. DECORATI VE SHEET . TECHNI CAL FI ELD

. The present invention relates to a decorative 5 mat eri al and :
vpartlcularly to a decorative material, for bui l di ng materials, which
can:inpart a desired design to t he surface of furniture, wall surface,
and fl oor covering and the |like and possesses excellent surface
protective propertles 10 1 BACKGROUND ART

A decorative sheet conprising a surface protective | ayer, constituted

.-, by a layer. of a resin cured by i onPRCORATIVE SHEERti on irradiation,
c<provided on the surface of a decorative sheet for a building naterlal

““has been proposed 15 in the art. Since this conventional

““surface protective layer is iﬁEQH@GEQQ FIFID - the | ayer strength of

the surface pr otqq{é vgrégaﬁ{; PHiveiich exedblarl - t650VEV decordedvihe
.surface protective |a IS provided contig uouslgbto ot her 20 | ayer (s),

that is, %henmateyns [ﬁ?@tPPﬁyéFU1§rb&tFQrﬁ W%§%¥eaﬂﬁtFﬁéairké°§hd

the surface prbiiﬂsdmge TheSEer 1 I, whlcﬂ agamal|a ot 8 aubsi:éat deshigat tot he
adhesi ve stre

t bet i d er a attern | ayer
ond the. o e sursaet ot FUshiEyEs. vell inAdie A € Hes Bl ing
Therefore, thladobthenlibealandepostassess rmgﬂzelmmo.surface Erbrreoctive

. scratch resi stiﬂlrg‘ﬂ}%s hence, in sonme cases cannot be practically
- used because t ecorati ve sheet gartlcularly inits horizontal face
portion 3@ easily scrat ched. JBACKGROUND ART DI SCLOSURE OF THE
| NVENTI ON A fBceRhesteObhbbe é&mﬁ‘éuh@\ae @Jtr%des proteelitioet he
ecorative

- -above problemof the prior, art and to provid
possessi ng hi g% ﬁzﬁ*resqp F?Ybét?l\g% ] F9Si%, cured Wotié’E‘RF'&E‘gl ayer

‘ and each Iaye&ddmﬁﬁﬁﬁﬁﬂinrﬁaﬂlhh&o&urfpﬁev1ded on the surface of a
: decorative sheet for a building material has been proposed
15 in the art. ' )

. Since this conventional surface protective layer is .

—~

in a cured state, the layer strength of the surface
protective layer per se is excellent. However, when the
surface protective layer is provided contiguoqsly to other
20 layer(s), that is, when a solid print layer, a pattern
layer and the like and the surface protective layer are
laminated on a substrate sheet, the adhesive strength
between the solid print layer and the pattern layer and the
surface protective layer i1s disadvantageously low.
25 Therefore, +the conventional decorative sheet has pooxr
Hofmann's scratch resistance and, hence, in some cases
cannot be practically used because tﬁe decorative sheet
particularly in its horizontal face ‘portion is easily
scratched. :
30 . DISCLOSURE OF THE INVENTION
An object of the present inveﬁfion is to solve the

above problem of the prior art and to p;ovide a decorative
sheet possessing high adhesive strength:between the surface
protective layer and each layer laminated onto the surface
35 protective layer and, in addition, excellent scratch

resistance.



“35: protective layer and, in addition, excellent scratch

.~ resistance. 2

'c!decoratlve . sheet, canpri sing subs

~'surface pPote

\ccarding to the present invention, the above & probl em can be sol ved

“by i ncorporating a conpound havi ng active hydrogen into any one of a
surface protective |ayer and a | ayer contiguous to the surface
protective |layer, 5 I ncorporating an i sbcyanate conpound into the other

.-l ayer, and curing these |ayers. The present invention

f-i-.'--'__;spem fically includes Agrording ftg| | Bhe npresent sinvention, the A&b®VE ng

10 one aspect giobfign NEaAHL LEYORE! B9 148orpbiRtEng] 8 BRI nating

Tayer' provi decPChhve thedrogen %WSSFP@& enenetia SHrfaCe HERES s dewiere
~layer provi dedand a 1ayek2@o@m1§n@u@18td e , sﬁhﬁaédr bﬁeeeatmtzecuia\y@zl ayer
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220 i nvent i orfol}Rwing ;agpestsled a decorative sheet conpri sing:

. substrate sheet; a Comdcﬂ'}i‘&i%ad BTy QEHRE UF tt'i'x% prese%%bihrv@n%l%?xeet
and a surface {)rot ectjve Iag/ provi ded on the conti guous |ayer, the
c

hexe | gdRr prov %’pﬁ sﬂ?ﬁm&i‘iﬂﬁlﬁtﬁ 2 iSRG St d CRMPEHSAEG *ng 3 esi n
~conposi tion, Zdubstiete ordHe@tnus al agentioupassi Igyen |mamyiaad e orpmMbiend,

L ey RS SRR Bha | U bRGaBRTBEL 868 g SRR by avagelfl 19
being i'n a curenl $het econtiguous layemgcothi ngurfagepreferectieebddyeant of
the present 3QompWEMNd Uh 1ioh?81RGMPRETLcHGYLBGr1:85 et hEehRYe tilbh, 2
S 15 the _contiguous layer comprising a qompoﬁnd containing
active hydrogen, the surface protective layer further .
comprising an isocyanate compound, the contiguous layer and
the surface protective layer being in a cured state.
According to another aspect of the present
20 invention, there is provided a decorative sheet comprising:
a substrate sheet; a contiguous layér provided on the
substrate sheet; and a surface protective layer provided
on the contiguous layer, the surface protective layer
comprising an ionizing radiation-curing resin composition,
25 the contiguous layer comprising an isocyanate.compound, the
surface protective layer further cdﬁ?rising a compound
having active hydrogen, the contigﬁéus layer and the
surface protective layer being in a cured state.
According to a preferred embodiﬁent of the present
30 invention, the compound having acti&a hydrogen is a
compound having a group selected fromffﬁe group consisting
of polyol, COOH, and NH, groups. B
' According to another embodlment of the present

invention, the contiguous layer further comprises an
35 isocyanate group-containing acrylate monomer and/or

prepolymer.




_ conpound having a group selected fromthe group consisting of polyol,
.. COOH, and NH err] groups. According to anot her enbodi nent of

g«aihe present i nvention, the contiguous |ayer further conprises an
-35-"..isocyanate group-containing acrylate nononer and/or
-prepolyner. 3
_ According to the present invention, an iofizing radi ation-curing
- resin contained in the surface protective layer is self-reacted and
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Fig. 1 is a schematic cross-sectjonal View show ng | ayer
onstructi on 68k AERSFatPSENLHENY Ao Fankdotgus 1ayes %H%HF £gfFet he

resent i nvemph:@‘tectlve layer to ﬁ%?ﬂﬂﬂ@&f%n@éﬁ%bh&&%tﬂﬁ HNVERE! ON
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attern |ayer 3. 25 BRIEF @ES@%@%J:QR/@ ERAWENG he present -
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15 the layer construction of a decorative sheet according to
an embodiment.of the present invention.
BEST MODE FOR CARRYING OUT THE INVENTION
As shoﬁn in Fig. 1, the decorative sheet according

to the present invention comprises: a substrate sheet 1;

20 and a contiguous leyer 4 and a surface protective layer 5
which have been formed in that order on the substrate sheet
1 and then cured. In the embodiment shown in Fig. 1, the
contiguous layer 4 comprises a solid print layer 2 and a
pattern layer 3.

25 In the decorative sheet of the present invention,
substrate sheets usable herein include papers, plastics,
metallic foils, and plates. Regarding the form of the
substrate sheets, any of sheets; such as plastic sheets and
nonwoven fabrids, metallic plates, wood plates, and plastic

30 plates may be used. When a flexible sheet is used as a
roll, a sheet thickness of 5 to 200 um is preferable.
Further, provision of a pattern of irregularities on the
surface of the substrate sheet and a three—d1mens1onal
substrate sheet may also be used. .

35 Papers used as the substrate sheet may be papers or
fibrous sheets similar to papers. Examples thereof include
papers ﬁsing nétural pulp, such as tissue papers, kraft




“netallic foils, and pl at es. Regardi ng the formof the substrate
sheets, any of sheets, such as plastic sheets and nonwoven fabrics,

'"anetalllc pl ates, wood plates, and plastic 30 pl ates nay be used. Wen a

‘flexible sheet is used as a roll, a sheet thickness of 5 to 200 pmis
pr ef er abl e. Further, provision of a pattern of irregularities on the
surface of the substrate sheet and a threé-di nensional substrat e sheet
-may al so be used. 35 - Papers used as the substrate sheet may be

. papers or papelsousidipadn Paners, t biphetr Papersapwnyheveblpeper ude

‘papers using BRLWLE!, RidaRedS paEbeas, ! ikperRARS, dyiun l:Lner boards,
: papers, titani um papers, linter papers, vinyl wallp
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pol ymet hyl pententempilaykd desigasins, such as polyvinyl chloride,

pol yvi nyl i dene vinyl _chloride/vin
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.polyesters such ene
15 polyethylene polypropylene, and polymethylpentene, vinyl

resins, such as polyvinyl chlorlde, polyvinylidene |
chloride, polyvinyl alcohol, vinyl chloride/vinyl acetate
copolymer, ethylene/vinyl acetate copolymer,
ethylene/acrylic acid copolymer, ethylene/acrylic ester
20 copolymer, ionomer, vinylon, and saponified ethylene/vinyl
acetate copolymer; polyesters, such as polyethylene
terephthalate, polybutyl terephthalate, and polyethylene
naphthalate/isophthalate copolymer; acrylic reeins, such
as polymethyl (meth)acrylate, polyethyl '( meth)acrylate, and
25 polybutyl (meth)aci‘ylate; polyamides, such as nylon 6 and
nylon 66; cellulose derivatives, such as cellulose
triacetate and cellophane; polystyrols; polycarbonates;
polyallylates; and polyimides. Metals usable in the
metallic foil include aluminum, stainless steel, iron, and
30 copper.

