DESCRI PTI ON TI TLE OF THE | NVENTI ON: ARTI CLE HAVI NG
LOW REFLECTI ON FI LM ON SURFACE OF BASE S5MATERI AL TECHNI CAL FI ELD

[ 0001] The present invention relates to an article
having a lowreflection filmon 10surface of a base material.
BACKGROUND ART [ 0002] An article having a lowreflection

filmon surface of a base material is used as 15a cover glass of a
sol ar battery, various displays aﬁgsﬁﬂﬁbf gont plates, various
wi ndowpanes, a cover glass of a touch panel and the |ike. As
the lowreflection film for exanple, a five-layered |owreflection
filmobtained by lamnating a |low refractive index |layer with a

refractivart T &. 47 and a high refractive index |ayer
with are rac'???(/e m%lex o;m% 0 to 2.4 alternately 20from base

material si d%RﬁdﬂMﬁﬁ\Km@}?LBw KHF1 R RNETIN - OMISSRFACE OF BASE

doubl e-1 ayered lowreflection filmcontaining a lower layer wth a
high gefractive index layer and amuyppaiidiayer with a low refractive
i ndex layer is known (see Patent Document 2). RELATED ART PATENT
DOCUMENT 25[ 0003] Patent Docunent 1: JP 59-208501 A

TECHNICAL FIELD
[0001] .
The present invention relates to an article having a low-reflection film on

10  surface of a base material.

BACKGROUND ART
[0002]
An article having a low-reflection film on surface of a base material is used as
15  acover glass of a solar battery, various displays and their front plates, various
windowpanes, a cover glass of a touch panel and the like.
As the low-reflection film, for example, a five-layered low-reflection film
obtained by laminating a low refractive index layer with a refractive index of 1.35 to
1.47 and a high refractive index layer with a refractive index of 2.0 to 2.4 alternately
20  from base material side is known (see Patent Document 1). Also, a double-layered
low-reflection film containing a lower layer with a high refractive index layer and an
upper layer with a low refractive index layer is known (see Patent Document 2),
RELATED ART
PATENT DOCUMENT
25  [0003]
Patent Document 1: JP 59-208501 A



Pat ent Docunment 2: JP 2000-153223 A SUWARY OF THE | NVENTI ON

TECHNI CAL PROBLEMS 5[ 0004] The I owreflection filmof Patent
Docunment 1 exhibits, however, high reflectance unexpectedly in the
near infrared region although it exhibits sufficiently |ow
reflectance in the visible light region. Furthernore, the

|l ow-reflection filmof Patent Docunment 2 has high wavel ength
dependency, an%ﬁ&ﬂ%c@eh{?%gob?qsg st 10refl ectance on a

-refl ectance curve is he re Iec ance i s unexpectedly increased
in the visible light region. Therefore, such conventi onal
lowreflection filnms have a problemthat |ow reflectance cannot be
attai ned i@ NRSeopayet aFYERTION On. The present invention
provi des an arti cI e having a lowreflection filmexhibiting | ow,

refl ect anggrgeat AgtPROBNEME @ W de wavel ength region. 15 SCOLUTION TO

THE PROBLEMS [ 0005] The article of the invention is an article
cont aini ngo@)base material and a lowreflection filmformed on a
surface of the base material, in which the lowreflection filmis

conposed of a fTHe%wh@ﬁ@éuon%ﬂﬁP&@h%ﬂt Behmand éklﬁl!’ﬁ'tsf Hoxlvé%%rhlgﬁ sposed
in this order from20 the base material side, and the first Tayer,

t he secongdndanRe uﬁ%e&féﬁlyt 1B'thé1néa§Y1ﬁ¥ar€tﬁfé§1cﬁ1 :ﬂﬁlfoﬁéﬁ? it'e&éﬁlbité‘ Q@ﬂici&i‘ﬂly lcﬁv
refractive i ndex n2 a refractive index n3, respectively, which

neet the rEfdc@dnce 'il§ﬂieﬁflﬂf)lefl herdgsbr 'Fﬁrth&t@rﬂﬂ@]tha_ fev-tdflestion BUR bF PhtBt
second |l ayer and the third 1ayer have a t hi ckness di, a 25t hi ckness

d2, and @DdchiekEhSs lﬂgh Waeéﬁﬁgmldéﬁéddenww fdheicef ﬁ&mgu it e@yest he
rel ati onshi p of dl ) The first | ayer preferably

cont apns refldndedn %Uiibfﬂe@&ﬁ@e alrveisy e Gk Yefddctanet 1@&@1%&@&19 Mreased in
The second | ayer preferably contains any one species of fine

particl e&h@ﬂﬁlb[éylﬁ%ﬁt Yédion.r eFhesford) Tl dovértionalieiv-Riflet tdrafilns Iaeakai ns:
any one species fine particles and pyrolytic resins; and a binder.
problem that low reflectance cannot be attained in a wide wavelength region.

The present invention provides an article having a low-reflection film
exhibiting low reflectance against light in a wide wavelength region.

15 SOLUTION TO THE PROBLEMS
[0005]

The article of the invention is an article containing a base material and a low-
reflection film formed on a surface of the base material, in which the low-reflection film
is composed of a first layer, a second layer and a third layer disposed in this order from

20  the base material side, and the first layer, the second layer and the third layer have a
refractive index nl, a refractive index n2, and a refractive index n3, respectively, which
meet the relationship of nl > n3 > n2.

[0006]}

The first layer, the second layer and the third layer have a thickness d1, a

25  thickness d2, and a thickness d3, respectively, which preferably meet the relationship of

d1>d2>d3.



[ 0007] The lowreflection filmhas a | owest reflectance

against |light of a wavelength of 400 to 1100 nm being preferably 1.0%
or less. 10The base material is preferably a transparent base
material. The article is preferably a cover glass of a solar battery.
[ 0008] The article of another enbodi nent of the invention is
an article containing a base material and a lowreflection film

S I ) Al i

wich a layer v BYETaefARIT LBOEE oRh IFshRegpEp RSN sor ©

| ayers CO{!E&{YEH l.ng the lowreflection filmis disposed at a cl osest
0

position € base material anmong the plural layers constituting

the lowreflectq i 1 b . tive
i ndex out of th%k%pr%eéér{éﬂh Yai}e?%rdg%gnlt%% %‘}R’S" rﬁﬁsgg(flgswgﬁ e ctllélggn Ilm
is dispo olgﬁ gesfrgrt hest position fromthe base material anong the
plural |ayer % constituting the lowreflection film ADVANTAGEOUS

EFFECES OF THE RN P91y contains: dlYorshbGbLoMind fSrlIBVAR | ON
has a | owrefl ection ?afylélrnkex%?%)?’tcfﬂgl Sow re Isgct an%e % al rllst Ight in

a wi de wayelieRoldlikeHCMbinder, BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0010] FIG 1 1s a cross-sectional view of an exanple of an

article gpgending to the invention. FIG 2 is a graph
illustrating a result of sinulation for reflectance perforned in

SExanpl es 110 JrheVRESIERn IR sNGo bl rdiietdnbl ENEA N ohP88d dvavelength

of 400 to 1100 nm being preferably 1.0% or less.
10 The base material is preferably a transparent base material.
The article is preferably a cover glass of a solar battery.
[0008]
The article of another embodiment of the invention is an article containing a
base material and a low-reflection film containing at least three layers formed on the
15  base material, in which a layer with a highest refractive index out of the plural layers
constituting the low-reflection film is disposed at a closest position to the base material
among the plural layers constituting the low-reflection film, and a layer with a second
highest refractive index out of the plural layers constituting the low-reflection film is
~ disposed at a farthest position from the base material among the plural layers
20 constituting the low-reflection film.
ADVANTAGEOUS EFFECTS OF THE INVENTION
[0009]
The article of the invention has a low-reflection film exhibiting low reflectance
against light in a wide wavelength region.
25
BRIEF DESCRIPTION OF THE DRAWINGS



FIG 1 is a cross-sectional view of an exanple of an article
according to the 10invention. The article 10 contains a base materi al
12 and a lowreflection film 14 fornmed on the surface of the base
material 12. [0012] (Base Material) Materials of the base materi al

i nclude glass, a netal, a resin, silicon, wood, 15paper or the like.
Exanpl es of the glass include glass having a conposition of soda-
l'ime glaﬁﬁpugorosilicate gl ass, alum nosilicate glass, no al kal

gl ass or xed al kal i -based gl ass. Furthernore, there nay be used not
only flat gl assypy ?qy«'&:?ﬁi)s?%/ecéilaﬁ lf\lié@tofﬁ?éiﬁgol?hfﬁﬁ]ﬁiﬂc{eﬁ%c&% gat5§?e
various glass such as figure g?ass produced rough the Fol 1834
processi ng byioguppl yi ng nol ten gl ass between a roll member having
20irregularities on its surface and another roll nenber. Exanples of
the resin incl l: : ; I :
tri acetyl col | ngse ahE DAl et PR RE Sl Ra{6F RHREAR Cocrormed i
film §parﬁxa§ﬁ£@é§ tig lowreflection filmmay be precedently formed on
t he base mater H 25The base material is in the shape of a plate, a
filmor the like. [0013] In the case where the article is
required for translucency (such as a cover glass of a solar battery,
vari ous qieRERySORMtA RRYING GO THE EENTMBN OUS Wi ndowpanes and a
cover glass of a touch panel), a transparent base material made of

gl ass, appgsijn or the like is preferably used as the base material.
5[ 0014] In the case of the soda-line glass, which is used in

construction orFIg, Ve &loSs-sdctioRd] SA&H épérye%ﬁaléloﬁé}{mﬁﬁﬁetaicéﬁ}didgﬂo the
expression in percent by nass on an oxide basis, of Si02 of 65 to

75% 18 2Q@veaifioR_t Phel@¥eleGAQoAtaIM 4 Busd B%erMI D @hd 8 16W-rdBhioNg2Q 1af 10
to 20% K20 of O to 3% Li20 of O to 5% Fe203 of 0 to 3% TiOQ2 of O
to 5% Cgbetnedf orlthd Qurifed¥othdEodek afatddidl 25% Sr of 0 to 5% B203 of O
to 15% 2ZnO of 0 to 5% Zr02 of 0 to 5% Sn02 of 0 to 3% and SO3 of
0 to 0.5%01xm the case of the no alkali glass, it preferably has a
conposition, in expression in percent by mass on an oxi de basis, of
Si 02 of 3BadeMdtefial) Al 203 of 3 to 25% B203 of Ito 30% MO of 0 to
10% CaO of 0 to 17% Sr0O of 0 to 20% and BaO of 0 to 30% In the
case of the m Mglemdlkaf ihehaseatkhigh include plaspnehaslabkesid)alican, wood,
conposition, in expression in percent by mass on an oxi de basis, of
Si Q218f phpdror tlikeA F3Amples®fttite dlad)indde glassdavingSt ébripd3itidntofZoda-of
6 to 24% and Na20 + 1 C20 of 6 to 24% As the base material of
a cover @ingsgdanfbaostitae ghas, abimyinofiligie glisg hasitkali gldss ar sdkednalkali-t er n
having irregularities on its surface is preferably used. As the

mat er i al bhexk glass. Furthermore, there may be used not only flat glass produced by the float

method or the like but also various glass such as figured glass produced through the
roll-out processing by supplying molten glass between a roll member having

20  irregularities on its surface and another roll member. Examples of the resin include
polyethylene terephthalate, polycarbonate, triacetyl cellulose and poly(methyl
methacrylate).

A coating film apart from the low-reflection film may be precedently formed

on the base material.

