-1- Extruder systemfor extruding a fluid Description The present
invention relates to an extruder systemfor extruding a fluid, conprising
at | east one supply device, at |east one m xer device, and at |east one
extrusion die. Fromthe state of the art extruder systens for extrusion
are known in which a fluid to be shape? is pressed through an extrusion
die so that it is ejected by the discharge 5 nozzle of the die in the form
of capillaries, strands, extruded filmor other profile cross sections.
Fromthe state of the art Bxtrudersystsmfenextipdingaflydds (sinple or doubl e
augers) for the material supply and at the sane tinme exclusively for
generating pressure are known (e.g. WO 03/009989, EP 0 888 860 A2, DE101
36 851 Al). 10 WO 00/ 76743 Al describes a rotating extruder-nozzle
structure with a nounted rotatable nozzle rotating at a speed of 500 rpm
for products with a dianmeter of 16- 40 mm There is a simlar, rotating
extruder head in CA 2,299, 209. SuchDegenpiit systens are not variable and
therefore serve to produce products of quite specific dinensions, in
particul ar Hieswesantinveption wiiates saupdrudes sytern fgoextugngrBid. GEprsing
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wi th annul gé; %ggglﬁeancpﬁ %Vrﬁce bt I,%aggg;r%x@?ﬁrder sygb%%ﬂr%g&%r?gvi]xtrﬁ?g%,%

95/ 24304 in which a fluid subjected conventionally to pressure, for

exanpl e by BhmaHgetate bfsthélaﬁcéx?rddérré%iemﬁo?éitfdéﬂﬁrare?KM§\'A/§"ﬁ \Twhubﬁléghmﬁtﬁ
extrusion die. To produce a capillary the extrusion die has an

essenti al | yergiaPedicRiersr heaHahrasy etinsion die ge Miatd) is esced %thtet?éﬁ"hf“ﬁ@ fluid

energes fromzkhg tﬁlb Qiié fh tHREfINAr &N QpilRribs! arapltis hoRRIdeHFNA dr@iher p@ﬁles ection
of the "tube” or "hose" can be reduced al mpst as far as the capillary

range by usqr‘PﬁjQ?GF?'@spondl ngly small discharge cross sections of the die.
2 Thus in the state of the art only extruder systems wor Ki ng |n a

ressure range of 1000 to 1500 bar and suitabl e for
gl anet er off FaPgheRtata Boths AP UdRRHRIEMS ‘f"Hh augse (%@QQ Cg’”g’{? E?Hgﬁfsalf?frl se

t he extrudehe $¥YREfNKPOENTard Mhbheansd aihe &dclushelyafiot generating pressure are
known (e.g. WO 03/009989, EP 0 888 860 A2, DE101 36 851 A1)

10 WO 00/76743 A1 describes a rotating extruder-nozzle structure with a mounted
rotatable nozzle rotating at a speed of 500 rpm for products with a diameter of 16-

40 mm. There is a'similar, rotating extruder head in CA 2,299,209. Such extruder

systems are not variable and therefore serve to produce products of quite specific

dimensions, in particular also at very high pressure.

15 EP 0 499 025 describes the extrusion of hoses by means of a rotating mandrel

using a fixed nozzle with annular clearance.

Finally, an extruder system is known from WO 95/24304 in which a fluid subjected
conventionally to pressure, for example by an auger, is ejected from the extruder
system through an extrusion die. To produce a capillary the extrusion die has an
20 essentially hollow cylindrical form with a central core, so that the fluid emerges from
the die in the form of a tube or hose. Here the cross section of the "tube” or "hose”
can be reduced almost as far as the capillary range by using correspondingly small

discharge cross sections of the die.



5 further to achieve product dinmensions in the range of a few m cronetres
or nanonetres, as, if the dianeter within the extruder is reduced further,
the friction forces between the fluid to be shaped and the extruder becone
so high that pressurising the fluid no |longer leads to a controlled

di scharge of the shaped product. 10 By _conparison with the state of the
art the present invention is based on the task of provi di ng an extruder
systemthat allows even further mniaturisation of the system Such a
syst em shoulhdisdh Ithevstateinf frer ant pntycedtuddi systemng avorigng pr eduiesssirevidnge; oft o t he
nanonetre r 4 i V. b
provi di ng gﬁﬂgg ugg;&g%hgsUWﬂ%%ﬂ#ﬂﬂB@%%ru anmgmkﬁﬁﬁﬂ%hﬁﬁﬁ $O§Pg5§§ o%e
suppl y devﬂ@mwnat | east one m xer device and at | east one extrusion die,
whereby at | east one device for producing a fluid flow (transport fl uid)
that conpletely or partially surrounds the nmaterial to be extruded and
essenti al | yt lsuwé ppesibie |teminigiuripe thi pxpdebAydemdmepetiras theaealeed’die art to be
extr uﬁd | Sy Eﬂevé‘gﬁl (‘f%rcﬁx}ﬁ §Bﬁs fih Uhd l'a?lgg' (?fCQalregﬁ‘% (f:rbﬁi&rtaé‘ebr

ext ruder syst em suct ressure of the transport fluid flow
Paral | el f manquetrasv am it he mﬁmngbun heeexXtrgden s Eﬁﬁ’up%d fHitner, sthaéacttoa mean

that the gé'@étwé& B Srofe gf%@ ks %enmc?&ﬁé léxf?nljdé?at'iédoﬂflé oSG amarded by

a fluid flow during product schar a resu he fact 'that a
devi ce for presstuisinagha fuiding fongar &ﬂ@ﬁlf@t@womtfpilqﬁardﬁcaang? of2thes ghansdndi ng
t he materlgj (?& be extruded of a transport fluid different fromthe fluid
flow of th ? urd to be shaped is provided, it is possible to reduce the
size of or even do conpletely w thout an otherw se usual device for

pressygi si ng, &JﬂﬁdesHh %.thqh@gtatéibﬁﬁe%hqa@l prédent iRerftiobiiglbhsedbsebasgest from

t he extruder system by suction and pressure of the second fluid flow

In this casliéo‘r'@iﬂg ERAFpLder systpas tat @W‘ﬂﬁ]ﬂ‘é@” e wingiEEsatien oA fNeotkstesd i nt o

the extrudes,pystamh PB4 Bhifd Blodussheilad foy preduc@ulélemtomhehi n t he
extruder systemto the direct surroundings of the strand of fluid to be

shaped and Ne8PFEES rAIng the fluid to be shaped and discharges it fromthe
3] extrusion die. Furthernore, the second fluid flow reduces the friction

between the fluid to be shab)ved and the walls é)L t he. xtruder Here,; t he
mat eri al s SW%lna%ccordance ith the inven |on Is solved by provi ng an extruder system

15 for extruding a fluid with at least one supply device, at least one mixer device and at
least one extrusion die, whereby at least one device for producing a fluid flow
(transport fiuid) that complstely or partially surrounds the material to be extruded
and essentially runs parallel to the direction of outlet of the material to be extruded is
provided, and whereby the fluid is discharged from the extruder system by suction

20 and/or pressure of the transport fluid flow.

Parallel fluid flow in the meaning of the invention is understood to mean that the
material to be extruded is completely or partially surrounded by a fluid flow during

product discharge.

As a result of the fact that a device for producing a fluid flow completely or partially
25 surrounding the material to be extruded of a transport fluid different from the fluid
flow of the fluid to be shaped is provided, it is possible fo reduce the size of or even
do completely without an otherwise usual device for pressurising the fluid to be
discharged, as the fluid is discharged from the extruder system by suction and/or
pressure of the second fluid flow. In this case for example, a gas flow under

30 pressure is infroduced into the extruder system from the exterior and essentially




5 parent materials should first be liquefied in order to sinplify the

di scharge. The extruder system can be used for different kinds of fluids
conprising organic and/or inorganic materials to produce strands,
capillaries or even extruded film If +the fluid to be discharged is
additionally subjected to a high pressuge as is customary in the state of
the art, injection nouldings can al so be produced with the 10 device in

accordance with the invention. For this purpose it is necessary to arrange
a cl osi ng widedawithimihe exteder sysiero (o meh@remt sursgyaglingis|of ths eiangleef fluist tot he
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invention is to be seen In act t | exi bl e and
flexi bl y usausionidig.d-ustherrerer ﬂ'tenaQCO@érf{kléisflff)\Mrfe@W@Sﬁh@cﬂu‘é@ﬂ dwt\werhthﬁ de 15
variety of fe{@%l%bsshaﬁa&%nasthe PhilPB e ERRRRASHo %%%ﬂéhs@dswhg as”

tubes, capillaries, mcro-capillaries etc. - extrud m crof i |

etc., @and aiasentmatﬁq!@@shwhd ﬁ@hb@llm@éledﬂﬁ ender forfjiraplify 81e qlmihalengs 20
Practical embodiments of the present invention in which the extrusion die
is a device for producing a film a mcrofilm a strand, a mcro-strand, a
capi | | ary ofheaexiiusiep systam sambg used fomdifferant &inds offlbidsr sesaprisings OKaNis

products capdag .H&@QH@%M@Q b *b?ocﬁfce sti@had hQpfskiédis} @oeme&mdaﬁzml @w cost

and in |arge %yan ities. preferred practical enmbodi ment of

i nvention tthe mldsdﬁabfgéi'%ﬂﬁgeé tsf ad@iionatly eubjeqied d@l i hioho Presstifes qsh@r eof

can be excf},%ea)%%mn% sﬁ’a?cé'og'fhé%rttl@%ctﬁiﬂ!ﬁlﬂ&i@fng&éﬁﬁ%féb deSpragdyat daedis, as
it makes it possible to use one and the sane stemfor differing
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the di Schar£%|o@%24”ﬁt aﬁwatnhﬁfere%ﬁ méuh&ngm@%@g@za@ bidwitiedSioR the &xaayersi t e
for mniaturisi n tem for exanple in order to prevent clogging and

to all ow eéé’?temsbe 'Fféﬂiﬁl hatgg.nozglej s expedient if at | east one device for
producing a fluid flow conpletely or partially surrounding the naterial to

be extruded is a pressure device and/or a suction evic ccor ance
with the i hef bR adkrNiages of thenyeninda it be Spen w.’f%ﬂ%ﬁta@gﬂb%/'s 'rﬂ?tﬁg/sure

device or & fdiiié aRd deNibSQisable BivrciegARiBl that 6 for IR BRIJUELIRNSE HwRiei on

15 variety of products, such as

" strands, threads, micro-threads etc.

tubes, capillaries, micro-capillaries etc.

extruded film, microfilms etc., and also

injection mouldings, micro injection mouldings.

20 Practical embodiments of the present invention in which the extrusion die is a device
for producing a film, a microfiim, a strand, a micro-strand, a capillary or a micro-
capillary are particularly preferred. The said products can be produced with the aid

of the extrusion method at low cost and in large quantities.

In a preferred practical embodiment of the invention the discharge nozzle of the
25 extrusion die or parts thereof can be exchanged. This design of the extruder system
is advantageous, as it makes it possible to use one and the same system for
differing applications, as different products can be produced by simply exchanging
the discharge nozzle. Furthermore, the exchangeability is a prerequisite for
miniaturising the system, for example in order to prevent clogging and to allow easy

30 cleaning.




5 devices. In sonme applications, for exanple when using the extruder system
in accordance with the invention for an injector or a filmnozzle, it can
be an advantage to |eave out the suction device. In contrast to the
solutions described in the state of the art for "pressure discharge"” in
extruders, in the neaning of the invention "pressure device" is not to be
10 understood exclusively as the discha?ge pressure devel oped i ndependently
by the fluid to be produced, but as the additional support by a gas
exerting pritissupedient if hleast qneoﬁe(vweg‘@# Pducing edluisflax sampletaly gargrtially
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friction extrene riction is cau obstacle to product
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pressure required 1S thus re uce tica y conparison with

of the art .to23avEipat thevsastiorodevideus shoms a p055|ble way of countering the

wall friction that 1increases extrenely in the range of ever smaller

products to be produced, of largely suppre55|n% this friction andof even
e

el i m nat i ndnicontrast e diecsrieions d&ﬁ@'&?e@ﬂ‘hﬂ?ﬁ state ¢fche GREPH RreSHOHISEHEYE on or

pressure. Fhi siiideRCGRURE mtegﬁnéré\‘n%ieo"ﬁvemléﬂ dpﬁé@&ur@nﬁé’V|0Q¥‘eMeﬂét5t&%t act of
the product wth the outer wall he 25 nozzl e, exanpl e, but can

al so He usewdéé‘r‘t%ﬂﬁj exlysiieh ﬁ@th?eﬁ'ﬁﬁhﬁfw Pressure ‘éﬁve!f{?ﬁﬁ\)ﬂ‘éﬁﬂe"ﬂgmb’e@y fhest er
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to achieve this effect by suction or pressure or sinultaneous suction-
pressure opkkhtdesaribadihermersBrrusion gavk GHERNER N i IS PhaloPHGIE; Bat ie

conpensat i ngp neréhtﬁgas%@uées B \ﬁ&ﬁﬂ%ﬂé@few&m@gCﬂ'h%&ﬁctﬁﬁu”‘ﬁ&ﬁé%Euétgoﬁﬂ*ﬁé
fluctuations in eri C% provid over d fl ow co Ietelt\ét

partial |y sistasieniginiedy élSﬁmrawrathetl@W%n@m Fangedwhirh aecasding i By ¢ia
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can be conmbined with each ot her and depend on the respective product to be
produced. attempt to overcome the cause, but mstead only the effect). The use of the
expulsion gas in accordance with the invention makes it possible to reduce the wall
friction to almost zero. As a result the discharge pressure required is thus reduced

critically by comparison with the state of the art.

20 The invention thus shows a possible way of countering the wall friction that
increases extremely in the range of ever smaller products to be produced, of largely

suppressing this friction and of even eliminating it.

Preference is also given to the combination of suction or pressure. This is because
the transport fluid not only prevents contact of the product with the outer walls of the
25 nozzle, for example, but can also be used as an entraining medium if its flow
behaviour is set faster than the flow behaviour of the product to be produced. Here it
is possible to achieve this effect by suction or pressure or simultaneous suction-

pressure operation.

