DESCRI PTI ON METHOD FOR WASHI NG PRE- EXPANDED PARTI CLES 5

TECHNI CAL FI ELD The present invention relates to a nethod
for washing pre- expanded particles. More particularly, the present

i nvention relates to a nethod for washing pre-expanded particles which
are used for production of a thernoplastic resin internal die

expansi on nolded 10 article which is used as a cushioning and w appi ng
material, a carrying box, an %g&%bﬁ.laﬁ erial, a bunper core of an

aut onobi l e and the |ike. BACKGROUND ART
It has been known that thernoplastic resin pre-expanded 15 particles can

be prepared by a method (hereinafter referred to as "pressure release
expansion et hod; FERWASHIRY PRILEXPANTIEDBRIATE G g esi N
particles into wa er con ai ning ‘a dispersant pressure cont ai ner,
adding a volatile bl ow ng agent thereto, [ rrpregnatl ng the

thernopl astic resin particles with the volatile blowwng 20 agent wth
keepi ng hi gh tenperature and hi gh‘Elﬁfﬁﬁﬂf& R el easing t he
particles into a | ower pressure atnosphere In the above

pressure rel ease expapSHAcsIRL ﬂ%nﬁ@noféiﬁfeé €0 a meth&Y 9BF WHShHg Rsreneen
resin particles at high tenperature and high
expanded particles. More particularly, the present invention relates to
a method for washing pre-expanded particles which are used for
production of a thermoplastic resin internal die expansion molded

10 article which is used as a cushioning and wrapping material, a carrying

box, an adiabatic material, a bumper core of an automobile and the like.

BACKGROUND ART

It has been known that thermoplastic resin pre-expanded
15 particles can be prepared by a method (hereinafter referred to as
“pressure release expansion method”) comprising dispersing
thermoplastic resin particles into water containing a dispersant in a
pressure container, adding a volatile blowing agent thereto,
impregnating the thermoplastic resin particles with the volatile blowing
20 agent with keeping high temperature and high pressure, and releasing

the particles into a lower pressure atmosphere.

In the above pressure release expansion method, in order to
prevent fusion between resin particles at high temperature and high
pressure, in general, there are used a slightly water soluble inorganic

25 compound (hereinafter sometimes referred to as “inorganic dispersant”)
as a dispersant and a surface active agent (hereinafter sometimes

referred to as “auxiliary dispersant”). However, even after the resin



pressure, in general, there are used a slightly water soluble inorganic 25
conpound (hereinafter sonetines referred to as "inorganic dispersant")

as a dispersant and a surface active agent (hereinafter sonetines

referred to as "auxiliary dispersant”). However, even after the resin

- 2- particles at high tenperature é%d‘high pressure are released into
a | owner pressure atnosphere to give pre-expanded particles, part of
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In order to solve the above problem 1 n genera here are e oyed a

met hod 5( A) o Ubd izt AEh¥6381 the bh@-d%;ﬁrﬁiwgﬁ@@icm@é is Gb@Setimes ¥éfebreéy tar ge
amount of water or warmwater, and a net hod (B) conpri sing washing the

Ekr) e- expandggl “QﬁtratdlﬁhgsdiWXst@ﬂt” Ci i therguenust of the stachidix disersant is

wever, in the nmethod (A), washing effect is poor, so that the

attachi ng Hirgpgfasivn dineienbehs (iid-expahliydr paniclds Yesomeecbadewhen a
mold is charged with the pre-expanded particles and the particles are
heated with vapor to give an internal die expansion molded article.

10 In order to solve the above problem, in general, there are
employed a method (A) comprising washing the pre-expanded particles
with a large amount of water or warm water, and a method (B)
comprising washing the pre-expanded particles with an acidic aqueous
solution.

15 However, in the method (A), washing effect is poor, so that the
attaching dispersant cannot be sufficiently removed. Also because a
large amount of water is used, the method (A) is uneconomical.

On the other hand, in the method (B), because an equipment
must be acid resistance, cost of the equipment becomes high. Also, in

20 the case that the inorganic dispersant is insoluble in an acid, the method
(B) is not effective.

Furthermore, waste water after washing is suitably treated
and discharged. However, in the method (A), because a large amount of
waste water must be treated, cost of the treatment becomes high. In

25 the method (B), because the inorganic dispersant is water-solubilized,
steps such as a reprecipitation step and an adsorption and removement

step are needed. Accordingly, cost becomes high in addition to



| arge anobunt of water is used, the nethod (A) is uneconom cal.

On the other hand, in the nethod (B), because an equi pnent nmust be
acid resi stance, cost of the equi pnent becones high. Also, in 20 the case
that the inorganic dispersant is insoluble in an acid, the nethod (B)
I's not effective. Furthe®nore, waste water after washing is
suitably treated and di scharged. However, in the nethod (A), because

a large a f ter nust be treated cost of the treatnent
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pre- expanded partlc es prepared by the pressure rel ease expansi on
net hod W t hrépu@l@5Ushe pressirét félBagé e%:p@mﬁbnsaiét%e GHEROAAa ha¥big a

speci fic flunctional "group inits nolecule, the above problens can be
di ssol ved. sdlgion 0fey Wage£8bluble comppindhaviag REspedigicofindtibedl group
in its molecule, the above problems can be dissolved. Then, the present
invention has been accomplished.
10
DISCLOSURE OF THE INVENTION
The present invention relates to
D a method for washing pre-expanded particles prepared by
charging a pressure container with an aqueous dispersion containing
15 thermoplastic resin particles, a slightly water soluble inorganic
compound as a dispersént and a surface active agent, and a volatile
blowing agent, increasing the temperature to reach the constant
pressure and the constant temperature, impregnating the thermoplastic
resin particles with the volatile blowing agent, and releasing the
20 particles into a lower pressure atmosphere,
which is characterized in that
the pre-expanded particles are washed with an aqueous solution of a
water soluble compound having at least one functional group capable of
bonding to the surface of the slightly water soluble inorganic compound
25 and at least one hydrophilic functional group in its molecule;

