthﬁsmeobf serhf edished
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partlally fill
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 intreduced. 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 dowvnstream melt filters. However, it is very difficult
to separate out gel-like impurities or impurities
produced by other plastics. If excessive amounts of
~impurities are present in the end prodﬁct, the quality
of the latter is often adversely affected or altogether

" 30 inadequate. Particularly in the case of transparent
films, evenj slight defects lead to flaws which can

: easily be seen and are unacceptable if the quality,
demands are'high It is fundamentally the case that it

is better as far as p0531b1e to av01d the 1mpur1t1es,f

3 35' rather than hav1ng to remove them at a later stage

.. " The 1nvent10n is based on the observatlon that in the
~case -of vented slngle screw extruders;.or. cascade

7 extruders, dep051ts whlch orlglnate from the melt are_;ft'




second netering section,. however, relatively high 30 frequency pressure -
fluctuations may -occur and cannot be elininated by cddQctibem2ds.. The
pressure fluctuates wth the frequency of the rotational speed of the
screw. On the one hand, this disrupts thg above- described control of the

pressure upstggggho%ohgg QHPptﬁé mggnﬁogc&%havéﬁg%?h d,j,cays on of

fluctuations in s on h .geonetry
of the 14 Cct 6Berf2v85 ha@f qﬁetbétmeéﬁnengoﬁe@heopressure upstrean1of t he
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films made from thernoplastic, particula when u nsparent or
translucent t®&RmSFORstIQEING| nEo hFBﬁtdéﬁané@ #rposAd efioi npes edright h

regard tqoea p@érﬁﬁﬁ-atﬂ.@&é§afoﬂuébh@ér thatﬁau@efiauged tﬁh%mcfaléé shgdtpeoduct s.
| npurities uc ranules_in the

exa e, be jintrod
formof dirt %‘a?ﬁ%#%f%‘?r%%ﬂﬁ‘a%nﬁget %pomtas s’%‘? 5 BRYt FBeRERt. 1t
is known to Sﬁpmatheo@ebueltaltm)uwhiclesﬂa)s neapsadly bierdodestrensdnel t

filters. . Ho C?"[edbcedfﬁvgf%h fsflfi%H L ttgrqseeplgs)r(ate o\% lgel -1 k |gguri ties

or |rrpur|t|es produ Stics u‘nts
i mpurities. areCpreas@d Jm:tq P@m-ﬂrldmjdlepqmsqual ity of the l at ter is
often adyersely affected or altogether 30 inadequate. 'Particularly in the

case of tranSfarent films,. even sljght defects lead to flaws which can
. f an operatlng state in which larger sections of the

screw are wetted with melt then occurs again, the gel-
like or carbon-like deposits are at least partially
: entrained and enter the product as impurities.
20 o
-The partial filling of the screw in therregion 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 'zene, i.e. is usually below atmosPheric
: 30 preSSure_of'l bar. The regqular 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. Aftér the screw flight, the-preseure_
_ falls back to the minimum level. Accordingiy, _the
"_357;pressure changes with the- product of screw rotational-

-_;speed and number of screw turns




ea5|ly be seen and are unacceptable if the quality demands are high. It is
fundanental 'y the case that it is better as far as poski@ateber 2805%void the

inmpurities,. .35 rather than having to renove themat a |ater stage. The
invention is based on the observation tha®,~in the case of vented
si ngl e- screw et r uder ssarsickseatie text bedess, dbges:itt SOWhi e¢heorpgesake from

the nelt are 14 (& Irst@cgol%ducz ‘%‘Ietef] ound on the. tr ?E?SC{ﬁ&,t rns in

t he regi on of the r1ng sec i on. assunmed "t hat ,
whil e the ext dfRasits sfich haye MBespdescrigest.ates in which parts of the
screw whi ch are not permanently filled wth nmelt cone into contact with
nmelt may cpnstantly occur. In these areas, the nmelt is no |onger
transported or is only transported poorly. It can stop noving, so that it
i s exposed to InhectwglancaOwitenperadpecesof ahel dngartibhanchessl ds peovidedt dse

gol ' state whi TR HAE LERg SoRu 1G | ERE JBh0ETER RevHle P diiRe (1 e
i s even | ongepresayrige ircdiheerfiadst rﬁnwlfaoﬁomhbl ke teaposy tsectlimm0 df  an
operating stakgghn 3 wﬂ Eﬂe' . !?%qo&tr egéjréﬁ %crng@l%e\get% q‘fbl\'& th melt

t hen occurs again, e gel - deposi t's are a
partial |'yL0 enFFEPHed E%Fr*r’é‘“é@trer Qthe ﬁ)ro‘é%%@aég i pbrudess. drxdngar ttihi‘q‘

filling of theragsp¥ritnotha medien ehetrheplBBLed NEHeeStditeLaifadet ect ed

by checki ng the ressure, profile over the course of tinme. A ty i cal
pressure prof? ‘fg %’W?dé%oﬂroful%ecﬁﬁPégﬁnge’%‘é‘@N% A8 ofRgh tﬁ’é‘s@our se

of time with laaqamgl al £yrkt| bedewcsentibs i(LBUSt hakeehtimgizgnel 6(14The

figure shows ,a function h p es of a constant, mni

pressure. The nﬁ%glo%%r €30 e%or&gts)porﬁ??t(?tﬁgaﬁr“é: TOPREC ent| ng

zone, i.@&5 i scimualt y {8k} ovhachoiphiudes 38 pressun:e—-mieasilrbag sehesoregul ar

rise in the ppgssULe ige C%'i%%@ b%a ke ogl ttfﬂ% é}{%rq{%t he 3iiodi ng screw
ic efeath t

flank and the screw fli nove pas
controller and an actuator (S) for influencing the