Furthermore, in accordance with the invention a compensating medium and a
30 compensation duct for compensating any fluctuations in metering is provided over

the fluid flow completely or partially surrounding the material to be extruded that




Thus the greatest possible uniformty of netering can be achieved for

di scharge. In 5 particular the suction nmechanismrealised by a suction
head at the nozzle outlet is considered to be particularly advantageous in
accordance with the invention. Because of this it is possible to use a
substantially reduced pressure inside the extruder by conparison wth that
in known enbodi nents of extruders. A further advantage is to be seen in
the uniformty of the product discharge that exists on the 10 basis of the
suppor t i ng ssppertsotheeprasict Hisoharope Tha taseresid AWIPPRIBY pReasiiee 1o BiRfb¢e
interior. Pﬁlsi@ﬁ%‘aﬁ‘ﬁ@% fhbi e‘&hmﬁ'?@ic‘ﬂ%ﬁér@n’d'dependl off thd 1RBH&IVE bRIdRct to

uni formty of produc |s arge I's advantageous here if at |east one
~device for bermddisgiedg the parallel fluid flowis partly provided in the
exchangeabl e parts. Thus optimal dischar ge of the fluid can be 15 ensured
even for an _exchangeabl e extrusion die. practical enbodj nept of the

i nvent i on iThuahe Bregtest RpesIa tNBRrmHl Al ”f"?i?”“Q:?ﬁ?p'é‘h@‘é’i"?Y‘?(j’ iRedispharge. In
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surroundln e materi al be extruded is preferred. A uniformthickness

of the di wﬁaﬁg@a ot @Guﬁﬁrs‘lculérhg advANIgRARISS IHfacgoRdaNes With {he Javeslon.The

thi ckness cﬁectat}&a %P trﬂ@tltelrs' HssMRP RN USe REE @ SRrBRY taduced pré@ufdiaiidet theof the
mat eri al netered example, if the quantity of the materi éﬁjyncreases

for a bri efeXﬁwderow Ge@pﬁascw with Bty ke ﬁ”\’i’@f"@ﬁ”ﬁ‘b of grtrddgigt Adkrthiiessur e
nore mat er ighahdgd Sy 4o ih e umfd?rY‘rﬁyY 8f thelgroduUte distiirge B2 @tistseh thae

di scharge pressure is able to esca via a path_  other than through the
di scht? ge rhgsis & the 1sEIPBRIARY istGtioss € @P%Theﬁ’g%r%dthﬁn Rrpssugs; frp
constant . AnRF@e frink3hcHidVRe & HEHtreﬁrfodh&]@ilmynv&%p@aubaalevm@hn d>hef ﬁsoﬂaaSI ons

of the extrusion die are adjusted to thé fluid to be shaped in such a way
that the fldigchargs. di scharged by the capillary forces emerging has proved
to be advantageous. In conjunction with Iarge scale mniaturisation of the
extruder systemin accor dance ith the i nt| 0 i

30 . th i bl
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fluid to bg) asianeddé®innhebxeipgeable part§ -THus dpSimakgiectizegs oftae duidfcahibe
extrusion die or parts t her eof %‘%‘éﬁ)&ymta ed by notor actuation about an

axi s paral |98URed §VRB fRfianeeehang QPG The rotation of the

A practical embodiment of the invention in which a compensation duct for
compensating metering fluctuations is provided over the fluid flow completely or
partially surrounding the material to be extruded is preferred. A uniform thickness of
the discharged products, e.g. thickness of a film, is targeted. The thickness of the
20 material depends here primarily on the quantity of the material metered. For
example, if the quaniity of the material increases for a brief period due to a
fluctuation in metering, at constant pressure more material is discharged too.
However, if the fluid producing the discharge pressure is able to escape via a path
other than through the discharge nozzle, the quantity of material discharged will

25 remain constant.

A practical embodiment of the invention in which the dimensions of the extrusion die
are adjusted to the fluid to be shaped in such a way that the fluid is discharged by
the capillary forces emerging has proved to be advantageous. In conjunction with
large-scale miniaturisation of the extruder system in accordance with the invention,
30 this makes it possible to discharge the fluid to be shaped without having to subject

the actual fluid to be shaped to high pressure.



extrusion die or one of its parts, preferably a mandrel arranged at a

di stance symmetrical to the cross section of the extruder system that
extends parallel to the 5 direction of discharge in the extruder and in
front of the discharge nozzle, leads to good m xing of the conponents of
the fluid to be discharged. However, rofation is also advantageous when
processing a fluid to be discharged that consists of only one conponent,
as it leads to strong cross-linking of the individual nolecules of the
fluid and Heiscexpegianh herif dag @xirnsiom dies papprts thered! eamebeliratates Bemoroduct .

The 10 ci 1 GUTRBAGHOLIE Afieosaeilib e IdhoBit IR RorRitelnel T S€! 1

is also helpfu A practical e tnvention in which at |east
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advantageou Vi ce on one hand kes 1t possible to
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stretchi ng O ar ge mat er | can e specliTl cal Yy contr ol
setting thdluigangtancagosprdueate ithdha wabpily (of rige diéiﬂhé@ddpffoﬂé?teﬂ'ﬂey from

one anpt hergbin&aRas iHaf e srﬂ%wnguléithtﬁPbﬁgl?ﬁ%%drélﬁtseffI}.eﬁé‘&ﬁ’élgﬁr‘ce Wi th

the invention it 1s parti c arly vant ageous | east one of the
pul l'i ng devices can be rotated parallel to the direction of pulling about

an axis, tW§r@Jt.b9%rﬂgoJ.MbH1@f tﬁevwnsémm ol whigg d@ru@@aaccxnea;smundm@@@e gorf urt her
increase in stabili The draw ng and twisting unit followng this 25

proves to t?éa‘&'aga@ﬁ g@e@'{%*‘%’ﬁ%é’i—‘é’l isyarggedabphing e disaharae pF2lsr ofatiet i on

because it gxfrakigs did has)@ﬁr%w@& & b® pArRIMAP abiPibgyctedseda PUMHY GesicOyndr awi ng
(known fromthe production of spinning fibre) and tw sting (conbination in

one unit). IMPPe pard makesitgessble o d@@*ﬂﬁf@%ﬁ*&jﬂq'%fr@@r*ﬁ%§""f‘|‘%ﬁrr§b’%tﬁﬁ‘ee‘{eﬁl s
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of the pul Imhagrisl®yistethirgtthé erosadiMd agraws. i f the basic el ement of the
extruder system conprising a supply -7-

If two pulling devices with differing pulling speeds are arranged in series, the
stretching of the discharged material can be specifically conirolled by setting the'
20 puliing speeds of the two pulling devices differently from one another in a particular
ratio. In this connection, in accordance with the invention it is particularly
advantageous if at least one of the pulling devices can be rotated parallel to the
direction of pulling about an axis, thus allowing further twisting of the product and
hence a further increase in stability. The drawing and twisting unit following this
25 proves to be advantageous especially for capillary and thread production because it
makes it possible to produce reinforced end products by drawing (known from the
production of spinning fibre) and twisting (combination in one unit). Multiple
arrangements, connected in series, reinforce this effect further. As this drawing and
twisting unit is not advantageous for all applications (e.g. for film production), it can

30 be provided or switched on as an option.

By way of alternative or in addition to rotating of the pulling devices, it is
advantageous if the basic element of the extruder system, comprising a supply




device, a device for producing pressure, a m xer device, and at |east one
extrusion die can be rotated about an axis parallel to the direction of

di scharge. Depending on the fluid used that is to be discharged, it is
expedient for the extruder systemto be equipped with a heating and
cooling device for the fluid so that it_can 5 be maintained at the
respective optinmal tenperature during the i ndivi dual processi ng steps.
Furthernore, the heating device can be used to warmthe fluid to be

di schar ged deyicki gltlevice damprrpducing:pregpdret Augxerolaviver aad et lepst gneopxtesieabi ity .
For cer tai nyapgl b MihRA%BIck 8 b3 kRIS blligrbfyebe shaped, it i
necessary to arrange a rylng evi ce e di scharged fluid behind the
extrusion die. This is 10 particularly the case when the respective fluid
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expedi ent here if ting device for discharged fluid is arranged
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transport an urther process the discharged produCt, in a preferred
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fluidis ardlﬁﬂg?l@?g}édqgﬂidh@r fetﬁfpe%ﬁféésdn@ihlﬁt% ifGtehdifits AdiEcdeBftct can be wound

as yard goo on spindles or the . A practical enbodinment of the
present invention in which at Ieast one extrusion die 20 is produced by

m cr o- engi rraﬁrdeﬂgm(a%pgcatxems aﬁ@lftﬁrf@fdseér@hha@nhleqmb%gﬁed nfas haseédsaty toand
optical m cro-processes . | ase 4‘% is parti Cuégéfla% advant ageous.  Thi s

al l ows st rFaG9Ri Shring ij%‘é‘fei &% the dischagged fuid bR SKiRgsIoN § 1S Show

di mengh oNs ERIRG the et wihdh arhiayestivi filld &XEEMEs eNsdliceand FeeisaBlew t h
classic mechanical engineering methods. 25 It is expedient here if the

i nternal di%®pdiigp OB]b’aéteﬂij@E}S e nozzle for producing a mcro-capillary
has a dianeter of |ess than 100 pm preferably of less than 50 pm and

particul arI pr ef an 20 - . present nve n makes
it possibl el c?xﬁ?‘ﬁ?'itql%? g@ Y fcﬁcf rthgﬁﬁcgﬁﬁgﬁg%ﬁ%ﬁ a”ﬁﬂg%L?%tW? {hﬁat t he
basi c el eneptrusibntdie sexiauder d|SMﬁr@eEﬂ pasiuats engbb aft tb degythdanitabkd fam

E;neferably Srfthel,rep?oscésgsﬁg 15 cm and particularly preferably of |less than 8

15 In order to be able to transport and further process the discharged product, in a
preferred practical embodiment of the invention a winding device for the discharged
fluid is arranged behind the extrusion die so that the product can be wound as yard

goods on spindles or the like.

A practical embodiment of the present invention in which at least one extrusion die
20 is produced by micro-engineering {e.g. by means of etching techniques, mechanical
and optical micro-processes {e.g. laser)) is particularly advantageous. This allows
strong miniaturisation of the device, whereby the products show dimensions such as
cannot be achieved with extrusion dies produced with classic mechanical

engineering methods.

25 It is expedient here if the internal diameter of a discharge nozzle for producing a
micro-capillary has a diameter of less than 100 um, preferably of less than 50 pm,

and particularly preferably of less than 20 um.




It is expedient here if the dianeter of the basic elenent of the extruder
systemis 5 less than 5 cm preferably less than 3 cm and particularly
preferably less than 1 cm The mcro-extruder can be used flexibly. It is
characterised by a nodul ar structure that requires mnimal installation
space. Thanks to the mnimal installatign space, especially the m xing and
di scharge chanber in accordance with the invention, it is possible to
execute the interior space of the mcro-extruder al nost conpletely free 10
of dead spdde. preserd inventiehimakes itipssiblestoriginitwisebn SXtrudRy syslgmuia $ueht he

| nterior Ofant&&emtﬁépm%a{swdaém.ewh@rmeyeﬁdﬁaér sySRsth HH%%PI%H?&H fnesetahl y be
positioned as a viscous separating l1quid at tthe start of the m xing
chamber di r28cam.yporeferabhoftiees a5 6, ene preistiape Arsfergblyohless than HH8- exact
pressure conpensation and optimal pressure control in the supply 15 of the
conponents vis-a-vis discharge of the product. The eval uation and

regul ati on It i eRedicatihergtif Sigt dpeetar it thg Bagc Slamei &l I exeudss systeB iSct
pressute  GoRtthah bR prdfBRpRI¥AHAS i, ahbipartRiRAYbFEBablySeds kN b fagh act ual
bearing is treated gently and is protected as there is no product contact.
- using a single through shaft that has either a constantly di m ni shing

di ameter  2fe(ihicRieitiRieRicyh b@ (@eaTRRibIyOm) is haricte?ic8d bl \eenpd@ark stagdtaat
dianeter. This results . in _ advant ages fg_[1 t he produ_ctrb@(in-re
ke dha I

) at ed
manuf act ur d"dtreddiERs BiNivabinstataling MScOSEE PN ! ﬂa'l%'owpﬁca | ows
good true rddpakiag, thamiwellanasdisbhaRRY cHa@dr $n 8écordirRel witrothe amntionat is

tol erances, tor sinple najntenance and_easily autopated  ,assenbly. 25 - the
fact that tRESBlEdeEEUSIhe UFESRAEREhING I -ertﬁf%?@ﬁ‘@o%cewﬁ%é%‘%er can

be regul atedeadpRRCihis™ géhid\ag 3t | east sufficiently higher pressure for
the respective conponents to be supplied. As a consequence these inlets

cannot be <clogged fromthe interior as there is a constant flowthrough of

t he conponent using bi®nigensatingl resdiomtin theinfeios bbihkinigrooéxtiudek fheveby-tBis havi ng

al ways only a mnim cessar uant j.t f the product in the mxing and

i Schar ge. ehamBERnbENoE FiFERRYe Paulipechas ragsd 8 Sbard e Wi Ry rng

di scharge in ettt ¢fi thednixingechahlibes diraths bekiadtthe csetar of Ithengasobebifirey; sthispl y and

tracki ng of thF conmponents in order to acdﬂi ave  a uniform%lrlalgty anld

cont i nuous allows exact pressure compensation and optimal pressure control n the’supply

15 of the components vis-a-vis discharge of the product. The evaluation and

regulation is carried out outside the micro-extruder by means of exact pressure
controllers. The advantage of this embodiment is that the actual bearing is

treated gently and is protected as there is no product contact.

- using a single through shaft that has either a constantly diminishing diameter

20 (from the mixing chamber on) or alternatively a constant diameter. This results in
advantages for the production-related manufacture in that only one mounting is

necessary, which in turn allows good true running, as well as higher levels of

precision and lower tolerances, for simple maintenance and easily automated

assembly.

25 - the fact that the pressure of each component inlet into the micro-exiruder can be
regulated and each inlet has at least sufficiently higher pressure for the
respective components to be supplied. As a consequence these inlets cannot be
clogged from the interior as there is a constant flow-through of the component;
this thus rules out the possibility of backflow.




5 product discharge. These neasures allow al nost 100 per cent product
di scharge with mai ntenance of the preselected fornulation and the m xing
achieved. The mixing only takes place in the last section of the
m cro-extruder and/or in the exchangeabl e nozzle; this ensures that there
can be no dem xing of the m xed conponents. The m xing can be 10 carried
out by - rotation of the through shaft’¥and/or - the tangential supply of
the pressurised conponents and/or nultiple tangential supply spread over
t he circunf-er bandny efwayhenhy @g8ininal awcessany aeantdy ohfty producisinalhe aniingi ng
elements on 06 3Rhbrod"Hatod . hBALdBliudel if RFadiHNeStdifce faddBnd.
i nvention makes i po§S| e to mXx several components wt i gh Ppreci si on.
The i cr o- extischiege dt oplimisedaimé.nThigrmeans exagpepatraling obthea suppind@ntdhanks
to its very ' \, i i it | RaStat nd
portabl e rrann%@"!\gnge* tﬁ%?%ﬁgb%ﬁg?f{o&a? E{eo %&@S%w?’u eidagtgr?% Ee&ggﬁ%g? ed such
t hat the entipredsgidtissimg®En be used on any desk top. The extruder itself
can be so small that it fits in any jacket 20 pocket. Qher dinensions nay
be preferred for a higher throughput. The products produced in this way
can |ie in Theee maasiiestallew aiineslothl per, cant giduphdisehargre with mertiepancerginge. A
thi ckness Ghe Bre3ofBlelGornulicnSarkI1AE BiikifiaLAEvdd, Theniking B 18t Sudd Hded
film and t% ower nanonetre range of up to 50 nmis alSo particularly
preferred flae lagt| sastiamcdl e enoseresEudsy wﬁ@r frotheriexehangeakif geozzle; this
M cro-capi | i f Wi s t vy m
preferably ég?ﬂl’leg&é%?fh%gﬁ%gg b%%%%%%?{ ?83?%??%%?@?%#2?& ng‘%ﬂg I%ggggt han 20
pm THI s i afrigdroutikes the systemhighly flexible. Il -10 The invention
can be used in a very wide variety of fields, for exanple - but not
finally and restrictedly - in the extrusion and/or injection noulding of
pl astics, forrat#en afie HEqush sbrftsPIdi ng fibres in the clothing industry,
for the production of non- wovens, as well as in the fields of life
science, medicine, for the prg uction of 5 bioconpatible rnaterials W t hin
i rmultiple

the framewor k6fRRIATIREFURAL 95 MPPrEss ISR CORPORRIP an tangential
t el ecommuni caguppnssprédovdttietirdunteBhey of 1he predseasurntadgoneasgdabdrer chem cal s

- static mixing elements on the shaft and/or the inner wall of the housing.

15 The invention makes it possible to mix several components with high precision. The
micro-extruder displays an integrated temperature control and thanks to its very
small overall dimensions it can be used in stationary and portable manner. The
dimensions of the micro-extruder can be selected such that the entire system can be
used on any desk top. The extruder itself can be so small that it fits in any jacket

20 pocket. Other dimensions may be preferred for a higher throughput. The products
produced in this way can lie in the millimetre, micrometre, right up to the nanometre

range.

