1 SPECIFICATION SILICA PARTICLES, PROCESS FOR PRODUCTION OF SAME, AND RESIN
COMPOSITION CONTAINING SAME TECHNICAL FIELD [0001] The present disclosure relates
to a silica particle, a method for producing thereof, Lnd aresin composition containing it.
BACKGROUND OF THE DISCLOSURE [0002] Recently, highly-pure silica came to be used for
producing electronic materials and semiconductors with the rapid developments in electronic industry
(see patent document 1, for example). Especially, a method using a sealing resin composition
containing a resin and spherical silica whicBHE Bt Cas filld¥ is known. In such the use, silica particles
having the sharp particle size distribution without coarse particles are needed with the size downing

and the refinement of electronic parts. [0003 Far e@ﬁg&p} , eth q [tﬁr produci %erical silica
particles wrﬁgﬁ%gﬁﬁpﬁé@g %%Foﬁlsg lﬁéa(:c‘?%% oFf%}fkg};;&/ ffane %Ot%g}%l%egence'o a agl%%g alyst, such
as ammoni&CARP By Eond BB AN ke BBM¥ined hydrolysate to produce spherical silica particles
(see patent document 2, for example) . A method for producing spherical silica having the sharp

particle size distribution through the use 4 el tpﬁq has been investigated (Patent
documents 3, 4, 5, and 6). [0004] Wﬁlfenggl\e?%e%ﬁng res%sjcomposition becomes solidified, a
problem thatl& 88<id film is swollen to generate cracks occurs because silanol groups existing at the
surface of silica partigle ghisasbmioigtise 1As themoistureabserptioni2 incieases; thd sealing

condition will.hs, prokeg,and ihe, ipaigpady.ofsemicanducior device willae expased to the air. It tends

to reduce the thickness of the sealing'material to reduce the size and weight of the semiconductor
device. HoWweWEra i thi¥dcdde; the moisture may penetrate inside the sealing material trough the wall
surface thereof. Even if the above-mentioned silica particle is used, such a problem cannot be solved.

[0005] To solve the problemgpatent doreMent #Elisclasas i agthod to inhibit the crack
occurrence T the r?sin part by using amorphous silica having high moisture absorbency. However,

this method £8AAGtlobtain sufficient effect because the moisture is still remained in the sealing material
part. [0006] Recently, highly-pure silica came to be used for

producing electronic materials and semiconductors with the
rapid developments in electronic industry (see patent document
1, for example). Especially, a method using a sealing resin
composition containing a resin and spherical silica which is
being as filler is known. In such the use, silica particles
having the sharp particle size distribution without coarse
particles are needed with the size downing and the refinement
of electronic parts.

[0003]

For example, a method for producing spherical silica
particles which comprises hydrolysis reaction of alkoxysilane
in the presence of a basic catalyst, such as ammonia, and
polycondensation of the obtained hydrolysate to produce
spherical silica particles (see patent document 2, for example) .
A method for producing spherical silica having the sharp
particle size distribution through the use of this sol-gel
method has been investigated (Patent documents 3, 4, 5, and 6) .

[o0004]

When the sealing resin composition becomes solidified,
a problem that a resin £ilm is swollen to generate cracks occurs
because silanol groups existing at the surface of silica

particle absorb moisture. As the moisture absorption



Patent document 8 discloses silica particles having fine pores of the certain size. However, the silica
disclosed in patent document 8 is not high-density, because it has fine pores. Additionally, the amount
of the silanol groups contained in the silica are con%rolled to surface treat by a silane coupling agent,
and the silica are treated by a silane coupling agent. However, when the added amount of the silane
coupling agent is low, the silanol groups which do not reacted with the silane coupling agent remains
so that the remained silanol groups may reduce the humidity resistance. When the added amount of
the silane couplirg agent ishargeeaid freewsiade tbopling Agehs Whicheeaid uska imeHereaction
ggyc ISmgtgg%ﬂb@s%@@n@é%%&%_?@ggég;e\n%@teﬁm theage:ipsaled of the resin iRRIORPATENT
TE ocuU ENT 1 KokaiPublication
Hei4-31311 fﬁlﬁ %\ﬁﬁg NERFI’ [T a]p%lr[?ese okai P u%ﬁcaf’&?%%%ﬁg?%g [E%ﬁ'%iﬁ
DOCUMEN8] 9apanassikekaphtbrdatidre2663:277044 P &Y EREY DEFCUMENT ¥ JapaRiese Kokai
Publicationt2008-285406 SHEAIENTRQRCHMENERE tlepasese Kokai Rubklicatiah 2083-277025

[PATENT DQEUMENT. 8l lapanase Ktel Publication 2003:183 118 {RALENT cpe
above-mentioned silica particle is used, such a problem cannot
be solved.

[0005]

To solve the problem, patent document 7 discloses a method
to inhibit the crack occurrence at the resin part by using
amorphous silica having high moisture absorbency. However,
this method cannot obtain sufficient effect because the
moisture is still remained in the sealing material part.

[0006]

Patent document 8 discloses silica particles having fine
pores of the certain size. However, the silica disclosed in
patent document 8 is not high-density, because it has fine pores.
Additionally, the amount of the silanol groups contained in the
silica are controlled to surface treat by a silane coupling
agent, and the silica are treated by a silane coupling agent.
However, when the added amount of the silane coupling agent is
low, the silanol groups which do not reacted with the silane
coupling agent remains so that the remained silanol groups may
reduce the humidity resistance. When the added amount of the
silane coupling agent is large, the free silane coupling agents
which are not used in the reaction may inhibit the adhesion to

the resin and generate the change in color of the resin.
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[PATENT DOCUMENT 2] Japanese Kokai Publication Sho63-265806
[PATENT DOCUMENT 3] Japanese Kokai Publication 2003-277044
[PATENT DOCUMENT 4] Japanese Kokai Publication 2008-285406



DOCUMENT 7] Japanese Kokai Publication Hei9-208809 (PATENT DOCUMENT 8] Japanese Kokai
Publication 2002-338230 DISCLOSURE OF INVENTION OBJECT OF THE DISCLOSURE [0008)
According to the above mentioned state of the art, the object of the present disclosure is to obtain
silica particles having the sharp particle size distribution and low water-absorbing rate and being used
suitably as a filler of a sealing resin composition, a method for producing it, and a resin composition
containing the silica particle and a resin. PROBLEM TO BE SOLVED BY THE INVENTION [0009]
The present[disatastrenezeEra slical padickesta Ko a wateb-absarbingraze 03 53 105 1.0 %

measured 5Q@ hiopsratierbriparkep] at ademperature, 0t 306 andiata humidityef 90:%y agd at a
temperature of 85C and at a humldlt)linof 85 %, D90/D10 of 3 or less, a true sgxr%g%cgrawté of 2.1 g/cm'’
icle’

or more, and BRI 2O HER did e tiF BRE6 P BPRRL. PP TheXhiddh Pret8rabply
surface trealetPBENSINDRCSIMERTC dublinfpagert smdiora silaherddmpbded: [0000]-338230

DISCLOSURE OF INVENTION
OBJECT OF THE DISCLOSURE
[0008]

According to the above mentioned state of the art, the
object of the present disclosure is to obtain silica particles
having the sharp particle size distribution and low
water-absorbing rate and being used suitably as a filler of a
sealing resin composition, a method for producing it, and a

resin composition containing the silica particle and a resin.

PROBLEM TO BE SOLVED BY THE INVENTION

[0009]

The present disclosure relates to a silica particle
having a water-absorbing rate of less than 1.0 % measured 500
hours after being kept at a temperature of 50°C and at a humidity
of 90 %, and at a temperature of 85C and at a humidity of 85 %,
D90/D10 of 3 or less, a true specific gravity of 2.1 g/cm’ or
more, and an average particle diameter of 10 pum or less.

The silica particle is preferably surface treated by
using a silane coupling agent and/or a silane compound.

[oo010]

The present disclosure relates to a method for producing
the silica particle comprising a step (1) of obtaining silica
particles by a hydrolysis reaction of tetraethoxysilane and/or
a derivative thereof, and a step (2) of calcinating the obtained
silica particles in said step (1) at 900 to 1050C.

[o011]

The calcinating is preferably proceeded at the
calcinating temperature of 950 to 1050C.

