DECORATI VE SHEET Fi el d of the Disclosure The present disclosure relates to
a decorative sheet conprising a substrate |ayer and a scratch resistant

| ayer. Bawbgo@umnsbsiRecent |y, various ki nds of decorativepshast@oasaipl aced
in the market. Some kinds of decorative sheets are used for wall papers.
When the decorative sheets are applied on lower part of walls or on the
walls in elevator/lift cages, it is easy to be scratched by pets, children,
or goods such as baggage or car ! rds are used for the | ower
part of the walls to prevent sc??ggﬁgﬁg, anéﬁgﬁshion materials are used for
the walls in elevator/lift cages for the sane purpose. It is desired to
provi de a decorative sheet which is resistant to scratching. Summary The
present disclosure provides a decorative sheet conprising (i) a substrate

| ayer and (ii) a scratch resistgﬁ¥d9éi DI Esi ng a clear resin and hard
particles dispersed in the clear resin, wherein the average particle

di aneter of t hHehehpregenpalisclospissrelates| taraydecordinig sheet eomIisHEss sepstiatelagerear
resin | ayer, the anount of the hard particles is 30 parts by mass to 400
part s Sbhy amdsiscwit¢hiresistepideyert o 100 parts by nass of the clear resin, and the
area ratio of the hard

Background
Recently, various kinds of decorative sheets are placed in the market. Some
kinds of decorative sheets are used for wallpapers. When the decorative sheets are
10  applied on lower part of walls or on the walls in elevator/lift cages, it is casy to be
scratched by pets, children, or goods such as baggage or carts. Melamine boards are used
for the lower part of the walls to prevent scratching, and cushion materials are used for the

walls in elevator/lift cages for the same purpose. It is desired to provide a decorative

sheet which is resistant to scratching.

15
Summary
The present disclosure provides a decorative sheet comprising
(1) a substrate layer and
(i1) a scratch resistant layer comprising a clear resin and hard particles dispersed in the
20 clear resin,

wherein the average particle diameter of the hard particles is larger than the thickness of
the clear resin layer, the amount of the hard particles is 30 parts by mass to 400 parts by
mass with respect to 100 parts by mass of the clear resin, and the area ratio of the hard
particles which protrude at least 3 micrometers from the outer surface of the clear resin

25  layeris 10 % to 80 % of the scratch resistant layer.
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particles which protrude at |least 3 mcroneters fromthe outer surface of
the clear resin layer is 10 %to 80 % of the scratch resistant |ayer.Brief
Descri pt iwo 2009/14b%s1Dr awi ngs Figure 1 is a view show ng eoE/Usxyodsdmeint of

t he decorative sheet of the present disclosure. Figure 2 is a view show ng
anot her enbodi nent of the decorative sheet of the present disclosure.
Figure 3a to 3d are views show ng one process of making the decorative
sheet of the present disclosure. Figure 4a to 4d are views show ng anot her
process of making the decorative sheet of the present disclosure. Detailed

Description The decorative f.the nr nt disclosure includes a
substrate | ayer and a scrat%ﬁﬁfggﬁgﬂgww(ﬁéggﬁraWHggscratch resistant |ayer

can be obtained.b gatin cl.ear resin.containing hard particles in the
hear rosin on Tistke J0pa sk daigernd GRbRedet it oDt shakat fisyirchrne
decorative sheet may further include a clear filmlayer between the
subst r at €li$cdgp8Fe. and” t he scratch resistant |ayer. The decorative sheet may
further include an adhesive |ayer and a liner. As used herein, the term
"pressing" repleganatlsistovisheshowing ahether crsbuhmant of bk algcontivé phdchpétheor a
scratch resistant layer including a clear resin and hard particles. By
pr essi ng prtsent diydosuré.he hard particles included in the clear resin can be
enbedded.

Figure 3a to 3d are views showing one process of making the decorative sheet of

the present disclosure.
Figure 4a to 4d are views showing another process of making the decorative sheet

10  of the present disclosure.

Detailed Description
The decorative sheet of the present disclosure includes a substrate layer and a
scratch resistant layer. The scratch resistant layer can be obtained by coating a clear resin
15  containing hard particles in the clear resin on the substrate layer, and pressing the obtained
layer. The decorative sheet may further include a clear film layer between the substrate
layer and the scratch resistant layer. The decorative sheet may further include an
adhesive layer and a liner.
As used herein, the term “pressing” represents to press the layer such as a clear
20  resin layer or a scratch resistant layer including a clear resin and hard particles. By
pressing the layer, the hard particles included in the clear resin can be embedded.
The substrate layer can be a base of the decorative sheet of the present disclosure
and provide a base color to the decorative sheet. The substrate layer includes, but is not
limited to, thermoplastic resins such as, for example, polyvinyl chloride, polyvinyl

25  chloride — vinyl acetate, acrylic, polyesters such as PET or PET-G, or cellulose.

