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2 GP-539 DESCRI PTI ON Met hod for producing

pol yor ganosi | oxane particles and for producing silica 2

particles 5 Technical Field The present invention

relates to a method for producing pol yorganosil oxane GP-539

particles and a nethod for producing silica

particles. 10 Technicabé%gﬂﬁg?fa Conventional l y,

silica particles having a particle dianeter

di stribution in a nonodi sperse state (to be sonetines

referred to as "nonodi sperse silica" 15 hereinafter)
Metrleo&nowm e dibuabef upcdyorardrousi I okbers paxteirabke and

material, or the like. Particularly, use thereof as a
fapaeeediicing |9iguidacppsttdicidispl ay attracts

attention, and their use has recently begun. It is

conventional practice to use glass fiber 20 chips or

e tigles; of a synthetic resin as a spacer for a
Techmibdl Fle ddisplay. However, although gl ass fi ber
chips afgeexeelseait ifvihbebn dicietes eecudr amthdéhefor
l ength thereof varies to a great extent, and chips
piadiogntopdlargegieragtiioxmme 25abbicilegaldnd obseetalolde
to deteriorate an image quality. Further, since they
f vaver sy Nehdst 1§ ey PRy iddlfage an orientation film
or protective filmfornmed on a substrate or a col or
filter or electric elements. Further, fine particles

rOinRi YAt Reld16 £ &5HR are poor

Conventionally, silica particles having a

particle diameter distribution in a monodisperse state
(to be sometimes referred to as “monodisperse silica”
hereinafter) are known to be useful as various fillers,
ceramic material, or the like. Particularly, use
thereof as a spacer for a liquid crystal display
attracts attention, and their use has recently begun.

It is conventional practice to use glass fiber
chips or fine particles of a synthetic resin as a
spacer for a liquid crystal display. However,
although glass fiber chips are excellent in fiber
diameter accuracy, the length thereof varies to a
great extent, and chips having too large lengths may
be visually observable to deteriorate an image quality.
Further, since they have sharp ends, they may damage
an orientation film or protective film formed on a
substrate or a color filter or electric elements.

Further, fine particles of a synthetic resin are poor
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1in particle dianmeter accuracy, so that they are
soneti nmes i ncapabl e of satisfying perfornmances that
they are required to have as a spacer for a liquid
crystal display. When hi gher gap accuracy is required,
5 therefore, there are required particles that are
excellent in particle dianeter accuracy and are

1ng BRer Gl e afldaedie T ACPRBRFYde Sthe bk sEBrYi By eof
' n orientation film.and protective film

softSIS P ShaBl ol or= bt E5Pand e EFo bidarad ihatio
thele Bl Sredailrdy A R 66! B GRldde fORGHCL! M dlddn

or the Iiké. For satisfying the above requirenents,
criyiserael daselkeen Mlopnskd giid it cqapardd@lescobtial nedqhy red,

hydrol ysi s and pol ycondensati on of a silicon al koxi de.
thezefipgrei | tharpastic| eaahavedt pe ftold bav nghadv ameages:

1), . They have a_high purity, and there is [little or
xR R oD e R A e ARHE 6 A9GHACY 8RFsBA® by an
L ut.i C 0 . (2) Th ar cellent.in.particle
sefed il AR RER ! angttRRe TRt kR off
dafthgvald adh 0H) i eh@RITESANt £61 RY ahlie vl { O DgeeXAngssi on
can be controlled into 10 %or |éss. CV (%N =
fofskeandar da devbatirat g Mr od Eoher Farlit<eteor electric
diameter]/[average particle dianmeter (gm] x 25 100
elempenfifeySeah BE Por lP sl arkvdcaddnpl eerduspharces i ko,
rth?lt th%¥ can preclude the possibility of damagi ng an
OT 5 Hénti2t fOn filmand protective film formed on a

substr§%§.%ﬁf&g?b?ﬁgﬁéﬂé”aﬂgvglggEGf}ements, there

have been proposed silica particles obtained by
hydreclysis and polycondensation of a silicon alkoxide.
The silica particles have the following advantages:

(1) They have a high purity, and there is
little or no influence that is caused on a liquid
crystal by an elution component.

(2) They are excellent in particle diameter
accuracy, and the CV value (coefficient of variation)
represented by the following expression can be
controlled into 10 % or less.

CV (%) = [standard deviation (um) of fine

particle diameter]/[average particle diameter (um) ] x
100

(3) They can be formed as almost complete
spheres, so that they can preclude the possibility of
damaging an orientation film and protective film

formed on a substrate or a color filter or electric
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2 elenments such as an I TO electrically conductive
film or the like. Further, as a spacer, there are
al so recently used pol yorganosil oxane

(pol ynet hyl si | sesqui oxane) 5 particles that are
obt ai ned by hydrolysis and condensation of a silicon

el@hKAXs0& 1Y 09 gnNeAp Aot YZahh & RldoHagEfYPe £ilm,

(methyl), such as al kyltrial koxysil'ane
or (urehylityd .al koxysil ane), and that are inparted with
softness to sone extent so that the 10 particles are
i npr ovEdritheft,xiag andrbordinthoropere @ddm wetenbild
crystal cell. As_a nethod for produci, such,
us e 99@@’%%4%%%&8?‘6%&%‘%5@ FBY; Stlgr%rees%‘éﬁoﬁééﬁ)

paﬁé?%?%@déﬁuﬁtgg LB LWy Pﬁe{k/{:i%ig?b}&oixé/séﬁane or a

arti drol'ysi’s ‘condens and an

coR@ERQHE i oFP| dit | HNsE RN S0k GRTBBI A irdN AMhBR-Or a
solvent solution mxture of water with an organic

hydoblgntldre allentt gdownlp | enathwhj | apercistat e i s
mai nt ai ned substantially w thout m xing them (see

allpl Braazdzanysilape| dmeid wboyea hkerad 1 el er anghghat
articl i ameter qf the pol ynethyl sil sesqui oxan
ararbparged o TR Fotios 5% RonToBr 6F it HEC bAERE dihe
n rat ] f; the & I.a 1.e; a | owner

pafLfcIBUEN Ahb o0y F S PRSP IR 0 o
prépeet2espam i £l esqlisd rAefdtdl ecesa  t hat the nunber of

formed particle cores is |liable to vary. Even when

the rkachi ortilodaforeprogtucinderstbk sane

conditions, the diameter of finally obtained
pPoburetBrds ideis alBOKes® AT F hEbRded thats ches been

prgﬁggghe% ﬁ§¥hgéaggl%hf@gﬂhégﬁyltrialkoxysilane or a

partial hydrolysis condensate thereof and an agueous
solution containing ammonia or an amine or a solvent
solution mixture of water with an organic solvent are
reacted while a two-layer state is maintained
substantially without mixing them (see JP-B-4-70335).
In the above method, however, the particle
diameter of the polymethylsilsesquioxane particles to
be formed is contreclled on the basis of the
concentration of the ammonia or amine cof a lower layer
when they are charged, and the formation of core
particles is indefinite, so that the number of formed
particle cores is liable to vary. Even when the
reaction 1s carried out under the same conditions, the
diameter of finally obtained particles deviates from

an intended particle diameter. For example, when the
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3 production is carried out 10 tinmes under the sane
conditions for obtaining particles having an average
particle diameter of 5 pm the particle dianeter

vari es by about 40 % (approximately 2.0 pn) of the 5
i ntended particle dianeter. On the other hand, there

P BT AT Ty oA e e
coa%lﬁ,'tﬂlgol?s MPRRUILERE & %gg{%ggﬁf&dédﬁaa%n;eﬁﬁ' SLY 1AW 90

aving a desire can be

a@htiai nedy { sge (1R A 20905 80598). 0 i's
P23 ‘et hod iﬁ %ﬁ%&h%”ﬁg?hﬁﬁfrgg%k5§V§Pﬁ%%§ ?gaggﬁggg to
vauridey doy hydoakysits % angppebaensatdion £». bopmsead the
. particles of polyorganosil oxane particles and then
inteadaddrastpade diegnakergrown to produce

G oot oo, o FRET wER HSre brd s Brpposed B
e et B R G u eh P E SRS e TpRgT L ctes, in

whdepe s ngi gpes kv iv@ndeslohbdalspd- parpheke dianet er,
is derived fromthe average particle dianmeter of the
digged gardiskedpbutheon candehbvaticgora odeaired particle

_particles-gromﬁggﬁsojution, and the |ike, on the
diggsitepicanspeciofit@ g dul Gerod FdrmP 80-8RE %Bnat t he

seed panticl.e solution |s, diluted at, such 25

di luti oR a%k?%vgnﬁ‘eécg’é)éjd 1 ?h‘aegQPH 81%_3“—”@?8% ng
me%wyﬁﬂfﬂhlkgﬁ&%@ﬂéﬂépIQdESng®3ﬁggﬁﬁgéfhexﬁyﬁ olysis

Particles having an I ntended particle dianeter. ﬁr1¥%e
andbauh deet 88 i choOwRY eforimt skedr @aitiash esoogal cul ate

the dilution ratio for every batch and
polyorganosiloxane particles and then the seed
particles are grown to produce polyorganosiloxane
particles having larger particle diameters, and the
method has a characteristic feature in that the
dilution ratio for a seed particle solution, which is
to be determined depending upon an intended final
particle diameter, is derived from the average
particle diameter of the seed particles, the
concentration of a particles-growing solution, and the
like, on the basis of a specific calculation formula
and that the seed particle solution is diluted at such
a dilution ratio and added to the particles—-growing
solution, thereby to produce polyorganosiloxane
particles having an intended particle diameter.

In the above method, however, it is required

to calculate the dilution ratio for every batch and
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4 carry out a dilution operation therefor. Further, it
is difficult to produce pol yorganosil oxane particles
having a | arge particle dianeter of over 10 gm which
have cone to be demanded due to a recent change in the
5 specification of liquid crystal displays.

. qalt. | i i.cl .
cagdyl A ani B PR E R P Rar ) B R s b
isapd fhavh D 8o sPET 581Gl 1 GRBRhEr particles

di stribution can be obtained, the particle dianeters
hagieicantI ot hedplG ticidedobfier df OMoaBd Wrehn ! wisich
attenpted to make the particle diameters uniform up
hayg £afs okdebel demanded dyeditiof ixurecentcohemde tie the
As descri bed above, al nobst_ not hi ng

particle dianmeters.
Spﬁé:sl‘flble%ﬁth@pme eglaﬁdﬂ S ¥EtRdd D¥SBLBAGCi nfuBthermore,
| . oo . . o
2 1BRAEA00D VLA S SL Eh 8% pak A0S PR Blob S

paPafild1d &g fhareler S siyy iﬁakm t18f 80T 5810 um and

nonodi sper se, or a nethod of produci ng
hapdingoraganosoHosare garpact €slehaldiane t ar gdipantiiaitei on
di ameters in which the particle 20 dianeters ther eof
cagr et ahnedr mtie tRABt hfl6r ddrame teges . are controlled
. AlggLnatively, there is disclosed a nethod of
10, toGuG T EpRér Hal ahdi¢hepaiti dieatiempheeh tp make
0 - [ [ r.j | ci ped at 2
tl'ltee e@a%%% Q?S\?\t}%%cﬁ??gng?ég% élp;rtgcﬁpg(frqr@t ﬁ?ld)earofls?‘{%l’

itmalsecui £f i sudecemeaatk £§00thel p3A0(31£58¢ adlthrrs

13089). However, this nethod involves a. probl emthat

when pélsyrbt syt $bedxabe par t 2 thes tane tdei g nkdst defear m
re%h?éﬁﬁ éggugagtHgéﬁggrgfggiggdéfkgreaSEd 'n
polyorganosiloxane particles in which particles
obtained have a large particle diameter and the
particle diameter distribution thereof is monodisperse,
or a method of producing polyorganosiloxane particles
having large particle diameters in which the particle
diameters thereof are made uniform up to a nm order
level.

Alternatively, there is disclosed a method of
producing spherical silica particles, in which a
polymethylsilsesquioxane powder is calcined at a
temperature at which the organic group (methyl) of its
molecule is decomposed (500 - 1,300°C) (see JP-B-5-
13089). However, this method involves a problem that

when polymethylsiloxane particles are calcihed to form

silica, the particles are greatly decreased in
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5 dianmeter, so that it is difficult to attain the
final particle dianmeter of the intended silica
particles wth good accuracy. The silica particles
obtained by this nethod are therefore not suitable
for use as a 5 spacer for a liquid crystal display, or
the like, which requires . particularly high particle
et br SRClRoy 1 0N ST | bW pacand dne Tinal
i2+a rq.diff rti.cl ' . .Qf i cles
A i e A LR
wifdl tgsd@sibcukd dypr thee, sthera iga APothes Rl s &hsy
the organic group is sharply deconposed or eli m nated
thdw ingthbd acal diengfownki abtresuitsbia docasssahes ea
the disruptive strength of the particles decreases or
SPAKEET ph?Fi 8l dd B e BKehalisligmd vsups &he Helke,

I ' . Und t.he. ci t ,_hto fj.rst
LD, PReL e LT SUIE! anees ettt 202 U et
ad@rady OINGLNGYPYI YA OANPSL! 9XANS PALLAELAS (3AL T STYINg

a 20 particle dianeter range  (approxi nmately to 30 m

dififidradit e agparsfaries doamatkeirqwd wLyst al @i S ayn Oknd
as standard particles and having a particle dianeter
Preidtgt but pantiledte idiamabddrrspdr sdyt atngdogayitel alise Hy] .
a short period of tine. 25

si.npl e procedures for
Fug{afor CRELPs i GoRohaeBbpaek 16m tHea pr E5enorganic

[ i | d ' trially. ad t )
TreliR ot 1o Rl G BRr 58P gRhos 1 ORRBE B ArGid  the
callcQdiGey i hheanpaiddel €5 BAVLNg. U oh,parLi ¢he di ameter

accuracy [low CV value, |low particle draneter
disruptive strength of the particles decreases or the

particles are broken.

Disclosure of the Invention

Under the circumstances, it is a first object
of the present invention to provide a method for
producing polyorganosiloxane particles satisfying a
particle diameter range (approximately 1 to 30 um)
suitable as a spacer for a liquid crystal display or
as standard particles and having a particle diameter
distribution that is monodisperse, at good yields by
simple procedures for a short period of time.

Further, it is a second object of the present
invention to provide an industrially advantageous
method for calcining polyorganosiloxane particles to
produce silica particles having high particle diameter

accuracy {low CV value, low particle diameter
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6 difference (particle diameter of particles as an end
product - particle dianeter of obtained particles)] by
sinpl e procedures for a short period of time. For

achi eving the above objects, the present 5 inventors

have made diligent studies and as a result have found
the foll ow ng. When pol yorganosi|l oxane particles are

difiiRKeReEct HPdgH ¢ he diapesrmhyuf ®PyrLaglesnes an end

o= 8 S o, STpRind T 1L L
si&ﬂ@lﬂféégﬁu@éﬁg% rgéogﬂéﬁgt;;?s?tgfgd b? N LPresence

of a catalyst, orm see es o

pol yor geawsathxand marth €l gsoded oifsereby, obhai Ririkeént
~ seed-particles-contai ning solution and the step of
inyfditera barve glagleroid hgeaduedusd sot uthdn acord at@sngt

15 t$e same silicon conpound or a hydrolyzate thereof
haye tqerdpbhe deddidatifcl e¥REBNPALY I BBP 6 oK ANS

e ove seed particles, (i) ip the _above sitep,
pa%;t%\gf)]tégn?%g P%eo suece%g EéFPiu@I%est&t%n‘?gFﬂi A ?@[Cﬁf‘?%ﬁglng
amduabﬁ@@n§&th%né%hf@HHOHB%ﬁd%ﬂHf%%%¥ﬁ§ 3N &M i con

aqueous nedium 0.7 to 6.5 1mass ppmo basi c
atoat dl yswhishadderbri-ch fecahowd 1 aqueous BB wmto
cause the silicon conpound to wundergo prelimnary
hyRrrlor 32l seand keoritlengaelipn arandanedasic thtealpstsésce
dded thfre&o i.n an anount necessary 25 for form ng
ti

Of?ﬁ’e AU BaFt i Ho%es TR nB8egf PAIdI Yot ganeSi | oxane, to
PoLTIP L BUENE SREL IR LLTLES o Tl Ll DS AR5
seRA-tg L €5c 2B -RAMH £4i 18" solution and the step of
adding a particle-growing aqueous solution containing
the same silicon compound or a hydrolyzate thereof to
the above seed-particles-containing solution to grow
the above seed particles,

(1} in the above step of obtaining the seed-
particles-containing solution, when the silicon
compound 1is dissolved in an aqueous medium, 0.7 to 6.5
mass ppm of a basic catalyst is added to the above
aqueous medium to cause the silicon compound to
undergo preliminary hydrolysis and condensation, and a
basic catalyst is added thereto in an amount necessary
for forming the seed particles formed of
polyorganosiloxane, to form the above seced particles,
or

(1i} in the above step of growing the seed

particles, the seed particles are measured for
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7 dianeters continuously or at intervals of a constant

time period and the reaction is term nated when an

i ntended particle dianmeter is reached, or (iii) in the

above step of growing the seed 5 particles, an

anionic surfactant is allowed to be present in the

particle-dianeter grow ng aqueous sol ution such that
dipe beREerONdti O EREYeST iat tHetepupdisclof di apenekant

: L Ng.aquequ olution satisfies a ,specific
tl%a%)\gﬁ’?pﬁ ?l &Ppcfesg? oﬁ?aféﬁ%rje%yt?ﬁ@lf‘ialtsetd dHr@Rt @Ban
ieerfgbheyadt 1 AU t@?éme‘tﬁ% &ffsfé‘écheﬁe”.to%r s have

found that dhen pol yorganosi'l oxané particles are

heat-treatefl o tHOMSOvE kiked RA Ly LLASn PRl NddRHY
cal cining of the polyorganosiloxane particles is
P addy ¥¢ kels eunataral dbi s peairffiac ttaanpert at ailé cardl thenbe

regul ar ,calcining thereof is carried out at a
Prtee%‘p‘?e\: atfir £h&q 3t bat erdiamst an gheewiRan aqurous

{ t at_.whi ch the organic roup, of the

Sor}o y%élga%gée:ihl Sfihe FR°4588 Jgeroa}tgﬂ%rgﬁ)?retorfe in the
a4acl €Ps Lyl Amlehte i hYe S dEngd h 20, v isFi

P parlii cl es a%nd&%he ﬁg‘gi#ég ag#dr parti %?gg?agglsesra{/%zdﬁles a

spauri ige t helbedtortdeaé RPRbssalcd,sol ved, so that the
second obj ect can be achieved. That is, according to
t he prégdegxebnvéhe diirst hebgeate qarobeledchisviel). a
nmet hod forﬂgr oduci ng pol yor ganosi | oxane particl es,

whi ch COpTi8Es hE SRAPER) R VRPGUIyZrage deund that

w%%ﬂ*ﬁ%%&ﬁgggp%%g$§§%§%nB%%%qcfegrg}geﬂg%@—gfggyé to
produce silica particles, preliminary calcining of the
polyorganosiloxane particles is carried out at a
specific temperature and then regular calcining
thereof is carried out at a temperature equivalent to,
or higher than, the temperature at which the organic
group of the polyorganosiloxane is decomposed, whereby
the decrease in the disruptive strength of the
particles and the breaking of particles, observed
during the heat treatment, are solved, so that the
second object can be achieved.

That is, according to the present invention,
there are provided;

{1) a method for producing polyorganosiloxane
particles, which comprises the step (A) of hydrolyzing
and condensing a silicon compound of the general

formula (I),

R!.Si (OR?) ,__ e (1)
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8 wherein Rl, which is a non-hydrol yzable group, 1is

an al kyl group having 1 to 20 carbon atons, an al kyl

group having I to 20 carbon atons and having a

(et h) acryl oyl oxy group or epoxy group, an al kenyl 5

group having 2 to 20 carbon atons, an aryl group

having 6 to 20 carbon atons or an aral kyl group havi ng

7 to 2@heardion Rt,oMBL1Bh2 iisS aAmeh Ky dgpaye e ngrdup,
. to 6 carbon atons and n is an integer of 1 to 3,
ispppvisddy 1 t iueumhédm walpd ut at bt ¢ Cofcarlzomr et pmssern

be identical to, or different from

ach of Rs 10.ma
algwﬁergrcﬂm%vlaﬁymaty Hert®ne? SRIPCRaLATER aDH deding =

S a be_identi cal
5P S T Fu BT HHane R S siS a g, e e
grbli® MAsENGe20t 0 2eAtdd MSbn aeoin%r,ma%?eéirg@r birehgs 15

of pol yorganosi |l oxane particles and thereby Obtaining
hagigged part? 8l esrbant catomg sol ahi @arakkydlt jeostrehaBing
of m xing said seed-particles-containing solution wth
7 §op&% i AR agt s grwiing ayuedlyls@uaupnhaving 1 to
containing a silicon conpound, of said_general formula

f i
® S6TCDR A Ayardl yrate thet BEPI%T0 Yt otv 53 drs@gpvided
thBRr WS, }%}Dﬁrgqg_lfsgrcflfgl?fé SL P8 ggﬁs‘%tne& l(és%cﬁf Olfn Rls

obt ai ni ng t'he see es-contai ning so ron
mayhbeh,igeni gaid e, iconacorpednd ifsrdthssetued ot avery

25 aqueous nedium 0.7 to 6.5 mass ppm of a basic
otbetraloyst, i snddtibe tt ovisai da agliesad inpdi aifn OR® canee t he

silicon conpound tq underqghpyelininary hydr ol ysi s and
PregRddns 23 oh, Cdn@Rashasivc Rat hiigsticg laddbd ¢hereto in

di@%e@%%ntfpgﬁ?sg%%xf oc!rfgxrrg}r}}g ottrﬁleersegrge,!)art icles
in the presence of a catalyst, to form seed particles
of polyorganosiloxane particles and thereby obtaining
a seed-particles-containing solution, and the step (B)
of mixing said seed-particles-containing solution with
a particle-diameter-growing aqueous solution
containing a silicon compound of said general formula
(I} or a hydrolyzate thereof, to grow said seed
particles,

the method comprising the step (A) of
obtaining the seed-particles-containing solution in
which, when said silicon compound is dissolved in an
aqueous medium, 0.7 to 6.5 mass ppm of a basic
catalyst is added to said aqueous medium to cause the
silicon compound to undergo preliminary hydrolysis and
condensation, and a basic catalyst is added thereto in

an amount necessary for forming the seed particles
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9 formed of pol yorganosil oxane, to formsaid seed
particles, (2) the nethod as recited in the above (1),
wherein the basic catalyst is amonia, 5 (3) the
method as recited in the above (1) or (2), wherein
the silicon conmpound of the general fornula (1) is
met hyl tri met hoxysilane_or vinyltrinethoxysilane, (4)
fot%%e‘?ﬁoﬁoéémrr&ﬁft%llﬁxéﬁ?:oﬁ‘@ ofoxmesaid amnd (1)

tQ. wherei n the pol yorganosi | oxane particles
paﬁ&ﬁ%ﬁ%@ﬁ’have an average particle dianeter of over 10

c verage particle dia
Coer 11 ant o SRrTS o (Lo vaPHept <R #B8%E .

whkr<(i7) eheebhed d tfatpa DPYei AG Rl gaposi | oxane
Particles, which conprises the step (A) of hydrolyzing
and condensiing meshloiccas coepbdurd din tttes gehewal (1) or
formula (1), RLnSi (OR 2) 4-n 20 wherein Rl, which
(Z)g FhfoRe h)dibey Aot ECeR oGpmPouachP fl k)P geasr aavi ng
0 rbon_at . an kyl aroup having 1 to 20
foé&ﬁ@ﬁ% 5§on%Saﬁ&ﬁﬂﬁh?@lge%bggﬁéiﬁﬁéko?Foxy group or
vig@quﬁﬁggﬂex?gfygggwl group having 2 to 20 carbon

atons, an aryl group 26 having 6 to 20 carbon atons or

an aral(d)l gieupehdvidigis 7ré0i2BdCaAMDAN A OFE, oR ZHeS

an alégl group having 1 to 6 carbon atons and n is an
abpopteegel) ofo1 (80 ,3 whernwidethet patl whepanoplidoaddrtey of

R s are pres nt, each of Rs
particles produced have an average particle diameter

of over 10 pum and have a particle size distribution
whose coefficient of variation (CV value) is 5 $ or
less,

(5) a method for producing polyorganosiloxane
particles, which comprises the step (A) of hydrolyzing
and condensing a silicon compound of the general
formula (I},

R'.Si (OR?) ,_, - (1)

wherein R!, which is a non-hydrolyzable group,
is an alkyl group having 1 to 20 carbon atoms, an
alkyl group having 1 to 20 carbon atoms and having a
(meth)acryloyloxy group or €pOoXy group, an alkenyl
group having 2 to 20 carbon atoms, an aryl group
having é to 20 carbon atoms or an aralkyl group having
7 to 20 carbon atoms, R? is an alkyl group having 1 to
& carbon atoms and n is an integer of 1 to 3, provided
that when a plurality of R's are present, each of Rls

may be identical to, or different from, other or every

10
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may be identical to, or different from other or every
10 other one, and that when a plurality of OR2 are
present, each of OR2s nmay be identical to, or
different from other or every other one, in the
presence of a catalyst, to formseed particles 5 of
yar.ganosi |, oxan rticles,and.thereb taining a
ot B B (R Lot B ATh® ot BErar ant (T8 c1BB (9
pre&eftxi Ny SR §rS8RAzPALL! HSr GORE aLAING SOl ion with
a particle-di aneter-grow ng aqueous sol uti'on
difoetraint NPrémsi btaer eamoustdyobtsaird genegral fornula
10 (1) or a hydrolyzate thereof, to grow said seed
inpahei Pressende adt bodadonpy$8i njot Horgt epe¢d) pefrticles

gromﬁn%_ the seed particles, in which the seed o
oL pRPLYOTERNR B L A¥ 286G &P FlotCUeanerer SharePrusbspyi rdmy

+ ShabPIEL 0 0B SOTBIENL L LTS 00 208 B )

réactron is term [
of GhaNBHE J5ideseBadped)idNesBbARY i3S {LCLL 8Bl R th
above (5), wherein"the seed particles are neasured
a partdicdretdt sme tontigrecuisiy ofguabuisntserMat sonf a
const ant tine‘feriod 20 in a manner in which part of a
COREAGNleY gl Bt L bAOKhs coftmpird aAdsbisugrnenad dommacia
Wth a @ﬁéieciive- colloid-formng agent to forma
(IhrBEelt AT Y BRECORN1HRA bar EPcFESY $akd Fe8etion

-utiQn, and then the neasurenent is made by a
paggggegg’nethod, 25 (7) The nmethod as recited in the

above thr @letH& , c¥hpkeisn ddrecpo! ypeganesi |Oxageowing

particles are polynethylsil'sesqui oxane particles, (8)
théheeret pad-tasctesi t eédi iwhiarly bhe ekeichearticles are
measured for diameters continuously or at intervals of
a constant time period and the reaction is terminated
when an intended particle diameter is reached,

(6) the method as recited in the above (5),
wherein the seed particles are measured for diameters
continuously or at intervals of a constant time period
in a manner in which part of a reaction sclution is
sampled and brought intc contact with a protective-
colloid-forming agent to form a protective colloid on
the particles in the reaction solution, and then the
measurement is made by a Coalter method,

