; 45e3e$. g! ddet f (f| f 6f T. gi ~uuuni s~eeR -1 PROCESS FOR THE PRODUCTI ON OF A
TRANSPARENT Fl‘mmmummum THERMOPLASTI C POLYURETHANE AND USE THEREOF

FI ELD OF THE | present invention relates to a process for the
production of a tnghs&parent flat filmfromthernoplastic pol yurethane
(TPU), wherein the 10 filmis obtainedy by introducing the TPU between
sheets of a higher-nelting material, passing the naterial between two
contrarotating rolls and subsequently renoving the sheets. BACKGROUND OF
THE | NVENTI @Ig@QEﬁﬁrFﬁﬁblT&ﬁ PRORUECTIONQReA T PARENT FABFILMdustri al
si gni fi cance (HROMODTHERMORLAS HCROLYRIRETHANE AND WUSE TEIEREOF
processability. A review of the production, properties and applications of
TPU may be found, for exanple., _in G _Becker, D. Braun, KunststoffHandbuch,
vol ume 7, "Pol yuret hane", MiflERD INVENTIONhser Verlag, 20 1983 or in
M Szycher, Hand ; , FlI. USA,
1999. The proces?ﬁ%gﬁ%arﬁﬁg\gﬁt@y}?@% gchg{gé&?fplrhn%% P@@%&ggggs whi ch has
| ong bee?f ktransparedt flat fglesfﬁdsmhhénmcﬁm“mmhmthéme (R} wtwdrettethe ,

Kunst st of f ext rusi onst echnj k", Hensen, Knappe & Potente, part 11 25

" Ext r usibns i e neddhoBiroduFNg dhe ik ERtWagneHirets obadliohermelsiagent TPU
flat filns r ; | Gk rial in an

ext ruder, mﬁfea?%ﬂigg, ‘??éé‘l"gg ijag@ggﬁgar!%ﬁig@g&ﬁ%ﬂdg@:%@gﬁnﬁes_ Anong t he
di sadvant agssbssEqueatly remoeingsharstieetevat ed handl i ng costs, the risk of
soiling by dust, pressing defects, 30 formation of deposits and sticking to
the polishing rolls. Wen thernoplastic pol yurethanes are converted into
flat films, gel particlegaphi BIND S THEUINVENTIONSE optical quality of

t he product, are often o : ' di sruptive with

t ransparfent gr adébernaeplasticopdlyorethanes (IdtUexrenflgreatiedusiriabd in EP-A 1 090
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processability. A review of the production, properties and applications of

TPU may be found, for example. in G. Becker, D. Braun, Kunststoff-
Handbuch, volume 7, "Polyurethane”, Munich, Vienna, Carl Hanser Verlag,

20 1983 orin M. Szycher, Handbook of Polyurethanes, CRC Press LLC,
Boca Raton, Fl. USA, 1999.

The processing of plastics to yield flat films is a process which has
long been known and is described, for example, in "Handbuch der
Kunststoffextrusionstechnik", Hensen, Knappe & Potente, part il

25 "Extrusionsanlagen", Hanser Verlag, Munich, Vienna, 1986.

Transparent TPU flat films are normally produced by melt-
processing the material in an extruder, wherein it is subsequently pressed
one or more times. Among the disadvantages of said process are
elevated handling costs, the risk of soiling by dust, pressing defects,

30 formation of deposits and sticking to the polishing rolls.

When thermoplastic polyurethanes are converted into flat films, gel
particles, which are disruptive to the optical quality of the product, are
often observed. This is particularly disruptive with transparent grades (as,
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~ 10 15 20 25 30 The present invention therefore provides a process for the
production of defect-free, transparent TPU flat filnms, in which it is

