-1- TRANSPARENT PLASTI C PANE COVPRI SI NG A COPOLYMER OF NETHYLNMVETHACKSH e
AND POLYFUNCTI ONAL ACRYLATES The present invention relates to plastic panes

based on pol ynet hyl met hacryl ate, which can be used as a canopy material for
aircraft and which are able to tol erate hi gh nechanical, physical, and
chem cal stresses. Aircraft canopies are subjected to an unusually w de
array of high nechanical, physical and _chem cal stresses. For exanple, the
intensity of short-wave light at high aftitudes is nuch nore intensive than
at ground level. Also, aircraft canopies are subjected to high
tenper at ures, aSRANSIPARENT GhASENQerAEIr@ONBRFaNeN8e SOPTHENER PR even
extraordi nary cheWERE LMETHACRYLAGE ANPC PREY FHNFT RGNS Mg T tocedures. Al
of these factors necessitate that such canopi es be nmade of speci al
materials. Consequently, the aircraft industry has specified a nunber of
requi renents for the use of plastic panes as a canopy material. One basic
requi rement of the aircraft canopy is high transparency and col orl essness,
as well as good stability against yellow ng. Another requirenent relates to
t he heat defl eqhicOprtesper ahuégt dn tihe dtisetdoalplashecr phméehbhapatidn cati on
(Mlitary P-25690 A) requires that if biaxially stretched

polymethylmethacrylate, which can be used as a canopy material

for alrcraft and which are able to tolerate high mechanical,

physical, and chemical stresses.

Aircraft canopies are subjected to an unusually'wide
array of high mechanical, physical and chemical stresses. For
example, the intensity of short-wave light at high altitudes
is much more intensive than at ground level. Also, aircraft
canopies are subjected to high temperatures, as well as high
temperaturé differences. There are even extraordinary
chemical stresses on aircraft during cleaning procedures. All
of these factors necessitate that such canopies be made of
special materials.

Consequently, the aircraft industry has specified a
number of requirements for the use of plasﬁic panes as a
canopy material. One basic requirement of the aircraft canopy
is high transparency and colorlessness, as well as good
stability against yellowing.

Another requirement relates to the heat deflection
temperature of the material. The related specification

(Military P-25690 A) requires that if biaxially stretched



-2- glass panes are thermally stressed at 110[err]C over a period of 24
hours, the shrinkage (thermal relaxation) nust not exceed 10% Al so

i mportant is high resistance to stress corrosion. A5 standard al so
exists for this: Mlitary P-25690 B or LN 65321. O course, there are
practical considerations as well. For exanple, a good aircraft canopy

mat eri al should, for exanple, be able t&-withstand at | east 5,000 flying
hours. 10 Unfortunately, it is very difficult to neet all of these
requirenents at the same tine. Frequently, an inprovenent in one property
will result in a worsening of anoth
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an aircrdf ylI'met hacryl ate-styrene-nal ei c
anhydridqégopolyner havi ng i nproved thernal rel axati on whi ch has a content
of 93 to 95% of the initially nentioned nonomer and a content of 5 to 7% of

the two |ast Y b IRRAITENS hidh resistanbee tthlstireals fasrideerinore A
contains a crosslinking nononer, :
standard also exists for this: Military P-25690 B or LN
65321.

Of course, there are practical considerations as well.
For example, a good aircraft canopy material should, for
example, be able to withstand at least 5,000 flying hours.

Unfortunately, it is very difficult to meet all of these
requirements at the same time. Frequently, an improvement in
one property will result in a worsening of another. In most
cases, the literature, in particular the patent literature,
only describes the improvement of a single property at a time.

EP 015427381 describes, for example, an aircraft canopy
material made of a methylmethacrylate-styrene-maleic anhydride
copolymer having improved thermal relaxation which has a
content of 93 to 95% of the initially menﬁioned monomer and a
content of 5 to 7% of the two last mentioned monomers.

The material furtherﬁore contains a crosslinking monomer,
preferably 0.5% of allyl methacrylate, as well as small
amounts of UV absorber. Due to the styrene content it must,
however, be expected that the probability of yellowing is
increased.