2



The substrate | ayer can be a base of the decorative sheet of the present

di scl osure and provide a base color to the decorative sheet. The substrate
| ayer i ncwode®/14mstt is not limted to, thernoplastic rescmassaohi@ss for
exanpl e, polyvinyl chloride, polyvinyl chloride - vinyl acetate, acrylic,
pol yesters such as PET or PET-G or cellul ose. The substrate | ayer may have
an ink printed i nage provided on it by known nethods such as gravure

rinting or cal LRt T : ; : |
p 9 T8RAR s Ltk ﬁ%e?%n%yhiel%cfz g&g?{g{ ?hﬁteh%ﬁge \{lﬁgd 6R'iP Fbﬁfhf%vn

contain an illustration. e ve shee e prese

di scl OSUN&ethd sI %Idc%sast \%ﬁav%l & 1rrin€i| | rgrlc%}/e%'aar }quﬁtlr(l: l.eafl';hef § Ibs rllt%ylgrerl n%' Lbdes.

known plas?lc f P s en y CIEaT “or Pelea enoug 0 see thr ué% it

to the surL?gg of the s%ggtrate | ayer. The thickness of the substrate |ayer

may be afQUCEH AN BARLEIEHY- about 500 nicrometers, or in anot her

embodi nent it na% be about 50 mcroneters to about. 300 mcroneters, or in a
X

further enbodi MEhen the deggratiee shesief tho orosrrt dsrdessrsincydgpthe plear divstlays. The

t hi ckness of the clear filmlayer nmay be about 50 m cronmeters to about 300
m cr oet g¢he cleFhBlngllayss inalugdes knpwn plastpévms,uwkich Tedy lof cledreorsaérgtangegh toayer
and the clear filmlayer nmay be about 50 degrees C to about 80 degrees C
Thi s r angee dfrotlgh ireythpeuntade of mizeaitistrage bfyet he hard particl es nore
effectively in the pressing process of the present disclosure. The scratch

resi stant | ayerrmefthickeesproEsniutdirse! 19 riayi BE hibtie S0an ikt @adtels s iabohay®yr and
hard particl es.
micrometers, or in another embodiment it may be about 50 micrometers to about 300
micrometers, or in a further embodiment it may be about 100 micrometers to 300
10 micrometers. The thickness of the clear film layer may be about 50 micrometers to about
300 micrometers.

The glass transition temperature (Tg) of the substrate layer and the clear film
layer may be about 50 degrees C to about 80 degrees C. This range of Tg may permit
embedding of the hard particles more effectively in the pressing process of the present

15  disclosure.

The scratch resistant layer of the present disclosure includes a clear resin layer
and hard particles.

The clear resin for the clear resin layer includes, but is not limited to,
thermoplastic resins such as urethane resin, acrylic resin, acrylic-urethane resin, polyesters,

20  silicone, or fluoropolymer. The hard particles of the present disclosure include, but are
not limited to, for example, beads or particles made of alumina, silica, chromium oxide,
iron oxide, zirconium, titanium, or mixtures thereof. The shape of the hard particles is
not limited, but may include spherical, floccus, ellipsoidal, acicular, polyhedral, cylindrical

or irregular. The hardness of the hard particles may be 8 to 15 in Mohs hardness, or in

25  another embodiment 10 to 15 Mohs.



The clear resin for the clear resin layer includes, but is not limted to,
t hernopl astic resins such as urethane resin, acrylic resin,

acryl i c- wwetzhaneasyeesi n, pol yesters, silicone, or fl uoropalryusesos/oidses har d
particles of the present disclosure include, but are not limted to, for
exanpl e, beads or particles made of alumna, silica, chrom um oxide, iron
oxide, zirconium titanium or mxtures thereof. The shape of the hard

particles is naf, lHaFﬂ f)ﬁ'qfle? Ui g@?ﬁs%&%d"ﬂe[hé F&Q{chq 1st?]1{t|l ?.USPrefelréﬂhy ﬁ%‘adal

aci cul ar, polyh indrica Irregula ness o

particl e-?-ﬁ‘g@ﬁ%? gleg b Qi C[?ersera unlpo a{ndt%gs&’ag%rrem?tﬁ%nlgt her Aﬁmggcg han X0 to

15 Mohs. di'spers reS|stah%(ﬁa er.
Preferably the . %%g articles are dlé er sed un formy int
Fesi ot anttoihy GritoTly BRtrsrb s T Ha Beleniuhire SRy o pinSsa PRars 1o
the state in which the average nunber of the hard particles per unit area
is substdﬁ%@@ﬁﬂ@“?%%agéﬁ%ﬁﬂﬁﬁnﬁﬂb”@éﬁﬁﬂ%h resistant layer of the present
di sclosure, (i) the average particle dianmeter of the hard particles is
| ar gel t han t hdnthei sskatdsessistant lagereif ¢z presesi distlagwe, (ii) the anmount of the
hard particles is about 30 parts by mass to about 400 parts by mass with
respect t(© 10Ghpavdragepartics diaafetdr o€ thel lead paréisics is larpdr thiah ithe thivknesseditheat | 0
of the hard particles which protrude at |least 3 microneters fromthe outer
surface of thel&hesin hgsin | ayer is about 10 %to about 80 % of the scratch
resistant |layer. The average particle dianeter of the hard particles can be
measur ed (W t N the amount of the hard particles is about 30 parts by mass to about 400 parts by
mass with respect to 100 parts by mass of the clear resin, and
10 (iil)) the area ratio of the hard particles which protrude at least 3 micrometers from the
outer surface of the clear resin layer is about 10 % to about 80 % of the scratch
resistant layer.
The average particle diameter of the hard particles can be measured with
Multisizer™ (Electrical Sensing Zone Method of particle size analyzer) available from
15  Beckman Coulter, Inc. The average particle diameter of the hared particles is not less
than that of the clear resin layer after coating and drying the clear resin, and can be from
about 10 micrometers to about 110 micrometers. The thickness of the scratch resistant
layer may be from about 5 micrometers to about 100 micrometers. The amount of the hard
particles may be about 30 parts by mass to about 400 parts by mass with respect to 100
20  parts by mass of the clear resin. The amount of the hard particles is proportional to haze
value of the scratch resistant layer, that is, if the amount of the hard particles increases, the
haze value of the scratch resistant layer increases. When the decorative sheet includes a
substrate layer having color, print or illustration, the color, print or illustration can be seen

through the scratch resistant layer. The amount of the hard particles can be selected

