WO 2004/ 082926 PCT/ EP2004/ 002390 - 1 Process for back-injecting decorated
films+The invention relates to a process for back-injectin decorated filns
with a theMPpP34(9829%8 yner, in which the 5 decorat edP‘FT’f%%OQ‘%PB%%%q ed
fromerosion. Back injection of films (in-nmould decoration) is a wdely

used surface finishing process. In this brocess, a decorated filmis
shaped, trimed and then laid in the 10 injection nould and back-injected.

I n the cas@miceasay dicge bapki-rinde@dtiing dedoratedhdidgsor ati on is i ndeed
protected by the external transparent film when such filns are back-

I njected the decoration is exposed to elevated tenperatures and shear
stresses WhiHeh irR&HH dr 11T tid & peciedd Forlpaldke i@dteRs.ingn order to
avoid erosion, it is known to cover the decorative layer with a protective
| ayer such dgssiraties fidims dgdd otthegmordiassédd polpmerooritacth i frhehe
decorative J ayer. ro i ve | consists, for exanple, of

pol ycgji bonéiteg)?fﬁe)e%%%lcﬁﬁ g%ﬁttrel %gfjﬁ)lf'%) | 3’%3’ ZLto;lr'ene (ABS), pol ynethyl

nmet hacryl ate (PMVA), acrylonitrile/styrene/acrylate (ASA). Said layer is
either applied directly during _production_of . a conponent by coextrusion or

i s subsequéaky Irdfiqtddd ofwifoH mend Iassiostlen decoraddam)i ig agerdelyThi s
Process 'Su?s%cfj%ﬁﬁrfat&%dgei&ﬂrsh‘i ’ irﬁjc g ProEnewl %ﬁ%@ee‘é‘y Braun,

Fol i enhi nterspritzen - orier er Sprizgiefrmaschine , KU Kunststaffe
89 (1999) Wequageedl FA-1h04.s shaped, trimmed and then laid in the

10 injection mould and back-injected. In the case of reverse-
printed filmg, while the decoration is indeed protected by
the external transparent film, when such films are back-
injected the decoration is exposed to elevated temperatures
and shear stresses which result in erosion in the area of

15 the gates. In order to avoid erosion, it is known to cover
the decorative layer with a protective layer such that the
melt does not come directly into contact with the
decorative layer. Such a protective layer consists, for
example, of polycarbonate (PC},

20 acrylonitrile/butadiene/styrene (ABS), polymethyl
methacrylate (PMMA), acrylonitrile/styrene/acrylate (ASA).
Said layer is either applied directly during production of
a component by coextrusion or is subsequently laminated
with the assistance of coupling agents. This process is

25 described, for example, in P. Enewcldsen, H. Braun,
Folienhinterspritzen - Dekorieren in der Sprizgiefmaschine,

KU Kunststoffe 89 (1999) 9, pages 102-104.

One disadvantage of this process is that protection of the
30 entire surface is not actually necessary since erosion only
occurs locally at the gates. More material is thus used
than is necessary. Moreover, this multilayer structure may
overall result in reduced adhesion of the decorative layer

to the complete component. One substantial disadvantage,



One di sadvantage of this process is that protection of the 30 entire

at e, o 80nep BRI 82t TRLSTIEY Than i€ necessary, EvEATRROTRpLE 11O

multilayer structure may overall result_in reduced adhesion of the
decorative layer to the conplete conpbﬁ%ﬁt. One substantial di sadvant age,
WO 2004/ 082926 PCT/ EP2004/002390 - 2 however, is the inadequate

t hr ee- di medwwever . f genitihg. irnpdeavetter mhrgsi-diogingipasedi Bloamimder certain
conditions_ as,. i t ses, Lin ent. _\W_t. ich .t pr.Qt ective
| ayer is app%ﬁ&?ﬁ%ﬁﬁ?%ﬁhégdgﬁ%ﬁigﬁﬁﬁgﬁﬁﬁbP%ngu%ﬁ?ﬂaﬁgt%@“@lfégﬁgtF%n of gas
bubbl es betiveemdthedsayer theFucilpdring egesitCvithl Whiaherhll proteat ierl y be
formed bel ow the softening point, However, the_area which can be fornmed by
the high pré¥&dr &5t GRRNG DIootes $hes €8 PSR LSS 1YFFodES A6 S 811 et ed. It