(7) The method as recited in the above {(5) or
(6), wherein the polyorganosiloxane particles are
polymethylsilsesquioxane particles,

(8) the method as recited in any one of the

above (5) to (7), wherein the particle-diameter-
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above (5) to (7), wherein the particle-dianeter 11
grow ng agqueous solution containing the silicon
compound or a hydrolyzate thereof is added at a rate
of 0.01 mM/mnute or less per mlliliter of volume of
the seed-particl es-containing solution, for obtaining
grbwtihe RRhvaseanesilh@xaie @@ﬁth@h&&dﬂaﬁhegsm%@met er
of over 10 ~um (9) the nethod as recited in any one
conpoum@ cabowehy8)yotlyze)e wherepd tie added at a rate
polyorgan03|loxane particles finally obtained have a
ofplrOilcimd dr et er ogf 1RF 3 por3uiddidider cosf Modiva of
ation

th
end) sERE-HATh Shedansdl ey SpabeRis, Rk ktaining
tnEOPBAIRAY dies FLERALA) 10 ﬁr@yeﬁ.e'syy qg#ng?\ng 89?%%@1”90f
a Silicon conpoun e general of mul
ovB8d 10(QB 2 ) 4 mhereln R1, which is a
non- hydrol yzabl e group, is an alkyl group having 1 to
20 car §8n athenmepethodakleylragbupdhani agyl ame 20fcahlson

ons and having a_20 (neth acryloyloxy group or epoxy
ab@V8Ud5)arF%l k%hw Whed-'reo‘t}'b i R LY TSP 341 BFR A ons,

h b
paBPifiks roﬂglﬁz%%gt%ﬂf‘% SevEaroan "j‘ilgfe Righerey, of
kylg
i Tt R R S e L

lesk,R s are present each of R's may be identical to,
or different from other or every other one, and that
when a (pPur @ ingtlhpdORoZ HrodpereBenPP lewctgafiooRl2gane
pa?%gc?%gfkﬁgigﬁlcg%pé¥ses the step (A} of hydrolyzing
and condensing a silicon compound of the general
formula {I),
t''si (OR?Z) ,_, o (1)
wherein R!', which is a non-hydrolyzable group,
is an alkyl group having 1 to 20 carbon atoms, an
alkyl group having 1 to 20 carbon atoms and having a
(meth)acryloyloxy group or epoxy group, an alkenyl
group having 2 to 20 carbon atoms, an aryl group
having 6 to 20 carbon atoms or an aralkyl group having
7 to 20 carbon atoms, R? is an alkyl group having 1 to
6 carbon atoms and n is an integer of 1 to 3, provided
that when a plurality of R's are present, each of R's
may be identical to, or different from, other or every
other one, and that when a plurality of OR? are

present, each of OR?s may be identical to, or

different from, other or every other one,
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different from other or every other one, 12 in the
presence of a catalyst, to formseed particles of

pol yor ganosi | oxane particles and thereby obtaining a
seed-particles-containing solution, and the step (B)
of m xing said seed-particles-containing solution wth

10 SRELET HEPRCE Plodh CEFBOERL” of ol SFTeREPH! PR ALF bes
of(gkﬂﬂgfﬁgwgﬁghéégh%tﬂE%@?Ele%o %éw%ﬁéfg?gf%%talnlng

conpri’sing

a gb@ﬂ%rﬂﬂcl@%—%@ﬁﬁ@ﬂﬁh@ €51 uti o) CAnantari i€p (B)
surfactant is added to the seed-particles-containing

ofsplintiron $aidgsewdtpaskeedl partiocitesinihe apiloriiion with
surfactant having a concentration that_satisfies the

a P@E%%Qﬁﬁﬂdlé%ﬁﬁéﬁﬂQﬁP%}my aﬂge¢ﬁf)@?%U§XPn/ ( AXR)

- % 3 rein, 3 1S a theoreti.cal obtaln ggyfmula
Ot d’ﬁr{bg a® nBi&d o4t WY 8f °& p‘ir c? PREF

ydr.ol predu Sigl n

o e Py e ReP R o Ph 8PP 556

pat@iRrAwEy, Y is a concentratlon (mass 9% of the anionic
surfactant in the particle-dianeter-growi ng aqueous
sol uti dine Xnéshadnaesp()s iofigt hker swearat €81 abft grigeving

used 25 for {nthe3|s of the seed particles, Ais a
th€o§£64n£%rF©F 65 1t Het SORLEROoAS 2o QREC ﬁﬁqﬂﬂ9Eﬁ%% is

acliBh Yo SR NG 500 PALL] ghesorR J i Ay 24818 on to

grow the seed particles, the anionic surfactant having
a concentration that satisfies the relational
expression (II),

Y=aX (aXxXX) ,/ (AXR) e (11)

wherein a is a theoretical value cobtained by
dividing a molecular weight of a product that is a
hydrolysis and condensation product of the silicon
compound with a molecular weight of the silicon
compound,

Y is a concentration (mass %) of the anionic
surfactant in the particle-diameter-growing agueous
solution,

X is a mass (g} of the raw material to be used
for synthesis of the seed particles,

A is a total mass (g) of the solutions for use
in the step (B) of growing seed particles,

R is an average particle diameter (um) of the

seed particles, and

13
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seed particles, and 13 a is a coefficient in the range
of 4.0<a<_75, (11) the nethod as recited in the above
(10), wherein the anionic surfactant has an HLB val ue
of 15 to 40, 5 (12) the nethod as recited in the
above (11), wherein the anionic surfactant is a

hi gher al cohol sulfuric ester salt, (13) the nethod
as recitedsia £he ffiovieeftl 2} n tWHem§Hg¢hefhﬂgw§a<75

aIcohoI qu ic_e r.salt _is.10 sadiu dod
sul fac e S ¥h SR e p et ed ﬁe%@r ¢ -
wH@%@%h(éﬂe gﬁle%Qc g@ffgb@anﬂwﬂg$ £heBL EA% £ L5
formng seed particles, a separately prepare (ﬁtﬁ
tocdrtt,ai ni ng pol yorganosi |l oxane particles is added to a
15 reaction system containing the silicon conpound,
and t he & | thenmediwalires | secateed io tindeabove (11),
h ydrolysis and condensation in the presence of the

6&%} o=h®shPdeRiE pr¥ferkant ¢ § ;¢ i BBege@d cohol

e ), the nethod as recited in any one of
su?ﬁ%hkl o%%t?%o% lElt’(14) wherein the

pol yor qandsi ¢ RXaRE LHRA LA €| £chaLe ah UL ABRA 11 F,
di anmeter of over 10 gm and % a od for

wheredirci nige shliigh@ pari¢shes, sua&m@hegamar is%8% is
prelimnarily calcining the polyorganosil oxane

sofdim (dedeoplaismddanet he method recited in any one
of the %Eove 1) to (15) at a _tenperature that is
hi gher ‘tffdn the’ Peiberhtas erfiERd 1n any one of the

above (10) to (13), wherein, in the step (A) of
forming seed particles, a separately prepared solution
containing polyorganosiloxane particles is added to a
reaction system containing the silicon compound, and
the silicon compound is caused to undergo hydrolysis
and condensation in the presence of the
polyorganosiloxane particles, to form the seed
particles,

{15) the method as recited in any one of the
above (10) to (14), wherein the polyorganosiloxane
particles have an average particle diameter of over 10
um, and

(16) a method for producing silica particles,
which comprises preliminarily calcining the
polyorganosiloxane particles obtained by the method
recited in any one of the above (1) to {15) at a
temperature that is higher than the temperature which

is lower than a decomposition temperature of the
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is lower than a deconposition tenperature of the 14
organi c group contai ned therein by 150C and that is

| ess than the deconposition tenperature of the organic
group, and then cal cining the pol yorganosil oxane
particles at the deconposition tenperature of the 5
organi c group or higher. According to the nethod for

orgrgdiuTi go upokyortgaitosi | bkare ipardy cl 885C pandi déd thyis
t he resent i nvention, polyorganosi| oxane particles

les its¥34 nphg d@a%n%lrylpar é@“\zﬁ?ﬂﬁ’%‘%edp&r@th@r PEGyeic
X ely 1 {0, 30 and haV|n nodi sper se
gr%Qllp(' egdilzg%rrét é%/alqcslﬁ Bugkgnpé)a BeI Pt r883§~é’a‘a§& good
paltlta_'cdlseé Of t At HROde RSB fi ol rfeenﬁyeﬁwﬁk% focgeur es
wi t hout requiring the procedure of diluting the seed-
orgamtiic| gsegpowirnd isgtiet L on, and the |like, so that 15
particles having desired diameters can be obtai ned

each tiFRCOTBINEr §anddia gxeileogadpircire dbednged by
ove nmethod are sujtable as a spacer for a liquid

PO N Ge (T b aotisr Bttt G ass d Brat A d by ALKE: HREERE
1n§%%ﬂ%? ggggk g%ﬁgé?goébhlcibf¥%¢§%é ga%%sfylng a

provi resent” | nvent

repeltiorgEnosh kgxans Pl i el as apkicained: hyet he above
nmet hod are cal ci ned under the specified conditions,

( apiparcehiym4 bel ¢ Qaltcb@@rmdMCﬁddSHalVQl&‘l@aétin@h@ﬁlhﬂ'yéf@e
a particle dianeter suitable as a spacer for a |iquid
pass 1&13%t%+ a’ﬂ?§|§lfa3ﬁ10?rt Jéls.b%f?é\ﬁﬁlarcc@fpd?@ i Ereglu@mi Hetvi rgod

v RairAE, € ST Rl hE G el Rl ceaures
without requiring the procedure of diluting the seed-
particles-growing solution, and the like, so that
particles having desired diameters can be obtained
each time. Polyorganosiloxane particles obtained by
the above method are suitable as a spacer for a ligquid
crystal display or as standard particles.

According to the method for producing silica
particles, provided by the present invention, the
polyorganosiloxane particles obtained by the above
method are calcined under the specified conditions,
whereby there can be produced silica particles having
a particle diameter suitable as a spacer for a liguid
crystal display or as standard particles and having a
particle diameter distribution that is highly

monodisperse.

Brief Description of Drawings
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15 Fig. 1 is a particle dianmeter distribution chart
obt ai ned by neasuring fine particles in a seed-
particles-growing solution in Exanple |I for particle
di aneters with a Coalter counter. 5 Fig. 2 is a
particle dianmeter distribution chart obtained by
measuring seed particles in a seed particle solution
in Exmﬁﬂ%-llf@ﬁ pantd cf &c e andsres e mi d hs BrChalttiern
coynt s a particle dianmeter distribution
c %jékﬁa gglﬂﬁi%ﬁaﬁﬁééaﬂlﬁjne partlcles in a seed-
\% u art cles
P e S P AT AP E R By B S " deg @ arFbpLe
dlraaréﬁ@ig ﬁmﬁetaercsoﬂt@rac@%ﬂeef. Counter 16
Preferred Enbodi nents of the Invention The nmethod for
pr oducikigy poybsgangsdtok@he diaamedrah ngisortibation
present invention includes a first enbodi nent
Ch@éstcqub'é@lnﬁdclbaa Mea sar §agore eshtioal frbAt esdegtrd beded

m5.and a third enbodi ment described 20 in
PaSLTHA PO HIEAE T b et SREBUFoN( haoer FA cdgmibraneters

wi%gpg;iéggiQQQI %PnEnts of the step (A of
preparing a see -pariicl es-containing solution and the

step (B)ipf Yrowi g pwaedi PREt HeheetdN AHFEEEBALON
the above constitutional requirenents, the first 25

chamtoditneaminefl hmamﬂaseningnpmﬂymﬁKM9$salsesquloxane
constitutional uirement that, in the step (A) of
Pagildrdhgla ée@@-r ¢ et dsapededTaneWEBIUSIdME IR D

Ex(éimeous nggghﬁgﬁﬁﬁﬂ: chggﬁ%%gﬁf%l %ﬂﬁng§%&%§§blved

co%@ter.

Preferred Embodiments of the Invention

The method for producing polyorganosiloxane
according to the present invention includes a first
embodiment described in claim 1, a second embodiment
described in claim 5 and a third embodiment described
in claim 10. These three embodiments have in common

constitutional requirements of the step (A) of

preparing a seed-particles-containing solution and the

step (B} of growing seed particles. In addition to
the above constitutional requirements, the first
embodiment of the present invention has a

constitutional requirement that, in the step (A) of

preparing a seed-particles-containing solution, 0.7 to

6.5 mass ppm of a basic catalyst is added to an

aqueous medium when the silicon compound is dissolved

16



10

15

20

25

in the agqueous nmedium the silicon conpound is caused
to undergo prelimnary hydrol ysis and condensati on,
and then a basic catalyst is added thereto in an
anount necessary for formng seed particles of 5
pol yor ganosi | oxane to grow the seed particl es.
Further, the second enbodi nent of the present
in hhentadachus medignst i thei sddll qaguterrennd Hat ,cansed

e LT
anGOHH WONSEY 91 ac{at%f%’s@?%"%l eoci.t"f‘h&?@%?“l% tdfre
period, and an i ntende particle di ametér i s reached,

amoler tf edeéL 8Bary fEF NEdehedg BWddarthe1bhli rke
enbodi nent of the present invention has a

podomstgénbsdiaixaweutperprdw that sded therstied 8) Phrther,

grow ng seed particles, a 15 particle-dianeter-grow ng
thgqfesidnd of BPPEH MKt af i hje ®Faafihi Enyentdararhas a
havi.ng a.concentration that _satisfies the specjfied
OB T L D e pr el T e ET Ba B Tt 0] pghe Step (B) of
- LGl es- [ nin ol Lt t seed

R e (i e

me@@tdd Ut b ONpl r trieged r €1BNES ee¢@MBEUh t Ontiba shiy Hr tHc
third enbodinents in the present invention wll be

ingegiva hedofresgecistatly. t iSeeperi)o@5 éndstep i(MA)ended
silicon conmpound of the general formula (1) RSi (O
pPagticle diameter) 1§ gregeheds &haareaEbiPal 1S n the

te%ﬁ@g%égwgra%u%%ﬁggkaéﬂg’tﬁ?r&sea d%gment of the
present invention has a constitutional requirement
that, in the step (B) of growing seed particles, a
particle-diameter-growing aqueous solution containing
an anionic surfactant having a concentration that
satisfies the specified relational expression is added
to the seed-particles-containing solution to grow the
seed particles.

First, the steps (A) and (B) as constitutional
requirements common to the first to third embodiments
in the present invention will be explained,
respectively.

Step (&)

In step (A), a silicon compound of the general
formula (I)

R',Si (OR? ,., o (1)
is used as a raw material.

In the above general formula (I}, R' is an
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al kyl group having 1 to 20 carbon atons, an al kyl
group having 1 to 20 carbon atons and having a

(et h) acryl oyl oxy group or an epoxy group, an al kenyl
group having 2 to 20 carbon atons, an aryl group 5
having 6 to 20 carbon atons or an aral kyl group having
7 to 20 carbon atons. As the above al kyl group having
aj kwl 29revpbda ttuhs!l Bf 30kWardroupahawsag an tal kpl
carbo atons i.s

%i% 3R e 0235@;%5?@0%%3 BB Rar 10

L,
QPP AELyS IR YY i HARYY, ok 3R OB gy
gQ‘Hdﬁ hawhgpantad za@dcsmbah@%ms ASahhargllkydramQUD
having 1 to 20 carbon atons and having a

h@neitrhy aér yboyltoxoe granipaboman cepoxy grelpylaymdkyl hdabving
group haV|n% 1 to 10 carbon atons and havi ng the above
Tsiisst4 § ueprbors mies r edhs Théealalb;ﬂvegr@usyﬂragr@élp having

I|ne bra ched .or cyc es of the above

Lol 12 SOp SRR e S0bEARUbIR™ Bl Da8 s - o 10

r cr I
St oo g LI S P, Ty e

ldirkeny) gran@hiw/ldhg 2yt0i2Q carhenhdoHnss aRealkanyl
group having 2 to 10 carbon atons is preferred. The

galckanyingiuode methoel | i athyl brerehedydr dycdpmoepyl, n-
Exanpl es of the al kenyl group i nclude vinyl, allyl,
bz*éivo?m ehwburéé&enyﬁe%nla @’tlenwertecsb&lhglar Ple T Blip hexyl

b h
vt SRRt L PVe MR AR K HBRES LI dfoup
naRGl el PhgNglo, dQlWhn X¥by %@ﬂ%mm As the

aral Kyl group having 7 to 2 on ato an ar al kyl
(k&th)acryloyloxy group or an epoxy group, an alkyl

group having 1 to 10 carbon atoms and having the above
substituent is preferred. The alkyl group may be
linear, branched or cyclic. Examples of the above
alkyl group having the substituent include y-
acryloyloxypropyl, y-methacryloyloxypropyl, y-
glycidoxypropyl and 3, 4-epoxycyclohexyl. As the
alkenyl group having 2 to 20 carbon atoms, an alkenyl
group having 2 to 10 carbon atoms is preferred. The
alkenyl group may be linear, branched or cyclic.
Examples of the alkenyl group include vinyl, allyl,
butenyl, hexenyl and octenyl. As the aryl group
having 6 to 20 carbon atoms, an aryl group having 6 to
10 carbon atoms is preferred. Examples thereof
include phenyl, tolyl, xylyl and naphthyl. As the

aralkyl group having 7 to 20 carbon atoms, an aralkyl
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group having 7 to 10 carbon atons is preferred.
Exanpl es thereof include benzyl, phenetyl,
phenyl propyl and naphthylnmethyl. R 2 is an al kyl
group having 1 to 6 carbon 5 atons, and the al kyl
group may be |inear, branched or cyclic. Exanples
thereof include nethyl, ethyl, n- propyl, isopropyl,
JreutyavingoButhd 1 Gecabooyl attomrs -idupyk feperad/l |
r heéyl, cycl opentyl and cyclohexyl. n is an integer of
Xprles (Rene hiina vde Pepzatl  RRh¢RepYdsent, each
f be i t 0 r,different from other
ph%rnﬁ\}grrg‘aﬁtlhgpd?)%&ﬂ%#%étp yulr'al ity of OR2 s are
presentr? eachofa Ry2 @b hddeRhi ¢altd & Qirbon
different from other or every othér one. 15 Exanples

atofmstheamdhovhesialikpon gooappund yofbd heingener alr frafmaid ao r
(L), i nclude nethyl trimethoxysil ane,
CYREtHFA t BXATRXGS] thsseadkt hyt i udpr oyedtysl | aethyl, n-
ltriiso rgﬁpxysilane et hyl t ri net hoxysi | ane,

prga%%%r+%?35 Peitirams PUDY bpy b8 thbky sFEaRBUt Vg tert-
Lt ! | Lt L ane.
e e

enyltri et hoxysi lI"arfe, HoXysi

vinylt m efdoxySih@Bgery-of 1 to 3. When a plurality
gI¥0|QOxypropyItr|nethoxy5|lane, y-

ofadr gl dyl s opy| t camdt ok y&id aney Je25dentical to, or
.ret hacr yl oyl oxypropyl tri net hoxysi | ane,

dlgifﬁt_;t%{ df ReRhoeydidtarer aBeRyl pitéaa domet hoklienl ane,

PR SR B s ey s e
idEﬂ%%baFi£5908r0@3¥¥5¥ghga¥k8%,|%%ié?négn%v%E '%éégr
cne.

Examples of the above silicon compound of the
general formula (I) include methyltrimethoxysilane,
methyltriethoxysilane, methyltripropoxysilane,
methyltriisopropoxysilane, ethyltrimethoxysilane,
ethyltriethoxysilane, propyltriethoxysilane,
butyltrimethoxysilane, phenyltrimethoxysilane,
phenyltriethoxysilane, vinyltrimethoxysilane,
vinyltriethoxysilane, y-
glycidoxypropyltrimethoxysilane, Y-
acryloyloxypropyltrimethoxysilane, Y-
methacryloyloxypropyltrimethoxysilane,
dimethyldimethoxysilane, methylphenyldimethoxysilane,
divinyldimethoxysilane, divinyldiethoxysilane,
trivinylmethoxysilane and trivinylethoxysilane. Of

these, silicon compounds having less content of an
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organi ¢ conponent are preferred in view of a little or
| ess decrease in the dianeter of pol yorganosil oxane
particles and the efficiency of formng silica by
removi ng an organi ¢ conponent in the step of formng 5
silica by heat treatnent of pol yorganosil oxane
particles after the pol yorganosil oxane particles are

omgnal nedompochemet hyébt pretfichrgsi laneiand of a little or
vinyl trimethoxysil ane are preferred, and

le®t 9P EFPASEN G sthandipgefay i ¢l Be Lyopdeirars etioxaoe
Inth resent,_.i nveption, one siljpcon.compound of the

p%acﬁ%fagngpﬁ ?Qﬁrﬁﬁglfﬁfﬁﬁﬁl%é t%EB}nar%ﬁ11¢%a§¥

r Wi gan d e n I r .
B R o P s T e BT SR, £ g

s ilhiec Step héhﬂTﬂﬁéﬁﬁﬁehhedﬁﬂﬂd¥?@ﬁg9ﬁ@%Q®Hﬁﬁhe(1)
and (2). (1) Preparation of seed-particles-formng

Pagdlitlen @Z)eFortiee i polyb rgeed poldkahes paG thhel abouee

procedures_(1) and (2) wll be explained in detai
of@ e d ¢ 1) Apflepledtioht bimetBexysriti anesanrer mi ng

. j he .net hod_f or _producin
vﬁﬁ#%ﬁ%gﬁﬁggﬁ&>5%u§nez%r§apﬁ%ﬁj Fegroépged by the
RNBFERE i BYERL Y 1 A€ 1 KOLTRL ; e
mparticljés and Pﬁglg%ogﬁﬁgo Q?ﬁ%ﬁﬂﬁgéfﬁglg?%ﬁ%%ﬁ%%ﬁter
are carIm egheuprieset fDivensysheMond eSPREELYEIAbmEOund

that the compound to be used for the preparation of

oft Hhsedlopar viedlesaf of akmygla20(I) may be used, or at
least two silicon compounds of the above general
formula (I) may be used in combination, as a raw
material.

The step (A) includes the following procedures
(1) and (2).

(1) Preparation of seed-particles-forming
solution

(2) Formation of seed particles

The above procedures (1) and (2} will be

explained in detail below.

(1) Preparation of seed-particles-forming

solution
In the method for producing polyorgancsiloxane
particles, provided by the present invention, the
formation of the seed particles and the growth of the
particles in diameter are carried out in uniform
systems, respectively, so that the compound to be used

for the preparation of the seed-particles-forming
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sol ution can be selected fromthe conpounds of the
above general fornmula (1) as required regardl ess of
their specific gravities. Wen the formati on of seed
particles and the growh of particles in dianeter are
5 carried out by a two layer nethod, it is required to
use a silicon conpound having a | ower specific gravity
satlhani @an aguebes swlde titedsd rioatt Hhecompommider it tike
inevitably limted in kind. In the present invention,
abpHeveenerpér £qmsnnba | i &t asi greqwited speeirfdledy of
ravit sa.that the degree _of freedom for the
IR TR RRIOAC R % hater | BhePs Hig O TRet aBBvet seed
il i c 0 [ special ly. Jimted sa. ]long a
péﬁdﬁgggﬁiggpb%ﬁ%)ﬁ%éﬁﬁhaﬁ%agaaﬁﬁfi%%h?gméiﬂéngrc%ﬁe
cdﬁifﬁﬂe§ﬁ€d2gr@“ﬂﬁ@ aho¥e H2tdRES i Pedisi lHCfiNired to
compounds. ove all, a silicon conpound easily
usgolaubs &l L aoan cagqueousd nediviimg sucdhowsr apeidiifdan gravity
conpound having a nethoxy group, is preferred. Wen
than (4 paArePEsedadidino pe &bedi fde bywemldiatiiml is
: hyl.tyinmethoxysj!l.ane, .which_has.a high 20 silicon.
B L T R S o bl T ofal ige i BERT  ABGER L ion,
nolid aduegtaraediim £an; Recagliedl o [{pn e e 2
m xture of water wth a water-m sci bl'é€ organic

graolivent . sghenwat ethdis@dlgheee o efiadby has aHess 25
content of cation and preferably has an electric

sed@tduicen vofy tble (eBv xndbesislcrhsorhigss. Exanpl es of
t he wat er-m sci bl e organi c sol vent include | ower
al cohol™% #PC¥E FdtlH&R , CRRRAHBY, iy dpakosrardally

liﬁ#ﬁg5”30k55886%5ﬂ§%1ﬁgsa%?g%q’if¥%§tagthig% ;gﬁggus
medium, and it can be selected from the above-
described silicon compounds. Above all, a silicon
compound easily soluble in an aqueous medium, such as
a silicon compound having a methoxy group, is
preferred. When silica particles are to be obtained
by calcining, methyltrimethoxysilane, which has a high
silicon content, is the most preferred as described
above.

The aqueous medium can be selected from water
or a mixture of water with a water-miscible organic
solvent. The water used here preferably has a less
content of cation and preferably has an electric
conductivity of 0.5 x 107" S/cm or less. Examples of
the water-miscible organic solvent include lower
alcohols such as methanol, ethanol, propanol and

butanol, ketones such as acetone, and the like. These
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may be singly mxed with water, or a conbi nati on of
two nmenbers of these may be mxed with water. In the
above preparation of seed-particles- form ng solution,
the above silicon conpound is added 5 to the above
aqueous nedium and the m xture is stirred generally at
a tenperature of approximately 0 to 50C to forma
nayo R efebdd Yadueous wotbt weker,n ¢hia casbinaticon of
Fugonce tration of the silicon compound is preferably
w50 I?ngg%'ﬁr Ofeddiespdnavnbe &dicht¥atholat®exceeds
20 mass% icient_of. variation of the, .
parti CISIeﬂ d‘lhgtrgreggr%v(ﬁ H5TRAE R EAC N rfeassee%c,i_gﬁat\hﬁ:éwesl_t
foirnitrl® SOBLk e 1ok UBLGR! isGhBNGYn | SoRBBLm IV £ 8884
i ndustrially disadvant ageous. The above Concentration
toi Shwrabpref ekpldous meéleumargel afhd toxthrssdsidbrred
The stirring rate during the preparation of the
geqead bhy't &€l es-tegrme ngt sokubiformprammoimbé e 1gnidf orerd §0°C

tod ernineg since the stirrin% effect differs )
dz%gﬁﬁi%g BHGH R LS 2RIYPOY Sc G L kPt of 1t fdris case,
r i f. - pat ti; s-fornm sqQl uti on and

R Ea B ol i (e R Bt ™3l oa o

preifssalyl #920haasdd i ¢ON1698NOURH S tPls SPEREBhkYation
limted, since it differs dependi ng upon

exicergebt a2 Urmessét,c.thaucoadftikd erdi ssdl vapdatHewewef , the
when the dissolving tine period 25 is too large, the

pagftilgcke of i pRe tgresbnt t rhbBhRtoon incremsesul ppd when it

. _exhi bited, . The. first. enbodi_nent, of the present
L5] SO T T Lnadhs CRREURE of FAtic SN 118 PAOTHe 'tkgh are

inggéﬁg%%figga&%@%&gﬁ%égggﬁgqrt&ﬁ%eﬁﬁ§ggaéghggntration
is more preferably in the range of 5 to 15 mass%.

