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1 METHOD TO PRODUCE A COATED I Vis: ' oo A
PCOLYCARBONATE ARTI CLE BACKGROUND OF THE | NVENTI ON Field of the i

| nvention 5 This invention relates to a nethod for pr oduci ng coat ed
pol ycarbonate film and, nore particularly, relates to an inproved

met hod for (1) prOV|d|ng controlled surface finish and printable,
ultraviolet radiation cured coating on the surface 10 of a pol ycar bonat e

film and (2) irradiation through t he polycarbonate resin filmw thout
degradati on of the uncoated ion of Related Art

Pol ycarbonate resin filnms g e levels of strength

and clarity for man gh levels of abrasion
and chem cal rR8%8%8¥ 25 SREV SN A acryllc coati ngs and net hods
for their applj 808 ¢t 3 abrasi on and chenical resi stance are
known, 20 see escrlptlons nts 4,929, 506;

5,162, 390; and 5, 27’?@681%?%}% Fglates rﬁﬂrﬂ)(ﬂ‘*" F‘)gt 9%r appl yi ng
radi ati on cur apreducingccpated: palyw@rbonad VOEbonaid, fadre the surface
finish and progtabilhbisdf (HSaGed ! SOUIDAEP ndBoRoebESPL] Mon
providing controlled surface finish and printable,
ultraviolet radiation cured coating on the surface
10 of a polycarbonate film, and (2) irradiation
through the polycarbonate resin film without
degradation of the uncoated surface.
- 1o on of Relate
Polycarbonate resin f£ilms generally have
15 acceptable levels of strength and clarity for many
purposes and uses but lack high levels of abrasion
and chemical resistance. Radiation curable acrylic
coatings and methods for their application to
enhance abrasion and chemical resistance are known,
20 see for example the descriptions in U.S. Patents
4,929,506; 5,162,390; and 5,271,968. While prior
methods exist for applying radiation curable
acrylic coatings to polycarbonate film, the surface
finish, and printability of these cured coatings
25 may be less than desirable. Adhesion of ink or
resin to the polycarbonate film uncoated surface is
negatively effected by degradation of the
polycarbonate f£ilm.
We have discovered that the adhesion of inks
30 and resins to polycarbonate films is greatly
improved by curing the film coating with
ultraviclet radiation selected to have an average
wavelength above about 320 nm, advantageously from




resin to the polycarbonate fil muncoated surface is negatively effected
by degradation of the pol ycarbonate film We have di scovered
that the adhesion of inks 30 and resins to polycarbonate filnms is greatly
i mproved by curing the filmcoating with ultraviolet radiation
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radiation to prefitigmend’ dédmpditentc gsd#€s. f i tnsmend @8ebkagibhequent use in
WD involves the use of a printed film or applique
which may he formed into a three~dimensional shape,

10 placed into a mold and a thermoplastic resin is
injected behind the film at elevated temperatures
and pressures.

The current invention is focused on the use of
longer wavelength UV radiation to produce "UvV

15 hardcoated" films and their subsequent use in IMD
applications. This is particularly important in
the appliance market, since these applications
require the use of hardcoated films for abrasion
and chemical resistance. We have discovered that

20 the use of short vavelength UV light (<320 nm)
causes photochemical induced oxidation of the
polycarbonate surface when employed to cure a
"coating® on the polycarbonate surface.
SUMMARY OF THE INVENTION

25 The invention comprises a method of producing
a coated polycarbonate film, which comprises:;

providing a thermoplastic film of a
polycarbonate resin, having an upper and a lower
£film surface;

30 coating at least one of the upper and the
lower film surface with a radiation-curable acrylic
coating composition; and

curing the coating on the film surface with
ultraviolet radiation selected to have an average

35 wavelength above about 320 nnm.
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since these applications require the use of hardcoated filns for
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The accompanying drawing is a horizontal
elevational schematic view of a casting drum for
10 practicing the method of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
Je) 8 O

A preferred embodiment method of the invention

involves the steps of (i) applying an ultraviolet

15 radiation (UV curable) coating composition which is
substantially free of nonreactive volatile
components, such as solvents, to a surface of a
polycarbonate resin substrate; (ii) heating the
uncured coating composition and the surface of the

20 substrate to a temperature selected from between
90°F. and 150°F. to drive a portion of the uncured
coating composition into a region beneath the
surface of the polycarbonate resin substrate; and
(1ii) ultraviolet radiation curing of the applied

25 coating composition by directing ultravioclet
radiation of the above-specified wavelength
(average) into the coating composition and
penetrated region. Upon UV curing of the coating
composition, the penetrated region beneath the

30 surface of the polycarbonate resin substrate
provides an interlocking bond between the substrate
and the cured coating, of improved strength.

The method of the present invention provides

an ultraviolet radiation-cured coating on the

35 surface of polycarbonate resin films. The




5 continuous coatings such as graphics applied by screenprinting

techni ques of acrylic inks. BRI EF DESCRI PTI ON OF THE DRAW NG The
acconpanying drawing i s a hori zontal el evational schematic view of a
casting drumfor 10 practicing the nethod of the invention. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS OF THE | NVENTI ON A
preferred enbodi nent nmethod of the invention I nvol ves the steps of (i)
applying an ultraviolet 15 radiation ( curabl e) coating conposition which
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selected to operate at an ultraviolet radiation
frequency having an average wavelength within the
range of from about 320 to 400 nm. A preferred
polycarbonate film for the method ¢f the present

15 invention is one formed from a thermoplastic
polycarbonate material, such as LEXAN® resin, a
product of General Electric Company. Typical
examples of polycarbonate resins are described in
U.S. Pat. No. 4,351,920 which is incorporated

20 herein by reference thereto, and are obtained by
the reaction of aromatic dihydroxy compounds with a
carbonate precursor such as phosgene. A preferred
aromatic dihydroxy compound is 2,2~bis(4~hydroxy
phenyl) propane, (Bisphenol-A). The term arcmatic

25 polycarbonate resins is meant to include polyester
carbonates obtained from the reaction products of a
dihydroxy phenol, a carbonate precursor and a
dicarboxylic acid such as terephthalic acid and
isophthalic acid. Optionally an amount of a glycol

30 may also be used as a reactant. Polycarbonate film
may be made by well-known methods. Typically, the
molten polycarbonate is cast onto an extrusion roll
stack, and both sides of the material are polished
and pressed to a uniform thickness. In conjunction

35 with the equipment of the drawing, the thickness of



4 particul ar apparatus depicted in the drawing is I ntended for the

application and cure of a coating mat eri al on a continuous pol ycarbonate
film substrate. The film substrate enployed in 5 conjunction with the
equi pnrent of the draw ng shoul d be flexible and capable of allow ng the
passage of ultraviolet radiant energy therethrough, and the properties
of the polycarbonate filmshould not unaccept ably affected by such
passage of 10 radiant energy. The radiant energy source is - selected to
operate at an | age

wavel ength w t#l?\éa%(bi’iréhr:gﬁgbéﬁ ¢ %gms%gﬂﬁg% ?3%8‘ ﬁk‘ﬁ{)referred
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a pr oduc ypi ca exanpl es o
pol ycar bonat e r%ggﬁgrQSEngSErPﬂich%B°ﬁgtﬁ S. Pat. No. 4,351,920 which is

i ncor por at ed5 20£ibmr has hythétknesse offhdremo 5 e 20 enidiz.ai ned by t he
reaction of aromatic 'h (o] r precur sor
such as phosgene. Xﬂb s£%¥3‘8‘im g@g%‘@i%-%hur&bolg conmpound i s

