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7 Decenber 2006 DESCRIPTI ON Met hod for producing
pol yor ganosi | oxane particles and for producing silica
particles 5 Technical Field The present invention
relates to a method for producing pol yorganosil| oxane
particles and a nethod for producing silica? December 2006
particles. 10 Techni cabpeBerkgraemd Conventional ly,
silica particles having a particle dianeter
di stribution in a nonodi sperse state (to be sonetines
referred to as "nonodi sperse silica" 15 hereinafter)
Me shedk f&h n:ao@@cwef HO O TR OGS LKA Parerafsc and
mat eri al ,. or the.like. Particularly, use thereof as a
EogpREQAUGM G FH4EFE PRI 18P splay attracts
attention, and their use has recently begun. It is
conventional practice to use glass fiber 20 chips or
TebhRe cRArtrtdeg of a synthetic resin as a spacer for a
iquid crystal display. However, although glass fiber
chi ps @he exusdémntinmehitiem mbbméeert@c@umﬁﬁhOdhéor
l ength thereof varies to a great extent, and Chl@gﬁ
e

Praguciga &e ) ve §eanesdlinxang Parbd ojiesuA1Y dbBEL
to deteriorate.an im ity. Further, since they
fofabe oG Endd! lFﬁe§%Hﬂ§l%% FRge an orientation film
or protectlve f|In1forned on a substrate or a color

filter or electric elements. Further, fine particles
TeBhna cSINtE Wt k§rbasidn are poor 1 7 Decenber 2006

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 variocus 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 toc 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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in particle diameter 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. Wen higher gap accuracy is _required,

5 therefore, there are required particles thdtDagember 2006

ine% fth%@te ' daf}@#%‘r" chhQE‘%lgﬁgesa{CHﬁSlEytﬂ%?ﬁ ;’ﬂa{xﬁe

erical can prec hé " possi bi

som@iBgeRy lalra:a@fam a&fogaft'ﬂs'f‘ﬁrﬁb s &F Estrm\é@ld‘éé Mhat
formed on a substrate or a color filter or electric 10

they eaeat sesudlret om hiGeehecta isye dor cOoduat iviegdidm
or the |ike. For satisfying the above requirenents,
Cryferé dHLRLdEen PREPodEIReri gaPpATTEE RS Yolithi hedubyed,

dr ol d | d t f I | k d
endRShREYS) & ”ep%?lf CPRESRZge B it B I?ig‘%gd\%a‘?é)glgeg

exddi] {ifuegg TR 00 Quthb 'era%dc':%l'ﬁ%gg' ind did € or

no 1 n I'S cause on a cry by an

spred it & QD ﬁﬁ@p%ﬁm cdR) pFBey e &M%&@QEb‘ﬂllﬁﬂﬂdfl e
di ameter 20 accuracy, and the CV val ue (coefficient

damgfgimgi ati om)i errtept Esenfedmbyrde fot & obi re emmm55|on
can be controlled into 10 %or less. CV (%
formednaBra GoVASRY e (9F) aoFofiare fipkierchps electric

di aneter]/[avera ticle dianeter 0]
e leusnig Sug nqﬁaéh)ﬁﬁé ieﬁpﬁ&ﬁ ég%%uc§&¥§%i;l%o
or e thgy .can preclude the possibility of danmaging an
orlentatlon filmand protective film formed on a

subst rede 94tasEPivlg fild esboveclectsiirerer(t PECeHRETe
haéﬂxﬁgen proposed silica particles obtained by
hydrolysis 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 wvariation)
represented by the following expression can be
controlled into 10 % or less.

CVv (%) = [standard deviation (pum) of fine
particle diameter])/[average particle diameter (pm) ] 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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el ements such as an ITO electrically conductive film
or the like. Further, as a spacer, there are also
recently used pol yorganosil oxane

(pol ynet hyl si | sesqui oxane) 5 particles that are

obt ai ned by hydrolysis and condensation of & Betembar 2006

el érh&oks dgubaviarg #n Npno ay@&lmzcaéoﬂg(ab!sﬁhu@rtq% film,
(rmethyl), such as alkyltrial koxysilane

or (et hyikei.al koxysilane), and that are inparted with
softness to sone extent so that the 10 particles are
i mpr oVt FReFi xRy sarfP o n§hegeopare | @55 nreceindgul i

as o o E PSR i D Lo p A T AL S F%ﬁééﬁﬁfw

' j ! . . .
padiOeee fafl i It ALhCh BY BUdsd By Epey sglane or @
cOrRTEEDAIS1 o BObW 3015 COIEGh Nh DG oXTHNI 182 PEngNzaRigie Or a

solvent solution mxture of water with an organic
hydswi erab beea lkadctetbwbi (Beahtdo-,| apechshate i s
mai nt ai ned substantially w thout m xing them (see
alkyp.tyha Fhexypilane | m@é@yésw@l@m}lmmve@nd Hehat
ticle .dianeter

f the pol ymethyls; | i
ar e e € TR Soher T < CBoRERA [ SRt RS BRdiks he

n tratl e [ ] f a | ower
paﬂ€£i§§§migﬁ ?ﬁgf%gégc%grggggﬂgkgé€m§$%gﬁg i on of
pro®p@re iZ8s pant hcliasniisd i delgét ALt ee190, that the nunber of

formed particle cores is |liable to vary. Even when
the MAsactimmthsdcdor edwlicimdesuche sanme
conditions, the diameter of finally obtained

polymathy ksl heosaudo¥anim PaktiAlesded paFe | Bpé been
proﬁd%gﬁEﬁ-mEEEO%X%@méﬁié@@ﬁe£ﬁ§1%£§éf¥§¥§§51%%%9or a
partial hydrolysis condensate thereof and an aqueous
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 abkove method, however, the particle
diameter of the polymethylsilsesquicxane particles to
be formed is controlled on the basis of the
concentration of the ammonia or amine of a lower layer
when they are charged, and the formation of core
particles is indefinite, sc that the number of formed
particle cores is liable to vary. Even when the
reaction is 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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production is carried out 10 tinmes under the sane
conditions for obtaining particles having an average
particle diameter of 5 m the particle dianeter

vari es by about 40 % (approximately 2.0 m of the 5

i ntended particle diameter. On the other hand, Deeember 2006

prddschesh RrONOsefiaq weihad f@:{m@é ﬁﬂ??iﬁr*g the same

pol yor ganosi | oxane particles, In particles
coaytigna MYOGbISPLL A& nRardd ed £ 1k anakeh it rabetrhge

and having a desired particle 10 di aneter can be
papbial redieet dP- A£ 260030598 .paidhicidkove amdtheord i s a

met hod in which methyltrial koxysilane is caused to

vagheler By WmApwi y4Ps? dapreerderste L pntoe Of sih seledthe
. i.cl es qf. pol yorganosi| oxane particles and then
lnf%é5geega 3?6&? i¥F3 e&@é‘gromn to produce .
pol yorganegl PEAL) ChER AN bALACL RYJJE Ca
di aneters, and the nethod has a characterfistic
metlaiuferi pridiicifg péillydighdailoxbae pa3eeikles, in
article solution, which is to be determ ned
whebepdirtd adpon avinveadodrfddisdp @0s papiairdiec ik anet er
. i s derived fromthe averagﬁit particle dianeter of the
digpehepaflistrduthen egfc &Ry o desired particle

; Lcl es-grow solution, and the, . like, t he
di aés%'égof%%_g\l ?peecég?%%ggppﬁlsaeﬁ gﬁpf%r%bg %gr?gjh)hat t he
seed paRti gheveolniindi ssdb! ek SyChh2end
dilution ratio and added to the particles-grow ng
metsoy Lt roal kicerebyahe psodacrs bl y®rgadesigootar®rolysis

articles having an intended particle dianeter. In the
ancﬁb@@’é@ﬁéﬁﬁ@dpmo‘ﬁ\@véﬂ;ﬂm seiesl Mt tedest ofcal cul ate
po IS BLLLL 90, FA1 0, Lot severy bach and, 4 T Degenber
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



10

15

20

25

carry out a dilution operation therefor. Further, it

is difficult to produce pol yorganosil oxane particles
having a | arge particle dianeter of over 10 m which

have cone to be demanded due to a recent change in the

5 specification of liquid crystal displays. 7 December2006

caFHyt Bermy edilﬁtiaﬁ%@eqqtyﬂglgaaﬂékb%qn.elﬂ@@fﬁhgkgs it

having a particle diafreter of approxinmtely 4 to 10 m
isaadffhavltg o npproduseessl par§anbs idioxm®ielparticles

di stribution can be obtained, the particle dianeters
hauwirgcentlrraideddOtinoliehal icanietr e of o oamed vilerumi Wwhich

atte tedt%nmw the$anide(ﬂmmta3LmHormup
hayg Gomsm druidie | deBRNded que Jf e fRcBPCSNS HARSE ERethe

oo BB EREL HUATEC 5 80 IESA000 ARRS L 0oL BOLILIR o

een T ep

aw@bﬁgh%ra:q%pﬁﬁssQﬁb&ia%eesgféf‘t%@heg ﬁ&%ﬂhﬁ ﬁéé

obtained have a large particle dianeter an
papeitiel gidireed£rodi Sbpirutindr & DPreoko 90 um and
monodi sperse, or a nmethod of producing
hapbngoagieesidioxe@es papeirdlissl e hdvamgtiear ge aribet2on
rs.in which the particle 20 di aneters thereof

di anmet .
can, he ggtadmedr ntep PETE lihordbamefeys) are controlled
. t er natj vel there i,s disclosed a thod o
n é%’%ﬁuefrﬁ&rsﬁ#er"i‘%a! agd) when, Jrt | tF egg%ﬁﬁlﬁ%tﬁci:ht% make
thepoﬂaé{HEELt’:)i'eS'dﬁaﬁﬁ&ﬂé?éaﬁ%i&%’ﬂﬁubStSaECT?rF%Pcf A %é.vel,
tenperature at which the organic group (nethy 3 of its
it nibs$ edilf€ iicsildecospesad red0dhe 13000 1eSed a2 e bs .

13089). However, this nmethod involves a problem that
when po$ yaeskhylididd arevpar ailolcst aretibahgi hed thedmrm

re&%ﬁ%@’eﬁhggldgae{ t:%tecl:ﬁgdaro% %rreoa&éé/iggcreased n s
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 te form

silica, the particles are greatly decreased in
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di aneter, so that it is difficult to attain the final
particle dianeter of the intended silica particles

wi th good accuracy. The silica particles obtained by
this method are therefore not suitable for use as a 5

spacer for a liquid cryst aI di spl ay, or the I7iRegember 2006

valu% OMIpa I ane
pardifd dfé eassm@%&t &fetﬁéaﬁﬁtt%‘hdgd PAf 116hepad% i &ad
product - particle dianeter of obtained particles)].
with) Jesdheecutiere. i Bhansihecaprpdtehel bat obha iareghrib g
group is sharply deconposed or elimnated during the
thicalnes tihag, awe dhewrsfibre hota sgusealnher éothaise as a
di sruptive strength of the particles decreases or the

Spaffaem. @Esaa#é%%wewya*sab SISl AY of Tt hBe j oR
whl sen% %ﬁ\%?;t%%r}sé é‘l&fgr\li&dg e?hm%}{% tsis;?gj %C.Ltam Ogef €

1% pr o produci ng
acdﬁﬁ é?g@TB§HGW“VEi@@rt16%3?5¥¥1éﬁ¥'@Qaﬁe%%rpart'C|e
di ane range apprOX|nate lto gn) suitable as
di ff spacee fphra;ﬂdmldlamysbal dﬁS}IﬁﬁUlOﬂ.esaﬁsﬂaﬂﬂd@nid
particles and having a particle diameter distribution
pradiat is pemddidperdeanategood philaikneg psirfiicles) .
procedures for, a short period of tinme, 25 Further, it

FuqtahedrseEBﬁaeoH]Se&n%’f’h?ﬁepﬁP?sl&ﬂ tri%eﬁbﬁoﬁrt%n
groq{ovigesﬂ g’q’%rganos sggv%l}t g&l[el E?& (&%rflg{%ethe

i hg pol oxane “par pr o
cal%lﬂfﬁgpahh'l‘éhe%éﬁiﬂﬁg Rhohk Rardd Cxlrl@e@'éa'mfeer
accuracy [low CV value, low particle dianeter 6 7
didkegetnbee 28@@ngth of the particles decreases or the

o YT eqy 16501 o4l AF M, AL TLELS 1l R S ina

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 polyorgancosiloxane 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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difference (particle dianmeter 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 Haecewmbay2006

. the follow ng.. Wen pol yorganosj| oxapne particles ar
a1 L e RS A LR DSal Wit It S pbLrg S sis a0 oh
ndensi Si{LCcQE j Sl
P eh PR ¢ CRTAAATR W (L A0nR0" L1 ELPT by
s iy Te Opydaleldr red KOy E 6r QU raf dPNSE. oifN tiikd Presence
of a catalyst, to formseed particles of
pol yorganoschdeanerpathe chbsvandhimreby btheapriaaprat
. _seed-particles-containing solution and the step of
invRiyt agsahpara itade gldwilAgndqudoidi e8| abidod scoht B8 ARAY
15 the _sane silicpn compou or _a hydrol yzate thereof
hatg EORRaSERe LiPpiRE el BB sa et ae SR uienr s
h baqy, p [ L) kAWt
P e g trs aad Thne i e ek AP, TRt FhgEn
andhesniibessilg eons 201 e8RPWAh I Endli 880 %gd & 5 @i con
aqueous nedium 0.7 to 6.5 mass ppm of a basic
atgmatabywhiich addeshtbythe latzabel e agiueops ameldiaum t o
cause the silicon conpound to wundergo prelimnary

hyqdret 6F35ie addTentieBsatiPorr aaltPredbadpc tha apsREenGe
o HOEGLARTLEL0 A7 SRR ReRSRRY 2R or oG
PoLPEIS4 06,2004 H PRLLARLE e Ly BuklA AR
seqipa et £8lase Jmasai Rinkos ol ut Raceahar tRQ0G&tep 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,

(i) in the above step of obtaining the seed-
particles-containing solution, when the silicon
compound is 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 seed particles,
or

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

particles, the seed particles are measured for
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di aneters 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 7iBecgraber 2006

. i.cl e-di i | uti h th
41 Bl SRR BRUDHG) O 40 THESTBARSI ot GHRE BADT
THE chér €67 Tn THESXBarel clfe-2i
it R R M R RN

inbendel epatkicFer Bhametidie 1§ eseathkayerizors have
found that when pol yorganosil oxane particles are

heat -t f@atiéd itro tlpe caluoeesisitiepa qargroveng fibel isvadry
cal cining of the polyorganosiloxane particles is
PaghifFile§ o Anhontcs gt arkpisasdlova thdpe
ar,_cal.cining, .thereaf is carried.,out at a
T R T R R S
sol€FPBhALWS, alh Yhi chet %dyéﬁﬁ¥§tigﬁoﬁﬂe?%J€Fin the
pol yor ganosi | oxane 1's deconposed, ereby " the
paxietetasdidndther dysouhigva fidangt Boohittibe, Hhtisfies a
particles and the breaking of particles, observed
spelt fhg tried dteiaonat eakperiss iare, sol ved, so that the
second object can be achieved. That is, according to

the préRerebynid ibhrsttabdiecs €30 dve deahizyed,) a
T R RO 1% PO RO A0 B L cne
whff?é@%?ﬁ%%dﬁﬁ%%%&%@ﬂ%?g%%ﬁ%&f%;gggggge g?%ﬁﬁ%ﬁ%ﬁato
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 sclved, 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'.8Si (OR?) ,_, e (1)
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wherein R1, which is a non-hydrolyzable group, is an
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 epoxy group, an al kenyl 5

group having 2 to 20 carbon atons, an aryl grfddgcember 2006

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

7 to 2¢henebonBRai ombidk is annahkilydgodu dale ngroupe
. 6 carbon_atons and n_is an integer of 1 to 3, provided
1s (3t 2hkeh TR A2V YN IR® & ‘To?’é}%%ﬂt atefich AR s

10, may bhe identic 0, ,ar different fro ot her. or
2LV 3 oBB B kS A0 B ol AR SR e

(mé¥ﬁ§§EEy1%SQQﬁycé%%ﬁbnﬁ¥ E%&é?”ﬁ£§@ﬁ,t9n_@%%ﬁgyl

different from or every ‘ot ohe, 1in
grquEeseaceng’ 2a watad yshrbba favonseesh pariilclg@muglsS of

pol yor ganosi | oxane particles and thereby obtaining a
hawiged- patpi ¢lessauntai atagssolrutdrorar abhythgrotap {@ying

of m xing said seed-pagtjcles-containing solution with
7T %P paPt FREROE &ees « gRowt Rg2Rgaddyd HTefPohaving 1 to

0 I Ni silicon. conpo of sai eneral formul
6 (%b"q%‘?{)‘ é?gg%hyadjf%lliz%lge%hg?%&%eﬁ oogr wggai%d feré%wged
thParkhehes, phhe S bed,¢oRPLi 8B e Step £Anobs R's
obt ai ni ng F%e seed-partlcles-conghlnlng solution in
maybehidehelcsdA ks | beodicdrp@ntl oM Saehead din éery
25 aqueous nmedium 0.7 to 6.5 nmass ppm of 3 basi c
other 209st BHdaddent twheni ¢ adudcausi tedd GnPRO sae@se the
silicon coppound tp undergo prelimnary hydrolysis and
prec%%%nsﬁﬁicgﬁ,ogr%af M Cg%aggﬁﬁlqasl defied®Ehereto in

di%ﬁ%@%ﬁgP%£§8§6%§€H¥rf8£ LQLP Y de, SgRd, particles 9 7

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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formed of pol yorganosil oxane, to form said seed
particles, (2) the nmethod as recited in the above
(1), wherein the basic catalyst is ammonia, 5 (3) the
method as recited in the above (1) or (2), wherein
the silicon conpound of the general fornul a7(Pgcensber 2006

net hyl tri nmet hoxysil ane or vinyltcimethoxysilane, (4)
fofﬂggn@tfhé)g’%a\éo‘?%%PPédﬁioﬁ‘aé}ﬁ/ ohe EPIPMh&2aith 2®8de (1)
paf@ig§ks wherein the pol yorganosiloxane particles

produced have an average particle diameter of over 10

gm and(pavend mdtisdeasi zecditdd IDVtERA aWRRRE (1),
coefficient of variation (CV value) is 5 %or |ess,

whgbel8) thergtadmilc f oatplgduciing gaahynlganosi | oxane
particles, which conprises the step (A of hydrolyzing
and cohdensheg e thodcen cespdmtd i the gboemal (1) or

f I 1), ., R"S, 1.(0OR2) 4-" (1) 2 in R, which
(2%grgﬂﬁ%ﬁsﬁ©&¥3?y§bLF%°6ré&&poé% aﬁga%g;{iégﬁﬁﬁa%av:ﬁg
fomb 02201520 A QP ey ST OHR BV NG 1 10 20

carbon atons and ving a acryl oyl oxy group or

viepbkyigedtdx ot Bhkenyl group having 2 to 20 carbon
atons, an aryl group 25 having 6 to 20 carbon atons or

an ar al &yl theome thend ngs Fetad t2@ dar bamy abaes o fRx s
an al kyl group having 1 to_ 6 carbon atons and n is an
abgye eég &P 1 3o Iheredndéde mrlvongangsgilodney of
ach of Rs entic

pariffe Lb8 BrRiied CREPeopnosdif ae P BBcanDer ovteter
of over 10 pm and have a particle size distribution

whose coefficient of wvariation (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 epexy 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

10
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ot her one, and that when a plurality of OR2 are
present, each of OR2S may be identical to, or
different from other or every other one, in the
presence of a catalyst, to formseed particles 5 of

pol yor ganosi | oxane particles and thereby obt &iBeegmber 2006

ottgfﬁ%ﬂé[thﬁheﬁwtﬂé‘hng §qwtai1qrby ang Hhe step (B)

m X1 ng sai d seed-particles-contdaining solution with
presdit | | 6hehdiodmesrs oM g ageaeis asoldl i ofr
containing a silicon conpound of said general fornula
dififexentoframhydrtdlerzate elergofother groey sai d seed
. particles, the method conprising the step (B) of .
1n drhni PEeSBRESs&dd HaFR el st i froufin t hredep@rticles

ot BUEISL 35BS TR e Lo ISR, OB sl

j i M - whe i n i cl
a s{je?éfilbé’f‘tiélk%r chHﬁ!ae%és_x\i\'? BoaRdiRhEndeds PaRki Gty (B)

iameter is reached, he nethod ‘as recited in"the
of ahioving 53aidwWaelei-pd heisted-panttGlesn@r soleaswredith

for dianmeters continuously or at intervals of a
a pegtisiahe-dipmefer-ark Q0ing agumeower Salwhich part of a

reactjon solution is sanpled and brought into contact
confiaiping, dt SLLiFOR ATRPELHoPH $¢ dheirNebatofpraula

prat ect lai.d the.particles in the_reaction
(DG LR vERee (he fREEFBnareY & Hhdes by oa
paréad &L, method, 25 (7) The nethod as recited in the

above (5) or (6), wherein the pol yorganosil oxane

parti ¢dlhes medeho gobynpthiyd igid selsquis @xgng Blard £ cheswiad)

the nethod as recited in any one of the above (5) to
the( Beeduieakt hcilles pam iwhbcHi thet seed par Decéaber r2006
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 into 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
polymethylsilsesquicxane particles,

(8) the method as recited in any one ¢f the

above (5) to (7), wherein the particle-diameter-
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growi ng aqueous solution containing the silicon

conpound or a hydrolyzate thereof is added at a rate
of 0.01 mM/mnute or less per mlliliter of volume of
the seed-particles-containing solution, for abtaining

5 the pol yorganosi | oxane particles having a di Iangzr@perZOOG

grafingvequiébum f@)ut hennmebhdad iasingctbedsiid iaon one of
the above (5) to (8), wherein the pol yorganosil oxane

comppunpd| @5 A haldne bplalpedhearo b baradded d@itareteatef

of ot 'Ry R EuE o TSP S pPEAUCHG bl bBF gBtod A HEmES £
théoagdéé&' ért%'lfe@ G cfms%ﬁ%n%oun ﬁéﬁ\% %rhw@%@ﬂg

