1 Chemical-resistant films of high optical quality The present invention relates to a process for
producing 5 transparent polymeric films or plastics mouldings of particularly high chemical resistance,
having more particularly a very good resistance towards oil-in-water and water-in-oil emulsions, and of
high optical quality. 10 Prior art For applications where the visual appearance requirement is high,
‘exacting demands are imposed on the weathering resistance and above all on the chemical
resistance. One 15 example that may be given is thatlof plastics parts in a vehicle interior. These parts

may come into regulag ag ith ot wj cg;l yvater or water-in-ojl emulsions from
cosmetics or comestib@ﬂiﬁéagtifﬁ} agr%l%\%‘egm ?r% ?ﬁ% r(§gEar a|'sB Ipy;lsos%%f’ecda gy ki ]g%et&f“ns, sun oils 20
or lotions, for example. Sun creams and sun oils, particularly, include not only inorganic UV absorbers
but also considerable quantities of organic UV absorbers, which in many plastics trigger stress cracks.
The majority of plastics customary in a vehicle interior do not exhibit 25 sufficient long-term stability
with respect td Sin RFERA™End BRSIbAGed ke teffek & Iesouiomizal Goalitpridilkniovn that

mouldingZompesitiops sueh asdhemelamides PA 8@%%%9&!3{% MAGMLZ in p%r%icular show very

30 good resistance towards chemicals, oils, fats or lipids. Films of these matenals are known from EP

1 804 094, JPPA006:537561 ¥nb 118 260670688015 561 6xanpkR. Theyérz more

particularly a very good resistance towards oil-in-water

and water-in-oil emulsions, and of high optical guality.

10 Pprior art

For applications where the'viéual appearance reguirement is
high,'exacting demands are imposed on the weathering |
resistance and above all‘on ﬁhe chemical resistance. One

15  example that may be given is that of plastics parts in a
vehicle intefior. These parts may come into-regular contact
particularly with oils or with oil-in-water or water-in-opil
emulsions from cogmetics or comestibles. A particular
problem in this regard is presented by sun creams, sun oils

20 or lotions, for example. Sun creams and sun oils,
particularly, include not only inorganic UV absorbers but
also considerable quantities of organic UV absorbers, which
in many plastics trigger stress cracks. The majority of
plastics customary in a vehicle interior do not exhibit

25 sufficient long-term stability with respect to sun cream,

and on prolonged use suffer a loss of optical guality.

It is known that moulding compositions such as the

polyamides PA PACM12 or PA MACMI12 in particular show very
30 good resistance towards chemicals, oils, fats or lipids.

Films of these materials are known from EP 1 804 094,

JP 2006-227591 and US 2009/0085019, for example. These



applications, however, do not provide information on the quality level of the films, and do not provide
teaching allowing high optical quality to be ensured. Instead, the processing of such moulding
compositions with a high 5 consistency of quality over a prolonged production time to give films or
mouldings of high optical quality has not hitherto been described. Extrusion trials on a flat film line with
“a slot die, using 10 the process known as the chill roll process, and with the known methods, testify
very rabidly to a gradual deterioration in physical quafity. For instance, an increase in streaks or

specks in the &itsps ok mougings isoariskly: obgerveds Thisresults k'}lffgﬂﬂg SBkd%Lortlr?eC'ea”‘r‘g and
other interruptions to the_production operation. Hitherto, therefore, these polyamides have been

considered to BEIMPo5siiy & process By extiidiora BRirfiPproesssanty inkteadanlyiginjection

moulding. Thia Meansihat fis egrncide preduced at gl and.sheets gnly-with 20 some limitations.
Polyamide PACM12 i%%[?egpared from diaminadicyclohexylmethane and dodecanedioic acid.
i

Polyamide MACRAZ® pared T LAY UTERfoey Slohesgiratkarks ahd 25
dodecanédioic acith Prehlem o in thealightof the prigr artothengit was,amabiect,af 39 the present

invention to provide ajrocess for producing chemical-resistant, transparent plastics surfaces. 3 A
further object Wa5 o provided pfd Eigéﬁg\ﬁinﬁﬁthlélﬁl‘}dQé%ﬁhcﬁflpdﬁ}%ﬁéﬁ@ﬁlrﬁ@ﬁnwmastics
mouldings withishightaptisakgualiy: in-raspect in particular of stripes, streaks, gel bodies and other
impurities. An object in particular was to provide a process for producing transparent polymeric films
and plastics mouldings with particularly high resistance towards chemicals and especially water-in-olil
and oilin-wateZ:epmulsions suchzabcosmeticslan example bagvsuarcrgann FUrther objects, hot
expllcnlgétatetq1 gwll ngg@g f}%?g‘,r\%r_]t El‘rsorgltlhe overall conjtfext of the description, claims and examples

below. Solution In 6ne aSpéact, thara'is provided A proceS8tdr FroaG&RE pakRniteimses? polyamide
mouldings froknawolyashidedsouldmgtcofypasition bymerans efexirugiengeharacterized in that the

polyamide ha, Q@ n. red substantially from an aromatic, aliphatic or cycloaliphatic dicarboxylic
acid and a cygoa§pﬁg{?08§$ronﬁlnelgn %gécga?bg%ﬁa{aﬁ%%‘r gﬂ?ﬁo%@ﬁ&fra@ﬁon of less than 35
mmol/kg, andinehaes region ot thesfite die, eprsistingief aHie Badyrnda dielipahas,a tegperature

at the exit regign of e exwsioyLge whigh s lighet bY 19 19,100C than that of the die body.
15 cleaning and other interruptions to the production
Operation. Hitherto, therefore, these polyamides have been
considered to be impossible to process by extrusion, being
~processable instead only by injection moulding. This means

that films cannot be produced at all, and sheets only with

20 some limitations.

Polyamide PACM12 is prepared from diaminodicyclohexyl-

methane and dodecanedioic acid. Polyamide MACMIZ2 is

prepared from 3,3-dimethyl-p-diaminocyclohexylmethane and
25 dodecanedioic acid. B

Problem

In the light of the prior art, then, it was an object of
30 the present invention to provide a process for producing

chemical-resistant, transparent prlastics surfaces.



