1M e3eWWLd6T: 15 AUG 2002 1 SUSPENDI NG AGENT- CONTAI NI NG SLURRY. m&@qu
OF PRODUCI NG THE SAME, AND PROCESS FOR SUSPENSI ON POLYMERI ZATI 4 0frHe
SAME memmmmml NVENTI ON The present invention relates to a suspendi ng
agent | urry which not onlylhas such an excell ent suspendi ng
ability inggsspension polynerization that it enables the production of

vi nyl pol ynmer beads having a narrow bead size distribution, but also is
capable of retaining this ability over long and of exhibiting the sane

ability even when gﬁsﬁﬁﬁbeénggEﬁTuﬁéﬁg 108 SR P! @@k Nvent i on al so
ntly produ

relates to a nethod for efficie cing the suspendi ng

agent -contai ni ng sl Uy Ypressty@r N SBEE S4 Ak POANESRGE@ES O NFdR 0Cess i n whi ch
vi nyl pol yner beads having a narrow bead size distribution can be produced

efficiently by use SUSHHENS Eu6 DEOCHNER BLEIT 0N OUd BNG THE SSAME Y. BACKGROUND OF
THE | NVENTTI QN CGeneral |y enpl oyed suspendi ng agents for suspension

pol yneri zation are in the formof _a slurry conprising water and inorganic
suspendi ng agent particles. In nost of such suspending agents, the

i norgani ¢ suspendi ng agent [(BEIELE|GE PHNINVENTION - average particle

di aneter of about from2 to 3 ~xmand have a particle size distribution in
whi ch the particThedpaesert anveetibn-celakesi te 858uspendinfgeagentrum
particle size, is about from20 to 30 Vim 1 5 AUG 2002 2 However, the

i nor gani €oBtapahoonglugeHt wpachi spssondnt hirseduch ehosacsddpendi ng agent
slurries are apt to agg(egape into coarse particles with the | apse of tine.
Use of asuEBpBAdNagaRdeAtyYsinr FsPEREAPRHI RELlyBarieakignotbBakt &% of

i norgani ¢ suspendj ng agent particles in conducti uspensi on
polyneri?%?Pi spBb@sP58§P65P8H1PﬁaYngﬁoP9ﬁ¥WerBgB§§iﬁ@&lﬁg BoBREECHeads
or coagu] ates. .Thu he, convent j onal . suspendi n ents _are.l ess t to
et n UREPR BHER) ) SboLPOFONG, BYEneHAENLE CORURAE BRaFoLaipeRd: Hh gent
slurry i i i ani spepdi ng.agqge p icles.have not
aggloner%?ggkﬁg égga ?gﬁgoﬁagcﬁgsgggéhégéﬁgpg ?ngé%%a?ﬁéﬁf%thygnare

probl ens tsth oLy b LE te t a. .hea iLze
distribu?%%ﬁ,l%nga?hétHgﬁhag?gﬁsggggkgggéin&gglgﬁgggggaéggﬁggﬁgg glgkven
bead di apgigtekapgeal Rothba EBrae‘E@QHﬁi@ﬂtiyeggod@iBBetﬁéhgﬁsFéHQi 9n _
attenpt has been nmade to obtain a narrower”bead size“distribution b addi ng
vari ous é@éhﬁrbanta@ﬂiﬁgusQu§r§léﬁérﬁlQﬁsﬁéﬂbﬂﬂhf?blyﬁériBaEQbﬁﬁEr'Zaﬁlon
or by regulating the hydrogen 1on concentration of an aqueous di spersion
medi um aprobessnihi ahiahag@ngn pelyferi bahdenhati@ngver naysewobebliese

t echni ques poses a problemthat the suspending agent particles, especially
when havsihgeadsatkribpalbhctendbanptreducadeefififctenadgl bypenateoEnthecoar se
particles which apparently have a far larger dianeter than the primary
particl esuspendiénguspenti-ragnagéningwhéneby .t he

J BACKGROUND OF THE INVEN'f‘I.QN

Generaily employed suspending agents for suspension
polymerization are in the form of a slurry comprising water
and inorganic suspending agent particles. In most of such
suspending agents, the inorganic suspending agent particles
have a weight-average particle diameter of about from 2 to 3
pum and have a particle size distribution in which the

particle diameter at weight-cumulative 95%, from the minimum

particle size, is about from 20 to 30 um.
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1 5 AUG 2002 3 polyner beads finally obtained have an increased bead

dianeter. In general, it is preferred to finally obtain polyner b

havi ng a bead dianmeter around 1 mMmin high yield with a smaller 1552@@20&3 ng

agent anount. Attenpts are hence bei ng@ made to reduce the particle dianeter

of suspendi ng agent particles. For exanple, a technique of synthesizing a

speci fic inorganic suspendi ng agent and a techni que of grinding an

i norgani ¢ suspendi ng agent have been proposed (see JP-A-4309504). (The term

"JP-A" as used h ' aR$ 2N e ' |4 nt
fofed el altedinotdanat %%@Faﬂalﬁ%grﬁ%&dggsg

application.”) However, the former technique has "a speci a
raw mat etbak ali He@eGeSthbke MR PJeildify LYEHY Giir S LLARa g f od el ding

i norgani ¢ suspendi ng agent particles  having a reduced particle size.
However, ageiregBky lifto edueed RRRiti¢1@sShadn THot apHd igd antde). srdd . but
al so the heat generated by friction during grinding is apt to cause an v

i ncr ease offN as lsuispendi Higo Sigien tard uiris’ in tadglione 'dddrde eiggldsRandiayy agent
particles. Consequently, it is difficult with the latter technique to

obt ai n aofusperdiand cagaspehading] agethas ipaad ipdids dre abiralm®itdmg and t he
slurry obtai ned has poor handle ability due to its viscosity increase. To
m ti gat e suspealsdon- pedymerddaprion eosest lae pyobidmdhat a aedparedi ng agent
shoul d be perforned in an extrenely | ow suspendi ng agent concentrati on,
i.e., abobtaid®d a® SoAUSe2dE2ds oy woiaghtladesbel EhusAl tiheugh this
technique is effective in mtigating the problens concerning the generation
of heat EcRNVEBatigsadnEuSsHeagddmy Sgenty aF@ tiessviaRtodia yatdmeddweidaused by
t hermal aggl oneration, industrial use thereof is still disadvantageous
because PRA4&X¥cRVETt AO@RGment using this technique requires nuch time due
to the low grinding efficiency thereof . SUMVARY OF THE | NVENTI ON The

pr esent inventioﬁvgasw E8n 2, CRNYEREIRAY SNSEPNEHL % BERL Y ELU T e d r obl ens

of conventi.onal .techni ques. An object of the present. inyentigon.is to

orovi de ANEGERERE AGCEIERLS: SHERERIG SR WA TS GRS AR such an
excel l en I il i [ I rizatyi . i1 enabl es
the. prodfSoioREaR ey I Ssiins® BOMREER. e tpHIB Sy s,

di stri but.i I IS, <C I f Ml i ial ng and
of "exhi biTL RS fhe Sxoplsh HRAY THS) peylel Baddl Bt o o,

Anot her ghjyech ®kohlepraasS@llze BMSHAiPMtiDn,0 Ot & nMRitieshdtorto
efficiently producing the suspendi ng agent-containing slurry. Still another
obj ect ot:btthenpﬁeﬁgmeri Beadsi (hlavii&?lg( Q RiYenddeads dEpeRIIN RRligaTer i zat i on
process in which vinyl polyner beads having a narrow bead size distribution
can be efrkbsailest iy pr eddoeedbyiede .of t he suspendi ng agent cont ai ni ng
slurry. As a result of intensive studies nade by the present inventors in
order to elimnabe the ptbblrehmndgsani bedealphvbas been MdGe2@O2 obtiatinhas
been found that a slurry containing fine particles of an inorganic

suspendi Agnagerwedi Hpeds ed 2@ i stthrd baitd opf by didsiians yiRr ieas &8 ldbecdld ent
suspending ability and is capable of retaining this ability over |Iong. The
present PRvEAURENShEd SPEES 18ohMefddm{oed UsR tii PHIYRRTHFALHIR Hreddnt

inventiogeghﬁgEQ%% %h%“%@%@%b%% %%%h%oncentration of an aqueous
dispersion medium at the initial stage of polymerization.
However, use of these techniques poses a problem that the
suspending agent particles, especially when having a small
particle diameter, are apt to agglomerate into coarse

particles which apparently have a far larger diameter than

the primary particles of the suspending agent, whereby the



containing slurry conprising a particulate inorganic suspendi ng ag?ﬁt, 2
di spersant, and an aqueous nedi um said inorganic suspendi ng agent AU$ @Za
particle size distribution in which the particle dianmeter at

wei ght cunul ative 95~, fromthe mninum particle size, is 1 ~mor smaller.
The present invention further provides a nmethod of producing the suspending
agent -containing slurry which conprises pulverizing a particul ate inorganic
suspendi ng agent in an aqueous nmediumin the presence of a dispersant to
such a_d?gg eihﬁéaéélﬂih&@l%aﬁbﬁa§Hé@eHQVQ9aﬁ9§ﬂ&r69§E§ beahave a particle
size distribution in which the particle dianeter at weight-cunul ati ve 95%
fromthedpamepam particle size, is 1 ~mor smaller. _ The present invention
furthernore provides a process for suspension polynerization which

conpri ses suspenkn oggxodyarky i ¥t ns apyée fiyrradnooef inal ip ahtebospoabghem
containing an initiator, a suspending agent, and an anionic surfactant,
sai d suspeads ngawiegtabkeag dhemstiepl ardubg Usimgibhkighboyédédcwibbda
suspendi ng agent-containing slurry in an anmount of 15 AUG 2002 6 from
0.01 to d0apbetrsshyperidihy agentsahddnbasi Attempesnsref heheeaheing of the
particul ate inorgani c suspendi ng agent contained therein per 100 parts by
wei ght ahadai tonpeduee phespattiolehdismepensobnspspgndingaagentsystem
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The suspendi ng agent - cont ai ni ng
slurry oparhkcheesent invention conprises a particulate inorganic
suspendi ng agent, a di spersant and an aqueous medi um  Exanpl es of the

i nor gani ¢ suspentPREIYBAIC T A ERENIHILPOHr BERERET hyLhgi BnsPaet fille

al um num hydroxide, ferri¢c hydroxjde, ,titanium hydroxide, the phosphates,
Gaf bonat LRSTGRALE 1 SbeRd ERTLATER nth P nE ST IRt SUROhaPF ERPAAGAS) | ght | y
wat er - so I nQr ] onpoun such_a I N d.-Qentonite. O

t hese, p%%g%ﬁ%%%g gﬁ%hggélngic%?%Fuﬁgﬁﬁoéﬁégtér?§§§%%x§5§§ag?fgfgénd

magnes! U abaphospRALeLare PIELETT £ whBaPAELLEH! feana ganDl nation of a

phosphate, e.g., trical crum phosphate roxy apatite) or nmagnesi um

yr 0phOSPiALLan 26 BuBIL ONLE SubiACLENbatbhehabbLlcheidaseyibed later is

preferred, because a system contal ning IS co nation 1s Capabl e of

yi el di nogupRbyaB!] BREUEcPRNT NBe@hn BYhE CHEBS Ya NakifMaERAENELZE Hhekiabuti on.

The particul ate i norgani c suspendi ng agent should have a particle size

di stributawnmabeprbathishgepassagye drREELEELEE VELBALgGUNUEatapeb9e% from

the m ninmum particle size (hereinafter often referred to as d95), is 1 ~m

or snmal lef, ypebdingbiyoBghnim stuspandieg. agedt SpdSGi2DOE havindead9s

t hereof exceeds 1 Vim this poses a problemthat the polynmer beads obtai ned

by suspensdueregopynbiciat $bne havdowehevnadnbeadniy zehdi sedubeaedi on. The

particul ate i norgani c suspendi ng agent has a wei ght-average particle

di anet erpagihiehei siz@ iﬁd@&tt%ugéi@i%mblﬂiam@lbr,b@t piepcthdl edt4 ~m or

smal ler, nore preferably 0.3 ~mor smaller, This is because such fine

suspendi $gPa%eEed pay t f el ebiont AR §9 eFabreingel HorPheEObealSe obR ai ned by

suspensi pn neri zation to, have, a narro%gbead si ze distributiog, but al so
o} ni

ol .

are advaht& %%%% I FHATTR SHeFPSLbpuaRd ofNeRBe ot 9P LOPEFRE 1 ABr Ghni ¢
suspendi Rt IS fficient for obtainin mer, beads. having, t he
dos red DLRBPETkAE afEnt L B el Phan BT ARRRE Y N EhetE S PEYH L, T eas
one ”EnﬁﬁigﬁekﬁétEQ¥€éP”£é9ﬁn QUPLGOBSESIA NS QfsBOnd NG 9RGL AL haPERGaNt . a
pol ymeri ¢ di spersant and a surfactant.

a desired particle diameter, and the slurry obtained has poor

handleability due to its viscosity increase.