- possible to dispense with | abor-intensive pressing operations and in which
the problematic issues of soiling, pressing defects, formation of deposits
and sticking to polishing rolls are greatly reduced or elimnated. DETAILED
DESCRI PTI ON OF THE | NVENTI ON The present invention will now be descri bed
for pur posedobexamplies deaenikad léJrE:PvFoﬂ 090rR4Q whjeh, imesidiiaiciess according to

the present Q n ree TPU fl at
i n o steeaey, B BN TRnlrtd B e b EMn AIBRh NG e BB BT 2t 11 .
The present invention provides a process for the production of a
transparent flat fil mfromtherm)ﬁl astic polyurethane (TPU flat film,
wherein a) a molten thermﬁuﬂMﬂﬁflﬁﬂﬂﬁﬂiﬂgﬂ with a tenperature of
150C to 220C is i : . i ting

t her nopl ést iC mt%@%g\%mﬁﬁﬂggmt{%ﬁ@g?%@ﬂéEF%@&%P@O%%T}SE@ he product from
a) is passegrodistivanoftdeiectdindd, arapisphiard TRY flat filhis) imwhimieisapossiblef 10C to

70C, c) cooling is then pertornmed, d) cutting is optlonally erfornmed, and
e) the sheett%dﬁpeﬂﬁ@‘/‘ﬁﬂ'dﬁépf'wé@ﬁ'\‘@%ﬁséﬁig ep%ﬁaéwn%ﬁﬁdé@uwm%m cal ly.

Pol ycar bona W iqal by
virtue of :pgoBngo ﬁ%sg{]egﬁb%‘nsgﬂ ﬁlgf ggéjﬁ ?rfgy& ngw Waei\t[&![# d%#@équt S
el evat ed rrelstlcklgg po potisking rolfs ar@agreatlweduce(domltelmmabteﬁ. required for

assessi ng defects in the flat film. In addition to polycarbonate, other
pol yrrer such 3_ as for exanple polyam de, polyesters, polyolefins,

m xtures thereof and PeratREDINESERIPFIR.O E‘iWEfﬁl@ﬂed A review of

t he production, prope€ es may be found,
for exanple, in Kthlesnresemh‘lnvammuwm o bBeieIsenbed)forEpmposeS/of umre 3/1

"Pol ycar bona‘(@ a PoI gjal e.. Polyester, Cellul oseester”, Minich, Vienna,
Car | Hanser i 8" aT Fn“iaﬂ PHiandbook of Pol ycar bonat e Sci ence and

Technol ogy" (D. W‘h@r;ﬁfﬂéess]ac&ﬁ‘ﬂﬁiub%)theMeﬁﬁﬂﬁerﬁéﬁ?ﬂrodtﬁ@és%' Dekker, 2000.

The sheets of the higher-nelting plastic used may be of a thickness of 0.1
mmto 51%m trpnep@ne@blqmmthodefeq:h‘free TP Unftabfilm psaatsmgﬂ atepy i.eQ vitheuér abl y of
0.5 mmto 2 molten Uegi Nt he present invention may preferably be
an aliphati @%nt'lpgﬁ 515855‘9 OFEE)F ﬂ?ﬂg s for exanpl e that described in EP-A 1

090 940. The TPUmleé}ireéehtﬂh@érﬂﬁ#ﬁ@@vld%srwpﬁd&sﬁlf@Ctﬁé r@@@ardihl@fgato the 15
present invention naﬁ have a thi ckness of referably of 0.3
a

mm to 3 nm dRasparent dal Eim t}romtéﬁanaala§tl@potyuaethﬁne&TEUEﬂ HMirhe

t her nopl ast ep&hyuret hane (TPU) nmay preferably be nelted by neans of a
extruder before being introduced between the sheets of the higher-nelting
plastic20 a) a molten thermoplastic polyurethane (TPU) with a temperature of

150°C to 220°C is introduced between two sheets of a higher-
melting thermoplastic material with a temperature of 0°C to 80°C,
b) the product from a) is passed between two contrarotating rolls with
a temperature of 10°C to 70°C,
25 ¢ cooling is then performed,
d) cutting is optionally performed, and
e) the sheets of the higher-melting plastic are removed mechanically.
Polycarbonate may preferably be used as the higher-melting
material by virtue of its good dimensional stability at low wall thickness, its
30 elevated melting point and optical clarity (optionally required for assessing
defects in the flat film). In addition to polycarbonate, other polymers, such