Other substrate sheets suitable in the present
invention include: wood plates, such as wood veneers,
laminated woods, particle boards, and med:.um—dens:.ty fiber
boards (MDF); gypsum-based boards, such as gypsum boards

35 and gypsum slag boards ; and calcium silicate boards. Other
examples thereof include: fiber cement boards, such as
asbestos cement boards, concrete boards, lightweight gas



terephthal ate, polybutyl terephthalate, and pol yet hyl ene

_.mapht hal at e/ i sopht hal ate copol yner; acrylic resins, such as pol ynet hyl
“u-(meth)acrylate, polyethyl (meth)acrylate, and 25 pol ybut yl
(nmeth)acryl ate; pol yam des, such as nylon 6 and nylon 66; cellul ose
derivatives, such as cellulose triacetate and cel | ophane;
polystyrols; pol ycar bonat es; pol yal | §l ates; and pol yi m des. Met al s
~usable in the nmetallic foil include alum num stainless steel, iron,
~..and 30 coppeencrete boards, egtmusionbbleuncenrnt doaxdsabpulpreemgnt

pr esent bON8aL! ONadrd tKie: SRR D! BEESds SUGEh®S wiRd ¥BRBEISement
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" conposite substrate sh prepar ed am nating two or nore t he
i’above vaPi ousthen performing curing; and comp031te substrate sheets

prepared by laminating two or more of the above various
substrate sheets.
The contiguous layer according to the present
invention may be formed by simply coating or impregnating
20 the above substrate sheet with a polyol compound or an
isocyanate group-containing acrylate monomer and/or
prepolymer. -
In the embodiment shown in Fig. 1, the contiguous
layer is constituted by a solid print layer and a pattern
25 layer. In the present invention, however, the construction
of the contiguous layer is not limited to this.
.According to the present invention, a specific
example of the ionizing radiation-curing resin used in the
surface protective layer is a compositidn, curable with an
30 ionizing radiétion, comprising a suitable mixture of a
prepolymer, an oligomer and/or a monomer having in its
molecule a polymerizable unsaturated bond or an epoziy
group. The term "ionizing radiation" used herein means,
among electromagnetic waves or charged particle beams,
35 those having energy gquantum satisfactory for inducing
polymerization ox crosslinking of molecules, and

ultraviolet light or electron beams are generally used.




"_'si]’bstrate sheet s. The contiguous |ayer according to the

. present I nvention may be forned by sinply coating or inpregnating 20
i*zthe above substrate sheet with a polyol conpound or an i socyanat e
“'group-containing acrylate nononmer and/ or pr epol yner. In
t he enbodi ment shown in Fig. 1, the contiguous | ayer is constituted by
a solid print layer and a pattern 25 | ager. |In the present invention,
however, the construction of the contiguous layer is not limted to
~this. Ac Eamathpig st of tthegulgsrens andedl igomers is@dilig berein
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Exanpl es of prepol erErIsn &hd pregemerinverdblion hdihe BOlublllfthpademeter

i car boxyl 1 o SeasTaiegdy 50, AR C20ERRALC r dhiation “‘é‘i’gﬂ e 1e
“as pol Yt er us%m)%fﬁcatﬁl 05 Pr%)ﬁ#wldérg(?m?%) f +al\’é SBpyajue

(rrgt h) ?cryl at &f u:t@égiar&ﬁan 9. b7| (f@éﬁ@@rihaﬁﬁasﬁi%ﬁ&iwesff@?@ﬁ?cbﬂ at e;
an call oni C 0] nmer.l za e epo (0] ounds. . n e
present | nvenBenih Lo TR ERERY SRS, "ieepiptacrany BPERefor

i oni zi ng radi atqlmh-ngjsphgrﬂ.eaﬂ,rpastﬂﬂes wsed iy the tegullatliompodf glabky 9.9
to 10.5. An SB Vahiesurracl LESSpbdR sSrdtdif Ml Ssiddhdd1SaSRG! kker

strengt h of _
' 15 hand, an SP value exceeding 11.0 in some cases makes it

impossible to meet the requirement for the strength of .
bonding to the substrate sheet when the resin is coated
onto paper or a plastic film.

The SP value referred'to herein is calculated as

20 described in "POLYMER ENGINEERING AND SCIENCE, Vol. 14, 174
(1974)." When two or more ionizing radiation-curing resins
are used as a mixture, the SP value is the weighted average
of the SP values of respective ionizing radiation-curing
resins.

25 Isocyanate compounds usable in the surface
protective layer and/or the contiguous_iayer according to
the present invention include: aliphétic, alicyclic, or
aromatic di- or triisocyanate compounds, such as 2,4-
tolylene diisocyanate, 2,6-tolylene diisocyanate,

30 diphenylmethane-4, 4'-diisocyanate, polyphenylmethane
polyisocyanate called "crude MDI," xlelene diisocyanate,
isophorone diisocyanate, hexamethyléne diisocyanate,
dicyclohexylmethane-4,4’' diisocyanaté, and triphenylmethane
triisocyanate; and isocyanate- termlnated low-molecular

35 weight adducts prepared by reactlng a polyisocyanate
compound with a low-molecular weight glycol or triol, for
example, dipropylene glycol, l,6-hekanediol, 1,2,6-



" bonding to the substrate sheet, unsatisfactory power for hol di ng
.. Spherical particles used in the regulation of gloss on the surface,
nd. poor scratch resistance. On the other 15 hand, an SP val ue exceeding
110 in sone cases nakes it i mpossible to neet the requirenent for the
strength of bonding to the substrate sheet when the resin is coated
onto paper or a plastic film 7 The SP value referred to herein
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group and a branched chain and preferably has 2, 3, 4 or

more hydroxyl groups. For example, those comprising .
ethylene glycol, propylene glycol, glycerin,
trimethylolproﬁane, 1,2,6-hexanetriol, butenediol, sucrose,
glucose, sorbitol pentaerythritol, mannitol,
20 triethanolamine, n~-methyldimethanolamine, and cyclic
aromatic and aliphatic and triols. Preferred are polyester
polyol, polyether polyol, acrylic polyol, and epoxy polyol.

In the present invention, an acrylate monomer
and/or a prepolYmer having an isocyanate'group may further

25 be added to the surface protective layer and/or the
contiguous layer. A compound having Qhe or more acryloyl
groups in its'mblecule and one or more'isocyanate groups
“in its termlnal and/or side chain is preferred as the
acrylate monomer and/or prepolymer having an isocyanate

30 group. '

Further, fillers, such as calc1um carbonate,
silica, and alumina, viscosity depressants levelling
agents, colorants, and sheeny plgments may also be added
to the surface protective layer from the viewpoints of

35 imparting suitability for coating and imparting features
to the surface state.



"possible to use a urethane resin with an excess of pol yol bei ng added
“t-hereto. Preferred pol yol conpounds usabl e herein include 10
-mononmer diol and triol and polyner diol and triol cont ai ni ng
mainly a repeating unit chain of an al kyl ene contributing to the
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consisting essentially of any one of 8a straight chain ternminated with
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chain is pref et At iy edgesacryxlsat@mga&@a{em&hd/l%egmml pa&r’clbaésng an
‘i socyan Il 1ler um

30
corbonattS O madll POR an ideniinat meteTLebsi (P CHRISEINTL, PREIERPRNG
agents, coI or aﬁum:t:amj tohdmpyopegtkRat sbnayich sedics tatiasl of thet surlface

surface prot el d AN LA | N aBe! g ndlo cLUBAELENIBtbbaRY | 1Y

for coati ng a I ng ur es surrtace
8 thagphhex ao peet i ahexdeny dpeatird devimeaddd:ii evehopfter

inmproving the Rl¥agy U 1 Y8Rl doNotuabialePbehet! dRerial which
15 comes into contact therewith, and the transparency can be
improved. The above effect is significént particularly .
when there is no cutting edge.
The. content of the spherical particles contained in
the surface protective layer according to the present
20 invention is usually 5 to 30% by weight, preferably 5 to
25% by weight, particularly preferably 5 to 15% by weight.
When the conteént of the spherical particles is less
than 5% by weight, the scratch  resistance is
unsatisfactory. On the other hand, Whén it exceeds 30% by
25 weight, the binder effect exerted by the ionizing
radiation-curing resin is deteriorated, raising a problem
such as lowered flexibility.
In general, the diameter of the-Spherical particles
is preferably 5 to 100 pm. When it is less than 5 um,
-30 there is a possibility that the cpatipg becomes opaque.’
On the other hand, when the average:particle diameter
-exceeds 100 pm, the surface smoothnessfof the ceoating is
likely to lower. The smaller the diameter of the spherical
particles, the lower the abrasion res1stance On the other
35 hand, the abrasion resistance 1mproves w1th increasing the
diameter of the spherical particles. In this case,
however, for some thickness, uniform coating becomes