U.S. Patent 4,622,377 describes and claims 0.4 to 2.5

mol% neopentylene glycol-dimethacrylate as a crosslinking
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preferably 0.5% of allyl nethacrylate, as well as small anmounts of W
absorber. Due to the styrene content it nust, however, be expected that the

probability of yellowing is increased. 25 U S. Patent 4,622,377
describes and clains 0.4 to 2.5 nol % neopentyl ene gl ycol -di net hacryl ate as
a crosslinking -3- agent in aircraft panes, preferably on a

pol ynmet hyl net hacryl ate (PMVA) basis, im®rder to inprove the resistance to
chemi cal stresses due to sulfuric acid droplets. Inprovenents in the other
properties of this material, such as UV stability or thermal stability, are
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here is also nostly in the good UV stability of the material. Pure
stret chedrEbMitanty teachesidbrattvasses dbfe 1O[sulfdrio ddbfiedroLletnd is
not able to neet the above-nentioned required specification. It is,
t her ef or eImpecessanyst oni pine potiser properties of this material, such as
UV stability or thermal stability, are not considered.

Japanese patent JP 03 47,856 describes photoresistant
PMMA-based panes. Both a benzotriazole-based UV absorber and
a UV stabilizer based on a stearically hindered amine are
used.

The advantage here is also mostly in the good UV
stability of the material.

Pure stretched PMMA only reaches Vicat values of 110°C to
115°C; and is not able to meet the above-mentioned required
specification. It 1is, therefore, necessary to introduce
comonomers whose addition results in an increased Vicat value.
Methacrylamide, methacrylic acid, isobornyl methacrylate, or
styrene and maleic anhydride have been disclosed, as well as a
number of polyethylene-unsaturated (crosslinking) monomers,
sucﬁ as, for example, allyl methacrylate, ethylene glycol
dimethacrylate, tetraethylene glycol dimethacrylate. Not all
monomers are equally well suited, however, during cast
polymerization they may, for example, cause production
problems due to gelling that occurs too rapidly, as in the

case of several dimethacrylates, or may lead to yellowing and

particle formation, as in the case of methacrylamide, or they

are toxic.



conpbnoners whose addition results in an increased Vicat val ue.

Met hacryl am de, nethacrylic acid, isobornyl nethacrylate, or styrene and
mal ei ¢ anhydri de have been disclosed, as well as a nunber of

pol yet hyl ene-unsat urated (crosslinking) nononers, such as, for exanple,
allyl nmethacrylate, ethylene glycol dinethacrylate, tetraethylene glycol

di net hacrylate. Not all nononers are edﬁﬁlly wel | suited, however, during
cast polynerization they nmay, for exanple, cause production problens due to
gelling that occurs too rapidly, as in the case of several dinethacryl ates,
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nmet hacryl am de, or they are toxic. -4- t hough crossl i nki ng nononers
havi ng annhaceybatf Bastsibaye(beenegdenplepeseé fipagexanpl mesesd pégeis,
lines 59-65 in EPA 0 124 273), no special effect has been associated with
them TheEPBQQi L2AER7S)f oncaspeatiatl atffeahopys noeer i afsefsatehcyble good
stability with respect to UV radiation. It is, therefore, always equi pped
with UV ab88Pbers. Agents of choice are UV absorbers based upon

benzotri azol ' ' . ;
otriazole %ggl¥ggh%%2hents for an aircraft canopy material also

include good stability with respect to UV radiation. It is,
therefore, always equipped with UV absorbers. Agents of
choice are UV absorbers based upon benzotriazole derivatives,
such as, for example, Tinuvin P®, distributed by Ciba-Geigy.
It is described, for example, in EPA 0 124 273. UV absorbers
are also called UV stabilizers in the literature. By
absorbing ultraviolet rays, they act as an optical filter,
i.e., a purely physical action.

The addition to stearically hindered anines to an
aircraft éanopy material has an entirely different effect,
i.e., a chemical one. The former scavenge free radicals which
form in the presence of a radiation load and which would
otherwise slowly destroy the glass material. Such additions
have been described in Japanese patent JP 03 47,856 and are
called "hindered amine light stabilizers,".abbreviated as
YHALS."