25 The base material is in the shape of a plate, a film or the like.

[0013]



20t his figured glass, soda-line glass (white plate glass) with a

smaller ratio of iron (nanely, with higher transparency) is nore

preferably used than soda-line glass (blue plate glass) used for such

as a general w ndowpane. [0015] (Lowreflection Film 25The

| ow-reflection film14 contains a first |layer 16, a second |ayer 18

and a third layer 20 in this order fromthe base material 12 side.
ention.satisfie

lﬁg?if ? onshi oAnfie 3% 52t ;'ﬁ%ﬁ% lﬁbef I'Sf%u%fs% 4 'ﬂ%@}?%ﬁiﬂc&%@h@ﬂ fags '
| ndex na of BBttt A RS syt gl e B BromyFonS Mnds b R, oF
nl > n2 cio{}g’r latlsg%f a§$4c§ taﬁ@l@ t?ﬁl%bﬂ%xgt ﬂasgg'lateriﬁl 1%?@% ﬁF é&%&ﬂhe

range is eng ependency O ctance’is
reduced [ || ectance agai nst Ilght of a
mavelengt%%d?&%%ﬁaﬁtﬁ%Tﬁ%tﬁ%ﬁ%%gﬁtéﬁ%hus | owered, the lowreflection
film f %q% invention is applicable to a glass to be used in a solar
battery ?%017] In the lowreflection f|In1of thls i nvention,

far as the rel gf ﬁl\éecagfblaﬁqla P@cﬁ?hﬁe%ﬁas? ]whlc 36@%}1 t}otﬁ%rfaajehﬁ:‘fé Ve

i ndexes of the respective ayers (S satls e va ues o

refracti gf. f%ggggffg? ra%mpo%oﬂ RpreSBtdn fehgpe‘f?éﬁgﬁ{é?&a'sé/ :{12{? Bﬁfdg%?flé han

the valu actrve | n equl r enera owrefl€ection

film Forg é“@fdset%sfs% Apblisrd refrt@mﬁf%ﬁm M 60 LRk b?zbmoﬁs

| ow as possi however, active index nf1s prefera

or | ess, (§ bev.r REhAEbiY 89, 98X o 1d SPEGERTRBNY 3%, 3006 b B59630E01 by
o %

.refractlve index n3 is preferably 1.40 or [ess. Furthernore,

| ow- fgf | ?&B%Oﬂa(f)'df@t%% RG0! JIEBISYE B8R0 fl@“/ﬁ%‘fioddfr(ﬁ%tﬂw Z%@gto?@ to

base material or forned above the base material wth a plural

functiongby, |Sﬂ&)§6§0$@9%"‘aﬁa‘l‘§€l)3 bherebstyesy. thé Sas8 Q8 iHel fMIkAINghAL it
20l ow-refléction filmof the'invention, the second |ayer 18

prefer ab:pyeférgmmg qlcbﬁﬁabhﬁomntekaﬁreﬁglaﬂ dﬂe@dﬁ%ﬁ bPRBsd Biead Bkide bhayF 1S

preferabl'y forfed directly on the second |ayer. [0018] The refractive

i ndex ni S{GNETRIB 0%, A150; b BUAS%,A8,0k Jra 33094, N@bewem%cgawfma
inthe lowreflection filmis calculated as foll a si ngfe | ayer ed

filmof the SrO of0to 20%, and BaO of 0 to 30%. In the case of the mixed alkali-based

15  glass, it preferably has a composition, in expression in percent by mass on an oxide
basis, of Si0O; of 50 to 75%, Al;03 of 0 to 15%, MgO + Ca0 + SrO + BaO + ZnO of 6
to 24%, and Na,O + K»0O of 6 to 24%.
As the base material of a cover glass of a solar battery, figured glass with a
satin pattern having irregularities on its surface is preferably used. As the material for
20  this figured glass, soda-lime glass (white plate glass) with a smaller ratio of iron
(namely, with higher transparency) is more preferably used than soda-lime glass (blue
plate glass) used for such as a general windowpane.
[0015]
(Low-reflection Film)
25 The low-reflection film 14 contains a first layer 16, a second layer 18 and a

third layer 20 in this order from the base material 12 side.



25l ayer to be obtained the refractive index is formed on a surface of
a base material; and then, in accordance with the foll ow ng
expression (1), the refractive index ni is calculated on the basis
of the I owest reflectance against light Rmn (i.e., what is called a
bottomrefl ectance) of the single-layered filmnmeasured with a
spectrophotoneter in a wavel ength range of 300 to 1200 nm and the
refractlgﬁ (ﬂdex ns of the base material. Rmn = (ni - ns)2/(ni +

ns) 2(1) ? I's noted that the lowreflection filmof the invention is

not limted toqq.fl Ijeﬁ]sct S&"ﬁlﬁi SR § ‘fk%nBH"s R QYR glaﬁﬁﬁshligééfﬁoﬁh%“

four or nore |ayers. |s case, ayer aV|ng

refracti gﬁsﬁaﬂﬂgi‘ef?%ﬂ?ﬂ uﬁﬂe}( o 0g tﬂe3f¥1§{ ]% é‘rofﬁE?éﬁ-MvE ekql‘QLJf‘%lflé %%Bﬁ

filmis ed on osest to t base material anong t ur al

layers, apgdrand ﬁw)é%er&Weriﬂdém SRAO N ﬁl?eSb“ﬁ {c?scahk gﬂﬂ@ex among

all the layers conposing the | ow 10ref ection n1|s I'Sposed on
the Tart heghiodshtdies %%M&%ﬂ@dtmﬁ%%&n&tﬁ?gh@ irilﬁ Bhidd x@é{x%'iéngthmﬁge is

other layers are disposed bét ween t he yer with the highest

refracti vygwkdaxd ﬁﬁ%&%dgﬁi’&épeﬂ&éﬁ%bb%e%@ﬂ&?&c@'1sgﬂzﬁﬁéedr efih Elttl'(‘,l\.{ﬁr
index. In this case, the order in the refractive i ndex anong the

llayers disgResRdchetie@hdaligt K %fa‘()fvaﬂx@leﬁ o400 €5 1 1008krh 3G b¥ ks ndex
and the layer with the second highest refractive index is not

parti cul aghdred 38O RRY-FdRAtioh GRA A this 1nventldrﬁs taﬁﬁhdaﬁl@"cb of 182Gk B8 uddd! 1ﬁnaof
the invention, the thickness dl of the first layer, the thickness

of the sgggﬂgatte@y.er and the thickness d3 of the third |ayer
preferably satisfy a relationship of dl > d2 > d3. OnMng to
sat|$®y|mgom@e relationship of dl > d2 20 > d3, the refl ectance
agai nst light of a wavel ength of 400 to 1100 nm may be sufficiently

| owered. For sopgheasaimdedtiin flof saMsiefdnE6h 38 4sahd rddifivRreladsishanet
suppressing the wavel ength dependency of the reflectance as | ow as

possi bl enlboykeyap amochgitbe RiAtEVd i@dexiecd of HeGeipeoRid AR iddatikfiei sles i n
accordance with a conbination of the refractive i ndexes of the

respect i velueaylhs réfhcoivg indekean iah and 48 sty leadniatfiveBrlatdee tHah ki
25[ 0020] When, for exanple, nl = 1.46, n2 = 1.25 and n3 = 1.36, the

opti mum vhink oRdesErsivairledIrequirkQ@f agendal lowafletlicailng 3 Eor3bppisising

Alternatively, when n1 = 1.40, n2 = 1.10 and n3 = 1. 30, the optinm

t hi ckhessleseflecante of tlommrefldetion Him mboand pb3sibledhowener,[tBO EXtactive
index nl is preferably 1.50 or less, the refractive index n2 is preferably 1.30 or less and
the refractive index n3 is preferably 1.40 or less. Furthermore, the low-reflection film
of the invention may be formed directly on the base material or formed above the base
material with a plural functional layers sandwiched therebetween. In addition, in the

20  low-reflection film of the invention, the second layer is preferably formed directly on
the first layer and the third layer is preferably formed directly on the second layer.
[0018]
The refractive index ni (wherein i is an integer of 1 to 3) of each layer

contained in the low-reflection film is calculated as follows: a single-layered film of the

25  layer to be obtained the refractive index is formed on a surface of a base material; and

then, in accordance with the following expression (1), the refractive index ni is



5Si nce the optinmumthicknesses of the respective |ayers are thus
appropriately changed dependi ng upon the conbi nation of the
refractive indexes of the layers, it is preferred that the opti num
t hi cknesses of the respective |ayers are checked in changing the
refractive indexes. Furthernore, when the thicknesses of the
respective layers are intentionally shifted fromthe opti num

t hi cknes [ 1.0 .

ot | oot angi e ol E Bpp B (eSOl FRRRLNA Bt NEhe RS 5 Wt i called
Al so, th ' ' - (ph o iy f
each Iaygphggﬁ%§§§%g92P£@%k¥%$gﬁgﬁk@glgu %?@gﬁqﬁgﬁﬁgm?%@ﬁ¥%@F§%€?V%
| ndex ni \pfoetherm @YRS of ' OfefibBvd HHEKAESSmE Bkednateri
wavel engt VK Pﬁ% C%F? e@gé}ﬁ&?ﬁ%ﬁ{“ﬁq% {?giatomlr eﬁ(ect ance. e%gTSrCBaZIB]
(First Layer) in = (ml N&sihsk nhRayer mayjeontain any nmaterial with
any refractive%n% exﬁhs%?géhasnt e féfrgcfive i ndex satisfies the

rel atgve rel at ixﬁe%{eﬁ R4t (Rl lot-RFeBi ALARIBI e il Renkih Akt ilm%eiﬁgslaaeemnpf

t
the respective layers. For suppressing the reflectance of

| owe 1 ef | @GhiRin 2Rk khiid Pa’irefs%ﬂt ?r%.?rn:gﬁﬁirpfo‘ﬁr of MBrd 1BY&E. NBVhAGabd)8 layer
refractive index nl of 1.50 or less Is preferable. [0024]

Exanpl es p@fink e Righ&¥ rdfmtiP0iddBe amdhg 88 teVBydrd 8empiin®ihe low RectioRSS
i nclude a layer containing a burned Substance of a hydrol ysate

(sol - gel f#nlik 8RPoRH cAltkOUNSEst BNBe bAsedRABY A anfRBUAE Phifdl 1&eRUBACH layer
substance of silazane and a | ayer containing a resin (such as a

t her nopl agting theeRbtnd Righdte keRRAlS index hRShE alkhlaldés biibbdng BRIlGw- The
material for the first layer is preferably selected appropriately

i n aggor demegonvilh i4 Mispssat ohitid fabt@Est Hden MR PRsdMbRIkPdmo Bphltgl base
material is made of glass, the burned substance of a hydrol ysate of

al koxysi ligss. | Thelogfeeldyees A48 disPEscdtetidenlthd Riyeit Wih the liEhdsBpdractive
Furthernore, the first layer may contain, as a refractive

i ndex- | oyweiek REd fRi18ydrabith elsb@indIRshebreRa@ivelindex. panthic ke, Medrder in
pyrolytic resin. Exanples of the fine particles include hollow fine

parti cl esheadftagbleiifddx digorpatht 18kRSdisphséd/Biteatn thedagr evithfthé highbal | ow
fine particles includes hollow silica fine particles. A typical

exanpl e edfrdctiee Bidkx énd thedapaniittcthe sedond highest refrhétiiedhddxdanbi peticularly
particles. In the case of using the solid silica fine particles, the
refragti yeecifiblex of the first layer is lowered owing to space
portions 10forned anong the solid silica fine particles. The fine
particl ef00m@y be present with
In the low-reflection film of the invention, the thickness d1 of the first layer,
the thickness d2 of the second layer and the thickness d3 of the third layer preferably
satisfy a relationship of d1 > d2 >d3. Owing to satisfying the relationship of d1 > d2
20 > d3, the reflectance against light of a wavelength of 400 to 1100 nm may be
sufficiently lowered. For suppressing the bottom reflectance to 1.0% or less and
suppressing the wavelength dependency of the reflectance as low as possible, however,
it is preferred to select optimum thicknesses in accordance with a combination of the
refractive indexes of the respective layers through simulation described later or the like.

25 [0020]
When, for example, nl = 1.46, n2 = 1.25 and n3 = 1.36, the optimum



respective particles contained therein i ndependent of one anot her
(i.e., dispersed), with the particles linked in a chain shape, or
with the particles aggregated to one another. Here, the used anount
of the refractive index-lowering material, or the average aggregated
particle size is not particularly limted, and may preferably be

sel ected 15appropriately as far as the refractive index nl is 1.50 or

less. [ Oqgi"éi(neisses ar? ga%}ﬁgﬁ?;ﬁ%ﬁi 65 Fﬁx Ahk@Ys4 hane include

t et r aal koxysi 1'ane ranet hoxysr | ane, tetraet hoxysil ane,

t et rapropo il oy 1 . ;
oD oD e VR k0 soskUps ot e B

20tri et h%%ﬁﬁésﬁ{/éﬁa}e dﬁl:%’idzlaﬁﬁse?ﬁ’v 0132 BeRf uoroal kyl group (such

as perfl uoroet triethoxysi al koxysi l'ane having a vinyl group
(such as[géfml trimet hoxysilane or vinyl triethoxysilane),

al koxysi I"ane "havi ng an epoxy group (such as 2-(3,4- epoxycycl ohexyl)
Sthyl st 11 met NOXyslel BOGptipnl ik HOXIRIFARY dosbdcliV1NONVEL AR Bpprdpriately

gl yci doxypropyl nethyl” di et hoxysilane or 3-glyci doxypropyl

tri et hoxyahl 2R Qkperdith drontthk BdMBinkAREoRY tdihce RARIGXEONIRX ay SOl s
(such as 3-acryl oyl oxypropyl trinethoxysilane). [0026] The

hydrolys ip?ef@xfre& 8t Ak Pt AGmksseP6f the ¥BEbtivk Uy eRX ABRhEekel fn Eﬁ@lgﬁlﬁs e
of tetraal koxysilane, by using water in anh anmount of four tines the

nol ar  quaid debMctfe thdkea! KPxYIRdhARe walf (R BRkAtNKSES ofthe dpadive |8ferddie
al kali. Exanples of the acid include 5inorganic acids (such as HNG3,

H2SOA or jliedtonand skifigdfiogn eiopsinfustticlasssbhd wapdiénbth 0%ddspendibg &b the
nonochl oroacetic” acid, dichloroacetic acid or trichloroacetic acid).