The method for producing the silica particle preferably

comprises surface treating with use of a silane coupling agent



The present disclosure relates to a method for producing the silica particle comprising a step (1) of
obtaining silica particles by a hydrolysis reaction of tetraethoxysilane and/or a derivative thereof, and a
step (2) of calcinating the obtained silica particles ifh said step (1) at 900 to 1050C. [0011] The
calcinating is preferably proceeded at the calcinating temperature of 950 to 1050C. The method
for producing the silica particle preferably comprises surface treating with use of a silane coupling
agent 4 and/or a silane compound. The surface treating is preferably proceeded by means of a
spray dryingnd/offhe predemealisclogurendlates to a resin composition containing the silica particle
and a resin. EFFEGHLOE JHE INVENHON.[PA2} - r dbgisilicapatislesfthe,prasentdiselosure has
the sharp patrticle sizeigistribution (that is, the amount of coarse particles having extremely-large
particle diameteris it S}éhlagrémarkable lower water-absorbing rate than ordinary silica particles at a
wide range of tempBrtURSEE@STtindd. STHeOSlER paRRecartebRir exdeleAPTIRAG pFobefty, humidity
resistance, @ngkdimensipn-stabiityiwhighpue needed deruse eka saaling filler of a semiconductor and
so on. DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS [0013] The present
disclosure is described in more detail below. The silica particle of the present disclosure has a
water-absof5iREg Fate Bt 1SEhENVEN B4Rk asured 500 hours after being kept at a temperature of 50C
and at a hurigity 0f 90 %, and at a temperature of 85t and at a humidity of 85 %. The
above-mentioned sji¢a Rayydledas ol peen kopwiand.bad been praducet b theaveniars for the

first time. The water-absorbing rate of ordinary silica particles are about 2 to

%undertheShav&mantiorfetiR st rs. B, imay B2 $5RPthat $he W ETBEHRHy TR T the silica
particle of thepresgrisliselosme sexceptdryalbhaloge Trerwaterealdservirigante is pidfefably less than

0.5%, and thedomgrimik isinot pariicularydinited Butarederably 0:8% foor merer-indhe peesent
disclosure, the wat r-absorbi&gréate can be %%asured bg the followin% method EII‘SI, ,silicaapowder 10
gis Weighe%ai?ﬁtal Eted , EnHaﬁéah% %?éf%%%s%%elﬁg%ﬁgrmo}s tre. ﬁeeb%:é er containing
the silica ppadéric kre iranthehhaygeostal asd hitéiaAdher BOOPRUEY th&ulliéd bbWder absorbing

the moistureds yweighgrd: Therchlaulationr mathed o6 the watemaksorbing raée issshawad by ghe formula
(2). Water-al%soarbiné;ar te %)Ef (\ﬁ/gilghct) gftgr ag%orgé?g?;hetmgisg%rg - S\/g)ei plt before absorbing the
moisture) /?Welgh? efore absorbing the mois?ure}x \ff) For examplée, the temperature and the
humidity when the water-absorbing rate is measured may be controlled by using a thermo-hygrostat
(LH-113 mamractured by &ESPEC COREE. 208MRREDT BeBdDayENtide of the present disclosure has
D90/D10 of ?OQ#‘%S]S' When the particle size distribution of the powder is measured, D10 and D90
correspond 1o the point where the cumulative weight from the small-particle-diameter side reaches

10%- and 90%- in tHRSCERGRRNE FATick S e BidtisiRvnT FREIikCaparfclerhd freleit disclosure
has the shathepastidle sizepdistribafien bécabse thecBe/D Idithelanfus 8 drdessa It is preferred that the

particles hayethe sham,paricle size-distributian, Resause thecontielef Hieofilingratiodecemes
easier. The D90/D10 is preferably 2.9 or less. D10 and}QQO are values obtained by measuring the

particle siz&@HRTIHTIE 17 the PrelBRtRsHssRE thE parfid §Le UidtHBAForT % MEalred by using a
laser diffractioh pertieletsizeoamalyzers Mi€rodiaE MINg300 EX mandfittyred byd¥IKKISORO ., LTD.).

above-mentioned silica particle has not been known and had been
produced by the inventors for the first time. The

water-absorbing rate of ordinary silica particles are about 2
to 5 % under the above-mentioned conditions. So, it may be said
that the water-absorbing rate of the silica particle of the
present disclosure is exceptionally-low. The water-absorbing
rate is preferably less than 0.5%, and the lower limit is not
particularly limited but preferably 0.01 % or more. In the
present disclosure, the water-absorbing rate can be measured
by the following method. First, silica powder 10 g is weighed
in a 300 cc-beaker, and weighed before absorbing the moisture.

The beaker containing the silica powder is put in a



[0015] The silica particle of the present disclosure has the true specific gravity of 2.1 g/cm3 or
more. The true specific gravity becomes smaller with the increasing of cracks and fine pores at the
surface and inside of the particle. The silica particlé’of the present disclosure has the true specific
gravity larger than ordinary silica particles, so the number of fine pores therein is small and the amount
of Si-OH groups contained at the surface is small. The Si-OH group is highly hydrophilic functional
group; the hydrophilic property becomes less with the reduction of the amount of the Si-OH groups so
that the 6 waterwedsbrhing edte hecoiresStessaihesiicad havingithe trubespadificgravtydsd2.1 g/cm3

or more ha%ﬁé%‘ﬁ’k@ﬂ'i@b%h%f fing perescand %@Qrﬂ%‘i‘.sityri@@i%%@@ﬁsﬂﬁﬁti%iﬁn@fméﬁ therein, so the
amount of Si-OH rouogs. %Ilttle Therefore, hydrogﬂlllc%o ertytpPéecoFJcnes less tg reduce the
water-absoltifg VA6 T (RS SHER BAIE (0018~ CTRE 106 SHEEe gAY s prbferably 2.10 glom3
or more, miretsreferablyrh 15g/ciazof ore (Thé apperfinsit cliisorbeé Rpddiffc mpadtyus aot
particularly limjteddnt i prafewbhn2 20ra/am 3: Mhethedue specificgrayity islesstean 2.1 g/cm3,
the Water-agggg)irﬁ%ate may rr%%tit%ec {lerde ce)c(j sgg'cient(IX.)The true specific gravity can be measured by
using Beckmannair cgmparlson pychometer. [0017] The silica particle of the present disclosure
has an aveFRje Farftlelfamehs dratshariess. 309 nokprétefred 16 Vst paRtidi®Raving the average
particle diameterof sperertband G-pmeas 8 sealisgradteria); becauserthe thiskness wf arsgading
material ca re a ' Size d ' weigh IRg iconductor device
become diﬁ?@l%%?%y\/%%gg %ﬁrtﬁc%d%%etggg%%%gg% r%ggorglgg;é, Emgé:ﬁgé erably 5 m or less.
The lower lirhR &% e average patrticle diameter is not particularly limited but preferably 0.01 pm, and
more preferably 0.03nens i1d the gresentdiscloSuree the averagel partictes diaenbtes oftbé Bilica particle

can be measpred,by,using a laser diffactiopparticlessize analyzer(Q018] o thpasticlashape of the
silica particle of theg)resent disclosure is not partlcula%élglted but includes n‘e}lgjle shaEle, bar-like

shape, platéSikBSREPE SShhetical 8fshe afd 58 filke 5By e FEHiBE SHapESs hé&y spherical
shape. In additiohathevsartieleshapérean bdsbsaredd by8varmiryEleatrohMiceroséepe (JSM-7000f

manufactured ynlEOloktd.na FB19% Ehe clhe slicapagicledispreferably sugace treatashby using a
silane coupjlipl% a eTt and/or a silari% co pokllmd. Bg this surface reatin% Erl\escot atigkilit with a resin
It

can be incréase ,:bnldctﬁei?ggitrzllp%ysic% |tytaned frie rﬁ%%?ngdﬁrso%egg’éﬁ y When the partic Bis

composed PP ks eahiiFeiifpEivetP oo becpms silhhe dovpHRg Bgehe aRedrisiahe@ompound
are not partiisarly limitedsys pequrmpeund axpressed py the geserahioimutnd) isipreferably used;
Xm-Si- (OR) 4:111(]) (1 the @I%‘ﬁ%%%?ﬁ&é@iﬁ%@aﬁk‘é OIayR paying-a £achyg prganic
functional group, R expresses an alkyl group having 1 to 5 carbon atoms, and m expresses integer of
0 to 3) The ¥&&ctRPGHARRSIURREORFA grotipSnRE Orgdhit HrBup HcIGdRds! fr xarplé Syl group,
epoxy group;lamdnad groupamereajioegr avipt & hlosid ecgtone syl Dyl Xyl gr ouipy mistiacryloytoxy group
and so on. Fherefars, the,grganic, greup X.having suchsa feastive orgaiic fungtionplgroypdncludes, for

example, vinyl %Egu , 2-(3,4-epoxycyclohexyl)ethyl| %roup yglycidox rop Igroula, ¥-am|nopropyl
aroup. N-2-CrRIToby 1S A SRy FGToUD, N-PHERR SR B byF 3D - RERAp o opy
group, 3-chitreprepyllgreey, SheteicrAoxXyHEaHA g mpand 80 onr FASHIRAKHKIHP R hay include,
for example,raethyl group, ethyl group, propyl group, butyl group, pentyl group, methoxyethoxyl group,
and so on. [(iOZlﬂ
0015]
The silica particle of the present disclosure has the true