A thickness of 0.5 mm to 1 um is preferred for micro-strands and extruded film, and
the lower nanometre range of up to 50 nm is also particularly preferred for films and

25 even below this for micro-strands. Micro-capillaries can be produced with a diameter
of less than 100 pm, preferably of less than 50 pm, and particularly preferably of
less than 20 pm. This in turn makes the system highly flexible.




and pharmaceutical s sector. Further advantageous neasures are contained in
the other clains. The invention is described belowin further detail along
wi th further advantages and potential 10 applications and with the aid of
the attached figures, whereby Figure 1 shows a schematic view of the
extruder system in a preferred practi C@I enbodi nent; Figure 2 shows a
schematic representation of a first practical enbodi nent of the mxing
chanber and the 15 extrusion die; Figures 3a, b show schematic views of a
second pr adtheciaventiontngdi beesedin ahermwidenyariataebapldanter eramelerr 04l 8% di e;
Fi gures 4avRanon Rstittddhy o e BeBudiidafiibAinleefion FRUIRRY SIfbiRL fantheol the
pul ling device In accordance wth the invention in various practical

embodi nent extrEsigurafssiznieg dhwy natheodotiprcdidusty. ©rbbai Rradydiops oft Ren-

di scharge nazzhe 9f WdleadXi ;ﬁbshgueschfqﬁé RIREEhedicing, fdr @' Sroductidh i gur e
6a shows a representation of an alternative practical enbodiment of the
ext rust on diiecompgtiblegnatetipls hwithin dhe Ermemiotke cbmiimaiayasioeidpavnas gfellt he

di schar ge zzlier s s E e I i i _ I

r epr esent aﬁgolﬁ tgl?c%rﬁ%gpaté %Hsbygégﬁ%ggwg%%is%grn%bof ! %@gﬁggﬁfgggrﬂkggst em

Fi gures 7a,and phacuadayticgpeasiei.c form a practical enbodinment 5 of the
device for automatically changing the discharge nozzles; Figures 8a-c show

a practical enbodi ment of the invention wth several discharge nozzles;
Further advantageous measures are contained in the other claims. The irivention is

described below in further detail along with further advantages and potential

10 applications and with the aid of the attached figures, whereby

Figure 1 shows a schematic view of the extruder system

in a preferred practical embodiment;

Figure 2 shows a schematic representation of a first
practical embodiment of the mixing chamber and the

15 extrusion die;

Figures 3a, b show schematic views of a second praciical
embodiment of the mixing chamber and the extrusion

die;

Figures 4a-e show  simplified views  and detailed
20 representations of the pulling device in accordance

with the invention in various practical embodiments;

Figures 5a-e show various practical embodiments of the
discharge nozzle of the extrusion die represented in

Figure 2;

25 Figure 6a shows a representation of an alternative
practical embodiment of the extrusion die together
with an alternative practical embodiment of the

discharge nozzle;




Figures 9a, b show schematic representations of further 10 practi cal
enbodi nents of the extruder systemin accordance with the invention.
Figure 1 shows a schematic view of the extruder systemw th an exchangeabl e
extrusion die for producing a wide variety of products in the formof, for
exanple, threads, fibres, strands 103 1alnd/ or capillaries 25. A die for
producing a capillary is 15 shown here by way of exanple. The basic

el ement 1 of the extruder systemhas a supply device 2, a m xer device 3,
an extrusion die 4 wiRigurgPlexchange&bP¥s di schafyee-imensiongl asck@maticas an
axial drive 6 wth transm ssi omegresél}ngﬁ&,xgpgsﬁjgﬁe@g@cﬁca@@ngdaﬁng{te&sur e
medi um 8 are introduced through the supply device 2. The expul sion gas 9
is led through the 20 entire badheediuggepystamcentrally up to the finished
capillaries 25 in order to inflate these so that they cannot coll apse on
passi ng the di scharge _nozzle 5. The pressure nedium 8, for exanple a gas,
that al so serves as & gWeed@ bve ashe¥pheshematiclea aPrAlicaigm #ithent

shown,sor alternatively a non-mggcitl eqbjicdli thr iavitdndticamiyceshriditigsi fhe t he
basic elenent 1 into a device for producing pressure 20. In 25 the
practical enbodi nent displ ayed, HS¢8agENOEESS:0r produci ng pressure 20
consists of several pressure cylinders 32 that are coupled via a control
valve 21. The cylinder, 32 has an inlet 33 for the fluid 8, as wel] as a
feed supply 35 and rg{'%‘rﬁséﬂbﬁ)l y 345NN P C?Jeerﬂké%‘i"ﬁﬁ'étdo‘da@ep'ﬁg‘?ﬂwpi c,
hydraulic or other devices. TheygigweterallischirgsibeLsesan adj ustabl e pressure
that is controlled exactly via the control and -12- instrunmentation unit 19
of the system The control is nmade possible by pressure sensors 23 and the
pressure control | er ZFigirestdar Bact asHowesplsdatipui ektegenthliendasi dudiierpar ent

materjal 28 is introduced with defined pressure into th ] xer . device 3.
Afterh?hi s the additives 29 and pééiﬁlrlf:%t 8&5’8 lgt?ngsr é)?n@?e?gt&’rqeﬁt%ysfef% '} xi ng
5 device 3 at a slightly higher apt@gsuseewith thednwdetiorce simlar to the device
for producing pressure 20 or by other suitable nmeasures and m xed together.

The m xture is discharged through the extrusion die 4 in which a further
conponent Figurfeol skraryd scheanatiet viewpfabe rexirider systine alithapplexclzangeable such

camponent S0y Fi G priclfre, Siad Spriaef f BIUEER AL 1orATEL ke oxkie
threads, fibres, strands 103 and/or capillaries 25. A die for producing a capillary is

15 shown here by way of example.

The basic element 1 of the extruder system has a supply device 2, a mixer device 3,
an extrusion die 4 with an exchangeable discharge nozzle 5, as well as an axial
drive 6 with transmission 7. The expulsion gas 9 and the pressure medium 8 are
introduced through the supply device 2. The expulsion gas 9 is led through the
20 entire basic element 1 centrally up to the finished capillaries 25 in order to inflate

these so that they cannot collapse on passing the discharge nozzle 5.

The pressure medium 8, for example a gas, that also serves as a protective
atmosphere in the practical embodiment shown, or alternatively a non-miscible liquid
is introduced outside the basic element 1 into a device for producing pressure 20. In
25 the practical embodiment displayed, the device for producing pressure 20 consists
of several pressure cylinders 32 that are coupled via a control valve 21. The cylinder
32 has an inlet 33 for the fluid 8, as well as a feed supply 35 and return supply 34
that can be designed as pneumatic, hydraulic or other devices. The device 20

produces an adjustable pressure that is controlled exactly via the control and




10 the discharge nozzle 5 and after this conveyed to the di scharge nozzle
5. Mniaturised sensors for nonitoring the mxing 24 and/or pressure
sensors 23 are arranged in the m xer device 3. The sensors for nonitoring
the m xing 24 and/or pressure sensors 23 can also be arranged in the
follow ng units such as the extru5|on1%ae 4 and the discharge nozzle 5 as
a control against de-mxing of the terial conponents. The basic
element 1 is additionally equipped with a heating/cooling device 18 in
order to bénsiimentaiopr wfut? oh e Axttamt Thermesirak §raads epesiplgrbyeRBEHIE room

t enper at ur %eﬁéﬁé%aa%xhél{arekgura%gmrémtzzw &%t 8RY r@éﬁgngaﬁ&;klgl led with the

control e tenperature is nonitored with the aid of the tenperature
sensor 36, or also 20 with several tenperature sensors 36 arranged in the

i ndi vi dual 1¢RvbfRSoPharbhembasiac2s & pfealcel wﬂ“"ﬂeﬁ?ﬁé@ﬁ ﬁr@ksdr@ ihtd tﬁé igdrur ed in
such a way that it not only assunes the task of control

t enper at ur élevisars. 4ftep thig ’lheoQQﬁ@We%@ﬁtanIanHEeSl?rp ?’ﬁé“%tﬁf%'ﬂggrthes‘p’ﬂ“@m for

exanpls t heeGRBt fila @pﬂw ﬁagﬁéragsrer@b.atdﬂ@e@@et SIRIA 5 tRe dedd MR proddbingr the
energence of the capillar fromthe discharge nozzle 5,_they are 25
O)é@h

passed on tPEEIHES BQI‘P‘" Letahle MEAYIGH at"ﬁe'“E‘P@stPQl%th%"ev-';'@emi’@“r?h'ét has a

cl osing W%ﬁé&ﬁa#g%mtfﬁr@u?mmmsubh%@a FONREIDE et IcBmpordi 33 fmmﬁp;s.m for
threading into ling device 11. The conpl ete basic el ement W th

the supply adweitieg asenft foe mgdical apelfalienss syply agifag- feupaldehvss i tBeA'kw Bh t he

exchangeabligrgliue6d auGitomagZ e éomﬁoﬁ@ﬁ@tﬁg thatbBy Alekere@ R Yhortidth Abnt3fi S t hat
is co-linear with the capillarie roduced or the central supply of the

expul ¥ on dh@ dscharge nez4dei enant Satﬁﬁé Bﬁspen‘@yé?retﬁt the [diSCHRIOEeACEAR the axi al

drive 6 - MiniaWrksBd sBRsdré 3SHbRIEIPY the nEr)(mQQWérﬁﬁér pragsupdIsehosts davaree 11
can enhance the rotation or reverse it in the rggosme dlrectlon At the

same tinme @BHE@NgaGHN e (ixes deyige fa Ther SASEITPT tePrdigRg &ie MR 2R oduced

l'ength wit hyrddigraisdngrs L4 camldidd BedvaiRdlih thedfollBwingSUhits @uch/\ﬁ&bcﬂhet he
material or cross-linking structure is substantially refined and

st r engt hen&firusipg dig fednthrHishaidreneZdf PIas § oBrRbPeaIBH - MNg ‘Pfh@eal d of
sensofs ancﬂnél{g,tié;%bﬁ),lbgn&ﬁs and controlled electronically via the control and
instrunmentation unit 19 in order to
The basic element 1 is additionally equipped with a heating/cooling device 18 in
order to be able to produce a constant temperature, here for example room
temperature preferably up to 22°C, that can be set and controlled with the control
19. The temperature is monitored with the aid of the temperature sensor 36, or also
20 with several temperature sensors 36 arranged in the individual devices of the basic
element 1. The control 19 is structured in such a way that it not only assumes the
task of controlling the temperature, but also all other control tasks in the extruder

system, for example the control and regulation of the actuaiors and drives.

After the emergence of the capillary 25 from the discharge nozzle 5, they are
25 passed on to the pulling device 11 through the closing device 10 that has a closing
mechanism for closing the discharge nozzie 5 and a mechanism for threading into

the pulling device 11.

The complete basic element 1 with the supply device 2, the mixer device 3 and the
extrusion die 4 with the exchangeable discharge nozzie 5 is located rotatably about
30 an axis that is co-linear with the capillaries 25 produced or the central supply of the

expulsion gas 9. The rotation of the basic element 1 is driven by the axial drive 6




prevent themfromtearing. At the sanme tinme an internmediate quality contro
of the strength achieved, the wall thickness, the dianeter, the uniformty
of the capillaries 10 etc. is conducted via the sensors 26. After
stretching and twisting to the desired |l ength and above all to the
necessary thickness or wall thickness,, the capillaries 25 produced can be
used directly, if e.g. the extruder sfé temwas installed directly at the
poi nt of the application. There is a further possible way of transformng
the capi | | aviiei§edmnsmission % dhycontreshiderwiaatdevisent lotandenappe theyrotationor der

to achi eve &rgJe |ldfny!h'390 ‘élt&%lrégtidnsA‘?rtﬁ’é“sQ% mh@ MbiceBinsd e e lheary 25

produced is reci sely defined residual noisture content. The

moni t ori ng &T@tcdﬂ&d r’f‘P éGVQfalt’ﬂW o pexdueed leagtowih the, a'ﬂfof &re pyling gevigandl.devi ce
12, ‘a cuttifg, %@Fh 6ewiieh %%ét%f? r&'dﬂgasm?ﬂ(!nﬁ%tr%é@ré)irs Ab§ahgHID 9eRRE arkiayi ng

device 14b as well as an asse y unit 14c~and packing unit 14d are 20
necessary. siengthengd.s, appropriate storage 15 and transport 16 to the
various forms of application 17 worldwi de are easily possible. In order to
be able to pass on the dried capillaries 25 for appropriate use, it is

necessary tlgietsieigningh@iine gapitary is mopirTad Mainyhe Al ofeseRRpT @ndSelRGUB 28 t hem

for medi calzanRintrefdd @I@étroﬁmgrwé?ﬁfet &infirol Ghd %Iffﬁtr@nf:a%n nfligsih &rligrdtodevi ce
37 is provided in order to achieve a previousl| ef i ned noi sture

cont ent . FiRgeiest thany frgmsieqdpgit Alcthe sgmesine a0 !a?érfaﬁd!atepq%tv eAtrobabhEi ment

of the baSIs%en@ﬂh%ravea 0k v&éﬁethi%Kﬁééédﬁfe SYSERM thelunfbpeiydiBe dagiftids! ary
25. The structure of the basic element 1 is shown. It consists of a

housi HYy 38 si-ihcendusied vigsthepgnsee &6. di stri but ed about the circunference for
t he expul sion gas 9, the pressure nedium8, 30 the basi c/ parent materi al
28, the addjtives 29, the adm xtures, 30

further onponent 31, as
Wi | hs i AHer SBicBng AN e Bosor Br dented BRe MG AROE 3l 9 RS STEAT Y25 not
shown here th{&k}%sbwwangma&ecs@nthbe:alpm@dwzﬂ pEidtice@ dadbeaged divetye ifdegendi ng
on the production &?al neeri.ng |i¢ti S wher e{)% the d sired di nensions
that can | i PHYARE SHTgEMWasNStE] %ﬁ‘:{%atet BPol 8 ﬁ@PPé’? ®G millinetres are
critical for this. The outer design of the housi ng 38 can be cylindrical

an_d/or bl ock- sha ed he hou.%l ng} 38 i cfosed \éfe o g gover 39 to
whi ch the tWERsAT SsiBHS7 ROSHPIE, 2y, §fy Bassfaring %r°€8‘ a‘l‘?ms r'i"\PeaG"erV

15 permanent form of durability. In order to achieve this, a drying device 12 is provided
in which the capillary 25 produced is dried up to a precisely defined residual
moisture content. The monitoring is carried out by moisture sensors 27. After the
drying device 12, a cutting device 13 and a winding device 14a or a folding and
laying device 14b as well as an assembly unit 14¢ and packing unit 14d are

20 necessary. After this, appropriate storage 15 and transport 16 to the various forms
of application 17 worldwide are easily possible. In order to be able to pass on the
dried capillaries 25 for appropriate use, it is necessary to treat them further
accordingly, for example to moisten them for medical applications. Under certain
circumstances a moistening device 37 is provided in order to achieve a previously

25 defined moisture content.