.pressure in the,meterlng section,
20 characterized

in that the pressure is measured by means of the
pressure-measuring sensor (M) and is set by 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 iliustration of the pressure profile over
‘the course of time (t) in the region of the front half
of the meterlng section with control in accordance with -
the :anentlon




pressure sensor. After the screw flight, the pressure falls back to the

m nimum | evel . Accordingly, the 35 pressure changes wi tl4 Qeloberp2@@duct of
screw rotational speed and nunmber of screw. turns. 14 October 2005 5 - 8 It
is considered to be an object of the pregent invention to reduce or if
possi bl e avoi d al together the deposits which have been described. In
accordance with an aspect of the invention, there is provided a nethod for
controlling thegm2amum |l evel of the pressure in the first half of the
metering Secthlly: Aina £EEN1 L Db P LIBNRE bdl LRELIRR, LR G MEBked sl Ng) @
.10 screw extruder or a casc e ex er durlnS ifs térans gr't “of “4°nol ten
therm)pl ast i cinyert imt 8o si n‘g‘?léte@c$3elv\gb$(-t$¢ud@-v @xtlttlr@elcascade ext ruder in
each cases having a first screw section (15), a venting zone (14), a
metering section (22 and asurerrent control 15 circuit (M, which

i ncludes a pressur# . 281%h the first half of the met ering
section, a contraller Iéﬁsambaﬁemhthai@r sePsdror (nfluenaiiyg thest
.pressure in the, materljl%"?fse ti,on, characterjzed in that the pressure

i s neasured by means of “the %rté%%d?ee ST s¥hsor (M and is set by
means-of the contZol | é\ﬁea(ﬂ)rmu‘ hempitifiaber £& ifhlsechng wayt 25hehat the
m ni mum hgvel at the | 3§ ggq_h asurenment is between 0.1 and 10
bar. The invention is exp al ne J:by ol lowing figures: 30 Fig. 1 a:

Di agrammatic illuskratiGm@oklar pihsseee yrbeele over tine (t) in the
region of the from, ha'dorﬁirdlﬁ%rnﬁ(trqud&t%%%lém wi thout control 35 Fig. i
b: Diagrammatic il ustratlon]ﬁ@the pressure profile over_ the course of

time (t) in - the regi SPHEMIES r oABSRHPE  oY2i¥8 netferi AgSsecBFBRY Wi th
control in accordance widtdatildmal myerid)on 14 Oct ober 2005

15 . 9, Extruder motor (drive)

10. Extruder transmission
11. Screw barrel
12. Material hopper
. 13. First screw section (introduction zone)
20 . 14. Venting zone: | |
; 15. Feed.zone
16. Melt pump
17. Extrusion die
18. Ps: Pressureemeasuring sensor downstream of
25° : : the melt pump , ‘
7 ' 19. P4: Pressure-measuring sensof upstream of the
melt pump '
20. P;: Pressure-measuring sensor upstream of the
R | 'eflow restrictor/downstream of the screw
l'30fe 21. 'P2: Pressure-measurlng sensor in tﬁe metering
_,sectlon | | |

22. Second screw sectlon (meterlng sectlon)

) '_-Flg 2b: R |

.35 “Dlagrammatlc 111ustratlon of a pos51ble de51gn of the'

:  _'1nvent1on for a vented s1ng1e screw extruder' ‘with an
ﬁ';addltlonal n@asurement control c1rcu1t (M2) Reference
”Fsymbols as ;n_Flg 2a The second n@asurement controle

- circuit ™ (M2) comprises ‘the . pressure measurlng sensorﬂ-;‘




Fig..2a: . Diagrammatic illustration of one possible design of the invention
for-a vented single-screw extruder 5 List of reference 13wsmks2005.
Pressure-measuring sensor (S) in the first half of the netering section.
2. Measurenment anplifier for fiItering_qH} the 10 m ni mum pressures 4.
Controller (Pl set val ue) . Controller controller) 7. Controller
(actual val uel¥®}) 1 h&‘e%?'lé\ﬁmei"& a‘?WB%’aLﬁ%ﬁee‘(?)?’)lSagd B¢ ugePtaBLoPTEdri ve)
10. Extruder ¢rarmsmission 11. Screw barrel 12. Material hopper 13.. First
screw section (introduction zone) 20 14. Venting zone 15. Feed zone 16.
Melt punp 17. Extrusion die 18. P5: Pressure-neasuring sensor downstream of
25 the nelt pesdizntien H ddwurigvmsdsion ng sensor upstream of the melt
punp 20. P3: Pressure-neasuring sensor upstreamof the flow
restrictor/-downstream of the screw 30 21. P2: Pressure-measuring sensor in
the metering Bt iBRenpRonsaid-asr 6w sertthasts (fererganFaelhingn) thes Fig.

