WO 97/ 00284 -1 - PCT/ EP96/ 02514 Anor phous,
transparent, UV-stabilized sheet of a crys- tallizable thernoplastic
The invention relates to an anorphous, transparent, UV- stabilized
sheet of a cr ¥t 87/09284c t hernopl asti c dhose 5 thi cKP@EAEPS6/0251 r ange
froml1l to 20 mm The sheet contains at |east one UV |ight stabilizer

and is di sti namorphisshakdhepeientlo o ARAISRl L A PREDEN0Ea PLADEL LI es.
The invention f t,hg&f re.relates tQ a process :for t he " productton of
this sheet, ak@ttd2aRee sbegmopiastice . 10 Anor phous, transparent

sheets having a thickness of from 1 to 20 mmare well known. These

t wo- di nensi on St - . ture conprise anor phous,

non-crystal | i ?g‘ﬁl té'h%%nttlﬁgr r’ﬁ%‘la}sﬁsl & %M%&?’tﬁpw' uv-

t her mopl ast i cstabilikedhsbertbefcanorystallitabléccharmopladtic axiesgpee, 15
pol yvi nyl schl epii dgneB¥COis PELY & b%ﬁ& ( agd pol thy

met hacryl ate (PMVA),. Thelsse sem ?Algni S egffp?%c?'s_w ¥gr%mbro l?ceé %%t
so-cal | ed ext FeetaAnp aEsleapt PBPyHErlight \prakibizer and s distin-
Technol ogi ¢ 1gufshéd6byCaery goodlBptiiRaierdid medndrd 91 p tidd'e

pul ver ul ent oghzo. r%ﬂr}ul aret{a material is melted in an extruder. After
extrusion, th Sm}f‘%ﬁ &% %eﬁ%r& ’&%\]rs?%i\‘? BeProcesg, fory the

pol i shing st apkedurtddthepfshhpengheet| sand o the usasefuchécshéetheir
viscosity, which continuously i ncreases with decreasing tenperature.

After shaping, 25 _anorphous thernopl astics then have adequate stability;
i.e. a hilgh vRBeseheys., | krapgearentheheet s -bayingta hickness aficErom
calibration dietoH20ewdl arleGie1dr Gndwid.! THddd Gvdliddhensiomf t £
shaped by the. die. The nelt vi scosi% and e Simension .tf{/é‘g*@
anor phous t heFHBFPast | GORRTLBe | gh2ROTPRRYShe cameRRFYAtaldizadhle he

semi fini shed phedmopldseics. Typdtalolekapplesn oith@uedl i tHexdpn Ll def ore
C00l 100 1 eteh SR ERRORRE IR Srdl Sel oSl e PG
deconpost®i onPai¥viapli chdoridgai (RMC)35 pekyeaxhamate n{BChaland rpaly-on  and
thus = uncontrgbtadl emethact9nEtad (eufis . &%@%%S’asuniﬂu{géh%q Bl
t er nal | ubricants are necessary to prevent sticking wal 1S and
: are produced on so-called extrusion lines (cf. Polymer
Werkstoffe, Volume II, Technologie 1, 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 continuously
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 thermoplastiés 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 internal friction and thus uncontrollable
‘warming, are necessary during extrusion. External
lubricants are necessary to prevent sticking to walls and



2 . rolls. The processing of PMVA.is carried out using, for

exanpl e, a vented extruder to enable renoval of noisture. The
producti on of transparent sheets from anorphous 5 thernoplastics sonetines:
requi res expensive additives, whi ch™ can™ mi grate and can cause
production- probll ns Ow ng to evaporations and surface coatings on the

sem fini shed *oduct. PVC sheets can be recycled only with difficulty
or using special neutralization or electrolysis process- 10 es. PC and

PMVA sheets c b cygl L ffic yand nIy with
| oss or ext rerarr‘eill | :?%g\l@re%%l?@o%f Em[’?h%grrcgé%am cdl tp?‘%"@?t’l gr-e 9

addi tion to tifeyentiesh@xbrudexs toPemabliec demoxiado ofameisturext r enel y poor

i npact strength and splinter on fracture 15 or nechanical | oading.

Furt her nore, PI\/I\/A sheets, are readi |y conbusti bl e, which neans that

they cannot b&he PIRANGFLAR 8f SxaRARaren) sheetss Lzpml i amerpheuand in

exhi bi ti oms. htherma:?ﬂ%tﬁﬁﬂ! P&m&em&fgé&h@taar%mmv@eaaaﬁewﬁhﬂhen 20
cold; PWA sheet.s |S|nte e to,form dangerou I
sheets under g&™HgH Flaﬁemé EPn qfpn ca 85?%%1"8& ﬁ§°blems O¥ERG. 3 531

878 descri bes tgl @s'talp@rfaltlmsrmdd Burfatkeccoatings phathecs@anlfiaishedand

containing a c%rq,ty Pﬁr@ 5 ayiLn Kk 0.0

These fil s a?\eé obt al ne byig%ttr%uglag‘ngg Qe%?éﬁ gﬁfid‘%tg élff%%ugty
parti-al |y crySFaMsing spsriadusutyalipatpppcesselectyelysiscpronessi s
speci fi cabi oneeanpet afdveMan SHEEHSH Vi likewise only be recycled.w;th

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

In addition to these disadvantages, PMMA sheets also have

- extremely poor impact strength and splinter on fracture

15 or mechanical 1loading. 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

20 cold; PMMA sheets disintegrate to form dangerous splin-
ters, while PC sheets undergo hairline cracking and
stress whitening.

DE-A-3 531 878 describes plastic films made from thermo-
plastic polyesters and containing a UV stabilizer and
25 having a thickness of 0.5 - 0.03 mm.

These films are obtained by extrusion blow molding and
are thus partially crystalline. Consequently, the process
described in this specification cannot give an amorphous

film having a thickness of 1 mm or greater.

30 JP-A-5 320 528 describes a thermoplastic resin cdmposi-
tion containing an epoxidized polyester. According to a

preferred embodiment, this composition contains PVC as



film ‘having a t hi ckness of 1 nm or greater. 30 JP-A-5 320 528 descri bes

a thernopl astic resin conposi - tion containing an epoxidized
pol yester. According to a preferred enbodi nent, this conposition
contai ns PVC as -3 - - 3- princi pal

constituent. The sheeso edther fromby . coympoundi n re

transparent aR¥fSHe ”5%4‘3’%’? sheets @i%{%éi?%‘%g%?ﬂ%‘gﬁl’bes a
process for slcapipngmﬂtingr hirel transparent campd|hmic W ehéckaesphbbal aig. ( PET)
sheet. The PET 5 sheet is heat-treated on both sides in the thernofilmng

mold in a tenperature range between the glass transition tenperature
and the nel ti #§-poin71THe8sAepcuiPey aipmacess fior sbapisd aroartieleol d

when the degregoal éiy“ééh}féne teiéﬁﬁtﬁhaés 3@@&?0' ghebtShORle | fppn the
The PET sheet’s di scl ose EP-A-0 471 528 ave a

regi on of 25 to 10 %
t hi ckness Jof ??’t?r‘ﬁ t1 18, f&tnﬁFestﬁée°PhE°FheFﬁﬁfﬁrhﬁdt’?e thegpefhimirgduced
fromthe PET mbdd ins apaem'pahchy:ueayshﬁge betweéhnehangllibﬂstﬁéhéﬂﬂﬂ&

t t nd t he _surface e.rtle f ot nol.di n ned

by ne ¢ hor o LerpbEaiEe dhd. the MY Fotbe o et Yl Sheef 0*ong
mold, it is udisnpemosned \ﬂmm (bptel maﬂ.dpwhparthesdégnee of expspaklitass,

haze and | i ghteslgharsem gl Qﬁﬁﬁﬂéﬁ heeéhfst $nC TRl O %:.Q:qxveof lf‘.? gggeral ,

t he optlcal pro erties ese s eets are poor I n need

opti m zatifn. 0 The, BERi sheatst diseloned: é-nccﬁ?t'&'r? 4d P28 dhavetabiliz-
ers, so that reiithelesisheosheebn rmrtbhem%d.l NgEnBEOdKeL JthermbBSEREGOM ar €

suitable for e r.nal licqtLons. Jf _us ext ernal | t hese sheets or
nol di ngs exhi 5\°t5' Fgg 3 kro:a Elh%r%mf isheety dp| Bﬁfﬁbai%ﬁ SR HRAT r ment
in the rrechanu.:.n% andl t[hu'qaenbl comfer trafspatene caindahcth@oxsdﬁfaue

degra- E)E'%Be@‘::.%lén l&:ﬂg I'i:[he mold:l.n.%S Ae?’ cflethe:.JmAﬁ';edf %C}; | 8’? S }:ﬁgr;\:/tg guum

t her nof orm ng~o
15 forming process and by the thermoforming temperature and

mold, it is unimportant what optical properties (for
example gloss, haze and light transmission) the PET
sheets employed have. In general, the optical properties

of these sheets are poor and in need of optimization.

20 In addition, these sheets contain no UV light stabiliz-
ers, so that neither the sheets nor the moldings produced
therefrom are suitable for external applications. If used
externally, these sheets or moldings exhibit, after only
a short time, yellowing and an impairment in the mechani-

25 cal properties as a consequence of photooxidative degra-
dation by sunlight.

US-A-3,496,143 describes the vacuum thermoforming of a
3 mm thick PET sheet whose degree of crystallizatién is
said to be in the range from 5 to 25%. However, the

30 crystallinity of the thermoformed molding is greater than
25%. Again, no requirements regarding 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. These slieets again

35 contain no light stabilizer and consequently are unsuit-
able for external applications.



3 mm+thick PET sheet whose degree of crystallization is said to be in
the range from5 to 25% However, the 30 crystallinity of the thernoforned
nel ding is greater than 25% Again, no requirenments regardi ng optical
properties are made of these PET she®ts. Since the crystallinity of

t he sheets enployed is al ready be n 5 and 25% these sheets are.
hazy and nonfr&%ms.esr h’&‘ﬁ’?rﬁ’aﬂ? 3ot adlow the,prpgyction
staPiIizer anthf caseplesnis yshéetsinéomtaining abbey§GEIEXhebma|ﬁhermo-
applications. . o . . -4, T rocesses -
chown hi t her t PXRFSES 3% BRIRTEPH} cHRpeTiRuent inca RhickRees REd.mm
contai ni ng a @ygarsdtempbire adeguate qualidiyasti c as princi pal constituent
in a thickness of 1 nm or greater in adequate quality. 5 The obj ect
of the present invention was to provide an .anor phous, transparent
sheet havithg IhehieRhest gf rthey,present inyenkionhwag th BERYidenano good
rr:ecgalni ;:al an&g.orﬁhamd'v Ctan:ariglfghipéﬂ& eﬂaeetﬁ!{lﬁé’}riﬁ?ha i:n:;.]emt&éésutaar £roli gh W
stability. i stabili e { ha e eets experience
extrenely litt _etﬁa%&gé“,m O‘Vhﬁ%lhb éf‘ aﬁa‘f‘f,iﬁ%‘tﬁ%ﬁrﬂq tﬂ‘e"ham'%‘gf oﬁﬁ‘gr w
radi ati on, so dptaicdahepshpertiese mlidmbhas, in fparsitddar,appigltavvons

and/or criti Caétdmigfﬂy appl i ca- tions. In particular, after several
years of use outside, “15 the sheets do not yellow or exhibit
enbrittl enment or cracking of the surface or inpairnment of the

mechani calp  HigH ORAf t s@8bility mdBRsJORKROPIUHA! Me@ReS t bRPelichude, for
haze and hi gh TS LLtETs Haiagay, atdens & sylopSPe] 56 FHERIERE | nter
alia, high or iotlaer YVr eadiatdon, hisgh thataktilis) sheevgt Are suitable
for outdoor applications and/or critical indoor applica-
tions. In particular, after several years of use outside,
15 the sheets do not yellow or exhibit embrittlement or
cracking of the surface or impairment of the mechanical

properties.

