* 7 NOVEMBER 2006 1 SPECI FI CATION TITLE OF THE | NVENTI ON METHOD FOR

. MANUFACTURI NG POLYSTYRENE TYPE BEADS AND EXPANDABLE PO ¥oNERBRER BYDE BEADS
5 BACKGROUND CF THE I NVENTION 1. Field of the Invention The present

“invention relates-to a nethod for manufacturing pol ystyrene type beads and
expandabl e 10 pol ystyrene type beads. More particularly, the present
I nvention relates to a nethod for panufacturing polystyrene type beads and
expandabl e pol ystyrene type beads %aving a narrow bead size distribution.
15 2. Description of the Related.Arts One_of the conventionally well-known
methods for manufacturing pol SEBFIEECRYEONeads enpl oys suspensi on
pol yneri zation of a styrene type nononer in an aqueous nedi um under the
presence of a suspension '§i[§15‘iqpi9%r?nfo IR REOShal |y, as the above

. suspension stabilizer, slightly water-soluble inorganic salts such as
trical ci um MBASQINK @Ra M %F%Vlﬂs% PALYSEY BENEe 2iY BRE oBEADS
mechani cal strength, transparency and others of the polyner beads to be
obt ai ned. These ANBhEXKPANDRRBLECIRANESZERENE JRUPE HBARBSdo not have nuch
eﬂfirgty for. styrene type 7 NOVEMBER 2006 :

BACKGROUND OF THE INVENTION
1. Field of the Invehtion
The present invention relates to a method for
manufacturing polystyrene type beads and expandable
10 polystyrene type beads. More particularly, the present
invention rélates to a method for manufacturing polystyrene
type beads and expandable polystyrene type beads having a

narrow bead size distribution.

15 2. ﬁescription of the Related Arts
| one of the conventionally well-known methods for
manufacturing pblyétyrene typé beads employs suspension
polymerization of a styrene type monomer in an agueous
medium under the presence of a suspension stabilizer.

20 | Conventionally, as the above suspension stabiliZer,
slightly water~-soluble inorganic salts such as tricalcium
phosphate are usually used in view of heat stability,
mechanical strength, transparency and others of the polymer
beads to be obtained. These slightly water-soluble

25 inorganic salts do not have much affinity for styrene type




- 2 nononers, so that a small anmpunt of a surfactant such as sodi um
dodecyl benzenesul fonate is usually adm xed as an auxi | FajOvVEMBRR 08N
stabilizing agent. However, by the above nethod of suspension 5

" pol ymeri zati on nmet hod enpl oying a conbination of a slightly water-soluble
inorganic salt and a surfactant, it was difficult to arrange the bead
sizes of the styrene type polyner beads to be obtained to a specific
narrow range, Yyielding only polyner2 beads having a w de bead size 10
di stribution. Therefore, in an_qgrdinary process for suspension

pol yner | BERPBFES ¢ H° Jhah fe$M5dily ABPUBEaRE &r 8UEfaGEPBNICR|3%sified into
several prescribed bead size ranges for various uses. 15 The pol ystyrene
type bea®RdbHR Hoderpibanzengsildonatepdfisnenapdy yadnizediamh alte nade i nto
expandabl e ggflystyrene type beads by inpregnating themw th a bl ow ng
agent suRRXaSLAN)tUHRPSNRILqQRe fitabd .l iBdpandgbnt. pol ystyrene type beads
bel onging to a bead size range of 0.25 to 2.0nm 20 are typically used
dependi ng onHoweveredsy Ewearuais enetdumid/ ify rsers@engpenbeads bel onging to a
bead size range of 0.25 to 0.5mm are nmade into cups for hot drinks,
pr ecdok egol ymedsz atritbo tiesrisnd employiag astofibanaapphi efl 4 oskigaskty ng
process. Those belonging to a bead size range of 0.5 to 25 1.2mm are used
for vari wasepasdd ulg) ereires:gd el oo 1R0 laghéd a7 sNOYEYBERE 2006 was

difficult to arrange the bead sizes of the styrene type

polymer beads to be obtained to a specific narrow range,

yielding only polymer beads having a wide bead size

10 distribution.

Therefore, in an ordinary process for suspension
polymerization, the obtained polymer beads are sieved and
classified into several prescribed bead size ranges for
various uses.

15 The polystyrene type beads obtained by the above
suspension polymerization are made into expandable
polystyrene type beads by impregnating them with a blowing
agent such as_butane and pentane.‘ Expandable polystyrene

 type beads belonging to a bead size range of 0.25 to 2.0mm

20 are typicélly used dependihg on the needs. Expandable
polystyrene type beads belonging to a bead size range of
0.25 to 0.5mm are made into cups for hot drinks, precooked
foods and others, or for a lost foam applied to a casting

process. Those belonging to a bead size range of 0.5 to

25 1.2mm are used for various packing materials and molded




3 articles such as a fish box. Those belonging to a bead size range of 0.7
to 2.0mm are made into |arge blocks used for |ightwei ghtnEVERBERI Y06

met hods in civil engineering or heat insulating materials. 5 Consequently,
there has been a strong industrial need for a polynerization nmethod of
produci ng pol ystyrene type beads having a narrow bead size distribution to
effectively produce pol yner beads having a desired bead size and to
suppress generation of polyner beads3of unwanted bead size 10 in view of

ti duct i vi.t I .di mb K. t d reduci
the. di spOEF o7 GUEES 4t b ONiealtont RRb@Rv it radee SIdsh et hod
f ' | zat | f ty, t I
ool yor  SHRILP Gt DG E AP tBeAakoR PROARRY BRFRGIYTy equal

bead size, under, the presence of a _sljghtly water-sol uble phosphate and

*wi t hout Lighteiohk qmhankments NRshaSE di CdyidogpIiPeering| Qheledtht i on)

(See Japanese Exam ned Patent Publication No. Sho 46(1971)-15112 (which
cor r espoh@sulat B9 tNateIkalet No. 20 1188252) and U.S. Patent No. 2652392).
Wth respect to such soap-free polynerization nmethods, a water-soluble
sulfite i s QOongeanethprinctherR dpts doedmtamtromy iiskistwind. nead
46(1971)-15112, and a water-soluble persulfate is used in U S Patent No..
2652392 feran pobymemimabien atkliliod ef IHodowengr podlyshyughet hepgoap-free

pol yneri zati on nmet hods 7 NOVEMBER 2006

_ beads having a narrow bead size distribution to effectively
produce polymer beads having a desired bead size and to
suppress generation of polymer beads of unwanted bead size

10 in ﬁiew of promoting productivity, avoiding cumbersome stock
management, and reducing the disposing process of polymer
beads of unwanted grades.

A knowﬁ method for suspension polymerizaﬁion of a

Styrene type monomer employs polymerization for producing

15 polymer beads with approximately equal bead size under the
presence of a slightly water-soluble phosphate and without
using a surfactant (a method called soap-free
polymerization) (See Japanese Examined Patent Publication No.
Sho 46(1971)~15112 (which corresponds to British Patent No.

20 1188252) and U.S. Patent No. 2652392). With respect to such
soap-free polymerization methods, a water-soluble sulfite is
used in Japanese Examined Patent Publicatioh No. Sho
46(1971)-15112, and a water-soluble persulfate is used in

U.S. Patent No. 2652392 as an indispensable additive.

25 However, although the soap-free polymerization methods



- 4 disclosed in the above publications can nmake the bead size distribution
wi dth narrower than that by a general suspension pol ynenNg@EBRR®j0aCd.

t he net hods have not been satisfactory enough. 5 SUMVARY OF THE | NVENTI ON
Accordingly, a purpose of the present invention is to provide a nmethod for
manuf act uri ng pol ystyrene type beads and expandabl e pol ystyrene type beads
havi ng an extrenely 10 narrow bead si,ze distribution to effectively produce
pol ymer beads having a desired bead size and to suppress creation of

pol ymer heads of  unwant ed bead size. Another purpose of the present

i nventi o l?éjf?%%rmi abqys: REPIAGALIORS! 6P iwgk%h%h%e%%ﬁ%isaezq nto a
desired gpe 15 and manufacturing polystyrene type beads having a narrow
bead si zZ@18FEIRPREIRT oHLdkityMRTAWeT, thagy thatabiet hgenekrl nanuf acturing
expandabl e pol ystyrene type beads which can vyield an expanded nol ded
articl e BRSERREIPRROKRAYLkaptHeen methedheible BRENSYD| Bave et kegmnsi on
mol di ng. 20 The present invention provides a nethod for manufacturing

pol yst yr 8atis{aetepdenangipri sing the step of suspension pol ynerization of
a styrene type nononer in an aqueous nedi um under agitation at an
agitd@ing blade tip speed of 2.3 to 5.5m sec under the presence of a
slightly 25 water-sol ubl e phosphate and a water-soluble sulfite and/or 7
NOVEVBERSPG&MARY OF THE INVENTION

Accordingly, a purpose of the present invention is to
provide a method for manufacturing polystyrene type beads
and expandable polystyrene type beads having an extremely

10 narrow bead size distribution to effectively produce polymer
beads having a desired bead size and to suppress creation of
polymer beads of unwanted bead size.

Another purpose of the present invention is to provide
a method for controlling the bead size into a desired one

15 and manufacturing polystyrene type beads having a narrow
bead size distribution width and to provide a method for
manufacturing expandable polystyrene type beads which can

'~ yield an expanded mplded article of excellent quality when
the beads are subjected to expansion molding. |

20 _ The present invention provides a method for
manufacturing polystyrene type beads comprising the step of
suspension polymerization of a styrene type monomer in an
aqueous medium under agitation at an agitating.blade tip
speed of 2.3 to 5.5m/sec under the presence of a slightly

25 water-soluble phosphate and a water-soluble sulfite and/or




-5 water soluble persulfate. Al so, the present invention provides a nethod
for manufacturing polystyrene type beads accordi ng to %io\waeEer ageshod
wherein the slightly water-soluble phosphate to be 5 used conpri ses

- anor phous cal ci um phosphate with the CaQ P205 ratio by weight being in the
range of 0.90 to 1.45, and the anorphous cal ci um phosphate exhibits, when
prepared as an aqueous slurry of 10% by weight, an electrical conductivity
in the range of 150 to 10000aaS/cm and exhi bits, when 10 prepared as an

aqueous slurry . 5% by weight, a half sedinentation tine of 5 to 20
ninutes.W¢$ﬁ¥rﬁ§iué;ﬁeRﬁﬁ%ﬂ%ﬁ? €tvention provi des a method for

manuf act uri ng_pol ystyrene type, beads, wherein the slightly water-soluble
phosphat e usgaspn the RERSRRE cHWnEen proyigeshaudethrdi Gafphosphate with
the CaQ P2C6 ratio by weight being in the range of 0.90 to 1.45 and, after
the anDRPABEACERN NG RPhHEIHENe itypsi headsdageosddmyfbe tine exbovmurs, the
obt ai ned sintered product contains f3-TCP with the peak intensity ratio of

5 to 1009ebhod avhkerain drhe rdmghd liyhwaseresgdableepkosphaty deoxXyapati t e and
S -TCP by X-ray diffraction. Also, the present invention provides a nethod

for Smanufedtconpripes yommmmst yad ciead phosphatei wijthhehst@po 4,0,
suspensi on polynerization of a styrene type nononer in an 25 aqueous nedi um
under t heapiesenceeddhia Isdirghtiny that eangeNOYEVBER 2006.45, and the
amorphous calcium phosphate exhibits, when prepared as an
agueous slurry of 10% by weight, an electrical conductivity
in the range of 150 to 10000uS/cm, and exhibits, when
10 prepared as an aqueous slurry of 1.5% by weight, a half
sedimentation time of 5 to 20 minutes.