An important production aid in the production of cast
poiymers is a suitable mold release agent which is supposed to
facilitate the release of the molded part from its mold. EPA

97 948 mentions, for example, dioctylsulfosuccinate.



such as, for exanple, Tinuvin Plerr], distributed by C ba-Geigy. It is
descri bed, for exanple, in EPA 0 124 273. UV absorbers are also called W
stabilizers in the literature. By absorbing ultraviolet rays, they act as

an optical filter, i.e., a purely physical action. The addition to
stearically hindered amnes to an aircraft canopy material has an entirely
different effect, i.e., a chemical oné&®The former scavenge free radicals

which formin the presence of a radiation |oad and which woul d ot herw se
slowy destroy the glass material. Such additions have been described in
Japanese patept JP 03 47, 8586. I " hy ' i ghtyhich
stabilizers, "'Bé‘b%‘r ea\L/iI?i‘ta’%% %SL%L%?’? %?11 %%%rr%gﬂggfﬁgp uﬂai[%enllla?g i nlt he
producti Qn.of SpSt-BQLYFBRSNnES, 8 S&li | abhe gobd trhreperagen which is
supposed to facilitate the release of the nolded part fromits nold. EPA 97
948 nent - @8sstiAte exanpignt di veiyl sef lestichnaerperatube, Tond, chembea|l
exists for an aircraft canopy material which neets all requirenents, i.e

has goodrésastpacency, resistance to |ight, heat deflection tenperature,
and chemi ca

Accordingly, there is still a need to be able to
provide a transparent plastic pane for use as an
aircraft canopy which has, combined, good transparency,
resistance to light, heat deflection temperature and
chemical resistance. We have now been able to provide a
transparent plastic pane for an aircraft canopy which
meets those requirements.

In our invention we provide a pane for an aircraft
canopy comprising a copolymer of methylmethacrylate and
polyfunctional acrylates, wherein the content of
methylmethacrylate is greater than about 95 wt.% and the
content of polyfunctional acrylates is about 0.5 to 5%
of the copolymer, and which may be obtained by cast [
polymerization, in which the temperature of final

polymerization is maintained at about 110°C to 130°C for

at least about 5 hours.

The present invention is, in part, based upon the
finding that it is not enough to merely combine the
parameters mentioned in the literature, each of which is
responsible for improving a single property, in order to
obtain the full range ' of impreved properties. In fact, all too

often an improvement in one property results, at the same



resi stance. Accordingly, there is still a need to be able to provide a
transparent plastic pane for use as an aircraft canopy which has, conbined,
good transparency, resistance to |ight, heat deflection tenperature and
chem cal resistance. W have now been able to provide a transparent plastic
pane for an aircraft canopy which neets those requirenents. In our

i nvention we provide a pane for an aircraft canopy conprising a copol yner
of net hyl met hacryl ate and pol yfunctional acryl ates, wherein the content of
met hyl met hacryl ate is greater than about 956-wt.% and the content of

pol yfunctional acrylates is about 0.5 to 5% of the copol yner, and which may
be obtai ned by cast polynerization, in which the tenperature of final
polynerization is nmaintained at about 110[err]C to 130 erréc foi at | east
about 5 hourtdmeThénpeeddminutiont odnapgthpy - pallpss ratiogaegq 21§Bon the
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property, iqigﬁggrH&%vqggaggohhgegghks[ange of inproved properties. 1In

fact, all too often an’inprovenent In one property results, at the sane
Moreover, the present invention is, in part, also
based upon the finding that changes in the process

parameters of the cast polymerization are essential to the

improvement of application properties.

The main component of the present copolymer for aircraft
canopies is methylmethacrylate. 1Its content in the final
product is at least 95 wt.%. It is preferred, however, that
its content be about 96 to 98%. Polymethylmethacrylate as a
material, by itself, does not yellow.

To assure good thermal relaxation values or high Vicat
values, crosslinking monomers are also used. In accordance
with the present invention, it has unexpectedly been found
that polyfunctional acrylates yield a surprisingly good

combination of application properties. 1In particular, they



time, in a dimnution of another. Mass ratios are also critical. Only
specific anmobunts of additives within narrow |limts provide good results.
Mor eover, the present invention is, in part, also based upon t he
finding that changes in the process paraneters of the cast

pol ynmeri zation are essential to the inprovenent of application properties.
The main conponent of the present copol yper for aircraft canopies is

met hyl met hacrylate. Its content in the final product is at least 95 w.%
It is preferred, however, that its content be about 96 to 98%