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

The good mechanical properties include, inter alia, high
impact strength and high breaking strength.

In addition, the novel sheet should be recyclable, in
particular without loss of the mechanical properties, and
25 have low combustibility so that it can also be employed,
for example, for indoor applications and in ekhibitions.

This object is achieved by a transparent, amorphous sheet
having a thickness in the range from 1 to 20 mm which
contaihs, as principal constituent, a crystallizable

30 thermoplastic, wherein the sheet contains at least one UV
light stabilizer. - '

The transparent, amorphous sheet contains, as principal



In addition, the novel sheet should be recyclable, in particul ar

w t hout | oss of the mechanical properties, and 25 have | ow conbustibility
s& that it can al so be enpl oyed, for exanple, for indoor applications
and in exhibitions. Thi s obj ect <P achieved byfa transparzgnt, o eh
anmor phous sheet - ,. having a thickness in the range_from1l to 20 mm whic
cont gi ns, as m&lﬁéﬁ%ng?i ttretallizakle thezpoplagticher Buprakiec,
wherein the skaytstalltizabdeator epart@atlyV crystdllfiie StREhbEBastics

T e ndr et S lE oo fond e gt etititlage, ppiybuty-

crystallizabl deme ferephithalatest Gylcﬂ-nelelﬁénnppllme'rlssand cyaleclédin
s e e,

exanpl e, ol y%%l%rtsereyc %%}%ne pg&é'i Y-given '€& 81@%@%2?&&&

cycl ool efin pol ynefs and c copol rs, preferen I Ng gi ven
to pol yet hyl et@rephthadadeht hal at e. For the purposes of the

I nvention, the termcrystal- lizabl e thermopl astics is taken to nmean
- crystallizabl e_homopol yners, 10 -, crystallizable copol yners
crystal | i zabl é%fon%ﬁna’g',rp%ses -°t1 ERGsARYeEAAny E ?cl"&‘@Paﬁ vstal-_

ot her vari at i ddzabflec thetrmoplazsitiest Her tajkleas ttioc méan For the purposes

of the present inv Q0 1L wer rphous sheet is taken to nean a
sheet which is non_%Ws%'&lg.%.%ng‘% ?ﬂr?égpgﬁ' gi%gh the crystallizable.

t her mopl &8tic- cayFitaydd zabdec capoyymesrsa crystallinity of from5 to

65% par ti cul dxkrscatalisadiley cbpiudas, 0 65% Non-crystalline . or
I Tinity is '
anor phous means thgl Lhe;959aRT retvblate ana -

- other variations of crystallizable Ehermoplastics.

For the purposes of the present invention, the term

15 amorphous sheet is taken to mean a sheet which is non-
crystalline, although the crystallizable thermoplastic
employed preferably has a crystallinity of from 5 to 65%,
particularly preferably from 25 to 65%. Non-crystalline
or amorphous means that. the degree of crystallinity is

20 generally less than 5%, preferably less than 2%, particu-
larly preferably 0%. The novel amorphous sheet is
essentially unoriented.

The transparent, amorphous sheet furthermore contains at
least one UV light stabilizer, of which the concentration

25 is preferably from 0.01 to 5% by weight, based on the
weight of the crystallizable thermoplastic.

Light, in particular the ultra-violet part of sunlight,
i.e. having a wavelength in the range of 280 to 400 nm,
initiates degradation processes in thermoplastics,
30 resulting not only in a change in the visual appearance
as a consequence of color change or yellowing, but also
adversely affecting the mechanical-physical properties.

The inhibition of these photooxidative degradation

processes is of considerable industrial and economic



20 generally less than 5% preferably |ess than 2% particu- ~larly
preferably 0% The novel anorphous sheet is essential ly unoriented.
The transparent, anorphous sheet furthernore contains at . east one WV
| ight stabilizer, of WhICh the concentratfon 25 is preferably from0.01 to
5% by wei ght, pase wei_ght of the crystalli zable thernoplastic.

Light, in par tﬁ"&ﬂ% ’H‘%’ Lﬁjt’f%F REieRWiss the pokemtdal uses pfnumer-ng a

wavel engt h i n duee thepopiafiicd ard@rdsticallyilinditasd. degradation
processes in thermoplastics, 30 resulting not only in a change in the
vi sual appear ance as a consequence of col or change or yellow ng, but
al so adverBigetiiyland rerephthedateiscbegphyso calbsqrloinr tiight, for The

i nhi bi tion of :haRs &N aE2beYEwIS6H AR tHbir abRo2ptiBES1her8hses

consi derahl e i ndustri ‘al__and econom ¢
- 6- |b5hpo lexghise hakow RRrlenmpand oie Hery nremeusced, b below ous

t her mopl ast i 3G enml aHe Mabdiyui Bbbgption is Aodtweddy|e R 2Plt Ral. at es
begin to absorb UV light, for ‘exanpl e, even at bel ow 360 nm their
absorption increases 5 considerably bel ow 320 nmand is very pronounced at

bel ow 300 Inn thécpresence alfs exytgem) imrimtipmcdlyw Séhain amaaﬂage,
In the pr ?Sen%@fnd)ﬁﬁgﬁblégﬁbgﬁ Ag |o¥>s Weﬁ ngﬁlﬁgﬂemanoxig aﬁgrbon

crosslinking i s obse m)nOX| _
carboxyl i ¢ aciHe¥ida tceﬁbowéaemaﬁaﬁts mpqﬁmmmtluat puedpmidavts in

terms of I&ImUliihotdﬁiﬁldmon pd‘bﬂﬁ%ttsphﬂﬁmﬁ@iﬁs ofof Nam@ahe'. gﬁQHEEF -

consi derati on % g VBE to oxi dation reacti %ns I kew se

result in the‘#rLI S&k PY 8§‘Y@d'rsb fi HRO.8eeR iIF sy copsiderption mypty) s.
also be given to oxidation reactions, which likewise
result in the formation of carbon dioxide via peroxide
free radicals.

15 The photooxidation of polyethylene terephthalates can
' also result, by elimination of hydrogen in the a-position
of the ester groups, in hydroperoxides and decomposition
products thereof, and associated chain cleavage (H. Day,

D. M. Wilee: J. Appl. Polym. Sci 16, 1972, page 203).

20 UV stabilizers and UV absorbers as light stabilizers are
chemical compounds which can engage in the physical and
chemical processes of photoinduced degradation. Carbon
black and other pigments can provide partial protection
from light. However, the substances are unsuitable for

25 transparent sheets since they result is discoloration or
a color change. For transparent, amorphous sheets, the
only suitable compounds are organic and organometallic
compounds which impart only an extremely weak .color or
color change, or none at all, in the thermoplastics to be

30 stabilized. |

Examples of suitable UV light stabilizers are 2-hydroxy-
benzophenones, 2-hydroxybenzotriazoles, organonickel
compounds, salicylic esters, cinnamic ester derivatives,
resorcinol monobenzoates, oxanilides, hydroxybenzoic



15 The phot ooxi dati on of pol yethyl ene terephthal ates can al so
result, by elimnation of hydrogen in the a-position of the ester
groups, in hydroperoxi des and deconposition ~ products thereof, and
associ ated chai n cl eavage (H. Day, -0 Md W | e; Jb Appl . rolym Sci
16, 1972, page bi lLi zers UV absorbers as |i
st abi | i zerg gretf ez)s, Eﬁgﬁlfgxlé'oﬁbﬁﬂﬁﬂgdm%’?‘?%ﬁdeﬁg&@é’-Pﬁst' hErﬂﬁ%‘r'cal
and chemerle pbetags exiwén pitet 02 Fiydeokylsgiroiet idrolésr kgid tri-bl ack
and ot her pi IS L£an pr ovide partial protection fromlight. However,
the substances ‘are unsuitable for 25 transparent sheets since they result
I's discoloration or a col or change. For transparent, anorphous sheets,

the onl y silig falri 1cTagY g 5:@&&%&61%5?& Fﬂegaewﬁabuctran

conpounds which inpart only an éxtrenel or " or ﬁange
or none at® al |Pa=i%tt'h@qq¥a¥wm &bﬁe&scwtaeng@ aSsPasnFm?eﬁ constitu-
Exanpl es of sw:iaiql eaU\éﬂyecﬁalmz”ﬂmJe ngxyafnyieﬁadrﬁaﬁephthalate and

benzophenones, -h xybe zol e or apo onp
salicylic esté’rs° %!héu:g % g % ¥r i P 2 ra4r sﬂ?‘EFﬁBYE '3.5
nonobenzoat es tn;:mrhzd-ed,)-lﬁﬁdmmwmmenol (structure in Fig. la)

-7- t [ a rh,az f ence
bei ng gi vgﬁ 1(:35&2 %tdé‘; oﬁy ie%tzé(;tgr]l az?’és an%?'f QQ & h ﬁQEﬁgJ,BﬁS ﬁis(s-
particul &%y tEisEE T2y l) the (hoked, 3rmtml)phsnphous |

sheet cont ai ns(,st%%dﬁdﬂ%cliﬁi C L anS.'H)t UIn a pr@ﬁ&?.rea Sﬁﬁéaﬂnéhiabie is
pol yet hyl ene t to 5.0 ht

T ht haI t.e an %
2- (4, 6- di pheny? sfp ble 'i‘fleé‘}_‘?]rPJQ %ﬁt‘??%e‘?&l %h’é‘l’fbl%s?FﬁE%Dre in
Fig. la) lcuze‘:rsonoﬁ Gdixtures)%By awi jeasel che' ofetthyesse-twcss(Gv 10

(25 benzot ri ezl - b nl Ghited CAAMELIX BULILPNGM o efgbiUCtUre

in Fig It;) I'n a preferr
coneentrat;on of 1ight stabilizers, preferably from 0.01

to 5.0% by weight, based on the we;ght of crystallizable
polyethylene terephthalate.