Iayer Spherical particles may be those having a surface surrounded
- by a smooth curved surface, such as those having 5 a spherical shape and
- % a_.shape close to a sphere, such as a flattened, elliptical shape.
“Preferably, the spherical - particles are free froma protrusion or a
cor ner particularly on the surface of the particles, that is, free
fromcutting edges. As conpared with irre@ular particles 10 made of an
identical material, the spherical particles function to inprove the
_.abrasion resi stdifdeudit-t he EQrf ag¥ample, paotutiage | HreyteqtiMmened ayefey
“have features 4fichlidid of 10 WeAtad M d@ nednedipiderdsn CoghéNpatievicae and,
~even after . curing of::the coatlng, do not abrade ot her material which
15 “comes i ntagieIc Of KBPeFPPRATIGARY PRETIFLAS phf H§iekaPbe 10 to 50
i mproved. Theubove effect is significant particularly when there is
no cutti edge. The.content of the spheri.cal particles
contained in themeﬁﬁﬁgEEfSFSPééfi3§e|8?8F3§8c@PEF&&iFo@%ﬁQe%PésSﬁt 20
i nvention is udwal bphBrica30%daytiwleht ispr ekdealtkd Satcoording 23% byhe
wel ght, parti : feralpl 9 ' ' . . t he
content of thgéﬂslp 'Jé%s%?afgg?’tg [ @%ﬁg?ﬁé@&%ﬂgﬁia S%In B’?rt\%/é’uv‘\g%? ;
the scratchwheredghe aegagej Shicknegfsaf | iaduwriace araeetdmeedanand,
when it exceeds ge%mm%w{l';WI 8he, avdiagdi @é&rcic@%f eqiam8¥Ert sk El)&e the
I oni zin radi gt1Qn-curi,ng resin i s i%t rigrated, raising.a pr m
such asgjtcbwerect?%ﬁré‘ﬁ 'PPF§.’"°9€S being d {r 'géﬁe?'ﬁ'lér?gﬁemﬁﬁ‘gﬁﬁ l%fe'ol&f: he
spheri cal partdptieascal partiptekesabhy btotsatifprohe \Bodl owings foemalahan 5
pm 30 there.is a ppssihillity that the gcoating.becones opague. On
the other han ,1)Wnenﬁgﬁ8 V& a%@erp%ﬁ%i%?ﬁgh??}a?regé?ﬁgger élxc@“g‘&)‘ss Do B/ the
surface snoot wpdexricfal parddaliesy exxceeds 2.i0kg| ytheo spbeeicaThpasiakles t he
di aneter of t S LGAl ~vi + ¢l e oIy TN ANAS]
resi stance. O%qrﬁggggjﬁgg %g th%%ﬁ{#%%eeggbﬁggi%n re%%' g)tq'-ancecat‘ls’w(ép%\? ST th
i ncreasi¥y theften kﬁ%ﬁﬁaﬂ%rt%f dekeripretpdalPPearenCees. On Fhet Rthercase,
however, for gt Middesse 80btaga pazttiblchaEi@ter d (mm) is less .

than 0.3 ¢, fthe abrasion resistance is likely to be

unsatisfactory. .
0.3t £4=2.0t  ........ (1)
20 ‘Any material may be used -for the spherical

particles so ‘far as the hardness is higher than the
ionizing radiétion—cured resin, and inorganic particles
and/or organiélparticles may be used. The difference in
hardness betWéén.the spherical particles and the ionizing

25 'radiation—curéh resin may be measured in terms of Mohs
hardness, Vickggs hardness and the like. For example, the
hardness in téfms of Mohs hardness is preferably not less
than 1, and tHé_Knoop hardness is prefe?ably not less than
1300 g/mm?, mq?e.preferably not less tqan 1800 g/mm?.

30 The Knbop hardness referred tq;herein is a micro
indentation hafdness measured with a Kdgbp indenter and is
a numerical vaiue expressed by the quoﬁient determined by
dividing a load used for creating a @@amond-shaped dent
before the test by the projected aféa of indentation

35 determined frqﬁ the length of the lénger diagonal of
permanent indéﬁﬁation. This testing method is described



"9 difficult. For exanple, a surface protective |ayer

.. thickness of 10 to 30 [err]mis contenplated, the particle di anet er of

.the-~spherical particles is preferably 10 to 50 [errfm 5

‘More preferably, the average particle dianeter of t he spheri cal
particles is selected according to the t hi ckness of the surface
protective layer. In particular, whehOt he average thi ckness of the
surface protective |ayer ist (mMm with the average particle dianeter

- ~of the 10 spRrA®BY G=B#49cles being d (M), it is preferred to sel ect

: -%_?sEhé‘ri cal particl ejs qua?\%ﬁi%l%?fbir#%bﬁfﬁiﬂ b%\ﬂt_ﬂ.@l%%rﬂ'd:lﬁude indrllg)a-nicv\hen
'the average partic]e dianeter of. I he spherical particles
exceeds 2.0t, RHELPIRS i aﬁ-amﬁeﬁesmlmanapé!r@)wgbaxaﬁet e LU PICE of .
t he surface prademdnde anyegraphitepfl and begdnig tresdat @arariailed, such
appearancg. Qt het chand, when. t he- tage.particl.e dianeter d
ey T aess ¥ ' OBy postfio Bandt | CEOBYFLARGAPRE TSR, RTRS°
unsati sf act or yg-Alumina may be(f@ted exlnymichg,epdljmin2 pProduced.by Bayer'El) 20
Any materi al 1[‘%&/ EorlUSh i 9ke.theotfBREriilaani arLigies fxar as
the hardness i |e§ﬁ1ey °Than the © . ign_iliz'lt']n_g;L rac |aantl|con?cure% (rges‘ﬁ%%,bl%nd

i norgani ¢ par the e includgy/reqydni Cifanidl enddp RItesdc migdure

di fference in thered@réings serridveaniit HiheilivdlnadPddRiR ad BhRr's
ionizin9185 radi ation-cured resin nmay be neasured in terns of Mhs

har dness; " Vi c G dness and the like. For exanple, the har dness in
ternms of Mbhs har dnes®n examgley abf ya oethedsfor brihghng, thed shiagpeKodop

har dness is pr £at, 130 : r e.pr |y
not |ess than %QSJ/%’%}]@%%} es to %hgpﬁégg%g%a#aﬁggé Fg)fg' %‘ to
herein is a nm&melt prepagediky ihnetinalregsl venszedd miadnleKioorgandent er
and i s A ARHBSUrER o8 e aB¥RECESEE BY & Nei G Al r HRLAL HRRAL %e

dividing a | oad used for creating a dranond-shaped dent before
test by the prideing RR¥Eof indentation 35 deternined fromthe |ength

of the longer di agonalpas@fticularl§f Nprepbriradensghépicall higattesdidyy arehod

I's described sphefical a-alumina because it has wvery high hardness and
is very effective in imparting abrasion_resistance and
spherical particles can be relatively easily obtained. The

20 spherical a-alumina is described in Japanese Patent Laid-
Open No. 56269/1990. Specifically, a curing agent, such

as alumina hydrate, halide compound, or boron compound, or

a crystallizing agent is added in a small amount to a
pulverized product of fused alumina or sintered alumina,

25 and the mixture is heat treated at a high temperature of
1400C for 2 hr or more. This reduces cutting edges of the
alumina and, at the same time, provides spherodized
alumina. Such spherical alumina is commercially available

in various average particle diameters as. "Spherical Alumina

30 "AS-10, AS-20, AS-30, AS-40, and AS-5" fr@m Showa Denko K.K.
The spherical particles may be surface treated to

enhance the adhesion to the binder or to improve the
dispersibility. For example, treatment with a fatty acid,

such as stearic acid, results in improved dispersibility.
35 Further, surface treatment with a silane coupling agent can .
improve the adhesion between the spherical particles and

the ionizing radiation-curing resin used as the binder and,



10 I n ASTM C- 849. Materials for spherical particles

“i-ncl ude inorganic particles of a-alumna, silica, chrom um oxide,
;lron oxi de, di anond, and graphite, and organic resin particles, such
5 as synthetic resin beads of crosslinked acryllc resins. a- Al um na
may be fused al um na, alum na produced by Bayer' process or the
like. G her inorganic particle usable 11 herein I ncl ude zirconi a,
titania, and an eutectic m xture thereof with fused al um na or