Further, the present invention provides a method for
manufacturing polystyrene type beads wherein the slightly
water-soluble phosphate used in the method comprises

15 amorphous calcium phosphate with the Ca0/P,0; ratié by
weight being in the range of 0.90 to 1.45 and, after the
amorphous calcium phosphate is sintered at 800°C for three
hours, the obtained_sintered product contains S -TCP with

= the peak intensity ratio of 5 to 100% by calculation from

20 the strongest peaks of hydroxyapatite and 8 ~TCP by X-ray
diffraction.

Also, the present invention provides a method for
manufacturing polystyrene type beads comprising the step of
suspension polymerization of a styrene type monomer in an

25 agueous medium under the presence of a slightly water-




- 6 sol ubl e phosphate, and a conbination of water-soluble sulfite and

wat er -sol ubl e persul fate. Further, the present inventior NHPFMEBER Zpoget hod
for manufacturing expandabl e pol ystyrene type beads according to 5 the

" above net hod wherein the styrene type beads are inpregnated with a bl ow ng
agent during the polynerization. Also, the present invention provides a
met hod for nmanufacturing expandabl e pol ystyrene type beads wherein the
styrene type beads produced by the dbove nethod are, after 10 or without

i solation,_ subjected to inpregnation with a blow ng agent. DETAI LED

DESCRI PTFW??P—AJW%@%W@W§1@hé‘fsi"%@ﬁesf’%@-%norrer used for

the present 15 invention is a styrene nononmer or a m xture of nononers
cont ai ni ABLELY2 AR JAateTRRRuRISReTsliakgrel y, a single styrene or a
nmonomer m xture of styrene as a nmjor conponent and other nononers.
Exanmpl es of FHEtBEKer thenpBresent ntdverticn anawides: waewoednéprsuch as
al pha- et hyl styrene, p 20 nethylstyrene, t-butylstyrene or chlorostyrene, a
met hacr yhapefaghiening sexpandabist ipdlysdtyiraney itgpe, bbatlyl acaettiing ytat e or
I sobutyl nethacrylate, an acrylate nononmer such as ethyl acrylate or
2- et Hy| hékel abevey | meehod whenain dymnisty rienee typaobeadsuabeas acrylonitrile
or 25 nethacrylonitrile, and a multifunctional nononmer such as 7 NOVEMBER
2006 7 impregnated with a blowing agent during the polymerization.
Also, the present invention provides a method for
manufacturing expandable polystyrene type beads wherein the
‘styrene type beads produced by the above method are, after
10 or without isolation, subjected to impregnation with a

blowing agent.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The sty;ene type monomer used for the present

15 invention is a styrene monomer or a mixture of monomers
containing styrene as a major component, namely, a single
styrene or a monomer mixture of styrene as a major component
énd other monomers. Examples of the other monomers include
a styrene type monomer such as alpha-methylstyrene, p-

20 methylstyrene, t—butylstyrene or chlorostyrene, a
methacrylate monomer such as methyl methacrylate, butyl
methacrylate or'isobutyl methacrylate, an acrylate‘mohomer
such as ethyl acrylate or 2-ethylhexyl acrylate, a vinyl
cyanide type monomer such as acrylonitrile or

25 = methacrylonitrile, and a multifunctional monomer such as




= di vi nyl benzene or pol yethyl ene glycol dinethacrylate. Exanples of the
wat er-sol uble sulfite to be used for the present inventi ggvERBEfdsogEedi um
hydr ogensul fite, potassium hydrogensul fite, and amoni um hydrogensul fite.
"5 Al so, a substance which dissolves in and reacts with water in the
pol yneri zation systemto yield a sulfite may be used. Exanples of the
sul fite precursor substance include water- soluble pyrosulfite,
pyrosul fate, dithionite, thiosulfatefl sulfoxylate, and sulfate. Anpbng
t hese, sodi um_10 hydrogensul fite, _.sodium pyrosulfite, sodiumdithionite or
f or mal dety NS RENARIS 90 BRLyEE hyAens: gAyrcad Jinsthachrkat@ount of the
wat er-soluble sulfite to be used is _ in the range of 1.5 to 100ppm

preferably 2EX3mabeppdf vihe watepreqlubd ssigplddse: fpebronsREr Lhen the

wat er-sol uble 15 sulfite is used singly with the styrene type nononer. Wen
t he anpufle iRFeTRNY ckinwanion Imehudensogiitmchydrogensalditemi |1 not appear
or the expanded nol ded article obtained by expansion nolding of expandabl e
pol ymer betaksiumrhygragahsuliftite; leindwiamgoagent hyilrbgensuhfiree a good
quality, hence not 20 preferable. when the amount is larger than 100ppm no
qual ity Blsd) e swestranden wWidrah clilssolviest inhandf feattef witle wakeress . anount
cannot be obtained. Exanples of the water-soluble persulfate include sodi um

per sul f aie, tipot pskymen petsidd atyastaandoagienldua palgitéangy b@Sude®dng t hese,
potassium persulfate is preferably used. 7 NOVEMBER 2006 8
Examples of the sulfite precursor substance include water-
soluble pyrosulfite, pyrosulfate, dithionite, thiosulfate,
sulfoxylate, and sulfate; Among these, sodium
10 hydrogensulfite, sodium pyrosulfite, sodium dithionite or
formaldehyde sodium sulfoxylate are preferably used.
The amount of the water-soluble sulfite to be used is
in the range of 1.5 to 100ppm, preferably 2 to 100ppm with
respect to styrene type monomer when the water-soluble
15 sulfite is used singly with the styrene type monomer. When
the amount is smaller than 1.5ppm, the effeét of addition
[ will not appear, or the expanded molded article obtained by
. expansion molding oi expandable polymer beads impregnated
with a blowing agent will not have a good quality, hence not
20 preferable. When the amount is larger than 100§pm, no
quality problem occurs in particular, but the effect of the
excess amount cannot be cobtained.
Examples of the water-soluble persulfate include sodium

persulfate, potassium persulfate, and ammonium persulfate.

25 Among these, potassium persulfate is preferably used.




- The anmount of the water-soluble persulfate to be used is in the range of
1.5 to 50ppm preferably 2 to 10ppmw th respect to sty eH¢emBRER SeUsCTer
when the water-soluble persulfate is used singly with the styrene type
nononer. 5 Wen the anmount is smaller than 1.5ppm the effect of addition
w || not appear, the bead size distribution of the polynmer beads will be a
little wider, and the obtained expanded nolded article will have inferior
quality, hence not preferable. on Bhe other hand, when the anount is 10

| arger than 3% pm the expanded nnldeqb rticle WQH%GEFVG inferior quality,
hence not pr g 5}5‘9 gV\ﬂi ‘@'ﬁ C CHRTP TR PBIPR RHS W&t 8F- 88PHbl e sulfite
and the water-s Iuble ersulfate Is to be used, the anobunts to_be used are
adapted <8 that ?hEaQ\%\ &L shiubte 20pem @refersblyed 40 H0PPRVWiHBPpPmM
preferably 2 to 50ppmwi th respect to styrene type nononer, the
mater-soFGBP@CEeF§u¥F$¥%n$éﬂﬂ%%dm“KFEG?IﬂFﬁliﬁﬁbﬁﬁtﬁﬁeﬁ@lﬁbl9 0.5 to 5ppm
wWth respect to styrene type nononer, and the sum of the anounts is |arger
than 1. 5pgFsulfiaket he weednMingly witdr -thel shiyeenel type BAUOROrt he
wat er - sol ubl e persulfate are outside of the above ranges, there will be
pr obl&ns Whgbhthe ameunt bisl smaller ajwue 1.Sgpmnatieoeidecusafe out side the
preferable range in a single use. Also, when the sumof the anmpbunts of the
two is | eddithan wisbpnvtdagpﬂanm(ﬁhérhnﬁdisﬁzaudﬁs&tipuhianrobeaﬂé 25 will
occur during.the polynerization reaction, so that the 7 NOVEMBER 2006 9

polymer beads will be a little wider, and the obtained

expanded molded article will have inferior quality, hence

not preferable. On the other hand, when the amount is

10 larger than 50ppm, the expanded molded article will have
inferior quality, hence not preferable.
When a combination of the above water-soluble sulfite
~and the water-soluble persulfate is to be used, the amounts
to be used are adapted so that the water-soluble sulfite is
.715 used at 0.2 to 100ppm, preferably 2 to 50ppm with respect to

styrene type monomer, the water-soluble persulfate is used

at 0.1 to 10pEm, preferably 0.5 to 5ppm with respect to

styrene type monomer, and the sum of the amounts is 1arger

than 1.5ppm. When the amounts of water-soluble sulfite and

20 the water-soluble persulfate are outside of the above ranges,

there will be problems such as described in the above

explanation of usage outside the preferable range in a

single use. Also, when the sum of the amounts of the two is

less than 1.5ppm, dispersion insufficiency of polymer beads

25 will occur during the polymerization reaction, so that the




5,

pol ynerization wll not be conpleted, hence not preferable. The above
wat er-sol uble sulfite and persulfate used in the presertydVRBERDOB' ©
reductive and oxidative, respectively and both are a Iitgfe unst abl e.
Therefore, 5 they nust be added to the reaction systemw th care. Wien the
wat er-sol uble sulfite is used mainly, the water-soluble persulfate may be
added fromthe tine of supplying to the tinme when the polyner conversion
rate of the styrene type nononer beformes 40% with little influence to the
bead size 10 distribution, but with sope influence to the average dianeter
TR oy gt e

and repr® RS PEaFOMPLRt e NBRCY NYbJRrREREAIRAC over the
aver age dianeher and good reproducibility of polynmer beads, it is
parti cul ar| yrhr @PeyapratersotiRleteiids apde peEpulfrkecusedatiled at t he
15 beginning of raisjing the tenperature in polynerization. Wen the
wat er - soF | Rr9ReRty | Inent iom @ged reduckdve padopxidabbveing, it is supposed
that the effective anmount will vary due to the deconposition of the
wat er - soFesPectively andhptierasd fatld téilacenshable ne Thapdficane ,f or t he
preparation 20 changes. Wen the water-soluble persulfate is added after
t he Bai sthey omustde aaddaditiyr dhet reagkdpageydtamewith acare r epihediuci bi l ity
of polymer beads varies widely, which is supposed to be a result of
vari at i obhhé rwaeact$alulle ausdd tey ist eetienmpénayyir ehe hasger-51dblke above
phenonmena are true of the case where the 7 NOVEMBER 2006 10
persulfate may be added from the time of supplying to the
time when the polymer conversion rate of the styrene type
monomer becomes 40%, with little influence to the bead size
10 distribution, but with some influence to the average
diameter and reproducibility of polymer beads. 1In view of a
good control over the average diameter and good
reproducibility of polymer beads, it is particularly
preferable that the water-soluble persulfate is added at the
15 Dbeginning of raising the temperature in polymerization.
When the water-soluble persulfate is added at the time ofl
supplying, it is supposed that the effective amount will
vary due to the decomposition of the water-soluble sulfite
and persulfate since the time required for the preparation
20 changes. When the water-soluble persulfate is added after
the raising of the temperature, the average diameter and
reproducibility of polymer beads varies widely, which is
supposed to be a result of variation in reactivity caused by

the temperature change.