The surface gloss, measured in accordance with DIN 67530
(measurement angle 20°), is greater than 120, preferably

20 greater than 140, the light transmission, measured in
accordance with ASTM D 1003, being greater than 84%,
preferably greater than 86%, and the haze of the sheet,
measured in accordance with ASTM D 1003, being less than
15%, preferably less than 11%.

25 The clarity of the sheet measured at an angle of less
than 2.5° (ASTM D 1003) is preferably greater than 96%,
particularly preferably greater than 97%.

In the case of polyethylene terephthalate, measurement of

the Charpy impact strength a, (measured in accordance
30 with ISO 179/1D) of the sheet is preferably not accompa-

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

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

the sheet is in the range from 2.0 to 8.0 kJ/m?, prefer-

ably from 3.0 to 8.0 kJ/m?, particularly preferably in
35 the range from 4.0 to 6.0 kJ/m3.



al so possible to enploy m xtures of these two UV stabi- lizers or

m xtures of at |east one of these two W stabilizers with other U
stabilizers, with a total 15 concentration of light stabilizers,
preferably from0.01 to 5.0% by weT g?lt based on the wei gpt of I
crystallizabl |.en er.e ht haI ate. The surface gl oss,
neasured in ac;ePcoolrydE @t L lmé?upéﬁféﬁg 3n§F¥s§6§'§F i's

greater than I&l,tzp'ref @oelnty 70, ssemessutmh bi0, Dske l(dgferenssanssi on,

measured in STN D in r eat an_84%
pref erably greater an gé@ %’@he azélgg%t%ﬁi %‘é%tgg £bet ®Bar &
accor dance w tﬁi-'%mw 1603 2Q9e°|chg prefenably from1360°Er dicerbosc) eas t han

11% 255 Th%ﬁﬁaﬁmﬁtwﬁé&% y thgdl Ianf%ﬂ' 959k L§Sggoeoc, than
£d

2.5[err] (ASTM D ref reater thaff 9 partlcharIy
pr e]E erably gr &k %’ﬁ’% o9 Her @agé'a(ﬂs ﬁGP?étlFr}PEnEemPer’

t er epht hal at eatrmur nﬁntfr@in 65°C tbeoGher aydi Apdehsstyenablsarear inl
s
strength ak (rﬂemlhmmmnwﬁ leol 55?6189téﬂ)arably fromhesaheet is -

th f 2 f efer 8.0
Ik\rJ]/ nﬂe Lg;b??cﬁﬁnl ’ﬁ?e?}’rgggfﬁmﬂl’]“t e %gngsé:a R 4 %éﬁég‘% kj%%{ err].

Pol yet hyl ene ©of e Rovelhsheaf-a cryst aI line ~ mel ting point
T[err], as neasured by DSC (differentlal scanning calorinetry) at a“

h 0 ' er 280[err]C .

p(rag;E Iepgblrst 1? rom%SBF E@t ov:'ﬁfﬁ%jr?lf mﬁgégi 5%‘% alt?ﬁezaP{’iﬁel‘E%éP&t ure

rzggge T[ ?;rr] memapmhqhe.to mrur-ec}c in dipgﬂbfgauﬁalﬁ?gfnﬂgig%?] tCOtO-
rr 2 AT dades sl ngmgg

90[Ea(rar]]C and ngenS| ty, %a;tﬁnuga 728, 18 QEH ance \{I:\Aot %QEPN g’éﬁg?} a5f from

1.30 to 1345 HgnExraw 950 tq 13504 amxhwylaﬂrlrrmsembms%rpmeieaam y
from25%to to 1200.

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

IV (DCA) = 6.67 o 10°% sv (Dca) + 0.118

20 The bulk density, measured in accordance with DIN 53466,
is preferably from 0.75 to 1.0 kg/dm3, particularly
preferably from 0.80 to 0.90 kg/dm3.

The polydispersity of the polyethylene terephthalate
M, /M, , measured by gel permeation chromatography, is

25 - preferably from 1.5 to 6.0, particularly preferably from
2'.0 tO 3.5-

Weathering tesi:s have shown that the novel UV-stabilized
sheets exhibit no yellowing, no embrittlement, no loss in
~gloss on the surface, no cracking on the surface and no
30 impairment of the mechanical properties even after use
outside for from five to seven years. '

Besides excellent UV stability, entirely unexpectedly,



10 -65% are preferred polynmers as starting materials for producti on
of the novel sheet. : The standard viscosity SV (DCA) of the
pol yet hyl ene "terephthal ate, measured in dichloroacetic acid in
accordance with DIN 53728, is from 800-t@& 800, prefera- 15 bly from 950
to 1250, particularly_preferahly frqom 1000 . to 1200._. The
intrinsic vi sgﬁgflt?i‘%’ Foxmabs Ld toyy i oty FragkirRe hairline pEackingcosity
§VlggCA)2gs f?%&¢6§isﬁ;esg whiteningIﬁfé[EE&efvgdﬁ7meaiﬁﬁggﬁhﬁ§i§§?¥0 +

: e bulk density sur i @ .accor ce Wt
I's preferabl yn?VS% 5£7§ tSa&.’Be@ﬁﬂf rﬁl& ?)%?Yi‘%’g‘f ?‘ﬁ/ the a%#’é?rér%%l y -
from0.80 to Be8@.kg/dnferr]. The pol ydi spersity of the pol yet hyl ene
terepht hal ate Merr]/Merr], measured by gel perneation
chromat ogr aphy, is 25 preferably from1l.5 to 6.0, particularly preferably
from 52. 0Ipcaddition, meagyxenents phawad thake thRoMAVEhRET Hherlvel
UV-stabi | i zedhas 1owheRmbu@tibRilltPO andl 10W Flam@BINEty,! |Hat NDE | 0SS

in gl oss,on the rface, no cracki on the suyrface ,and no 30
i mpai r ment of1?h§“ﬁ§@§!ﬁvc%PrbﬁﬁﬁEFﬁFésQ%Féﬁﬂﬁﬁﬁﬁétxﬂ?éilca ng fd or

fromfive to saveshyibitions. Besi des excellent UV stability, entirely
unexpect edl vy, ' -9- good cold
formability without fracture, hairline cracking and/ or stress whitening

was observed, Fuethengoreat tihe novel sheet can eagily be recycled
10 without environmental pollution and without loss of the
mechanical properties, meaning that it is suitable, for
example, for use as short-term advertising hoardings or

other advertising articles.

The novel transparent, amorphous, UV-stabilized sheet can
15 be produced, for example, by extrusion in an extrusion
line.

An extrusion line of this type is shown diagrammatically
in Fig. 2. It essentially comprises
- an extruder (1) as plastication unit,

20 - a sheet die (2) as shaping tbol,
- a polishing stack/calender (3) as calibration die,
- a cooling bed (4) and/or a roller conveyor (5) for

aftercooling,
- a take-off roll (6),
25 - a separating saw (7),

- an edge trimming device (9), and, if desired,
- a stacking unit (8).

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

The process comprises drying the crystallizable thermo-
plastic (e.g. polyethylene terephthalate) if necessary,
then melting the dry polymer in the extruder, preferably



novel: sheet can be shaped and bent w thout the action of heat . 5

I n addition, neasurenents showed that the novel PET sheet has | ow
combustibility and low flamuability, so that it is suitable, for
exanpl e, for internal applications and= 30 tn exhibitions.

Furthernore, the novel sheet can_easily be recycled 10, w t hout

envi ronment al tREPEBEFoWRHY e oY I%E%b’o"f“ﬁ?é' extrading cLhep Bttt es,
meani ng that thrbaghuid adie, Eaﬂ.LbratQ&gUp|Sinodﬂflngseaﬁd &b@llh.nTQGrme

adver 15110 "gafh 65 S, perlbibgfEEh el il i, ne Hed

exanpl e, by ekxbreskzen in an extrusion l'ine. An extru5| on line
of this type is shown diagrarmatically in Fig. 2. It essentially
conpri ses - an extruder g as plastication unit, a sheet
die (2) a8 sh&pi 4§ eggpntial in thg peve%rwmceeackhw%e#lw; Rll

]g:al i bration dbg, the pohsl@zﬁ@ohtaekbms(ﬂa @?ﬂb@fa@ufé" har thenvexsge (5)
or e 6]

ft
separ ati ng saﬁgP*§“%¥élr§ 803f- e&&?WW| i W8 8@%?5@1%3)d%%%}°q¥tcﬁglred
- a stacki ngbtaih (8h. amorpholise pramspsrént tskeetodemitainiigt he novel

sheet 18 e neheaEan18abledthalin il QU 451400 4 NenEXRIBLE 8F ROLMPI Y. 3O

| ene terephtha € as ernD rocess conprises drying
the crysifl | i gxeRr&erher no- plastic (e.g. polyethylene t er epht hal at e)
I f necessary, then nelting the dry polynmer in the extruder, preferably

In accordance with the invention, it is possible for the
light stabilizer already to have been. added by the
producer of the thermoplastic raw material or to be
metered into the extruder during production of the sheet.

-15 The light stabilizer is particularly preferably added via
masterbatch technology, where the light stabilizer is
fully dispersed in a solid carrier material. Suitable
carrier materials are certain resins, the thermoplastic
itself, such as for example, polyethylene terephthalate,

20 or alternatively other polymers which are sufficiently
compatible with the thermoplastic.

It is important that the particle .size and bulk density
of the masterbatch are similar to the particle size and
bulk density of the thermoplastic, so that a homogeneous

25 distribution and thus homogeneous UV stabilization can
take place.

The polyethylene teréphthalate 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
30 extruder. The temperature of the PET melt is preferably
in the range from 250 to 320°C, it being possible' for the
temperature of the melt to be adjusted essentially both
through the temperature of the extruder and through the



- 10 - together with the UV stabilizer, extruding the nelt t hr ough

a die, calibrating, snoothing and cooling the sheet in the polishing
st‘ack and then cutting the sheet to size. 5 It is essential in the
novel process that the first roll of 1&he polishing stack has a

tenperature in the range, from50[err,Cto 80[err].C, since it is .
ot herwi se di f Fegddencs time,gf;; eaﬁeiﬁo Bh§g§ F&&ﬁ? §Fent sheet containing

a crystallizable thernoplastic in a thickness of 1 nmor 10 greater.

