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 regulaiagRlae PRI Pl gL AR Gl BrVaSL oL WPtELInig gmulsions from

cosmetics or comestibles. A particular problem in this regard IS presented by Sun cregms, 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 t& RBnRFE&A Bnd Brestblovigetdisetsffer @ 1os®oPoptical fualityr itdsikrawn that

mouldingscomposifigns-such as.the-polyamigies,RA PACM12 or PA MAGM12 in patiicular show very

30 good resistance towards chemicals, oils, fats or lipidS. Films of these materials are known from EP
1 804 094, JP26(6-227591 AnB 195 20D8T0D8BH 19 foi ekampto. THEstng applications, however, do

not provide infarmationqthe qualibrievebefdhe dilms -angd.do Nt proyide teaching allowing high
optical quality to be ensured. Instead, the processing of such moulding compositions with a high 5
consistency dHadaliy dver Zrelohgelprsd@tion e 16 §ivelfimsaR Thealdingsor high-optical

guality has not hitherto been described.

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 that of plastics parts in a
vehicle interior. These parts may come into regular contact
particularly with oils or with oil-in-water or water-in-oil
emulsions from cosmetics 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 quality.

It is known that moulding compositions such as the

polyamides PA PACM12 or PA MACMI2 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



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 rapidly to a gradual deterioration in physical quality. For
instance, an increase in streaks or specks in the films or mouldings is quickly observed. This results in
regular breaks for 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 fillns cannot be produced at all, and sheets only

with 20 some [imitations. ol mygvVP 12 s prepared fram diaminodicyclohexylmethane and
dodecanedioic lgl;(iz;id.l Polyamiéz MACI?/I%%% pcriegpanr%% fr%?r?\é, -ﬁirﬁ&ﬁ%ﬁn—%%rﬁfﬁoéﬁ}clgﬁ]&ylmethane
and 25 dodecé&iédidievaciE ‘Brobiein tha tfié light ofethd plior at; theryitiwias ar@bjechof 30 the

present invention to, proyide;aprocess far pr ggipg ck@ ical-resistant..transparent.plastics surfaces.
3 A further object was tgl pré\%deqé%%rocess é%l%wing he é?g%c%%ﬁ%]f%%lyrggr% [ cFlnds’an%é‘g’lqpetastics
mouldings witR B35i§R ©ptifalfuahivcin respectiinpasticutarsofstipes, wirebks, geldiodies and other

impurities; 5 Anahjectiapayticuiarauas fo Ty a pragessJopBroducing ransparent polymertc films
and plastics mo_uldin%Tshwith particularly high resistance towards chemicals and especia Fy water-in-oil
and oil-in-wat&riPemtidiSnLsudad ebsmeties, dnexarnpleiseing eun tigamhBsrthertobjects, not

explicitly stated; wilkhecome apparent froma the overall context of the description, claims and examples
below. 15 Solution The numerals in brackets below relate to the drawings, Fig. 1 to Fig. 3.

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 rapidly to a gradual
deterioration in physical quality. For instance, an
increase in streaks or specks in the films or mouldings is
quickly observed. This results in regular breaks for

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 MACM12 is
prepared from 3,3-dimethyl-p-diaminocyclohexylmethane and

25 dodecanedioic acid.

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 plastics surfaces.



20 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 25 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 cycloaliphatic diamines. The
polyamides in question may 30 alternatively be those »f the AB type, preparable from aminocarboxylic
acids. Prefera nygo%ger,&r?gamides of the AA/BB type are preparable from dicarboxylic acids and
4 diamines. The polyamides May ol & BarticurF) BeBAD RENASSS PA MACHE 2EAS already stated,
the prior art has failed ta grovide adilyrextitsian precess drsuchiolyamideshatcan pe gartied out
over a relativ%@ggoi e wl ile 5 ir]gainin high film quality. The objects have been achieved more
particularly through the Use 6f apolyamide having &R Endifodsfradoh 8F1e.é tidr 1zammollkg,
preferably less ta@Rk00 nurol/kgmdn tre 20 @recass:of theinventies. The objects have been achieved
more pargcularly 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 mmolfky. °R) Adegion efethe filmie; preferablydhe dieilip £2)afdhe §ilm gig,; consisting of a
die body (1) ie:li rature at the exit region of the extrusion 20 die which is
higher by 10?%%?0%%%%?%%%%#@5@ b%%%ﬁs crogég e B8 oPHtAS El’cﬁ"éss it is possible to
produce contfasdsiyre\erval lohgrie periddpolyamiste merldings2% andpeh@mide films which
show a high opticalquality, pasticul @é%ﬁfﬁeg}a%festr_ig%s_, ostrfaks,ggel bodies or other impurities.
Through the choice of the polyamides used | accordance with tha't veoﬁtﬁon?%‘é”ﬁlﬁ%%ave
particul&ﬁy 9GO athieFing e sistmcecaTtetarmicab30 resistahee respegiatywith-espect to sun
cream.