Pol ynmet hyl met hacryl ate as a material, by itself, does not yellow To assure
good t her mdlforrdl &kat lowesdl despoinhVghaVi vaflueahfiesy biesshilnki ng nononers
are al so used. In accordance with the present invention, it has

unexpect edtyefebintoun@heaplpol yhpneveongsistapkrat 9 grerdsacoyrpsisnngl y

good conbi nation of application properties. In particul ar, they -7 -
afford t héWhndsEedMidy CATNVFLERT Y| BetaPrefakraxfqF 9ranted when using
other crosslinkers. For example, allyl methacrylate,

freguently used, brings about good resistance to stress
corrosion and also results in high Vicat values prior to
stretching. However, after stretching and the related thermal
stress, the Vicat values are 5 to 10°C lower. A compensation
by means of increasing ﬁhe crosslinker content does not result
in any improvement, however, unless greater than about 10% are
used. The same is true for frequently used ethylene glycol
dimethacrylate.

Acrylate crosslinkers which may be used according to the
present invention are bi-, tri-, or tetrafunctional in
relation to the acrylate function. Bifunctional acrylates
are, for example, ethylene glycol diacrylate, 1,3-butanediol
diacrylate, 1,4-butanediol diacrylate, 1,6-hexanediol
diacrylate, polyethylene glycol-diacrylate. An example of a
trifuncpional acrylate is trimethylol propane triacrylate.
Pentaerythrite tetraacrylate is an example for a
tetrafunctional acrylate. The amount of polyfunctional
acrylate used is generally about 0.5 to 5%, preferably about 1
to 3%.

The product according to the present invention generally
contains a UV absorber which prevents a deeper penetration of

UV light through absorption, and/or a free radical scavenger



stretching. They al so i nprove resistance to stress corrosion. Such a result
can clearly not be taken for granted when using other crosslinkers. For
exanple, allyl nethacrylate, frequently used, brings about good resistance
to stress corrosion and also results in high Vicat values prior to
stretching. However, after stretching and the related thermal stress, the
Vicat values are 5 to 10[err] C | ower. A8conpensation by neans of increasing
the crosslinker content does not result in any inprovenent, however, unless
greater than about 10% are used. The sane is true for frequently used
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I
accordin i nvention are bi-, tri-, or. tetrafunctional in

relation %ﬁhég$%éﬁxﬁge¥§a{égggﬂ(ybadgﬂginctional acrylates are, for exanple,
et hyl ene glycol diacrylate, 1,3-butanediol diacrylate, 1,4-butanedi ol

di acryl ate, 1,6fhexanesdi o ghsrpdrat ethipol yetyhWeensayl yaasl,- dicacryl ate. An

exanple of a trifunctional acrylate is trinmethylol propane triacrylate.
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The amount of pol yfunctional acrylate used is generally about 0.5 .to 5%
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methylphenyl)benzotriazole.

The product according to the present invention conprises
sterically hindered amines (HALS), such as, for example,
2,2,6,6-tetramethyl-4-piperidyl sebacate, as UV stabilizers
which act as free radical scavengers. The addition amounts
according to the present invention generally range from about
0.005 to 0.5%, preferably 0.03 to 0.2%, both for the UV
absorber and the UV stabilizer. Generally, the present
polymer contains both of them.

The product according to the present invention also
preferably comprises an effective mold release agent based on
sulfosuccinate, for example, sodium diisooctyl sulfosuccinate.
Such‘a mold release agent is effective in very small doses
from about 0.001% to 0.1%, which is advantageous as higher
doses might cause a softening effect on the polymer matrix.

In addition, other monomers may be added for specific
functions, for example, for good adhesion of the molded part
to its mold during and after polymerization. Good adhesive

results may be obtained by using hydroxyesters of

(meth)acrylic acid, such as, for example, 2-hydroxyethyl-



UV light through absorption, and/or a free radi cal scavenger - 8- which
neutralizes the destructive action of free radicals generated by radiation
| oadi ng. Effective UV absorbers which may be used are, for exanple,
ant hr aqui none and benzophenone derivatives, such as
2- hydr oxy- 4- met hoxybenzophenone, or preferably conpounds based on
benzotri azol e, such as 2-(2'-hydroxy-5'_-g4methyl phenyl)benzotriazole. The
product according to the present |nvent|on conprises sterically hindered
am nes (HALS), such as, for exanple, 2,2,6,6-tetranethyl-4-piperidyl
sebacate, as W stabilizers which act as free radical scavengers. The
addi ti on dretht scaydertei ng Rohiyleopypsenylimenh) oacgehetal | ysraage &som
about 0.005 to 0.5% preferably 0.03 to 0.2% both for the UV absorber and
the UV st BBPPRZES. WG&E‘eP&I Iaylm?héupra*e'sem gBFhnaE ., cépragKambbeh of them

| pvention al s referably conprises an
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The material may also be colored or only slightly tinted,

however, transparency is necessary.. In the interest of
obtaining good optical transparency properties, the surfaces
should be disposed parallel to each other and should be smooth
and even.