In accordanceyith the _invention, it is possible for.the,. Lght.
stabilizer al Fggdveﬁﬁ khon faaves the exfiyder t%r‘%rggdﬁcg%eéf thid die

t her nopl ast i c isaprefiesabdly @ sheetedie. netered into the extruder during
production of the sheet. 15 The light stabilizer is particularly
preferably added via mast er bat ch technol ogy, where the |ight stabilizer
i s fully Fhep@ETcmelted by thecaxtruderppifli ghaped bypkcsheet die or

mat er: al Ssalrei@ﬁrcilaa.iill_:ﬂaﬁlﬁdlﬁ ,i.tdln.e iﬂlﬁﬁ:{mo alSt :é‘ooled !a:mel Iémoshuﬁadafbiror

exanpl e, po yet netere tQal at e al ternatl ve er (0] nmer s
TR o PO Eesiing CeaRhdaE" TRy  Fhenoothenter matle Coal” XA S
i mport ant t hataridamgesl,t ifdre estaanpland iyuldn dBnsiEy, L- of $hshapet ésbat ch

are simlar t .éhe3gqrticle size and bul k density of the thernoplastic, -

so that a hon%& nedus 25 distribution and thus honpbgeneous W

stabilization can t ake pl ace. The pol yet hyl ene terephfhalate IS

preferably driggd T matebial d8R tRerd KU Uddied On hI £81fetOcbniioyss, before '
ext rusion. The olyeth%Lgng terephthal ate is then qflteﬁhln;t e 30
ext r uder 10The et F1F2 P PRELBETOMY Ante ARRzgRpiate lengthspand,,qe

from 250 to 3Fip@VICsetdckadi.ng possi ble for the t enperature of the
melt to be adjusted essentially both
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 chill (smoothing) rolls, which are
15 coupled to the take-off unit with respect to speed, and
the conveying rate of the extruder on the one hand and

the separation between the rolls on the other hand.

The ext_:rude_rs employed can be either single-screw or
twin-screw extruders.

20 The sheet die preferably comprises a collapsible die
body, the lips and the restrictor bar for flow regulation
over the width. To this end, the restrictor bar can be
bent by means of tension and pressure screws. The thick-
ness is set by adjusting the 1ips.' It is important to

25 ensure a uniform temperature of the PET and of the lip,
since otherwise the PET melt flows out thrdugh the
various flow channels in different thicknesses.

The calibration tool, ie. the smoothing calender, gives
the PET melt shape and dimensions. This is achieved by
30 freezing at below the giass_ transition temperature by
cooling and smoothing. Shaping should not be carried out
in this state, since otherwise surface defects would form



through the tenperature of the extruder and through the

residence tine of the nelt in the extruder. ' The nelt then | eaves the
extruder through a die. This die i's Ereferably a sheet die. The
PET nelted by the extruder and shaped byld sheet die 5 is calibrated, i.e.

I ntensively cqol ed,and s t hed, by ,snmoot hi ng cal ender rolls._ The

cal ender 1ol | 3% ERiBocoslod ftate ooon snis aappeny; Fhg Criengsr $o11p
S-shape (see are preferdbly drivenhdoRntlyat erhel temperaearke cfootkkd on a
roller conveyqQra..l C i | i.dth, t ..ot | at hs -and
finally stack%&gen%er ¥B+%§ @%%ggﬂgéﬁk%?bfﬁ%gPﬁkgs Eggeégf%%%éﬁﬁ#ﬁe
essentially poinfyyinherdakctofdveid istigking iocf fheaRBFomalts NThenBEDBf t he

cooling z@ne, peoig GRhlbs( EHBOMRLEE)A{Q!dS o WMapRrakErtOofCeHBNCEe6Ocd NE
take-of f unit. _ with respect to speed, he conveying rate of the

extruder on tR905&ke FBfdfiRat 9m°°?4ﬁ£§2§kﬁ%ﬁiFﬂ%lbéFméEnat?EFP%F?E“B% t he

ot her hand. = of dfro’ihsmrt@ﬁse°ﬁnpaegaﬂdsﬁgf ba Q:Hehl SutPuty| FLatserendor
tw n-screw exttuder . .20 The,.sheet dig preferahly ris a .
ol ane bl'e n BBt Yaaittas] " Sadnd Mdidmah ST (257 Toopie
regul ati on they second wirdoithefo stirifacend, the restrictor bar can be

bent by neans of tension and pressure screws. The thick- ness is set by

adjusting the lips. It is inportant to 25 ensure a uniformtenperature of
the PET &8d ofhdfe |the calibratiqn cepdkvwfseezne bhe RET symfacefita®hrough

t he smoothly as possible and cools the profile until it is
rigid in shape, the aftercooling device lowers the
temperature of the PET sheet virtually Eo room tempera-
ture. The aftercooling can be carried out on a roller

15 board. The take-off rate should be matched accurately to
the calender roll speed in order to prevent defects and
thickness variations.

As additional equipment, the extrusion line for the
production of PET sheets can also include a separating
20 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
region may under certain circumstances not be uniform. At
the monitoring station, the thickness and optical proper-

25 ties of the sheet are measured.

The surprising multiplicity of excellent properties makes
the novel, transparent, amorphous sheet highly suitable
for a multiplicity of different uses, for example for
interior room panels, for exhibitions and exhibition
30 articles, as displays, for signs, for protective glazing
of machines and vehicles, in the lighting sector, in shop
fitting and shelf construction, as advertizing articles,
as menu holders, as basketball backboards, as room divid-
ers, for aquaria, as information panels and as brochure
35 and newspaper stands.



various flow-channels in different thicknesses. The calibration

tool, ie. the snoothing cal ender, gives the PET nelt shape and
dirmensions. This is achieved by 30 freezing at below the glass transition
t enperature by cool i ng and snoot hf n§3 Shapi ng shoul d not be carri.ed
out ' inthis state, .since otherws yrface_defects would form

“12-  nOPRRG E6vithe (7908 BEoAtARLLLEY s She mRYel, CRRRAPTEFRL-

are preferabl ymdirphens sheekyisThitkewiper gaitabbé forf extermsl capigli+ ol | S
must be | ower than the crystalli |t point .in order_to.avoid
Sticking of tFECRERS o euch el bt Shengid, for Ftdlatdbdlar o0r g
‘tenperature obybtems24@lazing sp9Oims. | Safdty Giless,sreaidrnad/ ctlad-rol |
Is at a t%"peaghar,e coversqft%#g{ingésﬂsf&%ciﬁotﬁg[ sl §gc 05| he

output rate an . Sheet <Ness. e second,  somewhat . col der rol|
cool s t hdldzpdrated adnertigingcerofiles, prleoryicctadding: i Berhni t

freezes the Phkitudbeess ad@ caravalD@tiRlwwas possi ble and cools the profile
until it is rigid in shape, .the aftercooling device |owers the

tenperaturé of the PET sheet virtually to roomtenpera- ture. The
aftercool i ng The himveationd iautdemvribed lisy dhifeatmrardktaiic hekev obithat e

shoul d be nat ratel ﬁ&ﬁ | SNASS . | to
prevent def ec?%%%ﬁ%ﬁ%g.%tot kﬁé(}{gr?'é?s EVETaR eﬁ%ns- ut Oéﬂ:ﬁpg%%g%%%?ﬁé

equi pnend9 t ha &imdtstden.ine for the production of PET sheets can -
al so include a separating 20 saw for cutting the sheet to length, a side

trimrer, a staéklng uEit and a,nonitoring station. The side of. edge
trimmer is adFRft ABEIVIAURYLRTPRET HLPR IGRR B9 dfgaccordapgs; whthyy
under cert ai nthe Eollowitgs standasdsniokobsh thAe followlhagnpirotesiseg.st ation,
t he thickness and optical proper- 25 ties of the sheet are neasured.

Measurement methods

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

Light transmission:

The light transmission is taken to mean the ratio between

the total amount of transmitted light and the amount of
20 incident light.

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

Haze and clarity:

Haze is the percentage of transmitted light deflected
25 from the incident ray bundle by an average of more than

2.5°. The clarity is measured at an angle of less than

2.5°,

The haze and clarity are measured using a "Hazegard plus"
instrument in accordance with ASTM D 1003.



The surprising multiplicity of excellent properties nakes t he novel,
transparent, anorphous sheet highly suitable for a multiplicity of

dirf ferent uses, for exanple for interior room panels, for exhibitions
and exhibition 30 articles, as displayst¥for signs, for protective glazing
of machi nes apd yehicleg, in the lighting sector, in shop fitting and
shel f constru§PF§ﬂ?ea§e§89tPfizing articles, as menu hol ders, as
basket bal | barkeosugfacesdefiectdi ard- determined ¥bsuallipri a, as i nformation
panel s and as brochure 35 and newspaper stands.

- 13- OnM ng to the good WV stability, the novel transparent,

anor phous she€harpy| ikpactestuenabheafor external appli- cations, such

as, for exanpigfjsf OpiaftiiSess  AteRthined SYH eMaccBr@ahBE SWeiENTs,
safety glass, externgl _clad- 5 ding, covers, applications in the

constructPon &8t &72/1D- || uninated advertising profiles, balcony

cl addi ng, roof exit doors and caravan w ndows. The invention is
described in gregter detgil_bel ow with reference to working exanpl es
without this F&B eEBﬁFﬁﬁg igeact PEREPIER Myt The i ndi vi dual
properties arTheeabzodd notaesbr dapaetwi sbrengtht vy f dbl omeagusedndim ds or

by the f°||0“59909?8ﬁ8§3ﬁ§th IS0 183§§§grenent nmet hods Sur f ace
gloss: 15 The surface gloss Is neasured at a measurenent angle of

20[err] in accordance with DIN 67530. Li ght transmi ssion: The
l'ight transm pghgitys taken to nean the ratio between the total anopunt

of transgbtteghglgghsggg Eﬁedggggﬂingﬁ in accordance with DIN 53475.

SV (DCA) and IV (DCA): _
The standard viscosity SV (DCA) is measured in accordance
with DIN 53726 in dichloroacetic acid.

The intrinsic viscosity (IV) is calculated as follows
15 from the standard viscosity (sSV):

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

Thermal properties:
The thermal properties, such as crystalline melting point
T,, crystallization temperature range T,, after- or cold-

. 20 crystallization temperature T, and glass transition
temperature T, are measured by di_fferential scanning -
calorimetry (DSC) at a heating rate of 10°C/min.

Molecular weight and polydispersity:

The molecular weights M, and M, and the resultant poly-
25 dispersity M, /M, are measured by gel permeation chroma-

tography (GPC).

Weathering (on both sides), UV stability:
The UV stability is tested as follows in accordance with
ISO 4892 test specification:



26 ~incidenf

Light.' - The light transmission is nmeasured using a
"Hazegard plus" instrunent in accordance with ASTM D 1003. Haze
and clarity: Haze is the percentage of transmtted |light deflected 25
fromthe incident ray bundle by an aveTad® of nore than 2.5[err]. The
clarity is neasured -at an angle of I|es han 2.5[err] The haze
and clarity a%ﬁsﬁeé§ﬁF§Bmﬁ§an a *Haz éﬁia p?ﬁsss WeaLPﬁ§f?Uﬂﬁﬁ?rin
accordance w TasASebhditi6is : ISO 4892, i.e. artificiall4 -
Surface defects: " The surface defe term ned visually.
Charpy inpact strength aferr]: Tﬁﬁégtgégﬁgg is determined in

accor dance wi Expesuse timeilD. : |2@ﬁ°nbouned (ppucside) engt h ak:
The_l zod gotcgﬁgggﬁpgct strength ak isgiBagn®d 349 nm accordance with I SO

180/ 1A
DI N 53479.

nsity: 10 The denS|tX i s" determ ned in accordance with
Tempexngtppea) and | V3 ( DCAY? The standard viscosity SV

(DCA) is neasrekdtiveagaenbgphéic with DIN 53726 in dichloroacetic acid.

