DESCRI PTI ON NEAR- | NFRARED ABSORBI NG FI LM AND MULTI - LAYERED PANEL
COVPRI'SI NG THE FI LM TECHNI CAL FI ELD The present inventi.on relates to an
i nfrared absorbing film which absorbs near-infrared rays as emtted by

i mage out put devi ces such as plasna displays, |ighting appliances or the
li ke so as to cut off the penetration of the rays through the film
t hereby preventing renote-control :infrared conmunication ports that

enploy the rays falling within an infrared range for comunication from
mal functi oni ng and even preventing the appliances to be controlled by those
bl

renote- control devices from nmalf N More precisely, the
I nvention relates to a nmulti-layered filmor a panel of a nmulti-I|ayered
sheet that conprises an absorbing | ayer having a near-infrared absorbing
effect and_an el ectromagnetic radi ation shielding effect as conbined with a
t r anspar e NEARHHRRARED | ABSQRBING rBIBMes #dDa ABE/TIIAYERED c RANEE
filter to be used, for exanple, for light-receiving sensitivity correction
or col or tEREPRIFINC T EXiMhot odi odes or solid i nage sensor (CCD) caneras
as used in light-receiving devices
TECHNICAL FIELD
The present invention relates to an infrared absorbing
film, which absorbs near-infrared rays as emitted by image
output devices such as plasma displays, lighting appliances or
the like so as to cut off the penetration of the rays through
the film, thereby preventing remote-control infrared
communication ports that employ the rays falling within an
infrared range for communication from malfunctioning and even
preventing the appliances to be controlled by those remote-
control devices from malfunctioning. More precisely, the
invention relates to a multi-layered film or a panel of a
multi-layered sheet that comprises an absorbing layer having
a near-infrared absorbing effect and an electromagnetic
radiation shielding effect as combined with a transparent
conductor. It further relates to a near-infrared cut-off
filter tobe used, for example, for light-receiving sensitivity
correction or color tone correction in photodiodes or solid
image sensor (CCD) cameras as used in light-receiving devices

or image pickup devices in optical appliances, and also to a

film or panel to be used for detecting forged cash cards and



or image pickup devices in optical appliances, and also_to a filmor panel
to be used for detecting forged cash cards and | D cards. The

mul ti-layered sheet as referred to herein is one as prepared by |ani nating
functional filnms, which include the filmof the invention, on a substrate
havi ng a shape-retaining function, generally on a transparent substrate.
BACKGROUND ART As near-i nfrared-absorbing, panels, known are glass
filters having a netal deposit filmforned thereon, and netal

i on-cont ai_ni ng phosphate glass filters. However, as gk?ﬁ based. on t he

phenomenof PoFar g erfTé‘ree’r‘}EgFlt' aYeopAvinaste 35 b ehEe erRAP th&PCre
negatively influenced by reflected |ight and that their infrared-absorbing
capabi | i t Bespaerabed #Y didatdsoAunes irnalnbisnguaich dnclydeddia i on,

t heir production costs are high. On the other hand, the latter are al so

pr obl emat ifd limno f Hete dhegniboor boma stibstrate hawing rephape-pesadadad n a
conplicated process. Miyreover, the conventional glass filters are further
probl emat fanictibhat geheyadle beaay transparent substrate.

BACKGROUND ART

As 'near-infrared-absorbing panels, known are glass
filters having a metal deposit film formed thereon, and metal
”ion-containing phosphate glass filters. However, as being
based on the phenomenon of interference, the former are
problematic in that they are negatively influenced by reflected
light and that their infrared-absorbing capabilities do not
often correspond to luminous quantities. In addition, their
production costs are high. On the other hand, the latter are
also problematic in that they absorb moisture and that they are
produced in a complicated process. Morebver, the conventional
glass filters are further problematic in that they are heavy
and are easily cracked, and, in addition, they are difficult
to work.

In order to solve these problems, various plastic
materials having absorption characteristics in the infrared
range have been proposed for producing plastic filters. For
example, as in Japanese Patent Application Laid-Open (JP-A)
Hei-6-214113, known are panels whicl:l are produced by dissolving

a metal phthalocyanine compound in a monomer of methyl



and are easily cracked, and, in addition, they are difficult to work. In
or-der to:solve these pr.ohl ens, various plastic materials. having absorption
characteristics in the infrared range have been proposed for producing
plastic filters. For exanple, as in Japanese Patent Application Laid-Open
(JP-A) Hei-6-214113, known are panels which are produced by dissolving a
nmet al pht hal ocyani ne conpound in a nononer of nethyl 2 nmet hacryl ate
foll owed by pol ynerizing the nononmer. Al so known are

near-infrared-absorbjn nel s, whi ch are produced by kneadi a

pht hal ocya‘h‘?ﬂ%a‘é %%%05 OxigdLRY Horfet Ut %E’)?atﬁg%%m%%rrp%ﬁd’ KRCHDr esi n
melt foll owed by sheeting the resulting m xture through extrusi on, However,
the panel ¥ddEEEGHNEERFROSELSNPHNGerPRRELEr il 8KEr REWHICHTY bY

pol yneri zation, and therefore could not apply to near-infrared-absorbing

mat eri al s kir¢a®king eat ROthallof iafsiegh| @ompoird t RFs @WARH 2@ ReRRpeSed or

deteriorated
cyanine compound in a resin melt followed by sheeting the

resulting mixture through extrusion.

However, the panel productioln comprises high-temperature
melt extrusion and polymerization, and therefore could not
apply to near-infrared-absorbing materials which are thermally
.unstable or to those which are decomposed or deteriorated
through chemical reaction under the process condition.
Accordingly, the near-infrared-absorbing characteristics of
the panels produced are not satisfactory. In addition, when
panels are used in displays, etc., not only their near-
infrared-absorbing characteristics but also their color tone
characteristics are important. To control the color tone of
panels, in general, a plurality of different dyes must be mixed.
However, when mixed with other dyes, some dyes having near-
infrared-absorbing characteristics may change their
characteristics, or may even change their near-infrared-
absorbing capabilities through chemical reaction or dielectric

interaction with the dyes mixed therewith.

DISCLOSURE OF THE INVENTION
Having noted the drawbacks in the prior art, we, the present

inventors have assiduously studied, and, as a result, have found



t hrough chem cal reaction under the process condition. Accordingly, the
near - i nf rar ed- absor bi ng .characteristics of -the panels produced are not
satisfactory. In addition, when panels are used in displays, etc., not only
t hei r’ near- infrared-absorbing characteristics but also their color tone
characteristics are inportant. To control the color tone of panels,

I ngeneral, aplurality of different dyes nust be m xed. However, when m xed
wi th other dyes, some dyes having near- infrared-absorbing

characterigf] % -15R8%E nehbelih reRReACEYdoT ity fA1nMBY S¥RB1¢hange
their near?t}érl\ rsaarme - absaorbi ng (r:lgpabill 1ties tr?rough lgﬁjem cal regction or

Ot AR EBRE el 05 Y3 MU0 E LMt L i DL AU OO CF 0
2l 1 07 & CheRPEPRRYAT aiThBCsPBr Ry vy ByheE Mt HR sR¥8 s the s "an
absor bing é?é’v%aé’ﬁsf" %%a£ﬁierga[s?{segfatbr§fé bfiirh%ling, we have completed the
present invention. 1In addition, we have further found that the
near—ihfrared—absorbing panel of such a multi-layered film or
sheet of the invel;ltion that solves the drawbacks noted above
is produced by a specific method of casting or coating a uniform
" mixture comprising a near-infrared-absorbing dye and a polymer
resin. In the method, the dye and the polymer resin material
may be selectively combihed. These findings have au-gme‘nted the
completion of the invention. Accordingly, the object of the
invention is to provide a film having a high near-infrared
absorbance and a high visible-ray transmittance, and also a
panel of a multi-layered sheet comprising the film.

The object of the invention is attained by a near-
infrared-absorbing, single-layered ormulti-layered filmwhich
comprises an absorbing layer of a near-infrared-absorbing dye
as dispersed in a transparent polymer resin, and also by a
multi—iayered sheet panel comprising the film. When mix_ed with
different dyes, some dyes change their characteristics, or some
others chemically react with them or dielectrically interact
with them, or still some others {pse their thermal stability.

Therefore, in the invention, indi'vidual dyes are separately

sheeted into different films in suitable methods, depending on



dye as dispersed in a transparent polynmer material, solves the drawbacks.
Onr the basis of this finding, we have conpleted the present invention. In
addi tion, we have further found that the near-infrared-absorbing panel of
sucha multi-layered filmor sheet of the invention that solves the

dr awbacks noted above is produced by a specific nethod of casting or
coating a uniform m xture conprising a near-infrared-absorbing dye and a
polymer resin. In the nethod, the dye and the polynmer resin material my be

sel ecti vel yhea#cRgadactbesstibydi Ngs af?\lﬁr_ﬁllg'f‘?/%ﬁdtlﬁ@eré&{Mﬁid d11efs t he
i nvention. Accordingly, the object of the invention is to provide a film

| nve - n ; ;  SLbles rav.
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transmttance, and al so a pane a multr- eet conprising

film The g@j& eb- ﬂflatt. r1;':‘?1e: @FE.’LLQQ}&&§e&t %{HP_SP ﬁ}'eeat ﬁg?lréx%k?zc desired

i nfrared-a I ng, Sing ayered or nu ayered m conprises an

absor bi ng | I ear-infrayred-absoerbing dye .di spersed in,a
transparentcgéglryﬁéeorr?eré;s?{ﬁ, t{(S{lrtled EARI0) b?gﬁaﬁﬁﬁgt,?gfﬁgéff% SHEGE p%\ﬂ%l the

conprising_the HiLnl Waen mixed with different dyes, sonme dyes change their
charact eri St°¢0185F2Y0A8 8€hers chemical ly react with them or

dielectrically interact with them or still some others | ose their thernal
stability. The invention is described in detalil hereinunder.

BEST MODES OF CARRYING OUT THE I.NVENTION
The film and themulti-layered sheet panel of the invention
are anear-infrared-absorbing, single-layered ormulti-layered
film that comprises an absorbing layer of a near-infrared-
absorbing dye as dispersed in a transparent polymer resin, and
a near-infrared-absorbing, multi-layered sheet panel
comprising the film, respectively.
The absorbing layer of a near-infrared-absorbing dye as
dispersed in a transparent polymer resin, which is in the
- near-infrared-absorbing panel of the invention, may be any of
a film as formed from a uniform solution of a .nelar-
infrared-absorbing dye and a polymer resin in a solvent through
casting; a film as formed by applying a uniform solution of a
near-infrared-absorbing dye and a polymer resin in a solvent
onto a transparent film of polyester, polycarbonate or the like
through coating; a film as formed through melt extrusion of a
near—infraréd-absorbing dye and a polymer resin; a film as

formed by polymerizing and solidifying a uniform mixture of a



Therefore, in the invention, individual dyes are separately sheeted into
different films in suitable nethods, depending on 4 :.their
characteristics, and a plurality of the resulting filnms are lamnated to
give a multi-layered filmor sheet in such a manner that the multi-Iayered
filmor sheet may exhibit desired color tones in the

near - i nfrared-absorbi ng range and the visible-ray range. The invention is
described in detail hereinunder BEST NCDES OF CARRYI NG OUT THE | NVENTI ON
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t ranspar ent polyner resin, which is in
fil Any one or more of these fllm layers may be in the panel,

either singly or as combined. Specifically, different films
of different near-infrared-absorbing dyes are formed in
different methods, dependingon thg characteristics of the dyes,
and a plurality of those films are laminated together, or the
”films are used singly. In that manner, the single-layered or
multi-layered films may exhibit any desired color tones in the
near-infrared-absorbing range and in the visible-ray range, in
accordance with their objects.

In ordinary hot melt extrusion methods, films are
generally formed at high temperatures not lower than 200°C.
However, the £film for the absorbing layer in the near-
infrared-absorbing panel of the invention is formed in a casting
method or a coating method, it may be dried in a mild condition
at temperatures not higher than 150°C, at which the near-
infrared-absorbing dyes used are not thermally decomposed.
Therefore, in the method for the invention, even dyes having
low heat resistance could be used so far as they are uniformly
dispersed in ordinary organic solvent. Accordingly, the
invention is advantageous in that_the latitude in selecting the

usable dyes is broad.



near - i nfrared-absorbi ng panel of the invention, may be any of a filmas
formed froma uniformsaol ution of a near- infrared-absoerbing dye and a
polymer resin in a solvent through casting; a filmas formed by applying a
uni form sol ution of a near-infrared-absorbing dye and a polyner resin in a
solvent onto a transparent film of polyester, polycarbonate or the |ike

t hrough coating; a filmas fornmed through nelt extrusion of a
near-infrared-absorbing dye and a polymer resin; a filmas formed by

pol ymeri zi ng a”gngcq{) d dht E.HQ Sr WU 4 me’ﬁth'érdefe? f"oﬁnln the 5llﬁlsoagh

near - i nfrar ed- abs I ng ye and a nDn r mas Tornme
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oxi de or ransparen I"ast one or nore” of

t hese fil Iay rs anel,., either sinhgly or as conbined
SpeC|f|caIn}r: t§? f&%n? fl?‘f‘r?sng:fkp r% ént?ﬁgﬁofﬁ?%/ﬁrre%%b%ybhﬁgaﬂyes are
formed in dj fferent net hods, endi%%ﬁon the characteristics of the dyes,
and a pIur%.|t§n?ﬁntkﬁEﬁP§R?Fﬁp r P 1P e ROGREHRY, of OF heexample,

copolyesters, polymethyl- methacrylates, polycarbonates,
polystyrenes, amorphous polyolefins, polyisocyanates,
polyallylates, triacetylcellulosgs, etc. Where it is desired
to obtain thin films having a thickness of not larger than 50

nmicrons and having the intended near-infrared absorbing
capabilities, the dyes to be in the films must be dissolved in
the binder resin to have a high concentration of from 1to58%
by weight (relative to the solid content of the resin), though
depending on their types. However, stable dye solutiohs having
such a high concentration could not be prepared, if ordinary
binder resins such as polycarbonates, acrylic resins or the like
are used. Even if the dye could be forcedly dissolved in such
a binder resin, the resulting solution is unfavorable as being
problematic in that the dye is unevenly distributed therein,
or is precipitated to give a solid floating near the surface
of the solution, or the solution is coagulated.

For the purpose of dissolving the dyes to give dyes
solutions having such a high concentration, preferred are the
polyester resins described in the applicant's own JP-A Hei-
06-184288, Hei-6-049186, Hei-07—i49881, and Hei-08-100053.

These polyester resins are preferred, as dissolving the dyes



films are used singly. In that manner, the single-layered or nulti-Ilayered
fil s may exhibit any desired color tones i-n the near-infrared-absorbing
range and in the visible-ray range, in accordance with their objects. In
ordimary hot nelt extrusion nethods, filns are generally forned at high
tenperatures not |ower than 200[err]C. However, the filmfor the absorbing
| ayer in the near- infrared-absorbing panel of the invention is fornmed in a
casting nethod or a coating nethod, it may be dried in a mld condition at

t enper at ur nQt._hi gh t O er j s <7 d :

i nfrared- agggr glgﬁghgygée useolerzgtifslecgr(rra\oﬁt’(J &oeﬁnaﬂgy%g%yﬁpdg%g&avﬁn& eaf cl)irlec'[,h in
the nethod for the invention, even dyes having,l ow _heat resi, oul d be
used so faF°§§ePﬁ59%éP8'uni qﬂﬁ#hﬂi%%ﬂséﬁli t%ﬁdfﬁ%%ﬁ“&rgé%&%%ﬁ%éﬁﬂn.
Accordingly, the invention is dvanta%$o%$ in.that the Ia&itude i.n..

sel ecti ng PRefgsably Byed azepbRadesins 1oF (4he PYRATE 8F dd&sedy i hod

for formng the filnms of . ) , ,
the dyes to give dye solutions having a high concentration.

The polyésfer resins are copolymerized with at least 10
mol$ of an aromatic diol of any of the following general formulae

(4) to (9):

(4)

wherein R, represents an alkylene group having from 2 to 4 carbon
atoms; R,, R;, R; and R, each represent a hydrogen atom, or an
alkyl, aryl or aralkyl group having from 1 to 7 carbon atoms,

and these may be the same or different:

(5)

wherein R, represents an alkylene group having from 1 to 4 carbon
“atoms; R, R, R, R,, and R.. each represent a hydrogen atom,

or an alkyl, aryl or aralkyvl group having from 1 to 7 carbon



the invention, used is a transparent polyner resin as the binder for the
dyes to be in the filns:::The polynmer resin may be any of: known transparent
pl astics including, for exanple, copolyesters, polynethyl - nethacryl ates,
pol ycar bonat es, pol ystyrenes, anor phous pol yol ef i ns, pol yi socyanat es,
pol yal lyl ates, triacetylcelluloses, etc. Were it is desired to obtain thin
films having a thickness of not |arger than 50 m crons and having the

i ntended near-infrared absorbing capabilities, the dyes to be in the filns
nmust be di ssol ved in t he binc{2 resin to hav h concentration _of from
1 to 5 % ®Yone: fitd ChesstTI¥ RO LhReSABE iAF 6ﬁtf§ﬁﬁngfv #ne K EEPRESePRSugh
depending .on their types. However, stable dye solutions having such a high
concentra§|bﬁtuéaldnhﬁbeﬁeoﬁréﬁgmea tefdérdinary binder resins such as

pol ycar bonates, acrylic resins or the like are used. Even if the dye could
be forcedly dissolved in such a binder resin, the resulting solution is

unf avor abl e as being problqutlc im that the dye is unevenly distributed
therein, or is precipitated’t iveg a _sgFtgsfloating near the surface of

t he solutlon or the ' For e purpose of dissolving
the dyes to give dyes sdEt i i éﬁ>%hﬁﬁ%%Pconcentrasbon, preferred
are the ER14 16 -

O

whereinR,, represents an alkylene group.having from1l to 4 carbon
atoms; R,;, R, R,y and R, each represent a hydrogen atom, or
an alkyl, aryl or aralkyl group having from 1 to 7 carbon atoms,

and these may be the same or different:

HO 17 /%Rgo)m

(7)
(R1e) R,50H

wherein R;, and R,, each represent an all.cylene group having from
1 to 4 carbon atoms, and these may be the same or different;
R,, and R,, each represent a hydrogen atom, or an alkyl, aryl
or aralkyl group having from .1 to 7 carbon atoms, and these may
be the same or different; and 1 and m each represent a natural

‘number of from 1 to 8:



pol yester resins descrihed in the applicant's own JP-A Hei- 06-184288,

Hei - 6- 049186, Hei-07-149881, and Hei - 08-100053. These pol yester resins are
preferred, as dissolving the dyes 7 for use in the invention to formdye
sol ut'i ons having a high concentration. Accordingly, in the present

i nvention, preferably used are the resins for the purpose of dissolving the
dyes to give dye solutions having a high concentration. The pol yester
resins are copolynerized with at least 10 nol % of an aromatic di ol of any
of the follow ng general fornmulae (4) to (9): [err] wherein R err]
represents an al kyl ene group having from2 to 4 carbon atons; Rerr],
Rlerr], Rlerr] and Rlerr] each g pydr ogen atom or an al kyl, aryl
or aral kyl group having from1l t% , and these may be the sane
or different: [err] WHEDE, d kA /@Hproup having from1 to
4 carbon - 2 (8)

wherein R, repres‘ents an alkylene group having from 1 to 4 carbon
atoms; R,,, R,y R Ry, Ry and R,, each represent a hydrogen
atom, or an alkyl, aryl or aralkyl group having from 1 to 7 carbon
atoms, and these may be the same or different; and n represents

a natural number of from 0 to 5:

. |
HOR—0{ Y ) 0ReOH (o))

whereinR,, represents an alkylene group having from 1 to 4 carbon
atoms; R,, and R,, each represent an alkyl group having from 1
to 10 carbon atoms, and these may be the séme or different; R,,,
R.., R;; and R,, each represent a hydrogen atom, or an alkyl, aryl
or aralkyl group having from 1 to 7 carbon atoms, and these may
be the same ér different.

