HARD- COATI NG HEAT- ABSORBI NG COVPCSI TI ON The "present |nvent|on relates to a
har d- coati ng conposition for protecting a soft substrate surface as a
glass-like material and to a_heat-shiel ding substance which shields heat
rays by abSOTpt1ﬁnJ Pl asticsmaterials are frequent I'y* ‘used in pl ace of

gl ass, taking advantage of their excellent characteristics such as
transparency, |ight weight, resistance to inpact, ease of processing, and
the Iike. They cannot, however, replace glass in sone

applications because the surfaces of the plastics are easily damaged, their
resi stance to chemcals is poor,or the like. In recent years, advances ha
been nade in t HEARBCRABEING o HEAG-ARSORBING GOWPPSATION he surfaces of
general - pur pose engi neering plastics, such as polymethylnet hacryl ate resins ——
(hereinafter referred to as PMVA), polycarbonate resins (hereinafter
referred to as PC), and the like, to provide major inprovenents in scratch
resi stance and chem cal resistance, so that |arge anbunts of these
materials are now being used in the fields of optical parts, autonotive

parts, el ectri ophoaBPLLaAte LnvRHHIU &Pk 248, a2 ol BEcLLkGnginer & ol ass

has conventionally Deen used. Exanples of materials use

har d- coat i fgmpbastief | HohUgeoYedtiing £ 44 € 08 b8 rARbe chitfa tdl s a8
urethane resins, nelamne resins, acrylic resins and the |ike, and

‘glass~like material and to a heat-shielding substance which

:.',._,, ™

shields heat rays by absorption.

Plasticsmaterials are frequently used in place of 6?
giass, taking advantage of their exeellent characteristics
such as transparency, light weight, resistance to impact,
ease of processing, and the like. They'capnpt, however,
. replace glass in some applications because

_ the surfades of the plastics are easily

damaged, their resistance to chemicals is_poor,l.or~ the
like. In recent years, advances.have been mede in the
technology of hard'eoatiggs applied te the-suffaces of
general-purpose engineering-plastice, such as {;'
'polymethflmethacrylate resins (hereinafter referred to as “
PMMA), po;ycarbonate resins (hereinafter referred to as PC),
and the like, to provide major improvemenes in scratch
resistance and chemical resistance, so that large amounts of
these materials are now being used in the fields of optical .
parts, automotive'parts, electrical appliances, building

materials, and the like, where glass has conventionally been



inorgani c coating materials such as organic silicates, silicone resins,
metal oxides and the like. O these, ‘organic ultraviolet-curable acrylic
resins and inorganic heat-curable silicone resins are used industrially.
Acrylic resins are superior fromthe aspects of econom cs and productivity,
but are inferior to silicone resins in surface hardness and weat her _
resi stanceyg@h.the present tine, silicone resins are the main group being
used .as hard-coating materials. A nunber of trials are being undertaken for

provi dipg silicenemipiRgs W dniQstid s GS@OSFbE NsralEbatingt poaBtIUsh as
anti-fogging, antistatistic, photosensitivity, sem conductance,

antiref | ecihedndandrdjaalier trdi hesaeing indtetiale &ddht asnuirethhaker

i nherent functions of protecting the surfaces of plastic materials. These
addi ti onal résiaosi,oms lemine mriaiseddyylicsoésimg anddibpeldkag andt he
hard- coating conposition chem cals which are capabl e of providing such

f unct i ons. iporgpaico Moatgn Meksniake cfuch | ag opigariensipeasshrai ning a
phot ochromi ¢_conpound has been prgﬁgsed as a hard-poatina mat eri al havi ng
| + ght * shi eF#tAGORRaFESIS sMeEEL 197 19RS A3PDetRR tUFPosi PEoRPEAS, degree of
sunlight-shieldkgﬁ & controh!ed b frmagh e in the cglor 2 density
proporti on8FIEFHNE oL Tqﬂﬁﬁg Srifs OsTTTOR° i 3 3xb§8fgﬁ§f8 have
appl'Cat'OﬂeEE—EﬁQ&%fgﬂgﬁiicone resins are used industrially.

Acrylic resins are.superior.from'the aspects of
economics and productivity, but are inferior to Silicone
resins in surface hardness and weather resistance. At the
present time, silicone resins are the main group being used
as hard-coating materials. A number of trials are being
undertaken for providing silicone-type hard—cpatihg'
compositioﬁS'with functions such as anti-fogging,
antistatistic, photosensitivity, semiconductance,
antireflecfion} and. dielectric charactexristics, in addition
to their inherent functions of protecting the surfaces of
plastic materials. These additional functions can be
L obtained by dissolving or dispersing in the hard-coating.

'cpmposition chemicals which are capable of providing such -
functions.
A hafdécoatiﬁg composition of silicone resin type
containing a photochrcmié compound has been proposed as a
" hard-coating material having light shielding

characteristics. In this type of composition the degree of

sunlight-shielding is controlled by the change in the color



wi ndow materials, and the |ike. However, its capability of shielding heat
rays, particularly near-infrared rays, in sunlight is insufficient. In

addi tion, photochrom c conpounds generally deteriorate in light and tend to

| ose their functions over tine. They also change col or through

phot odeconposi tion. Thus, their durability is inadequate. Up to now, no

" har'd- coatliehg i mRsdpoLbienaYi dbngheecamhounli elfdilaghes.f ealite by the efficient
absorption of near- infrared rays fromsunlight has been devel oped. On the

ot her haeémpepssict zon hesit espéetedngof hhwei appidwatdon ishisimigipawdes i al °2

whi ch shields heat rays fromthe sun by absorption or reflection. Thi s™
type of winddvagatewigls: eanditheatikesubBowavertoiwis clapabidditasio® is
applied to provide the function of preventing broken glass fromflying and
scat t eri A§ledeHngh RAL oFaysi sParhbSuierilyyepargindraras 1akfor bR a
thin-filmlayer of alum numor, special metal i s produced by vacuum _ X
evapor at SR LGN o Bt RS HERLCieRE} ¢ ¥Hnég¢6ﬁ?°#heHQQQQQQ#SW%%NH which is

ool o o0, Dby Aot "eley DOVRLEL,  SAIORL BUR0R SRl LSt d e
Lumct! on kol RSP ot LS | b0 SUUR! KBARBN S, il | o
hi gh ref Lagidde Umpd e ioh N NBREs, 3their durability is inadequate.-
Up to now, no ha;d-coating composition providing heat-
shielding effects by thé efficient abso:ption of néar-
infrared rays from sunlight has beeﬁ déveloped, | A
On the other hand, a solar heat shielding film is known
as a shielding material which shieldS-hegf'rays from the-sun
by absorption or reflection. .This type of f£ilm has a
polyester film as é substréte'to whiqﬁ an adhesive is
applied to provide thé function of preventing broken glass
~from flying and scattering, and on_top.of this adhesive
-1ayer a colorant léyer or a thin-film_;ayer of aluminum or
special metal is p:éducédfby'vacuum evapofation_to provide'a
heat shield fgnction. o . : - _ .L)
The colorant layer which is colored by a glazing dye,
however,'cahnot absorb heat rays, i.e., near-infrared rays.
~An attempt to provide a sufficient heat shieldiﬁg'function
for this type of film results in shutting oﬁt also visible
light. - I L
Since a unit provided with a metal'layer by vacuum' |

evaporation exhibits high reflection of light in near-



“infrared and visible regions,it entails the environnental problemof a
troubl esonme glare illumnating the surrounding area due to-.-the reflected
light, even though it has good heat-shielding characteristics. Another
problemis its | ow percent transm ssion for visible‘l'ight, which nakes

i nside roons dark. In addition, constructing nmultiple layers, including
provi di ng ismfeiped| ayar vy ibadeun@gs vagorial iettadld fieri oy Bremndeeal ve

| ayer.~on top of the netal |ayer, requires nuch tine and trouble with the
at t erdant prraiblem of Ai glrocbibsome Fdpaeedd IRatievat ilray delogp esuxfkoukding No.
3493/ 1990, a nethod; is disclosed for shielding solar heat rays by

absor pt i oraxga hdwegbaethel yedilepted Adghtneavemfohayuwgh alds drds ngpod
conposition directly into a plastics. However, for obtaining a thin film
heat - shi eIhﬁ&?@-%ﬁ%@i@h@@ ghapagteriskicss ofAnakher puahkem obs [iks |lowhe
near-infrared absorbi ng ¢conposition nust _be _used ) .in a large
proporti oPeEFRREC ﬁaﬁgmééﬁF—@FeéOGni"ﬂ'sﬂ%ltenélgi’&'i fhdeehy majkes b’frés’rcf%“]ht
transm ssion, characteristigs.of filns _such as_fil m.st.rengt the fluidity
of ‘Lo pi SRR TREET ol BROLETERY| BRPREE O PR HE T KEYSHRs, o
heat - shi al di in filmawith_s Lgi %'!gﬁ*i 5_05”! iy '

practi cal %&i%%ﬂgep%g%g?%é Byﬂtgﬁ:ag' %ﬁ’ﬁ?&%&z% | ncéé;atéle elacfrgralarglhs are