In another aspect, there is provided a polyamide moulding producible as defined above, characterized
in that the polyamide has been prepared form aromatic, aliphatic or cycloaliphatic dicarboxylic acids
and a cycloaliphatic diamine, has an amino endgrpup content of less than 35 mmol/kg, has a thickness
of between 10 pm and 10 mm and has been produced by means of extrusion. 3a In another aspect,
there is provided the use of a polyamide moulding as defined above for laminating on moulding
compasitiops hkryefranathewaspect, thereisprevidedthe siselofavpolyanide modhditg. as defined
above g3 fdeseratyeim, polselive flin gpackagind Hlm.orfor,praduging a:fim amingre; n ot
another agrf)'ect, there Is provided the use of a polyamide moulding as defined above as a transparent
liner, E6FEE T piéfes B arfittkerin avelftletirtsrior, Shi8RtdMnificaliohs Yevices or d§ihzing.
The numerals: incbrackets below relate to the drawings, Fig. 1 to Fig. 2. The above objects have been
achieved through the development of an innovative process for producing polyamide mouldings or
polyamide films from polyamide moulding compositions. The process in question is a process for film
extrusion ororektrusion R SehifRishedsrodutts PRTEHER tPbeloww F6EShoft s filh €Xifi<ian, from
polyamidesswhich haye been-peepaies substantialhstross arematic, ajiphaticor syeloatipbaticy
dicarbox {_tlc aC|So"1Lsm@’1glgll cycloaliphatic diamines. The polyamide 5[n question 1rrglr;géfi’:liternaatlve.l)tfhbe those

of the yﬁ& preparg le from amlnocarjboxyﬁc acids. Prefera 3}// however, po yam?c]iles of the AA/BB

type ake preparalsiedfterrdicarbolylksacids mid & didmifeeHe peR/drfides mayafre particularly be
PA PACM12 or PA MACM12. As already stated, the prior art has failed to provide a film extrusion

process for SUChO%El)l amides that can be,carried out aQver a eilagveléé Ion%time é/gvhcilefB mai Eagning

high fiA*qisifty “FHE Stjectd have Beer achievad more particulany throughtthe dse of a polyamide

havingesreddgrovg-fractiofi dftlessitisar 170vImolKg, ipreferably res it 2803timol/kg, in the 10
process of the invention.

Solution

In one aspect, there is provided a process for producing polyamide
films or polyamide mouldings from a polyamide moulding composition by
means of extrusion, c¢haracterized in that the polyamide has been
prepared substantially £rom an aromatic, aliphatic or cycloaliphatic
dicarboxylic acid and a cycloaliphatic diamine and has a carboxyl
and/or aminc endgroup fraction of less than 35 mmol/kg, and in that a
region of the film die, consisting of a die body and a die lip, has a
temperature at the exit region of the extrusion die which is higher by

10°C to 100°C than that of the die body.

In another aspect, there is provided a polyamide moulding producible
az defined above, characterized in that the polyamide has been
prepared form aromatic, aliphatic or cycloaliphatic dicarboxylic acids
and a cycloaliphatic diamine, has an amino endgroup content of less
than 235 mmol/kg, has a thickness of between 10 uym and 10 mm and has

been produced by means of extrusion.



The objects have been achieved more particularly by a process for film extrusion that has the following
features: 1.) The carboxyl and/or amino endgroup fraction, preferably 15 the amino endgroup
fraction, of the polyamide is less than 35 mmol/kgg 2.) A region of the film die, preferably the die lip (2)
of the film die, consisting of a die body (1) and a die lip (2), has a temperature at the exit region of the
extrusion 20 die which is higher by 10C to 100C than that of the die body (1). Through the use of this
process itdapossible tpproducaeoatingoustyvovera By tirme pefiod, pofypmmitéemoaltidgs25 and
polyamide, films which show & high eptical guality patticularly. i sespectpfstripes, streaks, gel bodies
or other impurities. Through the choice of the polyamides used in accordance with the invention, the
films have particularly good weathering resistance and chemical 30 resistance, especially with respect
to suncaream: SAkeyaspeebeatthe présent inventorisitheinozzie outket, cémprisipgtaditiddie (Figs 1
t0 2). Jis fim gie.’s cqmioned! induli ofa dig bady(ddanda dielp (3. Thederndingdi Isused
synonymouslyin the context of this 5 patent, independently of the product thickness, for all slot dies,
includify 1Fese fortthe prad Uio rP6PRSITHIET Shdets™ THE'GEAI of the polyamide mouldings and
polyamide films 10 produced in accordance with the prior art subsides over a relatively short
production period gwing 1o the depgsiti he nozz| tlet. mpre precisely-on.the die lip:(2), of
solids?evhisc%ﬁé%veagt?r%géesrorasstpeeaﬁ%s' bgﬁfr% %n ;tLhS?a %%%é%pﬁisi%%y iqt%%s l!)%e;afo%(%%égé Qgé
modifyingRETfmEES5 éhé mbre Pariculady the-d Fé“ﬁ"’é’%?)?fi‘ttislﬁdb‘éiblectﬁ‘ﬁréveﬁ?t%ﬁ‘é‘f)%sﬁ%n of
solidssang. henee the formation ef stripescsand sireaks -Criteatkinuadecrdance With the inventies is that
at least 20 pne region of the film die, preferably the die lip (2), has a temperature which is higher by
10C t6¢ ?)651,%referably by 20C to 80C, more preferably 30C to 70C, than that of the die body (1). It is
preferred more particularly for the temperature of the die lip (2) to be between 10C and 25 100C,
preferably 20G.to-80¢, mererprefarahly 30G 4q 70€; higherthanibe teraperajyre of the die bedy (1),
and for the die body (1) to have a temperature which is higher by not more than 5C, and is preferably
the sa]f:ﬁg,‘ag that of the extruder.

