; JKLMe3e>, 6T>" SF- 749 Tl TLE WATER- REPELLENT POROUS SI LI CA, PROCESS FOR
PREPARI NG THﬁaqug AND USES THERECF 5 TECHNI CAL FI ELD The present
invention relatesto water-repellent porous silica having unln ”n
- mesopores, that is applicable to catalyst carrier, adsorbent‘nmmmm Imml
functional material, electron functional material and the 10 |ik %
process for preparing the water-repellent porous silica, and uses of the
wat er -repel | ent porous silica. BACKGROUND ART Porous inorgani c conpounds
havi ng uni f orm mesopores 15 have | arger L t han conventi onal oxides such
as zeolite, and application of those coégnggs to catalyst carrier,
separation ad %$ éﬁﬁ#ﬁbatter and_sensor has been studied. As for a
process for pjgﬁg HF @EIE&$ Sh%@L%BAQOPBngéﬁﬁFﬁBSBBEPéSINé Fitdcess
utilizing control of the structure of an inorganic material by the use of
an organi ¢ conpound has been paPdMht t BRPi GREHeEHEBBOAN oxi de of novel shape
~and structure can be obtained. In particular, an oxide having uniform
nmesopores, that is SF- 749 synthesi zed by utilizing self organization of
~an organi ¢ conpound and an inorgani c conpound, is known to have a |arger
pore voluge and a |arger surface amegzii@AICEI¥ER i onal oxides such as
zeolite. 5 As a process for preparing am oxide fravi ng uniform pores
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conpound, a process coOnpris

porous silica having uniform mesopores, that is

applicable to catalyst carrier) adsorbent, light

functional material, electron functional material and the
10 like, a process for preparing the water-repellent porous

silica, and uses of the water-repellent porous silica.

BACKGROUND ART

Porous inorganic compounds having uniform mesopores
15 have larger pores than conventional oxides such as
zeolite, and application of those compounds to catalyst
carrier, separation adsorbent, fuel battery and sensor
has been studied.
As for a process for preparing such an oxide having
20  uniform mesopores, a process utilizing control of the
structure of an inorganic material by the use of an
organic compound has been paid attention because an oxide
of novel shape and structure can be obtained. 1In

particular, an oxide having uniform mesopores, that is

1 RO
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subjecting a silica gel and a surface active agent to hydrothernal
synthesis reaction in a heat-resistant 10 cl osed vessel to prepare such an
oxide i s desc?Pibed i n, for exanple, W91/11390. In Bull. Chem Soc. Jp.,
Vol . 63, p. 988 (1990), a process conprising subjecting kanemte that is a
kind of a layered silicate and a surface active agent to ion exchange to
prepare such an 15 oxide is described. On the other hand, the oxide having
“uni form nmesopores has a defect that the oxide is |liable to adsorb noisture

because of it .por.e,.vol une ,and surface area. That is. to say, the

oxi de havi ng %%#?%gg%%égog r8§g§626P§p§Fé%C§§g§@§@Fi &8 S0 IFH1Gr ge
pore vol unme and contains a great nunmber of hydroxyl groups present on the
pore surfacesSOHRBTBHOFRY BRelBRFEIB HES CRIEGR Unsh stidr &ngdortst ingive a
properties, and the structure of the oxide is 2 SF-749 changed by the
adsor bed wat ekabgerheoper vodhwestndceulerger Iserfeces airsaditdiant egr at ed.
Many patents to inprove the noisture adsorption properties have been
appl i ed so facon¥ent exaapl exidesi subhdascrichedtien Japanese Patent Lai d-Open
_ Publication No. 14413/1981 that an organosilicon halide conpound as a

starting material As al}bpwedssorbeaptehlAing 4820kA @3N HAKIARY GraFMeNt to
devel op water repellency. In this case, the organic group infparts water

repel l ency t | LR SuE fac e - f. sili a ilica gel are
descri bed inq%§%§%u%€gﬁ§??§§t?8%§.gFﬁgﬁggéﬁégé Bgfgﬁt%%gigi éﬁmﬁgﬁ¥} ation
No. 181715/1983, treatnent with an organosilane hal i de and water vapor is

described: in"JApAResdOPAFRAE CAMHOBREN BuBIPE&E o ONB 1595926/ 1086,

subjecting a silica gel and a surface active agent to
hydrothermal synthesis reaction in a heat-resistant

10  closed vessel to prepare such an oxide is described in,
for example, W091/11390. In Bull. Chem. Soc. Jp., Vol.
63, p. 988 (1990), a process comprising subjecting
kanemite that is a kind of a iayered silicate and a

surface active agent to ion exchange to prepare such an

15 oxide is described.

On the other hand, the oxide having uniform
mesopores has a defect that the oxide is liable to adsorb
moisture because of its large pore volume and surface
area. That is to say, the oxide having uniform mesopores

20 prepared as described above has a large pore volume and
contains a great number of hydroxyl groups present on the
pore surfaces. Therefore, the oxide has high moisture

adsorption properties, and the structure of the oxide is



15 treatnment with silicone or the like is described; in Japanese Patent
Lai d- Open Publication No. 59415/1990, bonding to a hydrophobic organic
group i s desctiéd; in Japanese Patent Laid-Open Publication No.

107502/ 1990, treatnent with a fluorinating agent in the presence of 20
water is described; in Japanese Patent Laid-Cpen Publication No.

196342/ 1995, treatnent by inmmersion of a substrate in a solution obtained
by adding NHAF to a wat er-based sol uti on of al koxysilane is described; and
i n Japanese Pat ent i d- Qoen_Publ j cations No. 157643/1996, 3 SF- 799 No.
24271 7/ 1997, an%%529y|§8§ aHg° KBS 1&662¥/f§9§%etP§§ﬂﬁ€&F St LT GHS gani ¢

oxide with a fluorine containing organosilicon conpound as a surface
treating agem®fishYeRe¥ebeds Al3ipfegrasednet hods have inproved 5 noisture
adsorption properties of silica. Further, in EP0799791, treatnent with a
silicone oil havi Nfpran epPoxytgrobapinprovehthe apiseucenpasndphdwvinng an

am no group is described; in Chinese Patent No. 1,072,654, treatnent using

“amine or pyrrgtésloneiés deserbbe; appdicn 38 Wa®. PabentxNepi4, 164, 509,

~sulfonic acid treatnent is described. Mreover, in Japanese Patent

Lai d- Open sPubld cat § 9a Nor %ﬁgﬁé;29f1atgafeamgtpﬁgﬁg%%iﬂgam@lO'%zi ng

tetraet hoxysilane and coating a substrate wt rolysis solution is

destribed, Ay e eade Mo gdisnR St pRLIsR! cBpeceplact, S

. ; or
to inprove water Tepel Tency iS des

treatnment by contact with a, as i nprove water repellency is

descri bed. ¥ﬁ§%ﬂﬁﬁﬁ9rﬁﬁ?ﬁﬁﬁgfhgﬁeeiﬁ?wggetalfeéﬁFfﬁ&égzﬁlpﬁeéPnéﬁts of
silica, and it is difficult to honpgeneously treating inside surfaces of
pores of the PFDUC s§Pieant | woadeveion, wehey aepepdensati sfactbry as

met hods to i nprove noi sture adsorption properties of the porous materials
fromthe viewpiew tdie appyacati onogp ihparts water repellency to SiO,.

10 Surface treatments of silica and a silica gel are
described in various publications. In Japanese Patent
Laid-Open Publication No. 181715/1983, treatment with an
organosilane halide and water vapor is described; in
Japanese Patent Laid-Open Publication No. 295226/1986,

15 treatment with silicone or the like is described; in
Japanese Patent Laid-Open Publication No. 59415/1990,
bonding to a hydrophobic organic group is described; in
Japanese Patent Laid-Open Publication No. 107502/1990,
treatment with a fluorinating agent in the presence of

20 water is described; in Japanese Patent Laid-Open
Publication No. 196342/1995, treatment by immersion of a
substrate in a solution obtained by adding NH4F to a
water-based solution of alkoxysilane is described; and in

Japanese Patent Laid-Open Publications No. 157643/1996,



4 SF-749 resulting silica to light functional materials or electron
functional materials, because there are di sadvantages such that the
treatment in $Hat’éP d|S|ntegrates the pore structure, the treatnment with an
5 organic material results in |ow heat resistance, and the F treatnent by
the contact with a gas results in only a tenporary effect. In Materials
Letters 42 (2000), pp, 102-107, a process for preparing water-repellent
porous silica 10 havi ng uniform pores, conprising dropwi se addi ng a HF
solution to a_cau solution of silica and erfornlng hydr ot her ma
synt hesi s i8%8%50$%%£h§?g§%ﬂ1tﬂg pgﬁéag/éﬁpﬁcénﬁr@ﬁarédo&ﬁ1ﬂ%3$%process
however, any filmcannot be fornmed. In addition, Na remaining in silica 15
hi nders appl iteRaorent ¢heasi ineagenlia pkghe wafsot rofalomane- al or an

el ectron functional material. On the other hand, filnms conprising oxides
havi ng un|for¢nm@snmmm@soh@aeobeémopnopompduhdce@tbysuaﬁdc@pmhbgahhgp of
those filnms to light functional nmaterials 20 or electron functional

mat eri al s hasadpaen hé ol ycexpest eda1 FoprexaaBkenekRoNat Hige VY ﬁ%rd%é% P
703 (1996), a process conprising placing a mca board in a solution

essentlaIFy GONsL St g%égo#ﬁﬁ%ggnﬁgéggkkggg égdﬁﬁésurface active agent to

forma filmon a sur ace cars *@8scribed; in Nature,
LSBT P 8 (A2 M OCERR LN, LG8 1 L 2 Lhquid Level o
having an epoxy group or with an amine compound having an
amino gfoup is described; in Chinese Patent No. 1,072,654,
treatment using amine or pyrrolidone is described; and in
10 U.S. Patent No. 4,164,509, sulfonic acid treatment is
described. Moreover, in Japanese Patent Laid-Open
Publication No. 92621/1994, treatment comprising
hydrolyzing tetraethoxysilane and coating a substrate
with the hydrolysis solution is described; in U.S. Patent
15 No. 4,569,833, treatment by contact with SiFs to improve
water repellency is described; and in U.S. Patent No.
4,054,689, treatment by contact with a HF gas to improve
water repellency is described.
The above methods, however, are all surface
20  treatments of silica, and it is difficult to
homogeneously treating inside surfaces of pores of the
porous silica. In addition, they are not satisfactory as
methods to improve moisture adsorption properties of the

porous materials from the viewpoint of application of the



active agent is described; and in Science, Vol. 273, p. 5 768 (1996), a
process for formng a filmon an interface between an oil |ayer containing
t et r aal koxysi¥ané%and a water |ayer containing a surface active agent is
descri bed. These processes, however, industrially have a problemthat a

| ong period of tinme is necessary for the 10 formation of a filmand a | arge
anount of a powder is produced as a by-product together with the film In
Japanese Patent Lai d-Qpen Publication No. 194298/1997, a process conpri sing
coating a substra{e.mﬁth,ﬁ,soluti n essgntia[ly consi sting of 15

t et r aal koxysiTane bhdd st FackCact POE AYBREILHLoMAtE HElM Pavi ng pores
regul arly disposed is disclosed. In W99/37705, a process for formng a
film which cohprises Eenveienag masartade,abecpesagéherieneaean anphi phatic
bl ock copol ynmer to nmake pores large, is disclosed. These 20 processes are

i ndustrial |l y diseddvabezgesesfichnshatetpeodueadmbar ansharkrperi od of tine.
In the resulting porous filns having uniform pores, however, gradual

variation of diwistéseitee Ohedpsiat 8grattare0f thhetpekipdng Shifyctyy e of
pores takes place because of the 6 SF- 749 af oresai d noi st ure adsor ption

properties, aawlgsrlhfé efpa/tépf%foygymgi gxegsggﬁggaﬂggpi&gﬂ%e t Eﬁuigte R ous

films have a problem when they are appli unctional erials or
el ectron functional, materials. S Accordin , _devel opnent of a hi_ghly
mater-repellg%ttE? TRV R ﬁ%?f%?ﬂfﬁﬁgegghésabgéﬁ EgéégFﬁ d8sPrdy. @

