DECORATI VE MATERI AL HAVI NG ABRASI ON RESI STANCE

TECHNI CAL FI ELD The present invention relates to a decorative
material 5 whose surface is excellent in scratch resistance. Mire
specifically, the present invention relates to a decorative | am nat e
obt ai nabl e by covering the surface of paper or pl astic sheet or film
or the printed surface thereof, with a coating | ayer excellent in both
abf asi on resistance and 10 erX|b|I|ty 1 BACKGROUND OF
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speci fic average parti lameter are a can S OMlt esired
effects to a  resins or 1on1z1ng -radiation-curing resins have been used

as overcoat materials to cover the surface of paper or
15 plastic sheet or film, or the printed surface thereof so6 as
to protect such a material from damage by abrasion or
scratch.
In order to successfully protect the above-described
materials from damage' by abrasion or scratch, it is
20 necessary to make a resin to be used for coating the
materials harder. In order to attain this, it has been
needed to lower the average molecular weight of crosslinked
molecules of the resin. As a result, such a problem has
been caused that the flexibility of the resin itself is
25 lowered, so that the resin layer tends to be cracked when
the substrate is bent.
DISCLOSURE OF THE INVENTION
We studied with overcoat materials capable of forming

films which are hardly damaged by scratch and which have
30 flexibility. As a result, it was found that although a
coating layer formed by using a composition containing
reactive resins to which a predetermined amount of
spherical particles having a specific average particle
diameter are added can show the desired effects to a
35 certain extent, such a coating 1layer is still
unsatisfactory. It was also found that it is necessary to
further specify the relationship between the average



35 certain extent, such a coating layer is stil

unsatisfactory. It was also found that it is necessary to further
specify the rel ationship between the average '
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di aneter of the spherical particles and that a decorative | am nat e
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as paper, plastic s nonwoven fabric l'i ke materi a
such as netal | i €esins, that the amount of the spherical particles (A) is

from 5% to 50% by weight of the total amount of the
15 components (A) and (B), that the hardness of the spherical
particles (A) is higher than that of the binder (B), and
that the average particle diameter d (micrometers) of the
spherical particles (A) fulfills the following inequality
(1):
20 0.3t = 4 = 3.0t (1)
wherein "t" is an average thickness (micrometers) of the
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coating layer.
BEST MODE FOR CARRYING OUT THE INVENTION
Substrate
25 In the present invention, paper, plastic f£ilm or sheet,

metallic foil or plate, or the like can be used as the
substrate depending on the purpose. Although either a
sheet-like material such as paper, plastic sheet or
nonwoven fabric, or a board-like material such as metallic

30 plate, woodboard or plastic board can be used as the
substrate, it is preferable to use a sheet of a flexible
material. This is because it is possible to continuously
produce a decorative material when a roll of such a
substrate sheet is used in the production process.

35 In general, in the case where a sheet-like material is
used as the substrate, the thickness thereof is preferably



30 pl at e, woodboard or plastic board can be used as the substrate,
it is preferable to use a sheet of a flexible material. This is
because it is possible to continuously produce a decorative materi al
whén a roll of such a substrate sheet is used in the production
process. 35 In general, in the case where a sheet-like material is
used as the substrate, the thickness thereof is preferably
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15 fiber, asbestos, potassium titanate fiber, alumina fiber,
silica fiber and carbon fiber, or organic resins such as
polyester and Vinylon.

Examples of the plastic sheet which can be used as the
subgtrate include single layers or composites of films or

20 sheets of synthetic resins, for instance, polyolefin resins
such as polyethylene, polypropylene and polymethylpentene,
vinyl resins such as polyvinyl chloride, polyvinylidene
chloride, polyvinyl alcohol, vinyl chloride-vinyl acetate
copolymer, ethylene-vinyl acetate copolymer, ethylene-vinyl

25 alcohol copolymer and Vinylon, polyester resins such as
polyethylene terephthalate, polybutylene terephthalate and
polyethylene naphthalate-isophthalate copolymer, acrylic
resins such as polymethyl methacrylate, polyethyl
methacrylate, polyethyl acrylate and polybutyl acrylate,

30 polyamides such as nylon 6 and nylon 66, cellulose resins
such as cellulose triacetate and céllophane, polystyrene,
polycarbonate, polyallylate and polyimide. Further,
examples of the metal which is used as metallic foil
include aluminum, stainless steel, iron and copper.

35 Examples of the board which can be used as the
substrate include woodboards such as veneer, plywood,
particle board and MDF {medium density fiber board},



pol yet hyl ene terephthal ate, pol ybutyl ene terephthal ate and

pol yet hyl ene napht hal at e-i sopht hal ate copol yner, acrylic resins such
as polynethyl nethacryl ate, pol yet hyl nmet hacryl ate, pol yet hyl
acrylate and pol ybutyl acrylate, 30 pol yam des such as nylon 6 and nyl on
66, cellulose resins . such as cellulose triacetate and cel | ophane,
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and other resin boards, for instance, so-called FRP boards

15 which are obtained by impregnating warious fibrous
substrates such as nonwoven fabric of glass fiber, cloth
and paper, with a resin such as phenolic, urea, unsaturated
polyester, polyurethane, epoxy, melamine or diallyl
phthalate resin.

20 It is also possible to use, as the substrate, a
composite substrate which can be obtained by laminating two
or more of the above-mentioned various substrates by any
known means, for instance, by the use of an adhesive agent,
or by effecting thermal fusion.

25 Spherical Particles

The spherical particles (A) for use in the present
invention are particles in the shape of sphere or of one
similar to it. Preferable examples of the spherical
particles include fused alumina, alumina produced by the

30 Bayer process, zirconia, titania, and eutectic mixtures

thereof, which have a Knoop hardness of 1,300 kg/mm? or
more. Of these, those spherical particles which have a

Knoop hardness of 1,800 kg/mm? or more are preferred, and
fused alumina can be mentioned as a specific example of
35 such particles.

The "Knoop hardness" as used herein is an indentation



conposite substrate which can be obtained by |am nating two or nore of
t he above-nenti oned vari ous substrates by any known neans, for

i nstance, by the use of an adhesive agent, or by effecting thernal
fusion. 25 Spherical Particles The spherical particles (A for
use in the present I nvention are particles in the shape of sphere or
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spheri cal material is melted at a high temperature above the melting
15 point thereof, and the melt is sprayed to obtain spherical
particles.

The content of the spherical particles in a composition
used for forming the abrasion-resistant coating layer of
the present invention is generally from 5 to 50% by weight,

20 preferably from 10 to 40% by weight.

When the content of the spherical particles is less
than 5% by weight, the scratch resistance of the coating
layer is insufficient. On the other hand, when the content
of the spherical particles is more than 50% by weight, the

25 binder effects of the crosslinkable resins cannot be fully
obtained, and the coating layer has lowered flexibility.

The average particle diameter of +the spherical
particles 1is, in general, from 3 <to 50 mnicrometers,
preferably from 8 to 40 micrometers. When spherical

30 particles having an average particle diameter of less than
3 nmnmicrometers are used, an opaque coating layer is
obtained, so that such an average particle diameter is
unfavorable. On the other hand, +the average particle
diameter of more than 50 micrometers is much larger than

35 the thickness of a coating layer formed by using a typical
coating composition. The surface smoothness of the coating

layer is thus impaired.



particles. The content of the spherical particles in a conposition
used for formng the abrasion-resistant coating | ayer of t he present
invention is generally from5 to 50% by wei ght, 20 preferably from 10 to
40% by wei ght . When the content of the spherical particles is |ess
t han 5% by weight, the scratch resistance of the coating | ayer is
ingsufficient. On the other hand, when the content of the spherical
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scratch res:Lstance so that such an average particle

diameter is unfavorable.
15 With respect to the spherical particles, more specific
explanation will be given below.

It is enough for the spherical particles to have smooth
curved surfaces, like perfectly-round particles, elliptical
particles obtainable by flattening round particles, and

20 particles which are similar to perfectly-round or
elliptical particles in shape. The spherical particles are
preferably those which have neither projection nor edge on
the surfaces thereof, that is, so-called cutting-edge free
particles. The spherical particles can greatly improve the

25 abrasion resistance of the surface resin layer itself, as
compared with particles in an indeterminate form made of
the same material, and, at the same time, produce the
following characteristic effects: the spherical particles
do not wear a coating applicator used; the hardened coating

30 layer also does not wear those things which are brought
into contact with the coating layer; and the coating layer
has improved transparency. These effects are particularly
obtained when the spherical particles have no cutting edge.

It is preferable that the hardness of the material used

35 for producing such spherical particles be higher than that
of the crosslinkable resin, which .will be described later,



appearance. On the other hand, when the average particle di aneter is
| ess than 0.3t, the coating |ayer has inpaired scratch resi stance, so
t hat such an average particle di aneter is unfavorable. 15 Wth
respect to the spherical particles, nore specific explanation will be
gi ven bel ow. It is enough for the spherical particles to have
snmpot h curved surfaces, |like perfectly-round particles, elliptical
particles obtainable by flattening round pafticles, and 20 particles
which are simJdar_ to erfectl.y-roun ar elliptical particles. in
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resin can be used. The pardness ofybBEmsPNe! | Glidiakd;i ches fiyoriddd Hhat
of the crosslinkable resin can be geterm ned b means of the Nbhs
hardness test, BR8t¥tEkePs RAEFHAELASeEes: @RartR’ (v §90A%Z7 9 FGOTIBIRN e,
when these hardaggseo:aseamond. expressed in Mhs scale, it is preferable
that the 15 Specifically, particles of an inorganic material such
as alpha-alumina, silica, chromium oxide, iron oxide,
diamond or graphite, or organic resin particles, for
instance, beads of a synthetic resin such as crosslinked
acrylic resin can be used as the spherical particles.
20 Particularly preferable spherical particles are spherical
alpha-alumina particles. This is because alpha-alumina has
an extremely high hardness and can impart high abrasion
resistance to the resulting coating layer, and because
alpha-alumina which is spherical in shape 1is readily
25 obtainable.

Spherical alpha-alumina with decreased cutting edges
can be obtained, as described in Japanese Laid-Open Patent
Publication No. 55269/1990, by adding a small amount of a
hardener or crystallizing agent such as alumina hydrate, a

30 halide or boron compound to fused or sintered alumina which
has been ground, and thermally treating the mixture at a
temperature of 1,400°C or higher for two hours or longer.
Spherical aluminas of this type, having wvarious average
particle diameters are commercially available under the

35 trademark of "Spherical Alumina AS-10, AS-20, AS-30, AS-40
and AS-50" from Showa Denko K.K.