COﬂ ensing a sitlticon co € genera

thd I SrfhhosR1oxdnd OpRr2) cdes HatingWhe@ighdtler of

which is a non-hydrol yzabl e group, is an al kyl group
overavitoud, to 20 carbon atons, an al kyl group having 1
to 20 carbon atons and haV|ng a 20 (neth)acryl oyl oxy

group @) e%etymgrca@ﬁi & Jéﬂ?‘kéﬁ?ld igr aupy heweng f2thé 20

b P PE S o ki he ot R, BB ot Sa T L gty
paf%fHWEnglhﬁlqn %6%@1QQQUHPQ%N'!§EI{QC1g ggr?%%?F of

oS and noi's Yan 1 nt eger provid

1 t‘MWer quR| Hha! it Bbdgfﬁéléﬁg Bresatia€f6h 8 B s Jmy
be identical to, or different from other or every

lesst,her one, and that when a plurality of OR2 are
present, each of OR2S may be identical_ to, or
di f f erlrft) £ oRe tBeRer ot m@y%pﬁepwrmnvslloxane

pag%i rg?f Z Qgh comprises the step (A) of hydrolyzing
and condensing a silicon compound of the general
formula (I),

R!'Si (OR?) ,_, e (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 epoxXxy 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 cof 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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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)
of mxing said seed-particles-containing solution wth

5 a particle-dianmeter-grow ng aqueous sol uti drPecember 2006

in ah P g n Sid¢ Cé)”cé‘ﬁerg‘é‘&d Yo Sﬂﬁng%gﬁa'p dtoiﬂk‘iés

or a 0| yzate t to grow sali see

of r;-:—tuy@f@gnotshqdﬁri@dpgﬁﬁpbwsn@rtd]etﬁée@b@B)omifaming
gromng 10 the seed particles, in which an anionic

a saadgeeahtciles-atdetaininbe soded-jyan{ | ghds LoentsHiep ngB)
solution to grow the seed particles, the anionjc
Of:ﬂﬁ%%&gaﬁﬁlﬁaﬁQQF E@%Eh€éﬁ§Fﬁ9Qﬁﬁ%%b@gsﬁpﬁﬁﬁ%%ﬁt%éth

rel.ati ression AXR)

2 Pﬁ’i’ilcgﬁefiéﬁﬁ‘e G5 & TH BPquélﬁO‘{Fm %%18598 ed by
corftdd il g & SR URLOTHAOD A HLTUGEALIAY foitula

ySi s and condensati on product of e silicon
(I)cefﬂoownﬂymbnya;am ecnbaec®i gt ol heastl ise@d 20
conpound, Y is a concentration (mass % of the anionic
pardurdlaes ant in the particl e-di aneter-growi ng agueous
solutigon, X is a mass (g). of the raw material to be
used ?ﬂ?f%?t§9ﬁtﬁ&ﬂﬁ?%ﬁl@%etgéeétﬁﬂtf%le%f Broying

totm

the Btq BIREi b e Rar it Ehod® @itonie okt fge tan€Pis

ada&itﬁ&l engdi @@%‘iﬁfpa(f@ of ebbeontetth PRE L E6he%i AN d3 7
Decenber 20

grow the seed partlcles, the anionic surfactant having
a concentration that satisfies the relational
exXpression (II),

Y=aX (aXxXX) / (AXR) o (11)

wherein a is a theoretical value cbtained 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 agqueous
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
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ais a coefficient in the range of 4.0<a< 75, (11) the
nmet hod as recited in the above (10), wherein the
anioni ¢ surfactant has an HLB value of 15 to 40, 5
(12) the nethod as recited in the above (11), where

the anionic surfactant is a higher alcohol §dD¢®$ﬂBer2006

ester salt, (13) the nmethod as recited in the above
(12), amhérélﬁQQQ;%ﬁbﬁEF afcdle =am9arPé dsthsashit

S i e U Bdodey ?éU%Ea&%ueeﬁlﬁg “HHE ASRE (10)

recite one abo

whaWe{fi Bhel rarhf@nﬁé eau&/b)a&fanﬁ O 4% ngnsg%@ RAftihe! 88, 18
separately prepared solution contalning

to pbbyor ganosi |l oxane particles is added to a 15 reaction

system contai ning the silicon conpound, and the
si | i cohlébnsdendrdtthedusadresi rigo biar ebpsiss (Bhi,

d in the sence of, the
ST LB ERcodn e SR ERE AR if 5 hiohe % dkeonol

| es, the nethod as recited in any one of
Supﬁ&£i§b2§t%¥%é;fg (14), wherein the

pol yor gagpsichexana-hd@rhsckesitave ah ayer a%v@r@m e
di aneter of over 10 m and (16) a nethod f

whgmadncthg:hﬂghEmpaltohbdssuIEthccbscempmaﬂx;1s
elimnarily calcining the polyorganosiloxane
SO%%.m|@Pé§Qﬂkeﬁmkﬁab9rthe method recited in any one

ol ghor (RS Enks marhdd o kel iR FhKoPngt sthe
ab&ELOMPAT! tLlon £ £yPerALYLs Of e 14 ZtQ%cermerogO%
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
polyorgancsiloxane particles, to form the seed
particles,

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

(16) a method for procducing 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

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 ¢ group or higher. According to the neffHdecerober 2006

or§h8 by SIS TIRERLRSR TRASHb MBI POYanangathial ols

o8l PEGH 108 ctebabiogto o sbpaae g Yarmeroransc

greapti anel direret €41 di st higd HHO &80 bgapbRAUGR B¢ good
yields for a short period of time by sinple procedures
panpiihdes mdquilé ndethmppsddedur et efpdirbttireg dhetlseed-
articles-grow ng solution, and the Iike, so that 15
Or%%?%?cHé@qﬂnﬁ¥mﬁﬂégﬁﬁed di aneters can be obt ai ned

each tjne. Pal yorganosil oxane particl es obtai ned by
the abbuECREARS o ookt PRHPS e oF ERSPCEBE a 1 qui d
L iy r r e r
Po FHS Lol S 85N OGNy B0 sh OOk
inypenvidad by liherpaeseil oxaNtpOtiéhes satisfying a
ol yor ganosi | oxane particles obtained by the above
reat hvdlar d agdaeimedt inder dikenestpeci fardecondi tions
whereby there can be produced silica particles having
10 (appperifately dneter 3Quirmablagichhav Shacear mooo dd Speps ¢

P2 LYyl oy g6 o8 Shaniach R oL St Fev 20,
11 GROOLERE R e PRSI EIP BB, SHecuros
withetti betjudring the procedure of diluting the seed-
particles-growing solution, and the like, so that

15 particles having desired diameters can be obtained
each time. Polyorganosilocxane particles obtained by
the above method are suitable as a spacer for a liquid
crystal display or as standard particles.

According to the method for producing silica

20 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 liquid

256 crystal display or as standard particles and having a
particle diameter distribution that is highly

monodisperse.

Brief Description of Drawings
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chart obtained by neasuring fine particles in a seed-
particles-growing solution in Exanple 1 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 §B¢@¥P6ﬁr2006
in Exanple 1 for particle_diameters w.th a Coalter
counteFlgFlé iF g %aEEﬁF#@I@%ﬂ%ﬁﬁ@%rdéﬁ§Fﬂhﬂﬁ4Qﬁ

nd bt BT B e N e mertices in a seea-
papaieuelsegtmm&rsemwl% SpA Uﬁ:kQﬂ hg 1Bw'§a}t£eﬁ,e

particle diameters wwth a Coal ter count
di#netetsedifitbodi oeals eaf dhmtaventi on The net hod for
produci ng pol yorganosi | oxane according to the present
i nvent Fog.i @clisdes mattisiie ehitzous pent ddeseriithart dm
a second enbodinment described_.in claimb5 and

cl ai
Ch%r‘fhg})&aéﬁ%?jl%nlf‘eééé‘éﬁ%cﬁ%dl aaérca.%eﬁ) imhaséeed

e dji.nent s. haye _in.co constitutio
pat{lEE o LTINS LB KR abis Dt Fopr BRgH AR & Afameters
witked- paklitdeSsS@RLRKNI Ng sol ution and the step (B)

of growi ng seed particles. In addition to the above
const i Fuyi.oBali g equbaeteot e, dikendtéest d25tenad imnt
of the present invention has a constitutiona
chapgupbérdmed Hay , meéasuld ngt e X yre bhylridpmrs qgiaxane
seed- part.i cl es- cont ai ni 0.7 to 6.5 nass

I
Paf P iBEL gt POat aly S e RRiet F5OHA no Gioto RRdLarm
ExfBllet he £ ﬂ'pca%feifgoa Ialt LS ¥R 10 o TEcpber

e "aqueous ne e Sr |con hd is
co@@@égd to undergo prelimnary hydrol ysis and
condensati on,

Preferred Embodiments of the Invention

The method for producing polyorganosiloxane
according to the present invention includes a first
embodiment described in c¢laim 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
bPreparing 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

156

20

25

and then a basic catalyst is added thereto in an

anount necessary for form ng seed particles of 5

pol yor ganosi | oxane to grow the seed particl es.

Further, the second enbodi nent of the present

i nvention has a constitutional requirenment tHaggemper 2006

0 bfel st e hedlifeq T Tt [FeheCaRbRen i caused
to CORtbRYRNHYe DimPharf0 VAN Ps 0bnd COMUANALLER, |

period,” and an I ntended™ part lameter 1's rea
and hehegae! iikis chenlivial 6t fwhéhethelrad hif dan
enbodi ment of the present invention has a
amegentt hedeiscrat Y r Equi ferpriing tdeed parthelsspiB) of
row ng seed particles, a 15 particle-diameter-grown
PO L¥AEgES ot LK BRSc it a¥ FPHg then serdnPardurgles anfurther,

ayin concentration that satisfies the specified
end oY PPpR T LA o Rriair et 8nEnenvercRE nadta
I t-Cl 1€ SE LRt AL I on t r e e
cotfet BILLEUSCOR AR AL, ofn By gt eiaf s
greehsyi teleiconart1 €Ydkl, R SCdMPartochke first to

third enbodinents in the present invention will be
meaxprafinder mespebcleety aneSteaps (A)nsnboustlep W) ata
., _Silicon conpound of the general fornmula (1) R1" Si
inteyyass 2f a copstant Sipeepariedr aanfaer iimtended
padfER MM ARIELEL LOLIUR) o L3aRchy s Docerber
teBhKih tBEQUPFRHHE 1 {Re 20nS AP PR PiReARdRAVYNY @
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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(met 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 havin

1 to 20 carbon atoms, an al kyl group having iﬂ@gmguberZOOS

t The al kyl
S KN A ﬁaﬁapégt%ﬁ P &b Fvio
h t
ggﬁ??Fﬂﬁﬁi)ufirggsg? gigﬁcnter gp¥ Iﬁﬁgﬁﬁ?yghexy
(aetyl) acanel OPESL Y| gaedcyd adexy oxe«s gtrQﬁJI:ﬁJ Karh gm&@lyl

having 1 to 20 carbon atons and having a
graephhacriyioy? oky §loup mrorare eposy gnowyylangabupl 15
group haV|nq$1 to 10 carbon atons and having the above
UbEOi tudiit 4% prEPERr 8FOMeR B RY| 2R3y hegroer having

aﬁgy?rgrcoaugg]irg\?g%o&?cycéﬁb%et pitis ngﬁﬁtéfgexga’l“’u" having

aghybay -y .ep t-hagry. r 2
1g?§/0|bgoxypropr§) g{éﬁﬁgé eaaolxy%:ycépﬁﬁg ?H%,&sm‘%/h %o 10
catkenyla t@mopi Hayr8ge? rie@ .20 T¢RY Ok @ 0§% o udn il K ehy|
group having 2 to 10 carbon atons is preferred. The
l%mﬂéﬁylhyanﬂhmﬁyObecwcman Bxeemghleals oo foydlel alkyl
npl.es of the alkenyl roup i ncl ude_vi nyl, aIIyI 26

%%‘tlenwclhléﬂfeﬁw B¥d o€ P EPBYAp y L SHRIPPYL, D

ST T U Sﬁiﬁﬁéd tae”é&ﬁrn%%?r?ﬁ%regbw P Rk,
oé@?iUd@y@Tﬁbﬂnt§P|¥hd XMl faphigykheA%ﬂ%y?lgﬁoup

aral ky group having 7 to 20 carbon atons

hd8ifigDecermber0o 200fbogr attpmr\dny Hatong0 acar bon at ons
is preferred. Exanples thereof include benzyl,
(mpehbegryloyloxy group or an epoxXy 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, aliyl,
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

18



10

15

20

26

phenyl propyl and naphthylnethyl. R2 is an al kyl group

having 1 to 6 carbon 5 atons, and the al kyl group may

be linear, branched or «cyclic. Exanples thereof

i nclude nmethyl, ethyl, n- propyl, isopropyl, n-butyl,

i sobutyl, sec-butyl, tert- butyl, pentyl, hexyPecember2006

saclgpent I,?nd c¥clohexyl. nis an integer of 1 to 3.
ITMBN A VIOAH al 189 190C6FPRYs GLOpF edEnPregaiird - R s

[ ical.to,.or . different,from .other or

Ex%@é%?%oﬁﬁggéﬁé.l %Hgg PSAGH tEPEReGY are

ph®h §9@bpyyugh@fn§ﬁgtgyﬂﬂg%h§pgnticaI to, or
er

different from o or every other one. 16 Exanples

of theRabbyeani hilkyl cprpopnlactinghe tgenerakrbenmul a
(1) include nmethyltrinmethoxysil ane,
atops hyrbd dihifoxgbkyanerompt may rher bporysi | dnsmnched or
nfthylt iisogropo silane, ethyltrimethoxysil ane,
CYSthtt rFBRRBRFS IEHE e f opPFreridst eyl anethyd, n-
| tei i lan enyl t ri met hoxysi | an
pr%ﬁ ¥9léfﬁ§4§gg§1|%hg?tgﬁﬁw%%99ﬁﬁ%gxy§FFa%§%Yl' tert-
bUW?DV!PéhQ@hQWﬁ%iﬁﬂﬁ'c¥tlopentyl and cyclohexyl.
gl yci doxypropyl tri net hoxysi | ane, vy-
acryl oyl bxypnopyltegerthidoxysicbane, Whdkh a plurality
met hacryl oyl oxypropyl tri met hoxysi | ane,
of Rifethy| B AEERdxy fdatned £ nBt hiylpkieby! didestthbxysi bane or
. di vi nyl di_net hoxysi | ane, di vi nyl di et hoxysi | ane,
dl%?’f/?ﬁbl %P%x;%ﬁﬁr%ﬁeosnavﬁﬁ%im%% heResi | Hhen e
1 Shlei CcQIRoO ing_| ess content_ of. an 19
P 1}71h§DiSe§1(:e:}/rbglrf g)g{;g %OII%g m%s%%{’ o%c‘;flrﬁ:t(?1 éjrig Cé)llsfef%?¥elaei n
idefieic@l 8ol il &iDfFrel A8 ¥9OmEaAB ROt Be ShAR &St Rb

pol yor ganosi | oxane
one.

Examples of the above silicon compound of the
general formula (I) include methyltrimethoxysilane,
methyltriethoxysilane, methyltripropoxysilane,
methyltriisopropoxysilane, ethyltrimethoxysilane,
ethyltriethoxysilane, propyltriethoxysilane,
butyltrimethoxysilane, phenyltrimethoxysilane,
phenyltriethoxysilane, vinyltrimethoxysilane,
vinyltriethoxysilane, ¥-
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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particles and the efficiency of formng silica by
renovi ng an organi ¢ conponent in the step of formng 5
silica by heat treatnment of pol yorganosil oxane
particles after the pol yorganosil oxane particles are
obt ai ned. And, nethyltrimethoxysilane and 7 December 2006
vinyl trimet hoxysilane are preferred, and
Orgehhyl COMRAMRNyskraneriefqrredciuhariywref exrkittle or
n the present ipvention, one silicon conpound of the

|
le%ﬁo%_‘:g_@ﬁe'ﬂr% 18 oHhE) digMetRE ¢k BeLyorsenasilesane
pamc%'s' oM COIRONRES qfe ooﬁfoggraﬁggﬁ%{cg% B e

may be used i ncomi nat a

rerdeifyepn( Arddel ddesmphe St | oy E‘Hep_%‘ﬁl“e‘iﬂﬁﬁsfofﬂlng

and (2). (1) Preparation of seed-particlés-formng
sikbtat bgnhe)t Foreatinentofo fSaasl paryhabes 14k akhe above

procedures (1) and (2) will be explained in detail
pPapel ghes( BY trtepdrat PoA Yoir asdens bhexabkepafimdrinihgs are

solution | n _ the nmethod for producing
Ob%ﬁﬂ?%?gan%QFVo Y %rb%FFBEN¥§l%ﬁQﬁiﬂB9 by the

- AL o ' h far ' f seed

v1¢¥$§?2 gg@ﬁ%yéoga%%o%fﬁ gfgﬁég¥%§ft%gﬁesir1dianeter

me e 1 €81 i@ s i TaNBi § @I Pa rYiSheIBy 1 (eSRRAJ MELY, SO
that the conpound to be used for the preparation of

t he sebu- phet poleeerftorimngn@on, Deasnbet 12006 compound
sol ution can be selected fromthe conpounds of the
of R e2feNer Aok adl Bormplas (ToquiaBdbeeysed egsr of t

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 polyorganosiloxane
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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their specific gravities. Wen the formati on of seed
particles and the growh of particles in dianmeter are
5 carried out by a two layer nethod, it is required to
use a silicon conpound having a |lower specific gravity
than an aqueous medium so that the raw mat er/i @ecergber 2006
inevitably limted in kind. In the present invention,
SohBhePsr Camhdre F8lAstEdnifitam drhe oconpossats foE e

ity, that t ff d f t
b @B hsrr TR oAt S RTGH. TPRe SRS of
EPeBFTSH f AHRIPa =5 ShF g, “Fie bt
Rt S I S e b

pabeisekected fi1pen §hewabowes bueserbbednsidifidter are
conpounds. Above all, a silicon conpound easily

caxplieabl euvitn kan agueoudayedi mgtsauth as ia siddquwimed to
conmpound havi ng a net hoxy group, is preferred. \Wen

usgj#j galpgon GEParedt bagdnshtai heder bgreslidiit ngravity

thyl trinmeth i, | , _whi.ch .h hi gh 2 il '
ehd Ph iR et iRy ePorTett A Heber Bed Shibhels
indPeragueous RAUYM £ap;s g sekgeted HP@% YRLEE nv¥ntFion,
m xture of water wth a water-m sci e organic

howetyent thehe viad efo Userlikera T eferelby shaz i iless 25
content of cation and preferably has an electric

grxohtvet sei thhadf thé dedPeéd Sfcnimsedess fobxaid es of
t he_wat er-m scible organi ¢ solvent include |ower
selgebhonsodudiheas st Raher 1adt Hendtighr opanol and
but an hekeﬁones s%gh as acetone,. and the |iKke., ese

21 7 Dece _erfoﬁé TR beOBPRYAG ﬁ%«ﬁPﬁﬁ?ﬂe_ Y or
li%&?ﬁ&bbaaﬁbﬂﬁ(gstfp AEELRES Qb {NeSe FRYRPe M Xk ous

medium,mggzrit can be selected from the above-
described silicon compounds. Above all, a silicon
compound easily socluble in an aqueous medium, such as
a silicon compound having a methoxy group, is
preferred. When silica particles are toc 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 10™* S/cm or less. Examples of
the water-miscible organic solvent include lower

alcohols such as methanol, ethanol, pPropanol and

butanol, ketones such as acetone, and the like. These
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In the above preparation of seed-particles- formng
sol ution, the above silicon conmpound is added 5 to
t he above aqueous medi um and the m xture is stirred
generally at a tenperature of approximtely 0 to 50
to forma honpbgeneous aqueous solution. In tifildecess
the concentratjion of the silicon conpound is
MaY, ¢ of 4By V2P R oW 6ED| Wadetunerr t &i SonbAdatian | of
S ss% _the. coefficient, of variation of
tw%ﬁg&ﬁ%é? i t(:)IQfCe)t ISRt BRY aPSt Mg o"ﬁlF]ﬁcF’égggs‘, and
when itn +8et g8l fflChe I Qr,
whi ch é?etﬁ?nggétﬂzﬁ%%ﬁ%Fgggbggﬁggé%%%#e@%gt%%%%%
formine@ns bauitdon i sth@r gbpref griablabh ncéiﬁﬁoﬁﬁ@gqsofaédé@
15 mass% 15 The stirring rate during the preparation
to dgihe t feoggedperaus| vediommiangl sSHeitmbrtoaendts etirred
uniformy determ ned since the stirring effect differs
gensdehby ngtugor amre sateref of e@mrgmirated vt e to 50°C

ty f th d- ticles-f, ' ti d
to S e shoBogens bR (U8Rl RELU TR i hR perioF A
theﬁiméﬁagaw%n d €08 coTReWRd éicﬁngﬁg%napﬁgi al l'y

C
lper 2006

imted, since it differs dependi on

pretfenpar Ay Uk 0smaats® ,oxlul €88 .t hRhedi $3Gl8VidhcéRWRY@ion
when the dissolving tinme period 25 is too |large, the
exceedst2OfmeRs tpr ddentcoafénrienti ©f nodariaklipn of the
d. The fiyst enbodi ment, of the present

pari%ﬁ\t}:lelgl | Shamke s it SUPGF i 0P d PezRAR RS naffe whedp it
b R Tt S P h D BB e G S Py pon are
indeshadiAENy NBLeNS ATk §S§E8L I abhel 8BV L M LR 160
. to 6.5 mass ppmof a basic

1s 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 dissolving 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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catalyst 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
procedure of forming the seed particles in (Z)Deeember 2006
described later, therefore, there can be forned seed