Further, in order to obtain a product which is useful for
all application requirements, a thermal treatment is required
according to the present invention. This entails employment
of a final polymerization which is started when approximately
90% of the used monomers have been polymerized. For this
purpose, the cast material is heated slowly from the
polymerization temperature (in most cases about 40°C) to about
110°C to 130°C, preferably to about 115°C to 120°C, and this
temperature level is maintained for at least about 5 hours. A
final polymerization of iess than 5 hours results in
distinctly poorer results, esbecially at temperatures from
100°C to 115°C. Generally, final polymerization is performed
for more than about 7 hours, preferably about io hours or
longer. 1In mdst case, no further improvement can be obtained
by exceeding 20 hours of final thermal treatment. The effect
of this thermal treatment can, perhaps, be attributed to a

changed state of order of the macromolecules. The results



from about 0.001%to 0.1% which is advantageous as hi gher doses m ght
cause a softening effect on the polyner matrix. In addition, other nononers
may be added for specific functions, for exanple, for good adhesion of the
nol ded part to its nold during and after polynerization. Good adhesive
results may be obtained by using hydroxyesters of (neth)acrylic acid, such
as, for exanple, 2-hydroxyethyl - -9-10¢{neth)acryl ate or

2- hydr oxypropyl -(nmeth)-acrylate, as well as nononmers with an am ne
function, such as, for exanple, dinethylam noethyl-(neth)acrylate. The
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properties, the surfaces should be disposed parallel to each other and

shoul d bedssootdt bondl ef ethe Foed hibual i inoriderort.o obtain a product which is
useful for all application requirenents, a thermal treatnent is required
accordi ng to tBeeplasensteéepventabls iaxiahtstitetadnpioyndiar ¢his final
pol ymeri zation which is started when approxi mately
' purpose, the material is pretempered as Known, for example, at
about 140°C to 160°C for about 1 to 2 hours and is then
biaxially stretched by pulling or pressing to a thickness of
approximately 20-40%. The degree of stretching is thus
apprbximately 60-80%.
The transparent material of the present invention is
characterized by having a low residual monomer content, such
as less than about 0.5%, and preferably less than about 0.3%.
Preferably, the plastic pane of the present invention has
a residual monomer content of < 0.5%, prefgrably < 0.3%.
Also, it is preferred if the present plastic pane has a
softening temperature, measured according to Vicat, of at
least 120°C prior to biaxial stretching or, respectively, at
least 117°C after biaxial stretching. Furthermore, it is
preférred if the present plastic pane has a stress corrosion
value of at least about 18 N/mm?.
The following Example is a non~limiting illustration

of the invention.



90% of the used nononers have been pol ynerized. For this purpose, the cast
material is heated slowy fromthe polynerization tenperature (in nost
cases about 40[err]C) to about 110[err]C to 130[err]C, preferably to about
115[err]C to 120[err]C, and this tenperature level is maintained for at

| east about 5 hours. A final polynerizatjon of less than 5 hours results in
distinctly poorer results, especially at tenperatures from 100[err]C to
115[err]C. Generally, final polynerization is performed for nore than about
7 hours, preferably about 10 hours or longer. In nost case, no further

i mpr ovenmyampaE be obt ai ned by exceeding 20 hours of final thernal
treatnent. The effect of this thermal treatnent can, perhaps, be attributed
to a changed Purmidectfion ddér PHMA pa nea raseriddmagl &0 thige DXeSES -10-

achi eved cannot be fully explained nerely by a reduction of the residual
mononmer davenilapget her with a substantial destruction of the residual

initiator. The |l ast step.entails biaxial stre ing., For this purpose, the
material is pret TR ™M &M?W%P@%%ﬁ%%aﬁ%mmtJAMeH]Cto
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or pressing I CkKness ‘o
0.05 wt.% 2-(2’-hydroxy-5‘/-methylphenyl)benzotriazole, 0.05

