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(57) Abstract

~ An amorphous transparent plate with a thickness in a range from 1 to 20 mm contains as main component crystalhsable thermoplashc
materials. Its lustre, measured according to DIN 67530 (20° measurement angle) is higher than 130, is transparency to light, measured
according to ASTM D 1003, is higher than 84 %, and its haze,. mcasm-ed according to ASTM D 1003, is lower, than 15 %. A!so disclosed
are a process for manufacttmng this plate and its use.

(57) Zusammenfassung

Die Erfindung betrifft eine uanspamnte, amorphe Platte, mit einer Dicke im Berelch von 1 bis 20 mm, dle als Hauptbestandteil einen
kristallisierbaren Thermoplasten enthilt, wobei der Oberflichenglarnz, gemessen nach DIN 67530 (MeBwinkel 20°), groBer als 130 ist, die
Lxchtuansmlsslon, gemessen nach ASTM D 1003, mehr als 84 % betriigt, und die Triibung der Platte, gemessen nach’ASTM D 1003,
weniger als 15 % betrigt em Verfahrcn zu jhrer Herstellung sowie lhre Verwendung. , .
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war m ng, are hecessary during extrusion. External [ubri-

- 2s necessary to prevent sticking to walls an :
The proce55| ng o Iﬁ?ﬁpMVA is carried out using, for exanple, q’cél'%rgﬁ@&efgﬁ

extruder to enable renoval of noisture. 5 The production of transparent
sheets from anor phous t her nopl asti ¢s isoneti nes requi res expensive
additi ves, whi ch in sonme cases nmigrate and can cause production

probl ems owi ng to evaporations and surface coati ngs on t he sem fini shed
product . FBE‘scmemgcan be recycled only g :

Amorphe, transparente Platte aus einem kristallisierbaren Thermoplast

Die Erfindung betrifft eine amorphe, transparente Platte aus einem kristallisierbaren
Thermoplast, deren Dicke im Bereich vori 1 bis 20 mm liegt. Die Platte zeichnet sich
durch sehr gute optische und mechanische Eigenschaften aus. Die Erfindung betrifft
ferner ein Verfahren zur Herstellung dieser Platte und ihre Vén:vendung.

Amorphe transparente Platten mit einer Dtcke zwischen 1 und 20 mm sind™
hinreichend bekannt. Diese flach|gen Gebilde bestehen aus amorphen nicht
kristallisierbaren Thermoplasten. Typusche Beispiele fur derartige Thermoplaste, die
zu Platten verarbeitet werden, sind z.B. Polyvinylchlorid (PVC), Polycarbonat (PC)
und Polymethylmethacrylat (PMMA). Diese Halbzeuge werden auf sogenannten
Extrusionsstraiien hergestellt (vgl. Polymer Werkstoffe, Band 11, Technologie 1, S.
136, Georg Thieme Verlag, Stuttgart, 1984) Das Aufschmelzen des pulver- oder
granulatférmigen Rohstoffes erfolgt in einem Extruder Die amorphen Thermoplaste
sind nach der Extrusion infolge der mit abnehmender Temperatur stetig steigenden
V|skosnét leicht Gber Glattwerke oder andere Ausformwerkzeuge umzuformen.
Amorphe Thermoplaste besitzen dann nach der Ausformung eine hinreichende
Stabilitat, d. h. eine hohe Viskositat, um im Kahbnerwerkzeug "von selbst zu
stehen”. Sie sind aber noch weich'genug um sich vom Werkzeug formen zu lassen.
Die Schmelzvnskosntét und E:genstetfe von amorphen Thermoplasten ist im

| _ Kahbnerwerkzeug SO hoch daR das Halbzeug nicht vor dem Abkihlen im

| Kahbnerwerkzeug zusammenfé!lt Bei leicht zersetzbaren Werkstoffen wie z. B PVC

. “sind bei der Extrusion besondere Verarbeltungshnlfen wie z. B.

- Verarbeltungsstablltsatoren gegen Zersetzung und Gleitmitte! gegen zu hohe innere
Reibung und damit unkontrolherbare Erwarmung notwendig. AuRere Gleitmittel sind
erforderhch um das Héngenblelben an Wanden und Walzen Zu verhmdem
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t he mechani cal properties. In addition to these di sadvant ages, PMVA
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dem Halbzeug fihren kénnen. PVC-Platten sind schwer pdgr-.nu_r: mit speziellen .
~ Neutralisations- bzw. Elektrolyseverfahren recyklierbar. PC-und 'PMMA—Platten_sind
ebenfalls schlecht und nur-unter Verlust.oder extremer Verschlechterung der
mechanischen: Elgenschaften recyklierbar. -

Neben diesen Nachteilen besitzen PMMA-Platten auch eine extrem schlechte

Schlagzahigkeit und versphttem bei Bruch-oder mechanlscher Belastung Daneben

sind PMMA-Platten leicht. brennbar; so dai sie belsplelswelse flr. .
-Innenanwendungen und im Messebau nicht eingesetzt. werden durfen |

PMMA- und PC-PIatten smd aurserdem nlcht kaltformbar Bexm Kaltformen
zerbrechen PMMA-Platten in gefahrliche Splltter Benm Kaltformen von PC-Platten
treten Haarrisse und Wei3bruch auf... .

in der EP-A—O 471.528 wnrd ein Verfahren zum Formen emes Gegenstandes aus
einer Polyethylenterephthalat (PET)—PIatte beschneben Dle PET-PIatte W|rd ln |
einer Tiefziehform beidseitig in einem Ter_nperaturberex;h zwlschen der o
- Glastbergangstemperatur und der Schmelztemperatur warmebehandelt Dle "
geformte PET-Platte wird-aus der Form herausgenommen wenn das Ausmal& der
Kristallisation der geformten PET-Platte i |m Berelch von 25 bls 50 % Ilegt D|e |n der
- 'EP-A-0 471 528 offeribarten PET-PIatten haben elne Dxcke von 1 b:s 10 mm Da der

aus dieser PET-Platte hergesteute tiefgezogene Formkérper tellknstallln und dam!t

. nicht mehr transparent.ist und die Oberﬂéchenelgenschaften des Formkorpers .
- .. durch das Tlefzxehverfahren dte dabei gegebenen Temperaturen und Formen " *
bestimmt werden, ist es unwesenthch welche optlschen Elgenschaften (z B. Glanz
Trabung und Lichttransmission) die eingesetzten PET-Platten bes:tzen In der Regel
sind die optischen Eigenschaften dieser Platten schlecht und optimierungsbedurftig.
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sheet is i WAE8Rgj on of 25 to 50% The PET sheets di sgﬁéggﬁﬁlﬂz

EP- A-0 471 528 have a t hi ckness of fronse 1 to 10 mm Since the

t her nof or ned nol di ng produced fromthie PET sheet is partially crystal-
line and-thus no | ongef transparent and the. surface

- 3- Iprdqrdﬂsme-ﬁ 496,143 wird dea ymmﬂ@amwmr Bifam dickep PET-Platte,

formng pr ces d: thet t ef it is
uni nporta {}E[‘ Pnﬂ o%%ﬁ'%gamsn&s Ry {%é” EOW%SSFQ riet ng'%nd
light tr a%t&ﬂirmal debei zodénerﬁh@ﬁhﬁor@@vé wwﬁdﬁv@rbfﬂen ajeﬁér%l Auchan
optical properties 0 hese sheets are poor, ap ?1 rhg

opti m zat idiese PET-Platten werden keme Anforderungen hinsichtlich der optuschen

Elgenschaften gestellt Da die Kristallinitat der emgesetzten Platten bereits
zwischen 5 und 25 % liegt, sind diese Platten trib und un_durchsmhtlg.

Aufgabe der vorliegenden Erfindung ist es, eine amorphe, trahsparénte Platte mit
einer Dicke von 1 bis 20 mm bereltzustellen d|e sowohl gute mechamsche als auch
optische Elgenschaften aufweist. ' '

Zu den guten optlschen Elgenschaften zahlt beisplelswelse eine hohe
Llchttransmassmn ein hoher Oberflachenglanz eine extrem nlednge Trubung sowie
'elne hohe Blldscharfe (Clanty) |

Zu .de.ri guten mechanischen EigénSChaﬁen zahit unter anderem eine hohe
Schlagzahigkeit sowie eine hohe Bruchfestigkeit.

Daruber hlnaus solite dte erF ndungsgemérse Platte recykllerbar sem insbesondere
ohne Verlust der mechanlschen Ergenschaften sow:e schwer brennbar damit sie
belsplelswelse auch far lnnenanwendungen und im Messebau elngesetzt werden
kann.

Gelost wnrd dtese Aufgabe durch eine transparente amorphe Platte mlt emer Dicke
im Bereich von 1 bis 20 mm, dle als Hauptbestandtell einen knstallasmrbaren
Thermoplasten enthait, wobei der Oberﬂachenglanz gemessen nach DIN 67530
(Mel’swmkel 20 °), grorser als 130, vorzugswelse gréBer als 140 1st dle

| Lxchttransmlsswn gemessen nach ASTM D 1003 mehr als 84 % vorzugswelse
mehr als 86 % betragt und die Trubung der Platte gemessen nach ASTM D 1003
wenlger als 15 % vorzugswense wemger als 11 % betragt

Die transparente amorphe Platte enthalt als Hauptbestandte:l elnen | o
kristallisierbaren Thermoplasten Geelgnete knstalhsnerbare bzw. tellknstallme



US- A- 3, 496, 143 descri bes the vacuum thernoform ng of a 3 mmthick RET
sheet Wigs ee of crystallization is said to be J ge from
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5 to 25% However, the 10 crystallinity of the thernof Fng is
greater than 25% Again, no reqw yements regarding optical properties
are made of these PET sheets. Since'the crystallinity of. t he sheets

enpl Oyeﬁhéﬁn@l%&%dé‘?@_ é‘ls ei’éédPgi?éiIMé}ﬂéFe hthalaf B Eutgf tidlsh,

non-transpar ect e pre ent 1-Aventio provide an-

anor phoDgclooledin pad@yéleaeancmymra wobai lﬁtdysthyfenterephthalat besandsas mm
“whi ch has bOt&ngOd nechani cal “properties and - good optical properties.

The go pr.operties: inglude, for. exanple, high 20  Light .
transm ssion, high surface gl oss, extrenely l'ow =~ ‘haze and hlgh clarity.
The good nechanlcal “properti es irncludé; “inter alia, high -7 inpact-

st r engtErfindungsgemBRawirstelt mareugﬁehkrlstalhsnerbarem Thermoplast o
- knstalhs:erbare Homopolymere R
- kristallisierbare Copolymere,
- kistallisierbare Compounds, N
- knstalhsnerbares Recyklat und o
- andere Varlattonen von knstallls:erbarem Thermoplast

Unter amorpher Platte werden im S:nne der vorhegenden Erflndung solche Platten
verstanden die, obwohl der elngesetzte knstalhswrbare Thermoplast vorzugswelse
eine Krlstalllmtat ZW|schen 25 und 65 % besutzt mcht knstalhn smd Nlcht krlstalhn
d. h. im wesentlichen amorph bedeutet, dai der Krlstalllnltatsgrad im allgemelnen
unter § %, vorzugsweise unter 2 % liegt und besonders bevorzugt 0 % betrégt .

Im Fall von Polyethylenterephthalat tritt bei der Messung der Schlagzahigkeit a,
“nach Charpy (gemessen nach ISO 1791 D) an der Platte vorzugswe:se keln Bruch
auf Daruber hlnaus Ilegt dle Kerbschlagfestlgkelt ak nach Izod (gemessen nach ISO
| 180/1A) der Platte vorzugswelse |m Beretch von 2 0 bls 8 0 kJ/m2 besonders :
bevorzugt im Bereich von 4,0 bis 6,0 kJ/m?.