The spherical particles can be subjected to surface



di fference between these hardnesses be 1 or nore. The "Mohs

har dness"” as used herein is based on the conventi onal definition of
the Mhs hardness, that is, the value 10 obt ai ned by conparison with the
following ten sel ected m neral s: 1. talc; 2: gypsum 3:
calcite; 4: fluorite; 5: apatite; 6: orthoclase; 7: quartz; 8: topaz;
9: _corundum and 10: dianond. 15 Specifically, particles of an
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treatnment. For instance, whent e spherica partlc es are

mercapto. It is preferable to suitably select the type of
the radically-polymerizable unsaturated bond or functional
15 group contained in the silane coupling agent, depending on
the type of the crosslinkable resin which is used along
with the spherical particles. For example, in the case
where an ionizing-radiation-curing resin such as
(meth)acrylate is used as the crosslinkable resin, an
20 alkoxysilane having a radically-polymerizable unsaturated
bond is used; and when a two-pack hardening urethane resin
is used, an alkoxysilane having epoxy or amino group is
used. Specific examples of the alkoxysilanes include those
which contain in the molecules thereof a
25 radically-polymerizable unsaturated bond, such as
gamma-methacryloxypropyl trimethoxysilane,
gamma-methacryloxy-propylmethyl dimethoxysilane,
gamma-methacryloxypropyldimethyl methoxysilane,
gamma-methacryloxypropyldimethyl ethoxysilane,
30 gamma-acryloxypropyl trimethoxysilane,
gamma-acryloxypropyl-methyl dimethoxysilane,
gamma-acryloxypropyldimethyl methoxysilane,
gamma-acryloxypropyl triethoxysilane, gamma-
acryioxypropylmethyl.diethoxysilane, gamma~acryloxypropyl-
35 dimethyl ethoxysilane and vinyl triethoxysilane; and those
which contain in the molecules thereof a functional group

such as epoxy, amino or mercapto.



treated with a fatty acid such as stearic acid, the di spersibility of
the particles is inproved. Further, when the spherical particles are
surface-treated with a silane 5 coupling agent, the adhesion between the
particles and the crosslinkable resin used as the binder, and

t he di spersibility of the particles in the coating conposition

are inproved. Exanpl es of the silane coupling agent I ncl ude

al koxysi | anes containing in the nDIecuIeé't é?eof 10 a

radi cal | y-pol yneri zgbl e upsaturate S Vi n a |,
and al koxysi | anes c‘gﬁ?’éﬁam gl Pn Rafe q: Eul elénl atmﬁz eo?h% ?ﬁg}é{algo%g%
group such as epuxijaeaﬁtneabxng the mpheapcal partscpeefhy amJelg @ scililaaﬁl y
sel ect the t>’|Oec8L 1in ’Eagin(&al E-% BBWQE%&&&Qi e
functional 15 8 n e silane coup ng agent epen |ng on
t he type of theadﬂpteﬁrrﬂﬁﬂﬂmplﬁ§spﬁ ek e inethoddincdude a drymerthode

spherical partighesn aFﬁﬁeéB%HHHfhed %mbﬂ%tcéfea 31laﬂg“ﬂdhpﬁﬁhg agent is
i oni zi ng-radi ati on-curing resin such (nmeth)acrylateis used as

the crosslinkabFBYPEREN, OHﬁrZOtheal§8??§FPéﬁe Rgvthglgs with vigorous
radi cal | y- pol yrratnzﬁbhg, uagaat ar afeaﬂ methodJQnd wmmedfteuadtwéeapaetrwaamack

har deni ng uret hane e, i used |Iane aving, e xxeor
amino group is Par lﬁ 83. a§ﬁegﬁﬁpgr§§gnﬁpe?<ﬁ° s7¥ an8sVFhtr ufe
t hose whi chredebatmaimed amount bliea smﬂrm:u:loa@llngt agepbfis adaleESto

radically%60|yn@ﬁézﬁgggﬁrggégtQBa%§QOwlﬁﬁ?&ea'@L¥Kb pifticles with the

ganmma- et hacr yl oxypr Xyl dane
gamma- et hacr yl eRyphbiogy | agehy Teretoredayidbdige, amount  (the amount

ganma- ”EthanylPé&QiB@&?dUﬁﬂﬁﬁg si18REheeyuphliage agent to be used for
ganmma- nethacryloxypropy di et hyl et hoxysi | ane, é%

acryl oxypr opyl re?F%ﬂ%tFB%y%?W%ﬁkPal partiGhes d& fP&Py%P@ﬁthﬁeWﬁyqum

di met hoxysi | anearea ofgam® ﬁﬁf@ﬂl@éﬂprm:ﬂim hydvered withneh&oxyiahene,
ganna-acr OXYPpr.o triethox

acryl oxyp %pylnﬁ?ﬁ%#lﬂge?%%Q sF#ang® ggnﬂﬁ 58F$|39§n?88fo the spegifig

et hoxysi | ane anduviagé treet lodxytdhd aﬂahemmial hpaeticleswhi dt dentadh EM the

mol ecul es ther eglea{1PSHLOMAe ¥ QRane coifFingSaf Vin U a8 aBLARP! O-
that the minimum area of the spherical particles covered
with the silane coupling agent becomes less than 10 for 100
20 of the specific surface area of the spherical particles.
Binder

A thermosetting resin or an ionizing-radiation-curing
resin can be used as the crosslinkable resin (reactive
resin) to be comprised in the binder (B) for use in the

25 present invention.

A conventionally known thermosetting resin can be used
for the binder. Examples of such a resin include two-pack
urethane, epoxy, alkyd and unsaturated polyester resins.

Examples of the two-pack urethane resin include those

30 which are obtained by blending a first liquid comprising
such a polyol compound that contains in the molecular
structure thereof at least two hydroxyl groups on the
average, with a second liquid comprising a polyisocyanate
compound so that the eguivalent ratio of the hydroxyl

35 groups to the isocyanate groups will be from 0.7 to i.s.

Examples of the above-mentioned epoxy resin include
those which are obtained by blending an epoxy resin



-9- There is no particular Iimtation on the nethod for

surface-treating the spherical particles by using a silane coupling
agent, and any conventionally known nmethod can be adopt ed. Exanpl es of
such a method include a dry nethod in 5 which a predeterm ned anount of
a silane coupling agent is sprayed over the spherical particles with
Vi gor ous stirring; and a wet nethod ig whi ch after t he spheri cal
particles are dispersed in a solvent such 9 tol uene, pr edet er mi ned

amount of a S"éﬁﬁg??ﬂ?"hﬁn%ﬁ?”%mﬂe ggged %Qué ure £ﬁéf%%9%§§ s&ptﬁglow

to react the par apl © gent referab
anount (the aepbory groupsedn rtg everheem Iwarlrb @0 U1 Ty age@pluf@mbeeused

for treati 88n%§$n§ﬂ e&hcéhep%&leﬁgié ‘tﬁeéﬁS? Eéa&ehgg ‘Eh%gu'&:tive

area of the spherica ticles covere I"ane couplin agent
can be 10 or rmhﬁdr@genemrotcn ipans peartiwith thes @PPEYeIBRPVAS o0 hat

spherical partigh@svaleht +&ti®loS%he epoff §66LHE i 1&%&? e%:o%'yl &@%1&0%@ i ng
agent in such an anmount that the m nimum area of ﬂ%g%*@ﬁaﬂ
10

particl es cover &ge actiyg tlwqrf?@eﬁsl éﬁetl’&%ﬂi‘ﬁm%go@eﬂ%yﬁ'&’a%%l

for 100 20 of ot hetspecsfic surface area of the spherical particles.

Bi nder A thernosetti resi n ionizjing-radiation-curin

resin can be used a3 the Eﬁﬁﬁgﬁ?nwgﬁFéongrni¥§e % JFERLZingr E%ﬁftﬁgnbe

conprised in theubmgeresé;B) Uswd asethe bimd€b conparsant, ithoset compounds

A convent i;gnal | t t bjp.nder.
ﬁh R“@oh‘é?xfﬁgﬁg Lt'tl{ég n(daf%(cﬂl 14N A3 e‘ﬁ‘gﬁ% thet&bf {Jﬁy b

Exanpl es o suc resin epoxy, d and
unsat ur at ed pol yeseer ra@sq:@klymolymerlzatd@m gioupfle; h@mpac k Speetfife

resin include tgﬂéﬁgﬁgs ofhbﬁﬂhab%mﬁghﬁHEGQngiuééeﬁgbgﬁu§a%éasPoﬁ&@%%@r
COprrl Si ng Suc oun at Contﬁmns LN ecul ar

structure ther ebfSiP- Ieas?gPRBuHQHroxyPaﬁ+Bﬂps o) ?Ha)acrylayéragegrﬂPPh a
second |iquid cpmphicugceipelal socyarale)acryle@pund solyfanhdironal

O Va0t 2! Cugln LEPHEEED)| BRoenBlBLPS hishIECHRPRIATS' CoBipuBgel
i ncl ude thbmethbnacrlym’eepbt @prey by (béthjaogybatepoxyetrmdi,n  vinyl
compounds [styrene, divinylbenzene, etc.], allyl compounds
[diallylphthalate, etc.], and mixtures of two or more of
these compounds.
20 The ionizing-radiation-curing resin is more preferable
as the binder resin for use in the present invention, and
a polyether urethane (meth)acrylate represented by the
following general formula (2) is particularly preferred:
CH,=C(R*)~COOCH,CH,~-OCONH-X-NHCOO- [ -CH(R?)~-(CH,),~0~],-
25 CONH-X-NHCOO-CH,CH,0COC(R*)=CH, (2)
wherein R' and R? each represent hydrogen or methyl group,
X is diisocyanate radical, n is an integer of 1 to 3, and
m is an integer of 6 to 60.
A conventionally known diisocyanate can be used for
30 preparing the above polyether urethane (meth)acrylate.
Specific examples of the diisocyanate include isophorone
diisocyanate, dicyclohexylmethane diisocyanate,
hexamethylene diisocyanate, diphenylmethane diisocyanate
and tolylene diisocyanate.
35 Examples of the polyether diol used for preparing the
above polyether urethane (meth)acrylate include



- 10 - containing in the nol ecul ar structure thereof at |east two
epoxy groups on the average, with a nono- or polyam ne containing in
one nol ecul e thereof at |east three active hydr ogens whi ch can react
with the epoxy groups so that the 5 equi val ent ratio of the epoxy groups
In the epoxy resin to the active hydrogens in the nono- or pol yam ne
wi .l be from 0.7 to 1.5. _There can be nentioned, as the
ionizing-radiation- curing resin used~as the binder conponent, those

conpounds 10 ' ecul her e

nore radically=® fglﬁigl z%é#eeﬁg ggp’e &bonﬁlﬁu%%ylgnte &P}C(Se)'garr%ﬁgs of
such conpounds pQE;qut@htsm%Itmmrl@(glwmlerhaVlng aemlaculammep@@rtdgf
havi ng (et h%g@rw}ogl 0 group [ monof unct i onal (meth)acryl ate,
pol yfuncti onal (mat%?acr yl at e, ur et hane (nmeth)acryl at e,

pol yest er (meln)the Wéﬁewher%ﬁd;a/polyﬁ‘ébﬁyaeﬁwmr@ (meghdaprylageny
conpounds [sst yrﬁeﬁregéﬂt@alﬁaﬁwaboeécgéneﬁéi moxﬁ@maomjsls used as the

[diallylphthal ate, _etc.], m xt two or
conpounds. 20 bihdexyg #‘%n‘?’%‘?‘ﬁbt r%lﬁ’fﬁ‘?%r?'sc@r n1|0§ RS E’eﬁgg‘FeP’ébl e
as the binder rﬁeré dPrthés eotalt hél@hﬁS@ﬂtthe’l‘b&hﬂeﬁ'D Wish less a:hlaﬁl yogkher

th th | ted by th |
(2 1o part Foul BF) YoRoBrPPLaRi’ BEs2X 10usen, ) Lo BbH-ORSLA' 4480TY! 2
-COOCH err] CH ehag; @emae)a- NHREAbILiAH, Rier that -the Crpsulting ecoptOng]