25  based on the desired haze value. From the view of scratch resistance, a larger amount of
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Mul tisizer(tm (Electrical Sensing Zone Method of particle size analyzer)
avai l abl e from Beckman Coulter, Inc. The average particle dianeter of the
hared parwoch@gi4s®inot | ess than that of the clear resi RCragesosasdioes
coating and drying the clear resin, and can be from about 10 mcroneters to
about 110 m croneters. The thickness of the scratch resistant |ayer may be
fromabout 5 mcroneters to about 100 m croneters. The amount of the hard

particl esy Qﬁ%gqﬁr@c@&%fge BefdrSinf¥h \Iaﬁlqu%“f)e ﬁﬁ@o PEd ¢ Slfwf%pﬁgr q

respect to 1 parts mass of the clear resi'n e anount o

particles i [ f th ¢l e5|s ant, Layer,

that is, 9 lthtlﬁlgmaarmun%%l %e}(i.:l ttﬂ %B\fﬁe é(Ict‘% 5%Slsﬁar?(%:r%'a%§§£e e na Can\}bal e of

t he scratch re |stant | ayer i ncreases. V\hen t he decorative sheet includes a
subst r at 9B havi ng col or, print or illustration, the color, print or

illustration can be seen throu h the scratch resistant | ayer. The anount of
the hard parti dibs@reagatipaf @élhéﬁclI@d“‘ﬁﬁ%‘éhlcb@rqtﬂéied'ékqa?tédmrf&@et%ﬁl frem ther om

the view of scratch resistance, a | arger anmount ofthe hard particles may be
bett ef amutarrserfheszel thalclear nesyn b&elu@f the s¢@@h resistentelager io rboysr li0nto torabout
illustration should be seen through the scratch resistant |ayer, the haze
val ue car8Ogi, opintanothboermb&bmeiiheboat &% @tabound0 Ydhe Tharaccapatid bLthepraventc h
protrude at least 3 mcroneters fromthe outer surface of the clear resin

| ayer of dififossts @GR obesi&d, @it exladip®y, bl SheadOblvinkGr8edse about 80 % or in
anot her enbodi nent about 30 %to about 60 % The area ratio of the pr esent

di scl osure can Ppﬁlréglél%e\ﬁ@l@nalf%fﬁ pEX MR Esurfi¥e bPthef QMM RP Rl RGOS R-takken
t hr ee- di nensi onal graphic of the surface of the scratch resistant layer is

taken w t\pltl?a 9815l c&ﬁ%ﬁétqggee tdﬂﬁ&%loqllaf@ﬂﬁd 0 Ql?ape ‘?&{gfh‘ﬁgs% Iﬁ&@&ﬁngr %&Iﬂ{ues Then,

measuring s

10 the three-dlrnensmnal graphic is analyzed with an image analysis system and the area ratio
of the hard particles which protrude at least 3 micrometers from the outer surface of the
clear resin of the scratch resistant layer is determined. At the same time, the height of the
hard particles can be determined by the image analysis system.

The clear resin layer of the present disclosure may further include a cross-linker.

15  The cross-linker includes, but is not limited to, bisamide cross-linking agents such as, for
example, 1,1'-isophtharoyl-bis(2-methyladiridine); aziridine cross-linking agents such as,
for example, Chemitite PZ33 made by Nihon Shokubai, or NeoCryl CX-100 made by
Avecia); carbodiimide cross-linking agents such as, for example, Carbodilite V-03, V-05,
or V-07 made by Nisshinbo; epoxy cross-linking agents such as, for example, E-AX,

20  E-5XM, or E5C made by Soken Chemical & Engineering; isocyanate cross-linking agents
such as, for example, Colonate L and Colonate HK made by Nihon Urethane, and
Desmodul H, Desmodul W and Desmodul I made by Bayer.

The amount of the crosslinker may be about 5 parts by mass to about 30 parts by
mass (solids) with respect to 100 parts by mass of clear resin.

25 The decorative sheet of the present disclosure may further include an adhesive
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t he three-di nensional graphic is analyzed with an i nage anal ysis system and
the area ratio of the hard particles which protrude at |l east 3 mcroneters
from t he wotesy/masssiace of the clear resin of the scratclrcrascebandcis ayer is
determ ned. At the same tinme, the height of the hard particles can be
determ ned by the imge analysis system The clear resin |ayer of the
present disclosure may further include a cross-linker. The cross-1inker

i ncl udes,, hut whn%h%tg{w] bleidﬂ%ptpgélﬁsérgfhﬁg(%@g%éjﬁd@ gPﬁfe-Auib&ﬂt@%aég%hﬂh%%ﬁtﬁii nf or