{Tﬁgn:o?’eggnfté}ﬁniﬁé”&%ré’i:%%i{réoﬁh&ﬁﬁ BRAROpOFARGE hREAN 148 | nventors of
: requires much time and trouble with the attendant problem of
high cost. | _

-In Japanese Patent Laid-open (ko-kai) No. 3493/1990, a
method: is disclosed’ for shielding solar heat rays by
absorption by homogeneously dispersiﬁg a near-infrared
absorbing compdsition directly into a plastics.-However, for
obtaining a thin film héat-shielding substance with a
thickness of, e.g., about 100 pum, the near-infrared
.absorbing composition must Be used . in é large
proportioh. This can bg achieved. only by the sacrifice of
visible lith_transﬁission, charaéteristics of films such as

film-strength, the fluidity éf the plastics required for

injection'molding, and the like. Thus, no heat-
sﬁielding thin. £ilm with.sufficient characteristics_required

in practical use can be obtained by this method.



I nvention studied incorporation of a near-infrared absorbing dye into a

har d- coati ng conposition. Near-infrared absorbing dyes which find
application.as an optical recording material using a sem conductor |aser
beam have been devel oped and various .types of such dyes are available on
the market. However, since these near-infrared-absorbing dyes exhibit the
absorptlon peak at a specific wave length in the near- infrared. region,
their effectiveness for shielding the entire heat rays is insufficient.

Many of those having rather strong absoerption in the visible range are -y

I ntensely colored' In this respect, too, no sui tabl e conposition has yet
been discovered. |In addition, these dyes have insufficient heat

resi stance, their performance tends to deteriorate at curing tenperatures
or their near-infrared absorption capability reduces over tine. -
Furthernore, the poor solubility of the dyes causes themto deposit as tine
passes, making it inpossible to obtain a transparent hard- coat 1|ayer.
Thus, -a satisfactory solution to the problens 5 of the present invention
was very difficult with these types of near-infrared absorbing dyes. As a
result of further painstaking research, the present inventors found that"
the satisfact GHhynGesihe heatlmwye 29 @@éﬂlﬁylﬂh(gh@orﬁ@imed)ﬁjslé-@t a

derlvatlve of .thiourea an 39@ salt of _, organic.acid,
from the near-infrare egion, the inventors of the present

invention Studied'inCOrporation of a near—infrared absorbing
dye into a:hard-coating composition . |

i Near-infrared absorbing dyes which find
applicatioﬁ'as an'optical reCording material using a
semiconductor laser beam have been'deVeIoped and various
types of such dyes are available on the market. ﬁowever,'
sinée‘these'hear-ihfrared'absorbihg'dyes exhibit the
absorption peak at a specific wave length in the near-
infrafed fegidn, their effectiveness for shielding the
entire heat rays is insufficient. Many of those having -

rather strong absorption in the visible range are intensely

colored. In this respect, too, no suitable composition has 7\)

yet been.d15covered;'.1n addition, these dyes have -
insuffiqient heat resistanée, their pérformanée téﬁds to
deteriorate at cufing temperatures, or their heér-infrafed'
‘absorption capébility reduces over time. Furthermore, the
poor sblubility of the dyes causes them to deposit as time
passes, making it impossible to obtain.a transparent hard-

coat layer. Thus, a satisfactory solution to the probiems



wi thout directly using a near-infrared absorbi ng dye. The present invention
provi des a hard-coating heat-absorbing conposition conprising pol ysiloxane;
a derivative of thiourea represented by the followng fornula (1), [err]
wherein [err] and [err] I ndependent |y represent hydrogen, an al kyl group,

aryl group, ro .al kenyl 0 -.0r 6-nmenbered cyclic

regi dgal g %€ PF%Gelf‘Q'? Wﬁ“r%‘r‘l’ “@rlg V%ﬂér%’r#%@é?ﬁtg‘ﬂbﬁb #ﬁésﬁe\h@@ﬁe
or nore suq§£|tgte g %Ep el te fro | kyl, aryl, aral kyl, and al kenyl

gr oups,_havi ng Ediﬁ Yoo I I qbﬁﬁﬁp halogen Bydroxyl group, and
am no group; an 0 a i_c .aci Prefera

har d- cgatPEg he %sgggh%g g%ﬁg&?ﬁﬁ%%lRﬁﬁﬁﬁﬁ%ﬁéP?A5e%?§%FﬁflBheln whi ch
pol ysi | Oxa’]f‘réQQnEaivaﬁrtb‘f%t 2650l QL i AR SPRORORPUSL YL gs 0l ved and

(B) a solution in which polysiloxane and copper s organic acid are
hormogeneously di ssol veduld bRr akdfiltdd TRIRIH ldfisindd usbeoknyention

can have -both functions of protecting a plastics
surface andiefisstevdi o khhdbutraws awd h lvipderdast abf | i t yoaganescakkgnt
efficiency and, at the sane tine, exhibit =~ high percent transm ssion for

daylrght\MwithmmmsdxracelyehbengranneﬂmalnframmﬁgmmOrbmm@tdyé i ncl udes
a substrate (e.g. an

The present invention provides a -
hard-coating heat-absorbing composition comprising
polysiloxane; a derivative of thiourea represented by the

&g’ following formula (1),
R;-NH-CS-NH-Ry (1)

wherein R; and Ré independently represent hydrogen, an alkyl
group, aryl group, araikyl group, alkenyl group, or 5~ or
6-membered cyclic residual group, having 1-22 carbon atoms,

whereln each group may have one or more substitute groups

selected from alkyl, aryl, aralkyl, and alkenyl groups
-hav1ng 1-10 carbon atoms, nitro group, halogen, hydroxyl:
group, and amino group; and a copper salt of organic acid.
Preferably the hard-coating heat-~absorbing compoeition
comprises (A) a solution in which polysiloxane ahd said
derivative of thiourea are homogeneously dissolved and (B) a
.-so;ution in which polysiloxane and copper salt of |

organic acid are homogeneously dissolved.



organi c synthetic polyner or copolyner substrate)and a heat-absorbi ng

har d- coati ng | ayer formed on said substrate by applying and
curing with heat said. hard-coating heat - absor bi ng conposition. The subsrate
may have a netal layer fornmed by vacuum evaporation on its surface,

~and a. heat-absorbi ng hard- coatlng | ayer formed on top of said netal

| ayer by applying and curing with heat said hard-coating heat-absorbing
conposition. 7 As a nethod of obtaining a hard-coat filmand a hard
coating conposition for which the main hard-coating conponent is 'k:'
pol ysi | oxane, a sol-gel nethod discovered in 1971 by H Dislish is d

general ly appl|Edeféhrednetbmpasmqromes éHrnting a gl ass-1ike material

t hrough a sol -gel process using a solution.as a raw naterial. The hard- -

coat i nginoepesion on and daar d- coat |wyes of the present- bﬂthnfunqtiansarso

be obtalned by utilizing this nethod. The hard- coatln nﬁosition is a sol
%o

pr epar e@ThPIRARF BT ngy B}-aﬁﬁ%ﬁ ﬁ}llr§a6’@n@é‘ﬁ73|°rfg oat| ma¥snononers ~

of nalnbéﬁ%Frn%gg functio g gu Srnar functlo in, the presence of

sol vent ior st 1Y BBfaf¥ NGy s3Bflvi & t he .
sol vent, suc ceI solve (trade ket one,

| | : k
g? ¥ﬁ; %ﬁ%ggéﬂﬁﬁrﬁf cﬁx?hglgatal %9 gﬁf%ﬁﬂﬁ Qﬁﬂﬁﬁﬁﬁ?ﬂggarr?ous types
of addi jLY9S AAPEAUNN QP LLfrLEGULERYection .

The ' . present invention
includes a substrate ' (e.g. an - R,
organic synthetic polymer or copolymer substrate)and a
heat—absorblng hard—coatlng layer . _ formed on Sald‘
-substrate by applylng and curing with heat said. hard- coatlng

heat- absorblng compos1tlon..