The compounds of formula (4) for the polyester polymers
for use in the invention include, for example, 9,9-bis-[4-
(2—hydroxyethoxy)phenyl]—fluorené, 9,9-bis- (4~ (2-hydroxy-

ethoxy)—3—methylphenyl]-fluorene, 9,9-bis-[4-(2-hvdroxy-

10



atons; Rerr], Rerr], Rerr], Rerr] and R err] each represent a hydrogen
atom or .an al kyl, aryl.-or aral kyl group having from1.t.o 7 carbon 8

atons, and these may be the sane or different; and k represents a natural
nunber of from1l to 4: [err] wherein R err] represents an al kyl ene group
having from1 to 4 carbon atons; Rerr], Rerr], Rerr] and R err] each
represent a hydrogen atom or an alkyl, aryl or aral kyl group having from1
to 7 carbon atons, and these may be the sane or different: [err] wherein

Car bon at oA RKl T reet e PR GRS Rt or cnt o o7 L Tharider 1)
From 1 o axvaramn i s phebl s eete he SiaeSts bir ($ralifoig 1 and
m each represent a natural nunmber of from1l to 8: 9
ethoxy) -3, 5-diethylphenyl]-fluorene, etc. of those,
especially preferred is 9,9—bis[4—(2—hydroxyethoxy)phenyl]f
fluorene, as giving polyester polymers having most balanced
optical character%stics, heat resistance and shapability.

The compounds of formula (5) for the polyester polymers
for use in the invention include, for example, 1,1l-bis(4-

”(2—hydroxyethoxy)phenyl]cyclohexane, 1l,1-bis[4- (2-hydroxy-
ethoxy)—3—methylphenyi]cyclohexane, 1,1-bis[4- (2-hydroxy-
ethoxyi—3,5—dimethylphenyl]cyclohexane, 1l,1-bis{4-(2-hydr-
oxyethoxy)-3-ethylphenyl]cyclohexane, 1,1-bis[4-(2-hydroxy-
ethoxy)—3,5—diethylphenyl]cyclohekane, 1,1-bis[4-(2-hydr-
oxyethoxy)-3-propylphenyl]cyclohexane, | 1,1-bis[4-(2-hydr-
oxyethoxy)-3,5-dibenzylphenyl]cyclohexane, etc.; and their
derivatives in which from 1 to 4 hydrogens of the cyclohexane
group are substituted with any of alkyl, aryl and aralkyl groups
having from 1 to 7 carbon atoms. Of those, preferred is
1l,1-bis{4-(2-hydroxyethoxy)phenyl]cyclohexane.

The compounds of formula (6) for the polyester polymgrs
for use in the invenfién include, for example, bis-[4-(2-
hydroxyethoxy)phenyl]-sulfone, bis-{4-(2-hydroxyethoxy)-3-
methylphenyl]-sulfone, bis-[4-{2-hydroxyethoxy)-3,5-di-
methylphenyl]-sulfone, bis—[4;I2—hydroxyethoxy)—3—ethyl—

phenyl]-sulfone, bis-[4-(2-hydroxyethoxy) -3, 5-diethyl-

11



[err] wherein Rlerr] represents an al kyl ene group having from1 to 4 carbon
atons; Rlerr], Rerr], -Rferr], Rerr], Rerr] and Rl er«]: each represent a
hydrogen atom or an al kyl, aryl or aral kyl group having from1l to 7 carbon
atons, and these may be the sane or different; and n represents a natural
nunber of fromO to 5: [err] wherein R err] represents an al kyl ene group
having from1l to 4 carbon atons; R err] and R err] each represent an al kyl
group having from1l to 10 carbon atons, and these may be the sane or

o an al k- B e G R G RO B GR Bnd

t hese may be the sanme or .different. The conpounds of fornmula (4) for the

pol yest er blg'i MS's for §'es_i[r4"t(%égﬁyrﬂ?éﬁﬁiﬁ%qw&l"lﬁié“qlﬁr%@rﬁﬂ%}yl]‘

9,9-bis-[4- - hydr oxyet haoxy) phenyl ] - f | uor ene, 9, 9- bi s- (4-(2-hydr oxy-

et hoxy) - 3-SPetiRREshenyl | - PLFoTIéne 2~ Hydy oxustdopsa)(-BHyrhRpeRy lghenyl ] -
sulfone, etc. |

The compounds of formula (7) for the polyester polymers
for use in Fhe invention include, for example,
tricyclodecanedimethylol, tricyclodecanediethylol, tri-
cyclodecanedipropylol, tricyclodecanedibutylol, dimethyl-
-tricyclodecanedimethylol, diethyltricyclodecanedimethylol,
diphenyltricyclodecanedimethylol, dibenzyltricyclodecane-
dimethylol, tetramethyltricyclodecanedimethylol, hexa-
methyltricyclodecanedimethylol, octamethyltricyclodecane-
dimethylol, etc. of thoée, preferred is tricyclodecane-
dimethylol.

The dihydroxy compounds of formula (8) for the polyester
polymers for use in the invention include, for example,
1,1-bis[4-(2-hydroxyethoxy)phenyl]~1l-phenylethane, 1,1l-bis-
[4—(2—hydroxyethoxy)-3—methy1phenyl]—l-phenylethane, 1,1-
bis[4—(2-hydroxyethoxy)—3,S—dimethylphenyl]—1—phenylethane,
1,1-bis[4-(2-hydroxyethoxy)-3-ethylphenyl]-1l-phenylethane,
1,1-bis[4-(2-hydroxyethoxy) -3, 5-diethylphenyl]-1-phenyl-
ethane, 1,1-bis[4-(2-hydroxyethoxy)~3-propylphenyl]-1-phen-
ylethane, 1,1-bis[4-(2-hydroxyethoxy) -3, 5-dipropylphenyl]-
l-phenylethane, etc.; and their der.ivatives in which the center

carbon atom is substituted by any of alkyl, aryl and aralkyl
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ethoxy) 3, 5-di net hyl phenyl ]-fl uorene, 9, 9-bi s-[4-(2-hydr-

oxyet hoxy) - 3- et hyl phenyl }.-fl uorene, 9, 9-bi s-[4-(2-hydroxy-

et hoxy) - 3, 5-di et hyl phenyl ] -fl uorene, etc. O t hose, especially
preferred is 9, 9-bis[4-(2-hydroxyet hoxy)phenyl]- fluorene, as giving

pol yester polynmers having nost bal anced optical characteristics, heat

resi stance and shapability. The conpounds of fornula (5) for the polyester
polymers for use in the invention include for exanple 1, 1- bi s[ 4-

(2- hydroxyethox C clohex é #%é
Gt hoxy) - 3.9 ém%y ES SR hepand 2zbort ftsrnsma SR §5p ¢ nydrogen
et hoxy) - 3, 5 dlneth yl cl ohexane, F s%
oxyet hoxy)2Ems ej“ébc%ﬁﬂ@?é’rfe the silciﬁ SPaL ?é?/(ﬁ‘éﬁtltumd with
et hoxy) - 3, 5- dleth Iphenyl]cyclohexane 1, 1- bi s[4-(2- hydr-
oxyet hoxy)arsy grfopykigherdd Y £ \AeIchRERAKEL groqpqltﬁ‘él[rm (fzontyhrto 7 carbon
oxyet hoxy) - 3, 5- di benzyl phenyl ) cycl ohexane, etc.; and their derivatives in
whi ch fromatlons. 4 hy@f ogEhesef t wredpairedexare glohpba$é4sb%st@U©éﬂ'mnth
any of al kyl, aryl and aral kyl groups .having from1 to 7 carbon atons. OF.
t hose, pr eémmey:l) plenyl]-1-phenylethane.
The compounds of formula (9) for the polyester polymers
for use in the invention include, for example, 2,2-bis[4-
(2-hydroxyethoxy) phenyl]lpropane, 2,2-bis[4- (2-hydroxyeth-
oxy)phenyl]lbutane, 2,2-bis[4- (2-hydroxyethoxy)phenyl] -

pentane, 2,2-bis[4-(2-hydroxyethoxy)phenyl]-3-methylbutane,

2,2-bis{4-(2-hydroxyethoxy)phenyl]hexane, 2,2-bis[4~(2~-
hydroxyethoxy)phenyl]}-3-methylpentane, 2,2-bis(4-(2-
hydroxyethoxy) phenyl] -3, 3-dimethylbutane, 2,2-bis[4- (2~

hydroxyethoxy)phenyllheptane, 2,2-bis([4-(2-hydroxyethoxy)-
phenyl]-3-methylhexane, 2,2-bis[4-(2-hydroxyethoxy)phenyl]-
4-methylhexane, 2,2-bis[4-(2-hydroxyethoxy)phenyl]-5-meth-
ylhexane, 2,2-bis[4-(2-hydroxyethoxy)phenyl]-3,3-dimethyl-
pentane, 2,2-bis(4-(2-hydroxyethoxy)phenyl]-3, 4~-dimethyl-
pentane, 2,2-bis[4~(2-hydroxyethoxy)phenyl]-4, 4-dimethyl-
pentane, 2,2-bis([4-(2-hydroxyethoxy)phenyl]-3-ethylpentane,
etc. Of those, especially preferred lg 2,2-bis(4-(2-
hydroxyethoxy)phenyl]-4-methylpentane, since the size of its
branched side chain is large tq a suitable degree and since the

solubility in organic solvents of the polymers comprising it

is high. In addition, the comonomer does not interfere with

13



1, 1- bi s(4- (2- hydr oxyet hoxy) phenyl ] cycl ohexane. The conpounds of fornula (6)
foor the.polyester polyngrs for use in the invention incl-.ude, for exanple,
bi s-[ 4- (2- hydroxyet hoxy) phenyl ]-sul fone, bis-[4-(2-hydroxyet hoxy) - 3-

met hyl phenyl ] - sul f one, bi s-[ 4- (2- hydr oxyet hoxy) - 3, 5-di -
met hyl phenyl ] - sul f one, bi s-[ 4- (2- hydr oxyet hoxy) - 3- et hyl -
phenyl ] - sul f one, bi s- (4- (2- hydr oxyet hoxy) - 3, 5-di et hyl - 11

phenyl ] -sul fone, bis-[4-(2- hydroxyethoxy) 3- propyl phenyl ]- sul f one,
B:: Ej Eg H%g&%%%gth t%Pé%SonB@%b ?%Tér§35¥%§g%5&ﬂ9 Yhe cBAFBunds of
formula (7) for the polyester I nvention
i ncl ude, preéﬁrreéxaﬁp2e2—P%§&5cKéabzaﬁeawﬁﬁbﬁywbphenyll-Propane, as
tricycl odecanedi et hyl ol , tri- cycl odecanedi propylol,
tricycl odbauhndi etmeyllcﬁnt dieadt nyslstangyca@dé@%@mmh;ﬂtmength In
di ethyltricycl odecanedi net hyl ol , di phenyltricycl odecanedi net hyl ol ,
dibenzyltaddytiodedauecomonomer'does not interfere with the solubility

in organic solGents of the polymers.comprising it.

The diol coqpounds noted above may be employed either
singly or as combined.

Any dicarboxylic acids that are employable for producing
ordinary polyester resins may be used for producing the
polyester polymers for use in the invention. The dicarboxylic
acidsusabiehereininclude,forexample,aromaticdicarboxylic
acids such as terephthalic acid, isophthalic acid, 2,6-
naphthalenedicarboxylic acid, 1,8-naphthalenedicarboxylic
acid, 1,4-naphthalenedicarboxylic acid, 1,2-naphthal-
enedicarboxylic acid, 1,3-naphthalenedicarboxylic acid,
1,5-naphthalenedicarboxylic acid, 1, 6-naphthalenedicarb-
oxylic acid, 1, 7-naphthalenedicarboxylic acid, 2,3~
naphthalenedicarboxylic acid, 2,7-naphthalenedicarboxylic
acid, 2,2'-biphenyldicarboxylic acid, 3,3"'-biphenyl-
dicarboxylic acid, 4,4'-biphenyldicarboxylic acid, etc.;
aliphatic dicarboxylic acids such as malonic acid, succinic
acid, glutaric acid, adipic acid, pimelic acid, suberic acid,
azelaic acid, methylmalonic _ acid, ethylmalonic acid,

methylsuccinic acid, 2,2-dimethylsuccinic acid, 2,3-

dimethylsuccinic acid, 3-methylglutaric acid, 3,3~

14



tetramethyl tricycl odecanedi net hyl ol , hexa-

di met hyl ol ,
nethyltrlcyclodecanedlnethylol octanethyltrlcyclodecane- di net hyl ol ,
etc.. O those, preferred is tricyclodecane- dinethylol. The dihydroxy

conpounds
I nvention

1, 1- bi s[ 4-

of formula (8) for the polyester polyners for use in the
I ncl ude, for exanple,
(2- hydr oxyet hoxy) phenyl ] -1 - phenyl et hane, 1, 1-bi s-

[4-(2-hydroxyethoxy) 3- et hyl phenyl ] - 1- phenyl et hane, 1,1-

bi s[ 4-( 2-

1, 1- bi s(4-
1, 1-bi s[ 4-
1, 1- bi s[ 4-

1, 1- bi s( 4-

droxyethox - 3, 5-di met hyl phenyl ] - 1- phenyl et hane,
%En%laym%ﬂé MFQS%t%W phé‘r%}lcqullﬁﬁh%@]?ﬂéﬁélc acids such

(2- hydr oxyet hoxy) - 3, 5-di et hyl phenyl ] - 1- phenyl - et hane,
29- hyldrdrayalieheraredicarposvdiyd | - 2clen- 9t sradmethyl-1,4-
(2- hydr oxyet hoxy) - 3, 5- di propyl phenyl ]- 1-phenyl et hane, etc.

and

t heir deriontlokexamedidaibokel tent ercdarbon &tbnﬁjé—tebsamenhgm~by4any of
al kyl, aryl and aral kyl 12 groups having from1l to 7 carbon atons,
from1l to dydyohiegsmnedicambatyl e gaienyktgr.oupoofthideclde xhahatasee
substituted with

required to have high heat resistance, especially preferred is
2, 6-naphthalenedicarboxylic acid; and for those that are
required to have good shapability, preferred is terephthalic
acid. Thedicarboxylic acids noted above canbe employedherein
either singly or as combined.

The polyester polymers for use in the invention can be
produced in any known method of, for example, melt
polymerization such as interesterification or direct
polymerization, or of solution polycondensation, interfacial
polymerization or the like. For the production, the reaction
conditions including those for polymerization catalysts to be
used may be any ordinary ones, for which any ordinary methods
are employable.

Where the polyester polymers for use in the invention are
produced through melt polymerization for interesterification,
at least one or more compounds of the group of formulae (4) to
(9) are used a; comonomers, in which, preferably, the total
amount of the dihydroxy compounds used is from 10 to 95 mol$
of the diol component used. Where the total amount of the
dihydroxy compounds is not smaller -than 10 mol%, the solubility

in organic solvents of the polymers produced could be high.
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any of alkyl, aryl and aral kyl groups -having from1 to 7 carbon atons.
O those, preferred is 1,1-bis[4-(2-hydroxy-

et hoxy) phenyl ] -1 - phenyl et hane. The conpounds of fornula (9) for the
pol yester polyners for use in the invention include, for exanple,

2, 2-bi s[4- (2-hydroxyet hoxy) phenyl ] propane, 2, 2- bi s[ 4- (2- hydr oxyet h-
oxy) phenyl ] but ane, 2, 2- bi s[ 4- (2- hydr oxyet hoxy) phenyl ] - pent ane,
2, 2- bi s[ 4- (2- hydr oxyet hoxy) phenyl ] - 3- et hyl but ane,

2 2 LA O AR RSB, e Gl Firfarsaeion
o e NP RSl IR of o BT kB LBt mess co
B
2, 2-bi s[ 4-(2- hydr oxyet hox ]1-3, 3-di net hyl - pent ane,

2 5 bi o[ AHBIRR AL | BRoRpLE L3230 R By Ehe haRpdEORY compounds

2, 2- bi s[ 4- (2- hydroxyet hoxy) phenyl ] - 4, 4-di net hyl - pentane, 2, 2-bis[4-

(2- hydr oxydaftbx§¥ pHasger 3 RanyPfemaife, she. mongmenshoseyuldesysddi ey
preferred is 2,2-bis[4-(2- hydroxyethoxy)phenyl]-4-nethyl pentane, since

t he S|ze<ﬁ0hymenwzﬁdﬂmhtgm@b shdinhios padymerd zatdwnt aly elnfeer Bechal since
the polymerization within a shorteneq period of time.

As the solvent for dissolving the resin and the dye in the

i invention, employable is any and every organic solvent of which
the boiling point is accepltable in practical use, for example,
it is not higher than 150°C. Popular solvents usable in the
invention include, for example, aliphatic halides such as
chloroform, methylene chloride, dichloromethane, dichloro-
ethane, etc.; and non-halogen organic solvents such as toluene,
Xxylene, hexane, methyl ethyl ketone, acetone, cyclohexane, etc.

For dissolving the resin and the dye in the invention,
employed are any ordinary stirrers and kneaders. Where
high-concentration solutions are prepared, butterfly mixers or
planetary mixers may be employed, which, however, are not
whatsoever limitative.

Where the film of the invention is produced from the
solution having been prepared in the manner noted above,
preferably employed is a casting or coating method. 1In the

casting method, the solution is cast onto a glass sheet or a

mirror-finished metal sheet, then spread on the surface of the

16



solubility in organic salvents of the polyners conprising it is high.
t he conononer..:does not interfere with 13 the heat resistance

addi ti on,
of t-he po

2, 2- bi s[ 4-

resi stanc
interfere
conprisin

ordi nary
for use i
exanpl e,
acid, 2,6-
1, 4- napht
1, 3- napht

| ymers conprising it. Also preferred is
(2- hydr oxyet hoxy) phenyl ] - propane, as havi ng excel |l ent heat

In

e and nechani cal strength. In addition, the conononer does not

with the solubility in organic solvents of the polyners

g it.- The di ol conpounds noted above may be enpl oyed either singly

or s conbiged /vt o eaEbRVELs agb oot AR epokall e LoERERyel ng

pol'yester resins na
n th |nv

C|ng
|ds usabl,e h

ér polyners
n.i n¢l ude,

a?%‘?‘ra &ggboﬁg}-aeigél%?%gg%%c%ea ltl& gBﬁfﬂﬁgl ?%e%%l cT’heie ﬁt hal i c

for

n | enedi ca box lic acid, napht hal enedi.gar box I|c aC|d
repehe %.o%afrb%@m S tea padleg LA bR RE A SR Epascie) 4
hal enedi carboxylic acid

finished film. Needless-to-say, the method may be
automatically machined to obtain the film, for example, by using
an ordinary casting machine. |

In the coating method, in ge_ngral, a film or panel is coated

with the solution having been prepared in the manner noted above,

which is then dried to form a £film layer thereon. For example,

where a transparent or other functional film is coated with the
solution, any ordinary coating machine is employable. Using
the machine, the film to be coated is moved at a speed of from
a few meters/min to tens meters/min, while the solution is
extruded through a T-die onto the moving film, and the
thus-coated film is dried in the next drying zone where the
solvent is removed, and thereafter the thus-dried £film is wound
up. In the machine, the series of this coating process is
completed automatically.