10

15

~ 20

25

30

humidity : 50%

Xenon lamp : inner and outer filters made of
| borosilicate

Exposure cycles : 102 minutes UV light, then 18

minutes UV 1light with water
spraying of the samples, then a
further 102 minutes UV light,
etc.

Color change:

The color change of the samples after artificial weather-
ing is measured in accordance with DIN 5033 using a
spectrophotometer. '

The following symbols are used:

AL: Difference in brightness
+AL: The sample is brighter than the standard
-AL: The sample is darker than the standard

AA: Difference in the red-green region
+AA: + The sample is redder than the standard
-AA: The sample is greener than the standard

AB: Difference in the blue-yellow region
+AB: The sample is yellower than the standard
-AB: The sample is bluer than the standard

AE: Overall color change

AE vaL? + aa? + aB?

The larger the numerical deviation from the standard, the
greater the color difference.



The i-ntrinsic viscosity (1V) is calculated as follows 15 fromthe

standard viscosity (SV): : IV (DCA) = 6.67 x 10[err] SV (DCA)
+-0. 118. Ther mal properties: The thernmal properties, such as
crystalline melting point T[err] c??sfallrzatron tenperature range
Tlerr], after: stall] zatro err]

gl ass transi Nf‘lﬂ‘ﬁn'caq' va EFaP r & # rf’?n gﬁ% O'F‘?Vér'é}ﬁ? al
scanni ng tharer ise oy sﬁ.ﬁﬁ&ﬁ:xaamz beabrnghaage.of 10[ err] C/ mn.

Mol ecul ar wei ght and pol ydi spersity: The nol ecul ar wei ghts Merr] and
Merr] and the resultant poly- 25 di spersity Merr]/Merr] are nmeasured
by gel perneaifieddowhvedse: t ogr aphy (GPC). Weat hering (on both
sides), WV st gl I;;aruow vaItie lé/ gkahy |&&¥1A§1éﬁ5tﬁ‘$ﬁ5c$1)$}:13¥\§shéss
accordance with t,specificatiq

i nstrunenf ~ toward AE!T is h@PaE}‘ﬁﬁ’E‘an acc"Fé?Eméoﬁfﬁ'#f o‘HEN

| SO 4892, 6i169. Yea.llblwf Iv@Jl&les of = 5 are invisible. weat heri ng
Exposure tine : 1000 hours, (per si de) 5 Exposur e

0.5 Wnferr], 340 nm Tenper at ure : 63C Rel ative

at nospheric The lexamgilles and comparat:.veswxamples(dmﬂpw oeach relate
i nner and out &b Lih&féslgggﬁ efa fJmer &]eets of vag:.ous th:.cﬁ?égééél cate

Exposure cycles
mnutes UV | i Brediced @@ &he extrusion line descr:.bed. spraying of the

sanples, then a further 102 minutes W i ght,
15 10 All sheets were %teathered in accordance with ISO 4892
test specification on both sides for 1000 hours per side
using the Atlas Ci 65 Weather-O-meter and subsequently
tested for their mechanical properties discoloration,

surface defects, haze and gloss.
15 Example 1:

A transparent, amorphous sheet with a thickness of 3 mm

is produced which contains, as principal constituents,

polyethylene terephthalate and 1.0% by weight of UV
. stabilizer 2-(4,6-diphenyl-1,3,5-triazin-2-yl)-5-(hexyl)-
20 oxyphenol (®Tinuvin 1577 from Ciba-Geigy).

Tinuvin 1577 has a melting point of 149°C and is thermal-
ly stable up to about 330°C.

In order to ensure homogeneous distribution, 1.0% by
weight of the UV stabilizer are incorporated into the
25 polyethylene terephthalate directly by the raw .material
' producer. The polyethylene terephthalate from which the
transparent sheet is produced has a standard viscosity SV
(DCA) of 1010, which corresponds to an intrinsic visco-
sity IV (DCA). of 0.79 dl/g. The moisture content is
30 < 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 crystal-



Cbl ors change: The col or change of the sanples after artificial

weat her - ing is nmeasured in accordance with DIN 5033 using a
spect r ophot onet er. 20 The foll ow ng s¥nbols are used: AL:
Difference in brightness +ALT 17 - The sanple is brighter than

t he standard . . - AL: The sampl e,i s, dar ker th ar.d
[err] A D'ff&Péﬁé&°?ntFHPeF@&pﬁFeﬁﬁnpggggnliébegween é?i&r?ﬂg EggpgThe
sanpl e is reddsd thanafbterstarygstalllization tenfperatiire (alsdhkneenpas is
greener than t St (o= P s | enr] B |.fferepce in t Lae-Y, ow
regi on cgﬁd}f%&%?@illzatl?ﬁe §a fgaQ§L$ZII§ﬁEr ?%agf%ﬁéeétéﬁ%%rd
-[err]B: Prirvddspereity M, (; athihe polyethyiene tgpephthalate iHeral |

color chamsge 3.14. The gl@lkkl Eransithieh' kemperathbe har@secthe nunerical
deviation fromthe standard, the greater the color difference.

- 16 - Nunerical values of [err] 0.3 can be neglected and nean that
there i s no sipefiolieC axtri@ion,C iy polyethylétld werepdhtrtialate Mittlyehl ow

val e C S BRI W S g D S n 0y e
I nvi si bl e. 170°C and then extruded in a single-screw extruder at an
extrusion temperature of 286°C through a sheet die onto
10 a smoothing calender whose rolls are arranged in an
S-shape, and smoothed to give a sheet with a thickness of
3 mm. The first calender roll has a temperature of 73°C
and the subsequent rolls each have a :empérature of 67°C.
The take-off rate and the calender roll speed are

15 6.5 m/min.

Following aftercooling, the transparent PET sheet with a
thickness of 3 mm is trimmed at the edges wusing
separating saws, cut to length and stacked.

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

- thickness : 3 mm
- surface gloss, lst side s 198
(measurement angle 20°) 2nd side : 196
- light transmission : 91%
25 - clarity : 100%
- haze : 1.5%
- surface defects per m? : none

(fisheyes, orange peel, bubbles,
etc)

no fracture

30 - Charpy impact strength a,

4.2 kJ/m?

- Izod notched impact strength a,



The exanpl es and conparative exanpl es bel ow each rel ate to

singl e-layer transparent sheets of various thicknesses produced on the
extrusion |ine described. 10 Al sheets were weathered in accordance
with | SO 4892 test specification onlBoth sides for 1000 hours per side
using the Atlas C. 65 Wather-O neter and subsequently tested for
their mechani cal ogigPebheBifliggol oration, sur fgssa ded S cdssedpge and
gl oss. 15 Exanple 1: A transparent, anorphous sheet with a

thi ckness of 3.nmgyystali$igieguced which contains, ;asggrinci pal

constituents, pol yet hyl ene terephthal ate and 1.0% by wei ght of WV
stabilizer 2-(4, §edlsplBgnyl -1, 3,5-triazin-2-yl)-5-¢hekyd3- 3 oxyphenol
([err] Tinuvin 1577 from C ba- Gei gy) . Tinuvin 1577 has a nelting
poi nt of 149[err]C and is thernal - |y stable up to about 330[err]C.

In order to ehAftee Wweatherdngsfdirsio0DUhoars pedisiie usingetightaviashe UV

stabilizeg arfl BRORRLALEdolRLOuL oD patP ukBHY LERELLEL DL AL

directly raw ucer. efie terepnht hal ate
from whi ch theng propeaﬁsparent sheet IS produced has a standard viscosity
SV (DCA) of 1010, which corresponds to an intrinsic visco- Sity
|V (DCA) of 0. 79thFF§ne$ﬁe moi sture content is 30: 30MRY% and the density
(DIN 53479) is 1.41 g/cnB. The crystallinity is 59% and the
crystal line nert PugEpsengloss. lgtceideng to DSC neak¥Wenents, is 258C. The
crystal - 17 I|zat|on : -
t.enperature rangém¥P§PFFmF§tbéFﬂéen283[e?ﬁFCSaﬂﬁ 258}%5r](: and the
after- crystalllzatlon tenperature (al so known as .
- light transmission : 91.1%
- clarity ¢ 100%
- haze : 1.6%
- overall discoloration AE : 0.22
- dark discoloration AL : -0.18
15 - red-green discoloration AA : -0.08
- blue-yellow discoloration AB : 0.10
- surface defects
(cracks, embrittlement) : none
- yellow value G : 4

20 - Charpy impact strength a, ¢ no fracture
- Izod notched impact strength a, : 4.1 kJ /m2
- cold formability :

good

Example 2:
_ A transparent, amorphous sheet is produced analogously to
25 Example 1, with the UV stabilizer 2-(4,6-diphenyl-1,3,5-
triazin-2-yl) -5- (hexyl) -oxyphenol (®Tinuvin 1577) being
metered in in the form of a masterbatch. The masterbatch
consists of 5% by weight of ®Tinuvin 1577 as active
ingredient and 95% by weight of the polyethylene tere-



-

cold-crystallization tenperature) T[err] is 144[err]C. The
polydispersity Merr]/Merr] of the polyethylene terephthalate is 5

2*14. The glass transition tenperature is 83[err]C Bef or e
extrusion, the polyethylene terephthalaté wth a crystallinity of 59%
is dried in a er. forgg éﬁ% 170[err] C and then extruded in a
singl e-screw PUSlon tenperature of 286[err] C through

a sheet die onto 10 a snDothlng cal ender whose rolls are arranged in an

S-shape, and %’E‘%‘&J&edeker&h!&? Wt bgc Qg?gﬁ@' g@"eii %01% gﬂgm‘ The

first calender roll has a tenperature guent

rolI's each hakersephéhsdakerkror Erpmplecl are 4¥k54aﬂ§ 30 °Catfomny t he

cal ender roll peReed vAth o @Ewé! t).0f the mfatéma@;af-méceﬁtfag, t he
~ transparent PETL sheet with a i ckness of gnéls tri d a the edges

usi ng 5 sefdoR ARg §£’rﬁ$t ?EPdP&tFQHgPHeaﬁB’-’EPS Jt ana °‘=Fﬁ y t
transparent, @a@samplleud .PET sheet produced has the 20 foll ow ng property

profile: - thickness : 3 nm - surface
gl oss, 1st side . : 198 (nmeasurenent angle 20[err]) 2nd
side : 196 The trangparentinsamorpbous PET sheet prodgeed Ims the
clarity follow1ng property profidd¥ - haze