The subsrate may have a metal .layex fqrméd by wvacuum
'evaporation ..+ on its surfaée,. : - and
a heat—absorbing hard+¢oating-lafer ﬁoimed on. top of
said metal'léyer by applying and cuﬁiﬁg with heat said

hard—éoating'heat-abscrbing composition.



functions. Wen a | arge anount of quaternary-functional units are present,
t he. sol becones hard and tends to 'produce cracks. Introduction of

bi -functional nononers provides flexibility, but tends to | ower the
hardness. The use of colloidal silica as the quaternery-functional unit can
pronote both flexibility and hardness at the sane tinme. To obtain a
hard-coat film this sol is caused to adhere to a soft surface of ‘a.
substrate such as the plastic or the like to be protected by application,
i mrersion or the 8 i ke, and heated to harden the sol into a gel. .
Heati ng pol ysil oxane nmakes the silanol group further condense, nmaking

" the nol ecul ar weixta ohephbiisbfosbrainiag hi Bhed-dodtorfaduciai@ a afened
gl ass-1i ke surface. A sol without a catalyst requires a high tenperature
of [err] or duatfiglg atsinpssibiionsforatvhéchothbamdinohaimig doatdmgent of the

surface of a soft netal such as alum num For the surface treatnent of

pl asti csnmat ecmponesitc hi saisp@lyantioRdMa , wat ol-gelv method disftomeatadonin

tenperature, a catalyst such as an acid, a base, or organonetal |ic conpound

is used in A&93dr byo RarPisbisht he gendealiy appiiedw t Sidsr metheodof [err]

or lower conforming to the heat resistance of the substrate. For exanple,

i the casecompxises-ftomning &osbassridkeimrterdahytoreughy aorodr-gall v

carbonate resin, a polysiloxane containing an epoxy group_is effective.

Thi s - process using a solution as a raw material. ' The hard-

coating composition and hard-~coat layer of the present

invention can also be obtained by uEilizing this method.

- The hard-coating composition is a sol prepared by

hydrolyzing or partially condensing organoalkoxysilane

monomers of mainly ternary-function'and quaternary-function

in the presence of solvent and acid or base to obtain

a polysiloxane, dissolving the polysiloxane in a solvent

such as aleohol, cellosolve (trade mark), ketone, or the

like, adding a curing catalyst, and further dissolving -

various types of additives depending on the required

functions. S . . : S
'~ When a large amount of quaternary-functional units are

! o présent, the sol becomes hard and tends to produce cracksf
' Introduction of bi-functional monomers proviqes f;exibilify,
but tends to lowé;_the hardness. The use of colloidél.
silica as the quateihery—functional unit can promote both
flexibility and hardness at the séme time.
To astain a ﬁard-coat film, this sol is pauséd to
adhere to a soft surface of a substrate such as the plastic

"or the like to be protected by application, immersion or the

8



type of conposition can be hardened, after being adhered to a substrate, at
a tenperature near anbi ent. tenperature, using a curing agent such as
an al koxi de or a chel ated conpound of A, Ti, Fe, C or the like, a
peroxide, a Lewis acid, platinum or the Iike. In particular, chelated
alumniumis a preferable catal yst to accelerate both the ring-
openi ng pol ynerization of an epoxy group and the condensation of a silanol

group. The 130e/SidX HEatis@dtbNhhbechatfeCadlli AR teP QL] Orn& ik
I nventi on may be a m xture of polysil oxanes represented by the

formul a, (Belydiloxdies ehak&si ghe sibahblugedupr UNFIHHdMtEshdanEwy Al et
hydr ocarbon group 9 and a is a nunber'fron11.90 to 2.05. Those with the
nol ecul ar oiadiimg erhe madlesebdedwbyghthypdr pollysdloxane dwen diidheeearmd koxy
groups are preferable. Exanples of Rinclude [err] alkyl. groups, such as

met hyl gr o@PFoddiyig & dn@rdeneeyglgseuélkeutswrfgpeup, ) sl rv;tﬂmtytt agroup,
octyl group, and the liKke; err% gKcloalkyl groups. such as cyclohexyl
&

VP b ey o e | ke, SEVL ot i g phowl 3o
tolzl group’ @1 % _g é?rarSBBtlﬁﬁdttr%E%ﬂ%Pé: OJJT] qLH"'e fl ¥Dups
a2 % BBy ee*?%f’ Ay 9-%8%%%%215%%%pa'ekaztweh :
part or all¢ plastLGSmaterlals such as PC and PMMA with low thermal
deformation temperature, a catalyst such as an acid, a base,
or_organometallic"COmpound is ‘used in order to carry out the i;
hardeningﬁet a low temperature of 150°C-br'lowe:-cdnforming
:to the heat resistance of the subetraﬁe{
For eXampie, in the case of'a'hard—coating composition.
’fer"diethyleﬁe'glycol biSailylfcarbonate resin,; a
poiysiloXahe eontaihihg an epoxjfgroup_is effective. This
type of composition can be hardened, after being adhered to
a substrete, eﬁ a tem?érature near ambient-temperature,-
using a curing agent such as an:aikqxide or a chelated
cempound-of Al, ?i, Fe, Cr or the likef'a peroxide, a iewis
acid, platinum, or the like. 1In 'particu-l_ar,‘ chelated aluminium. W
is . . a preferable catalyst to accelerate both the rlng-
epenlng polymerlzatlon of an epoxy group and the.
condensation of_a silanol group.
'Tme:polysiloxane used in the hard coatinglcomposition of
‘the invention may be a mixture of polysiloxanes
'represented by the formula, (RaSiO)n, wherein R is a

substituted or unsubstituted monovalent: hydrocarbon group



of the hydrogen atons bonded to the carbon atons are substituted by hal ogen
at ons, cyano groups, or the Iike .such as chl oronet hyl

group, trifluoropropyl group,. 2- cyanoethyl group, 3-cyanopropyl group, and
the like. As thiourea conpounds of the.above-nentioned formula (1) to be
added to a sol of which the major conponent is the above-nentioned

pol ysi | oxanes, those dissolvable in the solvent used in the hard-coating
conposi ti oandnd dapablmndderprinondi P @ twnpomd vwihbsa wight thel or or no
col oriegt all when reacted with the organic acid copper salt, are

sui tably umedeculdian lghsdn tteagsineld rpaledrhyst | Bydroyylngosoupeprotwoof
the 1- and 3-positions are particularly preferable due to their abundant
sol ubi | i t yoFnthaegemlkesati JunuRshanmrRretrante conposi tion. The 10

fol |l owi ng conpounds can be %bven as speC|f|c exanpl es. Thiourea,
1- et hyl t hi our ea EXBMER&Ry dmslude fni 10 BHERY | IFPBRFeaSuch as

1- p- am noph hlourea 1 3-di net hyl t hi our ohexyl t hj our ea,
1, 3- dlsteaW?F¥W @ﬁ&?Pﬂle?§¥%tﬁﬁﬂﬂg%tﬂﬁ?RN eﬁr?P%lgPBﬁginFﬁ¥8
T SOk S o L) B0 Bercani
i SLQ%;I h%g%%p eny ?h%%Ureay%i%gﬁxﬁ%1 éi%l§g§$£§ ﬁgﬁg% héggigge
1-p- hydrox!ﬁﬂ@”Yhi%enyl groups such as vinyl group, allyl group,
hexenyl group, and the llke; aryl groups such as pheny;
group,.tolyl grouﬁ, xylyl group, naphthyl group, and the
like; arylbenzyl groups such as diphenyl group and the like;
aralkyi groups with 01;10 élkyl.groups, such as phenylethyl
gfoup and the like; and these groups in which a part or all
of the hydrogen atoms bonded to the carbon atomé.are .
"substituted by halogen afoms, cyanb groups, or the like,
such as ChIOrométhyl group, - trifluoropropyl group, 2-
' cyanoethyl group, 3-cyanopropyl group, and.the like,
 As thiourea‘compoqnds of tﬁé.above;mentioned formula
(1) to be'adaed-to a sol of which the major component_ié the
-k”. . above—mentioned'péiysiloxanes, those digsolvable-in the
solvent used in the hard;éoating composition and caéable of
provi&ing a compound with a light color or no color at all
when feacted with  the organic -acid cépper'salt,
are-suitabiy used. Of these, those having an
"aromatic ring in either one of the 1- and 3-positions are
particularly preferable'dﬁe to. their abundant solubility in