specific gravity of 2.1 g/cm’® or more. The true specific

gravity becomes smaller with the increasing of cracks and fine

pores at the surface and inside of the particle. The silica

particle of the present disclosure has the true specific gravity

larger than ordinary silica particles, so the number of fine

pores therein is small and the amount of Si-OH groups contained

at the surface is small. The Si-OH group is highly hydrophilic

functional group; the hydrophilic property becomes less with

the reduction of the amount of the Si-OH groups so that the



Therefore, in the present disclosure, a preferred specific example includes, for example,
tetraethoxysilane, vinyltriethoxysilane, vinyl tris(2-methoxyethoxy)silane, ymethacryloxy propyl
trimethoxysilane, y- aminopropy! trimethoxysilane, Q-(3,4-epoxycyc|ohexyl)ethyl trimethoxysilane,
y-glicydoxy propyl trimethoxysilane, y-mercapto propyl trimethoxysilane, 3-chloropropyl
trimethoxysilane and so on. [0022] S A method for producing the silica particle is not particularly
limited but includes, for example, a method comprising a step (1) of obtaining silica particles by a
hydrolysis reatton ebtetraeigxysilaaeamdioes derivativeTheredf]l and dnstepr(@) Wieatoimating the
obtained S”&‘Fs”’e%rﬁ@@' 1S 81eRE a9 1yt 090G dihe methad ferpradrising isrone aspect of the
present disclosure. [g SLS, The metho fogfc)i{g(ducingcﬁa silica particle (%f theé)éei?nt disclosure
comprises ESIEREHG R SHEA SHHSE ChRdfed By S Rytiby s reabibh hWith s sffetiaathoxysilane

and/or a degiodtive anoestap theicaliirmriagremsetdttire ef 900he 1950Ce THudirce ¥éason is

unknown, siicaarticlasanbiah Havesa sharpespatielipsiza eistribuionthandhesease whensthe other
silane compoulndc(afior example tetramethoxysilane and so on) is used as a material can be obtained

I
when the te?rlae%hoxﬁlafgne angl'or a derivative thereof is used as a material. [0024] The
tetraethoxysh&8é Bérivative is not particularly limited but includes, for example, a low condensate
obtained by partiarhydtalysispiteiracthoxysiang. Qiher silarebampaury gr;{aynbea_nsedxtmjess the
compound Q@%_Ll_“ﬂ;eréfk‘%‘ita%gh%,l%g'%lz Sipedistpution. {00231,  ThE YOl i May. be done

under the condition of a hydrolysis reaction used in the ordinary sol- gel method. That is, it can be

obtained by?RfrolsR Gha tbhdehSaioh SRRE teirdethoXySidhe & e aRR iR bs a
material in an 2fganicsdlventteontainmgtwater P26 ic Fhewiganit solens ischatrpazticularly

limited but iggludes oL exanaple, alcgbplspuich as methanelsethangldsarsaranel ; abutapol,
t-butanol, peptanol, ethylene glycol, propyrene glycol, and 1,4-§%aned|ol, ketones such as acetone
and methyl Ly RlGrECEStEIE Sugh RS Otk T ABere BAFAHITG § SUAH AT oo e R L *
cyclohexanepeiers sach By civxa@escand diethyl ether, and aromatic compounds such as benzene,
and toluene.[bfag eganic solvent may be used singly or two or more of them may be used in

admixture. In the present, d'§CIOSU§a Itis gi%ferr (c)i fttt%use alcohotI:s, é‘gorelprefel[reeqqtaosusae methanol,

. O = regsen sSu .
ethanol, and isopropanol. An amoun e (Prganlc Solvent fo be used 1S nof particularly

limited but préferably DA ol 50 MEILFEIEL mbloT the usedmarsial. If Idss thar b Rraéictieccbmpatibility
with the mageyials snays be teducerthHimgre amse maleit jmretipetersidhecaisethenpseduction
efficiency may.fe exremely, dgcisased:, Ihg amaunt of walerls qot pariqulaty lgited byt greferably
0.5 to 15 mol per 1 mol of the used materials. The amount of water to be used has an effect on the

particle diaf@ter Gt IBIbRMEE SiFEPRRF PRRICBEVARR ik fFcabBthife AABURISIVART relatively,
the particle dismetargif thessilicadine partica naynbetessenddyviVith brecdecredsé in thelamount of
water relatiyely, Qlﬁ‘e%r@igl%gﬁmeé%oafﬂ%%ﬂ@ﬁ@g E%Q@@%%@Wb@ %maégeéemer%%@e the

article diameter of the silica fine particles may be adjusted by controlling the ratio of water and the
P é?yS}ﬂaor%ess. Thé?owe&ﬁgmigogthea‘eragepartic%e

organic solvarit: 002
diameter is not particularly limited but preferably 0.01 um,
and more preferably 0.03 um. In the present disclosure, the
average particle diameter of the silica particle can be measured
by using a laser diffraction particle size analyzer.

[o018]

A particle shape of the silica particle of the present
disclosure is not particularly limited but includes needle
shape, bar-like shape, plate-like shape, spherical shape and
the like. Preferably, the particle shape is nearly spherical
shape. In addition, the particle shape can be observed by
Scanning Electron Microscope (JSM-7000f manufactured by JEOL
Ltd.) .

[oo019]



In addition, a catalyst such as ammonia, urea, ethanolamine, and tetramethylammonium hydroxide
may be added in the organic solvent. When the catalyst is used, the amount is not particularly limited
but preferably 0.05 to 10 mol per 1 mol of the used’materials. [0029] The step (1) is more
preferably done in a solution of homogeneous solvent to obtain the high-density silica particle of the
present disclosure. That is, a reaction in a mixed solution of a solvent which can be mixed in all
proportions with water and can dissolve a silane compound being the material and water, is preferred.
The reaction in the Thiged sbdlutionsi the sdlwensamd-abderab byefenefdmeatsedtis@adyyto obtain the
10 high-degg! .ligasirf%gw&ﬁ’bmaé%@lé(ﬁ@%g@%ilane compound. By this
compoundbeingthematerialmayincludealco olssucga ethanol, methanoIE,jisopro ar}c))l, n-butanol,
Cbutanol, pRAAtT etPOEREUREol, BFSpyrERE LBt hhE EHU oS tobd0T. PFhe hydrolysis
and conderisutiopesfabe neateridiben A oigambsohent tobtamiag Weeemaagd bexdone by adding the
materials ipthecRrganisisolwsntgantainiRg ywater and stigingape de 4 006 apreferably: Q4oC. In this
way, a slurrj}/mc%négfigi g spherical silica may be obtained by stirring the materials in the organic solvent
containing Walf)er, hydrolysis and condensation. [0031] Usually, silica particle is calcinated at low
temperature(@f t 200 to 700C. This is due to the feature that the silanol groups existing at the
silica surface are conrestetdadosmagu egatesdntecaledyasingsatbigh teomssatutiea Fhermpsesent
disclosure ¢an-agyoe Ihe silaagl.groypiarount.and ine.Rores ip-ohiain sllica parigleshauing the low

water-absorbing rate, by setting the calcinating temperature which is usually about'200 to 700C at the

high tempet Qe Fne prestfit SEEHEERPYNH RSt the effect of the invention can be achieved
efficiency bynusiig ttieRietraethoxysilane and/or the derivative thereof as a material. [0032] The

calcinating femRaratys 1§99 101030CE less than 990G, the Waterabsorhing rale cannat be
reduced suff|C|en.tI%. _If more than 1050C, it becomes hard to obtain ?Ilca arficles having the sharp

particle siz€ igTBELATE the HISIOR bt e SiaftidRs ts %6 f1Fh 2R GhGRdate. The
calcinating temperatenteon nadrensreferally95exprsees Thetealeinatriy & referablyTdene for 10
min. to 10 hews i ke calpinating timecisdess tha d mincHtispebpretegediecauseihe galcinating
may be insggi{;i%ﬂta [90’133] T\k}e r§ili a Sg;lﬁarticle oebt%ined arggordin r%C:’L g})e 1rloabove-reneé1§1ior%%d method
has a sharp partlc}fe SRedistiibution u?ﬁ%’pal%cfé\é r%ay%%’pu Verizedor ciassified usi%g a sieve if
sharper paficfaisizecHis@bLEIB RIS Y8 UReH YO HY brder B ritoVE - fedre0arS¥ baricies @Bhtained
therein. A raathed fon pulvetizatign isenot parsedlary drgited:p W ingludes foraxampie; @imethod using

an atomize&?%g(r)?s%corfu@cet%ﬁéﬁc%t'&o&%SiEﬁ&%i%‘é% Inchudes wetglassifigation agd gy,

classificatic>2n.

3,4-epoxy cyclohexyl)ethyl group, y-glycidoxy propyl group,
y-aminopropyl group, N-2-(aminoethyl) -3-aminopropyl group,
N-phenyl-3-aminopropyl group, y-mercaptopropyl group,
3-chloropropyl group, 3-methacryloxy propyl group and so on.
The alkyl group R may include, for example, methyl group, ethyl
group, propyl group, butyl group, pentyl group, methoxyethoxyl
group, and so on.