Thab, ifel & A Pyt acMBrgemen t $ P OHiSamdt &S 3embiaded
. ticl t.ha re f d i n_any conventiona
re%ﬁ%ﬁggngn%éﬁba; eéu?t ,%Ot %(ra'rggé‘é%s %a?iépcp&s 3 RAHE Bwn,
caddybhens Jdyd fersbynr aduard $§u88(1§0&n {Aln ¢ BSLe
can be efficiently produced po organosﬁ oxane
capaihgclh JiAM dgn aBoAYSRGE 1R ih8kegd YRIBImifQty
exanpl e, of 15 over 10 m and havi ng a nonodi sperse
hygepivelie dinahetendedestiiovbutimnth&hprepeet tpicsti sfeshe
obt ai ned have a large particle diameter, for exanple,
abaye 15eRPoP ardr il apatofRdAa RO PaFiPBle dnafdeer of
angsil oxane 2 articles to.be obtained is
préﬁ%ﬁ%%?nﬁ%ﬁl %ﬂﬁﬁ%a?gﬁts% rRﬂEleier%ﬁn1 y ukg be

dedd@ipthe 18t (AhOfe tBrEPAHIG-d NEan be formed a
seed-particles-containing solution and the é%ep fﬁf

pamfigiesi hgwiltey seellapgetri plags iaf ke CAl hined e rOWh Bt B84
same tinme, and it is no |longer necessary to 26 carry

Paicife phatedne Doérmedwimg arfie serdeparibinglesmethod.
thereafﬁgr. The above basic _catalyst is the sane as a

As At5FyY fot&§LﬁﬁﬁﬂiBafﬁéQQﬂﬁnﬁ#%ngépw§ee@qﬁu¢h%¥@s
i EnAER[OpIIGL Aol ReiRd 5 BRSERDELEI0 The

e f Rt B EL yl BrOdhidedd o1 PBEGPRIE PASEI N 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 Hm 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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t he aqueous nmedi umused is that when it deviates from
t he above range, no particles having a |large particle
5 diameter can be obtained in the formati on of seed

particles, so that the effect of the present invention

i's not produced. Although differing dependi ng Rgesmber 2006

ki nds t hasi c.cat al yst ,. _kinds of the._ aquequs
red unt PR AGS T EOncoRE Ko FRRUSE Plot iRy
b&PEPRHRA c (EIPLT ahHr €8 for7 the prePaLakl f
2 seed- par tCi cl es-fgr m ng sol uttjintgn, gnlggtgﬁe%l%inﬁek?wgd on
ther afeeahlsy mddeumbo¥edanaunihd s wiebar iicnedvienes &l Fyomn
to be in the range of 1.0 to 5.0 mass ppm (2)
theorhaveonr asfgseeno pratritdlcdesichavihg ehéarge particle
,seed-garticles-forning solution prepared in the above
digpetegucen Be iPseinfFdd 1m thasferrarappsof seed
bl y, u S ut.i on ont ai ni_ ng ,ammoni a_ .
pall B SR8, Sahd Y R eE ta e, €8 BBaEh g FveRgon
is ShbtCRR RN A St K HELRDY1 ¢ ’
lShydro?ygis and condensa?ioﬁ} ??%%héﬁ%%@%ﬂaggﬁ?%ﬁﬂﬁg
kirdel afsead padic! €stadnisai, Nikihds! vEi eRe S quBas ned.
When the aqueous sol ution containing ammonia and/or
mediumpi Kénds @rdiuadhgeadded iahe sfstbm sdidsors to
be uniform and a | arge ampunt of core particles are

CORR Y oMTEWP HRI-RBRE £6ThdNE PEIRFT 28 aRedr the
se%%ﬁ%ak&ibﬁé§:¥§¥ﬁfg tgoi%%'lt at}%gcggaygﬁﬁzthe

ien, & e :
ous soluti‘on contai ni-ng antfoni arl anmi ne

prdSefdded, ihe didvéngmbahg Gan @@tegﬁiﬁe@eﬁ%ﬁiﬁfaggg(s

deternmi ned as required dependi ng upon the size of
to riemcinotheessaigandft he Of aomsara wage ppmbl ade(s).

(2) Formation of seed particles

While the seed-particles-forming solution
prepared in the above procedure (1) is stirred, a
basic catalyst, preferably, an aqueous 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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Exanpl es of the above am ne preferably include

nmononet hyl am ne, di net hyl am ne, nonoet hyl am ne, 5

di et hyl am ne and et hyl enedi ami ne. The above anmmoni a

and the above am nes may be used singly or in

combi nati on of at |east two menbers of them 7Hdeesmber 2006

ammonia is preferred since it is less toxic, easy to
defenpiacshd g essgexpedsideperiding wponqibeuss st uefoa

cont ai ni ng anoni a and/or an amne, there is_enployed

TeACELPHt iVEP AL aRtohrg dedMbranth a#ReOitn Biads (3t -a
t m e, of water w. th an_organi.c sol yvent

Ex%ﬁé%?%lg\gﬁ¢gm%?%¥? a_lg%a(ﬁﬁﬁﬁﬁfégypﬁgf %1?y has a
mohSAS tEYIHUNOf dPmehiaR AL Prrﬁéﬁﬁéﬁ%l%&r?é‘,

el ectrical conductivity of 0.5 x 10-4 S/cmor |ess.
didthybhaminexarpd esthfflehedicngan ¢ STH eaboffesGindchia

with water include those exanples that are given in
and hehexpbava iahipesthay peepwed i ohnglyaor in

eed-particles-formng solution in 20 the above (1).
ComtAALARB0 S yA ©  HERARDGHE SETHRT BqBEobS Mool BAATET

anaf 01 81 BN TR 2420000k 31 Y "o bs pAelel mAed, spgh

on~ of "Seed partitcles

reﬁ&%@ahh@nﬂéééfE%?@ﬁQiQ@EtiC'eS preferably 25 has a pH
in the range of 8.2 to 11.0. Wiile the reaction

t enper@s uar didifeenss siepetdong copdra i ndg afmblhg a
silicon conpound as a raw material, it is generally
angyeR Br Anedine hetherends eamjeoxddoat gosociomertit is
a Iomeg tggp QC,_the 25 7 .Decenber 2006 aqueous nedi um
THRRY i 8°FY 6ZeP AP tBR AR Morider ¥%hEbFP VS Y kit T8RS
of\wg@eLh%i%ﬂ“éﬁ*%fgéﬁisaggﬁ%%nt 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 1less. 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).

Advantageously, the amount of the aqueous
sclution containing ammonia and/or an amine is
determined such that the solution of seed particles
after 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 50°C. When it is lower than 0°C, the
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out at 50C or higher, the al koxi de used is vaporized,
whi ch decreases the yield. Wen pol yorganosil oxane 5
particles having a relatively large particle dianeter
(particle dianmeter of over 10 gmup to approximtely
30 m) are produced, preferably, they are prodllasgmber 2006
5C to 30C. Wen pol yorganosi | oxane particles having a
ATUGRIEF Bepddbleriged i $olr0ozem ark prmdDEed OnLEr
ox .referaEny thﬁﬁ_are roduced at 35C to, 40C. )
ey at F§, TOOGTS Qe £ i et ThE sardbesbri8r caraded
f Lng. the seed rticles. .\When seed, particl.es
out, ¥ { 80 95, MIaREE" Vs Rl BRuade b dsRets PabotiTea,
whiaflpr@xt febeley 4Ho e QU Fh HOWRYE)o r YHAR stiNG ¥Bid10d
15 based on a honbgeneous systemis enployed |ike the
paririsskas havémig en,ré¢hatseed ypdrargd gsaraiche fdiramster
for a far shorter period of time. After the seed
(Pagdris ke ediametiesr mell, ovae 16btai nudl seedppapiiicladse by e
30 ne%sured for a dianmeter. 20 Wiile the nethod for

t | 2F e BFARGEA meRktEeFBRL Yirs thRY apecpiodpced at
ol lmit th a red . by a Coalter t hqd or
5P T Cope st L uSEERECT adh AT rakEi el st oy
» slaloRsd 1888 LER NRASHE CAENL0 BROCRMY 5r8afcpaadi ness.
it is preferred to make the 25 neasurenent by a
preCGeatalely pethey. altte mbodecedalter3sret had 4@fers to a
measur enent nethod using a device for electrically

neasuSP it iVel & disspeiSkiciang $6 fialom iohosizex
Lol A 182 AL LSAT LRI I S LabE e O,
parﬁggﬁﬁgigaggeﬁefﬁéaﬂﬁ§”gtﬁwbnlWWé¥1d@%ﬁb&teitt%éﬁ%s
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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suspended or dispersed, electrodes are disposed inside
and outside the aperture tube and an electric current

5 flows fromone electrode to the other through the

el ectrolyte. Measurenent particles dispersed_in the
electrolyte are attracted, and when they pasé Raqenbae2006

t f e rture tube, an_el ectrol yie

a E06L HRE S d P APRELYER it e pESviced Sn an
eld@PLaggd el i CLE | ISt

bet V\geg@tehgrf\;\avltﬁ%lﬂgc?rgggggle%wie&s&c %nggggﬁl%i‘lgc e
suspsndtdnee id Qeeweslsdelecd N4 20r BUHSBpEH theside

(Eulse is anplified and detected to neasure a particle
andjiapesdde thersmpeptotectivbe cold cin- &benitnd cagent rént
suspgndin particles in the particle dianeter

S

Elapsstfefefre varg OtEofRt &P dihe Ateheselhrexatp e
AP Gy e AP BRATHE, B B lnpse- B Y Y

eledtayd bopgenesul f1onas &y el k)éln{*imvfl'%}# Ctﬁggdgﬁx ls% Zttl}ey fine

i ncl udi ng sodiun1dodecy|benzenesu onat
apeaciulr s oaifs thrclaph ngusedt ukel, aWmte] @otraakyEer
surfactants such as pol ymethacrylic acid, alginic
corggRongangmiiceitthaicvdlumeg pdl ywheywantiohels, iand it
i.s 25 pﬁeferred to use polyvinyl alcohol. These
TeRKAELt FReCAST 6t hBRAPNGPafdREt Ty BESdSE@nangl y
betWedBYrRE Used patign.of at |east t mher s
of %@ése. %hé %?éggﬁfgaéeént?gﬁgl5%@6ﬁ¥%rh%dggfgﬁrﬂﬁé
re s thagce nivhicehwaet @atrbi gl 99 1RGN par t gl £ 7
Decenber 2006 dianeter smaller tﬁ%nq%n ?nfen ed1?%%m
pulsar tizl amdilafdteet i@ dotsededndd hesasheesaeparticle
. particles are
diameter.

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
alkylbenzenesulfonate, alkylsulfonic acid salts
including sodium dodecylbenzenesulfonate and fatty
acid soaps including sodium laurate and pclymer
surfactants such as polymethacrylic acid, alginic acid,
polymaleic acid and polyvinyl alcohol, and it is
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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grown up to an intended particle dianeter with a
particl e-di aneter-growi ng aqueous solution. On the 5
ot her hand, when the particle dianmeter of the obtained
seed particles is too snmall as conpared with an

i ntended final particle dianeter, the seed pamléosinder 2006

be gro up.to ro rtlc anet smal | er
X 1607 hi 8RO _afr}nﬁv fFeRdrs didimet dP3t By ot Snown
a ir e Py . 0
It
groseedias | ghegneam ey syt ecked fd‘iatnthﬁtéf eRieh @row ng
the seed particles with the particl e-di ameter-grow ng
pardadudmrsd sahat eer growienglesquiebead Isatlertidn. Wemn the

seed particles are forned by the procedure (2) of
o thegy rﬁaffgitse‘éhepaltﬁllecImir,rthcbﬁedlﬁﬂ@ﬁ@ﬂédoﬁothﬁl oktained

cont ai,.ni n n03|l ane partlcl 0 be

seef R T PPt b L e Ll B8 cPRmRr e arti R onmr or
r r dd 0 e t

intRilidd Ofinat] ?5? ﬁoe’r FEn8EeR TS A CHRREE Y
can'”b% RAFd ! ﬁ? "é@mampﬁ:*dgﬂeﬁobﬂﬂt‘i&lfeordleﬁtﬁ’éitékoriskn%ller

prepared as follows reparation of
thapaﬂh&ﬂrmtendédlﬁum}kﬂpamtnnlefduamﬁhérbnbyZE Anown

tEﬁedetermned silicon conmpound is added to an aqueous
me

@ #F Eeeubt ur £05s gpeamp he) ybat ittrednethod

erature 0 to 50Ctaq fo
desgEIREd A 7B AR T G0 e 0ne” chint | he EibEsszomn
gatal st Ssaddady, o Il ngd ¢l YA
see g%nberc2%%6gggaggégﬁﬂgﬁﬁﬁg%§gobh$ rolysgé gﬁdﬁr%%lng
thecer@enNgdt ONclesl aimh peHd i shesicaRddBiameter-growing
particl es-containing solution for
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 soclution 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 aqueous solution, a basic

catalyst is added, the above silicon compound is
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addition is thereby prepared. The above aqueous nedi um
can be selected from 5 water or a m xture of water

with an organic solvent mscible with water. Exanples

of the above organic solvent mscible with water

i ncl ude | ower al cohols such as methanol, et aRecember 2006

propanol and butanol, and A ketones such as acetone.
caypgde tRaP L 59 A ghydmold® 1D aRdhcapbdensadrienr teaderm

b f_these.may b mbi ned i xed with
ol RP T et re TR R G O R o Bt Ay, P

ad@gg@gﬂsfgﬂﬂgép@bgogggb%nglannnnia and/or an amne is
d t

added at once to Calse e silicon compound to undergo

15 hydrhkyabsvanthgeadessakiddun cd®rpepaelicdasd f PFon
addition, and a particles-containing solution for
waketi piror imsixtthereby ff wared. vEx@inpaesoafyarhiec aboleent
,an%ge preferabI%%include nononet hyl am ne, .
M1E et Ry afithe'2 hehoet RyPEBRILES, o) Ehet AYPHR Peamic
enedi amine. The abqve anmoni nd the above
so SOk R St B8, R oA e Bed Pivary rf orias s
su¢agh heQHBIWES SePhahBEM HWEYLE1 2RAEHUEASL, an

preferred since it is less'toXic, easy to renpbve an

ketesssexpedsiate. a@2dtbtet.herheds ak Agbe0y$ngehuinOhed
_containing ammonia and/or an am ne, there can be

withpayed a oxscutleassl tamomrbens/ of dmessd meaynbe

I@gter orﬁa sol vent m xture of water with an organic
conptRedt and JHHL With Wat&T - Exanpl es of the organic

i o R LAY N,
aqueous solution 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
remcve and less expensive.

Further, as an agqueous solution containing
ammonia and/or an amine, there can be employed 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

29



10

15

20

25

The concentration of the silicon conmpound 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 dianmeter of particles to be

formed and vol une efficiency. Advantageousl y? Dagember 2006

. a nt of the agueous sol ution containing anmoni a
mi 55537 whthniadets G Erde nEhosecHiafat2F e Ipden A%s
cont.ai pi.n lution for addition after the
exa#l%ﬁﬁ”%%re%gag g%ﬁnticles preferably has a pHin the
range 19fe é%ﬂbéﬂt%gtﬁole@efﬂéngi&ﬁ%dﬁ%53m§6uhanﬁn

period, generally, it is sufficient to take one hour
theoradwsssus Thelulus+f arsgrgsr paeradllegs YOmasdit ben 1k,
general Iy have an average particle dianeter of .
andappr dix§ ngétab3d Y0 itro Bh® yangwhiolfe X Heo sl biwems? in
., _conp d, the aqueous nredium the basjc_ catalyst,
Vic# @.f,OLﬂé%dPPBFlg::i@&aqur@“?E%r pir B e $ BF ’éadi’ﬁ on
o] g be [ &1 fro hose
zorfiRh, Hd "o IRE, 3ot SRy  AfvRbra¥iliadfia tofey
amo@h%lﬁfﬁﬁﬁébh&ub@ﬁg'éﬁﬂutDoan@ﬂﬁgiyiﬂéthhbhiaand

properties of the particles. Wen
andgaent iaal esmtnat disnideg e it édnsthieh tAddi tile partded,es-
there are obtained seed particles 25 having a |arger
consadmine spdutden thah ad@itpant aditer obtai hedmaitiivut
cl ear. However

of NI LLENES PIECEARE VrBaRuRbEY i CaearpIfE & s
o-of S8, RELBEERRIAS, Ahd eafPObCkand Mapplhl o0,
genpaMalli1of esi £ 0§ BRduifF ildie@bSepCeaRle (M hdAraceohWdON
in the formation of seed particles in the
The thus-formed particles for addition
generally have an average particle diameter of
approximately 3.0 to 6.0 um.

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

30



10

15

20

26

presence of the particles for addition, a reaction to

generate cores that cone to constitute seed particles

5 and a reaction to grow the particles for addition

take place at the same tine, which is assuned to be a

primary factor for the above reason. Wen th@’DecemberZOOG
Seg&rtlcles for addition are used in conbination,

| ePBF&BIGL e h%OF%?ijolPt Shse akseRfedofo them asin a
soLIUTBR: S5y PoREARThb e ok e RPES e 5 EhGLe”

I l-ut t h
Pr‘?%%%%?. O S AL Regag e Adiedth, 3 r ALLELoh e

gempeestat comeantilont tbRepard icdest DEwty teddrg@etifles
the formation of seed particles are grown, and the
angrawneparttios €5 conswi thee peot o hasofolkoxaltkition take
articles as an end product. Wen the above nunber
Placgiati & ees%ant%a‘hll?e'th’@rléﬁbrles THBUBREs & DAt he
Cc r addi n.the seed particles is no 20
pr%é{ébnggﬁ %blé ’IL’1 éo)}’l Sl BT he

pol YOYW‘HQQSth%X%ertPPéIég' es roRlRinethb A, 2R gRd

product is |ow, "which nay be sonetines industria Iy

conb smalvaohageauste falbl er thehemte abeveenwdmirradi eo
is too large, there is not fully exhibited the effect

as Z‘Bﬂéfﬂbﬁﬁc:r@é@m'g heee paafitelrd d fineher nombtehe of

art cles be newly forned, and it is difficult to
pafiie ﬁwlt%efeq;w%et tof h?eraaf&é%r of particles in

théxgéﬁghe§F9¥¥éﬁégr@oﬁ%a e:%é gght#gn J&;&Fon

or e pre

a £ LY @bl RIer &Pl ¥nkn tehe%r Bledl ik
2006 20 to 451'In t he pregent |nven%|oﬁ ﬁhegﬁggggggt

2. ndmpbarhe present invention, the particles 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 solution
for addition. The number ratio is more preferably from

4 to 50, and particularly preferably in the range of
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rati o can be obtained in a manner in which, after the
formation of the seed particles, part of a solution of
5 seed particles is sanpled and brought into contact

with a protective-colloid-form ng agent to forma
protective colloid of the seed particles, théDssember2006

20partlﬁles are neasured for a particle dianeter, for
by a Coal ter nethod to determ ne an average

par 1 ctbet ReOPYRREH G inPaOL Ghoat tenchlsY oy BRaE T
ratdé teghebedicAf fledf 1 hhs Ao, OTAEHRPREL! GlA% Anthe

t he above nunber is calcu ate Apro v col
fonmaﬁDonedfaihkﬁﬂﬂe@eﬂart@cd@@#%pdf@r8Eya5%@¥d%10n of
measur enent can be made wi thout any shrinkage of the
Seqﬁuﬁaﬁté§lﬁﬁ mﬁnﬁﬁmwlddrang1hnpummasmnEUembﬂnadme

alter thQ | es of the above

wi o‘i‘eEHJ Cédmeo.%P ?hﬁn&oa@éﬁt@.mrmaetamf@ma
n sulfonjc acid salts, 20
prd%g%%%?%gEéo ﬁﬂ%z& +%én§ ﬁ%ﬁﬁﬁﬁ esal%$@ SR%%Dni ¢
paﬁﬁléﬂé@'h%e'mgdgﬂﬂEHSnguH‘?@?%BQE%H%PQQF%éyujgggty
acid soaps including sodiumlaurate an
exagprfeacthpt a SmﬂiﬁﬁrrmkyHBHhQQFHdﬂéﬁmiﬂe ahmdvé%age
acid, polymaleic acid and polyvinyl alcohol. O
Panﬂ#ﬁkﬁ @tapelteyi mi raroholess tpamtiich athy preftergloss

rot ctive-colloid-form ng agents may be used
tor %?ECF ﬁﬁyebéfr&%‘bl %dcaﬁb@fr@trlacqﬁ oPaBrtirdgst two

h t mb 2 th
i flrst to tEP%d%%ﬁ% |ﬁ£% Paf%éDgfgié%%d EggnP#ﬁﬁ’ °
numbled ste£pcdBrullgtastep in which a

A protéctive 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 Coalter method. Examples of the
above protective-colloid-forming agent include anicnic
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
or may be used in combination of at least two members

of these.

Step (B)
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particl e-di ameter-grow ng aqueous sol uti on cont ai ni ng

a silicon conmpound of the above general fornula (1) or

5 a hydrolyzate thereof is added to the

seed- particles- containing solution obtained in the

step (A) and the above seed particles are g¥decenaper 2006

t he st i.ncludes the follow ng procedures (3)
mui(4§g %g% B dt$ ohP dF dpariad iguen hfrePEr tdow ng

u lutio 4 ow.ng 10 intended particle
prﬁ%ﬁgt gg%%rlﬁﬁégldbs@dée%fc eﬂr]%}najt?o% ot Fe éfi"‘ghl_‘grlhea
pax&bﬁd@ePHQﬁﬁ@H&&%&wﬁﬂa ehueddd H&1ueABRAIIG L Thing

detail below 15 (3) Préparation of
a giarid¢ohecdimpretret -@f ovheg abagueapsn SPh UL FORMASL A (T) or
particl e-di anmeter-grow ng aqueous solution, an
a hileel¥zaseutihareoht hsnpdged did i tom seedppand: iaflé He
oye.%eneril f.ormul a or .a 20 hydrol yzate thereof

b 1) .
conte iRt §R “&qubo?xb*eéﬂrﬁsén&rbfthq het8endPal amst ihe
I u t; r [ vari qQus i licon_conpounds.
ab%ﬁﬁt%ﬁ?? ?%ztﬁﬁiéﬁbgggeBng ﬁlﬁQwa%%nﬁgﬁﬁU( t he
inggents@l ther FelladWing ehebselred NBSLrhgl Qlayai ned by
partially or conpletely 25 hydrolyzing a silicon
conpouiit) hewepgrattiom «of koayticleodisnds ©pregepied gy
t he general fornmula (1). The aqueous sol ution

AqUEA R FPHBELRA silicon conpound or the hydrol yzate
or

t hereof,.is.prepared using, .as a nedium water a
mi xt ur'e )ofG’gﬁ_&‘f'ngV\@ lg}-}g%igdqu@egﬁB&lezg%amgpgama@d
subSUNEM M aehbhe o] JB1EL A% y5ed Tor the =
preparation of the seed-par?lcles-forn1ng solution in
The above procedures (3) and (4) will be

explained in detail below.