Dl SCLOSURE OF THE INVENTION It is an object of the present invention to

provi de 10 wat¥rRIEPEY | htepbrous silica having uniform pores, that is

applicable to a Iight functional material or an
In Materials Letters 42 (2000), pp. 102-107, a

process for preparing water-repellent porous silica

10 having uniform pores, comprising dropwise adding a HF
solution to a caustic soda solution of silica and
performing hydrothermal synthesis is described. From the
porous silica prepared by this process, however, any film
cannot be formed. In addition, Na remaining in silica

15 hinders application of the silica to a light functional
material or an electron functional material.

On the other hand, films comprising oxides having
uniform mesopores have been proposed recently, and
applicatioﬁ of those films to light functional materials

20 or electron functionallmaterials has been highly expected.
For example, in Nature, Vol. 379, p. 703 (1996), a
process comprising placing a mica board in a solution
essentially consisting of tetraalkoxysilane and a surface

active agent to form a film on a surface of the mica is



el ectron functional material, and to provide a silica film a precursor
solution for formng the silica, a process for preparing the silica and
uses of the s¥§i’¢4. 15 As a result of earnest studies to achieve the above
menti oned object, the present invention has been acconplished. The

wat er -repel l ent porous silica according to the present invention is

wat er -repel Il ent porous silica having 20 uni form pores, which conprises
silica skel eton wherein fluorine atons are fixed through coval ent bonds and
whi ch has an al kal| netal content of not _nore than 1 b. The fluorine

0_pp
content in tHEEIFFHeadskerel8hure: pVeter dBly Pn OBE r(d¥§8)of 203 aTe85. 0 0
by weight. 7 SF-749 It is preferable that the nmean pore size of pores of
t he porous siferafesmingthefidmgenod 1iguid levem addat lselpdriauws silica has
a periodic crystal structure of hexagonal system when exam ned by X-ray
di ffractonetresséntial yatsnspseirgabketthabal kexyeanaper ensi ze dis-fidrd he
range of 1.3 to 10 nmand the porous silica has a crystal structure of

rregular arrangeREnd gerNe; P acess Bl Nenll ¢RCRL LAKRNt AN f o preparing
the water-repellent porous silica having uniformpores, 10 said silica

conprising sidjica to I orine.atons_are fixed t.hrou

coval ent %ondt§§cgﬁ%$%gésgtﬁggé§é%sEég %3?§%§%I§ fydfoPyzBRg tatertace

quorine-containiQ%Ptrialkﬁxisilane regresented the follow ng fornula
e

b
and a tetraal KoETT it Uhtlef 2¥eF dFRNE ﬁHFPgoH?tF%éﬁk8§y?ﬁéa§31§QQMQMion

resulting fromthe hydrolysis and mixed with a surface active agent, and
renovi ng t he "I ack? ¥e¥ i Ve bybhineraeRUFARERPOACELYE) 8SERE is

described. These processes, however, industrially have a
problem that a long period of time is necessary for the

10 formation of a film and a large amount of a powder is
produced as a by-product together with the film.

| In Japanese Patent Laid-Open Publication No.

194298/1997, a process comprising coating a substrate
with a solution essentially consisting of

I5 tetraalkoxysilane and a surface active agent to form a
film having pores regularly disposed is disclosed. 1In
WO099/37705, a process for forming a film, which comprises
converting a surface active agent into an amphiphatic
block copolymer to make pores large, is disclosed. These

20 processes are industrially useful because films are
produced for a short period of time. In the resulting
porous films having uniform pores, however, gradual
variation of the structure or disintegration of the

periodic structure of pores takes place because of the



wherein Z is methyl, ethyl, n-propyl, i-propyl, n-butyl, 20 t-butyl,

i -butyl or sec-butyl, and Ris a fluorine atom (CH2) a (CF2) b (O (CF2) c)
dX (X is a flusi’éAe atom OCF3, OCF (CF3) 2, OC (CF3) 3, an al kyl group or
a phenyl group, ais a nunber of O to 3, bis a nunber of 0 to 3, cis a 8
SF-749 nunber of 1 to 3, and d is a nunber of O to 3) or C6HeF(5_ (e is a
nunber of 0 to 4). Wen the desired water-repellent porous silicais a
powder, the solution can be dried by spray drying. 5 The
fluorine-containing trialkoxysilane is preferably triethoxyfluorosilane.
The tetraal kdaiesmed isopsefieeabigorpt i apt hogrpeirkans., The rmblearebyattihe of
the fluorine-containing 10 trial koxysilane to the tetraal koxysilane is
preferably i rcdrimuctanget pfb&cOhetohigR. Therusynbiese. poebes @fi 1khke msurd ace
active agent is preferably in the range of 0.003 to 1 tine the sum of the

nunbers of nf esra¥1dhevhdniorhae- geat appwscll’éotI_’thhlsow%lt%%a@tnd the
tetraal koxysilane. The surface active agent is preferably an al kyl anmoni um

sal t represe?ﬁag%éﬁ the fo j}(g&g\tpgnfg £§°nﬁl_%8t%gb%9§3 ) 3X wherein nis

an integer o and e Ion Or an organi c ani on.
The surfage active a is als ferably ound havi ng
pol yal kyl 8ne oxi d %ﬁﬁéﬁ Tﬁ%g?f?ﬂmﬁﬁﬁo?gl g?%hgﬁewﬁF@§eﬁ?pﬁﬂQéﬁﬁlon
is afilmconprising the mater-repellent porous silica. 9

: ilm having uniform pores has been eagerly desired.

DISCLOSURE OF THE INVENTION

It is an object of the present invention to provide
10 water-repellent porous silica having uniform pores, that
is applicable to a light functional material or an
electron functional material, and to provide a silica
film, a precursor solution for forming the silica, a
process for preparing the silica and uses of the silica.
15 As a result of earnest studies to achieve the above-
mentioned object, the present invention has been
accomplished.
The water-repellent porous silica according to the
present invention is water-repellent porous silica having
20 uniform pores, which comprises silica skeleton wherein
fluorine atoms are fixed through covalent bonds and which
has an alkali metal content of not more than 10 ppb.
The fluorine content in the silica skeleton is

preferably in the range of 0.3 to 15.0 % by weight.



SF-749 The thickness of the water-repellent porous silica filmis
preferably in the range of 0.01 umto 2.0 mm The water-repellent porous
silica filmc3r/Bé used as a layer insulation film 5 The precursor
solution according to the present invention is a precursor solution for
formng the water repellent porous silica. The precursor solution for
formng the water repellent porous silica is obtained by partially 10

" hydrolyzing a fluorine-containing trial koxysilane represented by the
following formula and a tetraal koxysilane under acidic condition and then
m xi ng the resul tihyg hydeoeierabiel thpbnthet heansnptaceiaet pfe pagest 015
(ZO) 3SiR wherein Zis nethyl, ethyl, n-propyl, i-propyl, n-butyl, t-butyl,
i -butyl or sethdupgtouansliRics asflinotheerahgm of CHRB ao TE2hmb a@ (tER2) c)
dX (X is a fluorine atom OCF3, OCF (CF3) 2, OC (CF3) 3, an al kyl group or
a phenyl grouperéu0siBidanuabes pErOot9c3crhsialaspuaber@f ;¢ to 3, c is a
nunber of 1 to 3, and d is a nunber of 0 to 3) or C6HeF(5- (e is a nunber

of 0 to 4). |Hb>§é\for9£?¢§'{z§9éms‘9flgﬁigga%\?ﬁeﬁ.hﬁgf gg%g}ggyﬁ%ggc%%gg't'&“

porous silica, the molar " ratio o uorin cont ai ni‘ng

trial koxygilane to the tetraal koxysilane,_js ferably in the range of 0.01
to 1.2. Y% t he prg%%r%%ras%?u?{%ﬁg?%?f th?ES£FﬁemﬁﬁPgPPﬁﬁeFFéﬁtl%oﬁ@us

silica, the nunber of noles of the 5 surface active agent is preferably in
the range of W'DOPAF 1°ti hedthe L0nIBf 2bfethanBersusf sidliea best ke

fluorine-containing trial koxysilane and the
crystal structure of irregular arrangement.

The process of the present invention for preparing
the water-repellent porous silica having uniform bores,
10 said silica comprising silica skeleton wherein fluorine
atoms are fixed through covalent bonds, comprises the
steps of partially hydrolyzing a fluorine-containing
trialkoxysilane represented by the following formula and
a tetraalkoxysilané uhder acidic condition, then drying a
15 solution resulting from the hydrolysis and mixed with a
surface active agent, and removing the surface active
agent or extraction;
(20)3SiR
wherein Z is methyl, ethyl, n-propyl, i-propyl, n-butyl,
20  t-butyl, i-butyl or sec-butyl, and R is a fluorine atom,
(CH2) a (CE2)p (O(CF2)¢)gX (X is a fluorine atom, OCFj,
OCF (CF3),, OC(CF3)3, an alkyl group or a phenyl group, a

is a number of 0 to 3, b is a number of 0 to 3, ¢ is a



t etraal koxysil ane. The surface active agent used for the precursor 10
solution for formng the water-repellent porous silica is preferably an

al kyl amoni urarsdk® represented by the followi ng formula: CnH2n+1N (CH3 ) 3X
- wherein nis an integer of 8 to 24, and X is a halide ion, 15 HS04- or an
organi c anion. The surface active agent used for the precursor solution for
formng the water-repellent porous silica is also preferably a conpound
havi ng a pol yal kyl ene oxi de structure. 20 BEST MODE FOR CARRYI NG OQUT THE

| NVENTI ON The present invention is described in detail hereinafter. 11

SF- 749 For prap@ahginat eforepedpent pdraususbercafhéviag3unptofetipbrses,
whi ch conprises silica skeleton wherein fluorine atons are fixed through
coval ent bonds, (hydsobkysusmbeeactti @n taf 49 .fl uori ne-containing 5

trial koxysilane with a tetraal koxysilane is carried out first. Through the

hydrol ysis reacti gihert hend |4408 i A Gt & Di0ge T 1At koxyshbager and the,
t et raal koxysi |l ane are co-condensed, and fluorine atons to devel op water 10

repel | ency ar, jghly..dis n ixed,] he c ich becones a
body of a si |p|e‘°c”§l i’ rﬁrgérh%?%@@dg%r?yg?é B %££?§6§Y tgggéygg’r@?’}e’gg “out in the

pH range of 1 to As..the pH adjustjng agent,.  any acid is, enployable, and
exanmpl es thereof ﬁ$&ﬂlﬂﬁ¥Qﬁhﬂ§ﬁ: Qﬁ?%ﬁﬁ%9a5¥ﬂ?l%9%¥%b ®Afctacid, nitric

acid and sulfuric acid. Exanples of the f]|uorine-containing

trial koxysi | &¥&EL 957 it £+s e Roky e et bsahane, tri et hoxyfl uorosil ane,
triisopropoxyfluorosilane and tributoxyfluorosilane. In particular, use of
tri et hoxyfl uorosi |Tare e qaeflearaid elane is preferably

tetraethoxysilane.
The molar ratio of the fluorine-containing
10  trialkoxysilane to the tetraalkoxysilane is preferably in
the range of 0.01 to 1.2.