exanple, I,r-1sop ar oy dirirdine); aziridine cross- g
agents sugh 1.t or anpl emtite PZ3 de. b i .hon ok i r
o0y - BT e BIOR Bro AT bR AL P R RO BRR i o,
for exanpl%, Bod'lite V-03, V-05, or V-07 made by Ni sshinbo; epoxy
cross-liﬁWfﬁﬁggé nedheslYEeYSE, for example, E-AX, E-5XM or E5C made by
Soken Chemi cal & qujneering; i socyanate cross-1inking agents such as, for
exanpl e, Col ondihe adhgside deyesfade brie kagren phaiivosudy at Hahexamply. peghiedul H,
Desnmodul Wand Desnodul | nade by Bayer. The anount of the crosslinker may
be abéut WBethand polyestanes stligomboukhe3alhgsive daysy nryskaveso thidgiesswof hbeuwsifect to
100 parts by nmass of clear resin. The decorative sheet of the present

di scl osurmicrmayeténaitd hleyut il ¢ hidemateradhesi vel ayer, whi ch can be di sposed on
the opposite side of the substrate |layer fromthe scratch resistant |ayer.

Al so the decor athcVigieh Hﬁﬁideﬁﬁﬁo&zﬂﬂﬁhb&@%eﬂerhﬂflaﬁad Whhe& dHeaiRe gpeQited firvhaw! er
surface of the adhesive |ayer. The adhesive |ayer may be a known adhesive

such as, HPExAXAEP)BersdplaktidsCoucH a8 tpdRRtyIRR!I ﬁ@lgﬁl%'byféﬁe,%dl§lé§>fé?%r cdfi@ose
adhesive layer may have a thickness of about 1
acetate; or papers coated with such plastics, or laminated with the plastics. ~ These liners
10 can be used without pretreatment, or with pretreatment by silicone or the like to improve
release properties.  The liner may have a thickness of about 50 micrometers to about
500 micrometers.
Figure 1 is a view showing one embodiment of the decorative sheet 100 of the
present disclosure. The scratch resistant layer, which includes the hard particles 114 and
15  clear resin layer 112, is disposed on the substrate layer 110. Further the adhesive layer
116 and the liner 118 are laminated.
Figure 2 is a view showing another embodiment of the decorative sheet 200 of the
present disclosure. The scratch resistant layer, which includes the hard particles 214 and
clear resin layer 212, is disposed on the clear film layer 220, further the substrate layer 210,
20  the adhesive layer 216 and the liner 218 are also laminated.
The decorative sheet of the present disclosure can be prepared by the following
method.
Method 1 (Fig. 3a to 3d)

Step 1: A substrate layer 310 and a carrier film 330 are laminated by heat lamination.

25  Step 2: Hard particles 314 are added to a clear resin and mixed to prepare a preferably
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m croneters to about 100 microneters. The |iner includes known |iners
generally used in the adhesive tape area such as, for exanple, papers;
pl asti cs wochoweswol yet hyl ene, pol ypropyl ene, pol yest er par/usedlowbase
acetate; or papers coated with such plastics, or lamnated with the

pl astics. These liners can be used without pretreatnent, or with
pretreatnment by silicone or the like to inprove rel ease properties. The

liner may, h@us Rixh S&sTS Fhe ?1991"}41 e épclgltcfegi%ggﬁiﬁ% ﬁ%ﬁg%k':i%g&ged on the

m cronmeters. Figure 1 1s a view show ng one e ecorative
sheet 100 _of t [ nt. di. scl.o . The scratch resistant | r i.ch
ot udes e Wilfe BERE N QeRShASLL Y o REpRF LOIGY BB G0h o by,
t he substrate laye& élo. Further the adHevae | ayer 116 and the liner 118
are | am réf EoPINEIOE KPEC 59910840 (RTBVME RTAICH GO MBM R T embodi ment of ¢ he
decorative sheet 200 of the present disclosure. The scratch resistant

| ayer, whiteh3 (Prepsimerroeere): hakhy sseateh episianplpyergegtedjoadhe pubsirptelaxped 1912 i s
di sposed on the clear filmlayer 220, further the substrate |ayer 210, the
adhesibve fresped Wwth@ heatedtdneboissing rolp34Y) andea mipsolll(aotiheatedl. IMHkis peavossathiove
sheet of the present disclosure can be prepared by the foll ow ng nethod.
Met hod 1 hakd partiSlas B b4 Ba)rudingdron tha egitdsstirfadeen fltiaydear3ddn daydr &1 Tat prassed i | m
330 are lam nated by heat lamnation. Step 2 : Hard particles 314 are added

to a cl edntoltBs tidaidsin i X @det thePibgRadRirdk thE Géighefdiiund Suefaae T thkwlq@r tRpr eof .
The m xture of clear resin and hard particles is coated on the

layer 312 to the top of the hard particles compared to before the pressing process.

Step 4: After releasing the carrier film 330 from the substrate layer 310, an adhesive

10 layer 316 disposed on a liner 318 can be laminated to the substrate layer 310 to give the

decorative sheet 300 of the present disclosure.