.Dle Blldschérfe der Platte, die auch Clarlty genannt wird, und unter emem Wlnkel
klemer als 2 5 ermlttelt wnrd (ASTM D 1003) hegt vorzugswelse uber 96 % und
besonders bevorzugt uber 97 %

Polyethylenterephthalat-Polymere mlt emem Krlstallltschmelzpunkt Tm, gemessen

. mlt DSC (leferentnal Scannmg Calonmetry) m|t emer Auﬂ1e|zgeschwmd|gke|t von
10 °Clm|n von 220 °C bis 280 °C . _ :
vorzugsweise von 250 °C bis 270 °C mlt einem Krlstalllsatlonstemperaturberelch T
zwischen 75 °C und 280 °C, emer Glasubergangstemperatur T zwischen 65 °C
und 90 °C und mlt emer D|chte gemessen nach DIN 53479 von 1 30 bls 1 45 und



In addition, "the novel sheet should be recyclable, in 25 particular

w.t hout | gss of the nmechanical properties, and have | owl,(agﬂw b3 |1ty
so that | We¥FH%0 pe enpl oyed, for exanple, for inter naf%h%
appl i cations and in exhi bi ti ons. Thi's object is achievedby a

transparent, anorphous sheet 30 having adt hi ckness in the range from1 to
20 mm whi ch contajns, .as principal constituent, . a%r@% g}&rngl e
t her mopl agines Krigtalfigitat zwisshen &% und 65 %, NeZHGSWRI§H25 % uj gliep als

_D|4'_\|. 67530 6 FEAGAhSE HiicA SUrH&UEIUHQ def Biatte bevorzugte Polymere dar.

" Die Standardviskositat SV (DCE) des Polyethylenterephthalats, gemessen in -~
Dichloressigsaure nach DIN 53728, liegt zwischen 800 und weniger als 1800,
insbesondere zwischen 800 und 1400, \ior'zugs“}eis'e zwisphén 950 und 1250 und
besonders bevorzugt zwischen 1000 und 1200. B

Die intrinsische Viskositat IV (DCE) berechnet sich wie folgt aus der
Standardviskositat SV (DCE): ' S =

IV (DCE) = 6,67 - 10 SV (DCE) + 0,118

Das Schuttgewmht gemessen nach DIN 53466, liegt vorzugsweise zwuschen 0,75
kgldm und 1,0 kgldm und besonders bevorzugt zwnschen 0 80 kgldm und 0, 80
kgldm

Die Polyduspersntat des Polyethylenterephthalats M‘,,IM gemessen mlttels GPC liegt
vorzugswelse zmschen 1 5 und 6 0 und besonders bevorzugt zw1schen 20 und 3 5.

Daneben wurde vollig unerwartet eine gute Kaltformbarkeit ohne Brﬂch ohne
Haarrisse und/oder ohne Weillbruch festgestellt, so daf die erfi ndungsgeméfse
Platte ohne Temperaturelnwwkung verforrnt und gebogen werden kann

Daruber hmaus ergaben Messungen daB die erfmdungsgema[&e Platte schwer
brennbar und schwer entflammbar 1st so dafs sie such be:splelswease fur
lnnenanwendungen und lm Messebau elgnet o '

Deswetteren ist dle erﬁndungsgema!&e Platte ohne Umweltbelastung und ohne
Verlust der mechanischen Eigenschaften problemlos recykllerbar wodurch sie sich
belsptelswense fur d|e Verwendung a!s kurzlebige Werbeschdder oder anderer
Werbeartikel elgnet o |



greater than 130, p_referably greater than 140, t he | i ght h "transm ssi an,
nmeasur ed rdance with ASTM D 1003, is greater t
preferabwwgﬁggaﬁer than 86% and the haze of the sheetP f‘ﬁi’gé%ﬁl%ﬁ in
accordance with ASTM D 5 1003, is lesg than 15% preferably less than
11% The transparent, anorphous sfeet contains, as pri nci pal
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cycloolefin =~ copolyners, particular preference" bei'ng given to:pol;

et hyl ene terephthal at e. For the purposes of the invention, the ter m
crystal t % to. e

crystal Zagﬁl'érﬁg %tﬁ{}ﬁérﬁ%?ﬂa?&% isfin ﬁlgcﬁ gmqt%&d@rg%sr}g'%ﬁé? ymfam im_ .
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ot her varl at I QNS crystallizabl e thefnopl astic:
. _einen Extruder als Plastufxznerungsanlage

- eine Breltschhtzduse als Werkzeug zum Ausformen
- ein Glattwerk/Kalander als Kalibrierwerkzeug,
- ein Kuhibett und/oder eine Rollenbahn zur._Na::_h'kilhlung_,-
- einen Walzénabzug,
- eine Trennsage, :
- eine Seitenschneideinrichtung,.und gegebenenfalls.... . ..
- eine Stapelvorrichtung -

_ _Das Verfahren zur Herstellung der erf' ndungsgemérsen Platte wxrd |m folgenden am
Beispiel von Polyethylenterephthalat ausfthrlich beschneben

L Das Verfahren ist dadurch gekennze:chnet daR man das Polyethylenterephthalat
gegebenenfalls trocknet dann im Extruder aufschmllzt dte Schmelze durch eine
 Duse ausformt und anschliefiend im Glattwerk kahbnert gléttet und kuhlt bevor
man die Platte auf MaR bringt.

Dle Trocknung des PoIyethylenterephtha!ates vor der Extruslon erfolgt
vorzugsweise fir 4 bis 6 Stunden bei 160 bis 180 °C..

Das Polyethylenterephthalat wu'd danach im Extruder aufgeschmolzen | _
Vorzugswelse llegt die Temperatur der PET—Schmelze im Ber”eﬂlch von 250 b|s |
320 °C, wobei die Temperatur der Schme!ze im wesentllchen sowohl durch d:e: .
Temperatur des Extruders, als auch die Verwezlzelt der Schmelze im Extruder

_ elngestellt werden kann |

Dae Schmelze verIaBt den Extruder dann durch eme Duse Dlese Duse 1st " | .
vorzugsweise eine Breitschlitzduse. ' o |



20 Fer the purposes of the present invention, the term amor phous
sheet is taken to nmean a sheet which is non- crystalline, although the
crystal | i zwe 96/3828 nopl astic enpl oyed preferably has a BEFEPIENILM ty
of from25 to 65% Non-crystalline, i.e. essentially anorphous, neans
25 that the degree of crystallinity is generally |ess than 5%
preferably less than 2% particularly preferably 0% In the case of
pol yet hyl ene terepht hal ate, neasurenent of ~ * the Char py i mpact strength

a[err] (neasured,in accordance .- ... with |SO 179/ e shee
pr ef er abl ﬁa%woatgmaer egfgaspea\%er@ wnd ypQ&iner g ‘%ﬁ?&{‘ ' gé?m“e

not ched i
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the sheet srreﬁ;raﬁgire%cé :gt 351 angl e of |ess

Das PET-Material kann dann anschllersend auf einer Rollenbahn nachgekuhlt
seltlach auf MaB geschmtten abgelangt und schhershch gestapelt werden

Die Dicke der’ PET-Platte wird im wesenthchen vom Abzug, der am Ende der
Kuhizone angeordnet ist, den mit ihm geschwmdlgkeltsmafslg gekoppelten Kithi-

| (GIatt-)Walzen und der Fordergeschwmdugkeut des Extruders elnerselts und dem
Abstand der Walzen andererse:ts bestimmt.

Als Extruder konnen sowohl Emschnecken- als auch Zwetschneckenextruder |

emgesetzt werden

Dle Breltschlutzduse besteht vorzugswelse aus dem zerlegbaren Werkzeugkdrper
den Lippen und dem Staubalken zur Fhel’.‘»reguherung tber die Breite. Dazu kann
der Staubalken durch Zug- und Druckschrauben verbogen werden Die
Dsckenemstellung erfolgt durch Verstellen der Ltppen chhtlg |st es auf elne
glenchmaBnge Temperatur des PET und der Llppe zu achten, da sonst die PET-
Schmelze durch dle unterschledhchen FlleBwege verschleden dlck ausﬂlelst

Das Kahbrlerwerkzeug, d h der Glattkalander glbt der PET-Schmelze die Form und
die Abmessungen. Dies geschieht durch Einfrieren unterhalb der

_ Glasubergangstemperatur m;ttels Abkuhlung und Glétten. Verformt werden sollte in
diesem Zustand nicht mehr da sonst in dnesem abgekuhlten Zustand
Oberflachenfehler entstehen wirden. Aus diesem Grund werden die
Kalanderwalzen vorzugswelse gememsam angetneben Dle Terrperatur der
Kalanderwalzen muf zwecks Vermetdung des Anklebens der PET-Schme!ze kle:ner
als die Kristallitschmelztemperatur sein. Die PET-Schmelze verlaBt mit einer
Temperatur von 240 bis 300 °C die Breitéchlitzdi‘xse. Die erste Glatt-Kuhl-Walze



than 2.5 (ASTM D 10.03) is preferably greater than 96% particularly

pr ef er ah| reater, than .97% Pol yet hyl ene terephthal ate gol ymers

havi ng v é g’é I|ne - nmelting point T[err], as measuf

(differential scanning calorinetry) at a heating rate of 10[err]C/mn
of from 220[err] to 280[err]C, prePerably from250[err]Cto 270[err]C

- a stallization tenperature range_T[err] from75[err]C to 280[err]
a gl ass%ﬁ{éﬁ@?ﬂ" Shispiafpend Flaitendicke pingr TempRfael éWIﬁCbeE'@OQ%fF é and

and_a ce AR ERe Rol b BhblE 3480 arffee Bperfs 5 ro 1745

trom 5% rom '0°'65% are
preferred palyners.as . .. startlng rraterlals for productlon of the sheet. -~

The stangard viscos A t he po yet v terephthal at e,

nmeasur e&P m eine BPPHP%? é;g% f'rgt e 51@( bnclﬁvgn 1'm 2?) mm zu erhalten, ist es
wesentlich, dall die Temperatur der ersten GIétt-Kuhl-WaIze zwnschen 50 °C und
80 °C liegt. |

Wahrend dle Kal;bneremnchtung d:e PET-Oberﬂachen mogllchst glatt zum
Emfneren bringt und das Profil $O welt abkuhlt daG es formsteif ist, senkt dle
Nachkuhlelnnchtung dle Temperatur der PET-PIatte auf nahezu Raumtemperatur
ab Die Nachkuhlung kann auf elnem Rollenbrett erfolgen B .