Figure 2 is a schematic representation of a practical embodiment of the basic
element 1 of the extruder system for producing a capillary 25. The structure of the
basic element 1 is shown. It consists of a housing 38 with inlets 46 that are
distributed about the circumference for the expulsion gas 9, the pressure medium 8,
30 the basic/parent material 28, the additives 29, the admixtures 30 and a further




drives a through shaft 40 that is stepped in several places. Exact rotation
is ensured by the prel oaded bearings 41 that show m ninmal play. The
bearings 41 are 10 appropriate slide bearings and the seal packages 42
shown serve to separate the individual substances added and to protect the
bearings 41. In order to realise the 1gact rotation of the through shaft
40, a conpensation coupling 43 is provided between the through shaft 40
and the transmission 7. After the basic/parent nmaterial 28, the additives
29 and t he cathporentr¥s asaveliasevitiBldivand aeiats & the heatingyansr oling 8YB®M t he
connect i Ng 43 3th Qo iLieON 44 with the aid of the rotation of the through
shaft 40. é&her sulta Ie nmeasures for mxing are structuring the through
shaft 40 in this area in the formof longitudinal slots or helical grooves

or static m%'wsﬁb%h%é&%uéﬁ%lﬁéé@&%da ®Role Péﬁdlﬁ’@@ﬁtﬁéﬁf}ﬂu&@nand/ or

on the housing 38. "For mcro- ag ications it is sufficient to produce
appr opr i at @ngpeeriedfniitiss. wherehy thy Apsiedsdimensiens & w@nrliechithe W%‘(lq‘f I'n

addi ti n ' Wﬁé‘@{ t?&@gf ﬁﬁ?érﬁéﬁegfy mﬂﬂ%tFéérerQ;n{l&H? de'tK?snﬁheqéut@F BedgH @ﬂ%@d
out si eor er ab and nore effectively inside the mxing Ssection 44 in

order to bénoagn@ 3é3c¢8nrﬁ§3n¢}t|'6¢”¢éiha”¢fﬁ'f blaghrelénede THE RPHYND B inPeRe Withat he
control ancl'lahé‘%ﬁ: \{%P’?@Q@Wh% tH@'trEmsrﬂt@sml$|70cﬁd| e Qﬁ\fze% ard Beups] TRE dviesm Xi ng

section 44 a onent 31 netered in so that the conplete:
mi xture nakdEyes @ dhrapgh smﬂfb4q Hat I’%&iQFPF@dH'ééa"eﬁtﬁ' Rigges- Exact geialigghis #nerede

exchangeably, 1Ok r&&é&i@al Seé’r%g%n4¢Xﬁ9?@9§\ﬁbh\ﬂ1lrh§ﬁ%layanﬂ1e' Bearfligicharged as an
enhanced capill ar an alternative the nozzle head 45 can be firmy
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housing 38 into the through shaft 4 there centrally up to the nozzl e
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expul si on %ﬁme%mﬁe%rae%m@twaﬁdm%a.talngg..s@m/pr cool i ng nedi um
Alternatively to this pressure nedium 8 can be used as a heating

and/ or cooling nedium The pressure medium8 can al so be used as a
conpensat i NgtciBES Wabic/Hatdit HABRal0Ls, the WelkiHiabs QIQSarithHd'IerﬁRtL&és 39 tefvet he

product conponents supplied indivi dyal ly, or as..5 an.ex medi um
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of the the rotation of the through shaft 40. Other suitable measures for mixing are
structuring the through shaft 40 in this area in the form of longitudinal slots or helical
grooves or static mixing elements that are arranged on the through shaft 40 and/or
on the housing 38. For micro-applications it is sufficient to produce appropriate

20 roughness of the surfaces to achieve effective mixing.

In addition integrated sensors for monitoring the mixing 24 are arranged outside or
preferably and more effectively inside the mixing section 44 in order to be able to
monitor and influence the mixing operation via the control and instrumentation unit
19. Shortly before the end of the mixing section 44 a further component 31 is
25 metered in so that the complete mixture makes its way into the nozzle head 45 that
is designed to be exchangeable, for example as an exchangeable head, and is
discharged as an enhanced capillary 25. As an alternative the nozzle head 45 can

be firmly connected with the housing 38.

The production of the enhanced capillary 25 is supported by the expulsion gas 9 that
30 is conveyed through the housing 38 into the through shaft 40 and there centrally up
to the nozzle head 45 in order to inflate the capiltary 25 from the inside. The




basic el enent 48 with a di scharge nozzle to produce reinforced extruded
film40. The alternative basic elenent 48 consists of a basic body 49, a
cover plate 50 with structured duct 51 and a connecting plate 53 for the
inlet of the basic/parent material 10 28, suitable sealing systens,
correspondi ng pressure-resistant screw fittings and a flat fil mnozzle 56.
The basic/parent nmaterial 28 is al so éPéred with the aid of a device for
produci ng pressure 20 as shown in the first practical enbodi nent (see
Figure 1). exndshaagasryisaplto ¢oed irag Bsalingrantdori apoling ieddtn.i AtarmaivelisPc body
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section 58 se volune is smaller than t o} preéssure area 57, as
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further Comeﬂaggﬁgs?’qlhthg%eté ggOHﬂ the. ;9'98’@\:3 c?ﬁﬁﬁhéﬁ‘ts Q@Eﬂfe% |¥15‘i’\?}d@9ﬂ/ Qf a%he

m xi ng section m XI ng section e cover plate 50 °displays
stati & m xiangxpllsieneedigy, sinmilar to the caterpillar m Xi ng principle,
whereby these mxing el ements 59 have a 20 tooth-like form As an

alternative the mxing elenments can be structured simlarly or di fferently
with di ffefdgurepdaisca fsshemaliesige vigyyef ap aliemative prcindleemigstiaenicel the

aspheri cal Joasic &gt B03n % aasméraé noEHIY &b Wraiucs rarnmfb&ﬁextﬂmebrmmoww te
side on the basic body way of alternative also a mrror-im

struct ure. Thgaligmative Qa%g elﬁﬂerttﬁlé Gonsiptsf & kanigmpadys4P. & evebRigkc PR wit | rmy
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practical enbodi nent shown. The flat filmnozzle 56 is as shown
exchalfyeabl2p. é@?ﬁb&@%ﬁ?nWWﬁemﬁeCW&%&%“@BIWF%UF%WISE% seiewettingsagrd 80, This

conpri ses adyapt AGSRe 5§u‘rhe %ﬁs.f:@ar&%wé@m%agwlgwmeté?e@iw.th%s%ﬁd bt km
t hi cknesses and tast cleaning in_the event of any possible clogging of the

nozzl e 56. deMee|ffdPrPRHEBY PEFFEHIRAB B8 %ﬁ@&!ﬁuaéh%@rﬁmpﬁﬂﬂa@' eMmeeFMeshGREi ng 30
setting ar gfyfe 15orhetrhteanhalaﬁh@@émngo&ysﬁéwéIasl ﬁﬁo@i@eél"m fHéeoﬁ%.tli&!y fdl Theat can

be sinply and exactly adjusted, set bove all locked, and is _set up
by the operg¥®r plate SQ sispiyvei Mgl *P"?a§e@ W?Séué%ﬁf%ﬁé’t”@ [CHYAS o8t BR t he

ai d ofs the mmogs Q/%ﬁm@@tsrnﬁﬁlleﬂ-ﬂlan th&r of kRS pRASLIE HBaisY, 6O WeAGsafletl®mRt i cal |y
during the fil Ero duction via a corres ondln control. In a different

practical dbaddifast 29.hbefadmixiuresnshornd "c?af‘F &I §8MBRNaNtry I kat inAPl¥nent of

the cover plat®sRSHy B¥rofd thelenbic? e ,ﬁ&,rggebr@,-l s#ozzle inlet side and
transition formup to the outlet slot 61 is found, so that the equal

The mixing section 58 in the cover plate 50 displays static mixing elements 59,

similar to the caterpillar mixing principle, whereby these mixing elements 59 have a
20 tooth-like form. As an alternative the mixing elements can be structured similarly or

differently with different basic forms {e.g. angular, round, arched, spherical,

aspherical). In each case a similar structure is provided on the opposite side on the

basic body 49, by way of alternative also a mirror-image structure. The structures of

the mixing elements 59 are connected firmly and indivisibly with the basic body 49
25 and/or the cover plate 50 in the practical embodiment shown.

The flat film nozzle 56 is as shown exchangeably connected with the basic body 49
and the cover plate 50. This comprises advantages, such as for example changing
to different film thicknesses and fast cleaning in the event of any possible clogging
of the nozzle 56. The individual changeable nozzles 56 display a corresponding
30 setting area 52 for the thickness of the film 60 at the outlet 61 that can be simply and
exactly adjusted, set, and above all locked, and is set up by the operator or

automatically set via appropriate actuators with the aid of the process control 19.




5 distributions of the pressure conditions are taken into account over the
-~ entire wdth and length and hence an optimal film 60 can be produced. For
easi er expulsion of a reinforced film®60, additional expul sion gas nozzl es
62 are installed within the flat nozzle 56. In the practical enbodi nent of

the basic elenent 48 shown, as can be1 een in Figure 1, sensors (24, 36
that are not shown here) are 10 provided inside the basic el enent 48 so

that they can intervene in the process automatically via the control 19 in
order to nohie crositife g xSHEPCE autemalivadduduring, thgr dlras prodpetien tvia a

practical ebedbdiRitlg nttdiani MUBRER DradiedembddiMBnOPed: Hilm tlizskn@gses in

the range of m crorretres to mllinetres can be produced, in particular in
the range GHs@bs arffed sompoRentgftthe coverpiate $0sByHimuislens ampateal Rogzieknesses
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di scharge nozzle shown in Figures . gure shows a top view of
t he priacti chstrilytions iofre PreReiR Cpﬁdimrgﬁﬁre telsprbmtq ﬁ@oum yeidheientireavidiid t he

extrusion n‘al g}tﬂ?ah@ﬁeﬁeé&haﬁtmw%%nb&pss@enuce@ seen clearly how the
supply of t sic/parent material 28 is realised. Two pressure cylinders

20 32 or purrps are switched via a valve 21 on the outlet side in such a way

that a unifgpreikt Hk;ﬂjlé?é@&fsélhﬁnfbﬂ:%leﬂﬂrﬁ GOTQdkﬁtsdr%l eﬂmm{ b&sinyi-Aestdreareont r ol
and i nstrunment ati on varl a VI a e Spe pressure cyI i nders

32. I nsi de ipsf@lggratin Hw f'atéwgaa.ﬁ@emﬂ@fpr@ﬁ@aba@ged'me@h%fntdﬂemagr%%mem s the

pressure arggshawn Bé @aN"Bé gBer REFigh@Si, GbRaJre (14, BBLRA b ndBsticivr Mdrepstaced as
shown in Figure 3a. 25 In the transition area to the mi Xi ng section 44 the
t

addi t 1% es 290udrf Huidexingr ersigglemand 48q8r dhafi tﬁe%é?ﬁarfakeé"qnﬁl' e 4B0c8ss | 5

equal I'y posgidth&icafly Piaeth8iconfeldid invegle”r® %ﬁltoratﬁ@r?ﬁdh@%ﬁﬂnpp%au@i@nt hi s
alternative practical enbodiment of the basic elenent 48 wth aqogv opriate

met eri ng arfoFAsRi MYthutie Srapticaingmbedigipat vErteg NYERHAR o dbme RY #ithi o each

ot her and shHbreREYEN N the FRIGRI of MEBhREres €8 hillirB&tred cad Bebrotiuddd®h @hticuldA Xt ur e.
It 30 should be noted here that the inlets 46 for the additives 29, the

adni xt ur es BeRAI Of P-ArPRdP TogRpi@iRe U toFnm, Fygrybinen igestessdni on of

flow st amcapsHioORMd #itE tROAsE oft Aat piidy BevicteterBhier X artharg8Yhozzle
simul ations. The individual parts of the basic 17 elenent 48 nust be

connect ed VAPANERERUESHE?NDFRssure-tight, but detachable with
appropriately designed screws 55, i.e. a sealing system54 is provided

bet ween t h(i=igure 3b shows a top view of the practical embodiment shown in Figure 3a of the
mixing device and the extrusion die with the discharge nozzle. It can be seen clearly

how the supply of the basic/parent material 28 is realised. Two pressure cylinders

20 32 or pumps are switched via a valve 21 on the outlet side in such a way that a
uniform fluid pressure results. This is controlled via the conirol and instrumentation

19 variably via the speed of the pressure cylinders 32. Inside the practical

embodiment of the basic element 48 shown is the pressure area 57 into which the

basic/parent material 28 is introduced as shown in Figure 3a.

25 In the transition area to the mixing section 44 the additives 29 and admixtures 30
are added via separate inlets 46. It is equally possible to pre-mix additives 29 and
admixtures 30 outside this alternative practical embodiment of the basic element 48
with appropriate metering and mixing units 63 (not shown here) in the desired ratio
to each other and subsequently meter them directly or at a later time as a mixture. It

30 should be noted here that the inlets 46 for the additives 29, the admixtures 30 and a
further component 31 are arranged in the direction of flow, at an appropriate angle

that can be determined exactly by simulations. The individual parts of the basic




i ndi vidual parts without this sealing system54 comng directly into
contact with the product. Alternatively to this, for exanple, a conpletely
seal abl e conpl ete housing is 5 possible, for exanple for a disposable unit.
The width of the filmnozzle 56 is selected freely in accordance with the
respective application. A cylindrical gxer form was selected for the
basi ¢ el enent 48 shown here. Figure 4a‘ﬁ a sinplified view of two pulling

devices 11 arranged in series. Wth the first the ca |IIaré 25 and in
ot her pr actdleraentetfbdshimcemastedswithaach pier prassurestight, dut depchakle Mithm 60

are drawn %bi; (ﬁj: g\%}?d lLy &r&Ne8E 1(ela s/é%)mg W R SW' it BrdRaasanesch e

product 25 e required l'ength and thickness. ldeally these
pul ling dendividdal perigrudthopt wa@@aglsust&rrh%gwﬁ@gewecmamﬁo @@ntﬁﬁewﬁuthﬁ ng
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suction an ressure ng units low a safe grab 15
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di mensi ons o e order magni t m cronmetres and | ess. The nunber
of suction vmﬁoﬁedﬁct@ﬁ@sﬁml@asgwiweﬁt%ﬁhw 'B%e.can vary depending on the area
of application. The transport in the direction of expulsion is carried out

with controllable drives 66 and the rotational npvenent 20 about_ the
product axiFiguee 4aisrg SiPhtiad vipwof &upPrting deyieesgt] deangsd inssres Wi ey acuum

and conpr e&ﬁ@c@lh@lcépuﬁw@lsyar@&nIo‘ihd?rp%ﬂésﬂem!a@d.mleﬁtsqﬁé ¥trah®Whe Ssfeermatorcal |y
in Fi %re 4a. The pers 65 are secured [?%ul ar intervals X §h70 on a
At

conve{dr bdhe fim Bovﬁ"f’ rawn 4 Qémfop@%lﬁl?”?ﬁr@i% s ¥Ble MERJhe secersire For
one pul I'i ngyr8@¥t % 1Brain td BRS BBy €|¥ thbofld tiokhess. 7i4BalgdtHeaResLiwigt h

grippers are provided that |ie exactl¥ opposite each other and are
count er - r otdviEgs 14 Gre iRoratgd ima haydnd 58f product contact a pair of
grippers 69 always cl oses about the product like a pair of tongs. This

o pper s 6F 3B GO G s dartP PR PHE R ID g s hros ey LB | cast
one pair of grippers 69 takes up and holds the product (25, 60, 103). The
dhstance ¥ Rl DERE S, BRad®, SRBRRE AR S LSk ghpfh BFBloned <0
non- deSt r ugirostest Peapillatips aﬁﬁftt_ﬂe@dQBtdr rflgns)ﬁopamﬂactos deBbuctc®, rel®@83 of thiet h
g:’;;];]er llgg d'rggunc?'(Qg,SGO,TP&S)dés'p\égi%IIy w:tﬂf struc?u I\I\Fi)llPledlmCe(r)lQI\(/) U th lotréer7&f of
magnitude of micrometres and less. The number of suction and/or pressure gripper
units 65 can vary depending on the area of application. The transport in the direction
of expulsion is carried out with controllable drives 66 and the rotational movement
20 about the product axis is carried out with controllable drives 67. For this a vacuum
and compressed air supply 68 is provided that is only shown schematically in Figure
4a. The grippers 65 are secured at regular intervals X (70) on a conveyor belt 71
with an adjustable and pre-stressed length Z (75). For one pulling device two of
these conveyor belts 71a, 71b equipped with grippers are provided that lie exactly
25 opposite each other and are counter-rotated, so that in the event of product contact
a pair of grippers 69 always closes about the product like a pair of tongs. This
arrangement is expedient as in this way the number of product-holding grippers 65
can be varied according to the application, whereby at least one pair of grippers 69
takes up and holds the product (25, 60, 103). The distance Y (72) between the two
30 gripper conveyor belts 71 is designed so that it can be set and controlled in order to
ensure safe and non-destructive pick-up and depositing of products (25, 60, 103)

with differing dimensions. The drives 66 of the gripper conveyor belts 71 of each




pul l'i ng device are connected in parallel in order to produce an adjustable
and controllable pulling force for the product (25, 60, 103). The pulling
force is nonitored by suitable sensors, in the practical enbodi ment shown
torque sensors 73, optical product nonitoring sensors 26 and speed sensors
74, and regul ated via the 5 common con%rol 19 in order to prevent rupturing
of the capillary 25 or in other applrcgfions the fibre 103 or the film 60.
The central axis of each pulling device 11 expediently coincides with the
centre axi PUBiNgt drvidsagie cennaetask in parallg) in pdgirte RIBAWISOAR asliusialle @ngri pper
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The top hal - figure™4b shows a side view, while the bottom 10 hal
shows a topywiudable|sensere, i the niadigat erebegimgpeshad lrque sensosefd.-atiedlul ar
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the practical enbodi ment shown, the gripper can be produced
in twdP par tcomnegn canttartfain eley todrayard yopigriag of tee wgpdany & er imdhdduct 76
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circle on I's bas wever, Its radius nmust roughly correspond to
the outer exaediertiyofoindigesyeth the gentregxisef thedasicilemanidli4®)or der to prevent
destruction or deformation of the very small capillary 25 produced. In the
duct 76 small outlet and suction nozzles 77 are arranged centrally for

vacuum andigéiepte shews ajsingie gppRer 619, for Riskingaimthei cpillaDs22 ohslep s

connecti ng @864 sditbridtic .t 189 hEPBE ﬁg{ﬂré db@ho8 sid BRI wikike the®bttb
connected with the nozzle opening 77 hrough vertical connecting ducts 79.