Exanpd es vefromhefléttdiab mdy e 48R Aarbitias; wﬁﬁiﬂér%’fﬂ.hydr oxi de and

pot assi um hydroxi de. As the catalyst, an acid is preferably used from
the viewpggaagy of long storage stability of the hydrolysate of the

al koxysi | ane. 10[ 0027] At this point, the hollow silica fine
particle or thalsQthethidkhessali (Arip(vlardin ¢ isen(iheped ofaf 1063) of ehdty lapdt cho
as the silica fine particle) of the invention preferably has a shell
of sili chebbtaprteki@ugh dhleulatibn ading theeepavtive tdexin obtedhyw@do by obt@insd ng
a reaction between a core fine particle (or a material for a core
fine par forahedhickmdsseandrewavedaistiof (5h) ¢dtesparditytolthe @cnomasilsathnae.
precursor of silica in the presence of a core fine particle for
depord ti p@2Bprm ng a shell of silica on the surface of the core fine
particle. Such a nmethod for fabricating a core-shell type fine

parti cl e(Eisst Lagerenpl oyed a gas phase nethod or a |iquid phase nethod.
Exanpl es of the precursor of silica include one of or a m xture of
two or nore 200he Sitdv$dyenomy contaararydnitegah witteamyr ehipctieniedst anfgr af the
silicic acid, silicate and silicon al koxide, and a hydrol ysate or a
pol yner tdfenctiod indey sdiisfies tet.relative relationship of nl > n3 > n2 among the refractive

indexes of the respective layers. For suppressing the reflectance of the low-reflection
20 film as low as possible, the layer having the refractiv.e index nl of 1.50 or less is
preferable.
[0024]
Examples of the layer having the refractive index nl of 1.50 or less include a
layer containing a burned substance of a hydrolysate (sol-gel silica) of alkoxysilane, a
25 layer containing a burned substance of silazane and a layer containing a resin (such as a

thermoplastic resin, a thermosetting resin or a UV curing resin). The material for the



A specific exanple of the silicic acid includes silicic acid obtained
by deconposing an alkali netal silicate with an acid and dial yzi ng
the resultant, by deflocculating an alkali netal silicate, by
allowing an alkali netal silicate to come into 25 contact with an
acid type cation exchange resin or by another nmethod. Specific
exanples of the silicate include alkali silicates such as sodi um
silicate '?31%. ] Apagole as
anmoni umfggﬁqﬁﬁg%e anéég%lgts?lg!éﬂteﬁ% %‘%ﬁ?&%§§¥,&and {?IL{FI& %g‘%eté%l g#(iﬁb

ani nes Sypl AseRbNanPheRfHMase flfeli 48 of Bfisd, G Qibsahkoxf fe.

t here may E% ugeg not %nF% e?%y?kggf%gg{eoggtsélsoﬁ%#%fcoﬁ aﬁiof?de

having a IHLIMLASSARASL MG, bUREL1OAThe ERHR) AR A5t By

per fl uor er group an r a perfluoroa group, “or silicon

al koxi de phygmbiehrOnte ﬁEsfttlé{%r Rlay ¥BAGRIL hs § HHRCH OO Bl 81 QMBI oSBhRARICHiti{dr oM

the group consisting of & vinyl group and an epoxy group. An exanple

of the_sldkboaibrairk Ghlfifed i\ ratyRerdsl!OIARYRIrRe BiObRitRe Iifie

per fl uoropol yet her “tri et hoxysi’l ahe; an exanple of the silicon

al koxi de HagylyIheaRfildd #4ar8R4 KKk pafeKR. | AG)MdRSxRRIpld SIRRORSIA fine
triethoxysil ane; "exanpl es of the 10silicon”al koxi dée having a vinyl

group i NelyResVihdWdesHol BRI SNELaYHel faclaNd AVtypydal EXdngiiB Ok SisbBN Eine
exanpl es of the silicon al koxi de "havi ng an“epoxy group i ncl ude

2- (3, 4- opAxkeYsdeaxylid sichYihe bhktidRE NOKYBE baRef udmg!NE s SIRDA 0!
trimet hoxysilane, 3- glycidoxypropyl nethyl diethoxysilane and

3- gl yci deuxiRIcaPMk réfFdceit/b maes idf @iefirst lagdrde Mvadrdd/owit3ad spatedottibnsol ubl e
inorganic fine particle such as a zinc oxide 15particle is used as

the ¢or e fornltd aptdnatth@bdlrRtkilich fepaigelehe mfeefﬁiéféﬁ@tﬁcl@.i m8&y bé Bresét  with
preferably nore than 8 because, for exanple, ZnO or the |1ike

di ssol vesespb@ive tpafticldd dofitadnedrthéreisinddfeaddl of e ahdray el Jispdddd, with

second | ayer may contain any nmaterial with any refractive I ndex as

far as t e peeddecliiked ih BdBxinShipes bt @ith thrcparedled agpeedatddabionsahbtheof nl
> n3 > n2 anong the refractive indexes of the respective |ayers, but,

f or suppiHess thtQused amoahi ethardectie index-loveringfrhatetialoor the langrage | ow as
possi ble, the |layer having the refractive index n2 of 1.30 or less is

pr ef er abbggre@i¢Dpa2Otle Five iy abdtrmedidulelyi liveized, laodaraygeferby baseléoded t he

second layer with the refractive index n2 of 1.30 or |ess may

cont ¥ n apprapreatelslas canganthsrefigevd index ot isbiofhooless i ne particles and a

pyrolytic resin. Exanples of the fine particles include hollow fine
[0025]

Examples of the alkoxysilane include tetraalkoxysilane (such as
tetramethoxysilane, tetracthoxysilane, tetrapropoxysilane or tetrabutoxysilane),
alkoxysilane having a perfluoropolyether group (such as perfluoropolyether

20  triethoxysilane), alkoxysilane having a perfluoroalkyl group (such as perfluoroethyl
triethoxysilane), alkoxysilane having a vinyl group (such as vinyl trimethoxysilane or
vinyl triethoxysilane), alkoxysilane having an epoxy group (such as 2-(3,4-
epoxycyclohexyl) ethyl trimethoxysilane, 3-glycidoxypropyl trimethoxysilane, 3-
glycidoxypropyl methyl diethoxysilane or 3-glycidoxypropyl triethoxysilane), and

25  alkoxysilane having an acryloyloxy group (such as 3-acryloyloxypropyl

trimethoxysilane).



particles and solid fine particles. A typical exanple of the holl ow
fine particles includes hollow silica fine particles. A typical
exanpl e of the solid fine particles 5includes solid silica fine
particles. At this point, since the second layer is required of a | ow
refractive index, the hollow fine particles are preferably used as
the fine particles. A typical exanple of the hollow fine particles

i ncl udes 665&0“/8i|ica fine particles. The hollow silica fine
particIeJ nag be present with respective particles contained therein

LESSE?”S?”L— n TR TR bl DEnE R o ORR, S | P 03T

s res gt Efer '

par' iﬁféi&?%ﬂ%?ﬁ%%bl R T S e *Hanc
par 1ol ¢ esE e AR K] BB ol e e R o
the refl e6ha06€aQks fsglgh LOYNGS 1580} QPHF'!)LaIElig ioﬁ%aﬁ‘g ddigd ({%ﬁéﬂ ¥ folhtc LN

t he average“aggrega particlfe’size o ow silica fine

particl egyhigs 409 &{Hcﬁfor+£b§‘?c aéiﬁedibﬁéﬁ)_a%ﬁc{%ﬁi baWchIBldaeehd adf 1 | m may

be suppressed to be smal 00_31] Her ei n, e average aggregat ed
particl e%gle‘éfof H&%lﬁélﬁﬁcﬁﬂéFahﬁﬁcﬁﬁa,%dihﬁﬁmﬁl@éﬂé{@&{dl Pladihah By@Bxide.

average aggregated particle size of the fire particles in a

di sper si o tH@Qétyl%t?Qﬁ aid iTBREHEY ubed £EB Y RBAYEint bOldhg %@%ée%dbﬂ&g of

met hod. Incidentally, when the fine particles are not aggregated

are nMoONOghSRRESGshte bi'BeANRKSHENRIIr egat ed particle size is equal to
the average priimary particlée size. [0032] 25The refractive index n2

of the s | ayer is preferably as | ow as possible for suppressing
the reflectance of the lowreflection filmas | ow as possi bl e.

Therefore, thetsiEe pokht,|tBYR6116% 6iflies &Rk YartioRDr Shesddid il @l papii¢lsi | 1 ca
fine particles. However, since a |ayer consisting of the hollow

silica fingcinafdrirefefsd taPelsilica findpagicks o fRABVENRS préfeRBBL BIa shell
| ayer, the second |ayer may further contain a binder. In the case

wher e t hef sHEDIMEdnamer TeNéiBENEn@pdtiolded obthined bW PAIEESE RGclidiChaase Of
the refractive index n2, the 5 proportion of the binder is preferably

30% by mas® ke patticte (orRrmatprisiifer abbn MRYekicldyand a@reduess ofsidich,Wwrbher
nore preferably 10% by nmass or less in the whole material (100% by
mass)s of dedvenwem@rchre@yteor.of[s@3 31 the presence of a core fine particle for
depositing/forming a shell of silica on the surface of the core fine particle. Such a
method for fabricating a core-shell type fine particle can be employed a gas phase
method or a liquid phase method.
Examples of the precursor of silica include one of or a mixture of two or more
20  of substances selected from the group consisting of silicic acid, silicate and silicon
alkoxide, and a hydrolysate or a polymer thereof may be used.
A specific example of the silicic acid includes silicic acid obtained by
decomposing an alkali metal silicate with an acid and dialyzing the resultant, by
deflocculating an alkali metal silicate, by allowing an alkali metal silicate to come into

25  contact with an acid type cation exchange resin or by another method. Specific

examples of the silicate include alkali silicates such as sodium silicate and potassium

10



Exanpl es of the binder include a burned substance of a hydrol ysate
(sol -gel 10silica) of al koxysilane, a burned substance of silazane
and a resin, anong which the burned substance of a hydrol ysate of

al koxysilane is preferred. As a catal yst used in the hydrol ysis of

al koxysi |l ane, a catal yst that does not disturb the dispersion of the
hol low silica fine particles is preferably used. [0034]

151 ncid | : : k f; the holl
e e SR DA 330, Lo saRNLE ol (e 1ol o

silica fine pa alned 1n the third

layer may.per gin) g%iﬂlﬁpéégpaﬁ&ﬂiéa‘%&odﬂngﬁyﬁucﬁ 9s %tﬁgl’f'cha}rﬂ e.first |ayer.

In this case esivé properties between the second | ayer and

anot her ad] ace'iﬂimh@ﬁ‘x?c{rﬁ,i as§ l}?é’élflbcﬁi QE(?)“MG,%E maé'g{é’usé@ﬂottz i ?tgl?pét}ﬁ%ate

| ayer exhibits streng ficient for ‘practi use.

hol Tow siy,f 8& §iliBéh ARELE hlg\;;m BubRRe-SohthBind fhCforhl ugr%ﬁéﬂ g ges of

the invention are as described above. [0035]" (Third LCayer) _
The thir effﬁﬁb%goﬁ%héi%%lﬁi dhd?ihh ﬂé?ﬁlﬁ{rbzﬁk¥wgr5£b,%9¥ilﬂ68ﬁ Eil%kid}é%a{fiﬁg%e as

far as the 25refractive 'ndex satisfies the relative relationship of

nl > n3 3@ 8RB 6%&%&@@5@&&&%@%@% £R8p bEsReMbIora Vi) @Fsup

but, for suppressing the refTectance of the Iow" reflection fil'mas

low as paaghRkoxyldiBup.aYEh cRAMPIBGS ISRl aRed i dhaviiieXpdtBuiopdlyéfhePr

| ess is preferabl'e. [[0036] The refractive index-lowering nmaterial for

the thir drdigMgEndisterfifGopstléBet thi¥@oRyIRAY Mdxainple AIhOsilit&sskbRMe
contain a material conprising: either or both of fine particles and a

pyrol yti ga¥igg h@;eﬁm&%a@kﬁijga&gj incl¥adpratoebthiheietioresiRme! xahfgesi dTehd de

hol l ow fine particles and solid fine particles. A typical exanple of

the po! | eichh BikoRide hadings qi?ﬂlgwl@ﬁnbl@ﬂé OiMlyS irtrh@Boxdystigndnaritvigyles. A
typi cal exanple of the solid fine particles includes solid silica

fine partiigh®ssilde; bXdrbplpobthe sicoe slkbRide hhving ah ayety grouf iobeei 2-E4-of
a higher refractive ind%x than that of the second |ayer, the solid
fine partpelyegclohexyl) ethyl trimethoxysilane, 3-glycidoxypropyl trimethoxysilane, 3-
glycidoxypropyl methyl diethoxysilane and 3-glycidoxypropy! triethoxysilane.
Incidentally, when an ac_:id—soluble inorganic fine particle such as a zinc oxide

15  particle is used as the core, the pH attained in mixing the precursor of silica is
preferably more than 8 because, for example, ZnO or the like dissolves when the pH is
8 or less.

[0028]
(Second Layer)

20 The second layer may contain any material with any refractive index as far as
the refractive index satisfies the relative relationship of nl > n3 > n2 among the
refractive indexes of the respective layers, but, for suppreséing the reflectance of the
low-reflection film as low as possible, the layer having the refractive index n2 of 1.30 or
less is preferable.