(3) Preparation of particle-diameter-growing

agqueous solution

As a particle-diameter-growing aqueous
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 sclution containing the silicon
compound or the hydrolyzate thereof is prepared using,

as a medium, water or a mixture of water with an

33




10

15

20

25

the procedure (1) of the above step (A) or an aqueous
sol ution contai ning ammoni a and/ or an am ne as used in
5 the formation of seed particles in the above
procedure (2). In the preparation of the above
particle- dianeter-grow ng aqueous sol ution, & Recember2006
sili.con onpound, the concentration thereof and the
OTIGRESuSSAOV AR Y BrhSrayP e WHkht vakert @s otsedyfps the
i f.f f t hose, of _the abov . ) .
PrEEE TR Do her Mot R BRSS dRA R egodpEion in
ther gfrefcadyré dent i e Vi f rkabildigy an
prgierties %fgggrgﬁiﬁgget%ﬁﬁggo Fa nggg f%% aft gqueous
sodandent redn vaintngheanidn LHNacQMPRUAG) ismid® as used in -
preferably 20 mass%or less, and it is particularly
theyifogmatient b seege pHricbed5immsdd iabavewpbckhaire
(Zgarticle di aneter of grown particles and vol une
fficiency. The aqueous sol ution containing the

silico C oun f the eral. formula (I). or a
hydrpl@?a%%e:ggﬁé%??gﬁap e etq@ogsoyért%gle—
di pRket -8Ry €hquebd NG £OU $RleULd 10 4§
subjected to a’reaction 1n the follow ng procédure
copppuwmii,l eli¢ ¢snitantratdrgeneotsosobild AhStaCeodd
In the third enbodi nrent of the present invention, the

megdhyie Ngdt the | bdenbieedr tgromwngrayubeusi fsd ténbnfrom,
furth réﬁpnt ins an ani oni ¢ surfactant as an
|

EhRs8efiti HP T oHpRRENF S eH® aFH vt &5 sGPFEdRaNS e Iuthen,
o e J00% - et Aeded T obeaT 1 Pat8P M T regard
wo tRablis iGONCLALT Rl r 8Ndst B Idd®icles to be obtained.

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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(4) Gowing to intended particle dianeter and

subsequent term nation of reaction 5 The procedure (4)

is carried out in a manner in which the
particl e-di ameter-grow ng aqueous solution obtained

in the above procedure (3) is added to the 7 December2006
éeed gartlcles contfl EE% sol ution obtained in the

HHoVRS BPcddurde i Lo & P (PgIARAI Eot HeEsLo

R L z@i;anet er- gr oM. ng .gqueous solution is stirred,
andé%ﬁggggég’q%a%chlg@%argé%%r'om up to an intended
particl e(dj ageb@ingPrtd N MBLARNG 5880: PAT 4 Gh@%er and
contai ning solution 0O
the step (A) siubsadflesht ot thriparttici e i aEBL@IE oW ng

15 aqueous sol ution obtai ned 1 n the abové procedure

(3) whiTketREOpANTE el 4l ah®t errgried ngiagiroaSmanner
solution . |s stirred andg.the seed particles are grown

lfjhp ‘%i%ﬁ th, ?ﬁd:etdl%]a?f‘gt‘:?@e&ieéﬁélré?‘?”?/ﬁi REUEIRALS

rfaet{ ture t efor differs depending .upon

S}(i nds (glf@ nga??%d;i%c%ﬁécgﬁ‘ﬁg né)raosc%g‘rlgﬁ/ P eriy added
tiot tite geparphlrt idelesntReataibg b 1hei 5a"88 i L d %n
50C. When the particl e-di anmeter-grow ng aqueous

tds above | pradeéduinten the séedhpalstield €A LORhAIRI Rhe

sol ution, the particle-dianeter-grow ng aqueous 25
P&dItitG b ¢ hAmBE eZd@E Py | Adueslys, st hohhiis casicred,

e.addition rate.of the particle-di aneter-grow ng

bl M 480 PAREiE 107 2 BEchERKG Minn fhgan ronbeatied

Lhe jaddi td P p 1. of uge of_ the seed- _
ppar tli cl es- contégiggi'ngrrsgqlbf"iq%¥8|hs%glreefseer %I@aﬁgéflﬁ? 7
cbetenhein 0961 utibn REta Dhekess, MY & R5EL8020! Y29 Qe
m/mnute or |ess. Wen pol yorganosil'oxane particles
thavist@r (Zr gés 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 agueous
solution is added to the seed-particles-containing
solution, the particle—diameter—growing agueous
soluticon can be added continuously, and in this case,
the addition rate of the particle-diameter-growing
adqueous 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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particle dianmeter (over 10 m) are obtained, and when

the above addition rate per m of the seed-particles 5
cont ai ni ng sol ution exceeds 0.01 m/mnute, fine
particles sonmetines occur in the entire particles, and
there are observed particles each of which ha®eagember 2006

1 ortign having a different refractive index in each
ML JRHRREReOLsd Tt PRrEsPrediedialely t - Ad) Bt mimwi oo
LI r.at 0.0l m/mnute or |ess per nl of
T oadeh: BRI LSRe s o Perael Wik G Al ag Barifiod rgoe
BAOOVEe PAL L | Ok ti vin di fferent
SR rg?:t ia\%tgh:én ewiaégego%?i glglﬁe%%ieo %%@%lagg’bm gihen
thesmbbae tbey tiidd beteapkedmif eamechParbbalesrtit-les-
herei nafter. The constitutional requirenents for
ConRjRiR gy shd Wiiagn (Byceedgr Gwidig ral fraihiitke diiaret er,
haracteristic of the second and third enbodi ments of
Part i HE S CBRRSIART | SRR EP 58 %@l Fedparticles, and

R ot T oS o WALERETAT PADI rUote s FRaPoghr | ol es

pordifon H@ﬁiﬁbe%‘H¥¥fé¥@ﬂ§!?e?&éﬁtJJge{ﬂégg ?%h%ach

constant time period until a predeterm ne
pargaraliel esodicammt dre i 5s rpashed ried the 2 PE8dULB e Lodfe

the step 25 (B). The nethod for the above neasurenent
adddtt 9 rphet tel & Flormb/minnteeny sewd specmal lyf
vollinitgg, nd ¥§¥ious et hods can be enpl oyed.

Pt & b?@? f&Pdrartiel peacrndrisuing i salpsioanpl 8be
abok/e ] 8§80 Lon 36 7/ Decenber 2006..Ls brought

intgﬁggﬁtac? WP#%%J%%%&%%_FVggaﬁWQﬂ%iq%#ﬁ?ﬁﬁn gent
refiradtarve ai paekealre & x4 1 96 fell thh®ave gas bubbles,
so 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 the

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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particles in the reaction solution, and the particles

are neasured for a dianeter by the Coalter nethod or 5
with an optical mcroscope video mcrometer, and it is
particularly preferred to make the neasurenent by the
Coal ter nethod. The particles are neasured fbPegember 2006

. ?hgneteé as_described in detail in the formation of
18 e PR QB3 Gt thEtBbay e retreive-coll lefidhe

. LAft th b ticle-di ter- i
rorklit ol oAl e ROV RALL ol o L pmLerqrow ng
paﬂHFtIéEeﬂﬂeghﬂa@ééaﬁﬁ5ﬂa?@iﬁ&ig%tr%?d the particles

e d, ?ﬁe agg

pol yor ganosi | oxane particles i s réache ti on
arelmeafsuhed paoti & @icﬁr@ér@éﬁrk;rgr WeN & AAUEOHSnaehld Yt
_is termnated. The third enbodi nent of the present
withnwehtdphichdsmic resseme avidequimienrentetdal and it is
articl e-dianeter- grow ng aqueous sol ution containing
Pargr’r%]iao?ﬁ% BHeLfrrad &t Makadike Meadierement by the
- | cl.es-containin solution when the_seed
c°a%§%?ic é%ﬁééé g?%ﬁingHﬁ%l?§n%ﬁﬁeﬂea§gﬁﬁ:rf?ﬁ fhe
diaRe@efdW e dd43cefivele i$ apefBl1 The taROVE, AL LAN ¢
an anionic surfactant can prevent aggregati on caused
theby eyt mophiobt tesatiur e he2Saldae phecRanii <l e3) eshi binke
as a surface property on the basis of a
steRordAiydr ol yzabl e group as the hydrolysis and

condeﬂg%%%pqﬂgz articler§q2faqgs, prggeedIQUrjng t he
gr ow t PYE| B&Titd c kf wrba B L eThe rabied
200 RO B L A i BRnod v TSP
thezgfﬂﬁ@@m@w paPepbiki @italdv &) LP the range of 15 to
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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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

particularly suitable. In the third enbodi mehDesembues 2006

present _invention, the above anionic surfactant is

anc fiiBhi rebue 16§ indeshe grara i bhéadicanitetrweenwhyg ragueiolisc

na qutionds ch tﬁ@%lthe concentration thereof in the
%ﬁ%%c?%- i LyF ottt Ruedls t@ hangesatfi 9 ko 42,

e ] I pr [ l =a a xXx) / )
mot(r:él )pﬂ%%éefr;g nhg)é'i saﬁgﬁiﬁgo‘%%#?)gallr\/;%}&% 5?)%8%&?53;’ to
40di VFdirftthed ,"0d £C4h apnWRINGMH ct Wy [ S

hydrol ysi s muicondeﬂéationiﬁ%ﬁ%ggggg tﬁgéﬁ?#c%%COhOl
suddmpouncaoi d heatewl ealtar (Wehghthafid el eyl i 6aNfate) is

compound, 20 Y is a concentration (mass % of the
prghegried, sandaspdium fadecyphr sidifetd anetear gionilag ly

Su?ggg us solution, Xis a mass (g) of the raw materi al
Sused for synthesis of the seed particles, 25 A

' t I t] f in th
Step (B ororauy Shphla el aL e bt ot age

Lopenticrs demtsybikaloie sSERCRRRI oSooRll e
in2pbe phar ttiel ebdiemedleat-qanabivgpagasions ddButobal such
thQ?S%h%féggiéﬁigéiggi 1%%£§§}'fnt2igyggléf21§i
diameter-growing aqueous solution satisfies the
relational expression (II),

Y=aX (aXX) ,/ (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 anionic
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 {um) of the

seed particles, and

o is a coefficient in the range of 4.0<a<75.
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grow ng seed particles, represented by A refers to a
total sumof the nmass of the silicon conpound and the
5 mass of the aqueous nedia such as ion-exchanged
water, etc., used in the step (B) of grow % t he seed
particles. When the concentration Y of the a
surfactant in the particle-di aneter-grow ng agueous

10 soltR i BRe; §bpa\ﬁerrq#%1@h@lv@mwwmat shef torhal

Ll ticl
ma%%greggs & R%)é§3fé8ﬂ8 |cﬁﬂn{h%pgg§ég ; of
grd%@fhc%‘ygé@liyfo%@te.l.cﬂéﬁuD§eng§lér ftaé:c?zt% fat h?e@%{rté L &Ss

he object of sent I nve on‘is

totackosphi siiedheWieis s’ b8 thehisgharcdmagohpeuyd Whd the
calculated fromthe relational expression (Il), the
masgy ok ngheaequefoushenediai sheh adecremseschangegt a&tter,
extent, and when, for exanple, ammobnia is added at a
etCoraddSSRelB RS MieRIelBhapti Orowinanther seed eached,
ﬂgyéid$es havi ng gas bubbles 20 inside themare
fornme so that the obtained particles are poor in

corrprmxyetﬁéree%%ntgs%%w8 ik aﬁ:[‘gnf?ove

rel ati onal expression IS pre era y greater than

sur£a-tant 70nothleegfar haE L b eyl ale)t e ' @F &% 8RLY aigt difs
range of 20 to 60. 25 In the third enbodi nent of t he

solptdantisi howeti dhamprefierublye whileuléeed from the
lg&ytlcl e-di ameter- growi ng solution containing the
re i BRPE es§&r°frac&%mr i §het Parddiclee apgregate

coeS SRR B! SR, SELNL O 3,000 15001010
gr°E?i§?§ | %%Pgat&%g’\ﬂdr% ﬂ{etﬁsrt%&te' Cl esnd Ne AL aBRY R LA
the present invention is not accomplished. When Ylis
higher than the value calculated from the relational
expression (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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stages as required. Wen the growing of the particles

in dianeter is carried out at nulti-stages,

preferably, 5 while the pre-prepared

particl e-di anmeter-growi ng aqueous sol ution containing

no surfactant is stirred, the 7 December 2006
paptiicilE - ih addtasre tge oW NBuscheln onthet groediny dfiethe

procedure of growing the particles in diameter in the
PaEFéﬁhﬁ% inediiamefriedcan besatarrdprdofoutheatemylio -

ticl th t]cl di t I
st§iEs, g rierRided v (o bheodkmntes OF the patbicles
in'&i?@%ﬂtlcﬁgt@'f edddi,l Puibf-sta es, preferably,

seea- es-contal ni ng sol ution, t he p es can

thEemﬁﬁéﬂﬁﬂeﬁﬁ&@ﬂhié@|ﬁa&&fﬁléﬂﬁﬁhﬁ@ﬁ%fﬁ?ﬁoﬁgﬂgf““
0

15 time period for confirmng a grow ng st
aqueanst evolwtiohe gentaihéng arsl sheflagtchangesi sttilered,
above dianeter of the particles disappears, it can be
theeppgdd e hardipdefent arowing %lur-@.p@s thtdii-aﬁ-'dt &y the
to ap end, .and t e subse rreacijon can he

prS88Ring GF BT oM HH R BOF (el TP, 4P (HLARPFAT in the
t
préTofidTatep 9% Jlfdé)‘ﬁﬁtég? R HEILIER df the geed

I Cl ent O carry O gro

papBitiless t6 groateitte phihitieHoshsaithdcdr.,
two-l ayer nethod is enployed 25 to grow particles in

di anet En, anty gemer alf| \theakesrsappooximitrdl prbddinénts

hours. By carrying out the reaction in a
of sthe: PRGNy ASVEHEONs Sffer skhesadddifcien ehe the

t he, es, can

e B AR SRS B B, LS ASE) R BgEDs e can
be Qﬁéﬁ%@:’edzoggnth?xutélf‘fi o!r:a% :[‘i‘?{:ggq'ﬁl% £ 5%8onstant

conmpound an upper ergoes se condensati on
timeeped il efor conflrmlng 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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inair to be altered, and it conmes to have the form

for exanple, of thick syrup and winds itself around a

5 stirring blade, or the amount of the silicon

conpound to be used for growing the particles in

di aneter decreases, so that sonetimes parti€DPesember 2006

In bhéimyd%ldyekrﬂ&ﬂhﬁd;CbGs@kﬂEﬁﬁchﬂpﬁﬁn@eof an
obtained. In the nmethod of the present invention,
UPpmsmé\aearer tmd@@'qms i gebf-goadgnoation r@momgmm

stem so t such a problen1does n t ake %
in F rarBP&h% 8 tPHT@ i rapdt tﬂql'éﬁ%nﬁed?’r?éfrﬁs gf o
forpéﬁ (ﬁébar ﬁﬂlﬁﬁw§g¥hﬁ ﬁiéﬁﬁgééEEQ€45&f SQSund a

st199hﬁ@1§ﬁ5§é'06&”%ﬁ€”£m5hﬁ%'6¥r€ﬁéhQQth$ﬂ5b6mpound
cat al'yst, such as an aqueous sol ution contai ni ng

to henusied afwlf ograwiang nehespaddeit;1és dge diwmeter
particles. Al though differing dependi ng upon kinds of
decrpassis i cvn thatpaamebingsr paritelesl havkndghng is

rall 20 carr.ied out at a tenperature in_ the_ range
despred PRTHECIFoAIGHGESE RIRNOT AP cPPLAITIEE t onlhf the

met#xgﬁl %*%O‘ﬁhégb%s@g? PH{ISntltol?le fr% gepar tﬁl?%es are

accor dnven onal and

parthémeéﬁﬁféChE&w&@ﬁﬂKkﬁeZﬁomdﬁéﬁeéébl%yﬁtémlt56|%hat
di anet er anong them are taken "out by classification

suclhsar paquibleinaddetsherotrtale pRaade cl es having a | ower
rate of particle diameter do not specially degrade

the GARvanye on® @Rathendiiesh tee tihaided ﬁlﬁboﬁi}ments
assificatjon and used in _sone cases.
of SHBePTRTAhORPERE TR ROVRBR tHo TF aGEPF T hat
the "PheeRRd P! pYrtiPitedii dmRbLClAssLfLcation method is
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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preferred in which the classification is carried out

using a difference in sedinentation velocity anong 5
particles. Wien the pol yorganosil oxane particles are
formed into silica particles as an end product,

preferably, the above wet classification is cabPeceamber 2006

Alvhbught eshd hre thodatfican thestlliags it taclien wenoat er
can be used, in view of a cost and environnental 10

speebaddy dimimeddr ¢ webrotagsid iicagbanr aethadrised
out at a tenperature in the range of 100 to 200C. .In

pre¢ %rﬁﬁgséﬁ whieht i : Q%%Sﬁbﬁﬁ&ﬁﬁ4Q% oF &ﬁ%?%ﬁ@sOUt

stanti s .not ' i Ly n
us SHECaaT SeAiE” 10iaod BrR R AT 1eh LY, Yhuong,
paréiches . .deidlid Nelle OBolRR MFShSs 8l dfttnd ObLhPWiRd es are
expression. CV value (% = (standard deviation of
foymedi dneodisiki easparriogbepant @re ehdnpireiduot 100
The average particle dianmeter and the CV value 20 in
preferpbdyentthevahoven wgte chpssgliftieabionhds faarvivdg

met hod. First, an isolated particle dianeter
outy; aFFPBuAS LRERARIA 9% BLdiSA RABHICLES, when water

ca PBEULBEED {980 AT 2 SBGRULGIE L PoUbi AN 2] nod

er ne an I'm nary average 25

pr&E@éﬁibﬁ.diﬁﬁgfﬁr?ﬂﬁga X Fddard @@”éﬁﬁ@féli@ecarried

cal cul ated. A range o is selected omthe
outpreti gl Rempeavetage [ar tilcé erdnaretcef vabuto @ULA. In
average particle dianeter and a CV value are newy
the gpeefandd invenbipangdheheagxegakient 9foParoiales
i.cle dianeter gﬁstributjon

subELRaEiAd Ly (1dRT , nolbe LHLP CREAEForL SCRLPr YRR o
prd@&dupaak.