@ the above method wherein the slightly water soluble

inorganic compound is tricalcium phosphate, and the water soluble



10 DI SCLOSURE OF THE | NVENTI ON The

present invention relates to [err] a method for washing
pre- expanded particles prepared by charging a pressure container with
an aqueous di spersion containing 15 thernoplastic resin particles, a
slightly water sol uble inorganic “corfipound as a dispersant and a
surface active agent, and a volatile bl ow ng agent, increasing the

tenperatur&,ﬁl?,ormqstglqﬁg Eé‘ ble o@fnﬁﬁ%”ﬁ %‘éext @%Iﬁﬂ{@tcﬁﬂtdens ted,

tenperature, Fnpregnating fhe therno esin par es M th

vol atile H% Ha@@%‘ta Iﬁﬁqug.gltﬁg%gg the 20 part icles into a | ower

pressure a her e, ch is characterized in that

the pre- eXpanded Pa@ ithleesbav e neshed »vhéfblﬁntwameﬁ soRlibld eBndfersated
wat er sol ubl e compound having at |east one functional group capable of

bondi ng t ophbsphuité 3§ Sodiuhh B exanididphyiiedtesol ubl e inorgani c compound 25
and at | east one hydrophilic functional group in its nolecul e;

[err] tshe above net ®d thieemdiovet hrethdodhivherehi ethes dllightty water i sohgsiei ¢
conpound is trical cium phosphate, and the water soluble

- 4- ciimpgandci Sompwind sokrichicipimsphatphate Wainel thel whiter coskesieat ed
phosphate or a m xture thereof;
compound is a water soluble silicate;
® the above method wherein the slightly water soluble
inorganic compound is tricalcium phosphate, and the water soluble

10 compound is a water soluble ethylenediamineteraacetate;

® the above method wherein the slightly water soluble
inorganic compound is tricalcium phosphate, and the water soluble
compound is a water soluble citrate, a water soluble tartrate or a
mixture thereof;

15 @ the above method wherein the slightly water soluble
inorganic compound is tricalcium phosphate, and the water soluble
compound is a sodium polyacrylate; and

the above method wherein the slightly water soluble
inorganic compound is kaolin, and the water soluble compound is

20 ethylenediaminehydrochloride.

BEST MODE FOR CARRYING OUT THE INVENTION
In the present invention, the pre-expanded particles are
prepared by a conventionally known method, that is, the method
25 (pressure release expansion method) comprising charging a pressure
container with an aqueous dispersion containing thermoplastic resin

particles, a slightly water soluble inorganic compound (inorganic



[err] the above nethod wherein the water sol uble condensated phosphat e

I S sodi um hexanet aphosphate; 5 [err] the above nethod wherein
the slightly water sol uble i norgani ¢ conpound i s trical cium phosphate,
and the water soluble conmpound i s wat er sol uble silicate;

[err] the above nethod wherein the slightly water sol uble I norgani c

conpound is trical cium phosphate, and the water soluble 10 conpound is a

wat er sol L@s?e?%ﬁﬂbe@i Q”HR%&’S%@&G 'a surface active :Q%éﬁﬂ ﬁagﬁigig.?ye

met hod wherefrn e slightly ter sol uble I norgani ¢ conpou
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soluble citr a water soluble tartrate or m-xture thereo

[err] the abeye refehodoieaatn bhessildedhiang Waher %%h%'ghﬁt tempBPAEANY, C

conmpound is trical cium phosphate, and the water sol ubl compound i's a
sodi um pol i‘fﬁlﬁfdéﬁéﬁhﬁm thermoplastic resir€paktiches ¥y ehesidlacilviosingt he

slightly water sol uble I norgani ¢ conpound is kaolin, and the water
sol ubl & coagant)hnd reléhsihyilenpditoleseidrotbwer iptessure atmosphere. BEST
MODE FOR CARRYI NG OQUT THE | NVENTI ON In the present

i nvention, the pre-hxphedeboympressase gekease expanpire thénhal,cionvedéer coal |y
known nethod, that is, the nethod 25 (pressure release expansi on nethod)

conpri si ngpuhengi fupianfretswmerethe theomwipdastic resih partistpe oushdipsssiron

contai ning thernoplastic resin particles, a slightly water soluble

i nor gani ¢ cemigdned, (theoigerganic dispersant and the auxiliary dispersant are
used.

10 As the inorganic dispersant, conventionally used compounds
can be used without particular limitation. Concrete examples of the
inorganic dispersant are, for instance, an inorganic salt such as
tricalcium phosphate, magnesium carbonate or calcium carbonate; clay
sﬁch as bentonite or kaolin; and the like. Among them, from the

15 viewpoint that dispersing power is great, tricalcium phosphate is
preferable. From the viewpoint that dispersing power is great and no
environment pollution occurs, kaolin is preferable. In general, the
surface of the inorganic dispersant is charged with positive or negative
electricity.

20 The above auxiliary dispersant is a component used for
improving affinity between the thermoplastic resin particles and the
inorganic dispersant and heightening dispersing power. As the
auxiliary dispersant, conventionally used compounds can be used
without particular limitation. Concrete examples of the auxiliary

25 dispersant are, for instance, an anionic surface active agent such as
sodium dodecylbenzenesulfonate, sodium n-paraffinsulfonate, sodium

higher alcohol sulfate or sodium alkylnaphthalene sulfonate; a cationic



- 5- di spersant) as a dispersant and a surface active agent (auxiliary
di spersant), and a volatile blow ng agent, increasing the tenperature to

reach the constant pressure and the constant tenperature, | mpregnating
the thernoplastic resin particles with the volatile blowng 5 agent, and
rel easing the particles into a | ower ﬁré@sure at nosphere. In
t he above pressure rel ease expansion nethod, in order to pr event

fusion bet%cghe LREFVIOP! agldiy reségir‘]bd{’a”é&' esPieﬂth?ﬁr?ﬁﬁﬁsur%hlogide,

cont ai ner, I norgani ¢ di spersant the auxilrary Spersant ar
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conpounds can ut particular limtation. crete exanpl es
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as trical ci Um phosphat e, magnesium carbonate or cal ¢ci um car
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15 viewpoint that dispersing power is great, tricalcium phosphate is

pref er &bl en-1hs Qa1 fdreae0i it fredéralileper Firben PEMEN viswpbha @ NBreat
envi ronment ‘pol lution occurs, Kaolin is preferable. In general, the

surface ofdispershog pawrer i ﬁnﬁas&ni, bengdlkogédnvichilofdeiisi meferaiegat i ve
electricity. 20 The above auxiliary dispersant is a conponent
used for As the auxiliary dispersant, in general, a surface active agent
which is charged with reverse electricity to the surface charge of the
inorganic dispersant is used. For instance, in the case that tricalcium
10 phoéphate of which surface is charged with positive electricity is used as
the inorganic dispersant, in general, the anionic surface active agent
such as sodium n-paraffinsulfonate or sodium dodecylbenzenesulfonate
is used. In the case that kaolin of which surface is charged with
negative electricity is used as the inorganic dispersant, in general, the
15 cationic surface active agent such as benzalkonium chloride or
dialkyldimethylammonium chloride is used. Among them, from the
viewpoint that dispersing power is great, the combination of tricalcium
phosphate and sodium n-paraffinsulfonate is preferable.
As mentioned above, in general, the combination of the
20 inorganic dispersant and the auxiliary dispersant which is charged with
reverse electricity to the charge of the inorganic dispersant is employed.
As a result, a hydrophilic group (ionic group) of the auxiliary dispersant
mutually functions with the surface of the inorganic dispersant, the
surface of the inorganic dispersant becomes hydrophobic by a
25 hydrophobic group of the auxiliary dispersant, and mutual function
power of the surface of the inorganic dispersant with the surface of the