25 2
uner ei n RESr 1] SRR GPET eCHd S Cus i dgen SaPobEete oy sent-

i s diisocyanate radfea&ure, the gampasthben (ﬁf iihﬁopgesaﬁﬁ 1nven1h“|qf!s bynthe

integer of 6 tojfPadiation ofA :E&ﬂﬂ/ﬂ}{d opaki ¥tkoRWn Wditr&QeyaBat erapd be

used for 30 pre ar i t he abov o] her ret hane nmet h).acryl ate.
Speci fic exanpl &5 ‘B*Fr?‘%eb%ﬁ'f‘ s?ﬁ:‘}i?ﬁgt"b%% % JOPHE J:adlat%f’f’socyanat e,

di cycl ohexyl net haneln tih |cmte/mt:e the cuhﬂxx@rmf histiee mmgidsiadyan atfethe
di phenyl mi%hfﬂgppo? fyarp@edletllon .'LS %fg&:& eﬂ lgslix?gfo_lcn}ﬁ.at'}%tv%.qg.%qz rays, a

Examples 0O Her used
pol yet her ur ecthlavmnthmm quwratteltramllﬁte 1rrad1a'tor equipped with

a high-pressure mercury vapor lamp, @ metallic halide lamp

or the like can be used.
The irradiance of ultraviolet rays for curing the

20 composition of the present invention is preferably from 50
to 1,000 mJ/cm?. When the irradiance of ultraviolet rays

is less than 50 mJ/cm?, the composition cannot be fully

cured. On the other hand, when the irradiance is in excess

of 1,000 mJ/cm?, there is such a possibility that the cured
25 coating layer undergoes yellowing and degradation.

When the curing of the composition of the present
invention is effected by the use of electron beam, a
conventionally known electron beam irradiator can be used.

In this case, the irradiance of electron beam is

30 preferably from 1 to 20 Mrad. When the irradiance of
electron beam is less than 1 Mrad, the composition cannot
be fully cured. On the other hand, when the irradiance is
in excess of 10 Mrad, there is such a possibility that the
cured coating layer or the substrate (paper, plastic sheet

35 or £film, or the like) is damaged, and degraded.

In the present invention, the average molecular weight



pol yoxypropyl ene gl ycol, pol yoxyet hyl ene glycol and

pol yoxyt etranet hyl ene gl ycol, having a nol ecul ar wei ght of 500 to

3, 000. In the case where the pol yether urethane (nmeth)acrylate 5
represented by the above general fornmula (2) is used as the bi nder,
the amount thereof is preferably 10% by wei ght or nore of the total
wei ght of the binder. Wien | ess than 10% by weight of this resinis
used, the binder resin |tself has INowér &d flexibility, so that the
resulting coating 10 te e_C ed when the substrate

bent. Lharel FHEA aflstriRsnos ot SipAc e TRocit Ton Shp R

I rradi ati on of hsngehegalbglimlthe nanigeawifol1 80 tayk @00 moreeﬂnaﬂanmblgeam
can be used as ig zi_ng t he
curing of the C%E%QS|pPOEBoP6? gﬁgqﬂOSteg rﬁeﬁﬁR}rnlon I's ef egﬁﬁh by
using ultraviol et rihen athe avanagst m@ﬂ&r:ugtalrnommhtrm olamosisizndiegt or

equi pped wg h m }eeuﬂbghlgr ASHY ScHERI CLEY, va&&rbkﬁa@r 2eBBhak ke Rahisde

| anp or th ke can be_ used. he 1rradi ance of ultraviolet
rays for curingleWersd flesipadityensef thag ﬁpéséﬁﬁu#ﬁégﬁtG@ﬁtﬁ§gp#@ﬂ@Fably
from 50 t 0t&nd@0 t@/lfdﬂcﬁd‘ddked/\hﬂféd hehd r $@isks eRsee Ofs Ub&hBYI Obat thays

is | t han 50 ny/ , th t t _be full . d._. On
the other hand, SHIER  HEr adiPsice 118 | nEsEass  moregiia¥ ooyetghtnt & ).
there is such acposslhhkéﬂymbhebunbe duredlE&cessmmfng,oa@erthad¢ﬁgﬂe&
yellomnng]?pd dgg %gaakgglf beCPPeSt éggsghﬁeigr Of Eh%h%%ng%sk%bﬁgtOf

the presen Fnvention “election

conventional |l y lfndﬂvm erecamn bhem;mradmt (ﬁpmm ugatrticles. Mhet hi s
case, the irr ad&.—égﬁﬁt%ge&é‘&Hﬁﬁ‘ 1%%'?‘ 1§ Shs pro‘:’cf Qhaé’éﬂaééﬁ@e%lk%a%ge'w ad.
When the irradiance o tron beamis I'ess

conposi ti on cannot The "Qi‘éelfﬁ‘ﬂﬁ V‘Oéﬂﬁb?ﬁlar(ﬂ?%ﬁét @tfh@?"%%t:\ﬁ’ef1 %ml@ﬁgles"
irradiance i s as used herein means a value represented by m/{2 X (£-1)1,

15 in which "f" is an average number of polymerizable
functional groups contained in crosslinkable resins, and m
is an average molecular weight of the crosslinkable resins.

Moreover, the average molecular weight of crosslinked
molecules can also be represented by the following

20 equation:

Average Molecular Weight of Crosslinked Molecules

= Total Molecular Weight / Number of Crosslinked
Points, wherein the total molecular weight is Z ((number of
moles of each component blended) X (molecular weight of

25 each component)) and the number of crosslinked points is
2{{(number of functional groups contained in each
component - 1) X2} X (number of moles of each component)].
The average molecular weights of crosslinked molecules
obtained from the above two equations agree with each

30 other.

The results of experiments carried out in order +to
examine the relationship between the abrasion resistance
and the flexibility of a coating layer with the average
molecular weight of crosslinked molecules of crosslinkable

35 resins changed are shown in the below Table 1. The data
shown in Table 1 were obtained in the following manner:
urethane acrylate oligomer and two different types of



In excess of 10 Mad, there is such a possibility that the cured
coating |layer or the substrate (paper, plastic sheet 35 or film or the

i ke) is damaged, and degraded. In the present invention, the

aver age nol ecul ar wei ght - 12 -
of crosslinked nol ecul es of the binder resins after reacted IS
generally in the range of 180 to 1, 000, mog § preferably from200 to
800, and nost preferably from 250 to 500 When t he average -

nmol ecul ar wei gh f.crosslink ul I | nder
resin itself ha%cgylgtgoigpgﬁggfe 88 86 F%% I%%sﬁes %ﬁggx%%ng

| ayer t endenfiothe evecagd mmiﬂpmlnrsnﬁmghtuqf|QrQaaﬁ;nkad w@decules

ot her hand, Wﬂea?g cgayepees "B CCEG I ! prena CARSld NkRd ERleaEUl oS

is in excess of resin itself beconmes excessively
soft, so that | EregRhdpkable {TePiNSretaik MRAFItiame copdmdiiiog the

partlcl es. 5 Thérossllfxﬁﬁyié' &Qzéi%t' rwnd ay8k ithd hg h@@@éalnp%%abq@s
resi st ance 'aver age m) ecu ar wei ght crossJ i nk

mol ecul es" salgeagealﬁ’elr@% 3 PILLRG I F’@§§ﬂ?e%a’5§/l‘ﬁ]t€f Slﬁmﬁeﬂ]
15 in which oF" 30 micebmet¥esagh anusheuntobf pol paertszagl Glelght for

functional grou cont ed i 0s kabl e r

aver age nnleculgéomg?ﬁﬁfqﬁ?‘Fﬁéﬁg}Sié gﬁkﬁﬁ?%sf $E}e resins WaﬁbF@&&?P

the average rml efitbaa uebghiatd m@ﬁlamaae& of zsngymtuacesfo&an aab&@thﬁg

repr esent ﬁhe foIIo ng cul ar
oss

20't neqli I‘ Dﬁg% LAsS
Wi ght of P¥REd Mo %uF@? ing Laye? i aFuE/STieCLﬂ PERGRoer
of Crosslinked resisPsnotsandhthei fildxiditlolat dﬁ)ltmajlcanremlc@httlng layer

[err] ((number Ofqr e ?@L 8q°f %ﬁ%hn%QgBQES”&erE‘EQﬁQ% %eé@“b%%“'c%ﬁcr‘ﬁ%hght

of 25 each conponen the nu Cros
[err][{(number ©Rtfukmt |mrdﬁrmmswe@ht aPh8d Ke9@2ch and té’@rrp@h’@ﬁlslonl)

X2} X (number ofo8PLESneE RACRAPIERABANIA I the numbEREORAVEESES JHFSEd BLt
wei ght s oflscr Ostsxlxjtsglfeghen%hel%llilnee%s of the resin layer was reduced to half.
The flexibility of the crosslinkable resin layer after
cured was rated according to the following standard:
©: the flexibility is very high;
O: the flexibility is good;
20 A: the flexibility is low; and
X: +the flexibility is considerably low.
It is noted that in Experiment No. 6, conventional alpha-
alumina with edges in an indeterminate form, having an
average particle diameter of 30 micrometers was used,
25 instead of the spherical particles, in the same amount as
in Experiments 1 to 5. In the above-described resin
system, although it is possible to wvary the average
molecular weight of crosslinked molecules between 180 and
1,000, a preferable range thereof is from 200 to 800.
30 Further, when a flexible substrate is used, it is more
preferable to use a resin system whose average molecular
weight of crosslinked molecules is from 300 to 700. When
such a resin system is used, a decorative material which isg
more excellent in both flexibility and abrasion resistance
35 can be obtained.



obtained fromthe above two equations agree with each 30 ot her.

The results of experinents carried out in order to exam ne the

rel ati onshi p between the abrasion resistance and the flexibility of a
coating layer with the average nol ecul ar wei ght of crosslinked

nol ecul es of crosslinkable 35 resins changed are shown in the bel ow Tabl e
1. . The data shown in Table 1 were Qbhgiged in the foll ow ng manner:
uret hane acrylate oligonmer and two differe types of

- 13 - acryl ate nononers were us the crosslinkabl e resins,

and the average nol ecul ar wei ght of croggﬂiéiég nol ecul es was

adj usted by changing the blend ratio of these crosslinkable resins.
A conposition peehtatntng e er-osSHHA +h

spherical partifEsperiment Npheri cal
particle dianet| 6 O—Hi-er-oRe

- -—eqt 7S 1|d, S—t1e
m jna hayi ng arn aﬁerfge’:
Aan et aof 1 nar
LR A% LEALY AV A | = Hu' C

wei ght for vA&QQaQérﬂsléauMGfght g IBB&qblzsmﬁsiIED Mﬁzaw)ated
onto a substratp. in a nt _of.25 g/nerr gd coatijng 10 | ayer
The coatin Iayaweﬁgg%cﬁggg?oﬁﬁ%lﬁﬂﬁgabrasion reqi stange and{t he (

flexibility of |Melegnkdscoating |ayer wer g conpgr ed. Whe abyasi o

resi stance test HR—H-SH6902+—anrd{ t he
abr asi on r bREstascervasraxpoessed 500t/hsoa rmeochzmsﬁsmm e put
15 until the fRickn fnthe resin |l ayer] was jreducqd to hal f. he
flexibility of tﬁggéﬁgég?gniéﬁ e resin | ayegr aftler cured wasjrated
according to the_tol l.owm ng standard: rrle tlhe fléxipbil{tyi$
very hi gh; Fie"{'—gﬁigyt he f1exibill i® iso[gaod, o & Fer ]b he
flexibilitpygis ow, and X the flexibility 1s considerably | ow.