5
e

wt.% bis—z,2,6,Gftetramethyl—4—piperidyl sebacate, 0.1 wt.%
2,2’—azo—bis—isobutyroﬁitrile, 0.05 wt.% tert-butylperbenzoate
was introduced into a 6 mm thick flat chamber formed by two glass
panes and a sealing band encircling them along the edge and
was brought to polymerization in a 40°C water bath. To
complete polymerization, the flat chamber was then heated
slowly from 40°C to 115°C and was maintained at this
temperature for 10 hours. The pane was then exposed for 1
hour to a ﬁemperature of 150°C. This treatment corresponds in
its thermal conditions and these are essential, to a

stretching process.

Properties of the finished pane:

Vicat value as received: ' 121°C
Vicat value after a thermal treatment

1 h, 150°C : _ 119°C
Residual monomer content: 0.20%

Stress corrosion according to LN 65321: 20.3 N/mm?



approxi mately 20-40% The degree of stretching is thus approximately
60-80% The transparent material of the present invention is characterized
by having a | ow resi dual nononer content, such as |ess than about 0.5% and
preferably | ess than about 0.3% Preferably, the plastic pane of the
present invention has a residual nononer content of [err] 0.5% preferably
< 0.3% Also, it is preferred if the presest plastic pane has a softening
tenperature, neasured according to Vicat, of at |east 120[err]C prior to
bi axial stretching or, respectively, at least 117[err]C after biaxial
stretching. Furtherrmre it is preferred if the present plastic pane has a
stress corrosi orfeRgRl by, aand éHSltesa?ocﬂRh%W%nﬁI@Cr fle’lihe tﬁ@l Fo@meynts
Exanple is a non-|i

mting illustration of the inven
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wt . % bi s-2, 2, 6, 6-t'et ranet hyl - 4- pi peri dyl sebacate, 0.1 w.%
2,2'-azo-bis-isobutyronitrile, 0.05 w.%tert-butyl perbenzoate was

i ntroduced into a 6 nmthick flat chanber formed by ass panes and a
seal i ng band encircling them al ong the edge and was ”ﬂa’/’
polynmerization in a 40[err]C water bath. T 3cqrrpl et e ole /IMl\lLt he
flat chanber was then heated slowy from 48{err]C to 115[ err]'C and Was

mai ntained at this tenperature for 10 hours. The pane was then exposed for
1 hour to a tenperature of 150[err]C. This treatnent corresponds in its
thermal conditions and these are essential, to a stretching process.
Properties of tHadimd shed pane: Vicat val ue as received:

121[err]C Vicat value after a thermal treatnment 1 h, .150[err]C

119[ err] C Resi dual npnoner content: , . .

0. ZE)% S% ress corrosi éh FEERERGU H1ERE53PRne for use as an appcmRMY MR

-12- Ceneral |y, carbmnl@spmidieigwiasecppeginkbireds BEhYLRASONAESy £ gy N
the present Spe%gl'mdﬂd’ﬂael t&%sr‘frqalé%%r,] bﬁ%r%g%akh\é\e& r%er?é épe copol ymer

conposi tion. _
methylmethacrylate is greater than about 95 wt.% and the

content of polyfunctional acrylates is about 0.5 to 5%
of the copolymer, and which is obtainable by cast
polymerization, in which the temperature for final

polymerization is maintained at 110°C to 130°C for at
least about 5 hours.

2. A plastic pane according to claim 1, which is
biaxially stretched.

3. A plastic pane according to claim 1 or 2, which
comprises about 0.005 to 0.5% of a UV stabilizer based
on a sterically hindered amine (HALS).

4, A plastic pane according to claim 1 or 2, which
comprises about 0.003 to 0.2% of a UV stabilizer based
on a sterically hindered amine (HALS).

5. A plastic pane according to any of claims 1 to 4,
which comprises about 0.005 to 0.5% of a UV absorber.

6.. A plastic pane according to any of claims 1 to 4,
which comprises about 0.03 to 0.2% of a UV absorber.

7. A plastic pane according to any one of claims 1 to
6, which comprises 0.001 to 0.1% of a mold release
agent .

8. A plastic pane according to any of claimg 1 to 7

which comprises 1-3% of polyfunctional acrylates.