To mitigate the above-described problems, the

grinding of a suspending agent should be performed in an

extremely low suspending agent concentration, i.e., about 10%



Exanpl es of the inorganic dispersant include alkali netal or annnniqq?Emfbﬁ
of linear condensed phosphoric acids, e.g., pyrophosphoric acid, 1
tripol yphosphoric acid, and tetrapol yphosphoric acid, or of cyclic
condensed phosphoric acids, e.g., trirfetaphosphoric acid,

t et ramet aphosphori c acid, pentanetaphosphoric acid, hexanetaphosphoric
aci d, and oct anet aphosphoric acid. Exanples of the polyneric dispersant

i ncl ude polyneric dispersants containing a hydroxyl group, an am do group,
a carboxyy @eDgRt GrSbéiewgr onptRéughpbnsehesendique, is &8rAUEi¢R02LS Or an
al kali metal or ammoniumsalt of a carboxyl, sulfo or phosphono group,

whi ch armit bpaeseqt e byrsbléns sahterningotyisegenetaasbyl be Beareihacrylic
acid or of copolynmers of acrylic or nethacrylic acid with an al kyl acrylate
or an alkyé smspendihatageptl yharyyaandethpolrystoylitgl cabokhseandusedi um

ol i gostyrenesul fonate. Exanples of the surfactant include surfactants
cont ai nilmg théyna bxgggbovepat aonamodugtoipl aseathexgbfgieuptidlsul fo
group or a phosphono group, or an alkali netal or ammobniumsalt of a

car boxyldisadvanbagenes pherauge olprgandcal aekregpuestir faénantbiswhi ch are
represented by sodi um al kyl phosphonates, sodiumsalts of aromatic sulfonic
aci d/ f oreeshmigeedeedai vas meeh ubime kgreutpaths, 196l gskpdingl ene

al kyl phenyl ethers, lauryltrinmethylamoniumchloride, and diethanol am de
of fattyeé%¥@%em%Yth%e§%%%ending agent-containing slurry of the present

invention, the dispersant is present in an amunt of preferably from0.01
to 10 parts by weight, nnréHgﬁﬂﬁﬁugﬂa$H§4ﬁﬂ¥ﬁﬂngﬂ5 parts by wei ght, per

100 parts by weight of the iporganjc suspe dihg ent. If the anmount of the
di spersant 1s {GHSRATECRT TRVERTIPR (A4S { BoRA| ALRFRVER BBV EFTyObT ¢ he

suspendi agent-cont ai ni ng sl ur over Long. ©On th her .hand, too |arge
amounts Vrereararasagt o Betb ion? off ertRarthnbe Lo e Bhigiers of8 1or e
during s i y. i i tiRpg, LN (o] s or
congul at SSVERE LOF, B VIELEAL! PvehCRih) b B0+ b pEaRLAE ROHERENGEALS o

medi um copdRE DEEN A1 ARG SHERERYI PRi8RCALLCONT 3 RhBYsaLH bY 8kcEheeREeSENt

i nventioninclude water and alcohol such as nethyl al cohol, ethyl alcohol
and propyhspés@hey - aESPEEV L hYsREpERETI6A pblihesezhtivat ehatThe solid
concentration (i.e., the concentration of the particulate inorganic
suspendi eagalaDent $he nptbdustuspendf ngingenpoloneai beadsshaviygos hherpwesent
i nvention can be regulated to a desired value in a wide range up to a high
val ue, fleadxaipéedisttiloutboge bt padser abl gapabieOob5rebabfingytieeght ,
nore preferably from20 to 40% by weight. Too |ow solid concentrations are
i ndust riabilitysevenntieneoandi of t éxhibitingi thei samef abiléhyyevene., the
amount of suspending agent particles produced per unit time with a

pul veri Z&ten | kt thas sa high prodcentvat deser i Pratharepbiigctodfaklienuch tine

is necessary for_ obtaining a suspending agent_ having a _desired_particle
size, angFefeRttheventhepots at? obranidet dragehef £AE effifyeREdYcostly and

require much | abor.. Too high solid copcentrations se a prqbl that the
sugpendi?ifékﬁﬁﬁgsF%?r?u%Bg%?h%@ AN HRCPRER LASRY €$855¥rfyggﬁggkence poor
handlE%ﬁgﬁééﬁér object of the present invention is to provide a

suspension polymerization process in which vinyl polymer
beads having a narrow bead size distribution can be
efficiently produced by use of the suspending agent-
containing slurry.

As a result of intensive studies made by the present

inventors in order to eliminate the problems described above,



"One nethod for preparing the suspendi ng agentcontaining slurry of thé& AUG2002
present invention conprises pulverizing a particul ate inorganic suspendi ng
agent in an aqueous nmediumin the presence of a dispersant to such a 15
AUG 2002 10 degree that the suspendi n® agent comes to have a d95 of 1 ~m or
smal l er. The particul ate inorgani c suspendi ng agent and the di spersant for
use in this nmethod are respectively the sane as those descri bed

her ei nabove. The anount of the dispersant present in the slurry is

pref erabliy ha@mHaedl ot thdfd & By weiyklon tlinE iy &f gfaardomd.Je to 5
parts by weight, per 100 parts by weight of the particulate inorganic
suspendi ag d@@Hganlifc e pameldtly @lgdnite dissRseantwiith e HR] lof Pt only
pul verization efficiency is low, nmaking it difficult to conplete

pul veri zdliispRerisant $a@ lant igxcldidnad suishana ioly abl 1d tSuspeRNdinGagHte W th
a desired particle dianmeter, but also the suspending agent slurry prepared
t ends toofavetadnimer edded abiddasi ioweand opepr  Thed lpeasdrntt inventa aresul t,
the concentration of the particulate inorganic suspendi ng agent in the
slurry obeasi heensachi¢vedcdssad lon Ehiseduioedngso t hat the advant ages

br ought about by a high concentration in the suspendi ng agent-contai ni ng
slurry cannot beThiet presentTdovieatdenaprontisieshear sofs pang imgdegendsi e in
that during the suspension polynerization which will be described |ater,

t he nor nelondiad pdinge @ larae compr hiimg anmasrrdiculaten inQrasms i sper si on

medi um cannot be mai ntained, so that polynmer beads having a too | arge bead
di anet er SHSPPAiNGe @AY, iBn LERETENds, BPGhGN R/GUGPUSc JRKE Wr iSfdd he

pol ymeri zati on reaction. For pulverizing a particulate ,inorganic suspendi ng
agent, vaPREIENGS FESPENEdNGr a&@"t"athiaﬂg‘%@pﬁalpé‘tr&c&@y HEE 1 5 AUG 2002 11
used, sugh as., i,gh- shear .agitator, an uyltrasonic pulveri,zes, a hamer
crusher gr’r&% l%é’gil%ﬁ’} adt twi‘ﬁc%g tﬁﬁ |par%+é:§{§ é@&g\'ezfﬁ}}s) Ay’ HENsed al one or

i n conbi I’éat iu %tof et\gg)%or n%rmetthhereof.. In taq_q__.%r esent ei nv.esnti on, the
particle e %and Sdi'stri g&tl o 6f & h rgaﬂ‘i cl pgrlﬁ ¢l &€ it ML sod:spendi ng
agent-cog@gi Rig3g slurry are determ ned before and after pulverization by
diluting .% g of the slurry with 100 g of deionized water to regul ate the

concentration t h%_%ofpr@@_@nitm@ieﬁk%ﬁ tEherpabt e ANalek? ianthelth®adideut ed
slurry with a particle size distribution analyzer based on the dynam c

| i ght - sc@irioaiidig gTehieo GusifemeMely adyeTdon taliinGhoC enhairedhaear se
particles, such as over 6 Vim that was not able to determ ne the particle

Si ze by esmpyidysapud vierdhtingcat partiguiattdeod notgeerid isudpamakingoout 6 un),
the particle size and distribution of the sanple were determ ned by neans
of a | asegeditf fimaan equeppes pediunl drsithe gnEsgnee (Ofe s Wiisppnsange twas
from0.5 ~-mto 1.7 mm). And these sanples were diluted in deionized water
to a consustr at degrgieorhad. 63 iky ingrgianic isaspensliyge @ aentt IgeMess do
diffraction type particle size analyzer with stirring. The suspension
pol yner i PaveoR pesddsd eofirzRe disdgdbutiiopedny ol SPFAed& i ng an
aqueous nedi um cont ai ni.ng a . L. )

diameter at weight-cumulative 95%, from the minimum particle

size, is 1 um or smaller.

The present invention furthermore provides a process
for suspension polymerization which comprises suspension-
polymerizing a vinyl monomer in an aqueous medium containing
an initiator, a suspending agent, and an anionic surfactant,
said suspending agent being one supplied by using the above-

described suspending agent-containing slurry in an amount of



vinyl nononer, an initiator, an anionic surfactant and the suspendi h§ AUG 2002
agent-containing slurry of the present invention 15 ~4Ui 2002 12 and
heating the systemw th stirring to polynerize the nononer. Exanples of the
vinyl nononer for use in the suspensidn polynerization process of the
present invention include vinylaromati c conpounds such as styrene,

anet hyl styrene, vinyltoluene, p-nethylstyrene, p-ethylstyrene, sodium
styrenesul fonate, and chlorostyrene. Such vinylaromatic conpounds nay be
used in ¢oBRl 620h0RA"0N AT KG VieBYh tCRAPAURHT o Hiei AN eindC ik

met hyl acrylate, ethyl acCrylate; propyl acrylate, butyl acrylate, and

2et hyl hexyk agbyhat f %ﬁbhﬁﬁ&ihbﬁlﬁtﬁyhn%%@ﬁﬂ&@d§us din@ERey! 1 c acid,
nmet hyl nethacryl ate, ethyl "i hethacrylate, propyl netha crylate but yl

met hacr ytaheaiaed %hé&b!hhgéf|IWBtPan£|@&eweﬁbﬁ&sbfn%h&@ Richemiely ona
vinyl conpounds, e.g., acrylonitri di vi nyl benzene, ethyl ene gl ycol

di met hacpykskeat hnt atieesaspana iosopodpmerdrd tdbhesysakimaus vi nyl conpounds
i ncl udi ng gl yci dyl acrylate and glycidyl nethacrylate. Exanples of the
initiator for use i nDEFAISES SICRI PAGIONMOFT Za8F INVENGIENs of the present

i nvention include nononer - soluble initiators such as azo conpounds, e.g.,
azobi si sobut yr onThei sespeundéng hgén&pepokada;ngl6&H¥t¥p@iokh@epr389u¢yl

per oxy- 2- et hyl hexanoate, t-butyl peroxybenzoate,

|, 1-di -t ibueptpenogprpriselsyacparbicndnse Bonrgpnigesuspgadingoaognt,
peroxylsopropyl carbonate, t-butyl peroxy-2-ethylhexyl nonocarbonate, and

| aur oyl peddgpassans an@5aAugq2@92s1aegen@ra| the initiator is used in an
amount of preferably fromQ.01 to 3 parts by weight per 100 parts by wei ght
of the total anDEHPmBﬂeﬁlﬁfnﬁhSnéPoFﬁﬁﬁéﬁuééaPeP l?ﬁea§8§§eﬁ§FoHse in
polynerlzgtlon of resent invention, the suig ndi n nt gont ai ni ng
slurry ofBfhPESFRY nﬂP ANt ons dgc HdﬁnaAHﬂﬁﬁPmo aéﬁéﬁ FV PFEHFO 01 to 10

parts by wei ght SO|Id bases

"o er nondRePReaghn SR ol Y EERR 8 o e %%Psgﬁgéesus erEeRg sTent per
100 partggayswﬁkg@gsotft@gégeuane@aasggﬁg | BobBa3ySRENSL N A9k KFa 2at on

system rious electrol s cafl urin nMeri zartl on

aCCOfd'nQaE@rLQ%lQBQ%e@hok@&ﬁ@%‘96 eﬁnthSQE5p9§etaﬁcreqaba&hngaaart'C'e
size or distribufion, inhiBiting pofymer deposition w thin the'reactor, or

InhlbltlB@ntbﬁliernabmoehegeanpaaubﬁbtb@dsa@hyagrtrI&al@h@ﬁﬁbabﬁb@%t@re
subst ances whi ch, when di ssol ved i n wat er, dissociate into ions. Exanples

t her eof «nghudﬁylagagameq aalt maguebiam by&bpuasphhaéldee padifemred .ori de,
magnesi um chl ori de, potassium chloride, calciumchloride, alum num

chl ori deInapawticmlelrl, ori dembdoditionsolff at ehospyaeesi, um.gul,f &trd capotiasmsi um
sul fate, alum num sul fate, ammoni um sul fate, sodiumnitrate, nagnesi um

ni tr at e, PheeRbstem( hydrary, apattdtem et magaesivni pyroahbsphade ,magdesi um
carbonat e, potassium carbonate, cal cium carbonate, ammoni um carbonat e,

sodi um h@Br BRiEB1CHEYRESEEANSy Wheghdwildabei dreRydaPeLi datezndSpot assi um
hydr oxi de; and wat er-sol ubl e 15 A!G?U~r. 14 alkali netal carboxyl ates
such as 96F£§§Fﬁﬁvaéspapée 808V EHERCEPALEINIBEI thi§cFRDANEt198diEm

benzoat e di um succi.nat e es succi nat e tassi.um succi nat e,

i Sod; unFaRAPLEeS nﬁ{éﬁggﬁﬂﬂn 5oTRAEE: biRRo: SUiith BRaPSCEETENT DALEPH, a o
nagne5|uggghtg§t8 4@ hﬁgt%ﬁSIUHICItrate These el ectrol ytes are added in
the formo er, graﬁ &0y aqueous solution at the beginning of or

during p0|yner'Z@LéOBart1culate inorganic suspending agent should

have a particle size distribution in which the particle
diameter at weight-cumulative 95%, from the minimum particle
size (hereinafter often referred to as d95), is 1 pm or

smaller, preferably 0.5 um or smaller.