[{opo noted that i nilxpsrigpntedio s ¢AAVeBLRS0RcAbR %e  the RN 1

edges in an indeternnate fornj havi
invention for coating, it is preferable that the viscosity

of the composition be low from the operational point of

view. The viscosity of the composition at an operating
15 temperature is preferably 500 centipoises or lower, more

preferably 200 centipoises or lower. When the viscosity of

the composition is higher than 500 centipoises, the

operating characteristics are poor, and there may be a case

where a coating layer having a smooth surface cannot be
20 obtained.

At the time when +the composition of the present
invention is used for coating, it is preferable to use, in
order to control the viscosity of the composition, one or
more solvents capable of dissolving therein the binder,

25 having a boiling point at normal pressure of 70 to 150°C,
in an amount of 40% by weight or less of the total amount
of the components (A) and (B}).

When the amount of the solvent(s) used is in excess of

40% by weight, the production efficiency is lowered, so
30 that such an amount is unfavorable.

A solvent which is conventionally used in paints, inks
or the like can be used as the above-described solvent.
Specific examples of such a solvent include aromatic
hydrocarbons such as toluene and xylene, ketones such as

35 acetone, methyl ethyl ketone, methyl isobutyl ketone and



average particle diameter of 30 mcroneters was used, 25 I nstead of the
spherical particles, in the sanme anobunt as i n Experinents 1 to 5. I n
t he above-described resin system although it is possible to vary the
aver age nol ecul ar wei ght of crosslinked nol ecul es between 180 and
1,000, a preferable range thereof is from200 to 800. 30 Further, when a
flexi ble substrate is used, it is nore referable to use a resin:
syst em whose average nol ecul ar wei ght crosslinked nolecules is from

. W h ' ' d,.ad ' | al
ahich i SRR THPH0L hot SxBteLEy SR bR ol o ATRTANRE 35

can be obt ai ned.isopropyl acetate and amyl acetate, alcohols suth as methyl

Aver age Mol coul dF oo 708 Ao slogig aidtedpepd ool gy guen

Crossl i nked as MBleganes tetrahyReefibranf amst adibsoproBnb r, 15081

2500 3000 5200 mixturége%tsmc%r-rﬁé£e,of the&d exbDbéhty. , [?”]

10 In order-to use the conposition of thelfresent i nvention
na

for coating, it is POSHdAYSEe"PASR pRe CPREeRFignally fdedcte Rpbts idh be
low from the opefraid,ogakhpes thdifmosettivigtWatalstsi sslstépoBimdfBzation

conposi tion at an, QRSTALINI.LD;  cLETRSIAM © IeveliShh8hts 000 S PRl oS
agents can be further incorporated into the binder for use

10 in the present invention, when necessary.

Examples of the thermosetting catalyst which is used in
the present invention when the binder resin is alkyd or
unsaturated polyester resin include peroxides such as tert-
butyl peroxybenzoate, benzoyl peroxide and methyl ethyl

15 ketone peroxide, and azo compounds such as
azobisisobutyronitrile and azobisisovaleronitrile.

Examples of the thermosetting catalyst which is used in
the present invention when +the binder is epoxy resin
include imidazoles such as 2-methyl-4-ethylimidazole, and

20 phenols such as phenol, cresol and bisphenol A.

Examples of the thermosetting catalyst which is used in
the present invention when the binder is two-pack urethane
resin include dibutyltin dilaurate, tin octoate and
triethylamine.

25 The amount of the thermosetting catalyst which is used
when necessary is generally 10% by weight or less,
preferably 5% by weight or less of the weight of the
binder.

Preferable examples of the photopolymerization

30 initiator which is used in the present invention when the
binder resin is an ultraviolet-curing resin include benzoin

~alkyl ether, benzyldimethyl ketal, l-~hydroxycyclohexyl
phenyl Kketone, 2-hydroxy-2-methyl-l-phenylpropane-l-one,
benzophenocone, methyl benzoylformate and isopropyl

35 thioxantone.

The amount of the photopolymerization initiator is
generally 20% by weight or less, preferably 6% by weight or



preferably 200 centipoises or |lower. Wen the viscosity of t he

conposition is higher than 500 centi poi ses, the operating
characteristics are poor, and there may be a case where a coating

| ayer having a snooth surface cannot be 20  obt ai ned. At the tine
when the conposition of the present i nvention is used for coating, it
Is.preferable to use, in order to conérol the viscosity of the
conposition, one or nore sol vents cap 81 & of di ssolving therein the

bi nder, 25 . nt .a ressure of 70 to 150[err]C,
In an anDunt ofﬁﬁﬁ% ﬁfb%é glggklggsé%ﬁo?h é?%&a] anount of the
conmponents (A) and CB)Lorlng agentéhesuche aspultesof ande pbdynwemtss) kuswoh i s
i n excess of by, g rodugct i e 'chﬁgﬁy re o]
30 that such an g%gﬁnsqéﬁug%agﬁghtgéajéﬁé&%% B'khso ven Em%hgﬁg For®
conventional | y esathple,paats, iBdSO, and onyldm Irieb&ncebe&ﬂespsaddas;ﬂlm

above-descry bed | eci I S ol de
aromatic 5 ?&&\cégr %(?nscasnuc %8 {)ol gene antgc§ 912enéu’%gl}:{itr% élo ucsnlr:{%'o
acet one, net hyl ce;mwnsnegohlee akovgdesayied cmtssﬂaenknule resms as the

- 15 - %%a@%aaﬁa %ﬁété§hé‘fi<9af greicHe as ethyl acetate,

| sopropyl acetate and aceta | cohol's such as net hyl al cohol ,
et hyl al cohol aﬂ&fEQ&pEépEE_ﬁkﬂﬁhol et hers such as di oxane,

t et rahydrof uran andAdhéﬁﬁaaOM_ﬁiﬂﬂﬁ&ag %ﬁdabEasiBﬁXié'éﬁét&fxttﬁééﬁ{ 1@@.& of
t hese sol vents. Addi tives which are conv ntlog | y adde

paints or 10 OPnk Fheg | BHTE8CEhePhosRt t PSR R v t 3PSt y
initiators, antbbb@&nﬁagenibedlcnﬁﬁiﬂg;dumyaSitabd @Ol how be expkﬂﬁﬁ@&i can

be further 'ncorporihegbrgéloﬂr%%é&é%#gg;%%éi%Fiﬁ%gﬁec. ﬁge 1t er

i nventi on, when necessar es 0 er nose |ng catal yst
which is used i by a ditnegtpr esahing nwetthiagn Ghen irhewbilgher thesiapatding kyd

or composition is directly coated onto the surface of a

15 substrate; or by a transfer coating method (2) in which
after an abrasion-resistant resin layer is formed on the
surface of a substrate having release properties, the resin
layer is transferred to the surface of a desired substrate.
In general, when a material into which the coating

20 composition does not penetrate is used as the substrate,
either one of the above-~described methods (1) and (2) can
be wused. It is however preferable to adopt the above
method (2) when a material into which the coating
composition penetrates or which has a rough surface is used

25 as the substrate, and to obtain a coating layer having a
uniform thickness, or to evenly impart abrasion resistance
to the coating layer by applying ionizing radiation of a
uniform intensity.

Examples of the above-described direct coating method

30 (1) include gravure coating, gravure reverse coating,
gravure offset coating, spinner coating, roll coating,
reverse roll coating, kiss-roll coating, wheeler coating,
dip coating, solid coating by using a silk screen, wire bar
coating, flow coating, comber coating, pour coating, brush

35 coating and spray coating. Of these, gravure coating is
preferred.



unsat urated pol yester resin include peroxides such as tert- but yl
per oxybenzoate, benzoyl peroxide and nethyl ethyl 15 ket one per oxi de,

and azo conmpounds such as azobi si sobutyronitrile and
azobi si soval eronitrile. Exanpl es of the thernosetting catal yst
which is used in the present invention when the binder is epoxy resin

I ncl ude i m dazol es such as 2-nethy|-4-ethyH5nidazole, and 20 phenol s such
T EX

as phenol, cresol and bi sphenol A canpl es of the thernosetting

catal yst which is usgd in t resent,.i nventi t b} '
t wo- pack uret hane The FESPﬁfFﬁC gt;adgl%q g"tﬁtﬂq[%l gadi ?gﬁwﬁgs ?l?% %c oc%’fier?%nd
triethyl am ne. 2®thods (Bl too(dl, oint whicheaneoatingy leyeal yiss fshly s

used when qgﬁﬁéﬁﬁr | s sgereial | ¥hdQ% bysyveh 9ht cQbst d b
preferably 5% by wel t¥5$ Fess o? tﬁeémei thg?gth% S E1“k§gre ¥
Preferabl e exafasslinkiing: geachhoropind thery drppsfegred fpt The FuNFaesh is

used in thespreggnt ol NYSHAOD whsBtihee.  TRENUESLIGRIMG | Medfhs can be
ultraviolet-curing . resin include benzqgin al kyl ether, benzgldlnetngl
ket al , 1-hydrox9€%€1 ypo eff%ﬁ%nfﬁ“keﬁaﬁéﬁfer coating method; th