25 The above phenomena are true of the case where the




- wat er-sol uble persulfate is used mainly. Even if the water- soluble sulfite
is added after the polyner conversion rate beconmes over MOYEMBER ARfdsect of
the additive cannot be obtained because the polynerization of nononers
have 5 advanced too nmuch. In the present invention, a slightly

wat er - sol ubl e phosphate may be used mainly as a suspension stabilizer.

The expression "slightly water-sol ublge" enployed here includes also
"difficulty water soluble"” and "very slightly 10 sol uble.” Exanples of the
slightly water-soluble phosphate . include ¢al cium phosphate, hydroxyapatite
and magn&Fehis & ,s‘ﬁﬁf@t&r &Su¥86d RapBlMer Bfehdidedie EeLy. " The
slightly water-soluble phosphate i s added at_an anmpunt of 0.03 to 1% by
vei ght (2GHeRie B Bike ohfy @dsiesh aifkhes $HRi BOIBMeBPORERSIOM ¥3Le espect to
styrene type nononmer. Wien the amount is less than 0.03% by weight, it is
not possPBFeNes, ovRl rdE n thee edifegsr sifoirhet addiviveorymeet eaads. Wien the
amount is nore than 1% by weight, the effect of using the phosphate in
such a | abfelinedrecanamdtheh@olyoerdedtibencf @Onomerschaosi cal , al t hough

t he pol ynerization reaction of the nonomer is possible. An especially

. pr ef ér abhdvani¢edttgo watahr - sol ubl e phosphate is one conprising an anor phous
cal ci um phosphate having the CaQ' 2205 ratio by weight in the range of 0.90
to 25 1.45, In whécprédenanbiphtionalislnghtdspheaierssodabas 7 NOVEVBER

2000 11phosphate may be used mainly as a suspension stabilizer.
The expression “slightly water-soluble” employed here
includes also “difficulty water soluble” and “very slightly

10 soluble.” Exampies of the slighﬁly water~soluble phosphate
include calcium phosphate, hydroxyapatite and magnesium
phosphate, and are used in powder or aqueous slurry. The
slightly water-soluble phosphate is added_at an amount of
0.03 to 1% by weight (calculated by conversion into solid

15 components) with respect to styrene type monomer. When the
amount is less than 0.03% by weight, it is not possible to
maintain the dispersion state of polymer beads. When the.
amount is more thanll% by weight, the effect of using the
phosphate in such a large amount cannot be produced, hence

20 not economical, although the polymerization reaction of the
monomer ié possible.

An especially preferable slightly water-soluble
phosphate is one comprising an amorphous calcium phosphate
having the CaO/P,0; ratio by weight in the range of 0.90 to

25 1.45, in which the amorphous calcium phosphate shows an




- electrical conductivity of 150 to 10000, S/cm when prepared as an aqueous
slurry of 10% by wei ght and shows a half sedinmentati on-,rtN@vEthﬁ 360620

m nut es when prepared as an aqueous slurry of 1.5% by wei ght or,
alternatively, when the 5 anorphous cal ci um phosphate is S|ntered at 800C
for three hours, the obtained sintered product contains 5 to 100% 5- TCP
in peak intensity ratio calculated fromthe intensities of the strongest
peaks of hydroxyapatite and 6 -TCP 1gy X—ray diffraction. 10 The slightly

wat er - sol ubl e phasphate cqomprising_the above anorphous cal ci um phosphate
preferab‘“:l’]tj]ecl"l a(r)ha C@Q@‘:ﬁé@ Walito 18y ei §AL0BH Y T whem prepagete

preferab 1.15 to 1.20. If the CaO P205 ratio is less than 0.90, calcium
hydr oger#o%‘bh%ﬁ‘@quss edursy, ofo 10Rabyt Weighhcandnshows herkakf as a

. di spersion_stabilizer becones very | ow, hence inappropriate for use. If
the rati%PIimepfatigmrine4nf 5t fer @0wminubes . whear prepaxedtamfanr eact ed
cal cium hence not econom cal and, noreover, there will be an adverse

ef fect onquedns oyl of di.Sr iblyuwiedghat otheailt«mnatimlynmhamtﬁm 20
reacti on. The above anorphous cal ci um phosphate preferably shows a half
sedi #ent amdxphausrecalfc iim ph2Gphiatet ds, sinteredr at esadiCy fort @htbeni nut es
when prepared as an aqueous slurry of 1.5%by weight. If the half

sedi mentounos, tthe abftadimddhe iageseds psloduty ebntabis by weipids i g-l ess than

5 m nutes, 7 NOVEMBER 2006 12

TCP in peak intensity ratio calculated from the intensities
of the strongest peaks of hydroxyapatite and 8-TCP by X-ray
diffraction.

10 - The slightly water-soluble phosphate comprising the
above amorphous calcium phosphate preferably has the
Ca0/P,0; ratio by weight of 0.90 to 1.45, moré preferably
1.15 to 1.20. If the CaO/P,0; ratio is less than 0.90,
calcium hydrogenphosphate is formed, so that the function

15 thereéf.as a dispersion stabilizer becomes very low, hence
inappropriate for use. If the ratio is more than 1.45,
there will be a large amount of unreacted calcium, hence not‘
economical and, moreover, there will be an adverse effect on

. the bead size distribution at the time of polymerization -
20 reaction.
The above amorphous calcium phosphate preferably shows

a half sedimentation time of 5 to 20 minutes, more
preferably 5 to 15 minutes when prepared as an aqueous
slurry of 1.5% by weight. If the half sedimentation time of

25 the aqueous slurry of 1.5% by weight is less than 5 minutes,




- the beads will be large, so that it will have a poor effect as a

di spersion agent and the polynerization reaction will RBRQjoPEMBERZGeEd. On
the other hand, if the half sedinmentation time is nore than 20 mnutes, the
bead size 5 distribution of polynmer beads will be w de probably because

the dispersion effect will be too good, hence not preferable. Further, the
above anor phous cal ci um phosphat e preﬁérably shows an el ectri cal
conductivity of 50 to 1000011 S/cm re preferably 300 to 8000115/ cm when
pr epar ed ﬁs an 10 qﬁeous slurry of 10% by weight. If the electrical
conduct i ¥ReyPeI§ R 1BH8R s SOmthate e ¥d1di havedpspeebeisrtof pol yner
beads wi || be w de probably because the dispersion effect will be too
good. |faBhd IERIFTIM aqasid@d wmhey pod yrmerdzakian1oeaotish cwill t

soneti nes happens 15 that the polynerization will not be conpleted probably
because BAE B¢ sprrBlieed or 68 #hpl obberebandhenfetiethalf ef erabl e. Here, the
above anorphous cal ci um phosphate cannot be analyzed as it is by an X-ray
di f fract Fediappbation bownuse m@e tthanolRbamiedtpeakthe beadbsibzsl. Nanel vy,

it is an uncrystallized anorphous cal ci um phosphate. For. analysis, the
anmor ghoudisht thuiqhoshilymer Sicuder ed1at b80@EdEoprobabee betdsseand t he
obt ai ned sintered product is neasured by an X-ray diffraction apparatus.

An especthél| gispetsbbe Sffanspeand G oabigooder hbatesnap- préterable.
pol yneri zati on accordi ng 7 NOVEMBER 2006 13
Further, the above amorphous calcium phosphate
preferably shows an electrical conductivity of 50 to 10000y
S/cm, more preferably 300 to 8000x#S/cm when prepared as an
10 aqueous slurry of 10% by weight. If the electrical
conductivity is less than 150uS/cm, the bead size
distribution of polymer beads will be wide probably because
the dispersion effect will be too good. If the electrical
conductivity is more than 10000xuS/cm, it sometimes happens
15 that the polymerization will not be completed probably
because the dispersion force will be weak, hence not
preferable.
Here, the above amorphous calcium phosphaté cannot be
-analyzed as it is by an X-ray diffraction- apparatus because
20 the obtained peak is too broad. Namely, it is an
uncrystallized amorphous calcium phosphate. For analysis,
‘the amorphous calcium phosphate is sintered at 800°C for
three hours and the obtained sintered product is measured by

an X-ray diffraction apparatus. An especially suitable

25 suspension stabilizer for soap-free polymerization according




-to the present invention is the anorphous cal ci um phosphate in which the
peak intensity ratio of a-TCP cal cul ated by the neasur gdyhPERBER 260% Of

t he strongest peaks of hydroxyapatite and S -TCP is 5 to 100% preferably
25 to 5 100% If the peak intensity ratio of O-TCP is less than 5% the
generated bead size distribution of polynmer beads will be w de probably
because the dispersion force increases, hence not preferable. The

pol ymerization initiator for use ifd3suspension 10 pol yneri zation accordi ng
to the present invention may be-one generally used,for radical

pol ymer i 78t Fﬁ% present y%%‘%%‘y*i%’é isydiemamorphons| ealeivnnrheephatei zati on
initiator include organi c_peroxides such as benzoyl peroxide, t

but yI per dRyHREFRt e t PR I HeaNBAEY TRHA 19dx dhoBER, calaslated by

butyl peroxybenzoate_and 2, 2-bi s-t-butyl peroxybutane, and azo conpounds
such as hBepbrersebed yiokersities A% dhey syoongeistapdaksvefmy be used in the
present invention. For exanple, a nucleating agent such as

et hyl enebydsoryapabhtelcand PelPEet hyl Bneowh0% prpreferabp A%ttar dant such as
hexabr onocycl ododecane nmay be used. The agitating blade for agitation in

t he dut otPl%¥e tEhkhaigmhK dntensieysiratipobfmgr+ToH iien laseortiang589 t he
present invention nmay be one generally used for suspension

pol yner i thei genefatedxbeawd esize fdast middd ioVoTy podypircbeddaSwpatddl e wi ng,
and an anchor wing. These agitating blades are 7 NOVEMBER 2006 14

be wide probably because the dispersion force increases,
hence not preferable.

'The polymerization initiator for use in suspension

10 polymerization.according to the present invention may be one
generally uséd.for radical polymerization of a styrene type
monomer. Examples of the polymerization initiator include
organic peroxides such as benzoylperoxide, t-
butylperoxyacetate, t~butylperoxy-2-ethylhexanoate, t-

15 butylperoxybenzoate and 2,2-bis-t-butylperoxybutane, and azo
compounds such as azobisisobutylonitrile.

Also, a general additive may be used in the present
invention. For example, a nucleating agent sucﬁ as
ethylenebisstearylamide or polyethylene wax, or a fire

20 retardant such as hexabromocyclododecane may be used.