The amount of the electrolyte added to the aqueous nmediumis preferq%hMmzmz
from0.001 to 5.0 parts by weight per 100 parts by weight of the aqueous
medium Surfactants, e.g., a sodium a-ol efinsul fonate, sodium

dodecyl benzenesul fonate, and a sodi um?(al kyl di phenyl et her)di sul fonat e,
various reactive surfactants, and the like nmay be preferably used in the
suspensi on polynerization process of the present invention for the purpose
of regulating the interfacial tension between the vinyl nononer and the

aqueous nedi um E3pepicaliloy RhRQUE @ HEdRCANNS, %}ﬁsﬂ'ﬂéﬁﬂsc as%xfcﬁﬂté}ﬁ‘ts
such as al kali netal al kyl sufonates having 8 to 20 carbon atons, because

these sunfagt aMes pyI§mRir @elddee ditasindd Yoidli SSeH Sib B IRIe A 2P £415

during suspension polymerization. The amount thereof is preferably from

0.0001' thavd 2 padadl eateisghie pEIstI®byrdrds. by wei ght of the aqueous
medium In the suspension polynerization process of the present invention,
a chai n-transf er Thgeparsichlateaindrganic Euspdndi®RY adernreneaptan, e.g.,
dodecyl nercaptan, a-nethylstyrene dinmer, or the Iike nay be added as a

nol ecul awedghgia veggentpar ttic lteh el ipalgtresr | zdtiian ireeaot iiomdesystem i f desired
and necessary. This chain-transfer agent is preferably used in an anount of
usual | y feathigle diemetssrt 9hpnefepablier0 Monupan snad et ginoxs all
mononer to be polynerized. If desired and necessary, a plasticizer such as
a pht hal irredezablye & 3 W et Enagdiietal at®hisoris begausedurhestiare an
organi ¢ conpound such as tol uene, xylene, or cyclohexane; or the |ike may
be added SUSPSREling Baatz RATH Glefc M st @nghile Hdes RPemghbeads

o YTer 23 0B 9598, O A PSSR, LS o TS USRIl ON ot s
91 B OO0 AR £ PO, DR R L GRS A 0 2PN 1S
2 eoent \BUSIL O 94 BESURRa LS o A0Sy BT oS,
al i phat i ¢ I acad gLy, og;t%-i’ni eqo&glﬁ/énﬁ}i %&qﬁiﬁ}héﬁ tta}{la‘?édéEJPféH ane,

i sopent ane, neobut ane an exan ocar bons, e.g., cycl obutane
and cycl eReRt femdi@dl,ogenat ed hydrocarbons, e.g., nmethyl chloride and
di chl or of | uor onet hane; and chem cal bl owi ng agents generating carbon

di oxi de, nitrogemrhea@iBpedsant! ROntak@edliesand @uuidyadentar Muadie used

al one or in conbination of two or nore thereof. The blow ng agent is fed

1 5 AUG 2012 mkmbestald e dteds fdorart hidgisdug dndilee ipnd yoerareadsrgdrel dled
have a bl owi ng agent content of about from1l to 20~ by weight. A nucleating
agent sucl sgexstant e relpicdgtrearianridies perstant emebias stuwedfaartiadd; . an

et hyl ene-vinyl acetate copolyner resin, or the |like may be added bef orehand
to the vinyl nondwamples @fe the gnedgandg sicpersgatddmcd yss ke ldeads.
Furt her, various additives generally used in the productiagon of expandable

pol yner Bddd /Ay aFEMMiWTh A tid fd L imedp| condsm saet IPhefRaRAs a5idude a
conduct | B8BTS SRASHLC A UAP RN A &0l At or - 11 i s
2l 50 hossihle i Tntetariien g off O ot SMALLIBIISL O 2
acids, e.g., trimetaphosphoric acid, tetrametaphosphoric
acid, pentametaphosphoric acid, hexametaphosphoric acid, and
octametaphosphoric acid.
Examples of the polymeric dispersant include

polymeric dispersants containing a hydroxyl group, an amido

group, a carboxyl group, a sulfo group or a phosphono group,



For adding a nononmer to an aqueous nedium use nmay be nmade of a met hb8 AUG 2002
whi ch the nononer is fed into a reactor at a tinme beforehand or a nethod in
whi ch pol yneri zation is conducted while gradually adding the nonomer. The
feed amount of the vinyl nmononer is udually from5 to 150 parts by wei ght
per 100 parts by weight of the aqueous nedium although it is suitably

regul ated_according to the desired bead diameter of the polymer beads to be
produced, etc. In a representative enbodi nent of the suspension

p0|yner'éﬁthﬁ“a@ﬁﬁ@&dhaﬂalookhSmﬂbﬁiﬁﬁtshm%eBElana%Boﬁ NQNis@ 136l hact ant,
an initiator, a vinyl nononer, and other optional ingre ients are added to

an aqueOpﬁoaprﬂ61 Qahplnwngchharausép@dsagtageby-@@ahamnbagtgl@Ery
produced bef or ehan and 15 AUG 2002 17 oxygen is renoved fromthe

react i onpsygiens bel hewylgcwbircheshapegdienapaly ber bfatbpd lymegenaduct ed
with stirring at a given tenperature for a given tinme period. The present

i nvent i oacwylLlicberempkthanegllhel awidnwitheadebdklylbgcrgllatenoe ta Exanpl es
and Conparative Exanples, but the invention should not be construed as

bei ng |i ailkgdl mbthetoylEXalPpElyatPyépaideiopodfy (Busyédndilaghol), and

Agent - Containing Slurry) In 1,500 g of deionized water was dissolved 10 ¢
of sod|uﬁodnupopipgogpMaeaesm&épeabemas added 500 g of powdery trical ci um
phosphat e (manufactured by Tai hei Chemical Industrial Co., Ltd., Japan).
Thi's mxture wasExpmRies aftkha swafastapttAnFhydai FRrEARAnESt ured by

Kot obuki ., Ltd Japan) with circulation for 15 _m nutes. The
d95 and ﬁepgﬁ#nQOSrGgBYEﬁpﬁyélSrBPEmePQra@FdPhgrBHPVePlEéH bexwlicl es were

determined with a rticle size analyz of the dynamic |ight-scat erlng
Lype (mﬂEPHEtuFeGBE§°@§8RB BEnnPhRSRIORS A FARRFY ARG 8 8 RBdTanEES 0 4t

~m and 0.19 V' res lid conce tratio the slurry,
a0 OO L REL L B, b SR CRgE 35. Br: BloaBhaBPagsougy saad Wi th
a St'rreétﬁEket Er8§%239t§8t"t%ﬁicﬁfaQS'g@ggSQeW?Eﬁrb goalﬁk the

suspendi ng agent FCoRtai nrng Sstdarfy-prepare ove (suspendrng agent content

on a sol LgyxhaghsspHbhAgeBY! ¥BR I LAALLIEs BflarBhatic sulfonic

acid/formalin condensates, sodium alkylsulfates,
polyoxyethylene alkylphenyl ethers, lauryltrimethylammonium
chloride, and diethanol amide of fatty acid.

In the suspending agent-containing slurry of the
present invention, the dispersant is present in an amount of
preferably from 0.01 to 10 parts by weight, more preferably
from 0.1 to 5 parts by weight, per 100 parts by weight of the
inorganic suspending agent. If the amount of the dispersant
is too small, it is difficult to maintain the ability of the
suspending agent-containing slurry over long. On the other
hand, too large amounts thereof are apt to pose a problem
that unstable droplets are formed during suspension
polymerization, resulting in coarse polymer beads or

coagulates of polymer beads.



15 AUG 2002 18 weight), and 0.8 g of sodiun1dodecy|benzenesulfonate.15AUGmm
Thereto was then added, with stirring, a solution prepared by dissolving 45

g of t-butyl peroxy-2-ethyl hexanoate, 27 g of

1, 1-bi s(t-butyl peroxy)-3,3,5-trimethyPcycl ohexane, and 270 g of cycl ohexane

as a plasticizes into 18 kg of styrene nononer. After the resulting m xture

was stirred at roomtenperature for 30 mnutes, it was heated to 90C over a

period of 1 hour. The mixture was then heated from 90C to 100C over a

period of 5.5 hopgsmpisEi 8¢ %bcgﬁﬁegubgmgﬁlﬁh\t 2BAtWaRcaddqd that o the
autocl ave at 4 hours after the arrival at C. The reaction m xture was

further Qegbeﬂdiﬁanhé@ﬁ@-hen%anlageg1@r&9rqut%b proskou Snvang ibhen

mai ntai ned at thiS ténperature for "anothef 2 hours. Subsequently, the

reacti onj AtxhyeewdBercanted 1£0hbQ0BULATRS aletthe:l au@o&oaqlb&mglbead_slurry
was taken out with stirring. After hydrochloric acid was added to dissol ve

the suspandbnglagaat propglpallyahblheagspedinl lyaprefariredd oforhidze head
size distribution of the polynmer beads with a particle size analyzer of the
| aser diwhtaetion type (manufactured by SYMPATEC, Germany). The pol yner
beads thus produced had a wei ght-average bead di aneter of 1.06 nmm and the
bead size distriBoei saliflecentehbdabionnglieepeakheThioncknddasiiva of
distribution had a dispersion index as defined by the follow ng equation of
0. 53, shbméngarhacuﬂntebeaarganeCdﬁytspendmngna@@sttr)armowhe suspenddng002 19
Di spersion index = (d85 - d15)/d50 (1) In equation (1), d85, dl15, and d50
are the BEABLAFARERERINONALUEEYt RE BHPnPFORKEte ITNENFdRR FRandCer
melghtcunulatlon fromthe nlnlnun1bead dlanEter reaches 85~ % and 50~

respect | ¥8Fylaged; ke Po?ﬁ?lﬁéﬁgﬁﬁ UeheTt &r &|§6€9§i8ﬁ itRdéx N8 ei n neans

the d f di def d. b b t I
bead i uPPYifas R ihéég&ﬁgﬁlaéﬁbﬁeaﬁa&hg BeREErRRgL 0T BL-8% B pantiabl o

PO  RE¥EkPREREETRATE 2 zsrgﬁz&fﬁ%m%gaﬁae@% W etiies dve o
(manuf act ur ed by ?8@ EEQFEtEXHEQ?tEE?lEBQa??@) Héﬁs%rlgiﬂ t, the polyner

beads were expand ensi e pre-exp nded pol ymer

bond WeassBIbLRChBE:HD TH Sha8 AU spdchgcmatich a1

size of smeaﬁéesfbsagﬁeﬁaén@ahgéhecba&xlbne%p@e@a@&@a YRY Qblidi Reshe
with a pulverizer, in the slurry production described later
is low and much time is necessary for obtaining a suspending
agent having a desired particle size, and that the
transportation and storage of the slurry are costly and
require much labor. Too high solid concentrations pose a
problem that the suspending agent slurry obtained has an
increased viscosity and hence poor handleability.

One method for preparing the suspending agent-

containing slurry of the present invention comprises

pulverizing a particulate inorganic suspending agent in an

aqueous medium in the presence of a dispersant to such a



On the other hand, the suspending agent-containing slurry obtaine@sqgﬁgm¥
t hrough pul veri zation of a suspendi ng agent was allowed to stand at or
2 weeks. The suspendi ng agent particles after the standing had a d95 of
0.49 um and a wei ght -average particleldiameter of 0.21 Vim This suspending
agent-containing slurry was used to conduct polynerization in the sane
manner as the above. The pol yner beads obtained by this suspension

pol ymeri zati on had a 15 AuG 2002 20 wei ght-average bead dianmeter of 1.10
mnm and a, S} di-gkr LAA i Wit [ pegak e dhusRenrs 9n, index

t her eof 3g§§g?5$§g§h§§%nggg S?B%ﬁg Eggﬁgs?gggﬁiS?rPﬁﬁgiSnH3255§a?r %. Thus,
t he suspgpdispgi1agent -containing slurry showed extrenely little change in
suspending ability with the lapse of time . EXAMPLE 2 Trical ci um phosphate
was pul verized l@héhﬁaﬁﬁﬂ@uﬂ&ﬂéeinaﬁghﬁiéxaﬁggénéingxa Bhtt hal eRdi um
hexanet aphosphat e was used as a di spersant. e d95 and wei ght - aver age
parti cl eddspaetantofokhaspulivethiedmeunpandiragragpattpeeliyCkas wame 0. 44 ~m
and 0.18 Vim respectively. Polynerization was then carried out in the sane
manner aasi thGzaenpksctibedchpretihabotvbe sThpeaslbngtagénthentaspergasiurry
prepared above was used (suspending agent content on a solid basis during
pol ynmer i paesent fnlthbyshergit is Phefpoabigr fbemdf . 0bt &Dndl parthi by
suspensi on pol ynmeri zati on had a wei ght-average bead dianmeter of 1.06 nm and
a bead sveidghtstmpbat pvaferehly £ragl 8. petiR. SThRartpshyr wedahktnderrt her eof
was 0.55, showing that the bead size distribution was narrow. Subsequently,
t he suspéf@i Rragehy- ¥ehghtnPhgtBeupaytbpudpkedinpsganisr sugrepdineri zati on
of a suspending agent was allowed to stand at 40C for 2 weeks. The
suspendiﬁ@eaﬁentlgan?cP@guaFt@f the digparfgnkadsataossepld, 4m0tm and a
wei ght - average particle dianmeter of 0.19 Vim Thjs suspending 1 ~ AUG
200Z 21 aﬁiXtPEgﬁ?ﬁFﬁ?ﬁgoglg%ﬁicﬁﬁgcﬁséﬁ %BWcoﬁEﬁéngbEyﬂé?f%SP#BntPn t he
sane manner as,the above. The pol yner. beads, obtai ned.b his s ension

ol yrer | SOPPORE R LV RbT ARF L a0e Y8 PRARCAELNE BPEGPd 408 Fih AHEBARbBad
size disLr] j i L pgl h | Sj i X {her was

0. 57, snoarBahiEle " ahinE 3he; 8 B8R Lred EaF L TBTEhREnbEEE Y hUE EPke

suspendi a aRanhal pi s s t N ange in
SUspendi oae BT PES e g bR Y PP BB Y s b, e sphat e

was pul vepbzedska bmscéame¥naﬂae§oé§ h&n&xagBieidy.exg8Ph +B8h18,Jthe
pol y(sodi um acryl ate) solution having a: content of 40~ (trade nane,

Nopcospeesfcoabrilop6n bEnthedpadepanlavesiiéedanscasabfenBifht agegtage
particle dianmeter of suspending agent particles were 0.45 umrespectively.
of an agilrotkenshutryeeptabnedl shddl nandsasriledbbyrddspedsand. thhe d95
the pul verized and 0.19 um

the advantages brought about by a high concentration in the
suspending agent-containing slurry cannot be obtained. Too

large amounts thereof are undesirable in that during the
suspension polymerization which will be described later, the
normal dispersed state of a vinyl monomer in an aqueous
dispersion medium cannot be maintained, so that polymer beads
having a too large bead diameter are yielded and, in some

cases, coagulation occurs during the polymerization reaction.