i s furt her g e QWM o £ @gg(r: E)%'bbtl%S' mq:g,\é%_nh%@te 1@|Y§§Jspat lon, to chill the

decorated filmprior to~ba Injection with a codling spray. In this case,
the filmis 15 at least so strongly chilled that the heat of the nelt is

i nsuf ficient t the printing ink to.melt and di spl aced, Th
(i sadvant a0TEEE PR e AP ARy ol dielog Tt R FPmeCored PR Bness of

approx. 10@pa ceaMRelinde peihit Ciieherhicheedras tWheyhabser beheatrmagai n 20
too rapidly. Alternatively, the injection nmould nay be adapted in such a
manner t hatwvt deshdgh pPaessagg forming process used for this purpose

10 ig limited.

It is furthermore known, in order to improve heat
dissipation, to chill the decorated film prior to back
injection with a cooling spray. In this case, the film is
15 at least so strongly chilled that the heat of the melt is
insufficient to cause the printing ink to melt and be
displaced. The disadvantage here, however, is that
relatively thin films of a thickness of approx. 100 um
cannot be sufficiently chilled as they absorb heat again
20 too rapidly. Alternatively, the injection mould may be
adapted in such a manner that the shear rate and
throughput, e.g. volume throughput, per gate are lower.
However, this entails a larger number of gates which in
turn results in an increased number of weld lines and,

25 consequently, reduced strength at the weld lines.

A process is furthermore known in which the decorative
layer is partially overprinted in the area of the gates
with a clear lacquer, for example a two-component

30 polyurethane lacquer. However, said process cannot be used
in the vicinity of formed portions as, once cured, the

lacquer can no longer be formed.



t hroughput, e.g. volune throughput, per gate are |lower. However, this
entails a | ar nunber. of gates which in turn results_in an |?crease

nunber of W@I8°P14ﬂ§¥%§ﬁd 25 consequently, reduced strBAgATPAR04(AR2HH d

lines. A process is furthernmore known in which the decorative | ayer is
partially overprinted in the area of thed gates with a clear |acquer, for
exanpl e a two-conponent 30 pol yuret hane | acquer. However, said process
cannot be ﬂmedohj@cthQEVEMEnﬁmVe@tib@rdBdap@Dtﬂdnglastoopcevddeea t he

| acquer can no | onge % WO 2004/ 082926 ET/EP2004/00%§90 - 3 The
obj ect of FHEGH e &4 a‘-@é&c RY PeEETRE & 148 p g #hec

bQCk aneC%&%%lﬂﬁP%m%h%%éHd By tihid W@b@&at@ﬁp$hQﬁ a&@nQW%a@e@nlhh%h@ecorated
filmare avoided in the area of the inlet orifices for the nmelt into the

moul d 5 cawirep off the iimledt oo Dhsgisd Lorhéher eedit ingpethicomoadeor di ngl y

provi des a ess f hack- | ct i decorated filns with a thernoplastic
polyng , CpV&l Fﬁ %ﬁﬁ %PPF&% ﬁ?&klugg ‘entire surface 10 against the

internal wall of the nmould cavity, which process is characterised in that,
prior to back injection, the decorated f|In1|s provided with a protective
el enent |nThFh@Iﬁﬁ@@toﬂndﬁ@tépnn€F€OFﬁP@8 ErP?PEégeﬁoP PRECSERel 8Dl ast i ¢

POl YITEr | kG Tk A Welolr ot B2 1€ U° cFEBR st 12PP!  ed onto the

decoratlve
polymer wherein the film lies with its entire surface

10 against the internal wall of the mould cavity, which
process is characterised in that, prior to back injection,
the decorated film is provided with a protective element in
the area of one or more inlet orifices for the
thermoplastic polymer into the mould cavity.

15
The protective element is applied onto the decorative layer
of the decorated film opposite one or more inlet orifices,
such that, on injection into the mould cavity, the polymer
melt does not come into contact with the decoration in the

20 area of the gate. On the one hand, the protective element
provides thermal insulation. During back injection, it
prevents the heat of the thermoplastic polymer from melting
the printing ink and causing it to flow with the melt. On
the other hand, the protective element also provides

25 mechanical protection by preventing the melt from coming
into direct contact with the decorated film. In this
manner, the protective element protects the printing ink
from the elevated shear stresses in the area of the gates
during back injection.