The number oIf moles of the surface active agent is
preferably in the range of 0.003 to 1 time the sum of the
numbers of moles of the fluorine-containing

15 trialkoxysilane and the tetraalkoxysiléne.

The surface active agent is preferably an
alkylammonium salt represented by the following formula:

CpH2n+1N (CH3) 3X
wherein n is an integer of 8 to 24, and X is a halide ion,

20 HSO4” or an organic anion.

The surface active agent is also preferably a
compound having a polyalkylene oxide structure.

The film according to the present invention is a

film comprising the water-repellent porous silica.



20 The fluorine-containing trial koxysilanes can be used singly or in

conbi nation of two or nore kinds. Exanples of the tetraal koxysil anes

i ncl ude tetra¥et’iéxysil ane, tetraethoxysilane, 12 SF- 749

- tetrai sopropoxysilane and tetrabutylsilane. In particular, use of

tetraet hoxysilane is preferable. The hydrolysis is carried out by adding a
pH adj usting agent and water to the fluorine-containing 5 trial koxysil ane
“and the tetraal koxysilane. The anobunt of water added is in the range of
preferably 0.5 to 20 nol based on 1 nol of the al koxysilane, and the

hydrol ysis is desiTbl§heenuees edf th?oUﬁt@énﬁ@paﬂ&ﬁétf@pr§@$eﬁaﬂlwwnutes
to 5 hours. 10 The hydrolysis may be conducted in the presence of a

sol vent. Exanplks s phefsoiént snetbboyahbe obificbudé pm mer ¢ .8l emhol s, such
as net hanol, ethanol and 1 propanol; secondary al cohols, such as 2-propanol

and 2 butanol ; termn@rwa@w@élléu@hpaﬁohgr biah ¥abet vh &anabeohleg
acetone; and acetonltrlle The solvents can be used singly or in

conblnatlon(gstgwg§¥efmqﬁgglgg§onBylgganglng the nolar ratio of the
fluorine containin rial koxysilane to the tetraalkoxyS|Iane t he anmounts

of the flgorlne at Qe qgggbleogfsgfu€%%£;%$?8%8%kglg %;hcgésﬁgleton can

be changed. The f1'uor ifne” cont nt asured by
el enental anal ysis., The fluorine content in the S|I|ca skeleton is in the
range of prefdrEdtyi N als @ 1BTBCYE BYE weP HE L oRpferiformgng7abe water-

repellent porous silica.
The precursor solution for forming the water-~
repellent porous silica is obtained by partialiy
10 hydrolyzing a fluorine-containing trialkoxysilane
represented by the following formula and a
tetraalkoxysilane under acidic condition and then mixing
the resulting hydrolysis solution with a surface active
agent;
15 (z0) 3SiR
wherein Z is methyl, ethyl, n-propyl, i-propyl, n-butyl,
t-butyl, i-butyl or sec-butyl, and R is a fluorine atom,
(CH2) 2 (CF2)p(O(CF2)c)gX (X is a fluorine atom, OCFj,
OCF(CF3)2, OC(CF3)3, an alkyl group or a phenyl group, a
20 is a number of O to 3, b is a number of 0 to 3, ¢ is a
number of 1 to 3, and d is a number of 0 to 3) or CgHeF (5-
ey (e 1s a number of 0 to 4).
In the precursor solution for the forming water-

repellent porous silica, the molar ratio of the fluorine-

10



preferably 0.3 to 10.0 o by weight, particularly preferably 0.5 to 7.0 o by
wei ght. The crystal structure can be confirnmed by X-ray diffractonmetry. In
order to obtaiftM&ter-repellent 5 porous silica having a hexagonal periodic
- crystal structure and having pores of uniformsizes, the nolar ratio of the
fluorine-containing trial koxysilane to the tetraal koxysilane is in the
range of preferably 0.0l to 1.2, nore preferably 0.01 to 0.5, particularly
" preferably 10 0.05 to 0.3. If the nolar ratio is less than the lower limt
of the above range, the effe of ter repellency cannot be _obtained. If
t he nol ar raI?%Pg%i%%R% Yﬁ%ﬁf%ﬂéyﬁb @Pelﬁﬁigtht?ﬁ§a3659éyF&&6§? tfe pore
si zes becone ununi form and a hexagonal periodic crystal structure 15 cannot
be forned ocdastonea®ly EvekhefrengendfalP-Patte is2in the above range, a
periodic crystal structure having mcroscopically hexagonal system forned
by variation of the athanyerentsat sbbutiont Bovabsrhihghavenganer-
di stingui shabl e peak found by X-ray 20 diffractonetry, nanely, a crystal
structure of sepcrlded psregyl a1 ars AngrEeAtmbs roBajiped sdgperdieng upon the
preparation conditions. Even in this case, however, the resulting silica
has uni f oxm p&xleﬁaé@vaa@i@gu e§tzf§-}i‘)g‘éfer%lgllgn-rgﬁea%flgghbog?t 3, oBresent

inthe silica, even in a slight anoun hi nders applica the silica

to an electr f ti0 rial o_that the_amount of. the alkali neta
cont ai ned inq?ﬁéygfyﬁ%2€¢%n%%§i#gdt?% %%m§§r§ gﬁaWPE3§ BSSEFBIe. Nbr e
specifically,_the content of the alkali nmetal in the water-repellent porous

’ |
silica is prefetdptRF ottt Rhaht 101 FpBYSThanenfPdehBE of the al kal

nmetal can be generally judged by neasuring
tetraalkoxysilane.

The surface active agent used for the precursor
100 solution for forming the water-repellent porous silica is
preferably an alkylammonium salt represented by the
following formula:

CnH2p+1N (CH3) 3X

wherein n is an integer of 8 to 24, and X is a halide ion,
15 HSO4~ or an organic anion.

The surface active agent used for the precursor
solution for forming the water-repellent porous silica is
also preferably a compound having a polyalkylene oxide
structure.

20

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention is described in detail

hereinafter.

11



el ectrical properties of a filmor the |like produced from 10 the silica.
After the hydrolysis reaction of the fluorine containing trial koxysilane
with the tetr¥a™8xysilane, a surface active agent is added, and the

- mxture is stirred for preferably several mnutes to 5 hours, whereby a 15
precursor solution for formng water-repellent porous silica can be
obtained. It is desirable to use a conpound having a |long chain al kyl group
“and a hydrophilic group as the surface active agent. The | ong-chain al kyl
group is preferably 20 one having 8 to 24 carbon atons. Exanples of the
hydr ophi li ¢ groups ?ﬁc?ﬁ%@aélﬁ%aV@Fﬁér?eaﬁﬁéﬁpﬁnp§£PPS &ilasendagiid®, a
nitroso group, a hydroxyl group and a carboxyl group. Specifically, it is
preferabl e t unseonn pbkesanwbhtbncsaprisepr esénted sk letienf ethleaw ing
formula: 15 SF-749 CnH2n+1N ( CH3 ) 3X wherein n is an integer of 8 to
24, and X is slhatide &bomsHSES- fokednthrgaghc canaorntByoel@ngi ng the nol ar
rati o between the surface 5 active agent added and the al koxysil ane, the

crystal structye,pfsibe Lesulbhngsvat efnkepablen te%q silica can be
controll ed. Wien the surface active agent Is an a niumsalt, the

nb f I 04 h
oreferanl 3 0. 05 Lo TR RERA AP o7 B ERRY 08 Es a%etz 18 ST UERE S of 1he

nunber s of nq%es gf the fluorine-containing trial koxysilane and the
tetraal koxysitane--|If the amount of the surface active agent is smaller

than the above amount, extra silica 15 incapable of contributing to self
organi zation is prﬁgﬁgﬁgh the hydrolysis reaction, the fluorine-

containing trialkoxysilane and the tetraalkoxysilane are
co-condensed, and fluorine atoms to develop water

1OI repellency are highly dispersed and fixed in the
copolymer which becomes a body of a silica film.

The hydrolysis is desired to be carried out in the
pPH range of 1 to 4. As the pH adjusting agent, any acid
is employablé, and examples thereof include hydrochloric

15 acid, hydrobromic acid, nitric acid and sulfuric acid.

Examples of the fluorine—containing trialkoxysilanes
include trimethoxyfluorosilane, triethoxyfluorosilane,
triisopropoxyfluorosilane and tributoxyfluorosilane. 1In
particular, use of triethoxyfluorosilane is preferable.

20 The fluorine-containing trialkoxysilanes can be used
singly or in combination of two or more kinds.

Examples of the tetraalkoxysilanes include

tetramethoxysilane, tetraethoxysilane,

12



and the porosity is markedly lowered. If the anount of the surface active
agent is larger than the above anobunt, a hexagonal periodic crystal
structure hawfrg4@éni form pores cannot be formed, resulting in di sadvant ages
- such 20 as disintegration of the structure during the calcining. As the
surface active agent, a conpound having a pol yal kyl ene oxide structure is
al so enpl oyabl e. Exanpl es of the pol yal kyl ene oxi de structures include

" pol yet hyl ene oxi de structure, polypropylene oxi de 16 SF-749 structure,

pol yt et ranet hyl ene, oxi de structure and butglene oxi de structure.

Exanpl es of THPOLRRIXY it dide @PRe eF?%%u BhpoLABS; sdéh as

pol yoxyet hyl ene/ pol yoxypr opyl ene bl ock copol yner, 5 pol yoxyet hyl ene

pol yoxypr opy|REt g udd r ethee , opotyeragtepeyal kyheet heprafidrpbllygoxyet hyl ene
al kyl phenyl ether; and ether ester type conpounds, such as pol yoxyet hyl ene
glycerine fatty aditk éstdrol ypol yokyetdiyt eae Sot bby andfiahyaaphd ester,

pol yethyl ene 10 sorbitol fatty acid ester, sorbitan fatty acid ester,

propyl ene 9'%&@u§ﬁﬂﬁ@’éﬁé&ke§ﬁ@rwéﬁgr5€8r9§§ f§&5¥1ﬁ€Lgoﬁ§5§ﬁln@hen the
surface active agent 1s a conpound having a pol yal kyl ene oxi de structure,

pr of or abl 5 0808 18”0, T8 Th e mor e pr of 67 ALK S 6 TbUE o 075 PRGN CL

preferably 0. 003 to tinme, nore pre tﬁb sum
of the nunbers £ of the fluorine-coptain koxysi |l ane and the
t et r aal koxysi'l% Hﬁf 34 qm?%n&ﬁuﬁh%fr?%%es%ff%f%kﬁg?P@ h g ¥ %sﬁﬁller
t han the above 20 anmount, extra silica incapable of contrlbutlng to self

or gani zat i on 33555t ¥ent MR het Rraskeyysslame kedhy Fhaehpdrodyasisonal | y.

| f the anbunt of the surface
desirably conducted at room temperature for several

minutes to 5 hours.