[0021]

Therefore, in the present disclosure, a preferred
gspecific example includes, for example, tetraethoxysilane,
vinyltriethoxysilane, vinyl tris(2-methoxyethoxy)silane, vy-
methacryloxy propyl trimethoxysilane, y- aminopropyl
trimethoxysilane, 2-(3,4-epoxycyclohexyl)ethyl
trimethoxysilane, y-glicydoxy propyl trimethoxysilane,
y-mercapto propyl trimethoxysilane, 3-chloropropyl
trimethoxysilane and so on.

[0022]



The method for producing a silica particle of the present disclosure preferably comprises surface
treating with use of a silane coupling agent and/or a silane compound. By doing the surface treatment,
the water-absorbing rate can be reduced because the silanol group amount existing at the surface of
the silica particle can be reduced. The silane coupling agent and/or the silane compound are not
particularly limited but include the above-mentioned compounds. (0035] A method for the surface
treatment is not particularly limited but ordinary known methods may be used. Among them, a spray
drying is preferred. A heegilicaipdrticlecofdie presentldischasure nasdow redetivity withta silane coupling

agent becayse the-siano] graup.amodnt.existing aliessuriace theteph isrediiced cHawever, the silane
coupling agent can be applied swtablg\;)by surface treating through use of a sir?? (é%ln and baking
e

(drying step) IR B Relifo FofthERpldy dfYing Adoray Wief is dset &Ad 5h otnt is controlled
so that the byt temperbsuresis set an90 fo UOor §3036Ixy s i Thasilwadarticke hay bealsédas an
additive of aesin oA resincompasitionegntainingtheisilica payticle-and 2 sesiads gne aspect of the
present disclosure. |n this case, a resin to btf used is not particular Iimitgd but n%a}sg/%)e a
thermoplasﬁ@%é’iﬁ T a'theftfio: tﬁlrf&?es%l]i. TﬁetTe%gy b2 méntto ed, o %Xgﬁl% ; pggﬁ resins,
phenol resiB¥ QsBigREhyiehessIfias pesit (PPSFhpoRpESRe PEsiAS S TOPTIEmides, polyimides,
polystyrened, qaodysthylenes, polypropylenes, polyvinyl chloride, polyvinylidene chloride, fluorine resins,

polymethylmethacr%&em%wlﬁgg%h%laggﬁ%§rg§p§)lgg1f1[ ég’?#%%% gr?cé\f(s:%ﬁpg g,s%qjl)éu rethanes,

polyacetals, polyphenylene ethers, polyether imides, acrylonitfile tyrene copolymer resin

(ABS), liquidi§starieshs APy, SR drilesRRL ABF/Iicte sislard sodrt: oPicté B the resins
maybe qseﬂyEapByiﬁHy,lazeess'nm@mnsmommmmlmiagdhgtsﬂmmﬂqu@wmmﬂeem@ﬂegin_ may be
used suitably gs.3; $eAlNGLARROYUIN 003 o 1HNG ASIHGOMARSLIPRMAL hera ¢gRAQsition

containing the silica particle and a photo-curable resin. The photo-curable resin may include a
compound £8R&ihing fRPYEIOFE A CHARECG otpsTBHRBIRACAAL GORRT AL g S otbidtihd,
specificallyhtirege anayhbe peantioret iBOamedifiedbispheroh Aidi{nidtapatiykate asienettngolpropane
tri(meth)acrylate, prataeryihyitel bifmstoaerylate; peatasndhrital tetsalmathlacadaten dipgpiaerythritol
hexa(meth)acrylatﬁ, digentae ythritol tetr% meth)iacgélateb tric g%odecaaed@e&h%%ol (meth)acrylate,
hexanediol%ﬁ’(rr?(-ﬁ )aJ(:ryI}'slltsee,3 ipae%tger@?hn (ﬁ]hai/droxyrben?a(?}/ne ﬁ)%t%?y atvé, %entae?ythritol
ethoxytetratiR bt atiyeee tisareylendéow)dscsphvrdie veintidthyphfopanaised as a
benzoate(metb)acrdate, neopentyl glycol di(meth)acrylate, polypropyleneglycol di(meth)acrylate,
polyethylen %I SQ' di(meth)acrylate, imido(meth)acrylate, amino(meth)acrylate,

polyester(met ?acr late, ester(meth)acrylate, urethane(meth)acrylate, epoxy(meth)acrylate,
isocyanuric acid-mddified &HHRIMHIZEL ARG S8 T/ e BistBsURE (Rethiadtate héans
methacrylafeiarid adrytate. (0038}des Arfamaudopilee, sitica particle debe aidd ediin shenke$in

composition{s nanartiquipthulisiied hut mavbeconuialled aceanting to desd, Spedilcally, the amount

is preferably 10 to 950 weight partS, more_preferably 100 to 90Q wei%ht parts 13 relative to 100 weight

parts of the TRERCWfe e PO POSIFSIT id tiSe § QEROSEHH st E&mpositibRic6038) In
the resin carhpositor; twbekindszef thessilicalpariicies having the different particle diameters may be
used. More Sg%czifgqally, coarse patrticles having large particle diameter and fine silica particles having
the particle iamete&{)f ]}/13i§o 1/ff0 aof the silicgéaaéticles ha\éling I tge partig?letdjameteg may be used in
combination. The mleﬁg r4tio Detweeh he'coarse %Iall?ticlllé}s &nd fine p%?ﬁ%: es féoﬁ%ef%rabaiy the coarse
particles 90¥0ATIL 5 fineqattidles 1 RA60% HoonNfé NRIYe Préfedadyn/ 19 afthin #iearange of the
coarse particies 8@ te HQ%dhedineipasticles 20/tor40%sH és prefetredde sebthednixiTy tatie between
the coarse 9%@%&?&%%‘%(‘“?‘95&]%%86‘” !:?FOV%'@Q%Q%?P%V%?’E%@}%@P ahge F\% usethe filing
constitution becomes nearly closest filling to increase the filling ratio of particles. [0040 The resin
compositioR8f fHeTgresentdisHIBREreSSstpaRorM the Himidity resistance, processability,
dimensional [s§atykity, and so on, because the silica particles to be used as the filling material have the

above-mentioned peformanges: Theuseohthedesincqmpasition is.naj particularly fipited but

includes, for example, a sealing resin_.compasition for a Semiconductor and an electronic component,

an adhesive BGeHE &tonEPEx R Ritiva ST Bn SWHRnATsBGRSRR the G5826tRér additives
than the silicaqertigle and the-fesiremay be abddédacdording tanse., ethéilea panicle, of the

present disglosyre-maxbg used for aiguid sesling material, adiguisherystal sealing-rgentaseal agent,

apolymide iy, & sulpTing tayget, a OMP lury (avading agend) 3 denial material, ajogd additve,



BRIEF DESCRIPTION OF THE DRAWINGS [0041] 14 FIG. 1 shows a correlative relationship
between the true specific gravity and the water-absorbing rate of the silica particle. FIG. 2 shows a
result of the dynamic viscoelasticity of the silica par9ticles obtained in Examples 25, 26, and 27.
EXAMPLE [0042] Hereinafter, the present disclosure will be described in more detail by way of
examples, but the present disclosure is not limited to these examples. in examples, "%" means "weight
It", unless otherwise specified. [0043] In the following, the particle size distribution of the obtained
silica particlesolieses measyredryy, using aYasertdiffractongidrticle sinelarmatydeoMicmoiraciMT 3300

E>_< manufagtuceeh by NIKKLISO GQq 'fo?m}ra-@”iecp%@rﬁi?éd’iﬂ%@ %V%bﬁéﬁiﬁgr&anﬂﬁlg Electron
Microscope %J M-7000f manufactured kg/ﬁ EOL, Ltd.) .. The av%;af%%% rticle diameter was measured

by using a [EREFEFactio Faride ’ke SRANFa5 Mol ac T YnfEndieu R RIKKISO
CO., LTD.)ofh&her speciie grady wasanadstired oy using Beekpraweair cdifakissipgenometer

930 type. [0Q44(Bxamplertd to Ad deactiom esar)agyipped wibanAgitaiaivvasssatin a
constant-terrﬂgratuie bath, ethanal 205 f.%ﬁ/vater 246 g, and 25 wt% ammonia water 232 g were put
sel. y

into the vessel. The mix?&r% Was mixed: using the agitator with heating to 50C. Next, with stirring the

mixture, tetrd@®dXYsilane 267 g was added continuously for 200 min. After adding, the solution was
filtered to obtain silica pafticlas. Bien; ke pagitlescwers] et at B3UoNesRight; @nflcalcinated at

1000C. Thecaleinating condifign.uan tiat e emnetatiye yvas faiseq (9JP00AC {orLQ hours, kept for

5 hours, an ered. The obtained silica Earticle was spherical, the average particle 15

diameter wh5® B8eFMa& Tt D90 1587 u Or- 3 16045 ESaTBRASE P T LA Wdddtion vessel
equipped withecamagiatbahastset iba cebtartdemperatureddathaethanohd02 gi water 184 g, and 25

Wt% ammopiawater 2943 Were Ut ito the yessel .hhe prxiuie was mixeddy usingdhe agitator with

heating to 33C. Next, with stirring the mixture, tetraethoxysilane 421 g .was added contjnuously for 45

min. After &t #7E SolutibhwaEHiRred to'6ttai SHidESaRitids: FhEAT the paliciES Were dried at
130C one migistf andeaicifatedtat 1600C 1 Thexalcinalingcdrthitios adsthbethestémperdtuee was

raised to 1QQQCfar 4@ hawsrkeptderdsheurs and then dowered: hbeahtainedsilica padicle was
spherical, the verage particle diameterwas 0.1 v, And e 1991040 value was ki n the
amount of water relatively, the particle diameter of the silica
fine particle may be lessened. With the decrease in the amount
of water relatively, the particle diameter of the silica fine
particles may be enlarged. Therefore, the particle diameter
of the silica fine particles may be adjusted by controlling the
ratio of water and the organic solvent.
[0028]

In addition, a catalyst such as ammonia, urea,
ethanolamine, and tetramethylammonium hydroxide may be added
in the organic solvent. When the catalyst is used, the amount
is not particularly limited but preferably 0.05 to 10 mol per
1 mol of the used materials.