For pulverizing a particulate inorganic suspending

agent, various pulverizing or agitating apparatus may be



Pol ymeri zation was then carried out in the same manner as in Exanplqgmuﬁpm
except that the suspending agentcontaining slurry prepared above was use
(suspendi ng agent content on a solid basis during polynerization, 0.1~ by
wei ght). The pol yner beads obtained by*this suspension polynerization had a
wei ght - aver age bead di aneter of 1.08 nm and a bead size distribution with a
singl e peak. The di spersion index thereof was 0.56, show ng that the bead
size distribution was narrow. 1 5 AUK 2002 22 Subsequently, the

suspendi ept,~foptaLnkLRgLs s Al ahav ul veri zation of
a suspeng?ﬁggaggﬁ§ agshab?%&egﬂF%¥s?QggaSPQAO%Qfgg%%%%E%ESP The suspendi ng
agent paphgkeszakleh hAfmekapduBlchadnd d9meali ul-4Git@ARd Mill.

wei ght - average particle dianmeter of 0.20 um This suspendi ng

agent - cophakei Agpakbtuy way veedskd @BALCOrPAhY Fmbiakitadn bt R¢osyre
manner as the above. The pol yner beads obtai ned by this suspension

pol yneri mareoshbadod .wei ght - aver age bead dianeter of 1.10 nm and a bead
size distribution with a single peak. The di spersion index thereof was
0.57, show ng thah the pradestzéndestivbyt tbe pastihaleowiz€&hasd t he
suspendi ng agent-containing slurry showed extrenely little change in
suspendi dgsabiibutyoni i fhoel aporgenici partixidreL Eng aTisusplenidimaphosphat e
was pul verized in the sane manner as in Exanple 1, except that 10 g of an
aqueous 8ggat-eophadphvgdaséussyueirendrieirngngd befiore gndneifies content of
50~ (trade_nane, Hydropal ate 884; manufactured by Henkel KGaA) was used as
a di sper BHAVerigatdon gﬁddwépghpgaQeBage0§a¢bﬁcﬁ ugrnwidh 300 ge of

pul veri zed suspendi ng agent particles were 0.44 umand 0.18 Vim
respecti9€F9P1P8ﬁyW€ngaFPoﬁeﬁﬁéaﬁﬁeﬁhEanﬂé&HGG?tﬂﬁntﬁ§e§§ﬁg RBfner as in

Exanpl e 1, t that th ding. t.gi ni | d ab
wha Used TRERAERALNG LAGEAIERRI SRR BRI A0s AP B U anERG Th AP oA sat | on,
0.1~ by weight). The pglymer, beads obtained by _thi ion, 15 BUG
2002 25 BOFYREHE, AtEonOhAAEAPRER G SROAYAGE BESRSuDHET S, SYPali6s mm and a

bead si ze.distLi Lo[_ Wi i ngl e peak. The di spersion index thereof was
0. 55, shgﬁghg %hg?kkﬁgnﬁgégtgf§é di stribution was narrow. Subsequently, the

suspendi ng agent i-ni RQ y i h kgation of
a suspendi ng ageﬁ§9§g§ké|ﬁoa§ﬁ5?% gﬁ?%g gﬁﬂzggg%grEgéaggkga§$%§ﬁ§§épending

agent paghisl 88 abker st A, StaRdi Rshadtaadie @b Get42rmimandhe
wei ght - average particle dianeter of 0.19 Vim This suspending

agent - cophaitiicle shaer pywasidgedyhaméendightpelytterialg methad eppare
manner as the above. The pol yner beads obtai ned by this suspension

pol yneri 2amicnwhadabowti §humyyethege paetd cdieasdizer and #1168 nibwaridna dfead
size distribution with a single peak. The dispersion index thereof was
0.56, shthengampade whzebdetiezmivedi byr meanisowinas laserowi ffmast iome
suspendi ng agent-containing slurry showed extrenely little change in
suspendi RYPEbPRILYCIEt RiERe2NaRpYESS (MeAsUrERAVPERgS was from 0.5 um

to 1.7 mm). And these samples were diluted in deionized
water, to a concentration about 0.05% by weight, then
analyzed by the laser diffraction type particle size analyzer
with stirring.

The suspension polymerization process of the present
invention comprises preparing an aqueous medium containing a
vinyl monomer, an initiator, an anionic surfactant and the

suspending agent-containing slurry of the present invention



Trical ci um phosphate was pul verized in the sane manner as in Exanplg:ﬁészwz
except that 10 g of a powdery sodiumsalt of (i-naphthal enesulfonic
acid/formalin condensate (trade nane, Denol N, nanufactured by Kao Corp.,
Japan) was used as a dispersant. The #85 and wei ght - average particle

di aneter of the pulverized suspendi ng agent particles were 0.46 ~m and 0. 19
Vim respectively. ~ 5 auc zoo2 24 Polynerization was then carried out in
the sane manner as in Exanple 1, except that the suspendi ng agentcontaini ng

slurry p%ﬁHaB%QtQHQV%h@a§¥%%%% (1¢aPeRdiig ndoel PRt AN tdesol i d basis
during po 0.1~

yneri zation, by wei ght). The “pol ynmer "beads obtained by this
suspensi genpakyeri zati on had a wei ght -average bead di aneter of 1.08 nm and
a bead size distribution with a single peak. The di spersion index thereof
was 0.57, showi ngxbhpleshefbend sizagldmehbmbet for Wae nar k@w. Subsequently,
t he suspendi ng agent-containing slurry obtained above through pul verization
of a suspeaspengiagepblyaerdlzheded proseasd oft theCpiresehtWdeiventiivn
suspendi ng agent particles after the standing had a d95 of 0.47 um-and a
wei ght - atecidgdepainydlaeotiadiet eompbufdsd svicim athist yiesyegndi-ng
agent-containing slurry was used to conduct polynerization in the sane
manner agethylstyrenetheipyllpeduepeadp-vietdiylsdyirenehi p-atdyydisdivaene,

pol ynmeri zati on had a wei ght -average bead dianeter of 1.09 nm and a bead

si ze di sePdBuM stywengsyliongite pead chilergissyaesicon iS¥EEx t hereof was
0.57, showi ng that the bead size distribution was narrow. Thus, the
suspendi NgN¥G8FEMREACCRMPSUaAS MAYs henwdiF et dife FOMPINALLcR WHddge in
suspendin% agLIi%y wi.th the | gpse of tinme. EXAMPLE 6 Int ngO-Iit r

aut ocl avBCEdiEpEdnil FoTPeEPARer Snre PRIFSISCEG To. SRR AFENIR ed

wat er and, 55 of .trisodi um phosphate dodecahydrate. .The contents were
heat ed e;iqu%gr 66§e25pFBP§gC?C§§@§§ Ue%PI a PESY, a&@’aa§% "~ aqueous
cal cium chl oride solution,was _added dropw se theret ith stirring over a
peri od oPtégl eﬁgﬁegfr ﬁachemF%gﬁFfﬂﬁdan%Pyﬁecﬁgg%Pﬁ@ﬁ’s%rﬁféd at 90C for
1 hour. After WS M XL L e oQl t at.ure Q@r f the
slurry pﬁggﬁgg 9%35 P?ﬁ#érggﬁﬁgﬁngggﬁﬁéggﬁg%%%n%gﬁspa%#%%ain H%ggﬂlurry. As
a result 1c Lh3hbeR Wa%thauRdthache13+5 ahe AW ngAdexyl
meight-aggﬁgge g%???cﬁgﬁggaﬁepe}&gf %he fr?éalcVuﬁlgﬁospha?g vVidlded were
13. 48 ~Makfatr3Iatd; ceoRAENKENY pI¥Rseauenahy vihd18 dethpfunidae sl urry
obt ai ned was concentrated by ultrafiltration to 2 kg
(i nor ganiecgusperaylgnageil e odieihylbea zedlkl, d dthyilene? giyky lnei ght ) .
Therein was di ssol ved 40 g of an aqueous organi c- phosphonate sol ution
havi ng adiaetheexyiliatei,pbatadieast, ahdSA$opireansts maude otiedr ypalisue 884;
manuf actured by Henkel Kgaa) as a dispersant. This mxture was treated with
a nedi unvagylacengomnds tngdyddoguody ciyykoasrydiatengndg oNvgideda, Ltd.)
with circulation_for 15 m nutes. The d95 and wei ght-average particle
di amet er MetthagEydateeri zed particles were 0.50 ~m and 0.20 um
respectively. _ Polﬁnﬁrizatiog was .carried out in the sanme nanner. as in
Exanpl e 1, excepEXfRREefheistlferdihdatgEnfololts AtnghE GHSPeRSEPEr ed
above was #sed Lnﬁ&n ampunt of 8% % Sus end%n% gggnt contegﬁ on a solid
basi s duPCISTSEIYAETCoalroRo50. DT B onERGRe)T THESPoTSTor "EaH8€ obt ai ned by
this suspenshed BohYHRY 3319003 308 Ut S3Ler AR, o1 4UC 2002 26

azobisisobutyronitrile, cumene hydroperoxide, dicumyl

peroxide, t-butyl peroxy-2-ethylhexanoate, t-butyl

peroxybenzoate, 1,l-di-t-butylperoxy-2-methylcyclohexane,

benzoyl peroxide, t-butyl peroxyisopropyl carbonate, t-butyl

peroxy-2-ethylhexyl monocarbonate, and lauroyl peroxide. In



di ameter of 1.15 nmmand a bead size distribution with a single peakl5TAUS 2007
di spersion index thereof was 0.57, showing that the bead size distribution
was narrow. Subsequently, the suspendi ng agent-containing slurry obtained
above through pul verization of a susp®ddi ng agent was al lowed to stand at
40C for 2 weeks. The suspendi ng agent particles after the standing had a
d95 of 0.51 ~mand a wei ght-average particle dianmeter of 0.21 Vim This
suspendi ng agent-containing slurry was used to conduct polynerization in
the sanegepBRraNn ,ashbhenake¥eorThe RAGkUNEH aaaQﬁo%h%ab&e%r@xe&%baysUSpenSIon
pol yneri zati on had a wei ght-average bead dianeter of 1.1I8 nmand-a bead
size di sErbRUDLON Wot B gagkagbg reakhtTherdiopepaire’d bRdeeigher eef ti@s
0.58, showi ng that the bead size distribution was narrow. Thus, the
suspendi sgtageamoannt afnedd sbubmgrshaveddaxedenely little change in
suspending ability with the |lapse of time. EXAMPLE 7 Into a 50-liter

aut ocl ave equi pp&d whéehsaspeneien peigmentiretiiondo?27tkeg ptkedenani zed wat er
and 500 g of sodium pyrophosphate. Subsequently, 2 kg of a 50 wt~ aqueous
magnesi uimyghtaoea,sthet suspeadiaddededtopante infageisd uwiryh ot ithilisng over a
period of 30 m nutes, and the resulting mxture was then stirred at room

t enper at URE¥ension hsupsepain anh eneustupfygpredaddy waom 0.0dr 4@ 18 neasure
the concentration in the slurry. As a result, the concentration was found
to be 1.Bartshbydusighl wergherabdvadeopalt 08| &0 1-pars-Hy2062 9t dicanet er
of the nagneiLgnbgérophos hate yi el ded were 22.75 ~m and ,?.21 Vim
respect i 2ePQLli8uBeEEGeAt ForPE. PIk§hEr ampEng Qfr FhEpPAF G MMAS concent r at ed

by ultrafiltration to 2 i nor gani csu ndi_ng- agent cont ent a solid
basi s, | S6nOBGRRAPoRRSPeRAZREI ASRAE BPEsdPlea REsgyr vaaRtuB5u R0l y( Sodi um
acryl ate i i.ng_an,act.ive-pri.nci pl t. .of ~ rade nane,
Nopcospe%gggﬁgk;ngggﬁgcgﬂrgggb%uggﬁ ﬁ&ﬁ@oBEﬁXﬁgg&%ggégg g&?ﬁe#ﬁant. Thi s
m xture was trea -t h i i i ] ( Jf ac ed by Kot obuk
Eng. & M. Co. VEFiBhE eRRlECLIREad, Lah BY HhtealHREhACKHERO DY

wei ght - a kgheadi : iz N 0.38 ~m
1l Oh' eI gRerRaatishealearaiy ob Lhe pUbughizefvBRELE epriehe 0. 30
manner agukpob¥aBR! eedu18X$RBt phibelcibBessyepepdungtagpntieant aining slurry
prepared above was uséd in an anount of 50 g (suspending agent content on a
solid baghRiBiting pelyweki aapbeitiBnORikliiveiabt reatlt®rpobyner beads
obt ai ned by this suspension polynerization had a wei ght-average bead

di anet er inhiBi89¥ngnthadfarhaadoai € dnskmubstifordwpblymesi.ngl e peak. The

di spersion index thereof was 0.57, showi ng that the bead size distribution
was narrow. Subs@heeelegtrohgteaspeadsnhshgeaescwhiahni nhesl dispodisedi ned
above through pulverization of a suspending agent was allowed to stand at
40C for 2nuweeksr,THéssaspefei Agtagéanspar Exampdesf thereré dngAddag had a
do95 of 0,46 ~mand a 15 AUG 2002 28 wei ht-averagé partigle di.anet er of
0.,20 Vin%n?ﬁﬂénéﬁsEéﬁﬁﬁnﬁuﬁﬁeﬁﬁ-&6ﬁPéPﬂiﬁglgFﬁﬁPy diymeghigridRduct

pol ymerization.in t sa manner. as the.above. The pol yner beads obtai ned
by his CAUBSRLPECBEPSHErr SRPFBR=REE AORBFGHE abBiagum, BRIk Aiet or of
1.05 mm a i istri [.oNn W .a._Si ngl eak . di sper si on

i ndex th%?gg?nﬁgsgaiéé?dghokﬁhgﬂﬁﬁgtcﬁgégﬁggd ggggu%igﬁgFéEEVon was narr ow.
Thus, th i t- LBai.ng S t little change
n suspenaPnoBEhn P EdER, PRERPETLATPLEREY < dRMEBR, ST RES . ' ot