Further objects, not explicitly stated, will become
apparent from the overall context of the description,

claims and examples below.

15
Solution
The numerals in brackets below relate to the drawings,
Fig. 1 to Fig. 3.

20

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 1s a process
25 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 cycloaliphatic diamines. The polyamides in question may
30 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



5 A key aspect of the present invention is the nozzle outlet, comprising a film die (Figs 1 to 3). This film
die is composed in turn of a die body (1) and a die lip (2). The term film die is used synonymously in
the context of this 5 patent, independently of the product thickness, for all slot dies, including those for
the production of polymer sheets. The quality of the polyamide mouldings and polyamide films 10
produced in accordance with the prior art subsides over a relatively short production period owing to
the deposition at the nozzle outlet, more precisely on the die lip (2), of solids, which leave stripes or

streaks behin he film. Surprisingly it has been found that by modifying the film 15 die, more
particularly th;ﬁg?gﬁfé % ; it?;rjl §o§)s%gat8]p$ee\?erﬁ%s%rp%s%ﬁtojf%%il;y&éf ¥d'Henté thefolhation of
stripes and streak&ACHACAI 12 acésrdahceadth thednvehtiontie that adteast 20rene regionf the film

die, preferably.th Qigygég),iwag.al emperature which is higher.by 10C to 100C, preferably by 20C to
80C, more preferably 30C to 7OCJ,' tf‘gﬂane %%art%? the' d%rﬁ)ocd%/g(ql).fl?llés Sr%?erré@ %%?p@jptgﬁi%ularly for the

temperature of i diedip (2% tobebetieon 10Gvand 25 10DE; preferatily2Crior@0Gytyiare preferably.
30C to 7GC, %E@g@l&@gtem%q{a%%&f Qile hody (1), and for the die body (1) to have a
tha

t
temperature which is higher by not more than 5C, and is preferably the same, as that of the extruder.
30 6 the same time has a temperature of between 290C and 370C. The die lip (2) has an additional

neating systerey) for s purpase, The hesling eYsismmabe realized. ot cxample, ia nserted

heating cartridges or flat radiators. 5 These systems may be heated e ectrlcaf?y or otherwiseor via a
heated mediu kS&s 6if, fér dahpieithe farpaatae mayibe determined bypmmeafs fersexample

of thermocouples,of resistanse }Q%rm%;g%t@éjergggg/colrgggletgﬁé%m@ rat O@;ﬁ%urementtrﬂgthods
on

such as TR thermometers. 10 The stated temperatures are measure the innet wall or very close to
the innel Qvall F feeaxtritfer Wagrel TotefHeliPRer wall of the die body or very close to the inner wall of
the die body, and on the inner wall of the die lip or 15 very close to the inner wall of the die lip. In the

region within the extrusion die or film die ahead of the nozzle exit, the melt pressure must be high
enough to mafmit&in fRASFfe dMéBuditSthaPseitngs 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/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 quality,
particularly in respect of stripes, 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 sun cream.



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 between 250C and 330C in an extruder. 7 Theimoulding composition emerges via a die lip (2),
which has a t ture of bet n 290 and 370C, from the extruder. . The moulding camposition is
taken off in a?ﬁ?&%rgslg%}?éggt\\%gzﬁ % &nﬁ %Ersﬁri% r%]rrlﬁf\?%téﬁgas]tson%h%ll%or% cas géﬁ B&. The
moulding compesiish $s-senveyetlfurtiérarid irvthelprocess is cduled. A0l Extiiders sised can be any

single-screw, fin:screw of multi-sgrevy eétrﬁq%lr)sgg% arials)uitggclfa%]air (E)r%celsjggi??g (%:yar%;gs. These

extruders may be fitted with or without - preferably without - devolatilization p e extruders may