_ Dle Geschwmdngkelt des Abzugs sollte mlt der Geschwmdlgkelt der Kalanderwalzen
'genau abgest:mmt seln um Defekte und chkenschwankungen zu vermelden

Als Zusatzemnchtungen kann sich in der Extrusnonsstra[&e zur Herstellung von
Platten eine Trennsage als Ablangemrlchtung, die Se:tenbeschnexdung, d|e -
Stapelaniage und eine Kontrollstelle befinden. Die Seiten- oder Randbeschnexdung
ist vortellhaft da die Dicke i im Randberelch unter Umsténden unglelchmaslg se:n

: :_kann An der Kontrollstelle werden chke und Optnk der Platte gemessen B

Durch dle uberraschende Vlelzah! ausgeze:chneter Elgenschaften elgnet snch d|e
erfi ndungsgemél&e transparente und amorphe Platte hervorragend far elne Vlelzahl
verschledener Verwendungen belsplelswelse fur Innenraumverklendung, fur | |
Messebau und Messeart;kel als Dlsplays far Schllder far Schutzverglasung von
| Maschinen und Fahrzeugen im Beleuchtungssektor im Laden- und Regalbau als
h Werbeartlkel als Menukartensténder und ais Basketball-Zmlbretter

: D|e Erf ndung erd im folgenden anhand von Ausfuhrungsbelspselen naher erlautert | -
ohne dadurch beschrankt zu werden

_ Dle Messung der e:nzelnen Elgenschaften erfolgt dabel gemaB der folgenden

Normen bzw Verfahren -



15 accordance with DIN 53728, is from800 to | ess than 1800,

particul ar from 800 to 1400, preferably from 950 to 1250 artlcul arly
pr ef er abl yW?(gﬂ?%bO to 1200. - The intrinsic viscosi ty ‘Vp

cal cul at ed fromthe standard viscosity SV (DCA) as foll ows: 20

IV (DCA) = 6.67 [err] 10[err] SV (DCA) + 9.118 The bul k density,
nmeasured in accordance with DI N 53466, Is preferably fromO0.75 to
1.0 kg/ dn{ Mefimethedeni cul arl y ~preferably from0.80 to 0.90 kg/dnferr].
The pol ydi spersity of the polyethylene terephthalate 25  Merr]/Merr],
measured by GPC, is preferably from1.5 to 6.0, parti cul arIy_preferany
from2.0 t@b’érﬁachenglanin addition, entirely unexpectedly, good cold

formabilit wi t hout fracture, nicrocrackin and/or stre ni n
Eer Oberﬂéchenglanz wird bei einem eﬂmﬁnkgl von 20 nach B?N\gy&% J

gemessen

Lichttransmission: :
Unter der Lichttransmission ist das Verhéltnis des insgesamt durchgelassenen
Lichtes zur einfallenden Lichtmenge zu verstehen. | '

Die Lachttransmlssmn wird mlt dem MeBgerat "Hazegard plus" nach ASTM 1003
gemessen.

Tn"xbuhg und Clarity:

Trabung xst der prozentuale Anteil des durchgelassenen Lichtes, der vom
emgestrahlten Llchtbundel |m Mittel um mehr als 2 5 abwelcht Dle Bildscharfe
wird unter einem Winkel klemer als 2 5 ° ermittelt.

Die Trubung und dxe Clanty werden mlt dem Mefsgerét "Hazegard plus" nach ASTM
1003 gemessen

Oberflachendefekte:
Die Ob_erflé_chendefelfte_ wg-:r__deq_ visuell bestimmt.

Schlagzahlgkelt a nach Charpy
Dlese Gr6!3e wnrd nach ISO 179/1 D ermlttelt

: Kerbschlagzéhlgkelt ak nach lzod
Die Kerschlagzahlgkelt bzw -festlgkelt ak nach lzod wird nach ISO 180/1A
gemessen.

Dichte: o
Die Dichte wird nach DIN 53479 bestimmt. -



was observed, neaning that the novel sheet can be shaped 30 ° and’ bent

wi t hout on of heat.. I n additi on, neasurenents showed that
t he nove%?ﬁgg{slzhas Pg’l‘lEP%lozl‘H)W
conbustibility and low flammability, ?that it sui table, for

exanpl e, for internal applications and exhi bitions.
Furt her sheet_ can easily be recycled 5 wthout
w@%ﬁ*ﬁm i

-envi ronmen and wi thout |oss of the Jsrechani cal properties,
meani ng Dié Staridardsiskositab$¢ (DOE) wird angelsbineanDIN 5872261 Bméresslgséure
advertizing hoardi ngs or ot her advertizing articles.

gemessen.

Die intrinsische Viskositat (1V) beréchnet sich wie foIgt aus 'de'r'S:téhdartfj._\._/i's'!sc;éit'ét
(sV) | . _
IV (DCE) = 6,67 - 10 SV (DCE) + 0,118

Thermlsche Elgenschaften P . o
Die thermischen Elgenschaften wie Knstalhtschmelzpunkt T

| Krlstal||sat|onstemperaturberetch Te Nach-(KaIt-)KnstaIhsatlonstemperatur TCN und
Glasubergangstemperatur T werden mittels Differential Scannmg Calonmetne "
(DSC) bei einer Aufhe.zgeschwmdlgkelt von 10 °C/min gemessen '

Molekulargewucht Polydlspersuat .
Die Molekulargewxchte M,, und M und dle resultlerende Polydlspersnét WM
werden mittels Geipermeatnonschromatograph:e (GPC) gemessen '

In den nachstehenden Belsplelen und Vergletchsbelsplelen handelt es s:ch Jewells
um emsch:chtxge transparente Platten unterschiedlicher chke dle auf der
beschriebenen Extrusionsstrafie hergestellt werden. '

Belspzel 1:

Das Polyethylenterephthalat, aus, dem dae transparente Platte hergestellt wnrd hat
eine Standardviskositét SV (DCE) von 1010, was emer mtnnsnschen Vnskosatat v
(DCE) von 0,79 dllg entspncht Der Feuchtlgkeltsgehalt hegt bel & 0 2 % und die
Dichte (DIN 53479) bei 1,41 glcm Die Kristallinitat betrégt 59 % wobei der :
Kristallitschmelzpunkt nach DSC-Messungen bel 258 °C Ilegt Der .
KnstalIlsatlonstemperaturberelch Te I|egt zw:schen 83 °C und 258 °C wobel dle
Nachkrlstall|sat|onstemperatur (auch Kaltknstalhsatlonstemperatur) TCN bel 144 °C
liegt. Die Polydlspersuat M, /M, des Polyethylenterephthalat—Ponmeren betrégt
2,14.

Die Glastbergangstemperatur liegt bei 83 °C.



The nevel transparent,

shown di agWVenPftsisaal |y
extruder - as plastication unit,

roll er conveyor for after-

anor phous sheet can be produced' 10
extrusion in an extrusion |ine.

in Fig. 1.

- a sheet die as shaping tool, 15
pol i shing stack/cal endar as calibration dis,

cool i ng,

-~ a take-off

for exanpl e,

An extrusion |ine of tggfmi'yﬂ%%l

It essentially conpris

by'

- a

- a cooling bed and/ or a

roll,

separ at | ng/mr BRrusion avirc2dge Polyethylenterephtteglatimit, einér Keisiallinitat von 59 °/a

stacki ng unit

0Gess

uct.i on af t he novel

deccr | bed § Stinddn beistTGCloiSigen L oskaRpIBIBRK TR G

ter epht halghgchneckenextruder bei einer Extrusionstemperatur von 286 °C durch eine-

nwxlnqgne

-sheet

S

Breitschlitzdise auf einen G!attkalander dessen Walzen S-férmig angeordnet smd
extrudiert und zu emer 2 mm ducken Platte geglattet Die erste Kalanderwaize hat

eine Temperatur von 73 °C und die nachfolgenden Walzen habén jeweils eine

Temperatur von 67 °C. Dle Geschwmd:gke:t des Abzuges und der Kalanderwalzen

liegt bei 6,5 m/min.

Im Anschluf} an die Nachkuhlung wird dle transparente 2 mm dlcke PET—PIatte mit
Trennsagen an den Randern gesaumt abgelangt und gestapelt .

Die hérgeétellte"traﬂi:{sparénlté PET-Platte hat folgéndés EiQenSéhaftébroﬁl:

- Dicke

- Oberﬂachenglanz 1. Selte

(MefRwinkel 20 °) 2. Seite
- Lichttransmission o
- Clarity (Klarheit)
- Trubung

- Oberflachendefekte pro m

(Stippen, Orangenhaut Blasen usw.)
- Schlagzahigkeit a, nach Charpy

- Kerbschlagzshigkeit a, nach Izod

- Kaltformbarkeit
- Kristallinitat
- Dichte

. Beispiel 2:

2mm

200

198

91 %

100%
1.5%

keine

kem Bruch

42 kJIm

S gut, keme Defekte

0%
1,33 glem®

Analog Beispiel 1 wurd eine transparente Platte hergestellt, wobei ein
Polyethylenterephthalat eingesetzt wird, das folgende Eigenschaften aufweist:



25 | The process conprises drying the pol yet hyl ene terephtha-* = 'late if

necessar then nelting the dry polymer in the extruder extruding the
melt th 8282i e, calibrating, snmoot hi ng and cool ?ﬁﬁ‘@ﬁ@”@%et in
t he polishing stack and then cuttjng the sheet to size. 30 The

pol yet hyl ene terephthalate is preferabR/ dried at from 160 to
180][ er r#gl(%f rom4 to 6 hours bef ort?_ extr Lﬁ)l on. The pol yet hyI ene

t er epht s then nelted in the o _
-7- IV (BGE)juder. The tenper ature of: thechg'dUP i's pr of er any in
t he ranBefromZSOto 320[err] it belng p055|b eror the = .
el \38glem®
:,_,_Knstalllnztat L o i o 44% |
.KnstallxtschmelzpunktT L . _245 °C

. .82°C bis 245 °C

____aNach—(Kalt—)Kr:stallxsatnonstemperatur TCN _.._1 52 °C

 Polydispersitat M, /M, c 202
Glasubergangstemperatur : 82°C

Knstalllsatlonstemperaturberelch T

| 'Dle Extrusnonstemperatur hegt bel 280 °C Dae er*te Kalanderwalze hat elne
Temperatur von 66 °C und dle nachfolgenden Walzen haben eine Temperatur von
60 °C. Die Geschwmdlgkelt des Abzuges und der Kalanderwalze hegt bel 2 9

mlmm

Die hergestelite transbé,r__é_nte PET-Platte hat folgendes Eigenschaftsprofil:

6 mm

- Dicke
—Oberflachenglanz1 Selte 172
(MeRwinkel 20 °) 2. Selte 170 ,
- Lichttransmission 88,1 %
- Clarity (Kiarheit) 996%
-Tribung 26%
- Oberflachendefekte pro m? N 'kelne o
(Stippen, Orangenhaut Blasen usw.) : | L
- Schlagzahigkeit a, nach Charpy kein Bruch
: -.Kerbsch!agzahlg_kglt“ak nach Izod 4,8 kJ/m?
- Kaltformbarkeit | gut, keine Defekte
- Kristallinitat 0%
- Dichte 1,33 glem®




tenperature of the nelt to be adjusted essentially both t hrough the
tenperature of the extruder and through the 5 residence ti - }a : Enalt
in the extM@8f/38282 The nelt then | eaves the extruder thro gg"
This die is preferably a sheet die. The PET nelted by the
extruder and shaped by a sheet die i d%alibrat ed, i.e. intensively
cool ed and snnothed by 10 snoot hi ng calendar roIIs The cal endar .rolls -
g?n be Sﬂiﬂ d, for exanple, in an |-, F-, L- or S-shape (see Fig.
r conveyor, = - - cut
to size in w ﬁiﬁe&lﬁl@ %\?Jc')rdgéﬂ?g ri gé?eﬁ%?l?ﬁgﬂabﬁgeéﬁlli Etjl|enal I yyst acked.
The t hi cknsxsrusronstmneemtsnmt bw V3 651 é(c‘.nDlﬁeerSée alandgnwalze habginenbemperatur

tcggﬁ ‘r)]gf. ( g%% ﬁf’% qdogigpg{ar gﬁngﬁgt\%lzem'néger{ e Temﬁgpéthpgoﬁ%'be"ct Bfe

Geschwnndlgkelt des Abzuges und der Kalandelwalze liegt bei 1,7 m/min.-

Die hergestelite PET-Platte hat folgendes Eigensc’haftsprbfil:

- Dicke N LR oL 40mm

- Oberflachenglanz 1. Seite ' : 163
(MeRwinkel 20 °) 2. Seite . L 181

- Lichttransmission ' . 86,5%

- Clarity (Klarheity | : 1992%

- Tribung - : 495 %

- Oberflachendefekte pro m? : keine

(Stippen, Orangenhaut, Blasen usw.)