The stirring rate during the preparation of
the seed-particles-forming solution cannot be
uniformly determined since the stirring effect differs
depending upon the size of a container for the
preparation of the seed-particles-forming solution and
the size of blade(s).

Further, the time period for dissoclving the
silicon compound is not specially limited, since it
differs depending upon temperatures, etc., during the
dissolving. However, when the dissolving time period
is too large, the effect of the present invention is
not fully exhibited.

The first embodiment of the present invention

has a characteristic feature in the step (A) of

preparing the seed-particles-containing solution.
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That is, the first enbodi nent enpl oys an essentia
requi renent that 0.7 to 6.5 nass ppm of a basic
catal yst is added to the above aqueous medi um for
causing the silicon conpound to undergo prelimnary 5
hydrol ysis and condensation in the preparation of the
above seed-particles-formng solution. In the
Thaitodietlur ehef figmt rauittdisneed pardlicyesahne2)erttol He
described later, therefore, there can be fornmed seed
TeFE NI RREhhDPRhg Ca T dfYef - pafrised it a@ét er batsdr seed
icles that .are forned in any conventiona
cab 3 ' Faciabii i hRePbavs sHeoRaatara it et
cadRd ddefige b§lﬁgﬁﬁﬂﬁbﬂﬁggﬁge@oa%ﬂgéPg&.#Q@ﬁﬂﬂ%ﬂgiy
can be efficiently produced pol yorganositoxane
hypartliyd 88 ahavcog dh syvefage ipadi<| er 8hamatalon f9f the
exanpl e, of 15 over 10 ~Lin and havi nhg a nonodi sperse
abpaiet isgeddbanbied e st Brrnbovi swluthiern seebh pahei cl es

obt aj ned hngﬁa | arge particle dianeter, for exanple,
PIGEEH) I 9 FRinghdhenhefpeth®agdriGeee draretlertofbe

| ' 20. part i to, be obtained |
o S ar ) b L hEFBEs, G BocBhdtepocd

patRatcithe $4epPnbAk qarégﬁpéékﬁgdﬂgediameﬁer tha eed
seed-particles-contai ning solution and the steprtéi

paotigries nghébeaseed quandd ciRsaare criveediondll aethed.
same time, and it is no |onger necessary to 25 carry

Asoat vedl b ocklar sesfd grank hglele agmedy pawhi ckesl there

iStggreafter. Tge above basic catalyst is the sane as a
c

EﬁﬁﬁthF%_uS§€dQQ1?%Ee?grﬁﬁﬁﬁnﬁﬁﬁr§e@énp&qicles
ef@&cﬁ@%gf¥|§¥%8gc%%)ﬂgiﬁéPgan%%iloxane particles

having an average particle diameter, for example, of
over 10 pm and having a monodisperse particle diameter
distribution.

When seed particles obtained have a large
particle diameter, for example, of 10 pm or more, and
when the particle diameter of polyorganosiloxane
particles to be obtained is approximately equivalent
thereto, it is construed that the step (A) of
preparing the seed-particles-containing solution and
the step‘(B) of growing the seed particles are carried
out at the same time, and it is no longer necessary to
carry out the procedure of growing the seed particles
thereafter.

The above basic catalyst is the same as a
catalyst to be used in the formation of seed particles

of the following (2) in kind.
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The reason for limting the anount of the above basic
catalyst to 0.7 to 6.5 mass ppm based on the aqueous
medi um used is that when it deviates from the above
range, no particles having a |arge particle 5 di aneter
can be obtained in the formation of seed particles,
so that_the effect of the present invention is not

pr oduceh® AreR86Eh fR % f iR iagpdhd mrepeh o ddwe of

t si.¢c _catalyst,, kind f .t he agueous nedi.u
e B REcc SRIATYAE bl Dor (o &1 71 BOH o1 8 FRorHARRA, o
tﬂéﬂﬁﬁﬁ@éﬁﬁeiéa¥uﬁh@s@ﬁeﬁgr%Héﬁ]&Eeﬁhﬁt deviates from
seed-particles-formng solution, and the Ifie,
ther eflesabl yanighs aboveaamulies s deiegnbned ganesattycle
to be in the range of 1.0 to 5.0 nmass ppm (2)
dipagrafee r onaof bseaxbpainedl éon Ihawfoemahéon of seed
articles-form ng salution prepared in the above

d-
Paicuelire £9) W57 el  T#C R cba REFSERT invention
) £ PRt 0, B A2 0 R RRTET Y

r-an am ne
kifidd cOn €RBPYLN d ScAPEi kY ,Causeds t 9r20 N AREI D1 s
hydrol ysis and condensation, to formseed particles,
meghichrg, skeddpararid| @sacontaianiimhsobfit the is3 1 ioddmi ned.
When t he aqueous sol ution contai ning anmonia and/or
CORPQIM e teMgegialT§s adged thehesspreatdomef 26heo
be uniforgg&and a | arge agount of core BarthIes are

5§ gﬂ%ﬁ?%f Sard TohR tﬁoﬂgﬁ%QP@wﬁﬁﬁ Gnrgmétidier so
prteniaéré151¥§ F&rh.%f earﬂc?&' tgmgﬂgtl tisatdé){]&?m‘m%nag{]erheerally
aqueous” 306l ution Con?alnlng anoni @ - and’ or am he

to badedthkheasidd réngirat @ Can PenLds ppm.

(2) Formation of seed particles

While the seed-particles-forming soclution
prepared in the above procedure (1) is stirred, a
basic catalyst, preferably, an agueous solution
containing ammonia and/or an amine is added at once as
a catalyst, the silicon compound is thereby caused to
undergo hydrolysis and condensation, to form seed
particles, and a seed-particles-containing solution is
obtained.

When the aqueous solution containing ammonia
and/or an amine is gradually added, the system comes
to be uniform, and é large amount of core particles
are newly formed and come to have a small diameter, so
that it is preferred to add it at once.

When the aqueous solution containing ammonia

and/or an amine is added, the stirring rate can be
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determ ned as required dependi ng upon the size of a
reaction vessel and the form and size of bl ade(s).
Exanpl es of the above am ne preferably include
nononet hyl am ne, di met hyl am ne, nonoet hyl am ne, 5
di et hyl am ne and et hyl enedi am ne. The above ammoni a
and the above am nes may be used singly or in
detemhiimaid oas ot egiilreabtdépendengencd thensikbewevera
ammonia is preferred since it is |less toxic, easy to
repeivdpd dreis$edsaadpdisd veormoand @i zgyuebubladedislon
contai ni n mmonja and/ or an a$%£% there s enployed

Examedias i%h bfe aRRoiR £ oPT S HeY i hRGALER or a

' e i a raan l,yent
moﬁ?ggﬂﬁ%g%ﬁ%ﬁEﬁapg&é%ﬁieaﬁ%%gé agﬁér prg%égéé%y has a
dikesy1cateat apl b2 nGatdodd 8afipeel erall Yahase ammonia

el ectrical conductivity of 0.5 x 10-4 S/cmor |ess.
anguthlkerabeExanphénesf naw bergaedc ssolgkntom sai bl e

with water include those exanples that are given in
comhdralpiamatfoatofl aaft preprabiedi® off sthem. However,

seed-particles-fornm ng solutjion i 20 t he.above (1).
amBEOTA A REF e LR AT BF tRe MfoberEof fah to
reﬁ%g%ai }yglgggpgk%e /9L an amne is determned such

t

at the solution"of seed particles after the

format pen 0f ddpecsaedspanid desconebemnahly Zbmbasaa pH
in the range of 8.2 to 11.0. Wiile the reaction

andéppercat Llarivef f éheraepeneinpdoyeoh Xisobubionhe £
silicon conpound as a raw material, it is generally

amgendanidsd ¢5 BE Rifie 1R aNgEest OO td SOEVeRkemintyke

oflag%%grwgkgcént%%&g%ic solvent miscible with water.

The above water preferably has a less content of
cation and preferably has an electrical conductivity
of 0.5 x 107 S/cm or less. Further, examples of the
organic solvent miscible with water include those
examples that are given in the explanation of the
preparation of a seed-particles-forming solution in
the above (1}.

Advantagecusly, the amount of the agueous
solution containing ammonia and/or an amine is
determined such that the solution of seed particles
éfter the formation of the seed particles preferably
has a pH in the range of 8.2 to 11.0.

While the reaction temperature differs
depending upon kinds of the silicon compound as a raw
material, it is generally determined to be in the

range of 0 to 530°C. When it is lower than 0°C, the
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aqueous nediumused is frozen and can no | onger
exhibit its function. Wien the synthesis is carried
out at 50' C or higher, the al koxi de used is vapori zed,
whi ch decreases the yield. When pol yorganosil oxane 5
particles having a relatively large particle dianeter
(particle dianeter of over 10 pmup to approxi mately
aiqny medipmodisesd, 1 pr €kerzahl yand heynane Aratpeed at
50C to 300C._ When pol yorganosi |l oxane particles having
exd vl | 18pafetiett {an pm Woenotpe) sametpeoilacéd, cerried
preferably, they are produced at 350C to 400C. _
Oudke il a?Pf:/ PF Pd o @ cilet adoxdide usRdr 16r varagized,

f.on, f oL m d i cl rticl
o (SO oty DO chay Wepy gt el

p a3 OXé Fahaky rdy t 401 Beuke] JHovevgs  puhen dihe detheder
15 based on a honbgeneous systemis enpl oyed |ike the

(ppresent ei dienidtdy, ¢heoseed 1panin chsteaaphe &Hoimetely
for a far shorter period of tinme. After the seed
30paxm)i chee mrediwrerkd, praferabtlal netheped rpamtiadesedr et

oreasured for dianeter. 20 While the nethod for _
> gz%ﬂ AL G oM PRL¥0resems joFprespasitdiqles having

a I £da; LARY GAN Pe epsuned By . Coal Ler, g hod or

w th an optical r'6Scope “vi ded T Tr o 1'n vi ew

pr@fml‘ﬁstmaﬂwffﬁgahce@" opediises @hdgpeadi ness,
it is preferred to make the 25 nmeasurenment by a

Coal t erfcene halll yThe tabioves C6éili téentetttmdt akbeds Homm or
measur enent net hod using a device for electrically
legSa iR Y nfopRA%G e dFeper Ped Girkesol Wihon Feedsi zes.

palli% 541 G8eN3S AESSY' LUELRL Y 0 Eh R L0 vl pg
approximately 4 to 10 hours. However, when the method
based on a homogeneous system is employed like the
present invention, the seed particles can be formed
for a far shorter period of time.

After the seed particles are formed, the
obtained seed particles are measured for a diameter.
While the method for particle diameter measurement is
not specially limited, they can be measured by a
Coalter method or with an optical microscope video
micrometer. In view of easiness in measurement
procedures and readiness, it is preferred to make the
measurement by a Coalter method.

The above Coalter method refers to a
measurement method using a device for electrically
measuring particles dispersed in a solution for sizes.

This device has a constitution in which a tube having
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a fine aperture (aperture tube) is provided in an

* el ectrolyte in which particles to be neasured are
suspended or dispersed, electrodes are disposed inside
and outside the aperture tube and an electric current
6 flows fromone electrode to the other through the
el ectrol yte. Measurenent particles dispersed in the

a digee raPgréumee Gapentuce, tave whies pheyigest imeahi ne
aperture of the aperture tubhe, an electrolyte

T reIpBhdi Ag P AHR BBFGHE 16T (e BarPrasey e ave
SHENEEEY, RE HNG GG hiTEante B AT, pnaiae

€
an® st 8048 kh L UPEFE et Qud e/ Ui@RIEnPRIESt AN LHBrent
pul se is anplified and detected to neasure a particle
5 fldivefeom bdheAsleqtpddet itve-tdnd | ®tetotbivam glgethef or
suspendi ng particles in the particle dianeter
e Lipdsie bYb At , Medrs wirhaat epiedits ares uddgremeatl s the
ncl_ude ani oni ants such as al ky| aryl

t hereof | c surfac
ST e s D AR ﬁgw@am% bpey pass the’ fine
nzen | f v -al ul f_oni '
e ot ng o s P e A SR EE B 0 o
coatidb5OaRs ngnlding $80LNE lAUrH & BRYLAYIWES ] s
surfactants such as polynethacrylic acid, alginic
10 regdiakedpbbymaluse actdange fol yieytrabcekai s wadcet
is 25 preferred to use polyvinyl alcohol. These .
befmasiet Fhe- the 1diecEseaeag a@éﬁtss dhange bbe@ lsigigtic

, be . d i [ ti f at | tt
B8 (SRS, oI bston gt T esot Ui menher
puTRENOs | amihii 61 3eedh RaRELE!RS DA Pe8sRFd 1L $aflicle

diameter.

15 As a protective-colloid-forming agent for
suspending particles in the particle diameter
measurement, various materials are used. Examples
thereof include anionic surfactants such as alkylaryl
sulfonic acid salts including sodium

20 alkylbenzenesulfonate, alkylsulfonic acid salts
including sodium dodecylbenzenesulfonate and fatty
acid soaps including sodium laurate and polymer
surfactants such as polymethacrylic acid, alginic acid,
polymaleic acid and polyvinyl alcohol, and it is

26 preferred to use polyvinyl alcohol. These protective-
colloid-forming agents may be used singly or may be
used in combination of at least two members of these.

The present invention is concerned with the

method in which seed particles having a particle
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di anmeter smaller than an intended final particle

di aneter are fornmed and then the seed particles are

grown up to an intended particle dianeter with a

particl e-di ameter-grow ng aqueous solution. On the 5

ot her hand, when the particle diameter of the obtained

seed particles is too small as conpared with an
dllaﬁft%%dsmﬁﬁélerpd-‘rfﬁ%l andiakmended t htnade®agdric ke es

ticle |aneter (smal | er

iRk OEr 2 5?%?5%3%%90#& ﬁogﬁﬁﬁp?hee FEE BAY aflﬂn%m
gr%quITﬁ_t.]g g pan g A-ézlg‘g < géﬁgﬁ%{aﬁ% ‘%Jhgﬁ{etﬁ T

descri € thus gromm

pasesitt par i ahet caany hewsHl acirb U sHEustien .of oar &g
the seed particles with the particle-di aneter-grow ng
otaiuedusngol whieon tttoe bpadéscilicbeti dra¢ eer 5 When dlheained

seed particles are forned_by the procedure 2) of
Sereéir rﬁ'% 368 Spdr .f&%ssmalérés Frame BEds yh R G
ip | yor.gano xane articles (to be
%&é%@d ?%ggs% art ?e 8BRS i Ny e sBFEE &??QﬂCIeS
d [ erel ter b 0]
R s P?cﬁii @Bt o and AR, by e

thie tgos t inktesdeentHims Dgpaeluidian d Dimeaddiyt k9N 4 Sknown
prepared as follows. (Preparation of
megdad ;desreditiaiad.ngf ool axaople,orbwnddhei me)thzal A

oo e R0 GRS 7 A A B TS0,

s oEEIALE MRS AP B AL LSO 8L I qroming
thealsla@tph 8384 1} Nen 2aBAKE p3lt iGN CATRAYAE 5 R8wing
aqueous solution to be described later.

When the seed particles are formed by the
procedure (2) of forming seed particles, a pre-
prepared solution containing polyorganosiloxane
particles (to be referred to as “particles-containing
solution for addition” hereinafter) may be added
together with the seed-particles-forming solution and
the catalyst. The particles~containing sclution for
addition is prepared as follows.

(Preparation of particles-containing solution

for addition)

A predetermined silicon compound is added to
an aqueous medium, the mixture is generally stirred at
a temperature of approximately 0 to 50°C to form a
substantially homogenous agqueous solution, a basic

catalyst is added, the above silicon compound is
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caused to undergo hydrol ysis and condensation to form
particles, and a particles-containing solution for
addition is thereby prepared. The above aqueous medi um
can be selected from 5 water or a mxture of water
with an organic solvent mscible with water. Exanples
of the above organic solvent mscible wth water
capgedideo | endergiocdhiolsolyatlh andretdrtensastivandie form
prapanol and butanol, and Kketones such as acetone.

Patfdse Ty BBASPnAIAF It <LBS TEORISEH el @r SOSH TN ekt
adﬁw%iqﬁggﬁéfﬁﬁgr% §§§n§%§a98d combi ned and m xed with

wat er . er, a I'c catal yst, preferably, an

aqueousheolakd P8 ol Nie AITRNCATATKH Of e 8B RRIANE 1 S

added at once to cause the silicon conpound to undergo
wat®rhydr o ysistand cohdeasatri en ttho drorar pantiicclsesl Feort

.addition, and a particles-containing solution for
niggdition'i Eht Watesy f Svadeb L exambl éseofaheree apsganic

' f |y i.nclud ] t hyl am ne,
ST LT BTY 15| MBI Sy o o
uethdenilagos, 118 20005 BTG S BESIRE, ana

kekeasts tschesBesgoddemriioyeVahy MMl FSmixed
preferred since it is less toxic, easy to renhbve and

wiltbssiadhgensoveat23 dhast hewo asmie raxuedusheeslkutmizon be
contai ning_  ammoni a and/ or an am ne, there can be
coppnGrepRd BoKed oH ot WahBEi-a and/or an anine in

ol vent “RERST bl B0t AR er 2 ERBHBICes RTeT RESBLganin
aqﬁ%Hﬁ¥“8é¥htion containing ammonia and/or an amine is
added at once to cause the silicon compound to undergo
hydrolysis and condensation to form particles for
addition, and a particles-containing solution for
addition is thereby formed.

Examples of the above amine preferably include
monomethylamine, dimethylamine, monoethylamine,
diethylamine and ethylenediamine. The above ammonia
and the above amines may be used singly or in
combination of at least two members of them. However,
ammonia is preferred since it is less toxic, easy to
remove and less expensive.

Further, as an aqueous solution containing
ammonia and/or an amine, there can be emploved a
solution of ammonia and/or an amine in water or a
solvent mixture of water with an organic solvent

miscible with water. Examples of the organic solvent
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m scible with water include those that are given as

exanpl es herei nabove. The concentration of the

silicon conpound in the aqueous solution is

preferably 20 mass% or less, 5 and it is suitably in

the range of 5 to 15 mass%in view of the particles

di aneter of particles to be forned and vol une
nmigifilzl eney thAshedagenadhyle tthe sanpuat efr et el wemeass

sol uti on containing anmonia and/or an amne is
CXGRRY T NRBTSGERANER - t he particles 10 contai ning

sol uti for addition .after_t for.mation _of the .

art1 o e reRErabiy e ShHeRs il heriecrebite (i

thk0.au&9RsesING itdie {§aptedR AdHBy PEHi Rds ss0Neradky,
it 1s sufficient to take one hour or less. The
anidhust: f g medipallclas the 2ddtigdd anf 35tgendr ald ys have
.an average particle diameter of approxinmately 3.0 to
vigw) Qim thi peritie s s | dbamedeyoumid, pahtigdgsous be
nedh¥n1 t he basic éﬁta[ st, etc., used for ireparing
formed 2R e EPddMeo e Htf £ PBR Ynay AV aite® 4878 SEY, P Smy

am?@gﬁ? c?%f{;ﬁ%e%thero | n%{???ﬁ';&edccf:? afﬁ?ﬂ Cia%déeﬁ‘n%e?cal

particles in ey are preferably

anidYovi £ 8hiwer kabiddt¥rand el QRESH | €820 thRe particles-
particles. When the particles-containing solution for

coaddiiiningi sousdd,ort hese addidfitcai nefit seetdhparfidxh&sion
25 having a larger particle dianeter than seed
ofpdhs Pestéplaisndr ek ehebi vudiary 4 teHThe tdgscomnge of

o FISRTES kS TBhpeeSiiq RS SR P SRRl
g%ﬁ%ﬂ]tﬁg,ggﬁtgg s {égkgﬁtf%%z%%&éigﬂei%dﬂ?ﬂéfrless.
The thus-formed particles for addition
generally have an average particle diameter of

approximately 3.0 to 6.0 pum.

While the silicon.compound, the aqueous medium,
the basic catalyst, etc., used for preparing the
particles for addition may be the same as, or may be
different from, those used for producing the seed
particles in kind, they are preferably identical in
view of workability and properties of the particles.

When the particles-containing solution for
addition is used, there are obtained seed particles
having a larger particle diameter than seed particles
obtained without using it. The reason therefor is not
clear. However, it is presumably because the number
of seed particles formed in the presence of the

particles for addition is smaller than the number of
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seed particles fornmed in the absence of them In a
solution in the formati on of seed particles in the
presence of the particles for addition, a reaction to
generate cores that conme to constitute seed particles
5 and a reaction to grow the particles for addition
take place at the sane tine, which is assuned to be a
sepd raytiateer floomddeimbbiie eéassFoce WENtheam. In a
particles for addition are used in conbination,
SO&Péfl@rrabW thge fpattmaotﬂ(% 9@ ﬁ@feéir RAFESCLes ddi the

" nunber her nunber of par icle
or AR of hobiBeo BTG Thhber TOF RS THER: | A = qto
gelﬂ%rrta!ﬂ‘é eéof?Qt RIHU NG S0k uEbOEofn%rtla@lgt% Q@eda%taerlrtf@ﬁes

formation o he seed particles 1s at [east . I'n the
anfr esefdadovent icen.gide Pret palres diew yrdd tadmd dm take

the formation of seed particles are grown, and the
plgcews thathecbemecdngte t uvkipbl yior gaswsnédxdoe be a
particles as an end product. \Wen the above nunber

prﬁ&ﬁﬁ¥|%@¢%@§ ?ﬁﬁw?@et%%PE?oF@aQQRapresence of the

particles for, addition. n the se articles i.s no 20
nor e ng§|gl%h% PR ﬁ%?% € %ﬁ on are use%
coﬁ%&ﬂﬁﬂﬁﬁ@s'bQé@@%éﬁﬁ§'C£ﬁ§ Qgﬁingtésb@nﬂ@férred to

product is low, which may be sonetines industrially

asdi“saditent ageotis” fetdipnarphen e whboveunvebernof atio
is too large, there is not fully exhibited the effect
paz$l@lamcm@‘aéwn§qmreecpatm the divmhsterobfpakdicles in

thgaé§4§$sgaggﬁg an n%?igﬁggaggiﬁél$g %théégftign
TR e ot p AR %P%éféﬁerasﬁﬁ e s ndeast
2.paEh|%Wé“ﬂﬂb@éﬁ&e&ﬁWéhﬂfbﬂhetﬁ@ng%fglé@es newly
formed in the formation of seed particles are grown,
and the grown particles constitute polyorganosiloxane
particles as an end product. When the above number

ratio is less than 2, therefore, the presence of the

particles for addition in the seed particles is no

more negligible, and the yield of the

polyorganosiloxane particles obtained as an end
product is low, which may be sometimes industrially
disadvantageous. Further, when the above number ratio
is too large, there is not fully exhibited the effect
of increasing the particle diameter of the particles
to be newly formed, and it is difficult to accomplish
the object of the added particles-containing soclution
for addition. The number ratio is more preferably from

4 to 50, and particularly preferably in the range of
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20 to 45. In the present invention, the above nunber
ratio can be obtained in a manner in which, after the
formati on of the seed particles, part of a solution of
5 seed particles is sanpled and brought into contact
with a protective-colloid-formng agent to forma
protective colloid of the seed particles, the seed
2hereitbPes are nmeasured for a particle diameter, for
exanple, by a Coalter nethod to determ ne an average
10 pmﬁx%léhﬂiQﬁﬁ%ﬁn%fl%ﬁﬁPﬁéP@stﬁbﬁm@bﬁvﬁh@umber

rti s, far ,additi,on_have grown and an aver age
raB“Zlf%ﬁ% g SRS ¢he on %rhﬁd“’%& ol BECgRgthe

fdﬂﬁé@b@ﬂeofn@ﬂEﬂséédcﬁhgwfgfgg,A%ﬁf@tg%“é”%ﬁfﬁLQEH of

is formed as described 15 above, ereby stable
s ez spl etre otl ecan Hes amgdeed EMeUth r @yhshiintlkagesof 2 £he
particles in dianmeter during the nmeasurenent by the
wikdhla ePrabeRdd.veEeaplesdoffotmei ngabagent to form a
rmng agent include anionic

rotective-cqlloid-f |
P IS i S0deh oo Bl KPP SAA AT ShPdese! ¢ Tl §82d0
i.ncl uding di benzenesul fonat e, .al kyl, sul fonic
ol 46l posQdlum ALK beRzenEeil T onat e, oLl sul Tonie
exatipl $0apy bNeldil tr SRELUR W aier 8P 1BRl Wi average
surfactants such as polynethacrylic acid, alginic
pagdiid;1e polipnelta@c afipaandcielsywaywhatiohtle Erticles

t hese, 25 polyvinyl alcohol is particularly preferred.
forhaddi bionebfive - TodWoi dntlomm ray exedes pagy: ivsl eised

dﬁ%ﬁ%ﬁ%@ 8%f%E%egéwSegggggégggg¥¥iéTegfa%%léﬁgtaégge
number 1is calculated.

A protective colloid is formed as described
above, whereby stable measurement can be made without
any shrinkage of the particles in diameter during the
measurement by the Ccalter method. Examples of the
above protective-colloid-forming agent include anionic
surfactants such as alkyl aryl sulfonic acid salts
including sodium alkylbenzenesulfonate, alkyl sulfonic
acid salts including sodium dodecylsulfonate and fatty
acid soaps including sodium laurate and polymer
surfactants such as polymethacrylic acid, alginic acid,
polymaleic acid and polyvinyl alcohol. Of these,
polyvinyl alcohol is particularly preferred. These
protective-colloid-forming agents may be used singly

Oor may be used in combination of at least two members

of these.

Step (B}
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In the first to third enbodi nents of the present

invention, the step (B) is a step in which a

particl e-di amet er-grow ng aqueous sol uti on contai ni ng

a silicon compound of the above general fornmula (1) or

5 a hydrolyzate thereof is added to the

seed-particl es- containing solution obtained in the

step (A" ahldet Rdrsdbdve Bebrdpambiadigeents gfowne and

t he steg B) . .i ncl udes tge fol l.ow ng procedures (3)
PLIvE) .n%ﬁgltﬁroé’par FoRtEP pdititt e? dP&MEt M gridtihga

; 0 L1 ¢ j ' 0 icle.

P e e LGy MRS HOL RIS R S Bin
a aldaviecen ogefpesid I f afHe(4bowd |gder8XPIERIARG A N(T) or

detail below 15 (3) Preparation of
a pardrcel pzdiemtherar bW agaddagueanuistisel seicdr pAsriticles—

articl|e-dianeter-grow ng aqueous solution, an
co%&i?édhﬂs“%oﬁetlﬂl&%%rﬁ%tﬁiﬁ@%alﬁ |tle®nstepngéuncdad the

ve general .f.ornmula (1) or a 20 hydrol yzate thereof

abi%gf%ussed?dTﬁgrgillcilceﬁw %’gﬁpgﬁﬁa’ndf a %etﬁﬁnéltéip fdthul a
inthuddel S i j i { | Lean npounds

AT P e S S LRI R N

gener al(¥orpuepath) ilcef &5 6 HOrtacTRi-efi &the 0BFaighes: vy

partially or conpletely 25 hydrolyzing a silicon
aqgempsungc hutiinrg 1 to 3 al koxyl groups, represented

by the %ﬁneral formula (1). The aqueous sol ution
cont ai rfiTlg $RRVEPEi &6n Indorpdaddrer il aiydi smpisre and
r i S ared using, as.a nedium water or a
s ERe b BERER A et AT
The above procedures (3) and (4) will be

explained in detail below.