10 The hydrolysis may be conducted in the presence of a
solvent. Examples of the solvents employable include
primary alcohols, such as methanol, ethanol and 1-
propanol; secondary alcohols, such as 2-propanol and 2-
butanol; tertiary alcohols, such as tertiary butyl

15 alcohol; acetone; and acetonitrile. The solvents can be
used singly or in combination of two or more kinds.

By changing the molar ratio of the fluorine-
containing trialkoxysilane to the tetraalkoxysilane, the
amounts of the fluorine atoms capable of being fixed in

20 the silica skeleton can be changed. The fluorine content
in the silica skeleton can be measured by elemental
analysis. The fluorine content in the silica skeleton is

in the range of preferably 0.3 to 15.0 % by weight, more

13



active agent is larger than the above anpbunt, a hexagonal periodic crystal
structur-e having uni form pores cannot be 17 SF-749 fornmed, resulting in
di sadvant agesSistiéB as di si ntegration of the structure during the renoval of
- the surface active agent. The surface active agent nmay be added in the form
of S a solid or a solution obtained by dissolving the surface active agent
in a solvent or a hydrolysis solution of al koxysilane. The precursor

" solution obtained by the addition of the surface active agent is dried, and
then the surface 10 active agent is renoved by cal cining or extraction,
wher eby wat erRF@pRraeht po? ote 5Pt Pch bﬁnwﬁéggbtapﬁéaicv@ﬁﬁthe pr ecur sor
solution, a substrate is coated, and the solution is dried. Then, the
surface acti wrafpprbiy ¢ emoved/ by tabgi wenghor extraction, whereby a 15
wat er-repell ent porous silica filmcan be obtained. The drying conditions

are not specificaline resisi £ esh radguoYcERNEt EOREE SmaMablapl e gs far as
the solvent can be evaporated. Wen the desired water repellent porous

o ool b® EoRetelac LR o0y | A0 12D PLeLELABLY. dELEY DY TRLAE V! G-

Li kewi se, the calcining cohditions are not Specifica rrcted, and any

tenperature i s available as far as the surface active agent c?n be renoved
at that 1% RS0 e %?Q?%Yjer?gﬁeh%ﬁ?%??l? gpﬁﬁboﬁéccgﬂ/?@a out in the

at nosphere or inert_gas, or. i n, vacuo. , .
structure and having pores of uniform sizes, the molar

ratio of the fluorine-containing trialkoxysilane to the
tetraalkoxysilane is in the range of preferably 0.01 to
1.2, more preferably 0.01 to 0.5, particularly preferably

10 0.05 to 0.3. If the molar ratio is less than the lower
limit of the above range, the effect of water repellency
cannot be obtained. If the molar ratio is more than the
upper limit of the above range, the pore sizes become
ununiform and a hexagonal periodic crystal structure

15 cannot be formed occasionally. Even if the molar ratio
is in the above fange, a periodic crystal structure
having microscopically hexagonal system formed by
variation of the arrangement at short intervals but
having no distinguishable peak found by X-ray

20 diffractometry, namely, a crystal structure of so-called
irregular arrangement is obtained depending upon the
preparation conditions. Even in this case, however, the

resulting silica has uniform pores having equal sizes.

14



The porous silica obtained as above is applicable to a catal yst carrier or
a filler. 5 The porous silica filmobtained as above exhi bits high water
repel | ency ard Hif§h transparency even when it is in a self-supporting state
-or it is bonded to a substrate, and hence the filmis applicable to a |ight
functional material or an electron functional material, 10 such as |ayer
insulation film electron recording nmedium transparent conductive film

" solid electrolyte, light wave-guiding channel or color nenber for LCD.
Particularly, the layer_insulation filmneeds to have strength, heat
resistance and | ow i a1t dNebhstRReSBt (AR ghhPof 551 €9) , ©HRB fRe?

wat er-repel | ent porous silica filmhaving such uniformpores is prom sing.
The term "watseri depeanaiey, htedeherebnl reahsosueh ahet atéichatoewen i f
operations consisting of sufficiently exposing porous silica in the form of
afilmor a pdwderr&0 funeat vhabgeatatimsphesetastathenprbahdr e fokn25C and
arelative humdity of 90 % and then putting it back in a dry nitrogen

atmospher e arg WApeatathl then PO OMs ShlEka s§1§e§81§naé§hk¥df Eseb@ Qm
wei ght change or structure disintegration due to water adsorption.

P ah vat of 1 GREl T enty, SE Rehico TRE" Wl Sre ERANDY | & By EPRFaDry Shs Bal |

hi gh mater ency, ence t ang

as possi bl e, rt.i.cul preferabl not no t han 3 @6by weight. 5 As the
substrate on%%%%ﬁfe?? 3$; ¥%¥ ?%%%if%%? Porous §FFF€§ LS forned,
any material that is generally used i s_enpl oyabl e. Exanples of the
substrates | RAYFFaRRsIOUERES, thani EonPmaf erThpdisf hranessost sBe. The

substrate may have any shape such as a shape of plate
alkali metal can be generally judged by measuring

electrical properties of a film or the like produced from
10 the silica.

After the hydrolysis reaction of the fluorine-
containing trialkoxysilane with the tetraalkoxysilane, a
surface active agent is added, and the mixture is stirred
for preferably several minutes to 5 hours, whereby a

15 precursor solution for forming water-repellent porous
silica can be obtained.

It is desirable to use a compound having a long-
chain alkyl group and a hydrophilic group as the surface
active agent. The long-chain alkyl group is preferably

20 one having 8 to 24 carbon atoms. Examples of the
hydrophilic groups include a quaternary ammonium salt, an
amino group, a nitroso group, a hydroxyl group and a
carboxyl group. Specifically, it is preferable to use an

alkylammonium salt represented by the following formula:

15



10 or dish. Exanples of nethods for coating the substrate include general
ones such. as spin coating, cast coating and dip coating. In case of spin
coating, the SuiéPrate is placed on a spinner, then a sanple is dropped on
- the 15 substrate, and the substrate is rotated at 500 to 10000 rpm whereby
a water-repellent silica filmhaving a uniformthickness can be obtai ned.
EXAMPLE 20 The present invention is further described with reference to the
- follow ng exanpl es. Misture adsorption test In the exanples, the noisture
adsorption test was carried out in the foll ow ng manner. 20 SF-749 First,
a specinen was calCifned N4CH400€ and then allowed to stand still in a stream
of dry nitrogen at roomtenperature until a constant wei ght was reached.
Next, the spediemmimas B | ametintegsrand 8t itbl 2idn and N tirogerh Al 1ds phen g
for 10 mnutes at a relative humdity of 90 % Then, the speci nen was put

back in a stresup-obrdey Birgeeden sadainn and allowed to stand sill until a
const ant wei ght was reached. These operations were repeated 20 tines, and

when a constant weloht, aasdeaalied, et n 1080 SOLERELAT ALY AL ELOgEN, the

wei ght was nmeasure ence between the nmeasured weig and the
Wl gt of St e KPR At n 101 Bt (e BEOFUET GRFPeoth R FAdr cace i n
t he adsorbed 15 water of the specinen, and small change in wei ght neans
hi gh wat er resd:equ @(aﬁﬂ’ gkqsulting water-repellent porous silica
can be controlled.
When the surface active agent is an alkylammonium
salt, the number of mocles of the surface active agent is
10 in the range of preferably 0.03 to 1 time, more
preferably 0.05 to 0.2 time, the sum of the numbers of
moles of the fluorine-containing trialkoxysilane and the
tetraalkoxysilane. 1If the amount of the surface active
agent is smaller than the above amount, extra silica
15 incapable of contributing to self organization is present
and the porosity is markedly lowered. If the amount of
the surface active agent is larger than thé above amount,
a hexagonal periodic crystal structure having uniform
pores cannot be formed, resulting in disadvantages such
20 as disintegration of the structure during the calcining.
As the surface active agent, a compound having a
polyalkylene oxide structure is also employable.

Examples of the polyalkylene oxide structures include

polyethylene oxide structure, polypropylene oxide

16



Tetraet hoxysilane (7.0 g), triethoxyfluorosilane 20 (0.3 g) and 1-propanol
(17 M) were m xed and stirred. To the m xture, 0.4 ml of 1N hydrochloric
acid and 2.0 3f-7dP water were added, followed by further stirring. Then,
9.0 mM of 2-butanol was added, and the m xture was m xed with a solution of
0.95 g of cetyltrinethylanmoni um 21 SF-749 5 chloride in 4.5 m of water
After stirring for 2 hours, a transparent honbgeneous precursor solution

" was obtained. Several droplets of the precursor solution were placed on a
surface of a glass plate, and the glass plate was rotated at 2000 rpm for
10 seconds t G FOIRh & $i | PRbrCeheamebRElpnat exsdef acsucByrehanyg-ray
diffractonetry, the filmobtained was found to have a structure of periodic
arrangenment dylptay spaei gidd StBuonur8y t AraXpitay diff Euatt coepoynds
further, the filmwas 10 15 found to retain a structure of periodic

arrangenent hadngla spast ngyeé Lofpsameyensathessdrying and then cal cining
at 400C, and it was confirnmed froma sectional photograph of the filmthat

the pores ha%@a§g§§gggyﬂ?§§%§€%§€€£%§§§%£gﬁgrg%ﬁéﬁf?Pﬁﬁgyhgrof measur enent

of a filmthickness by a fer, ovéd to have a
uni formthickness of 0.2 um In the noisture adsorpti test of the film
t he wei ght c éhd%”wﬁﬁhéﬁﬁﬁ%uﬁ?%¥?§Y%rﬁp%§eﬂ%i%ﬁ??gaﬁgﬂﬁﬁrs filmproved to
be a porous film having high water repellency. 20 Then, the Eorous filmwas

saturat ed wi tPIWREY LERE a1 ok e adR o bPRaY X YR RNELROAI Al kivér PRETAAC f or