' solvent- used for the hard-coating cqmposifion. The

10



phenyl t hi ourea, 1-p-bronophenyl -3- phenylthlourea

1- p- am nophenyl - 3- phenyl t hi ourea, 1-p-nitrophenyl-3- phenylthiourea,
1- (2-t hi ophenyl) - 3- phenyl t hi'ourea, 1-(2- thiazolyl)-3-phenylthiourea,
et hyl ent hi ourea, 1-benzyl-3-mtolylthiourea, and

1- benzyl - 3- m chl or ophenyl t hi ourea. As a copper salt of an organic acid used

toget her wigdl1deihhi evigRId i e s 5@@5&8255&' ¥xdhpialvable in a

sol vent for the hard-coating conposition in. a required anount ané giving a

pal e col or or norkdbakeahen Jeadsilath Vddked NeL-phie gﬁiggfégatlve can bgdt

suitably used. Exanpl es of such conpounds incl'ude the follow ng conmpounds

Copper steamadﬁnltﬁophénpahﬁubﬁrEa<Nmnyﬂamﬂﬁﬁﬁhhnfi%ﬁ@%ufé&rate copper
benzoate, copper p-tolylate, copper p-tert-butyl bénzoate, copper

par achl or obenzoat e, copper. p- pheQijaimyﬂhylﬁhmﬁﬁxeg)benzoylbenzoate
copper 11 p-ni trobenzoate, copper am nobenzoate, copper
diethyldicénBwﬁﬁQ¥Cb@hpeylahkphmeﬂzede§uﬁ&smaaxylthﬂnnrea,

p-t ol uenesul f onat e, napht hal enesul f onat e, copper
dodecylbenéeﬁe@@hﬂhﬁﬂ!&ébbppﬁﬁamnﬂoBudyphsnwﬁthqunsa;xﬁuﬁﬁdl-m-
nmonobenzyl - o- phthalat copper nonophenyl pht hal at e, copper -
nDnoanyI-oCB Pﬁ ¥§RﬁﬁﬁrﬁénoéwépPRSézthﬁxpaW@thyiMﬁhlourea,

nonobut yl - al_at e, er. (neth)acryloyloxy 2- propylphthalate copper
(neth)acryio gﬁ%ﬂﬁnﬁﬁﬂ e¥¥pheggheplourea,” l-ethyl- 3-phenyl-

thlourea, l-ethyl- 3—p—chlorophenylthlourea, -ethyl 3 (2-
hyd:oxyethyl)thlourea, -phenyl 3-p-chlorophenylthlourea,
l-phenyl-3fp—methoxyphenylthlourea, h-p-hydroxyphenyl 3-
pPhenylthiourea, —p-bromophenyl 3-phenylthlourea, |
1-p—amino§henyl—3—phenylthlourea, -p-nltrophenyl-B-
phenylthlourea, i~ (2-thlophenyl) 3-phenylthlourea, 1- (2-.
thiazolyl)- 3—phenylthlourea,
ethylenthlourea, l-benzyl- 3-m—tolylthlourea, and
-benzyl 3—m—chlorophenylthlourea.
- As a copper salt of an organlc ac1d used _together w1th
'the thlourea de*lvatlve, those homogeneously dissolvable in
a solvent for the hard-coatlng composition in a requlred ’&J
- amount. and giving a pale color or no color when reacted w1th.
.the .thiourea de;;vatlve can be suitably used. Examples of
such compounds include the following oompounds...
-Copper stearate, copper palmitate; copper oleate,
copper leurate, oopper'benzoate, copper p-tolylate, copper
p-teit-butylbenzoate, copper. parachlorobenzoate, copper.

p-phenylbenzoate, copper o-benzoylbenzoate, copper,
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(et h) acryl oyl oxy- 2- butyl pht hal ate, and copper

(et h) acryl oyl oxy- 2- acyl pht hal ate; Andng these conpounds the copper

met hacryl oyl - phthal ate and copper ~nonopht hal ate as described in the

speci fication for Japanese Patent Laid-open (ko- kai<) 'No. 246256/1991 fil ed
by the inventors of the present I nvention are partlcularly desirabl e due to
their excellent solubility in solvents used for conpositions for

har d- coat i ng~ndtefolkem Aol capper edmbsobsrzodbe, abopperent i oned t hi ourea
conpougds and. copper salts of organic acid do not exhibit substanti al

i nfrared abddephiydd iorarthematds coppen ahiayboerzésesgifonatasedoppene -or
sinply m xed or dissol ved together. However, when thiourea derivatives and
copper sal t -8p loegedul fonates ccoppermaphithalerssul Eapatsl nsopper
honbgeneously and heated to a tenperature hi gher_ t han [erg%hagreferably

[err] to [efP Fqgﬁéﬁ?ﬂﬁﬁﬁﬂﬁﬂkﬁp 1 CORRRY Tﬁ%ﬁkﬁFﬁ -2-B gtRirth a
smal | absorption of visgible bitin al color to the
naked eye, BEPPRIv mﬂféh ' €h§ Ex € °%Pﬁ¥d@°£%ﬂ€§nYﬁ ~Pre |

ol ysi | oxanBEtHETa YRy %Lorbccpﬁwﬂoéﬁ’awifat PG EER SPRRBr oxi mat ol y the

o D! Bkl LA SRRt 00, UBREL Stn6eny 0 g eSSl TLONLES,
sanme Cond'tKﬂ@%h%%dﬂ&ﬂﬁ%ﬁﬁ%?JZuﬁﬁopylphthalate, copper

' (meth)acryloyloxyethylphthalate, copper

(meth)acryloyloxy-Z butylphthalate, and copper
(meth)acryioyloxy—z—acylphthalate,

. Among these compounds, the copper methacryloyl-
.phthalate and copper monophthalate as described in the
specification for Japanese Patent Laid-open (ko-kai) No.
246256/1991 filed by the inventors of the present invention
are particularly.desirable due to their excellent solﬁbility
in solvents uséd for compositions for hard-coating, such as
alcohol énd cellosolve. .

-The-above-mehtioned thiourea compounds and copper salts

N of organic acid do. not exhibit substantial infrared

aﬁsorption'or heat-absorption characteristics, if used alone
or ‘simply mixed or dissolved together. However, when
thiourea deri%atives and copper salts of organic acid are
brought.ihtd coexistence almost homogeneously and heated to a
temperature higher than 80°C, preferably 90°C to 300;Cf.
these compounds easily react producing a product Qith a

small absorption of visible light exhibiting only a pale
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- met hods and can provide a superior heat-absorbing hard- coating film The
substrate for the heat-absorbing shield substance of the present invention
may be any types of substrates requiring a silicone-type hard-coat and

heat - absor bi ng surface, such as paper, thin paper, fiber, soft. netal,
victoria |lawn, net, natural or synthetic resins, or the like. The substrate-
may be shaped.as a film cloth, sheet, board, or a nenber forned in a

speci al pe. ,Taki adyant ,o% h i'-,ﬁ §Q$ J Sl uging
char act e??s%%cstgﬁéc}{?rans%gar%g%y %Evﬁ%l?gﬁé ?}tﬁ ?at ﬁlar %rcﬁlaogpy pr‘tgf raple
substrat g3 40 MhGd Lhe kOTROsELI BLBElNELREBACN! SiRNt Gihsan be applTed
are transparent astics such as polynmethacfylic resin, polycarbonate :
resin, p%Bﬂ%ﬂﬁH ééﬁ%&biﬁﬁGﬁt$6hﬁf£§in§h§om§§§16§§%k@'H%fﬁ“ﬁﬂjbr N
of the present Tnvention can be obtained by depositing a netal” by vacuum
evapor at compthdre SHINaeL1Dy dhee@bayecappibkonateiybdhaatsanen advance, and -
by providing a heat-absorbing hard-coat filmfromthe hard-coating nateri al
cont ai ni neniperdtante coche rigpdd-coatimyosomponitionheomtasioning rukesya on on
that netal. Such a heat-absorbing shield - can exhibit an
excel | enthigareaydetiwatives cird ccoppest gliadeofaprgeaisaresid man damn
effectively suppress the glare by the reflection fromthe deposited netal
| ayer. used under exactly the same conditions as in conventional

methods and can provide a superior heat-absorbing hard-

coating £ilm. | -

The substrate for the heat-absorbing shield substance QJ
of the present invention may be any types of substrates
‘requiring a silicone-type hard-coat and'heat—absorbing
surface, such as papei, thin paper,-fiber, soft metal,
victoria lawn, net, natural or synthetic resins, or the
.like;' The substrate may be shaped as a film, cloth, sheet,
board, or a member formed in a special shape; Taking
‘advantage of the special heat absorption'shielding
characteristics and]transparepgy to visible light,
particularly preferable substrates to which the composition .
" of the present invention can be applied are transparent .Lﬂ

plastics such as polymethacrylic resin, pocharbﬁnaté-resin,
polyester resin, and the like.