The absorbing layer to be in the near-infrared-absorbing
panel of tl'.1_<_a invention may be formed through melt extrusion,
which has the advantage of easiness and inexpensiveness in
forming the layer. In this case, in general, the resin and the
dye are fed into a single-screw or double-screw kneader via a
feeder, melted and kneaded thérein at a predetermined

temperature, generally at around 300°C, and then extruded out

17



5- napht hal enedi car boxylic acid, 1, 6- napht hal enedi car b- oxylic aci d,
.7- napht hal enedi car boxyl:i c aci d, 2, 3- napht hal enedi.car boxyl i c acid,

, 7--napht hal enedi car boxyli c acid, 2,2 -bi phenyl di carboxylic aci d,

, 3' -bi phenyl - di carboxylic acid, 4,4'-biphenyldicarboxylic acid, etc.;

| i phatic dicarboxylic acids such as malonic acid, succinic acid, glutaric
cid, adipic acid, pinelic acid, suberic acid, azelaic acid,

met hyl mal onic . acid, ethylmalonic acid, methylsuccinic aci d,

, 2- di met hy| succj ni .acid, . 2,3~ dinmethyl succipic aci.d, . .

et hyl g1 Lhaphgh s Gz €0 ugve iak. hadeR RS BbSrry R ingeption
alicyclic dicarboxylic acids such as 1, 4- cycl ohexanedi car boxylic aci d,
2, 5-di met hyP-20%- 1ipitefekankhe cappekyti relt” gxfgusion.
2,3,5,6-tetranmet hyl -1, 4- cycl ohexanedi carboxylic acid, etc. For the

pol yners that aRé ri&fui peECrbindvd ayiegh heatba ednstthicencaspipifapred-
preferred is 2, 6-naphthal enedi carboxylic acid; and for those that are
required tabhavbiggopasébpabi theyinpertéonedalsot emppoyhblecis a film

1
1
2
3
a
a
2
3

formed through polymerization and solidification. As monomers
in this case, usgble aré any known vinyl compounds such as
styrene, butadiene, isoprene, methyl acrylate, etc. The dye
may be previously kneaded with the monomers along with an
- initiator togive a uniform liquidmixture. The dye—cbntaining

- monomer mixture is cast into a frame made of sheet glass or the
like, and is heated or is exposed to.ultraviolet rays, whereby
the monomers are polymerized.

Accordingly, for example, where dyes having poor heat
resistance are used in forming the absorbing layer to be in the
near-infrared-absorbing panel of the invention, the film of the
layer may be formed according to the casting method; where those
having poor dispersibility are used, the film of the layer may
be formed according to the method of polymerization followed
by solidification; and where any other dyes are used, the film
of the layer may be formed according to themelt extrusionmethod.
A pluralitf of the films thus produced may be laminated to form
the panel of the invention, in which, therefore, any desired
dyes can be used for forming the individual films with no

limitation. The dye density of each film layer can be
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acid. The dicarboxylic acids noted above can be enployed herein either
singly or as conbined. ‘The polyester polynmers for use i.n:the invention can
be produced in any known nethod of, for exanple, nelt polynerization such
as interesterification or direct polynerization, or of solution

pol ycondensation, interfacial polynerization or the like. For the
production, the reaction conditions including those for polynerization
catal ysts to be used nay be any ordinary ones, for which any ordinary

met hods are enpl.oyabl e. e t.he pol yester | yners for use. in the

i nvent i on SRP e8°f‘¥\2833ﬁdne|$n olet;'t?er F529¥0nt9rb? iorﬁ]egggt &3%5tat i on,
at | east one or, nore conpounds of the group of fornulae (4) to (9) are used
as conmonorfs L tREHE R R i 1% e ¥ersimadimtiany 45l B hyhdxy

conpounds used is from 10 to 95 nol % of the diol conponent used. Were the
total ampunt ofThehe afiff@idbdy cIMRANENE s AwmragheTiegtidtan ab MR35t he

solubility in organic solvents of the polyners produced could be high. 15
infrared-absorbing panels are the absorbability for near-

infrared rays, concretely those falling within a wavelength
range of from 850 nm to 1200 nm, the transmittance for visible
rays, concretely thosé fallingwithin a wavelength range of from
400 nm to 800 nm, and the color tone.

Of those characteristics, thenear-infrared absorbability
is the most important. In some uses, however, the other two
characteristics are extremely important. For example, for
near-infrared-absorbing panels which are for absorbing
near-infrared rays from image output devices, thereby
preventing the malfunction of remote controllers that operate
in a ngar—infrared range, not only the transmittanée within a
visible ray range but also the color tone is extremely important
especially when they are used for color image output devices.
Specifically, the color difference in full color must be
minimized as much as possible in the panels. Concretely, the
panel must have gray or brown color tone. In that case, plural
dyes must be delicately combined to produce the intended color
tone of the panels.

For producing near-infrared-absorbing panels according to
conventional techniques, employed.was a method of kneading a

transparent polymer resin and a near-infrared absorbing dye
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VWhere it is not larger than 95 nol% the nelt polynerization is easy and

t he nol'ecul ar wei ght of -fhe pol yester polyners to be produced can be well
cont.rolled to fall within a desired range. However, even if the total
anount of the di hydroxy conpounds used is |arger than 95 nol % the nononers
could well be polynerized through solution polynerization or interfacial
pol yneri zation within a shortened period of tine. As the solvent for

di ssolving the resin and the dye in the invention, enployable is any and
every organi ¢ sol vent of ich the boili.ng point i ce ' actica
use, for éedmawed Py exLrygng %%FeFH&ﬁlT%dFJe’FFL}@ iBg%u gbggéﬁtvﬂefrh‘gdhusabl e
in the invention include, for exanpl.e, ,aliphatic hal.ides such as

chl or of or RO tBERY | SHET TSI @&, ad}‘n%hl??ﬁl é’r#egﬂiﬁ@?r&izc}ﬁﬁolp%goﬁ?ﬁﬁr?e%o%q C.;
and non- hal ogen organi ¢ sol vents such as tol uene, éylene, hexane, t hyl
ethyl ket otigh axeneas-ivfErsaaxsye- etld EdPsSi §95VENLdOPRd r%"ﬁw d t he
dye in the invention, enployed are any ordinary stirrers and kneaders.
Wher e hi giroeEvesnt catliyodyes! whilshsageenpt epacedposedt erdey healercowd

pl anetary m xers nmay be enpl oyed, which, however, are not whatsoever
limtativéeused, and the latitude in selecting the desired dyes is narrow.

In those, therefore, it is extremely difficult to obtain panels
having the characteristics noted above.

As opposed to those produced according to the conventional
”methods, the near-infrared-absorbing panels of the invention
are advantageous in that they can use the films formed in a
casting or coating method, in which even dyes having poor heat
resistance can be used. Therefore, for the panelsl of the
invention, the latitude in selecting the desired dyes is broad.

Any and every dye having near-infrared absorbability is
usable in forming the absorbing layer to be in the near-
infrared-absorbing panel of the invention. For example, the
dyes usable in the invention include polymethine dyes (cyanine
dyes), phthalocyanine dyes, naphthalocyanine dyes, dithiol-
metal complex dyes., naphthoquinone dyes, anthroquinone dyes,
triphenylmethane dyes, am;’_L'nium. (or aluminium) dyes, di-
immonium dyes, etc.

Of those, preferably combined are at least two or more of
three different types of dyes, aromatic dithiol-metal complexes

of a general formula (1):
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Where the filmof the invention is produced fromthe solution having been
prepared_in the manner .noted above, preferably enployed:is a casting or
~coatding nethod. In the casting nethod, the solution is cast onto a gl ass
sheet or a mrror-finished netal sheet, then spread on the surface of the
16 sheet with a rod having grooves at regular intervals thereon, and
then dried, and thereafter the filmfornmed on the sheet is peeled off in
any desired manner. Thus is obtained the intended finished film

Needl| ess-t o-say, the method my be automatically machined to obtain
the film for exanple, by using an ordinary casting machine. In the coati.ng
nmet hod, in general, a filmor panel is coated with the solution having been
prepared in the manner noted above, which is then dried to forma film

| ayer thereon. For exanple, yfi@ye a transparg or other functional filmis
coated with the solutifoRe a [w ary coatifi icik Be i s enpl oyabl e. Using
the machine, the filmto be Cwat '] 2l at~a speed of from

(1)

RD,

wherein Rland.Rzeacﬁ reéresent an alkylene group having
from 1 to 4 carbon atoms, an aryl group, an aralkyl group,
a fluorine atom or a hydrogen atom; and M represents a
tetradentate transition metal; |

aromatic di-immonium compounds of general formula (2) or (3):

&35 R D1y
RDG_.—-N . N‘—'RD]Z
1+) +) :
=®=N X or 2X (2)
Rio—N N— R
7
/ /
Rg R8

wherein R; to R, each represent an alkyl group having from

1 to 10 carbon atoms; and X represents a monovalent anion,

21



a fewneters/mn to tens neters/mn, while the solution is extruded.through
a T-die onto the noving.film and the thus-coated filmis dried in the next
drying zone where the solvent is renoved, and thereafter the thus-dried
filmis wound up. In the machine, the series of this coating process is
conpl eted automatically. The absorbing |layer to be in the

near - i nfrared-absor bi ng panel of the invention may be forned through nelt
extrusion, which has the advantage of easiness and i nexpensiveness in
formng the layer. In this case, in general, the resin and the dye are fed
into a single-screw or dgqple-screM/kneader via a feeder, nelted and
kneaded therein at a pre t ¥ mi ned tenperature, generally at around
300[err]C, and thep extLg§fd out 17 through a T-die to give a film

Needl ess-t o- say, tRE igve (S not limted to the general nelt
extrusion. As the absorbing to be in the near-infrared- absorbing
panel of the invention, alsoNemr

{+) {+)

N
" Ngob,, (3)

RDqyg—N X or 2X

RDig

wherein R, to R, each represent an alkyl group having from

1 to 10 carbon atoms; and X represents a monovalent anion,
and phthalocyanine dyes. The combination is one novel aspect
of the invention.

The aromatic dithiol-metal complexes noted above include,
for example, nickel bis-1,2-diphenyl-1,2-ethene-dithiolate,
and its derivatives in which one hydrogen of the two aromatic
rings is substituted with a substituent of any of an alkylene
group having from 1 to 4 carbon atoms, an aryl group, an aralkyl
group or a fluorine atom. Concretely mentioned are compounds
of the following chemical formulae (10) and (11}, which, however,

are not whatsoever limitative.

o
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formed through pol ynerization and solidification. As nmononers in this case,
usabl e are any known vinyl conpounds such as styrene, -butadi ene, isoprene,
met hyl acrylate, etc. The dye may be previously kneaded with the nononers
along with an initiator to give a uniformliquid mxture. The
dye-contai ni ng nononer mxture is cast into a frame nade of sheet glass or
the like, and is heated or is exposed to ultraviolet rays, whereby the
nononers are polynerized. Accordingly, for exanple, where dyes having poor
heat resistance are used in formng the absorbing |ayer to be in the

near - i nfrared- absorbi ng panel of the invention, the filmof the |ayer may
be formed according to the casting nethod; where those havi ng poor

di spersibility are used, the filmof the |ayer may be fornmed according to

t he net hod of polyneriz foll onwed by sg #fication; and where any

ot her dyes are used, th m of _the | ayer pe formed according to the
melt extrusion nethod. Ag Q "X ofS the g t hus produced may be
laminated to formthe panel of|f theyjinver|{ion, in which, t heléPore, any
desired dyes can be used AQr srnvna t he<d ndii dual filnms with no
limtation. The. dye d of eatgy fi

In addition, ionized derivatives of the compounds noted
above, such as a compound of the following chemical formula (12),
are also employable. Needless-to-say, those compounds
specifically mentioned herein are not limitativé. In the
ionized compounds, the counter ion may be any and
everymonovalent cation except tetrabutylammonium ion used in
the chemical formula (12). For example, the cations described
in literature, "Development of Functional Dyes, and Market

Trends" (by CMC Publishing) are acceptable.
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separately controlled, and the color tone of the panel constituting the
pl-ural filmlayers may be any desired one. The especi alil:y inportant
characteristics of near- infrared-absorbing panels are the absorbability
for near- infrared rays, concretely those falling within a wavel ength range
of- from 850 nmto 1200 nm the transmittance for visible rays, concretely
those falling within a wavel ength range of from400 nmto 800 nm and the
color tone. O those characteristics, the near-infrared absorbability is
the nost inportant. In some uses, however, the other two characteristics
are extrenely inportant._For exanple, for near-infrared-absorbing panels
whi ch are for absorbing near-infrared rays fromi mge output devices,

t hereby preventing the/ mal function of renote con{rollers that operate in a
near-infrared range, fot only the transmttance Within a visible ray range
but al so the col or tohe #S<extrenely inporta especi al |y when they are
used for color inage jout devi ces. Speci f y thgsqpqu)dﬁfference in
full color nust be S

(12)

In place of the metallic nickel, any and every tetravalent
transition metal is employable, which.includes,lfor example,
titanium, vanadium, zirconium, chromium, molybdenum, ruthenium,
osmium, cobalt, platinum, palladium, etc. |

The dyes strongly absorb the rays falling within a
wavelength range of from 850 to _900-nanometers (nm) . As cutting
off near-infrared rays that are applied to remote controllers,
etc., the dyes are effective for preventing remote controllers
from malfunctioning. When laminated with an electromagnetic
radiation-absorbing layer of so-called low-radiation glass,
ITO or IXO, which will be described in detail hereinunder, to
produce multi-layered panels, the dye layer in the panels
produced more effectiﬁely cuts off near-infrared rays.

The aromatic di-immonium cqmpounds of formulae (2).and

(3):

24



m nimzed as nuch as possible in the panels. Concretely, the panel nust
have gray or brown color tone. In that case, plural dyes nust be delicately
conmbi ned to produce the intended col or tone of the panels. For producing
near - i nfrar ed- absor bi ng panel s according to conventional techniques,

enpl oyed was a nethod of kneading a transparent polyner resin and a

near-i nfrared absorbi ng dye 19 foll owed by extruding the resulting
m xture into a sheet through hot nelt extrusion, or a method of
pol yneri zi ng nononmers along with a near-infrared dye. |In those

conventi onal nethods, however, only dyes which are not deconposed under
heat could be usedr@gd the latitude in selectingggpe desired dyes is
narrow. In those, thprefore, it is extrenely diﬂiicult to obtain panels
havi ng the chgrgctesystics noted above. As oppqsed;Q@]Qhose pr oduced
according to the®convégtigQnal methods, thr-i nfrared- absor bi ng panel s

of the invention are a ageous in that can use the filnms fornmed in

a
I+) (+)
%N S X or2X (g

wherein R, to R; each represent an alkyl group having from

1 to 10 carbon atoms; and X represents a monovalent anion,

R D47
RD}&'—_N
RD
N_C 2/ B
AN
RD14
R D¢

wherein R, to.R, each represent an alkyl group having from

1 to 10 carbon atoms; and X represents a monovalent anion,
include, for example, compounds of the following chemical
formulae (13) to (17), which, however, are not whatsoever
limitative. Except the hexafluoroantimonate ion in the

" compounds illustrated, any othér monovalent anions are

employable. Preferred examples of the anions include
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casting or coating nethod, in which even dyes having poor heat resistance
can be used. Therefore, for the panels of the invention, the latitude in
selecting the desired dyes is broad. Any and every dye having near-infrared
absorbability is usable in form ng the absorbing |l ayer to be in the near-

i nfrared-absorbi ng panel of the invention. For exanple, the dyes usable in
the i nvention include polynethine dyes (cyani ne dyes), phthal ocyani ne dyes,
napht hal oc - metal conplex dyes, naphthoqui none dyes,
anthrqu|n%%g §%§¥8§P? Eﬁb?né?ﬁan§e§§é§luQﬁDbDWHt@OﬁoalU§b&bﬁqerng di -
|nnDn|un1d % O those, preferably conbined are at | east two or nore
of three ??er% ¢ types of dyes, aromatic dithiol-netal conplexes of a
general formula (1): 20 [err] wherein Rerr] and Rl err] each represent
an al kyl ene group having from1l to 4 carbon atons, an aryl group, an

ar al kyl group,

N(CaHg)o

O N(C4Hg)o

. . | ' . | (13)

9 =
N(C4Hg)2 ' N(C4Hg)o

O N(CSH11>2
~©=N+ 2SbFg-  (14)

NCsHinz N(CsH11)z

26



a fluorine atomor a hydrogen atom and Mrepresents a.tetradentate
transition netal, aromat.ic di-inmmoni um conpounds of general fornula (2) or
(3):- [err] wherein Rto R each represent an al kyl group having from1l to
10 carbon atons; and X represents a nonoval ent anion, 21 [err] wherein
Rlerr] to Rlerr] each represent an al kyl group having from1l to 10 carbon
atons; and X represents a nonoval ent ani on, and pht hal ocyani ne dyes. The
conbi nation is one novel aspect of the invention. The aromatic

di t hiol -nmetal conpl exes noted above include, for exanple, nickel

bi s-1, 2-di phenyl ;1~2-,6t hene-dithiolate, and its derivatives in which one
hydr ogen of the NQ.4§9 ticrings is substitu%& i th a substituent of any

of an al kyl ene gr owp xgving froml to 4 carbgr 2an aryl group, an
aral kyl group or ri ne atom Concrrrenti oned are conpounds
+
= N (15
—G: - SbFg
N(C4H9)2 o N(C4Hg)2
N(C4Hg)z
O __ /C4H9
+ 2 SbFg-
— \c H °
O 4Hg
(16)
N(C4Hg)2 .
N(CaHa)2 £ N(C4Hg)2

F = — N* 2 SbFg"
v
F

N(C4Hg)o® - ' N(C4Hg)2

The dyes strongly absorb the rays at around 1000 nm. As

cutting off not only near-infrared rays that are applied to
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of the followi ng chemcal fornulae (10) and (11), which, however, are not

what soever |limtative.. 22 [err] In addition, ionizéd-derivatives of the
conpounds noted above, such as a conpound of the follow ng chem cal fornula
(12), are also" enployable. Needl ess-to-say, those conpounds
specifically nmentioned herein are not |imtative. In the ionized

conpounds, the counter ion may be any and everynonoval ent cation except
tetrabutyl ammoni umion used in the chem cal formula (12). For exanple, the
cations described in literature, "Devel opnment_of Functional Dyes, and

Mar ket Tr erRROtY PpnEmelperisi shdng)e d-rlé&ag@ép@hﬁp eraysy to bpegpplied to

computer communication systems which will be widely used in
future, the dyes are effective for preventing the systems from
malfunctioning. When laminated with a meshed or etched
electromagnetic radiation-absorbing layer, which will be
described in detail hereinunder, to produce multi-layered
panels, the dye layer is more effective.

The above-mentioned two types of dyes (aromatic
dithiol-metal complexes, 'and aromatic di-immonium compounds)
are especially effective. Where the dyes of those types have
thé ability to absorb visible rays, they may be combined with
color tone—correctihg dyes to modulate the color tone of the
pénels comprising them. As the coior tone—correcting'dYes for
that purpose, effectively used are phthalocyanine dyes. Any
and every phthalocyanine dye is employable herein, for example,
those described in literature, "Development of Functional Dyes,
and Market Trends" (by CMC).

In general, the near-infrared-absorbing, aromatic di-
immonium dyes mentioned above are unstable to heat. Therefore,
if the dye layer is forméd through melt extrusion or through
polymerization folldQed by solidification, the dyes will be
thermally decomposed, resulting in that the near-infrared
absorbability of the dye layer will be poor. Accordingly, when

the dyes are used in the absorbing layer, it is especially
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In pTace of the metallic nickel, any and every tetravalent transition netal
i s enployable, which includes, for exanple, titanium wvanadium zirconium’
chrom um nol ybdenum ruthenium osmum cobalt, platinum palladium etc.
The dyes strongly absorb the rays falling within a wavel ength range of from
850 to 900 nanoneters (nm . As cutting off near-infrared rays that are
applied to renote controllers, etc., the dyes are effective for preventing
renote controllers frommal functioning. Wien |lam nated with an
el ectromagneti c radi ati on-absorbing | ayer of so-called |owradiation glass,
| TO or | XOdegiireRls Fhabdheedyerpentpdndagatlpseoehthguridar, isof prmed da
mul ti-layered panels, the dye layer in the panels-produced nore effectively
cuts of f neacasitfingr ¢thags. The aromatic di-i nmoni um conpounds of fornul ae
(2) and (3): 24 [err] wherein Rlerr] to Rerr] each represent an al kyl
group having frd@wr producing the near-infrared-absorbing panel of the
invention, previously shaped sheets or films must be laminated
in any suitable method. For the lamination, preferably used
is a powerful, transparent polymer adhesive. The polymer
adhesive of that type includes, for example, two-liquid epoxy
adhesives, unsaturated polyester adhesives, urethane adhesives,
phenolic resin adhesives, vinyl resin adhesives; and acrylic
adhesives.
The near-infrared-absorbing panel of such amulti-layered
film or sheet of the invention may have only the near-
infrared-absorbing layer noted above as the layer having a
specific function. Preferably, however, the multi-layered
filmor sheet of the panel additionally has any other functional
layers, such as an electromagnetic radiation-absorbing layer,
an antireflection layer, a shape-retaining layer, etc., in
addition to the absorbing layer. The electromagnetic
radiat_ion—absorbing layer is a transparent conductive film, for
which preferred are polyester films, glass sheets, acrylic
sheets or polycarbonate sheets coated with a thin deposit of
a metal, metal oxide, metal salt or the like. Conductive films
having a lower sheet resistivity may have higher

electromagnetic radiation absorbability, but on the other hand,

the thickness of the metallic deposit layer to be formed on them
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1 to 10 carbon atons; and X represents a nonoval ent ani.on, [err] wherein
Rlerr] to Rlerr] each .represent an al kyl group having from1l to 10 carbon
atons; and X represents a nonoval ent anion, include, for exanple, conpounds
of the follow ng chem cal formulae (13) to (17), which, however, are not

what soever limtative. Except the hexafluoroantinonate ion in the
conmpounds illustrated, any other nonovalent anions are enployable.
Preferred exanples of the anions include 25 hexaf | uor ophosphat e

ion, tetrafluoroborate ion, perchlorate ion, etc. [err] 26 [err]
_ shall be larger, resulting in that the light transmittance of

such thick films is lowered. The antireflection layer is to
prevent surface reflection on the panel, while increasing the
light transmittance of the panel and preventing the panel from
"glaring".