24
ether; and ether ester type compounds, such as

polyoxyethylene glycerine fatty acid ester,
polyoxyethylene sorbitan fatty acid ester, polyethylene
10  sorbitol fatty acid ester, sorbitan fatty acid ester,

propylene glycol fatty acid ester and sucrose fatty acid
ester.
When the surface active agent is a comppund having a
polyalkylene oxide structure, the number of moles of the
15 surface active agent is in the range of preferably 0.003
to 0.05 time, more preferably 0.005 to 0.03 time, the sum
of the numbers of moles of the fluorine-containing
trialkoxysilane and the tetraalkoxysilane. If the amount
of the surface active agent is smaller than the above
20 amount, extra silica incapable éf contributing to self
organization is present and the porosity is markedly
lowered occasionally. If the amount of the surface
active agent is larger than the above amount, a hexagonal

periodic crystal structure having uniform pores cannot be
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hours, followed by heating under vacuum The anopunt of water |iberated by

t he heatii ng under vacuum was anal yzed by a quadrupol e mass spectroneter

(referred tosas7a9" Q 22 SF-799 nmass" hereinafter). As a result, water

| i berati on was not observed, and fromthis, it was confirnmed that water was

not substantially adsorbed inside the filmpores. 5 Conparative Exanple 1 A
filmwas formed on a glass plate in the same manner as in Exanple 1, except

" that triethoxyfluorosilane was not added. By the X-ray diffractonetry, the

filmwas found to have a structure of periodic arrangenent having 10 a

spaci ng of 2.f@mmadf traswll oiqi iy Gt sA000)t ages i suwasasodi ki medglraanoa

sectional photograph of the filmthat the pores had a hexagonal arrangenent

structure. | oft hamitstureuedsdrpin@nciestembvéhecfitme therwekghttive
gradual ly increased, and a wei ght change of 8 % by wei ght 15 was observed
after the conplstd.on of 20 times of the operations. Fromthis result, it
was confirnmed that the film had poor water repellency and water was

dsorbed by the fi . | d with wat d 20
21 Towed 1o adsor b Nt 81T R T IS1TH THOE 7or S Roth sthP of Phic by

heati ng upder  vacuum_ The anpunt of water |iberated by the heating under
vacuum wad affal lﬂfaf(ﬁ%ﬁ%ﬁi°Q¥PQF?%% t?yvé&%§o}Yb%9afh%nSHé ageeat ,

23 SF-749 and fromthis, it was confirned that water was adsorbed inside
t he fi|n]por@§ﬁlgﬁaﬂgqyﬁgln a solvent or a hydrolysis solution of

alkoxysilane.

The precursor solution obtained by the addition of

the surface active agent is dried, and then the surface
10  active agent is removed by calcining or extraction,
whereby water-repellent porous silica can be obtained.

With the precursor solution, a substrate is coated,
and the solution is dried. Then, the surface active
agent is removed by calcining or extraction, whereby a

15 water-repellent porous silica film can be obtained.

The drying conditions are not specifically
restricted, and any condition is available as far as the
solvent can be evaporated. When the desired water-
repellent porous silica is a powder, the solution is

20 preferably dried by spray drying.

Likewise, the calcining conditions are not

specifically restricted, and any temperature is available

as far as the surface active agent can be removed at that

18



5 A precursor solution prepared in the sane manner as in Exanple 1 was
subjected to spray drying to obtain a dry powder. By the X-ray

di ffract omet roF-78he powder obtai ned was found to have a periodi ¢ hexagonal

- arrangenent structure having a spacing of 3.5 nm By the 10 X-ray
diffractometry, further, the powder was found to retain a periodic
hexagonal structure having a spacing of 2.8 nmeven after drying and then
~calcining at 400C. Mreover, it was confirmed by the el enental analysis
that fluorine atons were present in the powder in anmounts of 15 1.04 o by
wei ght and t Hemprattsrof stk upe bt onsngenay betovatheelli piit oh dékecti on
(bel ow 10 ppb). In the noisture adsorption test of the powder, the weight
change was suhstadliatd Yo ndyt Wehghtor and tAtsopowder proved to be porous
silica having high water repellency. 20 Then, the powder was saturated with

water and al | owed 1t adsQibs et £f cd noge v difi e 4 r
fol |l owed by heating under vacuunﬁ:The annuﬁ? %% 5%?%? ?%Bé?%%%éagggtﬁg

heating of the &%ﬁfs%yﬁf yaguym befglryzed by a @nass. As a result,

wat er |iberation was noi observed, and fromthis, it was

confirmed.that water was not s staq%{g%l%ﬁadsor ed inside the powder
pores. 5 Conparat | Bedipte 2111t IRFDNDT 25 18Py e cEBHPURS
hydroxide in 90 g of water, 6 g of silica was introduced, and they were
stirred at 86CHoaLdourepernae avl Ut oh, tuBISogrepcy even when it
cetyltrinmethyl ammoni um brom de was added, followed by 10 stirring at room
t enperat ure fior ih kowelfFeudeosolng i opta sol iti ba loén@e68tg of 40 wt %
hydrofluoric acid in 90 g of water was further added. The m xture was

stirred at rcapdtegesatane Haice tigarsi andi ¢ heppad bowed to st angnhat 100C
for 3 days in an autoclave to prepare a powder. 15 The powder was filtered,

washed w th %d@a%mmt@}ig@t&f,a@réf@c@foéo%éeio%g Haye g, ni ght
and cal cined at 550C for 10 hours in air. By the X-ray diffractonmeirfy, the

powder oli)? ai\o’g}%hvvaa%zgl%&]&[ ti%glﬂ/%et foler] o c%ggxfgggnaéegt r#%%%;ﬁ%ﬁéin??. 2

spaci ng of nm rther, Tt was con ir the“ere i
Sodi um &t ors SE BFRGHTH MU BB S BT B DL BT FLY boudbigngs
SF- 749 wave-guiding channel or color member for LCD.
Particularly, the layer insulation film needs to have
strenhgth, heat resistance and low dielectric constant
15 (high porosity), and the water-repellent porous silica
film having such uniform pores is promising.

The term "water repellency" used herein means such a
state that even if operations consisting of sufficiently
exposing porous silica in the form of a film or a powder

20 to a nitrogen atmosphere at a temperature of 25°C and a
relative humidity of 90 % and then putting it back in a
dry nitrogen atmosphere are repeated, the porous silica

is substantially free from weight change or structure

disintegration due to water adsorption. Therefore, small
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Example 3 Afilmfornmed in the sane manner as in Exanple 1 was dried, and
then extraction of the surface active agent was carried out using an

et hanol sol vex-74By the X-ray 5 diffractonetry, the film obtained was found
- to retain a structure of periodic arrangenent having a spacing of 3.6 nm '
after the extraction, simlarly to Exanple 1. As a result of neasurenent of
a filmthickness by a filmthickness neter, the filmproved to have a

“uni form 10 thickness of 0.2 pm In the noisture adsorption test of the
film the weight change was substantially 0 % by weight, and this film
proved to be chargeus fid ghavimg ho ghaat eadsepet Lencyeaifthehight katkird m
was saturated wth water and allowed 15 to adsorb water in a humdifier at
40C for 24 hatersslYeldpwethdyhdees i fige undeghy achsiye The pregatapl yaker

| i berated by the heating under vacuum was anal yzed by a Q mass. As a
resul t, wat ersyldiberad i Qs y18s; N0t Qp§féﬂfgrlﬁngréfgféﬁbgsnottm&@é ¢qahi rmed
that water was not 20 substantially adsorbed inside the filmpores. anpl e
4 Sever al dr%ol%et qjel ecursor solution prepared in the same nanner as
in Exanple 1 were -plac on a surface 26 SF-799 of an acetyl cellul ose
film and_the acetyl cellulose filmwas rotated at 2000 rpm for 10 seconds
to forma>filmon %&ﬁﬁ&‘ms%@q%l%emﬂ?%%uﬂ%e‘?fA‘Flﬂ%rW%IF?Fﬁg at room
tenperature, the acetyl cellulose filmwas 5 dissolved with nmethyl acetate
to obtain a treRfp@ENtPEdYs stibpbea i by formed Byarhemdtenyadi thaactenmetry,
the self-supporting filmobtained was found to have the same structure as
that of Exanplemelrally used is employable. Examples of the substrates

include glass, quarts, silicon wafer and stainless steel.
The substrate may have any shape such as a shape of plate
100 or dish.

Examples of methods for coating the substrate
include general ones such as spin coating, cast coating
and dip coating. In case of spin coating, the substrate
is placed on a spinner, then a sample is dropped on the

15 substrate, and the substrate is rotated at 500 to 10000
rpm, whereby a water-repellent silica film having a

uniform thickness can be obtained.

EXAMPLE
20 The present invention is further described with
reference to the following examples.

Moisture adsorption test

In the examples, the moisture adsorption test was

carried out in the following manner.

20



10 Example 5 Afilmwas forned in the sane manner as in Exanple 1, except

that the anmount of cetyltrinmethyl ammoni um chl oride was changed to 1.75 g

fromO0.95 g. By’#he X-ray diffractonetry, the filmobtained was found to

- have a 15 periodic cubic structure. In the noisture adsorption test of the
film the weight change was substantially O by weight, and this film proved

to be a porous filmhaving high water repellency. Then, the filmwas

" saturated with water and allowed 20 to adsorb water in a humdifier at 40C

for 24 hours, followed by heating under vacuum The anount of water

li berated by the Hedtshg auntkec iR um Sasa bpangdedt b§08° © ardsthas a

result, water |iberation was not observed, 27 SF-749 and fromthis, it

was confirne@hﬂﬂnedmnqnswﬁnﬁrmmishbsmaatbakéymadﬁodbgdnﬁnsbdentbe film

pores. Exanple 6 5 Afilmwas fornmed in the same nanner as in Exanple 1,

except that tdwrnarmsmpeofcees vhities hybasoeat upechheri.de vascsbanged to
0.75 g from0.95 g. Although a regular structure was not confirmed by the

X-ray diffragiiet rihe i dpd@sm&Onfa s ”5?915\[1«9@‘ @osgﬁghgnékl@ﬂ%ﬂgs&ph of the
film10 that the filmhad a structure of wormlike arrangerrent In the

noi sture ads f h ange.was_supstantially O
o by wei ght, %rl&t e‘félﬁloogpé%\e/%df%p ]b(5 Iﬁlr\é@#%us ? n?ﬁé%?h&ehﬁﬁﬂ‘ \%éfté(r
repel | ency. Thﬁ% he filmwas saturated with water and allowed 15 to
adsorb water 9 ¥ Humi dRSer He AREFUPERARBUPSE PaFkohrdabstheari g under

vacuum The anmount of water |iberated by the heating under vacuum was
anal yzed by &1y medscoge agaiguland viat Bewed bee astand wasl hotnbbserved,

constant weight was reached. These operations were

repeated 20 times, and when a constant weight was reached
10 in the stream of dry nitrogen, the weight was measured.

A difference between the measured weight and the initial

weight was calculated to determine weight change.

Increase in the weight of the specimen in this

moilsture adsorption test means increase in the adsorbed

15 water of the specimen, and small change in weight means

high water repellency.

Example 1
Tetraethoxysilane (7.0 g), triethoxyfluorosilane
20 (0.3 g) and l-propanol (17 ml) were mixed and stirred.
To the mixture, 0.4 ml of 1IN hydrochloric acid and 2.0 ml
of water were added, followed by further stirring. Then,
9.0 ml of 2-butanol was added, and the mixture was mixed

with a solution of 0.95 g of cetyltrimethylammonium
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and fromthis, it was confirmed that water was not 20 substantially
adsorbed inside the fil mpores. Exanple 7 Tetraethoxysilane (10.0 g),
tri et hoxyfl uotsid®ane (0.5 g) and ethanol (50 m) were m xed and stirred.