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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The pol yorganosi | oxane particles obtained in the

first enbodi nent of the present invention 5 generally
have an average particle dianmeter of greater than 10

m and preferably have an average particle dianeter of
12.5 to 25 tm Further, the coefficient of ¥&ecembsar2006

par&@%Déﬂd@ém@téﬁ“ﬂis@ﬁibh%@%dﬂ akfi alrdd ¢68ntS the
generally 5 %or less, preferably 10 2.5 % or |ess,

calend atigyn ai e s@nr1®®loubn@mnﬂmash pﬂwﬁJC|eS In
this enbodi nent, seed particles having a larq
parti €he QQ%EﬁﬁgaBQﬁH%?#%#ﬁeﬂa&§kﬁkﬁﬁr@Ht&MQ¢¢ah9

thep BRSSP ASTGHY p%ftﬁegig%é%%“ SRS R ¢ ol e
gen SR e e e, PR PR TR o arg ater

thahhqoamﬂﬁhﬁﬁe?rﬁﬁéﬁéﬁf§ ﬁb#ﬂ”&ﬁ'&@érﬁ@@“ﬂ&f@ﬂéle
carrying out the grow ng procedure.

diameltyar gahos? . Sxame 3Brhimcl eEunluh@lm,eol:he coefifniecient
second enbodi nent of the present invention has an

of ¥aEdddd Qnr { FV &adiumbt of Gihel!-lf PIDEACLS FEF8bI y 3

dm%séﬁﬂ ofPig; B ii%eéﬁaf%% 2oy o Sk Brkerably .
.5 S*%Z%rd'l%éé bmah@ln ﬂtﬁef gr s l@égf ﬁl'b?i@cﬁé’péré‘bor
'ess, and they are sp er | monodi sper se

parﬁabmdéeSInlthiblémwﬁHKheﬁﬂt s pagticles having
particle-diameter-growi ng aqueous solution is added,

a larges pantiedei didmetenr can e Hoymede ast admpared
cal cul ation of dilution ratio of

wi eeéawpé%qw%&lgm e Ebedri APk RE | Re TEIUAY on 43 7
P°1g§ I'c esslzg%ga prod%ce B%aé{l%fg!%?ﬂéc u?‘geé£§§gﬁ'e
diamdtkRerand hg RBnbidEldperse 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 pm, 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 ratio of

the seed-particles-~growing solution and the dilution
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di amet er of pol yorganosil oxane particles to be
obt ai ned can be controlled in the order of nm 5 The
pol yor ganosi | oxane particles obtained in the third
enbodi nent of the present invention generally have an
average particle dianmeter of over 10 m and/ December 2006

propedinrepl gnlatheapalpoaganpdiickane pwmitticlek tarb be
to 25 m Further, the coefficient of 10 variation (CV
prodyices) by shmplepprocedusiese duntheuyi dhe particle
. %gnerall 2.? % or less, and they are_ spherica
diameh&d rBg EQQQ%H%%¥1PKWWﬁsP s8iL#EtEC RBen the

ticle-di I - | uequs Lution. i added,

obeRihed’ faff BETLERASILEH, JUTHE SRk’ F fu- T

cal cupgbl ¥Yb1BfoHlhibsiN d8ine Bhrith& BE€UoBREIHELSin

grow ng solution®and the dilution procedure, and the
thepehjiard)asmisblomant paf t thkeprememe phodmeiohy sinple

procedures. The nethod for producing silica particles,
genegagdyyihidve bant s ey @genpaniianke odianeteheof over 10

explained below. This nethod is a nethad _in which

wm, pando RERHERT AbLIndL a3e t 3R a¥exage Perkd e dhanapede
rganic.group gontained therein, ereby sidica 25
of 13,8 FL7uRyr HEhet, FhE Bate LISl ERE 1
varP8bY¥r0anegi Laxars ¥ tERbeT Jdier Peh¥oganosi | oxane
particl es obtained by any one of the above production
distetbadsi gn ei ssgéndralbys2nst Rodbrtbess, and they are

pol yorganosi | oxane 44 .7 Decenber 2006 particles
sphepigiadedonodaspers ofpartiriies. t dn hthis emhndiment,

whef the® PIFEERl o NN €0 208 Wi 2 gulShe 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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at a tenperature that is higher than the tenperature
which is |ower than a deconposition tenperature of the

5 organic group contained therein by 150C and that is

in a tenperature range |lower than the deconposition
tenperature of the organic group, and then theDecember2006

pabpbliydegarsistd 0xade Parang! esedrer cehéi fedst €o third
tenperature of the deconposition tenperature of the 10

embodamenty ovp bhehipgresentoipvehictosi hirea pree+callesined
When t he calcinigglis carried out by increasing the

atanherRaratyrectfar st Régh@ar drh@ri then hunperatyxe
of . th rgani.c.group ontained.in the above
wn £y 38, SRRt oxfRR B SPEPRLESE tibr PR p e 08 the
[ u g r at ene Ni
5 ordRlIEL! Frtuhs S5 e4TIEU Bhaf el oY 1 MOTEGahY SHAENLE
in dasteppesatirengahgd léwveparial eshedaeicagsss #8don
the particles are broken since they cannot wthstand
temperatsre pEhthekogganbeegaoupheandOthiesn pahei cl es
are pre-calcined at a tenperature that 6 is higher than

POl YRT IaRos Q¥ 8nGh PAF t kC L 8ferlith FR AC 188G Rost t i on

L re. of . the v [ gani ro ntain
cediEPEEay Al thdn ARAARAPFE IR b HABe it N tne
10 ordMEE Ghdup "erdpsgmus tEaNpRedidwes 21Yca Yatbfcles.

organi ¢ group and then are calcined at a temperature

of thavmenorpesidabeiheneeriad uc&rofied kmtorggni ¢ group

~or higher as specified in the present invention, the
inghegelngdddie abemperataire adiyectalvi dedther ef er abl vy,
rticles are pre-calcined 45 7 Decenber 2006 at

h
decompRBatian o ehREFAE Y dhep L1 FBe 1 HeIRBEEMIFIYR on
cot€APRER" YF Hle ! BB Yo PF82Y 0 LHEx el PhtClcies or

15 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

20 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

25 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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|l ess 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

deconposition tenperature of the organic group or

hi gher or higher. The tine period for the cal &eﬁgﬁ@erZDOG
at depmmisenptnrnd Misaof ishdosrggantbayr cine cbesompoeisiiigion

t he pol yorganosil oxane particles. Wen the artlcles
temp@nidveranoéaéihq/ WPvLy pAaAn BF gERPEPY Pl 00°C or

i.s.carried out at a

LesPoRnd veet 38" TErper SRBAZ G nEoBORer URE, thagh the
dechifp {1 6hot enifa LB 601 &7 OKRANA dodpl! i

to pyrolyze, e calcining 1s” car

theat a@:éﬂ@@léinteelm a&Ut@mplerraanyréasg, g | num
condi tions can be determ ned dependi ng upon required

decdmpagit iensteappihatung eolfadthe apdanuss group or

Sp eC|f|caII% when the particles _are
higpery s Hyig P§esql?'h&<a‘h’em?PEB®)1°4 h%OEaFPieclc'e%l%%Elng

t d t th f 2 .20
R S W L e e
thepb%i‘a%ﬂ;ahaga1%%&@6{3&*&@61%@ MeiRbAl B&% HPafticles

tenpérature in the range of 500 to 1, 300C (preferably,

havenarhedehl¢ piyrlly:8ble03Q@akiDe gppugx Nbéely adllyo,
50 hours to conpletely deconpose the organic group. 25

theThalatimbpgeis qanmnibedbowds &l cd nradatdvyekyelawl y an
atnD here having a certain Oéygen concentratl
4

temﬁﬁg Ure or @ afrhre OtHhe¥ chapdyo WA nEh %;Hﬁﬁt¥%£ﬁ§ng
hav§ . C%Pé’?ﬁx' d%&'(:ﬁ{rh degQuPQsl N 4 PER1IAN S C;?g?ﬁ&yfbev

ng apparatus Ts not spe

pregﬁgﬁﬁn§%1g?ﬁ?ngﬁggﬁgfg 3g§ék§ﬁ%ﬁ£3§egﬁﬁtﬁg%3?i%ﬁgﬁ
tempetadnere a rbhaajpykidage, optimum conditions can be
determined depending upon required disruptive strength
and elastic modulus. Specifically, when the partiéles
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 the range of 500 to 1,000°C) for approximately 3 to
50 hours to completely decompose the organic group.
The atmosphere in the above calcining is preferably an
atmosphere having a certain oxygen 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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and the like. The present invention wll be expl ained
in5 detail with reference to Exanpl es hereinafter,
while the present invention shall not be limted by

these Exanples. Exanple 1 (Production of
pol yor ganosi | oxane particles 10 accordi ng td Paeember 2006

f t. enho P t f
1483 4o 1 L. FoPrPRg sreiﬁqa%%%‘n’?iréms Kooy eplcining

ed 0.8 mni
cpEB CERPORH S I RO LBt LIS, 2T,

andethyl tisiget hoxysil ane (to be abbreviated as "MIMS'
herei nafter), and the m xture was stirred at 100 rpm

at 25CThéf peressdrotit i BvBAULSn a:ﬂqrmg@né@g&aﬁmwix@n
of conpletely dissolved MIMS was fornmed, and the

degafdt Wér‘FhA/aP'se%¢Igh€Byt@p£qqﬁeanI¢1$ sheokdtiadit ews @hile
articles-form ng solution. Fine

ed
th%a?ﬂ%lzé@ ?ﬁ??f@tﬁgﬁdsﬁéﬁﬁ d}%%g?%r hifg tesl Y obhesee

ExiRpeHsed for a particle dianmeter distribution with a
Cbalter counter ("Multisizer 111" supplied by Beckmann
Coalter Corp.). Fig. 1 shows a chart of the above 25
particle dianmeter distribution. (2) Preparation of

Exmzeble par t(iPclcebidhbost bIEr pag yoxiga nes i 18&a@aS §5h #©i 30e s
and 50 m of 1 nol/liter agueous ammoni a was at

pm
aCQﬁ%@lﬁEd§@ ﬁ&ﬁtﬁbrgéeamp@dmmﬁmﬁ%forn1ng sol uti on
prepargf E t he . 7 Decenber 2006 , above (1). To 2
m of &b, ﬁQ§§% B\f hyf e gz HRdIt i GkReoioradng i on
was added Q.3 yH; Hf the seed particle solution
obtai ned 20 mnutes after the addition, and

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 sclution 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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the seed particles in the seed particle solution were

5 neasured for a particle dianeter distribution wth a
Coal ter counter ("Multisizer 111" supplied by Beckmann
Coalter Corp.). Fig. 2 shows a chart of the above
particle dianeter di stribution. The seed par{iRgcesnber 2006

ol B8 P8 f o & Errdeeopayvindl 21Echol”
aqtﬂ%ﬁé Clsslqlt%%w gl %Mgea 0G0 dofolcgéogn g,? 33,000,

I on- exchange rwas a

solartchélheoﬁt&tmre@ ves mihfieed atrtdo tie anl%tlo%PC and
After about 3 hours, a honogeneous sol ution of

thaxﬂﬁﬂétphytdmiﬂﬂ\mnitﬁNBswaﬁ1pﬂrﬁxhlandolhhaon were
solution was used as a particle-di ameter-grow ng
measftieRfts T38| 8t Port{ahe Gléamptes idiehrbbuparni eligh a

cou i EhuRBy, ABILPERERL (YD DD, O LSS S han
codli G S5:01 g1 15,00 SoLUL | BRh [ ShevELLTL vaS

pa rdand e mmgmgabtﬂ lcms@bmuﬂ@enl n the %@a@ b}t YB3 &5
added thereto. Particles were neasured for a particle

haddisaneteeragehpar tipti € adli ahetescee ¥ 42D [hCaaeLLrcy
Vi deo nlcroneter "VM 50", supplied by Aynpus Optica
val CERY.T § at-intervals of 10 m nutes after the 48 7

Lt1on

Egggngartl e Bg i bho AR £ P LRSI ARYSF T RRVARY

and 35 n1qy&@goggtggtdgaggdltlon the particles had
an average particle d‘aneter of

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 nicroscope video micrometer
(Video micrometer “VM-50”, supplied by Olympus Optical

Co., Ltd.) at intervals of 10 minutes after the
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approximately 14.8 min each tinme, and it was judged 5
that the particle dianeter growh ended, so that 1,000
g of 2.5 mass% aqueous ammoni a was dropw se added with
a metering punp to carry out aging. The thus-obtained
pol ynet hyl si | sesqui oxane (PMSO) particles wélecember 2006

adt asured fgg a particle diameter 10 distribution with
additaRp 1 of ChEnieqdRar LSl g6 qantakybppi 6@ lmtion.
: | ter ... Flg. sho a art. of the
iR ERY 5lg S Pl nabed, Ah e ol o
Mardl &€& egahad nd el dge ti~Gl f%@gg r of 14.73
pe gmand a %V \%zgll urae of (?QG%Q‘?/(?llc%e(eé; asé?f iogati on of
appridimatélgl @9 .andim diyi adchhe ot aidied PRr LG SuIRLE
subjected to solid-liquid separation with a
thaderihe fRgat isdparditane tenndrohén tdred@d pceduttés tofl, 000

?rrag%ation w th ultrasonic 20 wave_in nmethanol_ and
9 offsety BhE S de CANEAY HrATRP R ar HasatdPREY EPaRddatkgvith

- fl ticles. The . I ni ticl
* bR TG R A P o 9T 150G To' 1 emove

resi dudle N a08btalRe /il &Rl hhe 'tl?s%ss' '
PMSO particl es masa70 %npgggéxawppesf ré@g%?#gﬁgof
(PMSid)i qeapai tlekbes)erEhandBex par tfiod es 8ined idlameter
., Exanple 1 were tenperature-increased fromroom
distamparaiemr ewiipht @ Qo0 emdeouateond| tNwht bsiaeraiTII”

supGh QUL P Bhedodi Poceber 2000 11 Lar/ maute and
chaf! 8 00" 500 o0 PR SHES 21 sy vt son.
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 PMSQO 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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calcined at this tenperature by maintaining themat 5
this tenperature for 9 hours. After the regqgul ar
calcining, the calcined particles were cooled to room
tenperature and taken out. Wen the above cal ci ned
particles were dispersed in water and then | éfQedesnber 2006
_certain period of tine, there appears a state in which
litey Amepuiee agsharrr a1 aipedhiae nalwtainingaydrem at
£n S0 taining a ro%gbof parti cl es whose nunber is the
Y8RP er tlué)g?erf nt 4i APHG Sonl yRERrt itdlRSPREVLRS e
| arger size than the groyp,an J.ayer, cont ai ni only
et T ek g\lfienglrh‘:%%‘%F?‘grtQi %elﬁ} ﬁar?ntq]erpgﬁ%klﬁ.rgg'n 16
calldiirfe 8t at etnlile LNt 8raf beXifAGId Hon 2R teTAVidY a
| ayer of particles having a sialler size was
thisepeatpdl g taakr ifed cdthootkl. t A€tkayahe aregtdake
transparent, to renove particles smaller than intended
caledming estheorediiingd t Pertérdies mptayers] ednttendazbm
rticles aalone are contained in the vicinity of

tem%’l%etpa.‘ ?ﬁﬁsﬁﬁfjeﬁla g?‘h%t an‘fh?PeEhﬁf 3pAe cFeicdned o
pa{%ﬁéﬂééeﬁgggeqigﬁﬁ Q@nlﬂtgg%égﬂ(ﬁﬂtghgﬁfggfgmggr a

unes, SOt € procedure of 'extra

cerfQritrd gﬁem&i bepeaintd) ykarki @ppirs 19 §ERREALSG Hiifich
i ntended 25 particles. The particles obtained after

thetyherel| sssgatbtaid dmtverehreasluged for @& payeircl e

dianeter with a Coalter counter ("Miltisizer III"
condadfting dyITrBEdk mdnrPadohil cépsCye e tumhew 4 the
1ardsernage efrticle I amet er of111.93 gm and a CV val ue

8 >L75* 95 2 BT 7 Cﬁé&é\fﬁ&n‘éoﬁé YERZHH & 3°F PREFIEE 6h
lar@e PA ¥OL 9AR051 Loxa tighe d '

%lrst e lenent (; éﬁ%pargt?og%%gy éggtggn&?% only
parseed-driaeiag BOfsMadller size 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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5 solution To 5,000 g of ion-exchanged water were

added 0.8 m (NH3: 2.7 ppm of 1 nol/liter aqueous
ammnia and 500 g of MIMS, and the m xture was

stirred at 100 rpmat 25C. After about 3 hours,
honpgeneous 10 sol ution of conpletely dissol Velaemrmer%%
was formed, and the solution was slightly opaque.

This solution was used as a seed-particles-formng

soI Preparation Qf seed particles The
Ex @&P)éi%%io%c?éagé&ww%h%ogﬁ&e PRIl Gl es
I I| S at once added to
30641&- dépaﬁﬁﬁcles $grﬁﬁwg SOl W?Bn prepared in the
above (1) prdpasa¥idi @foséeaa%%nqc&wsnfbrﬁlﬁ@ol
aqueous sol ution was added of the seed particle

sol uti on obbtdurted?0 n1nutes after the addition, and
20 the seed gartlcles in the seed particle sol ution
were TRa3uPBl Hoofa m1¢%tbaé9&|¢et@t@rsWﬁrbuﬂdﬂﬁd

Wi t Coa r co "NUItlslzer [11" supplied by
0. ssé%ﬁn@ﬂ’ﬁa allt 9P IF-\% 1411560 @ a49RUsceRmOni 2
cle fan r &, of , 7.184
andoag"d(ﬁ (5 85/‘@%%{ a|’%¥§o€ﬂ§ g"?g‘:gu %)‘%émgér é:tlrleéin F‘b 100
P [ g di NG 1AAYEQUS,S 6, 400
P ga&g% %oﬁ: ex%ﬁgdg&gygr gavvas ad%ed gllog‘g(?cghe—?u
SOhﬂtﬁQmeOﬁ1EbmpdeﬂfiﬁtdIBSdl&EdﬂMIM@lesD@ﬂﬁﬁEﬂ 2@@6

pmat 30C. After about 3 hours, a honbgeneous
theso‘-lqﬂt%hoaf wagsi 1k 1 i epalves MIVE S\es0 1 BE#ed, Warsd

0. of sadi um dode sul fate s added thereto.
eﬁi%@rﬁx?ﬁ? qﬁéi?%sfarﬂéﬂﬁ(ﬁ L4t LRt er - gr owi ng

(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
above (1). To 2 ml of a 0.1 mass$% polyvinyl alcochol
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 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
value of 2.37 %.

(3} Preparation of particle-diameter-growing

aquecus 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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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
solution. The particle-dianeter-adjusting solution 10
was prepared as follows. To 8,000 g of ion-exXdPe¢gypber 2006
wat er was added 1,200 g of MIM5, and the m xture was
rritafr 89°6r 1d6texrpmbatut odnhoemper at branodéheouabout 3

£ a . honogenegous sql ution of conpletely dissol ved
so PP RES R 2 1 ST FEEC Y Ao el FBR Was drupeds t Apd
13 parki glre i :anet J,HSt] ution, (4 owh to
i ntgnggd Sp?girltqli.{ﬁl(géglég#gt S’qufnaﬁg s‘ﬁ%gea&gﬁ%d t?é}?ﬁ%%?'r on
Thié meacuiren WM | eséBeasnti R ANt - §f AW Ewi
particle- 20 dian%ter?gromfﬁb aqueougigggﬁtion §éﬁ%%g
aqugewe E3)luwkdsnstirred at 20 rpm 5,525 g of the

seed-particl es- containing solution obtained in the
above #9)Whad bPgidiasemtpedolater3o animatbicakter the

. 1tjon_ of .the seed particle solution, 0.2 m of the
dl%ﬁé&%%lngféanﬂM§®P§gFBPi&ﬁﬁmﬁﬁ@ﬁﬂeafFGIZQHEOf a
addi i SRS I ' cqk 20 uti_on, and

par%icles me?%xﬁﬁgggﬁgédaggbegggir |%§gh8i§ﬁ%¥%ﬂu§Mth
solaitComh t erTheopatren dI'ditdme 8% ~hll'y Pk i

Beckmann Coalter Corp.). As a res&ﬁ%, t he %g%?¥éfg§
Wash&r epa uedr age 52 Ilowecenber 2006 particle di aneter

of 13.37 pmand a CV value of 1.14 % and the

parti e B 4net @r dad entexehengssl Wartamhanaanadded

1'2ip?gt S(Fg Fg%: ga:r{da;% eéfl%ﬁ%%’urteh%as stirred at 100
rpm at room temperature. After about 3 hours, a
homogeneous solution of completely dissolved MTMS was
formed, and this solution 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 aqueous 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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5 solution in the above (3) was dropw se added with a
nmeteri ng punp over approxi mately 40 m nutes, and the
particles were observed for particle growh with a

Coal ter counter ("Multisizer 111" supplied bé Beckmann
Coalter Corp.) in the same manner as in the ddégeember 2006

10 120 mnutes after the addition, an intended average
Paphitile dinmebesr off 113,33 pm @4 val Q¥ &adhid)ovas .14 ¢,

titained. For termnating the growmh in particle
andii Lfer Br ik QL BReh o8 ik b ablEbAS MRS wblan an
: S s ith a netering punp to carry out
ingipasten s

agl ng. s-obtai ned particles were nmeasured
for arperbielre dietgs-wikh 2 Goa) C It §
("Ml tisizer 111" supﬁfigd byeBecknﬁ%ﬁé%bgpﬁg%tégﬁb.)
sokwt showian tdeeragev pan B chva sdidrebei s ef akidc?0 witiangd a
CV value of 1.93 % 20 (5) Cassification of fine
etk ing| BYNRn@ Vel yaPRr PRI nedl pai hiztless war@ the
bjected to solid-liquid separation with a
Part e FFP LHEr S QRS BrY TaRd P 41 BFBLERFEsIbfa
cod Tt &di abi it ' ve in.methanol_ and
<)subseq§ggg%§%£aQta %%%§&2%§ %§€%€a1@@p%é98r§y1§§ék9ann

CodlteenDyepf.namparid Ck8fie RN J7eE N ATLRAS L
were air-dried and then driednat 150C to ?e%%%tﬁ§' In

120 awinlybe snefiteolthdhedyieidngf drheint&hdeabiai e
PNVSO particles was 75 % 53 7 Decenber 2006 Exanple 4
PartiGlr cdi sresrrsidf chd pAdt hnl SV Treel WA/BO. par &i)c lwess

o RRAACT 4l BB UL ooy e el o L et i
diaRRidd€) €5, BaY B9 AN 2 .5 masss agqueous 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 um and a
CV value of 1.93 g%.

(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 75 3.
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average particle dianeter of 11.99 mand a CV val ue
of 1.85 % Exanple 5 (Production of polyorganosil oxane
particles 10 according to the first enbodi ment) (1)

Preparation of seed-particles-formng solution To
5,000 g of ion-exchanged water were added 07@&gember 2006

(NH3: 2.7 ppm) of 1 nol/liter aqueous ammonia 15 and
750 g of MIMS, and the m xture was stirred at 100 rpm

Cyq Af 3 _hour.s,. a honpgeneous sol uti on of
B g o = AEEPERn Rt ek FARHTRIRTT The
ol Ut | peveRse Y e PP3ABB L a Ty Sfﬂu%k%gkf‘i%s 3 4580
as a seed-particles-formng sol ution
ca Ry bpedatndn adfa seefli pdr tinCltése |dahdemanner as in
seed-particles-form ng solution prepared in the above
EX?@Bletﬁe $0 v ealeined pdetricbed hevitig pm and
of 1 mol/liter aqueous anmonia was at once
avea‘a%%%l PRELCH e Hiamptest of d.11- 9% wasavsipel WM rigalue
of & cohok aqueous sol ution was added 0.2 m of the seed
particleé solution obtained 20 minutes after the
addition, and the seed particles in the seed particle
solution were neasured for a particle di aneter with a
Examinle eb ¢ Bunderc(i'dvil ¢ £ spaeyolddanddi Yo Paaenperr 200be s

supplied by Beckmann Coalter Corp.). As a result, the
%ﬁ%ﬁh%@r?PcF@@lﬁﬂﬁ%ﬁl%mbﬂdg@qnﬂtlcle di aneter of

11.11 al ue of % ) Preparation of
particﬁ@-3€5ﬁ8?§P¥éﬂﬁm s%e q8é6&§Q%ﬂ§ﬁf%ﬁm¢69
33,000 g of hopie¥changed water was added

To 5,000 g of ion-exchanged water were added
0.8 ml (NH;: 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 opague. 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 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 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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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

10 16.5 g of sodi um dodecyl sulfate was added thereto.
This mixture was used as a particl e-di anet er 7d?esgmber 2006

aqueous.sol ution. (4) Giowth to intended particle
su gﬁﬁ epyéﬁfcﬁﬂﬁﬁéqéQﬁﬁtﬁéfEQﬁRibn S raakesyd tys the

seéé%’;é[grﬁ:g%gl%@ !l{aed agRuQLegaglteE%aDra{{%f%ﬁéigﬁtg\}:éeli 3,9)4‘. WS

ter-grow ng aqueous s on 1

11841 Nigdadly 30 P2 Pud 780200 d e, seed- parti cl es-
contai ning solution obtained i'n the above (2) was

added t3erBrepa2@tha | of esavetie lrpabidmeet & 0Fg@owing
particle dianmeter with an optical mcroscope video
m cr omet er 2ad@deo s bvbirener "VM 50", supplied by

a ical  Co., Ltd.) at intervals of 10 minut
ai Lot Thes> afiioe co i et ¥ Ebangad 3 AL CHAPaRASRS.
I QR. [ Loyt 6 ] ft t
4 ST 85 IR S TR B Wl AgbTRaPr B, 150

rpndi sret gec of ox i atel min ' and it
ettt e AR T ST ke
solgitidmat of, @0Rple ol P. §i A6 3 Yedl MEIMS WABDHOEMERS, and
dropwi se added with 55 7 Decenber 2006 a netering
16.5ufh ¢6 sapipmododreny. sThEatieuwashtadded thereto.