2b: . Di agr anmiinfurd | 1445 Y abf opnef pgeBasskblie desd o aft tﬁ@lf | 8feehé0n

for a vented singl.e-screw extruder with an synbols as in The
second measu Dot ToOrL2di Ao ThedR ultdfe it X IBTRIOH @FF@GF%O’C-MZ)
Ref erence in a vented single-screw extruder or a cascade extruder

_ 10  during the transport of a molten thermoplastic. The

| - vented single-screw extruder or the cascade extruder in

.each case has a first screw section (15), a wventing

zone (14), a second screw section corresponding to the

_ metering section (22), and a measurement control

15 circuit (M), which includes a pressure-measuring Sensor

| (P) in the first half, preferably in the first third,

particularly preferably iﬁ the first quarter of the

metering section (22), a controller (R) and an actuator

(s) for influencing the pressure 1in the metering

20 section. The pressuré is measured by means of the

pressure-measuj;ing sensor (1) and is set by means of

‘the controller (R) and the actuator (S) in such a way

tﬁat the minimum level at the location of the
measurement is between 0.1 and 10 bar.

Without control, a pressure diagram as shown in Fig. la

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

‘ f: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 driveﬁ by”a motor and has'

an introduction zone with a'first'screw'sectiOn'(lS);ia'

" metering section (22) and -a venting zone. (14)'arrahged

g therebetween The meterlng sectlon (22) beglns dlrectly- 




circuit (M) conprises the pressure-neasuring sensor 14 Cctober 2005 5 - 10
(19), neasurenment anplifier (23) and the controllers (1A 0cber 2005al i zati on
of the invention The invention relates to nmethods for controlling the

m nimum | evel of the pressure in the firgi half of the met ering section,
as seen in thegkran ort direction, ve ted s | e-screw extruder or a

cascade extrud rlvr?d"ttltﬂ?t?%?@péf"g? % ha% mbpF a&fi therhe
vent ed si ngl eesdr evf exttraudecrew t he cascade e>st:|redzertltp enitd caardis a

first screw sggﬁbgﬁeégiséw %;é'f;"r‘?fdé]:gl & (c%%iy)be 8%%%2‘ %dscgsew sectl Lon

corresponding to t tering sect Fe5sT et 2cfitiol 15
circuit (M, @nFewdencliflesita presdede- misburiagt seimotead P)of n sdid i r st

hal f, preferaglynhtesdhe first third, particularly preferably in the first .
quarter of the netering section (22) a controller (R) and an actuat or
(S) for influencing the pressure in the netering 20 section. The pressure

i s measur ed byhaeaascafiet teqtm@@ﬁu&enwwwémée@sers (&) cpadihs et by

neans of the ontrotl-l er % ghact ua n%s%‘ 1n such a vva)é t hat the

mi ni num | evel aFEHN 16 & ? :hg%f h&™*n¥§8 Fg ALY E TSR 735 i‘dgﬁd 10

bar. 25 Wt hobtecowtr ebyen preessions drgréawaiedhbnboi hwbi gudcessiisve

obt ai ned; utg a S a ryes di shown
10b ggal ncegg'tlreg'&os \Vﬁnt?[gdlgsl ngaa&r Iri¥s. ﬁ%‘% r}%tg%ltog‘g&

in Flg IS O e-screw extru casca
extruder 35 speads def Kae  BWecPEWeWRi ard susnalln Bgpanviroraafdxeds The

net hod accor didlth i d NVeRtl Ohal S sSWd abke dtr et Ed spRghes1 Cr ew
extruders or what are known as = cascade extruders, since the problem which

is to be sol NEEFEEDG n BEH W stledd. Avefhed §Pﬁ&|aélescﬁéﬁ/r&ﬁer
i ntroducti on aanmagdrdisa £or sthes CIengSiRCbEON Hsl S5y ecand heycehkst veenthéhe

met er i Ng18ecti Qs R ReUns A ectly
The measurement control circuit (M)

~ The pressure-measuring sensor is part of a measurement

20 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. 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
"3Q or on a shaft which runs synchronously with the-drive[
~and the rotation signaltie taken into account in the
controlling of the minimum level of the pressure. In
'Ithis way, the pressure—miﬂimum signal can be tapped in

a more simple manner in terms of the control technology

35 _inVOlved.

"eThe pressure is measured. by means of - the pressure—_r
fmeasurlng sensor (p)y d,- at the 1ocat10n of

measurement, ‘ lS set Vla the measurement COIltI‘Ol circuit




met er i ng section (22) and a venting zone (14) arranged. 14 Cctober 2005 -
11 after the venting zone (14) and extends as far as tlA©ctabad2@¥ t he screw

or to the screwtip. The vented single-screw extruder can also be operated .

as a nelt . extruder if it is fed with pe{4 instead of solid granules. The

cascade extru?leL can be re gr d%d as a special or alternative design of the
vented singl et¥trBY, BREPSIRE. Eheh@ctng teedefessst i (s Te AW D% 0 two

successi ve 10tkBénglessarewsw ddclsepatvaiye tthaitves Thebeewathonall asyeeds of
the two scre u bl pt Lnsa_fixed.rel ationship, t _may al.so be
V\§0615 r 3'.‘1!8 fe! 58 §< 1'6 Pasf?gh'(gfffﬁﬁaggg b Léwe Y 0.2

control |l ed separatel The fetering Sec cascade eXtruder
corresponds tandhd Mawt hinf dach seesrd deseluniz) t ha piessevad upEeew

section. Bne {IBASUr gReat peont(n]l 1o regitotMadbe B Aesu keI Ie g ssensor
is part of a neasurement 20 control circuit (M, Ich 1 ncludes a _pressure
neasuri ng serf8®tt (FyornesraringsErawl £hef VERE1RG EPPRGNYs 86t PoFesalt

controller (Rf apgeianpsstsator (S) for influencing the pressure in the
nmetering section. It is preferable for there to be a nmeasurenent anplifier