- To 28 SF-749 the mxture, 1:0 m of 1N hydrochloric acid and 10.0 m of

wat er were added, followed by further stirring for 1 hour. Then, the
m xture was mxed with a solution of 2.8 g of a poly(al kyl ene oxi de) bl ock

“ copolynmer (Pluronic 5 P123, avail able from BASF, HO (CHOCH2O) 20 (CH2CH

(CH3) O 70 (CH2CH2O) 20H) in 60 m of ethanol. After stirring for 2 hours,
a transpar entChbibldhedls? pP eBiir 88r WabRHti oATHES 6BEFIAag. fsavér dlowropl et s
of the precursor solution were placed on a 10 surface of a glass plate, and
t he gl ass pl a@ et wasspatrahedhatmozede oupmpfrerculG cee corldst tam fursn abf bk Aean

‘the glass plate surface. By the X-ray diffractonmetry, the fil m obtained was

found to havesevetaucitselofsperi eHkCpaEtargererbl1na bR wa rePRgiatgPlorp: 4
nm By the X-ray 15 diffractonetry, further, the filmwas found to retain a

structure of £e§&9§£8e?6faQ9§ﬂ§8% Bgﬁggg gnap@ﬁgnglgESSPEa@glgg%n after

dryi ng and then cal ci ni ng at “400C, it was confirmed from a Sectional

phot ogr apl of Llmt the pores.pad a hexagonal _arra nment
structureB As” %é#e%%l?gé? h %sg?gn%ﬂtngoggﬁiEﬁ]?ﬁf@kﬁeggﬁﬂyog'ﬁq%ﬂ

t hi ckness neter, the filn1prgved to_have a_uniformthickness of 0.1 um In
the noisture HRYT RTBHEtBLFE8FSt heBYi Fhf Kngaverdhfreranpetiygs the
substantially 0 % by 29 SF-749 weight, and this filmproved to be a
porous fil m hBMmehighnedteasrépenfieheyhave a structure of periodic

arrangement having a spacing of 3.5 nm.
By the X-ray diffractometry, further, the film was

10 found to retain a structure of periodic arrangement
having a spacing of.2.9 nm even after drying and then
calcining at 400°C, and it was confirmed from a sectional
photograph of the film that the pores had a hexagonal
arrangement structure. As a result of measurement of a

15 film thickness by a film thickness meter, the film proved
to have a uniform thickness of 0.2 pm. 1In the moisture
adsorption test of the film, the weight change was
substantially 0 % by weight, and this film proved to be a
porous film having high water repellency.

20 Then, the porous film was saturated with water and
allowed to adsorb water in a humidifier at 40°C for 24
hours, followed by heating under vacuum. The amount of
water liberated by the heating under vacuum was analyzed

by a quadrupole mass spectrometer (referred to as a "Q-
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Then, the porous filmwas saturated with water and allowed to adsorb water
in-a humdifier at 40C for 24 5 hours, followed by heating under vacuum
The amount ofSEvddér |i berated by the heating under vacuum was anal yzed by a
- Qmass. As a result, water liberation was not observed, and fromthis, it
was confirmed that water was not substantially adsorbed inside the film
pores. 10 Conparative Exanple 3 Afilmwas forned on a glass plate in the

" sanme manner as in Exanple 7, except that triethoxyfluorosilane was not
added. By the X-ray diffractonetry, the filmwas 15 found to have a
structure of Fa¥$odrereirahgenent , Aand reswas, ceatermidberemianseets ona
phot ograph of the filmthat the pores had a hexagonal arrangenent
structure. | matheohmestede adsof ppimonhtest iof wabecbnlfirmehe twairghtater
gradual ly increased, and a wei ght change of 9 o by weight 20 was observed
after the competnon oibL0aht 1851 9f aliB6rvREr 2h5988. tREOM LRI §okagul t, it
was confirnmed that the film had poor water repellency and water was
adsorbed by the film 30 5F-749 Then, the porous filmwas saturated with
water and allowed to adsorb water in a humdifier at 40C for 24 hours,
fol I owed Ry Qﬁgﬁig@gunder vacu n11The amount of water |iberated by the
heat i ng under 5 by a Qnmass. As a result, water

i beration was great, and fromthis, it was confirnmed that water was

adsor bed i nsi de t He 33 YR% eS0TI ES@AnR e2 89452 piakar sbrthel 88Men pr epar ed
in the sane manner as in Exanple 7 was subjected to spray drying to obtain
a dry powder .maEBynahedX-¥myEximpiact onexecyptt heapondeetbbkaf hedrowas 1hoend t o
have a structure of periodic arrangenent having a spacing of 5.3 nm By the
X-ray 15 di f fwactronetagged ur therthé he- pawdert £ dasctomsdryp tBtaEn1a peki odi C
hexagonal structure having a spacing of 4.9 nmeven after drying and then
cal cining at A0 dbregrera stryesuconbirged; byitherehegental 8askysis
that fluorine atons were present in the powder in amounts of 1.36 o by 20
wei ght ang tne SIRINHG of 08l MM 2LOIP R1E; PEhGWLENRobP BT taRh HETELLT O
(bel ow 10 ppb). Exanplie 9

confirmed from a sectional photograph of the film that

the pores had a hexagonai arrangement structure. In the

moisture adsorption test of the film, the wéight

gradually increased, and a weight change of 8 % by weight
15 was observed after the completion of 20 times of the

operations. From this result, it was confirmed that the

film had poor water repellency and water was adsorbed by

the film.

Then, the porous film was saturated with water and

20 allowed to adsorb water in a humidifier at 40°C for 24
hours, followed by heating under vacuum. The amount of
water liberated by the heating under vacuum was analyzed

by a Q-mass. As a result, water liberation was great,
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31 SF-749 Afilmfornmed in the same manner as in Exanple 7 was dried, and
then extraction_of the surface active agent was carried out using an

et hanol sol ve¥t /4By the X-ray diffractonetry, the film obtained was found

- toretain a 5 structure of periodic arrangenent having a spacing of 5.4 nm
after the extraction, simlarly to Exanple 7. As a result of neasurenent of
a filmthickness by a filmthickness neter, the filmproved to have a
“uniformthickness of 0.1 um In the noisture adsorption test of 10 the

film the weigh hange was substantially 0 o by weight, and this film
proved to be ag‘époﬁro%ég%%ﬁ% Havi h‘??j#lv\%f‘%ﬁi ‘FIE%EI Yahey. "aheAdSPKESH | m was
saturated with water and all owed to adsorb water in a humdifier at 40C for
24 hours, 15 AIGned Dy Heutrereinder vacuum The anpbunt of water

| i berated by the heating under vacuum was anal yzed by a Q mass. As a

result, water liberation was not observed, and fromthis, it was confirnmed
that water was not substantially adsorbed inside the filmpores. 20 Exanpl e

10 Several dmEsphgtls of a precursor solution prepared in the sane manner as
in Exanple 7 were placed on a surface of an acetyl cellulose film and the

acetyl ceblulose 32p,re3hredd fddimuas, nat aa_de@tlr?%\%?%:: «%}rné %axq‘lg’?%eggnds to

forma filmon the acetyl cellulose fil'msurface. ying at room
tenperature,igh%£§ﬁgpg f“ﬁéé“éﬁ%%ééééﬁ“%% spray drying to obtain a

dry powder. By the X-ray diffractometry, the powder
obtained was found to have a periodic hexagonal
arrangement structure having a spacing of 3.5 nm. By the

10 X-ray diffractometry, further, the powder was found to
retain a periodic hexagonal structure having a spacing of
2.8 nm even after drying and then calcining at 400°C.
Moreover, it was confirmed by the elemental analysis that
fluorine atoms were present in the powder in amounts of

15 1.04 % by weight and the amounts of sodium atoms were
below the limit of detection (below 10 ppb). 1In the
moisture adsorption test of the powder, the weight change
was substantially 0 % by weight, and this powder proved
to be porous silica having high water repellency.

20 ' Then, the powder was saturated with water and
allowed to adsorb water in a humidifier at 40°C for 24
hours, followed by heating under vacuum. The amount of
water liberated by the heating of the powder under vacuum

was analyzed by a Q-mass. As a result, water liberation
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di ssolved with nethyl acetate to obtain a transparent 5 self-supporting
film By the X-ray diffractonetry, the self-supporting film obtai ned was
found to haverthédsanme structure as that of Exanple 7. Exanple 11 10
Several droplets of a precursor solution prepared in the same nanner as in
Exanple 1 were placed on a |ow resistance p type silicon wafer for
di el ectric constant measurenent, and the silicon wafer was rotated at 2000
“rpmfor 10 seconds to forma film By the X-ray 15 diffractometry, the film
was found to retain a structure of periodic arrangenent having a spacing of
2.9 nm aft er "éd ¢iafi MPI/CEOOC anhdtFem vieisi eontt rved ¢eofiamsdcthahal
phot ograph of the filmthat the pores had a hexagonal arrangenent
structure. 2Watken wds onit and dizeokt salk T aced ebecéd othesider ené opsrde by
deposition, and a dielectric constant was nmeasured in a nitrogen atnosphere
under the copdirtdson of a frequency of 1 MHz. As a result, the nean
dielectric constant was 2.4 in the 10-point neasuring nethod. 33 SF- 749
Conparative Exanple 4 A dielectric constant of a porous silica film
obtained in the same manner as in Conparative Exanple 1 5 was neasured. The
measur enept s made .in the sane nner as in Exanple 11. As a result, the
diel ectrit cefSEiRE vas 325M le 12 10 Several droplets of a precursor
solution prepared_in the sane manner as in Exanple 1 were placed on a
surface of a sili d&rondf & loftipn rdhsd skt®rd priovs e R ¥ o %sde cEn dP@i n
region and a gate electrode, and the transistor was rotated at 2000 rpm f or
10 seconds t@ ©Jatvat®n,hed g laft i Wedaervas tinthedpeedursod st vene
Thereafter, the coating filmwas heated at 400C for 1

stirred at 80°C for 2 hours. To the solution, 18.2 g of

~cetyltrimethylammonium bromide was added, followed by

10 stirring at room temperature for 1 hour. To the solution,
a solution of 0.68 g of 40 wt% hydrofluoric acid in 90 g
of water was further added. The mixture was stirred at
room temperature for 2 hours and then allowed to stand at
100°C for 3 days in an autoclave to prepare a powder.

15 The powder was filtered, washed with a large amount of
water, dried at 100°C for one day and night and calcined
at 550°C for 10 hours in air. By the X-ray
diffractometry, the powder obtained was found to have a
periodic.hexagonal structure having a spacing of 3.4 nm.