TP IS LLse S peane, (EVBO. Rl Clep tere e

i OSarTGr Corp. ). The above PVBO particles had

an averagesPewthChke 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, 5,778 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-507, supplied by QClympus thiéal
Co., Ltd.) at intervals of 10 minutes after the
addition of the seed-particles-containing solution.
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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di aneter of 23.30 mand a CV value of 1.81 % (5)
Classification of fine particles and 10 drying The
obt ai ned particles were subjected to solid-liquid
separation with a centrifugal separator, and then the
procedures of irradiation with ultrasonic wékegamber2006
nmet'hanol and subsequent decantation were 15 repeated
several tines, to renove fine particles. The

remaining particles were air-dried and then dried at
150 Ghe toe rianp e Sicd ua r reto@n@lginghe yield of the

t hus- obt ai ned. PMSO particles was 65 % 20 Conparative
Exanpl e 1be)tbﬂépagaﬁﬂaﬁdopoé@@atbaisibsesqﬂbpnang

o) Pely! : f_ 1 aon-exchanged water ,were adde
e R A S S E
25 jartck 1504 iprofwihMa, cend tkehe cBiukkuie (Wag1%lishikesd 3~
100 rpmat 25C. After about 3 hours, a honbgeneous

s AURR G oY Begkapany CgadseryEdrMTMG was for ned, and

the solution was transparent. This solution was used
as a seed-particles-formng solution. 56 7 Decenber

200& abdyePreger phireicobsSREH RBAThivek8§e! PatBecie
seed-particles-formng solution prepared in the above

( Biameferspifr 2Brgor hmeandsa O¥crvehsedofol301rpm and

added ¢ et 8l oot 1t SELERFA P 19%2%%%%%% A

al cohol aqueodsysaguti on was added 0.2 of the seed
particle solution obtained 20 m nutes after the
addi-ti on, TRACRFRIRRD PRt g e Te b iered to

solid-liquid separation with a centrifugal separator,
and then the procedures of irradiation with ultrasonic
wave in metﬁanol 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 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 sclution was used

as a seed-particles-forming solution.
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particle solution were neasured for a particle 10

di ameter with a Coalter counter ("Multisizer IIl"
suppl i ed by Beckmann Coalter Corp.). As a result, the
seed particles had an average particle dianmeter of

2.165 gmand a CV value of 3.95 % 15 Conpar tP&eember 2006

Exanpl 1) Preparation of seed-partijcles-formng
solutig%?T%r§Hﬁﬁ#ﬁfQﬁ ?gn§8?@h£ﬁﬁ599%@§r wer e added
2.0 m - Q. DI/ | i t.er agueQus ammoni a
20 andhgglgﬁge %fegé!\(#%rg%%i?%gf/rx e %guglllornr ed at

pre&fidredpinatt > Q@bd¥éen13hbowhe3 0L Sing BAMOgREOUS
sol ution of conpletely dissolved MIM5S was forned, and

degrgasgefiuticor Wapmiensety Sopadues £ Thi o $ @1 WttHean e0ls
used as a seed-particles-formng solution. 25 (2

ammQRha r Wi foR tofo e R paprdi Eheratp t hdo 2 ml of a 0.1

- Lcl es-forming solution prepared in the above
ma%ﬁ%?ﬁ%bgﬁiy ri?%gc%?g RELEOYSC bl ¢B 9o S mdemd0 . 2
1 Y ihef i q : ni a. wa once
" added thggg?gbgﬁﬁég%g %ggg%ééi gafggén%@rQﬁﬂﬁ$es
af treas sthoohydinylory! Gohe! tAEUSRYH SO A | PTe¥as added 0. 24
m of the seed particle solution obtained 20 m nut es

pariiche t peluddion ovgramiesbersdedqmard iphesicn e he seed
lution were neasured for a particle 5

di gﬁrticle,aﬁ
Lafichft H1bht B Soeddiakrcesntiesr (“Multisizer mII”

' b knmann, Coal ter _Corp.). As a result, the
supg’gé&%dp:‘?’(i%feggg‘ﬁ&&‘ a%"%@"e?ﬁg@%&gt)i)-c djimnkeerlss the

see%f%tgi%ﬁé‘g BalY Rl e PLgd- 511 hO RIPALALILVE -

2.165 um and a CV value of 3.95 %.

Comparative Example 2

(1) Preparation of seed-particles-forming
solution

To 5,000 g of ion-exchanged wéter were added
2.0 ml (NHs: 6.8 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 densely opaque. This solution was
used as a seed-particles-forming solution.

(2) Preparation of seed particles

In the seed-particles-forming solution
brepared 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
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(1) Preparation of seed-particles-formng solution To
5,000 g of ion-exchanged water was added 500 g of
MIMS, and the mixture was stirred at 100 rpm 15 at
25C. After about 3 hours, a honpbgeneous sol ution of
conpl etely di ssol ved MIMS was formed, and thé& December 2006

u rent. This_ sol tlon was us
magggdb%gﬁylcﬁe ogﬁﬁng S&%ﬁ?%ﬁ]s? ﬁP@b&ﬁﬁl%ﬁd%a
ml SeedtRar el ZPri P1Ehg S ?EE?E} P98 i nut
solution prepared in the above ( e stirring r&fe
aftyms theceeasiad ¢, 3@ntpheantt &9 ﬁ&r@ﬁcle@'iﬂ"&}@é seed
aqueous ammoni a was at once added thereto. To of
pagtipcle ﬁﬁéé%lﬁm yWéng| melaseirsd afqmleoaspamitljlam vvas
d added 0.2 %5 of the seed particle solution obtained
LaRETeRLeLh & (GRal her agetetE arifulhésdeed patifcl es
e I ut| mere measured for. a
Suﬁp%%?@l 29 %I éﬁng{%f&vmé?ﬁgg re‘? Courfter 2 (TREYitsi Adve
dd Iparsuppkiseth c Y
°¢ resIfJaIl]t:, the558 agyﬁfgeﬁbvg?ﬁggg?gﬁle%?%agél gésts

2. 13Merageapdr ti cive i paet 6F af 23. 365 mand a CV value of
1.56 % (3) Preparation of particle-dianeter-grow ng

aqueous solution 5 To 33,000 g of ion-exchanged water

com dded 4 95Q g of MIMS, and the m xture was
at 30C. After about 3 hours, a
hoan 60 i:an of - conpl.et el dISSO| ed MIMS was
ang ﬁ? §%£8E1g£ of Qagg pa ormlng

f or med, solution
partlcle ds@matebngrow ng 10 aqueous 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 pérticles 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) Gowth to intended particle dianeter and

subsequent term nation of reaction Wile the entire
anmount of the particle diameter-grow ng agqueous

solution in the above (3) was 15 stirred at 20 rpm

3,200 g of the seed-particles- containing solfUpgegmber 2006

se @01 8504 L4 Ne. gheye (A 1A %ggggglfghe Aster of. p

Par cl es were mneasure

2. 250k G@lg ™ S Vi rometer 20 (Video
m crgrreter 'r'avcl\/‘{gogfgﬁgﬁpgﬁfgd’r%y ympus Optical Co.,

Ltd.) 48)i Prepsast 0én 10fmpauitts: ad{@f ahBe e rad@idu iy
of the seed-particles-containing solution. Thirty
m nutes andBBRHusesusfiver the addition, the

parti c,i?es gaﬁo%n average particle dianeter of 25
appr oxt Fefar YO 8 R nlehcRxchiggethdva tehayajsudghird

t ot i cl [ ter.. grom h ended, so that 5 g

4 470 B s S R B R St saiBahtt WO o

romesi er u caky Lpg. Th hus- obt ai ned

oD harTh ol B e aoomio it i £ anamtiEe P08  or

solutphoni offe caimgried e 1 wi Bh s3oaald MTEOURELEN oG iV aRA
average particle dianeter of 7.052 gmand a CV val ue

thigt g0bstipn sjaxiwsedf pean pramfidlaedpantciteresymnwding

a Lpr i ng TEe qQbt ai ned particles were subjected to

TG G- PPGHYd O%eparation with a centrifugal separator

vave et RaREE Iha irdedeinPoale it tamisre 34 °
repeated seveisalqidi®stetRi haawe fdHerpartighes. The

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 had an average particle diameter of
approximately 7.2 pm 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

59



10

16

20

25

remai ning particles were air-dried and then dried at

150C to renove residual nethanol. The yield of the

t hus- obt ai ned PMSO particles was 70 % 15 Cbnparative‘
Exanpl e 4 (1) Preparation of seed-particles-formn

solutlon To 5,000 g of ion-exchanged water mé%DQ§@@§9r2006

forzg  RaSpt i pattntdf Wihbure CF L %%%géﬁﬂa%érg&%t%w
an gda{%lto%%eggg%&gdelssOéi/%g%gggsﬁart i‘ccfgeé;??%r %nﬁgta Tv

vala® wfon,.65A% Wil be described later, a particles
contai ning solution for addition was used together 25
with tHe sekasparfticeltassd or fi Agneolpatrtuincles t And
Conpar ati ve Exanple. The particl es-contai ni ng
sol ution f%FY&&@'tlon mas prepared as follows. To 450

One iTe rEShALAEE BT 1 Pea5F e Rtie S et bRber
sof%&xilﬁ@981Egp%?&%tﬁﬁw%ggﬁ %w%%ﬂ&ﬁ?%#gghnge %9é¥%r,

after the ad on persée
andoithexdlr ope Shabe ddudde @ﬂuﬁgﬁadﬁﬂﬂﬂdﬁnw1@Hduwﬁf¥SOn1c

about 2 hours, a honpbgeneous sol ution of conpletely
wavei g9l wethsnyIVBNGssiios egdenThelexstdnta ngonawe reas

decreased to 40 rpm and 0.72 m of 1 nol/liter
rep&c?tf&ﬂjss%ﬁﬁﬁﬁnlatv%ﬂhestatt%néémﬁér@edflﬂ% Rarhifdess The

f h |
rendirind e hETEIrd e cahs Ho 188 G ehSny o g 4t
150“tnﬂbe§eﬂJV%pﬁééiﬁh%§'ﬁ%eﬁgﬁbﬂﬁa%ﬂre®&é¥d oPaEBFZLe

dianeter wt cal ~ m croscope vi'deo m crone
thuéthﬁhin@ﬁonnserpéﬂﬂfﬁﬂes 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—fdrming 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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supplied by dynpus Optical Co., Ltd.) to show an
average particle dianeter of 4.1 m (2) Formation of
seed particles 16 In the seed-particles-form ng
solution prepared in the above (1), the stirring rate

was decreased to 30 rpm and 50 ml of 1 nol /7lPeegmber 2006

. Lon > . et i
rodfEiBe AT § e 35 ot AL CLER GO
theesadaddesd 20 Mevg, nurefs avdl laress¥spal YW MK oil

al cohol aqueous sol ution was added 0.2 m of the seed
drgar stelte isoltité oaqubbaisnech 130 ivmut eadakifdre st hebout 2
addition, and inmediately thereafter, particles were
howgssupedomnoenepast Fela tdicamm ercomphesedyaldiggsolved
unter ("Ml tisiger 25, 111" supplied by Beckmann
NI Y e f%&ﬂfﬁﬂ-. % TeLEFERT fRE RS fBFREgsed to
40 ic ! VeLage nar i | r 456
(R arte Pyt 05 orBal G SpRUBLS' ik £2% )

at PaiiekChaddANeS -10f M REt e80UTES SNt 48161 0h of
Decenber 2006 To 33,000 g of ion-exchanged water was

thedalgdeduss@Gmgnat i AT MBarand ltdre g ew usrdwas estdalnetli ah
100 rpmat 20C. After about 3 hours, a honbgeneous
camgy| Lei Bf SPaBHP efef e Hi 38omiagtiemvs Wee Parideleand

5 thi | ugi d . . .
Werk P P BEfariors RORERG L SaGUGIRE SBI i FBn 27 Aptical
mi c@@%gp%.o videeNnded- Pékk 't‘é\%\ﬁ . (QJ'i Ghi ?Pgme‘%lé*%s SQHENE ’

termnation of reaction ile e enfrre anmount,
supd’l D88 By ofl yilitus Oopaithel edi,anet @y 9E 8WshGwAGHE0US

solution obtained in the above (3) was stirred at 20

avaypage 3pdt@iglef diwmeter of 4.1 pm.

(2) Formation of seed particles

In the seed-particles-forming sclution
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 aqueous
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

ITI” 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

aqueous solution
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seed particle solution obtained in the above (2) was

added thereto, to grow the particles in dianeter.
Particles were neasured for a particle 15 di anmeter

with an optical mcroscope video mcroneter (Video

m croneter "VM 50", supplied by O ynpus Opti daPecember 2006

Ltd. i | i nut ft he additi
ot i hetRedy 0714, 8k FBnT R Bl R A A adRe
4,880 ten MMEes aﬁheftﬂéﬂ%ﬂgéﬂlféog&]gst he 20, P3T L Ch @y

had an average particle dianeter approxi mately

rph3a pro°cn eagheld MholOr FBhLARQf a AUIHEGRhES MRS
found, and it was therefore judged that he particle

SO dpikeneC fyrenhl efgddy, e thbive808TYSofwaD. Sonmed% and
ueoys. .anmoni a was dropw se added with a 25 netering

a
EB fRROH Ot Yot UAGPNGS ThePd hiis COBCAGE HeF L 9EPES AT
aqﬁggﬁsmggﬁﬂﬁxhﬁor a particle dianeter with a Coal ter

counter isizer Ill" supplied by Beckmann

Coal teq4€CoERwtH O ShP HADS i gls ' t
of 13. gs%m S A P aone Ty ey 4odg

% (5) O assidseatént ok rininestpbshi 6Eeseanrdtishyi ng
The obtained particles were subjected to 5
sol i d-TRgbed tdepaniva ampung ,cehtr250ggl odpartat or,

agﬁd &hg%.the rocedures of irradiation with ultrasonic
bayave fn ~Ahavings afrR UG et ahAtiogh Mkained in

end SBested Svoial LR, 90 SPUELTS G )02,

remai ning particles were air- [
sedd 320€itQ o eyEMer {681 dualy ifrtdang! t%}gh%vaeé deof §he
0

t hus- obt ai ned PMSO particles was 30
added thereto, to grow the particles in diameter.

Particles were measured for a particle
diameter with an optical microscope video micrometer
(Video micrometer “VM-507%, 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 pum 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 um and a
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Conparative Exanple 5 The PVMSO particles obtained in
Conparative 15 Exanple 4 were calcined and classified
in the sane nmanner as in Exanple 2, to give calcined
particles having an average particle dianmeter of
11.31 mand a CV value of 1.47 % 20 Exanpl € Becember 2006
( cti.o pol yor ganosi | oxane particles according
Cvtgg?ﬁé gécc:)ln’gﬁen%bdi ment) (1) Preparation of
seed-p [ <f:qrsm.ng: ~sol uti Le flask
havingﬁgfs??§§gﬁq§ﬁl %%ﬁngf fggfﬁé%ﬁﬁﬁéggFSS? n
was char gedrwitrdy 2, 500 g of ion- exchanged water and
250 g of MIM5, and the m xture was stirred at 100 rpm
in a cimstahtatiemsezat EcVesselerd mtbj@sted to
t enperat ure-adjusted to 30C. For a beginning tine
SOlp]é?;P%HqHFfjelsetpr?eraa%‘PPi BAtH avdt MriBgel 7ebscember,
6 dispersed in an qQil drop state.in the )
andgg%é%%\g@gl& ﬁ’llji%o%e, ‘é"?l%lsaf’{tlerlriﬁtﬁ{ftftgl%u?%f:%auqtrasonlc
wa DI RERHAN 30 ldid OLuBL o EATRICIR Y it $82LKCGMIE vas
formed. This solution was uSed as a
repseete paskivelrad- froméHpg t8 seldveOrEi k) pEeEARlid, Ofrpe
seed particles The stirring rate was decreased to 30
remagf ingideasiglesf wWenel Alirt-er izguenud ahennida iwes at
Qnce added to the seed-particles-formng solution
1505Fe b8 PV e heesa datsdy eng ihanph . offkeniyie bd abferthishe

ddj.t. f agueous. ammoni a,
thu%bﬁ%%%%ﬂ?ggiF@@%ﬁ&ﬂ%&%ﬁﬁlﬁﬁrwpélé%J ¥ere formed, and
the solution cane to be opaque. Thirty m nutes and 40

m nutes after the
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 pm and a

CV value of 1.47 %.

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

(1) Preparation of seed-particles-forming

sclution

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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addition, 0.2 ml of the seed particle solution was 15
sanpled each tinme, 2 mM of a 0.1 mass% pol yvi nyl

al cohol aqueous solution was added, and i medi ately
thereafter, 50,000 particles were neasured for a

particle dianeter wth a Cbalter Count er Ml t7 Begember 2006

%%¥ﬁ Iled Coal ter fo g each tine. As aresult, 20

wa Brrﬁﬁ ddePhartich °§>o|%1i%%slﬂa& £n ARGUYR ;
2. 24 0

so#ﬁ%féﬁ eaﬂ'wg¥€% %b%u% Hgéﬁ%’os ﬁﬁgogg cﬁ%gn

con |rrre

solangtesh obe@ﬁﬁletél%a§1§E@ﬂ¢¥dt@@ﬁsaﬁa§“ﬁ3¥ﬁghf'nal
particle diameter of 3.00 gmby 0.15 m 25 (3)

ThiRr epalation mhqxusedlasdaamaﬁﬂ-mHEMAngesmﬁﬁxmﬁng
solution A separable flask having a stirrer and a
SO Lot e - of'5 000 Ml was charged with 2,500 g of ion-

exchan ter and 25 of MIMS,. and the m xture was
PR ol 2SS sqg feqd P16 Tid 1 a

t t
Comper s, SEREFINY F468 ns! Merihed o 20 rppy and
25 per iof af meuﬂzﬁa:@ldda&ueau%f amles\A@% &Hé@%&&@d

in an oil drop state in the agueous solution, 5 and
to dfhersabdtpad thairess - ﬁohmﬂngemamutS@hupr@@aﬁed in the
conpl etely dissolved MIMS was fornmed. This solution

abogss (ke zﬁﬂaoﬁﬁrﬂhﬂQ$%|%ﬁﬁ?ért@@mﬂdQFEMGEogi the
article dianeter and

2l B ¢ e e PR SR 1S oS Re it or
o) 40880 RO SO B e
di ametmristly tAg€nakewe {rdd #@Sminutes after the

addition, 0.2 ml of the seed particle solution was
sampled each time, 2 ml of a 0.1 mass% polyvinyl
alcohol aqueous sclution 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 um (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 pm.

(3) Preparation of particle-diameter-growing

aqueous solution

A separable flask having a stirrer and 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
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dropw se added the particl e-di aneter-grow ng agueous
15 solution in the above (3) with a netering punp at a
rate of 10 m/mnute (0.0036 M/ mnute per milliliter
of volune of the seed particle solution), to initiate
m xi ng. Particles were observed for particle7d2esgmbes2006

e I er thod_at _intervals of 5 m nutes under
Stf%%éasgﬁgﬁc?n zﬂfdﬂg aSEPn Gfﬁﬁﬁﬁ?mp?ﬁétﬁi%u%ﬁ%%?f

n A Il 1
LS SRR LG £L AMELEE S ) Tan BRI
tlnsaommrnodwafteaddﬂeb ahfi@n ttilbe io¥ tNAEs pnMoMst ke s

addition, it was 25 found that the intended
dls@%ﬁ&%@h}ﬂ”sla%e@qbl gxare spatei dheslmvaggeaud aseletion,

f 3.00 | 2.07 9 bt d
and Lo B e difeen @haomg%%qowg Ioggtlﬁélon of
co%ﬁﬁéﬁéﬂ gi@@gfv éﬁﬁW&ggw? Q§ﬁﬁ 1ni %Ssgiutlon

rm na amx ure solu

wa sDegaies s 290 ar@cﬂl@idgémgﬁég) ﬁ@iﬁgﬁgg% and 35

g of ion exchanged water was dr wth a
solmgtigming punp, and the particles were aged at room
tenperature for 16 hours. 5 (5) Cassification of

fine ﬁé1|QﬁQ%tbn§O dntienfatherarticle diameter and

pol ynet hyl si] ses xgne-parti ¢l es- containing
sol uti on obtaFfE qﬁ%EESrWhEaEéﬁPquKﬁﬁ49tl§@parated

Lo sendfl alife L0g1 RREBLCIES AN PORCLAS 110, procedures

of irradiation wth ul trason
oxaﬁ&b%@hﬁﬂpaﬁEQ@ﬁb@“ﬂﬂbg@r§lEﬁﬁ%@Ee%iﬁ ﬁ%ﬂféhbkh Yhe

times, to renove fine particles. The renalning
1ntpgd@ﬁﬁﬂgnsllgas@um@eﬂﬁﬂammteele&\Mﬁéiébéve (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
mixXing.