”Hgne$iUEhRMﬁQQH0§QE§E%e§|HBHXuRrﬁ@%&ﬁ@eﬁ”mhaﬁe§éﬁﬁ pRRRgkeds in Exanmple 7
was di ssolved 2.5 g of an aqueous poly(sodium acrylate) solution having an

aCtlVepLBBﬁh@b?uﬁOHEEBEt@ﬁ #a%ciunadetprane, boRsamPersBofd€e, manuf act ured
by San pco Limted) as a dispersant. This m xture was treated with a

nmedi um agagabbngmnthkbonaaef apbuhed iy KarbbukiceFngal1&ilhgcaEBonaked.) Wi th
circulation for 5 mnutes. The d95 and wei ght-average particle dianeter of
t he pul vemnzedususpehdhagegagedtipar hivdresider, em8gi8simmahgdtoaldei, m
respectively. Polynerization was then carried out in the sane manner as in
Exanpl e ¢alexumphythakitdhe sudppntrrgiagehiydonkaderi;ngnsl wrtgrpeepabéd above
was used in an anmount of 667 g (suspending agent content on a solid basis
during polynerization, 0.05 by weight). The pol yner beads thus obtained had
a wei ght -average bead dianeter as |arge as 1.40 15 ~4Ub 20D2



15 AUG UL

29 mm but the bead size distribution thereof had a single peak. The
di spersion index thereof was 0.57, showing that the bead size distribution
was narrow. On the other hand, the suspending agent-containing slurry
obt ai ned above through pul verizagion of a suspending agent was allowed to
stand at 40C for 2 weeks. The suspending agent particles after the standing
had a d95 of 0.91 ~m and a wei ght-average particle dianeter of 0.53 Vim
Thi s suspendi ng agent-containing slurry was used in 28 agpahtmof 667 ¢
(suspendi ng agent content on a soI i d gsda%sdu“" ﬁ&eﬁfi‘l yireri zation, 0.05 by
wei ght) to conduct r&ﬁ rtlesata he sanme manner t he above The
pol yﬁ ea,‘cg;alhdﬂs'jL ined had a we (c1F o0} ﬁé/aelreagéhbgeoadL Iameter of 1.44 mm

S larger than_ ihe-aeeghtc age bead di anet gﬁagé t he pol yner beads
producgga%t hso®&98 2Pendi ng agent iy go%t—,ew@uﬁ\%@?lzatlon However, the
bead®§FZe di stributi OI}_“B\ guacsnﬁ §Pe pedk. The di spewloqallalwex t her eof was

e

0. 58, Mot ,t RO ad SI ze d| ar ebutdmt\ﬁé?lnar row. Thus, the
susp ing agent-cont aigy owed extrenelé/si\mtdﬂcltﬁﬁ"a%ge in
susp l@blbeQ]yaW’t h 't Iapse ? Li nend ARPtR

Cont e art| cl edi %rret ﬁg@ﬁesntmdﬁf nor gani csusgengb{;}garangtét‘gb?péndl ng

agent ggantim citrate the form

duri ngof Fi ne |ayTeide- pé‘ldf'f?er & sper-i norograralﬁﬂuig/erl St or aged95aver ag
enat i opthassd Qf%t&?gﬁtlclesas ning of

nat i oncondl tions(u ﬁ.uaﬁ)( ‘% in exSod| unmExanpl elTrical ci untri pol y-
Conduct,gda@quﬁsﬁ 11 060. 53phosphat ephosphat e40C x 2 cous

weeks0. 490. 210. (Jg : 180. 57Sodi unExarrpI e2" hexamegg to the aqu

"-0.44 exd: 55phosphatt&kE 190 11.08 tS&@garrpl e3"A*1
"-0.45 . 190. 11,38%%8 eksO 460 200. %]q 4"B* 2
"-0.440.180. 11 55 040C M‘é ko0l 469. %.9 1. 080. 56Exarrp| e5"C*3

"-0.460.190. 11, %Sgréféﬁéﬂdzf eksO0. 470. 190 agcuggo 57Exanpl e6" B
"-0. S00m2ed 1 150. 5740C x 2 aqueous ™ te, sodium
weeksO 510. 210,11 béﬁ ¢§S| unExarrpIq%g{ ocﬁef;msulfona !
" 0. 380. 1040 BB0 09 57phos'£h% %OCaxszJ §6.7460. 200. 051 0. 59Exanpl e8" A
"-0.900.510. 051. eks0. 910. (33\91“0 glmbd%h queous

pol y(sodi um acryl ate) sol gtl gehaandgaaﬁ I've-principl e gantaet : 1gke

401 > 2: Aque%@? glb@amenesﬁé onate sol ution havirta caaT t'| Je-principle

cont ent ofR° b Sodi um sal tq)‘ ﬂousamm enesul f oni caci zgyﬁmjn ncondensat e
-. ncN % NaisuE st Y1005 31 CC]VPARA% BB e d95 and

wei ght - av@ Yage partl cle ﬂ aungé@rlmftlt?lia um phosphﬁé goWef € measur ed

wi t hout pu% epbzpre 872314 were found o’ abeockb2rre vy 86 Vim

respecti ve ¥ Pol ymeék\zag) L2/3 V&S indPP é out in the rgevrmjyrler“"&g’ml n

Exanpl e 1p g of this 3%9'\ Va2t il e ca cium phos‘%{hat Has
used. The *pol yner b(gaéi’eet ofrciide ad a wei gh Janmeter of
1. 02 mm angegu batdn$i istributio thanlyi PEFE® peak However t he

o gﬁ# that th dssiﬁ@éaﬁ?ét ri bution

di spersi on i ndex thergg{l s\Waed um9,
was consi dghdbltytebPBE COMPARATI VE ngélthELZ“‘?ﬁé 85 and wei ayer age
particle dianeter of LaramrscisyC Iurrledtrlc @iﬁmﬁg‘e(trade
nane, T.C. RiGiomgndfact ured by Talxggﬂ\ Ctmna:‘a?e ustrl al C%‘ d.) were
measured w t hout pgl,ygrmzaca were found { ? aeopbets LHa® 2. 86 Vi I m
respecti vel yavPeByreri zati on vva§ gé&gedgoﬂ}t’n he sane mann % c@srbbly
Exanpl e 1, excep(t§ ffeatint sitePdNplrveri zed sl urrieq tehieaglo |&r°h§ osphat e

(i norgani cs&f ng- agent conten(t A a /S i2FPasi s, 10~ b%/%\wdgm;)gma§
used in an anount foI{lO@blgW{ 7bendl ng agent lenIOQ)r'Qaaf basi s
during pol yn%‘??%artl on, 0.2~ bg ﬁgtggtby WWe O@é beads thus obtai ned had
a wei ght - aver agﬁogegdodl aede 0.98 mMm and a bead Si ze di stri bution with
a single pea wever, the dispersion index thereof was O. £ the~ AUG
2002 32 show ddee“t%‘a“dmm ze distributiaqna m&mmﬁcﬁgr abI y br oad On
t he ot her ha tahe slurried {d &ag;mmrﬁq}%‘bep ate descri berd ome alaey !
allowed to stand at 40C ¥8f v&eeks After the o5t ageinhg® the d95 and

wei ght - average particle di am;keraof:hahe '%E%pendl ng agent particles had
increased to %Z_.egenm anye3’y respectively, due to aggl onmerati on.

Pol yneri zatiofi was carried out in the sane manner as in Exanple 1, except
that this slurried tricalcium phosphate was used in an anmount of 400 g
(suspendi ng agent content on a solid basis during polynerization, 0.2~ by
wei ght). The resulting polyner beads had a wei ght-average bead di aneter of
1.03 mm which was | arger than the wei ght-average bead di aneter of the

pol ynmer beads produced with the slurried trical cium phosphate prior to the
standl ng. AIthough the bead size distri but| on thereof had a 5| ng‘re peak,

Y o ~ NS 1 o -



COVPARATI VE EXAMPLE 3 Tri cal ci um phosphate was pul verized in the Séh%AUGNM
manner as in Exanple 1, except that a dispersant was not added for the

pul veri zation. The d95 and wei ght-average particle dianeter of the

pul veri zed suspendi ng agent particlesl®ere 3.15 ~mand 1.13 um
respectively. 15 AUG 2p02 33 Pol ynerization was then carried out in the
sanme manner as in Exanple 1, except that the suspendi ng agentcontaini ng
slurry thus prepared was used in an amount of 80 g (suspendi ng agent
content pBraapehhd EQ?L§ QBHbE?lpﬁb¥EﬁﬁhéﬁE'aﬂmth}Ingr@%bgﬁﬁherTh%r?

pol ymer beads t hus obfained had a wei ght-average bead diameter of 1.27 nm

and a beafeslikedialy’ bBUbdaBdWaEhaamsll Behe aRe i gheVeegil athe oSReeSi on

i ndex thereof was 0.64, showi ng that the bead size distribution was broad.
On the opbeymbendatiba seapendhngysgent igoakairedgasiuneyreglhdyled above

t hrough pul veri zati on of a suspending agent was allowed to stand at 40C for
2 weeks. TAi kechtha-strandifeg, agbatd?s phdfeehbly- agedaga par amohs tdiodnet er
of the suspending agent particles had increased to 4.76 umand 1.64 um
respectiuehgllguérbm 8g@lloter 3t pemtsPblyywenighat pem W8S paritisetbyout in the
same manner as the above, except that this suspendi ng agent-contai ning
slurry waeigbtdofnadn menaomeroto8begpodympendedg agent content on a solid
basi s during polynerization, 0.1~ by weight). The resulting pol yner beads
had a wei ght - avelfigdepdadddandeneresstatygoanplaghichzaiissnghgaf ehan the
wei ght - aver age bead di aneter of the pol ymer beads produced with the
suspendi RBtBaAc F§§?raf?e9-puﬂV@FFYgtP thalptRougk Bhéahéydasiide
distribution thereof had a single peak, the dispersion_index thereof was

0. 73, shSﬁFﬁﬁitﬁat°Fﬂén58a8°§P88n8i§PthGFiBH Hgaebeég&ﬁnﬁvogﬁer. 1 5 AUG
2002 34 Thus,.the slurry deteriorated, considerably.in suspending.ability.
COvPARATIUELERARBRE 40 F) £BE) LR BrEspRaraoids 2 ey POURRERT ARG BY
manner as_i c Leag.a_di . N0 5 @ nut es
at for - 2°8RsERR B8 en, Thy 88b, BakpURb tnlos SRELT kI o brbBEesR o 1 CF

di anet er gk @QFSBHEVFBVEﬁ@i§H§pe”di”9 agent particles were 7.83 ~m and 2. 47
um respectively. Polynerization was then carried out in the sanme manner as

in Exanple 1, eX@ﬁQtsﬁgaénghsnsgépgﬁékﬂgaEQSHt598&ésgl89 ghir pyebBHe ,
prepared was used in an anount of 80 g (suspendi ng agent content on a solid
basi s dujh@enp@bymeahzaki 8pp1ed~tBY aWBir8Bbss FBe pebMiefingeads thus
obt ai ned had a wei ght-average bead di aneter as large as 1. 70 mm Al though

t he beadespaaddbser pblymer bbadsofinhaHiahsphrgbespeakblbhéndi agensi as i ndex
t hereof was 0.76, show ng that the bead size distribution was broad.
Subsequeatiigd theisgspendifhgragbet suepbashongpslymeyiebtabnedcabadé nghr ough
pul veri zation of a suspending agent was allowed to stand at 40C for 2
weeks. Atpethehpreseandi Agvenkéonosoahnpreoghteatbragéopangi apengi amécer of
t he suspendi ng agent particles had increased to 18.24 ~mand 5.32 Vim
respectiPéﬂymeéugeﬁésaggE&ﬁ@?&?ﬁoﬁf bbeyRéPWiagI BACRHAs 1BSARAED out in the
sanme manner as the_abgve, except that this_susgendhng agen - cont ai ni ng
slurry wBBY84€81i R1gH1RAoAAENGF sughsad) p&lpBAd1SsNEBrgCRLIAOBENIENY ragent
content on a_sali durin olég?rization 1 weight). As a

d_pasi 0.1~ b
‘esul t, EB3BORSrI BitBeRlPr ed o TRUBSEIARY LEOPSAtATRES

neobutane and hexane, alicyclic hydrocarbons, e.g.,
cyclobutane and cyclopentane, halogenated hydrocarbons, e.g.,
methyl chloride and dichlorofluoromethane; and chemical
blowing agents generating carbon dioxide, nitrogen, ammonia
or the like. These blowing agents may be used alone or in

combination of two or more thereof. The blowing agent is fed



Magnesi um pyrophosphate was pul verized in the sane manner as in Ex1a5rrépgmﬂz,
except not using a dispersant, not for 15 mnutes but for a shorter period
of 2 mnutes. The d95 and wei ght -average particle dianmeter of the