have a plurality®fferapéfatdrecz oriesin @le segionvhesshs ektruderbarelr exmaythave geuniform
temperatgre. Ig_addition, m%@gyﬁagﬁ% %%%@ngﬁgwég%&m%%@%@ a maximym water

content of 0.1% by weight, preferably of 0.02% by weight. The low water content improves the 20
optical quality Sp&ficAibfl§ in iespetdbnmaZing andiorbubbie foredtion iwhichis twbsprvented. The
polyamides ofdhe dnvention 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. Substantialy meansthat yB 9 40% ky weight, preferablyup to, 8 maximum of;10% by
weight, and 30 with particular preference no further components such as aminoundecanoic acid,
monofull&ionBRisGibthay accordance with the prior art subsides over a

relatively short production period owing to the deposition
at the nozzle outlet, 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 film 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.

30
In more detail, the die body (1) generally has a
temperature of between 250°C and 330°C. The die lip (2) at



dicarboxylic acids and/or diamines may be incorporated. 8 Alternatively the polyamides may also be
of the AB type, preparable from aminocarboxylic acids. Preference, however, is given to polyamides of
the AA/BB type preparable from dicarboxylic acids and diamines. 5 The cycloaliphazic or aliphatic
dicarboxvlic acids used are cycloaliphatic, partly cyclic-aliphatic, linear or branched dicarboxylic acids
haying 4 to 20, preferably having 8 to 16, carbon atoms. Particular preference is given to a 10
dicarboxylic acid having 12 carbon atoms, very prefefably dodecanedioic acid (formula 1):0 0 The

aromatic dicarhoxy | \Used are dic rbo lic acids 15 having one or, more. ar cr
Examples are %hé( Q é‘a‘éel |sog}ﬁ fhalic a%cldn f%r%ﬁhrtﬁafbcpsa gf’ e cyclo Il&aﬁégd Eang gn% are
aliphatic dianfities \@hﬁ:hlha&/e (@ne f@&r@@aﬂ@@t@u@oﬂ&&t&:@emjabm @0)caflaans. A
preferred cyclgﬂgh%q%g)l gmine ,lﬁsnglaﬂ‘lég% %cl >§)ylmethane formulqL 2%

3,3-dimethyl-p-diaminocyclohexy methane ormu
example, via inserted heatlng cartridges or flat radiators.

5 These systems may be heated electrically or otherwise or
via a heated medium such as o0il, for example. The
temperature may be determined by means 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 to the inner wall
of the die body, and on the inner wall of the die lip or

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

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 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 pm and 10 mm. The preferred thickness of the 15 product is dependent on
the particular application. For film applications, thickngsses of between 20 pm and 750 pm are
preferred. If the films are 1o be particularly robust, then thicknesses of between 125 pm and 750 um
are particularly %%r?éﬁ?%&% p%?ﬁlé)u%r )% ﬁl%% f%‘(?bﬁl%?%d"i% fetded So fﬁniﬁgﬁi()n,"fgrl&émple,
films having athitkaessobbamaen2® pratd260 ph? rexparticliarly prefested: Fer optical depth
effects in the case gffilns with reverse-face printing, thicknesses of 125 to 750 pm are preferred. 10
The term film and the process designation film extrusion do not constitute any restriction to a particular
thickness range ‘Bhé are wbtassociated ot thercapacity ferthe fifventivelygirodiseeds prodtict to be

wound. Iastead, these 5 formylations q%scr@evai%r%gssr arthe c%%dl{% that pr?c%ssavsvlgich may,
generally speaking, comprise extruded semi-finishe proéaucts, produce pre?era% y with an
approximatelPr&taifyjular cross section. 10 Polyamide films produced in accordance with the

invention, preferably flgxible palyamisle flms.may be used jar purpeses ingluding lamination to
moulding compositions, wood, gl?saor metals, preferably moulding compositions.
process 1s cooled.

10 Extruders used can be any single-screw, 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 quality, particularly 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 weight, and

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

dicarboxylic acids and/or diamines may be incorporated.