In the present invention, preferably used are metal-
deposited polyester films, glass sheets, acryliq sheets or
polycarbonate sheets as the electromagnetic radiation-
.absorbingléyerlethepanel,which,however,arenotwhatsoever
limitative. A film as meshwise coated with a conductive
material through screen-printing or the like may also be used
as the electromagnetic radiation-absorbing layer. As the case
may be, a single, metal-deposited film that acts both AS the
antireflection layer and as the electromagnetic radiation-
absorbing layer may be used. In that case, the metal-deposited
film is the outermost layer of the panel. The function of the
shape-retaining layer is to retain the overall shape of the panel
in which the near-infrared—absorbiﬁg layer has low mechanical
strength and could hardly retain its shape. In addition, the
shape-retaining layer further acts to increase the heat
resistance of the entire panel and to increase the abrasion
resistance of the surface of the panel. Any transparent resin
or glass is preferably used as the material for the shape-
retaining layer. In general, preferred are polycarbonates,

polyacrylonitriles, polymethyl methacrylates, polystyrenes,
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The dyes strongly absorb the rays at around 1000 nm As.cutting off not
only near-infrared rays:that are applied to 27 renote controllers and
the.like but also rays to be applied to conputer comruni cati on systens
which will be widely used in future, the dyes are effective for preventing
t he systens from mal functi oni ng. When |am nated with a neshed or etched
el ectromagneti c radi ation-absorbing |layer, which will be described in
detail hereinunder, to produce nmulti-layered panels, the dye layer is nore
effective. The above-nentioned two_iypes gf d SS garonztic i t hi ol -net al
conpl exes, 2BAJPRLSREEFES di -5 PRBRT Ikt £ 0B %HE¥ afECeBPe¥FarPynateréctfve.
Where the dyes of those types have the ability to absorb visible rays, they
may be conBiAE®P hithreicohrert e stdncsot rRY mﬁxm%h%d%ﬁtdxaérm@w 8f t one

of the panels conprising them As the color tone-correcting dyes for that
pur pose, eVievtofdiheiysédanspapiencsl andanphas igrsreshytamee ev&hpass is
pht hal ocyani ne dye is enpl oyable herein, for exanple,
also preferred for increasing the mechanical strength and the
heat re§istance of the panel.

As the elect;omagnetic radiation-shielding, transparent.
conductive layer noted above, employable is a so-called
heat-reflecting glass sheet as prepared by coating a glass
substrate with three or more layers of transparent dieléctric
film/thinmetal film/transparent dielectric £film through vapor
deposition.' The glass sheet of that type is widely used as
exteriors or windowpanes of buildings, and as windshields for
cars and aircraft. As the transparent dielectrics to be used
in this, preferred are titanium oxide, zirconia oxide, hafnium
oxide, bismuth oxide, etc. As the thin metal film, preferred
are gold, platinum, silver, and copper. 1In place of the thin
metal film, also préferably used is any of titanium nitride,
zirconia nitride, or hafnium nitride.

The electromagnetic radiation-shielding, transparent
conductive layer may be further coated with a transparent,
conductive oxide film. As the oxide for the film, preferably
used are fluorine-doped tin oxide, tin-doped diindium trioxide,
aluminium-doped zinc oxide, etc.

Where the metal—deposited. layer 1is wused as the

electromagnetic radiation-shielding, transparent conductive
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t hose described in literature, "Devel opnent of Functiopal Dyes, and Market
Trends" (by CMC). In general, the near-infrared-absorbing, aromatic di-
i moni um dyes nentioned above are unstable to heat. Therefore, if the dye
| ayer is formed through nelt extrusion or through polynerization followed
by solidification, the dyes will be thermally deconposed, resulting in that
the near-infrared absorbability of the dye layer will be poor. Accordingly,
when the dyes. are used in the absorbing layer, it is especially 28
desirabl e_that the dye-containing absorbing layer is formed in a casting
net hod. FéRYBrodifk st he ¢ritrined Wwitdda 5 bl hgr PeptakIo ¥ ping fiidit i on,
previously shaped sheets or films nust be |am nated in any suitable nethod.
For the | amitabilentopiéf.er Bbryenswdles heptmeeflectingngpassntaseinpser
adhesi ve. The pol yner adhesive of that type includes, for exanple,
t wo- | i qui dagpoxhiaailhgsi & esyawebaergirlat edpodese sttdrarad 10y e fanomettiearse
adhesi ves,
Therefore, the dyes in the near-infrared-absorbing film to be
combined with the heat-reflecting glass sheet shall absorb rays
not falling within the wavelength range-of the rays to be
absorbed by the heat-reflecting glass sheet. Needless-to-say,
heat-reflecting glass sheets have different absorption
characteristics, depending on the materials constituting them.
Therefore, by controlling the dyes to be combined and also their
concentration in the near—-infrared-absorbing film, the film
must be so modulated as to be suitable to the glass sheet to
be combined therewith. For this purpose, used are the aromatic
dithiol~metal complexes of the dyes mentioned hereinabove,
preferably the aromatic dithiol-nickel complexes, most
preferably nickel bis-1,2-diphenyl-1,2-ethene-dithiolate, or
its derivative in which the hydrogen of the benzene ring is
substitutedwith a fluorine atom or a methyl group. For further
modulating the color tone of the dye-containing layer, a
phthalocyanine dye may be added thereto.
Where the electromagnetic radiation-shielding conductive

layer has near-infrared-reflecting capabilities and where it

is combined with a near-infrared-absorbing film of the

oe

invention that contains, in a transparent polymer resin, a

by weight, relative to the resin, of a dithiol-metal complex,
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phenolic resin adhesives, vinyl resin adhesives, and acrylic adhesives. The

near - i nfrar ed- absor bi ng..panel

i nvention may have only the near- infrared-absorbing |ayer noted above as

t he ayer

having a specific function. Preferably, however, the

mul ti-layered filmor sheet of the panel additionally has any other
| ayers, such as an el ectromagneti c radi ati on-absorbing | ayer,

functi onal

antireflection layer, a shape-retaining |layer, etc., in addition to
| ayer. . The electromagnetic radiation-absorbing Iayer is a
transpareme tohyubeilgatfidima frhthieeyariter dyd, afe 3pdlyastiaghtf iofsa gl ass
sheet s,
of a net aldinatmdnibxn dye aptadl Sblytweighhefl akeamDobdmcivese thiel nengasi ng

absor bi ng

a

| ower

sheet resistivity may have hi gher el ectronmagnetic

radi ati on vabsloidadtiich ythebulyesn aclteedfbet ikredg, akbe0t hi<lkn&ss.of ohel
netallic deposit layer to be fornmed on them 29

<b<£2.0, 0.1 £c<3.0, and 0.01 £d £ 1.0, preferably 0.5
<a<2.5 0.0l<b<2.0, 0.2<c<1.0, and 0.1 <d < 0.5.
Specifically, the dyes to be in the absorbing layer are
preferably so formulated that they satisfy the requirement of
0.8l <a+b+c+d<c<6.0. The resin mixture comprising the
dyes noted above is sheeted into a film of the absorbing layer
through casting, coating, melt extrusion or polymerization.
In the polymerization method, the dyes are added to the monomers
to be polymerized. If, however, the dyes are formulated under
the condition of a + b + ¢ + d < 0.81 and the resin mixture
comprising them is sheeted into a fiim, the resulting £ilm has
poor near-infrared absorbability though it may have é high
degree of visible ray transmittance. The film, even if used
in near-infrared radiation-shielding filters, is no more
effective and is unfavorable. On the other hand, if the dyes
are formulated under the condition of a + b+ ¢ + d > 6.0 and
the resin mixture comprising them is sheeted into a.film, the
resulting film has a low degree of visible ray tranémittance
though it may have good near-infrared absorbability. The film
is useless in optical filters. Regarding these matters, one
preferable embodiment is shown in Example 24 mentioned below,

and one nonpreferable embodiment is in Comparative Example 1.
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acrylic sheets or polycarbonate sheets coated with a thin deposit

of such a nulti-layered fidmor sheet of the
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shal|l be larger, resulting in that the light transm ttance of such thick
films is lowered. The antireflection layer .is to prevent surface reflection
on the panel, while increasing the light transmttance of the panel and
preventing the panel from™" glaring”. In the present invention, preferably
used are netal - deposited polyester filns, glass sheets, acrylic sheets or
pol ycarbonate sheets as the el ectromagnetic radi ati on- absorbing layer in

t he panel, whi.ch, however, are not whatsoever limtative. A filmas
meshwi se coated with a cqnductive nmaterial through s¢reen-printing or the

like may al so bBREERd adlithe ePdCOTEIREGIRGLS adi ARFoALAB80FBARGIRAYer . As
the case may be, a single, netal -deposited filmthat acts both as the
ant i ref | ecEF8RSPayeRt FRAGACE Hee diadtan disagrde sk FKae Qnon-Sums @sbithgtl ayer
may be used. In that case, the netal -deposited filmis the outernost |ayer
of the paneentIppedumdoven ofndhevheargpeltetb$ nicogbimest witho & eneam-t he
overall shape of the panel in which the near-infrared-absorbing | ayer has
| ow nechanicftasedeasdrhing ddlindo idhd! ynvebhionj ttheshaperptnondi then, the
shape-retaining layer further acts to increase the heat resistance of the
entire paneayandafldingcneiadeid henalihdsneled wavelength range must be
attained by the dyes only that exist in the absorbing film, since
the mesh-type layer has no near-infrared absorbability. The
same shall apply to the layer not having electromagnetic
radiation shieldability. As the dyes for that purpose,
preferred is a mixture of an aromatic di-immonium compound and
an aromatic dithiol-metal complex. Like in the above, the
aromatic dithiol-metal complex is preferably an aromatic
dithiol-nickel . complex, most preferably nickel bis-1,2-
diphenyl-1, 2-ethene~dithiolate, or its derivative in which the
hydrogen of the benzene ring is substituted with a fluorine atom
or a methyl group. In the aromatic di-immonium compound, the
counter anion is preferably a hexafluoroantimonate,
hexafluoroarsenate, perchloratecn:tetrafluoroborate ion. If
desired, a phthalocyanine dye may be added to the dye mixture
for color modulation.
Wheretheelectrdmagneticradiation—shieldingconductive
layer does not have near-infrared-reflecting capabilities, and
where it is combined with a near-infrared-absorbing of the

invention that contains, in a transparent polymer resin, a %

by weight, relative to the resin, of a dithiol-metal complex,
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resi stance of the surface of the panel. Any transparent. resin or glass is
preferably used as the material for the shape- retainjng layer. In
general, preferred are pol ycarbonates, polyacrylonitriles, polynethyl

met hacryl ates, pol ystyrenes, 30 and pol yesters. Especially preferred are
pol ycarbonates in view of their heat resistance, and pol ynet hyl

nmet hacryl ates in view of their transparency and abrasion resistance. d ass
is also preferred for increasing the nechanical strength and the heat

resi st anc f .the panel. th | ectromagnetj c radiation-shiel ding,
t ranspar eﬁt %C(.}det%qr}g: | Ay ef HEFgﬁfaﬁgég,lggnﬁYSyaﬁ e%ai%y awgbgﬁiil Pgd a
heat -refl ecti ng gl ass sheet as prepared by coati n& a ﬁxl ass substrate with
three or RBFéTFQPArE d¥eianth<harBHtWe @l ie® APERAUR AYRetdf 10 the
filmtransparent dielectric filmthrough vapor deposition. The gl ass sheet

of that typeves Whre@rpliggegdasangesrion $her d¥pAdhEndsSaF <bti 0di%hdd, and

as wi ndshields for cars and aircraft. As the transparent dielectrics to be
used <b<£2.0, and 0.1 £ ¢ £ 5.0, more preferably 0.5 < a £ 2.0,

0.1 <b<1.0, and 1.0 < ¢c £ 3.0. Specifically, the dyes to
be in the absorbing ‘layer are preferably so formulated that they
satisfy the requirement of 1.6 <a + b + ¢ £ 6.0. The resin
mixture comprising the dyes noted above is sheeted into a film
'of the absorbing layer through casting, coating, melt extrusion
or polymerization. In the polymerization method, the dyes are
added to the monomers to be polymerized. If, however, the dyes
are formulated under the condition of a + b + ¢ < 1.6 not
satisfying the requirement noted' above and the resin mixture
comprising them is sheeted into a film, the resulting film has
poor near-infrared absorbability though it may have a high
degree of visible ray transmittance. The film, even if used
in near-infrared radiation-shielding filters, is no more
effective and is unfavorable. On the other hand, if the dyes
are formulated under the condition of a + b + ¢ > 6.0 and the
resin mixture comprising them is sheeted into a film, the
resulting filﬁl.has a low degree of visible ray transmittance
though it may have good _near—infrared absorbability. The film
is useless in optical filters. Regarding these matters, one
preferable embodiment is shown in i’-:xample 25 mentioned below,

and one nonpreferable embodiment is in Comparative Example 3.
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in this, preferred are titanium oxide, zirconia oxide, .hafnium oxide,

bi smuth oxide, etc. As.the thin nmetal film preferred’are gold, platinum
silver, and copper. In place of the thin netal film also preferably used
is any of titaniumnitride, zirconia nitride, or hafniumnitride. The

el ectromagneti c radi ati on-shi el ding, transparent conductive |ayer may be
further coated with a transparent, conductive oxide film As the oxide for
the film preferably used are fluorine-doped tin oxide, tin-doped diindium
trioxide, alumniumdoped zinc oxide, etc. Wiere _the netal:deposited
layer is used™RRIINGRESy| 8t r bRag RS ET adit BVERN 1SR e EF nd:}est‘fraﬁﬁ%grent

conductive 31 | ayer, it nust be combined with a near-infrared-absorbing

film suit&sncredgky Wdh sefgiedcads Figii deting gl ass absorbs rays having
a wavel ength | onger than 1200 nanoneters. Therefore, the dyes i.n the

near - i nfrar ed- dssdiig .ng /f il hs @rberdgmsartvliam kaketved -¥efd ehdorr gl ass

sheet shall absorb rays
retaining layer of a transparent resin such as polycarbonate,

polymethyl methacrylate or the like or'of glass; 3 1is a
transparent condugtive layer that acts as an electromagnetic
radiation-shielding layer and also as a near-infrared
radiation-shielding layer, and this is formed on a polyester
-film through vapor deposition, or is directly deposited on a
glass sheet. 4 is a near-infrared-absorbing layer of a dye
having poor heat resistance or a dye having poor dispersibility,
and this is formed through coating or casting. 5 is a layer
having both near-infrared absorbability and shape
retainability, and this is formed through melt extrusion or
polymerization of monomers followed by solidification.

As illustrated, a plurality of layers having different
properties are laminated in different manners mentioned below
to formvarious multi-layered structures of typical embodiments
of the invention. However, the invention is not whatsoever
limited to the illustrated ones, but encompasses any and every
combination that indispensably contains the near-infrared-
absorbing layer.

Fig. 1-A illustrates one embodiment of the invention, in
which the antireflection layer 1 ié attached to one surface of

the shape-retaining layer 2 of polycarbonate, polymethyl
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not falllng wi thin the wavel ength range of the rays to .be absorbed by the
heat-refl ecting glass sheet. Needl ess-to-say, heat-reflecting glass sheets
have different absorption characteristics, dependi-ng on the materials
constituting them Therefore, by controlllng the dyes to be conbi ned and

al so their concentration in the near-infrared-absorbing film the film nust
be so nodul ated as to be suitable to the glass sheet to be conbi ned
therewith. For this purpose, used are the aronmatic dithiol nmet al conpl exes

of the dyes t|o her ej nabove efe a tic dithiol-nicke
conpl exes, ™ gFgFabl? %?ﬁkéFfb i E8 h%ﬁf o HEREPAETERTO! at e,
or its derlvatlve in i ch _t he hydroge he ben ene ri is substituted
with a fluSPPRECALE® ﬁg Y& Fehy Ié/ 6’19?6 "&gﬂ-ﬁéfet’:h‘e 3Ll or

tone of the dye-containing | ayer, thalocyanlne dye may be added
thereto. WhapangkedepPBcERBnABRRY | %UFE@%th%n LR B hG dohddalt ¢&dedyer has
near-infrared-reflecting capabilities and where it is conbined with a

near - i nf r afbe- éayerbﬁnQSffpﬁmeﬂ theouahegripdAnghatr castdngs, in a
transparent polymer resin, a %by weight, relative to the resin, of a
dithiol -netal c&ngl.eksB 321ustrates _another embodiment of the invention,

in which the anti;eflection layer 1 is attached to one surface
of the shape-retaining layer 2 of polycarbonate, polymethyl
methacrylate, glass or the 1like, while the transparent
conductive layer 3 and the near-infrared-absorbing layer 4 are
laminated on the other surface of the layer 2 in that order,
and in which another shape-retaining 2 of polycarbonate,
polymethyl methacrylate, glass or the like is laminated on the
layer 4. The layer 4 is formed through coating or casting.
Fig. 1-C illustrates still another embodiment of the
invention, which is a laminate composed of the antireflection
layer 1, the transparent conductive layer 3, and the panel layer
5 having both near-infrared absorbability and shape
retainability. The layer 5 is formed through melt extrusion
or polymerization of monomers followed by solidification.
The advantages and the novelty of the invention are
described concretely with reference to the following Examples.
In Examples, the near-infrared absorbability, the visible
ray transmittance and the color_tone of each sample produced
are measured and evaluated accordi.ng to the methods mentioned

below.
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b Wbby wei ght of a phthal ocyanine dye, ¢ % by weight of a di-inmmonium dye
and d % by weight of an am niumdye, the ranges wthi-n which the dyes act
effectively are 0.1 [err] a [err] 5.0, 0.01 [err] b [err] 2.0, 0.1 [err] c
[erf] 3.0, and 0.01 [err] d [err] 1.0, preferably 0.5 [err] a [err] 2.5,
0.01 [err] b [err] 2.0, 0.2 [err] c [err] 1.0, and 0.1 [err] d [err] O0.5.
Specifically, the dyes to be in the absorbing |ayer are preferably so

f or mul at ed that t hey satisfy t he requirenent of 0.81 [err] a+ b +c +d
[err] 6.0 reS| co Slﬂ t he dyes noted above is sheeted
into a fi Hﬁ o] etarFe 413“% gh casting, coating, nmelt extrusion
or polynerization. In the polynerlzatlon nmet hod, the dyes are added to the

monomers to bePPol §AERI 28RS | Bradicad thR d%@mérlésfror rithet edigh8er the
condition of a + b+ c¢c +d < 0.81 and the resin m xture conpr|3|ng themis
sheet ed i ®ransnitiance Hon &bel Vargl enohhhaange ofalnlendg i 900 nm
absorbability though it may have a high degree of visible ray
transm t tamdd.20thanfyd srmeasared; wsbng ian speatriophodoaeteadiBesdno3Ai el di ng
filters, is no nore effective and is unfavorable. On the other hand, if the
dyes manufactured by Nippon Bunko KK), and the mean value, T % was
obtained. From tpis, obtained was the near-infrared cut-off
percentage (%) of each panel, which is represented by (100 -
T) . Eachpanel is evaluated on the basis of the percentage thus
.obtained.
(2) Visible Ray Transmittance:
Using the same spectrophotometer as in (1), the mean light
transmittance, Tv % for the wavelength range falling between
450 nm and 700 nm was measured, which indicates the visible ray
transmittance of each panel.
Example 1:
Starting compounds of 0.4 mols of dimethyl texrephthalate
(DMT), 0.88 mols of ethylene glycol (EG) and 0.28 mols of
9,9-bis (4~ (2-hydroxyethoxy)phenyl) fluorene (BPEF) were
polymerized through ordinary melt polymerization to give a
fluorene copolyester (DM/BPEE‘=.3/7, by mol) . The copolyester
had a limiting viscoéity (n] of 0.42, a molecular weight Mw of
45,000, and a glass transition point Tg of 14OFC.
Nickel bis-1,2-diphenyl-l,2-ethene-dithiolate was

produced according to a known method (Harry B. Gray, et al.,

J. Am. Chem. Soc., Vol. 88, pp. 43-50, pp. 4870-4875, 1966),
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are formul ated under the condition of a + b + ¢c + d > 6,0 and the resin
m.-xture conprising them+is sheeted into a film the resulting filmhas a

| ow-degree of visible ray transmttance though it nmay have good
near-infrared absorbability. The filmis useless in optical filters.
Regardi ng these matters, one preferable enbodi nent is shown in Exanple 24
ment i oned bel ow, and one nonpreferable enbodinent is in Conparative Exanple
1. 33 Wher e t he el ectromagnetic radi ati on-shi el di ng,

transparent _cgonductive layer .is a nesh- e one, such as that. nentioned
above, and®RfAPE 1t <§t %%Heﬁyﬁﬁéliigﬁmf’ﬁf?% BRI B Ry 95 PRCof t he

i nvention, the absorption of the rays falling within an intended wavel ength
range nust 1B¥eEt tBPRed®b$-t he dyes only that exist in the absorbing film
since the nesh-type | ayer has no near-infrared absorbability. The sane
shal | apply to ?ﬁe fhyerenet corel YRs e gD iigiratsed agidadiigsolved in
shieldability. As the dyes for that purpose, preferred is a m xture of
an ar omat i pethylenenthihorbdeocahenandith 0.038 & by weight, relative to

the copolyester, of nickel bis-1,2-diphenyl-1,2-ethene-
dithiolate, 0.005‘%Iby weight of phthaloéyanine_dye (EX Color
801K, manufactured by Nippon Shokubai), and 0.005 % by weight
of phthalocyanine dye (EX Color 802K, manufactured by Nippon
Shokubai), and the resulting dye dispersion was cast to form
a film having a thickness of 150 pm.