- Schlagzéhigkeit a,, nach Charpy : ' keinBruch

- Kerbschlagzahigket a, nach lzod = : " 51kim?

- Kaltformbarkeit e gut, keine Defekte

-Kristallinitat : s 01% '

-Dichte =~~~ . | : 1,33 glem®

Beispiel 4:

Analog Beispiel 3 wird eine transparente Platte hergestellt, wbbei ein
Polyethylenterephthalat eingesetzt wird, das folgende Eigenschaften aufweist:

| sv(pcE) ~ vUeTo1200
. IV (DCE) | - 091dig
bi_cht_e | : 1,37 glem®
Kistalinitat =~~~ v 3s%
Kristallitschmelzpunkt T, : 242 °C
Kristallisationstemperaturbereich T, 82 °C bis 242 °C

Nach-(Kalt-)Kristallisationstemperatur Ty : 157 °C



coupled to the take-off unit with respect to speed, and 20 "the tonveyi.ng

rate of uder on the one hand and the separati t he .
rolls on't %ﬁé% fer hand. The extruders enpl oyed caﬁ%ﬂ.@&&%’ﬁg

singl e-screw or - tw n- screM/extrudeﬁé The sheet die preferably
conprises a collapsible die 25 body, t lips and the restrictor bar for

flow reg the width. To.this d, the restrictor bar can be -
_bent by ﬁé@ﬁ?%%{s‘?ér@w@% and pressure &cre The thi ck- .ness is set by -

adj usti ng]ggmbékgmstémpeaatuﬂportant to: eﬁzaCe a uni form terrper ature of
the PET and of the lip, 30 since otherw se the PET melt” flows ‘out through
the - - various flow channels in:different thicknesses. . - The
cal i br atb@Ek?@élonét‘émﬁé?ﬁtu?W‘éﬁl Béﬁﬁ?@abeﬁ?é‘brst@wﬁénderwalze hat eine
Temperatur von 50 °C und die nachfolgenden Walzen haben eine Temperatur von *
45 °C. Die Geschwindigkeit des Abzuges und der Kalanderwalzen liegt bei 1,2
m/min. | ' -

Die hergestellte transparente PET-Platte hat folgendes Eigenschaftsprofil:

- Dicke - | - 15mm |
- Oberfléchenglanz;.1 . Seite ; 144
(MeBwinkel 20 °) 2. Seite . : 138
- Lichttransmission .. . : 86,4 %
- Clarity (Klarheit) L. 974%,
- Tribung | s 10, 5 %
- Oberflachendefekte pro m? R keine
(Stippen, Orangenhaut, Blasén usw.) | | e e e
- Schiagzahigkeit a, nach Charpy : kein Bruch o
- Kerbschlagzahigkeit a, nach Izod 0 841 KJim? _. | L
- Kaltformbarkei_t Ty . | : gut, ke:ne Defekte -
- Kristallinitat . 01%
- Dichte t o 133gfem®
Belsplel 5

Analog Belsplel 2 ward eine transparente Platte hergestellt 70 %
Polyethylenterephthalat ays Beispiel 2 werden mit 30 % Recyklat aus diesem |
Polyethylenterephthalat abgemischt.. | - R s

Die hergeste.llte transpar__e__nt§ PET-Platte hat folgendes Eigenschaftsprofil: |

-Oberﬂachenglanz1 Sette .t t1e8



-8- + ~the PET nelt shape and di nensions. This is achi eved by
freezing at bel ow the glass transition tenperature by C ' 4
snoot hi ng.w% shoul d not be carried out in this state,” since

ot herw se surface defects would formb5 in this cooled state. For this
reason, the calendar rolls are prefed®ly driven jointly. The

t emperature of the cal endar rolls nust be |ower _jhan the crystalline
melting . (Me@winkel 20ct)dbrSeite avoi d sticking of t hd®®ET melt. The PET

melt | eaves. the .die at a tenperature of.from o0 10 300[err] C
The fi rst'g'r‘r’ﬁ“.‘ﬁﬁﬂﬁ'/%%hﬂl roll is at a tenperature 880 )gf from50[err]Cto
80[ err] C, - graritpqKegrheit) t he output rate and . shed9,48bckness. The second,
somewhat colder roll cools . the second or other ?z%ace.. .- To -obtain
an anorpholEIMEt having a thickness of from 15 “mito 20 rm it is

essenti al _ - e..of the first s i ng/chill roll to be
from 50[erﬁy8r@%a&@mgk@b%% ’ "R - o

(Stippen, Orangenhaut, Blasen usw.)

- Schlagzahigkeit a, nach Charpy- : kein Bruch

- Kerbschlagzahigkeit a, nach Izod : 47 kd/m?

- Kaltformbarkeit ~ . gut, keine Defekte -
- Kristallinitat ' I 0%

- Dichte | : - -+ . 133glem®

Vergleichsbeispiel 1:

| Analog Beispiel 1 wird eine transparente Platte hergestellt. Das eingesetzte
Polyethylenterephthalat hat eine Standardviskositat SV (DCE) von 760, was einer

_intrinsischen Viskositét IV (DCE) von 0,62 dl/g entspricht. Die tbrigen
Eigenschaften sind im Rahmen der MeRgenauigkeit mit den Eigenschaften des
'Polyethylenterephthalats aus Beispiel 1 identisch. Die Verfahrensparameter und die
Temperatur wurden wie in Beispiel 1 gewahit. Infolge der niedrigen Viskositat ist
keine Plattenherstellung méglich. Die Schmelzstabil_itét ist ungentigend, so daB die
Schmelze vor dem Abkthlen auf den Kalanderwalzen zusammenfaiit.

Vergleichsbeispiel 2:

Analog Beispiel 2 wird eine transparente Platte hergestellt, wobei auch das -
Polyethylenterephthalat aus Beispiel 2 eingesetzt wird. Die erste Kalariderwalze hat
eine Temperatur von 83 °C und die nachfolgenden Walzen haben jeweils eine
Temperatur von 77 °C.

Die hergestellte Platte ist extrem triib. Die Lichttransmission, die Clarity und der
Glanz sind deutlich reduziert. Die Platte zeigt Oberflachendefekte und Strukturen.
Die Optik ist fir eine transparente Anwendung unakzeptabel.



While the calibration unit freezes the PET surfaces as . smoot’hly as-
possi ble and cools the profile until it is rigidin )
afterco&'ﬂ%@%vi ce lowers the 20 " tenperature of the 'PE&@Rgséqza{;‘?rtual ly -

to- room t enpera- ture. The aftercooling can be carried out on a roller -
board. The take-off rate shoul d be mafihed accurately to the cal endar
roll speed in order_to prevent defects and thickness variations. 25
As addidie besgestglitedniatie hatfelgepdes Figefisonafterioll: the - productioon of
sheets can al so include a separating saw for cutting the sheet to
length, a side trimer, ‘a stacking unit and a monitoring station.

The si d®icke edge trimrer is advant ageous si@ownt he- t hi ckness in the
edge 30 region nder _certain circunstanceg,.not be uniform At
t he monQRS! g@%ﬂgqgﬁ%ﬁgﬁﬁﬁ t hi ckness and ‘opti c&® proper - “ties of the
sheet afge 198 °) 2. Sejte The surprising .multighicity of excellent _
properties makes ' 't%e'novel, transparent, anorphous sheet highly
sui t abF bichttransmission . o TAR

- Clarity (Klarheit). ... o Do 90%,. |

- Tribung . oo B2% . -

- Oberfliachendefekte pro m? _ : Blasen, Orangenhaut - -

(Stippen, Orangenhaut, Blasen usw.)

- Schlagzahigkeit a, nach Charpy o - kein Bruch

- Kerbschlagzahigkeit &, nach Izod : 5,0 kJ/m?

- Kaltformbarkeit o gut o

- Kristallinitat. - e e ca 8%



35 for a nultiplicity of different uses, for exanple for

-9- interior room panels, for exhlbltlons and exhlbltlon "
articles, WO9RHsRays, for signs, for protective glazing CHEPIRHT4n e s
and vehlcles in the lighting sector, in shop fitting and shel f
construCtion, as-adverti zing artlcles as nmenu hol ders and as

basket bal | backboar ds. ' The |nvent|6% is described in greater det ai |
bel ow wi th -reference to working exanples wthout this-representing '
alimtation. . The individual properties are neasured i n accordance
With ‘Patentanspriche: , , _ .

1. Transparente, amorphe Platte, mit einer Dicke im Bereich von 1 bis 20 mm,
die als Hauptbestandtei! einen kristallisierbaren Therfnbblésfén enthalt,
wobei der Oberﬂachenglanz gemessen nach DIN 67530 (Mel&wmkel 20 °),
grﬁBer als 130 ist, dle Llchttransmxsswn gemessen nach ASTM D 1003,
_mehr als 84 % betragt und die Trubung der Platte gemessen nach ASTM D

1003, wemger als 15 % betragt

2. Platte gemaB Anspruch 1, wobel der knstalhsnerbare Thermoplast ausgewahit
ist unter Polyethylenterephthalat Polybutylenterephthalat e|n Cycloolefin-
und ein Cycloolefi ncopolymer verwendet wird.

3. Platte gemaB Anspruch 2, wobel als knstalhs:erbarer Thermoplast
_ Polyethylenterephthalat verwendet wird.

a Platte gemars Anspruch 3 wobel das Polyethylenterephthalat
Polyethylenterephthalat-Recyklat enthlt.

S. . Platte gemaB Anspruch 3 oder 4 wobeu bet der Messung der Schlagzahlgkelt
-a, nach Charpy, gemessen nach ISO 179/1 D kem Bruch auftntt

6. Platte gemaB elnem der Anspruche 3 bts 5, wobei die Kerbschlagfestlgkelt ay
nach lzod gemessen nach ISO 180/1A im Bereich von 2, 0 b|s 8,0 kd/m?2 liegt.

7.. Platte geméls emem der Anspruche 3 bis 6, wobei die Bnldscharfe gemessen
nach ASTM D 1003 unter elnem Wlnkel klelner als 2 5 uber 96 % liegt.

(W



10 the foll ow ng standards or by the foI | owi ng processes

Measur e ods . Surface gl oss: The surfa
neasure%%@%asurenent angl e of 20[err] in accorwanﬁfﬁim N

67530. 15 Li ght transm ssi on: aq'{rge light transmission is taken to
mean the ratio between the total unt of transmtted [ight and the .
anount of_ I ncident . |1i ght . The light transm ssion is neasured

using a "Hazegard 20 plus" instrunent in accordance with ASTM 1003.

Haze an@. cl aPitte: gemalslmmldErtAnSppmmathE wbbérmm tted Ilght def | ect ed
fromthe incident ray bund] e an avera%;e of nore tha

: - Polyethyler terephthalat emen Kristall schmelzpun»:t gemessen durch DSC

. mlt einer Aufhe!zgeschwmdlgkext von 10 °CIm:n |m Bere:ch von 220 bis

280°Caufwelst D . |

9. | Platte gemérs emem der Anspruche 3 b;s 8 woben das -
| Polyethylenterephthalat eine KrnStéiliéatuonstemperatur gemessen durch
DSC mit einer Aufhelzgeschwmdlgkelt von 10 °Clm|n |m Berelch von 75 °

bis 280 °C aufweist.