In t ht0 t op heifseyEiagigpeian Indie RF visnether¢ripRgehemithdie SeAE-Ce3 @€t 78 in the

duct 76 cag Bekin§eb thessaytie caNReEcdeRRAAS iRbrédie salitigRNPsORsthel t he
product (25, 103) but is basically freely sel ectable. To ensure safe
gui dance ofPradiisalc gpbodiment oshoyen. tfhe giRRer 762 s PEPBISET t e MILRATS i pper

65. The nozgbemtively BE Bratiuetd b utshyigiecd 0l | ows: as bl ower nozzles 80 in the
outer areas and as suction nozzles 81 in the mddle part of the gripper

65. This distribution avoids possible excessively |long adhesion of the
freshly extmedadt 7apidnl @teynaelyGléd18e Nesszinas hal. asMiésy Bathes eddjust biethenozzl es

77 are not divided .into bl ow and suctjon nozzl ., but instead the
o "9 cliFE i whitt s Prseos DRV b R AR s BT I BE A onl
subj ect ed trgdigs -ck9%he capillary 25 or the fiore 103 in order to prevent destruction or

deformation of the very small capillary 25 produced.

in the duct 76 small outlet and suction nozzles 77 are arranged cenfrally for vacuum
and compressed air supply 68, that each displays a horizonial connecting duct 78 in
20 the bottom third of the gripper 65 that is connected with the nozzle opening 77

through vertical connecting ducts 79.

In the top view (Figure 4b bottom) the arrangement of the nozzles 77 in the duct 76
can be seen, whereby the number depends on the dimensions of the product (25,
103) but is basically freely selectable. To ensure safe guidance of the capillary 25
25 the duct 76 runs along the entire gripper 65. The nozzles 77 are distributed as
follows: as blower nozzles 80 in the outer areas and as suction nozzles 81 in the
middle part of the gripper 65. This distribution avoids possible excessively long
adhesion of the freshly extruded capillary 25 to the nozzles 77. Alternatively the
nozzles 77 are not divided into blowing and suction nozzles, but instead the nozzles

30 are all together supplied with underpressure (vacuum) and only subjected o a




conpressed air gust shortly before rel easing the product (25, 103) so that
the grippers 65 becone detached fromthe product (25, 103). The gri ppers
65 for grabbing capillaries 25 or fibres 103 with dinmensions in the

m cronmetre or nanonetre range are produced with the aid of

m cro-engi neering 5 production processges. These include mcro-mlling,
mcro EDM ultra precision nmachining, various etching nethods, thin-I|ayer

t echnol ogi es, SU-8TMtechnol ogy, _spatterjing, coating grocesses, and LI GA
processes. PMpipwedcair gyplesnity before Hgledpingal ed?"Pﬁ‘ﬂfér(z 3199k S?JitE%tiW& up

films 60 sc‘d?@aaﬁsiasadécbﬁemetﬁzhéb%nvihewr&cﬁicgwsg16@.top) and in a top view
from above (Figure 4c bottom. 10 By contrast with the gripper 65 shown in

Figure 4b, in this practical enbodinent the surface of the gripper 83 is
smooth in Olrrlée%rirméﬁ's 66 fof @rdbbily bithriebessopabls Baewith fdihehdidhspinoteced.

The width of, the fil mgrlrgger 83 maP/ not be snmll er _tha]gn the film . width
produced arBCiOeliEnek PARYIEEIS 5K A %P@W%‘ér‘”%h@ﬁ TR LTI BIRe S WEced i n
order g0 begredlcfioh QreesERess FThesamchld satrolmigingf niie EDMN diffar gheaiioan t o

the gripper. 15 The nozzles 77 are distributed uniform MEer the entire
surface 82 MGG Gligrs sieung &etiarsissdhipiayes dgenng 'e:?uc%Lf“gn Fﬁf%‘?‘l"@gy’Bl in

the ni ddl e spafiéringBrodityy Phcesabd, nBAIGK Sraveegdses of just one type may be
provi ded that are supplied with an underpressure and are only subjected to

a conpressed air gust before letting the filmgo. The evenness of the

gri pper surfige® 42rebresaddidn indiaidlial grippeoseidr pickiag spdihabo s@tknaaticalysihi ck
coating in or,&er. tgFr ul e4oyt an%. ad{?uesi.on of the %|1_.| m 60. Ei r%lre 4d shows a
pair of gridPet YeWdFigHIs*4op) Bl 4, peréedﬁr?rgl;”{p%% JOWEASOCESYy in  a
section in a level perpendicular to the direction of novenent of the

capi llary. The . adherence of api | lar ue. t I rces can
o seldh Ui S oy BTl REorRpe! F sfGRlin e, (i dat LY BhumRp] e

di st ance beivieenof the drippen83 FpEmeotmirs brdee noR® erash edbavrktheasnoah,| dvany wi t h
different di Si IS uged, . Fi ' f i ppers
69 with a IIERDE SRedThe i BE A AR yirpl 83 ndnd¥ Gnd i i

par al | el t ovitdtheprdiducedt arahisafonsiovaed approk. 1 Bewidapttanahy iR .60 fodueed iBa is a

sectional r t atl 'gl = of ozzl e. d 45
of the. basi Tou Erinios Y BlnBratE B o Bs 0 of s TR el FOFELTARER | 2y
25. -BD- THénepna@aztascal aeablsiiibuiat snifdnoyn oesrdthal éntioe Iserfaqe 821 witlalblower
enmbodi ment %o%leé % at the edge and suction nozzles 81 in the middle part. By way of
alternative nozzles of just one type may be provided that are supplied with an
underpressure and are only subjected to a compressed air gust hefore letting the
film go. The evenness of the gripper surface 82 is additionally improved by a special

20 anti-stick coating in order to rule out any adhesion of the film 60.

Figure 4d shows a pair of grippers 69 with a picked up capillary 25 schematically in
a section in a level perpendicular to the direction of movement of the capillary. The
adherence of the capillary 25 due to the suction forces can be seen clearly. In order
to avoid damage to the capillary 25, the distance between the two grippers must be

25 varied when a capillary with different dimensions is to be produced.

Figure 4e shows a pair of grippers 69 with a picked up capillary 25 in a side

sectional view in a plane paraliel to the direction of movement of the capillary 25.

Figure 5a is a sectional representation of a possible nozzle form of the nozzle head

45 of the basic element 1 shown in Figure 2 to produce a reinforced capillary 25.




di scharge nozzles 45 that are shown in Figures 5b-e and 6 can either be
executed as firmy installed nozzles 45 or as exchangeabl e nozzles 45. It
is further possible to execute all the basic elenments 1, 48 and their
nozzles 45, 56 5 or parts thereof as itens for one-off use. This is
particul arly advant ageous for subsequggt series production. The nozzle 45
has a housing 84 that is produced fro ne piece or as a housing 84
divided in the mddle and an inner core that is executed as a rod or

m cro-rod &he practiead enebedimenly efowio apd ecalipthes praetiqahesibogignents of| theady
descri bed i qﬁﬁk t {4l AR

t hr ough trnq?égﬁgﬁ Qéggﬁgaﬁﬁgst@?ﬁ99?&?ﬁéﬁ5%§§%@é?&%%e Betmggﬁkwgézle
housi ng 84 @ﬁde@BtﬂlVeCi rpzzleg Apiar ps gachangaelld nggzles 4ehar ge chanmber 85 that
tapers towards the nozzle outlet side 87. Its cross section at the end of
the nozzle may be just a few mcronetres (depending on the pllcatlon)
The micro- g fll@%'@?%“@é‘hﬁ?‘%%@ gll el hasie sierspdie 1s d8@anditheir a§rft>0 56¢ or

exampl® gagy el kAl Yasditbms 6ABNESFPGsRS ethid m%ﬁﬂf&ukﬂy'éﬁvla%ﬁeéd}:efor
capillary 25." As in the practical enbodinent shown, the mcro-rod 47 can be

execut ed aSUBPPAUERLIREGLEMAUEIYart and at the start - here the part facing
away fromthe nozzle outlet is neant - has a connection 86 (not shown in

Figure 5a) to the through shaft 40 of 20 the basic el enent 1. t he
practical dNECHFREAT NaSWROUSINGB L BRhiEAPHIPeE drorhAnpRIceR 8EaS 8 Oagn%f}&

connect i on dividerf if HRPMHdkPME S innBHEora el iPdxeRuRarRVY AR esitloQdd ar. by Way of
alternative can al so be welded or glued with an appropri ate adhesive. It

fixes the position of rod 47 in relation to the rest of the extrusion die.
The exact o@nhg bégﬁﬁm@@sinbizﬂ@ Agfis Hhﬁmlemcmhas aareamudéainbb@fﬂ |§¢Jloeﬁblertot he
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by step uppgreduchgs.nozzl e outlet 87. It is necessary here to find an opti nal
transition angle and an optimal formof transition with the hel p of
sinmulations. Furthernore it is necessary to provide a suitable nozzle

fast eni ng BstivestciteapehouSing &3t s rod df is b cewity deskgngtadeaddischange chaantiarght

enough and 8%6}Hatst%£§tjsytomgdg%é”‘ﬂgzélgguﬂet side 87. Its cross section at the end of the
nozzle may be just a few micrometres (depending on the application). The micro-rod
15 47 is completely hollow inside so that a medium 9, for example gas, preferably air,

can be passed through to inflate the capillary 25.

As in the practical embodiment shown, the micro-rod 47 can be executed as an
exchangeable part and at the start - here the part facing away from the nozzle outlet
is meant - has a connection 86 (not shown in Figure 5a) to the through shaft 40 of

20 the basic element 1.

As in the practical embodiment shown, the connection 86 can be executed as a plug
connection, preferably conical, but also as a screw connection or by way of
alternative can also be welded or glued with an appropriate adhesive. It fixes the
position of rod 47 in relation to the rest of the extrusion die. The exact centric
25 position of the rod has a crucial influence on the true running of the rotation motion

of the basic element.




necessary inner pressure. The discharge nozzle 45 is produced with the aid
of classic nechani cal engineering processes and m cro-engi nheering
processes such as erosive procedures, e.g. wire- cut EDM and cavity-sinking
EDM or LIGA technol ogies (lithographic and 10 gal vani si ng processes).

Di scharge nozzles 45 for capillaries 25w th dinmensions of the order of
magni tude of mllinetres and mcronetres right down to the nanonetre range
can be produced with m cro-engi neeri ng{ processes. Fi ﬁure 5b shows a further
practical eMoEd besRendn HdEe 8P <O siageetpioy Ahe digsharga chargpergs BSAVCEH SRt i ni sed

product di 3Ma88apfi@khd Re-ALBI: B7Y It 3P ndlids8ly nerdto HME aR @paME! fraritiohd 87.
There are lateral outlet apertures 88 in the rod or mcro-rod 47 that point

N u ' - - -
in the dir égledndaan entisigl grmpofdiaapitignwith rechelp gf sifwlaliepeinged at interval s
around the entire circunference at the head of the mcro-rod 47. Such
| ateral outlet apertures can alternativel | so be_arranged. in the housing
84 or both ﬁ%‘thﬁ Prb '34939%"?aariyr?°tW@V'd?ﬁac?‘diélb%d”%?e ﬁﬂwﬁ ABY €XChANGS| N et s
46 forst he ERAR WOt sREWH HTFRurd be, BXPK tRghoBnd@ytoasd Ban thRlyoRBstdripihent
material 28, the additives 29, the adm xtures 30 and for the additional

conponent JFCEFEEHBRNP M Ray of exanple three positions for the sensor
for nonitoring the mxing 24 are shown in the m xi ng chanber 44. The

| ateral outlef aperture .in the mcro-rod 4 rovi de additi.onal support
for Cthe pr olsciscHaros Hize o AabipeamiiRa ble’ eBichpdRrR et oo
product di Sehassges hhd Mmigb-cAginkbenpotickssen stibh a8 eexging siooadureslieign wikser e
preferably a g This relieves t urde on,_the m.cro-rod mal | er
frictional q’Br@@M Ao GEHERNERY agﬁggi BHS?I.GAT L}gclgréq#%glesap&g{mgga%lg ﬁ’i‘g
possi 10 e adgivanizsmgl protédses). @psthatyeesozzizst4tefor rBpiHae! 25 afth dirvedsinisi ofg 1 n
the area of, the, di scharge/exchangeabl e .nozzle. Fi 5c.shows a further
bossi bl o ot PRIEheT BB M B Gr JuRarsirergB Bows s 18 arfimelt ¢ on
to the prachhgatarepdpddossd witf mitva-zhgindérirghootesses.Fi gure 5b, the position
of the rod 47 relative to the nozzle housing 84 is adjustable, as indicated

by -22- the arrow 89a. The positioning is effected automatically with the
ai d of the Figunter 8l shawsl a fustheu percticdl i combagimhént 1. thd hisavatde tdrztk ABdkatof t he
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15 87. There are lateral outlet apertures 88 in the rod or micro-rod 47 that point in the
direction of flow at a shallow angle and are arranged at intervals around the entire
circumference at the head of the micro-rod 47. Such lateral outlet apertures can
alternatively also be arranged in the housing 84 or both in housing 48 and in the
micro-rad 47. Furthermore, all inlets 46 for the pressure medium 8, the expulsion
20 gas 9, the basic/parent material 28, the additives 29, the admixtures 30 and for the
additional component 31 are shown. By way of example three positions for the
sensor for monitoring the mixing 24 are shown in the mixing chamber 44. The lateral
outlet apertures 88 in the micro-rod 47 provide additional support for the product
discharge as they bring about a simpler and more even product discharge through
25 the addition of an expulsion medium, here preferably a gas. This relieves the burden
on the micro-rod {smalier frictional forces, avoidance of adhesions). The same
applies fo the possible additional outlet apertures in the inner wall of the housing in

the area of the discharge/exchangeable nozzle.