20 Once renoved fromthe TPU flat film the sheets of higher-nelting
plastic may preferably be reused in step a) of the process. The TPU fl at
films produced using the process according to the present invention may be
particularly useful for optical applications. -4 The foll ow ng Exanpl es
are intended to illustrate the inventi@n in greater detail. EXAMPLES 5
Conparative Exanple 1 A honopgeneous nelt was produced from TPU pellets
(Texi n DP7- 89fat, exzanyple podyamidei polyestexs,rpalyole{ing | mixtweap dneeof andppr ox.
160C). Usin flat fi die, the TPU nelt was.introduced, into a chill

rol I /poli shgﬂ@lcéﬁbé’@ée li’[ﬁgé'dﬁl ey RSed o ARy oS 1oe BIRAYSHPIshed from t he

melt in thepdfhdpdd Sl %%ﬁﬁéé’cﬁiﬁs]?cff go%]{dia]rts@ﬁmséﬁﬁéwé fQlinc? 6r e%r??l'é,co‘)' i ng,

the fl at fiFmvvas cut. e cut ns were pressed with ed sheets
(roughness imeiKghststoffeHangoycha((@. BéekernwDt Bravirgivoliine S/btiPolybatbonatest s i n

P anaparbn POVRGHEGTERY S FhUo R SHRR - MUV idiEs a5l MR s
produced. 15eﬁé@”’99@ ér i 'W@R%$’d1ﬁafrbdﬁﬁe@&é’h&egncﬁ meghAsldgpel | ets
(Texi n DP7-3007, Bayer Corgtﬁér)) in an extruder (nelt tenperature approx.

160C). Usi n(P.d.gdrandfd.lBe New York, Basel, Marcelldeldwica@00.nto a chill

rol |/ polishing 20, stack i ul taneousl.y. twq. PC s tg . a erature

ran into the rol ?hﬁisﬁyeegsug?ﬁﬁgﬁgg ?rﬁge%@ prlr%ﬁfc Vﬁaescpﬁ%tyfooedé%%ﬁ%% en the PC
sheets. Theon@Htmie® 5 AimMEgrefsiabBtofmd vl tosdhAtn RebvReticllBgy PC sheets in

t he polishing stack at roll tenperatures of approx. 20C. After cooling, the

mul til dier predenablysef @ Gtmeytodia. into reels. The two PC sheets 25 remai ned

11 m and ver e nite By TELIASa8 5P uNbatBhirey PRoteiRe 3™ eavi ng 'any
residues. ThgpHicstrasspareny TP, stuk ed.fot exdmple thandescribed ihanspar ent ,
light-stable TPU flat filmof a thickness of 2 mmwas produced. 30 Although

t he presentEPrﬁérﬁQQ)%@ras_ been described in detail in the foregoing for the
purpose of il usypatichhgyf @ni ﬁr&q‘&c@&.dé h%%’rBEe%é‘Q&coggFr{ght%%é" -5 1s

solely for that purpose an at variations 'can be nm erern by those
skill edld n pieseat inventitio maydegpas & itimgkrhiessnoftthé nsmi toi § mamdoreterpblytdfer eof

TS A pr 308t Rop MM EnS Rl BOK PORCEARY 8O GLER{ RIBIMR I m Trom
ol yur et hane. (AU S e e A L R o8 et s of
a means of a extruder before being introduced between the sheets of the
higher-melting plastic.
20 Once removed from the TPU flat film, the sheets of higher-melting
plastic may preferably be reused in step a) of the process.
The TPU flat films produced using the process according to the

present invention may be particularly useful for optical applications.



hi gher-nelting thernoplastic with a tenperature of 0C to 80C, passing the
hi gher nelting thernoplastic sheets with TPU 10 t her ebet ween bet ween two

. contrarotating rolls with a tenmperature of 10C to 70C, cooling the higher
mel ting thernoplastic sheets with TPU t herebetween; optionally cutting the
hi gher nelting thernoplastic sheets w ty TPU 15 t herebetween; and

mechani cal |y renovi nfq the sheets of higher nelti ng_ {)I astic fromthe flat
film 2. The procdwsfcdewinaExgmples@rgiiniendedtie ilbisiratehthe inventign sti c 20
pol yur et han:‘(é%@g)d hﬁl an aliphatic thernoplastic pol yurethane. 3. The
process acc & ai m 1, wherein the flat filmof thernoplastic

pol yuret hane (TPU) has a thickness EXAMPLESNto 5 mm 25 4. The process
according to aim1, wherein the higher-nelting plastic conprises