hydrophobic thermoplastic resin particles is improved. That is, the



i mproving affinity between the thernoplastic resin particles and the

I norgani ¢ di spersant and hei ght eni ng di spersing power. As the
auxiliary dispersant, conventionally used conpounds can be used

wi thout particular limtation. Concrete_exanples of the auxiliary 25
di spersant are, for instance, an anionic/surface active agent such as
sodi um dodecyl benzenesul f onat e, sodi um n-paraffinsul fonate, sodi um
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power is IHBF% ®hend bi odegradation easily occurs, sodium 5
n-paraffinsulTonate is preferable. From the viewpoint that great

di spersing power iSphR¥Rg f&@en‘@em?ré‘hﬁ%@ﬂ ‘tﬁ'ecﬁ}lélékgﬁnﬂ% ﬁt%lé@'p?repared

As the auxiliary dispers I n general, a surface acti e agent
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i norgani c disperSant is used. For instance, in the case that trical cium

phosphat e afte Weh§RedUwifit ethies agfiadoiny solhitiopOsf td ipatdresbhulslel Yonspoaad
the inorganic dispersant, in general, the anionic surface active agent

such as soHawvingapdeast onetfbfrmnmxmmgroﬁqd capatibsef obhelirgrtesite snefaee of
is used. In the case that kaolin of which surface is charged with
the inorganic dispersant and at least one hydrophilic functional group in
its molecule. The above water soluble compound is a compound of
10 which solubility with water at ordinal temperature is at least 1 g/100 g
.(Water), preferably at least about 5 g/ 100 g (water).

The capability of bonding to the surface of the inorganic
dispersant shows existence of reverse ionicity to ionicity on the surface
of the inorganic dispersant, and is capability of ionic bonding. The

15 functional group capable of bonding to the surface of the inorganic
dispersant is a functional group showing reverse ionicity to ionicity on
the surface of the inorganic dispersant.

The above hydfophilic functional group is a group such as a
polar group or a dissociated group, which weakly bonds to water

20 molecule by electrostatic mutual function or hydrogen bond, and which
shows affinity with water.

Concretely, for instance, in the case that tricalcium
phosphate of which surface is charged with positive electricity is used as
the inorganic dispersant, as a washing agent, there is used an aqueous

25  solution of a water soluble compbund having a functional group capable

of bonding to the surface of the inorganic dispersant, such as an anionic

functional group such as phosphoric acid group (ion), carboxyl group

ch
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negative electricity is used as the inorganic dispersant, in general, the
15 cationic surface active agent such as benzal konium chloride or

di al kyl di met hyl anmoni um chl oride is used. Anong them fromthe

vi ewpoi nt that dispersing power is great, the conbination of tricalcium
phosphat e and sodiun1n-paraffinsulfonategis preferable. As
ment i oned above, in general, the conbination of the 20 inorganic
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t her nopl a resi'n particles an ersa at
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I nvention, the pre-expanded particles prepared 5 by the pressurerel ease

expansi on &ms,hé6r anstansbecth Wwheepasdlublescondensated\ashiesphatd $lieh aggeous
solution of a water soluble conpound having at | east one functional

group capasdiunh bopyitophdsphdne, surdaatianef tripolyphosphagani ordi sqmiisant
and at | east one hydrophilic functional group in

hexametaphosphate; a water soluble phosphate such as trisodium
10 phosphate or tripotassium phosphate; a mixture of the water soluble
condensated phqsphate and the water soluble phosphate; a water
soluble silicate such as sodium metasilicate or sodium orthosilicate; a
water soluble ethylenediaminetetraacetate such as disodium
ethylenediaminetetraacetate or tetrasodium
15 ethylenediaminetetraacetate; a water soluble citrate such as sodium
citrate; a water soluble tartrate such as sodium tartrate; a mixture of the
water soluble citrate and the water soluble tartrate (water soluble
hydroxycarboxylate); a sodium polyacrylate; and the like. These can be
used alone or in admixture thereof. Among them, from the viewpoint
20 that washing effect is more great, the water soluble condensated
phosphate is preferable. From the viewpoint that pH of the aqueous
solution becomes 7.5 or so and handling of the aqueous solution is easy,

sodium hexametaphosphate is particularly preferable.
For instance, in the case that kaolin of which surface is
25 charged with negative electricity is used as the inorganic dispersant , as

a washing agent, there is used an aqueous solution of a water soluble

compound having a functional group capable of bonding to the surface of



its nol ecul e. The above water sol uble conpound is a conpound of 10 wh
solubility with water at ordinal tenperature is at least 1 g/ 100 g

(water), preferably at |east about 5 g/ 100 g (water).

capability of bonding to the surface of the inorganic di sper sant
shows existence of reverse ionicity to i®nicity on the surface of
I norgani ¢ di spersant, and is capability of ionic bonding. The 15
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ion) or silicic acid ion in its nolecule, and having a
soluble compound are, for instance, a water soluble polyvinylpyridinium

compound such as  poly-4-vinyl-N-ethylpyridinium  bromide;
polyoxyethylenealkylamine; an ethylénediaminetetraacetate such as
disodium ethylenediaminetetraacetate or tetrasodium
ethylenediaminetetraacetate; ethylenediaminehydrochloride; and the
like. These can be used alone or in admixture thereof. Among them,
from the viewpoint that washing effect is more great,
ethylenediaminehydrochloride is preferable.