The agitating blade for agitation in the autoclave tank
used for suspension polymerization according to the present.
invention may be one generally used for suspension
polymerization, for example, a flat paddle wing, a pitched

25 paddle wing, and an anchor wing. These agitating blades are




~used in a single array or a multi-array, and are not specifically limted.
In order to manufacture polystyrene type beads having & \NeVEMBERSRIbES! Z€
distribution, the agitation speed is adjusted so that the tip velocity of
the 5 agitating blade is in the range of 2.3 to 5.5m sec, nore preferably
2.5to 4.5msec. If the tip velocity of the agitating blade Is less than
2.3msec, it is not possible to nany%acture pol ymer beads w th equal

si zes, hence not preferable If the tip velocity 10 is nore than 5.5n1 sec,

t he obtaj hed ef f ect. be the same hough requi nnre dr|V|n ower ,
hence not® %‘goﬂbrﬁ c,saﬁngleA&%raéﬁ Rg foMphEL pf“ggﬂﬁt q‘?‘%‘ie@ﬂ?‘? i s pgsgl bl e

to obtain e qﬁf pol.ystyrene t e beads b |npregnat|n the styrene
type beatk® ﬁﬁf Jﬁﬂﬁﬁfﬁéengndﬂ ¥ ana YRS PRIYSENIONSt he styrene
type nononer. ‘ﬁ% IS possible to obtain expandable polystyrene type
beads whe¥Ye$ Ped IEFVVEhé*P@ﬁ?owé§8§dpﬁé&ﬁc@HSEyl%%ﬁk%me| pol yneri zati on
are, after or wthout isolation, subjected to inpregnation wth a blow ng
agent. 289FkRtIPDGRRPhJEnadiastedisedthat the pipseetociemt dhe may be
one sel ected fromvarious known ones. Preferable exanples include
sat ufat edgtBaeing drlaste Bonsinsrdle aangeopdnd,3 bat anem/ gent amexe hexane,
cycl opent ane and cycl ohexane, and hal ogenat ed hydrocarbons such as net hyl
chl ori depretexilely ot &ditfd orsamsigeane. The bl owi ng agent nmay be used 7
NOVENBER 2006 15
If the tip ve1001ty of the agltatlng ‘blade is less than
2.3m/sec, it is not possible to manufacture polymer beads
with equal sizes, hence not preferable. If the tip velocity
10 is more than 5.5m/sec, the obtained effect will be the same
though requiring more driving power, hence not economical.
According to the present invention, it is possible to
obtain expandable polystyrene type beads by impregnating the
styrene type beads with a blowing agent during the
15 polymerization of the styrene type monomer. Also, it is
possible to obtain expandable'polystyrene type beads wherein
the styrene type beads produced by suspension polymerization
are, after or without isolation, subjected to impregnation
- with a blowing agent. |
20 The blowing agent to be used for the present invention
may be one selected from various known ones. Preferable
examples include saturated C3-6 hydrocarbons such as propane,'
butane,‘pentane, hexane, cyclopentane and cyclohexane, and

halogenated hydrocarbons such as methyl chloride,

25 dichlorodifluoromethane. The blowing agent may be used




- singly or in a conbination of two or nore kinds. The above blomﬁng agent is
added for inpregnation preferably at an anpunt of 3 toy Eﬂl%ﬁ g With

respect to polystyrene type beads. If the bl ow ng agent |s to added

* for inpregnation during the polynerization, it is preferable to add the

agent at the tinme when the polynerization conversion degree is nore than

85% If, on the other hand, the blow ng agent is to be added after the

pol ymeri zation, the obtained polyné? beads may be 10 i npregnated, w thout

isolation, with a blow n ent in the same autoc]ave tank used for

suspensi G Preril, & €8 6 atign; @f nhyP ver Yok KISk ned pol yner beads

may be taken out @ for isolation and introduced into a different autoclave

for inpregnB® P PlovEindnagendgdst adird fapr éYREEIRACIGN conditi on of

the bl ow ng agent may be suitably selected from the ordinary conditions

gener al |IBEEIRRLY e an @rgust aft 3 tPhd5thby welglitaotibledespeardabl e

pol ystyrene type beads are heated conventinally by steamto yield

pr e- exparelpblsdatteneanypehbradabj ekt ethe dlewpians iagenmlidi hg be a nold 20

having a cavity of prescribed shape to yield an expanded nolded article.

The pr e-adgexhsiamn igprdymatdoduduedngf eéheepabpher itgtiomy riaduc ng steaminto

t he above expandabl e pol ystyrene type beads at a vapor pressure of about

0. 05kg/ cpPsFernbil eprie 2mdexpenagentappatheusimd hehdén nehd or i ntroduction is

general ly 7 NOVEMBER 2006 16
polymerization conversion degree is more than 85%. If, on
the other hand, the bléwing agent is to be added after the
polymerization, the obtained polymer beads may be
10 impregnated, without isolation, with a blowing agent in the
same autoclave tank used for suspension polymerization or,
alternatively, the obtained polymer beads may be taken out
for isolation and introduced into a different autoclave for
impregnation with a blowing agent. The impregnation
15 condition of the blowing agent may be suitably selected from
.the ordinary conditions generally used in the field of art.
The thus manufactured expandable polystyrene type beads
are heated conventiqally by steam to yield pre-expanded
beads, and then subjected to expansion molding in a mold
20 having a cavity of prescribed shape to-yield an expanded
molded article.
The pre-expansion can be conducted, for example, by
introducing steam into the above expandable polystyrene type
beads at a vapor pressure of about 0.05kg/anG in a pre-

256 expansion apparatus. The time for introduction is generally




- assunmed to be 30 to 180 seconds. The obtai ned pre-expanded beads are

preferably left to stand for maturing.at an ordinary t?Wﬂ?ﬁEMFWﬁ%idUB about
a day for maturing and, thereafter, subjected to expansion nolding. 5 The
" expansi on nol ding can be conducted by filling, with the pre-expanded
beads, a nold which can be closed but cannot be conpletely closed off and
which has a cavity of a desired shape and, thereafter, by introducing, for
exanpl e, steam having a vapor pres% re of 0.5 to 1.5kg/cn2Ginto the 10
nmol d for heat“gg expansi on. The obtai ned expanded, nol ded article is cool ed

and t ake?STWEDHItR e il GO ERAVSEESNAPhe BhesetainrdREaneERandeder ei naft er
be detailed by 15 mgé%gf preferred Exanpl es and conpari son Exanpl es.
However , Pe#ds A& amsiaraply d&ft foentand: Sori mpEurhBysabpdof the present
invention. |In these exanples, the "peak three meshes" represent the ratio
occupi edoBYiR3F R ct PRIt £oragest( aedhys foromatvrandtaed) ar gest wei ght
I ncl udi ng the range conprising the bead dianmeter D50. Here, D50 neans the
aver age beaveafter: efubemdidartadiespeneipnamodtiog.t he accunul at ed wei ght
occupies 50%in the accunul ated wei ght distribution curve of bead size
when & he bea@beaespshasonfmebdiyy M4 dieardarhhoreshesy Z5lildhg, opeshng 2. 36nm
(7.5 nmesh), opening 2..00mm (8.6 nesh), 7 NOVEMBER 2006 17 opening 1.70mm
(10 neshthe opee+expdnddinbdads nes ijoldopriichgcan be closed but

cannot be completely closed off and which has a cavity of a

desired shape and, thereafter, by introducing, for example,

steam having a vapor pressure of 0.5 to 1.5kg/cm’G into the

.10 mold for heating expansion. The obtained expanded molded

article is cooled and taken out of the mold.

EXAMPLES
The present invention will hereinafter be detailed by
15 way of preferred Examples and comparison Examples. However,
these examples are not intended to limit the scope of the
‘present invention;.
In these examples, the "peak three meshes" represent
the ratio occupied by three consecutive ranges (meshes)
20 having the largest weight including the range comprising the
- bead diameter D;,. Here, D;, means the average bead diameter
(median diameter) at which the accumulated weight occupies
50% in the accumulated weight distribution curve of bead
size when the beads.are classified by JIS standard meshes

25 into opening 2.36mm (7.5 mesh), opening 2.00mm (8.6 mesh),




- 1.18mm (14 nmesh), opening 1.00mm (16 nmesh), opening 0.85mm (18 nesh),
opening 0.71mm (22 nesh), opening 0.60mnm (26 - nesh), openy 0
mesh), opening 0.425nm (36 nesh), 5 opening 0.355nn1(4292%s @Bg§§§¥E€
* 0.300mm (50 nmesh), opening 0.250mm (60 mesh), opening 0.212nm (70 nesh)
and opening 0.180nm (83 nesh). In the exanples, the foll ow ng nmet hod was
used for the neasurenent of CaCYPZ&% ratio by weight, electrical 10
conductivity, and half sedinentation‘tinme. [CaQ P205 ratio by weight] Wen
the sanple was a pomdeg( it was used as it was and when the sanple was a

slurry, PPERART } 1Ry L dnefhed OREningod - A8RMy (ideTABl} s ORPRBINGNDI e was
then diluted in iN 15 nitric acid. The cal cium concentration and the
phosphor 4s18EBncEhimegh bn eRamEing: ds@08d Ky busirsl)a SPEDERTi Q839 e hi gh
frequency glasna em ssion spectral line analyzer (manufactured by Seiko
| nstrumehl®, me$R} , i PpgiRm)0 . Hamn t (72 resd)R20penango0b§ommei (e
was-cal cul ated. 20 [El ectrical conductivity] The sanple was prepared as a
10% (by meshhi ) opepisndsO. S0mr r(30 arebhi)he oplendngi 6ak26mmdya6 i mesly) yas
measured by using a conductoneter (manufactured by Horiba, Ltd. in
Japar) . @pefihgf0s2ihmmen{4l imesH) MejpehiNgVBVBERMRA0Q60 h8sK) 1. 5% aqueous
slurry in which the sanple was uniformy
: opening 0.250mm (60 mesh), opening 0.212mm (70 mesh) and

opening 0.180mm (83 mesh).

In the examples, the following method was used for the
measurement of Ca0/P,0; ratio by weight, electrical
10 conductivity, and half sedimentation time.
[Ca0/P,0; ratio by weight]
When the sample was a powder, it was used as it was and,
when the sample was a slurry, it was filtered and dried at
140°C for three hours. The sample was then diluted in 1N
15 nitric acid. The calcium concentration and the phosphorus

~concentration were measured by using a sequential-type high

frequency plasma_emission spectral line analyzer

(manufactured by Seiko Instruments, Ltd. in Japan), and the

Ca0/P,0; ratio by weight was- calculated.

20 [Electrical conductivity]

The sample was prepared as a 10% (by weight) agueous
slurry, and the electrical conductivity was measured by
uéing a conductometer (manufactured by Horiba, Ltd. in
Japan).