Method 2 (Fig. 4a to 4d)

Step 1: A clear film layer 420 and a carrier film 430 are laminated by heat lamination.
(Fig. 4a)

15  Step 2: Hard particles 414 are added to a clear resin and mixed to prepare a mixture
thereof. The mixture of clear resin and hard particles is coated on the outer surface of the
clear film 420 by known coating methods such as, for example, bar coating or knife
coating to form the scratch resistant layer. (Fig. 4b)

Step 3: After releasing the carrier film 430 from the clear film layer 420, a substrate

20  layer 410 disposed on a carrier film 450 is laminated to the clear film layer 420. (Fig. 4c¢)
Step 4 (Pressing process): The scratch resistant layer 412 coated on the substrate layer
410 1s pressed with a heated embossing roller 440 and a nip roll(not-heated). In this
process, the hard particles 414 protruding from the surface of the clear resin layer 412 are

pressed into the clear resin layer thereby reducing the height from the surface of the clear

25  resin layer 412 to the top of the hard particles compared to before the pressing process.
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outer surface of the substrate |layer 310 by known coating nethods such as,
for exanple, bar coating or knife coating to formthe scratch resistant

| ayer. Stwp 2809(1Rs®3si ng process): The scratch resi stant pcayseoooadoesl on t he
substrate layer 310 is pressed with a heated enbossing roll 340 and a nip
roll (not-heated). In this process, the hard particles 314 protruding from
the outer surface of the clear resin layer 312 are pressed into the clear
resin 31%FE§M§T t hereby reducing the height fromthe surface of the clear
resin layer 312 to the top of the hard particles conpared to before the

i i : Af . } J fil fromth
D 598 19 925318y LA AL PS4 T00L 16, SHAFLTLLA TR 8L

I
esi ve |layer ose can be
| am nat e

to the.substrate. | a 310 to.give the decorative eet. 300 of
the. preedberdBaiRERREo klihodl Do eyl SERERE b i AT P ayer
420 and a carrier film430 are |lam nated by heat |lamnation. (Fig. 4a) Step
2 : Fbrd‘b@@ﬁ$ﬁ?8§6W%W‘éﬁ@3@@8§ﬂdﬁéoﬁﬂéieg%grﬁgin and mixed to prepare a
m xture thereof. The m xture of clear resin and hard particles is coated on
the o@ter surfdeéhopropess ofinesking thicrdedomdtiny shasbvncasmert filngmagtbhoded. sublle as,
for exanple, bar coating or knife coating to formthe scratch resistant
| ayer. ( Fagrier4bdm ShelpdS& knddtb epladtiel hsd ngckt he, €@r exaplé,i pohyd3&sfsuom dshe
clear filmlayer 420, a substrate |ayer 410 di sposed on a carrier film 450
i's | am ngiopgbtiiyderichRreph@aratd (FEM) fyigTor4dPers( FiTBe cAier Slitindy 6EUSSHS usGin

process): The scratch resistant |ayer 412 coated on the substrate |ayer
certain process steps for protecting a layer such as an adhesive layer, or making production
casy by adding strength to a layer. The carrier film can be released after completing its

10  role.

Examples

Substrate layer

DI-NOC ™ FILM WG-877 (Sumitomo 3M, Woodgrain pattern) without embossing or
15  adhesive coating was used. Tg of the film was 60 degrees C.

Clear resin

100 parts by mass of polyurethane resin (NIPPOLLAN 5196 available from NIPPON

POLYURETHANE INDUSTRY CO., LTD., 32% solids) and five parts by mass of

cross-linker (COLONATE HX available from NIPPON POLYURETHANE INDUSTRY
20 CO., LTD., 100% solids) was mixed using a T.K. Auto Omo Mixer available from

Tokushu Kika Kogyo Co., Ltd. for 5 minutes at 500 rpm.

Hard particles

Aluminum beads (CB-A10S, CB-A20S, or CB-A30S available from SHOWA DENKO

K.K.) were used in the following examples and comparative examples. The average

25  particle diameter was 10 micrometers, 20 micrometers or 30 micrometers and the Mohs

8



410 is pressed with a heated enbossing roller 440 and a nip

roll (not-heated). In this process, the hard particles 414 protruding from
t he surf awe2009/4bwicl ear resin |ayer 412 are pressed i nPaTiuseooolossns r esi n

| ayer thereby reducing the height fromthe surface of the clear resin | ayer
412 to the top of the hard particles conpared to before the pressing
process. (Fig. 4c) Step 5 : After releasing the carrier film450 fromthe

substratgmhﬁ%gavﬁéo Lanrﬁpgséﬁ%?cﬁl &&SﬁﬁﬁﬂQiﬁﬂgsggﬁHE‘@@kiﬂﬁ “ﬁéﬁiﬁ n be

| am nated to the substrate | ayer to give t corative sheet of

the P e ety 3P PR Ercl PG oA IRIRIRRRS, Sl MRS WOBAFCREALT Ve

sheet, a carrirer f carrier filmi nowh plastic

films su s, for exanple, polyesters such as polyethylene terephthal ate
( PET) fiﬁﬂ?iHPnﬁgﬁgﬁéﬁwThe carrier filmmay be used just in certain process