[0029]

The step (1) is more preferably done in a solution of
homogeneous solvent to obtain the high-density silica particle
of the present disclosure. That is, a reaction in a mixed
solution of a solvent which can be mixed in all proportions with
water and can dissolve a silane compound being the material and
water, is preferred. The reaction in the mixed solution of the

solvent and water is preferred because it is easy to obtain the



[0046] (Example 3) A 2L-reaction vessel equipped with an agitator was set in a
constant-temperature bath, ethanol 85.5 g, water 184 g, and 25 wt% ammonia water 204 g were put
into the vessel. The mixture was mixed by using tHé agitator with heating to 25C. Next, with stirring the
mixture, tetraethoxysilane 421 g was added continuously for 45 min. After adding, the solution was
filtered to obtain silica particles. Then, the particles were dried at 130C one night, and calcinated at
1000C. The calcinating condition was that the temperature was raised to 1000C for 10 hours, kept for
5 hours, aritithendewsriddy Fid dbbtainedsdiceopartivle wascaiphericdll sive averade gakticiadiameter

was 0.4 pm, ancihe P9I valug yvas k81 (09471 fexample # ono As Aataastipr vessel equipped
with an agitatoijwas fet ina constant-tlempeﬁr%'{gfre baih, eérl%notl ;g%lg, Waeth%%4 9, and 25 wt%
ammonia WatsF26% g'wérseoﬁulf?ﬁ%ntﬁe veSsélTRE Mixture wasmixed using the agitator with
heating to 25GyNexe gAtasitringtrombame, siethoxyildnd 421 vasadéed - 16 continuously for
45 min. Afte[ ggldtnp, the solution was filtered to obtain silica particles. Then, the particles were dried at

130C one night, ang, calcinated.at 1.000C. The calcinati nditiop,wa e e was
raised to 1000C for 0 h%ﬁ?sr,%\ﬁts for fﬁgpr%?gié& %%%Q%%%rg)g : '{Igﬁyé!\' o%fg;(?r%ei’g%?ﬁézﬁp%ﬁ%l{e was
spherical, tREFRBIGYSpaiRR iSRS WS E. MR andde PRofeReo DXIReAFaS . - th4s)

(Example MaterA 2l srdactionevessel ehdippad eith awagiatol wasveetdm saodnstaint-teimperature
bath, ethang| 342 rA84 g125b %-.a o%adNateng  weyre put intq.the sel. The
mixture Wagt?ni?(eq?%ﬁs?ng ’thé%é%ato?w%t{h%a%% to 25C, Nexté}v%fg% stirring the,mix%l%g,

tetraethoxySR&E 431 PS5 BEHSF Ron ol SRy T Asahino RERF RAGiInGY tHEd5ibtsiPwhE Filtered to
obtain silicapasiciesl hen,tthe partieles wereldrstatrb30@ tnergght bed cdlyidateby=t 1900C. The
calcinating goRditigny¥assthat the temperature was raised to 1000C for 10 hours, kept for 5 hours, and
then lowered. The pbtained silica particle was spherical, the average particle diameter was 1.5 pm,
and the D9OY®18 Vhlue was 1.7. [00491 (Examples 6 to 10) The silica particles were obtained by
following the samefpueddire as tHatdbBExarhples 1905 exéamiRat AvelQUChRIIAGHerpERture was

changed 103006 1b& gbtainerhgitica pariiclaswere spherieat and dhe averagerRagiciedigmeters
thereol wete,208x0dx Ok G a0 3.0, 193ReC1KEY - 108 DAUDIG alieedheteet weis 7 19,
1.8,1.7, and fl}},?respectslve y.g[08 0]
aggregates by calcinating at high temperature. The present
disclosure can reduce the silanol group amount and fine pores
to obtain silica particles having the low water-absorbing rate,
by setting the calcinating temperature which is usually about
200 to 700°C at the high temperature. The present disclosure
found that the effect of the invention can be achieved
efficiency by using the tetraethoxysilane and/or the derivative
thereof as a material.
[0032]

The calcinating temperature is 900 to 1050C. If less
than 900°C, the water-absorbing rate cannot be reduced
sufficiently. If more than 1050°C, it becomes hard to obtain
silica particles having the sharp particle size distribution
because the fusion between the particles occurs to form an
aggregate. The calcinating temperature is more preferably 950
to 1050°C. The calcinating is preferably done for 10 min. to
10 hours. If the calcinating time is less than 10 min., it is
not preferred because the calcinating may be insufficient.

[0033]
The silica particle obtained according to the



(Examples 11 to 15) The silica particles were obtained by following the same procedure as that of
Examples 1 to 5 except that the calcinating temperature was changed to 950C. The obtained silica
particles were spherical and the average patrticle dldmeters 17 thereof were 0.05, 0.1, 0.4, 0.7 and 1.5
pm, respectively. The D90/D10 values thereof were 1.7, 1.9, 1.8, 1.7, and 1.7, respectively. [0051]
(Examples 16 to 20) The silica particles were obtained by following the same procedure as that of
Examples 1 to 5 except that the calcinating temperature was changed to 1050C. The obtained silica
particles wellecspheriealtdmchthe medrage particke dimmetaps theredbwete ©.08, 0.1 10vtddrand 1.5

pm, reSpeC_BM%%HQ?Q?Q&%%!W Hl@_?&iw&ﬁ 3 b8 185k 1 rard Lidiresnedivelye[0052]
(Comparatlvg Examples 1 to 5%) hg silic .partlﬂgg were gkgalrréeduk%éoélo(\jlvl[ng thg Sgme
procedure & tﬁﬁaﬁ%érﬁ’ﬁlg Y55% ExE&pfthat e cHIGiRRAG tBiperature Was changed to 700C.
The obtainé® silieapatticleSaverecspireidad ahd tHe averiferpartdletdiarriars therBeiiked 0.05, 0.1,
o el S B o
;gﬁg@%g?h%x%m 5ef%)r‘ocae u(r%%ag iéjtsolf%%(a?nnplé)st T%gi e&x!:%%?tﬁ% ?k%l I'cca?calqrﬁgirr?goter?g:ratu)ﬁe was
changed toc5tRE1 The pbidiRed Sited arfidR¥SvéraSpiérital’sid e avérhgeatfitle Hitheters
thereof wer@:r8:0212.8s0.81 Oatanch 1.5 m, respectively. The D90/D10 values thereof were 1.7, 1.9,
1.8,1.7, an(:l[il..].g,3 £eispectively. [0054] (Comparative Examples 11 to 15)
The method for producing a silica particle of the present
disclosure preferably comprises surface treating with use of
a silane coupling agent and/or a silane compound. By doing the
surface treatment, the water-absorbing rate can be reduced
because the silanol group amount existing at the surface of the
silica particle can be reduced. The silane coupling agent
and/or the silane compound are not particularly limited but
include the above-mentioned compounds.
[0035]
A method for the surface treatment is not particularly
limited but ordinary known methods may be used. Among them,
a spray drying is preferred. The silica particle of the present
disclosure has low reactivity with a silane coupling agent
because the silanol group amount existing at the surface thereof
is reduced. However, the silane coupling agent can be applied
suitably by surface treating through use of a spray drying and
baking (drying step). In a method of the spray drying, a spray
drier is used and a charge amount is controlled so that the exit
temperature is set at 90 to 100%C.
[0036]
The silica particle may be used as an additive of a resin.
A resin composition containing the silica particle and a resin
is one aspect of the present disclosure. 1In this case, a resin
to be used is not particularly limited but may be a
thermoplastic resin or a thermosetting resin. There may be
mentioned, for example, epoxy resins, phenol resins,

polyphenylene sulfide resin (PPS), polyester resins,



The silica particles were obtained by following the same procedure as that of Examples 1 to 5 except
that the calcinating temperature was changed to 800C. The obtained silica particles were spherical
and the average particle diameters 18 thereof werf#0.05, 0.1, 0.4, 0 . 7 and 1.5 m, respectively. The
D90/D10 values thereof were 1.7, 1.9, 1 .8, 1.7, and 1.7, respectively. [0055] (Comparative Examples
16 to 20) The silica particles were obtained by following the same procedure as that of Examples
1 to 5 except that the calcinating temperature was changed to 850C. The obtained silica particles were
spherical angdhe amerdge, partidthe idicdmieters pladrest weesn 8 95, Pl et Y Tanels].5 pm, respectively.