The above objects have been achieved through the development of an
innovative process for producing polyamide mouldings or polyamide
films from polvamide moulding compositions. The process in gquestion is
a process for film extrusion or for extrusion of semi-finished
products, referred to below for short as film extrusion, from
polyamides which have been prepared substantially from aromatic,
aliphatic or cycloaliphatic dicarboxylic acids and cyclealiphatic
diamines. The polyamides in guestion may alternatively be those of the
AR type, preparable from aminocarboxylic acids. Preferably, however,
polyamides of the AA/BB type are preparable from dicarboxylic acids

and



30 6 the same time has a temperature of between 290C and 370C. The die lip (2) has an additional
heating system (4) for this purpose. The heating system may be realized, for example, via inserted
heating cartridges or flat radiators. 5 These systems may be heated electrically or otherwise or via a
heated medium such as oil, for example. The temperature may be determined by means for example
"of theimocouples, of resistance thermometers or of contactless temperature measurement methods
such as IR thetmometers. 10 The stated very close idner wall of the die 15 very close temperatures

are measuredafue:iaaer walk opia Jieninags wall ot exjuidarhatiel, qn e ofihie dieogy or very
close to the inner wall body, and on the inner wall of the die Tip or to the innér wall of the die Ip.

or PA MACM12. As already stated, the prior art has failed

to provide a film extrusion process for such polyamides

that can be carried out over a relatively long time while

S maintaining high film quality.

The objects have been achieved more particularly through
the use 0f a polyamide having an endgroup fraction of less
than 170 mmol/kg, preferably less than 100 mmol/kg, in the

10  process of the invention.

The objects have Dbeen achieved more particularly by a
process for film extrusion that has the following features:
1.) The carboxyl and/or amino endgroup fraction, preferably
15  the amino endgroup fraction, of the polyamide ig less than
35 mmol/kg.
2.) A region of the film die, preferably the die lip (2) of
the film die, consisting of a die body (1) and a die lip
(2), has a temperature at the exit region of the extrusion
| 20 die which is higher by 10°C to 100°C than that of the die
body (1).

Through the use of this process it is possible to produce
continuously, over a long time period, polyamide mouldings
25 and polyamide films which show a high optical guality,
particularly in respect of stripes, streaks, gel bodies or
other impurities. Through the choib@ of the polvamides used
in accerdance with the invention, the films have
particularly good weathering resistance and chemical

30 resistance, especially with respect to sun cream.



In the region within the extrusion die or film die ahead of the nozzle exit, the melt pressure must be
high enough to maintain the volatile constituents that are still in 20 solution in the polymer, such as

~ water or possibly monomers, completely in solution and hence to prevent the formation of gas
bubbles. This can be ensured by means, for example, of the geometry of the extrusion die, the
residual moisture content of the moulding composition used, the melt 25 volume flow rate and the
processing temperatures. The process of the inventiofi is carried out more particularly in the following

operating steps: key Hgpmetldizg campgsition:is malted at ademperatye 9539 betwegn 250C and

330C in an extruder. .7 The moulding composition emerges via a die lip (2), which has a temperature

of between 298 4RF 376 mitheexdrtdert F1¥Re indifdidg comipbsitorli® t8kdeh é®in a thickness of

5 between 10 tenpaedd mm va:ai leastongrell voayleass oagdel. dhe meypding compgsition is
conveyed further and.in_the process is cooled. 10 Extruders used can be any single-screw, twin-screw

or muiti-screw &tfidets That Hre SHitd5IEFo S EToRBEERY HLK ahfidESeTRe¥at&Hudefs Ayebe fitted
with or withoubapreferabinwibeuiddavolatiizatiorpersdheextridars may havg-aplurality. of

temperature zg?%%in tlhe region (If 5 the extruder barrel, or may have a unifoLm temperature. In
addition, the pofyamidas Fiouldiiy CEMpSsitic Breférably-iss RTREihtiPatdh dntemest 0.19% by
weight, preferablyof£.02% by weight. The low water content improves the 20 optical quality,
particularly in respect of hazing and/or bubble formation, which is to be prevented.
The guality of the polyamide mouldings and polyamide films
10 produced in accordance with the prior art subsides over a
relatively short production period owihg to the deposition
at the nozzle ocutlet, more precisely on the die lip (2}, of
solids, which leave stripes or streaks behind on the film.
Surprisingly it has been found that by modifying the film
15 die, more particularly the die lip (2), it is possible to
prevent this deposition of solids and hence the formation

of stripes and streaks.

Critical in accordance with the invention is that at least

20  one region of the f£ilm die, preferably the die lip (2}, has
a temperature which is higher by 10°C to 100°C, preferably
by 20°C to 80°C, more preferably 30°C to 70°C, than that of
the die body (1}). It is preferred more particularly for the
temperature of the die lip (2) to be between 10°C and

25 100°C, preferably 20°C to 80°C, more preferably 30°C to
70°C, higher than the temperature of the die body (1), and
for the die body (1) to have a temperature which is higher
by not more than 5°C, and is preferably the same, as that
of the extruder.
In more detail, the die body (1) generally has a
temperature of between 250°C and 330°C. The die lip (2) at



The polyamides of the invention and hence the polyamide mouldings and polyamide films produced
are prepared 25 preferably by polycondensation substantially from aromatic, cycloaliphatic or aliphatic
‘ddcarboxylic acids, preferably. from aromatic or aliphatic dicarboxylic acids, and cycloaliphatic
diamines. Substantially means that up to 40% by weight, preferably up to a maximum of 10% by
"weight, and 30 with particular preference no further components such as aminoundecanoic acid,
monofunctional units or other dicarboxylic acids and/ér diamines may be incorporated. 8 Alternatively

the polyamides,mayzaiso be-f the AB;typenpBeparaie from gminocarboxylic acids, Prsference,
however, is given to polyamides of the AA/BB type preparable from dicarboxylic acids and diamines. 5
The cycloaliphdfic & ﬁliéﬂﬁic (hearBRRy i acidsliseaard casdliptatieypae ciéic-ahphatic, linear

or branched disaboxyligagids hawingrin 20.preferably having,8 to. 16; Garbgn atgps. Particular

preference is given to a 10 dicarboxylic acid having 12 carbon atoms, very préferably dodecanedioic

acid (formulaTF BT 1 V¥he HSMAHCAIRFBOVIE derfsiceipae deabbaylicadds 15%rmving one

or more 8ronmetiesgsy Examplesarerphthalic-agideisaphthalic agigd o1 terpphithalic.acid, The
cycloaliphatic diamines are aliphatic diamines which have one to three aliphatic rings of 5 to 8,

preferably 6, 30T aPhdtid AhreRSred Cy QB&RbRRicUdminkds drarmRHRey cliHexylmethane (foLmula
2) or 3,3-dimethybpschaminocyelohexy imethane et wa Icans for example of

thermocouples, of resistance thermometers or of contactless
temperature measurement methods such as IR thermometers.