25 [Half sedimentation time]




- di spersed was prepared and kept quiet in a 100m sedinentation tube at
25C. The tinme until the volume of the sedinents becanme 75BVEMBERRABU ed.
5 The peak intensity ratio (%9 of 3 -TCP was cal culated by using the
“follow ng nethod. [(3-TCP peak intensity ratio] Wen the sanple was a
powder, it was used as it was and, when the sanple was a slurry, it was
filtered and dried at 10 140C for tfgee hours. The sanple was then
sintered at 800C for three hours ano1 he obt ai ned sintered product was

measured by an;Xzga | er nuf act ured Ri gaku. .Electric Co.,
Ltd. in Japa%).l' ééa%q‘?%%lfé%ﬁ&er@t i %Cﬂt%?lgnﬁgglpgéegﬁ BRLRY Y yapat i t e
(Mller kn 1) 26 15 =317 deqg.) .and.trical ci osphate (3 -TCP)
(M1ler #ﬁ%ﬁéré%%l S RjEPers @&%) %\?/%’Feq&'r atBd2 gwhe peak intensity
ratio (9 f - TCP. was .cal cul_at.ed by the foll ow.ng, equation. _peak

i ntensi t e&b‘f‘é‘bt%‘fl%n%e( Ht f%((geak'i(l?%t% faptgd %h-e Yepyre(géak intensity
of hydroxyapatite + peak intensity of 20 8-TCP) X 100 Exanples 1 to 14 and

a
conpar i sBﬁee'T(% Qits hecame Rlmda WeisyMegaYSpHat e 120g (manuf act ured by
Tai hei Chem cal Co., Ltd. in Japan) and sodi um hydrogensulfite and 25

«

pot assi um pe®8g| Paak SRtERHLEL sTatenn( $)n ofatf TP awes Tel@ atRdGYEVBER
2006 19 were introduced into a 100 liter autoclave and, further, benzoyl
per oxi deu34ng therfellowgyy matheg.y| per oxybenzoat e
[ 8-TCP peak intensity ratio]
When the sample was a powder, it was used as it was and,
when the sample was a slurry, it was filtered and driéd at
10 140°%C for three hours. The sample was then sintered at 800°C
for three hours and the obtained sintered product was
measured by an X-ray diffractometer (manufactured by Rigaku
Electric Co., Ltd. in Japan). Peak intensities of the |
strongest péaks of hydroxyapatite (Miller index' (211) 2@
15 =31.7 deg.) and tricalcium phosphate (B—TCP) (Miller index
(217) 20=31.0 deg.) were compared, and the peak intensity
ratio (%) of B-TCP was calculated by the following equation.
peak intensity ratiq of B~TCP (%) = (peak intensity of 8-
TCP)/- (peak intensity of hydroxyapatite + peak intensity of |

20 B-TCP) X 100

Examples 1 to 14 and comparison examples 1 to 7
Tricalcium phosphate 120g (manufactured by Taihei
Chemical Co., Ltd. in Japan) and sodium hydrogensulfite and

25 potassium persulfate of amounts shown in Table 1 and Table 2




- 30g, dem neralized water 40kg, and styrene nononmer 40kg were supplied into

the autocl ave and m xed. The m xture was 5 di ssol ved ang yheeRiBERd20080€er
agitation to forman agqueous suspension solution. Next, the styrene

" mononer was pol ymerized at 90C for six hours and then at 115C for two

g

hours under agitation condition showm in Table 1 and Table 2 with pitched
paddl e 10 (four wings, two-array structure) and flat paddle (three w ngs,
one-array structure). After the polymk?ization reaction, the reaction
product was cpol ed, taken out from  the autoclave, subjected to
centrif UaES o tLRANGRT ddtoo 2 08| diseryanyerehavecand, ABCHRST respect to

t he average dianeter (D50) and the bead size distribution (peak three
neshes) lagn%%él RREGFHEE A9y IPprdky:pdadd, ¥abrtviperewgbengoatault of
suspension polynerization when sodi um hydrogensul fite was used and, Table
2 shows 208 rdefiinerstlinesh siadiean 4980y mendz atysaneheanomep ot G iviene

persul fate was used and the result of suspension polynerization when a

conbi nat $eppbied othvium thedraagecdaivel ed andegot dBise umipensulviast e was used. 7
NOVEMBER 2006 20 BBBBS5. ppBpp mmmpJ m* QOf+ - ~mx m
5 dissolved and dispersed under agitation to form an aqueous

suspension solution.
Next, the styrene monomer was polymerized at 90°C for
- 8ix hours and theﬁ at 115°C for tﬁo hours under agitation
condition shown in Table 1 and Table 2 with pitched paddle

10 (four wings, two-array structure) and flat paddle (three
wings, one-array structure). After the polymerization
reaction, the reaction product was cooled, taken out f;om
the autoclave, subjected to cenﬁrifﬁgation, and dried to
yvield polystyrene beads.

15 With respect to the average diameter (D;,) and the bead
size distribution (peék three meshes) of the obtained
polystyrene beads, Table 1 shows the result of suspension
polymerization when_sodium hydrogensulfite-was used and,
Table 2 shows the result of suspension polymerization wheh

20 potassium persulfate was used and the result of suspension
polymerization when a combination of sodium hydrogensulfite

and potassium persulfate was used.
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Table 1
_ Agitation speed * Result of polymerization
Additive(amount} Agitation blade _|Agitation blads tip speed (m/sec) Rotation speed (rpm) | Peal thres meshes (%)
Comparisen example 1 | 45° 1.60 ‘129 57
o 2 pitched paddie - 2.00, 162 ~— g1
Examples 1 (diametér 236mm) 2.80 186 i
z 2 sodivm 2.60 210 ‘81
7 8 hydrogensulfite 3.50 283 83
v _4 " (0.69) 4.50 - 384 81
# B 6.10 413 80
Comparison example 3 flat paddie - 2,00 132° 58
Example 6 (diameter 200mm) 2.80 152 78
v T 3.00 198 83
78 450 297 81
Table 2
Agitation spesd . Rasult of polymerization
Additive(amount) Agitation blade |Agitation blade mv spead (m/gec)| Rotation speed (rpm) | Pealk thres meshoes (%)
Comparison example 4 | potassium persulfate . 45 - 1.60 . 129 55
7 ) 5 0.32) pitched paddle 2,00 162 61
Example: 9 | (diameter 236mm) 2.80 186 80
» 10 4.50 864 81
Comparison example § |sodium hydrogensulfite 1.80 129 .55
r 7 0.17g) 2.00 162 62
Example 11 and 2.30 186 79 i
4 12 potassium persulfate 2,80 210 82
» 18 ©.17g) 450 864 82
“ 14 5.10 418 81

R




r NNtpNrn.. o.. wB.gq~Woomo.. W~ v.. aB..gq mBm9 mm
mmp p 7 NOVEMBER 2006 21 As shown in Table 1 and Tab'?ﬁs]@VEM ErS2dggund
~that polystyrene type beads having a narrow bead size I stribution can be
obt ai ned by suspension polynerization of a styrene type nononer in an
aqueous nedi umunder agitation 5 wth the agitating blade tip velocity in
the range of 2.3 to 5.5m sec under Ege presence of a slightly

wat er - sol ubl e phosphate and a water=sol uble sulfite and/or a water-sol uble

persul f ate. &8 Eﬁg@@'fﬁ ﬂ%?fé)%§¥§fﬁ%ﬁgggg%LiggfgxigﬁhgzyﬁP o 13 (Method

for synthesiZing an anorphous er vessel was
supplied wth 40759 of d?ﬁi eralized water and 35$g of cal ci um hydroxi de to
forma BPSHRYEIGNR SoiRft it ISclaviidods PRV PEAR sS ¥ per si on 15 sol uti on
was added, 436,59 of 75.1% aqyeoys phosphate sqlutiop under sfrong

201 tat | oftLF bR LEE Him HAIL R RG4S SBERS OTHROLKRBEL RS 61T ( he

di spersion solution of calcium hydroxide at the beginning of adding the
aqueous 2pRBEERRR FYRF AT Tad G0 AWEeoURe tedApBr BRUPE 2F1i%deidhd 20 of

addi%? was 40C. After the addition of aqueous phosphate solution, the
with the agitating blade tip velocity in the range of 2.3 to

5.5m/sec under the presence of a slightly water-soluble

phosphate and a water-soluble sulfite and/or a water-soluble

persulfate.

10 Examples 15 to 27 and comparison examples 8 to 13
(Method for synthesizing an amorphous calcium phosphate)

A five-liter vessel was supplied with 4075g of
demineralized water and 3559 of calcium hydroxidé to form a
dispersion solutiqn. Continuously into this dispersion

15 solution was added 436.5g of 75.1% aqueous phosphate
solution under strong agitation for 30 minutes using a
plunger pump. The temperature of the dispersion solution of
calcium hydroxide at the beginning of adding the aqueous
phosphate solution was 20°C, but the temperature at the end

20 of adding was 407C.

After the addition of aqueous phosphate solution, the
dispersion solution was left to stand under agitation for 30
minutes, and then cooled under agitation to yield a slurry.
The solid component of the slurry occupied 10.56% and the

25 measured CaO/P,0; ratio by weight was 1.11.




di spersion solution was left to stand under agitation for 30 m nutes, and
then cool ed under agitation to yield a slurry. The SOIMN?w@mggﬁmomg t he
~Slurry occupi ed 10.56% and the 25 neasured CaQ P205 ratio by wei ght was
1.11. 7 NOVEMBER 2006 22 Also, a slurry was forned in the sane manner as
in the above except that the added anount of 75.1% aqueous sol ution was
changed to be 407.79g. In this enbodizrent, the solid conponent of the
slurry occupied 10.24% and the nmeasured 5 CaQ Pz05 ratio by wei ght was

1.20. An amygylous, ?}l‘tﬂlf#%%@o%%&a wai Qﬂénga&@%’;g%ﬁ{\‘é@g %é‘ggﬁ;f;%h"ed as a

solid conponent ‘and havirg a property shown In roduced as a
suspensi ilzet .t | ] V. %Rﬁ[ r .s0di um

hydr oger%%vfelt '%25 cl(?lpi:g Q:hfg ngnég‘g?d pée#l((%(rllggé €?0% ]?%pur eéu%%@? Frtlﬁﬂ

t-butyl pero 0 deqgin l.i,zed ter. g L ene nononer
40kg Werl%g""S @%@g’%;&ﬁ%%sgépgpgd?ght gfr?htéuasute Og}g‘é%ﬁe%ﬁlgxg Eﬁx«i’gv\/as t hen

di ssol ved and di.sp d under agitation m a ueous suspensi on

sol ut i orFOTRPTIGI ,0%{ ﬁfgles PERE ﬁﬁﬁﬁﬁé?dv\il@é‘g%j%%?e &eaﬁdﬁrfﬁeri zation
reaction at,90C for,six hours and then at 115C for two hours by using a

f 1 at OpadtB¥ Res abREL? - PH IRARDE MA%ed #i%gs, one array) as an agitating

bl ade under an agitation condition of agitating blade tip velocity of 20

.1 g
3. 04m sec andRr FAERRALS Rl igm BhospRatehyedlghdpPoh209 8RRt was then -
cool ed, taken out of the autoclave,
measured as a solid component and having a property shown in

Table 3 was introduced as a suspensioﬁ stabilizer into a 100
liter autoclave and, further, sodium hydrogensulfite 0.4q,

10 .benzoyl peroxide 140g (purity: 75%), t-butylperoxybenzoate
30g, demineralized water 40kg and styrene monomer 40kg were
mixed and supplied into the aﬁtoclave. The mixture was then
dissolved and dispersed under agitation to form an aqueous
suspension solution.

15 Next, the styrene monomer was subjected to
polymerization reaction at 90°C for six hours and then at
115°C for two hours by using a flat paddle (diameter: 290mm,
three wings, one array) as an.agitating blade under an
agitation condition of agitating blade tip Qelocity of

20 3.04m/sec and rotation speed of 200rpm. The reaction
product was then cooled, taken 6ut of the autoclave,
subjected to centrifugation and dried to yield polystyrene
beads.

The bead size distribution (peak three meshes) of the

25 obtained polystyrene beads is shown in Table 3.