2- hydr oxy- 2- met hdmilngtiieny metbpane{h3jose, (b)) imewEDEh etos ecoating Mydyer
benzoyl f or mat e and I.sqpropyl .35 t hi oxant.one., The, anount, .of

t he phot opol yneﬁofﬂeldorpyi N ac%lc’oaf‘tlinsg compQ é‘%&?gl Ilf meorfdv(eiaglhqn%rwﬁte%s,
preferably 6% bythseitjliin substrate, to a three-dimensional object; or thel6 -

ess of thip Wel thlarleelNenBLROE" (o) ip whiOhOdARAIEN! EraHLRopS dugs and
pi gnents, known |ITers such ‘as Plattlng agents and Eu ?lllers, for
exanpl e, CaCo[ ePEPageSCP¥r £Prufug iy |anptisg dayesdsangndibipreesspry, an

addi tives can a'a%heléﬁv%ddﬁ.@?%Q tBg cpat sRFsEPFROSI shédlt havikPMFdddud the
above-descri bed crosslinkable resins as the . . .
properties and curing the coating layer by crosslinking
reaction is adhered to a three-dimensional object with the
15 coating layer faced the surface of the object, only the
substrate sheet is released from the transfer sheet. It is
noted that any of the above-described direct coating
methods can be employed when an abrasion-resistant resin
layer is firstly formed on a thin sheet substrate in the
20 transfer coating method.
(a) Injection molding-transfer method as disclosed in
Japanese Patent Publications Nos. 42080/1990 and
19924/1992; or injection molding-lamination method as
disclosed in Japanese Patent Publication No. 19132/1975.
25 (b) Vacuum molding-transfer method as disclosed in
Japanese Laid-Open Patent Publications Nos. 288214/1992 and
57786/1993; or vacuum molding-lamination method as
disclosed in Japanese Patent Publication No. 45768/1981.
(c} Wrapping-transfer or wrapping-lamination method as
30 disclosed in Japanese Patent Publications Nos. 51900/1984,
5895/1986 and 2666/1991. |
(@) V-notch processing-lamination method as disclosed
in Japanese Utility Model Publication No. 15-31155, or
V-notch processing-transfer method as disclosed in Japanese
35 Patent Publication No. 7866/1981.
A method comprising the following sequential steps (A)
to (D) (described in Japanese Laid-Open Patent Publication



bi nder, and the spherical particles. Met hod of Coating A

met hod for form ng an abrasion-resistant resin |ayer 10 on the surface
of a substrate by the wuse of the above-descri bed coating
conposition will now be expl ai ned. An abrasi on-resi stant resin

| ayer can be forned either by a direct coating nethod (1) in which the
coating conposition is directly coateg onto the surface of a 15
substrate; or by a transfer coating nethod ? i n which after an
abrasion-resistgnt r %593/§?Eb)| scggr méqsgn tblée used SWd acg,of gesulsrate
havi ng rel ease properties, yer |seira erre toth
surface of a desbpue-mentiened. transﬂer g@ﬁétang Wh%hhgdﬁnlﬁ%]aWﬂKﬂIOBWhlch
the coating 20 L _ net S ed he bst e,
ei.t her one of tﬁgﬁggge 1&%‘22??%2‘3 angtlﬁ%gs (fl Jg}ld (‘5% caﬁée(§ %g usretci?lxb

It is however pFEPEFAENEaRLE RFAN: he above net hod (2) when a materi al
into whichghe coat{ay the §@é§>Q§f tddal- ef rnatlR8 OHoMlizahghasda stabab
surface i s used 25 as the substrate, fo optain a coatlng Iage% haV|ng
a uni form FHF&Rﬂe§§SlﬁrcP’Bp%%H?/“ €0 17 RPBNYPESPUTEce

t he coating Iayabnbabao;abgmﬂg ephtheticr adieatinon sHeet havimgfommlease
intensity. | es of the above-described direct coating nethod
30 (D) i ncl udB® gPavure toating, gravure reverse coating, gravure

of fset coating, spitBkr cbaei sfepr i taminaging ther exesie sbeketcoi ag,

ki ss-roll jgoati pgpephgeler vﬁ%t' Nbhe coa%m 02 d Ny S@bmeaoatﬁ;ﬁg R¥e

using a silk screen,” wre coating, flow coating, conmber coatlng,
pour coating, b%G%hZBBg’r%%hQ‘FWW e ayesdat | FMPOSH tipes e fagedy uithe
coating is sBF£46861 6. the substrate; - 17 -

The transfer coatingretfod (2) Lpcl Udes Lhe Lol LG, raas 0L (AL 1O
coating layer formed by the ionizing-radiation~curing resin
15 composition to cure the coating layer by crosslinking; and

(D) the step of releasing the synthetic resin sheet.

In the case where an ionizing-radiation-curing resin
diluted with a solvent is used in the above process, the
step of evaporating the solvent is provided between the

20 steps (A) and (B). According to the above process, even
when a material having high permeability such as paper is
used as the substrate, so-called "strike-through", a
phenomenon that the resin goes through the substrate to the
reverse side thereof, can be fully prevented, and an

25 excellent abrasion-resistant resin layer can be easily
formed on the surface of the substrate.

In the case where an ionizing~radiation-curing resin is
used as the crosslinkable resin, the following ionizing-
radiation irradiator is used for curing the resin: in order

30 to irradiate ultraviolet rays, an irradiator having, as a
light source, an ultra-high-pressure mercury vapor lamp, a
high-pressure mercury vapor lamp, a low-pressure mercury

- vapor lamp, carbon arc, a black-light lamp, a metallic
halide lamp or the like is used; and in order to irradiate

35 electron beam, any of various electron beam accelerators
such as a Cockcroft-Walton accelerator, a van de Graaff

accelerator, a resonant-transformer-type accelerator, an



formed on a thin sheet (filn) substrate, cured by crosslinking
reaction, and then transferred to the surface 5 of a desired substrate.
The foll owi ng nmeans can be utilized to effect the transfer coating
met’hod; the | am nation nethod ((a) or (b)) in which the coating |ayer
formed by the coating conposition is adhered, along with the thin
substrate, to a three-dinensional object; aor.the 10 transfer method (c)
in which after a transfer sheet prepar]egd by formng a coating |ayer,

d, if b Le heet
ol base | pr O EGREOLTT PR TG T TP PAYEreY SO oculd At HER
reaction is adhe:i;ardam:d:mﬁ hoe ehtighvefrequericy baece lexator hés 1osedcoatWhen

| ayer faced the SHLlans, Yol XWk8eh a8k biBorrops SWPEA!AhcetlEsy oF,

rel eased fromt
above- descri bed it geseredat 189 to 1,006 kells paﬁf@eablmlldigﬂa&q/vﬁ@ﬁ laﬂV are

abrasi on-regl sl SRR 1n bAYUrbdibhs! Iof foEPRS R SINI 0. Shed 30

substrate in the 20 transfer coating nethod nj ection
nol di ng- t r ansf et -hod as disclosed in Japanese Patent
Publ i cations Nos. Ftﬁﬂ:@x&@f 198&n @n¢hermosé882A§13@&in0rid Migedi @@; the

nmol di ng-1 am nati on di scl osed j n Japanese ,Pat ent Pu cat
No. 10132/ 1075, PSS ?‘66’3? reaifunth® RFELRG ROBPORLEAORERD %1

in Japanesafiaird thpestéatenicodtihge ahi erdeiNa a&&&lé#bi:@%ammrlng

57786/ 1993, ,or vac U | din Iam | O t hod , S
Japanese Pl ent BT i c?rgtjlcg#\ %c%1 %ﬂé&n}b ré3in. fl"J\'/\rgppl ng- fran§§ er
or wrappi ng- | anihesting n@tﬂtﬂ)chsasamoxm%tﬂhseh ta §a@a3rY@seBTPa4(ént0 60
Publ i cati ons No%heg‘xlgggbé?gﬁate curéﬁ&S/&%aqﬁcﬁ%e%ﬁG%-i%§ter resin (69

V-notch processi ng-1am nation net hod as di scl osed in Japanese Utility
Model Publ i cati dipluyrethage pesigy is usgdpordl RRREFE B ANt &P Mfthod

ast ﬁl 3c| osed in n&&%fé@ﬁ%ltfﬁo tBalsoTC Rtﬁ@ln} @%tl@@ll%an@@%lﬁ8i§%u(s§d. _ bAOI
net nod co ISII’lg ﬁ“ gi oW ggen Ii %E}Q g t escgl e
§gﬂ:[:a rd.ﬁ e sent inven n-can be

I n Japanes La| d- Op
composed only of the substrate and the abrasion-resistant

resin layer formed thereon. However, it is also possible
to provide a pattern on the surface of the substrate, and
to form the abrasion-resistant resin layer on the patterned
20 surface. The pattern can be provided by means of printing,
using a printing ink containing a wvehicle to which known
colorants such as pigments or dyes, extender pigments,
solvents, stabilizers, plasticizers, catalysts and curing
agents are suitably added, if necessary. A resin having
25 required physical properties and printability, suitably
selected from thermoplastic, thermosetting and ionizing-
radiation-curing resins and the 1like is used as the
above-described vehicle. Further, any of those organic or
inorganic pigments which are conventionally used can be
30 employed as the pigment. A liquid solvent which can
dissolve or disperse therein the resin used as the vehicle,
the coloring agents such as pigments and other additives
and which has proper drying characteristics is used as the
solvent for dilution. In general, it is preferable, from
35 the viewpoint of solubility, to select a liquid solvent
whose solubility parameter is almost equal to that of the
vehicle. A pattern (for example, a pattern of wood grain,



- 18 - No. 26673/1990) can also be used as one of the
above-nentioned transfer coating nethods (2) when an

ioni zi ng-radiation-curing resin S used as t he crosslinkabl e
resin: 5 (A) the step of coating a liquid ionizing-radiation-
curing resin conposition, which is not yet cured, onto a

non- absorbent synthetic resin sheet having belease properties;

(B) the step of laminating the resin shéef: 5 a 10 substrate wth the

coating |ayer L Loni 2| ti ri
conposi tion face&g)‘tm]?g ’b'xguéegf a%:%tg?r? h%r str 3 cHi B pr}‘%Vre:)%%tdhenst ep
of irradiating ithei sinfacadrittlen substtirate eltheatpa!ugtiaisﬂar crrolemstdrle}yt.he

i oni zi ng-radi at re cgatdehg.diayer
by crosslinki ngl;Fgg %’i{a‘n&ﬁ.e %J‘h%PD)S.'L)C g?%g‘hﬁf eaS| %ﬁag gesgnt het | g%y
resin sheet. part of | RW%dmr@‘@Pl%nIQIW$%ﬁIB.??Bnoguﬁl h@qdem n

diluted with a sobyAnipdttdisn] ithd NGagbeKe BLOGE%RHA partidinp of 1

evaporating the sqlvent is prow ded bet ween t he 20 steps (A and B)
According to t h@T868vetdr frEdTely egive av\mﬁ?réyrraPEP?aFaﬂ%ﬁl F h

per rreEbl I Ih ty SE@Et&érﬂap&rsbﬁld patt@ﬁd BS e ids endligelyQ- cal | ed
"strike-through", a enonen t hat t sin_goes thrqu e .
substrate to the T ur"r.léﬁgr skt sHSd@EF‘ﬂe‘?%%?l elc%%%gagﬁyl ?/ugrtg‘fg%f)g'gfméﬁg an
25 excel | ent ploasdoner elst sthet pesient ajevenghobe easrkpin layerr nde on

the Surfaﬁ?) of %)ngiagat e ethe IsurfaceI e dgagﬁ?%t%%ée q(a%l desired

i oni zi ng-radi atfon-curing resin € crossl e resin,
the fol | owi ng i PAtERRY-1is PrO‘rJedﬁCthoﬁOirmFaﬂl tndentatiens) Jffbrthﬁusiuﬁéapﬁe

resin: in order3@in i18ybft a@hé‘t EndeA A HLEdRED 13D ‘dhref %@h‘r@fa%re E%‘é'lﬁg

as a | i ght _source,  an,  ul tra-high-pressure rrercu%i/ﬁ
hi gh- pressure neREEFya%@phtllednwith poGOprestireaie? g lnkvé’é’oF‘eP8ﬁ'p

car bon arc a bbac kedlgigt t@nworﬁ et @l pé@-ink 1b§cérele dn'mpa@r abliraslioke i s
used; and or der tst. igradl ate el ect r% e%%g of v r| ous:E eI glctron
beam accel’& at of §5% ucit 4 a éé’@fcrﬁ?t T orFCATEET PRt or?

G aaff accelipedtdnk dayesonanFutrtheshoraeer :rwpbsa@dsloermyas:,bm to
directly ©provide the pattern-wise indentations and
wiped-ink layer on the surface of the substrate.