(2) 25. which filters out the mininmum|level of the pressure and .provides
thi's val ue f OBy cohéer ehdpuifpades mdiheriany evecitioe, (Ohe mpyepiater alilsgsbe

equi ppedq\yi t h, tatl 'S r y.choks | tedson the dri itself 30
or on a s\#af P“ﬁmtf&% ?%{ﬁlg{gsyﬁg ro%gus Oy %ng?h _g’%é%.eé?‘ﬂg : j}gngotﬁ)@ !rbtgffati on
signal is takémeipresseteunn ithet metagimg oiedtipnfdowes preamunt| shel of
the pressure.gddw t Bip VAY, 210EyRI 8884H&E MALAUMRL 9B2kscRR P 4 apRed i N
anore. sinple manner in terns o%r t he control technol ogy 35 involved. The
pressure i s ned<th dply dledhe detere 5 S8k eMeasuri ng sensor (P) and, at
the |l ocation of neasurenent, is set via the nmeasurenent control circuit
14 CthbEE Zgggnrding to the invention, the controlled pressure is
always greater than the pressure in the venting section
and lower than the pressure at the end of the metering

. 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 ventihg opening. It is- therefore
substantially dependent on the distance of the pressure
sensor from the wventing opening and 'on the screw

25 geometry in this region.
Actuator (S)

| . By way of example,'thékdrive {9) for controlling the
.30 rotational"épeed of the screw, an adjﬁStable flow
' restrictor or a restriétable bypass can be used as
aétuator (Sj 'for"influencing' the pressure in  the
" metering section. It haé_also been found that, in the
‘__"_Case of relatively large .extruders with a screw
'35 Qiameter of > 45 mm, the pressure in the first half of
 '”;the meterinQVSection can:beginflﬁenced'by;méans;of_the
" barrel temperature in Tthea'region--of :thé,'meteringij:'°”
fisectioh, in -ﬁaftidular “in 7thé ,seéond"ﬁalf_ of the
metering sgctién;'In'the paseﬂof‘the caédade:extfudér,.{




12 (M by neans of the actuating neans (S) for influencing the pressure
in such away that it is between 0.1 and 10 bar (104 t1éOt®bsr 2@B Pascal ),
preferably between 0.2 and 1 bar (in each case absolute). A pressure upper
51inmt of 5 bar may be appropriate, singg this prevents nelt from

escaping fromfhe venti @g opening_as a result of back-pressure. By the end
of the meteri Flé es8EEVBn EOrnECRFER bR ithes screw FORE 1PRAde S 15 to

250, general |l yh20 kor&® bahlcfﬂihelﬂeessuﬂroa;msrtﬁelagl mehner ithg s&&ta’rmport
downst r eam of rewt| I s ys h| er than th ressure _in
first half of dﬁ‘}qgc{:f Iél’l g tgieect{%%lo 18%A Ef‘d?‘r’lﬁe‘forf’ﬁg Fﬁ{}g tlséheec{%e
control |l ed preSsibe itwo aSmWnga;ﬁlerresmnt heopress o tilret heanedtd ng

section and {,0u8r L halcbheoPrggpure at the end of the netering section.
.20 The set  val ue for the pressure is ideally. set in such a way that it

JUSt still remains the case that no nelt escapes fromthe venting opening.

It is therefoge rsybsietibes | oaapandepiu oy tﬂl@e@rsetﬂr}ceséf tpli%vard%%ﬁure
sensor from the venting openi ng gnd og t he scre;{/;\l/ 2% g 8 in th

region. Actua?BFYeEs gh‘?vays‘?ﬁ Rranpfef ¢ n8Tdr £0E (&11F ﬁtrfiol I |lﬁ‘g t he
30 rotationalpaspeedlalf the sﬁmﬂ, qmaadzje:tstcabl & hiel Qneﬂfeetsixﬁgctserctdron
a.restri gtyabl ypas a eagtuator S). for, |nfluenC|n e

' pressureiron t% X ES %h% Q- ? §°% leloe%)ege?ls?rhnr% vhHarc® b

case of .rel atJfIWeI%bq arfge‘8§xthaélérs erﬁeaablyewn 35 afétrert ofchlrdS mm

t he pressureﬁﬁg{@ljafﬁ; Fgglfgrgiolg,helﬁet éngﬁggl t‘ﬁg@rb%f n_fthgenced

by nmeans of. the barrel tenperatufe In the region o net eri ng ‘
section, in PRRESTHGSIGE4Me second hal f of the metering section. In the
case of the cascade extruder, 14 Cctober 2005 13 the drive for controlling

the scre¥%rcn§nlon§a aggggammatlcally depicts a device according to

the invention with reference to the example of a vented
31ngle-screw extruder. The vented single-screw extruder