Figure 5c shows a further possible practical embodiment of the discharge nozzle
30 45, in addition to the practical embodiment of nozzle 45 shown in Figure 5b, the
position of the rod 47 relative to the nozzle housing 84 is adjustable, as indicated by




5 Figure 5d represents a further practical enbodi nent of the discharge
nozzle 45. It shows both a short m xing chanber 44 and a shortened

di scharge chanber 85 with which a reinforced capillary 25 may yet be
produced. The nozzle 45 shown has a nozzle outlet aperture 87 with an outer
di ameter of 20 pm Such a nozzle is i_r}gp_arti cul ar suitable for producing
products in the micrometre 10 range, r exanple capillaries. In contrast
to the practical enbodiments shown in Figures 5a-c, Figure 5d also shows

t he connectth®Rmew §. tThe RASHGUGE is ledreted @uimatically wilh he AL oidhe sentrathe

shortened cHRShEtHMERRIGAGTIIN. The WaR t8XEHYS bPheBaBilahySe sEAGA tHd @sﬁ%n

production. The _rod is executed as an exchangeable part and thanks to a
pl ug connec ireh4¢ spfalbgsiol the hgugieg Bé i iheadifacion phibetqaubiegtl tBagerillap 25That i s

why it is qgpkkodiRed! €an the nozzie. Mreover here it is also possible to
convert the extruder system quickly by exchangeable nozzle heads 45 and
exchangeabl e mcro-rods 47 to adapt to other dianeters of the capillary 25

to be gr odtmﬁalre r8sps §hl@%rq)ré¢afea:®ﬁbcm‘raéﬁﬂ &fahe QAERASHgEREZI8f45d)tschar ge
nozzl e 45 i fference r%arl son with the preceding nozzles 45

lies here .shOWﬁévoﬂa%ﬁh%mlxm@ham% 73 SBOTFANGE disshmag: CheRwehEawits2,

unli ke thosghigh@vinerelaapildiesithigydthemesuceal a porous materi al wi th
mcropores 92. That is why a nore even capillary 25 is expelled in the

inner area. In addition it is shown that the inlets 46, whi ch have been
pl aced her erhansbzizia 48 $howtbhad Belozrle pLasEsierure BB with atrh@ute& aiameddr df I2e

drawi ng for better understandin an. also be arra ferently than in
e pr act | 4 S HeR & 18 auide SAbTe R eratie BTt B the Zuremsleent

mat erigl 28angdjlﬁ3r@dintpie\/@ﬁm|%ae§nd the adm xtures 30 as well as for the
addi ti onal conponent 31 run perpendicular to the direction of discharge 87
and are arranged in the area of the through shaft 40 and in the area of

- the rod 47.In HengasGot theypraciizat ieatbiodipndnésl shoven it Higures Gand, efigire esdailsbhe

di aneter of, the t

Fur tner ror €0V 18 GsBRrees o8 s fiduofieRrader 18 s oR 7, Msa
conponent s shortsnechcansivaygtidnnddsigrhef den@dnisitnsdie asdfaciitttes pobduction. The
tangenti al Iré{d is executed as an exchangeable part and thanks to a plug connection can easily
15 be removed from the through shaft 40. That is why it is easier to clean the nozzle.
Moreover here it is also possible to convert the extruder system quickly by
exchangeable nozzle heads 45 and exchangeable micro-rods 47 to adapt to other

diameters of the capilary 25 to be produced.

Figure 5¢ shows a further practical embodiment of discharge nozzle 45. The
20 difference by comparison with the preceding nozzles 45 lies here in the fact that the
rod 47 has a plug form at the head 92, unlike those shown so far. The plug is made
of a porous mafterial with micropores 92. That is why a more even capillary 25 is

expelled in the inner area.

In addition it is shown that the inlets 46, which have been placed here and in all
25 other representations in the plane of the drawing for better understanding, can also
be arranged differently than in the practical embodiments shown so far. The inlets
46 for basic/parent material 28, the additives 29 and the admixtures 30 as well as for
the additional component 31 run perpendicular to the direction of discharge 87 and
are arranged in the area of the through shaft 40 and in the area of the rod 47. Here

30 they are distributed over the circumference or the diameter of the basic element 1




Furthernore, Figure 5e shows that in addition to the pressure nedium8 a
suction 5 device 93 is also provided for expelling the capillary 25. The
suction head that in accordance with the invention can be placed in front
of each nozzle head 45 of the basic element 1 is designed to be
exchangeabl e for the different dianeterzganges. As required it can also be
used for the second practi cal enbodinéﬁ% ‘of the basic elenent 48, but only

inaslightly nodified form i.e. adapted to the filmthickness and 10
wi dt h. The &6 &the8azeie hend ¢5s Bydhamore it pogghledpsransatieel ingtett efhe

ci rcunf er enge indiffud RBnpeRRhtY iRTsubN@ WA R thd B HANerR dal We! RERIRBH
distributed in the sane way for extracting the suction nedium Between the

inl ets 93a tangentiB®.outl ets 93b the suction medi um surrounds the fluid to
be di scharged and entrains it inits flowso that the fluid is discharged.

15 Figure 6a is the representation of a further alternatiyve practical

~ enbodi nent %%”hﬁﬁéoredf%%ﬁﬁéh%%iﬂ'aé in gddifien ip Beshressire madium S ﬁB?tIOF‘i ed by
conpars son givice 93 BUkiSo SrdviiedPioP @usalineinel @ipRae, eapThd aiidtRh Had thBein
basic/parent material 28 is mxed in suitable m xing and netering
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adm xt ur es }dicélémenrO1 5318 Nfol e EXdNaRGeHRs fdrithé diffeerRafdrfetel piMBAS. 1. An

addi tional conponent 31 is then netered into the basic elenment 1 shortly
before it iAS Eﬂqé'tfﬂ‘él'tg‘é’d‘. algpbg Us§prfﬁ'f fhe segend mraRtisplserhefimant @\ibg basic
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elenent 1 with the di scharge nozzle 4 tical enbodi nents

] : 5 than for the prac ,
shown'? n Fidiheshegudlieg head 9ddapsgrwal iplets 932 Jalriputed Gver NEATEIMI$NSR for m
there are myehelRappighbf feailietdd PRiuRT)ahd 8614t 939 Bistrilsed ih @Y sdrhé Qagifort 0
di nrensions in the nanonetre range for nozzles 45 and rods 47, through

f
whi ch an evrasiig fher sYRtigReefivsr Beteeuiia NGty 596 anth this oullglhi Bbele

Equal Iy it dustidPfldRin® stifolidedtHe glust fooleél Sischity e dnd atthalrisbif esitsl s as wel |
as films 60 fromdifferent materials with the practical enbodi nent shown

in Figure dghattheiuid\adiseh9¥bher ati ng procedures of the practical
enbodi nents of the extruder presented in the preceding figures are

possi bl e: t he one, hand a f.i xed housjn 8 of the basic el enent can be
osd Toget MHptth 6 Lo FPweRentalle o HEiar aferpaye BrasRenanoparingt oufRven by
rotation. THishagjemdz4l,45%Md a Basic element 1 simplified by comparison with Figure 2 to

produce reinforced capillaries 25.

The basic/parent material 28 is mixed in suitable mixing and metering apparatuses
95 {not shown in Figure 6a) with the additives 29 and admixfures 30 and
20 subseguently introduced into the basic element 1. An additional component 31 is
then metered into the basic element 1 shortly before it is discharged. This
simplification means that an even considerably shorter installation form can be
selected for the basic element 1 with the discharge nozzle 45 than for the practical

embodiments shown in Figures 5d and 5e.

25 Thanks fo its very short installation form there are much better production
engineering options right through to dimensions in the nanometre range for nozzles
45 and rods 47, through which an even smaller diameter of the capillary 25 can be
achieved. Equally it is possible to produce strands, threads and fibres 103 as well as

films 60 from different materials with the practical embodiment shown in Figure Ga.




5 automatically noved forward in the direction of the outlet nozzle 87 or
back or oscillated by a flexibly working pressure conpensati on nmechani sm
20, for exanple wth cylinders 32. The m xi ng chanber 44 and the di scharge
chanber 85 | ocated between the core (40, 47) and housing 84 formthe
jacket of a cylinder or cone. The basig/parent material 28, the additives
29 and the adm xtures 30 are m xed as al ready shown or netered

individually into the discharge chanber 85 and the additional conponent 31
i s added shéroug pperptinghipregedurrs bz Hee Praclicglneppepignents (ft M R HeRTsi ng

(38, 84) Ofprééh%té@ﬁitﬁeﬁlle%ﬁﬁﬂéﬁéﬁ'{@s%rébé_ﬁ%‘ibl&?re (40, 47) not driven by
rotation can be used. In addition the individual elenments of the practical
enbodi ments shown can be 15 conbined with each other in accordance with

t he nodul aroptHesrichghd MkROVRISiIHghEsSof thedhsit lRinfsnt ¥BH Bk eRad tyclined vatheani ng
works. For this gur pose i ndivi
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possi bl e) and seal i ng packages as we e pressuyre units for e supply
of the corfsoNesT ©eCRF %’@ 68}1%? S&Mfﬂ%%%%?ﬂ%ﬁ#@t%ﬁ? oo cg'b%ﬁh riate
the heati ngspApréMomaksibEDS, tHeCaddiicsob anddhefadiifturdsedo apprmined aise
sensors and 25 detectors for nponitoring. cag a!gﬁo be added. Tg'%s Il;%ws‘ a
sinpl & 1 c¥iegf ShRWnsol metersd Jediidyallyr intg, dhedischame, chamiaes, sangr uction
t00. The exjudkt®harcasmnnt3riezaRed shdrtiyindjor@bf theeokasi c el enents (1, 48)
presented can be used for nultiple applications, i.e. both for cooling and

heating the parent material wused, as well as for inflating the capillary
25, as al r qadthetasel b bedtiap byesindl (338, 30) ekipelmisierelgrasntadreioa fixad/ categ4G.uppor t

in drying tﬁ{}?gﬁ{%géﬁtbiggllg{ﬁ@% é?nu%%e production process. The expul sion

gas can als "aerosol s, whereby an -25- additional
option for adm xing the particles is provided outside the basic unit 1. The
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provi ted widodmbined with each other in accordance with the modular principle. Moreover this
facilitates maintenance and cleaning works. For this purpose individual assemblies
can also be designed such that they can be connected with the aid of quick locks
that can be fixed and/or locked. A further advantage is the very simple, short and
compact assembly of the extruder thanks to the modular construction. Assemblies
20 such as drive unit, bearing, through shaft, mixing and discharge module,
exchangeable nozzleé, suction unit, common housing (divided execution also
possible) and sealing packages as well as the pressure units for the supply of the
components can be combined simply with each other. If appropriate the
heating/cooling system, the control, and if required appropriate sensors and
25 detectors for monitoring can also be added. This allows a simple, flexible and swift

assembly of the extruder, in series production too.

The expulsion gas 9 (fransport fluid) of the basic elements (1, 48) presented can be
used for multiple applications, i.e. both for cooling and heating the parent material
used, as well as for inflating the capillary 25, as already described above. The
30 expulsion gas also provides support in drying_ the products already in the production

process. The expulsion gas can also be used as a carrier of aerosols, whereby an




medi cinal coating. In the basic el enent 48 shown, the expul sion gas can be
used 5 through the expul sion gas nozzles for unilateral and/or bilateral
coating for exanple wth aerosols or nedicinal nolecules if these nozzles
are integrated into the upper and/or |ower part. In the sane way different
ki nds of coatings are conceivable here,,. for exanple to realise coverings
for products. The expul sion gas can algg "be used for drying, for exanple
for pre-dryin initial 10 drying of the capillary 25, as wel| _as for
accel erat i rﬁ@dg'@a@tqpélﬁ% forradnixing departiglas i pravideg suisiderthg begicaiitshdhe a
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invention for direct Introduction of products 108 that can be provi ded
with adm Xbercsdersgeandf dhe Laaillarw és qrganW%rp@r@idaq:t Fiﬁ] oet peMidednnitil 8 107 i s
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with this. In bodies it I's thus possible to Intro uce t product 108 at
spot |®cat itieygia e expulsiay 9gs mnzlesdptewIateraloréwd/qsémaﬁ@r%@egﬁngr@r e¥XBAIBl e t he
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but with a device for producing pressure 20. D schargé is then effected
t hrough a mogardows par. irmibefsgna Way alﬁ@@mhhlnas gf caaiinge gre eancatyableineral

cannul a 10%, r%ﬁp@@ﬁ%hl&e&@em siBeproBlL&Et i on unit 106 is designed in the
practi cal I ment  shown | ngthe formof a hollow cylinder with an outer

di anet er of 3.5mm It is thus also possible to introduce a filme60 with a
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respective @pglication. Figure 7a shows a schematic top view of the basi o
element 1 with exchangeable nozzle 45, exchangeable rod 47, suction head
94 and appropriate guides from above. A precise guide 96, 97, 98 that is

largely freggade 64 shovand pt‘d&ﬁ&m embolrtertt betH30sxwatier mmﬁ)nem@rcwnee avithent ed

exactly W|th the axis is nec ary far, the 0 o han e
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possible to introduce the product 108 at spot locations and/or over a full area at

defined places.

For example the basic element 1 shown in Figure 6a can be used without an electric
drive 6 but with a device for producing pressure 20. Discharge is then effected
20 through a nozzle 45 in the form of a cannula or through an additional cannula 107.
The cannula 107 of the injection unit 106 is designed in the practical embodiment
shown in the form of a hollow cylinder with an outer diameter of 3.5 mm. It is thus
also possible to introduce a film 60 with 2 maximum width of 3 mm into a body if an
appropriately adapted injection cannula 107 is arranged in front of the basic element
25 48. The length L of the injection cannula 107 can be freely selected depending on

the respective application.

Figure 7a shows a schematic top view of the basic element 1 with exchangeable
nozzle 45, exchangeable rod 47, suction head 94 and appropriate guides from
above. A precise guide 96, 97, 98 that is largely free of play and ensures that the
30 said components are criented exactly with the axis is necessary for the automatic

exchange of the nozzles 45. The basic element 1 with the exchangeable nozzie 45,




nmovenent in the direction of the arrow 109, the suction head 94 is noved
away fromthe basic unit 1 with the aid of suitable novenent nechani sns up
to a defined 5 position. The exchangeabl e nozzle 45 is noved with a second
novenent along the arrow 110 up to a defined point, fromwhich the
exchangeabl e nozzle 45 is noved sideways to the guide 97 in the direction
of arrow 111 in a depot 90. In this depot 90 the change to another or the

same nozzle 45 is carried out manual ly o?péﬁreferabl E(ﬁﬁj aut onati cal %@ Af t er
this the héh%lPK%”E%@'%@dﬂ%a’F%Wet%“@kE %‘bﬂ'@l ipstalgrg avtheguide ¥ al ong

the third gigihdndveniches Gid %E:éé%%rﬁfto té}@hﬁ{deoméﬁézﬂ@ 450 Wite thé rigét gui de
96. In the handl1ng device 115 a mechani sm 116 i s provided that
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t hrough shaft 40 of the basic unit 1. a novement in di rection of
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exchangeabl e rod is set down at a predeterm ned position and a_new rod

47 is pi ckéﬂ'tqmﬁmﬁw ﬁf&érthﬁdhﬁrhaﬁ!@i'rﬂméeweﬁv165@6#@@@659?%? frod 47 is
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sequence. After this the basic elenent 1 of the extruder systemis ready

for operatﬁ@n again. Despite the several novenents (109-114) necessary for
this change, the automatic 25 and very precise exchange of exchangeabl e

nozzl e 45 and exc eable rod 47 is ossi bl short tine.
et o e bin e AAriag dages 4158 sippeivae 1o 4 pdyed neF SeRes b i voul d
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The novenepafallelidInd dddpwanda from the through shaft 40 of the basic unit 1.