30
The area of the protective element depends upon the area of
erosion. The size of the inlet orifice, through which the
thermoplastic polymer passes into the injection mould,

substantially determines the area ©of ercgion. The area of



of the decorated fil mopposite one or nore inlet orifices, such that, on

irnjection into the mould cavity, the polynmer nelt does_npot ﬁggg Lnto
contact wi PR R84/ R&2328ti on in the 20 area of the gat ePCHER feeitthd, the

protective elenent provides thermal insulation. During back injection, it
prevents the heat of the thernoplastic golymer frommelting the printing
ink and causing it to flowwith the nelt. On the other hand, the protective
el enent al sheppovitees i2® mBehenitcdls pretffectbdy by peeev&ntiwdgethe nelt from
comng into ir%%h contget with the gecoEﬁteg film  La. this nner, the
prot ect i ve PEFEFERP YT 5tedFESFnESRr MAT TRy FAR CFP8M ths taPdv 8fed Shear
stresses i relhecdi®e @bpblengatiadetduiiifgcback injection. 30 The area of the
protective el enent depends upon the area of erosion. The size of the inlet

orifice, through which the thernoplastic polynmer passes into the injection

noul d su antially.det ' .he_ar r Qsi T ea ;
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| east tw cer nphebeeablfyubat ¢l edsmetan ,t bo@smetrhandyoss naeakriadn of the
respective opposing inlet orifice. 5 Th% protective elenent is refirably a

mesh, wovefi2tErdrdedngPinenkben fiabr PE BEtAdt aRd/RE| PReY &R d/ HEtAZEuUr al
Lo ) BUHARE, a0l K BLAEa B $BHAOL, Q0NGR! skegpihch . for
alloys or steel. Polymers which may be used are elastomers
10 or thermoplastics. The polymers may optionally also be
provided with reinforcing materials and/or fillers, for
example glass fibres. The protective element may, for
example, consist of the following polymers: polycarbonate
(PC), acrylonitrile/butadiene/styrene (ABS),
15 styrene/acrylonitrile (SAN), polybutylene terephthalate
(PBT), polyamide (PA), thermoplastic polyurethane (TPU),
polyethylene terephthalate (PET), polystyrene (PS),
polyoxymethylene (POM), polyolefins, in particular
polypropylene (PP), polyester, polymethyl methacrylate
20 (PMMA), thermoplastic polyvinyl chloride (PVC) or mixtures
of thermoplastic polymers.

Natural materials which may be selected are, for example,
cotton, cellulose, hemp, flax or cork. A combination of the

25 stated sheet materials and/or materials is also possible.

The thickness of the protective element depends upon the
gquantity of polymer injected through the inlet orifice. The
protective element preferably has a thickness of at least

30 50 pm.

The protective element is preferably applied onto the
decorated film by means of an adhesive bond. Adhesives

which may, for example, be used for this purpose are



all oys or steel. Polyners which may be used are el astoners 10 or
t.hermepl astics. The polynmers nay optionally also be provided wt

h
rei nf orci n§OraPe440RA2828nd/ or fillers, for exanple gl aRSTABRZ084/0§3330

protective elenment may, for exanple, consist of the follow ng pol yners:
pol ycarbonate (PC), acrylonitrilel/butadi ene/styrene (ABS), 15
styrene/acrylonitrile (SAN), polybutylene terephthalate (PBT), polyam de

(PA), ther copleasis @oletyetbhnenedicbRWEiongol weukphene t er epht hal ate (PET),

pol ystyrene (PS), ,pol yoxynethyl ene (POV), polyqQlefins , in particul.ar
Do yor oy e Yibie /R v, S ERe i oRs) apBO LT Sl ot e Y
t her nopl asiinC cRelayMicn¥lb1Rhek!, da1ERYEh takeMiyXt WHES protekhgkaoplagkhe

polymers. Natural nmaterials which may be selected are, for exanple, cotton,
cel | ul ose, magnplstl e eppddek bX beabilngt tdbe &flmhendstdeat ed sheet