“al unmi na produéad Bgddg&jien,s cen pmprevs. the dispersibglikdnpPé othe

~met Hod for brpe%&eleee shapghof coatmgt h§§§ui@0rc9ﬁﬂbc§szpﬁrdri cl esgiPafe
:spherical one’is tqQ sp prepared b eatlngﬁf]6 ul veri zed

irregul ar i noFQHF-?rl&ng age’EBﬁpd{ﬁ?d’]tﬁ Pﬁee BovikRg atfa XYSHbRPSt ure
above the 15 haﬁmhgl ng Posniolecule a radicalapblgnkbsikgbpechrsaedrated

spherical. pa | es herical . a-al ause it _has_ve hi gh
har dness 5and i’ 8 F%“%‘e?? %?Y%%% |?Pc? r%’aﬁlj{fg Yggﬁ%m oﬁayé'g rc-’sf‘ﬁnﬁégand
spherical parmodeeslears béuneitabnadl yguam ysubhala&adepiﬁm, 2@mirgpheorcal

a-alumna 1S fgsehpbed | RolaRAR°Se1EALBEubALHy. agentCPEReROraBREOotAQo0

Specifically, a curing agen
conpound, or 58P6n0éo#b@uﬁédl§ﬁl POlYEe§F9§PéEIPéﬁﬂﬁuégéﬁ@ bgnddeedthe a

smal | amount t@nationalPYr¥apl 28dsB1ad4¥el ef:cayaeﬂgalcenwe Q{zpé'd%efﬁé
al um na, 25 and the. m xture is heat treated at. a ture of

1400[erPFb f oFTOSRLipKingr EeS$R; USPEJHLER EBFtFHBeEa§g§ BRT1 h% for
alum na and, ekahp@esarmm tsuth eprmanﬂes thher agh md{oxysz.laaieJmMmﬁuah

spheri cal al u | L a aya bIe n _variqus_aygra

ot ol e df anbPargelsBBLIRert Eablaiifratingeea pond)e B Tp0B6 Mk |
and AS-5" froefShoam DehdwiXxing radlatlon-cﬁﬁungspheesaal paSUCbIesaaay be
surface treat ?E\e"tﬂ)acryl%‘&ﬁan%é hﬁna%ﬁ%%@%e tl%nhh%é%}ﬂﬁberaﬂr éﬁb:i;}méPVe

t he di spersibility. For exa tre nt with a fatty acid
such as §tear?@l§@|5rOPES&5t§SPﬁ FﬁpFB?eHaﬁﬁsﬁérélBW?T??mP%BentF%¥¥ﬁ%9

surface treat ggpk Wrklthansl kagen¢oupl i ng agent can |nprove t he
adhesi on between the sgherlcal artlcies and t he |on|2|3g :
radi ati on- curing resi fi®fsedCR¥eRRLOBRLdePetigd may be used” without

limitation for +treating the surface of the spherical

particles with the silane coupling agent. Examples thereof

20 include a dry method wherein a predetermined amount of the

silane coupling agent is sprayed while vigorously stirring

the spherical particles and a method wherein, after the

spherical particles are dispersed in a solvent, such as

toluene, a predetermined amount of the silane coupling

25 agent is added followed by a wet reaction. The amount of

the silane coupling agent necessary for the treatment of

the spherical particles is preferably such that the minimum

covering area of the silane coupling agent based on the

'specific surface area 100 of the spherical particle is not

30 less than 10. @ When the minimum covering area of the

spherical particles is less than 10 baseéd on the specific

surface area 100 of the spherical particles, the
contemplated effect is small. '

The surface protective layer ‘according to the

- 35 present invention may be formed by directly coating a

coating liquid composition onto the contiguous layer. In

this case, coating methods usable herein include gravure




11 In addition, can inprove the dispersibility of the particles

in the coating I|qU|d conposi tion. Si | ane coupling agents usable
.herein include an al koxysil ane having in its nol ecul e a radi cal
polynerlzable unsaturated 5 bond, such as nethacryl, and an al koxysil ane
"having inits nol ecul e a functional group, such as epoxy, am no, or
mercapto. For the silane coupling agent, pReferably, the type of the
radi cal pol ynerizabl e unsaturated bond or the - functional group is

-sel ect ed accorefating theliypeasinghe fl@w coafigid nkang Keomma @oatimg-h t he

-spheri cal pa”di%ﬁﬁhgﬁofhe v1s%6§ﬁﬂ§eofrkﬁécEoﬁ1§§ﬁ§e&ddﬁﬂ%f@%—curlng
-al koxysi | ane havi ng radi cal polynerlzable unsat urated bond is Used

in the case ComHﬂSlE'rPn' O iGRP ek i ASTESEINNRY e Sapting @ethogds

( mséI h) acryl at &:nmrtd:wraajégows|ilsapeelfarabgyaﬁoepmsyeOthéﬁhlomndpo gfreed i S
used in the case o I wo-component cur fyRe urethane resin.

Any convent i ona?m%ﬁlﬂtolcfwib CUsEd %I{%%(Olvent yqorﬂet A FFERITEG: Png
the surface ofvalmtisishesolegnt or pasolvent wipk tbhetsihidng eowplliartglagent .
Exanpl es thereqfy Zhhe, | 'ﬂﬁu'e‘x’id%h% Ab% - %Ebgﬂt"‘@%@{‘s%%&dﬁ{fr&ga{ﬁ rgiaglgunt
of the silane coupling agent Is sprayed vi gorously stir

t he spherical Tnom tEmpenaihne kst ﬁééf\%ﬁéﬁléﬁ ﬁueat@ehlgfhéflSCOSlsmemtcals

particles arejﬁéﬁkﬂﬁéﬁkérh§b59|Méﬁhodsuﬁaréin the E%hﬂ%&% %d&ﬂ%&ﬁﬁﬁ”‘ned
.amount of the’silane couplin

en | S a e
reacti om? Th&EWdiht COR °Slé&?%el§|%§ﬁ e EﬁeﬁpwﬁeE%s%QW?rfGPethe
treatnment of viscddieyspterd csailtnﬂﬂle e}aﬂme S ﬂw:efee:raa@ne St Wadle tthen

m ni num [ are f the ne coupling agent based on the
specific surfgggﬁgf:d éhlhe s%ﬁﬁﬁlcal particle is not 30 | ess than
10. When t he m ni nufibeoveritiggatbacbhesbeis 3 toptd) e ppafercbdy bs

| ess than 10 the specific surface area 100 of the spherical
Qi :

particles, the
15 _ Regarding a device for ionizing —radiation

irradiation used for curing the ionizing radiation-curing .
composition, light sources, such as ultra-high pressure
mercury.lamps, high pressure mercury lamps, low pressure
mercury lamps, carbon arcs, black light lamps, and metal

20 halide lamps, may be used in the case of ultraviolet
irradiation.

Electron beam sources usable herein include various
electron beam accelerators, such as a Cockcroft-Walton
accelerator, a van de Graaff accelerator, a resonance

25 transformer accelerator, an insulated core transformer
accelerator, a linear accelerator, a Dyamitron accelerator,
and a high frequency accelerator. The exposure dose of the
electron beam is about 0.1 to 30 Mrad, preferably about 1

_ to 10 Mrad at an energy of usually 100 to 10000 kev,

30 preferably 100 to 300 keV.

When the exposure dose is less than 0.1 Mrad, the
curing is likely to be unsatisfactory. On the other hand,
when the exposure dose exceeds 30 Mrad, the cured coating
or the substrate sheet is likely to be damaged.

35 When the ionizing radiatioh—curing resin layer is
cured by exposure to ultraviolet 1light, at 1least one

photoreaction initiator selected from benzoin, benzoin



_contenplated effect is small. The surface protective |ayer
according to the 35 present invention may be forned by directly coating a

.coating liquid conmposition onto the contiguous layer. In this case,
coating net hods usabl e herein include gravure
12 coating, roll coating, flow coating,- and Komma coati ng.
Al though the viscosity of the ionizing réH3ation curing conposi tion,
when coated, is determ ned by coating nethod . and coverage it is

“preferably noMefd t fEheToomasEopheaons, Haahdsr! forkekgnde Bfirhenyl
~non-'sol vent t)éiﬂ.ﬁﬂie,corﬁlajéhz@ﬂasulfldé/,m adidenyD! V@ﬂid@r atg9pneni 1t ype

'contalnlng a volatile sol yent t pon-50 e is used and
Comting ar & liRgrone s @ L SOPEoRY TN T ALY bR GPETReRt L Y 1 s
possi bl e to ude asedt Hadanhemeunttde mcﬁutbrmprpahtslbqnweight basedgon

conposi tigon i a o] T BEC I vy S
sui tabl e é\aal uédb?obgg}%rrplﬁ]g l%Q.‘[m)rze’lft h%r(ri])e qwlfé'g’% cﬁ,adz]iégigﬁe&rfh%%g ed.
- The coating tiFos@sdgiion.3 to 100 [err]m preferably 5 . to 30 [err]m

15 Regar di Nghed e#ls¥hefe HOke IO 20 ui8dhplb®Bt light is
I rradi ati.on used for curlng he |on|2|ng radi ati on-curing

conposi tion, mr@tﬁer:?@l}wc@ tautPP ari Agm*: a- When thesspasure doseppdutthe

| anps, high p S 2 r

carbon arcs, bﬁ}%%%oﬁ%t r%.l@ngéndlérarg%val 51%81 lgr(ﬁa"lq Gcem I’g‘rarcrp}{si:'fJ é/u%rg@b'esused
in the ddse oﬂl@ﬂetlwa\ncollm unsatmsrﬁaamca:wr-on.On the other h@@ctwbanbé&m

sources usabl e _herein | u variQus | ectron beam such
as a Cockecr of tex\%e% i&‘} (255'I'er%?’8r,mér§fg °88t8§’8af’fs agégf’é‘yat
resonance 25 yefldswskdor ner accelerator, an insulated core transforner

accel erator, alinear agce flatolic B Q%Q&&fégé%%cular w@gng high
frequency accelerator he exposur e dose
after the reaction of the ionizing radiation-curing resin