When the pre-expanded particles are washed with the
aqueous solution of the water soluble compound having at least one,
preferably 2 to 500 functional groups capable of bonding to the surface
of the inorganic dispersant in its molecule, and having at least one,
preferably 2 to 500 hydrophilic functional groups in its molecule, the
amount of the attaching dispersant decreases. In addition, because pH
of the aqueous solution of the water soluble compound, used for washing
is, in general, 6 to 11 (the aqueous solution showing higher pH can be
used because pH is adjusted to 7 to 8 with an acid), no acid resistant
equipment which has been conventionally used for washing with an
acidic aqueous solution is needed. Also, there are employed no

conventionally needed steps for waste liquid in washing with an acidic
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functional group such as phosphoric acid group (ion), carboxyl group

(ion), silicic acid ion or alcoholic hydroxy group in its nolecule. The
functional group capable of bonding to the surface of the inorganic 5

di spersant may be the same as or different fromthe hydrophilic

functional group. Concrete exanples of tHe water sol ubl e conpound are,
for instance, a water sol uble condensated phosphate such as sodi um

hosph i ' . QL: i e
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used alone or in adm xture thereof. Anong them fromthe viewpoint 20 that
washi ng ef fregitedsbyoselygthat aggregatiireraribiprecipitatidansedgdand stgpwspeat e

is preferable. Fromthe viewpoint that pH of the aqueous sol ution
becones 7. Simplifiedaaddhezost] becpmestlbe.aqueous sol ution i s easy, sodi um
hexamet aphosphate is particularly preferable. For instance,
in the case that kadorrthef regsochaboutadsecreasedf thiscameouint ofhthegéttadclhEing
electricity is used as the inorgani c dispersant , as a washi ng agent,
there i udispensaadusoascenlancowish therabeve seashing, it is considered that
because the functional group of the water soluble compound in the
aqueous solution as the washing agent bonds to the surface of the
inorganic dispersant and hydrophilic property is imparted to the surface
of the inorganic dispersant by the hydrophilic group in the washing
15 agent, binder effect of the auxiliary dispersant is weakened and the
amount of the attaching dispersant decreases.

The stage for washing the pre-expanded particles is not
particularly limited. From the viewpoint that washing effect becomes
great and the washing step is hardly lengthened, it is desired that the

20 particles are washed just after pre-expansion.

The concentration of the water soluble compound in the
washing agent varies according to the kinds and the amount of the
inorganic dispersant and the auxiliary dispersant. In general, the
concentration is preferably 5 to 500 ppm, more preferably 20 to 300 ppm.

25 The amount of the washing agent is preferably 5 to 40 L per 1 kg of the
pre-expanded particles, more preferably 10 to 30 L per 1 kg of the pre-

expanded particles. From the viewpoint that dispersion about



conpound having a functional group capable of bonding to the surface of

-9- the inorganic dispersant, such as a cationic functional group such
as am no group (ion), quaternary amoni umion or pyridiniumgroup in
its nol ecul e, and having a hydrophiljc functional group such as am no

group (ion), quaternary anmoni um i on, ~pyri diniumgroup or alcoholic 5
hydr oxy group in its nolecul e. The functional group capable of bonding
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et hyl enedi gie @ﬁ‘héﬁh@%ﬁ%‘t@r o2l RureNQeitar] BRAYdS arhkoradle; péPdl of the
li ke. These can be used alone or in adm xture thereof. Anong t

from tshe préesRridtded thatticleas thnerasiihgCtwiths wdter eor dwadin w33.5er, the
et hyl enedi am nehydrochl'oride is preferable. When t he

pr e- expandatethad bftke pregenddhedntionhis BEonomicalu@elalssylwastnweltet HA
wat er sol ubl e conpound having at | east one, preferably 2 to 500

funct i onal wershiing capdlel easily bhosutiedg to t he surface of the inorganic
di spersant in its nolecule, and having at |east one,

Examples of the method for washing the pre-expanded

particles with the washing agent are, for instance, a method comprising

10 blowing the washing agent to the pre-expanded particles through a
shower nozzle, a method comprising immersing the pre-expanded
particles in the washing agent, and the like. The method is not limited
to the exemplified ones.

The pre-expanded particles prepared by the above pressure

15 release expansion method are washed with the aqueous solution of the
water soluble compound having at least one functional group capable of
bonding to the surface of the inorganic dispersant and at least one
hydrophilic functional group in its molecule, so that the amount of the
attaching dispersant can be decreased to 300 to 600 ppm, from 1000 to

20 2000 ppm.

The pre-expanded particles applied for the method of the
present invention are, as mentioned above, particles which have been
prepared by impregnating the aqueous dispersion in which the
thermoplastic resin particles have been dispersed in water with the

25 inorganic dispersant and the auxiliary dispersant, with the volatile

blowing agent at high temperature and high pressure, and then, pre-

expanding the thermoplastic resin particles by the pressure release



20 preferably 2 to 500 hydrophilic functional groups in its nolecule, the
anount of the attaching dispersant decreases. In addition, because pH '
of the aqueous solution of the water sol uble conpound, used for washing

is, in general, 6 to 11 (the aqueous solgéion show ng hi gher pH can be
used because pHis adjusted to 7 to 8 w'h an acid), no acid resistant 25
equi pnent whi ch has been conventionally used for washing with an

acidic aq“&ﬁﬂéu Iu needed. Al so, there are enployed no

conventi onalTy %{éed{eﬂoém[ élgs for waste liquid in washing with an acidic

- 10 - agueousgzq Q“gfsé!ckh%éPﬂféﬁé At fxg)‘?na{iz‘iiu&ﬁp!’tﬁé' gbb%' on
step, an aggregati precipitation step, and as occasi on denmand

t
o ti ol o ROBAOBMANE (eBII (ATHLICS SR (hlld SHOPIn LSRRG, RArSRsiy
and 5 rep;!{)@l%f'el@hﬁrﬁir@ BREGIRS ity p’ﬁ?}(éﬁﬁﬂeh High! déhsit) pdigethiine,

particles aggregat e and pr€ci at e) That lTquid

washi ng calin8fr low déﬁ@ﬁyegolg&tn #lahd, hpo@gﬂbpgpén@hoaﬁdperﬁﬁepl tgiylenest ep,
and steps are sinplified and cost becomes | ow. For the

reason abopfopgeleneaaarm‘orhheoﬁmmerof ptdpgylehedotiteite ddhdehins REISElRinén)
accordance with the above washing, it 1s considered that because the

f unct i onal etdrydenegbrdgdenat lbntand rhheom qopoignier, tgulybutenagpebystysehat i on
as the washing agent bonds to the surface of the
and the like. These can be used alone or in admixture thereof. It is
possible that to the thermoplastic resin are added a cell nucleating agent,

10 an antioxidant, a weather resistant, an antistatic agent, a flame
retardant, a lubricant, a crystal nucleating agent and the like to give
resin particles.

The amount of the inorganic dispersant and the auxiliary
dispersant varies according to the kinds thereof, and the kinds and the

15 amount of the thermoplastic resin particles. In general, it is desired
that the amount of the inorganic dispersant is about 0.2 to 3 parts by
weight (hereinafter referred to as “parts(s)”) based on 100 parts of water,
and the amount of the auxiliary dispersant is about 0.001 to 0.1 part
based on 100 parts of water.