The D90 Dighyaliesiereniersdit st kb, Ak beonacilyeslAREh (Walesabsorbing

rate 1) he Water-absorhing rate was measured after the obtained silica gartlc es 10 g was put in

a 300 mL- befa}(‘é?ﬁﬁ&?eﬁ?ﬁlélﬁierﬁ% Kbt IS S AR RC &G DY EEB6Ip. ) at 50C
temperaturesreted% kwpalityfor500sioursEfOL 7 |iWlaterabsorbirg, rate Ryuretirnes,

water-absorbingfate-was sneasyies Ry fQliovviag the,same pregedursas that gkthe water-absorbing
rate 1 except that he ¢ nd|£0 W%S 8han%ed to 85C tem e&ature and 85% |d|ty £0058 The

specific gravaty of tie silica pa ICles ojb?alned y cgﬂcmaﬁ At the severgl alcl natlng t%mperature was
measured by tEingBedlafams aﬁ%paﬁédﬂﬁ?é?fbrﬁé@l%o §PEYIRE tiRsSIpRifidigra®Mty of the
obtained silie partisiesavere shaym ihd akle Ind hen watermaksdrbingsiate: ohthe,gaghreastiele at 50C

temperature 90%%55 é}%hum %slg |}r1| tasble1 gﬁf% \ghgérflgn%‘o%%%%% %f}étge?]%asch particle at

85C temperatur ané[ ity was shown inta hip be e true specific
gravity and tR@Xvater-4686t by ieR® bY tHieSpartieRMai ﬂfé‘“é’\?é‘féﬁé%rtlcle diameter of 0.4 m was
shown in Fid.dlo #cfording to tables 2 and 3, it was founded that the silica particles of the present

disclosure had low ﬂ%\’@gﬁfﬁb&%@eg {%tfo{”pgé?/] L@QI%%position containing the
silica particle and a photo-curable resin. The photo-curable
resin may include a compound containing two or more acrylate
groups or methacrylate groups. As this compound, specifically,
there may be mentioned EO-modified bisphenol A di (meth)acrylate,
trimethylolpropane tri(meth)acrylate, pentaerythritol
tri(meth)acrylate, pentaerythritol tetra(meth)acrylate,
dipentaerythritol hexa (meth)acrylate, dipentaerythritol
tetra(meth)acrylate, tricyclodecanedimethanol (meth)acrylate,
hexanediol di(meth)acrylate, dipentaerythritol
hydroxypenta (meth)acrylate, pentaerythritol
ethoxytetra (meth)acrylate, tris{acryloxy ethyl) isocyanurate,
trimethylolpropane benzoate (meth)acrylate, neopentyl glycol
di (meth)acrylate, polypropyleneglycol di(meth)acrylate,
polyethylene glycol di(meth)acrylate, imido(meth)acrylate,
amino (meth)acrylate, polyester(meth)acrylate,
ester (meth)acrylate, urethane(meth)acrylate,
epoxy (meth)acrylate, isocyanuric acid-modified
tri(meth)acrylate, and so on. In the disclosure,
(meth)acrylate means methacrylate and acrylate.
[0038]

An amount of the silica particle to be added in the resin

composition is not particularly limited but may be controlled
according to need. Specifically, the amount is preferably 10

to 950 weight parts, more preferably 100 to 900 weight parts



True specific gray'i Particle diameter 0.4 ii 1.92 ) Particle diameter 0.05 LLi Particle diameter 0.1 p
2L1PaMdedmmemrQ7Li196anMedmmeE{15w195

relative to 100 weight parts of the resin , when the resin
composition is used as a sealing resin composition.
[0039]

In the resin composition, two kinds of the silica
particles having the different particle diameters may be used.
More specifically, coarse particles having large particle
diameter and fine silica particles having the particle diameter
of 1/3 to 1/40 of the silica particles having large particle
diameter may be used in combination. The mixing ratio between
the coarse particles and fine particles is preferably the coarse
particles 90 to 40%: the fine particles 10 to 60% in volume.
More preferably, it is within the range of the coarse particles
80 to 60%: the fine particles 20 to 40%. It is preferred to
set the mixing ratio between the coarse particles and the fine
particles within the above-mentioned range because the filling
constitution becomes nearly closest f£illing to increase the
filling ratio of particles.

[0040]

The resin composition of the present disclosure is
superior in the humidity resistance, processability,
dimensional stability, and so on, because the silica particles
to be used as the filling material have the above-mentioned
performances. The use of the resin composition is not
particularly limited but includes, for example, a sealing resin
composition for a semiconductor and an electronic component,
an adhesive agent, a toner external additive and so on. When
used in such the use, other additives than the silica particle
and the resin may be added according to use.

The silica particle of the present disclosure may be used
for a liquid sealing material, a liquid crystal sealing agent,
a seal agent, apolyimide £ilm, a sputtering target, a CMP slurry
(abrading agent), a dental material, a food additive, and

cosmetics.

BRIEF DESCRIPTION OF THE DRAWINGS
[o041]
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FIG. 1 shows a correlative relationship between the true
specific gravity and the water-absorbing rate of the silica
particle.

FIG. 2 shows a result of the dynamic viscoelasticity of

the silica particles obtained in Examples 25, 26, and 27.

EXAMPLE
[0042]

Hereinafter, the present disclosure will be described in
more detail by way of examples, but the present disclosure is
not limited to these examples. In examples, “%” means
“weight %”, unless otherwise specified.

[0043]

In the following, the particle size distribution of the
obtained silica particles were measured by using a laser
diffraction particle size analyzer (Microtrac MT 3300 EX
manufactured by NIKKISO CO., LTD.). The particles were
observed by using Scanning Electron Microscope (JSM-7000f
manufactured by JEOL, Ltd.). The average particle diameter was
measured by using a laser diffraction particle size analyzer
(Microtrac MT 3300 EX manufactured by NIKKISO CO., LTD.). The
true specific gravity was measured by using Beckmann air
comparison pycnometer 930 type.

[0044]
(Example 1)

A 2L-reaction vessel equipped with an agitator was set
in a constant-temperature bath, ethanol 205 g, water 246 g, and
25 wt% ammonia water 232 g were put into the vessel. The mixture
was mixed by using the agitator with heating to 50°C. Next,
with stirring the mixture, tetraethoxysilane 267 g was added
continuously for 200 min. After adding, the solution was
filtered to obtain silica particles. Then, the particles were
dried at 130C one night, and calcinated at 1000°C. The
calcinating condition was that the temperature was raised to
1000C for 10 hours, kept for 5 hours, and then lowered. The
obtained silica particle was spherical, the average particle
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diameter was 0.05 pm, and the D90/D10 value was 1.7.
[0045]
(Example 2)

A 2L-reaction vessel equipped with an agitator was set
in a constant-temperature bath, ethanol 102 g, water 184 g, and
25 wt% ammonia water 204 g were put into the vessel. The mixture
was mixed by using the agitator with heating to 33°C. Next,
with stirring the mixture, tetraethoxysilane 421 g was added
continuously for 45 min. After adding, the solution was
filtered to obtain silica particles. Then, the particles were
dried at 130C one night, and calcinated at 1000C. The
calcinating condition was that the temperature was raised to
1000C for 10 hours, kept for 5 hours, and then lowered. The
obtained silica particle was spherical, the average particle
diameter was 0.1 um, and the D9%0/D10 value was 1.9.

[0046]
(Example 3)

A 2L-reaction vessel equipped with an agitator was set
in a constant-temperature bath, ethanol 85.5 g, water 184 g,
and 25 wt% ammonia water 204 g were put into the vessel. The
mixture was mixed by using the agitator with heating to 25C.
Next, with stirring the mixture, tetraethoxysilane 421 g was
added continuously for 45 min. After adding, the solution was
filtered to obtain silica particles. Then, the particles were
dried at 130°C one night, and calcinated at 1000C. The
calcinating condition was that the temperature was raised to
1000C for 10 hours, kept for 5 hours, and then lowered. The
obtained silica particle was spherical, the average particle
diameter was 0.4 um, and the D90/D10 value was 1.8.