steps for_protecting a | ayer such as an adhesive | ayer, or making
product i die8¥d§/! by adding strength to a layer. The carrier filmcan be
rel eased after conpleting its role. Exanples Substrate |ayer DI-NCC (tm
FI LM VG- 877 ( SUmictsuhsira@dlay ey ead nmpcrometers) thiikt RBT tfilenGdslsienS evaikbitresi ve
coating was used. Tg of the filmwas 60 degrees C. Clear resin 100 parts by
mass of pedydieginhBnRomtddinn JARARPLIniAN) 54 9&rriav &irh pble |[dminatcNuBPHAGN heated
PCLYURETHANE | NDUSTRY CO., LTD., 32% solids) and five parts by mass of
roll, a take-off roll and a nip roll with a heated roll temperature of 130 degrees C, a
take-off roll temperature of 170 degrees C, a nip-pressure of 2.5 kgf/cm?, and a line speed
of 10 meters/minute.
10 100 parts by mass of the clear resin and 30 parts by mass of the hard particles
having an average diameter of 20 micrometers (CB-A20S) were mixed with a mixer.
The resultant solution was coated on the substrate layer by knife coating. After drying at
65 degrees C for 5 minutes and 155 degrees C for 5 minutes, a scratch resistant layer
having a clear resin layer thickness of 10 micrometers was formed. The average height
15  of hard particles from the surface of the substrate layer to the top of the hard particle was
20 micrometers. The obtained sheet was pressed with a pre-heat roll, a take-off roll and a
heated embossing roll (sand texture). The temperature of the pre-heat roll, the take-off
roll and the heated embossing roll were 130 degrees C, 170 degrees C, and 60 degrees C,
respectively. The nip-pressure was 24.5 N/cm?, and the line speed was 10 meters/minute.
20  After pressing, the average height of hard particles from the surface of the substrate layer
to the top of the hard particle was 5 micrometers.
A solution of acrylic adhesive, butyl acrylate : acrylic acid / 90:10 (mass ratio)
in vinyl acetate (32% solids), was coated on a paper-based double faced polyethylene

laminated release liner and dried at 65 degrees C for 2 minutes and 90 degrees C for 2

25  minutes, to give an adhesive layer having a thickness of 40 micrometers on the liner. The
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cross-1linker (COLONATE HX avail abl e from NI PPON POLYURETHANE | NDUSTRY CO. ,
LTD., 100% solids) was m xed using a T.K. Auto O M xer avail able from
Tokushu KvBa0kogyw1Co., Ltd. for 5 minutes at 500 rpm Pardspavsahes

Al um num beads (CB-Al OGS, CB-A20S, or CB- A30S avail abl e from SHOM DENKO
K.K') were used in the foll ow ng exanpl es and conparative exanples. The
average particle dianeter was 10 mcroneters, 20 mcroneters or 30

i cr omet qt8ANd e, VRRShAIIRe AR F{egr%@% Brarpes: QAR RePhalile, har d

particle wer asur tislzer ectrical Sensing ne Met hod

of particlg Sig ?orlﬁg% é)?é')iggva%i(ileéao?a!lt?vef G Eﬁ@i}”ﬁ%ﬁﬁr ltérﬁ}%%t:u?eﬁ gv)?'sféao%' el

The substTat & Plyer croneters I"m
available from Teijin DuPont Film JAP, Limt d% Ea carrier filq%.mas
" nat edHRTAGTS b Hiali PBH U 3745t OF ST g i B b1 10 WHIHE heat ed
roll tenperature of 130 degrees C, a take-off roll tenperature of 170
degr ees G heglastip madulisof hegyeraschoreigintlaper wasd 2380 Mpfe speed of 10
meters/ mnute. 100 parts by mass of the clear resin and 30 parts by nass of
the hard particles having an average di aneter of 20 m croneters (CB-A20S)
were m xed wwth a mxer. The resultant solution was coated on the substrate
| ayer by HEwanfpdesco@atd ng. After drying at 65 degrees C for 5 mnutes and 155
degrees C for 5 minutes, a scratch resistant layer having a clear resin
| ayer thiTHen®ssrabive thedl wERMRERIrsd Wathef @ni¥Bdannbhas Exempel hefghtparticles
having average diameter of 30 micrometers (CB-A30S) were used. The mass ratios
between the clear resin and the hard particles are shown in Table 1.
10
Comparative example 1
A decorative sheet was prepared in the same manner as Example 1. Hard particles
having average diameter of 10 micrometers (CB-A10S) were used. The mass ratio
between the clear resin and the hard particles is shown in Table 1. The obtained

15  decorative sheet did not have any hard particles which protruded at least 3 micrometers

from the outer surface of the clear resin layer.

Comparative example 2
A decorative sheet was prepared in the same manner as Example 2 except the mass ratio

20  between the clear resin and the hard particles was 100 to 5 as shown in Table 1.

Comparative example 3

DI-NOC™ Film WG-877 per se (without a scratch resistant layer) was used.

25  Comparative example 4

10



of hard particles fromthe surface of the substrate |layer to the top of the

hard particle was 20 m croneters.
pr e- heat wol2bgy/asd6ake- of f
The tenperature of the pre-heat

enbossi ng rol

respectively. The nip-pressure was 24.5 N cng,

met er s/ m Qub&yrat¥l §lec

the surface o
m cronet er
/ 90:10 Gﬁass

a%ticleps‘ v%ef‘orle Y
rati o

roll
rol |

, the take-off roll

The obt ai ned sheet was pressed with a
and a heat ed enbossi ng r ecCh/ussead3deext ure) .

and the heated

were 130 degrees C, 170 degrees C, and 60 degrees C,

the su

n

(R

i O f ryli. hesive, b l,,acrylate :
d@fohe FEYRUS oP RSB S et RE Y 200 L 2STYL

e top of t

and the |line speed was 10

gpedqﬁ%@yﬁﬁf&%nmiagrﬁxa%rgl & g(oggt;

l'ayer to t

flf *18 $afd OM

ticle was 5
acrylic acid

paper - based doubl e faced pol yethyl ene | am nated rel ease |liner and dried at

65 degrees C for 2 mnutes and 90 degrees C for 2 m nutes,
adhesi ve | ayer

to give an

having a thickness of 40 mcroneters on the |iner.