10
The stated temperatures are measured on the inner wall or
very close to the inner wall of the extruder barrel, on the
inner wall of the die body or very close.te the inner wall
of the die body, and on the inner wall of the die lip or

15  wvery close to the inner wall of the die lip.

In the region within the extrusion die or film die zhead of
the nozzle exit, the melt pressure must be high enough to
maintain the volatile constituents that are still in
20 solution in the polymer, such as water or possibly

monomers, completely in solution and hence to prevent the
formation of gas bubbles. This can be ensured by means, for
example, of the geometry of the extrusion die, the residual
moisture content of the moulding'COmposition used, the melt

25 volume flow rate and the processing temperatures.

The process of the invention is carried out more
particularly in the following operating steps:
- The moulding composition is melted at a temperature of

30 Dbetween 250°C and 330°C in an extruder.



Preferably, in one particular embodiment, the polyamide for 5 the production in accordance with the
invention of polyamide mouldings or polyamide films is PA PACM12 or PA MACM12. In another
‘preferred embodiment the polyamides in question 10 are based on aromatic dicarboxylic acids. The
extrudates produced in accordance with the invention, films for example, may have in general a
-thickness of between 10 um and 10 mm. The preferred thickness of the 15 product is dependent on
the particular application. For film applications, thicknésses of between 20 um and 750 um are

preferred. If the filas arautodiepartisxiaslyrebyst, icknesses, ofetween 125 um and /50 um

are particularly preferred. Where particularly high flexibility 20 is needed, for lamination, for example,
films having &*fHickhesEHP BERTEER260 BinPaRSsD i Grepartitii?ly prérared:For optical depth
effects in the gase-@fkkns with reverse-face printing, thicknesses of 125 to 750 um are preferred. 10
The term film and the process designation film extrusion do not constitute any restriction to a particular

thickness range and AraHot 5880 GaIE Rt H& capadi§ 6Fthe Tavémivaly prackieed product to be

wound. I6steashthess 5 formulations deseribea prepess altheqiadyet:of that process, which may,
generally speakingg)c mprise extruded semi-finished products, produced preferably with an
approximatelf?eect fgutar cross section. 10 Polyamide films produced in accordance with the

invention, - The moulding composition is conveyed further and in the

process is cooled.

10  Extruders used can be any single-gcrew, twin-screw or
multi-screw extruders that are suitable for processing
polyamides. These extruders may be fitted with or without -
preferably without - devolatilization ports. The extruders
may have a plurality of temperature zones in the region of

15 the extruder barrel, or may have a uniform temperature.

In addition, the polyamide moulding composition preferably
has a maximum water content of 0.1% by weight, preferably
of 0.02% by weight. The low water content improves the

20 optical guality, particulariy in respect of hazing and/or

bubble formation, which is to be prevented.

The polyamides of the invention and hence the polyamide
mouldings and polyamide films produced are prepared

25 preferably by polycondensation substantially from aromatic,
cycloaliphatic or aliphatic dicarboxylic acids, preferably
from aromatic or aliphatic dicarboxylic acids, and
cycloaliphatic diamines. Substantially means that up to 40%
by weight, preferably up to a maximum of 10% by welght, and

30 with particular preference no further components such as
aminoundecancic acid, monofunctional units or other

dicarboxylic acids and/or diamines may be incorporated.



preferably flexible polyamide films, may be used for purposes including lamination to moulding
compositions, wood, glass or metals, preferably moulding compositions. 15 For these purposes, the
films prior to lamination may be subjected to one or more of the following processing steps:
reverse-face printing, preferably by screen, gravure, pad or digital printing; front-face printing; coating
“with an adhesion-promoting layer, it also being possible for the 20 coating to take place by printing and
for the coating to be applied to layers printed beforeh@nd; forming after heating of the film; and cutting
to size. The processing-akibefilrers nebegafinedde the pracesses stajed (The »pracgssing
- procedures may be used in a different order than 25 that stated. It is likewise possible for processing

steps to be réPEERACGIE G MTT® (AT SRTIRIBAIhGY 28RS BlacB hy AT RISAR hEHUIRY 6 the

surface of theimoulding: Indhe casent apslywreric,30 m@tg@altw as eulding gomppsition, the
polyamide film, may be backed with said moulding composition by in-moulding injection coating as well.
Alternatively, %f SUirée Hheafo iR oMipaStitieand the polyamide film may be bonded
adhesively to one another. Also possible, furthermore, is the hot lamination of the film to another film
or to a sheet. The films_of tiﬁ invention may also_be 5 laminated to one or more support films. The film

laminate is th&f Procast 8 TURREH N ThE M eSS b & SBoTRTOF filths 2FRE RN RSSefeiably
printed, more qyeferallly imagrayuresprilingdgrocess, ALiopta:eing laminaied to-the.suppegfim. 10
Furthermore, ft!nles‘_ier'lgns Tfig be uscfd ?ts a decorative film, protective film or packaging film or for
producing a film TAmMmMate. dvever, e poljamide fifms nBEG ot fidhdatttiy BE fiéxibfe films:
instead, it is als, passifilertoaisentbe pracessofthe investionsopeodusegialamids films having a

thickness,of between 0.45 mm and 7.0 mm. Th materials are therefore more polyamide mouldings,
more pgr%t)iculésrf'ycarboxysllc acng Loaav:mg e.‘LSZE carpon atoms, very prgfeyrably g

dodecanedioic acid (formula 1):

The aromatic dicarboxylic acids used are dicarboxylic acids
15  having one or more aromatic rings. Examples are phthalic

acid, isophthalic acid or terephthalic acid.