20 Further, it was confirmed by the elemental analysis that

oo

fluorine atoms were contained in amounts of 0.68 by
weight and sodium atoms were contained in amounts of 6.0

ppm in the powder.
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hour in a nitrogen atnosphere to obtain a layer insulation film A
sectional photograph of the layer insulation filmwas observed, and as a
result, it wag-209confirmed that the layer insulation filmwas a porous
silica filmhaving a spacing of about 3 nm and having pores with a periodic
hexagonal arrangenment structure. EFFECT OF THE | NVENTI ON 34 SF-749 A

wat er-repel Il ent porous silica having uniformpores, that is applicable to a
“light functional material or an electron functional material, and a process
for preparing the water-repellent porous silica can be provided by the 5
present invemxaomplellir® water-repellent porous silica filmaccording to the
present invention can retain a periodic structure of pores by virtue of its

wat er repel | ency, rarid 1as formesdllin e shed erdnhér coasiantxgaplbell quer ed.
Therefore, the 10 water-repellent porous silica filmis favorable as a

layer insul atyQrd, i ldRqg VRS TR AL APRL GABI L d Y, JPPa&\@t Qéti%eé!;@?% porous

silica filmof the 15 invention can retain a perlo Ic structure”of pores by

virtue of |ts wat er Il enc and has an_ a ka net al nt ,of not nore
than 10 ppb. S’nccearrtlhelocg3 R L}/Sln%l‘—i”én? o%s OiY?%% fi ?’n%g Sappffdabl e to
a catalys% carrier, an adsorbent ali ht functlonal material, an 20

el ectron PundifdiACtARET Y HRI Thin | PR 1RE cbver OB vEPt GREBENt Re wat er
repel l ency, the dielectric constant can be | owered, so that the
wat er - r epel | evrysoreis &f IBenl 9ddon d srpagenent alnelavilmge& utpasiagl afeB. 6
insulation filmof a sem conductor or the |ike. 25 35

nm after the extraction, similarly to Example 1. As a

result of measurement of a film thickness by a film
thickness meter, the film proved to have a uniform
10 thickness of 0.2 pum. 1In the moisture adsorption test of
the film, the weight change was substantially 0 % by
weight, and this film proved to be a porous film having
high water repellency.
Then, the film was saturated with water and allowed
15 to adsorb water in a humidifier at 40°C for 24 hours,
followed by heating under vacuum. The amount of water
liberated by the heating under vacuum was analyzed by a
Q-mass. As a result, water liberation was not observed,
and from this, it was confirmed that water was not

20 substantially adsorbed inside the film pores.

Example 4
Several droplets of a precursor solution prepared in

the same manner as in Example 1 were placed on a surface
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SF-749 What is clainmed is: 1. Water-repellent porous silica having uniform
pores, which contains fluorine atons fixed in the silica skeleton through
coval ent bonds-8A8 has an al kali metal 5 content of not nore than 10 ppb.

2. The water-repellent porous silica as clained in claim1, wherein the
fluorine content in the silica skeleton is in the range of 0.3 to 15.0 o by
wei ght. 10 3. The water-repellent porous silica as clainmed in claim1l or 2,
" whi ch has pores having a nean pore size of 1.3 to 10 nm and has a periodic
crystal structure of hexagonal system when exam ned by X-ray

di ffract onet 14t arb aretie qrtletloepeflibnt podoubesatetulasetlaloed in claim
1 or 2, which has pores having a nean pore size of 1.3 to 10 nm and has a
crystal strudtilime wafs irategiddaraarz@hgenent £02016. sécprasess Egemprepari ng
the water-repellent porous silica of any one of clains 1 to 4, conprising

the steps of mantic I%éwyaﬂs@dylzlé@lméwwfmcgai%egng Aft@kk;g@%' ane

represented by the follow ng fornula and SF-749 a tetraal yS|Iane
under acidic 4 on sulting.fromthe

hydr ol ysi s an 2$¥%BQ&?¥% a sur ce aé% eyag%eifugﬂﬁepg?;%rﬂ?ﬁg cal ci ni ng
or extraction,;, 5 (ZO Si R wher met h ethyl, n-propyl, i-propyl,
n- but yl , % bGHyAS© t“ﬂﬁtho tgkir}blﬁ?ﬁta%%dg?z ?%t%lllfll%:o\?m%sra%ﬁ{lt(mz) a
(CF2) b (O(CF2) c) dX (X is a fluorine atom OCF3, OCF (CF3) 2, ~OC (CF3)
3, an al kyl §Geddy BPRPLIHEIY T gibup, By e | %-ranudbEirattoneory, bhes a
nunber of 0 to 3, c is a nunber of 1 to 3, and d is a nunber of 0 to 3) or
C6HeF(5_ (e iseld-mwprertofnd fiolm)obitridd waochssnd oto pneparthg shge

wat er-repel l ent 15 porous silica as clainmed in claim5, wherein the
solution is ditiregthyespr=aydityidl.Exampihe process for preparing the

wat er-repel l ent porous silica as clained in claim5 or 6, wherein the 20
fluorine-containing trial koxysilane is triethoxyfluorosilane. 37

10 Example 5
A film was formed in the same manner as in Example 1,
except that the amount of cetyltrimethylammonium chloride
was changed to 1.75 g from 0.95 g. By the X-ray
diffractometry, the film obtained was found to have a
15 periodic cubic structure. In the moisture adsorption
test of the film, the weight change was substantially 0 %
by weight, and this film proved to be a porous film
having high water repellency.
Then, the film was saturated with water and allowed
20  to adsorb water in a humidifier at 40°C for 24 hours,
followed by heating under vacuum. The amount of water
liberated by the heating under vacuum was analyzed by a

Q-mass. As a result, water liberation was not observed,
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SF-799 8. The process for preparing the water-repellent porous silica as
clainmed-in claim5 or 6, wherein the tetraal koxysilane is

t et raet hoxysiSFané? 5 9. The process for preparing the water-repellent
porous silica as clainmed in claim5 or 6, wherein the nolar ratio of the
fluorine-containing trial koxysilane to the tetraal koxysilane is in the
range of 0.01 to 1.2. 10 10. The process for preparing the water-repellent

- porous silica as clainmed in claim5 or 6, wherein the nunber of noles of
the surface actjve agent, is in the range of 0.003 to 1 tinme the sumof the
nunbers of moIEs fOM He S udrt e P FitRe t Fhalf KoxyeT | vae @el the 15
tetraal koxysilane. 11. The process for preparing the water-repellent porous
silica as cl @&uwesdant idldimaBlamried wesede tihe Sulfiaperaestive agent is an
al kyl ammoni um salt represented 20 by the follow ng formula: CnH2n+1N ( CH3
) 3X wherein nis an integer of 8 to 24, and X is a halide ion, HSO4- or an
organi ¢ anion. 38 SF-749 12. The process for preparing the

wat er - repel | epdarPareOs silica as clainmed in claim5 or 6, wherein the
surface active agent is a conpound having a pol yal kyl ene oxide structure. 5

13 AT com g, e sl rarensl | o0l Boets sl Liea ol amy one o1,

clains 1 to 4. 14. he film@as clained in T

t hi ckness of 0.01 umt .0 mm 15. | ayer_insulation filmconprising the
filmof clai MESPr rpfzf‘% %é‘%@.m%fﬁr éﬁﬁ:r Y IS0 11§ tohy Y HIme ot ¥ g Loride

wat errepel | ent porous silica, which is obtained by partially hydrolyzing a
f1 uori ne- con®&iSnichg No&caltico¥ysia ghe 1apresEnted W tirudhld owaigldor nul a
and a tetraal koxysilane under acidic condition and then m xing 20 the
resul ting hy@tauggivgesolagt ingt wiant iamad ftac e ree tf viea yaginf £ r  AYBSE Ry,

it was confirmed from a sectional photograph of the film

10 that the film had a structure of worm-like arrangement.
In.the moisture adsorption test of the film, the weight
change was substantially 0 % by weight, and this film
proved to be a porous film having high water repellency.

Then, the film was saturated with water and allowed

15 to adsorb water in a humidifier at 40°C for 24 hours,
followed by heating under vacuum. The amount of water
liberated by the heating under vacuum was analyzed by a
Q-mass. As a resﬁlt, water liberation was not observed,
and from this, it was confirmed that water was not

20 substantially adsorbed inside the film pores.

Example 7

Tetraethoxysilane (10.0 g), triethoxyfluorosilane

(0.5 g) and ethanol (50 ml) were mixed and stirred. To
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wherein Z is nethyl, ethyl, n-propyl, i-propyl, n-butyl, t-butyl, i-butyl

or 'sec-butyl, and Ris a fluorine atom 39 SF-749 (CH2) a(CF2) b(Q(CF2) c) dX
(Xis a fluordmesatom OCF3, OCF (CF3) 2, OC (CF3) 3, an alkyl group or a

- phenyl group, a is a nunber of 0 to 3, b is a nunber of 0 to 3, cis a
nunber of 1 to 3, and d is a nunber of 0 to 3) or CgHeF(5_ 5 e~ (e is a
nunber of O to 4). 17. The precursor solution for formng water repellent

" porous silica as clained in claim 16, wherein the nolar ratio of the
fluorine-containing 10 trial koxysilane to the tetraal koxysilane is in the
range of 0. Olthe riixtuds. The mpl esfir sOrhgotothbarioratosnang wat er m1
repellent porous silica as clainmed in claim16, wherein 15 the nunber of

mol es of the sunfacer adiveadgedl S1iowthenyangerRbr0s093,tQ41rkimg the
sum of the nunbers of noles of the fluorine-containing trialkoxysilane and

the tetraal koxysi| ang,e20 9 Jhe. precy §%i§§&l%9ﬂ LOE?EBE%HQO‘%%

repell ent porous silica as clained in claim erern e surface™active
agent is an nmoni u alt represented, by the follow ng.fornmula:

Crenin (e o o R SR ER T e¥unc e Lupfrof PA0E0 5% and X
is a halide icﬁ?%’HSO4, or. an organi c_anion. 20. The precursor solution for

forning wate oAb Iforid #4%ka as claimed in claim 16, wherein the

surface active agent is a conpound having a pol yal kyl ene oxi de structure.
41 HO (C 2CH20)20(CH2CH(CH3)O)70(CH2CH20)20H) in 60 ml of

A A A3A Al . As. A As. As. As. AsU. ALy. AA. A" . As& A . Asn. As. AL. A" . & A" & A . AsH. As
. AQU. AL&. As. letAlan]A9. Mt & A A 108y Ao®. Alhdu Ab U8 AL BaMbp&r & A& AUL. A" UL
. Al sH_aqg=y), aKlhzupkfa\ W ca] ca] ca] ca] ca] c: a] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c

a] ca] c"a] ca] eahtajetalna] el el el ual cal aiAd cab e nd 49l Nnsdheral

droplets of the precursor solution were placed on a

10 surface of a glass plate, and the glass plate was rotated
at 2000 rpm for 10 seconds to form a film on the glass
plate surface. By the X-ray diffractometry, the film
obtained was found to have a structure of periocdic
arrangement having a spacing of 5.4 nm. By the X-ray

15 diffractometry, further, the film was found to retain a
structure of periodic arrangement having a spacing of 5.0
nm even after drying and then calcining at 400°C, and it
was confirmed from a sectional photograph of the film
that the pores had a hexagonal arrangement structure. As

20 a result of measurement of a film thickness by a film
thickness meter, the film proved to have a uniform
thickness of 0.1 pm. In the moisture adsorption test of

the film, the weight change was substantially 0 % by
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and from this, it was confirmed that water was adsorbed

inside the film pores.