pul veri zed suspendi ng agent particleslfere 7.55 ~mand 2.73 Vim
respectively. Polynerization was then carried out in the same manner as in
Exanpl e 1, except that the suspending agentcontaining slurry thus prepared
was used in an amount of 667 g (suspending agent content on a solid basis
during p 51 j : i l;m %&%‘s m!isq tyai.ned had
a wei ght iyaé&e%?&géqgie%mo{?aa?rgta@b\gg ?éaﬂra)gte t-g{slﬁlé? mm t OL?th t égpb}gda si ze
di st ributd ¢ dieIEHgtd cortiditl P eout Nerdh sParsi 2% I RfY iier e0fa wWas
0.78, show ng that t%e bead size distribution was broad. "Subsequently, the
suspendi R ARHITRP Hnt hdH WY et masd shaue-dlirqigh pul veri zation of
a suspendi ng agent was allowed to stand at 40C for 2 weeks. After the

st andi ng melt/hey 16 AR B xgin i-day e raag & g Idrid 67 iyl cd t e tdbsgRAndi ng
agent particles had increased to 12.57 ~m and 4.82 um respectively, due to
aggl oner atesdm, Bl e ildid aaywdse Galded befidrdhandieccsariee naimer as t he
above, except that this 1 5 AUG 2002 36 suspendi ng agent - cont ai ni ng
slurry waengged ifforamsendmtprsfd@tihgy swahs psapdnda kblge mo lgomeheasds a sol i d
basi s during polynerization, 0.05 by weight). As a result, coagul ation
occurred. COVPARERryheEXAVRIE ogisl mdeEt iyesf gensnally oisted rigd the t he sane
manner as in Exanple 7 was dissolved 2.5 g of an aqueous pol y(sodi um

acryl at epprogiugtion ief iexpandadvie \Rplpmaﬁgmaéi%mme dfuidmb iy ragdfechane,
Nopcosperse 44C, manufactured by San Nopco Linmited) as a dispersant. This
sol ut i on Bxa@rdiad &fd Sustho adip tdgips igglude and lome et ngdantouls Sekdae t o

ten-m nute pul verization treatnent, while the other was bi ected to

5mi nut e et isé’ﬁleﬁgéaettﬂerﬁn. aﬂ%ﬁ%’ﬁaﬁ%%ré‘ t Mi&¥%nt 1y mi xed
wei gt - adBPegdine Aa g PR HAS SO A s €O 2
particl e%.sw%rl%ozi‘? 2B O ik Y muh{gfeszp%]%ecjf’eediyenfmé'. rization was then
carried out n tHe sane manner as in exanpl € 1, except that the suspending

agent-co s P I r A i unt of 667 g
(suspendiri)trll%fa@&e@lﬁnescfyrlt{aeérﬁ rE)loifl ag S§| I \ggsa(fts S%}éngrh%g?%rfrgri zation, 0.05 by
weight). The pol yiRr RAMY bhudniad R 4t glhietRis) Medi el , 23R PaRE, Heaanet er
of 1.21 mm which was slightly large. Although the bead size distribution

t hereof haded of RO tIRAK, in R il RES inhdnideXd & Ry aintmsa Gdiktashow ng
that the bead size distribution was considerably broad. 37 1 5 At)G Zz0z
Subsequenrtt y tilne defpartang agerd neattal nimgeisilalr o Ighieat ineck iabovies t hr ough
pul veri zation of a suspending agent was allowed to stand at 40C for 2
weeks. Afcoadudieds vwdridiengradva 1d9s aaidd ngeitdie morsmege pdihe deeddi anet er  of
the suspending agent particles were 2.13 ~mand 0.32 Vim respectively.

Pol yner i ziatqw% Weds tdhe Misy lomonanathd ss atfiadihdirams & He difdy darba i t hat
t hi s suspendi ng agentcontaining slurry was used in an anount of 667 g

( suspend¥g e MeTc Il mars® P oaightaals the iagqisy mad izt on, 0.05 by
ot gt L 2P DERHEAT iR (R At S SIALTE (U RS R o se
0. 83, shoity {EaEYer . 2 SR Sesldy o B AR At br oad. | The
Cont et Por £1 01 oci Egt SE5 SRV bR R i dnen= ok G hg

agent agéolymerization according to_the present invention, an anionic
duri ngof Fi neWei ght - pol yneri - pol yner Di sper-i nor gani cPul veri - St oraged95aver ag

ezat i onbeadFaicBMN: P 1i¢]i8SHItSRe ¥ARfiny]l monomer, and other optional
zationconditions(u.m (u.m (u.m (u. mindexConparativeTrical cium

Omi tt ed- 3hgieddhtdl 4320 afieriy @nl phAsiad efdliial aldiM&ining the
"-25.42.860. 20. 980. 82Exanpl e 240C x 2 weeks27.82.970. 21. 030. 83

o0Conpar atuspendi ngordietitedch thSh i3 . s A0 ik agd ee¥dieha’l, and

Weeks4. 761. 640. 11. 390. 73Conpar ative"- "-7.832.470.11. 700. 76Exanpl e 440C x 2
“weeks18. 245. 320. 1Coagul at ed- Magnesi unConpar at i vepyr o- -

"-7.S52.730.051. 520. 78Exanpl e 5phosphat e40C x 2

weeks12. 574. 820. 05Coagul at ed- Conpar ative"A*1 "-2.050. 310. 05/ . 210. 81Exanpl e
640C x 2 weeksZ. 130. 320. 051. 320. 83*1: Aqueous pol y(sodi um acryl ate) sol ution
havi ng an active-principle content of 40Z .nr- VNOV



1 5 AUG 200 39 The suspendi ng agent-containing slurry of the presenL U
i nvention not only has such an excellent suspending ability in susp ﬁé\gﬂmz
pol ynmeri zation that it enables the production of vinyl polymer beads having
a narrow bead size distribution, but aVso is capable of retaining this
ability over long and of exhibiting the same ability even when it has a
hi gh concentration. This suspendi ng agent-containing slurry can be
efficiently obtained according to the present invention. By use of this
suspendi R yy@Nti-sC HHRIvEd & rIntithe  reaBt i | syfent,e adsL IAMIME whidd r ow
bead size di'stribution can be produced efficiently. Wile the invention has
been desgushramsitbnd@iciyneaiGaritch rief idirted sEat f9wianediaent s
thereof, it will be apparent to one skilled in the art that various changes
and nodi gisain armpeaatredda aheyisien wWinloyerde@arting fromthe spirit and
scope thereof. 15 AUG 2002 40 WHAT IS CLAIMED IS: 1. A suspending

agent - cont ai ni ng Thieu pre semtp inviend i@np aritlilc tea texpliad ngain ibe 1ows dendicie
agent, a dispersant and an aqueous nedi um said inorganic suspendi ng agent
havi ng adedmatiilc by giefenginster itlou tHx@mp e swiainch Gompaparttiivel Exdingrietser att

wei ght - cunmul ative 95~, fromthe mninmum particle size, is 1 umor snaller.
2. The sidseddivegtdgonshesddaingitndesiapnstedias hedna ldmiitadl, wherein
said dispersant is at |east one nenber selected fromthe group consisting
of an i n&hgasite® -di spersant, a pol yneric dispersant and a surfactant. 3. The
suspendi ng agent-containing slurry as clainmed in claim2, wherein said

i norgani c dispersant is an alkali AFE8ELEIL or amoniumsalt of a |inear

condensed _phosphor,ic acj d _or of, .a cyclic condensed sphoric acid. 4. The
suspendi Aﬁ&@&?@t&&ﬂ &8 %ﬁ'&pﬁm %%%&%Wﬂ“gm‘%r%er ein said

I ic di t ai hydr, I i.d , boxyl
O oup. & sul T0_ Grbup 761 Ca s SR AP BUNS 87 MRS A BNt Shroni um
I f : o '
gent - conCaaih kel prs Al R MR e Wy 2gdll SHERPTE Hhlery

ei t her at%lircffag.g&%gtE%Ma@enqnﬁnmr&){Mecggny@ai%ia@F%iwaQUp’ a car boxyl

group, a sul or "a phosphono group, an al kalt nmetal or ammoni um

salt of aneRishPidl cll,f e.t@r. PHRRAMON0 GIHIWD miGt e SidierdaRe S wiftact ant .
1 5 AUG 2002 41 6. The suspendi ng agent-containing slurry as clainmed in

claiml, aMiricginim-2yidadisRensant (infnifestiirdd) BN kyBobukiofEdg.om Myl to 10
parts by weight per 100 parts by weight of said inorganic suspendi ng agent.
Co., Ltd., Japan) with circulation for 15 minutes. The d95
and weight-average particle diameter of the pulverized
particles were determined with a particle size analyzer of
the dynamic light-scattering type (manufactured by Otsuka
Denshi K.K., Japan), and were found to be 0.46 pum and 0.19
um, respectively. (Solid concentration in the slurry, 25% by
weight)
(Suspension Polymerization)
Into a 50-liter autoclave equipped with a stirrer
were introduced 20 liters of deionized water, 80 g of the

suspending agent-containing slurry prepared above (suspending

agent content on a solid basis during polymerization, 0.1% by



7. The suspending agent-containing slurry as claimed in claim1, whpdiUh2002
said particul ate inorgani c suspendi ng agent conprises trical cium phosphate
or magnesi um pyrophosphate. 8. The suspendi ng agent-containing slurry as
claimed in claiml1, wherein said partlgul ate inorgani ¢ suspendi ng agent has
a wei ght-average particle diameter of 0.4 umor smaller. 9. The suspendi ng
agent-containing slurry as clainmed in claiml, which has a solid
concentration of fromO0.05 to 50% by weight. 10. A nethod of producing a

suspendi @@i3duent, aaat 3.8 Y9 oF Wodh uhidTd ey MY dnTRN it MRzl a
particul ate i norgani ¢ suspendi ng agent in an aqueous nediumin the presence

of a di sphesetbo WasSihlnd adeiedse witdt s¥3irdinkOr @AKol UTUTRE P 1RUEHy COMes
to have a particle size distribution in which the particle dianeter at

vei ght - cdiskalliviegdds, of bdmu-e vyilnipeidxger2-ethy IHesandatel, 90 @ oFmal | er.
11. The method as clained in claim10, wherein said dispersant is at |east
one nmenbar, 1sblieqtetuttydpetroxyg-~3y 3 ,Seityiista iy lafy cdiohexanggnianddi2gergsant , a
pol ymeri c di spersant and a surfactant. 15 AUG 2002 42 12. The method as
clai ned ofi clyailwhékansheseian pdaist licigegadindcodilSpdgs arft sityremeal kal i net al
salt or ammobnium salt of a |inear condensed phosphoric acid or of a cyclic
condensetopld¢ghori c acid. 13. The nethod as clainmed in claim 11, wherein
said polyneric dispersant contains a hydroxyl group, an ami do group, a

car boxyl “group, Af%erfshgr sesudtiagpRéFnaso wgeoSFlrgeaftae®M netal or
ammoni um salt of a carboxyl, sulfo or phosphono group. 14. The nethod as

cl ai med tRTPEEANUEE Lgresd Migt@sgyriftadnhieates o 0y G dvetc Bant

COMLAIN! 9, S Y LWL SO, a0 040 10 L CHT Ao 1O

carboxyl ; o3ulf 9,2 BNPARNAN ¥ WUR 1Y) HllShgt YR8 ch 1.7 kg of
butane was added into the autoclave at 4 hours after the
arrival at 90°C. The reaction mixture was further heated
from 100°C to 110°C over a period of 1.5 hours, and then
maintained at this temperature for another 2 hours.

Subsequently, the reaction mixture was cooled to room

temperature, and a polymer bead slurry was taken out with
stirring. After hydrochloric acid was added to dissolve the
suspending agent, the polymer bead slurry was examined for
the bead size distribution of the polymer beads with a
particle size analyzer of the laser diffraction type
(manufactured by SYMPATEC, Germany). The polymer beads thus
produced had a weight-average bead diameter of 1.06 mm and
the bead size distribution thereof had a single peak. This
bead size distribution had a dispersion index as defined by
the following equation of 0.53, showing that the bead size

distribution was narrow.
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distribution w1th a S1ngle peak. The dispersion index
thereof was 0.57, showing that the bead size distribution was
narrow. Thus, the suspending agent-containing slurry showed
extremely little change in suspending ability with the lapse
of time.
EXAMPLE 2

Tricalcium phosphate was pulverized in the same
manner as in Example 1, except that sodium hexametaphosphate
was used as a dispersant. The d95 and weight-average
particle diameter of the pulverized suspending agent
particles were 0.44 pm and 0.18 pm, respectively.

Polymerization was then carried out in the same
manner as in Example 1, except that the suspending agent-
containing slurry prepared above was used (suspending agent
content on a solid basis during polymerization, 0.1% by
weight). The polymer beads obtained by this suspension
polymerization had a weight-average bead diameter of 1.06 mm
and a bead size distribution with a single peak. The
dispersion index thereof was 0.55, showing that the bead size
distribution was narrow.

Subsequently, the suspending agent-containing slurry
obtained above through pulverization of a suspending agent
was allowed to stand at 40°C for 2 weeks. The suspending
agent particles after the standing had a d95 of 0.47 pum and a

weight-average particle diameter of 0.19 um. This suspending
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this suspension polymerization had a weight-average bead
diameter of 1.08 mm and a bead size distribution with a
single peak. The dispersion index thereof was 0.57, showing
that the bead size distribution was narrow. Thus, the
suspending agent-containing slurry showed extremely little
change in suspending ability with the lapse of time.

EXAMPLE 3

Tricalcium phosphate was pulverized in the same
manner as in Example 1, except that 5 g of an aqueous
poly(sodium acrylate) solution having an active-principle
content of 40% (trade name, Nopcosperse 44C; manufactured by
San Nopco Limited, Japan) was used as a dispersant. The d95
and weight-average particle diameter of the pulverized
suspending agent particles were 0.45 pm and 0.19 pm,
respectively.