mat eri.al s and/ or rial.s i I oss§i bl The, thick o] he protective
eleneﬁt deggﬁ §e3%§h%tﬁ§e 85%%%F?3V%fgggﬁﬁngrwﬁ%ﬁe%@%d@ﬁaﬁbugﬁgthe I nl et
orifice. Theotpreliee! elemeheneal poekerakl pehappaikhi eknesshef at | east 30
50 gm The protective elenent is preferably applied onto the decorated film
by neans ofle&RTagREsfdd™hENdweAdRESi-ves which may, for exanple, be used for
this purpose are WO 2004/ 082926 PCT/ EP2004/ 002390 - 5 aqueous pol yuret hane
di spersi ons, aqueous acrylate/copolynmer dispersions and pol yuret hanes

di ssol ved The process according to the invention makes it possible to

10 achieve direct gating without erosion. Gating via tabs or
pins is thus unnecessary. Direct gating moreover has the
advantage that it is possible to make use of the cascade
method, i.e. time-delayed actuation of the inlet orifices.
Furthermore, no structural changes to the injection mould

15 are required, such as for example the introduction of
additional gates to reduce the volume throughput per gate.
The protective element may furthermore be adapted to the
local shape of the decorated film. Moreover, less material
is consumed and processing is less complex in comparison

20 with conventional processes as the quantity of material
required for protection is reduced to a minimum and,
instead of a protective layer covering the entire area,

only a local protective element need be applied.

25 The decorated filmg are back-injected by the process
according to the invention using thermoplastic polymers
which are unfilled or provided with reinforcing materials
and/or fillers, such as polymers comprising polycarbonate,
acrylonitrile/butadiene/styrene (ABS),

30 styrene/acrylonitrile (SAN), polybutylene terephthalate
(PBT), pclyamide (PA}, thermoplastic polyurethane (TPU)},
polyethylene terephthalate (PET), polystyrene (PS),
polyoxymethylene (POM), polyolefins, for example
polyethylene (PE), polypropylene (PP}, polyester,



in organic solvents. Alternatively, the protective elenment nmay al so be

applied by heating the filmand then 5 conpressing the protective el enent
with the fWPn?OGI"r{g)BzBFBt ective el enent may noreover be® ;ﬁ%@&"&??%‘%e

decorated fil mby wel ding. The process according to the invention nmakes it
possible to 10 achieve direct gating w®thout erosion. Gating via tabs or
pins is thus unnecessary. Direct gating noreover has the advantage that it
i s possi bl poflymetkylugetbhcrirdatasdBMMA) peehedtomer -mpda€igd| hyeddact uati on
of the inlgé orifhcegn ggrthernnr% nQ sgr#ﬁtural ch%m es &o t@e i njection
moul d 15 ar@SFEGALPAEGICsEYR 88 PortBXSRpPE tRETTRPHEEGLET BRL6F 8adi t i onal
gates to reduce the volune throughput per gate. The protective el enent may
furthernore be adapted to the |ocal shape of the decorated film Mreover,
| ess nat er TR thé¢@6ﬁ§§n@§ 5he prekcdsirgtrd FBE¥MEBAPBEELC ROLBMBAri son 20

with gonveglional (PLAEGISEs 85 eLECIUANLE! ngl AFBAGERRLonT gL ed for
protection I'S reddced €8 a m ni mim an , instead of a protective |ayer
covering theiekhese alfeahe pnllymarl degkrpist peeifeeablgngéntonéedmbebappl i ed.

25 The decorated fil are hack-inj cteg by tT .process according to the
“nvention Be¥ngoPfEr AHMas: TEVpbETRERs Stul Bl 4iBeAs: FPeA R EFoLhaBd w ¢ h
reinfOfCinQo”&h@WEﬁE§moﬁmﬁéF&cfEbbﬁféasé%ﬁ@)@s pol yners conpri sing

pol ycarbonate, acrylonitrile/butadi ene/styrene (ABS), 30
styrene/acrylonitrile (SAN), polybutylene terephthalate (PBT), polyam de

(PA)iOther%Bglg%%g%agghyggﬁ%h%ggs.EEEQ,for example, of polycarbonate,

ABS, cellulose ester, polyethylene (PE}, polypropylene
(PP), polyethylene terephthalate (PET), polybutylene
terephthalate (PBT), polymethyl methacrylate (PMMA), PVC,
polyester, polysulfones, polyethersulfones, polyetherether

15 ketones (PEEK), polyarylethersulfones, polyurethane (PU)
and polyamide (PA). Functional multilayer films, films made
from polymer mixtures or blends or films provided with
reinforcing materials and/or fillers may furthermore be
used.