(3) Preparation of particle-diameter-growing

agueous solution

As a particle-diameter-growing agueous
solution, an aqueous solution containing a silicon
compound of the above general formula (I) or a
hydrolyzate thereof is used. The silicon compound of
the general formula (I) includes the foregoing various
silicon compounds. Further, the hydrolyzate of
silicon compound of the general formula (I} refers to
a material obtained by partially or completely
hydrolyzing a silicon compound having 1 to 3 alkoxyl
groups, represented by the general formula (I).

The aqueous solution containing the silicon
compound or the hydrolyzate thereof is prepared using,

as a medium, water or a mixture of water with an
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organi c solvent mscible with water as used for the
preparation of the seed-particles-formng solution in
the procedure (1) of the above step (A) or an aqueous
sol uti on containing anmoni a and/ or an am ne as used in
5 the formati on of seed particles in the above
procedure_ (2). In the preparation of the above
OISR} €l 80 l¥eatetieks gibheny idduetatse sobat used ther the

silicop. conpoynd, the concentration thereof and the

PIRRALE D0 MidiUhs niyeBePPddnd (&F - BrTaR o Kt ion in
| f 0 t hps f ab

tr{sgee%lie%g??}%:ée?}f)oré]ngnghgofa%{%s]c?n,&/(g\%i I(Ié)t ﬁ’éfy At 2dueous
sofinef £5 bt Ynit@antitd| ankloi aWa9fd / MOr kAbhhiite AW used in

properties of particles to be obtained. The
theorfoerma bt bon off ddwd sphirtdr leEmiaunthesabtve procedure

preferably 20 mass% or less, and it is particularly
(2§uitably in the range of 5 to 15 nmass% in view of the

particle dianmeter of grown rticles and vol une
ef fici elﬁ%:y*?hethrSé’Eéf L 88 b ec&'iﬂ%‘r%m@r%iﬁéile-

digaa@@p-gggwqggﬁgrﬁég?gﬁ?tQslgﬁt%ﬁﬂl {ormulig ;) or a

hydr ol yzate or use as ‘the aboveé

compdﬂmdﬁ-dhaﬂﬁbﬂbeﬂﬁﬁﬁtBGnaQW%ﬂéb§0£H8'Qﬁe'éﬁueous
subjected to a reaction in the follow ng procedure
me@gumiiae be iislant iacahohogeneows wdbelt dof fetrairer £Bom,
the third enbodi ment of the present invention, the

thgis, ¢ pal ke cpBOFiearts 4~ B b6 U1 ngosEtlivdni on,,
e R B P Y o BT o B 0% ne
woRdd £1 et ¢l ARE 657 GPRYNG AAWEOPS S M LONeW e P83 ined.

The concentration of the silicon compound is
preferably 20 mass$% or less, and it is particularly
suitably in the range of 5 to 15 mass% in view of the
particle diameter of grown particles and volume
efficiency.

The aqueous solution containing the silicon
compound of the general formula (I) or a hydrolyzate
thereof, for use as the above particle-diameter—
growing aqueous solution, is subjected to a reaction
in the following procedure (4) while it is in a
homogeneous solution state.

In the third embodiment of the present
invention, the above particle-diameter-growing aqueous
solution further contains an anionic surfactant as an

essential component. The anionic surfactant in the

particle-diameter-growing aqueous solution will be
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di scussed in detail later with regard to its
concentration, and the like. (4) Gow ng to intended
particle diameter and subsequent term nation of
reaction 5 The procedure (4) is carried out in a
manner in which the particle-dianeter-grow ng aqueous
solution obtained in the above procedure (3) is added
F6SEHE sesbdipafefaids ledmniwihh selaarndntobigisned in

e above .procedur of the step (A) while the 10
%gfl F@IOEé:- i et e?pgr Sfﬁ%gl’a]a%eous solution is stirred,

and t he d j es _arl. ro up_to.an i ntende
particlesﬁ?adw‘ﬁ,l(f B0l i el c fer and

cont ai ni ng sadwb eguebicainadifat hgnpgcedus & ¢ 2), of

the step (A 15 adde 0 - = W ng

15 aqueolibesg@indgdexunbt didned s c4dheiabdovetpriocesun8nner

(3) ,while the particle-di anmeter-grow ng aqueous

W vhish the sperkiglandiane serddpamting esqaeeugr own
ende article dianmeter. Wile the

TOLRPIER HHATSES, 87 rirano B f PEPS afibemal A bpondded
4o NeBe0b ool Bt B 1 LB O o 2R AN BE p e, 1n

it is generally determne e

150€. abber the Padttel e2di yetEete gge@@nqmquﬁe the
solution is added to the seed-particles-containing

Bt i £ R - diranglae t + ghewdingnet gue guowsng LAGUROUSS 2Bt i rred,
%ﬁéug%on can be added continuously, and in this case,
3 8i SF&H A%t bFLleRe aF® t96PWR dlBRMELeranyr bk agded

LRSS AR 0% EES ST LY
At cheagCaMifi oY SBLULIHUY | B PERECLIN L £:02 33) of
the step (A) is added to the particle-diameter-growing
aqueous solution obtained in the above procedure (3)
while the particle-diameter~-growing aqueous solution
is stirred and the seed particles are grown up to an
intended particle diameter. While the reaction
temperature therefor differs depending upon kinds of
the silicon compound as a raw material, it is
generally determined to be in the range of 0 to 50°C.

When the particle~diameter-growing adqgueous
solution is added to the seed-particles-containing
solution, the particle-diameter-growing agueous
solution can be added continuously, and in this case,
the addition rate of the particle-diameter-growing
aqueous solution is not specially limited. However,
the addition rate per ml of volume of the seed-

particles—containing solution is preferably 0.02
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m/mnute or less, nore preferably 0.01 ml/ m nute or

| ess. Wien pol yorganosi | oxane particles having a | arge

particle diameter (over 10 m) are obtained, and when

the above addition rate per ml of the seed-particles-

5 containing solution exceeds 0.01 mM/mnute, fine

particles sonetines occur in the entire particles, and
nk e} eubfirce osbsersed parei plrest ecahl pf Owbilcmhasiaute or
1 ortiﬁﬂ having a different refractive_index in each

51 1 HNEn B LHREIREOPS Loraa e EbeA@RuRaTHRT aboterge
P fgggtign rqée t? 0.01 /mnute or_|less per m of

Vor i of! Fed! PEPEI dledMom B nPRGaddIad i oRndTHEER
tHAaDOMSo Par bidel18Si 3 T ha PRI LledNsy NaYE n%h@ @'efefoe—g?%% icles-

refractive index are conSidered to have gas bu Fes,
cantdiminghey Mitiobeegakkad "o caned]l pakhidles t 1e

herei nafter. The constitutional requirenents for
Pafdr ks hgs ErEedtigre § Bycofrgriowitdte aephitriecipa i aoke ey, and

characteristic of the second and third enbodi nents of

LHSTE p7 ESeRP SISV i BAT ERFLESh& aSdp| @f neich has a
ASRSEt Yk Yw 20 . d _enbodi ment of the presen
poir nvent i %ﬁglﬁl s%andgggéggﬁgl rre?(q)ruéfcf%h%ﬁt 1ngleX pﬁ?t?ﬁf“‘ S
Pa&f@icl@ﬂsﬂb_e(ﬂ:h%ctnti@Uﬂgs%fe@eﬁed n{srx_ah- ¥ the above
constant tinme period until a predeterm eg flna?
adekirttich eradieanst &. 05 nedsied e dhel psecedur anl 49 £ of
t.he steP 25 (B). The nethod for the above neasurenent
vodfume ot phhei Sleed frrrhiglasetcomtsindngspeditiign. The
abIi 'tgg ang vaniqys net hods can be enpl oyed.
Bt dtabryCLEEr Vi RREL ARGt NGV iy Ui B4 fite zampl ed

relfia AP edndehiti 00 S8nsidered to have gas bubbles,
80 that they will be called “foamed particles”
hereinafter.

The constitutional requirements for working
the step (B) of growing a particle diameter,

characteristic of the second and third embodiments of

the present invention, will be eXplained, respectively.

The second embodiment of the present invention
has an essential requirement that particles are
measured continuously or at intervals of a constant
time period until a predetermined final particle
diameter is reached in the procedure {4) of the step
(B) .

The method for the above measurement of ﬁhe
particles for a diameter is not specially limited, and
various methods can be employed. Preferably, part of

the reaction solution is sampled, the sampled solution
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I's brought into contact with a protective-coll oid-
formng agent to forma protective colloid of the
particles in the reaction solution, and the particles
are nmeasured for a dianmeter by the Coalter nethod or 5
w th an optical mcroscope video mcroneter, and it is

~particularly preferred to make the nmeasurenment by the

1sCéaiqwghhetihse. chretpatt wiltds aameroeastl ed—foarl roid-
di anmeter as described in detail in the formation of

Lormy b eI BREL tQ dLF M 2 hBraleRs iffocedlleithfthde
. . After the. ab ticle-diamet er - gr owi
eokb BEER () 1AL Sl o VLS e dhomRe st on g,
arbh%éégﬁ¥gédf6%wé(af%ﬂé@ggt%&'qaérﬁp lter method or
C e%, tﬁe aCFJ}?

pol yor ganosi | oxane particles I's rea i on
with afn tdyet paetli eliexh aeeper vioey Ngi dagReYSrSOldRd ot is
is termnated. The third enbodi nent of the present
Parfvgitl dnl yhas edie messdnt pamakequibeneat sthatmeat by the
c pﬂ&ticle-dhaneter- growi ng aqueous sol ution containing
O4r St JATER2E - sufPgcPatit sl addaget saamured for a

disged-Jarticles: talning,..solution when the seed
lparg:lef:%aegls,é a!rjgggr%g\rfl\kﬁe oiHandeFﬁtlénd‘éH %?%ngf’ﬁ“_alt_ﬁ‘ocrhec’f
ther @eurgat ) cob s hg, steP &BbveThe APON§raddili i of o

an anionic surfactant can prevent aggregation caused
sthp hydrophobic nature 25 that the particles exhibit

as a surface property on the basis of a

non- hy@fdiaz dbhe ghewe a=utibchedddkbysitsemangrowing
a 8%%%%psatio€.of par%%ﬁie surfaces proceed during the

qgrpw!uf% UERRPpdrS a9t nangi Wharerit The 4B that
thaniQHdn a4 f BE LNk el £IARLY P 3.
polyorganosiloxane particles is reached, the addition
of the particle-diameter-growing aqueous solution is
terminated.

The third embodiment of the present invention

has an essential requirement that a particle-diameter-
growing aqueous solution containing an anionic

surfactant is added to the seed~particles-containing

solution when the seed particles are grown to an

intended diameter in the procedure (4) of the step (B).

The above addition of an anionic surfactant
can prevent aggregation caused by hydrophobic nature
that the particles exhibit as a surface property on
the basis of a non-hydrolyzable group as the
hydrolysis and condensation of particle surfaces
proceed during the growing of the particles in

diameter. The above anionic surfactant preferably has
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an HLB val ue (index for a balance between hydrophilic
nature and lipophilic nature) in the range of 15 to
42, nore preferably has an HLB value in the range of
15 to 40. Further, as an anionic surfactant, higher
al cohol 5 sulfuric acid ester salt (long-chain al kyl
sulfate) is preferred, and sodi um dodecyl sulfate is
anp B cud dnky (isndexabfer bnbeAartdd ridetwbedi nprdrobhibec
resent invention, the above anionic surfactant is
nalihiei ABE liP9mhihé Cparatere) dilandihee - Grogien hqlbolis 42,
| ytj su that the centration ereof in the
motd BiPEPHBL Y M A0 iRl Tadatustiot i GAnGA aF 28 to
got.he gy L on pressi ( = (a /
(rr) ﬁ?%ﬁireéﬁ gﬁigﬁ?ﬁiggré#%gggﬁkﬁ%b %gﬁéFﬁé% )/hOI
sudifwirdi mga @i dokscdmrs et ghtl oty -a&HY DPUSt kihatsiBr@re) is
hydrol ysi s and condensati on product of the silicon
predegoied wend &osdlwe uladengilghsulofatéeisi biacdnicularly
C und, 20 Y is a concentration (mass % of the
Su&%ggﬁﬁi' surfactant in the particle-di aneter-grow ng
the raw nmateri al

e R RSB S B 1
inb&dtﬂdﬁﬂjtﬂasédaﬁe(gnigﬁiéokﬁyfﬁgﬁéﬂf USe odrt 4 e q
step (B) of growi ng seed particles, IS an aver age
inpaitel eer diabeteaiange of gt beinseednpastisCckeluttith asuch
is a_coefficient in the range of 4.0<a<75. 38
that the concentration thereof in the particle-
diameter-growing aqueous solution satisfies the
relational éxpression (II),

Y=aX (aXxXX) .,/ (AXR) e (11)

wherein a is a theoretical value obtained by
dividing a molecular weight of a product that is a
hydrolysis and condensation product of the silicon
compound with a molecular weight of the silicon
compound,

Y is a concentration (mass %) of the aniocnic
surfactant in the particle-diameter-growing aqueous
solution,

X is a mass (g) of the raw material to be used
for synthesis of the seed particles,

A is a total mass {g) of the solutions for use
in the step (B) of growing seed particles,

R is an average particle diameter (pm) of the

seed particles, and

o is a coefficient in the range of 4.0<a<75.
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In the above relational expression, the total mass of
the solutions for use in the step (B) of grow ng seed
particles, represented by A refers to a total sum of
the mass of the silicon conpound and the 5 nass of the
aqueous nedi a such as ion-exchanged water, etc., used
in the step (B) of growing the seed particles. Wen
t he contenthat abmWe ofel&tianiadniexpses§achantthan tdeal
particle-dianeter-growi ng aqueous 10 solution is
DY Tt hAR 119l What @S cAPEuNgeedit r bt K& erel @) ondl
due to

£XP sion (Ll th articles aggregate

ginmé%%h%%?é‘ aqﬁﬁfgﬁgédr&ﬁﬁﬂﬁﬁ#@%&ogyigbléeEﬁB%pEO a

thBUEEACEE hd hea par bisches Ang; | e
present invention ?s not gc%%ﬁ%ﬁ|%%£§.8§h§ﬁﬁwﬁésaﬁg the

maEghef thanaqueoisd ueegabcuyhaitedhd roghtbedldd®@abhter,
expression (I1), the growing rate of the particles

etdeor dased o dhp eatepxtiBit ofargraweng tboe eespl e,
aqgﬁgia Is added at a stage where an intended particle

Padi ®F-is reached, particles having gas bubbles 20

i nsi de 1“??1 forned., so,.that _the. oht ai ned particles
are pogi in gé%ngggﬁv%t%?F%ﬂatﬁ. &%l ABIGRIL i n

sulrfe: @bone el %tﬂﬁprﬁ‘ér€59'i%3§1ii%'ﬁne(ﬂé}—j%&o{%rir fg‘;raatﬂé(ous

greater than 4.0 but 70 or less, partlrcula
sopnefievmbly ilbutehe tlaamgetht 2@ 1he 6Hal12b1kkelder ddih M ghe

enbodi mnent of the present invention, preferably,
rodlieconat pEpricdsien afdlér- trowant solesi aygregate
du%oq;aining tgg above anionjc surfactant is stirred,

Ehe AHOVAT SBEG AT tHRTRES PESRhPT ROk T B Gire latrmdal e

gr%@%gﬂéhtng%@ﬂégméggthe particles, and the object of

the present invention is not accomplished. When Y is
higher than the value calculated from the relational
exXxpression (II}, the growing rate of the particles
decreases to a great extent, and when, for example,
ammonia is added at a stage where an intended particle
diameter is reached, particles having gas bubbles
inside them are formed, so that the obtained particles
are poor in compressive strength. The value of o in
the above relational expression (II) is preferably
greater than 4.0 but 70 or less, particularly
preferably in the range of 20 to 60.

In the third embodiment of the present
invention, preferably, while the particle-diameter-
growing solution containing the above anionic
surfactant is stirred, the above seed-particles-

forming solution is added thereto to grow the
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particles in dianeter. Further, the grow ng of the
particles in dianeter can be carried out at nulti-
stages as required. Wien the growing of the particles
in diameter is carried out at multi-stages,
preferably, 5 while the pre-prepared

paB%@Ef&@'ghaﬁﬁéﬂéeégMr@mrtﬁﬁW?°Sﬁé¥4§§&QHg of the

containing no surfactant is stirre
papaiiid - dhadHE e geoWdah I9¢ UEheT il adtied aty duleti-
procedure of growing the particles in dianmeter in the
stpoed A seqguiredddddhen Ahenlgrowingf afietbeegpaudticles
rticles, to grow the particles in diameter. In an

. P { y
1nofd ARCRE fiS FAFBLER M enBbdMits-SbRIETe PESERTabLY,

L Ryentd on f ddi t.i the .
wni A R et Rl B gl e amer s ny eAn g an
agleomasss Bl taH | FYRYElIN 1% g Bhol Bt At Eall & £098 i #ed,
15 tinme period for confirmng a grow ng state of
thdi patteiclefdilmmeteri-giresyingdsollert fonhabgmimedihby the
above dianeter of the particles disappears, it can be
prasgiyeet aft arwirgwtheofparbipdes drsdipmetget én the

conmes to_an end, and the subseguent, reaction can b

prsy IR, AEERI LS Adilgtons df EHIGHIAR §b the Peed
i oent e e [ ti.Qn, kL i

pafRIRAdRE! Bo, Y eRECRA el SYER. ' A s o

particlres ddly dofeelgy tMet kst heyr ¢hiWitne@Mbodiments

two-| ayer nethod is enployed 26 to grow particles in
of dithieetpresentgeevahtyomngk estf teppridre naddliy i®r cofiOthe

hours. By carrying out the reaction in a

segdmiiaitigleg Ranpahsding ssalution s thenpantiptes can
present_invention, the_particles.can be [

be {EAR o Fop t HUCHS e OperFod et YARE 3 & comstant

time period for confirming a growing state of diameter
of the particles, and when a change in the above
diameter of the particles disappears, it can be
decided that the growth of the particles in diameter
comes to an end, and the subsequent reaction can be
terminated.

In any one of the first to third embodiments
of the present invention, it is sufficient to carry
out the above growth of the particles in diameter
within 3 hours. When a two-layer method is employed
to grow particles in diameter, it generally takes
approximately 6 to 10 hours. By carrying out the
reaction in a substantially homogeneous state as is
done in the present invention, the particles can be

grown in diameter for a far shorter period of time.
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In the two-layer nethod, a silicon conpound of an
upper |ayer undergoes sel f-condensation due to water
inair to be altered, and it comes to have the form
for exanple, of thick syrup and winds itself around a
5 stirring blade, or the anmount of the silicon

InCeMRO Wb -1 8yRe Useehbar, & WY Nicbhe dBHpbb&has dfh an

di aneter deCreases, so that sonetinmes particles
uppevi NMaver dasideathy@ast sell€ M endeas ataowt dhe to water
. obtained. In the nmethod of the present invention,
inhgigvdro bhecalderedi chrad dite ¢PBRE U theveo b e

t t hat bl d t.tak I .
coBl At B bR BB BT kST i
SRS PIAOR. O PR bt BB (5P Dbont Mompouno

toPBlY W LEA 0 blrOXaRsy PRt kbl pa Bt ieaeedin adhaseter
catal yst, such as an aqueous sol ution contai ni ng
deamsarses andbortlat asome timexideartticlage haAving a
particles. Al though differing dependi ng upon ki nds of
degpred |paphicdhsblamessra qannaht bE Abtapregdyi ndgn sthe

mefROG {&f LERE B S0t ot oy A 48 ARERCYERp! BPiton of
pakBS AN s 281 B REPCRHURS e HAobBRERMA PULEERSS S chat

y was cording to a conventional t'hod, and
suthen mpesbleneddwyingtatdkdighaeeratio of particle
di ameter anong them are taken out by classification
as reqlity echynonehef drhedfiredr tial ehigyigmpedioeets
rate of particle dianmeter do not specially, degrade
of{ RBeCPXRSGBL JAYIRELIPRey VAN BbE ﬁﬁ«ﬁp%ﬁﬁrﬁfd that

tng A G8h' P AN 18 i MSAIE §85%he 41
polyorganosiloxane particles is reached, a basic
catalyst, such as an aqueous solution containing
ammonia and/or an amine is added, to age the particles.
Although differing depending upon kinds of the silicon
compound as a raw material, the aging is generally
carried out at a temperature in the range of 0 to 50°C
for 6 to 24 hours.

After completion of the above aging procedure,
the formed particles are fully washed according to a
conventional method, and then, particles having a
higher ratio of particle diameter among them are taken
out by classification as required and then dried.
Particles having a lower rate of particle diameter do
not specially degrade the CV value, so that they can

be taken out by classification and used in some cases.
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Al t hough the nmethod for the classification is not
specially limted, a wet classification nethod is
preferred in which the classification is carried out
using a difference in sedinmentation velocity anong 5
particles. \Wien the pol yorganosil oxane particles are

ALtRbIRG ItHO Rbbhod PESET £heS A% #9i eReBWCEs not
preferably, the above wet classification is carried

spediadfiterl iheted,mad iwet ot laids fi pattion asewvhed \iaf er
can be used, in view of a cost and environnmental 10
prefersed oin Whacdr yilg plesedfiiecatigandral¢greaed ant
put at erature in the range, of 10Q to, 200C. In
asfhy G SDAECPRRER h SeROTSIE RGP SO TLEY ! BROY
i al 0 n i LS i
pa%{rﬂg?é%ugr'e. %%hgﬁgogq#ﬁgﬂ? h%%% vla%%\ Foﬁ’ . %%1 Se)are
fofmBdbe ntiet &1 Mieed rt he1basiss cdnt Bad Ptodhbg,
expression. CV value (% = (standard deviation of
prefetiatiley di thret abs)vay ewage clards £f tcditdroat ef$ raiGled
The averga; particle diameter and the CV value 20 in
outhafyegsdihe| fipamatokonr e fc8lidil @@ eBabf iithee s f wheawivwter

ca bR ind ot T AR OB LA, Bl peneen

rejyent g e I £ aj :
rdPESUIREN ARO0Rry LA S SEBMERIEIYL LR by oLRedica
ouPahtl @ & hBERheuAGiR tReaNdR{ge dYi Al0PMoaLB0°C. In
calculated.” A range of 3a is selected fromthe
ther prieserdsr yinvendgemar thel egiizegationalaR, pantiales

average particle dianmeter and a CV value are _newly
subgtegtdiably ndogs MplgetaliBePlA®P ulBl ithisidrydrk ed

prggedure.

The coefficient of variation (CV value) can be
determined on the basis of the following expression.

CV value (%) = (standard deviation of particle
diameters/average particle diameter) x 100

The average particle diameter and the CV value
in the present invention are calculated by the
following method. First, an isolated particle
diameter distribution peak width is pre-selected, as a
measurement range, from a measurement result obtained
by the Coalter method, and a preliminary average
particle diameter and o (standard deviation) are
calculated. A range of +30 is selected from the
preliminary average particle diameter value, and an
average particle diameter and a CV value are newly

calculated in the range. When a plurality of isolated
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particle dianmeter distribution peaks are present, the
calculation is carried out for each peak. The

pol yor ganosi | oxane particles obtained in the first
enbodi nent of the present invention 5 generally have
an average particle dianeter of greater than 10 um

pafBdchleS Pl k¥ VP HOr 2V ARALH p;?éhk%' @rdli 3reEentdf the
12.5 to 25 RM Further, the coefficient of variation

calG¥Mladim) & cheiriedrbdbutl €at zeacti plgdlbution is
generally 5 %or less, preferably 10 2.5 %or less,
and t hBheap®lkyppegpags idpeanspegetic gt oltexined in

t hi di t, d i cl havi I
EhGaFirate SRERBIEE o Bot oy AP SenEoRPar e L it h any
geﬁggngycH@b m@ﬁ“&he?& eagéﬁgfﬁfétd'ameter of greater

£ cl es A e

pol'yor ganosi ['oxane part aving a'large parfi

th%ﬁ qio_a[)ﬁﬁ ?éné”ér%f@f‘é’ﬁl?!oﬁraife Paht hoes fi@Bhekicle

Istribution can be effiCiently produced by grow ng

diahetalyouwer seedspaid i ZH egmor Fartihewrs ehen cvéfpitient
carrying out the grow ng procedure. The

of pBRyaagarRRi (E¥ava bited i efed bt ni Raatiirleosige
. second .enbodi.ment _of _t present_inventiaqn_ h
a1 §EEIBRCIRI LT Feieral iy o 4 O SEohn HreraFamyY o
042 re _pref I t F :
R T G L M A T e
pasBtieldis! ritwt thisi enrbddoneness s¢edfl paalicPed ¥a®ring
25 |l ess, and they are spherical nonodi sperse

a pargeclparticiet ldisamebedi wemt behéormesd as compared

_Earticle-dianeter-gromﬁn% aqueous sol ution i s added,
with pahAoREgDtianab ReEhpdo@ndnfsofe BESHAL -

oo R YA P01 BBl SAERLEIHE Shuahen, drar, przcne
diameter and a monodisperse particle diameter
distribution can be efficiently produced by growing
the above seed particles or sometimes even without
carrying out the growing procedure.

The polyorganosiloxane particles obtained in
the second embodiment of the present invention has an
average particle diameter of 1 to 30 um, preferably 3
to 25 um, more preferably 3 to 20 um. Further, the
coefficient of variation (CV value) of their particle
size distribution is 3 % or less, preferably 2.5 % or
less, and they are spherical monodisperse particles.
In this embodiment, when the particle-diameter-growing
aqueous solution is added, it is not required to carry
out any one of the calculation of dilution ratioc of

the seed«particles-growing solution and the dilution
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procedure, and the pol yorganosil oxane particles can
be produced by sinple procedures. Further, the
particle dianeter of polyorganosiloxane particles to
be obtai ned can be controlled in the order of nm 5
The polyorganosiloxane particles obtained in the

[ ' fod I
prbﬁb%ﬁé‘jﬂo&hﬂe%ﬁlé’ ?oﬁ}ﬁﬁli&éﬁﬁg ?‘aﬁ%fﬁ%'m'e@ aé’na be

have an average par of ov
prodacedlby bawelan pw@cegerwl | gterthemst edheopatZixle
to 25 RM Further, the coefficient of 10 variation (CV
di emﬁ@@)r oAft p@nlwqmam@s éloxane dlpérltllmjtes)ntOs be

ner(£ @6or Iesi nd the are her|cm
RS BpamiEaT1eR i CanRAARIOT Fen t he
part'%ﬁe adﬁsr:gg@% m;%gﬂsog,saxseiaieg orea B850 1 n

It 1's not carry out fany one

théak:ﬁtilxailémbaaﬂléruélef Eﬁb‘ Hrdséhe f‘ﬁ%xﬁ)éibhd es-

grow ng solution and the dilution procedure, and the
gepelrpdriganvaveosanaypar agel parcaiche priciustedrbyfSioyee 10

procedures. The nethod for producing silica particles,
um20apdopriefiepabily Ippesean iavemgenparitiche diameter

exEIalned bel ow. This nmethod is a nmethod in which

yér&ﬂn%?lB%bneﬂ&%qh%¥est9@éqgﬁ%fﬁ@&%ﬂ?c%%onpose
va?ﬂa% PCGrG%H ucedf”gﬂgﬁﬂ?ggéﬁtl%ﬁﬁgquzglI|ca 25

par tIC are pro € above
dleeﬂ@i&amlsl i exyean a1 gl @S5 theo PO HANYRH| @XIRE are

particl es obtained by any one of the above production
sphetrhodsl anenodacdpdirse hparmdidiosls .t hen this embodiment,
whggl%%éﬁggﬁéggﬁgp%;;ﬁéter —-growing agqueous solution is
added, it is not required to carry out any one of the
calculation of dilution ratio of the seed-particles-
growing solution and the dilution procedure, and the
polyorganosiloxane particles can be produced by simple
procedures.