The cycloaliphatic diamines are aliphatic diamines which

have one to three aliphatic rings of 5 to 8, preferably 6,
20 carbons. A preferred cycloaliphatic diamine is diaminodi-

cyclohexylmethane (formula 2) or 3,3-dimethyl-p-diamino- °

cyclohexylmethane {(formula 3):



20 transparent polyamide sheets. Polyamide mouldings, more exactly polyamide sheets with such a
thickness, may find use, for example, as a transparent liner, covering, in pieces of furniture, in a 25
‘vehicle interior, in telecommunications devices or as glazing. Additionally possible is their application
in the area of personal protection, such as protection from projectiles, from fragments or in explosions,
-for example. 30 The polyamide mouldings or polyamide films may alternatively be modified during the
extrusion operation itself to form an untreated, transp&rent and clear film or 12 a corresponding
moulding. Hence the films or mouldingg »pe coloured by 3 of colorants such as pigments
and/or dyes. Moreover, through the A dltlon oksuitable additf pOSSIb|e to influence or improve
the 5 scratch resistance, IR 93 actile, oHag-AneLoparticles allows the
ce, anti-soiling or modified tactile
properties can also be brought about b ans of correspondt datings210 The films or mouldings
may additionally be bonded with a decorative front or back film in order to produce optical effects such
as awood look.  In the text below, tie exprgssi [ [
synonymously for polyamide_films. T i
the drawings, Fig. 1 and Fig. 3. Fig. 1 shows a
heating system (4). Fig. 2 depicts a fil )
system (4) for the die lip (2). (1) is the

HaC

Preferably, in one particular embodiment, the polyamide for
5 the production in accordance with the invention of

polyamide mouldings or polyamide films is PA PACM12 or

PA MACM1Z.

In another preferred embodiment the polvamides in question

10  are based on aromatic dicarboxylic acids.

'The extrudates produced in accordance with the invention,
films for example, may have in general a thickness of
between 10 um and 10 mm. The preferred thickness of the

15  product is dependent on the particular application. For
film applications, thicknesses of between 20 pm and 750 um
are preferred. If the films are to be particularly robust,
then thicknesses of between 125 um and 750 um are
particularly preferred. Where particularly high flexibility

20  is needed, for lamination, for example, f£ilms having a
‘thickness of between 20 um and 250 um are particularly
preferred. For optical depth effects in the case of films
with reverse-face printing, thicknesses of 125 to 750 um
are preferred.

25



The water content was determined by the Karl-Fischer method. The endgroup determinations are
made by titration. 13 The polyamide film is produced by conventional methods, such as extrusion

- through a slot die, for example, as in the case of flat film extrusion, blown film extrusion or solution
casting. 5 The plastics moulding may, if desired, also be realized in multi-layer configuration, by
-adhesive bonding, extrusion coating or laminating in downstream operating steps. 10 The examples
were produced on a commercial flat film extrusion liféfrom Collin. In this case, the polyamide is fed

preferably in pellet forw - 9@@%%@%&@%@@9@@”&&%@%&@?8&%Ehﬁncae%?ilé{é‘i PErigym the

invention - to a hopper, from which it is conveyed into the 15 extruder. The extruder is composed of a

usually metalfChafrePHhdshe ¥ HBf-theddtSidet and apdss&i et 88revh Waisie fotates in the

extruder aboutdis puvn.asis:ansd therefarsernvysdhe, pelymerdromihe fegd section after the hopper
opening through the extruder. In alternative 20 embodiments, twin-screw or multi-screw extruders can

also be used. “FHFGTGH Yite ExiETRA Heating ZrAURE sHeahRg 6 #elpolyRet sathe sarster, the

polymer Belts anehafteritbe dipmidhe extsuderserews entess the.extrusion die inghesfarm of a film die
(or, generally, slot die%. Here, the 25 polyamide melt is converted into a flat form and emerges flatly

through the nBZAE G frdM A& filh die. THEFA di¥ MRFaIsHSE fPRRR it FETHIWASF more

extruders, thusqarddacinggneld-lpyerdiloss The plasiies avehis subsegyentiv-¢oqlgd on at least one roll
and thereafter 30 wound. 61ﬁz(léLThe extruder used for the trials, with a closed barrel, two extruder zones

heatable separataly Frof 5 anbiier &9 with i 8850l SAEAE6R opening, has a screw diameter of

35 mm with an LID ratio (Length of the screw/Diameter of
10 Polyamide films produced in accordance with the invention,
p:eferably flexible polyamide films, may be used for
purposes including lamination to moulding compositions,

- wood, glass or metals, preferably moulding composgitions.

15 For these purposes, the films prior to lamination may be
subjected to one or more of the following processing steps:
reverse-face printing, preferably by screen, gravure, pad
or digital printing; front-face printing; coating with an
adhesion-promoting layer, it also being possible for the

20 coating to take place by printing and for the coating to be
applied to layers printed beforehand; forming after heating
of the film; and cutting to size. The processing of the
film is not confined to the processes stated. The
processing procedures may be used in a different order than

25 that stated. It is likewise possible for processing steps

to be repeated one or more times.

Lamination may take place by adhesive bonding on the
surface of the moulding. In the case of a polymeric

30 material, such as a moulding composition, the polyamide
film may be backed with said moulding composition by

in-moulding injection coating as well. Alternatively, of



5 the screw) of 25. A commercial three-zone screw is used. For the purposes of the trials, the following
temperature settings were made on the extrusion line: Intake (zone after the hopper)240C 10 Extruder
zone 1280C Extruder zone 2290C Transition region290C Film die290C Lip heating system350C 15
(Exception: Comparative Example C4 without lip heating system: 290C) In the trial set-up, the films are
‘produced in single-layer form by what is called the chill roll process, and have a 20 thickness of 50 um.
Subsequently the films are inspected for their qualityl This is done by visual comparison and

evaluation, the samparisen being with g reference specimen of rggrekeé%ql% %%éejlz%e@ in e{Lms of optical

quality. By optical quality here is meant parameters including streaks, sur quaJri )},nnlﬂ?%er of gel
bodies, numbeEoRRirted ChRE humber P panklarofdegradéd amatenasAlbbéthe specimens

considered to hesmadiaiahle recaivestan, gvalyalion ot 1), The spegmens which werg st no longer

marketable received an evaluation of (0), and the specimens were dls?in%ﬁf or very distinctly
unmarketablefrecBived théefaltafis (Jand i} Fespettivdly. 15.Chilt fothprozessiMelt b is

deposited ontosxahikallg at 8 poit alwhieh dhe; sy side-afthg filmyis.net iy ol contact - that is,
there is no counter-roll or polishing nip. 5 .
is then processed further in the manner described above for
films. The film is preferably printed, more preferably in a
gravure printing process, prior to being laminated to the
support film.
10
Furthermore, these films may be used as a decorative £ilm,
protective film or packaging film or for producing a £ilm

laminate.