[0047]
(Example 4)

A 2L-reaction vessel equipped with an agitator was set
in a constant-temperature bath, ethanol 171 g, water 184 g, and
25 wt% ammonia water 204 g were put into the vessel. The mixture
was mixed by using the agitator with heating to 25C. Next,
with stirring the mixture, tetraethoxysilane 421 g was added



2.132.12 1050C 2.32 2.32 2.23 2.15 2.14 [0060] [Table 2] Water-absorbing rate (" Calcinating

temperature (t) 700 800 900 950 1 000 1 050 16

continuously for 45 min. After adding, the solution was
filtered to obtain silica particles. Then, the particles were
dried at 130°C one night, and calcinated at 1000C. The
calcinating condition was that the temperature was raised to
1000°C for 10 hours, kept for 5 hours, and then lowered. The
obtained silica particle was spherical, the average particle
diameter was 0.7 um, and the D90/D10 value was 1.7.

[0048]

(Example 5)

A 2L-reaction vessel equipped with an agitator was set
in a constant-temperature bath, ethanol 342 g, water 184 g, and
25 wt% ammonia water 204 g were put into the vessel. The mixture
was mixed by using the agitator with heating to 25C. Next,
with stirring the mixture, tetraethoxysilane 421 g was added
continuously for 45 min. After adding, the solution was
filtered to obtain silica particles. Then, the particles were
dried at 130C one night, and calcinated at 1000°C. The
calcinating condition was that the temperature was raised to
1000C for 10 hours, kept for 5 hours, and then lowered. The
obtained silica particle was spherical, the average particle
diameter was 1.5 um, and the D90/D10 value was 1.7.

[0049]
(Examples 6 to 10)

The silica particles were obtained by following the same
procedure as that of Examples 1 to 5 except that the calcinating
temperature was changed to 900°C. The obtained silica
particles were spherical and the average particle diameters
thereof were 0.05, 0.1, 0.4, 0.7 and 1.5 um, respectively. The
D90/D10 values thereof were 1.7, 1.9, 1.8, 1.7, and 1.7,
respectively.

[0050]
(Examples 11 to 15)

The silica particles were obtained by following the same
procedure as that of Examples 1 to 5 except that the calcinating
temperature was changed to 950°C. The obtained silica
particles were spherical and the average particle diameters
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thereof were 0.05, 0.1, 0.4, 0.7 and 1.5 ym, respectively. The
D90/D10 values thereof were 1.7, 1.9, 1.8, 1.7, and 1.7,
respectively.

[o051]

(Examples 16 to 20)

The silica particles were obtained by following the same
procedure as that of Examples 1 to 5 except that the calcinating
temperature was changed to 1050°C. The obtained silica
particles were spherical and the average particle diameters
thereof were 0.05, 0.1, 0.4, 0.7 and 1.5 ym, respectively. The
D90/D10 values thereof were 1.7, 1.9, 1.8, 1.7, and 1.7,
respectively.

[0052]
(Comparative Examples 1 to 5)

The silica particles were obtained by following the same
procedure as that of Examples 1 to 5 except that the calcinating
temperature was changed to 700°C. The obtained silica
particles were spherical and the average particle diameters
thereof were 0.05, 0.1, 0.4, 0.7 and 1.5 um, respectively. The
D90/D10 values thereof were 1.7, 1.9, 1.8, 1.7, and 1.7,
respectively.

[0053]
(Comparative Examples 6 to 10)

The silica particles were obtained by following the same
procedure as that of Examples 1 to 5 except that the calcinating
temperature was changed to 750°C. The obtained silica
particles were spherical and the average particle diameters
thereof were 0.05, 0.1, 0.4, 0.7 and 1.5 um, respectively. The
D90/D10 values thereof were 1.7, 1.9, 1.8, 1.7, and 1.7,
respectively.

[o054]
(Comparative Examples 11 to 15)

The silica particles were obtained by following the same
procedure as that of Examples 1 to 5 except that the calcinating
temperature was changed to 800°C. The obtained silica
particles were spherical and the average particle diameters
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thereof were 0.05, 0.1, 0.4, 0.7 and 1.5 um, respectively. The
D90/D10 values thereof were 1.7, 1.9, 1.8, 1.7, and 1.7,
respectively.

[oo55]

(Comparative Examples 16 to 20)

The silica particles were obtained by following the same
procedure as that of Examples 1 to 5 except that the calcinating
temperature was changed to 850C. The obtained silica
particles were spherical and the average particle diameters
thereof were 0.05, 0.1, 0.4, 0.7 and 1.5 um, respectively. The
D90/D10 values thereof were 1.7, 1.9, 1.8, 1.7, and 1.7,
respectively.

[o056]
(Water-absorbing rate 1)

The water-absorbing rate was measured after the obtained
silica particles 10 g was put in a 300 mL-beaker and kept in
a thermo-hygrostat (LH-113 manufactured by ESPEC corp.) at 50C
temperature and 90% humidity for 500 hours.

[0057]
(Water-absorbing rate 2)

The water-absorbing rate was measured by following the
same procedure as that of the water-absorbing rate 1 except that
the condition was changed to 85°C temperature and 85% humidity.

[o058]

The specific gravity of the silica particles obtained by
calcinating at the several calcinating temperature was measured
by using Beckmann air comparison pycnometer 930 type. The true
specific gravity of the obtained silica particles were shown
in Table 1. The water-absorbing rate of the each particle at
50°C temperature and 90% humidity was shown in table 2. The
water-absorbing rate of the each particle at 85°C temperature
and 85% humidity was shown in table 3. The relationship between
the true specific gravity and the water-absorbing rate of the
particle having the average particle diameter of 0.4 um was
shown in Fig. 1. According to tables 2 and 3, it was founded

that the silica particles of the present disclosure had low
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water-absorbing rate.

[0059])
[Table 1]
True specific gravity (e/cm>)
Particle Particle Particle Particle Particle
diameter 0.05 y | diameter 0.1 y | diameter 0.4 y | diameter 0.7 4 | diameter 1.5 1
700°C 216 2.14 1.82 1.98 1.95
750°C 2.20 2.18 2.05 2.05 2.03
800°C 2.21 2.20 2.07 2.06 2.05
850°C 2.27 2.22 2.08 2.08 2.08
900°C 2.28 2.25 210 2.11 2.11
850°C 2.30 2.28 219 212 2.11
1000°C 2.32 2.31 222 2.13 212
1050°C 2.32 2.32 223 2.15 2.14
[0060]
[Table 2]}
Water—absorbing rate (%)
Calcinating 700 800 900 950 | 1000 | 1050
temperature (°C)
0.05 um 45 3.2 05 0.1 4] 4]
01 tm 55 45 0.8 0.4 0 0
04 ym 55 4.7 0.9 0.3 0 0
0.7 um 5.0 4.4 0.9 0.1 0 0
15 um 4.9 4.3 0.9 0.1 0 0
[o061])
[Table 3]
Water—absorbing rate (%)
Calcinating
temperature 700 800 900 950 1000 1050
°c)
005 um 1.3 0.8 0.1 0 0 0
01 um 2.0 1.5 0.9 05 0 0
04 um 2.2 1.4 0.9 0.5 0 0
0.7 Um 2.1 1.4 09 0.5 0 0
1.5 Um 2.1 1.5 0.9 0.5 0 4]
[0062]

From the results, it was shown that there is a correlation
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between the true gspecific gravity and the water-absorbing rate.
Concerning the silica particle having the average particle

diameter of 0.4 um, the silica particle having the true specific
gravity of 2.1 g/cm’ or more had the water-absorbing rate less
than 1.0%, so the silica particle which is superior in the

humidity resistance could be achieved.

[0063]

(Example 21)

Silica powder of Example 2 was re-pulped at 400 g/L, and
wet pulverized by using a sand mill. After then, a coupling
agent KBM-403 (manufactured by Shin-Etsu Chemical Co., Ltd.)
which is hydrolyzed at room temperature in advance was added
to the slurry, and stirred at 60°C for two hours. This slurry
was spray-dried by using L-12 type spray drier (manufactured
by Ohkawara Kakohki Co., LTD.). This time, the charge amount
was controlled so that the exit temperature was 90 to 100C.
The obtained silica powder was dried at 130C ina drying machine
to bind KBM-403 to the silica particle.

[0064]
(Example 22)

Silica powder of Example 4 was re-pulped at 400 g/L, and
wet pulverized by using a sand mill. After then, a coupling
agent KBM-403 (manufactured by Shin-Etsu Chemical Co., Ltd.)
which is hydrolyzed at room temperature in advance was added
to the slurry, and stirred at 60C for two hours. This slurry
was spray-dried by using L-12 type spray drier (manufactured
by Ohkawara Kakohki Co., LTD.). This time, the charge amount
was controlled so that the exit temperature was 90 to 100TC.
The obtained silica powder was dried at 130°C in a drying machine
to bind KBM-403 to the silica particle.