" subjected to centrifugation and dried to yield polystyrene beads. The bead
size distribution (peak three nmeshes) of the 25 obtai neqydyQEMBER By beads
~is shown in Table 3. 7 NOVEMBER 2006 23 Here, potassium persulfate was
added in Exanples 26 and 27 and Conparison Exanples 12 and 13, as shown in
Table 3. Also, TCP-10 manufactured by Tai hei Chem cal Co., Ltd. and
trical ci um phosphate C13-09 manuf actiy ed by Budenhei m 5 Chem cal Co., Ltd.
whi ch are known as a suspension stabilizer used in conbination with a

factant i Li . I . . qi
Compar i son v S LR sRRRITANET WBR ARk B SRR e R 0 1T
i nt t..8 10 .f h h : h i nt d t d
by an ¢ T AUNFHPARCON B3BAPLERsL2 THED phbk ADUUIRIT v RIS A of 0 - TCP
and 13- 759 Wk mpnedoebugsanty SRafel (oiieminal 0 tnd i rom s onal
suspensi on, stabilizer 15 which was | abeled "trical ci um phosphate" (TCP)

proved tFIRALIGT BRrspRateeClon0? neapfartyred bY (BYWdaniidhd out that the

sintered product of the suspension stabilizer according to the present
i nveRt i dAMeMA s Gy rofitirdr WR}EPareckBaWn 29 | & FUSREATHISphate (0 - TCP),

or nostly tricalcium 20 phosphate ((3 -TCP) . 7 NOVEMBER 2006
stabilizer used in combination with a surfactant in

conventional suspension polymerization methods, were used in
Comparison ﬁxamples 10 to 13.
The employed suspension stabilizer was sintered at 800°C
10  for three-hours, and the sintered product was measured by an
X-ray diffraction apparatus. The peak intensity ratio (%)
of f-TCP calculated from the intensities of the strongest
peaks of hydroxyapatite and 8-TCP is shown in Table 3. As
shown in Table 3, the conventional suspension stabilizer
15 which was labeled "tricalcium phosphate"” (TCP) proved to be
hydroxyapatite. On the other hand, it was found out that
the sintered product of the suspension stabilizer according
to the present inveqtion consisted-of hydroxyapatite and
tricalcium phosphate (8 -TCP), or mostly tricalcium

20 phosphate L  -TCP).
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Table 3 . .
CaO/P205 Helf sedimentation Electrical - g-TCP Result of polymerization
Sulfite | Persulfate | ratio by weight time (minutes) conductivity ratio (%) Bead size yield (%)
) @ , (u Slem) after baking Peak three meshes
Examples i 15 0.4 - 0.94 10 7560 & 95
16 0.4 - 1.11 7 1400 100 92
17 0.4 - 1.20 b 2540 53 93
18 0.4 - 1.25 11 8850 29 91
19 0.4 - 1.80 18 2140 44 04
20 | 04 - 1.31 18 5000 .85 95
21 0.4 - 1.39 15 500 18 90
22 0.4 - 1,18 26 160 a8 91
23 0.4 - 1.21 21 56 26 90
24 0.4 - 1.26 15 36 18 g0
25 0.4 - 1.3 14 4750 0 92
26 - 0.3 1.20 - B 2540 53 04
27 0.16 0.16 1.20 5 2540 53 L .96
Comparison | 8 0.4 - 0.80 4 12900 4 poor.dispersion during polymerization
examples 9 0.4 - 1,34 20 45 g 75
10 0.4 - 1.36 over 60 76 0 82
il 0.4 - 1.30 10 48 2 79
12 - 0.4 1.36 over 60 76 0 81
13 0.16 0.16 1,86 over 60 76 0 82

% Sulfite (sodium hydrogensuifite),
% Comparison example 10,12,13 The suspension stabilizer is TCP-10 (L
% Comparison example 11 The suspension stahbilizer is tricalcium phosph

persulfate(potassium persulfate) are used.
0% aqueous slurry) manufactured by Taihei Chemical Co., Ltd.

ate 013-09 {fine powder) menufactured by Budenhelm Chemical Co., Ltd.
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Table 3, it is understood that, by using the specific anorphous cal ci um
phosphate according to the present invention as a suspension stabilizer,

it is possible to obtain polystyrené&Xype beads having a narrower bead

S 2¢ As shown in Table 3, it is understood that, by using
the specific amorphous calcium phosphate according to the
present invention as a suspension stabilizer, it is possible
to obtain polystyrene type beads having a narrower bead size

5 distribution than that of the case when a conventional
slightly water-soluble phosphate is used.

It seems that, when a conventional suspension
stabilizer is used (Comparison Examples 10 to 13), there
will be a strong dispersion protection effect of styrene

10 type monomer drops in the polymerization reaction system.
Howevér, the suspension stabilizer comprising the above
specific amorphous calcium phosphate according to the
present invention has a weék dispersion protection effect of
monomer drops in the suspension polymerization method,

15 thereby exhibiting an effect of narrowing the width of the

bead size distribution of the obtained polymer beads.

Examples 28 to 34land Comparison Examples 14 to 23
Tricalcium'phosphate (manufactured by Taihei Chemical
20 Co., Ltd.) 120g and sodium hydrogensulfite and potassium
persulfate with amounts shown in Table 4 were introduced
into a 100 liter autoclaﬁe and, furthér, benzoyl peroxide
140g (purity: 75%), t-butYlperoxybenzoate 30g, demineralized
ﬁater 40kg and styrene monomer 40kg were mixed and supplied

25 into the autoclave. The mixture was then dissolved and




" 5 distribution than that of the case when a conventional slightly
wat er - sol ubl e phosphate is used. It seens that, when a eqy¢EMBERC2006

. suspension stabilizer is used (Conparison Exanples 10 to 13), there wl|
be a strong dispersion protection effect of styrene 10 type nononer drops
in the polynerization reaction system However, the suspension stabilizer
conprising the above specific anor us cal ci um phosphate according to the
present invention has a weak dispersion protection effect of nononer drops

in th | i.zati, t hod, 15 thereb hi biti ffect of
nar 1 ow r- TR SRR AoHE 2 Gk T6) 67 2R PUTEPEN SORTRE BB ai ned pol ymer

beads. Ex J]es 28 to 34 and Conparison Exanples 14 to 23 Trical ci um
phosphat%of actured by Tai hei Chemical 20 Co., Ltd.) 120g and sodi um
hydr ogensul fite and %otassiunl persul fate with amounts shown in Table 4
ver e i ntrodulBHt i hee SEAERNE | RROWRE JBSAIRIRFteutther, benzoyl peroxi de
1409 (purity: 75%, t-butyl peroxybenzoate 30g, dem neralized water 40kg
and st yr BAEYReALFRS LMD KPaAR O Miate @ (b dE QT ppHs diPus jand thed adrt ocl ave. The
m xture was_then dissolved and 7 NOVEMBER 2006 26 di spersed under
agi t & i ohl? & ffermtwe hgussubysuspeasaoflasopaddlsn. (denetearhe 280mmane
nononmer was subjected to polynerization reaction at 90C for six hours and
then at BhIe@sGvings i wendcarmat)y assiang agiftadtingabiade (didertan: 290mm
agitation condition of agitating blade tip velocity of
3.04m/sec (rotation speed of 200rpm). The reaction product
was then cooled, taken out of the autoclave, subjected to
10 centrifugation and dried to yield polystyrene beads.
The average bead size (D;,) and the bead size
distribution (peak three meshes) of the obtained polystyrene
beads are shown in Table 4.
The obtained polystyrene beads were classified into
‘15 small beads of 0.3 to 0.4mm and large beads of 0.6 to 0.7mm
and then impregnated with a bloWing agent, as shown belbw,
to yield expandable polystyrene beads, which were, after
pre-expansion, subjected to expansion molding to produce an
expanded molded articlée.- In the case of Comparison Example
20 17, the average bead size was so large that beads of 0.3 to
0.4mm could not be collected, making it impossible to
evaluate the obtained expanded molded article. The small
beads were evaluated'by making them into an expanded molded

article having a cup-like shape. The large beads were

25 evaluated by making them into an expanded molded block




"~ three wings, one array) as an agitating blade under an agitation condition
of agitating blade tip velocity of 3.04m sec (rotation SpeeeMBER S -
The reaction product was then cool ed, taken out of the autoclave,
~subjected to 10 centrifugation and dried to yield polystyrene beads. The
aver age bead size (D50) and the bead size distribution (peak three neshes)
of the obtained polystyrene beads e shown in Table 4. The obtai ned

pol ystyrene beads were classified into 15 small beads of 0.3 to 0.4mm and

| arge beads. of 0.6 to O.7Zmm _and.then i.npr.egpated w b] owi ng agent, as
shown bé?%‘@,‘ng t? %ﬁceﬁadl%n&&E@&%@P&%@%%B%@a‘ag } {’;\%la)& h‘l‘\r‘?\%r"%, after
pre-expafféon, subj ected to expansion nolding to produce an expanded

mol ded att7®Pe.- In the case of Conparison Exanple 20 17, the average bead
size was so large that beads of 0.3 to O0.4nmcould not be coll ected,

meki ng i fIH Wﬂ?ﬁtW%tnaﬂﬂhkﬂﬂénﬂhégéﬁFaiB§8'€§B§Hﬂé@“nrﬂ%ﬁﬁp%#9ﬂcIe. The
smal | beads were eval uated by nmaking theminto an expanded nolded article

havi ng atelging kef sHepll befds)ar ge beads were 25 eval uated by neking them
“into an expanded nol ded bl ock 7 NOVEMBER 2006 27 having a rectangul ar

par ald el epi pddféviapdiber 380tocUse Xasl GorpnliEdmrisdn2008g oft wakebl owi ng
agent, pre-expansion, expansion nolding of small beads) 5 A five-liter
aut ocl avie2g9eef smaphe stimi pyrditephettenatner 0.3g of sodium

dodecylbenzenesulfonate to form an aqueous medium, which was

then supplied with 2000g of the above small polystyrene

beads and agitated at 300rpm.

10 Next, the temperature was raised to 100°C and, while
maintaining this temperature, the small beads were
impregnated with 120g of pressingly added pentane for two
hours and then cooled to yield expandable polystyrene beads.

The obtained expandable polystyrene beads were left to

15 stand for maturing at 15°C for 24 hours for maturing and
then subjected to pre-expansion process, which yielded pre-
expanded beads having a bulk expansion ratio of 10. Further,
the pre-expanded beads were left to stand at an ordinary
temperature for 24 hours for maturing, and then loaded into

20 a mold having é cup-like cavity with an inner volume of
450ml and a thickness of 2mm. Afterwards, steam of
1.8kg/cm3G was introduced for 7 seconds for heat expansion
molding and the obtained product was cooled and separated
from the mold to complete an expanded polystyrene molded

25 article having a cup—liké shape.