has a first screw section (13), a venting zone (14), a

_ metering section (22). The material h0pper (12) for
20 feeding in plastic granules is also illustrated. The
" measurement control circﬁit (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 whlch there is a
- 30 'second measurement control circuit (M2){ comprising a
' presSuremmeasuring sensor (19), which is located
downstream ‘of the screw tip in the metering section,
_rthe measurement amplifier (23), the controllers (24).
and (7) and an actuator'(9), is partidularly'preferred;
”e35_‘The pressure whlch is ‘measured by the _pressure-
| :'measurlng sensor (19) is set by means of the controller
'5(7) .and the actuator {99 in® such a way that the max1mum':
_”olevel of”_the' - pressure ]atefthe 1ocatlon "of. - the g
. . measurement is limited. ThlS has the advantage that"°




t he .screw which lies downstreamin the transport direction or the ratio of
the screw rotational speeds of the two screws w th respéctobéra2iofie anot her .
can be wused as actuator (S). A restrict abI e bypass woul d preferably be
provi ded between the second half, or t final third, in particular the
final quarter of the netering sectlon 10 and in_the region of the

pr essur e- measBFPAGUEENBERkEPYhich timpase @ head, opr sher ABILETIR Lt K87X i 1 st

third, partipel arbyapaeigergbtyitnibheifi tad Qt‘@fﬁeup%héﬁé metering
section. 15 Fig. 2a diagrammatically depicts a device according to the

invention with reference to the exanple of a vented single-screw extruder.
The vent ed siBgefersredvembddimentshas a first screw section (13), a venting
zone (14),,a netering section (22). The material hopper (12) for 20
feeding i n plastic granules is also illustrated. The neasurenent control
circuit (M= M) thes, cage ppéssureentedsgingdeseaser (Ptrudry with a

pressure- masﬂélﬂggééfs?ﬁm (%16)3 Wﬁé@ﬂr gEEAL AR Ho%s(t%leama%fCQleer ol l'er
(R the controllers (4), (5) and (7 as actuator h drive

t he .
mot or (9). Adﬁ?%?‘ﬁn&ﬁpn%tﬁl%‘%r%@ﬁt Pél the GEﬁiteWQ‘héeéhb%u n‘@r?t rshown
in Fig. 2 b, thewhigsimteleves af IHhe SEEQHELIE® as4 eEPBNoABRLIDEACIINCUI t

MR): (19).. .which I d
Qounst 1 oa| of PR REF b (4T { PR nBE LT ATs SARIGAn Thes nEasar b
anplifier: (23t)het heo teanitorsEl 1 erspe(edil) ofandh(a?)dxamde amaotmat (@) ( Peings
parti cularly ﬂgg{.%%%? whgt"f_’ gggﬁgg Wich ig,easured by the pressure

. measuri ng- sensor I's se neans of the controller (7) and the
actuator (9) in such a way. that the maxi num .level.' of the pressure at

the location pf the cEBRSWEMENyehsehi rgltr@qe-mrsmae%cﬂﬂﬁi@ﬂvsﬂtﬁgant hat 14
Qct ober go 14 pressure peaks which inp | oad on the material can

be avoi ded i rﬁ%ﬁﬁ?%%rﬂ‘ﬁ’tﬁ%s%’th??oﬁp %hglé ipy ’P@F‘F@Q SREBArERTs

of the screw tip or downstream of the metering section

{(22), as seen in the transport direction, the minimum

level of the pressure can be controlled in the first

_ " half of the meteringtsection {(22) as a result of the

: 20 flow restrictor being closed when the pressure is too

low.

In 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), i.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
meterlng sectlon 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
- 'Vas a result of the barrel temperature of the meterlng

'~sectlon belng 1ncreased when the pressure is too low




In the case of a vented single-screw extruder with a nelt gear punp (16),
which'is | ocated downstream of the screw tip or downstl#é&awbef2a0hie netering
section (22), the mnimmlevel of the pressure can be controlled in 10
the first half of the netering section_agsa_result of the rotational speed
of the drive tho% (%) being increased when the pressure is _too |OW% In
the case of alfefit’d & fgCe- &GRS SRS dite 1% UHERYR TS fow
restrictor, whhehpreskorat edndbensiontamldied He IreeVWitdgr draldownfstiuheam of
the netering ' ( . nin_ the nsport. diyect]j 1 m ni num
| evel of the %rgg%ggirqg c%é%'é&gp ??gl I%Sél it]jn %%%u??rsotf lﬁ%%f Iloc%og}:{_%le&%elt ering
section (22) &Beadrexfy| thef dmeveomptew rEex r itdteor sbrewg RAs edDWHEE t he
pressure iss tRAretPMy LBcthencasengl raduekedninn e SR riidalogM th a
restrictable ié ass which, in the Oopen state, returns 25 nelt fromthe
space downstr of the metering section (22), i.e. downstream of the
screwtip, to the first half of the netering section (22), the m ninum