2, 2- bi s(4- hydr ofgmposisiong prer gemesally msﬂ offmonenensr omatic 25
pol ycar bonat e F RRENS15FolRed! contalfiHee AP Srmethacrylic, and

vinylic unsaturation as well as other 100% solids

10 convertible materials (e.g. monomer-scluble
polymers and elastomers, inorganic silica fillers
and pigments and the like). The coating systems
generally comprise monomers having molecular
weights of from about 100 to 1000, and having

15 single unsaturation or di-, tri-, or higher
multifunctional unsaturation sites. In the
preferred practice of the present invention the
coating is substantially free (<1%) of volatile,
non-reactiwe_cohponents and preferably the coating

20 compositions are 99 percent to 100 percent by
weight reactive components and solid materials and
more preferably are 99.9 percent to 100 percent by
weight reactive components and solid materials and
most preferably are 100 percent by weight reactive

25 components and solid materials. The solid materials
include non-volatile solid materials such as
polymeric materials and colloidal silica. Suitable
polymeric materials include cellulose acetate
butyrate. The coating composition is preferably

30 100% convertible to solids upon exposure to
ultraviolet radiation. The coating composition may
contain an amount of a latent UV screener such as
resorcinol monobenzoate. The composition also
contains an amount of a photo initiator effective



" carbonates obtained fromthe reaction products of a di hydr oxy phenol, a

carbonate precursor and a di carboxylic acid such as terephthalic acid
and i sophthalic acid. optionally an anount of a glycol 30 may al so be
used as a reactant. Polycarbonate film may be made by wel | - known

met hods. Typically, the nol ten pol ycarbonate is cast onto an extrusion
roll stack, and both sides of the nagerial are polished and pressed
to a uniformthickness. In conjunction 35 with the equi prment of the

drawi ng, the thcclg@atitofphotocuring of the composition at the O t he

pol ycarbonate fjl.m substrate may .range from about 0.5 ml| to about 30
mils, dependinGQﬁﬁ§?ﬁ4;¥°Véiﬁﬂ "ty of the substrate to remain flexible.

Preferably the pol yGhégraterred ideryhic acoatingesempbsitdond to 20 mils.
The ul travi ol elodrdl fid o QUG 07! 1 8er of ORPRELELENS1G" goeneral |y
conprised of nononers and ol'T'goners contal hi ng acryric, msP acrylic, and
vi nyli ¢ unsd@ umelesnlar weight aliphatbooplanasdiol diaceyirbee material s

(e.g. nononer- SY{ibM &rill POREPAte ANdig| A2 LEBLEN, | BARIRBYSORI |ica fillers
and pigments E”gLf£$!éﬂéegﬁrgygénglﬁgfygxgggggte substrate upon

contact and exposure to elevated temperatures. A
suitable aliphatic alkane diol diacrylate is

10 1,6~hexanediol diacrylate. A preferred acrylate
coating composition contains from 5 percent to 60
percent by weight of an aliphatic alkane diol
diacrylate based on the total weight of the coating
composition. The aliphatic diol diacrylate

15 preferably contains from 2 to 12 carbon atoms in
the aliphatic portion thereof. Suitable aliphatic
diocl diacrylates include ethylene glycol
diacrylate, butane diol diacrylate, hexane diol
diacrylate, octane diol diacrylate, decane diol

20 diacrylate. A preferred coating composition
contains about 37 percent by weight trimethylol-
propane triacrylate (TMPTA), about 15 percent by
waight dipentaerythritocl nonohydroxy pentacrylate
{DIPEPA) 37 percent by weight 2,6~hexanediol

25 diacrylate, about 9 percent cellulose, acetate
butyrate (CAB) and about 2 percent by weight of the
photoinitiator, diethoxyacetophenone (DEAP). A
preferred silica filled acrylic coating employs a
mixture of 22 percent 1,6~hexanediol diacrylate, 22

30 percent trimethylolpropane triacrylate, 35 percent
functiocnalized colloidal silica, 7 percent of a
latent ultraviolet radiation absorber such as
benzene sulfonate ester of Cyasorb ® 5411 (BSEX) as
described by D. R. Olson, J. Applied Polymer

35 Science 28, 1983, p. 1159 incorporated herein by



general ly conprise nononers havi ng nol ecul ar wei ghts of from about 100

to 1000, and having 15 single unsaturation or di-, tri- or higher

mul tifunctional unsaturation sites. In the preferred practice of the
present invention the coating is substantially free (<1% of volatile,
non-reacti ve conponents and preferably the coating 20 conpositions are 99
percent to 100 percent by wei ght Sftlve conponents and solid

mat eri al s and nore preferably are 99.9 percent to 100 percent by
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6 incorporated herezn by referenca thereto. The
aliphatic alkane diol diacrylate, and more
particularly 1,6-hexanediol diacrylate by virtue of
10 its ability to readily swell a polycarbonate
matrix, facilitates quick and adequate penetration
and diffusion of a sufficient amount of the coating
composition into the region beneath the surface cof
the substrate to promote adhesion between the
15 coating and the substrate upon curing of the
coating composition.

Those skilled in the art will gain an
appreciation of the invention from the following
description when read in conjunction with a viewing

20 of the accompanying drawing.

A suitable apparatus for applying and curing a
coating on the surface of a polymeric substrate, in
accordance with the method of the present
invention, is depicted in the accompanying drawing.

25 A radiation-curable coating material 10 is
continuously applied by flowing it onto the surface
of the film substrate 14 at a controlled rate.

Substrate roll 12 is formed from a roll of
usually uncoated substrate 14 (when the coating to

30 be applied according to the method of the present
invention, is to be a screenprinted graphic the
substrate roll 14 may be a roll of polycarbonate
film previously coated with an ink-receptive
coating), surrounding a core 16. Substrate 14 is

35 unwound pursuant to the movement of casting drum 18



to permt photocuring of the conposition at the sel ect ed wavel engt h.