- 12g of magnesi um pyrophosphate and 0. 3g of sodium dodecyl benzenesul fonate
. to forman aqueous nedium which was then supplied wt above
smal | pol ystyrene beads and agitated at 300rpm 10 Nex?,ﬁ(?ﬂgﬂ%a?#piedr@ture
was raised to 100C and, while maintaining this tenperature, the snal

beads were inpregnated with 120g of pressingly added pentane for two

hours and then cooled to yield expan?gble pol ystyrene beads. The obt ai ned
expandabl e polystyrene beads were | e 15 stand for maturing at 15C for
24 hours for mat ur anc t hen subjected to pre-expansi on process, which
yi el ded F@Pr%ﬁﬁﬁ Weda R aaﬂﬁmﬁre955n§35ﬁn?é?mo HFPARSIqNr t her ,

t he pre-expanded beads were |eft to stand at an ordinary tenperature for
24 hoursmnglﬁiI?ﬁ|¥EF9%NRPQ4ﬁﬁ1 | oaded into 20 a nold having a cup-like
cavity with an inner volunme of 450mL and a thickness of 2mm Afterwards,
steam of 1. 8k§A¥APELHAE AWERGRN® MWD rsupEleiashasitho20084t oéxyahetron
nol di ng and t he obtai ned product was cool ed and separated fromthe nold to
conpl et e 2gnoéxpaghesipo| yyrophasphatied @hd?® .39t o€l eolauwing a cup- i ke shape.
7 NOVEMBER 2006 28 (lnpregnation with a bl ow ng agent, pre-expansion,
exparsi odedeoy tbegzefeswl fpndtends) forin @ laiqueousumediamg whakclswppsi ed with
2000g of water, 9g of magnesi um pyrophosphate and 0. 3g of sodium5

dodecyl b&éheanssppl bedtwitlo 2600y &t aqueaboveediauwge pbilgbtywesne

beads and agitated at 300rpm.
Next, the temperature was raised to 90°C and, while
maintaining this temperature, the large beads were
10 impregnated with 180g of préssingly added butane for three
hours and then C6oled to yield expandable polystyrene beads.
The obtained expandable polystyrene beads were left to
stand at 15°C for 4 days fo; maturing and then subjected to
pre—eipansion prbcess, which yielded pre-expanded beads
15 having a bulk expansion ratio of 60. Further, the pre-
expanded beads were left to stand at an ordinary temperature
for 24 hours for maturing, and then loaded into a mold
having a cavity of 300 X 450 X 100mm rectangular
parallelepiped shape. Afterwards, steém of 0.6kg/cm’G was
20 introduced for 30 seconds for heat expansion molding and the
obtained product was cooled by water for 20 seconds and
separated from the mold to complete an expanded polystyrene
form having a rectangular parallelepiped shape.
(Evaluation of expanded molded article)

25 - The printing property and the curry soup leakage of the




- then supplied with 2000g of the above | arge polystyrene beads and agitated

. at 300rpm Next, the tenperature was raised to 90C and, : | $gy Ning
this tenperature, the |arge beads were 10 i npregnated mf?ﬂbqggg o%

" pressingly added butane for three hours and then cooled to yield
expandabl e pol ystyrene beads. The obtai ned expandabl e pol ystyrene beads
were left to stand at 15C for 4 days for maturing and then subjected to
pr e- expansi on pr.ocess, which yiel ded pPe- expanded beads 15 having a bul k
expansion ratio of 60. Further, the pre- expanded beads were left to stand

at an or'thdSPhaEfsst sup-d ikeoexpandsd, Bolded nar ke ey, 2B thfn | oaded into
a nold havh;g#a cavity of 300 X 450 X 100mm rectangul ar parall el epi ped
shape. ARSIt dagRess of. crdlenpthpasurbacat esteRen aanddkhgeconds for
heat expansion nol ding and the obtained product was cool ed by water for 20
seconds Hmglondrgrae®f rda expanded moldedpbiock ahaekp@ndled pol ystyrene
form having a rectangul ar parall el epi ped shape. (Eval uation of expanded
nol ded ared¢tarjuids Taxrgllieltdpigedr shapeywand éelWalcateg amdiptheakage of the
7 NOVEMBER 2006 29 thus obtained cup-like expanded nolded article, and the
irredul aresyldegamse stiowrelirs Tablle dur f ke skamdeidnfandddie itdemsiodn degree
of the expanded nol ded bl ock having a rectangul ar parall el epi ped shape
wer e evahemdwremartk tie s riesilldwss.are shown in Table 4. The standard for
each item of
[Printing Property]
©: very good, (O: good, A: a little inferior, X: inferior
The printing propéity is one of the gqualities required
10 of a cup-like container for precooked foods. The factors
having an influence on the printing property are the cell
size, the cell condition and the surface smoothness of the
molded article.
[Curry soup leakage]
15 Curry soup powder was loaded into a cup-like expanded
molded article to £ill 80% of its inner volume and left to
stand at 60°C in a thermostatic chamber for 24 hours. The
ratio of surface area where the curry caused a surface color
change from white to yellow was measured to evaluate the-
20 oozing (leakage) of fat and oil components of the curry.
vellow change, (O: 0 to 5%, A: 5 to 20%, X: over 20%
[Cell size irregularity]
O+ uniform cells with no irregularities

Ac: with a few irregqularities

25 X: with irreqularities




- measurenent is as follows. [Printing Property] O: very good, O: good, A a
. little inferior, X inferior The printing property is ities
required 10 of a cup-like container for precooked foodgmﬁémpgk&%@
" having an influence on the printing property are the cell size, the cel
condition and the surface snoothness of the nolded article. [Curry soup
| eakage] 15 Curry soup powder was | oaded into a cup-like expanded nol ded
article to fill 80%of its inner voldthe and left to stand at 60Cin a
thernmostatic chanber for 24 hours. The ratio of surface area where the
curry catfRERPHaNfGhce color change fromwhite to yell ow was neasured to
evaluateﬁéﬂe 20 oozing (] eakage) of fat and oil conponents of the curry.
yel | ow cHatiggood, 6t  chittde gnferipw, X: dnderion, [cell size
irregularity] O: uniformcells with no irregularities A wth a few
i rregul ariti ¥bepsthe suxfage rappearandeesisy inprevBER 2b869aB0 [ Appear ance]
0: good, A alittle inferior, X inferior Wen the surface appearance is
i npr ovedbetirendphe kapasied headspandéhebsadfaon vlietberéspanddd t he
expanded 5 nolded article will be smaller. This inproves the

5 molded article will be smaller. This improves the

smoothness and, therefore, the appearance of the expanded

molded article.

[Fusionl

fusion ratio, O: over 80%, z&: 60 to 80%, X: less than 60%
10 The fusion ratio is the percentage of the internally

broken beads with respect to the total expanded beads in the

ruptured surface when the expanded molded article is

fractured.




snoot hness and, therefore, the appearance of the expanded nolded article.
[Fusion] fusion ratio, 0: over 80% A 60 to 80% X | g:% 10 The
fusion ratio is the percentage of the internally broken f)ii%\t,s \jB\/lE rogspect

to the total expanded beads in the ruptured surface when the expanded

nol ded article is fractured. 7 NOVEMBER 2006 31 H 8 ~~ 9w mo b m
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in Table 4, it is understood that, when polystyrene beads are manufactured
with a conbination of water-soluble sulfite and water-sol ubl e persulfate,
the bead size can be easily controlled to a desired size, so that 5
pol ystyrene beads having a narrow bed@& size distribution can be obtained.
Also, it is found that the expanded nol ded article obtained by expansion
mol di ng af t eAsi apoegynin i Hgbldet ahidvels poidestsyoede thaadswhenh a bl ow ng
agent shows excellent 10 quality.
polystyrene beads are manufactured with a combination of
water-soluble sulfite and water-soluble persulfate, the bead
size can be easily controlled to a desired size, so that
5 polystyrene beads having a narrow bead size distribution can
be obtained.
Also, it is found that the expanded molded article
obtained by expansion molding after impregnating the above
polystyrene beads with a blowing agent shows excellent
10 gquality.
The methods for manufacturing polystyrene type beads by
employing a conventional'soap—free suspension polymerization
and impregnating the beads with a blowing agent to broduce
expanded polystyrene type beads required two different
15 processes to obtain a satisfactory quality of the expanded
molded article, namely, the suspension polymerization method
using a water-soluble persulfate for small beads of 0.25 to
0.5mm and the suspension polymeriZation method. using a
water-soluble sulfite for large beads of 0.5 to 2.0mm.
20 Accordingly, there wefe industrial problems such as
cumbersomeness of production and stock management and
disposal process of unnecessary (off-grade) polymer beads,
so that it was not possible to make the best use of the

merits of the polymerization method for obtaining polymer

25 beads having a narrow bead size distribution.




- The nethods for manufacturing polystyrene type beads by enploying a

conventional soap-free suspension polynerization and i GoEABE e
beads with a bl owi ng agent to produce expanded polysty?@%e typeﬁggggs

required two different 15 processes to obtain a satisfactory quality of the
expanded nolded article, nanely, the suspension polynerization method
using a water-sol uble persulfate for small beads of 0.25 to 0.5nmm and the
suspensi on pol ymeri zation method us3hg a water-soluble sulfite for large

beads of 0.5 tqo .2.0 0 Accordingly, there were industrial problens such
as cunberde%ﬂ@E%‘%gHﬁﬁ 'iGﬁeaﬁgtipgcEoﬁaﬂaﬁﬂﬁ%ﬁFuﬁhﬁg di sposal process

of unnecessary (off-%yade) pol yner beads, ,so that it was not possible to
make t hPHIFEVISDSO VPR PeadRi 181BY RhEOPBLYAREPD 2% HRERF R W obt ai ni ng
pol ynmer 25 beads having a narrow bead size distribution. 7 NOVEMBER 2006
33 On t A tHE ashyaterespeihde PersHhfaracehirthg PERASKE yrene type beads
using a conbination of water-soluble sulfite and water-soluble persulfate
of the pHegimion prevides proeldentegféprbattbateatsingte a single 5
pol ymeri zati on method can be widely applied to production of beads of
vari ous polaaresizatiicn aedhede cdnabret widehyt Applaedeto gir@lRitian 20 and
that it is possible to produce polystyrene type beads and expandabl e
pol yst yrieereds ygoe veazigsis sthizehwdrch thel gveabgef dtéweyen i tlespeoigd o bead
size 10 distribution and quality of the expanded nol ded article.

of 0.20 to 2.0mm, and that it is possible to produce

polystyrene type beads and expandable polystyrene type beads .

which are fully satisfactory with respect to bead size

10 distribution and quality of the expanded molded article.

Comparison example 24

Tricalcium phosphate (manufactured by Taihei Chemical

Co., Ltd.) 60g, a surfactant alpha-olefinsulfonate 2.2g as
15 an auxiliary suspension stabilizer, benzoyl peroxide 140g

(purity: 75%), t-butylperoxybenzoate 30g, demineralized

water 40kg and styrene mﬁnomer 40kg were mixed and supplied

into a 100 liter autoclave. The mixture was then dissolved

and dispersed under agitation to form an agueous suspension -
20 solution.

Next, the styrene monomer was subjected £o
polymerization reaction at 90°C for six hours and then at
115°C for two hours by using a flat paddle (diameter: 290mm,
three wings, one array) as an agitating blade under an

25 agitation condition of agitating blade tip velocity of




- Conparison exanple 24 Trical ci um phosphate (nmanufactured by Tai hei Chem cal
Co., Ltd.) 60g, a surfactant al pha-olefinsulfonate 2.2973fovEfMBER ydei | | ary
. suspension stabilizer, benzoyl peroxide 140g (purity: 75%,

t - butyl per oxybenzoate 30g, demi neralized water 40kg and styrene nononer
40kg were m xed and supplied into a 100 liter autoclave. The m xture was
then di ssol ved and di spersed under agitation to form an aqueous suspensi on
= 20 solution. Next, the styrene noddner was subjected to polynerization

reaction o) I x :hours _and t.h at 115C for two hours by using a
f1at pad%?%ﬁéﬁﬁ%éngégig%ﬂﬁg ee hPée?;?ﬁﬁg?'one array) as an agitating
bl ade under an.25,agitat,ion condition of agitating blade tip.velocity of 7
NOVEMBER 200 rl%ﬁl‘i%g“i’%r#‘é%ﬁ,l’rtar‘iﬂ a(t“fad’r‘i‘féﬁé?é‘g"eéf L¥1%P&hf:’— ‘Ff‘?'g ‘F%Jr um
phosphat e (mgnuf actured by Tai hei Chemical Co., Ltd.) 6g was added each
time aft®e?- ”%Otcirajr{g AP Aded earheE1Rg ALLRT FHY RARTRIRRE 3888% i on at
90C. 5 After the polynerization, the reaction products were subjected to
pr ocesseEhEe hoRrs Suang the above sagtiers 84 90Fhe result of the
pol yneri zation and the evaluation of the obtained expanded nol ded article
are $hown i nAfhBrethe mplgmemizatiamowhe meactipnwpredusssusesesul fite and
10 water-sol ubl e persul fate are not used, the yield of polymer beads in a
nar r ow b8ddjested rtthduracesses stimjdglm tbethosei ip Examples 28 to 34.