25  [0029]

The refractive index-lowering material for the second layer with the refractive

11



are preferably used anong the fine particles. A typical exanple of
the solid fine particles includes solid silica fine particles. The
solid silica fine particles nay be present with respective particles
i ncl uded t herein i ndependent of one another, with the particles

| inked in a chain shape, or with the particles aggregated to one
anot her. 15[0037] The average aggregated particle size of the

o ef er abi Y3 P SoR ik B e So bplad BiR hotif g when
the aver ?gﬁ é;?e%%ng g%&?oﬂg@@fets Cl & Fes%%tl‘}ekfﬁi ?}91%(% eﬁg hLlluﬁ@ Fﬂ&g.ﬁne

particle ere ectance 0 OMFre ection film

Is suffi @En%{&?éslénh Jid H‘ﬁ@ﬁ%ﬁig}l@ 2Oﬂﬁ%gzggx%ﬁnﬁ%%?%e%li%{]ﬁhig&ﬂ e of

e i

T T s

?rsTDn?e:‘NQI Ch&{g ZCE%)ulrne stance%(ﬁlﬁyﬁro yseslte ]9 ?%drg ane )
P g gefrdg‘g\/@m?l@}( aché( ﬁ&lld‘o? ﬁﬂﬁ Egrélltcgzg gf%ﬁ%%&%b?ﬂr ﬁi]e(a as *é(gﬁé’ Eé_xflél@g

catal yst that es not disturb t e so Ica

fine partd gheg éx%]rrffﬁn?e{ﬁgé%}{o&%@ aftrﬁfesqﬁ%ﬁg/é%rﬂaﬁﬂ%v s(?lflcatfg‘f'e P RAES The

not partl cu ar and may ‘prefera be sel ect

appropri g %ﬁ(ln}i sfliea ffﬁE pﬁﬁlctég EndyCld #edent Fith? ctﬁ@ﬂaﬁﬁdl@c&n@néﬁh@ﬁelﬁ/ e

relati onship of nl1 > > n2.” Here, the holflow silica fine particles

and the gpj Bshcréh! éf%efahﬂﬁep%h’éﬂ @k ?&rtféfesthlﬂﬁe&h{a/élﬁlﬂﬂﬁ 8§ v¥ith the
descri bed above 0039] (Anot her Layer) he arpl cle of the

|nveﬂjloBm@gMSgggﬁghaiﬁngkngbﬂkgnct|onal | ayer (such as an
adhesion-inproving | ayer, a protection |layer or a coloring |ayer) as

far as thsseffects of 10the invention are not spoiled. However, from
t he vi ewpoi nt of the productivity and durability, the article

preferably conghéhverfde dg@yedatid ReidlOsizE bf the BBIEWR 1A TR PRItRIdsdk -
[0040] (Method for Producing the Article) The article of the
i nvent i opref@Rblpe tBr000 el mdr®preerabip3ao 50¥ nsliGRERShEhre preferably 5 to
300 nm. When the average aggregated particle size of the hollow silica fine particles
15  is 1 nm or more, the reflectance of the low-reflection film is sufficiently low. When
the average aggregated particle size of the hollow silica fine particles is 1000 nm or less,
the haze of the low-reflection film may be suppressed to be small.
[0031]
Herein, the average aggregated particle size of the fine particles of the
20 invention means an average aggregated particle size of the fine particles in a dispersion
medium and is measured by the dynamic light scattering method. Incidentally, when
the fine particles are not aggregated but are monodispersed, the average aggregated
particle size is equal to the average primary particle size.
[0032]

25 The refractive index n2 of the second layer is preferably as low as possible for

suppressing the reflectance of the low-reflection film as low as possible. Therefore,

12



15appl yi ng coating conpositions for formng the respective |ayers on
the base material, preheating the resultant as necessary and baki ng
the resultant ultimtely. [0041] Exanpl es of a coating
conposition (A) used for formng the first layer include a solution
of a hydrol ysate of al koxysilane, a solution of silazane and a
solution of a 20resin. As a solvent of the solution of a hydrolysate
of al koxysi 1 ; ! | 8..(S :
et hanol TGP fefer RrE e bt G undf Rl B o Bt SHEP AR simce
pref er abl zQat i Lt {BY; | BRL Rk Ales t
conpri si r?ga%el-lr? ﬁ%sﬁﬁgl dgg]%iﬂ%[&%g&;lﬁgn% r tllag%lles :ag gieéhsh?%ln ngphg{ef o?/v
silica fi Licle o | loth 2 bldeR ke RRE Wheledh
dispersigﬂ§h§ﬁ3§%3%%ngégﬁéﬁ%ggpﬁﬁgg?ﬁgkgﬁ?é%k{0042 An exanp*e %f a

coating g?@g§§ek QbnthiRk _alb?ﬁﬂ&{fﬁf sJngféthQ ifdiés8 BE ARG ANRE indeRGRUERS 2

hol | ow si ine particle dispersion, “which may contain as
necessgar ; A o,
§ 35“@?%%‘3‘?3?@%@ 2 g?é 481y 7% F& $naf SLIES Hork §%aa§?|@/ by

solution o t al koxysilane, a solution of azane or

a sol uti ensPbr Rsd S8 fMidtheArIPERrBly 0L REAE bP ResEBOhE WHRfe hhRriko! | ow
silica fine particle dispersion include water, alcohols, ketones,

ethers, Domyl B9 Aa¥Oof tRSERbAd lagkycol ethers, nitrogen-containing
conmpounds and sul fdr-containing conpounds. The coating conposition
(B) may ?@m:,tﬁi n either or both of a hollow silica fine particle
di spersi on and a pyrolytic resin solution. Furthernore, a solid
silica fine paEkhﬂﬁFfés @i R 8d @ Tndipe PRrAcifbsiansd eRdhRirolybge kl-bow
silica fine particle dispersion. [0043] 10 An exanple of a coating
conmpogi t kididafdPallkbs@sildiR! a bamel Bbstdnee bhiiladancPatlra feie] stdess Fhivhxhdlr e
of a fine particle dispersion (such as a hollow silica fine particle
di sper si Birnedl s@bskict 8f & hlyiledyshicnd alkakydikhe ihsfeercd] OAk adRtlRt G@duhi on
of a binder or its precursor. The coating conposition (C) nmay contain
a pyr ol ythehydgsiids sPalibkBilane, a catalyst thailiieseoatistigh derdigeidiéront the)
preferably contains a terpene derivative. OMng 15to0 containing a
t er pene Helléw sillic¥ €ine pasipisds pefdrablyrasedar ound a silica fine particle
after baking, so as to sufficiently |ower the refractive index of the
third | ayg34] [ 0044] Ter pene neans carbon hydride having a conposition
of (C5H3)" (wherein n is an integer of 1 or nore) having isoprene
(C5HB) as a cohmidentdlyt evsni whenTthe sdcong tayer Séhsibey ofitht holdowrsidins fiae
terpene having a functional group derived fromterpene. The terpene
deri vat i partitles, aizet ofie bihder covtaiidddn therthird diesr oy peauéaig tmowgihfther ent
degree of unsaturation.

second layer to reach the first layer. In this case, the adhesive properties between the

second layer and another adjacent layer is sufficiently exhibited, and the second layer
exhibits strength sufficient for practical use.
20 Here, the hollow silica fine particles and the solid silica fine particles of the
invention are as described above.
[0035] |
(Third Layer)
The third layer may contain any material with any refractive index as far as the
25  refractive index satisfies the relative relationship of nl > n3 > n2 among the refractive

indexes of the respective layers, but, for suppressing the reflectance of the low-
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[ 0045] As the terpene derivative, a terpene derivative having a

hydr oxyl group and/or 25a carbonyl group in a nolecule is preferable,
a terpene derivative having, in a nolecule, one or nore groups
selected fromthe group consisting of a hydroxyl group, an al dehyde
group (-CHO, a keto group (-C(=0)-), an ester bond (-C(=0)0-) and a
carboxy group (- CX =0)0OH) is nore preferable, and a terpene derivative
havi ng,

consi 5t 1 FESHOR R Sy O oSl R 3 REHERC G paBe 9UBhcs
further nor Ee éﬁgerable 5[0046] Exanpl es of the terpene

deri vati veP T et ude t erpene al cohol (such as aterpineol, terpinen

4- ol T () citronellol, nyrtenol, borneol, nerol, farnesol
and phyt@ﬁg terpene al dehyde (such as C|tral P-cyclocitral and

perillal dehyde)rpe [SIRAYE Aﬂ%&%‘&eﬁ%“xﬁ&eﬁé f](JiL)heqmltbgar A e 1eBAODR) |

terpene carboxylic acid such as rone I c 10ac and abietic acid)

and ter p%{h%x%?at Egbt{gsdffcl&s%af EBliRY mAGHY %ﬁpﬁﬂﬁ g "BIMEIY b Ak BF 8hL) -

[ 0047 the “coati ng conpositions nmay contain a surface

active agsﬂiuefs dh f? %ﬁ‘{&%sﬁlh%%d @gﬁhwg% ?ersto\ftheaﬁxf@%a'i"hclﬁé)ﬁﬁléﬁided

for inmproving t e coated ilm and l'i ke

15[ 0048] heﬂ&sgmewﬁgaé and s ﬁ’@ﬁh@ﬂarﬁ@l@?osAtt%ﬁ@al(e%nﬁférﬁf%@hdlﬂ)v@ﬁne
on ne

di sper si Ine particles (b) nay be used in place of

the coat g&gicregm&ek henox@gillca/ia}netpﬁhﬁlégOI A typicAPexa@#fld HEthe QOROEAE | ON
(D) contains, as a part or the whole of thé dispersion nedium(a), a

conpound é&h%s‘iﬁb’?ﬁdek%olﬁd‘ﬁﬁbé’ﬁh@ Aficib. alt hys srhtubinee ihe tMiad Biyedigd has
a 20hydroxy| group and/or a cargony group. 1t is noted that being

i nsol aIbl eifred bf highyr £@labilSintik Wah iat BEARSedddllafr] MBkblid finé parficlesr
at 20C |sq%é§by na%%xzr aess nExarrples:dof t he carcﬁﬁyl group include

at | east a&rﬁeﬁfabr@ﬁs%d%m@&h@ﬁheﬁarﬂaleéromrjsdﬂa@algkmplemmﬁa sollidrftheof an
al dehyde group, a keto group, an ester bond and a carboxy group. The

coating GHMBRS ifdhRies 68ld §iled N paables oAl dolid stlicadRie pagt)clandapbot her
additive if 25 necessary. Mreover, the coating conposition (D) may

contai n phgedvaeRBIdction gaktitRE nﬁﬂl&led ehidrdiatihdependdnbo B ey siotier Meidh the
(a)) Exanpl es of the dispersion nmedium (a) (whereas excl uding

the ter pemicde tinkét inveshhid shabelde witl the paticee Agieg4tsd thomesanviichanol
et hanol , i sopropanol, butanol
15 [0037]
The average aggregated particle size of the solid silica fine particles is
preferably 1 to 1000 nm, more preferably 3 to 500 nm and further more preferably 5 to
300 nm. When the average aggregated particle size of the solid silica fine particles is 1
nm or more, the reflectance of the low-reflection film is sufficiently low. When the
20  average aggregated particle size of the solid silica fine particles is 1000 nm or less, the
haze of the low-reflection film may be suppressed to be small.
[0038]
Examples of the binder include a burned substance of a hydrolysate (sol-gel
silica) of alkoxysilane, a burned substance of silazane and a resin, among which the

25  burned substance of a hydrolysate of alkoxysilane is preferred. ~As a catalyst used in

the hydrolysis of alkoxysilane, a catalyst that does not disturb the dispersion of the solid
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and di acetone al cohol), ketones (such as acetone, nethyl ethyl ketone
and net hyl 5i sobutyl ketone), ethers (such as tetrahydrofuran and

1, 4-di oxane), cellosolves (such as nethyl cell osolve and ethyl

cel l osolve), esters (such as nmethyl acetate and ethyl acetate),

gl ycol ethers (such as ethylene glycol nonoal kyl ether),

ni t rogen-contai ni ng conpounds (such as N, N—dinethylacetanide

N, N- di net | f d th d
sul f _ulr [rgéﬂ%éﬁl Wgﬁag@)%g%angg’#lgd@#asﬁér r Oci %1‘?199% OXI 3r is ¥ Fi ne
et oy et EURY iR PO BN, ke e R
ticl ticl f th t | f th
et al oxt xfse{aﬁseailﬁse@‘?lgé?%lﬁt'é"ns @ﬁ%&‘n"i W2 snoz. Tioz zr0z,
ZnQ, Ce02, Sb Ru02.
E>r<]arrpl es of 15 ﬁﬁeﬁé@ vfm& %Bar%&{e E%ﬂ#@1%@bf;cgﬂl?gﬁgéb%}ﬁ)ﬂle@ggthe
t al | h AgPd and RuAu).
Egaﬁp egSUCnP %afgﬁﬁgg%ﬁ%asgga??neO%ng?gresa?nc?udea?norgaﬁ?c
pignents[éiﬁﬁh as titani um bl ack and carbon bl ack) and organic
pi gment s. nples of the material for the resin fine particles
i ncl ud d el am in. 20The fi ticl b
be in a ?ﬂh%rﬁ%%%%@h%e, T oval shape. a needi e shape, a plate

shape, a bar Sa gﬁrtm"l’e %ﬂﬂﬁ iBAAR6n n %9ﬁtﬁﬂhn§ﬁf%?ﬁmcﬁoﬁél%ﬁr %sh.x%ﬂﬁs af

cuboi d shape, I anon a st ape, an 1 ndeterm nate shape

or the | ggﬁesﬁi ﬁg‘?lﬁg 'i;ﬁ»éer fanﬁ-ofeb% Hﬁrtdr%l c%?orfr@la%@%)/afpﬁr QQ{HeQYYe@tE of

perforate I'ne parti e present W t

res pf(ﬁt R 1H%&tfoﬁla?§n+t@%kff&? d ﬂ&ﬁé\%ﬁ' Frdnfl qﬁpﬁ&gﬁ(ﬂht of th@ ﬁ)d%@@\t‘lﬂeéﬁ’}d

25w the particles ed in a chdin shape, or wth the particles

aggr egat ﬁgra]%ﬂltf' Nfe f&le‘}ﬁ%ferﬁy ERishd moﬁ%flé&ioﬁsﬁlﬁpén tlﬁﬂﬁséﬂnﬂ@n@lf

fine particles  may be singly used or two or nore Kkinds of fine
partlcle% be used together. The average aggregated particle size
of the flne %articles (b) is preferably 1 to 1000 nm nore

pr ef er ablyethol ForPBaBEMaRE AHicldyer nore preferably 5 to 300 nm Wen
t he average aggregated particle’'size of the fine particles (b) is 1

nmor nore, anThankicid &f th@ Grtviefior Edntsel prbgucef fok @kﬂﬂ%lb)/b}hm@b?ssf\%@n t he
average aggregated particle size of the fine particles (b) is 1000 nm

or |less, afaﬁl?m@%@tu@g{ cdhigosaniis gk folrhifg TRy relfecsive My as@itht Gadtematorll .
The aver age aggregated particle size of the fine particles (b)

cor r espoRgfelhg the rAMRARES ndEBERY ah@Bakiayg theGbasitadi ddniahdy eof obt ai ned
in the dispersion nedium(a) and is 10 neasured by a dynam c |ight

scatteri thod. Incidentally, when the fine particles (b) are not
aggregat ed but are nonodi spersed, the average aggregated particle

size is equal ERampRs aYecagthgonipeiiopdA} hedddostaming (e fipstumyer (rallyde

a solution of a hydrolysate of alkoxysilane, a solution of silazane and a solution of a

20  resin. As a solvent of the solution of a hydrolysate of alkoxysilane, a mixed solvent of
water and alcohols (such as methanol, ethanol, isopropanol, butanol or diacetone
alcohol) is preferable. The coating composition (A) may contain a material
comprising either or both of a fine particle dispersion (a hollow silica fine particle
dispersion or a solid silica fine particle dispersion) and a pyrolytic resin solution.