15 For these purposes, the films prior to lamination may he 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 st to be repeated one or more times. Lamination may take place by adhesive bonding
on the surface% %?;t%renr%éﬁféle?ll@{ Ir% Je a@g 895%%@%13% ?éﬁ?at@%l?guéﬁlﬁs%&@ﬁg
composition, thequsiyanide fiimomagrbenackedoriti saidandddingreenipasitior: by imetlsing
injection coati : lterpatively,.of 11 course “}?A Iding composition_and the polyamide film
may be bondeﬂdga ﬁgg\u}e%%o %%ljé%anxci)t CfLe?r.SA?so g%ls%ib e%ﬁth%?‘%gré? is?%haerﬁ&a%mﬁﬁ%h of the film
to another filnilbEtr@sheet. Thedilds afitlde fhiveniioesnay also be 5 laminated to one or more support
films. The film laminate 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. HFugkernerel Heseifitmemmay behrsedas decrativé fitm sprofective dilin are
packaging fil r ' fil inat WEV. .polyamide films need not datorily
be flexible filnn%? %r%gqag %%%Eé%g) p%%lgg}egzag&?t%%%c%&@gﬁ%é iarln&éln?%rn t%rp%atﬁ:%céggé;mide
films having &thickRes¥ vt betweer(o.45awimand: 7.0omad) Thesefmateribls aretherefére more
polyamide mouidings,-Bofe BeriGularly 20 IansnasentRgxamisle sheety, Falyamigle mouldings, more
exactly polyamide sheets with such a thickness, may find use, for example, as a transparent liner,
coveringVin pfeted TP farvikiife, #F A5 veHiEle iRterioR TP tsleesmmrunicationsesites @b ay glazing.
Additionally passiblessdbein applicatin ir the,area afjpersonal protection, such as protection from
projectiles, from fragments or in explosions, for example. 30 The nolyamide mouldings or polyamide
films may O

HO
OH

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):



alternatively be modified during the extrusion operation itself to form an untreated, transparent and
clear film or 12 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 resistance, IR or UV absorption, or tactile properties.
Adding microparticles allows the light scattering to be modified as well. Scratch resistance, dirt
resistance, anti-soiling or modified tactile properties ¢an also be brought about by means of
correspondlng coatings. 10 The fllms 0 Uldings may additionally be bonded with a decorative front
In the text below, the
polyamide films. The drawings:
The numerals in brackets in the text Iow re te to the drawjngs, Fig. 1 and Fig. 2. Fig. 1 shows a
prior-art film die having a lip gap (3) and~witiout lip 20 heating-syst€ém (4).2Fig. 2 depicts a film die
used in accordance with the mventlon, with a heatlng system (4) for the die lip (2). (1) is the die body.

is produced by conventional

endgroup determinations are made by titration\ 13 The polyamide fil
ase dftfiat film extrusion, blown

methods such as extru5|on ht%rough ] slot die, for e éffhple, as in the

3

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 pm and 10 mm. The preferred thickness of the

15 product is dependent on the particular application. For
film applications, thicknesses of between 20 um and 750 pm
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, films 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 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 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 15 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 aboutits v gyis any therefose.canvevs the polymer from the-feed section atter the hopper
opening through the extruder. In alternative 20 em odimentg, twin-screw or multi-screw extruders can
also be used. Thro G el ExEmal higating bnddhe shedoing obtetpalyher intthewxtrader, the

polymer melts, g aftatane, iy of dhe exitudarscuem grigrs e exision dien Ing form of a fim die

(or, generally, slot die). Here, the 25 polyamide melt is converted into a atform an emerges flatly
through the neZHEQ@ap o the A dRd Thediinddie PRaypalsobetéd Witls meltdrorhves er more

extruderss thus praducing gpuultidayes fims. The plastics welis subsequently.cqoled g at least one roll

and thereafter 30 wound. The extruder used for the trials, with a closed barrel, two extruder zones
heatable sepatafiPfiom YR GRoffY, artERRE hbldevaraization operpyikas ascravididmeter of

35 mm with ag &8 ratio: enath of the screw/Riameierof 5 therscrew) 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 2ieAKE &BRE Lfter TIRS hBPFE 240 CLOEXtFRIEF YoRe 1280C Extruder zone 2290C
Transition region290C Film die290C Lip heating system350C 15 (Exception: Comparative Example C4
without Jli&heating system: 290C) In the trial set-up, the films are produced in single-layer form by what

is called ecﬁﬁﬁ%ﬂ?ﬁs%éggfgﬂar@&@@yced in accordance with the invention,

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 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