The result of the polymerization and the evaluation of the

obtained expanded molded afticle are shown in Table 4.

This result shows that, if water-soluble sulfite and
10 water-soluble persulfate are not used, the yield of polymer

beads in a narrow bead size range is bad, though the quaiity

- of the obtained expanded molded article has no problem.

Examples 35 to 41 and Comparison example 25
15 Polystyrene beads were manufactured in the same manner
as in the Examples 28 to 34 except that sodium
hyd;ogenéulfite 20ppm and potassium persulfate 2ppm were
used with respect to styrehe monomer and the time of adding
each of the above compounds was changed as in the Table 5.
20 The same polymgrization reaction was repeated three times to
evaiuate the réproducibility.
The average diameter (D;,) and the bead size
distribution (peak three meshes) of the obtained polystyrene
beads are shown in Table 5.

25




Exanples 35 to 41

YV EMBER sboshe

as in the Exanples 28 to 34 except that sodi um

and Conparison exanple 25 15 Pol ystyrene beads were nman

of the obtained expanded nol ded article has no problem
same manner
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It shows that, if a combination of water-soluble
sulfite and water-soluble persulfate is used and the water-
soluble sulfite is used as a base, bead diameter control and
reproducibility will be excellent when the water-soluble
6 persulfate is added at the beginning of raising the

temperature for the polymerization reaction.
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It shows that, if a conbination of water-soluble sul 7iNGVEMBER2M6- sol ubl e
persul fate is used and the water- soluble sulfite is used as a base, bead
di aneter control and reproducibility will be excellent when the

wat er-sol uble 5 persulfate is added aty-the begi nning of raising the
tenperature for the polynerization reaction. 7 NOVEMBER 2006 37 WHAT WE
CLAIMIS: 1. A nmethod for manufacturing polystyrene type beads conprising

the step 0 merization of a styrene type nononmer in an
aqueous @@?@ﬁ"ﬁﬁﬁﬁ%% 'tyi on at an agitating blade tip speed of 2.3 to
5.5nf sec under the presence of a slightly water-sol uble phosphate and a
wat er -sol ubl e sulfite and/ or water soluble persulfate, wherein the slightly
wat er - sol ubl e phodpiard Eorpmasesf amprpiiols pealetiephospie e bRiadE t he

Cad P205 ratio by weight being in the range of 0.90 to 1.45, and
comprising the step of suspension polymerization of a

styrene type monomer in an aqueous medium under agitation
at an agitating blade tip speed of 2.3 to 5.5m/sec under
the presence of a slightly water—soluble phosphate and a
water-soluble sulfite and/or water soluble persulfate,
wherein the slightly water—-soluble phosphate
comprises amorphous calcium phosphate with the Ca0/P20s
ratio by weight being in the range of 0.90 to 1.45, and
the amorphous calcium phosphate exhibits, when prepared
as an aqueous slurry of 10% by weight, an electrical
conductivity in the range of 150 to 10000 pS/cm, and
exhibits, when prepared as an aqueous slurry of 1.5% by

weight, a half sedimentation time of 5 to 20 minutes.

2. A method for manufacturing polystyrene type beads
comprising the step of suspension polymerization of a
styrene type monomer in an aqueous medium under agitation
at an agitation blade tip speed of 2.3 to 5.5m/sec under
the presence of a slightly water-soluble phosphate and a

water-soluble sulfite and/or water scluble persulfate,




t he anor phous cal ci um phosphate exhi bits, when prepared as an aqueous
slurry of 10% by weight, an electrical conductivity in the range of 150 to
10000 pS/cm and exhibits, when prepared as an aqueodNQVEMBER®00E 504 py
wei ght, a half sedinentation tine of 5 to 20 mnutes. 2. A nethod for

manuf act uri ng pol ystyrene type beads conprising the step of suspension

pol yneri zation of a styrene type nonojger in an aqueous mnedi um under
agitation at an agitation blade tip speed of 2.3 to 5.5nfIsec under the
presence of a slightly water-sol uble phosphate and a water-soluble sulfite
and/ or water sol uble persulfate, 7 NOVEMBER 2006 38 wherein the slightly

wat er-sol uble p e rises r phous . cal ci hosphate wi.th the
CaQ P205 rati OJ&E%PQV\%% ght&%gipngslﬁﬁgﬁggyr anf’jré"tgfr 593?}%@8 1.?%,Osg\rfl¥§tteafter
t he anmor phous cal ci um phosphate is sintered at 800C for three Pours, t he

p

obt ai ned sTATRT & Pr GHCTE 8GNt SF1S1 8- FEShhAT e ndlbRak et @RS7 F3Psr ati o of
5 to 100% by, calculation fromthe strongest peaks of hydroxyapatite and
R-TCP by X#&y° dP¥f Wedohsn bednga et hoe Fondsamdf b1t i vy polst wehe type
beads according to claim1, wherein the slightly water-sol uble phosphate
is trical catimephodphatasorphosismechddifor phospheteariihyg polntsingdenett ype
beads according to any one of clainms 1 to 3, wherein the slightly
wat er - sol ubb&°phasphatttides addedsin ancansiindi®éd sintered product

contains B~TCP with the peak intensity ratio of 5 to 100%

by calculation from the strongest peaks of hydroxyapatite

and B-TCP by X-ray diffraction.

3. A method for manufacturing polystyrene type beads
according to claim 1, wherein the slightly water-soluble

phosphate is tricalcium phosphate.

4. A method for manufacturing polystyrene type beads
according to any one of claims 1 to 3, wherein the
slightly water-soluble phosphate is added in an amount of

0.03 to 1% by weight.

5. A method for manufacturing polystyrene type beads
according to any one of claims 1 to 4, wherein the water-
soluble sulfite is at least one selected from the group
consisting of sodium hydrogensulfite, sodium pyrosulfite,

sodium dithionite and formaldehyde sodium sulfoxylate.




0.03 to 1% by weight. 5. A nethod for manufacturing polystyrene type beads
according to any one of clains 1 to 4, wherein the water- soluble sulfite
is at |east one selected fromthe group consisting off NOMEMRBER 2006
hydrogensul fite, sodiumpyrosulfite, sodiumdithionite and fornmal dehyde
sodi um sul foxyl ate. 7 NOVEMBER 2006 39 6. A nethod for manufacturing

pol ystyrene type beads according to aty one of clainms 1 to 5, wherein the
water soluble sulfite is added in an anount of 1.5 to | OCppm wth respect
to styrene type nmononer. 7. A nethod for manufacturing polystyrene type
beads accordi ng to any one of clai ms 1 to 6, wherein the water- sol uble

per sul fate i's t one selected fromthe roup consisting. of sodium
persul fat € pot sglle%?hOdpefgﬁl e Hrirftshi Q#H@FQEFFﬁte YRE " ReRgShod for

manuf act uri ng pol yst%/r ene type beads according to any one of clains 1 to
7, wher ei PEFRF Wt Erio sanvibPaSpefs Aliadtes ik Belded vhcaplanbhat Weter. 5 to
50ppm Wth respect to styrene type nononer. 9. A nethod for manufacturing
pol yst yr errokyiplee bend§itacdor didded o ianywmonemofint| aifnsl .15 t bo8,108pemei n t he
wat er- soluble sulfite and the water-sol uble persulfate are used in a
conbi nat i onmtly NAMEMBER Q06yreb: type monomer.

7. A method for manufacturing polystyrene type beads
according to any one of claims 1 to 6, wherein the water—
soluble persulfate is at least one selected from the
group consisting of sodium  persulfate, potassium

persulfate and ammonium persulfate.

8. A method for manufacturing polystyrene type beads
according to any one of claims 1 to 7, wherein the water—
soluble persulfate is added in an amount of 1.5 to 50ppm

with respect to styrene type monomer.

9. A method for manufacturing polystyrene type beads
according to any one of claims 1 to 8, wherein the water—
scluble sulfite and the water—soluble persulfate are used

in a combinaticn.




10. A method for manufacturing polystyrene type beads according to claim
9, wherein either the water-soluble sulfite or the water-sol uble

persul fate is added beforehand into a reaction systefi N@VEMRERZM®ensi on
pol yneri zation, and the other one is added into the reaction systemat the
begi nning of raising the tenperature for the suspension polynerization.

11. A nethod for manufacturing pol ystyfgne type beads according to claim9
or 10, wherein the water-soluble sulfite is added in an ambunt of 0.2 to
100ppmwith respect to styrene type nononmer and the water-sol uble

persul fate is added in an anount of 0.1 to |IOppmw th respect to styrene

type nono , d the s of the nmounts of the added ter-sol ubl e
SUTite ant perbulFaret | SohorBHEAT TreRH ROCK STEEpa6 TIPSL YGRS type
nononer. 12. A pethod for manufacturing polystyrene type beads _according
to any one®SFOEiHi%s TP 161A4M vher harehe  SiidyEgetar atettar oo lihd e

pol ystyrene tgpe beads to be obtained is adjusted to be within the range
of 0.2 to s2lippen PINOVEMBER wriosr-adluidle A perisod fhée nmabsif actddieichg
expandabl e pol ystyrene type beads according to any one of clains 1 to 12,

further corptfoseimgnd heirstep zof rieaptdgnat sgatemt hfar bilosw regsggersticduri ng

the polynerization to produce expandable polystyrene type beads.
polymerization, and the other one is added into the
reaction system at the beginning of raising the

temperature for the suspension polymerization.

11. A method for manufacturing polystyrene type beads
according to claim 9 or 10, wherein the water—soluble
sulfite is added in an amount of 0.2 to 100ppm with
respect to styrene type monomer and the water-soluble
persulfate is added in an amount of 0.1 to 10ppm with
respect to styrene type monomer, and the sum of the
amounts of the added water—soluble sulfite and persulfate

is more than 1.5ppm with respect to styrene type monomer.

12. A method for manufacturing polystyrene type beads
according to any one of claims 1 to 11, wherein the
average diameter of the polystyrene type beads to be
obtained is adjusted to be within the range of 0.2 to

2.0mm.




14. A method for manufacturing expandabl e pol ystyrene type beads, wherein
t he pol ystyrene type beads produced according to any one of clains 1 to 12
are, after or wthout isolation, subjected to inpregdNPYEMBER2ZA06 b owi ng
agent to produce expandabl e pol ystyrene type beads.
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13. A method for manufacturing expandable polystyrene
type beads according to any one of c¢laims 1 to 12,
further comprising the step of impregnation with a
blowing agent during the polymerization to produce

expandable polystyrene type beads.

14. A method for manufacturing expandable polystyrene
type beads, wherein the polystyrene type beads produced
according to any one of claims 1 to 12 are, after or
without isolatidn, subjected to impregnation with a
blowing agent to produce expandable polystyrene type

beads.