25 [0042]

An example of a coating composition (B} used for forming the second layer
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Exanpl es of the conpound (al) include benzyl alcohol (3.8% by nass),
1- 15decyl al cohol (0.02% by mass), 1-decanal (insoluble in water),
heptyl al cohol (0.35% by mass), 1-octyl alcohol (0.05% by mass),

1- dodecyl al cohol (insoluble in water), tetradodecyl al cohol
(insoluble in water), 1,2-octanediol (insoluble in water), 1, 2-
decanedi ol (insoluble in water), 1,2-dodecanediol and O-cresol (2.2%

e A R S i e
d.in,. t i .

et coat PRETHTPRS aBeEl i e R S OO A R A e

di ti ' . . . e oL i

coat i ng, “HwpBE MePafO 4 Blg bl FRERE Tramedha dRRen Rlum of

the bar ¢oaj 'n%g% %%%ﬁﬁgec]{ﬁrﬁ&g%égggicﬁl {604 Rrer dMGESs ketbRAL bihgrsand t he

roll coating rostatrc coating such as thé elecfrostatic

sprays and;dfel ie@%rﬁﬁicgﬁetﬁ%,l %6 n~cc[n@£§1ﬂ% gomgounds 2ha&uFeAtddi&inin

tenperature I's prefe y room tenperature 80C and nore preferably

roomte t i ition FBPmAR KbMGint SMBLSHIIR 6f & Bollow silica
preferagpgﬁ@g%#g? 2%?g&§ﬁﬁ‘ﬁ§$°§€°ﬁgpf§bfiater 5determ ned in

accordan ?ﬁe‘ﬁ{’.a{tﬁleetrﬂgpe?ﬁﬁﬁ bhdh plRlyticesiRasRioRt eFirtlermbRCa kblisilica fine

particles o _ i'nder. For exanple, when the material for
the base faigs di%!ersiéﬁﬁlaylb@%m@d tbeh®8f @& hbewRilR Fheiptrtale @ispdisiohhe
baki ng tgrrperat re 1s not nore than the heatproof tenperature of the
resin, a sufficient antireflection effect may be attai ned even
roa)

through the baking 10at such a tenperature. When the base
matefpal is mde Qbnpldsta cdalifig !@&IﬁFﬂﬁtiM @)RaRed f@rfotniiag deathirddayer | m
may be perforned al sO as a physSically reinforcing process for the

gl ass. | ipdiiRs RYisieabt ¥ fihe pReiciendspeiNaesach Adehdl@s silics fine phrtidle
nearly to the softening tenperature. In this case, the baking

t enper at WiPelsPonIRla sbAd 315 ik g&ﬁﬁla/diﬁ&ﬁ)sibﬁa afdQGolhithrofgesedealor its he
baki ng tenperature is preferably not nore than the heat distortion

t enper at yr@ubr.t MEhedBangBé@pdAtion {T)amayosunkaih b pytolpic febidr sohktiong
tenperature can be theoretically set to a tenperature close to room
t enperat ure asThatodhgl de@isitioniC) pr&rable cbominsa teipese d¢rB@EiYg. Owing

15  to containing a terpene derivative, a space is formed around a silica fine particle after
baking, so as to sufficiently lower the refractive index of the third layer.
[0044]
Terpene means carbon hydride having a composition of (CsHg)n (wherein n is
an integer of 1 or more) having isoprene (CsHg) as a constituent unit.  The terpene
20  derivative means a terpene having a functional group derived from terpene. The
terpene derivative for use in the invention includes one having a different degree of
unsaturation.
[0045]
As the terpene derivative, a terpene derivative having a hydroxyl group and/or
25  acarbonyl group in a molecule is preferable, a terpene derivative having, in a molecule,

one or more groups selected from the group consisting of a hydroxyl group, an aldehyde
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20l ncidentally, the nethod for producing the article of the invention
is not limted to the aforenenti oned nethods, but the |ayers may be
formed by any of dry coating nethods (such as the sputter coating),
the CVD or the like in accordance with the naterials conposing the

| ayers. [0052] 25In the article of the invention described so far,
the lowreflection filmis conposed of the first layer, the second

ot o i o Bubd-Ehid) e (BY kol PRSESL): h eorofl =)D & EarBER group
refracti < (‘;@ﬁa B Rénife @%@@g@%ﬁ ol t8pEhe ﬁé}g/ah?@héﬁﬁé %E'rﬂcﬁedﬂ‘é’%ﬁe e?

of the t y r sati € relations > n2, and

T T g

1100 nmis engt pen ency of the reflect ance

i's 5snal f the invention is in
parti cul grﬁ[ @ﬁ%@ﬁb@ﬁ;ﬁé@ﬁﬁ&gﬁ@g% battery. [0053]

Furth@rrrgj(g jwhen the first layer is a |ayer made of a burned
substance of "a hydrol ysate of al koxysilane, the second |layer is a

l'ayer contai ni pgaplel @R thipeRe ddrRatitORRNdE ¢érpencrdlébHo Bsukhbas 6- | ayer
is a layer containing fine particles and a binder (in particular, a

| ayer Obﬁe?]?ﬁ&ﬂ iyplﬁéﬁwaa TanfeRtHoB ¢} @vshel R, @ 3{1@&1%11 T H¥EncoR RS fairol
i ncludin ine’ particles, a hydrol ysate of a koxy5|lane and’ a t er pene

derivati x&d ;gh)%l? tPah& @Ifdlale)edel (9 dsl it dTEpLcRBodigkngd pRiillaldeRyted taipene! Y

| ow tenperature, the base material to be used is not strictly linited
and the g&she (s&c}@@ﬁqa_%aﬁlpml ahd PinoAd, BYMPLESokPRB4d (such as cifibgellic

present invention wll now be illustrated in nore detail with

r ef er@ncecil andxisient @cﬁd) 24l tergehe efter qs@NM AGehast behte @nd nixdphesatd). t
3 are conputational exanples, Exanples 4 through 6 are invention

exanpl es[gpad] Exanpl e 7 is a conparative exanple. [0055]

Each of the coating compositions may contain a surface active agent for
improving the leveling property, a metal compound for improving the durability of the
coated film, and the like.

15 [0048]

Alternatively, a coating composition (D) containing a dispersion medium (a)
and fine particles (b) may be used in place of the coating composition (C). At this
point, the coating composition (D) contains, as a part or the whole of the dispersion
medium (a), a compound (al) that is insoluble or slightly soluble in water and has a

20  hydroxyl group and/or a carbonyl group. It is noted that being insoluble or slightly
soluble in water means that solubility in water at 20°C is 5% by mass or less.
Examples of the carbonyl group include at least one or more groups selected from the
group consisting of an aldehyde group, a keto group, an ester bond and a carboxy group.
The coating composition (D) further can contain a binder (d) and another additive if

25  necessary. Moreover, the coating composition (D) may contain the aforementioned

terpene derivative.
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(Simulation) Sinulation was carried out on the basis of the
refractive index of a base 25material, and the refractive indexes and
the thicknesses of respective layers of a low reflection film so as
to obtain reflectance against |ight of a wavel ength of 400 to 1100
mm [ 0056] (Thi ckness of Shell and Di aneter of Hole of Hollow Fine
particles) The thickness of a shell and the dianeter of a hole of

hol | ow fi i e 5obtained as follows: A dispersion of
hol | ow fiﬁgspﬁ‘gi"hl‘?%‘@i‘mﬁ@ diluted with ethanol into 0.1%by mass, the

t hus diluted di ' ] - [ i serving
with a transm ? gﬁh&gﬁggﬁs %%g%lggleﬁz Er‘rdgﬁnétﬂ?%ce?glru E%}Iﬂgtr)[hyé ﬁiﬁ?éa?%hi
Ltd.; HIQQ ativg:ﬁi(héﬂﬁ!ié Qtel, | NSHBR (k! £ Sn MR, SeB6H, %P?&paﬁ@ngm&or

measuring the t nesses of the shells and the dianeters of the

hol es of ahé‘ﬂia&&éﬂ@ﬁ%&ﬁ@, RelboheWshis Reloht Ghasyl AR kB viad agesylof the
t hi cknesses of the shells and the dianeters of the holes of the 100

fine paridoplOskBhS, QRERIARH a8 fetfaR§dibRirak RGP B 4fioddhe), SBBdsbIvRE Guh 8s

di aneter of the hol'e of the hollow fine particles. [)0057] (Aver age

Primary Radttyl eifosoive@naletifyl BaIdRBIVE), €k (sddhldien@uflr RBRtAd @AY acetate),
particle siZe of the hollow fine particles was obtained as follows: A

di sper si gRycof ethéth (@oh kb emFmtﬁé giy@bmomk)diem&ﬁdwgmceﬁtaﬂm@ cdndands
ut e

0.1% by mass, the thus di di spersi on was sanpled on a coll odi on

filmfor(wbses Ni,miméﬂaamaetmaﬁm,rsﬂimeth?l Aok 21 aid N-aR€OD@yrrolidone)
(manuf actured by Htachi Ltd.; H 9000), 100 hollow fine particles

ver e sel gad adfirtcon@id@mdpourEasuch Bgdinhehlukfoxille). si zes of the
respective 20fine particles, and an average of the particle sizes of

the 100 {FinePpdiclek ¢hps was obtai ned as the average primary particle
size of the hollow fine particles. An average primary particle
size of fine pBrimpleest ticlige pahRiest(brinohikde awtdliondlefaret paeticdes, wesal fine
cal cul ated, on the assunption that spherical particles are
honogenepatsibles,diigmentsaded finapaticslpe msd esinnfiaci panicléshr xgmpbsfeliesi on on
the basis of a specific surface 25 area neasured by the BET and the
vol ume omatdhial fiplier meal oxide fine bartic[e@ dBide AlyOs, Si02, SnO,, Ti0,, ZrO,, Zn0,
Ce0,, Sb-containing SnOx(ATO), Sn-containing InyO3(ITO) and RuO,. Examples of
15  the material for the metal fine particles include metals (such as Ag and Ru) and alloys
(such as AgPd and RuAu), Examples of the pigment-based fine particles include
inorganic pigments (such as titanium black and carbon black) and organic pigments.
Examples of the material for the resin fine particles include polystyrene and melamine
resin.
20 The fine particles (b) may be in a spherical shape, an oval shape, a needle
shape, a plate shape, a bar shape, a cone shape, a column shape, a cubic shape, a cuboid
shape, a diamond shape, a star shape, an indeterminate shape or the like. Furthermore,
the fine particles (b) may be hollow or perforated. Moreover, the fine particles (b)
may be present with respective particles included therein independent of one another,

25  with the particles linked in a chain shape, or with the particles aggregated to one another.

As the fine particles (b), one kind of fine particles may be singly used or two or more
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(Average Aggregated Particle Size of Fine particles) The average
aggregated particle size of fine particles was neasured by using a
dynam c |light scattering particle size analyzer (manufactured by

Ni | dciso Co., Ltd.; Mcrotrac UPA). 5[ 0059] (Refractive |Index)

The refractive index ni (wherein i is an integer of 1 to 3) was
calculated as follows: a single-layered filmof the [ayer to be

obt ai ned, t ra ex f d on a surface of a base
mat eri al kngiﬁgffﬁ mluicxes%a an@éo‘c"(%ﬁ} the foll owing expression 10

(1), the refragyi Oﬁer?géﬂg@r%@@a&eagg L 8bPheQhe RIS i Ghre fbR1PPE OM

refl ectance Rmn ayere ure
E(%:ﬁt L"E’E.ﬂb@’fﬁéﬁ"ﬂ%}@f&%?% i Pbb%@lfﬁﬁﬁ%ﬁﬂ%e%‘%%%égpmm% fer
adher | ggy%éla @&Lgﬁﬁg %?ﬁragaagﬁ@ 195i3 %%%@ Qﬁlc@est(afg lr‘iﬁh%rfh‘ﬁ)!re%ﬂ

n1so a not tororman air

bubbl £ téﬁﬁé}fewﬁﬁaffa;ﬁ %%ﬁ%i%ﬂﬁ{?%%g t'melnqws wefra%cag[gpéggféd enﬁd?e fz¢ of

pOftIOﬂ a slize o mm posi tione ter of

the basey lfer 153?‘8% lt\tf%(%l %%P(ﬁ)‘@rlﬂﬁi or 1}@? ﬂ%@lflzlz@ OF HeGBata i1 A0n i ﬁ%@esbéﬂ a

wavel engt 0 nm an ottomreflectance and an aver age
reflectapes Weye obtained. Wien the bottomreflectance was 380 nm or
|l ess or 780 nmor nore, a spectrophotoneter (rmanufactured by Jasco

Cor por ation; VGEO)hva@s &%Qggékate%ﬂlélg@iz@@ﬂh@@?n‘é%hﬁ%séﬂ?@oﬂ&ﬁo&ﬁ% R

780 nm a spectrophoto manuf actured by O'suka Electronics Co.