The heat-absorbing shield ' - of the present'
invention can be obtained by depositing a metal by vacuum
_evaporation on the éurface of the”abové-mentioned substrate

in advance, and by providing a heat-absorbing hard-coat film

from the hard-coating material containing the hard-coating .
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The hard-coating conposition of the present invention can be prepared by
addi ng a thiourea conpound and a copper salt of an organic acid to a
comercially available silicone.varnish used for hard-coating and

di ssolving theminto the silicone varnish. A silicone resin dissolved in an
organi ¢ solvent may al so be used as the silicone varnish. The optimum
anounts of the thiourea conpound and the the copper salt of an organic acid
are dependenf . .0hj et _of AP QP I er ng y
feat . CoenorariigobSEL8RBE 1Be PI8sRAE URY R ORPCRP e o tl 7l Tded 2
conpound and,dhe_g0RBShisd knakian Organi ¢ G iexradiad 40 dPSpREAS by
wei ght (as solid) of the polysiloxane-type hard-coating material. The nol
rati o of then&®ppPLayC8HRBIAANGO chid@alitiedlstd ol enid/atdty ecHes sHRd et omd Y edut
1:3 to 1:5. The thiourea derivative conpound and the copper salt of organic
acid may be ¢l seotiedliynsupgreisisi chee glame Sy athea hrefaret Ionmef rdmut tise nce
undi ssol ved materials nay deposit over tine, it is desirable fromthe
aspect of stddgposiypedometpdr dbgley.prepare and store two solutions, i.e., -
the thiourea conpound in the hard-coating silicone varnish and the copper
salt of - organi Bhachardncopsingr goopesiitgon (afcdhe nrefent igeentien,
these two liquids are m xed 14 t oget her .and applied to the substrate, or
it may be pdiatbPe PEeRAREAeb¥haddhidssl Hhilonsese FAmRRINA i3 & FPPMen

h ve-nmentjon | ut.i ons . ar | i ed,
the abo eln%éig gg égoo§8a%5coa%i% oa%pcd%%ercially available silicone

varnish used for hatd;coating and dissolving them into the

14 silicone varnish. A silicone resin dissolved in an organic
solvenf may also be used as the silicone varnish. The
optimum amounts of the thiourea compound and_the-the copper
salt of an organic acid are dependent on the dbject of use
aﬁd-can-be appropriately determined by  test. Generally, a
total of 5 to 50 parts by weight of the thiourea compound
and the cdpper salt of an organic acid is added to 100 parts
by weight (as solid) of the polysiloxane-type hard—coating
material. The mol ratio of.the copper éompound to the_'
thiourea derivative is preferably'about 1:3 to 1:5.

. The fﬁioureé'derivafive compound and the.éopper-salt of

o;éanic acid may be dissolved in the silicone varnish.at
the same time, but ‘since undissolved materials may deposit
over time, it is desirable from the aspect of .stability to
separétely prepaie and store fwo solutions; i.e., thé
thiourea compdund in the hard-coating silicone Qarnish“and
the copper salt of . organic acid in the_hard—cbating

silicone varnish. When used, these two liquids are mixed

14



both solutions are adhered to the substrate by first applying (A a
solution in which the thiourea derivative of formula (1) and pol ysil oxane
are honmogeneously di ssol ved and then applying (B) a solution in which the
copper salt of organic acid and pol ysil oxane are honogeneously di ssol ved;
or alternatively solution (B) is first applied and then solution (A) is
appl i ed. A heat-absorbing, hard-coating |ayer can be produced in the

interfacg, (gétfl Q%arggbg%?g)ﬁiegy +&U ftlhf%q S‘Mﬁ%}fﬂtﬁé ing ip ﬁ?ﬂbﬁé n?g% 9?181? he -

heat - absor dI g Ng conposition € present ent ¥

bstrate,: 2y Raintl scoat i : ting,
pray- comk | AREGETLRRCD BOINE AR bR Yy S AT 2r i vi ng and

setting, the ﬁﬁgg%htei _Q-Boiv%-ﬁdéh%(io%d"@cﬁ&& b {SHd |aré Qﬁgg%d,resul ting

in a hard-coat layer wth a heat-absorbing function on the ace of the

substr atgotid ¥8MuBSoABOLREr adhkhed e tHO\Wuldtrardapy- £0aktfilmis a
prenol d processing nethod in which a silicone resin is applied to a netal

ol d befgpelphgi (B) ar salGlthionetihoshithvileh i adved céehivat Loat bng
. process is carried out on one side of a PC filmand the coated PCfilmis
“then i nsBezrrdlan(d)t badmpbdysdd oxanec @xen hmdafenpoddky ddiesolvediamndas to
the requi renent of annealing or a priner, as well as selection of their
types, denuapnby$ngs (B) mradelusdendilng vwdi-am&he moppesupita® used.
'ofganic-acid and'pdlysiléxane are homogeneously dissolved;
or alternatively solution (B) is first applied and then
solution (A) is applied. A heaf-absorbiné, hard—coating ' “J
layer can be produced in the interface_of'the solutions by' |
curing with heating; '

In applying the heat—absorbing'ﬁ&rd—coating composition
of the present invention to-the éubstrate, ainormal?painting
or’coating'methdd.such as flow-coating, spray-coating, dip-
coating or the like,can;be'used. After drying'and setfing,
the composition is cured by heating to 80°C or higher, .

- resulting in a hard—coéﬁ'layer with a'hegt-absorbiﬂg

function-on the surface of the subsﬁrate. Given as another L

method for pro&iéing a hard-coat fiiﬁ is'é premold e
pioéessing method in which a silicone_resin.is applied to a
metal mold before molding, or a-CFI.méthod_in which an-
advance hard-coating process is carried out on one_side'df a
PC film and the coated PC film is then iﬁserted_into thé :
mold for-injection moiding. |

The determination as to the requirement of annealing or

a primer, as well as selection of their types, are suitably
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The thiourea derivative in formula (1) and the copper salt of organi c
acid are dissolved in the silicone varnish or in a.solvent for dissolving
pol ysi |l oxane. At this time, they have no ,substantial near-infrared
absorption function, and accordi ngly, no heat-shieldihg function. However,
heating the conposition after the application to thé substrate or after the
| npregnation thereinto causes the pol ysiloxane to be further polynerized by
condensat i OpaaRd deyiRihd h PN Bfpd of GSIbSrBa8ESakble material . At the
same tjjre, the thicourea derivative ‘and the copper salt of organic acid
react to create Fheomulitked tdesivatiDraeay - fohhal&£d( ahsangt ithe copper
characteristics over a wide range. - Since the reaction products have little
color in thealtsiofl e r eppganiandcacid dre dissobsedfinrthepaiddcpnen t he
hard-coat |ayer, they can shield the heat by effectively absorbing the heat
rays from twarndsh ioxf dar ed selgrent, for spissobvingcpelybddpnane. | AL, the
hi gh percent transm ssion of the light in the visible region.  Since heat
rays are ab%BiBed in the HefecddieY Mave HRriubstantiddt pepresindrared

def orm by hegt, even en their heat resis angf I's rgﬁher ak.' O her
features of 2PRETPIHER BRHII™ b HFLY n 3nenedhrsBigtding
foll owi ng description - exenmpl ary._.enbodi nent s. which,_are, given for

i 11 ustrati oh"BF SR8 i ng%’ﬁﬁvoﬁf ’aﬁ'bea[’g)@%o he ¢ '"Oe%'léooﬁea?}-‘ﬁﬁ Fﬁﬁ t her eof ,
and in méﬁglicg@:rito% tPthe substRAd So:.byaf@é:.ghtt_he J'!Iﬁpregnation

thereinto causes the polysiloxane to be further polymerized

Lo by corndensation and hardens the polymer to form a glass-like
material. At the same time, the thiourea derivative and the
copper salt of organic'écid react to create a comébund
with strong near-infrared absorption characteristics over a
wide range. Since”the-feaction'products'have'little color
in the visible region and involve no loss of transparency in
the hard-coat layér, they can shield the heat by effectively
absorbing the heat rays from the near-infrared region, in
spite of their clea;ness; i;eﬂ, fhe hiéh percent
transmission ‘of the light’inithe visible region. Since heat

% rays are absqrbed-in the hard-coat thin layers, the
substrates hardly deform.by heat, even_when their heat
resistance is rather weak.