: 1.5% - surface defects per nferr] none

(fisheyes, oranggenieghesBuUbbl es, etc) 30= 3-mkhar py inpact _
strength a[err] : no fracture - lzod notched inpact strength
ak : 4.3kd/ nlegulkface gloss, 1st side : 194 :

(measurement angle 20°) 2nd side : 193

- light transmission ' : 91.3%

- clarity : 100%

- haze : 1.4%
15 - surface defects : none

(fisheyes, orange peel} bubbles,
etc)

- Charpy impact strength a, no fracture

- Izod notched impact strength a, : 4.0 kJ/m?
20 - cold formability : good

- crystallinity : 0%

- density : 1.33 g/cm®

After weathering for 1000 hours per side using the Atlas
Ci 65 Weather-O-Meter, the PET sgheet exhibits the
25 following properties:

- thickness $ 3 mm

- surface gloss, 1lst side : 192
(measuremenﬁ angle 20°) 2nd side : 190

- light transmission : 91.1%



- cold formability . good, no defects -

crystallinity
:71.33 g/cnB

Atlas 5 Ci 65 Weat her-O neter,

. 0% -
After weathering fo

density
01000 hours per side using the
the PET sheet exhibits the follow

I ng properties: - t-hi ckness 3 mm
surface gl oss, -lallagide - . 196 memgsokenent angl e
20[err]) 2nd side : 195 10 - light transm ssion 91. 1%
- clarity - haze : 100% :- base

1. 6% - overall discoloration [err]E : 0.22 - dark
di scol orati on [ebfkkall discolor@tidn AR - red=sgreepadi scol oration
[err] A . -0.08 - bl ue-yell ow di scoloration [err]B 0.10

- surface deféctaark discolorachen ambrittl ement)

yel | ow val ue
alerr] 5
kJ/ nferr]

10

15

20

25

G

4 20 -

- cold formability
blue-yellow discoloration AB

surface defects

"(cracks, embrittlement)

yellow value G
Charpy impact strength a,
Izod notched impact strength a,

cold formability

Example 3

0.12

-0.19 : none
: Charpy i npact strength
redFgaeen’ discoloratibnodanot ched :i npaco8strength ak

good

none

5

no fracture

4.0 kJ/m?

good

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

A transparent, amorphous sheet with a thickness of 6 mm

sV (DCA)

- IV (DCa)

Density
Crystallinity
Crystalline melting point T

Crystallization temperature
range T,

After- or cold-crystallization
temperature Ty

Polydispersity M, /M,

Glass transition temperature

*

1100
0.85 dl/g
1.38 g/em®
44%

245°C

' 82°C to 245°C

82°C

4.

1



Exan'p-l e 2: A transparent, armrphous sheet is produced anal ogously to
25 Exanple 1, with the UV stabilizer 2-(4,6-diphenyl-1,3,5-

tri azin-2-yl)-5-(hexyl)-oxyphenol ([err]Tinuvin 1577) belng netered in
in the formof a masterbatch. The naster®itch consi sts of 5% by wei ght
of [err] Tinuvin 1577 as active I ngredi ent and 95% by wei ght of the

pol yet hyl ene igr @roduced which contains, as principal quﬁtlt“enﬁﬂ{halate
from Exanpl e the polyBeﬁernextﬂdt@wthal&Q% baewrﬂbédofaﬂmeopebsyeﬁiayl ene
terephthalate fro égg*g R@re dr.i, d at 3ZQ%ﬁ %ﬁh Egug%%mnth
20% by wei ght WSS Poatcif &5 35 %ﬂ%’e? oUtRTi on
are carried obEnanﬁnﬂaznﬂqu{yl) -4 E(hDp) 2, 3 tetramethy linansdpleenol

anor phous sPET 3341, RHLOSE  dedlite &fa- el %Egd%ﬁp}g}eey vf-H gsﬂé 18{ si de

- thickness - surf

194 thenpedymerent angl e 20[err]) 2nd side : 193 - light
transm ssion TJ.anJ.n 360 has &me¥ffing poimt @fa'iB'SYC and :|.s therma11¥
: 100% i 1.4% - surface
defects stable up to. ahgnt 250°C. (flsheyes or ange peel_, bubbl es,

etc)
As in Example 1, 0.6% by ﬁeight of UV stabilizer are
10 incorporated into the polyethylene terephthalate directly
by the producer of the raw material.

The extrusion temperature is 280°C. The first calender

roll has a temperature of 66°C and the subsequent rolls

have a temperature of 60°C. The take-off rate and the
15 speed of the calender rolls are 2.9 m/min.

The transparent, amofphous PET sheet produced has the
following property profile: '

- thickness : 6 mm

- surface gloss, 1lst side - 175
20 (measurement angle 20°) 2nd side : 173

- lighf transmission : 88.6%

- clarity : 99.6%

- haze : 2.5%

- surface defects per m? : none
25 (fisheyes, orange peel, bubbles,

ete) '

- Charpy impact étrength a, no fracture

- Izod notched impact strength a, 4.8 kJ/m?

- cold formability good, no defects

30 - crystallinity 0%



- Charpy inpact strength aferr] : no fracture - lzod notched
inmpact strength ak : 4.0 kd/nferr] 20 - cold formability

: "good - crystallinity 0% - density

: 1.33 g/cnB After weathering toP21000 hours per side using the
Atl as C 65 Weather-O Meter, the PET sheet exhibits the 25 .
fol l ow ng proper geasity - thickness : 1.33 g/em® < 3 MM

- surface gl oss, 1st side : 192 (measurenent angl e 20)
2nd side : 190 - light transm ssion : 91. 1%

- 20 - Aft@rameathering for 1000 hours per sidel(i8¥ng the Atlhaze

 1.5% ; e E'gg io% s1 e 4 _ -
dar k di scol or(gtil %ﬁ fvglrs‘rk:}'l lk 6 MQEQE,:&} el?L%'} Fsbfet e-xhrlg&-tgsr gle% 5?15'%:8Y'orat i on
[err] A . ingy @@operties: p| ue-yel | ow di scoloration [err]B : 0.12
- surface defects (cracks, enbrittlenent) . none
- yel | ow \Pal ue -Gthickness -5 : : 6 mm
- surface gloss, lst side s 171
(measurement angle 20°) 2nd side : 169
- light transmission : 88.3%
- clarity : 99.5%
10 - haze : 2.7%
- overall discoloration AE . : 0.56
- dark discoloration AL : -0.21
- red-green discoloration AA : -0.11
- blue-yellow discoloration AB : +0,51
15 - surface defects
(cracks, embrittlement) ¢ none
- yellow value G : 6
- Charpy impact strength a, : no fracture
- Izod notched impact strength a, : 4.6 kJ/m?
20 - cold formability : good, no defects
Example 4:
A traﬁsparent amorphous sheet is produced analogously to
Example 3. The extrusion temperature is 275°C. The first
calender roll has a temperature of 57°C and the sub-
25 sequent rolls have a temperature of 50°C. The take-off

rate and the calender roll speed are 1.7 m/min. The éheet

is stabilized as described in Example 3.

The PET sheet produced has the following property

profile:



10 ~+- Charpy inpact strength aferr] - : no fracture - lzod

not ched i npact strength aferr] : 4.0 kd/nferr] - cold fornmability

. ‘good Exanpl e 3 A transparent anorphous sheet is produced

anal ogously to 15 Exanpl e 1 using a poldgethyl ene terephthalate with the

foll owi ng properties: - SV (DCA) _ > -1100

- IV (DCA - thickness » 0.85dl/g 10 mm Density

1 1.38 g/cnB 20 - Crystallinity : 44% -

Crystal li ne nelt igh@ faeieNig1lts®, st side : 245[err],C 143 -

Crystallization tenperature range T[err]

82[err] C to 245[ melaBurement anﬁﬁ%ﬁ@0°9r2ﬁﬂjQi@hyStahklzat'on 25

tenperature T[err] 52[err]C - Pol ydi spersity

Merr]/Merr] - light transmissdo®? - C]asg tggnggtion tenperature
82[err]C A transparent, anorphous sheet with a thickness of 6 mMm

- 21 - 5 is pladdegd which contains, as princi;pabgcagstituents,

t he pol yethyl ene terephthal ate described and 0.6% by wei ght of the WV

stabilizer 2,2'--gmizleyl ene-bi s-(6-(2H 4.95%

- surface defects per m? : none

(fisheyes, orange peel, bubbles,
etc)

10 - Charpy impact strength a, no fracture

- Izod notched impact strength a, 5.1 kJ/m?

- cold formability

good, no defects
- crystallinity -t 0.1%

- density 1.33 g/cm®

15 After weathering for 1000 hours per side using the Atlas
Ci 65 Weather-0O-Meter, the PET sheet exhibits the follow-
ing properties:

- thickness ¢ 10 mm
- surface gloss, 1st side : 160
20 (measurement angle 20°) 2nd side : 159
- light transmission : 86.2%
- clarity s 99.1%
- haze s 5.0%
- overall discoloration AE s 0.47
25 - dark discoloration AL : -0.18
- red-green discoloration AA ¢ -0.09
- blue-yellow discoloration AB : +0.42



benzotriazole-2-yl)-4- (1,1, 3, 3-tetranet hyl butyl ) phenol 5 ([err] Tinuvin
360 from Ci ba-CGeigy), based on the weight of t he pol yner. Ti nuvi n
360 has a nelting point of 195[err]C and is thermally stable up to
about 250[err]C. As in Exanple 1,2%.6% by wei ght of UV stabilizer
are 10 I ncorporated into the polyethylene terephthalate directly by
the producer of ghefsew fqeteetsl . The extrusion tenperature is
280[err] C. The first alegﬁgr_ ro * has a tengerature of 66[err]C and
the subsequent r&FFacks: pitblementl ature of 60 AL, The take-off rate
and the 15 speed gf t he calgnder rolls are 2.9 g1rgrm The
transparent, anoYphof¥ BAY9€hBet produced has t he® fol | owi ng property
profile: - chhickness c th -, 6 & - surface
gl oss, 1st side CRarPY impact;gtreng an(rreasureﬁerﬂ"d#%ce‘?ﬁferr]) 2nd
z:gsiiyl7§ - Izodlﬁgeghgéagggég'Igg;%@gth'ak s fﬁﬂ&aﬁg&éﬁb

(11 5heyes, orangiohRarormaRRIbEY’ | Lic) ¢ 9O%en A Aefeske

strength a[err] : no fracture - 1zod notched inpact strength
Gefects 30 Compazacive ERagprg'zenllily - 0000t O
A transparent, amorphous sheet is produced analogously to
Example 1. In contrast to Example 1, the sheet contains
10 no UV stabilizer. The polyethylene terephthalate eém-
ployed, the extrusion parameters, the prdcess parameters

and the temperatures are selected as in Example 1.