The following process is used for forming a wiped-ink

20 layer, which is a layer of a coloring ink filled in

indentations, in the production of a decorative material.

Namely, after a coating composition containing a coloring

ink is coated onto the entire surface of a substrate having

a surface resin layer in which an embossed pattern has been

25 provided by a conventional embossing technique, the surface

of the surface resin layer coated with the coating

composition is wiped by a doctor blade, an air knife, a

roller whose surface is covered with sponge, or the like,

whereby the coating composition deposited on the projected

30 parts of the embossed pattern is removed, and a coloring

ink layer is thus formed by the ink remainining only in the

indentations. Since a colored coating composition is used

in this wiping process, the vessels of wood grain can be

excellently reproduced when a pattern of wood grain is

35 provided by forming indentations. In this case, a

transparent resin is used for forming the surface resin
layer.



- 19 - i nsul ati ng-core-transfornmer-type accel erator, and a linear,

dynam tron or high-frequency accelerator is used. When el ectron
beamis irradiated, electrons with an energy of, in general, 100 to
1, 000 keV, preferably 100 to 300 keV are 5 irradiated in an irradiance
of approximately 0.1 to 30 M ad. Further, when a
thernosetting resin is used as the crosslinkabl e resin, the coating
conposition can be heated after thé $tep of coating in order to

I te th the.th etti
Goncral - the o BeaIent Y SnRb B el O (B €SYs ORI
60[err] C mwmgsoayaaaiencwesrgstmm urcdred bheo| yesder ﬁoss| vagd.ous
pol yur et hane regh&tgbgegse%ra&%sac%gx' B Y dabfufOfor decclhtihgS il 80
0 he deco

ta 150[err] C whén ysiloxaneé resin i's use rat
mat eri al of thespréseas ohwediddngsarvekicles, sbipsscfuonlures pusical

substrate and thasRBiREHLY: IEU /A and théCBiKk,| AKAI al8b "Bk aRie@%ing
However, it is also possible to provide a pattern on the surface of

the substrate, WREPPing Iﬁ%t?%’r%sthe'rﬁﬁr%?‘b?ﬁ?’e‘éq pipripdsph *F%@re@ﬁthe
patterned 20 suibacton The Pattful H713, bsuptanvided nbyrh@apse s Pihekend,

using a printing, ink,containi avehlcletq ich k color nts
such as pi gment ngF’ S§PRs TeSYS pT Ymei 4. s&&\?@nt'ﬁh

pl astici zers, cambabysads avfl dine ngresentagﬂmenarm Suist abbyliaddied;o i fthe
necessary. A re a Eg\etqy Wi e

printabili td;‘ s%HJVE aéggnz'éed J e'd&?r O%Ht%ée?%np gg;%:&gbh ﬁeé?%sre aﬁenafa d
i oni zi ng- pasti af ‘éthe(ﬁh@fﬂg abjsichs #adbehderorated by ahenof N@rious

above-descri bedp4ghiClsRichFUdd Nehe aHaXnSkst h§§)e £6093@)C Q,Fhlch héi?&r%@;hc
pi gnents which are conventionally used can be 30 enpl ayed a he pi gnment.

A 1iquid sol venPTRKieHSL¥n descri ol®e OFHed skRr %HlﬁéPel?nh? hé.‘rla@§if Tused
as the vehicl e, coatinghmetmbdri ng agents such as pignments and ot her

addi tives and |ch has ro e ing ¢ acteristics is used as_the
sol vent f&° dilutio 9 |?n£¥oﬁr e"flgf%blng %me\f?faltrf?é{jvfngﬁsoi nt
of solubility, Spesefiecalhyl ilnml dr&afelxm_ng to Wn@sdcsldlo}tiidg t expapdest. er
(s almost equal ghaebhal Ghe! Mfresent VENGhEIof PE! LBY el ' Enele

pattern of wood g
examples. In the examples, the unit "part(s)" means

"part(s) by weight".
20 Example 1
Bisphenol A epoxy resin
["Epicoat 828" manufactured by

Yuka Shell Epoxy Kabushiki Kaisha] 70 parts
1, 6-Hexamethylene glycol diglycidyl ether
25 [{"SR~16H" manufactured by Sakamoto
Yakuhin Kogyo, Co., Ltd.] 14 parts

Spherical alumina having an average
particle diameter of 30 micrometers and
a Knoop hardness of 2,800
30 ["Alumina Beads CB-A30S" manufactured
by Showa Denko K.K.] 15 parts
Thixotropic agent ["Aerosil 200"
manufactured by Nippon Aerosil Co., Ltd.] 0.5 parts
Anti-settling agent ["Orben' manufactured
35 by Shiraishi Kogyo Kaisha, Ltd.] 0.5 parts
The above components were uniformly mixed by a



- 20 - texture, figures, letters or the |like) can be provided on

the surface of the substrate either partially or entirely. For
exanple, when it is required to enphasize a certain part of a pattern
(for exanple, a glossy part of a wood 5 grain pattern), the pattern is
provi ded partially. In order to entirely give a pearly appearance or
Moi r e pattern, a solid patternis prOé?ded entirely. Furt her
it is also possible to carry out the foIFo procedure in the

toi t ded t hy
Clbstrate, and SaB8tpEY Misd¥lL 1o wequbbBly BEEIq iy SRR et s
in the surface "Baser&$in llfa'ypartsrmfrmehem;alemsixfamrmj and (Zée parrtisaof
resin | ayeq3LEnk! \!r%f %ﬁz}%ﬁnlgrom{ gl 69 gi&ﬂ% b#Kpl¥e MBANSHe
ed-1n aprasi o

of. wiping to forma W p ayer resrstant resin
Iayer i s then fyiscosdnytof the reh%ultlng vmvewnmwa%ﬁém cerfiiipoieeser e,

it is al sogossiblerh@g mlxtQ£éeﬁ£§yCoQE8&'QﬁtotB§1nEéBt§BEe¥4%% form a
i ndent ati ons and ed-ink | on the surface of e substrate.

The fol | owi ng pFE@&dEg; §a§§€dSPoithfi r Ry tRigkpegsi pf Jhe qoakdng WRYER i s
a layer of a cokeulagbénks fiididRshdtiers whenndenbal i ofe d¢obtiiey May@icCiiagn of

d ti I t t
S Cororing T ERRR Pred b A £0% 19 BineR ., PaRER R AL e SR 0y
a surface resi nchay¢edi puwhifolr &hisnboased papeer inhasdoerdanze wiﬁho@i@ed
by a CO”V%'O”?' 8@8’9055{4153 d €. Ehﬂve ttha%WafﬁSﬁ lass Oéttg B;‘

resin layér coa wi th coa ONpoSiTion I's W pe octor
bl ade, an air kmevelugions OfoﬁwaWmmd§EM$urface is covered wi th sponge, or

the |ike, vherghYibhereQabidg; conposition deposited on the projected
30 parts of the*enbossed*g§§%?WTrl renpved, and a col ori ng I.nk
layer is thus forned®by ghe ?nﬁ???ﬁﬁﬁrﬁ9H¥RP§ﬁﬂ%}qh1qrﬁ¥°9pln§ fFaeRedri fns.
Since a col or edtheshbfigtedPastéfDik i Contkdtber and a stirring rod, 1,000

15 parts of polytetramethylene glycol having a molecular
weight of 1,000 and 444 parts of isophorone diisocyanate
were charged, and reaction was carried out at 120TC for 3
hours. The reaction mixture was then cooled to a
temperature of 80°C or lower. To this mixture was added

20 232 parts of 2-hydroxyethyl acrylate, and reaction was
carried out at 80°C until the isocyanate group disappeared.
The product of this reaction is referred to as "Urethane
acrylate 1“.

Example 2

25 Urethane acrylate 1 . 20 parts
Bisphenol A (EOQ), diacrylate 20 parts
Phenol (EO), acrylate 20 parts

Spherical alumina having an average particle
diameter of 30 micrometers and a Knoop
30 . hardness of 2,800
[*"Alumina Beads CB-A30S" manufactured
by Showa Penko K.K.] 15 parts
Photopolymerization initiator
[{"Darocure 1173" manufactured by Mexrck] 3 parts

35 Thixotropic agent ["Aerosil 200"

manufactured by Nippon Aerosil Co., Ltd.] 0.5 parts



in this w ping process, the vessels of wood grain can be excel lently
repr oduced when a pattern of wood grain is 35 provided by formng

i ndent ati ons. In this case, a transparent resin is used for
form ng the surface resin | ayer.

- 21 - The decorative material of the present invention,
havi ng abrasi on resi stance can be used forzgarlous pur poses; for
instance, it is useful for decorating the surfaces of buildings,
vehicles, ships, furnitures, nusical 5 i nstrunments, cabinets and, the
like, and al so F}eR&or at i ng wr appi ng materials. The decgrBPF$§

][rat F(rji alNhof t he prelg@t above | Bumpbhentss weréi mﬂmdrympi Alded.i N thee
i el ds ere , abrasi o sistapce is_ re ecorative
material of the¥ a‘f o%ﬁﬁ‘? BAi grﬁp%"f‘?e% cetrhtlpﬂ}se abosi/;re1 de%eT 19ed
uses, it can bendabemuila&zedvdghﬁe)fswrb@sdmked molecylet Ofiethboveachieet s
to be decogat edr%gi&@%,afg 2311 Ol mixtIFRNRS Wk 2B Bﬁ%orrswﬁfég?g@%éf

(d), which™hav ously described 1 n order to ex

transfer coat ifagmnea hgqatlsg layerTheo putégéintthmvéh@plmeﬁﬁl lofhothee
expl ai ned NMore goatifPeddiCAduidbe Qfsewlb%meeEQewfleh| ayiad, eéﬁapigé
However, the present Tnvention is not limted by these exanp I n

the exanples, mhcnfnof ulgzevioletneaps were ipgpd@gye@ytqetghtcoaggng
Exanmple 1 e : | : e
YUKE }%ﬁ}; Qébé%y%usﬁé tost was gJ:ar iERI &9@ fcﬁ2% 1 RBBNE B4

by Kai sh
1, 6- Hexamd@hy| PRPSH Wfbrt |§P§1§|Wﬂ@ﬂ?§r ipg ample[isRﬁfsﬁ rﬁ&H&Fac‘tﬂﬂfFed
by Sakamot o abrasio@Kldls) WsR0YS mgQ. . Ltd.] 14 parts
Spherical alumna h V|q9 an aver age
Example
Urethane acrylate 1 20 parts
Trimethylolpropane triacrylate 20 parts
15 Bisphenol A (EO), diacrylate 10 parts
Phenol (EO), acrylate 30 parts

Spherical alumina having an average particle
diameter of 30 micrometers and a Knoop
hardness of 2,800
20 ["Alumina Beads CB-A20S" manufactured

by Showa Denko K.K.] 15 parts
Thixotropic agent ["Aerosil 200"
manufactured by Nippon Aerosil Co., Ltd.] 0.5 parts
The above components were uniformly mixed. The
25 viscosity of the mixture was 740 centipoises. The average
molecular weight of crosslinked molecules of the reactive
resins was 287. The mixture was coated onto printed paper
to form a coating layer so that the thickness of the
coating layer would be 20 micrometers when dried, and 3
30 Mrad of electron beam was irradiated to the coating layer.
Taber abrasion test was carried out for this coated paper
in the same manner as in Example 1. As a result, the
abrasion loss was 18 mg.