15  However, the polyamide films need not mandatorily be
flexible films; instead, it is also posgible to use the
process of the invention to produce polyamide films having
a thickness of between 0.45 mm and 7.0 mm. These matefials
are therefore more polyamide mouldings, more particﬁlarly

20 transparent ﬁolyamide sheets.

Polyamide mouldings, more exactly polyamide sheets with
such a thickness, may find use, for example, as a
transparent liner, covering, in pileceg of furniture, in a

25 wvehicle interior, in telecommunications dévices or as
glazingf Additionally possible is their application in the
area of personal protection, such as protection from

projectiles, from fragments or in explosions, for example.

30 The polyamide mouldings or polyamide f£ilms may
alternatively be modified during the extrusion operation

itself to form an untreated, transparent and clear film or



Polyamide PA1 comprises PA PACM 12 polyamides from Evpnik II_)egussa GmbH, bas_ed for exa_mple
on the compoéition of TROGAMID(r) CX7323. PAlis a Io.w-V|sco.S|ty.PA PACM 12, which {accordlng to
the prior art can be used especially for 10 injection moulding applications. Polyam|de PAZ isa
medium-viscosity PA PACM 12. MaterialWater identifi-Film content Example cationquality by KF
-AminoCarboxyl endgroups endgroups mmol/kgmmol/1k2Endgroup total Cl PA1 0 <0.01 47 69 116

a corresponding moulding. Hence the films or mouldings may
be coloured by addition of colorants such as pigments
and/or dyes. Moreover, through the addition of suitable
additives, it is possible to influence or improve the

5 scratch registance, IR or UV absorption, or taétile
properties. Adding microparticles allows the light
scattering to be modified as well. Scratch resistance, dirt
r@sistance, anti-soiling or modified tactile properties can
also be brought about by means of corresponding coatings.

10 The films or mouldings may additionally be bonded with a
decorative front or back film in order to produce optical

effects such as a2 wood look.

In the text below, the expression polyamide mouldings may

15 also stand synonymously for polyvamide films.

The drawings: The numerals in brackets in the text below
relate to the drawings, Fig. 1 and Fig. 2. Fig. 1 shows a
prior-art film die having a lip gap (3) and without lip

20 Theating system (4). Fig. 2 depicts a film die used in
accordance with the invention, with a heating system (4)

for the die lip (2). (1) is the die body .

General working example
25

- The water content was determined by the Karl-Fischer

method.

The endgroup determinations are made by titration.

30 Production of the polyamide films/mouldings
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The polyamide film is produced by conventional methods,
such as extrusion through a slot die, for example, as in
the case of flat film extrusion, blown film extrusion or

solution casting.

The plastics moulding may, 1if desired, also be realized in
multi-layer configuration, by adhesive bonding, extrusion

coating or laminating in downstream operating steps.

The examples were produced on a commercial flat film
extrusion line from Collin. In this case, the polyamide is
fed preferably in pellet form - although the form of
addition has no effect on the capacity to perform the
invention - to a hopper, from which it is conveyed into the
extruder. The extruder is composed of a usually metallic
barrel, which is heated from the outside, and an extruder
screw, which rotates in the extruder about its own axis and
therefore conveys the polymer from the feed section after
the hopper opening through the extruder. In alternative
embodiments, twin-screw or multi-screw extruders can also
be used. Through the external heating and the shearing of
the polymer in the extruder, the polymer melts and, after
the tip of the extruder screw, enters the extrusion die in
the form of a film die (oxr, generally, slot die). Here, the
polyamide melt is converted into a flat form and emerges
flatiy thfough the nozzle gap from the film die. The Ffilm
die may also be fed with melt from two or more extruders,
thus producing multi-layer films. The plastics web is
subsequently cocled on at least one roll and thereafter

wound.
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14
The extruder used for the trials, with a closed barrel, two
extruder zones heatable separately from one another, and
with no devolatilization opening, has a screw diameter of
35 mm with an L/D ratio (Length of the screw/Diameter of
the screw) of 25. A commercial three-zone screw ig used.
For the purposes of the trials, the following temperature

settings were made on the extrusion line:

Intake {zone after the hopper) : 240°C
Extruder zone 1 : 280¢°C
Extruder zone 2 : 290°cC
Transition region : 2%0°C
Film die : 280°C
Lip heating system : 350°C

(Exception: Comparative Example €4 without lip heating

system: 2920°C)

In the trial set-up, the films are produced in single-layer
form by what is called the chill roll process, and have a
thickness of 50 um. Subsequently the films are inspected
for their quality. This is done by visual cemparison and
evaluation, the comparison being with a reference specimen
of marketable grade in terms of optical guality. By optical
quality here is meant parameters including streaks, surface
quality, number of gel bodies, number of impurities, and
number of particles of degraded material. All of the
specimens considered to be marketable received an

evaluation of (+). The specimens which were just no longer

marketable received an evaluation of (o), and the specimens

which were distinctly or very distinctly unmarketable

received the evaluations (~) and (~-) respectively.



108 4 PA1 + <0.02 16 7591 PA1 + 0.019 10 79 89 6 PAl
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Chill roll process: Melt web is deposited onto a chill

roll,

in roll contact -~ that is,

polishing nip.

at a point at which the other side of the film is not

there is no counter-roll or

Polyamide PAL comprises PA PACM 12 polvamides from Evonik

Degussa GmbH, based for example on the composition of

TROGAMID® CX7323. PAl is a low-viscosity PA PACM 12, which

according to the prior art can be used especially for

injection moulding applications.

Polyamide PAZ is a medium-viscesity PA PACM 12,

Material Water Amino Carboxyl
Example ide::xti £i~ Fi 1lm content endgroups endgroups Endgroup

caticn cquality by KF mmol / kg mmol/kg total
¢l PAl o <0.01 47 69 116
c2 PAL - 0.05 61 69 130
1 PAl + <0.01 31 67 98
C3 PA2 - n.d. 55 47 102
2 PAZ + 0.014 20 68 88
3 PAL + 0.024 20 88 108
4 PAL + <0.02 16 75 91
5 PAl + 0.019 10 79 89
6 PAL + <0.02 11 73 84
7 Pal + 0.02 21 69 90
8 PA2 + 0.009 26 64 90
cé PA2 - 0.009 26 64 90

The examples dencoted with a “C" are non-inventive,

comparative examples. In these polyamides, both endgroups

are present each at more than 35 mmol/kg in the polvamide.