The preferred acrylic coating conposition contains a substantial |evel
of arelatively low 5 nol ecul ar weight aliphatic al kane diol diacrylate
which will penetrate, via diffusion, the region bel ow t he surface of
pol ycar bonat e substrate upon contact and exposure to el evated
tenperatures. A suitabl e aliphatic al kane dial diacrylate is 10
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Pol ymer radiation-curable coating 10 applied to the
substrate and the thickness of the resultant cured
15 hardcoat 21 is dependent upon the end use of the
article and the physical properties desired, and
their thickness may range from about 0.05 mil to
about S.0 mils for the nonvolatile coating. The
preferred thickness is from about 0.2 mil to about
20 0.5 mil. '

After coating material 10 is applied to
substrate 14, the coated substrate 22 is guided to
nip roll 24. The choice of materials which form
the nip roll 24 used in the present invention is

25 not critical. The rolls may be made of plastic,
metal (i.e. stainless steel, aluminum), rubber,
ceramic materials, and the like. Nip roll 24 may
be provided with a sleeve, preferably formed from a
resilient material such as tetraflucroethylene or

30 polypropylene, or from one of the variety of
currently available synthetic rubber compounds and
blends thereof. The sleeve is snugly fitted over
the roll surface to provide a smooth, friction-
minimizing surface for contacting substrate 22.

35 Nip roll 24 is adjustable relative to the position



35 Science 28, 1983, p. 1159 incorporated herein by

7 reference and 3 percent of a photoinitiator such as

di et hoxyacet ophenone (DEAP). Representative functionalized coll oi dal
silicais set forth in O son et al. U S Patent No. 4,455,205: O son et
5 al, US. Patent No. 4,491, 508; Chung, U S. Patent No. 4,478,976 and
Chung, U.S. Patent No. 4,486, 504 I ncorporated herein by reference
thereto. The al i phatic al kane diol diagrylate, and nore particularly
1, 6- hexanedi ol diacrylate by virtue of 10 its ability to readily swell a
pol ycarbonate ofmeasting s (18 e deporibeh belineguaand peaet r at i on and

diffusion of a fel Cl igﬁéﬁﬁﬂ. conposition into the
regi on beneath ?ﬁ&iga{ﬁg?eq{)%)&%ﬁeeﬁ Subs] a%”ggfeon'prormte adhesi on bet ween
the 15 coating and iAse shewd rin £hgelirawingg eAstiRg drumol8i &g

conposition.  gituatedAFf Skidd Bidd) ddfadéht Vhlp S81D 84, such

appreciation of the inventionfromthe follown description when read
in conjuncti & &hat $he Quter mrwmﬁwmnﬁgmagre%ﬁ gand A
sui t abl e appar atagf ars i Yadia@erk Ctd | #8ch other at an interface
defining a nip 26 which is described below. The
applied pressure at the interface of nip roll 24
and drum 18 may be adjusted by well known methods,
10 such as air cylinders (not shown), attached to the
axle 28 of nip roll 24, which selectively urges the
roll toward drum 18.°' Typically, the applied
pressure at the interface is slight, i.e. less than
5 pounds per linear inch, when the substrate is not
15 passing through nip 26. The applied pressure can
be readjusted according to a variety of parameters
when a substrate having a coating thereon is
passing through nip 26, as described below.

Casting drum 18 surrounds central axle 19, and

20 is preferably made from a material which is
conductive to heat, and preferably comprised of
stainless steel or chromium-plated steel.
Furthermare, it is preferred that the drum be
independently driven by an outside power source

25 (not shown).

Casting drum surface 30 may be provided with a
wide variety of textures or patterns, depending
upen the texture or pattern desired to be imparted
to coating 10 and the resultant hardcoat 38. For

30 instance, surface 30 may be provide with a highly
polished chrome-plated surface if a high degree of
gloss is desired for the hardcoat 38. If a lower
sheen is desired for the hardcoat 38, surface 30
may be less polished so as to provide a matte



coating on the surface of a polyneric substrate, in accordance with the
nmet hod of the present I nvention, is depicted in the acconpanyi ng
drawing. 25 A radi ation-curable coating material 10 is conti nuously
applied by flowwng it onto the surface of the filmsubstrate 14 at a
controll ed rate. Substrate roll 12 is formed froma roll of
usual |y uncoated substrate 14 (mhen the coating to 30 be applied according
to the method of the present inventi®®, is to be a screenprinted

graphi c the substrate roll 14 nay be a,r Qf polycarbonate film
previ ously coat%ﬁ”€P¥ﬁ tA FhRe- FEEEngve i”ﬁ&&? 1¥g) 3 888i8Mding a core

16. Substrate lgatserfSmapvbandmpossednbnt surFaced 3oy ﬁf ayastd ng drum 18
Substrate 14 by loFTRE kabde "BpainE RARSARR W nprBRBa A0 15y Mice or
an appl i cat orured ceating wildppaeste o hardooai lﬂﬂwhxnhlwnlme art
coating to = nuB'paRoRE 8 pRrmankh? GlFrcll MeYEEe Ly, he 1
applied to subs?FHPesﬂEfBFGaﬁ9 -of a number of
Although a nitrogen blanket may be employed to
ensure an anaerobic cure of the coating composition
it is preferred that an anaerchic cure be obtained
10 without the use of such a nitrogen blanket. In
order to minimize the presence of air in the
coating 10 prior to curing, without the use of a
nitrogen gas blanket, the pressure capable of being
exerted at nip 26 is carefully adjusted. The
15 adjustment of applied pressure at nip 26 may be
accomplished as described above. To obtain a
certain ccating thickness the exact pressure that
will be exerted at nip 26 will depend on factors
such as the viscosity of coating 10, the substrate
20 speed, the degree of detail in the design pattern
on surface 30 (if present), and temperature of the
casting drum. Typically, for a substrate having a
thickness of 15 mils having applied thereon an
acrylic-~based coating having a thickness of 0.6 mil
25 and a viscosity of 220 centipoises, at a substrate
speed of 50 feet per minute and a roll cover of 55
durometer hardness (Shore A) a nip pressure of 25
pounds/linear inch is applied to the coated
substrate. Coating 10 is thereby pressed into
30 contact with both substrate 22 and casting drum
surface 30, thereby ensuring that there is a sub-
stantial absence of free diatomic oxygen from the
coating during curing, so as the ensure a
substantially complete curing of the coating and a
35 cured coating, hardcoat 38, exhibiting a mirror




“wel | -known roll coating nethods, such as spraying, 10 brushing, curtain

coating, and dipping, as well as ot her well-known roll coating nethods,
such as reverse roll coating, etc. The thickness of radi ati on-curabl e
coating 10 applied to the substrate and the thickness of the resultant
cured 15 hardcoat 21 is dependent upon the end use of the article and

t he physical properties desitred; and 11t heir thickness may range from
about 0.05 ml to about 5.0 mls for the nonvolatile coating. The
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Nip roll 24 is odjdisi Al Soyétdh ! Y6utfe 88 RPELAVEBIet radiant

10 energy. As shown in the drawing, means 32 for
transmitting ultraviolet radiation energy transmits
the ultraviolet radiation energy into a surface 34
of substrate 22 opposite a surface 36 having
coating 10 thereon. The radiant energy passes

15 <through the transparent substrate 22 and is
absorbed by the coating 10. The average
wavelength of the UV radiation is above about 320
nm, advantageocusly from about 320 to 400 nm. The
lamp system used to generate such UV radiation may