13 - dains 1. A transparent plastic pane for use as an aircraft canopy
conprising a copol yner of nethyl nethacrylate and pol yf ﬂimuﬂmm I S,
wherein the content of methyl nmethacrylate is greater t m"mmﬂaand
the content of polyfunctional acrylates is about 0.5 to 5%f ‘tht s -
copol ymer, and which is obtainable by cast golynerization, in which the

tenperature for final polynerization is maintained at 110[err]C to
130[err] C for ab.l eaat paheuticSphnErSccdrdind\ 41 adty @rgaReE aqadmdi ngtbo

claim1, which iis biaxiall tr 3 i st.j C .pane. rding to
claim1l or 2, wﬁi’cﬁhggﬁ%ﬁ }5{8% 8§%§ESg¢6b%n?lC)A%£’l§&aoe a erslt%%%?‘ ?L?ér based
on a sterical | yphiopdaeetraacnglaHaL Spexanediql iyl gign@ra@covdictget o
claim1l1l or 2, wWahekReggnprises about 0.003 to 0.2% of a UV stabilizer based
on a sterically hindered am ne (HALS). 5. A plastic pane according to any
of claims 1 to 4, which conprises about 0.005 to 0.5% of a UV absorber.

10. A plastic pane according to any of claims 1 to 9,

wherein the copolymer further comprises about 0.01 to 1%
of polymerizable units of another monomer.

11. A plastic pane according to claim 10, wherein said
monomer 1s selected from the group consisting of esters
and amides of acrylic acid and methacrylic acid.

12. A plastic pane according to claim 10, wherein the
said monomer is a polyfunctional methacrylate,

hydroxyfunctional (meth)acrylate or a mixture thereof.

13. A plastic pane according to any of claims 1 to 12,
which has a residual monomer content of < 0.5%, a stress

" corrosion value of at least about 18 N/mm’, and a
softening temperature, measured according to Vicat, of
at least 120°C prior to biaxial stretching or,

respectively, at least 117°C after biaxial stretching.

14. A plastic pane according to any of claims 1 to 13,
which has a residual monomer content of < 0.3%.

15. A plastic pane according to any of claims 1 to 14
which comprises 96 to 98% methylmethacrylate.

l6. A process of preparing a transparent plastic pane
for an aircraft canopy, which comprises:

a) copolymerizing a mixture comprising greater
than about 95 wt.% of methylmethacrylate and about 0.5
to 5 wt.% of polyfunctional acrylates, to an extent of
about 90% of full polymerization, and

b} completing said copolymerization at an
elevated temperature for a period of at least about 5



6. A plastic pane according to any of clains 1 to 4, which conprises
about 0.03 to 0.2% of a UV absorber. 7. A plastic pane a

ccording to any
one of clainms 1 to 6, which conprises 0.001 to 0.1%of a mﬂﬁ m,
agent. 8. A plastic pane according to any of clains 1 to 7% Wi m”’l””"l
conprises 1-3% of polyfunctional acrylates,e . 9. A plastic pane accor di ng
to any one of clains 1 to 8, wherein the pol yfunctional acrylate is

trimethylol propanes | ri@cfotnate, pihesaneditlerdiaacryl ate or a mxture
thereof. 10. A plastic pane according to any of clains 1 to 9, wherein the
copol ymer further conprises about 0.01 to 1% of polynerizable units of
anot her nononerl1711.A/ppbests apurding draidigim 16, awmitd, fwkhehekn said

mononer is sel egbRgr{ 508 tHE OF WC US| SIdd1G HpeRSnQ ndndiami desyof
acrylic acid and net hacr%l i c,(?m d. 12. A plastic pané according to claim
10, “wherei n t heSERFHCRHAG B spjaa%tb"ri/f‘ﬂﬁ%l?lc?r}al met hacryl at e,

hydroxyfunctional (meth)acrylate or a mxture thereof. 13. A plastic pane
according to an¥89f ﬁlﬁkggeéstgbéé%ding to claim 16, which further

comprises, after step b)

c) pre-tempering said plastic material at about
140 to 160°C fqr about 1 to 2 hours; and

d) biaxially stretching said plastic material
with a degree of stretching of about 60-80%.