| evel of the S an_be controlled in the first half of the netering
section as a ?ﬁéﬁ??g%gsgﬁgsbypass bei ng opened 30.. when the pressure is
too low. In the case. of a vented single-screw extruder with a 'separately
controll e bacr rajurg.dn. t ' egti e JEdfJpum | evel
of the p??ssu?lgéc?ﬁogjg% g%nt“?gl%dglﬁﬁ %&#ﬂl?%?ﬁhg}sf Oﬁ?s%ﬁe a%c{gerl ng
section. -as Braesifalby tAdlbakFhermpphperacar ewdt chhe a¥st eHIIRGESSES | on
bei ng. i ncreasgsh dpen &l eSSyl S d 0w OW.exthddtPberr2002aschde i N the
case of a cascade extruder, the njmum | evel of the pressur cangbe
control | ed i n°¥HEUESTRt hope d?etirpffé:{ fet eMAFFIBHADY (BN ROLE  £8%I t of

t he rotati onatheap®ethof i ¢de sthichy easvbetyflonh itthd 1schbewagdche-@ tiiene

neteringl%ectiﬁgbpgingp%ﬁ%%%%gig%%n th@eé@ﬁﬁéﬁéfé{gsfoo polyvbutylene
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 ig particularly relevant

- to transparent plastics, such as polycarbonate or

polymethacrylate or polymethyl methacrylate plastics.

Device
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
.,'éarrying out the method according to the invention.
30 o

- _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 's_'ecti'on are completely filled with o

' ;jfmelt even during unfavourablé -Operating states; This

n;ixnpnsiderably réduces':ox elimiﬁates the"dccurrence of
'f'}the aboveQdescribéd impufitiés;‘The filter units can be.

- of less expensive design. The extrusion rate can be




| ow. . Therrmpl astics 10 The probl em on which the invention is based affects
practically all thernopl ast i cs-which are processed usiia@ctobért a5

si ngl e-screw extruders or' cascade extruders. The nethod is particul arI y
suitable for thernmoplastics such as acrylonitrile-butadi ene-styrene .15
(ABS), polyethyl ene terepht hal ates, pol ybutyl ene terepht hal at es,

pol yani des, pbR§EEPFEAes FiddiSrmet ifRde P aErlEt <280 pBPy

i mpact - m)ﬁl fl"f!ﬁlle p@biﬂﬁ&ﬂ:hmaﬁﬁ_ﬁ:m&@"ﬁﬁ[ﬁn?&e@t hehe Np¥bi:€8 (3b1|t©|ﬁ@5)lsf)fb t wo
or nore thernpplastic robl e |rrpur|t|es y
deposits is pJaIE‘f’F%ﬁ?%ary réﬁ%%%?ct% ?Qansg‘i‘?%‘?ﬁtiﬂ astd s ce‘rsf.1a oy

pol ycar bonat eaccor@ohghet hacryl ate or pol ynet hyl net hacryl at e pl asti cs.

- Device 25 The invention also relates to a device which is a .vented
si ngl e- screw extruder or a cascade extruder and. is equipped W|th a

measur ement cOREERET ciadBHENLAAYS. eBRrgearyhamg thet mPlel FeR% oG OXEEHE@ ng to

the inventiongh38n Aﬂyaﬁéaﬁgoeﬁteﬁaeet §s°EhhH%eﬁnV%@§:'tQ@uIB%19r 28 W
contr ol arran enent accor di gg’l I nvent!l on g sures hat tgﬁ screw
y

turns in the $Y9%t 38thaf¥ atIW@ %FW?@‘S&E‘PP i39e SBWBPEP £ | ed
with nelt evaih.ﬂﬂéré]@t usbayatis abl € wheeat the mbauasngThbmpoeﬁas witeicdbl vy

r educes I el.im nat currence of t he,ab o e- cri bed i urities. The
filter U%I ts ‘Can. be* Cliqﬁ“jes éa’fpe fEFbe Eé]s‘f"&n d@it I‘bl?SI SR mrilattéarl(.’,’an-. be

14 Cctober ZGDESGhaﬁgeqlnwn.ehsMLe Fidw emoghdhgg |cmtmp|walds vgairctbel sefigt hened.
. The .pr oduct ]Qé'a%k\t:i‘u&éd' nprav 5 e predugh OLE:EP He 1 Gashdl’ §38€01n

I\/anuf acturi ng defects are re uce accordingly er advant ages_ener ge
vihen the nouldihgMEedRssunaccariinRgi stheithig e)‘%flf"ﬁ‘&ééiops @RhaFedid the '

particul.arlydé\rita@ RNy acehapae beiwesni sRU Gt RIPOWHIS tak
15 moulding compound which was extruded last can be
discharged more quickly by the new moulding compound on

account of the improved filling of the screw.

7 - The invention also relates to a corresponding: device

20 with which the method according to the invention can be

- carried out. The device for transporting the melt of a

thermoplastic therefore comprises a vented single-screw

extruder or a cascade extruder having a first screw
section (15), venting zone (14), metering section (22},

25 a pressure-measuring sensor (1) in the first half of

the metering section, which is part of a measurement

_ control circuit, and the means (16) for influencing the

préssure in the metering section.
30 EXAMPLE

A test strueture'COrresponding to that shown in Fig. 2a
was produced: _' | 7 '
o A vented single-screw extruder, nmnufacturéd by Stork,
35 D =135mm, L =32D, with a melt gear pump (16)
'eproduced by Maag Pump Systems Extrex Ex 28, 'was used. -
. The measurement control ‘circuit '(M) 1ncluded as -
:. pressure-measurihg sensor "(1)}_5a DMS pressure sensor