With a movement in the direction of the arrow 114, the handling device 115 moves
on the third guide way 98 up to the depot 91 for exchangeable rods. There the
20 corresponding exchangeable rod 47 is set down at a predetermined position and a
new rod 47 is picked up. In order to bring the new components to their
corresponding place the procedure described is executed in the reverse sequence.
After this the basic element 1 of the extruder system is ready for operation again.
Despite the several movements (109-114) necessary for this change, the automatic
25 and very precise exchange of exchangeable nozzle 45 and exchangeable rod 47 is
possible within a very short fime. Changing by hand does not produce the necessary
precision here and would thus take considerably longer (even though it is possible).
The movements (109-114) described are execuied electro-mechanically and by
way of alternative also pneumatically with appropriate drives. On the grounds of the
30 small dimensions micro-motors and precision transmissions are used. As an
alternative, micro-positioning systems can be used, and for correspondingly larger
dimensions electric motors and positioning systems. The movements (109-114) and

the positioning are monitored and steered with appropriate sensors.




the positioning are nonitored and steered with appropriate sensors. -27-
Figure 7b shows a side view of the device represented in Figure 7a. The
basic elenment 1 with exchangeable rod 47, the exchangeabl e nozzl e 45 and
suction head 94 are installed in one axis on the first guide 96, whereby
the guide 96 is arranged below the baﬁf:tnut 1. However, by way of
alternative it can al so be arranged above 5 the |nd|V|duaI el enments. If the
second novement 110 is executed far enough, the third novenent 111 can be
wai ved if drigyre A SBRWRhgEaDIIRw ohdhe eyice reprggentes ih Rigyerl 7aad hg pasic

alternati V%iérﬁéwtwmfﬁh%né&%lé% 40 t@@emﬁgwﬂe fazriakhsandeuioridaad by a
mul ti-axial handli n%qobot that is positioned separately next to the basic

unit 1. Thé4 arg ipstalfesyniospraxist ot thenfirst guide, 9G.evierabyyfer @lidy 88 ioamat9ethe axi s

preci si on (defowP |t . ‘i—f@ﬁ\/eﬂé‘ﬁﬁ %f'éﬁé?ﬂﬁﬁveﬁf‘@lar%l@&bé%rr&ﬁ@%&é%&/eb' lity
(1 pmor nore precise) in the con roII|n he individual axis point or

end ar@ t artBe indhdsyal glements.dif H]es%e@ﬁgsm%\feénqrﬁ 118)&%@5?@1"?%@%@&%‘%9 gbl e

unit 118 i nnafGRevéatne Mt Bard B8 kBQUE iPOhRCIHR! 8xPlndeatid! Tb@taTh @A bhS
Fi gure 8a shows a representation of a conbination of three basic el enents

48 arr angedCBHWRE- one another. In other practical enbodiments only two or
nore than three basic elenents can be conbined. In the practical

embodi nrent shown, two filns 60 are connected after disch e fro t he
basi ¢ el enéht@ allprpatiyethe movemantsHi0Rsld 4 to b exegyteq cgh alsp @%ﬁﬁ?qt?ﬁ%yéevi ce

11 that is maflaqal MasdingRothdl tﬁétyé b Sifloriedr §Bpafatelly FRNCE tae fb@@‘@gmnepmhe
conposite film60. After this the conposite film®60 is ed ln a tglryl

modul @ 12 dehsarisie fqrihis ds ?é&rYoP'ghé?%%WWthf\}'é? g’i‘x'aé’é%P'%'?ﬁxﬁ PREsHIE NP it i s

pr otcezsedt Lrié?ﬁﬁ@[reaﬁangé}i%wbﬁgzc:cs? Bp@?ﬁ&abéhty (Eap.lﬁ bndwredpadc.sfew;m e is

coated wi or._ i ifferent additijves m xtu

al t er nat i vér)relieg gﬁ*@?t'?‘i‘)\é'guai@x%?rﬂf“gd?heﬂpm tQP'Q%i fft‘? 8&8@@&3'5%0. nt o

the filns. drbauean8lexehaweable! @R @38 M akterdande @itk aRdiknaivh Prineipld bf @e basi c

el ements 1 arrana ed next to each other. Three capillaries are passed over
s

the pul | i ndudhfis@ 11 after the discharge and dried jointly within a

drying nodule 12. Alternatively this arrangenent can al so be used to

pr Odu‘f? st rF-anl(erSe 85 r?srhg\%gsd rg:plrgsee?atijé(r)]?’o Q dco];r{bllnm%lon of three basic elements 48
arranged above one another. In other practical embodiments only two or more than

three basic elements can be combined.

In the practical embodiment shown, two films 60 are connected after discharge from
the basic elements 48 (in Figure 8a marked |, I, 1) via the pulling device 11 that is
20 only shown in stylised form to produce a homogeneous composite film 60. After this
the composite film 60 is dried in a drying module 12 connected in series or

alternatively used immediately, or it is processed further as described in Figure 1.

Each individual film 60 is coated with the same or with different additives 29 ahd
admixtures 30, or alternatively the additives 29 and admixtures 30 are introduced
25 into the films.

Figure 8b shows a representation of a combination of three basic elemenis 1
arranged next to each other. Three capillaries are passed over the pulling devices
11 after the discharge and dried jointly within a drying module 12. Alternatively this
arrangement can also be used to produce strands, threads, fibres 103 and films 60.




-28- Figure 8c shows a sectional representation in a direction

perpendi cular to the direction of discharge for a conbination of seven
basic elenents 1 (designated I- VII). On the basis of the very snall

di mensi ons of the basic elenents 1 in accordance with the invention, a
| ar ge nunber of basic elenents 1 can b% pooled in 5 a very smal |l space.
That is why high efficiency can be achlébed in the operation of the
ext ruder systen1 especially as the supplies to the individual basic

el enent s 1 Figuie Be Lyowsnd segtionnl rperepafatioi ingefiErdian \eapediaiaol? $8ppl y

and pressurgebfthr of algchaﬂ;@%rea %@mﬁmgn@q Bf SERANBYIIC elefRNES ENESidile®l- a
further practical enbodi nent 0O the invention. The arrangenent shown

consi sts ofV|’[)V\@rbéB@ (,baélseﬁfarﬁ*ﬁ% very ﬁmaéicé'mﬁﬂ‘éﬁ’@é Qi the Pagic ?I@@ﬁﬂ'isoﬁ iNby way

of al t er nat¥graBRESCWHR & .h%m#aa% far§e ﬁnﬁﬂéﬁoflbas@raerﬁ@mgal aéameepocﬁétﬂms everal
di scharge nozzles 45 arranged I n spatial distribution, fixed and

connecl abl & Yesy smelltspace Eabifewby Nohsificensy|gearhesachiyed in fie eneiation of eads,
fibres 103 tﬁ@%xfréi@ér Jyt:,{em r&éé&.@]ﬁ; é@tﬁé)guaduémo @Qa indRRfuaPbagibiefdndis 1 Or

exanpl e, one basic a nozzl e head 45 and nounting on
this, and sﬂﬁ‘ﬂftﬁ PRjimised ard p%(é@bﬁad Bagrat:ede\rl@wrmorﬂ 8uRPlY R PrESPWEABYz| e 56
and nounting on this, make it possible to produce a capillary 25 and a
filme0o at the same time. Al ot her possi bl e conbinations are al so
conceivable here. In order to realise this spatial shifting or

posi ti oni NGRig@RNsa aHbWEAL dchenfic @é’;ﬁ@sé?ﬂéﬂoﬁrof 4 alrther prdctib@tdrebddMAkAt NI NY
devi ces that 20 nust possess very precisi on and repeat accura C@Y| are
0

neces%%ry, the)j igverigny J,he ég{amﬂf%ersesf?% i8S Ph 'WRePIRTF FIgTenss| ni ng

devi ces Wi tfech@aAbdit®Be ihtdntioRAS) \R/éayﬂﬂf' A@rdiive hﬂ’f@m@bwsm'@”e"tgngur ° 90
shows a schematic representation of a further possible gral%ﬁe ﬁtbé;aon
A

enbodi nent aéﬁﬁobﬁfé‘éqbﬂﬂ é‘“gpiﬂVP@éfilsﬁha@P NORECH 491 ATARPEHEH BP

mcro- 25 Stxé@@ddd;@ﬁh@&a@& té ﬂfe l@éé&d@l@h{é@t a for @dpﬂ%ﬂa&%&ﬂ%trhﬁdé arreads,from a
conbi nation_of basic_el enen ractl cal H%F ge of thg basi ¢
el enent 99 TOFRSWHIT ANEFIgLHIR %’—ZkeﬁéG fé’kfih ¥, 60 el SHNGS: 19 RYEmPlR Potigced

t hrougl t heynbliRUObemBAS 1 1618 RRdetHRad r45darw molhtigPor ek, 4hd dhiftind asth@ad is
passed via the housi nq 38 of the no r’?PE%%dﬁﬁgS into the 30, dischar

chanmber 85.SeBNGWRPSIES %?@rﬁé?@@a‘t gndmeuntiog @i Kl dpls I ting {

possible to produce a capillary 25 and a film 60 at the same time. All other possible

combinations are also conceivable here. In order to realise this spatial shifiing or
positioning, semi-automatic, or even better, fully automatic positioning devices that
20 must possess very high precision and repeat accuracy are necessary, this can for
example be realised with the help of positioning devices with resolutions for

positioning in the nanometre range.

Figure 9b shows a schemalic representation of a further possible practical
embodiment and possible application of the basic element presented. A micro-
25 strand device 99 for producing a braided strand is formed from a combination of

basic elements.

In the practical embodiment of the basic element 99 shown in Figure 9b the
expulsion medium 9 is not introduced through the through shaft 40 and the rod or
micro-rod 47, but instead is passed via the housing 38 of the nozzle head 45 into the
30 discharge chamber 85. By way of alternative thé micro-rod 47 is shortened resulting
in a longer discharge chamber 85 without micro-rod 47. The product is then a strand

and not a capillary as in the practical embodiments described before.




in a longer discharge chanber 85 without mcro-rod 47. The product is then
a strand and not a capillary as in the practical enbodi nents descri bed
before. -29- Irrespective of which basic unit (1, 48, 99) is used in this
arrangenment, the device is nounted standi ng vertically, whereby the

pul ling devices 11 are connected in se:2| (Figure 9b shows only three of
seven possible pulling devices 11 in o er toretain clarity in the
figure). The individual strands are passed subsequently through a 5

brai di ng déwesnecigoofamaich pasie Lt 6t 48t BPdE Used i this amangement. dhe davigenisor der
to produce rﬁourgéu é@ﬁ&ﬁh% v@ﬁl%lﬁ/e%héferb?@ﬁe Fy&’lﬁn g Vit 1 B RhAsMed irPderide basic
units 99 nust nove nat el y”agal nst” each ot her around a core, e.g.
a thread, <$biguregb shews an threepf saMerhBossitle @ating Bpviaes 16fin ardestntaie t o
the brai di &[ﬁtﬁf by the
basi c el errg%t @EY éQQre) Eﬁélmlr%\}"?l%l%hﬁﬁsﬁﬁagg&a%gbﬁggﬁy}géds 1%3

capi | 1ar i edragingderice ﬁﬁo@Odé!ﬂé”&tﬁfﬂmdat}@mmf@ﬁmv@@ﬁérm@qur WP Brasgca At h each
other.  Thigibes |btr%d% sﬁan@%ado%ﬁgnﬂé *br?ﬁuc%&?npé %gsaetmts%@m@@-bél - 30-
Nunber al |l ocati o asi c el enent o|eV| ce M xer device 4

Ext rusi on dheves aiteuaéeihaggdestnwﬁlcsher@rwnCE@ cgrer ﬁ%@nﬁ‘@doﬁo et predragdr e

medi um 9 BgRuULsiHaM 888410 10 Cosing unit 11 Pulling device

By way of alternative to the braiding device 100, a twisting device 102 can be used

10 whereby the basic elements (1, 48 or 99} are firmly installed and the threads 103,
capillaries 25 or films 60 are turned about each other or twisted with each other.
This results in enhanced strength of the products.




12 Drying device 13 Cutting device 14a Wnding device 15 14b Fol di ng and
| ayi ng device 1l4c Assenbly unit 14d Packing unit 15 Storage 16 Transport
20 17 Application 18 Heating and cooling system 19 Control and
instrunmentation unit 20 Device for producing pressure 21 Control valve 25
22 Pressure controller 23 Pressure sensor 24 Sensor for nonitoring the

m xing 25 Capillary 26 Sensors and detectors for nonitoring capillaries
and/or filns 30 27 Moisture sensors 28 Basic/parent material 29 Additives
30 Adni xt uhNsgnberiallocgtiopgdi t i onal conponent 32 Cylinder 33 Medi um and
substance inlet 34 Return supply 5 35 Feed supply 36 Tenperature sensors

37 Moi st eniyng dedsf&jeméntHousi ng
2 Supply device
Mixer device

Extrusion die

Drive

3
4

5 5 Discharge nozzle
6
7 Transmission
8

Pressure medium

9 Expuision gas
10 10 Closing unit
11 Fulling device

12 Drying device
13 Cutting device
14a  Winding device
15 14b  Folding and laying device
14c  Assembly unit
14d  Packing unit
15 Storage
16 Transport
20 17 Application
18 Heating and cooling system
19 Control and instrumentation unit
20 Device for producing pressure
21 Control valve
25 22 Pressure controller
23 Pressure sensor
24 Sensor for monitoring the mixing
25 Capillary
26 Sensors and detectors for monitoring capillaries and/or films
30 27 Moisture sensors
28 Basic/parent material
29 Additives
30 Admixtures



39 Flange cover 10 40 Through shaft 41 Prel oaded bearing, 42 Sealing
package 43 Conpensation coupling 44 M xing section 15 45 Nozzl e head,
exchangeabl e nozzle 46 Inlets 47 Rod, mcro-rod, exchangeable rod 48

Al ternative practical enbodinents of the basic elenent 49 Basic body 20 50
Cover plate 51 Structured duct 52 Set t3i ng areal/range 53 Connecting plate
54 Seal i ng system 25 55 Pressure-resi st At screw fitti ngs 56 Flat film
nozzl e - exchangeabl e part 57 Pressure range 58 M xing section 59 M xing
el ements 30 60 Aclditivpalecpn@aneedt 62 Expul sion gas nozzles 63 Metering and
m Xi ng unit 64—;})“!9&@1 ng 35 65a Suction and pressure gripper unit -32- 65b

Suction and pressure gripper unit 66a Drive, adjustable 66b Drive,
adj ust abl e 33 Medium and substance inlet

34 Return supply
5 35 Feed supply

36 Temperature sensors
37 Moistening device
38 Housing
39 Fiange cover

10 40 Through shaft
41 Preloaded bearing,
42 Sealing package
43 Compensation coupling
44 Mixing section

15 45 Nozzle head, exchangeable nozzle
46 Inlets
a7 Rod, micro-rod, exchangeable rod
48 Alternative practical embodiments of the basic element
49 Basic body

20 50 Cover plate
51 Structured duct
52 Setting area/range
53 Connecting plate
54 Sealing system

25 55 Pressure-resistant screw fittings
56 Flat film nozzle - exchangeable part
57 Pressure range
58 Mixing section
59 Mixing elements

30 60 Films
61 Outlet
62 Expulsion gas nozzles
63 Metering and mixing units
64 Housing

35 65a  Suction and pressure gripper unit




66c Drive, adjustable 5 66d Drive, adjustable 67a Drive, rotational
novenment 67b Drive, rotational novenent 68 Vacuum and conpressed air
supply 69 Pair of grippers (from65a, 65b) 10 70 Di stance X of the
grippers 7l1la Gipper conveyor belt 71 b Gipper conveyor belt 71 c

Gi pper conveyor belt 71 d Gipper conyeyor belt 15 72 Distance Y of the
gri pper conveyor belts 73 Torque sensots 74 Speed sensors 75 Length Z

adj ust abl e of the gripper conveyor belts 76 Sem -circular duct 20 77
Qutl et nozZAd%s Sliomped prspweyoripgel wiiet supply ducts to the nozzle 80