20 consist of discharge lamps, e.g. xenon, metallic
halide, metallic arc, or high, medium or low
pressure mercury vapor discharge lamps, each having
operating pressures of from as low as a few
millitorrs. up to about 10 atmospheres. The

25 radiation dose level applied to coating 10 through
substrate 22 may range from about 2.0 J/CM? to
about 10.0 J/CM2. A typical UV curing system
suitable for the present invention is a 300 watt
Fusion systems F=-450 microwave type UV lamp (D or V

30 bulb). The D bulbs have an output spectra of from
about 200 to 450 nm (average 320 to 400 nm) and the
¥V bulbs have an output spectra of from about 280 to
450 nm (average above 320 nm). Other commercially
available lamps having the specified average

35 wavelengths are manufactured by American



9 of casting drum 18, described bel ow, and may optionally be

I ndependently driven. As shown in the drawi ng, casting drum 18 is
situated in a position adjacent nip roll 24, such 5 that the outer
circunferences of nip roll 24 and drum 18 are adjacent to each other at
an interface defining a nip 26 which is described below The applied
pressure at the interface of nip roll 24 and drum 18 may be adj usted by
wel I known nethods, 10 such as air cylihﬁers (not shown), attached to the

axle 28 of nip i CLLV&Y t ward drum 18.
Typi cal | y, tfmaé?u#ﬁégklggﬁgggéﬁkg é% ?kesyéggg?aggdigqéﬁkéﬁ %'i.e. | ess
t han 5 poun rsiearralsehbeynsadt A copjungtdonswigh W passing

through nip 26.1addle VIRIEHK SFadifEE UbPokdlr speberumddicgst ed according to a
vari ety of paranet a, substrate ﬁgvin a coating thereon is

passi ng througﬁ“f'l‘fﬁelié%g,m&smggg%uﬁéﬁaﬁﬁl She shorter wayelengt®ism 18
surrounds cest reterety 28digbingOthesapeehgeaarelength epetifleds al which
2 ohr st 4G EpRefhangid BOS! B PEBLS"AREARE i g, 1 2 | o5 e
i ndependent |y dPatentby, 0420848 lincpuperated: herain hyirefaxence
ot e o crEheEged? MilonBRANEIBE YaHie® airedttle, 0¥ gl Lo ures
i mpart ed o the surface of the substrate 22 is not critical:
10 however, a greater number of lamps may allow a
higher production rate for the substrate having
coating 10 thereon. Typically, two lamps, each
producing 300 watts/linear inch of radiant energy,
are sufficient for an acrylic~based coating having
15 a thickness of about 0.5 mils, when the production
line speed is approximately 50 feet/minute. Such a
curing procedure results in both the polymerization
of the polyfunctional acrylic monomers and the
cross~linking of the polymers to form hard,
20 non-tacky coatings. The coating may receive the
post curing by further exposure to ultraviolet
radiation of the wavelength specified after leaving
the surfaces of the casting drum 18.
After the layer of coating 10 material has
25 been applied to and cured on substrate 22 according
to the method of the present invention, the
resulting product is a hardcoated polycarbonate
f£film article 38 which is guided around idler rolls
40, 42 and 44 then collected on takeup roll 46, the
30 latter typically being independently driven and
capable of separating the hardcoated polycarbonate
article 38 from drum surface 30.
A preferred embodiment of the present
invention involves heating the polycarbonate
35 substrate 22 and uncured coating composition 10 to



to coating 10 and the resultant hardcoat 38. For 30 instance, surface 30
may be provide with a highly pol i shed chrone-plated surface if a high
degree of gloss is desired for the hardcoat 38. If a | ower sheen
is desired for the hardcoat 38, surface 30 may be | ess polished so as
to provide a matte 10 texture to

the coating. Simlarly, a design pattern may be enbossed on surface 30
to inpart a mrror-imge design pattefB® to hardcoat 38. The cured
coating will create a hardcoat 38 which will 5 thus become a pernanent

mrror-inmge ofactempeyaturdr of frohabets@en 90 F. andrtﬁQﬂFéinltrogen

bl anket may be y epsU a t I ng
conposi tion ﬁEEbE EQ %:ﬂring Bza?ﬁgnagﬁgfeﬁ{(% éur jfegobit}j'ju n(e)%;

wi t hout the usetBF Eﬁsﬁeﬁrﬁﬁtﬂe§§ﬁdbpénﬁ&9 Hﬁ?sanﬁnkﬂﬁeﬂﬁiQﬁwnﬁhﬁe t he
presence of ai rappnba coatlal &emia@:sm:li% 1D Giddddd toVMBdii the use of a

Qgﬁgggeryggz SL?T<§t higgagﬁﬁure Ie of belna exerted at nlﬁa§6bes
acconpl i shed assdéfdicient pemied ofTMyuixnﬂter applicatzon of the

coating composition 10 and prior to cure thereof
and at a sufficient temperature, to cause a
sufficient amount of the coating composition to

10 diffuse into a region beneath the surface 34 of the
thermoplastic resin substrate 22. Preferably the
coating composition 10 penetrates beneath the
surface to a depth of from 0.05 nicrons to §
microns, more preferably from 0.1 microns to 1

15 micron ana to create a region containing both
thermoplastic resin and coating composition. The
region is located adjacent the coated surface 34 of
the substrate. Preferably the substrate 22 and
coating composition 10 are kept in contact at an

20 elevated temperature of from 90°F. to 150°F. for a
period of from 1 to 5 seconds. The heating step is
not significantly involved in the curing of the
coating composition. Upon curing of the coating
10, the penetrated region provides an interlocking

25 matrix of thermoplastic resin and cured coating 38
which locks the coating 10 and the substrate 22
together to improve adhesion therebetween. The
step of heating the substrate 22 and coating 10
prior to ultraviolet radiation curing of the

30 coating composition 10 can be accomplished by
internally heating drum 18. The drum can be heated
internally by hot oil or the like (not shown). The
coating compositions the present invention are

radiation curable rather than heat curable
35 compositions.




‘certain coating thickness the exact pressure that will be exerted at

nip 26 will depend on factors such as the viscosity of coating 10, the
substrate 20 speed, the degree of detail in the design pattern on
surface 30 (if present), and tenperature of the casting drum

Typically, for a substrate having a t hi ckness of 15 mls having applied
t hereon an acrylic-based coating having a thickness of 0.6 ml 25 and
a viscosity of 220 centipoises, at a substrate speed of 50 feet per

m nute and a roll cover of 55 dur oddt er hardness (Shore A) a nip
pressure of 25 pounds/linear inch is applied to the coated

substrate.  Coati A% Wills benhaindiershand &y ithesgskbhiedtin thepot h

substrate 22 gp¢ ehdid A rdtd¥gen HIWHAAS mky BEHAULLY £16Néi g {hat there
is a sub- stgnti al, absence of free diatom c,oxygen fromthe coating

during curingSeR3URSTIAn Mith the appaxaiis ARd PYEEeF¥Rdie curing of the
coating and amdthodsbf adid Tresutiticante®iowxhibiting a mirror

L oo oo OF o SRR SobAEL " laBlsh B0RAEI prdl 202 20
above the ni pmanner and the process of the present invention but
should not be construed as a limitation upon the
broadest aspects of the invention.
EXAMPLE 1
10 Employing the apparatus described above and
shown in the accompanying drawing a polycarbonate
resin £film having a thickness of between 0.007" and
0.025" was coated with one of three inks. the
coatings were cured by radiation exposure from a
15 gallium doped arc lamp having an average wavelength
of about 400 nm. The ink type, line speed, lamp
power, and adhesion obtained are shown in Table I,
below.