Ltd.; Mibfdr a@@é?@éatéﬁ%}&l%lféﬂl@feomgn@@%e‘\f/!i’s?efé&ﬁﬁne&ﬁm"@] gnd fshe

bottom refl ectance was defined as the m ni mnum ue of the

refl get apGgairél %w ayﬁa]ﬁfchlghaga&eﬁﬁg)mea@a t el RAIRMWhIM AR B les
reflectance is fined as a val ue ~obtained fromarithmetic aver age

of the rgj |a?&ﬁ&@1§% relgBteWAVEAR RESHd TP, tROMBAIR dporeldfed paricld S25ib]

(Transm ttance he transmttance of a lowreflection filmwas
measur eded{ﬂal’tbﬁe\é@é&ﬁé@ inlryopari€l® sizem t hrough 1100 nm by using a

spectrophot oneter ( manuf actured by Jasco Corporation; V670).
(Compound (al))
Examples of the compound (al) include benzyl alcohol (3.8% by mass), 1-
15  decyl alcohol (0.02% by mass), 1-decanal (insoluble in water), heptyl alcohol (0.35%
by mass), 1-octyl alcohol (0.05% by mass), 1-dodecyl alcohol (insoluble in water),
tetradodecyl alcohol (insoluble in water), 1,2-octanediol (insoluble in water), 1,2~
decanediol (insoluble in water), 1,2-dodecanediol and O-cresol (2.2% by mass). Itis
noted that the percentage by mass put in parentheses following each compound
20  corresponds to the solubility of the compound in water at 20°C.
[0049]
As the coating method, any of known wet coating methods (such as the spin
coating, the spray coating, the dip coating, the die coating, the curtain coating, the
screen coating, the inkjet method, the flow coating, the gravure coating, the bar coating,

25  the flexographic coating, the slit coating and the roll coating), the electrostatic coating

such as the electrostatic spray, and the like may be employed.
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[ 0062] Preparation of Binder Solution (i): 10Wiile stirring 85.7 g of
denatured et hanol (manufactured by Japan Al cohol Trading Co., Ltd.;
Solmx AP-11, that is, a m xed solvent containing ethanol as a base
conpound; the sanme shall apply hereinafter), a m xed solution of 6.6
g of ion- exchanged water and 0.1 g of 61 mass%nitric acid was added
thereto, and the thus obtained m xture was stirred for 5 mnutes. To
t he resul6¢ﬂﬁ, 7.6 g of tetraethoxysilane 15(wth a solid content
converte& 0"a Si 02 basis of 29% by nass) was added, the thus

obtai ned m Xt ure YRRBULEEEAOL A0eIbINGH BhrE QAT IEIR! Aithtre

t hereby preparing a ution content

convertegrg.fgragllﬁ'g&ﬁg aﬁéﬁ%@é@%@% by mass. It is noted that a solid

content converte asi s neans a solid content obtained by
assum ng t hat .S t: tlR i ROV SBL 194,02.
20[ 0063] Pr epa\r’Mal‘?lb%ﬁﬁ%F&é%eF ow 1%5’%@%@2?”2%& ?@E%aﬁpsgiﬁs?ﬁﬁ%’????
Ihi 1 es St bbteldiod th Kbofliafle ARAMNELAIDANRI S Ralraf, MARI parfidegor0! 2
ZnO fine particle aqueous di spersion (nanufacture y Ishi‘hara Sangyo
Kai sha Lyl pinde£O 50, with a solid content of 20% by mass, an average
primary particle size of 21 nmand an 25average aggregated particle

size of 40 nm F@Maﬁ@ﬂa,v@{m&ﬁé haRHIOKY e raBe matdriall tRe AHL h&iIObLME
converted to a Si02 basis of 29% by mass) were added thereto, and the

pH of  t BRdeeRdlbanithd bARRE BQRIARS i@ﬂ&t‘iﬁ&x%(ihérﬂhé@eﬁﬁrcfoﬁ'Eénﬂ%&atﬁl@%ﬂfng

0.75 g of a 28 % by mass ammoni a aqueous solution thereto, and the
resul t angheWasin Sdnkdal ek dieit afutir ROk Seffict RS be htainbe e@é?ﬂﬁrdﬁ?h %&M{ingb
solution, 0.18 g of zirconiumtetraacetyl acetonate (manufactured by
Kant iy ChgndueRb tdiperatutc. ) Was added, and the resultant was stirred
for 1.5 hours, so 5as to give 100 g of a core-shell type fine
particle di spengieAfihd WskaAers?lid fladcddiiits, @BF bakiAgpkdcesPRSs the dodhd]
Then, 100 g of a strong acidic cation exchange resin (nmanufactured by
M t subi siim @i HeGRifolREPIEEhE & Physidallly @€infortihB ptdticsd foe idsy ©ithe. 0
mseq/ mL or nore) 10was added to the thus obtained core-shell type
fine parphgicidiapgimogRocasdhaiheyis tdtad néaily 1 lthddsdfieniilei tempagide
resultant m xture for 1 hour, the strong acidic cation exchange resin
was I enmouetistdas® ughbdking ©hipagiturs @ ®8td appdimatkdP6QD @f 708°@0l | ow Si 02
fine particle dispersion wwth a solid content converted to a Si02
basis of 3% bylnngseral, Thebillihg tenarfatat i3 prefhisl nodimotdiba dlelleat 8i 02
fine particle was 6 nm the dianmeter of its hole

distortion temperature of the base material. The lower limit of the baking temperature

can be theoretically set to a temperature close to room temperature as far as there is no
restriction in time.
[0051]

20 Incidentally, the method for producing the article of the invention is not limited
to the aforementioned methods, but the layers may be formed by any of dry coating
methods (such as the sputter coating), the CVD or the like in accordance with the
materials composing the layers.

[0052]
25 In the article of the invention described so far, the low-reflection film is

composed of the first layer, the second layer and the third layer disposed in this order
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15 was 30 nm and the average aggregated particle size was 50 nm The
hol l ow Si 02 fine particle dispersion was concentrated by using an
ultrafiltration nenbrane, so as to give a hollow Si02 fine particle

di spersion (ii) with a solid content converted to a Si02 basis of 12%
by mass. [0065] 20Chain Si02 Fine particle Di spersi on (iii):

Manuf actured by N ssan Chemi cal Industries Ltd.; Snowmex OUP, with a

SOl O B AR A RYF AT TR RARIEE P Ll
content Sl GBI SRy OB B ) o b el e

(Al): rel?tloéxgﬁsblo? b gysng tﬁelgfcﬂé tﬂ@ﬂﬁfeg{ 596 %aﬂ%?ﬁ%llt (@)&%&%ﬁ%ggth

solution o i on- exc ange wat er an

nitric a?f%(y\ﬁ)sl l@g%ﬁglstlgﬁrra?lﬁ(ﬁisoatﬂgrvﬁgﬁeﬁéw8?9?&@%&%&%5&

stirred Tor 5 mnutes. To the resu tetraet hoxysil ane
(withsa ggbjd &%&BFQP%VE%&IEGH% ifventiBg 1mma§tlc%flar Hrihﬁﬁs%li ias
added, and the resultant was stirred for 30 nut es roo

t enper at g{glgrbatttggr_eby preparing a coating conposition (Al) with a
solid content converted to a Si02 basis of 2.2% by mass. The coating
conposi t'[(mgg, Al) was applied on a surface of a glass plate

(manuf actured by 10Asahi dass Co., Ltd.; FL3.5, soda-line glass with

a refractive i pelepermdre) whbn 9 ﬁféﬂf&?ér ik EQa}%@Hﬁdé ondibhiRASuBfarcB of a
Exanples 4 to 6 descri bed bel ow, so as formed into a

si ngl e- | By@bBEatE bF AlbRyHak thakicoad Ia?eldlstahgy&%ﬁtaﬁﬁﬂg/&ndwﬁhcanﬁﬁe

nmeasured.” Thé results are listed in Table bel ow. [0068]

15Pr gpar gdrtieles id t@@@lﬁﬁd\&%’mqwdrlc@ﬁtaﬁl fine particles ¥4 4 Bin8&id (i i Ng 55. 7
g of denatured ethanol 3 g of the hollow Si02 fine particle

di sper si paitibilhn a\Wa@r aﬂﬁﬁﬁdfﬁ?ﬁf aR1ng,a @@fbdaﬂv& ofa @batdreishaisitioanseldding 9
a

of di acetone al cohol (here referred to as DAA) were further

added t hﬁﬁ@pmlclbﬂ%r@molpéwafalﬁ@()&ﬂ@lﬁb@drjdl‘fgemﬁ@d&wdtﬂe) (il wadellBetivn
solid content of 0.6% by nmass. The 20conposition is listed in Table 1

bel ow. Hilni By tefermddw acoaipargivelipasetmpettutd e base material to be used is

not strictly limited and the cost is comparatively low.

15
EXAMPLES
[0054]
The present invention will now be illustrated in more detail with reference to
Examples.
20 In the following description, Examples 1 to 3 are computational examples,

Examples 4 through 6 are invention examples and Example 7 is a comparative example.
[0055]
(Simulation}
Simulation was carried out on the basis of the refractive index of a base
25  material, and the refractive indexes and the thicknesses of respective layers of a low-

reflection film, so as to obtain reflectance against light of a wavelength of 400 to 1100
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was applied on a surface of a glass plate (wth a refractive index ns
of 1.53) under the same conditions as in Exanples 4 and 5 descri bed
below, so as to be forned into a single-layered filmthrough baking,
and the refractive index was neasured. The results are listed in
Tabl e 2 bel ow. 25[0069] Preparation of Coating Conposition (C):
While stirring 40.1 g of denatured ethanol, 24.0 g of 2-butanol, 16.4
g of the_hinder solution (i) and 3.5 g of the chain Si 02 fine
particleng%spersion (iii) were added thereto, and 15.0 g of di acetone
al cohol @ﬁ%6 .0 g of a-terpineol were further added thereto, thereby
preparin oating conposition (C) with a solid content of 0.9% by

SNBSS gﬁims' &éﬂe?l%:&dﬁ)ﬂa}n%{e‘?@rml @l dlioly PRy t her more, the

coating on a sur gl ass plate

(with a refracghyﬁuaafé 50 }feh ahd T dimAeer %Mﬁo@%@‘ﬁoﬁ@mn@pgﬁme@swar@

Exanples 4 to 6 descri Oow, SO as to formed Into a

si ngl ¢- 1 m@ﬁr%é ab TAI{&\g $r %9{%})8@%&1%%0@6\9 f‘h@%aftﬁfés%@és‘d\ﬂ%téd'\@ﬁi(eﬂ‘l@&l

measur ed e resu are sted in Table bel ow. 10[ 00

Prepar at 08 8qf% gg F@ gh@ﬂﬁﬁ?@ﬁhﬁeﬂ 9&8&@%}1 was samgledWH 4 @blﬁ)tdic{nrﬂilﬂﬁfo{’f9 8 g

of denature 0 g of 2-Dbutanol g of the binder

sol uti ongpd k &ﬁ%%@ ﬁr&sﬁﬁss‘i&?elé@fo‘n%c@s@@pefGr&%u%ftﬁé&bﬁ%&ﬁité‘ D

(ii) were a ereto, and 15.0 g of diacetone al cohol was further

added t hepg)o100 ﬁlﬂfo%bﬂn@f)ﬁﬂéreh A@reseleeealt kd]ﬂoﬁ‘PﬂEPﬁi%'a&drﬂ% thSickiets a
solid contenf of 0.8% by mass. The conposition is listed in Table 1

bel ow. Fyr thRehéRrad tﬁ@elaﬁfa:eetrs BOthe ABRE 5T thicQBspeBid)e MAR VAR patcles) add
surface of a glass plate (with a refractive index ns of 1.53) under

t he SR8t b GRShRENERFHARPLIRIE 20€ e dikfeteRQIFAME héles 65tht Q0P Ene
fornmed into a single-layered filmthrough baking, and the refractive

I ndex WapariBRS Wetfobtdined betelthiski@iss of 1he kRéll any thaldiandedasitinhol20f (he71]
Preparation of Coating Conposition (E): While stirring 60.0 g

of denat Hél@ﬁyﬁhbpﬂﬁb13524 0 g of 2-butanol and 1.0 g of the TiQ2 fine
particle dispersion (iv) were added thereto, and 15.0 g of diacetone
al cohol 7further added thereto, thereby preparing a coating
conposition (E) with a solid 25content of 0.3% by mass. The

conposi t (Averige PrirfigPairticld Skleef Fiteglagticledyur t her nore, the coating

conposition (E) was applied on a surface of a glass plate (wwth a
refrective i nlexavesagef prim&ad)pattivikesizd dithe hokow dmdiphitehs vess dbmifedeaspl e
7 described below, so as to
follows: A dispersion of hollow fine particles was diluted with ethanol into 0.1% by
mass, the thus diluted dispersion was sampled on a collodion film for observing with a
transmission electron microscope (manufactured by Hitachi Ltd.; H-2000), 100 hollow
fine particles were selected at random for measuring the particle sizes of the respective
20 fine particles, and an average of the particle sizes of the 100 fine particles was obtained
as the average primary particle size of the hollow fine particles.
An average primary particle size of fine particles other than the hollow fine
particles was calculated, on the assumption that spherical particles are homogeneously
dispersed in a dispersion medium, through conversion on the basis of a specific surface