20 thickness of 50 um. Subsequently the films are inspected for their quality. This is done by V|sual_
comparison and evaluation, the comparison being with a reference s_pecimen of marketable grade in
terms of optical quality. By optical duality here is meant parameters mclydmg streaks, surface 2_5
quality, number of gel bodies, number of impurities, and number of_partlcles of degrad_ed materlgl. All
of the specimens considered to be marketable received an evaluation of (+_). The specimens which
were just no longer marketable received an evaluationjof (o),_and the specimens 30 WhICh were
distinctly or very distinctlytHnmarkelt ble received the evaluations (-) and (--) respectively. 15 Chill roll

process: Melt web is deposited oRto 4 I&ﬁill%fﬂpﬁ%lﬁdiﬂflaﬁﬁﬁicﬁ_ Re BHer¥id 8 e ilin Tstiot in roll
contact - that isgtheredsdo gdurteivell or polishirg aipo SHRalyamide-PAd conyrises PA PACM 12

olyamides fr ik Degussa GmbH, based for example on the composition of TROGAMID(r_)
EX);BZS. PAl%?aﬁ?v%v?s%%%i’tyﬁ é?&%l\%(ﬁe\g i Jhnfctcbgaﬁna to e pidriart tanHeUskespecially

for 10 injectiort igulding appticationst Poljlamide BA2 isfa mesdium-wiscosity RAAPASM 12 he
MaterialVater dentilEllm sontet Exampls,cationguality by KF AminoCarboxyl endgroups endgroups
mmol/Kmmol/k Endgroup total r
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 film,

protective film or packaging film or for producing a film

laminate.

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

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 wvehicle 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, transparent and clear film or
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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
scratch resistance, IR or UV absorption, or tactile
properties. Adding microparticles allows the light
scattering to be modified as well. Scratch resistance, dirt
resistance, anti-soiling or modified tactile properties can
also be brought about by means of corresponding coatings.
The films or mouldings may additionally be bonded with a
decorative front or back film in order to produce optical

effects such as a wood look.

In the text below, the expression polyamide mouldings may

also stand synonymously for polyamide 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
heating 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

The water content was determined by the Karl-Fischer
method.

The endgroup determinations are made by titration.

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, if 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 (or, generally, slot die). Here, the
polyamide melt is converted into a flat form and emerges
flatly through the nozzle gap from the film die. The film
die may also be fed with melt from two or more extruders,
thus producing multi-layer films. The plastics web is
subsequently cooled on at least one roll and thereafter

wound.
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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 is used.
For the purposes of the trials, the following temperature

settings were made on the extrusion line:

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

(Exception: Comparative Example C4 without lip heating

system: 290°QC)

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 pm. Subsequently the films are inspected
for their quality. This is done by visual comparison and
evaluation, the comparison being with a reference specimen
of marketable grade in terms of optical quality. 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.
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Chill roll process: Melt web is deposited onto a chill
roll, at a point at which the other side of the film is not
in roll contact - that is, there is no counter-roll or

polishing nip.

Polyamide PAl comprises PA PACM 12 polyamides 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 PA2 is a medium-viscosity PA PACM 12.

Material Water Amino Carboxyl
Example i de::zt ifi- Fi 1.m content endgroups endgroups Endgroup

cation quality by KF mmol/kg mmol/kg total
c1 PA1 o <0.01 47 69 116
c2 pAl - 0.05 61 69 130
1 PA1 + <0.01 31 67 98
c3 PA2 -- n.d. 55 47 102
2 PA2 + 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
ca PA2 - 0.009 26 64 90

The examples denoted with a “C” are non-inventive,

comparative examples. In these polyamides, both endgroups
are present each at more than 35 mmol/kg in the polyamide.
The visual assessment reports that these films have bubbles
and/or streaks in a relevant amount (“-%“). The best result
is shown by Comparative Example Cl, which had no bubbles

and few streaks.




0.009 26 26 64 64 90 90 15 The examples denoted with a "C" are non-inventive, comparative
examples. In these polyamides, both endgroups are present each at more than 35 mmol/kg in the
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 ClI, which had no bubbles and few
streaks. 16 From Example 3 - especially by comparison with Comparative Example C3 - it is evident
that the film quality is deteimined not by the chain lerigth, which can be read from 5 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
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determined not by the chain length, which can be read from