Example 2:

Using an epoxy adhesive, the film formed in Example 1 was
sandwiched between polymethyl methacrylate substrates of 1 mm
thick, of which one surface was laminated with a film of 100
ﬁm thick that had been prepared by depositing a near-
infrared-absorbing and electromagnetic radiation-absorbing
layer of silver complex [ITO/(silver + platinum)/ITO - this
indicates a structure of (silver + platinum) és sandwiched
between ITO (indium tin oxide)] on a transparent polyester.
Thus was produced a near-infrared-absorbing panel having the
structure of Fig. 1-A, and its characteristics were evaluated.
The spectral transmittance curve of this panel is shown in Fig.
2. Thenear-infrared cut-off percentage of this panel was 97 &,
and the visible ray transmittance éhereof was 70 $. The panel

was good.
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an afonatic dithiol-netal conplex. Like in the above, j.he aronmatic
dithiol-nmetal conplex i's preferably an aromatic dithial:-nickel conplex,
nost preferably ni ckel bis-1,2- diphenyl-1, 2-ethene-dithiolate, or its
derivative in which the hydrogen of the benzene ring is substituted with a
fluorine atomor a nethyl group. In the aromatic di-immoni um conpound,
the counter anion S preferably a hexaf | uor oant i nonat e,
hexaf | uor oarsenate, perchlorate or tetrafluoroborate ion. If desired, a
phthalocyanlne dye may be added to the dye mi xture for color nodul ation.
Wier e t he E&@B®LLoRagnet i ¢ radi ati on-shi el di ng conductlve | ayer does not
have near-infrared-reflecting capabilities, and where it is conbined wth a
near - i nfrar ed- éﬁs‘éhﬁl SRS MANREY RfAl BraMRAE &oReeRt,that £riagedyar ent
polyner resin, a %by weight, relative to the resin, of a dithiol-netal
conpl ex, Sellullos® byTval gmamifacpnerhbychabted Cdyeénl@l% ppsvesehasof a
di-innnnlunldye and d % by weight of an am niumdye, as in the
the casting polymer, a near-infrared-absorbing panel having the
structure of Fig. 1-A was produced, and its characteristics were
evaluated. The near-infrared cut-off percentage of this panel
was 97 %, and the visible ray transmittance thereof was 70 %.
The panel was good.
Example 4:
0.005 % by weight of nickel bis-1,2-diphenyl-1,2-
ethene-dithiolate, 0.001 % by weight of phthalocyanine dye (EX
Color 801K, manufactured by Nippon Shokubai), and 0.001 % by
weight of phthalocyanine dye (EX Color 802K, manufactured by
Nippon Shokubai) were dispersed in polymethyl methacrylate, and
sheeted into a film having a thickness of 2 mm through melt
extrusion.
One surface of this film was laminated with a film
(thickness: 100 pm) that had been prepared by depositing a
near-infrared-absorbing and electromagnetic radiation-
absorbing layer of silver complex [ITO/ (silver + platinum)/ITO]
on a transparent polyester. Thus was produced a near-
infrared-absorbing panel having the structure of Fig. 1-C, and
its characteristics were evaluated. The near-infrared cut-

off percentage of this panel was 97 %, and the visible ray

transmittance thereof was 65 %. The panel was good.

40



above, the preferred ranges for the dyes are 0.1 [err].a [err] 3.0, 0.01 <
b.[err] 2.0, and 0.1 [err] c [err] 5.0, nore preferably. 0.5 [err] a [err]
2.0, 0.1 [err] b [err] 1.0, and 1.0 [err] c [err] 3.0. Specifically, the
dyes'to be in the absorbing |layer are preferably so formul ated that they
satisfy the requirenent of 1.6 [err] a + b + ¢ [err] 6.0. The resin mxture
conprising the dyes noted above is sheeted into a filmof the absorbing

| ayer through .casting, coating, nmelt extrusion or polynerization. In the
pol ymeri zati on nmethod, the dyes are added to the nononers to be :

pol yrer i zeBxamplehpiever, the dyes are fornul ated under the condition of a
+ b +c < 1.6 not satisfying the requirenent noted above and the resin

m xture conpri sPn@0®hedm iby swedwbd | pfo aicked phe-tedudipPhgn¥lriy Bas poor
near-infrared absorbability though it may have a high degree of visible ray
transm tt astkendhdithiojakeerd iG2 dsby weigbbref rmiariodn dyd otfi §oxrmhilel di ng
filters, is no nore effective and is unfavorable. On the other hand, if the

dyes are forey) ab et Wdsr weigghtoodi phtthadbcyahimet dye> (BX0Cahdrt BELKesi n
m xture conprising themis sheeted into a film the resulting filmhas a

| ow degr eem@hurasttedrpy Nippshi ihkddioudindt orey Bawy geotght of
near-infrared absorbability. The filmis useless in optical filters.
Regar di ng phesg1 s8Rl se 898 (EX Color 802K, manufactured by Nippon
Shokubai) were dispersed in polymethyl metha;rylate, and
sheeted into a film having a thickness of 2 mm through melt
.extrusion.

The film thus prepared herein, and a film (thickness: 100
pm) that had been prepared by depositing an electromagnetic
radiation-absorbing layer of silvef complex [ITO/(silver +
platinum) /ITO] on a transparent polyester were laminated on a
shape-retaining layer. Thus was produced é near-infrared-
absorbing panel having the structure of Fig. 1-A, and its
characteristics were evaluated. The near-infrared cut-off
percentage of this panel was 97 %, and the .-visible ray
transmittance thereof was 64 %. The panel was good.
Example 6:

0.005 % by weight of di-immonium dye of formula (13) gnd
0.001 % by weight of phthalocyanine dye (EX Color 803K,
manufactured by Nippon Shokubai) were dispersed in polymethyl

methacrylate, and sheeted into a_film having a thickness of 2

mm through melt extrusion.
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preferable enbodi ment is shown in Exanple 25 nentioned bel ow, and one
nonpreferabl e emrbodi ment -is in Conparative Exanple 3. 35 Enbodi ment s of
t he. present i nvention are described concretely with reference to Fig. 1. In
Fig. 1, 1 is an antireflection layer; 2 is a shape- retaining |ayer of a
transparent resin such as pol ycarbonate, polynethyl nethacrylate or the
like or of glass; 3 is a transparent conductive |ayer that acts as an
el ectromagneti-c radiation-shielding layer and also as a near-infrared
radi ation-shielding |layer, and this is formed on a polyester filmthrough
vapor deposi ti oht€ dri 1t ERE RF $RAERG SiEitedd oANg @Ifdslén dhbBéckngsisg 00
near-infrared- absorbln%blayer of a dye having poor heat resistance or a dye
havi ng pootmbi Epef shadl|pesn prpared by deporilting cayhelectromagnetasting.
S is a layer having both near-infrared absorbability and shape
r et ai nabi |¥fagiatientshseldingr nkayeéhr oafh selliveext ramipdrexor pbdglari £ati on
of nononers followed by solidification.
silver)/ITO - this indicates a structure composed of ITO and
(silver + platinum)] on a transparent polyester were laminated
on a shape-retaining layer. Thus was produced a near-
infrared-absorbing panel having the structure of Fig. 1-C, and
its characteristics were evaluated. The near-infrared cut-
off percentage of this panel was 97 %, and the visible ray
transmittance thereof was 65 %. The panel was good.
Example 7:
The fluorene copolyester prepared in Example 1 was mixed
with 0.1 $ by weight, relative to the copolyester, of di-immonium
‘compound dye of formula (13), 0.05 % by weight of nickel
bis-1,2~diphenyl-1, 2-ethene- dlthlolate and 0.03 %by weight of
phthalocyanine dye (EX Color 803K, manufactured by Nippon
Shokubai) in chloroform, and the resulting mixture was dried
at room temperature and then at 70°C to form a film having a
thickness of 150 pm.
An electromagnetic radiation-shielding film of 200 um
thick that had been prepared by depositing silver complex [ (gold
+ silver)/ITO] on a polyester film, a "non-glare" and
antireflection film, and the near-infrared-absorbing film

prepared herein were laminated on an acrylic sheet having a

thickness of 3 mm to produce a near-infrared-absorbing panel
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As iI'Iqstrated, a plurality of layers having different properties are -
| am nated in different ..nanners nentioned bel ow to formvarious
mul ti-layered structures of typical enbodi nents of the invention. However,

the invention is not whatsoever |imted to the illustrated ones, but
enconpasses any and every conbination that indispensably contains the
near-infrared- absorbing layer. Fig. 1-Aillustrates one enbodi nent of the

i nvention, in-which the antireflection layer 1 is attached to one surface

of the shape-retaining | ayer 2 of _pol ycarbonate, polynethyl 36 .
met hacr yl Be¥ing) ke § rFﬁguF?k‘é',f GH9t el the %W‘iﬁ}gr@rﬁra&%ﬁﬁqw odyer 3

and the near-infrared-absorbing |ayer 4 are | am nated on the -other surface
of the |ajbe Paneltigite evaéHatede | ByespPeGisraloiraasrhtsagrecedYa@or
casting. Fig. 1-B illustrates another enbodi ment of the invention, in which
t he antir éhliectdaorell alershows ant &tlged 30 oReesnekhycandtrarkd cut-off
shape-retaining | ayer 2 of polycarbonate, polynethyl
percentage of this panel was 95 %, and the visible ray
transmittance thereof was 60 %. Thé'panel was good.
‘Example 8:
In the same manner as in Example 7 except that 0.1 % by
weight, relative to the fluorene copolyester obtained in
“Example 1, of di-immonium compound dye of formula (13), 0.05 %
by weight of nic;kel bis-1,2~-diphenyl~-1,2-ethene-dithiolate and
0.05 % by weight of phthalocyanine dye (EX Color 803K,
manufactured by Nippon Shokubai) were used, a near-
infrared-absorbing panel was produced, and its characteristics
were evaluated. The near-infrared cut-off percentage of this
panel was 95 %, and the visible ray transmittance thereof was
62 %. The panel was good.
Example 9:
In the same manner as in Example 7 except that 0.15 % by
weight, relative to the fluorene copolyester obtained in
Example 1, of di-immonium compound dye of formula (13), 0.05 %
by weight of nickel bis-1,2-diphenyl-1, Z—éthene—dithio'late and
0.03 % by weight of phthalocyanine dye (EX Color 803K,
manufactured by Nippon Shokubai) were used, a near-

infrared-absorbing pahel was produced, and its characteristics

were evaluated. The near-infrared cut-off percentage of this
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met hacryl ate, glass or the like, while the transparent conductive |layer 3
and the near-infrared-absorbing |layer 4 are |am nated op the other surface
of the layer 2 in that order, and in which another shape-retaining 2 of

pol ycar bonat e, pol ynethyl methacrylate, glass or the like is | am nated on
the layer 4. The layer 4 is fornmed through coating or casting. Fig. 1-C
illustrates still another enbodi nent of the invention, which is a |am nate
conposed of the antireflection |layer 1, the transparent conductive |ayer 3,
and the panel |ayer 5 having both near-infrared absorbability and shape

ret ai nabi |1Pagel Mas 1%y é&r 8nfisthervisille ciagh trensndbtanseofhereof was

pol yneri zati on of nmononers followed by solidification. The advantages and

t he novel t§00%. t e paeretli iasargoadbscri bed concretely with reference to the
foll owi ng Exanples. In Exanples, the near-infrared absorbability, the

vi si bl e ragxampheni@t ance and the col ortone of each sanple produced are
nmeasur ed and eval uated according to the nethods nentioned bel ow. 37

In the same manner as in Example 7 except that 0.15 % by
weight, relative to the fluorene copblyester obtained in
Example 1, of di-immonium compound dye of formula (13) and 0.05 %
by weight of phthalocyanine dye (EX Color 803K, manufactured
by Nippon Shokubai) were used, a near-infrared-absorbing panel
was produced, and its characteristics were evaluated. The
near-infrared cut-off percentage of this panel was 97 %, and
the visible ray transmittance thereof was 60 $. The panel was
good.

Example 11:

In the same manner as in Example 7 except that triacetyl
cellulose was used as the casting polymer and that 0.1 $ by weight,
relative to triacetyl cellulose, of di-immonium compound dye
of formula (13), 0.05 % by weight of nickel bis-1,2-
diphenyl-1,2-ethene-dithiolate and 0.03 % by weight of
phthalocyanine dye (EX Color 803K, manufactured by Nippon
Shokubai) were used, a near-infrared-absorbing panel was
produced, and its characteristics were evaluated. The
near-infrared cut-off percentage of this panel was 97 %, and
the visible ray transmittance thereof was 63 $. The panel was

good.

Example 12:
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(1) Near-Infrared Absorbability: O each panel produced in Exanples,
the light transmttance:for the wavel ength range falling between 900 nm
and ‘1200 nm was neasured, using a spectrophotoneter (Best-570, nmanufactured
by Ni'‘ppon Bunko KK), and the nean value, T %was obtained. Fromthis,
obt ai ned was the near-infrared cut-off percentage (% of each panel, which
Is represented by (100 - T). Each panel is evaluated on the basis of the
per cent age t hus obtained. (2) V'sible Ray Transnittance: Using the sane

t hot th
wavel engt h angs A s’ B‘é?wee neasER AR o Hihese Shas T gt e St cn
Gt e b N e B
et hyl ene glycol (EG and 0.28 nols of
9, 9- bi s(4r%¥aﬁwﬁo é%m&fa%rﬁﬁl)lfqll%eenef dirgppepium GeRROBBAY AR zed

t hrough ordinary nelt polynerization to give a fluorene_ copol yester
( DM BPEF &fSIﬁorfﬁqurml()B)rTh@ O8pobyday eweight of nickel bis-1,2-

diphenyl-1l,2-ethene-dithiolate and 0.05 % by weight of
phthalocyanine'dye (EX Color 803K, manufactured by Nippon
Shokubai) were used, a near—inf;ared—absorbing panel was
produced, and 1its characteristics were evaluated. The
lgear-infrared cut-off percentage of this panel was 97 %, and
the visible ray transmittance thereof was 60 %. The panel was
good.

Example 13:

In the same manner as in Example 7 except that triacetyl
cellulose was used as the casting.polymer and that 0.15 % by
weight, relative to triacetyl cellulose, of di-immonium
compound dye of formula (13), 0.05 % by weight of nickel
bis-1,2~-diphenyl-1,2-ethene-dithiolate and 0.03 % by weight of
phthalocyanine.dye (EX Color 803K, manufactured by Nippon
Shokubai) were used, a near-infrared-absorbing panel was
produced, and its characteristics were evalugted. The
near—infrared cut—off pércentage of this panel was.97 %, and
the visible ray transmittance thereof was 63 %. The panel was
good. |

Example 14:
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had a [imting viscosity [[err]] of 0.42, a nolecular weight Mwv of 45,000,

and a glass transition.point Tg of 140[err]C Ni ckel

bi s- 1, 2-di phenyl -1, 2- et hene- dithiolate was produced accordlng to a known
met hod (Harry B. Gray, et al., J. Am Chem Soc., Vol. 88, pp. 43-50, pp.
4870- 4875, 1966), 38 and purified through recrystallization to have a
purity of not |lower than 99 % The fluorene copol yester was di spersed and
relative to

di ssolved in nmethylene chloride along with 0.038 % by wei ght,

by ver g of 8 R oEVARTIRSE SR BBk SR S B

Shokub 0. 005 %Db hal d
manuf act G SR S eRakabarhe ARt iRE B ?f?%?ﬁﬂ%"% 002%3. 3
hdhesi ve el | FEISERER 0P BLbHICe F bl LhTbsE) 28 © 2.

Usi n

1 0.005 %

I"ppon
02K
Ynas cast

an epoxy

compound dye of formula (13) and 0.05 % by weight of

phthalocyanine dye (EX Color 803K, manufactured by Nippon

Shokubai) were used, a near-infrared-absorbing panel was

produced, and its characteristics were evaluated.

The

near-infrared cut-off percentage of this panel was 95 %, and

the visible ray transmittance thereof was 60 $. The panel was

good.

Example 15:

In the fluorene copolyeste: that had been prepared in

Example 1, dispersed were 0.225 % by weight, relative to the

copolyester, of di-immonium dye of formula (13), 0.075 % by

weight of nickel bis-1,2-diphenyl-1,2-ethene-dithiolate and

0.045 & by weight of phthalocyanine dye (EX Color 803K,

manufactured by Nippon Shokubai), and an adhesive polyester

film ({manufactured by Dia Foil) was coated with the resulting

dispersion and dried. The resulting film had a thickness of

50 pym.