The method for producing silica particles,
provided by the present invention, will be explained
below.

This method is a method in which
polyorganosiloxane particles are calcined to decompose
an organic group contained therein, whereby silica
particles are produced. And, as the above
polyorganosiloxane particles, the polyorganosiloxane
particles obtained by any one of the above production

methods are used.

In this method, the polyorganosiloxane
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particles obtained in any one of the first to third
enbodi nents of the present invention are pre-calcined
at a tenperature that is higher than the tenperature
which is lower than a deconposition tenperature of the
5 organi c group contained therein by 150C and that is

pak%i@ﬁ%ﬁ%ﬁﬁ%c{ A€ ah9"eind NGR g% ngogiot Qi ra

tenperature of the organic group, then th
empoy Aecran@solfoxane poekethtes réntabdl NRfe apre-calcined
tenperature of the deconposition tenperature of the 10
atopgdemperatprer thaheis hoghedutbagi Iihha pempestature
Wien the calcining is carried out by increasing the
Wh%@ﬁpé%ﬂ%ﬁ%eaiﬁ&ﬁqyatgepﬁ@PQﬁkBﬁﬁayqqqﬂeFéﬁHé%ﬂQﬁethe
of t.he organi c grou gon ai_ned ig t ?pve .
or§anie: EHISPI Gelie papl Bherein 1BYnISEE e, hate is
inSAMRldnPerseused rHKgs! 18Rl SERARS tNE I EcHRB oY AR
group I's sharply deconposed or elimnated, the

teflpergtuve Sfr angl hopgahlie pardupl eandachieaseneand
the particles are broken since they cannot wthstand
polyeirgaes blokentk Rertickescrarehealzoine?d pard cl es
are pre-calcined at_a tenperature that is higher_than
CePRETATHRE abfr &I CRCPEPRG G 1 ah SIPSRREHB RS Jhe
0 . e qQr Up, a .
orbRINE Mibinche MATRL RO SRR B LR PaT i cLes.
lover yham tdiee dea2@ReSIr § ONs22 draed abuke vy the
organi c group and then are calcined at a ternperature
inofetilzd g cohpoticmper denper atirectl y tdwe whigani ¢ group
or higher as specified in the present invention, the
degpipe SUtdeenr AsmperaterecAf Haie aQsig@dauL ¢ PFEPEPaDbI vy,

the.parti gl r re-cal ¢gin 4 . .
contal%e& fne%h% %ﬂ%é@cgoiyé¥ga2051loxane particles or

higher, there are sometimes caused undesirable states
where the organic group is sharply decomposed or
eliminated, the disruptive strength of the particles
decreases and the particles are broken since they
cannot withstand their sharp shrinkage. However, when
the particles are pre-calcined at a temperature that
is higher than the temperature which is lower than a
decomposition temperature of the above organic group
contained therein by 150°C and that is in a
temperature range lower than the decomposition
temperature of the organic group and then are calcined
at a temperature of the decomposition temperature of
the organic group or higher as specified in the
present invention, the above undesirable states can be

avoided. Preferably, the particles are pre-calcined
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at a tenperature that is |ower than the deconposition
tenperature of the above organic group by 1000C or
less and that is in a tenperature range |ower than the
deconposition tenperature of the organic group, and 5
then are calcined at a tenperature of the

atdecor@epeiiath r€MERER! U Ddwébe tH AR KeJHRJSOMbosition
hi gher or higher. The tinme period for the cal cining

tedgperasuponkitile abohe organie gaswpp CBRStLdoAd nsr
t he pol yorganosi |l oxane particles. Wien the particles
legs aRe &hadash§ yipyRolbelprrabuggnivaggeupower than the
desirably,. _the calcining is_carried out. at a
derETLFforo s e RBRp R g SF Chheh SRR Sh HeuRneAn
thidlf PRE1LaNIndAV SR ULEAGLIP dfatnks dITH cult

to pyrolyze, preferably e calcining I's carried
deddimpb s fthiogh tlémperatiaidref thedir g@Sec QRIGUP BT
conditions can be determ ned dependi ng upon required
higihmmpervhigihreangt Thentdisleagiexioddilors.the calcining
Specifically, when the particles are

depsindit RpPE (kididsi 9fafdq PNEDRNIiCh O KRR EPES ek Buting
i nt.aj ned_at_a t in,th f. 250 tq 20

enBBR A BELaRo & EIREREVS, 1 Q1 0° 15, oL 2580 20

haRfee-&al élaE'ﬂIQ»n @E@o}i%ﬂl@yof Sn ¥ :%H%‘E' Hefirably,

tenperature nge of 500 to 1,3000
theprefbedbling i ¢hertiemewt 2080at -l #O0ve)l v aow
approximately 3 to 50 hours to conpletely deconpose
tempexaganee gPoughesoTheratwrsphevwbenn tthe pbovdcles
is preferably an atnopsphere having a

halig i rOLSPTAT CHFRARL Fitont b1 ALREGHELE] 5P spmplEze
B RS 18 E 0ly (EETR d 53e D0 o g
tefRdr At 08eaPPRNAtSy | SaBR!L, RAC AhhY Bhditions can be
determined depending upon required disruptive strength
and elastic modulus. Specifically, when the particles
are polymethylsilsesquioxane (PMSO), the particles are
maintained at a temperature in the range of 250 to
350°C for approximately 3 to 50 hours to carry out the
pre-calcining, and then they are maintained at a
temperature in the range of 500 to 1,300°C (preferably,
in thelrange of 500 to 1,000°C) for approximately 3 to
50 hours to completely decompose the organic dgroup.
The atmosphere in the above calcining is preferably an
atmosphere having a certain oxygden concentration or
higher, for example, at least 10 volume %, for forming
silica by oxidation-decomposing the organic group.

Further, the calcining apparatus is not specially
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limted, and it can be selected from known cal ci ni ng
appar atuses such as an electric furnace, a rotary
kiln, and the like. The present invention will be
explained in 5 detail with reference to Exanples
hereinafter, while the present invention shall not be
limted by these Exanpl es. Exanple 1 (Production of
ll@ﬂ%ﬁﬂgaﬁbélu@xmﬁppkwtseﬂesteu)ﬁmmmrﬁnn@m(ralmunlng

first enmbodinment) (1) Preparation of
aP?eaeruaB‘éF?u clsékclro?ﬁm ARG ©LoFhEi6n frbrmaoee @ ofotary kiln,

HQ c ed water were added 0.8 ml (NH3: 2.7 ppm
an Qﬂﬁ¥ F?F?ter aqueous ammonia 15 and 500 g of

met hyl trH dYes RE X KSit! q@ﬁ;éﬁ@lgﬁ ahneyat ﬂaln%&
herei nafter and the mxture was stirred at rpm

dedta i350@ t Af teif ealemte St boEKaMPA WWIMMEEBEAET t e30) UL ODe
of conpletely dissolved MIM5 was fornmed, and the

theoRJte 7R ad NFlengHitdy shaglencthibe sbimited Was tAese

EXuseq]as a seed-particles-formng solution. Fine

8 tTes in the seed- particles-form ng sol ution were
neasured for a particle dianeter distribution with a
Cbalter counter ("Miultisizer 111" supplied by Beckmann

Iteerl Coppoiudtii®n lo$h Wiy@ﬂﬁgﬂésPiokgﬁea@%gigéles

partlc e di aneter dlstrlbutlon (2) Preparation of

acseoedlipay t t ol ebheTle =t rembgdiafemtiyas decreased to 30
rpm and 50 m of 1 nol/liter aqueous anmoni a was at
once adddd PXepekatiead-phars¢edepatrdri krs sbburiiog
prepared in tge 47 above (1). To 2 mM of a 0.1 mass%
pol yvi nyl af RoR&°

To 5,000 g of ion-exchanged water were added
0.8 ml (NHs: 2.7 ppm) of 1 mol/liter aqueous ammonia
and 500 g of methyltrimethoxysilane (to be abbreviated
as “MTMS” hereinafter), and the mixture was stirred at
100 rpm at 25°C. After about 3 hours, a homogeneous
solution of completely dissolved MTMS was formed, and
the solution was slightly opaque. This solution was
used as a seed—particles—forming solution. Fine
particles in the seed-particles-forming solution were
measured for a particle diameter distribution with a
Coalter counter (“Multisizer III” supplied by Beckmann
Coalter Corp.). Fig. 1 shows a chart of the above
particle diameter distribution.

(2) Preparation of seed particles

The stirring rate was decreased to 30 rpm, and
50 ml of 1 mol/liter aqueous ammonia was at once added

to the seed-particles-forming solution prepared in the
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aqueous solution was added 0.2 ml of the seed particle
sol ution obtained 20 m nutes after the addition, and
the seed particles in the seed particle solution were
5 measured for a particle dianeter distribution with a
Coal ter counter ("Multisizer 111" supplied by Beckmann
Coalter Corp.). Fig. 2 shows a chart of the above
abesiq i €1 k- di BeeEemldiost ra bt & onasHie mekyv payii eleshol

had an avgr%ge particle dianeter of 5.477 mand a CV.
AP |BOSP L2057 RS (3F9pPefaratbrobf the seed particle

sorgiqgii&ﬁeaﬂka L] -6 O Rl 2AUSANS, ng?gg%%gﬁg%%& 2204

I On- excnange er was a 0]

thanddde phrtyica avsistihbededld 100t 1016PRALBKN were

After about 3 hours, a honogeneous sol ution of
mee@Et @d ety rdias g ntedc MEMR i waR tfeyr nells t 2a0Buttih with a
sol ution was used as a particle-dianmeter-grow ng
Cogduetuscevntieiron. "M t s oger tI1d I 'ht eaped ipdr iy /Beckmann

di.anet er, and. 20_subsequent term nation of reaction
¢ %Ieerté%rgnl)i'reﬁq&ﬁnu%q %?o‘t'ﬁeapglh@ircﬁ eog the above
' ter i Lutionqhn t b . S
pefyRELE QREQIAS SHEOLE SR D ) B0 p s e
haonirai v 8gagel Wd an obt ajiRgd &it £ her ahoy g -( g}np% cv

added thereto. Particles were neasured for article
vadivenet Br2wb7h %an optical mcroscope video nicroneter

(Video mcronmeter "VM 50", supplied by Aynpus Qptical

Co., LtlP) Breparaitdans of H@r?rﬂﬁl} iAneterheregring

addi tion of _the seed}B?rElcles-containing sol uti on.
aguéous solution

To 33,000 g of ion~exchanged water was added
4,950 g of MTMS, and the mixture was stirred at 100
rpm at 30°C. After about 3 hours, a homogeneous
solution of completely dissolved MTMS was formed, and
the solution was used as a particle-diameter-growing
aqueous solution.

(4) Growth to intended particle diameter and

subsequent termination of reaction

While the entire amount of the particle-
diameter-growing aqueous solution in the above (3) was
stirred at 20 rpm, 5,528 g of the seed-particles-
containing solution obtained in the above (2) was
added thereto.

Particles were measured for a particle
diameter with an optical microscope video micrometer
(Video micrometer “VM-50”, supplied by Olympus Optical

Co., Ltd.) at intervals of 10 minutes after the
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Thirty mnutes and 35 mnutes after the addition, the
particles had an average particle dianeter of
approxinmately 14.8 gmin each tine, and it was judged
5 that the particle dianeter growth ended, so that
1,000 g of 2.5 nmass% aqueous anmoni a was dropw se
added with a netering punp to carry out aging. The
adgdiisiagbt af nEbepsleattigtr i bdesquioxamening( lswe@)tlon
particl es re nmeasured for a partlcle di anet er

Gt R R ﬁswaeﬁ & WBFEéo@rﬁt&r( Rl eﬂ&lztelrom | the
pa§%mgl $ Q%dBS Q$ #SE ‘))dlf 9o ws a
ove par gﬂ arreet er 'S

chart Frlbutlon
app@:xah0yee PYBO0a Yintl £5 Dadnan jQNEr agK4PRLL LL
p-Ip-lameter %ny4 73 6h1and a Cv vg I 'ue g%ﬁd % 96 éy?%?ed
thetaddid ipattonlef dFliamepart gebesanthdddyi B et 1, 000
obt aj ned particles were subjected to solid-Iiquid
9 8dpr-at RS Gt B YA eCaH raRNgal as eiFdr adoPpwiged added twéth

ﬁg%ﬁedures of irradiation with uyltrasonic 20 wave in
Aot 9 RE B uSe SR Y dRBEN BT wer e repeated

sever al H ve, f I
el o Bifest SobaTie M PVRELVI A e dhioxang
(PH5Q)Cdort e8D¥e WY dupdasBtBanador Thepyiehd 16 ctlhfmeter
t hus- obt ai ned PMSO particles was 70 % 25 Exanple 2

digrdduction oithi lad czophterchesntie PNBOLpastizd ©SIII”

obtai ned in_Exanple 1 were tenperature i ncreased from
SUPB&Hﬂet‘%erﬁér%FGFé‘a@@ tQPa%'QQTCCGPﬁdRer a dordli t BoRheWsarm
chrgn'%lrI nto5 \r/# rgt gﬁgf tpartlcf g‘lg%te anddgserlglu%lnoerg by

The above PMSO particles had an average particle
diameter of 14.73 um and a CV value of 1.63 %.

(5) Classification of fine particles and

drying

The obtained particles were subjected to
solid-liquid separation with a centrifugal separator,
and then the procedures of irradiation with ultrasonic
wave in methanol and subsequent decantation were
repeated several times, to remove fine particles. The
remaining particles were air-dried and then dried at

150°C to remove residual methanol. The yield of the

thus-obtained PMSO particles was 70 %.

Example 2 (Production of silica particles)
The PMSO particles obtained in Example 1 were
temperature-increased from room temperature up to

300°C under a condition of an air flow rate of 1
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this tenperature for 24 hours. Then, the particles
were tenperature-increased to 550C and regularly
calcined at this tenperature by maintaining themat 5
this tenperature for 9 hours. After the regul ar
cal cining, the calcined particles were cooled to room
tenperature and taken out. \Wen the above cal ci ned
ligartimieateeredisperselicihetnttef madnthenimef ttioh at
certain period of time, there appears a state in which
thie ttryraretygrarned? d nhoutsr.ee Thayrer stha paydricles
containing a group of particles whose nunber is the
WOLS JeiPehataiys ImE asArAg ton13h b tard esegaviard A

l1ar; size n nt.aj ni,ng only
co R ety SR EF LR R AR LATHE, 1l oGk
thtil scehpéeatiie HPEedunguels exhrady nthandeheMy ng a
| ayer of particles having a snaller size was
calepeateg) ytber aed e dupbirk itdiee d ayerecame lteal biso room
transparent, to renove particles smaller than intended
teppatziese epfcdratigiy eHE-reWhieni tgd Akeve catlende

20 .particles algne are contained in the vicinity of
p%ﬁﬁgc Tan¥bafe l%ﬂﬁ%ﬁ%@téﬁt”@r (ﬁn%aFP?EI&§%ﬁef?B a
g did foLengy | L rentatian 1Ly b on, ,
ced S PGS, o TR e AR AEhe Y Bt T whien

theor td:0n ¥eparkeReptadty €Bkbleed Hrs] OaSepyeate the
i ntended 26 particles. The particles obtained after
comiae irtimgsaf geatipore fvep ar badwrse v ms e anpabteircliss the
dianeter with a Coalter counter ("Miltisizer 111"
laggsslt ed® by aYBec IGRiHre thaRgeprdor RyrEbcdrswhaving a
ver .particle .diameter of 11.93 mand a CV val ue
1o G DB LHSC T S5O By 86 oo containthg only

paRYiOrganesik 6ane ARL{i16k€8ize than the group. 1In
this state, the procedure of extracting and removing a
layer of particles having a smaller size was
repeatedly carried out until the layer came to be
transparent, to remove particles smaller than intended
particles. Concerning the remaining layers, intended
particles alone are contained in the vicinity of the
transparent supernatant free of particles due to a
difference in sedimentation velocity based on volumes,
so that the procedure of extracting this portion was
repeatedly carried out, to separate the intended
particles. The particles obtained after the
classification were measured for a particle diameter
with a Coalter counter (“*Multisizer III” supplied by
Beckmann Coalter Corp.) to show an average particle

diameter of 11.93 um and a CV value of 1.75 %.
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according to the first enbodinent) (1) Preparation of
. seed-particl es-form ng 5 solution To 5,000 g of
i on- exchanged water were added 0.8 ml (NH3: 2.7 ppn
of 1 nol/liter aqueous ammonia and 500 g of MIMS, and
the m xture was stirred at 100 rpm at 250C. After
about 3 hours, a honbgeneous 10 sol ution of conpletely
di ssol ved MIM5 was fornmed, and the solution was
slightly opaque. This solution was wused as a
Exeawd-epat t ( Eresufcdrimmge Sopoliyorgard)s Piepanat ipartoicles
seed particles The stirring rate was decreased to 30
aceemdify testhe Ringt | embPAimest laqueous ammoni a was

at once ,ad he seed-particles-form ng sol.ution
preparé&%iﬂ??%%ggg%&ﬁ?(ﬁ..g%%dipﬁf% ééfff OREdEd],

5 pol yvi nyl akgehel;i orpqueous sol ution was added 0.2 ni
of the seed particle solution obtained 20 m nutes
after tihe BdEd0i gne fandr2Oetbranged partdcl weren aldred
seed particle solution were neasured for a particle

0.8i adet &¥Hgi s2 r 7 bppmon off th molChalteer apuewes ammonia
%; [tisizer LI1" s%ﬁflied by Beckmann Coalter

an rl\%.%.g AR QMI¥Sy| 2NY hERE B XFA4S (Yed Rhdrrgel at 100
vera rticle di ter of 7.184 and a CV 25

rpﬁ Gl 922?‘%‘; 3,}& )89{33?{{%}1 pgr gicf%sbf gmnomogeneous

val ue
10 soRaftiid & fli BBRPAtH OM A9s 5 02FROUPrISS| YL 0% ok &P, 40Rd
g of ion-exchanged water was added 3,960 g of MINMS,

thensgalhet iont wae wds gitIvedpagukl0 Thirpnesaludet was
After about 3 hours, a honobgeneous solution of

usggnsiset| §e afspamiad Mrvet aas ingr mel uhhdn .
(2) Preparation of seed particles
The stirring rate was decreased to 30 rpm, and
15 50 ml of 1 mol/liter aqueous ammonia was at once added
to the seed-particles-forming solution prepared in the
above (1). To 2 ml of a 0.1 mass% polyvinyl alcohol
aqueous solution was added 0.2 ml of the seed particle
solution obtained 20 minutes after the addition, and
20 the seed particles in the seed particle solution were
measured for a particle diameter distribution with a
Coalter counter (™Multisizer III” supplied by Beckmann
Coalter Corp.). As a result, the seed particles had
an average particle diameter of 7.184 um and a CV
26 value of 2.37 %.
(3) Preparation of particle-diameter-growing
aqueous solution
To 26,400 g of ion-exchanged water was added

3,960 g of MTMS, and the mixture was stirred at 100
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13.2 g of sodium dodecyl sulfate was added thereto.
This m xture was used as a particl e-di aneter-grow ng
5 aqueous solution. As will be described later, a
particle- dianeter-adjusting solution was added after
the addition of the particle-dianeter-growi ng aqueous
sol ution. The particle-dianeter-adjusting solution 10
rofasapr 8Pt ed mEteol hbwmt T BoO08, g sothdmygexebarsged
ter was _added _ 1,200 g.of MIMS, and the m xture was
SQRITIRR GF FOFPIEHELY AdGmAlaATHPe Y om LT REBut a8d
rs, n Iyt of conpletel i sso| ved
leC/I?'zJI\/S&W%g fg gorrredﬁ?g%?\ﬁggt iuslorgao Ut B ﬁggedj\s/e%’%ge Re
THIA thikeurdi smd ais a4 Hst 'an%aicﬂfﬁigﬂdi%ﬂn)et(é&o—l‘%f‘own
i ntended particle dianeter and subsequent ternminatio
amfegeacspdotWhid.e the entire anount of the above
particle- 20 dianeter-growi ng agueous solution in the
above (3 Wasl be desrmibed Lpmers, 525pgroficillee
.seed-ga[t cles-. contajning solution obtained in the

AL RO 558115 £ LRI L b 8o WA, SHAna e mrthg e
acatdi £ 4,905 8f + 1th ryiscle salution, 0.2 t
hi0RN08) LG ROCHCPAL b e A kOl ng S dle Qs L™

particles 2 g So on was

soQult imss% TRE! puiritilc 18d LoNOhe BAVEQUS; B9t P 5080191
particles were neasured for a particle dianeter Mﬁgh

wag @oapared asouitlerowWsSMiltisizer 111" supplied by
Beckmann Coal t er Corp.). As a result, the particles
had an et agB059 pdr til eeurhabued ofatisr 37apmaattted

1'%?6t°¥?€;eu‘§%gﬂt{ﬂé‘§1f?r??9a ng Itnri]:?:t%arret ih(x:allse (sji:?rrr?:teedr aV\tl?sl 80
rpm at room temperature. After about 3 hours, a
homogeneous solution of completely dissolved MTMS was
formed, and this sclution was used as the particle-
diameter-adjusting solution.

{4) Growth to intended particle diameter and

subsequent termination of reaction

While the entire amount of the above particle-
diameter-growing agueous solution in the above (3} was
stirred at 20 rpm, 5,525 g of the seed-particles-
containing solution obtained in the above (2) was
added thereto. In 30 minutes after the addition of
the seed particle solution, 0.2 ml of the particles-
growing solution was added to 2 ml of a 0.1 mass$
polyvinyl alcohol aqueous solution, and particles were
measured for a particle diameter with a Coalter
counter (“Multisizer III” supplied by Beckmann Coalter

Corp.). As a result, the particles had an average
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i ntended di aneter. Therefore, the
particl e-di anet er-adj usting 5 solution in the above
(3) was dropwi se added with a netering punp over
approximately 40 mnutes, and the particles were
observed for particle growh with a Coalter counter
("Multisizer 111" supplied by Beckmann Coalter Corp.)
Pamtihéesammmeanaer ofs 1. Bhepabamred 4nc¥0 vi20u81 Bgt @s 14 g,
iﬁtﬁé the addition, an intended average particle
angt amet ePast A P bapeeervaafe ®. bt engnalieni hbgn an
: Leati he growh in particle dianeter,
lnﬁ%%g%ggngggbgggﬁéés@6aqueous amoni a was dropw se

added WH&rarBREEr itk pygrpt&e1%ardiyar9é1§eﬁgsaguslt5ﬂ e
t hus- obt ai ned particles were neasured for a-“particle

sodiwnet®r ini tthea (Bomvé en 3¢ourterdr gpMikbi SiRid lhith a
suppl i ed by Beckmann Coalter Corp.) to show an

In Hye purpi dveni sperexiof tel 8046t miand s, Qhdathe

of .1.093 % 20 ( Classification of fine particles and
Pao‘r%?i%]gegrh‘éeaﬁt a%ﬁaﬁt fere®atr kckappeemdd twith a
4 J= |k gui i i_t.h trif I t
o e RS ar cbodis BESret, AAH ac FBRPARER Y rasgrRen

Co24 twaw eCo BpBt RanathandasdbsRgipt gdecapt %trﬂeorhmg In
repeated several times, to renove fine particles. The

12/0e i i pgys parfttiedd esheveaddaitiodr,i eth andtther drd sk age
150' C to renove residual nethanol. The yield of the

Pagiis gt i ane tRVSO palt 4 i 8BemaCV75r 44 uB3 0E8aNTE e Was
Pr.qduct i of ,sili.ca partic]es) The PNMSO parti.cles

atﬁaﬁﬁ%éd %%ﬁyﬁﬁﬁﬂé@? % tke %rowth in garticle

diameter, 1,000 g of 2.5 mass$ aqgueous ammonia was
dropwise added with a metering pump to carry out aging.

The thus-obtained particles were measured for
a particle diameter with a Coalter counter
("Multisizer III” supplied by Beckmann Coalter Corp.}
to show an average particle diameter of 14.80 pm and a
CV value of 1.93 %.

(3) Classification of fine particles and

drying

The obtained particles were subjected to
solid-liquid separation with a centrifugal separator,
and then the procedures of irradiation with ultrasonic
wave in methanol and subsequent decantation were
repeated several times, to remove fine particles. The
remaining particles were air-dried and then dried at

150°C to remove residual methanol. The yield of the

thus-obtained PMSO particles was 75 %.
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calcined and classified in the sanme manner as in 5
Exanple 2, to give calcined particles having an
average particle dianmeter of 11.99 Rmand a CV val ue
of 1.8S % Exanple 5 (Production of polyorganosil oxane
particles 10 according to the first enbodi nent) (1)
Preparation of seed-particles-formng solution To
5,000 g of ion-exchanged water were added 0.8 n

B NH3: 2.7N%%%? of 1 nol/liter aqueous ammonia 15 and

Cof NIFWS AU PReOh RidricaaRasEiFl@F)at 100 rpm

at 250 f a 3_hours, .a.honpgenequs_sal utj on
of cmﬁﬁ%§%§§ggigé)%k%fiﬁwgbﬁﬁg%%)r&%, ﬁﬁEﬁL eé were
casio} k& @nawas 8l d iy erQpﬁ%U%-heThéénéohg%h%% vas ;Hsed

as a seed-particles-form ng sol ution.
ExPrgpbe a | omoofgiseedephctneldepdimtides having an
seed-particles-formng solution prepared in the above
avemage heastiioliengdrateteas o fddcr e23 egnt ant0 a IV waadue
ofsg'% of 1 nol/liter aqueous anmonia was at once
added thereto. To 2 mM of a 0.1 25 mass% pol yvi nyl
al cohol aqueous solution was added 0.2 nl of the seed
particle solution obtained 20 m nutes after the

Exati 1¢ 0B, (2ndduie S@edopapbilgisgdiotheoseed pPartiches
solution were neasured for a particle dianeter wth a

acCsatdingcbonttdre (fivusti sinbedimdit 54 suppl i ed by
Beckmann Coalter Corp.). As a result, the seed
particlels) hBEeRrara e hasepdreadibimt es-brminag 1
pmand a CV_valuye of 2.19 % (3) Preparation of
particle-diﬁ Pngﬂ}omﬁng

Tc 5,000 g of ion-exchanged water were added
0.8 ml (NH3: 2.7 ppm) of 1 mol/liter aqueous ammonia
and 750 g of MTMS, and the mixture was stirred at 100
rpm at 25°C. After about 3 hours, a homogeneous
solution of completely dissolved MTMS was formed, and
the solution was slightly opaque. This solution was
used as a seed~particles-forming solution.