10, _3"Platte gemérs emem der Anspruche 3 bls 9, wobe: das emgesetzte
| Polyethylenterephthalat eme Krlstalllnltat aufwelst dle :m Berelch von 5 bis
65 % liegt. e R S

11.  Platte gemaB emem der Anspruche 3 bls 10 woben das emgesetzte
Polyethylenterephthalat eine Standardwskos:tét SV (DCE) gemessen in
Dtchlor953lgsaure nach DIN 53728 aufwelst dle im Bere:ch von 800 bis
weniger 1800 Ilegt | | |

12.  Platte gemaﬂ. Anspruch 11, wobei das emgesetzte Polyethylenterephthalat
. eine Standardwskosntét SV (DCE) gemessen in chhloreSS|gsaure nach DIN
53728 aufwelst die im Bereich von 800 bis 1400 liegt.

| 13 Platte gemars einem der Anspruche 1 bis 12 wobel dne Platte éinen
R Knstalllnltatsgrad von wenlger als 5 % hat ' ' Lo

| 1 4. Verfahren zur Herstellung eaner transparenten amorphen Platte geméB
- "emem der Anspruche 1bis 13 das die folgenden Schritte Umfaft:
Aufschmeilzen des kristallisierbaren Thermoplasten im Extruder,
Ausformen der Schmelze durch eine Dise, und anschlieBend im Glattwerk,

. ) 0 O 1



2.5. The clarity is neasured at an angle of |l ess than 25 .2.5[err]. D
The haze a y .are neasured using a "Hazegard pl us"” 'ﬁﬁﬁ
accordance%%{ﬂ,& M 1003. K ~Surface def ects The SSCFQ&B ect
are determ ned visually.. : - 10 -~
Charpy inpact strength aferr]: Th| s ])%r aneter i s determined in

accordance

15.

16.

17.

18.

18.

Wit D.
: lQalibneren GJ[atten und Kuhlen mit mindestens zwel Walzen, bevor die

Platte auf MaR gebracht wird, wolben die erste Walze des Glattwerkes eine
Temperatur aufweist, die im Bereich von 50 bis 80 °C liegt.

Verfahren gemars Anspruch 14 wobei der kristallisierbare Thermoplast vor
dem Aufschmelzen getrocmet w1rd

Verfahren gem'_'é"rz Ar’_ispruch' 14 od_er 15, wobei der kristallierbare Thermoplast
Polyethylenterephthalat ist. '

Verfahren gem'a"B' Anspruch 16, wcbe'r das Polyethylenterephthalat vor der
Extrusion far 4. bis 6 Stdnden b‘ei 1-60 'bis 180 °C getrocknet wird.

Verfahren geméfs Anspruch 16 oder 17 wobei die Temperatur der PET-
Schmelze im Bereich von 250 b:s 320 °C liegt.

Verwendung einer transparenténf amorphen Platte geméan :e'_i_n_em der
Anspfﬂche 1 bis 13 fur Innena'i_'\Wendungen und im Messebau.

* c L M Ss * -



1zod notched inpact strength ak: 5 The |zod notched inpact strength
alerr] is nmeasured in accordance with | SO 180/ 1A Density:

The density i's determ ned in accordance with DI'N 53479. SV (DCA) and
IV (DCA): 10 The standargd viscosity SV ) s measured in accordance
with DIN 53726 in dichlordgdcetic acid. The intrinsic viscosity (1V)
I's cal cul ated asfollovxs/ fromtfle st gndarda-sTosity (SV):

IV (DCA) = 6.67 x 10[err] /4V|{( DCA) ,ﬂo. 11 1 Ther mal properties:

NN

NN
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The thermal properties,. such as crystalline nelting point Tlerr],
crystallization tenperature range T[err], after- or cold- _ _ _
crystal | i zZQ W8 ®nperature T[err] and glass transition PEEFBYWRRLT4 e
T[err] are neasured by differential scanning 20 calorinetry (DSC) at a
heating rate of 10[err]C min. : - Mol icgl'ar wei ght and pol ydi spersity:
The nol ecul ar weights Merr] add Merr] Ad the resultant pol y=y

di spersity Merr]/Merr] are nmgasured by gel perneation. chroma- :
tography (GPC). 25 x™fipl es ‘and conparati ve exanpl es heljow each
relate to single-1# Ansparent sheet's of various thickrjesses
descri bed. Exanpl e 1: The
pol yet hyl ene t er@ht hal aXe-£rdMm whi ch the tﬂénsparent 30 sheet] is
produced has a d\pndard yPEEGsi =S DCA) @h C
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1010, which corresponds to an intrinsic viscosity IV (DCA) of

0.79dl/g. The noisture content is. < 0.2% and the density (DI N 53479)
is 1.41 g/cnB. The crystallinity . 1s 59% and the crystalline nelting
point, according to 5 DSC neasurenents, is 258[err]C. The crystallization
t enper a- woupe/senge T[err] is between 83[err]C andpdaiepodfo22¢ t he
after- crystallization tenperature (al so. known as col d-crystal -

l'i zation tenpsratuneL Tlerr] is 144[err]C The polydispersity

Merr]/Merr] BPCT iR 58 yet hyl ene terephthalate is 2.14. The 10 gl ass
transition tenperature is 83[err]C. Bef ore extrusion, the

pol yethyl ene jg5ephbhial at eeiddpdrent Gheahdl | GBI t)y, of cé%%aqidzmi na
drier for 5 hours at 170 err] C and then extruded in a single-screw
extruder at ahPeTMOPLREERS| on tenperature of 286[err]C through a sheet die

onto 15 a snoothing cal endar whose rolls are arranged in an
The inven‘tion relates to an amorphous, transparent sheet
5 of a crystallizable thermoplastic whose thickness is in
the range from 1 to 20 mm. The sheet is distinguished by
very good optical and mechanical properties. The
invention furthermore relates to a process for the
production of this sheet, and to the use of the sheet.

10 Amorphous, transparent sheets having a thickness of from -
1l to 20 mm are well known. These two-dimensional struc-
tures comprise amorphoué, non-crystallizable
thermoplastics. Typical examples of such thermoplastics
which can be converted into sheets are, for example,

15 polyvinyl chloride (PVC), polycarbonate (PC) and poly-
methyl methacrylate (PMMA). These semifinished products
are produced on so-called extrusion lines (cf. Polymer
Werkstoffe, Volume II, Téchnologie l1, p. 136, Georg
Thieme Verlag, Stuttgart, 1984). The pulverulent or

20 granular raw material is melted in an extruder. After
extrusion, the amorphous thermoplastics can easily be
shaped via polishing stacks or other shaping tools as a
consequence of their viscosity, which continuocusly
increases with decreasing temperature. After shaping,

25 amorphous thermoplastics then have adequate stability,
i.e. a high viscosity, in order to be self-supporting in
the calibration die. However, they are still sufficiently
soft to be shaped by the die. The melt viscosity and
inherent rigidity of amorphous thermoplastics is so high

30 in the calibration die that the semifinished product does
not collapse in the calibration die before cooling. In
the case of easily decomposed materials, for example PVC,
special processing aids, for example processing stabi-
lizers against decomposition and lubricants against

35 excessive interzial friction and thus uncontrollable

warming, are necessary during extrusion. External lubri-



S- shape,

10

15

. 20

25

'50%. The PET sheets disclosed in EP-A-0 471 528 have a

a vented extruder to enable removal of moisture.

The production of transparent sheets from amorphous
thermoplastics - sometimes requires expensive additives,
which in some cases migrate and can cause production

problems owing to 'evapora.tion's' and surface coatings on

with - difficulty or wusing special neutralization or

: and snoothed to give a sheet 'with a thickness of 2 mm The
first calendar roll has a tenperature of 73[err]C and t he subsequent
rolls each have a tenperature of 67[err]C The take-off rate and
the calendar roll speed are 20 6.5 m mn. Fol | owi ng
aftercgol I ng, Lhe transparent PET sheet~ weth a t hi ckness of 2 mm
trimmed at the. ed usin separat i t t
st acked. | gFﬁné’fﬁ;ﬁgeg%aﬁTtghé’éfevpﬁ’g%ugg cﬁ:.n& heo fo rig'v%.'ngﬂ
property prof |ﬂ<ﬂ.15.- - - thickness =~ - ;

- surface gl oss, 1st side. L . 200 . (rreasurerrent angle
20[err]) 2nd S|de : 198 ' - light transm_ssion . 91%
30 - cl ari tBhe processing of PMMA is carriedpont using, for example,

''the semifinished product. PVC sheets can be recycled only

electrolysis processes. PC and PMMA sheets can likewise .

only be recycled with difficulty and only with loss or
extreme impairment of the mechanical properties.

In addition to these disadvantages, PMMA sheets also have
extremely poor impact strengths and splinter on fracture
or. mechanical loading. - Furthermore, PMMA sheets are
readily combustible, which means that they cannot be
employed, for example, for internal applications and in

" exhibitions.

PMMA and PC sheets furthermore cannot be shaped when
cold; PMMA sheets disintegrate to form dangerous splin-
ters, while PVC sheets undergo hairline eracking and

~ stress whitening.

EP-A-0 471 528 describes a process for shaping an article

-from a polyethylene terephthalate (PET) sheet. The PET
"gsheet is heat-treated on both sides in the thermofilming

mold in a temperature range between the glass transition
temperature and the melting point. The shaped PET sheet
is removed from the mold when the degree of crystalliza-
tion of the shaped PET sheet is in the region of 25 to

thickness of from 'l to 10 mm. Since the thermoformed

molding produced from the PET sheet is partially crystal-

line and thus no longer transparent and the surface

i's



- haze , . 1.5% - - surface defectsper
nferr] . none - 12 -
(fisheyes, orange peel, bubbles, etc) - Charpy i npact
strength a[err] : no fracture - lzod notched inpact st rengt h
alerr] : 4.2 kd/nferr] 5 - cold Pornmbility.

cryst | NIt ' T 0%
good, no d%L%%Eai‘t:.es of the y féing_aze ‘determined by- the,i;hemg_

forming process an.d by the thermoforming temperature and
mold, it is unimportant what optical properties (for
example gloss; . haze and. light . transmission) ..the - PET

5 sheets employed have. In general, the optical properties
of theée sheets are poor and in need of optimization.

US~A-3,496,143 rdescribes- the - vacuum thermoforming of a

3 mm thick PET she_et"-whos.e_-,_:d_egree::;.o_f_-_cryst_all-iza_ti,on is

- said to be in the. range from 5 to :25%;.  However,  the

. 10" crystallinity of the thermoformed molding is greater than
- 25%. Again, no requirements r'eéarding optical properties-
-.are made of these PET- sheets. Since the crystallinity of .

the sheets employed is already between 5 and 25%, these

sheets are hazy and non-transparent.. .. ' '

15 The object of the present. .jinvehtion:---is;;_ to :provide an
.amorphous,;. -transparént .sheet having a thickness . of from
-1 to 20 mm which has both- good mechanical properties and
good optical properties.:

The good optical properties include, for example, high
20 light transmission, high surface gloss, extremely low
. haze and high clarity. - .- '

- The gobd mechanical properties include, -inter alia, high
impact strength and high breaking strength.: ..

In addition, -the novel  sheet. should be recyclable, in

25 . ‘particular without loss of the mechanical properties, and:

" have low combustibility so that it can also be employed,

for < example, for - internal applications and . in
exhibitions.