pol ycarbonate. 5. The process according to Claim1, wherein the sheets of
hi gher 30z nelA | [ EG..Rave 42 thickness of 0.1 nmto 5 mm _7_ 6. The
process g.CCOé'thIB'%SE%‘U - g:a .%@tﬂnerei n the sheets of the higher nelting

pl astic are reusghbmogeaepunarsiowad prodieedrfrse IPhpetetdi MaxinG O ai m 1,
wherein the flat filmof 5 thernoplastic polyurethane (TPU) has a thickness

of 0.3 nm t PR/-3R07 sBayerCaimakiaan axtrdeli(melt tsmpesatwre apRfx: d6R°Ehe f1 at
filmof thep & L ; o oy to 2.5
10 o TRETE Adiet S g R TR irfRigEel RHE LA lplichifE"

hi gher el ti stagk. aeie fiatfidmewas fdr'ntéd)@%doénd)ﬂﬂlisrhedtfgorﬁ thﬁlmé!ﬁinjliﬂe TheI
rocess_according t i , _Wherein the sheets of higherrnelting plastic
Iﬁave a\ﬂ i o §@ﬂ8§?ﬁ%§§ﬁﬂ|&WEeWresﬁfE%A .&é@f.%@@ggﬁh@éﬁ'm@% Ayj):
a#b, w cut._ Th cu} ﬂat]fil s were pressed with mat]ted heets (roughness eigat

{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] caJ ca] ca]calca caﬁcaic cal ca] cal ca

U] c”a] ca] ca]lcaRganhrandtherawith dvigl] glosh poliskéd Sheetsyn platen presses at
temperatures of approx. 140°C. In this manner, a transparent, light-stable

TPU flat film of a thickness of 2 mm was produced.

15
Example 2

A homogeneous melt was produced from TPU pellets (Texin®

DP7-3007, Bayer Corp.) in an extruder (melt temperature approx. 160°C).
Using a flat film die, the TPU melt was introduced into a chill roll/polishing

20 stack. Simultaneously, two PC sheets at room temperature ran into the
roll nip, such that the TPU melt was introduced between the PC sheets.
The melt was formed, sized and polished between the PC sheets in the
polishing stack at roll temperatures of approx. 20°C. After cooling, the
multilayer sheet was cut or wound into reels. The two PC sheets

25 remained on the TPU flat film to provide protection until the ultimate use of
the film and were then simply peeled off the TPU flat film without leaving
any residues. The PC sheets may be reused. In this manner, a
transparent, light-stable TPU flat film of a thickness of 2 mm was
produced.

30 Although the present invention has been described in detail in the
foregoing for the purpose of illustration, it is to be understood that such detail
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5 introducing a molten thermoplastic polyurethane (TPU) with a
temperature of 150°C to 220°C between two sheets of a
higher-melting thermoplastic with a temperature of 0°C to
80°C;
passing the higher melting thermopilastic sheets with TPU
10 therebetween between two contrarotating rolls with a
temperature of 10°C to 70°C;
cooling the higher melting thermoplastic sheets with TPU
therebetween;
optionally cutting the higher melting thermoplastic sheets with TPU
15 therebetween; and

mechanically removing the sheets of higher melting plastic from the

flat film.
2. The process according to Claim 1, wherein the thermoplastic
20 polyurethane (TPU) is an aliphatic thermoplastic polyurethane.
3. The process according to Claim 1, wherein the flat film of

thermoplastic polyurethane (TPU) has a thickness of 0.1 mmto 5
mm.
25
4. The process according to Claim 1, wherein the higher-melting

plastic comprises polycarbonate.

5. The process according to Claim 1, wherein the sheets of higher-

30 melting plastic have a thickness of 0.1 mm to 5 mm.
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7. The process according to Claim 1, wherein the flat film o
5 thermoplastic polyurethane (TPU) has a thickness of 0.3 mm to 3

mm.
8. The process according to Claim 1, wherein the flat film of

thermoplastic polyurethane (TPU) has a thickness of 0.5 mmto 2.5

10 mm.

9. The process according to Claim 1, wherein the sheets of higher-
melting plastic have a thickness of 0.3 mm to 3 mm.

15 10. The process according to Claim 1, wherein the sheets of higher-
melting plastic have a thickness of 0.5 mm to 2 mm.