Polymerization was then carried out in the same
manner as in Example 1, except that the suspending agent-
containing slurry prepared above was used (suspending agent
content on a solid basis during polymerization, 0.1% by
weight). The polymer beads obtained by this suspension
polymerization had a weight-average bead diameter of 1.08 mm
and a bead size distribution with a single peak. The
dispersion index thereof was 0.56, showing that the bead size

distribution was narrow.
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obtained above through pulverization of a suspending agent
was allowed to stand at 40°C for 2 weeks. The suspending
agent particles after the standing had a d95 of 0.46 pum and a
weight~average particle diameter of 0.20 um. This suspending
agent-containing slurry was used to conduct polymerization in
the same manner as the above. The polymer beads obtained by
this suspension polymerization had a weight-average bead
diameter of 1.10 mm and a bead size distribution with a
single peak. The dispersion index thereof was 0.57, showing
that the bead size distribution was narrow. Thus, the
suspending agent-containing slurry showed extremely little
change in suspending ability with the lapse of time.
EXAMPLE ¢

Tricalcium phosphate was pulverized in the same
manner as in Example 1, except that 10 g of an aqueous
organic-phosphonate solution having an active-principle
content of 50% (trade name, Hydropalate 884; manufactured by
Henkel KGaA) was used as a dispersant. The d95 and weight-
average particle diameter of the pulverized suspending agent
particles were 0.44 um and 0.18 um, respectively.

Polymerization was then carried out in the same
manner as in Example 1, except that the suspending agent-
containing slurry prepared above was used (suspending agent
content on a solid basis during polymerization, 0.1% by

weight). The polymer beads obtained by this suspension
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dispersion index thereof was 0.55, showing that the bead size
distribution was narrow.

Subsequently, the suspending agent-containing slurry
obtained above through pulverization of a suspending agent
was allowed to stand at 40°C for 2 weeks. The suspending
agent particles after the standing had a d95 of 0.45 um and a
weight-average particle diameter of 0.19 um. This suspending
agent-containing slurry was used to conduct polymerization in
the same manner as the above. The polymer beads obtained by
this suspension polymerization had a weight-average bead
diameter of 1.08 mm and a bead size distribution with a
single peak. The dispersion index thereof was 0.56, showing
that the bead size distribution was narrow. Thus, the
suspending agent-containing slurry showed extremely little
change in suspending ability with the lapse of time.

EXAMPLE 5

Tricalcium phosphate was pulverized in the same
manner as in Example 1, except that 10 g of a powdery sodium
salt of B-naphthalenesulfonic acid/formalin condensate (trade
name, Demol N; manufactured by Kao Corp., Japan) was used as
a dispersant. The d95 and weight-average particle diameter
of the pulverized suspending agent particles were 0.46 um and

0.19 pm, respectively.
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manner as in Example 1, except that the suspending agent-
containing slurry prepared above was used (suspending agent
content on a solid basis during polymerization, 0.1% by
weight). The polymer beads obtained by this suspension
polymerization had a weight-average bead diameter of 1.08 mm
and a bead size distribution with a single peak. The
dispersion index thereof was 0.57, showing that the bead size
distribution was narrow.

Subsequently, the suspending agent-containing slurry
obtained above through pulverization of a suspending agent
was allowed to stand at 40°C for 2 weeks. The suspending
agent particles after the standing had a d95 of 0.47 um and a
weight-average particle diameter of 0.19 pum. This suspending
agent-containing slurry was used to conduct polymerization in
the same manner as the above. The polymer beads obtained by
this suspension polymerization had a weight-average bead
diameter of 1.09 mm and a bead size distribution with a
single peak. The dispersion index thereof was 0.57, showing
that the bead size distribution was narrow. Thus, the
suspending agent-containing slurry showed extremely little
change in suspending ability with the lapse of time.

EXAMPLE 6
Into a 50-liter autoclave equipped with a stirrer

were introduced 19.6 kg of deionized water and 550 g of

trisodium phosphate dodecahydrate. The contents were heated
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over a period of 30 minutes, and the resulting mixture was
then stirred at 90°C for 1 hour. After this mixture was
cooled to room temperature, part of the slurry produced was
filtered to measure the concentration in the slurry. As a
result, the concentration was found to be 3.9%. The d95 and
weight-average particle diameter of the tricalcium phosphate
yielded were 13.48 pum and 4.33 um, respectively.

Subsequently, 12.8 kg of the slurry obtained was
concentrated by ultrafiltration to 2 kg (inorganic-
suspending-agent content on a solid basis, 25% by weight).
Therein was dissolved 40 g of an aqueous organic-phosphonate
solution having an active-principle content of 50% (trade
name, Hydropalate 884; manufactured by Henkel Kgaa) as a
dispersant. This mixture was treated with a medium-agitating
mill (manufactured by Kotobuki Eng. & Mfg. Co., Ltd.) with
circulation for 15 minutes. The d95 and weight-average
particle diameter of the pulverized particles were 0.50 um
and 0.20 um, respectively.

Polymerization was carried out in the same manner as
in Example 1, except that the suspending agent-containing
slurry prepared above was used in an amount of 80 g
(suspending agent content on a solid basis during
polymerization, 0.1% by weight). The polymer beads obtained

by this suspension polymerization had a weight-average bead
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that the bead size distribution was narrow.

Subsequently, the suspending agent-containing slurry
obtained above through pulverization of a suspending agent
was allowed to stand at 40°C for 2 weeks. The suspending
agent particles after the standing had a d95 of 0.51 pm and a
weight-average particle diameter of 0.21 um. This suspending
agent-containing slurry was used to conduct polymerization in
the same manner as the above. The polymer beads obtained by
this suspension polymerization had a weight-average bead
diameter of 1.18 mm and a bead size distribution with a
single peak. The dispersion index thereof was 0.58, showing
that the bead size distribution was narrow. Thus, the
suspending agent-containing slurry showed extremely little
change in suspending ability with the lapse of time.

EXAMPLE 7

Into a 50-liter autoclave equipped with a stirrer
were introduced 27 kg of deionized water and 500 g of sodium
pyrophosphate. Subsequently, 2 kg of a 50 wt% aqueous
magnesium sulfate solution was added dropwise thereto with
stirring over a period of 30 minutes, and the resulting
mixture was then stirred at room temperature for 1 hour.

Part of the slurry produced was filtered to measure the
concentration in the slurry. As a result, the concentration

was found to be 1.5%. The d95 and weight-average particle
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and 7.21 pum, respectively.

Subsequently, 26.7 kg of the slurry obtained was
concentrated by ultrafiltration to 2 kg (inorganic-
suspending-agent content on a solid basis, 20% by weight).
Therein was dissolved 40 g of an aqueous poly(sodium
acrylate) solution having an active-principle content of 40%
(trade name, Nopcosperse 44C; manufactured by San Nopco
Limited) as a dispersant. This mixture was treated with a
medium-agitating mill (manufactured by Kotobuki Eng. & Mfg.
Co., Ltd.) with circulation for 15 minutes. The d95 and
weight-average particle diameter of the pulverized particles
were 0.38 pm and 0.17 pm, respectively.

Polymerization was carried out in the same manner as
in Example 1, except that the suspending agent-containing
slurry prepared above was used in an amount of 50 g
(suspending agent content on a solid basis during
polymerization, 0.05% by weight). The polymer beads obtained
by this suspension polymerization had a weight-average bead
diameter of 0.99 mm and a bead size distribution with a
single peak. The dispersion index thereof was 0.57, showing
that the bead size distribution was narrow.

Subsequently, the suspending agent-containing slurry
obtained above through pulverization of a suspending agent
was allowed to stand at 40°C for 2 weeks. The suspending

agent particles after the standing had a d95 of 0.46 um and a
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single peak. The dispersion index thereof was 0.59, showing

that the bead size distribution was narrow. Thus, the

suspending agent-containing slurry showed extremely little

change in suspending ability with the lapse of time.

EXAMPLE 8
In 667 g of a magnesium pyrophosphate slurry prepared

in the same manner as in Example 7 was dissolved 2.5 g of an

aqueous poly(sodium acrylate) solution having an active-

principle content of 40% (trade name, Nopcosperse 44C;

manufactured by San Nopco Limited) as a dispersant. This

mixture was treated with a medium-agitating mill

(manufactured by Kotobuki Eng. & Mfg. Co., Ltd.) with

circulation for 5 minutes. The d95 and weight-average

particle diameter of the pulverized suspending agent

particles were 0.90 pm and 0.51 pm, respectively.

Polymerization was then carried out in the same

manner as in Example 1, except that the suspending agent-

containing slurry prepared above was used in an amount of 667

g (suspending agent content on a solid basis during

polymerization, 0.05% by weight). The polymer beads thus

obtained had a weight-average bead diameter as large as 1.40
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yo# polymerization, 0.05% by weight) to conduct polymerization in
the same manner as the above. The polymer beads thus
obtained had a weight-average bead diameter of 1.44 mm, which
was larger than the weight-average bead diameter of the
polymer beads produced with the suspending agent just after
pulverization. However, the bead size distribution had a
single peak. The dispersion index thereof was 0.58, showing
that the bead size distribution was narrow. Thus, the
suspending agent-containing slurry showed extremely little

change in suspending ability with_the lapse of time.



. 27uzelD710% & ()-$710% & 710% & ()-$710% & ()-$710% & ()-$710% & () - $710%
& ()-$ ALD710710% & ()-$710% & ()-$(710% & ()-$(710% & ()-$G y9#'15 A

. 27eFD710710% & ()-$710% & ()-$710% & ()-$710% & ()-$710% & () - $710/A% 2(“9
j P1D710% & ()-$710% & ()-$710% & ()-$740% & ()-$710% & ()-$G& y9#

. 27e1D710% & () - i{m% & 710% & ()-$710% & () - $710% & () - $710% & () - $710% &

()-$ ALD7107 B ()-RA0N KO -MAL0BE OFH 7R & (z 3G Wa#

. 27eFD710710%'§ E) - $720% & (J3710% & &) $73Q96 & ) - $71L0%W &J k- $710% & () -$
. 279%/ 38=¢1D710% & ()-$710% & 710% & ()-$710% & ()-$710% & ()-$710% & () - $7
10% & () - $=>" K1D419% &' § ks $74 @20 &o(x) %ZLO%u&oo() $Z1Q% &z» Q) $710% & () -

L 27710% &%) SALOps & )= $710%8' (F T5710% & Ty $710% & O “$RZ\ B hmeFDG{ y9#'
710% & ()C‘$7 % & ()-$710% & ()-$710% & ()-$710% & () - $710% & () - $nv w| <FDGG
. 27710%3&?:( $T10p6 & ()-$710% & ()-$710% & ()-$sT5710% & ()-$710% & () - $710
% & () g% B1RY <§ -$7J.Q-% & (A+5710% &'rﬁ)f-r$7r104°/0&'4(-)-$[5$“¢"57@% &'2()-$G{

L 27710069 E “’1 b6 & () $710% & () - $eF5710% & ()- $710% & () - $710% &"’() $710
% & ()- $7I’o% 'Ol $710% & ()-$[ A 5710% & ()-$710% & ()-$G yo#' .

18

e

9% P1D710% & (8- $700% & ()-$710% & ()-$710% & ()-$710% & () - $G yo#'
$ yo# -32‘3' 15D yorR S S 9
#
{ yo#
yo#' g &, RDE

L27710% & () $7100 & ()-$710% & () -$n007710% & ()-$710% & () - $71(ﬁ’/o& ()-%$71
0%&() 1§A<§‘D -$740%0 & ( o271V & § ot $1 01 o no om E 8
< A071 (%m 0% &'V ) - $OF LR ) -0 1096 R (J G yoR @"@ S
27710% 3% | My "(’.)710%&()09710%"& (‘7 B71IOR & (> 37160/8’&(3) 8710% &
() $710% = §7100 % & ()-$710% & ()-$nopt " F, 0710% & () -$710% & ()=$F10% & (
$710%%&Hﬂ( $0710% & () -$G y9#' . 27x00¢ y9# g' _g %
8 og 92 I 22 3% $% /4 8% g% HO§ G
= o 3 co oo oo oo oo oo oo o ‘é‘,-§
388
(] 0 (] 3 S =}
2 R & & R kY 2 R o
. 4 3 3 % 3T % % 8% % g
o 88 3 > 5 3 5 5 2 5 g B
3 ,‘33 , ™ (N, N N NN y N, ™ g ° 3
& S'S X X X X x X X x B @X
n § O O O 3} O O O o & 5 3
© ° ) o o o o o o g & ®
~ ~ ~ ~3 ~t ~ L= ~ o
T 8 3
a0 ® ‘R
E'E g 3 = = 3 = = = i §§
288 N
[~¥]
- b EE
B8 s 5 B2
o >
o B52 BgE oL o o § 2 8
o] wat gia <« ) &) m < < -
-] 5 49w g 1 @
w tn\-l'g U)ﬁg 8 .(,'_)| Y4q
A e £ A - § ©
W
EE 5.1 S 5
e%9 =85 . . . . 5 2R - 5 8 B
T W H g @ g o ¢ o A
o M - oon.g :c," 3-'8
g8 E‘_",'g. 3 a, < < 0
-~ &N o
— (3] o) ~t n (o] M~ 28] * * *
] [} [} [<}] o Q [} Q
S A - A A~ A =
=z = g g = g g & B
& 4 4 4 04 0 4 g 4




L27710% & () -$710% & ()-$710% & ()-$710% & ()-$710% & ()-$iJO710% & ()-$710
% & ()-$710% & ()-$710% & ()-$710% & ()-$(710% & ()-$710% & ()-$i P/ O5 AUb 2007
a>810%9& ()- 710% & ()-$G yo#

L27710% & () -$710% & () -$710% & () - $#3WMR3I6LVU4  S10%B8S&' () - 10%B8S& () -

' Z10988S&' () - 10>910>910>9 S>$(10%9& ()-' S>$(10%9& ()-Lf|ghijwzvU4a

1096 8f & ()- f&YZ10% 8f & ()-10S8S10S8S10S8S sni' 10%68S&' ()-g , 10%68S&' () -

m' 10%68S& () -z)p| [ NA4 10f 8f 10f 8f 10f 8f . 10% 8f& ()-z @10% 8f & () -

T1"10% 8f & ()-: sS!10% 8f & ()compSETHOAS |HixHE Sl #3%&| [ NA4 10z8z10z8210282z

“LI"10%28z& ()-' N L@10%& ()-& L@ 10%8z& ()-& 10%8z& ()-

&710%8z& () - &3@hd dI& ahd Ve ildld-¥ifefage parti¥& @i-amdtekO%UF () -

& 1098&' ()- 109B& ()-' 9BZ109B& ()-rstuvU4 10%B&' () - &Z109B& () -

10810810& r@cal@%@si (phd®phatel Mddd fagured WHANDU Y J)punfedization, "and

&S"'1098688& ()- &S'109B& ()- Y & 1098 73& ()- & 109B& ()-° ylo9B& ()-' Of

109B8&' () wered folB&Q )be B@.! 7B &N -7 8BS (YesHeALiB,@S) () - 108108108

&3."1098& ()-F OPQRUcvVUH, 108108 &S"109B& ()- @&F109B& () -

1098&' () PROSTEEIEEt i&n] HEEE qarxd-i-ddt 108, thec @S n@nnsr asl QY& () - #,

C<10W& ()-#,  <lOW& ()-#-, <1090& ()-# 0109®& ()-108J. FUH, .