Apart from the film of 50 ym thick prepared above, further

prepared were an electromagnetic radiation-shielding film

(thickness: 50 um) having a deposit layer of silver complex

[IDIXO (manufactured by Idemitsu Kosan)/silver/IDIXO - this

indicates a structure of silver as sandwiched between IDIXO]
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sandwi ched between pol ynet hyl nethacrylate substrates of. 1 mmthick, of

whi ch one surface was laminated with a filmof 100 [err]lmthick that had
been prepared by depositing a near- infrared-absorbing and el ectronagnetic
radi ati on-absorbing | ayer of silver conplex (ITO (silver + platinum/ITO -
this indicates a structure of (silver + platinum as sandw ched between I TO
(indiumtin oxide)] on a transparent polyester. Thus was produced a

near - i nfrar ed-absorbi ng panel having the structure of Fig. 1-A and its

ancl 1 o CRaed e o v She s, AR pbCen bl PP RERRECE I G A ¢ °

panel was 97% and the VI sible ra smtfance there was 7 The
panel was S§GB&-reFainipg sppataat 1¥'rP{ ﬁg' aihREe? etzi%lq]??eécsaﬁgl é“i“'except
that triacetyl cellulose g;LT 35, manuf act ur ed by Daicel Chenical) was used

as the cadeXig péhgneelestienponstis: edashediontenisidinyifign havas

attached onto the both surfaces of the shape-retaining
substrate in such a manner that electrodes could be mounted on
the resulting lamipate, and the near-infrared-absorbing film
prepared herein was further attached onto one surface of the
laminate. Finally, the antireflection film was attached onto
”the both surfaces of the laminate. Thus was produced a
near-infrared-absorbing, electromagnetic radiation-shielding
panel having the structure of Fig. 1-A, and its characteristics
were evaluated. The spectral transmittance curve of this panel.
is shown in Fig. 4. The near-infrared cut-off percentage of
this panel was 97 %, and the visible ray transmittance thereof
was 60 %}. The panel was good.

Example 16:

In the same manner as in Example 15 except that a polymethyl
methacrylate sheet having a thickness of 3 mm was used as the
shape-retaining substrate, a near-infrared-absorbing,
electromagnetic radiation-shielding panel was produced. The-
near-infrared cut-off percentage of this panel was 97 %, and
the visible ray transmittance thereof was 60 $. The panel was
good.

Example 17:
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structure of Fig. 1-A was produced, and its characteristics were eval uated.
The near-infrared cut-off percentage of this panel was.97 % and the
visible ray transmttance thereof was 70 % The panel was good. Exanple 4:
0. 005 % by wei ght of nickel bis-1,2-diphenyl-1,2- ethene-dithiolate, 0.001
% by wei ght of phthal ocyani ne dye (EX Col or 801K, manufactured by N ppon
Shokubai ), and 0.001 % by wei ght of phthal ocyani ne dye (EX Col or 802K,
manuf act ured by N ppon Shokubai) were dispersed in pol ynet hyl nethacryl ate,

Gne surface of Linihe | PR S araRmat Sd W+ FRamPtPm 11 neePaBEs: (80 Forr]n
ol act 1 ooBRSTFBTbORATF Rt HRISTI b ShBPSBIO LI I8 MaBrbtER 19 TOF
(silver + platinum/I1TQ on a transparent polyester. Thus, was, produced a
near- i nf FhpPE-2BEBIBIAG pafbPShEdfRg t hd stPSEFGF@fGFrﬁggébfpéPlgﬁd its
characteristics were evaluated. The near-infrared cut- off percentage of
thi s panekleetromagnesihd radiztiomtehieldinrgemiel R H"r%jr‘&ﬁgmg?‘%S %
The panel was good. . '
near-infrared cut-off percentage of this panel was 97 %, and
the visible ray trgnsmittance thereof was 60 . The panel was
good.
Example 18:
h In the same manner as in Example 15 except that 0.2 % by
weight, relative to the fluorene copolyester obtained in
Example 1, of nickel bis—l,2—diphenyl—1,2-ethené—dithiolate
and 0.08 $ by weight of phthalocyanine dye (EX Color 803K,
manufactured by Nippon Shokubai) were wused, a near-
infrared-absorbing, electromagnetic radiation-shielding
panel was produced, and its characteristics were evaluated.
The near-infrared cut-off percentage of this panel was 97 %,
and the visible ray transmittance thereof was 60 . The panel
was good.
Example 19:
In the same manner as in Example 14 except that butyral
resin (Denka Butyral 6000E, manufactured by Nippon Denka Kog}yo)
was used as the transparent polymer resin for the near-
infrared-absorbing film and that methyl ethyl ketone was used

as the solvent for dispersing the resin and the dyes, a

near-infrared-absorbing, electromagnetic radiation-shielding

48



40 Exanmpl e 5: 0.005. % by wei ght of nickel bis-1,2-diphenyl -1, 2-

et hene-dithiolate, 0.02 % by weight of am nium dye of-f.orrmula (16), 0.01 %
by:wei ght of phthal ocyani ne dye (EX Col or 801K, manufactured by N ppon
Shokubai ), and 0.01 % by wei ght of phthal ocyani ne dye (EX Col or 802K,
manuf act ured by N ppon Shokubai) were dispersed in pol ynethyl nethacryl ate,
and sheeted into a filmhaving a thickness of 2 mmthrough nelt extrusion.
The filmthus prepared herein, and a film (thickness: 100 pm) that had been
prepared b epositing an ele tromagnetic radiation-absorbing |aye

si | ver ﬁ%?g X2 RYQYGSRr 405 RERRG FF?EF%oﬁug —pf nEEEFEH?aBSI9 ster

wer e Ian1nated on a shape- retalnlng | ayer. Thus was produced a

near - i nf FR 8 Rangk Hasi %5 parmad ﬁa@mgsse%e ﬁarm&repéméfttpnge gharegfid its
characteristics were evaluated. The near-infrared cut-off percentage of
this paneaswa8 %7 Eheympnele wassignad r ay

Example 20:

In the fluorene copolyester that had been prepared in
Example 1, dispersed were 0.45 % by weight, relative to the
copolyester, of di-immoniumdye of formula (13), 0.12 $byweight
of nickel bis~-1,2-diphenyl-1, 2-e.thene—dithiolate‘and 0.06 % by
-@eight of phthalocyanine dye (EX Color 803K, manufactured by
Nippon Shokubai). Anadhesivepolyester filmsubstrate (A4100,
manufactured by Toyobo) was coated with the resulting
dispersion, and dried. Thus was produced a near-infrared-
absorbing filter, which had a coat layer of 50 ym thick. The
spectral transmittance curve of this filter is shown in Fig.
5. Thenear-infrared cut-off percentage of this filter was 97 &,
and the visible ray transmitténce thereof was 60 . The filter
was good.

Example 21:

In the same manner as in Example 20 except that triacetyl
cellulose was used as the resin and a mixture of methylene
chloride/methanol of 9/1 by weight waé.ﬁsed as the solvent, a
near-infrared-absorbing filter was produced. The near-
infrared cut-off percentage of this filter was 97 %, and the
visible ray transmittance thereof‘was 60 %. The filter was

good.
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transm ttance thereof was 64 % The panel was good. Exanple 6: 0.005 % by
wei ght of di-imonium dye of formula (13) and 0.001 % by wei ght of

pht hal ocyani ne dye (EX Col or 803K, manufactured by N ppon Shokubai) were
di spersed i n pol ymet hyl nethacrylate, and sheeted into a filmhaving a

t hi ckness of 2 mmthrough nelt extrusion. 41 The filmthus prepared
herein, and a film (thickness: 100 pn) that had been prepared by depositing
an el ectromagnetic radi ation-shielding |ayer of silver conplex [(gold +
silver) /?;ghpléh§§:indicates a structure conposed of |1 TO and (silver +
platinum ] on a transparent polyester were |am nated on a shape-retaining
| ayer. Thus e ar- jinfrared- oL bi p. | ROt he
Struciure of FiD e ot GaApSElhs 1A ERREHE IULRLREIRRSt JG Aely
near-infrared er cent hi % nd.th {hsible

ray trans‘ﬁ?%?gggte-rteﬁfér’t&g’F e %g%%oglll%oer %é%ggglgﬁg%%g%ér obtEine

Example 1, of di-immonium dye of formula (13), 0.10 % by weight

of nickel bis~-1,2-diphenyl-1, 2-ethene-dithiolate and 0.05 % by
weight of phthalocyanine dye (EX Color 803K, manufactured by
Nippon Shokub;ai) were used, a neér—infrared—absorbing filter
was produced. The near-infrared cut-~off percentage of this
“:filter was 97 %, and the visible ray transmittance thereof was
60 $. The filter was good. |
Example 23:

In the same manner as in Example 20 excep't that 0.50 & by
‘weight, relative to the fluorene copolyester obtained in
Example 1, of di-immonium dye of formula (13), 0.15 % by weight
of nickel bis-1,2-diphenyl-1,2-ethene-dithiolate and 0.08 % by
weight of phthalocyanine dye (EX Color 803K, manufactured by
Nippon Shokubai) were used, a near-infrared-absorbing filter
was produced. The near-infrared cut-off percentage of this
filter was 97 %, and the visible ray transmittance thereof was
60 %. The filter was good. |
Example 24:

'The fluorene copolyester that had been prepared in Example
1 was mixed with 0.6 % by weight, relative to the copolyester,
of nickel bis-1,2-diphenyl-1,2-ethene-dithiolate, 0.1 % by

weight of phthalocyanine dye (EX Color 801K, manufactured by
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Exanple 7: The fluorene copol yester prepared in Exanple 1 was m xed with
0.1 @6by wei ght, relatiyve to the copol yester, of di-inm®ni um conpound dye
of formula (13), 0.05 % by wei ght of nickel

bi s-1, 2-di phenyl -1, 2- et.hene-di t hiol ate and 0.03 % by wei ght of
phthalocyanine dye (EX Col or 803K, manufactured by N ppon Shokubai) in
chloroform and the resulting m xture was dried at roomtenperature and
then at 70[err]Cto forma filmhaving a thickness of 150 pm- An

el ect rorugaghiof eathald on ol 6l 91 05 Lpmuslk 200 kenside dicke Uy (bad been

prepared ep05|t|ng silver conpl lver)/ pol yest er

fiim a "aohad 5s | rﬁlgugaf:ltqgf Ide8§e bdddd Shoiddihand dispersed in

near-infr ereln were m nat ed "‘on an acryllc
sheet havin t hic s

o TR PR ST B D B

anel were eval uat ed The s tral transmttan . .
P mm t haick, manufacturggcby Toyobo) was coa e Wl\t/ﬁ tq'le resulting

dispersion, and dried at 120°C. The resulting film had a
near—infrared-absorbind layer of 0.01 mm thick formed thereon.

The thus-prepared, near-iqfrared—absorbing film was
laminated on a transparent conductive glass sheet having a
"near—infrared—reflecting layer thereon. The glass sheet had
a multi-layered structure of zinc oxide/silver/zinc
oxide/silver/zinc oxide, in which the silver thickness per one
layer was 130 A. Thus was produced a near-infrared-shielding
panel having the structure of Fig. 1-B. The spectral
transmittance curve of this panel is shown in Fig. 6. The
near-infrared cut-off percentage of this panel was 97 %, and
the visible ray transmittance thereof was 63 %. The panel was
good.
Example 25:

The fluorene copolyester that had been prepared in Example
1 was mixed with 1.0 % by weight, relative to the copolyester,
of nickel bis-1,2-diphenyl-1,2-ethene-dithiolate, 0.2 % by
weight of phthalocyanine dye (EX Color 801K, manufactured by
Nippon Shokubai), 0.3 $byweight of phthalocyanine dye (EXColor
803K, manufactured by Nippon Shoku'bai) and 2.3 ¢ by weight of

di-immonium dye of formula (13), and dispersed in methylene
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this panel is shown in Fig. 3. The near-infrared cut-off percentage of
this panel was 95 % and the visible ray transmttance:f hereof was 60 %
The. panel was good. Exanple 8: In the same nmanner as in Exanple 7 except
that ' 0.1 % by weight, relative to the fluorene copol yester obtained in
Exanpl e 1, of di-inmmonium conpound dye of formula (13), 0.05 % by wei ght
ni ckel bis-1,2-di phenyl -1, 2-ethene-dithiolate and 0.05 % by wei ght of
pht hal ocyani ne dye (EX Col or 803K, manufactured by N ppon Shokubai)

were used,3;qRearay Ry e%f%g é?&&g fRARe( A XG0 rarfos%gé P 1 EkS

characterrs |cs wer e eval uat e near-infrared cut per cent age ‘of

this pane] g%asga %gxnxﬁ% %3\/0'1:?' Pl Sud &Y J3nsm R}liﬂcethgirgg%uﬁin ce%

The panel a8 the sae nmanher "as in pt
Exanpl e 191 5PCaFSPinoAPHm e'oﬁ‘%ﬁ bol° 6t 7 S %"sp@%%l%%ée%s"bt Fy9vé ont
ni ckel bis-1, 2-di henI-lZethene d|th|olate and % ht of
pht hal ocyaﬁ?ﬁelaﬁéaFEﬁ'@BPBF 8BS a¥RINAF Lt Y} S € B&Ckﬁoﬁﬁtﬁa @gﬁgﬁﬁﬁai )
were used, a_ near-

The thus-prepared, near-infrared-absorbing film, and a
transparent conductive £film having a near-infrared-reflecting
layer (IDIXO, manufactured by Iqemitsu Kosan) on a shape-
retaining layer of an acrylic sheet having a thickness of 3 mm.

.”Thus was produced a near-infrared-shielding panel having the
structure of Fig. 1-A. The spectral transmittance curve of this
panel is shown in Fig. 7. The near-infrared cut-off percentage
of this panel was 97 %, and the visible ray transmittance thereof
was 60 %. .The panel was good.

Comparative Example 1:

The fluorene copolyester that had been prepared in Example
1 was dispersed in methylene chloride along with 5.5 % by weight,
relative to the copolyester, of nickel bis-1,2-diphenyl-
1,2-ethene-dithiolate prepared in Example 1, and 1.5 % by weight
of phthalocyanine dye (EX Color 803K, manufactured by Nippon
Shokubai). An adhesivepolyester film (A41000f 0.125mm thick,
manufactured by 'Toyobo) was coated with the resulting
dispersion, and dried at 120°C. The resulting film had a
near-infrared-absorbing layer of 0.01 mm thick formed thereon.

The spectral transmittance curve, G, of this film is shown in

Fig. 8. The film had a high near-infrared cut-off percentage
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|nfrared absor bi ng panel was produced, and its character| stics were _
eval uat ed. The near-infrared cut-off percentage of this; 43 panel was 97
% and the visible ray transnittance thereof was 60 % The panel was good.
Exanpl e 10: In the same nanner as in Exanple 7 except that 0.15 % by

wei ght, relative to the fluorene copol yester obtained in Exanple 1, of

di - i mmoni um conpound dye of fornmula (13) and 0.05% by wei ght of

pht hal ocyani ne dye (EX Col or 803K, manufactured by N ppon Shokubai) were

used, a near -gdf¢ argdrahagr hi rtq;vpanfél Pé dHESHsm?E?ahEE glparacteri stics

were eval uated. The near-infrared cut- cent age o I's panel was 97

% and thel'hve'lrséﬂ]ree ray,d rﬂﬂ?&“v}é[sa%%et 'Itég)eoraeof was 60 % The panel was good.

Exanpl e 11: same nanner e 7 except that triacetyl
0,
cel | ul ose d/(\)@nspat{sé%qv%s E.Ixha?npc_:l.%Stj :ng poI ymer and that O. Yo by wei ght ,-

The fluorene copolyester that had been prepared in Example
1l was dispersed inmethylene chloride alongwith 0.05 % by weight,
relative to the cbpolyester, of nickel bis-1,2-diphenyl-
1,2-ethene-dithiolate prepared iIt Example 1, 0.01 % by weight
of phthalocyanine dye (EX Color 801K, manufactured by Nippon
i Shokubai) and 0.01 % by weight of phthalocyanine dye (EX Color
803K, manufactured by Nippon Shokubai). An adhesive polyester
film (A41000f0.125mm thick, manufactured by Toyobo) was coated
with the resulting dispersion, and dried at 120°C. The
resulting film had a near—infrared—absorbing layer of 0.01 mm
- thick formed thereon. The spectral transmittance curve, H, of
this film is shown in Fig. 8. The film had a high visible ray
transmittance of 85 %, but had a low near-infrared cut-off
percentage of 55 %. Therefére, the film was not good.
Comparative Example 3:
The fluorene copolyester that had been prepared in Example
1 was mixed with 2.0 % by weight, relative to the copolyester,
of nickel bis-1,2-diphenyl-1,2-ethene-dithiolate prepared in
Example 1, 1 ..5 %3 by weight of phthalocyanine dye (EX Color 803K,
manufactured by Nippon Shokubai)_ and 4.0 % by weight of di-
immonium dye of formula (13), attd dispersed in methylene

chloride. An adhesive polyester film (A4100 of 0.125 mm thick,
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rel at ive to triacetyl cellulose, of di-inmmonium corrpound dye of fornula
(13), 0.05 %by weight of nickel bis-1,2-

di phenyl'-1, 2-ethene-dithiolate and 0.03 % by wei ght of pht hal ocyani ne dye
(EX Col or 803K, nmanufactured by N ppon Shokubai) were used, a
near-infrared-absorbi ng panel was produced, and its characteri stics
were eval uat ed. The near-infrared cut-off percentage of this panel was
97 % and the visible ray transmttance thereof was 63 % The panel was

good. Exaﬁaheféatuééd by N FHEISETE FRNNRIsASed N WA PIte e/ %é%%@ttlh@at
triacetyl | ul ose was used as the casting polyner and that 0. 1 % by

wei ght, %?ﬁb‘égaé B haC%fry %éu!@ bsﬂ"'zfggl{lﬂfﬁgcof@ﬂ{dnﬂagy% of

formula ( nlce

SLEnery gt e it hh?'egﬁﬁna%gé SOUASE Ol s o

near-inf r%ﬁgdsggéf%é’i rlcc.lratDnasr}z(laJ.ttance curve, I, of this film is shown in
Fig. 8. The film had a high near-infrared cut-off percentage
of 98 %, but had a low visible ray transmittance of 40 %.
Therefore, the fiim was not good.
Comparative Example 4:

The fluorene copolyester that had been prepared in Example

1 was mixed with 0.05 % by weight, relative to the copolyester,
of nickel bis-1,2-diphenyl-1,2-ethene-dithiolate prepared in
Example 1, 0.01 % by weight of phthalocyanine dye (EX Color 803K,
manufactured by Nippon Shokubai) and 0.05 % by weight of
di-immonium dye of formula (13). An adhesive polyester film
(A4100 of 0.125 mm thick, manufactured by Toyobo KK) was coated
with the resulting dispersion, and dried at 120°C. The
resulting film had a near-infrared-absorbing layer of 0.01 mm
thick formed thereon. The spectral transmittance curve, J, of
this film is shown in Fig. 8. The film had a high visible ray
transmittance of 82 %, but had a 'low near—-infrared cut-off

percentage of 70 ¥. Therefore, the filmwas not good. The data

obtained hereinabove are summarized in the following Table 1.
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produced, and its characteristics were evaluated.. The near-infrared
cut-of f percentage of this panel was 97 % -and the visible ray
transmittance thereof was 60 % The panel was good. Exanple 13: In the sane
manner as in Exanple 7 except that triacetyl cellul ose was used as the
casting polyner and that 0.15 % by weight, relative to triacetyl cellulose,
of di-i moni um conpound dye of fornula (13), 0.05 % by wei ght of nickel

bi s- 1, 2-di phenyl -1, 2-et hene-di thi ol ate and 0. 03% by wei ght of

pht hal ocyani ne dye (EX Col or 803K, ﬂagyfaftured by N ppon Shokubai) were
used, a near-infrared-ahsorhing pan Be ”"“”""%d——-a-n—d——l—t—s————