25  arca measured by the BET and the volume of the spherical particle.
[0058]
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be formed into a single-layered filmthrough baking, and the
refractive index was neasured. The results are listed in Table 2
below. [0072] 5 (Exanple 1) Assum ng an article (corresponding
to that of Patent Docunent 1) containing a |owreflection film having
a five-layered structure consisting of a low refractive index |ayer
(wmth a refractive index nl of 1.38 and a thickness dl of 27 nm, a
hi gh refractive,index | [ LLheas {ve index n2 of 2.08 and a
ggwdga%ef Ag%te%%efl %é&cle{/v g‘i‘f‘% Of Aink g%{tﬁfets}

t hi cknes 0 refr I've’ i ndex layer (with a

171V | e e AR ey g
htcknes il APl AR 2% ASLAASRL G AGRY Ko dat Lo

order fr ﬁmﬂt?ﬁﬁﬁplate (with a refractive index ns of 1.53) side,
the sinulation for “refl ectance was perforned. The result is
iIIus?rat(ﬁg ilin FIG 2. 15[0073] (Exanple 2) Assum ng an
article ont9 ining a lowreflection filmhaving a three-I|ayered

structur gﬁﬁ Lstddagyof a first layer (with a refractive index nl of
1.46 andeg t ﬁcﬁness)dl of 100 nm, a second |layer (with a refractive

index n2 of 1.2p, ?éffﬁcgvé faekReashddn s eﬁﬁn&%gf‘é'@l R vdastdaiduthtd Baser

(with a refractive 1ndex n3 of 1.36 and a thickness 'd3 of 35 nn) in

this or dﬁﬂlofvfs??‘gﬁgﬂ:'—l%?ére@ I N faherdo bebb@AGed Re tomdeHvamdert islfolddd

side, the sinulation for reflectance was perforned. The result is

i1 ustraped shifade $pa ll?ase LRELA, dnbEXRemD iPac3drddRASSHRTHRoBBwWRIg dx@le@sion

containing a lowreflection filmhaving a three-layered structure

consi@ti pg, @k rérddive inded¥R s daldlltedon eHertas iof thel tite Reflecthnde Ridireerd a
t hi ckness “dl of 90 nm, a second layer (with a refractive index n2

of 1.10 apdifd-Hyekasssm Méastiedwith BkpetidpRotbikted ah@iRrefridtive ifdex ns
refractive index n3 of 1.30 and a thickness d3 of 40 nm in this

order frgmna baicnatefhpte (Wth a refractive index ns of 1.53) side,
the sinulation for reflectance was perforned. The result is

illustrated i nRKEif= (31..5&)@,@1?15;}115)2 ... Ityis understood, fromthe
results illustrated in FIG 2, that the articles of Exanples 2 and 3

each confgmep] ng the lowreflection filnms having the three-layered
structure consisting of the first |ayer, the second | ayer and the
thirgs| aym{ﬂebaﬁte)at ed in this order fromthe base material side, and
respectively having a refractive index nl of 10the first |ayer, a
refractive i ndagen2dieiinghelskaiadicltayeaimtandurdaceelf ndeatd materiatexthe3 of
the third | ayer satisfying the relationship of nl > n3 > n2 have | ow
ref | ect aoer ddaofsow-reflectiofn filmwa e hertgtfornoén dipOublde Hdébatweenand have
| ow wavel engt h dependency of the reflectance. On the other hand, it
i s under sffleodnédad thehewatflectioa fidn egopien With astzziofilf mhe 100 mm
positioned at the center of the base material was measured. The reflectance was
20  measured in a wavelength of 300 to 1200 nm, and a bottom reflectance and an average
reflectance were obtained. When the bottom reflectance was 380 nm or less or 780 nm
or more, a spectrophotometer (manufactured by Jasco Corporation; V670) was used.
When the bottom reflectance was 380 to 780 nm, a spectrophotometer (manufactured by
Otsuka Electronics Co., Ltd.; Multi Channel Photo Detector MCPD-3000) was used.
25  Here, the bottom reflectance was defined as the minimum value of the reflectance in

wavelength range from 300 to 1200 nm. The average reflectance is defined as a value
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15l owreflection filmhaving the five-layered structure in which the
|l ow refractive index |ayers with a refractive index of 1.38 and the
high refractive index layers with a refractive index of 2.08 are
alternately lam nated fromthe base naterial side exhibits
sufficiently lowreflectance in the visible light region but its
reflectance i s unexpectedly increased in the near infrared region

o1 hos. ( PN AR ek Bl SRR et Wy e rnge rof 00 6

soda-linﬁ %5%%5 with a small iron content (white plate glass), with a
si ze of 6 mm x 100 nm and a thickness of 3.2 nm was prepared as a
base mat i(?]d(’gh the surface (snmooth surface) of 25the figured gl ass
was polished"with a cerium oxi de aqueous di spersion, and after

washi ng %ﬁﬁ%% oxide with water, the glass was rinsed with

i on- exchanged wat e and dried. [0077] The figured glass was set at

room & enper at uirf. 49, &n#URROSa IBWh@&%Hﬁ%gﬁg?&oﬁE%mﬁhév@a%ﬁﬁgth of

coating robot (rmanufactured by Kawasa tics; JEOO5S5F) was
Sinst al | 6o nAthotf 1960 A BNGIGPRLIRELHRBAGES (Rihuthlrcds 1aRa! | ed

t her eon by@?ﬁ% sp?ay 002%1 g.lﬁfte¢ tﬁe coating, the ffgu?ed gl ass
was preheatedaddd: F¥gppheheati ng oven (manufactured by Kusunoto

Chem cal s bét%de.l; ETACHT320), and while keeping the tenperature on the
support, &Q@]cc of the coating conposition (Bl) was applied thereon
by the spray coating. Subsequently, the coated figured glass was

pr eheat eflré'pgragiggO@Qirgfeglggg{ﬁioﬁgi)pven agai n, and while keeping the
tenperature on the support, 70 cc of the coating conposition (C) was

appl {@d t her eogyip srtilﬁ‘i‘%é 3.2 JTRRhAtD&d cThabE@idnafactirB@ by ¢5ahtABéhol
figured gl ass was baked, thereby obtaining an article on which a

| owref | geddidnCd.] L. V@sinfionmer, tHAies, ambiked &1vas comainiai @Hanol Bea basul t
is listed in Tabie 2 below. [0078] 15 (Exanple 5) An article

cont ai ni BgmpodndMbeabineGhil0Bpfly herenasen i aitrikolRionhe 6s@gef fsanner as
in Exanple 4 except that the applied anount of the coating

conposi t kihakgdl)waesant @1 i o783 nassstHiR R Whvddded thoreparel the thilse
article was evaluated. The result is listed in Table 2 bel ow.

20[ 0079] otEnadiliLtufd was stirred B0 Saihiel.e TotHeatsniltagt, 4.0 OUF feahdthotyisiine
filmwas obtained in the same manner as in Exanple 5 except that the
coatifg EwiiPoSdlid ntdrBLpnid te pISa0Lbhsin dfl298hey tasd)iwey added) disd thizon
(B2). The article was evaluated. The result is listed in Table 2

bel ow.  obtained mixture was stirred for 30 minutes at room temperature, thereby preparing a

binder solution (i) with a solid content converted to a SiO; basis of 2.2% by mass. Itis
noted that a solid content converted to a SiO; basis means a solid content obtained by
assuming that whole Si of the tetracthoxysilane is converted to SiO,.

20 [0063]
Preparation of Hollow SiO; Fine particle Dispersion (ii):

While stirring 29.07 g of denatured ethanol, 39 g of water, 21 g of a ZnO fine
particle aqueous dispersion (manufactured by Ishihara Sangyo Kaisha Ltd.; FZO-50,
with a solid content of 20% by mass, an average primary particle size of 21 nm and an

25  average aggregated particle size of 40 nm) and 10 g of tetraethoxysilane (with a solid

content converted to a Si0O, basis of 29% by mass) were added thereto, and the pH of
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25[ 0080] (Example 7) Figured glass was prepared in the sane manner
as in Exanpl e 4. The figured gl ass kept at room tenperature
was set on a spin coater (manufactured by Mkasa Co., Ltd.;

114-3605), 2 cc of the coating conposition (E) was sucked with a

pl astic dropper and was dropped onto the surface of the figured gl ass
for 5 coati ng Subsequently, the coating conmposition (A) was applied

thereon !t eres figepren?lnmvavras 6%}11?%&?(; {(? fl}rﬁ%r chcﬁl"fébal@t c{fa%‘%q)y%gﬁs

was bake R heré a|n| an -ar
oo AL LT MR g0 e b e
Ter pi neoly, the! thué ol!)taljneh SJ)lutlgl)i, d.18 g of zirconium tetraacetyl acetonate (manufactured
by Kanto Chemical Co., Inc.) was added, and the resultant was stirred for 1.5 hours, so
5  asto give 100 g of a core-shell type fine particle dispersion (with a solid content of
7.2% by mass).
[0064]
Then, 100 g of a strong acidic cation exchange resin (manufactured by
Mitsubishi Chemical Corporation; Diaion, with total capacity of 2.0 mseq/mL or more)
10 was added to the thus obtained core-shell type fine particle dispersion, and after
attaining pH 4 by stirring the resultant mixture for 1 hour, the strong acidic cation
exchange resin was removed through filtering, so as to give 100 g of a hollow Si0; fine
particle dispersion with a solid content converted to a SiO; basis of 3% by mass. The
thickness of the shell of the hollow SiO; fine particle was 6 nm, the diameter of its hole
15  was 30 nm, and the average aggregated particle size was 50 nm. The hollow SiO, fine
particle dispersion was concentrated by using an ultrafiltration membrane, so as to give
a hollow Si0, fine particle dispersion (ii) with a solid content converted to a SiO; basis
of 12% by mass.
{0065]
20 Chain SiO, Fine particle Dispersion (iii):
Manufactured by Nissan Chemical Industries Ltd.; Snowtex OUP, with a solid
content of 15.5% by mass and an average aggregated particle size of 40 to 100 nm.
[0066]
TiO; Fine particle Dispersion (iv):
25 Manufactured by Ishihara Sangyo Kaisha Ltd.; STS-01, with a solid content of

30% by mass.
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[0067]
Preparation of Coating Composition (Al):

While stirring 85.7 g of denatured ethanol, a mixed solution of 6.6 g of ion-
exchanged water and 0.1 g of 61 % by mass nitric acid was added thereto, and the thus
obtained mixture was stirred for 5 minutes. To the resultant, 7.6 g of tetraethoxysilane
(with a solid content converted to a SiO; basis of 29% by mass) was added, and the
resultant was stirred for 30 minutes at room temperature, thereby preparing a coating
composition (A1) with a solid content converted to a SiO, basis of 2.2% by mass. The
coating composition (A1) was applied on a surface of a glass plate (manufactured by
Asahi Glass Co., Ltd.; FL3.5, soda-lime glass with a refractive index ns of 1.53) under
the same conditions as in Examples 4 to 6 described below, so as to be formed into a
single-layered film through baking, and the refractive index was measured. The results
are listed in Table 2 below.

[0068]
Preparation of Coating Composition (B1):

While stirring 55.7 g of denatured ethanol, 5.3 g of the hollow S10; fine
particle dispersion (ii) was added thereto, and 24.0 g of 2-butanol and 15.0 g of
diacetone alcohol (hereafter, referred to as DAA) were further added thereto, thereby
preparing a coating composition (B1) with a solid content of 0.6% by mass. The
composition is listed in Table 1 below. Furthermore, the coating composition (B1)
was applied on a surface of a glass plate (with a refractive index ns of 1.53) under the
same conditions as in Examples 4 and 5 described below, so as to be formed into a
single-layered film through baking, and the refractive index was measured. The results
are listed in Table 2 below.

[0069]

Preparation of Coating Composition (C1):
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While stirring 40.1 g of denatured ethanol, 24.0 g of 2-butanol, 16.4 g of the
binder solution (i) and 3.5 g of the chain SiO; fine particle dispersion (iii) were added
thereto, and 15.0 g of diacetone alcohol and 1.0 g of a-terpineol were further added
thereto, thereby preparing a coating composition (C1) with a solid content of 0.9% by
mass. The composition is listed in Table 1 below. Furthermore, the coating
composition (C1) was applied on a surface of a glass plate (with a refractive index ns of
1.53) under the same conditions as in Examples 4 to 6 described below, so as to be
formed into a single-layered film through baking, and the refractive index was
measured. The results are listed in Table 2 below.