':produced'by:Gnegg,'(O-ZOQ,baf)L.a meaeurementeamplifier




di.f ferent colours, in which the noul di ng conpound which 10 was extruded

| ast nust first of all be conpletely discharged wth tiaedisder ooos di ng
conmpound which is to be extruded, i.e. as it were has to be washed out. In
t he method according to the invention or q¥sing the device according to the
i nvention, residues, of the 15 noul di ng conpound whi ch was extruded | ast can
be dischar ge oi’"ror’il RS Bt hELRe Wi nBresrpeand et SaceBant® of t he
i mproved fill cngtoblﬂ_be sdrie dbecroventhen it i@l espée6daot the

cor respondi ng_dey mnth he od accordin e _invention
can be carried ErFag?h gﬁ(§§g] ?%anggE?F?ﬁg @Hﬁ ﬁg|%(% SN

t her nopl ast i cophegbione uéwpgls@glamm@hwéd sietrylasrydeds e@ﬁrdﬂ&mmmh
cascade exjrudepshaui ngpa HrbesbuSer §W c$eCt;oRt( Inhse Y;?"tﬂl-{@ k)
metering section (22 25 a pressure-neasuring sensor (1) Iint flrst hal f
of the neterﬁﬁﬁté@EtW6ﬁ,kﬁﬁgcheFﬁeﬁﬁrP of 2adneaB@F enent control circuit,
and the neans (16) for influenC|ng the pressure in the netering section

30 EXAMPLE A test structure corr ondln% to_that shown in Fi

produced:. A v At e ngPE-sciw r GYEPT nahufdtt BFEETBY S‘E%r IFhan:?? D = 35

Qt L 3_2 D coldhra fmd:m_rﬁ@art:mm@e(ﬁﬁ)t prmrd.un:liamg)y dﬁqgad?mp t&/stamms
rex s ro i_r cyi .
u}%@%& eﬂlue %ﬁ?&ig{%”% 89191&1 the léran% %’]GUI 3,

pressure rreas senso sure sensor
(0-200-. bar), smme@nt aammwm@:teiw Cbadber (DB 1a7ppn‘cm f|5| mén ng out
the mni num pyessidg LEVEHSmPAf BompQPEEOLLCE WRLEN (CONEALS TG HLRkat | onal

speed of the extruder drive notor as actuator. During the extrusion

operation usiFE pBFSRERRS| CRBERSET ICROZ ARG K& R bﬁﬁ%@Féontﬁé Fh&ssur e
in the first dedfc odf tiee mdesdt Ny Sectien, was kept between 0.5 and 6 bar.
In this way, in the event of an attenpt to change colour froma
transparent noul di ng conpound to an 10 opaque bl ue noul di ng conpound, the
transition was shortened by approximately half (only approx. 5 mn




instead of 10 min) corrparéd to a test structure without the pressure
control according to the invention at the start of thd4geteded P@Ps5secti on.
14 Cctober 2005 WD 02/096619 -- 18 PATENT CLAI M5 PCT/ EPO2/ 04148 1. Met hod

for controlling the mninmumlevel of the, pressure in the fir of the
nmetering secti n,ogégggy&ggn in the traﬁsﬂ)grt' di rection, PFﬁ/%P%ﬁ$@dJ%i ngl e-
screw extruder or a cascade extruder during the transport of a nolten

t her nopl ast i CZPA&%TV%E&\[%SQ ngl e- screw extruder or the cascade extruder in
each case having a first screw section,.. a venting zone, 10 a netering
section and a neasurenent control circuit (M, which includes a

pressure- measyri nguaeRser £é6F) dohthBe1ingSitidl hidfinkhie 1BYEI1 BE S@dion, a
controller (R) and an actuator _(S) for_influencing the pressure in the

metering sect PERSSE5SCHE ddi®er ¥t i irthaPft fBepMaiSHiag SstdSedhy
means of the spefAssiH etHBastifdrdpb&aNsOirétYiangd iin set vantedansirafle20 the

controller. (R)._and th% actuator_ (S) in_such a wa %at tég}?{.n‘i ni mym | evel
at the locati SH°6Y t RIS ur €tfent ®i sCBBERAREN @.’%r 10 V%2, r%eﬁ hod
according to €ranspértchdr actelitzed therogilas2s o, hethneasartenk riimgde-r ol
circuit (M igelugesa r geniy AMRbiskLak "‘%fr}}?u&él:t ‘%Jrf Qtnt e Jg ni mum

| evel of the pressure and provides this value control purposes. 30 3.
Met hod accor dPAying @ fimst GCrevw cegtacreri zed ign varHama WeNserew drive is

equi pped 19 thaa hotefing $68606m Whi Ch ighd 0GAt ggbtdifertt | WRrtheal I or
on a shaft which run synchr,onouslﬁ with the drive, the. rotation signal

bei ng taken iﬁch‘é{:EoZW i WHERE 3BCLHAEBOR PRESSUGHTESATIAES ISEPECT0f t he
pressure in the) finstthwl fEidfstdt h@ad€t esf notls€ ctheber ddg Odeahigior2002 19 -

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 (8) in such a way
that the minimum level at the location of the

‘measurement is between 0.1 and 10 bar.

2. Method according to Claim 1, characterized in that
25 the measurement control circuit (M) includes a
‘measurement amplifier 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 . 1is 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 of the metering section.