Ther esul tGHBPEHRETPBPICer / rel ease |iner and the pressed sheet above were

| am nated together with a nip rol

to provide a decorative sheet.

The nip

rol | ®Henperdeterrevevabest ovh pisnped anuthe samd mhenanigs Bramsplark Wwdsthd scaitaly cnp,
and the |line speed was 30 m m nut es.
r esi st antresisty@rlayeasvat 260pivfsad. Exanpl es 2 to 4 The decorative sheets were
prepared in the sane manner as Exanple 1. Hard particles having average

di aneter of 30 micrometers (CB-A30S) were used. The mass ratios between the
cl ear resygpleand the hard particles are showmn in Table 1. Conparative

The el astic nodul us of the scratch

nner as Exanple 1.

A 1.2mm

exarrpl err—A—decorattrve—sheet—was prepat e mthe—sanen
Hard pafticles Avg. Diameter | Thickness of the Mass ratio
of hard particles| clear resin layer resin/particles (parts by mass)
(micrometers) (micrometers)
Ex.1 20 10 100/35
Ex.2 30 10 100/15
Ex.3 30 10 100/35
Ex.4 30 10 100/100
CEx. 1 10 10 100/35
CEx. 2 30 10 100/5
CEx. 3 - - -
CEx. 4 - 10 100/0
CEx.5 30 10 100/35
10  Area ratio of hard particles protruding from the surface of the clear resin layer
A three-dimensional graphic of the surface of the scratch resistant layer was obtained
using a non-contact three-dimensional surface shape roughness measuring system (object
lens: 10x, internal lens: 0.5 x, Model WYKO NT1100 available from Veeco).
X0.93mm graphic was obtained. The graphic was analyzed with Photoshop Extended
15

CS3 by Adobe, which detected the area ratio of the hard particles which protruded at least

3 micrometers from the outer surface of the clear resin of the scratch resistant layer, and

calculated the area ratio.

The results are shown in Table 2.

11



havi ng average di aneter of 10 mcroneters (CB-A OS) were used. The nass
rati o between the clear resin and the hard particles is shown in Table 1.
The obt aiwedo@easyeat i ve sheet did not have any hard par PCTlusg000i086shs
protruded at least 3 mcronmeters fromthe outer surface of the clear resin
| ayer. Conparative exanple 2 A decorative sheet was prepared in the sanme
manner as Exanple 2 except the mass ratio between the clear resin and the

har d pargu&ggﬁ ggg 100 to 5 as shown in Table 1. Conparative exanple 3

DI - NOC( t 877 per se (mﬁthout a scratch resistant |ayer) was used.

Comar at 1y ARG APFEEAL Y SEIRERE IR ERALARAM, TS RATRFRIRET 20

Exanpl e 1 aBree Evete"ad resin of
t he scratch resi t le.5 A decoratiyve sheet was
or epar ed FHET %Yél@%@r%ﬁﬁgﬁ&g@ BV3 E6, f’ﬁﬁ%t%lgs@ﬁaﬁl%wm@sﬁg Vayer
was not pressed Table 1 Area ratio of hard particles protruding fromthe
surface cvalhde foaniABER INDHSERIES t ntheedifierrnns ibmars bifaismnd afier theetestur f ace
of the scratch resistant |ayer was obtai ned using a non-contact
t hr ee5di messgiatsntdteds urihgaesudth arseshownghdelds 2neasuri ng syst em (obj ect | ens:
10x, internal lens: 0.5 x, Mddel WKO NTI| QO avail able from Veeco). A 1.2mm
X0. 93mm dficaqgpth eesisacobt ai ned. The graphic was anal yzed wi th Phot oshop
Ext ended

The surface of each sample was reciprocally rubbed 100 cycles using a load of about 500

grams with #120 or #240 of sandpaper, available from Sankyo-Rikagaku Co., Ltd.,

attached to a Color Fastness Rubbing Tester, available from TESTER SANGYO CO.,
10 LTD. The sample surface was then visually observed to determine the amount of

scratching. The scratch resistance was compared with that of Di-Noc ™ (Comparative

example 3) and ranked as "Same" where the amount of scratching was the same as

observed for Di-Noc™, "Good" where the amount of scratching was less than observed

for Di-Noc™, and "Excellent" where the amount of scratching was much less than
15  observed for Di-Noc™. The results are shown in Table 2.

Contamination resistant property

After the scratch resistance test, the contamination resistant property was measured in
accordance with JIS A 5709. The results are shown in Table 2.

Pencil hardness

20  The pencil hardness of each sample was measured in accordance with the method of JIS K
5400. The surface of each sample was scratched with various hardnesses of pencil. The
results are shown in Table 2.

Haze value
The clear resin and the hard particles were coated on a clear PET film and the haze value

25  measured in accordance with JIS K 7105. The results are shown in Table 2.