Example 4
35 Urethane acrylate 1 14 parts



particle dianeter of 30 mcroneters and a Knoop hardness of 2,800

30 ["Al um na Beads CB- A30S" manuf act ured - by Showa Denko
K K] 15 parts Thi xotropi ¢ agent ["Aerosi
200" manuf act ured by N ppon Aerosil Co., Ltd.] 0.5 parts
Anti-settling agent ["Orben" manufactured 35 by Shirai shi Kogyo
Kai sha, Ltd.] 0.5 parts _ Zlhg above conponents were
uniformy mxed by a - 22 -

pl anetary m xer_ The resul t] mxture is referred to as "Base 1". 17
parts of mxyl ypgﬁﬁaﬁfﬁﬁﬁ‘ﬁ’e{:gﬁdt%ﬁe"ﬁteof tol uene wer & LMFESH y

m xed Wi th 100 BagpReRb1 BRSEEd), HHBcrylateVi Scosity of the reqd tHahgs

m xture was 400 centi poi ses. 5 This m xture was coated onto printed

paper to form aNeopentybaglyepl RQ).sdierxylate t hi ckness of th¥e D&FHS ng

| ayer woul,d mc n .8d., The coating | gyer

then cured at 4 [Ié&‘r?f%%?gér é‘gg%;ﬁﬁs%ogﬁa%gﬁ%&easi on test WagDi pa%%
carried outs for2thtsyTopl etly@epel phospteatedlance with JIS 10 K- ge As
a result, the abrasion | oss at a nunber of revol utions of 200 was

30ny. Pr oBéiE { PO RP ST PRYEroPYl Jpoly (dimethyiladd oxgneor SqEEFFed with
a dropping funngphefical alb@in®iwving ard efddbageop@enieineand a stirring

rod, 1,000 15 parts of pol anet hyl ene gl ycol vi ng a nol ecul ar
wei ght of 1,000 and ¥2PeYs t‘g ?ﬂ;g i"?é’dirﬁ%‘l'eg:ﬁ’e“gi 0&2%898 wer e
charged, and reactibardwsssasf i2B0ut at 120[err]C for 3 hour s.

The reacrlioon m xt uﬁ'??ﬁicn%x 1.5 e50Q] 61 (f(?t%“f%d t enperature of

80[err] C or | ower. ure was adde 232 parts of
2- hydr oxyet hyl acr ybutMiceon Ceactliten Jwas carried out at 20[pairrt)sC

until the isocy@ﬂ%ﬁ}:%éﬁ%ge%g@tpp@q{eq%ﬁiel fgo'[.he product of this reaction

is referred to as cry
manufactured by Nippon Aerosil Co., Ltd.] 0.5 parts

Ethyl acetate 10 parts
15 The above components were uniformly mixed; The
viscosity of the mixture was 440 centipoises.

The mixture was coated onto printed paper to form a
coating layer so that the thickness of the coating layer
would be 25 micrometers when dried, and 5 Mrad of electron

20 beam was irradiated to the coating layer. Taber abrasion
test was carried out for this coated paper in the same

manner as in Example 1. As a result, the abrasion loss was

15 mg.
Comparative Example 1

- 25 Urethane acrylate 1 20 parts
Trimethylolpropane triacrylate 20 parts
Bisphenol A (EO), diacrylate 20 parts
Phenol (EO), acrylate 20 parts

Photopolymerization initiator
30 ["Darocure 1173" manufactured by Merck] 3 parts
Thixotropic agent ["Aerosil 200"
manufactured by Nippon Aerosil Co., Ltd.] 0.5 parts

Toluene 5 parts
The above components were uniformly mixed. The

35 viscosity of the mixture was 400 centipoises.



Exanple 2 25 Uret hane acrylate 1 20 parts

Bi sphenol A (EOQ[err] diacrylate 20 parts Phenol
(EO[err] acrylate 20 parts Spheri cal al um na
havi ng an average particle di anmeter of 30 mcroneters and a Knoop
30 har dness of 2, 800 ["Al um na Beads CB- A30S" manuf act ured
by ,Showa Denko K. K. ] 15 parts

Phot opol yneri zation initiator ™ Bar 6cure 1173" manuf act ur ed by
Mer ck] 3 parts Thi, xotro |c nt [“Aero 00"

manuf actured by Ni pég'ﬁ Ré‘?%: P ’gopa&flngeé) paper to form a

- 23 - Tokwarténg layer so that the thlckness of the coaﬁingaﬂm&er

The above conpaonent e_.uniform ] The S Ity

the mxture was ll‘ggcé?ﬁ V\gé JgLrofgte Gars ool &3 a}sg\e éoh/sfmof ot
crossl i nked nol edtlreviofletheayesactene 15radie$eds mstliézf:oaﬂhagmbaymre was
coated ontg; pri p I - tq%h

t hi ckness Q‘i Q'E\%Qr 38958%_011 t?%‘ge"r’g%‘i?‘d‘c 38 mféérigne@%rs g’ra

and 150 mm/ diffeersgmef manpeny g dn r%’y@ﬂm@ elirrdd a@e@eﬁélthe the
coating | @¥8ting@Pehy é@raﬁégn e&%w@élfarameéhwt fa‘i‘{d t RiverCoaked 10

paper in the same_nmannher as in . Asaresult, the abr asi on
| 0ss was 25 ng. SubsStrakgnppe §°und OGP%tW%‘H’é AR ate 1

20 parts Tconphkdtolver epangiér2 acryl ate 20 parts 15

Bi sphenol A (EU{' err] diracrylate 10 parts
10 rethane acrylate 1 20 parts

Trimethylolpropane triacrylate 20 parts
Bisphenol A (EO), diacrylate 10 parts

Phenol (EO), acrylate 30 parts
Thixotropic agent ["Aerosil 200"

15 manufactured by Nippon Aerosil Co., Ltd.] 0.5 parts
The above components were uniformly mixed. The
viscosity of the mixture was 720 centipoises.
The mixture was coated onto printed paper to form a
coating layer so that the thickness of the coating layer
20 would be 20 micrometers when dried, and 3 Mrad of electron
beam was irradiated to the coating layer. Taber abrasion
test was carried out for this coated paper in the same
manner as in Example 1. As a result, the coating layer was
completely abraded, and even the substrate was found to be
25 WOINn away.
Comparative Example 3

Urethane acrylate 1 . 14 parts
Pentaerythritol triacrylate 10 parts
Bisphenol A (EO), diacrylate 30 parts
30 Necopentyl glycol (PO); diacrylate 12 parts
2-Hydroxy-3-phenoxypropyl acrylate 11 parts

Bis(methacryloxypropyl )poly{dimethylsiloxane) 3 parts
Thixotropic agent ["Aerosil 200"

manufactured by Nippon Aerosil Co., Ltd.] 0.5 parts
35 Ethyl acetate 10 parts



Phenol (EO[err] acrylate 30 parts Spheri cal

al um na having an average particle di aneter of 30 m croneters and
a Knoop har dness of 2,800 20 ["Al um na Beads CB- A20S"
manuf act ur ed by Showa Denko K.K. ] 15 parts
Thi xot ropi c agent ["Aerosil 200" manuf actured by N ppon Aerosil
Co., Ltd.] 0.5 parts The above cgonponents were wuniformy

m xed. The 25 VISCOSIty of the mixtuf as 740 centipoises. The

aver age nmol ecul vvebght of crossI%nked nol eculfes g_f t he I‘ﬁaCtIV
resins was 287. The VRasCRBRYRT 6ht 'PrT nt B FEFer ™HEPy for

coating | ayer soridusittye dfhithlenmsgtoret as 400 ceatipgiseser woul d be 20

i crometers when drigd A e3Guas MLk OS ShES! £OTNBEATLMRE T WAG AP (O

t he coating | ayer. er abras est was arr e or this coated
paper i n teoatimg Fevesr s thetbdhe | thiickngss of che tcoaking layer

igrgg on | 0gs ARyl B 25 micRATERSs 4rkh el NaRe §CHi¥hal S lelectron

Pent aer yt hrit ol ReamaR dggadiated to the Coatlnqolﬁﬁ??s Taber FpEFHIRDI A
(EQ[err] di acrydeﬁte was carried ou80fd lhis coatedPpapEr GhyaHe same

PO di t
(POferc] oY aler g o et Y5 e, o a Rt R SHRBLBALL PSR
1 part Biccimpdicht@d yy bbxgdedpyand odyénli thet [spbstrateneas f8updrts be

Spheri cal ggum na, J&a"a{d}%’ AN BCkAdE 48 goﬁrb‘%‘l%fa gagegial VUGGt Xne

m crometers and a ness O
present invention, the coating layer is formed by using a

composition prepared by adding a specific amount of
spherical particles whose average particle diameter is in
a specific range to crosslinkable resins, and the
15 relationship between the average thickness of the coating
layer and the average particle diameter of the spherical
particles is also specified. The coating layer is
therefore excellent in both scratch resistance and
flexibility, and the decorative material having the coating
20 layer is excellent in surface transparency and surface
smoothness. The decorative material of +the present
invention is scarcely damaged by abrasion or scratch, and
is flexible, so that the coating layer is not cracked even
when the substrate is bent. In addition, the decorative
25 material of the invention also has a good appearance.



10 ["Harim ck AX-25" manufactured by Mcron Co., Ltd.]

22 parts Thi xotropi ¢ agent ["Aerosil 200" manuf act ured by
Ni ppon Aerosil Co., Ltd.] 0.5 parts hyl acetate

10° parts 15 The above conponents g&sﬂﬁﬁﬁmsﬂmﬁmﬁ xed. The
viscosity of the m xture was 440 centi poi ses. REPLACED The |nmi xture was

coated onto printed paper to forma ating |layer so—+that—the—

t hi ckness of the coating |ayer wouT %e‘ 25 m croneters i
and 5 Mad of electron 20 beam was irr%ﬁfd to the coati mnmﬁ!"ﬂﬂmm,
Taber abrasion test was carried out hi s coated paper icn en *
manner as in Exanple 1. As a result, the abrasion | oss was 15 ny.

Conparative Exanple 1 25 e .ate ising:
20 parts Tri (rarle’t hy (ﬂe&%g%téé%?&t Plg%%%%i?%t (e:émprlsmg 20 parts

Bi sphenol A (EOQ) [ era |sulistaratiest @nd 20 parts Phenol

(EOQ[err] acrylate gn abrasion-resistant 4ba8tg layer Hhdnd! wertgation
initiator 30 [ "Darocure 1173" manufactured by Merck] 3 parts

Thi xot ropi ¢ aget#P§eRRYSsi | 200" manuf act ured by Ni ppon Aerosil
Co., Ltd.] 0.5 patHes abrasiehUe8€istant coating layer comprising

5 parts The, above, .c o] s _were_ uniform m xed,. The 35
viscosity .of t PSR Rﬁglﬂ‘gggc&g?m%?n S Phre Tl 8 s aneddF
- 25- offiha rtoxt 80 emdesomnedeed, orind & i hiedepa8n teconpriming a

o0 L2 S M IR o RO B o pietlcitg 2

m cronet ers when mi/ C ravi o rays were
irradi ated to ttR) deinhgfrayH¥ tos 50 ThyewedphisPénthestotdd ameyRtdobut

for this coated.p@R&mponents (A) and (B), the hardness of the spherical
particles (A) being higher than that of the binder (B), the
average particle diameter 4 (micrometers) of the spherical
particles (A) fulfilling the following inequality (1):
0.3t = 4 = 3.0t (1)
wherein "t" is an average thickness (micrometers) of the

coating layer.