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

15 -~ thickness : 3 mm
- surface gloss, lst side s 200
(measurement angle 20°) 2nd side : 198
- light transmission ¢ 91.4%
- clarity : 100%
20 - haze : 1.3%
- surface defects per m? : none

(fisheyes, orange peel, bubbles,
etc)

- Charpy impact strength a,

no fracture
25 - Izod notched impact strength a, : 4.3 kJ/m?

- cold formability good, no defects

- crystallinity 0%

- density 1.33 g/em?®

After weathering for 1000 hours per side using the Atlas



- 22 - - density : 1.33 g/cnB

After weathering for 1000 hours per side using the Atl as G 65

Weat her - O- Meter, the PET sheet exhibits the fol | ow i ng properties:

5 - thickness - 258 mm - surface gloss, 1st

I 2 2 1
_SI Id?ght transrﬂ‘sélsoweather O-Mgteg?utr:ﬁgg{%m/oasqgeeet e0 era.gs] hd %ogiow- 69

99.5% 10 ing patperties: _ D 2.7% - overal
di scoloration [err]E . 0.56 - dark discoloration AL
: -0.21 -- thddkgyeasn di scoloration [err]A : 3 mm -0.11 -
bl ue-yel | ow di scoloration [err]B . +0.51 15 - surface defects
(cracks enbri t-t lserFalcle gloss, lst sideec - :yebBow val ue G

6 - Charpy inpact strength a[err] : : no fracture :
| zod not clsed i Nnpadaieadiuret@gnt angle 200 )k2nd] @ide :2095 - cold fornablllty
: good, no defects Exanpl e 4: A transparent anorphous sheet is

produced anal ogoddight!t @ransmilesdespl € 3. The extrusi om9tB®perature i s
275[err]C. The first

- clarity T 81l.2%

- haze : 7.8%

- overall discoloration AE s 3.41
10 - dark discoloration AL : -0.29

- red-green discoloration AA : -0.87

- blue-yellow discoloratioﬁ AB : +3.29

- surface defects _

(cracks, embrittlement) : embrittlement

15 - yvellow value G s 17

- Charpy impact strength a, complete frac-

ture at 34.8

kJ/m?
- Izod notched impact strength a, : 1.3 kJ /m?
- cold formability : cracking

The sheet exhibits a clearly visible "yellow" discolor-
20 ation. The surfaces are matt and embrittled.

Comparative Example 2

A transparent, amorphous sheet is produced analogously to

Example 3. In contrast to Example 3, the sheet contains

no UV stabilizer. The polyethylene terephthalate em-
25 -ployed, the extrusion parameters, the process parameters

and the temperatures are selected as in Example 3.

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



cal ender roll has a tenperature of 57[err]C and the sub- 25 " sequent rolls

have a tenperature of 50[err]C. The take-off rate and the cal ender
rol 1 speed are 1.7 mimn. The sheet is stabilized as described in
Exanpl e 3. The PET sheet produced2fas the fol |l owing property
profile: . .- 23 - - thickness
: 10 mMm _-tﬁgakﬁggsgloss, 1st side : 6 1fm
(measurenent angle 20[err]) 2nd side : 161 - light transm ssion

86.5% 5  _-gakRhbbYgloss, 1st side : (169 2% - haze
P 4.95% - surface defects per njerr] . none _
(fisheyes, orangqmaaahreauhlel aagle 20°) 288Ckidé0:. 178Charpy inpact
strength a[err] : fracture - lzod notched inpact strength
ak 5.1 kJ/n2 3ight traﬁQhQsEQBﬁab'|'ty : 88.9% : good, no
defects - crystallinity : 0.1% - density
: 1.33 g/ gnB 151arﬁg&er weat hering for 1000 hours ¢e[ggi de using the
At as C 65 Weather-O Meter, the PET sheet exhibits the foll ow
ing properties. paze : 2.3%

- surface defects per m? : none

(fisheyes, orange peel, bubbles,
etc)

10 - Charpy impact strength a, no fracture

4.8 kJ/m?

- Izod notched impact strength a,

- cold formability good, no defects

- crystallinity 0%

- density 1.33 g/cm®

15 After weathering for 1000 hours per side using the Atlas
Ci 65 Weather-0-Meter, the PET sheet exhibits the follow-
ing properties:

- thickness : 6 mm
- surface gloss, lst side : 91
20 (measurement angle 20°) 2nd side : 87
- light transmission | : 72.5%
- clarity : 78.3%
- haze H 12.9%
- overall discoloration AE : 3.61
25 - dark discoloration AL : -0.26
- red-green discoloration AA : -0.91

- blue-yellow discoloration AB s +3.48



- thi-ckness - ' 10 mm - surface gloss, 1st side

160 20 (neasurenent angle 20[err]) 2nd side : 159 - light
t rransm ssi on . 86.2% - clarity
99. 1% - haze - 27 - 5. 0% - overall
di scoloration [err]E : 0.47 25 - dark discoloration AL '
-0.18 -sﬁeﬂaeéeeafdasgoloration [err]A : -0.09 -
bl ue- yellow1d|sc | oragion
=24 - - u?f%%lté ?%%ftlglement) (cr acks efbr TR RS fgent.
none - yell ow vaI ue G . 5cracks - Charpy i rrpact
strength aferr] . no fracture 5 - lzod notched inpact strength
a[err] : 4.5 kJyeRlow value @old formability s 18 : good, no
defects Conpar ati ve Exanple 1: A transparent, anorphous sheet

i s produced anal Chaupyyimpact sEremgth 4, |n contraxomplebearfrac-l, the
sheet contains 10 no WV stabilizer. The polyethylgie t8r epihal ate em
pl oyed, the extrusion parameters, the process paranetera and the
-tenperatures are selected as in Exanple 1. kJ

5 - Izod notched impact strength a, 1.6 kJ/m?

- cold formability ¢ cracking

The sheet exhibits a clearly visible "yellow" discolor-
ation. The surfaces have been strongly attacked (matt,
embrittled, cracking).

10 Comparative Example 3:
A UvV-stabilized, transparent, translucent sheet is
produced analogously to Example 3, likewise using the
polyethylene terephthalate, the UV sgtabilizer and the
masterbatch from Example 3. The first calender roll has
15 a temperature of 83°C and the subsequent rolls each have

a temperature of 77°C.

The sheet produced is extremely hazy and virtually -
opaque. The light transmission, the clarity and the gloss
are significantly reduced. The sheet exhibits surface
20 defects and structures. The optical properties are
unacceptable for a transparent application.

The sheet produced has the following property profile:

- thickness ' : 6 mm

- surface gloss, lst side : 86
25 (measurement angle 20°) 2nd side 88

- 1ight transmission | : 8%

- clarity : not measurable



The t-ransparent PET sheet produced has the foll ow ng property profile:

15 - thickness 3 mMm - surface gloss, |st
si~de : 200 (rmeasurenent angle 20[err]) 2nd side : 198
- light transm ssion . 912895 - clarity

100% 20 - haze : 1.3% - surface
defects per nl er hkhze . none (fi shgyeset OheéageraSEL, bubbl es,
etc) - Charpy inpact strength aJerr] . no fracture 25 -

| zod notched i opagartatecagEdctls perdm3 kJ/n2  : bubbIésf é@aﬁrgbl I ity

: good, no defects., - crystallingit -
density (Bisheyes, qraﬁge pefg ﬁaPBﬁﬁs' peel Afier meatherlng for
1000 hours per siete)using the Atlas
- 25- C 65 Weather-O Meter, the PET sheet exhibits the foll ow
i ng propemsties- Charpy- impacitnessength a, : no fracturé mm -
surface gloss, It side . 98

- Izod notched impact strength a,: 5.0 kJ/m?

- cold formability : ‘good

- crystallinity : approx. 8%

- density : 1.34 g/cm®

10 Owing to the unacceptable optical properties, the 6 mm
sheet was not subjected to a weathering test.
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8L. 2% ' 7.8%

di scol orati on%-‘ﬂ/‘"’zs‘1 . 3.41 .10 - 29%ark discol or BF'F(SFP%E/O”H

: -0.29 red-green discoloration [err]A : -0.87 -

bl ue-yel | ow dltgt?(}lnl?ratlon [err] B © +3.29 _ surface defects .
(cracks, enbrittlenent) : enbrittlenment 15 - yellow value G
tu}g At 348 19har QY Rt rahtS "dhlrBh8hE! sheet havin&%”}gg:ﬁk

| zod notched i npactthst r @agcie affrem 1: to3 3Q)/mf emwijich contaipsgl.d a

formability principal co%rs%qjﬂd%t, _ rﬁgeaih‘.ﬁﬁﬁbiéh' bh&ﬁa-
clearly visible "yéllow' “di scol or- 20, atlon e surfaces are matt and
enbrittled REafcr iard sehtpine at leaet rone Y ohight8ERRA0S
sheet is produced anajeagously to Exanple 3. In contrast to Exanple 3,
t he sheet contains no UV stabilizer. The pol yethyl ene terephthal ate
em 25 pl oyed, the extrusion paranmeters, the process paraneters and .

t he tenperaturdas arke shedectanl ebaimeddmptbain 1, wher&im thenspmarent PET
sheet produced has ghg | |V Pe uv oREBRGILYrP4Y i the range from
0.01 to 5% by weight, based on the weight of the
10 crystallizable therﬁoplastic.

3. A sheet as claimed in claim 1 or 2,~ wherein the UV
stabilizer is selected from 2-hydroxybenzotriazoles
and triazines.

4. A sheet as claimed in claim 3, wherein the UV stabi-

15 lizer used is at least one compound selected from 2-

(4,6-diphenyl-1,3,5-triazin-2-yl) -5- (hexyl) oxyphenol

and 2,2’'-methylene-bis(6-(2H-benzotriazol- 2-yl) -4~
(1,1,3,3-tetramethylbutyl)phenol.

5. A sheet as claimed in any one of the preceding
20 claims, wherein the surface gloss, measured in
accordance with DIN 67530 (measurement angle 20°),

is greater than 120.

6. A sheet as claimed in any one of the preceding
claims, wherein the light transmission, measured in
25 accordance with ASTM D 1003, is greater than 84%.

7. A sheet as  claimed in any one of the preceding
claims, wherein the haze, measured in accordance
with ASTM D 1003, is less than 15%.

8. A sheet as claimed in any one of the preceding
30 claims, wherein the crystallizable thermoplastic has
a crystallinity in the range from 5 to 65%.