{0070]
Preparation of Coating Composition (B2):

While stirring 49.8 g of denatured ethanol, 24.0 g of 2-butanol, 5.9 g of the
binder solution (i) and 5.3 g of the hollow SiO; fine particle dispersion (ii) were added
thereto, and 15.0 g of diacetone alcohol was further added thereto, thereby preparing a
coating composition (B2) with a solid content of 0.8% by mass. The composition is
listed in Table 1 below. Furthermore, the coating composition (B2) was applied on a
surface of a glass plate (with a refractive index ns of 1.53) under the same conditions as
in Example 6 described below, so as to be formed into a single-layered film through
baking, and the refractive index was measured. The results are listed in Table 2 below.
[0071]

Preparation of Coating Composition (E}):

While stirring 60.0 g of denatured ethanol, 24.0 g of 2-butanol and 1.0 g of the
TiO, fine particle dispersion (iv) were added thereto, and 15.0 g of diacetone alcohol
was further added thereto, thereby preparing a coating composition (E) with a solid
content of 0.3% by mass. The composition is listed in Table 1 below. Furthermore,

the coating composition (E) was applied on a surface of a glass plate (with a refractive
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index ns of 1.53) under the same conditions as in Example 7 described below, so as to
be formed into a single-layered film through baking, and the refractive index was
measured. The results are listed in Table 2 below.

[0072]

(Example 1)

Assuming an article (corresponding to that of Patent Document 1) containing a
low-reflection film having a five-layered structure consisting of a low refractive index
layer (with a refractive index nl of 1.38 and a thickness d1 of 27 nm}, a high refractive
index layer (with a refractive index n2 of 2.08 and a thickness d2 of 19 nm), a low
refractive index layer (with a refractive index n3 of 1.38 and a thickness d3 of 36 nm), a
high refractive index layer (with a refractive index n4 of 2.08 and a thickness d4 of 134
nm) and a low refractive index layer (with a refractive index n5 of 1.38 and a thickness
d5 of 94 nm) in this order from a glass plate (with a refractive index ns of 1.53) side,
the simulation for reflectance was performed. The result is illustrated in FIG. 2.
[0073]

(Example 2)

Assuming an article containing a low-reflection film having a three-layered
structure consisting of a first layer (with a refractive index nl of 1.46 and a thickness d1
of 100 nm), a second layer (with a refractive index n2 of 1.25 and a thickness d2 of 65
nm) and a third layer (with a refractive index n3 of 1.36 and a thickness d3 of 35 nm) in
this order from a glass plate (with a refractive index ns of 1.53) side, the simulation for

reflectance was performed. The result is illustrated in FIG. 2.

[0074]
(Example 3)
Assuming an article containing a low-reflection film having a three-layered

structure consisting of a first layer (with a refractive index nl of 1.40 and a thickness dl
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of 90 nm), a second layer (with a refractive index n2 of 1.10 and a thickness d2 of 35
nm) and a third layer (with a refractive index n3 of 1.30 and a thickness d3 of 40 nm) in
this order from a glass plate (with a refractive index ns of 1.53) side, the simulation for
reflectance was performed. The result is illustrated in FIG. 2.

[0075]

It is understood, from the results illustrated in FIG. 2, that the articles of
Examples 2 and 3 each containing the low-reflection films having the three-layered
structure consisting of the first layer, the second ldyer and the third layer laminated in
this order from the base material side, and respectively having a refractive index nl of
the first layer, a refractive index n2 of the second layer and a refractive index n3 of the
third layer satisfying the relationship of nl > n3 > n2 have low reflectance against light
of a wavelength of 400 to 1100 nm and have low wavelength dependency of the
reflectance.

On the other hand, it is understood that the article of Example 1 containing the
low-reflection film having the five-layered structure in which the low refractive index
layers with a refractive index of 1.38 and the high refractive index layers with a
refractive index of 2.08 are alternately laminated from the base material side exhibits
sufficiently low reflectance in the visible light region but its reflectance is unexpectedly
increased in the near infrared region beyond a wavelength of 700 nm.

[0076]

(Example 4)
Figured glass (manufactured by Asahi Glass Co., Ltd.; Solite, that is, soda-lime

glass with a small iron content (white plate glass), with a size of 100 mm x 100 mm and
a thickness of 3.2 mm) was prepared as a base material, the surface (smooth surface) of
the figured glass was polished with a cerium oxide aqueous dispersion, and after

washing away cerium oxide with water, the glass was rinsed with ion-exchanged water

29



(HD1 ( AO Otu-85.-"C] cLI al . Hollow Si02 Chain Si02
Holl ow Si 02 Chain Si02

10

15

20

25

and dried.
[0077]

The figured glass was set at room temperature on a support provided in a booth
where a spray coating robot (manufactured by Kawasaki Robotics; JEQOSF) was
installed, and 160 cc of the coating composition (A1) was applied thereon by the spray
coating.  After the coating, the figured glass was preheated in a preheating oven
(manufactured by Kusumoto Chemicals 1.td.; ETACHT320), and while keeping the
temperature on the support, 100 cc of the coating composition (B1) was applied thereon
by the spray coating. Subsequently, the coated figured glass was preheated in the
preheating oven again, and while keeping the temperature on the support, 70 cc of the
coating composition (C1) was applied thereon by the spray coating. Thereafter, the
resultant figured glass was baked, thereby obtaining an article on which a low-reflection
film was formed. The article was evaluated. The result is listed in Table 2 below.
[0078]

(Example 5)

An article containing a low-reflection film was obtained in the same manner as
in Example 4 except that the applied amount of the coating composition (B1) was 1.2
times as large as that of Example 4. The article was evaluated. The result is listed in
Table 2 below.

[0079]
(Example 6)

An article containing a low-reflection film was obtained in the same manner as

in Example 5 except that the coating composition (B1) was replaced with the coating

composition (B2). The article was evaluated. The result is listed in Table 2 below.

[0080]
(Example 7)
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Figured glass was prepared in the same manner as in Example 4.

The figured glass kept at room temperature was set on a spin coater
(manufactured by Mikasa Co., Ltd.; 1H-3608), 2 cc of the coating composition (E) was
sucked with a plastic dropper and was dropped onto the surface of the figured glass for

5 coating, Subsequently, the coating composition (A1) was applied thereon in the same
manner. Thereafter, the resultant figured glass was baked in the air, thereby obtaining
an article containing a low-reflection film formed thereon. The article was evaluated.

The result is listed in Table 2 below.
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[0083]

It is understood, from the results listed in Table 2, that the articles of Examples
4 to 6 each containing the low-reflection film having the three-layered structure
consisting of the first layer, the second layer and the third layer laminated in this order
from the base material side, and respectively having a refractive index nl of the first
layer, a refractive index n2 of the second layer and a refractive index n3 of the third
layer satisfying the relationship of nl > n3 > n2 have low bottom reflectance (namely,
the minimum reflectance against light of a wavelength of 400 to 1100 nm), and have a
small difference between the bottom reflectance and the average reflectance (namely,
wavelength dependency of the reflectance). Furthermore, in the articles of Examples 4
to 6, unevenness in reflection was minimally conspicuous in visual examination for the
appearance.

It is also understood that the article of Example 7 containing the low-reflection
film with a two-layered structure has a large difference between the bottom reflectance
and the average reflectance (namely, wavelength dependency of the reflectance).
[0084]

While the invention has been described in detail and with reference to specific
embodiments thereof, it will be apparent to one skilled in the art that various changes
and modifications can be made therein without departing from the spirit and scope
thereof.

The present application is based on Japanese Patent Application No.2009-

205869 filed on September 7, 2009, and the entire contents are incorporated herein by

reference,

INDUSTRIAL APPLICABILITY
[0085]
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Exampl e 9 L [0083] It is understood, fromthe results
listed in Table 2, that the articles of Exanples 4 to 6 each
containing the lowreflection filmhaving the three-layered structure
consisting of the first layer, the second |l ayer and the third | ayer

| am nated in this order 5fromthe base material side, and

respectively hayi Qg §EHhE &echMbn isriﬂ.@f&l Alakiet Renith E?f p laR¥RfireflBction

refractive indéx n2 of the second |ayer and a refractive index n3 of

the thirdul@ygin skt &f dHcRGsihl % réﬁéc@%h%ﬁ%ﬂt’sﬂe@fghf‘%dﬁnﬁﬁoﬁn@3 ihave | ow
bottomrefl ectance (nanely, the mninmumreflectance agai nst [|ight of

a wavel epghiinm@hnd)%udhhs bl enflss FRdola vty Siols dispfags @I@BlpBPWeen

the bottomrefl ectance and the average reflectance (nhanely,

wavel engbkgaﬂmctsmysmb th§ afi EfHlcRIFHE fRIes, SWAHddNPARE Bor viaflobdeehicles
(0]

articles Exanples to 6, unevenness in reflection was mnimally
consps CUQalfiorhbbil, Gl aieplane, Rad.), @Wwihddwidne fayeast@tioas, a cover glass of a

touch panel and the like.

DESCRIPTION OF REFERENCE NUMERALS

[0086]
10 10 article
12 base material
14 low-reflection film
16 first layer
18 second layer
15 20 third layer
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It is also understood that the article of Exanple 7 containing the
low-reflection filmwith a two-layered structure has a | arge

di fference between the bottomrefl ectance 15and the average

refl ectance (nanely, wavel ength dependency of the refl ectance).

[ 0084] ‘Whil e the invention has been described in detail and
with reference to specific enbodinents thereof, it will be apparent
to one skilled in the art that varigpgpgRkanges and nodifications can
be nmade therein wi thout departing fron1t e spirit and scope 20

t her eof The present application is based on Japanese Patent
Appl i cation No.2009- 205869 filed on Septenber 7, 2009, and the

entire Content? anG H}GetHApALA al?)%eelhﬁ'teﬂéﬂ inﬁfa%%%ﬁect?& f‘ilh‘%ﬁﬁﬁ%ﬂ@h
APPLI CABI LI TY [0085] The articlre of the invention is useful as

articl esaSMQ&Qfmﬁe%tml reflection function in order to
decreasing a reflection of outside light and inproving a l'i ght

transmttance, wheeh e 1SwGON&Hiod ! fASSs %mﬁos%@ lo@ik, ﬂ?ﬁtlﬁy%?ya séé8hd RYSr and
di spl ays (LCD, PDP, organic EL, CRT, SED, etc.) and their fron

pl ates, atmmlq?é/yw&sé@fn (MR r @8Ok e el gﬂ@mnhe train,
ai rplane, etc a w ndowpane for constructions, a cover glass of a

touch panel anghetftig lhjdtCihe BECHRI1iREr G Bl t%ﬁ?&%e%&ﬁ&&h@ ih@R86] a
i

1010article 12base material 14l owreflection | m 16first |ayer
18secondrdfay@ie thdedhhanda kéyRtive index n3, respectively, which meet the relationship

ofnl > n3 >n2.

2. The article according to claim 1,
wherein the first layer, the second layer and the third layer have a thickness d1,

a thickness d2 and a thickness d3, respectively, which meet the relationship of d1 > d2 >

d3.

3. The article according to claim 1 or 2,

wherein the first layer comprises a burned substance of a hydrolysate of
alkoxysilane.

4. The article according to any one of claims 1 to 3,
wherein the second layer comprises any one species of fine particles and

pyrolytic resins.

5. The article according to any one of claims 1 to 4,
wherein the third layer comprises: any one species of fine particles and

pyrolytic resins; and a binder.
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CLAI M5 1. An article conprising a base material and a

|l ow-reflection filmforned on a surface of the base materi al

wherein the lowreflection filmis conposed of a first |layer, a
second layer and a third |ayer disposed in this order fromthe base
material side, and the first |layer, the second |ayer and the
third ayer have a refractive index nl, a refractive index n2 and a
refractive index n3, respectively, which neet the relationship of nl
> n3 > n2. 2. The article according to claim1, wher ei n

the first |ayeg, trheagREONLIRYEMH MPWnkBEchithd Otd syer have a _
t hi ckness dl, a thickness d2 and a thickness d3, respectively, which

neet the rel at iypagii heQbwdbfleetiddTilthhas a lowest reflecti€e agdihgt ligheekor di ng
toclaim1l or 2, wherein the first |layer conprises a burned

subst ancga0flefsth Y200 ¥ BL0B rith baink 105 bk &RE. 4. The article
according to any one of clainms Ito 3, wherein the second | ayer
conpri ses any one species of fine particles and pyrolytic resins.
5. The article according to any one of clains 1 to 4, wherein
the third | ayer. cURphaitiERSiccariinganspaeoeelaidhs f tow§ particles and
pyrolytic resins; and a binder. 6. The article according to any one
of clainms 1 towherein the base mhRfial 8 atth@spomt basd matetigin fil m has a
| owest refl ectance against |ight of a wavel ength of 400 to 1100 nm
being 1.0%or less. 7. The article according to any one of clains 1
to 6, wherein the base material is a transparent base material. 8.
The articl e acgor Thegrticts oyrdpetoahy ohabfrelaiing bto77, wherein the
article is a cover glass of a solar battery. 9. An article
conprising a behercirathemrtidle Bradcovet ghass affal sebribatterfyi | m conpri si ng at
| east three layers forned on the base material, wherein a
| ayer with a highest refractive index out of the plural |ayers
constituting the lowreflection filmis disposed at a cl osest
position to the bAsartit esinplisingre bgset matepiliandla lbwyreflsctvorfdti camprising
the lowreflection film and a layer with a second hi ghest
ref ract i wideashthese layers dormdueorpthabage thatgsals constituting the
lowreflection filmis disposed at a farthest position fromthe base
mat eri al anmongwhéreinpd layet withpdighestonfaétivetinday qutef thevplvref lagensi on
film

constituting the low-reflection film is disposed at a closest position to the base material

among the plural layers constituting the low-reflection film, and
a layer with a second highest refractive index out of the plural layers
constituting the low-reflection film is disposed at a farthest position from the base

material among the plural layers constituting the low-reflection film.
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