12



CS3 by Adobe, which detected the area ratio of the hard particles which

protruded at

of the scwet20w/mewmist ant

| ayer,

| east 3 mcroneters fromthe outer

surface of the clear
and cal cul at ed t he ar eaPrcattise009/Dbes1s esul ts

resin

are shown in Table 2. Abrasion | oss Each sanpl e was abraded at 500 cycles
and 1 kg load with an AB-A O Taber type Abrasion tester available from

TESTER SANGYO CO. ,

calculated. T

LTD by using abrasion test wheels CS-
TABER IN[qgﬁIéng ES. The difference in nmass before and after the test was

he results are shown in Table 2. Scratch resistance Th

17 avail able from

a

C

surface jof earh sanplle was reciprocal ly rubbeguiQusycl es usingvaue pad of
about 50 grarrgrvm' tt.h #120 or #§40 of sandpsa avai | abl e froEl
Sankyo- R kagakt" " | Lt glasionat t ACREHEE%C oo BOPHESs Rubbi®hy™®@st er
avai |l ablje fromFBSTER SANGYQ CORubbidgxypelhe |safipiserashr | 8oeil wasstdnnkperyi sual | y
observed| to deternine tI& anpunt of scratching.. The s¢ratch resistance was
conpared with Epﬁalt off RrarNpcC | {tm) (C‘Qﬁp%ﬁ\f@i&ﬁ@ha @%e ar?%‘g%gﬁeﬁsed as
" Sane" ere [ he®@nount of sgratching was t e as|observed”dor
Di - Noc(tf), "Good" where the|ar8tht |of*1€lra | ess |t han obsprved
for D - NeeEg—and—"bselent"—wherethe of —se=atehing=was—ruch
| ess t hajnEasbhserveéd f or ODil4Nog Exerjlent THixcllesy red95howdHi n Tabbe 2
Cont am njatgl gn| r esk st anty R5OPEEL YAt ek dRg Cheg esi shiancesf est, | the
cont ami nEt kc“ rcs? St-adnt—pr cp:rtye WaS B ast accof-dance ‘vM%t—'E—J-I—S A
5709. TheExésul t $6are SHOWh | mxFlpitg Excellent §7 | 3H 57.92

Ex.4 73 0.0186 Excellent | Excellent 86 9H 85.21

Cex.1 4 0.0141 Same Same 78 B 58.31

Cex.2 8 0.0105 Good Good 96 B 14.13

Cex.3 0 0.0271 - - 77 2B 13.32

Cex.4 0 0.0097 Same Same 80 2B 2.26

Cex.5 69 0.0361 Good Good 94 B 57.92
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Penci| hardness The pencil hardness of each sanple was neasured in
accordance with the nethod of JIS K 5400. The surface of each sanpl e was
scr at chedwoi2odv/Megeil ous har dnesses of pencil. The resul t ecansebo96s18 n Tabl e
2. Haze value The clear resin and the hard particles were coated on a cl ear
PET fil mand the haze val ue nmeasured in accordance with JIS K 7105. The
results are shown in Table 2. Table 2Wiat is clained is: 1. A decorative

sheet con@iisSkPRikddisd substrate layer; and (ii) a scratch resistant |ayer
ﬁg_H_UEEHT_TESI

conpri si n |ayer and hard particles dispersed in the clear
resin layer, wherein the average particle dianeter of the hard particles is
| arger than the thickness of the clear resin |ayer, the anount of hard

particles is 30 parts, by mass .to 400 parts by nass with respect to 100
parts by %a§§83PRFHESEW%SPmP@§P% | ayer, and the area ratio of the hard
particles which protrude at |least 3 mcroneters fromthe outer surface of

t he cl ear(r esigsubstjade layer; 80do t o 80% of the scratch resistant |ayer. 2. The
decorative sheet according to claim1 further conprising a clear filmlayer
bet weén t(he subsratelt eesistape tayancbmpresinga ateehresimshwgtrant hhedyparticlgs dispersed
decorative sheet according to claim1, wherein the scratch resistant |ayer
i's in the clear resin layer,

wherein the average particle diameter of the hard particles is larger than the thickness of

the clear resin layer,

the amount of hard particles is 30 parts by mass to 400 parts by mass with respect to 100

10  parts by mass of the clear resin layer, and

the area ratio of the hard particles which protrude at least 3 micrometers from the outer

surface of the clear resin layer is 10% to 80% of the scratch resistant layer.

2. The decorative sheet according to claim 1 further comprising a clear film layer

15 between the substrate layer and the scratch resistant layer.

3. The decorative sheet according to claim 1, wherein the scratch resistant layer is
obtained by coating a clear resin comprising the hard particles on the substrate layer,

and pressing the obtained layer coated on the substrate layer.

20
4. The decorative sheet according to claim 1, wherein the hard particles are uniformly
dispersed in the scratch resistant layer.
5. The decorative sheet according to claim 1, wherein the average particle diameter of the
25 hard particles is 10 micrometers to 110 micrometers.

14



obtained by coating a clear resin conprising the hard particles on the
substrate | ayer, and pressing the obtained | ayer coated on the substrate

| ayer. 4.woheoxhaswnati ve sheet according to claiml, wheceius2aessdsas d
particles are uniformy dispersed in the scratch resistant layer. 5. The
decorative sheet according to claim1l1, wherein the average particle

di aneter of the hard particles is 10 mcroneters to 110 mcroneters. 6. The
decorative sheet according to claim1, wherein the thickness of the clear
resin layer is 5 mcroneters to 100 nicroneters. 7. The decorative sheet
according t Ia|n11 he . gl nsi n.i. Tg) of the
substratgslgggreana g@%{gggmég tg egre(ﬂm%tﬁgﬁﬁgﬁy de%g?% #Jgké

according to claiml further ri sing an adhesive | ayer and a Ilner.
g Payer 1S 5 micrometers to 18(? rrlql)cromete S. y

5 7. The decorative sheet according to claim 1, wherein the glass transition temperature

(Tg) of the substrate layer is 50 degrees C to 80 degrees C.

8. The decorative sheet according to claim 1 further comprising an adhesive layer and a

liner.

15