4. Method according to one or nore of Clains 1 to 3, characterized in that
there is a second neasurenment control circuit (M), coaEicséNTNO3 '

pressure-neasuring sensor, which is | ocated downstream of the screw 5 tip
of the nmetering section, a controller angg an actuator, and the pressure is

measured by neans _of .the pressyre-neasuring sensor and._i s set ans of
the control |l ef-. an&qef:ﬁgga@tcﬁ:é’tralqgn LI & Fva?ofﬁaf’%t ﬁ:&aﬁﬁﬁ r’}lulr):‘?lcf el of
t he pressure charad@teriezedd ot et othkiren Dé reaseremdntmedsuiMstdrod

according to no . | 1 . ract '%Dggr'_ ]
extruder is ae\ggﬁ?gé s(Tr% eligsgir\dg\?v'exﬁ}n&?e%sj\"m hga élrfe‘% ge%[}népgt?r{p]flqb.e whi ch
i s 15 | ocat edS&B®AET r eam ofwhieh dii §c H@cgd efb rdown Her egm nPiufliee i3rey t he

pressure bei ngipoRir AL dndtbtily dbéeiohal I of Lheombenieg sectipmas a
result of +the rotational speed of the drive notor bein i ncreased when
the pressure P8 B6GURERT 20 6. AW hloe aREBFEPHRE L8 BFESHESory M hins 1

to 4, :charaeferilredpiraskiignb-hbasaxtihydesensor vent edasdngls- sgtr aw

extruder wth_an_adj Lgtggl e f|QCW restrictor, ag/nl:ﬁh is located dovvrl%tream

of the meteriNg88ctTon "85 THETR HiFum | evé™of “PhRe TR bei ng

control | ed i nstbe fi redy hehatofthehemametireum njevett icdh tlas areesuke dofs t he

flow restyrd ct or belag. ¢l Qﬁgd]d)g\g@fo]&hgfplﬁgééﬁﬁgméﬁtt oo low 30 .7. Method
al ns to 4, c

according to one or nore o aracferized in that the
extruder is a vented single- screw extruder with a restrictable bypass

whi Ch_, in t'he5_ Opefe Shéd Cacést-8iA 8l ool 0 tﬂit?répé\ﬁecﬂ@ﬂﬂﬁt neakn Qf,_ t he
netering section to the first hﬁ%l of the 35 tering sectiaqn, .th m ni num

| evel of the SHARRSHRE B niR c SR oItSd SFHAURRT i 13t ShYPPREEF HE91fst eri ng
section as a sesetht esftruderbypitts beimgloperad wheanpf he presshiehi st 00

0%, 14 98 OOPLCAO% iPieed! BT, 6 LIRS g e of Gl 2
minimum level of the pressure being controlled in the
first half of the metering section as a result of

: the rotational speed of the drive motor 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 is located downstream of the metering section,

25 . ' the minimum level of the pressure being
controlled in the first half of the metering section

, 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 wvented single-
screw extruder with a restrictable bypass which, in the -
| . "open State, returns melt from the space downstream of
the metering section " to the first hélf_of the
35 metering section, ‘the minimum level of the
' . pressure being controlled in the first half of the
_metering section as a result of the bypass being -
. -opened when the pressure is too low. '




screw extruder with separate control of the tenperature of the barrel in
the region of the netering section, 5 the m ninum | evell4dictdbae2@Sessur e
being controlled in the first half of the netering section as a result of
the tenperature of the barrel being incrggsed in the region of the

met eri ng sectlon en. t Rressu relstoo low. 10 9, ccording to
one or nore of \A/P[ﬁghi’gt 8‘cfor Gt 8t e‘?nieﬁrlwofﬁaf)f %21 ex%r ?de?cglés a
cascade extr@dj@raaradrrﬁ.hedmlm mhat eveé ekttrhdepréssar evantedoningleéed in
the first hal §.ofyt Q%t%h%&' Qﬂt%GQéﬁH}a]c% Fort /AW Gle G OtALLANal

speed of the drive nptor for the sCrew part 1n the netering sectlon bei ng
reduced when Pfe PresBareet s ifodthewregdonvahobhacEGtarigs S HR mor e

of O ai rﬂéI g tend, mﬁitihnﬁﬂarp&t'@ll aed hﬁl{é :ﬁh@éséﬂ.@efbgi?@fﬂcﬁ»ﬂt{rﬁal\ﬂdﬁ%ml} st
rocessed is e al a e, utyl ene tere ate, a
Bol yam de, ﬁB‘E yg [']L% Eol%%ﬁ‘e fcﬁ%&%& ya p&S car %%lgﬁe
| npact - m)dl f bé&d thel ymplayhtumahaxfr yelbeet é:arredndidlerg nindness e 5in bihmd) of.
two or more t%gﬂgﬂ' ggt \:ﬁ% méizeﬁ% Gy glhv}h%tnh tt‘h%“ﬁﬁdeﬁdl% &S

as ruder ar a

extruder or c e ext cterize 'S equi pped W|th a
measur enent cédawrol circuit (M for 30 carrying out the method
according-gdo one or nore of Cains 1 to 10.

9. Method accbrding 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
15 as a result of the rotational speed of the drive
motor for the screw part in the metering section

being reduced when the pressure is too low.

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

25 {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

30 carrying out the method ‘according  to one or more of
Claims 1 to 10. | |