-Other features of the invention will become -apparent in
the course of the following description of . exemplary
embodiments which are givgn.for illustration of the
invention and aré not intended to.be limiting théreof,

and in which "parts" are - "parts by weight".
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EXAMPLES Heat - absor bi ng hard-coati ng conpositions of the present invention
were eavluated as described bel ow ’ . Those
transnmtting visible light and not transmitting near- infrared rays are
deened to have good heat shield performance. The eval uation was carried out
according to the nethod of determ nation of percent transm ssion for
daylight (visible light) and solar radiation as specified in JIS R 3106.
The greater the percent transm ssi olEXAMPLES| i ght and the snaller the
percent transm ssion for solar radiation, the better is the performance of
the heat shiel d suBsadiredsdnbimige hextdrstoateisy reompositions péctheecor di e
spect rophot onet er, nodel U 4000 (trademark) manufactured by Hitachi, Ltd.,
and t he appeseabl dnyeaddioanentwemeogremvlprdtieae were used to neasure percent
of spectroscopic transnission by the nethod specified in JIS R 3106. The .
percent tamndesssibedfbeldwylight and solar radiation were cal EiP§€ed based

on the results of the neasyrenment. As the criteria for.performance
eval uat i ohFapEPLENENGr Xi !ﬁiﬁ.' Fr %ﬁéﬁqiﬁutEﬁﬁﬁ%b$E+39aBFaFron Wels

manaf act o Ay o8 RERE TR MEHIE T 2V 19 N7 ERBLELR o [err] . usi ng
the above, et hod., Par con, d LAMSTAT AN 4 Gk sl olesadBdrasit bt of the
the method of determination of percent transmission for '
daylight (visible light) and solar radiation as specified in
JIS R 3106." The-greater the percent,transmissiqnufor.
daylight and the smaller the.percentatransmiésion for_sbia:
radiatioh, the better is the.pe;formance of the héat shield
substancé.- In_the-actuai measurements, a diregt recording
spécffdbhdtométer,_model U-4000l(tradema;k).manﬁfactured by
Hitachi, Ltd., and-the_applicable.measurement.progrém_
packagé weére. used to measuré_percent of spectroscopic
transmission by the method specified in JIS R 3106. rhe:
- percent'transmissioﬂ-for daylight'aqdzsola: radiation were
calculated based on the results of thé measurement. .
As the criteria for performance evaluation, percent_ ' Qﬁ)
transmission for daflight and splar'fadiation'was determined
on a commerciaily availéble heat shield film, NR254B_._
(trademark) maﬁufactured.by Sunshed Industries Ltd., ﬁith a
thickhess of 9 um, using the above method; Percent
transmission for daylight was 48% and that of the solar

radiation was 57%.
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Exanple 1 Twel ve parts of diphenylthiourea and 6 parts of copper

nmet hacr yl oyl oxyet hyl pht hal ate were di ssolved in 476 parts of silicone
varni sh (Tosguard 510: trademark, nmanufactured by Toshiba Silicone Co.

Ltd.; solid content 21% to obtain a heat- absorblng har d- coat i ng
conposition (liquid conposition for near-infrared absorption). This
conposition was applied to a substrate of a 70 [err] polyester filmusing a
Mayer bar &mdmgles sl vent was vol atilized at roomtenperature. After
setthg the composition was cured by heating for two minutes in an oven at
[err] “To obtai n Zva¥enprrent of ndiphenybthionraavwand & Pﬁgﬁﬁ @ﬁe@@B@ﬂﬁn
The anpunt of the conposition applied to the substrate was

Anot her cofgd$iaqIoh AakOprepay teh thal ake surEendAfgPL H?daﬂﬂvé7%yPﬁF%ﬁn€f430

arts of the licone resin (SR 2410 depar uf actured b
For ayl or ] B iasH# P @fﬁ' ofiEoegaard, ol0 EFpdenghkentostspctiiede by of

et hacry! oy R T P & - arh 8233%%@&%#{3%{1&%&3)#” ifche i n
30 parts of, 3319@s5¥ﬁ9ﬁ %E&QES é%'iﬁgc8883§éi£98n g&&hl%%ﬁﬁgsatlon

Substrate in e sane nahner a ove to Ol par ent t Shield

filmwith gdd gl QI Be-LAPT abdBBpE L AP, exfhbgtégmgaggﬂeh haat agguatea' ng

properties, with percent of transm ssion for daylight of 64% and and .
that for seban raghsdrote obf 4% angn 480 vésteoecEivml Msiblg aemhly@g bt he
har d-coat | ayer was observed after

and the solvent was volatilized at room. temperature. After

setting, the composition was cured by heating for two
minutes in an oven.at 150°C to obtain a transpaient, heat
shield film with a light.green color. The amount of the
composition épplied to the substrate was 8 gm/mz.
Another composition was prepared in the same manner as
above by mixing 430 parts of the silicone resin (SR 2410:
trademark, manufactured by TorayeDow Corning Silicone Co,,
Ltd.; éolid content 23%), instead of silicone vérnish, and
. 12 parts of diphenylthiourea and 6 parts of qopper'
methacryloyloxyéthylphthalate, and homogeneously dissolvihg
i_/ the mixture in 30 parts of methyl ethyl ketone. This |
| composition was applied to a substrate in the same manner as
above to obtain a transparent heat shield fiim with a light
green color.. .
The films exhibited superior heat shielding properties,
with percent of transmission for daylight of 64% and 63%,
and that for sqlgr;radiétign of 45% and 42%, reséectively.

No peeling of the hard-coat layer was observed after
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18 I mersion of these heat shield filns in nethanol, acetone, benzene,
or ethyl acetate for 3 days. Al so, no change was observed in the heat
shiel ding characteristics. Exanple 2 Twelve parts of
1, 3-di - m chl orophenyl t hi ourea and 6 parts of copper
met hacryl oyl oxyet hyl pht hal ate were di ssolved in 330 parts of a silicone
har d- coati ng agent (Si 801A: trademark, nmanufactured by Dai hachi Chem ca
Co., Ltd.;imRbi8i6ANBENEHh3EY hedtoRididld fichis A AMSLtNEnOR dagedbhBy
material. This material was applied to a substrate of ‘a 70 ferr] pol yester
filmusi nbendbye; barethdlt heetaltecomd deptsl | |IAYSE, ahor 6hAhGeMpaEat Ue.
After setting, the material was heat-cured by heating-for two mnutes in an
oven at [ esbhdervedobhaitheahepinshieddinpathatdctaristiwsith a |ight green
color. The anount of the conposition applied to the substrate was 8
gm [err]. Byrmpde Bransparent heat shield filmwith a light green color was
obt ai ned by processing in the same manner as above by using 8 parts of
copper n- but yl-BvphvRaParési Rt dad - o sdrkarqph gpiourea and 6
met hacryl oyl oxyet byl pht hal at Per

/ST s

i i f dayl.i gh d
that for RABFY ol SPPBRT.BEENRSTY, e?&@%%%?@ﬁﬁ%ﬁgwo%ﬁsgﬁat sstaét:rged as
i'n Ex le 1. hi bi d i h i-al di i it
bor cont nge T 130 bREEnOfoR AARERNE S e B TR ORA: "ol ar

radiation of 43 209 #4furactured by Daihachi Chemical Co., Ltd.; -

solid content 30%)ft0'obtain a heat—absorbing hard-cdating
material. This material'was'afplied-to a Substrate of a 70
pm polyester £film uéiﬁg a Mayer bar and . the solvent was
‘volatilized at room temperatuie. After setting, the
material was heat-cured by heating for two minﬁtes-in-an
oven at 150°C, to obtain a transparent héét sﬁield film with
a'light'gﬁeen color. The amount of the composition appiied:.
to the substrate was 8 gm/m2. | _

Another transpaienf heat éhield-film with a light green
color was'obtainéq by pfocesginé in3tﬁefsame manner as above
by usiﬁg 8 parts_of1COpper_n—butyl-o—phthalate'instead of 6
parts of-copper.methacryloyloxyéthylphthalate.-. - ' _ QJ

| Percentaée transmission for daylight and that for solar
'radiation were measured on these films by thé same method as
in Example if, They exhibited'superior'heét shielding
properfies;'with-percéntage tfansmission'for daylight of 63%
and 62%, and thaﬁ for sQlar radiationféf'47% and 42%,
respectively. 'In addition; no peeling of the hard-coat -

layer was observed after immersiqﬁ_of thé heat shield films
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respectively. [In addition, no peeling of the hard-coat |ayer was observed
after imersion of the heat shield filnms 19 I n et hanol, acetone,
benzene, or ethyl acetate for 3 days. No change was observed in the heat
shi el ding characteristics. The filnms were irradiated by ultraviolet |ight
continuously for 500 hours by nmeans ofan ul traviol et weather neter,

wher eupon the percentage transm ssion for solar radiati on was again
measured. ifhmethkmelyeeeetons] tbenzsme n cupthpl acetabeaforxhdeddiag

per f okgance stability, with the percentage transm ssion for solar radiation
bei ng 50% Badchenger wese GhsgaIve: %rﬁi%%&m\@h@ﬁlmgparts of