15 according to the present invention is usually 150 to 1000,
preferably 200 to 1000, particularly preferably 250 to 800. -
When crosslink-to-crosslink average molecular weight is
less than 150, the flexibility of the whole resin is
lowered, leading to cracking upon bending of the coating.
20 On the other hand, when it exceeds 1000, the resin per se
becomes excessively flexible, so that the power for holding
the spherical particles is unsatisfactory, resulting in
unsatisfactory scratch resistance. '
The crosslink-to-crosslink average molecular weight
25 A referred to herein is a numerical value determined by the
following equation (2).
A =m/[2 X (£ - 1)]
wherein f represents the average number of polymerizable
functional groups of the ionizing radiétion—curing resin
30 and m represents the average molecuiarfﬁeight.
A pattern layer may be printed on the substrate
sheet according to the present invention. Printing
' methods usable herein include conventional sheet-feed or
rotary printing or offset printing using an intaglio
"35 (including a gravure plate), lithography, relief, or
stencil, and, in addition, electrostatic printing and ink



) eI ‘ectron beamis about 0.1 to 30 M ad, preferably about 1 to 10 M ad
at’ an energy of usually 100 to 10000 keV 30 preferably 100 to 300 keV.
:\When the exposure dose is less than 0.1 Mad, the curing is likely to
" berunsati sf act ory. On the other hand, when t he exposure dose exceeds
30 Mad, the cured coating or the substrate sheet is likely to be
damaged. 35 When the ionizi ng rigdi ation-curing resin layer is
-cured by exposure to ultraviolet at | east one phot or eacti on
finitiator sel é@f‘?e@rﬁm}#ﬂgenzblmngbeg #8, ngravure rotary printing, flexo

13 et &bkaeyhe&an%eebopBaaoe:e_;tklveehbeh §rkﬁi:@ﬂ§ aﬁlépbﬂé‘férred.
sulfite, dibenzyl sulfide, _diethyl  qxi de tr| ph bi i m dazol e,

‘and i'sopropyl - N, N- di mEthytSanfhEBeRassi®inyto E}éEBofin WHSTEHSUNE of

‘0.1 to 10 partgabgresi ghimbasen a)rpat&ernlmeyaarferrbgd\m @hiredbakberimi zi ng
radi ati on- curi,ng The exgosursﬁgose of the

ul traviolvet | rléht‘sﬁg to ggglb?t?’é %b? tpaﬁfﬁrél fﬁé’erﬁ Pt?ﬁf)e

exposure dosesubstthrate sheewl.t raviolet light is |ess than 50 mj/cn err]

the curing is 10 Clok b WIsAl oS AL Oiyng N phlitedth s é}zﬁa‘ndorv@en it

exceeds 100 m/cn®, t e"cure gis
The crossl i nkSedidr oBEiNEK lsﬁbﬁ#%géserﬁ%%%?E?dV\eﬁJ@?ﬂ convengpf.tp@,alt h&nks

reaction of tbempaRiBbiag vaeh atal qsrﬁwmw ﬁ\eehadlsxsedacsﬁadlx&§lex heo
present nventlggéls usual | XF refera 000

barticulldr |y BroPsERLFsSosy G N aghentioR 64 i SipEeraLS) Thget

average nol ecahdr pmrtglttrelasment I ess than 150, the flexibility of the
o e oh o tne BHBLEA AE AL A A8 B PERGH ol L g
becones excessi ainafleexpigrento éhaextthodpowadidmentholali bgermoplastic
resin, a binder, such as a reaction curable resin, a curing
15 agent, an additive, a solvent and the like.

For the binder, preferably, in oxder to react with
the surface protective layer to increase the adhesive
strength, a polyol may be added, and an acrylate monomer
and/or a prepolymer héving an isocyanate group may be

20 incorporated.

The pattern layer may be suitably selected from
reprodudtions of naturally occurring products with-
gradation, such as woodgrain, grain, and texture, solid
printing, such as letters, symbols, and 1line drawing,

25 abstract patterns and the like.

Irregularities may be created in the surface
protective layer, and embossing utilizing pressing under
heating may be used for this purpose;  Specifically, a
solvent type coating liquid compo'sit-i—ic?n for a surface

30 protective layer is coated and dried té?form a tack-free
layer which, in an uncured state, is heéﬁed at 80 to 1807,
embossed by means of a cooled embossingtibll with a convex
pattern, and cooled followed by _iryéﬁiation with an
ionizing radiation to form a cured surf&éé'protective layer

35 having a irregular pattern. |

A color may be provided in the concave portion
created by the embossing. For example, a wiping method may



i He spherical particles is unsatisfactory, resulting in unsati sfactory

» . scratch resistance. The crosslink-to-crosslink average
~i.mol ecul ar wei ght 25 A referred to herein is a nunerical value determ ned
- byt he foll owi ng equation (2). A=m[2 X (f - 1)]
wherein f represents the average nunber of polynerizable functi onal

groups of the ionizing radiation-curi ng A&si n 30 and mrepresents the

.average nol ecul ar vvmg@F A pattern |ayer may be printed on
‘the substrat ePe usedp thig RHERPPTL t 0. SPRCHFISRhY i ARntibnis cagted i ng

met hods usabl gnhenei ghiohel Wie-feRRy edd | enal spseet 1_i;eﬂddahg the ré&r&fa&ze

"f;'B{;?E') "0 Pl B EbaE B g SpPhae "Bl BalS wnafd TodERY, of BRI

;electrostatlclﬁkentang thd ink is removed by means of a squeegee from

14 5l et pLd ”éuPEac@”BPgtﬁé‘eéﬂe& Bt Of 3L ¥ rPé é‘ég&éhgve "$&Cions.

~rotary printing, and k™screen printing are pre It is
‘al so possi bl eThas usethe nstdnmgwghe pointigns arer aﬁsiéﬁdf i WhER tthey platk ern

layer forned P&nélﬁ%kgaaﬁrémwéa Sand! ﬁﬁﬂésdcwot:éansf Phel %wa}ée%f %@yer

‘onto a predeterm ne Ssubstrate s A printing 1 nk for
forning a pat¢eeringemay he one s BFERaprANtbY aydisner sd@idecRe F ¥R

conventional pidseent, s@l@m&paés biaﬁ V.’ﬂrid):gfarﬂfd néi NG HERINRO b Lisieshend 1hai i Ng
no 10 robI e%%ﬁs:'fom ated, w t ﬁ 8 esion tq tEt&fubstrate sheet

and posiIL treaY S8h5E18LA aT SOPRE COMREASER (ed Y 4% on
‘conpri sing resianduet diflesrmuisgrtring aeséxl, eadeioqnigimgmtracmattmnﬂmhaistg' C
resin, a bin iy q% | o e C g ﬂggé]'t
addltlve a g’g vent glar%faf% cﬁ G (Mrbqji cant %bﬁ tﬁﬁefgi{g err}é pret erabl y,
in order to raedf{anjerganic spkven¥{ace protective |layer to increase the
adhesi ve The present invention will be described in more detail

with reference to the following examples.
Example 1 |
As shown in Fig. 1, a paper, with ply réinforcement,
5 having a basis-weight of 30 g/m? (manufactured by Sanko
Paper Manufacturing Corporation) was provided as a
substrate sheet 1, and a contiguous layer 4 constituted by
a solid print layer 2 and a woodgrain pattern layer 3 was
gravure~-printed using a gravure ink UE (tradename,
10 manufactured by Showa Ink Ind. Co., Ltd.) containing an
acrylic polyol on one side of the substrate sheet 1.
Subsequently, the following "ionizing radiation-curing
resin composition 1 for a surface proféctive layer" was

roll-coated on the whole surface of the pattern layer at

15 a coverage of lO g/m?, followed by irragiation and curing
with an electron beam from an electronébeam irradiation
device (manufaétured by ESI) under conditions of 175 KeV
and 5 Mrad to form a surface protective layer 5, thereby
preparing a decorative sheet 10 of Example 1.