(2) Preparation of seed particles

In the seed-particles-forming solution
prepared in the above (1), the stirring rate was
decreased to 50 rpm, and 50 ml of 1 mol/liter agueous
ammonia was at once added thereto. To 2 ml of a 0.1
mass% polyvinyl alcohol aqueous solution was added 0.2
ml of the seed particle solution obtained 20 minutes
after the addition, and the seed particles in the seed
particle solution were measured for a particle

diameter with a Coalter counter (“Multisizer III”
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5 aqueous solution To 33,000 g of ion-exchanged water
was added 4,950 g of MIM5, and the m xture was
stirred at 100 rpmat 30C. After about 3 hours, a
honogeneous solution of conpletely dissolved MIMS was
formed, and 10 16.5 g of sodi um dodecyl sulfate was
added thereto. This m xture was used as a
supartied ebili Bestkarang obp adteaqieous. 5ol LASoa. re4ult, the
Gowth to h‘ntended particle dianmeter and subsequent
S8 HAGE 6 eSt Madhcth oAV SE Sl [RA T heC ARt PA@Trict OB

t particl.e- dianmeter-graow,n ueous solution in the
113{,131\,&!%331%%@5 %s}’?i‘ﬁﬁ‘aea?%zé-%??no% 5,778 g of the

seed- paf3) chLEpat@HiAIi P Sok¥LiIAR QP AhBed iR ffing

above (2) was added thereto. 20 Particles were

measur ed foaqaepard i<drutdbaneter wth an opti cal

m croscope_ video mcroneter (Video microneter

"VM 50"T0 sippfP PEd dby O iemuexcheingsd WoterlLwds) aatded

4 igoerval tr 10 m nutes after the addition of the

'8 ed-%a?fi ‘§| MSrc At MR Rgmd Sitittion'a 955 §iFEe dridfut £10
' t L th iti , th ticl had

S ARSIy Sad S St S e R RN T s LN i

sollutsiaoh sEMeompididl yegikudaetd Akt N8 sPadrid &, and
di aneter grow h ended, so that 1,000 g of 2.5 mass%

1l éaduapust asndiiua wasdek ppwssé faddedvak t AdBsda it dig
punMp to carry out aging. The thus-obtained .
This yhethyrei Fassqiieskane 2 PRWSO)CkRrdienes agergrowing
aqg%% ur ed o%.a particle dianeter distribution with a

a v

*r®%o fgp“("NUItisizer e

{4) Growth to intended particle diameter and

subsequent termination of reacticn

While the entire amount of the particle-
diameter-growing aqueous solution in the above (3} was
stirred at 20 rpm, 5,778 g of the seed-particles-
containing solution obtained in the above (2) was
added thereto.

Particles were measured for a particle
diameter with an optical microscope video micrometer
(Video micrometer “VM-50”, supplied by Clympus Optical
Co., Ltd.) at intervals of 10 minutes after the
addition of the seed-particles-containing soclution.
Sixty minutes and 65 minutes after the addition, the
particles had an average particle diameter of
approximately 23.6 pum in each time, and it was judged
that the particle diameter growth ended, so that 1,000

g of 2.5 mass? aqueous ammonia was dropwise added with
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5 supplied by Beckmann Coalter Corp.). Fig. 3 shows a
chart of the above particle dianeter distribution.
The above PMSO particles had an average particle
di aneter of 23.30 gmand a CV value of 1.81 % (5)
Classification of fine particles and 10 drying The
obt ai ned particles were subjected to solid-liquid

2 I&FABIRONPWPh tR A ¥V Oyal agdge¥ ator, and then the

dures of irradiation wifh ultrason /e |
et handiE S 48 pEE A Db BE TGy bt ESasanspaare
(PR att MBS e st QdEIONEL]DR p§4#cées IE%&e diapeter
remai i ng particles were art-dried and fhen dri &u- &

dik3¢ iGuoisrMINen esickial t8et barelcedhevMuehd safzdherrr~
t hus- obt ai ned PMSO particles was 65 % 20 Conparative

suppdiid® dy (BecRmepar idoahtetr Seedh particies- Bostiowng a
solution To 5,000 g of ion-exchanged water were added

chgry Rt (W p8: aboge syt oEle AdlmMater Afassddwrimmi a
5 _and_ 50 of MB,, and the m xture was stirred at

T s e 995 haY ik k5 oot 23 rotee oS RemgGbus

disfletd f,gonpl et el i ss@lv S rged, and
lt g“%%?ﬂ??oﬁgﬁg@ ?@5&éﬁgr%n & ?%ﬁgﬂ§6?%??o%?mg§ used
as a sqed- pErds sk €scharifmep 5ok uhieOpartbi @1 é2) and
Preparation of seed particles In the
seed- particflegifhgrm ng solution prepared in the above
(1), thgbstirring rate was _decreased to 30 rpm and
50 n oOf'el YhEFiRedr Pagifdgikes were subjected to

solid-liquid separation with a centrifugal separator,
and then the procedures of irradiation with ultrasonic
wave in methanol and subsequent decantation were
repeated several times, to remove fine particles. The
remaining particles were air-dried and then dried at

150°C to remove residual methanol. The vield of the

thus-obtained PMSO particles was 65 %.

Comparative Example 1

(1) Preparation of seed-particles-forming
solution

To 5,000 g of ipn—exchanged water were added
0.2 ml (NH3: 0.68 ppm) of 1 mol/liter aqueous ammonia
and 500 g of MTMS, and the mixture was stirred at 100
rpm at 25°C. After about 3 hours, a homogeneous
solution of completely dissolved MTMS was formed, and
the solution was transparent. This solution was used

as a seed-particles-forming solution.
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5 amoni a was at once added thereto. To 2 ml of a 0.1
mass% pol yvi nyl al cohol aqueous sol ution was added 0.2
m of the seed particle solution obtained 20 m nutes
after the addition, and the seed particles in the seed
particle solution were neasured for a particle 10
diametey_with a Coalter counter ("Miltisizer III"
suppl i et? byt BEPRF@E T TP f eFeess partintes result, the
seed p i gl es_had, an average particle dianeter of
> 165" ke EhE° 1SR Pkt 6P 98- B2 GG EnfpEian ve
preile 2o thdMapayalief ol mecte Part hel gsdornl oo
solution To 5,000 g of | on-exchanged water were added
dezrpade¢NEB: 30. &mpm) anl Somell ldt el AGUFAUT HMDRLEous
20 and 500 g of MIMS, and the m xture was stirred at
AN L & pre at aZ500cAf 2ddedbdhte r3: thour sTo a2 hmdpgeneous. 1

soh#tiog of, cagpletely di ssol ved MIMS was fornmed, and
NASTS o ¥V oR Wla S Ifetiietl y2gp8qve sl at seputiagh aRded 0.2

jused a d- i s-form.ng sol ution. 25 (2
e s a I GLFT ol i e 188 2 Sidnuces
afgead-11eé t hale iR, M ga Sehut s g B EP Isn 5 0

(1), the stirring rate was gecregggd@%§q§6|ﬁ#§%€€dgged
pastivlefsdlolion wrragueassr st Mivt aa WBE rati cance

.added thereto. To 2 ml of a 0.1 57 a mass% pol yvi nyl
digmediayr witiBoas Cod lit¢ Bncaus tadded 0u Rt inli zefr tTHEL Seed

ar.t. c solution obtained 20 mnutes after the
su &’&i’ﬁ%ﬁiyahackﬂ@%e%%%??cﬁ@srn W t htSserdrepadtt cltehe

se%@‘ﬂéf%ﬁ@@ég W%ﬁ“gﬁxgég£a8ep%§£éﬁéie diameter of

2.165 pm and a CV value of 3.95 &.

Comparative Example 2

(1) Preparation of seed-particles-forming
‘solution

To 5,000 g of ion-exchanged water were added
2.0 ml1 (NHs: 6.8 ppm) of 1 mol/liter agueous ammonia
and 500 g of MTMS, and the mixture was stirred at 100
rpm at 25°C. After about 3 hours, a homogeneous
solution of completely dissolved MTMS was formed, and
the solution was densely opaque. This solution was
used as a seed-particles~-forming solution.

{2) Preparation of seed particles

In the seed-particles-forming solution
prepared in the above (1), the stirring rate was
decreased to 30 rpm, and 50 ml of 1 mol/liter aqueous

ammonia was at once added thereto. Te 2 ml of a 0.1
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5 dianmeter with a Coalter counter ("Miltisizer II1"
supplied by Beckmann Coalter Corp.). As a result, the
seed particles had an average particle dianmeter of
2.176 mand a CV value of 4.21 % 10 Conparative
Exanmpl e 3 (1) Preparation of seed-particles-formng

solutio i on- exchanged water was added
I“as'%ﬁ)%J ? le aarﬂug?}ﬁ% LnPEAG Saso SUFAPEd YRS 1@@d?§m0 2

1 t ft 3 ene sol ut

lofb%o%%?et Siéﬂ sso ﬁ/:%ﬁ?g{tl f(gl?ﬁgg éﬁ?(“fg 1nutes

afxaintina waalttrﬁﬁﬁ,paéﬁat th‘éhls%esc@%ékefﬂc%% bﬁ?dtﬁg deed
seed-particles-formng solution. (2) Preparation o

Pagddd: bar s0¢dd 020 wers hressad-qiarto el esphentnidge
.sol utlon grepared in the above (1), the stirring rate
dighetepcyiibed (PBOtepnroand 80 hMol t1sioiet i TBE”

! dded th To 2 m of
SuPhy A REche %&Wfiy oaﬁ?%ﬁfo?:oa%etu?é%f’at rof iy the
I bt
St cS SR (e Aar Lo PLThe ealhiae efes

2.i1véd hen seed apant 'xﬁdﬁuéobﬁt ijomwer e neasured for a
particle dianmeter with a Coalter counter ("Miltisizer
[11" supplied by Beckmann Coalter Corp.). As a
result, the_ 58 seed particles had an average particle

ConpahateverE xﬁ“@ﬂﬁiﬁfand a CV val ue of 1. 56 % (3)

Pr epar t| arti.cl e d anmet Wi ng ueous
sol ut | g(n 5 grﬁ% |%ﬁe xE’%& %\%’f PIdSg
added solutlon

To 5,000 g of ion-exchanged water was added
500 g of MTMS, and the mixture was stirred at 100 rpm
at 25°C. After about 3 hours, a homogeneous solution
of completely dissolved MTMS was formed, and the
solution was transparent. This solution was used as a
seed-particles-forming solution.

{2) Preparation of seed particles

In the seed-particles-forming solution
prepared in the above (1), the stirring rate was
decreased to 30 rpm, and 50 ml of 1 mol/liter aqueous
ammonia was at once added thereto. To 2 ml of a 0.1
mass? polyvinyl alcohol aqueous solution was added 0.2
ml of the seed particle solution obtained 30 minutes
after the addition, and the seed particles in the seed
particle solution were measured for a particle
diameter with a Coalter counter (“Multisizer III”

supplied by Beckmann Coalter Corp.). As a result, the
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4,950 g of MIMS, and the m xture was stirred at 100
rpmat 30C. After about 3 hours, a honbgeneous
solution of conpletely dissolved MIM5S was forned, and
this solution was used as a particl e-di aneter-grow ng
10 aqueous solution. (4) Gowh to intended particle

di neteﬁ.agd ﬁgﬁiequent term nation of reaction
S 1RAThE CeftS noUnf Ve &% Rk tigle diameter of

, '@Eﬁlﬁra &g}g 2%’?‘%#8§?9%O|IUtg ngfi n the above (3) was

6 stirre 0°go he seed-particl es-

contai ni3iy sekphirait A ab pedaih ithe aPOYRe £ 2k WBwing
added thereto. Particles were neasured for a partléTe
di amet er w Bljuamwptschhtimar oscope vi deo m cronet er
20 (Video mcroneter "VM 50", supplied by 4 ynpus

Opti calT®To33, PPE. ¥ &1f i inereakbasigerd waharewasf tastded

addit | of th eed-particles-containin
4 Jottd o?ll.f h%ﬁ‘ﬁsr’tf nﬁ?%sm&ﬁ&% nf 8t €§l§frteé$ 3Hel 00
ddjti9ne~th rtigle an_average particle
rpgll %rrgetgrj] Gt %%ﬁg%]ﬁr ng)rl%;tt &a&.’oﬁﬁsm fan%é)zilgchg?ﬁl%‘,‘lsand
soiltutviasn | ddgedmpinate 1 fedpakbiicled MAWE 6L I M d, and
ended, so that 500 g of 2.5 nmass% aqueous ammobni a was
thdmopin et Addedras tis@d ast er ipag tpiPe + diaakte O rowing
agi ng. The thus-obtained PMSO particles were neasured

AWMEFET FOHBILCH e di ameter with a Coalter counter to
of 7.052 mand a CV

oo, o ELGENPRS e Sha o, Ot 20
and 5 dryiBfbsequent termination of reaction

While the entire amount of the particle-
diameter-growing aqueous solution in the above (3} was
stirred at 20 rpm, 3,200 g of the seed-particles-
containing solution obtained in the above (2) was
added thereto.

Particles were measured for a particle
diameter with an optical microscope video micrometer
(Video micrometer “VM-50”, supplied by Olympus Optical
Co., Ltd.) at intervals of 10 minutes after the
addition of the seed-particles~containing solution.
Thirty minutes and 35 minutes after the addition, the
particles héd an average particle diameter of
approximately 7.2 um in each time, and it was judged
that the particle diameter growth ended, so that 500 g
of 2.5 mass% aqueous ammonia was dropwise added with a
metering pump to carry out aging.

The thus-obtained PMSO partiéles were measured
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The obtained particles were subjected to solid-liquid

separation with a centrifugal separator, and then the

procedures of irradiation with ultrasonic wave in

nmet hanol and subsequent decantation were 10 repeated

several tines, to renove fine particles. The

remai ni ng partlcles were air-dried and then dried at
forsechar Ferboediagiadiny whthanolCoaiHeeyi epynsfent Heo show

t hus- obt ai ned PVMSO particles was 70 % 15 Conparative
ANERYGHAIS Qiytpf:elﬁardalﬁlb%t%%: eded- 4 i Bredndo@niGig
va§g|ughanTg55%OOO g of ion-exchanged water was added

O g of MIMS, and the m xture was stirred at 100 rpm

20 at 360 Af4esiabeut idrhayf sfiachparaenepss salkution

of conpletely dissolved MIMS was forned, and the

sol ution ma@ruseq as a seed-particles- forn1ng

sol uti aon. Wi be described later, a particles

contalﬁﬂﬁgQRﬂ%%Pﬁﬁ PaR tdth 2§ oWefigs sihsecogdt her 25

so 1 08 ERB RSP  SThov PR AR g i ng eparator,
an&OLt%térPrbﬁé’r%Eg@'egi'L&rééNaéf PEepated e ol pHe, 19 450,

g of ion-exchanged water was a

watrbe im xidttleanBs Shid raAth $équlatr BN 6P L 6aMwere
tenperature. For a beginning tinme period after the

repgditeibrrofe MIVSE IMENS Was dempeesdiina Iaaruiilclecbr op The
state in the agueous sol ution, and after about

refigard n% %ﬁ%b heSud'eIF R 167 6ﬂe@o@m%t%h9ndﬁ§§@d/e@t
d h t t d d t
15507 BR, YRhetF 7o SBR L1 A TR TRfodie SimaR: AR

thus-obtained PMSO particles was 70 %.

Comparative Example 4

(1) Preparation of seed-particles-forming
solution

To 5,000 g of ion-exchanged water was added
500 g of MTMS, and the mixture was stirred at 100 rpm
at 30°C. After about 3 hours, a homogeneous solution
of completely dissolved MTMS was formed, and the
solution was used as a seed-particles-forming solution.

As will be described later, a particles-
containing solution for addition was used together
with the seed-particles-forming solution in this
Comparative Example. The particles-containing
solution for addition was prepared as follows.

To 450 g of ion-exchanged water was added 45 g

of MTMS, and the mixture was stirred at 100 rpm at
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at once added. In 15 mnutes after the addition of

t he aqueous ammoni a, particles grew and the sol ution

came to be opaque. After 30 mnutes, the particles 10

were neasured for a particle diameter with an optica

m croscope video mcroneter (Video mcroneter "VM 50",

supplied by O ynpus Optical Co., Ltd.) to show an
roQler /AP R LIS difpteterbeginning Yine meraridor idfer

icl d- ticles-form .
endC R PEL bR BT, Mle RS ERE YigFe FRaeu et h o
dreps secLeased o 30 & 00k %Bﬁu{tﬁléﬂ, Oind Tolddd t&out 2

aqueous ammonia and 493 g o e particles-contalning
hosalsyt i ®nhofhogeaddivs ofio 1 abtiannedt idompeeabave dildsolved
were added. 20 To 2 ml of a 0.1 nmass% pol yvi nyl
MTHiScotos bguweds §oleutdtoir nbsgadddsd Was ndle ot eblse ds e
particle Sﬁlgbion obtaj ned _30Q0 m nutes after the
and ' “i

405 Fd 4 omnd i fed? Gt &I PolHeriddT 2 TUBAPSI ATEROMER gWas
asure a antd ¢cl.e di apeter. with a Lter

atggﬂnerg?&%gﬁiggzéé %5ﬁ§%$sségﬁﬁfé£hﬁféﬁ@%ﬁ&ﬁﬁ ot

theoal 188 o &8l BmhorA% 2 p&sH Ll et RE- Ve Yaf @G o1 ution
particles had an average particle dianeter of 4.456

capm (IQV val opatuka YRfi(sd) Poepanatied) odfhe particles
particl e-di anmeter-grow ng aqueous solution 61 To

wegs OotR Hubedi e amyetchet ol amsst exided th4 295t bfal

t m xture was stirred at 100 rpm at_ 200C

i VNG and th N g
/E{frtoes'rc%%%qu_§6ﬁ>oaP§,r%mﬁBﬁ6géNé&fso RbFLPREH et VM-S0,
g A R A i i S C R R A
avAGURANIS SPLYEN@N di ameter of 4.1 pm.

(2) Formation of seed particles

In the seed-particles-forming solution
prepared in the above (1), the stirring rate was
decreased to 30 rpm, and 50 ml of 1 mol/liter aqueous
ammonia and 493 g of the particles-containing solution
for addition, obtained in the above (1), were added.
To 2 ml of a 0.1 mass% polyvinyl alcohol aqueocus
solution was added 0.2 ml of the seed particle
solution obtained 30 minutes after the addition, and
immediately thereafter, particles were measured for a

particle diameter with a Coalter counter {“Multisizer

III” supplied by Beckmann Coalter Corp.). As a result,

the newly formed particles had an average particle
diameter of 4.456 um (CV value 1.16 %).
{3) Preparation of particle-diameter-growing

agqueous solution
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(4) Gowth to intended particle dianeter and
subsequent term nation of reaction Wile the entire
amount, 37,950 g, of the 10 particl e-dianeter-grow ng
aqueous sol ution obtained in the above (3) was
stirred at 20 rpm 3,410 g of the seed particle
solution obtained in the above (2) was added thereto,
to grow?hd>plPOi @ & i frurrarehengemhrvabpss wasr @dded

npasul ed.f partic 15.di,ameter_with.an optica
Yo C%Eeﬁ\ryl g0 arﬁ%r%ﬁ%t B XTUR QS8 i EFdmdest at Loo
VM 503 geSUPP £ b gy Lcal d ) _at
rpﬁhterva s of 10€%¥néPgL aftzeg?%é’ 3d5§¥#%ﬁ§%?o%ﬁe
sodeddi qar ¢ £ ckergpdldtié Dp. dD8echawd arriMsona shawrmed, t 8Rd
mnutes after the addition, the 20 particles had an
thivverseu papni #las dismet es of paapprokemdt eme tk 8ygowing

each tinme, formation of aggregates was found, and it
2RO heF REBEE P udged that the particle di aneter

growt h d t hat .500 f. 2.5 .mass% agueqQus
annoni&ﬁQaggﬁ?ﬁgaﬁgg 5335%§%§9hp3rggﬂﬁéle%%%ﬁegﬁﬁaﬁqg
carry out aghBgeqlhttt htsrpbhaicnedh Rartbehes (uel e

neasured for a particle dianmeter with a Coalter
count eMhi(I@thesendri dd |1dmsuppl, i 8d ,[Bs Begknain the
Coal ter Corp.) to show an average particle dianeter
pagit iy ggd halane ra BOWWngabkgaesfusl. 56195 105) obtained in
rticles and drying The

e ?An‘;e%cﬁéﬁ ? ?“@%Esgﬁzég‘?%‘g@uﬁjte&%of%r 53581009 i the
seSPRIALL 0011 LD Bl TARUAT T A oW BT 018
added thereto, to grow the particles in diameter.

Particles were measured for a particle
diameter with an optical microscope video micrometer
(Video micrometer “WM~50”, supplied by Olympus Optical
Co., Ltd.) at intervals of 10 minutes after the
addition of the seed particle solution. One hour and
one hour and ten minutes after the addition, the
particles had an average particle diameter of
approximately 13.8 um in each time, formation of
aggregates was found, and it was therefore judged that
the particle diameter growth ended, so that 500 g of
2.5 mass% aqueous ammonia was dropwise added with a
metering pump to carry out aging.

The thus-obtained particles were measured for
a particle diameter with a Coalter counter

("Multisizer III” supplied by Beckmann Coalter Corp.)

to show an average particle diameter of 13.88 pm and a
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wave i n nethanol and subsequent decantation were

repeated several tines, to renove fine particles. The

remai ning particles were air-dried and then dried at

10 150C to renove residual nethanol. The yield of the

t hus- obt ai ned PMSO particles was 30 % Conparative

Exanple 5 The PMSO particles obtained in Conparative
CV1yB%RpPE 4w & cal cined and classified in the same

manner i 0, Exanpl.e 2,, to give, cal cined, particles

havi ng G HobPEgetiEAt iqs GF andfr AT GHEBIS AR a

CV value of 31,44 % 20 Exanple 6 (Production of

pol yor ganosi gxaﬁ% particles according to the second

enbodi mey )olbdd i Reepyatt Dol 85 weed part{ etesqf emm ng

solution A separable flask having a stirrer and having
so25 dr Votiuid ekpmGO0ioth washchargatt mi fhgd 15k mpodtor,

i on- exchanged water and 250 g of MIMS, and the _
angh Gk GRS PEocadres eboirpmdipfion with ultrasonic

tant - t | that .
wefISE L EIRENALLE MES Sl B oo e
re@@éﬂghaéégérghe5¥H%§}OEOOEeMH$%‘%@ﬁ@ ggﬂMT%les. The
di spersed in an ol rop state in the aqueous

res@littimog, papd iaflleey wboet a3rhaiisd aah@medeneUSied at
sol ution of conpletely dissolved MIMS was forned.

157TACs teolnemave wae susieh lasnatiserdipamhe| ebefar BitNngh b
sol ution, éZ) Formati on  of seed particles The stirring

thugroRkR1Medr BYSS Rar BbCEpR Wakd 3258l of 1

nmol /liter agueous ammoni a was at once added

Comparative Example 5

The PMSO particles obtained in Comparative
Example 4 were calcined and classified in the same
manner as in Example 2, to give calcined particles

having an average particle diameter of 11.31 um and a

CV value of 1.47 %&.

Example 6 (Production of polyorganosiloxane particles
according to the second embodiment)

(1) Preparation of seed-particles-forming

solution

A separable flask having a stirrer and having
a volume of 5,000 ml was charged with 2,500 g of ion-
exchanged water and 250 g of MTMS, and the mixture was
stirred at 100 rpm in a constant-temperature vessel
that was temperature-adjusted to 30°C. For a

beginning time period after the addition of MTMS, MTMS
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to the seed-particles-formng solution prepared in the
10 above (1). In one mnute after the addition of the
aqueous ammoni a, pol ynet hyl sil sesqui oxane particles
were fornmed, and the solution cane to be opaque.
Thirty mnutes and 40 m nutes after the addition, 0.2
m of the seed particle solution was 15 sanpl ed each

wag| fdspepsedf 1a @ absdsppl pliahd B cbhel aspasus
| ut | d, and j iately th fter,
S0 LG G e L cRoS SheribSithady B8 TG 2 BARORErEous
. . t ] |
SR T o OB R Ea FOYBA TR S 485 ormad.

Thbet kadfut hénskad RAdd CAe §0kblddMisa Pafc R safyragitng
particle dianmeter of 2.85 gm (CV value 2.24 %, and it

sowas iconfirned that the growth of the particles ended.
However , s smaller_ than an intended fina

it_wa : _
particl'@ dikeererish et nhadtisigs 25 (3)
Preparation of particle-diameter-grown agqyeous
sol Ut 1 SfLA SobaF BPe FAGRK TaVARG 18 2aa T rEf dfdtgms and
25vahugsr of ' }Waé? ed W ddy 2, Ofy i 0-
exchanged ﬁggg?lgk 25<&§§%? %ﬁ%%%n§%d§? eg§i§¥ﬁ$£ %%%ed
tob64hst igged-phrt0Q Irqan forAi agnsicanitienpprabdreessethe
that was tenperature- adjusted to 30*C. For a
abp#gi nlilng 1n nenpemiiod taf taf t ¢ hethddiaddint bbnMEKS the
MIVMS was di spersed in an oil drop state in the .
aqH&G&iﬁ?QﬁWﬁ??onPQ§¥ﬂﬁF%Y%§Flé&iﬁu%Pﬁ%B?sP%§t1C1es

weBSTISGARRN SBLULLAD 80y, EOH ELaly 558! KRS s
parti cheridi @peh ehngeQWidHh A eRYRLtSY WFO8r the

addition, 0.2 ml of the seed particle solution was
sampled each time, 2 ml of a 0.1 mass% polyvinyl
alcohol aqueous solution was added, and immediately
thereafter, 50,000 particles were measured for a
particle diameter with a Coalter Counter Multisizer II
(supplied by Coalter Corp.) each time. As a result,
both of the seed particle solutions had an average
particle diameter of 2.85 pum (CV value 2.24 %), and it
was confirmed that the growth of the particles ended.
However, it was smaller than an intended final
particle diameter of 3.00 um by 0.15 um.