1, 3-di -m ch] orophenyl t hi ourea and 12 parts of copper
nethacrylo?h@%?éFﬁFPﬁﬁﬂﬁélate were dissolved in 476 parts of the sane .

| h (T d 510 d h -
bsor bi ng. ar d- 208t FgTBoMsaS: tirgaLakash ey aﬁ@m ¢ Bt 98 bonat e
| at h d '
P d- coat | NG ESABBEFT o oo TP PPt P AHAT (oo BET I F ABs oR bR PBned
by eYaPOr Bl 0,01 % SRR A LGB EP Y A o 7 £ 38 LL0G LN

conposi ti on was'heatr-cu e€s In an oven

obtain a heal; 58k shdiAg P%nph@a%&% a hﬂ?é £k dhdifle PROYRAT BENAL €

plate, both transparent and col ored | i ght
retain superior heat shielding performance stability,

to

with the percentage transmission for solar radiation being
.K//' 50% and 46%, respectively.
Example 3
Twenty four parts of 1, 3-dl—m—chlorophenylthlourea and
12 parts of copper methacryloyloxyethylphthalate were -
dissolved in 476 parts of the same silicone varnish
(Tosguard 510) as used in Example 1 to obtain a heat-
absorbing,hard—coating composition. A PMMA plate and a
'polycaﬁbdnate platé,-eﬁch of 2 mm thickness, were.immerséd
in the héat—abSorbing hard-coatiné compositiqn to apply this
composition to both sides, fdllowéd bj evaporation of thé
‘solvent at room tempefature. After setting, the compqsition
. was heat-cured by heating for 2 minutes in an oven at 150°C,
to obtain a heaf_shielding PMMA plate and a heat shielding
polycarbonate plate, both transparent and colored -light
fgreenJ The amount of the composition adhered to the plates
was 6 gm/mz. |
A composition was prepared in the same mannér as above

by mixing 400 parts of silicone resin (SR 2420: trademark,
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green. The anmount of the conposition adhered to the plates was 6 gm[err].
A conposition was prepared in the sane manher as above by m xing 400 parts
of silicone resin (SR 2420: tyrademark, 20 manuf act ured by Toray Dow
Corning Silicone Co., Ltd.; solid content 23%, instead of 476 parts of
silicone varnish, and 10 parts of 1-benzyl-3-mtolylthiourea and 15 parts
of copper nnnobenzyl o- pht hal at e, - and honogeneously di ssolving the m xture
in 30 parmsnefageulpd dyhyodest @oer Cobtning @hscénenceas appl i;edoladPVRA
and pol ycarbonate plates in the same manner as above to obtain heat-shield,
pl at es. Rmn’eenagé%r)ans.mmadn diford Thayda it @i ds 1 hitoher vaghashradidt | or's¢
wer e neasured on these ates by the sane nethod.as in Exanple 1. Superior
heat sm(ﬂQﬁmgrpﬁopérﬂr§§nmmia3ﬁmn§Qk¥iﬁhiQﬂ¢e¢ﬂ%m@sl5tPerpﬁwnfplates had
percentage of transm ssion for daylight of 70% and 73% and that for solar
radi at i orFPPPSBIFIRALSBHY L gse g e FRNPBRG LY B4AECAVARE! es

f | f 69% and 679 d that f '
epaigrs: %gﬁﬁﬁfspﬁrisg%aﬁ§s'@é%ts°é£e{qﬁr%¥ °hx6ﬁ%%€?335 he5 hool i ng. of
he hard- 10| t in,
oo CSfbos it ity B snaTby it é?ﬁﬂ %& i® S viptasRgsR pia%eéﬂaﬁge vas
observed Jn, tggmgeﬁénﬁg&e'a%' %%o Jia%[’ﬂ Steat A&ﬁleweéi%%egha”ge 'f‘_

per cent agé of ransmssion.fof SO ar lon -~ Teéesu romthe
Percentage transmission for daylight and that for solar

u

radiation were measured“Oh these plates by the same method
as in Example 1. Shperior heat shieldingfproperties were
observed in all_plates;'the PMMA plates had percentage of -
transmlss;on for dayllght of 70% and 73%, and that for solar
radiation of 58% and 56% respectlvely, whereas the
polycarbonate plates had percentage of transmlss1on for
daylight of 69% and 67%, and that for solar radlatlon of 40%
and 39%, respectively. 1In addltlon,_no_peel;ng;of_the
hard-coat layer was-obServed afterrimmersion of these plates
in methanol, acetone, ‘benzene, or ethyl’ acetate for three.
days. ‘No change was observed 1n the heat shleldlng f__
characterlstlcs. Also,-llttle change. in percentage of _ _ oo/
transmission for solar radiation - ' resulted from the
irradiation of ‘these phnxs wﬁh'ultraViolet light for 500;
hours in the same manner aS'ih.EXampleﬁl;_ |
.Comparatite Example 1
Twelve parts of copper methacryloyloxyethylphthalate

was dissolved in 470 parts of the same silicone varnish as

used in Example 1 to obtain a comparative hard-coating
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irradiation of these plates with ultraviolet Iight for 500 hours in the
same manner as in Exanple 1. * Conparative Exanple 1 Twel ve parts of copper
met hacryl oyl oxyet hyl pht hal ate was di ssolved in 470 parts of the sane ’
silicone varnish as used in Exanple 1 to obtain a conparative hard-coating
21 conposition. The conposition was applied to a 70 [err] polyester film
in the sanme manner as in Exanple 1 to provide a hard-coat |ayer, thus
~obt ai ni ng eompasdfdoant thee danpns ifttion | vas happ peedetd ar @@spinssi on for
dayl iight of 65% but that for solar radiation was 63% indicating that it
has subst apelaeisEero fida ighitdielisape manreerastin sExgoppar at toePERUABRe 2
Twel ve parts_of diphenylthiourea were dissolved in 470 parts_of the sane
silicone varRR¥A-£als dRYSF DM CBtainiig A rtrrreppEeati béufafdlBeat i ng
conposition, The _conposition was applied to a 70 [err ol yester filmin
the sane n&kRfe %i?ih?qEﬁﬁﬁﬂﬁyﬁ.qqg) ?kP%i#EﬁcAQX%AgﬁEy §,5§ﬁustt

obt ai ni ng col qrl ess transparent film film had. percent t sm ssion
for'dayligﬁpagf%§5%FQ$ﬁFtﬁé§§% Ory 3784 4%%%&&?4EF %5€qa%nﬁ¥2§?an t hat
i't has sub Lall. eat: ' i har l.stLes, s Hard-coating
conpositio%gﬁ%%?gkﬁ%égg}E%aﬁﬁéﬂkgﬁiﬁﬁ?ééghéﬁéég# #ﬁé&%%?&e Exanpl es 1 and
2 by usingcbhpasaiBve IE-GaAd €5in as used in Exanple 2, instead of the

ot cone Twelve parts of diphenylthiourea were dissolved in 470
parts of the same silicone varnish as used in Example 1 to
“obtain a comparative hard-coating composition. The
composition was applied to a 70 um'éolyester film in the
same manner as.in Example 1 to provide a hard-coat layer,
thus obtaining a colorless transparent film. The film had
percent tfansmission.for-daylight of 90%, but fhat for solar
.'radiation-was 85%, indicating that it has substantially no
heat shielding characteristics. |
' Hard;coating compositions were prepared in-thé same
manner as_Comparative Exsmplesjliand 2fby using the same
silicone resin as used in—Exaﬁple 2, instead of the silicone
/ ‘varnish, and_individually'incorporating copper |
‘monobenzyl-o-phthalate or diphenylthiourea. The tests
carried out on the same films as used in Comparative
Examples 1 and-2_gave'the same results as these.Comparativé
Examples. |
Comparative Example 3
A film was obtained'in the same mannsr as in Example 2