5 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 lip,

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



Claims 1. Process for producing polyamide films or polyamide mouldings from a polyamide moulding
composition by 5means of extrusion, characterized in that the polyamide has been prepared
substantially from an aromatic, aliphatic or cycloaliphatic dicarboxylic acid and a cycloaliphatic diamine
and has a carboxyl and/or amino endgroup fraction of less than 1035 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 10C to 100C than that of the die’body. 15 2. Process for producing polyamide
films or polyamide; mouldings from a polyamide moulding composition by means of extrusion,
according to Claim 1, characterized in that the polyamide has been prepared 20substantially from an
aliphatic or cycloaliphatic dicarboxylic acid and a cycloaliphatic diamine and has a carboxyl and/or

amino endgroup fraction of less than 35 ;amol/kg, and in.thasa regian.of the fim die, cnsisting of a

die body and a die lip, has a 25temperature at the exit region of the extrusion die which is higher by
10C to 100C than thBCsfiHe RS b&&PTB. Proee s ior Prodiring by afitie fifis Ppolpamide

30mouldiggs from a palyamidg moulding compositionymeans of extrusion, aggording to Claim 1,
characterized in that the polyamide has been prepared
polyamide has been prepared substantially from an

aromatic, aliphatic or cycloaliphatic dicarboxylic
acid and a cycloaliphatic diamine and has a carboxyl
and/or amino endgroup fraction of less than

10 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.

15

2. Process for producing polyamide films or polyamide

mouldings from a polyamide moulding composition by
means of extrusion, according to Claim 1,
characterized in that the polyamide has been prepared

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

25 temperature at the exit region of the extrusion die
which is higher by 10°C to 100°C than that of the die
body.

3. Process for producing polyamide films or polyamide
30 mouldings from a polyamide moulding composition by
means of extrusion, according to Claim 1,

characterized in that the polyamide has been prepared



18 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, and in that a region of the film die, consisting
of a die body and 5a die lip, has a temperature at the exit region of the extrusion die which is higher by
10C to 100C than that of the die body. 4Process according to Claim 2, for producing polyamide 10films
or polyamide mouldings from a polyamide moulding composition by means of extrusion, characterized
in that the polyamide has been prepared from an aliph&tic or cycloaliphatic dicarboxylic acid and a

cycloaliphatic diamingl%‘gjtg%stfilgf\fgngbg ggqypalf%‘&%céiog OC{ i%sasr@gg 5{@@""{‘87 a@%inathat a
region of the film die, consisting of a die body and a die |p,]has a temperature at the exf?region of the
extrusion die which i§ highea byloT fc-1 00G thare th @ f Hesdie o8Bl Protdss aceoriling to

Claim 3, for producingpalyamise; I elyamitedmoudings-Lom ROl amIds oplfing, .
composition by means of extrusion, characterized in that the polyamide has been prepare from an
aromatic 25dicarboxylicc&dd andaf cydiGaliphbiic didminecarilsgs ag apding epdgrévpiraction of less

than 35 rymolikg, and i that ayjsaionf hedimlie-aansisting ahpedie.adyandadiei. fas
temperature at the exit region of the extrusion die which is higher by 10C to 30I00C than that of the
die body. 19 6. Proce¥§ BéEdrihgliratBastorie ol CEng 100 5. ChardedA A thisthe pressure
at the die outlet of theyextruder isuchithah,alhof the volatile constituents in the melt are fully dissolved.
5

4. Process according to Claim 2, for producing polyamide

10 films or polyamide mouldings from a polyamide moulding
composition by means of extrusion, characterized in
that the polyamide has been prepared from an aliphatic
or cycloaliphatic dicarboxylic acid and a
cycloaliphatic diamine and has an amino endgroup

15 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.

20
5. Process according to Claim 3, for producing polyamide
films or polyamide mouldings from a polyamide moulding
composition by means of extrusion, characterized in
that the polyamide has been prepared from an aromatic
25 dicarboxylic acid and a cycloaliphatic diamine and has

an amino 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

30 100°C than that of the die body.



7. Process according to at least one of Claims 1 to 6, characterized in that the region of the film die
having a temperature higher by 10C to 100C is the die lip, and in that the temperature of the die lip is
10between 10C and 100C higher than the temperature of the die body. 8. Process according to at
least one of Claims 1 to 7, characterized in that the die body has a temperature 150f between 250C
and 330C, and in that the die lip has a temperature of between 290C and 370C. 9Process according to
at least one of Claims 1 to 8, characterized in that thé polyamide moulding 20composition has a

maximum watgr contgpggf Q&(’/%QX&%%'}'} 19() o? eps acgordlréq to atrfjfast onelof Clag'ns 1to 9,

characterized in that the process comprlse the 2 oIIowmg operatlng steps: - a mou%mg composition
is melted at a tempedignessfizweed 250 43300 amextuder, a the houfdiag @ompeund exits

the extruder via a dilip whiehas a lpPetalute.sf Detyeen PO AL0G 3% be Mnoulding

composition is taken off in a thickness between 10 pm and 10 mm via at least one roll or at least one
belt, 20 constituents in the melt are fully dissolved.