20 Typical examples of the above volatile blowing agent are, for
instance, isobutane, n-butane, n-pentane, propane, carbon dioxide,
nitrogen and the like. The volatile blowing agent is not limited to the
exemplified ones. It is desired that the amount of the volatile blowing
agent is about 5 to 50 parts based on 100 parts of the thermoplastic

25 resin particles.

The temperature and pressure during the pressure release

expansion by impregnating the thermoplastic resin particles with the



I norgani ¢ di spersant and hydrophilic property is inparted to the surface
of the inorganic dispersant by the hydrophilic group in the washing 15
agent, binder effect of the auxiliary dispersant is weakened and the

anount of the attaching dispersant decrgases. The stage for
washi ng the pre-expanded particles is n particularly limted. From
the viewpoint that washing effect becones great and the vvashi ng step
's hardly ?Q&ié‘%is%ngtage%td\‘?éﬁ %@eb?@h%'@& th%oklﬂP@é to'fct %S J ust
after pre-expansi oncentrati r so ubl e

conpound 'easmepart1c1e@a%ﬂm%rgg%3§pawlbﬁs BER0H Pl { B b8 d#ssper Ahdde

anmount of th I nor gani c sant an the auxrlirary

general, tgirticles, CAnLhibLature RIS YA 1GwLS: Wherntly BRI Rffeise ably

20 to 300 ppm nt o e washi ng agent is pr to 40 L
per 1 kg Ct‘hetrﬁ?oplastlc Pé@i‘rﬁx%f‘%%ﬁePéftitciseﬁes{FéHetHéfftﬁ%a@rﬁ EPaEﬁ’reng
per 1 kg of the ‘pre- expanded particles. From Vi es\’/pm nt that

di sper gi oMY 00° to 150°C, and the&oressure is about 5 to 30 k%/cm21é_ ‘Also,
expansion rati o of the pre-'expanded particles can be decréased, it is

desired tHatist d€siredpeist vthe @fpatﬂn@o\naﬁauagoﬁghatpreseﬁﬁanue'aobamblés) is
80[err]C. Because the anpunt of the washing agent is greatly

| ess t han about Bhid 40otiniesof water or warmwater, that is 40 to 80 L per 1
kg of the 5 pre-expanded particles in washing with water or warm water,
t he The equipment (pressure container) is not particularly limited.
The equipments which can resist the pressure and the temperature in
10 the pre-expansion step may be used. Concrete examples of the
equipment are, for instance, an autoclave type pressure container and
the like.
As preferable embodiment of the method of the present
invention, there can be cited
15 a method comprising
charging the autoclave type pressure container with 100
parts of a polyolefin resin particles (melting point: Tm°C ), 150 to 500
parts of water, 0.2 to 3 parts of tricalcium phosphate as the inorganic
dispersant, 0.001 to 0.1 part of sodium n-paraffinsulfonate as the
20 auxiliary dispersant and 5 to 30 parts of isobutane as the volatile
blowing agent,
increasing the temperature of the contents,
impregnating the polyolefin resin particles with isobutane at
the constant temperature within the range of (Tm-10)° to (Tm+10)°C and
25 the constant pressure within the range of 10 to 30 kg/cm?-G,
releasing the polyolefin resin particles into atmospheric

pressure to give pre-expanded particles, and



nmet hod of the present invention is econom cal and al so, waste water in

washi ng can be easily treated. Exanpl es of the nethod for
washi ng the pre-expanded particles with the washing agent are, for
i-nstance, a nethod conprising 10 blow ng the washing agent to the

pre- expanded particles through a - wer nozzle, a nmethod conprising
I mrer si ng the pre-expanded particles in the mashing agent, and the

The. pr e- expanded palt LITUE YEs rélangy&?%éq‘gb%@%ﬁ%ﬁ%@ HeRIEE by yewine
expansi on gptligd: Ate oISH (Yoo 4G ¢un§%9§oﬁ°Laﬁtﬁﬂlﬁg 30189 300 piith Ut

sol ubl e conpou ng a ast one onal “group

bondi ng t og N t I
nydrophi | | 2oFR BeRemetaphBSphatt AATan ARRASAERT A 3Y Lﬁ%#’%ﬁftﬁs
at t achi ng Hfé—%%‘b%@i&e&i’:ﬁrﬁ%l&ecﬁlﬁé tRe %ﬁ%& §99z1epm from 1000 to 20

2000 ppm e pre-exXpanded partlc es applied for the nmethod

of thes pr esemrhle%%eﬁb& ToRkfasHs sﬁdéaofy&vnéleétdf%%wéye&ft
have been prepared by inpregnating th queous di spersion i'n which

t he irheideedh asd | §ioreS b?e@ﬁ‘fddlg} e@cﬁlame@esy ghednes sed the \&anewlwgt h
the 25 inorganic dispersant and the auxiliary dispersant, with

vol atile ExampleaWaiid dgésttodbe higdetstopdr eiay eheptebegh mfreﬁsmrnels fmﬂ
t hen, pre- expanding the thernoplastic resin particles by the
pressure rBhrsed to the Examples.

10 EXAMPLES 1 to 12 and COMPARATIVE
EXAMPLES 1 to 7

The autoclave type pressure container was charged with 100
parts of pellet of ethylene-propylene random copolymer (melting point:
149°C, weight of one particle: about 1.8 mg), 300 parts of water, 1.0 part
15 of the inorganic dispersant shown in Table 1, 0.01 part of the auxiliary
dispersant shown in Table 1 and 12.0 parts of isobutane. The
temperature of the contents was increased to 148.5°C with stirring and
kept for 20 minutes. Then, by additionally press fitting isobutane
thereto, the internal pressure of the container was adjusted to 19.3
20 kg/cm?G and kept for 10 minutes. Then, with keeping the
temperature and the internal pressure of the container constant by
press fitting isobutane thereto, a valve in the lower part of the pressure
container was opened and an aqueous dispersion was released into
atmospheric pressure through an orifice (open diameter: 4 mmd¢) to give
25 pre-expanded particles. Just after the aqueous dispersion was released
through the orifice to give the pre-expanded particles, the pre-expanded

particles were showering washed with a washing liquid (60°C) shown in



- 12 - expansi on net hod. Exanpl es of a thernoplastic

resin fromwhich the above thernopl astic resin particles are nade are,
for instance, |ow density pol yet hyl ene, nedi um density pol yet hyl ene,