2. The decorative material according to claim 1,
wherein the spherical particles (A) comprise spherical
inorganic particles having a Knoop hardness of 1,300 kg /mm?

Oor more.

3. The decorative material according to claim 1,
wherein the spherical particles (A) comprise spherical

alumina particles.
4. The decorative material according to claim 1,
wherein the spherical particles (A) contain 90% by weight

or more of aluminum oxide.

5. The decorative material according to claim 1,

wherein the binder (B) comprises a thermosetting resin.

6. The decorative material according to claim 1,



in the same manner as in Exanple 1. As a result, the \—C—OMQML
was conpl etely abraded, and even the subhstrate.-was

away. Conparative Exanple 2 10 | tnetherieHatBiEhtle 10,m!’:ﬁi yl,””m
20" parts Tri met hyl ol propane tri acryl aR@PLACED

Bi sphenol A (EOQ[err] diacrylate 10 parts Phenol
(EOQ[err] acrylate _3% arts Thi xot ropi ¢ agent
["Aerosil 200" 15 manuf act ured by %pon Aerosil Co., Ltd.] 0.5
parts h bo C nt,$; 0 . -

vi scosity of t He rﬁee%réﬁ%gggggg nt| "g)rl'.ggsf 4! XOH}éﬁggrﬁ?((tit%gl?A%s

coat ed ont o prigumichgpamesin.o form a

coating | ayer

so that the

t hi ckness of the coating layer 20 would be 20 m croneters when dried, and
3. Mad of electron beamwas irradiated to_the coatin Iayer Tabfr
abr asi on test fmas Jhe i SRCOXRTIR PAterislt APGRHENY nte hSLede

manner as in BExgia¥edinl S bdnEesul(B) é&epﬁ@és gt 1Ryt W% by weighdlefel y

abr aded,

and even the substrate was

Conpar at i ve ExdhpPglyether yrathane a

Ck’gjé%cxiyelaz‘l:e represewggd by the

é_4 pf}trtsI R (Egitfmwngnrgmram |fa>ﬁ:m3attat62) 10 partsI
i spheno err | a ent
gl y20| (PO [err] didbrG(B )eCOOCH CH,-OGONH ;:flgnégop? E:ﬁ(ﬁg) (é\{?csp 8~ 31

2- Hydr oxy- 3- phenox yjyl - \iod-2kecH,0coc (R ) =CH,L1 par ()
Bi s( et hacryl oxypr opyl )poI y(di net ﬁyl Si | oxane) 3 parts Thi xotropi c

agent ["Aerosi |wi29®in R' and R cepreseny Nyppogepepssuetipl grewp)
0.5 parts 35 FiylgAG@dhate radical, n is an integer of 1 td03Pashé

-26-
m is an integer of 6 to 60.

B. The decorative material according to claim 1,
wherein the of
molecules of the binder (B) after cured by heat or ionizing

radiation is in the range of 180 to 1,000.

average molecular weight crosslinked

9.
wherein a composition comprising the spherical particles
(A), the binder (B),
dissolving therein the binder (B), having a boiling point

The decorative material according to claim 1,
and one or more solvents capable of

at normal pressure of 70 to 150C, in an amount of 40% by
weight or less of the total amount of the components (a)
and (B) is used as a coating composition for forming the

coating layer.



The above conponents were uniformy m xed. The viscosity of the
m xture was 400 centi poi ses. : The m xture was coated onto printed
paper to forma coating layer so that the thickness of the coating
lager 5 would be 25 microneters when dried, and 5 Mad of electron
beamwas irradiated to the coating | ayer. Taber abrasion test was
cagried out for this coated paper in the s manner as in Exanple 1.
As a result, the coating |layer was 'cof%?’etely abraded, and even the
substrate was found to be 10 worn aMhe decorative materi al
according to the present inventior, ating layer is formed by
using a CONPOA t | decerapiared tytadiding of spee f | presewht drvention
spherical particles gse_a rt i | S £k héi C
range to cr ossl?%%%lr eessf e8| %g?gggaggh%h%%rgr%%%%% ﬁf%éhbse%%teﬁcfﬁgﬁé
aver age t hi cknebayesf fhrmedatthegeon, andycks apgharaetayirede iparthal ethe

di aneter of theyspherdcalesistadiarl lddd€hg | S1afdS0 coRFiséLd. sphedi€al
coating layer 1s t%erefor-e excellent in both scrgtch IZ'eSI s% cg and
flexibility, arRRTHECIRE ) RAYING &1 AVSRAPnEeFRECLBalTAYSEET © 2§e %is
excellent in sushagfotomdisd enmd ANGisiddra¢8) compgiBohinesessliikeble
decorative material of the present invention LS_scakgc d by
abrasion or scrE@¥HSandrat thqpsatqqu&g ﬂfe,th?ospﬁgflfzﬁg 885?%%819%%?&?% not
cracked even fromhes tte S0Bstbat @elighlberdf theadaittsélonamohmt dedor theve
25 mat er al of the inventi.on_ al h d ANGE the spherical
- 27 - 1b componentsrtA) an%ci?%?wg%hgtg%? Eag{ah?gé;ati ve nat orial
conpri si ng: apaubitles elAhnts higher than that of the binder (B), and

that the average particle diameter d (micrometers) of the

spherical particles (A) fulfills the following inequality

(1):

15 0.3t £ 4 = 3.0t (1)
wherein "t" is an average thickness (micrometers) of the
coating layer.
Thus, the relationship between the average thickness of
the coating layer and the average particle diameter of the
20 spherical particles is strictly controlled in the present
invention, so that a decorative material which is excellent
in both flexibility and abrasion resistance (scratch

resistance) can be successfully obtained.



i ’
an abrasion-resistant coating m substrate, the, . -
abrasi on:resi stant ‘coating |ay m'gmgmﬁlmg’ her LM}EME% l(iéﬂi:ET
‘having an average particle di anet cro ers and a bi nder
(B) conprising a crosslinkable resin, the" anburdt of the spherl cal particles

(A) being from5%to 50% by wei ght of the total amount E‘fs
(A) and (B), the hardness of the spherical particles (A B@&Eﬁgﬁg?qng

that of the binder (B), the average part#,le di anet er (nicroneters&
the spherical particles (A fulfilling thé Tollow ng i nedquafi DECIPT
0. 3t [err] d[err] 3. O (1) V\/nerghg i I's an ave e thickness
(mcrometers) of the coating |ayer ein the spher particles (A
conprise spherical inorganic partlcles having a Knoop hardness.of 1.-306-'

kg/ mierr] or nore. ) cor \/§ erlaF”EEEE?dlng to claim
1, wherein the spherlcé? paﬁ%?c s Vﬁéaxnéﬁ %é?s & cal al uni na

partlcles 3a . sulfsiprateeorantd ve mat eri al accordlng to claim1, wherein
the spherical parihClds:ddlo0nAld 0% Bt el ghty fre 0B Hec?! BTl R

oxi de. orative material "according to claim1, “wherein the
bi nder (B) coﬁﬁbﬁ§§§tafthernnsett|ng resin. 5. The decorative

material accordi nghko Gd8ibn-resistant coating layer comprising

spherical particles (A) having an average particle diameter
of 3 to 50 micrometers, and a binder (B) comprising a
crosslinkable resin, the amount of the spherical particles
(A} being from 5% to 50% by weight of the total amount of
the components (A) and (B), the hardness of the spherical
particles (A) being higher than that of the binder (B), the
average particle diameter 4 (micrometers) of the spherical
particles (A) fulfilling the following inequality (1):
0.3t £ 4 = 3.0t (1)

wherein "t" is an average thickness (micrometers) of the
coating layer i and

wherein the sapherical particles (A) comprise gpherical

inorganic particles having a Knoop hardness of 1,300 kg /mm®

QY more.

p—

2 . The decorative material according to claim 1,
wherein the spherical particles (A) comprise spherical
alumina particles.

3 . The decorative material according to claim 1,

wherein the spherical particles (A) contain 90% by weight
or more of aluminum oxide.

L B The decorative material according to claim 1,

wherein the binder (B) comprises a thermosetting resin.

5 . The decorative material according to claim 1

- ¢



- 28 - wherein the, bi nder (By—eenprises an ionizing-radiation- curing
resin. s 6. The decorat i ding to %ééi@“é&;ﬁgggwm;wm r
bi nder (B) conprises at Ieast\‘mm&m lﬂ“ mﬁm a pol ya 2 QET
(meth)acryl ate represented by the ¢f ol o ng gener al for mﬂﬁammgm SHEET
CHerr]=Q Rerr] ) -COOCH err] CH err]-0OCONH X- NHCOO- [
CHerrl)[err]-O][err]- CONH- X- NHCOO-CH[ err] CH err] OC ?ﬁt Wk@
=CH efr] (2) wherein Rlerr] and Rerr] -gach represent hydrg t yI
group, X is diisocyanate radical, nis an integer of 1 to and.mis

i nteger of 6 Wi@BR0n ‘che %mdeifhe’eac;e%@ﬁl\@srmé@r u@h;‘.alﬁgr—%agatwncl al r
1, wherein the average nol ecular weight of crosslinked

bi nder (B) aftr-t Jﬂy heat or ionizing radiation is in the range of 180
to 1, 000. 8 . The decorative material according to claim1l1, wherein

a conp05|t|on co | Si e herical part A ..the b|nq€ B), and
one or nore sol v Tg%abﬁqéc ?“g}‘é%oin\ﬁ ﬁéltaﬁ'er%?éo%%%n%l Fer® 881)“4 %law ng a
boi I'i ng pointWEﬁr&ﬁnrnﬁe|mmm@$uréBOfC@ﬁprmse§O@Erlé&StiMD%Mbyameughtobf40@6by
wei ght or lesg ¢

a coating conPom %ron q#r@&pa% };‘e%ﬂ g??{?gml%p(x@se%”%d( B)y! $nysed as

or mng t e CO
ollowing general formula (2)

=)

CH,=C(R!)~COOCH,CH,~0OCONH-X~NHCOO~ [ -CH(R?)~(CH,),~0~] -
CONH-X~NHCOO-CH,CH,0COC(R' ) =CH, (2)
wherein R' and R? each represent hydrogen or methyl group,

X is diisocyanate radical, n is an integer of 1 to 3, and
m is an integer of 6 to 60.

2. The decorative material accoxding to claim 1,
wherein the average molecular weight of crosslinked
molecules of the binder (B) after cured by heat or ionizing
radiation is in the range of 180 to 1,000.

8 . The decorative material accordiné to claim 1,
wherein a composition comprising the spherical particles
{A), the binder (B), and one or more solvents capable of
dissolving therein the binder (B), having a boiling point
at normal pressure of 70 to 180T, in an amount of 40% by
weight or less of the total amount of the components (A)

and (B) is used as a coating composition for forming the
coating layer.