A R L L s A e
The pane} was good. ExanrpInfrared-Absorbing Transmittance (%) Percentage (%)
Film
2 Casting 70 97
3 . . Casting 70 97
4 . Melt Extrusion . 65 97
5 Melt Extrusion 64 97
6 Melt Extrusion 65 97
7 Casting 60 95
8 Casting 62 95
9 Casting 60 97
10 Casting 60 97
11 Casting 63 97
12 Casting 60 97
13 Casting 63 97
14 Casting 60 95
15 Coating 60 - 97
16 Coating 60 97
17 Coating 60 97
18 Coating 60 97
19 Coating 60 97
20 Coating T .60 97
21 Coating 60 97
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In the sanme manner as in Exanple 7 except that triacetyl cellul ose was used
as the casting pol ymer'and that 0.15 % by weight, relative to triacetyl
cellul ose, of di-imonium conpound dye of fornula (13) ‘and 0. 05 % by wei ght
of phthal ocyani ne dye (EX Col or 803K, manufactured by N ppon Shokubai) were
used, a near-infrared-absorbing panel was produced, and its

characterl stics were evaluated. The near-infrared cut-off percentage of
this panef—was 95 % and the visibore gy transmttanceg thereof—was—60 %
The panel| was gczgd Exaan e 1§Qat,hg1 the fl uor ea@ copol yester gpat had| been

prepar ed fmExanpte—iqgrspersed—nere—§-—225—%-bBy—weig t, retatve—to t he
copol yestler, of odi -i nmorji um forqula (1 0.07% % by i ght of
n| Ckel b| S .|., 2 (?P..CT‘.‘)/. %@nn r‘li t | nl at ngghd Q045 OA\ h\l V=Yl ghf f
pht hal ocyjani ne %e (EX (,ol or &?’ﬁK manyif act ur by N ppon sh ubai ), and an
adhesi ve jpolyester fil m{(nanu pQII‘ ed by Dia 1) was coated with the
resul ting di spe ion and drie (S The resul ti ng filmha@ a thickness of 50
[err]m art ftzmthefllmOO%@ﬂ[err mthlcﬁopreparnd abov® further
Comparative
Examples
1 Coating , 25 98
2 . Coating 85 55
3 Coating 40 98
4 Coating 82 70
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prepared were an el ectromagnetic radiation-shielding film(thickness: 50
[err]m) having a deposit. |ayer of silver conplex [ID XO {(nmanufactured by

| dem t su Kosan)/silver/IDIXO - this indicates a structure of silver as
sandw ched between | D XO 46 formed on a polyester film and an
antireflection film and a shape-retaining substrate of glass having a

t hi ckness of 3 mm Next, the electromagnetic radiation-shielding filmwas
attached onto the both surfaces of the shape-retaining substrate in such a

manner thg 11948 5 qHag g fount ed on the resulting lam nate, and the
SR

near-infr I ng m prepared herein was further attached onto one
the both surf aBSai8P Prer A red 1B AR hEFLy AL LT ERE ST onto
e SRR B S R A 2 S e e
et s R L MR IR S

ayered neadr-infrared-
absorbing panel, which comprises an absorbing layer of a
near—-infrared-absorbing dye as dispersed in a transparent
polymer material. The filmand par}el absorb near-infrared rays
as emitted by image output devices such as plasma displays,
ulighting appliances or the like so as to cut off the penetration
of the rays through the fiim, thereby prevenfing remote-control
infrared communication ports that employ the rays falling
within an infrared range for communication from malfunctioning
and even preventing the appliances to be controlled by those
remote-control devices frommalfunctioning. In addition, they

are used for detecting forged cash cards, ID cards, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows some embodiments of the structure of the
near-infrared-absorbing film or panel of the invention; Fig.
2 shows the spectral transmittance curve of the panel of Example
2; Fig. 3 shows the ;ééctral transmittance curve of the panel
of Example 7; Fig. 4 shows the spectral transmittance curve of
the panel of Example 15; Fig. 5 shoys the spectral transmittance
curve of the filter of Example 20;. Fig. 6 shows the spectral

transmittance curve of the panel of Example 24; Fig. 7 shows
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this panel was 97 % and the visible ray transmttance thereof was 60 %
The panel was good. Exanple 16: In the sane nmanner as- tn Exanple 15 except
that a pol ynmethyl nmethacryl ate sheet having a thickness of 3 nmwas used as
t he shape-retaining substrat e, a near - i nfrar ed- absor bi ng, :
el ectromagneti c radi ati on-shi el di ng panel was produced. The near-infrared
cut-of f percentage of this panel was 97 % and the visible ray
transmttance thereof was 60 % The panel was good. Exanple 17: 47 In
the same.pRnagecRFal e FXAGRL Erdnce tdat AIRORgLGSResls havi ng a
t hi ckness of g (r:rmwas used as %ﬁ% S ape%ret aﬁ%ﬁ%’ substratg,a %tg'

near - i nf edg alis ing, qﬁg j 4 iation-shiel.di panel. was '
produced.ﬁ':'ﬂﬂie8 nea?{$lﬁﬁrgasr§%8€%%?o m%lc%eﬂ;l&ﬁ’lg%egdo te% éﬁp%églgfl\%g‘gs 3'; % and

t he vi si Elc)lenpg%tﬁrgnﬁ}rpartnéiggeltpgrggf was 60 % The panel was
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good.-Exampl e-18:- +n-the sane manner as in Exanple 15_except that 0.2 % by
weight, relative to the fluorene copol yester obtained in Exanple 1, of
ni-ckel uwmmuumljﬂw 1, 2- et hene-di thiol ate.and 0.08 % by wei ght of

pht hal O¥ S(Ep¥ Col or 803K, manufactured by N ppon Shokubai)
were used, a near- infrared-absorbing, el ectromagnetic

radi ati on-shi el ding panel was produced, and its characteristics were

eval uated. The near-infrared cut-off percentage of this panel was 97 % and
the visible ray transmttance ther%ﬁj@s‘: 60 % The panel was good. Exanple
19: In the sane manner as in Exanpl except that butyral resin (Denka
But yral 6000E, manufactured by N ppon Denka Kogyo) was used as the

transparent polymer resin for the near- infrared-absorbing film and that

met hyl ethyl ketone was used as the solvent for dispersing the resin and
the dyes, a néar - iFhiFatBY- hRYBFBAng Pediredtigrdgderibsorkdng: i HhlBhP&l di ng 48

panel, which comprises an absorbing layer of a near-

infrared-absorbing dye as dispersed in a transparent polymer
resih.

2. A near-infrared-absorbing film, which is formed from
a uniform solution of a near-infrared-absorbing dye and a
”polymer resinina solvent in a castingmethodor a coating method,
or from a melt mixture of the dye and the polymer resin in a
melt extruéion method, or from a uniform mixture of a near-
infrared-absorbing dye and a monomer in a polymerization method
of polymerizing and solidifying it. -

3. The multi-layered, near—infrared—absorbing film or
panel as claimed in claim 1, wherein the absorbing layer is a
transparent plastic £film as formed through vapor deposition of
a near-infrared-absorbing dye along with a metal, a metal oxide
or a metal salt.

4. The multi—layered, near-infrared-absorbing film or
panel as claimed in claim 1, wherein the absorbing layer is a
laminate composed of plural layers of at least one or more
selected from the films of claim 2 or 3.

5. The multi-layered, near-infrared-absorbing film or
panel as claimed in claim 1, 3 5r 4, which comprises the

near-infrared-absorbing film of claim 2 and at least one of an

This Sheet Has Been ReillTed. THIS SHEET HAS BEEN |
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panel
%

good

9 and the visible r

was_produced—The-near-infrared cut-off percentage of this panel
transm ttance thereof was 60 %

was

The panel was

| uor ene copol yester that had been prepared in

2-di phenyl -

oo < SHILILIANL)

di - i mmoni um d ye of fornula (13),
1, 2-ethene-dithiolate and 0.06 % by wei ght of phthal ocyani ne
dye (EX Col or 803K, nanufactured by Ni ppon Shokubai)

f|In1subgiég{§b$é§%#¥ﬁ

resul ting drspers

i

0 45 % by wei ght,

0.12 %ywei ght of nickel bis-1,

b e 9{%% S S RhE e Bk 1n

relative to the copol yester,

of

Anadhesi vepol yest er

absorbing_filter a Ia er m thick, The spectral
transnit?%%%%’c%r%%@%ﬁ f%?%l??P?eia¥§ sﬁﬂ aPn &% L59E #ﬁébﬁeﬁglpﬁfrared
cut-of f percentage of this filter was 97 % and the vi sible ray

transm tt&e®: t hereof was 60 %
sanme manner ag i n_Exanpl e 20 exc

'ﬁinfrared~absorbing film of claim 1

The filter was good. Exanple 21:

that triacety

t
The multi- layereg near-infrared-absorbing film or

panel as claimed in claim 1, 3, 4 or 5, of which the light

transmittance profiie is such that the visible ray
transmittance is not lower than 55 % and the near-infrared ray
transmittance is not higher than 5 &, when the near-
is laminated with a
radiation-resistant glass sheet capable of reflecting heat
radiations.

7. A near-infrared-absorbing film comprising a near-
infrared-absorbing dye, wherein the dye is a mixture of at least
one or more selected from phthalocyanine-metal complexes,

aromatic dithiol-metal complexes of the following general

formula (1), and aromatic di-immonium compqunds of the
following general formulae (2) and (3):
RD L f\—-——ao
4 } ' 1
S Z
\ 7/
| V| (1)
RD . —f s RD
3T 2

wherein RD, and RD, each represengs-an alkylene group having

from 1 to 4 carbon atoms, an aryl group, an aralkyl group, a

his Sheet Has Been Replaced

T

THIS SHEET HAS BEEN
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cel | ul ose vva§ used as—- Hre resin and a m xture of nethyl ene

chlorlde/ wei ght was used-as the sol.vent, a
near-lnfrar u ter was produced. The near- infrared cut-off
per cent age tc I s 97 % and the visible ray transmttance

t hereof was 60 % The fllter was good. 49 Exampl e 22: In the sane manner
as in Exanple 20 except that 0.40 % by weight, relative to the fluorene
copol yester obtained in Exanple 1, of di-inmoniumdye of fornula (13), 0.10
% by vve ht of nickel 2-di phenyl et hene-di t hi ol at e and 0. 05 % by
wei ght ﬁf‘ﬂﬁlmﬂfﬁeh%%% ?%XaéSF“orafébéﬁe%ﬁﬁﬁ‘h art&d Ty

Shokubal) wer.e .used, a_near-infrared-absorbing filter was produced The
near - i ntraPsd tdap- E‘PFaE)ercent age of this filter was 97 % and the visible
ray transmttance thereof was 60 % The filter was good. Exanple 23:

R\D5 RD1y
O +! -+
”=®=N | x or 2% (2]
Rio—™N . /N— R7
Rg Rg

wherein RD, to RD,, each represent an alkyl group having from
1 to 10 carbon atoms; and X represents a monovalent or divalent
anion, which is a counter-ion for neutralizing the ionized

compound:
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In the sane manner as in Exanple 20 except that 0.50 % by wei ght, rel ative

totheflu obt ai ned in Exanple 1, of “di-inmmoni um dye of
formila (1 lﬂ“ﬂ“lﬂl WO o~ of ni ckel

bi s-1, 2-di phenyl -11, 2- eéhene-di t hi ol ate and 0.08 % by wei ght of

pht hal ocyani ne dye (EX Col or 803K, manufactured by N ppon Shokubai) were
used, a near-infrared-absorbing filter was produced. The near-infrared
cut-of f percentage ofRDREs filter was 97 % and the visible ray

transm ttance thereof \was 60 % The filter was good. Exanple 24: The

fl uorene copol y;egﬁ r—+Rat had been prepared in Exanple 1 was m xed with 0 6
% by weight, rela copol yester, of nickel

bi s- 1, 2-di phenyl - 1, 2- et hg ithiolate, -0. 1 % by wei ght of phthal ocyani ne
dye (EX Color 801K, manufa NipBn3Shokubai ) and 0.1 % by

wei ght of phthal ocyani ne dye —8 manuf act ured by N ppon
Shokubai ), and di spersed | chl or\d;g:D An adhesi ve pol yester film
(A4100 of 0.125 14 (3)

RDy5g—N X or 2X

RDyg

wherein RD, to RD,, each fepresent an alkyl group having from
” 1 to 10 carbon atoms; and X represents a monovalent or divalent
anion, which is a counter-ion for neutralizing the ionization.
8. | The near-infrared-absorbing film as claimed in claim

7, for which the near-infrared-absorbing dye is uniformly mixed
with a .polymer resin in a solvent, the polymer resin being a
polyester resin as copolymerized with at least 10 mol$% or more
of at least one selected from aromatic'diols of general formulae

(4) to (9):

(4)

wherein R, represents an alkylene group having from 2 to 4 carbon
atoms; R,, R,, R, and R, each represent a hydrogen atom, or an
alkyl, aryl or aralkyl group having from 1 to 7 carbon atoms,

and these may be the same or different:
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nmthl ck, _manuf actured by Toyobo) was coated with the resulting dispersion,
and dri ed at 120[err]C " The resulting filmhad a near-infrared-absorbing

| ayer of d thereon. The thus-prepared,

near-infr .ﬂllgﬂﬂflm ml"“lre m was | am nated on a transparent conductive

gl ass sheet* havimg & near~infrared-reflecting |ayer thereon. The gl ass
sheet had a nulti-layered structure of zinc oxide/silverl/zinc

oxi de/silver/zinc oxide, in which the silver thickness per one |ayer was
130 A. Thus was produced a near-infrared~shi el ding panel having the
structure of Fig. 1-B. 3ransmi ttance curve of this panel
is shown in Fig. 6. The near- ut - off ercentage of this panel was
97 % and the visi bHORy-©r4 g(iBHvas 63 % The panel was
good. Exanple 25: The fl uor er that had been prepared in
Exanple 1 was mxed with 1.0'80b ght'ti0rel ative to the copdb) yester, of
ni ckel bis-1,2-di phenyl-1,2-etheneg\dithiolate, 0.2 % by wei ght of

pht hal ocyani ne dye (EX Col or 801K,>£ éﬂf}@ctured by N ppon Shokubai), 0.3 %
by wei ght of phthal ocyani ne dye (E or 803K, manufactured by Ni ppon
Shokubai) and 2.3 % by wei ght of

wherein R, represents an alkylene group having from1 to 4 carbon
atoms; R,, R;, R,, R, and R,;; each represent a hydrogen atom,
or an alkyl, afyl or aralkyl group having from 1 to 7 carbon
atoms, and these may be the same or different; and k-represents

a natural number of from 1 to 4:

wherein Rn represents an alkylene group having from 1 to 4 carbon
atoms; R,;, R, R, and R, each represent a hydrogen atom, or
an alkyl, aryl or aralkyl group having from 1 to 7 carbon atoms,

and these may be the same or different:

This Sheet Has Been Rei aced .
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di-i mmnl um dye of “formula (13), and dispersed in nethylene 51 chl ori de.
An adhesi (A4100 of 0.125 -mmthick, manufactured by
Toyobo) wqalﬂlz"mﬂ@n"!”ll resulting dispersion, and dried at 120[err]C.

e resultin Lm s a #1ear-infrared-absorbing | ayer of 0.01 nmthick
forrred thereon The thus-prepared, near-infrared-absorbing film and a
transparent conductive filmhaving a near-infrared-reflecting | ayer (1Dl X0,
manuf actured by | dem tsu Kosan) on a shape- retaining Iayer of an acrylic
sheet having a thickness of 3 mm Thus was produced a
near -i nfrared-shi el ding panel having the structure of Fig. 1-A The
spectral transnittance curve of this panel is shown in Fig. 7. The
near-infrared cut-off percent f7zthis %&)l mwas 97 % and the visible
ray transmttance thereof was 60 9 was good. Conp tlve Exanpl e
1: The fluorene copol yester that h &_‘red I n Exanpl i was

ng wi th 18 % by wei ght,

di spersed in nethyl ene chlori tﬂa @I)

wherein R,, and R,, each represent an alkylene group having from
1l to 4 carbon aton;s, énd these may be the same or different;
R,. and R,, each represent a hydrogen atom, or an alkyl, aryl
or aralkyl group having from 1 to 7 carbon atoms, and these may
be the same or different; and 1 and m each represent a natural

number of from 1 td 8:

Rao Fﬁzs 24
HORZr—O—Q—C O-R,;OH .
Ra3 @ R2s

(Ra7)n

whereinR,, represents an alkylene group having from 1 to 4 carbon
atOI'flS; Ryr Rapr Ryys R,., R, and R,, each represent a h.ydrogen
atom, or én alkyl, aryl or aralkyl group having from 1 to 7 carbon
atoms, and these may be the same or diff_erent; and n represents

2 natural number of from 0 to.5:

This Sheet Has Been
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relati.ve to the copolyester, of nickel bis-I,2-diphenyl-

1, 2-et2ﬂ ﬁ epared in Exanple 1, and 1.5 %by wei ght of

pht hal lm m’nme,ﬂﬂmﬂ;:ol or 803K, manufactured by N ppon Shokubai) . An
adhesi ve* pdl yést 8r #ilm (A4100 of 0.125 nmthick, manufactured by Toyobo)
was coated wth the resulting dispersion, and dried at 120[err]C. The
resulting filmhad a near-infrared-absorbing |ayer of 0.01 mmthick forned
t hereon. The spectral transmittance curve, G of this filmis shown in Fig.
8. The filmhad a high near-infrared cut-off percentage 52 of 98 % but
had a low visible ray transmttance of 25 % Therefore, the filmwas not

good. Conparative Exanpl eRZ The Iuore 1§ copol yester that had been
prepared in Exanple 1 was . Bﬂyl ene chloride along with 0.05 %

by wei ght, relati Hpot o gg Hbi s- 1, 2- hi)henyl
1, 2-et hene-dithiola F{%ﬁrepar n|Exad e 1, 01 % by wei
pht hal ocyanl ne dye (EX Col dﬂ3§01KR3|6anung_,ured by N ppon

whereinR,, represents an alkylene group having from 1 to 4 carbon
atoms; R,, and R,, each represent an alkyl group having from 1
to 10 carbon atoms, and these may be the same or different; R,
”ﬁn, R3; and R,, each represent a hydrogen atom, or an alkyl, aryl
" or aralkyl group having from 1 to 7 carbon atoms, and these may
be the same or different.
9. The near-infrared-absorbing film as claimed in claim
7 or 8, which is formed in the polymerization method of claim
2.
10. The multi-layered, near-infrared-absorbing film or
panel as claimed in claim 1, 3 or 6, which comprises the film

of claims 7, 8 or 9.
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Shokubai) and 0. 01 % by wei ght of phthal ocyani ne dye (EX Col or 803K,
manuf act ured by N ppon Shokubai). An adhesive pol yest:er film (A4100 of
0.-125mt hi ck, manuf act ur edbyToyobo) wascoated with the resulting

di spersion, and dried at 120[err]C. The resulting filmhad a

near -i nfrared-absorbing Iayer of 0.01 mmthick fornmed thereon. The spectral
transmttance curve, H, of this filmis showmn in Fig. 8 The filmhad a
high visible-ray transmttance of 85 % but had a | ow near-infrared cut-off
" percentage of 55 % Therefore, thepyggtRag@as not good. Conparative Exanple
3: The fluorene copol yester that had been prepared in Exanple 1 was m xed
with 2.0 % by weight, relative to the copol yester, of nickel

bi s- 1, 2-di phenyl -1, 2-ethene-dithiolate prepared in Exanple 1, 1.5 % by

oL o1 D gaaae o (XLCRLPT (HAG melpcyctyByeapen

Shokubai ) and g nium dye and
di sper sed e TR e0e i 41iiP oA AdRCY e RAATY dd MR P!
shieldability, and .having a high degree of visible ray
transmittance and good color tone.
To produce t;he near-infrared-absorbing film or panel
having good color tone while the near-infrared-absorbing dye
" to be therein is kept stable, the dye and the binder resin for
the dye are specifically selected, and the production method
is also specifically selected. In addition, for the purpose
of producing the film or panel while the dye to be therein is
kept stable and for the purpose of making the £film or panel have
additional functions such as electromagnetic radiation

absorbability, the film or panel is made to have amulti-layered

structure.
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manuf actured by Toyobo). was coated with the resulting dispersion, and dried
at. 120[err]C. The resulting filmhad a near-infrared-absorbing | ayer of
0.01 mmthick formed thereon. The spectral transmittance curve, |, of this
filmis shown in Fig. 8 The filmhad a high near-infrared cut-off
percentage of 98 % but had a low visibtg ray transmttance of 40 %
Therefore, the fil mwas not good. Conparative Exanple 4: The fl uorene

copol yester that had been prepared in Exanple 1 was m xed with 0.05 % by
wei ght, relative to the copol yester, of nickel bis-1, 2-diphenyl-1,
2-ethene-dithiolate prepared in Exanple_ 1, 0.01% by wei ght of

pht hal ocyani ne dye (EX Col or 803K,Fﬁﬂnuﬁactured by "N ppon Shokubai) and

0. 05 % by wei ght of di-immoniumdye & If@ nula (13). An adhesive pol yester
film(A4100 of 0.125 mmthick, manufactured by Toyobo KK) was coated with
the resulting dispersion, and dried at 120[err]C. The resulting film had
a near-infrared-absorbing |layer of 0.01 mmthick forned thereon. The
spectral transmttance curve, J, of this filmis shown in Fig. 8. The film
had a high visible ray transmttance of 82 % but had a | oy near-infrared

cut-of f percentage of 70% Therefore, the filmwas no%:gﬁbdZ TEf dat a
! ‘_——______———
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obtai ned herei nabove are summarized in the follow ng Table 1. 54 Table 1

Exanpl es Formation of Near- Visible Ray *“* Near-Infrared
Cut-Of Infrared-Absorbing Transmttance (% Percentage (%9 Film2
Casting 70 97 3 - Casti ng
70 97 4 o /Mglt Extrusion 65
97 5 Mel t Extrusion 64 97 6
Mel t Extrusion 65 97 7 ' Casti ng
60 : 95 8 Casti ng ' 62
95 9 Casti ng . 60 : 97 10
Casti ng 60 Fig. 2 97 11 Casti ng
63 97 12 %2 Cast i ng 60
97 13 Casti ng 63 97

100 T T T T T ] 1 T

80 |-

./%

i@-.f

—
P23

Transmittance
s =Y
=

300 600 900 1200
' Wk nm |

Wavelength



14 Cast i ng 60 95 15

Coating ... 60 97 16 i Coat i ng
60 97 17 Coati ng ' 60
i “% 5 20 l?

ating ating
60 97 21 8/8 coating 60
97 55 22 . Coati ng ' 60 97
23 Coati ng 60 97 24
Coati ng 63 97 25 Coati ng
gg 958C(2)rrpar at i pigy Exqanpl eéolt' Coat i gg

ating
55 3 Coat i ng FI” Ty 08
100 r ¥ . L] al I - L1 T
80 |- _ .