19. A process according to any of claims 16 to 18,

wherein the period of step b) is at least about 7 hours.

20. A process according to any of claims 16 to 18,
wherein the period of step b) is at least about 10
hours.

21. A process according to claim 18, wherein after step
d), said plastic material has a thickness of about
20-40% of that after step b).

22. A process according to any of claims 16 to 21

wherein step b) is carried out at a temperature of 110-
130°C.

23. A process according to any of claims 16 to 21

wherein step b) is carried out at a temperature of 115-
120°C.



whi ch has a residual nmononer content of [err] 0.5% a stress corrosion
value of at |east about 18 NNmmierr]; and a softening tenperature, neasured
according to Vicat, of at least 120[err]C prior to biaxial stretching or,
respectively, at least 117[err]C after biaxial stretching. 14. A plastic
pane according to any of clains 1 to 13, which has a residual nononer
content of < 0.3% 15. A plastic pane acemsding to any of clains 1 to 14

whi ch conprises 96 tQ.Q gz/l%REﬁJr lAgﬁch e. 16 A process of preparing a
transparent plastic or_an ?M@ 95 LeWEpri ses: a
copol 5rrer| zi ISlg a m%@ﬁm Mg AR FRR YRY F\O%oﬁ@RY%W& % of )

nmet hyl net hacryl ate and about O. 5 to 5 wt. % of pol yfunctional acrylates, to

an extent of about 90% of fuljlg é@rdlzafmprm%g)m: conpl eti ng sai d

copol ynmeri zation at an el evate rrpﬁt_ur‘é"f‘m—a“p'err‘o of at |east about
5 - 15 - houra to forma.p g Lc mat er i . At\éy ocess according to
claim16, which uFFﬁEFPEBﬁBFl R Ja‘ft%?n%t%“b" ep 5 &pérrrgadid

bi axi al |y canopy comprising _ a copolymer of methylmethacrylate

and polyfunctional acrylates, wherein the content of
methylmethacrylate is greater than about 95 wt.% and the
content of polyfunctional acrylates is 0.5 to 5% of the
copqumer, and which is obtained by cast polymerization,
whereby the temperature for final polymerization is maintained

at 110°C to 130°C for at least 5 hours.



stretching said plastic material. 18. A process according to cl aflf#t® s
whi ch further conprises, after step b) ¢) pre-tenpering said plastic
material at about 140 to 160[err]C for about 1 to 2 hours; and d)

biaxially stretching said plastic materigl with a degree of stretching of
about 60-80% 19. A process according to any of clains 16 to 18, wherein
the period of step b) is at |east about 7 hours. 20. A process according to
any of clains 16 to 18, wherein the period of step b) is at |east about 10
hours. 21. Asyrsscesseaczor dintegrpdly|inpsesd wher@iF aVeera fepod) °Lsai d
plastic material has a thickness of about 20-409%.0f .t er b). 22.
A process actbrtfiUwg -t bramfofr<erSi }ﬁh?galloriia%telrogi)nggtgtegﬁ%‘) elxggggr ried
out at a tenpgyature of 110- 130[err]C 23. A process according to any of

claims 16 to 21 wherein step b) is carried out at a tenperature of 115-
120C. Also important is high resistance to stress corrosion. A

5 standard also exists for this: Military P-25690 B or LN
65321.
Of course, there are practical considerations as well.
For example, a good aircraft canopy material shoﬁld, for
example, be able to withstand at least 5,000 flying hours.

10 Unfortunately, it is very difficult to meet all of these
requirements at the same time. Frequently, an improvement in
one property will result in a worsening of another. In most
cases, the literature, in particular the patent literature,
only describes the improvement of a single property at a time.

15 EP 0124273 describes, for example, an aircraft canopy
material maée of a methylmethacrylate-styrene-maleic anPydride
copolymer having improved thermal relaxation which haé a
content of 93 to 95% of the initially menéioned moncmer and a
contént of 5 to 7% of the two last mentioned monomers.

20 The material furthermore contains a crqsslinking mononer,
preferably 0.5% of allyl methacrylate, as well as small
amounts of UV absorber. Due to the styrene content it must,
however, be expected that the probability of yellowing is
increased.

25 U.S. Patent 4,622,377 describes and claims 0.4 to 2.5

mol% neopentylene glycol-dimethacrylate as a crosslinking