This object is achieved by a transparent, amorphous sheet -

30  having ‘a thickness in the range from 1 to 20 nm which
contains, as. principal constituent, a  crystallizable

~ thermoplastic, - where . the surface gloss, measured in
accordance with DIN 67530 (measurement angle 20°), is



- density N : 1.33 g/cnferr] Exampl e 2:
A transparent sheet is produced anal ogously to Exanple 1 10 using a

pol yet hyl ene terephthalate with the follow ng . properties: SV
( DCA) _ _ : 1100 |V (DCA)
0.85 dl/g Density -4 - : 1.38 g/cnferr]

15 Orystallinity _— e AA% O |
mel ting poi nt gﬂeé’yﬁr than 1;0?-@ﬁ%§?ﬁ?ly greaﬁf/s%heﬁl?ilz%?‘f o%ﬁ%gin%)%irggt ure
range T[err] tr@dsmirdsidm 2EmmdAin accordange whEhchSTMcPy30ABLi k4t i on
tenperature Tg?ggter than 84%, preferablylYt&4tdf than 86%, and the

- haze of the sheet, measured in accordance with ASTM D

5 1003, is less than 15%, preferably less than 11%.

The transparent, amorphous sheet contains, as principal

constituent, a crystallizable - thermoplastic. Suitable

crystallizable or: partially crystalline thermoplastics

" are, for example, polyethylene terephthalate, polybuty-

.10 lene terephthalate, cycloolefin polymers and cycloolefin’

copolymers, particular’preferénce being given to poly-
ethylene terephthalate.

For the purposes of the invention, the term crystal-
lizable thermoplastic is taken to mean
15 - erystallizable homopolymers,
= crystallizable copolymers, -
- crystallizable compounds,
- crystallizable recyclate and
- other variations of crystallizable thermoplastic.

20 For the purposes of the present invention, the term
amorphous sheet is taken to mean a sheet which is non-
crystalline, although the crystallizable thermoplastic
employed preferably has a crystallinity of from 25 to
65%. Non-crystalline, i:.e. essentially amorphous, means

25 that the degree of crystallinity is generally less than
5%, preferably less than 2%, particularly preferably 0%.

‘In the case of poi&éthYlene-tgrephthalate, measurement of

the Charpy impact strength a, (measured in accordance

with ISO 179/1D) of the sheet is preferably not accompa-

30 nied by a fracture.  In addition, the Izod notched  impact

' strength a, (measured in accordance with ISO 180/1A) is

- preferably in the range from 2.0 to 8.0 kJ/m?, particu-
larly preferably in the range from 4.0 to 6.0 kJ/m?.

The clarity of the sheet measured at an angle of less



20 Pol ydi spersity Merr]/Merr] . 2.02 "d ass

transition tenperature . 82[err]C The extrusion
tenmperature is 280[err]C. The first cal endar roll has a tenperature
of 66[err]C and the subsequent rolls have a tenperature of 60[err]C.

The take-off rate and the 25 cal endaf rol | speed are 2.9 nimn.

The transpar.ent sh pL o has th roperty profile:
-t hi cknesdhan fEST (K81 "b fbj&?fj 18. pgeﬁﬁraia!ly grggﬁFFa&B‘a&I (?sss% 1st side
w172 - particularly preferably greater than 97%. .

Polyethylene ‘terephthalate polymers _-_having_ a crystalline
melting point T,, -as: measured by DSC (differential
5 sc_anning caloriﬁletry) at a heating rate of 10°C/min, of
from:220° to 280°C, preferably from 250°C to 270°C, a
erystallization .temperature range T, from 75°C to 280°C,
a glass transition- t_e_mpera:tnr.e_: Tg. of. from 65°C to 90°C
- and ‘a density, measured. in accordance with DIN 53479, of
10 - from 1.30-to 1.45 and a .crystallinity of from 5% to 65%,
preferably from:. 25% to 65%, ére,_pr_e_fe_:re@ polymers as
starting materials for production of the sheet..

The .-standard wviscosity SV _.(DCA) - of .the polyethylene
terephthalate, measured in: dichlorocacetic _acid in

15  accordance with DIN 53728, is from 800 to less than 1800,
in particular from 800 ._=to~-14;Q.g;____prgfe:ab1y from 950 to
1250, particularly prefera'blylzf_ro,m_ 1000 to 1200.

- The intrinsic viscosity IV (DCA) is calculated from the
stgndard viscosity SV (DCA) as follows:

200 - .-, IV (DCA) = 6.67 e 10°% sV (DCA) + 0.118

* The bulk density, measured in accordance with DIN_ 53466,
...is preferably  from: 0.75 to 1.0 kg/dm?,;.__ particularly L
. preferably from 0.80 to 0.90 kg/dm3. . ... . . .

The polydispersity of the polyethylene terephthalate
25 M,/M,, measured by GPC, is preferably from 1.5 to 6.0,
- particularly preferably from 2.0 to 3.5.

In addition, entirely unexpectedly, good cold formability .
without £fracture,.microcracking and/or.stress whitening

‘was_ observed, meaning that the novel _sheet: can be shaped
30 and bent without 'the action of heat.

in-addi‘i_:ion, .me_aisu.:l_::e,n},e;;_ts .showed that the novel sheet has



- 13 - (measurenent angle 200) 2nd side : 170 | i ght

transm ssi on - 88.1% - clarity

: 99.6% | - haze ' . 2.6% 5 - surface
defects per nierr] . none fisheyes orange peel, bubbles,

etc) - Char py |rrpact strength a[err] : no fracture - lzod

P ond noPacneh el Ast {dey | ada® 1 Mankilpiriey® fo " CRERLY Y

good, no def&
: sultable, for example, for 1nterna1 appllcatlons and in

-aexhibitions. -

- Furthermore, the novel sheet can easily be recycled

5 without environmental pollution and without loss of the

- mechanical properties, meaning that it is suitable, for

example, for use as short-term advertizing hoardings or
other advertizing articles.

The novel transparent, amcrphqus.sheet can be produced,
10 for example, by extrusion in an extrusion line.

An extrusion line of this type is shown diagrammatically
in Fig. 1. It essentially comprises

- an extruder as plastication unit,
= ' a sheet die as shaping tool,
15 - a polishing stack/calendar as calibration die,
- a cooling bed and/or a roller conveyor for after-
' eooling, - :
- a take-off roll, -
L. a separating saw,

20 - - an edge trlmmlng 'device, and, if desired,

a stacking unit.

The process for the production of the novel sheet is
described in ‘detail below using the example of polyethy-
lene terephthalate.

25 - The process comprises drying the polyethylene. terephtha-
" late if necessary,; then melting the dry polymer in the
extruder, éxtruding the melt through a die, calibrating,’
smoothing and cooling the sheet in the polish;ng stack

and then cutting the sheet to size.

.30 The polyethylene terephthalate is preferably dried at
' from 160 to 180°C for from 4 to 6 hours before extrusion.

The polyethylene: terephthalate is then melted in . the



- density : 1.33 g/cnB Exampl e 3: - “A
transparent sheet is produced anal ogously to Exanple 2. 15 The extrusion .

tenperature is 275[err]C. The first cal endar roll has a tenperature of
57[err] C and the subsequent rolls have a tenperature of 50[err]C. The
take-of f rate and the cal endar ‘ro?l‘speed are 1.7 mmn. The

transparent PET _sheet produced has the_ f Iovm n _.property profile:
t hi cknesgxtruder. The temperature of, '%f'ﬁ egts-érgf R(?@f@’i??sly 1st side

1 163 - in théneange efioth 280 tso 2H 0T ):.t'ZMm_gqushm_e for the | i ght
transn1ss'9§mperature of the %gfg%téﬁLe adj&é@éatgssentially*both

99. 2%
through the temperature of the extruder and through the

5 : residence time of the melt in the extruder.

i The melt then leaves the extruder through a d1e. Th;s die
‘is preferably a sheet die. .

The PET melted by the extruder and shaped by a sheet die
- is .calibrated; i.e..:intensively cooled and smoothed, by
10 smoothing calendar rolls. The -calendar rolls can be
arranged, for example, in an I-, F-, L- or S-shape (see .
Rigi 2). ' '

The PET material can then be .cooled on a:roller conveyor,
cut to size in width, cut into:appropriate lengths and
15 finally stacked. - '

The thickness of the PET sheet is determined essentially
by the take-off unit, which is arranged at the end of the
cooling zone, the cooling (smoothing) rolls, which are
coupled to the-takefoffﬂunit with respect to speed, and :

20 the conveying rate of the extruder on the one hand and
the separation between the rolls on the other hand.

‘The extruders employed can be eitherssingle-sc#mw or

twin-screw extruders.

: The sheet .die preferably .comprises a collapsible die
25  body, the lips and the restrictor bar for flow regulation
-over the width. To this end, the restrictor bar,cén.be
bent by means of tension and pressure screws. The thick-
ness is set by adjusting the: lips.: It is important to
ensure a uniform temperatufe of the PET and of the lip,
30 since. otherwise the PET melt  flows out th:oggh;-the-.
- wvarious flow channels in different thicknesses.

The -calibration- tool, ie. the smoothing,calendar, gives



- haze . 4.95% - surface defects per

nferr] . none (fisheyes, orange peel, bubbles,

etc) _ - 14 - . - Charpy i npact
strength a[err] ' : no fracture 8 - | zod notched inpact strength
aferr] : 5.1 kJ/n2 - cold formability . good, no
defects

thécﬁﬂ§t££iLnE£¥pe.and dimensions. Thif 1% achieved by

. freezing at below the glass tramnsition temperature by

+ cooling and smoothing. Shaping should not be carried out
in this state, since otherwise surface defects would form

5 in this cooled state. For this reason, the calendar rolls

are preferably driven jointly. The temperature of the

calendar rolls must be lower than the crystalline melting

point in order to avoid sticking of the PET melt. The PET

melt leaves the sheet die at a temperature of from 240 to

10 300°C. The first smoothing/chill roll is at a temperature
of from 50°C to 80°C, depending on the output ratéAand
sheet'thickness.-The'second,-éqmewhat colder roll cools .

the second or other surface.

To obtain an amorphous sheet having a thickness of from
15 1 mm to 20 mm, it is essential for the temperature of the
first~smoqthing/chill roll to be from 50°C to 80°C.

While the calibration unit freezes the PET surfaces as
smoothly as possible and cools the profile until it is
rigid in shape, the aftercooling' device lowers the

20 temperature of the PET sheet virtually to room tempera-
ture. The aftercooling can be carried out on a roller
board. The take-off rate should be matched accurately to
the calendar-r011 speed in order to prevent defects and
thickness variations. |

25 As additional equipment, the extrusion 1line 'for the
production of sheets can also::include a separating saw
for cutting the sheet to -length, a side trimmer, a
stacking unit and a monitoring station. The side or edge
trimmer is advantageous since the thickness in the. edge

30 region may under certain circumstances not be uniform. At
the monitoring station, the thickness and optical proper-
ties of the sheet: are measured. '

The surprising'multiplicity of excellent properties makes
the novel, transparent, amorphous sheet highly suitable
35 for a multiplicity of different uses, for example for



5 - density ' : 1.33 g/cnferr] Exanpl e 4:

A transparent sheet is produced anal ogously to Exanpl e 3 using a

pol yet hyl ene terepht hal at e wth the follow ng properties: 10 SV
(DCA) : 1200 |V (DCA)

1 0.91dl/g Density - 1 1.37 g/cnB
Crystallini

| t | t
poi nt T[err ]"X"erl°r rogmc PaRels. fex aﬁfgggf'f:bﬂn?erﬂfdz_leg‘h’é S TI[ E?r]
82[ érr] C t ax2421e,] @s displa&fst,'erforols:.gnlsd ‘foxs pxiitiecdiiven glazing -
}v[eg}—)?]r ?}\/F;?,Iﬁ-rhg chlines a'nd'-gegicl-es-,-.in Eh&%?:’%h‘ting -:séaccﬂéé:d' IRE's 'otpy

fitting and shelf construction, as advertizing articles,
5 'as menu holders and as basketball backboards. .