20 Ionizing radiation- -curing re51n compos1tion 1l for a

surface protective layer: =
Urethane acrylate oligomer 48 parts by weight

Polyfunctional acrylate monomer 45 parts by weight



“strength, a polyol may be added, and an acryl ate nononer and/or a
. - ‘prepol ymer having an i socyanate group may be 20 I ncor por at ed.
~ +The. pattern layer may be suitably selected from reprodudti ons of
~..naturally - occurring- products- - with - gradation, such as woodgrain,
grain, and texture, solid printing, such as letters, synbols, and |ine
draw ng, 25 abstract patterns and the ljge. Irregularities
.may be created in the surface protective | ayer, and enbossing
~utilizing pressing r ‘g ' y be used for i u ;
~“Specifically, a f£¥g%gygnglﬁ%%§&%%%f%ﬁg liquid conpgipf?g% %gﬁég}%ﬁ$face
+30 protective | agdliiceonecaceglane dried to form a t &pafteeby weidghyer
‘which, in an g %Hbﬁg state, is heated at 80 to 180[err]C, enbossed by
means of a co Ferpessing roll with-a convex pattern, and cool ed
fol | owed by irradi & &howt Anafig- 1,j nP2PARY.rWdFAt PbY Feipferremented

surface ot eqt.l I L. hg i gﬂukar A
col or mag)r be %tragé?lge%y%a%ﬁse ‘g%%%f%\geogorsﬁ ( creatée%alrbei1 t%’e Se?‘r%%%si ng.
For exanpl e, Zapegi ndlamfiaetFusdypg Corporation) was provided as a

15 be uge®shihtehkhelY POSEna SREHHIRAIUY 1a9er @Kcbise@glieda by ON
t he whol e surface _of the sheet |nclud|ng t he concave portions by
doctor bl ade 8o&Cr#g PEAPLe L8E8EI RgaBf £h¥oodgraipyRatiaynt haYPhRKk3 | €as

Tenoved by negtaviireaprqueedeasimna S"graversuihrRca ot he sbrReigexaept
for the.,concave_portions. .1he cave. portian I i d
Wit h tr%e(bo i n\k{aY%% %‘gﬁﬁf‘ﬁi e u%‘?g’r?r%‘{’/’é a%°§‘%515esﬁlct§l°3b|°g‘r g’é‘% S$ﬁ§ ?%k“&%ed
for col osubgtrarebshers prepared by dispersing a col ored pi gnent

such as an i nor ganice-auureNeaiy 1PGFCR! cohtiBublis 14gBic! e comprising a
bi nder conprised of a thernoplastic reSin, a thernosetting resin, an

i oni zi ng radi ati ondcowildg polyodesin, a plasticizer, 29 pabitschut waight he
like and a water acrylate monomer having isocyanate group

15 : ' 5 parts by weight
' Pigment - 10 parts by weight
Solvent | - 65 parts by weight

Subsequently, the "ionizing radiation-curing resin
composition 1 for a surface protective layer" used in
20 Example 1 was roll-coated on the whole surface of the
pattern layer at a coverage of 10 g/m?, followed by
irradiation and curing with an electron beam from an
electron beam irradiation device (manufactured by'ESI)
under conditions of 175 KeV and 5 Mrad to form a surface
25 protective layer 5, thereby preparing a decorative sheet
10 of Example 2.
Example 3
As shown in Fig. 1, a papef, with ply reinforcement,
having a basis weight of 30 g/m? (manufactured by Sanko
30 Paper Manufacturing Corporation) was provided as a
substrate sheet 1, and a contiguous laYer 4 constituted by
a solid print layer 2 and a woodgrain pattern layer 3 was
gravure-printed using the "gravure ink?l fof a contiguous
layer" used in Example 2 on one side of'fhe substrate sheet
35 1.



) and/an organi c sol vent. The present invention will be described
‘in more detail with reference to the foll ow ng exanpl es. Exanpl e

P As shown in Fig. 1, a paper, with ply reinforcement, 5

hav:ng a basis weight of 30 g/nferr] (manufactured by Sanko Paper
Manuf acturing Corporation) was provided as a substrate sheet 1, and a
contiguous layer 4 constituted by ajgolid print layer 2 and a

.woodgr ai n pattern'layer 3 was gravure-printed using a gravure ink UE

a(tradenane 10 b 9 o) an
sacrylic polyol on one %é{{@_ﬁ, )élé!gsu%ﬁtdvﬂtl%é gon@inglﬁ&ga&éﬁ %ﬂﬂ%
“Subsequent |y, r@ﬁenfgpmpmﬁhglmnoﬁ|ﬂkng 2 agunfaon- prpitRgtive laysn) was
‘conpesition 1rp1-8o8tEda6R BhA! GRbLKE shid¥abe WES the pdtRidrtodrd- ¢t t he
whol e surface of the pattern Iayer at 15 a coverage of 10 g/nferr],

fol | owed by i@reaversem afdleugymy follawed hin iorzadiakideand raming

e'eCtronsbeaﬂwifﬁagha@ry&tron 533&Cﬁk&ﬂﬁaﬂféﬁbﬁEEanbégﬂ)1fEEE¥atlon
conditions of (175 KeV Mad to forma surface protectl%f | ayer 5,

t her eby ‘B%b‘a?l h@aauaeesvsﬁﬁveys ﬁ‘éét) yader B?é’r‘?‘ﬂitéc’fs F 17
| oni zi ng r adi &hd 08- M¥aENGOr e&m caormﬁsaatde)rprbﬁsaftlare layesurs, acthgrrgdsect i ve

| ayer: Urethan ate ts by weight

Pol yfuncti ona 3 ?§ e nDnoner 1%% ghéggnﬁé % E$ﬁm5&éng

16 Tol ¥boheidgi radjanapra-curing resin Eopposd thpnw@ diar a

Si I'i congpacr Y&gfLace protective lay Z-parts by wei ght Exanpl e 2 _

As shown in Fig. 1, a paper, wth pIy reinforcenent, 5 havi ng a basi s

wei ght of 30 g/ n| e¥réthanaudacrylatd OyiGanéo Papérp&@hsfbuKWﬁﬂgn;

Cor poration) was p£8nguncglonal acrylate monomer 20 parts by weight
Tolylene diisocyanate 30 parts by weight
Silicone acrylate 2 parts by weight

15 Example 4
A contiguous layer 4 constituted by a solid print.
layer 2 and a woodgrain pattern layer 3 was formed in the
same manner as in Example 1. _ The following
"ionizing radiation-curing resin composition 3 for a
20 surface protective layer" was then roll-coated on the whole
surface of the pattern layer at a coverage of 10 g/m?,
followed by irradiation and curing (average crosslink-to-
crosslink molecular weight 272) with an electron beam from
an electron beam irradiation device (manufactured by ESI)
25 under conditions of 175 KeV and 5 Mrad to form a surface
protective layer 5, thereby preparing a decorative sheet
10 of Example 4.
Ionizing radiation-curing resin composition 3 for a

surface protective layer:
30 Urethane acrylate oligomer 20 parts by weight
(average molecular weight 1700)

Trimethylolpropane acrylate 20 parts by weight
(average molecular weight 296,
number of functional groups 3)

35 Bisphenol A ethylene oxide 20 parts by weight



“substrate sheet 1, and a contiguous |layer 4 constituted by a solid

~print layer 2 and a woodgrain pattern |layer 3 was gravure-printed

i-l_"____-iu'si_ ng a "gravure ink 1 for a contiguous 10 | ayer” having the follow ng

~“conposition on one side of the substrate sheet 1. : G avure
ink 1 for a contiguous |ayer: Acrylic polyol.
20 parts by wei ght Acryl ate nmopgner having isocyanate group 15
5 parts by weight Pi gment 10 parts by
‘wei ght Hla@hf1ate 65 parts by weight
-Subsequently, the "ionizing radiation-curing resin conposition 1 for
a surface protecti APYSRRGe ‘}Jr?rzdvel%%ﬂ 1 was roll-coated on the

‘whol € surface of thaumber gitfdidtilonesdr gowsc@erage of 10 g/nferr],
fol | owed by irradiation and curing with an el ectron beam from an
el ectron beam i rr adiR@i%h e iang i@y I@Fees 30 party fyepeight

conditions of 175 KeMexkbd Mblastdlad afdights @deace 25 protective |ayer 5,
t hereby preparing a d coratii V‘L\?\ﬂ sq:e.et 1 10 of, Exanple 2. Exanpl e 3
As shown in Fig. 1,24 et WH Jpcﬂf r TS nt, " having a basis
wei ght of 30 g/ nferrdiyfrerwifaicisssthdyteSanko 30  Papes pdvsibgcieigng
Corporation) was provided as a substrate sheet 1, and a conti guous
| ayer 4 constitut edFumina Pagghicdsstint | ayer 2 and RRAFIFROY Hepahtern

| ayer "3 was . gr (akdady imdlettulss idreteg3@vne i nk 1 for a contiguous
|l ayer” used in Exanple 2 on one side of the substrate sheet 35 1.

17 - 10 Sub thardness fIA9GE/MP )i oni zi ng radi ati on-curing

resin conposi tHsmpdd @ a surface protective |ayer" was rol | -coat ed

on the whole § E papetrr)ewg%t;?{; geai%%ror%tement, having a basis weight

of 30 g/m? (manufactured by Sanko Paper Manufacturing
Corporation) was provided as a substrate sheet, and a

15 contiguous layer constituted by a solid print layer and a
woodgrain pattern layer was gravuré—printed'using'a gravure'
ink containing tolylene diisocyanate on one side of the
substrate sheet.