hi gh density pol yethylene, 5 | i near | ow density pol yethyl ene,

pol ypr opyl ene honopol ynmer, ethylene- ~ propyl ene random copol yner,

pr opyl ene- but ene random copol yner, et hyl ene- propyl ene- but ene random

I , . . ' d
Copol VTEr TR RUL R ROLASEHAE S in SRy JREI°IG e S
L her mop! asdy 5ah 88U NpAERCRAIShdrficty PUBIEH | NGRS IpandiBn 3R OEHEAN
a weat her resistant; an antistatic agent, a flane retardant, a

| ubricant washedShA-cRibeneRld BarABRA walhd B 36 kfinkg o! Ve resin

particles. anount o e inorganic dispersant and the

auxi liary di speicsahle wakhed mecekfhnbelpditiclks Ritetdigeqedt. 7@ b he
kinds and the 15 anount of the thernoplastic resin particles. In general,

it is desigefbt-air driehathd Ren@iRYBF tAt dthechiiy ddPrsdinIResS IbatSred ont

0.2 to 3 parts hy wei ght (hereinafter referred to as "parts(s)")
based on 18€cqm@ldriceoiwitiaithe, followinganthbd. A re Shltkhereaskbiwinairy Table

di spersant is about 0.00 1 to 0.1 part based on 100 parts of water.
20 1. Typi cal exanpl es of the above volatile blow ng agent are,

for i nstance, isobutane, n-butane, n-pentane, propane, carbon

di oxi de, ni t r Westeamditeheid itkeatethdwal ahetlrod| compyisiggnhddingoa
limted to the exenplified ones. It is desired that the anmount of the

vol ati | e bpmadipitating agent such as aluminum ion, trivalent iron ion or a high
10 molecular aggregating agent to waste water, aggregating a dispersant
and carrying out precipitation and filtration. In washing according to
the method of the present invention, the amount of water to be used can
be decreased in comparison with washing with warm water.
Accordingly, the amount of the precipitating agent and necessary time
15 for treating waste water (treating power for waste water of equipment)
can be saved.

On the other hand, in washing with an acidic aqueous
solution, a reprecipitation step by neutralization is firstly needed. Then,
the same aggregation and precipitation step as in the above washing

20 with warm water and in the above washing according to the method of
the present invention is carried out. In this case, in addition to
necessity of the extra reprecipitation step, fine particles are easily
prepared in the reprecipitation step by neutralization, so that a larger
amount of the precipitating agent is needed in the later aggregation and

256 precipitation step.

(Amount of attaching dispersant)

® Inorganic dispersant: Tricalcium phosphate



agent is about 5 to 50 parts based on 100 parts of the thernoplastic 25

resin particles. The tenperature and pressure during the
pressure rel ease expansi on by inpregnating the thernoplastic resin
particles with the - 13 -

vol atil e bl ow ng agent vary according t 38 he kinds of the ther nopl astic
resin particles and the expansion ratio of the ainmed pre-expanded
particles. The te - TRy enj. g L}t = Of

her mopl ast i o resi nt® thCpBAERpeaet wtEdonedelahitaditd =0 biif ofian

about 100[&;1;&0&9 é@lﬂt%c}{](gol&‘?ﬂqétpﬁ SbReaUAP dohtd mz%%.baz?)% k%]g%{ghg

Al so, IS desired that the expansion ratiro o e pre-exp

particles reinaftdP tertel A AstommSe i t Uicp ERNg
(pressure (corl;ﬁ;li ner) i se not parti clg’lqarﬁ §J/urlulnr?1ntne1 . me ava_I_ e %%ﬂi(g%nt/gs O\I/:hi ch

can 1 esi StadhRoRNSEP HiSlyMithtkhEnteaPR Bt iieritNacit ahloW? qpPUTaR gest ep

may be used. Concrete éxanples of the equl pnent are, I nstance, an

aut ocl gve &:ypenBEQSSaFtecleant AMEF tHBSe were tierdd ¥8r 1 minute, these wefé
pr ef erabl e enbodi nent of the nethod of the present i nvention, there

can be citgllowéd t8 seAWAQd{GONTOI fiiftites. The obtained hafwd@s t §6lution
aut ocl ave type pressure container with 100 parts of a pol yol efin

resin par ticoledingneduitivhpoiast politedrinte 9 fusbl dell W¥ing an optical path

length of 1.0 cm, and then, absorbance “A” at a wavelength of 410 nm
was measured by a spectrophotometer.

10 As to the same colorimetric solution, by using previously
measured absorptivity “ € ¥ (g/L-cm) of tricalcium phosphate at a
wavelength of 410 nm, the amount of the attaching dispersant “X” (ppm)

was calculated in accordance with the following equation:

15 5.0x 10* ¢-A
X (ppm) = W

20 (@ Inorganic dispersant : Kaolin

To a crucible were collected and added “Wr” (g) of the pre-
expanded particles, and the pre-expanded particles were heated by
using a gas burner till the particles completely became to be ashes.
Then, the weight of the residual ashes “Wa” (g) was measured. By the

25 same manner as this, using “Wp” (g) of the resin particles which had not
been pre-expanded yet, the weight of the residual ashes of these resin
particles “Wb” (g) was measured. Using the measured values, the
amount of the attaching dispersant “X” (ppm) was calculated in
accordance with the following equation:

30



parts of water, 0.2 to 3 parts of tricalciumphosphate as the inorganic

di spersant, 0.001 to 0.1 part of sodiumn-paraffinsulfonate as the 20
auxiliary dispersant and 5 to 30 parts of isobutane as the volatile

bl'owi ng agent, increasin? the tenperature of the contents,

i npregnating the polyolefin resin particlés wth isobutane at t he
constant tenperature within the range of (Tm10)[err] to (Tm+ 10)[err]C and
25 the constant pressure within the range of 10 to 30 kg/cnferr]. G

rel easing the polyolefin resin particles into atnospheric pressure to
gi ve pre-expanded particles, and

- - i mredifat.el y washi ng the pre-expanded particles by

bl owi ng an aqu%QTs S%Lytiéﬁa(SO?@?r] to 80[err]C ) thereon, containing
20 to 3Q0 ppm of BB ﬁ1h§§ane spad®’ in an amount of 10 to 30 L
per 1 kg of the pre- expand®d pa¥®iclles, through the shower nozzle. 5
The met hod for washi ng pre-expanded partijcl es of the present i nvention
is nore specifically explained by neans ‘of the foll ow ng Exanpl es, and
it is to be understood that the present invention is not limted to

t he Exanpl es. 10 EXAMPLES 1 to 12 and COMPARATI VE

EXAMPLES 1 to 7



The autocl ave type pressure container was charged with 100 parts of

pell et of ethyl ene-propyl ene random copol yner (nelting point:

149[err] C, weight of one particle: about 1.8 ng), 300 parts of water, 1.0

part 15 of the inorganic dispersant sq%wn in Table 1, 0.01 part of the
I

auxiliary di spersant shown in Tab 1"and 12.0 parts of 1 sobutane.
The t rrperature of the contents ywas increased to 148.5[err]%vm’th
stirring an hggft for| 20 mjnutes; Then, by additijonally presg fitting
| sobut ane he intgrnal pressure of {the contai ner vvasg
adj usted to |19. 3 kg/cw{@r] R and Kept Bor | 1@ nijnukes| Bhepg with
keepi ng the argagatum ahd th® i ntéPnal PressuPe jof F he cBnt aEner
constant by <fgss fitting ijsobutane thereto) a valve in the | 8wer
part of the |pressure cont aijner was opened ampd an jaqueoys di speérsion
was released into |4 atnpspherjic préessure through an orifilce (open
dianmeter: 4 mjerr])) sty gkxe 25| pre-éxpanded panticles. Just after the
aqueous di spler si on vvis&r%liéased through thejorifice tojgive the
pre- expanded, partic| &g 81| pr- exp@hded g Santifles Wrea sBowering
washed with ja washi ng i %j(GO[err C) shown in
- 15 - Tabl e 1] g2adomncentriation|and ijp a liquid gmount| per 1 kg of
t he pre- expand&d particles [shown|in Taple 1. The pxpandion ratio of
t he washed prerexpanded partjicles|was 24 to 26 tings.
After the washed prg- gxgagded parfticles were{ dried at 7D[err]iCin
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5 a hot-air drier,

t he amount of the attaching di spersant was neasured in

accordance with the follow ng nethod. The results are shown in Table
Waste water is treated by a nmethod conprising adding a

1.

precipitating agent such as alunlnun1|03
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-16- To a coni cal beaker were coll ected and added 50.0 nlL of

an aqueous solution (colorinetric solution) containing 0.022 % by
ei ght (hereinafter referred to as "% ) of ammoni um net avanadate, 0.54
% of ammoni um nol ybdate and 3 % of nitric acid, and "W (g) of the
pre- 5 expanded particles. After these2fere stirred for 1 ninute, these
wer e allowed to stand for|10 mjnutes; Thejobtaijned agueoug sol ution
(col oring sol utijn) '@a& oured{intol|a fused celll having ap optijcal path
| ength of 1.0 cm sordpanices” Al' a @ vavel eggth e 4100nm
was neasured by f sp&'ﬁrbgotomt&r. i 8 X Aso|t1EE dany
colorinetric sol utlo@ &sing previotsly — mBasjur 8d absorgtivity "
[err] " (g/L.cm} of %t:rNo%I ci um phosphate at a vel ength gf 410{ nm
the amount of the attaching digpersgnt "X' (ppm wasjcal cyl ated}in
accordance with the fol g)w ng equatijon: 15 5.0
x 10[err]. [err]}|.A oo = X (ppm = W\ 20 fj[err]
| norgani ¢ di spergant: K I@ L"} Toja cruci bl ejwere |col | ected
and added "W" (p) of the @ieS| B | e@papd@ parBicle® anBthe
pre- expanded particles |@eg ﬁat ed by usilng a |jgas buirner jtill the
particles conpletely bergse ¢ @& be aghes. Then,| t he wei ght| of the
resi dual ashes "MWa" (g)[|Mas nmeasured. By the 25 sare mapner as this,
using "W" (g) of the res! n pafticlgs whigh hag notaT been jpre- expanded
yet, the weight pf the reglgll,é,al ashegs of these|resin
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particles "W" (g) was neasured. Using the neasured val ues, the
anount of the attaching dispersant "X' (ppm was calculated in
accordance with the follow ng equation: 30 - 17 - [err]
X(ppm = [err] x 10[err] - 18- Belrr] - 19 - Jerr]

10

15

20

25

From the results shown in Table 1, it can be understood that
in Examples 1 to 12 according to the method of the present invention, in
comparison with Comparative Examples 1 to 7 according to the
conventional method, the amount of the attaching dispersant is

extremely small such as 280 to 580 ppm.

TEST EXAMPLES 1 to 3 and COMPARATIVE
TEST EXAMPLES 1 to 3

To a pressure container were added each pre-expanded
particles prepared in Example 3 or Comparative Example 2, and the
particles were compressed at an air pressure of 2.5 kg/cm?G. A mold
(internal length: 50 mm x 300 mm x 300 mm) was compression filled
with the compressed particles and then, molding was carried out by
using vapor having a molding heat pressure shown in Table 2. After the
obtained molded article was dried at 80°C for 12 hours in an oven, the
dried molded article was gradually cooled to room temperature.
Density of the molded article was calculated and tensile elongation of the
molded article was calculated in accordance with the following method.
The results are shown in Table 2.

(Tensile elongation)

The molded article was cut into a dumb-bell test piece
(thickness: 10 + 0.5 mm, width of parallel part: 10 £ 0.5 mm, length
between marked lines: 50 £ 0.5 mm) so that no surface layer of the
molded article remained. After the dumb-bell test piece was allowed to
stand in a room at 20°C for at least 24 hours, tension test was carried
out under the condition at tensile speed of 100 mm/min. and measuring

temperature of 20°C. At breakpoint, migration length “L” (cm) between
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Fromthe results shown in Table 1, it can be understood that in
Exanples 1 to 12 according to the nmethod of the present invention, in
conparison with Conparative Exanples 1 to 7 according to the

conventional nethod, the anount of the agtaching di spersant is 5 extrenely
smal | such as 280 to 580 ppm TEST EXAMPLES 1 to 3 and
COVPARATI V]

Toa pressPEREs BurnaTesarsesiass ans thiEle foaio s delgvlared #har e
i n Exanpl ga%[ PGP ke fﬁ%@égfﬁ?ﬁ I he particles were

conpr esse an-ailr pressure err].G A nold (i nternal

| ength: 50 nm x 300 nm x 300 mm) was corrpression filled with the
conpressed particles and then, nolding was Cgﬂ” ed out by usi ng vapor
havi ng_a nol di ng heat pressure sho in Tablel®. After the 15 obtained
mol ded®article was ﬁ??g’éeéjo@g? PP\A@’% Or TZ hours PianQ oven, the

dried nolded article was gradually cool ed t4°r oom t enper at ur e. Density

of the nolded article was cal cul ated and tensile el ongation of the
wherein “Lo” (cm) was length between marked lines before measuring.
Thus calculated tensile elongation is a barometer of fusion

10 between pre-expanded particles.



nmol ded article was cal cul ated in accordance with the follow ng nethod.
The results are shown in Table 2. 20 (Tensile el ongation)