The ‘invention is described in greater detail below with
- reference to working examples without this representing
a limitation. ' - . “

The individua1~propertiebiare:mgasured in accordance with
10 the following standards: or by the .following processes.

Measurement methods

> . Surface gloss: o
The surface gloss is measured at a° measurement:  angle of
20° in accordance with DIN 67530.

15 - Light transmission: _ C et
- The light transmission is taken to mean .the:ratio between
" “the ‘total amount’of'transmitged-light and the amount of
incident light. ' '

" “The light transmission is measured using a "Hazegard
20 plus" instrument in accordance with ASTM 1003.

" ' Haze and ‘claritys: o : :
.Haze is the percentage of transmitted 11ght deflected
. from the incident ray :.bundle by an average of more than
2.5°. The <clarity .is measured at an angle of less than
25 2.5°; :

" The haze and clarity are measured using a "Hazegard plus"

instrument in accordance with -ASTM 1003.-

FsSurﬁace defects: - : AP
- The surface defects are determ;ned visually. -



d ass transition tenperature . 82[err]C 20 The extrusion

tenperature is 274[err] C. The first cal endar roll has a tenperature of
50[err]C and the subsequent rolls have a tenperature of 45 err]C. The
take-of f rate and the cal endar rol.l ﬁpged are 1.2 mmn. The
transparent PET sheet produced has the t& | owi ng 25 property profile:’
- thickness . o ~ 15 mMm.. , - surface gl oss, 1st

, t st th a 1> : S ce g ,
si de Ch?rYX41mpac s refﬁéasu enent angle 20) 2nd side : 138.

This ~parameter  is determined in ’‘accordance with
-Iso 179/1D. ' '

Izod notched impact strength a;: -
5 The Izod notched impact strength a, is measured in
‘accordance with IS0 180/1A. "

Density: . : _
The density is determined in accordance with DIN 53479.

8V (DCA) and IV (DCA): -
10 . The standard visco’sit_y sV’ (DCA) is measured in accordance
- with DIN 53726 in dichloroacetic ‘acid. '

‘The intrinsic wviscosity (IV) is calculated as -follows
from the standard viscosity (SV):

IV (DCA) = 6.67 x 10~% sv (Dca) + 0.118.

15 Thermal properties: _
The thermal properties, such as crystalline melting point
p crysﬁalliz‘ation temperature range T, after- or cold'-
ci‘ystallization temperature T, and glass transition
temperature -T'g" are measured by  differential scanning

20 calorimetry (DSC) at a heating rate of 10°C/min.

Molecular weight and polydispersity:

The molecular weights M, and M, and the resultant poly-
dispersity M /M, are measured by gel permeation chroma-
tography (GPC) . i . B '

25 The examples and _compara.t:ive examples below each relate
to single-layer transparent sheets of various thicknesses
produced on the extrusion line described.

Example 1:
The polyethylene terephthalate from which the transparent
30 sheet is produced has a standard viscosity SV (DCA) of



- 15 -
97. 4%

- light transm ssion ' . 86.4% - clarity

- haze : 10. 5% -

surface -

defects_per nMerr] . hone 5 (fisheyes, orange peel, bubbles,

etc)

- Charpy inpact strength alerr] : no fracture

| zod notched inpact strength a[err]‘rl'.I kJ/ nferr] - cold

formabilit
0.1%

¥010! ' av&fscf]:{ ycorre:sp%%%%’ £8 da%I eg.}:.%rn.%gifé%f%%/%%ﬁé}lrlr ]ql!\}

(DCA) - of 0.79 'dl/g. The moisture content is < 0.2% and
the density (DIN 53479) is 1.41 g/cm®. The crystallinity
is 59%, and the crystalline melting point, according to
DSC measurements, is 258°C. The crystallization tempera-

+ ture range T, is-between 83°C and 258°C, and the after-

10

15

crystallization temperature (also.known as cold-crystal-
lization temperature) T, is 144°C. The polydispersity
M,/M, of the polyethylene | terephthalate is 2.14. The
glass transition. temperature is-83°C... -

Before extrusion, the polyethilene“terephthalate with a

y

crystallinity of 59% is dried in a drier for 5 hours at

170°C and then extruded.in-a;siﬂgle;screw:extruder at an
extrusion temperature of 286°C through a sheet die onto

- a - smoothing calendar whose rolls are arrang_ed._ in an

.S-shape, and smoothed to give a sheet with a thickness of

20

2 mm. The first calendar roll has a temperature of 73°C
and the subseguent. rolls each have a temperaﬁure of 67°C.
The take-off rate and the calendar roll speed are
6.5 m/min.

"Following aftercooling, the transparent PET sheet with a

thickness of 2 mm is  trimmed at the edges using

-separating saws, cut to length and stacked. ..

25

30

. - surface defecgsgpgrzm“

The transparent PET sheet produced has the following
property profile: L L

- thickness 2 mm

(1]

- surface gloss, 1ét side :2QD,¢:

*°

{measurement angle 20°) 2nd side 198

E§i$:w.'

- light transmission

[ 1)

[
©
o
0P

- clarity

"
=
L)
n
oP

- haze

2

: u
=3
o



Exanpl e 5: A transparent sheet is. produced anal ogously to Exanple 2.
70% of pol yethyl ene terephthalate from Exanple 2 are 15 blended with 30%

of recyclate nade fromthis polyethyl ene t er epht hal at e. The
transparent PET sheet produced has the fql] ow ng property profile:

- thickness . 6 T2 20 - surface gloss, 1st side
. 168 (measurenment angl e 20) 2nd side : 166 - light

transm ssion (£isheyes, brl3fhge/peel, bubkillen,ity .

> 99.4% -egg}e : 3.2%

- Charpy impact strength a, no fracture

- Izod notched impact strength a, : 4.2 kJ/m?

5 - cold formability . _ : good, no defects
- crystallinity s 0% .
- density : 1.33 g/em®
Example 2:

A transparent sheet is produced analogously to Example 1
10 using a polyethylene terephthalate with the following -
properties:

1100

sv (DCa) :

v (DCAj : 0 .'85" "dl/'g |

Density : 1.38 g/cm®
15 Crystallin;ty . 4a%

Crystalline melting point T, : 245°C

Crystailization temperature raﬁge T, : 82°C to 245°C

After- or cold-crystallization

. temperature Tqy : 152°C
20 Polydispersity M, /M, : 2.02
Glass transition temperature : 82°C

The extrusion temperature is 280°C. The first calendar
roll has a temperature of 66°c and the subsequent rolls
" have a temperature of 60°C. The take-off rate and the

25 calendar roll speed are 2.9 m/min.

The transparent PET sheet produced has the following
property profile:

- thickness

6 mm

- surface gloss, lst side 172



25 - surface defects per nferr] . none (fisheyes, orange

peel, bubbl es, etc) - Charpy inpact strength aJerr] © no -
fracture - lzod notched inpact strength ak : 4.7 kd/nferr]
- 16 - - cold formability : good, no defects -
crystallinity : 0% 13 - . density
1.33 g/cnB '
(measurement angle '20°) 2nd side :. 170

- light transmission ' : 88.1%

- clarity T 99.6%

- haze iy a.e%

5 . surface defects per m? : nore

(f1sheyes,'orange peel, bubbles,
etec) '

- Charpy impact strength a,

no fracture

. = Izod notched impact strength a, . 4.8 kd/mfp“

10 -'cold formability 3+ good, no defects
- ecrystallinity s 0%
- density : 1.33 g/cm®
Example 3:

" A transparent sheet is produced analogously to Example 2.

15 The extrusion temperature is 275°C. The first calendar -
roll has a temperature of 57°C .and:the subsequent rolls
have a temperature of 50°C. The take- off rate and the
'calendar roll speed are 1.7 m/m;n."

The transparent PET sheet produced has the following
20 property profile:

- thickness, : .10 zm
- surface gloss, lst 51de s 163
':(measurement angle 20°) 2nd s;de } .16l;”' )
- light transmission - ;-iéé.s%.;
25 - clarity t 99.2%
...~ haze ; : 4.95%
- surface defects per m? : none

(fisheyes, orange peel, bubbles,
etc) '



Conpar ative Exanple 1 5 A transparent sheet is produced anal ogously to
Exanpl e 1. The pol yet hyl ene terephthal ate enpl oyed has a standard
viscosity SV (DCA) of 760, which corresponds to an intrinsic
viscosity IV (DCA) of 0.62 dl/g. The ot hg% properties are identical
with the properties of the 10 polyethyl é&ife terephthal ate from Exanple 1
within the limts of nmeasurenent accuracy. The process paraneters
and the tenperat charpy dmpagtestaengthbagnple 1. As ao frasdnvemuence of
the low viscosity, it was inmpossible to produce sheets. The nelt
stability is i nadtegdanotched [ixpat®t stixlemgtil a,cold afsds kdifmhe cal endar
rolls before cooling. Conpar ati ve Exanple 2: A transparent sheet
i s produced anal egdds|formabildity e 2, | i kewi se: ugiogg,t me siefects/| ene
terephthal ate from Exanple 2. The first calendar. roll has a tenperature
of 20  83[err}Cexystalldisuiltyequent rolls each-have: &.18perature of
77[err] C The sheet produced S extrenely hazy. The |I%ht transms- -
5 - density s 1.33 g‘/cm

Example 4: .
A transparent sheet is produced analogously to Example 3
using a .polyethylene terephth_alate ‘with the follow:.ng

- properties:

10 sV (DCa) : 1200
IV (DCa) : 0.91 dl/g
Density : 1.37 g/cm®
Crystallinity : 36% |

' Crystall:.ne melting point T, : 242°C

15 Cryltallizat:l.on temperature range Te : 82°C to 242°_C

After- or cold-crystallization

‘temperature Tqy s 157°C.
Polydispersity M_ /M, : 2.2
Glass transition temperature : 82°C

20 The extrusion temperature is 274°c. The first calendar
roll has a temperature of 50°C and the subsequent rolls
have a temperature of 45°C. The take-off rate and the
calendar roll speed are 1.2 m/min.

The transparent PET sheet produced has the following
25 property profile:

- thickness: : 15 mm
- surface gloss, 1lst side : 144
(measurement angle 20°) 2nd side : 138



sion, the. clarity and the gloss are significantly reduced. The sheet
exhi bits surface defects and struc- 25 tures. The optical properties are -

unacceptable for a transparent application. The sheet  produced
has t he follomﬁng property profile: 5 " t hi ckness :
6 nm surface gl oss, 1st side 15 - . 95 30 - (nmeasurenent angle
20[err]) 2nd side 93 - light transm ssion . 74%
17 - light transmlsslon e 3 - 86.4% 0

- clarity : e cot 97.4%

= haze- R -3 . 10.5% .

- surface defects per m? :  none

5 (fisheyes, orange peel, bubbles,
etc)

- CharPY 1mpact strength an no fratture”L

-'Izod notched lmpact strength ak . ?Li,l_kJ/mF

- cold formability

good, no defects

10 - crystallinity 0.1%

1.33 g/cm’®

- density

Example'S: _

A transparent sheet is produced analogousif te:Exanple 2.
_ 70% of polyethylene terephthalate from Example 2 are
15 blended.with 30% of recyclate made from,thls polyethylene_

terephthalate.

The transparent PET sheet produced has the following
property profile:

- thickness

.