Subsequently, the following "ionizing radiation-curing
20 resin composition 5 for a surface protective layer" was
roll-coated on the whole surface of the pattérn layer at

a coverage of 10 g/m?, followed by irradiation and curing
with an electron beam from an electron beam irradiation
device (manufactured by ESI) under conditions of 175 KeV
25 and 5 Mrad to form a surface protective layer 5, thereby
preparing a decorative sheet of Example 5.
Ionizing radiation-curing resin composition 5 for a
surface protective layer:

Urethane acrylate oligomer 40 parts by weight
30 ' Polyfunctional acrylate monomer 45 parts by weight
Acrylic polyol - 13 parts by weight
Silicone acrylate - 2 parts by weight

Comparative Example 1

A contiguous layer 4 constituted by a solid print’
35 layer 2 and a woodgrain pattern layer 3 was formed in the



“"..a'.-}:'f(:":overage of 10 g/nferr], followed by irradiation and curing 5 with an

-+el ectron beam from an el ectron beamirradiation devi ce (manufactured

Py, ESlI') under conditions of 175 KeV and 5 Mad to forma surface

T protective layer 5, thereby preparing a decorative sheet 10 of

‘Exanpl e 3. | oni zing radi ation-curing resin conposition 2 for a

10 surface protective |ayer: 19 Urethane acryl ate ol i goner

48 parts by wei ght Pol yfuncti onal acryl ate nononer 20 parts by
| vei ght seme HAWHE" ek BR4ARAEC 1 Hhear LS BY 148} ohY
;:Silicone acryl ate t's by wei ght 15

A cont i guous I&P@ﬂz4n@bn§?ﬂﬁ§$é§nb9u§1§gl|He§$?ntC°mP051¢%fVér &Rd a2
woodgrain pat ts%&*fa'c@’ﬁfro%e%&véoié@é]r‘!’ Wdd'@hen rol3afBatBaH the WAoksanple
1. fol |l ow ng I oni zi ng radiation-curing resin
‘conposi tion SSM?rfaa:eZODf shef Redterst dayse fhyar 'camgrageencf olP- @/aed on

the whol & folqwe@c%yofu&%la%%ﬁr Bnlayeridl @aeasfspagerefssiﬁznm%err]
foll owed by irradiation™and curing averqge crosslink- craosslink

mol ecul ar wei GFOSEIEpk ehegtlarePeighitheam fWoh an elegirane PerBntEe%m
irradiation dewi edectrion delaw adriadiblipn?Geviced¢nanardctueaa bl £85)KeV

and 5 Mad Lo LoD ARYAGRs or HOUER i | $NEEoE 4 NELERYPLARALEDO o
SO S 1

decoratlve sheéﬁ P oRs curing
resin conposi Prertegtiiye dayer 5.su¢h%3c%b§prm‘%ﬂ:\#€g I éyé@COB@tlve sheet

- Urethanggcryligy %@'do&@&&fatlve Exa%%lléarlts by wei ght (average
nol ecul ar wei ght 170 Tri met hyl ol propane acryl ate 20
parts by wei ght Ion1Z1ng(ngﬂﬂanypnnﬂuanQurq&mqﬂﬁomanﬁ1tlon 4 for aunber
of functional Gh@Rs Protective layBrsphenol A ethylene oxide 20

parts by wei ght
Urethane acrylate oligomer 49 parts by weight

Polyfunctional acrylate monomer 49 parts by weight
15 Silicone acrylate 2 parts by'Weight_
' Comparative Example 2

As shown in Fig. 1, a paper, with ply reinforcement,
having a basis weight of 30 g/m? (manufactured by Sanko
Paper Manufacturing Corporation) was provided as a

20 substrate sheet 1, and a contiguous layer 4 constituted by
a solid print layer 2 and a woodgrain pattern layer 3 was
gravure-printed using the following "gravure ink 2 for a
contiguous layer" on one side of the substrate sheet 1.

Gravure ink 2 for a contiguous layer:

25 Acrylic polyol . 20 parts by weight
leylene diisocyanate ' 5 parts by weight
Pigment 10 parts by weight
Solvent 65 parts by weight

Subsequently, an "ionizing radiation—curing resin

30 composition 5 for a surface protective layer” having the
following composition was roll-coated on the whole surface

of the pattern layer at a coverage of 10 g/m?, followed by
irradiation and curing with an electron beam from an
electron beam irradiation device (manufactured by ESI)

35 under conditions of 175 KeV and 5 Mrad to form a surface



“18"~ di acryl ate (average nol ecul ar wei ght 500,

. “hunber of functional groups 2) ~ Phenol ethyl ene oxide diacrylate
. #20 parts by weight 5 (average nol ecul ar wei ght 236,
. nunber of functional groups 1) Tol yl ene diisocyanate
5 parts by wei ght a-Alum na particles - 15 parts by
wei ght .(average nol ecul e di ametgg 30 pm 10 Knoop har dness
1800 g/ mR) - ‘Exanpl e 5 A paper, with ply reinforcenent,

*havi ng- a basi préietitlive layeir ), gtndesty Hr@pas aed Us cdebra8intke Enpet
.Manuf acturi ng : gfor or ati.o%E\Nas&ir O\Q ded as a substrate sheet, and a 15
conti guous | ay& %o ?f"i%taﬁtaé:dv X8 € “print |ayer and a woodgr ai n
pattern | ayer was gromiwimgomaitietien-mpming aresin composiktimmt 3i ionga
tolylene diis Q‘%‘%?’Ee ' .Sj.d .he substrate sheet.

Subsequent | y, %t e fo Ip%v@\)/it%g%%‘;?’lgn?? ngrt'r adi ation-curing 20 resin
conposition 5 for &rsabhheaee gorytledte wd ilgaowex” was 49 paldtscbgt edightt he

whol e surface of the pattern |ayer at a coverage of 10 g/nferr

foll owed by irradi ﬂlé’?ft%laﬁ%né‘crylafﬁ fROQRE ectToRAFESPRY BﬁiLéfﬁt
el ectron beamirradiatii@he diis@ﬁ&aqgt@anuf actured by %glr)téjgge{,ei ht
conditions of 175 KeV 25 and 5 ad to forma surface protecfive ?ayer 5,

t her eby pr epaiSidgcpnge@eratliake sheet of Exanpl e 2 parts by weightzi ng

radi ation-curing regjdd GEMAYEd | Prepd¥a @ in EMI;&C@ protestiye Layer:
Ur et hane acryl ate ol i goner 4Q 'parts by weight. 30 o0
Pol yf unctd onalCoRf genbrigmeies g g & %ia&ﬁd at 40% fogr 3y fpgs

pol yol and tested fd3 fiidssiday anel gbEmann's scratih itie atythée

2 parts by V"Eiz%@hltrsi 81,%'@%@&%?&%9%%?&%&% 1 A contiguous |layer 4°

constituted by a Sol’ and~a woodgrain pattern |ayer 3
was formed in(Pedesion test)

Cross—-cuts each having a size of 1 mm sguare were
15 provided in an area of 10 =x 10 mm from the surface
protective layer side, and a pressure—sensitive adhesive
tape was adhered to the whole face of +the surface
protective layer and then rapidly separated to measure the
number of cross-cuts remaining unremoved on the sample.
20 For samples having strong adhesion, the test was repeated
ten times.
(Hofmann's scratch test)
This test was performed using a tester manufactured
by BYK Gardner Inc.

25 Table 1
Sample Adhesion Hofménn‘s scratch test
Ex. 1 10 times 100/100 . 350 g
Ex. 2 10 times  100/100 400 g
Ex. 3 10 times 100/100 i 500 g
30  Ex. 4 10 times  100/100 . 500 g
Ex. 5 10 times  100/100 ' ? 300 g
Comp.Ex. 1 3 times 50/100 T 100 g



19 sanme manner as in Exanple 1. The fol | owi ng
~"+oni zi ng radiation-curing resin conposition 4 for a surface

-~ .protective layer" was then roll-coated on the whole surface of the .

pattern-layer at a coverage of 10 g/nferr], 5 foll owed by irradiation
and curing (average crosslink-to- crosslink nol ecul ar weight 272) with
an el ectron beam firom an el ectron be irradi ati on device :

(manuf actured by ESI) ~under conditions of 175 KeV and 5 Mad to forma
surface - protective |ayer 5, thereby preparing a decorative sheet 10

10 of " Conpar at i C‘@mExEmpl 2 1.5 times 504400i ng radi ati @@0cgring resin
conposi tion 4 for—a— Stt-Face—proteectvre—tayrer— Ur-et-hane
acryl ate oligoner : 49 parts by wei ght : Pol yf unct i onal

acryl ate mononer . 49 phetdee9raklyditsheat of the Psesﬁcﬁnenaenyiane any

2 parts by WEI ghé of a Comaigalbuse 1IRXIM|ME a surface

a paper, § ¥ ﬁ forcerre H‘Iaé'l ng a basjs vvel ght of 30 g/n%err]
( manuf act red FogsR ST 3N RS G2 166t ForeRmRANd VJ&%VU‘GI
provided as acg@ve hyﬂsbgane shebt ﬁheandtlaeﬁonlagetﬁUScdn&y@inﬂn?

consti tuted bylSOC aﬁa% Egmﬁéhﬂﬁel?%ﬁ%rgngg"aaMQQQQ ga tern:resEi

was gravure-p |nte usi OW NG " gf avur & i h
conti guous | ayéRveBfigne %ﬁlcPeC'befZthma r@t@b@tttﬂ@mecyhre—@g Iesz.n contalnedarmur e

ink 2 for a Coﬂhégwﬁﬁ%ﬂéﬁﬁr p2otective AdYehC PPEYOkelf-reacted and
20 parts By we Tol yl ene diisdcyanate : 5 parts by

wei ght cgnsgggﬁﬁﬁ}y.crossllnked or polymerlzedloaggptgntgquﬁ¥pn
Sol vent the ‘compound having §5tﬂﬁétﬁy&hdeﬁSﬂﬁontalned in any one