by using a'somposition”prepared by dissolving 3. parts of a
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varni sh, and individually incorporating copper nonobenzyl-o-phthalate or-
“di phenyl thiourea. The tests carried out on the sane filns as used in
Conpar ati ve Exanples 1 and-2 .gave the same results as these Conparative
Exanpl es. Conparative Exanple 3 A filmwas obtained in the sane manner as
in Exanple 2 by using a conposition prepared by dissolving 3 parts of a 22
near-infrared absorbing pigment, 1R302 (trademark, N ppon Kayaku Co.,
Ltd.), hayéas-aneharedaabsorbing Tiomens] ARGO02 (Oagemaskef Nappohi cong
hard-coating agent (Si Oigoner 2: trademark, manufactured by Daihachi
Cheni cal Keyakht do. ,stitidd )goeering 5jchdmiedl [ £oxqular shownebeilom,wds
exposed to irradiation by ultraviolet light in the same way as in. Exanple
2. It hatlopepaets bfanssiiddicome haxsbicoating Agent of SE5HLigPBeng t hat -
the filmhas |ost substantial near-infrared absorption capability. As

i 11 ust r atedadevask apesvdasiured Ry fHaiharhi fARMMISALaCReat L4Fsér bi ng
hard-coati ng_conposi tion can be prepared nore inexpensively than .
convent i 0P lﬁe&PnFﬁPFa@éﬁ)absorbing agents froma thiourea derivative

conpound and a _
(C4H9)2N 4+ N(C4H9)2
- - ~/ T sbrg

- N N o
| \\4II»FN(C4H9)2

‘The film was éxposed to irradiation by‘ultraviolet
light in the samé'ﬁay as in Example-z.i.It_had pefcent
transmission for solar radiation of'85%,-prpviﬁg_that-the-
film has lost substarntial near-infrared absorption
capability.’ |

As illustrated above, accokding'to the present
inventibn a-héat-absorbing hard-cOating'coméosition can be
preparéd more inexpensively than cénventional.near—infraréd-
absorbing agents from é_thiourea dériﬁati&e cbmpound and a
coppexr sait of organic acid, both industrially manufactured.
The incorporation of the near-infrared absorbing compound
into -a hard-coat layer simultanequsiyJwithithe forming of
the hard-coat layer'usiné.heat in the curing'process of
polysiloxane according to the preSent inVehtion ensures
cheaper and simpler'manufacturing of heat shield.substances'
than conventional méthods. Thus, the heat-shielding

substance of the present invention can find its application
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copper salt of organic acid, both industri.ally manufactured. The

i ncorporation of the near-infrared absorbi-ng.conpound into a hard-coat

| ayer sinultaneously with the forming of the hard-.coat |ayer using heat in
the curing process of polysiloxane according to the present invention
ensures cheaper and sinpler manufacturing of heat shield substances than
conventional nethods. Thus, the heat-shielding substance of the present

i nventi onwicen gredti advapphigeat for 2&ample wiith agrleatgerciemtage, for
exanple, in a large-scale structure such as a car*port. In addition, it is
possil e strpeturdesucheas- absarbPegtahi dind agiidians skl fR POFFHRERsed to
a high degree of hardness on_any_type of substrate. Theréfore, any nol ded

articles &9 rEapifeapchedkapbsezhipg ShdCddsadid At f C@Dsor bi ng

| ayers, as required afteh_ngl in%. Fu%tﬁgr re, accordi to the present

i nvent i orPFREESEREr §Y BaR B8 SRFCSSUCTaNE™ Sh&F AP 'eYRBUrTace of the
substrate he, provi.sion of heat- rl iJity-in the heat

resi st ant® ?%r%8§f I ?g‘g%”?f%ﬁ% %hﬁ%%gd%dpgﬁ%ﬁk%ée h%%t -shi el ding effect

even for &;ﬁ#fi&é%ﬁ EhbDeS Bl pRCY-JRYSUARE £ O 1N YabOBBIAYS
nodi ficatTons and variatrons of the present invention are possible™in |ight
of the abpygeigachingequlitrelds alehere i1 iy he Fudaexindib | adcadbd g t he
scope of the appended clains, the invention may be practiced

to the present invention heat energy can be shut out and

confined in the surface of the substrate by the provision of

heat-absorbing capability in the heat resistant hard-coat

~ layer. This ensures a remarkable heat-shielding effect even
for a substrate with small heat resistance.  |
| Obviously, numérous modifications and variations of_the
present invention_are possible-in light of_the,abpve .
teachings. It is theréfore to be understOod that within the
scope of the appended claims, the invention may bg practiced
otherwise_than'as specifically described herein.

—
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ot herwi se than as specifically described herein. 24 = 33579.92 "C
SPEC.4 CL AI MS 1. A har d-coati ng nUaL-dbbUfbing conposition
conprising: polysiloxane; thiourea derivative r fol |l ow ng
formula (1), [err] wherein [ERR]" and [err] are Gm I““m(m ndent |y :
from hydrogen and al kyl, aryl, aralkyl, alken an + anmd 6- nenber ed
cyclic residual groups, having 1 22 carbon at ons, wherein each group may
have one or nore substitute groups sel ected fron1a|ky|" aryI -aralkyl and
al kenyl groups having 1-10 carbon atons 333d%-% tro.C™ ha#E8Geh, hydroxyy,
and am no groups; -and organic acid copper salt. 2. A conp05|t|on
according to claiml wherein said copper salt is a copper salt of

o- pht hal ic-aci d nonoester. 3. A conposition according to-claim1 or
2 conprisith@ AA M 8 solution in which polysiloxane and said thiourea
derivative are honogeneously dissolved, and (B) a solution in which

pol ysi | oxane and sai d copper salt are honogenously dissolved. 4. A
substrate having theron a heat-absorbing hard-coating |ayer which is a

cured conposi tion AGERGdEeHEihg Kdati-BbsbrbZndlcodposition comprising:

polysiloxahe;
thiourea derivative represented by the following formula

(1), . .
R, - NHE - CS - NH - R (1)

wherein R, and R, are selected independently from hydrogen and -
alkyl, aryl, aralkyl, alkenyl, and 5- and 6-membered cyclic
-residual groups, having 1-22 carbon atoms, wherein each group may
have one or more substitute groupe selected from alkyl, aryl,
aralkyl, and alkenyl groups having 1-10 carbon atoms and nitro,
halogen, hydroxyl, and amino groups; and

organic acid copper salt.

2. A composition according to claim 1 wherein said copper
salt is .a copper salt of o—phthallc ac1d monoester.

3. A coﬁposition according to claim 1 or 2 comprising (R) a
.solution in which polysiioxane and said thiourea derivative are
homogeneously dissolved, and (B) a solution in which polysiloxane
and said copper salt are homogenously dissolved.

4. A substrate having theron a heat-absorbing hard-coating
layer which is a cured composition according to claim 1, 2 or 3.
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5. A substrate, a netal layer fornmed by vacuum evaporation of .
metal on the surface of said substrate, and fornmed on top of said netal
‘layer a heat-absorbing hard-coating | ayer which—s a cured conposition

according to claim1, 2 or 3. 6. A coat t ' rding to
claim4 or 5 wherein said substrate is a synt hgﬁ\ﬂmﬂmm‘mﬂﬂ mer or :
copolynmer. 7. A substrate and a heat+absorii Mg Shafd-coating .

| ayer fornmed on the surface of said substrate by applying solutions (A
and (,B) defined in claim3 and curing with -heat to formthe heat-absorbing

har d<.coabi. ng | Ay esubstratehe a hettadr Lays fofmedshy drasuhmitdvensratApnand (B).

8. . t &S bl i 3¢ z | I t4 sypst I gkly as
her ei nbe?g?g{%gs%r??Egﬂlﬁg%@n?fgﬁﬁ%h%ggggg%aﬁ t%&%?dQ% % Gi ~ coat ed
subst r at 821d s @Es2hndP¥8Y y2 heat-Resoebinghard-cgating daven whiehy igne of

. Exanpl es clrdd cémpotdtion according to claim 1, 2 or 3.

o ' 6. A coated substrate according to claim 4 or 5 wherein said
substrate is a synthetic organic polymer or copolymer.

7. A substrate and a heat—absorbing hard-coating layer
formed on the Surface of said substrate by applying solutions (R)
and (B) defined in claim 3 and curing with heat to form the

N/ heat-absorbing hard-coating - layer' in_ the interface of sa_id
solutions (A) and (B).

8. A heat—shielding hard-coating composition substantially
as hereinbefore described in any one of Examples 1 to 3.

9. A coated substrate substantially as hereinbefore
described in any one of Examples 1 to 3.
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