(X
N
(]

20 - surface gloss; 1st side

.(measurement angle 20°) 2nd 81de-; ‘166

© .
[=]
of

- - light transmission .
- clarity 7 99.4%
. = haze : . 3.2%
25 - surface defects per m? : - none

(fisheyes, orange peel, bubbles,
etc)

- Charpy impact strength a,

no fracture

- Izod notched impact strength a, 4.7 kJ/m?



- clarity 9. 0% - haze
52% - surface defects per nferr] : bubbl es, orange
peel _ (fisheyes, orange peel, 5 bubbl es, etc) - Char py
i mpact strength aferr] : no fracture - lzod notched inpact strength
ak: 5.0 kd/nferr] - cold form’abiTi%‘?/ - . good -
crystallinity . . approx. 8% 10 - density
1.34 g/cnferr{ cold formability _ : good, no defects
- crystallinity : 0%
- density : 1.33 g/em®

Comparative Example 1 _ _
A transparent sheet is produéed lanalogous_ly to Example 1.

' The polyethylene terephthalate employed has a standard

10

15

20

25

30

viscosity SV (DCA) of 760, which corresponds to an
intrinsic viscosity IV (DCA) of 0.62 dl/g. The other
properties are identical with the properties of the

polyethylene terephthalate from Example 1 within the
limits of measurement accuracy. The process parameters -
and the temperature were chosen as in Example 1. As a

consequézice of the low viscosity, it was impossible to
produce sheets. The melt stability is inadequate, so that
the melt collapses on the calendar rolls before cooling.

Comparative Example 2:

A transparent sheet is produced analogously to Example 2,
likewise using the polyethylene terephthalate £rom
Example 2. The first calendar roll has a temperature of
83°C and the subsequent rolls each have a temperature of
77°C.

The sheet produ’ced' is ex'tre:-n'ely hazy. The light transmis-
sion, the clarity and the gloss are significantly
reduced. The sheet exhibits surface defects and struc-
tures. The optical properties are unacceptable for a
transparent application.

The sheet produced has the following property profile:
- thichess : 6 mm
- surface gloss, 1lst side : 95

(measurement aégle 20°) 2nd sgide 93

- light transmission " : 74%
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1. A transparent, anorphous sheet having a thickness in t he

range froml1l to 20 mmwhich contains, as princi pa

constituent, a crystallizable thernp- 5 pl astic, where the surface

gl oss, measured in accor- Hahte with DIN 67530 (measurenent angle

20), is greater than 130, the light transm ssion, neasured

in accordance cliaditA5TM.D 1003, is greater thangp®s - - - and the haze

of the sheet, nmeasured in accordance 10 with ASTM D 1003, is |ess

than 15% - haz® A sheet as clained in clat mskg where the crystal -

| i zabl e thernoplastic used is selected from pol y- et hyl ene

t er epht hal at-e suzdadelidd v d ayephital at e, : bubbles Clsddrgel i n pol yner

and a cycl ool efin copol yner.

) peel
(flsheyes, orange peel

5 'bubbles, etc)

- Charpy 1mpact strength a, _no fiactu:e___;

©’< Izod notched 1mpact strength ak:“'s 0 kJ/m

- cold formab;l;ty ) good .
- crystallinity 3 approx. 8%
10 - density 11,34 g/em®



15 3. A sheet as clainmed in claim2, where the crystalli-

zable thernoplastic wused is polyethylene tere- pht hal ate.

4. © A sheet as clained in claim3, where the polyethy- : | ene
terepht hal ate cycl ed pol yet hyl ege_20 t I

5. A sheet asﬁ%)r%ﬂregzté% claim3 or 4, \M%(Eare t he E&P%ggéﬁgﬁﬁg#t of
the Charpy i@paghg strength aferr], . ... measured in accordance
with 1 SO 179/ 1D, 1s not acconpanied by a fracture. 25 6. A
sheet as claifmed in any one of clains 3 to 5, wheré 'the |zod

not ched i npacti st r eRgtFamgPdsént Jeaftorpilous sheet havims@thiekness Anl SO
180/ 1A, s In the réﬂge'rt'ar.ﬁ)gne from 1 2t:"c» tzcb Rind Ivgiix 'Eg; contains, as
principal constituent, a crystallizable thermo-

5 © . plastic, where the surface'gloss,'measured in accor-
dance with DIN' 67530 (measurement angle 20°), is
greater than 130, the light transmission, measured

'in accordance with ASTM D 1003, is greater than 84%,
and the haze of the sheet, measured in accordance
10 ©  with ASTM D 1003, is less than 15%.

2. A sheet as’ claimed in claim 1, where the crystal- .
lizable thermoplastic used is selected from poly-
ethylene terephthalate, polybutylene terephthalate,
a cyclooclefin polymer and a cycloolefin copolymer.

15 3. A sheet as claimed in claim 2, where the crystalli-
zable thermoplastic wused is polyethylene tere-
phthalate.

4. A sheet as claimed in claim 3, where the polyethy-
lene terephthalate contains recycled polyethylene
20 terephthalate. s

5. A sheet as claimed in claim 3 or 4, where the

. measurement - of -the Charpy * impact strength a,,

measured in accordance with IS0 179/1D, is not
accompenied by a fracture.

25 . 6. A sheet as claimed in any  one of claims 3 to 5,
' ‘where’ the Izod notched impact strength a,, measured
'in accordance with ISO 180/1A, is in the range from

2.0 to 8.0 kJ/m . '

7. A sheet as claimed in any .one of claims 3 to 6,
30 - "where the clarity, measured in accordance with
‘ASTM D 1003 at an angle of less than 2.5°, is

greater than 96%.
NAD )



7. A sheet as clainmed in any one of clainms 3 to 6, 30
' ASTM D 1003 at an angl e of

clarity, measured in accordance with
| ess than 2.5[err], is greater than 96%

where the -

- 19 - . . 8. __Asheet as clainmed_iggny one of claims .3 to 7,

wher e the ‘pol yét hyl'ene terephthal at € Aias a crystal -

poi nt, meagured abyg ahgd NGAMLY in apy o§;er a%\fsﬁfle_ggc

the rangefrom 220[err] to 280[err]C

Tine nmelting

Radlr g Clin, i1

as clarmed in any

one of clainms 3Whene the polyet tezepbthainyechas: ar epwetalat e has a

crystal -

10

15

20

9...

10.

11.

12.

' 13 KJ

25

30

14.

~ lind ideltligt pORAED! WeRsu¥R®s Wedphe EYC &t haatadld Ng
rate of, .10[errL &l Ye 1T mid 9% AL Ringd FU220% o 280°c.

.A sheet..as claimed in .any:one. of claims 3 to 8,
.- where: the=;p.qu_.e_t,hyle_ne-;-te,reph_t_:__,h,al_ate_ ‘has a crystal-

lization temperature, measured by DSC.at a heating
rate of 10°C/min, in the range from 75° to 280°C.

A sheet as . claimed in -any one of: claims 3 to 9, -

where the polyethylene terephthalate employed has a

.- erystallinity in the range. from 5. to 65%.

. A sheet. .ann,c.l_f..a.imed-- in any. one of claims.3 to 10,
wherein the polyethylene terephthalate .employed has

a standard viscosity SV (DCA), measured in dichloro-

- acetic acid in accordance.with DIN 53728, in the

range from 800 to 1800.

A sheet as claimed in claim 11, where the polyethy-

- lene terephthalate employed has:a standard viscosity
+. 8V.(DCA), measured in dichloroacetic acid in accor-

dance with DIN 53728, in the range from 800 to 1400.

A sheet as-'claimed in any one of: claims 1 to 12,
where the. sheet has a degree_ of crystallinity of

- less than 5%. ..

A process for the production of a transparent,
amorphous. sheet as claimed in any one of claims 1 to

....13 which comprises the following steps: __me_ltihg of

_ .thé - crystallizable: thermoplastic in the extruder,

extrusion of the melt through a die, calibration,
smoothing and cooling of the extrudate with at least

“two rolls in a polishing stack, and cutting of the
. sheet-to size, where the first roll of the polishing .-

stack has a temperature in the range from 50 to

8°°c. . . X
A A



10. ‘A sheet as clained in any one of clains 3 to 9,-10 where the
pol yet hyl ene terephthal ate enpl oyed has a crystallinity in the range
from5 to 65% ~ 11. A sheet as clained in any one of clains 3 'to
10, wherein the polyethyl ene §eggpht hal ate enpl oyed has

a standard viscosity SV (DCA), nmeasured in dichloro- 15 acetic acid

in accordance 14 ! h FNeN ﬁa&sd Naheclaimed in! &MGEid r Q@ 809h59e189ﬂe

12. A sheet as claine 11, .where th ol yet hy -
t er epht hal at e enpl P %ﬁg%%?g] darﬁi‘?ﬁ% e‘ﬁ/{) 18 dréﬁd( Dd&?f“e

measured i n di chl omeslcteing. acid.in accor-. dance with DI N 53728,
in the range from 800 to 1400. - 13. A sheet as claimed in any one of
claims 1 to 12, wher et he sheet has a degree of crystallinity of
| ess than 5% 16. The proceéss as claimed in claim 14 or 15, where the

5 crystallizable thermoplast:.c is polyethylene tere-

phthalate .

17. The procee's e's claimed;in claim 16, where the poly-
' ethylene terephthalate :.s dried at from 160 to 180°C
for from 4 to 6 hours before extrus:l.on.

10 18. The proceee Eas-c:la.:i.med :.n claim 16 or 17, where the .
' temperatuije of the PET melt is in the range from 250
to 320°C.. | |

19. The use of a traﬁspafér‘it’, amorphous sheet as claimed
in any one ‘of Claims 1 to 13 for internal appl:.ca-
15 . tions a.nd in exhibzt:.ons. '

I



14. A process for the production of a transparent,/% anor phous ,
sheet as clained in any one of clains 1 to 13 which conprises the

fol | owwe oglzgils: nel ting of : the crystallizabl e thetppRsanitL I N
t he extruder, extrusion of the nelt through a die, calibration,
snoot hing and cooling of the extrudate with at |east 30 two rolls in
a polishing stack, and cutting of the 1/%2 sheet to size, where the
first roll of the polishing. stack has a t erature in the range
fromb50 to 80[err]C M .- 20 -
15. The process as claimed in claim1 we.r-dl-t-h.e crystallizable
thernoplastic is dried before mel ting.
_ - [
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16. ‘The process as claimed in claim14 or 15, where the 5

crystalljzable thernoplastic is polyethylene tere- ht hal at e.

17.  The¥Pre8e as clained in.claimi16, where the poly- PCT/EPI/I02EHNy| ene
terephthalate is dried at from 160 to 180[err]C for from4 to 6
hours before extrusion. 10  18. Thilﬁéocess as clainmed in claim 16 or
17, where the terrpfrature of "PET nelt is in theYange from
250 to 320[err]C. 19. The use of a transparept, anorphous
sheet as cl ai ned _ N1 any one of Clains 1 to 13 for ingernal
applica- 15 =~ 7 ti-'h@h fin exhibitions. ' )
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Abstract of the disclosure

Amorphous, transparent sheet of a crystallizable thermo-
plastic ' :

The invention relates to a transparent, amorphous sheet
having a thickness in the range from 1 to 20 mm which
contains, as principal constituent, a crystallizable
thermoplastic, where the surface gloss, measured in
accordance with DIN 67530 (measurement angle 20°), is
greater than 130, the light transmission, measured in
accordance with ASTM D 1003, is greater than 84%, and the
haze of the sheet, measured in accordance with ASTM D .
1003, is less than 15%, to a process for the production
of the sheet, and to the use of the sheet.