The visual assessment reports that these films have bubbles

end/or streaks in a relevant amount (*-%),

The best result

is shown by Comparative Example €1, which had no bubbles

and few streaks.




<0.02 1173847 PA1 +0.02 21 69 90 8 C4 PA2 PA2 +

16

From Example 3 - especially by comparison with Comparative

Example C3 - it is evident that the film quality is

determined not by the chain length, which can be read from
9 the endgroup total, but rather from the proportion of the

individual endgroup types.

In Comparative Example C4, the same polyamide was used as
in Example 7, the temperature of the die lip being set

10  identically to the temperature of the entire film die and
of the extruder. In this example, after an extrusion period
of 15 minutes, distinct deposits are found on the die iip,

and, accordingly, numerous streaks are found on the film.



- 0.009 0.009 ocrophpH9840 15 The examples denoted with a "C" arg ﬁ?#%ﬁﬁﬁ@ﬁig 4ié)aratlve

examples. In these polyamides, both endgroups are present each at mor

polyamide. The visual assessment reports that these films have bubbles and/or streaks in a relevant

" amount ("-"). The best result 20 is shown by Comparative Example CI, which had no bubbles and few
streaks. 16 From Example 3 - especially by comparison with Comparative Example 03 - it is evident

" that the film quality is determined not by the chain lerigth, which can be read from 5 the endgroup total,

but rather from the proportion of the individu%ﬁgﬁj%ygﬁs
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5 1, Process for producing polyamide films or polyamide
mouldings from a polyamide moulding composition by
means of extrusion, characterized in that the
polyamide has been prepared substantially from an
aromatic, aliphatic or cycloaliphatic dicarboxylic

10 acid and a cycloaliphatic diamine and has a carboxyl
and/or amlno endgroup fraction of less than
35 mmol/kg, and in that a region of the £3ilm die,
consisting of a die body and a die lip, has a

temperature at the exit region of the extrusion die

15 which is higher by 10°C to 100°C than that of the die
body.
2. Process according te Claim 1, characterized in that

the polyamide has been prepared substantially from an
20 aliphatic or cycloaliphatic dicarboxylic acid and a
cycloaliphatic diamine and has a carboxyl and/or amino

endgroup fraction of less than 35 mmol /kg.

3. Process according to Claim 1, characterized in that
25 the polyamide has been prepared substantially from an
aromatic dicarboxylic acid and a cycloaliphatic
diamine and has a carboxyl and/or amino endgroup

fraction of less than 35 mmol/kg.
30 4. Process according to Claim 2, characterized in that

the pelyamide has been prepared from an aliphatic or

cycloaliphatic dicarboxylic acid and a cyclecaliphatic

AMENDED SHEET (ARTICLE 19)



In Comparatiygs&xample Pdsdae same polyamide was used as in Exampggcﬁvg}gésmﬁﬁg&%of the
n

die lip being set 10 identically to the temperature of the entire film die and of the extrqder. Inthis
example, after an extrusion period of 15 minutes, distinct deposits are found on the .dle lip, and,
“accordingly, numerous streaks are found on the film. 17 AMENDED CLAIMS Recelve_d at_the
International Bureau on May 05, 2011 (05.05.2011) 5 1.Process for producing polyamlde films or
" polyamide mouldings from a polyamide moulding cod®osition by means of extrusion, characterized in

that the polyamide has heenpreparedssubstantially from ag Atgmatic. aliphatic ot cycloaliphatic

| S .
dicarboxylic 10acid and a cycloaliphatic diamine and has a carboxyl and/or amino endsgrogp .fractlon of
less than 35 mmol/k§LaRd 'ryrﬁth%‘@}ré@%n of the film die, consisting of a die body and a die lip, has a
temperature at the exit region of the extrusion die 15which is higher by 10C to 100C than that of the

die body. _ . :
y Process according to Claim 3, characterized in thar

5 the polyamide has been prepared from an aromatic
dicarboxylic acid and a cycloaliphatic diamine and has

an amino endgroup fraction of less than 35 mmol /kg.

6. Process according to at least one of Claims 1 to 5,
10 characterized in that the pressure at the die outlet
cf the extruder is such that ail of the volatile

constituents in the melt'are'iullY[diséolved;

7. Process according to at least one of Claims 1 to 6,

15 Characterized in that the region of the film die
having a temperature higher by 10°C to 100°C is the
die lip, and in that the temperature of the die lip is
between 10°C and 100°C higher than the temperature of
the die body. |

20
8. Process according to at least one of Claims 1 to 7,
characterized in that the die body has a temperature
of between 250°C and 330°C, and in that the die lip
has a temperature of between 290°C and 370°C.
25
9. Process according to at least one of Claims 1 to 8,
characterized in that the polyamide moulding
composition has a maximum water content of 0.1% by
weight.
30

AMENDED SHEET (ARTICLE 19)



2. Process aCWﬁjE‘@'iUPﬁ in 4, characterized in that the polyamide hasgpﬁﬂ% repar giubstantially
from an 20aliphatic or ciyc §§%§1aﬂc dicarboxylic acid and a cycloaliphatic di %iggaiﬁ A%Bﬁ%arboxyl
and/or amino endgroup fraction of less than 35 mmol/kg. 3. Process according to Claim 1,
“characterized in that 25the polyamide has been prepared substantially from an aromatic dicarboxylic

acid and a cycloaliphatic diamine and has a carboxyl and/or amino endgroup fraction of less than 35
" mmol/kg. 30 4.Process according to Claim 2, characte¥ized in that the polyamide has been prepared

from an aliphatig or c%/Jg:g) 'an' i oxylic acid and a cycloaliphatic_ .18 diamjne and has an amino
endgroup fraction of Iess%an :%%%ﬁ%ﬁlk%gsgﬁroacd%sg%%géd%%etoo Iaﬁ#%l,r&ﬂaﬂac?é’riz%d in that the
~ polyamide has been preg@etdromeh amntdtictdicirborylicasid andraeyciealipkiatic diamine and has

an amino endgroup ffgqm&fdas%%ﬁg%n%u_ . S6_. Process according to at least one of Claims 1
to 5, 10characterized in that the pressure at the die outlet of the extruder is such that all of the volatile

constituents in the meltéaragylbSdissolvenrosition is melted at a temperature of
5 between 250 and 330°C in an extruder,

- the moulding compound exits the extruder via a die
lip which has a temperature of between 290 and 370°C,
- the moulding composition is taken off in a thickness
between 10 pum and 10 mm via at least one roll or at

10 least one belt,
- the moulding composition is.COnveyed further andé in

the process is cooled.