20
The films are decorated, for example, by screen printing.
Further possible methods for decorating the film are
lacquer coating, laminating, pad printing, offset printing,
thermal transfer printing, relief printing (including

25 flexographic printing), planographic printing, gravure
printing, inkjet printing, photography, thermography,
magnetography, ionography or electrography.

The printing inks conventional for the particular method,
30 for example screen printing inks, are used for decorating

the film.

The invention is illustrated in greater detail in the

attached Figure 1.



pol yet hyl ene terephthalate (PET), polystyrene (PS), polyoxynethylene (POM,
pol yotefins, for exa pol yet hyl ene (PE), polypropylene PP ol yester,
WO 2004/08?92%P¢bﬁWEg5604/002390 - 6 polymethyl met h&ch é ;(ﬁﬁﬁﬂg

el astoner-nodi fi ed bl ends, thernoplastic PVC or m xtures of t her nopl asti c
pol ymers. The thickness of t he back-inj écted thernoplastic polyner 5 varies
greatly as a function of the application. The thickness of the polyner |ayer
is preferably 1 to 6 mm but may range froma fewtenths of a millinetre to

reater than 10 nm, ther tlc f oam castingl._.10_The orated.film
gonsists ?69u§§a t ”Eg éFbgﬁﬁgﬁam 2 Sag%éFWu?oyétg @PongFvgthylene

(PE), pO'Y@é?BY'G”QalﬁPEh tH@'M@hﬂM'@a61E9f$pBEh§ha§ﬁ EBEIbn meliyButyl ene
terephthalate (PBT), poly nethé met hacryl ate (PMVA), PVC, ol yester,
polysulfoné@ldpéuyﬁthyﬁQGIWéﬁ sitpoppeiher 8uh ACce5agaiBAESt PEEK) ,
pol yapyl et n poly t ( ngd p a i gna
nultiFayerqﬁE?ghge %Ell 8E Ehg H%ﬂfd ngltﬁn?xtgbésg%gggégégg 559§%|§B
provi ded mubhprbenﬁéareung aapebtabslaadéméméhtlerSTHaythatmbpnaatecbe
used. 20 The_filns are decorated, for exanp screen printing. Further
possi bl e nEPHBH@rfSPrdBESFaPPaSCFhéngPﬁ1ﬁﬂém ?aﬂﬁﬁ@h Ba&t PRE™ | ani nati ng,
E?gchhptlagovanae&195'ataeeorakQeénggygga@séﬁeeEEIEhbnaouia"ef printing
cavity 7 via the inlet orifice 5 of the injection mould 1.

10



25 flexographic printing), planographic printing, gravure printing, inkjet

pri'hting, o) t her nogr aphy, rmagnet ography, ionogr

el ectrogra ﬂy£°¥H®%ﬁ¥?ﬁtlng i nks conventional for the:%ayg?ggpgf&%@PWod, 30
for exanple screen printing inks, are used for decorating the film The
invention is illustrated in greater det&i |- in the attached Figure 1. WD
2004/ 082926 PCT/ EP2004/002390 - 7 Figure 1 is a schematic diagramof a
film2 w t Exgmpdeative layer 6 laid in the nmould cavity 7 of an injection
mould 1, said filmlying with its entire surface against the 5 interna

wal | of the nmould cavity 7. The decorative layer 6 is provided with a
protecti verakerrAmpde dbectrhbBeBDphaktifjepoliynestf ardbackatnjectibg the film
2 whi ch has been provided with a decorative |ayer 6 enters the nould cavity
7 via the fRFeRNOPPELEE SOBETt héhenfddli BAMRBLFES12 POLlVERPDORADB82926