=%

b

\

Transmittancé
1B

300 600 900 1200
WK/ nm .

Wavelength



4- Coati ng - 82 70 56

| NDUSTRI AL APPLI CABI LI TY As has been described in detall her ei nabove, the

- present invention provides a single-layered or nulti-Ilayered, near-
infrared-absorbing filmor a nulti-layered near-infrared- absorbing panel,

whi ch conpri ses an absorbing | ayer o g near - i nfrared-absorbi ng dye as

di spersed in_a transparent polyner e?i a The

fil mandpanel absor bnear-i nfraredrays as enltted by i mage out put devices such

as plasma displays, lighting appliances or the |ike so as to cut off the

penetration of the rays through the film thereby preventing renote-control.

i nfrared comruni cati on ports thatFl lpy the rays falling within an

infrared range for comrunication f%?gygglfunctlonlng and even preventing
t he appliances to be controlled by renote-control devices from

mal functioning. In addition, they are used for detecting forged cash cards,
I D cards, etc. BRI EF DESCRI PTI ON OF THE DRAW NGS
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Fig. 1 shows some enbodi ments of the structure of the
-near=-infrared-absorbing fil mor panel of the invention; Fig. 2 shows the
spectral transmttance curve of the panel of Exanple 2; Fig. 3 shows the
spectral transmttance curve of the panel of Exanple 7; Fig. 4 shows the
spectral transmttance curve of tq§/pgnel of Exanple 15; Fig. 5 shows the
spectral transmttance curve of the’firlter of Exanple 20; Fig. 6 shows the
spectral transmittance curve of the panel of Exanple 24; Fig. 7 shows 57
the spectral transmttance curve of the panel of Exanple 25; Fig. 8 shows
the spectral transmttance curves of the filnms of Conparative Exanples 1 to
4. 58 1. (deleted) 2. (deletpgdy. 5

£5K

' 100 R 1 ] T . B R l f T

80 |- . -
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3. (deleted) 4. (deleted) 5. (deleted) 6. (deleted) 7. (anended) A
near-i nfrared-absorbing filmconprising a near-infrared-absorbing dye,
“wherein the dye is any of phthal ocyani ne-netal conpl exes, aromatic
dithiol-nmetal conplexes of the follow ng general formula (1), and aromatic
di - i moni um conpounds of the follogggq%general formulae (2) and (3), and at
| east two or nore dyes selected fr tthose are dispersed in a transparent
pol ymer resin: [err] wherein RD[err] and RDerr] each represents an

al kyl ene group having from1l to 4 carbon atons, an aryl group, an aral kyl
group, a fluorine atomor a hydrogen atom and Mrepresents a tetradentate

transition nmetal: 59 [err] Fig. 6
| Z£6K
100 1 LY ¥ T 1 L) L) 3 I.T I LI ) 4
80
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o
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wherein ROerr] to RD[er] each represent an al kyl greup having from1 to 10
~carbon atons; and X represents a nonoval ent or divalent anion, which is a
“counter-ion for neutralizing the ionized conpound: [err] wherein RDerr] to
RD[ err] each represent an al kyl group having from1l to 10 carbon atons; and
X represents a nonoval ent or divalept ?nion, which is a counter-ion for
neutralizing the ionization. 8. (de(g ed) 9. (deleted) 10. (deleted) 11.
(added) A multi-layered, near-infrared-absorbing filmor panel, which
conprises the near-infrared-absorbing film of claim7 having a
near-infrared-absorbing dye as dispersed in a transparent polyner resin.
12. (added) A near-infrared-absorpgng7film which is fornmed froma
uni form sol uti on of the near-infraggd?g@sorbing dye as in claim7 and a
polymer resin in a solvent in a casting ‘
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nmet hod or a coating nmethod, or froma nelt m xture of the dye and the

_ polyner resin in a nelt extrusion nethod, or froma-uni formmxture of a

" near-infrared-absorbing dye and a nonormer in a polynerization nethod of

pol ymeri zing and solidifying it. 13. (added) A near -i nfrared-absorbi ng
film or a multi-layered, near-infg Qp-absorbing filmor panel, which
conprises a transparent plastic filmas fornmed through vapor deposition of
at | east one selected fromnear-infrared- absorbing dyes, netals, netal

oxi des and netal salts on the filmof claim?7, 11 or 12. 14. (added) A

mul ti-layered, near-infrared-absorbing filmor panel,wherein the absorbing
layer is a lam nate conposed of plpirpl 8¢ ayers of at |east one or nore :
selected fromthe filns or panels ¢f g m7, 11, 12 or 13. 15. (added)
The multi-layered, near-infrared- absorbing filmor panel as clainmed in
claim11l, 12, 13 or 14, which conprises the near-infrared-absorbing film of
claim7 and at | east one of an el ectromagnetic radi ati on-absorbing | ayer,
an antireflection layer, a shape-retaining |ayer and an

ul travi ol et-absorbing |ayer. 61
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16. (added) The multi-layered, near-infrared- absorbing filmor
--panel* as clainmed in claimi11, 12, 13, 14 or 15, of which the l'i ght
transmttance profile is such that the visible ray transmttance is not
lower than 55 % and the near-infrared ray transmttance is not higher than
5 % when the near-infrared-absorbing filmof claim7 is lamnated with a
radi ati on-resi stant glass sheet capable of reflecting heat radiations. 17.
(added) bsorbing film wherein at | east one or nore dyes
sel ect edﬁmmml"a“(! Mﬂjﬂned absor bi ggagMes i s dispersed in a transparent

pol ymer resin, anot sa d=*polynmer resin is a polyester resin as copolynerized
mnth at least 10 nol % or nore of at |east one selected fromaronatic diols
of general fornul ae (4) to (9): [err] wherein Rlerr]l represents an al kyl ene

group having fr om|£1 afar bon at ons; eﬁEI}LACE‘{IENT ]SHEBrerr] and Rlerr]
each represent y%rogen atom or an al kyl—a+yd—ar—ara] kyl group havi ng

from1 to 7 cgr bo(de Ol'8y) 14 DEC 1998

3. (deleted)

4. (deleted)

5. (deleted;

6. (deleted)

7. (amended) A near-infrared-absorbing film comprising
a near—infrared—absérbing dye, wherein the dye is any of
phthalocyanine—mepal complexes, aromatic dithiol-metal
complexes of the following general formula (1), and aromatic
di-immonium compounds of the following general formulae (2) and
(3), and at least two or more dyes selected from those are

dispersed in a transparent polymer resin:

T N 0 - (1)

wherein RD, and RD, each répresents an alkylene group having
from 1 to 4 carbon atoms, an aryl group, an aralkyl group, a
fluorine atomor a hydrogen atom; and M represents a tetradentate

_transition metal:
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and these may be the same or different: 62 [err] wherein Rlerr]
represents an al kyl ene <gf oup having from1 to 4 carbon.atoms; Rlerr],
Rlerr], Rerr], Rerr] and R err] each represent a hydrogen atom or an

al kyl, aryl or aralkyl giroup having from1 to 7 carbon atons, and these may
be the S and k represents a natural nunber of from1l to 4:
[err] V\/ﬂtllﬁ"”"wm WI'ﬂmR!,esents an al kyl ene group having from1 to 4 carbon
atons; R érrf, Rerr]s err] and R err] each represent a hydrogen atom or

an al kyI aryl or aral kyl group having from1 to 7 carbon atons, and these
may be the sanme or diff,e{,gnt: 63 ferr] RDyy

RDg—N O

1+) t+}
%N X or2X :
\Q\ !

N— RD42

.Ry0—N : N— Rz
/ /
Rg . Rg

_wherein RD, to RD,, each represent an alkyl group having from
1 to 10 carbon atoms; and X represents a monovalent or divalent

anion, which is a counter-ion for -neutralizing the ionized

compound:-

RD7

R O eI N '
|-)
T e o
RD]S—"N

RDIG X or2X

RDs3

wherein RD; to RD,; each represent an alkyl group having from
1 to 10 carbon atoms; and X represents a monovalent or divalent
anion, which is-a eounter—iori for neutralizing the ionization.

8. (deleted)

9. (deleted)

. 10. (deleted)
11. (added) A multi?layere_ci, near-infrared-absorbing

filmor panel, which comprises the near-infrared-absorbing film
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wherein R err] and Rl err] each represent an al kyl ene group having from1l to
-4 carbon atons, and these nay be the sane or different; Rlerr] and Rerr],

each_represegmum}'ﬂlmnlﬂmrn or an al kyl, aryl or aral kyl group having
from1l to 7 o these may be the sane or different;- and 1 and
m each represent “a hatliral dunber of from1 to 8 [err] wherein Rerr]

represents an al kyl ene group having from1l to 4 carbon atons; Rerr],
Rlerr], Rerr], Rerr], Rerr] and R err] each represent a hydrogen atom

or an al kgt .c1afifl 70ha@iabkyl ngkPLUPnBRY-BE-EHeBYDE Ag7dgar RO PE 98B eqNd
these may be the sane or "different; and n represents a natural nunber of

from 1 to Sarpar st TREOAdE A LT “ach roprosent an al Kyl group.

_ ; , € present an al kyl group

A (om L2 IQHinn Bl B S SSE AR S gl dh et

al kyl, arf’/olrmed from a uniform solution of the near—infrared—absorbing :
dye as in claim 7 and a polymer res'in in a solvent in a casting
method or a coating method, or from a melt mixture of the dye
and the polymer resin in a melt _extrusion method, or from a
uniform mixture of a near-infrared-absorbing dye and a monomer

"ina polymerization method of polymerizing and solidifying it.

13. {added) A near-infrared—absbrbing film, or a
multi-layered, near-infrared-absorbing film or panel, which
comprises a transparent plastic film as formed through vapor
deposition of at least one selected from near-infrared-
absorbing dyes, metals, metal oxides and metal salts on the film
of claim 7, 11 or 12.

14. (added) A multi-layered, near-infrared-absorbing
filmorpanel, wherein the absorbing layer is a laminate composed
of plural layers of at least one or more selected from the films
or panels of claim 7, 11, 12 or 13.

15. (added) The multi-layered, near-infrared-
absorbing filﬁ or panel as claimed in claim 11, 12, 13 or 14,
which comprises the near-infrared-absorbing film of claim 7 and

at least one of an electromagneti_c_: radiation-absorbing layer,

an antireflection layer, a shape-retaining layer and an

[

ultraviolet-absorbing layer. REPLACEMENT SHL"-"'"%:‘“.

14 DEC 1998
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or aral kyl group having from1l to 7 carbon_atons, and these may be the sane
.of different. 18. (addeQ) A near-infrared-absorbing filmconprising a

Somi exeb “aronat e d/thi of cmetal QﬁnSYilllllllm I IRPLAN, = 2na ™

aromatic di-imoni um conpounds of fornul ae (2) and* (3), *and at |east one or
nore dyes selected fromthose are dispersed in the polyester resin of claim
17. 19. (added) A nulti-layered, near-infrared-absorbing filmor panel,

whi ch conpriseggt he nga gb@ﬂrarednﬁpsqﬁ 199 ié%g}gg clgbg&lgnq&akgdpaV|ng a

near-infrared- absorblng ye as dispersed In a ransparent pol ymer resin.

20. . \addedlocAingars IATSATRIAPSA Wiag ddd T, WLSH L8, F08 o f ey

uniforms on a near rared abso re5|n in a
m,17.or ,18.i.n casti nethod a. coati

roma moter EUTHED R gt 65 Rahhenke REPsRLe +zs%‘hcfr”%°f§aeﬁw§?f’e’ o

extrusion or froma
nEtg?e ray transmittance is not lower than 55 % and the

near-infrared ray transmittance is not higher than 5 %, when
the neéreinfrared—absorbing film of claim 7 is laminated with
a radiation—resis;ant glass sheeF capabie of reflecting heat
radiations.

17. (added) A near-infrared-absorbing film, wherein at
least one or more dyes selected from near-infrared-absorbing
dyes is dispersed in a.transparent polymer resin, and said
polymer resin is_a pol.yester resin as copolymerizedwith at least
10 mol% or more of at least one selected from aromatic diois

of general formulae (4) to (9):

R Ry
HO—RIO 'Rf‘OH {4)
R3 Rs

wherein R, represents an alkylehe group having from 2 to 4 carbon
atoms; R,, R,, R, and R, each represent a hydrogen atom, or an
alkyl, aryl or aralkyl group having from 1 to 7 carbon atoms,

and these may be the same or different:
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uni form m xture of a near-infrared-absorbingdye—and-a+enoner in a

.pol yneri zation nmet hod .of pol ynerizing b Sk Vi Lt. 21. (added) A
near-infrared-absorbing film or a wﬂmﬂﬂ%m’i@mﬁgﬂmﬂ nf r ar ed- absor bi ng
fi.l mor panel, which conprises a transpafemt p «'l mas forned through
vapor deposition of at |east one selected fromnear-infrared- absorbing
dyes, netals, netal oxides and netal salts on the filmof claim1l7, 18, 19
or 20. 22. (added) A nulti-layered, near-infrared-absorbing filmor panel,
wherein the absorbing layer is a | am nate conposed of plural |ayers of at

| east one or nore selected from anels of claim17, 18, 19, 20
or 21. 23. (added) The m near -i nfrared- absorbirig
filmor panel as clained iﬁcgh i whi ch conprises the
near - i nfrared-absorbing filmof cl2 of T8 '&nd at | east g?e of an

el ectromagnetic radiation-absorbiag llaydr, B antireflectiodh Fayer, a
shape-retaining | ayer and an.ultravi ol ek-absorbing | ayer. 24. (added)
The " nulti-layered, near-infrared- abs@Rpi)kg film or panel as clained in
claim19, 20, 21, 22 or 23, of which the light transmttance profile is
such that the _ '

.wherein R, represents an alkylene group having from 1 to 4 carbon
atoms; R,;, Ry, Ry, Ry, and R, each represent a hydrogen atom,
or an alkyl, aryl or aralkyl group having from 1 to 7 carbon
. atoms, and these may be the same or different; and k represents

a natural number of from 1 to 4:
. R13. ﬁ H15 )
HORu‘O‘Q-ﬁQORuOH (6)
R
14 o 16

" whereinR,, represents an alkylene group having from 1 to 4 carbon
atoms; R,;;, Ry, R,; and R, each represent a hydrogen atom, or
an alkyl, aryl or aralkyl group having from 1 to 7 carbon atoms,

and these may be the same or different:

REPLACEMENT SHEET
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visible ray transmttance is not |ower than 55 % and the near-infrared ray
transmttance is not hj-gher than 5 % when the near-infrared-absorbing film

of -claim17 or 18 is laninated 66 with a radiation-resistant glass sheet

Capablﬁ!lmclI"ﬂj‘lljﬂlll!"ﬂlreat radi ati ons. 67

HORy; Rao)m

7
{R1g) R,g0H (7)

wherein R, and R,, each represent an al.kylene group having from
1 to 4 carbon aton\ls, and these may be the same or different;
- Riq aﬁd R,, each represent a hydrogen atom, or an alkyi, aryl
“or aralkyl group having from 1 to 7 carbon atoms, and these may
be the same or different; and 1 and m each represeht a natural

number of from 1 to 8:

Rzs Rzs (8)
(Rz7)n

wherein Rzl' represents an alkylene group having from 1 to 4 carbon
atoms; R,,, R,;, R,,, R, R,, and R,, each represent a hydrogen
atom, or an alkyl, aryl or aralkyl group having from 1 to 7 carbon

atoms, and these may be the same or different; and n represents

a natural number of from 0 to 5:
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|
HORza_"O | "Q’O’RzaOH (9)

wherein R,, represents an alkylene group having from 1 to 4 carbon
atoms; R,, and R,, each represent an alkyl group having from 1

to 10 carbon atoms, and these may be the same or different; R,

R,,, R;, and R,, each represent a hydrogen atom, or an alkyl, aryl
or aralkyl group having from 1 to 7 carbon atoms,l and these may
be the same or different.

18. (added) A near-infrared-absorbing film comprising
a near-infrared-absorbing dye, wherein the dye is any of
phthalocyanine-metal complexes, _ aromatic dithiol-metal
complexes of formula (1), and aromatic di-immonium compounds
of formulae (2) and (3), and at least one or more dyeé selected
from those are dispersed in the polyester resin of claim 17.

19. (added) A multi-layered, near—in.frared—absorbing
filmor panel, which comprises the near-infrared-absorbing film
of claim 17 or 18 having a near—infraréd—absorbing dye as
dispersed in a trgnspa}ent polymer resin.

20. (added) A near-infrared-absorbing film, which is
formed from a uniform solution of a near-infrared-absorbing dye
and a polymer resin in a solvent as 11:1 claim 17 or 18 in a casting

method or a coating method, or from a melt mixture of the dye
REPLAGEMfcsf . v
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and the polymer resin in a melt extrusion method, or from a
uniform mixture of a near-infrared-absorbing dye and a monomer
in a polymerization method of polymerizing and solidifying it.

21. (added) A, near-infrared-absorbing film, or a
multi-layered, near-infrared-absorbing film or panel, which
comprises a transparent plastic film as formed through vapor
deposition of at least one se}ected_ .from near-infrared-
absofbing dyes, metals, metal oxides and metal salts on the film
wof claim 17, 18, 19 or 20.

22. (added) A multi-layered, near-infrared-absorbing
filmor panel, wherein the absorbing layer is a laminate composed
of plural layers of at least one or more selected from the films
or panels of claim 17, 18, 19, 20 or 21.

23. (added) The multi-layered, near-infrared-
absorbing film or panel as claimed in claim 19, 20, 21 or 22,
which comprises the near-infrared-absorbing film of claim 17
or 18 and at least one of an electromagnetic radiation-absorbing
layer, an antiref-lection layer,' a shape-retaining layer and an
ultraviolet-absorbing layer.

24. . (added) The multi-layered, near-infrared-
absorbilng'fi'lm or panel as claimed in claim 19, 20, 21, 22 or
23, of which the light transmittance profile is such that the
visible ray transmittance is not lower than 55 & and the
near-infrared ray transmittance ié not higher than 5 %, when

the near-infrared-absorbing filmof clra.mu or 18 is laminated
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with a radiation-resistant glass sheet capable of reflecting

heat radiations.
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