(3) Preparation of particle-diameter-growing

agueous solution

A separable flask having a stirrer and a

volume of 5,000 ml was charged with 2,500 ¢ of ion-

exchanged water and 250 g of MTMS, and the mixture was
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(4) Gowth to intended particle dianeter and 10
subsequent term nation of reaction To the sol ution of
t he pol ynet hyl sil sesqui - oxane seed particles whose
dianmeter did not reach the intended final particle
di aneter in the above (2) was dropw se added the
artiglg-d' ter-grow ng aqueous 15 solution in the
(

StIIRAT (35 KOth SP ot Br fnE OBaHETH - BOMPAFE Lo A (vesse L
i t 0.0036 m / m. nut i ilit f | | ]
e A bR dat L BT E e R e 0 1 1 BB & diging

tilay tp&t e6AWAITE AbSef ¥ edahor iRAT td £] BT@EOWMTMYY 29 the
Coalter nethod at intervals of 5 m nutes under the

disgrer seddiitn anrs asli lxdd) sbatk tihe Past bghesows evobilntion,

particle dianmeter by 0.15 gm At a stage when 900 ni
angk affeehapbpuite-ikamet 8r - gr MNP eRReVas soduiticon afs

dded after,.the.initiation of the addition, it was 25
co &ﬂé%?%%tdﬁﬁéQ%ﬁﬁéué%MﬁoWﬁﬁﬂgéﬁ@ﬁgseéﬁ%?6x§ﬁéut1°n
Ranid £ esghavi . i an f, .3 Cy val ue. 2.07
e SBt  Bag 1 TredueBry narcarrae, daipelf
sodddifdon of the particle-di aneter-growi ng aqueous
solution was term nated, a m xture solution containing
65 15 g Df @5owhbs%caduentrsdadnpaird iaride 381 gmeft eirorend

exchanged water was dropwi se added with a netering
punp, and tAEPS&II est aERénagd@mto f oBRRESHSSY at ur e

and gt BB T <P e cBRRI BRI e f perau-

ox@OR & &b A0 82k Yld1UL OPASEBeH 1t dtddr VB4 CRBY Ifdiaal | ¥y e
intended final particle diameter in the above (2) was
dropwise added the particle-diameter-growing aqueous
solution in the above (3) with a metering pump at a
rate of 10 ml/minute (0.0036 ml/minute per milliliter
of volume of the seed particle solution)}, to initiate
mixing.

Particles were observed for particle growth by
the Coalter method at intervals of 5 minutes under the
same conditions as in (2) until the particles grew 1in
particle diameter by 0.15 pym. At a stage when 900 ml
of the particle-diameter-growing aqueous solution was
added after the initiation of the addition, it was
found that the intended polymethylsilsesquioxane
particles having a diameter of 3.00 um (CV value
2.07 %) were obtained. Immediately thereafter, the
addition of the particle~diameter-growing aqueous

solution was terminated, a mixture solution containing
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separated to separate the particles, and then the 10
procedures of irradiation with ultrasonic wave in
nmet hanol and subsequent decantation were repeated a
plurality of times, to renove fine particles. The
remai ni ng pol ynet hyl si | sesqui oxane particles were air-
dried_and then heated to 150C to dry themfor_ 15

1Y &hovf né>r BéisdFala ke ARAORIIPTE @ RdoBPaignedf ion-

yl si.l sesqui oxane . partjcles e neasured for
et AITLEY w2l aith RO ReAa dod “iEhod T S 1t 8
UBNNesn @St t 0 n i
e el e e T & Warde B BP Sparabure
foxdngl keoirihe sanme procedures as those described in
(1) Preparation of seed-particles-formng solution
and (2)(>ReCresmitfiicmtofomeell pamts glastiolEsampice 6
were carrie Qut. As a result, polyorganosil oxane
particles RAVERY an average particle dianeter of 2.85

m (CV 4.9 were obtai.ned, while their

particﬁ%ﬁ%égﬁigﬁgFeW%ﬂ%ﬁ%ﬁ%ﬂ?é?%ﬁ%ﬁf%ﬁfFﬁFZﬁ&@d
cohitial tkehet it esiakad Ywlsl i

Exanpllle and Célnpar ativé Bdar%quemgba"rqgs %ggn{?aﬁl\é]%ﬁ&?%ly
sepaTrdieedetn skatarnatd hehpr paettidIwent iaA then the

pol yorganosi | oxane_particles having a nonodi sperse
PIR&SI T @S dPdnedradii st i phuwiish st hespnodusedrerhite
meg%iust%ng theib particle dianmeter in the order of nm

APl e FEPPYURRATHIF bf CpERFSATa RIS Y8k En& Spaatied ed

p142ACCOH A BIthiQldNe SECPOHSTPM B WA rticles. The

remaining polymethylsilsesquioxane particles were air-
dried and then heated to 150°C to dry them for
removing residual methanol.

The thus-obtained polymethylsilsesquioxane
particles were measured for a particle diameter by the
Coalter method in the same manner as in (2), to show

an average particle diameter of 3.00 um (CV wvalue
2.01 %).

Comparative Example 6

The same procedures as those described in (1)
Preparation of seed-particles-forming solution and (2}
Formation of seed particles in Example 6 were carried
out.

As a result, polyorganosiloxane particles
having an average particle diameter of 2.85 pm (CV

value 2.24 %) were obtained, while their particle

66



10

15

20

25

(1) Preparation of seed-particles-formng solution A
separable flask having a stirrer and having a vol une
of 10,000 mM was charged with 5,000 g of ion- 15
exchanged water and 500 g of MIMS, and the m xture was
stirred at 100 rpmin a constant-tenperature vesse
that was tenperature-adjusted to 30C. For a beginning
dipmetgrerved steddamethadi ahodndfenviag, TVMRE nesticle
dlspersed in an oil drop state in the aqueous 20
diggehsono £ afd O&F te ks‘;\ﬁbo&t 8 HBurs, a hormgeneous

soluti gn, f ﬁ:?%é?'éelé/ ﬂéseaﬂégrparl\{?f 2| es de are

Thi s sol uti on used as a se rnln

con@latd . i { 2k ahoyEtd &n ot haeed roark é Cbes.s%%tquWentlon
tenperature of the constant-tenperature vessel was

pOdmﬂﬂQEE@SibOkﬁﬁetﬂEIBiCREBn@avmﬁgM&Smod@@ﬁ%@ﬂﬁbéo
and 5.0 M of 1 nol/liter agueous anmoni a was

Paéttlcﬁ«k% %a@atﬁé tHes sedbupaen @ags-be opaPdgoss uﬂnbhe
BHRYA Lol R ibee LT DS AT,

pol ynet hyl si | sesqui oxane particles were forned, and
the solution cane to be opaque. Sixty mnutes and 70

Exainpliees? af bebdiuke ipradsif t p@mong%rFSsPiokaﬁeS?ﬁﬂ:tlcles
partlcle solution was sanpled each tine, 2 nl of a

acgordiass v pokhre mecorad cembbdaqueedi)s sol ution was
added, and immedi ately thereafter, 50,000 particles
vere medsurkie eeparagicpaaf creedr Eﬁéttéf‘:]kﬁils't QrEAAT er
nmet hod each 51”%1 n 10 the sane manner as in (2) of
Exanpl e 6. AR H e ul t,

A separable flask having a stirrer and having
a volume of 10,000 ml was charged with 5,000 g of ion-
exchanged water and 500 g of MTMS, and the mixture was
stirred at 100 rpm in a constant~temperdture vessel
that was temperature-adjusted to 30°C. For a
beginning time period after the addition of MTMS, MTMS
was dispersed in an o0il drop state in the aqueous
solution, and after about 3 hours, a homogeneous
solution of completely dissolved MTMS was formed.
This solution was used as a seed-particles-forming
solution.

(2) Formation of seed parficles

The temperature of the constant-temperature
vessel was decreased to 10°C, the stirring rate was
decreased to 30 rpm, and 5.0 ml of 1 mol/liter aqueous
ammonia was at once added to the seed-particles-

forming solution prepared in the above (1). In 15
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both of the seed particle solutions had an average
particle dianeter of 8.20 pm (CV value 2.05 %, and it
was confirmed that the growh of the particles ended.
However, it was smaller than an intended final 15
particle dianmeter of 11.00 gm by 2.80 gm (3)
Preparation of particle-dianeter-growi ng aqueous
miFQl té & 0B FAe3eRAIANl @qf Lask RAVIINGL a5 §hibLEr dia,
vol ume of 10,000 ml was charged wth™5,000 g of 1on-
pAyrexchghged swrqri endn b0 ag tofc M dSyvegad fdiened Xt HhE
was stirred at 100 rpmin a constant-tenperature
theesselutipa: oare teepeeapprsiadj usted to 30C. For a
begi nni i me,period af%er the addition of MIMS, MINS
was di§%€§ BAE RS idNYr Of BeRUE e S ahEeBqhdbus 26

Iyt ion, napd. aft u h . 0 eous
BRI 2ot Fheabedd WS VBRI vas
salfifled t BecBORS ANt -2 efpPehat W & vessgkswapoadiwsigd to

10C, and the above sol ution of dissolved MIMS was
alsydhrgedagneblust o hetpenatase aafddde spbutimaredioaeel ¢

68 be_10*C. This solution was used as a particle-
th@tart &R L gr SR 0P GRrebhiscdgisumasie maaswres Han a

int.ended .particle dianeter, a subsequent term pation
PG EEE L REAmE Y ie thhr Te CoBd Rt S bROGT e Time. I
+ 1ROl umed hyl shki | oxane clLes yhose

di anet er éigbﬁbﬁﬁ§?§gcﬁgrh8%fneﬁﬁé%éfkharﬁgagﬂﬁﬁiylt’
botiarnet ethenseld pbovec{?) swantcaed uhhy Lechardedge

into a separable flask having a stirrer and having a

pawdliuniee ofii 4028@G 1OF nd, 2angdmt hewsotathien2vas )i refd it

at 30 rpmin a
was conflrmed that the growth of the particles ended.

However, it was smaller than an intended final
particle diameter of 11.00 um by 2.80 um.

{3) Preparation of particle-diameter-growing

adqgueous solution

A separable flask having a stirrer and a
volume of 10,000 m]l was charged with 5,000 g of ion-
exchanged water and 500 g of MTMS, and the mixture was
stirred at 100 rpm in a constant-temperature vessel
that was temperature-adjusted to 30°C. For a
beginning time period after the addition of MTMS, MTMS
was dispersed in an oil drop state in the aqueous
sclution, and after about 3 hours, a homogeneous
solution of completely dissolved MTMS was formed.
Then, the constant-temperature vessel was adjusted to
10°C, and the above solution of dissolved MTMS was

stirred until the temperature of the solution came to
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constant -tenperature vessel that was tenperature-
adj usted to 100C. The particl e-di aneter-grow ng
aqueous solution in the above (3) was dropw se added
with a netering punp at a rate of 25 ml/mnute (0.009
15 M/mnute per mlliliter of volune of the seed
partlcle solution), to initiate mxing. Particles were
beos¥CGred Thairs p@mlutb.engrmm hudgd tise aCosd t ©f cirethod at
interval s of m nutes under. the sane conditions as

dﬁ%?%ﬁﬁﬁegfﬁflﬁﬂ|ﬁq¥ﬁ%uﬁaFP&HQ%P@0 grem1|n particle
di amet (4 )bngogighglPo %n@eg&%ge & gocf S%ﬁawgstoefgdgagrgd

particl e-di anméter-grow ng aqueo

after the Isubls@q@h@ftébﬁm%ct%ﬂ 0pr khbapas d;pund
that the intended polynethylsilsesqui oxane particles

havi ng Cnaiakfer 25HE 441 00i8m O3V tied upolyBStHyisil-
were obtained. Immediately thereafter, the addition
SesALiRXapyr fe€ice Rﬁ!é%@é%gw@mﬁg célq@ree@ersdm i Pt was

d I f 2
© S RECLoh S LB A or o Ghab 33 g The | heES ﬁénglé’do%%gr
apB%eag plnqaw 3% w EacRAIRIE] | 10 BUIDs ke

particles were age roomtemperature

£165k Uasshbi @atsltqrr:pérfaﬂ@ BaRtilg €s aeﬂum@rwf_ngl@ Eﬂ?@
pol ynet hyl si i sesqui oxane-particl es- containing

mlgoland ophebsailmgd dm &3 mas raen raf ugal kpm sepas at ed

to separate the particles, and then the procedures of
COPFrtéd{faﬂ%ﬁpwrtaﬁ%% 8BRS AL (WS nbeRRRrGIa take -

R R AT & L RRE
aqueous solution in the above (3) was dropwise added
with a metering pump at a rate of 25 ml/minute (0.009
ml/minute per milliliter of volume of the seed
particle solution), to initiate mixing.

Particles were observed for particle growth by
the Coalter method at intervals of 5 minutes under the
same conditions as in above {(2) until the particles
grew in particle diameter by 2.80 um. At a stage when
4,800 ml of the particle-diameter-growing agueous
solution was added after the initiation of the
addition, it was found that the intended
polymethylsilsesquioxane particles having a diameter
of 11.00 um (CV value 1.99 %) were obtained.

Immediately thereafter, the addition of the
particle-diameter-growing aqueous solution was
terminated, a mixture solution containing 15 g of 25

mass?® aqueous ammonia and 35 g of ion-exchanged water
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remai ni ng pol ynet hyl si | sesqui oxane particles were air-
dried and then heated to 150*C to dry themfor
renovi ng residual nethanol. The thus-obtained

pol ynet hyl si | sesqui oxane 15 particles were neasured
for a particle dianmeter by the Coalter nethod in the

i v e e
oaCORAIGH | Ver BXATRLE 7t THSoRANE npAcAdir €588 UtHours.

described in (1) Preparation o

seed- pdiRt)i @less$dfticag izol W f opinedpadtidbesabngn of
seed particles in Exanple 7 were carried out. 25 As a
resul t, pol§®¥§adosil oxane particles having an

aver age,particle r of 820 ~Lm (CV  value 2.05
% wer h@otpa%%laegwfﬁéi%?eﬁqub%ﬁp@r&ardt}la%@ér was

;1 t al,.p rt| |anet
cof B3 nd noobhs o e fa b di; fids LERTRaTa iy
separta&%oprwe@épah:a\t@tﬂw@ dpakwr:q%rsoSIA@aaeﬁeaarttuél es
having a large particle aneter of over 10 gm can be

prpc@@mnaﬁ &fir { head hwstteiroritxairphe ul tareks dlofpawatviev & n
le 7 are ~ 5 conpared, it can be seen that in the
meEPéé%lé’Ht a}rﬁil/eﬁtlbéﬁquﬁél%/di%@ﬁb§altéﬁéhéﬂ%$t rebes tiealiag

nadi s article dianeter distripution can be
p1ir et it Ghi FomeSaj (S i TRPTRE Flagrtaaerfela#sﬁete? en

reﬁQ@nQH&” of HQ%hgl% @%%g)ﬁlgxggrO% f@l%ﬁ Were air-.

po yor gan03| oxan artic accor ng_ (0] e secon
dr@e‘@@w@rﬁﬁeﬂhﬁeaﬁ:'é%f Rl {s@éc the gehutdan, of ihe
removing residual methanol.

The thus-obtained polymethylsilsesquioxane
particles were measured for a particle diameter by the
Coalter method in the same manner as in (2), to show
an average particle diameter of 11.00 um (CV wvalue

1.81 %).

Comparative Example 7

The same procedures as those described in (1)
Preparation of seed-particles-forming solution and (2)
Formation of seed particles in Example 7 were carried
out.

As a result, polyorganosiloxane particles
having an average particle diameter of 8.20 pum {CV
value 2.05 %) were obtained, while their particle
diameter was smaller than an intended final particle

diameter of 11.00 um by 2.80 pm.
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pol ynet hyl si | sesqui oxane seed particl es whose di aneter
did not reach the intended final particle dianmeter, 15
obtained in (2) of the above Exanple 7 was carefully
recharged into a separable flask having a stirrer and
havi ng a vol unme of 10,000 m, and the solution was

stirre t; 30 i -tenmperat ure S
That et biper b T ERFhATE, ORI L R b  esent
inv@intion pesydrumse pddadet i marsiebendhamR) &4 -1arge
growi ng aqueous solution prepared in (3) of the above
pabtanpl e diwnelter nef esveg pOMpmatcdn retepebdited.
m/mnute (0.018 mM/mnute per mlliliter of volune
Fugithere seBENpEXEMR ke sbl andofrmRrar s hiveaExanpdag? ase

(o . d f ticl W h . th )
BB SO By BB RGO il o
oAy SO Bt (DG Timle ] 4B i

pasttagel ahe¢Daded@d MiHfribetpan icde-wli apRbeircHPWiND] e
71 aqueous sol ution was added after the initiation of

adimyes tigogi thedr ipantuisc Ieuddatmedtert hieni hhendedler of nm.
pol ynmet hyl si | sesqui oxane particles having a dianeter
of 11.00 m (CV value 1.88 % were obtained. 5

Exh | at el reafter, .the.addition oi t he :
E B ¥ R OBER A 0 1P BSOS s fl AR articies
acterBited e ah@ Xd¥hSobihbAn et @i ning 15 g of 25
mass% aqueous ammoni a and 35 g of 1'on-exchanged wat er
was dr apwd setladdedawift v B tRé esbne AW, o ANghkhe 10
particles were aged at roomtenperature for 16 hours.
pPotn@ it al fieds paaniicixmnees eedbpernieic t s owbb san diameter
.8ptiﬁgl nicﬁo%%ope, to show t hat foanmed particles were
did"not reac € 1lntended final particle diameter,
obtained in (2) of the above Example 7 was carefully
recharged into a separable flask having a stirrer and
having a volume of 10,000 ml, and the solution was
stirred at 30 rpm in a constant-temperature vessel
that was temperature-adjusted to 10°C. To this
solution was dropwise added the particle-diameter-
growing aqueous solution prepared in (3) of the above
Example 7 with a metering pump at a rate of 50
ml/minute (0.018 ml/minute per milliliter of volume
of the seed particle solution), to initiate mixing.
Particles were observed for particle growth by
the Coalter method at intervals of 5 minutes under the
same conditions as in (2) of Example 7 until the

particles grew in particle diameter by 2.80 um. At a

stage when 4,800 ml of the particle-diameter-growing
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generated. It is seen fromExanple 8 that in the

present 15 invention pol yorganosil oxane particles

having a large particle diameter of over 10 m can be

produced. Further, when Exanple 8 and Conparative

Exanple 7 are conpared, it can be seen that in the

present invention polyorganosiloxane particles having
agieodiepeEdemWamradded difamnt arheli shiitbattiiom cafi the

d%? roduced while adjusting. their particle dianmeter
a |ﬁ4%%9brﬁ rY¥8f mAURELFRAEr thig dnterdadirom a
%mgg' ; t.hat when .
pc‘%ol yorHl aﬁ%Js'?Fce)x g%}ggar#%i §$g§§ﬁ&vﬁsngh%\vf‘gggg SR er

ofdhanei@ryRr gfcv2§raﬁfxféj_uf?§'8 %‘Pa%‘i—eoacgﬁt&hﬁ%da}r €
generated if the addition rate of the
parti cllewmhdinet el ygtdwimg Binelepus heoladd Oni éxce€dshe
0.01 M/mnute per mlliliter of volune of the
pagilgliid t anekRET Gy g t RENeodisarie Bet i ghowiasy

luti ' dded. 72 Ex le 9, (Producti f
BT K BB T2 Eram .8, sdueliop g1

m Rt | Vi a artd cl e dj r..of 3. 00

2B o ns phiflorh ML GE Y G eRURRRG a bl

wabedpeipd ik €- haaedasactH romme eami e rMangt UrBdt @30’ C
under a conditions of air flow rate of 1

partierl/ad meee agedt @sihecbah tbmperenperat doe 1feomdhzrs.
hours to carry out prelimnary cal cining,

Theephdadnpd-PaREicdasy Tors40beenvddcht Binedght amhi s 10

rat.u for 12 hours to rry out requl ar .
opt SORT Mk FonlheRy N InoRaFinG) &S ansd Bpt hifdes were
gehbt@rdde regul ar calcining, the calcined particles
were cooled to roomtenperature and taken out. The

It is seen from Example 8 that in the present
invention polyorganosiloxane particles having a large
particle diameter of over 10 um can be produced.
Further, when Example 8 and Comparative "‘Example 7 are
compared, it can be seen that in the present invention
polyorganosiloxane particles having a monodisperse
particle diameter distribution can be preduced while
adjusting their particle diameter in the order of nm.

Further, it is seen from a comparison of
Examples 7 and 8 that when peolyorganosiloxane
particles having a large particle diameter are
produced, foamed particles are generated 1f the
addition rate of the particle-diameter-growing aqueous
solution exceeds 0.01 ml/minute per milliliter of
volume of the solution to which the particle~diameter-

growing aqueous solution is added.
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cal cined particles were observed by the Coal ter nethod

16 to show an average particle dianeter of 2.50 pm and

a CV value of 2.10 % Exanple 10 (Production of

pol yor ganosi | oxane particles according to the third

enbodi nent) 20 (1) Preparation of

seed-particles-form ng solution To 5,000 g of

i on- exchanged water was added 500 g of

met hyl tri net hoxysi | ane (MIM5), and the m xture was
—&E&id_Ex P at PIogucihanr @bosliliceedaoue18s26 hours, a

honogengous _spl uti on . of. conpl etely di ssol ved. MIMS was

forned@iﬁmp?gYQeg&ﬂhﬁ%ﬁ?%ggubgééﬁﬁsEP%%%B;GS having

paktd - I; soluiion, id |, be descri bed .
anlata%%§§iégﬁgg%%ia4&%%893rséﬁﬂ%ﬂ%£-%%htS%ﬁQﬁFEd in
Exsaipltd of), fweraddirtiian, wasmpgsed t(13 4006t Peh sWd FEAd® room

seed-particles-formng solution. The
teppetriad wse coat 8id4Mi°ag uswlaut | dncbdndiaddingd af Wvasr flow

repared as follows. To 450 of ion-exchanged wat er
ra%&s O%d]edlhgegfﬂgn&twmla gl ikt bhéswiemperatdre

t 110 a ... .For beginni.ng tinme periaqd after
fof 1 b EFy oo PO SR RE S ceat fr e |
teRlbRR [ us,gekut | . t out 3
eh%ur sﬁ?%%ﬁ%é%%%gﬁgu%gl %?léo(lr:]' o#‘ggg%ng%ﬁygéi gg&lsved
tehPbeB atasr 4 0Of bor med holhes stbr Earg y ahier WBsgdeareased to
30 rpom  and 0.72 m_ of 1 nol/liter aqueous ammoni a
cahgd ndddbd Waerehae sifi fezepantigtles af¢re tbéadddidion

f th agueous a nia, particles grew and the
AfESFutt?‘& q%%fa{foc @r APfecarhipdt partigdes

we P8 o) 1684 VB5 €room temperature and taken out. The
calcined particles were observed by the Coalter method

to show an average particle diameter of 2.50 um and a

CV value of 2.10 %.

Example 10 (Production of polyorganosiloxane particles

according to the third embodiment)

(1) Preparation of seed-particles-forming

solution

To 5,000 g of ion-exchanged water was added
500 g of methyltrimethoxysilane (MTMS), and the
mixture was stirred at 100 rpm at 20°C. After about 3
hours, a homogeneous solution of completely dissolved
MTMS was formed, and this solution was used as a seed-
particles-forming solution.

As will be described later, this Example used

a particles-containing solution for addition was used
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15 nmeasured for a particle dianeter wwth an optica
m croscope video mcroneter (Video mcroneter "VM 50",
supplied by Aynpus Optical Co., Ltd.) to show an
average particle dianeter of 4.2 m (2) Formation of
seed particles 20 Wi le the seed-particles-form ng
solution prepared in the above (1) was stirred at a
tstileasedi tét ithd ngeedtpacft i epnfobfimg ofolution.
nmol /1iter aqueous anmonia and the entire anmount of
ThePatirirss cBHiai PLRY SOt on f fpragdidiitoipn was
tained_in_t 25 above (1), were added thereto to
péﬁh%ﬁ%gaageggﬁi&ﬂ?Tcles-containing solution. To a 0.1
mass % | yyhnyl ol L oNn._was e
o2 m B TEheds oy TR e BPHARER A R BT AU 45
ofmMMIM®s ahtierthd hei eldkki eds i FpERdb2t aldb rpm at
thereafter, particles 74 were neasured for a particle
30dCanefer w theqifbhahgert imec opit £6d- aft e resdl bddition

Py i cles ﬁromn fromthe particles for addition had
© aﬁﬂlﬁ@%’r S aMEisc I bl SRE AfEfed ofaly. @80 gmopC\s tat eein
.99 9 y 5 f d ticl had
G e D B R N
hofldgdn&bud. 382 wetibd Qs EB{I\E@.e?t%%iisg%)l.v%rcF%ﬁlgé' 80
aq To

of particle-dianmeter-grow n ous “solution
fo3He@D0 g soDrelehangete Wahsr deeire 256l@dt 04 395G iy Of

MIMS and 16.5 g (Y in the relational expression (I1)
and @ 0URFuY) odf lsaui M tibdecplgusid st ammp 80S) wandadhed
atm'xture s.stirred at 100 rpm at 300C.  After about 3

hSlYE - a GeReBdS S t2bRhesf the addition of the

aqueous ammonia, particles grew and the solution came

to be opaque. After 30 minutes, the particles were
measured for a particle diameter with an optical
microscope video micrometer (Video micrometer “VM-50~,
supplied by Olympus Optical Co., Ltd.) to show an
average particle diameter of 4.2 um.

(2) Formation of seed particles

While the seed-particles-forming solution
prepared in the above (1) was stirred at a decreased
stirring rate of 30 rpm, 50 ml of 1 mol/liter agueous
ammonia and the entire amount of the particles-
containing solution for addition, obtained in the
above (1), were added thereto to obtain a seed-
particles-containing solution. To a 0.1 mass$
polyvinyl alcohol aqueocus solution was added 9.2 ml of
the seed particle solution obtained 30 minutes after

the addition, and immediately thereafter, particles
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15 conpl etely dissolved MIMS was forned, and this
sol ution was used as a particl e-dianeter-grow ng
aqueous solution. In the above case, a in the
rel ati onal expression (l11) can be determ ned by
di vidi ng a nol ecul ar weight, 67, of a hydrolysis 20
condensati on product CH3SI O3/2 of MIMS with a

Weks é@%%\ureﬂeifgm a 186yt ot 1TSS ameaide -t wwam G 4oalser
will be described |later, in this Exanple

Coﬁé]rtt%t e afret 8E 1 14y LEQ‘FF]@C§6ISU1‘JW%§KQEd§@eaf ter

t a tlcle di_anet er - rOMAn aqueous
partd AL F G R hRRCPE AT ar . ot
di %Q{é»ﬂélon RPa[Led, o
l|on exch%ﬁgngﬁgf r mé§§ag%9§ g§§5g BF Q%%d%éﬁ%%
foriredripd nt ¢cles dtdd red avei@Qe rgmred 30061 Afdisr (R
about 3 hours, a honpbgeneous 75 solution of conpletely

ingitdo| veba MV alas Sy eedioand I THhi so £04uBOGN paas( s ed

S a e di ameter- adjusting solution. (4) Gowth
Va?&% &?%%%e% particle dianeter and 5 subsequent

L1 00 1 £ AR R 08 S LG BT g

the particl ggfcan®t &1@F PHLNG aqueous sol ution
obtai ned in the above (3) was stirred at 20 rpm

4,144 Foof33he0eegdoffaritorct @scABngedt aidti ¢y wekut iadied
gbtalned in the above (2) was added thereto (X in the
2%tg dh%lM?é%Er axst grb (71 g (Y 376.the)relatgomal he

exBFAL S k18! Al Sfess PRy el epene gessursd forea

Sﬁbqﬁmgﬂfrtﬁgrﬂqgture was stirred at 100 rpm at 30°C.
After about 3 hours, a homogeneous solution of
completely dissolved MTMS was formed, and this
solution was used as a particle-diameter-growing
aqueous solution. In the above case, a in the
relational expression (II) can be determined by
dividing a molecular weight, 67, of a hydrolysis-
condensation product CH3SiOs3,; of MTMS with a molecular
weight, 136, of MTMS, and it was 0.49. As will be
described later, in this Example, a particle-diameter-
adjusting solution was added after the addition of the
particle-diameter-growing aqueous solution, and the
particle-diameter-adjusting solution was prepared as
follows.