[0065]
(Example 23)

The silica particle was surface treated by following the
same procedure as that of Example 21 except that the silane
coupling agent was changed to hexamethyldisilazane being

alkoxysilane (HMDS) (manufactured by Shin-Etsu Chemical Co.,
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silica particle having the average particle diameter of 0.4 pm, thesilicaparticlehavingthetruespecific
gravity of 2.1 g/cm3 or more had the water- absorbn'}g rate less than 1.0%, so the silica particle which
is superior in the humidity resistance could be achieved. [0063] (Example 21) Silica powder of
Example 2 was re-pulped at 400 g/L, and wet pulverized by using a sand mill. After then, a coupling
agent KBM-403 (manufactured by Shin-Etsu Chemical Co., Ltd.) which is hydrolyzed at room
temperaturéisiadvance was added to the slurry, and stirred at 60C for two hours. This slurry was
spray-dried Ipy gigip L-12 type spray drier (manufactured by Ohkawara Kakohki Co., LTD.). This time,
the charge amount was cf ntrolled so that the exit temperature was 90 to 100C. The obtained silica
powder was |ercril%lf(v % in a drying machine to bind KBM-403 to the silica particle. [0064] (Example
22) Silica pow@%ﬁEMél@%Wﬂ@p\ﬁﬁfé@éﬁ@@g/E,rmﬂ/@tkp&al\ﬁéﬂzmylgsiﬁg% sand mill.
After then, aansplingaganikBis40 fpasafaciueg by &mnﬁaé@be@m’a@ Goe Lk nwhish is

hydrolyzed gt rogm t tHr%J a%% dded to r d stirred t60C for two hours.
This slurry Wa%%spra r(;]ﬁgé%g/ us%% %Véas%%a?l rlegr Hfé%ﬁr%cﬁ t%f/3~ I(56F1kawaraq Kakohki Co.,

LTD.). Thistife*he tharge SHGm m@?&}rﬁﬁﬂ%ﬂ%%dtrﬁw%léﬁr Rirfiplefahareiwad 96% 100C. The
obtained silicaipowder was dried at 130C in a drying machine to bind KBM-403 to the silica particle.
[0065] (Exa @596%:’) The silica particle was surface treated by following the same procedure as
that of Exarghg()le 21 except that the silane coupling agent Was changed to hexamethyldisilazane being

alkoxysilane (FIMISS) GHaMETaStrdd BY ST Etsd ehERfiSd co.,

(Example 25)

Silica particle of example 2 having the particle diameter
0f 0.1 pm and silica particle of example 4 having the particle
diameter of 0.7 ym were mixed in the ratio of 3:7 (weight ratio),
and a resin composition was prepared by mixing this mixture 232
weight parts relative to EEA resin 100 weight parts. The resin
composition obtained by this way was molded to a test piece of
2 square mm.

[oo68]
(Example 26)

Silica particle of example 21 having the particle
diameter of 0.1 um and silica particle of example 22 having the
particlediameter of 0.7 ymweremixed in the ratio of 3:7 (weight
ratio), and a resin composition was prepared by mixing this
mixture 232 weight parts relative to EEA resin 100 weight parts.
The resin composition obtained by this way was molded to a test
piece of 2 square mm.

[0069]
(Example 27)

Silica particle of example 23 having the particle
diameter of 0.1 um and silica particle of example 24 having the
particlediameter of 0.7 ymweremixed in the ratioof 3:7 (weight
ratio), and a resin composition was prepared by mixing this
mixture 232 weight parts relative to EEA resin 100 weight parts.
The resin composition obtained by this way was molded to a test

piece of 2 sguare mm.



21 Ltd. ) [0066] (Example 24) The silica particle was surface treated by following the same
procedure as that of Example 22 except that the silane coupling agent was changed to
hexamethyldisilazane being alkoxysilane (HMDS) a%anufactured by Shin-Etsu Chemical Co., Ltd.) .
[0067] (Effect example of surface treatment) (Example 25) Silica particle of example 2 having the
particle diameter of 0.1 pm and silica particle of example 4 having the particle diameter of 0.7 pm were
mixed in the ratio of 3:7 (weight ratio) , and a resin composition was prepared by mixing this mixture
232 weight dartsielative to EEA resin 100 weight parts. The resin composition obtained by this way

was molded tradest pigcesah-2 squane ugt12968] (Example 26) Silica particle of example 21

having the particle diameter of Q.1 pm and sjlica particle of gx le 22 having the particle diameter of
07 were rixed TG TR (GBet Tah e Sl S o o B S Saprebared by mixing
this mixtureEX3gnpbight2Faits refatier e EEXstasitl (0amsight parts oTHE tésin corspdsitidn obtained
by this wayavas:piolded-tp & tegpiecaaf Bsguaremmd0069{Fxample2d} of Silicampayticle of
example 2 i e icle-di ter, of and silica particle of. mpl haying the particle
diameter o%(?{a%%pgn% f erf%%ée%f#]%trﬁg r%ar%llg %%g%wéigf#rea?&)%ﬁ aﬁ%lél égﬁg%r%%(%%iﬁo\%gs prepared
by mixing ti§ HixtutE 232kheighCpartE fidtive 10 EERSERRALECWeRfR PAFETFhé FedfF Eomposition
obtained byathiowdy neascmoltesl th &7tesp piece of 2 square mm. 22 [0070] (Effect of surface

treatment) p. Theuhmamic.viseaplastisity.qf the testpieces.of Examples, 259,27, ware Jpgasured

(measuring, condition was 190t, a capillary to be used has the capillaiy diameter of 2.0 mm) by using a

capillary rh&8mter @ BSHahiBMidd BY T Sefki SRRAKISHY: 119.)2FR8 méhGd3or
measuring & WasnaccordipguodIS & 1199ove the molding processability.

INDUSTRIAL APPLICABILITY
[0071]

The present disclosure can obtain silica particle having
the sharp particle size distribution and lower water-absorbing
rate than ordinary particles. Such the silica particle can be
used suitably for the fields such as a sealing resin composition
of electronic components, an adhesive agent, and a toner
external additive.

The silica particle of the present disclosure can be used
for a liquid sealing material, a liquid crystal sealing agent,
a seal agent, apolyimide £ilm, a sputtering target, a CMP slurry
(abrading agent), a dental material, a foeod additive, and

cosmetics.



The result was shown in Fig. 2. The viscosity could be reduced by surface treating with use of a silane
coupling agent and a silane compound to improve the molding processability. INDUSTRIAL
APPLICABILITY [0071] The present disclosurétan obtain silica particle having the sharp patrticle
size distribution and lower water-absorbing rate than ordinary particles. Such the silica particle can be
used suitably for the fields such as a sealing resin composition of electronic components, an adhesive
agent, and a toner external additive. The silica particle of the present disclosure can be used for a
liquid sealing material, a liquid crystal sealing agent, a seal agent, apolyimide film, a sputtering target,
a CMP slurry (abrading agent), a dental materiakanfo@g additive, and cosmetics. 23 CLAIMS 1. Silica
particle having a water-absorbing rate of less than 1.0 % measured 500 hours after being kept at a
temperature of 50C and at a humidity of 90 %, and at a temperature of 85C and at a humidity of 85 %,
D90/D10 of13 o¥ IdssCa tpaa Spedific yravitySof2 Yag/em3sdransrel amdrart avefagepartieleadiameter of
10 pm or less. 2. the silicaspartielesacsaiding Joctaiarl pwhieh issytfage treateddyusinga silane
coupling agentoapdé%roé SAlageac#)mp%l{lrrlrg. megwodofog prod cmg the sﬂmaggr icle acc%rdlng to

claim 1, comprising a steprz ) 0 o&alnlnégﬁicg p%rti(?ies by aaﬁydr% ysaiLs Feearln 10N Of tetraet oxysilane

and/or a derivaivé-therebf bndl &etekddy viehlGRatingRRE HBiined silicarpariios i Saitstep (1) at
900 to 1050C. dp&he friethndsfoi pyodiicing the silita partticle  aseetdingstosataine JHavhereindhe
calcinating is prpcgeded-at the g@lcmtigg teperature of 950 to 1050C. 5. The method for producing
the silica particle according to claim 3 or 4, comprising surface treating with use of a silane coupling
agent and/or a silane compound. 6. The method for producing the silica particle according to claim 5,
wherein the2sufface srehiing iparoceete ddvcrredns of osprag dnyihg. WhAaksirscempdsitien
containing the siiea paricls,aceordingLoLlaight ok aNdiaesiBent and/or a silane

compound.

3. Amethod for producing the silica particle according to claim
1, comprising a step (1) of obtaining silica particles by
a hydrolysis reaction of tetraethoxysilane and/or a
derivative thereof, and a step (2) of calcinating the

obtained silica particles in said step (1) at 900 to 1050C.

4. The method for producing the silica particle according to
claim 3, wherein the calcinating is proceeded at the

calcinating temperature of 950 to 1050C.

5. The method for producing the silica particle according to
claim 3 or 4, comprising surface treating with use of a silane

coupling agent and/or a silane compound.

6. The method for producing the silica particle according to
claim 5, wherein the surface treating is proceeded by means

of a spray drying.

7. Aresin composition containing the silica particle according

to claim 1 or 2 and a resin.