;gl (2325 1st si de thi ckness . 180 (measurerrent angl e”llulleulllmluzwmll

sicde : 178 - light transmission : 88.9% °5*

clarity . 99638 - - haze

: 2.3% - surfa e defect . nhone _, ,
(fisheyes, orgnge gpreef Bg £o2 medrﬂ"n CJélec)°f e Pre‘t?r‘i’é‘r’ﬁ/ G1Aime
strength a[err] ' where:.h rﬁhéra&?ﬂtallzzable- thefinopi and ekt | ﬁpadt sérength

Gerects 0 ' Chylparpa, ffSn” pSiiBdhyibde rerepppatace, oS J°

1.33 g/cn8 15 buMQne\Abarhphthglabe. 1890gy¢beoplefin molipmersiand tane

Atl as g G 65 V‘ggp_.lj]gglgﬂ/ﬁt 8bpoliPReRET sheet exhibits the fol |l ow
i ng properties: hi cknes’s 6 mMm -

surface gl oss, 1st side 91 20 (rmeasurenent angle 20) 2nd

side : 87 10. -al bBBett 43N6TASKEANin claim 9, wheréin ZKdbcrystal-
. C 0,
clarity lizable thermoplas7i§:i'.c3 A)used is polyethylene tere-

phthalate.

11. A sheet as claimed in claim 10, wherein the polyeth-
10 ylene terephthalate contains recycled polyethylene
terephthalate.

12. A sheet as claimed in claim 10 or 11, wherein'the
measurement of the Charpy impact strength a,,
measured in accordance with ISO 179/1D, is not

15 accompanied by a fracture. .

13. A sheet as claimed in any one of claims 10 to 12,
wherein the Izod notched impact strength a,, mea-
sured in accordance with ISO 180/1A, is in the range
from 2.0 to 8.0 kJ/m?.

20 14. A sheet as claimed in any one of claims 10 to 13,
wherein the clarity, measured in accordance with
ASTM D 1003 at an angle of less than 2.5°, is
greater than 96%. '

15. A sheet-as claimed in any one of claims 10 to 14,

25 wherein the polyethylene terephthalate has a crys-
talline melting point, measured by DSC at a heating

rate of 10°C/min, in the range from 220° to 280°C.

16. A sheet as claimed in any one of claims 10 to 15,
wherein the polyethylene terephthalate has a crys-
30 tallization temperature, measured by DSC at a heat-
ing rate of 10°C/min, in the range from 75° to

280°cC.



- haze 12, 9% - overall ﬁ | I
[err]E 3.61 25 - dark discol oration AL . lmﬂ m[“ |Hﬂ
- ted-green discoloration [err] A . -0.91 - blye-yelfot ™
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A sheet as claimé8 in any onearqfy ¢Xeisd Toresgte,alerr]
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Joapredn the polysthylene terephthalate, empjoy eﬁtﬁf
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- cold fornmability & standard viscosityr3¥k(DGA), measurEe ishdéthidmibbits a

clearly visible "yaldéate diggal Q5 accordﬁ{d'é)nwii(.gﬂe fs?gg%’ha%? Qg?n

ive

strongly

tacked (matt, enbrittl ed,
Exanpl e 3% A U&aﬁ%iﬁq%cﬂ‘)q thd3A%nt , transiucent sheet is
produced anal ogously to Exanple 3, |ikew se using the
t er epht hal at €44 he AV,
The first cal énder

cracki ng) . Conpar

pol yet hyl ene

i h _masterbatch f Exanpl e 3.
FoPEoRses) cFor Jhae DEronneETon el @) EranmpaRsat,

subsequent rolls e®menphous sheed menpiaimedeinfany [are oE claims 1The sheet
produced is extremgly, h%ﬁ.cﬁ{'dc%tﬂi@elsy melting the crystallizable

10

15

20

25

30

19.

thermoplastic in the extruder together with the UV
stabilizer, extruding the melt through a die, cali-
brating, smoothing and cooling the extrudate irn a
polishing stack with at least two roils, and cutting
of the sheet to size, where the first roll of the
polishing stack has a temperature in the range from
50 to 80°cC.

The process as claimed in claim 18, wherein the

- crystallizable thermoplastic is dried before melting

20.

21.

22.

23.

23.

in the extruder.

The process as claimed in claim 18 or 19, wherein
the crystallizable thermoplastic is polyethylene
terephthalate. | '

The process as claimed in claim 20, wherein the
polyethylene terephthalate is dried at from 160 to
180°C for from 4 to 6 hours before extrusion.

The process as claimed in claim 20 or 21, where the
temperature of the PET melt is in the range. from 250
to 320°C.

The process as claimed in any one of claims 20 to
22, wherein the UV stabilizer is added by master-

batch technology.

The use of a transparent, amorphous sheet as claimed
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structures. The optical properties are unaccept abl orc aL

transparent applicati on. The sheet¥®%roduced has the fol | owi ng

property profile: -- thi cknes . : 6 mMm --

surface gl oss, 1st ¥} (eny one. %% gkaims 1pkeyr dfenforngextesbadr |)

2nd side 88 applicgitidnsansni ssi on . 8% - clarity

. not measurabl e - 28 - - haze
not measur abl e - surface defects per njferr] . bubbl es,

or ange (fisheyes, orange peel, bubbles, peel etc) 5 -

Charpy inpact strength aferr] : no fracture - lzod notched

i npact strength aferr]: 5.0 kJd/nferr] - cold formability

: good - crystallinity . approx. 8% -

density : 1.34 g/cnferr] 10 Onng to the

unaccept abl e optical properties, the 6 mMm sheet was not subjected to a

weat hering test.
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1. A transparent, anorphous sheet having a thickness in t he
range from1l to % whi ch contains, as princi pal constituent, a
crystal | i zabl €3Heritt WG ‘plasti ¢, 3hd contains at | east one W |ight

st abi - lizer. . 4 A sheet as clainmed in claim1, wherein
the concen- Abstract.qf the %ifzs't']r%sw stabilizer is in the range from
0.01 to 5% by wei ght, based on the weight of the 10 crystallizable

t her nopl asti c. o aj .l lLaim 1, ors 2, wherei.n the
w st_af)ﬁrlmz%r' i seigggegg:s'f ?g?nhg-ggfig?g)%?bseﬂn%%? aForEystal-
and triazi nes.lizable thermopl}astigs clained in claim3, wherein the W

stabi - 15 lizer used is at | east one conpound sel ected from 2-
(4, 6-di phenyl -1, 3,5-triazin-2-yl)-5-(hexyl)oxyphenol and .
2, 2" - et hyl enet s’(%‘-’?’?'i—f%n’i%i/?%%%oég 28y Fyapsparent, amorphous sheet

(1,1, 3, 3-tetr dnating bat yhipkaeek. in the bangéd Fheat 1a5ts| 20 e Whiahy one

of the precedi 0} cl aj . erein e surface gl oss, . .neasured
o hefine., g BriRcaralo TRastfeRty MortvstplLifable

is greater thdhexxpplastic, Gnd Agitednsmate leiastd one ANy ldghtobtabd -

pr ecedi ng 14 Cled B p MGl T j rausm sgi red_i,n 25
accordance wt hlz:Sr'I'M D 1003, I sseé ?e‘.;al!tqg:rﬂdt %@E&&%ﬂ ot nge giggﬁ'éegngs
clained in anytdridaugnehHthe#hrpt. clai ms, wherein the haze,
measured in accordance with ASTM D 1003, is |less than 15%



8.~ A sheet as clained in any one of the preceding 30 clainms, wherein
the crystallizable thernoplastic has a crystallinity in the range
from5 to 65% - 30- 9. A sheet
as clainmed in one of the preceding clains, E wherein the:
crystallizable thernoplastic used is sel ected from pol yet hyl ene

t erepht hal ate, poly- . butyl ene terephthal ate, a cycloolefin
polymer and a 5 cycl ool efi n copol yner. 10. A sheet as
claimed in claim9, wherein the crystal - : | i zabl e thernopl astic
used is polyethylene tere- pht hal at e. - 11. A sheet as
claimed in claim 10, wherein the polyeth- 10 yl ene terephthal ate
cont ai ns recycl ed pol yet hyl ene t erepht hal at e. 12. A sheet
as clainmed in clal b, 11, wherein the measurenent of the
Charpy i npact ﬁ;.o Blerr], measured in accordance with

| SO 179/ 1D, is not 15 acconpani ed by a fracture. 13. A
sheet as clainmed in any one of clainms 10 _to 12, wherein the |zod
not ched i npact strength a[err], nea- 0CsH;3 sured in accordance with ISO
180/ 1A, is in the range from2j0°to 8.0°kd/nferr]. 200 14. A
sheet as clained in any one of clains 1 o 13, : wherein the :
clarity, measured in accordance with ASTM D 1003 at an angl e of

| ess than 2.5[err], is gr eat ﬁG@b

NN

l 5

N

2-(4,6-Diphenyl-1 .3,5-triazin-2-yl_)-5_-(hexyl)oxyphenol

_dhig 15

2,2"-Methylene -bis (6-(2H-benzotriazol-2-yl}-4-(1,1,3,3-tetramethylbutyl)-phenol



»

157 A sheet as clained in any one of clains 10 to 14, 25 wherein

thé’polyethylene terephthal ate has a crys- talline nelting point,
measured by DSC at a heating rate of 10[err]C/ min, in the range
from220[err] to 280[err]C 16. A sheet as clained in any one of
clainms 10 to 15, wherein the polyethyl ene terephthal ate has- a
crys- 30 tallization tenperature, neasured by DSC at a heat-

ing rate of 10C mn, in the range from75 to 280C.

-31- 17. A sheet as clainmed in any_one df cl i 10 to 16,

wherein the pol yethyl ene terephthal ate ed—a, a standard
viscosity SV (DCA), measured in dichl orcid tic acid in
accordance with DIN 53728, in the 5 range f 800 to 1800.

18. A process for the production of a't anarent anor phous
sheet as clained in any one of clains 1 , Which conprises
nmelting the crystallizable = thegofl asti clfi he extruder together
with the UV 10 stabilizer, extwydilpellt he nellt rough a die, cali-
brati ng, snoothing and cooling the ext r uglp in a pol i shing stack
with at least two rolls, and cutting of ‘tlhefsheet to size, where
the first roll of the pollshln" lack hapes enperature in the
range from 15 50 to 80[err]C. 19. ' T ocess as clainmed in
claim 18, wherein the crystalli 1l e thel’n astic is dried
before nelting in the extyuder| [ 20 he process as

claimed in claim 18 or 19, wherein

| 1'i zabl e
thernoplastic is polyethyl ene

inq. ¢
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t er.epht hal at e. 21. The process as clainmed in claim20, wherein the

polyet hyl ene terephthalate is dried at from 160 to 180[err] C for
from4 to 6 hours before extrusion. 25 22. The process as clainmed in
claim20 or 21, where the - tenperature of the PET nelt is in the
range. from 250 - ' to 320[err]C. 23. The process as clained
in any one of clains 20 to * 22, wherein the UV stabylizer i.s added
by master- 30 "~ batch technol ogy. 23. The use of t ransparent,
anor phous sheet as cl ai 14 - 32 - i§ any one of
clains 1 to 17 for extsg r@aplications.
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