26.. and across the width of the drum This bead 5 31 ensures that

adequate coating material enters through the nip 26 across the w dth of
the drum After substrate 22 having coating 10 applied t her eon
passes through nip 26 it is cured by means of a lanp system source of
ultraviolet radiant 10 energy. ggmn in the drawi ng, neans 32 for
transmtting ultraviolet radlatlon energy transmts the ul traviol et

radi ati on energy into a surface 34 of substrate 22 opposite a surface 36
havi ng coating 10 thereon. The radi ant energy passes 15 through the

transparent substrate 22 and is absorbed by the coating 10. The average

wavel ength of the UV radiation is above about 320 nm advant ageously
from about 320 to 400,nm The

| anp system used to generate such W
radi ati on may 20z COﬂLISt of discharge |anps, e.g. xenon, netallic
hal i de, metallicBarc, on ke 0B, Fedi @ oF dow pressure mercury vapor
di scharge | anps, lgeach{havihg™ = BperalTng pressures of fromas low as a
few mllitorfs. u ﬁo&bﬁut"’l a;ﬂn@uﬁer s. The 25 radiation dose
| evel applied togcoatiing ?%ﬁ% bigrate 22 may range from about
2.0 J/CMerr] to bout 10.0°J err]. typical UV curing system
suitable for the presqnt |nvent|on is a 300 watt Fusi on systens F-450
m crowave type W lang (D or V 30 bulb). The D bul bs have an out put
spectra of from alout 200 to 450 nm (average 320 to 400 nm and the
V bul bs have an output spectra of from about 280 to 450 nm (aver age
above 320 nm. O her jcemarei all Yo « «avadi | abl e | anps having the specified
average 35 mvel&%ths}}@n@f@ty [ Arrerlcan
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12 U traviol et Conpany or UV Systens and Equi prent. Filters can al so
be used in conjunction with W | anps whi ch radi ate broader spectruns of
wavel ength, to elimnate the shorter wavel engths, 5 thereby radiating the
aver age wavel engt h speci fi ed; see for exanple the filters described in
u. S Pat ent 4, 042,849 incorporated herein by reference thereto. The
nunber of lanps directing UV |ight to the surface of the substrate 22 is
not critical; 10 however, a greater nunbgg of |anps may all ow.a hi gher
production rate for the substrate having coating 10 thereon. Typically,
two | anps, each produci ng 300 watt EXAMBIE 2 nch of radiant energy,

are sufficient for |C- e | ' i ess of about
0.5 mls, when the AMRtRVNd €98 EpRRPALNE BKCRIREY, ARl BN TRl
feet/ m nute. Sugh the accompanyingcdrawingesal polycarbonatiee nesiyreri zati on
of the pol yfuncgy a{f@g ® i s }N 0SSyalKi f..Jhe

pol yrrerg tg fo?fnjf%;r , %ﬁ[ n%%ﬁ?gggégggg?%&:eom?ﬁg?c’fogﬁ#r#a'ﬁagﬁr‘lgg ve the
post curing by # (shigknessoaf abeut Lo Bilg was coated amitdh afvaniety

wavel engt h specef i @evagheibl 8aNaPdcoatsihe aAgtedCeurding RA AW UM 18,

After the layer,ofeOindd 18vaBhgh' davi®iength of about 320 to
400 nm), the coated films (identified as “HP~-S",
"HP-H" and "HP~W") were tested for adhesion, chemical
and abrasion resistance. Testing was carried out by
cutting strips of the coated films HP-S, HP~H and HP~-
W, and injection molding a polycarbonate resin
directly on the film surface to obtain film/resin
plagues. The peel strengths (force required to pull
the film off the plaque) was measured on an Instron
tensile tester. tests were also performed to measure
chemical resistance, yellowness index (YI) and
abrasion resistance (ASTM-D 1044). The control was an
uncoated polycarbonate film. The test results are
set forth in Table 2, below. For purposes of
comparison, the procedure of this example was
repeated, except that in place of the gallium doped
lamps, curing was effected with mercury arc lamps with
an average wave length of about 250 to 320 nm (H
fusion system lamp). The test results are also set
forth in Table 2, below.

The use of films or sheets of synthetic polymeric
resins to decorate molded polycarbonate resin articles
is well known. Methods of molding such articles (in-
mold decorating) are well known and described for
example in the U.S. Patents 4,898,706:; 4,961,894; and
5,264,172, all of which are incorporated herein by



25 Dbeen applied to and cured on substrate 22 according to the nethod
of the present invention, the resul ting product is a hardcoated

pol ycar bonat e filmarticle 38 which is guided around idler rolls

40, 42 and 44 then collected on takeup roll 46, the 30 latter typically
bei ng i ndependently driven and capabl e of separating the hardcoated
pol ycar bonat e article 38 fronldrunrsqgiace 30. A preferred
enbodi ment of the present i nvention ihvol ves heating the pol ycarbonate

35 substrate 22.o3udiad i ngr ontﬂ%
13 a terrper%ature of fro tweenxpggi er rili—' an ﬁg%) err eet ?)Fl or to
curing of the é&ﬁﬁ#ﬁ?ﬁxﬁﬁxﬁﬂqﬂﬁﬂrHHF°I413 %m%nﬁ%éﬁélréaaﬁﬁtﬁﬁé of the

present invent lplracdmamto ewrﬁmﬂ cqatmme@n@ﬁéﬁbpnaéexaeséaﬁmée in5
contact with thernqﬁaﬁf S trat ri od of

time after applifo& i TRV Sﬁpﬁg?FFaHeﬁbna gh cure

t her eof andsnbstxaﬁéJ<nuyuntdﬁﬁmnrdimg, aodecorated artm&lecusnt anmount
of the coatingdHQQEﬁgéion to 10 diffuse into a region beneath the surface
34 of the t hernoplastic resin substrate 22. Preferably the



coating conposi t| ‘on 10 penetrat es beneath the surface to a depth of from
0.05 mcrons to 5 m crons, nore preferably from0.1 mcrons to 1 15
mcron and to create a region containing both t hernopl astic resin and
coating conposition. The region is |located adjacent the coated surface