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 in
particle diameter by 0.15 pum. 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 pm (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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dried and then heated to 150C to dry them for 15

renmovi ng residual nethanol. The thus-obtained

pol ynmet hyl si | sesqui oxane particles were nmeasured for

a particle dianeter by the Coalter nethod in_the sane

manner as in (2), to show an average particl&December2006

diia of 3.00 m(CV value 20 2.01 % . Conparative
15E§a% ?% 92 aftE U It ARRR 48 taﬁléisﬁ%e%cggbéani‘n

j.op . af - t] -farmn ol uti.on

exEhEnaR P RBLTRE el SRR L0t SGUEE WL ¥ BLKKNEY
pumpl, € atal riredl pauticAs s wesel &geaplaxofﬂ%mstéﬂﬁé?%tur

particles having an average particle diameter o 2.8§3
fogml@CWourzg ue 2.24 % were obtained, while their

particle 66 7 Decenber 2006 dianeter was smaller

t han an®? nCeifdieth fiparipar oifclfingi pastéclefs MY pm

by 0.15 gm 6 Wien Exanple 6 and Conparative Exanple 6

are conpar¥d’ 79 can be seen that in the present

i nvent i - L icl .havi ng a
nnnodigggrgglzn%%%?gggﬁgﬁ%@yxaﬁégéT%ﬁ??&ﬁﬁfgﬁgbe
coptaducad Wyletiad] ustidihddeis pajt halse %@E@i Bhghfiy

the order of nm Exanple 7 (Production o
sepdr gbedatesidexanat parthiec lpesr t 10l as¢omndicng-Hen t bRe
secand enbodi nent) (1) Preparation of . .
Progetpast idd eSt¥afhrhdonsorifih onl iraepadablweate ask

v iLner . and havin a volunme of 10,000 m. was

ne R B2 n i tellignd: Sesin AL LARhHRESd AR EaRlda
p1 91 9t9f M NEnSNd the Ul e MRS particles. 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 value

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 pum (CV

value 2.24 %) were obtained, while their particle

66



10

15

20

26

stirred at 100 rpmin a constant-tenperature vesse
that was tenperature-adjusted to 30C. For a beginning
time period after the addition of MIM5, MIMS was

di spersed in an oil drop state in the aqueous 20

solution, and after about 3 hours, a honogendodgcember 2006

sol ution of c Letel di ssol ved MIMS was f.or ned.
A1 §RpECLOMAT GTRHLLCEs Ehads aD SERHCPARS: AR GpaF hycle
dl%,gl,gggogf (£) 6: rga% ;btglﬁseed particles 25 The

egrature o H%mperature vessel was

decr eagRdnt Exja%lé he shir tb&gaar;aé@w@shqwl%aseedaf@
30 rpm and 5.0 nl of 1 nol/liter agueous ammobnia was

comppapvade ddderhn cbéhseseedhrat tinl e balBEdIE SDhWEhOAON
£§epared in the above (1) In 15 67 7 Decenber 2006
PO Ly prgasosfitlaxame Baaﬁﬂﬂﬁe&ﬁhahenaqaemwgqﬁWﬁpwase
oxan and

paPPLATE] Bedie CSnadt 8¥ B0 B an Cé%‘?xm?%rf@lﬁ%gged%n‘ahvée
adﬂé"c’iﬁ?e@‘h} S tﬁ?réléjdl.g' H %anedloeacw . ths cfﬁeeoc?fanm.

rtic S1'Ut iR Vs
O 1 mass% pol yvi nyl aIcohoI aqueous sol uti on was
added, and imediately thereafter, 50,000 particles
Examp be ndadPrediiorion pdr piodlye o ames ¢ ok nishe oed ke s
nmet hod each tinme in 10 the sanme manner as in (2) of
acqyrdhhg 0 Ahey yeceng, embodimgnthe seed particle
solutl gad an verage gartlcle dlﬁﬂeter of 8.20 m
(CVva Sea%a Pt SRES-PAHEITRRST RaFPiRng
growt h of ha pardd cl es ended. However, it was
smal l er than an |ntended final 15 particle dianeter of

11. 00 Yz dya2aBleMflask having a stirrer and having

a volume of 10,000 ml was charged with 5,000 g of ion-
exchanged wéter 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
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 particles

The temperature of the censtant-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 (). In 15
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(3) Preparation of particle-dianeter-growi ng aqueous

sol ution A separable flask having a stirrer and a

vol une of 10,000 ml was charged with 5,000 g of ion-

20 exchanged water and 500 g of MIMS5, and the m xture

was stirred at 100 rpmin a constant -t enper af lecember 2006

. vessel that was tenperature-adjusted to 30C. For a

nirgeeg Anth§eti rhparddut hepep £t rd eadin ¢ ons obmmbvE,a MTVE

was di spersed in .an oil drop state in the aqueous 25
po e (h RS IRE i Ak She P GRS U HOnBgEREsus 200
thesoééjiﬂl{?ﬂoﬁf GHPlel aby g#ﬁgﬁle\{ed MIMG was T orned.

Then, the constant-tenperature vessel was adjusted to

10C, ikt pemahavesseldd ipn Rindissolauad MiMpewas
stirred until the tenperature of the solution cane to

addg ifomecerBem12@d6 tihe 460€d Phirs isdlaitsoDuvasnuserks as
a particle dianmeter-grow ng aqueous solution. (4)
sanmglRd heeehi fidwded gk teEl @ @i-dndteeys Brplo l yubserduent

termnation of reaction 5 One half of the solution of
alqﬁhgixﬁgﬁﬁ?Hﬁl§ﬁiﬁﬁ#%ﬁdW%§aﬁgg§Qed t 1 Ped Lptcaley
' di ' n ' ticle
ehefl ARt Er, o8 %0 e o8 WELEIRER fulen RRE oo
paritiitdl & gegReabe b lask dayiegrantliHd®reARH RAWG R
vol ume of 10,000 10 m, and the solution was stirred

theatsa3e rpamharaascdmst @ht -¢ Enpraablree d/esded 4 haksvwas,

enperature- adjusted to 10C. The
boté)‘arotﬁ ctee gFafdt Brrdicdngsohytiéons d@ditannavareige

parfiZiR \THaB8EaE) A 2§ 0im0sCYs VAL &b | and it
wasMddr #148Ed Ofn¥e! YiR YrdenSE89the particles ended.
However, it was smaller than an intended final
particle diameter of 11.00 pm by 2.80 pm .

(3) Preparation of particle-diameter-growing

aqueous solution

A separable flask having a stirrer and 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-temperature 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 agqueous
solution, 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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particle solution), to initiate mxing. Particles were
observed for particle growh by the Coalter nethod at
intervals of 5 mnutes under the sane conditions as

in above (2) until the particles 20 grew in particle
di ameter by 2.80 gm At a stage when 4,800 ni Dscembher 2006

particle-di ameter-grow ng aqueous solution was added
beafPef - t nEDLAI Siodty ke f weReUsgddias on, Partied eound

: e, e ol ymet hyl si. | sesqui oxane particles
dléggkﬁggf&ﬁﬁ?egqﬁgo S 1510%%§ﬁ9f’cv value 1.99 % were

obt ai ned) drovRch atgl Yntheleal 1,81+ § Be caddi Ll a0, Of JLhe

particl e-di anet er-grow ng aqueous sol ution was

term nat ed,subskgtiche QIrudirodt COAL BifNivaG diSi @n of 25

mass% aqueous ammoni a and 35 g of ion-exchanged wat er

69 7 Deeenberl Rou6 thessdiopiicse afidedewpbl yanandiel 5ng-

t he garticLes were aged at roomtenperature

. _and
se%&?%%ﬁ&r%@e (BRLELedes ivvhe sonddpmeitier phidi vpés
i | ynet hyl sj | i -partjcles-
redih L M PR R BRI R T i E s LA T T E 1
abseganat eqrad S£PaERL 8! %&H#&{x%m@”% t{%ﬁ&ﬁle
u eln

procedures of irradiation wt trasonic

flaek hhavlinand ssibsegeenandetant Aigoa vwelanensat £d, 8040
plurality of tinmes, to renove fine particles. The

nly edRfnthe o1 et ol waks sddut mx@nat pat irpinesi mes e
cord{zsdried and then heated to 150C to dry them for

ERBUFng PRSI fel REA6L. EhRE (Was- bereparature-
olBh VR BN e a0 AP P L R T TR
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 aqueous
solution was added after the initiation of the
addition, it was found that the intended
polymethylsilsesquioxane particles having a diameter
of 11.00 pm (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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Coalter nethod in the same manner as in (2), to show
an average particle dianeter of 11.00 gm (CV val ue,
1.81 %9 . 20 Conparative Exanple 7 The sane procedures
as those described in (1) Preparation of

seed-particles-forning solution and (2) For nabiesamper 2006

wa§eaQq§w {lﬁédéa ﬁ{%ﬁp'eﬁkﬂ@% nﬁagﬁh%gwé%ﬁ the As a

resul yor ganosi | oxane par ng- an
pafyerags m?éﬁé chgedi aﬁetr%ronoft&uﬁeramu(r@/ el Y6 Boles.
% were obtained, while their particle dianeter was
snalIeﬂ5ﬂh§daasmfﬁeauednfbﬁ&funﬂtpatelcdemnﬁnﬂ of
11.00 mby 2.80 m 70 7 Decenber 2006 It is seen from
Exanpl e 7 (HAIR% the present i nventi on
pol yor ganosi |.oxane p cles havi n a Iar particle
dlanetgﬁ P($%ﬂrﬁkﬁg ft caf °HE &G &R, when
EXaRL @ g7 L a I i
COcan be seent £¥®¥n6ﬁkeg§f£§gh ?48 %%o%é¥W@ffﬁgall§
sep@kaoegart@sIée:}%aaﬁ@teathleclp%ﬁsﬂh?dlélg aaeNad] SPef 88
particle dianeter distribution can be produced whil e
preogpderiesg atheirrpdiatdcba diidretwl trasbhé congere of nnm
%g Exg npl e 8 (Productlon of pol yor ganosi | oxane
metappd| @ad asd%"r%l‘ﬁ‘ﬁ@n?o degarderohen ebse raRoatied a

t he splution of

pl&4$fitpﬁ;{s R i Qaﬁgmaﬁﬁj{ﬁﬁ?lEﬁgg LHeE dithiet er
ref tn DAk b%q%éé}aw}gfgggg,v aéxggn@aggg%h%l%sa %P{éla1§'—?

obtainéd in“(2 was care

dr te¢hanged hicht ql@a@@@atabh%oﬁta% '??ﬁ’;} NG 8m S Ebi €7 and
having a volune of 10,000 m, and the solution was
removing residual methanol

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

an average particle diameter of 11.00 um (CV value -

1.81 g).

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 pm (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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stirred at 30 rpmin a constant-tenperature vesse

that was tenperature-adjusted to 10C. To this 20

sol ution was dropwi se added the particl e-di aneter-
growi ng aqueous solution prepared in (3) of the above
Exanple 7 with a netering punp at a rate of Bdecember 2006

m/minyt g G048 FhiH 1 Lhbl b v
of the seed particlg sgﬁﬁﬁﬁgﬁ ,algh?kifﬁgfgﬁ%ig%%§§n£5
invBarttiicl gso Wpoe gahserivieskd e partiiclie OroakinBy a theqge
Coalter nethod at intervals of 5 m nutes under the
parsdd ecohthnebas af iavd2)1of phxaap & prddlcthe

rticles grewin particle diameter by 2.80 gm At a
F‘”-‘ES& o \Mﬁéﬁgﬁééﬁpﬂﬁ of ad parPpgiadigianeterPyeovi mge

C 2006 _ aquegus, sol ution was added after,
combpr b it an “BE° sed T e D O tre i S pRan i
o1lbB i t hwl,S44l j art i i.ng a
R L e e AT o BT
partimBei atidnyetber dakitaribittoaddahi @2 @rdd€ced while

_particle-diameter-grow ng aqueous sol ution was
adjpgtandattdtein phaxtdcd ssalianeheronnaitiengpidey of 2.

mass% aqueous ammoni a and 35 g of ion-exchanged wat er

was dropw se added with a netering punp, and the 10

i gle t- 1o t enperat.yre for 16 _hours.
ExafBTL % TERRLPPBE B WD SRURRORN Tt P AR e e1ts
accO&plhiag ﬁﬂ(&K@pg@gonhpéﬂBHﬁiﬂ@ﬁFﬁoanEd particles were

generated. It is seen fromExanple 8 that in the

presefhe dFhewedandldnopolyer gayiast 1 GxaBE pard i cl es
having a |arge particle diameter of over 10 pmcan be

polyreihyddilmas wet 9xahen et er Bighe sColpmsat dvemeter
. -Exapple 7 . ar .
did nogpreach éie intended final particle diameter,

6btained 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 grdwth 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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conpared, it can be seen that in the present invention

pol yor ganosi | oxane particles having a nonodi sperse 20
particle diameter distribution can be produced while
adjusting their particle dianmeter in the order_of nm
Further, it is seen froma conparison of Exakplesember 2008

and 8 that when pol yorganosi |l oxane particles having a

AIUERMTe SRETLPR UegdmAddedrafter pheducettiataepdof the
il i § addi t| te of th
it S g omea st ] Lhe sWdilon rate ol i
polQm@%HﬁﬂéﬂP§é§qB§Bﬂ?ﬂéL#éf@?c?%s %ﬂ%ﬁbog §08meter
e par é-

solution to which t tic I'anet er-? gr owi ng
of agueauurso|ewi PRl addedl. ¢y 2,4 Pecpen, 4906 Exanple

9 (Production of silica particles) The

pol ymémmeldsid tsebyjut braire fitaat i ctles hddiing orar fiverage

ggréickﬁ di ameter of 3.00 m obtained in 6 Exanple 6,
Pargdfe eqiadie t eRperidny i3y @8 8d SPAtHh iabrivas

raf ure 40C under,. a conditiqns of air flow

ter§§%%8§,1 i iI{ug’rg Hfﬁuls@?i%?ﬁ af ABG A I <l ? efpefater e
masker alh il Sa r typrel hgingry |.hi.0g.

tenpgr ature- iﬁ?ggéeﬁn% 35520 bg]a?% aiened%g{ﬂé?ﬁi ‘é’af&r
wast dnpemdtser eadded 121 RBurES et @ﬁiﬁ? pubp, eHH@ the

cal ci ning, whereby silica particles were obtained.
parpleéest Wehequied sl ciomimd;enperaalicienctbpal i hbass.
Themeég cooled to ro§n1tenperature and taken out. The

cAPERABE D BT Ll elefelersohseuved theausth tak et hod

tieajo erage particle dianeter of 2. 50 m and
°p a.acwmggﬁiao flgg%f% %ﬂ#h%Fl%o?Bﬁgd&ﬁq§ﬁFiks were
gen®phyeyganosi | oxane particles according to the third

enbodi nment)
It is 'seen from Example 8 that in the pbresent

invention polyorganosiloxane particles having a large
particle diameter of over 10 pm can be produced.
Further, when Example 8 and Comparative ‘Example 7 are
compared, it can be seen that in the presenf invention
polyorganosiloxane particles having a monodisperse
particle diameter distribution can be produced while
adjusting their particle diameter in the order of nm.
Further, it is seen from a comparison of
Examples 7 and 8 that when polyorganosiloxane
particles having a large particle diameter are
produced, foamed particles are generated if 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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20 (1) Preparation of seed-particles-formng solution
To 5,000 g of ion-exchanged water was added 500 g of
nmet hyl tri net hoxysil ane (MIMS), and the m xture was
stirred at 100 rpmat 20C. After about 3 25 hours, a
honogeneous sol ution of conpletely dissol ved 7 ME@Mhkes 2006
formed, and this solution was used as a seed-
particles-formng solution. As will be described

£ |later, this Exanple used a_ particles-containing
_QB:E&S_&X foroduaitiiosn adassbieaa partimscesiber 2006
togeth%kéMt t he articles-formng solution. The

d-
particles-(é%%ﬁ%Fﬁgigéﬁﬁﬁ%ﬁ?*?ﬁaﬁadpﬁg$ﬁ9&£§ having
s L f ,i Qn- exchanged. wat.er,
0] R T Tt 61 e i Pl Re O ol PHE L8R b
Exanpl@0 a,pmaete d0Cedhort cndefh t0kaY ithidvRe PEEHO8raht $oon
the addition of MIMS, MIMS was di spersed in an oi

tempepastuatee to 34DRCagndeus asaldnid bhionBd oFf taalr aposy 3

Egur%, a ,honD?eneous solution of conpletely dissolved
MBIwds LioF9of Reiutene Iaintahyedars sl wletempsedtuge

0 . f 1 mol{lit | i
fo P L2 Bou Y S ol e AP ot Bar X et S HoLBddi 11 on

| ia i cl es. d_the .

e B R e BURR" o8 P v SR o e

temperathes vie 15 nease e fair Ay Pahti ¢leq i pret er

W th an optical mcroscope video mcroneter (Video
calkeERbReremhonglsy” sildgppipaatt byl € ywpre QH¥tcahedo.
Ltd.égto show an average particle dianeter of 4.2 m

Af?%ﬁ e xs ar g%éalﬁéﬂg“jggg calcined particles

were cooled to room temperature and taken out. The
calcined particles were observed by the Coalter method

to show an average particle diameter of 2.50 pm and a

CV value of 2.10 %.

Example 10 (Production of polyorganosiloxane particles

according to the third embodiment)

(1) Preparation of seed-particles—foiming

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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20 Wi le the seed-particles-formng solution prepared
in the above (1) was stirred at a decreased stirring
rate of 30 rpm 50 ml of 1 nol/liter aqueous anmoni a
and the entire anount of the particles contaiping
solution for addition, obtained in the 25 abB\ng@mberZOOG
were added thereto to obtain a seed-
particl es-containing solution. To a 0.1 nass%
pot?@ﬁiﬂwr aﬂb@hothQWMMImmm%lﬁlﬂdﬂ of
seed € ?ilcle sol utjon obtained 30 mnutes after

the %o‘%ﬁ“f Y %n‘ff”? ng 131 Yihie dfate raddidriare was 74
7 pegeahes 2006, Weye, neasured for a particle dianeter
with a Coalter counter. As a result, particles grown
fromthe Tpar4t5loclge$>ff dpnaddchanlgehadaaerawasaﬂaded 45 g

5 %&Qﬁ%f of 7.380 m(CV value 1.99 %, and

For t"f‘dté%r%éﬂsar?t&\réreé’g@tpérotol apg at

DperadF sttt a0 s L 11 alcion

parft mr@,dm evasy IR 5 6di U0 Wh %Q|1Utd|r©ﬁ 5@atQ in
ﬁ%ﬁépo i on-exchanged water were added 4,950 g of
QH?QSﬂ?HFFHOW'tﬁ@dréﬁéﬁﬁoﬁ&PUteﬁpheggﬁwna(II)

0oty $9TRORecHonilkah S ol 505N 8 IR,

HLB val ue of 40, he m ure

10 r fiorsted30CThéf seuamgt r8t80UES , de EPEINYENCOYIS3d brpm,
solétlog of .conpl.etely _di ssolved MIM5S was forned, and
t RP RuPloRTwas M9déd 1eraagupens| anapaiat Wrsgaddedg

?SFZ?F%S;F' gif@@enllﬂiﬁ @e.?bé)f’@exgaﬁge Sadft i I(}le of the
pressi on can eter 1M ret by
dagueéicng amnohéeul parweicghs, gb6éw aﬁdathydwwﬁﬁ.&n came
to be opaque. After 30 minutes, the particles were
16 nmeasured for a particle diameter with an optical
microscope video micrometer (Video micrometer “Vﬁ-SO”,
supplied by Olympus Optical Co., Ltd.) to show an
average particle diameter of 4.2 um.
{(2) Formation of seed particles
20 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 aqueous
ammonia and the entire amount of the particles-
containing solution for addition, obtained in the
26 above (1), were added thereto to cobtain a seed-
particles-containing solution. To 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
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20 condensati on product CH3S Q3/z of MIMS with a

nmol ecul ar wei ght, 136, of MIM5, and it was 0.49. As

will be described later, in this Exanple, a
particle-diameter- adjusting solution was added after

the addition of the particle-dianeter-grow AdefBRRi2006
sol ution, and the 25 particle-dianeter-adjusting

SO .0 repared as ,follows. To 33,000 g of
ioh-u'%%c S\r%éée\%a&% \?@Baé&&&be ??saet@rowisms, Caadter
t heolthxky. e M&Sa Sté&hef, ‘ Ofi ot 161
aboSt 3 hours, % honngeng%%égg%}%Qgigéﬁ%e€i3ﬁ%ﬁ93-
sopartdnles fomphdteékyodi badl undatBdbgwasatolsed, and

thi,s solution was used as a particle-dianeter
adfibeRrRgrsefuf+ R0 ©m) (¥ ovehueoli f® ehbedandrnéel ¢

di ‘ ub uent ] Lon, of reaction
S UndPERER PR ELBURSE SR oL LI POl GESLLEL:
reliat thaatebapiensi ogxptréddionl (1he) PeEtl Ci@s i

$re
grow n gueous sol ution obtained in the above gﬁfmas
stvgiﬁg gtggo%}pnl 4,144 g of the seed-particles 10

cont ai ni ng 50134t t ai i.n.t.he abqve (2) was |
added the?(es? 0 EL(%?' p%]:atqﬁéﬁr gﬁefgﬂa%ﬁg‘lc‘i X| éé"'?l(t i ~@reying
376.7 g), to grawvedue gAndtiides in dianeter. Particles