Subsequent |y, a i oni zi ng_r.adl atlon C n 30 05|t|on 5 for

~ a surface prot ect?li’/% Fay é?’gg‘ﬁ‘éﬁl ¥ the® ad' ¢ ? 5’%/@‘?‘% r Yot W

rol | - coat ed onantﬂeth.ﬁousogyahace compoghdt h:enmab.hedn :Jnayhere adtreer Qvpfage of

10 g/nferr], fabbowedmikaily idddidtl 9By beam

from an el ectron beaam ir I‘adéltg% on eV| c%c?’ act u egg%%lt‘l?:'éb) Q@?

under cohditi oRRPEFIUTHYS KAFYERI BBAEe 1 FERR ap§91a¢<a§eve layer to be
stropgly bonded ‘to each other in the interface of these
layers, which results in markedly incfeased ply adhesive

strength and improved Hofmann's scratch re31stance of the
surface protective layer.
20



ot comparative Baml ez o Pon LSngd?Sf?Lﬁ‘flﬁﬁlﬂﬂﬂﬁﬂ LI TR

: Ihconp05|t|on 5 for a surface protective layer: 5 * “Crethahe ®
" acryl.ate oligoner 49 parts by wei ght Pol yfuncti ona

acryl ate nononer 49 parts by wei ght Tol yl ene diisocyanate
5 parts by wei ght Silicone ackyl ate 2 parts by
wei ght The sanples prepared Iin Exanples 1 to 4 and 10
.Conparative Exanples 1 and 2 were agedcgfamg C for 3 days and tested
.for -adhesi on and Hof mann's scratch tests—amt t he results are
‘summari zed in Table 1. (Adhesi on test) Cross-cuts each

havi ng a size of 110nnsqgabeaﬁ@va sheetpeonpdedihg: an area of 10 x 10 mm
fromthe surface 8rg %tlvg ?yer side, and a pressure-sensitive
‘adhesi ve t ape®wg8 Edh B°the whol e face of the surface

protective | ayer aadcbth&ignapsdipyeesparavidedo aredhe esubbetrate sheder of
cross-cuts regggni ng unrenoved on the sanple. 20 For sanpl es havi ng
strong adhesion, the test was repeated ten tines. - ( Hof mann' s
'scratch test) a surfape PRYLRCHiEe Javes REQVEErPAgOR TR]tINFRIUAREt ur ed

by BYK Gardnelays8g, &% surface protectlve layer compbhi8idg an ionizimpnple
Adhesi on Hof mann' s_scratch, t est Ex. 1 10 tinmes

100/ 100 radia B%“‘C“rmg TRRINCOMPOSIYEOR) nps 100/ 100 400
Ex. 3 thel@omtxmsous I/ @omprising a5@0mgoud contadnihg

g
10 times = 109L490e hydrogen,500 g

the surface protective laYer further comprising an
isocyanate compound, _ o

the contiguous layer and the surface protective layer
being in a cured state. _

2. The decorative sheet according to claim 1, wherein
the compound having active hydrogen is a compound having
a group selected from the group consisting of a polyol,
COOH, and NH, groups. 1

3. The decorative sheet according to claim 1, wherein
the contiguous léyer further comprises an isocyanate group-
containing acfylate monomer and/or prepélymer.

4. The decorative sheet according to claim 1, wherein
the contiguous layer comprises a solid print layer and/or
a pattern layer.

5. The decorative sheet according to claim 1, wherein
the isocyanate compound contained in the,surface.protective
layer is an isocyanate group-containing acrylate monomer
and/or prepolymer.

6. A decorative sheet comprising:

a substrate sheet;

a contiguous layer provided on the substrate sheet;
and .

a surface protective layér provided:on the contiguous
layer, the surface protective layer comprising an 1onlz1ng
radiation-curing resin composition,



" ' 00 Conp. '

000 do0g e "] N OER) R 0

“gonp.Ex. 2 5'tines 50/ 100 200 g It the ton s
decoratiwve sheet of the present invention, any . one of a contiguous
| ayer and a surface protective layer 5 provided on a substrate |ayer

contai ns a conpound havi ng active rogen with the other [layer
containing .an i socyanat e conpound. erefore, according to the

present | nventyh, @dntofhdusd na? 2l | Qg iidiG eséﬂ Cﬁgbégﬁﬁgt
the surface %r otective layer 1is f-reacted an consequent

crosslinked or I‘zed, and, in addition, t he conpound havi ng
active hydrogen, comhnrmﬂrfacanpr@mectlve(ﬁa&@ﬁ @Q&Ehgwmébﬁﬁbiﬁlfgmathe

surface protec e nd th |soc anat e conpound contained in the
ot her | ayer tao}{‘gr l“l%hér’%vé‘a Iy Féé{& Ef Pﬁ Beach ot her, permtting the 15

conti guous | ayer anG%GOQEFFLQQOQSpleYectam& ﬁfaeyeaurtﬁadmeprotecstixrenghyer

bonded to eachbggggrlhn tggrbatg%ggge of these | ayers, which results
in markedly increaSed adhesi ve strength and i nproved Hof mann's
scratch resistance &f Eﬁ‘@ decorgfivaceherbtagiondingye cladm 6, wherein

the compound having active hydrogen is a compound hav1ng
a group selected from the group consisting of a polyol,
COOH, and NH, groups.

8. The decorative sheet acqording to claim 6, wherein
the contiguous layer further comprises an isocyanate group-
containihg acrylate monomer and/or prepolymer.

.9. The decorative sheet according to claim 6, wherein
the contiguous layer comprises a solid print layer and/or
a pattern layer.

10. The decorative sheet according to claim 6, wherein
the isocyanate compound contained in the surface protective
layer is an isocyanate group-containing acrylate monomer
and/or prepolymer.



v 22 CLAIM5S - :.. , 1. A decorative sheet

~*conpri sing: a substrate sheet; a ¢onti guous | ayer provided on the
»substrate sheet; and a surface protective |ayer provided on the

' COft.i-guous Iayer the surface protective |layer conprising an ionizing

radi ation-curing resin conposition, t he contiguous | ayer conprising a
conmpound contai ni ng- active hydrogen, dhe surface protective |ayer
further conprising an isocyanate conpoun(% “t’he contiguous | ayer and
:the surface protective |ayer being in xgcaunee: state. 2. The decorative
:sheet according to claim1, wherein thetompound having active hydrogen is
‘a conpound having a group seI ected fromthe group consisting of a polyol,

: %}O—I anthHZ grouanecclaratheTélee@Iewcahidai stieel aasapfacs pidtattiva 1,
‘wherein the con uous rt onpri se ocyanate. gr

‘cont ai ni ng acr9y¥a e l%n rrer a /o":"]l%m')cr:gepos xéei‘fen% X‘T Bo %gcosr’% J?a%/"‘(‘aesheet
accordi n§ to pratectiverpreperties cunt |bgm§1mgi aye‘ﬁngmhpbeteeea kayréxs pri nt

| ayer and/ or r t c]?g; -0
claim1, whergPﬁaéﬁe ?%%%ygn%rtleee%olosou% con alrt?l’e ?nﬁ?ﬁg&sﬂgr o

pr ot ective | agemPTESaa | s%c?&h’&tté'a@ﬁou%b%ht di’ni Ag SRYSAGIQUSDABHEE hd/ or

pr epol ymer. rov@de&\ &@G@{@Tsh‘ib%t%la%t SRBBRI1 Sidii a surfécé%bﬁfé&@nﬁé"eet
a contiguous E I‘OVI dlg%%d? t he substrate shee surface

protective la vﬁf@d’ I cERE | SBBE%QVayﬁr&alfﬁﬁ éurq‘“é}: 2R R | ve
| ayer ccmpri scmgpanndonuazm.lmg reaci iate ohyduogean, r ¢bhen stonfiaes tpomtective

layer 5 comprising an ionizing radiation-curing resin and
an isocyanate compound, the contiguous layer 4 and the
surface protective layer 5 being in a cured state.

%



23; the contiguous | ayer conprising an i socyanate conpound, t he
surface; protective layer-further conprising a conmpound having active

hydr ogen, ™ t he contiguous | ayer and the surface. protective |ayer being
in a cured state. 7. 'The decorative sheet according to claim®é,
wherei n the conpound having active hydrogen is a conpound having a group
sel ected fromthe group consisting of a{%Wol, COOH, and NH2 groups.

8. The.decorative sheet according to claim®6, wherein the contiguous |ayer
further conprises an isocyanate group- containing acrylate nononmer and/or
pr epol y-ner. 9. The .decorative sheet according to claim®6, wherein the
contiguous |ayer conprises a -solid print [ayer and/or a pattern |ayer.

10. The. decorative sheet according to claim®6, wherein the isocyanate
conpound contained in the surface protective layer is an isocyanate
group-contai ni ng acryl ate nmononer and/ or prepol yner.
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