34 of the substrate. Preferably {§e substrate 22 and coating
conposition 10 are kept in contact at an 20 elevated tenperature of from
90[err]F. to 150[err]F. forpe per-t+ot—of—fromt-t9p 5 seconds. The
heating step is not signif}cast!| y«i nwol wed on the curing of the
coating conposition. Upon qurihg df tHe coatqgngr 10, the penetrated
region provides an interlo k@; 25= rﬁatrlx of therm)pl astic resin and cured
coating 38 whi ch | ocks eoattrg—to—and-tire—sthistrat e 22 t oget her
to i nprove adhesion thereb \39=n The step of hedting the substrate 22
and coating 10 prior t qj1ra\7'ﬁ ol §t wadiati en cudi ng of the 30 coating
conposition 10 can be acco Iashe@ by ‘*ingerffallylheating drum 18. The
drum can be heated i ntef rgally by hot oil or the lji ke (not shown). The
coating conpositions the prgse t i di ation curabl e rather
t han heat curable 35 conpos t3 NS« ®
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14 It wll be understood by those skilled in the art that a

nitrogen bl anket may be used alone or in conjunction with the apparatus
and preferred nmet hods of the present invention. 5 The foll ow ng
speci fic exanpl es describe the manner and t he process of the present

I nvention but shoul d not be construed as a limtation upon the

br oadest aspects of the invention. 19 EXAMPLE 1 10
Enpl oyi ng the apparatus descri bed above and shown in the acconpanyi ng

drawi ng a pol ycar bepid erable re2dbove | shdvey | tigat théCkﬂQ&ian bet ween 0. 007"

2E?ed byorggféﬁﬁﬁ?‘é%aﬁtieﬁ?’fo %s %ﬁfﬁ%“goﬁg% §P8 F{g at| grs]gw::]e
aver age wavel @Rgth coatexd £iims ¢Hfbdwmiﬁhethekga&meumldnpe&peed, | anp
pover, and adRgHan ot NEthl CastPd ok N(dEPL6F' wheel, PE68"Yy,

5 100 cycles) and chemical resistance test with
methyl ethyl ketone (MEK) was not affected by
curing. However, the most dramatic effect observed
was with the peel strengths of the two sets of
samples. The peel strength measured the adhesion

10 between the uncoated film surface and the Lexan
resin. The peel strengths dramatically improved to
>40 psi with the gallium doped lamps versus the
</psi with typical mercury arc lamps. When a
sanple of PC film was used that was not exposed to

15 UV light (control), the peel strength was 42 psi.

EXAMPLE 3
Employing the apparatus described above and
shown in the accompanying drawing, a series of
polycarbonate f£ilms {Lexan ¢, General Electric Co.,

20 supra;) were coated with a radiation curable
coating of an acrylic resin. The curing was
carried out on a portion of the film preparations
using an "H" type fusion UV lamp, and on a portion
of the films with a Fusion "D" lamp and the

25 remainder with a Fusion “V" lamp. The Fusion “H"
UV lamp is the shortest wavelength UV output lamp
(250~320 nm) while the Fusion "V" lamp produces the
longest wavelength UV light (>380 nm). The Fusion
"D"* lamp produces wavelengths of 320~400 nm. The

30 series of films received various numbers of
exposures to the radiation. Each of the films (10
mils) were molded with standard LEXAN® resin on an
injection molding press with a centergated plague
toel. The "optimized" molding conditions were

35 used, since a variation of the molding conditions



[err] 16 EXAMPLE
2 Enpl oyi ng the apparatus descri bed above and shown in the acconpanyi ng
drawi ng, a pol ycarbonate resin film (Lexan General Electric Conpany,

supra.) having a thickness of about 10 mls was coated with a variety of
U-V curabl e hardcoats. After curing with gallium doped | anps (average wave
| ength of about 320 to 400 nm), the coatgqg filnms (identified as "HP-S",
"HP-H' and "HP-W) were tested for adhesion, chem cal and abrasion

resi stance. Testing was carried out by cutting strips of the coated filns

HP-S, HP-H and §B-n¥¢ 3BHen? $8' haVe™ Uitthr RANE RN Cof CELfla1
results.
Each molded plaque was cut into 1" wide strips
and the film was pulled from the parts using a 90°
5 peel fixture on an Instron tensile tester. The
following Table 3 summarizes the results:



directly on the filmsurface to obtain filmresin plaques.

strengths (force required to pull the filmoff the plaque) was neasured on
an Instron tensile tester. tests were also perforned to neasure chem cal
resi stance, yellowness index (Yl) and abrasion resistance (ASTM D 1044).
The control was an uncoated pol ycarbonaz® film The test results are set
forth in Table 2, bel ow. For purposes of conparison, the procedure of this

exanpl e was repeated, except that in place of the gallium doped | anps,
curing was effected with nercury arc

#ﬂﬁﬂ%iﬂ“th an average wave | ength of
about 250 to 320 nm (H fusion systemTanp). The test results are al so set
forth in Table 2, bel ow

The use of filns or sheets of synthetic
polyneric resifwsiandecorate nogdeg pwl ycar bonat e xdisdgiagiticles is well

known. Met hodg2afp nol di ng such Bxposhiges(in- nol d e itng) are well
known and descrisped for exanple in the U.S.

The peel

] Patentso 8&980 706; 4,961, 894;
and 5, 264, 1g2, | of which are inc@rporated herein_hy
17 reference thgreto. In general, flae filmor sheel,gt_hppllque is formed
into a 3-dimensignal shape and 15 -
D 1 AR B A
D 5 0,0,0,0
10 D 10 -,-.—,-
D 15 —‘,.-‘-'.—
v 1l ot b, +
v S L
v 10 LT I
15 v 15 L
H 1 oty
H 5 Fyt oy
H 10 +ot -, -
H 15 +'+'~'-‘
20 D 1 4 ok b+
D ] +,d, b, +
D 10 b,
D 15 —,—,-—,—
v 1 +,k, 4+, +
25 v 5 ottt
v 10 kb,
v 15 k-
H 5 -'-'—'-
30 B’ 10 -y o o
H 15 oy g
V 5 —'t"-'—
35 v 15 -y o
Key:

Good (> 10 lbs/in2)
Fair (5-10 lbs/in?)
Poor (< 5 lbs/in

O+
nu



‘placed into a nold. A nolten thernoplastic resinis injected into the nold

cavity space behind the fornmed substrate. Upon de-nolding, a decorated
article is obtained. 18 [err]
19

22

This series of tests clearly show that the
longer wavelength Fusion lamps (®"D" and "v®)
allow 10 UV exposures on some polycarbonate films.
However, additional UV exposures even with a longer
5 wavelength lamp, had no positive effects on
adhesion. This suggests that 1 UV exposure with a
shorter wavelength UV lamp causes sufficient UV
induced photochemical oxidation on the surface of
the polycarbonate film to disrupt any adhesion of
10 it to polycarbonate resin for an IMD application.
EXAMPLE 4
As seen in Exanmple 3, supra. polycarbonate
films are difficult to use in IMD applications
since the adhesion of those f£ilms to molded resin
15 is <1 psi. This delamination of the film was
determined to be due to the short wavelength UV
induced oxidation of the second surface of the
polycarbonate film during the UV curing process.
A UV hardcoat system was applied as described
20 above and the curable hardcoat was cured using
Fusion Systems "D" lamps. The samples were then
overmolded with polycarbonate resin in a 6" x 8%
plaque in a JSW injection molding press. The
overmolded plaques were then cut into I"™ x 8" long
25 strips and the adhesion of the films to the resin
was nmeasured with an Instron Model 1115 equipped
with a one air-operated film grip and a 90° peel
fixture. The adhesion results which were obtained
are listed as follows in Table 4.