Bl ower noz S LUt ozzles 25 82 Nozzle surface 83 Filmgripper 84
Housi ng of chE%pi ﬁ%é"?yg%%?'g 85 Di scharge chanber 86 Connection to through
shaft 40 3Wbg7 D@ezpdiugigbleet 88 Side outl et apertures 89a Adjusting

option | &3 AdpMat Lidst@Bki on |1 90 Depot exchangeabl e nozzle
5 66d Drive, adjustable

67a  Drive, rotational movement
67b  Drive, rotational movement
68 Vacuum and compressed air supply
69 Pair of grippers (from 65a, 65b)
10 70 Distance X of the grippers
71a  Gripper conveyor belt
71b  Gripper conveyor beit
71c  Gripper conveyor beit
71d  Gripper conveyor beit
15 72 Distance Y of the gripper conveyor belts
73 Torgue sensars
74 Speed sensors
75 Length Z adjustable of the gripper conveyor belts
76 Semi-circular duct
20 77 Qutlet nozzles
78 Inlet supply

79 Inlet supply ducts to the nozzle
80 Blower nozzles
81 Suction nozzles

25 82 Nozzle surface

83 Film gripper

84 Housing of capillary nozzle

85 Discharge chamber

86 Connection to through shaft 40
30 87 Nozzle outlet

88 Side outlet apertures

89a  Adjusting option |

89b  Adjusting option il

90 Depot exchangeable nozzle
35 a1 Depot exchangeable rods




35 91 Depot exchangeabl e rods -33- 92 Porous m cropore head of the
rod/ mcro-rod 47 93a Inlet 93b Qutlet 93c Suction nedium- suction ducts
5 94 Suction head 95 M xing and netering apparatus 96 Guide | 97 Guide |1

98 Guide Il 10 99 Mcro-strand basic unit 100 Braiding device 101
Coatings 102 Twi sting device 103 Threads, strands, fibres 15 104 Strand,
braid 105 Twi sting device 106 Basic elétfent in injection form 107

| nj ection cannul a 108 Medical products 20 109 Movenent 1 110 Movenent 2
111 Movener#2 3 Prrousvpiceensie haad afiiba rodimionerd 4 25 113b Movenent 5b  113c
Movenent 5@35;114,Mpvenent 6 115 Handling device - exchangeable rod 116

G i pper nmechani sns for exchangeable rod 47
93b  OQuilet

93¢ Suction medium - suction ducts
5 94 Suction head
95 Mixing and metering apparatus

96 Guide |
o7 Guide 1l
08 Guide Hi

10 99 Micro-strand basic unit
100  Braiding device
101 Coatings
102 Twisting device
103  Threads, strands, fibres
15 104  Strand, braid
105  Twisting device
106  Basic element in injection form
107  Injection cannula
108  Medical products
20 109 Movement 1
110  Movement 2
111 . Movement 3
112  Movement 4
113a Movement 5a
25 113b Movement 5b
113c  Movement 5c
114  Movement 6
115  Handling device - exchangeable rod
116  Gripper mechanisms for exchangeable rod 47
30 117  Compressive force sensor

118 Exchangeable unit




30 117 Conpressive force sensor 118 Exchangeable unit } -34- Patent clains
1. Extruder systemfor extruding a fluid conprising at |east one supply
device (2), at least one mxer device (3) and at |east one extrusion die
(4), characterised by the fact that at |east one device for producing a
fluid flow (transport fluid) that co etely or partially surrounds the
material to be 5 extruded is provided, that runs essentially parallel to
the direction of outlet of the naterial to be extruded, and whereby the
fluid is discharged fromthe extruder system by suction and/or pressure of
the transport fluid flow caused by an expul sion gas. 2. Extruder systemin
accordance with claim1l, characterised by the fact that 10 the pressure
for discharging the material to be extruded is provided by an expul sion
gas. 3. Extruder systemin accordance with claim 1, characterised by the
fact that Rateni¢lRiMoHn device is arranged on the nozzle outlet. 4. Extruder
systemin accordance with one of the clains 1 to 3, characterised 15 by

the fact that 1t hEdiechatdn B0Sah-lingda ol doiebridirigrataeau okeesupfly dvicpar t's
t hereof are exchangeable, 5. Extruder 5{3 temin accor dancier wth _cl(gb]m 4,
0 e

charact eri sed by¢th@ {eget oNRafixef dqvicss fVred P FHEARi 4G

paral l el fluid fdHavradteridéd bgaré faanthatodtliyast Bhededes forprdédigirgod nuieflow
exchangeabl e parts. 20 Ext ruder stemin accordance with claim3

0. S )
charact eri sed byrgpRportafyid} kgt Cé’m%‘ﬂélﬁ’i InPREaly pauyundgelieqmaterialih bPhat it
]g:an ?e fsxchaﬂge%xtrﬁaedﬁisf%m(ng%u, thaflrr?ﬂw@ésgdﬁ@wa%uew m?&iir?bﬁogcﬁﬂoiiggﬁ@f in

ront of each nozzle hea 0 e sic elenent 1., 7. ruder system
in accordance wib® W%r’%ftot%g’gTLQPHBaﬁd ege,cbyct}ggﬁgg{ grgigg@rg%frggp '{hﬁe fact
that at |east ongu@SMSBEM bpBudivatantil peaRDe STaké BEnFRHATII oW dused

by an expulsion gas.

2. Extruder system in accordance with claim 1, characterised by the fact that
10 - the pressure for discharging the material to be extruded is provided by an

expulsion gas.

3. Extruder system in accordance with claim 1, characterised by the fact that

the suction device is arranged on the nozzle outlet.

4, Extruder system in accordance with one of the claims 1 to 3, characterised
15 by the fact that the discharge nozzle (5} of the extrusion die (4) or parts

thereof are exchangeable.

5. Extruder system in accordance with claim 4, characterised by the fact that at
least one device for producing the parallel fluid flow is at least partially

provided in the form of exchangeable parts.

20 6. Extruder system in accordance with claim 3, characterised by the fact that a
suction head (94), designed such that it can be exchanged for different
product diameter ranges, is arranged in front of each nozzle head (45) of the

basic element 1.

7. Extruder system in accordance with one of the claims 1 to 6, characterised

25 by the fact that at least one compensation duct for compensating metering




fluctuations is provided over the fluid flow conpletely or partially
surrounding the material to be extruded. 8. Extruder systemin accordance
with one of the clains 1 to 7, characterised by the fact that the

di rensi ons of the discharge nozzle (5) are adjusted in 5 such a way to the
fluid to be shaped that the fluid is diggcharged by the capillary forces
occurring. 9. Extruder systentin accordance with one of the clains 1 to 8,

characteri sed fact that the extrusion di 4) or rts reof can
be rotated not otﬁ(’C Q/ésn'sz%% eq pver g ﬁwﬁﬁowﬁgﬁwfeﬁéxprgﬂm@? %‘f%%ﬂﬁwge. 10
10. Extruder syshematdriabtcor eancedw th claim9, characterised by the fact
that the rotatable part of the extruder systemis a mandrel (47) that is

d h d
Fhat oxt eny Ppdritier Sl i Sefbdienith o e lon t g 4 I e P e
i R ?cc?r Flancte \(/)\nntg/tthﬁlrf'eci:tgﬁat the dmnahmnsl?t) trmeldlschalwamm {Bete atifusked mhef }‘ act]I
that at _| eas ui
i s arrafged behlsr"l'ﬁ tahgaéﬁi grfgléd %%élseha?gﬁq tﬁgﬂl qj% uéiﬁ ﬁg'cﬁ%@g{?} .

Ext ruder systemdapultatq;d’orcéancwrmgh claim 11, characterised by the fact that
at least two pulling devices (11) with di fferent pul l'i ng speeds are

arranged beh di.schar Q r i
accordance w Phckdﬁ&urélg?) eé'né Sférbéé%ct% \&amezﬁ%ﬂtgéc l%ﬁssﬁg) % &%?/écﬁ%ﬂe *Fact
that at |east orgy tpelfémtrtgatdbaleu&wdtrl)checm’) do @adddirereohedr e raeiedadotabout an
axi s parall el WI h th e Extruder systemin

accor 8ance wth 'H%n 850@&([%6 %% %Bﬂ%h% (%Mi%& %éé'gct eri sed bg the fact that

the basic elenment (1, 48) of the extruder system consisting 25 of a

suppl y 1@evi ce1¢.Bxtrudedeystere if @ccqraciecwitly claine s wheraciiped dyrihg dactdesti ce (3)
and at |east on 0 t he
direction of di gt& gété{ééﬁle Sarggteth%sa xt@@r %té&q@éﬁ%@%whgcgﬁaﬁé@ﬁ od one
of the clains 1 symnetricatiide dha eross sdclign @ﬂwtéefextwdertwstann ang t@@f@g@"@é with

an adj ustabl e h%%tréll'égtoatﬂgdﬁQ&toin%‘?dg‘éP{ér&S. (18) for the fluid.

11. Extruder system in accordance with one of the claims 1 to 10, characterised
15 by the fact that at least one pulling device {11) for drawing off the discharged
fluid is arranged behind the discharge nozzle (5) of the extrusion die (4).

12. Extruder system in accordance with claim 11, characterised by the fact that
at least two pulling devices (11) with different pulling speeds are arranged

behind the discharge nozzle (5).

20 13. Extruder system in accordance with one of the claims 1 to 12, characterised
by the fact that at least one pulling device (11) can be additionaily rotated

about an axis parallel with the direction of pulling.

14. Extruder system in accordance with one of the claims 1 to 13, characterised

by the fact that the basic element (1, 48) of the extruder system, consisting

25 of a supply device (2), a device for producing pressure (20), a mixer device
(3) and at least one extrusion die (4) can be rotated about the axis of the

direction of discharge.




16. Extruder systemin accordance with one of the clains 1 to 15,
characterised 5 by the fact that it is equipped with a drying device (12)
for the discharged fluid behind the extrusion die (4). 17. Extruder system
in accordance with one of the clains 1 to 16, characterised by the fact
that it is equipped with a cutting devige (13) for the discharged fluid
behind the extrusion die (4). 10 18. EXtruder systemin accordance with one

of the clainms 1 to 17, characteri sed b_ébéhe fact that it is equipped with
a windi ng devil ed{rH4g) SYSRM iBcraaegryEenes ¢iuhel clslhs hde flAechakastersedn die

(4). 19. Extrudey ¥ 3hQMhatt BCLRIpHROGEHAT Bdjost8biefhebhify 6h@ichBiing dRick8,
characterised by the fact that at |east one extrusion die (4) is a device

for producing a (185ceHgifluicary or micro capillary. 20. Extruder systemin
accordance with claim 19, characterised by the fact that the inner

di aneter of a16iB&NAEOS/NE I Scdopdarice fwifhr SHEUST tRE cRind ¢ 1@ 16 2dHdradeieeds | ess
than 100 pm preferably | ess than 50 ‘F‘)"’gk and particul arly tgr eferably |ess

than 20%pm 20 2V thedat hat itds efwrpeh Wik cofiyiigceeuite H2o i be dsrbated ns 1

to 18, char act erfjugEskhikyithkhetiig6h dbt'(a;_ at | east one extrusion die (4) is a
device for producing a film or mcrofilm 22. Extruder systemin

accordance wi | aim 21, characterised by t fact that  filnms with a

Ehf cknoss of 87 dMmpPLIBtes P GO B BNl o B | (hTEAiERcteTEs o up
to 50fnmhi S loa_r tl:inﬂhb&éd:ch@triefseédilﬁpbed?@iﬂ?j EX(%)LﬁﬂiI@ﬁde\?c}éSﬁ@f)nrf]éﬂhaQﬁfﬁhdfyé@e Wi th
one of the claing. 1l to , Characterise y the fact that at |east one
extrusion die (Zﬁ"'qltéerﬁ{‘%'g@ieégu?“a'? d‘ﬁr%guci ng a strand or a mcro-strand.
-37- 24. Extruder systemin accordance with claim 23, characterised by the
fact that m cn@-Bimdadsyswnt in acdohdatikaadih @fe & .the olINO1 1o P araeaqisridedr r ed,

and with a thicknes f.up.to a few nanonetres are r.t.icul arl referred.
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19. Extruder system in accordance with one of the claims 1 to 18, characterised
by the fact that at least one extrusion die (4) is a device for producing a

15 capillary or micro capillary.

20. Extruder system in accordance with claim 19, characterised by the fact that
the inner diameter of a discharge nozzle {(5) for producing a micro capillary is
less than 100 ym, preferably less than 50 um, and particularly preferably

less than 20 um.

20 21. Extruder system in accordance with one of the claims 1 to 18, characterised
by the fact that at least one extrusion die (4) is a device for producing a film

or microfilm.

22. Extruder system in accordance with claim 21, characterised by the fact that
films with a thickness of 0.5 mm to 1 um are preferred, and with a thickness
25 of up to 50 nm is particularly preferred.

23. Extruder system in accordance with one of the claims 1 to 18, characterised
by the fact that at least one extrusion die (4) is a device for producing a

strand or a micro-strand.




than 20 cm preferably of less than 15 cm and particularly preferably of
less than 8 cm 26. Extruder systemin accordance with one of the clains 1
to 25, characterised by the fact that the basic elenent (1, 48) of the
system has a dianeter of 10 less than 5 cm preferably of less than 3 cm
and particularly preferably of less thgn 1 cm 27. Extruder systemin
accordance with one of the clains 1 to 26, characterised by the fact that

a closing uni t | east .one injectign moul.di di.e.ar rra behi nd
the i schar ge 2Aasor By st R BEcdbic VT AR o) QfritsSuRidy BRROER oot om
I n accordance wiritrestearals withr £ tiitkneshef 0lsamnstol! um 2é, prefeeredbynd with pr oduct

I s di scharged Vitﬁ' Bhe goﬁZﬂte ?45 Ln_ inj ector.c%rﬂnul formor an

additional injec o= aTa 13 [N S A Y] ?nW?tﬁe & PRIFUBFY PR v ce for

produci ng pressure (20). 29. Injector in accordance with claim 28, whereby

t he injecti on2&dbriuider §ys0ah it ascor@hcarwithudrer ofdhackines 1dd 23, éhamacterd@d

Process for extrydin ' har ris t t th h luid is
i sohar Ged wi th ThEe3d b pe§ URRR LA M the AT P BbthiAT )
runni ng par al | ehan 80 tche pdifembtyi dnessftham 46 lvar, gad phrtichlariyptefenably df tedse
extruded. 31. Prtﬁ&r‘?@%mi n accordance with claim30, whereby the fluid to be
extruded is 25 discharged evenly in the mcronetre to nanonetre range. 32.
Process in accordance with claim30 or 31, whereby the naterial to be
extruded is dEsdhdmgedsysjers ircacendance/voth greesidbe elaindéte Ry, chasadténned

behavi our of the, fanaaakls fHetidlid Sehith (A34efor WIRB/AUR HasWalifhay gur of

the product to Ue pro
10 less than 5 cm, preferably of less than 3 ¢cm, and particularly preferably of

less than 1 cm.

27. Extruder system in accordance with one of the claims 1 to 26, characterised
by the fact that a closing unit and at least cne injection moulding die are

arranged behind the discharge nozzle (5).

15 28. Injector, consisting of an extruder system in accordance with one or more of
the claims 1 to 27, whereby the product is discharged via the nozzle (45) in
injector cannula form or an additional injection cannula (107) with the aid of

the device for producing pressure (20).

29. Injector in accordance with claim 28, whereby the injection cannula (107) has

20 an outer diameter of 3.5 mm.

30. Process for extruding a fluid, characterised by the fact that the fluid is
discharged with the aid of a flow of a second fluid {transport fluid) running

parallel to the direction of discharge of the materiail to be extruded.

31. Process in accordance with claim 30, whereby the fluid to be extruded is

25 discharged evenly in the micrometre to hanometre range.

32. Process in accordance with claim 30 or 31, whereby the material to be
extruded is discharged by suction and/or pressure, whereby the flow
behaviour of the transport fluid is set faster than the flow behaviour of the

product to be produced.