11. Polyamide moulding producible according to at least
15 one of Claims 1 to 10, characterized in that the
.polyamide has been prepared from aromatic,.aliphatic
or cycloaliphatic dicarboxylic acids and a.
cycloaliphatic diamine, has an amino endgroup content
of less than 35 mmol/kg, has a thickness of between
20 10 yum and 10 mm and has been produced by means of

extrusicn.

12. Polyamide moulding according to Claim 11,
characterized in that the polvamide has been prepared
25 from aromatic dicarboxylic acids and a cycloaliphatic

diamine.

13. Polyamide moulding according to Claim 11,
characterized in that the polyvamide has been prepared
30 from aliphatic or cycloaliphatic dicarboxylic acids

and a cycloaliphatic diamine.

AMENDED SHEET (ARTICLE 19)



7. Process acparfimgtg-pfdeagt one of Claims 1 to 6, 15characterized in ﬁ@f’l@?iﬁ@%?‘f@% film die
having a temperature higher by 10C to 100C is the die lip, and in that the temperature of the die lip is

between 10C and 100C higher than the temperature of the die body. 20 8. Process according to at
“least one of Claims 1 to 7, characterized in that the die body has a temperature of between 250C and
330C, and in that the die lip has a temperature of between 290C and 370C. 9. Process according to
- at least one of Claims 1 to 8, characterized in that thé olyamide moulding composition has a

maximum wateg content 9f9:196 hyeweight,19 40, Rrocess ascerding ta at least one of Claims 10 9,

characterized in that the process comprises the following operating steps: a moulding composition is

melted at a temperaftht& 6 ShetnES 250 ahBB30e 1A Hrexaricie tAe nRuiding edfmpound exits the
extruder via a die lipphigh hag.a esReratie akheiveen 290and 3700, +pibeymoulding.

composition is taken off in a thickness between 10 um and 10 mm via at least one roll or at 10least
one belt, the mouldMg RSBt iSRG eEP AN TRA Y if tRE PREESSIS €85IRHNT1. Folyamide

mouldingsproducible accoeding t@,atlegst &5ane.af €lagms 4 to 10, characterized in that the polyamide
has been prepared from aromatic, aliphatic or cycloaliphatic dicarboxylic acids and a cycloaliphatic
diamine, has an amino endgroup content of less than 35 mmol/kg, has a thickness of between

15. Polyamide moulding according to at least one of
Claims 11 to 14, characterized in that the polyamide
has an endgroup fraction of less than 170 mmol/kg.

10

16. Polyamide moulding according to at least one of

Claims 11 to 15, characterized in that the film has a

thickness of between .45 mm and 7.0 mm.

15 17. Use of a polyvamide moulding according to at least one
of Claims 11 to 16 for laminating on moulding

compositions.

18. Use of a polyamide moulding according to Claim 17,
20 characterized in that the polyamide moulding is backed
with the moulding composition by in-mould injection
coating, or the moulding composition and the polvyamide

moulding are bonded acdhesively to one another.

25 19. Use of a polyamide moulding according to at least one
of Claims 11 to 16 as a decorative film, protective
film or packaging film or for producing a film

laminate.

30 20. Use of a polyamide moulding according to at least one

of Claims 11 to 16 as a transparent liner, cover, in

AMENDED SHEET (ARTICLE 19)



2010 um andwifpynapmanihaspeen produced by means of extrusion. 125@1@/@% T@#ﬂ%
r gf 0) atic

accordingto Claim 11,  characterized in that the polyamide has been prépa
dicarboxylic acids and a cycloaliphatic diamine. 13. Polyamide moulding according to Claim 11,
‘characterized in that the polyamide has been prepared 30from aliphatic or cycloaliphatic dicarboxylic
acids and a cycloaliphatic diamine. 20 14. Polyamide moulding according to Claim 13, characterized
" in that the polyamide is polyamide PACM12 or polyakiide MACM12, and in that the polyamide
moulding has been d I cording.to least one.of Claims 1 to 4. Polyamide
moulding according %{J%I %gas{p gnaef%lfglga%i%ggl'l t%lqaa cﬁ%&cﬁ%ﬁzel |%?ﬁ§to the p%}yamide has an
endgroup fraction of 183§ fNML7E ol Kes PéRiehilde neouldingambeeiding to at least one of Claims
11 to 15, characterized in that the film has a thickness of between 0.45 mm and 7.0 mm. Use of a
polyamide moulding according to at least one of Claims 11 to 16 for laminating on moulding
compositions.

AMENDED SHEET (ARTICLE 19)



Use of a polyamide moulding according to Claim 17, characterized in that the polyamide moulding is
backed with the moulding composition by in-mould injection coating, or the moulding composition and
the polyamide moulding are bonded adhesively to one another. Use of a polyamide moulding
according to at least one of Claims 11 to 16 as a decorative film, protective film or packaging film or for
producing a film laminate. Use of a polyamide moulding according to at least one of Claims 11 to 16 as
a transparent liner, cover, in 21 pieces of furniture, #¥a vehicle interior, in telecommunications devices

or as glazing. 22 Chepicalrgsistant filres ot highqaiicakayaliy ABsiracti The presgnt invention

relates to a process for producing transparent polymeric films™or plastics mouldings of particularly high
chemical resistance, having more particularly a very good resistance towards oil-in-water and
water-in-oil emulsions, and of high optical qualitygy,lQ- (Fig+1)

5 The present invention relates to a process for producing
transparent polymeric films or plastics mouldings of
particularly high chemical resistance, having more
particularly a very good resistance towards oil-in-water
and water-in-oil emulsions, and of high optical guality.

10
(Fig. 1)