The Table 2 above shows that the initial yel | owness index (Yl) is

i nproved for the HP-H and HP- Wcoated filns cured with the gallium doped
| anps. The taber abrasion (CS 10F wheel, 500 g, 5 100 cycles) and chem cal
resistance test with met hyl ethyl ketone (MEK) was not affected by
curing. However, the nost dramatic effect observed was wth the peel
strengths of the two sets of sanpl esz3The peel strength neasured the
adhesion 10 between the uncoated filmsurface and the Lexan - resin. The
peel strengths dramatically inproved to >40 psi with the gallium doped

| anps versus the </psi wth typicgtégfggiry arc |lanps. Wen a sanpl e
of PC filmwas used that was not exp 15 W light (control), the
peel strength was 42 psi .Ct Wt EXANPeEage

Enpl oyi ng the adper at us dasidsled abdarerRate/ shown AfhesdoBcconpanyi ng
drawi ng, a ser Spees (Indddakk bonat@urelSpeedexan [BEL)(2B4MERY El ectric

Co., 20 supra.).were coated with a radiaLion curable geating of an
acrylic resin. The curing was carried out on a portion 8f the film
preparations Stdsing an 4% type fuiPBW/ 4REPBNp, and on &8portion of

fhe filnﬁ wi t h g Fusi on "[ﬁ.j?np and luewZES:pmnainderlmjthsa Fusi on "Vr
anp. The Fusiqn, "H" anp is st wavel eng WV out put | anp
(250- 320 nn)\Mﬁﬁﬁathe FuéHXh "V Ian%8§VZg§g§§ t he Io%gést wavel engt h

UV Iight (>380Hir). The Fuidn " D30PwApSEPRduces wavel digt hs of 320- 400
o at s on. BaoiSR e 111067 (10 . SPPRASBBEOIIS O i P andard
LEXAN[ err] resiion an 0ihj ecti on ABPH/ASEPRess with a &ntergated
pl aque std, 0.3 300w/45fpn 27
Hi 0.7 300w/45fpn 35
Hi 0.3 300w/45fpm 35
15 std 0.3 300w/45¢pm 30
std 0.7 300w/452pm 37

These results clearly show that use of longer
wavelength UV lamp technology results in less
photochemical oxidation of the films. As a result,

20 excellent adhesion of the film was obtained to the
resin.
EXAMPLE S
In this example, different types of UV lamps
(Fusion H, D, V and Aetek Arc Lamp Y) were used to
25 expose polycarbonate film and the samples were then
nolded as before. Overmolded plagques (6% x 8%)
were molded as in Examples 3 and 4. The adhesion
results obtained are listed as follows in Table 5.



tool. The "optim zed" nolding conditions were 35 used, since a variation of
t he nol di ng conditions 20 do not
appear to have a significant inpact on final resul ts. Each nol ded
pl aque was cut into 1" wi de strips and the filmwas pulled fromthe parts
using a 90[err] 5 peel fixture on an Instron tensile tester. The

follow ng Table 3 sunmari zes the results:
21 t

24
IABLE S
Line
Speed UV Average
Exposure Type $# UV Adhesion
S (fpm) lamp Exposures ~{psi)
30 Fusion "H" 2 2.5
30 Fusion "D% 2 4.2
30 Fusion "v" 2 12.9
30 Aetek Y 2 1.9
10 This example clearly shows that longer

wavelength lamps (Fusion D & V) cause less surface

damage to the polycarbonate and thus better

adhesion is obtained. The other lamps (Fusion H

and Aetek Y) (shorter wavelength arc lamp) cause
15 some degree of oxidation on the polycarbonate

surface and thus, lower adhesion was obtained to
the resin.



Fusi on of w Adhesi o] Lamp THIS 8! T A EN

. [ B

(5| bs/inferr]) Th:s Sheet Has Been Repl 10 @0 OHB E)i
I 1 e
D 0,0,0,0 10 D 10
.- - \Y; 5 -
+1 +1 +1 + - 10 15 25 V 15
+1 +1 +1 + H 1 +1 +1 T T H
5 H : +, ¥, H

20 D +, D
éS + + %++ { method of producing, a coated o+ o+
D polycdbbonate £i¥m, which comprises; 1
Jlr’ o+ 25 v + 4 providing Wthe?;moplastic film JBlfg’aJr’ * v

5 polycarbonate resin, having an upper and a lower
£ilm surface:

coating at least one of the upper and the
lower film surface with a radiation-curable acrylic
coating composition:; and

10 éuring the coating on the film surface with
ultraviolet radiation selected to have an average
wavelength above about 320 nm.

2. A method for producing a polycarbonate
film having an ultraviolet radiation cured surface
coating, comprising:;

a) coating an ultraviolet radiation curable

5 coating composition on a surface of a polycarbonate
film substrate for a period of time and at a
tenperature sutficient to allow a portion of said
counposition to diffuse into a region beneath said
surface of said substrate to create a region

10 comprising coating composition and polycarbonate
resin, said temperature being between 90°F. and
150°F., said region having a thickness of from
between 0.1 microns and 15 microns, said coating
composition being substantially free of

15 non-reactive volatile components: and

b) exposing said coating composition to
sufficient ultraviclet radiation at a selected
wavelength average above about 320 nm to effect
cure of said coating composition.

3. The method of claim 2, wherein said
coating composition comprises a polyfunctional

T



H 5 T 30 H

10 Sty H 15 -y,
Vv 1 Vv 5 Vv

10 -,-,-,- 35 \Y 15

Key: + = Good (> 10 Ibs/in[err]) 0
= Fair (5-10 Ibs/in[err]) 26 - = Poor (<5 1bs/in 2)

22 This series of tests clearly show that the | onger wavel engt h

Fusion lanps (' ﬁrﬁdte\ﬁénoncﬁU ampﬁethﬁmw:e%w 59 Jwlear bonat e
filmns. Howey, addi t#og Ux lcg‘épo ures ven WI die*ﬁ%’(r 5 wavel engt h
| anp, had no poY (FYECRRTRY W849 lakeq
exposure with a shor t eTheaamekhodt bebﬁ]Jaam mauﬁmaﬁfsa:icknt UV
temperature is from 110°F. to 130°F.
s. The method of claim 2, wherein the
average wavelength is within the range of from
about 320 to 400 nm.
6. The product of the process of claim 1.
7. The product of the process of claim 1
adhered to the surface of an injection molded,
synthetic polymeric resin article.