10 VEr € nmeasured for a particle dianeter with an optica
ni cr oscop@vitde§ 0P & Sfedon-ewchenged watesnweee added

"\QVHAY ; ti cgl,. Co, td. ), at

inté?egﬁ%%g?g?%ﬁﬁéﬁﬁgigg?ﬁgrﬁfﬁgl%ﬁﬁtﬁqﬁ?éaon%#m |

- sexpyemaiian ekTormng 4l )i @F SOWE RO Wo Y101 Fate
hour and 10 m nutes after the addition, the particles
hd8P8h bkt B vhdudi afred®r aoid &ppr vikbute wasl Btirred

at 100 rpm at 30°C. After about 3 hours,a homogeneous

16 Bolution 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 ﬁolecular weight, 67, of a hydrolysis-

20 condensation product CH35103,2, 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
part1cle-diaméter-growing aqueous solution, ahd the

25 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 honogeneous
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20 meach tine, and it was judged that the growh of

the particles in dianeter ended. However, it was

shown that the particle dianeter was slightly short

of an intended particle dianmeter. It was therefore

started to add and mix the 7 December 2006

particl e-di aneter-adjusting 25 solution obtained in
solHd ogbovE ¢oppland ihidibssobveni MIMe was Obsmeded and
th.vvith a video mcroneter, the particle dianeter was

L1305 L QB cHEAEN AS athed D t PRFE4 C Liprf iapateFage

er greater by 0.5 gm At a stage when

oy .
adj%%gagﬁ%fsg#égﬁééﬁarticIe-dianeter 76 7 Decenber 2006
adj ustiang @E&Mﬁhoeo"\@?t%% af i PEi LA Nidd&td PnaQhy

the addition, it was found that particles having an

5 i ntended psubebeeditarRiredi i t1dn5 o€t Dbhai ned.
Thereafter, the mixture was maintai ned for 45 m nutes,
5 500W§igfe Jdthermer b agueswsirdiod? a90é&s Sdropii skn atted

a neterin the particles were aged at

lwi t.h g Qun’p, and
relabdAtE Rt R 6P 8 1P8r 6 houref the PRrtishierdéameter-
t iLs [ ne O) .particles were
groﬁgg} ur ecﬂy%%éé agégrﬂttﬁé%e O&l‘@%@?%fi Wit ﬁ%ae ARTYer (39 was
stieeedt ert t2o Shew, aqphurelgd tyr of hRakkl j _peaks
each of which was isoIaﬁ%&¥$r%%?eégf?f§¢k§$@ E’these
10 conpadniicigessd huthoanpivitia iefed 5176 BiieVvalby® WEZE was
particles having an average particle dianmeter of 13.48
addgg thenafiue({d. ¥p #he Ted atesenadnexipred slidons 61I115=
ticlg§ havingFSn average particle dianeter of 6.0

376hh Sl $ O BaF PPcPes ey B SHeRAIEar i ol ¢
e L TR b P e e, 1 Gierar Lo S et culin
an 9ptecallsnicon &gE, vidld iter SRPEER! HAILKPT vas

16 micrometer “VM-50”, 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

20 pm 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

25 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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20 less than 1 % In the above case, the coefficient a
obtained on the basis of the values of Y, a, X and R
in the relational expression (I1) was 38.5. (5)

Classification of fine particles and 25 dryi n%@ghe
obt ai ned particles were separated froma synf Besembeg 2006

solution with a centrifugal separator, and then the
adjustedid eso bptipnadias i andedt b firletr asomi tnibdde iioh of

met hanol . and subsequent decantation were 77 7 Decenber
thfo@éiacﬂr%’p%%t ea%sy@% doyndethato pegitovel €5 nhaving an

: tJ ...Jhe. remaining. rticles were air-dried
EnEREe Pt Ehel §Tomut oS hr y Hicum orerendbEngned.
Theegladitad r et hangh x & e i
conparative Exan'plxes 8 gﬂ% Sﬁa'll'ég%g?lé%g ures4gf minutes,
508xgnuife 219 mes e%r aprRaicatk 66Rt at Rals e IPLBt 28keq
. sodi um dodecyl sulfate (SDS) in, Preparation of
Wiphy g gledex Bret PRngrownty tiyeepasticdlas iverée nagdy oft

Exanpple 10 was changed as shown in 10 Table 1. Table 1
ro g0 hemReF & it fotodér rtun$ ¢ h The thesaobdained

po@ﬁ%h%l%l%%igﬁégggr rel E{@@% gl"%&ﬂ%ﬁ?%f‘f?’&? ently

pol yor ganosi

me psodegeddm £xEaptes1:0 4 ' Dicgh 2 d ter
than 4.0 but not nore thgga@%t%ﬁaﬁ@:t% Sorgpcgar%{fgge 16
colxheapl €08 showha chlarad iltasso £ hear #1812 iGHPRE At hu8 ks
Exanple 9 in which a is greater than 75. 78 7 Decenber
€aspopt bl eh 1WERakf @l Ekedplfe dixaepkey other. Of these,

particles in an amount of 75 & by volume were
particles having an average particle diameter of 13.48
pm (CV value 1.72 %). The rest contained 14 % of
particles having an average particle diameter of 6.0
Hm and 9 % of particles having an average particle
diameter of 16 um. On the other hand, fine particles
having an average particle diameter of 2 um 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 valués of Y, a, X and'R in the
relational expression (IT) was 38.5.

(5) 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 1n methanol and subsequent decantation were
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. 2.1 g
10 11 12 Cex. 8 CEx. 9 Amount S D S of 16.5 g
29.9 g 0.27 g 35.4 g addition Y 0.0435% 0. 0055%

0.0787% 0. 0007% 0. 0932% Theoretical value of raw a

0.49 0.49 0.49 0.49 0.49 material used WMass (Q)
raw material used for X 376.7 376.7 376.7 37 QCQWBGWZOOS

' f
synthesis of seed particles Total mass (g) o
sglutions used in A 37966.5 37952.1 37979.9 37950. 3

7985.4 step rowi ng particles Particle
3. heReareds sg&saaga 4iBeB, 4t805ehoB85£4n30padt38%es. The .

38 549 69.7 0.6 82.6
pa Coefficient
Pa% hg#ﬁfaghﬁEfglcggs were a r-dried and then heated to
150°C to dry them for removing residual methanol.

Examples 11 and 12 and comparative Examples 8 and 9o

The procedures of Example 10 were repeated
except that the amount of sodium dodecyl sulfate {SDS) g ' |
ain 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 a 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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grown particles () 13.48 13.59 13.51 14.11 11.96 CV
value (%9 1.72 1.80 1.77 2.65 1.96 State Excel -

Excel - Excel- *1 *2 lent lent lent Particle dianeters
and CV val ues other than those in Conparative Exanple

1 are val ues of particles occupying 70 % or 7nae@ergger2006
vol unes, obtained according to Coalter nethod. 5 Ex. =
Exanpl e, CEx. = ConparatTakl&xanple. *1: Aggregated

1 ar o ool e

of peak of particl p& S \FoyFRY R SXPFRERI ¥ 40 % Off cpx. o

([ ne apove pdi ticte gl anete arrd—Evrvet-oe-af i—LVMI HES
C

ey ficle

b ”C!Uﬂ“). * Q- N logrnmn td an i nfénded p
di aneter. ndmohi a was | added t¢ term nafe the
g [Fgaction, |gS bubbl gtévierge penergtedi29.40579(6.27 g |35.4 ¢
Decenber 2C0@ithiweustrial Uility Agcording §fo the

met hod f or] produci nig . Is%0[ 928 PEapPe P& | bChFe7s | 0.0932¢

The%"r%\(:'iggg qy the present TMPETTtT OIT, | POT yorganostToxat
valR@r Liscl es fhaving anf 5 averafe parti¢le dianefer, for

Exanple, dreater than 10 nfand having a nonpdisperse

particle diameter | <t ibuf? ot® can|Petprodufleds®and|0.49
mategdahartidles can He suitaply used|in the f{elds of
usedhacers dtandard Jparticles, etc.,]for liqujd cryst

Masgi dpb ays, Jorganic 4O el ectrfol umi nesftence dev|ces,
rawt ouch pangls, and tlhe |I|ike. Furthef, accordjng to the
mat@gtihod fornl producing silicla partic|es, prov|ded by
uselin@opr esenty i nvent ilop,. -t he org i.] oxaph

synRRLLE Sl es{obtai ned |by the ab:gf\aéé}% 15%€h40d ar:gw‘7 376.7
of GaLgined lhnder speqi fic conditions,| whereby

particles

Total mass
{g) of
solutions
used in A 37%66.5 |37952.1 }|37979.9 37950.3 | 37985.4
step of
growing
articles

Particle

diameter of
seed R 4,305 4.305 4.305 4.305 4,305
particles

(pm)

Coefficient o 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.%6

CV value (%) 1.72 1.80 1.77 2.65 1.96

State Excel- Excel- Excel- *] *2
lent lent lent

Particle diameters and CV values other than those in
Comparative Example 1 are values of particles occupying 70 %
or more of volumes, obtained according to Coalter methed.

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. When ammonia was
added to terminate the reaction, gas bubbles were generated.
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having a suitable particle dianeter suitable as a

spacer for a liquid crystal display, standard

particles, etc., and having a highly nonodi sperse
particle dianmeter distribution can be produced by 20
sinpl e procedures for a short period of time7 Becegmber2006

Decenmber 2006 CLAIMS 1. A nethod for producing
In e particles, which conprises the

step (é? ofcfydrol zing and condensing a silicon

conpouftti €6 Wg"e%eFBP metdyaf fo ¥ | propucd g (OR2)

< | ' ich i 1-hydr ol bl
po£yBrseho e le Ba st g Han REOT 05 00 e S bBrbBesABE

inﬁént@th'ﬁHI&@r@ﬁﬁb@gl%ﬁéhQngfEQEEég(thfﬁg fgving
a 10 (neth)acryl oyl oxy group or epoxy group, a
avel kgrylpargrinipe havangtar,0 20r Cax AP 1@l Ofre e Al ¥han

group having 6 to 20 carbon atons or an ‘aral kyl group
10 hawi agd hawiRD zanbondatsgress dfpastaelal kid amgs pep
dih€¥lﬁg lto 6 ﬁgrbon atons and n is an integer of 1

Tl SOU5AGR SRR 182 t REP ARSI 12 30 Ar Bhpt pagit iekearean be

t . Of Sgs be identical to, or

su%%g?eﬁts‘% r[)&nr]P % eff.lgr%égvéjr SREHEF Soné FafP T Rat
pamthedl aspl e it yrof K tai

be i den?i cal to, or ggla%l?gfecnn?ﬁ%% dcjitg%g?l%%’ g/%%ﬁ?}é
elatterlunéne2dmnce hdeplesencaeqici sahalyst ad® £9&m

. .seed particles of polyorganosil oxane particles and
ll%%ereby obtaining a seed-particles-containing

solution,, and the step (B) of mxing said '
seed-par%?@?gs-a&ﬁﬁﬁi%éﬁ Eﬁlﬁpﬁoﬁﬂﬁhqﬂ 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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a particle-di aneter-grow ng aqueous sol ution 25
containing a silicon conpound of said general fornula
(1) or a hydrolyzate thereof, to grow said seed

particles, the nmethod conprising the step (A) of
obt ai ni ng the seed-particles-containi ng sol ufiRgeenper 2006

81 7 Decenber 2006 which, when said silicon conpound
is dissolved in an aqueoUBIMEBdium 0.7 to 6.5 nmass

1 ppm of_a basic catal yst is added _to said aqueous
- medi urft tB° tRA<e TOke PLOQRC BRI cBRBYPTH TP Shiergd e

pal GO RNt | PtilaEherd ST T ofBmIESLyzing
RCASEBRY 1 0O & W Mok ' f
o a0 aanoo] G ek EoRPORAP LGt PR 10

forfnulldhe(Det hod of claiml, wherein the basic catalyst
is ammonia. 3. The nethod of claiml1 or 2, wherein the
si i cdd 'goBpouh® Bf? )t he .general formula (1)-i¢1 15
met hyl t ri met hoxysi | ane_or  vinyltri met hoxysil ane. 4.
The mdtIfoE bR Bny BRéCH 18 & men-kBdzolvgmdrls noraep,

is RO RLRETORL RIS IS of §0 A ERT e chBomgp An
refe”draneter 3 89, vetaonso -
e R v R A A Rl SR A

(mefuhg diuet o PObygT Garnss | OXaBBoxRalGtriAlEes, adhhttenyl
comprises the step (A of hydrolyzing 25 and
grogpnd@isimg a $el i2dorcatnpouatonss,t leey gemel abrofupr nul a

hav&%@ gm£§;£0(g§%LJ%rLéA%s 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 5ther 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 sclution in
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wherein RL, which is a non-hydrolyzable group, is an
al kyl group having 1 to 20 carbon atons, an 82 7
Decenber 2006 al kyl group having 1 to 20 carbon atons
and having a (meth)acryl oyl oxy group or epoxy group,
an al kenyl group having 2 to 20 carbon atons? Rgcesber 2006

h#ﬁﬁuD having 6 to 20 carbon atons or an aral kyl group
W i nfRes Faggl Bl bheebncampesindol s sdagsallinad gimouan
[ .0 6 rbon atops _and n is ap integer of 1 to
adiy %gr]gl\r/l%gtéglm’t (I;Dg\'tpp\/\}ﬁ n%‘a pl&4 iRR}“o‘FPRas é%écpr esent,
cateflofs Of i R §addy j t Leal ifferent. fro
_ ot her o% every S?ﬁe%ggﬁe?&gﬁ§4%uﬁg%ﬁgﬁ §0m9ﬁ%ﬂ?{%pe
s i ldfcdiR2c ampo b dOres anide £36h pole 1GMAS, 4By HgdH$TV§£§“and
to, or different from other or every other one, In
condengreienceanid @ dadaigstatud sar mseeddpadr thedrasto of n
pol yorganosi | oxane particles and thereby obtaining a
an INGr PPERESACONt R i FgrBdngt ithe eRidt harstied g=B)
fm Xxj ai.d seed-particles-containing solution
forv}\[/lét(ﬁ Ofan%g??f%lgg% |Saﬁ€?’g?98r O\Rnongf%dﬁ%e%%édséleﬁldi on
par¢di@ i ng a silicon conpound of said general formula
(1) or a hydrolyzate thereof, to grow said seed

particles, 20 the nethod conprising the step (B) of
gr ow n the seed particles, in which the seed
2. parti5%@5mﬂthoﬂeaiucé@ﬁmnldimheredﬂ tdve ibmoLs| y or
ervals of A a constant time period and the

at _int
catFéé@ﬁidh?i%mFQPﬁ?nated when an intended particle

di aneter is reached. 26 6. The nethod of claimb5,

wherein the seed particles are neasured for dianeters

3. contiMueUslet¥¥d 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 averadge particle diameter of over 10 pm 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 (1),
R',Si (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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at intervals of a constant tinme period in a manner in
whi ch part of a reaction solution is sanpled and 83 7
Decenber 2006 brought into contact with a
protective-colloid-formng agent to forma Erotective
colloid on the particles in the reaction so

and then the neasurenent is nade by a Coalter nethod.
alkyl gnQEPNBENddIDf] cFaj AP5carben whiep®Enankde having a

artlcles are

|
md PR B LR (i % p PO €aroup, sanTAd Kb
f th
grifp %ﬁv?ﬂgl of +&J & g8 2,597 ato%i,rgloﬁrfu?r-gi]r IESMPai ni ng

particl e-di aneter-grow ng aqueou
hatt sé | teonocEpMsK DfoRshyer Qyz ereaf
ajggged at a rate of 0.01 ﬁ1s/ }r‘#n%trg ﬁ@lkg'ﬂ b%%uﬂ having
7 49 130 | ¢eebonf atanune BT iheasesdkpar tgrdes H5v1ng 1 to
containing solution, for obtaining the
6 C&ﬂ*&ﬁbﬁ g%ﬁ%@ﬁl gREn & pla‘-vtarel tptegemef Ui aoeBer pafowoiaed
any one of claims 5 to 8, 20

of
tha ere%% ?hBJe‘BEF)L?LdT%Q' ]ilo%(a“i‘]’éepBFﬁs@lnéé fe@@h| 9f R's
mayol%tea'lr}féjn{@Egtl tiar tdf'&??é‘gsg% orﬁlr v oii gr?o%g?qqa

coeffici ent vari ation ©
othiear qrrodughdgtpalty WHanosi %m&@@ql%fy R§¥ LhRE €3, Whi Ch

conprises the step (A of hydrolyzi'ng and condensing

pregest, c&ﬁﬁbonﬁo@ﬁdsohatyh@eget@@ﬁtlc&w md,adt), RL"S i

4-n (1) wherein RL, which is a non-hydrol yzabl e
dlf% t fgyom, other or every other one,
in the presence of a catalyst, to form seed particles
of polyorganosiloxane particles and thereby obtaining
a seed-particles-ceontaining solution, and the step (B)
of mixing said seed-particles-containing solution with
a2 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 the seed particles are
measured for diameters continuously or at intervals of

a8 constant time period and the reaction is terminated

when an intended particle diameter is reached.

6. The method of claim 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

83

[Beqeamber 2006



10

15

20

26

7 Decenber 2006 is an alkyl group having 1 to 20
carbon atons, an al kyl group having 1 to 20 carbon
atons and having a (neth)acryl oyl oxy group or epoxy
group, an al kenyl group having 2 to 20 carbon_at ons,
an aryl group 5 having 6 to 20 carbon atoms of Dggember 2006
ar a kyI roup having 7 to 20 carbon atons, R2 is an
bropght ‘Fl‘é’OFﬁ&tl wigth @ RrebaCAticrs embil pids farming

f.1t0.3 t .wh | [ it
oY, e Ao L AL AP LY 1
théi theacentod r@&lu@&?%d?%r nEVEL ¥n 1058t Iﬂl%r %?Q%gzt hat

when a plurality o are present, ésnay

madle bgemnt iqadlter méth@d‘ferent from ot her or every
other one, in the presence of a catalyst, to form seed

particles of polyorganosil oxane particles and thereby
obtalnlﬂg 15 a seed-particl es-containing solution,
-and thé tglﬁt(h@)doq nF%EAaB Saia¥ 6, wherein the

I h
pOfgS?gg?‘r Sd]‘(‘:L ?i?%gné%%\% h:a Solfg%‘lﬁgns\g: Ltl oﬁ cont ai ni ng
poayﬁethgq%ﬂm@ﬁ?%n%ag%ﬁﬂ@i formula (1) or a

hydr ol yzate thereo row sard Seed 20 particles,
the nethod conprising the step (B) of growing the
seed particles, in which an anionic surfactant is
- added Thet netioe -plarany| esecorft ailigs s6l woi an to
whé%ﬁ Eﬁ seed particles, the anionic surfactant having
BT T OHE T HAAISAATSTIRANIRG AENEGTas0 Tut 10n

€ eigfﬁbg%ﬁg!5%%25r2t§8ﬁp%ﬁﬂ é%é@éﬁﬁafquz%ﬁ%iding
theredfegyl adaeRi ot of ratR QR . 6P 71382 or less
per milliliter of volume of the seed-particles-
containing solution, for obtaining the
polyorganosiloxane particles having a diameter of over

10 pm.

g. The method of any one of claims 5 to 8,
wherein the polyorganosiloxane particles finally

obtained have a particle diameter of 1 to 30 pum 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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7 Decenber 2006 hydrolysis and condensation product

of the silicon conpound with a nol ecul ar wei ght of the

silicon conmpound, Y is a concentration (nass % of

the anionic 5 surfactant in the

particl e-di anet er-growi ng aqueous sol uti on, 7)Pgaesmber 2006
., mass (g)_ of the raw material to be used for synthesis
1s &M thek¥bedrpapt ib@ENa Al | §0a 20otcH TR sat ghsoef athe

| utions for .use O in the step (B) of grow ng seed

alkyar (9 RR, hRving, :Rférg%ecﬁﬁ inclag(gtﬂ‘%n% gr h@n‘ﬁglncﬁ a

t iCl nd._a_j fficient _Ln th
(e S TF PP heky s vud i JebBud Witnr FH pkariD
groufentiviide2aRioconic cHrsdRChABMsNa% M Fi:B ?@B‘tﬁ% of 15

to 40. 12. The method of claim 11, wherein the anionic
havdmd #ecttamt 2D scarhioghest@hgobel asuladnalikyesgebupataving

20 13. The method of c¢laim 12, wherein the higher

7ty cbhotaskeruptemsst & S tan sabbilusirgodedyd vinpf At &o

14. The method _qof any one of clainms 10 to 13, 25
® CRAGCH RTIHS ﬁBgstneplys( AR p*nFSfJﬁirng’%e]edt‘baSti Preyided
e Y r i i
Chat oAl R PREATIEY M ISR IO REINY, each o R's
maySpe! dri«aoni @adi B9, t A difLoPeaeMEIYM, SPlleihBr every

silicon conpound is caused to undergo hydrolysis an
othgg PrBecerher tR806 wheondenshtiraniitly tdee gresanse of

t he pol yorgangsi | gxane articles, to formthe seed
preﬁgpgpd%égh of OR“s may %e 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
expression (II),
Y=aX (aXX) / (AXR) = (I1)

wherein a is a theoretical value obtained by

dividing a molecular weight of a product that is a
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15. The nmethod of any one of clains 10 to 14, 5
wherei n the pol yorganosil oxane particles have an
average particle dianeter of over 10 m 16. A nethod
for producing silica particles, which conprises

prelimnarily calcining the 10 pol yor ganosi | é2erember 2006

articles obtained by the nethod recited in any one
hyc};foldr%&%sa_ﬂedt gomslensatienppraduat 2hathes shilghmn
t han the. erature ich is . lower _than. a,
COTEEL d@f%ﬁo S5 %FeWSngﬁeQﬁgﬁﬁ?cséiéﬁﬁn
con%gﬂhﬁﬁned therein by 150C and that is |ess than the 15
econposition tenperature of the organic group, and

then oalid na ngohbenkalanorganpshbexgne grarénél gaighithe
deconposition tenperature of the organic group or
surffiagheant 8¥n the particle-diameter-growing agqueocus
solution,
X 1s 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.

i1. The method of claim 10, wherein the anionic

surfactant has an HLB wvalue 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 c¢laim 12, wherein the higher

alcohol sulfuric ester salt is sodium dodecyl sulfate.

14. The method 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 hydrolysis 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.

16. 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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