To 33,000 g of ion-exchanged water was added

3,300 g of MTMS, and the mixture was stirred at 100

rpm at 30°C. After about 3 hours, a homogenecus
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15 mcronmeter "VM 50", supplied by A ynpus Opti cal
Co., Ltd.) at intervals of 10 mnutes after the
addition of the seed-particles-formng solution. One
hour and one hour and 10 m nutes after the addition,
the particles had an average particle dianeter of
approximately 13 20 smeach tinme, and it was judged
sof h&tiotheo Hrownp left etlhe dpastilveds MTMIiwaet €o ravwdid. and
However, it was shown that the particle dianeter was
Ehip; RIE SPor vast used i a% eadearfdalietianafeter . |t
ad u%tﬁherggo g started to add and m x the
artiii%e-w ﬁ%%gpfadjusting 25 solution obtained in
the abqug (@HoyERdcyhishe diftfeq MHALULE 148% OBRELUST ang
with a video mcroneter, the particle dianeter was

adj ust ed suslibébatiebhe tfrhi €hesonhagk are ¥ Ehage
particle diameter greater by 0.5 gm At a stage when

3, 800 Whidfe ttHee panticlee-adicamet er 376 9&d .Ustg ngA in the

iol ytion was added after_the initiation of _the
TeLAGONGH, $XPRASSEGEnd khat - paft ithieePamliayeafiameter-

Lntend | cl [ ter,of .13.5 .Am wer e_pbt ai ned.
gr#ﬂ%?@a%%L?%é%esﬁil%ta@ %Q%Pﬁfj_ailﬁbdﬂ?s raﬁg_vr?i nﬁﬂes"fas
stDr2@@ @t0f2@5rPRSY, AL oYSo ANTRRI & s Jf PP & added

wWth a nmetering punp, and the particles were aged at
conbeaimntienpes@t ut ¢ohooblfs hoatisinThed Hiso©bt abnedas

pol ymet hyl si | sesqui oxane (PMSO) particles were
addpeds fheg gt X pant itdlee nk babienadi taxpr@saionr (II0 =

oynter to show a plurality of particle dianeter peaks
3782dn 980 iR CHERHS LREOIRRTAL ¢ Lo dPedl BLRERT -OF t hese,

e RN i g
an APpt ¥ avalmec o 2ok vildes Neskroaiital Mepy 14 % of
micrometer “VM-507, supplied by Olympus Optical Co.,
Ltd.) at intervals of 10 minutes after the addition of
the seed-particles-forming solution. One hour and one
hour and 10 minutes after the addition, the particles
had an average particle diameter of approximately 13
Mm each time, and it was judged that the growth of the
particles in diameter ended. However, it was shown
that the particle diameter was slightly short of an
intended particle diameter. It was therefore started
to add and mix the particle-diameter-adjusting
solution obtained in the above (3), and while the
mixture was observed with a video micrometer, the
particle diameter was adjusted such that the particles
had an average particle diameter greater by 0.5 um. At

a stage when 3,800 ml of the particle-diameter-
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15 particles having an average particle dianmeter of
6.0 Amand 9 %of particles having an average
particle dianeter of 16 Am on the other hand, fine
particles having an average particle dianmeter of 2 Am
or less were also contained, while the content
thereof was 20 less than 1 % In the above case, the
addoeftfing enolatdotraives addethe fiozst stbé tilhd tviad tissn 06 £
Y, a, Xand Rin the relational expression (Il) was
theg agddyEiony addi Masat feuner thiate grrticles amying an

. dryi The_obtai ned, particles were separated from a
1“gﬁﬁ4§@i2?ﬁ 1&01ut SFER QIcdntrT (BaresspSbtiatned.

Thad 4 hesrt hener qoeduies @k sl h@ﬁ%&a&i@@d%@ W r@g&'tss,
I e e

wave i n nethanol and subsequent cantation wer

500epeai £d2 Semacaly tddBSoul Oaha@RMer Thae BabbwGlLs. adied
remai ning particles were air-dried and then heated to

witho@ thee Heyinmemumy, rendvihg wesitiual e sewkarolagdd at
Exanpl es 11 _and 13 and_ Conparative Exanples 8 and 9
LOPfe SHRFBE Soff Bk ahp| BORY swer dheegdutetobkadpedt hat

PoR AT P51 2o SERAR AR ST ks, i thd o hqedss
me@@uHdOnrb A Q3Ed¥£ﬂéﬁwpéfaﬁgﬂﬁ¥5d%@@ggdcéﬁfﬁé in

10 Table 1. Table 1 shows the results together wth
couhe¢er esal skoiwn abExdnpt€]l 10y b ighrel Balef BoBmERR € deaks

t hat _pol yorganosil oxane particles can be nore
cagty iof ephilgh praguise Liat exafipbess en2ty oZhier whieh ahese,

aégi reater than 4.0 but not nore than 75 than in
P rr%éreastijv% 35 BRoMBtte BLi ASwWAi &Y FILUPes¥ergan 4.0

pa§QQG%E§RH§%EﬂS an average particle diameter of 13.48
Hm (CV value 1.72 %). The rest contained 14 % of
particles having an average particle diameter of 6.0
um and 9 % of particles having an average particle
diameter of 16 pum. On the other hand, fine particles
having an average particle diameter of 2 pm or less
were also contained, while the content thereof was
less than 1 %.

In the above case, the coefficient o obtained
on the basis of the values of Y, a, X and R in the
relational expression (II) was 38.5.

(3} Classification of fine particles and

drying

The obtained particles were separated from a
synthesizing solution with a centrifugal separator,
and then the procedures of irradiation with ultrasonic

wave in methanol and subsequent decantation were
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Exanple 9 in which a is greater than 75. 78 f Table 1
Particle diameters and CV val ues other than those in
Conparative Exanple 1 are values of particles
occupying 70 % or nore of volunes, obtai ned accordi ng
to Coalter rrethod 5 Ex. = Exanple, CEx. Conpar ati ve
gregated (the above partlcle di anet er

Rer e, ST e
T eRfef varel‘fé*rér YhregEs & ﬁ@d‘l’@v%ffb&ﬁt iPAsicles. The
Lo r0|matel 40 .%o vol u

e GEEORT ORI okl Pt Rreg Bhe Wish Jinered to

19028 w@dded,t r act | bl es. were
gener at ed. ylghEE%arr?p ﬁa&rlrglsééga%sglﬂlﬂ)gﬁ 8%1:1 %%EX
Amount S D Sof16.5 g2.1 g29.9 g0.27 g35.4 g addition
YO 04359@ 0055%0. 0787%. 0007%0. 0932% Theoreti cal val ue

1doangbd 3 omndofon® ametervel Evsep s S8 (ghdob

raw nat rlal use f or X376. 7376. 7376 7376 7376.7
synt hesi ures of Example 10 were repeated

except that the amount of sodium dodecyl sulfate (SDS)

in Preparation of particle-diameter-growing aqueous
solution in (3) of Example 10 was changed as shown in
Table 1. Table 1 shows the results together with the
results in Example 10. It is clear from Table 1 that
polyorganosiloxane particles can be more efficiently
produced in Examples 10 to 12 in which o is greater
than 4.0 but not more than 75 than in Comparative
Example 8 in which o is less than 4.0 and Comparative

Example 9 in which a is greater than 75.
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particles Total mass

(9)

of sol utions used

i NA37966. 537952. 137979. 937950. 337985. 4 step of grow ng
particles Particle dianeter of

seedR4. 3054. 3054. 3054. 3054. 305 particles ¢
Coefficient a38.54.969. 70.682.6 Particle dianeter

o'm

of

grown particles (pm 13.4813.5913.5114.1111.96 CV val ue

(9% 1.721.801. 772. 651. 96 SatleExTel - Excel

-Excel -*1*2

. el 1 s 1 [ T Y A p-aeak-clin.al ot hao
rentlrentrent 79 rmoygstral Lo AP COatRg—FT6—the
met hod for producin ExﬁB‘P%r]&h ﬁleOK%W‘b]?ﬁt 6k£S:8 [cCEx. 9
i gt im ion_hbtyvorganhsil oxang
particles ha#rnagtan |5 averade partic|e dianmetper, for
s gXanpl e, gledter thané.20gmland kavi hpo 2 pnofo speree|(3s.4 g
particle diageietondi stri butfion can pe producpd, and
the particles can bgo.sussadly. wsed | &1 378 ¢ T Fh 050 D1z | 0.0932%
ThePACE{ S5 S{andard artrcres, etrc., Or I rgurprcecrystea
vadhspPLAys, ¢rganic
raw a 0.49 0.49 0.45 0.49 0.49
material
used
Mass (g} of
raw
material
used for X 376.7 376.7 376.7 376.7 376.7
synthesis
of seed
particles
Total mass
(g) of
solutions
used in A 37966,5 [37952.1 {37979.9 37950.3 | 37985.4
step of
graowing
particles
Particle
diameter of
seed R 4.305 4.305 4.305 4.305 4.305
particles
{pm )
Coefficient « 38.5 4.9 69.7 0.6 82.6
Particle diameter of
rown particles (um) 13.48 13.59 13.51 14.11 11.56
CV value (%) 1.72 1.80 1.77 2.65 1.96
State Excel- Excel- Excel- *1 *2
lent lent lent

Particle diameters and CV values other than those in
Comparative Example 1 are values of particles occupying 70 %
Oor mere of volumes, obtained according to Coalter method.
Ex. = Example, CEx. = Comparative Example. *1: Aggregated
{the above particle diameter and CV value are values of peak
of particles occupying approximately 40 % of the volume). *2:

Not grown to an intended particle diameter.
added to terminate the reaction, gas bubbles were generated.
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10 el ectrol um nescence devi ces, touch panels, and the

i ke. Further, according to the nethod for producing

silica particles, provided by the present invention,

t he pol yorganosi |l oxane particles obtai ned by the above

15 net hod are cal ci ned under specific conditions,

whereby having a suitable particle dianmeter suitable
Ingigtrspdc @it flortw |iquid crystal display, standard

particles, etc., and having a highly nonodi sperse

parti cl&CoPaAetgr &R skhe pietbRd &P HP pPEUGIEE by 20

[ ures for _a.short period.of tine. 80

PPN R S A P15 1 S RucI R BoPSSr Bihdsh oRaRgent
irRAIR € CO8S, Py SONPELE 38X athe $1 2P; AL O Ayl 'gﬁ' ng

and condensing a silicon conpound of the genera
avieora apbkticRe MiametOR?) fin dXAmpMaeI @t e r Wohah

is a non-hydrolyzable group, is an alkyl group having
101 pro @0d chavamgataomeonadi salekyde gsanpibae riy dimd e 20

.carbon atons and having a 10 (neth)acryl oyl oxy group
A1 %’g{&'%éllapoﬁﬁ,n e aﬁ’R%F’rVFedgr U helengax i bes can be

Garhon , ;@n I ving 6 _to 20 carbon
VAt ons %?ﬁggaarla k@fé(g]rf%é%ﬁ%a\ﬂrkﬁgsl) Ct5520° Frd
paattimsle 2 bgcan atdy! 196048 Raw dgal K o i

atons and n is an integgr of 17%to 3, prg€?§§§£1§9¥ﬁg?lc
eleldr @l phinakicienod dsiaes,preaett, peaehsof FASE tRay

.be identical to, or different from other or every
lidener one, and that when a plurality of OR2 are

resent, .  each of OR2S n; be identical to, or
P Furéﬁer, accordgﬁﬁ to t%e method for producing

silica particles, provided by the present invention,

the polyorganosiloxane particles obtained by the above
method are calcined under specific conditions, whereby
having a suitable particle diameter suitable as a
spacer for a liquid crystal display, standard
particles, etc., and having a highly monodisperse
particle diameter distribution can be produced by

simple procedures for a short period of time.
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different from other or every other one, 20 in the
presence of a catalyst, to formseed particles of
pol yor ganosi | oxane particles and thereby obtaining a
seed-particles-containing solution, and the step (B)
of m xing said seed-particles-containing solution wth
a particle-dianeter-growi ng aqueous sol ution 25
containing a silicon conp@uUA@MSf said general fornula
(1) or a hydrolyzate thereof, to grow said seed
Lparti cliedte b hedndoio® tMpF{ BPn§olio BI @O EA) ogfane
alning the seed-particles-containing solution in 81
p%ﬁ#%ﬁyégheﬁgégﬁj%ﬁ$@£bﬁe§o%§ﬁﬂﬁf?g ég%saﬁkﬂy HOQHZlng
ardflueoiige A8YH i/ - ROl feRePRy
catalyst is ggEng%%iggﬁdégqueodgpﬁégiEﬁft é%ﬁ%%lthe
fogidulon{Tpppound to undergo prelimnary hydrolysis and
5 condensation, and a basic catalyst is added thereto

in an RBrigudti né€eBsary _for form ng the seed-pdrkjcles
f or med ganosi | oxane, to form said seed

éﬂgpogxor !

parti cl'EEr9p 2R ThEhiehdF i RPArhveradistabhet geoup,
. basj ¢ al i apnnni . .3, ,The thod of claim1l
lso?a%,a%g;efg%%tﬁﬁ?e%%l Jrrilgog ggnﬁodl]n%an%‘?oflhé%é’é‘}?efr AP
ke Bodip) ha% 1dry Methyl bpi pathQXys) .

T b peidy TRt 50 FREBRY REPF hd havipa
(meltdi nsc iyl oy3ox wherehp bhe epolyorgeses] | axang kenyl

particles produced have an average particle dianeter
JreMPOVERVINggrh &ied Hhveanboo paomis] easi aeydi strdugt i on
ha&%&%f gogéf%%i%@%ﬂgn ggéﬁgtggnéglgggiﬁg i;iézgéﬁgving
7 to 20 carbon atoms, R® is an alkyl group having 1 to
6 carbon atoms and n is an integer of 1 to 3, provided
that when a plurality of R's are present, each of R's
may be identical to, or different from, other or every
other one, and that when a plurality of OR? are
present, each of OR®s may be identical to, or
different from, other or every dther one,
in the presence of a catalyst, to form seed particles
of polyorganosiloxane particles and thereby obtaining
a seed-particles-containing solution, and the step (B)
of mixing said seed-particles-containing solution with
a particle-diameter-growing aqueous solution
containing a silicon compound of said general formula
(I) or a hydrolyzate thereof, to grow said seed
particles,

the method comprising the step (A) of

obtaining the seed-particles-containing solution in
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5. A nethod for producing pol yorganosil oxane

particles, which conprises the step (A of hydrolizing

25 and condensing a silicon conpond of the genera

formula (1),~ RnSi (OR 2) 4-n wherein R, which is

a non- hydrolyzable group is an al kyl group having 1 to

20 carbon at ons 82 | al kyl group having
WH Gl o8N ERy Bt hrohbiana fonbepnd {aethpsoli eyl bryan

S B e AR 0020, B ogiath g 2 Lo
ca«?l:ta.ol.'f?s@Irfg\na@rd%&(11k 0 95940 %%Ger%ér% ehQuR0 HIBLe the

atons, R2 is an al kyl group havin car

suﬂxnmnaﬁdmpouhdﬂtdrﬁﬁﬁé&g@fpkélhﬁlnEE9VM¥3¥oIﬁ§is and
when a plurality of Rs are present, each may

copsldryemtiocal wod ar Masier emtt Iyt bshaddmd6£hﬁyeto in
ot her one and that when a plurality of OR2 are 10

an, AU T BEER S§R IR Faf OB inderith € afeed, Particles

fdyﬂg§”§gtpgﬁ%orégggglfoxg%%ty(nr]orgngald seed

particles.

2. The method of claim 1, wherein the basic

catalyst is ammonia.

3. The method of claim 1 or 2, wherein the
silicon compound of the general formula (I) is

methyltrimethoxysilane or vinyltrimethoxysilane.

4. The method of any one of claims 1 to 3,
wherein the polyorganosiloxane particles produced have
an average particle diameter of over 10 pum and have a
particle size distribution whose coefficient of

variation (CV value) is 5 % or less.

5. A method for producing polyorganosiloxane
particles, which comprises the step (A) of hydrolyzing
and condensing a silicon compound of the general
formula (I),
1.8 i (OR?%) ,_, o (1)
wherein R', which is a non-hydrolyzable group,

is an alkyl group having 1 to 20 carbon atoms, an
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in the presence of a catalyst, to formseed particles
of pol yorganosil oxane particles and thereby obtaining
a seed-particles-containing solution, and the step (B)
15 of m xing said seed-particles-containing solution
with a particle-dianeter-grow ng aqueous sol ution
containing a silicon conpound of said general fornula
alikyl ggraupybesliyrntle thef8otarteryranonai dngkedhving a
particles, 20 the nethod conprising the step (B) of
(%ﬁlﬂﬁ?@ry%ﬂ¥l§é&dQﬁﬂ¥PCPES?HQ¥XMﬁ%%UPhea@e@&kenyl
[ r red for dianeters_conti.nuously or
gr%tq{qt nkf%‘r?\f;% s%oft%egzsdéo%% RE A SerfBd®and G
hafgagd | Onchs2belimaleda t ¥RSN oan it art ]
digﬁiter I's reached. 26 6. Tﬁe ;%?ﬁ%ﬁgggyg|gﬁﬁﬁi, having
7 Wherd) ncahboseed ompay tREI£s 8neanmgasuretbfipr ndivaref er sto
continuously or at intervals of a constant tine
6 gambar i atanfaadst T nis wahchngsdenfod tesiotidon provided

solution is_sanpl.ed and_83, brought into contact with a
thd%nw ?Wv@-@iﬁﬁﬁ%ﬁ?ﬁr B S aBBRt PEG St aCBEBt &t iR/'e

ot Bt 7 ve- ¢ o nt i o8k &
T Han L Rt Raba et At ETCRERY o e CoatRel A oo

othet ole, "ehBodneft Gliedin & pluGaheyebh bRe are
pol yor ganosi | oxane particles are

preslentet hwishl sds QR exaney fastidekasicH) &o Thernet hod
.of any one of clains 5 to 7, wherein the

difdEanedte- Br afet OthRow hge ¥gu¥o @S s vehen  cont ai ni ng

int IE%eSiplri"é:ggnggnﬂ%%unad ggtgl?rggtmt%za%oerm seed particles
of polyorganoéiloxane particles and thereby obtaining
a seed-particles-containing solution, and the step (B)
of mixing said seed-particles-containing solution with
a particle-diameter-growing agueous solution
containing a silicon compound of said general formula
(I) or a hydrolyzate thereof, to grow said seed
particles,

the method comprising the step (B) of growing
the seed particles, in which the seed particles are
measured for diameters continuocusly or at intervals of
a constant time period and the reaction is terminated

when an intended particle diameter is reached.

6. The method of claim S, wherein the seed -
particles are measured for diameters continuously or
at intervals of a constant time period in a manner in

which part of a reaction solution is sampled and
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thereof is added at a rate of 0.01 m/mnute or |ess

per mlliliter of volune of the seed-particles 15

cont ai ni ng solution, for obtaining the

pol yor ganosi | oxane particles having a dianeter of over

10 gm 9. The nethod of any one of clains 5 to 8, 20

wherein the pol yorganosi| oxane particles finally ‘
brogigthebn havE0R iRt i ¢1 Bhdramaicdre of i vergodd qjmafdraing

coefficient of variation of 3.%or_ less..10. A nethod .
aqﬁﬁirﬁ%dggfﬂgapﬁﬁﬂﬁ%%ﬁbgﬁl89&%?%&3%%rFP@I@irQ%ﬁ%ﬁs in
t heOTHYd €80k N8 oS! hygrgl ¥l sj pg

Frietohlectha &) phabicel el oy Bt GaINEC 00

a silicon compo ener al or nu
mad@RY)y 4da ncoalteld methegei n RL, which is a

non- hydrol yzabl e group, 84 is an al kyl group having 1

to 20 carbon atons, an al kyl group having 1 to 20

carbon _atons and havin%_ (et h) acryl oyl oxy group or

a-

T-epoxy drdugietnod rdnydlair obpokadi-ng'exeipother bon
| _group 5 haying 6 to 20 carbon atons or

p"gﬁ(%a@f%ﬁ“%?§%¥688‘%§%5510¥6Foafc? carbon atons, R2 is
oaRm thy 1 81 OWR shavi g det .caron atons and n is an
P igt egeribof 1 tgla%, pr ov?dggrﬁtlﬁgtebs\?\hen a plurality of
R s are present, each of Rs may be identical to, or
different from other or every 10 other one, and that
8.when aTheurmgthgdob fORNBrengr eSentlaieechS oo ORZS may

hbe identical to, aor djfferent from other or everg .
WhGERM ot PATEHE LG eibaBet6r -9 oM 1 § st queg usorsn Sekdon

co%%?%ﬁﬂé% tﬂg @yP§&§9%%%$8ﬁ%%EJ¥Néiﬁ§ goﬁg%g€§reby
thereof is added at a rate of 0.01 ml/minute or less
per milliliter of volume of the seed-particles-
containing solution, for obtaining the

polyorganosiloxane particles having a diameter of over

10 um.

S. The method of any one of claims 5 to 8,
wherein the polyorganosiloxane particles finally

obtained have a particle diameter of 1 to 30 pm and a

coefficient of variation of 3 % or less.

10. A method for producing polyorganosiloxane
particles, which comprises the step (A) of hydrolyzing
and condensing a silicon compound of the general
formula (I},

R', Si (OR?) ,_, - (1)

wherein R', which is a non~hydrolyzable group,
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15 a seed-particles-containing solution, and the step
(B) of mxing said seed-particles-containing solution
with a particle-dianmeter-grow ng aqueous sol ution
containing a silicon conpound of said general fornula
(1) or a hydrolyzate thereof, to grow said seed 20
particles, the nethod conprising the step (B) of
isgeowianigiyl hersved hearing| estoi @Owhkiastbam ahpowsi,c an
surfactant is added to the seed-particles-containing
al&HUATRIR oN2HEBW the- S et FarPied) etompeand Hivcing a
f.act.ant having 25 a concentration that_satisfies
mB) B QU EP Ve gk FOR EPPIY \Biina 2% o A
grbhb) ha¥iEi gl B /ol 27 d196RT hedma/al e QbLal Be!
di vidi ng a nol ecul ar wei ght of a product tThat is™a 85
hakyidrolg/ st andceebdensatems productaxdlkhe irlougomaving
compound with a nol ecul ar weight of the silicon
7 Eenplurrkryonsagogencdit rist i om ehkyd Qraxfp thavanigodi cto
surfactant in the particle-di aneter-grow ng aqueous

5
6 S8 qrbrﬁtcﬁ@?sa&dﬁﬁ%s”( g"}no%nttﬁélerrav?’?m% ekFPal t PrRvided
thH%egdhefrPra S%g;.lggﬁliﬁwgfof hﬁlgeggepérlitels%nets éA‘aEﬁt %é:‘ R's

tot al nass sol utT ons™f use " 10°Th

ma§t &R (i@er@'f:igé@v"it@:? edy PaELrehes r RS dBhaYeAd%very
particle dianeter (n) of the seed particles, and a is

othecoefifd ci @ntl thathevitange plu4al<kasy 76f @B?1dreThe
met hod of claim 10, wherein the anionic

present, each of OR“s may be identical to, or
different from, other or every other one,
in the presence of a catalyst, to form seed particles
of polyorganosiloxane particles and thereby obtaining
a seed-particles-containing solution, and the step (B}
of mixing said seed-particles-containing solution with
a particle~diameter-growing aqueous solution
containing a silicon compound of said general formula
{I) or a hydrolyzate thereof, to grow said seed
particles,

the method comprising the step (B) of growing
the seed particles, in which an anionic surfactant is
added to the seed-particles-containing solution to
grow the seed particles, the anionic surfactant having
a concentration that satisfies the relational
exXpression (II),

Y=aX (axXX) / (AXR) -+ (11)

wherein a is a theoretical value obtained by

dividing a molecular weight of a product that is a
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surfactant has an HLB val ue of 15 to 40. 12. The

met hod of claim 11, wherein the anionic surfactant is
a hi gher al cohol sulfuric ester salt. 20 13. The

met hod of claim 12, wherein the higher alcoho

sul furic ester salt is sodiumdodecyl sulfate. 14. The
net hod of any one of clains 10 to 13, 25 wherein, in

hygdge ]s\f%bs (Aydopwmﬁmts@@d pgavmca; eaf hhessgdrigany
uti on cont inin nosi |,oxane
CO&&T é@l é gd&&}ﬁQP Feggﬁdﬁi S€Qﬁ1E&EPQQHng
colp®iid, con conpound, and the silicon compound is
caused to undergo hydrol ysis and 86 condensation in

the prasensea ofchBenpalatoi ganeabkexane o paghibchasonic
formthe seed particles. 15. The nethod of any one of

sugifagiatsrd0 to tde &wtherkendtibagicdyroygandsicl @arous
articles have an average particle dianeter of over
SOoiythones. A nethod for producing silica particles,

whi ch nprise m n r|I cal cinin 0
polyorégﬁbsf?oxa g Béptléﬁe%h Fgln&@qé% g ﬁgtﬁgdused

fo&e@ﬂd¥hé§l§n¥fo@%éﬁs§é§'ﬁﬁr%ﬂéléé at a tenperature
that is higher than the tenperature which is |ower

t han azddconposbthdnnizenperqt Use ehet ke Nigashe FoUpise
contained therein by 150C and that is |less than the 15
indébenpuseri 6B) t efparzawieg ob eele pernfand tegr oup, and
then cal ci ni ng the pol yorganosi | oxane partlcles at the
deconp&silts Gt eHpERGEUREFiche digasiteryr owp) opf the

se@b@%ﬁrtfgles, and

o is a coefficient in the range of 4.0<a<75.

11. The method of ¢laim 10, wherein the anionic

surfactant has an HLB value of 15 to 40.

12, The method of claim 11, wherein the anionic

surfactant is a higher alcohol sulfuric ester salt.

13. The method of claim 12, wherein the higher

alcohol sulfuric ester salt is sodium dodecyl sulfate.

14. The methed of any one of claims 10 to 13,
wherein, in the step (A) of forming seed particles, a
separately prepared solution containing
polyorganosiloxane particles is added to a reaction
system containing the silicon compound, and the

silicon compound is caused to undergo hydreolysis and
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condensation in the presence of the polyorganosiloxane

particles, to form the seed particles.

15. The method of any one of claims 10 to 14,
wherein the polyorganosiloxane particles have an

average particle diameter of over 10 um.

l6. A method for producing silica particles, which
comprises preliminarily calcining the
polyorganosiloxane particles obtained by the method
recited in any one of claims 1 to 15 at a temperature
that is higher than the temperature which is lower
than a decomposition temperature of the organic group
contained therein by 150°C and that is less than the
decomposition temperature of the organic group, and
then calcining the polyorganosiloxane particles at the
decomposition temperature of the organic group or

higher.
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