" <1090& Exammder(1a. [e3cept e & ( g »f tiEeupulverizedogeiqalaium
phosphate was used. The polymer beads thus obtained had a
weight-average bead diameter of 1.02 mm and a bead size
distribution with a single peak. However, the dispersion
index thereof was 0.79, showing that the bead size
distribution was considerably broad.

COMPARATIVE EXAMPLE 2

The d95 and weight-average particle diameter of a
commercial slurried tricalcium phosphate (trade name, T.C.P-
10; manufactured by Taihei Chemical Industrial Co., Ltd.)
were measured without pulverization, and were found to be
25.4 pm and 2.86 um, respectively. Polymerization was
carried out in the same manner as in Example 1, except that
this unpulverized slurried tricalcium phosphate (inorganic-
suspending-agent content on a solid basis, 10% by weight) was
used in an amount of 400 g (suspending agent content on a
solid basis during polymerization, 0.2% by weight). The
polymer beads thus obtained had a weight-average bead
diameter of 0.98 mm and a bead size distribution with a

single peak. However, the dispersion index thereof was 0.82,
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showing that the bead size distribution was considerably
broad.
On the other hand, the slurried tricalcium phosphate
described above was allowed to stand at 40°C for 2 weeks.
After the standing, the d95 and weight-average particle
diameter of the suspending agent particles had increased to
27.3 ym and 2.97 um, respectively, due to agglomeration.
Polymerization was carried out in the same manner as in
Example 1, except that this slurried tricalcium phosphate was
used in an amount of 400 g (suspending agent content on a
solid basis during polymerization, 0.2% by weight). The
resulting polymer beads had a weight-average bead diameter of
1.03 mm, which was larger than the weight-average bead
diameter of the polymer beads produced with the slurried
tricalcium phosphate prior to the standing. Although the
bead size distribution thereof had a single peak, the
dispersion index thereof was 0.83, showing that the bead size
distribution had become broader. Thus, the slurry
deteriorated in suspending ability.
COMPARATIVE EXAMPLE 3
Tricalcium phosphate was pulverized in the same
manner as in Example 1, except that a dispersant was not
added for the pulverization. The d95 and weight-average

particle diameter of the pulverized suspending agent

particles were 3.15 pum and 1.13 pm, respectively.
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Polymerization was then carried out in the same
manner as in Example 1, except that the suspending agent-
containing slurry thus prepared was used in an amount of 80 g
(suspending agent content on a solid basis during
polymerization, 0.1% by weight). The polymer beads thus
obtained had a weight-average bead diameter of 1.27 mm and a
bead size distribution with a single peak. However, the
dispersion index thereof was 0.64, showing that the bead size
distribution was broad.

On the other hand, the suspending agent-containing
slurry obtained above through pulverization of a suspending
agent was allowed to stand at 40°C for 2 weeks. After the
standing, the d95 and weight-average particle diameter of the
suspending agent particles had increased to 4.76 um and 1.64
um, respectively, due to agglomeration. Polymerization was
carried out in the same manner as the above, except that this
suspending agent-containing slurry was used in an amount of
80 g (suspending agent content on a solid basis during
polymerization, 0.1% by weight). The resulting polymer beads
had a weight-average bead diameter of 1.39 mm, which was
larger than the weight-average bead diameter of the polymer
beads produced with the suspending agent just after
pulverization. Although the bead size distribution thereof
had a single peak, the dispersion index thereof was 0.73,

showing that the bead size distribution had become broader.
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Thus, the slurry deteriorated considerably in suspending
ability.

COMPARATIVE EXAMPLE 4

Tricalcium phosphate was pulverized in the same
manner as in Example 1, except not using a dispersant, not
for 15 minutes but for a shorter period of 2 minutes. The
d95 and weight-average particle diameter of the pulverized
suspending agent particles were 7.83 um and 2.47 um,
respectively.

Polymerization was then carried out in the same
manner as in Example 1, except that the suspending agent-
containing slurry thus prepared was used in an amount of 80 g
(suspending agent content on a solid basis during
polymerization, 0.1% by weight). The polymer beads thus
obtained had a weight-average bead diameter as large as 1.70
mm. Although the bead size distribution thereof had a single
peak, the dispersion index thereof was 0.76, showing that the
bead size distribution was broad.

Subsequently, the suspending agent-containing slurry
obtained above through pulverization of a suspending agent
was allowed to stand at 40°C for 2 weeks. After the
standing, the d95 and weight-average particle diameter of the
suspending agent particles had increased to 18.24 um and 5.32
pm, respectively, due to agglomeration. Polymerization was
carried out in the same manner as the above, except that this

suspending agent-containing slurry was used in an amount of

/
()-#,
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80 g (suspending agent content on a solid basis during
polymerization, 0.1% by weight). As a result, coagulation
occurred.

COMPARATIVE EXAMPLE 5

Magnesium pyrophosphate was pulverized in the same
manner as in Example 1, except not using a dispersant, not
for 15 minutes but for a shorter period of 2 minutes. The
d95 and weight-average particle diameter of the pulverized
suspending agent particles were 7.55 pum and 2.73 um,
respectively.

Polymerization was then carried out in the same
manner as in Example 1, except that the suspending agent-
containing slurry thus prepared was used in an amount of 667
g (suspending agent content on a solid basis during
polymerization, 0.05% by weight). The polymer beads thus
obtained had a weight-average bead diameter as large as 1.52
mm. Although the bead size distribution thereof had a single
peak, the dispersion index thereof was 0.78, showing that the
bead size distribution was broad.

Subsequently, the suspending agent-containing slurry
obtained above through pulverization of a suspending agent
was allowed to stand at 40°C for 2 weeks. After the
standing, the d95 and weight-average particle diameter of the
suspending agent particles had increased to 12.57 um and 4.82
pum, respectively, due to agglomeration. Polymerization was

carried out in the same manner as the above, except that this
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suspending agent-containing slurry was used in an amount of
667 g (suspending agent content on a solid basis during
polymerization, 0.05% by weight). As a result, coagulation
occurred.

COMPARATIVE EXAMPLE 6

In 667 g of a slurry obtained in the same manner as
in Example 7 was dissolved 2.5 g of an aqueous poly(sodium
acrylate) solution having an active-principle content of 40%
(trade name, Nopcosperse 44C; manufactured by San Nopco
Limited) as a dispersant. This solution was divided into two
equal parts. One of these was subjected to ten-minute
pulverization treatment, while the other was subjected to 5-
minute pulverization treatment. The two parts were then
sufficiently mixed with each other to obtain a suspending
agent-containing slurry. The d95 and weight-average particle
diameter of the pulverized suspending agent particles were
2.05 pm and 0.31 pm, respectively. Polymerization was then
carried out in the same manner as in Example 1, except that
the suspending agent-containing slurry thus prepared was used
in an amount of 667 g (suspending_agent content on a solid
basis during polymerization, 0.05% by weight). The polymer
beads thus obtained had a weight-average bead diameter of
1.21 mm, which was slightly large. Although the bead size
distribution thereof had a single peak, the dispersion index
thereof was 0.81, showing that the bead size distribution was

considerably broad.
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Subsequently, the suspending agent-containing slurry
obtained above through pulverization of a suspending agent
was allowed to stand at 40°C for 2 weeks. After the
standing, the d95 and weight-average particle diameter of the
suspending agent particles were 2.13 um and 0.32 um,
respectively. Polymerization was carried out in the same
manner as the above, except that this suspending agent-
containing slurry was used in an amount of 667 g (suspending
agent content on a solid basis during polymerization, 0.05%
by weight). The polymer beads obtained by this suspension
polymerization had a weight-average bead diameter as large as
1.32 mm. Although the bead size distribution thereof had a
single peak, the dispersion index thereof was 0.83, showing
that the bead size distribution was considerably broad. The

slurry underwent little deterioration in suspending ability.
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The suspending agent-containing slurry of the present
invention not only has such an excellent suspending ability
in suspension polymerization that it enables the production
of vinyl polymer beads having a narrow bead size
distribution, but also is capable of retaining this ability
over long and of exhibiting the same ability even when it has
a high concentration. This suspending agent-containing
slurry can be efficiently obtained according to the present
invention. By use of this suspending agent-containing
slurry, vinyl polymer beads having a narrow bead size
distribution can be produced efficiently.

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

spirit and scope thereof.
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WHAT IS CLAIMED 1S:

1. A suspending agent-containing slurry comprising a
particulate inorganic suspending agent, a dispersant and an
aqueous medium, said inorganic suspending agent having a
particle size distribution in which the particle diameter at
weight-cumulative 95%, from the minimum particle size, is 1
um or smaller.

2. The suspending agent-containing slurry as claimed
in claim 1, wherein said dispersant is at least one member
selected from the group consisting of an inorganic
dispersant, a polymeric dispersant and a surfactant.

3. The suspending agent-containing slurry as claimed
in claim 2, wherein said inorganic dispersant is an alkali
metal salt or ammonium salt of a linear condensed phosphoric
acid or of a cyclic condensed phosphoric acid.

4. The suspending agent-containing slurry as claimed
in claim 2, wherein said polymeric dispersant contains a
hydroxyl group, an amido group, a carboxyl group, a sulfo
group or a phosphono group, or an alkali metal or ammonium
salt of a carboxyl, sulfo or phosphono group.

5. The suspending agent-containing slurry as claimed
in claim 2, wherein said surfactant is either a surfactant
containing a hydroxyl group, an amido group, a carboxyl
group, a sulfo group or a phosphono group, or an alkali metal
or ammonium salt of a carboxyl, sulfo or phosphono group, or

an ether-type surfactant.
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7. The suspending agent-containing slurry as claimed

in claim 1, wherein said particulate inorganic suspending
agent comprises tricalcium phosphate or magnesium
pyrophosphate.

8. The suspending agent-containing slurry as claimed
in claim 1, wherein said particulate inorganic suspending
agent has a weight-average particle diameter of 0.4 pum or
smaller.

9. The suspending agent-containing slurry as claimed
in claim 1, which has a solid concentration of from 0.05 to
50% by weight.

10. A method of producing a suspending agent-
containing slurry which comprises pulverizing a particulate
inorganic suspending agent in an aqueous medium in the
presence of a dispersant to such a degree that said inorganic
suspending agent comes to have a particle size distribution
in which the particle diameter at weight-cumulative 95%, from
the minimum particle size, is 1 um or smaller.

11. The method as claimed in claim 10, wherein said
dispersant is at least one member selected from the group
consisting of an inorganic dispersant, a polymeric dispersant

and a surfactant.
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condensed phosphoric acid.

13. The method as claimed in claim 11, wherein said
polymeric dispersant contains a hydroxyl group, an amido
group, a carboxyl group, a sulfo group or a phosphono group,
or an alkali metal or ammonium salt of a carboxyl, sulfo or
phosphono group.

14. The method as claimed in claim 11, wherein said
surfactant is either a surfactant containing a hydroxyl
group, an amido group, a carboxyl group, a sulfo group or a
phosphono group, or an alkali metal or ammonium salt of a
carboxyl, sulfo or phosphono group, or an ether-type
surfactant.

15. The method as claimed in claim 10, wherein said
dispersant is present in an amount of from 0.01 to 10 parts

| by weight per 100 parts by weight of said particulate
inorganic suspending agent.

16. The method as claimed in claim 10, wherein said
particulate inorganic suspending agent comprises tricalcium
phosphate or magnesium pyrophosphate.

17. A process for suspension polymerization which
comprises suspension-polymerizing a vinyl monomer in an
aqueous medium containing an initiator, a suspending agent

and an anionic surfactant, said suspending agent being one
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supplied by using a suspending agent-containing slurry in an
amount of from 0.01 to 10 parts by weight on a solid basis in
terms of the amount of the particulate inorganic suspending
agent contained therein per 100 parts by weight of said
monomer, said suspending agent-containing slurry comprising a
particulate inorganic suspending agent, a dispersant and an
aqueous medium, said inorganic suspending agent having a
particle size distribution in which the particle diameter at
weight-cumulative 95%, from the minimum particle size, is 1

pm or smaller.