The nol ded article was cut into a dunb-bell test piece (thickness: 10
0.5 mMmm width of parallel part: 10 0.5 nm length bet ween mar ked
lines: 50 0.5 nmm) so that no surface-| &@r -of the nol ded article
remai ned. After the dunb-bell test piece was allowed to 25 stand in a
roomat 20[err]C for at |east 24 hours, tension test was carried out

under the condition at tensile speed of 100 nm m n. and measuring
tenperature of 20[err]C. At breakpoint, mgration length "L" (cn) between

- 22 - mar ked | ijnes_ was jmreasured, and tensile el ongation was
calculated in aq:co[ﬁiance with the foll oy ng equation:
L- Lo 5 Tensid e ellongation (% = x 100
Lo wherein "Lo| () wags | ength between marked lines before
measuri ng. e :\oﬂ'hus gal cug_ht ed tensil et el ong’g‘ti onj s| a baroneter
of fusion 10 betwegn @Ee&pa&ded partiches. X — ~—
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Fromthe results shown in Table 2, it can be understood that when t he
nol ded article is produced as in Test Exanples 1 to 3, by using t he
pre- expanded particles of Exanple 3, which have been washed in

accordance with the nethod of the preSeRW'invention, tensile elongation 5
Is large and short fusion between the pre-expanded particles hardly

occurs. dPé mt e r sults st\!WiﬁbRi‘é‘ty LE5PH GBI EféiersFood that

When t he pre-expan par es prepare e pressure

expansi on yRERod AhfHI4R %Qlaqugqlba%ea éé‘?n ﬂ%&?g&s id¥€1 to 3 , w%%%gg

I nvention, the anount o the attaching 1 norganic pe sant ca

decreased {ne xﬁbf& iﬁdé&zﬁ‘aﬁ?tflber@ﬂ"‘é)ﬁﬁn?& ‘g&as@h% Wt WRES! w%rshed 1nWar m

water and wt onsum arge anoun wat er or warm As

a result, gdcdrdedidevich Qhé&ﬁéﬂ%&rbfrﬂﬂedﬁﬁeéﬁdﬂ Rt Nenstk eﬁa?ﬁ‘é‘é.tlx@z'?t
propertles can be produced.
5 is large and short fusion between the pre-expanded particles hardly

occurs.

INDUSTRIAL APPLICABILITY
When the pre-expanded particles prepared by the pressure
10 release expansion method are washed according to the method of the
present invention, the amount of the attaching inorganic dispersant can
be decreased by using the same equipment as in washing with water or
warm water and without consuming a large amount of water or warm
water. As a result, an internal die expansion molded article having

15 excellent properties can be produced.



-25- CLAI M5 1. A nethod

for washi ng pre-expanded particles prepared by charging a pressure
contai ner with an aqueous dispersion containing 5 thernoplastic resin
particles, a slightly water soluble inorganic conpound as a di spersant

and a surface active agent, and a vol ati - bl owlmuﬂ i Si ng
the tenperature to reach the constant pressureld m"’#ﬂﬂw@
tenperature, inpregnating the thernopkﬁ%eﬂ\@% resin parttcles's t he
vol atil e bl owi ng agent, and releasingt particles into a | ower
pressure atnosphere, which is characterized in that t he
pr e- expanded particles are washed with an aqueous sol ution of a wat er

sol ubl e conpound hayi @‘gg?étﬁ]ogpgfr feTp1oY )}Hgééligrg@ggﬁgglggp?ﬁp@alélse%p%pared b?j’ 15

bonding to the surface I ght nor gani onpoun

and at | eagh diypedih 4 HRgid Tale ikd . i
2. The net ho%p%i?l %&aFm 1,"11\/?/?15%?% Iitéﬁga}sl?}?géﬁ?%ﬁdvbvﬁ%s? dsig#) ﬁﬁigﬁ con}:art%grn.agni C
conmpoursd i hdrrh6pldtien ngﬁph?h@tic%‘éj, tde stighely S@atbl € solubkONResghrdie @
wat er sol ubl e phosphate, a water sol uble condensated 20 phosphate or a

m xture thes@@Pound as a dispersanBBanthe BRHiRE attiCeahgedt, WAr ai Voldtde

wat er sol ubl e condensated phosphate is sodi um hexanet aphosphat e. 25
4. The metbhsviofg Chgém, 1 inchedsing tthe slengpéftatuvet @6 sehuhl ehe constagani ¢
conmpound is trical cium phosphate, and the water soluble conpound is a

wat er sol uptessutd aatlethe constant temperature, impregnating the thermopla6tic
resin particles with the volatile blowing agent, and releasing the
10 particles into a lower pressure atmosphere,
which is characterized in that
the pre-expanded particles are washed with an aqueous solution of a
water soluble compound having at least one functional group capable of
bonding to the surface of the slightly water soluble inorganic compound

15 and at least one hydrophilic functional group in its molecule.

2. The method of Claim 1, wherein the slightly water soluble
inorganic compound is tricalcium phosphate, and the water soluble
compound is a water soluble phosphate, a water soluble condensated

20 phosphate or a mixture thereof.

3. The method of Claim 2, wherein the water soluble

condensated phosphate is sodium hexametaphosphate.

25 4. The method of Claim 1, wherein the slightly water soluble
inorganic compound is tricalcium phosphate, and the water soluble

compound is a water soluble silicate.



5. The nmethod of Claim1, wherein the slightly water sol uble I nor gani c

conpound is trical cium phosphate, and the water sol uble conpound is a
wat er sol ubl e et hyl enedi am net er aacet at e. 5 6. The net hod of
Claim1l1, wherein the slightly water soluble I norgani ¢ conpound is
trical ci um phosphate, and the water sol @8l e conmpound is a water
soluble citrate, a water soluble tartrate or a m xture thereof. 10

Zagg(h)ﬁn&m :t ot cal SuhEERBRY ekl i Kbt L b SRRty Sater sdif ‘;‘:iac
Slight y WEREEMLE: Sermponnd s tricalcilm PReSBRARY Snd Ak kel EEe e
sol ubl e copAWRtdd is a wabbh¥bRMSH &HIEAXAI A0 HerdEcetate.

5 6. The method of Claim 1, wherein the slightly water soluble
inorganic compound is tricalcium phosphate, and the water soluble
compound is a water soluble citrate, a water soluble tartrate or a

mixture thereof.

10 7. The method of Claim 1, wherein the slightly water soluble
inorganic compound is tricalcium phosphate, and the water soluble

compound is a sodium polyacrylate.
8. The method of Claim 1, wherein the slightly water soluble

15 inorganic compound is kaolin, and the water soluble compound is

ethylenediaminehydrochloride.
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