) 066 DL



i nduced photochem cal oxidation on the surface of t he ipalycarbonateBEEN M
to disrupt any adhesion of 10 it to polycarbonate resin for ap; My

appl i cation. EXAMPLE 4 As..s88f LAanp}c
3, supra. polycarbonate films are difficult to use in I MD applications
since the adhesion of those filnms to nolded resin 15 is <1 psi. This

del am nation of the filmwas determ ned to be due to the short

wavel engt h WV i nduced oxidation of t second surface of the

pol ycarbonate fil mduring the UV curing Process. A WV har dcoat
system was applied as descrilged 3

usi ng Fusi on Syst ems D*”
W th polycarbonate resin i
press. The . D .-en cut into I" x 8" long 25 strips
and the adhesi 0 f 15 was neasured with an Instron
Model 1115 equi pped A netmch @BrﬁrﬁYFd&ﬁrﬁPEB‘!ﬂl PRLYFASLORAtE 90[ err]

peel fixturg i Réh@EReebPIdéSsU[1F BBhePolEeE BltrEadedfinisk,e |isted
as follows in Tabjj. Ab
ntable, UV cured coating on the surface of a
polycarbonate film, and (2) irradiation through the
polycarbonate film without degradation of the
uncoated surface.

qc&ﬂffﬁle har dcoat was cured
Sedl € t hen over nol ded

a2 JSWinjection nolding

The figure

heet Has Been Replaced

AR



TABLE 4 G W Aver a

(mls) Cure Rate/ Adhesi on Speed (Initial)
(pm)(Z"/mrﬂ 5 - - - . 42 Std

0.3 300w 45f pm 28 Hi 0 3 300w 45f pm
33 Std 0.7 300w 45f pm
300w 45f pm 37 10 Std 1/9- 7 > 300w 45ksShee Hes Hthepize
Hi 0.7 300w 45f pm 44 St d. iﬂﬂl Ilﬂ‘ ‘ﬂ
300w 45f pm 27 Hi 0.7 300w 45f p
Hi 0.3 300w 45f pm 35 15 std
300w 45f pm 30 std - 0.7 300m/45fpm
These results clearly show that usesef |onger wavel ength WV | anp
technol ogy results in |ess phot(‘hen1 oxidation of the filnms. As a
result, 20 excellent adhesion of the obtained to the resin.
EXAMPLE 5 In this exanp t* types of WV | anps
(Fusion H, D, V and Aetek Arc La sed to 25 expose pol ycarbonate
filmand the sanples were then mo | NS4 ef ore. Over nol ded pl aques
(6" x 8") were nol ded as in Exanples 3 & The adhesion results

obtained are listed as follows in Table 5.

oc/




24 Li ne Speed W

Vol glp- 4 rrnllr

Exposur e Type # W Adhesi on 5 (fﬁﬁfLACEME&T SHEETapp
Exposur es (psi) 30 Fusion "H' 2 25

30 Fusion "D’ 2 4.2 30 i-on{"Yy
2 12.9 30 Aetek Y 2 t Apllfg%f)l)
This exanple clearly shows that | onger wavel engt h | gnps—{+ust+er—bB-&! V,
cause | ess surface darmage to the pol ycarbonate and tthus better

adhesi on is obtained. The other |anps (gRusion H and AETERTY)(snhorrer
wavel ength arc | anp) cause 15 sone degree of oxidation on the

pol ycar bonat e surface gRgRbODOUTO PRUDUEE NESCORTRAS obtained to t he
resin. ~—POLYCARBONATE FILM

ARSTRACT OF THE DISCLOSURE

A method for providing coated polycarbonate
filn that provides: (1) controlled surface finish,
printable, UV cured coating on the gurface of a
polycarbonate £ilm, and (2) irradiation through the

polycarbonate film without degradation o
uncoated surface.

Figure 1

£ the

~estar ot



25 WHAT | S CLAI MED | S: 1. A nmethod of producing a coated
pol ycarbonate film which conpri ses: provi di ng The Aastic film
of a pol ycarbonate resin, having an upper and a | over® LW#&@%‘fg?E“

coating at | east one of the upper and lower filmsurfiace with a
radi ati on-curabl e acrylic coating conposition, said cpafingt APRPI9SY tijorn
being substantially free of non:reactive volatilp fonposition; gnd
curing the coating on the filmsurfhé® with ul traviol bt "ragrartonseredt ed

D

to have an average wavel ength above about 320 nm 2. A nmethod. f
produci ng a pol ycarbonate filmhaving an ultraviolet radiation cured
surface coating, conprising; a) coating an ultraviolet radiation

curabl e coating conposition on a syrface of a polycarbonate filmsubstrate
for a period of time and at a ten®ratuge sufficient to allow a portion of
said conposition to diffuse into a reo'gﬁ\gfneath said surface of said
substrate to create a region cQupri PEEENNOX i ng conposi tion and

pol ycarbonate resin, said tenpé»atu( T)%g bet ween 90[err] F. and
150[err]F., said region having a T hi ¥ of frombetween 0.1 microns and

15 mcrons, said coating conposition D
non-reactive vol atil e conponents; and

R

oe)




R N <t
b) exposing said coating conposition to suffickerﬁ““ﬂ*’ﬁfarmﬁf;
radiation at a sel ected wavel ength average above abbuREP3ABEMENE SUatFY e
cure of said coating conposition. 3. The nethofd of claim
wherein said coating conposition conprises a pol yf 'n?t iomajan 1999
26 acrylate nmononer, a photoinitiat 055and from 20 3‘05 per cent byiwai ght
of 1, 6- hexanedi ol diacryl ate. 4.%>The nethod of} &4-ai ; €l njsaid
tenperature iWHAT OUS ITAIMEDFISto 130[err]F. 5. The nethod of ¢laim
2, wherein the average yave i S_Withj .randeor T out 320 to
400 nm 6. ej:I’he pjrivgdullgtgg%%gt heoprocggghgglégai m-1. JO%!PE%{.) The
product of tHeohreveeenate cfblm whaktlereempoiger: surface of an injection

nol ded, synthetic pabyi@iag resin ghrbimbfilastic film of a

polycarbonate resin, having an upper and a lower

ct. -

film surface;

coating at least one of the upper and lower
film surface with a radiation-curable acrylic
coating composition, said coating composition being
substantially free of non-reactive volatile
composition; and

curing the coating on the £ilm surface with
ultraviolet radiation selected to have an average
wavelength above about 320 nm.

2. A method for producing a polycarbonate
film having an ultraviolet radiation cured surface
coating, comprising;

a) coating an ultraviolet radiation curable
coating compogsition on a surface of a polycarbonate
film substrate for a period of time and at a
temperature sufficient to allow a portion of said
composition to diffuse into a region beneath said
surface of said substrate to create a region
comprising coating composition and polycarbonate
resin, said temperature being between 90°F. and
150°., said region having a thickness of £from
between 0.1 microns and 15 microns, said coating
composition being substantially free of non-reactive
volatile components; and

b) exposing said coating composition to
sufficient ultraviolet radiation at a selected
wavelength average above about 320 nm to effect cure
of said coating composition.

3. The method of claim 2, wherein said
coating composition comprises a polyfunctional

A