Example 8

10 A precursor solution prepared in the same manner as
in Example 7 was subjected to spray drying to obtain a
dry powder. By the X-ray diffractometry, the powder
obtained was found to have a structure of periodic
arrangement having a spacing of 5.3 nm. By the X-ray

15 diffractometry, further, the powder was found to retain a
periodic hexagonal structure having a spacing of 4.9 nm
even after drying and then calcining at 400°C. Moreover,
it was confirmed by the elemental analysis that fluorine
atoms were present in the powder in amounts of 1.36 % by

20 weight and the amounts of sodium atoms were below the

limit of detection (below 10 ppb).

Example 9
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thickness meter, the film proved to have a uniform
thickness of 0.1 pm. In the moisture adsorption test of
10 the film, the weight change was substantially 0 % by
weight, and this film proved to be a porous film having
high water repellency.
Then, the film was saturated with water and allowed
to adsorb water in a humidifier at 40°C for 24 hours,
15 followed by heating under vacuum. The amount of water
liberated by the heating under vacuum was analyzed by a
Q-mass. As a result, water liberation was not observed,
and from this, it was confirmed that water was not
substantially adsorbed inside the film pores.

20

Example 10

Several droplets of a precursor solution prepared in
the same manner as in Example 7 were placed on a surface

of an acetyl cellulose film, and the acetyl cellulose
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Example 11

10 Several droplets of a precursor solution preéared in
the same manner as in Example 1 were placed on a low-
resistance p type silicon wafer for dielectric constant
measurement, and the silicon wafer was rotated at 2000
rpm for 10 seconds to form a film. By the X-ray

15 diffractometry, the film was found to retain a structure

-of periodic arrangement having a spacing of 2.9 nm after
calcining at 400°C, and it was confirﬁed from a sectional
photograph of the film that the pores had a hexagonal
arrangement structure.

20 Then, front and back surface electrodes were formed
by deposition, and a dielectric constant was measured in
a nitrogen atmosphere under the condition of a frequency
of 1 MHz. As a result, the mean dielectric constant was

2.4 in the 10-point measuring method.
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10 Several droplets of a precursdr solution prepared in

/
[\b
dE

the same manner as in Example 1 were placed on a surface
of a silicon wafer of a transistor provided with a
source/drain region and a gate electrode, and the
transistor was rotated at 2000 rpm for 10 seconds to coat

15 the silicon wafer with the precursor solution.
Thereafter, the coating film was heated af 400°leor 1
hour in a nitrogen atmosphere to obtain a layer
insulation film. A sectional photograph of the layer
insulation film was observed, and aé a result, it was

20 confirmed that the layer insulation film was a porous
silica film having a spacing of about 3 nm and having

pores with a periodic hexagonal arrangement structure.

EFFECT OF THE INVENTION
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The water-repellent porous silica film according to
the present invention can retain a periodic structure of
pores by virtue of its water repellency, and as a result,
the dielectric constant can be lowered. Therefore, the

10 water-repellent porous silica film is favorable as a

layer insulation film.

INDUSTRIAL APPLICABILITY

The water-repellent porous silica film of the

15 invention can retain a periodic structure 6f pores by
virtue of its water repellency, and has an alkali metal
content of not more than 10 ppb. Hence, the water-
repellent porous silica film is applicable to a catalyst
carrier, an adsorbent, a light functional material, an

20 electron functional material and the like. Moreover, by
Virtﬁe of the water repellency, the dielectric constant
can be lowered, so that the water-repellent porous silica
film is particularly useful as a layer insulation film of
a semiconductor or the like.

25
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5 content of not more than 10 ppb.

2. The water-repellent porous silica as claimed in
claim 1, wherein the fluorine content in the silica

skeleton is in the range of 0.3 to 15.0 % by weight.

10
3. The water—repéllent porous silica as claimed in
claim 1 or 2, which has pores having a mean pore size of
1.3 to 10 nm and has a periodic crystal structure of
hexagonal system when examined by X-ray diffractometry.
15
4. The water-repellent porous silica as claimed in
claim 1 or 2, which has pores having a mean pore size of
1.3 to 10 nm and has a crystal structure of irregular
arrangement.
20
5. A process for preparing the water-repellent

porous silica of any one of claims 1 to 4, comprising the
steps of partially hydrolyzing a fluorine-containing

trialkoxysilane represented by the following formula and
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10 10" >109%&' ()-9109%&' ()-f710%& ()-5@0%& ()-93110%& () - /310%&T()-5EN5RXY:/
10y 1098 () - s'sHO%R i(Qn Fregs U0 ) £ GO YR E ) hy GHLOVES (3 - QMR £ 2d HORni 3dE: /
10s10%&' ()-Y3"10%& ()- ,10%& ()-' 109 ()-109%&k ()-nlO%& ()- =x!ZdE: /

surface active agent, and performing calcining or

extraction;

5 (20) 381iR

wherein Z is methyl, ethyl, n-propyl, i-propyl, n-butyl,

t-butyl, i-butyl or sec-~butyl, and R is a fluorine atom,

(CH2) a (CF2)p (O (CF2) ) gX (X is a fluorine atom, OCFj,

OCF(CF3)2, OC(CF3)3, an alkyl group or a phenyl group, a

10 is a number of 0 to 3, b is a number of 0 to 3, c is a

number of 1 to 3, and d is a number of 0 to 3) or CeHeF (5=

e) (e is a number of 0 to 4).

6. The process for preparing the water-repellent
15 porous silica as claimed in claim 5, wherein the solution

is dried by spray drying.

7. The process for preparing the water-repellent
porous silica as claimed in claim 5 or 6, wherein the
20 fluorine-containing trialkoxysilane is

triethoxyfluorosilane.



10L1z 10% ()- y/S 10%&' ()-L- &L0%&' ()-3+109%& ()-)S

109 ()-s& 109 ()-36789@nbC 1010% & ()- 10 10 10sS>109%& () - 8y109%& () -
51008 ()- 3Fk3%846)- @2kdENDC 101094 & ()- S:!110% & ()-910% & ()- 10% & ()-
MLO9% & ()-Z10% & ()- k" QIEmbC 10yS

109% & ()-910% & ()-s10% & ()-10% & ()-10% & ()-10% & () - QQUENbC

10310% & ()- &F110% & ()- (f 10% & ()-1 &' 10% & ()- $f 10% & ()-I

109 & ()- ObC 10109%& ()- &L0%& ()- 10" 10"

10"L, >109% & ()-710% & ()-510% & ()- @}\:bC 10! NP "109%& () -

"10% () - ! PL! 10%&'§(.) - mltel G983 s 18E oM 08B B3 & LOYEL 1S - wd f sbCrape T120%R () - ! k
“F/3"100& ()--!p f/3"109& ()--9-109& ()-! N&" 109& ()- S$109%& ()-IbC 10! F

Z10%& () - 10%Br(dus IO 43 -l Q%8s {ned 10n 101 40@404& €) - JREHERE the
10!, 109& () - Z109& ()- 109 () - 109%& ()- G'109%& ()- sGLO% ()- NdEbC 10! &

109%& () - $10%& d)ra sH0%k (91 MDY (9 SO, Y51 1ane.

5 S. The process for preparing the water-repellent
porous silica as claimed in claim 5 or 6, wherein the
molar ratio of the fluorine-containing trialkoxysilane to

the tetraalkoxysilane is in the range of 0.01 to 1.2.

10 10. The process for preparing the water—repellent
porous silica as claimed in claim 5 or 6, wherein the
number of moles of the surface active agent is in the
range of 0.003 to 1 time the sum of the numbers of moles
of the fluorine-containing trialkoxysilane and the

15 tetraalkoxysilane.

11. The process for preparing the water-repellent
porous silica as claimed in claim 5 or 6, wherein the
surface active agent is an alkylammonium salt represented

20 by the following formula:

CnHon+1N (CH3) 3X

wherein n is an integer of 8 to 24, and X is a halide ion,

HSO4~ or an organic anion.
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"10% ()-$' 10%&' ()-:sdE:/ 10
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10" 10%&' ()-y10%& ()- 4109%& ()-!PmlO% ()-ml0% & ()-&10%&' ()- 1O0RHZ~ @/
10) 10%& () - S&310%R Y.) - Y'HS IR s - # &P 1O £ Ynd® 0 d OYRE £) - B0 Y& - ZaVK@
10 10 10 10@10%&' ()-sF: 109 ()-!'fL1 109%& ()-Sf/109%& ()-

+10%0& ( Eﬂﬁ)@ﬁ@:@l WLOHDO%Es (1 SLQY& () - Elglm 5 or 6, wherein the
109 () - GlOA&'() 109 ()-910% () -#] dEV
surface active agent is a compound having a polyalkylene

oxide structure.

13. A film comprising the water-repellent porous

silica of any one of claims 1 to 4.

14. The film as claimed in claim 13, which has a

10 thickness of 0.01 pym to 2.0 mm.

15. A layer insulation film comprising the film of

claim 13 or 14.

15 l6. A precursor solution for forming water-
repellent porous silica, which is obtained by partially
hydrolyzing a fluorine-containing trialkoxysilane
represented by the following formula and a
tetraalkoxysilane under acidic condition and then mixing

20  the resulting hydrolysis solution with a surface active
agent;

(Z0)3SiR
wherein Z is methyl, ethyl, n-propyl, i-propyl, n-butyl,

t—butyl, i-butyl or sec-butyl, and R is a fluorine atonm,
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"109H0hQ8 () -(SH21QYERS (1) (O (R4S (X - GLO%D8A ( F1lar 16808t O, wt:@g[ <~_@
103MLO%OS () - LL-!110%& ()--!pLL-!10%OnO8& ()--!;s$" 10%00&' () -

109008 () - @oLO%R%4(); AOE (CF3)3, an alkyl group or a phen%l group, a
101 y! 10%b& ()-' ! 4T0%b&" ( 51 510%¢ ()- ME10%E ()- 100 1

)
i?%;;g?{% 81 &10%@"]30‘ 7 10%0& (%2_ f|sm% ‘gdm% %Of%b&(i( /%& ) S 7 0Bme () -1 k
LI 1g#10%be&’ ()~ 611 1941Q%) P& (F}dgaf/s 103%%42 +31070bE () -1kl 1 & K=

5 ¢ (e is a number of 0 to 4).

17. The precursor solution for forming water-
repellent porous silica as claimed in claim 16, wherein
the molar ratio of the fluorine-containing

10 trialkoxysilane to the tetraalkoxysilane is in the range

of 0.01 to 1.2.

18. The precursbr solution for forming water-
repellent porous silica as claimed in claim 16, wherein
15 the number of mdles of the surface active agent is in the
range of 0.003 to 1 time the sum of the numbers of moles
of the fluorine-containing trialkoxysilane and the

tetraalkoxysilane.

20 19. The precursor solution for forming water-
repellent porous silica as claimed in claim 16, wherein
the surface active agent is an alkylammonium salt
represented by the following formula:

an2n+lN (CH3 ) 3X
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