5
7. Process according to at least one of Claims 1 to 6,
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
10 between 10°C and 100°C higher than the temperature of
the die body.

8. Process according to at least one of Claims 1 to 7,
characterized in that the die body has a temperature
15 of between 250°C and 330°C, and in that the die lip

has a temperature of between 290°C and 370°C.

9. Process according to at least one of Claims 1 to 8,
characterized in that the polyamide moulding
20 composition has a maximum water content of 0.1% by

weight.

10. Process according to at least ocne of Claims 1 to 9,

characterized in that the process comprises the

25 following operating steps:
- a moulding composition is melted at a temperature of
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,

30 - the moulding composition is taken off in a thickness
between 10 um and 10 mm via at least one roll or at

least one belt,



- the moulding composition is conveyed further and in the process is cooled. 11Polyamide moulding
producible according to at least 5one 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 1010 pm and 10 mm
and has been produced by means of extrusion. 12. Polyamide moulding according to Claim 11,
characterized in that the polyamide has been preparéd 15from aromatic dicarboxylic acids and a
cycloaliphatic diamine, pas alg&miggr@dgé%%g%q%ofilgsg g}meié 5”'?8%91 g‘&asa @ic ess of
between 10 pm and 10 mm and has béen produced by means of extrusion. 20 13. Polyamide
moulding according fehClaRtidde Rarfetterzels that the polyamide has been prepared from aliphatic
or cycloaliphatic dicarboxylic acids and a cycloaliphatic diamine, has an amino endgroup fraction of
less than 35 mmol/kg, has a thickness of 25between 10 pm and 10 mm and has been produced by

means of extréidion. Y21PERMaRFIERIOLIIRG aBESdHDIC]af i ATr Sharctks iz iheRathe
polyamids is polyamidie-3Q,PAEM1% 81 polygmide MAGMI2. and in.thaf the film hag been produced by
a process according to at least one of Claims 1to 4. 21

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

10 10 pum and 10 mm and has been produced by means of
extrusion.
12. Polyamide moulding according to Claim 11,

characterized in that the polyamide has been prepared
15 from aromatic dicarboxylic acids and a cycloaliphatic

diamine, has an amino endgroup fraction of less than

35 mmol/kg, has a thickness of between 10 um and 10 mm

and has been produced by means of extrusion.

20 13. Polyamide moulding according to Claim 11,
characterized in that the polyamide has been prepared
from aliphatic or cycloaliphatic dicarboxylic acids
and a cycloaliphatic diamine, has an amino endgroup
fraction of less than 35 mmol/kg, has a thickness of

25 between 10 um and 10 mm and has been produced by means

of extrusion.

14. Polyamide moulding according to Claim 13,
characterized in that the polyamide is polyamide
30 PACM12 or polyamide MACM12, and in that the film has
been produced by a process according to at least one

of Claims 1 to 4.



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, S5preferably less than 100 mmol/kg. 16.
Polyamide moulding according 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. 10 17. Use of a polyamide moulding according to at least
one of Claims 11 to 16 for laminating on moulding compositions. 15 18. Use of a polyamide moulding
according to Claim 17, characterized in that the polyahide 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. 20 19. Use of a polyamide moulding according to at least one

of Claims 11 td316 a$8 HerBistvethnl pidtachrciifdngadi@giiy HEREfoPPRoditing a film

laminate. 25 20. Usecaf 2 palyamide,mpylding acgerding; to-af leastana-of glaims 1140 16as a
transparent liner, cover, in pieces of furniture, in a vehicle interior, in telecommunications devices or as
glazing. has an endgroup fraction of less than 170 mmol/kg,

5 preferably less than 100 mmol/kg.

16. Polyamide moulding according 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.

10

17. Use of a polyamide moulding according to at least one

of Claims 11 to 16 for laminating on moulding

compositions.

15 18. 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.

20
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.
25

20. Use of a polyamide moulding according to at least omne
of Claims 11 to 16 as a transparent liner, cover, in
pieces of furniture, in a vehicle interior, in

telecommunications devices or as glazing.