PCT/EEZOO4/?EF3?Q%m #niE¥anRLeLBR EéégﬁhengﬁEéhbSE.Pﬁ%krévéfﬁéiﬁgtﬁf a
decorative an engi ne cover e TiImconprises a polycarbonate
(PC) filmahsohuhasnbeénsgotbehipr rateédsonnt begarver selwetihs a sol ution of
synthetic reS|ns |n®onﬂ€qéc sol vent s herPmarl HTR fr (fro 11, Cernmany).
Once it had BE%H an H rom Pro 11, Germany Once 1t
printed, the film was shaped by thermoforming and then
trimmed. Protective elements of polycarbonate with an area
10 of 24 x 75 mm® were then applied onto the printed film in
the area of the gates. To this end, the protective elements
were provided with a coupling agent prepared from
polyurethane dissclved in organic solvents (Mecotherm’ L110
from Kissel & Wolf, Germany). Once provided with protective
15 elements, the film was laid in the mould cavity of the
injection mould and back-injected with polyamide 6. The
size of the gate was 50 x 3.6 mm’. The mass of thermoplastic

polymer per gate was 80 g.

20



printed, the filmwas shaped by thernoform ng and then trinmed. Protective
el ements of pol ycarbonate with an area 10 of 24 x 75 m? re tz I|ed
onto the pPPnt®et498232Pn the area of the gates. To th?%? arg oot %P%ﬁ ective
el ements were provided with a coupling agent prepared from pol yurethane

di ssolved in organic solvents (Mecother®{r) L110 from Kissel & Wl f,
Germany). Once provided with protective 15 elenents, the filmwas laid in
the moul d €3widmg:of the injection nould and back-injected with pol yam de 6.
The size of the gate was 50 x 3.6 nmmR. The mass of thernoplastic polyner
per gate was 80 g. 20 WD 2004/ 082926 PCT/ EP2004/002390 - 9 dains: 1. A
process fon back- pbRpeekisn@odtesacatedjkbckibg( dkcvirhiedarineenuph agtics pol ymer
(3) ina moul d cavity (7) with 5 one or nore inlet orifices (5) for the

t hermopl astic poltyeemopdpstugepelimere (Bl AN 2) mPldd GRVALYt 7énWilEl

f t I d d
surf age agai NSt e chIBLATL AL 9L AREATIU dBAVHLL (Rbeyppageter sod T
10 protective ebeﬂgmbr(4ﬁ |nwhbeeaheaheffaﬂmlea$tlmee wunhehterbhtdee(S) 2.

A process accordin% to claim1, characteri hi ? the area of the
protective el enBHELPEP RI2APSEek iﬁtﬁﬁpé walef 8Fablg BPUldast ten tines,
the cross- cavity (7), characterised in that, prior to back

injection, the decorated film (2) is provided with a
10 protective element (4) in the area of at least one

inlet orifice (5).

2. A process according to claim 1, characterised in that
the area of the protective element (4) is at least
15 twice, preferably at least ten times, the cross-

section of the opposing inlet orifice (5).

3. A process according to cone of claims 1 or 2,
characterised in that the protective element (4) is a
20 mesh, woven, braided or nonwoven fabric of metal,
polymer and/or natural material and/or a foil/film of

metal and/or polymer.

4. A process according to one of claims 1-3,
25 characterised in that the protective element (4) is
applied onto the decorated film (2) by means of an

adhesive bond.

5. A process according to one of claims 1-3,
30 characterised in that the protective element (4} is
applied onto the decorated film (2) by means of

heating and subsequent compression.



section of the opposing inlet orifice (5). 3. A process according to one of
clairms 1 or 2 characterised in that the protective elemgnt (4) is a 20
nmesh, wovelf© BP94/PER96F nonwoven fabric of nmetal, pol EE2082 6P 014 % &l
material and/or a foil/filmof nmetal and/or polyner. 4. A process according
to one of clains 1-3, 25 characterised FA that the protective element (4) is
applied onto the decorated film (2) by neans of an adhesive bond. 5. A
process acéor di Agprocese afcolrdiimg to3png0ofhadadtmer ilséd in that the

protective elenent (4) is ppli n the decorated.film(2),by neans of
et oy and sunebguenterdasrong EhatlbhistasPossssaenetFErab0do05 300 - 10
6. A process aceppdied batenehef dekbargbed- $il1mchanaghevesadnn that the

protective elenent (4) is applied onto the decorated film (2) by wel ding.



